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This report is a user's manual for a CClTputer program, SNAP 1. 0, that 
has been developed for predicting traffic noise impacts and will be 
of interest to traffic noise specialists involved in assessing traffic 
noise irnpacts and evaluating alternative traffic noise mitigation 
strategies. 

Research in highway noise and vibration is included in the Federally 
Coordinated Program of Highway Research and Developnent as Task 4 of 
Project 3F, "Pollution Reduction and Environnental Enhancanent." 
Dr. RONaI'd Jongedyk is the Project Manager and Dr. TinDthy M. Barry is 
the Task Manager. . 

The traffic noiSe m::x:iel on which this corrputer program was based was 
developed by the Federal Highway Administration and is docurrented in 
FHWA report, FHWA-RD-77-l08, "FHWA Highway Traffic Noise Prediction 
Method" which is available fran the National Technical Infonnation Service, 
Springfield, Virginia 22161. 

Sufficient copies of this report are being distributed to provide a
rni.ninu.Jm of two copies to each FHWA regional office, and one copy to 
each FHWA division office and Stdte highway agency. Direct distribution 
is being made to the division offices. 

a~>-1-1/JJ / 
Charles F. Sctte~ 
Director, Office of Research 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. The 
contents of this report reflect the views of the contractor, who is 

• 

• 

responsible for the accuracy of the data pres-ent-ed-here'in::~ -The--cOnEe:Dts'::-=-':'~= __ --_==-~= 
do not necessarily reflect the offfcTaf viewS:-or~poEcy=-of-t-h~~ ~p~~tment- __ _ 
of Transportation. This report does not constitute a standard, specif~c~tion, 
or regulation ______ ~ _______ ~~ .. _____ ___ -

The United States Government 'does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 
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1.0 INTRODUCTION 

The FHWA Levell highway traffic noise prediction program is 

one part of a cont i nui ng effort to ref; ne and improve eng; neer; ng methods 

for the prediction of traffic-generated noise. The computer program -

described in this report is based upon the theory of Reference 1 an.d 

is a model designed to allow the user to predict quickly traffic noise . , 

impacts for simple roadway-receiver geometries. The FHWA Levell program 

is given the acronym SNAP 1.Ufor Simplified Noise Analysis Program. SNA~ 

predicts the equivalent sound level metric, Leq, and approximates ~he r 

LIO percentile sound level for constant speed traffic flows compris1ng 

a mix of vehicle types. 

SNAP allows the user to formulate site geometry using lateral, 

longitudinal, and vertical coordinates rather than distances and angles 

as measured from a receiver. This formulation for site geometry was 

selected so that site geometry defining traffic lanes and a barrier location 

need only be defined once. The user may then define as many locations for 

receivers as desired without redefining the traffic lanes and the barrier 

location. 

The theory of barrier noise attenuation used for SNAP calcu

lations assumes that traffic lanes are parallel to the top edge of the 

barrier. This means that for traffic noise predictions with barrier 

attenuation, 2.!! traffic lanes must be parallel to each other and par

allel to the barrier. Lanes, however; may be placed at different ele

vations. If the user desires predictions without barrier attenuation, 

SNAP allows the user to model accurately curved roadways. However, each 

lane must be at a constant elevation. SNAP most accurately models sites 

that are essentially flat. 

The FHWA Levell program is described in this user's manual. 

The main text is devoted to a discussion of problem formulation using 

the SNAP 1.0 program and the i nterpretat i on of the vari ous output pre

dictions. Appendices that document the program are included • 

1 



If the user decides that SNAP 1.0 cannot accurately define the 

site geometry associated with a given problem, the user may wish to con

sider the FHWA Level 2 highway traffic noise prediction model (2)*. 

*Numbers in ( ) in the text denote references listed at the end of 
the report. 
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2.0 PREDICTION OF HI,GHWAY TRAFFIC NOISE: SNAP 1.0 

2.1 Overview of Problem Definition 

SNAP allows the user to predict highway traffic noise consi

dering the following: 

• Multi-lane Highways - A maximum of 12 parallel traffic 
lanes each described by a speed and a mix of vehicles 
are a 11 owed. 

• Vehicle Types - Three code-defined vehicles and one 
optional user-defined vehicle with speed-dependent 
noise emission characteristics may be defined. 

• Sound Level Adjustments - The user may define 
constant sound level adjustments for each vehicle 
type on each lane to simulate, for example, noise 
emissions due to traffic on grades. 

• Barrier Attenuation - The optional specification of a 
single barrier with the top edge parallel to the 
traffic lanes is allowed. Either "thin screen" or 
"berm" attenuation may be selected. 

• Excess Distance Attenuation - For each lane-receiver 
combination, the user may define an excess distance 
attenuation parameter to simulate site acoustic 
characteristics. 

• Unlimited Number of Receiver Locations - For a given 
roadway-barrier configuration, traffic noise predic
tions are conducted for as many receiver locations as 
the user specifies. 

• Tabulated Output - For each receiver location, tabu
lations of the sound level contributions from each 
vehicle type on each traffic lane with subtotals by 
vehicle type and by lane are presented. These tabu
lations allow the user to estimate barrier noise 
abatement effectiveness both by vehicle type and 
traffic lane. The tabulations may be directly 
included in a report without photo reduction. 

2.2 Multi-Lane Highways 

SNAP 1.0 allows the us.er to spec i fy a max i mum of 12 t raffi c 

lanes to simulate a roadway configuration. Each lane is geometrically 
described as a constant elevation (z coordinate) straight line segment. 

3 



The orientation of the lane in the horizontal plane is defined by speci

fying the (x,y) coordinates of each end point of the lane. 

SNAP 1.0 assumes that each lane is parallel to the defined loca

tion of a barrier. If the pt::'oblem does not require barrier attenuation 

calculations, the theory upon which SNAP 1.0 is based allows the user to 

simulate non-parallel traffic lanes. Additionally, it is recognized that 

depending upon the available site data and/or estimating end points from map 

coordinates, the. specification of exactly parallel line segments may be 

difficult. To allow the user the freedom of specifying either non-parallel 

lanes (no barrier attenuation) or to establish an engineering tolerance for 

parallel line segments, SNAP 1.0 defines a criterion for parallelism. 

The criterion for parallelism is specified as the maximum allow

able angular deviation, expressed in degrees, between two straight line 

segments as measured in the horizontal (x,y) plane. Line segments that 

are exactly parallel are specified by a criterion of 0.0°. Non-parallel 

lines are specified by an appropriate angle up to 90° maximum. The con

cept of specifying this criterion is illustrated in Figure 2-1. 

The user must exercise engineering judgement in specifying the 

maximum allowable angular deviation. For barrier attenuation calcula

tions, the angular deviation should be as small as practical*. If the 

user does not defi ne a barri er for a probl em, he may specify the angular 

deviation as 90° and orient the lanes as desired. SNAP 1.0 will terminate 

execution if any two line segments are specified with a relative angular 

deviation exceeding the criterion value. 

The geometric specification of traffic lanes allows the user 

to define lanes that coincide in location. This feature allows the user 

to define traffic flows at different speeds and vehicle mixes based upon 

the concept of an "equivalent" lane distance (1). 

*See Appendix A, Section A.2, pp. A-4 to A-7 and Eqn(A-5a) 
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Lane 1 
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leil ~ e i = 2,3,4 

e· is calculated from the (x,y) coordinates of the ith lane 1 
end points relative to lane 1 

e is the criterion for parallelism (angle in degrees; 90° max.) 

(a) Non-Parallel Lanes for Sites without a Barrier 

~ ~ I'i l ~8 (as close to 0° as practical) i = 1,2,3 

'i :s calculated from the (x,y) coordinates of the ith lane 
end points relative to'the barrier 

e is the criterion for parallelism (angle in degrees; 
as close to zero as practical) 

(b) Parallel Lanes for Sites with a Barrier 

FIGURE 2-1 SPECIFICATION OF CRITERION FOR PARALLELISfl 
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2.3 Vehicle Types 

The formulation of the SNAP 1.0 model requires the definition 

of traffic flow conditions on each lane for a specified time period. 

That is, all traffic flow data for all lanes must correspond to the same 

time peri ode The sound 1 eve1 metri cs estimated by SNAP 1.0 are Leq and 

LlO, for the time period T. Hence, the user may use half-hourly., hourly, 

or daily (24-hour) data, as desired and SNAP 1.0 will calculate the traffic 

noise estimates accordingly. Generally" the user will desire "worst-hour" 

traffic noise levels. In this case, the ~our1y data describing lane speed 

and vehicle count (by vehicle type and lane) are used as input. 

For each lane defined for ~he ~rob1em, the following traffic 

data for the time period T hours are required to execute SNAP 1.0: 

Subscript 

2.3.1 

• Average Lane Speed, S j, ,i n 

• Number of Vehicles of Each 
per hourly time period T. 

, , 

kilometres per hour 

Type~ Nij, in vehicles 

denotes a vehicle type and subscript j denotes a lane. 

Noise Emission Levels 

SNAP 1.0 estimates vehicle noise emissions in terms of the 

reference energy mean emission level (Lo)E as defined in Reference 1. 

This level is defined at a reference distance, Do, of 15m from a traffic 

·l'ane. SNAP 1.0 estimates ([o)E as a function of vehicle speed, S,in 

kilometres per hour, using the basic relationship: 

([o)E = A + B10g(S) (2-1 ) 

The coefficients A and B in Equation (2-1) depend upon the vehicle type 

(1), (3). 
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SNAP 1.0 allows the user to specify a maximum of four vehicle 
types for each lane. The first thr.ee vehicle types are defined by SNAP 
1.0 using stored values for the coefficients A and B. The user may addi
tionally specify an optional -vehicle type by defining val ues for the 
coefficients A and B. The definition of these coefficients requires a 
rather extensive experimental data base (3) and must be defined for the 
reference distance of 15m. 

SNAP 1.0 defines vehicle types as follows: 
Type 1 Vehicles - Passenger Cars and Light Trucks: 
All vehicles with two axles and four wheels designed 
primarily for transportation of nine or fewer passengers 
and for transportation of cargo. Generally, the vehicle 
weight is less than 4536 kg*. 
Type 2 Vehicles - Medium Trucks: 
All vehicles having two axles and six wheels designed for 
transportation of cargo. Generally, the vehicle weight is 
greater than 4536 kg* but less than 11,800 kg*. 
Type 3 Vehicles - Heavy Trucks: 
All vehicles having three or more axles and designed for 
the transportation of cargo. Generally, the vehicle 
weight is greater than 11,800 kg*. 
Type 4 Vehicles - User-Defined Vehicle: 
Any sound level specification in the form of Equation 
(2-1) that applies to constant-speed cruise conditions 
between 50 to 100 km/h. 

The data base upon which Equation (2-1) is defined for Type 
through 3 restricts traffic flow noise simulation to cruise conditions 

at speeds between 50 km/h and 100 km/h. If the user defi nes a lane speed 
outside this range, warning messages are printed as described in Section 
4. 

Figure 2-2 presents a plot of (Io)E versus speed for the 
three vehicle types defined by SNAP 1.0. 

*kg denotes kilograms force or Newtons • 
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2.3.2 Source Hei ghts 

For each vehicle type, the user must specify a source height 

defining the "acoustic center" of the vehicle relative to the lane eleva-

tion. The following val uesfor vehicle source heights are recommended: 

Vehicle Type Vehicle Source Height, metres 

Passenger Cars & 
Light Trucks 0.0 

Medium Trucks 0.7 

Heavy Trucks 2.44 

Other Vehicles As Judged by User 

These values are used for each vehicle type on each lane in the barrier 

attenuation calculations. 

For each traffic lane, the user specifies the average speed, 

S, in kilometres per hour and the number of each vehicle type comprising 

the traffic flow on the lane. The vehicle count must correspond ·to the 

time period, T, defining the problem. 

2.4 Sound Level Adjustments 

The reference energy mean emission levels defined by SNAP 1.0 

are based upon vehicles operating under cruise conditions on flat terrain. 

To improve the flexibility of the SNAP 1.0 model, the user may specify 

constant sound level adjustments for any vehicle type on any traffic 

lane. These adjustments may be used, for example, to include the effects 

of grade in the traffic noise predictions. SNAP 1.0 uses the sound level 

adj ustments by add i ng the constant to the veh i c 1 e . reference energy mean 

emission level for each vehicle type on each traffic lane. The sound 

level adjustments may be positive or negative depending upon the nature 

of the effect that the user is simulating. 
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To provide the user with guidance, sound level adjustments 

for grade effects are presented. These adj ustments are not based upon 

an extensive experimental data base. References 4 and 5 indicate pro

cedures that can be used. The two procedures give different results 

but both are based upon a positive adjustment only for heavy trucks moving 

on an uphi 11 grade. The user should remember that for grades exceeding 

7 percent, trucks cannot operate at a constant ~peed. 

Based upon the results of Reference 4, a constant sound level 

adjustment, expressed in dB, is applied for heavy trucks moving up a 

grade. The recommended adjustments are: 

Gradient % Adj ustment, dB 

Less than 2 0 

3 to 4 +2 

5 to 6 +3 

Greater than 7 +5 

~ased upon the resu lts of Reference 5, sound 1 eve 1 adj ustments 

for heavy trucks moving up a grade are: 

Adjustment = 7.28 - 3.310g(5) + G, dB (2-2) 

where 5 is the heavy truck speed, km/h 

G is the grade in percent (less than 7) 

The result of Equation (2-2) is presented in Figure 2-3. The user will note 

that the grade adjustments estimated using Equation (2-2) are larger than 

the adjustments indicated by Reference 4. It is recommended that the 

Reference 4 grade adjustments be used until future research can provide 

better data (1). 
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2.5 Barrier Attenuation 

SNAP 1.0 defines a barrier by type and geometric alignment. 

The user may specify a barri er as either a "thi n screen" or as a "berm". 

A thin screen barrier simulates a structural wall. A "berm" simulates 

a mound of earth. SNAP 1.0 cons i ders a barri er to be of constant eleva

tion with noise diffracting over the top edge of the barrier. Diffraction 

around the ends of the barrier is ignored. The barrier diffraction .model 

used by SNAP 1.0 assumes that a lane is parallel to the top edge of the 

barrier. Additionally, a berm is assumed to provide 3 dB more attenu,a

tion than a thin screen for a given source-barrier~receiver geometry. 

Thi n screens are 1 i mited to a maxi mum of 20 dB attenuation and berms to 

23 db attenuation. 

The geometric specification of a barrier for SNAP 1.0 requires 

the (x,y) coordinates of each end point of the barrier and the constant 

elevation (z-coordinate) of the top edge of the barrier. 

nie SNAP 1.0 user does not have to be concerned with the loca

tion of a lane relative to the barrier other than the requirement for 

parallel line segments. SNAP 1.0 will correctly resolve the geometry 

to determine the segments of each 1 ane that are shi el ded or unshiel ded 

by the barrier. 

2.6 Excess Distance Attenuation 

Since the SNAP 1.0 model does not recognize a ground plane as 

such, the user must specify a value for the site excess distance attenua

tion parameter, (l, for each lane relative to the receiver. The theory 

associated with this distance attenuation model is described in Reference 

1. The specification of "alpha", (l , for each lane applies only to sub

segments of the lane that are unshielded by the barrier. The user must 

exercise engineering judgement when specifying a value for (l. For guidance, 

the following relation between (l and a distance attenuation rate, Tl, in 

dB per distance doubling is presented: 
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n = 3 ( 1+ a ), dB/DO (2-3 ) 

The user should remember the following in formulating iriput 
data: 

• 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 (Classi.cal Point Source) 

SNAP 1.0 utilizes numerical integration to evaluate the various 

functions dependent upon the parameter a (See Appendix A). Hence, the 

user may specify a as any -value greater than -1.0. If the user does not 

specify a value for a for a lane, the value of a remains at the last 

specified value used by SNAP 1.0. 

2.7 Unlimited Number of Receiver Locations 

SNAP 1.0 defines a receiver location by a point with (x,y,z) 

coordinates. No adjustments to the receiver location are conducted inter

nally to the program. The only restrictions on receiver location are that a 

receiver may not be closer than 15 metres from a lane segment or 0.5 metre 

ftom the top edge of a barrier. Violation of these restrictions will 
terminate execution of the program. The number of receiver locations is 

unl imited. 

2.8 Tabulated Output 

SNAP 1.0 predicts the Leq metric at the receiver contributed 

by each vehicle type defined for each lane. The Leq contribution at the 
receiver is subtotaled for vehicle types and for lanes. Of course, the 

total Leq estimate is presented. For each vehicle type on each lane, the LI0 

sound level metric is estimated from the Leq value as described in Appendix 

A.3. The L10 metric is summed over vehicle types and lanes in a manner 
similar to the Leq metric. These results are presented in the tabulated 

13 



format of Figure 2-4. In Figure 2-4, the notation "(NO BARRIER ATTENUATION)" • 

denotes that the results are for a site without a barrier • 

. If the user defines a barrier, SNAP 1.0 automatically predicts 

two additional tabulations similar to Figure 2-4 for receiver sound levels 

with barrier attenuation and the barrier field insertion loss. 

As an output opt i on, the user may di rect SNAP 1.0 to pri nt fi ve 

additional tables that further quantify the barrier noise attenuation 

performance. For the maximum limit of 12 lanes, the tabulations. genera

ted by SNAP 1.0 fit directly on a page without photographic reduction. 

The specific form and description of the output data provided 

by SNAP 1.0 are presented in Section 6. 
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TABLE 1 

SOU~O LEVEL CONTRIBUTIONS AT ~ECEJVER 
ALL LANE SEGMENTS 

(NO BARRIER ATTENUATION) 

SITf-Ol:RUN-04:FHWA-RV-76-54:STAlION 1 

OBSERV[R COORDINATES Cf'1[TRES) 
X y Z 

0.0 -6.80 2.14 I 

Leq Contribution 

From Heavy Trucks 
on Lane 3 

ALPHA SOUND lEVE ~ CARS MEDIUM HrAVY OTHER LANE 
HETR.]C TRUCK S TKU(KS TO T A lS 

0.50 L[Q 65.28 0.0 72 .. (1 
LID 69.11 0.0 71.59 73. ~3 

0.50' LfQ 63.91 C.O 69.60 70. t4 
LI0 67.61 0.0 71.25 72. n 

0.50 LEQ 62.77 0.0 68.46 Total Leq 
LIC 66.36 0.0 70.79 

0.50 LEQ 61.80 0.0 67.49 Contribution 
LlC 65.27 0.0 70.27 5 

0.50 LEO 60.96 0.0 66.64 
LIC 64.32 0.0 69.75 

0.50 LEO 59.33 0.0 63.87 Vehicles 
LIC 62.48 0.0 66.95 68.2E 

0.50 LEe !":lB.73 0.0 (.3.29 64. '.:9 
LIO 61.81 0.0 f:6.55 67. [1 

0.50 LFQ 58 -19 0.0 62.7(. ' 64 • (4 
LlO 61 .20 0.0 66.16 67. ;(, 

0.50 LEQ 57.69 0.0 62.24 63. ~4 
LlC 60.63 0.0 65.79 66,. ~4 

0.50 LEO 57.22 0.0 (,1. • 77 63. ([-
L.IC 60.10 0.0 (5.41 h6. ~3 
LEe ~71.421 c.o 76.85 177.C;~ I-
LIO / 74.93 0.0 79.07 fl 0 • 'If.: 

Total Leq Contribution 
Receiver Leq 

from Automobiles 
on All Lanes 

FIGURE 2-4. TABULAR FORMAT OF SNAP 1.0 SOUND LEVEL ESTIMATES 
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3.0 NOTES ON FORMULATING PROBLEMS 

The FHWA Levell highway traffic noise prediction program, 

SNAP 1.0,· is designed to consider rather simple site configurations com-

prising lanes; receivers and a single barrier. If a barrier is defined, 

all lanes must be parallel to the barrier. All lanes and the barrier are: 

described geometrically. by straight line segments. Each straight line 

segment is at a constant elevation. This section presents notes on for-

mulating problems for solution using SNAP 1 .• 0. If the user decides .that 

SNAP 1.0 cannot accurately. define a problem based upon its inherent geo

metric restrictions, the user may consider the more general FHWA Level 

2 program (2). 

Basically, SNAP 1.0 applies to sites that are essentially flat.. 

The applicability of the SNAP 1.0 model to a specific problem can only 

be decided based upon the relative alignment of the lanes, the barrier, 

and the receivers. 

3. 1 rormulating Geometry 

The formulation of site geometry for SNAP 1 .0 requires the user 

to define the location of points and line segments ina (x,y,z) coordinate 

space. The x-y coordinates define the location of a point in the hori

zontal plane. The z coordinate defines the vertical location of the. point. 

Receiver locations are defined by the points (x,y,z) at which the user 

desires the sound level estimates. 

Lanes and the top edge of a barrier are defined by straight 

line segments. A straight line segment is defined for SNAP 1.0 by speci

fying the x-y coordinates of each end point and a z coordinate (elevation). 

Hence, SNAP 1.0 considers all lanes and a barrier* to be parallel to the 

horizontal plane z = 0.0. Any coordinate value (x, y or z) may be specified 

as positive or negative as the user desires. 

*Barrier location implies the top edge of the barrier 
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SNAP 1.0 considers only finite length line segments. Hence, 

if the user desires to define an "infinite" coordinate, he must specify 

a "large" value for the coordinate. As described in Section 5, SNAP 1.0 

accepts' input data for coordinate definition up to a maximum of 8 sig..; 

nificant digits. The user should not find this restriction significant 

but should remember that the definition of "large" or "small" is relative 

to the maximum distance of a receiver from a lane for a given problem. 

Generally, the user should limit receiver locations to within 300 metres 

of any traffic lane. SNAP 1.0 will properly define the relative locations 

of'thelanes, the barrier and the receiver without the user considering 

the conversion of absol ute (i .e., map) coordinates to local (site) coor

dinates. 

The user must always remember that a complex site geometry 

may be amenable to solution using'SNAP 1.0 within the restrictions placed 

on the geometric problem. This is accomplished by dividing the complete 

problem into subproblems that can be accurately considered by SNAP 1.0. 

Such a subdivision is required only if the site deviates significantly 

from a "flat" configuration* or if the user requires accurate barrier 

attenuation calculations considering all lanes. 

3.2 Roadway Configurations 

S NAP 1.0 con sid e r s m u It i - 1 a n e r 0 a d way con fig u rat ion s • E a c h 

lane is defined by its location (a straight line segment of constant 

elevation) and by the traffic flow on the lane. Accurate modeling of 

the site geometry for the purposes of traffic noise estimates using SNAP 1.0 

essentially requires a site where each lane may be located at a constant 

elevation for all receivers. Concerning this point, engineering judgement 

of the user is required. Generally, the user may ignore lanes at a distance 

greater than 300 metres from any receiver. 

*A "flat" configuration means that each lane appears to each receiver 
as a constant elevation line source • 
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After deciding the applicability of site "flatness" , the user 

must decide whether or not barrier attenuation is required. If barrier 

attenuation calculations are not required, the user may define an arbi

trary orientation, in the horizontal plane, for the roadway segments. 

If the user requires barrier attenuation calculations, all lane segments 

must be specified parallel to the top edge of the barrier. 

3.2. 1 Curved Alignments - No Barrier 

For curved roadway alignments and no barrier attenuation, the 

user must specify the criterion for parallelism (See Section 5.1) as the 

maximum relative angular difference between any lane defined for the 

problem. By specifying the criterion as "90°", the user wi 11 allow any 

relative alignment of lanes. Curved roadway alignments must be specified 

using straight line segments with each~segment at a specified elevation. 

Intersecting roadways or overpasses may be simulated if the user recog

nizes that SNAP 1.0 considers only freely flowing traffic and does not 

consider horizontal surfaces, i.e., potential shielding realized for an 

elevated roadway. 

3.2.2 Curved Alignments - With Barrier 

For curved roadway alignments with barrier attenuation, the 

user must exercise judgement in formulating problems using SNAP 1.0. 

The user mayor may not be able to evaluate barrier attenuation accurately 

for curved roadway alignments using SNAP 1.0. Figure 3-1 illustrates 

the concepts involved for the user to decide the applicability of SNAP 

1.0 to calculate highway traffic noise abatement for curved alignments 

with barrier attenuation. In any event, to evaluate receiver sound levels 

accurately, the user must conduct multiple executions of SNAP 1.0 and 

combine results external to the program execution. For complex site 

geometry, the user may decide to use the FHWA Level 2 program. 
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3.3 Traffic Flow Conditions 

In formulating traffic flow conditions for input to SNAP 1.0, 

the user must recognize that all traffic data for all lanes must correspond 

to the time period, T, specified for the problem (see Sections 5.1 and 

5.5). The user may specify. 24-hour data, hourly data, ha If-hourly data, 

etc., as desired. The vehicle count, by type and lane, and the travel 

speed, by lane, must be consistent with the time period specified. The 

predicted sound level metrics Leq and LIO apply to the specified time period. 

If the user specifies vehicle sound level adjustments to simulate 

grade effects, the traffic flow must be defined for the uphi 11 direction 

and the downhill direction. 
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4.0 ERROR MESSAGES 

The FHWA Levell highway traffic noise prediction program prints 

error messages to advise the user of violations of basic assumptions upon 

which the program is based. 

warni ngs and fata 1 errors. 

Fatal errors halt execution. 

Two types of error messages are printed: 

Warnings do not halt execution of SNAP 1.0. 

4.1 Error Messages Occurring During Input 

As SNAP 1.0 reads input data, audits of the data are performed 

to ensure that certain criteria are not exceeded. 

Exceeding the speed range limits for vehicle cruise conditions 

(see Section 2.3.1) results in the following error messages as 'appropriate: 

IILANE XX SPEED XXX IS LESS THAN 50 AND IS SET TO 50 11 

IILANE XX SPEED XXX IS GREATER THAN 100 AND IS SET TO 100 11 
• 

These messages are warnings and the program execution continues with the 

adj ustments as noted. 

If the angular deviation of a lane from the' specified criteria 

for parallelism is exceeded, SNAP 1.0 prints the following message: 

IILANE XX IS NOT PARALLEL II. 

This message signals a fatal error. Execution of SNAP 1.0 is terminated. 

The user should check the geometric (x,y) coo~dinates used to specify 

the lane and/or increase the criterion for parallelism, as necessary~ 

The user may refer to Section 2.2 and Figure 2-1 for the discussion of 

criteria specification. 
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4.2 Error Messages Occurring During Execution 

During 'execution, SNAP 1.0 audits calculations to ensure that 
,the user has not defined a receiver closer than 15.0 metres to a lane 
qr closer than 0.5 metre to a barrier. If either of these situations 
occur, the following messages are piinted: . 

"LANE XX IS TOO CLOSE" 
IIOBSERVER TOO CLOSE TO BARRIER" 

These error messages are fata 1. Execut i on of SNAP 1.0 is term i nated if 

either message is printed. The user should adjust the observer loca
tion as appropriate. 
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5.0 INPUT DATA REQUIREMENTS 

The input data requirements to execute SNAP 1.0 are simple; 
however, the format for input data is rigid. Except as noted below, all 
data must be defined in the indicated sequence for proper execution of 
SNAP 1.0. The input data are defined in data blocks. Each data bloCk 
comprises several cards, as described below. The data blocks, in sequenc~, 
are: 

(1) Initialization and Option Parameters 
(2) Barrier Geometry 
(3) Lane Geometry, Traffic Flow, and Sound Level Adjustment 
(4) Receiver Location and Alpha Definition. 

For each definition of data for blocks (1) through (3) above, the user 
may define as many receiver locations as desired before execution of 
the program is terminated. The data block sequence is illustrated in Figure 
5-1. 

5. 1 Input Data Format 

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

o 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. 

o Real Constant - A 
a decimal point. 
situated anywhere 
card. 

floating point number written with 
Normally, the real number may be 
within its allotted field on the 

o Alphanumeric - Any combination of alphabetic and nu
meric characters. Alphanumeric data may be located 
anywhere within the allotted field on a card. 

5.2 Initialization and Option Parameters 

SNAP 1.0 uses initialization and option parameters to define 
the genera) characteristics of the problem the user desires to solve. 
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The sequence and format of .the initialization parameters .required ·for.· 
SNAP 1.0 are indicated in Figure 5-2. 

The first card defines the following parameters in the indi
cated format: 

T, the time in hours for which the Leq and LID values 
are to be estimated. 

EPS, the type of barrier to be used for noise attenuation 
EPS = 0.0 denotes a thin screen 
EPS = 1.0 denotes a berm. 

THETA, the maximum allowable angle in degrees to evaluate 
parallelism of line segments in the horizontal 
(x,y) plane. The limits on THETA are: 

THETA = 00 

THETA = 90 0 
denotes perfectly parallel segments 
denotes arbitrary segment orientation 
(use only if barrier attenuation is 
not required). 

The second card defines the user option for printing sound 
level estimates. The following options rigidly apply: 

NOP = 0 Directs SNAP 1.0 to prin{ eight tables describing 
the traffic noise levels at each receiver. This 
option should be elected only if the user defines 
a barrier. Detailed discussion of these tables 
is presented in Section 6. 

NOP = Directs SNAP 1.0 to print either one table or 
three tables describing the traffic noise levels 
at each receiver. If the user does not define a 
barrier (IBAR = 1), one table describing the 
receiver sound levels will be printed (See Figure 
2-4). If the user defines a barrier (IBAR = 2), 
SNAP 1.Owill print three tables describing the 
receiver sound levels without the barrier, 
receiver sound levels with the barrier, and the 
barrier field insertion loss. 

The third card defines the types of vehicles required to define 
the problem. Generally, the user will define NI = 3 indicating that the 
traffi c flows may compri se autornobi les, medi um trucks, and heavy trucks. 
The following usage applies: 
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NI = 1 , consider only automobiles in the sound level 
est i mate 

NI = 2, consider automobiles and medium trucks in the 
sound level estimate 

NI = 3, consider automobiles, medium trucks, and heavy 
trucks in the sound level estimate 

NI = 4, consider automobiles, medium trucks, heavy trucks 
and a user-defined "other vehicle" in the sound 
level estimate. 

The fourth card defines the vehicle source heights, in metres, 

needed to define the elevation of the vehicle "acoustic center" relative 

to each lane elevation. A source height must be specified in the indicated 

. field on the. card for the number (NI) of vehicle types specified on the 

third card. 

If the user specifies NI = 4, an optional vehicle noise emission 

card must be included to define the vehicle noise emission as a function 

of speed (See Section 2.3.1). Two constants are required. The constant 

A is the speed- independent term. The constant B is the coeffi c i ent on 

the log-speed term. If NI = 3, this card should be deleted. 

The fifth card required for the initialization parameters speci

fies the user option to define a barrier. If IBAR = 1, no barrier is 

to be defined and SNAP 1.0- will calculate only traffic noise estimates 

for the defined lanes and receivers. If IBAR = 2, a barrier is to be de

fined and SNAP 1.0 will calculate the receiver sound levels without the 

barrier, with the barrier, and the barrier field insertion loss (see card 

2) • 

The sixth card defines the total number of cards to be read 

to define the locations of the barrier and the lanes. 

lanes and a barrier requires NJ = 7. The definition of 

no barrier requires NJ = 7. The maximum value of NJ is 

is defined and 12 if a barrier is not defined • 
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5.3 Barrier Geometry 

One card is required to define the barrier location for SNAP 

1.0. If IBAR = 1, the barrier geometry card is deleted from the data 

set. If IBAR = 2, the barrier geometry card must be included in the data 

set. The format and sequence of the coordinate input values are indi-

cated in Figure 5-3. 

5.4 Lane Geometry, Traffic Flow Definition and Sound Level Adjustments 

Three cards are requi red for each lane to defi ne the lane geo

metry, the traffic flow conditions, and the vehicle sound level adjust

ments. The input data sequence is a geometry card, a traffi c flow card, 

and a sound level adjustment card for each lane. This sequence is indi

cated in Figure 5-4. 

The first lane card defines the coordinates describing the lane 

geometry. The second lane card defines the operating speed and the vehicle 

count by vehi c 1 e type for the 1 ane. The user must defi ne the number of 

each vehicle type (NI as defined in the initialization parameters) present 

on the lane. If a vehicle type is not 'present, its count must be speci

fied as zero. The travel speed and the vehicle count must correspond 

to the time period, T, defined by the initialization parameter. The third 

lane card defines the constant sound level adjustments for each vehicle 

type on the lane. 

The lane cards are repeated until all lanes (specified by NJ) 

are defined. 

5.5 Receiver Location and Alpha Definition 

The definition of a receiver location requires two cards. The 

first card is an alphanumeric title card. The second card defines the 

receiver location (x,y,z coordinates) and the values of the "Alpha" para

'meter ( ) for each lane relative to the receiver. The input data format is 

defined in Figure 5-5. 
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The alphanumeric title is printed for each tabular output provided 
by SNAP 1.0 in the line above the location of the receiver coordinates (See 
Figure 2-4). The user may specify the title as desired. 

Specification of a receiver and the values of each lane relative 
to a receiver completes the definition of a problem for SNAP 1.0. By 
including a sequence of title cards and receiver location/alpha cards, the 
user may repeat the sound level estimates for other receiver locations 
surround i ng the roadway-barri er geometry defi ned for the data set. The 
number of receiver locations is limited only by the user's computing budget • 
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6.0 EXAMPLE PROBLEMS 

This section presents three example problems illustrating the' 

use of SNAP 1.0 to predict highway traffic noise emissions. The first. 

example is a multi..;lane roadway with a barrier and two receivers. The 

second example is a single "equivalent lane" with a finite barrier. The 

first example is compared to field measured values of Leq and LlO •. The' 

second example problem illustrates the complete output tabular format 

used by SNAP 1.0. The third example problem illustrates the use of the 

vehicle sound level adjustments to simulate grade effects. 

6.1 Example Problem 1: Comparison to Field Measurements 

This example problem is a simulation of a field test site re-

ported in Reference 6. The example simulates the data of SITE 01 (SR-7, 

Long Beach, CA) and the traffic flow data of RUN 04. The site is a 

straight, ten-lane roadway at a constant elevation with a median and a 

thin screen barrier 3.66 metres above.the rQadway elevation. In the 

terminology of Reference 6, the receivers are taken as Station 01 and 

the Reference Station. The. measured sound levels at the site (6, page 

D-2) for the ten minute (0.167 hour) sample time are: 

Receiver Leq LlO L50 
Ref. Station 75.9 78.8 74. 1 
Station 01 67.6 70.2 66.4 

For ·the purposes of using SNAP 1.0, ,it is decided to uniformly distri

bute the traffic flow over the five near lanes and the five far lanes. 

The traffic mix is simulated using only the automobile (type 1) and the 

heavy truck (type 3) vehicles defined by SNAP 1.0. Since the experi

mental data comprised a ten minute (0.167 hour) sample of noise data and 

traffic flow, it is decided to simulate this sample time. Hence, the 

hourly traffic flow conditions defined for RUN 04 on page C-2 of Refer

ence 6 are divided by 6 to obtain the conditions for the problem. The 

number of vehicle types on each lane are rounded to integers based upon 

the percentage of truck traffic indicated. Since the roadway is at a 

constant elevation, no vehicle sound level adjustments are required. 
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Since the site represents a straight infinite length roadway/ 

barrier configuration, the end points of the lanes and the barrier are 

spaced syrrunetri ca lly about the recei ver 1 ocat ions. For conveni ence, the 

site (x,y,z) coordinate system is placed at the barrier with the ground 

plane placed at the roadway elevation. The site geometry is' illustrated 

in Figure 6-1. 

The input data defining the site for SNAP 1.0 execution are 

presented in Figure 6-2. It is decided that only the sound level esti

mates with and without the barri er and the barri er fi e 1 d insert i on loss 

are desired (NOP = 1). Hence, SNAP 1.0 will compute and print six tabu

lations, three for each receiver. 

Figure 6-3 presents the SNAP 1.0 tabulated traffic noise esti

mates for Station 01. Four tables are printed. The first table presents 

the input data and is pri nted once for ea'ch set of recei vers. "TABLE 

1" presents the sound level estimates of Station 01 for the site without 

• 

the barrier, i.e., the "before barrier" configuration. "TABLE 2" presents • 

the sound level estimates of Station 01. for the site with the barrier. 

"TABLE 3" presents the barrier field insertion loss estimates (TABLE 1 

values less TABLE 2 values). 

As indicated in TABLE 2 of Figure 6-3, the estimated receiver 

Leq value is 70.38 dB* and the estimated receiver LlO value is 73.08 dB*. 

These estimates compare to the experimental values: Leq = 67.6 dB and LIO = 
70.2 dB. 

Fi gure 6-4 presents the SNAP 1.0 tabu lated traffi c noi se est i

mates for the Reference Stat i on. The SNAP 1.0 est i mates for the Reference 

Station are: Leq = 76.38 dB and LlO = 79.46 dB. The TABLE 1 estimates 

from SNAP are used to compare with the experimental values since the 

reference station was located with a direct line-of-sight to the traffic • 

*Two digits are shown for SNAP 1.0 calculations, quote to nearest lOth dB. 
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Lane # 
10 

9 
8 
7 
6 

5 
4 
3 

2 
1 

All Lanes Infinite @ a m. Elevation y, metres 
------II 46.35 
-----IS 42.69 
-------l! 39. 03 
-------II 35.37 
----~f 31. 71 

-----If 23.18 
----~j 19.52 
-----1115.86 
-----i$12.20 
----~J 8.54 

No Scale L f- -

+ Station 01* (0, -6.8, 2.14) (0:=0.5 all lanes) 

+ Reference (0, -13.11,2.14) (0:=0.5 all lanes) 

TRAFFIC fLOW DATA 
Assumed Uniform for Near Lanes and Far Lanes 

Near Lanes (#1 through 5): Speed 85 km/h 
Vehicle Count Per Lane 

Automobiles: 108 vehicles per 10 min. (648 per hour) 
Heavy Trucks: 13 vehicles per 10 min. (78 per hour) 

Far Lanes (#6 through 10): . Speed 85 km/h 
Vehicle Count Per Lane 

Automobiles: 108 vehicles per 10 min. (648 per hour) 
Heavy Trucks: 10 vehicles per 10 min. (60 per hour) 

*Note: Station 01 location is reported in Reference 4 as (0, -6.10, 
2.14). This location is 14.64 m from lane #1 and hence SNAP 1.0 
will not execute problem. The location was changed to allow 
execution for this example. See Section 4.2. 

FIGURE 6-1: EXAMPLE PROBLEM 1: SITE GEOMETRY 
AND TRAFFIC FLOW DATA 
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SE:GMENT TYPE 

BARRIER 
LANE # 1 
LANE #I 2 
LANE #I 3 
LANE # 4 
LANE #I 5 
LANE # 6 
LANE # 7 
LANE "# P. 
LANE tI 9 
LANE It 10 

PASIC INPUT DATA 

OP TI ON OAT A 

TIME INTlRVAL fOP LEQ CALCULATIONS(HR) 
EPSILUN FOR PARRIER (O=THH.',l=-BERM) 
CRITERION FOR PtRALL[lISM(rEG) 

:: 

SO lR CE H[lGHT OF VEHICLES IN METRES 

CHS ~'F 0 I UM ~IE A VY OTHE R 
TRUCKS TRUCK S 

0.0 0.70 2.44 

0.17 
0.0 
1.00 

~mI Sf llVEL-Sr'fED COEFFICIENTS (l O=A+B*lOG (S) ) 

CA~ S MEDIUM HEAVY OTHER 
TRUC K S TRUCK S 

A -2.43 Ifl.3t, :8.4A 
B 3P.05 33.91 ;"4.56 

CO fiR 0 I NAT E S FOR END POINTS (~ETRfS} 
-' Xl VI Zl )(2 Y2 

-10CO.CO L.O 3.66 }COO.O:> C.O 
-} C'OO. 00 €.54 0.0 1 COO.OO 8.54 
-10CO.CO 12.20 0.0 1COO.OO 12.20 
-1000.00 1~.86 0.0 }000.03 1~-.86 
-IOOO.CO }9.52 ().O IOOO.OJ 19.52 
-IOOO.CO 23.18 0.0 ICOO.OO 23.18 
-1000.(0 31.71 C.O 1000.00 31.71 
-IOOO.CO 35.37 C.O 1 COO.OO 35.37 
-1000. CO 39.03 C.O ICOO.08 39.03 
-1000.CO 42.69 0.0 IOOO.OJ 42.69 
-1000.CO 46.35 C.O 1000.00 46.35 

FIGURE 6-3. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR STATION 01 
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72 • 3.66 
f.O 
C.O 
C.O 
C.O 
C.O 
c.O 
C.O 
c.o 
C.O 
0.0 
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• LANE " SFEE:: C TRAFF IC VOLUME 
(KM/H) CARS MED IUH HEAVY OTHER 

TRUCKS TRUCKS 

1 85.C JOB 0 13 
2 8 5 ~ (I 108 0 13 
3 65.(; lOB 0 13 
4 e5.0 108 0 13 
5 l)!i.C 108 0 13 
6 13~.C. lOB 0 10 
7 P!.5 • () 108 0 10 
e e5.( 108 0 10 
9 ['~.l 108 0 10 

10 f5.li 108 0 10 

SOUND-LE VEL ADJUSTMENT PARAMETE~ 

lAN~ ~ CARS MEDIUM HEAVY OTHER 
TRUCKS TRUCKS 

I C.O 0.0 0.0 
2 0.0 0.0 0.0 
3 0.0 0.0 0.0 
4 O.C 0.0 O.G 

• 5 0.0 0.0 0.0 
6 O.C 0.0 0.0 
7 O.C 0.0 0.0 
E 0.0 0.0 0.0 
9 0.0 0.0 0.0 

10 O.C 0.0 0.0 

FIGURE 6-3. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR STATION 01 (Continued) 
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LANE # 

1 

2 

A 
oJ 

4 

5 

6 

7 

B 

9 

1 C-

VEHICLE 
TCTAlS 

FHWA HIGHWAY TRAFFIC 
NOISE PKEDICTJON KODEl 

( SN AP 1 .cn 
TA BLE 1 

SOU~D LfVEl CONTRIBUTIONS AT RECEIVER 
ALL LANE SEGMENTS 

(NO ~ARRIER ATTENUATION) 

SITE-CI:RUN-04:FHWA-RC-76-54:STA11~N 1 

OBSERVER COORDINATES (METRE S ) 
X Y Z 

o.e -6.8(1 2.14 

ALPHA SOUND LEVEL CARS MEDIUM HfAVY OTHER 
1'1fTRJC TRUCKS TRUCKS 

0.5(1 LEe 65.28 0.0 70.97 
LIC 69 • II 0.0 71.5P 

O.~,() lfQ 63.91 C.O 69.6:> 
LIC 67.61 0.0 71.25 

).50 LEQ 62.77 0.0 68.46 
LIC 66.36 0.0 70.79 

:).50 LEQ 61 .80 0.0 67.49 
LIC c5.27 0.0 70.27 

o. ~,o LEO 60.96 0.0 66.64 
LIC 64.32 0.0 69.75 

0.50 LEO 59.33 0.0 63.87 
LlC 62.48 0.0 66.95 

0.50 LEe 5?. • 7 3 0.0 63.29 
LIU (;1.81 0.0 66.55 

c,. 50 Lf{l 58.19 0.0 62.74 
LIC 61 .20 0.0 66.16 

,). 5 c; LEO 51.69 0.0 62 •. 24 
Lie 6e.63 0.0 65.79 

o.5C ' lE C 57.22 0.0 61 .77 
LIC 60.10 0.0 65.41 
lE' 71.42. c.o 76.86 
llj 74 .. 93 0.0 79.07 

lANF 
TOT ALS 

72. Cl 
73. ~3 
70. f4 
72. fl 
69. ~o 
72. 12 
68. ~3 
71.it7 
67. tJ./ 
70. f5 
65. lB 
68 • 21: 
64.1':9 
67. fl 
64. (4 
67. ~l: 
(; 3. ~4 
66. C4 
63. CE 
66. r:3 
77 • C;~ 
P, o. ltF: 

FIGURE 6-3. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR STATION 01 (Continued) 
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FHWA H I G HW A Y T R A F FIe 
NOISE PRE DIe T ION MODE L 

( SNAP 1.0 ) 

TABLE 2 

SOUND LEVEL CONTRIBUTIONS AT RECEIVER 
ALL LANE SE.GMENTS 

(WITH BARRIER ATTENUATION) 

SIT[-OI:RUN-04:FHWA-RO-16-54:STATIDN 1 

[1BSERVEf( COORDINATES (METRFS) 
X Y 1 

0.0 -6.80 2.14 

LANE 1# ALPHA SOUND Lf VEL CARS MEDIUM HEAVY OTHER LANE 
METRIC TRUCKS TR.UCKS TOT A LS 

1 0.50 LEO 53.23 0.0 62.4J 62. C;O 
LIO 56.54 0.0 64.25 64. ~3 

2 0.50 LEO 53.18 0.0 61.73 62. :0 
LIC 56.42 0.0 64.04 64. ;3 

3 0.50 LEO 52.99 0.0 61.10 61. 73 
LIC 56.16 0.0 63.72 64.42 

4 0.50 LEO 52.74 0.0 60.~3 61.20 
LIC 55.85 0.0 63.3~ 64. C7 

5 0.50 LEO 52.48 0.0 60.02 60. ;2 
LI0 55.52 0.0 62.99 63.1] 

6 0.50 LFQ 51.84 0.0 57.84 58. fl 
LIO 54.75 0.0 60.80 61 • ;6 

7 0.50 LEO 51.57 0.0 57.45 58.45 
L10 54.44 0.0 60.51 6] .47 

8 0.50 LEO 51.31 0.0 57.10 58. 11 
LIO 54.13 0.0 60.22 61. 17 

9 0.50 LEO 51.07 0.0 56.76 57. EO 
L10 53.B4 0.0 59.94 60. f9 

10 0.50 LEO 50.83 0.0 56.44 57. ~O 
LtO 53.56 0.0 59.67 60. t:2 

VEHICLE LEQ 62.21 0.0 69.66 70. ?B 
TOTALS LI0 65.25 0.0 72.30 73. (8 

FIGURE 6-3. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR STATION 01 (Continued) 
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LANE II 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

VEHICLE 
TOTALS 

FHWA HIGHWAY TRAFFIC 
NU]SE PR~DICTIoN MODEL 

( SN AP 1.0) 

T A ALE 3 

BARRIER FIELD INSERTION lOSS 

SlTf-Ol:RUN-04:FHWA-RC-16-54:STAT]QN 

['ESERVER COORDINATES (METRES) 
X Y Z 

0.0 -6.80 2.14 

ALPbA SOUND LEVEL CAR S MEDIUM HEAVY 
~~ETRIC TRUCK S TRUCKS 

J.5e LEO 12 .06 0.0 8.57 
l)O 12.51 0.0 7.32 

;).~;c LEO 10.73 0.0 7.87 
LIG 11 .19 0.0 7.21 

J.se LE:Q 9.78 0.0 1.36 
LIO 10.19 0.0 1.01 

0.5(: LEe 9.06 0.0 6.96 
LIG 9.42 0.0 6.92 

0.5e LEe 8.48 0.0 6.63 
LICI 8.81 0.0 6.76 

C.5(' LUi 1.49 0.0 6.03 
LIO 7.73 0.0 6.15 

J.50 LEQ 1.16 0.0 5.63 
LI0 7.38 0.0 6.05 

, 0.50 LEQ 6.88 0.0 5.64 
LIO 7.07 0.0 5.94 

0.50 LEe 6.62 0.0 5.4Ei 
LIC 6.19 0.0 5.E4 

0.50 LEO 6.39 0.0 5.32 
LI0 f; .54 0.0 5.13 
LEO '?21 0.0 1.20 
LIO 9.68 0.0 6.76 

1 

OT~ER lANF 
TOT A lS 

9. 11 
P. • to 
A. :4 
P. (8 
1. -'7 
7. 11 
7.33 
7.40 
6. C;6 
7. 14 
~. :7 . 
f- • ~ 1 
f,. 14 
6.34 
'5 • t;3 
f. • 19 
5. 15 
6. C4 
5. ~f 
5 • «;1 
7. r:.7 
7. ~c 

FIGURE 6-3. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR STATION 01 (Concluded) 
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FHWA HIGHWAY TRAFFIC 
NOISE PREDICTION MODEL 

(SNAP 1.0) 

TABLE. 1 

sou~r LEVEL CONTRIBUTIONS AT RECEIVER 
ALL LANE SEGMENTS 

(~O BARRIER ATTENUATION) 

5ITE-OI:RUN-04:FHWA-RO-76-54:REFERENCE 

OBSERVER COORDINATES (HETRES) 
X Y , l 

0.0 -13.11 2.14 

LANE N ALPHA SOUND L[VEL CARS MEDIUM HEAVY OTHER LANE 

1 

2 

3 

4 

5 

7 

9 

10 

VEHICLE 
TOTlLS 

0.5(, 

O· ~:-, 
• .-/' v 

0.50 

O.5G 

0.5 C 

0.50 

METRIC TRUCKS TRUCKS TOTALS 

LEQ 
LIC' 
LH; 
LIO 
LEQ 
LIO 
LE.Q 
LIC 
LEO 
LIO 
LEQ 
LIG 
LEe 
LIO 
LtO 
LIO 
LEe; 
l]O 
LEe;:' 
llC 
LEe 
LIC 

63.J7 
66.68 
62.06 
65.56 
61 .18 
64.57 
60.41 
63.70 
59.71 
62.92 
58.34 
61.36 
57.82 
60.78 
57.35 
60.24 
56.90 
59.74 
56.49 
59.27 
69.89 
73.19 

0.0 
0.0 
(i.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c.o 
0.0 
0.0 
0.0 
c.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~8. 75 
70.92 
67.74 
70.42 
66.87 
69.90 
66.09 
69.38 
65.4::> 
68.87 
62.fl3 
66.27 
62.37 
65.89 
61.89 
65.51 
61.1t5 
65.15 
61.03 
t-.4.79 
75.29 
78.29 

69.19 
72. ~l 
68. Ie 
71. t5 
67. «;0 
71. Cl 
t-.7.13 
10.42 
66.44 
69. f5 
61t •. ]9 
67. 46-
63. fB 
61. (5 
63.2C 
to 6 • tit 
62.16 
66. 21t 
62. ~4 
65. E1 
76.3f 
79.46 

FIGURE" 6-4. EXAMPLE PROBLEM 1: OUTPUT TABULATIONS FOR REFERENCE STATION 



LANE "# 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1') 

VtHICLE 
TOTALS 

FHWA HIGHWAY TRAFFIC 
NrISE PREDICTION ~ODEl 

(SNAP 1.0) 

TABLE 2 

SOU~D LEVEL CONTRIBUTIONS AT RECEIVER 
ALL LANE SEGMENTS 

(WITH BARRIER ATTENUATIUN) 

SlTF-Ol:RUN-04:FHWA-RD-76-5~:~EFEREN(r 

OBSERV£R COORDINATES (METRES) 
X Y 1 

o.e -13.11 2.14 

ALPHA 50UND U: V£:L CAR S MEDIUM HEAVY Dll-'ER 
ME TRJ C TRUCK~ TRUCKS 

(;.50 LFC 51 .82 0.0 61 • eft 
LIO 55.02 0.0 f.. 4 .39 

\).50 LEQ 52.16 0.0 61.52 
LIO 55.28 0.0 64.29 

J.50 Lf-C 52.27 0.0 61.13 
LIC ~5.33 0.0 64.07 

0.50 LEG 52.26 0.0 60.74 
LIC, ')5.26 c.o 63.80 

J.50 LEe 52.18 0.0 60.36 
LIO 55.12 0.0 63.51 

().~0 LEQ 51.87 0.0 58.42 
LIe 54 .70 0.0 61.52 

0.50 LEe 51.72 0.0 58.1:) 
LIC 54.50 0.0 61.27 

1).5 C LU': 51 .55 c.o 57.8) 
LIU 54.30 0.0 61.02 

O.5C· LE.Q 51 .38 0.0 57.52 
LIe 54.09 0.0 6 (). 79 

,).5 C LEC 51.22 0.0 57.25 
LIC 53.89 0.0 60.54 
lE..Q 61 .86 0.0 69.8') 
llO 64.7e 0.0 72.79 

LAN~ 

TO TA lS 

62 .• 2~ 
64. £:5 
61 • ')9 
64. EO 
61 • f:.6 
64. tl 
61 • 32 
(:, 4 • :'7 
6 C • «;8 
64 • 10 
59. £e 
62. :'4 
59. (0 
6 ( • Ie 
5P."i3 
6 I • £6 
5 £\ • "7 
6 I • f2 
':i8. £2 
61 • ?9 
70. 4~' 
73. "2 

FIGURE 6-4. EXAMPLE PROBLEM 1: ·OUTPUT TABULATIONS FOR REFERENCE STATION (Continued) 
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LANE # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

VEHICLE 
TOTALS 

fH~A HIGHWAY TRAFfIC 
NOISE PREDICTION HODEL 

(SNAP 1.0) 

TA BLE 3 

BARRIER FIELD INSERTION lOSS 

SITE-Ol:RUN-04:FHWA-RD-76-54:FEfE~ENCE 

ORSERV£'R COORDINATES (METRES) 
X Y I 

0.0 -13.11 2.14 

Al.P HA SOUND LE VEL CARS MEDIUM HEAVY OTHER 
METRIC TRUCKS TRUCf(S 

0.50 LE.O 11 .25 0.0 6.92 
LIO 11 .67 0.0 6.54 

J.~O LEO 9.90 0.0 6.23 
LIO 10.27 0.0 6.13 

').50 LEQ 8.91 0.0 5.74 
LIO 9.25 0.0 5.83 

0.50 Lf"Q 8.15 0.0 5.35 
LIe B.45 0.0 5.59 

0.50 lEQ 7.53 0.0 5.0te 
Llu 7.80 0.0 5.3b 

0.50 LEO 6.46 0.0 4.47 
LIG 6.66 0.0 4.75 

0.50 LEe 6.11 0.0 4.27 
LID 6.28 0.0 4.62 

\) • 5 () LEQ 5.80 0.0 4 .. 09 
LIO 5.95 0.0 4.49 

c).50 LEO 5.52 0.0 3.93 
LID 5.65 0.0 4.37 

·J.50 Ll(J 5.27 0.0 3.78 
LIO 5.38 0.0 4.26 
LEQ 8.03 0.0 5.48 
LIO 8.41 0.0 5.51 

LANf 
TOT A lS 

7. ~lt 
1.46 
6. ~ 
6. f4 
6. 24 
6. IcO 
5. f2 
6. (5 
5. It6 
5.16 
4. C;I 
5 • 14 
4. tB 
4. <;6 

4.48 
4. 18 
4.29 
4. t3 
4 • 12 
4" ItS 
5. ~3 
6. Cit 

FIGURE 6-4. EXAMPL[ PROBLEr~ 1: OUTPUT TABULATIONS FOR REFERENCE STATION (Concluded) 

47 



The experimental values quoted in R.eference 4 are: Leq = 75.9 and LlO = 
78.8 dB. The differences between the SNAP 1.0 predictions and the experi

mental values of Reference 6 for SITE 01, RUN 4 are: 

Receiver 

Ref.Station (Table 1) 
Station 01 (Table 2) 

(Leq)SNAP - (L eq )Ref(6) (L10)SNAP - (L10)Ref(6) 
0.48 0.66 
2.78 2.88 

The usefu 1ness of the resu lts of Fi gures 6-3 and 6-4 is to evaluate the 

contribution to the receiver total sound level from each vehicle type 

on each lane. The numbers in the column labeled "LANE TOTALS II are the 

contribution of all vehicles on each lane to the total receiver sound 

level. The last two rows labeled "VEHICLE TOTALS" are the contributions 

to the receiver sound level (Leq and LlO) for all lanes for the given ve

hicle type. The last two numbers in the "LANE TOTALS" column (inter

section with "VEHICLE TOTALS II row) represent the predicted total receiver 

sound level metrics Leq and L10. 

6.2 Example Problem 2: Complete Tabulated Output 

This example problem presents the interpretation of the com

plete tabulated output provided by SNAP 1.0 at the user's option (Nap 

= 0). Also, the example illustrates how the user may simulate excess 

distance attenuation for various. sections of the site as viewed by the 

receiver. The traffic flow is modeled using all vehicle types recognized 

by SNAP 1.0 and defines a IImotorcyc1e ll as the user-defined vehicle. A 

single receiver location is simulated in order to emphasize the calculated 

results. SNAP 1.0 provides a maximum of eight tabulations (one per page) for 

each receiver. 

Figure 6-5 represents the problem definition in terms of site 

characteristics. A single infinite straight roadway carries the traffic 

flow indicated in Figure 6-5. For discussion, the location of the road

way may be assumed to be an lIequiva1entll lane approximation of a two lane 

road(l). The roadway elevation is taken as the reference (z = 0) horizontal 

plane. The proposed berm location and elevation is indicated. The re

ceiver location is placed so that the receiver "sees ll the roadway as 
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partially blocked by trees on the left and "clear" on the right. To simu
late this situation, the single straight equivalent lane is considered 
to be two connected lanes each with a different "Alpha" value relative to 
the receiver. The input data are illustrated in Figure 6-6. 

As requested, SNAP 1.0 calculates and prints nine tables. The 
first table lists the program input data. SNAP 1.0 prints the input data· 
only once for each defined lane/barrier configuration. Following the input 
data tabulation, SNAP 1.0 prints the eight requested (Nap = 0) tables 
of traffic noise estimates. If more than one receiver location is used, 
the eight tables are printed for each receiver. 

Figure 6-7 illustrates the output tabulation of the input data. 
Figures 6-8 through 6-15 are the eight standard tabulations (problems) 
calculated by SNAP 1.0 for each roadway-receiver combination. With the 
tabulation in each figure is a sketch illustrating the site configuration 
for estimating receiver sound level contributions. 

The standard tabulated output provided by SNAP 1.0 is as follows: 

TABLE 1 
(Fig. 6-8) 

TABLE 2 
(Fig. 6-9) 

Receiver Sound Level Contributions without 
the Barrier (This table is always printed). 
Receiver Sound Level Contributions with the 
Barrier (This table is printed if a barrier 
is defined). 

TABLE 3 Barrier Field Insertioh Loss (Table 1 values 
(Fig. 6-10) less Table 2 values. This table is printed 

if a barrier is defined). 

The following tables are printed if the user specifies Nap = a and defines 
a barrier: 

TABLE 4 
(F i g. 6- 11) ~".,;..;..::..~~;...,;:....;;..~~~o..;.,;.,.;..F-:--T"-~-"--~-F-'-~ 

TABLE 5 
(Fig. 6-12) 

Receiver Sound Level Contributions from Lane 
Segments Shielded by the Barrier. (These 
levels are the vehicle/lane contributions from 
the lane segments shielded by the barrier.) 
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BASIC INPUT CAT! 

OPTION DATA 

TIME INTERVAL FOR LEO CALCULA'IIONS (HR) = 1. 00 
EPSILON FOB BARRIER (0=TBIN,1=ElR") = 1.00 
CRlTERICN FOR PARALLfLIS~(DEG) = 1.CO 

SCURCE HEIGHT 0 f VEHICLES IN METRES 

CARS I!'!.EOIUt1 ""EAVY OTHIR 
TRUCKS 'IFUC~S 

" 

0.0 0.70 2.44 0.0 

NOISE LEVEL-SPEED COEFFICIENTS (LO=A+B*LOG (5» 

CARS MEDIUM HEAVY OTHER 
TRUCKS TF(JCI<S 

A - 2.43 16.36 3e.48 27. 41 
B 38.05 33.91 21.1.£:E 25.'::0 

CCORDINATES f'OR END PCIN'IS (ME'IRES) 
SEGMENT TYPE 11 Y1 21 X2 Y2 Z2 

E I. FR lEB -25.00 0.0 3.00 25.00 D.I) 3.00 
tANE t 1 -1000.00 10.00 0.0 0.0 10.00 0.0 
1 ANE It 2 0.0 10.00 0.0 1000.00 10 .00 0.0 

LANE t SPEED TBAFFIC VCLUl!E 
(KfII/R) CARS rJE[)IU(II HEAVY C'rHER 

TRUCKS TRUCKS 

1 72.4 3600 200 160 LID 
2 72.l.l 3600 2eO 160 LlO 

SOUND-LEVEL ADJUS'I eE iT PARAPIETEF 
LANE t CARS l'UtrUM HEAVY OTHER 

TRUCKS TR DC KS 

1 0.0 0.0 0.0 O. D 
2 0.0 0.0 0.0 o. 0 

• FIGURE 6-7. EXAMPLE PROBLEM 2: INPUT DATA TABULATION 
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LANE 
NUHBER 

1 

2 

VEHICLE 
TOTALS 

, LANE (SOURCE) 

RECEIVER 

FHWA HIGH~AY TR/FFJC 
NOISF PR[~JCTION ~OOEL 

(SNAP] .0) 

TAP.Lf 1 

SOlIN[lLEVEL CnNTR'~UT'(1NS AT RECEIVER 
~LL LANF S[C~ENTS 

(NO ~ARRlfR ATTENUATION) 

RECfIVfR SHIELPfD ON THE LEFT BY TRfES 

OBSERVER COOPOINA1FS (~ETRES) 
X Y 1 

-15.00 -1.'5.00. 1.50 

ALPHA SOUND LEVEL .AUTOS ME'DJUM HEAVY. 
METf?JC TRUCK S TRUCKS 

0.67 LEO . 65.64 64.113 67.94 
LIO 67 .l,] foFJ.16 71.P8 

0.50 LEO 62.]2 60.66 6".42 
llO 64.09 64.64 68.36 
LEO 67.24 65.7e 69.'54 
LI0 69.71 69.76 73.48 

OTHER 

'52.60 
53.06 
49.08 
49.54 
54.20 
54.66 

FIGURE 6-8. EXAMPLE PROBLEM 2: TABLE 1 OUTPUT 
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• 

'. 
LANE 
TOTALS 

71.04 
74.47 
67.51 
70.94 
72.63 
76.06 

• 



• 

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

• 

, LANE (SOURCE) 

rma ~Jf,HU.AY TR~FFJC 

NOrSF P~FCJCTJnN ~ODF.L 
(SN,Af' 1.0) 

TAPLE 2 

BARRIER 

SOl IN n lEV E leo ~ T RIP U T J eNS AT R E C E I V [R 
ALL LA~E SFG~ENTS 

(WITH BAPRIFR ATTENUATION) 

~fCF.IVFR SHlflor~ nN THE LEFT BY TREES 

OASERVER COORDJNAlfS (~ETRES) 
X Y 1 

-]~.oo -15.·00 1.50 

~lPH/. SOUND LEVEL AUTas ~EDIUM HEAVY OTHER 
~~ET RIC TRUCK S TRUCKS 

0.61 lEO 6].]4 59.11 64.10 48.JO 
LIO . 63.12 63.12 61.95 4e.64 

O.!iO LEO 56.02 54.19 59.66 42.98 
LI0 5R.Ol 5~.67 63.41 43.66 
lEO 62.31 60.91 6';.44 49.27 
LI0 64.29 64.90 69.26 49.f4 

FIGURE 6-9. EXAMPLE PROBLEM 2: TABLE 2 OUTPUT 
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LANE 
TOTALS 

66.89 
70.?0 
67.17 
65.54 
68.15 
71.55 



LANE 
NUMBER 

1 

2 

VEH1ClE 
TOTALS 

LANE (SOURCE} 

FHWA HIGHWAY TPAFFIC 
N~ISF PREDICTION ~nOEL 

(SNAP 1.0) 

TAf·lF. 3 

eAr~IER FIELD INSERTION LOSS 

RECEIVER SHIFLOfO ON THf LEFT BY TREES 

OF.\SERVEP C(lORDINATES (ME TRE S J 
X Y Z 

-15.00 -]-;.00 1.50 

ALPHt SOUND LEVEL AUTOS MEDIUM HEAVY 
HETRIC TRUCK STRUCK S 

0.67 LEQ 4.!'0 4.41 ' 3.84 
lIO 4.49 4.45 3.94 

0.50 LEO 6.tO 5.86 4.76 
LtO 6.0~ 5.97 4.96 
LEO 4.93 4.81 4.10 
LIO 4.92 4.86 4.23 

OTHfR 

4.50 
4.43 
6.10 
sofie 
4.93 
4.S3 

FIGURE 6-10. EXAMPLE PROBLEM 2: TABLE 3 OUTPUT 
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• 
lAN[ 
TOTALS 

4.15 
4.17 
5.35 
5,.40 
4.48 
4.51 

• 



• 

• 

SHIELDED LANE (SOURCE) 

- - - - - - ""ll!liiiq_III~_~N~O~B:AR~I:~ - --

ECEIVER 

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

FHWA HIGHWAY TRAFFIC 
NOISE P~FOICTInN MODEL 

(SNAP 1.0) 

TAPLE 4 

SOUND LEVEL CONTRJ~UTJONS AT RECEIVER 
ALL LANE SEGMENTS 

LANE SFGMfNTS SHIELDfD BY BARRIER 
(NO AtRRlfR ~TTENUATJQN) 

RECEIVER SHIELDED ON THE LFFT BY TREES 

OBSERVER COORDINATFS (ME TRE S) 
X Y Z 

-15.00 -15.00 1.50 

ALPHA SOl/NO LEVEL AUTC~ MEDIUM HEAVY 
MfTRIC TRUCK S TRUCKS 

0.67 LEO '63.8~ 62.39 66.15 
LI0 65.e2 66.37 70.09 

0.50 LEO 61.09 59.63 63.39 

OTHER 

50.81 
51.27 
413.05 

L10 63.06 63.61 67.33 48.~1 

LEe 65.70 64.23 68.00, 52.65 
L10 61.61 6R.22 11.94 53.12 

FIGURE 6-11. ' EXAMPLE PROBLEM 2: TABLE 4 OUTPUT 
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LANE 
TOTALS 

69.24 
12.67 
66.48 
69.91 
71.09 
74.52 



SHIELDED LANE (SOURCE) 
---~--

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

FHWA HICH~AY TR~rFIC 
NOISE PREDICTION ~r.OEL 

(SNAP 1.0) 

TAPLE 5 

SOltN['l LfVEL CONTRIBUTIONS AT RECEIVER 
ALL LA~E SEG~FNTS 

LANE SfGMENTS SHJFL~EO BY BARRIER 
(WITH BARRIFR ATTfNUATION) 

REf.EIVfR SHIELDfO ON THE LFFT BY TREES 

OBSE~VfR COORDINATES (METRES) 
X Y . Z 

-15.00 -15.00 1.50 

ALPHA SOUND LEVEL AUTOS ~EDIUM HEAVY 
~ETRIC TRUCK S TRUCKS 

0.67 lEO 47.90 47.99 56.69 
LtO 49.99 51.39 60.07 

0.50 lEO 47.54 'I 7.~ 1 55.34 
l10 49.63 50.91 5e.72 
LEO 50.73 50.77 59.08 
LI0 52.€2 54.17 62.46 

OTHER 

34.85 
36.64 
34.50 
36.29 
37.69 
39.48 

FIGURE 6-12. EXAMPLE PROBLEM 2: TABLE 5 OUTPUT 
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• 
lANE 
TOTALS 

57.74 
61.00 
56.61 
59.85 
60.22 
63.47 

• 



• 

" ; ... 
SHIELDED LANE ,"SOURCE} 

------~----------~-----~ "'-.. /' 

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

FHWA HIGHWAY TRAFFIC 
NOISE PREDICTION MODEL 

(SNAP 1.0) 

TAflLE 6 

...-tARRIER 

SOUND LEVEL CONTRIBUTIONS AT RECEIVER 
ALL LANE SEGHENTS 

MAXIMUM BARRIER FIELD INSERTION LOSS 

RECEIVER SHIELDED ON THE LEFT BY TREES 

OBSERVER COORDINATES (METRES) 
X Y Z 

-15.00 -15.00 1.50 

ALPHA SOUND LEVEL AUTOS MED IUM HEAVY 
METRIC TRUCKS TRUCKS 

0.67 LEO 15.96 14.40 9.46 
LI0 15.84 14.98 10.02 

0.50 lEO 13.55 12.12 8.05 
LIO 13.43 12.70 B .61 
lEQ 14.96 13.47 8.92 
LI0 14.81t 14.05 9.4B 

OTHER 

15.96 
14.63 
13.55 
12.22 
14.96 
13.64 

FIGURE 6-13. EXAMPLE PROBLEM 2: TABLE 6 OUTPUT 
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LANE 
TOTAL S 

11.50 
11.6B 
9.87 

10.07 
10.81 
11.05 



LANE (SOURCE) --- - - - -- - - - ~ - -- ----

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

~e======BARRIER 

RECEIVER 

FHWA HIGH~AY TRAFFJC 
NCISF PPfOICTION ~rOEL 

(~N~P 1.0) 

TAPLE 7 

SOUND LEVEL CONTP'~U1IONS AT RECFIVER 
All lAN[ SFG~fNTS 

UN~HtFLOfD LANf SEr.~ENTS: LfFT OF BARRIER 

FECflVER SHIELDFD ON THE LEFT ~y TREES 

OASERVER CrOROINATES (f'CFTRES) 
X Y Z 

-15.00 -15.00 1.50 

~.LPH~ SOUND LEVEL AUTOS MFOlllM HEAVY OTHER 
METRIC TRUCK S TRUCKS 

0.67 LEQ 60.93 59.47 63.23 47.89 
LtO 62.90 63.45 67.17 48.3'5 

o.~o LEQ 0.(\ 0.0 0.0 0.0 
LIO 0.0 0.0 0.0 0.0 
LEO 60.93 59.47 63.23 47.89 
Lto 62.90 63.45 67.17 48.35 

FIGURE 6-14. EXAMPLE PROBLEM 2: TABLE 7 OUTPUT 
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lANE 
TOTALS 

66.33 
69.76 

0.0 
0.(' 

66.33 
69.76 

• 

• 



• 

LANE (SOURCE) 
--- - --- - ----- ---

LANE 
NUMBER 

1 

2 

VEHICLE 
TOTALS 

BARR I ER C::::=======:al 
RECEIVER 

FHWA HIGHWAY TRAFFIC 
NOISE rPFOICTION ~ODEL 

(SNAP 1.0) 

TAfllF 8 

SOUND LEVFl Cn~TPIPUlrONS AT RECEIVER 
ALL lA~[ SEG~ENTS 

UNSHIELDED LANE SF.CHENTSI RICHT OF eARRI£R 

REC£lVFR SHIF.LDfD ON THf L(FT BY TREES 

OBSERVER COOPDINATFS (METRES) 
X Y 1 

-15.00 -15.00 1.50 

ALPHA SOUND LEVEL AUTOS MEDIUM HEAVY OTHER 
METRIC TRUCKS TRUCK S 

0.67 LEO 0.0 0.0 0.0 0.0 
LIO 0.0 0.0 0.0 0.0 

0.50 lEe 55.3f 53.89 57.66 42.31 
LIO ';7.33 57.P8 61.60 42.78 
lEe 55.3f 53.89 57.66 42.31 
llO 57.33 57.A8 61.60 42.78 

FIGURE 6-15. EXAMPLE PROBLEM 2: TABLE 8 OUTPUT 
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LANE 
TOT'lS 

0.0 
0.0 

60.75 
64.1f 
60.75 
64.1e 



TABLE 6 
(Fig. 6-13) 

TABLE 7 
(Fig. 6-14) 

TABLE 8 
(Fig. 6-15) 

Maximum Barrier Field Insertion Loss (Table 4 
values less Table 5 values. This table repre
sents the maximum barrier field insertion loss 
for the barrier height defined for the prob-
1 em. 

Receiver Sound Level Contribution from 
Unshielded Segments to the Left of the 
Barrier •. (The term "left" denotes the receiv
er's left hand side when facing the road
way/barrier system-lane end point #1.) 

Receiver Sound Level Contributions from 
Unshielded Lane Se ments to the Ri ht of the 
Barrier. Ther term right denotes the 
receiver's right hand side when facing the 
roadway system-lane end point #2.) 

The interpretation of these tables is rather simple. TABLE 

represents the estimated receiver sound levels for the site without 

a barrier. TABLE 2 represents the estimated recei ver sound level s for 

the site with the barrier. TABLE 3 is the estimated "field insertion loss" 

of the barrier, i.e., the dB reduction in traffic noise for the roadway

barrier system. 

TABLE 4 is the result analogous to TABLE 1, but SNAP 1.0 considers 

only subsegments of the defined lanes that are "shielded" by the barrier 

and excludes barrier attenuation. Shielding is considered to be portions 

of lanes inside the area defined in the x-y plane by radial lines extend

ing from the recei ver through each (x,y) end point of the barrier. For 

an "infinite" length barrier, TABLE 4 will be identical to TABLE 1. 

TABLE 5 is the result analogous to TABLE 2, but SNAP 1.0 considers 

only subsegments of the defined lanes that are "shielded" by the barrier 

and includes barrier attenuation. For an "infinite" length barrier, 

TABLE 5 will be identical to TABLE 2. 

TABLE 6 is the maximum barrier field insertion loss and is a 

measure of the barrier height effectiveness for traffic noise abatement • 

62 
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• 

• 

Since TABLES 4 through 6 consider only lane segments poten

tially shielded in the horizontal plane and identify receiver sound level 

contributions by lane and vehicle type, these results evaluate barrier 

noise abatement performance by barrier height for a fixed barrier length. 

TABLE 7 is the estimated receiver sound level contribution 

for unshielded lane segments to the receiver's "left" when facing the 

roadway-barrier system. Extending the barrier to the receiver's left 

will decrease these levels if the barrier height provides sufficient 

attenuat i on. 

TABLE 8 is the estimated receiver sound level contribution· for 

unshielded lane segments to the receiver's "right" when facing the roadway

barrier system. Extending the barrier to the receiver's right will decrease 

those levels if the barrier height provides sufficient attenuation. 

The user must always remember that for barrier diffraction 

SNAP 1.0 assumes that noise propagation in the "shielded" zone is taken 

as a "hard" site. That is, SNAP 1.0 considers Ci. = 0 for diffraction 

calculations (See Appendix A.2). The estimates printed in TABLES 1, 

4, 7, and 8 use the alpha values specified. by the input for each receiver-

1 ane combi nat i on. The est i mates in TABLE 5 assume Ci. = O. The TABLE 2 

results consider, as appropriate, the input values of alpha for unshielded 

lane segments and zero alpha values for the shielded lane segments. 

TABLES 3 and 6 represent the combined effect of barrier attenuation and 

replacing "soft" site attenuation with "hard" site attenuation. 

6.3 Example Problem 3: Vehicle Sound Level Adjustments 

This example problem presents the use of the ve.hic1e sound 

level adjustment option using SNAP 1.0. The example problem illustrates 

the adjustments required to account for increased vehicle noise emissions 

resulting from traffic flowing upgrade. Figure 6-16 illustrates the site 

geometry and traffic flow data for the example problem • 
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Since SNAP 1.0 applies for essentially flat sites, the site 

geometry used as input data must be expressed relative to the plane of 

the site. As indicated in Figure 6-16, the two lanes and the top edge 

of the berm are at a constant e levat i on with the notat i on that the site 

slopes upward at a 3 percent grade in the positive x direction. For this 

problem, the near lane is the II upgrade II lane for which the sound level 

adjustments apply. 

The discussion in Section 2.4 of this manual indicates that 

a +3 percent grade would result in a +2 dB sound level adjustment for 

heavy trucks (Reference 4 data). Hence, this adjustment is applied only 

for the heavy truck traffic on the near lane (lane No.1). 

Figure 6-17 presents the input data for the problem. Only the 

standard output tabulations (TABLES 1 through 3) are desired (NOP = 1). 

Figure 6-18 presents the output tabulations for the example problem. As 

indicated in the basic input data tabulation, the 2 dB sound level increase 

was applied only to heavy trucks on lane #1. The receiver hourly Leq ex

posure is estimated to be 69.7 dB without the berm (TABLE 1 estimate)., 

TABLE 2 estimates are for the site \'.Jith the berm and indicate an hourly 

Leq exposure of 59.2 dB. TABLE 3 indicates that the barrier field insertion 

los sis 10.6 dB. 

The example problem was also executed by considering the far lane 

to be the upgrade lane and the near lane to be downgrade and the site to be 

flat, i.e., no sound level adjustments. For these different conditions, the 

hourly Leq estimates are: 

OUTPUT ESTIMATE: ' Leq(h} 

Site Condit ion Table 1 Table 2 Table 3 

Near Lane Upgrade 69.7 59.2 10.6 

Far Lane Upgrade 69.6 59. 1 10.6 

Flat Site 69.3 58.5 10 .8 

Hence, the effect of a 3 percent grade upon the sound level estimates 

for this problem appears to be rather small. 
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BASIC INPUT DATA 

• OPTION DATA 

TIME INTERVAL FOR LEQ CALCULATIONS(HR): 1.00 
EPSILON fOR BARRIER (O=THIN,l=BfRMJ = 1.00 
CRITERIO~ FOR PARALLflISM(VEG) = 1.00 

SOURCE HEIGHT OF VEHICLES IN HETPES 

CARS MED lUM . -HEAVY o TH:: R 
TRUCKS TRUCK S 

0.0 0.10 Z .44 

NOISF llVEl-SPEED'COEFFICIENTS (l 0= A+B:Q:LOf ( S J ) 

CARS MEDIUM .HEAVY OTHER 
TRUCKS TRUCKS 

A -2.43 16.36 38.48 
B 38.05 33.91 . 24.56 

COGRDINATfS FOR END POINTS (METJ;'ES) 
SEGMENT TYPE Xl YI 11 X2 Y2 .Z2 

BARRIER -500.00 0.0 3.00 500.0) 0.0 c3.00 
LANE ., I' -)000.00 10.00 C.O ICeO.On 10.00 " .c.0 
LANE # 2 -1000.00 14.00 0.0 1000.0J 14.00 :C,.O 

t At.'[ t# SFEEr TRAFF IC VOlU~E 
(KH/H) CARS MED IUM HEAVY OTHER 

TRUCK S TRUCKS 

1 85.0 650 20 15 
2 85.0 650 20 15 

SOUND-lEVEL ADJUSTMENT PARAMETER 
L.ANE • CARS MEDIUM HFAVY OTHER 

TRUCKS TRUCKS 

1 0.0 0.0 7.(0 
2 0.0 0.0 0.0 

FIGURE 6-18. EXAMPLE PROBLH1 3: OUTPUT TABULATIONS 

• 
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FHWA HIGHWAY TRAFFIC 
NOISE PREDICTION HODEL 

(SNAP 1.0) 

TABLE I 

SOU~D LEVEL CONTRIBUTIONS AT RECEIVER 
ALL LANE SEGMENTS 

(NO HARRIER,ATTENUATIUN) 

NEAR LANE UPGRADE 

OASERVlR COORDINATES (~ElR[S) 
X Y 7 

0.0 -10.00 

lAt:[ • ALPt-1A SOUND LEVEL CARS MEDIUM ~FAVY OTt-J[P LANE 
METRIC TRUCKS TRUC~S lOTALS 

1 ,). ~C lFQ 63.62 59.30 ~,4. D 67.~ . 
LIO 67.29 52.92 55.92 67. 1" 

2' J.50 LEQ 62.44 . 58.12 60.95 65. ~2 
LIO 65.97 52.90 53.e9 6(:'.43 

VlHHlE LEQ 66.08 61.76 t: 5. ('4 69.73 
TUT t.l S LIO 69.69 55.92 58.C3 10.15 

FIGURE 6-18. EXAMPLE PROBLEM 3: OUTPUT TABULATIONS (Continued) 

68 

• 

• 



• 

• 

• 

FHWA HIGHWAY TRAFFIC 
N01SE PREDICTION MODEL 

(SNAP }.o) 

TABLE 2 

SOU~D LEVEL CONTRIBUTIONS AT RlCEIVEP 
6LL LANE SEGMENTS 

(WITH BARRIER ATTENUATIrN) 

NEAR LANE UPGRADE 

OBSERVER COORDINATES (METRES) 
X Y Z 

0.0 -10~00 1.50 

LANE II ALPHA SOUND LEVEL CARS "'EDrml HEAVY rll~>-R LANE: 
METRIC TRUCKS T~UCKS TOTalS 

1 0.50 LEQ 50.51 41.22 ~ 5. ] 2 56.'11 
LI0 53.14 44.90 , 51.~6 5 f, • 14 

2 0.50 LEQ 50.It 9 41.04 52.33 ~;5. 23 
LIO 53.64 45.50 49. ~,5 '55. ~2 

vunCLE LEg 53.51 50.14 ~6 .95 59. ]6 
TOT~LS LI0 56.70 48.22 53.f9 5 e • f.5 

FIGURE 6-18. EXAMPLE PROBLEM 3: OUTPUT TABULATIONS (Continued) 
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lMlE N ALPHA 

1 O.~C 

2 O,.~O 

VEHICLE 
TOT~LS 

FHWA HIGHWAY TRAFFIC 
NOISE PREDICTION MODEL 

(SNAP 1.0) 

TABLE 3 

BARRIER FIELD INSERTION USS 

NEAR LANE lJPGRAOf 

OBSERVER COORDINATES (MFT~F:S) 

X Y 7 

0.0 -10.00 1. ~,C 

~OUND LEVEL CARS MEDIUM HEA.VY 
METPIC TRUCK~ TRUCKS 

LEQ 13.11 12.0~ 9.Gl 
LIO 13.55 8.02 4.36 
LEQ 11 .9ft 1].08 8.f,2 
llO ]2.33 7.4C 4.:5 
LEQ 12.51 11.62 8.f9 
LIO 12.99 7.70 4.3'5 

rTHER LANE 
TOT A LS 

1(,' • (:9 
II.U 
10. ?9 
10.«;1 
Ie. ~1 
11.30 

FIGURE 6-18. EXAMPLE PROBLEM 3: OUTPUT TABULATIONS (Concluded) 

70 

41 

'. 

• 



• 

REFERENCES 

1. Barry, T. M. and Reagan, J. A.: . "FHWA Highway Traffic Noise Prediction 
Model ", U. S. Department of Transportation, Federal Highway Admin
i strat ion, Report No. FHWA-RD-77-1.08, July 1978. 

2. Rudder, F. F., Jr. and Cheung, P.: "User's Manual FHWA Level 2 Highway 
Traffic Noise Prediction Mod·el l

!, U. S. Department of Transportation, 
Federal Highway Administration, Report No. FHWA-RD-78-138, July 1978. 

3. Ma. Y. V. and Rudder, F. F., Jr.: "Statistica1 Analysis of FHWA 
Traffi c Noi se Data ", U. S. Department of Transportati on, Federa 1 
Highway Administration, Report No~ FHWA-RD-78-64, July 1978. 

4. Gordon, C. G., et.a1.: "Highway Noise, A Design Guide for Engineers", 
Highway Research Board,: ·Nationa1 Academy of Sciences, Report NCHRP 
117, 1971. 

5. Kugler, B. A., et.a1.: "Hi'ghway Noise, A Design Guide for Prediction 
and Control, Highway Research Board, National Academy of Sciences, 
Report NCHRP 174, 1976. . 

6. Simpson, M. A.: "Noise Barrier Attenuation: Field Experience", 
U. S. Department of Transportation, Federal Highway Administration, 
Report No. FHWA-RD-76-54, February 1976. 

7. Anon.; "Proposed Motorcycle :Noise Emission Regulations: Background 
Document", U. S. Environmental Protection Agency, Office of Noise 
Abatement and Control, Report No. EPA 550/9-77-203, November 1977 • 

71 



• 

• 
. " 



• 

APPENDIX A 

ACOUSTICS r~ODEL 

This appendix presents the theory upon which the FHWA Levell 
highway traffic noise prediction program is based. The first section 
presents the basis for the equivalent sound level estimation at the 
receiver for roadway lanes unshielded by a barrier. The second section 

describes the calculation of the equivalent sound level at a receiver 
location shielded by a barrier. The results of Sections A.l and A.2 

are based upon the theory derived in Reference A-l. Section A.3 

describes the approximations upon which the conversion of Leq estimates 

to L10 estimates are based. 

The basic problem analyzed by the FHWA Level 1.0 model is pre
sented in Figure A-I. The only restriction assumed by the model is that 

a barrier and all traffic lanes are parallel to each other. 

A.1 Equivalent Sound Level 

For a traffic lane segment unshielded by a barrier, the equi
valent sound level at the receiver due to a single vehicle type is [A-l]*: 

Leq(T) .. = ([ )E··+10109(NijDO\+10(1+et.)109(Do/D.) 
, J 0' J TS. ) J J 

~"'here** 

J 

+ 1010g {'f'etj(¢lj' <P2j)} - 30 dB 

-Tr/2 ~ <P ~ Tr/2 

Subscript denotes a vehicle type 
Subscript j denotes the traffic lane. 

(A-l) 

* Numbers in [ ] in the text denote references listed at the end of 
the appendix. 

** This definition differs from that of Reference A-I by a factor of l/n. 
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Definitions of the terms appearing in Equation CA-l) are 
presented at the end of the appendix. The only general restrictions 

on the result of Equation (A-I) are that the receiver distance, OJ, 
must be equal to or greater than the reference distance, Do, and that 
distances are expressed in metres and speed in kilometres per hour. 

The basic parameter in Equation (A-I) is the vehicle refer
ence energy mean emission level, (Lo)Eij. The subscripts (i, j) are 
used to denote the vehicle type (i) and the traffic speed, Sj' on the 
jth traffic lane. 

Based upon the results of Reference A-2 , the vehicle 
reference energy mean emission levels are: 

Automobiles and Light Trucks (La) Elj = -2.43 + 38.05log(Sj} 

Medium Trucks (Lo)E2j = 16.36 + 33.91log(Sj) 

Heavy Trucks (Lo)E3j = 38.48 + 24.56log(Sj) 

"Other" Vehicles (Lo)E4j = A4 + 84log(Sj) 

(A-2a) 

(A-2b) 

(A-2c) 

(A-2d) 

Generally, light trucks will be two-axle trucks with a gross 
vehicle weight less than 4536 kg*. Medium trucks are two-axle trucks 
with a gross vehicle weight greater than 4536 kg but less than 11,793 

kg. Heavy trucks are trucks with three or more axles and a gross 
vehicle weight exceeding 11,793 kg. The reference distance, Do' to which 
the results of Equations (A-2) apply is l5.0m from the vehicle line of 
travel. Also, the results of Equations (A-2) apply only for vehicle 
speeds in the range: 50 km/h ~ Sj ~ 100 km/h. All parameters used in 
Equation (A-I) must represent average values for the time period of 
T hours . 

* kg denotes kilograms force or Newtons. 

A-3 



The result of Equation (A-I) is evaluated in the program by 
FUNCTION ALEQ(I,J). The vehicle reference energy mean emission levels 
are evaluated by SUBROUTINE LLL with the coefficients stored in 
BLOCK DATA. The coefficients for the user-defined "other vehicle" are 
read as input data. 

For lane-receiver locations such that the receiver is close 
to the center line extension of the lane but beyond the reference 
distance, Do' the equivalent sound level at the receiver is expressed 
as [A - 1 ] : 

FUNCTION ALEQ(I,J) checks the lane-receiver geometry and 
uses either Equation (A-I) or (A-3) as appropriate to estimate the 

value of, Leq(T)ij' 

A.2 Barrier or Berm AttenuatiDn 

For a lane segment shielded by a berm or a barrier, the 
equivalent sound level at the receiver due to a single vehicle type is 
[A- n : 

L (T) .. eq , J 

where 

(A-4) 

A-4 
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The function Fij(¢) estimates the attenuation of the sound 
level at the receiver from a point on the lane. The geometry associated 
with the diffraction of sound from the lane to. the receiver is illus
trated in Figure A-2. By assuming that the upper edge of the barrier 

or the berm is parallel to the lane~ the Fresnel Number may be 
approximated by the relationship (See Figure A-2): 

(A-5a) 

Since the FHWA Level 1.0 highway traffic noise prediction 
model is based upon an A-weighted sound level metric, it is assumed 
that a "representative" frequency for the sound level spectra of all 
vehicles is f=550Hz. Further, it is assumed that a representative 
speed of sound is c=343 m/s. With these assumptions, the Fresnel 
Number is approximated as [A-1J: 

CA-5b) 

F~rther, assuming that berms provide 3dB more attenuation than thin 
screen barriers, the attenuation function Fij(¢} may be approximated 
as [A-1J: 

F .. (</l) = 1.0 
lJ for Nij(</l) ~ -0.1916-0.0635 E 

F .. (¢) - 1O-(5+3E)/10TAN~( IT.". )/X .. 
lJ . 1 J 1 J 

for -0.1916-0.0635E ::;Nij(</lhO 

F .. (</l) = 1 0- (5+3E) I 1 °TANH2 (;x.-.) IX .. 
lJ 1 J 1 J 

for 0 ::; Nij(</l) < 5.03 , .. 

F .. (</l) = 10- (20+3E) 110 
lJ 

for N .. (</l) 
lJ 

~ 5.03 

* 

(A-6a) 

(A-6b) 

CA-6c) 

(A-6d) 

This assumption causes the parallelism restriction on the geometric 
formulation of SNAP 1.0 problems. 
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where 

E = 0.0 for a thin screen barrier 
E = 1.0 for a berm 

Figure A-3 presents the barrier attenuation Function, Fij(~)' 

plotted versus the Fresnel Number, Nij(~)' The subscripts (i, j) are 
included in Equation (A-6) to emphasize that for a given lane (j), 
each vehicle type (i) may represent to the receiver a different source 
height and, hence, a different path length difference 00ij' 

A.3 Leq to LIO Conversion 

The FHWA Level 1 highway traffic noise prediction model uses 
the equivalent sound level metric, Leq, as the basic descriptor of 
highway traffic noise generation. The theory of Sections A.I and A.2 
is rather firmly based upon physical considerations. The estimation of 
percentile sound levels, such as the LIO metric, is a very difficult 
task to perform accurately. However, it appears that the difference. 
between the Leq and the LIO metrics for identical traffic flows may be 
estimated much more easily than a direct estimation pf the LIO level 
[A-3]. It appears [A-3] that the difference, 610 = LIO-Leq , is a 
function of the parameter A = NO/S. The parameter, A = NO/S, combines 
the traffic flow rate (N vehicles per hour), the receiver distance (0 
in metres) and the traffic flow speed (S in kilometres per hour). 
Additionally, the difference between the LIO metric and the Leq metric 
maybe expected to vary with the site parameter, a. 

The requirement to convert the equivalent sound level metric, 
Leq' to the percentile metric, LIO, is then simply to determine an 
approximation to the level difference, L10-Leq , as a function of the 
parameter A = NO/S. Also, it would be desirable to include the site 
effects, as considered by the parameter, a, in the conversion. Little 
experimental evidence is available, however, to support this methodology. 

A-7 
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Proceeding on this basis, the results and data of References 

A-I through A-5 were reviewed. Following the approach taken by 

Reference A- 3 , the theory of References A-I and A- 5 were used to 

obtain approximations to the level difference: 

CA-7) 

for both "low" values of A and "high" values of A. 

Physically, II 1 ow II values of the parameter A = ND/S represent 

traffic flows for which each vehicle appears to the receiver as an 

isolated "single event". The term "high" values of the parameter A = 

ND/S imply traffic flow conditions for which the instantaneous sound 

level at the receiver is contributed from many sources along the 

roadway. In Equation (A-7), the functional form of the result implies 

that the conversion depends upon both the parameter A and the para

meter ct • 

Using the methodology of Reference A-3 and applying the 

analysis of Reference A-I, the functional forms of Equation (A-7) 
were obtained for both "low" and "high" values of A as a function of the 

site parameter ct. To provide a smooth transition of this functional 

relationship between the theoretical limits of "high" A and "low" A. 

a smooth functional form was assumed. This functional form was used 

to obtain the following estimates: 

!J(A .. ) = 
. 1 J (A-8) 

A .. = N .. 0/5. 
lJ lJ J 

For a "hard site" (Evaluated for ct = 0.0) : 

6(A .. ) = -8.98 + 9.878810g(A .. ) 
lJ lJ 

for 1::; Aij ~ 8.11 m/km 

() ( -0.46395 t:, A .. = 9.8788 A .. /8.11) xlog(A .. /8.11) for A .. > 8.11 m/km 
lJ. lJ lJ lJ 

(A-9) 
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For a "soft site" (Evaluated for Ct = 0.50) : 

t:,,(A .. ) = -16.28 +-14.69241og(A .. ) lJ . . lJ for 1 ~ A.
J
. < 12.825 m/km 

1 -

~(Aij) = 14.6924(Aij/12.825)-O.58924xl09(Aij/12.825) for Aij ~ 12.825 m/km 

(A-I0) 

The results of Equations (A-9) and (A-I0) are presented in 
Figure A-4. These results are coded in FUNCTION DELK in the FHWA 
Level 1 prediction program. Since the Leq to LI0 conversion is an 
approximation, the user may consider the LI0 estimates as more of a 
"reasonable" result than an accurate estimate. 
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DEFINITION OF TERMS IN EQUATION (A-l) 

Equivalent sound level at receiver due to the ith vehicle 
type on the jth lane 

The reference A-weighted energy mean emission level for 
the ith vehicle type at the operating speed of the jth lane 

The number of vehicles of type i operating on lane j il . 
the time period of T hours 

The reference distance for evaluating (Lo)E (15. metres) 

The time pertod, in hours, for vehicle Nij and Sj apply 

The average operating speed, in kilometres per hour, for the 
time period I hours. 

The excess distance attenuation factor applicable for the 
jth lane 

The d{stance, in metres, of the receiver from the jth lane. 
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B.1 

APPENDIX B 
DECLARED SIZE OF ARRAYS 

Subscripts defining the Size of Arrays 

Three subscripts define the size of arrays used by SNAP 1.0. 
These subscripts are as follows: 

I denotes a vehicle type and has a declared size of 4 
for SNAP 1.0. The subscript I defines: 

1=1, Automobiles and Light Trucks 
1=2, Medium Trucks 

1=3, Heavy Trucks 
1=4, User Defined Vehicle 
Increasing the declared value of 1=4 would require 
reprogramming the tabular output format. 

J denotes a straight line segment defining the location 
of a barrier or a lane. The following convention is 
used by SNAP 1.0: 
J=l denotes a barrier* 
J=2, .. , ,13 denotes a lane numbered from 1 to 12. 
Increasing the declared value of J=13 may result in 
tabulations exceeding one printed page. 

K denotes a 
coordinates 
plane. The 
of a point. 
K=l, denotes 

coordinate point in (x,y,z) space. The (x,y) 
define the point location in the horizontal 
z coordinate denotes the vertical location 
The following convention is used by SNAP 1.0: 
the x coordinate 

K=2, denotes the y coordinate 
K=3, denotes the z coordinate 
K=4, denotes the length of a line. 
This convention cannot be altered without reprogramming 
SNAP 1.0. 

* Only for IBAR=2. If IBAR=l (i.e., no barrier), J=l, ... ,12 denotes 
a lane. 
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B.2 General Array Sizes 

The follo0ing declared array sizes are presented for refer
ence. The user should consider the comments in Section B.1 before 
altering any array sizes. Definition of variables appears in the 
appropraite description of the MAIN Program, BLOCK DATA, or the 
subprograms. 

• ITITLE(10) - 40 Alphanumeric Characters 

Vehicle Parameters; Subscript I 
A(I), B(I), H(I), DDV(I), DDRV(I), DDLV(I), DD10DV(I), 
DD10RV(I), DD10LV(I), PPV(I). PP10V(I), LEQV(I), L10V(I), 
BLEQV(I), BL10V(I), DLEQV(I), DL10V(I). 

Barrier/Lane Parameters; Subscript J 
ALPHA(J), S(J) ,A01(J), A02(J), DDDR(J), DDRR(J), DDLR(J), 

• 

DD10R(J), DD10LR(J), DD10RR(J), PPR(J), PP10R(J), LEQR(J), • 
L10R(J), BLEQR(J), BL10R(J), DLEQR(J), DL10R(J). 

Points, Subscript K=3: XO(3) 

Points Defining Barrier/Lane Geometry; Subscripts (K=3, J) 
XR1(3,J), XR2(3,J) 

Vectors Defining Directed Line Segments: Subscripts (K=4,J) 

D01(4,J), D02(4,J), DR(4,J), UR(4,J), PO(4,J), QO(4), 
ZO(4), ZAP(4) 

Vehicle/Lane Parameters; Subscripts (I, J>l) AA(I ,J), 
ALO(I,J), J(I,J), DDD(I,J), DDR(I,J), DDL(I,J), PP(I,J), 
DDIOD(I,J), DDIOL(I,J), DD10R(I,J), PP10(I,J), LEQ(I,J), 
LlO(I,J), BLEQ(I,J), BLlO(I,J), DLEQ(I,J), DLlO(I,J) 
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APPENDIX C 
ARCHITECTURE OF PROGRAM 

The FHWA Level 1 highway traffic noise prediction model is 
intended for quick execution of simple problems. This version, SNAP 
1.0, is written in FORTRAN IV language and is intended to run in the 
batch mode. Input data is via a card reader and output is via a line 
printer (See BLOCK DATA and COMMON/A). 

C.1 r1AIN Program Description 

The MAIN program controls the overall data management to 
perform the highway traffic noise predictions using the SNAP 1.0 for
mulation. The MAIN program calls various subprograms that conduct 
the bulk of the calculations. 

The MAIN program reads, audits, and prints all input data 
required to define a problem other than the receiver location. The 
only audit or check on the input data is the criterion for parallelism. 
If line segments (defined by the input values of the end point coordi~ 
nates) are not parallel within the specified criterion (THETA), execution 

of SNAP 1.0 is halted (SUBROUTINE MESS1). 

Following the successful printing of the input data, SNAP 1.0 
reads the title card for the receiver location. If the title card is 
not present (as the case for the end of a multi-receiver problem), 
S~lAP 1.0 halts execution. Following the receiver title card, the 
receiver location/alpha card is read. This completes a problem defi
nition for SNAP 1.0. 

SNAP 1.0 then initializes the values of all the tabulation 
arrays to zero. By calling SETUP, SNAP 1.0 calculates all the basic 
geometric data required to locate the receiver relative to each lane 
and the barrier. If a receiver is too close to a lane (i.e., within 
15. m), SETUP prints a fatal error message (SUBROUTINE MESS2) and 
halts execution. 

C-l 



Following the exit from SETUP~ SNAP 1.0 checks to see if 

the receiver is located too close to the barrier' (i.e., within 0.5m). 
If the receiver is too close, SNAP 1.0 prints a fatal error message 

(SUBROUTINE MESS3) and halts execution. 

SNAP 1.0 next calculates the receiver sound levels for the 

site without the barrier and prints TABLE 1. If the user has not 
defined a barrier (IBAR=l), SNAP 1.0 reads the next receiver title card 

and location/alpha card and repeats the TABLE 1 execution until the 

last receiver has been considered. 

If the user has defined a barrier, SNAP 1.0 automatically 
calculates and prints the receiver sound levels with barrier attenua

tion (TABLE 2) and the barrier field insertion loss (TABLE 3)., If the 
user has declared Nap = 1, SNAP 1.0 reads the next set of observer 

cards and repeats the calculation printing TABLES 1, 2 and 3 for each 

receiver. 

If the user has declared Nap = 0, SNAP 1.0 continues its 

calculations printing, in turn, TABLES 4 through 8 for the receiver. 

Upon completing this task, SNAP 1.0 repeats the calculation and 

printing of TABLES 1 through 8 for each subsequent receiver location 

defined by the user. 

C.2 MAIN Program Variable List 

The following is a list of variables used in the MAIN 

program. 

T Time period for which Leq is computed 

EPS Barrier parameter (EPS=O thin screen; EPS=l berm) 

THETA 
Nap 

Criterion for parallelism in degrees 

Option to print tables (NOP=O print all 8 tables; NOP=l 
print only 3 tables) 

NI Number of vehicle types 

C-2 
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AA(I,J) 
H(I) 
A(I) 
B(I) 
IBAR 

NJ 

S(J) 

N (I ,J) 

ALPHA(J) 

ITITLE 
XR 1 (K, J ) 

XR2(K,J) 

XO(K) 

Sound Level Adjustment: Vehicle Type I on Lane J 
Height of vehicle type I 

Constant term in sound level - speed relation 

Log coefficient in sound level-speed relation 

Indicates existence of barrier (IBAR=l, no barrier; IBAR=2 
with barrier) 
Number of lane segments (including barrier) 

Speed of lane J 

Number of vehicle of type I on lane J for the time period T 

Ct for lane J 

40 characters describing the title.of the receiver 

Coordinates of end point 1 of lane J in 3-space 

Coordinates of end point 2 of lane J in 3-space 

Coordinates of receiver in 3-space 

DR(K,J) Vector of end point 2 of lane J relative to end point 1 

PO(K,J) Vector of normal to lane J from receiver 

ZO(K) Coordinates of end point of PO 

AOl (J) 
A02 (J ) 

ZAP(K) 
PHIl 

PHI2 

LEQ(I,J) 
L10(K,J) 

LEQR(J) 

L10R(J) 

LEQV(I) 
L 1 OV (1) 

LEQT 

L10T 

BLEQ etc. 

DDD etc. 

PP etc. 

DDR etc. 

DDL etc. 

Angle between normal and end point of lane J to receiver 

Angle between normal and end point 2 of lane J to receiver 
Unit vector in the z direction 

Lower limit angle for integration 

Upper limit angle for integration 

Leq for vehicle I, lane J 

L10 for lane J, summed over I 

Leq for lane J, summed over I 

L10for lane J, summed over I 

Leq for vehicle I, summed over J 
L10 for vehicle I, summed over J 

Leq summed over I and J 

L10 summed over I and J 
Same as above, but with barrier 

Same as above, but for barrier shielded 

Same as above, but for barrier shielded 
portion 

portion 
Same as above, but for portion left of barrier 

Same as above. but for portion right of barrier 

C-3 
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C.4 BLOCK DATA 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To store constants used by the program 

None. 

A( I) ; 

B( I) ; 

The constant term in the log-speed relation for 
the vehicle reference energy mean noise 
emi s s i on 1 eve 1 
A(1) denotes automobil es 
A(2) denotes medium trucks 
A(3) denotes heavy trucks 
A(4) denotes user defined vehicle 
The coefficient of the 10g(S) term in the 
relation for the vehicle reference energy mean 
emission level. Subscript identical to A(I) above. 

DO; The reference distance for the vehicle reference 
energy mean emission level. Set to 15.2 m. 

DC; The criterion distance for observer closeness 

to a barrier;' Set. to 0.5 m. 
ZAP(I); The x,y,z-coordinates and length (1=1,2,3,4 res

pectively) of'a unit vector in the z (vertical) 
direction 

PI' \ 7T = 3.1415926'-

M1,M2; The alphanumerlc labels: Leq and LlO 
IN,MOUT; The input/output device for read/write stateme~ts. 

RESTRICTIONS: None 

SIZE: 

REFERENCES: None. 
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• 
Line 

0015/008 

READ, EDIT & PRINT 

3 • Initialization Parameters 
• Barrier and Lane Geometry 
• Traffic Flow and Sound Level Adjustment 

t 
0084 

I READ TITLE CARD I - I - - --- -- ---
~ , 

0035 READ RECEIVER_ LOCATION/ALPHA CARDS , 
2 INITIALIZE SOUND LEVEL ARRAYS-TO ZERb 

--

SUBROUTINE ZERO ---, 
CALCULATE ROADWAY-BARRIER-RECElVER 

0094 GEOMETRY SUBROUTINE SETUP , 
CHECK FOR RECEIVER CLOSENESS 

0095 TO BARRIER. IF TOO CLOSE, PRINT 
-

MESSAGE 3 AND STOP EXECUTION 
-

0096/011 2 CALCULATE RECEIVER Leg & L10 WITHOUT BARRIER. 
PRINT TABLE 1. 

0113 
NO ~ YES 

BARRIER BEEN 
IBAR=l DEFINED? IBAR=O 

'-

0114/011 5 ADD VEHICLE SOURCE HEIGHT~ 
FOR DIFFRACTION CALCULATION 

• b a A 

FIGURE C-2. MAIN PROGRAM FLOW DIAGRAM: SNAP 1.0 
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b a 

0116/0144 

0145/0162 

0164/0167 

0168/0179 

0180/0186 

0187/0193 

0194/0200 

0201/0207 

0208/0214 

0215 

<r 
CALCULATE RECEIVER Leq & L10 WITH BARRIER. 

PRINT TABLE 2 

t 
CALCULATE BARRIER FIELD INSERTION LOSS. 

PRINT TABLE 3 

~ NO IS YES 
COt4PLETE OUTP!.JT 

NOP=l REQUESTED? 'NOP=O 

+ 
CONVERT RECEIVER INTENSITIES TO LEVELS FOR 

TABLE 4 THROUGH 8 DATA SUBROUTINE CONVER 

t 
CALCULATE SOUND LEVEL DIFFERENCES FOR 

BARRIER FIELD INSERTION LOSS 

• PRINT TABLE 4 
SHIELDED LANE SEGMENTS: WITH BARRI ER 

t 
PRINT TABLE 5 

~HIELDED LANE SEGMENTS: WITH BARRIER 
._--

• PRINT TABLE 6 
MAXIMUM BARRIER FIELD INSERTION LOSS 

• PRINT TABLE 7 
UNSHIELDED LANE SEGMENTS ON LEFT 

t 
PRINT TABLE 8 

UNSHIELDED LANE SEGMENTS ON RIGHT 

t 
READ NEXT RECEIVER TITLE CARD 

IF CARD IS ABSENT STOP EXECUTION 

FIGURE C-2. MAIN PROGRAI,' PLOW DIAGRAt·1: SNAP 1.0 
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APPENDIX 0 
SUBPROGRAM DESCRIPTIONS 

For the user's reference, this appendix describes the 
subprograms used by SNAP 1.0. Subroutines are listed followed by 
functions. Subroutines are list~d'in alphabetical order. 
'Functions are listed in alphabetical order . 
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0.1 SUBROUTINE ADDV(A,B;C)-

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To add the components of two vectors (A,B) and to cal
culate the length, C(4), of the resultant vector (C) 

DOT(A,B),SQRT(X) 

A(I), B(I) (1=1,2,3); the components of the two vectors 
to be added. 
C(I) = A(I)+B(I); the components of the resultant vector. 
C(4); the length of the resultant vector. 

RESTRICTIONS: This subroutine considers three dimensional vectors as 
foll ows: 
1=1 x-component 
1=2 y-component 
1-3 z-component 
1=4 length of vector 

SIZE: 462 

REFERENCES: None. 

-----------
000 1 -_ stEROUTIN!AttV(A,E,C) 

c 
C AID 2 3-VECTOBS 
e _ 

Oe02 DIMENSION! (~) sE (4) ,e (4) 
_--""0 .... C~03 _______ -'-------'I:1~n Q_QJ_I_~1-L-3<---_______ _ 

0004 e (I) =A (I) +8 (I) 
__ ~O~CO~S ______ ~1=0~O~1-,--C(~~~NY~~ _____________ __ 

0006 C (4)=SQRT «DO'! (C (1),e (1»)) 
0007 FlT~~N ____ - _____ _ 
oeoe END 
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n.2 SUBROUTINE CONVER(AR,A10R,AV,A10V,AT~A10T) . 

PURPOSE: 

SUBPROGRAMS 

To convert intensity ,lOL/10, to a level, L, for accu

mulation arrays AR,A10R,AV,A10V and the totals AT,A10T. 

USED: APT(X) 

VARIABLES: AR(J) - The Leq contribution from roadway J 
A10R(J) - The L10 contribution from roadway J 
AV(I) - The Leq contribution from vehicle type I 
A10V(I) - The L10 contribution from the vehicle type I 
AT The total Leq value of the receiver 
A10T - The total L10 value at the receiver 

RESTRICTIONS: None 

SIZE: 678 

REFERENCES: None 

OQ-O-'- 5 i"BBocfTI N ECONVER(Ai-;A foii~- AV~11-6v, 11:~-j-1C)Tf 
0002~ ________ ~~~MO~/cl~OJ? t.L~.:'f_, ~J ,~~B 
0003 DIMENSIONAV(4),A10V(4),AB(13) ,Al0B(13) 
0004 D01001I=1,NI 

OC05 -AV (I) ';APT (AV[l» 
0006 A10V(I)=APT(Al0V(1» 
0007 1001 CCNTINUE----·--- '~-----~----
Oe08 DC1002J=IBAR,NJ 

0009 .fRtJj ;:-.HiTTHf(J) )'------------
001 0 _______ ~_10H(J)_~AR~J~~_~_~) 
OCll 100~ CCNTINUE 
0012 Al=APT(AT) . 
0013 Al0T=AP=T~(~A~10r.T=)-----------------------

OC14 RETURN 
0015 END 
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0.3 SUBROUTINE DIFF(A,B,C) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the difference of two vectors (A,B) and to 
calculate the length, C(4), of the resultant vector (C). 

DOT(A,B), SQRT(X) 

A(I), B(I) (1=1,2,3); the components of the two input 

vectors 
C(I)=A(I)-B(I); the components of the resultant vector. 
C(4); the length of the resultant vector 

RESTRICTIONS: This subroutine considers three dimensional vectors as 
foll ows: 
1=1 x-component 
1=2 y-component 

1=3 z-component 
1=4 length of vector 

SIZE: 462 

REFERENCES: None 

-----------------------------------------------------------0001 S[BROUTINEDIFF(A,E,C) 
________________ ~C~_________ _. ______________________ _ 

C CALCULATE THE DIFFERE~eE eI2 3-VEeTOES 
C ----------------...::::....------ ---_ .. -

OC02 DIMENSIONA(4) IE (4) ,e (4) 
JlQO\La3L-.. _______ -JD~Qt.OOJ.l= L.3.. ______________________ _ 
0004 C (I) =B (l) -A (l) 
~_O 5 1 rut_L-'~_~_N.'IJ_~ U!....oE"---__ --=-_~--__:------------_ 
0006 C (4) =SQBT (DO'! (e (1) ,e (1») 
0007 . _____ Ii..fT P R N!...-_______________ _ 
eC08 END 
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D.4 SUBROUTINE DIFFB(A,B,C) 
, . , 

PURPOSE: To calculate the difference between two arrays (A,B). 

SUBPROGRAMS 
USED: None. 

VARIABLES: A(I,J), B(I,J) input arrays 
C(I,J)=B(I,J)-A(I,J); the resulting difference array 

RESTRICTIONS: Subscript I denotes a vehicle type 
Subscript J denotes a traffic lane 

SIZE: 

REFERENCES: 

0001 

Dimension statements restrict usage to a maximum of 
four (4) vehicle types (NI=4) and 12 traffic lanes (NJ=13) 

514 

None. 

s tBBOUIINEDlflS (A,E,C) 
c 
C st~7aACXMATRIX A FEC~ E 
C 

0002 CCMMON/C/XO(3),NI,~J.IEAB 
~j)~O.lot.O.oot.3 ________ -tDII1&:J{SION}U4. 13) • E (4.13) .C (4. 13) 
OC04 DC1001I=1,NI 

~0,-",0C>!.0-","5 ________ ~D C 1 OQJ J=JJ:.AL.NJ~ ______ _ 
0006 C(I,J)=B(I,J)-A(I,J) 
0"-'C"-"O"-'7c--____ -----'1...,0'-=O 1 C eM"I lj--"'U.=E ____________ _ 
oooa EETURN 
0009 END 
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0.5 SUBROUTINE DIFFRA 

PURPOSE: 

SUBPROGRAr'lS 
USED: 

VARIABLES: 

Performs diffraction calculations. DIFFRA sorts each 

lane into one of six categories and determines whether 

a diffraction calculation needs to be performed. It 
then calculates the Leq with or without diffraction. as 

the case may be. and returns to the calling program. 

ALEO. SORT. ADDV. DIFF. ANGLE. DIF. DOT 

I Vehicle Type 
J . Lane number 

Subroutine Parameters 
AO 1 (J ) 

A02(J) 
PHIl 
PHI2 

PO(K.J) 

"Left" angle of lane J 

"R i ght ll angl e of 1 ane J 
Lower Limit angle of integration 
Upper limit angle of integration 

Vector normal to lane J from receiver 
OO(K.J) OO=PO(J)+H(I) Vector normal taking vehicle 

height into consideration 
-RO (K) RO=XO+QO Coordinates of the end point of 00 
SO(K) SO=RO-ZO Vector normal from lane J to bar.rier 

DELTA DELTA;IPOI +ISOI - 1001 
Z2 Z2=cos- l (ZAP. 00) 

Output Parameters 

DOD 1 

DOL 
DDR 
PP 

See MAIN Program variable list 

PB loLeq/10 for vehicle I. lane J with barrier 
ins ta 11 ed 

RESTRICTIONS: None. 

SIZE: 2172 

REFERENCES~ None. 
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OClll 

CCO:': 
OCO':; 
C(OIl 
OC05 

OC06 
C(C7 
C(OE 
CCOS 
celC 
C C 11 
C(12 
C(1': 
CCH 
G(15 
CC16 
OC17 
CC18 
o c.t 9 
CC~O 
CC~l 
CC22 
CC~3 
CC24 
OC25 
CC26 
C(27 
CC28 
CC29 
CC30 
0C31 
OC32 
CC":3 
Cei4 
CC35 
C C3 E 
CC37 
OCJ8 
CC':S 
CC40 
CC .. 1 
CC42 
OC4':; 

r "- , 
I 

S[CtiOU!lUtDIF1HA(1,J) 
c 
C DIVIUt LANES IN'IO SHIEl[E[ ANC UN~HIEl[Et SEG!ENTS 
C CALLULA~~ LLQ ~llCM EACH SEGMENT l~DrVI[UAIlY 
C· 

C C I: itO N /L I XO ( 3) , N 1 , ~ J ,IE A II 
(CdlOiUH/ZAP (Il) ,H,'lFl,Zl,X2,X3,Xl,C[t (4,13) ,DOH (4, 13) ,DDL(4,13) 
C(~MON/G/LEL1A,fHll,EbI2,FF(4,'J) 
C (lilW N I ti I X h 1 (3, 13) , X 112 I 3 , 13) , fl (4) , tel 14, 1 3) , DO 2 (4 , 13) , 

1 D E\ (4 , 1.J) , A C 1 ( 13) , A C ~ (U) , PC (4 , '3) , C C ( II) , Z C (4) , P B 
DIllI::N.:ilv~IiO (4) ,SO (II) 
IF (A a 2 (J) • G! • 1101 I 1) • AN r:. AO 1 I J) • L'I. AC ~ 11) ) GOTO 1005 
PHI1=AC1IJ) 
PIJ12=AC:l (J) 
H=ALEQ (1 ,J) 
IF (A02 (J) .LE.AOl I'» tr:L (I,J)=U 
H (110 1 (J) .uE. AO~ (1» ttE (l,J) =iB 
H'I U l; N 

100~ CCIIJ:·l:~UI:; 

DC10QI.IK=1,2 
(tC (K) =PC (I'i,J) 

10011 LOTlNUE. 
~c (J) =PO (3,J) +H (1) 
Q C (4) =!:i '" II 1 (0 C 1 «(; c ( 1) , CO (1) ) ) 
CA:LADDV(XC,CC,EC) 
CA::'DlFF (ZC,liC,SC) 
Dl:Ll'A=PG (4, 1) +sa (Il)-CC (4) 
Z~=A NGl.E (Z AP, CO) 
H (Z2.li'I.X') DEl'IA=-tH'IA 
It (A01 (J) .IE.AO' (1).lflC.A02(J)_GE.AC~ (1» GOT01001 
IF (110': (J) .lE.!02(1).ANt.A01(J).G'I_AC111» GOT01002 
11: (II 0' (J) • L'l'. AO 1 ( 1) ) GClO 1 C03 
Hll=Alll (J) 
Plll:l=A02 (1) 
P~ (I,J) =AlE\.i (I,J) 
PE=DIF(l,J) 
H (PO (4, J) • LE. PO (11,1) ) E B=PP (1 ,J) 
DCL(I,J)=FE 
PI111=AO;': (1) 
PH:"L=AU2 (J) 
VJ:t> (l,J) =AIE\.i (I,J) 
1i E'l U Il N 

1001 CCIo'lHUI:; 
fHll=A01 (1) 
PH12=AC:l (1) 
PE (l,J) =ALEQ (l,J) 
P;;=Dll' (l,J) 
11' (PO (4, J) • IE. PC I II, 1) ) P B= P E (I ,J) 

0-7 
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ce44 
ce45 
CC4E 
CC47 
CCLJ8 
C(4S 
OC50 
CC51 
OC52 
C(53 
((54 
C(55 
G(SE 
((57 
C(S8 
CC5~ 
((6G 
C C61 
CC6:.i 
C(63 
CC64 
eC65 
eCcE 
C(67 
((68 
aCES 
coo 
COl 
CC72 

D til (1 , J) = fi.l 
l'Ull=A01 (J) 
Pl:II2=A01(1) 
DCl. (l,J) =A:'EC (l,J) 
PHI 1=A02 (1) 
fll12=A02 (J) 
lHH (I, ,) = A 1 J:: Q (l , J) 
HTUf(N 

1002 CCiJTINUI:. 
PHI 1=A01 (J) 
PHI..:=AC2 (J) 
PF (I,J) =ALEQ (I,J) 
H=DlF 11,J) 
H (to 0 (!O , J) • IE. PC (4,1) ) P S=PP (I ,J) 
DW (I, J) =fE 
I'ETURU 

100~ c.:CNTlNIJE 
PHI l=AO 1 (1) 
PHL:!=AC2 (J) 
PF(l,J)=AlEQ(I,J) 
PL=DlF (I,J) 
H(PO ('+,J) .H • .PO(II,l) PB=PP(I,J) 
DW(I,J)=PB 
PHll=AC1(J) 
PH12=AC 1 (1) 
DCl(I,J)=AIEQII,J) 
PE=PB.DDL(I,J) 
HTURN 
HD 
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D.6 SUBROUTINE: LLL 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the vehicle reference energy mean emission 
level, Lo' as a function of travel speed on a traffic 
lane and constant sound level adjustments. 

ALOGlO( X) 

Subscript J denotes a travel lane 
Subscript I denotes a vehicle type 
A(I), the constant term in the vehicle sound level 

function for vehicle type I 
B(I), the coefficient of the log-speed term in the 

vehicle sound level function for vehicle type I 
AlO(I), the vehicle reference energy mean emission 

level, dB, for vehicle type I 
S(J), the average travel speed on the Jth travel lane 
AA (I,J), the constant sound level adjust~ent 

RESTRICTIONS: The subroutine considers a relationship between the 
reference sound level and the vehicle speed, S, in the 
form Lo = A+Blog(S) 

SIZE: 

REFERENCES: 
0001 

CC02 
CeO) 
0004 
C eo~ 
Ce06 
0007 
aeos 
OC09 
0010 
0011 

The appropriate units depend upon the numerical values 
for A and B. Metric units are used (i.e., S is 
expressed in km/h). 

470 

None 
SODROUTINELLL 

c 
C C ALCU LATE LO 
C 

CCl'IMON/BETA/A (~) ,E(LI) ,OC,AA[4,13) 
CeNMON/CAT/IO(3) ,Nl,NJ,IBAR 
C CMMO N/E! N5/5 (13) , 'I ,to, ALO (4,13) , N (4,13) 
DC1001J=IBAB,NJ 
X =ALOG 1 0 (S (J) ) 
DC1001I=1,N! 
1.10 (I,J)=A (I) +B (I) .X+AA (I,J) 

1001 CCNTINUE 
RETURN 
END 
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0.7 SUBROUTINE MESSl 

PURPOSE: ' To print the error message: 
IILANE X IS NOT PARALLEL II 

and to terminate execution 

SUBPROGRAMS 
USED: None 

VARIABLES: J, the traffic lane number 

RESTRICTIONS: Once the message is printed, the execution of the 
program is terminated. 

SIZE: 358 

REFERENCES: None 

0001 S[BBOUTINEMESSl 
c 
C If LANES ARE NOT PARAllEL, STOP 
C .'-----

0002 CCMMON/A/I,J,M1,M2,IN,MOUT,ITITLE(10) 
JLQO ...... 3 __________ -"CJJ1.£1.0 N/.C.lX.P.nJ~.I..J.!lJJl A R,"--_____ _ 
OCOij J2=J+l-IEAB 
~ 5 W .1;i.:(I.U-~O_U,-",ToJ.,-,,14-) _ .... J ...... 2 _____ . _____ _ 
0006 1 FCRMAT('OLANE',I3,' IS NOT PAEALLEll/) 
Oe07 _S'l.9 ..... P _________________ _ 
0008 END 
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0.8 SUBROUTINE MESS 2 

PURPOSE: To print the error message: 
"LANE X IS TOO CLOSE II 

and to terminate execution 

SUBPROGRAMS 
USED: None 

VARIABLES: J, the traffic lane number 

RESTRICTIONS: Once the message is printed, the execution of the 
program is terminated. 

SIZE: 358 

REFERENCES: None 

0001 SlBBOUTINEHESS2 ________________ ~c_______________ _ ___________________ __ 
C IF LANE IS TOO CLOSE TC OBSERVER, STOP 

__________ ---'-____ -=C ________________________ . ______ _ 

0002 CCMMON/A/I,J,~1,M2,IN,MOUT,ITITLE(10) 
~0u.0~QI.oo31..-________________ ~C OHlO N LCLlO (3) , H.l-.JJ~aA Jol..R _____ _ 
OC04 J~=J+l-IBAR 

~0~O~0~5~ _________ ~W~~~~QU~J~2~--------------__ 
0006 1 FCBMAT{'OLAHE',I3,' IS TOC CLeSE'/) 

~OuC~Ou7 __________________ S~O~p~ ____________________ __ 
0008 END 

0-11 



0.9 SUBROUTINE MESS3 

PURPOSE: 

SUBPROGRAMS 

To print the error message: 
"OBSERVER TOO CLOSE TO BARRIER" 
and to terminate execution 

USED: None 

RESTRICTIONS: Once the message is printed, the execution of the program 
is terminated 

SIZE: 

REFERENCES: 

0001 

322 

None. 

StBBOUl'I6EMISS3 
C 
C If oaSEBVER IS TOe CLCSE TO BlEBIER, SiCE 
C 

0002 C eM MO N / A7I~ J , ! 1 , f! 2 , I Ii, Me U T , I TIT L E ( 1 0) 
0003 WBITE(MOUT,l~)~=-~ 

--ionO~O:";::ij------:l---'F::-::C R M AT ( • 0 0 ESE B V E B ~AOAO -:C;::;;L;-O;;;-:;S:;-;E:;--;;;T~C:-';:;B·A B=-li""""I;"';!iI"'1in .I""":/j::r-
OC05 STOP 
OC06 END 
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0.10 SUBROUTINE QATR(XL,XU,EPS,NOIM,FCT,Y,IERR,AUX) ". 
': 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

RESTRICTIONS: 

SIZE: 

REFERENCES: 

To numerically evaluat~ the integral: 

XU 
Y 1 FCT(x)dX 

XL 

External Function subprogram, FCT, defined by user. 

See Listing. 

The argument x should not be destroyed. 

1222 

Anon.; "Sys tem/360 Scientific Subroutine Package 
(360A-CM-03X) Vers i o~ I I, Programmer 1 s Manua 111, 
H20-0205-1 (2nd Ed.), International Business 
Machines Corporation, 1967 . 
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-=C ____ S_O_BR9.!JT IN E __ O_~ _______ _ 
C 
C PURPOSE 

-=C-----.,;:.~TO COMECiTEAnpPROXIH-UIuN FCB INT EGBU-(FCT (X), SUtlflED 
c eVER I FIlel! Xl !C _ XU} __ • ___________________ _ 
C 
C US AGE 
C CAIL QAfiTxT, x tJ~EPS~ ND lif,-p-c 1-;f~IER-;fO X} 

-;:C,..-____ -=-:PABAMETEB :FC'I~?gUI~!~_ AN EX'IU UL S'UTEMEN_T_o ______ _ 
C 
C DESCRIPTICN OF EARAMETEBS 

--=C,-------'~ ii -T Il E- --1 eWE Ii - BC Inn- -6Y 1: E I-j NT1RvA-;-"L-. ---------

C xu - THE UffER BCUNt OF tHE INTERVAL. 
--=c,-------EPS-----TIlE-UPPER -BCUNt-OF--'I-HE-ABSOLiJl'E-ERBOR~--------

C NDIM - TilE rI~ENSICN CF THE AUXILIARY STORAGE ARRAY AUX. 
-::C:--------'-~""----'Nbitf:l .. :i:S- T1H:--~AXI fAC-~UI1B ER-Op-srs-tc'iioNS OF 

C TIiE INTERVAl (XL,XO). 
C FCT':-1' E-E-- N Al'i E - 0 t- T HE-E Xi' Hi N AlYU NC T fONS-iis c ifo-GRAMlfsEo.-, 
C Y - THE BESULTING APPRCXI~ATION FOR THE INTEGRAL VALUE. 

-t -----TtR---,.;--A EESULfIHG ERBor~ --PABA !!UEIi":--------- ----
C AUX - AN AUXILIARY S'IORAGE AFRAY WITH DIMENSION NDI!. 
C 
C BEMARKS 
C ERROBPARAI1TiiEi --j:-ER--is-cooic-i iI--1:HE-FOLlOWI NC- FORM-
C lER=O - IT aAS POSSIBLE TO EEAC~ TcE REQUIRED ACCURACY. 

~C--------'=-------NC --EBFCR. - -,- -------- ------ --------- ------ ---

C IER=1 - It IS IMPOSSIElE TO BEACH 'IHE REQUIRED ACCURACY 
-':C-----~ BECAUSE-OF- ROtJNDING-fBECRS~ ,-- --~--. 

C IER=2 - I! ~AS IMPOSSIELE TC CHECK ACCURACY BECAUSE NDI! 
----=C:-------= ------IS--iEss- THAN --S-;--OB-'IHEBEQUIREIY- ACCURACY- CaUL if HOT 

C· EE EEACHED WITEIN NtIM-l STEPS. NDlH SHOULD BE 
C----- --INC FE AS ED. - - --- - ----------------- - -- --- ---------, 

-;C ___ ---:~--- __________ , _________ ,, _______________________________________ _ 
C SUBROUTINES ANC fU~CTICN S[BPRCGEA~S REQUIRED 

--=::C _____ -:T_HE __ EXH!!~~LIg_~C:rION~_(;BPRCq_A! fC_T (xt __ M9~T_~!._~OD_~~Y __ ' 
C THE USER. I!S ARGUMENT X SHOUlD NOT BE DESTROYED. 

---,,-C__ ______ _ ____________________________________________________________ _ 
C HETHOD 
C EVALUATION CF Y IS DONE EY ME INS OF TRAPEZOIDAL RULE IN 
C CO NNE CTIC N -li fiE-HO MEERG S --P E'! ~ CIt fE~--rirf -RET U Ii N --:i-co NTAI'"""N=S'---
C THE BES'I POSSIBLE APPROXIMATICN CF THE INTEGRAL VALUE AND 
C --VECTOR -- AUX - ! HE -UPW ARD -riffGC-NACCF -ROMS-ERG-- S-CHEME~- ----- ~--
C__ COMPONEN'rs AUX(I) (1=1,2, ••• ,IHD. WITH lEND LESS THAN 08 ' 
C------EQUAL TC- HOI!) EECCHEAEPROXI!l!IONS--TO-INTEGB1LVALUEiI'l'B I 

C DECREASING ACCURACY ~Y !U1~IEIIC~TICH WIT~ (XU-XL~)~.~ ______ _ 

• 
0-14 
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c POB BEFEBENCl, SEE 
c _______ --'''--____ ---4,.( .... 1 )1- f.HIHI .. _PA_LYE BF AH ~_EN _ H.K JOJl~ERG-:S'LU UJ.=.BAUj!.ILA,LS __ 
c SPEZIAIFllL DES ALLGEMEINE~ FBINZIPS VON RICHARDSON, 
c _______ --'''-______ --'!MUJi_El!.A 'IllS.:- 'IE C;;JUtU_::Ji.l.R'I ~ ~jl~ lI,-YQt._.J 1, I S S~O 9 6.!U L...-
c PP.49-S4. 
c (2) U.!Ujl~GOR.ll.l:lJi...§.O~~_~_1.9J....L-4~SS.6 1,1961), PP.25~ 
c 
c _______ --'''-_~ ••••• ~ .•••• ••••••• _!.....!'_~_ •••••••••• _....!..~_._ ••••••••••••••• •• eO ••••••••••• 

c 
~OQl 

c 
c 

0002 DIMENSION AUX (1) 
c 
C PFEPARATIONS CF RC!EERG-LCCP 

0003 _______ AUX (1 J ~5._ •. j r.a_(X..L.l..!.K'I LXJJlI-) ____ _ 
0004 Il=XU-XL 

M!)S '""'-_______ ~U (.ND.lJ1.=..1J _lto.J' 81oU....' ,'--_____________________ _ 
0006 IF(H)2,10,2 

C 
C NOIM IS GREA'IEB THAN 1 AND Ii IS NO'I E,UAL TO O. 

...o.t.Q7 -'-_______ .... 2-'H.H=H.. ------.-.. ~--

0008 E=EPS/ABS (1:1) 
JlJl..09 ~ __ ~ _____ ~DEL~2=~~. __________ _ 
oel0 l? = 1 • 

...D..QJl ______ ~J.J:;:l ______ _ 

0012 DC 7 I=2,NDIM 
oe13 ....v..JoL..l..ol _________ j=AUX.(1).. _____ . ____ . ____ . _________ _ 

0014 DELT1=DELT2 
. ...lLlll 5 ~ _______ --JHP:;:Ha~ ______________ __ 
0016 1:I1l=.5*HH 

....a..OU ________ JP = .5_'!.L ---.--.------ .-------
0018 X=XL+HH 

.Jl...C19 .J.....l.. _____ ---'-__ ~M=O. _____________ ~ ___________ . ____________ ___' 

0020 DO 3 J=1,JJ 
0021 ............... '--_______ --"'Scu.M-Srt!.E.c.I_VO, _________________________ ---..: 

0022 3 X=X+HD 
0023 ................. '--________ ,A..UX_(Il=_ • ..s .... _lI U.l 1I~-1-)..tl....* .5M.. __ . __ .. _ 

C A NEW APPROXIMATICN OF INTEGRAL VALUE IS COMPUTED BY MEANS OP 
C _______ --'~_----'"-T.IiAEE z..Oll.A.L1Ul.L.E.,,---- __ _ 
C 
c _______ ~~_~SIART OF ROMEERGS EXIEAPOL~~~.~B~CL[~. ________________________ ~ 

0024 Q= 1. 
OC?S ~~~ ______________ ~J~=~~ ________________ ~ ________________ __ 

0026 DO 4 J=1, JI 
....0027 ~-'-_______ __"'"_I~==.I_=_J ____ ~ __ _ ----_._---

0028 
nC 2 9 

0030 
C 
C 

C=~+Q 
(;=0+0 

" AUX (f!) =AUX (II+ 1) + IJUX(II+1) -AUX (II» I (Q-1.) 
END OF BOMEEBG-STEP 

0031 
0032 
~~--------------__ DELT2=AESIY-~A~U~X~(~1~»L---------------______ __ 

rtfr:-5p-;S,5 
0033 
0034 

5 IF (DELT2-E) 10,10,6 
~:---------6~ii CO:Ef.l'2- D ELTTf7 .... ,~1·1-, ·1·1 ----- ------

0035 
OC36 
~~---------------7 JJ=JJ+JJ 

8 IER-2 
0037 

0038 
-;:-_______ 9 ~=_H~A~lJ.L ____ _ 

RETURN 
OC39 
0040 
0041 
0042 
OC43 
0044 

10 IER=O 
GC-TO~9n-------------~-------------------

11 IER= 1 
y=il.i"y-------------------
RUUBti 
END 
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0.11 SUBROUTINE SETUP 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the geometrical parameters describing an 
orientation of a lane segment relative to a receiver. 
See Figure 0- 1. 

DIFF(A,B,C), UNIT(A,B), DOT(A,B), ADDV(A,B,C), ARCOS(X,Y) 
ANGLE(X,Y), MESS2 

XO(I), coordinates of vector locating receiver. 
XR1(I ,J), coordinates of vector locating end point "1" 

of the lane segment J. 
XR2(I,J), coordinates of vec:tor locating end point "2" 

of the 1 ane segment J ... 
DR(I,J), the vector defining the lane segment J. 
00l(I,J), the vector defining the location of XR1 

relative to XO. 
002(I,J), the vector defining the location of XR2 

relative to XO. 
UR(I,J), the unit vector in the direction of DR(I,J) 
PO(I,J), the vector perpendicular to lane segment J 

from the receiver at XO. 
ZIT(I), the vector from end point 1 of the lane 

segment J to the intersection point of the 
vectors PO(K,J) and DR(I,J) 

A01(J), the angle between the normal from the receiver to 
the lane segment and the line from the receiver 
to end point "1" of the lane segment. 

A02(J), the angle between the normal from the receiver to 
the lane segment and the line from the receiver 
to end poi nt "2" of the 1 ane segment. 

I = 1 den toes a .x-coordinate of the vector 
I = 2 denotes a y-coordinate of the vector 
I = 3 denotes a z-coordiante of the vector 

= 4 denotes the length of the vector 

0-16 . 
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0.11 SUBROUTINE SETUP (Contjnued) 

• RESTRICTIONS: None. 

SIZE: 
17 76 

REFERENCES: 
See F'i gure 0- 1. 

.. 

6'~~RJ(21~a~ne~s~e~gm~e~n:.::t:.!.)--=::::::::::". End Po 1 n t 2 

-+-
PO 

-+-
UR -+ 

DR . .. .. 
-+ 
DR ---+ zn 

-+ 
PO 

• FIGURE 0-1. VECTORS DEFINING GE~~y OF SI~ 
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D.12 SUBROUTINE SUM(P,AEQ,AI0,AR,AI0R,AV,AI0V,AT,AI0T} 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

RESTRICT IONS: 

SIZE: 

REFERENCES: 

To sum, on an intensity basis, the sound levels at a 
receiver due to a single vehicle type operating on a 
single lane segment. 

APT(X), DELK(X), TPA(X) 

p. , the acoustic intensity to be added to the 
accumulation arrays. 

AEQ(I,J); the equivalent sound level at the receiver from 
vehicle type I on lane J. 

AI0(I,J); the LI0 sound level at the receiver from vehicle 
type I on lane J. 

AR(J); the equivalent sound level intensity at the 
receiver from lane J. 

AI0R(J); the L10 sound level intensity at the receiver 
from lane J. 

AV(I); the equivalent sound level intensity at the 
the receiver from vehicle type I. 

AI0V(I); the LIO sound level intensity at the receiver 
from vehicle type I. 

AT; the total Leq sound level intensity at the receiver 
AlOT; the total LIO sound level intensity at the receiver 
PI0; the L10 sound level intensity at the receiver 

from vehicle type I on lane J. 

The summation is accomplished external to the subprogram. 
That is, the accumulation is based upon the entry value of the 
argument, p, and the values of I and J specified by COMMON/A/. 

820 

None . 
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0.13 SUBROUTINE TABLE(AEQ,A10,AR,A10R,AV,A10V,AT,A10T) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

RESTR'ICTIONS: 

SIZE: 

REFERENCES: 

To print heading and sound level metrics by vehicle 
type (columns) and, lane number (rows) for prediction 
output. 

None 

Subscript I denotes a vehicle type 
Subscript J denotes a lane 

AEQ(I,J); Leq contribution at receiver for vehicle 

type I on lane J. 
A10(I ,J); LlO contribution at receiver for vehicle 

type I on lane J. 
AR(J); Leq contribution at receiver for traffic 

flow on lane J. 
A10R(J); L10 contribution at receiver for traffic 

flow on lane J. 
AV(I); Leq contribution at receiver for vehicle type I. 
AT; Total Leq at receiver. 
A10V(I); L10 contribution at receiver for vehicle 

type I. 

A10T; Total Leq at receiver. 

The tabular format assumes four vehicle types (columns). 

1568 

None 
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OCOl 
OC02 
C(03 
CC04 
OCOS 
CC06 
Ge07 
oe08 
OG09 

cel0 
cel1 
CC1~ 
OCl3 

celli 
ects 
0016 
ce17 
CC18 
0(;19 
ce20 
OC21 
OC22 
OO~3 
CC24 
ee2S 
oe2E 
C(27 
GC28 
C(29 
ce30 
eC31 

C 
C' PUNT 'l'ADLE 
C 

SUbHUUllUh1AEtE(AE"A10,AH,AleB,AV,A1CV,AT,Al0T) 
CC~~oNIA/PC,I,J,M1,~2,lN,KOUT,lTl!lf,'0),KA 
C(I~110N/C/XO(3) ,NI,~J,lBAB 
C(i;HON/D/A~t'HA (13) 
DHll:;NS10NAEIJ(4, 13) ,A10(4,13) ,AR(13),A l0R(13) ,AV(4) ,Al0V (4) 
WhllE(MOUl,98)ITllIE 

98 FCflMA1 (10' ,T9,10AI[/) 
WRITE(MOU'I,63) 

63 FCf(dA'I('O',13X,'OESHiVEB COORtINA'IES IMETRES) '/T18,'.1[1, 
lT~8,' ~',138.' ~'/) 

WhlTE(60U'I,64)XQ 
64 YC6~AT('X,111,3F'0.2/) 

hH'It:: (:I0U'1, 15) 
lS FCftiiA'T(lX,'LANE',TS,'A1.PHA',T15,'SCOIH LEVELI,T28,'AOTOS',T34, 

1'[1]:; 01 U II I , '14 1 , I HE A V Y' , '148, I CTl:I E B I , '1 ~ ~ , 'I A N' E II 
21 x, I NU Ii Jj E Ii I , 'I 18, I fI n 61 C ' , T34 , 'TR U C K S' ,'141 , I TB UCK$ , ,T 55, , TO 'IA LS' I) 

DC1200J=IBAB,NJ 
J l=J+ l-IBAii 
WUTE(iiOU'I,16)J1,AUHA(J),Ml,IAEOIl,J),1=1,NI) 

16 FCft/1AT(lX,14,19,i~.2,'l19,A3,7~8,F5.2,~X,Fs.2,lX,Ps.2,2I,P5.2) 
WRllE nl0Ul,17) AR (J) 

17 FCft'1Al"+','l'56,FS.;;;) 
Ioi UTE (MOU T , 18) M 2 , fA 1 0 II, J) , I: 1, N I) 

lJ FChMAT(11,119,A3,~2S,FS.2,2X,FS.~,lX,}5.2,2X,FS.2) 
HUE (li()U'I,17) Al011 IJ) 

120C C(llUNUr:: 
~ lil T E ( U 0 U '1 , 19) M 1 , fA V (I) ,1 = 1 ,N 1) 

19 f CRMAT( 11, 'V HiICLE', 'I 19, A3 ,1'2 E,FS. 2, a ,1'5.2,11 ,PS. 2, a ,Ps. 2) 
\iftI'IE (110U'1, 17) A'I 
WU'IE(MOUT,20)1!2, ,A10V(I) ,1=1,Nl) 

20 FOEI1AT(lX,ITO'IALS',T19,A3,728,Fs.2,4X,F5.2,lX,F5.2,2X,Fs.2) 
W~ITE(MOU7,17)Al07 
IiETUHN 
UD 

Reproduced from 
best available copy, 
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0.]4 SUBROUTINE: UNI!(A,U) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the unit vector, U, of a given vector, A. 

None 

A(I)(I=1,2,3); 

A(4); 
U (I) =A ( I ) / A (4); 

the components of the vector A. 
the length of the vector A. 
the components of the unit vector U. 

RESTRICTIONS: The subprogram does not check to see if the vector A 
has zero length. Hence a division by zero is possible. 

The subprogram does not assign U(4)= 1.0. 

Usage of this subprogram recognizes these restrictions. 

SIZE: 366 

REFERENCES: None. 

0001 SCEBOUTIHEUNI7(A,O) 
c 
C GENERATE THE UNIT VEC~CB FRO! ANY GIVEN V!CTOB 
C 

0002 DIMENSIONA(4) ,0(4) 
_~0u.O/..lll!O:..x3"--________ P.Plil_O 11= 1 ,.24 ____________ ~ __ _ 

OC04 U(1)=1(1)/A(4) 
__ ~Q~Q~Q5~ __________ ~1=OO~1~~C~CNT~I~N~U~E _____________________________ ___ 

0.006 BETOBN 
Oe07 E~D 
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0.15 SUBROUTINE ZERO(AEQ,A10,AR,A10R,AV,A10V,AT,A10T) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

... ,. 

To set to zero all values of the accumulation arrays used 
to store sound level estimates. 

None 

Subscript I denotes vehicle type 
Subscript J denotes lane number 
AEQ(I,J); Leq contribution at receiver from vehicle 

type I from lane J 
A10(I,J); 

AR( J) ; 

A10(J); 
AV (I) ; 

A 1 OV (I) ; 

AT; 
A10T; 

L10 contribution at receiver from vehicle 
type I from lane J 
Leq contribution at receiver from lane J 
L10 contribution at receiver from lane J 
Leq contribution at receiver from vehicle type I 
L10 contribution at receiver from vehicle type I 

Total Leq at receiver 
Total L10 at receiver 

RESTRICTIONS: None 

SIZE: 718 

REFERENCES: None 

CCOl St5RoutINEZEHO(AE~,Al0,AE,Al0B,AV,11C~,At,Al0T) 

CC02 
CC03 
CCOLi 
e(05 
CC06 
C(07 
CCDa 
ceus 
((10 
cell 
C(,2 
oc 13 
CC1Li 
eC15 
OC16 

C 
C ZiBO 'LL ACCU~ULAtION IEBAYS 
C 

CCtlKOh/C/XG(3),Nl,.J,lBAB 
D li'l ENS 10 1I AEQ (Li, 13) , A 10 (4, 13) , AB ( 13) , A lOB ( 13) ,n (4) , A 10' (II) 
A'1=O. 
Al0T=LI. 
CC1001l=1,NI 
AV(l)=O. 
Al0V(I)=0. 
OC1001J=1,NJ 
AEI,,)(I,J)=O. 
Al0(I,J)=0. 
U (J) =0. 
A1U£«J)=o. 

1001 CCNTlNUE 
H'IUt<N 
END 

0-24 
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0.16 FUNCTION ALEQ(I,J) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the equivalent sound level of the receiver 
from a finite lane segment not shielded by a barrier. 

ABS(X), AMIN1(X,Y), AMAX1(X,Y), PSI(J,PHIl,PHI2), 
ANGLE(X,Y) 

ALPHA(J); The excess distance attenuation parameter for 
lane J to the receiver. 

ALO(I,J); The reference energy mean emission level for 
vehicle type I and lane J. 

N(I,J); The number of vehicles of type I on lane J 
during the time T. 

DO; 15.2 meters (BLOCK DATA) 
T; The specified time period, in hours, for 

which Leq is to ~e calculated. 
S(J); The average traffic speed in kilometers per 

hour for the Jth lane during the time T. 
PO(4,J); The distance in meters that the receiver is 

located from the Jth roadway. 
001 (4, J) 
D02( 4,J); The distance between the receiver and the 

endpoints of the finite lane segment. 
DR(l,J); The vector defining the orientation and the 

length of the Jth lane. 
THETA; Criterion for parallelism of barrier and 

lane segments. See Section 5-1. 
ALEQ; The acoustic intensity at the receiver. 

RESTRICTIONS: The use of this subprogram assumes that the finite lane 
segment is not shielded from the receiver by a barrier. 

SIZE: 922 

REFERENCES: See Appendix A. 
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0.17 FUNCTIO,N ANGLE(A,B). 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the cosine of the angle between two 
vectors (A,B) 

OOT(A,B) 

A(I), B(I) (1=1,2,3); two three dimensional vectors 
A(4); 

B(4); 

The length of vector A 
The length of vector B 

RESTRICTIONS: The subprogram does not check to see that the length 
of either vector A or vector B is zero. The usage of 
this subprogram should recognize this to prevent 
division by zero. 

SIZE: 356 

REFERENCES: None. 

.._---------------
000 1 FCNCTIONANGLE(A,E) 

C 
C CALCULATE THE COSINE EEtiEEN 2 3-YECTCiS 

_________ .....:C"--___________________ _ 

0002 DIMENSIONA(4) ,E(4) 
__ 0 .oo.;OO ..... 3"'-_______ --'A..t\_G_L E = DOT (A (1) , E «1) ) 11 (4) IE ,4 ) 

0004 EETURN 
Oe05 E~D 
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0.18 FUNCTION APT(X) 

PURPOSE: To transorm an intensity (lOL/10) to a level (L) • 
SUBPROGRAMS 
USED: ALOG10(X) 

VARIABLES: X; the input argument (lOL/10) 
'APT =lOlog(X); the output value (L) 

RESTRICTIONS: None. 

SIZE: 362 

REFERENCES: None. 

oeOl lONCTIONAFT(X) 
___ O~O~0~2~ ____________ ~I~F~(X.EQ~~.lJ!~=0. 

oe03 IF(X.EQ.O.)BE!UBN 
__ ~C~CO=4~ ______________ -=AET~lO.*ALOG10(I) 

0005 BETOBN 
OC06 END 

• 
0-28 
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0.19 FUNCTION COSALP(X) 

PURPOSE: (To calculate the function: [cos(xJJa 

SUBPROGRAMS 
USED: 

VARIABLES: 

COS(X) 

X; an angle, expressed in radians, locatinq a 
point on the Jth lane relative to the distance 
from the receiver to the Jth lane. 

ALPHA(J); the value of a for the Jth lane relative to 
the recei ver. 

RESTRICTIONS: None. 

SIZE: 380 

REFERENCES: See Appendix A. 

0001 FCNCTIONCOSAIP(X) 
...JIQI..JIQUl.O ... 2 ________ ~C.keL1~.QlUjLl.u1. t! 1 «tt2 .1 N. ~OUT, l.T ITLE «1.Q1.. 
0003 c etIMON/Pj ALPH A (13) 

~0~C~0~4 ________________ ~CCSALP=COSlX)··ALIEA~~) ____________ _ 
OCOS BETURN 
0006 END 

0-29 



0.20 FUNCTION DELK(X) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the difference, DELK(X), between a LIO 
estimate and an Leq' X, estimate for highway traffic 
noise sources. 

ALOG (10) 

X; . the input va 1 ue of Leq (dummy) 
N(I,J); the number of type I vehicles on the Jth 

traffic lane for the time period T 
PO(4,J); the distance between the receiver and the 

Jth lane 
S(J); the average travel speed for the Jth lane 

during the time period T 
T; the implied time period in hours. 
DELK = L10-Leq for the time period, T. 

RESTRICTIONS: See Derivation in Appendix A-3. 

SIZE: 

REFERENCES: 

oeOl 

·0002 
0003 
000:1 
0005 

o C05 
C C07 
OCOS 
o DOg· 
0010 
0011 
0012 
OC13 
00llJ. 
OC15 
OC1'5 
0017 
0018 
OC19 
a C2 0 
0021 

926 

See Appendix A. 

. FUNCTIONDELK (X) 
C 
C CCNVEFT trQ TO L10 
C 

C C !Hi 0 N/ A P F!. Z/ PC, r , J, 1\ 1 , !!2, ! N. lCUT , I 'II 'IL! [10) , KA 
COMMON/DOG/ALEH~['3) 
C01I"ON/EINS/S (13) ,'I,r:C,ALO(4,13) ,11(11, 13) 
C CtHI 0:'111 IT/ x Fll (3, 13) , lC R 2 (3, 13) , H (!4) , DC 1 (!4 ,13) , DO 2 (Q,1 3) , 

1 D R (1I, 1 3) , ..'.01 (13) , A C 2 (13) , PO (" , 13) ,Q C (Il) , Z 0 (") • P B 
H(X. EQ.O.) DE1i<'=O. . 
H(X.EQ.G.) IlETURN 
A=N (':, J) *FC (ll ,J) IS (J) IT. 
UtA. EQ.O.) DElK=O. 
IF(A.EQ.O.) BETURN 
! F (At PI! A (J) • E C • o •• OB • K A • EO. 0) GOTO 1001 
IF (A. LE.12. 825) DEIP:=-16.28+U.692".ALCG10 (1) 
C=A/12. 82 5 
:P(~.GT.12.82~) DElK=1lJ..6924.AIOG10(C)/C ••• S892Ql 
F.ETURN 

1001 CCNTINUE 
IF (A. L E. 8 • 1 1) tEL K = - a • 98+ 9 • 87 81 ~. ALO G 1 C (A) 
C=A/8.11 

. IF(A.GT.8.l1) tELK=9.87876*ALOG10(Q/C.*."6395 
RETlJRN 
END 
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0.21 FUNCTION DELTAB(PHIl,PHI2) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the integral: 
'( 

liB =/2F(Y)dY 

VI 
for diffraction calculations. 

External Function F, Subroutine QATR. 

PHIl, PHI2; integration limits for angular orientation 
of shielded lane segment 

AUX(lO); auxiliary array used by QATR 

F; See FUNCTION F. 

RESTRICTIONS: The use of this subprogram assumes that PHIl$PHI2. 

SIZE: 404 

REFERENCES: See Appendix A.2. 

---_._---------
0001 FONCTIOND!lTAE(P8Il,PHI2) 

-DJi.Q .. 2 _______ ---!D_I M E.N.SJ. OJ~ A~LtQ~) _____ _ 
Oe03 EXTERNAlF 
0004 c.1..LJ,&A.'tlUfl!.ll..1P HI 2.1. E-4. 12..11J! 81 'Ill...IEB. lJUL 
OC05 EETURN 
0(06 EN~D __________ ~ ________________ ~ __________ __ 
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0.22 FUNCTION DIF(I,J) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

Leq/10 
To calculate the intensity estimate. 10 , at the 
receiver from a lane segment shielded by a barrier. 

DELTAB(PHI1,PHI2) 

Subscript I denotes vehicle type 
Subscript J denotes lane 
ALO(I,J); reference energy mean emission level for 

vehicle type I on lane J. 
N(I,J); the number of vehicles of type I on lane J 

comprising the traffic flow during the 
time period T. 

DO; 15.2 meters (BLOCK DATA) 
T; time period,in hours for which the traffic 

S (J ) ; 

QO( 4) ; 

conditions an~ resulting sound level estimates apply. 
the average traffic speed for the Jth lane 
during th~,time period T. 

01 F = lOLeql10 

RESTRICTIONS: None. 

SIZE: 542 

REFERENCES: See Appendix A.2. 

0001 FONCTIONDIi(I,J) 
_______ -"C""--___ _ ____ . ________ _ 

C CALCULATE LEO WITH DIFfBACTION 
C --- -----. ---------------

0002 CCMMON/E/S(13) ,T,I:C,A10(4,13) ,N(4,13) 

• 

• 

~O~C.¥O"",3 ________ --",,"C~J~MO-NLGLo.'-lSA,-~ljl-L I? li 12 ,.~f..(.~L 13L__ . ___ ---::-_ 
0004 CCMMON/H/XR1(3,13),XB2(3,13),1:l(4),tCl(4,13},D02(4,13), 
____ ---------'l~It~(~J!J).L.A.O..1L1-~h.~c.u.u) ,PO (.4,13) ,CWl...ZO (~B~ __ 
OCOS Al=10.**(ALO(I,J)/10.) 
~§,-_______ ~A:2"':::.lU il! .!L!.O.OL!L S _l.JJI1Q 00 .. * DOL C 0 (4 L----------
0007 A3=DELTAB(PHI1,PHI2) 
~~08 DIF=Al*A2*A3 ~ 

g~~~ ii~UBH ... 
0-32 
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0.23 FUNCTION DOT(A,B) 

PURPOSE: To calculate the "dot" or scalar product of two vectors (A,B). 

SUBPROGRAMS 
USED: None. 

VARIABLES: A(I), B(I) (1=1,2,3); the components of the input vectors. 
DOT = ~A; B; 

1 

RESTRICTIONS: The subprogr~massumes three-component vectors. 

SIZE: 382 

REFERENCES: None. 

0001 PUNCTIONDOT (A,B) 
C· 
C CALCULATE DOT EBODOCT CF 3-VECTOBS 
C 

0002 DIMENSION!(3) ,E(3) 
'O.M...;::!.3 ________ ~DCT=:.0 -._ 
OC04 Del001I=1,3 
~~05 ~~T=-POT+A(l).~~(=I'~ __________ __ 
0006 100 1 C(NTl N UE . 
~097 li.~.1.uBN 
0008 EED 
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0.24 FUNCTION F(PHI) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To calculate the value of the diffraction function, F, 
used to evaluate barrier attenuation. 

COS(X), ABS(X), SQRT(X), TAN(X), TANH(X) 

PHI, the angle between the normal to the barrier-lane 
system and the point on the lane for which the 
diffraction function is required. 

DELTA, the path length difference between the source 
location and the receiver. 

NBAR, the Fresnel Number for an assumed frequency of 
550Hz and a speed of sound of 343 m/s. (2.550/343=3.207) 

TPI = 2n ~ 6.2832 
ZI, lower limit criterion for diffraction specified 

in MAIN. See Appendix A.2~ 
X3, upper limit for value of attenuation function. 

RESTRICTIONS: The theory used to develop this subprogram assumes that 
the lane and the top edge of the barrier are parallel . 

SIZE: 662 

REFERENCES: See Appendix A.2. 
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0.25 FUNCTION PSI(J,PHII,PHI2) \ ' 

PURPOSE: 

SUBPROGRAMS 
USED: 

. VARIABLES: 

To calculate the integral: 

PSI = jY2cosa(Y)dY 

YI 

COSALP(X), Subroutine QTRA 

Subscript J denotes a lane . 
PHIl, PHI2 are integration limits denoting the angular 

orientation of the lane relative to the receiver. 
AUX(IO) an auxiliary array used by QTRA. 
ALPHA(J), the user-defined value of a relative to lane J 

from the receiver . 

. RESTRICTIONS: If 0.=0, then PSI = PHI2-PHII. The subprogram assumes 
that PHII~PHI2. Usage reflects this restriction. 

SIZE: 534 

REFERENCES. See Appendix A.I. 

0001 FONCTIONPSI(J,PHI1,EHI2) 
-2.00"-"'2'---_____ ~----"'<.C eM MO N_IDL.Al.~JUJJ~J _____________ _ 

Oe03 DIMENSIONAUX(10) 
0004 E~~~In!)~COS.1J;~__ _ _____ . ___ . ___ . __ 
0005 IF (ALPHA (J) • EC. 0.) ESI=PHI2-PHI1 
OC06 IF_l~J:.iK.l(J). Ee. O_J Ii EIURN,"--______ . 
0007 CALLQATB(EHI1,PHI2,1.E-4,10,CCSAlP,ISl,IER,AUX) 
OC08 bETO~R~N ___ _ 
OC09 END 
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0.26 FUNCTION TPA(X) 

PURPOSE: 

SUBPROGRAMS 
USED: 

VARIABLES: 

To transform a level (L) to an intensity (IOL/IO) 

None. 

X; the input argument (level, L) 
TPA = lOX/lO; the output value (intensity) 

RESTRICTIONS: None. 

SIZE: 382 

REFERENCES: None. 

oeOl FVNCTIONTFA(X) 
O~C~0~2~ ______________ ~I~Ft~~Q·0.)T~~=O. 

---0003 IF(X.EQ.O.)B!!URB 
_..,.,O..,.,C-=O ..... 4 _________ TuE. ~=..!Q .••• (X/10.) 

OC05 BETURN 
0006 END 

" u.s. GlMRtnIOO PlINTIIIG omCE, 1m -62B-62J/2U3 
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FEDERALLY COORDINATED PROGRAM OF mGHWAY 
RESEARCH AND DEVELOPMENT (FCP) 

The Offices of Research and Development of the 
Federal Highway Administration are responsible 
for a broad program of research with resources 
including its own staff. contract programs, and a 
Federal·Aid program which is conducted by or 
through the State highway departments and which 
also finances the National Cooperative Highway 
Research Program managed by the Transportation 
Research Board. The Federally Coordinated Pro
gram of Highway Research· and Development 
(FCP) is a carefully selected group of projects 
aimed at urgent, national problems, which .concen
trates these resources on these problems to obtain 
timely solutions. Virtually all of the available 
fUlJds and staff resources are a part of the FCP. 
together with as much of the Federal-aid research 
funds of the States and the NCHRP resources as 
the States agree to devote to these projects. ~ 

FCP Category Descriptions 

1. Improved Highway Design and Opera
tion for Safety 

Safety R&D addresses problems connected with 
the responsibilities of the Federal Highway 
Administration under the Highway Safety Act 
and includes investigation of appropriate design 
standards, roadsidf' hardware, signing, and 
physical and scientific data for the formulation 
of improved safety regulations. 

2. Reduction of Traffic Congestion and 
Improved Operational Efficiency 

Traffic R&D is concerned with increasing the 
operational efficiency of· existing highways by 
advancing technology, by improving designs for 
existing as well as new. facilities, and by keep
ing the demand-capacity relationship in better 
balance through traffic management techn iques 
such as bus and carpool preferential treatment. 
motorist information, and rerouting of traffic. 

• The complete ;·,."Iume official statement nf the Fer> I. 
''''nilable from' the :\atinnni. Technical Infnrmation !!erviCf' 
(:\TI!!)' Springfield, Virginia 22161 (Order :\0. PB 2420::;;. 
price $-i:i postpaid). !':lnl:"le cople~ of the Introdnctor~' 

"nlunw nre obtainable withnut chan:;e from Progran. 
.\nnlysl. (HRD-:!). OffiCf'~ of ReRenrch Rnil De .. elopment. 
F""lprnl Hh:h..-"y .\<lmlnlstrntinn. ",,,.hln.:ton, D.C. 20!,;!lO. 

3. Environmental Considerations in High
way Design, Location, Construction, and 
Operation 

Environmental R&D is directed toward identify
ing and evaluating highway elements which 
affect the quality' of the human environment. 
The ultimate goals are reduction of adverse high
way and traffic impacts, and protf'ction and 
enhancement of the environment. 

4 .. Improved Materials Utilization and Dura· 
bility 

Materials R&D is concerned with expanding the 
knowledge of materials properties and technology 
to fully utilize available naturally occur~ing 
materials. to develop. extender or substitute ma
terials for materials in short supply, and to 
devise procedures for converting industrial and 
other wastes into useful highway products. 
These acti\·ities are all directed toward. the com
mon goals of lowering the cost of highway 
construction and extending the period of main
tenancf'-free operation. 

5. Improved Design to Reduce Costs, Extend 
Life Expectancy, and Insure Structural 
Safety. 

Structural R&D is concerned with furth('ring th(' 
latest technological advances in structural de
signs, fabrication processes. and con~truction 

. techniques, to provide saff'_ dlicif'nt highways 
at reasonable cost. 

6. Prototype Development and Implementa
tion of Research 

This category is concerned with dl'veloping and· 
transferring research and technology into prac· 
tice, or, as it has been commonly idf'ntified. 
"technology transfer." 

7. Improved Technology for Highway Main-
tenance 

I 
Maintenance R&D objectives include th(' develop. 
ment and application of nf'W technology to im
prove management, to augment th(' utilization 
of resources. and to incrf'ase operational efficif'nc}, 
a~d safety in the maintenance of highway 
facilities. 
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