
> < 

r 
' J 

VANDERBILT UNIVERSITY 
~ NASHVILLE, TENNESSEE 572'5 

HIGHWAY CONSTRUCTION NOISE­
ENVIRONMENTAL ASSESS ME NT AND ABATEMENT 

VOLUME IV 

USER'S MANUAL FOR:< 
FHWA HIGHWAY CONSTRUCT ION NOISE 

COMPUTER PfROGRAM, HICNOM 

VAf\JDERBILT TRANSPORTATION REPORT 
VT R 81-2 



Vanderbilt Transportation Report 

VTR 81-2 

HIGHWAY CONSTRUCTION NOISE -

ENVIRONMENTAL ASSESSMENT AND ABATEMENT 

VOLUME IV 

USER'S MANUAL FOR 

FHWA HIGHWAY CONSTRUCTION NOISE 

COMPUTER PROGRAM, HICNOM 

For: 

U.S. DEPARTMENT OF TRANSPORTATION 
Federal Highway Administration, HRS-42 

Washington, D.C. 20590 

Contract No. DTFH61-81-C-00082 

By: 

Vanderbilt Transportation Research 
Department of Civil and Environmental Engineering 

Vanderbilt University 
Nashville, Tennessee 37235 

May, 1982 



T1tchnical keport Documentation Page 

1. Report No. 2. Government Accession No. 3. Recipient's Coto log No. 

4. Title and Subtitle S. Report Dote 

Highway Construction Noise - Environmental May. 1982 
Assessment and Abatement 6. Performing Orgonizotion Code 

Volume IV - User's Manual for the FHWA Highway 81_2 
l--:::--C_o_n_s_t_r.,..u.,..-c_t_i_o_n_N_o_1.._· s_e __ C_o_m...;.p_u_t_e_r_P_r_o_g_r_am_,_H_I_C_N_OM ______ -! B. Performing Orgoni z.otion Report No. 

7. Author/ sl 

Bowlby, W. and Cohn, L.F .• 
9. Performing Organiz.otion Nome and Address 
V.anderbilt University 
Transportation Research Group 
Box 96 - Station B 
Nashville, TN 37221 1----------------------------------1 12. Sponsoring Agency Nome and Address 

Office of Research 

VTR81-2 

10. Work Unit No. (TRAIS) 

11. Controct or Gront No. 

DTFH61-81-C-OnnR2 
13. Type of Report and Period Covered 

Federal Highway Administration 
U.S. Department of Transportation 

Final Report 
14. Sponsoring Agency Code 

HRS-42 Wa~hino-trm. D.C. 2or:;9Q 
15. Supplementary Notes 

FHWA Contract Manager: F. Romano (HRS-42) 

16. Abstract 
This series of reports represents a comprehensive treatment of highway 

construction noise characterization, measurement, prediction, and abatement, 
based on a literature review and original research. The major result of the study 
is a prediction model for highway construction noise with charts, calculator and 
computer program methods for its use. An extensive series of site and equipment 
noise measurements provided a data base for model development and validation. 

Volume 4 is the user's manual and programmer's manual for the interactive 
Fortran program for the prediction model. Program features and data input and 
output are explained in detail, and five example problems are presented. The 
program models sources as points, lines or areas and includes noise barrier 
attenuation routines and data base for over fifty equipment models. The program 
structure is documented in the Appendices. 

This volume is the fourth in a series. The others in the series are: 

Vol. No. 

1 

2 

3 

r:; 
17. Key Words 

FHWA No. Short Title 

Executive Summary and Simplified 
Prediction Methods 

NTIS(PB) No. 

Understanding Highway Construction 
Process 

Analysis and Abatement of Construction 
Noise 

18. Distribution :;1atement 

construction noise, highway noise, 
traffic noise, n9ise prediction 
noise abatement, noise analysis 

No restrictions. This document is 
available to the public through: The 
National Technical Information Service. 
Springfield, VA 22161 

19. Security Classif. (of this report) 

Unclassified 

Form DOT F 1700.7 (8-72l 

20. Security C lassi f. ( of this page) 

Unclassified 

Reproduction of completed page authorized 

ii 

21, No. of Pages 22, Price 

I 
181 

i 



t-'• 
t-'• ..... 

in 
ft 
yd 
mi 

oz 
lb 

,., 
Tbsp 
fl or 

• 
pl 

qi 

"'' tt3 
y,1l 

A1111roxi11111, Connrsiona 11 M1tric M111ur11 

Wh111 '" ll11ow 

inchea , .. , 
ya,da 

miles 

scru•• inct,es 
lqUlf9 feet 

squ■,e yards 
square miles 
acres 

-· """""" short tons 
12000 lbl 

tea-• 
table,s,oons 
flutd ounces 
Cup11 

pints 
quM11 
gellcn1 

cubic feet 
cubic yards 

LENGTH 

•2.5 
30 

O.!I 
1.6 

AREA 

6,5 
0.09 
0.8 
2,6 
0.4 

MASS (w1i1ht1 

28 
0.4S 
0.9 

VOLUME 

5 
15 
30 
0.24 
0,47 
0,911 
3.8 
0,03 
0.16 

TEMPERATURE (n■ctJ 

Fehronhetl 
temperature 

519 la11er 
1ubt'8c11n9 
321 

Te Fi11• 

centimeters 
cftfltimeters 
meters 
ktlome1ers 

square centimeters 
square meters 
square meters 

,quare kilometers 

hectares 

milliliters 
millilit$rl 
milliliters 

1tters 
titers 
liUtrs 

liters 
cubtc meters 
cubic meters 

Celsiu1 
1emperature 

cm 
em 
m 
km 

9 
kg 

ml 
ml 
ml 
I 

I 

I 
ml 
.,.l 

• 1 in 1 2 ,',4 IP•.H llyl. I,,, ,,ftlti!, ('11,'111 I umlH"fCl,m11-. and "ffl'f" dPl,1dPt! tt1bl1;>~. St!''! NBS Mos(. Puhl. 786. 
UruK ot We,'lhl~ llr'III Measure-;, Pt1(." \2.2~. ~0 t. .. ti1lQU Ne,. Cl:3,lll :;>86_ 

METRIC CONVERSION FACTORS 

.., 

.. . 

w -

nm 
cm 
m 
m 
km 

ml 

I 
I 
I 
ml 
ml 

•c 

., 
-40 

I 
-40 

•c 

A1111rHi111111 C1nwu1i1n1 h1111 Mllrlc M1111re1 

mlllilNI•• 
"""1imel9fl --· --· kilometer• 

M■ltitly ., 

LENGTH 

0.04 
0.4 
3.3 
1,1 
0.1 

AREA 

ICIII•• centimeters 0.19 
-meter• 1.2 
1qU1re kilmneters 0.4 
hecl•es 110.000 m21 Z.5 

-killllll'-
tonnes I 1000 kg) 

0.036 
2.2 
1,1 

VOLUME 

milliliters 0.03 
lit<ml 2.1 
li1e,o 1.Ge 
lil•1 0.28 
culric .,..,.,, 35 
cubic meter• 1.3 

TEM,EIIATUIE CtnctJ 

H 

9/llthel, .. 32, 

.... 

inchel 
incl,u .... 
y-,d1 

miles 

...-111Che1 
9q11aroyard1 
1qua,e milH ..... 

fluid-• 
pin111 -"· ........ 
culric !wt 
cubic y..,,1 

., 
Ill 

0 
( I I l 

-20 

I I I 
ro I I 
0 

I ·~ I t. • l~O. I I 1~0 I I 
I I I I i I 

zo 40 ao 10 
• '?' l I 

I 
•c n 

ht .. 
ft .,. 
Mi 



1.0 INTRODUCTION •.••• 

2.0 PROGRAM DESCRIPTION. 

2.1 Capabilities • • 

TABLE OF CONTENTS 

2.2 Logical Structure. 

2.2.1 HINPUT. 

2.2.2 HICNOM. 

2.3 Validation. 

3.0 DATA INPUT •.•• 

3.1 

3.2 

Data Requirements •• 

Preparation of Input Data. 

3.2.1 

3.2.2 

FORM 1: 

FORM 2: 

3.2.3 FORM 3: 

TITLE AND RECEIVER DATA. 

POINT SOURCE DATA ••.. 

"HAUL" LINE SOURCE DATA• . . . . . . . 

3 

3 

3 

4 

6 

10 

11 

11 

17 

19 

22 

28 

3.2.4 FORM 4: "NONHAUL" LINE SOURCE DATA. • • • • 38 

3.2.5 FORM 5: AREA SOURCE DATA . 

3.2.6 FORM 6: BARRIER DATA 

4.0 OUTPUT REPORTS ... 

4.1 

4.2 

HINPUT Output (Input Data File Report) • 

HICNOM Output (Results Report) • 

5.0 EXAMPLE PROBLEMS. 

• • • • • • • • • • 44 

51 

54 

54 

57 

58 

5.1 User Defined Source Typ~ and Zero and Negative Model Numbers • 58 

5.2 Production Rate Coordination and Use of-Noise Barriers. 65 

5.3 I-210 Fill Section. 

5.4 I-210 Cut Section. 

5.5 I-440 Rock Cut Section. 

6.0 ERROR MESSAGES AND RECOVERY . 

iv 

• • • • • • 7 3 

• • • • 80 

93 

101 



Page 

REFERENCES. 

APPENDIX A: MODEL FORMULATION AND STRUCTURE. 

. . . . . . . . . . . . 

. . . . . . . . . . . 
• 104 

A-1 

A.l 

A.2 

Construction Activities . . . . . . . . . . . . . . • A-1 

Acoustical Formulation. . . . . . . . . . . . . . . . . . . . A-8 

A-8 A. 2 .1 

A.2.2 

A.2. 3 

A.2.4 

Point Sources. 

Line Sources • 

. . . . . . . . . . . . . . . . . . . . 

A.2.2.1 

A.2.2.2 

Nonhaul Line Sources. 

Haul Line Sources •• 

Area Sources 

Barriers •• 

• A-9 

• A-9 

• A-13 

• A-15 

• A-17 

APPENDIX B: PROGRAMMER's MANUAL AND PROGRAM LISTING. B-1 

B-1 

B-1 

B-1 

B-1 

B-3 

B.l 

B.2 

B.3 

Conventions and Annotation ••••••••• 

HINPUT .•. 

Subroutines to HICNOM 

B.3.1 

B.3.2 

B.3.3 

B.3.4 

B.3.5 

B.3.6 

B.3.7 

B.3.8 

B.3.9 

DECODE 

PTTASK 

LNTASK 

HAULRD 

. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 

LOOP . . . . . . . . . . . . . . . . . . . . . . . . . 
GEOM. 

DECACC 

ELVER. 

PASSBY 

. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . 

B-3 

B-3 

B-4 

B-4 

B-4 

B-4 

B-4 

B-5 B.3.10 ARTASK 

B.3. 11 DATA!. 

B.3.12 DATA2. 

• B-5 

• B-5 



Page 

B.4 HICNOM. . ' . B-5 

B.5 Subroutines to HICNOM. B-5 

B.5.1 CROSS. B-5 

B.5.2 PTBAR. . B-5 

B.5.3 DIFRAC. . B-5 

B.5.4 LINSRC. B-6 

B.5.5 BX • B-6 

B.5.6 GX. B-6 

B.5.7 LNWALL. B-6 

B.5.8 LNBLOK. B-7 

B.5.9 LNBAR. B-7 

B.5.10 AREA. B-7 

B. 5 .11 EDGES. B-7 

B. 5 .12 SMALL. B-7 

B.6 COMMON Blocks. B-8 

APPENDIX C: MAINTENANCE MANUAL. C-1 

C.l BLOCK DATA DATAl. C-1 

C.2 SUBROUTINE DIFRAC. . . . C-1 

C.3 BLOCK DATA DATA2. C-2 

C.4 SUBROUTINE DECODE. ' C-3 

APPENDIX D: BLANK WORKSHEETS. D-1 

APPENDIX E: FIELD DATA SHEETS FOR EXAMPLE PROBLEMS 3 AND 4 • E-1 

APPENDIX F: MODEL VALIDATION. F-1 

INDEX • I-1 

vi 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

LIST OF FIGURES 

HINPUT Flow Chart •. 

HICNOM Flow Chart ••• 

Geometry and Coordinates of Line Source Segment •• 

Representation of Area by Centerline and Width 

FORM 1: TITLE AND RECEIVER DATA. 

POINT SOURCE DATA ••• 

"HAUL" LINE SOURCE DATA. 

FORM 2: 

FORM 3: 

Haul Road Turn-around Loop Configuration 

FORM 4: "NONHAULu LINE SOURCE DATA •• 

FORM 5: AREA SOURCE DATA •• 

BARRIER DATA .•••. FORM 6: 

Example of HINPUT Input Data File Report. 

HICNOM Results Report. 

Example Problem One 

a. Site Sketch .• 

b. Coding Worksheets •• 

c. 

d. 

e. 

User Responses to HINPUT. 

Input Data File Report. 

Results Report 

Example Problem Two 

a. Site Sketch .• 

b. Coding Worksheets •• 

c. 

d. 

e. 

User Responses to HINPUT. 

Input Data File Report •• 

Results Report ••••. 

. . . . . . . . 5 

7 

8 

9 

21 

• • • 23 

• • 29 

• 36 

• • 39 

•• 45 

• 52 

• 55 

. 55 

. . 58 

• 59 

• 61 

• • • 64 

• . • . . 64 

. • • 65 

67 

• • 69 

• • • 71 

. . . . . 72 



Figure 

16 Example Problem Three 

a. Site Sketch ••• 

b. Coding Worksheets. 

c. User Responses to HINPUT. 

d. Input Data File Report • 

e. Results Report. 

17 Example Problem Four 

a. 

b. 

Site Sketch •••• 

Coding Worksheets. . . . 
c. User Responses to HINPUT 

d. Input Data File Report . 

e. Results Report 

18 Example Problem Five 

A-1 

A-2 

A-3 

B-1 

B-2 

B-3 

a. Site Sketch •. 

b. Coding Worksheets •. 

c. User Responses to HINPUT •. 

d. Input Data File Report. 

e. Results Report •••. 

Haul Road Tum-around Loop Configuration. 

Geometry and Coordinates Line Source Segment •• 

Representation of Area by Centerline and Widths •. 

Subroutine Hierarchy Chart, HINPUT. 

Subroutine Hierarchy Chart, HICNOM. 

CO:MMON Block Location ••••... 

viii 

. . 

73 

74 

76 

78 

79 

81 

82 

86 

90 

91 

94 

95 

97 

• 100 

• 100 

• A-5 

• • A-10 

• A-16 

• • • • B-2 

• • B-2 

• • • B-9 



LIST OF TABLES 

Table Page 

1 Source Type Definition Information . . 12 

2 Source Type Acoustical and Operational Data. 15 

A-1 Source Type Definition Information . . . . . . A-2 

A-2 Source Type Acoustical and Operational Data. . . . . . A-6 

ix 



1.0 INTRODUCTION 

This report is one volume of the Federal Highway Administration (FHWA) 

Highway Construction Noise Handbook entitled Highway Construction Noise: 

Environmental Assessment and Abatement. It documents the formulation and 

use of BICNOM, the FHWA highway construction noise model and computer program. 

The construction noise model is used to predict 8-hour equivalent sound 

levels, Leq(8h) at receiver locations near a highway construction site from 

a variety of equipment and operations. The program may be used during planning 

and design of highway projects to identify potential problem areas and to 

evaluate abatement strategies. It may also be used during construction to 

design abatement methods or to analyze different mitigation strategies for 

specific problem areas. 

The model is designed for users with minimal background in acoustics and 

contains acoustic data for a large variety of construction equipment. However, 

it has options which permit the entry of user-supplied data bases and is therefore 

useful to acoustic specialists as well. While acoustics expertise is not 

required to operate this program, some knowledge of highway construction 

procedures and equipment is needed. Those desiring more background information 

on construction activities and noise, and on field measurements used in 

development of this model, should read the other volumes that make up the 

entire FHWA Highway Construction Noise Handbook. They are cited as References 

2-5 at the end of the main body of this report. 

The computer program as presented here is installed on the FHWA Amdahl 

computer system. It is an interactive program, where the user responds to 

data requests from the computer, and may be run from a video display or printing 

terminal. The program consists of two parts: HINPUT, which requests the 

input data from the user and performs initial acoustical and geometric 

calculations; and HICNOM, which performs the bulk of the acoustical calculations. 

HINPUT prepares a file containing the input data and initial calculations that 

then serves as the input file to HICNOM, which prepares a report of the results. 

While the program is fairly simple to use for someone tmfamiliar with 

computer programming or acoustics, it offers a variety of options to the more 
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experienced user regarding the types and operations of construction equipment. 

The user who desires to take advantage of these options is urged to carefully 

read this manual to understand how they work. 

Section 2.0 of this manual describes the capabilities and logical 

structure of the HICNOM program. Section 3.0 gives complete instructions for 

using the program, and presents coding worksheets for use in organizing input 

data. Section 4.0 discusses the output reports and their interpretation, 

while several example problems illustrating program use are given in Section 

5.0. Section 6.0 lists error statements and how to recover from errors. 

Appendix A discusses the model formulation and structure. It describes 

how construction activities and tasks are modeled and gives the acoustical 

formulation for the Leq calculations. Appendix Bis the programmer's manual, 

containing hardware requirements, and descriptions of program subroutines and 

data configurations. Appendix C is the maintenance manual, which describes 

the main data blocks and procedures for updating them. Appendix D presents 

a series of blank coding worksheets. 

Presented in Appendix~ are the field data ~beets and photographs for 

the construction sites that are modeled in Example Problems 3 and 4 in 

Sections 5.3 and 5.4. Finally, Appendix F presents the results of additional 

model validation work at three construction sites on Interstate 440 in 

Nashville, Tennessee~ 
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2.0 PROGRAM DESCRIPTION 

2.1 Capabilities 

The program has the following capabilities: 

• Calculation of an 8-hour equivalent sound level, Leq (8h) for construction 

activities representing various point, line, and area sources. 

• Up to 10 receiver locations. 
. Up to 10 point sources. 
. Up to 6 line sources, each described by up to 10 points. 
. Up to 5 area sources, each described by up to 10 centerline points and 

widths. 

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

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

• Easy user specification of additional data. 

• Activity levels can be automatically balanced between equipment working 

together. 

· Excess attenuation specified by user for each receiver location.* 

• Automatic generation of haul road turnaround loops and acceleration/ 

deceleration profiles. 

• Diagnostic output identifying the contribution of each source to the 

overall noise. 

Alphabetic descriptions supplied by the user for each receiver, source 

and barrier for easy identification on the output. 

The quantitative limits noted above are primarily due to the dimensioned 

size of arrays. They can be increased by changing appropriate dimensions, 

as discussed in Appendices B & C. The equipment data base can be increased 

to about 300 types and models within existing dimensions by modifying only 

the data statements described in Appendix C. 

2.2 Logical Structure 

The program is divided into two main sections: an input and task module, 

called HINPUT, that accepts geometric inputs and task descriptions and generates 

acoustic source quantities, and the acoustical part, called HICNOM, that computes 

receiver noise levels. These two sections are run separately. HINPUT interactively 

*Excess attenuation is specified in decibels per doubling of distance. It is 
related to the ground cover parameter "alpha" in the FHWA Highway Traffic Noise 
Prediction Model by being equal to three times alpha. For example, a "soft" 
site alpha of½ corresponds to an excess attenuation of 1,5 dB. 
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accepts user data from a terminal, prompting the user for each line of data. 

HINPUT computes a reference emission level for each piece of equipment 

factored by the hours worked by the equipment, and a "source density" for 

line and area sources that is used by HICNOM in the Leq calculations. 

HINPUT also generates the coordinates for the points representing turn­

around loops for haul roads, and average speeds on the segments defined by 

these points. HINPUT then creates a data file that is to be read and used 

by HICNOM. HICNOM then does the Leq calculations, basically as detailed 

in Section A. 2 and produces a results report. 

The following subsections describe the logical structure of the two 

programs. 

2. 2. 1 HINPUT 

Figure 1 is a flow chart of HINPUT. Indicated on the chart are the 

names of key subroutines used in each section. The subroutines are described 

in detail in Appendix B. 

The user first enters the coordinates of receiver locations and a 

value of excess attenuation. These values are passed directly through 

to the data file. Construction activities are next specified by inputting the 

name of a particular piece of equipment. The subroutine DECODE checks the 

input name against a list of allowable names. An internal identification 

index is returned, together with an indicator as to whether the source is 

a point, line, or area. User-defined equipment may be specified. The input 

equipment type name is appended with a sequential number, e.g., the third 

backhoe input is called "BACKHOE 311
, for identification in the data file. 

Separate sections of code handle the remaining input and analysis for 

the three geometry types. The source location is input, then control is 

transferred to the appropriate task subroutine: PTTASK, LNTASK, or ARTASK. 

Each of these routines looks up the emission level of the equipment and 

adds its effective source height to the input location. If a user-defined 

piece of equipment is specified, the program requests the appropriate data. 

These data are stored so that this new equipment type may be referred to 

later in the same run. The task routines compute the production rate for 

appropriate equipment, and utilize this to obtain usage factors (fraction of 

time operating) when equipment is coordinated. The line and area sections 

divide the number of sources by total length or area to obtain source density. 
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Input Location 

Input Receiver Locations, 
Excess Attenuation 

Input Source Type, 
Activity Level 

Test For Valid Type, Internal ID Code 
(DECODE) 

Point Area 

Input line Geometry 

Obtain Source Emission 
Level (PTT ASK) 

Obtain Equipment Emission 
Level (LNT ASK) 

Generate Return Loop, 
Acceleration Profiles, etc. 

(HAULRD, LOOP, PASSBY, DECACC) 

Yes 

Input Barrier Geometry 

Write Dato File 

Figure I. HINPUT Flow Chart 
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The line task section (via subroutine LNTASK) additionally contains 

routines to generate turnaro\llld loops and acceleration/deceleration profiles. 

The available options are described in Section 3.0, and details of the computa­

tion are in Appendices A and B. Briefly, several options are available 

that result in the addition of a number of points to the input line geometry 

and that cause the calculation of average speed, source density, and 

emission level on each segment. These modified and/or computed values are 

returned to the main program for inclusion in the output data file. 

Following input of source data, the geometries of any barriers are then 

entered. These are passed through unaltered to the output data file. 

Writing the data file is the final step of this program. 

2.2.2 HICNOM 

Figure 2 is a flow chart of HICNOM. The key subroutines parenthetically 

noted are described in detail in Appendix B. 

Program structure is essentially linear. The data file created by HINPUT 

is read, then the noise at each receiver is computed for the point, line and 

area sources. When barriers are present, the noise contribution from each 

source element is first computed without barriers, then with barriers. 

The smaller value is taken, as discussed in Section A.2.4. 

The point source calculation is quite straightforward, based on Equation 

A-1 in Section A.2.1, and the no-barrier case is handled entirely within the 

main program. The line and area cases are somewhat more complex. In order 

to standardize the line source calculation (Equation A-4 or A-9 ) each 

line segment is transformed to a local-coordinate system oriented as shown in 

Figure 3. For a line between points i and i + 1, point i is placed at the 

origin and i + 1 on the positive x-axis. Each receiver location is transformed 

to these coordinates, with they value taken as -jyj. The quantities d,¢1, and 

¢2 , are then directly obtained for use in subroutine LINSRC, which performs 

the calculation of Equations A-4 and A-9. The coordinate transformation is 

performed by subroutine GEOM. GEOM is a general-use transformation routine 

which is used for a variety of purposes in both HICNOM and HINPUT. 

The area calculation requires division of areas into segments, then division 

of each segment into strips, as described in Section A.2.3. Figure 4 

shows how areas are represented in the model. This task is performed by 

subroutine AREA. Each strip is treated as a separate line element, as are the 

segments of line sources. 
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Read Data File 

Point Sources ,------ -------7 
I --------------. I 
I Compute Unshielded Noise Levels I 
I -------.------ I 
I I 
I I 
I I 
I I 
I I 
I ! Compute Shielded Noise Levels : 

~-------- -------~ 
Line Sources r------- -------, 

I .----~----- I 
I Compute Unshielded Noise Levels I 
I (GEOM, LNSRC) I I ._ ___________ _, I 

I I 
I .------------ I 
1 Test For Barriers And I 

I Compute Shielded Levels I 
I (LNWALL) I 

I L_ --- ___________ .., 

Area Sources ,----------------, 
Divide Area Into Strips 

(AREA) 

Compute Noise Levels From Strips 
(GEOM, LNSRC, LNWALL) 

L __________ ----- ~ 

Add Al I Noise Levels 

Print Totals And Components 

Figure 2. HICNOM Flow Chart 
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Figure 3. Geometry and Coordinates of Line Source Segment 
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Figure 4. Representation of Area by Centerline and Width 
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Running indices are created in parallel to the main calculation. 

These keep the summation over subsources organized and permit identification 

of subsource components. The indices and the key to subsources are described 

in Section 4.2. 

2.3 Validation 

Validation was performed at two levels: computational validation, where 

the computer code was checked out, and application validation, where predictions 

we.re compared with field data. The latter includes effects due to non-ideal 

data, and is discussed in Section 5. 

Extensive validation of the computer code was carried out as the program 

was developed by the original contractor, and as it was evaluated by this 

author. The procedure for testing subroutines was to use special input 

data through the actual main program, rather ·than dummy driver routines. 

All options were exercised, and results checked against hand calculations 

and/or exact solutions. Particular attention was paid to limiting cases of 

the algorithms used; for ex.ample, coordinate transformation involving 

rotation angles of exact multiples of ~/2, Temporary output statements were 

uned to check key interm-:diate results. 

The last volume of the FHWA highway construction noise handbook contains 

a case study showing step-by-step how an actual construction site (I-440, 

Nashville, Tennessee) was modelled during construction operations. 5 

In addition, Appendix F of this volume contains the results of a small 

~cale validation study performed at three construction sites on I-440. 
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3. 0 DATA INPUT 

This section describes in detail how to use the two parts of the 

computer program, HINPUT and HICNOM. Section 3.1 briefly describes the data 

requirements and presents the equipment source data contained in the program. 

Section 3.2 gives complete detailed instructions for data input including use 

of coding worksheets. 

3.1 Data Requirements 

The following data are required to run the program: 

RECEIVERS - number of receiver locations, their Cartesian coordinates, the 
excess attenuation rate from the sources to each receiver (decibels 
per doubling distance), and a description of each receiver location; 

EQUIPMENT - names and model numbers of the construction equipment at the site. 
Table 1 is a list of the equipment types and models that are built 
into the program, and will be discussed in more detail below; 

SOURCE DATA - coordinates defining point, line, and area source geometries, and 
a description of each source; 

BARRIER DATA - the number of noise barriers, coordinates defining the barrier 
top locations, and descriptions of each barrier. 

Additional information which may be needed include speed and hourly volume 

data for haul operations, the nature of tum-around loops for haul roads, 

source activity data, and noise level and operational data for equipment defined 

by the user. All of the required input data will be discussed in detail in 

Section 3.2. 

Source and receiver locations are specified by the user as sets of 

cartesian coordinates x, y, and z. The x and y coordinates are in the horizontal 

plane, and z is vertical location. The origin and orientation of the coordinates 

may be set by the user in any convenient way. 

For the noise calculations described in Sections A.2.1 through A.2.3, only 

the x and y coordinates are considered. The difference between true three­

dimensional distance and the horizontal component is generally negligible. 

In the field program, 5 no elevation differences were found which would cause 

a difference of more than a fraction of a dB due to increased distance. 

The neglect of z in this analysis provided great simplification in the program. 

Note that the user has control over the effect of elevation of a receiver 

on excess ground attenuation through specification of an excess attenuation 

rate for each receiver. 
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Table 1. Source Type Definition Information (page 1 of 2) 
(See Table 2 for related information) 

Is 
Production Type 

Allowable Rate of 
Source Model Geometrv Coordination Line 
Type No.* Description Types t Possible? Source 

BACKHOE 1 // Nominal** 1 2 3 Yes Non-Haul 
2 Caterpillar, Koehring l 2 3 Yes Non-Haul 
3 p & H 1 2 3 Yes Non-Haul 
0 Defined by user 1 2 3 Yes Non-Haul 

LOADER l Ii Nominal 1 2 3 Yes Non-Haul 
2 3-yard capacity l 2 3 Yes Non-Haul 
3 5-yard capacity 1 2 3 Yes Non-Haul 
4 7-yard capacity 1 2 3 Yes Non-Hau} 

.5 10-yard capacity 1 2 3 Yes Non-Haul 
0 Defined by user 1 2 3 Yes Non-Haul 

COMPRESSclrl 1 i; Nominal 1 No N/A tt 
2 Standard 1 No N/A 
3 Quiet, doors open 1 No N/A 
4 Quiet, doors closed 1 No N/A 
0 Defined by user 1 No N/A 

PILE DRIVER l II Nominal 1 No N/A 
2 Current data 1 No N/A 
0 Defined by user l No N/A 

PUMP 1 63 dB @ 50 feet 1 No N/A 
2 76 dB (d 50 feet 1 No N/A 
3 i' 1-lominal l No N/A 
0 Defined by user 1 No N/A 

CRANE 1 // Nominal l Yes N/A 
2 Low 1 Yes N/A 
3 Medium 1 Yes N/A 
4 High 1 Yes N/A 
0 Defined by user 1 Yes N/A 

BREAKER 1 Ii Rock Drill 1 2 3 No Non-Haul 

2 /I Std. Jackhammer (Nominal) I 2 3 No Non-Haul 

3 Muffled Jackhammer 1 2 3 No Non-Haul 

0 Defined by user l 2 3 No Non-Haul 

CCNCRETF 1 ii Concrete Pour 1 No N/A 
2 ii Nominal Batch Plant l No N/A 
3 Batch Plant 1 No N/A 
4 if Pump 1 No N/A 
5 Ii Cone re te Mixer I No N/A 
0 Defined by user l No N/A 

* A model number of zero tells the program a new model number is being defined for this 
computer run. 

** "Nominal" means that the data represents an averaging of data from previous literature, 
t 1: Point, 2: Line, 3: Area 

tt N/ A means "not applicable". 
C Use this model number if a generalized value is needed. 
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Table 1. Source Type Definition Information (page 2 of 2) 
(See Table 2 for related information) 

Is 
Production 

Allowable Rate 
Source Model Geometry Coordinatiot 

Type No.* Description Types t Possible? 

GENERATOR 1 Low Level 1 No 
2 fl Nominal** l No 

0 Defined by user 1 No 

MISCELLAN I ff Grinder 1 No 
2 II Concrete Saw 1 No 
3 #Fan 1 No 
4 # Welder (Nominal) 1 No 
0 Defined by user I No 

BULLDOZER I fl Nominal** 1 2 3 No 
2 Caterpillar D6, D7, D8 l 2 3 No 
3 Caterpillar D9 l 2 3 No 
4 D9 without muffler 1 2 3 No 
0 Defined by user l 2 3 No 

GRADER l C Nominal 1 2 3 No 
0 Defined by user 1 2 3 No 

TRUCKS l 10-yard dump, quiet 2 Yes 
2 10-yard dump, noisy 2 Yes 
3 Dual 20-yard trailers 2 Yes 
4 fJ Nominal 2 Yes 
0 Defined by user 2 Yes 

SCRAPER l Caterpillar 631, muffled 2 Yes· 
2 #Cat. 631, no t11.1ff.(Nominal) 2 Yes 
3 Caterpillar 623 2 Yes 
4 Caterpillar 637 2 Yes 
0 Defined by user 2 Yes 

COMPACTOR l Low 3 No 
2 fl Nominal 3 No 
3 High 3 No 
0 Defined by user 3 No 

PAVING l fl Nominal 1 2 3 No 
2 Concrete Paver l 2 3 No 
3 Asphalt Paver l 2 3 No 
0 Defined by user 1 2 3 No 

Type 
of 

Line 
Source 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
N/A 

Non-Haul 
Non-Haul 
Non-Haul 
Non-Haul 
Non-Haul 

Non-Haul 
Non-Haul 

Haul 
Haul 
Haul 
Haul 
Haul 

Haul 
Haul 
Haul 
Haul 
Haul 

N/A 
N/A 
N/A 
N/A 

Non-Haul 
Non-Haul 
Non-Haul 
Non-Haul 

USER DEFINED 0 Defined by user 1 2 3 Yes [Iser-Defined 

* A model number of zero tells the program,a be~ model number is being defined for this 
computer run. 

** "Norr.ina1" means that the data was acquired from previous literature. 
t 1: Point, 2: Line, 3: Area 

tt N/A means "not applicable". 
# Use th~s model number if a generalized value is needed. 
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Vertical distances are of critical importance when barriers are involved, 

so that true three-dimensional distances are used when computing the path 

length difference as described in Section A.2.4. Coordinates specified for 

a barrier represent the spatial location of the top edge: the location 

of the ground at the barrier plus the height of the barrier above the ground. 

Similarly, receiver locations specified by the user must represent the actual 

height of the receiver. 

Source elevations are specified somewhat differently. The height of 

the effective acoustic source location above the ground varies between various 

pieces of equipment, and forms part of the data base in the model. Source 

locations are therefore specified by the user as the ground-level location; 

the model adds the appropriate height to obtain the acoustic source location. 

A key part of the model is the inclusion of an extensive data base of 

equipment noise levels and operating parameters. The bulk of the data 

incorporated into the model was gathered as part of the program's development, 

and is presented in a raw form in Volume 5 of the FHWA highway construction 

noise handbook.5 Some additional data was obtained from a review of the literature, 

but this was generally limited to maximum emission levels and manufacturer 

specifications of equipment capacity. 

Table 1 lists in its first three columns the equipment types and model 

numbers contained in the program, and a description of what each model 

number represents. The fourth column of Table 1 indicates whether the user may 

specify the equipment as operating at a point, along a line or over an area, 

or if the program assigns a particular geometry type to that source type. 

The fifth column indicates whether or not the production rate of the equipment 

may be tied to the operations of another piece of equipment. Only those sources 

with a "yes" answer may be coordinated with each other. The last column 

indicates for those sources that may be specified as a line source whether 

the prognam assumes them to be haul or non-haul line sources. 

Each model number listed in Table 1 represents an average of a number 

of similar pieces of equipment. Items marked "nominal" are from the literature; 

The remainder are from Volume 5 of the FHWA construction noise handbook.5 The 

descriptions in Table 1 vary from quite specific to somewhat vague. ':l'l:t.~Y 
are presented in the most descriptive manner that does not lead to overgenerali­

zation. In some cases it will be necessary to examine the noise levels in Table 2, 

and make a judgement as to which model number is appropriate. 
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Source 
Type 

BACKHOE 

LOADER 

COMPRESSOR 

PILE DRIVER 

PUMP 

CRANE 

BREAKER 

CONCRETE 

Table 2. Source Type Acoustical and Operational Data (page 1 of 2) 
(See Table 1 for related information) 

Acoustic Acoustic Reference 
Model Lmax Delta Cycle Time Capacity Height Frequency Speed Slopett 
No,* (dBA) (dBA) (hrs.) (cu. yds.) (ft.) (Hz.) (mph) 

1 86.5 3 .00833 N/At 6 500 -- --
2 88.0 3 .00833 N/A 6 500 -- --
3 92.0 3 .00833 N/A 6 500 -- --
0 UD** UD UD UD UD UD -- --
1 89.0 5 .00833 5 6 500 -- --
2 81.0 5 .00833 3 6 500 -- --
3 82.0 5 .00833 5 6 500 -- --
4 83.0 5 .00833 7 6 500 -- --
5 85.0 5 .00833 10 6 500 -- --
0 UD UD UD UD UD UD -- --
I 91.3 2 0 N/A 4 1000 -- --
2 88.0 2 0 N/A 4 1000 -- --
3 77.0 2 0 N/A 4 1000 -- --
4 67.0 2 0 N/A 4 1000 -- --
0 UD UD UD UD UD UD -- --
1 97.3 6 0 0 20 1500 -- --
2 103.0 6 0 0 20 1500 -- --
0 UD UD UD UD UD UD -- --
l 63.0 0 0 0 4 800 -- --
2 76.0 0 0 0 4 800 -- --
J 71.0 0 0 0 4 800 -- --
0 UD UD UD UD UD UD -- --
1 89.0 7.5 0 0 15 500 -- --
2 73.0 7.5 0 0 15 500 -- --
3 81.5 7.5 0 0 15 500 -- --
4 85.0 7.5 0 0 IS 500 -- --
0 UD UD UD UD UD UD -- --
I 96.0 7 0 0 2 1500 -- --
2 87.0 7 0 0 2 1500 -- --
3 76.0 7 0 0 2 1500 -- --

-- --1 78.0 5 0 0 10 500 
2 90.0 0 0 0 IO 500 -- --
3 82.0 0 0 0 10 500 -- --
4 85.0 0 0 0 6 500 -- --
5 82.8 0 0 0 8 500 -- --
0 UD UD UD UD UIJ UD -- --

* A Model Number of zero tells the program a new model number is being defined for the computer run. 
** UD: User-defined (supplied by user) 
t N/A means "not applicable". 
tt Slope is 11 B11 in the emission level equation: Lo L + B log (speed/ reference speed). 

max 

Critical 
Speed 
(mph) 

--
----
--

----
----
--
--
--
--
--
--
--
------
------
--
--
--
----
--
--
--
--
--
--
--
--
--
--
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Table 2. Source Type Acoustical and Operational Data (page 2 of 2) 
(See Table 1 for related information) 

Acoui,;tic Acoustic Reference 
Source Model Lmax Delta Cycle Time Capacity Height Frequency Speed 

Type No.* (dBA) (dBA) (hrs.) {cu. yds.) (ft.) (Hz.) (mph) 

GENERATOR l 73.5 0 0 0 4 1200 --
2 81.0 0 0 0 4 1200 --
0 UD** UD UD UD UD UD --

MISCELLAN l 71.0 l 0 0 2 1200 --
2 88.0 0 0 0 1 1200 --
J 83.0 0 0 0 4 1200 --
4 71.0 0 0 0 4 1200 --
0 UD UD UD UD UD UD --

BULLDOZER 1 90.l 2 0 0 6 500 --
2 80.0 2 () 0 6 500 --
3 85.0 2 0 0 6 500 --
4 96.0 2 0 0 6 500 --
0 UD UD UD UD UD UD --

GRADER 1 83.0 0 0 0 8 500 --
0 UD UD UD UD UD UD --

TRUCKS 1 76.0 N/At N/A 10 8 500 35 
2 81.0 N/A N/A 10 8 500 35 
3 86.0 N/A N/A 40 8 500 35 
4 90.7 N/A N/A 10 8 500 35 
0 UD N/A N/A UD UD UD UD 

SCRAPER l 84.0 N/A N/A 25 6 500 JO 
2 95,0 N/A N/A 25 6 500 30 
3 

~) 
N/A N/A 25 6 500 30 

4 ·~ N/A N/A 25 6 500 30 
0 UD N/A N/A UD UD UD UD 

; c'. .. ~;"e; 
COMPACTOR 1 80.0 0 0 0 8 500 --

2 86.0 0 0 0 8 500 --
3 93.0 0 0 0 8 500 --
0 UD UD UD UD UD UD --

PAVING 1 83.8 0 0 0 4 500 --
2 82. 8 0 0 0 4 500 --
3 82.5 0 0 0 4 500 --
0 UD UD UD UD UD UD --

USER DEFINED 0 UD UD UD UD UD UD --

* A Model Number of zero tells the program a new model number .is being defined for the computer run. 
** UD: User-defined (supplied by user) 
t N/ A means "not applicable". 
l"f· Slope is "B" in the emission level equation: Lo = L + B log (speed/reference speed). 

max 

Slopett 

--
----
----
--
----
--
--
--
--
--
----
20 
20 
20 
20 
UD 

0 
0 
0 
0 

UD 

------
--
------
--

--

Critical 
Speed 
(mph) 

--
----
--------
--
----------
----
35 
35 
35 
35 

30 
30 
30 
30 
UD 

--------
----
--
--

--



Table 2 presents the acoustical and operational data that are coded into 

the program for the different model numbers. A wide variation of noise levels 

is not uncommon. It was found in the field program that nominally identical 

pieces of equipment could produce noise levels which differ by 10 dB or more. 

Construction sites generally have small (in a statistical sense) numbers of 

equipment present, so that caution must be exercised in any use of average 

levels for a specific case. Data in the program does provide a good selection 

of the range encountered, however, so that reasonable choices can be made 

in the absence of specific data. 

3.2 Preparation of Input Data 

Data is interactively entered into the computer through requests by 

the program. The program asks for data in the following order: problem 

title, receiver data, source data, and barrier data. The same questions are 

asked from run to run for all of the above except the source data. Source 

data questions vary quite a bit depending on the type of source (point, line or 

area) and the user's responses to certain of the questions. 

Seven worksheets have been prepared to help the user organize the data 

for input into the program. Each worksheet has appropriate information 

printed on it to help guide the user as to which pieces of data are required 

for a particular run. The seven worksheets are: 

FORM 1 : TITLE AND RECEIVER DATA 

FORM 2: POINT SOURCE DATA 

FORM 3: "HAUL" LINE SOURCE DATA 

FORM 4: "NON-HAUL" LINE SOURCE DATA 

FORM 5: AREA SOURCE DATA 

FORM 6: BARRIER DATA 

FORM 7: DATA INPUT GUIDE 

All of the requests made by the program are discussed in this section, 

grouped by worksheet. In many cases, the answer to one request will determine 

the next request to be made; all such options and branching are explained 

in detail. 

Phrases printed by the computer are capitalized and underlined. User 

responses for all data input are free format; that is, data items ar~ 

separated by a comma or one or more blank spaces, with a carriage return 

at the end of an answer. 

The discussion is set up for easy reference by the user if a question 

arises during data input. To make discussion of each form complete, there 
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is some repetition for those requests that are asked for all source types. 

However, this repetition allows each section to stand on its own. At the 

beginning each section is a form with sample data. Then, for each program 

request, the request itself is presented, capitalized and underlined. The 

portion of the form showing the request and a typical response is shown, 

and then a discussion of the request is given. 

Form 7 is set up as a guide to the user on allowable source types, 

model numbers, geometry types and production rate coordination. No user 

entries are made on Form 7. It is illustrated in Appendix D. 
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FORM 1 

3. 2. 1 FORM 1: TITLE AND RECEIVER DATA 

Form 1, including sample data, is shown in Figure 5. 

STEP 1. ENTER TITLE FOR THIS PROBLEM 

PROBLEN TITLE CENTER AS ONE LINE) 

Up to 80 characters describing this computer run may be entered here. 

This title is printed at the top of the data file created by HINPUT and at 

the top of the results report prepared by HICNOM. 

STEP 2. ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

NUNBER OF RECEIVERS 
Ct1AXfl1Uf1 OF 10) 

I 

Enter the number of receivers in this run. Up to 10 receivers may be 

defined per run. 

STEP 3. ENTER A DESCRIPTION OF RECEIVER# X 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER #X 

DESCRIPTION lNAX. m:na 
X-COOROINATE Y-COORDINATE I-COORDINATE IIOUND 

16 CHARACTERS) ATTIN. 
,1&100> 

/tJ/:J.. /f//4-1AI 0 0 C) /.,e;-

A set of answers, followed by a carriage return, has to be given for 

each receiver. The DESCRIPTION is a title that may be given to each receiver. 

It is printed on both the data input report and results report, and allows 

easy identification of the receivers. If no description is desired, simply 

press the carriage return key. 

X, Y, and Z are the three-dimensional coordinates of the receiver location. 
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FORM 1 

EXCESS ATTENUATION (dB/DD) indicates how fast the sound level will drop 

off from the sources to this receiver in addition to the attenuation due to 

geometric spreading of the sound waves. Geometric spreading for point and line 

sources is 6 dB and 3 dB, respectively. Typical values for excess ground 

attenuation are O dB and 1.5 dB. A value of O dB would be applicable to 

elevated receivers (such as second story windows) or for propagation over 

pavement or hard packed earth. A value of 1.5 dB would increase the attenuation 

to 7.5 dB and 4.5 dB, respectively, for point and line sources, which is 

typical for a "soft" site (e.g., freshly dug earth at a construction site). 
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Figure 5. FORM 1: TITLE AND RECEIVER DATA 

HICNOM NAME w/3 
FHNA HIOHWAY CONSTRUCTION NOISE PRCJL.T~ 6 

PREDICTION PROGRAM DATE 3 / 
PROJECt I-ff 

FORN 1 - TITLE AND RECEIVER DATA 

PROBLEM TITLE CENTER AS ONE LINE) 

E>rl}MP&tF D4-rA 

NUMBER OF RECEIVERS 
Ct1AXIt1Ut1 OF 10) 

I 

DESCRIPTION (~RX. acne 
DO NOT X-COORDJNATE Y-COORDINATE !-COORDINATE IIIOUMD 

16 CHARACTERS) ATTEN. ENTER (DI/DD) 

1 /01:;J. MlflN 0 0 0 /.5:" 
2 

s 
4 

5 

6 

7 

8 

9 

10 

NOTES1 (AIOT ? -:SC'~~) 
,,./lflJ, ,io 

ll1tv1-_ j<b. 
/a:,;t:J_, I Z. 0 

---,~ ;t= • 
ava. t I •<?"°'~ (K-Y ~l".41 

tl-,f!JO • .,f.L~O~ "1.0 
~A ~ 

A-T RS;.t.1111£1?..) 
~•,i.o) ~2,0,) 

IOl2. M1tiN ~ ~-/Jl,//Vf/) 
(O,c.>) ~i,,nt 
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FORM 2 

3.2.2 FORM 2: POINT SOURCE DATA 

Form 2 is designed to organize data for point sources. The user may 
choose from pre-programmed source types, or may create new source types. 
Figure 6 shows an example of Form 2. 

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

SOURCE D£8CRIPTI0M 
TYPEll) <NAX. 18 CHRR.J 

Pllri/ Al8tl /01;. (!<,(JIN) 

These two requests are made for each source. The following source types 

may be used as point sources: 

COMPRESSOR CRANE GENERATOR USER-DEFINED 

PILE DRIVER BACKHOE MISCELLAN BREAKER 

PUMP CONCRETE LOADER BULLDOZER 

GRADER PAVING 

These source types have to be entered exactly as shown above. If they are 

misspelled or some other word is entered, the program will respond INVALID 

SOURCE 'IYPE - REENTER. Tables 1 and 2 give full descriptions of these sources 

and the values associated with them in the program. 

The DES.CRIPTION is a 16-character identifier that may be given to the 

source by the user. It will be printed on the output. If no description is 

desired, simply press the carriage return key. 

STEP 2. ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

Enter a model number from the choices in column 2 of Table 1. Any other 

value will produce the message INVALID MODEL NUMBER - REENTER. Note that 

all of the non-zero model numbers have the data shown in Table 2 coded into 

the program. 
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N 
\.,.J 

HICNOtl 
FHMA HIGHWAY CONSTRUCTION NOISE 

rREOICTION PROGRAM 

FORK 2 - POINT SOURCE DATA 
POINT SOURCES CNAXINUN OF 10) 

l SCURCE DESCRIPTION "ODEL 0£0ftETRY HOURI X-COOROIHATE Y-COORDIHRTE TYPE( l) C tlAX. 18 CHAR • l NUHlfRCtl TYPE MGRKfDC!IJ 

Pv~P A/€.4R /01;_ ( Row) {) 1 'i 'o/"O rJ..O 
1 
1 --~--.. 

1 
1 
1 --

1 
1 
1 
1 

NOTES, 
(1) TO DEFINE SOURCE NOT LISTED ON FORN 7. ENTER1 USER DEFINED 
(2) 0 INDICATES NEW NOOELa NEGATIVE VALUE INDICATES HEW 

HODEL PREVIOUSLY CREATED JN THIS RUN 
(3) IN 8 HOUR DAY1 NEGATIVE VALUE HERNS NATCH PRODUCTION RATE 

WITH PRECEEDINO SOURCE WITH PRODUCTION RATE 

IF SOURCE TYPE IS 'USER DEFINED' OR NOOEL NUNBER IS o. ALSO ENTERc 
NAXINUII DELTA CAPACITY CYCLE ACOUITJC 

LEVEL TIii! HElOHT 

7~ 0 (J ~ 3 

NAt1E Lv. · 
PR0£LOF 6 
DATE 3/3/ 
PROJECT J:-99 

Z-COORDINATE 

{) 

FREQUENCY 

~00 

t,;j 
I-'• 

OQ 
t:: 
ti 
(1) 

(j\ . 
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FORM 2 

To create a new model for a particular source type, enter O in response 

to this request. This will cause the program to later request noise level 

and operational data for this model. More than one new model can be created 

for each source type during a given run. However, the total number of 

models of a given type (highest value in Table 1 plus user-created models) may 

not exceed 10. This new data is not retained from one run to the next. 

Permanently adding a new model to the program requires changing the BLOCK 

DATA and SUBROUTINE DECODE sections of program as described in Appendix 

C of this manual. 

A newly created model (MODEL NUMBER of O) may be referred to later in 

the data input of a problem. This is done by entering the appropriate source 

type and then a MODEL NUMBER of -1. If two new models have been created 

for a particular source type during the same run, the second one may be referred 

to later in data input by using a MODEL NUMBER of -1 while the first would 

be referred to by a MODEL NUMBER of -2. In this case, the -1 indicates "last 

new model of this typen while the -2 indicates "next-to-last new model of 

this type". More than two newly created models may be referenced later during 

data input in the same manner: the greater the negative value for MODEL NUMBER, 

the earlier in data input that model was first specified. Example 1 in 

Section 5.1 illustrates use of a USER DEFINED source type and model numbers of 

0, -1 and -2. 

For the source type USER DEFINED, a MODEL NUMBER of O is always used 

the first time this soµrce type is specified, and a negative value is used 

thereafter if referring back to this same source type. Note that more than 

one USER DEFINED source type can be created during the same run by using a 

MODEL NUMBER of O the first time each is specified. 

STEP 3. ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

OEOIIETRY 
TYPE 

1 

Certain source types may only be used as point sources; others may also 

be used as line or area sources (the latter are: LOADER, BACKHOE, BRE..'lli.ER, 

BULLDOZER, GRADER, PAVING, and USER DEFINED). The above request will only 

be made for the latter sources, where there is a choice of geometries. 

In this case, a value of 1, indicating point source, would be the appropriate 

response. 
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FORM 2 

STEP 4. ENTER HOURS WORKED DURING 8-HR DAY (ENTER -1 TO COORDINATE THIS SOURCE'S 

PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A 

PRODUCTION RATE) 

NOURI 
IIIKEDIIJ 

Enter the number of hours worked during the 8-hour day for this particular 

model. {The program is based on an 8-hour day and computes an 8-hour Leq. 

This value can be changed in the program as described in Appendix C of this 

manual.) If a piece of equipment was only working half of the day, for example, 

the correct entry for HOURS WORKED would be 4. Note that this time is the 

entire time when the equipment is in operation, not just the time when it 

is at maximum sound level. For example, a rock drill produces a much higher 

noise level when drilling than when the bit is being withdrawn and reset. 

Nonetheless, the entire time when the drilling/resetting process takes place 

is the proper value for HOURS WORKED. 

As was discussed in Section 3.1, certain equipment types have production 

rates associated with them based on their capacity and cycle time for an 

operation. This is explained in more detail in Section A.l. Point sources 

with production rates are BACKHOE, LOADER, CRANE, and USER DEFINED. To tie 

the operation of such a piece of equipment to another piece of equipment 

with a production rate (for example, a loader filling trucks), enter the first 

source with the actual value for its HOURS WORKED and then enter the second 

source with a value of -1 for its HOURS WORKED. The program will then compute 

a value for HOURS WORKED for the second source for its Leq calculations based 

on equation A-3 shown in Section A.2.1. Note that the order of input of the 

sources is important: generally for a load-and-haul operation, the number 

of haul trucks would depend on the ability of the loader to fill them. This 

would meari that a positive value would be entered for HOURS WORKED for the 

loader, and the HOURS WORKED for the trucks would be set to -1. An example 

of production rate coordination is shown in Section 5.2. 
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STEP 5. POINT SOURCE: ENTER X, Y1 Z OF SOURCE LOCATION 

X-COORDINATE Y-COORDINATE I-COORDINATE 

t(o ,to 0 

Enter the appropriate coordinates of this particular source. Note that 

the z-coordinate should be the ground level coordinate. The program has an 

acoustic height for the source built into it as shown in Table 2 (next-to-last 

column). 

STEP 6. If a MODEL NUMBER of O was specified for this source, the following 

requests will be made by the program: 

"ml"' DELTA CAPACITY CYCLI ICOUITIC fltf-NCY TllE NrllltT 

7S- 0 I) d 3 S-00 

Substep 6a. ENTER LMAX (DBA) 

Enter the reference maximum level in dBA of this piece of equipment. 

I.MAX is defined in Equation A-2 in Section A.2.1. 

Substep 6b. ENTER DELTA (LMAX-LEQ) IN DBA 

DELTA is defined as the difference in dBA between the maximum level of 

the equipment and its Leq over its operational cycle, which is referred to 

as the energy-averaged emission level, (LO)Ei in ~.xttion A.2.1. 

Substep 6c. ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

If the piece of equipment has an earthwork capacity associated with it, 

enter the capacity per operational cycle in cubic yards. This will be used 

in calculations if this piece of equipment's production rate is tied to another 

piece of equipment with a production rate. 

Substep 6d. ENTER CYCLE TIME (HOURS) 

CYCLE TIME is the amount of time in hours that it takes this piece of 

equipment to cycle through one operation. This value is also used in calculations 
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when this piece of equipment is being coordinated with another piece of equipment 

with a production rate. A typical value in the program is .00833 hours (30 

seconds). 

Substep 6e. ENTER ACOUSTIC HEIGHT (FEET) 

ACOUSTIC HEIGHT is the effective or equivalent height in feet of the source 

for use in the barrier attenuation calculations. Lacking any detailed noise 

emission tests on the piece of equipment in question, this height could be 

the height of the major noise source on the piece of equipment. If there are 

no barriers in this problem, any value may be entered for ACOUSTIC HEIGHT; it 

will not be used in the calculations. 

Substep 6f. ENTER FREQUENCY (HERTZ) 

FREQUENCY is the equivalent or effective frequency of the source's 

sound for use in barrier attenuation calculations. Lacking detailed noise 

emission frequency data, the user could choose a frequency for this source 

by comparing the pitch of this equipment's noise to those of the sources 

listed in Table 2, and choosing an appropriate frequency from that list. 

If there are no barriers in this problem, any value for frequency may be 

entered; it will not be used in the calculations. 
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3. 2. 3 FORM 3: 11HAUL II LINE SOURCE DATA 

The program breaks line sources into two categories: "haul".and 
"nonhaul". While there are similarities iri the data input re­
quirements between the two, there are also enough important 
differences to warrant separate forms for each category. This 
section discussed haul sources while the next section will discuss 
nonhaul sources. Figure 7 shows the coding worksheet for haul line 
sources with sample data filled in. 

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED 

IOlJRCE 
TYPE flJ 

7k UU(S 

The following are haul line sources that are coded in the program: TRUCKS 

and SCRAPER. To designate a haul line source enter one of those source types 

in response to this request. The only way to create a new haul line source 

is by creating a new model number for either TRUCKS or SCRAPER, as described 

in the next item. 

STEP 2. ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

DEICRIPTION 
flllX. 11 CHAR. J 

H!tllL RJ>, 

The DESCRIPTION is a 16-character title that may be given to each source. 

It is printed on both the data input report and the results report, and 

allows easy identification of the sources. If no description is desired, 

press the carriage return key. 
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Figure 7. FORM 3: "HAUL" LINE SOURCE DATA 

HICNON 
FHNA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PROORAN 

NAtlE w 
PAGE..S_ OF. '2 
DATE 5/3/ 
PROJECT %-9 £ FORH ar ·HAUL· LINE SOURCEDATA 

SOURCE DHCltlPTJON IIODEL HOUIS NO. Of PTI. 
Tl'PE fU f "ftX • 11 CHAR• J ... [2) NOltKEIHll IN UtEf4J 

rR IJ~K5 JIIJVL f<b, 0 f :2 
NOTES1 lll.12).tlll IEE fOltll 2 fOI !XPLRNRTJONt (4) ENT!R OTO 1£UIE POJNTI 
FUN LAST HAUL SOURCE 

POINT COORDINATES f"AX. = 20s "AX.= 6 lf RETURN LOOP TYPE IS 0) 
DO NOT 

CODE X-COORDJNATE Y-CODRDINATE Z-CDORDINRTE IUNENT 
IPE.ED 

1 
2 

s 
4 

& 

8 , 
8 

9 

10 
11 

12 
13 
1~ 

16 
16 
17 
18 
19 
20 

YEHJCLES 
PER HOUR 

d--S°" 

-/0()() 
/1)00 

RETURN LOOP 
TYPE(&> IADIUSflJ 

0 I 
(IJ R£ fOltN 7r If 0, !IIT!Jt f"OIMT 

IIUltl!H t IU TO Tit! RIGHT J 

1;..o 
/(}...() 

lll INTU ANY Y1IUJE If TYPE ta O GI '7• 

0 ¥0 
0 

POINT NU"BERS 
8TOPPtNG( 7 J DECELEIATIGNCI> 

0 D 
r7 J !NTU O If IIDl-9TG'I" 
Cl l !NTU O TO lllV£ -l"«aoall-- tlllP1m 

IWDfl8E er&D tllNL:r lf '7> II NOlf-llltDH 
EITEi _,, ¥ILU! If f7J IS Q. 

IF SOURCE TYPE IS ·usER DEFINED ♦ OR NODEL NUNBER IS o. ALSO ENTER: 
NAXJNUt1 REFERENCE SLOPE CRITICAL CAPACITY ACOU8TlC fl!QU!MCY LEVEL PEED l~EED HEIOHT 

ts- 30 IS- 30 /0 F S-S?J 
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STEP 3. ENTER MODEL NUMBER (ENTER O TO DEFINE NEW MODEL NUMBER) 

Enter the appropriate model number for the SOURCE TYPE just entered into 

the program from the second column of Table 1. Any other value not in Table 1 

will produce the message INVALID MODEL NUMBER - REENTER. To define a new 

model for TRUCKS or· SCRAPER for this computer run, enter a O for MODEL NUMBER. 

Then, later in the data input, the program will request information on this 

new model. To specify a previously created new model number later in the 

same run, enter a value of -1 for the "last previously specified new model of 

this source", -2 for the "next-to-last", etc. 

STEP 4. ENTER HOURS WORKED DURING 8-HOUR DAY (ENTER -1 TO COORDINATE THIS SOURCE'S 

PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A 

PRODUCTION RATE) 

Enter either the hours worked during the 8-hour day or a -1 in response 

to this request. The program computes the Leq from haul line sources 

based on the hourly volume of the sources,which the program either requests 

or computes. If a positive value is entered for HOURS WORKED, the program 

will later request the hourly volume of this source. Note that in all but one 

case, the size of the positive value is unimportant; the positive number is 

just a code that tells the program to later request the hourly volume. The 

one case where the actual value provided for HOURS WORKED is used in calculations 

is where the next source's production is being tied to this source by a -1 for 

its HOURS WORKED. In this case, the actual hours worked for the next source 

is then computed from its capacity and cycle time and the capacity and hours 

worked of this source. 
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On the other hand, a value of -1 for this source's HOURS WORKED tells 

_ the program that this source's production is being tied to the last previously 

entered source with a production rate (BACKHOE, LOADER, or CRANE). In this 

case, the program will compute the number of haul vehicles per hour based on 

vehicle haul capacity, and the capacity and cycle time of the source with which 

it is being coordinated. 

One type of operation where production rate coordination might be desirable, 

but is currently not possible is paving, where trucks supply the paver. A 

suggested analysis technique is to manually compute the volume of trucks 

based on their capacity and the capacity and paving rate of the paver. Then, 

based on the distance the paver covers in the day, a series of "average" un­

loading points for the trucks could be approximated along the paver's line. 

Each of these points would then serve as the endpoint for a separate haul 

line source. 

STEP 5. LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 (ENTER 0 

TO REUSE POINTS FROM THE LAST PREVIOUSLY ENTERED LINE SOURCE) 

NO. a, Ptt. 
IN LIEr4J 

/}.. 

Enter the number of points defining the line. Coordinates for each point 

will then be requested. Note that the maximum is 20 points, but that includes 

both user-supplied and program-generated points. The program will generate 

a series of return points if it is later told that the trucks turn around at 

the end of the line and return to the starting point. For example~ if 10 points 

are entered and then the program is told that the trucks made a U-turn and 

returned along the same line, the program would generate 9 return points to 

get the trucks back to the starting point, for a total of 19 points, one below 

the maximum allowable number. Specifying 11 points and a U-turn would cause 

the program to try to generate 21 points (11 out and 10 back), which would not 

work. 
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The program may also be told that the trucks turn around by means of 

a loop road of a given radius. The program will then generate a series of 

points to represent that loop. Eight points or more may be generated, which 

means that the user should enter no more than 6 points to not exceed the 

total limit of 20. 

To re-use the points from the last previously-entered haul line source, 

enter a O for the number of points. An example of this would be where two 

different truck models are operating along the same haul road. 

STEP 6. ENTER X, Y, Z OF THE POINTS 

X-COORDINRTE Y-COORDINATE Z-CDORDINATE 
-/ODO /,).0 0 

/tJ{)C) !;Jo 0 

Enter the x, y, and z-coordinates of each point on the line, following 

each z-coordinate by a carriage return... The z-coordinate should be the ground 

level coordinate. Note that if a return loop is to be defined (as described 

later in item 10), the last entered point is the loading or unloading point, 

and the next-to-last point must be at least 2.5 times the loop radius away 

from it. For example, if a loop radius is 20 feet, the next-to-last point 

must be at least 50 feet from the last point. As noted from the discussion 

for item 5 (above) no more than 6 points should be specified if a loop is to 

be created by the program. 

STEP 7. If a MODEL NUMBER of O was specified for this source, the following requests 

will be made by the program: 

"AXl"U" IEFHENCE SLOPE CRITICAL CAPACITY ACDU8TIC flt!CIUUCT LEVEL IPEED litEED HEIGHT 
ts- 30 IS- 30 /() 0 .s-s-o 

Substep 7a. ENTER LMAX (DBA) 

LMAX corresponds to Lo in the emission level equation: 

(Lo)E =Lo+ (SLOPE) Log (V/Vref), 

where: (Lo)E is the reference emission level; 

SLOPE is the coefficient of the log term; 
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Vis the speed of the source; and 

Vref is the reference speed for the emission level equation. 

This equation is discussed in more detail in Section A.2.2.2. 

Substep 7b. ENTER REFERENCE SPEED, VREF (MPH) 

VREF is the reference speed for the emission level equation for this 

source (see item a. above). 

Substep 7c. ENTER SLOPE: LO(E) EQUALS LMAX + (SLOPE) LOG (V/VREF) 

Enter the slope of the emission level equation for this source, as 

discussed in item (a) above. 

Substep 7d. ENTER CRITICAL SPEED, VCRIT (MPH) 

VCRIT represents the speed below which the emission level for the source 

remains constant (during acceleration only). In other words, for acceleration 

at -or belo-w the critical speed the emission level equals the level for a speed of 

VCRIT. However, during deceleration, the emission level will decrease at 

speeds below the critical speed based on the value for SLOPE and the 

specified speed. 

Substep 7e. iNTER ACOUSTIC HEIGHT (FEET) 

ACOUSTIC HEIGHT is an equivalent single height of the source for the 

barrier attenuation calculations. Lacking detailed noise emission information 

on piece of equipment in question, the user could choose the height of the 

major noise source on the piece of equipment. If there are no barriers in 

this problem, any value may be entered for ACOUSTIC HEIGHT; it will not be 

used in the calculations. 

Substep 7f. ENTER FREQUENCY (HERTZ) 

FREQUENCY is an equivalent single frequency used in barrier calculations 

that permits good approximation of the overall spectrum's A-weighted 

attenuation for this source. Lacking detailed noise emission frequency 

data, the user could choose a frequency for this source by comparing its 

pitch to those of the sources listed in Table 2, and selecting an appropriate 

frequency from that list. If there are no barriers in this problem, any value 

for FREQUENCY may be entered; it will not be used in the calculations. 
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STEP 8. ENTER SPEED ON EACH SEGMENT (MPH) 

Enter the average speed of the source on each segment of the line (enter 

a coilllila or a blank space between each speed). There will be one less segment 

than the number of line points previously specified. 

Choosing a speed for the last segment requires care when a value of 0 

is specified for LOOP TYPE (discussed in item 10). A zero LOOP TYPE, tells 

the program that the source is not turning around, but preceding straight 

through the site. In response to a value of O for LOOP TYPE, the programming re­

quests a STOPPING POINT and a DECELERATION POINT. A value of O for the DECELERATION 

POINT tells the program to generate a deceleration profile for the source 

using the speed given for this last segment as the approach cruise speed, 

not the average speed. However, a positive value for the DECELERATION POINT 

tells the program that the speeds given on the segments between the DECELERATION 

POINT and STOPPING POINT are average speeds that the user has calculated. 

To summarize then, specify the average speed for each segment unless 

values of Oare to be given for LOOP TYPE and DECELERATION POINT; for this 

latter case, the speed for the last segment should be the approach cruise 

speed. 

STEP 9. ENTER VEHICLES PER HOUR (ONE WAY VOLUME) 

VEHICLES 
PER HOUR 

o?S-

This request will only be made if the value for HOURS WORKED was positive. 

The one way volume should be entered, even if a return loop is to be specified. 

If a value of -1 had been given for HOURS WORKED, the program would not request 

the number of vehicles per hour, but would calculate it based on the capacity 

of the haul source and the capacity, cycle time and hours worked of the source 

with which the haul source is being coordinated. 
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STEP 10. ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP 

RETURN LOOP 
TYPE(&) lflDIUlfll 

o I 

FORM 3 

Enter a value from Oto 7 to specify the type of return loop to be 

generated by the program (a value of O indicates straight-through traffic 

with no program-generated loop). The loops corresponding to values of 1 

through 7 are shown in Figure 8. Note that loop type 7 actually does not 

represent a ~'loop", but signifies that the vehicles are turning around 

via a "U-tum" or a three-point turn. The program will read a value 

greater than 7 as 7. 

The RADIUS of the loop should be entered in feet; any value may be given 

for the RADIUS for loop types O and 7, as this value is not used in the 

calculations for these types. In Figure 8, also note that the stopping point. 

is the last point for which the user supplied coordinates. The point where 

the loop branches off from the main line is generated by the program based 

on the type and radius of the loop. 

STEP 11. ENTER STOPPING POINT NUMBER 

POINT NUNBERS 
STOPPING( 7 J D!CELEIATJOIICIJ 

0 () 

This request will be made only if a value of zero was given for LOOP 

TYPE (straight-through operation). If the haul operation has a stopping point 

(usually for loading or unloading), specify the haul road point number 

(counting from the first point) that corresponds to the stopping point. 

This point does not have to be the last point for the line. Entering a 

value of O for the STOPPING POINT indicates that there is no stopping point, 

and a cruise is presumed at the previously entered average speed. 
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Figure 8. Haul Road Turn-around Loop Configuration 
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STEP 12. ENTER DECELERATION ·POINT NUMBER 

POINT NU"BERS 
ITIPPIN0(7 l D!cauRTIDNCI> 

O 0 

This request is only made if a va1ue of O was entered for LOOP TYPE. 

If a value of zero was specified for STOPPING POINT, any value may be given 

for the DECELERATION POINT; it will not be used in the calculations. 

If a positive value was given for the STOPPING POINT, either a zero or 

positive va1ue may be given for the DECELERATION POINT. A value of 0 

tells the program to generate deceleration (and acceleration) profiles and 

compute an average speed for the line segment under consideration, where the 

speed entered by the user for this line segment is assumed to be the approach 

cruise speed. 

A positive value for DECELERATION POINT tells the program that the 

speeds entered for the segments between the deceleration and stopping 

points are the actual average speeds computed by the user, and that no 

deceleration or acceleration profile is to be generated by the program. 
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3.2.4 FORM 4: "NONHAUL" LINE SOURCE DATA 

All line sources other than TRUCKS and SCRAPER are considered "nonhaul" 
line sources. Form 4, shown in Figure 9 is designed to organize data 
for these line sources. The user may choose from pre-programmed source 
types or may create new source types. 

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED 

SOURCE 
TYPE( 1l 

The following source types may be used as nonhaul line sources: 

BACKHOE 

GRADER 

LOADER 

PAVING 

BREAKER 

USER DEFINED 

BULLDOZER 

The source type has to be entered exactly as spelled above. If misspelled 

or some other word is entered, the program will respond INVALID SOURCE TYPE -

REENTER. Tables 1 and 2 gives a full description of these sources and values 

associated with them in the program. 

STEP 2. ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK 

IF NONE) 

I DE8CltlPTIOM . 
. UtAX • 18 CHAI• ) 

fM.UL f<b. 

The DESCRIPTION is a title that may be given to the source for easy 

identification on the data input re~ort and the results report. If no 

description is desired, simply press the carriage return key. 
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SOURCE 
TYPE(lJ 

Figure 9. FORM 4: "NONHAUL" LINE SOURCE DATA 

HICNON 
FHWA HIOHNAY CONSTRUCTION NOISE 

PREDICTION PROORAft 

FOR" 4 - •NONHAUL• LINE SOURCE DATA 

NA~ 
PAOF. 6 
DATE 3(3/ 
PROJ£Ct .r-99 

DEICIIPTION "OOEL OEOftETltY HOUIS -·· um. 11 CHIii.> NU"8Elt2J TYPE MORKED(IJ NJNTI II 
LINEl4J 

G~IYDEI<. ON /fl,vL /?J>. tJ 2 // rJ 
POINT COORDINATES CNAX. = 20) 

X-COORDINRTE Y-COORDINATE Z-COORDINATE 

-1000 (tH) 0 
/()()O ld-0 C) 

DO NOT 
ENTER 
1 

2 

3 

4 

& 

8 

1 

8 

9 

10 

11 

12 

13 

14 

16 

18 

17 

18 

19 

20 

NOTES• 
(1).(2).(3)1 

SEE FORN 2 
FOR EXPLANATION 

t4) ENTER OTO 
REUSE POINTS 
FRON NONHAUL 
LINE SOURCE 

IF SOURCE TYPE 18 ·usER DEFINED· OR ftODEL NUNBER IS o. ALSO ENTER• 
MXIIIUN DELTA CAPAClff SPEED ACGUITIC PIIIUIIICT LEVEL HEIGHT 

78' () 0 ;J..S- 6 s-oo 
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STEP 3. ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

"GOEL NUNBER(2) 

0 

FORH 4 

Enter a model number from the choices in column 2 of Table 1. Note that 

all of the non-zero model numbers have the data shown in Table 2 coded into 

the program. 

To create a new model of a particular source type, enter O in response to 

this request. This will cause the program to later request noise level and 

operational data for this model. More than one new model can be created 

for each source type during a given run. However, the total number of models 

of a given type (highest value in Table 1 plus user-created models) may not 

exceed 10. This new data is not retained from one run to the next. Permanently 

adding a new model to the program requires changing the BLOCK DATA and SUBROUTINE 

DECODE sections of program as described in Appendix C of this manual. 

A newly created model (MODEL NUMBER of 0) may be referred to later in 

the data input of a problem by entering the appropriate source type and then 

a MODEL NUMBER of -1. If two new models have been created for a particular 

source type during the same run, the second one may be referred to by a MODEL 

NUMBER of -1, while the first one would be referred to by a MODEL NUMBER of -2. 

In this case, the -1 indicates "last new model of this type" while the -2 

indicates "next-to-last new model of this type". More than two newly created 

models may be referenced later during data input in the same manner: the 

greater the negative value for MODEL NUMBER, the earlier in data input that 

model was first specified. 

For the source type USER DEFINED, a MODEL Nt.JM;BER of O is always used 

the first time this source type is specified, and a negative value is used 

thereafter if referring back to this same source type. Note that more than 

one USER DEFINED source type can be created during the same run by using a 

MODEL NUMBER of O the first time each is specified. Section 5.1 shows an 

example with a USER DEFINED point source and model numbers of O, -1 and -2. 
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STEP 4. ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

0£0NETRYI 
TYPE , 

2 

FORM 4 

All of the allowable nonhaul line sources may also be used as point 

or area sources. Therefore, to indicate that this source is to be analyzed 

as a line source, enter a value of 2 in response to this request. 

STEP 5. ENTER HOURS WORKED DURING 8-HOUR DAY (ENTER -1 TO COORDINATE SOURCE'S 

PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A 

PRODUCTION RATE 

HOURI 
NORKEDCSJ 

~ 

Enter the number of hours worked during the 8-hour day for this particular 

model. (The program computes an 8-hour Leq. This value can be changed in 

the program code as described in Appendix C of this manual.) If a piece of 

equipment was only working half the day, for example, the correct entry for 

HOURS WORKED would be 4. Note that the value for HOURS WORKED should represent 

the total time the source is operating along the line, not just the time when 

it is in front of a receiver. 

As mentioned in Section 2.0, and discussed in detail in Appendix A, 

certain equipment types have production rates associated with them based on 

their capacity and cycle time; nonhaul line source with production rates are 

BACKHOE and LOADER. To coordinate either source's operation with another 

piece of equipment with a production rate (for example, trucks coming onto a 

site to be filled by a loader), enter the first source with the actual value 

for its HOURS WORKED, and then enter the second source for the value of -1 

for its HOURS WORKED. The program will then compute a value for HOURS 

WORKED for the second source based on .Equation A-8 in Section A.2.2.1. 
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STEP 6. LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 (ENTER 0 

TO .. REUSE POINTS FROM THE LAST PREVIOUSLY ENTERED LINE SOURCE) 

Enter the number of points defining the line. Coordinates for each point 

will then be requested. The maximum number of user-supplied points for a 

nonhaul line ~ource is 20; the program does not generate its own points. 

Return loops may not be specified for nonhaul line sources even in reality 

if the piece of equipment turns around and returns to the starting point; 

the Leq calculations will still be correctly done, however. 

For nonhaul line sources, emission level is independent of speed. This 

results in the Leq contribution from a nonhaul line source being dependent 

on only the length of the line and not the vehicle speed nor number of passbys 

during the analysis period. This is explained in more detail in Appendix A, 

but briefly: the number of passbys by the vehicle equals the 'Vehicle;' s speed 

along the line divided by the length of the line. As speed increases~ the 

number of passbys increases. However, the Leq from a line source is a function 

of the ratio of the number of passbys to speed. Hence, the increase in speed 

and the corresponding increase in the number of passby cancel each other out, 

which simplifies the calculations by making the Leq a function of only the 

length of the line. 

STEP 7. ENTER X, Y, Z OF THE POINTS 

X-COORDINATE Y-COORDINATE I-COORDINATE 
-/«Jo /do-() 0 
/000 IJ..o 0 

Enter the X9 Y, and z-coordinates of each point on the line. The z-

coordinate should be the ground elevation. F 11 h o ow eac z-coordinate by 
a carriage return. 
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STEP 8. If a MODEL NUMBER of O was specified for this source, the following 

requests will be made by the program: 

IIAXltMI DELTA CAPACITY SPEED ACOUITIC nnum:T LEVEL HEIGHT 

78 0 0 J..s- 6 SZ>a 

Substep 8a. ENTER LMAX (DBA) 

Enter the reference maximum level in dBA of this piece of equipment. 

LMAX is defined in Equation A-5 in Section A.2.2. 

Substep 8b. ENTER DELTA (LMAX-LEQ) IN DBA 

DELTA is defined as the difference between the maximum level of the 

equipment and its Leq over its operational cycle, as shown in Section A.2.2. 

Substep 8c. ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

If the piece of equipment has a capacity associated with it, enter the 

capacity per operational cycle in cubic yards. This will be used if this 

piece of equipment's production rate is tied to another piece of equipment 

with a production rate. 

Substep 8d. ENTER SPEED (MPH) 

Enter any value for the speed for a newly created nonhaul line source; 

the value is currently not used by the program in its calculations. 

Substep 8e. ENTER ACOUSTIC HEIGHT (FEET) 

ACOUSTIC HEIGHT is the effective or equivalent height of the source for 

use in the barrier attenuation calculations. Lacking any detailed noise 

emission tests on the piece of equipment in question, this height could be the 

height of the major noise source on the piece of equipment. If there are no 

barriers in this problem, any value can be entered for ACOUSTIC HEIGHT; it will 

not be used in the calculations. 

Substep 8f. ENTER FREQUENCY (HERTZ) 

FREQUENCY is the equivalent or effective frequency of the source's 

sound for use in barrier attenuation calculations. Lacking detailed noise 

emission frequency data, the user could choose a frequency for this source 

by comparing the pitch of this equipment noise to those of the sources listed 

in Table 2, and choosing an appropriate frequency from that list. If there 

are not barriers in this problem, any value for FREQUENCY may be entered; 

it will not be used in the calculations. 
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FORM 5 

3.2.5 FOR1'1 5: AREA SOURCE DATA 

Form 5, shown in Figure 10, permits the user to organize data for 
area sources. Data input for area sources is quite similar to that 
for nonhaul line sources; two differences are: more than one piece 
of equipment of a certain type may be specified as operating in the 
area, and a width (of the area) is required for each point defining 
the centerline. 

STEP 1. ENTER SOURCE TYPE - BLANK IF FINISHED 

800RC£ 
TYftEC1) 

()LL/}o 2€1 

The following source types may be used as area sources: 

BACKHOE 

LOADER 

BREAKER 

BULLDOZER 

GRADER 

PAVING 

COMPACTOR 

USER DEFINED 

These source types have to be entered exactly as shown above. If they are 

misspelled or something else is entered, the program will respond INVALID SOURCE 

TYPE - REENTER. Table I gives a full description of the sources and the 

values associated with them in the program. 

STEP 2. ENTER DESCRIPTION OF THIS SOURCE (MAXIMUM OF 16 CHARACTERS - BLANK 

IF NONE) 

DEICIIPTJON 
CIUIX. 18 CHAI.} 

S,l(e,,,1116 Ft 

The DESCRIPTION is a title that may be given to each source for easy 

identification on the data input report and the results report. If no 

description is desired,press the carriage return k~y. 
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Figure 10. FORM 5 : AREA SOURCE DATA 

HICNON NANE w.f~ 
FHHA HIGHNAY CONSTRUCTION NOISE PA~OF. ~ 

PREDICTION PROORAN DATE ~/ 
PROJECT =-9,9 

FORN &1 AREA SOURCE DATA 

SOURCE DEICIIPTJGN IIGDEL 8EOIETIY 
TYP£(1J lllRX • 18 CIIAI • > NO.cu TYPE 

&U-ZX>2€tl. S/'lr€~J)/N, F,1,t. 0 3 

NOTE81 C1).C2),(3Jt SEE FORN 2 FOR ttDUltl NO.• PTI. NUftlEt Of 
NOIUO(II ON C/LUJ YlHJCLEI EXPLANATION 

6 f) I (4) ENTER OTO REUSE POINTS FRON LAST 
AREA SOURCE 

POINT COORDINATES 

X-COOftDINATE Y-COORDINATE !-COORDINATE NIDTH AT DO NOT 
THII POINT ENTER 

0 8D 0 30 1 
/tJO 8o 0 30 2 

3 

4 
& 

6 

' 8 
9 
10 
11 

12 
13 
14 
1& 

16 
17 
18 
19 
20 

IF SOURCE TYPE 18 'USER DEFINED• OR NODEL HUNBER 18 o. ALSO ENTER• 
tlAXDIUII DELTA CAPACITY C1'CL£ IICOUITIC P'IIIIUIIICT LEVEL THIE HEIGHT 

?3 s 0 ,l)Of/ ~ s-ro 
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FORM 5 

STEP 3. ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

Enter a model number from the choices in column 2 of Table 1. Any 

value not in the table will produce the message INVALID MODEL NUMBER -

REENTER. Note that all of the non-zero model numbers have the data shown 

in Table 2 coded into the program. 

To create a new model of a particular source type, enter O in response to 

this request. This will cause the program to later request noise level and 

operational data for this model. More than one new model can be created for 

each source type during a given run. However, the total number of models of 

a given type (highest value in Table 1 plus user-created models) may not 

exceed 10. This new data is not retained from one run to the next. Permanently 

adding a new model to the program requires changing the BLOCK DATA and SUBROUTINE 

DECODE sections of program as described in Section 6.0 of this manual. 

A newly created model (MODEL NUMBER of 0) may be referred to later in the 

data input of a problem by entering the appropriate source type and then a 

MODEL NUMBER of -1. If two new models have been created for a particular 

source type during the same run, the second one may be referred to later in 

data input by using a MODEL NUMBER of -1 while the first would be referred 

to by a MODEL NUMBER of -2. In this case, the -1 indicates "last new model of 

this type" while the -2 indicates "next-to-last new model of this type". 

More than two newly created models may be referenced later during data input 

in the same manner: the greater the negative value for MODEL NUMBER, the 

earlier in data input that model was first specified. 

For the source type USER DEFINED, a MODEL NUMBER of O is always used 

the first time this source type is specified, and a negative value thereafter 

if referring back to this same source type. Note that more than one USER 

DEFINED source type can be created during the same run by using a MODEL NUMBER 

of O the first time each new model is specified. Section 5.1 shows an example 

with a USER DEFINED point source, and O and model numbers of O, -1 and -2. 
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FORM 5 

STEP 4. ENTER 1, 2 or 3 FOR WORKING OVER A POINT, LINE OR AREA 

All of the sources listed in item 1 may be used as point, line or area 

sources, except for COMPACTOR; the latter is only assigned as an area source 

by the program. For the others, the above request will be made. The 

appropriate response to indicate an area source is a value of O. 

STEP 5. ENTER HOURS WORKED DURING 8-HOUR DAY (ENTER -1 TO COORDINATE TH.IS SOURCE'S 

PRODUCTION WITH THAT OF THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A 

PRODUCTION RATE) 

Enter the number of hours worked during the 8-hour day for this particular 

model. (The program computes an 8-hour Leq.) If a piece of equipment 

worked only half a day, for example, the correct entry for HOURS WORKED 

would be 4. BACKHOE and LOADER are area sources that have production rates 

based on their capacity and cycle time. Their operation may be tied to 

another piece of equipment having a production rate by first entering the 

other source with the actual value for its HOURS WORKED, and then entering 

this area source with a value of -1 for its HOURS WORKED. The program will 

then compute a value for HOURS WORKED for the area source based on Equation 

A-14 in Section A.2.3. 
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FORM 5 

STEP 6. AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10 

(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY-ENTERED AREA SOURCE) 

NI• W PTI• 
Ill C/1.tfl 

~ 

As mentioned in Section 2.0 and discussed in Appendix A, area sources are 

described by a centerline of straightline segments and a width of the area at 

each segment's end points. The correct response to this request is the 

number of points defining the centerline, noting that the maximum is 10 

points. To reuse the points from the last previously-entered area source-­

for example, to have two different bulldozers working in the same area-- enter 

a value of O for the number of points for the second source. 

STEP 7. ENTER x, Y, ZAND WIDTH OF AREA AT EACH POINT 

X-COOROINRTE Y-COORDINATE Z-COORDINATE NJOTH AT 
THl8 POINT 

t) fO 0 '30 
//JO fo (J ga 

Enter one line of data for each point consisting of the x, y and z­

coordinates of the point and the width of the area at that point, followed 

by a carriage return. Be sure to remember to enter the width after the 

z-coordinate. When the program does its calculations, it approximates each 

area segment by a series of parallel line segments. The number of line segments 

used for each area segment depends on the distance from the nearest receiver 

to the centerline and the average of the width at each end of the segment. 

The maximum number of line segments that the program will generate on each side 

of the centerline for each area segment is 5. 
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FORM 5 

STEP 8. If a MODEL NUMBER of O is specified for this source, the following requests 

will be made by the program: 

llflXIIMt DELTA CAPACITY Cl'CLE. ACOUITIC fUMNCT LEVU TIIIE HEIGHT 
o3 ~ C) ,.009 ~ .s-ao 

Substep 8a. ENTER I.MAX (DBA) 

Enter the reference maximum level in dBA of this piece of equipment. 

I.MAX is defined in Section A.2.4. 

Substep Sb. ENTER DELTA (LMAX-LEQ) IN DBA 

DELTA is defined as the difference in dBA between the maximum level of 

the equipment and its Leq over its operational cycle, which is referred to 

as the energy-averaged emission level, (Lo)E, in section A.2.4. 

Substep 8c. ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

If the piece of equipment has an earthwork capacity associated with it, 

enter the capacity per operational cycle in cubic yards. This will be used in 

calculations if this piece of equipment's production rate is tied to another 

piece of equipment with a production rate. 

Substep 8d, ENTER CYCLE TIME (HOURS) 

CYCLE TIME is the amount of time in hours that it takes this piece of 

equipment to cycle through one operation. This value is also used in the 

calculations when this piece of equipment is being coordinated with another 

piece of equipment with a production rate. 

Substep 8e. ENTER ACOUSTIC HEIGHT (FEET) 

ACOUSTIC HEIGHT is the effective or equivalent height in feet of the 

source for use in the barrier attenuation calculations. Lacking any detailed 

noise emission tests on the piece of equipment in question, this height 

could be the height of the major noise source on the piece of equipment. 

If there are no barriers in this problem, any value may be entered for 

ACOUSTIC HEIGHT; it will not be used in the calculations. 

Substep 8f. ENTER FREQUENCY (HERTZ) 

FREQUENCY is the equivalent or effective frequency of the source's 

sound for use in barrier attenuation calculations. Lacking detailed noise 

emission frequency data, the user could choose a frequency for this source 

by comparing the pitch of this equipment noise to those of the sources listed 

in Table 2, and choosing an appropriate frequency from that list. If there 
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FORM 5 

are no barriers in this problem, any value for FREQUENCY may be entered; 

it will not be used in the calculations. 

STEP 9. ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA 

Unlike nonhaul line sources, where only one piece of equipment may be 

assigned to the line source, the program allows more than one piece of the 

same type of equipment to be assigned to an area source. Enter that number 

of pieces in response to the request. 

Note that if there are different types or models of equipment operating 

in the same area~ separate area sources have to be specified for each type 

and model. However, a value of O for number of points defining the centerline 

may be specified for the subsequent sources so that all of the point coordinates 

do not have to be reentered. 
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Figure 11. FORM 6: BARRIER DATA 

HICNO" 
FHNA HIOHNAY CONSTRUCTION NOISE 

PREDICTION PROORAK 

FORNI• BARRIER DATA 

1-ar-,aei 
/ : nAXI nun II s 

D!ICIIP'TION IIUll8EI If' POINTS 
CMX. 11 Ctlllt.) (NRX. IJ 

BY Put1P ;) 

X-COOROINATE Y-COORDINATE !-COORDINATE 

3o ;i.o /0 

1,10 /0 /0 

DEICJtlPTION NUIIID CF POlffl 
CMX. 18 Cltlll.) (NRX. I> 

X-COORDINATE Y-COORDINATE !-COORDINATE 

DEICRIPTIOI NUll8EI OF P'OJNTI 
(llflX. 18 Clllt.) CtlllX. I) 

X-COORDINATE Y-COORDINATE !-COORDINATE 
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FORM 6 

3. 2. 6 FORM 6: BARRIER DATA 

Form 6, shown in Figure 11, allows the user to organize the data 
for noise barriers. The maximum number of barriers is 3 and each 
barrier may be defined by up to 5 points representing the top line 
of the barrier. 

STEP 1. ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

Enter the number of barriers for this run, up to 3. If there are no 

barriers, enter a value of 0. 

STEP 2. ENTER A DESCRIPTION FOR BARRIER# X 

(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) : 

DEIClttl'TION 
CMX. 18 Ctlll.) 

OM 

This request and the following two requests are made for each barrier. 

Enter a description of the barrier in 16 or less characters. The description 

is for easy identification of the barrier in the data input report and 

the results report. If no description is desired, simply press the carriage 

return key. 
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STEP 3. ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5) 

NUtllEI Of POINTI 
UlflX. I) 

FORM 6 

This request is made for each barrier after the request for the description 

of each barrier. The barrier is defined by up to 5 points representing its 

top edge. Enter a number from 1 to 5 in response to this request. 

STEP 4. ENTER X, Y, Z OF POINTS (Z IS BARRIER TOP ELEVATION) 

X-COORDINATE Y-COORDINATE Z-COORDINATE 
3o ~o /6 
//O /0 /0 

Enter the x, y, and z-coordinates of the points defining the top edge 

of the barrier. The request will only be made once, so follow each point's 

z-coordinate with a carriage return and then enter the next point's coordinates. 

Note that barrier attenuation is computed only for the first barrier that 

the program encounters in its calculations for each source receiver pair; 

care should be taken when entering data for multiple barriers. Complex 

barrier layouts that intercept a particular receiver/source line-of-sight 

more than once may cause erroneous results. 

53 



4.0 OUTPUT 

Two different types of output reports are produced by the program: 

input data file report and the results report. The results report is 

automatically printed out by the HICNOM program. The input data file report 

must be requested separately by the user, external to the program, through a 

TYPE or PRINT connnand, or as required by the user's computer system. 

4.1 HINPUT Output (Input Data File Report) 

The data values that the user enters through the terminal in response 

to program requests are either stored in memory without change (coordinates 

and descriptions), or are used in calculations to produce other values that 

are then stored in memory (adjusted emission levels and vehicle densities). 

HINPUT then prepares a formatted file of this data that is needed by HICNOM. 

The user names this file according to the procedures required for the computer 

running the program. 

Figure 12 shows an example of the input data file report. The file 

contains some of the original input items, the calculated values, and 

the source frequency (from data already stored in the program). 

Not all of the answers given by the user to the program requests are 

retained in the file. Therefore, if mistakes are made during data input, 

it is very difficult to correct them by changing the file using the computer's 

editing program. To have a complete record of these entries, use of a printing 

terminal during data input is recommended. 

The input data is presented in the following order: 

• Receivers 

· Point Sources 

• Line Sources 

• Area Sources 

• Barriers 
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EXAMPLE DATA 
l RECEIVERS 

X y 
.o .o 

z 
.o 

EX. ATT. (DB/DD) 
1.50 

DESCRIPTION 
1012 MAIN 

l 

2 
3 

POINT SOURCES 
X y 
40.0 20.0 

LINE SOURCES 
POINTS 

X 
-1000.0 
1000.0 

-1000.0 

y 
120.0 
120.0 
120.0 

z 
7.0 

LEQ(REF) 
63.0 

FREQ. SOURCE 
800 PUMP l 

FREQ. : 500 TRUCKS l 
Z LEQ(REF) VEH. DENS. 
14.0 76.0 .0001085 
14.0 76.0 .0001085 
14.0 .o .0000000 

2 POINTS FREQ. : 500 GRADER 1 

1 
2 

1 
2 

X y Z LEQ(REF) VEH. DENS. 
-1000.0 120.0 14.0 83.0 .0005000 

1000.0 120.0 14.0 .o .0000000 
AREA SOURCES 

POINTS FREQ.: 500 
X 

.o 
100.0 
BARRIERS 
POINTS 
X 

30.0 
40.0 

y 
80.0 
80.0 

Z LEQ(REF) 
11. 0 88. 1 
11.0 .o 

DESCRIPTION: BY PUMP 
y z 
20.0 10.0 
10.0 10.0 

BULLDOZER 
WIDTH 

30.0 
30.0 

l 

DESCRIPTION 
NEAR 1012 (ROW) 

HAUL RD. 

ON HAUL RD. 

SPREADING FILL 

Figure 12. Example of HINPUT Input Data File Report 

EXAMPLE DATA 

RECEIVER NUMBER LEQ DESCRIPTION 

l 81.5 1012 MAIN 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1 

INDEX 

1 
101 
201 
102 

10101 

KEY TO 
X 

xx 
YXX 

YYXX 
lYYXX 

INTENSITY LEVEL 

,117423E+06 50.7 
. 125161E+06 51.0 
. 125161E+06 51.0 
. 289074E+07 64.6 
.137249E+09 81.4 

INDEX: 

SOURCE 

PUMP 1 
TRUCKS 1 
TRUCKS 1 
GRADER 1 
BULLDOZER 1 

DESCRIPTION 

NEAR 1012(ROW) 
HAUL RD • 
HAUL RD . 
ON HAUL RD . 
SPREADING FILL 

- POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 

- LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 
ANDY OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 

- AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 13. HICNOM Results Report 
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The quantities created and the FORTRAN formats for the data items are: 

• Title Line 

• Number of Receivers 

• Receiver Coordinates (X,Y,Z) 
Excess Attenuation Rate 
Description 

• Number of Point Sources 

• Source Location (X,Y,Z) 
Adjusted Emission Level 

(adjusted for hours worked) 
Effective Frequency 
Source Description 

20A4 

13 

3FlO.l 
Fl0.2 
4A4 

13 

3Fl0.l 

FlO.l 
I5 
4A4 

(Note that the Z value has the effective acoustic 
height (either stored in the program or entered 
by the user) added to the input ZJ 

• Number of Line Sources 

• For each line source 
- Number of points 
- Effective frequency 
- Source Description 
- Point Coordinates (X,Y,Z) 
- Vehicle Passby Level ((L

0
)E) 

- Source Density (N) 
(The coordinate points include loop points 
created by the program for haul line sources. 
The emission levels and source densities cor­
respond to the segment that starts at this 
point; there is one fewer segment than there 
are pointsJ 

· Number of Area Sources 

For each Area Source 
- Number of points 
- Effective Frequency 
- Centerline Point Coordinates (X,Y,Z) 
- Effective Source Emission Level ((L

0
)E) 

Width 
(The emission levels are for the levels are for 
the area segment starting at this centerline 
pointJ 

• Number of Barriers 

• For Each Barrier 
- Number of Points 
- Description of Barrier 
- Coordinates of Points (X,Y,Z) 

56 

I3 

13 
15 
4A4 

3Fl0.l 
FlO.l 
Fl0.7 

13 

13 
15 

3Fl0.l 
FlO.l 
FlO.l 

13 

13 
4A4 

3Fl0.l 



Various identifying information is also printed in the data files. These 

labels are not read by HICNOM. Their formats may be seen in the program listings, 

Appendix B, and are available for use if it is desired to modify HICNOM to 

make use of them. Their main intent is to make the data file readable. 

Experienced users of this model may want to edit this file to make minor data 

changes, rather than reenter all the data through HINPUT. 

4.2 HICNOM Output (Results Report) 

To run HICNOM, the name of the input data file produced by HINPUT must 

be given to it by the standard procedures required by the computer running the 

program. HICNOM will then read that file and perform its calculations. At 

the conclusion of execution, HICNOM generates a report that presents the 

results of its calculation. Figure 13 shows an example of the results 

report. The report is organized into 4 sections: problem title, sunnnary of 

total Leq(8h) at each receiver, contributions to each receiver's total Leq 

from each source, and a key to the indexing used in identifying the component 

contribution. 

The component contribution for each receiver consists of the source 

identifying index, an intensity quantity, the Leq contribution, the source 

type and a number indicating the sequence of data input of this source 

type, and the description for the source given during data input in HINPUT. 

The intensity quantity is 101/10 where Lis the equivalent sound level, Leq. 

As noted in the key printed on the results report, the index contains up 

to 5 digits. A one or two digit number represents a point source, a three 

or four digit ntmtber represents a line source, and a five digit number 

represents an area source. The two right most digits represent the sequential 

number of the source, counted separately for point, lines and areas, in the 

order the sources appear in the HINPUT data file. The third and fourth digits 

are the sequential number of the source segments, counted separately for line 

and area sources, in the order they appear in the data file. (The 11level11 in 

the third column of the component contribution sections corresponds to that 

particular segment only.) The fifth digit (ttl 11
) is used to identify an 

area source, in contrast to a line source. Note that the order of the source 

component levels corresponds exactly to the order in which the components 

appear in the input data file created by HINPUT and read by HICNOM. 
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EXAMPLE 1 

5.0 EXAMPLES 

Presented here are 5 examples for using HICNOM. The last three 
are taken from actual highway construction projects. Each section 
contains text describing the problem and how it was modelled, and 
presents figures showing a site sketch, the user responses to the 
program requests, the HINPUT input data file report, and HICNOM 
results report. The user responses during data input are under­
lined, and comments and notations are made on the output reports, 
as appropriate. In addition, all of the problems illustrate 
use of the coding worksheets to organize the data before sitting 
down at the computer terminal. 

5.1 EXAMPLE ONE: 

USER DEFINED SOURCE TYPE AND ZERO AND NEGATIVE MODEL NUMBERS 

This problem illustrates use of a "user defined" source type, a 

MODEL NUMBER of O for an existing source type, and reuse of a newly created 

model during a run by use of a negative value for MODEL NUMBER. There are 

one receiver, five point sources (a USER DEFINED hydraulic excavator, and 

two each of two new PUMP models), no line or area sources and no barriers. 

The data quantities are hypothetical. Figure 14a shows a site sketch. 

Figure 14b shows filled-in coding worksheets for this problem. 

SCALE: 

100 ft. 

100 ft. 

Pump 2 A 

Pump 1 A 

y 

A Pump 3 

A Pump 4 

1 ..__. X 
A USER DEFINED 
(Hydraulic Excavator) RECEIVER 

Figure 14a. Site Sketch 
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A Point Source 
£ Receiver 



I 

HICN0'1 NAME 1,,//j 

FNMA HIGHWAY CONSTRUCTION NOISE PAOE..L Of_!L__ 
PREDICTION PROORA'1 DATE 1./l. 

PltOJECt ~ x 1 

FDRH I - TITLE RND RECEIVER DATA 

PROBLEN TITLE (ENTER AB ONE LINE) 

Ek~MPU- 11RoBt..6"M j_ : 1.1€,W SouRCf:S 

NUNBER OF RECEIVERS 
(11AXIl1UN OF 10) 

:L 

DO NOT DESCRIPTION lftAX. X-CODltDlNRTE Y-CODRD UIATE ?-COORDINATE = 16 CHRltACTER8) •TTEN. ' ENTER Ulllt11Dl 

1 /01;. l'1'1tAJ sr. 0 0 0 ,,s- l 
2 

' 
I 
i -- ' 
I 
I - --- - -- - ... 

HICNON NANE lNtJ 
FHWA HJOHWAY CONSTRUCTION NOISE PAOE~Of_l/_ 

PREDICTION PROORAN DATE <(/-e.. 
PROJECT &Jr-/ 

FORN 2 - POINT SOURCE DATA 
POINT SOURCES (NAXINUN OF lDJ 

80URCE DE8CftIPTION IIOIIEL OEOIIETRY IIIIUllt X-COORDINATE Y-COORDINATE I-COORDINATE TYPEtlJ UIAX. 18 CHAR.J IIUIINltlU TYPE IIIIIUDII) 

U5€~ f>€F1~(1> ll~L. €><c,,v. 0 1 t/ /00 0 0 

I ' 1 

" l 
~ 1 

"" 1 

"" 1 

"" 1 

" l " ~ 1 
1 

NOTES• 
(1J TO DEFINE SOURCE NOT LISTED ON FORN 7. ENTER• U8ER DEFINED 
(2) 0 INDICATES NEN NODELI NEGATIVE VALUE JNDlCATEI NEW 

NODEL PREVIOUSLY CREATED JN THIS RUN 
(SJ IN 8 HOUR DAYI NEGATIVE VALUE NEANS NATCH PRODUCTION RATE 

NITH PRECEEDINO SOURCE NJTH PRODUCTION RATE 

IF IOURCE TYPE 18 'USER DEFINED' OR MODEL NUNBER 18 0, ALSO ENTER• 
\. "ml'" DELTA CAPACITY CYCLE ICOUITIC FREQUENCY TIii! HEIGHT 

Oi. '8"5"" 3 3 ,008'33 s 

Figure 14b. Coding Worksheet (page 1 of 2) 

59 

$'"<!>O 



\ 
\ 

HICMON NME 1,,.,6 
FHWA HIGHWAY CONSTRUCTION NOii£ PAGE-18f --=f_ 

PREDICTION PROORAN DATE 'i.. i. 
PROJECT l!>r I 

FORH 2 - POINT SOURCE DATA 
POINT SOURCES C"AXJNUN OF 101 

IOURCE DEICIIPTION IIIDIL OEOIIETIY ... x-caaRDINATE Y-COORDINATE I-COORDINATE TYPE( 1) IMX. 11 CHRR.) ..... ,u TTI'f ...... 
//C)rlP ~lll(T 'rF.JT ~ 0 1 t' 0 /00 a 

I ,, /J<;/V/P Dl.l> Abis,,.. ,v/ftt'L 0 1 f 0 /30 0 

I /Jul'1P ~Asttu,a ;'l. -~ 1 Jr '3'0 /30 0 

/J{JnP IS.,rAsb,,s, 3. -I 1 1f So /(JO 0 

1 - r--__ 1 

------ 1 

------
......_ 1 

I" ......_ 
..... 

1 
NOTE81 

(1) TO DEFINE IOURCE NOT LISTED ON FORN 7. ENTER• UBER DEFINED 
(21 0 INDICATES NEW tlODEL, NEOATIYE VALUE INOlCATEB NEW 

NOOEL PREVIOUSLY CREATED IN THIS RUN 
(SJ IN 8 HOUR DAY1 NEGATIVE VRLUE NEAN8 NATCH PRODUCTION RATE 

MITH PRECEEDING SOURCE WJTH PRODUCTION RATE 

"UIER DEFINED" OR NODEL MUNIER 18 o. ALSO !NTER• I\ IF IOURCE TYPE 18 
MXIIUI DELTA CAPACITY CYCI.E IICOUITfC ,REQUENCY LEVEL Tltl! HEtOHT 

~ J 7S-
i--. ~ t3 

0 
0 

DUCIIPTION 
C MX • 11 Cttlllt • J 

0 0 
0 0 

HICNOII 
FHNA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PltOORAN 

FORN It BARRIER DATA 

3 500 
3 [roe 

NAl'lf t..,t3 
PAOE....:l OF. 1/ 
DA'."f '/ · 2,. 

PltOJEtt l"':ll"I 

Y-COORDINATE ?-COORDINATE 

Figure 14b. Coding Worksheet (page 2 of 2) 
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l. 

l 
I 

I 
I 
I 
r 

r 

EXAMPLE PROBLEM 1: NEW SOURCES 
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

1 
ENTER A DESCRIPTION OF RECEIVER# 1 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

1012 MAIN ST. 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 1 

0 0 0 1.5 
ENTER SOURCE TYPE - BLANK IF FINISHED 

USER DEFINED 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

HYDRAL. EXCAV. 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

0 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

4 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

100 0 0 
ENTER LMAX (OBA) 

85 
ENTER DELTA (LMAX-LEQ) IN OBA 

3 
ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

3 
ENTER CYCLE TIME (HOURS) 

0.00833 
ENTER ACOUSTIC HEIGHT (FEET) 

5 
ENTER FREQUENCY {HERTZ) 

500 
ENTER SOURCE TYPE - BLANK IF FINISHED 

PUMP 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

QUIET TEST MODEL 
ENTER MODEL NUMBER {ENTER OTO DEFINE NEW MODEL NUMBER) 

0 

Figure 14c. User Responses to HINPUT (page 1 of 3) 
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( 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO-THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

0 100 0 
ENTER LMAX (DBA) 

75 
ENTER DELTA (LMAX-LEQ) IN DBA 

0 
ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

0 
ENTER CYCLE TIME (HOURS) 

0 
ENTER ACOUSTIC HEIGHT (FEET) 

3 
ENTER FREQUENCY (HERTZ) 

800 
ENTER SOURCE TYPE - BLANK IF FINISHED 

PUMP 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

OLD NOISY MODEL 
ENTER MODEL NUMBER {ENTER OTO DEFINE NEW MODEL NUMBER) 

0 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE-PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

0 130 0 
ENTER LMAX (DBA) 

83 
ENTER DELTA (LMAX-LEQ) IN DBA 

0 
ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

0 
ENTER CYCLE TIME (HOURS) 

Figure 14c. User Responses to HINPUT (page 2 of 3) 
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0 
ENTER ACOUSTIC HEIGHT (FEET) 

3 
ENTER FREQUENCY (HERTZ) 

800 
ENTER SOURCE TYPE - BLANK IF FINISHED 

PUMP 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

SAME AS QUIET 1 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

-2 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

30 130 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

PUMP 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

SAME AS NOISY 2 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

-1 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

50 100 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

0 
ENTER THE NAME OF THE FILE FOR HICNOM USE; 
AXIMUM OF 12 (8.3) CHARACTERS, DEFAULT= HINPUT.OUT 

Figure 14c. User Responses to HINPUT (page 3 of 3) 
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EXAMPLE PROBLEM 1: NEW SOURCES 
1 RECEIVERS 

X y z EX. ATT. (DB/DD) DESCRIPTION 
.o .o .o 1.50 1012 MAIN ST. 

5 POINT SOURCES 
X y z LEQ(REF) FREQ. SOURCE 
100.0 .o 5.0 79.0 500 USER DEFINEDl 

• o 100.0 3.0 75.0 800 PUMP 1 
.o 130.0 3,0 83.0 800 PUMP 2 

30.0 130.0 3.0 75.0 800 PUMP 3 
50.0 100.0 3,0 83.0 800 PUMP 4 

0 LINE SOURCES 
0 AREA SOURCES 
0 BARRIERS 

Figure 14d. Input Data File Report 

EXAMPLE PROBLEM l 

RECEIVER NUMBER 

NEW SOURCES 

LEQ DESCRIPTION 

1 78.3 1012 MAIN ST. 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1 

INDEX DESCRIPTION INTENSITY LEVEL SOURCE 

1 HYDRAL. EXCAV . • 140419E+08 71.5 USER DEFINEDl 
2 QUIET TEST MODEL .559017E+07 67.5 PUMP 1 
3 OLD NOISY MODEL .183049E+08 72.6 PUMP 2 
4 SAME AS QUIET 1 .271894E+07 64.3 PUMP 3 
5 SAME AS NOISY 2 .266862E+08 74.3 PUMP 4 

INDEX: 

DESCRIPTION 
HYDRAL. EXCAV . 
QUIET TEST MODEL 
OLD NOISY MODEL 
SAME AS QUIET 1 
SAME AS NOISY 2 

KEY TO 
X -

xx 
YXX -

YYXX 
lYYXX -

POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 

LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 
ANDY OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 

AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 14e. Results Report 
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EXAMPLES 1/2 

Figure 14c presents the data requests by HINPUT and the user responses. 

Note that for the first source type, USER DEFINED, a MODEL NUMBER of O was 

entered and requests were made for L , delta, capacity, cycle time, height max 
and frequency. The second source type, PUMP, is contained in the program as 

a point source. Through entry of a MODEL NUMBER of O, new source data was 

requested. The third source type is also a PUMP, also with a MODEL NUMBER of 

0, which indicates that it is also new, but different from the second source. 

Source data was also requested for it. The fourth source is also a PUMP, but 

of the same type and model as the first PUMP. A model number of -2 indicates 

for HINPUT to use the data for "the next-to-last newly created" PUMP model. 

The fifth source, also a PUMP, has a MODEL NUMBER of -1 to indicate use of the 

data for "the last newly created" PUMP model. 

Figures 14d and 14e show the inp.ut data report and results report. 

Notice in the input data report that the frequencies for PUMPS 1 and 3 are 

equal, as are those for PUMPS 2 and 4, an indication that the negative model 

numbers worked as intended. 

5.2 EXAMPLE TWO: 

PRODUCTION RATE COORDINATION AND USE OF NOISE BARRIERS 

This section shows a simple example where the production rate of the 

haul trucks is being coordinated with that of a front end loader, and where 

noise barriers are present. A diagram of the site is shown in Figure 15a. 

BARRIER I 

________ TR __ U_CK_S....._l _____________ f -y 

LOADER 1 

SCALE: 

100 ft. 

100 ft. 

Figure 15a. Site Sketch 
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EXAMPLE 2 

This is a hypothetical operation. There are two sources ·(a point source 

LOADER, and a line source TRUCKS), three receivers, and two barriers. The 

two barriers are symmetrical about the load/haul operation. They are 

physically identical but are specified with different numbers of points 

to illustrate program flexibility. Two of the three receivers are shielded 

by barriers, the third is not. 

Figure 15b shows the worksheets used in organizing the data, while 

Figure 15c presents the user responses during execution of HINPUT. Again, 

user responses are underlined. Note that the point source (LOADER) is 

located at the origin of the coordinate system for ease of calculations, and 

to illustrate barrier symmetry. A three-yard capacity front end loader is 

present, which corresponds to a LOADER model number of 2. The trucks are 

assumed to be noisy 10-yard dump trucks, which correspond to a TRUCKS model 

number of 2. Their route is a straight in-and-out run that originates 500 ft. 

from the loader and ends at the loader (the origin of the coordinate system). 

Because they turn around without making a major loop, the LOOP TYPE is given 

as type "7". For a type "7" loop, any value for RADIUS may be given as it 

is not used by the program; a value of 25 is shown in this example. 

Note that values of 8 and -1 are given for HOURS WORKED for the LOADER 

and TRUCKS respectively. Also note that the value of -1 for HOURS WORKED for 

TRUCKS results in the program not requesting· the hourly volume of trucks. 

Instead, the program computes the hourly volume based on the hours worked, 

capacity and cycle time of the loader, and the capacity of the trucks, as 

contained in the program. 

The barriers are both 150 ft. long and 15 ft. high, located 50 ft. from 

the truck path and loader, as illustrated in the site diagram and shown in 

the barrier coordinates in Figure 15b. The fact that one barrier is defined 

by 2 points and the other by 3 demonstrates that any convenient method of 

specifying barrier coordinates may be used; as will be seen in the results 

report, the levels for the two shielded receivers are identical. 

Figure 15d shows the input data file produced by HINPUT. Note that 

a vehicle density (VEH. DENS.) was computed for TRUCKS even though no hourly 

volume was specified for the trucks. This illustrates that a volume was 

computed in coordination with the LOADER production rate. Figure 15e shows 

the results report produced by HICNOM. Note that the levels at receivers 

1 and 2 are identical even though the barriers shielding them, while identical, 

were specified differently. The results also show how the unshielded receiver 

(receiver 3) did have a much higher noise level than the other receivers. 
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HICNON NAl'!f !c:'1 
FHNA HIGHWAY CONSTRUCTION NOI8f PA0£...L OF__!:/__ 

PREDICTION PRDORAN DATf <.(- 'l 

PROJECt <::'x 2. 
FDRN 1 - TITLE RND RECEIVER DATA 

PROBLEM TITLE CENTER AS ONE LINE> 

eXA~PU- /?Ro!JLEM ~~ /3,1RR1B2S + f.JRol) . ('OGI~. 

NUNBfR OF RECEIVERS 
(NAXINUN OF 10l 

.3 

DD NOT DESCRIPTION l"AX. X-CDORDINATE Y-COORDINATE I-COORDINATE =: 16 CHARACTERS) aTT!N. i ENTER Cll/lllll I 
1 Ri 0 /00 'I /. 0 I 
2 R,;z, 0 -/00 L/ /.O I 

I 

s R3 /00 0 'I /.{) 
I 
I 

4 "' ~ 
"t::,.__ '--- - -~ I -
~ - -

HICNON HANE "-'~ 
FHNA HIGHWAY CONSTRUCTION NOISE PAOE~OF 

PREDICTION PROORAN DATE 'i. - z. 
PROJECT <:-~ 2... 

FORN 2 - POINT SOURCE DATA 
POINT SOURCES CNAXINUN OF 10) 

SOURCE DESCRIPTION IIODEL OEOIIETltY IIIIUH X-COORDINATE Y-COORDINATE !-COORDINATE TYPElll INAX. 18 CHAR.) IIIIIIUltl TYPIE IIIIIUDIII 

i..Olr'])fa, rtLLtAI, T~UC/tS :i.. 1 ? 0 CJ 0 

I'\. 1 

" 1 
._..._ ~..._ '\. 

~ '---- 1 -- ' - - - - - ~ -

Figure 15b. Coding Worksheet (page 1 of 2) 
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IO\lllC£ 
TYl'llll 

Ti cJCl(.S 

HJCNON 
FNMA HIOHNAT CONSTRUCTION NOISE 

PltfDJCTJON PROOftAN 

FORN la •11f1UL' LINE IOURCEDATA 
IIIUCIUPTIOII 

C IIIIX • 11 Ctlllt • I .... ···"'· IIIIIIUOCll IN Ll•l 4J 

NANE IN:8 
pflOE....'.?l. OF. q 
DATE t,/-Z 
PIOJfl'Tf,;")c Q. 

•tt•• l!l.111,1111 RE,_ I ,a Dl'UIIIIITIDIII 141 IIITU OTO Illa Nim 
flOll LIST IMUL lllllltCE 

POINT COORDINATES rftAX,: 201 KAX, = I IF RETURN LOOP TYPE IS Ol 
DD NOT 

CODE X-CODRDJNATE Y-CODRDINATE !-COORDINATE IUIIEllT 
ft£J:J 

1 
2 

s 
4 

& 

8 

1 

• 
9 

10 

11 

12 
13 
14 

16 
18 
17 
18 
19 
20 

-svo 
0 

\ 

' ' '\ 
' 

RETUIIN LOOP 
T'l'l"EI Ei l 1111111111111 

reJ IIZ ,_ ,, r, I, IIIITIII PltNT 

' "\ 

0 0 30 
0 0 

' "\ 

' ', 
' ' "\ 

~ 

l 

HICNON 
FHMA HJOHNAT CONSTRUCTION NOISE 

NA: q tN 6 q 
PA OF. 

PREDICTION PROOftAN DATE l.{_-'Z.. 
PROJECt 'J. €ir ;i,. 

FORN 81 IARRIER DATA 

1----. - 1-1 ~ , : NAXJNUN 18 9 

I DOCIIPTIIIII 
, •• 11 CIN.l --• Niimi UIU.. II 

I 8'/Ri .,I. 

X-COORDINATE Y-COORDINATE !-COORDINATE 
-100 <;'P IS-

.<V so IS-

I I ~:,rmj cJr.C71'Ytl, I 
BY R;;. 

X-COORDINATE T•COORDINATE I-COORDINATE 
-/00 -sv IS-

0 - ,S"t) IF 
~r"' -sv IS-

- -- ~ ~ - ~ 

-
Figure 15b. Coding Worksheet (page 2 of 2) 
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ENTER TITLE FOR THIS PROBLEM: 

EXAMPLE PROBLEM 2: BARRIERS+ PROD. COORD. 
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

3 
ENTER A DESCRIPTION OF RECEIVER# 1 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

Rl 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 1 

0 100 4 1.0 
ENTER A DESCRIPTION OF RECEIVER# 2 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

R2 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 2 

0 -100 4 1.0 
ENTER A DESCRIPTION OF RECEIVER# 3 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

R3 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 3 

100 0 4 1.0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

LOADER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

FILLING TRUCKS 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

2 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

0 0 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

TRUCKS 

Figure 15c. User Responses to HINPUT (page l of 2) 
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ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

LOAD & HAUL 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

2 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

-1 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

2 
ENTER X, Y, Z OF THE POINTS 

-500 0 0 
0 0 0 
ENTER SPEED ON EACH SEGMENT (MPH) 

30 
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP 

7 25 
ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

2 
ENTER A DESCRIPTION FOR BARRIER# 1 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

BY Rl 
ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5) 

2 
ENTER X, Y, Z OF THE POINTS (Z IS BARRIER ELEVATION) 

-100 50 15 
50 50 15 
ENTER A DESCRIPTION FOR BARRIER# 2 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

BY R2 
ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5) 

3 
ENTER X, Y, Z OF THE POINTS (Z IS BARRIER ELEVATION) 

-100 -so 15 0 -50 15 50 -so 15 

Figure 15c. User Responses to HINPUT ( page 2 of 2) 
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EXAMPLE PROBLEM 2: BARRIERS+ PROD, COORD, 
3 RECEIVERS 

X y 
100.0 

-100.0 
.o 

SOURCES 

z EX. ATT. (DB/DD) 
1.00 
1.00 
1.00 

DESCRIPTION 

1 

4.0 
4.0 
4.0 

Rl 
R2 
R3 

• 0 
.o 

100.0 
POINT 
X y z LEQ(REF) 

76.0 
FREQ. SOURCE 

.o .o 6.0 500 LOADER 1 
1 
3 

LINE SOURCES 
POINTS 

X 
-500.0 

.o 
-500.0 

y 
.o 
.o 
.o 

FREQ.: 500 TRUCKS 
Z LEQ(REF) VEH. DENS. 

6.0 75.4 .0003710 
6.0 81,0 ,0003710 
6.0 .o .0000000 

0 AREA SOURCES 
2 BARRIERS 
2 POINTS 

3 

X 
-100.0 

50.0 
POINTS 
X 

-100.0 
.o 

50.0 

DESCRIPTION: BY Rl 
y z 

50.0 15.0 
50.0 15.0 
DESCRIPTION: BY R2 

y z 
-50.0 15.0 
-so.o 15.0 
-so.o 15.0 

Figure 15d. Input Data File Report 
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r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
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EXAMPLE PROBLEM 2 

RECEIVER NUMBER 

BARRIERS+ PROD. COORD. 

LEQ DESCRIPTION 

1 
2 
3 

60.l 
60.1 
69.4 

Rl 
R2 
R3 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1 

INDEX 

1 
101 
201 

INTENSITY 

.472863E+06 

.308200E+06 

.232206E+06 

LEVEL 

56.7 
54.9 
53.7 

SOURCE 

LOADER 
TRUCKS 
TRUCKS 

1 
1 
1 

DESCRIPTION 

FILLING TRUCKS 
LOAD & HAUL 
LOAD & HAUL 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2 

INDEX INTENSITY LEVEL 

56.7 
54.9 
53.7 

SOURCE DESCRIPTION 

FILLING TRUCKS 
LOAD & HAUL 
LOAD & HAUL 

1 
101 
201 

.472863E+06 

.308200E+06 
• 232206E+06 

LOADER 
TRUCKS 
TRUCKS 

1 
1 
1 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3 

INDEX 

1 
101 
201 

KEY TO 
X -

xx 
YXX -

YYXX 
lYYXX -

INTENSITY 

.789945E+07 
,173881E+06 
.631323E+06 

INDEX: 

LEVEL 

69.0 
52,4 
58.0 

SOURCE 

LOADER 1 
TRUCKS 1 
TRUCKS 1 

DESCRIPTION 

FILLING TRUCKS 
LOAD & HAUL 
LOAD & HAUL 

POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 

LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 
ANDY OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 

AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 15e. Results Report 
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EXAMPLE 3 

5.3 EXAMPLE THREE: 

I-210 FILL SECTION 

This example illustrates the modeling of a fill area on I-210 in Los 

Angeles, California, where the noise level was desired at three receiver 

locations. Figure 16a shows a sketch of the site while Figure 16b presents 

the worksheets used in organizing the data and Figure 16c shows data input 

through HINPUT. 

TRUCKS 1 

BULLDOZER 1 

A R2 (F?) 

SCALE: r 
Rl 4--+ X 

100 ft. (Fb) 

100 ft. 

Figure 16a. Site Sketch 

KEY 

4- Receiver 
• - Given Point 

iii;'i- Area Source 

There was one haul line source consisting of Peterbilt tractors with 

tandem belly-dump 10-yard semi-trailers, which corresponded to a TRUCKS 

model number of "3". There was also one area source, a Caterpillar 834 

wheeled tractor, which corresponded to a BULLDOZER model number of 3. In 

this area the bulldozer was working spreading the fill throughout the area. 

The truck route was such that no 1 oop type described its motions and 

therefore the LOOP TYPE was defined as type "O", where the route started 

above the fill area and then looped down and back through the fill area where 

the material was unloaded. 

See Appendix E for field data sheets and photographs from this site. 
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HICNON 
fHNA HIGHWAY CONITIUCTJON NOJIE 

PREDICTION PROORAN 

FDIH 1 - TITLE IND RECEIVER DATA 

PROBLEN TITLE (ENTER AS ONE LINE) 

NUNBER OF RECEIVERS 
(NAXJNUN OF 101 

'3 

NR"f (..Jlj 
PAO£.....!. DF--2_ 
DA'Tf </- 2-
,ttoJEtl t:"">r 3 

DO NOT DESCRIPTIOM lftAX. X-CDORDJHRTE Y-COORDINATE I-COORDINATE E 11 CHARACTERS> I 

ENTER 
1 

2 

9 

4 

6 

8 

7 

a 
9 

10 

r<.: 1/7' CIRIUA.J 

f:'7: Al£~ Pti-L 

F8 : t,1EA!l TllVGlt5 

NOTESc 

0 0 L/ 
t:) 70 f/ 

-S'c) 3c,t:i L/ 

Figure 16b. Coding Worksheets (page 1 of 2) 
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HJCNON 
fffNA HJOHNAY CONSTRUCTION NOii£ 

PREDICTION PROORAN 

FORN la 'HAUL" LINE IOURCEDATA 

IITH1 ru.,11.1111 IU ,Olft I HI EIPUINRTIGIO (4) UTII OTO tlEUlt POIITI 
FUN I.UT NIUL IGUICE 

POINT COORDINATES '"Ax.= 2D• "Ax.: 8 If RETURN LOOP TYPE JS 0) 
DO NOT 

CODE X-COORDINATE Y-CDDRDINATE 
1 
z 
3 

4 

6 
8 ., 
8 
9 
10 
11 
12 
19 
u 
l& 
16 
17 
11 
19 
20 

~S"" 
-3'/6 
-3[/0 

'39 

'\. 

" \ 
'\_ 

YEHJCLEI RETURN LOOP 
PU ltDLllt TYP'f. fl J •1111, I I 

s. 0 
aa, m ,_ '11 IP O. llffD ,_INT 

/l.7/) 
,:;J.60 
!d-0 
/~() 

'\. 
"-

'\_ 
'\_ 

'\_ 

I-COORDINATE IEIIUT 
ft£D 

0 ::so 
0 ,.20 

0 IO 
0 

' 

"" '\_ 

'\. 

"' 

C,) llfTU •• , mi-fflll' 
·-· - -- ·--- ----

HJCNON 
FNMA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PRDORAN 

FDRN &c MER IOURCE DATA 

NAt,E w 
PAGE..1 OF-L 
DATE t/' 2. 
PROJECT c-?c .:::l 

•• a, PTI. 11UN10 o, NOTES1 CU.(2).(3)1 SEE FORH 2 FOR 
• C/'Lt ♦J YlHICUI EXPLANATION 

:::::J (4) ENTER OTO REUSE POINTS FRON LAST 
,____u; _ ___,__;'7' __ .1...----==--.....1 AREA SOURCE 

POINT COORDINATES 

Y-COORDINATE ?-COORDINATE 
C> 

NIDTH AT nu, POINT 

Figure 16b. Coding Worksheets (page 2 of 2) 
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ENTER TITLE FOR THIS PROBLEM: 

EXAMPLE 3: I-210 FILL AREA, RECEIVERS F6, F7, F8 
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

3 
ENTER A DESCRIPTION OF RECEIVER# 1 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

F6: AT ORIGIN 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 1 

0 0 4 1.0 
ENTER A DESCRIPTION.OF RECEIVER# 2 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

F7: NEAR FILL 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD} FOR RECEIVER# 2 

0 70 4 1.0 
ENTER A DESCRIPTION OF RECEIVER# 3 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

FS: NEAR TRUCKS 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 3 

-50 340 4 1.0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

TRUCKS 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

HAULING FILL 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE} 

4 

Figure 16c. User Responses to HINPUT (page 1 of 2) 
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ENTER X, Y, Z OF THE POINTS 

350 270 0 
-340 260 0 
-340 120 0 
350 120 0 
ENTER SPEED ON EACH SEGMENT (MPH) 

30 20 10 
ENTER VEHICLES PER HOUR (ONE WAY VOLUME) 

55 
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP 

0 0 
ENTER STOPPING POINT NUMBER 

0 
ENTER DECELERATION POINT NUMBER 

0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

SPREADING FILL 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

3 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10 
(ENTER OTO REUSE POINTS FROM THE LAST PREVIOUSLY-ENTERED AREA SOURCE) 

2 
ENTER X, Y, Z, AND WIDTH OF AREA AT EACH POINT 

-290 140 0 80 450 140 0 80 
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA 

1 
ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

0 

Figure 16c. User Responses to HINPUT (page 2 of 2) 
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EXAMPLE 3 

The value for O for the STOPPING POINT indicates the trucks did not 

stop (they dropped their loads while moving forward) and that the speeds 

on the line segments were average speeds determined by the user. 

The results shown in Figures 16d and 16e indicate that at all three of 

the receiver locations the trucks were the most significant noise contributor. 

Receiver 2, being closest to the fill area, was most affected by the bulldozer, 

and had the higher overall noise level. The two receivers more distant from 

the fill area had significantly lower noise levels. 

EXAMPLE 3: I-210 FILL AREA, RECEIVERS F6, F7, F8 
3 RECEIVERS 

X '{ 

. 0 .o 

.o 70.0 
-50.0 340.0 

0 POINT SOURCES 
1 LINE SOURCES 
4 POINTS 

X '{ 

350.0 270.0 
-340.0 260.0 
-340.0 120.0 
350.0 120.0 

1 AREA SOURCES 
2 POINTS 

X '{ 

-290.0 140.0 
450.0 140.0 

0 BARRIERS 

z 

z 

4.0 
4.0 
4.0 

EX. ATT. (DB/DO) 
1.00 
LOO 
1.00 

DESCRIPTION 
F6: AT ORIGIN 
F7: NEAR FILL 
F8 : NEAR TRUCKS 

FREQ.: 500 
LEQ(REF) 

6.0 86.0 
6.0 86.0 
6.0 86.0 
6. 0 • 0 

FREQ.: 500 

TRUCKS 
VEH. DENS. 

.0003464 

.0005197 

.0010393 

.0000000 

1 

l 
Z LEQ(REF) 

BULLDOZER 
WIDTH 

6.0 83.0 80.0 
6. 0 • 0 80.0 

Figure 16d. Input Data File Report 
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EXAMPLE 3: I-210 FILL AREA, RECEIVERS F6, F7, F8 

RECEIVER NUMBER LEQ DESCRIPTION 

1 
2 
3 

73.8 
79.0 
72.9 

F6: AT ORIGIN 
F7: NEAR FILL 
F8: NEAR TRUCKS 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1 

INDEX 

101 
201 
301 

10101 

INTENSITY 

.130053E+07 
,240830E+06 
.144167E+08 
.783707E+07 

LEVEL 

61.1 
53.8 
71.6 
68.9 

SOURCE 

TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
BULLDOZER 1 

DESCRIPTION 

HAULING FILL 
HAULING FILL 
HAULING FILL 
SPREADING FILL 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2 

INDEX INTENSITY LEVEL 

101 .221696E+07 63.5 
201 .286105E+06 54.6 
301 .511810E+08 77.1 

10101 .256986E+08 74,1 

SOURCE 

TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
BULLDOZER 1 

DESCRIPTION 

HAULING FILL 
HAULING FILL 
HAULING FILL 
SPREADING FILL 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: J 

INDEX 

101 
201 
301 

10101 

KEY TO 
X 

xx 
YXX 

YYXX 
lYYXX 

INTENSITY LEVEL 

.944725E+07 69.8 

.362711E+06 55.6 

.536969E+07 67.3 
,420221E+07 66.2 

INDEX: 

SOURCE 

TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
BULLDOZER 1 

DESCRIPTION 

HAULING FILL 
HAULING FILL 
HAULING FILL 
SPREADING FILL 

- POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 

- LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 
ANDY OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 

- AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 16e. Results Report 
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EXAMPLE 4 

5.4 EXAMPLE FOUR: 

I-210 CUT SECTION 

This example represents a cut area on 1-210 in Los Angeles, California, 

where noise levels were desired at four receiver locations, as shown in 

Figure 17a. Figure 17b presents the coding worksheets and Figure 17c 

shows the user responses to HINPUT's requests. 

The area had two point sources, both Caterpillar 992 wheeled front 

end loaders with 10 yard buckets (which corresponded to LOADER model numbers 

of 5); four nonhaul line sources: one Fiat Allis 31 tractor dozer, one Fiat 

Allis 41 tractor dozer, and two Caterpillar D9G tractor dozers (all of which, 

based on the user's experience and judgement, corresponded to a BULLDOZER 

model number of 3); and two haul line sources that consisted of Peterbilt 

tractors with double belly-dump 20-yard semi-trailers, which corresponded 

to TRUCKS model 3. 

The four bulldozers worked in two tandem groups that pushed the cut material 

to the loaders that, in turn, loaded the trucks. The first truck route worked 

in a type "I" loop where the trucks veered off to the left then circled 

around to the load point from which they continued straight out. The second 

truck route was modeled as type "5", in which the trucks made a clockwise 

teardrop shaped loop where the trucks were loaded at the midpoint of the 

loop. The site diagram illustrates the program-generated points along each 

route by open circles and the user-specified points by closed circles. 

The coordinate system was set up so that the fourth receiver is at the 

origin. From field observations, data was gathered and all activity factored 

for working for the entire 8-hour period. 

The data input report and results report are shown in Figures 17d and 

17e. The results of the modeling program showed that the noise levels of 

the four receivers varied from 67.7 at Receiver 3 to 77.7 at Receiver 2. 

The greatest contributor of noise to the first receiver were BULLDOZERS 3 

and 4 which are located closest to it. The LOADER 2 and TRUCKS 2 contributed 

the most to Receiver 2 while Receivers 3 and 4 were most greatly affected 

by BULLDOZERS 1 and 2. 

See Appendix E for field data sheets and photographs from this site. 
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NJCNON NAtl~ IN I~ 
FHNA HIOHNAY CONSTRUCTION NOii£ PA0E....L OF_q_ 

PREDICTION PROG«AN DATE !1.:- 2. 

PIOJE~l n ¥. 
FOR" 1 - TITLE IND RECEIVER DRTA 

NtOILEt1 TITLE (ENTER Al ONE LINE> 

~xAMPtL '/: :t~:i-/o C't?T Ill<€ A • R~E'I V62.S CS C4,C6,C7 

NUN8ER OF RECEIVERS 
(NAXINUl't OF 10) 

'I 

DO NOT D£8CRIPTION lllAX. X-COORDJNATE Y-CDORDINRTE !-COORDINATE = 16 CHARACTERS> IITffli. ENTER llll/Dlll 

1 C3: BY [)owr:;31, -St:>o -f/o 0 /,0 
2 °'I; t3Y L041)ER ~ -'/60 -,3Ct) 0 /,0 ! 
3 C6; fJ'! 1l<UC-l(5, :1. -;).OD 300 0 /,0 

I 

I 

4 C7: 4r e>RtG/'AJ 0 0 t) /.0 
6 - ~- - -- - -

HICNON NAtt£ 1..1rs 
fHNA HIGHWAY CONSTRUCTION NOii£ PAOE...LOF _f_ 

PREDICTION PROG«AN DATE !-J., '2. 
PROJECT c:x-2 

FORK 2 - POINT SOURCE OATR 
POINT SOURCES (ftAXIIIUlt OF 10) 

IOURCE D£8CRIPTIDN llmlEL antlETRY - X-CODRDINATE Y-COORDINATE Z-CQDRDINATE TYPE(lJ ( NFIX • 11 CHAR • J llllllllllJ TYPE ...a111 

LOlt7)€1<. #o,1.Nf'~ C7 ~ 1 !? -,1'0 -6~ C> 
1 
1 

- " 'l __,,,L--'""" -- - - ---
Figure 17b. Coding Worksheets (page 1 of 4) 
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HICNON NAl'IE Lv/J 

FHNA HIDHNAY CONSTRUCTION NOISE PAOE..3..0FJ._ 
PREDICTION PROORAN DATE :; '2.. 

FDRN 31 •HAUL• LINE 8DURCEDATA PROJEr t;Y q 
IOIJltC£ I IIUCIUP'TJDN I IIIDtL I NDUltl 1•· • m. I TYP'E I U [MX, II CNRR, I II0,(2) ..a!D(II IN LIIEC41 

'Tfi:VC,l(S ~'! loA:t:£R. 1 l ~ I -, I '-( I 
IIITH1 ru.111.1111 llE ,11t11 t ,11 EXPUINITJIIIII C4J IIITU O Tl KUR l'CJJIITI 
HOii LNT IIIUL IOUICE 

POINT COORDINATES lNAX.: 201 "AX.: 8 IF RETURN LOOP TYPE IS 0) 
DO NOT X-COORDINATE Y-COORDINRTE I-COORDINATE ,mr CODE 

1 -900 -/OS 0 3 .::;-
2 -'/Sl) -/05" 0 3S-
8 -/:JD -dS'" D 
4 

6 

B 
1 
8 
9 
10 
11 
12 
13 
u 
16 
18 
17 
18 
19 
20 

' Y£HJCLEI RETURN LOOP PMNT NUttBERS 
PU HOUR TY'P'EI 6 J l11111111er11 ITIPPINOl"J,J IIGII..IIIIITIGllctJ -- I I /00 1--,_ 

.... Ill IU.-"lml ,1 IP D- -• NJIIT c,1 IJl1'U D r, 
~ 

HICNON NANE w(i 
FHNA HIDHNRY CONSTRUCTION NOISE PAOE~OFJ_ 

PREDICTION PROORAN DATE t/ -2.. 
PROJECT r")< 1/ 

FORN 2 • POINT SOURCE DATA 
POINT SOURCES ("AXl"UN OF 10) 

SOURCE DEICRIPTION lllllt:L aallETRY ... X-CDORDINATE Y-COOltDINATE: I-COORDINATE 
TYPE(l) (NAX ■ 11 CHAR.) --•uu TYPE .... ,., 

LO/([)£!< IJo,2 NFM. Ct/ 5"" 1 8' -39'o --35".S- 0 

' 1 

"' 1 ~ -- --- ~ 
.... 

-

Figure 17b. Coding Worksheets (page 2 of 4) 
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HICNOl'I NAP'E IN/$ 

FHNA HIGHWAY CONSTRUCTION NOISE PAOE....S:. OF_L 
PREDICTION PROORAl'I DATE ~, l... 

FORl'I St 1 HAUL• LINE IOURCEDATA PROJEr.t 5-X- 4 
IOtJIICE I DllCIIIPTION I IOD£L I NIIUltS 1•· • ,n.l T'tl't ru UIIX , 11 Ctllll , l •• ,21 lenEDUI l•UNE(O 

fKUCKS I L.OtftEll ;;_ I -~ I -I I "< I 
NITll1 ui.r11.r11, RE,. I f'Olt EXPLMRTJOIU (4) PTO D TD KUIE P'DJNTI 
PIOII UIT NIUL IDUIICE 

POINT COORDINATES ll'IAX. = 201 l'IAX ■ = I IF RETURN LOOP TYPE IS DJ 
00 NOT X-CDDRDJNATE Y-COORDINATE ?-COORDINATE IUIIElfT CODE IP£EO 

1 -,.a:,o -/0~ 0 '3.s-
2 - 8"S"Z> -/0~ 0 35" 
8 -'l/0 -3'16 0 
4 

& 

8 
7 
8 
9 

10 
11 
12 
lS 
u 
16 
16 
17 
18 
19 
20 .. 

VEHICLES RETURN LOOP POIN{ NUNBERS 
PEit HOUR TYl"E(&) IHDJUl(II ITIPP I NO( 7 l '\l_aecru:an•m 

---- ~ I !SO "" fl! - •- ,, If II, ~ -•- ,., ....... -- - -

HICNOl'I NAl'IE w(J 
FHNA HIGHWAY CONSTRUCTION NOISE PADE...k.... QF_f_ 

PREDICTION PROORAN DATE ,,.l.. 
PROJECT f;;;{ 1/ 

FORl'I 4 - •NONHAUL" LINE SOURCE DATA 

SOURCE Dt:ICltll"TJIII IIOC£l DEOHETltY NOURI ...... 
TYf'f(l) C IIIX • 11 CHM , J NUNIElt(ZJ TYPE NftKEDIIJ NINTI IN 

u•u1 
Bu LL Do 2£R. Ml 1TH l.otDcR 1 3 2 J ;J.. 

POINT COORDINATES ("AX.= 20J 

X-COORDINRT! Y-COORDINATE I-COORDINATE DO NOT NOT!lc ENTER (l) ol2) ,(I) 1 
l IEE FOlt" 2 -30 -80 0 

IS -;:;. 00 D 
FOR EXPLANATION 

--

2 14) ENTElt OTO 
s REUSE POINTS 

FRON NONHAUL 

' 
LINE SOURCE 

IS ~--
Figure 17b. Coding Worksheets (page 3 of 4) 
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-

HICNON NllflF' Lv~ 

FHNA HIOHNAY CONSTRUCTION NOISE PA~Ofi._ 
PREDICTION PROORAN DATE tf..' 2.. 

PROJECT (:">,, </ 
FORN 4 - "NONHAUL" LINE SOURCE DATA 

SOURCE IIHCIUPTION ftOOfL OfONETRY HOURI ...... 
TYPE( 1 J IIIIX, 11 CNM,> NU"8£11(2J TYl"E IIOIIKED<I> l'IJIITI JI 

u•t•> 
{!J.JL.Ll)ouiz_ I.J,nf ltJ~li_ 3 2 K :J. 

POINT COORDINATES CNAX.: 20J 

X-COORDINATE 

-5l> 
-;JS" 

-

Y-COORDINATE Z-COORDINATE DO NOT 
ENTER 

-8() 0 1 

-,;J.;;....o 0 2 

3 
... 

HICNON 
FHNA HIOHNAY CONSTRUCTION NOISE 

PREDICTION PROORAN 

NOTES• 
(1J,t2),CSJI 

SEE FORP1 2 
FOR EXPLANATION 

(4J ENTER D TO 
REUSE POINTS 
FRON NONHAUL 
LINE SOURCE 

FORN 4 - "NONHAUL' LINE SOURCE DATA 

SOURCE IIHCIIPTION "OQEL OfONETRY HOURI ~ f: 
TYPE( 1J IIIIX, ll CNIIA,) NU"8£11(2J TYl"E IIOIIKEDIS) u•u> 

POINT COORDINATES CNAX. = 201 

~x_-_c_o_oR_D_I_N_AT_E __ v-_c_o_oR_D_I_N_A_TE-+-_z-_c_o_o_RD_I_N_A_TE--t i:T:iT NOTES• 
< 1 l ,(2) ,CS) 1 

SEE FORN 2 

SOURCE 
TYPE( 1J 

Buu.DoW< 

-£//() 0 l 

-ss-o O 2 

3 

FOR EXPLANATION 
(41 ENTER OTO 

REUSE POINTS 
FRON NONHAUL 
LINE SOURCE ... ___ '-___ .i---___ _ 

HICNON NRME '1,,[5 

FHNA HIOHNAY CONSTRUCTION NOISE PA0E....L OF_!_ 
PREDICTION PROORAN DATE q,_ - 'Z. 

PROJECT €\" </ 
FORN 4 - 'NONHAUL" LINE SOURCE DATA 

IIHCIUPTION "OQEL OfONETRY HOURI ...... 
l'IJIITI Ill I IIIX, ll CtlllA. I NUftlEIIIZI TYl"E IIOIIICED C I I u•t•> 

WITN~~ 3 2 8'" ~ 

POINT COORDINATES CNAX.: 201 

... 

X-COORDINATE Y-COORDINATE !-COORDINATE DO NOT NOTES• ENTER (1) .(2) .CS) 1 
-35,s- -'/()0 {) 1 IEE FORN 2 

-:J.oo -490 0 
FOR EXPLANATION 

2 Ul ENTER OTO 
8 REUBE POINTS 

FROl'I NONHAUL 
4 LINE SOURCE 

- r - - ----

Figure 17b, Coding Worksheets (page 4 of 4) 
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ENTER TITLE FOR THIS PROBLEM: 

EXAMPLE 4: I-210 CUT AREA, RECEIVERS C3, C4, C6, C7 
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

4 
ENTER A DESCRIPTION OF RECEIVER# 1 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

C3: BY DOZERS 3,4 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 1 

-500 -610 0 1.0 
ENTER A DESCRIPTION OF RECEIVER# 2 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

C4: BY LOADER 2 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 2 

-460 -300 0 1.0 
ENTER A DESCRIPTION OF RECEIVER# 3 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

C6: BY TRUCKS! 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 3 

-200 300 0 1.0 
ENTER A DESCRIPTION OF RECEIVER# 4 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

C7: AT ORIGIN 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 4 

0 0 0 1.0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

LOADER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

NO. l NEAR C7 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

5 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

-110 -65 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

TRUCKS 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

FOR LOADER l 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 

Figure 17c. User Responses to HINPUT (page 1 of 4) 
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PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -l TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

-l 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

3 
ENTER X, Y, Z OF THE POINTS 

-900 -105 0 -450 -105 0 -120 -25 0 
ENTER SPEED ON EACH SEGMENT (MPH) 

35 35 
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP 

1 100 
ENTER SOURCE TYPE - BLANK IF FINISHED 

LOADER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

NO. 2 NEAR C4 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

5 
ENTER l, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

-390 -355 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

TRUCKS 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

FOR LOADER 2 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -l TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

-l 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

3 

Figure 17c. User Responses to HINPUT (page 2 of 4) 
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ENTER X, Y, Z OF THE POINTS 

-1000 -105 0 -850 -105 0 -410 -340 0 
ENTER SPEED ON EACH SEGMENT (MPH) 

35 35 
ENTER TYPE AND RADIUS (FEET) OF RETURN LOOP 

5 150 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH LOADER 1 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

2 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
{ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

2 
ENTER X, Y, Z OF THE POINTS 

-30 -80 0 15 -200 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH LOADER 1 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

2 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
{ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

2 
ENTER X, Y, Z OF THE POINTS 

-so -so O -25 -220 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH LOADER 2 

Figure 17c. User Responses to HINPUT (page 3 of 4) 

88 



ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

2 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

2 
ENTER X, Y, Z OF THE POINTS 

-355 -410 0 -285 -550 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH LOADER 2 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

2 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
WARNING. YOU HAVE REACHED LIMIT OF 6 LINE SOURCES. ENTERING MORE SOURCES 
OF THIS TYPE WILL CAUSE ERROR IN EXECUTION 

LINE SOURCE: ENTER NUMBER OF POINTS ON THE LINE, MAXIMUM IS 20 
(ENTER OTO REUSE POINTS FROM LAST PREVIOUSLY ENTERED LINE SOURCE) 

2 
ENTER X, Y, Z OF THE POINTS 

-355 -400 0 -200 -490 0 
ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

0 

Figure 17c. User Responses to HINPUT (page 4 of 4) 
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EXAMPLE 4: I-210 CUT 
4 RECEIVERS 

X y 
-500.0 -610.0 
-460.0 -300.0 
-200.0 300.0 

.o .o 
2 POINT SOURCES 

X y 
-110. 0 -65. 0 
-390.0 -355.0 

6 LINE SOURCES 
10 POINTS 

X 
-900.0 
-450.0 
-354.2 
-229.3 
-167.1 
-91.3 
-46.4 
-57.8 

-120.0 
-354.2 

11 POINTS 
X 

-1000.0 
-850.0 
-728.9 
-586.l 
-471.6 
-398.2 
-410.0 
-498.5 
-613.0 
-686.4 
-728. 9 

2 POINTS 
X 
-30.0 
15.0 

2 POINTS 
X 
-so.o 
-25.0 

2 POINTS 

2 

X 
-355.0 
-285.0 

POINTS 

y 
-105.0 
-105.0 
-81.8 
124.5 
169.4 
157.9 

95.7 
19.9 

-25.0 
-81.8 

y 
-105.0 
-105.0 
-169.7 
-125.2 
-137.0 
-225.6 
-340.0 
-413 .4 
-401.6 
-313.1 
-169.7 

y 
-80.0 

-200.0 

y 
-80.0 

-220.0 

y 
-410.0 
-550.0 

X y 

0 
0 

-355.0 -400.0 
-200.0 -490.0 

AREA SOURCES 
BARRIERS 

AREA, RECEIVERS C3, C4, C6, C7 

z EX. ATT. (DB/DD) 
.o 1.00 
.o 1.00 
.0 1.00 
.o 1.00 

DESCRIPTION 
C3: BY DOZERS 3, 
C4: BY LOADER 2 
C6: BY TRUCKSl 
C7: AT ORIGIN 

Z LEQ(REF) FREQ. SOURCE 
6.0 80.0 
6.0 80.0 

500 LOADER 1 
500 LOADER 2 

FREQ.: 500 TRUCKS l 
Z LEQ(REF) VEH. DENS. 

6.0 86.0 .0003241 
6.0 86.0 .0003241 
6.0 86.0 .0001624 
6.0 85.2 .0001771 
6.0 84.1 .0002010 
6.0 82.6 .0002385 
6.0 80.3 .0003108 
6.0 72.7 .0007502 
6.0 86.0 .0004232 
6.0 .o .0000000 

FREQ.: 500 TRUCKS 2 
Z LEQ(REF) VEH. DENS. 

6.0 86.0 .0003241 
6.0 86.0 .0003241 
6.0 86.0 .0001652 
6.0 84.4 .0001947 
6.0 82.l ,0002537 
6.0 74,4 .0006126 
6.0 86.0 .0006126 
6.0 86.0 .0002537 
6.0 86.0 .0001947 
6.0 86.0 .0001652 
6.0 .o .0000000 

FREQ.: 500 BULLDOZER 1 
Z LEQ(REF) VEH. DENS. 

6.0 83.0 .0078027 
6.0 .o .0000000 

FREQ.: 500 BULLDOZER. 2 
Z LEQ(REF) VEH. DENS. 

6.0 83.0 .0070316 
6.0 .o .0000000 

FREQ.: 500 BULLDOZER 3 
Z LEQ(REF) VEH. DENS. 

6.0 83.0 .0063888 
6.0 .0 .0000000 

FREQ.: 500 BULLDOZER 4 
Z LEQ(REF) VEH. DENS, 

6.0 83,0 .0055793 
6,0 .o .0000000 

Figure 17d. Input Data File Report 
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DESCRIPTION 
NO. l NEAR C7 
NO. 2 NEAR C4 

FOR LOADER 1 

FOR LOADER 2 

WITH LOADER 1 

WITH LOADER 1 

WITH LOADER 2 

WITH LOADER 2 



EXAMPLE 4: I-210 CUT AREA, RECEIVERS CJ, C4, ~a, ~, 

RECEIVER NUMBER LEQ DESCRIPTION 

1 
2 
3 
4 

71.7 
77. 7 
67.7 
77 .6 

CJ: BY DOZERS 3,4 
C4: BY LOADER 2 
C6: BY TRUCKSl 
C7: AT ORIGIN 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 1 

INDEX 

1 
2 

101 
201 
301 
401 
501 
601 
701 
801 
901 
102 
202 
302 
402 
502 
602 
702 
802 
902 

1002 
103 
104 
105 
106 

INTENSITY 

.234334E+06 

.183036E+07 

.222040E+06 

.524457E+05 

.387628E+05 

.669158E+04 

.521370E+04 

.443438E+04 

.391919E+04 

.204033E+04 

.117190E+06 

.471750E+05 

.655252E+05 

.477461E+05 

.313939E+05 

.308294E+05 

.228052E+05 

.764206E+06 

.403022E+06 

.150369E+06 

.700622E+05 
• 4502071!:+06 
.498873E+06 
.590725E+07 
.362091E+07 

LEVEL 

53.7 
62.6 
53.5 
47.2 
45. 9 
38.3 
37.2 
36.5 
35.9 
33.1 
50.7 
46.7 
48.2 
46.8 
45.0 
44.9 
43.6 
58.8 
56.1 
51.8 
48.5 
56.5 
57.0 
67.7 
65.6 

SOURCE 

LOADER 1 
LOADER 2 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS l 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
BULLDOZER 
BULLDOZER 
BULLDOZER 
BULLDOZER 

1 
2 
3 
4 

DESCRIPTION 

NO. 1 NEAR C7 
NO. 2 NEAR C4 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 1 
FOR LOADER 1 
FOR LOADER 1 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
WITH LOADER 1 
WITH LOADER 1 
WITH LOADER 2 
WITH LOADER 2 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 2 

INDEX 

1 
2 

101 
201 
301 
401 
501 
601 
701 
801 
901 
102 
202 
302 
402 
502 
602 
702 
802 
902 

1002 
103 
104 
105 
106 

INTENSITY 

. 691125E+06 
,260274E+08 
. 116851E+07 
.425026E+06 
. l 77988E+06 
.193368E+05 
. 135639E+05 
.109619E+05 
,981969E+04 
• 563726E+04 
.538316E+06 
.901512E+05 
.176712E+06 
.233932E+06 
.300187E+06 
.624004E+06 
.113613E+07 
.104599E+08 
.100765E+07 
.354100E+06 
.220852E+06 
.101192E+07 
.118429E+07 
.673942E+07 
,671519E+07 

LEVEL 

58.4 
74.2 
60.7 
56.3 
52.5 
42.9 
41.3 
40.4 
39.9 
37.5 
57.3 
49.5 
52.5 
53.7 
54.8 
58.0 
60.6 
70.2 
60.0 
55.5 
53.4 
60.l 
60.7 
68.3 
68.3 

SOURCE 

LOADER 1 
LOADER 2 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS l 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 1 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
TRUCKS 2 
BULLDOZER 
BULLDOZER 
BULLDOZER 
BULLDOZER 

1 
2 
3 
4 

DESCRIPTION 

NO. 1 NEAR C7 
NO. 2 NEAR C4 
FOR LOADER 1 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 1 
FOR LOADER l 
FOR LOADER 1 
FOR LOADER 1 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
FOR LOADER 2 
WITH LOADER 1 
WITH LOADER 1 
WITH LOADER 2 
WITH LOADER 2 

Figure 17e. Results Report (page l of 2) 
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COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 3 

INDEX INTENSITY LEVEL SOURCE DESCRIPTIO?f 

l .902973E+06 59.6 LOADER l NO. 1 NEAR C7 
2 .224957E+06 53.5 LOADER 2 NO. 2 NEAR C4 

101 .172422E+06 52.4 TRUCKS 1 FOR LOADER 1 
201 .789274E+05 49.0 TRUCKS 1 FOR LOADER 1 
301 .312786E+06 55.0 TRUCKS 1 FOR LOADER l 
401 .333754E+06 55.2 TRUCKS 1 FOR LOADER l 
501 .29173JE+06 54.6 TRUCKS l FOR LOADER 1 
601 . 112620E+06 50.5 TRUCKS 1 FOR LOADER 1 
701 ,449157E+05 46.5 TRUCKS 1 FOR LOADER 1 
801 ,138055E+05 41.4 TRUCKS 1 FOR LOADER 1 
901 .408359E+06 56.1 TRUCKS 1 FOR LOADER l 
102 .276991E+05 44.4 TRUCKS 2 FOR LOADER 2 
202 .335507E+OS 45.3 TRUCKS 2 FOR LOADER 2 
302 .260076E+OS 44,2 TRUCKS 2 FOR LOADER 2 
402 .237309E+05 43,8 TRUCKS 2 FOR LOADER 2 
502 .186955E+OS 42,7 TRUCKS 2 FOR LOADER 2 
602 .556194E+04 37.5 TRUCKS 2 FOR LOADER 2 
702 .553737E+05 47.4 TRUCKS 2 FOR LOADER 2 
802 .184376E+05 42,7 TRUCKS 2 FOR LOADER 2 
902 .139404E+05 41.4 TRUCKS 2 FOR LOADER 2 

1002 .181725E+OS 42.6 TRUCKS 2 FOR LOADER 2 
103 .104120E+07 60.2 BULLDOZER l WITH LOADER l 
104 .l05541E+07 60,2 BULLDOZER 2 WITH LOADER 1 
105 ,321589E+06 55.1 BULLDOZER 3 WITH LOADER 2 
106 .360114E+06 55.6 BULLDOZER 4 WITH LOADER 2 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: 4 

INDEX INTENSITY LEVEL SOURCE DESCRIPTION 

1 .112013E+08 70.5 LOADER l NO. 1 NEAR C7 
2 .409874E+06 56.1 LOADER 2 NO. 2 NEAR C4 

101 .150199E+06 51.8 TRUCKS 1 FOR LOADER 1 
201 .939254E+05 49,7 TRUCKS 1 FOR LOADER l 
301 .249661E+06 54.0 TRUCKS 1 FOR LOADER 1 
401 .107898E+06 50.3 TRUCKS 1 FOR LOADER l 
501 ,143933E+06 51.6 TRUCKS l FOR LOADER 1 
601 .308129E+06 54.9 TRUCKS 1 FOR LOADER 1 
701 .956605E+06 59.8 TRUCKS 1 FOR LOADER 1 
801 ,320084E+06 55,1 TRUCKS 1 FOR LOADER 1 
901 .146329E+07 61.7 TRUCKS 1 FOR LOADER 1 
102 ,212396E+05 43.3 TRUCKS 2 FOR LOADER 2 
202 .274883E+05 44.4 TRUCKS 2 FOR LOADER 2 
302 .231249E+05 43.6 TRUCKS 2 FOR LOADER 2 
402 . 237372E+05 43.8 TRUCKS 2 FOR LOADER 2 
502 .251461E+05 44.0 TRUCKS 2 FOR LOADER 2 
602 .934080E+04 39.7 TRUCKS 2 FOR LOADER 2 
702 .895133E+OS 49.5 TRUCKS 2 FOR LOADER 2 
802 .256264E+05 44.1 TRUCKS 2 FOR LOADER 2 
902 .164615E+05 42.2 TRUCKS 2 FOR LOADER 2 

1002 .177862E+05 42.5 TRUCKS 2 FOR LOADER 2 
103 .224285E+08 73.5 BULLDOZER 1 WITH LOADER 1 
104 .178384E+08 72,5 BULLDOZER 2 WITH LOADER 1 
105 ,663550E+06 58.2 BULLDOZER 3 WITH LOADER 2 
106 .819354E+06 59.1 BULLDOZER 4 WITH LOADER 2 

KEY TO INDEX: 
X - POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 

xx 
YXX - LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 

YYXX AND Y OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 
lYYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 17e. Results Report (page 2 of 2) 
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EXAMPLE 5 

5.5 EXAMPLE FIVE: 

I-440 ROCK CUT SECTION 

This example illustrates the modeling of a rock cut site on I-440 

in Nashville, Tennessee, based on field observations of the operation. 

Modeling an existing site is a good technique for evaluating abatement 

strategies. The site, shown in Figure 18a, had two rock drills each with 

their own compressor, and a bulldozer and grader working in a nearby area. 

The barrier in this example was actually the top edge of a 17-foot deep cut 

section that defines the edge of work area. 

The example has one receiver, designated Receiver 1, located away from 

the work site 20 feet higher than the working plane. There is a 17-foot rock 

ledge located 60 feet from the receiver. On the work site, there is an area 

375 feet long and 50 feet wide where a Caterpillar DBH bulldozer and a 

Caterpillar 12E grader are operating. Beyond this area there are 4 point 

sources. There are two rock drills and two compressors, one a new quiet 

model with closed doors and the other a much louder older model. By observing 

the working condition of the site for half an hour it was possible to determine 

the "hours worked" and the motion of the equipment. The coordinate system 

was set up with the receiver at the origin and from this the data for the 

program was able to be determined. 

Figure 18b shows the coding worksheets for the problem and Figure 18c shows 

the user responses to HINPUT. The two rock drills were modeled as BREAKER, 

model 1. The compressor located in the negative x-direction corresponded to 

model number 3 (quiet, with closed doors), while the other compressor, being 

a standard type, corresponded to a model number of 2. For the area sources, 

the bulldozer was considered as model number 2 and the grader as model number 1. 

For the 30-minute observation period the compressors worked the entire 

30 minutes, and the bulldozer and grader both worked 18 3/4 minutes. These 

durations were then factored to "hours worked" based on an 8-hour day. 

However, it was also observed that while the two rock drills were in 

operation the entire measurement period, they were only at maximum noise level 

60% and 72% of the time, respectively. Examining the data in the program for 

rock drills, as shown in Table 2 for BREAKER model 1, the value for DELTA, the 

difference between the maximum level and the Leq of the drill over its work 

cycle was 7 dBA. A seven dBA value translates to the equipment working at 

maximum level for only 20 percent of the time (7 dBA = 10Log(l00%/20%). 
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EXAMPLE 5 

Because the drills on the site worked at maximum level for much higher 

percentages of time, it was decided to model these as new BREAKER models, 

with values of DELTA computed based on the field operation percentages. 

DELTA for the first drill was computed as 10 Log(100%/60%) or 2.2 dBA. 

DELTA for the second drill was 1.4 dBA {10 Log(l00%/72%». The other data 

required for a new BREAKER model was taken from Table 2 for BREAKER Model 

1. Because the drills were in operation for the entire measurement period, 

even though not at maximum level for the entire period, the value for hours 

worked was 8, corresponding to operation during the entire time period. 

The input data file report and the HICNOM results report are shown in 

Figures 18d and 18e. As expected, the major noise sources were the rock 

drills. Note that the bulldozer and motor grader contributed little to the 

total Leq and that the contribution from the quiet compressor was much lower 

than the standard compressor. To determine the amount of shielding provided 

by the edge of the cut acting as a barrier, the reader is invited to run the 

problem with no barrier {the answer is 81.8 dBA). 

SCALE: 

.. ···L 
50 ft. 

COMPRESSOR 1 

ROCK DRILL 1 
D 

ROCK DRILL 2 
0 

COMPRESSOR 2 

r 
6-X 

RECEIVER 1 (SCIIOOI, YARD) 

Figure 18a. Site Sketch 
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BULLDOZER 1 

GRADER 

BARRIER 

6- Receiver 
• - Given Point 
D - Point Source 

- Area Source 



HICNOII NANI:' J.A./lj 

FHIIA HIOHNAY CON8TRUCTION NOISE PA0£..L OF~ 
PREDICTION PROOllAN DATE ~2 

PROJECl= ~ 
FDRN l - TITLE RND HCEIYER DATA 

PROILEN TITLE (ENTER RS ONE LINE) 

€Y/t/1P/,,,~ S; I-L/40 Ro<.,I( DR11,,,1.. Cur /IRf"/J 

NUNBER Of RECEIVER& 
UIAXJNUN OF 10) 

1 

DO NOT DEICRJPTJON lftAX. X-CDOltDINATE T-COORDINAT! I-CDORDINATE Ir! I ENTER 18 CHARACTER8J ,..,., . 

1 Scl-/001.. YhRl> 0 0 0 l,S-

'-
0 ----- ,r - --- -- -

NICNOtt NIIHE IN/:5 
FHWA HIGHWAY CONSTRUCTION NOl8E PAOE..LOF 5' 

PREDICTION PROOllA" DATE r..-;). 
PROJECT f:1r S" 

FURN 2 - POINT 80URCE DRTR 
POINT IOURCES (NAXHUN OF 10> 

SOURCE D£8CIUPTION IIOOll DEOIIETRT .... X-CDORDINATE Y-COORDINATE I-COORDINATE TYPt:<l) (IUIX. 18 CHIUI.J IIUIINal lJ TYl"t: _,., 

I {jR.~A-Kd. Roc.1<. l)RU..t. i 0 1 fl I '5"° I 'f~ -;io 

B~€A-l(a: R. C)U( Dr< /1 ... L ;2. 0 1 ?> /.. 0 /75" -;Jo 

I 
I CoMfN£SS()(( L.J,77+ "/)Rtt..L. 1 3 1 r -rs- I~~ -,;..CJ 

CCiMMrsS<JJe w,T),f l)RU-L. i ;;.. 1 f 9o /~ -;io 

l 
1 
1 
1 
1 
1 

NOTES• 

\1 
Cl) TO DEFINE SOURCE NOT LISTED ON FORN 7, ENTER• U8ER DEFINED 
(2) 0 INDICATES NEM NODEl1 NEGATIVE VALUE INOICATEI NEN 

NODEL PREVIOUSLY CREATED IN THIS RUN 
(31 IN 8 HOUR DAY1 NEGATIVE VALUE NEANS NATCH PRODUCTION RATE 

WITH PRECEEOJNO SOURCE WITH PRODUCTION RATE 

I \IF SOURCE TYPE IS 'USER DEFINED• OR MODEL HUMBER 18 O. ALSO ENTER: 
Milllutl DELTA CAPACITY CYCLE IICOUITIC FREQUENCY "- L£¥£L TIii! tlEJOltT 

\ ~ 9(;, :). , d- 0 0 ,;!., 1500 
r---~ 16 I, t./ 0 0 ,:l.. IS-oo 

Figure 18b. Coding Worksheets (page I of 2) 
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HJCNOt1 NAf'lr <,,.;J( 

FHWA HIOHMAY CONSTRUCTION NOISE PAGE...2 Of_£_ 
PREDICTION PRDORAN DATE 1/.:;. 2 

PROJEr.T f.;">r £ 
fDRN &1 MER IDURCE DATA 

I IOUltCI I IIE1CIUPTJ. 
~) I ••trr ffl"f(S) IIIIX, ll CIMI. I nl"f 

IBvL.L.1>02€1'\ ICAT'DS'l-f Q I 3 

NOTES• t1).C2).t3J1 SEE FORN 2 FOR I IIOlt,m,, 
... ,,.. .... Of 

Ill CIU4J fttlJCLH EXPLANATION 
I 5 :;I... I C4J ENTER OTO REUSE POINTS FRON LAST 

AREA SOURCE 

POINT COORDINATES 
X-COORDINATE T-CDORDINATE !-COORDINATE 1110TH AT DO NOT 

THII POINT ENTER 
- ;;.;;. 5" ld-0 -J-o <""CJ 1 

ISO ld-0 -~ S"D 2 
g .....__,,.. -....._ J<., -~ -- -

HlCNOf'I NAJ'!E V/..S 
FHWA HIGHWAY CONSTRUCTION NOISE PAI\£ 1/ OF::.s= 

PREDICTION PROGRAM DATE V-'l.. 
ttROJEetEX: S: 

FORN &1 AREA IOURCE DATA 

IOUIICE IIEICIIPTHII IIODEL ••rrr ffl'E(U IIIIIX, 11 Clla.J MD,CtJ nl'E 

(."., le 4 TJEl< 11..tr ru:: Irr beff .1. 3 

ttOUltl ... ,,.. IUIID Of NOTE81 Cl).(2J.C3Jt SEE FORN 2 FOR 
EXPLANATION IIOltKfDC SJ Ill Cl\.141 fttlJCL.£1 

5 0 j_ {4) ENTER OTO REUSE POINTS FRON LAST 
AREA SOURCE 

POINT COORDINATES 
X-CODROINATE 

-
T-CDORDINATE !-COORDINATE 

HICNON 
FHNA HIOHNAY CONSTRUCTION NOISE 

PREDICTION PROORAN 

FORN It BARRIER DATA 

IIIOTM AT 
THII POINT 

X-COORDINATE Y-COORDINATE !-COORDINATE 
0 
0 

Figure 18b. Coding Worksheets (page 2 of 2) 
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ENTER TITLE FOR THIS PROBLEM: 

EXAMPLE 5: I-440 ROCK DRILL CUT AREA 
ENTER NUMBER OF RECEIVERS (MAXIMUM IS 10) 

1 
ENTER A DESCRIPTION OF RECEIVER# 1 
MAXIMUM OF 16 CHARACTERS - BLANK IF NONE) 

SCHOOL YARD 
ENTER X, Y, ZAND EXCESS ATTENUATION (DB/DD) FOR RECEIVER# 1 

0 0 0 1.5 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BREAKER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

ROCK DRILL 1 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

0 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

15 195 -20 
ENTER LMAX (OBA) 

96 
ENTER DELTA (LMAX-LEQ) IN DBA 

2.2 
ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

0 
ENTER CYCLE TIME (HOURS) 

0 
ENTER ACOUSTIC HEIGHT (FEET) 

2 
ENTER FREQUENCY (HERTZ) 

1500 
ENTER SOURCE TYPE - BLANK IF FINISHED 

BREAKER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

ROCK DRILL 2 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

0 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

1 

Figure 18c. User Responses to HINPUT (page 1 of 3) 
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ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -l TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

60 175 -20 
ENTER LMAX (OBA) 

96 
ENTER DELTA {LMAX-LEQ) IN DBA 

1.4 
ENTER CAPACITY PER CYCLE (CUBIC YARDS) 

0 
ENTER CYCLE TIME (HOURS) 

0 
ENTER ACOUSTIC HEIGHT (FEET) 

2 
ENTER FREQUENCY (HERTZ) 

1500 
ENTER SOURCE.TYPE - BLANK IF FINISHED 

COMPRESSOR 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH DRILL 1 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

3 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

-as 1ss -20 
ENTER SOURCE TYPE - BLANK IF FINISHED 

COMPRESSOR 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

WITH DRILL 2 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

2 

PROGRAM HAS AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

8 
POINT SOURCE: ENTER X, Y, Z OF SOURCE LOCATION 

90 150 -20 

Figure 18c. User Responses to HINPUT (page 2 of 3) 
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ENTER SOURCE TYPE - BLANK lF flNlSh~W 

BULLDOZER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

CAT DBH 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

2 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

3 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

5 
AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10 
(ENTER OTO REUSE POINTS FROM THE LAST PREVIOUSLY-ENTERED AREA SOURCE) 

2 
ENTER X, Y, Z, AND WIDTH OF AREA AT EACH POINT 

-225 120 -20 50 150 120 -20 50 
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA 

1 
ENTER SOURCE TYPE - BLANK IF FINISHED 

GRADER 
ENTER A DESCRIPTION OF THE SOURCE 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

CAT 12E: BY DSH 
ENTER MODEL NUMBER (ENTER OTO DEFINE NEW MODEL NUMBER) 

l 
ENTER 1, 2 OR 3 FOR WORKING OVER A POINT, LINE OR AREA 

3 
ENTER HOURS WORKED DURING 8-HOUR DAY 
(ENTER -1 TO COORDINATE PRODUCTION RATE OF THIS SOURCE WITH THAT OF 
THE LAST PREVIOUSLY-ENTERED SOURCE HAVING A PRODUCTION RATE) 

5. 

AREA SOURCE: ENTER NUMBER OF POINTS THAT DEFINE CENTERLINE, MAX. IS 10 
(ENTER OTO REUSE POINTS FROM THE LAST PREVIOUSLY-ENTERED AREA SOURCE) 

0 
ENTER NUMBER OF PIECES OF THIS TYPE AND MODEL OF EQUIPMENT IN THIS AREA 

l 
ENTER SOURCE TYPE - BLANK IF FINISHED 

ENTER NUMBER OF BARRIERS (MAXIMUM IS 3) 

l 
ENTER A DESCRIPTION FOR BARRIER# 1 
(MAXIMUM OF 16 CHARACTERS - BLANK IF NONE): 

TOPOF CUT AT RW 
ENTER NUMBER OF POINTS DEFINING BARRIER (MAXIMUM IS 5) 

2 
ENTER X, Y, Z OF THE POINTS (Z IS BARRIER ELEVATION) 

-250 60 -3 250 60 -3 

Figure 18c. User Responses to HINPUT (page 3 of 3) 
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EXAMPLE 5: I-440 ROCK DRILL CUT AREA 
1 RECEIVERS 

4 

0 
2 
2 

2 

X 'l 
.o .o 

POINT SOURCES 
X y 

15.0 195.0 
60.0 175.0 

-as.a 1ss.o 
90.0 150.0 

LINE SOURCES 
AREA SOURCES 

POINTS 
X 

-225.0 
150.0 

POINTS 
X 

y 
120.0 
120.0 

'l 
120.0 
120.0 

z 
.o 

EX, ATT. (DB/DD) 
1.50 

DESCRIPTION 
SCHOOL YARD 

z 
-18.0 
-18.0 
-16.0 
-16.0 

LEQ(REF) 
93.8 
94.6 
75.0 
86.0 

FREQ.: 500 
Z LEQ(REF) 
-14.0 76.0 
-14.0 .o 

FREQ.: 500 
Z LEQ{REF} 
-12.0 81.0 
-12.0 .o 

FREQ. SOURCE 
1500 BREAKER 1 
1500 BREAKER 2 
1000 COMPRESSOR 
1000 COMPRESSOR 

BULLDOZER 
WIDTH 

50.0 
50.0 

GRADER 1 
WIDTH 

50.0 
50.0 

l 
2 

1 

l 
2 

-225.0 
150.0 
BARRIERS 
POINTS DESCRIPTION: TOPOF CUT AT RW 
X 

-250.0 
250.0 

y z 
60.0 -3.0 
60.0 -3.0 

Figure 18d. Input Data File Report 

EXAMPLE 5: I-440 ROCK DRILL CUT AREA 

RECEIVER NUMBER LEQ DESCRIPTION 

1 77.0 SCHOOL YARD 

COMPONENT CONTRIBUTIONS FOR RECEIVER NUMBER: l 

INDEX INTENSITY LEVEL SOURCE DESCRIPTION 

1 .198369E+08 73.0 BREAKER l ROCK DRILL 1 
2 .220000E+08 73.4 BREAKER 2 ROCK DRILL 2 
3 .314491E+06 55.0 COMPRESSOR 1 WITH DRILL 1 
4 ,385679E+07 65.9 COMPRESSOR 2 WITH DRILL 2 

10101 • 226811E+07 63.6 BULLDOZER 1 CAT 08H 
10102 .229308E+07 63.6 GRADER 1 CAT 12E: BY D8H 

KEY TO INDEX: 

DESCRIPTION 
ROCK DRILL l 
ROCK DRILL 2 
WITH DRILL l 
WITH DRILL 2 

CAT D8H 

CAT 12E: BY D8H 

X - POINT SOURCE, WHERE XOR XX IS INPUT SEQUENCE# OF POINT SOURCES. 
xx 

YXX 
YYXX 

- LINE SOURCE, WHERE XX IS INPUT SEQUENCE# OF LINE SOURCES 
ANDY OR YY IS SEQUENCE# OF POINTS FOR THE XXTH LINE. 

lYYXX - AREA SOURCE, WHERE XX AND YY ARE ANALOGOUS TO LINE SOURCE VARIABLES. 

Figure 18e. Results Report 
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6.0 ERROR MESSAGES AND RECOVERY 

This section lists in alphabetical order all of the error messages 

that may be printed by HINPUT or HICNOM. 

1. ERROR - DIS LESS THAN OR EQUAL TO 0 

Corrective Action: This message is generated by subroutine LINSRC of 

HICNOM if the calculations yield a negative or zero value for the perpendicular 

distance from the receiver to the line source. Check the receiver and line 

segment coordinates for errors. 

2. ERROR - PHI2 IS GREATER THAN PI/2 

Corrective Action: This message is generated by subroutine LINSRC of 

HICNOM if during calculations the angle from the normal line between the 

receiver and the line source to either the left or right endpoint of the 

line is less than -90 degrees. Check the receiver and line segment coordinates. 

3. ERROR - PHil or PHI2 IS GREATER THAN PI/2 

Corrective Action: This message is generated by subroutine LINSRC of 

HICNOM if during calculations, the angle from the normal line between the 

receiver and line source to either the left or right endpoint of the line 

segment is greater than 90 degrees. Check receiver and line segment coordinates. 

4. ERROR - PHI2 IS LESS THAN PHil 

Corrective Action: This message is generated by subroutine LINSRC of 

HICNOM if during calculations, the angle from the normal line to the second 

endpoint of the road segment is less than the angle from normal line to the 

first endpoint of the segment. Check receiver and line segment coordinates. 

5. ERROR - RECEIVER WILL GET RUN OVER 

Corrective Action: This message is generated by subroutine LINSRC of 

HICNOM if the receiver was located on the line defining the line source. 

Check receiver and line segment coordinates, and adjust as needed. 

6. ERROR - SERIES DID NOT CONVERGE 

Corrective Action: This message is generated by function BX of 
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HICNOM (Section B.5.5) during calculations of the finite !ine segment adjustment 

for line sources. Check the receiver and line segment coordinates and adjust 

as needed. 

7. ERROR IN GAMMA FUNCTION 

Corrective Action: This message is generated by function BX of HICNOM 

during calculations of the finite line segment adjustment. Check receiver and 

line segment coordinates and adjust as necessary. 

8. INVALID MODEL NUMBER - REENTER 

Corrective Action: This message is generated by HINPUT when the MODEL 

NUMBER entered by the user is greater than the highest model number in Table 1 

for the SOURCE TYPE under consideration. Check Table 1, choose a valid model 

number and enter the correct value. Note that negative model numbers may be 

used to refer to previously-entered new models, as was illustrated in Section 5.1. 

9. INVALID SOURCE TYPE - REENTER 

Corrective Action: This message is generated by HINPUT when the SOURCE 

TYPE entered by the user did not exactly match any of the source types listed 

in the first colurrm of Table 1. Check Table 1 and enter the correct SOURCE 

TYPE. 

10. PROGRAM AUTOMATICALLY ASSIGNED A GEOMETRY TYPE TO THIS SOURCE 

Corrective Action: This message, generated by HINPUT, does not signify 

an error, but serves to inform the user that the program has decided if the 

source type under consideration is to be treated as a point, line or area 

source based on the data coded in the program's data block. After printing 

this message, the program will not ask for a geometry type, but will proceed 

directly to the appropriate data requests for this geometry type. 

11. YOU HAVE REACHED LIMIT OF 5 AREA SOURCES. ENTERING MORE SOURCES OF THIS 

TYPE WILL CAUSE ERROR IN EXECUTION 

Corrective Action: HINPUT is set to accept up to 5 area source~. It 

counts the number of area sources entered by the user during a run and generates 

this message during entry of the fifth area source, Complete the data entries 

for this source, but do not try to enter more area sources during the run or 

the program will not execute. 
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12. YOU HAVE REACHED LIMIT OF 6 LINE SOURCES. ENTERING MORE SOURCES OF THIS 

TYPE WILL CAUSE ERROR IN EXECUTION 

Corrective Action: HINPUT is set to accept up to six line sources. It 

counts the number of line sources entered by the user during a run and generates 

this message during entry of the sixth line source. Complete the data entries 

for this source, but do not try to enter more line sources during the run 

or the program will not execute. 

13. YOU HAVE REACHED LIMIT OF 10 POINT SOURCES. ENTERING MORE SOURCES OF 

THIS TYPE WILL CAUSE ERROR IN EXECUTION. 

Corrective Action: HINPUT is set to accept up to 10 point sources. It 

counts the number of point sources entered by the user during a run and generates 

this message during entry of the tenth point source. Complete the data entries 

for this source, but do not try to enter more point sources during the run 

or the program will not execute. 
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APPENDIX A: MODEL FORMULATION AND STRUCTURE 

This Appendix describes in detail the acoustical formulation of the 

highway construction noise model, HICNOM. Section A.l describes some 

of the geometrical considerations by the program, and Section A.2 

develops the equations for predicting the equivalent sotmd level at a 

receiver location from a variety of construction equipment and operations. 

The second section also describes the barrier shielding routine used in the 

model. 

A.l Construction Activities 

The highway construction noise model, HICNOM, was developed to permit 

computation of the 8-hour equivalent sound level at various receiver locations 

from various noise sources working at the construction site. The sources may 

be geometrically considered as working at a point, along a line (series of 

straight line segments), or over an area. The model generates the contributions 

from each source to the 8-hour Leq at each receiver, as well as the total 

8-hour Leq at each receiver. 

In the following discussion, the phrase "geometry type" will be used 

to refer to the categories "point", "line" or "area". Examples of point sources 

include stationary equipment such as a compressor or mobile equipment that move 

over a very small area (a front end loader loading trucks). Examples of line 

sources include scrapers on a haul road and a motor grader moving back and 

forth over a road on the site. An example of an area source is a bulldozer 

spreading dirt at a fill section of a project. 

The program has a data base built into it for 53 different types of 

equipment grouped into 16 different "source types". A source type and a 

model number are used to uniquely designate a particular piece of equipment. 

Some model numbers represent different models of the same type of equipment 

(such as a Caterpillar D6 bulldozer or a Caterpillar D9 bulldozer) while others 

represent different types of equipment (BREAKER Model No. 1 is a rock drill, 

while Model No. 2 is a jackharmner). 

Table A-1 shows the 16 different "source types", and their corresponding 

model numbers and descriptions in the first three columns. If data is available 

to the user on the operating characteristics of a particular piece of equipment 

not already included in the program, a "new" source or model may be created 
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Table A-1. Source Type Definition Information (page 1 of 2) 
(See Table A-2 for related information) 

Is 
Production Type 

Allowable Rate of 
Source Model Geometry Coordination Line 
Type No,* Description Types t Possible? Source 

BACKHOE 1 II Nomina 1 ** 1 2 3 Yes Non-Haul 
2 Caterpillar, Koehring 1 2 3 Yes Non-Haul 
3 p & H 1 2 3 Yes Non-Haul 
0 Defined by user 1 2 3 Yes Non-Haul 

LOADER 1 {/ Nominal l 2 3 Yes Non-Haul 
2 3-yard capacity l 2 3 Yes Non-Haul 
3 5-yard capacity 1 2 3 Yes Non-Haul 
4 7-yarc. capacity 1 2 3 Yes Non-Haul 
5 IO-yard capacity l 2 3 Yes Non-Haul 
0 Defined by user 1 2 3 Yes Non-Haul 

COMPRESSOR 1 Ii Nominal 1 No N/A -'--'-
'' 

2 Standard 1 No N/A 
3 Quiet., doors open 1 No N/A 
4 Quiet, doors closed 1 No N/A 
0 Defined by user 1 No NIA 

PILE DRIVER 1 i1 Nominal l No N/A 
2 Current data 1 No N/A 
0 Defined by user 1 No N/A 

PUMP l 63 dB@ 50 feet 1 No N/A 
2 76 dB @ 50 feet 1 No N/A 
3 t Nominal 1 No N/A 
0 Defined by user l No N/A 

CRANE 1 ii Nominal 1 Yes NIA 
2 Low l Yes N/A 
3 Medium l Yes N/A 
4 High l Yes t,/ A 
0 Defined by user 1 Yes N/A 

BREAKER 1 fl Rock Drill 1 2 3 No Non-Haul 

2 !/ Std. Jackha=er (Nominal) 1 2 3 No Non-Haul 

3 Muffled Jackharraner 1 2 3 No Non-Haul 

0 Defined by user 1 2 3 No Non-Haul 

CONCRETE 1 /I Cone rete Pour 1 No NIA 
2 Ii Nominal Batch Plant l No N/A 
3 Batch Plant 1 No NIA 
4 II P1.llllp 1 No NIA 
5 ii Concrete Mixer 1 No N/A 
0 Defined by user 1 No N/A 

* A model number of zero tells the program a new model number is being defined for this 
computer run. 

** "Nominal" means that the data represents an averaging of data from previous literature. 
t 1: Point., 2: Line, 3: Area 

tt N/A means "not applicable". 
U Use this model number if a generalized value is needed. 

A-2 



Table A-1. Source Type Definition Information (page 2 of 2) 
(See Table A-2 for related infonnation) 

ls 
Production 'l'ype 

Allowable Rate of 
Source Model Geometry Coordina ti011 Line 

Type No,* Description Types t Possible? Source 

GENERATOR 1 Low Level 1 No N/A 
2 ti Nominal** 1 No N/A 
0 Defined by user 1 No N/A 

MISCELLAN 1 D Grinder 1 No N/A 
2 II Concrete Saw 1 No N/A 
3 #Fan 1 No N/A 
4 # Welder (Nominal) 1 No N/A 
0 Defined by user 1 No N/A 

BULLDOZER 1 #Nominal** l 2 3 No Non-Haul 
2 Caterpillar D6, D7, D8 1 2 3 No Non-Haul 
3 Caterpillar D9 1 2 3 No Non-Haul 
4 D9 without muffler 1 2 3 No Non-Haul 
0 Defined by user l 2 3 No Non-Haul 

GRADER 1 fJ Nominal 1 2 3 No Non-Haul 
0 Defined by user 1 2 3 No Non-Haul 

TRUCKS 1 10-yard dump, quiet 2 Yes Haul 
2 10-yard dump, noisy 2 Yes Haul 
3 Dual 20-yard trailers 2 Yes Haul 
4 # Nominal 2 Yes Haul 
0 Defined by user 2 Yes Haul 

SCRAPER 1 Caterpillar 631, muffled 2 Yes Haul 
2 # Cat. 631, no 'Dlff. (Nominal) 2 Yes Haul 
3 Caterpillar 623 2 Yes Haul 
4 Caterpillar 637 2 Yes Haul 
0 Defined by user 2 Yes Haul 

COMPACTOR l Low 3 No N/A 
2 fl Nominal 3 No N/A 
3 High 3 No N/A 
0 Defined by user 3 No N/A 

PAVING 1 II Nominal l 2 3 No Non-Haul 
2 Concrete Paver 1 2 3 No Non-Haul 
3 Asphalt Paver 1 2 3 No Non-Haul 
0 Defined by user l 2 3 No Non-Haul 

USER DEFINED 0 Defined by user 1 2 3 Yes J.Jser-Defined 

• A model number of zero tells the program a new model number is being defined for this 
computer run. 

•• "Nominal" means that the data was acquired from previous literature, 
t 1: Point, 2: Line, 3: Area 

tt N/A means "not applicable". 
# Use th~s model number if a generalized value is needed. 
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by the user during a computer run, or it can be permanently built into 

the data base in the program. Section 3.2 of the main body of this 

report discusses how to create new sources during a computer run, while 

Appendix C describes how to permanently add a source to the program. 

The program automatically assigns a geometry type for certain equipment 

types as shown in the fourth column of Table A-1 (e.g., a PUMP can only 

operate at a point, TRUCKS can only operate along a line, and a COMPACTOR 

can only operate in an area). 

Certain types of equipment in the model have production rates; that is, 

they are constrained in their operation by their capacity (an example is the 

size of a dump truck) or by how long it takes them to perform. one cycle of 

operation (an example is the time it takes a front end loader to dig into a 

pile of dirt, lift it, tum, dump it into a truck, and return to the pile). 

If two such pieces are working together on an actual construction site, their 

activities will be coordinated; for example, the number of trucks on a haul 

road in a specified period of time depends on the ability of the loader to 

fill them. The program is set up to compute this working relationship based 

on the production capability of each piece of equipment. The fifth column of 

Table A-1 indicates which pieces may be coordinated to each other. Section A.2 

discusses how the model considers coordinations, while Section 3.0 of the main 

report describes how to tell the program to coordinate activities. 

The model divides line sources into two sub-categories: Haul and Nonhaul. 

A nonhaul line source could be one piece of equipment that moves slowly along 

a line (paving operations) or could be one piece of equipment that moves back 

and forth over a line (motor grader). 

A haul line source would be a series of trucks or scrapers moving on a 

haul road. Their operations are discussed in terms of vehicles per hour and 

travel speed. Haul vehicles typically tum around either before or after 

loading or unloading to return to the other end of the haul road. The 

prediction model includes routines to generate a series of straight line 

segments that approximate different types of turn-around loops. The model 

also computes average speeds on each segment based on the type of loop, the 

approach and departure speeds, and the size of the loop. Seven loop types are 

built into the model, which includes one type that represents a straight turn­

around with no loop. Figure A-1 illustrates the loop types in the model. 
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Figure A-1. Haul Road Turn-around Loop Configuration· 
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Table A-2. Source Type Acoustical and Data (page 1 of 2) 
(See Table A.l for related information) 

Acoustic Acoustic Reference 
Source Model Lmax Delta Cycle Time Capacity Height Frequency Speed Slopett 

Type No,* (dBA) (dBA) (hrs.) (cu. yds.) (ft.) (llz. ) (mph) 

BACKHOE 1 86.5 3 .00833 N/At 6 500 -- --
2 88.0 3 .00833 N/A 6 500 -- --
3 92.0 3 .00833 N/A 6 500 -- --
0 UD** \JD UD UD UD UD -- --

LOADER l 89.0 5 .00833 5 6 500 -- --
2 81.0 5 .00833 3 6 500 -- --
3 82.0 5 .00833 5 6 500 -- --
4 83.0 5 .00833 7 6 500 -- --
5 85.0 5 .00833 10 6 500 -- --
0 UD UD UD UD UD UD -- --

COMPRESSOR 1 91.3 2 0 N/A 4 1000 -- --
2 88.0 2 0 N/A 4 1000 -- --
3 71.0 2 0 N/A 4 1000 -- --
4 67.0 2 0 N/A 4 1000 -- --
0 UD UD UD UD UD UD -- --

PILE DRIVER 1 97.3 6 0 0 20 1500 -- --
2 103.0 6 0 0 20 1500 -- --
0 UD UD UD UD UD UD -- --

PUMP 1 63.0 0 0 0 4 800 -- --
2 76.0 0 0 0 4 800 -- --
3 71.0 0 0 0 4 800 -- --
0 UD UD UD UD UD UD -- --

CRANE 1 89.0 7.5 0 0 15 500 -- --
2 73.0 7.5 0 0 15 500 -- --
3 81.5 7.5 0 0 15 500 --
4 85.0 7.5 0 0 15 500 -- --
0 UD UD UD UD UD UD -- --

BREAKER 1 96.0 7 0 0 2 1500 -- --
2 87.0 7 0 0 2 1500 -- --
3 76.0 7 0 0 2 1500 -- --

-- --CONCRETE I 78.0 5 0 0 10 500 
2 90.0 0 0 0 10 500 -- --
3 82.0 0 0 0 10 500 -- --
4 85.0 0 0 0 6 500 -- --
5 82.8 0 0 0 8 500 -- --
0 UD UD uo UD UD UD -- --

* I\ Mudel Number of zero tells the program a new model number is being defined for the computer run. 
** UD: User-defined (supplied by user) 
t N/ A means "not applicable". 
tt Slope is "B" in the emission level equation: Lo = L + B log speed). 

max 

Critical 
Speed 
(mph) 

--
--
----
----
----
--
--
--
----
--
--
--
--
--
--
----
--
--
--
------
--
----
--
--
--
--
--
--



Source Model 
Type No.* 

GENERATOR l 
2 
0 

MISCELLAN 1 
2 
3 
4 
0 

BULLDOZER 1 
2 
3 
4 
0 

GRADER l 
0 

TRUCKS l 
2 
3 
4 
0 

SCRAPER 1 
2 
3 
4 
0 

COMPACTOR 1 
2 
3 
0 

PAVING l 
2 
3 
0 

USER DEFINED 0 

Table A-2. Source Type Definition Information (page 2 of 2) 
(See Table A-1 for related information) 

Acoustic Acoustic Reference 
Lmax Delta Cycle Time Capacity Height Frequency Speed 
(dBA) (dBA) (hrs.) (cu. yds.) (ft.) (Hz.) {mph) 

73.5 0 0 0 4 1200 --
81.0 0 0 0 4 1200 --
UD** UD UD UD UD UD --
71.0 1 0 0 2 1200 --
88.0 0 0 0 1 1200 --
83.0 0 0 0 4 1200 --
71.0 0 0 0 4 1200 --
UD UD UD UD UD UD --
90. l 2 0 0 6 500 --
80.0 2 0 0 6 500 --
85.0 2 0 0 6 500 --
96.0 2 0 0 6 500 --
UD UD UD UD UD UD --
83.0 0 0 0 8 500 --
UD UD UD UD UD UD --
76.0 N/At N/A 10 8 500 35 
81.0 N/A N/A 10 8 500 35 
86.0 N/A N/A 40 8 500 35 
90.7 N/A N/A 10 8 500 35 
UD N/A N/A UD UD UD UD 

84.0 N/A N/A 25 6 500 30 
95.0 N/A N/A 25 6 500 30 
90,0 N/A N/A 25 6 500 30 
81.0 N/-A N/A 25 6 500 30 
UD N/A N/A UD UD UD UD 

80.0 0 0 0 8 500 --
86.0 0 0 0 8 500 -
93.0 0 0 0 8 500 --
UD UD UD UD UD UD --
83.8 0 0 0 4 500 --
82.8 0 0 0 4 500 --
82.5 0 0 0 4 500 --
UD UD UD UD UD UD --
UD UD UD UD UD UD --

* A Model Number of zero tells the program a new model number is being defined for the computer run. 
** UD: User-defined (supplied by user) 
t N/A means "not applicable". 
tt Slope is "B" in the emission level equation: Lo• Lmax +Blog (speed/reference speed), 

Critical 
Slopett Speed 

(mph) 

-- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- ---- ---- ---- --
-- ---- --
20 35 
20 35 
20 35 
20 35 
UD 

0 30 
0 30 
0 30 
0 30 

UD UD 

-- ---- ---- --
-- --
-- --
-- -
-- ---- --
-- --



A.2 Acoustical Formulation 

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

with distance consists of geometrical spreading plus excess ground attenuation 

function. Attenuation by noise barriers is also considered. The mathematical 

representations are described in the following sub-sections. 

A.2.1 Point Sources 

For a source and receiver separated by a distanced, the 8-hour equivalent 

so1.md level (Leq(8h)) is: 

Leq(Sh) = (L
0

)E + 10 Log(T/8) + 20 Log(d0/d) l + (n/6) (A-1) 

where: (Lo)E is the energy-averaged emission level over some time period (such 

as the equipment operation cycle) measured at a reference distance d
0

; 

Tis the number of hours that the equipment is working in its operational 

cycle during the 8-hour day; and 

n is the excess attenuation rate in decibels per doubling of distance 

(dB/DD). 

A value of O for n would correspond to an overall attenuation rate of 

6 dB/DD, or normal geometrical spreading for a point source. A value of 

1.5 dB/DD for n would result in an overall attenuation rate of 7.5 dB/DD, a 

typical rate for propagation of a point source's sound over "soft" ground. 

The energy-averaged emission level, (Lo)E, may be represented by: 

(L ) = L - /'i, 
0 E max (A-2) 

where: 1max is the maximum level during the operating cycle of the equipment, 

and /'i, is the difference between Lmax and the Leq over the duty cycle. The 

emission level is presented in this manner because Lui.ax is much more widely 

reported than the literature (virtually all standard equipment noise measurement 

procedures obtain Lmax), and /'i, varies much less than Lmax for a given type 

of equipment. Both Lmax and /'i, , as used in the construction noise model, are 

derived from the field data presented in Volume 5 of the construction noise 

handbook. 5 

If this piece of equipment has a production rate associated with it (an 

entry of "yes 11 in colunm 5 of Table A-1), and its production is being 

coordinated with that of another piece of equipment with a production rate, 
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the value for the hours worked during the day for the piece of equipment 

being coordinated, T2 , is computed by: 

(A-3) 

where: Cl and c2 are the capacities of the two pieces of equipment; 

tl and t2 are the cycle times for one operation for each source, and 

Tl represents the hours worked during the 8-hour day for the first source. 

A.2.2 Line Sources 

The program divides line sources into two categories: nonhaul and haul. 

Because it treats them separately, they will be described separately here 

even though their conceptual treatment is fairly similar. Two main differences 

deal with production rate coordination, and the allowable number of vehicles, 

on the line (only one vehicle for nonhaul lines, while more than one for haul 

lines). 

The Leq computation for both types of line sources is analogous to that 

for the FHWA Highway Traffic Noise Prediction Model. 6 The Leq of a point 

source (or series of point sources) moving along~ line is determined by 

computing the Leq contributions from the source at a series of points along 

the line and then integrating those values over the time period under considera­

tion. Figure A-2 shows the geometric considerations. 

A.2.2.1 Nonhaul Line Sources 

Following the general formulation in the FHWA Highway Traffic Noise Model, 

Leq(Sh) for an unshielded nonhaul line source is given by: 

Leq(8h) = (L
0

)E + 10 Log(T/8) + 10 Log(d
0
rr/t) + 10 Log(d

0
/d)l+ (n/ 3) 

(A-4) 

where: (L0 )E is the energy averaged emission level at a reference distance d0 ; 

Tis the hours that the piece of equipment is in operation in the 8-hour 

day; 

tis the length of the line; 

dis the perpendicular (normal) distance from the receiver to the line 

(or extension of the line); 

n is the excess attenuation due to ground cover in dB/DD; and 

G(n,¢ 1,¢2) is a function representing the finite line segment adjustment, 

which is a function of the excess ground attenuation rate and the angles 
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d = perpendicular distance from the receiver to the line source 
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point i. 

<f>2 = angle at the receiver from the perpendicular to the line to 
point i+l. 

(This is a view of the x-y plane) 

Figure A-2. Geometry and Coordinates of Line Source Segment 
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from the normal line between the receiver and the line segment to the left 

and right endpoints of the line segment,~1, and .<Pi respectively.* 

The energy-averaged emission level, (Lo)E, is given by: 

(L_) • L - /l 
7J E max (A-5) 

where Lmax is the maximum level during the operating cycle of the equipment, 

and /::, is the difference between Lmax and Leq over the duty cycle of the 

equipment. 

Note that the fourth term in the equation, 10 Log (dov/1), is analogous 

to the traffic flow adjustment in the FHWA traffic noise model, 10 Log (Ndorr/ST). 

In the construction noise model, only one vehicle is assumed to be operating 

along the line. However, it may make more than one pass-by on the line 

during the time period, T. The number of pass-bys, N, is a f\lllction of the 

speed of the vehicle (S), the length of the line (JI,), and the time period (T). 

The exact relation is: 

N = T(S/JI.) (A-6) 
Rearranging terms: 

N/ST • 1/R, (A-7) 

which may be substituted directly into the traffic flow adjustment for the 

FHWA traffic noise model to give the fourth term of the Leq equation for 

nonhaul construction line sources. Conceptually, Leq becomes a f'llllction of 

only the length of the line because, as the speed of the vehicle increases, 

the number of pass-bys proportionately increases, withthe two increases 

cancelling out each other. 

A curved line-section may be analyzed by approximating it as a series 

of connecting straight line segments. In that case, Equation A-4 is applied 

to each section where tis the length of each section. The resulting Leq(8~)'s 

for each section are then combined at the end of the calculation to yield the 

total Leq(8h) for the line source. 

, 

* G(n,$1,$2) is a~alogous to Wa(~1 ,~2) in the 

Prediction Model. 0 It is defined as: 
FHWA Highway Traffic Noise 

!tan c,,2 
G (n, c,,1, c,,2) = 1hr 

tan 11 

(1) 

( 2) I + n 
I+~ 

where ~land ~2 are the angles to the end points of the line segment, as shown 

in Figure A-2. Equation (1) was first derived in Reference 6 for an infinite 
length road, and closed-form solutions presented for arbitrary n. The generali­
zation to a finite road was presented in the FHWA Highway Traffic Noise 
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(Footnote continued from previous page): Prediction Model, together with 
two tables of numerical values for one value of n and a range of road 
lengthst in terms of the angles ¢1,¢2. For n = O, Equation (1) reduces 

to the factor (¢2 - $1) /~ appearing in the commonly used finite road 

adjustment 10 log10 (8¢1~), 8 where~¢= ¢2 - ¢1• 

A closed-form representation of Equation (1) can be derived. The 
integral may be written in two parts: 

G = I/..- [ton •2 (1 + ~~t)I + n 

Each integral has form similar to the 

Bx (a, b) = /x 
Letting t = ~2 / (I + t2), 

---

!tan • 1 ] 

( ~t)I + n 
0 I+ t 
incomplete beta function: 9 

JVx/(1 - x) 
f2a- I 

( 2)a + b 
0 

(2) 

(3) 

(4) 

The integral in Equation (4) matches those in 
I+ f 

Equation (2) providing that 

Thus, 

x :: sin2 "' 
a = I /2 

b = n + 1/2 
(5) 

G (n, ~,, ~2) = 0/277') [s. 2 (1/2, n + 1/2) - B. 2 (1/2, n + 1/2)7 
sm f/,2 sm 'I> 1 J 

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

(7) 

Equation (7) converges for x <1, and poses no computational difficulties. 
To include the point x = 1, the following inversion relation may be used: 

B (a, b) = B (a, b) - BI (b, a) 
X -X (8) 

(6) 

where B(a, b) is the beta function, and may be written in terms of the gamma 
function:9 

B (a b) _ r(a) r(b) 
' - r(a, 6) 

(9) 

To minimize computation time, Equation (7) is used only for x<O. 5 (the 
series converges slowly near 1) and Equation (8) is used to obtain values 
in the range O.S<x<l.O. (End of footnote) 
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If this nonhaul line source has a production rate associated with it 

(an answer of "yes" in column 5 of Table A-1), and its production is being 

coordinated with that of another ·• piece of equipment with a production rate, 

the value for the hours worked during the day for the nonhaul line source, 

T2, is computed by: 

where: C1 and Cz are the capacities of the two pieces of equipment; 

t1 and t2 are the operation cycle times for each source; and 

(A-8) 

Tl rep.resents the hours worked during the 8-hour day for the first 

source. 

A.2.2.2 Haul Line Sources 

The expression for the 8-hour Leq for a haul line source is identical to 

that for the FHWA Highway Traffic Noise Prediction Model, and is given by: 

Leq(Bh) = (LO)E + 10 Log(N:~~) + 10 Log(do/d)l+(n/3) + 10 Log G(n,$1,$2) (A-9) 

where: (Lo)E is the energy-average emission level at a reference distance d0 ; 

N is the number of vehicles per hour operating along the line, averaged 

over the 8-hour day; 

Sis the average speed of the vehicles along the line under consideration; 

dis the normal distance from the receiver to the line (or extension 

of the line); 

n is the excess ground attenuation due to ground cover in dB/DD; and 

G(n,~1,ct>z) is a function representing the finite line segment adjustment, 

which is a £unction of the excess ground attenuation rate and the angles from 

the normal line between the receiver and the line segments to the left and 

right endpoints of the line segments.** 

The energy-averaged emission level, (L0)E, is a function of the speed of 

the equipment, and is computed separately for deceleration and acceleration/ 

cruise: lO 

(A-lOa) 

(A-lOb) 

** See footnote in Section A.2,2.1 
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where: L0 is the emission level of the vehicle at some reference speed, S ref; 

Sis the average speed of the equipment; 

Scrit is the "critical" speed, below which the emission level remains 

constant during acceleration. 

In the program, the critical speed (S .t) is equal to the reference speed cri 
for the haul line sources. Thus, for speeds below the critical speed, the 

energy-averaged emission level will be equal to the reference emission level, L0 • 

Note that in Equation A-9, there is no term for the hours worked, T, during 

the 8-hour day. Hours worked is implicitly considered in the value given for 

N, in that the number of vehicles per hour is averaged over the 8-hour day. 

For example, if 100 vehicles per hour operated on the haul road for four 

hours, the correct value for N would be 50 vehicles per hour (100 vehicles 

per hour times 4 hours, averaged over the 8-hour day). 

If the haul equipment has a production rate associated with it (an entry 

of "yes" in column 5 of Table A-1), and its production is being coordinated 

with that of a previously specified piece of equipment with a production rate, 

the value for the number of vehicles per hour, N, will be computed by: 

(A-11) 

where: c1 and c2 are the capacities of the two pieces of equipment; 

t 1 is the operation cycle time of the source that is being coordinated; 

with the haul source; and 

T
1 

represents the hours worked during the 8-hour day for the first source. 
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A.2.3 Area Sources 

Areas are described to the model in terms of a series of points defining 

a centerline of the area, plus the width of the area at each point, as illustrated 

in Figure A-3. The points and widths thus define a series of interconnected 

segments. Each area segment is separated analyzed and the results combined to 

get the total Leq from the area source. In practice, areas tend to be quite 

regularly shaped, following the geometry of lanes under construction, so that 

this representation is very good for highway construction. 

No simple closed relationship exists for noise from an arbitrary area 

source with excess attenuation; some numerical integration is required. The 

approach taken here is to divide an area into strips, each strip sufficiently 

narrow relative to receiver distance that it may be modeled as a line. Each 

area segment is divided into strips parallel to the centerline of that segment. 

One strip is centered on the centerline, and the others are synnnetrically defined 

on either side. 

:The number of strips taken is based on the ratio between the strip width 

and the distance to the receiver, with an upper limit of 5 strips on either side 

of the centerline. Nst' the number of strips,is given by: 

where: w is the width of the area, and dmin is the shortest of the normal 

distances from all receivers to the centerline. 

Nst is truncated (rounded down) to a whole number, and that value 

(A-12) 

8r 5, whichever is less, is used for the number of strips on each side of.the 

centerline. 

The ratio is adjusted so that each strip can be approximated by a line 

with a worst-case error of less than 0.2 dB; this is essentially negligible. 

The 8-hour Leq for each strip is then computed by: 

Leq(Bh)i = (LO)E + 10 Log(T/8) + 10 Logr::0)(¾;-) + 10Log(d
0

/di)l+(n/3) 

+ 10 Log G(n,¢
1

,¢2) 

where: (L
0

)E is the energy-averaged emission level for the operational 

cycle of the equipment, measured at a reference distance do; 

Tis the number of hours that the equipment is working in its 

operational cycle during the 8-hour day; 
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Figure A-3. Representation of Area by Centerline and Widths 
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area; 

N is the number of pieces of equipment of this type operating in the 

i 8is the sum of the length of all strips in the jt~ area segment; 

di is the normal distance from the receiver to the ith strip; 

n is the excess attenuation rate in dB/DD; and 

G(n,¢1,¢2) is a function representing the finite line segment adjustment, 

which is a function of the excess ground attenuation rate and the angles from 

the normal line from the receiver to the line segment to the left and right 

endpoints of the line segment; 

A· is the area of the jth area segment; and 
J -

AT is the total area of all area segments. 

The energy-averaged emission level, (Lo)E, is defined as the maximum level, 

Lmax, minus fi, an adjustment to the maximum level to get the Leq over one cycle 

of the equipment's operation. The Leq(8h) for the entire area segment is 

computed by combining the results for all strips, each computed by Equation A-13. 

If this equipment has a production rate associated with it (an entry of 

"yes" in column 5 of Table A-1), and its production is being coordinated with 

that of a previously given piece of equipment with a production rate, the 

value for hours worked during the day for the area source, T2, is computed by: 

(A-14) 

where: C1 and Cz are the capacities for the two equipment types; 

tl and t2 are operation cycle times for each equipment type; and 

T1 represents the hours worked during the 8-hour day for the first source. 

A.2.4 Noise Barrier Attenuation 

Shielding by barriers is handled by Maekawa's formulation for screens. 10 

Barriers are specified by providing a series of coordinates defining the top 

edge as a series of straight lines. Several barriers may be specified. The 

model checks each source/receiver pair for shielding by each barrier. Double 

shielding is not considered; once a barrier is found to shield a given path, 

subsequent barriers are neglected for that path. When there is barrier 

shielding, ground attenuation is initially set equal to zero. However, in 

the event that this results in an amplification (as might happen for a low 

barrier), the barrier section is neglected and ground attenuation restored 

(which avoids a physically unrealistic case). 
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For point sources, Maekawa's methodology is applied directly. Each source 

type has a nominal or effective frequency assigned to it which is used for 

computing the Fresnel number. This procedure is a generalization of the use 

of 500 Hz to represent highway noise.8 The nominal frequency for each type 

of equipment is the peak of the A-weighted spectrum. This reasonably 

approximates the shielding which would be obtained if an exact calculation 

were performed over the complete A-weighted spectrum. 

Barrier shielding for line sources is computed by the method of Kurze 

d And 12 h · · h" ld" . . d 1 h 1· an erson, w erein point sources ie ing is integrate a ong t e ine. 

A numerical integration scheme is used in the program. An initial mesh 

consisting of the line end and center points is used. The mesh is successively 

doubled until the calculated shielding converges within about 0.4 dB. This 

shielding calculation is carried out for each section. 

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

source methodology to each strip. 
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APPENDIX B: PROGRAMMER'S MANUAL AND PROGRAM LISTING 

B.l Conventions and Annotation 

The programs are written in FORTRAN IV. Standard default conventions 

apply to variable types. All real variables are single precision, R*4. All 

fixed-point variables are 1*2. Two arrays in subroutine DECODE are declared 

LOGICAL*! to simplify string manipulations. No proprietary routines, 

machine-dependent instructions, etc., are utilized. The program is fully 

transportable to other machines provided the data file specification in 

HINPUT and HICNOM is changed to conform with available hardware. 

Extensive use is made of subroutines in order to provide reasonably 

well-structured code. Variable names are reasonably consistent between 

subroutines, although in many cases the mnemonics are similar but not identical. 

Executable statement labels begin with I in each program; format labels begin 

at 100. Variable names and formats are identical in HINPUT and HICNOM. 

This was done so as to facilitate possible merging of the two programs. 

Executable statement labels were not made non-conflicting between the two; 

this is to discourage casual merging without a thorough review of the combined 

program. COMMON blocks are consistent throughout both programs. 

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

complete variable dictionary is included in each program. 

B. 2 HINPUT 

Figure B-1 is A SUBROUTINE. HIERARCHY CHART FOR HINPUT.,_ which is described 

in Section 2.2. The description in Section 2.2 should be read together with 

the source listing if a detailed understanding of the code is desired. 

B,3. SUBROUTINES TO HINPUT 

The following subsections describe each subroutine to HINPUT, presented 

in the order they appear in the hierarchy charts. 

B.3.1 DECODE 

This subroutine CHECKS AN INPUT NA11E SRCNAM AGAINST A DATA LIST OF ALLOWABLE 

NAf.1ES. The corresponding type identification number is placed in INF0(2). The 

model number is requested and placed in INFO(l). IGEOM is set to indicate 

whether it is a point, line, or area source. The input name SRCNAM is appended 

with a sequential number. 
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HINPUT DECODE 

PTTASK 

LNTASK HAULRD LOOP GEOM I 
DECACC 

ELVEH 

PASSBY ELVEH 

ARTASK 

DATA! 

DATA2 

Figure B-1. Subroutine Hierarchy Chart, HINPUT 

HICNOM CROSS 

PTBAR DIFRAC 

GEOM 

LINSRC BX GX 

LNWALL LNBLOK 

CROSS 

LINSRC BX GX I 
LNBAR CROSS 

PTBAR DIFRAC I 
AREA EDGES 

GEOM 

SMALL 

Figure B-2. Subroutine Hierarchy Chart, HICNOM 
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B.3.2 PTTASK 

This routine RETURNS !fHE,ADJUSTED LEQ EMISSION LEVEL AND EFFECTIVE - ..... - ..... ' " . . . ' . " 

SOURCE HEIGHT (INPUT HEIGHT ~LUS ACOUSTIC HEIGHT) FOR POINT SOURCES. These 

data are obtained from data files or input for newly created sources. The 

production rate per full workday is computed for appropriate pieces of 

equipment. Hours worked per day is then used to compute daily production. 

This is saved as PROD. If a "production coordination" case has been specified, 

equivalent hours worked per day are computed by matching production to 

the value of PROD left from the last piece of equipment. The matching 

procedure and value of PROD here are shared in common with LNTASK and ARTASK. 

B.3.3 LNTASK 

This routine HANDLES LINE SOURCES. It is divided into two parts. 

THE FIRST PART HANDLES NONHAUL EQUIPHENT, and is logically similar to PTTASK. 

One piece of equipment is considered, moving at a constant speed, and 

production is based on the number of hours worked. 

THE SECOND PART OF LNTASK HANDLES HAUL OPERATIONS. Production is 

related to number of vehicles per hour. Speeds can vary from segment to 

segment. If a loop is to be generated by the program, this is done by 

a call to HAULRD which returns an increased value of NLNPTS and an expanded 

array XLNPTS. Adding a loop can add 8 or more points to the array. To 

ensure that the limit of 20 points is not exceeded, the input line array should 

not exceed 6 points if a loop is to be generated. 

If a loop is not to be created, the acceleration/deceleration profiles 

are handled by a call to PASSBY. 

B.3.4 HAULRD 

This routine is CALLED WHEN A TURN-AROUND LOOP IS TO BE GENERATED. The 

loop points are added to RDPTS by subroutine LOOP, making the last input point 

the loading/unloading point. Speed profiles are generated by DECACC, which may 

add additional points so as to complete the acceleration/deceleration profiles 

if they extend beyond the loop points. Emission levels are obtained from the 

function ELVEH, which accounts for operating mode and speed. 
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B.3.5 LOOP 

This routine GENERATES TURN..;.AROUND LOOPS AS SHOWN IN FIGURE 8. Two basic 

geometries are stored: a half loop (types 1 through 4) and a full circle 

(types 5 and 6). The loop data are stored in the orientation shown in Figure 

8. Subroutine GEOM is called to determine the angle of the last input road 

segment. The loop data are transformed through this angle, so as to be aligned 

with the last segment. They are multiplied by the input radius and then combined 

with RDPTS. Various details of adding the points, setting direction, etc., are 

described by comments in the listing. 

B. 3.6 GEOM 

This routine, used by both HINPUT and HICNOM, PERFORI:-1S A COORDINATE 

_Il\ANSFORMATION OF A LINE SEGMENT DEFINED BY ~:l, X2. Quantities returned 

are the cosine and sine of the transformation rotation angle, the transformed 

coordinates of one receiver position, d, ¢1, arid ¢2 as defined in Figure 3, 

and the length of the line segment. A switch variable ISKIP permits the use of 

only parts of this routine. 

B.3.7 DECACC 

This routine COMPUTES AVERAGE SPEEDS ON A TURN-AROUND LOOP. Kinematics 

are based on constant deceleration and acceleration rates stored in the two­

element array ACCRAT. Values of 0.1 g are in data statements. The kinematic 

calculations begin at the stopping point and continues until the speed on a 

segment matches the input speed on that segment. If necessary, the segments 

outside the loop are split into separate acceleration and deceleration segments. 

The expanded point array defining the lines and the computed average speeds 

are returned. 

B.3.8 ELVER 

This function subroutine COMPUTES THE El-1ISSION LEVEL OF HAUL EOUIPEENT 

FROM EQUATION (A-10) in Section A.2.2.2, 

B.3.9 PASSBY 

This routine •PREPARES-HAUL EOUIPHENT SPEEDS AND EHISSION LEVELS WHEN THE 

HAUL ROAD HAS BEEN DIRECTLY DEFINED BY THE USER. i.e., a loop is not generated 

by the program. Where kinematics are to be computed, the calculation is essentially 

the same as in DECACC. 
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B.3.1O ARTASK 

This routine COMPUTES THE ADJUSTED EMISSION INTENSITY IN EA-CH SECTION 

OF AN AREA. The logic is essentially the same as in PTTASK and the nonhaul 

section of LNTASK. More than one piece of equipment can be specified. 

B.3.11 DATAl 

This block data routine -CONTAINS VARIOUS DATA ITEMS DESCRIBED IN SECTIOH 

C.l including unit declarations and reference distance. 

B.3.12 DATA2 

This block data routine CONTAINS ALL EQUIP?IBNT DATA. The program is 

conmtented and tabulated so as to provide an easily read table of values. 

See Section C.3.for a detailed description. 

B.4 HICNOM 

Figure B-2 is a subroutine hierarchy chart for HICNOM, which is described 

in Section 2.2. The description in Section 2.2 should be read together with 

the source listing if a complete understanding of the code is desired. 

B.5 SUBROUTINES TO HICNOH 

B.5.1 CROSS 

This subroutine DETERMINES IF A LINE BETWEEN A SOURCE AND RECEIVER 

INTERSECTS WITH A BARRIER SEGMENT. If so, the crossing point and the barrier 

height at that point are computed. 

B.5.2 PTBAR 

Given the source and receiver locations and the barrier height at the 

shielding point, this routine -COUPUTES PATH LENGTH DIFFERENCE, then OBTAINS 

BARRIER SHIELDING from subroutine function DIFRAC. 

B.5.3 DIFRAC 

This function routine COMPUTES FRESNEL NillIBER from path length difference 

and frequency, then OBTAINS BARRIER SHIELDING from Maekawa's curve. For Fresnel 
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nunber between -0.3 and 1.0, a table look-up/interpolation scheme is used. 

Above 1.0, a logarithmic approximation is used. 

B. 5. 4 LINSRC 

This routine COMPUTES LEQ from a single straight line segment, using 

Equation A-4 or A-9. The program contains an alternate expression for the 

case of a receiver directly in line with the line source, and contains some 

error checking of input geometry. 

B.5.5 BX 

This function routine COMPUTES THE INCOMPLETE BETA FUNCTI0N from a 

power series using the methodology described in Equation (7) in the footnote 

in Section A.2.2.1. A convergence criterion of one part in 104 is specified 

as a data item. 

B.5.6 GX 

This function subroutine COMPUTES THE GAMMA FUNCTION for real arguments, 

using a polynomial approximation and a recursion, as described in the footnote 

in Section A.2.2.1. 

B.5. 7 LNWALL 

This subroutine COMPUTES THE CONTRIBUTION UF A LINE SOURCE IN THE PKESENCE 

OF BARRIERS. The input parameters are one line source section, one receiver 

location, and the set of barrier coordinates. Subroutine LNBLOK is called to 

test whether a barrier shields the source/receiver combination. If so, the 

line segment is divided into three parts: a center shielded section and two 

unshielded ends. Any of these may have zero length. LINSRC is used to compute 

noise from the unshielded sections and LNBAR is used to compute noise from 

the shielded part. Logic is included to properly handle multiple-segment 

barriers. If no shielding is found, a very large number is returned to HICNOM. 

The HICNOM logic which takes the smaller of the shielded versus unshielded 

calculation then selects the unshielded result from LINSRC. 
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:B.5.8 LNBLOK 

This subroutine TESTS WHETHER ANY OF THE INPUT BARRIERS SHIELD A GIVEN 

LINE SOURCE SEGMENT AND RECEIVER. If so, the line segment is divided into 

three segments as described in Section B.4.7. Each segment is defined by a 

pair of angles q, 1, cl> 2 as shown _in Figure 3. Setting the angles equal to each 

other indicates no segment. The program contains logic to ensure that the 

sense of the angles corresponds to the convention following the order of line 

points. 

B.5.9 LNBAR 

This routine COMPUTES THE BARRIER SHIELDING OF A SHIELDED LINE SEGMENT. 

A numerical integrating process is used, utilizing point source shielding 

computed by PTBAR and DIFRAC. This method is described in detail in Section 

A.2.4. 

B.5.10 AREA 

This subroutine DIVIDES AN AREA INTO STRIPS, as described in Section 

A.2.3. The widths are positions such that they bisect the normals to the 

centerline segments on either side. Subroutine EDGES is used to determine the 

coordinates of the resultant corners. Each area segment and all receivers 

are transformed into coordinates relative. to the segment centerline. Each 

segment is then divided into strips consisting of the centerline plus Oto 

5 strips each to the right and left of the centerline. The average source 

density on the st~ips is obtained by dividing total strength in the segment by 

the length of all strips in the segment. 

B.5. 11 EDGES 

This subroutine is _USED BY AREA TO FIND THE COORDINATES OF THE EDGE 

POINTS defined by the width lines, as described in Section B.5.10. 

B.5.12 SMALL 

'lhis routine FINDS THE SMALLEST VALUE IN AN ARRAY. 
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B.6 COMMON Blocks 

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

• /CONSTS/ PI, TWOPI,PIOV2 

• /EDGE/ EDGEL (3, 10), EDGER (3, 10) 

• /EQUIPT/ EQUIP (5, 10, 30), IFREQ (10,10) 

• /KINEM/ ACCRAT (2) 

• /NMODLS/ NMODS (30), NVTYP 

· /TSKARG/ INFO (2), HOURS, PRODUC 

• /TYPES/ !PROD (30), IHAUL (10), IVEH (5, 5) 

•/UNITS/DO, D02 

• /VEHLEV/ HAULEQ (6, 10) 

• /WKDAY / DAYHRS 

The variable names vary somewhat between subroutines. In particular, EQUIP in 

block data routine DATA2 appears as a large number of smaller arrays, each 

named for the corresponding equipment. 

Figure B-3 is a chart showing the location of the COMMON blocks in the 

programs. An open circle indicates the COMMON is in the program. A solid 

circle indicates that some or all of the contents of the block are defined by 

data statements within that routine. Note that data statements for /UNITS/ are 

in both HINPUT and DATAl. If the programs are merged, one set of these data 

statements would have to be deleted. 
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COMMON Block 

V') 
CJ) '-' > >-I- ...J I- Cl.. :;E 0 0:::: V) V") UJ <( V) lLI <( UJ ...J z UJ 0 I- 0 '-' ::, z ~ Cl.. I 0 0 CJ :;E CJ) >- z UJ ~ 

Program u UJ w ~ z I- I- ::, > ~ 

HINPUT 0 
HICNOM • 
DECODE 0 

PTTASK 0 0 0 0 0 
LNTASK 0 0 0 0 0 0 0 
HAULRD 

LOOP 

GEOM • 
DECACC 0 0 

ELVEH 0 0 

PASSBY 0 0 

ART ASK 0 0 0 0 0 

DATAI • • • i 

DATA2 • • • • 
CROSS 

PTBAR 

DIFRAC 

LII--JSRC 0 0 

BX 

GX 

LNWALL 

LNBLOK 0 

LNBAR 

AREA 0 

EDGES 0 0 

SMALL 

Figure B-3. COMMON Block Location 
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APPENDIX C: MAINTENANCE MANUAL 

Program maintenance consists of modifications to the data statements as 

additional data become available and/or to change units and constants. Data 

are contained in two block data programs, DATAl and DATA2. Distance units for 

barrier calculations are set by a data item in DIFRAC. Additional equipment 

types may be defined, with names incorporated in DECODE. 

C.l BLOCK DATA DATAl 

are: 

This routine contains several constants which implicitly set units. They 

• DO and D02, the sound level reference distance and distance squared. 

Current values are 50 and 2500, representing a 50-foot reference 

distance. Setting these to a reference distance, inputting coordinates 

in the same units, and providing appropriate levels in DATA2 (described 

in Section C.3) automatically set the units for all non-barrier calculations. 

• GRAV is the value of the acceleration of gravity in the units being used. 

A value of 32.2 has been used, for ft/sec2. GRAV converts the values 

of ACCRAT from fractions of a g to physical units. If ACCRAT is left 

as fraction of a g(O.l in the program presented here), GRAV should be 

changed to the appropriate value for other units. Alternatively, GRAV 

may be set equal to 1.0 and ACCRAT expressed in physical units. 

VELCON is a conversion factor from speed in units convenient for input 

to consistent physical units. A value of 1.47 has been used, converting 

speed in mph to feet per second. If metric units are adopted, km/hr for 

input speed and meters for distance, VELCON should be changed to 0.278. 

• DAYHRS is the number of hours in a full work day. The program computes 

Leq based on this time. A value of 8 hours is in the program. 

C.2 SUBROUTINE DIFRAC 

The Fresnel number is given by 2of/c, where c is the speed of sound. The 

program has a data item VOV2, representing c/2, which sets the units. A value 

of 580 has been used, setting the units as feet when frequency !FREQ is in Hz. 

To change units, replace VOV2 with c/2 in the appropriate units. For meters, this 

is 176.8. 
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C.3 BLOCK DATA DATA2 

This data routine contains the equipment data base. Definitions may 

be found in the variable dictionaries in PTTASK, LNTASK, and ARTASK. The 

data statements are arranged and commented so as to form tables, with::the 

main data table corresponding to the values in Table 2. The annotation in 

columns 73 to 80 identifies the equipment. A* next tothe annotation indicates 

the level was obtained from a review of the literature, Reference 13. 

Modification of the basic data bases, HAULEQ and EQUIP (split into smaller 

individually named arrays in this program) is straightforward. Additional lines 

for new models may be added, up to a total of 10 for each type. The tabular 

format should be retained for ease in reading. When adding new lines, the zeros 

and the value of NMODS on the last continuation line of each set should be 

appropriately adjusted. New types may be defined, making room by reducing the 

size of the dummy arrays EMPTYl, EMPTY2, and EMPTY3. Corresponding new names 

must be added to DECODE, described below. Default geometries are point 

sources for the first 15 data blodks, line for the next 10, and area for the 

last 5, where the block number corresponds to the third index of EQUIPT. 

Alternate geometries may be specified in DECODE. 

Haul equipment has its type numbers in sequence with nonhaul, but the data 

are contained in the array HAULEQ. The array IVER provides a mapping from EQUIP 

type and model numbers to HAULEQ; see the listing of LNTASK for the specific 

relationship. Up to 5 models are permitted for each type. Equipment types 

which are haul are listed in array IHAUL. This is a grocery list arrangement, 

with type numbers listed in any order. Array IPROD is a similar list which 

specifies which equipment have production rates associated with them. 

The spectrum frequency data required by the barrier calculation is contained 

in array IFREQ, a two-dimensional array which serves as an additional column to 

EQUIP. Haul and nonhaul data are in the array. The separate array--rather 

than another column on EQUIP--is used to permit these data to be in integer 

form. This will facilitate any future replacement of DIFRAC with a routine 

using calculations for particular spectra. IFREQ may then be treated as an 

index with no other recoding. 
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C,4 SUBROUTINE DECODE 

This routine contains the list of equipment type names. Adding additional 

names is simply a matter of replacing the 'XXXX' blocks in the data statement 

for array ALNAMS. Three 4-character blocks are premitted. In addition to 

checking the name, an ordinal index from array NTH is appended. Its position 

is determined by data in arrays IPOS and NPOS. They are set us so as to 

place the index in the first position of the third or fourth 4-character 

block, as indicated in array IPOS. If it is desired to adjust the number of 

blanks (as has been done for the existing names), values of IPOS and NPOS 

should be changed. NPOS indicates in which four character block that the 

index is placed, and IPOS is the position. 

As noted above, model types 1 to 15 are nominally point sources, 16 to 

25 are line, and 26 to 30 are area. The array NGEOM is a grocery-list of 

models which may have alternate geometries. By adding a model number to 

the NGEOM data statement, the program will request the geometry from the user. 
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APPENDIX D 

BLANK WORKSHEETS 



DO NOT 
ENTER 

1 

2 

s 
4 

6 

6 

7 

8 

9 

10 

HICNO" 
FHNA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PROORAN 

FOR" 1 - TITLE AND RECEIVER DATA 

PROBLE" TITLE CENTER RS ONE LINE) 

NUMBER Of RECEIVERS 
Cl'1AXI"Ut1 OF 10) 

NAtt .... E ___ _ 
PAO£......_ Of. __ 
DRTF._ ___ _ 
PROJECT-. __ _ 

] 

DCUI DESCRIPTION lNAX. X-COORDINATE Y-COORDINATE ?-COORDINATE OllOUND 
16 CHARACTERS) ATT!II. 

UIII/IIU 

NOTES1 



HICNOtt 
FHWA HIGHWAY CONSTRUCTION NOISE 

rREDICTION PROORAN 

FORN 2 - POINT SOURCE DATA 
POINT SOURCES (NAXINUH OF 10) 

SOURCE DESCRIPTION tlDDEL OEOIIETRY HOURI X-COORDINATE Y-COORDINATE TYPE( ll ( NAX • 18 CHAR • l MUNIHCU TYPE MOIKED(IJ 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

NOTE81 
(1) TO DEFINE SOURCE NOT LISTED ON FORH 7. ENTER• USER DEFINED 
(2) 0 INDICATES NEW HODELi NEGATIVE VALUE INDICATES NEW 

HODEL PREVIOUSLY CREATED IN THIS RUN 
CS) IN 8 HOUR DAY, NEGATIVE VALUE MEANS HATCH PRODUCTION RATE 

WITH PRECEEDING SOURCE WITH PRODUCTION RATE 

IF SOURCE TYPE 18 'USER DEFINED' OR NODEL NUHBER 18 o. ALSO ENTER: 
NAXIIIUN DELTA CAPACITY CYCLE ACOUSTIC 

LEVEL TINE HEIGHT 

NAHE ___ _ 
PAOE_Qf __ 
DATE ___ _ 
PROJECT __ _ 

Z-COORDIHATE 

FREQUENCY 



HJCNOH NAt11..,_£ ____ _ 

FHWA HIGHWAY CONSTRUCTION NOISE 
PREDICTION PROORAN 

PAGf__ Of. __ 
DAT£ .. ____ _ 

FORN 31 'HAUL' LINE SOURCEDATA 
PROJECT._ __ _ 

SOURCE DE8CRIPTJON IIODEL HOUlt8 NO. OF PTI. 
T1PE ru ("AX• 11 CHAR. J •. ,2, IIOltKED(3J IN LINEf4J 

NOT£81 ru.ru.ra,, llE FIIIN I,. IEXPLANRTJONt (4) EIITElt O TD l£UIE PDJNTI 
fltON LAST HAUL IDUIICE 

POINT COORDINATES fNAX. = 201 NRX. = 8 IF RETURN LOOP TYPE IS OJ 
DO NOT 

CODE X-COORDINATE Y-COORDINATE l-COORDINRTE IUIIEHT 
IPEED 

1 
2 
9 
4 

6 

8 
"1 
8 
9 

10 
11 
12 
18 

1 ◄ 
l& 
16 
17 
18 

19 
20 

VEHICLES 
PER HOUR 

RETURN LOOP 
TYPE(&) lflDlUlflJ 

flJ Ill POU 11 If O. UT!lt ,OINT 
IUtlEII (Rf TO TIil RIIHT> 

tlJ !NTU Alff VAl.Ut: If TYP! ti O 91 '1• 

-

POINT NUflBERS 
&TIPPING( 7 l , DECELBRTIONCI > 

f'7J ENTU O If~ 
(IJ ENTll D TC 111ft -..... -- CIIIPffl 

fWD:AOE M"aD f OICl. Y If f7 I II NGN-!f.ltO l I 
OTElt ANY VALUE lf en tt O • 

If SOURCE TYPE IS "USER DEFINED' OR HODEL NUt1BER ISO. ALSO ENTERc 
MXJNU" IEFUENCE SLOPE CltJTICAL CAPACITY RCOUSTIC FIIIECIUUCT LEVEL PEED SPEED tEIDHT 



SOURCE 
TYPEClJ 

HICNON 
FHWA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PROORAH 

FORN 4 - 'HONHAUL' LINE SOURCE DATA 

NAt1E ____ _ 
PAGL.,_ Of. __ 

OATE-----
PROJECt ___ _ 

DEICRIPTION tlOOEL OEOftETRY HOURI IIUIIIOI IF 
PIJNTI IN UlflX • II CHAR • > NU"IE1(2) TYPE NORK!DCSI LJNEl4) 

2 

POINT COORDINATES CNAX. = 201 
X-COORDINATE Y-COORDINATE !-COORDINATE DO NOT 

ENTER 
1 

2 

3 

4 

6 

6 

1 

8 

9 

10 

11 

12 

13 

14 

16· 

18 

17 

18 

18 

20 

NOTES• 
(1).(2).(3)1 

SEE FORN 2 
FOR EXPLANATION 

(4) ENTER OTO 
REUSE POINTS 
FRON NONHAUL 
LINE SOURCE 

IF SOURCE TYPE 18 ·usER DEFINED' OR NODEL NUNBER 18 o. ALSO ENTERI 
tlflXlltult DELTA CAPRClff SPEED ACGUITIC l'IIIUlll:T LEYD. HEIGHT 



HJCNO" 
FHHA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PROGRAN 

FORN 61 AREA SOURCE DATA 

NAN-.E ___ _ 
PAO£.__ Of. __ 

DATE-----
PROJECT ___ _ 

IOURCE DEICIJPTHII NODEL IEOIIETIY 
nPE(U t IIRX • 11 Ctlll. J 

HOURI NO. W' PTI• MUNIER Of 
NORKED(SJ Ill C/U4J YEHICLU 

POINT COORDINATES 

ND.(2> TYPE 

3 

NOTES1 Cll.C2l.(3)c SEE FORN 2 FOR 
EXPLANATION 
(4) ENTER OTO REUSE POINTS FRON LAST 
AREA SOURCE 

X-COOROINATE Y-COORDINATE !-COORDINATE NIDTH AT 
THII POINT 

DD NOT 
ENTER 
1 
2 

3 
4 
6 
6 

7 

8 
9 
10 

11 

12 
lS 
14 
16 
18 
17 

18 

19 

20 

IF SOURCE TYPE I8 ·usER DEFINED· OR MODEL HUNBER IS o. ALSO ENTER: 
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DEICRJPTION 
C NIX • 11 CffAlt. ) 

DESCJtlPTION 
OUIX • 11 Ctllll • > 

DEICRIPTION 
UIAX. 18 CHM.) 

HICNON NANF ____ _ 
FHWA HIGHNAY CONSTRUCTION NOISE 

PREDICTION PROORA" 
PAOE-- Qf. __ 
DAT..,_f ___ _ 
PROJECt __ _ 

FORN 81 BARRIER DATA 

NUfllElt Of POINTI 
UNIX. SJ 

X-COORDINATE Y-COORDINATE ?-COORDINATE 

NUltlEI Df POINTS 
ttlAX. I) 

X-COORDINATE Y-COORDINATE ?-COORDINATE 

NUflllEI Df POJNTI 
nae.&> 

X-COORDJNATE Y-COORDINATE 1-COBRDINATE 



, .. 
e-' SOURCE TYPE •Ii 

la.I 
IACIOIK 3 
BREMER ! 
IULLDOIER • 
COJIPRCTDR ~ 
CONPRE880R ~ 

CONCRETE Ii 
CRANE •• 
GENEltRTOR ' . 
IRRD!I ' 

LOADER l:, 
"IICELLAN 4 

PRYING "l 

PILE DUYER • 
' 

PUNP • > 
' 

8CRRPER 4 

TRUCKS 4 
UBER Dff'JNED 0 

HICNO" 
FHWA HIGHWAY CONSTRUCTION NOISE 

PREDICTION PROORAN 

FDRH 71 DATA INPUT GUIDE 

ALLOWABLE OEONETRY TYPES 
POINT HAUL NDNHAUL AREA 

1 X X 
X X 
X X 

X , 

X X 
X X 

X X 

X 
X 
X X X 

RETURN LOOP TYPES FOR HAUL LINE 80URCE8• 

• 

NA'1E-----­
PAO£__ Of. __ 
DAT-E----
PROJECT..., __ _ 

18 PROD. 
RATE COORD. 

ALLOWED! 
YES 
NO 
Nrl 

YES 

YES 

y E I 

YE 
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APPENDIX E 

Field Data Sheets for Example Problems 3 and 4 

Example problems 3 and 4 in Section 5 were based on actual field 
during the construction of Interstate 210 in Los Angeles, California. 
give the reader a better appreciation of how the sites were modelled, 
field data sheets and photographs from the noise measurements made at 
sites are presented in this Appendix. 

sites · 
To 

the 
the 

First presented are an overall map of the I-210 project, a more detailed 
map of the measurement areas and a copy of the photograph log. In the 
subsequent two sections, the numbers to the right of the photographs indicate 
the roll number and frame number, for referencing to the photograph log. 

The first site, "Cut area, north end of the project", was modelled in 
example problem 4 in Section 5.3. Site diagram 8-7D shows the modelled area, 
while the receiver locations are indicated on site diagram 7-30A. 

The second site, "Fill area in the vicinity of Terra Bella Avenue", 
was modelled in example problem 3 in Section 5.3. Site diagram 8-7A shows 
the specific scenario. 
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Measurement Site Data 

Highway: I-210 

Site Location: Cut area; north end of project 

Type of Measurements: 

Site Boundary 
Activity 
Movies 

Date: July/August, 1979 

Soil/Terrain Conditions: Area where haul trucks operate: hard, bank earth; 
area around Cl, CS, C6; hard, bank earth C4 located on top of pile of 
boulders. Area around C2, C3; loose soil, uneven terrain. 

Machinery Description: 

Fiat-Allis 31 track dozer (#2506) 
Fiat-Allis 41 track dozer (#2508) 
Cat D9G track dozer (#2246) 
Cat. D9G track dozer (#2231) 
2 Cat. 992 wheeled front end loader; 10 yd. scoop 
Peterbilt tractor w/dual exhaut; double belly dump 20 yd. 

semitrailers. 

Miscellaneous Information: Several sketches of area made; cut area terrain 
changed significantly from day to day. 

\ 
I 

2-24 



/. 

~ 

J I\ 

l. \\ ~ . ,\ .\ ,, \ 

... . ,, 
" " . 

,, ) 

) . 
,. . ·, \ 

. I,, 

.--

E-7 



1-19 

1-20 

E-8 



2-2 

2-3 

E-9 



2-5 

2-6 

E-10 



2-7 

2-8 

E-11 



' ;, . 
~ 

I ' I : f. ,'· 

" 1 ' < 

-I 
i.. I t'•. 

/I , ,! ' 
\ 

I [ \i 

". 
'j 

' i ., 

\ i 
·, 

I 
r 

':,! ·. . . . 

' . . ' • ' t ,,,,,. 

' 1 · ,/ ,r 

. i \ '. . 
~ ' 

ji 

' I • 

E-12 

\ 'l I 

. 

,I 



C 

··--

E-13 

·~ - .-~-:-:. :- ---... - ~:~ .. ::- ...._. 

- . ~ 

~ 
," 4Jfi," ... ~ 

:t-flO 
CUT AR'E:4 

Se"~;\"-=~· 

~o Tu1.1" '19 

0Rw~ F 
KFV Z2 AU6t?? 



\ \. 

\ l:W. 31.Tuq• 7Q 
Cur ARE'A DKW'1 B 
ScA",;-: /-::so· ,., 

lrJ~ l:'t?"'!!J ~ 

E-14 



E-15 

0 
,-j 

I 
N 

c:T\ 
I 

N 



2-11 

2-12 

E-16 



\>\;< 
""~ "- 1\ . ·, "'lli:ii~.-

' . '. 
t ... "\:": 

. ·, '\ 

\ \ · .. 
' . . -\ 

' . ' .. --~, .. 
".\ \ 

\. '· 

·\ 

\ 

\ 

--- ... _ 

. .., 



3-21 

3-22 

E-18 



3-23 

3-24 

"••~-

---·--· .. '":J~"·•-:;··~~l~"2s=--~ 

E-19 



DATA LOG Sl.MMARY 

tlGHWAY: I - -:;2. IC, 

SITE LOCAnON: ctJT A.t<'cA 

Salnple Location Date n- Dur. ~'!.. eom_,, .. Rec.ed 
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'"' C..· a 6-7 i.,3!,Ct b 8-"1D ,/ VJ / r,1, ,,-v,.. .-.... , tt'll1HYJ, C:.t.OJ1r "'-

t..i Mo le,!. · ,.,, r.<.n ,,,,,,, ,J ' ...--
1,0-1-1 C:.- I 7-?to i·.n 7-:,c,A 

1,..;:,a,c.. 51Tr L· ... -· -
C.· z. 7- ~· 2,-4(' 

7•'6A s ...... 'R... :. , ... ~ ... ., -- I- l-

- •-~ (:- !, "1-1.1 - ·t-J,A 
SAMPt..f'.. t-1'"'"1" (-,,.,.,.,... 

i10-2-1 t". - I "1-3.' I :41"' ·,-~" 7--•---- <:,,.,...,. '[2_ ,.. - - ., -
2.10 - S· 2. c.- I 8·'"1 1:00 

7-lM I<,.,.,.. -.Z.-. , ... , •· • --v 
.,,. 

21n-7•1-
,_ 1,(IA, 

S,..,-c.. r.,... - .u. .......... ::,.,, -~- I A-I!: '2:00 

ACTIVITY NOIS£ MEASUREMENTS 

tlGHWAY: 'I.-z,o 
SITE LOCATION: Cvr f]~r;A 

SITE BOUNDARY/COMMUNITY NOISE MEASl.ltEMENTS 

tlGHWAY: ....,;;;I;;..-.;;2;.;.l.;;;.O ____ _ DATE: &+r Mw, 19 

SllE LOCATION: _.:.~.:.".:..r ... A ... R;.;.;ci:.:.:91-----------

Location Date eq 

21 · ·Z 
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Measurement Site Data 

Highway: I-210 Date: July/ August-, 1979 

Site Location: Fill area; in the vicinity of Terra Bella Avenue, 2 
seperate locations. 

Type of Measurements: 

Site Boundary 
Activity 
Movies 

Soil/Terrain Conditions: Area where truck dump soil is loosely compacted 
earth; small windrows are seperated by approximately 12' run parallel 
along dumping area. 

Machinery Description: 

Cat. 834 wheeled tractor 
Peterbilt tractor truck with dual exhaust; double belly dump 

20 yd. trailers 
Cat. Water truck (occasional passbys) 
Cat. 16 grader 

Miscellaneous Information: None 
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DATA LOG SUMMARY 

ftGHWAY: I- ;J..IO 
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Sample Location Date Time Dur. :Mle C-n Reduced Di...,. 
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'I F-,/- 6-/ IS'tO /.S- 8-\/11. --
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ACTIVITY NOISE MEASUREMENTS 

HIGHWAY: I- ~ ID 

SITE LOCATION: F11 .. L- /1,:'cA 

Sanple Location Date Dur. L ~ ~ L50 L10 Ll eq 

45-6 F-7 8-/ 9 %,e, ?o 72 76 so 52 
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1.0 INTRODUCTION 

This report presents the results of model validation work at three sites 

for HICNOM, a highway construction noise prediction computer program prepared 

under contract for the Federal Highway Administration (1,2). The purpose 

of this work was to add to the data base on model validation previously 

done on the program (1,2,3). It was beyond the scope of this study to perform 

a full validation of the program. 

The procedure used in this study included several steps_. First, three 

actual highway construction sites were selected that exhibited activities 

testing the range of program options. Then, field measurements of the noise 

levels at each site were taken, along with detailed notes on the consruction 

operations. The measurements were each one half-hour in duration and were 

made with a Metrosonics dB-306 Metrologger, which samples four times per record 

and computes the equivalent sound level (L ). eq 

The sites were then modelled using the computer program and the resulting 

predicted noise levels were compared to the measured levels. 

The three sites were all on Interstate 440, currently under construction 

in Nashville, Tennessee. Figure 1 locates the sites on the project. Site 

A is discussed in Section 2.0. It consisted of a bulldozer keeping clear a 

fill section along which scrapers were hauling and then pushing the scrapers 

through the area during their haul. 

Site B, discussed in Section 3.0, consisted of a fill embankment being 

created by a bulldozer spreading material being hauled and dumpted by a series 

of trucks. A pile driver operated in the distance, shielded by the fill 

embankment •. 

Site C is discussed in Section 4.0. It consisted of a major cut operation 

that involved.two bulldozers, two loaders, haul trucks, and four compressor/ 

rock drill pairs. 

Section 5.0 summarizes the results. 
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2.0 SITE A: BULLDOZER AND SCRAPERS 

Site A was located near Station 189 of Project No. 7 of the I-440 construction 

just east of Sharondale Drive, as shown in Figure 2. The measurement point 

was just behind the Blair House Apartments, near the right-of-way line. At 

this site, a Komatsu D85E bulldozer was moving back and forth along a freshly 

placed fill area, trying to keep the area passable as a haul road for 

Caterpillar 621B scrapers. When the scrapers reached this point in their 

haul, they bogged down in the soft earth and then had to be pushed about 200 

feet by the dozer until they cleared the soft area. After dropping their 

loads about a quarter-mile beyond this site, the scrapers passed back through 

the site. 

Four operations had to be defined for the modeling: 

1. bulldozer assisting scrapers; 

2. bulldozer working on fill above; 

3. unloaded scrapers returning through site; 

4. loaded scrapers approaching site, stopping, being pushed by 

dozer, and leaving site. 

Each of these operations was modelled as a separate "source". They are 

represented by BULLDOZER 1, BULLDOZER 2, SCRAPER 2 and SCRAPER 1, respectively 

in Figures 3-6. 

Figure 3 shows a sketch of the site as modelled for the program. BULLDOZERS 

1 and 2 were both represented as area sources, while SCRAPERS 1 and 2 were 

modelled as "haul" line sources. The receiver was located about 40 feet from 

the apartments and 55 feet from the edge of the bulldozer areas. 

Figure 4 presents the worksheets used to prepare the data prior to entering 

it into the computer •. Note that an excess attenuation of 1.5 dB/distance 

doubling was assigned to the receiver because of the presence of the soft 

earth and a fair amount of underbrush and small trees. The first SCRAPER 
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source (unloaded scrapers) was assigned model number 4 and was described by 

two endpoints representing the ends of the modelled site. Only one scraper 

passed by during the half hour measurement, which factored to an hourly 

volume of two scrapers. A loop type of zero indicates that these scrapers 

did not turn around in the modelled area. A stopping point of zero indicated 

that they did not stop in the modelled area. 

The second SCRAPER source (loaded scrapers) was modelled by four points 

(entering site; stopping point; end of dozer push; leaving site). Speeds on 

the resulting three sections were estimated at 20, 3 and 15 mph. Three 

scrapers passed in this direction during the half hour, factoring to an hourly 

volume of 6. A loop type of zero was again used, and the stopping point was 

indicated as point 2. 

The dozer was modelled as two sources: BULLDOZER 1 pushed the scrapers; 

BULLDOZER 2 worked the fill when no scrapers were present. Both sources were 

represented by a model number of 2 because the observed field noise levels 

corresponded most closely to that model number. Based on field observations, 

the dozer worked in the BULLDOZER l mode for about 47% of the time and in 

the BULLDOZER 2 mode for 53%. These percents factored to daily work durations 

of 3.2 and 4.8 hours (based on an 8-hour day). Both areas were defined by 

two endpoints, with area widths of 30 feet for BULLDOZER 1 and 50 feet for 

BULLDOZER 2. Figure 5 presents the input data file created by the program 

after the information on the worksheets was entered into the program. 

The results of the program are shown in Figure 6. The total 8-hour L eq 

at the receiver was 70.3 dBA. The major contributions were from the dozer, 

with the larger contribution during the push operations (BULLDOZER 1: 68.2 dBA). 

The measured L at this site was 73 dBA, which is 2.7 dBA higher than 
eq 

the predicted value. Part of the difference can be explained by the choice of 

F-9 



440 A ~EHl~L BLAlh liOUS£ 
l JitCtHEHS 

X y 2 EX. lTT.(DB/tD) DESCRIPTION 
5to.o o.o o.o 1.50 40 FT FROM BLAIR 

0 PCINT SCUNCES 
,I. Ll~E S(URCES 
~ POlhTS FREQ.: 500 SCRAPfR 1 CAI 6218 

X y z LEQ(RiF) VEti. DENS. 
l 2C O. 0 10.0 6.0 e1.o 0.0000252 

o.o 10.0 18.0 o.o o.ocooooo 
4 PO lN'T S FREQ.: 500 SCRAPER 2 CAT b21B 

JI. y z LEQ(Rt,;F) V F.H. DENS. 
o.o 10.0 18.0 a1.o 0.0000146 

5HJ.0 #,o. o 9.0 a1.o u.0001.11os 
,co.o 10.0 9.0 81. 0 o.00001!:,6 

12(.0.0 10.0 6.0 o.o 0.0000000 
,I. Aht:A SCURCES 
~ POUTS FREQ.: 500 BULLDOZ".H 1 KOMATS\J D85E 

X y 2 LEQ(REF) iHC Tri 
!>lU.O 1!:l.O 9.0 74.8 30.0 
·no.u .. , !) • 0 9.0 o.o 30.0 

~ POU1TS FREQ.: 500 BULLDOi.ER 2 KOMATSU DB5E 
.x y z LEQ(REF} WltTH 

u.o ao.o 18.0 75.2 50.0 
700.0 eo.o 9.0 o.o 50.0 

Cl eARRU.RS 

Figure 5. Site A Input Data File 
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440J tEHI~D BLAlR HCUSE 

RtCtIU.;R NUftlH,R LEQ DESCJHPT ION 

1 10.J ◄0 FT FROfi! BLAIR 

CtPIFCAEfi1 CONtRlBUTIONS FOR RECEIVER fiUMBER: 1 

11\U!X 11\Ttt.Sl'IY LEVEL SCUl(CE DfSCRIPTION 

1Cl 0.224348E+06 53.5 SCRAPER 1 CAT 621B 
lCJ :l 0.444339E+06 56.~ SCRAPER 2 CAT 621ti 
ll 2 0.9'48045E-+06 55.8 SCRAPER 2 CAT 621 B 
JU i 0.4815:l7E+05 46.8 SCRAPER 2 CAT 621B 

10llll 0.656641E+07 68.2 BULLDOZER 1 fO,,.ATSU 08~E 
1',H,:,C 0.24402tE+07 63.9 BULLDOZER 2 f<C"-ATSU D85E 

KEY TC INDEX: 
lC - PUit.T 

)JI 
SLUHC~1 WhEkE XOR XX IS INPUt SEGUENCE l OF POINT SCUR~ES. 

YJIX -
VYJX 

ltYJ.X -

LINE SCURCE, wHERE IX IS INPUT SEQUENCE# Of LINE SOURCES 
ANDY OR YY IS SEQUENCE j OF POINTS FUR THE AXTH LINE. 

AkEA SOURCE, ~HEQE XX \NU YY ARE ANALAG□US TO LINE &DURCE VARIABLES. 

Figure 6. Site A Results File 
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model number for the dozer. Model Number 2 has a reference emission level of 

80 dBA at 50 feet. Field observations showed the Komatsu dozer to have a 

level closer to 81 dBA at the same distance. Thus, if the BULLDOZER levels 

were each adjusted upward 1 dBA, the total level at the site would be about 

71.3 dBA, or only 1.7 dBA below the measurement. 
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3. 0 SITE B: TRUCK HAUL ROAD 

Site B was located near Station 360 of Project No. 5 of the I-440 

Construction Project just east of the I-65 interchange, as shown in Figure 

7. The microphone was located in the side driveway of the Proctor residence 

on West Iris Drive. The project right of way line was just behind this residence's 

backyard, where a tall fill for the S-E Ramp between I-65 and I-440 was being 

constructed. 

At this site, Caterpillar 796 trucks were hauling material from the east 

along the future ramp, passing about 240 feet from the microphone. They 

dumped their loads approximately 220 feet beyond this passby point, and then 

returned to the east along the future ramp. A Caterpillar D8 dozer was spreading 

this material after it was dumped by the trucks. Off in the distance, shielded 

by the fill embankment, a pile driver was working near a railroad overpass 

for the N-E Ramp from I-65 to l-440. 

This site was modeled with 3 sources: the "haul" line source of TRUCKS, 

the "non haul" line source of BULLDOZER, and the "point" source of PILE DRIVER. 

Figure 8 shows a sketch of the site as modeled for the program. 

Figure 9 presents the coding worksheets used for the site. For site B, 

an excess attenuation value of O was used for this receiver because of the 

elevated fill. The trucks were represented by model number 1, and defined by 

a line of 2 points. An average speed of 20 mph was used between the 2 points. 

Eleven trucks entered the site during the half-hour measurement, which 

corresponded to an hourly volume of 22 trucks per hour. A loop type of 7 was 

used because the trucks simply performed a 3-point turn at the end of their 

haul before dumping their loads. 

The Caterpillar DB bulldozer was assigned a model number of 2. It worked 

along the "non haul" line for about half the measurement period, which factored 

to a work duration of 4.0 hours (per 8 hour day). Two points were used to describe 

this line. 
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The pile driver working in the distance was assigned a model number of 1 

("nominal" data from the literature). The duration of this operation during 

the measurement period was factored to a value of 3.2 hours for an 8-hour day. 

A barrier was defined for this site to account for the shielding of the 

pile driver noise by the S-E Ramp fill. Because this barrier did not shield 

the noise from the bulldozer or trucks, it was modelled as behind these sources. 

The barrier was represented by four points to account for the horizontal curve 

in the ramp. Figure 10 presents the input data file created by the program 

after the information on the worksheets was entered into the program. 

The results of the computer run are shown in Figure 11. The total 

8-hour L at the receiver was 64.3 dBA. The largest contribution was from eq 

the pile driver, 62.4 dBA. The second major source was the bulldozer with a 

level of 58.8 dBA. 

The measured L at this site was 67 dBA, which is 2.7 dBA higher than 
eq 

the predicted value. Field observations of the pile driver levels showed a 

maximum level of 66 dBA, so it appears that the pile driver contribution in 

the model is reasonable. The contribution for the trucks in the model seem 

low, although this could be attributed to the relatively small number of trucks 

when averaged over an hourly L value. No emission level data on the trucks eq 

could be gathered because of the lack of access to the top of the fill. 
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4,0 SITE C: I-440 CUT SECTION 

Site C was located in the northeast quadrant of the I-440/Nolensville 

Road interchange. A wide area of earth and rock was being excavated from this 

site and hauled to Site B, discussed in Section 3.0. Figure 12 shows a 

plan view of this site. 

There was a great deal of activity at this site. Nearest to the microphone, 

which was located at the end of a dead end street at the right of way fence, 

was a major earth excavating operation. Two Caterpillar D8 dozers were pushing 

material down from a railroad embankment into the cut section. A Caterpillar 

9888 wheeled loader and Caterpillar 983 tracked loader were operating opposite 

one another filling Caterpillar 796 trucks. The trucks then hauled this 

material away from the site. 

About 500 feet away, four compressor/rock drill units were working in 

a rock section. Allfour compressors were made by Gardner-Denver (750/dfm). Two 

of these compressors were newer models that appeared to have been built 

to meet U.S. Environmental Protection Agency standards. The other two were 

noisy older models. 

As shown in Figure 13, this site was modeled with 10 point sources, two 

11non haul" line sources, and one "haul" line source. In addition, an earth 

mound fairly close to the microphone shielded the noise from the bulldozers 

along part of their line; the mound was thus modelled as a barrier. 

The four rock drills were modelled as source type BREAKER, model number 1. 

Based on observations of their operations, values for their workday duration 

were computed as 1.9 hours, 1.2 hours, 4 hours and 2.1 hours. The two older 

noisy compressors were1assigned model numbers of 1, while the two newer ones 

were assigned model numbers of 4. All four compressors operated during the 

entire measurement period, so the workday duration for them was 8 hours. 
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The two loaders were also modelled as point sources because they 

operated over a fairly small area. Both were assigned model numbers of 5. 

The wheeled loader (Caterpillar 9888) was computed to have a work duration of 

5.9 hours, while the tracked loader (Caterpillar 983) was assigned a work 

hour duration of 4.8 hours. 

Both bulldozers were Caterpillar DB models, and were therefore assigned 

model numbers of 2. The percents of time that the two bulldozers were in 

operation during the measurement period were £acted to "hours worked" of 

4.8 and 5.6, respectively. Both were modelled as ''non haul" line sources, 

where each line consisted of two endpoints. 

The trucks that were being loaded by the loaders were Caterpillar 796 

models, and were thus assigned a model number of 1. The trucks entered the 

site through a temporary underpass approximately 700 feet from where they were 

being loaded. Their travel path was described by three straight line segments 

(four points). When they reached the loading area, they made a 3-point turn 

and backed under the loader buckets; this manuever is described by a loop 

type of 7. Segment speeds of 20, 15 and 5 miles per hour were assigned to 

the three segments as the trucks approached the loading point. Ten trucks 

entered the site during the 30 minute measurement period, which factored 

to an hourly volume of 20 trucks per hour. Figure 14 shows the coding worksheets 

for the site, and Figure 15 shows the formatted input file. 

The prediction results for this site are shown in Figure 16. The total 

predicted 8-hour L at the receiver was 76.5 dBA. Examining the component 
eq 

contributions shows that many of the sources were major contributors to the total 

level at the receiver. While none of the contributions exceeded 70 dBA, seven 

of them were between 65 and 70 dBA. The two loudest components were the distant 

older compressors. The tracked loader (LOADER 2) was the third highest 

contributor (67.9 dBA). BREAKER 3, which ran continuously during the measurement 

F-24 



period, LOADER 1, and the two bulldozers also had significant contributions. 

The least noisy components were the two newer quiet compressors (COMPRESSORS 3 

and 4) and the trucks on the haul road. The small contribution from the 

compressors was due to their low emission level, while the small contribution 

from the trucks was due to their relatively low volume during the period. 

The measured L at the site for a 30 minute period was 80 dBA. Thus, the eq 

model predicted 3.5 dBA lower than the measurement. As with most measured/ 

predicted differences, the reason could:1ikely be the emission levels for the 

equipment. Because this was a large complex site with many sources of noise, 

it would be virtually impossible to make emission level measurements without 

interfering with contract operations. 
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5.0 SUMMARY AND CONCLUSIONS 

Measurements and predictions of highway construction noise were made 

and compared at three construction sites for Interstate 440 in Nashville, 

Tennessee. The results are summarized below: 

Site 

A 

B 

C 

Measured L (dBA) 
eq 

73 

67 

80 

Predicted· 'L ( dBA) 
eq 

70.7 

64.3 

76.5 

Measured-Predicted (dBA) 

2.7 

2.7 

3.5 

In all three sites, the measured values were higher than the predicted values. 

There are two probable and one other possible reason for these differences. 

The two probable reasons are: 

- a higher emission level for the major noise contributors-than was modelled; 

- a lower value for the adjustment made to this emission level to obtain 
the work cycle equivalent sound level than was modelled. 

The other possible reason could be a difference in the excess attenuation 

propagation rate from the sources to the receiver. However.for two of the 

sites, a conservatively high value of zero decibels excess attenuation per 

dist.ance doubling was used. 

It is very difficult when collecting data from targets of opportunity, as 

these sites were, ~o make emission level measurements. Emission level data 

was obtained for the bulldozer at Site A because of the closeness of the 

operation to the right of way 9 and because the bulldozer was often the only 

piece of equipment on the site. As noted in Section 2.0, the predicted 

value for Site A could be adjusted upwards 1 dBA based on the emission level 

measurements, which would only put the predictions 1.7 below the measurement. 

However, at the other sites, emission levels could not be measured without 

access onto the site in order to get close enough to the equipment. Even 
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then, the equipment in question would have to be tested when the other sources 

of noise were not running. As an alternative, the equipment to be tested could 

be removed from the site where its noise level could be isolated. In either 

case special cooperation from the contractor or state highway agency would be 

needed. 

Determining the adjustment to the maximum level for the work cycle would 

be a bit easier than measuring the emission level, but is still difficult. 

This determination would be done by observing the average time to complete a 

work cycle and the levels associated with each phase of the cycle. However, 

when observations are being made at a site such as Site C, where there are 

13 different noise sources, it is difficult enough to keep track of overall 

percent of time in operation for each source without having to make work cycle 

observations. 

Despite the differences in the measurements and the predictions, the model 

performed fairly well. Given the above mentioned possible reasons for differences, 

it was encouraging that a site as complex as Site C could be modeled to be 

within 3.5 dBA of a measured value. 

In conclusion, this data makes a positive contribution to the model 

validation data base for the HICNOM highway construction noise prediction 

model. Further validation is still warranted, especially in the areas of 

source emission levels and work cycle Leq adjustments. 

For studies during project planning and design, the model seems to be 

a valid analysis tool, accurate to the degree that the input data 

assumptions are .accurate. Those assumptions can be considerable: what 

equipment will be on the site and in what quantity; where will the equipment 

be located; how long will it operate; etc. This study does, however, support 

the conclusion that if these parameters are known, the model produces good 
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predictions. Thus, for example, if abatement measures are being analyzed 

while a project is under construction, realistic answers will be obtained, 

especially if the engineer is able to obtain specific emission level data 

for the equipment under study. 
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geometry types IV(4,10,12-14,18,24,41,47,102), 
IV(A2-A4,C3) 
allowable 1(14,1S) 
area sources 1V(3,5-7,9,14,17,24,4l,44,47,54), 

IV(56,57,73-79,A4,Al5-Al7,Bl,B7,C2) 
barrier IV(3,6,7,14,17,51,54,56,B5-B7) 
haul line source IV(l4,56,73,80,A4,Al3,Al4) 
line source IV(3,S-8,17,20,24,28,47,54,56,57), 

IV(66,101-l03.Bl,B3,16,B7,C2) 
noise bsrriers IV(6S) 
nonhaul line source IV(l4.28,38,44.50,80,A4), 

IV(A9-Al3) 
point source IV(3,S-7,14,l7,20,22-27 04l 0 47,54), 

IV(56-58,65-72,80,102,103,A4,A8,A9,ll), 
IV(B3,BS,87 ,C2) 

receivers IV(3,4,14,17,19,20,54,58,66,73,10l) 
BICNOM IV(l,3,4,6,7,10,19,54,55,57,58,101,102), 

1V(Al,Bl 012,B5-B7,B9) 
BINPUT IV(l,3-6,54-58,6S,66,69 0 70,73,76,77,86-89), 

IV(93,l01-l03,Bl-B5,B8,B9) 
interactive response IV(l,17,54,58,61-63,66,69), 

IV(70,76,77,86-S9,97-99) 
loaical ■tructure IV(3) 

adjusted eaia■ion level• IV(S4) 
vehicle densitiea IV(54) 

•intenance •nual IV(Cl-C3) 
output IV(3,S4-57) 

data file IV(6) 
input data file report IV(54-58,64,65,71,78), 

IV(90,100) 
result• report IV(54,SS 0 57,58,64 066,72,79,91), 

1V(92 ,100) 

progra_r-• •nual IV{ll-89) 
Subroutines IV(4,Bl-9) 

AREA IV(6,7),IV(B2,B7,B9) 
AllTASX IV(4,S,B2,B5,B9,C2) 
ILOCK W.TA IV(24,40,46,Cl ,cz·) 
BX IV(l01,102,B2,16,B9) 
COMMON BLOCKS IV(B8) 
CI.OSS IV(B2,B5,B9) 
DA.TAl 1V(B2,B5,B8,B9,Cl) 
DA.TA2 IV(B2,BS,B8,B9,Cl) 
DICACC IV(5,B2,B3,B4,B9) 
DECODE IV(24,40,46,5,Bl,B2,B9,Cl-C3) 
DlFliC IV(B2,B5,B7,B9,Cl,C2) 
EDGES IV(B2,B7,B9) 
BLVEH IV(B2,B3,14,B9) 
GEOM IV(6,7 0B2,14,B9} 
GI IV(B2,B6,B9) 
BAULllD 1V(S,B2,B3,B9) 
LINSRC IV(6,7,l01,B2,B6,B9) 
LNBAR 1V(B2,B6,B7,B9) 
LNBLOK IV(B2 0B6,B7,B9) 
LNTASK IV(4,5,6,B2,B3,B5,B9,C2) 
LNWALL 1V{7,B2,B6,B9) 
LOOP 1V(5,B2,B3,B4,B9) 
PASSBY 1V(5,B2,B3,B4,B9) 
PTBAR 1V(B2,B5,B7,B9) 
PTTASK IV(4,5,B2,B3,B9,C2) 
SMALL IV(B2,B7,B9) 

validation lV{lO) 
worksheets IV(l7,58) 

blank 1V(Dl-D7) 
Form 1: Title and Receiver Data IV(l7,19-21,59), 

IV{67,74,82,95 0 Dl) 
Form 2: Point Source Data 1V(l7,22-27,59,60,67), 

1V(82 ,83,95,D2) 
Form 3: "Haul" Line Source Data IV(l7 28-37 68) 

IV(75,83,84,D3) • • • 
Form 4: "Non-haul" Line Source Data IV(l7 38-43) 

IV(84,85,D4) • • 
Form 5: Area Source Data IV(l7,44-S0,75,96,D5) 
Form 6: Barrier Data 1V(l7,51-53,60,96,D6) 
Form 7: Data Input Guide IV(l7,D7) 

Federal Construction Guide Specifications (FCGS) 
III(40) 

Federal Highway Administration 111(78,86) 
construction site noise data III(23} 
FHWA Construction Noise Model (aee ajor 

heading of same title) 
FHWA Highway Traffic Noise Prediction Model 

(FHWA-RD-77-108) 1{29,38,46,53,Cl2), 
lll(38),IV(A9,All-Al3) 

Highway Construction Noise: Measurement 
Prediction & Kitiptl"on"lll(33 34) • 

noise atandards 111(2 ,43) • 
policy 1(2 ,4,29) 
reco11111epdation& 111(79) 
S:,iaposium on Highway Construction Noise 

Ill(S8, 73 ,Bl ,83) 
traffic noise tarrier coat data 111(73) 

Finiaber 11(14,29).Il!(22} 
Florida 1(4),111(46,50,89) 
Flow adjustment (He FeWA Coutruction Noiae Nodel) 
Foreign activities · 
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British work 1(7) 
Trausportat:,~n "ui !.l~d lleaearcb Laboratory 

1n(7 ,33,::n 
equipl'l'!P.a.t 1(7,;L,.,:.t) , 
European noille ,,;;;,ic.,,:iinn regulatious III(S9,66} 
French llOiH ?t"r<;;d'Ji<'eS XII(59-61) 
Japan III(34) 



Model calibration 1(4) 
Noviea 111(51,52,56) 
Muffler• 1(7,9,10),111(15,62,65,69,70,78,79,85,88-91), 

1I1(94-96,98,99,A2,A4,Bl-B7,B9-Bl2) 
New York City 111(19) 
Noiae abateaent 1(6-10),111(58-101) 

coaainity relations 1(6.9),111(58,86,87) 
brochure diatributed by contractor 111(Cl-C8) 
ca.plaint aechaniaa 1(9) 

coat 1(6,9,10),111(70.73.84.86,88,92.95,95,98) 
deaonstrations 1(6,9),111(88-101) 

equipaent enclosure 111(89,91-94,99-101) 
equipMDt aubatitution (breakers) 111(88) 
equipaent aubatitution (coapreaaora) 

II1(88, 92 ,95-97) 
ezhaust systea retrofit 111(89,91,92,94,98,99) 

equipment noise control 1(6,7) 
air intake 111(61,67) 
breakers 1(7),111(69-71,88-90,92,95.96) 
cab 1II(61,68) 
coapressor 111(9,88,92,95-97) 
cooling ayatem 111(59.62,65) 
design modifications 1(6,7),111(59,AZ) 
engine 111(60-65) 
engine casing 111(66) 
engine derating 111(61,A5) 
engine enclosures lll(Al) 
equipment •intenance 1(8),111(59,61,78,79,A4) 
excavator 111(62,63) 
elthaust 1(7),111(65,66,89,91,92,94,98,99) 
fan 1(7,10),111(60-05) 
hydraulic 111(61) 
loader III(62 ,63) 
pile drivers 1(7),111(111(70,71) 
retrofitting 1(6,7,10),111(59,62,65.89.91,92), 

Ill(94,98,99,Al-A3) 
rock drill 1(7),111(69-71) 
uw blade damper 1(7),111(72,Bl6-Bl9) 
aide panels lll(Al ,A3) 
site •intenance 1(8) 
track Ill(61,69) 
tranamission 111(67) 
Vibration isolation 111(66-69) 

equipment substitution 1(8,9),ll1(58-72,A4) 
noise control incentives 1(6,9),111(58.85,86) 

bonuses 1(9),111(85 1 86) 
eztended working hours 1(9),111(85) 
noise specifications 1(9),111(79,85,86) 

site noise control 1(6,8),1II(58,72) 
equipment enclosure 1(8,10),111(71,75,76,89), 

111(91-94,99-101) 
equipaent location 1(8),111(76-78) 
•terial stockpiles 111(77) 
site •intenance 111(79) 
teaporary noiae barrier 1(8),111(72-75) 
traffic noise barrier 1(8),111(72-75) 

strategy aodification 1(6,8),111(58,80-85) 
equipMnt austitution 111(80-84) 
task rescheduling I(8),III(80,84,85) 
work hour liaitationa 1(8).111(85) 

lioiae barrier• 
attenuation calculation l(7,12),11I(36),IV(Al7), 

IV(A18) (see PIIWA Construction Noise Model) 
coat data 111(73) 
... sured effectiveness 1(8),111(73) 
prediction e•aple 1(32-38),IV(65,93,94) 
teaporary 1(8),111(72-75) 
traffic noise barriers 1(8).111(72) 

Noise contours 111(34) 

rea-.rch 1(7) 
Forklift 11(13),111(4) 
Fractional lapact (see noise tapact) 
Frequency, hertz 1(14-15,33,37,46),111(13,64,67). 

IV(27,33,43,49,50 1 54,56,65,Al8,15,Cl,C2) 
Fresnel nuaber 1(29,33,38,41,46,47,49,Bl-16,B10) 

Ill(7),1V(Al8,B5,Cl) ' 
Fuller, w. 1. 111(73.76) 

Gantry 1(A4),Il(l7,51) 
General Service Adainiatration (GSA) III(43) 
Generator l11(9,17,20-22),IV(13,A3) 

a'bateaent 111(77,83) 
noiae level I(l4),II1(32,40),lV(l6,A7) 
prediction e•mple lV(22) 

Goff, a. J. 111(76) 
Goodfriend, L. 111(8,83) 
Grader l(Al-A4),l1{11,24,26,30,36,46,52,A2,Bl), 

II1(4-6,9,20-22),1V(l3,A3} 
abatement 111(80) 
noise level l(l5),lll(24,28},1V(l6,A7) 
prediction euaple 1(24},111(37),IV(22.24,38), 

IV(39,44,55,93.94,96,Al.A4) 
Grant, C. A. 1(5),111(86) 
Gray II1(69,70) 
Grinder 11(52),ll1(22,86),lV(l3,A3) 

abatement 111(71) 
noise level 111(32) 

Ball•n, P. J. 111(17,70,71,81-83) 
Baul road 1(8,18,20,32),11(26,46),111(5,8,12,37,38) 

1Il(44,45 1 73.77,79) 1 IV(3,4,29,35,36 1Al) • 
lV(A5,Al4,B4) • 

Bush Piling Rig 111(71,83) 
Hydraulic noise 111(16,78) 

characteristics 111(16) 
control 1II(68,A2,A5) 

Impact equipMnt 111(17) 
abatement 111(69-72) 

IllinoiB III(86) 
Industrial Silencer Manufacturer'• Association 

(ISMA) 1II(40) 
International Orpni.zation for St.andardi.zation 

(ISO) 111(40,41) 

Jackha-er (aee Breaker) 

lamperEn, G. w. 111(62,68) 
lt.esaler, F. M. 111(69,70,73,84) 
Kurze, u. J. 1V(Al8) 

Large. J.B. 111(87.106) 
Length adjustaent (aee FHWA Coutruction Noiae Model) 
Lollder l(24,A3),l1(9,ll,24,25,37,43,45,A2,Bl), 
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lll(5,7-9.20-22,A5),1V(l2,A2) 
abate•nt 111(62,64,66-68,AZ) 
noiae level 1{14),111(13,24,27,37,63.82), 

IV(1S,A6) 
prediction ea■ple 1(32-3S,49),11I(38).1V(22,24) 

lV(25,31,38,41.44,47,65-67,80•82,83,Al,A4) 
Ludlow, J.E. 111(106) 

Nlekawa, z. !. IV(Al7,Al8) 
Nlrtin, D. J. 111(11,81) 
Nary.land 1(4,9),111(45,46,49,88),IV(BS) 
Nlziaua sound level (1-x) 111(24-32,35,36,39,42), 

lV(A8 ,All ,Al 7) 
Nlnn, a. L. 111(61,64) 
Mizer 1II{20-22) ,IV(l2 ,AZ) 



Noiae eaiaaion level• 111(33-35) 
Noiae i11p11ct 111(102-109) 

annoyance 111(37.76,84.87,106.107) 
fractional i11p11ct 111(107) 
bearing daage 111(103.105,107) 
auaber of people 111(105,107-109) 
aleep interference 111(103,105,107) 
apeecb interference 111(103,105,107) 

Noiae level data 1(4),1V(l7) 
noiae reduction 1{6.7,8,9,10,II1(62-73.79,81,83), 

IIl(95,96•98,99,l01,B2-B6,Bl2-Bl4,Bl8,Bl9) 
types 111(108) 

cab noise II1(A2) 
noise propagation l(S).111(12.33.36,104.106) 
ov4rall level 1(5).111(36) 
aingle equip•nt level 1(5),111(9.18-32 1 36.42) 

Noise aeaaureaent 1(4-5),111(9) 
applications 111(51,51) 
inatrwaentation 111(51-54) 

analog tape recording 111(51-53.55,57) 
digital tape recording IIl(Sl-53.56,57) 
aound level meter 111(51-53,55) 

procedures 1(5),111(18,23.34,35,39-57,92,94) 
activity perimeter noise levels 111(56,92) 
co111J11Unity noise 111(39 1 43 1 51 1 57) 
compressors 111(41) 
construction equipment 111(41,42,94) 
construction site boundary 111(42,43,51,56) 
construction specifications 111(40) 
controlled single equipment 111(54,92) 
earthmoving 1111.chinery 111(42) 
elllission levels 111(42,51) 
general practice III(54) 
heavy duty reciprocating engines Ill(40) 
heavy trucks under stationary conditions 111(42) 
•x11IIWII sound level 111(39,43) 
operator station 111(42) 
pneu1111.tic equipment 111(39) 
propagation 111(51,54,57) 
reciprocating engine intake and exhaust systems 

lII(40) 
sound power levels 111(39,41) 
task operations 111(43,55) 
vehicle interior noise levels 111(43) 
vibration iaolation and aound criteria 111(40) 

sites 1(4,9),111(44,74,88,89,97,100) 
Noise Pollution Level 111(104) 
Noise prediction 1(4,5-6),lV(l-104) 

aodels 1(5),111(33-38) 
Construction Site Noise Control Cost/Benefit 

EstillBtingProceciii'res 111(34) 
EPA Construction Site Noi1e l11p11ct Model 

II1(l02-109) 
FHWA Conatruction Noise Model (see ajor 

heading of uae tile) 
Highway Coaatruction ~ Hea1ureaent, Predic-

~!Mitigation 1(5),111(33,34) 
PANDLE lll(37) 
Power Plant Construction Hoiae Guide 1(5), 
--yrl(l8,33-36) ----

Noise aource caaponenta 1(4) 
iapact and power tools 1(4,6,7),111(17,69) 

c:aaing noise 1(4),111(17,70) 
ezhaust 1(4),111(17,70) 
ringing 1(4),111(17,70) 

internal coabustion engines 1(4,6,7,10), 
III( 12-17 ,59,60) 
air intake 1(4,7) 1 111(13,16,60) 
cooling aystea 111(61) 
engine casing 1(4,7),111(13,15,60) 
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e:shauat 1(4,7,9),111(13-15,60) 
fan 1(4,7,10),111(13,14,60) 
hydraulic 1(4,7),111(131 14,16,60) 
intake 1II(l4) 
track 1 (4, 7),lll(l3 0 16,60) . 
tranalliaaion 1(4,7),111(13,14 016 0 60) 

Occupational Safety and Health Adllinistration 
(OSHA) 111(15,59) 

Oregon 1(4,8).111(45,48,74) 

Page, E.W. M, 111(83) 
PANDLE lll(37) 
Path length difference 1(29 0 33),1V(B5) 
Pave•nt breaker (see Breaker) 
Paveaent recycler 11(16) 
Paving 1(24,Al,A4),ll(5,12,22,28,29 0 B2), 

111(5,20-22,46) 
noise level 1(15),111(32) 
prediction e:umple 1V(22,24,31,38,44,A4) 

Pile driver 1(8,A3),Il(4,15 0 40,41,44,45), 
Ill(6,9-ll,20-22,46),1V(l2,A2) 
abatement 1(7),111(70,71,82,85 

"Benoto" •thod 111(82,83) 
"English" method 111(82) 
drop hamaer 111(71) 
hydraulic 111(82) 
sheet piling 111(71,83) 
slit trench •thod 111(82,83) 
vibrating 11ethod 11(41),111(82,83) 

noise level 1(4,14),ll1(24,31,36),1V(l5,A6) 
prediction example 1V(22) 

Pneumtic wrenches l(A4),ll(l5,48,50,52),1V(l3,A3) 
noise level 1V(l6,A7) 

Point source (see FHWA Construction Noise Model) 
Power Plant Construction Noise Guide (See Noise 
~ediction) ----
Power tools 111(5,10,17) 

abatement 111(69-72,81) 
Progra111111er's •nual 1V(bl-b9) 
Pump l(A3),Il(l4,42,43),111(6,8,9,22),tV(l2,A2) 

abatement I(l0),111(89,91-93,99-101) 
noise level l(l4),lll(32,40),1V(l5,A6) 
prediction e:zample 1(13,28),1V(22,23,30,55,58,60,65,A4) 

Reagan, J. A. 1(5,29),111(86) 
Research, noise control 111(61) 
Ripping 111(3,20) 
Rock drill l(Al),ll(l4,15,24,25,27,38,43,B2), 

111(9,10,19-22),1V(l2,A2) 
abate-nt 1(7),111(69,70 
noise level 1(4,14) 
prediction eaaple lll(38),1V(25,93-95,Al) 

dampened aoils 111(69,70) 
lloller ( ■ee Coapactor) 
Ronk, L.A. 111(108) 
Rudny, D. F. 111(64,66,67) 

Saw blade dampers 1(7),111(72,B16-Bl9) 
Scho111er, P. D. 111(18,76,80,82) 
Scraper l(Al),11(9,26,Al,Bl),111(5,7-9,11,12,20-22), 

IV(l3,A3) 
abateaent 1(10),111(89,98,99) 
noise level I(4,15,53),lll(24,25,55,82),IV(l6,A7) 
prediction exaaple 1(18),11I(37),IV(28,38,Al) 

Segaent adjustlllll!!nt (see FHWA Construction Noise Hodel) 
Shovel l(Al,A4),11(9,10,26,40,46,Al),lll(S,9,20) 
Society of Autoaotive Engineers (SAE) 

111(18,19,41,42,54) 
Solani, A. V. 111(11,81) 



Sound Power 111(34.39,41) 
Sound eirposure level (SEL) 111(24,26-28,30) 
Sutherland, L. c. 111(17) 
Spreader l(Al,A4),11(29,52),111(5) 
Standsrd Metropolitan Statistical Area 111(103) 
Stepheuon, N. J. 111(13,62,68) · 
Stres1iu,g jacks 11(16,51) 

Ta11per l(Al,A3),ll(l4,27,42,4S),lll(6) 
abatement 111(71,110,Bll) 

Tayvood Pile11&ster 111(83) 
Teas ll1(19) 
Teu& lutruments Tl-59 calculator 1(40,41,48), 

l{Bl,C8-C12) 
The Prediction of Noise Fram Road Coutruction 
-Sites {see Noise Prediction) 111(6,34) 
Thoiiii:'s'f 11 ( 62 , 68) 
Track noise 111(16,17,78.79) 

characteristics 111(16) 
control 111(69,A2,A4) 

Tractors l(Al),11(8,9,27),111(9,19,20-22,102,108,AS) 
abatement Ill(66,A2) 
noise level 111(83) 
prediction eumple IV(80) 

Transmission noise 111(16) 
control 111(67,68) 

Transport and Road Research Laboratory (see 
Foreign activites) 

Trencher 11(13),111(5,9,20,46) 
abatement 111(80) 

Truck l(Al-A4),11(12,15,24-30,36,37,40,43,45,46), 
ll(48,52,A3,A4,B2),lll(4,5,7-9,12,20-22,44), 
III(l07,108),lV(l3,A3) 
abatement 1(8),111(60,78,Al,B4-B7) 
noise level 1(4,15,19,53),111(24,26,32,55,82), 

1V(l6,A7) 
prediction e:irample 1(18,32-38),111(37,38), 

1V(25,28-32,38,41,55,6S,66,68,73,75,78), 
IV(80, 83 ,Al ,A4) 

Usage factor (see FHWA Construction Noise Model) 
data 111(33,34,81) 

USOOT Quiet Truck Program 111(65,66,68) 
Utah III(Cl-C8) 

Vibration 1(8),lll(l0,13,16,18,40,66-68,78) 
Virginia 1(9),111(19) 

Welder I(Al,A3-A4),Il(l4,27,41,44,45,48,50,51), 
III(6,9,20-22),IV(l3,A3} 
noise level 1(15) 

Wellpoint I1(39),III(8,89,101) 
Wyle Research 111(23,73,81) 
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