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by the American Association of State Highway and Trans-
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are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
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cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
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FOREWORD 	This report will be of particular value to highway designers and planners concerned 
with highway traffic noise problems. It presents two methods of predicting traffic 

	

By Stafl 	noise levels at locations adjacent to highways, as well as procedures for applying 

	

Transportation 	noise control measures through highway designs or modifications to existing facili- 

	

Research Board 	ties. Sample problems throughout the text illustrate application of the procedures. 
Four appendices accompany the design guide. The first is a summary of the findings 

reported in a companion publication, NCHRP Report 173, "Highway Noise—Gen-

eration and Control," which contains the balance of the final report from this 
project that is being published. The second appendix is a comprehensive manual 
for users of the design guide computer program; the third describes procedures for 
obtaining measurements of community noise levels; the last contains a suggested 
procedure for evaluating the environmental impacts arising from highway-generated 

noise. 

Awareness by the NCHRP sponsors of community problems caused by high-
way noise was responsible for initiation of NCHRP research in this area several 
years ago. Since 1964 there have been four separate phases to Project 3-7; the 
results of the first three phases have been presented in previous reports. NCHRP 

Report 78, "Highway Noise—Measurement, Simulation, and Mixed Reactions," 
concerns the selection of appropriate means and units for measuring and evaluating 
the impacts of traffic-generated noise. NCHRP Report 117, "Highway Noise—A 
Design Guide for Highway Engineers," presents the results of the second phase, 
whose objective was to prepare a predictive technique for calculating the highway 
noise levels that could be associated with new highway designs. The design guide 
that evolved also permits the evaluation of design changes aimed at ameliorating 
noise impacts. In the third phase, the objectives were to measure the effectiveness 
of highway design treatments for noise reduction under various traffic and environ-
mental conditions. This made it possible to improve the predictive methods pre-

sented in NCHRP Report 117, and the results were published as NCHRP Report 

144, "Highway Noise—A Field Evaluation of Traffic Noise Reduction Measures." 
For highway designers, the present report probably contains the most impor-

tant element of the final-phase findings from the NCHRP highway noise research. 
That is a revised design guide procedure for predicting highway-generated noise 
levels and the effects of various control measures. These procedures supersede the 

procedures given in Report 117 and the modifications in Report 144, Appendix C. 

The computer program for the design guide procedure is listed in its entirety in 
Appendix B of this report, together with inputs for a sample problem. If necessary, 
copies on card or tape may be obtained at nominal cost upon request to the Program 
Director, National Cooperative Highway Research Program, 2101 Constitution 
Avenue, N.W., Washington, DC 20418. Another project result, a 19-minute color 
film entitled "Quiet Highway Design," may also be obtained on a loan basis upon 
request to the Program Director, NCHRP. 

With one exception, the other studies that were conducted in the concluding 
phase of NCHRP Project 3-7 are described in NCHRP Report 173, "Highway 

Noise—Generation and Control." The investigation of the impacts of time-varying 
noise levels, which has not been published, has been summarized in NCHRP Sum-

mary of Progress Through 1976, copies of which may be obtained upon request. 
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HIGHWAY NOISE 
A DESIGN GUIDE FOR 

PREDICTION AND CONTROL 

SUMMARY 	This report has resulted from continuing research directed toward the improvement 
of procedures for both highway noise prediction and the evaluation of highway 
design measures for ameliorating noise impacts. Its purpose is to provide tools use-
ful to the highway designer. These techniques are based on past and recent re-
search results that have been described in previously published NCHRP reports and 
in a companion report to this one, NCHRP Report 173, "Highway Noise—

Generation and Control." 
Because this research product is more a manual than a report, its organization 

differs from that of the usual NCHRP report. It begins with a glossary of terms 
used in highway noise investigations and then briefly describes basic concepts related 
to highway noise and reactions to noise. The report then presents an overview of 
the suggested noise-prediction methodology, which is a four-step process. The first 
step is to approximate noise impacts using a nomograph procedure to determine 
noise levels associated with given traffic and site characteristics. The second step 
is to refine these predictions by more accurate representations of design parameters 
and use of a computer program that has capabilities for plotting as well as calculat-
ing noise impacts. This step also identifies the highway elements that are contribut-
ing to excessive noise levels. The third step is to introduce appropriate noise-control 
options and evaluate them, using a noise barrier nomograph solution. Lastly, 
selected options are fully evaluated using the computer program again. 

Guidance is provided for using the techniques, together with sample problems 
that show their application. The final chapter provides a comprehensive review of 
noise control measures, including not only barriers but also other alternatives, such 
as grade separations, decks, and right-of-way modifications. 

The report's four appendices offer a summary of the findings presented in 

Report 173 (mentioned previously), procedures for measuring background noise 
levels, an evaluation of an environmental impact assessment procedure, and a user's 
manual describing and listing the computer programs for predicting and plotting 

highway noise levels. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

The purpose of this design guide is to provide the highway 
engineer or designer with the tools necessary to predict, 
evaluate, and minimize traffic-generated noise levels in the 
surrounding community. The design guide procedures pre-
sented herein are based on the theoretical, experimental, 
and practical results developed under NCHRP Project 3-7, 
as well as other highway noise studies undertaken over the 
past ten years; 

RESEARCH APPROACH 

It must be recognized that the solutions to the traffic noise 
problem generated on highways may be approached in three 
different ways. The first approach involves direct control 
of the noise emission by the individual vehicles; the second 
involves noise control at the community level through either 
careful zoning practices or acoustical upgrading of existing 
or proposed structures; the third utilizes highway location 
and design as the main medium to achieve a proper noise 
environment in the community. The procedures developed 
in this design guide relate to only the last approach—noise 
control through highway design—because the principal user 
of this document, the highway designer, is generally re-
stricted to this method of noise control. It should be noted, 
however, that the companion report (1) to this design guide 
discusses in detail the other two aspects of traffic noise 
control: source and community alternatives. Readers in-
terested in this information, as well as the technical back-
ground used in the development of the design guide, are 
urged to consult that companion report. A convenient sum-
mary of the research covered by that companion report is 
presented in Appendix A of this design guide. In addition, 
another study of this research, concerning time-varying 
highway noise criteria, has been summarized in NCHRP 
Summary of Progress Through 1976 (2). 

The procedures presented herein consist of a series of 
manual steps and calculations that are used in concert with 
a computer program to predict, evaluate, and control traffic 
noise through highway design. First the manual method, 
through a simple nomograph procedure, evaluates to a first 
approximation the expected noise impact areas. The noise 
levels at critical locations are then more accurately predicted 
by a computer program that also evaluates and pinpoints 
the highway segments responsible for excessive noise. The 
manual method is again used to optimize the type and num-
ber of available noise-control approaches. The effect of 
these approaches or measures is then recomputed by the 
computer program to show their effect on the total high-
way noise picture. The intent of the design guide is to use 
the manual method—computer program combination as a 
system for the evaluation of a traffic noise problem in such  

a manner as to minimize the time and cost of highway noise 
computations and noise-control designs. 

The procedures of the design guide are applicable equally 
well to problems involving location or design studies of new 
highways and modifications or upgrading of existing roads. 
This is especially important in view of the noise regulations 
promoted by the Federal Highway Administration in 
Federal-Aid Highway Program Manual (3). (This ref-
erence is used throughout the remainder of this design 
guide as FHPM 7-7-3.) A noise criterion based on the 
results of previous NCHRP studies (4, 5), as well as the 
current project findings, is also included in the evaluation 
process (Appendix D). The intent of this additional ma-
terial is to provide the highway engineer with a means of 
evaluating the impact of highway noise on the community. 

ORGANIZATION OF THE DESIGN GUIDE 

The format used in the design guide is as follows: 

Chapter Two gives a glossary of the terminology of both 
the acoustical and roadway aspects, as well as the defini-
tions of symbols used in the design guide. 

Chapter Three 'introduces the basic concepts on which 
the noise prediction method used in the design guide is 
based. An understanding of these concepts is important if 
the user is to make adequate decisions in using the guide. 
This chapter first introduces the basic parameters of en-
vironmental noise, because these parameters are the ones 
that the design must set out to calculate; then discusses the 
analytical model that forms the heart of the calculation 
procedure; and finally presents some comments concerning 
the response of people to noise environments, as well as the 
FHPM 7-7-3 noise standards. 

Chapter Four presents a general overview of the method-
ology used. The parameters considered in the traffic situa-
tion are defined and discussed, and the interrelationship 
between the design guide manual methods and computer 
program procedures are explained, showing how they inter-
act for a typical problem approach. 

Chapter Five presents step-by-step instructions for the 
"short method" calculations using the hand calculation 
scheme. 

Chapter Six discusses the "complete method" calcula-
tions, involving a combination of computer and hand pro-
cedures designed to predict and evaluate highway noise 
problems. 

Chapter Seven addresses the problem of traffic noise con-
trol through highway design. A step-by-step procedure with 
examples is provided, with discussion of the options avail-
able to the designer. 



Appendix A summarizes the findings and conclusions of 
the supporting technical studies (1, 2) leading to the De-
sign Guide. The reader is directed to this appendix for a 
general overview of the project. 

Appendix B contains the computer user's manual, as well 
as the listing of the program. Questions of input-output 
formulation are discussed. 

Appendix C contains the measurement procedures recom- 

mended for use in the evaluation of ambient noise levels. 
Appendix D provides noise level criteria for various land 

uses, and a method for assessing noise impact. The criteria 
and impact methodology are based on the concept of 
equivalent noise level, rather than the L10  level specified 
in FHPM 7-7-3. The choice of equivalent level is based 
on the results of research performed during the NCHRP 
3-7 project. 

CHAPTER TWO 

GLOSSARY OF TERMINOLOGY 

This chapter contains a glossary of the terminology used 
throughout the design guide. This glossary is divided in 
three main groups, as follows: 

Acoustical Terminology, containing the definitions of 
all terms that are acoustical in nature. 

Roadway Terminology, containing the definitions as-
sociated with the roadway design and evaluation. Where 
possible, these definitions are consistent with those used in 
the "Highway Capacity Manual," HRB Special Report 87 
(1965). 

Definition of Symbols, containing the definitions of 
the symbols used in the design guide. 

A. ACOUSTICAL TERMINOLOGY 

A-WEIGHTED SOUND LEVEL: the most generally used mea-
sure of the magnitude of traffic noise. It is defined as the 
sound level, in decibels, measured with a sound-level meter 
having the metering characteristics and a frequency weight-
ing specified in American National Standard Specification 
for Sound Level Meters, ANSI S1.4-1971. Colloquial prac-
tice often refers to numerical values of A-weighted sound 
level as "dBA." Inasmuch as this practice is so univer-
sally used in highway noise problems, it is continued in 
this report. The A-weighting tends to de-emphasize lower-
frequency sounds (e.g., below 1,000Hz.). 

AMBIENT NOISE LEVEL: the noise level existing in an area 
before introduction of the proposed roadway. This quan-
tity is measured in dBA and expressed as L10  or Leq  ambient 
noise levels. 

AUDIBLE SPECTRUM: the frequency range normally as-
sociated with human hearing. For noise-control purposes, 
this range is usually considered to include frequencies 
between 20 Hz and 10,000 Hz. 

DECIBEL (dB): a logarithmic "unit" that indicates the 
ratio between two powers. A ratio of 10 in power cor-
responds to a difference of 10 decibels. 

dBA *: an expression frequently employed to represent 
a numerical value of A-weighted sound level, in decibels. 

FREQUENCY: the number of times a sine wave of sound 
repeats itself in a second of time. The unit of frequency 
is called the hertz, abbreviated as Hz, or cycles per second. 

FREQUENCY BAND: an interval of the frequency spectrum 
defined between an upper and lower "cut-off" frequency. 
The band may be described in terms of these two frequen-
cies, or, preferably, by the width of the band and by the 
geometric mean frequency of the upper and lower cut-off 
frequencies (e.g., "an octave band centered at 500 Hz"). 

Hz: the abbreviation for the unit of frequency, in hertz. 
LEVEL: indicates that the quantity referred to is in the 

logarithmic notation of decibels, with a standardized ref-
erence quantity used as the denominator in the decibel ratio 
expression. 

L10: the sound level that is exceeded 10 percent of the 
time; that is, the 10th percentage point or the 90th per-
centile of the sound pressure level probability distribution 
function. 

the sound level that is exceeded 50 percent of the 
time; that is, the 50th percentage point or percentile of the 
sound pressure level probability distribution function (also 
called the median level). 

the equivalent sound level, expressed in decibels 

and defined as Leq  = 101Iogio(1[7 2_dt). May be 
P ref 

approximated as the logarithmic sum of a series of discrete 

samples of sound level: Leq  = 10 10910 	 antilog10  

(L.t/10)]. 

* In interpreting traffic noise levels in dBA, a change of 10 dBA cor-
responds to a subjective judgment of the halving or doubling of the noisi-
ness of the sound. In other words, a sound judged to be twice as noisy 
as another sound would have a sound level rating approximately 10 dBA 
greater than the first sound. A sound 20 dBA greater than the first sound 
would generally be rated as four times as noisy as the first sound. On the 
other hand, a difference of I or 2 dBA between sounds, although detect-
able if heard within a short time interval, would not be judged as a very 
significant difference by most observers. 



SINGLE-LANE EQUIVALENT OF A ROADWAY: the single-lane 
representation of the roadway which, to the observer, is 
acoustically similar to the real roadway. 

SOUND LEVEL: weighted sound level measured with a 
sound-level meter having metering characteristics and a 
frequency weighting of A, B, or C as specified in the sound-
level meter standard. 

SOUND PRESSURE LEVEL: defined as: SPL=L.= 

10 	log — --= 20 iog-R_= 20 micropascals, and p is 
Pref 	 Pref 

sound pressure. 

B. ROADWAY TERMINOLOGY 

AT-GRADE ROADWAY: a roadway element that is level with 
the immediate surrounding terrain. 

AUTOMOBILES: all vehicles with two axles and four 
wheels designed primarily for passenger transportation 
(generally automobiles fall below 10,000 lb gross vehicle 
weight). 

AVERAGE ANNUAL DAILY TRAFFIC (AADT): the total 
yearly volume divided by the number of days in the year. 

AVERAGE HIGHWAY SPEED (ARS): the weighted average 
of the design speeds within a roadway section. 

CAPACITY: the maximum number of vehicles that has a 
reasonable expectation of passing over a given section of 
a lane during a given time period under prevailing roadway 
and traffic conditions. 

DEPRESSED 'ROADWAY: a roadway that is constructed 
below the immediate surrounding terrain. 

EDGE OF SHOULDER: the farthest points on each side of 
the roadway that have been graded or paved for emergency 
vehicular use. 

ELEVATED ROADWAY: a roadway that is constructed 
above the immediate surrounding terrain, either on a land 
fill or a structure. 

FINITE ROADWAY ELEMENT: any roadway element with 
a length shorter than 8 DN, where DN  is the observer-to-
near-lane distance. 

HEAVY TRUCKS: all vehicles with three or more axles. 
INFINITE ROADWAY ELEMENT: any roadway element with 

a length longer than 8 DN, where DN  is the observer-to-
near-lane distance. 

LIGHT TRUCKS: all vehicles with two axles and four 
wheels designed primarily for cargo transportation. 

MEDIUM TRUCKS: all vehicles with two axles and six 
wheels (generally medium trucks are gasoline driven and 
have a low exhaust stack). 

NORMAL ROADWAY: a roadway element with a moder-
ately rough asphaltic pavement or concrete surface. 

OFF-ROADWAY SHIELDING: shielding such as barriers, 
earthmounds, natural ground, structures, and vegetation 
located outside the roadway right-of-way. 

OBSERVER: the location at which noise levels are com-
puted and analyzed; also called "receiver" throughout the 
text. 

PAVEMENT: that part of the roadway having a con-
structed surface for the facilitation of vehicular movement. 

PERCENTAGE GRADIENT: the change in roadway eleva-
tion per 100 ft of roadway. 

RIGHT-OF-WAY: a general term denoting land, property, 
or interest therein, usually in a strip, acquired for or 
devoted to transportation services. 

ROADSIDE BARRIER: infinite or finite walls or earth berms 
located near the roadway and parallel to it. Such walls 
must be solid and not undercut. 

ROADWAY: used here to designate any arterial highway, 
expressway, freeway, or parkway for which the analysis 
developed in this guide is applicable. 

ROADWAY ELEMENT: a section of roadway with con-
stant geometric characteristics and vehicular operating 
conditions. 

ROADWAY SHIELDING: all shielding located within the 
roadway right-of-way. This includes the shielding provided 
by the roadway vertical configuration, roadside barriers, 
vegetation, etc. 

ROADWAY SURFACE: the characteristics of the roadway 
pavement (see smooth, normal, or rough roadway). 

ROADWAY WIDTH: The distance, in feet, between the out-
side edges of the nearest and farthest traffic lanes, includ-
ing median. 

ROUGH ROADWAY: a roadway element with a rough 
asphaltic pavement or pitted concrete with voids ½ in. or 
larger in diameter, or grooved concrete. 

SHIELDING: any construction or natural barrier which, 
when interposed between the roadway and the observer, 
will provide an excess reduction in roadway noise. 

SHOULDER: that portion of the roadway between the 
outer edge of the through traffic pavement and the farthest 
point from the roadway which has been graded or paved 
for emergency vehicular use. 

SMOOTH ROADWAY: a roadway element with a very 
smooth, seal-coated, asphaltic pavement. 

SPEED: the rate of movement of vehicular traffic, in 
miles per hour. 

TOP OF CUT: that line corresponding to the cut line in 
depressed roadways. 

TRAFFIC LANE: a strip of roadway intended to accom-
modate a single line of moving vehicles. 

UPGRADE GRADIENT: a roadway element with a positive 
gradient of more than ½ percent in the direction of traf-
fic flow. Two-directional traffic always has an upgrade 
component. 

VOLUME: the number of vehicles that pass over a given 
section of a lane or roadway during a time period of 1 hr 
or more. Volume can be expressed in terms of daily traffic 
or annual traffic, as well as on an hourly basis. 

C. DEFINITION OF SYMBOLS 

A = general parameter. 
B = general parameter. 
C = general parameter. 
D = distance parameter, measured between the observer 

and the nearest point of the center line of the road-
way, in feet. 



CHAPTER THREE 

BASIC CONCEPTS 

In this chapter, some of the basic concepts and findings of 
the studies that have led to the development of this design 
guide are discussed. It is believed that an appreciation of 
these matters will help the reader to use the design guide 
more effectively, and to exercise good judgment where 
necessary. 

A. PARAMETERS OF ENVIRONMENTAL NOISE 

The three dimensions of environmental noise that are of 
particular concern in determining subjective response are: 

The intensity or level of the sound. 
The frequency spectrum of the sound. 
The time-varying character of the sound. 

The first two of these dimensions are adequately handled 
in the case of traffic noise by measuring or calculating the 
noise in terms of the "A-weighted" sound level. The A-scale 
reading of a standard sound-level meter provides a single-
number measure of the noise stimulus that "weights" the 
frequency spectrum of motor vehicle noise approximately 
in accordance with the subjective sensitivity of humans to 
sounds at different frequencies. Hence, the A-weighted 
sound level in decibels provides a measure of the level and 
spectrum of the noise that correlates well with subjective 
response to the noise. 

The third dimension reflects the fact that environmental 
noise is rarely stationary; that is, its magnitude often varies 
from minute to minute, or even from second to second. 
Road traffic is by far the most common source of environ-
mental noise, and traffic noise levels tend to follow the 
traffic activity closely. It follows that, on the macroscopic 
time scale, environmental noise is usually highest during the 
day, and especially during the morning and afternoon traf-
fic peaks. Levels reach their lowest values during the night 
when local traffic activity all but ceases and arterial ac-
tivity becomes small. On the microscopic time scale, en-
vironmental noise follows the moment-to-moment details of 
traffic patterns. Inasmuch as such patterns are effectively 
random in time, the corresponding short-term noise fluc-
tuations are also random. 

Environmental noise level variations on the macroscopic 
time scale can be handled by analyzing the traffic flow situa-
tion at different time intervals during the 24-hour day. Such 
a procedure is convenient because the requirements that a 
person places on his environment also change from one 
time interval to another. 

Short-term variations are most sensibly accounted for 
statistically. Specifically, one can determine a "statistical 
time distribution" that identifies each level within the en-
vironmental range with the percentage of time that level, 
over the short term, is exceeded. The 10 percent level is 
the level that is exceeded 10 percent of the time. This  

descriptor of the "statistical time distribution," symbolized 
by L 10, plays a very important role in the design guide be-
cause the FHPM 7-7-3 noise standards are presented in 
terms of this unit. All of the manual and computer calcula-
tions are reported in terms of L50  levels.* 

B. PREDICTION OF TRAFFIC NOISE 

The maximum noise emitted by an automobile as it passes 
an observer increases approximately with the third power 
of road speed. This is due primarily to tire noise created 
by the tire-roadway interaction. The noise output of trucks 
is a more complicated phenomenon. First, the truck popu-
lation can be divided into three distinct classes according to 
their noise emission characteristics: (a) light trucks, (b) 
medium trucks, and (c) heavy trucks (for definitions see 
Chapter Two.). Light trucks refer to two-axle, four-wheel 
vehicles such as panel and pickup trucks. Their noise 
characteristics are similar to those of automobiles, and in 
this design guide are treated as automobiles. Medium trucks 
refer generally to gasoline-powered, two-axle, six-wheel ve-
hicles, such as city trucks without a vertical (high) exhaust 
muffler. This family of traffic noise sources follows closely 
the behavior observed for automobiles (that is, a third-
power dependence with the road speed) but is inherently 
"noisier." As a rule, medium trucks are approximately 
10-dBA noisier than the same volume of automobiles 
traveling at a comparable speed. 

Heavy trucks represent a much more complex noise 
source. These sources refer generally to diesel-powered, 
three-or-more-axle vehicles composed of a multitude of 
noise mechanisms, all contributing to the over-all noise 
level emitted. Tire noise, exhaust noise, intake noise, en-
gine noise, gear noise, and others are among these con-
tributors. However, extensive measurements of actual traf-
fic conditions point out that truck noise can be adequately 
simulated by the exhaust noise source; that source being 
also critical in noise control due to the spatial location of 
the exhaust. Because drivers tend to operate their vehicles 
at a constant engine speed (rpm), the exhaust noise level 
remains constant with increase in speed. 

A significant difference between the noise generated by 
automobiles and medium trucks, and the noise generated by 
heavy trucks is their spatial location. For automobiles and 
medium trucks, the main noise source is tire noise concen-
trated near the tire-pavement interface (zero height relative 
to pavement). For heavy trucks, the main noise source is 

* Another descriptor of interest is the "equivalent level,' (symbolized 
by L0 5). The L 5  descriptor, defined previously in Chapter Two, is of 
particular interest due to its well behaved properties. It should be noted 
that the computer program output may be presented in terms of L05  if 
desired. The user's manual (Appendix B) shows the modification neces-
sary. The reason for calculating L05  is twofold: (a) the ease of its use 
when combining the effect of many noise sources, and (b) the criteria 
used to calculate "noise impact" are written in terms of L05  (see Appen-
dix D). 



exhaust stack noise, which is normally centered around a 
point about 8 ft above pavement level. This difference in 
source height, as well as the difference in noise emission 
behavior, precludes the possibility of combining these 
sources for a single noise prediction procedure. Instead, 
the two contributors of tires and exhaust must be treated 
separately throughout the prediction procedure and may be 
combined only at the end of all computations, as is shown 
in subsequent sections. 

Consider now a single-lane pavement that is straight and 
infinitely long, and that lies at grade with respect to a flat, 
level terrain. The members of each vehicle classification 
(automobiles, medium trucks, and heavy trucks) are con-
sidered uniformly distributed along the lane, and each 
vehicle classification is categorized by the volume flow 
(vehicle/hour) and average (group) speed (miles/hour). 
Analysis of this rather idealized system shows, when the 
density of vehicles per unit length is sufficiently high,that 
the sideline noise of the automobile and medium truck 
populations increases linearly with the volume flow, and as 
the third power of average speed. On the other hand, under 
the same conditions the noise of the heavy truck population 
(for both tires and exhaust sources) increases linearly with 
the volume flow, but decreases slightly with an increase in 
average speed. 

A further finding of this analysis, as well as experimental 
measurements, is that sections of roadway that subtend 
equal angles at a fixed observer location contribute equally 
to the observer noise environment, provided ideal condi-
tions (both environmental and physical) are maintained. 
However, these ideal conditions are seldom present under 
what are called "free-field conditions," * and elements sub-
tending a given angle far away from the observer con-
tribute less than elements directly in front of the observer. 
This is due to the attenuation provided by small terrain 
interference and wind and temperature gradients that have 
a destructive effect on the sound emanating from far away 
elements. Thus, the noise contribution of any finite ele-
ment of roadway can be derived from the infinite roadway 
model, provided the subtended angle and the offset dis-
tance from the normal to the roadway are known. 

Further, nonideal attributes of real roadway systems can 
be accommodated by adjustments of the finite roadway 
model, as follows: 

Any realistic number of lanes, with or without me-
dian separator, can be collectively grouped either as an 
"equivalent" single lane or two "equivalent" lanes, provided 
the lanes lie in the same horizontal plane and are not ob-
structed acoustically from each other. The appropriate ad-
justment is determined by the relation of the near and far 
lanes to the observer. 

2. Vertical translation of the roadway to an elevated or 
depressed position, with respect to the terrain, can also be 
accommodated if an adjustment is made in the predicted 
noise levels to account for the shielding effect imposed by 
the vertical displacement. The extent of shielding depends 
on the extent to which the roadway configuration blocks 

* In the absence of all definable shielding (barriers, trees, houses, etc.) 

the line of sight between the observer and the "equivalent" 
single (or double) lane representing the roadway. 

A real roadway system, therefore, having the real at-
tributes of curves, gradient changes, cross-section changes, 
flow changes, etc., can be synthesized by a number of finite 
discrete roadway elements. The noise of each element can 
then be derived from the infinite roadway model with ad-
justments to account for each of these real attributes, as 
discussed in the following sections. 

C. REACTION TO ENVIRONMENTAL NOISE 

The effects of noise on people fall into three general cate-
gories: 

Subjective effects of annoyance, nuisance, and dis-
satisfaction. 

Interference with activities, such as speech, sleep, and 
learning. 

Physiological effects, such as startle and hearing loss. 

The noise levels associated with traffic noise are, in al-
most every case, of concern only in the first two categories. 
Unfortunately, there is no completely satisfactory objec-
tive measure of the subjective effects of noise. In labora-
tory evaluations it is possible to quantify the comparative 
subjective reactions between different sounds. However, no 
experiments yet provide an entirely adequate absolute mea-
sure for subjective reaction. This result stems primarily 
from the wide variations in individual thresholds of an-
noyance, familiarization to noise over differing past ex-
periences with noise, the semantic content conveyed by 
specific sounds, and the meaning of the source of noise 
itself. 

In terms of task interference with speech or sleep, quan-
titative evaluations of criteria, although difficult, are more 
easily obtained. For example, many data exist concerning 
the effects of a steady masking noise on the intelligibility 
of speech in different environments or speech conditions. 
Data also exist on the maximum permissible noise levels for 
different speech environments; e.g., the continuous noise 
levels that should not be exceeded if adequate telephone 
use or acceptable TV listening is to be expected for most 
people. The interference with speech due to noises that are 
intermittently higher than the average to which the listener 
is normally exposed is not yet well understood. 

The effect of noise on sleep interference is more difficult 
to assess than the effect on speech interference. Study of 
sleep interference is difficult because of the different physio-
logical states of sleep, as well as the fact that sleep inter-
ference can exist without a person being consciously 
awakened. Recent experiments do provide guidelines, how-
ever, in considering sleep interference effects in the selec-
tion of design criteria for traffic noise. 

Moving from laboratory data to the results of social sur-
veys of traffic noise adds some insight in the development 
of criteria. The surveys help determine percentages of 
people having different responses to various noise sources. 
When the results of the surveys are examined against physi-
cal descriptions of the noise environment, information can 
be developed on at least those significant physical measures 



of noise that contribute to the variance in the general re-
sponse of a community to noise. It is worth observing that 
physical descriptions alone generally account for less than 
one-half the components of variance in the community re-
sponse to noise, with the other nonphysical factors men- 
tioned earlier often dominating. 

Certain general factors may be deduced from the present 
body of laboratory and social survey studies, as follows: 

Interference •with speech or TV listening is the pre- 
dominant complaint against traffic noise. 

Interference with sleep is often cited as a complaint. 
Both the time-average noise level and measures of the 

magnitude and rate of occurrences of peak noise levels are 
important in describing people's response to traffic noise. 

On the basis of the foregoing considerations, suggested 
design criteria for traffic noise have been derived, as sum-
marized in Table D-l. These criteria specify maximum 
noise levels that would be considered acceptable by the 
average individual with respect to speech interference, radio 
and TV interference, sleep interference, and annoyance. 

Numerous situations exist where people now live with 
traffic noise levels that are in excess of those specified in 
Table D- 1. This is not to say that these noisy environments 
are entirely satisfactory; rather, people will either accept an 
unsatisfactory noise environment, move away from it, or 
attempt to bring legal action to reduce the noise. In other 
cases, the design criteria presented are higher in some in-
stances than the levels considered desirable by some pub-
lic authorities. The criteria in Table D-1 are presented as 
long-range goals that will provide a completely acceptable 
acoustic environment. The researchers believe that exceed-
ing these criteria by more than 10 dB will result in a 
significant impact on the majority of the population. 

Independent of the foregoing criteria, the Federal High-
way Administration has developed maximum permissible 
noise-level criteria for all federally funded highways. These 
design goals, set forth in FHPM 773 (3), consider new 
and existing roadways (when improvements affect the noise 
levels) and require noise evaluation and control reports at 
each of two highway planning stages: (a) location and 
(b) design. Table 1 presents a summary of the noise limits 
for various land-use descriptions. It should be noted that 
these levels are 'generally higher than those developed in 
this study. 

The major objective of the guide/computer program is 
to allow the highway designer to predict highway noise 

TABLE 1 

FEDERAL HIGHWAY ADMINISTRATION NOISE 
STANDARDS" 

DESIGN NOISE LEVEL/LAND-USE RELATIONSHIP 

DESIGN 

NOISE 

LAND-USE 	LEVEL, 

CATEGORY 	L10 DESCRIPTION OF LAND-USE CATEGORY 

A 	60 dBA Tracts of land in which serenity and 
(exterior) quiet 	are 	of 	extraordinary 	signifi- 

cance and serve an important public 
need, and where the preservation of 
those 	qualities 	is 	essential 	if 	the 
area is to continue to serve its in- 
tended purpose. 	Such areas could 
include 	amphitheaters, 	particular 
parks or portions of parks, or open 
spaces that are dedicated or recog- 
nized by appropriate local officials 
for activities requiring special quali- 
ties of serenity and quiet. 

B 	70 dBA Residences, 	motels, 	hotels, 	public 
(exterior) meeting 	rooms, 	schools, 	churches, 

libraries, 	hospitals, 	picnic 	areas, 
recreation areas, playgrounds, active 
sports areas, and parks. 

C 	75 dBA Developed 	lands, properties or ac- 
(exterior) tivities not included in categories A 

and B. 

D 	 - 	For requirements on undeveloped 
lands see FHPM 7-7-3 (3). 

E 	55 dBA 	Residences, motels, hotels, public 
(interior) 	meeting rooms, schools, churches, 

libraries, hospitals, and auditoriums. 

"FHPM, Vol. 7, Ch. 7, Sec. 3 (3). 

levels, compare them with FHPM 7-7-3 guidelines, and 
determine what corrective actions, if any, are available 
through highway location or design changes. In a support-
ing role, Appendix D presents the procedure necessary to 
evaluate highway noise impact using the criteria developed 
in the design guide. Highway engineers confronted with 
very sensitive community situations are urged to evaluate 
the impact of a proposed design using this procedure 
(Appendix D), in addition to FHPM 7-7-3 guidelines. 



CHAPTER FOUR 

THE METHODOLOGY OF TRAFFIC NOISE PREDICTION 

The previous chapter discussed some of the basic concepts 
involved in defining and analyzing the highway noise en-
vironment. The intention in this chapter is to describe in 
general terms the methodology used in the design guide. 

The general traffic situation is composed of an infinity of 
variables; different cars driving at different speeds through 
a continuously changing highway configuration and sur-
rounding terrain. Obviously, to make the problem tractable 
certain assumptions and simplifications must be made. This 
is done through a model of the traffic situation that defines 
only the most important parameters involved. As described 
in previous chapters, the design guide uses a system ap-
proach to highway noise prediction and control by com-
bining hand calculations and a computer program to arrive 
at the desired results. The relationship between these two 
prediction procedures is discussed in this chapter. 

A. DEFINITION OF PARAMETERS 

Consider a highway traversing a populated area. The sim-
plest case would be a perfectly flat and straight road of 
constant cross section, carrying a constant vehicle volume. 
Thus, observers at different positions along the highway, 
each at a distance of 400 ft, would be subjected to the 
same, unchanging noise level. In this simple case the high-
way can be defined as a constant infinite noise source. On 
the other hand, if the roadway geometry is not constant 
with respect to the observer (four lanes changing to two 
lanes, curves, etc.), the infinite noise source model no 
longer is true and the geometry must be divided into ele-
ments of constant characteristics. In reality, because a 
practical model is being dealt with, these constant charac-
teristics are allowed to vary within certain practical limits. 

For the purposes of this discussion, a road element is 
defined as that section of the road for which the geometrical  

configuration, traffic density, and average traffic speed over 
the element length may be considered constant. Each road 
element so identified can be described by a series of 
parameters that must be known or measured. 

B. PROCEDURE 

As mentioned previously, the approach used in the design 
guide involves a combination of hand calculations and com-
puter analysis to predict and design control measures for 
highway noise levels. For presentation purposes, the hand 
calculations are referred to as the "short method" and the 
computer program as the "complete method," because, in 
principle, they correspond to the same designations in 
NCHRP Report 117 (4). However, it must be noted that 
the capabilities of these prediction tools go beyond the 
NCHRP Report 117 design guide capabilities, as shown in 
subsequent chapters. 

Figure 1 presents a summary of how the system should 
be properly used. The procedure is as follows: 

Step 1: The first step involves use of the "short method." 
The objective is to obtain a quick and gross (always over-
predicting) prediction of the expected noise levels. This is 
necessary because the prediction of true highway noise 
levels is a rather complicated subject. However, in many 
instances it is desirable to first obtain a rough idea of the 
potential problem areas without full knowledge of the hori-
zontal and vertical roadway design parameters. Such is the 
case, for example, of a location study where a number of 
alignments must be considered. Also, this first step helps to 
eliminate areas that do not represent a problem in terms 
of noise levels, thus simplifying further evaluation. 

The "short method" prediction can be performed quickly 
through use of two nomographs and knowledge of a few 

$TEP 	METHOD OBJECTIVE USE OF RESULT 

I 	Short method (nomographs Quick and gross prediction Problem areas identification. 
and worksheet) procedure No-problem areas elimination. 

Coarse contour tracing. 
II 	Complete method (computer Exact prediction; noisy roadway Final impact evaluation. 

program) elements identification Contour tracing. 
Noise reduction requirements. 
Identification of excessively noisy road ele- 

ments and noise reduction requirements. 
III 	Barrier nomograph Optimization of noise control Development of one or more noise control 

alternatives solutions. 
Preliminary evaluation of noise reduction. 

IV 	Complete method (computer Exact evaluation of noise con- Final contours. 
program) trol effectiveness Final impact evaluation. 

Figure 1. System approach to highway noise prediction and control. 



traffic and roadway parameters. By its very design, the 
"short method" requires many assumptions and approxi-
mations, and should not be used as a final design tool. 

Step II: The "complete method" (computer program) 
represents the complete or "exact" prediction procedure of 
expected noise levels. As such, this method performs simi-
lar duties to the complete method presented in NCHRP 

Report 117. However, further complications of the traffic 
noise model and propagation characteristics resulting from 
the current research effort make it impractical to perform 
all the required calculations by hand. The objectives of the 
complete method are twofold: 

I. To predict, as precisely as possible, highway noise 
levels at one observer or at multiple observer loca-
tions, thus allowing the development of noise con-
tours, special situation evaluations, etc. 

2. To provide the highway designer with a definition of 
impact areas (where standards are exceeded) and the 
identification of "noisy" roadway elements (roadway 
elements that contribute to excessive noise levels). 

Using the information developed by the complete method, 
the designer will be in a position to develop noise contours, 
evaluate sensitive community areas, determine noise reduc-
tion requirements for a particular design, and, most im-
portant, identify which segment(s) of the highway should 
be modified to achieve the desired goal. In other words, the 
output of the computer program can serve, beyond its tra-
ditional role of prediction, as a problem evaluation tool by 
identifying the sections of highway that must be modified  

and the approximate extent of noise reduction required. 
Step III: Once the problem areas have been identified, 

the designer may proceed to determine and evaluate the 
noise control options available to him; i.e., changes in align-
ment and roadway geometry, or the use of roadside bar-
riers or other shielding techniques within the highway right-
of-way. All of these options are explored in this step with 
the objective of evaluating, by manual calculations, the 
"preferred" noise-control alternatives. This is accomplished 
by use of the barrier nomograph (the same as used in the 
"short method" predictions). 

Once again, because the hand calculation techniques are 
based on many assumptions and simplifications, and be-
cause these techniques operate only on the "noisy" elements 
rather than the entire roadway length, the apparent noise-
reduction predictions are only approximate. However, the 
relative noise-reduction effectiveness of various options 
can and should be evaluated by this technique before a 
more complicated and time-consuming exact evaluation is 
attempted. 

Step IV: Finally, the chosen noise-control measures are 
reevaluated using the complete method (computer pro-
gram). It must be noted that very few changes in the 
input data format will be necessary at this point to re-
compute the expected noise levels. Furthermore, the com-
plete method can be used in an iterative procedure if the 
chosen noise control measures fail to completely solve the 
problem. As before, the complete method output will re-
identify any remaining "noisy" elements, and Step III can 
be used again to solve the problem. 

CHAPTER FIVE 

SHORT METHOD 

In the previous chapter, the general methodology of high-
way noise prediction and control was presented by showing 
the interrelationship between hand calculations and the 
computer program. Both are used as a system designed to 
solve highway noise problems in the shortest and optimum 
way. The first step in the system involves the short method, 
which is used to obtain a rough idea of the magnitude of 
the noise levels expected due to either a new highway de-
sign or a highway improvement. The short method relies 
on the use of two nomographs to estimate the L10  levels at 
any observer location. 

It should be noted at this point that the short method 
should not be used in lieu of the complete method, but only 
as a complementary tool designed to simplify the highway 
noise prediction problem. When properly used, however, 
the short method allows the highway designer to quickly 
pinpoint potential trouble areas\and thus reduce the analy- 

sis time by discarding unaffected observer positions. The 
short method is also valuable for preliminary evaluations 
in cases where lack of reliable input information does not 
warrant precise calculations. An example of the latter 
situation might be a location study where a number of 
different alignments are evaluated relative to each other 
without having detailed highway design features established 
for any one configuration. 

Because the short method includes many assumptions 
and simplifications, it has been designed to overpredict ex-
pected noise levels. Therefore, not all potential problem 
areas identified by this means will require corrective ac-
tion when a more detailed analysis is undertaken. ' The 
extent of overprediction by this method may vary from 

The short method may underpredict under very special circumstances 
when the ground plane is very reflective and no shielding is present. 
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zero to a few decibels, depending on the complexity of 
the real highway relative to the short method model 
assumptions. 

The methodology and procedure required to compute 
highway noise levels using the short method are presented 
in the following. Examples of the proper use of this method 
are also included. The explanations of the procedures 
shown are purposely lengthy to ensure proper understand-
ing of this method, even by the engineer who is exposed 
to the problem for the first time. However, it should be 
noted that once the method is understood, the procedures 
are simplified to basically the use of the two nomographs, 
an operation that can be completed in a few minutes. 

A. METHODOLOGY 

The flow diagram that illustrates the methodology is shown 
in Figure 2. Basically the method assumes that the road-
way can be approximated by one infinite element with 
constant traffic parameters and roadway characteristics. 

The initial step in using the short method consists of 
defining an infinite straight-line approximation to the real 
highway configuration. This is done by assuming a straight, 
perpendicular line through the intersect of the normal be-
tween the observer and the roadway centerline. Note that 
on-ramps, off-ramps, and interchange ramps are omitted 
from the short method analysis. Once again, this is done 
to simplify the model and speed up the procedure. 

Once the approximate roadway has been chosen, the fol-
lowing parameters must be computed or estimated: (a) the 
traffic parameters, which include the speed and volume of 
each class of vehicles; (b) the propagation characteristics, 
which describe the location of the receiver relative to the 
roadway; and (c) the roadway shielding parameters, which 
describe the shielding provided by the roadway, if any. 

These parameters are used in two operations. First, the 
traffic and propagation parameters are combined in the L10  
nomograph to determine, for each type of source, the ob-
server unshielded L10  level. Second, the roadway shielding 
parameters (if any) are used in the barrier nomograph to 
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Volume and Ave. Speed 	Roadwy - Observer 
Automobile 	 Distance, D 
Medium Trucks 
Heavy Trucks 

ROAD SHIELDING PARAMETER 

L/S Distance, L,' 
Barrier Posit ion, p 
Barrier Break, B 
Angle Subtended, g 
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Figure 2. Flow diagram of "short method" for predicting highway noise. 
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determine the noise reduction provided for each vehicle 
class. These results are then pooled to determine the total 
L10  level at the observer. 

The final result is then compared to the criteria level, 

L, at the observer (generally FHPM 7-7-3 noise guide-
lines) to define a "no problem" or "potential problem" con-
dition. If a potential problem is identified, the observer 
location in question should be evaluated using the complete 
method. 

B. PROCEDURE 

The step-by-step procedures necessary to calculate noise 
levels by the short method are presented in the following. 
In addition to the nomographs, the method uses a noise 
prediction work sheet to aid the user in the sequential steps. 

1.0 Observer Identification: On a route map of conve-
nient scale, identify all observer locations at which 
analysis is desired. 

2:0 Roadway Approximation: Approximate the roadway 

alignment by a straight infinite line. The procedure is 
as follows: 

2.1 Determine and measure the nearest perpendicular 
distance, D0, between the roadway centerline and 
observer, as shown in Figure 3a. Enter in line 4 
on the noise prediction work sheet (Fig. 4).* 
Note 1: The infinite roadway approximation 

automatically assumes a line perpen-
dicular to the centerline distance, D. 
There is no need to draw this line on 
the route map for computation reasons. 
An illustration of this assumption is 
shown in Figure 3b. Note that for each 
observer location a different roadway 
approximation might result. 

Note 2: The noise prediction work sheet (NPWS) 
(Fig. 4) allows for computations for 

* The noise prediction work sheet and other graphs and figures used in 
the design guide are contained in Appendix E. The user might like to 
reproduce these aids to help him use the design guide. 

Residential Development 
El +10' 

a) Route Map Showing Observer Location and Observer - 
Roadway Centerline Distance, D 

— 	 Assumed Roadway 

:-7i1 — 
Observer 

Residential Developm ent 
El +0' 

b) Model of Assumed Roadway Alignment 

Figure 3. Example of roadway approximation by the s/tort method. 
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NOISE PREDICTION WORK SHEET 

Project 	 Date 	 Engineer 

CL 

2 Vehicle AIIM TH A TM TH A 
TM TH A TM TH A  

ITM THA 11M TH 

1 Vehicle Volume, V(Vph)  

2 Vehicle Av. Speed, S (mph)  

3 Combined Veh. Vol?, V(Vph)  

4 Prop. Observer-Roadway DIst.,D(Ft)  

5 LIne-of-Sight Dist., L/s  (if) 

6 Bar. Position Dist., 	P (if) 

7 E Break in L/S Dist., B(ft) 
I I I I I 

8 Angle Subtended, 9 (deg) 

9 Unshielded L10  Level (dBA) 
 

10 Shielding Adjust. (dBA) 

11 L10  at Observer (By Veh. Class) 
 

12 
CL  

L10  at Observer - TOTAL 

A 	Automobiles, TM = Medium Trucks, TH = Heavy Trucks 

* Applies only when automobile and medium truck average speeds are equal. Vc = VA + (
10)VT 

M 
** If automobile-medium truck volume V is combined, use L10  Nomograph prediction only once for these 

two vehicle classes 

Figure 4. Example of noise-prediction worksheet (NPWS). 

six different observer locations by en-
tering an observer location identification 
at the head of each column. Similarly, 
the NPWS can be used to calculate six 	

4.0 
different traffic conditions for the same 
observer location. 

3.0 Traffic Parameters: Determine the vehicle operating 
conditions by using the traffic parameters at the road-
way point nearest the observer (if these parameters 
vary along the roadway). The procedure is as follows: 

3.1 Determine the automobile volume (vph) and 
average speed (mph) and enter in lines 1 and 2 
under automobiles. 

3.2 Determine the medium truck volume (vph) and 
average speed (mph) and enter in lines 1 and 2 
under medium trucks (T 1). 

3.3 Determine the heavy truck volume (vph) and 
average speed (mph) and enter in lines 1 and 2 
under heavy trucks (TH). 

3.4 If the automobile and medium truck speeds are 
the same, multiply the medium truck volume by 
10 and add to the automobile volume. Enter 
combined volume, V, in line 3 of NPWS. 

Note: If the automobile-medium truck volume is  

combined according to Step 3.4, subse-
quent operations consider these two ve-
hicle classes as one source. 

Roadway Shielding Parameters: If the roadway cross 
section at the nearest point is not at grade (either ele-
vated or depressed) or if a roadside barrier (on the 
roadway right-of-way) is present, determine the road-
way shielding parameters. The procedure is as follows: 

Note: If the elevation, depression, or roadside barrier 
is less than 5 ft high (compared to the sur-
rounding terrain) disregard it. 

4.1 Determine the barrier parameters and enter in 
lines 5 through 8 of the NPWS. Use Table 2 and 
Figure 5 for definitions of parameters. The pa-
rameters that must be measured are: 

Line-of-sight distance, L/S (feet). 
Break in line of sight, B (feet). 
Barrier position distance, P (feet). 
Angle subtended, 0 (degree). 

5.0 Unshielded L10  Level at Observer Location: Deter-
mine the unshielded L10  level at the observer location 
for all three traffic sources (automobiles, medium 
trucks, and heavy trucks) using the L10  nomograph. 
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TABLE 2 

DEFINITIONS OF BARRIER PARAMETERS 

PARAMETER 	 DEFINITION 

Line-of-sight, L/S 	Straight line from the receiver to the 
source of noise. For roadway sources, 
this L/S is drawn perpendicular to the 
roadway. At the source end, the L/S 
must terminate at the proper source 
height: 0 ft for automobiles and medium 
trucks, 8 ft for heavy trucks. At the re- 
ceiver end, the L/S must terminate at ear 
height (i.e., 5, 15, 25, . . . ft above the 
ground, depending on the observer loca-
tion. See Figures 5a, b, c.' The L/S dis-
tance is the slant-length of the L/S, not 
the horizontal distance only. 

Break in the L/S, B The perpendicular distance from the top 
of the barrier to the L/S. If the L/S 
slants, this break distance will slant also. 
This is not the height of the barrier above 
the terrain. See Figures 5a, b, c.' 

Barrier position, P 	Distance from the perpendicular break 
point in the L/S to the closer end of the 
L/S. This is also a slant distance. See 
Figures 5a, b, c.' 

Angle subtended, 9 	Measured at the receiver in the hori- 
zontal plane, the angle subtended by the 
ends of the barrier. See Figure Sd. For 
a barrier always parallel to the roadway, 
an infinite barrier would subtend 1800. 
For finite barriers, the angle may also be 
1800 in the following cases: (1) if the 
barrier ends bend away from the road-
way, so that the actual angle subtended 
is 1800  or more, and (2) if the observer 
cannot see the roadway past the ends of 
the barrier, due perhaps to terrain. 

0 Note that although the 1./S distance and the barrier position distance 
vary slightly for high and low sources, in practice either one may be used. 
However, the break in the L/S distance must be measured accurately for 
high (heavy truck) and low (automobile and medium truck) sources 
separately. 

Note that if the automobile and medium truck speeds 
are equal, these two sources may be evaluated together 
using the combined volume, V, and average speed, 

A' or SM, on lines 3 and 2 ot NPWS (see Step 3.4). 

5.1 Automobiles (and Medium Trucks): Using the 
vehicle volume, V A  (this corresponds to V, the 
combined auto and medium truck volumes, when 
the speeds of these two populations are equal), 
and the average speed, 5A  (or S 5), enter the L10  

nomograph and determine the unshielded L10  

noise level at the observer. Enter on line 9 of 
NPWS. 

5.2 Medium Trucks: Using the vehicle volume, V 51, 
multiplied by 10 * and the average speed, S51, 

enter the L10  nomograph and determine the Un- 

* The medium truck volume is multiplied by 10 because this traffic noise 
source behaves similarly to automobile noise (see Chapter Three, Section 
B), but the over-all level is 10 dBA higher than for automobiles. 

SECTION 

Heavy Break 
Trucks 

81 

 

0 

(a) BARRIER PARAMETERS FOR SIMPLE 
BARRIER, SECTION VIEW 

SECTION 

Position 	
Break 

*Automobfle or medium truck 

0 
U, 

(b) BARRIER PARAMETERS FOR DEPRESSED 
ROADWAY, SECTION VIEW 

SECTION 

Elevated Pavement 
Break 

U 
POSk 

0 
V., 

- 
> 
Ii 
U 
ce 

(c) BARRIER PARAMETERS FOR ELEVATED 
ROADWAY, SECTION VIEW 

- - - 
	Roadway 	 - - - 

Barrier 

Angle Subtended 

Receiver 

(d) BARRIER PARAMETERS, PLAN VIEW 

Figure 5. Barrier parameters for (a) simple barrier, (b) de-
pressed roadway, (c) elevated roadway, (d) plan view. 

shielded L10  noise level at the observer. Enter on 
line 9 of NPWS. 

Note: If automobiles and medium trucks were 
combined in Step 5.1, Step 5.2 would be 

discarded. 
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5.3 Heavy Trucks: Using the vehicle volume, VT , 
and the average speed, ST,  enter the L10  nomo-
graph and determine the unshielded L10  noise 
level at the observer. Enter on line 9 of NPWS. 

Note: The use of the L10  nomograph may be 
explained through the following two ex-
amples: 

Example 1A 

Assume an infinite highway carrying 3,000 automobiles per 
hour at a common speed of 50 mph. Assume a distance 
of 200 ft between the observer and the center line of the 
roadway. Using the L10  nomograph shown in Figure 6, 
proceed as follows: 

Draw a straight line from the left pivot point through 
the 50-mph point on the automobile speed scale. Ex-
tend the straight line to turn line A. The intersection 
is marked Al. 
Draw a second straight line from the intersection point  

Al to the 3,000-vph point on the volume scale on the 
far right of the figure. The intersection of this straight 
line with turn line B is marked Bi. 
Draw a third straight line from point Bi to the 200-ft 
point on the Dc scale. The intersection of this third 
line with the L10  scale gives the predicted A-weighted 
L10  level at the observer. For this example, the pre-
dicted L10  level is 66 dBA. 

Example 2A 

Assume an infinite highway carrying, at the common av-
erage speed of 50 mph, 2,000 automobiles, 100 medium 
trucks, and 100 heavy trucks per hour. Further assume the 
L10  level is desired 200 ft from the source. 

According to Step 3.4, the medium trucks and the cars 
can be combined by multiplying the medium truck volume 
by 10, and then combining it with the car volume. The 
combined volume, V, for cars and medium trucks is 
2,000 + 10 (100) = 3,000 vph. 

Now repeat the previous procedure, utilizing the L10  

L10  NOMOGRAPH 
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nomograph two times: once for the combined automobile 
and medium truck traffic and once for heavy trucks. The 
procedure is shown in Figure 7. 

The results are: for automobiles and medium trucks (0 ft), 
66 dBA; for heavy trucks (8 ft), 68 dBA. 

Both examples 1 A and 2A are summarized on the NPWS 
in Figure 8. Note that if no shielding is present the levels 
due to automobiles and medium trucks, plus the heavy 
trucks, may be added logarithmically to yield the total level 
at the observer. 

6.0 Shielding Adjustment: Determine the noise reduction 
afforded by the roadway geometry using the barrier 
nomograph and the roadway parameters listed in the 
NPWS. This procedure must be performed twice: 
once for the 0-ft source elevation (automobiles and 
medium trucks) and once for the 8-ft ele"ation (heavy 
trucks). 

6.1 Low Sources (0 ft): Using the line-of-sight dis-
tance, L/S, barrier position distance, P, break in 

L/S distance, B0  (for sources at ground level) 
and the angle subtended, 0, enter the barrier 
nomograph and calculate the shielding adjust-
ment. Enter in line 10 of NPWS under auto-
mobile and medium trucks. 

6.2 High Sources (8 ft): Using the line-of-sight dis-
tance, L/S, barrier position distance, P, break in 
L/S distance, B8, (for 8-ft sources) and the angle 
subtended, enter the barrier nomograph and cal-
culate the shielding adjustment. Enter in line 10 
of NPWS under heavy trucks. 

Note: Use of the barrier nomograph is illustrated 
through the following two examples: 

Example lB 

Consider the automobile traffic on the roadway configura-
tion of Figure 9a. This is an extension of Example la, 
except now we have a barrier. 

In the present example, the line-of-sight distance, L/S, 
is 200 ft and the barrier position is 50 ft. The break in 

NOMOGRAPH 
DC  V 

FT VEH/HR 
30 - 15000 

dBA L10000 
40  =oo 

ii IE 
50  7000 

1 5000 
90 

70 
3000 
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(8 FT 

+ 	50 60 70 

PIVE.:r___.._. 	 SPEED: MPH 

60  70 

AUTOMOBILES AND 
MEDIUM TRUCKS 

(OFT) 

3 

2 

OI-1-I-l-1l'lIIIlIIIlIIIIIIIL1  
0 1 2 3 4 5 6 7 8 9 101112 

DIFFERENCE BETWEEN TWO 
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4.44  700 
60. 500 
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Figure 7. Example of L1, nomograph use for problem 2A. 
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NOISE PREDICTION WORK SHEET 

Project 	Examples 1 and 2 	 Date January 1974 	Engineer 
	J. Smith 

Exargple lA Example 2A Example lB Example 2B Examples Complete 
____________________________ ______ ______ ______ ______ 2A and 2B Example 2 

0. 

tA  Vehicle A 
tIM TM A ITM TM A ITM TM A ITM T1-1 

M TH 

1 - U 
Vehicle Volume, V(Vph) 
________________ 3000! ____ ____ 100 100 - - - - - - 2000 100 100 

2 Vehicle Av. Speed, S (mph) 50 
2001 
50 50 50 

____ 

k50 50 50 50 

3 Combined Veh. Volt, V  (Vph) - 3000 -- - - - 3000 

4 Prop. Observer-Roadwvy DIst.,D(ft) 200 200 - - 200 200 

5 LIne-of-Sight Dist., L/ 	(it) - - 200 200 200 200 

6 Bar. Position Dist., 	P (if) - -. 50 50 50 50 

7 E 
vs 

 

Break in L/S Dist., B(ft)  

81 Angle Subtended, 0 (deg)  170°  170°  1700  1700  

9 UnshIelded 	L10  Level (dBA) 66 I 66 - I 68 - - - - - I 	- 66 - 68 66 
J - I 68 

10 Shielding Adjust. (dBA) 0 0 I 	0 12.5 - 12.5 I 	10 12.5 	110 12.5 110 

11 
u 

at Observer (By Veh. Class) 66 
I 

66 
I 
I 68 

1 I 

I 
53.5 I 58 

I 

I 
58 10 0 - - - - - - 	i - - - 

12 
CL 

L10  at Observer - TOTAL 66 70 - - 59.2 or59 

A 	Automobiles, TM = Medium Trucks, TM = Heavy Trucks 

* ApplIes only when automobile and medium truck average speeds are equal. V C = VA + (10)VT 
M 

** If automobile-medium truck volume V is combined, use L10  Nomograph predictIon only once for these 
two vehicle classes 

Figure 8. Example of noise-prediction worksheet utilization. 

L/S is 15 ft, and the subtended angle is 1700. Using the 
barrier nomograph shown in Figure 10, proceed as follows: 

1 Starting from the vertical L/S scale on the left: from 
the 200-ft point on the L/S scale draw a straight line 
going through the 15-ft point * on the "Barrier Break 
in L/S" to the turn line B. From the intersection, called 
A1, draw a straight horizontal. 

2 Starting from the horizontal L/S scale on the bottom: 
draw a straight line through the 200-ft point on the 
L/S scale, and the 50-ft point on the "Barrier Position" 
scale to turn line A. From the intersection, called A2, 
draw a straight vertical until it intersects (at B) with 
the horizontal draWn from A1. 

From B, move to the right upwards following the near-
est curve to turn line C. (If B is on one of the curves, 
simply follow it; if B is between curves, follow the 
nearest curve upward to the right until it intersects with 
the turn line.) 

4 From C, draw a straight line to the line-of-sight (L/S) 
distance (200 ft) point on the vertical L/S scale. It 
will intersect with the pivot line at D. 
From D, draw a horizontal line to the right until it 

Note that the scale is logarithmic; therefore, 15 is not halfway between 
10 and 20. 

intersects the curve corresponding to the subtended 
angle (170°) at E. 

6. Finally, draw a vertical from E upward until it inter-
sects the barrier attenuation scale. The applicable at-
tenuation can now be read (12.5 dBA in the present 
case). 

Note that the procedure is quite short once it is 
understood. 

Example 2B 

Now consider the situation where some heavy trucks are 
present in the traffic. Because some of the truck noise is 
emitted at a height of 8 ft above the pavement, the barrier 
attenuation must be reevaluated, as shown in Figure 9b. 
This is an extension of Example 2a, except now there is 
a barrier. Note that the high break (9 ft) must'be used 
here. However, compared to the previous example, the 
break is the only parameter that needs to be changed. 

Figure 11 repeats the previous result for 0-ft sources 
(cars and medium trucks), and provides the new value for 
8-ft sources (heavy trucks) as evaluated (interrupted lines). 
The result is about 10 dBA. 

The barrier nomograph is a very powerful tool, especially 
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L/S Break, B:15' 

10 ft Wall 

Source 

SECTION 

	Barrier Position, P: 50' 

	 L/Dfstance. 200' 5

,  

Roadway Approximation 	 - - 

Barrier 

170 	__--- - 
PLAN VIEW 	 Observer 
(Distorted Scale) 

Roadway - Barrier Shielding Parameters for Example lB 

L/S Break, B:9' 

10 ft Wall 

SECTION 	 Receiver 

Roadway - Barrier Shielding Parameters for Example 2B 

Figure 9. Examples of barrier shielding prediction. 

in highway noise control. This subject is fully discussed in 
Chapter Seven. A summary of the foregoing two examples 
using the NPWS is shown in Figure 8. 

Note: Although the short method procedure computes 
only the shielding provided by barriers on the roadway 
right-of-way, it should be clear to the user that the barrier 
nomograph can be equally applicable to any other barrier; 
that is, the barrier nomograph may be used to compute the 
shielding of any off-roadway barriers if the user wishes to 
include their contribution to the highway noise evaluation 
at this time. However, for the general case off-roadway 
barriers should be neglected at this time because they are 
"position sensitive" (they affect one observer more than 
others). 

7.0 L10  at Observer, by Vehicle Type: Calculate the L10  

noise level at the observer for each individual source 
by substracting the shielding adjustment (line 10) from 
the unshielded L10  level at the observer (line 9), and 
enter the result in line 11. Note that the shielding 
adjustment is always negative and can be subtracted 
algebraically from line 9. Figure 8 shows an example 
of this step by combining Examples 2A and 2B. 

810 Total L1, Level at Observer: Determine the total L10  
noise level at the observer and enter on line 12. This 
is done by logarithmically adding (decibel addition) 
the contributions from automobiles, medium trucks, 
and heavy trucks computed in line 11. 

8.1 Taking two L10  levels at a time, find the differ-
ence between them and enter the addition scale 
provided in the lower left-hand corner of the L10 
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nomograph. The corresponding adjustment should 
be added to the higher of the two L10  levels. The 
operation is then repeated, two levels at a time, 
until only one level remains. The lowest levels 
should be added first for maximum accuracy. 

Example 3 

Consider the addition of the following six noise levels: 

"85.6 
81 	......................../ 

83.1 
76 	.................. 

78.9 
74 	............ 

"75.8 
68 	........ 

"71 
68 ........./ 

This method provides an accuracy of about ±½ dBA. For 
most practical cases, the decimals should be rounded to the 
nearest integral dBA value. 

Example 4 

Completing Examples 2A and 2B, shown in Figure 8 (last 
column), add logarithmically 58 and 53.5 dBA. Because 
the difference is 4.5 dB, add 1.2 dB to the higher value for 
a total noise level of 59.2 dBA at the observer. Round to 
59 dBA. 

9.0 Approximate Noise Contours: Very often it is in-
formative to represent the noise levels over a broad 
area by noise level contours, or lines of equal noise 
level. When computational results are displayed in 
contour form, it usually is not expected that the con-
tour lines be precisely accurate at every point, but only 
that they be approximately accurate everywhere and 
show the general "shape" of the noise environment. 
This is especially true if the short method is used, be-
cause it makes many approximations. The short 
method can be used to provide coarse noise contours 
using the techniques presented in the following. When 
the noise level at a particular point is desired very 
accurately, it should be calculated for that point ex-
plicitly, using the complete method. It must be noted 
that the generation of contour lines involves a certain 
amount of estimation and smoothing. 

Example 5 

Consider an unshielded roadway carrying 6,000 automo-
biles per hour at 50 mph. The L10  nomograph can be di-
rectly applied in this case to determine the noise levels at 
various distances from the roadway. Note that because the 
roadway is unshielded and the traffic is constant, the results 
will be identical for any cross section (normal) to the road-
way considered, as long as the distance of the observer is 
the same. For this example, the levels are as follows: 

Dist. from center line (ft) 	50 100 300 500 1000 2000 
Noise level, L10  (dBA) 	78 73 66 62.5 	58 53.5 

In general, the problem of drawing contours is compli-
cated slightly by the fact that the levels corresponding to 
a round L10  level cannot be found directly when more than 
one vehicle class must be considered. However, this is a 
desirable form of presentation. 

The values computed in the foregoing are plotted on 
semiloggraph paper with L10  levels, in dBA, on the ordi-
nate and the log of the center lane distance on the abscissa, 
as shown in Figure 12. In this manner, contours can be 
drawn in 1-, 2-, 5-, or 10-dB intervals, or any other inter-
val that seems appropriate. A common interval is 5 dB. 
From Figure 12 the distances corresponding to the levels 
chosen for contouring can be read directly. The results are 
displayed in Figure 12. 

Example 6 

For gently curving roads like the one shown in Example 5 
(Fig. 12), the contour line can simply be drawn parallel 
to the road at the appropriate distance. Where the road 
curves sharply, noise levels at several specific points should 
be computed. The noise contours should then be adjusted 
accordingly. Of course, the greater the number of specific 
points computed, the more accurate the contour line 
adjustments will become. 

After the engineer has had some experience in contour 
drawing, he will learn how to best make adjustments to 
contour lines to accommodate various roadway geometries. 
Perhaps another simple example will speed somewhat the 
development of a little intuition in contour drawing. Sup-
pose that two roads intersect at right angles in such a way 
that the traffic flow on each is continuous and uninter-
rupted. Suppose also that the noise level contours along 
each roadway individually have been calculated, with the 
results shown in Figure 13. 

Figure 13 shows that the contour lines for each road have 
been drawn as though the other roadway were not there 
(broken lines). The combined levels at the intersection 
points of the two sets of contour lines have been computed 
by the simple decibel addition discussed earlier. For exam-
ple, the combined level where the 65-dBA contour intersects 
the 70-dBA contour is actually 71 dBA. The 70-dBA con-
tour line is drawn through all points of 70 dBA. Consid-
erable visual interpolation is required; but the resulting set 
of noise contours (shown in Fig. 13 for only one quadrant) 
can be quite informative and a real visual aid to under-
standing the noise environment at the intersection. If more 
accurate contours had been desired, they could have been 
developed by starting with contours for each road in 1-dB 
intervals. Much less visual interpolation would have been 
required. 

Example 7 

To illustrate most of the rules explained previously on the 
calculation of L10  levels and on the construction of con-
tour lines, the example illustrated by the roadway scenario 
shown in Figure 14 is studied using the short method. Later 
chapters use the same example to illustrate the complete 
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Figure 12. Example of contour tracing using the short method. 

method (computer program) and noise control procedures. 
The scenario represents a rather complicated highway 

design consisting of depressed, at-grade, and elevated ge-
ometries and transitions between them. The community 
crossed by the highway is a mixture of zones of different 
uses: residential, commercial, school and church grounds, 
etc. On-ramps and off-ramps link the surface streets to the 
highway. The roadway, which consists of 8 lanes with a 
20-ft median, carries 7,800 automobiles per hour at 60 mph, 
and 520 medium trucks and 650 heavy trucks at a common 
average speed of 55 mph. 

As the figure shows, the roadway is represented by a 
number of different cross sections of constant characteris-
tics. In the short method, however, only the elements num-
bered 1, 3, 5, and 7are used for the determination of pre-
liminary contours. The grade geometries and the ramps are 
not taken into consideration at this time. Furthermore, the 
scenario is simplified by ignoring the various obstacles and 
terrain features outside the right-of-way. The result is 
shown in Figure 15, the simplified plan view used for 
preliminary contouring. A series of normals to the road-
way have been drawn at the intersection between roadway 
geometry changes to define the zones over which each 
element has the largest impact. 

The computation of noise levels and the determination  

Now the noise contours for the two roads 
together can be constructed as shown below. 
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Figure 13. Example of contour tracing for intersecting road-
ways using the short-method prediction. 

of noise contours are described in the following. They 
follow the nine steps defined earlier in this chapter: 

Step 1: For each of the four elements to be considered 
(Nos. 1, 3, 5, and 7) the observer locations are 
first chosen (Fig. 15). Note that the density of 
observers decreases quickly with distance: A sim-
pie rule is to place observers at distances a, 2a, 
4a, . . ., from the center of the roadway, all on 
the same normal to the roadway, if possible. 

Step 2: The perpendicular distances, D0, are measured for 
all observers. A single noise prediction work sheet 
may be used for all the observers along the same 
normal to the roadway. This is done in Figure 16 
for the normal through the depressed section; the 
reader is encouraged to check the results for the 
other elements. 

Step 3: The traffic parameters are reported on lines 1 and 
2 of the NPWS. Because automobiles and medium 
trucks are traveling at different speeds, they are 
treated separately. 
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Figure 15. Example of simplified roadway scenario showing chosen observer locations. 
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NOISE PREDICTION WORK SHEET 

Project US-131 - 1st St. to Lincoln Ave. 	 Dote February 16, 1974 Engineer J. Smith 

125' 250'. 500' 1000' 2000'  

Vehicle A ITM TH A  TM TCA 	 H TH A  TM TH A  JTM A JIM TH A 
J 

TM 

1 Vehicle Volume, V(Vph) 7800 520 650 780 520 650 780 520 650 '800 520 

L55 

 '800 520 650 

2 Vehicle Av. Speed, S (mph) 60 55 55 60 55 55 60 55 5560 55 60 5555 

3 Combined Veh. Voi, V (Vph) 

4 Prop. Observer-Roadway Dist.,D(Ft) 125 250 500 1000 2000 

5 LIne-of-Sight 1)1st., L/S () 128 251 500 1000 2000 

6 Bar. PositIon 	1)1st., 	P (ft) 16 111 111 111 111 

7 Break In L/S 01st., B(ft) 0 0 9 14.5 14.5 1 	8 17 
J 	10 19 	J ii 

18 - Angie Subtended, Q (deg) 180 170 150 135 110  

9 UnshIelded 	L10  Level (dBA) 75 
J 

72 78.5 
70.5167.5 

74 65.51 63 69.5 61 158.5 65.5  56.51 54 60.5 

10 ShIelding Adjust. (dBA) 0 0 10 7.5 8 7 6.5 6 4 3 

11 L10  at Observer (By Veh. Class) 75 72 78.5 
60.5157.5 

66.5 57.51 55 62.5 54.51 52 59.5 52.5J 50 57.5 r12 ° L10  at Observer -TOTAL 80.7 67.9 64.2 61.2 59.2 

A 	Automobiles, TM = MedIum Trucks, TH Heavy Trucks 

* Applies only when automobile and medium truck average speeds are equal. VC = VA + (I0)V1 
M 

** If automobIle-medIum truck volume V is combined, use L10  Nomograph prediction only once for these 
two vehicle classes 

Figure 16. Example of L,0 calculations for observers normal to depressed section (Example 7). 
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Figure 17. Schematic view of depressed section (distorted scales). 
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80 75 72.5 70 65 

o 	Unshielded 	140 	300 440 	640 	1400 

Elevated 	- 	() () 	640 	1400 

O 	Depressed 	127 	153 173 	205 	420 

1W 	 LW 
2000 

Distance (ft) 

Figure 18. Plot of L10 vs distance for Example 7. 
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Figure 19. Noise contours for Example 7, using the short-f orin analysis. 
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Step 4: The roadway shielding parameters are determined 
as shown in Figure 17. Note that two sources 
heights are involved. The values of the line-of-
sight distance, L/S, breaks in line-of-sight, B, bar-
rier position distance, P, and angle subtended, 0, 
can be obtained graphically or by calculation of 
triangles. The latter method is more accurate. The 
results are tabulated on the NPWS. Note that the 
value of the angle, 0, will vary with observer 
position. 

Step 5: The unshielded L10  levels are determined on the 
L10  nomograph for each class of vehicles. Remem-
ber that the number of medium trucks must be 
multiplied by 10. 

Step 6: Using the barrier nomograph, the shielding adjust-
ments for low and high sources are computed. 

Step 7: The L10  levels are now determined for each ve-
hicle type. 

Step 8: The individual L10  levels are then combined to 
determine the total L10  levels at each position. 

Step 9: Approximate contours can now be obtained by per- 

forming an extrapolation, on a semi-logarithmic 
graph, along each normal to the roadway (Fig. 18). 
The locations corresponding to 80, 75, 70, and 
65 dB are reported, and the approximate contours 
are traced on Figure 19. 

It is interesting to note the effect of the depressed and 
elevated sections on the contours. For the depressed sec-
tion, the contour lines are close to the roadway, and the 
effect of the shielding increases with distance. On the 
other hand, for the elevated section, only observers very 
close to the roadway are protected. Moreover, this be-
havior causes a singularity in the 75-dBA contour. As seen 
from the "elevated" curve in Figure 18, the L10  level in-
creases with distance until the distance attenuation takes 
over; i.e., the "unshielded" and "elevated" curves slowly 
merge at about 350 ft. Thus, the 75-dBA contour is 
divided as shown in Figure 19. 

The contours can now be used to determine the critical 
areas: for instance, if the criterion were to limit noise 
levels to 70 dBA, all observer locations below the 70-dBA 
contour lines could be disregarded in the detailed analysis. 

CHAPTER SIX 

COMPLETE METHOD 

The objective of the complete method is two-fold: (a) to 
predict, as accurately as possible, the noise levels generated 
by a specific highway design; and (b) to evaluate all noise-
sensitive areas that exceed FHPM 7-7-3 noise standards 
and determine which highway sections are responsible for 
this excess. 

Both of these objectives are accomplished by use of a 
computer program. The steps necessary to develop the 
input data for the program and to interpret the resulting 
output information are the main subjects of this chapter. 
Use of the computer program proper is discussed fully in 
Appendix B, "Computer Program User's Manual." The 
previously described "short method" provides the user with 
the first step in the procedure by eliminating observer loca-
tions of no interest to the "quiet design." Although the 
computer program is capable of calculating the noise levels 
at many observer locations, it is desirable to minimize their 
number due to the obvious time and cost considerations. 
Of course, for the case where predictions are desired at all 
locations, regardless of the land use, this can be done di-
rectly with the computer program without first screening 
the locations with the short method. 

As with any analytical tool, the computer program pre-
dictions can be no more accurate than the input data sup-
plied by the designer. This is important to remember when 
using the rules and procedures presented in the following. 

If the input information does not meet the accuracy re-
quired, the designer will be better off using the short method 
predictions, which are quicker and less costly. 

A few remarks concerning the accuracy of the complete 
method are appropriate. When the complete method is 
used properly, the designer might expect the predicted noise 
levels to be within ±2 dBA of actual measurements. The 
variability is due to many parameters, including such source 
variables as age of vehicles, maintenance conditions, tire 
wear, etc., which affect the emission noise levels of each 
vehicle class. This accuracy will hold true for most high-
way design problems except when very low volumes and 
distances are considered. This latter condition is sometimes 
found when redesigning existing roadways of the secondary 
and tertiary class. 

A critical parameter of concern is the ratio of volume 
times equivalent distance to speed, expressed as 

A= VDF  

When A > 200 for a given vehicle class, the time distribu-
tion of the highway noise can be assumed to be essentially 
normal (Gaussian). Based on this assumption, the L10  
noise levels may be predicted rather accurately. However, 
when A <200 the normality assumption tends to become 
invalid; i.e., the noise distribution becomes more skewed. 
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This distribution must be known before accurate predic-
tions in terms of L10  levels are possible. Obviously, it is 
impractical, if not impossible, for the designer to attempt 
to ascertain the distribution of each vehicle class during the 
hour for which an analysis is required. However, the need 
to provide designers with a prediction at low V DE/S con-
ditions is real. For this reason, the design guide allows the 
calculation of L10  levels for values of A as low as 10. The 
assumption of the model is that the vehicles are uniformly 
spaced along the roadway (i.e., V DE/S = 50 may corre-
spond to 25 trucks at 100 ft from the equivalent lane travel-
ing at 50 mph). This represents a conservative assumption. 
Therefore, the noise levels predicted under this assumption 
will correspond to the upper limit or worst condition. How-
ever, if the traffic distribution is assumed to be of the other 
extreme—that is, all the vehicles came by at the same time 
(e.g., all 25 trucks are part of a convoy that went by the 
observer location during the first 5 min with no other traffic 
activity for the remainder of the hour)—the predicted L10  
level could be 10 to 15 dBA lower than the preceding case, 
depending on the speed considered. Any other vehicle dis-
tribution case would fall between these two limits. 

The designer should be aware of these limitations, which 
are inherent in the L15  levels * that must be calculated for 
compliance with FHPM 7-7-3. 

The following sections present the methodology and pro-
cedure required to compute highway noise levels using the 
complete method. Examples of the proper use of this 
method are included. 

A. METHODOLOGY 

The flow diagram of the methodology for the complete 
method is shown in Figure 20. The first step involves 
identification of all observer locations at which highway 
noise level predictions are desired. Again, the results of the 
short method are most helpful in minimizing the number 
of locations chosen. Figure 20 indicates that this selection 
might vary from one observer to N different observer loca-
tions. In practice, when contours are required many ob-
server locations must be considered, their spatial separation 
being dependent on the accuracy desired and the complexity 
of the roadway geometry. 

Unless the roadway conditions are ideal (perfectly flat, 
straight, of constant cross section, carrying a constant ve-
hicle volume, etc.), the roadway must be divided into ele-
ments having constant characteristics. This second step is 
particularly important because the accuracy of the highway 
noise model is directly proportional to how well the real 
highway is modeled. 

For the purposes of this discussion, a road element is 
defined as a finite section of road whose geometrical con-
figuration is reasonably constant with respect to the closest 
observer, and whose traffic density and speed over the ele-
ment length can be considered constant. Figure 20 indi-
cates that N such different road elements are generally pos-
sible. In reality, because a practical model is being dealt 
with, the characteristics of each element are allowed to 

* If the predictions were desired in terms of L,5  (equivalent noise level), 
these limitations would not apply because the L 5  unit is not sensitive to 
the distribution of traffic on the highway. 

vary within certain limits, as is shown later in the pro-
cedure. Once the observer locations and roadway elements 
are identified, they must be described in terms of input 
parameters compatible with the computer program. Fi-
nally, the observer noise limit is established in terms of the 
maximum noise level (in terms of L10  levels) allowable at 
the receiver. This is normally defined in terms of land use. 
For example, FHPM 7-7-3 specifies maximum permissible 
L10  noise levels for parks, residential, commercial, and other 
land-use descriptions. 

The next step is to organize the input data into the proper 
computer input format. The desired roadway noise level 
predictions at all observer locations are then computed. 
The computer output is presented in two ways: 

As a graphic display, where the highway and observer 
locations are shown on a plot, on some desired scale, so 
that the information may be directly overlaid on a topo-
graphic map. Each observer location identifies the total 
noise level (in units of L10) predicted at the site. 

As a computer printout, where, at each observer loca-
tion, four results are identified: (a) total noise level at 
observer (same as graphic display), (b) identification of 
all elements of highway that contribute to an excessive noise 
level, (c) definition of the noise-reduction requirements for 
each "noisy" element identified in (b) to meet the cri-
terion, and (d) listing of the effectiveness (noise-reduction 
potential) of major shielding between the highway and the 
observer. 

Use of these two outputs allows the designer to (a) de-
velop noise contours along the highway alignment, (b) 
identify all problem areas and determine the extent of noise 
reduction required for all elements that contribute to the 
excessive noise levels, and (c) describe the effectiveness of 
existing shielding. In other words, the output of the com-
plete method allows for total and precise evaluation of a 
roadway design. Once the problem areas have been iden-
tified, noise control through highway alignment/design may 
be attempted using the procedures discussed in Chapter 
Seven. The following section gives a step-by-step pro-
cedure for the complete method. 

B. PROCEDURE 

Use of the computer program or complete method pro-
cedure involves two distinct major tasks: 

Identification and development of the computer input 
information. 

Evaluation and interpretation of the computer output 
information. 

The first of these tasks can be divided into three sections 
as follows: 

Identification of observer locations. 
Identification of roadway elements. 
By use of the information of Sections 1 and 2, defini-

tion of the computer input parameters. 

Evaluation and interpretation of the computer output 
information is discussed in a fourth section. 
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Figure 20. Flow diagram of "complete method" for predicting highway noise. 
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1. Identification of Observer Locations 

Identification of observer locations—those locations at 
which noise level predictions are required—is obviously 
dependent on the final output information desired and, as 
such, may be approached differently for different problems. 
Nevertheless, some rules can be provided for general guid-
ance to the user. It is hoped that as the user becomes fa-
miliar with the method he will acquire a "feel" for what 
are reasonable observer location choices in accordance with 
the final problem requirement. For example, if the problem 
involves a new highway design for which both contours and 
a problem evaluation are required, the following steps 
should be followed. 

First, determine the "closest" and "farthest" observer lo-
cations. This can be done by drawing normal lines to the 
roadway at regular intervals. The closest location for each 
line obviously corresponds to either the structure or land-
use area closest to the highway for which criteria exist. In  

some cases, the closest location can be chosen as the road-
way right-of-way, because any locations closer to the high-
way obviously would not be affected. The farthest location 
normally corresponds to the position at which the roadway 
noise levels are no longer of consequence; that is, they are 
sufficiently low as to not interfere with any given land use. 
In some cases, this may be defined as any location at which 
noise levels are below a certain limit, say 50 dBA. To 
determine quickly the farthest location of interest, the short 
method procedure should be employed, remembering that 
the short method is designed to overpredict. Hence, any 
coarse estimation will automatically include a margin of 
safety in terms of the maximum distance from the roadway 
considered. 

Second, intermediate locations between the closest and 
farthest locations must be chosen. Here it must be re-
membered that the noise levels decay approximately as a 
logarithmic function of distance. For example, if the 
closest location is 50 ft and the farthest is 1,500 ft, the 
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intermediate locations may be 100, 200, 400 and 800 ft. 
This arbitrary doubling of distance is predicated on the 
assumption that no major shielding exists between the high-
way and the observer and, therefore, that noise levels decay 
predictably with distance from the source. If barriers or 
houses exist in the observer line-of-sight, locations should 
be chosen closer to each other, in particular close to ob-
structions where large changes in noise levels with distance 
are expected. 

Third, an appropriate number of observer locations must 
be chosen along the highway. Obviously, this selection de-
pends greatly on the accuracy desired and the highway 
geometry. In general, when the highway configuration does 
not change severely along its length, the distance can be as 
large as 500 to 1,000 ft, providing, of course, that no shield-
ing exists between highway and observer. Once again, the 
short method should be used to evaluate the relative change 
between two adjoining locations at the same distance from 
the roadway. If the difference is less than 5 dB, the separa-
tion may be maintained or even expanded. On the other 
hand, if the relative difference is more than 5 dB, an inter-
mediate location should be chosen. 

Of course, one can always adopt an "overkill" attitude 
and arbitrarily partition the roadway surroundings into a 
gridwork of, say, 100-ft squares with observer locations at 
each corner. The result would be a very accurate picture, 
but it would require extensive work in terms of input data 
formulation, as well as increased cost of program execution. 
This further reinforces the concept of using the short 
method procedures to obtain a gross picture of the situation 
before making these observer location selections. 

2. Identification of Roadway Elements 

Roadway element identification is by far the most compli-
cated and difficult input data step. Because the basic high-
way noise model must be capable of analyzing an infinite 
number of possible roadway configurations, geometries, and 
traffic conditions, it follows that the rules and guidelines 
necessary to divide the roadway into elements or sections 
must be strict and lengthy enough to cover all possibilities. 
The rules might appear at first to be unnecessarily compli-
cated and difficult to interpret. However, it is hoped that 
as the reader becomes familiar with their use, the process 
of roadway element identification will become routine and 
straightforward. It should be emphasized again, however, 
that there must be strict adherence to these rules if the 
desired accuracy is expected. 

Under the general title of roadway element identification 
two basic procedures are described: 

The roadway element identification proper, where the 
roadway is divided into elements that can be considered 
constant in terms of the highway noise model. 

The identification of all major shielding, due both to 
highway geometry and off-highway shielding, that modifies 
(reduces) the magnitude of traffic noise reaching the 
observer. 

Figure 21 shows the major steps in this procedure, with 
Steps 1 through 5 describing the element identification 
proper, and Steps 6 and 7 describing the shielding identi- 

fication process. The user should become familiar with this 
major breakdown before attempting to understand the step-
by-step procedure. It should be pointed out that the entire 
roadway element identification procedure is predicated on 
the organization and capabilities of the computer program, 
without which this procedure would be considerably more 
complicated. For example, unlike in NCHRP Report 117 
(4), the current procedure does not call for the identifica-
tion (and therefore division) of roadway elements due to 
roadway vertical shielding (elevated or depressed configura-
tions). Instead, this step is handled automatically by the 
computer with considerable simplification to the user. 

In many real cases, the highway engineer will be able to 
identify the roadway with a single, effectively infinite and 
straight element. In other cases, however, a breakdown into 
two, three, or more elements will be required. The follow-
ing rules and procedures are set forth to help the process 
of element identification. 

To be defined as a roadway element, a section of road-
way must satisfy the following requirements: 

All lanes within the element must meet the require-
ments for grouping together as a single equivalent traffic 
lane. That is, all lanes are grouped into a single line of 
noise and the roadway appears to have no width. 

Over the length of the element, the conditions of 
constant cross section, straightness, constant gradient, and 
constant traffic operating conditions must be met. 

The conditions and requirements necessary to define the 
roadway elements are presented here in detail. 

1.0 Nearest Observer Identification: At each location 
along the roadway, identify the nearest observer lo-
cation. This location will be used as a basis for road-
way element identification. The procedure is as 
follows: 

1.1 On a plan view of convenient scale, locate the 
observer locations (selected in the previous sec-
tion) for which analysis is required. Only one 
side of the highway should be analyzed at one 
time; that is, only observers south or north of the 
roadway alignment should be considered at one 
time, due to practical limitations of the computer 
program. If both sides of the highway are ana-
lyzed simultaneously, the relative cost of program 
execution will be considerably higher. 

.1.2 Draw a line from the location of the nearest 
observer to intersect the roadway at its nearest 
point (i.e., right-angle intersect). 

1.3 Determine the near-lane distance, D, defined as 
the distance between the observer and the center 
of the near lane, and the far-lane distance, DF, 
defined as the distance between the observer and 
the center of the far lane. Calculate the equiva-
lent distance, DE,  defined as: 

DE =VDN DV 	 (2) 

Note: The distance DE  identifies the location of 
the noise source line; that is, the apparent 
location through which the noise source 
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line that represents the highway is located. 2.6 Divide if the pavement surface varies across the 
This step will have to be undertaken for roadway cross section in accordance with the 
each set of lanes to be considered. 	The three types of pavement defined in Table 3. This 
intent is to determine whether the road- possible division applies only to existing roadways 
way must be separated into two sets of where only one direction of flow may have been 
noise sources. This is called "longitudinal resurfaced. 
roadway division." An example would be 

Note: In general, unless such a very special con- 
considering 	westbound 	and 	eastbound 

dition exists, the roadway surface type as- lanesseparately. 
sumed should be normal, because in the 

2.0 	Longitudinal Roadway Division: 	Determine if it is majority of cases this condition is true for 
necessary to divide the roadway longitudinally (along existing and new roadways. The designer 
its length). 	The roadway may be divided into more should be especially careful when choos- 
than one line noise source according to the following ing the rough surface description, inas- 
criterion. 	Division should occur if 	the 	single 	line much as an existing roadway with such 
source assumption will result in an error of more than characteristics most likely will be repaved. 
2 dB with respect to the divided roadway. The road- 

2.7 If the roadway is divided because of the above, way should be divided into separate directions of flow 
(i.e., eastbound, westbound) according to the follow- recompute the equivalent distance, DE (Steps 1.2 

ing rules: * and 1.3), for each independent set of lanes. 

2.1 	Divide if the median width exceeds 200 ft any- 
2.8 For each nearest observer location, draw a per- 

where along the roadway. pendicular to the highway on the plan view and  

2.2 	Divide if the difference in directional volume flow locate the apparent location of the source by mea- 

(for each vehicle class) exceeds the ratio 1.3:1. 
suring DE. Note that if the highway was divided, 

For example, if the eastbound automobile volume two apparent sources must be found, one for each 

is 5,000 vph and the westbound automobile flow 
direction of flow. 

is 3,000 vph, the ratio is 1.67. 	Hence, the east- 
2.9 Length of roadway: 	Determine the maximum 

and westbound lanes should be divided, length of roadway that must be considered in the 

2.3 	Divide if the difference in directional average evaluation process 	according 	to 	the 	following 

speed (for each vehicle class) exceeds the ratio 
steps. 

1.2:1. For example, if the eastbound heavy truck 3.0 	Determine 	the 	extreme 	farthest 	observer locations 
average speed is 57 mph and the westbound heavy identified in Step 	1.1. 
truck average speed is 63mph; the ratio is 1.1:1. 
Therefore, the east- and west~ound lanes would  3.1 Measure the distance, in feet, from the extreme 

not be divided on this basis, farthest observer locations, as shown in Figure 22. 

2.4 	Divide if a significant barrier exists in the median. 3.2 Measure a distance of four times the extreme 

A significant barrier is defined as one that pro- farthest left observer distance left of the normal 

vides more than a 5 dBA-noise reduction as pre- intersect with the roadway as shown in Figure 22. 

dicted using the barrier nomograph 	(see pro- This represents the first point of the highway that 

cedure in Chapter V.) - must be considered in the calculations. 	Repeat 

2.5 	Divide if the directional flow elevation varies by the operation for extreme farthest, right observer 

±5 ft or more 	(i.e., eastbound lanes elevated location. 	This represents the last point of the 

±5 ft or more with respect to westbound lanes). highway that must be considered. 

Note: This procedure is designed so that the 
* Justification for these rules is given in NCHRP Report 173, Ch. 3. minimum length of roadway considered 

for any given observer position will be at 
least equal to 4D on each side of the 

TABLE 3 perpendicular between the observer and 
the roadway. 

DEFINITIONS OF ROADWAY SURFACE CONDITIONS 
3.3 	Draw a line (or two lines if the roadway was 

SURFACE ADJUST- divided) approximating the roadway through the 
CODE 	TYPE DESCRIPTION 	 MENT apparent source locations identified in Step 2.8. 

Normal Moderately rough asphalt 	0  . 
This line(s) 	now represents the model of the 

and concrete surface roadway. 

2 	Smooth Very smooth, seal-coated 	—5 4.0 	Transverse Roadway Division: 	Determine if it is 
asphalt pavement necessary to 	divide the roadway 	into sections by 

3 	Rough Rough asphalt pavement 	+s evaluating each lane grouping defined in Step 2.0 (one 
with large voids, ½ in. or line source or two line sources, depending on whether 
larger in diameter; roadway must be divided longitudinally) 	along its grooved concrete. 

length with regard to significant changes in roadway 
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Figure 22. Determination of length of roadway. 
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width, gradient, pavement surface, alignment, and 
traffic flow. The roadway is divided into more than 
one element according to the following criterion: 
Splitting should occur if the single roadway element 
assumption will result in an error of more than 2 dB 
with respect to a multi-element roadway. The road-
way should be divided into elements of constant char-
acteristics according to the following rules: 

4.1 Divide the roadway (entire length computed in 
Step 2.9) into roadway elements in accordance 
with the rules for changes in cross section, 
gradient, and pavement characteristics. Divide if 
the following holds: 

A change in total roadway width (including 
median if the roadway is not divided accord-
ing to Step 2.0) of more than 40 percent of 
the closest observer-near lane distance, DN; 
that is, if DN  = 100 ft and the roadway 
width changes from 120 ft to 75 ft (8 lanes 
to 4 lanes), the change in roadway width is 
45 ft (45%) and a new element is required. 
A 100 percent change in the grade of the 
roadway beyond ½% gradient; that is, 1% 
gradient becomes 2%, 2% gradient becomes 
4% or more, etc. 
A change in pavement characteristics accord-
ing to the pavement characteristics definitions 
for smooth, normal, and rough (for defini-
tions see Table 3). The note following Step 
2.6 applies here also. 

Note: Each roadway parameter is independent 
of the others. Thus, the roadway should 
first be divided into elements according to 
the width of roadway. Then each roadway 
element identified should be subdivided ac-
cording to gradient. Finally, each roadway 
element resulting from the above two di-
visions should be divided according to 
pavement characteristics. In this manner, 
the width, gradient, and pavement charac-
teristics of each resulting roadway element 
will be constant over the element length. 

4.2 Consider each roadway element defined in Step 
4.1, and divide according to its alignment (de- 

viation from a straight line, such as curves). The 
criterion for element identification of curved 
roadways is always based on the change in 
equivalent distance, DE,  for the closest observer. 
(Sec Steps 1.3 and 2.7 for the single line source 
or longitudinally divided roadway, respectively). 

Measure the equivalent distance, D1 , from 
the closest observer to the roadway, ignoring 
curves (Step 1.3 or 2.7). 
Identify both ends of the element from pre-
vious roadway elements division. An exam-
ple of this is shown on Figure 23a. Note that 
only the observer closest to the roadway and 
the center of the curve need be considered, 
inasmuch as this location represents the most 
critical case. 
Identify both curve ends (if these are other 
than the element ends) as shown in Figure 
23a. Draw a straight line between the curve 
ends and check this approximation for com-
pliance with the following rules: 

The maximum rise, h, subtended between 
the line approximation chord, L, and the 
real roadway alignment arc, S, may not 
exceed 30 percent of the nearest observer 
equivalent distance, DE. 
The roadway element approximation, L, 
must be located between the observer and 
the roadway. 

Note: In the example shown in Figure 23a, the 
first approximation (i.e., point A to point 
E) used for the roadway element follow-
ing Steps (a), (b), and (c) fails to meet 
the rule because (1) by visual inspection 
the maximum rise, h, is larger than the 
distance, DE;  and (2) the element ap-
proximation passes on the reverse side of 
the observer as compared to the roadway. 

If the test fails, try two approximation lines 
—one from the left end-of-curve point to the 
normal intersect and one from the normal 
intersect to the right end-of-curve. Repeat 
test of Step (c). 
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Figure 23. Example of roadway division due to curvature. 

Note: In the example shown in Figure 23a, the 
second approximations correspond to the 
road elements BC and CD, and the cor-
responding maximum rises to h2  and h3. 
Note that both approximations pass the 
second rule: they both are on the same 
side as the roadway. However, for the 
purpose of this example, roadway element 

13 does not pass the 30% of DE  rule 
(i.e., h3  > 0.3 DE), therefore that element 
fails. 

(e) If the test fails, try two approximation lines 

for each element, dividing the roadway half-
way between the end points of the previous 
element. Repeat test of Step (c). 

Note: In the example shown, element M is 
further subdivided into two approxima-
tions as shown in Figure 23b. The cor-
responding maximum rise approximations 
are identified by h4  and h5. This time, the 
30% of DE  rule is met and the division of 
roadway curvature is complete. Note that 
these two elements are added to the two 
end elements (represented by elements 1 
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and 5) defined in Step (c) as the straight 
roadway length between beginning of 
original element and beginning of road 
curvature, and element 2, which was iden-
tified in Step (d), for a total of five ele-
ments approximating the roadway curva-
ture. In the event of further rule failure, 
the process is repeated until the test is met. 

4.3 Divide the roadway elements defined in Steps 4.1 
and 4.2, one by one, in accordance with changes 
in traffic parameters exceeding the following: 

If the change in vehicle volume along the 
element (for each class of sources—i.e., auto-
mobiles, medium trucks, heavy trucks) is 
more than the ratio 1.5: 1. 
If the relative change in average speed along 
the element (for each class of sources, if 
different) is more than the ratio 1.2:1. 

Note: On-ramps and off-ramps are a special type 
of roadway element and are treated sepa-
rately. 

5.0 On-Ramp, Off-Ramp, and Interchange Roadway Ele-
ments: Identify all special roadway elements, such as 
on-ramps, off-ramps, and interchange ramps. 

Note: The procedures presented in the following are 
very similar to those used for the main road-
way element identification. However, many 
parameters can be neglected when identifying 
these special roadway elements. For example, 
traffic parameters (volume and speed) are al-
ways constant, and the width, gradient, and 
pavement parameters may be disregarded in 
the input data process. 

5.1 On-ramps, off-ramps, and interchange ramps 
should be approximated as straight-line roadway 
elements according to the rules of Step 4.2. The 
location of the source will always correspond to 

the center line of the ramp, as shown in Figures 
24 and 25. 

Note: The straight-line approximation on on-ramp, 
off-ramps, and interchanges is not generally as 
critical as for the main road for obvious rea-
sons. The 30% of DE  rule (30% of Dc  in this 
case) for division of curved ramps may be 
relaxed to 50 percent or 60 percent in most 
cases, except when the effect of ramps is a 
significant contributor to the total noise level. 

5.2 For on-ramps, determine vehicle volume (for 
each vehicle class) and assume a speed equal to 
the average speed (for each corresponding vehicle 
class) on the main roadway. 

5.3 For off-ramps, determine vehicle volume (for each 
vehicle class) and assume the off-ramp design 
speed as being constant throughout the off-ramp 
length. 

5.4 For interchange ramps, determine vehicle volume 
(for each vehicle class) and assume the inter-
change ramp design speed as being constant 
throughout the interchange ramp length. 

Note: Due to their restricted volume and generally 
lower speeds, on-ramps, off-ramps, and inter-
change ramps are rarely significant noise con-
tributors when compared to the main roadway 
itself. They are, however, important in cases 
where the ramp is very close to the observer 
compared to the main roadway, and under 
special geometrical configurations; for example, 
when the roadway is shielded from the observer 
and the ramp is not. For this reason, it is diffi-
cult to generalize as to when a ramp can be 
dropped from the analysis and when it should 
be included. The user is urged to experiment 
in this area until enough experience is acquired 
to make the correct decision. When in doubt, 
however, always include the ramp as input data 
in the model. 
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Figure 24. Example of off-ramp, on-ramp element approximation. 
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Figure 25. Example of interchange ramp element approximation. 

6.0 Roadway Vertical/Barrier Configuration: Identify all 
shielding provided by the roadway vertical configura-
tion (such as depressed or elevated sections) or road-
side barriers (such as walls or berms on the highway 
right-of-way). The procedure is as follows: 

Note 1: Changes in roadway vertical/barrier con-
figuration do not require any further road-
way element division on the part of the user. 
All additional roadway element division due 
to shielding (due to both highway geometry 
and off-roadway shielding between the road-
way and observer) is performed internally in 
the computer, saving the user unnecessary 
steps in the input data generation procedure. 

	

In that context, the definition of shielding in 	6.2 
the input data format is restricted to de-
scribing its physical location. It should be 
noted that the maximum noise reduction 
achieved by roadway vertical/barrier con-
figuration, as well as off-roadway barriers, 
is restricted to 20 dB because of practical 
limits. 

	

6.1 For depressed roadways, identify on the roadway 	6.3 

plan view and profile the top edge of the cut, and 
approximate the top edge of the cut by straight 
lines of constant slope, as shown in Figure 26. 
Determine the location of points at which either 
the horizontal or slope approximation changes. 

	

Note 2: The straight-line approximation should al- 	6.4 
ways equal or underestimate the true profile 
(i.e., for depressed roadway 'configurations, 
the straight-line profile approximation should 
always fall on or below the true profile 
curve). The maximum allowable deviations 
from the actual profile are as follows: 

CLOSEST 

OBSERVER 

EQUIVALENT 	MAXIMUM ERROR 

DISTANCE 	 IN HEIGHT 

200 ft 	 1 ft 
<200ft 	3-4 ft 

The error in the plan view (horizontal plane) 
may be ±5 ft from actual. If either the pro-
file or horizontal approximations are ex-
ceeded, more segments must be chosen un-
til the test is passed. This will ensure that 
computer computations fall within a maxi-
mum error of ±2 dB. 

For elevated roadways, identify on the roadway 
plan view and elevation profile the edge of 
shoulder, and approximate the shoulder edge by 
straight lines of constant slope, as shown in 
Figure 27. Determine the location of points at 
which either the horizontal or slope approxima-
tion changes (see Note 2 for approximation 
limits). 
For roadside barriers, identify the top of barrier 
on the roadway plan view and elevation profile. 
Approximate the top of barrier by straight lines 
of constant slope, as shown in Figure 28. De-
termine the location of points at which either the 
horizontal or slope approximation changes (see 
Note 2 for approximation limits). 
On occasions, a combination of vertical roadway 
configuration-roadway barrier is found. In such 
cases, the top edge of the combination should be 
chosen and the rules of Step 6.3 applied. 

7.0 Off-Roadway Shielding: Identify all off-roadway 
shielding located outside the roadway's right-of-way 
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Figure 26. Example of depressed roadway shielding approximation. 
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and between the observer. Off-roadway shielding can 
be divided into the following groups: (a) man-made 
barriers, such as walls or berms; (b) natural ground 
shielding, such as hills; (c) roadside structures, such 
as houses, commercial buildings, etc.; and (d) vegeta-
tion, such as dense belts of trees. The procedure is as 
follows: 

7.1 For a man-made barrier, identify on the plan view 
the top edge of the barrier and approximate the 
top edge by straight lines of constant slope. De-
termine the location of points at which either the 
horizontal or slope approximation changes. (see 
Note 2 under Step 6.1 for approximation limits). 
Barriers of less than 5-ft elevation should be 
ignored. 

7.2 For natural ground shielding, identify on a plan 
view (topographic map) the elevation contour 
lines of the shielding. If the maximum elevation 
contour lines are less than 10 ft above the near-
est roadway. or nearest observer, disregard the 
shielding. Otherwise follow this procedure: 

(a) Draw straight lines, parallel to the roadway, 
through each elevation contour line, at 5 ft, 
10 ft, 20 ft, 30 ft, etc. Note that no barrier 
approximations are needed below 5 ft and 

that above 10 ft only integral 10-ft incre-
ments are considered. The lines should be 
drawn through the widest part of the closed 
elevation contour, as shown in Figure 29a. 
The resulting two or more barrier approxi-
mations may be described by their end point, 
and by a constant height equivalent to the 
elevation contour line. 

(b) If more than one roadway is affected by the 
shielding, a new set of barrier approxima-
tions should be drawn, as shown in Figure 
29a for roadway No. 2. Note that these 
lines are now parallel to roadway No. 2. 

Note: The above shielding normally is restricted 
to a maximum of 20-dB reduction. 

7.3 For roadside structures, identify on a plan view 
a row of houses parallel to the roadway and draw 
a straight line, as shown in Figure 29b. Deter-
mine the location of the points for which the 
horizontal approximation changes. 

7.4 For vegetation, identify on a plan view the area 
where vegetation is present. This is done by draw-
ing straight lines around the vegetation area, as 
shown in Figure 30. In order to qualify as shield-
ing, the vegetation (trees) must be: 
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Dense en'öugh to break the line of sight be-
tween roadway and observer. 
At least 15 ft high. 
Of a minimum depth of 100 ft. 

Vegetation not meeting these criteria should be 
disregarded. Moreover, a barrier may not exist 
within a forest. If such a case is found, disregard 
the barrier. 

Note: The computer model considers roadway 
and off -roadway barriers (such as walls, 
roadway configurations, natural ground 
shielding, etc.) independently from road-
side structures and vegetation. The latter 
two shielding measures are computed as 
additional noise reduction. In order to 

properly utilize and predict the noise re-
duction due to Steps 7.0 through 7.4, the 
following facts should be kept in mind: 

The maximum noise reduction allow-
able from vegetation alone is 10 dB, 
based on 5 dB for every 100 ft of 
dense trees. 
The maximum noise reduction allow-
able from roadside structures alone is 
10 dB, based on 4.5 dB for the first 
row of houses and 1.5 dB for each 
subsequent row. 
The maximum noise reduction of both 
vegetation and roadside structures 
combined may not exceed 10 dB. 
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Figure 30. Example of vegetation shielding approximation. 

Example 

Example 7 in Chapter Five is now re-worked using the 
complete method. First, the roadway is divided into ele-
ments of constant characteristics, using the closest observer 
locations identified in Figure 31. Note that some of the 
receiver locations correspond to noise-sensitive areas (first 
row of houses, school building, playground) and others 
represent essentially the highway right-of-way line where 
no sensitive receivers exist. As a matter of fact, the short 
method showed that these areas (right side of scenario) are 
below the design noise levels and could, if desired, be 
eliminated from further consideration. However, for this 
illustrative example, the entire length of highway will be 
considered. 

No longitudinal splitting is necessary because the east-
bound and westbound traffic are both within the limits of 
Steps 2.2 and 2.3, and all other geometrical variables per-
mit the grouping of the 8-lane roadway into a single line 
source. Next, the maximum length of roadway considered 
is computed from Step 3.0. Example 7 (Fig. 19) showed 
that to satisfy a 70-dB criterion locations along 1st Street 
need be considered only for about 250 ft from the roadway, 
due to the depressed configuration. This distance is ex-
panded to approximately 700 ft from the roadway west of 
Lincoln Avenue. Using the short method results, a line of 
farthest observer locations corresponding to the 70-dBA 
contour could have been identified, and the analysis could 
have been restricted to that distance. However, for the 
purposes of this example, the farthest observer locations 
as shown in Figure 31 are considered. This implies that 
the roadway geometry must be considered about 8,000 ft 
to the left (west) of the farthest left observer and about 
4,000 ft to the right (east) of the farthest right observer, 
respectively. The roadway alignment to the left and right 
are considered straight and constant for this example. 

Transverse roadway division is accomplished using Steps 
4.0 through 4.3. First, the roadway width, gradient change, 
and paveme,nt characteristics are tested using Step 4.1. 
Neither the roadway width nor the pavement characteris- 

tics rules apply. However, the roadway is divided at six 
places due to gradient change (Locations A, B, C, D, E, 
and F on Fig. 31). This division creates seven elements 
(extreme west to A, A, 	, 	, 	, 	, and F to ex- 
treme east) over which the above parameters are considered 
constant. 

Next, using Step 4.2, each element is checked for align-
ment. The third element () contains the only curve of 
significance. The third element is then divided into two 
new elements, as indicated by the intersection, G. Finally, 
the traffic parameters are examined according to Step 4.3. 
For the purposes of this example, no further roadway ele- 
ment division is necessary. 	- 

Step 5.0 of the procedure is used to approximate the 
off-ramp and the on-ramp shown. It is readily established 
that each ramp may be approximated by a single element. 

Finally, all shielding (both roadway and off-roadway) is 
identified using Steps 6.0 and 7.0. First, the roadway 
shielding represented by the depressed roadway section and 
elevated structure are defined. Then each row of houses is 
defined by a line, as shown in Figure 32 (broken lines are 
used to differentiate from continuous shielding, such as 
barriers). Finally, the vegetation area represented by the 
forest is defined by rectangular areas. Note that because 
the forest area was irregular in shape, two rectangles were 
used in the approximation. 

Figure 32 shows the locations selected for this example. 
As will be demonstrated in the computer output discussion, 
far too many observers were chosen, prolonging the execu-
tion time of the program (assuming interest only in areas 
above 70 dBA). A preliminary evaluation using the short 
method would have avoided this problem. 

3. Definition of Computer Input Parameters 

In the previous section, the roadway scenario was analyzed 
and divided into the various components necessary to simu-
late the real roadway design by a computer model. Ob-
server locations were chosen, the roadway was divided into 
elements of constant characteristics, and all pertinent shield- 
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ing was determined. It now remains to organize and pre-
sent this information in a form compatible with the com-
puter program -input requirements, as discussed in this 
section. It should be noted that the format used here is 
consistent with the computer input coding forms shown for 
this example in Appendix B. In fact, if desired, the com-
puter input coding forms may be used directly as an input 
format. The procedure outlined in the following uses the 
plot plan map (topographic) on which the simulated road-
way elements, observer position, and barriers have been 
identified. 

1.0 Coordinate System: Using the plot plan, establish an 
x, y, z coordinate system, from which the location of 
all variables will be measured. The coordinate system 
may be established using any reference desirable, al-
though it is suggested that the vertical dimension, z, 
be referenced to sea level, which is generally available 
on the topographic map. 

Note: For purposes of illustration, the example prob-
lem identified in the previous section is pre-
sented at the end of these instructions in 
Figures 33 through 36. 

2.0 Roadway Location: Enter the roadway location on 
the roadway input data sheet, as shown in Figure 34. 
The procedure is as follows: 

t y  
Roadway No. 3 

't- 4 

	

Roadway No. 2 

I 	© 	l©I

011  

140'  

2.1 Enter the roadway number in Column 1. The 
roadway number is arbitrarily assigned, but must 
be unique in the design. 

Note: For purposes of data input, a roadway is 
defined as a continuous line of roadway 
elements with a start and a finish. For 
example, roadway elements representing 
the main road or one direction of flow (if 
the roadway is divided longitudinally) rep-
resent a roadway. Elements corresponding 
to on- or off-ramps represent a new road-
way. 

2.2 Enter the roadway element number of Column 2. 
Elements must be numbered sequentially from the 
start to the finish of the roadway. 

2.3 Enter the coordinates of the roadway elements in 
Columns 3 through 5. Only the coordinates of the 
start of the element are necessary: Because the 
roadway must be continuous (uninterrupted), the 
x, y, z coordinates of the first element are fol-
lowed by the x, y, z coordinates of the second 
element (which also designate the end of the first 
element), and so forth until the entire roadway 
is entered. Note that the last element must be 
designated by its beginning and end, as shown 
in Figure 34. 
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Figure 33. Roadway scenario of discrete sections, showing roadway elements, receiver locations, and shielding. 
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* 1 = Norma! Surface; 2 = Smooth Surface; 3 = Rough Surface; * 2 = Upgrade Gradient; I = other 
Figure 34. Example of roadway data input. 

2.4 Repeat the operation (Steps 2.1 through 2.3) for 
all roadways identified on the plan view. 

2.5 Enter the roadway surface designation in Col-
umn 6 according to the definitions for 1, normal 
surface; 2, smooth surface; 3, rough surface. 
These definitions are given in Table 3. 

Note: If the surface does not change from ele-
ment to element, only the first entry is 
necessary, as shown in Figure 34. 

2.6 Enter the gradient designation in Column 7 ac-
cording to the following criteria: 

1—No upgrade condition exists. This covers both 
the at-grade and downgrade condition, the 
lãttér only in the case when the roadway is 
divided into directional flow. 

2—An up-grade condition exists. This covers the 
one-directional up-grade flow and the two-
directional flow when only one direction is 
up-grade. 

Note: Roadway surface and gradient adjustments 
do not apply to special roadways such as 
on-ramps, off-ramps, and interchanges. 
For these roadways, enter 1 in Columns 
6 and 7. This is shown in Figure 34 for 
roadways No. 2 and 3. 

2.7 Enter the traffic parameters of volume (in ve-
hicles per hour) and average speed (in miles per 
hour) in Columns 8 through 13 for each vehicle 
class. 

Note: If the traffic parameters remain constant 
throughout a roadway, only the parameters 
for the first element need be specified, as 
shown in Figure 34. In the case of the 
computer input coding forms shown in 
Appendix B, the roadway data input sheet 
is broken down into two categories: road-
way parameters (RDWY) and traffic pa-
rameters (TPAR). 



corners). If vegetation shielding is ir-
regular, approximate by more than one 
rectangle, as shown in Figure 33. 
When entering location, start always 
with the left corner closest to the road-
way and proceed clockwise. 

Receiver Locations: Enter all receiver locations on the 
receiver input data sheet. This is illustrated in Figure 
36. It is generally recommended to start with the re-
ceiver location farthest left and nearest to the road-
way, then proceed along the left receiver line (along 
normal to roadway) until the leftmost farthest receiver 
is reached, then repeat the operation for the next row. 
However, any other order may be used if desired. 
Figure 33 shows the numbering scheme used in the 
example. 

4.1 Each receiver location must be accompanied by 
the receiver relative height (Column 5) above the 
surrounding ground plane; that is, a receiver on 
the ground level is typically at 5 ft, first floor 
12 ft, etc. Note that for a single evaluation all 
receivers should be located at a common height 
above the ground if contours are desired. 

4.2 Enter the ground condition between the receiver 
and roadway in Column 6 according to the fol-
lowing definitions: 
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3.0 Shielding Location: Enter the location of all shielding 
elements identified on the shielding input data sheet. 
This is illustrated in Figure 35. The procedure is as 
follows: 

3.1 Number all shielding elements (both roadway and 
off-roadway) from 1 to n, commencing with the 
nearest left element identified in the plan view 	4.0 
(see Fig. 33). 

3.2 Determine the category of shielding by the fol-
lowing definitions and enter in Column one: 

E = elevated roadway either on structure or fill. 
D = depressed roadway. 
R = roadside barrier (may be a wall, or an earth-

berm, or a combination of these) within the 
roadway right-of-way. 

B = man-made barrier (wall or earthberm) out-
side the roadway right-of-way. 

G = ground barrier, such as afforded by land 
contours. 

S = roadside structures, such as houses, com-
mercial buildings, etc. 

V = vegetation, generally represented by a dense 
cover of trees at least 100 ft deep. 

3.3 Enter the barrier number and location in Columns 
2 and 3 through 5, respectively, according to the 
following rules: 

Roadway shielding (such as elevated or de-
pressed roadways and roadside barriers) should 
be measured (x, y, z coordinates) relative to 
the roadway element whenever possible. This 
is especially important in the z direction 
(height) because the relative height of the 
shielding with respect to the roadway is a very 
sensitive parameter. This category must have 
a beginning and an end: the x, y, z coordi-
nates are entered similar to the roadway ele-
ments procedure. 

1—Absorbent ground: when the receiver does 
not command an unobstructed view of the 
highway for its entire length, or when the 
intervening terrain is not perfectly flat or is 
covered by occasional shrubbery, etc. 

2—Reflective ground: when the receiver has an 
unobstructed view of the highway and the 
intervening ground is flat and hard with very 
few or no obstructions. 

4.3 Enter receiver design noise level in Column 7. 
This designation normally corresponds to the L10  
level in accordance with FHPM 7-7-3, although 
any other criterion may be used provided it is 
stated in terms of L10  levels. 

Example 

Figures 33 through 36 illustrate the data input by showing 
the roadway scenario of discrete elements arrived at in 
Section 2, and the proper roadway, shielding, and receiver 
input data sheets. Note that a number of receiver locations 
are added, especially behind each one of the first six rows 
of houses. This is done to gain more resolution in the out-
put data, although it could have been avoided in part, as is 
shown later. The reader is encouraged to verify these input 
points. 

Evaluation of Computer Data Output 

In the previous sections, the computer input information 
was developed and presented in a form compatible for the 
computer program analysis. The characteristics and pro-
cedures related to the computer program proper are not 

Note: For the example in Figure 33, barrier 
No. 1, representing the depressed road-
way element, is entered by measuring 
the perpendicular distance to the bar-
rier (edge of the cut) from the ap-
parent roadway location, then subtract-
ing this quantity (125 ft) from the 
coordinates of the roadway element. 
Note also that inasmuch as the road-
way is depressed by 20 ft, the top edge 
of the cut is entered as 20 ft higher 
than the roadway. 

For other barriers (including B and G classes) 
measure the location relative to the receiver 
or the roadway, whichever is closer. 
For roadside structures (S) and vegetation (V), 
measure relative to the coordinate system. 

Note: Vegetation shielding (V) must be en-
tered as a rectangle (four sided, 90° 



43 

INPUT DATA SHEET - SHIELDING 
	

INPUT DATA SHEET - SHIELDING 

Page ..L.... of..L 
	

Page -?.— of 

Project 
	

Engr 
	

Date 	Project 
	

Engr 
	

Date 

- 
Barrier 
Type* 

Barrier 
Number 

Element 
Number 

Barrier Locotlon (ft) 

X Y Z 

:I 0 1 1 -8000 - 110 1110 

2 2000  

3 s 2  750 - 250 160 

1875  
3  750 - 	1100 160 

6  1875  
_7  750 - 500 160 
8  2300  

_ 

_9  5  750 - 625 160 
10  2300  

11 6  750 -750 160 
12  2300  

13  7  750 - 875 160 

1  2300  

15  8  750 -1040 160 

1  2300  

17  9  750 -1175 160 

18  2300  

19  10  750 -1300 160 

20  2300  

21  11  750 -11430 160 

2300  

12  750 _1540 160 

2300  

13  750 -1675 160 
* E 	Elevated Roadway 	B = Off-Roadway Barrier 	V = Vegetation 

D = Depressed Roadway 	G Ground Barrier 
R = Roadside Barrier 	S = Roadside Structures 

Figure 35. Example of shielding data input. 

discussed here. Rather, they are contained in the "User's 
Manual" presented in Appendix B. This section is devoted 
entirely to a discussion of the data output, including its 
presentation, evaluation, and interpretation. 

As discussed under "Methodology," the output informa-
tion is presented in two basic formats: (a) as a computer 
printout, where all the basic numerical quantities of inter-
est are displayed; and (b) as a graphic display, where the 
final results are presented, to scale, in terms of L10  levels * 
at all observer positions. These two formats are discussed 
in the following. 

The first numerical output, called "Summary of L-10 
Levels at Receiver Locations," presents a general evaluation 
of the highway noise problem. As shown in Figure 37, each 
receiver location is identified by number and location. The 
assumed receiver height above the ground is also indicated, 
as well as the designation of the ground characteristics be-
tween the roadway and the observer. This part of the out-
put may be compared to the input information, because its 
format, together with the L10  design noise level in Col-
umn 7, represents precisely the format used for the receiver 
data input sheet (see Fig. 36). 

It should be pointed Out that although all the results are presented in 
terms of Lis levels, the computer may, if desired, be asked to provide these 
results in terms of the L0 level; this noise descriptor is used in the criteria 
section of this document, contained in Appendix D. 

- 
Barrier 	Barrier 	Element 

Barrier Location (ft) 

Type* 	Number 	Number 	X 	 Y 	 Z 

2300
2 	 ill 	750 	-1835 	160 

1

PE 

3  	2300

15 	750 	-19'lO 	160 

5  	2300
6 	 16 	750 	-20110 	160 

7   	2300  
_8 	17 	750 	-2150 	160 

9   	2300  

10 	18 	21160 	- 	1100 	180 

11   	2560  

12 	19 	2375 	-1250 	170 

13  	 2675.  
14 	E 	 20 	1 	3155 	- 	1180 	1110 

15 	 2 	3510 	.- 680 	160 

16  3 	3770 	- 810 	160

17 

	- 
11390 	-1020 	1140 

LB 	S 	 21 	 3220 	- 900 	160 

19  	 311140  

20 	22 	 3160 	-1300 	165 

21  	 3375 	-1000  

22 	v 	23 	1 	31125 	-1080 	165 

23  	2 	11155 	-1080  

3 	14155 	-1250  

31425 	-1250  

Page .3...... of_I. 

- 
• 

Barrier 
Type* 

Barrier 
Number 

Element 
Number 

Barrier Locotior 	(ft) 

X Y Z 

:1 _______ 3425 -1250  
_2 V 211 1 3375 -1250 165 
3  2 11970 -1250 

3 11970 -1650  
5  3375 -1650  
6 S 25  3000 -1875 160 
7  11875  

8 S 26  3000 -2060 160 

_________ __________ _______ 11875  
10 

Column 8 of the output describes the total noise level 
predicted (in units of L10 ) at the receiver. This value is 
given for each observer or receiver evaluated. Finally, 
Column 9 shows, when it applies, the amount by which 
the design goal is exceeded. This number, in units of dBA 
represents the total excess noise produced by the roadway 
above the design noise goal. Because the calculated levels 
are approximated to the closest 0.5 dBA, a blank in the 
excess column automatically means that the predicted level 
is at least 0.5 dBA below the design goal and that the par-
ticular receiver location has no problem. Using the excess 
column, the designer can quickly pinpoint the receiver lo-
cations at which problems exist. Furthermore, by checking 
the highest numerical value in that column, the receiver 
location with the most severe problem can be quickly found. 
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INPUT DATA S HEEl - RECEIVER 
	

INPUT DATA SHEET - RECEIVER 

PogeL. of 3. 	 Poge.j... of 1._. 

Project 	 Engr 
	

Dote 	Project 	Engr 	Dote  

- 
No 

Receiver 
Nun,ber 

Raceiver Location (ft) Receiver 
He! ht 

(ft 

Ground 
Couubo 

Design 
Noise 

Level (4B) X V Z 

1 250 - 185 140 5 1 75 
2 2 250 - 560 140  

3 3 250 -1125 140  

41 4 250 2125 140  

5 750 - 185 10  

6 6 750 - 310 140  

2 7 750 - 440 140  

8 8 750 - 560 140  

9 9 750 - 690 140  

10 10 750 - 810 140  

11 1 	11 750 -1125 140  

12 12 750 -1625 140  

13 13 750 -2125 140  

14 14 1250 - 185 140  

15 15 1250 - 310 140  

16 16 1250 - 440 140  

17 17 1250 - 560 140  

18 18 1250 - 690 140  

19 19 1250 - 810 140  

20 20 1250 -1125 1140  

21 21 1250 -1625 140  
22 22 1250 -2125 1140  

23 23 1750 - 185 140  
24 24 1750 - 310 140 1 

1251 25 1750 1 	- 	1440 1140 1 

• I= Absorbent Ground 
2 = Reflective Ground 

Figure 36. Exam pie of receiver data input. 

A word of caution: this numerical value (the excess over 
the design goal) does not represent the real noise-reduction 
requirements of any given roadway element, because at this 
point the designer does not know where along the highway 
length reduction is required. In other words, the "Sum-
mary of L10  Levels at Receiver Locations" output is to be 
used mainly as an over-all prediction tool, and has only 
preliminary problem evaluation capabilities. 

The latter problem—evaluation and identification of 
noise-reduction requirements—is handled by the second 
numerical output, called appropriately "design evaluation 
output" (DEO). An example of this is shown in Figure 38. 
The DEO identifies, for each receiver location at which the 
design goal was exceeded, all roadway elements that con-
tribute to the excessive levels. 

The DEO first identifies the receiver number and the 
design noise level to be met. These receiver numbers cor-
respond to only the receiver numbers identified in the 
summary if L10  levels output exceeds the design goal. Sec-
ond, the DEO identifies, for each problem receiver location, 
all roadway elements that contribute to the excess of the 
design goal; in other words, the roadway elements that 
should be modified. These roadway elements are identi-
fied by the roadway number and the element number as-
signed to each in the roadway input data form. However, 
the user should be aware that the length of the "noisy" 
roadway section might not correspond to the entire length 
of the element identified. The reason for this is that the 

No Receiver 
Nun,ber 

Receiver Location (Pt) Receiver 
Height Ground 

Conditlon* 

Design 
Noise 

Level (dB) X V Z 

26 1750 - 560 140 5 1 70 

2 27 1750 - 690 140  

3 28 1750 - 810 140  

41 29 1750 -1125 140  

- 30 1750 140  

6 31 1750 140  

2 32 2145 1140 

8 33 21145 

e-21229 

140 

9 34 2145 140 

10 35 2145  1140 - 
111 36 2145 - 810 140  

12 37 2145 -1125 1 	1140  

131 38 1 	2145 -1625 1 	140  

14 39 2145 -2125 140  

15 40 2450 - 	375 140  
16 41 21450 - 690 140  

17 42 2450 -1125 140  

18 43 2450 -1330 140  

12 4414 2450 -2125 140  

0 45 1 	2700 - 500 1140  75 

21 146 jo -1125 140  

Z2 47 2700 1 -2125 140  70 

23 48 3030 - 625 140  

24 49 3030 -1125 140  

25 50 3330 - 790 140  80 

Poge..... ofj._ 

No 
Receiver 
Nun,ber 

Receiver Location (Pt) Receive, 
Height Ground 

Conditlon* 

Desion 
Noise 

Level (d8) X (FI

1 

V Z 

51 3330 -1750 140 5 1 70 

2 52 3330 -1950 140  

3 53 3330 -2175 1140  

.4 54 3750 -1000 1140  80 

5 55 3750 -1750 140  70 

6 56 3750 -1950 1140  

7 57 3750 -2175 1140  

8 58 4150 -1150 140  80 

9 59 4150 -1750 1140  70 

10 60 4150 -1950 140  

ii 61 4150 -2175 140  70 

12 62 4625 -1230 140  80 

13 63 4625 -1750 140  70 

14 64 4625 -1950 140  

15 65 4625 -2175 140  

1161 

computer program internally divides each of the input road-
way elements into further subelements according to the re-
quirements of the model. These subelements are then 
judged on their own merits as to their contribution to the 
total noise level at the receiver. Therefore, in addition to 
the main element identification, which locates the sub-
element on the roadway, the "noisy" subelement is pre-
cisely identified by its x, y, z coordinates of the beginning 
(upper numbers) and end (lower numbers). Of course, 
these coordinates must fall within or on the coordinates of 
the main element identified. This case is illustrated in 
Figure 39. 

Third, the DEO lists, for each subelement identified, the 



45 

LOCATION L 	- 1 	0 	L 	E 	V 	E 	L 	S 
iECEIVER ----------------------------------------- -------------------------------- RECEIVER 
NUMBER X V Z HEIGHT GROUND DESIGN CALCULATED 	EXCEEDS 	BY NUMBER 

1 250 -185 140 5.0 1 75.0 70.5 1 
2 250 -560 140 5.0 1 75.0 61.0 2 
3 250 -1125 140 5.0 1 75.0 56.0 3 
4 250 -2125 140 5.0 1 75.0 50.0 4 
5 750 -155 140 5.0 1 70.0 70.5 	 .5 5 

6 750 -310 140 5.0 1 70.0 64.5 6 
7 750 -440 140 5.0 1 70.0 62.0 7 
8 750 -560 140 5.0 1 70.0 60.5 8 
9 750 -690 140 5.0 1 70.0 58.5 9 
10 750 -810 140 5.0 1 70.0 57.5 10 

11 750 -1125 140 5.0 1 70.0 55.0 11 
12 750 -1625 140 5.0 1 70.0 52.0 12 
13 750 -2125 140 5.0 1 70.0 50.0 13 

14 1250 -185 140 5.0 1 70.0 72.0 	 2.0 14 

15 1250 -310 140 5.0 1 70.0 64.5 15 

16 1250 -440 140 5.0 1 70.0 62.0 16 

17 1250 -560 140 5.0 1 70.0 60.5 17 

18 1250 -690 140 5.0 1 70.0 58.0 18 

19 1250 -810 140 5.0 1 70.0 58.0 19 

20 1250 -1125 140 5.0 1 70.0 54.0 20 

21 1250 -1625 140 5.0 1 70.0 50.5 21 

22 1250 -2125 140 5.0 1 70.0 49.0 22 

23 1750 -185 140 5.0 1 70.0 76.5 	 6.5 23 

24 1750 -310 140 5.0 1 70.0 69.0 24 

25 1750 -440 140 5.0 1 70.0 66.0 25 

Figure 37. Example of output from computer program for su,n,nary of L. levels at receiver locations. 

RECEIVER R 0 A D W A V S 	H 	I 	E L 	D 	I N.G NOISE ADDITIONAL 	NOISE 
REDUCTION REDUCTION REQD 

NO. 	LEV RDWY ELEM X V Z TYPE NO. 	ELEM X Y Z TIRE EXH. TIRE EXH. 

5 	70.0 1 1 750 0 120 0 1 	1 -8000 -110 140 10.7 7.8 0.0 0.0 
960 0 120 2000 -110 140 

14 	70.0 1 1 1105 0 120 0 1 	1 -8000 -110 140 11.0 8.0 0.0 .5 
1250 0 120 2000 -110 140 

1 1 1250 0 120 0 1 	1 -8000 -110 140 11.0 8.0 0.0 0.0 
1380 0 120 2000 -110 140 

1 2 1380 0 120 D 1 	1 -8000 -110 140 9.7 7.0 0.0 5.0 
1483 0 123 2000 -110 140 

1 2 1483 0 123 0 1 	1 -8000 -110 140 7.8 5.8 1.0 5.5 
1612 0 127 2000 -110 140 

1 2 1612 0 127 D 1 	1 -8000 -110 140 5.9 4.9 2.5 5.5 
1806 0 134 2000 -110 140 

23 	70.0 1 2 1380 0 120 0 1 	1 -8000 -110 140 8.5 6.2 1.5 6.0 
1565 0 126 2000 -110 140 

1 2 1565 0 126 D 1 	1 -8000 -110 140 7.4 5.4 3.5 7.5 
1750 0 132 2000 -110 140 

1 2 1750 0 132 D 1 	1 -8000 -110 140 5.8 4.4 5.0 8.5 

1875 0 136 2000 -110 140 

1 2 1875 0 136 D 1 	1 -8000 -110 140 5.8 4.4 4.5 8.5 

2000 0 140 2000 -110 140 

1 3 2000 0 140 0 1 	1 -8000 -110 140 5.0 4.1 .5 4.0 

2160 0 140 2000 -110 140 

Figure 38. Example of design evaluation output (DEO). 
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Noisy Sub—Element 
	

Roadway No. 1 

El 

rtlon of predominant barrier 
entified with noisy element 

Row of Houses  

Observer 
	- - Input Roadway Elements 

A
Roadway Element Numbers 

Output Roadway Sub-Element 

Bon1er Number 

Figure 39. Exam pie of computer design evaluation output. 

effect of major shielding (barrier, houses, etc.) that modify 
the observer's noise level contributed by the subelement. 
That is, if a barrier, a row of houses, or any other shielding 
exists between the subelement and the observer, the DEO 
will identify the shielding type, number, and location ac-
cording to the definitions used in the shielding input data 
sheet (see Fig. 35). 

In the case of "barriers" (used here to describe all shield-
ing, such as elevated or depressed roadway configurations, 
roadside barriers, off roadway barriers, or terrain) only the 
"predominant" barrier is listed. The predominant barrier is 
the barrier that provides the receiver with the maximum 
amount of noise reduction from the particular subelement 
in question. This is true because the barrier types are not 
additive (i.e., two separate walls, 10- and 8-dB effective 
individually, do not provide 18 dB, but only 10 dBA, of 
over-all reduction), and for the purposes of the model only 
the most effective one is retained. Once again, the user will 
recognize, by the barrier location coordinates, that the 
barrier might represent only a portion of the one identified 
in the input data, for the same reasons as previously ex-
pressed. This is shown in Figure 39. In the case of other 
shielding, such as structures or vegetation, the DEO will list 
all the intervening elements, even if their total attenuation 
is in excess of the maximum 10 dBA. Their location will 
be entered exactly as in the input data sheet, for reasons 
that are explained later. Note that the shielding type desig-
nation can be used to quickly identify the type of shielding 
listed (i.e., D for depressed configuration, S for roadside 
structures, etc.). 

Next to the shielding identification, the DEO lists the 
noise reduction provided by shielding in terms of both low 
(tire) and high (exhaust) sources. In the example shown 
in Figure 38, the shielding at receiver No. 23 for the de-
pressed section (roadway 1, element 2, first subelement) 
was 8.5 dB for tires and 6.2 dB for exhaust. 

Finally, the last two columns on the right identify the 
magnitude of additional noise reduction required to meet 
the design noise level. Once again, the reduction is pre-
sented in terms of tire and exhaust requirements, because 
these must be treated separately. 

Important: Note that, in the presence of other barriers,  

the additional noise reduction does not correspond to the 
total reduction required. The reason for this, as pointed out 
earlier, is that only one "predominant" barrier may be in-
cluded in the calculation. Therefore, once a new and better 
barrier is constructed, the previous predominant barrier is 
discarded from the analysis. In the example, the depressed 
configuration, representing the predominant barrier, pro-
vided 8.5 and 6.2 dB of noise reduction for tires and exhaust, 
respectively. This is not enough to satisfy the design noise 
goal, so the new barrier, or any other shielding device, must 
provide a noise reduction of 10.0(8.5 + 1.5)dB and 12.2 
(6.2 + 6.0)dB for tires and exhaust, respectively. Of course, 
the noise reduction due to any structures or vegetation re-
mains unaffected by these changes because their reduction 
is considered in addition to barrier attenuation. On the 
other hand, it follows that if no predominant barrier is 
identified for the roadway element in question, the addi-
tional required noise reduction shown in the last columns 
represents in fact the desired total noise reduction for that 
element. 

In summary, the DEO identifies the following variables 
for each observer at which the design noise level is 
exceeded: 

All elements (or subelements) of roadway that con-
tribute to the noise excess and therefore must be controlled. 

For each "noisy" element, the relevant shielding pres-
ent between the observer and the roadway, as well as the 
noise reduction provided by this shielding. 

For each "noisy" element, the necessary additional 
noise reduction required to meet the design noise goal in 
terms of both low and high source requirements. 

With this information, the designer can quickly pinpoint 
the portion(s) of roadway that must be modified, and the 
extent of noise reduction required. In this evaluation, he 
is aided by the second output format; the graphic display 
that is explained in the following. These results can then 
be used in Chapter Seven, where the various options of 
noise control are discussed. 

The graphic display shown in Figure 40 consists of a 
computer output showing the highway, the shielding, and 
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Figure 40. Computer graphic display. 
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L-1O L 	E 	V E 	L 	S 
RECEIVER 

DESIGN CALCULATED EXCEEDS 	BY NUMBER 

75.0 70.5 1 
75.0 61.0 2 
75.0 56.0 3 
75.0 50.0 4 
70.0 70.5 .5 5 

70.0 64.5 6 
70.0 62.0 7 
70.0 60.5 8 
70.0 58.5 9 
70.0 57.5 10 

70.0 55.0 11 
70.0 52.0 12 
70.0 50.0 13 
70.0 72.0 2.0 14 
70.0 64.5 15 

70.0 62.0 16 
70.0 60.5 17 
70.0 58.0 18 
70.0 58.0 19 
70.0 54.0 20 

70.0 50.5 21 
70.0 49.0 22 
70.0 76.5 6.5 23 
70.0 69.0 24 
70.0 66.0 25 

70.0 64.0 26 
70.0 62.5 27 
70.0 60.0 28 
70.0 57.0 29 
70.0 52.5 30 

70.0 50.0 31 
70.0 75.5 5.5 32 
70.0 70.0 33 
70.0 66.5 34 
70.0 64.5 35 

70.0 64.5 36 
70.0 62.5 37 
70.0 55.0 38 
70.0 52.5 39 
70.0 75.0 5.0 40 

70.0 70.0 41 
70.0 65.5 42 
70.0 59.5 43 
70.0 56.5 44 
75.0 75.5 .5 45 

75.0 68.0 46 
70.0 59.0 47 
70.0 78.5 8.5 48 
70.0 69.0 49 
80.0 75.0 50 

70.0 60.0 51 
70.0 56.5 52 
70.0 54.0 53 
80.0 71.0 54 
70.0 55.5 55 

70.0 55.0 56 
70.0 53.5 57 
80.0 73.5 58 
70.0 57.0 59 
70.0 55.5 60 

70.0 55.0 61 
80.0 75.5 62 
70.0 60.0 63 
70.0 57.5 64 
70.0 57.5 65 

LOCATION 
RECEIVER - 
NUMBER X Y Z HEIGHT GROUND 

1 250 -185 140 5.0 1 
2 250 -560 140 5.0 1 
3 250 -1125 140 5.0 1 
4 250 -2125 140 5.0 1 
5 750 -185 140 5.0 1 

6 750 -310 140 5.0 1 
7 750 -440 140 5.0 1 
8 750 -560 140 5.0 1 
9 750 -690 140 5.0 1 
10 750 -810 140 5.0 1 

11 750 -1125 140 5.0 .1 
12 750 -1625 140 5.0 1 
13 750 -2125 140 5.0 1 
14 1250 -185 140 5.0 1 
15 1250 -310 140 5.0 1 

16 1250 -440 140 5.0 1 
17 1250 -560 140 5.0 1 
18 1250 -690 140 5.0 1 
19 1250 -810 140 5.0 1 
20 1250 -1125 140 5.0 1 

21 1250 -1625 140 5.0 1 
22 1250 -2125 140 5.0 1 
23 1750 -185 140 5.0 1 
24 1750 -310 140 5.0 1 
25 1750 -440 140 5.0 1 

26 1750 -560 140 5.0 1 
27 1750 -690 140 5.0 1 
28 1750 -810 140 5.0 1 
29 1750 -1125 140 5.0 1 
30 1750 -1625 140 5.0 1 

31 1750 -2125 140 5.0 1 
32 2145 -280 140 5.0 1 
33 2145 -440 140 5.0 1 
34 2145 -560 140 5.0 1 
35 2145 -690 140 5.0 1 

36 2145 -810 140 5.0 1 
37 2145 -1125 140 5.0 1 
38 2145 -1625 140 5.0 1 
39 2145 -2125 140 5.0 1 
40 2450 -375 140 5.0 1 

41 2450 -690 140 5.0 1 
42 2450 -1125 140 5.0 1 
43 2450 -1330 140 5.0 1 
44 2450 -2125 140 5.0 1 
45 2700 -500 140 5.0 1 

46 2700 -1125 140 5.0 1 
47 2700 -2125 140 5.0 1 
48 3030 -625 140 5.0 1 
49 3030 -1125 140 5.0 1 
50 3330 -790 140 5.0 1 

51 3330 -1750 140 5.0 1 
52 3330 -1950 140 5.0 1 
53 3330 -2175 140 5.0 1 
54 3750 -1000 140 5.0 1 
55 3750 -1750 140 5.0 1 

56 3750 -1950 140 5.0 1 
57 3750 -2175 140 5.0 1 
58 4150 -1150 140 5.0 1 
59 4150 -1750 140 5.0 1 
60 4150 -1950 140 5.0 1 

61 4150 -2175 140 5.0 1 
62 4625 -1230 140 5.0 1 
63 4625 -1750 140 5.0 1 
64 4625 -190 140 5.0 1 
65 4625 -2175 140 5.0 1 

COHPLETELJ PLOT NO. 	1 

Figure 41. Summary of L10 levels at receiver locations for example problem. 
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Figure 42. Example proble,n computer display, showing contours of equal exposure. 



RECEIVER R 0 A 0 W A V S H I 	E L 	0 	I N G NOISE ADOITIOAL 	NOISE 
REDUCTION REDUCTION 	REQD 

NO. 	LEV ROWY ELEM X Y Z TYPE NO. ELEM X V Z TIRE EXH. TIRE EXH. 

5 	70.0 1 1 750 0 120 D 1 1 -8000 -110 140 10.7 7.8 0.0 0.0 
960 0 120 2000 -110 140 

14 	70.0 1 1 1105 0 120 D 1 1 -8001) -110 140 11.0 8.0 0.0 .5 
1250 0 120 2000 -110 140 

1 1 1250 0 120 0 1 1 -8000 -110 140 11.0 8.0 0.0 0.0 
1380 0 120 2000 -110 140 

1 2 1380 0 120 D 1 1 -8000 -110 140 9.7 7.0 0.0 5.0 
1483 '0 123 2000 -110 140 

1 2 1483 0 123 0 1 1 -8000 -110 140 7.8 5.8 1.0 5.5 
1612 0 127 2000 -110 140 

1 2 1612 0 127 D 1 1 -8000 -110 140 5.9 4.9 2.5 5.5 
1806 0 134 2000 -110 140 

23 	70.0 1 2 1380 0 120 D 1 1 -8000 -110 140 8.5 6.2 1.5 6.0 
1565 0 126 2000 -110 140 

1 2 1565 0 126 0 1 1 -8000 -110 140 7.4 5.4 3.5 7.5 
1750 0 132 2000 -110 140 

1 2 1750 0 132 0 1 1 -8000 -110 140 5.8 4.4 5.0 8.5 
1875 0 136 2000 -110 140 

1 2 1875 0 136 D 1 1 -8000 -110 140 5.8 4.4 4.5 8.5 
2000 0 140 2000 -110 140 

1 3 2000 0 140 0 1 1 -8000 -110 140 5.0 4.1 .5 4.0 
2160 0 140 2000 -110 140 

32 	70.0 1 2 1643 0 128 0 1 1 -8000 -110 140 6.8 5.1 1.0 5.0 
1775 0 133 2000 -110 140 

1 2 1775 0 133 0 1 1 -8000 -110 140 5.8 4.5 2.5 6.0 
1906 0 137 2000 -110 140 

1 2 1906 0 137 none * * * 0.0 0.0 11.5 14.0 
2000 0 140 * * * 

1 3 2000 0 140 none * * * 0.0 0.0 8.0 10.0 
2145 0 140 * * * 

1 3 2145 0 140 none * * * 0.0 0.0 8.0 10.0 
2320 0 140  

1 4 2320 0 140 none * * * 0.0 0.0 7.0 9.0 
2536 -lOS 140 * * * 

1 4 2536 -105. 140 none * * * 0.0 0.0 6.5 8.5 
2753 -210 140 * * * 

1 4 2753 -210 140 none * * * 0.0 0.0 5.5 8.0 
2969 -315 140 * * * 

1 5 3185 -420 140 none * * * 0.0 0.0 9.5 11.5 
3540 -620 160 * * * 

40 	70.0 1 2 1813 0 134 none * * * 0.0 0.0 9.0 11.5 
2000 0140 * * * 

1 3 2000 0 140 none * * * 0.0 0.0 6.0 8.0 
2320 0140 * * * 

1 4 2320 0 140 none * * * 0.0 0.0 8.0 .10.0 
2573 -123 140 * * * 

1 4 2573 -123 140 none * * * 0.0 0.0 8.0 10.0 
2879 -271 140 * * * 

1 4 2879 -271 140 none * * * 0.0 0.00  7.0 9.0 
3032 -346 140 * * * 

1 5 3185 -420 140 none * * * 0.0 0.0 11.0 13.0 
3540 -620 160 * * * 

41 	70.0 1. 4 2696 -183 140 none * * * 0.0 0.0 0.0 1.5 
3185 -420 140 * * * 

1 5 3185 -420 140 none * * * 0.0 0.0. 4.0 6.0 
3540 -620 160 * * * 

45 	75.0 1 4 2572 -122 140 none * * * 0.0 0.0 0.0 0.0 
2824 -245 140 * * * 

48 	70.0 1 4 2525 -100 140 none * * * 0.0 0.0 6.0 8.5 
2730 -199 140 * * * 

1 4 2730 -199 140 none * * * 0.0 0.0 7.0 9.5 
2935 -299 140 * * * 

1 4 2935 -299 140 none * * * 0.0 0.0 8.0 10.0 
3140 -398 140 * * * 

1 4 3140 -398 140 none * * * 0.0 0.0 8.0 10.0 
3185 -420 140 * * * 

1 5 3185 -420 140 none * * * 0.0 0.0 13.5 16.0 
3363 -520 150 * * * 

1 5 3363 -520 150 none * * * 0.0 0.0 13.0 15.0 
3540 -620 160 * * * 

Figure 43. Design evaluation output for example problem. 
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the observer locations. Note that the receiver locations are 
accompanied by the predicted L10  noise levels. To aid in 
the evaluation, receiver locations at which the design noise 
goal is exceeded are denoted by special X on 0 symbols 
instead of the regular X sign. Furthermore, the roadway 
sections in need of noise control are identified by special 
asterisks instead of the regular + sign: The display may be 
generated to any desired scale so as to match the topo-
graphic plan view of the roadway. Note that the "noisy" 
roadway sections do not correspond necessarily to the road-
way subelement identified in the DEO. The reason is that 
whereas the DEO identifies "noisy" elements for one ob-
server at a time, the graphic display summarizes all prob-
lem areas at one time. Because "noisy" elements due to 
different receivers vary, and in many cases overlap, the 
graphic display, although not able to pinpoint individual 
roadway problems for a given receiver, summarizes the 
entire length(s) of roadway that must be considered. 

Another obvious use of the graphic display is in de-
velopment of contours. Because the receiver locations do 
not correspond to integral numbers of dB, some interpola-
tion is required. The rules presented in Chapter Five can 
be equally well applied here for that purpose. 

Example 

Using the computer program, the output of the example 
problem presented in the previous section is now analyzed. 
It will be recalled that the data input information was 
developed and summarized in Figures 32 through 36. 

The first output shows the L10  noise levels calculated at 
all receiver locations. This is shown in Figure 41. As dis-
cussed in the previous section, each receiver is first identi-
fied by its location and ground condition. The calculated 
L10  levels are then listed and compared with the criterion. 
Problem observers are identified in the "exceeds by" col-
umn in terms of the over-all reduction required to satisfy 
the design goal. The analysis of Figure 41 shows seven ob-
server locations as exceeding criteria (receivers 5, 14, 23,  

32, 40, 45, and 48). The over-all noise-reduction require-
ments vary between 0.5 and 8.5 dBA, depending on lo-
cation. From these, location 48 clearly represents the 
most critical problem, with an over-all 8.5-dBA reduction 
requirement. 

To more clearly evaluate the situation, the graphic dis-
play may be used. This output was presented in the pre-
vious discussion on Figure 40. The reader should recognize 
this display as compared to Figure 33, on which the input 
data to the computer program were generated. In fact, be-
cause the output was generated to the same scale as the 
original roadway scenario in Figure 31 (or the roadway 
scenario of discrete sections in Figure 33) these figures may 
be directly superimposed. The display identifies all prob-
lem receivers by the special X or 0 symbol and the value of 
the L10  level. Note that, in most cases, the L10  values on 
the graphic display do not correspond exactly to the calcu-
lated ones (Fig. 41). The 0.5-dB error is due to the round-
ing process on the graphic display and should not be of 
concern to the user. An example of this is receiver No. 1, 
which shows an L10  level of 71 dB in Figure 40 and a more 
precise calculation of 70.5 dB in Figure 41. 

Using these two outputs, the user can quickly identify the 
problem area in this example. As expected, the levels are 
higher in the vicinity of the at-grade roadway configuration 
and in the areas where the roadway is in an up-grade 
condition. 

To more fully describe the effect of the proposed road-
way, the graphic display may be used to develop contours 
of equal exposure. Using the procedures previously de-
scribed in Chapter Five, contours of 5-dB increments are 
shown on Figure 42. 

Once the problem locations are identified, the user may 
use the DEO report to analyze the highway from the noise-
control point of view. Figure 43 shows the design evalua-
tion output for this example problem. For each problem 
receiver, the "noisy" roadway elements responsible for the 
excess noise are presented. The noise-control strategy to 
remedy the problem is discussed in detail in Chapter Seven. 

CHAPTER SEVEN 

NOISE CONTROL 

The procedures presented in Chapter Six provide a detailed 
evaluation of the noise generated by any highway of inter-
est. In particular, all of the highway elements responsible 
for high noise levels (where the criterion was exceeded) 
have been identified by location and the relative magnitude 
of noise reduction required. The user may now proceed 

with the problem of noise control; that is, how to modify 
the highway design so as to achieve a noise reduction 
compatible with the design noise goal. 

If the obvious solutions involving manipulations of the 
traffic (restricting volume, vehicle type, average speed, or 
any combination of these) and roadway alignment (shifting 
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the roadway alignment away from sensitive areas) are ex-
cluded from consideration,*  the designer is basically re-
stricted to changes in the geometry of the roadway, or to 
providing some form of shielding between the roadway and 
receiver. Again, in most cases, the designer is permitted to 
operate on the design only within the roadway right-of-way 
and the solutions discussed in the following are mostly 
based on that assumption. These solutions are usually re-
stricted to introduction of roadway shielding by providing 
changes in the vertical roadway configuration (such as de-
pressed and elevated configurations) or through roadside 
barriers. In some cases, when extensive rights-of-way are 
available, vegetation may be an available solution. How-
ever, such a measure provides limited noise reduction po-
tential (at least 100 ft of dense forest is required for a 5-dB 
reduction) and takes considerable time to become fully 
effective. 

The designer should also recognize that off-roadway mea-
sures (outside the roadway right-of-way limits), such as 
walls, berms, structures, may also be used as a means of 
noise control, and their effectiveness may be calculated by 
the methods presented in the following. However, these 
types of measures are normally outside the designer's 
control. 

With these facts in mind, this chapter presents first the 
general techniques that should be used in the design of 
roadway shielding. This is done by the use of the barrier 
nomograph described in Chapter Five. Next, some special 
considerations of roadway shielding are discussed such as 
a minimum barrier transmission loss, the effect of holes in 
barriers, and the effect of absorption on walls. Finally, a 
general discussion of other special noise-reduction measures 
is presented. 

A. PRINCIPLES OF BARRIER NOISE REDUCTION 

Before the calculation methods are discussed in detail, the 
principles of barrier attenuation are summarized to help the 
reader gain a better understanding of all the factors in-
volved. The user should keep in mind that the term "bar-
rier" is used here in a broad sense. Because the attenuation 
due to walls, berms, depressed configurations, and elevated 
configurations is dependent in all cases on the same basic 
parameters (LIS distance, position distance, break in L/S 

* If such approaches are available, the analysis of Chapter Six should 
first be used to evaluate these other traffic conditions or roadway align-
ments before attempting to modify the highway design. 

Figure 44. Noise path from roadway to receiver.  

distance, and angle subtended, as discussed in connection 
with Fig. Sc), the basic principles of noise control are il-
lustrated here only using roadside barriers. The same pro-
cedures hold true for all other configurations. 

A section through a roadside barrier is shown in Figure 
44. Noise emanating from the roadway on the left can 
follow four different paths. First, the traffic noise follows 
a direct path to receivers who can see the traffic well over 
the top of the barrier. The barrier does not block their 
line of sight (L/S) and therefore provides no attenuation. 
No matter how absorptive the barrier is, it cannot pull the 
sound downward and absorb it. 

Second, the noise follows a diffracted path to receivers 
in the shadow zone of the barrier. The noise that passes 
just over the top edge of the barrier is diffracted (bent) 
down into the apparent shadow shown in the figure. The 
larger the angle of diffraction, the more the barrier at- 
tenuates the noise in this shadow zone. In other words, less 
energy is diffracted through large angles than through 
smaller angles. 

Third, in the shadow zone, the noise transmitted directly 
through the barrier may be significant in some cases. For 
example, for extremely large angles of diffraction, the dif- 
fracted noise may be less than the transmitted noise. In 
this case, the transmitted noise compromises the perfor- 
mance of the barrier, and it must be reduced, usually by 
constructing a heavier barrier. The allowable amount of 
transmitted noise depends on the total barrier attenuation 
desired. More is said about this transmitted noise later. 

Finally, the last path shown in Figure 44 is the reflected 
path. After reflection the noise is of concern only to a 
receiver on the opposite side of the roadway, across from 
the barrier. For this reason, acoustical absorption on the 
face of the barrier may sometimes be considered to reduce 
this reflected noise; however, this treatment will not benefit 
any receivers in the shadow zone. It should be noted that 
in most practical cases the reflected noise does not play an 
important role in barrier design. 

Of these four paths, the noise diffracted over the barrier 
into the shadow zone represents the most important pa- 
rameter from the barrier design point of view. Generally, 
the determination of "barrier attenuation" or "barrier noise 
reduction" involves only calculation of the amount of en- 
ergy diffracted into the shadow zone. The procedures pre- 
sented in the following are based on this concept, as is the 
barrier nomograph. However, the designer should be aware 
of the other paths, especially the direct transmission path, 
which can compromise the barrier design. These special 
barrier considerations are treated in Section C. In sum- 
mary, a receiver in the shadow zone hears the noise that 
has diffracted over the top of the barrier. The resulting 
noise level is less than it would be without the barrier. The 
net benefit is called the "barrier attenuation." 

Because highway noise is represented by a line of noise, 
another short-circuit path is possible, as shown in Figure 45. 
The noise diffracted over the top of the barrier is reduced 
by the barrier attenuation. However, part of the roadway 
may be unshielded by the barrier. For example, the re- 
ceiver might see the roadway beyond the ends of the bar-
rier, if the barrier is not long enough. This noise from 
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Figure 45. Short-circuit of noise around ends of barrier. 

around the ends may compromise, or short-circuit, the 
barrier attenuation. The required barrier length depends on 
the total net attenuation desired. When 10- to 15-dB at-
tenuation is desired, roadside barriers must in general be 
very long. Therefore, to be effective, barriers must not only 
break the line of sight to the nearest section of roadway, 
but also to the roadway far up and down the corridor. 

One other general principle of barrier noise reduction is 
worth reviewing at this point; specifically, the relation be-
tween noise attenuation expressed in (1) decibels, (2) en-
ergy terms, and (3) subjective loudness. Table 4 gives 
these relationships for line sources. As indicated in the 
loudness column, a barrier attenuation of 3 dB will be 
barely discerned by the receiver. However, to attain this 
reduction, 50 percent of the acoustical energy must be re-
moved. To cut the loudness of the highway in half, a 
reduction of 10 dB is necessary. This is equivalent to 
eliminating 90 percent of the energy initially directed to-
ward the receiver. As indicated previously, this drastic 
reduction in energy requires very long and high barriers. 
In summary, when designing barriers, one may expect the 
complexity of the design to be about as follows: 

ATTENUATION COMPLEXITY 

5 dB Simple 
10 dB Attainable 
15 dB Very difficult 
20 dB Nearly impossible 

B. HIGHWAY NOISE CONTROL THROUGH 

BARRIER DESIGN 

Having discussed some of the general concepts of barrier 
noise control, it is now desired to apply this knowledge to 
solution of highway noise problems. Remember again that 
the term "barrier" is used to apply to roadside walls and 
berms, as well as elevated and depressed roadway con-
figurations. Given a knowledge of the roadway elements 
that are responsible for the noise problem and an estimate 
of the total noise reduction required for each element, the 
barrier nomograph can be used to determine the optimum 
approach. 

It should be noted at this point that the barrier nomo-
graph does not provide "exact" solutions, except for those 
cases where the roadway and barrier coincide with the 

TABLE 4 

RELATION BETWEEN DECIBELS, ENERGY, AND 
LOUDNESS FOR LINE SOURCES 

TO REDUCE 

A-LEVEL BY (DB) 

REMOVE PORTION OF 

ENERGY (%) 

DIVIDE 
LOUDNESS 

BY 

3 50 1.2 
6 75 1.5 

10 90 2 
20 90 4 
30 99.9 8 
40 99.99 16 

model on which this tool was developed (straight and in-
finitely long noise source with a parallel straight and 
constant-height barrier). However, the barrier nomograph 
does allow the designer to assess alternative schemes on a 
comparative basis and choose a barrier best suited for each 
situation. We will explore the capabilities of the barrier 
nomograph as a design tool through a number of examples. 
Remember that the final effectiveness of any chosen design 
should be reevaluated by use of the complete method. 

Example 1 

Assume a configuration as shown in Figure 46. Moreover, 
assume that a complete-method evaluation of this parkway 
resulted in an additional noise-reduction requirement of 
7 dB (shown by the DEO computer output) at the receiver 
position for the peak traffic condition (source at zero height 
above the ground). However, the "dominant barrier" in the 
complete method was represented by the 3-ft lip at the edge 
of the roadway. The lip resulted in an attenuation of 3 dB. 
If a barrier is to be erected atany point between the road-
way and the right-of-way line, the noise-reduction require-
ment will become 7 + 3, for a total of 10 dB reduction. 

As a first attempt, place a wall along the top of the ridge 
that already breaks the L/S slightly and which represents 
the roadway right-of-way line. How high must the wall be 
to achieve a 10-dB attenuation? The lines numbered "1" 
on the barrier nomograph (Fig. 47) trace through the 
reasoning in this case. The attenuation and the position 
distance, P, as well as the line-of-sight distance, L/S, are 



54 

SECT ION 
0 

£ 

H 75 ft TL 

PLAN 	with distorted scale 

Roadway 

Barrier 

Figure 46. Roadway scenario for Example No. 1. 

fixed. From Figure 46, the break-in-L/S and the angle sub-
tended are variables. Starting from an attenuation of 10 dB, 
a line is dropped vertically. Then starting at the bottom 
from 200 ft on the L/S scale, a line is drawn up through 
75 ft on the position scale, and then turned vertically into 
the attenuation curves. For different subtended angles, 
barriers of different height are required. Two solutions are 
shown: an 8-ft break subtending 1800,  and a 15-ft break 
subtending 160° (denoted by lines "1"). Note that the 
barrier nomograph quickly shows that for smaller angles 
(for example, 140°) the desired attenuation cannot be 
achieved with any height barrier (the 10-dB vertical does 
not intersect the 140° angle). In such situations, the noise 
coming around the end of the barrier exceeds the allowable 
noise, and even a tunnel section over that small subtended 
angle would not achieve the desired attenuation with the 
barrier at that position. 

As a second attempt to achieve 10-dB attenuation, ex-
tend the lip of the roadway upward; i.e., by building a 
barrier at the edge of the roadway. Figure 46 shows that 
in this case the position distance is P = 25 feet. Once 
again the barrier nomograph is applied, using a subtended 
angle of 180° (marked by lines "2"). The barrier nomo-
graph shows that the barrier should break the L/S by 5 ft. 

Note that in this example the roadway element was con-
sidered infinite in length to simplify the discussion. How-
ever, the same conclusions could have been reached if the 
roadway element were finite in length. For example, if 
the barrier being evaluated subtended the same angle as the 
roadway element (the barrier shielded the entire roadway 
element from the observer's sight), this would be equiva-
lent to a subtended angle of 180° for an infinite road. An-
other way of evaluating this case is to consider the angle 
ratio cs/9 indicated on the nomograph and on Figure 48. 
When this ratio is unity, the barrier completely covers the 
noisy element. For angle ratios less than unity, where the 
barrier does not cover the entire element, it may be 
evaluated by the same rules as the infinite case. For ex-
ample, the 160° barrier evaluated in the infinite case will 
correspond to a ratio of aie= 0.89. 

Two possible mistakes should be pointed out here. Once 
the top of the barrier is found on the nomograph, the user 
might be tempted to move horizontally toward the right, 
instead of following the attenuation lines upward to the 
right. If this is done, the barrier position would have been 
ignored in the nomograph's use (half-way point assumed). 
Another mistake might occur in using the angle lines. In-
stead of reflecting vertically upward from the angle lines, 
the user might be tempted to hit an angle line and follow 
it upward to the right toward the barrier attenuation. If 
this is done, then only the angle has been taken into ac-
count; all other parameters would be ignored in the nomo-
graph use. To avoid both mistakes, the user should 
consult the example at the lower right, as well as the 
procedures in Chapter Five, until he is familiar with the 
proper use of this tool. 

In summary, analysis of the results of this example show 
that for equal subtended angles (180°), the barrier closest 
to the source is more effective (5 ft required at the lip 
versus 8 ft at the right-of-way line). Also, the example 
points out how quickly the effectiveness of the barrier is 
compromised as the subtended angle is reduced. Further-
more, for a 10-dB reduction the barrier nomograph pre-
cludes any barriers of less than a subtended angle of 152°, 
regardless of the break in L/S distance and no matter where 
the barrier is located. That is, if a 10-dBA noise reduction 
is required, as specified in this example, the minimum sub-
tended angle must be 152°, regardless of the position and 
height of the barrier. This is evident from the barrier 
nomograph (Fig. 47), where the vertical 10-dBA barrier 
attenuation line intercepts the smallest subtended angle line 
(1520). Finally, these results suggest that for a subtended 
angle of 180°, a barrier within the roadway's right-of-way 
(the lip represents the closest possible position) will have 
to break the L/S by 5 to 8 ft if a 10-dB noise reduction is 
required at the observer. With this information, the de-
signer may now consider other nonacoustic factors (such 
as cost, aesthetics, safety) in deciding which, if any, of the 
foregoing alternatives is most acceptable. 

It should be obvious by now that the barrier nomograph 
can be used to determine the limits of any two variables if 
the other three are known (barrier attenuation; line-of-
sight distance, L/S; position distance, P; break in LIS dis-
tance, B; and angle subtended, 0). For example, the barrier 
attenuation, L/S, and B, can be fixed, and the limits on 
0 and P investigated within the roadway right-of-way. 
Furthermore, it should be obvious that the foregoing pro-
cedures may be applied equally well to barriers at the 
receiver if such an evaluation is desired. 

Example 2 

Now let the previous example be complicated by allowing 
trucks on the roadway. The effectiveness of the 180° bar-
riers at the right-of-way and lip positions, respectively, will 
be evaluated. Figure 49 presents the new configuration with 
both automobile and truck sources shown. Note that the 
truck source is generated at a height of 8 ft above the pave-
ment. This obviously will affect the break in L/S evaluated 
before. For example, if the same barrier configuration 
calculated before is retained at the right-of-way line, the 
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Figure 48. Example of finite barrier design evaluation. 

break in L/S, B, becomes only 3 ft, instead of 8 ft as for 
automobile sources. The computation of the barrier at-
tenuation for truck sources (Fig. 50) gives a reduction of 
only 7 dB, instead of the 10 dB for automobile sources. If 
a 10-dB reduction were still required (for trucks also), the 
height of the wall would have to be increased to provide 
the proper 8-ft break in L/S. 

Example 3 

The previous two examples considered simple geometries 
and a single observer location. This was done to illustrate 
the basic use of the barrier nomograph and the noise-
control procedure. Now consider the example problem 
discussed previously in Chapter Six (Fig. 31), where a very 
complicated situation in terms of both the roadway con-
figuration and the number of receivers considered was 
analyzed. The reader should realize that although Exam-
ples 1 and 2 were very simple, this example contains 
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basically every feature and complication imaginable in a 
highway problem and therefore is more complicated to 
analyze and interpret. 

As was pointed out in the computer output of this ex-
ample in Chapter Six, there are seven receiver locations 
(receiver Nos. 5, 14, 23, 32, 40, 45, and 48) at which the 
design noise criteria were exceeded. The contour map de-
veloped as a result of the computer graphic display (Fig. 
42) further describes the areas (irrelevant of observer lo-
cation) at which the 70-dBA criterion is exceeded. The 
objective of the noise-control procedure is to take the com-
puter output information and, using the barrier nomograph, 
to design noise-control solutions that would solve the noise 
problem at all receivers of concern. Once again, the user 
should be reminded that the barrier nomograph solutions 
are applicable to the calculation of any change in highway 
vertical geometry (such as depressed or elevated configura-
tions, roadside barriers, or a cimbination of these); how- 

Figure 49. Roadway scenario for Example No. 2. 
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ever, as pointed out earlier, only roadside barriers are 
illustrated here. 

The first step in the noise-control procedure obviously 
involves identification of the magnitude of the problem and 
the portion(s) of the highway responsible for the excessive 
noise. The first question is answered by the summary-of-
L10-levels-at-receiver-locations computer output shown in 
Figure 41. This output shows directly that the over-all 
problem is as follows: 

EXCEEDS CRITERION 

RECEIVER NO. 	 BY (dB) 

5 0.5 
14 2.0 
23 . 	6.5 
32 5.5 
40 -510 
45 0.5 
48 8.5 

The second question is much more complex, inasmuch 
as a number of highway elements (or subelements) might 
be responsible for excessive noise levels at each receiver. 
The analysis of the design evaluation output (DEO) shown 
in Figure 43 must be performed in order to evaluate the 
question. 

First of all, note that if only one receiver location was 
involved, the analysis of the DEO is straightforward. Re-
ferring to Figure 43, where this output is presented, the 
foregoing statement simply means that, for example, in the 
case of receiver No. 14 there are five subelements (located 
between coordinates 1105, 0, 120 and 1806, 0, 134) that 
must be controlled. Furthermore, by designing barriers 
capable of providing the composite noise reduction identi-
fied in the DEO, the problem of receiver No. 14 will be 
solved. However, because the example identifies several 
problem receiver locations, the DEO must first be analyzed 
to identify the elements or subelements of highway in terms 
of the maximum noise reduction required. This is accom-
plished by identifying the critical element/receiver rela-
tionship that points out the maximum noise reduction re-
quired from a given highway element at any receiver. In 
other words, the worst problem associated with each high-
way element in question must be identified. 

Table 5 gives such an analysis for this example problem, 
using the DEO shown on Figure 43. For example, Table 5 
identifies the subelement located between 1380, 0, 120 and 
1565, 0, 120 as the critical element for receiver No. 23. 
The total magnitude of the required noise reduction for 
truck noise sources is given as 6.2 * dB (provided already 
by the depressed configuration of that element) plus an 
additional 6.0 dB to meet the criterion of 70 dBA. The 
total reduction of the element at the receiver (No. 23) is 
then 12.2 dB. Further analysis shows that this same sub-
element is also responsible for excessive noise at receiver 

* As pointed out earlier in this chapter, the required reduction is equal 
to the sum of the existing plus additional requirements because only one 
dominant barrier may be included at one time. This, of course, does not 
apply to the shielding provided by roadside structures and vegetalion, 
which are additive to any barrier shielding. 

No. 14. However, the reduction required for receiver 
No. 14 is 7.0 dB, due to the existing depressed configura-
tion plus an additional 5.0 dB required (again for truck 
sources) for a total reduction of 12.0 dB, which is less than 
for receiver No. 23. The result of this analysis points out 
the reduction requirements that, if satisfied, will solve the 
noise problems at the critical observers, as well as at all 
other receiver locations where the critical highway elements 
were responsible for excessive noise levels. 

It will be noted that the entire noise-reduction problem 
was analyzed from the truck source 'point of view; that is, 
assuming a high source at 8 ft above the level of the road-
way. This approach is correct unless the total magnitude 
of nise reduction required for tire sources (automobiles 
or medium trucks) is at least 3 dB more than that required 
for truck exhaust. This rule stems from the fact that be-
cause tire sources are 8 ft lower than exhaust sources, the 
same barrier configuration will result in at least 3 dB more 
noise reduction for tires than for exhaust sources. Because 
the DEO identifies both reductions separately, this fact is 
readily ascertained by inspection. 

The results given in Table 5 thus identify six critical ele-
ment/receiver relationships and summarize for each re-
ceiver the subelements of highway that must be controlled, 
as well as the magnitude of the total noise reduction re-
quired. The reader is urged to repeat this procedure using 
the DEO shown in Figure 43 to become familiar with this 
procedure. 

Two more points should be mentioned about the results 
of Table 5 before noise control is attempted: 

The total noise-reduction requirements are calculated 
to the nearest 0.1 dB. For design purposes it is practical to 
consider only full dB increments, as shown in the Noise 
Reduction Design column. 

The reduction requirements show two gaps (between 
X=960 and 1105 and between X= 1250 and 1380) in 
the roadway portion that must be treated. Indeed, if only 
the particular receivers evaluated were of concern, no bar-
riers would be required in those gaps. However, because 
in this analysis the receiver locations were chosen to repre-
sent an area of exposure rather than a specific location, it 
must be recognized that a receiver located, for instance, 
100 ft to the right of location 14 will be exposed to the 
noise coming through that gap. Therefore, by inspection, 
these gaps should be evaluated and eliminated when ap-
propriate. In this example the noise requirements of re-
ceiver No. 5 are extended to X = 1105 and receiver No. 14 
toX= 1380. 

Having identified the magnitude and location of the prob-
lem, the user is now ready to develop noise-control solu-
tions to meet the requirements of the problem. This pro-
cedure is identical to the steps used in Examples 1 and 2 
previously described, except that in this example more 
barriers must be calculated using the barrier nomograph. 
Each subelement, with its corresponding noise-reduction re-
quirement must be considered in relation to the critical 
observer identified and a barrier chosen that will meet that 
requirement. 

Figure 51 shows the barrier configurations necessary to 
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TABLE 5 

CRITICAL ELEMENT/RECEIVER IDENTIFICATION 

DESIGN 

SUBELEMENT LOCATION 	NOISE REDUCTION 	 NOISE 	PROBLEM  
REC. 	ROAD. ELEM. 	 REDUC- ELEMENT 

NO. 	NO. NO. 	X 	Y 	Z 	EXIST. REQ'D. TOTAL TION 	NO.' 

5 1 1 750 0 120 7.8 0.0 7.8 9.0 1 
960 0 120 

14 1 1 1105 0 120 8.0 0.5 8.5 9.0 2 
1250 0 120 

23 1 2 1380 0 120 6.2 6.0. 12.2 13.0 3 
1565 0 126 

1 2 1565 0 126 5.4 7.5 12.9 13.0 4 
1750 0 132 

1 2 1750 0 132 4.4 8.5 12.9 13.0 5 
1875 0 136 

1 2 1875 0 136 4.4 8.5 12.9 13.0 6 
1906 0 137 

32 1 2 1906 0 137 0.0 14.0 14.0 14.0 7 
2000 0 140 

1 3 2000 0 140 0.0 10.0 10.0 10.0 8 
2145 0 140 

1 3 2145 0 140 0.0 10.0 10.0 10.0 9 
2320 0 140 

40 1 4 2320 0 140 0.0 10.0 10.0 10.0 10 
2573 -123 140 

1 4 2573 -123 140 0.0 10.0 10.0 10.0 11 
2879 -271 140 

1 4 2879 -271 140 0.0 9.0 9.0 10.0 12 
2935 -299 140 

48 1 4 2935 -299 140 0.0 10.0 10.0 11.0 13 
3140 -398 140 

1 4 3140 -398 140 0.0 10.0 10.0 11.0 14 
3185 -420 140 

1 5 3185 -420 140 0.0 16.0 16.0 16.0 15 
3363 -520 150 

1 5 3363 -520 150 0.0 15.0 15.0 16.0 16 
3540 -620 160 

See Figure 51. 

meet the criteria at all observer locations of interest. Two 
points of interest should be noted: 

The height of the barrier increases dramatically on 
sections of roadway that have an up-grade condition. This, 
of course, is due to the higher noise-reduction requirements 
for the up-grade subelements (see Table 5). The higher 
reduction requirements stem from the higher noise levels 
emitted by vehicles while climbing. 

The particular design chosen considers horizontal bar-
rier geometries over the subelement length, creating a step-
wise configuration. The designer could have very well se-
lected a geometry where the barrier height follows the 
grade of the roadway if he so desired. Because the road-
way subelements are relatively short in length (for the 
up-grade condition) either of these two configurations 
would give approximately the same result. 

As an example of the barrier noise-design calculations, 
one case is presented in the following. The example treats 
the problem of observer No. 32 and the roadway sub- 

element located between the coordinates (2145,0,140) and 
(2320,0,140). Table 5 identifies a requirement of 10 dB 
for that subelement. Before the barrier nomograph is used 
for the purpose of noise control, the barrier parameters of 
interest must be identified (i.e., line-of-sight distance, L/S, 
barrier position, P. and required noise reduction, 10 dB). 
The parameters L/S and P may be calculated or estab-
lished graphically using the coordinates of both the truck 
exhaust source and the receiver. The result of this pro-
cedure is shown in Figure 52. In this case we chose to 
locate the barrier at the right-of-way, which resulted in 
L/S = 280 ft and P = 110 ft. The barrier nomograph was 
then used to calculate the required break in line-of-sight, 
B, as shown in Figure 53. The computed B = 8,0 ft. 

The barrier height above the ground can now be calcu-
lated by adding the required B (translated in a vertical di-
mension) to the vertical distance between the ground and 
the break in line-of-sight, as shown in Figure 52. The re-
sulting barrier is therefore (6.5 + 8.0) = 14.5 ft. For the 
purposes of the design this barrier height was rounded to 
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Figure 51. Barrier configuration for Example No. 3. 
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Figure 52. Barrier ,zomograph parameters for receiver No. 32 and roadway subelement located 
between (2145, 0, 140) and (2320, 0, 140). 

15 ft, as shown in Figure 51. The process is then repeated 
for all other receiver-critical roadway subelements, as 
identified in Table 5. 

The resulting barrier designs should be used as input to 
the computer program by adding them to the shielding-
input data sheet, as shown in Figure 54. Note that the 
figure shows only the additional shielding required that is 
added to the original program except when the additional 
shielding is superimposed directly on an existing barrier. 
In this case, the existing barrier should be modified and/ 
or eliminated according to the requirements of the new 
shielding. For example, in the case illustrated in Figure 51 
the original depressed section (located between —8000, 
—110, 140 and 2000, —110, 140) is modified by adding 
a wall on top of the edge of cut, starting at location 750, 
—110, 140. Therefore, Figure 54 shows, in addition to the 
new shielding (barriers 27 through 36), a modified barrier 
No. 1, which now extends from —8000,-1 10, —140 to 750, 
—110, 140. From this point on and to the end of the  

original barrier No. 1 the new shielding is represented by 
barrier No. 27 through 32. In this case, the total shielding 
provided is a result of the combined depressed-barrier 
combination and therefore the original designation is used. 

The result of the recomputed geometry should, in all 
cases, eliminate the noise problem at all receiver locations 
and thus meet the chosen criterion. 1-lowever, the user 
should be reminded of the limitations of the barrier nomo-
graph (discussed in Chapter Five) used here to design 
noise-control features. Because the barrier nomograph, by 
design, assumes many simplifications as to the roadway-
barrier-observer geometry, deviations of the actual situa-
tion from the model will produce errors. This is the main 
reason why the noise-control design must be recomputed 
exactly using the computer program. 

Figure 55 shows the summary of L10  levels at receiver 
locations and Figure 56 shows the graphic display for the 
recomputed case. Analysis of the output shows (a) com-
pliance with criteria at all receiver locations and (b) the 
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INPUT DATA SHEET - SHIELDING 

Page_of_ 

Project 	 Engr 	Date  

- 
Barrier 
Type* 

Barrier 
Number 

Element 
Number 

Barrier Location (ft) 

X Y Z 

D 1 1 —8000 —110 140 

2 750 —110 140 

D 27 1 	1 750 —110 142 

1380 —110 142 

5 D 28 1 1380 —110 150 

16  1565 —110 150 

7 D 29 1 1565 —110 154 

_8  1750 —110 154 

9 D 30 1 1750 —110 156 

10  1875 —110 156 

ii D 31 1 1875 1 	
—110 158 

12  1906 —110 158 

13 D 32 1 1906 —110 160 

1  2000 —110 160 

15 R 33 1 2000 —110 155 

1  2320 —110 155 

17 R 34 1 2320 1 	
—110 155 

18  3185 —545 155 

19 E 35 1 3185 —500 173 

20  3363 —500 173 

21 E 36 1 3363 —600 179 

3540 —700 179 

23  

24  

125, 

* E = Elevated Roadway 	B = Off-Roadway Barrier 	V = Vegetation 
D = Depressed Roadway 	G = Ground Barrier 
R = Roadside Barrier 	S = Roadside Structures 

Figure 54. Example of additional shielding input required for Example No. 3. 

computed levels at the previously identified critical observer 
locations, summarized as follows: 

ORIGINAL 

DESIGN NOISE EXCESS 
RE- EX- CR!- CONTROL NOISE 

CE! VER CEEDED TERION DESIGN REDUC- 

NO. BY(dB) (dB) (dB) TION (dB) 

5 0.5 70.0 70.0 0.0 
14 2.0 70.0 70.0 0.0 
23 6.5 70.0 67.0 3.0 
32 5.0 70.0 65.0 5.0 
40 5.0 70.0 65.0 5.0 
48 8.5 70.0 66.0 4.0 

It must be noted that although receivers No. 5 and No. 14 
meet the criterion goal precisely the noise control features 

developed for receivers No. 32, 40 and 48 are overdesigned. 
The user might choose to leave the design as is or try to 
optimize the height of the barriers to just achieve the 
desired criterion. 

To do the latter involves an iterative procedure that re 
quires recomputation of barrier heights for the affected 
receivers. The simplest method is to subtract the excess 
noise reduction obtained from the noise-reduction design 
requirements in Table 5 and redesign the barriers accord-
ingly. Using the computer program, the revised noise-
control design should then be evaluated once again. The 
change in barrier height obtained by use of this procedure 
is shown in Figure 57. Note that the required barrier 
heights have been reduced dramatically for this particular 
design. 

By using this tool, the highway designer will have the 
capability to analyze and control quickly very complicated 



LOCATION L-1O L 	E 	V 	E 	L 	S 
RECEIVER ----------------------------------------- -------------------------------- RECEIVER 
NUMBER X Y Z HEIGHT GROUND DESIGN CALCULATED 	EXCEEDS 	BY NUMBER 

1 250 -185 140 5.0 1 75.0 70.5 1 
2 250 -360 140 5.0 1 75.0 60.5 2 
3 250 -1125 140 5.0 1 75.0 54.5 3 
4 250 -2125 140 5.0 1 75.0 48.5 4 
5 750 -185 140 5.0 1 70.0 70.0 5 

6 750 -310 140 5.0 I 70.0 63.5 6 
7 750 -440 140 5.0 1 70.0 60.5 7 

8 750 -560 140 5.0 1 70.0 59.0 8 
9 750 -690 140 5.0 1 70.0 57.5 9 
10 750 -810 140 5.0 1 70.0 56.5 10 

11 750 -1125 140 5.0 1 70.0 53.5 11 

12 750 -1625 140 5.0 1 70.0 50.0 12 

13 750 -2125 140 5.0 1 70.0 48.5 13 

14 1250 -185 140 5.0 1 7'1.0 70.0 14 

15 1250 -310 14d 5.0 1 70.0 61.5 15 

16 1250 -440 140 5.0 1 70.0 57.5 16 

17 1250 -560 140 5.0 1 70.0 55.5 17 

18 	- 1250 -690 140 5.0 1 .70.0 54.0 18 

19 1250 -810 140 5.0 1 70.0 55.0 19 

20 1250 -1125 140 5.0 1 70.0 49.5 20 

21 1250 -1625 140 5.0 1 70.0 47.0 21 

22 1250 -2125 140 5.0 1 70.0 45.5 22 

23 1750 -185 140 5.0 1 70.0 67.0 23 

24 1750 -310 140 5.0 1 70.0 61.0 24 

25 1750 -440 140 5.0 1 70:0 58.5 25 

26 1750 -560 140 5.0 1 70.0 57.0 26 
27 1750 -690 140 5.0 1 70.0 56.0 27 

28 1750 -810 140 5.0 1 70.0 54.0 28 

29 1750 -1125 140 5.0 1 70.0 51.5 29 

30 1750 -1625 140 5.0 1 70.0 47.5 30 

31 1750 -2125 140 5.0 1 70.0 46.0 31 

32 2145 -280 140 5.0 1 70.0 65.0 32 

33 2145 -440 140 5.0 1 70.0 62.5 33 

34 2145 -560 140 5.0 1 70.0 59.5 34 

35 2145 -690 140 5.0 1 70.0 57.0 35 

36 2145 -810 140 5.0 1 70.0 58.5 36 
37 2145 -1125 140 5.0 1 70,0 54.5 37 

38 2145 -1625 140 5.0 1 70.0 49.0 38 

39 2145 -2125 140 5.0 . 	1 70.0 48.5 39 

40 2450 -375 140 5.0 1 70.0 65.0 40 

41 2450 -690 140 5.0 1 70.0 61.5 41 

42 2450 -1125 140 5.0 1 70.0 57.0 42 

43 2450 -1330 140 5.0 1 70.0 53.0 43 

44 2450 -2125 140 5.0 1 70.0 50.5 44 

45 2700 -500 140 5.0 1 75.0 66.0 45 

46 2700 -1125 140 5.0 1 75.0 58.0 46 

47 2700 -2125 140 5.0 1 70.0 52.5 47 

48 3030 -625 140 5.0 1 70.0 66.0 48 

49 3030 -1125 140 5.0 1 70.0 59.5 49 

50 3330 -790 140 5.0 1 80.0 66.0 50 

51 3330 -1750 140 5.0 1 70.0 53.5 51 
52 3330 -1950 140 5.0 1 70.0 52.5 52 
53 3330 -2175 140 5.0 1 70.0 51.0 53 
54 3750 -1000 140 5.0 1 80.0 71.0 54 
55 3750 -1750 140 5.0 1 70.0 54.5 55 

56 	. 3750 -1950 140 5.0 1 70.0 53.5 56 
57 3750 -2175 140 5.0 1 70.0 52.5 57 
58 4150 -1150 140 5.0 1 80.0 73.5 58 
59 4150 -1750 140 5.0 1 70.0 56.5 59 
60 4150 -1950 140 5.0 1 70.0 55.0 60 

61 4150 -2175 140 5.0 1 70.0 54.5 61 
62 4625 -1230 140 5.0 1 80.0 75,5 62 
63 4625 -1750 140 5.0 1 70.0 59,5 63 
64 4625 -1950 140 5.0 1 70.0 57.5 64 

65 4625 -2175 140 5.0 1 70.0 57.0 65 

Figure 55. Summary of L10  levels at receiver locations for the ,wise control design of Example No. 3. 
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Figure 57. Revised barrier configuration for Example No. 3. 

highway design problems, such as the one demonstrated in 
this example. Again, familiarity with the procedure and use 
of the computer program are essential; however, once the 
process is learned and understood, the calculations are sim-
pie and straightforward. As a note of interest, the com-
puter cost for the foregoing example was approximately 
$20 for each run on a CDC 9600 computer. 

A general note of caution. Throughout this analysis the 
noise reduction provided by barriers is considered inde-
pendent of any other highway noise propagation parame-
ters. That is, the noise reduction computed for a barrier is 
directly subtracted from noise levels computed at the re-
ceiver without affecting any other adjustments. Most avail-
able barrier noise data tend to support this assumption. 
However, the reader should be aware that under certain 
conditions this conclusion might result in overprediction of 
barrier acoustic performance. 

Overprediction might occur when the ground condition 
between the receiver and the roadway is assumed to be ab-
sorbent (see Chapter Five, Sect. 3, Step 4.2). For this case 
a free-field propagation adjustment of 4.5 dB per doubling 
of distance is used; this assumes a certain amount of excess 
ground attenuation effect above the theoretical 3.0 dB/ 
distance doubling for a line source (see 1, Ch. 3). Intro-
duction of a barrier into a scenario where previously an 
absorbent ground condition was assumed, might result in 
an overprediction because no loss of the ground effect is 
included. The net effect of the ground attenuation loss is 
thought to be a function of several parameters (such as 
height of barrier, angle of diffraction) and is not well 
quantified or understood to date. Therefore, in critical 
design cases where only barriers are used as a means of 
noise abatement, it is suggested that the effectiveness of the 
design be computed by using both ground conditions. That 
is, a new barrier design should be evaluated using the ab-
sorbent ground assumption first and then the program re-
run using the reflective ground assumption. The maximum 
noise-reduction effectiveness will be given by the first corn- 

putation and the minimum noise-reduction effectiveness by 
the second assumption. In this manner, the designer may 
gauge the maximum error that can be expected if no excess 
ground attenuation is lost by the introduction of the barrier. 

C. OTHER BARRIER DESIGN CONSIDERATIONS 

Most of the discussion in this section has been incorpo-
rated from "Fundamentals and Abatement of Highway 
Traffic Noise" (6), with the objective of informing the 
design engineer as to all other barrier design considerations 
that should be evaluated in highway noise control. 

When designing "barriers," a number of other factors 
should be considered in addition to the amount of noise 
reflected over and around the barrier. In most instances, 
the designer will find that these other factors do not affect 
the barrier design. However, an understanding of their 
effects is essential if potential problems are to be avoided. 

1. Transmission Loss 

As pointed out earlier, the reduction in acoustical energy 
transmitted through the barrier may in certain situations 
compromise the effectiveness of the barrier design. The 
technical term for the "resistance to transmission" is the 
transmission loss (TL). This is the ratio of incident noise 
energy to transmitted noise energy; that is, 

(Transmitted 
Incident noise"

=10 log 
	noise) 	

(3) 

The larger the TL, the less energy gets through. The TL 
of any wall depends in a complicated way on the wall's 
surface weight, stiffness, and loss factor, and on the angle 
of incidence and the frequency of the approaching noise. 
It is beyond the scope of this text to describe the complex 
interplay between these parameters. Instead, some con-
servative guidelines are presented to avoid underdesigning 
barriers. 
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The surface weight density of the barrier is the most im-
portant parameter affecting the transmission loss. Generally 
speaking, heavier barriers allow less noise to pass through. 
How heavy must a roadside barrier be? The answer de-
pends on the attenuation expected from the barrier due to 
diffraction of noise over the top. For example, if a barrier 
is designed to attenuate the diffracted noise only 5 to 10 dB, 
a relatively large amount of noise can be allowed to pass 
through the barrier without compromising the attenuation. 
If, however, the barrier is expected to provide 20-dB at-
tenuation over the top, it must be much heavier to reduce 
the transmitted energy a comparable amount. The simpli-
fied rule presented in the following guarantees that the 
transmitted noise will be some 3 to 6 dB lower than the 
noise over the top. Therefore, the transmitted noise will 
decrease the calculated barrier attenuation by 1 dB, at most. 
The weight requirement is given in Table 6. For example, 
if the barrier is designed to reduce the diffracted noise 
10 db, it must have a minimum surface weight of 3.5 lb/ 
ft2. It can be heavier than this, of course. 

Two important points to remember in using the table. 
First, the surface weight does not include the weight of 
bracing, framing, etc. It includes only the weight of the 
skin material. In some cases, such framing can be included 
in the weight calculation (for orthotropic, stiff panels, for 
example), but it is beyond the scope of this simplified table 
to include such cases. Do not use the weight of framing 
members. Second, the transmitted noise must be compared 
to the noise diffracted over the top of the barrier. The left 
column in the table is the attenuation of this diffracted 
noise. This is obtained from the barrier nomograph, as-
suming the barrier subtends 180°. For smaller angles, the 
nomograph gives the net attenuation; over the top plus 
around the ends. 

In some cases, this surface weight table is very con- 

TABLE 6 

MINIMUM SURFACE WEIGHT FOR BARRIERS 

IT MUST HAVE THIS 
IF BARRIER IS DESIGNED TO 	 MINIMUM SURFACE 
REDUCE THE DIFFRACTED 	 WEIGHT 
NOISE BY (dB) 	 (LB/FT2) 

5 3.0 
10 3.5 
12 3.5 
14 3.5 
16 4.0 
18 4.5 
20 5.0 
22 6.5 
24 8.0 

Notes: 
I. Surface weight does not include weight of bracing, framing, etc. 

The reduction in diffracted noise (Col. 1) is found from the barrier 
nomograph, using 180' as the angle subtended. 
This surface weight will guarantee that the transmitted noise is some 
3 to 6 dB lower than the diffracted noise. For equal contributions, 
transmitted and diffracted, the surface weight may be halved. 
For many materials, this minimum surface weight may be very con-
servative. 

5.. Surface weight equals the weight density (in Ib/ft2) times the thick-
ness (in ft). 

servative. Technically, it assumes a frequency in the most 
critical range (500 to 1,000 Hz) and assumes no extra 
benefit from a high subpanel first resonance or from a 
double-wall construction. Therefore, it may be desired to 
measure the transmission loss of a proposed test panel. The 
A-weighted TL, for traffic spectra, must be at least 4 to 
6 dB greater than the barrier attenuation of the diffracted 
noise over the top of the barrier. 

2. Holes in Barriers 

Holes or penetrations may severely compromise the trans-
mission loss of barriers. For example, assume an 80-dBA 
noise level exists at the source side of a barrier. Further 
assume the TL of the barrier is 30 dB. Without holes or 
penetrations, the noise on the opposite side would be 
50 dBA, provided no noise is diffracted over the top. Now 
assume a 10 percent open area in the barrier. The effect 
on the net TL of the barrier may be deduced as follows. 

I. Ninety percent of the noise energy hits the barrier 
itself and is reduced by 30 dB. From Table 7, 90 percent 
of 80 dBA is 80 - 0.5 = 79.5 dBA. In decibels, nearly all 
the energy hits the barrier itself. This 79.5 is reduced by 
30, yielding 49.5 dBA. 

2. Ten percent of the noise energy hits the hole, and is 
increased by 6 dB. From the table, 10 percent of 80 dBA 
is 70 dBA. This is increased by 6, yielding 76 dBA. Fi-
nally, the total energy is the logarithmic sum of 49.5 dBA 
and 76 dBA, or 76 dBA. The barrier has provided only 
4 dB reduction. 

One explanation for why the hole compromised the 
barrier attenuation so drastically lies in the logarithmic 

TABLE 7 

CONVERSION OF PERCENTAGE AREA 
TO DECIBELS' 

IF PERCENT OF TOTAL 	 SUBTRACT THIS AMOUNT 
SURFACE AREA IS 	 FROM THE INCIDENT 

(%) 	 LEVEL (dB) 

100 0 
.90 0.5 
80 1 
63 2 
50 3 
40 4 
25 6 
16 8 
10 10 

6 12 
4 14 
2.5 16 
1.6 18 
1 20 
0.6 22 
0.4 24 
0.25 26 
0.16 28 
0.1 30 

° The result is the fraction of energy (in decibels) incident on that por-
tion of the total surface area (from Anderson, et at. (6)). 
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nature of noise. The barrier itself essentially eliminates 
90 percent of the noise energy, but this is only a reduction 
of 10 dB. Even more extreme, if the barrier eliminated 
99 percent of the noise energy, the reduction would be only 
20 dB. 

The second reason for the poor performance of the 
barrier-with-hole is the 6-dB increase in noise through the 
hole; that is, the amplification due to the hole is TL1,oie  = 

—6 dB. Thisincrease is due to so-called "pressure-doubling" 
at the barrier's surface. In other words, more energy passed 
through the hole than is straight-incident to it. The phe-
nomenon is complex, but physically exists. It should be 
noted that a very good absorptive treatment of the source 
side of the barrier can eliminate this 6-dB amplification 
through the hole. However, this absorption must be broad-
band, rather than confined to discrete frequencies such as 
provided by resonant absorbers. Table 8 combines these 
phenomena to indicate the maximum transmission loss of 
a barrier with a hole. As can be seen, very small holes 
indeed can put low limits on the TL of barriers. 

Holes in barriers provide two further complications. The 
6-dB amplification discussed in the foregoing is due to an 
averaging over the entire frequency range. Throughout 
most of the range the noise is attenuated, but at the reso-
nance frequencies of the holes, it is amplified, sometimes 
by 15 to 20 dB. The resulting noise through the hole is not 
only amplified an average of 6 dB, but its character also 
can be changed from a broad-band noise to one with dis-
crete (pure) tones. These pure tones would be more 
objectionable than their A-level indicates. 

3. Absorptive Barriers 

In Figure 44 the reflected energy was shown to impact re-
ceivers on the opposite side of the roadway from a reflec-
tive barrier. When this reflected noise is important to re-
ceivers on the opposite side of the highway, absorption may 
be used to reduce the problem. 

The amount of noise reduction that can be achieved de-
pends on the absorption coefficient of the barrier wall. For 
a full answer, the absorption coefficient must be known as 
a function of frequency. Then the traffic spectrum (most 
importantly the truck spectrum) is reduced by the absorp-
tion at each frequency, to obtain the reflected spectrum. 
After the A-level of this new spectrum is calculated, it is 
compared tn the, original A-level to obtain a rcduction iii 
dBA. This procedure is cumbersome, and can generally be 
simplified under certain assumptions. 

A single-number absorption coefficient catalogued by the 
Acoustical and Insulatiog Materials Association can be 
used. This single-number coefficient, called the noise re-
duction coefficient (NRC), is an average of the absorption 
coefficients in the frequency region from approximately 200 
to 3,000 Hz, and is defined as follows: 

NRC = Abs250 Hz + Abs500 Hz + Abs1000 Hz + Abs2000 Hz 

4 
(4) 

Because these frequencies are most important in speech 
communication, and because the A-level of traffic noise is 

controlled by the energy in this frequency region, this single-
number NRC can be used. For any NRC, the reflected 
noise level is reduced by the amount shown in Table 9. 

It is necessary that barrier absorption be "broad band." 
In other words, the barrier should absorb energy over a 
broad range of frequencies. Most absorptive surfaces do 
have broad-band absorption, with correspondingly large 
NRC's. Some structures, however, only absorb energy in 
narrow frequency bands. Structures of this type include 
Helmholtz resonators and similar resonant-cavity structures; 
they leave most of the energy unabsorbed and have result-
ingly low NRC's. The bulk of the broad-band traffic noise 
is not absorbed, and the A-level is reduced very little. 

When the direct noise is blocked by another barrier, the 
unblocked, reflected noise can dominate. In such cases, 
barrier absorption can significantly benefit the receiver. 
When the direct noise is not blocked, however, the reflected 
noise can add 3 dB at most, because at most it can only 
double the energy at the observer. Usually, it does not fully 
double the energy because the reflected noise has farther to 
travel to the receiver. With no absorption, the resulting in-
crease is usually not significant. Therefore, little benefit 
would be derived from making the barrier absorptive. 

TABLE 8 

MAXIMUM TRANSMISSION LOSS OF BARRIERS 
WITH HOLES 

MAX. TRANSMISSION LOSS POSSIBLE 
ON SOURCE SIDE (dB) 

BARRIER AREA THAT NO WITH 

15 OPEN (%) ABSORPTION ABSORPTION 

50 0 3 
10 4 10 

5 7 13 
14 20 

0.5 17 23 
0.1 24 30 

From Anderson, et al (6). 

TABLE 9 

REDUCTION IN REFLECTED NOISE LEVEL' 

REFLECTED ENERGY 

NOISE REDUCTION 	 REDUCED BY THIS 

COEFFICIENT, NRC 	 AMOUNT (dB) 

0.95 13.0 
0.90 10.0 
0.85 8.0 
0.80 7.0 
0.75 6.0 
0.70 5.0 
0.65 4.5 
0.60 4.0 
0.55 . 	 3.5 
0.50 3.0 

From Anderson, et al. (6). 
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For depressed roadways with vertical retaining walls on 
each side, multiple reflections may be important. Insuffi-
cient information is available concerning this phenomenon 
to estimate the reverberant build-up and resultant spillage 
of noise out of the depression. It is suspected that when 
both the direct noise and the first-reflected noise are shielded 
from the receiver, this additional contribution is important. 
Otherwise, it is not. (It should be noted that studies spon-
sored by the Federal Highway Administration are in prog-
ress on this subject.) 

D. OTHER NOISE CONTROL ALTERNATIVES 

As was pointed out in the introduction of this chapter, there 
are other noise control alternatives besides "barriers" that 
may, under a given set of conditions, be used for highway 
noise abatement purposes. In the following, many of these 
approaches are discussed. It should be pointed out, how-
ever, that some of these alternatives are not deemed practi-
tical but are included here for completeness because a num-
ber of inquiries as to their effect were encountered during 
the execution of this project. 

Atmospherics 

At any given time, atmospherics, such as wind and tem-
perature gradients, can significantly reduce the noise level 
near the highway and thereby confuse the results of single 
noise measurements. Averaged out, however, they provide 
no permanent noise reduction, except in the most unusual 
circumstances. Reliance on atmospheric effects is not rec-
ommended for noise control purposes. 

Grade Separation 

Traffic signals are eliminated by grade separations between 
highways and secondary roads. Therefore, the more an-
noying stop-and-go traffic is eliminated. Whether or not 
this produces a net benefit is ambiguous, however. Where 
most traffic is passing through without turning, the benefit 
is generally small. Even though the stop-and-go traffic at 
the signal is eliminated, the turning traffic will still ac-
celerate onto the main road. This full-throttle acceleration 
produces high noise levels. 

In addition, the on-ramps may be located closer to resi-
dential areas because of the greater land area required for 
such interchanges. Moreover, some ramps, or even the 
main line, may be elevated above the terrain, thereby de-
creasing the shielding from the terrain. It is a good design 
policy to depress the main line at such grade separations. 
In this way, the loudest traffic is shielded by the depression, 
and uphill grades are not required for the on-ramps. 

Decks over Depressed Roadways 

Decks over depressed roadways obviously reduce the noise 
adjacent to the highway. The amount of actual reduction 
depends on the transmission loss of the deck itself. In urban 
situations, it nearly always reduces the noise below the 
general ambient; i.e., it essentially eliminates the noise from 
completely decked roadways. 

At times, vent openings are left in the deck. Such open-
ings seriously compromise the noise reduction of the deck. 
Unfortunately, the exact magnitudc of the compromise is 
difficult to compute because it depends on the size of the 
vent opening, its relation to the various lanes of traffic 
underneath, and the amount of acoustic absorption inside 
the decked area. Also, the noise will radiate from the open-
ing with different intensities in different directions. Without 
absorption in the tunnel, nearly all the noise energy will 
escape through the vent opening, no matter how narrow it 
is (for practical size openings). Because the effective source 
is now narrowed to a thin vent opening, shielding of the 
receiver may be easier than shielding the entire undecked 
roadway. Apart from this, however, little benefit is gained 
without absorption. If the tunnel has absorption, the deck 
can provide significant benefit, even with vent openings. 
This type of approach is generally restricted to high-density 
population centers where the highway corridors are very 
narrow and the possibility of using the air rights over the 
highway might justify such an undertaking. 

Although most deck structures are substantial, noise and 
vibration passing through them must be considered if sensi-
tive air-rights uses are contemplated. The problems are 
complex, but amenable to an engineering solution. Difficult 
trade-offs must be made between cost and weight of the 
deck. 

Right-of-Way Acquisition 

Purchase of additional right-of-way can be effective in pre-
venting future sensitive land use directly adjacent to a high-
way. The additional land needed is usually great. For ex-
ample, if the equivalent distance from the highway to the 
right-of-way fence is initially planned as 150 ft, this must 
be increased to 300 ft to gain 3- to 4-dB reduction in noise 
at the fence. Generally, the increased distance alone will 
not provide enough reduction to justify the cost. However, 
if the additional right-of-way is heavily wooded, the addi-
tional distance, plus the tree attenuation, can be very effec-
tive. For example, if the additional 150 ft is wooded, some 
5 to 10 dB of additional attenuation will be derived from 
the trees. This, added to the distance attenuation, results in 
a significant reduction of some 8 to 14 dB. Such a com-
bination of effects is far better than allowing development 
up to the 150-ft fence, with the resulting loss of the tree 
shielding. 

Change in Alignment 

Changing the alignment can produce significant changes in 
the noise impact. The benefit depends completely on the 
relative positions of the highway and the adjacent land uses 
for the two alignments considered. However, a slight shift 
in highway position away from a sensitive land-use area 
generally results in a negligible reduction, because the dis-
tances would have to be doubled to yield about 3- to 4-dB 
reduction. Sometimes the alignment can be judiciously 
chosen to preserve shielding by heavy woods or by the 
natural terrain. For example, sometimes a relatively small 
shift of only 100 ft can preserve a small knoll that was 
effectively shielding a row of residences. 
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Use of Quieter Surfaces 

Although the calculation procedure allows a 5-dB reduction 
for smooth roadway surfaces, this is generally not attain-
able. Firstly, smooth surfaces generally mean a low co-
efficient of friction; such surfaces are rarely used for new 
highways. Secondly, the benefit applies primarily to auto-
mobiles, and the L10  noise level is often controlled by 
trucks. 

New surfaces will require detailed measurements before 
they can be certified as "quieter." Some of this work is 
currently under way in various highway departments. It is 
not necessarily true that a quieter ride, judged from inside 
the automobile, means less noise outside. 

Heavy Woods and Shrubbery 

The conditions under which the attenuation due to heavy 
woods can be taken into account are described in Chapter 
Six. It is necessary to warn against a quick measurement 
of tree attenuation, sometimes attempted to justify larger 
attenuations than tabulated. Such measurements are sub-
ject to various errors, some actually tainting data in the 
professional literature. The attenuation is not linear with 
distance, some edge effects are significant, wind and ther-
mal gradients often produce additional attenuation, and 
ground reflection can introduce serious errors. 

Intervening Rows of Buildings 

The presence of buildings is taken into account in the com-
puter program. These corrections should only be used when 
the buildings actually block the line of sight from the road-
way to the receiver. For example, tall apartment buildings 
behind single-family structures do not benefit from the 
shielding provided by these structures. Similarly, for ele-
vated highways, less than the tabulated values are often 
observed. 

Ground Effect 

One additional phenomenon must be discussed. When noise 
travels from a source to a receiver above the ground, it 
travels along two separate paths, one directly to the receiver 

and one reflected from the ground. The situation is il-
lustrated in Figure 58. Noise arriving by these two paths 
is generally coherent; therefore, two contributions may 
interfere with one another, as in the analogous optical situa-
tion. Whether they interfere constructively or destructively 
depends on (a) the path length difference of the two rays, 
and (b) the nature of the reflective surface. For widely 
separated sources and receivers close to the ground the path 
length difference is nearly zero for all audible frequencies. 
For a mirror-type reflection this would cause the two rays 
to constructively interfere (add) at the receiver, producing 
an increase of up to 6 dB in the level. However, for small 
grazing angles over soft ground there is a phase reversal 
upon reflection. As a result, the two rays destructively 
interfere. The resulting reduction in the A-level at the 
receiver is often substantial. It is not uncommon to ex-
perience a 10- to 15-dB reduction in noise level for distant 
receivers. The phenomenon requires relatively flat terrain 
between the receiver and the great bulk of the roadway. 
Moreover, the effect is less for trucks than for automobiles, 
and far less for receivers on the second and third floors than 
for ground-floor receivers. Although no attempt is made 
here to further explain the phenomenon, its consequences 
are pointed out. 

In summary, some 10- to 15-dB additional noise reduc-
tion can be obtained for ground-floor receivers when the 
terrain is nearly flat and the noise is dominated by auto-
mobiles, for receiver distances greater than several hundred 
feet. Very little reduction is afforded for receivers at 
second- and third-floor elevations. In fact, this phenome-
non accounts in part for the observed increase in noise 
between the first, and second/third floors. The computer 
program automatically compensates for this phenomenon 
in an approximate fashion. Specifically, two different types 
of calculations are performed, depending on the receiver's 
height above the surrounding ground plane. For observers 
near the ground, an attenuation of 4.5 dB is used for each 
doubling of distance. However, for higher receivers (above 
10 ft) a reduction of 3 dB per doubling of distance is used. 

Receiver "B' 

:elver "A' 

Ground  

D 
0 

U, 

Figure 58. Sound path for low and high observer positions. 
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APPENDIX A 

SUMMARY OF PROJECT FINDINGS 

This appendix contains a short summary of the findings of 
Phase IV of NCHRP Project 3-7. These findings, reported 
in Chapters 2, 3, 4, and 5 of NCHRP Report 173 (1) and 
a summary in NCHRP Summary of Progress Through 1976 
(2), constitute the basis for the procedures developed in this 
design guide. 

A. DESCRIPTION AND CONTROL OF MOTOR VEHICLE 

NOISE SOURCES 

Motor vehicle component noise sources can be sufficiently 
well described (1, Ch. 2) .  to enable the generation of total 
vehicle noise models. Through assessment of feasible and 
cost-effective noise-reduction procedures for each of the 
various noise-producing components (engine casing, ex-
haust, fan, intake, tires, and transmission and differential 
gearing), abatement potential of total vehicle noise for 
trucks, automobiles, and motorcycles can be determined 
and inherent added vehicle costs estimated. Substantial 
agreement of predicted feasible and cost-effective abated 
vehicle noise levels with levels achieved in demonstration 
quiet vehicles has been shown. The technical feasibility and 
economic impact of proposed and scheduled city, state, and 
federal noise regulations have been interpreted in terms of 
vehicle component noise levels and abatement potential. 

The noise of single motor vehicles can be precisely de-
scribed with the models developed in terms of configura-
tional characteristics and operational parameters. Modeling 
of individual vehicle mechanical and tire noise can lead to 
highway traffic noise models and computer programs that 
not only are more accurate, but which also could include 
road surface characteristics, tire population statistics, and  

noise-reduced vehicle statistics as model-improving inputs. 
Findings indicate the following in terms of the Society 

of Automotive Engineers (SAE) acceleration pass-by 50-ft 
maximum A-weighted sound levels in decibels: 

Reduction of diesel truck noise below the 80-dBA 
level scheduled by California for 1978 appears possible 
with an additional initial cost (in present dollars) to the 
operator of from $400 to $700. 

Achievement of a 75-dBA truck to meet the scheduled 
Chicago ordinance 1980 levels and the Environmental Pro-
tection Agency (EPA) best possible current technology 
target will increase the initial cost (in present dollars) into 
the $1,400 to $2,200 range (technical feasibility of a 
72-dBA truck has been demonstrated). 

Additional initial costs of a 70-dBA truck to meet the 
California scheduled 1988 level is going to be extremely 
expensive in terms of initial operator costs using best 
possible current technology. 

California (1978), Chicago (1980), and proposed 
EPA limits of 75 dBA for automobiles are achievable at 
moderate initial costs (in the range of $100). 

Achievement of the 70 dBA scheduled by California 
for 1988 is going to be very expensive (costs cannot be 
estimated) and may be attainable only with major con-
figurational changes and, perhaps, engine performance 
degradation. 

Reduction of motorcycle noise to 80 dBA (Califor-
nia, 1980) appears to require significant and undetermined 
modifications. Even small-displacement engines (250 cc 
and less) will have trouble meeting 80 dBA (81 dBA can 
be obtained with improved muffling). A level of 75 dBA, 
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as proposed by the EPA, may require radically different 
designs. The scheduled California 1988 level of 70 dBA 
appears beyond technical feasibility. 

B. HIGHWAY NOISE PROPAGATION AND 
TRAFFIC NOISE MODELS 

Chapter Three of NCHRP Report 173 (1) covers six 
individual studies providing basic information needed to 
formulate a model for prediction of highway traffic noise 
levels. The first study is concerned with the free-field 
propagation of highway traffic noise; specifically, the rate 
at which traffic noise diminishes with distance from the 
highway. The results of carefully planned field surveys 
indicate that the propagation loss for traffic noise over 
clear and flat terrain varies from a 3-dB decrease per 
doubling of distance to a 4.5-dB decrease per doubling of 
distance, depending on the ground cover. For example, 
the 3-dB rate would apply to a freshly plowed field, whereas 
the 4.5-dB rate is more appropriate for park land. Related 
issues, such as the variation in the propagation loss with 
observer height, traffic volume, and the percentage level 
used to assess the noise intensity, are clarified by the results. 

The second study consists of an assessment of a pre-
viously recommended procedure for prediction of noise 
attenuations due to three types of highway noise-reduction 
measures—a roadside barrier, an elevated roadway con-
figuration, and a depressed roadway configuration. The 
procedure involves application of a conventional diffrac-
tion model for noise reduction, where the traffic noise is 
assumed to be an incoherent line source with a wavelength 
of about 2 ft. By use of data collected during a prior study, 
good agreement was found between predicted and measured 
noise reductions. Basic cost data for various types of high-
way noise-reduction constructions are also presented for 
use in the economic studies pursued in Chapter Five of 
NCHRP Report 173 (1). 

The third study is concerned with the directivity pattern 
of the noise radiated by passing vehicles in the plane nor-
mal to their axis of motion. Extensive field measurements 
were made to establish the directivity of vehicle noise over 
angles from 0° to 45° above the horizontal. Emphasis was 
placed on truck noise, although automobiles, buses, and 
even motorcycles were also evaluated. The results of the 
measurements indicate that vehicle noise in general, and 
truck noise in particular, can be assumed with only minor 
errors tQ be omnidirectional (equally intense in all. direc-
tions) over angles from 0° to 45°  in the plane normal to 
the vehicle motion. 

The fourth study is an investigation of the peak drive-by 
noise levels and emission levels of trucks in various cate-
gories and in various regions of-the country. The results of 
extensive noise measurement surveys in six states indicate 
that truck drive-by noise levels correlate with both the num-
ber of axles and the speed of the truck, although the speed 
dependence is weak below 50 mph. The most significant 
difference in the drive-by noise levels occurs between trucks 
with two axles (medium trucks) and trucks with three or 
more axles (heavy trucks). After correcting for number of 
axles and speed, the average drive-by noise levels of heavy 
trucks fall in a range of ±2 dBA from state to state. When  

averaged over all sites in the survey, the emission levels for 
trucks are about 82 dBA for medium trucks and about 
90 dBA for heavy trucks. 

The final study is concerned with a review of various 
other traffic noise-prediction methods used in the United 
States and abroad. A literature survey turned up more than 
20 such methods, including 17 that use nomographs, 3 that 
use computer programs, and one that employs models. 

Based on the results of these five studies, plus informa-
tion presented in other chapters of the report (1), a model 
for prediction of highway traffic noise is formulated and 
presented. The model provides the basis for traffic noise 
predictions in the new design guide (this report). 

C. COMMUNITY MEASURES TO REDUCE IMPACT OF 
HIGHWAY NOISE 

Chapter Four of NCHRP Report 173 (1) covers studies of 
possible techniques for reducing the impact of highway 
noise on neighboring communities by actions taken beyond 
the right-of-way. Three general categories of action are 
considered: (a) suppression of noise impact through proper 
land use, (b) reduction of the interior noise in community 
structures through additional sound treatment, and (c) re-
duction of the exterior noise in limited community areas 
through use of sound barriers. The emphasis in the study 
is on category (b) measures, because they lend themselves 
to quantitative treatment more readily than the other two 
approaches. 

The specific land-use strategies considered include re-
stricting the use of land bordering on the right-of-way to 
(a) clear buffer zone; (b) structures that are normally un-
occupied, such as warehouses and storage facilities; (c) 
structures that housc activities that normally involve high 
self-generated noise levels, such as shopping centers and 
manufacturing facilities; and (d) properly sound-treated 
high-rise structures that might provide some additional 
noise reduction to the remainder of the community through 
shielding. The study indicates that application of such 
land-use strategies to existing communities probably would 
not be economically practical in most cases due to the high 
cost associated with acquisition of land in a developed ur-
ban community. However, all of the techniques have some 
merit for applications to future communities where the 
required land-use restrictions could be imposed before the 
land is developed. 

The building sound treatment study involves a complete 
assessment of the noise reduction that might be achieved 
inside community structures through modifications to cur-
rent buildings, as well as through changes in the design of 
future buildings. The types of structures considered include 
single- and multi-family dwellings, low- and high-rise hotels 
and commercial buildings, and various types of community 
service buildings (such as schools, churches, auditoria, hos-
pitals). The modifications to existing structures and changes 
in planned structures required to achieve 5, 10, and 15 dBA 
of noise reduction are detailed, with complete architectural 
descriptions. The capital costs associated with the recom-
mended modifications and changes are also presented. The 
results suggest that up to 15 dBA of interior noise reduction 
is possible for all types of community structures through 
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proper sound-insulating constructions. The required costs 
vary widely with the type of structure and its regional 
location, but are generally within reason. 

The use of sound barriers within the community is con-
sidered for special applications, such as providing noise 
protection for a school playground. Capital cost data are 
summarized for several types of barrier construction. The 
results indicate that properly designed barriers can pro-
vide up to 15 dBA of exterior noise reduction in limited 
outside areas. Although they can be relatively expensive, 
barriers provide the only reasonable technique for achiev-
ing substantial noise reductions in open areas of existing 
communities, by actions taken beyond the right-of-way. 

D. ECONOMIC EVALUATION OF HIGHWAY 
NOISE-REDUCTION STRATEGIES 

Chapter Five of NCHRP Report 173 (1) is concerned with 
the economic aspects of various techniques for suppressing 
the impact of highway traffic noise on neighboring com-
munities. Noise-reduction techniques in three general cate-
gories are considered: (a) reducing the noise at the source 
by quieting vehicles, (b) reducing the noise transmitted 
beyond the right-of-way by appropriate highway construc-
tions, and (c) reducing the noise reaching the receiver by 
proper community land use and building constructions. 
Basic cost data in the form of capital, maintenance, and 
operating expenses for specific noise-reduction techniques 
in each category are estimated and outlined. Using these 
data, an equivalent uniform annual cost per mile of high-
way is computed. Finally, the noise-reduction potential of 
each technique is estimated, and its cost-effectiveness is 
calculated in terms of dollars per dBA of noise reduction. 
These evaluations are performed separately on techniques 
applicable to existing and future vehicles, highway con-
struction, and community measures. 

For the case of vehicle noise-reduction measures, the re-
sults indicate that the quieting of heavy trucks only would 
be more cost-effective than the quieting of all vehicles. 
However, the quieting of all vehicles would obviously pro-
vide a greater noise-reduction potential. Diversion of all 
heavy trucks to an alternate route more remote from the 
community might be a cost-effective strategy for existing 
situations under very limited circumstances. For the case 
of highway noise-reduction measures, the building of road-
side barriers would be far more cost-effective than the con-
struction of various elevated and depressed roadway con-
figurations. Furthermore, barriers can provide as much 
noise-reduction potential as any other highway construction 
measure. For the case of community measures, the most  

cost-effective techniques are probably those related to land-
use strategies; for example, zoning the land bordering on 
the right-of-way for structures that relate to those activiti-
ties least sensitive to intruding noise (storage facilities, 
warehouses, manufacturing facilities, etc.) Appropriate 
sound treatment of community structures can yield sub-
stantial interior noise reduction, but the cost per dBA is 
relatively high. 

Based on various quantitative and qualitative considera-
tions, the results of the study suggest the following broad 
conclusions: 

Quieting of at least the heavy truck portion of the 
vehicle population appears to be the most attractive strategy 
for achieving up to about 5 dBA of highway traffic noise 
reduction in the community. 

Building of roadside barriers is the next most attrac-
tive strategy, and can provide up to an additional 13 dBA 
or so of noise reduction. 

Land-use strategies provide very attractive methods 
for reducing the impact of noise by moving sensitive activi-
ties away from the highway. 

Reduction of interior noise in community structures 
by appropriate sound treatment is a relatively unattractive 
alternative when compared to other options. 

E. TIME-VARYING HIGHWAY NOISE CRITERIA 

A summary of the time-varying highway noise criteria study 
(2) is concerned with the impact on the neighboring com-
munity of time-varying noise levels generated by traffic 
noise sources. The results of the laboratory studies and 
literature review performed in this study indicate that: 

The equivalent noise level, Leg, of time-varying traffic 
noise is adequate for assessing speech interference and 
annoyance ratings. It was found to be superior to other 
measures of annoyance; however, the high correlation 
among measures used in the speech interference analysis 
precludes a statement of superiority. 

For a constant Leg, an increase in the variability of 
traffic noise increases the comprehension of contextual 
material and decreases annoyance. 

Low-level traffic noise was judged more annoying with 
speech present than with speech absent. However, the 
presence of speech does not affect annoyance when the 
level of traffic noise is greater than Leg  = 60 dB(A). 

Noise levels specified by other criteria for effects of 
noise on people probably afford a good first approximation 
to noise levels that may be appropriate for minimizing sleep 
interference. 
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DESCRIPTION OF PROGRAM REQUIREMENTS 

There are two distinct and separate computer programs. 
One program, called the "prediction program," can accept 
roadway alignment, traffic assignments, etc., as its input and 
will perform the calculations required for the analysis. The 
second program, called the "plot program," takes certain 
outputs from the prediction program and creates a graphic 
display in the form of a map. Both programs are written in 
the FORTRAN IV language (ANSI Standard X3.9-1966), 
and it is assumed that at least four alphanumeric characters 
will fit in one computer word. Although there are no spe-
cial requirements for running the prediction program, there 
are several restrictions on the use of the plot program. 

Inasmuch as graphic output statements are not part of the 
ANSI Standard, the method of output is dependent on the 
hardware used for graphics. A 30-in, drum plotter that is 
interfaced with the software through the use of four sub-
routines (PLOTS, PLOT, NUMBER, and SYMBOL) is 
assumed. The calling parameters for these routines are 
those of the CALCOMP * standard software. Users hav-
ing graphic display devices requiring other interfacing must 
modify the programs to make them compatible with their 
hardware. 

INPUT TO THE PREDICTION PROGRAM 

The input for the prediction program consists of roadway 
elements, shielding, and receiver points. A coding sheet 
may be prepared to facilitate punching input cards, or, with 
some practice, cards may be punched directly from the data 
sheets discussed in Chapter Six. 

All cards contain a 4-letter keyword in Cols. 1-4. If 
more than one card is needed for a particular item (such 
as roadways or barriers) one must place any non-blank 
character in Col. 72. This indicates to the program that the 
next card is a continuation card. All continuation cards 
have blank keyword fields. 

The convention adopted in Chapter Six to leave blank 
all entries that are a repetition of the previous line carries 
over to the computer implementation. The exception is that 
all values that can legally be zero (e.g., coordinate values) 
must always be specified explicitly, even though they may 
be repetitive. The reason is that on most of the computers 
used by highway departments a blank and a zero are in-
distinguishable to a FORTRAN program. Because zero 
may also be a legal coordinate value, the program cannot 
distinguish a repetition from the value 0.0. All numeric 
information must be right-justified in its field. 

* California Computer Products, Inc., 2411 West La Palma Ave., Ana-
heim, Calif. 92801. 

A given set of receiver locations, roadway alignments, 
shielding data, and traffic 'parameters constitutes a block of 
data. More than one block may be processed during a 
single computer run. A block of data starts with a LABL 
card and terminates with an ENDD card. Between these 
two cards one places the cards that describe roadway align-
ment (RDWY), assign traffic parameters to roadways 
(TPAR), give the location of shielding (BARR), and in-
dicate the position and characteristics of receivers (RCVR). 
In addition, some editing cards are allowed (STOR, DELT). 
The ENDD card of the last block of data must be followed 
by an END card to signal the end of the input stream. All 
cards, except the LABL card, are read under the same for-
mat (A4, IX, Al, 4X, 7178.0, 5X, Al), but not all fields are 
meaningful for all cards. 

The coding forms for Example No. 9, discussed in detail 
in Chapter Six, are illustrated by Figures B-1, B-2, 13-3, and 
B-4. These coding forms are consistent with the input data 
sheet described in Chapter Six and may be used directly, 
when desired, as the proper input format to the computer 
program. Note that in the case of the roadway input data 
sheet two coding forms are necessary—the roadway pa-
rameter form (RDWY) and the traffic parameter form 
(TPAR). The particular details of each input card are 
discussed in the following. 

RDWY Card 

The roadway alignment information is punched exactly as 
it is written on the input data sheet. Each of the seven 
columns pertaining to alignment is matched one for one on 
the coding form. The only additional characters are the 
continuation characters, where needed. The roadway num-
ber may be any number, but must be unique in the set of 
all roadway numbers in a data block. Element numbers 
must be consecutive and in ascending order. The end point 
of the last element should not be numbered, because it is 
the end of an element but not the start of a new one. 

TPAR Card 

Three types of vehicles are allowed, numbered as follows: 

I. Automobiles. 
2. Medium trucks. 

Heavy trucks. 

Each of these three types may or may not be present on 
a given highway element. If it is present, a TPAR card 
must be supplied that associates the traffic type, volume, 
and speed with the element. In assigning traffic to a road-
way there will, in general, be constant traffic parameters 
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Code 	 Roadway # 	Element # 	X 	 Y 
	

Surface 	Gradient 	 R D W Y 
I 2 3 4 5 6 7 6 9 14 II 2 15 13 15 16 17 10 19 7921 22 23 24 27 26 272629303132 fl 34 45 36 4033 39404142434.4146074049 30 SI 52 53 54 55 56 57 56 59 6061 62 95 60 65 66 07 08 69 70 71 027374057677 79 79 001 

Figure B-i. Example of roadway parameters (RD WY) coding form (see roadway data input, Fig. 34). 

over more than one element, and the TPAR card is there-
fore designed to associate a given set of traffic parameters 
with a range of elements. 

The roadway data sheet provides separate columns for 
each of the three types of vehicles. Entries are made only 
when traffic changes on a given roadway or if a new road-
way is started. The range for a given type of vehicle is 
therefore the end of the roadway or the last element of the 
roadway for which the traffic is unchanged. It is simple to 
proceed from here to the TPAR card. In the first data field 
one punches the number of the roadway to which this as-
signment applies. In the second data field one punches the 
first element for which the assignment is made. The third 
data field is the last element for which the assignment is 
made. The fourth field contains the vehicle type (1, 2, 3); 
the fifth, the volume (vph); the sixth, the speed (mph) of 
these vehicles. 

This process is then repeated for all entries in traffic as-
signment columns and all types of vehicles. Care must be 
taken, however, that all TPAR cards pertaining to a given 
roadway are placed after the RDWY cards that define the 
roadway, because a traffic assignment for a nonexisting (to 
the computer) roadway is meaningless. If no traffic of a 
particular type occurs on a given stretch of roadway there 
is no need to specify this type of vehicle for this set of road-
way elements, but a card can be placed in the deck indicat-
ing that both speed and volume are zero for that set of 
elements and that vehicle type. 

BARR Card 

The procedure for coding the effects of shielding is exactly 
analogous to the procedure for coding roadway alignments. 
The only addition is the barrier type, which appears as a 
single letter in Col. 6 of the punched card. The barrier type 
needs to be punched on the first card only. The surface and 
gradient fields are meaningless, of course, in the case of 
barriers. 

Types V and S are different from other barriers. Because 
an S-type barrier is always a single row of structures, it 
consists always of one and only one element. A vegetation 
barrier (Type V) has always three elements only, the end 
of the third being automatically connected to the begin-
ning of the first. The vegetation barrier must be a rectangle, 
and if the three elements of a V-type barrier are not three 
sides of a rectangle a diagnostic will result. 

RCVR Card 

Receiver information is also directly transferable from the 
input data sheet of Chapter Six. Receivers must be num-
bered consecutively from one. The X, Y, Z coordinates 
must be supplied. Repetitive values must be punched (en-
tered on the coding form) because blanks are considered 
to be zero, which is a valid coordinate. Receiver height 
above ground, ground condition, and design noise level can 
be entered; or, if the same value as for the previous re-
ceiver is to be used, it may be left blank. If the design level 
of the first receiver is left blank, the level is assumed to be 
70 dB, as specified in FHPM 7-7-3 (3). 
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Segments 
Code 	 Roadway 	First 	Last 	Vehicle Type Volume (vph) Speed (mph) TPAR 
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Figure B-2. Example of traffic parameters (TPAR) coding form (see ,-oadway data input, FIg. 34). 

LABL Card 

The LABL card is the first card in a data block. It con-
tains, in addition to the keyword LABL, 60 characters of 
identifying information, beginning in Col. 11. Any legal 
Hollerith character is permissible. The 60-character label 
will be printed as the page heading on all printed output 
files. 

If Col. 6 is left blank, the data will be checked only; if 
Col. 6 is not blank, the data will be processed. This enables 
making a check of the data cards through the computer 
(and making a plot, if desired) without performing any 
time-consuming computations. 

ENDD Card 

The ENDD is the last card in a data block and signals the 
computer that processing may begin. At this point the 
input data are printed in essentially the same format as 
those of the data sheets of Chapter Six. Processing of the 
data received by the receiver then commences, provided 
Col. 6 of the preceding LABL card was not blank. 

DELT Card 

It is often desirable to process more than one cut of a given 
design. One may wish to vary the traffic assignment or 

consider alternative barriers, etc. Rather than re-entering 
all data, one may delete selectively those types of data to 
be changed and then only enter the new information. A 
DELT card will accomplish this. A 0 (zero) is placed in 
each of the columns below (or it is left blank) to keep the 
data already in the computer and a 1 (one) is placed in 
those coluirins where information is to be deleted. 

TYPE OF DATA 	 COLUMN TO 

TO BE DELETED 	 BE PUNCHED 

All types 18 
RDWY 26 
TPAR 34 
BARR 42 
RCVR 50 

When deleting RDWY data, the associated TPAR data 
are also deleted. When the next data block is not a con-
tinuation of the present block in the sense previously dis-
cussed, a DELT with a 1 in Col. 18 must follow imme-
diately after the ENDD card. This will clear storage but 
leave the allocation by type intact. When a STOR card is 
used a DELT card is not needed, because STOR both re-
allocates and clears storage. The DELT card is only 
allowed immediately after an ENDD card. 
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8. STOR Card 

Total program data storage is 10,000 words, allocated to the 
various parameters as follows: 

MAX. 

NO. 

ITEM, ENTRIES, ITEM SIZE OF 

l i  DESCRIPTION DATA AREA 

100 Roadway points 600 
2 10 Roadways 30 
3 250 Receivers 1,500 
4 80 Roadway elements 560 
5 80 Barrier points 1,071 
6 25 Barriers 250 
7 300 Intermediate barriers' 3,300 

Working storage 

If it is desirable to modify this allocation, a STOR card 
may be used to change relative sizes of data areas. To 
accomplish this, the new value of 1i  must be placed in the 
ith data field on the card. Any new allocation must be 
such that 1 * 6+1 * 3+1 * 6+1*7+1*27+1 7  
10+17  1110,019. 

The STOR card, if present, must follow immediately after 
the LABL card. Because the STOR card also deletes all 
data entries in the machine, a DELT card is superfluous. 

9. END Card 

The very last card in the deck is the END card. Note that 
the fourth character is blank. This card will terminate 
execution of the program, including closing of the binary 
file for the plot program. It should be pointed out that only 
plot input tapes that were properly terminated as a result 
of an END card will always run error-free with the plot 
program. 

C. OUTPUT OF THE PREDICTION PROGRAM 

The prediction program produces two printed reports and 
one tape as output. The two printed files are created on 
different logical units. The normal output consists of a list-
ing of errors in the input, followed by a complete printout 
of the input data in a form similar to the original data 
sheets. Receiver data are listed as the computation pro-
ceeds and include the results of the computation, if com-
putations are performed. 

Receiver noise levels as printed are rounded to the near-
est 0.5 dB. The "exceeds by" column in the output is left 
blank if the design level is met. A printout of 0.0 means 
that it exceeds the design level by 0.2 dB or less. For each 
receiver point with a non-blank "exceeds by" field there is 
also an entry in the second report, "Receiver Points Where 
Design Level Is Exceeded." 

This exception report contains a detailed analysis of the 
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Figure B-3. Example of shielding parameter (BARR) coding form (see shielding data input, Fig. 35). 
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problem receiver points. It lists the roadway element that 
causes the problem, the intervening barrier(s), and the cur-
rent and additionally required noise reduction. Although 
the barrier listing merely indicates the barrier section that 
intervenes, the roadway (X, Y, Z) coordinates pinpoint the 
trouble spot. It should be pointed out that the noise re-
duction of vegetation and structures as printed in the ex-
ception report is not limited to 10 dB. This enables one to 
see the relative effect of those barriers. In the actual calcu-
lations for noise reduction, the 10-dB ceiling is, of course, 
adhered to. 

FILE ASSIGNMENTS FOR PREDICTION PROGRAM 

The following file assignments are assumed: 

LOGICAL UNIT FUNCTION 	DATA TYPE 

LPLOT 1 Plot data output Binary 
5" Card reader BCD 
6' Printer BCD with carriage control 

LEXEP 3 Printer BCD with carriage control 
LSAVE 11 Scratch space Binary 
LTPAR 12 Scratch space Binary 

Units other than 5 and 6 may be assigned to any other unit by chang-
ing the appropriate data statement for the variable unit-names; card MON. 
61. 

INPUT TO THE PLOT PROGRAM 

Data input to the plot program consists of a binary tape and 
a set of plot request cards. These cards have the same for-
mat (A4, 6X, 7178.0, 5X, Al) as the data cards for the pre-
diction program. The keyword for a plot request is PLOT. 
The first data field contains the scale, in feet to the inch. 
If the scale is not specified, it is assumed to be the same as 
for the last plot. If it is not specified on the first card, 
1 in. - 400 ft is assumed. Data fields 2 and 3 contain the 
range of X-values to be plotted, fields 4 and 5 the range of 
Y-values. If either range has both fields specified as zero 
or blank, the same values as on the last plot are assumed. 
If this range is not specified on the first card, the range will 
be +100 to —100 ft, with the lower value being 100 and 
the higher value —100. This results in an empty plot. The 
range of the plot bounds may be entered with either the 
larger or the smaller value first. 

The remaining two data fields and all seven fields of an 
optional continuation card contain the numbers of the plots 
to be made. Only one continuation card is allowed. These 
are the same numbers as the prediction program prints at 
the conclusion of the processing of a data block. Plot num-
bers requested may be put in any order as long as they are 
present on the input tape. Blank or zero plot numbers are 
ignored. Plot numbers that cannot be found, or errors in 
the data, will cause the plot to be skipped until an error-
free set is found. When more than one plot is requested 
on a single PLOT card, the plots will be superposed. If 
identical receiver X and Y coordinates are found in a plot 
the program will add the contributions to a new level by 
simple decibel addition. The user should recognize that in  

many cases this does not constitute a valid addition of L10  
levels. For each occurrence of such an event the program 
will print a warning message. 

Each next PLOT card will start a new plot on the plotter 
until an END card is encountered. The END card causes 
the plot file to be closed and terminates execution of the 
plot program. 

OUTPUT OF THE PLOT PROGRAM 

The graphic output is generated as follows: 

Roadways are indicated by a set of plus signs (+). 
Barriers (impervious screens) are drawn as solid lines. 
Structure and vegetation barriers are drawn in dashed 

lines. 
Receiver points are indicated by an X, followed by the 

noise level at the receiver if one was computed. 
Roadway elements that cause excessive noise levels at 

any receiver point are indicated by stars (*) superposed 
over the plus signs (+). 

Receiver points where a criterion is exceeded are 
shown by the symbol)( on the plot. 

Symbols used to indicate problem areas are 40 percent 
larger than those for normal areas. 

The plot is assumed to be on 30-in.-wide paper, of which 
28 in. is used. Registration marks are provided to align 
plots that are wider than 28 in. Because the shortest di-
mension will always be plotted along the plotter X-axis 
(long side of paper), the registration marks will be labeled 
with the proper X and Y values (in inches) when X is the 
shorter dimension, but they will be marked (—Y, X) if X 
is the longer dimension. In any event, matching registration 
marks will always have the same label. Each plot is identi-
fied by the plot numbers requested, put in numerically 
ascending order. 

The printed output consists of a listing of each card, 
followed by furthei details of what happened to the various 
parameters. This includes a statement of region plotted, the 
scale of the plot, which plots are or are not found on the 
input tape, and all further diagnostics as appropriate. A 
listing of the number of data points is also given, using the 
following abbreviations: 

RDWY ELEM * Roadway elements 
PRBL ELEM * Roadway elements causing excessive 

levels 
BARR ELEM Barrier elements (impervious screen) 
STR. BARR Structure barrier 
VEG. BARR Vegetation barrier 
O.K. RCVR Receiver meeting design level 
EXC. RCVR Receiver exceeding design level 

* Where appropriate to discuss individual points plotted, PNTS it used 
in place of ELEM. 

There can be up to 2,250 unique receiver points of each 
type and 1,500 unique entries in each other category when 
superposing plots. A storage overflow will cause termina- 
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tion of the plot except when it is due to problem elements. 
In that case the problem areas are not indicated, but the 
rest of the plot will be left intact. 

G. FILE ASSIGNMENT FOR PLOT PROGRAM 

The following file assignments are assumed: 

LOGICAL 

UNIT FUNCTION DATA TYPE 

1 Input file Binary 
2 Scratch space Binary 
4 Scratch space Binary 
5 Card reader BCD 
6 Printer BCD with carriage control 

H. COMPUTATIONAL ALGORITHM OF THE 

PREDICTION PROGRAM 

The computational algorithm of the prediction program 
follows very closely the technical discussion in the body of 
the report. At each receiver location one considers the 
contribution from all roadway elements. The elements are 
either considered as a whole or are further subdivided, de-
pending on whether the attenuation (due to barriers and 
atmospheric absorption) remains essentially constant over 
the length of the element. In practice this means that for 
each element all relevant barriers are found. The dominant 
barrier is located and its effect.is  computed. If the attenua-
tion provided is not constant over the length of the element, 
the element is internally divided into as many elements as 
are required to bring the attenuationwithin 1 dB of being 
constant. All further attenuation due to structures and 
vegetation is added and an Lea  contribution is calculated 
for each subsegment, based on the relevant traffic parame-
ters. The contributions are summarized in classes of VD/S 

for each of the three types of vehicles, as follows: 

CLASS RANGE OF TRAFFIC PARAMETERS  

I 16000<VD/S 1 
II 3000 < VD/S < 16000 2 
III 200 < V*D/S < 3000 3 
IV 50<V*D/S< 	200 1 
V 25 < V*D/S < 	50 —2 
VI 10 < V*D/S < 	25 —5 
VII V*D/S< 	10 - 

When all calculations have been completed for each ob-
server location, the L0(i  contributions are converted into an 
L10  level. Class VII is ignored unless it is significant, in 
which case the sum cannot be made reliably and an 
appropriate message is printed. 

To assess the noise reduction required in the exception 
report, one determines the amount of noise reduction re-
quired on the basis of Leq.  Because the L10  levels are not 
meaningful for an individual small segment of highway, 
this value cannot be computed. For most cases, the noise 
reduction printed is very close to the reduction actually 
required. The correctness can, of course, always be ascer-
tained by recomputing the revised design. 

Le OUTPUT MODIFICATION 

When it is desired to print out Lea  values rather than L10, 

cards MON.1767 and 1768 should be deleted and replaced 
by TOTL1O = DBADD(TOTLIO,EQVSD(NL)). It must 
be remembered that the criterion levels specified on the 
RCVR cards must also be changed to reflect the proper Lea  
criterion. Format statement 6003 should also be changed 
so that the listings are properly identified by replacing L-10 
by L-EQ in cards MON.2168 and 2170. This modification 
is necessary if the user wishes to use the highway noise 
impact procedures presented in Appendix D. 

COMPUTER PROGRAM LISTING 

The following listings present the noise prediction program, 
the plot program, and the data cards for Example No. 9, 
discussed in Chapter Six. Note that the coding forms for 
the latter were discussed in Section B of this appendix. 

The program given is that for the IBM System/360 and 
/370 machines. The prediction program uses the IBM arc 
cosine routine, ARCOS. This routine is not part of the 
standard FORTRAN library, although it is often available, 
possibly under a different name. When unavailable as a sys-
tem routine the user may supply the following FORTRAN 

program: 

REAL FUNCTION ARCOS(X) 
IF (X .EQ. 0.0) GO TO 10 
ARCOS = ATAN(SORT(1 - X2)/X) 

IF (X .LT. 0.0) ARCOS = ARCOS + 3.1416 
RETURN 

10 ARCOS = 1.5708 
RETURN 
END 

Assuming that the programs have been previously com-
piled (250K for prediction program, 128K for plot pro-
gram using 0 compiler) and link-edited into a library called 
BBN.USERLIB.LOAD, the OSJCL statements are those 
listed below. It is assumed that the plotter routines write 
a tape with ddname PLOTTAPE, and require a 7-track 

unlabeled tape. 
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//HIWAY 	JOB 	accounting parameters 

//JOBLIB 	DD DSN=BBN.USERLIB.LOAD,DISP=SHR 

//STEP1 	EXEC PGMPREDHRB,REGJON154K 

//FT01 FOOl DD' 	DSN&&HRBPLT UN IT=SYSDA, DISP=(,PASS), 

II SPACE(CYL,(1,1)),DCBRECFMVS 

//FT03F001 DD 	SYSOUTA,DCB(RECFM—FBALRECL133 BLKSIZE133O) 
//FT05F001 DD 	DDNAMESYSIN 

//FT061F001 DD 	SYSOUTA 

//FT1 1 FOOl DD 	DSN&&LSAVEU N IT=SYSDA, DISP(,DELETE), 

If SPACE=z(CYL,(1, 1)), DCB=zRECFMVS 

//FT12F001 DD 	DSN&&LTPAR,U N IT=SYSDA,DISp=(, DELETE), 

If SPACE(CYL,(1, 1)),DCB=RECFMVS 

//SYSIN 	DD * 

Data Cards for Prediction Program 

//STEP2 	EXEC 	PGM=PLOTHRB,REGION132K,CON D=(5, LT,STEP1) 

//FT011`001 DD 	DSN=*.STEP1.FT01F001,DISP(OLD,DELETE) 

//FT021F001 DD 	DSN=&&TAPE2, UN IT=SYSDA, DISP=(,DELETE), 

/1 SPACE=(TRK,(3,1,1)),DCBRECFMZVS 

//FT04F001 DD 	DSN=&&TAPE4, UN IT=SYSDA, DISP=(,DELETE), 

If SPACE(TRK,(3,1,1)),DCBRECFMVS 

//FT051F001 DD 	DDNAMESYSIN 

//FT06F001 op 	SYSOUTA 

//PLOTTAPE DD 	DSNPLOT,UN1T2400.2,LABEL(,NL)DISP=(KEEP) 

//SYSIN 	DD 

Data Cards for Plotting Program 

II 
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COMPUTER PROGRAM LISTING 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE PREDHR 
	

P AGE 
	

1 

C 
C 	................e................................................. 
C 
	

PROGRAM PREDi-tRB 
C 
C 
	

HIGHWAY RESEARCH dOARL) NOISE PREDICTION PROGRAM 
C 
C 
	

THIS IS THE 1M SYSTEM/360 AND /370 COMPATILE VERSION 
C 
	

UPDATES ARE MADE THROUGH 1 FEBRUARY 1976. 
C 
C 
C 
	

INPUT 	CARD READER (LOGICAL UNIT 5) 
C 
C 
	

OUTPUT 	PRINTER (LOGICAL UNIT 6) MAIN OUTPUT FILE 
C 
	

PRiNTER (LOGICAL UNIT 3) DESIGN EVALUATION 
C 
	

TAPE,DISK(LOGICAL UNIT 1) FILE FOR PLOT PROGRAM 
C 
C 
	

SCRATCH FILE ON LOGICAL UNITS 11 AND 12 
C 
C 
C 
C 

COMMON /A/ GO(S), TESTA, LABEL(15) 
COMMON // STORE 

C 
DIMENSION .TESTA(500), NESTA(500), STORE(10000),LSTORE(8)9 NFAC(8) 
DIMENSION LPARA(ld), LLFAC(18)9 5(1), LD(18)9 INCRST(8)9  KSTOR(8) 
INTEGER STORE 

C 
LOGICAL GO 

C 
EQUIVALENCE (NESTA(i), TESTA.0)) 
EQUIVALENCE (S,STORE)9(L1,LD(.1)),(L29LO(2)),(L39LD(3)),(L49LD(4)), 
$ 	 (L5,LD(5)),(L69LD(6)),(L79LD(7)),(Lb,LO(8)), 
$ 	 (L9,LD(9) ) (Li0,LL)(10) ) , (L11,LD(11) ) , (L12,LD(12) 
$ 	 (L13,LD(13)),(L14,LD(14)),(L15,LD(15)),(L16,LD(16))' 
$ 	 (L17,LD(17))9(L189LD(18)) 
DATA Ti, 129 T39 T4, T5/4HLABL, 4HSTOR9 4HEND , ihO, 1s / 
DATA LSTORE,NFAC / 
$ 	100910925098097092593009699 
S 	6939697,89IU911919 	/ 
DATA LPARA,LLFAC 	/ 
$ 	192,39494959698,8989 	8979896969697969 
$ 	6939696,J9894939e929 	49392,192929891 
DATA NOUT, NERR, NCHECK, NSTOS/69696910000/ 
LPLOT = I 
LTPAR = 12 
DO 100 K = 19 NSTORS 
STORE(K) = 0 

100 CONTINUE 
Li = 1 
DO 105.KL. = 29 18 
KM1 = KL - 1 
LP = LPARA(KM1) 
LD(KL) = LD(KM1) • LLFAC(KMA) * LSTORE(LP) 

105 CONTINUE 



84 

bOLT BERANEK AND NEWMAN 	- 	ROUTINE PREOhR8 

C 
C 	 KEEP DEFAULT STORAGE ALLOCATION AROUND 
C 

DO 110 K = 1. 
KSTOR(K) = LSTORE(K) 

110 CONTINUE 
C 
C 	 READ LABEL CARD 
C 
200 CONTINUE 

READ(59500) (TESTA(K), K = 19 17) 
500 FORMAT(A49 lx, Al, 4X9 15A4) 

C 
C 	 IF NOT A LABEL CARD, KEEP LOOKING 
C 
205 IF (TESTA(1) .tU. Ti) GOTO 300 

C 
C 	 THIS CARD DOES NOT 8ELONG rIERE 
C 

WRITE(NCHECK, 210) (TESTA(K), K=1 17) 
210 FORMAT(23H CARD OUT OF SEQUENCE 9  A49  lx, Al, 4X 9  15A4) 

GOTO 200 
300 CONTINUE 

GO(l) = (TESTA(2) •NE. 14) 	AND. (TESTA(2) .NE. 15) 
CALL SET (LABEL, TESTA(3)' 15) 
WRITE(NCHECK, 600) (TESTA(K), K = 39 17) 

600 FORMAT(iH1, lox, 29HpiIGHWAY NOISE PREDICTION FOR ' 15A4) 
READ(591000) (TEsTA(K), K1910) 

1000 FORMAT(A49 AX, ,l, 4X9 7F8.09  Sx, Al) 
C 
C 	 IS IT A #STORs CARD - IF NOT HAVE $MON* LOCK AT IT 
C 

IF (TESTA(i) .Nc.. 12) GOTO 100 
C 
C 	 CONVERT THIS CARD TO lNTEER 
C 

LOCSPC 0 
DO 	1100 	1 = 2, 	8 
NESTA(I) 	= TESTA(I.fl 

1100 LOCSPC 	= LOCSPC 	• 	NESTA(I) 
IF 	(LOCSPC .EQ. 	0) 	GOTO 	bOO 
NESTA(9) 	= 0 
IF 	(NESTA(6) 	.GT. 	0) 	NESTA(9) 	= NESTA(6) 	- 	1 
NSTORN 	= 0 
DO 	1500 	I = 	19 
LSTORE(I) = 	NESTA(I.1) 
INCRST(I) = 	NFAC(I) 	* 	LSTORE(I) 
NSTORN 	= NSTORN 	• 	INCRST(I) 

1500 CONTINUE 
C 
C ChECK WHEThER STOR CARD DATA IS LEGAL. 
C IF NOT. 
C 

GOTO 1700 
C 
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5.  
57 
58 
59 
60 
61 
62 
63 
6 
65 
66 
67 
6 8  
69 
70 
71 
7' 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
8 8  
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

GO PRINT AN ERROR 
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C 	 EMPTY CARD ... DEFAuLT SIZE 
C 
1600 00 1610 1 = 1 

LSTORE(1) = KSTOR(I) 
1610 INCRST(1) = LSTORE(I) * NFAC(1) 

NSTORN = NSTON 
C 
1700 INCRST(5) = INCRST(5) + INCRSI(8) 

wRITE(NCHECK, 1710) (19LSTORE(I),INCRST(I)91=191),NSTORP.1,NSTORS 
1710 FORMAT(///26X9 26HSTORAGE ALLOCATION REQUEST / 

2 	IHO, 25x9 20HPARAMETER 	QUANTITY, lOX' 7hSTOPAGE 
3 	26X9 129 Ix, 169 3 9  14HROADWAY POINTS' 	4X9 Ill 
4 	26X9 129 lx, 169 3X 9  dhROAOWAYS, 	 lox, 17/ 
5 	26X9 129 lx, 16' 3X9 9P-iRECEJVERS 	 9x 9  17/ 
6 	26X, 129 AX, 169 3X9  1bHROADWAY ELEMENTS 	2x9 17/ 
7 	26X9 129 IX, 169 3X9 14HBARRIER POiNTS 	4x, 17/ 
8 	26X9 129 IX, 16' 3X9  8HBARRIERS9 	 lox, 17/ 
9 	26X9 129 IX, 169 3X9  15hORKING STORAGE, 3x9 17/ 
A 	1HO. 	37X, 	ISHTOTAL REQUESTED 	3x9. 17/ 
B 	 38X9 	ASHTOTAL AVAILABLE 	3x9 17) 
IF (NSTORN .GT. NSTORS) GOTO 30010 
DO 1720 1 = 19 NSTORS 
STORE(K) = 0 

1720 CONTINUE 
Li = 1 
DO 1800 KL = 2. 18 
KM1 	KL - 1 
LP = LPARA(KM1) 
LD(KL) = LD(KMI) + LLFAC(KM1) a LSTORE(LP) 

1800 CONTINUE 
1900 CALL MON(S,S(L2)95(L3),S(L4)95(L5),S(L6),S(L7),S(L8).S(L9)9 

S 	 S(L10),S(L11),S(L12),S(L13),S(L14),S(L15),S(Ll6)9 
S 	 S(L17)95(L18)9 
$ 	 LSTORL(i),LSTOjE(2),LSTORE(3),LSTORE(4),LSTONE(5), 

S 	 LSTORE(6),LSTORL(7)9LSTORE(8) 
IF (TESTA(1) .EQ. 11) GOTO 300 
WRITE(NCtIECK, 1910) 
IF (TESTA(1) .EQ. 13) GOTO 1950 

1910 FORMAT(1H1) 
GOTO 205 

1950 WRITE(NCHECK, 2000) 
2000 FORMAT(//IH , lOX, 20HEXECUT1ON TERMINATED) 

ITYPE = 9 
WRITE(LPLOT) hYPE, ITYPE9 hYPE, ITYPE, hYPE 
WRITE(69 6001) 

6001 FORMAT(1H 9 lOX, 17HPLOT FILE CLOSED.) 
REWINL.) LPLOT 
REWiND LIPAR 
STOP 

30010 WRITE(NCHECK, 30013) 
30013 FORMAT(1H09 25x, 42HSTORA6E REQUESTED EXCEEDS SPACE AVAILALE 

2 	27HSTANOARD ALLOCATION ASSUMED) 
GOTO 1600 

30020 CONTINUE 
C 
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C 	 ILLEGAL STOR CARD PARAMETLR 	 166 

c 	 167 
WRITE(NCHECK,30023) I,LSTORE(I) 	 168 

30023 FORMAT(// ix 16HPARAMETER NUMbER 149 12HON STOR CARD 	 169 

$ 	lx 22HWAS ILLEGAL. VALUE is 	110) 	 170 
CALL EXIT 	 171 

STOP 	 172 

END 	 173 
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BLOCK DATA 	 1 
COMMON /A/ 60(5), TESTA(500), LABEL(15) 	 2 
LOGICAL GO 	 3 
DATA GO / 5*.TRUE./ 	 4 
OATA'TESTA / 500*0.0/ 	 5 
END 	 b 
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SUBROUTINE MON(OWY.NRDPTR,RCVR,EQLFS,GROA, 	 1 
S 	 8ARR,NaPTR,NEWIR,REBAR,NREBAR,NBARLK 9-NWtLK 9 	 2 
$ 	SPECO89 BTYPE, INDSPC, SPDPS, ENWt3P, MSPECS, 	 3 
$ 	KAI. KA29 KA39 KA5' 	 4 
S 	 KA69KA7.IçA8,p(A9) 
	

5 

	

C 
	

6 
COMMON /A/ 60(5). TESTA, LABEL(15) 
	

7 

	

C 
	

a 
DIMENSION RDWY(6,KA1). 	NRDPTR(3,KA2), 	RCVR(6,KA3), 	9 
5 	 NBPTR(49 KA7)9 	NEWBR(39(A9)9 	REBAR(39PcA9)9 	10 
S 	 E0LFs(2,39KA5), 	GRDA(KA5). 	 BARR(8.KA6), 	11 
S 	 NREBAR(29KA9). 	NBAPLK(49KA9)9 	Nw3LK3.KA8. 

	
12 

S 	ENWBP(89KA8)9 SPECDB(29KA9), MSPICS(KA7)9 	 13 
$ 	INOSPC(29KA7)9 SPDRPS(2,KA7)9 BTYPE(KA7) 

	
14 

DIMENSION VDES(393),NB(6), SEGA(3)9  SEGB(3)9 DPi(S), 	 15 
$ 	 0R2(8", 	OR3(8). 	0P4(8), .BAVEC(3). FP(3). 	 16 
$ 	 TP(3)9  DVEC(3)9 NXVEC(40),XVECS(3940),THA(3). 

	
17 

$ 	 Tr-(3). 	VEHNZ(2), ZNZ(4)9 	BCDj(3)9  ACDIR(3)9 
	

18 
S 	ABUJR(3),ABCNRM(3.2)9 8ARA(3). BARB(3)9 11(3). 	 19 
$ 	 12(3"9 	8A0IR(3),DBA(3), 	084(3)9 	13(3). 	 20 
5 	 14(3)9 	15(3)9 	16(3). 	17(3), 	AMIDPR(3), 	21 
S 	 AMIU(3)9 AMDIR(3). AMSGP(3).PPVOIR(3) ,AMDSEG(3), 	22 
S 	 PSEG(3), PFOOT(3), PNOkM(3), RCAR(b), 	 23 
$ 	 NCOMM(20), NVCLAS(3) 
	

24 

	

C 
	

25 
DIMENSION NESTA(500)9 TESTA(500), EQLINF(3)9 LVSO(3), VSDCLS(7) 

	
26 

DIMENSION BARC(3) 
	

27 
DIMENSION IZERO(22)9 ACREX(32) 
	

28 
DIMENSION ABDRR(2)9  ACDRR(2) 
	

29 
LOGICAL INTLZB 
	

30 
DIMENSION BCDRR(2) 
	

31 
DIMENSION EVL1O(7),EV100L(7),CRTTSI(32),NCREX(32) 

	
32 

DIMENSION RCPRV(3)9  EQVSU(7)9 DBSPEC(2)9 OBTREE(2)9 	 33 
S 	DBHOUS(2)9 Nr4OUSE(2)9 DaOROP(3) 

	
34 

DIMENSION FPOINT(3), SPOINT(3), IFIRST(3), I5EC'JD(3)9  IBARH3), 	35 
2 	 I8AR2(3)9  SPAC19(19), 1PR3.4', RECORU(5) 

	
36 

DIMENSION INFO(2.3) 
	

37 
LOGICAL NOVOL, NOSPO, SKIP, xOUT 
	

38 

	

C 
	

39 

	

C 
	

40 

	

C 
	

41 
LOGICAL OLD. OLI)P, GO, VEU. ONWARD. INTOLO 

	
42 

LOGICAL OFLOW9 
	

43 

	

LOGICAL DUBBL3. SVALL, NOPERP, OLDSV 
	

44 
LOGICAL HOGAL, HOGCL 
	

45 
LOGICAL HIGH, 	REFL, 	TA, 	TB. 	OLDA, 	OLDB, 

	46 
S 	BRES, FIROLD, OELETD, OLDSEC, TYP, TPREv, 47 
S 	OLOPA. 	OBAR. 	BRLK 
	

48 

	

C 
	

49 
EQUIVALENCE(TESTA(1),NESTA(1) 
	

50 
EQUIVALENCE (FP, XVECS(191)), (TP, XVECs(1.2)).(DVEC9 XVECS(193)) 

	
51 

EQUIVALENCE (TESTA(3),TESTA3)9 (TESTA(4)9 TESTA4 ) 
	

52 
EQUIVALENCE (IFIRST(1),FP0INT(1)). (ISECND(1),SPOINT(I)) 

	
53 

EQUIVALENCE (ITYPE. RECORD(1)). (IPLOT, RECOPD2) 
	

54 
C 
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DATA LPLOT, NPLOTS / 	19 	0/ 56 
DATA NA, NB, 	ND, 	NS / 4HCOMM. 4HRCVR9 4HROWY, 41IPPOS9 4HTPAR. 57 

* 	4HBARR9 	4HEN1)09 	4HDELT9 	4f-ISTOR / 58 
DATA XXS,XXV /1HS9 	1HV 	/ 59 
DATA RCPRV / 5., 	1.. 	70. 	/ 60 
DATA LSAVE. LEXEP. 	NCHECK, 	LTPAR / 	119 	3. 	69 	12/ 61 
DATA NVCLAS/ 	19 	1. 	2/ 62 
DATA 	VSDCLS/16000.9 	3000.09 	200.09 	50.09 	25.0' 	10.0.0.0/ 63 
DATA 	VDES/18.09 	30.0. 	0.0' 	26.09 	30.0. 	0.09 	86.0. 	0.0. 	8.0/ 64 
DATA 	IZER09 	BL9 	NTREC/ 22 * 	0' 	IH .' 	0/ 65 
DATA 	EV10DL/ 	1.92..3.91.92.95.90./ 66 
DATA CRTTST 	/1.09 	4.010. 	5.7719 	7.021. 	799909 	8.7829 	9.4519 67 

* 	 10.031. 	10.5429 	11.0009 	11.0419 	11.792. 	12.1399, 	12.4619 68 
* 	 12.7619 	13.0419 	13.3049 	13.553. 	13.7889 	14.0109 	14.2229 69 
* 	 14.4249 	14.6179 	14.802, 	14.9799 	15.150. 	15.314915.4729 70 
* 	 15.6249 	15.771. 	15.914, 	16.051 	/ 71 
DATA NRCVR,NSGT,NRDWY,N8ARR,NRBLOC,NRDARR,NRDPTT/6*091/ 72 

73 
STATEMENT FUNCTION TO COMPUTE AN ANGLE OF A TRIANGLE 74 
GIVEN 3 SIDES 75 

76 
ANG3S(PA, 	PB, 	PC) 	= ARCOS((PA**2 • P**2 - PC**2)/(2.0*PA*PB)) 77 

78 
STATEMENT FUNCTION TO ADD DBS 79 

80 
DBADD(A,B) 	= 	10.*ALOG10(10.**(A/10.) 	• 	10.**(/10.)) 81 

STATEMENT FUNCTION TO CALL AHEAD 83 
84 

HD(KXA, 	KXB) 	= AHEAD(3ARR, 	NEWBR, 	NREBAR. 	REAR. 	KXA. 	KXB) 85 
86 

ROUND(A) 	= 	FLOAT(IFIX(A+SIGN(.S,A))) 81 
88 

STATEMENT FUNCTION TO ROUND TO THE NEAREST HALF 89 
90 

RHALF(A) 	= ROUND(2.*A)/2. 91 
92 
93 

NVTYP = 3 9+ 
IPAGE = 0 95 
LINES = 0 96 
NPAGE 	0 97 
LINCNT = 	0 98 
TOTNZk = -500. 99 
DIF 	= 	0.. 100 
IF 	(NESTA(1) 	.NE. 	NS) 	GOTO 	26005 101 

102 
COMPLETE THE REALLOCATION OF STORAGE 	(START.O 	IN *PREDHRP) 103 

104 
NRBARR 	= 	0 105 
NPBLOC 	= 	0 106 

NPCVR 	= 	0 107 
NRDPTT 	= 	1 108 
NPDARR 	= 	0 109 
NRDWY 	= 	0 	 . 110 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 
C 



88 

MOLT BERANEK AND NEWMAN 	- 	ROUTINE MON 	 PAGE 3 

NSGT 	= 	0 111 
NTREC 	= 	0 112 
Do 26004 	I 	= 29 	5 113 
GO(I) 	= 	.TRUE. 114 

26004 CONTINUE 115 
REWINL) LTPAR 116 

C 117 
WRITE(NCHECK, 	6024) 	N8(2), 	NB(4)9 	N(5)9 	N(1) 118 

C GET AN 	INITiAL CARD 119 
C 120 
26000 READ(59 	26001) 	(TESTA(K), 	K 	= 	It 	10) 121 
26001 FORMAT(A49 	lx, 	/1, 	4X9 	7F8,09 	5X9 	Al) 122 
26005 CONTINUE 123 
C 124 
C CHECK FOR COMMENT 125 
C 125 

IF 	(NA 	,EQ. 	NESTA(1)) 	C'OTO 	28030 127 
DO 26015 	KK = 	19 	6 128 
IF 	(NESTA(1) 	.NE. 	N8(KK)) 	6010 26015 129 
LLGO 	= 	KK 130 
6010 26018 131 

26015 CONTINUE 132 
c 133 
C IF CARD NOT RECOGNIZEU GO WRITE WARNING 134 
C 135 

GO TO 30030 136 
26018 CONTINUE 137 

GO TO 	(260309 	26070, 	26095. 	270059 	270509 	28000)9 	LLGO 138 
26030 CONTINUE 139 
C 140 
C RCVR CARD 141 
C 142 
C 143 
C IF STORAGE FOR RECEIVERS is EXCEEDED, 	GO WRITE MESSAGE 144 
C 145 

IF(NRCVR.1 	,GT. 	cA3) 	GO TO 30070 146 
NRCVR = NRCVR 	1 147 

C 148 
C CHECK RECEIVER NUMBER, 	IF NOT IN SEQUENCE, GO WRITE MESSAGE 149 
C 150 

NADD 	= 	TESTA(3) 151 
IF 	(NADD .NE. NCVR) 	6010 3010 152 

C 153 
C IF ZERO IS ENTERED AS ELEMENT ATTRIBUTE. 154 
C USE ATTRIBUTE OF OREVIOUS ELEMENT. 155 
C 156 

00 26040 LJJ = 799 157 
IF(TESTA(LJJ).EQ.O.) 	TESTA(LJJ) 	= 	RCPRV(LJJ-6) 158 
RCPPV(LJJ-6) 	= TESTA(LJJ) 159 

26040 CONTINUE 160 
DO 26050 	JJ = 49 9 161 
RCVR(JJ-39 	NRCVR) 	= 	TESTA(JJ) 162 

26050 CONTINUE 163 
GO TO 26000 164 

26070 CONTINUE 165 
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C 166 

C ROWY CARD 167 

C 168 

C 169 

C Ci-sECK THAT NEW ROADWAY STARTS WITH ELEMENT 	1. 170 

C IF NOT, 	GO PRINT ERROr 	MESSAGE 171 

C 172 

IF 	(TESTA(4) 	.NE. 	1.) 	6010 	30160 173 

C 174 

C FIRST CARD StIOULD HAVE CONTINUATION 175 

C 176 

IF 	(TESTA00) 	.EQ. 	BL) 	GOTO 	30170 177 

NESTA(3) 	= 	TESTA(3) 178 

IF 	(NRDWY 	.EQ. 	u) 	0010 2671 179 

DO 2670 	I = 19 	NRDWY 180 

IF 	(NRDPTR(19I) 	.EQ. 	NESTA(3)) 	0010 	30250 181 

2670 CONTINUE 182 

2671 NRDWY = NRDWY • 	1 183 

c 184 

C IF TOO MANY 	OADwAY'15' 	GO PRINT ERROR 185 

C 186 

IF 	(NRDWY 	.GT. 	r'A2) 	GO 	T3 	30070 187 

IF 	((TESTA(9) 	•,T. 	0.0) 	.AND. 	(TESTA(9) 	.LT. 	3)) 	6010 	26072 188 

WPITE(NCHECK, 	26071) 	TESTA(9)9 	NESTA(3) 189 

26071 FORMAT(// 	19H 	ILLEGAL GRAO1EI''T F8.09 	9H ROADWAY 	, 	Ia) 190 

00(1) 	= 	.FALSE. 191 

TESTA(9) 	= 	1.0 192 

C 193 

26072 IF 	((TESTA(8) 	.GT. 	0.3) 	AND. 	(TESTA(8) 	.LT. 	.)) 	0010 	26074 194 

WRITE(NCHECK926073) 	TESTA(8)9 	NESTA(3) 195 

26073 FORMAT(//18H 	ILLEGAL SURFACE 	F8.19 	9h ROADWAY 	, 	18) 196 

60(1) 	= 	.FALSE. 197 

TESTA(8) 	= 	1.0 198 

C 199 

26074 RDPRVA 	= 	0.0 200 

RDPRVb 	= 	TESTA(9) 201. 

NELM = 0 202 

C ROADWAY POINEERS 203 

C 1 204 

C 205 

C . 206 

C NRDPTR(19NROWY) 	IS ROADWAY NUMBER 207 

C NRDPTR(29NRD*Y) 	IS NUMBER OF POINTS IN ROADWAY . 	208 

C NDPTR(39NRDWY) 	IS LOCATION OF FIRST POINT OF ROADWAY 209 

C NRDARR IS TOTAL NUM8ER OF ROADWAY POINTS ST0ED SO FAR 210 

C 211 

NRDPTR(1, 	NRDWY) 	= 	NESTA(3) 212 

NG000 	= 	3 . 213 

NROPTR(39 .NRDWY) 	= 	NRDARR 	• 	1 214 

26080 CONTINUE 215 

NELM 	= 	NELM • 	1 216 

NRDARR = 	NRDARR 	1 . 	 217 

C 218 

C CrIECK FOR STORAGE E.Ct-EDEU 219 

C . 	 . 220. 
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IF (NRDARR .61. KA1) 6010 30070 
C 
C 	 STORE NEW ROADwAY POINT 
C 

DO 26088 JJ = It S 
RDWY(JJ, NRDARR) = TESTA(jJ.4) 

26088 CONTINUE 
IF(TESTA8) .EQ. 0.) 60 TO 26089 
TA8 = TESTA(8) 
RDPRVA = SI6N(5.9 TA8 - 2.5) 
IF(TA8 .EQ. I.) RDPRVA 

26089 RDwY(49 NRDARR) = RDPRVA 
IF (TESTA(9) .t'. 0.0) RDwy(59NRDARR) = RDPRVI 
ROPRVL3 = RDWy(,NRDARR) 

51 
C 	 IF CONTINUATION FIELD IS oLANK9 DO NOT LOOK FOR MOIRE POINTS 
C 

IF (TtSTA(10) .EQ. 80 6010 2b000 
C 
C 	 OTHERWISE, READ ANOTHER CARD 
C 

READ(5926001) (TtSTA(K), K19 10) 
C 
C 	 IF LA8EL FIELD NON8LANK Ok THIS IS NOT NEXT ELEMENT 
C 	 FOR THIS ROADAY, SET NOGO FLAG AND END ROADWAY 
C 

IF (Tt.STA(1) .NE. BL) 6010 30180 
IF (TESTA3 .EQ. 0.0) TESTA3 = NRDPTR(19NRDWY) 
IFIFJX(TESTA4).NE.NELM.1.AND.TESTA(10).NE.BL) GO 1030190 
IF (IFIXTESTA3) .NE. NRDPTR(,NRDwY)) 6010 30190 

C 
C 	 UPDATE THE kOADWAY POINTERS 
C 
26091 CONTINUE 

NRDPTi(2,NRDWY) = NELM • 1 
6010 26080 

26095 CONTINUE 
GO TO 26000 

C 	 TPAR (TRAFFIC PARAMETER) CARD 
C 
27005 CONTINUE 

NPOAD = TESTA(3) 
MFSEG = TESTA(4) 
MLSEG = TESTA(5) 
MVTYP = TESTA(6) 
IF (MLSEG .LT. MISEG) GOTO 30135 
IF(MVTYP.LT.1 .OR. MVTYP.GT.3) GO TO 30130 

li 
C 	 NROAD IS NU4bER OF REFERENCE ROADWAY FOR THIS TRAFFIC 
C 	 IFSEG IS FiRST SEGMENT 	IN SEQUENCE WHICH HAS THIS TRAFFIC 
C 	 MLSEG IS LAST 	SEGMENT 	IN SEQUENCE wHICH HAS THIS TRAFFIC 
C 	 MVTYP IS TYPE OF VEHICLE 
C 
C 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
23b 
237 
238. 
239 
240 
241 
242 
243 
244 
245 
2'46 
247 
248 
2'.9 
250 
251 
252 
253 
25'. 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
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c 	 FIND POINTER TO ROADWAY 
	

276 
C 
	

277 
IF (NRDWY .EQ. 0) 6010 30140 
	

278 
DO 27009 KK = It NRDWY 
	

279 
If(NROAD.NE.NROPTR(1,pcK)) 60 10 27009 
	

280 
GO TO 27011 
	

281 
27009 CONTINUE 
	

282 
GO TO 30140 
	

283 
27011 CONTINUE 
	

284 
C 
	

285 
C 	 FIND INDEX FOR ZEOETh SE"MENT OF NROAD 

	
286 

C 
	

287 
MVASS = NRDPTR(39P'K)-1 
	

288 
IF (MLSEG .61. (NPDPTR(29rK) - 1)) GOTO 30195 

	
289 

NOVOL = TESTA(7) .EQ. 0.0 
	

290 
NOSPL) = TESTA(a) .EQ. 0.0 
	

291 
IF (.NOT. ((NOVOL .AND. NOSPD) .OR. 	 292 
2 	 ((.NOT. NOVOL) .AND.. (.NOT. 'NOSPO)))) GOTO 30200 

	
293 

00 27040 KK = MFSEG, MLSEG 
	

294 
KA = MVASS • KK 
	

295 
EOLFS(29MVTYP,KA) = 0.0 
	

29t 
IF (NOVOL) 6010 27040 
	

297 
EOLFS(29MVTYP,KA) = TESTA(7) / TESTA(S) 

	
298 

EOLFS(1,,MVTYP,KA) = 2.0 • VDES(19MVTYP) 
	

299 
VDES(29MVTYP) * ALOG10(TESTA(8)) 
	

300 
10.0 * ALOG10(EOLFS(2,MVTYP9KA)) 
	

301 
IF(IVTYP.NE.3) GO TO 27015 
	

302 
GROA(KA) = 0. 	 303 
IF(RDWY(59KA) .EQ. 2.) 
	

304 
$ 	GRDA(KA) = 6.6 	3.3*AL06l0(TESTA(8)) 

	
305 

27015 CONTINUE 
	

306 
NTREC = NTREC • 1 
	

307 
WRITE(LTPAR) KA9 MVTYP, TESTA(7), TESTA(8) 

	
308 

27040 CONTINUE 
	

309 
GO 10 26000 
	

310 
27050 CONTINUE 
	

311 
C 
	

312 

C 	 BARRIER DESCRIPTION CARD 
	

313 
C 
	

314 
C 	 POiNTERS FOR BARRIER INFoMA1 ION 

	
315 

C 
	

316 
C 	 NRBARR IS NUMBER OF BARRItRS STORED 

	
317 

C 	 NPTR(1,--) 15 bARRIER NUMBER 
	

318 
C 	 NBPTR(29--) 15 BARRIER TYPE 

	
319 

C 	 NBPTR(39--) IS NUMBER OF DARRIER POINTS 
	

320 
C 	 NBPTR(4'9--) IS POINTER TO WHERE FIRST POiNT OF THIS BARRIER 

	
321 

C 	 IS STORED 
	

322 
C 	 Nr<BLOC IS POINTER TO LAST BARRIER POINT STORED 

	
323 

C 
	

324 

C 	 ChECK FOR STORAGE EXCEEDEO 
	

325 

C 
	

326 
IF (NRBARR • 1 .61. KA7) GOTO 30070 

	
327 

NRBARR = NRBARR • 1 
	

328 
r4BPTR(1, NRBARR) = TESTA(3 
	

329 
NGOGO = 5 
	

330 
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C 331 
C CrIECPc FOR 	1—POINT BARRIER 332 
C 333 

IF 	(TESTA(lO) 	.10. 	BL) 	GOTO 	30210 334 
C 335 
C SET BARRIER TYPE 336 
C . 337 

BTYPE(NRBARR) 	= 	TESTA(2) 338 
NBPTR(2,r'4RBARR) 	1 339 
IF 	(TESTA(2) 	.EQ. 	XXS) 	NdPTR(,NRBARR) 	= 2 340 
IF 	(TESTA(2) 	.10. 	XXV) 	NBrTR(29 	NRI3ARR) 	3 341 

C 342 
C BARRIER MUST START WITH ELEMENT 	1 33 
C 344 

IF 	(Tt.STA(4) 	.NE. 	1.0) 	GOTO 	30220 345 
NELM 	= 	0 346 
NBPTR(49NRBARR) 	= 	NRBLOC • 	1 .347 

27060 CONTiNUE 348 
C 349 
C CriECpc STORAGE. 	EXCEEDED 350 
C 351 

IF(NR6LOC 	+ 	1 	.61. 	KA6) 	GO 	TO 30070 352 
NRBLOC 	= 	NRBLOC • 1 353 
NELM 	= 	NELM • 	1 354 
NBPTR(3 9 NRBARR) 	= NELM . 355 

C . 356 
C STORE BARRILR POINT 357 
C 358 

DO 27065 	JJ = 	It 	3 359 
8ARR(JJ,NRBLOC) 	= 	TESTA(JJ+") 360 

27065 CONTINUE 361 
C 362 
C IF CONTINUATION FIELD IS BLANK, 	AND NUMEk OF POINT 	IS WRONG 363 
C WRITE ERROR 364 

IF 	(((NBPTR(29NR8ARR) 	.EQ. 	2 	*AND* 	NELM 	•NE. ) 	•OR. 365 
2 	(NE3PTR(2,NRBARR) 	.EO. 	3 	.AND. 	NELM 	.NE. 4)) 366 
3 	.AND. 	TESTA(10) 	.ED. 	8L) 	GOTO 30230 367 

C 368 
C IF CONTINUATION FIELD IS CLANK DO NOT LOOK FOR MORE POINTS 369 
C . 370 

IF 	(TLSTA(10) 	.EO. 	BL) 	GOTO 	26000 371 
C 372 
C OTHERWISE READ AiOTHER CArD 373 
C 374 

READ(5926001) 	(TESTA(K), 	K 	= 	It 	10) 375 
C IF LABEL FIELD NOT BLANK, OR MISMATCH IN IAkRIER ID NUMBER, 376 
C OR ELEMENT NUMBER NOT IN sEQUENCE, 377 
C SET NOGO FLAG AND END BARRIER 378 
C 379 

IF 	(TESTA(1) 	.NE. 	BL) 	GOTO 	30180 . 380 
IF 	(TESTA3 	.EQ. 	0.0) 	TESTA3 	= NBPTR(19NRBARR) 381 
IF 	(IFIX(TESTA3) 	.NE. 	NBPTR(j,NRBARR)) 	6010 	30240 382 
IF(IFIX(TESTA4).NE.NELM+1.AND.TESTA(10).NE.BL) 60 1030240 383 

C 384 
C GO STORE NEW CARD 385 
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GOTO 27060 
28000 CONTINUE 
C 
C 	 ENOD CARD ENCOUNTERED. END OF INPUT. 
C 

WRITE (NCHECK,2002) 
28002 FORMAT(/// lx 44hENDD CARD ENCOUNTERED. NORMAL END OF INPUT. 

ONWARD = GO(1) 
DO 28010 KKK = 2 S 
ONWARD = ONWARD .AND. GO(KKK) 

28010 CONTINUE 
GO TO 28050 

28030 CONTINUE 
READ(5928035) (TESTA(JJJ) 'JJJ1'20) 

28035 FOPMAT(20A4) 
IF(NESTA(1) .NE. NA) GO TO 30080 
00 28040 JJ = 2,20 
IF(NCOMM(KPc).NE.IZEPO(1)) GO 1028030 

28040 CONTINUE 
GO TO 26000 

C 
C 	 PRINT INPUT DATA. 	MOVE SOME AREAS OF CORE ONTO SCRATCH 

C 	 SPACE AND MOVE SCRATCH SPACE 	INTO CORE. THIS EXERCISE 
C 	 WILL ENABLE ONE TO CREATE THE LATEST TRAFFIC PARAMETER 
C 	 ASSIGNMENT LiST AND REwRITE THE SCRATCH FILE WHICH CON— 
C 	 TAINS THIS iNFORMATION SO THAT 	IT 	IS PROPERLY COLLATED. 

C 
28050 CONTINUE 

ITYPE = 0 
NPLOTS = NPLOTS • 1 
IPLOT = NPLOTS 
wRITE(LPLOT) RECORD 
1=1 
J=5 
DO 28049 K = 19 3 
wQITE(LPLOT) (LABLL(L), L 	I' J) 
1=1+5 
J=I•4 

28049 CONTINUE 
IF (NRDWY .E0. 0) GOTO 2059 
REWIND LSAVE 
DO 25051 	1 = 1' KA1 
wRITE(LSAVE) (ROWY(J,I), J = 19,  6) 
DO 28051 J = Is 6 
RDWY(J,1) = 0.0 

28051 CONTINUE 
C 

IF (NTREC •EO. 0) GOTO 2853 
REWIND LTPA.R 
DO 28052 J = 1' NTREC 
PEAO(LTPAR) INDEX, NTYPE, V, S 
K = NTYPE * 2 - .1 
RDwY(c, INDEX) = V 

28052 RDWY(K+1. INDEX) = S 

93 

p AGE 

386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
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607 
408 
409 
410 
411 
412 
413 
414 
415 
41t' 
4)7 
418 
419 
420 
421 
422 
423 
424 
425 
426 
'+21 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
-438 
434 
440 
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C 
2853 REWIMI.) LTPAR 

DO 28053 J = 1. NRDARR 
KTTMI = —1 
DO 28053 K = 1 3 
KTTM1 = KTTM1 • 2 

28053 WRITE(LTPAR) J. K, RDWY(KITM19J, RQWY(PcTTMI.19J) 
NTREC = 3 * NDARR 

C 
REWIND LSAVE 
DO 28054 1 = 1. rcAl 
REAL)(LSAVE) (RDWY(J,j). J=196) 

28054 CONTINUE 
REWIND LSAVE 

C 
C 	 PRINT ROADWAY ELEMENTS. START ON NEW PAGE. 
C 

IPAGE = IPAGE + 
WRITE(6,6001) LA8EL, IPAGE 
LINES = —50 

C 
REWIND LIPAR 
ITYPE = 1 
DO 28058 1 = 19 NRDWY 
K = NRDPTR(291) 
J = NROPTR(39I) 
KM1 = K - 1 
LINES = LINES • K • 2 
IF (LINES .LE. 0) GOTO 28055 
IPAGE = IPAGE + 1 
WRITE(695001) LA8EL9 IPAGE 
LINES = K - 48 

28055 IX = ROUND(RDWY(19J)) 
IV = ROUND(RDWY(2,J)) 
IZ = ROUND(RDWY(39J)) 
RECORD(2) = lx 
RECORD(3) = IV 
wRITE(696004) NNUPTR(1909 IX' JY, IZ 

C 
C 	 PICK UP TRAFFIC PARAMETERS AND PkINT THESE ALONG WITH THE 
C 	 COORDINATE INFORMATION OF THE NEXT POINT 
C 

DO 28057 KK = I, KMI 
00 28056 II = It 3 
READ(LTPAR) INDEX, NTYP€' V, 
INFO(19II) = IFIX(V • 0.5) 

28056 INFO(2,II) = IFIx(S + 0.5) 
ISURF = 1 
IF (RDWY(4.J) .LT. —1.0) ISURF = 2 
IF (RDWY(49J) .GT. 1.0) ISURF = 3 
IGRAD = 
IF(QDWY(59J) .NtE. 1.0) IGRAD = 2 
J = J • 1 
Ix = ROUND(RDWY(1.J)) 
IV = ROUNO(RDWY(2.J)) 
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442 
443 
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IZ 	= 	ROUND(RDWY(3.J)) 	
0  

496 

RECORL)(4) 	= 	ix 497 

RECORD(5) 	= 	IY 49 

WRITE(LPLOT) 	RECORD 499 

RECORO(2) 	= 	ix 500 

RECORU(3) 	= 	IY 501 

28057 WRITE(696005) 	KK. 	ISURF, 	IGRAD, 	INFO, 	Ix, 	I,Y9 	IZ 502 

WRITE(6.6000) 503 

DO 	28058 	KK = 	1.3 504 

READ(LTPAR) 	INDEX, 	NTYPE, 	V, 	$ 505 

28058 CONTINUE 506 

C 507 

C PRINT BARRIER LISTING.' 	START ON NEW PAGE 508 

C 509 

28059 IF 	(NRBARR 	.EQ. 	0) 	GOTO 2012 510 

IPAGE 	= 	IPAGE 	• 	1 511 

WRITE(696002) 	LAt31L9 	IPAGE 512 

LINES 	= 	-50 513 

C 514 

DO 28063 	I 	= 	1. 	'4RBARR 515 

IGO 	= 	NBPTR(29I) 	- 	I 516 

ITYPE 	= 	IGO • 	3 517 

K 	= 	NF3TR(3.1) 518 

J 	= 	NBPTR(4.1) 519 

c 520 	- 

LINES 	= 	LINES 	• K 	• 	2 521 

IF 	(LINES 	.LE. 	0) 	GOTO 28060 522 

IPAGE 	= 	IPAGE 	+ 	1 523 

WRITE(696002) 	LABEL, 	IPAGE 524 

LINES 	= 	K - 41S  525 

C 526 

28060 IX 	= 	ROUND(BARR(1,J)) 527 

IY 	= 	ROuND(BAPR(2.J)) 528 

IZ 	= 	ROUND(BARR(39J)) 529 

RECORO(2) 	= 	lx 530 

RECORL)(3) 	= 	IY 531 

RITE(696006) 	6TYPE(1). 	r'I3PTR(19j)9 	IX. 	iv. 	IZ 532 

c 0 533 

c 53' 

IF 	(IGO 	.NE. 	0) 	WQITE(69'6007) 535 

K$i1 	= 	K 	- 	1 536 

DO 28062 	K = 	1. 	KM1 537 

J 	= 	J+1 538 

IX 	= 	ROUND(BARR(19J)) 	0  539 

IY 	= 	ROUND(BARR(2.J)) 	
0  540 

IZ 	= 	POUND(BARR(39J)) 	 ' 541 

RECORD(4) 	= 	ix 542 

RECORD(5) 	= 	IY 543 

WRITE(LPLOT) 	RECORD 	
0  544 

RECORO(2) 	= 	Ix 545 

RECOPU(3) 	= 	IY 	 0 546 
IF 	(IGO 	.EQ. 	0) 	GOTO 28061 547 

C 548 

C HOUSES AND VEGETATION 	 - 549 

C 550 
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WRITE(696008) lx, IV, IZ 
IF (K .NE. 3) GOTO 28062 
J = N8PTR(491) 
IX 	ROUND(BARR(1,J)) 
IV 	ROUND(BARR(29J)) 
RECOPD(4) = 1X 
RECORD(5) = IV 
WRITE (LPLOT) Rt.CORD 
GOTO 28063 

C 	 IMPERVIOUS SCREEN 
C 
28061 WRITE(696009) K' IX, IV, IZ 
28062 CONTINUE 
28063 WRITE(6.6000) 
C 
C 
C 	 PRINT RECEIVER INFORMATION. START ON A NEW PAGE 
C. 
2012 IPAGE = IPAGE • 1 

WRITE(696003) LWF.L, IPAGE 
C 	 - 
C 	 LOOP TO COMPUTE NOISE LEVELS AT RECEIVER POINTS 
C 

NSGT = NRDARR - 1 
IF ((NRCVR .GT. 0) .AND. (NQDwY .GT. 0)) GOTO 2015 
WRITE (6,6010) 
GO(1) = .FALSL. 
ONWARI) = .FALSE. 
IF (NRCVR .EO. 0) GOTO 20200 

C 
2015 00 20100 NP = 19 NRCVR 

IF (MOD(NR946) .NE. 0) GOTO 2020 
IPAGE = IPAGE • 1 
wRITE(6,6003) LABEL, IPAGE 

C 
2020 IX = ROUND(RCVR(1. NP) 

IV = ROUND(RCVR(d, NP) 
IZ = POUND(RCVR(J, NP) 
IGR = ROUND(RCVR(S, NR) 
DESIGN = RCVR(6,NR) 
DESIGN = PHALF(UESIGN) 
ITYPE = 6 
TOTNZ = -500. 
OW = -10. 
IF (MOD(NR95) .E0. 1) WRITE(696000) 
wRITE(696011) NP, IX, IV. IZ, RCVR(49NR), IGR, DESIGN 
OFLOW9 	.FALSE. 
IF(.NOT. ONWARD) GO TO 20098 
NCURQL) = 1 
NPDPRV = 0 
DIF = 0.0 
TOTL10 	-500.0 
TOTLP = 0.0 
BOROP = 0.0 

PAGE )1 

551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
-572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
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BDROP 	= 0.0 606 
NDOM 	= 	0 607 
DC 2030 	JZKZ = 	19 	7 60 
EQVSD(JZKZ) 	= 	-00.0 609 

2030 CONTINUE 610 
DO 2031 	JZKZ = 	it 	32 611 
NCREX(JZKZ) 	= 	0 612 
ACREX(JZKZ) 	= 	0.0 613 

2031 CONTINUE 614 
NCURS(., 	= 	1 615 
NLSEG = NROPTR(291) 	- 	1 616 
ROBDEL 	= 	RCVP(o. 	NP) 	- 2.0 617 
BOELAb 	= 	ROBOEL 	- 	16.0 618 
DUBBL3 = 	(RCVR(49NR) 	GE. 	10.0) 	.OR. 	(RCVR(59NR) 	.[Q. 	2.0) 619 

620 
LOOP THROUGH ALL ROADWAY SEGMENTS 621 

622 
NBASE 	= 	0 623 

2050 NBASE = NBASE • 	1 624 
SEGNZ 	= 	-500.0 625 

626 
FIND THE COORDINATES OF CURRENT SEGMENT 627 

628 
CALL 	SET(SEGA, 	RL)WY(19 	NBASE), 	3) 629 
CALL 	SET(SEGB, 	RUY(1,NbASE+1), 	3) 630 

2075 ASAVE = SEGA(3) 631 
BSAVE = SEG8(3) 632 

633 
THROW OUT bAkI€R SECTIONS ON BASIS OF PROft-CTION TO GROUND 634 
PLANE. 	FIRST CHECK THAT dARRIER IS ON SAME SIDE OF HIGHWAY AS 635 
RECEIVER POiNT. 	ONLY FIRST POINT NEED BE CHECKED, SINCE 636 
BARRIERS MAY NOT CROSS HIGHWAY. 637 

638 
ABABS 	= 	AMGDF(RCVR(1 9NR), 	SEGM(1)9 	2) 639 
ACABS 	= 	MG0F(RCVR(1,NR), 	SG(1), 	2) 640 
BCABS 	= 	AMGDF(SEGA(i), 	SEi3(1)9 	2) 641 
CABC = 	(ABABS**2 + BCABS**2 - ACABS**2)/(2.*AWAbS*8CABS) 642 
ANGABC = ARCOS(CABC) 643 
P01ST = ABABS a  SIN(ANGA8C) 644 
CALL 	UIR(PSEG(1), 	SEGA(1)' 	SE68(1), 	2) 645 
CALL AOD(PFOOT,5€GA,PSEG,ABABS*CABC92) 646 
CALL 	0IR(PNORM(1), 	RCVR(1NR)' 	PFOOT(1)9 	2) 647 

648 
PNORM IS USED FOR 	RO'G-SIDF-OF-HIGHWAY TEST 649 
NOW FIND ANGLES FOR FAJLS-TO-SHIELD-PART-OF-SEGMENT TEST 650 

651 
ANGBAC = ANG3S(ABAf3S, 	ACs6S 9 	bCABS) 652 
MNEWBR = 0 653 
MUSPEC = 0 654 

655 
BYPASS BARRiER PROCESSING IF NO iARRIERS PRESENT 656 

657 
IF(NPARR 	.EQ. 	o) 	0010 3142 658 

6 59  

00 3000 	KK = 	19 	NRBARR 660 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
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KA = NbPTR(39 	KK) 	- 	1 661 
KK8 	NSPTR(49 	KK) 662 
DO 2990 KKA = 	1, 	KA 663 
KB = KKB • KKA - 	1 664 
KKX 	= 	KKA 665 
KC=icB.1 666 
CALL 	ADD(RC3AR(j), 	BARR(1,K8), 	RCvP(1,NR), 	-1.09 	2) 667 
CALL 	ADD(RC8AR(4), 	BARR(19KC), 	RCVR(19NR), 	-1.09 	2) 668 
IF 	((30T(RCBAR(1), 	PNORM(A), 	2) 	,GT. 	PDIST) 	.AND. 669 

* 	(DOT(RCBAR(4)! 	PNORM(I), 	2) 	.GT. 	PDIST)) 	GOTO 	2990 670 
C 571 
C HARRIER 	IS AT LEAST PARTLY ON RIGP1T SIDE OF EXTENDED ROAD- 672 
C WAY CENTER LiNE, 	AND THERtFORE MERITS FURTHER ATTENTION. 673 
C b74 

ANGREF 	= 	ANGVEC(SEGB,RCVR(1,NR)9'.) 675 
ANGARi = ANGVEC(SEGA,RCVR(i,N), 	ANGREF) 676 
ANG8RE 	= ANGVEC(dARR(19KB), 	RCVR(19NR), 	ANGREF) 677 
ANGESRF 	= ANGVEC(bARR(19KC), 	RCVR(19NR). 	ANGREF) 678 
ANGMAA = AMAX1(o.9 	ANGAB) 679 
ANGMIN = AMJNI(C., 	ANGARt3) 660 
IF 	(((ANGBRE.GE .ANGMIN) 	.AND. 	(ANGBRE.LE.ANGMAX)) 	.OR. 681 

2 	((ANGBRF.GEeANGMJN) 	.AND. 	ANGbRF.LE.ANGMAX)))GOTO 2895 682 
'IF((ANGBRE 	.GT. 	ANGMAX 	.AND. 	ANGBRF 	.01. 	ANGMAA) 	.OR. 683 

(ANGBRE 	.LT. 	ANGMIN 	.AND. 	ANGRF 	.LT. 	ANOMIN) 	.OR. 684 
$ 	ABS(ANGbRF-ANGBRE) 	.GE. 	3.14159) 685 

GO TO 2990 686 
2895 IF 	(NPTR(29KK) 	.NE. 	3) 	GOTO 2986 687 

KKX 	= 	1 668 
Kb 	= KKb 689 

2986 MNEWBP 	= MNEW8k 	+ 	1 690 
IF 	(MNEWBR 	.LE. 	PSA9) 	0010 2987 691 
OFLOW9 = .TPUE. 692 
MNEWBR 	1 693 
MF$SPEC 	= 	0 694 

C 695 
C NEWBR(19-) 	INDEX 	IN NBP1R 596 
C Nt.Wt3R(29) 	AARRIEk 	ELEMENT NUMbER 697 
C NEWBR(39-) 	= LOCATION 	IN bARR 698 
C 699 

2987 NEWbR(1, 	MNEwBR) 	= KK 700 
NEWbR(29 MNEWBR) 	= KKX 701 
NEWt3R(3. 	MNEWBR) 	= KB 702 
IF 	(NdPTR(29 	KK) 	.EQ. 	1) 	0010 2990 703 
MBSPEC = MBSPEC + 	1 704 
MSPECS(MBSPEC) 	= MNEWBN 705 
GOTO 3000 705 

2990 CONTINUE 707 
3000 CONTINUE 708 

C 709 
C SKIP WHEN NO 	3ARRIERS SHIELD THIS ROADWAY ELEMENT 710 
C 711 

IF(MNEWBR 	.EQ. 	0) 	00 	TO 3142 712 
IF 	(.NOT. 	OFL0) 	0010 3005 713 
WRITE(69 	6025) 	MNEwBR 714 
GOTO 20100 715 
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C 
	

716 
C 	 TRIM 8ARR1ES, ASSIGN hEAtJINGS, LINK 

	
717 

C 
	

718 
3005 INTLZb 	FALSE. 	 719 

CALL DIR(ACDIR,CVR(1,NR), SE"b, 2) 
	

720 
CALL DIR(ABDIR, RCvR(1, NR), SEGA, 2) 

	
721 

A42 = ANGTRU(ACDIR, A3DIR) 
	

722 
NREBPT = 0 
	

723 
NREB = 0 
	

724 
DO 3140 M = 19 MNEWBR 

	
725 

Ni = NEWBR(19M) 
	

728 
IF(NI3PTR(29N1) •NE, 1) GO TO 3140 

	
727 

NPBOUT = 0 
	

728 
KB = NEWBR(39M) 
	

729 
CALL DIRTI98ARR(19KB) ,jARR(1,KB,1) ,2) 

	
730 

CALL OIR(T298AR<(1,KB) ,t3Ap'R(1,KB.l),3) 
	

731 
CALL U1R(DBA, RCVR(19 NR), BAR(19KB), 	2) 

	
732 

CALL UIR(DBB. RCVR(19 NR), 8AR(1,K8.1) 2) 
	

733 
Ii = 1 
	

734 
12 = 2 
	

735 
IF (S1GN(1.0,AA2).€Q.SIGN(1.09ANGTRU(06,DA))) 6010 3010 

	
736 

Ii = 2 
	

737 
12 = 1 
	

738 
3010 AA3 	ANGTRU(DBA, ABDIR) 

	
739 

I3ARR(49 KB) =At3S(AA3) 
	

740 
AA4 = ANGTRU(DBd, ABDIR) 

	
741 

BARR(4, KB'l) = ABS(AA4) 
	

742 
IF (SIGN(1.09AA3) .EQ. SIGN(1.09 AA4)) 6010 3020 

	
743 

IF (ABS(4A3-AA4) .GE. 3.14159) 6010 3020 
	

744 
NREB = NREB • 1 
	

745 
NREUAR(19NREB) = KB 

	
746 

NREBA(2, NREB) = KB • 1 
	

747 
NPBOUT = 1 
	

748 
NEWBR(3 9 M) = 
	

749 
NREBPT = NREBPT • 1 

	
750 

NRE8AR(1iNREB) 	-NREBPT 
	

751 
CALL ANTSEC(RCVR(I,NR), ABDIR, 8ARR(1,K), Ti, kEAR (1 ,NREPT )) 

	
752 

REBAR(39 NREBPT) = Z(BAPR(19 KB), T29 REBAR(i' NREBPT) 
	

753 
REBAR(4 9 NREBPT) = 0.0 

	
754 

30 20 AA3 = ANGTRU(D6A, ACOIR) 
	

755 
AA4 = ANGTRU(DBi3, ACDIR) 

	
756 

IF (SIGN(1.09AAJ) .EQ. SIGN(1.0,AA4)) 6010 3040 
	

757 
IF (ABS(AA3-AA4) .GE. 3.14159) 6010 3040 

	
758 

IF (NPBOUT .NE. 0) GOTO 3035 
	

759 
NREB = NFEB • 1 
	

760 
NRE8AR(19 NREB) = KB 

	
71 

NRE6AR(29NREB) = KB • 1 
	

762 
NEWBR(3,M) = -NREB 

	
763 

3035 NREBPT = NREBPT • 1 
	

764 
NREBAR(129NREB) = -NREBPT 

	
765 

CALL INTSEC(RCVR(19NR), AC0IR BARR(19K), Ti, FEBAp(i,NRLtpT)) 
	

766 
REBAR(39NREBPT) = Z(BARP(19KB), 129 REBAR(19NREIPT)) 

	
767 

RE8AR(4,NREBPT) = ABS(AA2) 
	

768 

C 
	

769 
C 
	

LiNK LATEST BARRIcR POINTS 
	

770 
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C 771 
3040 IF 	(INTLLB) 	GOTO 3090 772 

NFIRST 	= 	1 773 
NBARNX 	= 	2 774 
NBARLK(191) 	= M 775 
NBARLK(2,.1) 	= 	1 776 
NBARLK(3,1) 	= 0 777 

3090 CONTINUE 778 
DO 3120 	K.ZZ 	= 	19 	2 779 
IF 	(.NOT. 	1NTLZ6) 	GOTO 3120 780 
NBARLK(19  NBARNA) 	= M 781 
NBARLK(29 	NBARNX) 	= ,<ZZ 782 
IF 	(NbARNX 	.LT. 	Kn9) 	GOTO 3395 783 
OFLOw9 = .TRUE. 784 
NFIRST 	= 	1 785 
NBARNX = 0 786 
NBARLK(191) 	= M 787 
NBARLK(291) 	= KZZ 788 
NBARLK(391) 	= 	0 789 

C 790 
3095 NBXA = NBARNX 791 

NBARNX = NBARNX • 1 792 
C 793 

C LOOK UP HEADIJG 794 

C 795 
HDDU = 	HD(P4, 	KZZ) 796 

c 77 

C FIND WHERE POINT GOES 	IN LIST 798 

C 799 
NPREV = 0 800 
NPLACE = NFIRST 801 

31u0 CONTINUE 802 
IF 	(HOOD 	•LT. 	h0(N8ARLK(1,NPLMCE), 	NARLK(29 NPLACE))) 	GOTO 3105 803 
NPREV 	NPLACE 804 
NPLACE = N8ARLt09 NPLACE) 805 
IF 	(NPLACE 	.NE. 	U) 	6010 3100 806 

3105 CONTINUE 807 

C DECIDE wHAT 	ELSE TO PRINT DEPENDENT ON Ti-sE T'YPE OF ObSTACLE 808 

C 809 
C NPLACE TELL. 	wHERE 	IS FIRST POINT 	WITH HEADiNG GREATER 810 

C THAN CURRENT POINT 811 

C 812 
IF 	(NPREV 	•NE. 	U) 	6010 3110 813 

C 814 

C POINT 	IS NEW FIRST POINT 815 

C 816 
N8ARLK(39 	N8XX) 	= NFIRST 817 
NFIRST = NBXX 818 
GOTO 3120 819 

3.110 CONTINUE 820 
IF 	(NPLACE 	.NE. 	0) 	0010 	3115 821 

C 822 

C POINT 	IS NEW LAST POINT 823 

C 824 
NS3ARLK(39 	N8XX) 	= 	0 825 
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NBARLK(39 NPREV) 	= NBXX 826 

6010 3120 827 

3115 CONTINUE 828 
NBARLK(39 	NBXX) 	NBARLPc(3. 	NPREV) 829 
NBARLK(39 NPREV) 	NBXX 830 

3120 INTLZd 	= 	.TRUE. 831 

3140 CONTINUE 832 
IF 	(.NOT. 	OFLOW9) 	6010 3142 833 

WPITE(6,6025) 	N3APNX 834 
6010 20100 835 

3142 CONTINUE 836 

C 837 

C COMPUTE FACTS ABOUT CURRENT R/SEG PLANE 838 

C 839 
ABABS 	= AMGDF(RCVR(19NR), 	SEGA(1)9 	3) 840 
ACABS 	= 	AMGDF(RCVR(19NR), 	SEG6(1)9 	3) 841 

SCABS 	= 	AMGDF(SEUA(1), 	SEGS(i). 	3) 842 

C 843 

C GRADIENT CORRECTION FOR TRUCKS ON THIS SEGMENT 844 

C 845 
GPDCOR = 0. 846 
IF(C.RUA(NBASE 	.Eo. 	0.). 60 	TO 	3149 847 

GPAD = 	100. 	* 	(AbS(SEGA(3) 	- 	SEG9(3))/6CABS) 848 

IF(GPAD.LT. 	1.) 	GO 	TO 	3144 849 
GRDCOP = GRDA(NHASE 	) 	+ GPAD 850 

3149 CONTINUE 851 
CALL 	DIR(BCDIR(1), 	SEGA(1), 	SLGB(1), 	3) 852 
CALL 	0IR(ACDIR(1), 	RCVR(1'NR) 	SEGB(1), 	3) 853 
CALL 	UIR(ABDIR(1), 	RCVR(1,NR)' 	SEGA(1). 	3) 85 
CALL 	UIR(ABORR, 	CVR(19NR), 	SEGA. 	2) 	. 855 
CALL DIP(ACDRR. 	CVR(1,NR). 	SEGB. 	2) 856 
CALL UIR(BCDRR, 	SEGA, 	SEGd, 	2) 857 

DO 3156 	KH = 	1. 	2 858 

XPLY 	= 	FLOAT(Kd - 	1) 859 

SEGA(3) 	= 	SEGA(3) 	• 	8.0 	* 	XPLY 860 
SEG8(3) 	= 	SEG(3) 	• 	8.0 	XPLY 861 
CALL NORM(A8CNRM(1,KH)9 	RCVR(19NP), 	SEGA, 	SEG69 	NEPR) 862 

IF 	(NERR 	.NE. 	0) 	6010 	39120 863 

IF 	(A9CNRM(3.KH) 	.LT. 	0.0) 	 . 	. 864 

1 	CALL 	SCALV(ABCNRM(19KH), 	ABCNRM(19KH), 	—1.0' 	3) 865 

3156 CONTINUE 866 

SEGA(3) 	= 	ASAVE 867 

SEGB(3) 	= 	BSAVE 868 

C 869 

C COMPUTE EQLINF OF THIS SEGMENT FOR EACH VE1CLE 870 

C 871 

RSD1ST 	= ABABS * SIN(ANGLIN(At3DIR9 	9CDIR9 	DUM 	3)) 872 

XLOGD 	= 	ALOG1O(PSDIST) 	* 	10.0 873 

DO 3170 	KZZ 	19 	3 874 

EQLINF(KZZ) 	= 	0.0 	 . 875 
IF 	(EU,LFS(2,icZZ,NBASE 	.Q. 	0.0) 	6010 	3170 876 

EOLINF(KZZ) 	= EOLFS(1,KZL'NBASE 	) 	- XLOGD 877 

VSOPAR 	= 	RSDIST 	* EOLFS(29pcLZ,NBASE 	) 878 

C 879 

C FIND WHICH CLASS VSDPAR 	IS 	IN 880 
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C 
DO 3150 	KZZQ 	19 	7 
IF 	(VSOPAR 	.LT. 	VSDCLS(KZLO)) 	GOTO 3150 
LVSD(PcZZ) 	= 	KZLO 
6010 3170 

3150 CONTINUE 
3170 CONTINUE 

IF 	(MNEWBR .EQ. MBSPEC) 	6010 4240 
C 
C NOW CHECK WHETHER t3ARRIERS POKE ABOvE PLANE. 
C IF NEITHER END DOES. 	)ISCARD BARRIER SEGMENT. IF BOTH ENDS 
C POKE THROUGH, 	ACCEPT 	t3ARRIER.SEGMENT. 	IF ONLY ONE END 
C POKES THROjGH, 	DEFINE A NEW END FOR THE BARRIER AT THE 
C POINT 	IT MEETS THE R/SEG PLANE. 
C 
C COMPILE NEw LIST OF BARRIERS FOR THIS R/SE.t, PLANE 
C 

NBTOT 	= 	MINO(2 * MNEWBR, 	KA9) 
DO 3180 	KZZ = 	1. 	N6TOT 
NWBLK(39KZZ) 	= 	0 

3180 NBARLK(49KZZ) 	= 	0 
LENEwb=0 - 

LFP = NFIPST 
OLD = 	.TRUE. 
FIROLI) = 	.TRUE. 

3190 CONTINUE 
IF 	(LFP 	.EQ. 	0) 	6010 	3800 
INTBAR 	= 	LFP 
INTOLL) 	= 	OLD 
IF(.NOT. 	DELETD(OLD,N8ARLK(4,LFP),NWLK(3,LFP)))GO TO 3200 
IF 	(.NOT, 	OLD) 	GOTO 	319S 
IF 	.(NARLK(4sLFP) 	.EQ. 	10U00) 	6010 	3193 
IF 	(Nt3ARLK(4,LFP) 	.61. 	0) 	OLD 	= 	.FALSE. 
LFP 	= 	NBARLK(49LFP) 
LFP 	= 	IABS(LFP) 	- 	10000 
6010 3190 

3193 LFP = NBARLK(39LFP) 
GOTO 3190 

3195 CONTINUE 
OLD 	= 	NW3L'S(3. 	LFP) 	.61. 	0 
LFP 	= 	NW8LK(3. 	LFP) 
LFP 	IABS(LF) 	- 	10000 
GOTO 3190 

3200 CONTINUE 
C 
C LOOK FOR SECOND POINT 
C 

NWBRNO = NBARLK(19LFP) 
IF (.NOT. OLD) N4PN0 = NBLK(1. LFP) 
NPREV LFP 
OLDP = OLD 

3220 CONTINUE 
C 
C 	 FIND POINT AND WHETHER OLD OR NEW 
C 

881 
882 
883 
884 
88 
886 
887 
888 
889 
890 
891 
892 
893 
894  
895 
896 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
91b 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
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OLDSEC = 	.TRUE. 936 

IF 	(OLDP) 	GOTO 3230 937 

IF 	(NBLK(39NPRV) 	.EQ. 	0) 	GOTO 	3280 38 

OLDSEC = NWt3LK(3 	NPREV) 	.GE. 	0 93 

NPSEC 	= 	NWBLPc(39 	NPREV) 940 

NPSEC 	= 	IABS(NPSEC) 941 

GOTO 3240 942 

3230 CONTINUE 943 

IF 	(NARLK(39NPREV) 	.EQ. 	0) 	GOTO 3280 944 

NPSEC 	= 	NbARLr('., 	NPREV) 945 

NPSEC 	= 	IABS(NPSEC) 946 

IF 	(NPSEC 	.EQ. 	U 	.OR. 	NPSEC 	.EQ. 	10000) 	NPSEC = NBARLK(39NPREV) 947 

OLDSEC 	= 	NBARLK(49NPREV).LE.0 	OR. 	NARLK(49NPNEV).GE.10000 948 

3240 CONTINUE 
949 

C 950 

C REJECT POINT 	IF DELETED 951 

c 952 

IF (DELETD(OLDSEC,N8ARLK4,NPSLC),NWbLK(3,NPSEC) 	GO TO 3250 953 

c 954 

C POINT 	IS THE POINT 	If 	FROM SAME WARRIER SECTION 955 

C 
956 

NWBSEC = NBAPLK(1.NPSEC) 957 

IF 	(.NOT.OLDSEC) 	NWBSEC = NWBLK(1.NPSEC) 958 

IF 	(NBSEC 	.EQ. 	NWBRNO) 	GOTO 3300 959 

GOTO 3260 960 

3250 CONTINUE 961 

3260 CONTINUE 962 

NPREV 	NPSEC 963 

OLDP = OLOSEC 964 

GOTO 3220 965 

3280 CONTINUE 966 

C 967 

C It-lIRE WAS NO SECOND POINT CORRESPONDING TO THAT FIRST POINT - 968 

C TRY OUT NEXT POINT 	AS A FIRST POINT 969 

C 
970 

CALL NEXTPT(INTBAR, 	INTOLO, 	LFP, 	OLD, 	NWARLK, 	NW8LK) 971 

GOTO 3190 972 

3300 CONTINUE 973 

C 
974 

C LOOK UP BARRIER COORDINATES, 	THEN 	IF NECESSARY CHICK 975 

C BARRIER ELEVATION WITH RESPECT TO R/SEG PLANE. 976 

C POINTS IN BARR, REBAR NOT PREVIOUSLY CHECKED SHOULD BE CHECKED 977 

C 
978 

CALL 	STRET(BARA..F4LSE,.1,LFP0LD,NRLK.R' 979 

NPEBAR.6ARR,RE8AR,ENWBP) 980 

CALL STRET(BAR89SFALSE.,1,NPSLC,OLDSEC,NBARLK,R9 981 

NREBAR,BARR,REBAt<,ENWBP) 982 

IF 	(.NOT.OL[) 	.OR. 	.NOT.OLDSEC) 	GOTO 3500 983 
984 c 

C CHECK WHETHER BARRIER POKES ABOVE PLANE 985. 
986 

C 
CALL 	ADD(T19 	BARA, 	RCVR(19NR)' 	-1.09 	3) 987 

CALL 	ADD(T29 	BARd. 	RCVR(19NR)' 	-1.0 	3) 988 

POKEA = DOT(T1, 	AbCNRM, 	3) 989 

POKEB = DOT(T29 	A3CNRM, 	3) 990 
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JF(POISEA 	.GE. 	Q. 	.AND. 	POKEB 	.GE. 	0.) 	GO 	TO 	3500 991 
!F(POKEA 	.LT. 	U. 	.AND. 	POKE8 	.LT. 	0.) 	GO 	TO 	3750 992 

C 993 
C 8ARRIER 	INTERSECTS PLANE 994 
C 995 

CALL 	UIR(BARDIR. 	rARA, 	3AR89 	3) 996 
CALL LINEPL(BARC, 	PARR, 	SARA, 	BAROIR, 	RCVR(19NR). 	ABCNRM) 997 
NREP = LFP 998 
IF 	(POKEA • 	GE. 	u) 	NREP = NPSLC 999 

C 1000 
C 	. REPLACE OLD END POINT 	 . 1001 
C 1002 

LENEWb = LENEWB • 	1 1003 
CALL 	SET(ENW8P(19LENEWB), 	2ARC. 	3) 100. 
CALL 	0IR(DA,RCvR(1,NR),eARc,2) 1005 
CALL 	L)IP(T79 	RCVR(1.NR), 	SEGA' 	2) 1006 
ENW8P(4,LENEWB) 	= ANGLIN(OBA, 	T79 	DUM. 	2) 1007 
NBARLK(49NREP) 	= NBARLK('+,NREP) 	+ 	SIGNUM(NBARLK(49NREP))*10000 1008 
NWBLK(1, LENEW) 	= NwBRNO 1009 
NWBLK(2, LENEW) 	= LENEI9 1010 
NWBLK(39 LENEWd) 	= 0 1011 
IF 	(NREP 	.EQ. 	NPSEC) 	GOTO 	330 	 00 1012 
OLD = 	.FALSC. 1013 
LFP = LENEWB .1014 
GOTO 3310 1015' 

3305 CONTINUE 1016 
OLDSEC = 	.FALSE. 1017 
NPSt.0 	. LENEWE3 1018 

3310 CONTINUE 1019 
C 1020 
C LOOK UP WHERE NEW HEAUING PUTS POINT 	IN LIST. 1021 
C AND 	INSERT 	IF AT 	THAT POINT 1022 
C 1023 

NCURRR = NFIRST 1024 
NPREV = 0 1025 
TYP = FIPOLD 	 . 1026 

3315 CONTINUE 1027 
C 1028 
C LOOK UP HEAOJNG OF NEXT POINT ON LIST 1029 
C 1030 

IF 	(TYP) 	GOTO 	3:320 1031 
NEXT 	= NWBLK(3,NCI)PPR) 1032 
LOCP = NWbLK(29NCJRRR) 1033 
HDDD = ENWBP(49LOCP) 1034 
GOTO 3330 1035 

3320 CONTINUE 1036 
NEXT = NBARLK(4.NCURRR) 1037 
NExT2 	= NBARLK(:,. 	NCURRR) 	 0 1038 
HDDD = HDCN8APL(19NCURQR).N8ARLK(2.NCURPR) 	) 1039 

3330 CONTINUE 1040 
IF 	(HOOD 	.GT. 	ENwEP(4,LtNLw9)) 	GOTO 	3350 1041 
TPPEV = TYP 1042 
NPREV = NCURRR 1043 
IF 	(TYP) 	GOTO 	3333 1044 

C . 1045 
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C PREVIOUS WAS NEW 1046 
C 1047 

TYP 	NEXT 	.GT. 	0 1048 
IF 	(IABS(NEXT) 	.GT. 	9999) 	NEXT 	= 	JAbS(NEXT) 	- 	10000 1049 
IF 	(NEXT 	.EQ. 	0) 	0010 3340 1050 
NCURRR = NEXT 1051 
GOTO 3315 1052 

3333 CONTINUE 1053 
C 1054 
C PREVIOUS WAS OLD 1055 
C .1056 

IF 	(IABS(NEXT) 	.oT. 	9999) 	NEXT 	= NEXT 	- 	IFIX(SI(.,NUM(NEXT))*10000 1057 
TYP 	= 	NEXT 	.LE. 	0 1058 
NEXT 	= 	IABS(NEXT) 1059 
IF 	(NEXT 	.EU. 	0) 	NEXT 	= NEXT2 1060 
IF 	(NEXT 	.EO. 	0) 	GOFO 	3345 1061 
NCURRR = NEXT 1062 
GOTO 3315 1063 

3340 CONTINUE 1064 
C 1065 
C END OF LIST ENCOUNTERED, NEW POINT 1066 
C 1067 

NWBLK(39 NPREV) 	= NWBLK(3' 	NPREV) 	• LENEWB 1068 
GOTO 3500 1069 

3345 CONTINUE 	 . 1070 
C 1071 
C END OF LIST ENCOUNTERED, OLD POINT 1072 
C 1073 

NBARLK(49NPREV) 	= NbARLK(49NPkEV) 	• LENEW8 1074 
GOTO 3500 1075 

3350 CONTINUE 	 . 1076 
C 1077 
C PROPER HOME FOR NEW POINT HAS BEEN FOUND 1078 
C 1079 

IF 	(NPREV 	.tO. 	U) 	GOTO 	33.O 1080 
C 1081 
C POINT GOES AFTER THIS POINT 	AND 8EFORE NEXT POINT 1082 
C 1063 

IF(lAbS(NEXT).GTsl0000)NEATZNEXT_IFIX(SIGNUM(NEXT))*10000 1084 
IF 	(TYP) 	GOTO 	

3 355 1085 
NWBLK(39LENEWB) 	= -NCURRk 1088 
GOTO 3360 1087 

3355 CONTINUE 1088 
NWBLK(39LENEWB) 	= 	NCURRR 1089 

3360 CONTINUE 1090 
C 1091 
C NOW SET LINtS FIELD OF PREVIOUS POINT TO POINT TO THE. NEW POINT 1092 
C 1093 

IF 	(TPREV) 	0010 	3310 1094 
NWBLK(39NPREV) 	-LENEwb 1095 
0010 i50( 1090 

3370 CONTINUE 	- 1097 
NJXZ 	0 1098 
NJXZZ 	N8ARLK(49NPREV) 1099 
IF 	(1A8S(NJXZZ) 	.GE. 	10000) 	NJ*Z 	= 	10000 1100 
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NBARLK(49NPREV) 	= NJXZ 	+ LENJE3 1101 
GOTO 3500 1102 

3360 CONTINUE 1103 
C 1104 
C NEW POINT WILL 	BE FIRST 	IN LIST 1105 
C 11Gb 

NWBLK(39LENEWB) 	= -NFIRST 1107 
IF 	(FIROLO) 	NWt3LK(39LENEWcj) 	= 	NFIRST 1108 
NFIRST = LENEWB 1109 
FIROLL) = 	.FALSE. 1110 

3500 CONTINUE 1111 
C - 1112 
C BARRIER NEVER GOES 3ELOW PLANE, AND IS IN PROPER PLACE 	IN LIST 1113 
C PREPARE TO COMPUTE UB DROPS AT bARRIER ENDS 1114 
C 1115 

CALL 	STRET(BARA,.FALSE.919LFP90LD,NARLK,NEWBR9 1116 
NREBAR,dARN,REeAR,ENBP) 1117 

CALL STRET(bARB,.FALSE.,i,NPSc-C,OLDSEC,NBARLK,NEbR, 1118 
$ 	 NREBAR,BARR,REMAk,ENBP) 1119 
CALL DIR(BARDIR, 	BARA, 	bARB9 	) 1120 
CALL 	UIR(T19 	RCVR(19NR), 	BARA' 	2) 1121 
CALL 	UIR(T29 	RCVR(1.NR), 	BARB' 	2) 1122 

CALL 	INTSEC(RCVR(1, 	NR), 	Ti, 	SEGA, 	BCDRR, 	13) 1123 
CALL 	INTSEC(RCVR(l, 	NR), 	129 	SEGBs 	BCDRR, 	T4) 1124 
13(3) 	= 	Z(SEGA, 	BCDIR, 	T3) 1125 
14(3) 	= 	l(SEGB, 	BCDIR, 	14) 1126 

C 1127 
C STORE SEGMENT POINTS CORRESPONDING TO BARRIER END POINTS 1128 
C 1129 

CALL 5TRET(T39 	.TRUE., 	49 	LFP, 	OLD, 	NBARLK, 	NEbR, 	NREBAR, 1130 
BARR, 	REBAR, 	EN*BP) 1131 

CALL STRET(T49 	.TRUE.,4, 	NPSEC, 	OLOSEC, 	NWARLK, 	NEWBR, 1132 
$ 	 NREBAR, BARR, REBAR, ENWbP) 1133 

C 1134 
C NOW COMPUTE AND STORE OB DROPS MT ENDPOINTS 1135 
C 1136 

DBBBA 	= 0ROP(PATPIDF(RCVR(1,NR), 	T39 	WARA, 	ARD1R)) 1137 
DBBBB 	= DROP(PATriUFRCVR(1,NR), 	149 	WARS, 	ApDIk)) 1138 
CALL STRET(DBBBA, 	.TRUE., 	39 	LFP, 	OLD, 	NBARLK, 	'EwBR, 1139 

S 	 NREBAR, 	BARNS 	REBAR, ENWbP) 1140 
CALL STRET(OBBbb,.TRUE.,39NPSLC90LDSEC,NBARLK,NLbR9 1141 
S 	 NREB.R, 	BARR, 	REBAr<, 	ENWbP) 1142 

C 1143 
C CPIECK WHEThER BARRIER SHIELDS THE 1144 
C FOOT OF THE PERPENDICULAR TO THE ROADWAY 1145 
C 1146 

CALL 	0IR(DR19 	RCVR(19NR), 	T39 	3) 1147 
CALL 	DIR(0R29 	RCVR(19NR), 	149 	3) 1148 
NOPERP = .TRUE. 1149 

C 1150 
C SKIP WHEN PERPENDiCULAR 	IS NOT ON 1151 
C THE LINE SEGMENT FROM T3 TO 14 1152 
C 1153 

IF(SI6N(1.09 	DOT(DR19 	BCDIR, 	
3 )) 	

.Eu. 1154 
S 	SIGN(1.09 	OOT(DR29 	BCUIR, 	3))) 	GO TO 3520 1155 
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C 1156 
C SAVE 	INFORMATION FOR BARB 1157 

C 1158 
CALL 	SET(DVEC 	bARB, 	3) 	 S  1159 
CALL SET(THA, 	14 	3) 1160 
CALL SET(THB, 	CR29 	3) 1161 
DBBBS = DBBBB 1162 
NSCOLD = NPS€C 1163 
OLDSV = OLDSEC 1164 

C 1165 

C COMPUTE PERPENDICULAR 1166 

C 1167 
ANGX2 	= 	ANGLIN(.)R19 	BCDIR' 	CO2, 	3) 1168 
BPD = AMGDF(RCVR(i,NR), 	139 	3) 	* COSX2 1169 
CALL ADD(T., 	13. 	BCDIR 	-bPO, 	3) 1170 
IF((AMGDF(T49T393) 	.GT. 	100.) 	.AND. 	(AMGDF(T49TMA,3) 	.GT.100.)) 1171 

GO TO 3510 1172 

C 1173 
C SPLITTING GiVES SEGMENTS TOO SMALL TO BE WORTh THE TROUBLE 1174 

C 1175 
CALL 	SET 	(149 	Ti-iA, 	3) 1176 
GO TO 3520 1177 

3510 CONTINUE 1178 

C 1179 
C YES, 	THERE 	IS A PERPENO1CULAR LINE OF SIGHT, AND 1180 
C TiIERE 	is AT LEAST 	100 FEET OF ROAD ON EACH SiDE 1181 
C 1182 

NOPERP 	= 	.FALSE. 1183 
CALL 	DIRT69 	RCvR(1,NR), 	149 	3) 1184 
CALL 	DIR(T29 	RCVR(19NR), 	14, 	2) 1185 
CALL UIR(BAOIR, 	bARA, 	BARB, 	2) 1186 
CALL 	JNTSEC(RCVR(19NR), 	129 	BARA, 	BAUJR, 	BARB) 1187 
BARB(3) 	= 	Z(BARA,BARDIR,BARB) 1188 

C 1189 
C STORE NEW POiNT, 	THEN GO ADD IT TO THE LiST 1190 

C 1191 
LENEW8 	LENEWB 	+ 	1 1192 
CALL 	SET-(ENWBP(19 	LENEWB), 	8ARB, 	3) 1193 
ENw8P(4. 	LENEWB) 	= 	ANGLIN(T29 	ABDRR, 	D(JM, 	2) 1194 
CALL 	SET(ENWBP(',, 	LENE*b),. 14' 	3) 1195 
OLDSEC = 	.FALSE. 1196 
NPSEC = LENEWB 	 0 1197 
DBBBB = DROP(PAThDF(RCVR(i,NR)9T49BAR69ARDIR)) 1198 
ENWBP(59 LENEWB) 	= DBBBB 1199 
NGOB = 2 	 5 1200 
NWBLK(19LENLWB) 	= NWBRNO 1201 
NEXT = LFP 1202 
OLDP = OLD 1203 
GO 10 3650 1204 

3520 CONtINUE 1205 

C 1206 

C SUBDIViDE dARRIER FURTHER 	IF DB DIFFERENCE bETWEEN END POINTS 1207 

C EXCEEDS 2 08. 1208 

C 
0  

1209 

CALL 	UIR(T59 	RCVR(1, 	NR)q 	139 	3) 1210 
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CALL 	DIR(T69 	RCv(19 	NR), 	149 	3) 1211 
3530 ANGENI) = ANGLIN(TS, 	Tb, 	DUM, 	3) 1212 

NEXT = LFP 1213 
OLDP = OLD 1214 

3570 CONTINUE 1215 
C 1216 
C BARRIER 	ANALYSIS FOR 	TiJS BARRIER 	IS F1N1SH.D 	IF 	END POINTS 1217 
C ARE WITHIN 4 DEGREES OR 2 OB OF ONE ANOTHEk. 1218 
C 1219 

IF(ANGENO.GE.O.0698132 	.ANC. 	ABS(DBBA-DBbBB) 	.GT. 	20 1220 
$ 	GO 10 3580 1221 

IF(NOPERP) 	GO TO 3770 1222 
C 1223 
C NOW DO THE PART OF THE 8ARIER ON THE 1224 
C OTHER SIDE OF THE PERPENDiCULAR TO 1225 
C THE ROADWAY. 122€ 
C 1227 

CALL SET(BARA, 	BARB, 	3) 1228 
DBBBA = DBBBB 1229 

LFP = NPSEC 1230 
OLD = OLOSEC 1231 
CALL SET(T39 	P49 	 . 1232 
CALL SET 	(159 	Tb, 	3) 1233 
CALL SET(BARB, 	UvEC, 	3) 1234 
CALL SET(T49 	Th, 	31 1235 
CALL 	SET(T69 	ThB, 	3) 1236 
DBBBB = DBBL3S 1237 
NPSEC = NSCOLD 1238 
OLOSEC = OLDSV 	 . 1239 
NOPERP = .TRUE. 1240 
GO TO 3530 1241 

3580 CONTINUE 1242 
C . 1243 
C OTHERWISE FiND ACCEPTABLE 	INTERMEDIATE POINT ON BARRIER 1244 
C 1245 

ARN 	1.0 1246 
ARXX = AMGOF(BARA, 	BARB, 	3) 1247 

3590 CONTINUE 1248 
ARN = 	ARN 	• 	1.0 	 . 1249 
CALL 	ADD(AMID, 	BARA, 	BAROIR, 	ARXX/AN, 	3) 	 . 1250 
CALL 	U1R(AMDIR9 	RCVR(1,NR), 	AMiD, 	2) 1251 
CALL 	INTSEC(RCvR(19NR), 	AMDIR, 	SEGA9 	BCDRR, 	AMOSEG) 1252 
AMDSEG(3) 	= Z(SEGA, 	BCDIR' 	AMUSEG) 1253 
DBMID = DROP(PATrIOF(RCVR(19NR),AMDSEG,BARA,BARDIk) 	) 1254 
IF(A8S(DBBBA-D8i1D) 	.LE. 	2.) 	60 	TO .3630 1255 

C . 	 . 1256 
C TRY A POINT CLOSER TO f3ARA 1257 
C 1258 

GOTO 3590 1259 
3630 CONTINUE 1260 

C 1261 
C ACCEPT POINT 1262 
C 	. 1263 

LENEWb = LENEWB + 	1 1261+ 

CALL S0(LNWBP(19LENEWB) ,AMID,3) 1265 
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NWBLK(1, LENEWB) 	= 	NWBRNO 1266 

ENW8P(4,LENEW8) 	= ANGLIN(AMDIR, 	ABDRR, 	DUM, 	2) 12.67 

ENWBP(59 LENEW) 	= D6M1D 1268 

NGOB = 1 1269 

CALL 	SET(ENWBP(',LENEWB), 	AMOSEG, 	3) 1270 

C 1271 

C ADD POINT TO LiST 1272 

C 1273 

NEXT = LFP 1274 

OLDP = OLD 1275 

3650 CONTINUE 1276 

CALL NEXTPT(NEXT, 	OLOP' 	NEXTA' 	OLOPA, 	NIARLK. NWBLK) 1277 
CALL sTPET(HDDG. 	.FALSE., 	29 	NEXTA, 	OLOPA, 	NBARLK, NEWBR, 1278 

S 	 NREBAR, 	BARR, 	REBA, 	ENWP) 1279 

IF(HOUG 	.GE. 	ENWt3P(4, 	LENEWB) 	) 	GO TO 	3655 1280 

NEXT = NEXTA 1281 

OLOP = OLDPA 1282 

IF 	(NEXTA 	.NE. 	0) 	6010 3650 1283 

WRITE(NCHECK, 40032) 	HDDG' 	EN8P(4,LENEWB)9 	LENEWB 1284 

40032 FORMAT(27HOINTERNAL 	INDEXING PROBLEM 	• 	2F15.8. 	15) 1285 

STOP 16 1286 

3655 CONTINUE . 1287 

C 1288 

C INSERT NEW POINT . 	1289 

C 1290 

IF 	(OLOPA) 	6010 3660 1291 

NWBLK(39LENEWt3) 	= - NEXTA 1292 

GOTO 3670 1293 

3660 CONTINUE 1294 

NWBLK(3,LENEWB) 	= NEXTA 1295 

3670 CONTINUE 1296 

IF 	(OLOP) 	GOTO 3680 1297 

NWBLK(39NEXT) 	= - LENEWB 1298 

GOTO 3700 .1299 

3680 CONTINUE 1300 

NBARLK(49 NEXT) 	= LENEWB 1301 

GO TO 	(3700. 	320) 	• 	NGOb 	 . 1302 

3700 CONTINUE 	 . 1303 

CALL 	SET(BARA, 	AMID, 	3) 	 . 1304 

CALL 	SET(AMIDPR, 	BARA, 	3) 1305 

CALL OIR( 	T59 	RCVR09 	Nk)g 	ENWBP(69 	LENEWB), 	3) 1306 

ANGENL) = ANGLIN(T59 	169 	0DM9 	3) 1307 

DBB8A = OBMID 1308 

NEXT = LENEWB 1309 

OLOP = 	.FALSE. 	 . 1310 

6010 3570 1311 

3750 CONTINUE 1312 

C . 1313 

C DELETE THIS BARRIER . 	1314 
C 

1315 

Ni 	= 	NBARLK(49 	LFP) 	 . 1316 

NBARLK(49 	LFP) 	= 	Ni 	+ 	10000*1FIX(SIGNUM(N1)) 1317 

Ni 	= 	N8ARLK(4.N'SEC) 1318 

NBARLK(49NPSEC) 	= 	Ni 	• 	10000*1FIX(SIGNU(N1)) . 	1319 

3770 CONTINUE 	 . 1320 
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1321 
1322 
1323 
1324 
1325 
1326 
1327 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 
1339 
1339' 
1340 
1341 
1342 
1343 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1 3b9 
1370 
1371 
1372 
1373 
1374 
1375 

CALL SET(FP. SEOA, 3) 
HDFP = 0. 
OBAR = FALSE. 
BRES = •TRUL. 

3850 CONTINUE 
BDROP = 0.0 
BOROPA = 0. 
NDOM = 0 
NDOMX = 0 
IF (.NOT. BRE.S) GOTO 3950 
IF (08AR) GOTO 3810 
NLINK = NFIPST 
OLD = FIROLD 

3870 CONTINUE 
C 
C 	 LOOc FOR MAA tARRIER COVERING FIRST POINT 
C 

OBAR = FALSE. 
CALL STRET(DRL. .F'ALSE., 39  NBA, TBA, NARLK, 

S 	 NREBAR. BARR, REBAR, ENWBP) 
CALL STRET(DR29 .FALSE.. 3. NBB, TBB, NARLK, 

S 	 NREBAR, BARR. E8A", ENWBP) 
AVOR = (DR1(1) • 0R2(1)) * 0.:' 
IF (AVDR .LE. BUROP) GOTO 300 
NDOMX = NBARLK(19 NBA) 
NDOM = NEWBR(19 NDOMX) 
IF(.NOT, 184) NDOMX = Nw8Lpc(19 NBA) 
NPA = NBA 
BDROP = AVOR 
NPB NBB 
OLDA = TBA 
OLDB = TBB 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE MON 

C 
C 	 INSPECT NEXT BARRIER 
C 

CALL NEXTP'T'(INTBAR, INTOLU, LFP* OLD9 NARLK, NWBLK) 
3775 IF (LFP .EQ. 0) 0010 3800 

NWBSEC = NBARLPc(1, LFP) 
IF (.NOT. OLD) NW4SEC = NWBLPc(1, LFP) 
IF (NWSEC •NE. NWBRNQ) GOTO 3190 
CALL NEXTPT(LF'P, OLD, LFP. OLD, NBARLK, NWBLK) 
GOTO 3775 

3800 CONTINUE 
C 
C 	 BARRIER ANALYSIS IS COMPLtTE 
C 

NEw BR 

NEwBR, 

CALL BARCVR(HDFP, NLINK, OLD, .TRUE., NSA, TBA. 
S 	IPAST. NEWbR, NBARLK,  NRLBAR, NWLc, BARR. 

3873 IGO = IPAST • 1 
GOTO (38909 4000. 3950), IGO 

3890 CONTINUE 
C 
C 	 A BARRIER WAS FOUND COVERING FIRST POINT. 
C 	 COMPUTE THE AVERAGE DROP FOR BARRIER 
C 

NBB, TU, 
REBA, ENwBP) 
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1376 
1377 
1378 
1379 
1380 
1381 
1382 
1383 
138'. 
1335 
1386 
1387 
1 388 
1389 
1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 
1400 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 

3900 CALL NEXTPT(NBA' TBA, NLINK, OLD, NBARLK, NWBLK) 
GOTO 3870 

3950 CONTINUE 
C 
C 	 NO MORE BARRIERS EVER 
C 

BRES 	.FALSE. 
IF (BOROP .NE. 0.0) GOTO 4020 
CALL SET (TP, SEGB, 3) 
GOTO 4340 

4000 CONTINUE 
(S  

C 	 NO MORE BARRIERS COVER FIRST POINT, LOOK FOR BARRIERS AFTER 

C 	 DOMINANT BARRIER, PRECEDING TEST POINT, AND PRODUCING 
C 	 SIGNIFICANTLY HIGHER 08 DROP 
C 

IF(BDROP .ME. 0.0) GOTO 4020 
C 
C 	 FR Is COVERED BY NO BARRIERS. THUS THE FIRST POINT OF THE 
C 	 BARRIER ALREADY FOUND IS THE LAST POINT OF THIS SUBSEGMENT, 

C 	 THE BARRIER FOUND WILL START OUR NEXT SEARCH FOR A COVERING 
C 	 BARRIER. 
C 

CALL STRET(TP, .FALSE., 4' NBA, TBA, NBARLK, NEWBR, 

	

S 	 NREBAR, BARR9 RE8A, ENWBP) 
CALL STRET(HDTP, .FALSE.' 29 NBA. TBA, NBARLK, NEWBR, 

	

* 	NREBAR. BARR, REBAR, E'wBP) 
NLINK = NBA 
OBAR = .TRUE. 
OLDTBA 
BDROP = 0. 
BDROPA = 0. 	- 
GO TO 4340 

400 CONTINUE 
C 
C 	 TEST POINT CORRESPONDS TO OTHER END OF DOMINANT BARRIER 

C 
CALL STRET(TP,  .FALSE., 4. NPB, OLDB' NARLK, NLBR, 

	

S 	 NREBAR, BARR, REBAR, €NWBP) 
IF (AMGDF(TP, SEG89 3) .LT. 50.0) CALL SET(TP. SEGB, 3) 
IF (.NOT. 8RES) 0010 4300 
CALL STRET(HDTP, .FALSE.' 29 NPB, OLOB, NBARLK, NEWBR, 

	

S 	NRE8AR, bARR, REBAR, ENWBP) 
4030 CONTINUE 

CALL BARCVR(HDTP. NLINK, OLD, .FALSE., NBA, TA. NBB, 1889 

	

$ 	IPAST. NEWBR. NBARLK,  NREBAR. NWBLK, BARR, REBAR, ENWBP) 
IGO = IPAST • 1 
GOTO (4050. 4300, 4300)' IGO 

4050 CONTINUE 
C 
C 	 BARRIER PRECEDES TEST POINT 
C 	 DOES IT ASSUME DoMINANcE 
C 

CALL STRET(DR3(1)9 •FALSE., 39 NBA. TBA, NBARLK' NEWBR. 

	

S 	 NREBAR, BARR, REBAR, ENWBP) 
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CALL STRET(0R4(1). .FALSE., 3' N8B9 TUB, NBARLK. NEWBR, 
S 

	

	 NREBAR. BARR, REBAN, ENWbP) 
AVDR = (DR3(1) • UR4(1)) * 0.5 
IF (AVDR .GE. dUROP + 0.5) 601 0 4070 

C 	 IT DOES NOT BECOME OOMINANT WITH RESPECT TO PREVIOUS WARRIER 
C 
4065 CONTINUE 

CALL NExTPT(NBA, 1849  NLINt, OLD, NbARLK,NWBLK) 
6010 4030 

4070 CONTINUE 
C 
C 	 IT DOES BECOME DOMINANT - WHERE 
C 

CALL STRET(OR19 .FALSE., 5, NPA. OLDA, rJBARLK, r'JEWBR. 
S 	 NREBAR. BARR, E8A, ENWBP) 
CALL STRET(0R29 .F4LSE.9 59  NPB, OLL), NBARLK, NEWBR, 

S 	 NREB.AR. BARR, REBA, ENwBP) 
CALL STRET(DR39 .FALS€:., 59  NSA, TBA, NARLK, NEMBR, 
$ 	 NREBAR, BARR. REBAR, ENWBP) 
CALL STRET(0R49 .FALSE., 59  N88. TB, NBARL<, NEWBR, 
$ 	 NRE8iR, BARR. REBAk, ENWBP) 

C 	 COMPUTE DROP DUE TO DOMINANT BARRIER AT POINT 
C 	 CORRESPONDiNG TO START OF SECOND BARRIER 
C 

CALL DIR(BADIR,DR1 ,DR2,3 
TPDd = DROP(PATHUF(RCVP(19NR).0R3(6),Dpl,BAOIR) 
IF(TPL)B .61. DR3(5)) GO TO 4200 

C 
C 	 TEST POINT IS POINT CORRESPONDING TO FIRST POINT OF 
C 	 NEW BARRIER 
C 

IF (AMGDF(FP. DR3(6)9 3) 	.LT. 25.0) 6010 4300 
CALL SET(TP,0P3(6)93) 
HDTP = 0R3(4) 
BOROP = .5*(TPC3,DRH5)) 
GOTO 4300 

4200 CONTINUE 
C 
C 	 BARRIERS CROSS. FIND wHERE, AND ADOPT THE POINT 
C 	 AS AN END POINT 
C 

CALL SET(THA, 1?. 3) 
CALL DIR (BBDIR,L)P3,0R493) 

4210 CALL MIDPT(TP,DRI(6)90R2(6)93) 
TPDB = OROP(PATHOF(RCVR(i.NR),TP,DRI,BADIR) 
TPD8XX = DROP(PATHDF(RCVR(1.NR),TP,DR2,BDIR)) - TPDB 
IF(ABS(TPDBXX).LT. .5) 60 TO 4230 
IF(TPDBxx .LT. 0.) GO 10 4215 
CALL SET(DR2(6).T,93) 
GO TO 4210 

4215 CALL SET( DPI(6)9 TP, 3) 
GO TO 4210 

4230 CONTINUE 

1431 
1432 
1433 
1434 
1435 
1436 
1437 
1438 
1439 
1440 
1441 
1442 
1443 
144'. 
1445 
1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1458 
1459 
1460 
1461 
1462 
1463 
1464 
1465 
1466 
1467 
1468 
1469 
1470 
1471 
1472 
1473 
1474 
1475 
1476 
1477 
1478 
1479 
1480 
1481 
1482 
1483 
1484 
1485 
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C 
C 	 CIIECK THAT OLD SEGMENT WOULD BE CUT SIGNIFICANTLY FAR 
C 	 FROM ITS ENDPOINTS 

4233 CONTINUE 

C 
C 	 COMPUTE HEADING FOR INTERMEDIATE POINT 
C 

	

$ 	(AMGDF(TP, CR4(6)9 3) .GT. 100.)) 60 TO 4233 

CALL NEXTPT(NBA, TBA, NLINK, OLD, NbARLK, NWBLK) 

CALL SET (TP, THA, 3) 
GO TO 4065 

BUROP = .5 * (TPL)8 • DRI(D)) 

CALL DIR(AMDIR, RCVR(19t'JR), TP, 2) 
HDTP = AWGLIN(AMDIR, ADRR, DUM, 2) 

IF( (AMGDF(IP, IP, 3) .GT. 10).) •AND. 

	
1487 
1488 
1489 
1490 

1486 

1491 
1492 
1493 
1494 
1495 
1496 
1497 
1498 
1499 
1500 
1501 GOTO 4030 	
1502 4240 CONTINUE 	
1503 CALL SET(FP,SEGA,3) 	
1504 CALL SET (TP,SE6693) 	
1505 DO 4245 JJDB = 1' 3 	
1506 DBDROP(JJDB) = 0. 	
1507 4245 CONTINUE 	
1508 GO TO 4340 
1509 4300 CONTINUE 	
1510 I.  - 

C 	 BASIC ELEMENT HAS BEEN FOUND WITH RESPECT TO REGULAR WARRIERS 
	

1511 
1512 C 	
1513 C 	
1514 C 	 COMPUTE BARRIER DROP FOR a FOOT SOURCE 	
1515 C 	
1516 CALL SET (AMID, FP, 2) 	
1517 AMID(3) = FP(3) + 6.0 	
1516 CALL SET(AMDIR. 1?9  2) 	
1519 AMDIR(3) = TP(3) • 8.0 	
1520 CALL STRET(DR19 .FALSE., A, NPA, OLDA, 	
1521 $ 	NBARLK, 	NRiAR, BARR, RE8AR, ENWBP) 	
1522 CALL STRET(0R29 •FALSE., 19  NPB, OLD, 	
1523 $ 	NBARLK, NEwBR, NREcAR, 8ARR, R[AR, ENWBP) 	
1524 BDROPA = (DROP(PATHDF(RCV(19NR),AMI09DR1,ARD1R)) 	
1525 * 0.5 S 	DROP(PATriDF(RCVR(19NR),AMDIR,0R296ARDIR) 	
1526 4340 CONTINUE 	
1527 CALL DIR(DRI, RCV(19NR)' FP, 3) 	
1528 CALL DIR(DR29 RCVR(1, NR)q TP' 3) 	
1529 ANGX2 = ANGLIN(OR19 BCDIR, COSX2, 3) 	
1530 NXVLC(1) = 2 	
1531 NUMVPT = 3 	
1532 NXVEC(2) = 0 	
1533 IF(BDROP .NE. 0.) GO TO 4350 	
1534 IF (SIGN(1.09 0OT(DRI,BC0IR93)) .EQ. 	
1535 * 	SIGN(1.09 DOT(0R29 8CDIR9 3)) 	
1536 $ 	.OR. 	BDROP .NE. 0. 	
1537 * 	GO TO 4350 	
1538 C 	 1539 C 	 SPLIT SEGMENT AT PERPLNUICULAR POINT 	
1540 C 
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BPO 	= 	- AMGDF(RCVR(j,NR), 	FP, 	3) 	* COSX2 1541 
CALL 	ADD(DVEC, 	FP, 	BCL)IR, 	GPO' 	3) 1542 
IF(AM6DF(DvEC,F?,3) 	.LT. 	10. 	.OR. 	AMGDF(DVEC,TP,3) 	.LT. 	10.) 1543 

GO TO 4350 1544 
NUMVPT = 4 1545 
NXVEC(1) 	= 3 1546 
NXVEC(3) 	= 2 1547 

4350 CONTINUE 1548 
C 1549 
C SPLIT SEGMENT BY 	1.6 RATIO CRITERION 1550 
C 1551 

NNMM = 	1 1552 
4360 CONTINUE 1553 

NNBBM 	= 	NXVEC(NNMM) 1554 
XAX 	= 	AMGDF(XVECS(19NNMi),RCVi<(19NR)93) 	/ 1555 
$ 	AMGDF(XVECS(19NN6614),RCVR(1,NN)93) 1556 
IF 	(XAX 	.GT. 	1.6 	.OR. 	XAX 	.LT. 	0.625) 	6010 4370 1557 
NNMM 	= 	NNBBM 1558 
IF(NXVEC(NNMM) 	.Eo. 	0) 	60 	TO 4400 1559 
GOTO 4366 1560 

4370 CONTINUE 1561 
C 1562 
C SPLIT SEGMENT 	IN MIDDLE AND ADD NEW POINT TO LIST 1563 
C 1564 

CALL 	MIDPT(XVECS(1,NUMVPT),XVtCS(19NNMM)9XVECS(19NNBBM)93) 1565 
NXVEC(NUMVPT) 	= NNBBM 1566 
NXVEC(NNMM) 	= NUMVPT 1567 
NUMVPT = NUMVPT 	• 	1 1568 
GOTO 4360 1569 

4400 CONTINUE 1570 
NNMM = 1 1571 

4430 NNB8M = NXVEC(NNMM) 1572 
C 1573 
C LOOP THROUGH ALL VEHICLES, SiUPPING ThOSE 1574 
C WITH NO TRAFFiC 1575 

NBN8 	0 1576 
NBNC 	0 1577 
DBARRR 	0.0 1578 
DBSMLL = 0. 1579 
SUBSNL = -500. 1580 
VEHNZ(l) 	= -500. 1581 
VEHNZ(2) 	= -SOy. 1582 
DBSPEC(1) 	= 	0. 1583 
DBSPEC(2) 	= 	p. 1584 
DO 4800 	NV = 19 	3 1585 
IF 	(EQLFS(29NV9148ASE 	) 	.EU. 	0) 	6010 4800 1586 
IF 	(NBNC 	.NE. 	0) 	6010 4720 1587 
NbNC 	= 	1 1588 

C 1589 
C CALCULATE SHORTEST DISTANCE OF OBSERVER TO SEGMENT 1590 
c 1591 

xl 	= 	AMGDF(AVECS(1,NNMM), 	RCVR(19NR), 	3) 1592 
X 	= AMGDF(XVECS(i,NNBBH), 	RCVR(19NR), 	3) 1593 
X2. = 	AMAX1(X,X1) 1594 
x 	= 	AMINA(x, 	Xi) 1595 
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D8SMLL 	(1.0 / X - 1.0 / X2) 
	

1596 

IF (L)BSMLL .LT. 1.0 E -(3) GOTU 4900 
	

1597 
DbSMLL = 10.0 A LOG10(DbSMLL) • 15.0 

	
1598 

DBARRR = 9.69485 - 5• * ALOG10(X) 
IF(DU6BL3) GO TO 4440 

	
1599 
1600 
1601 4440 CONTINUE 
1602 C 

	

	
1603 CALL L)IR(DR19 RCVR(19NR), XVECS(19NNMM)93) 
1604 CALL DIRCDR29 RCv(1,NR), XVECS(19NN68M), 3) 
1605 ALPHA = ANGLIN(L)R19 DR2. OU4, 3) 
1606 ALPHAL = 10.0 * ALOG10(ALPHA) 
1607 FINSEG = ALPIIAL - 4•971499 
1608 NMSPCO 
1609 IF (NRBARR .EQ. 0) GOTO 4130 
1610 C 	
1611 C 	 COMPUTE ATTENUATION FCM STRUCTURES AND VE(,TATION 	
1612 C 
1613 DO 4500 KM = 19 2 
1614 NHOUSE(Ki1) = 0 
1615 DE3TREE(KH) 	0.0 
1616 DBHOUS(KH) = (isO 	
1617 00 4500 KHA = 19 KA? 
1618 SPDRPS(KH,KhA) = 0. 
1619 4500 CONTINUE 	
1620 IF(M8SPEC .E0. 0) GO TO 4720 
1621 CALL L)IR(DRI, RCVR(i,NR), XVECS(19NNMM), 2) 
1622 CALL O1R(DR29 RCVR(19N), XVECS(19NN88M), 2) 
1623 BETA = ANGLIN(0R29 ABDR, DUM, 2) 
1624 GAMMA = ANGLIN(L)R19 ACDRR, OUM, 2) 
1625 DO 4700 KKMB = 1, MBSPEC 
1626 NI = MSPECS(KKM) 
1627 N2 = NEWBR(39 NI) 
1628 N3 = NEwBR(1, Ni) 
1629 1600 = NBPTR(29 1,43) - 1 
1630 6010 (46009 4520) , 1600 
1631 4520 CONTINUE 	
1632 C 
1633 C 	 TREE BARRIER 	
1634 C 

	

	
1635 CALL MIDPT(AMDSE(, XvECS(i,NNMM), XVECS(19NNBM)' 3) 
1636 D04545 KH = 1.2 
1637 CALL TREt3AR(TREEOH, RCvR(1,NR), AMDSEG, BARR(19N2)9 NER) 
1638 IF (NERR .EQ. 0) bOTO 4530 	
1639 WRITE(NCHECK, 4525) N3 	
1640 4525 F0RMAT(//X104HTt1E POiNTS GIVEN FOR A TREE BARRiER DO NOT FORM A P 1641 

$ECTANGLE PARALLEL TO THE GROUND PLANE. 6ARRIER ID is 17) 
1642 LINES = LINES • 3 	
1643 6010 4700 	
1644 4530 CONTINUE 	
1645 IF(TREEDB.EQ.0.) GO TO 4100 	
1646 IF(KH.EQ.1) NMSPC = NMSPC • 1 	
1647 ISPC = NMSPC 	
1648 INDSPC(191SPC) = N3 	
1649 DBTREE(KH) = DdTREE(KH) • TEEDB 	
1650 DBSPEC(KH) = UbTREE(KH) + D3HOUS(KH) 
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SPORPS(Kh, ISPC) = TREE08 
	

1651 
AMDSEi(3) = Ai'WSEG(3) • 8.0 

	
1652 

4545 CONTINUE 
	

1653 
GOTO 4700 
	

165'. 
4600 CONTINUE 
	

1655 
C 
	

1656 
C 	 STRUCTURES 

	
1657 

C 
	

1658 
CALL UIR(BARDIR, E3ARR(j9N2) 9  ARR(1,N2.1)9 3) 

	
1659 

CALL OIR(T29 BARR(19N2)9 8Av.R(19N2+1)9 2) 
	

1660 
CALL MJDPT(THA, XVECS(19NNMM), XvEC$(],NNbBM), 3) 

	
1661 

CALL DIR(ThB, RCv(19 NR, THA, 2) 
	

1662 
CALL INTSEC(RCVR(1,NR), 1,-le 9  , Ap(19N2)9 129 13) 

	
1663 

TF (4MAX1(AMGDF(8ARR(I,N2), 13 9  2) 9  AMGOF(BARR(l,N2+l), 13, 2)) 
	

1664 
2 	.uT. AMGOF(lMRR(19N2)9 8Ar(19N2+1)9 2)) GOTO 4700 

	
1665 

IF (AMAX1(AMGDF(RCvR(19N)9 139 2)9 AiGDF(THA, 139 2)) .GT. 	 1666 
2 	AMGDF(RCVR(19NR), THA, 2)) GOTO 4700 

	
167 

DO 4625 KM = It 2 
	

1668 
CALL DIR(T49 RCVR(19NR), THA, 3) 

	
1669 

T3(3) = Z(THA, 149 13) 
	

1670 
IF (Z(BARR(19N2)9 BARDIR, 13) .LT. 13(3)) GOTO 4700 

	
1671 

THA(3) = THA(3) • 8.0 
	

1672 
C 
	

1673 
C 	 YES -- BARRIER SHIELDS RELEIVER 

	
1674 

C 
	

1675 
OBHPR = D8HOUS(KH) 

	
1676 

IF(KH.EQ.1) NMSPC = NMSPC • 1 
	

1677 
ISPC = NMSPC 
	

1678 
INDSPC(1,ISPC) = N3 

	
1679 

NHOUSE(KH) = NMOUSE(KH) + 1 
	

1680 
DBMOUS(tfti) = 4.5 + 1.5 * FLOAT(NHOUSE(Kh) - 1) 

	
1681 

DBSPEC(KH) = UBTREE(KtI) + D8HOUS(KN) 
	

1682 
SPDRPS(KH, ISPC) = DMOUS(Kr1) - DBtIPR 

	
1683 

4625 CONTINUE 
	

1684 
4700 CONTINUE 
	

1685 
DO 4710 KM = 19 2 

	
1686 

ZDB = D8SPEC(ch) 
	

1687 
DBSPEC(KH) = AMIN1(10.0' ZD6) 

	
1688 

4710 CONTINUE 
	

1689 
4720 CONTINUE 
	

1690 
C 
	

1691 
C 	 COMPUTE TOTAL BARRIER ATTENUATION 

	
1692 

C 
	

1693 
DBDROP(NV) = OBSPEC(1) • BD'OP 

	
1694 

IF (NV .EQ. 3) DBDROP(NV) = OBSPEC(2) + BDROiA 
	

1695 
4730 CONTINUE 
	

1696 
EQL = EQLINF(NV) + RDWY(49NBASE) • GRDCOR • FINSEG • DiARRR 

	
1697 

* 	- DBDROP(NV) 
	

1698 
C 
	

1699 
C 	 CORRECTIONS DIFFER WHEN SUBSEGMENT SUBTENDS ANGLE OF LESS 

	
1700 

C 	 TI-lAN 0.5 DEGREES 
	

1701 
C 
	

1702 
IF (ALPHA .LT. 0.008727) 

	
1703 

S 	EQL = EQL ' xLOGD - 20. - FINSEG • DBSMLL 
	

1704 
IVSD = LVSD(NV) 
	

1705 
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EQVSD(IVSD) 	= D8AOD( 	EQL,EQVSD(IVSD) 	) 1706 

IVSL) = NVCLAS(NV) 1701 

VEHNZ(IVSD) 	= O8ADD(VEHNZ(IVSO),EOL) 1708 
SUBSNZ = DBADD(EQL,SU8SNZ) 1709 

TOTNZ = DBADD(EOL.TOTNZ) 1710 

4800 CONTINUE 1711 

IF(NBNC 	,EQ. 	0) 	WRITE(NC1ECK94813) 	NCURRD,NCURSG 1712 

4813 FORMAT(/ 34H 	NO TRAFFIC SPECIFIED FOR ELEMENT 	169 	lx 1713 
1OHOF ROADWM 	IS 	) 1714 

LINES = LINES • 	2 1715 

IF 	(SUBSNZ 	.LT. 8DELA8) 	GOTO 4900 1716 

C. 1717 

C SAVE INFORMATION FOR EXCEPTION REPORT 1718 

C 1719 

wRITE(LSAVE) 	NCJRRO,NCUPS69(XVECS(JJJ,NNMM),JJJ193)9 1720 

S 	 (XVECS(JJJ,NNBBM),JJJ193),VEHNZ,NbPTR(19NDOM), 1721 

$ 	 NEWBP(29NOOMX),BUROP98DROPA 9,NMSPC91)8SPEC9 1722 

S 	 DBOPOP,SUBSNZ. ALPHAL 1723 

IF(NMSPC .EO. 	0) 	GO TO 4853 1724 

DO 4850 KNSPC = 1, NMSPC 1725 

WPITE(LSAVE)INOSPC(1,KNSPC), 	SPDRPS(1,PcNSPC), 	SPDRPS(29KNSPC), 1726 

S 	(IZERO(JJJ), 	JJJ19, 19) 1727 

4850 CONTINUE 1728 

4853 CONTINUE 1729 

C 1730 

C SAVE 	INFORMATiON FOR CP1Tt.PION COMPUTATION 1731 

C 1732 

DO 4840 KCRIT = 	19 	32 1733 

KCRITX = 	33 - KCIIT 1734 

IF 	(SUBSNZ 	.LT. 	(RDBDEL - CRTTST(KCRITX))) 	GOTO 4900 1735 

NCREX(KCRITX) 	= 	NCREX(KCRI'TX) 	• 	1 1736 

ACREX(KCR1TX) 	= ACREX(KCR1TX) 	+ 	ALPHA 1737 

4840 CONTINUE 1738 

4900 CONTINUE 1739 

NNMM = NNBBM 1740 

IF(NXIEC(NNMM).NE.0) 	GO TO 4430 1741 

IF(AMGDF(TP, 	SEG693) 	.LT. 	5.)GO TO 	19960 1742 

CALL 	SET(FP,TP93) 1743 

HDFP = HDTP 1744 

GOTO 3850 1745 

19960 CONTINUE 1746 

IF 	(N'3ASE 	.EO. 	NSGT) 	GOTO 	1991 1747 

IF(NCURSG 	.EO. NLSEG) 	GOTO 	19963 1748 

NCURSG = NCURSG + 1 1749 

GOTO 2050 1750 

19963 CONTINUE 1751 

NCURRO = NCURRC • 	1 1752 

NLSEG = NROPTR(29NCURRD) 	- 	1 1753 

NCURSG = 1 1754 

NBASE 	= 	NBASL • 	1 1755 

GOTO 2050 1756 

19981 CONTINUE 1757 

C 175 

C WRITE END MARKER ON EXCEPTION FILE. 	REWIND 	IT. 1759 

C 1760 
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WRITE(LSAVE) hERO 
REWINL) LSAVE 

C 
C 	 COMPUTE TOTAL L-10 
C 

DO 19985 NL = 1, 6 
EVL1O(NL) = EOVSD(NL) + EV100L(NL) 
TOTLAO = DBACD(TOTL109 EVL1O(NL)) 

19985 CONTINUE 
IF (TOTL1O - 10.0) .61. EQVSD(7)) 6010 19986 
WRITE(69 6020) 
TOTNZR = 0.0 
DIF = 0.0 
XOUT = .TRUE. 
GOTO 20010 

19986 CONTINUE 
C 
C 	 WRITE NORMAL ENTRY FOR RECEIvER. IF NOISE AT RECEIVER 
C 	 VIOLATES THE GIVEN CRITERION, PROCESS THE EXCEPTION FILE. 
C 

DIF = TOTL1O - RCVR(ô'NR) 
TOTNZR =RHALF(TOTLI0 
WRITE(696012) TOTNZR, NR 
IF (DIF .LE. 0.0) 6010 20098 
DIF = RHALF(DIF) 
WRITE(696013) 01F 

C 
C 	 FIND CRiTERiON 
C 

DO 19990 KCRIT = Is 32 
KCRITA = 33 - KCRIT 
IF (((NCREX(KCRITx,) • 1) .GE, KCRITA) .OR. 

* 	(NCREX(KCRITX) .EO. 0)) 6010 19992 
19990 CONTINUE 
19992 KCRITA = KCPITX • 1 

CRITER = ROBOEL - CR1151 (KCRITX) 
CRITAL = 10.0 * ALOG1O(ACREX(KCRITX)) 

C 	 WRITE EXCEPTiON OUTPUT 
C 

XOUT = FALSE. 
C 
C 	 CHECK THE PAGE SIZE AVAILMBLE 
C 

IF (LINCNT .LT. —3) GOTO 19994 
NPAGE = NPAGE • 1 
WRITE(LEXEP, 6014) LABEL, NPAGE 
LINCNT 	—45 

C 
19994 wRITE(LEXEP, 6015) NR. DESIGN 
19996 READ(LSAVE) NCURRD, NCURSCi, FPOINT, SPOINT, VEHNZ, NDbA, NAREL, 

2 

	

	 BDROP. BDROP, NMSPEC, DBSPEC, DD0P, SUBSNZ, ALPHAL 
IF (NCURRD .EO. 0) GOTO €0010 
TOTREQ = SUBSNL - CRITER 

C 

1761 
1762 
1763 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
1793 
1794 
1795 
179e 
1797 
1798 
1799 
1800 
1801 
1802 
1803 
1804 
1805 
1806 
1807 
1808 
1809 
1810 
1811 
1812 
1813 
1814 
1815 
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C' DO WE OR DON T 	WE 1816 

C 1817 

SKIP 	= 	TOIREG 	.LE. 	0.0 1818 

IF 	(SKIP) 	GOTO 20004 1819 

XOUT 	= 	•TRUE.. 1820 

TOTREU 	= 	RHALF(TOTREQ) 1821 

CRITM3 = RDBDEL - 	4.0 1822 

IF 	((VHNZ(1) 	• 	3.0) 	.GE. 	VEHNZ(2)) 	CRITM3 = CRITM3 - 3.0 1823 

ANGCOR 	= 	CRITAL 	- 	ALPHAL 	- 	CRITM3 1824 

ADDT 	= 	VEHNZ(1) 	• 	ANGCOR 1825 

ADDT 	= 	RHALF(AMAXI(0.0. 	AUDI)) 1826 

ADDE 	= 	VEHNZ(2) 	• ANGCOR 1827 

ADDE 	= 	HALF(AMAX1(0.0, 	ADDE)) 1828 

DO 	19998 	I 	= 	1. 	3 1829 

IFIRST(I) 	= 	ROUNU(FPOINT(I)) 1830 

ISECND(I) 	= 	ROUND(SPOINT(I)) 1831 

19998 CONTINUE 1832 

LINCNT 	= 	LINCNE 	• 3 1833 

IF 	(LINCNT 	•LT. 	3) 	GOTO 	19999 1834 

NPAGE = NPAGE • 1 1935 

WRITE(LEXEP, 	6014) 	LABEL, 	NPAGE 	 ' ' 1836 

WRITE(LEXEP, 	6015) 	NR, 	DESIGN 1837 

WRIIE(LEXEP, 	6019) 1938 

LINCNT 	= 	—42 1839 

19999 IF 	(NOBAR 	.EQ. 	0) 	GOTO 20002 1840 

C 1841 

c TI-tERE 	IS AN 	IMPERVIOUS BAkRIER 1842 

C 1843 

Pc 	= 	NBPTR(49 	NOBAR) 	• NAREL - 	1 1844 

Do 20000 	1 	= 	1. 	3 1845 

IBAR1(I) 	= 	ROLJNL)(BARR(IvK)) 1846 

IBAR2(I) 	= 	ROUND(BARR('I'Pc+l)) 1847 

20000 CONTINUE 1848 

WRITE(LEXEP, 	6016) 	NCURRD, 	NCURSG, 	IFIRSTe BTYPE(NDBAR), 1849 

2 	 NBPT(19NDBAR), 	NBAREL. 1AR19 	BOPOP, 1850 

3 	 BDROPA, 	AUDT. 	400E9 	1SECN0e 18AR2 1851 

GOTO 20003 1852 

C 1853 

C THERE 	IS NO 	1iPERVIOUS BARRIER 1854 

C 1855 

20002 WRITE(LEXEP, 	6017) 	NCURRD,'NCURSG, 	IFIRST, 4001' 	ADDE, 	ISECND 1856 

C 1857 

c wRITE PLOT RECORD FOR THIS TROUBLE SPOT 1858 

C 1859 

20003 ITYPE = 2 1860 

RECORD(2) 	= 	IFIRST(1) 1861 

RECORD(3) 	= 	IFIRST(2) 1862 

RECORO(4) 	= 	ISECND(1) 1863 

RECORD(S) 	= 	ISECNU(2) 1864 

wRITE(LPLOT) 	RECORD 1865 

C 
1866 

C PRINT ALL OTHER BARRIERS 	IF PRESENT 1867 

C 
1868 

20004 IF 	(NMSPEC 	.EQ. 	0) 	001019996 1869 

00 	20008 	N = 	19 NMSPEC 1870 
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READ(LSAVE) 	INDEX, 	DROPO, 	DRQP8, 	SPAC19 1871 
IF 	(SKIP) 	GOTO 20008 1972 
DROPO 	= 	RHALF(OOP0) 1973 
DPOP8 	= 	RHALF(DROP8) 1874 
K 	= 	NBPTP(39 	INDEX) 1875 
IF 	((LINCNT 	• 	K) 	.LE. 	—1) 	GOTO 	20005 1876 

C 1877 
NPAGE 	= 	NPAGE + 	1 1878 
wPITE(LEXEP, 	6014) 	LABEL, 	NPA'E 1879 
LINCNT 	= 	—45 1880 
WRITE(LExEP, 	6015) 	NR, 	DESIGN 1881 
WRIIE(LEXEP, 	60i9) 1882 

C 1883 
20005 L 	= 	NBPTP(49 	INDEX) 1884 

M 	= 	L • K - 	1 1885 
NI 	= 	0 1886 
00 20006 	•I 	= L. 	M 1887 
NI 	= 	NI 	• 	1 1888 
DO 20006 	J 	= 	19 	3 1889 
IPR(J'NI) 	ROUND(BARR(J,I)) 1890 

20006 CONTINUE 	 , 1891 
WRITE(LExEP, 	6018) 	BTYPE(INDEA), 	NBPTR(1,INDEX)9 	(IPR(J,1),J=1,3). 1892 
2 	DROPO, 	DROP89 	((IPP(J,I)9J1,3),I=2,NI) 1893 
WPITE(LEXEP, 	6015) 1894 
LINCNT 	= 	LINCNT 	• K 	• 	1 1895 

20008 CONTINUE 1896 
GOTO 19996 1897 

20010 hYPE = 7 1898 
IF 	(XOUT) 	GOTO 20098 1899 
WRITE(LEXEP, 	6022) 1900 

20098 WRITE(LPLOT) 	ITYPE, 	RCVR(19NR), 	RCVP(29NR), 	TOTNZP, 	DIF 1901 
REWIND LSAVE 1902 

20100 CONTINUE 1903 
20200 ITYPE = 8 1904 

WRITE(LPLOT) 	hYPE, 	Off, 	UIF, 	DII. 	DII 1905 
WRITE(69 	6021) 	NPLOTS 1906 
LINES 	= 	LINES 	• 	1 1907 

20300 CONTINUE 1908 
C 1909 
C CHECK FOR A DELI CARD 1910 
C 1911 

READ(5920310) 	(TESTA(K). 	K 	= 	Is 	17) 1912 
20310 FORMAT(A49 	1X9 	Al, 	4X9 	15A4) 1913 

IF 	(NESTA(1) 	.NE. 	ND) 	RETURN 1914 
C 1915 
C A DELI  CARD WAS FOUND. 	DELETE PROPER ITEMS 1916 
C 1917 

WRIIE(LSAVE, 	20310) 	(TESTA(K), 	K=1, 	17) 1918 
REWIND LSAVE 1919 
READ(LSAvE.20320) 	(TESTA(K), 	K 	= 	j, 	9) 1920 

20320 FORMAT(A49 	JX9 	Al, 	'.x, 	7F.Q) 1921 
REWIND LSAVE 1922 
wRITE(NCMECK, 	023) 1923 
SVALL 	= 	TESTA(3) 	.EO. 	0.0 1924 
IF' (SVALL 	.AND. 	TESTA(7) 	.EQ. 	0.0) 	GOTO 	20350 1925 
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C 
C 	 DELETE RECEIVERS 
C 

NRCVR. = 0 
60(2) = .TRUE. 
WRITE(NCHECPc, 604) NB(1) 

20350 IF (SVALL .AND. TESTA('s) .EQ. 0.0) GOTO 20360 
C 
C 	 DELETE ROAOAYS 
C 

NRDY = 0 
NRDPTT = 1 
NRDARR = 0 
60(3) = .TRUE. 
WRITE(NChECK, 6024) N8(2) 
GO TO 20365 

20360 IF (SVALL .AND. TESTA(5) .EQ. 0.0) GOTO 20380 
C 
C 	 DELETE TRAFFIC INFORMATION 
C 
20365 DO 20368 JTPK1 = 19 2 

DO 20366 JTPK2 = It 3 
DO 2u364 JTPK3 = 19 ,A5 
EQLFS(JTPK19 JTP1c29 JTPK3) 	0.0 

20364 CONTINUE 
20366 CONTINUE 
20368 CONTINUE 

G0(4) = TRUE. 
wRITE(NCHECK, 6024) NB(4) 
REWINU LTPAR 
NTREC = 0 

20380 IF (SVALL .AND. (TESTA(Ô) •EQ. 0.0)) 6010 20300 
C 
C 	 DELETE BARRIERS 
C 

NRBARR = 0 
NRBLOC = 0 
60(5) = .TRUE. 
wPITE(NCHEQK, 6024) NB(S) 
6010 20300 

C 	 ERROR MESSAGES 
C 
30000 CONTINUE 
C 
C 	 EXPECTED CONTINUATION CARL) NOT FOUND 
C 

WRITE(NCHECK930005) NESTA(1) 
30005 FORMAT(// 13H CONTINUATION A4' )Sti CARD EXPECTED 

WPITE(NChEC930008) NST,NCK, (TESTA(KKJ) ,KKJZKA,Kb) 
30008 FORMAT(14h CARD FOUND IS / 4X A49  3X 119 6(16.5) 

60(1) = •FALSE. 
6010 26005 

30010 CONTINUE 
C 
C 	 CONTINUATION CARD FOUND WMEN AN INITIAL CARD 15 EXPECTED 

PAGE 	36 

1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
193b 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1976 
1979 
1980 
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WRITE(NCHECK93013) NR 
30123 FORMAT(// 16H RECEIVER NUMBER 

$. 2X 13NPROGRAM QUITS 
LINES = LINES • 3 
CALL. EXIT 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
200_i 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 

I'+, 30h IS LOCATED ON A ROAD SEGMENT 2032 
2033 
2034 
2035 

C 
WRITE (NCHECIc,30013) 

30013 FORMAT(// 3211 CONTINUATION CA(D FOUND WHEN AN 1X 
$ 	 26PIINITIAL CARD IS EXiECTEO. 

30020 CONTINUE 
C 
C 	 PRINT OUT OLD CARD AND TRY ANOTHER 
C 

WRITE(NCHECK930023) (TESTA(JZZ),JZZ=1,10) 
30023 FORMAT(15H CARD FOUND IS 2 X A4 9  1XA194x7F8.095A Al) 

60(1) = .FALSE. 
IF (TESTA(10) .EQ. BL) 6010 2b000 

30025 READ(5926001) (TESTA(K)., 191U) 
IF (TESTA(1) .NE. BL) GOTO 26005 
wRITE(NCPIECK, .s0026) (TESTA(K), K = 29 10) 

30026 FORMAT(lri , 22X9 Al, 4X. 1F8.0 9  5X9 Al) 
6010 30025 

30030 CONTINUE 
C 
C 	 UNRECOGNIZED CARD 
C 

WRITE(NCHECK930033) 
30033 FORMAT(// 32H UNRECOGNIZALE UATA CARD FOUND., 

GO TO 30020 
30070 CONTINUE 
C 
C 	 STORAGE EXCEEDED 
C 

wRITE(NCHECK, 30072) TESTA(1) 
30072 FCRMAT(//23H STORAGE ALLOCATION FOR 1X A4, lh DATA EXCEEDED) 

GO TO 30020 
30080 CONTINUE 
C 
C 	 STRAY CARD IN WITH COMMENTS 
C 

WRITE(NCHECK930082) NCOMM 
30082 FORMAT (// 39H NUN—COMMENT CARD FOUND AMONG COMMENTS. 2X 

$ 	I3HCARD FOuND IS / 4X 20A4 
GO TO 28030 

30110 CONTINUE 
C 
C 	 TOO MANY SEGMENTS DEFINED 
C 

WRITE(NCMECIc930112) 
30112 FORMAT(// 27H TOO MANY SEGMENTS DEFINED, 

GO TO 30020 
30120 CONTINUE 
C 
C 	 RECEIVER LOCATED ON HIGHWAY 
C 
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2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 
2065 
2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
2075 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
2085 
2086 
2087 
2088 
2089 
2090 

30130 CONTINUE 
C 
C 	 ILLEGAL VEHiCLE TYPE 
C 

wPITE(NCHECPc930133) 
30133 FORMAT(// 43H TPAR CARD SPECIFIED UNDEFINED VEHICLE TYPE 

GOTO 30205 
C 
C 	 INCORRECT SEGMENT LIMiTS SPECIFIED ON TPAR CARD 
C 
30135 WRITE(NCHECK, 30136) 
30136 FORMAT(//24H SEGMENT LiMITS ILLEGAL) 

GOTO 30205 
30140 CONTINUE 
C 
C 	 TRAFFIC FOR UNDEFINED SEGMENT 
C 

wRITE (NCHECK,30 143) 
30143 FORMAT(// 40H TRAFFIC SPECIFIED FOR UNDEFINED SEGMENT 

GOTO 30205 
30150 CONTINUE 
C. 
C 	 RECEIVER ENCOUNTERED OUT OF SEQUENCE 
C 

wRITE(NCHECc, 30153) 
30153 FORMAT(//38H RECEIVER ENCOUNTERED OUT OF SEQUENCE) 

GO(2) = .FALSE. 
NRCVH = NWCVR - 1 
GOTO 30020 

30160 CONTINUE 
C 
C 	 ROADWAY STARTED WITH AN ELEMENT OTHER THAN ITS FIRST ONE 
C 

WRITE(NCHECK, 30163) 
30163 FORMAT(//35H ROADWAY MUST BEGIN WITH ELEMENT 1) 
30165 GO(3) = .FALSL. 

GOTO 30020 
30170 CONTINUE 
C 
C 	 ROADWAY WITH ONLY ONE POINT WAS SPECIF1EL) 
C 

wRITE (NCHECK,30 173) 
30173 FORMAT(//42H A ROADWAY WITH NO SEGMENTS WAS SPECIFIED). 

GOTO 30165 
30180 CONTINUE 
C 
C 	 A NONBLANK LABEL FIELL) WAS FOUNDS BUT A PROPER CONTiNUATION 
C 	 CARD HAS A dLANK LABEL FIELD 
C 

WRITE(NCHECK, 30183) 
30183 FORMAT(//72H A NONBLANK LABEL FIELD WAS FOUND WHEN A CONTINUATION 

2 CARD WAS EXPECTED) 
30185 GO(NGOGO) = .FMLSE. 
30187 WRITE(NCHECK930023) (TEST,(JZL)9JZZ1,10) 

GOTO 26005 

0 
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30190 CONTINUE 
C 
C 	 ROADWAY ELEMENT ENCOUNTERED OUT OF SEQUENCE 
C 

WRITE (NCHECK,30 193) 
30193 FCRMAT(//45H ROADWAY ELEMENT ENCOUNTERED OUT OF SEOUENCE) 

GOTO 30185 
30195 LIMSEG = NRUPTR(29KK) - 1 

WRITE(NCHECK, 30136) 
WRITE(NCHECK, 30196) LIMSEG, NROAD 

30196 FORMAT(1H., 24X9 4HONLY9 159  17H SEGMENTS ON ROWY 15) 
GOTO 30205 

30200 CONTINUE 
C 
C 	 MISSING TRAFFIC PARAMETER 
C 

WRITE (NCHECK,30203) 
30203 FORMAT (// 36H A VErIICLt. VOLUME OR SPEED WAS ZERO) 
30205 GO(4) = .FALSE. 

GOTO 30020 
30210 CONTINUE 

C 	 ONE-POINT BARRIER SPECIFJtD 
C 

GO(S) = •FALS€. 
WRITE (NCPIECK,30213 

30213 FORMAT(//40H A BARRIER WITH NO POINTS WAS SPECIFIED) 
GOTO 26000 

30220 CONTINUE 
C 
C 	 FIRST ELEMENT OF BARRIER WAS NOT ELEMENT 1 
C 

WRITE (NCHECK,30223) 
30223 FORMAT(//44H FIRST ELEMENT OF BARRIER WAS NOT ELEMENT I 
30225 60(5) = •FALSE. 

GOTO 30020 
30230 CONTINUE 
C 
C 	 WRONG NUMBER OF ELEMENTS FOR STRUCTURE OR VEGETATION BARRIER 
C 

WRITE (NCHECK,30233) 
30233 FORMAT(//31h WRONG NUMBER OF ELEMENTS WAS 

$ 	3hSPECIFIED FOR A BARRIER OF TYPE 5 OR V) 
GOTO 30225 

30240 CONTINUE 
C 
C 	 BARRIER ELEMENT ENCOUNTERED OUT OF SEQUENCE 
C 

WRITE(NCHECK, 30243) 
30243 FORMAT(//3911 BARRIER ELEMENT FOUND OUT OF SEQUENCE) 

GOTO 30195 
30250 CONTINUE 
C 
C 	 NON - UNIQUE ROADWAY NUMBER 
C 

2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
100 

2101 
2102 
2103 
2104 
2105 
2106 
2101 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
2115 
2116 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2140 
2141 
2142 
2143 
2144 
2145 
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WRITE(NCHECK, 	30251) 	NESTA(3) 2146 
30251 FORMAT(1H0910X9I4HROADWAY NUMER9I5924H ALREADY DEFINED EARLIER) 2147 

GO(3) 	= 	.FALSE. 2148 
GOTO30020 2149 

C 2150 
C ------------------FORMAT STATEMENTS -------------------------- 2151 
C 2152 
6000 FORMAT(1H 	) 2153 
6001 FORMAT(1HI, 4X9 34HINPUT DATA LISTING 	- 	ROADWAYS 	• 	15*4, 2154 

2 	22X. 	SHPAGE 	• 	IS / 	1H09 	81X. 	I1HAUTOMOBILE-S9 	6*. 2155 
3 	31HMEDIUM 	TRUCKS 	HEAVY TRUCKS / 	1H , 4*9  2156 
4 	47HROADWAY 	ELEMENT 	ELEMENT 	LOCATION 	(Fl), 29*9 2157 
5 	50HVOLUME 	SPEED 	VOLUME 	SPEED 	VOLUME 	SPEED / 2158 
6 	2(7X9 	31INO.), 	12*9 	111*' 	9x9 	1HY9 	7X. 	1HZ. 	7X0 2159 
7 	19HSURFACE 	GRADIENT 	' 	3(7X93HVPH9 5x9 	3MMPH) 	/ P1 , 4*9 2160 
8 	2(7H ------- . 	3X)g 	2X9 	2(7H ------- . 	3X). 	5 -----, 	6*9 2161 
9 	7H-------, 2X9 8H -------- , 2*9 3(18H 2162 

6002 FORMAT(1H1, 4X. 	34HINPUT DATA LISTING 	- 	SHIELDING 	• 	1544, 2163 
2 	22X9 	5HPA(jE 	, 	15 / 	1H0' 	4*9 	2(7HBARRIER9 	3*), 	7HELEMENT, 2164 
3 	13X' 22MdARRIER 	LOCATION 	(FT) 	/ 	IH , 5*9 4HTYPE9  2165 
4 	2(7X9 	3HN009 	17*9 	1HX9 	9*9 	1HY9 	7X9 	1HZ / 2166 
5 	1H 	• 4X9 	3(7H ------- , 	3*), 	7*9 	2(7H ------- . 	3*), 	5H----) 2167 

6003 FORMAT(1H1, 4*9 	34HL - 10 LVtLS AT RECEIVER POINTS 	, 	15449 2168 
2 	22*9 5HPAGE 	9 	15 / 	IHO. 	31X9 	I5HL 0 C A I 	I 0 N. 24X9 2169 
3 	23HL - 10 	L E V E L S / iM , 4X9 8HRECEIVER9 6X9 2170 
4 	10 	H----), 	1H-9 	ÔX, 	8(4H----), 	5X9 	8HRECEIVEP / 	1M 	, 2171 
5 	5*' 	6HNUM3ER9 	12X9 	1HX9 	8X9 	PlY, 	6X. 	1HZ. 	'.X, 	6HHEIGHT' 2172 

47H 	GROUND 	DESIGN 	CALCULATED 	EXCEEDS BY. 6*. 2173 
7 	6HNUMBER / IH , 4*9 8H -------- , 	6X9 2(7H ------- , 2*), 2174 

SM ----- , 2(3X9 6H-----:' 6X9 6H 2175 
9 	2(3X. 	1OH ---------- ), 	X, 8H--------) 2176 

6004 FORMAT(1H0. 	199 	17X9 	17. 	3x. 	179 	2*9 	16) 2177 
6005 FORMAT(1H+. 	14X9, 	15. 	43X9, 	11. 	9*9 	Ii. 	3*. 	3(4X9, 	169 	5*9 	13) 	/ 2178 

2 	1H 	, 	26*. 	179 	3X9, 	Ii, 	2*9 	16) 2179 
6006 FORMAT(1H0. 	7*9 	Al, 	7*9 	149 	lAX. 	5(2H 	•). 	18. 	2*9 	189 	2*9 	16) 2180 
6001 FOMAT(1H+. 	20*9 	5(2M 	•) 2181 
6008 FORMAT(1H 	• 	40X9 	18. 	2*. 	189 	2*9 	16) 2182 
6009 FORMAT(1H.. 	25*9 	14 / 	1H 	• 	40*9 	189 	2*9 	18. 	2*. 	16) 2183 
6010 FORMAT(1H0. 	18*. 42HN0 RECEIvERS AND/OR NO ROADWAYS HAVE 8EEN 2184 

2 	9HSPECIFIED) 2185 
6011 FORMAT(1H 	, 	4*. 	15. 	9*. 	179 	2*9 	17. 	2*. 	IS, 	2*9 	F7.19 	8*. 2186 

2 	Ii, 	7*9 	F5.1) 2187 
6012 FORMAT(1H. 	77*9 	F5.1, 	20*9 	jb) 2188 
6013 FORP4AT(1H, 	90*9 	F5.1) 2189 
6014 FORMAT(53H1 	RECEIVER POINTS WHERE DESIGN LEVEL 	IS EXCEEDEO 	• 2190 

2 	15449 	8*9 	5HPAGE 	• 	IS / 	13H0 	RECEIVER' 	15X9 2191 
3 	13HR C) A 0 V A y. 	25*, 	17HS H I 	E L D 	I 	N G, 	20*, 	SMNOISE, 2192 
4 	7X. 	16HAODITIONAL NOISE /19H 	-------- 	- 	-, 2193 
5 	8(4M----), 	7H 	--, 	9(4H----), 	2*9 	2(5*. 	9HREDUCTION), 2194 

7H 	REQ 0/ 27H 	NO. 	LEV 	ROwY ELEM. 	7*. 	1HX9 8X9 2195 
7 	1HY9 	5*9 	1HZ9 	6X9 	14HTYPE 	NO. 	ELEM, 	7*9 	IHX, 	8*9 	IHY, 2196 
8 	5X9 	1HZ9 	7*9 	10HTIRE 	LXH., 	SX, 	10HTIR€ 	€XH. 	/ 2197 
9 	13H 	--- ---- ' 	'IX. 	2(5h ----), 	2(9H 	-------), 	6H 	----, 2198 
A 	4X. 	3(5M ----), 	2(9M 	-------). 	6H 	----, 	4X, 	2(6H 	----), 2199 

8*. 	1OH ---- 	---- ) 2200 
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6015 FORMAT(1H09 179 F5.1) 2201 
6016 FORMAT(LH•. 17K. 149 	lx. 	149 2(2K. 	17)9 	lx, 	IS, 	lx, 	Al, 	?X. 	I, 2202 

2 	lx, 	149 2(2K9 17)9 	1K9 IS, 	6X9 	2(F4.19 	2K), 	6K9 2203 
3 	F4.19 2K9 F4.1 	/ 	1K 	, 26X9 	2(2K9 	Ii), 	1K9 	159 	19X. 2204 
4 	2(2X9 17)9 IX, 	15 	/ 	1HO) 2205 

6017 FORMAT(1H+, 17K9 149 	lX9 	149  2(2K 9 	17)9 	1X9 	IS, 	lOX, 	4HNONE9  2206 
2 	13X9 IH*, 8X. 	1H*9 	Sx, 114*9 	4X9 	2(3X9 	3110.0)9 	8X9 2207 
3 	F4.19 2K9 F4.1 	/ 	1K 	, 26X 9 	2(2K9 	17)9 	lx, 	159 	27X9 2208 
4 	1H' 8K9 1H*, 	5X9 	1fi / 	1HO) 2209 

6018 FORMAT(1H., 57K. Al, 	2X. 	149 5X9 	2(2X9 	17)9 	ix, 	159 	6X9 	F4.19 2210 
2 	2X. 	F4.1. (/1K 	, 	71K, 179 	2K9 	179 	lx, 	15)) 2211 

6019 FORMAT(1H•9 15K. QHCONTINUED / 	1K 	) 2212 
6020 FORMAT(1H•9 77K. 36HCONTRIBUTION FOR LOW V*D/S TOO LARGE 	) 2213 
6021 FORMAT(IH 	• lOX, 19HCOMPLETED PLOT NO. 	. 	15) 2214 
6022 FORMAT(1H., 28K9 56H0N BASIS OF L-EO ANALYSIS NO REMEDIAL ACTION I 2215 

2S REQUIRED, 16K' 9H*.* 	*.*,X92(5H*.* ).4H  *.*//1H 	) 2216 
6023 FORMAT(1H19 25K9 22HOELETION OF DATA 	ITEMS 1 1K 	) 2217 
6024 FORMAT(1H ' 25K' 4HALL 	' 	449  16K ENTRIES REMOVED) 2218 
6025 FORMAT(1H+9 77K9 29HINTERNAL STORAGE, OVERFLOW WY 	, 	15) 2219 

END 2220 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE ADD 	 PAGE 	1 

SUBROUTINE ADD(VA, V89 VC, Z. NOIM) 	 1 
DIMENSION VA(3). VB(3)9 VC(3) 	 2 

C 	 3 
DO 500 N = It NUIM 	 4 
VA(N) = VB(N) • L * vc(N) 	 5 

500 CONTINUE 	 6 
RETURN 	 7 
END 	 8 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE AHEAD 	 PAGE 	1 

FUNCT ION AHEAD(BAR,NEW3R,NREdAR,REAR,NSEG,NPT) 	 1 
LOGICAL LA 	 2 
DIMENSION BARR(893),NEWBP(393) .NR(BAR(2,3) ,RE$AR(8.3) 	 3 
LA = NEWBR(39NSEG).GT.0 
IF(.NOT.LA) NA = rJREBAR(NPT, - NEWBR(3,NSEG)) 
NB = NEWBR(39NSEG) • NPT - 1 	 6 
IF(LA) AHEAD = BARR(49N3) 	 0 	 7 
IF(.NOT.LA.AND.NA.GT.0)AHEADARR(4,NREAR(NPT.NEWP(3.NSEG))) 	8 
IF(.NOT.LA.AND.NA.LT.0)AHDEBAP(4,NREWAR(T,EWB3,NSEG))) 	9 
RETURN 	 10 
END 	 11 
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8OLT BERANEK AND NEWMAN 	- 	ROUTINE AMAG PAGE 	1 

FUNCTION AMAG(VA, 	NOIM) 1 
DIMENSION VA(3) 
AMAGO.0 S 	 3 

H 	DO 500 N = 19 NDIM 4 
AMAG = AMAG • VA(N) 	** 2 5 

500 CONTINUE 6 
AMAG = SQRT(AMAG) 7 
RETURN 8 
END 9 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE AMGUF 	 PAGE 	1 

FUNCTION AMGDF(A,B,NDIM) 	 1 
DIMENSION A(3), 	(3) 	 2 
AMGDF = 0.0 	 3 
DO 500 N = 1, NC1M 	 4 
AMGDF = AMGDF • (ii(N) - A(N)) ** 2 	 5 

500 CONTINUE 
AMGDF = SQRT(AM60F) 	 7 
RETURN 	 8 
END 	 9 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE ANGLIN 	 PAGE 	1 

FUNCTiON ANGLJN(DA, 08 COSALP,  NDIM) 	 1 

C 	 2 

C 	 TrIE ANGLE BETWEEN TWO LINLS WHOSE DIRECTIONS ARE DA AND OB 	 3 

C 	 IS coMPUTED. COSALP is si TO THE COSINE OF THE ANGLE 	 4 

C 	 BETWEEN THE LINES 	 5 

C 	 b 
DIMENSION DA(NDIM), O8(NOIM) 	5 	

7 
COSALP = 0OT(DA9 OH, NDIM) 
IF (AdS(COSALP) .GT. 1.0) COSALP = SJGN(1.09 COSALP) 	 9 
ANGLIN = ARCOS(COSALP) 	 10 
RETURN 	 11 

END 	 12 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE ANGTRU 	 PAGE 	1 

FUNCTION ANGTRIjIUA, 08) 	 1 

c 	 2 

C 	 FUNCTION RETUNING THE S1'NED VALU,E OF THE ANGLE RATHER 	 3 

C 	 THAN THE ABSOLUTE VALUE, OUT OTHERWISE SAME AS *ANGLIN$ 
C 	

5 	 5 

DIMENSION DA(2)9 DB(2) 	 6 
ANGTRU = ATAN2(02(DA,DB9291)9L)OT(DA,O892)) 	 5 	 7 

RETURN 	 8 

END 	 9 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE ANGVEC 	 PAGE 	1 

FUNCTION ANGVEC(A,ORG,REF) 	 1 
DIMENSION A(2)90R(1(2) 
ANGVEC = ATAN2(A(2)-ORG(2)9  A(l)-ORG(1)) - REF 	 3 
IF (ABS(ANGVEC) .LE. 3.141593) RETURN 	 4 
ANGVEC = ANGVEC - SIGN(6.28310539 ANGVEC) 
RETURN 	 6 
END 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE BARCVR 	 PAGE 1 

SUBROUTINE 8ARCVR (HDG,LINK,TYPE,CvR,LA,TA,LB, TB. 1 
IPAST, 	NEWBN, 	NBARLtc. 	NQLBAR. 	NWBLK, 	BAP. 	E8AR. 	ENWBP) 2 

C 3 
LOGICAL CVR, 	DELETD, 	TA. 	TB, 	TypE, 	TYPEA 4 

C 5 
DIMENSION NBARLK(493)9 	NWBLK(393) 6 
DIMENSION NEWBR(393) .NREBAR(2,3) ,BARR(8,3) ,REØAR(B,3) ..ENWP(8') 7 
LA = LINK 8 
TA = TYPE 9 
IF 	(DELETD(TYPE. 	N6ARL(4.LINK)9Nw8LK(3,LlNK) 10 

* 	CALL NEXTPT(LINK,TYPE,LA,TA,'P3ARLK,NwBLK) 11 
IF 	(LA 	.EO. 	0) 	GOTO 	110 12 
IPAST 	= 	0 13 
GO TO 	130 14 

100 CALL NEXTPT(LA,TA,LA,TA,NBARLPS,NWBLK) 15 
IF(LA 	•NE. 	0) 	GOTO 	130 16 

110 IPAST = 2 17 
RETURN 18 

130 CONTINUE 19 
CALL STRET(MDGA..FALSE.92.LA,TA,NBARLK.NEWBR9 20 

S 	 NREAR, BARR' 	REBAR, 	ENwBP) 21 
NWBRNO = NBARLK(19LA) 22 
IF(.NOT, 	TA) 	NwBRNO 	= 	IA83(NW8LK(l9LA)) 23 
IF 	((HOGA 	.GT. 	HOG) 	.OR. 24 

* 	((i-iOGA 	.EQ. 	HD)) 	.AND. 	(.NOT. 	GyP))) 	IPAST 	= 	1 25 
LB=LA 2 
TB = TA 27 

200 CONTINUE 28 
CALL NEXTPT(LB,TB,LB,TB,NBARLK,NWBLK) 29 
IF(L8.EQ.0) 	GOTO 	100 30 
NBRX 	= NBARLK(19L6) 31 
IF 	(T3) 	GOTO 	300 32 
NBRX = NWBLK(1.L8) 33 
NBRX = 	IABS(NBRX) 3 

300 IF(NBRX.NE.NWBRNO) 	GOTO 200 35 
CALL STRET(HDGB, 	.FALSE.. 	29 	LB. 	TB, 	N8ARLK9 	NEw8R9 36 

S 	 NREBP, 	BARR, 	RE849 	ENWBP) 37 
IF 	(PUGB 	.LT. 	-OC) 	GOTO 	100 38 
IF 	((.NOT.CVP) 	.O. 	(IPAST.EQ. 	1)) 	RETURN 39 
IF( 	(HOGB-HDG 	.LT. 	.01745) 	OR. 	(HDGB-HDGA 	.LT. 	.01745) 	) 40 

S 	GO TO 100 41 
• RETURN 42 
END 	• 43 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE BF1ND 	 PAGE 
	

1 

SUBROUTINE BFIND(A, ALG' NPOINT, BARR, NEWBR, NRLBAR. REBAR, 
	

1 
S 	 ENWBP. NWBLK9 NBARLK) 

	
2 

C 
	

3 
C 	 SUBROUTINE TO LOOK UP COO(D1NATES OF A BARRIER END POINT 

	
4 

C 
	

S 
DIMENSION A(3)9 BARR(8.3)' NEWBR(393)9 NREBAR(2.3)9 REBAR(893)9 

	6 
$ 	 ENW9P(893)9 NWbLK(393)9 NBARLK(493) 

	
7 
8 

LOGICAL ALG 
	

9 

C 
	

10 
IF (ALG) GOTO 300 
	

ii 

C 
	

12 
C 	 NEW POINT 
	

13 

C 
	

14 
Ni = NWBLK(2,NPOINT) 
	

1• 
CALL SET(A, ENWBP(],N]), 3) 
	

16 
RETURN 
	

17 
300 CONTINUE 
	

17 
Ni = NBARLK(19 NPOINT) 
	

19 
N2 = NBARLK(2. NPOINT) 
	

20 
N3 = NEWBR(39Ni) 
	

21 
IF (N3 .LT. 0) GOTO 500 
	

22 

C 
	

23 

C 	 BARRIER IS AN ORIGINAL SECTION 
	

24 

C 
	

25 
N3 = N3 • N2 - 1 
	

2e 
CALL SET(A, BARR(1,N3)9 3) 
	

27 
RETURN 
	

28 
500 CONTINUE 
	

29 

C 
	

30 
C 	 BARRIER WAS TRIMMED 
	

31 

C 
	

32 
Ni = NREBAR(N2.—N3) 
	

33 
IF (NI .LT. 0) GOTO 800 
	

34 

C 
	

35 

C 	 OLD POINT 
	

36 

C 
	

37 
CALL SET(A. BARR(1,N1), 3) 
	

38 
RETURN 
	

39 
800 CONTINUE 
	

40 
CALL SET(A, REBAR(I,—Ni), 3) 
	

41 
RETURN 
	

42 

C 
	

43 

END 
	

44 

BOLT BEPANEK AND NEWMAN 	- 	ROUTINE CROSS 
	

PAGE 	1 

SUBROUTINE CROSS(C,A,) 
	

1 
DIMENSION A(398(3),C(3) 
	

2 
= D2(A,B92'3) 
	

3 
= D2(A9B,3.1) 
	

4 
= D2(A9B9i2) 
	

5 
RETURN 
	

6 
END 
	

7 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE DELETO 	 PAGE 	1 

LOGICAL FUNCTION DELETD(OLD,NsARLK,NbLK) 	 1 

LOGICAL OLD 
DELETI) = (OLD .AND. IAS(NARLK) .GE. 10000) .0k. 	 3 

$ 	(.NOT. CLI) •AND. 1AS(NWBLK) .GE. 10000) 	 4 

RETURN 	 5 

END 	
6 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE DIR 	 PAGE 	1 

SUBROUTINE OIR(VA, v, VC, NDIM) 	 1 

DIMENSION VA(3)9 VB(3)9 VC(3) 	 2 

CALL ADD (VA, vC, vB, —1.09 NOIM) 	 3 

X = AMAG(VA, NOIM) 	 4 

DO 500 N = 19 NOIM 	 5 

VA(N) = VA(N) / X 	 6 

500 CONTINUE 	 7 

RETURN 
END 	 9 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE DOT 	 PAGE 	1 

FUNCTION DOT(VA, V89 NOIM) 	 1 

DIMENSiON VA(3)9 V(3) 	 2 

DOT = 0.0 	 3 

00 500 N = 19 NOI 
DOT = DOT • VA(N) * VL3(N) 

500 CONTINUE 
RETURN 	 7 

END 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE DROP 	 PAGE 	A 

FUNCTiON DROP(OELTA) 	 I 

DROP = 5 	 2 

IF(DELTA.E0.0.) RETURN 	 3 

ZN = DELTA * 0.8928571 	 4 

IF(ZN.GE.-0.2) GO TO 100 
DROP = 0. 	 6 

RETURN 	 -, 

100 A = SQRT(6.28i165 * ABS(ZN)) 	 B 

B = SIN(A) / COS(A) 	 9 

JF (ZN •GT. 0.0) B = TANH(A) 	 10 

DROP = 20. * ALOGIO(A/B) • DROP 	 11 

DROP = AMIN1(DROP920.) 	 12 

RETURN 	 13 

END 	 14 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE.DSOR 	 PAGE 	1 

FUNCTION DSQR(VA, NDIM) 
DIMENSION VA(3) 
OSOR - 0.0 
DO 500 N = 1. NOIM 
DSOR = DSOR • VA(N) •* 2 

500 CONTINUE 
RETURN 
END 

1 
2 
3 
4 
5 
6 
7 
8 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE 02 	 PAGE 	1 

REAL FUNCTION 02(A.8,J,K) 
DIMENSION A(3)96(3) 
02 = A(J)*B(K) - A(K)*B(J) 
RETURN 
END 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE INTSEC 	 PAGE 

SUBROUTINE INTSEC(Aq 049 89 Db. X) 
DIMENSION 4(2), UA(2), 8(2), 08(2).9 X(2) 

C 
C 	 WE COMPARE 2-DIMENSIONALLY,  IN THE XV PLANE. TWO NON 
C 	 PARALLEL LINES ARE GiVEN, SPECIFIED RESPECTIVELY BY POINT A 

C 	 TOGETHER WITH DIRECTION DA, AND POINT B TOGETHER WITH 
C 	 DIRECTION 08. THE POINT OF INTERSECTION IS RETIJRNEO IN X. 

C 
IF (DA'(2) .EO. 0.) 6010 200 

- Z2= (DA(1) * (A(2)_8(2))-(A(1)_B(i))*DA(2))/ 
$ 	(DA() * D8(2) - 08(1) * UA(2)) 
GOTO 300 

200 CONTINUE 
Z2 = (4(2) - B(2)) / 08(2) 

300 CONTINUE 
CALL ADD(X, B, 089 Z2. 2) 
RETURN 
END 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE LINEPL 	 PAGE 

SUBROUTINE LINEPL(X, PARR XLN, XLOIR. XPL. XPNOIM) 

LOGICAL PARR 
DIMENSION xLN(3) ,XLDIR(3) ,XPL(3) ,XPNORM(3).T1 (3)sX(3) 

C 
C 	 THIS SUBROUTINE FINDS THE INTERSECTION OF THE LINE THROUGH 
C 	 POINT. XLN IN DIRECTION XLUIR AND THE PLANE THROUGH POINT XPL 
C 	 WITH NORMAL VECTOR XPNORM. 
C 

DFAC 	DOT(XLDJR, XPNORM, 3) 
PARR = ABS(DFAC) .LT. .0000001 

- IF(PARR) RETURN 
CALL ADD(T1, XPL, XLN, -1., 3) 
T = 001(11, XPNORH, 3) / DFAC 
CALL ADD(X, XLN, XLDIR, 1, 3) 
RETURN 
END 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lb 
17 
18 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1. 1 
12 
13 
14 
15 
16 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE MIOPT PAGE 	1 

SUBROUTINE MIDPT(VA,V,VC,NOIM) 
DIMENSION 	VA(2),V(2)9VC(2) 
DO 500 N = 	19 	NL)IM 3 

VA(N) 	= 	(VB(N)+VC(N)) 	* 	•5 4 

500 	CONTINUE 5 

RETURN 6 

END 

BOLT BERANEK AND NEWMMN 	- 	ROUTINE NEXTPT PAGE 	1 

SUBROUTINE NEXIPT(NPTA, OLDA, NPTB, 	OLDB, 	NBARLPS, 	NwLK) I.  

C 2 

LOGICAL DELETD, OLDA, OLDb, OLDN 3 

C 4 

DIMENSION N8ARLK(493)9 	NWLK(i93) 5 

C b 

OLDN = OLDA 
NPT 	NPTA 8 

500 CONTINUE 9 

IF 	(OLDN) 	GOTO 2000 10 

NEXT = NW8LK(39NPT) 11 

OLDN = NEXT 	.GT. 	0 12 

NPT 	= 	IABS(NEXT) 13 

IF 	(NPT 	,GE. 	10000) 	NPT 	= NPT 	- 	10000 14 

600 CONTINUE 15 

IF 	(NPT 	.EO. 	0) 	GOTO 605 lb 

IF 	(DELETD(OLON,NhARLK(49NPT)NW8LK(39NPT))) 	GOTO 500 17 

605 NPTB = NPT 18 

OLD3 = OLDN 19 

RETURN 20 

2000 CONTINUE 21 
NEXT 	= N6ARLK(4,NPT) 22 

OLDN = 	NOT.((NEXT 	.GT. 	0) 	.AND. 	(NEXT 	.NE. 	10000)) 23 

NEXT 	= 	IABS(NEAT) 24 

IF 	(NEXT 	.GE. 	10000) 	NEXT = NEXT - 	10000 25 

IF 	(NEXT 	.EQ. 	0) 	NEXT 	= NbARLK(39NPT) 26 

NPT = NEXT 27 

GOTO 600 28 

END 29 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE NORM PAGE 	1 

SUBROUTINE NORM(XNRM, PA, PB, PC9 NERR) 1 

DIMENSION 	XNRM(3)9 	PA(3)9 	P8(3)9 	PC(3)9 	11(3)' 	12(3) 2 

C 3 

NERR1 4 

CALL 	ADD(T1, 	PA, 	PB, 	-1.0' 	3) 5 

CALL 	ADD(T29PA,PC9-1.93) 6 

CALL CROSS(XNRM9T19T2) 7 

Z 	= 	AMAG(XNRM, 	3) 8 

IF 	(Z 	.EQ. 	0.0) 	RETURN 9 

NERR = 0 10 

DO 500 	N = 	19 	3 11 

XNRM(N) 	= XNRM(N) 	/ Z 12 

500 CONTINUE 13 

RETURN 14 

END 	. 15 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE NPTYP PAGE 	1 

FUNCTION NPTYP(NL1NK,OLD,NBARLK,NEW6R) 1 
c 2 

DIMENSION NBARLK(493),NEWt,R(3,3) 3 
C 4 

LOGICAL OLD 5 
C 6 

IF(OLU) 	GOTO 300 
NPTYP3 8 
RETURN 9 

300 CONTINUE 10 
Ni 	= N8ARLK(19NL1NK) 11 
N2 = NEWBR(3,N1) 12 
IF(N2.LT.0) 	GOTO 500 13 
NPTYP = 	1 14 
RETURN 15 

500 NPTYP = 2 16 
RETURN 17 
END 18 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE PATHDF PAGE 1 

FUNCTION PATHDF(A. 	9, BARR, 	DBARR) 1 

C 2 
DIMENSION 	A(3)9 	DA(3)9 	BARR(3)9 	DBARR(3)9 	FEET(6) 3 
DIMENSION 8(3) 4 

C 5 

C COMPUTE THE DIFFERENCE IN PATH LENGTH FROM POINT A TO POINT B 6 

C WHICH RESULTS FROM TAKING A DETOUR BY WAY OF THE FOOT (ON THE 7 

C LINE THROUGH POINT BARR 	IN THE DIRECTION DARR) 	OF THE MUTUAL B 

C PERPENDICULAR BETWEEN THE LINE THROUGH A AND 8 AND THE LINE 9 
C THROUGH 9ARN 	IN DIRECTION OBARR. 10 
C 11 

C FIND THE MUTUAL PERPENDICULAR 12 

C 13 
PATHL)F 	= 	-5.0 14 
CALL 	OIR(DA, 	A, 	B. 	3) 15 
CALL PRPCOM(A,DA,BARR,DBARR.PNLENG,FEET,NPERIL) 16 

C 17 

C A BARRIER PARALLEL TO DIRECT PATH IS DEFINED INEFFECTIVE 18 

C 19 
IF 	(NPERIL 	.NE. 	0) 	RETURN 20 
PATHDF 	= AMGOF(A, 	FEET(4)9 	3) 	• 	AMGDF(B, 	FEET(4). 	3) 	- 21 

AMGOF(A, 	89 	3) 22 
PATHDF 	= 	SIGNCPATHDF, 	FEET(b) 	- FEET(3)) 23 
RETURN 24 
END 25 
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BOLT BERANEK AND NEWMAN 	- 	ROUTINE PRP.COM  PAGE 1 

SUBROUTINE PRPCOM(A, DA, 	B, Dd, PRLENG, FEET, NPRLL) 1 
C 2 
C GIVEN THE LINE THROUGH POINT A 	IN DIRECTION VA AND THE LINE 3 
C THROUGH POINT B IN DIRECTION DBv PRPCOM RETURNS THE LENGTH OF 4 
C Tt-4EIR MUTUAL PERPENDICULAR 	IN PRLENG AND THE FEET OF THE 5 
C PERPENDICULAR 	IN FEET 6 

DIMENSION 	4(3). 	1)4(3)9 	8(3). 	1)8(3). 	FEET(6)9 	PDIR(3). A6DIR(3). 7 
H(3) 8 

C 9 
LOGICAL vEQ 10 

C 11 
NPRLL = 0 12 
CALL 	SCALV(FEET, 	089 	-1.0, 	3) 13 
IF(.NOT.(VEQ(DA90693).OR.VEQ(DA,FEET93)) 	) 	GO 	TO 	200 14 

C 15 
C 16 
c 17 
C LINES ARE PARALLEL - COMPUTE PRLENG AND NORMAL TO PLANE 18 
C 19 

NPRLL = 1 20 
c 21 
C FIND A SECOND POINT ON LINE THROUGH 4 22 
C 23 

CALL 	ADD 	(A8DIR9 	A, 	049 	AMGDF(A9B93)93) 24 
CALL 	OIR(PDIR,A,893) 25 
PRLENG = AMGDF(A.693) 	* 	51N(ANGLIN(POIR,DA,COSA93)) 26 

C 27 
C NORMAL TO PLANE OF TO LINES 28 
c 29 

CALL CROSS(FEET. 	049 	PDIR) 30 
C 31 
C THE CROSS' PRODUCT WILL BE ZERO ONLY 	IF THE POINTS 32 
C WERE ON THE 	SAME L1"E ' 33 
C 34 

RETURN 35 
200 CONTINUE 36 

C 37 
C THE LINES WERE NOT PARALLEL 38 
C 39 
C 40 
C FIND DIRECTION OF PERPENDICULAR 	 ' 41 
C 42 

CALL CROSS(PDIR, 	049 	08) 43 
ZZ 	= 	1./AMAG(PD1R.3) 44 
CALL SCALV(PDIR,PDIR,ZZ93) 45 

C 4 
C FIND DIRECTION OF 	LINE FROM A THROUGH B 47 
C 48 

CALL 	DIR(ABDIR, 	A. 	8, 	3) 49 
C 50 
C FIND ANGLE BETWEEN ABUIR AND PDIR, 	AND ITS COSINE 51 
C 52 

ANGA = ANGLIN(PUIR,ABDIR.COSA93) 53 
C 54 
C FIND PROJECTION OF A ONTO PLANE PERPENDICULAR 55 
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C TO MUTUAL PERPENDICULAR AT POINT 8 56 

C 57 

CALL 	ADD(N, 	A, 	POIR, 	AMGDF(A,693)*COSA, 	3) 58 

PRLEN(.' 	= 	AMGDF(A, 	H,3) 59 

C 60 

C FiND ANGLE BETWEEN ORIGINAL LINES 	 - 61 

C (b2 
ANGORU = ANGLIN(OA, 	08, COSORG, 	3) 63 

c S  
64 

C FiND DIRECTION OF H FROM b 65 

C 66 
CALL DIR(ABDIR, 	8, 	H, 	3) 67 

C 68 

C SOLVE TRIANGLE FOR CRUCIAL SIDE. USING LAW OF 	SINES 69 

C 70 

CRUX 	= 	(AMGDF(h,8.3) 	* 	SIN(ANULIN(AUDIR, 	DR. 	ONM, 	3))) 	/ 71 

$ 	SIN(ANGORG) 7 

c 73 

C COMPUTE AND STORE FOOT ON LINE THROUGH B 74 

C 75 

CALL 	ADD(FEET(4)9 	H, 	DA, 	CRUX, 	3) 76 

C 77 

C COMPUTE AND STORE FOOT ON LINE THROUGH A 78 

C 79 

CALL 	ADD(FEET, 	FEET(4), 	PUlP, 	PRLEWG*SIGNUM(_COSA). 	3) 80 

RETURN 81 

END 82 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE SCALy 	 PAGE 	1 

SUBROUTINE SCALV(VA, V8. Z, NL)IM) 	 1 

DIMENSION VA(3), VB(3) 	 2 

00 500 N = 1. NO1M 	 3 

VA(N) = Z * VB(N) 	 4 

500 CONTINUE 
RETURN 	 6 

END 	 7 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE SIGNUM 	 PAGE 	1 

" FUNCTION SIGNUM(A) 	 1 

SIGNUM = 1.0 	 2 

IF (A .LT. 0.0) SIGNUM = -1.0 
RETURN 	 4 

END 	 S 	 S 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE SET 	 PAGE 	1 

SUBROUTINE SET(VA, V89 NOIM) 	 A 

DIMENSION VA(3)9 V8(3) 	 5 	 2 

DO 500 N = 1. NLJIM 	 3 

VA(N) = VB(N) 	 4 

500 CONTINUE 	 5 

RETURN 	 5 	 6 

END 	 7 
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SUBROUTINE STRET(OATA, 	STORE, 	NTOATA, 	NLINK, OLD, NBARLK, N€W8R, 1 
S 	 'JREBAR, 	3ARR9 	REBAR, 	ENWBP) 2 
LOGICAL STORE, uLO 
DIMENSION RE3AR(6.3)9 	ENW8P(893 9 	INDS(592) 4 
DIMENSION DATA(3)9 	NBARLK(493)9 	NEWBR(393)9  NRE6AR(293)9 	ARR(893) 5 
DATA 	INDS/093,4959O9341919398/ 6 
ND = 	INDS(NTDArA,j) 
NNM = 	INOS(NTDATA 92) 
NK = NPTYP(NLINK, OLD, N6ARLK9 NEWBR) 9 
GOTO 	(1009 	3009 	500)9 	NK 10 

100 CONTINUE 11 
C 12 
C DO OLD POINT 13 
C 14 

Ni 	= 	NbARLK(19NLINK) AS 
N2 = NEw3R(39N1) 	• NBARLK(2,NLINK) 	- 	1 16 

120 IF 	(STORE) 	GOTO 	150 17 
DO 140 	K=1,NNM 18 
KA = ND • K 19 

140 DATA(K) 	= BARR(PcA, 	N2) 20 
RETURN 21 

150 CONTINUE 22 
DO 190 	K = 	It NNM 23 
KA = ND • K 24 

190 BARR(KA,N2) 	= 	DATA(tc) 25 
RETURN 26 

300 CONTINUE 27 
c 
C MIDDLE—AGEC POINT 29 
C 30 

Ni 	= N8ARLK(19NLINK) 31 
NC = NBARLK(29NLINK) 32 
N3 	= 	—NEwBR(39N1) 	 S  33 
NA 	= NRE8AR(N2,N3) 34 
IF(N1.LT.0) 	GOTO 	350 35 
N2 = Ni 36 
GOTO 120. 37 

350 CONTINUE 38 
N2 = —Ni 39 
IF 	(STORE) 	GOTO 400 40 
00380 	K = 	19 NNM 41 
KA=ND+K 42 

380 DATA(K) 	= REBAR(KA, 	Ne) 43 
RETURN 44 

400 CONTINUE 45 
DO 430 	rc = 	19 	NNM 46 
KA=ND 	•pc 7 

430 REBAR(KA, 	NI) 	= 	DATA(K) -, 	48 
RETURN 49 

500 CONTINUE 50 
C 51 
C NEW POINT 52 
C 53  

IF(STORE)GOTO bOO 54 
DO 550 K = It NNM 55 
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KA = ND • K 
56 

550 DATA(K) 	ENWBP(PcA,NLINK) 57 
RETURN 

58 
600 CONTINUE 59 

DO 650 K = 14NNM 60 
KA = ND • K 

61 
650 ENw8P(KA9NLJNK) 	= DATAK 62 

RETURN 
63 

END 64 
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SUBROUTINE TREBAR(DB, R, 	S, 	Tb, NERR) I 
C 2 
C THIS SUBROUTINE COMPUTES THE OB DROP ASSOCIATED WITH 
C A 	TYPE 2 	(TkEE) 	BARRIER. 
C S 
C ARGUMENTS 	R - RECEIVER POINT 
C S - MiDPOINT OF SUBSEGMENT 7 
C TB - TrEE bARRIER POINTS 
C D 	- ANSWEk IN 08 
C NERR - SET TU NONZERO WHEN GIVL.N POINTS DO 10 
C NOT FORM A RECTANGLE PARALLEL TO THE 11 
C Gi-cOUND PLANE 12 
C 13 

LOGICAL PARR90UT90UT19OUT3 114 

C 15 
DIMENSION 	R(3)..S(3),T8(32),TPI(3),TP2(3)9, D1(3)9D2(3)9 it 

XP(395).03(3),VECS(15),RSDIR(3),LERO(3)9 17 
S 	 TEST(3),DT(3)9NDS(2) 18 

C 15 
EQUIVALENCE 	(VECS, 	D1) 	(VECS(4)9 	D2), 	(VECS(7). 	03)9 20 

S 
	

(TP19 	VECS(10)), 	(TP2. 	VECS(13)) 21 
DATA 	93 	0.09 	1.0/ 22 

C 23 
OUT(A,B,C) 	= 	AMAX1(A,B) 	.GT. 	(C. 	0.1) 24 
OUT1(A,B9C,D) 	= 	OUT(A8S(A-B),A6S(A—C),D) 25 

c 2 
08 = 0. 27 
NERR1 28 

C 29 
C CHECK BARRIER POINTS 30 
C 31 

CALL 	OIR(D1, 	T8(1)9 	TB( 	9). 	2) 32 
CALL 	OIR(D29 	T8(9)9 	TB(17)9 	2) 33 
JF 	(ABS(OOT(D1, 	029 	2)) 	.LT. 	0.02) 	GOTO 200 34 
RETURN 3 

200 CONTiNUE 3 
NERRO 37 
P501ST 	= 	AMGDF(,S93) 38 
CALL DIR(RSDIR.R9S93) 39 
CALL 	01P(D19 	18(1), 	18( 	3) 40 
CALL 	DIp(D2, 	18(9), 	18(17), 	3) 41 

C 
C SELECT POINTS ON A DIAGONAL OF THE WOODED SPACE 43 
C '+4 

CALL 	SET(TP19T692) 
4 5 

ZR 	= 	R(3) 46 
ZT 	= 	T8(3) 47 
TP1(3) 	= 	AMAX1(LR,ZT) 4 
CALL 	SET(TP2, 	TH(17)9 	2) 49 
TP2(3) 	= 	AMIN1(LR.ZT) 	- 	1u0. 5Q 
DO 300 IcL 	= 	1,3 51 
XDT 	= 	TP1(KL) 	- 	T?2(KL) 
DT(KL) 	= 	ABS(XOT) 53 

300 CONTINUE 54 
C 55 
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C 	 NOW FIND ALL iNTERSECTION POINTS. KEEP ONLY GO.ODLOOKING ONES, 	5 4 

C 
	

57 
NX = 1 
	

58 
NG = 0 
	

59 
Ni = —2 
	

60 
00500 P(PT1,2 
	

1'l 
N1N1.3 
	

62 
DO 480 KN = 192 
	

63 
N? =1 • 3*(pç_j) 	 64 

C 
	

65 
C 	 LOOK AT SIDES FIRST. TREE BARRIER IS IGNORED 

	
66 

C 	 UNLESS AT LEAST ONE SIDE IS INTERSECTED. 	 67 
C 
	

68 
CALL LINEPL(XP(19NX),PARR,R,RSDIR,VECS(N1+9),VECS(N2)) 

	
69 

C 
	

70 
C 	 TEST NEW POINT BY DISTANCE CRITERION. IF IT IS NOT 

	
71 

C 	 BETWEEN R AND 5, TOw IT OUT. ALSO THROW IT OUT IF 
	

72 
C 	 LINE IS PARALLEL TO PLANE. 	 73 

IF(PARP) GO TO 480 
	

74 
AMGA = AMGDF(XP(19NX).R93) 
	

75 
AMGB = AMGDF(XP(1,NX)9593) 
	

76 
IF(OUT(AMGA,AMG4.RSD-IST-)) GO TO 480 
	

77 
C 
	

78 
C 	 TEST Z—VALUE 
	

79 
C 
	

80 
IF(XP(39NX) .GT. TP1(3) 	) GO TO 480 
	

81 
C 
	

82 
C 	 KEEP THE POINT 

	
83 

C 
	

84 
NX = NX • 1 
	

85 
480 CONTINUE 
	

85 
500 CONTINUE 
	

87 
C 
	

88 
C 	 IF SIDES ARE NEVER PIERCED, FORGET TREES 

	
89 

C 
	

90 
IF(NX.EQ.1) RETURN 

	
91 

CALL LINEPL(XP(19NX) ,PARR,R,RSDIR,TP1,03) 
	

92 
C 
	

93 
C 	 ChECK DISTANCE AND NONPARALLEL CRITERiA 

	
94 

C 
	

95 
AMGA = AMGDF(XP(1.NX),R.3) 
	

96 
AMGB = AMGDF(XP(19NX)9S93) 
	

97 
IF(PARR .OR. OUT(AMGA,AMGhRSUIST) ) NX = NX 

	
98 

IF(NX.LT.2) RETURN 
	

99 
C 
	

100 
C 	 CrECK X— AND Y—VALUES ON REMAINING °OINTS 

	
101 

C 
	

102 
LX = 0 
	

103 
DO 800 KK = 19 NX 
	

104 
DO 750 .LL = 192 
	

105 
IF(OUT1(XP(LL,KPc).TP1(LL),TP2(LL),DT(LL))) GO TO 800 

	
106 

750 CONTINUE 
	

107 
LX = LX • 1 
	

108 
.NDS(LX) 	KK 
	

109 
800 CONTINUE 
	

110 
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IF(LX.NE.2) RETURN 	 111 
Ni = NDS(1) 	 112 
N2 = ND.5(2) 	 113 
XDIST = AMGDF(XP(1,N1),XP(1,N2)',3) 	 114 
IF (XUIST .LT. 100.0) RETURN 	 115 

OB = 5.0 	 116 
IF (XDIST .GE. 200.0) Dd = 10.0 	 117 
RETURN 	 118 

END 	 119 
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LOGICAL FUNCTION VEQ(KA. KB, NDIM) 	 1 

DIMENSION KA(3). KB(3) 	 2 

VEQ = .TRUE. 	 3 

DO 500 N = It NOW 	 4 

IF (KA(N) .EQ. Kt3(N)) GOT0500 	 S 	 5 

VEQ = FALSE. 	 6 

RETURN 	 7 

500 CONTINUE 	 8 

RETUR 	 9 

END 	 - 	 10 
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REAL FUNCTION Z(PA, 	P8' 	PC) 1 

c 2 

DIMENSION 	PA(3)9 	PB(3)9 	PC(3) 3 

C 4 

C FJR THE LINE 	THROUGH POINT PA IN DIRECTION 5d. 	THIS FUNCTION 5 

C COMPUTES T 	Z-VALUE OF THE POINT ON THE LINE WHICH HAS 6 

C X,Y-COOROINATES AS 	IN POINT.PC. 7 

C 8 

Z1. 9 

K1 10 

C 11 

C GIVEN LINE SHOULD NOT BE VERTICAL 12 

C 13 

IF 	(P6(1) 	.EQ. 	0.0 	.AND. 	P8(2) 	.EQ. 0.0) 	jETURN 14 

C 15 

C PROJECTED LINE MIGHT bE PARALLEL TO Y-AXIS 16 

C 17 

IF 	(Pb(1) 	.EQ. 	0) 	c 	= 	2 S 
18 

C 19 

IF 	(Pd(1) 	•EQ. 	0) 	K 	= 	2 	 - 20 

Z 	= 	PA(3) 	• 	((PC(K) 	- 	PA(K))/ 	P8(K)) * 	PB(3) 21 

RETURN 22 

END 23 
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1 
2 
3 

PROGRAM PLOTHR8 4 
S 

THIS PrORAM WRITTEN 	IN ANSI 	FORTRAN 	IV 5 
UPDATES HAVE BEEN MALJE THROUGH 1 FEBRUARY 1976 7 

9 
PURPOSE 10 

TO PLOT THE BINARY OUTPUT FROM HRB PRE.OICTION PROGRAM 11 
12 
13 

METHOD 14 
THE 	INPUT TAPE 	IS A SEQUENTIAL FILE. 	PLOT DATA 	IS 15 
STORED IN ASCENDING ODER FNOM PLOT NUMER - I. 	THE 16 
REQUESTED PLOTS ARE ALSO ORDERED SEQUENTIALLY. THE 17 
PROGRAM 	v1LL SEARCH FOR THESE PLOTS IN ODER. 	IT 18 
IS POSSiBLE TO LOLATE ALL RECORDS ON THE INPUT TAPE 19 
WITH AT MOST ONE 	(1) 	REWIND. 	ONCE 	Ti-il END OF THE 20 
TAPE 	IS FOUND BEFORE 	THE PLOT REQUEST LiST 	IS EX- 21 
hAUSTED TrIE SEARCrt 	15 TERMINATED. 	THE PLOT WILL BE 22 
GENERATLU ONLY IF THErE ARE NO DETECTABLE ERRORS. 23 

24 
25 

FILES USED 25 
TAPE 	A 	- 	BINARY 	INPUT TAPE 27 
TAPE 2 	- 	BINARY SCRATCH FILE 28 
TAPE '. 	- 	BINARY SCRATCH FILE 29 
TAPE S 	- 	CAkI) READER 30 
TAPE s 	- 	LANL PRINTER 31 
TAPE H 	- 	SEE REMAR' 	2 BELOW 32 

33 
34 

SUBROUTINES AND FUNCTION SUBPROGRAMS REQU1REL) 35 
BAROUT 	Cr10? 	CLLAN 	DASH 	NLWPAG 36 

37 
38 

REMARKS 39 
1. THIS PROGRAM ASSUMES A 30-INCH DRUM PLOTTER INTERFACED 40 

WITH TnE SOFTWARE 	IN sUCH A MANNER THAT THE BASIC 41 
CALCOP= SUBROutINE CALLS CAN UI USED. 42 

43 
2. CONSULT YOUR 	INSTALLATION SYSTLMS GROUP FOR 44 

NECESSARY 	l-1L1 ASSIGNMENTS FOR PLOT FILE- 	THE 45 
$6ASICA CMLCOMP SUBROUTINE PROTOCOL 	IS ASSUMED 46 
WHICH WRITES OUTPUT ONTO MAGNETIC TAPE UNIT 8. 47 
THIS MILL 	VARY AMD:'G 	INSTALLATIONS, 	HOWEVER. 48 

49 
50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
52 
53 
54 
55 

140 
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COMMON /8/ LINES, NOUT(7)9 	PLTSCL, PLXMAX, PLXMAN, PLYMAX, PLYMIN, 56 

2 	 PLZMAX.PRBLMS, 	XMAX, 	XM1N, 	YMAX. 	YMIN, 	XSMOP1 57 
C 58 
C 59 

DIMENSION 	FCARO(9)9 	NCAD(9)9 	PCARD(10)9 	RECORD(S), 	SCARD(9)9 60 
2 	 TXT1(3)9 	TXT2()9 	TXT3(5)9 	TEXI(15) 61 
EQUIVALENCE 	(FCARO(7) 	PCARD(1)),(FCARD(9)9 	SCARD(1)) 62 

C 63 
EQUIVALENCE 	(TXT1(1), 	TEXT(1))9, 	(TXT2(1)9 	TEAT(6)), 64 
2 	 (TXT3(1)9 	Tt.XT(11)) 65 

C 66 

C 67 
INTEGER 	SCRIN, 	SCROUT, 	IBUF(512) 68 

C 69 

c 70 
LOGICAL 	BADSCL' 	NOCONT, 	NOINT, 	PRBLMS, 	XSHORT 71 

C 72 

C 73 

EQUIVALENCE 	(RLCORD(1), 	ITYE), 	(RECORD(2)' 	INDEX, 	Xl), 74 

2 	 (RECORD(3)9 	Yl), 	(RECORD(4)9 	X29 	VALUE), 75 

3 	 (kLCORD(5)9 	'(2) 76 

C 77 

C 78 

C 79 
DATA 	BADSCL, 	8LM.4K9 	FPINCH, 	INTAPE, 	N059 	PAPER, 	'PLEND 80 

2 	/.FALSE., 	'in 	, 	403.0 9 	19 	09 	28.09 	4HEND 	/ 81 

C 82 
DATA 	PLOTR, 	SCuLE, 	SCRIN, 	SCROUT 83 

2 	/ 4HPLOT9 	40u0.09 	29 	4 / 84 

C 8 

C 	 SET PLOT BOUNDS TO ILLOGICAL VALUE 	AND 86 

C 	 SET LINE COUNT SO THAT NEXT WRITE STARTS NEW PAGE 87 

C 	 - 88 

PLTSCL 	0.0025 89 

XMAX 	= 	-100.0 90 
YMAX = 	-100.0 91 

XMIN 	= 	100.0 92 

YMIN 	= 	100.0 93 

LINES 	1 94 

C 95 

C 	 INITiALIZATiON FOR PLOTTEP< 	SOFTWARE 96 

C 97 

CALL 	PLOTS 	(IBUF, 	512, 	8) 98 

PLXMIN 	0.0 99 

C 	 READ PLOT REQUEST CARD 100 

C 101 

100 	READ 	(5, 	5000) 	FCARD 102 

NDATA 	= 	2 103 

N05 	= 	ND5 • 	1 104 
110 CALL NEwPAG(4) 105' 

wRITE 	(69 	6000) 	'D59 	FCARL) 106 

LINES 	= 	LINES 	2 	 '' 107 
NOCONT 	= 	.FALSr.. 108 

C 	, 	 ' 109 
IF 	(FCARD(1) 	.NE. 	PLOTR) 	.OTO 550 110 
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IF 	(FCARD(9) 	.ECi. 	BLANK) 	GOTO 	130 111 
C 112 
C RLAD CONTINUAIION CARL) 113 
C 114 

120 READ 	(59 	5000) 	SCARD 115 
NDATA 	= 	10 jib 
NOCONT = 	SCARO(i) 	.NE. 	BLANK 117 
NDS 	= 	NUS + 	i 118 
wRITE 	(696001) 	SCARD 119 
LINES 	LINES 	+ 	1 120 
IF 	(.NOT. 	NOCONT) 	GOTO 	133 121 

C 122 
C MiSSING CONTiNUATION CARD 123 
C 124 

W.'1TE 	(69 	6002) 	NOS 125 
LINES = LINrS 	+ 	1 126 
NUATA = 2 127 

C 128 
C CONVERT PLOT NUMBER TO 	INTEGER AND ORGANIZE IMEM 129' 
C 130 

130 Pi?BLMS 	= 	.FALSL. 131 
NPLOT 	0 132 
IF 	(NOATA 	.EQ. 	1%)) 	PCARD(3) 	= 	0.0 133 
DO 	210 	1 	= 	1, 	•"DATu 134 
Xl 	= 	PCARD(1) 135 
NEWPLT 	= 	IFIX(X1) 136 
IF 	(NEWPLT) 	1409 	2109 	150 137 

C 138 
C BAD PLOT NUMBER 139 
C 140 

140 IF 	(PRBLMS) 	GOTO 210 141 
CALL NEWPAt(1) 142 
wRITE 	(69 	6003) 143 
LINES = LINES 	+ 	1 144 
PNBLMS 	= 	.TRUE. 145 
GOTO 210 146 

C 147 
C GOOD PLOT NUM6ER 14a 
C 149 

150 IF 	(NPLOTS 	.EO. 	0) 	GOTO 	170 150 
DO 	160 	J = 	1. 	NPLOTS 151 
IF 	(NEWPLT 	.LT. 	NCARO(.j)) 	GOTO 	180 152 

160 CONTINUE 153 
C 154 

170 J 	= NPLOTS 	• 	1 155 
180 NPLUTS = NPLOTS 	• 	1 	

0  
156 

1< 	= NPLOTS - J 157 
IF 	(K 	.EQ. 	0) 	GOTO 	200 158 
L 	NPLOTS 159 

C 160 
DO 	190 	M = 	19 	K ii 
LM1 	L - 	1 162 
NCARD(L) 	= NCARD(LMI) 163 
L 	= LM1 164 

190 CONTiNUE 165 
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200 NCARD(J) 	= 	N€vPLT 167 

C 168 

210 CONTINUE 169 

C 170 

C OTHER PLOT PAWAMETERS 	- 	SCALE 	AND 	REGION 171 

C 172 
IF 	(FCARD(2) 	.EU. 	0.0) 	6010 	230 173 

IF 	((FCARD(2) 	.t,t.. 	50.0) 	.AND. 	(FCARD(2) 	.LE. 6000.0)) 	6010 220 174 

C 175 

C THE SCALE 	Is SOMEWHERE BETWEEN 	1 	INCH ,= 50 FEET 176 

C AND 	1 	INCH = 6000 FT. 	OTHERWISE 	ISSUE AN ERROR 	 - 177 

C 178 
CALL NEWPAC(l) 179 
WRITE 	

( 7

9 6004) 	FCARD(2) 180 

LINES = LINES 	• 	1 181 

FPINCH 	= 	0.0 182 

SCALE 	= 	v.0 183 

BADSCL = 	.TUE. 184 

6010 230 185 

C 186 

C CALCULATE RECIPROCAL OF SCALE 187 

C 188 

220 PLTSCL 	= 	1.0 	/ 	FCARD(2) 189 

BADSCL 	= 	.FALSE. 190 

FPINCrI 	= 	FCARO(2) - 191 

SCALE 	-= FCARO2) 	* 	12.0 192 

C 193 

C REGION PARA'4ETEPS 194 

C 195 

230 IF 	((FCARD(3) 	.EU. 	0.0) 	*AND* 	(FCARD(4) 	.EQ. 0.0)) 	GOTO 250 196 

IF 	(FCARD(3) 	.LT. 	FCARD(4)) 	L,OTO 	240 197 

XMAX 	= 	FCARD(3) 198 

XPIN 	= 	FCARD(4) 199 

6010 250 200 

240 X1IN 	= 	FCARd(3) 201 
XMAX 	= 	FCARD(4) 202 

c - 203 

250 IF 	((FCARD(5) 	.EU. 	0.0) 	.AND. 	(FCAPD(6) 	.EQ. 0.0)) 	GOTO 	270 204 

IF 	(FCARD(5) 	•LT. 	FCAPD(o)) 	('010 	260 205 

YMAX 	= 	FCARD(5) 206 

YMIN 	= 	FCARO(Ô) 207 

GOTO 270 208 

260 y.iIN 	= 	FCARD(5) 209 

ytx 	= 	FCARD(Ô) 210 

C 211 

C PRINT THE PARAMETER 	INFORMATION 212 

C 213 

270 CALL NEWPAG(NPLOTS • 2) 214 

lxi 	IFIX(XM1N) 215 

IX? 	= 	IFIx(XMX) 216 

IY1 	= 	IFIX(YM1N) 217 

1Y2 	IFIx(YMAA) 216 

INCH 	= 	IFIX(FPINCH) - 	219 

ISCL 	= 	IFIX(SCALF-) 220 
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wRITE 	(69 	6005) 	IXI, 	IX2' 	INCrI, 	IY1, 	IY2. 	ISCL 221 
LINES = LINES • 2 222 

C 223 
C GO OUT ON THE 	INPUT TAPE AND FIND THE NECESSARY PLOT DATA 224 
C DETERMINE 	wiiCH WAY 	Tr-$IS 	WILL GO ON 	THE PAPER. 	IF A 	IS 225 
C THE SHORTER DIMENSION THEN FINE, 	BUT 	IF 	Y 	IS SHORTER 226 
C Tt1EN ROTATE 90 DEGREES COUNTER CLOCKwISE AND MIRROR 227 
C AROUND THE 	jEw Y-AXIs. 226 
c 229 

XSHORT 	= 	(YMAx 	- 	YMIN) 	.61. 	(xMAx 	- 	XMIN) 230 
IF 	(XHOPT) 	GOTO 280 231 

C 232 
PLXMAX 	= 	(YMAX - YMIN) 	* PLTSCL 233 
PLYMIN 	= 	XMIN * PLTSCL 234 
PLZMAX 	= 	XMAX * PLTSCL 235 
GOTO 290 236 

C 237 
280 PLXMAX 	= 	(XMAA - AMIN) 	PLTSCL 238 

PLYMIN 	= 	YMIN 	PLTSCL 239 
PLZMAA 	YMAA 	PLTSCL 240 

C 241 
290 PLZMAX 	= 	PLZMAX - PLYM1N 242 

PLYMIN 	= 	0.0 243 
PLYMAX 	= 	PAPER 244 

C 245 
DO 	300 	1 	= 	19 	7 246 
NOUT(i) 	= 	0 247 

300 CONTINUE 248 
C 249 

I 	= 	1 250 
IF 	(NPLOTS 	.EQ. 	0) 	6010 350 251 

C 252 
READ 	(INTAPE) 	RECORD 253 
IF 	((ITYPE 	.NE. 	9) 	*AND* 	(INDEX 	.LE. 	NCARD(1))) 	6010 	320 254 
REwIND 	INTAPE 255 

C 256 
C READING LOOP 257 
C 258 

310 READ 	(INTAPE) 	RECORD 259 
IF 	(ITYPE 	.EQ. 	) 	6010 	340 260 
IF 	(ITYPE 	.NE. 	0) 	6010 	310 261 

320 READ 	(INTAPE) 	lxii 262 
READ 	(INTAPE) 	TXT2 263 
READ 	(INTAPE) 	TXT3 264 
IF 	(INDEX 	.NE. 	NCARD(I)) 	6010 	310 265 
WRJTE(69 	6009) 	NCARO(I), 	TEXT 266 

C 267 
C A MATCH 	IS FOUND 266 
C 269 

330 READ 	(INTAPE) 	RECORD 270 
IF 	(ITYPE 	.EQ. 	3) 	6010 	350 271 
WRITE 	(SCROUT) 	RECORD 272 
NOUT(ITYPE) 	= 	NOUT(ITYPE) 	• 	1 273 
6010 330 274 

C 275 
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C 	 THE END OF TAPE RECORD WAS FOUND 
C 

340 	J = NPLOTS • 1 - I 
CALL NEWPAG(J) 
LINES = LINES • J 
NITE (o, 6006) (NCARL)(K), K = I, NPLOTS) 
REWIND INTAPE 
P8LMS = .TPUE. 
GOTO 360 

C 
C 	 ARE wE DONE YET 
C 
350 I = I + 1 

IF (I .LE. NPLOTS) GOTO 310 
C 
C 	 YES INDEED WE ARE DONE, ORGANIZE THE SCRATCH FILE SO 

C 	 THAT WE HAVE A FILE WHICH CAN BE PLOTTED 

C 
360 REWIND SCROUT 

CALL CLEAN(SCROUT, SCRIN) 
IF (.NOT. 	(BAGSCL .OR. NOCONT .OR. PRBLMS)) GO-TO 380 

C 
C 	 DO NOT PLOT 3AD DATA 
C 

CALL NEWPAC-(1) 
WRITE (69 6007) 
LINES = LINES • 1 
IF (.NOT. NOCONT) GOTO 100 

C 
00370 	J1,9 
FCARD(J) = SCAPD(J) 

370 	CONTINUE 
C 

6010 110 
C 
C 	 CREATE THE PLOT,  ASSUMING CALCOMP SUBROUTiNE CALLS FOR 

C 	 A 30-INCH DRUM PLOTTER 

C ,  
330 SECT = 0.0 

NSRCE = NOUT(1) + NOUT(2) 
NRCVR 	NOUT(6) • NOUT(7) 
NBARR = NOUT(3) • NOUT('.) • NOUT(5) 

C 
c 	SET ORIGIN AND PUT IDENTIFICATION ON 

C 
CALL PLOT (+5.09 -35.0. -3) 
CALL PLOT (0.09 	1.09 -3) 

390 SECT = SECT + 1.0 
CALL SYMBOL (-1.0. PAPER - 1.0. 0.14' 5HPLOT , 270.09 5) 

C 
DO 400. 	I = 19 NPLOTS 
K = NCARD(I) 
x = FLOAT(K) 
CALL NUMBER (999.0, 999.0' 0.14, x, 270.0. -1) 
CALL SYMBOL (999.0. 999.09 0.149 2H9 9 270.0. 2) 

145 
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400 CONTINUE 
C 

CALL SYMBOL (999.09 999.0. 0.14, 9H SECTION , 270.0, 9) 
CALL NUMBER (99.09  999.09 0.14, 	SECT, 	270.0, -1) 
CALL SYMBOL (99.09 999.0. 0.14, 17t- SCALE 1-iNCH = . 270.0, 17) 
CALL NUMBER (999. 9  999.0' 0.14, FPINCH, 270.0. -1) 

C 
C 
	

REGISTRATION "ARKS ON LEFT 
C 

CALL SYMBOL (-0., PApER, 	0.259 19 0.09 -1) 
CALL SYMBOL (-0., PAPER, 	0.359 390.09 -1) 
CALL NUMBER (-0.59  PAPER - 0.90.149 PLXMIN9.270.09 -1) 
CALL SYMBOL (999.09  999.0. 	0.14, 2H9 	, 270.09,  2) 
CALL NUMBER (99.09  999.0. 	0.149 PLYMAX, 270.09 -1) 

C 
CALL SYMBOL ( -U.S, 	0.0 0.d5, 	19 0.09 -fl 
CALL SYMBOL ( -0.59 	0.09 0,35, 	3, 0.09 -1) 
CALL NUMBER ( -0.5, 	2.59 0.14, PLXMIN, 270.09 -1) 
CALL SYMBOL (999.0, 999.09 0.14, 	2H9  , 270.09, 2) 
CALL NUMBER (999.0, 999.0' 0.14' PLYMIN, 210.0' -1) 

C 
C 
	

SOURCE POINTS - PLOT Ot< KEEP 
C 

IF (NSRCE .EO. 0) 6010 450 
NCOUNT 	0 
DO 440 	I = 19 NSRCE 
READ (SCRIN) RECORD 
IF (Yl .GT. PLYMAx) GOTO 430 
VI = VI - PLyrAJN. 
6010 (4109 420). ITYPE 

C 
C 
	

PROBLEM-FREE SOURCE POINT 
C 
410 CALL SYMBOL (Xl, Yl, 0.07, 3' 0.09 -1) 

6010 440 
C 
C 
	

PROBLEM POINT 
C 
420 CALL SYMBOL (XI. Y19 0.10. 11' 0.0, -1) 

6010 440 
C 
C 	 KEEP 
C 
430 NCOUNT = NCOUNT • 1 

P1TE (SCROUT) kECORD 
440 CONTINUE 

NSRCE = NCOUNT 
C 
C 	 8ARRIERS 
C 
450 IF (NdARR .EO. 0) GOTO 490 

NCOUNT = 0 
DO 480 	1= 1, t,BARR 
REAL) (SCRIN) RECORD 
IF (Y2 .LT. PLYMAX) 6010 460 

331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
34 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
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w1TE 	(SCROUT) 	RECORD 386 
NCOUNT 	= 	NCOUNI 	+ 	1 387 

460 CALL 	Ci-iOP(Y1, 	Xl, 	Y2, 	X29 	PLYMIN, 	PLYMAX, NOINT) 388 
IF 	(NOJNT) 	c0T0 40 339 
Vi 	= 	VI 	- 	PLY1N 390 
Y2 	= 	Y2 - PLYMIN 391 
IF 	CITYPE 	.61. 	i) 	6010 470 392 

393 
SOLID LINE 394 

395 
CALL 	PLOT 	(Xl, 	YIq 	3) 396 
CALL PLOT 	(X29 	Y29 	2) 397 
6010 '.o 398 

399 
DASHED LINE 400 

401 
470 CALL 	UASpi(X1, 	Ylo 	X29 	Y2) 402 
480 CONTINUE 403 

NHARN 	= 	NCOUNI 404 
'.05 

RECEIVER POINTS 406 
407 

490 IF' 	(NRCVR 	.EQ. 	U) 	6010 	540 408 
NCOUNT 	= 	0 409 
DO 530 	1 	= 	19 	NCVR 410 
REAL) 	SCRIN) 	RECORD 411 
IF 	(Vi 	.LT. 	PLYMA,) 	6010 00 412 
WRITE 	(SCROUT) 	RECORD 413 
NCOUNI 	= 	NCOUNT 	• 	1 414 
6010 530 415 

416 
500 VI 	Vi 	-PLYMAN 417 

IF 	(ITYPE 	.LT. 	7) 	6010 	510 418 
CALL 	SYMBOL 	(Xl, 	Vi, 	0.149 10' 	0.09 	-1) 419 
6010 s20 420 

421 
510 CALL 	SYMBOL 	(Xi' 	Yl, 	0.10' 4' 	0.09 	-1) 422 
520 IF 	(VALUE 	.LT. 	.0) 	(,OTO 530 423 

CALL 	NUMBER 	(99'-i.09 	999.09 0.109 	vALUE, 0.09 -1) 424 
530 CONTINUE 425 

NRCVR 	= 	NCOUNI 426 
427 

REGiSTRATION MARKS ON RIGriT 42 
429 

540 CALL SYMBOL 	(PLAMAX 	• 	0.59 PARER, 	0.259 19 0.0' 	-1) 430 
CALL SYMBOL 	(PLAMAX 	• 	0.59 PArEP, 	0.359 39 0.0' 	-1) 431 
CALL NUMBER 	(PLAMAX 	$ 	0.5' PA-EP 	- 2.59 0.149 PLXMAX, 90.09 	-1) 432 
CALL 	SYMBOL 	( 	Y9.U, 999.0 9  0.14, 2r1, 	, 90.09 	2) 433 
CALL 	NUMBER 	( 	' 9.09 99.09 0.14' PLYMAX, 90.0, 	-1) 434 

435 

CALL 	SYMBOL 	(PLAMAX 	4 	0.' 0.09 	0.259 It 0.09 	-1) 43 
CALL 	SYMBOL(PLAMAX 	• 	0.5' 0.09 	0.359 39 0.0. 	-1) 437 
CALL NUMBER 	(PLAMAX 	• 	0.59 0.59 0.149 PLXMAX, 90.09 	-1) 438 
CALL SYMBOL 	( 	999.0' 999.01, 0.14 2H' 	, 90.09 	2) 439 
CALL NUMBER'( 	999.0' 999.0, 0.149 PLYMIN, 90.09 	-1) 440 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C 

C 
C 
C 
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C 
CALL PLOT (PLXMAA + .s, 0,09  -3) 

C 
C 	 DO WE GOON 
C 

REWINL) SCRIN 
REWIND SCROUT 
K = SCRIN 
SCRIN = SCROUT 
SCROUT = K 
IF(((NSRCE • NBARR + NRCVR) .EQ. 0) .OR. 
2 	((PLZMAX 	PLYMAX) .LT. 0,5)) 6010 100 

C 
C 	 RtSET PAPER TOP 
C 

PLYMIN = PLYMAA 
PLYMMX = PLYMMA • PAPtR 
GOTO 390 

C 
C 	 CLOSE PLOT 
C 
550 IF (FCARD(1) .NE. PLEND) GOTO 560 

CALL PLOT ('5.0, -35.09 999) 
REwIND INTAPE 
REWIND SCRIN 
REWIN[) SCROUT 
CALL EXIT 

C 
C 
C 	 bAD CARDS IN INPUT 
C 
560 IF (FCARD(9) .ED. BLANK) uOTO 580 
570 REAL) (59  5000) SCARD 

N05 = N05 + 1 
NOCONT = SCARL(1) .Nc.. BLANK 
IF (.NOT. NOCONI) GOTO SC 
CALL NEWPAG(2) 
WRITE (69 bOOl) SCARD 
LINES = LINES • 1 
IF (SCARD(9) .NE. BLANK) GOTO 570 

580 wRITE (69 6008) 
IF (.'iOT. NOCONT) GOTO 100 
CALL NEPAG(2) 
PITE (69 6001) SCARD 
WRITE 169 6002) N05 
LINES = LINES + 2 
DO 590 1 = 19 ' 
FCARL)(I) = SCARD(l) 

590 CONTINUE 
NOATA = 2 
GOTO 110 

C 
C 	--------------------FORMAT STATEMENTS 
C 
5000 FORMAT (A49 6X9 7F8.09 SX, Al)  

PAGE 	9 

441 
442 
443 
444 
445 
646 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
'.93 
494 
495 
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C 
	

496 
6000 FORMAT(lHO, lox. 'HCARD NO. , 149 2X9 A49 2X9 7F9.09  2X9 Al) 

	
497 

6001 tORMAI ('lh , 2x. 149 exq 7,9.09 2X, Al) 
	

498 
6002 FORIIAT(XH+, lox, 9HCArD NO. , 14 / 	 499 

2 	lH , lOX. 23H1S ILLEGAL CONTINUATION) 
	

500 
6003 FORMAT(1H , lOx. 22hILLE6AL PLOT NUMBER(S)) 

	
501 

6004 FORMAT(1H , lOX, 16HSCALL 1 INCH = , F8.09 13ei FEET iLLEGAL) 
	

502 
6005 FORMAT(lH , lOX. 16HPLOT REGION x =, Is, 3i TO, 189  lx, 	 503 

2 	9H1 INCr = , 169 311 FT / lh , 23X9 3hY zq 189  3M TO, 
	 504 

3 	189 bX, 11H(SCALE 1 TO. 169 iM)) 
	

505 
6006 FORMT(1H ' lOX. SHPLOT ' 159 10H NOT FOUND) 

	
506 

6007 FORMAT(1H , lox, 41HPLOT sUPPkESSED DUE TO ERRORS NOTED ABOVE) 
	

507 
6008 FORMAT(1H , lOX, 29HABOVE CARL)(S) ARE MEANINGLESS) 

	
508 

6009 FOPMAT( UH • lOX, 5MPLOT • IS, lx, 15A4)) 
	

509 
C 
	

510 
END 
	

511 
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1 

SUbROUTINE BAROUT(RECORO. NFILE) 
	

1 
C 
	

2 

C 
	

3 

C 
	 4 

C 	 PURPOSE 
	

5 

C 	 TO wRirt. ONTO SCRATCr1FILE NFILE A BARRIER WHICH 	 6 

C 	 FALLS ENTIRELY .1TH1N THE HAP 
	

7. 

C 
	

B 
C 
	

9 

C 
	

10 
C 
	

11 
COMMON /B/ LINEs' NOuT(7). PLTSCL, PLxMAx, PLXMIN, PLYMAX, PLYMIN, 

	
12 

2 	 PLZMx,PthLMS, XMAX, AMIN, YMMA, YMIN, XSrIORT 
	

13 

C 
	

14 
DIMENSiON RECORD(s) 
	

iS 
16 

LOGICAL XOFF, YOFF 
	

17 

c:s 
	

1 8 

EQUIVALENCE (xTYPE, JJYPL) 
	

19 
r 	 20 

XTYPE = RECOPD(i) 
	

21 
CALL CHOP(RECORU(2)9 RECORD(3)9 RECOR0(4), RECORU(5). 

	 22 

2 	 PLXM1N, PLXrIAA.XOFF) 
	

23 
IF (RECORD(3) •LT. RECORD(5)) GOTO 110 

	
24 

TEMP = RECORD(2) 
	

25 
RLCOPD(2) = NLCORD(4) 
	

26 
RECORD(4) = TEMP 
	

27 
TEMP = RECORO(3) 
	

28 
RECORU(3) = RLCORD(5) 
	

29 
RECORL)(5) = TEMP 
	

30 
110 CALL CHOP(Rt.CORU(3)9 RECORO(2)9 RECORD(S), RECORD(4)9 

	 31 

2 	 PLYMIN, PLZMAX, YOFF) 
	

32 
IF (YOFF .AND. AOFF) RETURN 
	

33 

C 
	 34 

NOUT(1TYPE) = NOUT(ITYPE) .• 1 
	

35 

wRITE(NFILE) RECORD 
	

36 

C 
	 37 

RETURN 
	 38 

C 
	 39 

END 
	

40 
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SUBROUTINE CHOP(x1, 	y),, 	X29 	Y29 	PLXMIN, 	PLXMAX. 	OFFMAP) 1 
C 2 
C ...........s..........s..s..........s............................ 3 
C 4 
C PURPOSE 
C ROUTINE TO FIND 5 TREICH OF LINE BETWEEN X=o, XXWIDT c• 7 
C REMARKS 8 
C LINES VERTICAL 	WITHIN 0.001 	INCH WILL BE 	SKEWED 9 
C BY THAT AMOUNT 8ETWEEN THEIR END POINTS 10 
C 11 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 12 
C 13 

LOGICAL OFFMAP 14 
C 15 

OFFMAP 	= 	.TRUE. 16 
IF 	((Al 	.GT. 	PLXMAX) 	.O. 	(X2 	•LT. 	PLXMIN)) 	RETURN 17 

C 18 
OFFMAP 	= 	.FALSE. 19 
IF 	((X2 	— Xl) 	.LT. 	0.001) 	Al 	= 	X2 	— 	0.001 20 
IF 	(X2 	.LE. 	PLXMAX) 	GOTO 	110 21 
V2 	= 	(Y2 	— 	VI) 	* 	(PLXMAX 	— 	Al) 	/ 	(X2 	— 	Al) 	• 	Vi 22 

PLXMAX 	- 	 - 	- 23 
C 

S  24 
110 IF 	(Al 	.GT. 	PLXMIN) 	RETURN 25 

Vi 	= 	(V2 	— 	Vi) 	( 	PLXMIN 	— 	Al) 	/ 	(X2' — 	Xi) 	• 	Vi 26 
Xl 	= 	PLXMIN 27 
RETURN 28 

C 29 
END 30 



151 

BOLT BERANEK AND NEWMAN 	- 	ROUTINE CLEAN 	 PAGE 1 

SUBROUTINE CLEAN(SCRIN, 	SCROUI) 1 
C 2 

C 3 
C 4 
C PURPOSE 5 
c PROGRAM TO ELIMINATE OVERLAPPING PLOT RECORDS 6 
C FROM THE CUMULATIVE sCRATCH FILE AND TO MAKE 7 
C THEM READY FOR PLOTTING, 8 
C 9 
C 10 
C METHOD 11 
C SEQUENTIAL FILE SCRIN IS SEARCHED FOR ALL DATA 	ITEMS 12 
C OF EACH TYPE. 	DUPLICATION 	IS ELiMINATED AS MUCH 13 
C AS POSSibLE 	IN ONE PASS, 	POINTS DEFINITELY OUT OF 14 
c RANGE OF THE PLOT ARE REMOVED. 	DUPLICATE RECEIVERS 15 
c ARE SUMMED AND CHECKED FOR CRITERION EXCEEDENCE. 16 
C 17 
C 18 
C • • • • • 	• • • 	• • • • • 	. . . . . . . • • . . . . . . . . . . . • • • • . . . . • . •....s.. • . . . . . . . . . . 19 
C 20 
C 21 

COMMON /8/ LINES, NOUT(7)' 	PLTSCL,  PLXMAX, PLXMIN,  PLYMAX, PLYM1N, 22 
2 	 PLZMi,PRBLMS, 	XMAX, 	XMJN, 	YMAX. 	YMIN, 	XSiIORT 23 

C 24 
C 25 

DIMENSION RECORD(S), 	RSTORE(492250)9 	STORE(691500). 	TEXT(297)9 26 
2 	 WORD(2) 27 

C 28 
29 

INTEGER SCRIN. 	SCROUT 30 
C 31 
c 32 

REAL 	INTCPT 33 
C 34 

C 35 
LOGICAL 	PRBLMS, 	XSHORT 36 

C 37 

C 38 
EOUIV'\LENCE 	(RtCORD(1),ITYPE), 	(RECORD(2)9 	Xl). 39 
2 	 (RECORD(3)9 	Yl), 	(RECORD(4), 	X2. 	VALUE), 40 
3 	 (RECORD(S), 	Y29 	DIF) 41 

C 42 

C 43 
DATA TEXT/4HRDWY9 4HELEM9 4HPRBL9  4HELEM9 4HBARR9 4HELEM. 4HSTR., 44 

2 	 4HBARR. 4HVEG.. 4HBARR9 4K0.K., 	4HRCVR. 4HEXC.9 4HRCVR/ 45 

C 46 
DATA WORD /'.HELLM. 	HPNTS/ 47 

C 48 
DATA 	ISIZt 	ISIZE 	/22509 	1.00/ 49 

C 50 

C 51 
C STATEMENT FUNCTION FOR DECIBEL ADDITION 	 I 52 

C 53 
DBAOD(A,B) 	= 	10.0 	* 	ALOUIO(10.0 	** 	(A/10.0) 	• 	10.0 	4. 	(8/10.0)) 54 

c 55 
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100 DO 	300 	1 	= 	1. 	5 56 
NCOUNT 	= 	NOUT(1) 57 

ICORE 	= 	0 58 
IF 	(NCOUNT 	.EQ. 	0) 	GOTO 280 59 

C 60 
DO 190 	J = 	19 	NCOUNT 61 

110 READ(SCRIN) 	RECORD 62 
IF 	(ITYPE 	.E. 	I) 	6010 	110 63 

c 64 

C SMALLEST X—VALUE FIRST 65 

c 66 
IF 	(RECORD(2) 	.LT. 	RECORD(4)) 	6010 	120 67 

C 68 
TEMP 	= 	REC6RO(2) 69 
RECORO(2) 	= 	RECORD(4) 70 
RECORD(4) 	= 	TEMP 71 
TEMP 	= 	RECORD(J) 72 
RECORD(3) 	= 	RECORD(S) 73 
RECORD(S) 	= 	TEMP 74 

C 75 

C C -1ECK FOR OVLRLAP, 	ETC. STORE ONLY UNIQUE LINES 76 

C 77 

120 OENOM 	= 	RECORD(4) 	- RECORD(2) 78 

YDIF 	= 	RtCORD(5) 	- RECORD(3) 79 
IF 	(ABS 	(DENOM) 	.GT. 	0.05) 	GOTO 	130 80 

C 81 
C THIS LINE MMY HAVE 	INFINITE SLOPE 82 

C 83 
IF 	(A8S(YDIF) 	•LT. 	(100000.0 	* 	ABS(OENOM))) 	6010 	130 84 

SLOPE 	= 	1.0 E+13 85 
INTCPT 	= RECOkO(.) 86 

GOTO 	140 87 

C 88 

130 SLOPE 	= YDiF / DENOM 89 
INTCPT = - RECORD(2) 	* SLOPE 	+ 	RECORD(3) 90 

C 91 

C C'-iECpc 	IF THIS 	ITEM HAS A MATCHING ENTRY 92 

C 93 

140 IF 	(ICoR 	.EQ. 	0) 	6010 	170 94 

DO 	160 	K 	= 	It 	ICORE 95 

TOLl 	= 	STORE(59X) 	- SLOPE 96 

TOL2 	= 	STORE(o.K) 	- 	INTCPT 97 

IF 	((ABs(TOL1) 	.61. 	0.01) 	.OR. 98 

2 	 (A85(TOL2) 	.(T. 	1.0)) 	6010 	160 99 

C. 100 

C THE LINES ARE COLLINEAR 101 

C 102 
X8EG 	= 	STORE(19K) 103 
XENI) 	= 	5TORE(29K) 104 
IF 	((RECORD(4) 	.LT. 	)BEG) 	.OR. 105 

2 	 (RECORD(2) 	.GT. 	XEND)) 	6010 	160 . 106 
IF 	(RECOPD(2) 	.61. 	XGEG) 	6010 	150 107 

C 108 
STORE(1,K) 	= 	RECORU(2) 109 
STORE(29pc) 	= 	RECORO(3) 110 
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C 
150 IF 	(RECORD(4) 	.LT. 	XEND) 	6010 	190 

STORE(39K) 	= 	EC0RL)(4) 
STORE(49K) 	= 	RECORL)(5) 
GOTO 190 

C 
ibO CONTINUE 

C 
C CREATE A NE 	ENTRY 
C 

170 IF 	(ICORE 	.t.U. 	JSIZE) 	GOTU 270 
ICORE 	= 	ICORE 	• 	1 

00180 	K=1,4 
STORE(S. 	ICORE) 	= 	RtLCORD(K.1) 

180 CONTINUE. 
STORE(,, 	ICORE) 	= 	SLOPE 
STORE('. 	ICORE) 	= 	UJTCPT 

C 
190 CONTINUE 

C 
C LINE SEGMENTS ARE BROKEN UP 
C 

NOUT(1) 	= 	0 
TEXT(291) 	= 	WORO(1) 
IF 	(I 	.LT. 	3) 	TEXT(291) 	= 	WOkD(2) 
TEXT(292) 	= 	TEXT(291) 

C 
DO 260 	J 	19 	ICOPE 

C .  
C CONVERT 10 INCHES ON PLOT 
C 

DO 200 	K 	= 	1. 	3. 	2 
SIOPE(K,J) 	= 	(STORE(K,J) 	- 	XMIN) 	* PLTSCL 
STORE(K'k,J) 	= 	(STORE(K.1,J) 	- YMIN) 	* PLTSCL 

200 CONTINUE 
C 
C IF A SOURCE ELEMENT ThEN bREAK 	11 UP 
C 

IF 	U 	.(.i1. 	2) 	6010 230 
XUIF 	=.STORE(39 	J) 	- 	sTOpL(19J) 
YWIF 	= 	STORL(4. 	J) 	- 	STORt.(29J) 
DIST 	= SQRT( 	XL)JF 	** 	2 	YO1F 	** 2) 
AN&L 	= ATANiA 	YDIF, 	.cU1F) 

C 
N 	= 	MAXO(1. 	IFIX( 	7.0 	* 	01ST 	• 	0.5)) 
XINC,= 01ST 	/ 	FLOAT (N) 
YINC = XINC * 	S1N(AN6L) 
XINC = XINC 	COS(ANGL) 
Xl 	= 	STORE.(19J) 	- 	XINC 	* 	0.5 
Vi 	= 	STORE(29J) 	- 	(INC * 	0.5 

C 
1F 	(XSHOPT) 	6010 210 
TEMP 	= 	(1 
Yl 	= 	Xl 
Al 	= 	PLXMAX - TEMP 
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152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
15 
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PAGE 

TEMP = Y1NC 	 166 
VINC = XINC 
	

167 
XNC = -TEP 	 168 

C 
	

169 
C 	 WRITE IT OUT 
	

170 
C 
	

171 
210 	 DO 220 	ic = 19 N 	 172 

Xl = *1 + XINC 
	

173 
Vi = Vi • YINC 
	

174 
IF ((Al .LT. 0.0) .OR. (Al •GT. PLXMAX) .OR. 	 175 

2 	 (YI .LT. 0.0) 	OR. 	(Yl .&T. PLZMAX)) 	GOTO 220 
	

176 
WRITE (SCROUT) RECORL) 
	

177 
NOUT(J) = NOUT(I) • I 	 178 

220 	 CONTINUt. 	 179 
GOTO 260 
	

180 
C 
	

181 
C 	 8ARRIERS JUST GO OUT WITHOUT FURTHER PROCESSING 

	
182 

C 
	

183 
230 	 00240 K1,4 
	

184 
RECORD(K.1) = STuRE(Ic,J) 	 185 

240 	 CONTINUE 
	

186 
1r (XSHORT) 0010 250 

	
187 

TEMP = VI. 	 188 
Vi 	= 	Xi 
	

189 
Xl 	= PLXMAX -  TEMP 
	

190 
TEMP = ye 	 191 
Y2 	X2 	 192 
xz2 = PLXMX - TEMP 
	

193 
C 
	

194 
C 	 M4pcE SURE TriAl Xl IS SMALLER THAN X2 

	
195 

C 
	

196 
IF (XI •LT. )(2) GOTO 250 

	
197 

TEMP = Al 	 198 
Xl = *2 
	

199 
TEMP 
	

200 
TEMP = Vi 
	

201 
Vi 	Y2 
	

202 
Y2 	TEiP 
	

203 
C 
	

20'. 
C 	 CALL THE BARRIER OUTPUT ROUTINE 

	
205 

C 
	

206 
20 CALL bAROUT(RECORU, SCROUT) 	 207 
2 6 0 	CONTINUE 
	

206 
GOTO 20 
	

209 
C 
	

210 
C 	 OVERFLOW 	 211 
C 
	

212 
210 CALL NEWPAG(1) 
	

213 
wRIIE (69 6000) J, (TEXT(Ic,I), K = 192)9 NCOUNT, ISIZE 

	
214 

IF (1 .NE. 2) PRtLMS = .TRUE. 	 215 
NOUT(1) = 0 	 216 
GOTO 290 
	

217 
C 
	

218 
C 	 Rc.WIND FILE AND WRITE wHAT IS ThERE 	 219 
C 
	

220 
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280 CALL NEWPAG(1) 221 
wPITE(69 	6001) 	NOUT(I), 	(TEXT(K,j), 	K192) 222 

290 LINES = LINES 	+ 	1 223 
REWIND SCRIN 224 

300 CONTINUE 225 
C 226 
C NOW WE LOOK AT RECEIVER POINTS 227 
C 228 

LATER 	= 	0 	 - 229 
00420 	1=697 230 
NCOUNT 	= 	NOUT(I) 231 
ICORE 	= 	0 232 
IF 	(NCOUNT 	.EQ. 	0) 	GOTO 400 - 	233 

C 234 
DO 360 	J = 	19 	NCOUNT 235 

310 READ 	(SCRIN) 	RECORD 236 
IF 	(ITYPE 	.'E. 	I) 	GOTO 	310 237 

C 238 
IF 	(ICORE 	.EQ. 	0) 	GOlO 340 239 
DO 330 	K = 	It 	ICORE 240 
IF 	(Xl 	.NE. 	RSTORE(19K)) 	6010 330 241 
IF 	(Yl 	•NE. 	RSTORE(29K)) 	GOTO 	330 242 
TEMP 	= 	RSTORE(39K) 243 
CALL NEWPAG(3) 244 
WRITE 	(6, 	6002) 	Xl, 	Yl, 	TEMP, 	VALUE 245 
VALUE = 	DBADD(VALUE, 	TEMP) 246 
WRITE 	(6, 	6003) 	VALUE 247 
LINES = LINES • 	2 248 
TEMP 	= 	RSTORE(+, 	K) 	 - 249 
DIV 	= 	DBADD(TEMP, 	Off) 	 - - 250 
IF 	((TEMP 	.61. 	0.0) 	.OR. 	(DIV 	.LT. 	0.0)) 	GOTO 320 251 
WRITE 	(69 	6004) 252 
LINES = LINES 	+ 	j 253 
LATER = LATER 	• 	I 254 

320 RSTORE(39K) 	= VALUE 255 
RSTORE(49K) 	= DIF 256 
GOTO 36u 257 

330 CONTINUE 258 
C. 259 
C MAKE A NEW ENTRY 260 
C . 261 
340 IF 	(ICORE 	•EQ. 	ISIZ) 	6010 	390 262 

ICORE 	= 	ICORE 	+ 	1 	 . 263 
D0350 	tc=1,4 	 - 264 
RSTORE(c,IC0RE.) 	= RECORD(K.1) - 	265 

350 CONTINUE 266 
3b0 CONTINUE 267 

NOUT(i) 	= 	0 268 
C . . 269 
C CONVERT COORDINATES INTO INCHES ON PLOT 	AND 	WRITE OUT 270 
C 2-71 

D) 	380 	.J 	= 	19 	ICORE 	 . 272 
Xl - 	= 	(RSTuRE(19J) 	- 	XMIN) 	* 	PLTSCL 273 
Yj 	= 	(RSTORE(29J) 	- 	YMIN) 	* 	PL-TSCL 274 
VALUE 	= 	RSTORE(39J) 275 
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OW 	= 	RSTOkE(49J) 276 
ITYPE 	= 	6 277 
IF 	(DIF 	.GT. 	0.0) 	ITYPE 	= 	7 278 
IF 	(XSHORT) 	GOTO 370 279 
TEMP 	= 	Yl 280 
Vi 	= 	Xl 281 
Xl 	= 	PLXM4X - TEMP 282 

370 IF 	((Xi 	•LT. 	0.0) 	.OR. 	(Xl 	•GT. PLXMAX) 	.OR. 283 
2 	(Vi 	.LT. 	0.0) 	.OR. 	(Vi 	•GT. PLZMAX)) 	GOTO 	380 284 

WRITE 	(SCROUT) 	RECORD 285 
NOUT(I) 	= 	NOUT(I) 	+ 	1 286 

380 CONTINUE 287 
GOTO 400 288 

C 289 
C OVERFLOw 290 
C 291 
390 CALL NEWPAG(1) 292 

WRITE 	(69 	6000) 	J, 	(TEXT(K,I), 	K 	= 	19 2)9 	NCOUNT9 	IsIZ 293 
NOUT(I) 	= 	0 294 
PRBLMS 	= 	.TRUE. 295 
GOTO '.io 296 

- 297 
C PRINT NUMBER OF RECEIVERS 298 
C 299 
400 ICORE 	= 	NOUT(A) 	- LATLR 300 

IF 	(I 	.EO. 	7) 	1COE 	= 	ICORE 	• 	2 * LATER 301 
CALL NEWPAG(1) 302 
WRITE 	(69 	6001) 	ICORE, 	(TEXT(r,I), 	K = 	19 	2) - 	303 
NOUT(I) 	= 	ICOkI 304 

410 LINES = LINES • 	1 305 
REW1NO SCRIN 306 

420 CONTINUE 307 
C 308 
C ALL DONE 	RETURN 309 
C 310 

REW1NI) SCROUT 311 
hOT 	= 	0 312 
DO 430 	i 	= 	It 	i 313 
hOT 	= 	hOT 	• 	NOUT(I) 314 

430 CONTINUE 315 
IF 	(hOT 	.GT. 	0) 	RETURN 31b 

C 317 
CALL NEWPAG(2) 318 
PR8LMS 	= 	.TRUt:. 319 
wRITE(69 	6005) 320 
RETURN 321 

C 322 

C ----------------------FORMAT STATEMENTS ----------------------- 323 
C 324 
6000 FORMAT(1H 9 	IOAq 	22HSTORAGE OVERFLOW AFTER, 	159 	2(1X, 	A4)9 325 

2 	7H OUT OF, 	159 	6M MAX =9 	15) 326 
6001 FORMAT(1H 	9 	1OA, 	159 	2(1X, 	#4)) 327 
6002 FORMAT(1H , 	1OA9 	19HRECEIVER OVERLAP x=, 	F9.09 	3h Y=, 	F9.09 328 

2 	7H LEVEL 	F6.19 	2H 	•, 	F6.1) 329 
6003 FCRMAT(1H 	9 	47X9 	IONNEW LEVEL. 	F6.1) 330 
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6004 FORMAT(l1+, 21X9 25HDESIGN NOV. EXCEEDED SINCE) 	 331 
6005 FORMAT(1H , lOX, lOt-ItEMPTY PLOT ) 	 332 

C 	 33J 

END 	 334 

BOLT BERANEK AND NEWMAN 	— 	ROUTINE DASH 	 PAGE 1 

SUBROUTINE 	DASH(Xl, 	vi. 	X29, 	Y2) 1 
C 2 
c ...S•S•..•••••S••••SS•••S••••S•SSSS••SSSS••••••S••••SIS•S•S•••••I• 3 
c 
C PURPOSE S 
C TO DRAw A DASHED LINE BETWEEN 	(X1,Y1) 	AND 	x29Y2) 6 
C 
C .........s............s...ss..ss....s.s........S..........s.Si... 6 
c 
C HOW LONG IS 	IT AND WHAT 	16 THE O1ENTATION 10 
C ii 

XDIF 	= 	X2 — Xi 12 
YDIF 	= 	Y2 — vi 13 
01ST 	= 	SORT(XDLF ** 2 	• 	vUIF ** 2) 14 
ANGL 	= 	ATAN2(YDIF9 	XDIF) is 

C 16 
C HOW MANY P1cCES AND HOW LONG EACH 17 
C is 

N 	= 	MAXO(3. 	2 	* 	IFIX((7.O 	* 	01ST 	• 	1.0) 	/ 	2.0) 	• 	1) 19 
XINC 	= 	01ST 	/ FLOAT(N) 20 
Y1NC 	= 	XINC 	* 	SIN(ANG°L) 21 
XINC 	= 	XINC 	COS 	(ANGL) 22 

c 23 

C GO DO YOUR THING 24 

C 25 
DO 100 	A 	19 N, 2 26 
CALL 	PLOT(Xi, 	vi. 	3) 27 
Xl 	= 	Al 	+ 	XINC 28 
vi 	= 	Yl 	• 	VINC 29 
CALL PLOT(Xi, 	Vi, 	2) 30 
Xl 	= 	Xl 	• 	XINC 31. 
Vi 	= 	Yl 	• 	VINC 32 

100 CONTINUE 33 
RETURN 34 

C 35 
END 36 
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PAGE 	1 

SUBROUTINE NEWPAG(N) 
	

1 
2 

C 	••S•S••SI•••S••••SS•.S••••••e•••.•.S•••.S..S.I•S•••... 0.  .S....I.S•S 
	 3 

C 
	

4 
C 	 PURPOSE 
	

S 
C 	 TO PROVIDE PAGE SKIPPING FOR HIGHWAY NOISE PLOT PROGRAM 

	
6 

C 
	

7 
C 
	

B 
C 
	

9 
COMMON /8/ LINES' NOUT(7)' PLISCL,  PLXMAX, PLX4IN9 PLYMAX, PLYMIN, 

	
10 

2 	 PLZMAX9PR8LMS9 XMM, XMIN, YMAX, YMIN, XSHORT 
	

11 
C 
	

12 
LOGICAL XSHORT 
	

13 
C 
	

14 
DATA IPAGE / 0/ 
	

15 
C 
	

16 
C 	 HOW MUCH SPACE IS THERE LEFT AND IS IT ENOUGH 

	
17 

C 
	

18 
K = LINES • N 
	

19 
IF(K .LE. 0) RETURN 
	

20 
C 
	

21 
C 	 START A NEW PAGE AND RESET THE LINES ON THE PAGE 

	
22 

C 
	

23 
LINES = -50 
	

24 
IPAGE = IPAGE • 1 
	

25 
WRITE(69  6000) IPAGE 
	

26 
RET UN 
	

27 
C 
	

28 

	

6000 FORMAT(1H19 IOAq 26HHIGHwAY NOISE PLOT PROGRAM, SOX, SHPAGE • IS) 
	

29 
C 
	

30 
END 
	

31 



EXAMPLE NO. 7, CHAPTER SIX, DATA CARD LISTING 

(EXAMPLE DATA CARD LISTING PAGE 	1) 

159 

LAtSL 1 
STUR 
RDWY 

RDWY 

RDWY 

TPAR 
TPAR 
TPAR 
TPAR 
TPAR 
TPAR 
TPAR  
TPAR 
TPAR  
8AkR 0 

BAr<R S 

BARR S 

AR S 

8ARR S 

BAkR S 

8AR S 

BAPR S 

BA<R S 

BArR S 

BArER S 

8ArR S 

B4R S 

BAR S 

DESIGN GUIDE EXAMPLE 1 
20 10 70. 80 80 37 400 2 
1 1 -8000 0 120 1 1 C 3 

2 1380 0 120 2 C 4 
3 2000 0 140 1 C 5 
4 2320 0 140 1 C 6 
S 3185 -420 140 2 C 7 
6 3540 -620 160 1 C 8 
7 3800 -750 10 1 C 9 
8 4420 -960 140 1 C 10 

9000 -1200 140 11 
2 1 700 350 140 1 1 C 12 

.1150 100 120 13 
3 1 0 100 120 1 1 C 14 

625 350 140 15 
1 1 8 1 7800 60 16 
1 1 8 2 520 55 . 17 
1 1 8 3 650 55 18 
2 1 1 1 450 30 19 
2 1 1 2 20 30 20 
2 1 1 3 40 30 . 21 
3 1 1 1 500 60 22 
3 1 1 2 .20 55. 23 
3 1 1 3 50 55 24 
1 1 -8000 . 	-110 140 C 25 

2000 -110 140 	. . 26 
2 1 750 -250 160 C 27 

1875 -250 160 28 
3 1 750 -400 160 C 29 

1875 -400 160 30 
4 1 750 -500 160 C 31 

2300 -500 160 32 
5 1 750 -25 160 C J3 

2300 -625 160 34 
6 1 750 -750 160 C 35 

2300 -750 160 36 
7 1 750 875 	. 160 C .37 

2300 -875 160 38 
8 1 750 -1040 160 C 39 

2300 -1040 160 40 
9 1 750 -1175 160 C 41 

2300 -1175 160 42 
10 1 750 -1300 160 C 43 

2300 -1300 160 44 
11 1 750 -1430 160 C 45 

2300 -1430 160 46 
12 1 750 -1540 160 C 47 

2300 -1540 160 48 
13 1 750 -1675 160 C 49 

2300 -1675 160 50 
14 1 750 -1835 160 . C 51 

2300 -1835 160 52 



2) 

C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 
C 
C 

C 
C 
C 

C 

C 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

69 
70 
71 
72 
73 
74 
75 
16 
77 
78 
79 
80 
81 
82 
3 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 

160 

(EXAMPLE DATA CARD LISTING PAGE 

15 1 750 -1940 160 
2300 -1940 160 

16 1 750 -2040 160 
2300 -2040 160 

17 1 750 -2150 160 
2300 -2150 160 

18 1 2460 -400 180 
2560 -400 180 

19 1 2375 -1250 170 
2675 -1250 170 

20 1 3155 -480 140 
2 3510 -680 160 
3 3770 -810 160 

4390 -1020 140 
21 1 3220 -900 160 

3440 -900 160 
22 1 3160 -1300 165 

3375 -1000 165 
23 1 3425, -1080 165 

2 4155 -1080 165 
3 4155 -1250 165 

3425 -1250 165 
24 1 3375 -1250 165 

2 4970 -1250 165 
3 4970 -1650 165 

3375 -1650 165 
25 1 3000 -1875 160 

4875 -1875 160 
26 1 3000 -2060 160 

4875 -2060 160 
1 250 -185 140 5 	1 	75 

2 250 -560 140 
3 250 -1125 140 
6 250 -2125 140 
5 750 -185 140 70 

6 750 -310 140 
7 750 -440 140 
8 750 -60 140 
9 750 -90 140 
10 750 -610 140 
11 750 -1125 140 
12 750 -1625 140 
13 150 -2125 140 
14 1250 -185 140 
15 1250 -310 140 
16 1250 -440 140 
17 1250 -560 140 
18 1250 -90 140 
19 1250 -810 140 
20 1250 -1125 140 
21 1250 -1625 140 
22 1250 -2125 140 

BARR S 

BAr(R S 

8AR S 

BAr<R S 

BA.R S 

BARR E 

8ArR S 

BAr(R S 

BAdk V 

BAR V 

8ANk S 

BARR S 

RCVR.  
RCVR 
RCVR 
RCVR 
RCVR 
RCVR 
RCVR 
RCVR  
RCVR 
RCVR  
RCVR 
RCVR 
RCV 
RCVR  
RCVR  
RCVR 
RCVR 
RCVR 
RCVR 
RCVR 
RCVR 
RCVR 
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RCVR 23 1750 -185 140 
RCVk 24 1750 -310 140 
RCVR 25 i750 -440 140 
RCVR 26 1750 -560 140 
RCVR 27 1750 -690 140 
RCVp 28 1750 -810 140 
RC V R 29 1750 -1125 140 
RCVR 30 1750 -1625 140 
RC 31 1750 -2125 140 5 1 	70 
RCVR 32 2145 -280 140 
RCVH 33 2145 -440 140 

CV 34 2145 -560 140 
RCVR 35 2145 -690 140 
RCVR 36 2145 _10 140 
RCVR 37 2145 -1125 140 
RCvR 38 2145 -1625 140 
RCV R 39 2145 -2125 140 
RCVR 0 2450 -375 140 
RCVR 41 2450 -690 140 
RCVR 42 2450 -1125 140 
RCVR 43 450 -1330 140 
RCVR 44 2450 -2125 140 
Rcvk 45 2700 -500 140 hi 
RCVR 46 2700 -1125 140 
R CVR 47 2700 -2125 140 10 
RCVR 48 3030 -25 140 
RCVk 49 3030 -1125 140 
RCVR 50 3330 -790 140 du 
RCVR 51 3330 -1750 140 10 
RCVR 52 3330 -1950 140 
RCVR 53 3330 -2175 140 
RCVR 54 3750 -1000 140 bo 
RCVR 55 3750 -1750 140 70 
kcvk 56 3750 -1950 140 
RCVR 57 3750 -2175 140 
RCVR 58 '+150 -1150 140 60 
RCVR 59 1 150 -1750 140 (0 
Rcvk 60 4150 -150 140 
kCvk 61 4150 -2175 140 5 1 	10 
RCVR 62 '.625 -1230 140 Ou 
RCVR 63 4625 -1750 140 7u 
RCVR 64 4625 -1950 140 
RCVR -  65 4625 -2175 140 
ENL)0 
UELT I 
LAbL 1 OLSIGN GUIL)L REViSION 	I. CASE 1 
BAR i) 1 1 -8000 -110 140 

750 -.110 140 
bAkk S 2 1 750 -250 160 

1875 -250 160 
8AR. S 3 1 750 -400 160 

1875 -400 160 

C 

C 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
1i2 
133 
134 
135 
136 
137 
138 
139 
1'+0 
141 
142 
1',3 
144 
145 
146 
147 
1'.8 
1'+9 
150 
11 
152 
13 
154 
155 
156 
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i3Ak S 

3A'ck S 

dAkR S 

84kN S 

8A<R 5 

8ANR S 

8Ak S 

tiAkN S 

BAHR S 

8.&NR S 

t3AR S 

BAF S 

BARR S 

BARR S 

tAR S 

8Ak S 

t3AkR E 

bAkk S 

bAkN S 

8ArR V 

BAPR V 

tSA 	S 

8AR S 

(EXAMPLE DATA CARD LISTING MGE 	+) 

4 1 750 -500 160 C 157 
2300 -500 160 18 

5 1 750 -625 160 C 159 
2300 -625 160 160 

6 1 750 -750 laO C 161 
2300 -750 160 162 

7 1 750 -875 160 C 1a3 
2300 -875 160 lo'. 

8 1 750 -1040 160 C 165 
2300 -1040 160 166 

9 1 750 -1175 160 C 1a7 
2300 -1175 160 168 

10 1 750 -1300 1 6 0 C 109 
2300 -1300 160 170 

11 1 750 -1430 160 C 171 
2300 -1430 160 172, 

12 1 750 -1540 160 C 173 
2300 -1540 laO. 174 

13 1 750 -1675 -160 C - 175 
2300 -1675 160 176 

14 1 750 -1835 160 C 177 
2300 -1835 160 178 

15 1 750 -1940 160 C 119 
2300 -1940 160 180 

16 1 750 -2040 160 C 11 
2300 -2040 160 182 

17 1 750 -2150 160 C 13 
2300 -2150 160 1°4 

18 1 2460° -400 180 C 185 
2560 -400 180 186 

19 1 2375 -1250 170 C 187 
2675 -1250 170 18 

20 1 3155 -480 140 C 169 
2 310 -680 160 C 110 
3 3770 -810 160 C 191 

4390 -1020 140 192 
21 1 3220 -900 160 C 193 

3440 -900 160 194 
22 1 3160 -1300 165 C 195 

3375 -1000 165 196 
23 1 3425 -1080 loS C 17 

2 4155 -1080 165 C 158 
3 4155 -1250 165 C 19 

3425 -1250 165 	 . 200 
24 1 3375 -1250. 165 C 201 

2 4970 -1250 	° 165 C 202 
3 4970 -1650 laS C 203 

3375 -16.50 loS 204 
25 1 3000 -1875 160 C 205 

4875 -1875 160 206 
26 1 3000 -2060 laO C 207 

4875 -2060 160 208 
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BARR 0 27 1 750 —110 142 C 209 
1380 —Ilu 142 210 

BARR'D , 28 1 1380 —110 150 C 211 
1565 —110 150 212 

bARR 0 29 1 1565 —110 154 C 213 
1750 —110 154 214 

BARR I) 30 1 1750 —110 156 C 215 
1875 —110 156 216 

dANR 0 31 1 1875 —110 158 C 217 
1906 —110 158 218 

BARR U 32 1 1906 —110 160 C 219 
2000 —110 160 220 

BARR R 33 1 2000 —110 155 C 221 
2320 —110 155 22 

BARk R 34 1 2320 —110 155 C 23 
3185 —545 155 224 

BARR E 35 1 3185 —500 173 C 225 
3363 —600 173 226 

BARR E 36 1 3363 —oOO 179 C 227 
3540 —700 179 228 

ENUD 229 
ENL) 2.30 

APPENDIX C 

PROCEDURES AND TECHNIQUES FOR THE MEASUREMENT OF 
EXISTING BACKGROUND NOISE LEVELS 

This appendix summarizes the characteristics and uses of 
acoustical equipment available for measurement of high-
way noise and describes the field procedures and data 
analysis techniques used to measure and analyze com-
munity noise, in particular as related to the L10  and L50  
descriptors used in NCHRP Report 117 (4) and in the 
FHWA noise standards (3). A sampling technique is de-
scribed that can be used directly in the field and that leads 
to reasonably accurate estimates of the descriptors L10, L50, 
and Leq. The latter is a necessary descriptor to the com-
munity impact evaluation described in Appendix D. Fi-
nally, a series of check lists summarize the foregoing in-
formation, including (a) the equipment to be used and 
(b) the precautions to be taken in choosing measurement 
sites and time periods. 

The methods and equipment described here are 'restricted 
to the type of field measurements necessary for highway 
noise studies, and the resulting noise levels are expressed 
only in terms of A-weighted sound level in decibels, widely 
adopted for highway noise studies. The use of more so-
phisticated equipment and frequency analysis is beyond the 
scope of this report. 

A. INSTRUMENTATION FOR HIGHWAY NOISE AND 
AMBIENT NOISE MEASUREMENTS 

1. Sound Level Meters 

The simplest device available for highway noise measure-
ments is the sound level meter. The American National 
Standards Institute (ANSI) has set specifications in ANSI 
Standard S1.4-1971 for four types of sound level meters 
(SLM): 

Type 1—Precision. 
Type 2—General purpose. 
Type 3—Survey. 
Type S—Special purpose. 

The most accurate of these instruments, Type 1, exceeds 
the specifications generally required for highway noise mea-
surements. The Type 2 sound level meter is considered 
acceptable, whereas the Type 3 meter is too inaccurate. 
Finally, the special purpose sound level meter, Type S, may 
be used if it meets the appropriate Type 1 or Type 2 speci-
fications and contains an A-weighting network; it must also 
be labeled to indicate which specifications are met. 
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In most cases a Type 2 sound level meter will be used for 
ambient and highway noise measurements. The A-weight- 
ing network should always be used. The meter can be 
operated in one of two modes—"slow" and "fast"—cor-
responding, respectively, to high and low damping of the 
meter mechanism. The "fast" mode is recommended for 
highway noise. 

Several sound level meters are available, at various prices. 
Once the class of instrument to be purchased has been de-
termined, it is advisable to purchase the equipment from a 
well-established manufacturer who will be able to provide 
the service and technical advice needed. If properly ser-
viced and periodically checked, sound level meters have a 
relatively long life. 

Before data can be acquired in the field, some time 
should be devoted to the Instruction Manual to become 
familiar with specific procedures. 

Additional equipment required in connection with use of 
a sound level meter includes (a) a microphone, often at- 
tached to the meter; (b) a 50- or 100-ft cable; (c) a pre- 
amplifier; (d) a calibrator; (e) a windscreen; (f) a set of 
headphones; and (g) a tripod. Other useful equipment not 
directly needed in connection with the SLM includes a 
screw driver for adjustment of the calibration level, a tape 
measure, a clipboard, a stopwatch or a watch with a large 
readable sweepsecond hand, and data sheets. Of course, an 
adequate supply of fresh batteries should accompany the 
instrument. 

Calibration is an essential part of the measurements. 
Calibrators are provided by the manufacturers of sound 
level meters; they are standardized, stable sources that gen- 
erate a determined sound pressure level. When placed on 
the microphone, they permit adjustment of the meter de- 
flection to a fixed value. It is a good precaution to calibrate 
sound level meters periodically in the laboratory. It is also 
necessary to perform a calibration in the field before and 
after each measurement session. 

It is also good practice to check the performance of the 
sound level meter after the instrument has been moved or 
turned on and off, after a change of batteries, or when 
atmospheric conditions have changed significantly. 

The procedure for calibration is as follows: 

Set up the gear where the measurements are to be 
taken. 

Turn the equipment on and allow a warm-up time of 
at least 2 mm. 

Check the battery level; replace batteries if necessary. 
Verify that the meter is on the LINEAR scale (Type 1) 

or the C scale (Type 2). 
Check the batteries of the calibrator. 
Place the calibrator over the microphone, turn it on, 

and allow a warm-up time of ½ mm (or follow the pro-
cedure recommended in the instruction manual). 

Adjust the gain, if necessary, to obtain the proper read-
ing. An adjustment of ±1 dB is normal. A large adjust-
ment (for example, more than 3 dB) between calibrations 
is an indication of malfunction. After verifying the circuit, 
corrections, meter setting, and batteries the instrument 
should have returned to normal conditions. If not, it should  

be considered defective and no data should be taken before 
the sound level meter has been repaired. 

The windscreen, a protective device made of an acous-
tically transparent substance, should be placed on the micro-
phone when a measurement is performed. Its purpose is to 
reduce wind turbulence without significantly affecting the 
sound pressure level. Without a windscreen, even moderate 
wind can produce turbulence noise that may be larger than 
the ambient noise to be measured. In high wind or in very 
quiet areas, misleading sound pressure levels may be re-
corded even when the microphone is protected by a wind-
screen. Turbulence noise due to wind or other disturbances 
can be read directly on the instrument or can be detected 
by listening through a pair of good quality high-impedance 
earphones (low-impedance earphones load down the output 
so that falsely low readings are obtained) connected to the 
output terminal or monitoring terminal of the sound level 
meter. The headphones should be fitted with ear caps that 
seal out sound not coming through the headphones them-
selves. For a trained observer, wind noise is relatively easy 
to detect. 

Noise level readings should be discontinued if the wind 
noise overrides the true ambient levels. In fact, in addition 
to turbulence noise, other wind noises such as the rustling 
of leaves, would bias the measurements. Wind can also 
create "shadow zones" by "bending" the sound waves and 
preventing normal propagation. It is advisable to carry a 
wind meter and to postpone measurements when wind 
speeds are greater than 5 knots. If the wind is mild enough 
to allow the measurements to be performed, it is sometimes 
possible to compensate for wind effects and to determine if 
reasonable values have been obtained by comparing read-
ings performed on opposite sides of known sound sources. 

Other atmospheric conditions may jeopardize the results: 
rain would naturally interrupt the measurements. With cer-
tain types of transducers (namely, condenser microphones) 
high relative humidity can produce popping noises, which 
can be observed on the meter or heard on the headphones. 
Under these conditions the measurements should be dis-
continued and the microphone stored in a dry place until 
normal operation can be resumed. To avoid this problem, 
and also to record temperature and humidity, it is useful to 
carry wet- and dry-bulb thermometers. 

It should be noted that this inconvenience should not dis-
courage the use of condenser microphones, which have been 
found to be accurate, reliable, and long-lasting when treated 
with care. Their flat response curve eliminates the need 
for corrections for microphone sensitivity variations with 
frequency. 

The microphone should be placed on a tripod, because 
hand-held microphones would bias the data. A microphone 
height of 4 ft above the ground is most often chosen for 
first-floor or ground-level ambient noise measurements. If 
measurements of upper-floor ambient noise levels must be 
taken, the microphone may be supported outside upper 
floor windows, but as far as possible (at least 3 to 4 ft) 
from the exterior wall of the building. 

Many sound level meters are equipped with a bracket that 
fits on a standard tripod. In practice, however, it is prefer-
able to place only the microphone on the tripod and con- 
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nect it to the meter by a cable. If the microphone cannot 
be separated from the meter, the complete instrument is 
installed on the tripod. If the observer must stand close to 
the microphone to be able to read the meter, he should 
position himsclf as far as possiblc from the microphone and 
in such a way that his body presents a minimum frontal area 
to the sound wave and the minimum possible interference 
with the sound field near the microphone. A proper posi-
tion for the observer is to the side of the meter, as shown 
in Figure c-i. 

The microphone should be oriented as directed by the 
Instruction Manual to provide minimum signal change due 
to directivity effects of the microphone and the meter. For 
most sound level meters, the directionality of the micro-
phone is quite uniform when the axis is placed in a vertical 
position perpendicular to a line from the microphone to the 
sound source. For this position, the sound wave passes with 
"grazing incidence" just across the top of the microphone 
face. 

2. Tape Recording and Statistical Analysis 

In some cases, it is convenient to record ambient noises on 
tape and analyze the recording in the laboratory. 

The sound level meter system described in the preceed-
ing section can be used in connection with a good-quality 
battery-operated tape recorder, provided the sound level 
meter has a tape-recorder or general-purpose output. 

For highway noise measurements, it is not essential to use 
a high-quality tape recorder that covers the full audio fre-
quency range from 20 Hz to 15,000 Hz. The over-all 
frequency response need be flat (within ±1 dB) only from 
50 Hz to 5,000 Hz. A suitable tape speed for highway noise 
recordings is 7.5 in./sec, but a speed of 3.75 in./sec can be 
used if data analysis is performed only in terms of sound 
level. This is because very high frequencies contribute only 
negligible amounts to A-weighted values. 

The frequency response of the tape recorder should be 
measured in the laboratory periodically. The gain should 
be set permanently at a suitable value to avoid errors when 
the tape is played back. It is advisable to play back the tape 
on the machine that was used to record it. 

After the batteries have been checked, the tape recorder 
can be calibrated. The calibration procedure is the same as 
described in the preceeding section. Once the gain of the 
sound level meter has been adjusted so that the meter reads 
the reference level, the calibration tone should be recorded 
on the tape for approximately 30 sec and the position of the 
sound level meter attenuator should be noted, preferably on 
the tape. The list of equipment used, including serial num-
bers, should also be recorded on the tape through the 
annotation microphone. 

To prepare for a recording of ambient noise, the at-
tenuator should be set in such a way that the amplifier is 
not saturated (i.e., that the meter does not get "pinned"). 
The level indicator of the tape recorder should also be 
checked to avoid saturation. (The Instruction Manuals of 
the instruments should be consulted with respect to these 
problems.) After the setting of the attenuator has been 
noted, recording can proceed. It is wise to repeat the cali-
bration at the end of the tape and to note any anomaly. 

SOUND SOURCE OR SOURCES * 	* 	* 	* 
I 	/ 	/ I 	/ 	/ 
I 	/ 	/ 

\ 	•1 	/ 	/ 

I

/ / 

SOUND 0 
LEVEL 
MET ER 

METER 

READER 

Figure C-I. P/an view of observer-sound level me-
ter positions to avoid interference with sound field. 

The tape can be stored, but should be protected from or 
kept away from magnetic fields. 

The tape can be played back, with the output of the tape 
recorder connected to the input of the sound level meter. 
The calibration tone is used to set the gain so that the 
reference level is read on the linear scale or, if necessary, 
the C scale of the meter. After setting the meter on the 
A scale and in the fast mode, noise level readings can be 
made on the meter. The difference between attenuation 
settings for calibration and for recording noise in the field 
should be subtracted from the value read on the meter. 

The tape recording can also be used to perform fre-
quency analysis of the signal (in octave-bands, for exam-
ple) or in conjunction with a statistical analyzer to de-
termine the distribution of noise levels against time and 
ultimately the statistical descriptors L10 , Lç0, etc. 

B. AMBIENT NOISE—SELECTION OF MEASUREMENT 
SITES AND TIMES 

The noise measurements made by highway engineers mainly 
fall into two categories: (a) those designed to measure the 
noise levels generated by freeway traffic, and (b) those de-
signed to measure ambient noise levels in the community 
through which a proposed highway is to be built. 

The ambient noise is defined as the total noise composed 
of all natural and man-made noise sources that can be con-
sidered as parts of the acoustical environment of the gen-
eral area. Near an airport, the ambient noise may include 
aircraft noise either from flyovers or from ground run-up 
operations. Near a railroad track, the ambient noise may 
include frequent or occasional train passages. Near a fire 
station or a hospital ,  sirens may be a part of the acoustical 
environment. In or near industrial areas, various kinds of 
industrial noises make up most of the total level. In sub-
urban and rural areas, barking dogs, rustling leaves, chirp-
ing birds, and crickets may be a significant part of the 
ambient noise. Near streets, major arteries, and highways, 
traffic noise may be significant. Near school grounds, rec-
reation areas, parks, and swimming pools, children's voices 
may be a part of the ambient noise. 
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The purpose of the highway noise evaluation procedures 
and of U.S. Department of Transportation FHPM 7-7-3 
(3) noise standards and procedures is to reduce the impact 
of highway noise through better highway design. When the 
existing ambient noise levels have been established, they are 
compared with the predicted noise levels due to a new high-
way. The difference between predicted noise levels and 
existing ambient noise, together with information on the 
area itself, gives an indication of the impact of the highway 
on the area. Care must therefore be taken to evaluate the 
existing conditions with proper accuracy; the measurements 
should include all the relevant sources present in the area 
and the accidental or very infrequent sources, which might 
appear only during the measurements, should be eliminated. 
This decision must be left to the engineer who actually per-
forms the measurements in the fields; it is up to him to visit 
the area at different times and under different circumstances 
to determine the noise environment and eliminate from his 
data the points that are due only to irrelevant noises. 

1. Selection of Measurement Sites 

When selecting measurement sites, it should be kept in mind 
that the objective of the ambient noise survey is to collect 
the information required to assess the impact of the new 
highway project on the community in terms of the expected 
change in the noise environment. The noise report will have 
to describe this impact in a way that is sufficiently detailed 
and specific, but also in a way that presents the results in 
summary form from which the reader can easily draw 
meaningful conclusions. The noise levels cannot be mea-
sured at every point in the study area. Further, separate 
descriptions of the expected noise impact for every point 
in the study area would be more information than the 
report reader could assimilate. 

All especially noise-sensitive locations should be studied 
separately and in detail. However, for most projects cover-
ing large land areas, a way must be found to divide the 
study area into representative sections where the noise en-
vironment within each can be typified by a single, or a few, 
noise measurements. For the noise report, the study area 
must also be divided into representative sections where the 
impact of the new highway project within each section can 
be typified by a single number, or a range of numbers, in-
dicating the change in the noise environment. The engineer 
will find the objectives of the ambient noise survey better 
served if he tentatively divides the study area into these 
representative sections before selecting his measurement 
sites. 

Land-use maps should be used in this planning phase to 
help identify the present noise sources in the area. Traffic 
noise prediction methods can be used to get a rough ap-
proximation of the existing noise environment due to traf-
fic, and to estimate the noise levels expected from the new 
highway project. Preliminary noise contours for both the 
existing noise environment and the new highway project 
noise can be sketched on the land-use map. From these 
data, noise-sensitive locations where impact is likely can be 
identified. Also, the study area can tentatively be divided 
into smaller areas throughout which the existing noise en- 

vironments are approximately uniform, and/or the antici-
pated noise impacts are approximately uniform. Measure-
ment sites should be distributed within these representative 
areas as required. 

Essentially, for most highway projects (excluding those 
through dense urban areas), four general categories of mea-
surement site areas can be defined, as described in the 
following paragraphs. 

Especially Critical Noise-Sensitive Sites 

Schools, hospitals, and places of worship are three specific 
types of buildings that must be sought out for ambient 
measurements in any neighborhood. These sensitive areas 
rely strongly on the maintenance of adequate quiet to be 
able to carry on speech communication indoors (and to 
some degree outdoors as well) and to have minimum dis-
turbance of sleep. School playgrounds and parks, and cer-
tain civic or commercial interests (such as outdoor theaters, 
outdoor music shells, outdoor sports arenas, recreation 
parks), have specific needs that must be considered in terms 
of acoustical privacy. 

Specific measurement sites should be located at the side 
of the building or along the side of the outdoor area that 
will face the proposed roadway. Additional sites may be 
selected on more remote parts of these land spaces if future 
noise may be of concern. Remember also the importance 
of taking upper-floor outdoor readings. 

All of these ambient noise levels should be identified as 
to exact location, and included in the final noise report. 

Residential Areas 

This category includes primarily the places where people 
live, relax, and sleep; namely, their homes. In addition to 
private residences, it includes apartment buildings, hotels 
and motels, nursing homes, etc. Several city blocks of an 
area may be involved, so it is necessary to select representa-
tive sites that are meaningful. Meaningful site selection re-
quires a general knowledge of the existing and future noise 
sources provided by the preliminary noise contour esti-
mates. If the residential area is too large to be typified by 
a single ambient noise level or a single range of levels, it 
should be subdivided into appropriate smaller areas. 

For example, a large residential area near an existing 
traffic artery may be broken down into three groups of 
sites: one group located at the edge of the area adjacent 
to the existing highway, where the ambient noise is clearly 
due to the highway traffic; a second group located toward 
the interior of the residential area, where the arterial traffic 
is still a majOr factor in establishing the noise environment 
but other noises of the community are beginning to make 
significant contributions; and a third group deep enough 
into the community that the only noise measured is from 
the community itself, and perhaps very distant traffic and 
aircraft. At the conclusion of the measurement survey, the 
ambient noise environment in the community can be sum-
marized by the noise levels typical of these three areas. 

The precise location of the measurement site is deter-
mined by the answer to the question regarding the deter-
mination of what constitutes ambient noise: Is it represen- 
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tative? Just as the ambient noise levels to be measured 
should be representative, so also should the sites be repre-
sentative. Site selections that are so unique as to appear to 
show bias one way or the other are to be avoided. Fair 
representation is essential. For the residential sites, it is 
preferred that ambient measurements be made in the loca-
tions where human use typically occurs; i.e., in the front or 
back yards (as appropriate) of the houses or buildings se-
lected, usually within 10 to 20 ft of the building. The exact 
location will make little difference for most of the ambient 
levels, but it can make a difference on noise levels arriving 
at the sound level meter from vehicles on the road or street 
only a short distance away. 

Sites Near Noise Sources 

A number of sites should be specifically selected near noise 
sources in the study area. These sites serve to help calibrate 
and refine the preliminary noise level contours. Several sites 
should be selected having, as nearly as possible, full view of 
any existing major roadways in the area. These measured 
values can then be compared with the estimated levels for 
those positions. It will be gratifying to find moderately 
good agreement (say, within ±5 dBA) between the mea-
sured and calculated values, and it will lend confidence to 
the engineer and credence to the method. In fact, if the 
measured levels and calculated levels - do not agree reason-
ably well (and if it is clear that the ambients are largely 
made up of known traffic noise), this is an indication that 
either the calculated values do not properly represent the 
operational data or the measured levels do not correctly re-
flect the traffic, and that some unusual effects should be 
sought and explained. 

If the special sites near the road have yielded good agree-
ment between measured and calculated levels, calculations 
should also be attempted for a few of the other sites mea-
sured. It adds strength to the prediction method to be able 
to show that it confirms exising measured conditions. Of 
course, the agreement will become poorer as one penetrates 
into the deeper parts of the community because other 
sources may begin to control, and the prediction method is 
too general to handle all the variables of specific locales. 

If other sources are known to contribute to the ambient 
noise in any of the community locations, it is desirable to 
locate those sources and make noise measurements at one 
or two sites having essentially full view of them. Then, 
using the general outdoor noise-reduction effects with dis-
tance, estimate the drop-off of that noise as it penetrates 
into the community and check its calculated levels against 
the measured ambients where it was heard and known to 
exist. Again, it adds strength to the study to be able to show 
agreement between actual measured and estimated levels, 
and it shows that sources other than highways sometimes 
influence the acoustic environment. 

Remote Areas for "Noise Floor" 

Select several sites in areas that are remote from obvious 
and identifiable existing noise sources. These sites will prob-
ably yield the lowest ambients (the "noise floor") of the 

area. This noise floor should represent the quietest regions 
in the whole area under consideration. 

It does not matter whether the ambient is due to natural 
or man-made sources. It is desirable to identify on the data 
sheets the sources or the sounds that are heard at these 
positions. 

If the noise environment differs so greatly within the area 
that it cannot be typified by a single ambient noise level, or 
a single range of levels, the area should be subdivided into 
smaller representative areas that, together, can summarize 
the situation for the whole area. 

2. Selection of Measurement Times for 

Ambient Noise Measurements 

The design noise levels given in FHPM 7-7-3 (3) are based 
on L10  levels for the design hourly volume. This suggests 
that as many measurements as possible should be made at 
or near current peak-hour volumes. When this is done, the 
"before" and "after" comparisons are most meaningful be-
cause a minimum of other adjustments are made to the 
data. 

When ambient measurements are made during off-peak 
periods, and it is known that the noise is largely attributable 
to traffic on the highway in question, it is possible with the 
prediction procedures to calculate rough L10  estimates for 
the measured off-peak flow (assuming the traffic count is 
known), as well as for the probable peak flow rate. This 
calculated difference can then be applied to the actual mea-
sured off-peak condition to obtain a reasonable estimate of 
the peak condition. The current peak-hour noise can then 
be compared with the calculated or predicted future design-
hour noise. 

By the same general approach, ambient readings at peak 
daytime flow can be compared to nighttime average or 
minimum flow, giving a general trend between daytime and 
nighttime ambients. 

C. NOISE MEASUREMENT PROCEDURES 

This section describes the two most important methods used 
to determine statistical descriptors of noise. The first con-
sists of reading data directly from a sound level meter; the 
second makes use of a tape recorder and statistical analyzer. 

1. Sound Level Meter Procedure 

A simple sound level meter read directly can suffice to de-
termine L10's with reasonable accuracy. The equipment 
necessary for the operation is described in Section A and 
is also listed in Section D. The statistical basis for calculat-
ing the confidence limits and accuracy is given in Section E. 

Setup 

The microphone or the sound level meter is mounted on the 
tripod so that the person taking the readings has both hands 
free. A watch (or stopwatch) is strapped to the top of a 
clipboard holding the data sheets. With the clipboard in 
one hand, the sweep second-hand can be watched, and the 
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A-level recorded on the data sheet every 10 sec. The ear-
phones, which are connected to the sound level meter out-
put, should be worn at all times. The meter should gen-
erally be set on "fast response." 

Procedure 

Every 10 sec, on the mark, read the A-level from the 
sound level meter. For this survey technique, the A-levels 
are grouped into "windows," each 2 dB wide (see data 
sheet, Fig. C-2). The range of noise levels between 50 and 
60 dBA, for example, is divided into windows of 50-52 
dBA, 52-54 dBA, 54-56 dBA, 56-58 dBA, and 58-60 dBA. 

Record the A-level on the data sheet as a check mark 
in the appropriate window. Work from left to right within 
each window, as shown in Figure C-3. 

After 50 samples (8 mm, 20 sec), test the samples by 
the criterion discussed in the following. If the samples meet 
the criterion, the measurement is complete. If not, another 
50 samples must be taken and the test repeated. 

Evaluation and Criterion 

The accuracy of the percentile level determination depends 
on the confidence interval chosen. Section E proposes error 
limits for 95 percent and 99 percent confidence interval. 
The 95 percent interval will, in general, be sufficiently ac-
curate for a highway noise problem. Nevertheless, the 
99 percent limits are given as an option for the observer, 

Once the choice of a percentile is made, the data can be 
tested as follows: 

Counting down from the top of the data sheet (and 
from left to right within each window), circle the "test 
examples" given in Tables C-i and C-2. For instance, after 
50 samples have been taken, the 1st, 5th, and 10th samples 
from the top are circled. These three test samples con-
stitute the L10, flanked by its upper and lower error limits. 

Criterion: If these three test samples fall into three 
contiguous windows, the measurement is complete. Other-
wise, another 50 samples must be taken and the test made 

AMBIENT NOISE SURVEY 
DATA SHEET 
POSITION: 	 -- 
ENGINEER: 	 JOB NO.  
DAY OF WEEK: ______ DATE: ______TIME: BEGIN _______ FINISH: 

CAL: BEGIN ________ FINISH:  
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dBA L10 : 

LIMITS,dBA:......... 
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iIulIUlIIUII son 
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—iIlIlIlIIIHhI1HIIIIIIlIIUIIIIII1IHlIlIIIIIIIIU 

=IIUuIIilhIlIIIIIIlIIuIIIIIIluuIIIIlUIIIflhIIIlIIII 
iiIIuuIIuuIIuuuIIIIluluIIIIIUIuIIIlIIIUIuuIIuIIIII 
iIlluIIIlIIIuIIlIIIIIIIIIIuIIIIIIuIIHIIIuIIulIIIIl 
IlIIIIIllflhIIIIIlIIIIIIIIulIIIHlflhIlIlIlIlIIIII1, 
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UuIIIIuIuIIuIIIuIIIIIullIUIIIIIuIIIIIIuIIuIIIIUI 
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NOISE 	 10 	 20 	 30 	 40 	 50 
LEVEL 	 NUMBER OF OCCURRENCES 

Figure C-2. Ambient noise survey form. 
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again. (Sometimes the test samples will be even more 
closely packed, falling into only two, or perhaps just one, 
contiguous windows. In these cases, the criterion is also 

met.) 

Results 

After each group of 50 samples, L10  has been determined 

with 95 percent (or 99 percent) confidence to fall between 
the upper and lower error limit test samples. 

The final step is taken by assigning A-level values to the 
three test samples. It is not possible to know exactly what 
noise level each of these three check marks represents, be-
cause this information was lost when the 2-dBA window 
was chosen. To be conservative, A-level values, are assigned 

TABLE C-i 

L10 TABLE OF TEST SAMPLES FOR AT LEAST 
95 PERCENT CONFIDENCE 

TOTAL NO. 	UPPER 	 LOWER 

OF SAMPLES 	ERROR LIMIT 	L10 	 ERROR LIMIT 

50 1 5th sample 10 
100 4 10th sample 16 
150 7 15th sample 23 
200 11 20th sample 29 
250 15 25th sample 35 
300 19 30th sample 41 
350 24 35th sample 46 
400 28 40th sample 52 

to overestimate the error. This is done by choosing the 
highest A-level in the upper limit window and the lowest 
A-level in the lower limit window. For uniformity, the L10  
is chosen to be the center of the L10  window. For example, 
in Figure C-3 the results would be stated as L10  = 49 dBA, 
within maximum limits of 46 dBA and 50 dBA. In another 
notation, L10 = 49+1 dBA. 

The measurements are complete when this 95 percent (or 
99 percent) error range is 6 dBA or less. In Figure C-4, a 

TABLE C-2 

L,0 TABLE OF TEST SAMPLES FOR AT LEAST 
99 PERCENT CONFIDENCE 

TOTAL NO. 	UPPER 	 LOWER 

OF SAMPLES 	ERROR LIMIT 	Lio 	 ERROR LIMIT 

50 1 5th sample ii 
100 2 10th sample 18 
150 5 15th sample 25 
200 9 20th sample 31 
250 12 25th sample 38 
300 16 30th sample 44 
350 20 35th sample 50 
400 24 40th sample 56 
450 16 45th sample 62 
500 17 50th sample 68 
550 18 55th sample 74 
600 19 60th sample 79 
650 19 65th sample 85 
700 20 70th sample 91 
750 21 75th sample 97 
800 21 80th sample 102 
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more complex sequence of ambient readings is shown—in 
50-sample increments. As can be seen, the error window 
becomes progressively narrower as more samples are taken. 

Measurement Hints 

a. Attenuator Setting—Be prepared to make quick changes 
in the attenuator setting of the sound level meter as trucks 
or cars, passing quickly by, cause significant changes in 
sound levels. For example, a close truck pass-by may cause 
the noise level to rise quickly from 70 dBA to 90 dBA. In 
this case, the higher level should be anticipated and the 
attenuator shifted ahead of time. After a bit of practice, 
one should be able to anticipate the attenuator setting that 
will be required when the second-hand of the timing watch 
reaches its 10-sec points. It is better, to lose some 10-sec 
readings off the bottom end of the scale than off  the top. 
The readings missed off the top of the scale are more likely 
to be important in determining the (near-peak) L10. 

b. Fast Meter Response.—Sometimes certain noises will 
not be considered part of the ambient to be measured (as 
discussed earlier). When this is the case, it is necessary to 
read between these noises. If one of these noises controls 
the noise level at a 10-sec mark, the mark is skipped and 
no reading is taken until the next mark. The "metronome" 
character of the 10-sec marks should be retained, because 
it is important to avoid introducing operator bias into the 
sampling procedure. 

Erroneous readings due to some unwanted noises (such 
as wind noise on the microphone, or a barking dog) are 
difficult to avoid. Therefore, it is recommended that the 
meter be set on the "fast" response. On this response, the 
meter will quickly settle back to the ambient noise level 
between wind gusts or dog barks, to allow readings on 
intermediate 10-sec marks. 

Remember that the measured L10  is the L10  for the mea-
sureinent time period only. For example, if 100 samples 
were taken before the criterion was met, the noise was sam-
pled over 1,000 sec (approximately 20 mm). The L 0  per-
tains to that 20-min period only; it says nothing about the 
prior or subsequent time periods. For this reason, it may 
be desirable to collect further samples, to extend the total 
time period. As previously discussed, the accuracy depends 
only on the number of samples taken. Therefore, if it is 
desired to sample over a longer time period, the sample 
interval may be changed to 20 or 30 sec, to save work. In 
this manner, a smaller number of samples will be spread 
uniformly over a longer time period, that might more 
realistically be said to typify the measurement site. 

Mathematical Basis 

An examination of Figure C-4 visually indicates the mean-
ing of the L10  noise level. Graphically, it is apparent that 
the noise exceeded the L10  for 10 percent of the time. 
Notice that the total time period was of no importance in 
determining the L10. Whatever the time period may be, the 
L10  is exceeded for 10 percent of the total time. 

For any time period, we wish to sample the noise to  

continuously—but at 5- or 10-sec intervals, for instance—
we obtain only an approximation of the exact L10  for that 
time period. The error involved depends on the number of 
samples taken; the more samples, the less error. 

Mathematics can determine the error if sampling is done 
in the proper manner. The most straightforward sampling 
procedure is to sample randomly; i.e., to space the samples 
randomly over the total time period. This is a very in-
convenient procedure to follow in the field. Luckily, the 
mathematics is equally valid if the sampling is performed 
at regular time intervals, say every 5 or 10 sec, provided the 
noise level itself varies randomly; it is assumed that it does 
in computing the measurement error. Because this assump-
tion is not strictly correct, the actual error is less than com-
puted; so the error is on the safe side. 

The full mathematical basis for determining the measure-
ment error is contained in Section E. It requires uniform 
sampling; i.e., spaced equally in time. The procedure then 
predicts the 95 percent confidence limits of L10, indepen-
dent of the character of the noise fluctuations. (The distri-
bution does not have to be Gaussian, for instance.) All that 
is of importance is the number of samples taken. The more 
samples, the greater the accuracy. 

L50  Noise Level 

The method described in the foregoing can be used to de-
termine statistical descriptors other than L10: the 50th per-
centile level, L50, and the equivalent level, Leq, are of 
interest. 

The method described for the determination of L10  and 
of the 95 percent and 99 percent confidence intervals is 
identical to. the one that would be used to determine L50. 
The tables of test samples for L50  are given as Tables C-3 
and C-4 for the confidence intervals of 95 percent and 
99 percent, respectively. 

The criterion remains the same; namely, the measure-
ment is complete when the three test samples fall into three 
contiguous windows. 

Lcq: Equivalent Level 

The equivalent level, L0q, is defined as 

Leq 	10log[±..1 u1  antilo(Li/10)] 	(C-i) 

where L1  are the noise levels measured in dBA. 
For a normal distribution of levels, it is easy to determine 

L0(1  if L10  and L50  (or L90 ) have been measured. The 
relationships between these quantities are: 

Leq  = L50  + 0.115 2 	 (C-2) 

L10  - L50  = 1.28 o 	 (C-3) 

where a- is the standard deviation. Therefore, 

( L10  - L50 \ 2  
L0qL50=0.115 1.28 ) 

	
(C-4) 

Le(I  can be calculated using Eq. C-4 or can be determined 
determine the L10. If we sample it continuously, we obtain 	from Figure C-S. 	- 
the exact L10  for that time period. If we do not sample it 	The methods outlined in the foregoing are valid only for 
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normal (Gaussian) distributions: normality can be roughly 
evaluated from the quantity VD/S, where V is the volume 
in vehicles per hour, D is the distance in feet, and S is the 
speed in miles per hour. For VD/S> 200, the distributions 
are most often normal. Therefore, the larger the speed, the 
smaller the volume and the distance, the less normal the 
distribution. 

D. STEP-BY•STEP PROCEDURE IN 
AMBIENT NOISE MEASUREMENT 

This section presents a summary of "do's" and "don'ts" that 
should be kept in mind when making ambient noise level 
measurements, as follows: 

The minimum required equipment includes a sound 
level meter, a microphone, a calibrator, a pair of head-
phones and connecting cable, a windscreen, a tripod, a 
screw driver, and a stopwatch. Other useful equipment 
includes extra batteries, a tape measure, a 100-ft cable, a 
clipboard and pencil, data sheets, a camera and film, a dry/ 
wet thermometer, a wind-speed meter, a compass, a tape 
recorder with extra tapes and an empty reel, an annotation 
microphone and cable, and a manual (traffic) counter. 

Measure on the A-scale and on the "fast" mode. 
Calibrate the sound level meter before and after each 

set of measurements. 
When reading the meter, stand as far away as possible 

and place yourself and the meter so as to interfere least with 
the sound field. 

Avoid making measurement under extreme weather 
conditions. Make sure, by listening with the headphones, 
that no popping sounds occur. Repeat the measurements 
several days apart to determine if atmospheric conditions 
have affected the data. 

When on the site, listen to the sounds of the neighbor-
hood and make a list of the sources that can be considered 
reasonable and representative, as well as a list of those that 
may be considered exceptional or accidental. Include in the 
ambient measurement only the first kind. 

Select ambient measurement sites representative of 
four categories: (a) especially critical noise-sensitive sites, 
(b) residential areas, (c) sites near noise sources, and 
(d) remote areas for noise floor. 

Select ambient measurement times that coincide with 
peak hourly volume of traffic for key sites, but also include 
off-peak and some nighttime measurements. Data repre-
sentative of a full 24-hour period may be needed. 

Make outdoor ambient measurements at upper floor 
levels, if necessary. 

Review carefully the measurement procedures before 
going out in the field, then follow them carefully. 

E. METHOD OF DETERMINING CONFIDENCE LIMITS 
AND COEFFICIENTS 

This section presents the statistical justification for deter-
mining the confidence limits on L10  and L50  levels, dis-
cussed previously, using the manual method. Assume that 
a total of n statistically independent noise levels, 1, have 
been measured from the same population. Assume, further, 
that these noise levels are ordered according to their mag- 

TABLE C-3 

Lm TABLE OF TEST SAMPLES FOR AT LEAST 
95 PERCENT CONFIDENCE 

TOTAL NO. 	UPPER 	 LOWER 
OF SAMPLES ERROR LIMIT 	L- 	 ERROR LIMIT 

50 18 25th sample 32 
100 40 50th sample 60 
150 63 75th sample 82 
200 86 lOOthsample 114 
250 109 125th sample 141 
300 133 150th sample 167 
350 156 175th sample 194 
400 180 200th sample 220 

TABLE C-4 

L TABLE OF TEST SAMPLES FOR AT LEAST 
99 PERCENT CONFIDENCE 

TOTAL NO. 	UPPER 	 LOWER 
OF SAMPLES ERROR LIMIT 	Lro 	 ERROR LIMIT 

50 15 25th sample 35 
100 37 50th sample 63 
150 59 75th sample 91 
200 81 100th sample 119 
250 104 125th sample 146 
300 127 150th sample 173 
350 150 175th sample 200 
400 174 200th sample 226 
450 197 225th sample 253 
500 221 250th sample 279 
550 244 275th sample 306 
600 268 300th sample 332 
650 292 325th sample 358 
700 315 350th sample 385 
750 339 375th sample 411 
800 363 400th sample 437 

nitudes, and let the sequence of these ordered levels be 
denoted by 11, 1,, . . .1  1,,,  where the highest measured level 
is denoted by 11  and the lowest is denoted by l,. 

Let L. denote the pth percentage noise level as deter-
mined by the infinite population from which the n samples 
have been drawn. L. is defined by 

f
o 

f(l)dlp 	 (C-i) 

where f(l) is the probability density function of the noise 
levels from which the samples have been drawn. Thus, the 
probability is p that a randomly drawn sample will have a 
level 1 higher than the level L. The problem is to estimate 
L, for a given value of p, from a finite set of ordered 
samples l, 12, . . ., 1,,. 

Assume that n samples have been drawn and ordered as 
described. Consider the event 1, > L> 18,  where r> s; 
that is, the event that the rth noise level is higher than L 
and the sth noise level is lower than L. This event is equiva-
lent to the compound event that exactly r measured levels 
are higher than L or exactly r + 1 measured levels are 
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Figure C4. Sequence of ambient readings, in 50-sample increments. 
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L10  - L50  

Figure c-s. Difference between L and L, for a normal distribution in terms of 
L,, - La,. 

higher than L, or . . ., or exactly s - 2 measured levels 
are higher than L, or exactly s - 1 measured levels are 
higher than L. These events are mutually exclusive; there-
fore, the probability of this compound event is the sum of 
the probabilities of the individual events. Now, according 
to Eq. c-I, the probability is p that any one noise level 
measurement is larger than L. Because the measured levels 
are assumed statistically independent, the probability that 
exactly k of the measured levels are higher than L is the 
probability of exactly k "successes" in a set of n Bernoulli 
trials, where the probability of the "success" of a single trial 
is p. In such a situation, the probability of k successes is 

(i-) p'(, - p)lZ-1 	 (C-2) 

where 
/n\ 	n! 

(C-3) 

Thus, the probability of the described compound event 
is obtained by summing the probabilities for k = r, r + 1, 

s — 2, s — 1; that is, 

r 	1 S-1(1) 
Pr I 

L 
l > LD  > i 1= 	p'(1 - p)fl (C-4) 

J 

which expresses the probability that at least r but less than 
s noise level measurements fall above the level L. Notice 
that at no point have any assumptions been made about the 
form of the noise level probability density function f(l). 

Now designate 

Pr[l,.>L> l]=y 	 (C-5) 

Then, by definition, y is the confidence coefficient that the 
rth and sth measured levels satisfy the relationship 1,> 
L> 	I and l are known as the upper and lower confi- 
dence limits for the pth percentage noise level, L. 
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Two values of y,  0.95 and 0.99, have been selected. These 
are used to determine, respectively, the 95 and 99 percent 
confidence intervals. Two values of p, 10 and 50, have been 
chosen, inasmuch as interest is in levels that are exceeded 
10 percent and 50 percent of the time. 

For a total number of counts, n, the count corresponding 

TABLE C-5 

95 PERCENT CONFIDENCE INTERVALS FOR L10 

NUMBER OF 
SAMPLES, n 

LOWER 

ERROR LIMIT 

UPPER 
ERROR LIMIT L10 

50 0.8 9.2 5 
100 4.1 15.9 10 
150 7.8 22.2 15 
200 11.7 28.3 20 
250 15.7 34.3 25 
300 19.8 40.2 30 
350 24.0 46.0 35 
400 28.2 51.8 40 

TABLE C-6 

99 PERCENT CONFIDENCE INTERVALS FOR L,0 

to L. is np and the intervals can be computed using np ± 
1.96 	for 95 percent confidence and np ± 2.58 ak,, for 
99 percent confidence, where o-p = V p(l - p)n. Tables 
C-S and C-7 give the 95 percent and 99 percent confidence 
intervals, respectively, for L10; Tables C-6 and C-8 give the 
95 percent and 99 percent intervals, respectively, for L50. 

TABLE C-7 

95 PERCENT CONFIDENCE INTERVALS FOR L 

NUMBER OF 	LOWER 	 UPPER 	 MEDIAN 

SAMPLES, n 	ERROR LIMIT 	ERROR LIMIT 	OR L.  

50 18.1 31.9 25 
100 40.2 59.8 50 
150 63.0 82.0 75 
200 86.1 113.9 100 
250 109.5 140.5 125 
300 133.0 167.0 150 
350 156.7 193.3 175 
400 180.4 219.6 200 

TABLE C-8 

99 PERCENT CONFIDENCE INTERVALS FOR L 

NUMBER OF 

SAMPLES, fl 

LOWER 
ERROR LIMIT 

UI'PR 
ERROR LIMIT L,0 

NUMBER OF 
SAMPLES, fl 

LOWER ERROR 

LIMIT 2 
UPPER ERROR 

LIMIT 5 
MEDIAN 

OR L.  

50 0.0 10.5 5 50 15.9 34.1 25 
100 2.2 17.8 10 100 37.1' 62.9 50 
150 5.5 24.5 15 150 59.2 90.8 75 
200 9.1 30.9 20 200 81.8 118.2 100 
250 12.8 37.2 25 250 104.6 145.4 125 
300 16.6 43.4 30 300 127.7 172.3 150 
350 20.5 49.5 35 350 150.9 199.1 175 
400 24.5 55.5 40 400 174.2 225.8 200 
450 28.6 61.4 45 450 197.6 252.4 225 
500 32.7 67.3 50 500 221.2 278.8 250 
550 36.8 73.2 55 550 244.7 305.3 275 
600 47.0 79.0 60 600 268.4 331.6 300 
650 45.3 84.7 65 650 292.1 357.9 325 
700 49.5 90.5 70 700 315.9 384.1 350 
750 53.8 96.2 75 750 339.7 4103 375 
800 58.1 101.9 80 800 363.5 436.5 , 	400 
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APPENDIX D 

EVALUATING THE IMPACT OF A CHANGE IN ENVIRONMENTAL NOISE EXPOSURE 
ON THE PUBLIC HEALTH AND WELFARE 

The hierarchy of laws, executive orders, and regulatory 
actions on environmental problems has reached the point 
where, for any significant action that will cause a change 
in the noise exposure, an environmental impact assessment 
is required. This assessment should consider the effect of 
the proposed action on the public health and welfare, as 
well as the technological feasibility and economic reason-
ableness of any remedial action that might be indicated in 
the assessment. 

In the recent past the requirements for data to be in-
cluded in an environmental assessment involving noise have 
not been clearly established. As a result of the Noise 
Control Act of 1972, however, the Environmental Protec-
tion Agency (EPA) has been required to present informa-
tion on noise measures that are "requisite to protect the 
public health and welfare with an adequate margin of 
safety." 

In accordance with this directive EPA has selected those 
noise measures it believes most useful for describing en-
vironmental noise and its effect on people, independent of 
the source of the noise. That is, the noise produced, whether 
by motor vehicles, aircraft, or industrial facilities, is eval-
uated on the basis of a common measure of noise. Further, 
the magnitude of environmental noise, as described by this 
measure, that EPA considers desirable from a long-term 
view of public health and welfare has been selected for a 
variety of occupied space and land uses. 

The following sections describe briefly the measures to 
be used in evaluating environmental noise, the numerical 
values for these levels that EPA will consider in assessing 
impact, and a general methodology for quantifying the 
noise impact of any noise-producing system being added 
to the environment, or the impact of a change in an existing 
noise-producing system. Finally, a specific application of 
this methodology to motor vehicle noise is developed. This 
is done in the form of a procedure for describing the noise 
impact of a new or existing highway on public health and 
welfare. Inasmuch as economics and feasibility of remedial 
action are treated elsewhere, only the social impact is 
considered here. 

A. HOW ENVIRONMENTAL NOISE IS SPECIFIED 

Environmental noise is defined in the Noise Control Act of 
1972 as the "intensity, duration, and the character of sounds 
from all sources." A measure for quantifying environmen-
tal noise must not only evaluate these factors, but must also 
correlate well with the various modes of response of hu-
mans to noise and be simple to measure (or estimate). 

The EPA has chosen the equivalent A-weighted sound 
level, in decibels, as its basic measure for environmental  

noise. The general symbol for equivalent level is Leq, and 
its basic definition is 

i f , 	2 

	

1 	p2(t)dt 	
(D-1) 

t 
L q =10log j0  

	

t2— 	 t'O 

where 12 - 1, is the interval of time over which the levels 
are evaluated, p(t) is the time-varying sound pressure of the 
noise, and Po  is a reference pressure, standardized at 20 
micropascals (/LPa). When expressed in terms of A-weighted 
sound level, LA, Leq  may be defined as 

f IOL.4(th/10d1Leq=101ogio 
_11 

There are two time intervals of interest in the use of L 0  
for impact assessment. The smallest interval of interest is 
one hour, often the "design hour" of a day. The primary 
interval of •interest for residential and similar land uses is 
a 24-hr period, with a weighting applied to nighttime noise 
levels to account for the increased sensitivity of people 
associated with the decrease in background noise levels at 
night. This 24-hr weighted equivalent level is called the 
"day-night equivalent level," LdI,,  whose basic definition in 
terms of A-weighted sound level is 

f700 f 200 
L111, = 10log10 

	

2200 	 0700 
1OLA (t ) /10  di ± 

	
10[,(t+10 ]/10  di 

= 10 log10 (15 X 10L(1110)  X(9 X 10,,+101110 ) I 
	

(D-3) 

where L, is the daytime equivalent level, obtained between 
7 AM and 10 pM, and L,, is the nighttime equivalent level 
obtained between 10 PM and 7 AM of the following day. 

B. ASSESSING IMPACT FROM ENVIRONMENTAL NOISE 

The underlying concept for noise impact assessment in this 
analysis is to express the change in expected response (in 
terms of number of people involved) to the change expected 
in the noise environment. Three fundamental components 
are involved in the analysis: (a) definition of initial acous-
tical environment; (b) definition of final acoustical environ-
ment; (c) relationship between any specified noise envi-
ronment and the expected human response. 

The first two components of the assessment are entirely 
site or system specific, relating to either estimates or mea-
surement of the environmental noise before and after the 
action being considered. The same approach is used, con-
ceptually, whether one is examining one single house near 
one proposed road, the entire highway system, or the to-
tality of the nation's airports. The methodology for esti-
mating the noise environment will vary widely with the 
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scope and type of problem, but the concept remains the 
same. 

In contrast to the widely varying possible methodologies 
for estimating the noise environment in each case, the re-
lationships to human response can be quantified by a single 
methodology for each site or noise-producing system con-
sidered in terms of the number of people in occupied places 
exposed to noise of a specified magnitude. This is not to 
say that individuals have the same susceptibility to noise; 
they do not. Even groups of people may vary in response, 
depending on previous exposure, age, socio-economic status, 
political cohesiveness, and other social variables. In the 
aggregate, however, for residential locations the average 
response of groups of people is quite stably related to cu- 
mulative noise exposure as expressed in a measure such as 
L,,,,. The response used here is the general adverse reaction 
of people to noise. This response is a combination of such 
factors as speech interference, sleep interference, desire for 
a tranquil environment, and the ability to use telephones, 
radio, or TV satisfactorily. The measure of this response 
is related to the percentage of people in a population that 
would be expected to indicate a high annoyance to noise of 
a specified level of exposure. 

For schools, offices, and similar spaces where criteria for 
speech communication or risk of damage to hearing is of 
primary concern, the same averaging process can be used 
to estimate the potential response of people as a group, 
again ignoring the individual variations of one person as 
compared to another. In both residential (or like) areas 
and nonresidential areas we are interested in how the aver-
age response of people varies with environmental noise 
exposure. 

A detailed discussion of the relationships between noise 
and human response is provided in several EPA documents. 
The different forms of response to noise, such as hearing 
damage, speech or other activity interference, and annoy-
ance, are related to Lea  and L,1  in Ref. (7). For these 
purposes, two sets of criteria are adapted from this ref- 
erence. The first, which is applied to residences, hospitals, 
hotels, and similar uses, relates to the percentage of a popu- 
lation that would be expected to be highly annoyed when 
exposed to a specified Ldfl  value; the second relates to the 
expected degree of intelligibility of speech, for specific voice 
levels, in the presence of an intruding noise as specified by 

Lea  per hour, or Lh. This second set of criteria applies to 
schools, offices, and other locations where the masking of 
speech by environmental noise is the primary impact to be 
assessed. 

A generalized expression for the percentage of a popula-
tion expected to be highly annoyed (i.e., % HA) when 
exposed to a specified environmental noise level is 

% HA=2(L,-50) 	 (D-4) 

Note that the data from which this expression was derived 
also show that, even for situations where, say, 20 percent of 
the people would be expected to be highly annoyed by their 
noise environment, the majority of the population is not at 
all annoyed. 

Criteria for spaces in which the capability for adequate 
speech communication is most important are expressed in  

terms of the degree of intelligibility of speech possible for 
a given voice level. The Lea  for human speech varies over 
more than 30 dB from whispering to shouting. In the pres-
ence of noise humans tend to raise their voices as the level 
of masking noise increases. Over a fairly broad range (e.g., 
20 decibels), intelligibility remains constant for a given 
ratio of speech level to noise level. Acceptable speech con-
ditions are said to exist if 95 percent or more of the words 
in normal discourse are understood easily. For the present 
purposes unsatisfactory speech conditions are considered to 
exist if less than 95 percent sei1tence intelligibility is possi-
ble with a "typical" voice level—"typical" meaning the 
average L,,a  value for speech that is most often used in the 
space under consideration when no external masking noise 
is present. 

The amount of masking noise that will permit the margin-
ally acceptable criterion condition to be met will be dif-
ferent, depending on whether the speech is heard indoors 
or outdoors. For indoor conditions, rooms are assumed to 
be of size and interior furnishings comparable to typical 
living rooms, classrooms, and offices. It is assumed that 
larger spaces, such as conference rooms, theaters, and simi-
lar spaces, will be equipped with speech amplification sys-
tems that will result in similar speech conditions as obtained 
in the smaller spaces without speech amplification. 

The foregoing considerations allow specifying, for a 
variety of spaces or land uses, numerical values for noise 
levels which, if not exceeded, would provide entirely ac-
ceptable acoustical environments. That is, if these values 
were not exceeded, we would expect no impact from 
environmental noise. 

Specific noise criterion level values for those land uses or 
occupied spaces generally encountered in noise impact as-
sessments are given in Table D-l. Note that these levels are 
all specified as outdoor noise levels, even though the use of 

TABLE D-1 

CRITERIA FOR NOISE IMPACT ANALYSIS OF 
SENSITIVE LAND USES 

OBSERVER 
CATEGORY LAND USE' 

Lth, 
(dB) 

Leq /hr 
(dB) 

1 Residential (1) 55 
2 Hospital (1) 55 
3 Motel, hotel (1) 60 
4 School buildings and outdoor 

teaching areas (1) 60 
S Church (2) 60 
6 Office buildings (2) 70 
7 Theater (3) 70 
8 Playgrounds, active sports 70 
9 Parks 60 

10 Special-purpose outdoor areas - 
° All criterion levels are in A-weighted sound level. 

The average outdoor/indoor noise reduction assumed as typical for 
each space is keyed to the number in parentheses. The values assumed 
are: (1) 15 decibels, windows open; (2) 25 decibels, windows closed; 
(3) 35 decibels, windows closed, where knowledge of the structure indi-
cates a difference in noise reduction from these values, the criterion level 
may be altered accordingly. 

Outdoor amphitheaters or other critical land uses requiring special 
consideration should not allow new intruding noise to exceed the present 
L0 5  level minus 5 dB. 
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many of these spaces is usually indoors. The noise reduc-
tion for typical building construction has been used to ar-
rive at outdoor noise levels that would provide acceptable 
indoor environments, because in any general environmental 
impact study it is only the outdoor noise levels that can be 
predicted in any practical application. in this analysis, by 
definition, industrial and commercial applications are zero 
impacted at any environmental noise level. 

Using the specified levels as definition of zero impact, 
a further notion is needed of how to define impact if these 
criterion noise levels are exceeded. In both the cases of 
annoyance response and speech interference, the range of 
noise levels between totally acceptable conditions and to-
tally unacceptable conditions is approximately 20 dB. (For 
annoyance this is an L1 , range of 55-60 to 75-80; for speech 
this corresponds to the articulation index range from 1.0 to 
slightly less than 0.4.) The percentage of impact can thus 
be defined as ranging from zero at the desired criterion 
levels to 100 when these levels are exceeded by 20 decibels. 
A more convenient expression is the fraction of 100 percent 
that a specified level implies. Such an expression is the 
Fractional Impact, defined as 

Fl = 0.05 (L - L) for L> L(. 

FI=O 	 for LL 	
(D-5) 

 

L is the appropriate L,1  measure for the environmental 
noise (i.e., L,1 ,, or 	per hour) and L, is the appropriate 
criterion number for the land use under Consideration. (The 
linear relationship assumed here is in accord with the linear 
regression between percent highly annoyed in a population 
and noise exposure. For speech, the average of the rate of 
change of percent "sentence" and "word" intelligibility with 
articulation index is approximately linear.) Note that Fl 
can exceed unity. 

The final notion to be considered is the manner in which 
the number of people affected by environmental noise is 
introduced into the analysis. It is assumed that a moderate 
excess over criterion levels for a large group of people 
would be expected to be of greater impact than a large ex-
cess over criterion levels for a small number of people. A 
way of defining the impact is to determine the fractional 
parts, P,, of the total population being considered, P, who 
have various excesses, L - 	over the criterion levels. This 
might conveniently be performed in increments of 5 dB. 
Thus, the noise impact index of a specific noise environ-
ment can be expressed as 

FIP 
NlI= 

P 	p 	
(D-6) 

This concept leads to two other definitions that are useful 
descriptors. The numerator in Eq. D-6 is the "equivalent 
population" 100 percent impacted by noise, C(j• Further, 
the percentage of change in impact, t/, for a "before" and 
"after" condition can be characterized as 

Peq11  - Peq 	
00 	(D-7) P eq 

where P 11  is the equivalent population before the change, 

and e(lA is the equivalent population after the change. Note 
that this change can be either positive or negative; that is, 
an increase in exposed population after a change in envi-
ronment is a negative impact, whereas a decrease in ex-
posed population is a positive impact. 

To place this concept in perspective, a simple example 
is considered. Ref. (8) provides an estimate for the total 
number of people exposed to various levels of traffic noise 
in the United States. This information may be used to 
illustrate the current impact of this exposure, and then to 
assess the change in impact if all noise sources were reduced 
5, 10, or 15 dB. in the following computation the data 
from Ref. (8) are taken, each P j  being defined as the 
population between successive 5-dB increments of Ld,, and 
assigning this population an exposure level midway be-
tween successive L(1 , increments. Note from Table D-1 
that the desired criterion for zero impact is an L(1 , of 55 dB. 
The results are given in Table D-2. 

These procedures may be generalized in the following 
steps: 

I. Estimate the L0(1  or L(11, produced by the noise system 
as a function of space over the area of interest. 

Define subareas of equal L111 , in increments of 5 dB, 
for all residential, hospital, and motel/hotel areas. 

Define the population, P, associated with each of the 
areas/noise level value of Step 2, and for each school, 
hospital, etc., as well as the total population, P. 

Calculate the Fl1  values for each Ld,, or Leqj  obtained 
in Step 2. 

Calculate Fi X P for each element of Step 2. 
Obtain the equivalent impacted population, Peq  = 

FI,>< P1 , from summing the individual contributions of 
Step 5. 

Repeat Steps 1-6 for the noise environment existing 
over the area of interest before the change being evaluated 
takes place, thus obtaining Peq . Note that the subareas 
defined here will not in general be congruent with those of 
Step 2. 

Obtain the Nil before change from 

NII = -jr- 	(D-8) 

and the Nil after change from 

NIIA = 	
(D-9) 

Obtain the change in impact from 

= Peq - Peq 	
100 	(D-10) 

Peq  

C. APPLICATION OF NOISE IMPACT ANALYSIS 
TO HIGHWAY NOISE 

The generalized methodology for noise impact analysis de-
scribed in the previous sections can be directly implemented 
for a proposed new or modified highway design by using the 
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TABLE D-2 

ESTIMATE OF THE IMPACT OF REDUCTION OF ALL 
URBAN NOISE SOURCES 

CONDITIONS ESTIMATED UNDER 

A NOISE REDUCTION OF 

EXISTING CONDITIONS 5 dB 10 dB 15 dB 

INCREMENT 

IN POPU- 

POPULATION LATION 

EXPOSED TO WITHIN 

(dB) FL HIGHER Li, 5 dB, P1 Fl1 x P1 P° Fl1 x P. P° Fl4 x p4 p4c Fl4 x i 
<55 134.0 

0 40.6 0 75.0 0 109.7 0 127.1 0 
55 93.4 

0.125 34.4 4.3 34.7 4.0 17.4 2.2 5.6 0.7 
60 59.0 

0.375 34.7 13.0 17.4 6.5 5.6 2.1 1.2 0.5 
65 24.3 

0.625 17.4 10.9 5.6 3.5 1.2 0.8 0.1 0.1 
70 6.9 

0.875 5.6 4.9 1.2 1.1 0.1 0.1 0 0 
75 1.3 

1.125 1.2 1.4 0.1 0.1 0 0 0 0 
80 0.1 

1.375 0.1 0.1 0 0 0 0 0 0 

Total 134.0 34.6 134.0 15.5 134.0 5.2 134.0 1.3 

IMPACT ANALYSIS 

PERCENT IMPACT 
RELATIVE TO 

NOISE REDUCTION CURRENT 

(dB) NIl P.,, CONDITIONS 

Current (0) 0.26 34.6 100 
S 0.12 15.5 45 
10 0.04 5.2 15 
15 0.01 1.3 1 

Based on U.S. national urban population from 1970 Census; all populations in millions. 
Taken at midpoint of successive 5-dB increments in Ldn. 
The effect of noise reduction is to shift each cumulative population distribution item to the next lower value 

of Ldn. 

results of the highway design guide. One of the output 
modes available is to provide Leq  values at each of the 
designated "receiver" locations. This output provides the 
Starting point of Step 1 in the impact analysis. The follow-
ing discussion shows how the remaining steps in the analysis 
are developed for the specific case of highways: 

Obtain the L11  values at various receiver locations 
over the entire area of interest from the highway noise 
computational model using "design hour" traffic flow char-
acteristics. Ignore all values of Len  less than 50. 

Convert L 5  to L(11, values by Ldfl  = Leni  + i, adding 
the corrections from the following listing to the Leq  values 
depending on the ratio of daytime (0700 to 2200 hours) 
traffic volume to nighttime (2200 to 0700 hours) volume. 
The L,11, for the highway contribution alone is defined by 
the subscript H; that is, L,lI,H. 

% DAY % NIGIIT a (dB) 

62.5 37.5 3 
75 25 2 
85 15 1 
90 10 0 
95 5 -1 

100 0 -3 

Develop contours of equal values of LdflH,  in 5-dB 

increments, for the anticipated noise environment. 
Develop areas of equal Ld,111  for the anticipated en-

vironment due solely to the highway by assigning one-half 
the area on either side of an Ldfl11  contour to the Ld1111  value 

of the contour line. 
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5. Develop areas of equal value of Ldn,  for the existing 
environment. This may be done in two ways: 

The techniques of Appendix C may be used to 
measure sample values of Leq  at various locations 
in the community. These may be converted to Ld,, 
by use of the same conversion method used in 
Step 2. Connection of locations of equal Ld.,I,  may 
then be used to derive contours. 

The existing L 1111  (in decibels) may be estimated 
for residential locations by use of (8): 

Ld,1B = 10log10 p+22 	(D-1 1) 

where p is population density, in number of people per 
square mile. This expression should be modified for local 
conditions by adding 5 dB when more than 5 linear miles 
of major traffic arteries intercept a specific square mile of 
area; adding 0 dB when the number of major traffic arteries 
is between 2 and 5 miles per square mile; subtracting 5 dB 
when less than 2 miles of major traffic arteries intercept a 
specific square mile under consideration: 

6. Estimate total population enclosed in the "before" 
areas of equal 

7. Identify each of the areas defined in Step 6 with a 
running sequential index, j, from 1 to in, and tabulate for 
each area the population, P,, and the 	value "before." 

8. Identify each school, church, or other discrete re-
ceiver of concern with an index, k, running from in + 1 to 
q, where q is the total number of discrete receiver locations 
and in is the total number of residential areas identified in 
Step 7. 

9. Assign a value of LeqBk  to each receiver identified in 
Step 8 by measurement or estimate from adjacent residen-
tial L,111B values. 

10. Classify all in identified land segments into n classes 
of (L(lflB - 55) for the "before" case, where i = 1 . . . n 
for values of L(lflB  > 55. 

'0 

11. Obtain Pij  =P5  for each ith class of (L 111  - 55)1  
j. 

for the "before" case. 
12. Determine for each kth receiver the difference be- 

tween 	and L0  for the class of receiver, where L  is 
obtained from Table D-1. 

13. Obtain Pik =P1  for each ith class of (Leq0 - L0). 
m+ 1 

14. Obtain the "equivalent impacted" population for the 
"before" case from 

1'e(IB T  O.OS(LdI,B - 55)P +0.05(Leq0 - LC )ipk 

15. Obtain Nu B  from Nil = 1'eq'1' where P is the total 

population, P=(P, + Pik ) 

16. Superpose the areas defined in Step 4 over the areas 
identified in Step 7 and identify areas, A, of equal differ- 
ence in Ltl,,B  and  Lafl H. 	 - 

17. Define the populations, P, associated with A. identi-
fied in Step 16. 

Determine, for each value of P, the logarithmic sum 
of LdflHj  and L(l 	which becomes the "after" Ldfl, LdOA., 
associated with that population. 

For each receiver location, k, defined in Step 8, de-
termine the LdflH  value and the logarithmic sum of Leq11  
plus LeqBk  to define the "after" Leq  value, Leq . 

Determine, for each Pi  and each Pk,  the quantity 
(L - L1) or k where L and L0  are the appropriate values of 
LanA  or Leq  and the criterion values of Table D-1. 

Compute Peq  from 

P0 	= 	0.05(Ld,iA. - 55)P + 	O.OS(LeqAk  - LCk)Pk 

Compute the noise impact index (NIIA) from 

NIIA  = 
' eq 

The change in impact produced by the highway, AI, 
is computed from 

AI = Peq - Peq >< 100 

D. EXAMPLE OF ASSESSMENT OF NOISE IMPACT 
FOR A PROPOSED FREEWAY 

The problem to be analyzed consists of assessing the noise 
impact on the community indicated in Figure D-1 before 
and after introduction of the highway. It is assumed that 
the highway is not replacing any existing road. The flow 
conditions for the highway during the design hour are: 

Automobiles 	-7,800 per hour at 60 mph 
Medium trucks - 520 per hour at 55 mph 
Heavy trucks 	- 650 per hour at 55 mph 

Assume that application of the design guide proce-
dures would provide values of Leq  and contours of equal 
Leq, as shown in Figure D-2. 

The day/night ratio of traffic volume for this example 
is the approximate national average of 90/10, thus L 10  = 
Leq. 

Because Leq  = L 0, the contours of Figure D-2 are 
thus both in Ldn  and Leq. 

Areas of equal L<1011  from the highway contribution 
are obtained by assigning areas as one-half the area between 
adjacent contours to the value of the contour. 

Areas of equal La,,  for the "before" condition are 
estimated for the following assumptions: (a) the high-
density population on the left side of Figure D-1 is 7,000 
people per square mile; (b) the lower-density population 
on the right side of Figure D-1 is 5,700 per square mile. 

The areas and total population in the residential areas 
are computed from the map scale and population densities. 

The identification of areas and population for different 
segments of the residential areas are shown in Figure D-3. 
Note that, for convenience in manipulation, the LdnB  = 65 
area is divided into three subareas, A1, A2, and A4. Note 
that A. is also at La0 	65. 

The school, playground, park, church, and offices in 
Figure D-1 are identified in Figure D-3, with populations. 
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Figure D-1. Example evaluation of impact due to a new highway. 
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9. The Le(I  values for the receivers identified in Step 8 
are estimated from the adjacent residential area value for 
Ldfl. The office building, being adjacent to Lincoln Ave., is  

assigned an L0q  = 65, similar to residential areas bordering 
main roads. 

10. This classification is summarized as 

A3  - 0.038 

P3  = 272 

I LdflB3 = 60 

P7  = 

L 
School 	

eqB; 

P6 = 1000 

Figure D-3. Description of the ambient noise levels before introduction of the highway. 

-4 

Figure D4. identification of equal highway/ambient noise areas and corresponding populations, in 5-dB increments. 



183 

CLASS OF 	 AREA 

(L(],, - 55) 	 DESIGNATION 

(65-55) 	 A1, A2, A4, A5  
(60-55) 	 A5  

11. P3 =272 

P1, 2 , 4, 5 =272+144+ 144+69=629 

12. School: (60-60)=0 
Playground: (60- 70) = 0 (where L6<1  <La, as- 
sign zero impact) 
Park: (60-60)=0 
Church: (60-60)0 
Offices: (60 - 70) = 0 (where L6  < L., assign zero 
impact) 

13. Because all (L - L) for separate receivers of Step 
12 are zero, P,, = zero for all i. 

14. Peq = 0.05(60 55)272 + 0.05(65 - 55)629 = 
383 

15. 

=(P1 +P2 +P3 +P4 +P1) + 
(P6  + P8  + P9  + P10 ) 

=901 + 1910= 2811 

Note: P71  the playground population, is not counted, 
because it is already counted in the school 
population, P6). 

383 
NIT8 

= 2811 
= 0.14 

16. The areas defined by superposing the highway con-
tribution to the "after" environment over the "before" areas 
are shown in Figure D-4 by dashed lines. The solid con- 
tours depict the boundaries between the 	values deter- 

iriined in Step 4. 
17. The population in each incremental area is posted in 

the appropriate area in Figure D-4. These populations are 
interpolated from the populations of Figure D-3. 

18. Logarithmic addition of the LdflB  and Ld fl11  values 

for each population, P1, yields the following population at 
a given L(IUA  value (rounded to 1 dB): 

FRAC- 

TIONAL 

IMPACT 

INDEX, 

0.05 
ZONE Pi  L,A  (L-L6) 

75 15+9+4=28 75 1.0 
70 15+10=25 70 0.75 

18 71 0.80 
65 18+10+14=42 66 0.55 

27 68 0.65 
60 26 + 34 + 27 + 9 = 96 63 0.40 

42 + 12  + 33 = 87 66 0.55 
55 18+45+22=85 61 0.30 

78+91+58+139+36=402 65 0,50 
<55 86+5=91 65 0.50 

19. Logarithmic addition of L668  and L99 EI   values for 

each Pk  provides: 

FRACTIONAL 

IMP ACT 

INDEX, 

0.05 
RECEIVER 	 P, 	Leq , 	(L - L) 

6-School 1000 75 0.75 
7-Playground 500 75 0.25 
8-Park 10 63 0.15 
9-Church 100 60 0.0 

10-Offices 400 75 0.25 
400 70 0.0 

The values of 0.05 (L - L) for the populations of 
Steps 18 and 19 are listed in Step 19. 

The "equivalent population" impacted is computed 
by multiplying the total population at each fractional im-
pact value and summing the results. The total residential 
value of P09  is 460. The total nonresidential P,1A  is 852. 

Note: The school building provides 750 of this total. 
The playground contribution is omitted because 
it is assumed that the playground occupants are 
the same population as in the school. If this were 
not so, the playground contribution should be 
included. 

The total Pe(IA  = 460 + 852 = 1,312. 
The noise impact index after addition of the high-
way is NIIA  = 1,312/2,811 = 0.47 
Note: If the school were not impacted, the NIIA  
would be 562/2,811 = 0.20. 

The change in impact index between the "before" 
and "after" conditions is (383- 1,312)/383 X 100 = 
-243 percent. If the school were not impacted, the change 
would be (383 - 562)/383 x 100 = -47 percent. These 
results can be stated as: (a) Before introduction of the 
highway an equivalent 14 perecnt of the total population 
was totally impacted by noise; (b) after the highway is 
added, an equivalent 47 percent of the total population 
would be noise-impacted; (c) if the school were not im-
pacted, introduction of the highway would increase the 
equivalent impacted population by 20 percent of the total 
population; (d) separate impact indices can be computed 
solely for the residential area as follows: Nil8  = 383/901 = 
0.43; NIIA =460/901 = 0.51; AI =(383 -460)/383 X 
100 = -20 percent. Or, the effect of the highway is to 
increase the noise-impacted residential population by 
20 percent. 



184 

APPENDIX E 

NOMOGRAPHS AND DATA SHEETS 

This appendix contains a blank form of each nomograph 
and data work sheet used in the design guide. The user may 
wish to reproduce this information to facilitate his use of 
the procedures. Careful attention should be paid to repro-
duction of the L10  and Barrier Nomographs; any distortion 
in reproduction will obviously affect the results. The fol-
lowing items are included: 

L 0  Nomograph. 

Barrier Nomograph (bound inside back cover). 

Noise Prediction Work Sheet (Short Method). 

Input Data Sheet—Receiver (Complete Method). 

Input Data Sheet—Roadway (Complete Method). 

Input Data Sheet—Shielding (Complete Method). 

Roadway Parameters (RDWY) Computer Coding 
Form. 

Traffic Parameters (TPAR) Computer Coding Form. 

Barrier Parameters (BARR) Computer Coding Form. 

Receiver Parameters (RCVR) Computer Coding Form. 



L10  NOMOGRAPH 

0. 

++++++ 
60 	70 

20 30 	40 	50 

PIVOT + SPEED: MPH 

POINT 70 60 
20 30 	40 	50 
+++++ 

AUTOMOBILES AND 
MEDIUM TRUCKS 

(OFT.) 

HEAVY 
TRUCKS 
(8 FT.) 

ui 
SCALE .u.- 

i! 	U - ••uuuuu U. UU 

Dc  V 
FT VEH/HR 

L 10  30 15000 

dBA 10000 40. 
100 

50 7000 

5000 
90 

70 
3000 

80 100 2000 

1500 

70 150 1000 

700 
200 

60 500 
400 

300 300 
50 

140 

400 200 

500 
150 

 
100 

PREDICTED 700 - 70 
NOISE 50 
LEVEL 1000 40 

30 
1500 20 

2000 VEHICLE 

DISTANCE VOLUME 

TO 
0 BSERVER 00 



NOISE PREDICTION WORK SHEET 

Project 
	

Date 
	

Engineer 

Vehkle A TM  T11  A 
TM TH A  TM TH A ITM 

TH TM TH.A  TM TH 

1 Vehicle Volume, V(Vph) 

2 : VehtcleAv.Speed,S(mph) 
- 

3 Combined Veh. Vol?, V(Vph) - - - - - 
4 Prop Observer-Roadway Dist., D (ft) 

C 

5 Line-of-Sight Dist., L/S (ft) 

6 Bar. Position Dist., 	P (A) 

7 E Break in L/S Dist., B(ft) 
 

8 Angle Sustended, 0 (deg)  

9 Unshleld L10  Level (dBA) 
 

10 .2c  Shielding Adjust. (dBA)  

Observer (By Veh. Class) 10  

12 

dat11  

r10  at Observer - TOTAL 

A = Automobiles, TM = Medium Trucks, TH = Heavy Trucks 

* Applies only when automobile and medium truck average speeds are equal. V = VA + (lO)VT 
M 

** If automobile-medium truck volume V is combined, use L10  Nomograph prediction only once for these 
two vehicle classes 



INPUT DATA SHEET - RECEIVER 

Page_ of 

Project 	 Engr 
	

Date  

No 
Receiver 
Number 

Receiver Location (ft) Receiver 
Height 

Ground 
Condltlon* 

Design 
Noise 

Level (dB) X Y. Z 

1 

2 

3 

4 

5 

7 

8 

9 

10  

11  

12 

131 

141 

15  

16  

17  

18 

19 

20  

21  

22 

23  

24  

25  

* I= Absorbent Ground 
2 = Reflective Ground 
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Prolect 

INPUT DATA SHEET - ROADWAY 

Engr Date 

00 

Page - of____ 
00 

- 
No 

Roadway 
Number 

Element 
Number 

ElementLocation (ft) 

Surface*  Gradient 

Automobiles Medium Trucks Heavy Trucks 

X Y z Volume Speed Volume Speed Volume Speed 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12  

13  

14  

15  

.16  

17  

18  

19  

20 

* 1 	Normal Surface; 2 = Smooth Surface; 3 = Rough Surface; 	2 = Upgrade Gradient; 1 = Other 



INPUT DATASHEET - SHIELDING 

Project 	 Engr 
	

Date 

- 
Barrier 
Type* 

Barrier 
Number 

Element 
Number 

Barrier Location (ft) 

X Y Z 

1 

2 

3 

5 

6 

7 ,  

8 

9 

10  

11  

12  

13 

14  

15  

16  

17 

18  

19  

20  

21  

22 

23  

24  

25  

* E = Elevated Roadway 	B = Off-Roadway Barrier 	V = Vegetation 
D = Depressed Roadway 	G = Ground Barrier 
R = Roadside Barrier 	S = Roadside Structures 
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RDWY 

Code 	 Roadway # 	Element # 	X 
	

Y 	 Z 	Surface 	GradTent 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 I? 16 19 zoOI 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3738 39 4041 42 43 44 45 4647 49 49 50 31 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 75 77 78.79 60 

I 	I 	I 	I 	I 

\0 
C 



TPAR 

Segments 
Code 	 Roadway 	First 	 Last 	Vehicle Type Volume (vph) Speed (mph) 

I 1 	2 3 4 5 6 7 8 9 10 II 12 13 4 15 16 I? 18 19 2021 22 23 24 226 27 28 29 30 31 32 33 34 35 36 373839 4041 42 43 44 45 4647 48 49 50 51 52 53 54 55 56 57 58 59 6061 62 63 64 65 66 6768 6970 71 72 73 74 75 76 77 78 79 801 



BARR 

Code Type 	Barrier # 	Element # 	X 	 Y 	 z 
2 3 	

4 5 6 7 8 9 10 II 12 13 4 15 16 Il 18 19 2021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3738 39 4041 42 43 44 45 4647 48 49 50 5 1 52 53 54 55 56 57 58 59 6061 62 63 64 65 66 67 68 6970 71 72 73 74 75 76 77 78 79 801 



RCVR 

Code 
	

Number 	X 	 Y 	 Z 	Height 	0-round 	Criterion 
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THE TRANSPORTATION RESEARCH BOARD is an agency of the National 
Research Council, which serves the National Academy of Sciences and the National 
Academy of Engineering. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate information that the 
research produces, and to encourage the application of appropriate research findings. 
The Board's program is carried out by more than 150 committees and task forces 
composed of more than 1,800 administrators, engineers, social scientists, and educators 
who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation. 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency. of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn from academic, industrial, and govern-
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo-
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu-
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—yet indepen-
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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