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SUMMARY AND CONCLUSIONS 

The New Jersey Department of Transportation (NJDOT) i s  required by 

federal standards to predict t raff ic  noise levels for a l l  proposed 

federal-aid highway construction projects. 

MOD-04 version of the Transportation Systems Center (TSC) Computer 

Program [l]* t o  make these predictions. 

noise levels for trucks represent an average of the truck noise levels 

measured i n  the states of Florida, Colorado, North Carolina, and 

Washington as part of a four s ta te  inventory. These noise levels were 

measured for trucks operating a t  cruise conditions on f l a t  roadways a t  

speeds of between 50 and 100 kilometers per hour (31.2 and 62.5 m i / h r ) .  

The inventory showed significant differences in the truck nolse levels 

measured i n  the various states.  

when these average reference levels are applied to New Jersey's trucks 

o r  to any trucks operating a t  non-cruise conditions on upgrade and 

downgrade roadways or ramps. 

NJDOT has been us ing  the 

In  this program, the reference 

Thus, there is some inherent inaccuracy 

The objective of this s tudy i s  t o  improve the accuracy of the TSC 

MOD-04 prediction method by determining the reference noise emission levels 

of New Jersey's trucks on various types of roadways. 

achieved as follows: 

N e w  Jersey highways were measured, ( 2 )  from analysis of these noise levels 

trucks were grouped into two classes, (3) the average noise emission levels 

and noise spectra for these classes were determined for various types of 

roadways, and ( 4 )  these levels were used as i n p u t  to the TSC program and 

changes which occurred i n  predicted noise levels were noted i n  this report .  

T h i s  objective was 

(1 )  the noise levels produced by trucks travelling 

*Reference nunber i n  brackets 
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This r e p o r t  covers work performed between May 1977 and June 1979. 

It deals p r i m a r i l y  w i t h  the analys is  o f  t ruck noise data and the f ind ings  

o f  t h i s  study. 

which d e a l t  w i t h  the se lec t ion  o f  measurement s i t e s  and the development 

o f  a measurement methodology and data reduct ion procedure, i s  presented 

i n  the Appendix. 

But i n  add i t ion ,  mater ia l  from the f i r s t  i n t e r i m  repor t ,  

The p r o j e c t  was conducted i n  the f o l l o w i n g  manner. 

A measurement methodology was developed which permi t t e d  the accurate 

measurement o f  the noise produced from the pass-by o f  an i n d i v i d u a l  t ruck  

a t  a distance o f  50 feet  (15.21~1). 

i n  the f i e l d  by spec i fy ing  a minimum al lowable d is tance between i t  and 

nearby vehic les.  

6 dB r i s e  and f a l l  o f  the t a r g e t  t r u c k ' s  sound l e v e l  about i t s  peak l e v e l .  

Noise measurements were taken f o r  13 classes o f  t rucks which ranged i n  

s i z e  from two ax le,  dual r e a r  wheeled, s i n g l e  un i t  body t rucks t o  s i x  ax le  

t r a c t o r  - s e m i t r a i l e r  combinations. Two ax le dual r e a r  wheeled buses and 

three ax le buses were considered as t rucks i n  terms o f  noise and were 

included as two o f  these 13 c l a s s i f i c a t i o n s .  

Each t ruck  was a c o u s t i c a l l y  i s o l a t e d  

I s o l a t i o n  was v e r i f i e d  i n  the l a b  by checking f o r  a 

Representative noise measurement s i t e s  were selected. These s i t e s  

were located adjacent t o  c o n t r o l l e d  access and non-control  l e d  access 

highways w i t h  f l a t  (5 2% grade), upgrade ( >  2% grade) and downgrade 

( >  2% grade) roadway sect ions and several  s i t e s  adjacent t o  d i f f e r e n t  types 

o f  ramps. 

measurement e r r o r s  due t o  acoust ic  r e f l e c t i o n s .  

Physical  s i t e  c r i t e r i a  were es tab l  ished i n  order t o  m i  n imi ze 

2 



Data acqu is i t ion  resul ted i n  a t o t a l  o f  near ly 5,000 measurements 

o f  the noise emission leve ls  o f  ind iv idua l  trucks. Measurements were 

made a t  37 s i tes .  

tape recordings o f  t ruck noise and truck descr ipt ion,  speed and weather 

measurements, and s i t e  descriptions. 

The information co l lected i n  the f i e l d  consisted of  

The tape recorded t ruck  noise data was reduced i n  the l a b  t o  ob ta in  

a peak A-weighted noise l eve l  and corresponding frequency spectrum 

(63, 125, 250, 500, 1000, 2000, 4000 and 8000 Hz octave bands) fo r  each 

t ruck  through the use o f  a 1/3 octave rea l  t ime analyzer and a graphic 

l eve l  recorder. After e l im ina t ing  i n v a l i d  measurements, noise data f o r  

4,536 trucks was input ted t o  a computer f i l e  f o r  analysis. 

The noise data on f i l e  was analyzed t o  determine the t ruck e l a s s f f i -  

cat ions required t o  represent New Jersey's (N.J. ' 5 )  t ruck  populatdan dpt 

terms o f  noise and the reference noise emission l eve l s  f o r  these 

c lass i f i ca t ions .  

can be accurately described by the considerat ion o f  t rucks as two classes - 
Type 1, mediun trucks and buses; Type 2, heavy trucks - w i t h  t h e i r  respect ive 

reference noise emission leve ls .  

p red ic t  noise emission l eve l s  f o r  these two classes, emission l eve l s  were 

regressed versus t ruck speed i n  mi les per hour, A l i n e a r  equation i n  the 

logar i thm o f  speed was found t o  be sa t is fac to ry .  Noise emission l eve l s  

were found t o  be cor re la ted  w i t h  t ruck  speed though the co r re la t i on  was 

no t  very strong. 

It was found t h a t  the  noise generated by t h i s  populat ion 

To determine equations which would 

Truck noise emission leve ls  predic ted by the equations were compared 

f o r  the various roadway types along which measurements were taken. Because 
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o f  the var ia t ions  i n  predic ted emission l e v e l s  which were observed between 

l e v e l  , upgrade , and downgrade roadways and between non-control  l e d  and 

c o n t r o l  l e d  access roadways , separate no ise emission l e v e l s  were s p e c i f i e d  

f o r  each of these s i x  roadway types. Ramps were examined by themselves. 

From the l i m i t e d  data co l lected,  the v a r i a t i o n  i n  emission l e v e l s  f o r  

ramps was found t o  be best explained by t r u c k  operat ing condi t ion.  

emission l e v e l s  f o r  ramps were s p e c i f i e d  i n  terms o f  equations f o r  

acce le ra t ing  and non-accelerat ing t rucks.  

Thus, 

I n  t h i s  repor t ,  equations wh ch p r e d i c t  noise emission l e v e l s  f o r  

the  two t ruck  types are presented f o r  each o f  the roadway types invest igated.  

Both energy mean and a r i t h m e t i c  m an emission l e v e l s  are given f o r  o v e r a l l  

t ruck  noise. Emission l e v e l  equations f o r  i n d i v i d u a l  octave bands are 

a l s o  presented. 

Examination o f  the l e v e l s  s p e c i f i e d  by the p r e d i c t i o n  equations 

A few are mentioned below. revealed m n y  trends. 

With regard t o  a l l  o f  the roadway types exc lud ing ramps: 

- For normal speeds, 30-60 mi /hr  (48-96 Km/hr), the d i f fe rence i n  

o v e r a l l  energy mean emission l e v e l  between the two t r u c k  classes 

was usua l ly  3-4 decibels (heavy t rucks were louder) .  

- For speeds o f  35-50 mi les p e r  hour (56-80 Km/hr) , upgrade roadways 

had the h ighest  o v e r a l l  emission l e v e l s ;  l e v e l  roadways, the nex t  

h i  ghes t ; and downgrade roadways , the lowest . 
- For a speed o f  55 mi les p e r  hour (88 Km/hr) , the emiss 

f o r  a l l  roadway types var ied  by less  than 3 dB. 

- The respect ive d i f fe rences  between the emission l e v e l s  

on leve  

f o r  the 

S 

various roadway types usua l ly  increased w i t h  a decrease i n  speed. 
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- Overall emission levels were less dependent on speed for  upgrade 

roadways than for level o r  downgrade roadways. 

- For most roadway types, emission levels for  medium trucks and 

buses were more speed dependent than those for heavy trucks. 

With regard t o  overall emission levels for ramps: 

- A t  typical speeds (20-30 m i / h r ,  32-48 Km/hr), the emission level 

for  accelerating trucks was higher than that  for  non-accelerating 

trucks though only by about 2 decibels. 

- A t  typical speeds, the overall energy mean emission levels for 

heavy trucks were generally 4-6 dB higher than those for medium 

trucks and buses. 

W i t h  regard t o  octave band emission levels for  a l l  of the roadway 

types excl udi ng ramps : 

- The highest levels usually occurred for  the 500 and 1000 tlz octave 

bands. 

- In general, the 63, 125, and 250 Hz octave band levels were less 

speed dependent than the levels for  octave bands of 500 Hz and higher. 

- A t  50 m i / h r  (80 k m / h r ) ,  the 250 Hz octave band contributed s l igh t ly  

more t o  the overall level of medium trucks and buses than i t  d i d  

t o  the overall level of heavy trucks. A t  50 m i / h r  (80 k m / h r ) ,  for 

upgrade roadways the 250 Hz octave band i n  general contributed more 

t o  overall truck noise levels than f o r  downgrade or level roadways. 

With regard t o  octave band emission levels for  ramps: 

- In general the 125 and 250 Hz octave band levels were higher relative 
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to  the other octave bands t h a n  they were for the other roadway types. 

In fact ,  for typical speeds (20-30 mi/hr, 32-48 k m / h r ) ,  the 250 Hz 

octave band h a d ,  in some instances, the highest level of a l l  

octave bands. 

When N.J.'s truck emission levels for level roadways were compared 

t o  those contained in the FHWA noise prediction method [ 2 ] ,  the following 

result was obtained. For controlled access level roadways, N.J. ' s  energy 

mean emission levels for trucks were 1-2.5 dB higher t h a n  the FHWA's 

levels. For non-controlled access level roadways, N.J.'s energy mean 

emission levels for trucks usually varied by less t h a n  a decibel from the 

FHWAls levels. When a comparison was made between the FHbJA's truck 

emission levels (for level roadways) and N.J.'s truck emission levels for 

upgrade and downgrade roadways and ramps, the following differences were 

noted. For upgrade roadways (controlled and non-controlled) , N.J.'s 

emission levels for trucks were 2-5 dB higher t h a n  the FHWA's levels for 

typical speeds of 35-50 mi/hr (56-80 k m / h r )  . 
(controlled and non-controlled), N.J.'s energy mean emission levels for 

trucks usually varied by less than a decibel from the FHWA's levels for 

For downgrade roadways 

speeds of 40-60 mi/hr (64-96 km/hr ) .  

levels for trucks were generally higher t h a n  the FHWA's levels (2.5-6.0 dB 

a t  25 mi/hr (40 km/hr ) .  

For ramps, N.J.'s energy mean emission 

A stat is t ical  evaluation of N.J.'s noise da ta  indicated t h a t  for a 

given truck type and roadway type there was considerable variation in noise 

emission levels - as much as 10 dB for certain speeds. A t  best 20% of 

this variation was explained by the relation of emission level t o  truck speed. 

- 
~ 
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The unexplained var ia t ion  i s  apparently due i n  pa r t  t o  o ther  factors  

which af fect  t ruck noise such as type and cond t i o n  o f  t i r e s ,  engine, 

and muf f ler ,  e tc .  

combining ind iv idua l  t ruck classes i n t o  a general t ruck type. Normality 

o f  the noise data was examined, and f o r  most cases t ruck emission leve ls  

were found t o  be near ly normally d is t r ibu ted .  

Some o f  the var ia t ion  i s  no doubt the r e s u l t  o f  

In sumnary, f o r  New Jersey's highways, the noise pred ic t ion  accuracy 

o f  the TSC method should be improved by u t i l i z i n g  t ruck  emission leve ls  

developed from d i r e c t  measurement o f  N.J. trucks ra ther  than nat ional  

average t ruck emission leve ls .  In  terms o f  noise, N.J. trucks can be 

represented by two t ruck  classes (medium trucks and buses,and heavy 

trucks) w i th  t h e i r  respective noise emission leve ls  def ined f o r  the type 

o f  roadway on which they are t r a v e l l i n g .  

emission leve ls  are, f o r  most roadway types, higher than the FHWA's nat ional  

average t ruck noise leve ls ,  the use o f  New Jersey's t ruck leve ls  w i t h  

the TSC MOD-04 p red ic t ion  method w i l l  i n  general r e s u l t  i n  hiaher predicted 

noi se 1 eve1 s . 

Because New Jersey's t ruck noise 

7 



RECOMMENDATIONS 

I t  i s  recomnended t h a t  the reference t ruck  noise emission l e v e l s  

which were determined f o r  t h i s  study be used t o  make highway noise 

pred ic t ions  w i t h i n  New Jersey. 

accomplished by incorpora t ing  these reference l e v e l s  i n t o  the TSC MOD-04 

highway noise p r e d i c t i o n  computer program. A t  a l a t e r  date, i t  may be 

des i rab le t o  u t i l i z e  these reference l e v e l s  w i t h  the computerized version 

(STAMINA) o f  the FHWA Highway T r a f f i c  Noise Pred ic t ion  Model. 

p red ic t ions  are made based on the reference l e v e l s  provided by t h i s  study, 

then pred ic t ions  f o r  t ruck  speeds outside the range o f  speeds f o r  which 

the reference l e v e l  p r e d i c t i o n  equations were developed (given on page 135), 

should be made w i t h  caution. 

It i s  suggested t h a t  p resent ly  t h i s  be 

I f  noise 

I t i s  f u r t h e r  recomnended t h a t  a d d i t i o n a l  research be conducted i n  

regard t o  t r u c k  emission 1evels.on interchange ramps f o r  the purpose o f  

determining more accurate l e v e l s  than those presented i n  t h i s  repor t .  

Because o f  the la rge  v a r i a t i o n  i n  ramp s i t e  c h a r a c t e r i s t i c s ,  study o f  

t r u c k  emission l e v e l s  f o r  ramps i s  made more d i f f i c u l t .  

base than thus f a r  obtained f o r  t h i s  study i s  requ i red  i n  order t o  ob ta in  

more meaningful r e s u l t s .  

design o f  ramps and i n  the grades encountered on ramps. 

diverse modes o f  t r u c k  operat ion occur; f o r  example, i n  some instances, 

i n d i v i d u a l  t rucks w i l l  accelerate and decelerate a t  d i f f e r e n t  po in ts  on 

the same ramp. 

l e v e l s  f o r  ramps and they requ i re  f u r t h e r  study. 

A l a r g e r  data 

Considerable v a r i a t i o n  e x i s t s  i n  the geometrical 

I n  add i t ion ,  

These fac to rs  a l l  complicate the nature o f  t r u c k  emission 

8 



INTRODUCTION 

Background 

On a l l  

conforms t o  

proposed federal - a i  d highway construct ion pro jec ts  , NJDOT 

federal noise standards contained i n  The Federal-Aid 

Highway Program Manual, Volume 7, Chapter 7, Section 3, "Procedures f o r  

Abatement o f  Highway T r a f f i c  Noise and Construction Noise" (FHPM 7-7-3) [?I 
These standards requi re t h a t  fu tu re  t r a f f i c  noise leve ls  adjacent t o  a 

proposed highway o r  highway improvement be predicted. These predicted 

leve ls  are u t i l i z e d  i n  assessing the expected environmental noise impact 

o f  the proposed highway. 

leve ls  i n  the federal noise standards, NJDOT i s  a lso required t o  consider 

noise abatement measures such as t r a f f i c  noise bar r ie rs .  

I f  fu tu re  leve ls  w i l l  exceed the design noise 

NJDOT uses the MOD-04 version o f  the Transportation Systems Center 

(TSC) Predictor Program t o  p red ic t  t r a f f i c  noise. This computer program 

i s  approved by the Federal Highway Administrat ion (FHWA) as described 

i n  FHPM 7-7-3. 

Statement o f  the Problem 

Noise leve ls  predicted by the TSC MOD-04 program are no t  as accurate 

as required. 

t ruck  noise emission leve ls  which are contained i n  the program. These 

reference leve ls  are nat ional  averages based on t ruck noise measurements 

made i n  the states o f  F lo r ida ,  Colorado, North Carolina, and Washington 

as p a r t  o f  a four  s ta te  noise inventory [4]  conducted i n  conjunct ion w i t h  

Some inaccuracy occurs because o f  the nature o f  the reference 
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the Federal Highway Administration. 

One source of prediction inaccuracy i s  pointed o u t  by the results of 

this four s ta te  inventory which indicated t h a t  because of regional trends 

in vehicle types, truck reference levels were significantly different 

between s ta tes .  

trucks are used for noise prediction in New Jersey, an overprediction or 

Consequently, i f  national average reference levels for 

underprediction of noise levels can be expected. 

Additional prediction inaccuracy i s  due t o  the fact t h a t  the national 

average reference levels were developed from noise measurements taken for 

trucks operating a t  cruise conditions on f l a t  roadways a t  speeds between 

50 and 100 kilometers per hour (31.2 and 62.5 mi/hr). 

inaccurate predicted levels can be expected when TSC MOD-04 i s  used for 

Accordingly, 

situations involvinq non-cruise conditions or speeds below 50 k m / h r  - 

(31.2 mi/hr). 

roadways and on ramps. 

These types of situations can occur on upgrade or downgrade 

Thus, i t  i s  possible that predicted future noise levels may exceed 

design noise levels due t o  an overprediction which occurs for the reasons 

mentioned. In  these cases, unwarranted and costly consideration of noise 

abatement measures -- and even possible implementation of these measures -- 
may occur. 

Objective 

The objective of this study i s  to more accurately predict noise levels 

when using the TSC MOD-04 prediction program by determining the reference 

noise emission levels of New Jersey's trucks on various types of roadways. 
- 
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Reference levels will be determined from direct measurement of the pass-by 

noise of individual trucks as they travel on f l a t ,  upgrade, and downgrade 

roadways and on ramps. 

Based on the noise measurements obtained for many types of trucks, 

several general truck classes will be established t o  represent a l l  trucks. 

This will be done for the purpose o f  simplifying the noise prediction 

process. Reference noise emission levels will be specified for these 

general truck classes. TSC MOD-04 will be modified t o  ut i l ize  New Jersey's 

truck reference levels rather than the national average truck reference 

levels presently contained in the program. 

Scope of the Project 

The scope of the project includes measurements of the peak noise levels 

of a l l  types o f  trucks having three or  more axles as well as for two axle 

trucks with dual rear t i res .  

noise levels produced by trucks h a v i n g  gross vehicle weight ratings of 

over 10,000 pounds (4536 k g ) .  

for buses with three or more axles and two axle buses with dual rear wheels.* 

The noise levels of trucks on the following types of roadways were 

This corresponds roughly t o  measuring the 

I t  also includes noise level measurements 

measured : 

1.  Highways with control of access (roadways of grade less t h a n  or 

equal t o  2%) .  

Highways w i t h  control o f  access (roadways of greater t h a n  2% 

upgrade). 

2. 

*With regard t o  noise, buses can be viewed as light and medium weight trucks. 
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3 .  Highways w i t h  c o n t r o l  o f  access (roadways o f  greater  than 2% 

downgrade). 

4. Highways w i t h  non-control led access (roadways of grade l e s s  than 

o r  equal t o  2 % ) .  

Highways w i t h  non-control l e d  access (roadways of greater  than 

2% upgrade). 

5. 

6. Highways w i t h  non-control l e d  access (roadways o f  greater  than 

2% downgrade). 

7. Ramps. 

The p r o j e c t  was d iv ided i n t o  the work tasks which f o l l o w .  

Task 1. Development ~ - - - - - - - -  o f  Measurement Methodology - - A methodology was 

developed which assured t h a t  accurate measurements were taken o f  the peak 

A-weighted noise leve ls  o f  i n d i v i d u a l  t rucks passing the microphone p o s i t i o n .  

Task 2 .  Select ion o f  Measurement S i tes  - C r i t e r i a  f o r  s e l e c t i n g  o f  

s i t e s  were establ ished. 

were representat ive o f  New Jersey highways. 

accurate measurement, c r i t e r i a  which spec i fy  a s i t e ' s  phys ica l  environ- 

ment were chosen. 

types mentioned. 

Task 3. 

Measurement s i t e s  were selected so t h a t  they 

In  add i t ion ,  t o  assure 

Several s i t e s  were selected f o r  each of the roadway 

Data A c q u i s i t i o n  - Using the measurement methodology developed 

i n  Task 1, t r u c k  noise was tape recorded a t  the s i t e s  selected. 

speed measurements and o ther  p e r t i n e n t  data were a l s o  taken. 

Corresponding 

Task 4. Data Reduction and Analysis - The tape recorded t r u c k  noise 

data was reduced i n  the labora tory  t o  ob ta in  a peak A-weighted noise l e v e l  

and frequency spectrum f o r  each t r u c k  pass-by. 
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The reduced data was then analyzed, and the o v e r a l l  peak A-weighted 

noise l e v e l ,  the peak l e v e l  standard dev ia t ion ,  and the octave frequency 

spectrum f o r  each t r u c k  c l a s s i f i c a t i o n  and roadway type were determined. 

Task 5. Reports - An i n t e r i m  r e p o r t  (NJDOT Report No. 78-008-7791) [5 ]  

was completed i n  May 1978. 

September 1976 t o  May 1977; namely, the development of a measurement 

methodology ( t r u c k  c l a s s i f i c a t i o n s  , f i e l d  procedures , v a l i d  measurements, 

and equipment) , the  development o f  s i t e  c r i t e r i a  , the s e l e c t i o n  o f  

measurement s i t e s ,  and the  establ ishment o f  a data reduct ion methodology 

(procedures and equi pment) . 

It covered work done on t h i s  p r o j e c t  from 
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- MEASURE ME NT METHODOLOGY 

This sect ion contains a sumnary o f  the  measurement methodology 

presented i n  the f i r s t  i n t e r i m  repor t .  Any changes made i n  the o r i g i n a l  

methodology are noted i n  t h i s  sect ion.  A more d e t a i l e d  discussion i s  

presented i n  Appendix A, pages 147-165. 

As mentioned, a measurement methodology was developed which insured 

the accurate measurement ( a t  a distance o f  50 f e e t  (15.2~1) from the 

center  of the lane o f  t r a v e l )  o f  the peak A-weighted noise l e v e l  and 

frequency spectrum produced by the pass-by o f  an i n d i v i d u a l  t ruck.  

Development o f  the measurement methodology began w i t h  dec id ing what 

vehic les would be considered as t rucks.  Since the noise produced by a 

l a r g e  group o f  t rucks was t o  be measured, a system f o r  c l a s s i f y i n g  the 

t rucks was establ ished. Next, t o  insure  t h a t  the noise l e v e l  which was 

measured was t h a t  produced by an i n d i v i d u a l  t ruck  and n o t  s i g n i f i c a n t l y  

a f f e c t e d  by the noise o f  o ther  highway vehic les,  a c r i t e r i a  f o r  accept ing 

a noise l e v e l  measurement as v a l i d  was establ ished. 

f o r  conducting noise measurements i n  the f i e l d  was developed and the noise 

measurement equipment which would be used was selected. F i n a l l y ,  the 

sample s i z e  ( the  number o f  i n d i v i d u a l  t r u c k  noise l e v e l  measurements) 

which was requi red t o  accurate ly  est imate the average peak noise l e v e l  of 

the populat ion o f  t rucks o f  a p a r t i c u l a r  c l a s s i f i c a t i o n  was determined 

using s t a t i s t i c a l  methods. 

Then, the procedure 
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Truck C lass i f i ca t ions  

Noise measurements were taken f o r  two axle trucks wi th dual rear  

wheels, three, four, f i ve ,  and s i x  ax le  t rucks,  two and three ax le 

t ruck t rac to rs ,  and two and three axle buses. These types o f  " t rucks" 

are i l l u s t r a t e d  i n  Figure 1, page 16, and form t ruck  c lass i f i ca t i ons  1 

t o  13. For t h i s  study, vehicles i n  Classes A d B o f  Figure 1 were no t  

considered as t rucks i n  keeping w i th  the t ruck d e f i n i t i o n  contained i n  

the federal noise standards (Reference 1). The th i r t een  " t ruck"  c lass i  - 
f i ca t i ons  considered i n  t h i s  study are l i s t e d  below. Corresponding codes 

are i n  parentheses. 

(1) Two axle trucks w i t h  dual rear  wheels (2/6) 

(2) Two axle, dual rear  wheeled t ruck t rac to rs  w i thout  semi t ra i le rs  (2T) 

(3) Three axle t ruck t rac to rs  wi thout  semi t ra i le rs  (3T) 

(4) Two ax le buses w i t h  dual rear  wheels (28) 

(5) Three axle buses (38) 

(6)  Three axle,  s ing le  u n i t  body trucks (3) 

(7) Four axle, s ing le  u n i t  body trucks (4) 

(8)  Trucks w i t h  two ax le t rac to rs  and one ax le  semi t ra i le rs  (2-1) 

(9)  Trucks w i t h  two ax le  t rac to rs  and two ax le semi t ra i le rs  (2-2) 

(10) Trucks w i t h  two ax le  t rac to rs  and three ax e semi t ra i le rs  (2-3) 

(11) Trucks w i t h  three axle t rac to rs  and one axle semi t ra i le rs  (3-1) 

(12) Trucks w i t h  three ax le t rac to rs  and two axle semi t ra i le rs  (3-2) 

(13) Trucks w i t h  three ax le t rac to rs  and three axle semi t ra i le rs  (3-3) 
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Figure 1 .  TRUCK CLASSIFICATIONS 

9 
Three Axle, Single Unit Body 

7 1  

. 6. I 

I 1 .  I 

Pickup,Panel (under I Ton) 
Two Axle, Single-Tired Rear Wheels 

a a 

Multistop or Standup Delivery (over I Ton) 
Two Axle, Single-Tired Rear Wheels 

IJ 

I I 

Four Axle, Single Uni t  Body 

8. J - 

&CJ 
Two Axle Tractor Truck 
One Axle Semi t ra i ler  

Three Axle Bus 

Two Axle, Dual T i re  Rear Wheels a 

Tractor Without gL@ Semitrailer 

p=\ 

Two Axis, Dual-Tire Rear W b h  

A 

Three Axle Tractor Without Semitrai ler 

g 

Two Axle Bus, Dual-Tire Rear Wheels 

5 .  I 
Two Axle Semitrailer 

13. J - 

Two Axle Tractor Truck 
Two Axle Semi trai ler 

10. I 

Two Axle Tractor Truck 
Three Axle Semitrailer 

11.  ] 

Three Axle Tractor Truck 
One Axle Semitrailer 

12. j 

Three Axle Tractor Truck 

I AI 1 
Three Axle Tractor Truck 
Three Axle Semitrailer 

1 

NOTE: Body Types as shown are for sketch purposes only,and i t  is not intended to imply 
t h a t  they are the only body types encountered i n  these c lass i f icat ions.  
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A Val i d  Measurement 

I n  order t o  obtain an accurate measurement o f  the noise produced by 

an ind iv idua l  t ruck,  t ha t  t ruck must be iso la ted  from other  highway 

t r a f f i c .  This i s o l a t i o n  i s  necessary because the noise produced by 

highway vehicles i s  sumned a t  an observer. 

t ruck was no t  i so la ted  a t  the t ime  o f  measurement, the noise due so le ly  

I n  other words, i f  an ind iv idua l  

t o  t h i s  ind iv idua l  t ruck could no t  be separated from the noise due t o  other 

h i  ghway vehicles . 
With t h i s  i n  mind, the fo l lowing vehic le spacing requirements were 

establ ished f o r  f i e l d  use. The noise produced from the pass-by o f  an 

ind iv idua l  ta rge t  t ruck was tape recorded i f  the ta rge t  t ruck  was a t  

l eas t  100 ft. (30.5m) away from passenger cars and 250 ft. (76.21~) away 

from other trucks. 

The use o f  t h i s  vehic le  spacing insured some degree o f  i s o l a t i o n  bu t  

a f i n a l ,  more accurate check f o r  i s o l a t i o n  was done i n  the laboratory when 

tape recorded t ruck pass-by noise was reduced. The v a l i d  measurement 

c r i t e r i o n  (check f o r  i s o l a t i o n )  was as fo l lows:  

A t ruck pass-by noise measurement was considered v a l i d  
i f  the t o t a l  sound leve l  (as observed on a graphic l eve l  
recorder t race) rose and f e l l  a t  l e a s t  6dB about the 
peak leve l .  

This ra ther  technical  c r i t e r i o n  i s  explained i n  d e t a i l  i n  Appendix A, 

pages 151-157. 

o f  a t ruck 's  peak noise l eve l  was accurate t o  w i th in  approximately 0.5 dB. 

Establishment o f  t h i s  c r i t e r i o n  insured t h a t  the measurement 

I f  the recording o f  a t ruck 's  pass-by noise d i d  no t  meet t h i s  v a l i d  

measurement c r i t e r i o n ,  the peak noise l eve l  was assumed t o  be inaccurate 

and was no t  included i n  fu r the r  analysis.  
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Data Col l e c t i  on Procedures 

Data co l l ec t i on  procedures f o r  use i n  the f i e l d  were established 

f o r  the purpose o f  conducting noise leve l  measurements and obtaining 

corresponding speed information and weather information. 

The noise data co l l ec t i on  procedure takes i n t o  consideration the 

vehic le spacing requirements which were established t o  insure ind iv idua l  

t ruck i so la t i on .  

A-weighted noise leve ls  , and corresponding frequency and t ruck descr ip t ion 

information. 

descr ip t ion o f  each t ruck were tape recorded whi le  i n  the f i e l d  and l a t e r  

played back and reduced i n  the laboratory. 

It provides f o r  the co l l ec t i on  o f  accurate peak 

The noise produced by an ind iv idua l  t ruck pass-by and a 

A de ta i led  noise recording procedure i s  included i n  Appendix A, 

pages 158-161. The only change made t o  t h i s  procedure, s ince i t s  presen- 

t a t i o n  i n  the i n t e r i m  repor t ,  by v i r t u e  o f  f i e l d  experience, was t o  

record the noise produced by a t ruck pass-by on Channel 1 and the voice 

descr ip t ion on Channel 2 o f  the tape recorder. 

near the end o f  the data co l l ec t i on  phase o f  t h i s  p ro jec t  due t o  a minor 

This change was made 

problem wi th  tape-head contact which occasionally occurred on Channel 2. 

Speed informat ion f o r  each t ruck f o r  which a noise measurement was 

made was co l lected i n  order t o  es tab l i sh  i f  a re la t ionsh ip  ex is ted between 

speed and noise leve l .  

known tha t  noise leve ls  can be af fected by ce r ta in  atmospheric condi t ions.  

Deta i ls  of the speed and meteorological data co l l ec t i on  procedures are 

included i n  Appendix A, pages 161 and 162. 

Meteorological data was co l lec ted  because i t  was 
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For a listing of the data collection equipment and a description of 

each piece see Appendix B, pages 166-170. 

Sample Size 

The truck noise levels obtained for this study are represented as 

being typical of the New Jersey truck population in general. 

noise level information about the entire truck population is inferred 

Thus, 

from a random sample of limited size. 

random sample size required in order that a statistic from the sample 

can be applied, with a particular degree of confidence, to the 

popul at i on in general. 

Statistical methods specify the 

To estimate the population mean peak noise level of any of the 

specific truck classes listed on page 15 to a precision of 2 1 decibel 

(confidence interval = sample mean - + 1 dB), statistical methods indicated 

that a sample of 62 peak noise level measurements were required.* The 62 

measurements include trucks of various highway speeds. 

pages 162 - 165, for a more detailed discussion of sample size determination.) 
(See Appendix A, 

This sample size was only exceeded for several of the specific truck 

classes - notably, Classes 1, 6, 9, and 12 - since the trucks in some 
classes make up a very small part of the New Jersey truck population. 

Thus, estimates of the population mean peak noise levels of some o f  the 

specific truck classes were not as precise as - + 1 decibel. 

In order to siniplify the noise prediction process, it was decided to 

combine the 13 specific truck classes outlined on page 15 into several 

more useful, general groups. The statistics which were used for this 

* A population standard deviation o f  4.0 was assumed to obtain a worst 
case estimate. 
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purpose were the  sample mean peak noise l e v e l s  f o r  t he  s p e c i f i c  classes. 

Mean peak noise l e v e l s  were compared and t ruck  classes were grouped together  

if there  was no s i g n i f i c a n t  s t a t i s t i c a l  d i f ference.  

Since a 62 measurement sample was n o t  obtained f o r  most o f  t he  13 

s p e c i f i c  t r u c k  classes, a s t a t i s t i c a l  t e s t  which was v a l i d  f o r  unequal 

sample s izes was used fo r  the comparison. The t e s t  employed the 

Student t d i s t r i b u t i o n  t o  compare means o f  two independent samples. 

A f t e r  t h e  s p e c i f i c  t ruck  c lasses were regrouped i n t o  general t ruck  

classes, t h e  sample s izes f o r  t he  general classes f o r  Roadway Types1 - 6 

were q u i t e  l a r g e  and exceeded the  sample s i z e  requ i red  f o r  es t ima t ing  the  

populat ion mean noise l e v e l  t o  - + 1 dec ibe l  prec is ion.  However, f o r  one of the 

general classes f o r  Roadway Type 7 (Ramps), o n l y  40 peak noise l e v e l  

measurements were obtained w i t h  a standard d e v i a t i o n  o f  4.1; thus - + 1 dec ibe l  

p r e c i s i o n  was n o t  achieved f o r  t h e  est imate o f  t he  populat ion mean peak 

noise l e v e l  f o r  t h i s  class. 

Because o f  the r e l a t i o n s h i p  which was found t o  e x i s t  between t r u c k  

speed and peak noise l eve l ,  r e s u l t s f o r  t h i s  s tudy are a lso presented i n  

terms o f  regressions o f  peak noise l e v e l  versus speed. The regressions 

were developed us ing a l l  o f  t he  data i n  a general class. 
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SELECTION OF MEASUREMENT SITES 

This section is a sunary of the information on s i t e  selection 

presented in the f i r s t  interim report. 

selection are described here. A detailed description of the s i t e  

selection process and physical s i t e  c r i te r ia ,  and a l i s t  of the 

measurement s i tes  are included i n  Appendices C 8, i), pages 171-187. 

Any changes made in s i t e  

Roadway Types- 

Measurement s i tes  were selected for controlled and non-controlled 

access highways along roadway sections of less t h a n  or equal t o  2% grade, 

greater t h a n  2% upgrade, and greater t h a n  2% downgrade. 

also selected alongside several types o f  ramps. 

considered in this study are outlined below. 

Sites were 

The seven roadway types 

Roadway Type 

(1) Controlled access ( i 2% grade) 

( 2 )  Controlled access ( > 2% upgrade) 

(3 )  Controlled access ( > 2% downgrade) 

(4 )  Non-controlled access ( i 2% grade) 

(5)  Non-controlled access ( > 2% upgrade) 

( 6 )  

(7 )  Ramps 

Non-controlled access ( > 2% downgrade) 

These types o f  roadways were selected in order t o  investigate their 

influence on the magnitude and character of truck noise. 

divided into controlled and non-controlled access because (1) in general, 

Highways were 
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d i f f e r e n t  average speeds and operat ing condi t ions e x i s t  on these types 

o f  highways and (2) the federa l  no ise standards o u t l i n e d  i n  [3] make t h i s  * 

d i s t i n c t i o n  i n  def in ing highway pro jec ts .  Since the TSC Computer Program [l] 
v 

i s  l i m i t e d  t o  considerat ion o f  f r e e l y  f low ing  road t r a f f i c  a t  c r u i s e  

condi t ions,  se lec t ion  of roadway types which invo lve  grades o r  accelerat ion 

w i l l  expand the a v a i l a b l e  t ruck  noise data base and broaden the a p p l i c a t i o n  

o f  the TSC program. 

group o f  NJDOT's environmental sec t ion  who found them a problem area i n  

noise pred ic t ion .  Consideration o f  ramps w i l l  p rov ide noise l e v e l s  f o r  

t rucks w i t h  speeds o f  less  than 30 mi les per hour (48.3 km/hr) ( a  speed 

range f o r  which a v a i l a b l e  t ruck noise data i s  incomplete). 

Ramps were considered on recomnendation o f  the noise 

Select ion o f  S i tes  f o r  Roadway Types 1-6 

The ob jec t ive  of s i t e  s e l e c t i o n  w i t h  regard t o  these types o f  

roadways was t o  s e l e c t  t e s t  s i t e s  from which noise measurements o f  a 

representat ive sample o f  the  t r u c k  populat ion i n  New Jersey could be 

co l lected.  To meet t h i s  ob jec t ive ,  most s i t e s  were se lected along 

highways on which NJDOT's t ruck  weighing s t a t i o n s  are located. 

A l l  s i t e s  which were se lected were requ i red  t o  meet the phys ica l  

s i t e  c r i t e r i a  o u t l i n e d  i n  Appendix C, pages 175 - 179 i n  order t o  assure 

accurate noise l e v e l  measurement. Guidel ines were developed fo r  the 

se lec t ion  of these s i t e s .  These guide l ines stressed (1) statewide 

geographical representat ion,  ( 2 )  p r a c t i c a l  cons iderat ions p e r t a i n i n g  t o  

the number o f  v a l i d  measurements per  hour, and ( 3 )  s e l e c t i o n  o f  roadway 

grades o f  var ied steepness and length  f o r  Roadway Types 2, 3, 5 and 6. 
. 
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Select ion o f  Si tes f o r  Roadway Type 7 

Measurement s i t es  adjacent t o  ramps were a lso required t o  meet the 

physical s i t e  c r i t e r i a  i n  Appendix C. Ramp s i tes  were selected along 

the roads v i s i t e d  during the se lect ion o f  the s i t e s  f o r  Roadway Types 

1-6. Guidelines for  the se lect ion o f  ramp s i tes  stressed obtaining (1) 

ramps o f  d i f f e r e n t  conf igurat ions and grades, (2 )  ramps on which trucks 

were being dr iven under d i f f e ren t  operating conditions, and ( 3 )  ramps 

a t  which a reasonable number o f  v a l i d  measurements per hour could be 

taken. 

ramp s i  tes . 
Geographical representation was no t  a fac to r  i n  se lect ing 

L i s t  o f  Measurement S i tes 

The measurement s i t e s  which were o r i g i n a l l y  selected f o r  t h i s  p ro jec t  

were l i s t e d  i n  the Appendix o f  the f i r s t  i n t e r i m  repor t .  

were n o t  taken a t  several s i t es  on t h i s  l i s t ;  they were taken, however, 

a t  several add i t iona l  s i tes .  

Measurements 

An updated s i t e  l i s t  i s  contained i n  Tables D-1 t o  D-7, Appendix D, 

One tab le  i s  presented fo r  each roadway pages 181 - 187 o f  t h i s  report .  

type. S i tes have been renumbered as required. These tables contain s i t e  

locat ion,  highway descr ipt ion,  and t r a f f i c  informat ion.  

I n  a l l ,  noise measurements were obtained a t  37 s i tes .  The number 

o f  s i t e s  v i s i t e d  f o r  Roadway Types 1 t o  7 was 5, 6, 5, 5, 4, 5 and 7, 

respect ively.  
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DATA ACQUIS IT ION --___ __- 

Between May 6 and December 28 o f  1977, t ruck  noise measurements were 

conducted a t  the 37 measurement s i t es .  

t ruck noise tape recordings were obtained from 82 s i t e  v i s i t s . *  Measure- 

ments were taken on weekdays, Monday through Fr iday.  The ma jo r i t y  o f  

measurements were taken between 10 A.M. and 3 P.M. Data c o l l e c t i o n  was 

conducted by a two man f i e l d  crew. 

During t h i s  period, 4,967 ind i v idua l  

The data which was co l lec ted  i n  the f i e l d  consisted o f  (1)  tape 

recordings of the noise o f  ind iv idua l  t ruck pass-bys and o f  t ruck 

descr ip t ion,  (2)  speed measurements, (3) weather measurements, and (4) 

de ta i led  s i t e  descr ip t ion information. 

consisted p r imar i l y  o f  grade steepness and length,  pavement type 

(bituminous or por t land cement concrete), shoulder and median d e t a i l s ,  

the e levat ion o f  the ground a t  the microphone pos i t i on  r e l a t i v e  t o  t h a t  

o f  the lane o f  t rave l ,  and an account o f  the noise r e f l e c t i n g  objects i n  

the measurement area and measurement zone (see physical  s i t e  c r i t e r i a ,  

Appendix C, pages 175 - 179). Grade length was measured w i t h  the 

instrument vehic le 's  odometer; grade steepness and r e l a t i v e  microphone 

e levat ion,  w i th  a t r a n s i t .  The roadway grade was measured over a 

200 foot d stance w i t h  the p o i n t  o f  measurement a t  the middle o f  t h i s  

distance. 

S i t e  descr ip t ion  in format ion 

F ie ld  data which was no t  tape recorded was entered on l og  sheets. 

*4,536 o f  these recordings were found t o  be v a l i d  measurements dur ing 
data reduct ion.  
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A l l  of the 37 s i t e s  were v i s i t e d  a t  l e a s t  once. Each ramp s i t e  

was v i s i t e d  twice. S i tes  f o r  the other  roadway types were v i s i t e d  i n  

keeping w i t h  the data a c q u i s i t i o n  o b j e c t i v e  which i s  explained below. 

Because of poss ib le  s i  t e - t o - s i  t e  v a r i a t i o n  i n  the average peak 

noise l e v e l s  obtained f o r  a p a r t i c u l a r  c lass  o f  t ruck ,  i t  was decided 

t h a t  the most representat ive t ruck  noise l e v e l s  f o r  a p a r t i c u l a r  roadway 

type would be obtained by g i v i n g  greater  representat ion t o  those s i t e s  

a t  which t r u c k  t r a f f i c  was greater.  

Thus, an ob jec t ive  o f  data a c q u i s i t i o n  was t o  ob ta in  a greater  

number o f  v a l i d  measurements f o r  these h igher  t r u c k  volume s i t e s .  

Therefore, when the average peak noise l e v e l  i s  determined from a l l  

the measurements taken f o r  a t r u c k  c lass,  t r u c k  noise measurements 

taken a t  s i t e s  w i t h  very l i t t l e  t r u c k  t r a f f i c  do n o t  i n e q u i t a b l y  

c o n t r i b u t e  t o  the average. 

This meant t r y i n g  t o  keep the r a t i o  o f  v a l i d  measurements t o  the 

average annual d a i l y  t r u c k  t r a f f i c *  a t  a s i t e  approximately equal t o  a 

constant value f o r  a l l  of the s i t e s  w i t h i n  a given roadway type. 

This data a c q u i s i t i o n  o b j e c t i v e  requ i red  t h a t  some s i t e s  had t o  be 

v i s i t e d  two o r  three times wh i le  others were v i s i t e d  on ly  once. 

occurred because a t  many o f  the h igh  t r u c k  volume s i t e s ,  i t  was d i f f i c u l t  

t o  achieve t r u c k  i s o l a t i o n .  

This 

Thus, less  v a l i d  measurements were obtained 

per hour a t  these s i t e s  than 

*[Average Annual D a i l y  T r a f f  

a t  s i t e s  w i t h  much lower t r u c k  volumes. 

c (AADT)] X [Truck Percentage] 
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Several s i tes  were visited an additional time(s) because some or 

a l l  of a day's measurements were rejected as invalid due to calibration 

tone irregularities. 

Table 1 on page 27 l i s t s  the number of valid truck noise measurements 

which were obtained a t  each o f  the 37 s i tes .  

type i s  also indicated, as  well as totals which sumnarize a l l  measurements. 

The total for each roadway 

Table G-1, Appendix G ,  page 201 l i s t s  the number of truck noise 

measurements obtained for Roadway Types 1 to 7 broken down i n  terms of 

the 13 truck classifications mentioned on page 15. Percentages of the 

total number of measurements are also indicated. The table shows t h a t  

approximately 54% of a l l  measurements were taken for Truck Class 12  - 
trucks w i t h  three axle tractors and two axle semitrailers. Nearly 23% 

of a l l  measurements were taken for Truck Class 1 - two axle trucks with 

dual t i r e  rear wheels. Thus, about 771  of a l l  the truck noise measurements 

were obtained for these two truck classes. Noise measurements for two 

and three axle buses comprised only 1% of the total .  

fo r  further discussion of this table. 

See Appendix G 
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TABLE 1. NUMBER OF TRUCK N O I S E  MEASUREMENTS 

N 
U 

ROADWAY TYPE 1 
Cont ro l led  Access 

( 1 2 %  grade) 
Number o f  

S i t e  S i t e  Measure- 
Number V i s i t s  ments 

1 2 113 
2 1 40 

3 3 187 
4 4 310 
5 3 67 

To ta l  13 71 7 

ROADWAY TYPE 2 
Con t ro l l ed  Access 

( > 2% UDqrade) 

S i t e  S i t e  
Number V i s i t s  

6 2 
7 1 
8 2 
9 1 

10 2 
11 2 

To ta l  10 

Number o f  
Me as u re  - 

ments 

160 
84 

185 
65 

187 
133 

814 

ROADWAY TYPE 3 
Cont ro l  l e d  Access 

> 2% downgrade) 

Number V i s i t s  ments 

12 2 180 
13 2 120 
14 2 150 
15 3 114 

16 2 188 

To ta l  11 752 

Non-Control l e d  Access 

S i t e  S i t e  Measure- 
Number V i s i t s  ments 

17 3 146 
18 3 128 

19 3 123 
20 2 77 

21 2 62 

1 r o t a 1  13 536 

ROADWAY TYPE 5 
Non-Control l e d  Access 

( > 2% upgrade) 

S i t e  S i t e  Measure- 
Number of 

Number V i s i t s  ments 

22 1 63 
23 2 25 
24 3 25 1 
25 2 94 

T o t a l  8 433 

ROADWAY TYPE 6 
Non-Control l e d  Access 

( > 2% downgrade) 

S i t e  S i t e  Measure- 
Number o f  

Number V i s i t s  ments 

26 1 48 
27 3 230 
28 2 112 
29 3 178 
30 4 69 

To ta l  13 637 

ROADWAY TYPE 7 
(Ramps) 

S i t e  
Number 

31 

Number o f  
S i t e  Measure- 

V i s i t s  ments 
2 108 

32 2 62 
33 2 114 
34 2 86 
35 2 85 
36 2 126 
37 2 66 

T o t a l  14 64 7 

SUMMARY TOTALS 
-.__ 

NUMBER OF 11 11 ROADWAY SITE MEASURE- 
VISITS MENTS 1 1  IITVPE - 

Contro l l ed  
Access 34 2,283 

Non - 
Con t ro l l ed  
Access 34 1,606 
Ramps 14 647 

GRAND TOTAL 82 4,536 



DATA REDUCTION 

Truck noise measurement data previously tape recorded i n  the f ie ld  

was reduced i n  the laboratory and i n p u t t e d  t o  a computer f i l e  f o r  

storage. There were 4,967 truck noise measurements w h i c h  were reduced. 

Of these, 4,536 were i n p u t t e d  t o  the computer f i l e ;  the remainder were 

found to  be invalid measurements and were not analyzed. 

The data reduction procedure consisted o f  the following steps: 

(1)  Tape recorded f ie ld  data, which consisted of truck noise level 

and truck description information, was reduced i n  the laboratory. 

channel containing noise data was simultaneously played back into an 

overall level detector, 1/3 octave real time analyzer, and a graphic 

level recorder. In the process, the A-weighted peak noise level and 

the 1/3 octave frequency spectrum a t  the peak level was obtained for 

each truck pass-by. 

obtain a description of each truck (axle configuration, exhaust 

configuration, speed, e t c . ) .  

The 

The other channel was played back i n  order to  

(2) The graphic level recorder trace produced i n  Step 1 for each 

truck pass-by was examined t o  check t h a t  the valid measurement cri terion 

(see page 17) was sat isf ied.  

(3) For truck noise measurements satisfying the cri terion of Step 2 ,  

peak noise level,  frequency spectrum and truck description information 

were entered on data code sheets and, a f te r  keypunching, i n p u t t e d  t o  a 

computer data f i l e .  Truck noise information from measurements not satisfying 

the cri terion for a valid measurement was not entered on the computer f i l e .  
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A detai led description o f  the data reduction procedure i s  given i n  

Appendix E , pages 188 - 196. A block diagram o f  the equipment setup used 

f o r  data reduction i s  shown i n  Figure E - I ,  Appendix E ,  page 189, and a 

description o f  each piece o f  equipment i s  given i n  Appendix F, pages 197 - 199. 
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DATA ANALYSIS 

The v a l i d  t r u c k  noise data s tored on the computer f i l e  was analyzed 

t o  determine (1)  the t r u c k  c l a s s i f i c a t i o n s  which were needed t o  represent  

New Jersey's t r u c k  populat ion i n  terms o f  noise, and (2) the reference 

noise emission l e v e l s  f o r  these t ruck  c l a s s i f i c a t i o n s .  These reference 

l e v e l s  were defined i n  r e l a t i o n  t o  t ruck  speed by means o f  s imple regres- 

s ion equations wi th the peak o v e r a l l  t ruck  noise l e v e l  as t h e  dependent 

var iab le  and a func t ion  of speed as the independent var iable.*  Separate 

reference noise emission l e v e l s  were determined f o r  t rucks t r a v e l l i n g  on 

each o f  the roadway types considered i n  t h i s  study. 

bases f o r  most of the roadway types were l a r g e  (see Table 1 page 27), 

regression analys is  was made on the e n t i r e  b lock o f  data fo r  a roadway type. 

Since the data 

Data analysis was conducted using a computer program w r i t t e n  as p a r t  

o f  t h i s  p r o j e c t ,  several  standard s t a t i s t i c a l  computer packages, and 

var ious s t a t i s t i c a l  and graphical  methods. 

Data analys is  consisted o f  the f o l l o w i n g  tasks:  

(1) using computer analys is  t o  ob ta in  elementary s t a t i s t i c s  as w e l l  

as l i n e a r  regressions o f  peak o v e r a l l  t r u c k  noise l e v e l s  and 

e i g h t  frequency octave l e v e l s  versus 10 times the logar i thm 

o f  speed, 

*Regression analys is  i s  a s t a t i s t i c a l  method o f  analys is  which establ ishes a 
funct ional  r e l a t i o n s h i p  between var iab les.  This r e l a t i o n s h i p  i s  expressed 
as an equation o f  the form y = bo t b l  x1 + b2 x2 t ... + bpXp, where y i s  
the dependent var iab le ,  X i ,  X2, ..., Xp a re  the  independent var iab les,  and bo, 
b l ,  b2, ..., bp are the regression c o e f f i c i e n t s .  The method o f  l e a s t  squares 
i s  used t o  determine values o f  the  regress ion c o e f f i c i e n t s  which g i v e  the 
best fit curve f o r  a p a r t i c u l a r  s e t  o f  data. 
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determining which, i f  any, o f  the 13 o r ig ina l  t ruck  classes 

could be combined t o  form several general t ruck groups, 

thereby s imp l i f y i ng  noise pred ic t ion  considerably, 

checking several types o f  regression equations t o  determine i f  

any define the re la t ionsh ip  between t ruck noise emission l eve l  

and t ruck speed s ign i f i can t l y  be t te r  than the regression invo lv ing  

the logar i thm o f  speed, 

comparing the emission leve l  regression equations obtained f o r  

Roadway Types 1-6 t o  determine i f  t ruck noise data obtained f o r  

two o r  more roadway types could be pooled and the new data group 

represented by a s ing le  regression equation, and 

examining the noise data f o r  Roadway Type 7 (ramps) on an 

ind iv idua l  s i t e  basis t o  study the e f fec ts  o f  geometric design, 

roadway grade, and t ruck operating condi t ion on noise l eve l ,  

and t o  determine how ramp emission leve ls  should be spec i f ied  i n  

terms of these var iables.  

Each o f  these tasks i s  discussed i n  the fo l low ing  sect ions.  

Truck Noise Data Processing Computer Program 

A computer program labeled "TRKPR" was w r i t t e n  i n  FORTRAN I V .  It 

processed the t ruck noise data which was stored on the computer data f i l e .  

This program i s  capable o f  processing the data f o r  any spec i f ied  group 

whether an i n i t i a l  group (a group def ined by one o f  the roadway types and 

t ruck classes ou t l ined  on pages 21 and 15) or  a combination o f  i n i t i a l  groups. 

Thus, several roadway types o r  t ruck classes can be combined p r i o r  t o  

processing. 
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For any specified r0adwa.y type and truck class group, the da ta  

processing performed by the program was as follows : 

(1)  

(2) 

(3) 

development of a frequency distribution of peak truck noise levels, 

calculation of elementary s ta t i s t ics  , 

development of a linear regression of A-weighted overall peak 

truck noise levels versus ten times the logarithm of speed, 

(4 )  computation o f  the A-weighted mean octave levels* and s t anda rd  

deviations f o r  octave bands with center frequencies of 63, 125, 

250, 500, 1000, 2000, 4000, and 8000 Hz, respectively, and 

(5) development o f  linear regressions o f  A-weighted octave levels 

versus ten times the logarithm o f  speed for the eight octave 

bands jus t  noted in ( 4 ) .  

Some o f  the elementary s ta t i s t ics  which were calculated are: 

( 1 )  mean peak A-weighted noise level, 

( 2 )  standard deviation and variance of peak noise levels, 

(3) L50 - the 50th percentile o f  the peak noise levels, 

( 4 )  Leq - the sound pressure level associated with a truck having 

average sound intensity , 
PLeq - a derived Leq based on the assumption of normally 

distributed da ta .  

( 6 )  Chi-square S ta t i s t ic  - a s ta t i s t ica l  t e s t  of data normality, and 

( 7 )  mean and s tandard deviation of speed. 

(5 )  
2 

PLeq = Mean + .115 (standard deviation) , 

*As mentioned, the octave levels were those which occurred a t  the peak 
overall level. 
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Addit ional  s t a t i s t i c s  calculated f o r  the regression analyses 

included the regression coef f i c ien ts ,  the cor re la t ion  c o e f f i c i e n t  , the 

standard e r r o r  o f  estimate, and the F-test .  

a l l  o f  the s t a t i s t i c s  mentioned above and several more which are no t  

discussed. See Appendix G, pages 205 - 208 f o r  a sample output. 

The computer output l i s t e d  

Other port ions o f  the processing program performed the regrouping o f  

roadway types and t ruck classes. This was done e i t h e r  manually as desired 

by the user, o r  i n  the case o f  t ruck classes, automat ical ly by the use of 

a subprogram which employed a s t a t i s t i c a l  method based on the sample means 

o f  classes (Duncan's Mu l t i p le  Range Test [ 6 ] ) .  

program could recal  cu l  ate the s t a t i  s ti cs and regressi ons f o r  any new grouping. 

As noted, the processing 

Complete documentation o f  t h i s  t ruck noise data processing program 

i s  no t  included i n  t h i s  repor t  because the program u t i l i z e s  subprograms 

which are unique t o  the NJDOT computer i n s t a l l a t i o n .  

Truck Reclass i f icat ion 

I n  an e f f o r t  t o  s i m p l i f y  the noise pred ic t ion  process, c o h i n i n g  the 

13 o r ig ina l  t ruck classes was considered. The resu l t s  o f  s t a t i s t i c a l  tes ts ,  

computer resu l t s  f o r  various t ruck class groupings, and p rac t i ca l  consider- 

at ions were factors  i n  se lec t ing  the f i n a l  combined t ruck  class groups. 

Truck noise measurements f o r  Roadway Types 1-6 were analyzed f o r  purposes 

o f  t ruck r e c l  assi f i  cation. 

As a f i r s t  step, the mean peak noise leve ls  o f  t ruck  classes were 

compared two a t  a time t o  determine i f  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f ference 

between the mean leve ls  existed. I f  no s i g n i f i c a n t  d i f ference was found, 
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the two t r u c k  classes i n  question were considered capable o f  being combined 

i n t o  a s i n g l e  t ruck  c lass.  

A standard s t a t i s t i c a l  method which u t i l i z e d  Student 's t d i s t r i b u t i o n  

was employed for  t h i s  comparison. The method i s  given i n  [6], pages 260 - 266. 

I t  assumes the two means which are being compared are ca lcu la ted  from 

random samples independently drawn from normal populat ions o f  equal bu t  

unknown variances.* The mean noise l e v e l ,  standard dev ia t ion ,  and number 

o f  observations f o r  each t ruck  c lass were requi red f o r  the comparison. 

These s t a t i s t i c s  were obtained from the output o f  the t ruck  noise computer 

processing program. 

t ruck  speed s ince the average speeds f o r  t ruck classes o f  a p a r t i c u l a r  

roadway type var ied by less than f i v e  mi les per  hour. 

the mean peak leve ls  o f  the t ruck  classes were made f o r  each roadway type 

separately. 

might contain observations from as many as s i x  measurement s i t e s .  Usual ly,  

t ruck  classes having more than f i v e  observations were compared. Table 6-2, 

Appendix G, page 203 l i s t s  the mean peak noise l e v e l s  f o r  Roadway Types 1 t o  6 

for  each o f  the t h i r t e e n  t ruck  c l a s s i f i c a t i o n s  considered i n  t h i s  study. 

The number o f  measurements from which each mean l e v e l  was ca lcu la ted  i s  

a l s o  given i n  t h i s  tab le .  

The mean l e v e l s  were n o t  adjusted i n  any way f o r  

Comparisons o f  

Nevertheless, a t ruck  c lass f o r  a p a r t i c u l a r  roadway type 

The Student t t e s t  comparisons, a t  a 5% l e v e l  o f  s ign i f i cance,  d i d  n o t  

i n d i c a t e  mutual ly  exc lus ive groups. 

overlapped each o ther  i n  a manner s i m i l a r  t o  the example given below. 

That i s  , t ruck  c lass groups o f t e n  

Truck Class 

*Most o f  the  samples f o r  the va'rious t ruck  classes were found t o  be normal ly 
d i s t r i b u t e d  when checked w i t h  a c h i  -square goodness-of-f i  t t e s t .  
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This example, w i t h  t ruck  classes ranked i n  terms o f  mean noise l e v e l  , 
shows t h a t  Truck Classes 1 and 6 each f a l l  i n  e i t h e r  o f  two groups. 

Based on the r e s u l t s  o f  the t tes ts ,  the Duncan M u l t i p l e  Range 

Test*, and p r a c t i c a l  considerat ions ( p a r t i c u l a r l y  i n  regard t o  number 

o f  ax les) ,  i t  appeared t h a t  three general t ruck  classes could be s p e c i f i e d  

t o  represent the 13 o r i g i n a l  t r u c k  classes. However, these general classes 

were n o t  w e l l  def ined. 

Accordingly, three separate schemes o f  c l a s s i f i c a t i o n ,  each w i t h  

three general classes, were examined. They were : 

C l a s s i f i c a t i o n  Scheme 1 

Class I - Dual r e a r  wheeled two ax le t rucks,  two a x l e  t r a c t o r s ,  

dual r e a r  wheeled two ax le  buses, and th ree  ax le  

buses (1, 2, 4, and 5)**, 

Class 

Class I11 - Five and s i x  a x l e  t rucks (10, 12, and 13). 

I 1  - Three and four  ax le  t rucks (3 ,  6, 7, 8, 9, and l l ) ,  and 

C l a s s i f i c a t i o n  Scheme 2 

Class I - Dual r e a r  wheeled two ax le  t rucks,  dual r e a r  wheeled 

two a x l e  buses, and three ax le  buses (1 , 4, and 5 ) ,  

Class I 1  - Three and f o u r  ax le  t r a c t o r  s e m i t r a i l e r  combinations, 

and two and three ax le  t r a c t o r s  (2  , 3 ,  8, 9 and 11) , and 

Class I11 - Five and s i x  a x l e  t r a c t o r  s e m i t r a i l e r  combinations 

and three and f o u r  ax le  s i n g l e  u n i t  body t rucks 

(6, 7, 10, 12 and 13). 

*As modif ied by C. Y .  Kramer [7] t o  a l l o w  use w i t h  unequal sample s izes.  
This t e s t  supported the t t e s t s  b u t  r e s u l t e d  i n  grea ter  over lapping among 
groups. 
**Classes 1, 2, 4 and 5 f rom o r i g i n a l  l i s t  o f  t h i r t e e n  t r u c k  c l a s s i f i c a t i o n s .  
See page 15 f o r  c lass d e f i n i t i o n s  and page 16 f o r  i l l u s t r a t i o n s .  
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C l a s s i f i c a t i o n  Scheme 3 

Class I - Dual r e a r  wheeled two axle t rucks,  dual r e a r  wheeled 

two ax le  buses , and three ax le  buses ( 1  , 4 and 5 )  , 

I 1  - Two and three ax le t r a c t o r s  , and two a x l e  t r a c t o r s  Class 

w i t h  s e m i t r a i l e r s  ( 2 ,  3 ,  8, 9 and 10) , and 

Class I11 - Three and f o u r  ax le  s i n g l e  u n i t  body t rucks ,  and 

three ax le t r a c t o r s  w i t h  s e m i t r a i l e r s  (6,  7, 11, 12 and 13). 

The t ruck  noise data processing program was run f o r  Roadway Types 1 

through 6 f o r  each o f  these three c l a s s i f i c a t i o n  schemes using the appro- 

p r i a t e  general classes. For each o f  the three computer runs, the mean 

peak noise l e v e l s  obtained f o r  the general classes w i t h i n  a c l a s s i f i c a t i o n  

scheme were compared. The comparison ind ica ted  t h a t  f o r  a l l  three o f  

the c l a s s i f i c a t i o n  schemes, Class 1 1 1  had the h ighest  mean peak noise 

l e v e l ,  and Class I, the  lowest. In add i t ion ,  f o r  each c l a s s i f i c a t i o n  

scheme, the d i f fe rence between the mean peak noise l e v e l s  o f  Classes I 

and I1 f o r  Roadway Types 1 through 6 was, on the average, approximately 

4 decibels*. 

and I 1 1  was, on the average, approximately 1 dec ibe l .  

Likewise, the mean peak l e v e l  d i f f e r e n c e  between Classes I 1  

The 1 decibel  d i f fe rence between Classes I 1  and I 1 1  was judged n o t  

great  enough t o  warrant the use o f  both o f  these louder classes. 

Classes I 1  and I 1 1  were combined t o  form Class IV. Class I V  was the same 

f o r  a l l  c l a s s i f i c a t i o n  schemes, as was Class I, except fo r  the two and 

three ax le t r a c t o r  classes (2  and 3)**. 

classes were removed from Classes I and IV. As a r e s u l t  Classes I and I V  

were as f o l  lows : 

Consequently, 

The two and three a x l e  t r a c t o r  

*Mean peak noise l e v e l s  were n o t  adjusted f o r  speed because the  average speeds 
o f  Classes I, 11, and I 1 1  var ied  by less than 3 miles per  hour (4.8 Km/hr). 
**Original t ruck  c l a s s i f i c a t i o n s  , page 15. 
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Class I - Two a x l e  t rucks w i t h  dual r e a r  wheels, two a x l e  buses 

w i t h  dual r e a r  wheels , and three a x l e  buses ( 1  , 4 and 5) , 
Class IV - All t rucks w i t h  three o r  more axles (6  through 13).  

I n  an attempt t o  c l a s s i f y  two and three a x l e  t r a c t o r s  i n t o  e i t h e r  

Class I o r  Class IV, the  noise data processing program was rerun f o r  

the  two and three ax le  t r a c t o r  classes, as w e l l  as f o r  the  new Classes I 

and IV. 

2 and 3 a x l e  t r a c t o r s  was made f o r  Roadway Types 1 t o  6. Because the  

amount of data f o r  the two and three ax le  t r a c t o r s  was very small the 

mean noise l e v e l s  f o r  these two classes were n o t  very precise.  Consequently, 

the mean l e v e l  comparison d i d  n o t  g ive any d e f i n i t e  i n d i c a t i o n s  as t o  

where the t r a c t o r s  should be placed; however, c e r t a i n  t rends were shown. 

In  general,  the mean l e v e l  o f  the two ax le  t r a c t o r s  was nearer t o  the mean 

l e v e l  o f  Class I than i t  was t o  the  mean l e v e l  o f  Class IV. Conversely, 

i n  general, the mean l e v e l  o f  the three a x l e  t r a c t o r s  was nearer t o  the 

mean l e v e l  o f  Class I V  than i t  was t o  Class I. Because o f  these reasons 

and the p r a c t i c a l  cons iderat ion t h a t  present t r a f f i c  data f o r  New Jersey 

i s  on ly  a v a i l a b l e  i n  terms o f  t o t a l  number o f  axles,  two a x l e  t r a c t o r s  

were placed i n  Class I; and three a x l e  t r a c t o r s ,  i n  Class IV. 

A comparison o f  mean peak noise l e v e l s  o f  Class I, Class IV, and 

The t ruck  noise data processing program was re run  w i t h  t r u c k  Classes 

I and IV w i t h  t r a c t o r s  included. 

Types 1 t o  6 the average di f ference i n  the mean noise l e v e l  o f  Classes I 

and IV was approximately 4.7 decibels*.  This la rge  d i f f e r e n c e  ind ica ted  

t h a t  these two t ruck  classes should n o t  be co&ined f u r t h e r .  

The r e s u l t s  showed t h a t  f o r  Roadway 

*Cleans n o t  adjusted f o r  speed d i f fe rences .  
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Thus, the  t h i r t e e n  o r i g i n a l  t ruck c l a s s i f i c a t i o n s  l i s t e d  on page 

were regrouped t o  form two general t ruck  c l a s s i f i c a t i o n s ,  Classes I and 

I V .  Hereafter,  t rucks i n  Class I w i l l  be r e f e r r e d  t o  as Type 1 t rucks;  

and those i n  Class I V ,  Type 2 t rucks.  

I n  sumnary, t ruck  r e c l a s s i f i c a t i o n  r e s u l t e d  i n  two types o f  t rucks.  

They are: 

Type 1 Trucks - Two ax le  t rucks w i t h  dual t i r e  r e a r  wheels (2  a x l e  

t r a c t o r s  included),  two ax le buses w i t h  dual  t i r e  

r e a r  wheels, and three a x l e  buses as i 11 us t ra ted  i n  

Figure 2, page 39. Type 1 Trucks are those from 

o r i g i n a l  t r u c k  c l a s s i f i c a t i o n s  1, 2, 4 and 5 -- 
namely, medium --- t rucks,  and c i t y  t r a n s i t ,  school , and 

comnuter buses. -- 
Type 2 Trucks - Three, four ,  f i v e ,  and s i x  ax le  t rucks ( 3  ax le  t r a c t o r s  

included) as i l l u s t r a t e d  i n  Figure 3, page 40. 

t rucks are  those from o r i g i n a l  t r u c k  c l a s s i f i c a t i o n s  3 ,  

6, 7, 8, 9, 10, 11, 12 and 13 -- namely, heavy ---- trucks.  

Type 2 

Mean peak noise l e v e l s ,  mean speeds, and number o f  measurements f o r  

Truck Types 1 and 2 f o r  Roadway Types 1 t o  6 are shown i n  Table 2, page 41. 

This tab le  ind ica tes  t h a t  f o r  Roadway Types 1 t o  6 the d i f fe rences  between 

the mean peak noise l e v e l s  f o r  Truck Types 1 and 2 ranged from 4.3 - 5.4 dB. 

From here on, these two t ruck  types w i l l  be used i n  analyzing the 

t ruck  noise data f o r  a l l  roadway types. 
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, 

TRUCK TYPE 1 
(Medium Trucks & Buses) 

Number Peak Mean 
o f  Level Speed 

Roadway Type Meas-nts dBA 1 (mDh) 

Mean 

TABLE 2 

DATA SUMMARY FOR TRUCK TYPES 1 & 2 

TRUCK TYPE 2 
(Heavy Trucks) 

Number Peak Mean 
Mean 

o f  Level Speed 
Mwuremen t s  (dBA) ( m D h )  

T 

1 Controlled Access, Level 

2 Control 1 ed Access, Upgrade 109 81.6 50.6 

3 Controlled Access, Downgrade 132 81.2 55.6 

4 Non-controlled Access, Level 224 79.1 49.1 

1 127 

705 86.4 48.7 

62 0 86.0 57.4 

31 2 83.7 50.2 

I 82.3 52.9 

5 Non-controlled Access, Upgrade 126 80.6 44.8 

6 Non-control l ed  Access, Downgrade 2 56 79.2 50.7 

7A Ramps ( Accel e ra t  ion) 40 75.2 30.0 

7B Ramps (Non-acceleration) 73 75.5 31.4 

590 

307 86.0 46.0 

381 83.5 50.9 

331 81 .U 26.0 

198 79.4 28.7 

I 86.8 55.0 

I 
Total 1092 3444 



Regression Equations 

The truck noise data  processing computer program was written to perform 

linear regressions of peak truck noise levels versus the logarithm of 

speed. This regression analysis resulted i n  equations of the form: 

L = A + B ( l o g  V )  

where : 

L = peak noise level i n  dBA, 

log V = logarithm to the base 10 of speed i n  mi/hr., and 

A and B are constants, 

Regression equations of this form were selected because they are generally 

used to  describe the relationship between motor vehicle noise emission 

levels and vehicle speed. (See [2, 8, and 91) 

To f i n d  out i f  better results could be obtained w i t h  other regression 

equations, regressions using linear equations i n  speed ( L  = A + B ( V ) )  

and two degree polynomial equations i n  speed ( L  = A + B ( V )  + C ( V ) ' ,  C i s  a 

constant) were a1 so performed. 

the peak truck noise levels obtained for the seven roadway types u s i n g  

the NJDOT's interactive s ta t i s t ica l  computations package (STATPACK). 

Regression analyses were performed on 

I t  was found tha t  i n  most cases regression analyses u s i n g  either 

linear equations i n  speed or two degree polynomial equations i n  speed 

produced slightly better results t h a n  linear equations i n  logarithm of 

speed. 

better results since, i n  general, they explained less t h a n  an additional 

1% o f  the variation i n  the noise da ta .  Consequently, regression equations 

i n  log of speed were satisfactory. 

However, these other types of equations d i d  not produce significantly 
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Thus, f o r  the remaining data analysis, a l l  re la t ionships established 

between peak t ruck noise leve ls  and t ruck speed are presented i n  terms 

o f  an equation r e l a t i n g  peak noise leve l  t o  the logar i thm o f  speed. The 

re la t ionships o f  octave band leve ls  t o  t ruck speed are presented i n  the 

same manner. 

Emission Level Comparisons f o r  Roadway Types 1 - 6 

Emission l eve l  regressions f o r  Type 1 and Type 2 t rucks f o r  a l l  roadway 

types were compared graphica l ly  by p l o t t i n g  the curves defined by the 

regression equations. I n  addi t ion,  regressions f o r  two groups o f  data 

were compared using a s t a t i s t i c a l  method which u t i l i z e d  an F s t a t i s t i c  

computed f o r  a system o f  regression equations as i n  [ l o ] .  
Emission leve l  regression equations were compared i n  order t o  

determine i f  the data f o r  any two roadway types could be pooled and 

represented by a s ing le  regression equation. 

The emission leve l  equations f o r  Roadway Type 7 (Ramps) were no t  

compared t o  those o f  the other roadway types because i t  had been previously 

decided n o t  t o  combine noise data f o r  ramps w i t h  any other roadway type. 

Frequent accelerat ing and decelerat ing o f  t r a f f i c  occurs on ramps, whi le  

essent ia l l y  f r e e l y  f lawing t r a f f i c  operates on the other s i x  roadway types. 

A. Truck Type 2 - Overall Noise Emission --- Levels - Figure 4, page 44 i s  a 

graph o f  the emission l eve l  equations obtained f o r  Type 2 (heavy) Trucks 

for Roadway Types 1 - 6. Overall peak noise l e v e l  i s  p l o t t e d  against 

t ruck speed. 
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Figure 4 shows t h a t  the regression curves f o r  Roadway Types 2 and 5 

vary from each other by less  than 1 decibel f o r  any given speed. S i m i l a r l y ,  

the curves f o r  Roadway Types 3 and 6 vary from each o ther  by less than 1.5 

decibels f o r  any given speed. On the other hand, the regress ion curves 

f o r  Roadway Types 1 and 4 d o n ' t  p a i r  o f f  very w e l l  w i t h  any of the 

other  curves. 

The closeness o f  the curves f o r  Roadway Types 2 and 5 ind ica tes  t h a t  

the o v e r a l l  emission l e v e l s  vary w i t h  speed i n  near ly  the same manner for  

both o f  these roadway types. 

roadways of Types 2 and 5 are greater  than 2% upgrades. They d i f f e r  i n  

t h a t  roadways o f  Type 2 are c o n t r o l l e d  access highways, w h i l e  roadways 

This most l i k e l y  i s  due t o  the f a c t  t h a t  

of Type 5 are non-control l e d  access highways. 

Figure 4 a l s o  shows t h a t  the o v e r a l l  emission l e v e l s  o f  Roadway Type 3 

and Roadway Type 6 vary i n  near ly  the same manner w i t h  speed. Roadways 

of Types 3 and 6 are greater  than 2% downgrades. They d i f f e r  by v i r t u e  

of the fac t  t h a t  roadways o f  Type 3 have c o n t r o l l e d  access w h i l e  those 

o f  Type 6 have non-control led access. 

Roadways o f  Type 1 and those o f  Type 4 are  l e v e l  highways o f  less  

than o r  equal t o  2% grade. 

i n  access cont ro l .  

l e v e l s  of roadways o f  Type 1 and 4 d i f f e r  by a t  l e a s t  2 dec ibe ls  f o r  any 

given speed. 

L ike  the others,  these roadway types d i f f e r  

Yet, Figure 4 ind ica tes  t h a t  the o v e r a l l  emission 

The greater  than 2 decibel  emission l e v e l  d i f f e r e n c e  between Roadway 

Types 1 and 4 ( l e v e l )  appeared t o  be s i g n i f i c a n t ,  w h i l e  the emission l e v e l  

d i f ferences --  genera l ly  less  than 1 dec ibe l  -- between Roadway Types 2 and 5 
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(upgrades) and between Roadway Types 3 and 6 (downgrades) appeared 

i n s  i gni f i  cant. 

Thus, based on the curves i n  Figure 4, i t  appeared t h a t  fo r  Type 2 

Trucks, Roadway Types 1 and 4 ( l e v e l )  should n o t  be combined. On the 

other  hand, Figure 4 showed no s i g n i f i c a n t  d i f fe rence between Roadway 

Types 2 and 5 (upgrades) o r  any between Roadway Types 3 and 6 (downgrades); 

thus, i n d i c a t i n g  t h a t  these p a i r s  o f  roadway types could be combined. 

Fur ther  examination o f  the regression equations was done by per-  

forming s t a t i s t i c a l  tes ts .  

a system o f  regression equations was used t o  compare two groups o f  data. 

This method, which u t i l i z e d  q u a l i t a t i v e  explanatory var iab les , is 

explained i n  [ l o ] ,  pages 85-94. 

A method which employed an F s t a t i s t i c  f o r  

The s t a t i s t i c a l  t e s t i n g *  ind ica ted  t h a t  noise data should n o t  be 

combined f o r  Roadway Types 1 and 4 ( l e v e l )  o r  f o r  Roadway Types 3 and 6 

(downgrades); however , noise data f o r  Roadway Types 2 and 5 (upgrades) 

could be pooled. 

B. 

a graph o f  the o v e r a l l  no ise emission l e v e l s  f o r  Truck Type 1 (medium 

t rucks and buses) for  Roadway Types 1 - 6. This f i g u r e  does n o t  show the 

same degree o f  p a i r i n g  o f  emission l e v e l  curves as does F igure 4. 

Truck Type 1 - Overa l l  Noise - Emission Levels - Figure 5,  page 47 i s  

The emission l e v e l  curves f o r  Roadway Types 2 and 5 (upgrades) were 

once again c lose t o  each other .  

except f o r  speeds below 30 mi les per  hour (48 Km/hr). 

They var ied  by less than 1.5 decibels 

The emission l e v e l  curves f o r  Roadway Types 3 and 6 (downgrades) were 

reasonably c lose t o  each other  above 40 mi les per  hour (64 Km/hr) b u t  var ied  

by 2 t o  5 decibels f o r  speeds below 40. 

* A t  a 52 l e v e l  of  s ign i f icance.  
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As i n  Figure 4, the emission l e v e l  curves f o r  Roadway Types 1 and 4 

var ed considerably a t  almost a l l  speeds. 

Based on an examination of the curves i n  Figure 5,  i t  appeared t h a t  

f o r  Type 1 Trucks both Roadway Types 2 and 5 (upgrades) and Roadway Types 

3 and 6 (downgrades) could be combined. 

demonstrated t h a t  s i g n i f i c a n t  d i f ferences ex is ted  between t h e  emission 

curves f o r  Roadway Types 1 and 4 ( l e v e l ) .  ’ 

I n  cont rast ,  t h i s  f i g u r e  

As before regressions were examined f u r t h e r  by performing s t a t i s t i c a l  

tes ts .  The same s t a t i s t i c a l  ntethod was used as w i t h  the emission l e v e l s  

f o r  the  Type 2 Trucks. 

The s t a t i s t i c a l  t e s t s  ind ica ted  t h a t  the noise data could be combined 

as w e l l  as f o r  Roadway Types 3 and 6 for  Roadway Types 2 and 5 (upgrades) 

(downgrades). The s t a t i s t i c a l  t e s t s  ind ica ted  t h a t  the noise data f o r  

Roadway Types 1 and 4 ( l e v e l )  should be kept  separate. 

C. 

versus t ruck speed was prepared f o r  each o f  e i g h t  octave bands - 63, 125, 

250, 500, 1000, 2000, 4000 and 8000 Hz. 

were those def ined by the regression equations ca lcu la ted  by the t r u c k  

noise data processing computer program. 

were drawn on each octave band l e v e l  graph so that  comparisons could be 

made. 

Truck Type 2 - Octave Band Levels - A graph o f  octave band l e v e l s  

The curves which were constructed 

The curves f o r  Roadway Types 1 - 6 

Figure 6, page 49 i l l u s t r a t e s  one o f  these graphs. 

The octave band l e v e l  graphs were examined i n  regard t o  the combining 

of Roadway Types 1 and 4, 2 and 5, and 3 and 6, respec t ive ly .  

octave bands w i t h  the h ighest  l e v e l s  - 250, 500, 1000 and 2000 Hr - the 

same trends were observed as i n  the graph o f  the o v e r a l l  emission l e v e l s  

(F igure 4). However, f o r  the  63, 125, 4000 and 8000 Hz octave bands, 

For the f o u r  
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s i g n i f i c a n t  di f ferences i n  emission l e v e l s  (g rea ter  than 2dB) ex is ted  

between Roadway Types 2 and 5 (upgrades). 

graph, Figure 6, page 49, i s  presented t o  i l l u s t r a t e  the type o f  emission 

l e v e l  d i f ferences which occurred between Roadway Types 2 and 5 (upgrades) 

f o r  Type 2 Trucks. S i g n i f i c a n t  d i f ferences i n  emission l e v e l s  between 

Roadway Types 3 and 6 (downgrades) occurred only  i n  the 8000 Hz octave 

band. 

1 and 4 ( l e v e l )  should be combined. 

The 125 Hz octave band l e v e l  

None of the octave band l e v e l  graphs ind ica ted  t h a t  Roadway Types 

D. 

t r u c k  speed were prepared f o r  Truck Type 1 i n  the same manner as f o r  

Truck Type 2 .  

Truck Type 1 - -- Octave Band -~ Levels - Graphs o f  octave band l e v e l s  versus 

Once again the graphs were examined i n  regard t o  the 

combining of Roadway Types 1 and 4, 2 and 5, and 3 and 6,  respec t ive ly .  

I n  general , the octave band l e v e l  graphs showed d i f ferences i n  emission 

l e v e l s  between Roadway Types 1 and 4, 2 and 5,  and 3 and 6, respec t ive ly ,  

which were greater  than those observed f o r  Type 2 Trucks. Emission l e v e l  

d i f ferences between Roadway Types 2 and 5 (upgrades), as w e l l  as , between 

Roadway Types 3 and 6 (downgrades) bordered on beinq s i g n i f i c a n t  even f o r  

the  four  octave bands w i t h  the h ighes t  l e v e l s  - 250, 500, 1000, and 2000 Hz. 

S i g n i f i c a n t  d i f ferences i n  emission l e v e l s  between Roadway Types 2 and 5 

(upgrades) and Roadway Types 3 and 6 (downgrades), respec t ive ly ,  were 

observed f o r  octave bands 63, 125, 4000 and 8000 Hz. The 125 Hz octave 

band l e v e l  graph, Figure 7, page 51 , i s  shown t o  i l l u s t r a t e  the type of 

emission l e v e l  d i f ferences which occurred between Roadway Types 2 and 5 

(upgrades) and between Roadway Types 3 and 6 (downgrades) f o r  Truck Type 1. 

As before,  s i g n i f i c a n t  eniission l e v e l  d i f fe rences  were observed between 

Roadway Types 1 and 4 ( l e v e l )  f o r  almost a l l  o f  the octave bands. 
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E .  Findings From Emission --- Level Comparisons - Considering the r e s u l t s  

f o r  Type 1 and Type 2 t rucks,  i t  was decided t h a t  the emission l e v e l s  f o r  

Roadway Types 1 and 4 ( l e v e l )  should be def ined by two separate emission 

l e v e l  regression equations. 

observed between these two roadway types were apparently due a t  l e a s t  i n  

P a r t  t o  d i f ferences i n  the mixes o f  Type 1 and Type 2 t rucks which e x i s t e d  

on the two roadway types. 

comprised 77% o f  the Type 2 Trucks which were measured on Roadway Type 1 , 

whi le  they comprised only  62.5% of the Type 2 Trucks measured on Roadway 

Type 4. S i m i l a r  d i f ferences occurred f o r  o ther  a x l e  conf igurat ions.  As 

expected, t ruck  mixes var ied due t o  the f a c t  t h a t  roadways o f  Type 1 

were c o n t r o l l e d  access highways; whereas, roadways o f  Type 4 were non- 

cont ro l led .  Thus, d i f ferences i n  t ruck  m i x  may p a r t i a l l y  exp la in  some 

o f  the observed emission l e v e l  v a r i a t i o n  f o r  these two roadway types.* 

The emission l e v e l  d i f fe rences  which were 

For instance, f i v e  ax le  t r a c t o r  s e m i t r a i l e r s  

While there was evidence t o  support the combining o f  Roadway Types 

2 and 5 (upgrades), as w e l l  as Roadway Types 3 and 6 (downgrades), 1 t was 

decided t o  represent each roadway type w i t h  a separate emission l e v e l  

regress ion equation. Fol lowing are  the reasons t h i s  dec is ion was made: 

t o  be consis tent  w i t h  the manner i n  which the emission l e v e l s  

f o r  Roadway Types 1 and 4 ( l e v e l )  were presented, and the  manner 

i n  which Roadway Types 1 and 4 would be d e a l t  w i t h  dur ing noise 

p r e d i c t i o n ,  

t o  more accurate ly  descr ibe the o v e r a l l  emission l e v e l s  f o r  

Roadway Types 1 - 6. Though i n  some instances the emission 

(1)  

( 2 )  

*Though methods o f  access c o n t r o l  caused s i m i l a r  d i f fe rences  i n  the  t ruck  
mixes o f  Roadway Types 2 and 5, as w e l l  as, Roadway Types 3 and 6, apparently 
the nature of these roadways (upgrades and downgrades) served t o  minimize 
the e f f e c t s  o f  these d i f ferences.  
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level differences between roadway types were small, a certain 

amount of accuracy would be lost  following any combination of 

roadway types, and 

t o  more accurately represent the octave band emission levels for 

Roadway Types 1 - 6. In certain instances, significant octave 

band emission level differences occurred between Roadway Types 

2 and 5 (upgrades), as we1 1 as ,  between Roadway Types 3 and G 

(downgrades ) . 

( 3 )  

In  addition t o  these reasons, i t  was found t h a t  the use of a separate 

emission level equation for each roadway type did not  substantially increase 

the time required to make noise predictions. 

time was not  a sufficient practical reason no t  t o  use separate emission 

Thus, increased prediction 

level equations. 

The overall and octave band emission level equations f o r  Truck Types 

1 and 2 for Roadway Types 1 - 6 are presented in the discussion of 

results,  pages 60 - 69. 

Noise Emission Levels for Roadway Type 7 (Ramps) 

As mentioned, truck noise measurements were made a t  the seven ramp 

These seven s i tes  represent ramps 

I n  addition, 

s i tes  listed in Table D-7, page 187. 

of different geometric configurations and roadway grades. 

operating conditions on these ramps varied considerably so t h a t  trucks on 

some ramps were accelerating while those on others were n o t  accelerating 

(travelling a t  constant speed or coasting).* In fac t ,  in quite a few 

*llAccelerating" refers only to trucks t h a t  are increasing their speed t h r o u g h  
further power application. "Not accelerating" o r  "Non-acceleratina" includes 
a l l  trucks not meeting this description. 
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instances, trucks a t  d i f fe ren t  po ints  on the same ramp were operating under 

d i f f e ren t  conditions. Indeed, f o r  one ramp s i t e  (S i te  35) t rucks measured 

a t  the same po in t  were operating under d i f f e r e n t  condi t ions depending upon 

which o f  two roadways they used t o  enter the ramp. Since the po in t  a t  

which noise measurements were taken i s  important, i l l u s t r a t i o n s  o f  the 

seven ramp s i t e s  are shown i n  Figure 8, page 55 w i t h  the measurement po in t  

ind icated by a black dot. 

distance o f  50 f e e t  (15.2 m) from the center o f  the lane o f  t rave l .  

As before, measurements were taken a t  a 

Because the ramps under study were considerably d i f f e r e n t  i n  t h e i r  

character is t ics ,  the noise data f o r  ramps was analyzed on an i nd i v idua l  

s i t e  basis. With analysis done i n  t h i s  manner, mean peak noise leve ls  

for  Type 1 Trucks (medium trucks and buses) could no t  be used f o r  com- 

parisons between s i t es .  

most ramp s i t e s  t h a t  the mean peak noise leve ls  ca lcu lated f o r  t h i s  type 

o f  t ruck may no t  have been representative. Thus, s i te -by-s i te  comparisons 

were made based on the mean peak noise leve ls  obtained f o r  Type 2 (Heavy) 

Trucks since they occurred i n  much greater numbers.* 

So few Type 1 Truck measurements were made f o r  

Site-by-s t e  comparisons were made i n  terms o f  geometric conf igurat ion,  

roadway grade, and operating condi t ion.  These comparisons ind ica ted  t h a t  

o f  these three var iables,  the one which most s a t i s f a c t o r i l y  explained the 

differences i n  mean peak noise leve ls  between s i t e s  was t ruck operating 

condi t ion.  

f i gu ra t i on  - inner  loop connecting ramps o f  p a r t i a l  c lover lea f  interchanges - 
y e t  there ex is ted a s i g n i f i c a n t  (greater than 2 decibels) d i f ference between 

For example, Si tes 33 and 37 both had the same geometric con- 

*Mean peak leve ls  were no t  adjusted f o r  average speed di f ferences. 
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Figure 8 

DIAGRAMS OF RAMP SITES. 
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the mean peak noise l e v e l s  o f  Type 2 Trucks f o r  these two s i t e s .  

Table 3, page 57. The fac t  t h a t  Type 2 Trucks a t  S i t e  33 were acce le ra t ing  

wh i le  those a t  S i t e  37 were n o t  apparently explains t h i s  d i f fe rence.  

See 

The same types of s i t u a t i o n s  occurred when roadway grades were 

examined. 

a mean peak l e v e l  d i f ference o f  about 2 decibels.  Likewise, the two 

downgrade roadway ramp s i t e s  (S i tes 34 and 37) a l s o  had about a 2 decibel  

d i f fe rence i n  l e v e l .  

s i t e s  d i d  n o t  exp la in  the d i f ferences i n  noise l e v e l .  This conclusion 

was based on the observation t h a t  S i t e  32 had a steeper upgrade than 

S i t e  33, y e t  h igher  t r u c k  noise leve ls  were measured a t  S i t e  33. 

S i t e  34 had a steeper downgrade than S i t e  37 ,  y e t  lower l e v e l s  were 

measured a t  S i t e  37. 

t o  the f a c t  t h a t  Type 2 Trucks were accelerat ing on only  one o f  the two 

ramps i n  each o f  these roadway grade categories. 

of the cases mentioned, the mean peak noise l e v e l s  f o r  ramps w i t h  acce le ra t ing  

t rucks were h igher  than those w i t h  non-accelerat ing t rucks.  

The two upgrade roadway ramp s i t e s  (S i tes  32 and 33) showed 

It was f e l t  t h a t  s l i g h t  d i f ferences i n  grade between 

S i m i l a r l y ,  

Once again these d i f ferences were apparent ly due 

I n  add i t ion ,  f o r  a l l  

The ramp s i t e s  which were compared i n  each o f  t h e  above s i t u a t i o n s  

were located along d i f f e r e n t  roads i n  d i f f e r e n t  areas o f  the s t a t e ;  thus, 

differences i n  Type 2 t r u c k  mix, as w e l l  as other  s i t e  dependent f a c t o r s ,  

may have accounted f o r  some o f  the observed d i f fe rences  i n  mean peak noise 

leve ls .  

t ruck  operat ing cond i t ion  was a more important explanatory var iab le  than 

e i t h e r  geometric design o r  roadway grade. 

accelerat ing and non-accelerat ing t rucks passed by the measurement p o i n t .  

However, S i t e  35 provides f u r t h e r  evidence t h a t  f o r  t h i s  study 

As noted, a t  S i t e  35 both 
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TABLE 3 

SITE BY SITE RAMP STATISTICS 

u1 
4 

TYPE 2 TRUCKS 

34 80 80.3 26.0 Diagonal 

35 50 82.9 31.1 Diagonal 

Mean Mean 
Site No. o f  Level Speed Geometric Roadway Ope rating 

Condition Nunber Samples (dBA) ( M W  Design Grade 

31 103 80.2 23.0 Outer Connecting Level Acceleration 

32 53 79.4 24.6 Outer Connecting Upgrade No Acceleration 

33 98 81.3 26.3 Inner Loop Upgrade Acceleration 

Downgrade Accel era t i on 

Level Acceleration 

35 14  80.9 40.6 Diagonal Level No Acceleration 

36 94 79.6 30.8 Outer Connecting Level No Acceleration 

37 37 78.2 24.7 Inner Loop Down g r a d e iJo Acceleration 
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Accordingly , a comparison of the levels measured for  accelerating and 

non-accelerating Type 2 Trucks a t  this s i t e  should indicate a difference 

due primarily t o  operating condition since geometric design and roadway 

grade would be constant for this comparison. The comparison showed t h a t  

accelerating trucks produced a mean peak noise level which was approximately 

two decibels higher t h a n  the level produced by non-accelerating trucks. 

This occurred despite the fact t h a t  accelerating trucks had an average 

speed which was almost 10 miles per hour less t h a n  non-accelerating trucks. 

Gased on these site-by-site comparisons of the mean peak noise levels 

o f  Type 2 Trucks, i t  was decided t o  determine a separate noise emission 

level for accelerating and non-accelerating trucks travelling on ramps. 

Consequently, noise da ta  from ramp s i tes  with accelerating trucks - 
Sites 31 , 33 and 34 - was pooled. 

non-accelerating trucks - Sites 32, 36 and 37 - was also pooled. 

from Site 35 was placed i n  either group as appropriate. 

Likewise , noise data from ramps w i t h  

Data 

To simplify further discussion, Roadway Type 7 ,  which included a l l  

ramp s i tes  , w i  11 be divided i n t o  two groups. 

defined as ramp sections w i t h  accelerating trucks, while Roadway Type 7B 

i s  defined as ramp sections w i t h  non-accelerating trucks. Since on many 

ramps , trucks operate i n  b o t h  an accelerating and non-accelerating 

condition, noise emission levels for Roadway Types 7A and 7B m i g h t  both 

be used in the noise prediction for a single ramp. 

Roadway Type 7A i s  

Truck noise data for Roadway Types 7A and 78 was processed i n  the 

same manner as that for the other roadway types. 

fo r  overall noise emission level versus speed and octave band levels versus 

Regressions were performed 
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speed. Regressed o v e r a l l  l e v e l s  and octave band l e v e l s  a re  compared i n  

the sect ions which fo l low.  

Since ramp s i t e s  var ied i n  geometrical conf igurat ion,  roadway grades, 

and veh ic le  operat ing condi t ions,  no ise l e v e l  comparisons were done on 

a s i t e - t o - s i t e  basis.  This was made d i f f i c u l t  by the l i m i t e d  number o f  

measurements which were obtained, p a r t i c u l a r l y  f o r  Truck Type 1. 

l a r g e r  amount o f  data had been co l lec ted ,  the analys is  o f  no ise  emission 

l e v e l s  f o r  ramps would have been more meaningful. 

I f  a 
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RESULTS WITH DISCUSSION 

This sect ion presents the equations which p red ic t  noise emission 

leve ls  for  Truck Types 1 and 2, medium trucks and buses, and heavy 

trucks,  respect ively,  f o r  each o f  the seven roadway types which were 

considered i n  t h i s  study. The coe f f i c i en ts  which def ine these equations 

f o r  overa l l  emission leve ls  and octave band emission leve ls  are presented 

i n  tabular  form. For overa l l  leve ls ,  the pred ic t ion  equations, them- 

selves, are given i n  the tex t .  Emission leve ls  are presented i n  a manner 

which allows them t o  be incorporated i n t o  the TSC MOD-04 Highway Noise 

Predic t ion Code w i th  a minimum of  e f f o r t .  

(1)  an evaluat ion o f  New Jersey's emission leve ls ,  (2) a comparison o f  

these leve ls  t o  the FHWA's nat ional  survey emission leve ls ,  and (3) a 

s t a t i s t i c a l  evaluat ion o f  the noise data co l lec ted  f o r  t h i s  study. 

This sect ion a lso includes 

Truck Noise Emission Level Predic t ion Equations 

The TSC MOD-04 highway noise pred ic t ion  method [l] bases i t s  noise 

predic t ions on the reference energy mean emission leve ls  o f  motor 

vehicles. These energy mean emission leve ls  are adjusted f o r  t r a f f i c  flow, 

distance from source, roadway segment charac ter is t i cs ,  and sh ie ld ing  

(bar r ie rs  and ground cover) t o  a r r i v e  a t  the predic ted sound levels  - 

usual ly Leq o r  Ll0. 

The reference energy mean emission l eve l  i s  re la ted  t o  the average 

value o f  the peak pass-by sound leve l  f o r  a vehic le  type by the fo l low ing  

re la t ionsh ip :  
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2 - 
(L0)E = Lo + 0.11% , 

where 

(&$E = the energy mean emission level (dBA), 

LO = the arithmetic mean of peak pass-by sound levels (dBA) 
_ _  

( that  i s ,  the arithmetic mean emission level) ,  and 

(J = the standard deviation of the peak sound levels. 

T h i s  equation i s  based on the assumption t h a t  the peak pass-by sound 

levels for a vehicle type are normally distributed. 

overall mean emission level as well as t o  the energy mean emission level 

o f  individual octave bands. 

I t  applies t o  the 

For a large data base where regression analysis i s  used this equation 

can be rewritten i n  the form: 
z - (io)E = Lo + 0.115 (SE)  , 

where 

SE is  the s tandard error of estimate for the regression l ine [ l l ] .  

For a particular vehicle type, the complex relationship between a l l  

of the individual vehicle noise sources - t i r e s ,  engine, exhaust, fan, 

etc. - i s  implicitly defined by the values of Lo and SE. Thus i f  LO and 

SE are determined, (Lo)E i s  also. 

The truck noise emission levels obtained i n  th is  study are presented 

i n  terms o f  prediction equations for LO and corresponding values o f  SE. 

The equations for LO were determined as noted i n  the analysis section of 

this report; t h a t  i s ,  by regressing the emission levels measured for trucks 

travelling on a particular roadway type versus the logarithm o f  truck speed 

in mi les per hour. The equation which results i s  : 
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- 
Lo = A + B (log V )  

where 

A and B are the regression coefficients, and 

log V i s  the logarithm of V t o  the base ten. 

Emission levels were presented in terms of Lo because i t  appeared t h a t  

in this form they can be most easily built  i n t o  the TSC MOD-04 Highway 

Noise Prediction Code. 

Prediction equations f o r  Lo and corresponding values of SE were 

determined for Truck Types 1 and 2 for each of the roadway types 

considered in this study. 

define the relationship between ari thmetic mean emission level and truck 

speed, for trucks of Type 1 and 2 as they operate on roadways of Types 1 

t o  7 are presented in Table 4 ,  pages 63 - 66. 

the overall emission levels as well as for the octave band emission 

levels are included in this table. 

I t  should be noted t h a t  the noise emission levels defined by the co- 

Values of the coefficients A and G, which 

Values o f  A and E f o r  

In addition, values of SE are given. 

efficients in Table 4 are A-weighted and referenced t o  50 feet  from the 

source vehicle as required for use with TSC MOD-04. 

Table 4 i s  summarized by the emission level equations on pages 67-69 

which represent overall levels only.  

emission levels, ro, from this table, energy mean emission levels, (co)E, 
are also given. As noted, equals Lo + 0.115 (SE) for a normal 

distribution of emission levels. 

of truck speed i n  miles per hour. 

prediction equations for speed i n  kilometers per hour are given in Table G-3, 

In addition t o  the arithmetic mean 

2 

Again, log  V is logarithm t o  the base ten 

Corresponding energy mean emission level 

Appendix G ,  page 204. 
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TABLE 4 

COEFFICIENTS OF REFERENCE NOISE EMISSION LEVEL EQUATIONS FOR TRUCK TYPES 1 II 2 

-------- ROADWAY TYPE 1 -------- 
(CONTROLLED ACCESS, LEVEL) 

OAL* 

63 

125 

250 

500 

1000 

2000 

4000 

8000 

TRUCK TYPE 1 
(Medium Trucks & Buses) 

TRUCK TYPE 2 
(Heavy Trucks) 

A B SE A B SE 

19.812 

27.545 

45.128 

30.521 

11.461 

1.170 

-1.637 

-0.394 

-0.635 

36.319 

17.707 

13.062 

25.084 

37.229 

43.615 

43.847 

38.343 

33.237 

2.9205 

6.6008 

4.5630 

5.2124 

3.3736 

2.8790 

3.1826 

3.8372 

4.0530 

53.274 

122.71 1 

39.244 

75.568 

39.426 

31.495 

39.312 

18.472 

1.737 

19.284 

-35.518 

18.761 

0.693 

23.453 

28.837 

22.606 

29.948 

33.732 

2.4704 

6.0453 

4.4618 

3.8651 

3.3304 

2.461 1 

2.4216 

3.2027 

3.0169 

-------- ROADWAY TYPE 2 --------- 
(CONTROLLED ACCESS, UPGRADE) 

TRUCK TYPE 1 TRUCK TYPE 2 
(Medium Trucks & Buses) (Heavy Trucks) 

A B SE A B SE 

OAL 

63 

125 

2 50 

500 

1000 

2000 

4000 

8000 

61.543 

89.062 

104.770 

69.322 

34.136 

33.598 

34.830 

27.114 

23.756 

11.784 

-18.381 

-21.403 

1.497 

23.791 

24.402 

22.647 

23.039 

19.878 

3.2043 

5.9965 

5.2811 

5.5900 

4.2652 

3.1635 

3.0478 

3.3340 

3.0895 

73.892 

54.189 

82.461 

82.998 

62.171 

61.096 

61.371 

52.997 

44.240 

7.464 

5.110 

-6.311 

-3.962 

10.290 

11.789 

10.256 

10.859 

9.962 

2.6482 

7.2806 

4.4495 

3,9887 

3.7483 

2.9595 

2.671 5 

3.1213 

3.1012 

*OAL i s  the overall noise emission level 
c;? 



-------- ROADWAY TYPE 3 -------- 
(CONTROLLED ACCESS, DOWNGRADE) 

TRUCK TYPE 1 
(Medium Trucks 8 Buses) 

TRI!CK TYPE 2 
(Heavy Trucks) 

A B SE A E SE 

OAL 

63 

125 

250 

500 

1000 

2000 

4000 

8000 

38.979 

17.067 

23.142 

44.094 

14.161 

32.984 

25.153 

10.551 

-9.002 

24.208 

23.327 

24.410 

15.358 

34.822 

24.106 

27.289 

31.624 

37.709 

3.3649 

4.9541 

4.7019 

5.6166 

3.6010 

4.0324 

3.8668 

3.6079 

3.3312 

29.356 

64.850 

26.244 

70.217 

18.066 

14.115 

8.052 

-5.654 

-21.210 

32.220 

-3.578 

24.338 

2.136 

34.628 

38.250 

40.245 

43.789 

46.929 

2.8323 

4.1973 

4.1147 

4.3643 

3.2899 

3.1596 

3.0393 

3.3267 

3.0004 

-------- ROADWAY TYPE 4 -------- 
(NON-CONTROLLED ACCESS, LEVEL) 

TRUCK TYPE 1 TRUCK TYPE 2 
(Medium Trucks & Buses) (Heavy Trucks) 

A B SE A B SE 

OAL 40.507 22.850 3.2514 48.053 20.997 2.8435 

63 51.575 2.610 4.9426 60.228 0.380 6.7776 

125 68.602 -1.762 4.6796 35.682 20.248 4.1294 

250 42.692 16.892 4.7533 69.126 3.482 3.8541 

500 21.863 30.305 3.7740 25.153 30.723 3.3289 

1000 29.472 25.274 3.5478 38.562 23.046 3.21 55 

2000 25.764 25.533 4.1925 39.958 20.444 4.0757 

4000 25.140 21.406 4.9784 29.243 22.285 4.6945 

8000 19.521 20.088 4.9681 24.514 19.317 4.5736 
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ROADWAY TYPE 5 ---------- -------- 
(NON-CONTROLLED ACCESS, UPGRADE) 

TRUCK TYPE 1 TRUCK TYPE 2 
(Medium Trucks & Buses) 

A B SE A B SE 

(Heavy Trucks) 

OAL 50.040 18.552 3.5199 79.931 3.632 3.2336 

63 92.188 -22.003 6.6478 75.031 -8.244 7.8032 

125 66.422 0.110 5.3831 73.591 -2.316 5.3190 

250 57.350 9.323 5.7964 92.717 -8.682 4.9153 

500 38.533 21,444 3.8807 68.907 6.048 4.0097 

1000 35.458 23 205 3.5945 68.711 6.774 2.9971 

2000 13.164 34.802 3.4992 60.102 10.130 3.2813 

4000 27.953 21 .O76 4.1183 60.831 5.090 3.9250 

8000 37.494 10.599 5.1694 56.894 1.540 3.8373 

ROADWAY TYPE 6 -------- -------- 
(NON-CONTROLLED ACCESS. DOWNGRADE) 

TRUCK TYPE 1 TRUCK TYPE 2 
(Medium Trucks & Buses) (Heavy Trucks) 

A B SE A B SE 

OAL 21.316 33.980 3.0156 31.666 30.418 3.1025 

63 54.380 1.155 5.2307 50.383 4.492 5.2536 

125 49.092 8.942 4.4676 46.696 11.912 4.4528 

250 47.234 12.997 5.4775 66.367 4.119 4.6706 

500 7.740 38.242 3.6323 12.399 37,729 3.6365 

1000 1.593 41.771 3.2849 16.447 36.271 3.1074 

2000 -7.555 45.770 3.3502 12.167 37.428 3.3464 

4000 -25.132 51.701 3.7310 0.926 39.156 3.8330 

8000 -5.894 35.850 3.5972 19.244 22.833 3.6915 
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ROADNAY TYPE 7A -------- -------- 
(RAMPS, ACCELERATION) 

TRUCK TYPE 1 TRUCK TYPE 2 
(Medium Trucks & Buses) (Heavy Trucks) 

A B SE A B SE 

OAL 60.782 9.824 4.0889 64.135 11.956 3.3858 

63 56.185 1.004 6.8541 55.833 3.458 7.3370 

125 44.041 14.547 5.3116 39.083 21.794 5.2293 

250 40.775 18.462 4.9738 49.056 16.579 4.6703 

500 76.598 -6.553 3.6402 65.365 5.778 4.3154 

1090 61.099 4.235 4.8666 61.866 8.874 3.6760 

2000 40.936 15.684 5.7600 60.534 7.955 3.8706 

4000 43.263 9.558 5.8490 60.807 3.298 4.1330 

8000 53.689 -1 .799 5.7610 52.779 2.308 4.5155 

-------- ROAMJAY TYPE 78 -------- 
(RAMPS, NO ACCELERATION) 

TRUCK TYPE 1 
(Medium Trucks & Buses) 

TRUCK TYPE 2 
(Heavy Trucks) 

A B SE A B SE 

OAL 45.030 20.511 3.4509 68.199 7.711 3.4168 

63 36.244 13.426 6.5396 70.246 -8.508 6.51 95 

125 40.977 15.316 4.9161 80.220 -9.052 4.9330 

250 30.997 25.336 5.2862 60.917 7.881 4.5599 

500 51.954 11.540 4.2473 53.244 13.262 3.7855 

1000 32.747 22.454 2.9566 61.860 6.664 3.6116 

2000 17.900 31.049 3.4876 55.961 9.478 3.5748 

4000 14.038 27.906 4.3392 56.404 3.668 4.9298 

8000 2.645 29.834 4.5858 43.064 6.295 5.2533 
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Roadway Type 1 (Control  ------ l e d  Access, -- ---- I 2% Grade) 

Truck Type 1 - Medium Trucks and Buses: 
- 
Lo = 19.81 + 36.32 l o g  V 

(&-J)E 
2 Lo + 0.115 (2.92) = 20.79 + 36.32 l o g  V 

Truck Type 2 - Heavy Trucks: 

KO = 53.27 t 19.28 log V 

(LO)E 
2 Lo + 0.115 (2.47) = 53.98 + 19.28 log V 

Roadway Type 2 ---- (Control l e d  Access, -- > 2% Upgrade) 

Truck Type 1 - Medium Trucks and Buses: 

Lo = 61.54 + 11.78 log V 

(io)E = Lo + 0.115 (3.20) 
- 2 

= 62.72 + 11.78 log V 

Truck Type 2 - Heavy Trucks: 

KO = 73.89 t 7.46 log V 

(CO)E = Eo + 0.115 (2.65) 
2 

= 74.70 + 7.46 l o g  V 

Roadway Type 3 (Contro l led Access, > 2% Downgrade) - --- ___--___ ---- 
Truck Type 1 - Medium Trucks and Buses: 

Lo = 38.98 + 24.21 log V 

( ~ o ) E  = KO + 0.115 (3.36) 
2 

= 40.28 + 24.21 log V 

Truck Type 2 - Heavy Trucks: 
- Lo = 29.36 + 32.22 l o g  V 

(Lo)E = Lo + 0.115 (2.83) 
2 - 

= 30.28 + 32.22 109 V 

Roadway Type 4 (Non-control led Access , L 2% Grade) 

Truck Type 1 - Medium Trucks and Buses : 
- 
Lo = 40.51 + 22.85 log V 

(ro), = Lo + 0.115 (3.25) 
- 2 

= 41.72 + 22.85 log V 
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. 1  

Truck Type 2 - Heavy Trucks: 
- 
Lo = 48.05 + 21.00 l o g  V 

(CO)E = Lo + 0.115 (2.84) 
2 - 

= 48.98 + 21.00 l o g  V 

Roadway Type 5 (Non-control led _- Access, - > 2% Upgrade) 

Truck Type 1 - Medium Trucks and Buses : 
- 
Lo = 50.04 + 18.55 l o g  V 

(i0)E = Lo + 0.115 (3.52) 
2 - 

= 51.46 + 18.55 l o g  v 
Truck Type 2 - Heavy Trucks: 

Lo = 79.93 + 3.63 l o g  V 

  coo)^ = Lo + 0.115 (3.23) 

- 

2 - 
= 81.13 + 3.63 109 V 

Roadway Type 6 (Non-control led Access, -- > 2% Downgrade) 

Truck Type 1 - Ikdium Trucks and Buses: 
- 
Lo = 21.32 + 33.98 109 V 

(Lo)E = Lo + 0.115 (3.02) 
2 - 

= 22.36 + 33.98 l o g  V 

Truck Type 2 - Heavy Trucks: 
- 
Lo = 31.67 + 30.42 l o g  V 

(~o)E = Lo + 0.115 (3.10) 
2 - 

= 32.77 + 30.42 l o g  V 

Roadway Type 7A (Accelerat ing Trucks - on Ramps) 

Truck Type 1 - Medium Trucks and Buses: 
- 
Lo = 60.78 + 9.82 l o g  V 

( i ( ) ) E  = Lo + 0.115 (4.09) 
2 - 

= 62.70 + 9.82 l o g  v 
Truck Type 2 - Heavy Trucks: 

- 
Lo = 64.14 + 11.96 l o g  V 

( C ~ ) E  = Lo + 0.115 (3.39) 
- 2 

= 65.45 + 11.96 l o g  V 
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Roadway Type 78 (Non-acce le ra t ig  Trucks on Ramps) --- ---.--- - ~ - -  - 
Truck Type 1 - Medium Trucks and Buses : 

_ _  
Lo = 45.03 + 20.51 l o g  V 

2 - 
(io)E = Lo + 0.115 (3.45) = 46.40 + 20.51 l o g  V 

Truck Type 2 - Heavy Trucks: 
- 
Lo = 68.20 + 7.71 l o g  V 

(Lo)E = Lo + 0.115 (3.42) = 69.54 + 7.71 l o g  V 
2 - - 

Examination o f  New Jersey's Truck Noise -- Emission Levels - 
Overal l  energy mean emission l e v e l s  f o r  Truck Types 1 and 2 and 

Roadway Types 1 - 6 are graphed versus t r u c k  speed (mph) i n  Figures 9 and 

10, pages 70 and 71. These f igures  are  very s i m i l a r  t o  Figures 4 and 5, 

pages 44 and 47, which were presented i n  the data analys is  sec t ion  o f  

t h i s  r e p o r t .  They d i f f e r  i n  t h a t  Figures 4 and 5 i l l u s t r a t e  a r i t h m e t i c  

mean emission leve ls .  

energy mean and a r i t h m e t i c  mean emission l e v e l s  -- the adjustment 0.115 

times (SE)' -- ranged from 0.7 t o  1.4 decibels.  

For Roadway Types 1 - 6,  the d i f f e r e n c e  between 

An examination of Figures 9 and 10 reveals  the fo l low ing :  

(1) The emission l e v e l  f o r  upgrade roadways (Types 2 and 5) i s  less  

speed dependent than t h a t  o f  l e v e l  and downgrade roadways. 

I n  general,  the emission l e v e l  f o r  downgrade roadways (Types 3 

and 6)  i s  the n o s t  speed dependent. 

For most roadway types, emission l e v e l s  f o r  Truck Type 1 (medium 

t rucks  and buses) are more speed dependent than those o f  

Truck Type 2 (heavy t rucks) .  

(2)  

( 3 )  
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For speeds o f  35-50 mi /hr  (56-80 km/hr) , upgrade roadways 

(Types 2 and 5 )  have the h ighest  emission l e v e l s ;  l e v e l  

roadways (Types 1 and 4 ) ,  the nex t  h ighest ;  and downgrade 

roadways (Types 3 and 6 ) ,  the lowest. 

The respect ive d i f ferences between the emission l e v e l s  f o r  

the various roadway types usua l ly  increase w i t h  a decrease 

i n  speed. 

For speeds o f  55 and 60 mi /hr  (88 and 96 km/hr), the emission 

l e v e l s  f o r  a l l  roadway types vary by less than 3.1 decibels 

f o r  both Type 1 and Type 2 Trucks. 

Overa l l  emission leve ls  f o r  Roadway Type 7 (ramps) a re  graphed 

versus t ruck  speed i n  Figure 11, page 73. Emission l e v e l s  f o r  acce le ra t ing  

t rucks on ramps (Type 7A) and non-accelerat ing t rucks on ramps (Type 78) 

are shown. 

included i n  t h i s  same f igure .  

Also, emission l e v e l s  f o r  both Type 1 and Type 2 Trucks are 

Note t h a t  the speed range has been changed 

on t o  r e f l e c t  the lower t ruck  speeds occur r ing  on ramps. 

o f  the f i g u r e  reveals the f o l l o w i n g :  

For heavy trucks (Truck Type 2 ) ,  t h e  emission l e v e l s  f o r  

An examinat 

(1)  

accelerat ion on ramps (Roadway Type 7A) a re  h igher  than those 

f o r  non-accelerat ion on ramps (Roadway Type 7B) f o r  a l l  speeds. 

A t  t y p i c a l  speeds o f  25-30 mi /hr  (40-48 km/hr) the emission 

l e v e l  f o r  Roadway Type 7A i s  about 2 dB h igher .  

between the emission l e v e l s  f o r  these roadway types increases 

w i t h  an increase i n  speed. 

The d i f ference 

. 
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( 2 )  For mediuni trucks and buses (Truck Type l ) ,  the emission 

level for acceleration on ramps (Roadway Type 7A) i s  higher 

than that  for  non-acceleration on ramps (Roadway Type 78) 

below 30 mph. However, for typical speeds of 25-30 m i / h r  

(40-48 k m / h r ) ,  Type 7 A ' s  emission level was usually less  t h a n  

a decibel hi gner. 

emission level for  Roadway Type 78 (no acceleration) is  higher 

than that for Type 7A (acceleration). 

expected and may have occurred since relatively few v a l i d  

measurements were obtained for  medium trucks and buses (Type 1 

Trucks) for Roadway Types 7A and 78 ---- 40 measurements for 

Type 7A; 78 for Type 70. 

The arithmetic mean octave band levels , Lo, specified by the 

Above 35 miles per hour (56 k m / h r )  , the 

T h i s  resu l t  was not 

coefficients i n  Table 4 were not directly examined. Instead, an equation 

for  energy mean emission level ( io )E ,  was calculated for each octave band 

by adding 0.115 (SE) t o  the arithmetic mean level regression equation. 2 

Graphs of energy mean emission levels versus truck speed i n  miles per hour 

were constructed for Truck Types 1 and 2 for  each of the eight roadway 

types - a total  of 16 graphs. These graphs are presented as Figures 12-1 

t o  12-16, pages 78 t o  93. Each figure consists of a plot  of the overall 

level and the e i g h t  corresponding octave band levels (63, 125, 250, 500, 

1000 , 2000, 4000, and 8000 Hz) . 
The figures for Roadway Types 1-6 were compared to  each other and 

the following t r e n d s  were observed: 
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(1) A t  t yp i ca l  speeds", the four octave bands w i th  the highest 

leve ls  were the 250, 500, 1000 and 2000 Hz bands. A t  these 

speeds, these four  octave bands had leve ls  s i g n i f i c a n t l y  higher 

than the 63, 125, 4000 and 8000 Hz octave bands. I n  fac t ,  

the contr ibut ion o f  the 63, 125, 4000 and 8000 Hz octave bands 

towards the overa l l  l eve l  was i n  general on the order o f  

1/2 a decibel .  

A t  t yp ica l  speeds, the two highest octave band leve ls  were 

usual ly the 1000 and 500 tlz octave bands f o r  both Truck Types 1 

and 2. A t  t yp i ca l  speeds, the 500 Hz octave band o f ten  had the 

highest leve l  f o r  Truck Type 1 ; however f o r  Truck Type 2, the 

500 Hz octave band never had the highest l eve l .  A t  50 mi/hr 

(80 krn/hr), the 250 Hz octave band contr ibuted s l i g h t l y  more 

t o  the overa l l  l eve l  o f  Truck Type 1 than i t  d i d  t o  tha t  of 

Truck Type 2. 

A t  50 mi/hr (80 km/hr), on upgrade roadways (Types 2 and 5) ,  the 

250 Hz octave band i n  general cont r ibuted more t o  the overa l l  

l e v e l  than on downgrade roadways (Types 3 and 6 ) .  This t rend 

can be seen when Roadway Type 5 i s  compared t o  Roadway Type 6 

f o r  Type 1 Trucks. I n  addi t ion,  a t  50 mi/hr (80 km/hr) , on 

non-control led access upgrade roadways (Type 5) ,  the 250 Hz 

octave band Contributed more t o  the ove ra l l  l eve l  than on non- 

(2) 

( 3 )  

cont ro l led  access l eve l  roadways (Type 4) .  

*For Truck Types 1 and 2, 
ments was used as the typ  
page 41. 

the average speed obtained from f i e l d  
ca l  speed f o r  a roadway type, see Tab 
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A t  50 mi/hr (80 km/hr) , on downgrade roadways (Types 3 and 6 ) ,  

the 2000 Hz octave band i n  general con t r ibu ted  more t o  the 

o v e r a l l  l e v e l  than on l e v e l  and upgrade roadways (1,  2, 4 and 5) .  

This can be seen when Roadway Type 3 i s  compared t o  Roadway Type 1 

f o r  Truck Type 2. This t rend was more pronounced f o r  Truck Type 2. 

For a1 1 s i x  roadway types, as t r u c k  speed i s  decreased the  

250 Hz octave band l e v e l  makes a greater  c o n t r i b u t i o n  t o  the 

o v e r a l l  l e v e l  f o r  both Truck Types 1 and 2. 

a l s o  observed i n  q u i t e  a few cases f o r  the 125 Hz octave band. 

For upgrade roadways (Types 2 and 5) ,  octave band emission l e v e l s  

were usua l ly  less  speed dependent f o r  Truck Type 2 (heavy t rucks)  

than they were f o r  Truck Type 1 (medium t rucks and buses). 

I n  general,  the 63, 125, and 250 Hz octave band l e v e l s  were l e s s  

speed dependent than the 500, 1000, 2000, 4000 and 8000 Hz octave 

band l e v e l s  f o r  a l l  roadway types. 

I n  some instances the 63, 125, and 250 Hz octave bands show an 

inverse r e l a t i o n s h i p  w i t h  speed; i .e., the emission l e v e l  

decreases w i t h  an increase i n  speed. 

most o f t e n  f o r  upgrade roadways (Types 2 and 5) .  

This same t rend was 

This r e l a t i o n s h i p  occurred 

A comparison of the f igures  f o r  Roadway Type 7 (Ramps) ind ica ted  

the f o l  1 owi ng : 

(1) As w i t h  Roadway Types 1-6, a t  t y p i c a l  speeds*, the  four  octave 

bands w i t h  the h ighest  l e v e l s  f o r  Type 2 Trucks on ramps were 

250, 500, 1000 and 2000 Hz. 

- 
However, f o r  Type 1 Trucks the f o u r  

h 

*See footnote page 75. 
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octave bands w i th  the highest leve ls  were 125, 250, 500 and 

1000 Hz. Thus, f o r  Type 1 Trucks on ramps, the 125 Hz octave 

band leve l  was r e l a t i v e l y  higher and the 2000 Hz octave band 

leve l  r e l a t i v e l y  l ower  than f o r  Type 1 Trucks on Roadway 

Types 1-6. 

(2) Whereas, f o r  typ ica l  speeds on Roadway Types 1-6 the 500 Hz and 

1000 Hz octave bands usual ly  had the highest l eve l s  f o r  both 

Truck Types 1 and 2, for  Roadway Type 7, the 250 Hz octave 

band often had the highest l eve l .  

(non-accelerating t rucks on ramps), the 250 tlz octave band had 

the highest l eve l  f o r  both Type 1 and Type 2 Trucks. 

the highest leve l  octave band f o r  Truck Type 1 (medium trucks 

and buses) f o r  both Roadway Types 7A and 70. 

(3) The 1000 Hz octave band made a greater cont r ibu t ion  t o  the 

overa l l  l eve l  f o r  Truck Types 1 and 2 on Roadway Type 7A (ramps 

w i t h  accelerat ing t rucks)  than i t  d i d  f o r  t rucks on Roadway 

Type 7B (ramps w i t h  non-accelerating t rucks) f o r  a speed of 

30 mi/hr (48 km/hr). 

As w i th  Roadway Types 1-6, the 63 and 125 Hz octave band leve ls  

f o r  Roadway Type 7 showed an inverse re la t i onsh ip  w i th  speed 

i n  several instances, However, f o r  Type 1 Trucks on Roadway 

Type 7 A  (ramps w i t h  accelerat lng t rucks) ,  the 500 and 8000 Hz 

octave bands showed t h i s  inverse re la t ionsh ip .  

i s  suspected t h a t  the l i m i t e d  number o f  measurements (40) for 

t h i s  roadway wpe and t ruck  type may have accounted f o r  these 

unusual resu l t s  . 

Indeed, on Roadway Type 78 

I t  was a lso 

(4 )  

Once again, i t  
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Figure 12-1. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE I ( LEVEL, CONTROLLED ACCESS) 

TRUCK TYPE I ( MEDIUM TRUCKS 8 BUSES) 
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Figure 12 -2. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
ROADWAY TYPE I ( LEVEL, CONTROLLED ACCESS 1 

TRUCK TYPE 2 ( HEAVY TRUCKS) 
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Figure 12-3. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE 2 (UPGRADE, CONTROLLED ACCESS 1 
TRUCK TYPE I (MEDIUM TRUCKS 8 BUSES) 
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Figure 12-4. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE 2 (UPGRADE, CONTROLLED ACCESS) 

TRUCK TYPE 2 ( HEAVY TRUCKS 
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Figure 12-5. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
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Figure 12-6. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
ROADWAY TYPE 3 (DOWNGRADE, CONTROLLED ACCESS) 

TRUCK TYPE 2 ( HEAVY TRUCKS) 
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Figure 12-7. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
ROADWAY TYPE 4 (LEVEL,  NON-CONTROLLED ACCESS) 

TRUCK TYPE I (MEDIUM TRUCKS 8 BUSES) 
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Figure 12-8. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
ROADWAY TYPE 4 (LEVEL,NON-CONTROLLED ACCESS) 

TRUCK TYPE 2 ( HEAVY TRUCKS 
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Figure 12-9. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 
ROADWAY TYPE 5 ( UPGRADE, NON-CONTROLLED ACCESS) 

TRUCK TYPE I (MEDIUM TRUCKS & BUSES)  
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12-12. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

lWAY TYPE 6 (DOWNGRADE, NON-CONTROLLED ACCESS) 
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Figure 12-13. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE 7 A  ( RAMPS, ACCELERATION 1 

TRUCK TYPE I (MEDIUM TRUCKS 8 BUSES)  
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Figure 12-15. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE 7 8  ( RAMPS, NO- ACCELERATION 1 

TRUCK TYPE I ( MEDIUM TRUCKS & BUSES 1 
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Figure 12-16. OCTAVE BAND ENERGY MEAN EMISSION LEVELS 

ROADWAY TYPE 78 (RAMPS, NO -ACCELERATION 1 

TRUCK TYPE 2 (HEAVY TRUCKS) 
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Source heights for  Truck Types 1 and 2 were estimated from reference 

t o  the cur ren t  l i t e r a t u r e  because they could no t  be determined from the 

resu l ts  o f  t h i s  study. 

medium and heavy trucks speci f ied i n  [2] (The FHWA Noise Predic t ion Model) 

be used f o r  N.J. ' s  Type 1 and Type 2 Trucks, respect ive ly .  Accordingly, 

the source height  suggested f o r  Truck Type 1 (medium trucks and buses) 

i s  0.7 meters (2.3 fee t )  above the surface o f  the roadway; f o r  Truck 

Type 2 (heavy trucks),  2.44 meters (8  fee t )  above the roadway surface. 

I t  i s  recomnded t h a t  these source heights be used f o r  Roadway Types 1 t o  7. 

Because i t  was found f o r  t h i s  study, t h a t  cer ta in  octave bands had 

I t  i s  suggested tha t  the source heights f o r  

r e l a t i v e l y  higher o r  lower leve ls  f o r  d i f f e r e n t  roadway types, i t  i s  

possible t h a t  e f f e c t i v e  source height  may vary s l i g h t l y  according t o  

roadway type. 

250 and 500 Hz octave bands were r e l a t i v e l y  higher when compared t o  

the other octave bands than they were f o r  l eve l  roadways (Types 1 and 4).  

It may be t h a t  the r e l a t i v e  increase i n  noise l eve l  a t  these frequencies 

ind icates t h a t  one o f  the components o f  t ruck  noise ( t i r e ,  engine, and 

exhaust noise, etc.)  may be tak ing on greater importance for these 

roadways. 

a l t e r  source height t o  some degree. 

For example, for  upgrade roadways (Types 2 and 5 ) ,  the 

A change i n  the r e l a t i v e  importance o f  these components may 

Information about exhaust conf igurat ion was co l lec ted  f o r  t h i s  study 

as p a r t  o f  data acqu is i t ion .  

t h i s  informat ion may be o f  i n t e r e s t  t o  those who are working w i t h  source 

heights f o r  trucks. 

hor izonta l  exhausts are given f o r  Truck Type 1 and 2 f o r  a l l  roadway types. 

It i s  presented here, i n  Table 5, because 

I n  t h i s  tab le,  the percentages o f  v e r t i c a l  and 
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TABLE 5 

EXHAUST CONFIGURATION 
(Vertical  v s .  Horizontal) 

Truck Type 1 
(Medium Trucks & Buses) 

Truck Type 2 
(Heavy Trucks) 

Roadway Type % Vertical % Horizontal % Vertical % Horizontal 

1 Controlled 
Access Level 4.1 

Access Upgrade 4.7 
2 Controlled 

3 Controlled 

4 Non -control 1 ed 

5 Non-control led 

6 Non-controlled 

Access Downgrade 9.4 

Access Level 5.4 

Access Upgrade 7.6 

Access Downgrade 5.1 

7.9 
7A Ramps 

78 Ramps 

( Acc el era t i  on ) 

(Non-acceleration) 1 .3  

95.9 

9 5 . 3  

90.6 

94.6 

92.4 

94.9 

92.1 

98.7 

31.8 

91.5 

90.1 

85.4 

90.5 

86.0 

86.7 

84.8 

8.2 

8.5 

9.9 

14.6 

9.5 

14.0 

13.3 

15.2 

The tab le  shows t ha t  for each roadway type over 90% of the Type 1 Trucks 

have horizontal exhausts. I t  fu r ther  indicates  t h a t  abou t  90% of the 

Type 2 Trucks on controlled access roadways (Types 1 ,  2 and 3) have 

ver t ical  exhausts. 

and  ramps, the percentage of ver t ica l  exhausts f o r  Type 2 Trucks i s  

s l i g h t l y  lower. 

For non-controlled access roadways (Types 4 ,  5 and 6 )  
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Comparison of New J e r s g ' s  and the FHWA's Truck Noise Emission Levels ---.- ------ _____________ 
I n  this section the truck noise emission levels determined for this 

study are compared t o  those presented i n  the FHWA report enti t led "FHWA 

Highway Traffic Noise Prediction Model", December 1978 121. 

comparison has been included since federal noise standards w i  11 require 

t h a t  the FtiWA's truck noise emission levels be used with highway t raff ic  

noise prediction methods as o f  January 1 ,  1980. Thus, until t h e  result: 

o f  this study are implemented, t4eh Jersey will use the FHNA's levels 

with the TSC MOD-04 prediction method. Graphs o f  A-wei ghted overall 

energy mean emission levels are used f o r  this comparison. 

are Figures 13-1 t o  13-8, pages 99 t o  106. 

This 

These graphs 

The figures show New Jersey's truck emission levels for Truck Types 1 

and 2 for  Roadway Types I t o  7 .  Emission level i s  plotted versus truck 

speed in miles per hour. Each figure also contains a plot o f  the FHWA's 

truck emission levels. Though the FtlWA's emission levels were developed 

for trucks a t  cruise conditions on level roadways and thus, i n  the 

s t r ic tes t  sense, apply only t o  Roadway Types 1 and  4 ,  they were Included 

in each figure for purposes of comparison. Emission level plots for 

New Jersey's (N.J. 's)  Type 1 and Type 2 Trucks as well as f o r  the FHWP,'s 

medium and heavy trucks are presented in each figure. 

Type 2 (heavy trucks) i s  compared t o  the FHWA's heavy trucks: New Jersey 

Truck Type 1 (medium trucks and buses), t o  the FHWA's medium trucks. 

New Jersey Truck 

A .  ~~ Level Roadways (2  22 ---_- Grade) - For level,  controlled 

(Roadway Type l ) ,  IJ.J.'s noise emission levels for b o t h  

medium trucks and  buses are higher t h a n  the FHWA's leve 

access roadways 

heavy trucks,and 

s for a l l  speeds 
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( 3 0 - 7 0  mi/hr ,  48-112 km/hr). A t  a speed o f  55 m i /h r  (88 km/hr), N.J.'s 

emission l e v e l s  f o r  heavy t rucks  a re  1 dB h ighe r :  f o r  medium t rucks  and 

buses , 1.5 dB h igher .  

For l e v e l ,  non -con t ro l l ed  access roadways (Roadways Type 4 ) ,  i4.J. I s  

emission l e v e l s  f o r  heavy t rucks  a re  lower  than the  FHWA's f o r  a l l  

speeds --- 3/4 dE lower a t  50 m i /h r  (80 km/hr), 1/2 dB lower a t  40 m i / h r  

(64 km/hr). 

lower  than the  FHWA's above 47.5 m i /h r  (76 km/hr). 

f o r  medium t rucks  and buses a re  1/2 dB lower  than the  FH!IA's l e v e l s  a t  

55 m i /h r  (8& km/hr); 1.5 d6 h igher ,  a t  35 m i /h r  (56 km/hr). 

For medium t r u c k s  and buses, N . J . ' s  emission l e v e l s  a re  

N.J.'s emission l e v e l s  

B. Upgrade Roadways (> 2% Upgrade) - For c o n t r o l l e d  access upgrade 

roadways (Roadway Type 2 )  , N.J.'s emission l e v e l s  f o r  heavy trucks,and 

medium t r u c k s  and buses are h ighe r  than the  FHWA's l e v e l s  f o r  speeds o f  

30-60 m i / h r  (48-96 km/hr). N.J.'s l e v e l s  f o r  bo th  heavy trucks,and 

medium t rucks  and buses are 2 dB h i g h e r  than the  FHWA's a t  50 mi/hr 

(80 km/hr); 4 dB h ighe r ,  a t  40 mi /h r  (64 km/hr). 

For non -con t ro l l ed  access upgrade roadways (Roadway Type 5) , N.J. ' s  

emission l e v e l s  f o r  heavy trucks,and medium t r u c k s  and buses a re  h ighe r  

than the  FHWA's l e v e l s  f o r  speeds o f  30-62.5 mi /h r  (48-100 km/hr). For 

heavy t r u c k s ,  N.J.'s l e v e l s  a re  3 dB h i g h e r  a t  45 rni/hr (72 km/hr); 5 dB 

h ighe r ,  a t  35 mi /h r  ( 5 6  km/hr). 

a re  3 dB h ighe r  a t  45 m i /h r  (72  km/hr) ; 4.5 dB h ighe r ,  a t  35 m i /h r  

(56 km/hr). 

For  medium t r u c k s  and buses, N.J.'s l e v e l s  

C.  

roadways (Roadway Type 3 ) ,  N.J.'s emiss ion  l e v e l s  f o r  heavy t rucks  are  

Downgrade Roadways (>  2% Downgrade) - For  c o n t r o l l e d  access downgrade 
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approximately the  same as the  FHWA's l e v e l s  a t  55 m i /h r  (88 km/hr). 

Above 55 m i /h r  (88 km/hr), t 4 . J . ' ~  l e v e l s  a re  h ighe r  b u t  n o t  s i g n i f i c a n t l y  - 

1/2 a dec ibe l  a t  60 mi /h r  (96 km/hr) . 
i 4 . J . ' ~  emission l e v e l s  a re  approximately the  same as t h e  FHWA's f o r  a 

speed o f  57.5 m i / n r  (92 km/hr). 

a re  l e s s  than 1/2 a dec ibe l  h ighe r  than the  FHWA's. 

Fo r  medium t rucks  and buses, 

A t  55 mi /h r  (88 km/hr), r4 . J . '~  l e v e l s  

For non-cont ro l  l e a  access downgrade rodways  (Roadway Type 6 )  , 

l4 .J . '~  emission l e v e l s  f o r  heavy trucks,and medium t rucks  and buses are  

lower than t h e  FHWA's f o r  a l l  speeds (?q-70 m i /h r ,  48-112 km/hr). N.J. 's 

heavy t r u c k  l e v e l s  a re  1 db lower than t h e  FHWA's a t  55 mi/hr (8E km/hr); 

1.5 dB, a t  40 m i /h r  (64 km/hr} .  

emission l e v e l s  a re  about 1 dl; lower f o r  a l l  speeds. 

For medium t rucks  and buses, 1.1.J. '~ 

D. Ramps (Acce le ra t i ng  _I- and Non-accelerat ing) --- -- - For ramp sec t i ons  w i t h  

a c c e l e r a t i n g  t rucks  (Roadway Type 7A), f4 .J . '~  emission l e v e l s  f o r  heavy 

t rucks  are genera l l y  h ighe r  than the  FHWA's f o r  speeds o f  15-45 m i / h r  

(24-72 km/hr). A t  25 mi /h r  ( 4 0  km/hr), N.J.'s heavy t r u c k  l e v e l s  a re  

4 dB h igher :  a t  35 m i / h r  (56 krn/hr) , 2 dB h ighe r .  

buses, N.J.'s emission l e v e l s  a re  6 dB h ighe r  a t  25 m i /h r  (40 km/hr); 

2 dB h ighe r  a t  35 m i /h r  (56 krn/hr). 

For medium t rucks  iind 

For ramp sec t i ons  w i t h  non-acce le ra t ing  t rucks  (Roadway Type 7B), 

N.J.'s emission l e v e l s  f o r  heavy t rucks  a re  h ighe r  than t h e  FHbIA's below 

35 m i /h r  (56 km/tir); w h i l e  f o r  medium t rucks  and buses, N.J. 's l e v e l s  

a re  h igher  f o r  a l l  speeds (15-45 mi /h r ,  24-72 km/hr). 

(40 km/hr), N.J.'s heavy t r u c k  l e v e l s  a re  2.5 dB h i g h e r .  

kni/hr), H.J.'s l e v e l s  f o r  medium t rucks  and buses a re  4.5 dU h i g h e r :  

a t  35 m i /h r  (56 km/hr) , 2.5 dB h ighe r .  

A t  25 m i /h r  

A t  25 m i /h r  (40 
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Figure 13-3. O V E R A L L  ENERGY MEAN EMISSION LEVELS 

NEW JERSEY & F H W A  

ROADWAY TYPE 3 ( DOWNGRADE, CONTROLLED ACCESS) 
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E. . --- Sumnary o f  Comparisons -- - Fol lowing i s  a summary o f  t he  comparisons 

o f  New Jersey 's  and the FHWA's t r u c k  noise emission l e v e l s :  

For c o n t r o l l e d  access l e v e l  roadways (Roadway Type 1 )  

N.J.'s emission l e v e l s  are 1 - 2.5 dB higher.  

For  non-control  l e d  access l e v e l  roadways (Roadway Type 4)  , 

N.J.'s emission l e v e l s  vary by l ess  than a dec ibe l  from 

the FHWA's l e v e l s .  

For upgrade roadways, N .J . ' s  emission l e v e l s  are genera l l y  

h ighe r  --- 2-4 dB h igher  f o r  c o n t r o l l e d  access upqrades 

(Roadway Type 2 )  a t  speeds o f  40-50 mi /hr  (64-80 km/hr) 

3-5 dB h igher  f o r  non-contro l led access upgrades (Roadway 

Type 5)  a t  speeds o f  35-45 mi /hr  (56-72 km/hr). 

For downgrade roadways (Roadway Types 3 and 6 )  N . J . ' s  emission 

l e v e l s  usua l l y  vary by l ess  than a dec ibe l  f rom the FIiWA's 

l e v e l s  f o r  speeds o f  40-60 mi /hr  (64-96 km/hr). 

For acce le ra t i on  on ramps (Roadway Type 7A) and non-accelerat ion 

on ramps (Roadway Type 7 B ) ,  N.J.'s emission l e v e l s  are genera l l y  

h igher .  A t  25 m i /h r  (40 krn/hr), N.J.'s l e v e l s  f o r  heavy t rucks,  

and medium t r u c k s  and buses, r e s p e c t i v e l y ,  a re  about 4.0 dB 

and 6.0 dB h ighe r  f o r  Roadway Type 7A; 2.5 dB and 4 . 5  dB h ighe r  

f o r  Roadway Type 76. 

An i n d i c a t i o n  o f  the e x t e n t  t o  which t h e  d i f f e rences  between New Jersey 's  

and the  FHWA's t r u c k  noise emission l e v e l s  w i l l  a f f e c t  p r e d i c t e d  noise 

l e v e l s  i s  given here. 

foregoing comparison because d i f f e rences  i n  these l e v e l s  can be d i r e c t l y  

Energy mean emission l e v e l s  were used f o r  the 
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related t o  differences in predicted LEQ (hourly equivalent sound level). 

For instance, w i t h  a l l  other factors held constant, a 2 dB difference 

in the energy mean eniission level of heavy trucks would result ,  a t  a 

given receiver location, i n  a 2 dB difference i n  predicted LEQ for 

heavy trucks. 

noise contributed by automobiles as well as trucks. When the percentage 

of trucks in the total t raff ic  mix i s  low, the sound energy contributed 

to  LEQ by automobiles i s  significant. 

i n  predicted LEQ for trucks will result i n  less than  a 2 dB increase 

i n  the predicted LEQ for the total t raff ic  situation assuming the 

automobile noise contribution has remained the same. 

greater the percentage of trucks in the total t raff ic  flow, the greater 

will be their  influence, and the closer the difference in the energy 

mean emission level for trucks will be to the difference in predicted 

LEQ. 

differences i n  predicted noise levels will not be nearly as large as 

the differences between New Jersey's and the FHWA's truck noise emission 

levels. 

In practice, however, predicted LEQ i s  determined by the 

In these cases, a 2 dB increase 

Accordingly , the  

T h u s ,  for some t ra f f ic  situations (those w i t h  low truck percentages) 

Statist ical  Evaluation of New Jersey's -- Truck Noise Emission Levels 

In this section the s t a t i s t i c s  associated with the regressions of 

truck emission level versus speed are presented, as well as scatterplots 

and histograms of the noise data for a l l  roadway types. 

the noise data i s  also discussed. 

Normality of 
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A .  Regression Sta t i s t ics  - Sta t i s t ics  related t o  the regressions o f  

truck emission level versus truck speed are presented i n  T a b l e  6! 

pages 110 - 113.* As noted, the regression equatiori used for the 

overall noise level and octave band levels was ire: = h + P 700 V .  where 

ro i s  emission level i n  dBA, log V i s  the logarithm t o  the b a d .  C P  ten of  

speed i n  miles per hour, and A and B are coefficients which a r e  constant 

for each s e t  of data. Five s t a t i s t i c s  are presented i n  Table 6 .  

are R ,  R , SE, A ,  a n d  B .  R ,  the correlation coefficient,  indicates the 

goodness-of-fit o f  the regression model. I t s  numerical value l i e s  

between -1 and 1 w i t h  a value near 1 or  -1 indicating a very qood f i t .  

R , the coefficient of determination, indicates the proportion of the 

t o t a l  variabil i ty i n  the dependent variable, 10, exD'tained ~ I L  t ' ic 

independent variable, V .  For example, a n  F va-rue 0' 9.39 ~"P+I IC t + a t  

30';: o f  the variabil i ty i n  has been expiainec by independprt- variable V .  

S k ,  the standard error of estimate. i s  a n  i n d i c a t o r  o f  t h p  t v y 1 - 6 "  

v a r  ation of d a t a  a b o u t  the regression l ine.  Lower values o f  S t  indicate 

les v a r i a t i o n  abou t  the regression l ine.  A and  B are the rey-- c * i r ) f i  

coefficients which define the relationship between t h e  dependw  an^ 

independent variable, 

the intercept coefficient:  B ,  the slope coefficient.  For i! riore rigorous 

explanation of  these s t a t i s t i c s  the reader i s  referred t o  a s t a t i s t i c s  

text such as [12] .  

They 
2 

2 

- 

2 

For the l inear regression mentioned above, A i s  

( 1 )  S t anda rd  Error o f  Estimate (SE: -- - Table E shows t h a t  f o r  F.,oadway 

Types 1-6 the standard error  o f  estimate of the overall emission level was 

*The form of  this  table i s  similar to  t h a t  of Table 4 . 2  in [ a ] .  
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T A E L f  6 

S T A T I S T I C S  A S S O C I A T E D  WITH A R I T H M E T I C  MEAN EMISS:CIi L E V E L  EFG9FCL.P 1' 

TRUCK T Y P E  1 :  MEDIUM TRUCKS At lP ClJSEC - - - - - - - - - - - - - - -  - - - - - - - - - -_ -__  

I 119.81 36.32 

0.017 
* !  I o c t a v e  l0 .129  

I Bands ' 6.60 
~ bS I 
~ HZ / 2 7 . 5 5  17.71 

I ROADLJAY T Y  PF* 1 
I -. __________ 

I 

1 ! 2 
I sn''''r 
1 L C V E i  

I 

7a 2' A?, 5 -  7 C  61.54 1 1 . 7 8  38.98 

0 .190  0.036 0.211 (l.0d4 i 0.027 0 001 1 
I 

-18 .38  i 17 .07  L . :  c 1  i r  7 C i  ' 

4.95  0 q d  l 
- -  ^I  

6.00 

89.06 

10 .137  0.019 

4.56 

45 .13  13 .06  

i 
0.248 0.062 0.231 0.05C 0.019 0.000 , 
104.77 -21 .40 23.14 24.41 ~ 68.6n  -1 .76  I 

I 5.28  4.70 4 .FC. 

P - P  

I '0.227 0.052 10.017 0.000 10.124 0 .011  I ,  IF '  I .,l'i 
I 

5.21 5.50 5. t :  25' 
Pz I 

j ' ' L  

tli 

1 1 . 1 7  43.61 33.60 24.40 

10.555 0.308 10.425 0.181 

2000 i 3.18 1 3.05 
Hi j 

- r_l 32.98 2c4.;.> ~ 2: !- L -  - - 
0 . 3 0 8  0.095 I ci.29? 0.989 1 

3.87  4 i 

I 3 .09 ! 3 . 3 3  4 . 0 7  I I 
I 

8ooo 1 4.05 HZ i 

1-0.64 33.24 /23.7C 19 .88  1-9 .00  37 7' ' :".5; 20.? 

10.436 0.190 10.400 0.160 

I 

127 I 109 13: 2 Z 4  1 
I 
I 

SAMPLC 

I 
S I Z E  1 

0 . 3 7 3  0.:3c j 0 . 2 1 c  0.047 
I I 

- 
Lo = A + 8 ( l o g v ) ,  V i n  mi/hr 

i I SE = s t a n d a r d  error o f  estimate 
R = c o r r e l a t i o n  c o e f f i c i e n t  Z E  

*See paqe f o r  d e f i n i t i o n  o f  roadway t y p e s  
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TABLE 6 

STAT I STI CS ASSOCIATED WITH ARITHMETI C NEAN EFl ISS I ON 1. EVEL REGRESS IONS 
- _ _ _ _ _ _ _ _ - _ - - - -  TRUCK TYPE 1 : MEDIUM TRUCKS AND BUSES - - - - - - - - - - - - - -  

0.204 0.042 

4.09 

SOUNC 
L E V E i  

Overa l '  

0.469 0.220 

3.45 

Octave 
Bands 
63 
Hz 

125 
H z  

3.52 

50.04 18 .55  

0.176 0.031 

6.65 

92.19 -22.00 

0.001 0.000 

5.38 

250 
Hz 

3.02 

21.32 33.98 

0.011 0.000 

5.24 

54.38 1 .15 

0.097 0.009 

4.47 

500 
112 

0.013 0.000 

1 ooc 
Hz 

0.180 0 .033  

2000 
t i  2 

0.330 0.109 

3.59 

35.46 23.21 

4000 
ti2 

0.527 0.277 

3.28 

1.59 41.77 

8000 
Hz 

0.474 0.224 

3.50 

13.16 34.80 

SAMPLL 
SIZE 

0.554 0.307 

3.35 

-7.56 45.77 

ROADWAY TYPE 

0.110 0.012 

5 .17  

37.49 10.60 

5 

0.437 0.191 

3.6C 

-5.82 35.85 

E 
I 

0.274 0.075 1 0.481 0.232 
I 

I 

66.42 0.110 I 49.09 8.94 

0.087 0.008 1 0.115 0.013 

5 .80  I 5 .48 

13.00 

0.28E 

38.24 

3-88  

38.53 

0.267 0.071 1 0.559 0.313 

51.70 

4.12 

27.95 

- 
LO = A + B ( l o g v ) ,  V in  mi/hr 

SE = s t a n d a r d  e r r o r  of  e s t i m a t e  
R = c o r r e l a t i o n  c o e f f i c i e n t  
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0.075 O.0Ot 0.56: c , 315  

4.87 1 1.9f 

40.94 15.6s: /17.510 31.05 I 

0.140 fi.020 (0 .498 0.248 

5 . 8 5  4.34 I 
27.91 

0.253 

i 
43.26 (3.56 114.04 

G . O G 1  10.503 0.027 

! 

5.76 1 4.59  

53.69 -1 .8n / 2 . 6 a  29 .83  
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0.087 
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! 53.2: 15.28 

Octave  10.226 0.051 

1 0 . 2 9 5  
I 

~ n v e r a l l  I 

i 

0.261 0 .068  

2 .65 

73.84 7 . d E  

0.395 0 . i 5 9  

0.067 0.005 

7.28 

5 4 . 1 9  E . 7 1  

1 Cands 
I I 6.05 
~ 6 3  1 
I Hz ,122 .71  -35.52 

0 .257  ii.UtFj 0.135 0 . 0 1 8  

4.45 

82 .46  -6.31 

0.221: 0.049 

4 .11  

35.68 20.25 1 
I 

26.24 24 .34  

_I 

j 24.45 25.45 

2000 j Hz 
1 2 . 4 2  i 2.67 

. .  
i 

_ 

F i  
KEY ic = b + E ( i o q V j ,  V i r ~  mi/hr 

SE = s t a n d a r d  e r r o r  o f  e s t i m a t e  
R = c o r r e l a t i o n  c o e f f i c i e n t  

i F  
_A 

i 
1 I SE I 
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TABLE 6 

STATISTICS ASSOCIATED WITH ARITHMETIC MEAN EMISSION LEVEL REGRESSIONS - - -________-__-_____ TRUCK TYPE 2 :  HEAVY TRUCKS -------------------- 

7A 

0.259 0.067 

3.39 

64.14 11.96 

0.036 0.001 

7.34 

55.83 3.46 

ROADWAY TYPE 

0.039 0.002 

4.52 

152.78 2.31 

30 7 1 331 

5 

0.059 0.003 

3.23 

79.93 3.63 

0.055 0.003 

7.80 

75.03 -8.24 

0.023 0.001 

5.32 

73.59 -2.32 

0.068 0.005 I 0.463 0.214 

6 

0.448 0.201 

3.10 

31.67 30.42 

0.044 0.002 

5.25 

50.38 4.49 

0.136 0.018 

4.45 

46.70 11.91 

I 

0.092 0.008 

4.92 

92.72 -8.68 

0.079 0.006 

4.01 

68.91 6.05 

0.045 0.002 

4.67 

66.37 4.12 

0.469 0,220 

3.64 

12.40 37.73 

60.92 7.88 

0.305 0.093 

3.79 

53.24 13.26 ~ 

I 

0.117 0.014 

3.00 

68.71 6.77 

0.159 0.025 

3.28 

60.10 10.13 

I 

0.513 0.263 

3.11 

16.45 36.27 

0.497 0.247 

3.35 

12.17 37.43 

3.93 

60.83 5.09 

0.301 0.091 

5.23 

39.08 21.79 

3.83 

0.93 39.16 

0.260 0.068 

4.67 

49.06 16.50 

0.101 0.010 

4.32 

65.37 5.78 

0.021 0.000 

3.84 

56.89 1.54 

0.180 0.032 

3.68 

61.87 8.87 

0.302 0.091 

3.69 

19.24 22.8: 

0.154 0.024 

3.87 

60.53 7.95 

0.060 0.004 

4.13 

60.81 3.30 

- 
LO = A + B ( l o g v ) .  V in mi/hr w 

SE = standard error o f  est imte  
R = correlation eoefficient 

113 

0.166 0.028 

3.61 

61.86 6.66 

0.236 0.056 

3.57 

55.96 9.48 

0.068 0.005 

4.93 

56.40 3.67 

0.109 0.012 

5.25 

43.06 6.30 
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g e n e r a l l y  lower  f o r  heavy t rucks  than f o r  medium t rucks  and buses. 

ranged f rom 2.92-3.52 f o r  medium t rucks  and buses; f rom 2.47-3.23 f o r  

heavy t r u c k s .  

4.09 f o r  medium t rucks  and buses on Roadway Type 7 A .  

octave band l e v e l s ,  S E ' s  were once again u s u a l l y  lower f o r  t h e  regress ions  

o f  heavy t r u c k s  than f o r  the  corresponding regress ions  o f  medium t r u c k s  

and buses. Much h i g h e r  S E ' s  occurred f o r  the  octave bands. 

63 Hz band, SE's of 6 and 7 occurred. 

t he  lower frequency octave bands (63,  125 and 250 Hz) ,  and were u s u a l l y  

l owes t  f o r  t h e  octave bands o f  500, 1000 and 2000 Hz. 

were a l s o  u s u a l l y  h ighe r  f o r  ramps (Roadway Type 7 ) .  

C o r r e l a t i o n  C o e f f i c i e n t  ~- ( R j  and C o e f f i c i e n t  o f  Determinat ion  ( R  ) - 

It 

Somewhat h i g h e r  values of SE occurred f o r  Roadway Type 7 - 

With regard  t o  

For  t h e  

Usua l ly ,  S E ' s  were h i g h e s t  f o r  

Standard e r r o r s  

2 
(2 )  

C o r r e l a t i o n  c o e f f i c i e n t s  f o r  Roadway Types (RT) 1-6 f o r  the  o v e r a l l  emission 

l e v e l  regress ions  ranaed from 0.226 (RT2) - 0.516 (RTl )  f o r  medium t r u c k s  

and buses; f rom 0.059 (RT5) - 0.448 (RT61, f o r  heavy t r u c k s .  These c o r -  

respond t o  a range o f  R2 o f  0.051 -0.266 f o r  medium t rucks  and buses, and 

0.003-0.201 f o r  heavy t r u c k s .  Thus, a t  b e s t ,  t h e  independent va r iabye  \I 

( t r u c k  speed) e x p l a i n s  about 20-25:; o f  t he  v a r i a t i o n  i n  o v e r a l l  emission 

l e v e l .  The a d d i t i o n a l  v a r i a t i o n  i s  apparen t l y  due t o  o t h e r  f a c t o r s  r e l a t e d  

t o  t r u c k  no ise ,  such as c o n d i t i o n  and type o f  engine, t i r e s ,  m u f f l e r ,  e t c . ,  

t r u c k  we igh t ,  and c o n d i t i o n  and type of pavement on wh ich  a t r u c k  operates.  

Some o f  t he  v a r i a t i o n  occurs because o f  d i f f e r e n c e s  which e x i s t  between 

the  t r u c k  c lasses  which were combined f o r  a t r u c k  type .  For  Roadways 1-6, 

R and R were lowes t  f o r  Roadway Types 2 and 5 (upgrades) i n d i c a t i n g  t h a t  

f o r  bo th  t r u c k  types, t r u c k  speed exp la ins  l e s s  than 8% o f  t he  v a r i a t i o n  

2 
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in overal l  emission level f o r  these upgrade roadways. Roadway Type 7A 

(ramps with accelerat ion)  a l s c  had low values o f  R2 - 0.042 f o r  medium 

trucks and buses, 0.067 fo r  heavy trucks. 

!Jith regard t o  octave Sand mis s ion  levels  f o r  Rcadway Types 1-6, 

the highest  values of R2 occurred f o r  octave bands 500, 1000 and 2000 Fz;  

the lowest  values fo r  octave bands 63, 125 a n d  250 Hz. Values of R 

ranged from 0.001 (RT5, 125 Hz) - 0.592 ( R T I .  I000 Hi) f o r  rnediun! trucks 

and buses; from 0.003 (RT4, 63 Rz) - Q.5!3  (27'3. 8003 Hz and RT 6 ,  1000 k). 

fo r  heavy trucks. 

and 250 Hz, several roadway tyoes) - 2.350 ( R T a ,  7000 Hz) fo r  medium trucks 

and buses; from approximately O.COr3 (63 ,  250 and 8000 Hz, several  roadway 

types) - 0.263 (RT3, 8000 t iz and RT5, 1000 Hz), fo r  heavy trucks. T h u s ,  

f o r  some octave bands ,  consideration o f  speed explained over 30% of the 

var ia t ion i n  emission leve l :  while fo r  others, i t ,  explained almost none 

of the var ia t ion .  I n  a d d i t i o n ,  R and R were generally lower for Roadway 

Types 2 and 5 (upgrades) and higher fo r  Roadway Types 3 a n d  5 (duwngrades) . 

Values o f  R2 ranged from approximately (1.00@ (63. 725 

2 

" 

The h i g h e s t  values of R and  RL fo r  octave band 'level regressions 

occurred for  Roadway Type 76 (ramps w i t h  no acce lera t ion) ;  they were 0.623 

and 0.388, respectively f o r  the 2000 Hz octave Sand. 

values occurred for Roadway Type 7A.  

accelerat ion)  was t h e  only roadway f o r  w h i c h  the b e s t  corre la t ion  f o r  

octave band levels  occurred for ",e I 2 5  a n d  253 Iiz bands. 

Conversely, low 

A?so, Roadway Type 7A (ramps w i t h  

( 3 )  - Intercept _- -_--____L Coefficjent ( A )  - The values o f  coe f f i c i en t  A f o r  the 

overall  emission level regressions ranced from 19.8! (RT1) - 61.54 ( R i 2 )  

f o r  medium trucks ana  buses; ??om 29.35 (RT3)  - 70.93 (RT5) f o r  heavy trucks. 



For octave band l e v e l s ,  w 

o f  A were genera l l y  h ighe r  f o r  

h ighest  and lowest values of A 

4000 Hz) ,  r e s p e c t i v e l y ,  f o r  me 

t h  the exception o f  Roadway Type 7A, values 

the lower frequency octave bands. 

were 104.77 (RTZ, 125 Hz) and -25.13 (RT6, 

ium t rucks and buses; 122.71 (RT1, 63 Hz) 

The 

and -21.21 (RT3, 8000 Hz) ,  respec t i ve l y ,  f o r  heavy t rucks.  

(4 )  Slope C o e f f i c i e n t  (B) - For Roadway Types 1-6 the value o f  

c o e f f i c i e n t  B for  t he  o v e r a l l  l e v e l  regressions ranged from 11.78 (RT2) - 
36.32 (RT1) f o r  medium t rucks  and buses; from 3.63 (RT5) - 32.22 (RT3), 

f o r  heavy t rucks.  

Values o f  B f o r  Roadway Type 7 (ramps) f e l l  w i t h i n  these ranges except 

Roadway Types 2 and 5 (upgrades) had t h e  lowest  values. 

f o r  a value of 9.82 f o r  Roadway Type 7A f o r  medium t rucks  and buses. 

I n  most cases f o r  Roadways 1-6, h igh  values o f  B were accompanied by low 

values o f  A and v i c e  versa. This was expected s ince a l l  o f  the emission 

l e v e l  regress ion l i n e s  converge a t  h ighe r  speeds as i n d i c a t e d  i n  Fiqures 9 

and 10, pages 70 and 71. 

For the  octave band l e v e l  regressions, the h ighes t  values o f  B u s u a l l y  

occurred f o r  t he  h igher  octave bands. 

u s u a l l y  lower for  Roadway Types 2 and 5 (upgrades). The h ighes t  and 

lowest values o f  B were 51.70 (RT6, 4000 Hz) and -22.00 (RT5, 63 Hz) ,  

As w i t h  the  o v e r a l l  l e v e l s ,  B was 

respec t i ve l y ,  f o r  medium t rucks  and buses; 46.93 (PT3, 8000 Hz) and 

-35.52 (RT1, 63 Hz) ,  r e s p e c t i v e l y ,  f o r  heavy t rucks .  

Negative values o f  B i n d i c a t e  an i nve rse  r e l a t i o n s h i p  between noise 

l e v e l  and t r u c k  speed. These values occurred f o r  several  of the 63, 125 

and 250 Hz octave bands f o r  Roadway Types 1-6 and 7B. 

(ramps w i t h  a c c e l e r a t i o n ) ,  however, they occurred f o r  the 500 Hz and 8000 Hz 

octave bands. 

For Roadway Type 7A 
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Regression coefficient G indicates the degree o f  speed dependence 

o f  the emission level. Thus, the higher values of B for Roadway Types 

3 and 6 (downgrades) and for octave bands o f  500 Hz and above indicate 

t h a t  the emission levels for these roadway types and octave bands are 

more strongly dependent on truck speed t h a n  the levels for  Roadway TyDeS 

2 and 5 (upgrades) and octave bands 6 3 ,  125 and 250 Hz for which 'low 

values o f  B are found.  This trend was observed ear i ier  when t h e  octave 

band emission level graphs in Figures 12-1 and 72-16, pages 78 t o  93 

were discussed. 

Throughout this discussion o f  s t a t i s t i c s .  Roadway T y ~ e  7 A  (accelerat- 

i n g  trucks on ramps) has heen the exception t o  many o f  t h e  general trends 

which were observed. Apparently quite different truck emission levels 

a r e  occurring on this roadway type because i t  i s  the only one on which 

accelerating trucks were measured. However, the fact  t h a t  the samDle 

size fo r  medium trucks a n d  buses fo r  Type 7A was only 40 observations 

tends t o  compromise this result .  

b;. 

o f  truck emission level versus speed were based i s  displayed ir! Figures 14-1 

t o  14-16, pages 118 t o  133. There are two scatterplots for  each roadway 

type, one each for Truck Types 1 and 2 .  Each figure contains a scatterplot 

of overall noise emission level (dBA) versus truck speed in miles per hour.  

Overall n o i s e  emission levels were obtained from direct  measurements of 

individual trucks a t  the measurement s i t e s .  These levels are the peak 

levels from truck pass-bys ; t h a t  i s ,  they are referenced t o  a distance of 

-.. Scatterplots -- and Histograms - The noise level data on which the regressions 



F I G L I R E  14-1. 
S C A T T E R P L O T  AND H I S T O G R A V  OF O V E R A L L  V O I S E  EMISSION L E V E L S  

TQ!JCK TYPE 1 1 H E D I U Y  T K U C K S  & R ' J S E S )  
ROADWAY l I L F V E L  rCONTROLLED A C C E S S )  

S C A T T F R p L O T  OF OVFRALL Y r l I S E  L E V E L  IN 084  ( Y t  V S .  SPEED I N  MPH ( X I  
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t 1212 1 1 1  

+ 
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F I G U R E  1 4 - 2 0  
S C A T T C R P L n T  AN0 F I I S T O G R 4 Y  OF O V E R A L L  YUISE E Y J 5 S 1 2 N  L F V E L S  

R f J A i ) W A Y  1( L E V E L * C f l N T R O t h E D  A C C E S S )  
T S U C K  T Y P F  2 ( Y E 4 V Y  TRUCKS)  

S C A T T F K P L O T  OF '3VF04LC N O I S E  L E V E L  I N  D D A  ( Y t  V S .  SPEEO I Y  YPH ( X I  
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F R E QU E N C Y 
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F I G l t R  E 1 4 - 3 .  
S C A T T E R P L U T  A V O  HISTOGR4M OF OVERALL N O I S E  EMISSION L E V E L S  

?PUCK T Y P E  l ( M E i ) I U Y  TRUCKS C B U S E S 1  
KOA DWA Y 7 I U PGR A DE ,CONTR OLCE 0 A C  C FSS 1 

S C A T T F P P L ( 1 T  OF O V E R A L L  N O I S F  LfrVEL IN DDA ( Y l  V S .  SPFED I N  MPH ( X I  
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F I G J R E  1.4-4. 
S C A T T F F P L 9 T  A N 0  t i I S T f l G R A M  OF Q V E R A L L  N O I 5 F  E Y I S S I O Y  LEVELS 

TR!JCK T Y P F  7 ( H E A V Y  TRUCKS 1 
R n  A O W A Y  2 ( UPGRPD E t  C CNTQCLL € 9  ACCFS S 1 

S C A T T C P P L O T  OF OVERALL NOISF L E V E L  I N  9 B A  t Y 1  V S .  <PEE0 I N  HPH 4x1 
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+ * + + + 75.03c + 

5 8.000 6 8 -  000 L 8 .000  78.300 38.930 48. oeo 

H I S T O G R A M  O F  ’IVERALL “\IOISE L E V E L  

ww L r  PI T FRE W E N  C Y  
ii C .  1 7 5 6 x x  (x”)’ = 40.07 

1 R  X X X X X  
70 x x x x  x x  Y x x x x x x x x  x x x x x x  ~ ~ ~ ~ ( 2 5 )  = 37.7 

1 5 5  X X X X X X X X X X X X X X X X X X X X x x x x x x x x x x x x x x ~  x x x x x x x x x x x  
169 X X X X  X X  X X X  XXXXXX XXX XXX X X X X  X X X X  X X X X  X X X X X X X  X X  X X X X X X X X  

9 3  x x x x  x x x x x  x x x  x x x x x x  x x x  x x x x  
30 x x x x x Y x x x x x  
16 X X X X X  

1 3 9  x x x x x x x x x x x x x x x x X x x x x x x x x x x x x x x x x x x x x x x x x x  

4 x  
? X  
1 x  



F I G U R E  1 4 - 5 -  
C C A T T E R P C O T  AN0 H I S T O G R A Y  OF O V E R A L L  N O I S E  EMISSIDN L E V E L S  

TRVCK T Y P E  l(vEDIUY T R U C K S  & BUSES1 
R O A D W A Y  3 (  D D W N G R A O E ~  CONTRCLL En ACCESS)  

S C h l T C : H P L I ? T  OF O V F R A L L  N O I S E  L E V E L  I N  DBA ( Y I  V S .  SPEED I N  MPH [ X I  

s5.oco + + + + + + 

~0.030 + 

85 .000  + 

8C.000 + 

75.000 + 

1 

1, 
1 1 .  

4. 

1 

I 1 1 1111 
I 1 1  

1 1 1 11 I +  
1 2 1  I 1 1  1 

12 I231 2 1 

2 L 3 1 1 3 1  1 1 

1 1  11 212221  I +  

I 2 1 1 2  1 1 

1 1  1 3 2 I . 1 1 1  1 1  

2 1 1 2 2  I 

1 1 1 1 1  
2 11: 11 1 

1 1  1 1  
1 1 I l l  

1 1  1 1 
1 1  + 

7'2.000 + 4 + + + + 

20.000 30.000 43.000 50.000 60,000 70.000 

H I  CTClGkAM Of O V F R A L L  Nr3ISF L E V E L  

UPPFF? L I M I T  FRF QU E Y  C Y  
7 1 . 1 2 5  5 x x x x x  
7 5 . 5 s c  5 x x x x x  
7 0. 'i 7 5 6 X X X X X X  
7 P . 4 9 C  13 x x x x x x x x x x x x x  
7 4 . ? ? 5  13 x x x x x x x x x x x x x  
P 1 .25Q 2 6  X X X X X X X X X X X X X X X X X X X X X X X X X X  
9 7 , 5 7 5  2 0  x x x x x x  x x x x x x x x x x x x x x  
G 4 * 1 3 3  10 x x x x x  x x x x x x x x x x x x x x  
Q 5 . 5 2 5  11 x x x x x x x x x X x  
86.Q550 R Y X X X X X X X  
9 P.7 7 5  2 x x  
P S . ? O O  4 X Y X X  

(XI')* = 7.82 

~ ~ ~ ~ ( 1 0 )  = 18.3 

122 



F I G U S E  14-0. 
S C A T T E R P L O T  AND Y I S T O G R A Y  OF C V E R A L C  N O I S E  EMISSION LEVELS 

TRUCK TYPE 7 (HEAVY T R i J C K S I  
QOAOW4Y 3100h"GRADE ,CONTQOLLED ACCESS)  

S C A T T E R P L O T  OF OVEPALL NOISE LEVEL I\' D @ A  I Y )  V S .  SPEFO I W  XPH ( X I  

1cn.000 + + + + + + 

$5.000 + 

90,000 + 

1 
I 1  1 

I 
: I  

1 2 1 f Z !  2 1 1  2 1  1 1 
I 1 3 3 2 i  215  12 1 

l l l l  111353232 2 
1 6 1 4 3 5 2 2 6 3 4 1  2 

1 2 1 2 2 6 6 7 3 4 3 2 1 2 1  122 
11 L 2 7 2 4 2 1  7t?7665?7 1 2 1  1 

1 1  2 3 7 5 * * ? * 3 2 1  I? 

85.000 + , 1 11 1 4 2 4 5 4 s  iE'8747ZLL2 
1 I L! 4 6 2 * 3 3 3 3 6 4 2 3  1 2  

14122323  174123 1 

1 1 I 3 2 2 1 3 * 3 6 9 3 3 2 2  2 l.1 

1 1  1 1 1 2 2 5 3  2 5 3 1 1 2  I. 
1 4 1 2 4 1 1 1 3 3 1 2 1  1 

1 1 2 1 2 2 3 7  1 
1 1 3 1  122  1 

2 I 
1 1  1 1 

L 1 1  
1 1  1 

80.030 + 

+ 

+ 

+ 

4 

75.000 + + + 4- t + 

30.900 40.000 50.0d3 60. O O f l  7 0,000 80.000 

H I S T O G R A P ?  O F  UVER4CL NOISE LEVEL.  

LJPPFR L I M I T  FREQUENCY 
7 8 . 2 4 2  9 x x x  ( x " ) ~  = 33.09 
7$.783 7 x x x  
8 1.32 5 2 8  x x x x x x x x x x x  ~ 2 ~ ~ ( 2 8 )  = 41.3 
82.867 53 x x x x x x x x x  x xx x x x xx x Y Y. 
P4.408 
9 5.350 
37.492 
HS.333 
3c.5 75 
9 2 . 1 1 7  
93.655 
9 5 . 3 0 0  

R? x x x x x  x x x x  x x x x  x x x x x  x x x x x x x  x x x x  x x x x  
11 0 x x Y x x x x x x x x x x x x x x x x x x  x x x x x x x x x  x x x x x x x x x x x x  
l 3  0 x x x x  x x x x x  x x x  x x x  xx x x x x  x x x x  x x x x  x X X X  x x x x x x x x  x x x x x x x x x  
1 02 x x x x x x x x x x x x x x x  x x x x x x x  x x x x x x x  I: X x x x x X ~ x Y  

49 x x x x  x x x x x x x x x x x x x  x Y. 

35 x x x x x x x x x x x x Y x  
4 X X  
4 x x  



F I G U R E  14-70 
S C A T T F H P L Q T  4ND H I S T O G R A M  n F  O V E R A L L  NOISE E Y I S S l O N  L E V E L S  

T P U C Y  T Y P E  l I " I E 3 I U Y  T R U C K S  & R U S E S )  
R O A  DW A Y  4 ( L F V  EL t NOR-CON T Rot. L E 3 A CC E 5 S ! 

S C A T T F R P L O T  OF O V E R A L L  N O I S E  LEVEL I Y  D B A  ( Y )  V S .  SPEED I N  MPH ( X I  

90.000 + + + + + + 

85 .000  + 

8 0 . 0 0 0  + 

75.000 + 

70.000 + 

1 1  
1 

1 1 
1 1 1 1  

2 1 1 1 1  1 1 + 
1 1 1  1 
L 11 

2 3 1 :  1 1 2  

1 1  1 2 1 2 1  1 1 3 2 2 1  
3 3 1 1 2 2 1  3 1  

12141 261233  2 L 1 
1 I12 3 2 1 4  131 1 
1 2 1 2 2 1  4 1 1 2 2 1 2 2 2 1  

11 I I 2 2312 7 1  
2 1  i 13 11  2 1 1  I 1 

1 41 32 
1 2 1 1 1 1 2  1 1  123  I 

1 1 1 
1 11 1 

1 
1 1 

1 
1 

1 
2 

+ 

f.5.Od)o + + + + + + 

7 0 . 3 o c  30.900 40.000 50.000 60-000 70.000 

FREQUENCY 
4 x x x x  ( x " ) ~  = 13.72 
7 x x  
0 x x x x x x  xTo5(12) = 21.0 

7 3 x x x x  x x  xxx  xxx  x x x  xx x x x x  x x 
2 s  x x x x x x  x x x  x x x x x x x x x x x x x x x x  
43 x x x x x  x x x x  xxx  I( x x x x x x x x  x x x x  x x x x x  x x x x x x x x x x x x x  
43 x Y x x x x x x x x x x x x x x x x x x x  x x x x x x x x x  x x x x x x x x x x x x x x x x x x x  
3 7  x x x x x x x x x x x x  x x x x x x x x x  x x x x x x x  x x  x x  x x x x x  
14 X X I X X X X X X X X X Y Y  
1 1  x x Y x x Y x x x x x  

7 X X Y X X X X  
7: X Y X  

. 

. 

176 



F I G U R E  1 4 - 8 .  
S C A T T E R P L Q T  AND H I S T O G R A M  O F  O V E R A L L  N O I S E  EYI S S I O N  LEVELS 

T R U C K  T Y P E  2 4 H E 4 V Y  T R U C K S )  
ROADWAY 41 L E V E L  ,NON-CCNTRCLLED A C C E S S )  

SCBTTFRPLDT UF W E R A L C  NOISE LEVEL IN D8A ( Y )  V S ,  S P E E D  I N  YPW t X J  

100.000 + + + + + + 

$5.000 + 1 
1 
1. 

+ 

90.000 + 

8 5 . 0 0 0  + 
1 

80.000 + 

i 

+ 

1 
+ 

1 
I 

112 1 
1 1 I  

1 2 11 3111 
1- 12 1 2'1 22 2 

L 1 2 1 2  I f 2  3 1 
1 1 1 3  1232L41331121 1 

1 23213 2541112I 11 
1 1 1  23312421324 11222 

1 31 223217312223113 
112 1311 12 3.22351 f 

1 41 1 2 3 3 1  41 2 1  
1 1112 2 111 1 3 1  

2 1 1 1 1  321 Z 1 2 3 1  1 
1 1  1 1 1  2 1 1 

L 11 1 1 1 1  1 
1 1 1 1 1  

1 
1 1 

'75.000 + + + 4- + + 

20.000 30.000 40.000 50. ooe 60-000  70.000 

H I S T O G R A M  O f  OVERALL N O I S E  LEVEL 

IIPP€R L I M I T  
7 7 , 1 2 5  
78.750 
e0.375 
52.000 
8 3 . h Z  5 
8 5 . ?  50 
R6.575 
F 8 . 5 0 0  
9c .125  
5 1.75C 
"3 .775 
?5.q!2G 

FRE OUENCY 
3 x x  (x")* = 22.04 

13 X X X X X X X X X  
3 1  X X X X X X X X X X X X X X X X X X X X X  xTO5(24) = 36.4 
4 1 x x xx x x x x x  x x x  x x x x x x  x x x  x xx x x x  
6 2 x x x x  x x x x x  x x x x  x x  x x x x x x  x xxx x x x x  x x x x  x x x x x x x x  
7 5  x x x x x x x x x x x x x x x x x x x x x x ~ x x x x x x x x x x x x x x x x x x x x x x x x x x ~ x  
44 x x x x  x x x x x  x x x  x x x x x x  x x x  x x x x x x x x  
2 7  X X X X X X X X X X X X X X X X X X  
11 x x x x x x x  

L X  
z x  
2 Y  



F I G U R E  14-9- 
S C A T T F R P L O T  AND H I S T O G R A Y  gF O V E R A L L  N O I S E  E Y I S S I D N  LEVELS 

TRUCK TYPE 1 4 Y F D I L I M  T R 9 C K S  6 B U S E S )  
ROADWAY 51 UP G R A D E  9 NOY-CONTRPLLED 4CCESSI 

S C A T T E R P L O T  OF ~ V W A L L  NOISF LEVEL r N  D B A  I Y )  vs.  S P E E D  IN MPH 1 x 1  

s5.coo + t f 4. + + 

2 

R5.000 + 

80.090 + 

75.000 + 

1 

1 I 1  
2 1  

I l l  1 1  
11 1 1 1  1 

I 2 1 1 1 1 1  

77 131 211 
1 1 l i  2 I 1 L 1  

1 21. 11 1 2  1 

1 2 41 4 
1 2123  I 1 1  I 

i 2 1  

1 1  2 1  

1 I? 13 2 2 ?  

3 1 1  1 1  : 
1 1  

1 t 
1 1 1  1 1  

1 

+ 

+ 

+ 

+ + + + + 7 0 * 0 0 0  + 

?_0.330 7 0 . 0 0 0  4 0.000 50*000 60.000 70.000 

H I S T f l G R A M  O F  QVERALL Y O I S E  L F V E L  

L'P0F-P L I M I T  
7 5 . 2 3 3  
76,767 
7P.100 
79 .433  
" 1 . 2 6 7  
Q 3 . Q O O  
9 4 , 4 3 3  
9 5.967 
'7.50C 
sc;.c33 
Q C . 5 6 7  
9?.1 o c  

F R E Q U E N C Y  
7 x x x x x x x  
9 x x x x x x x x x  

23 X X X X X X  X X X  X X X X  X X X X X X X X  X X  
2 c  x x x x x x  x x x x x x x x x  xx x x x  
1 8  X X X X Y  X X X X  X X X  X X X  X X  X 
1 9  x x x x x x x x x x x x x x x x x x  
12 x x x x x x x x x x x x  

8 x x x x x x x x  
7 x x x x x x x  
1 x  
1 r  
2 xr" 

(XI')* = 9.67 

~ : ~ ~ ( l l )  = 19.7 

7 26 



F I G U R E  14-1  C. 
5 C A T T E K P L I I T  AND '1ISTOGRAM OF O V E R A L L  N O I S E  E Y I S S l O N  LEVELS 

"CADWAY 54UPGRADE ,NON-CONTPOLLED A C C E S S )  
T R U C K  T Y P E  2 ( H E P V Y  T R U C K S )  

1c0.000 + 4 + + 4 + 

1 1  
s5.ooc + 

cj0.000 + 

85.000 + 
1 

8O.c)OO + 

. 

1 1  
I l l  

11 1 112 1 
: 1 2 1  1 

I P 12 L 1 2  1 
1 2 3  2 2 1 1  I 

I f  2 1 2 1  1. 
1 1 1 1 3 3 3 1 1 2 2 1  1 

12112 2 1  1 3 2 1 3  1 1 1  

2 4 5 1 2 2 4 3 3 4  4 
1 113 3 1 4 2 5 2 3 2 2 1 1 2  3 

1 2 3 3 4 1  I 1113222113. 
1 2 2 1 1 2 1  7 7  4 311 

1 212 1 7  53313 1 1  3 
11 1 2 1 1 3 7  1 
1 1  1 1  1 
1 1 2  1 
1 11 

1 1 1 2  2 1 2 6 4 7 1 5 4  I 1 1  

+ 

1 

* + + + + 75.000 

LiT S T O G P A M  OF 3 V F R A L I .  N O I S E  L E V E L  

RC.117 
P1.675 
8 3 . 9 3 3  
3 4 . 7 9 2  
F3 6.3 50 
E7.908 
4 9 , 4 6 7  

9 2 . 5 e 3  
* 4 . 1 4 2  

9 1.025 

05.7 0 0  

(XI' ) = 34.1 6 
5 x x x x  
14 x x x x x x x x x x  xTO5(25) = 37.7 
45 !! x x x  x x x x x  xxx x x x  x x x  x x x x x x x  x x x x  x x x x  
47 x x x x x  x x x x  xxx  x x x  x x x x x x x  x x x  x x x x  x x x x  x 
69 x xxx x x  x x x  x x x  x x x x x x  x x x  x x x x  x x x x  x x x x  x x x x x x x x  X X X X  x x x x  x 
53 X X X Y X X X X X X X X X X x X X X X X x x x x x x x x x x x x x x x x x Y  
2 5 x x x x  x x x x x x x x  x x x x x x  
2 ti x x x x  xxxxxx) I ;x  x x x  xx x 
14 x x x x x x x x x x  

6 X X X X  
3 x x  



F 1  G U K E  14-1 1. 
S C A T T E K P L I I T  AN@ H I S T O G R A M  O F  O V E R A L L  N O I S E  E M X S S I O N  L E V E L S  

TRUCK T Y P E  l ( M E D 1 U M  T R U C K S  & B U S E S )  
RObDWAY 6 (  DOWNGRAD€ rYOU-CONTROLLED A C C E S F )  

S C A T T F R P L O T  OF O V E S A L C  N O I S E  LEVEL IN OEA I Y )  VS.  SPEED I N  MPH f X f  

~5.000 + + + + + + 

$ 0 , 0 0 0  + 1 

R5.000 + 

80 .030  + 

75.00c + 

1 
2 1 

L L ?  
1 1 11 
1 I 1  1 

1 41. 111212 
1 1  1 21111 1 

1 1 2 2). 

L 112321221!. 1 1 
1 L 11 3tbL11L31.I 
1 1 2  112233 3 2 2 1 1  

1 7  1 12  l L 2 7 1 L Z  2 I 
1 123 32 1 2 3 1  1 

1 1 1 5 4 2 3  32 2 1 1  
L 1 2 3 2  2 2  23  11 

1 1 1 3 4 2 1 4 2  

12 112 1 
1 7 

3 1  213 1111 1 1 1 

1 1  1 1  
1 

1 1 
7 3 . 0 0 0  + + + + i 

20.000 30.c)oo 40,000 so. 000 50.000 

H I S T C G P P M  O F  O V E R A L L  Y O l S E  CEVFL 

U P P E R  L I P I T  
72 .4oc  
74.000 
75.600 
77.2 Oc) 
7 P . 9 0 0  
9 C . 4 O C  
R 2.002 
Q?.60!2 
Q'CI.?OC 
QC..40c' 
B 8 .  G 0 t' 
9 c . 0 0 3  

+ 

+ 

12 

+ 

+ 

+ 

70.000 

FRE W E  NCY 
4 x x x x  (X")* = 73.94 
h x x x x x x  XTO5(72) = 21.0 2 8 x x x x x x x x x x x x x  x x x x  x x x x  x xxx  x x x  

3 9 x x x x x  x x x x x x x  x x  xxx x x x x x  x x x x x x x  x x x x  x x x x x x  
44 x x x x x x x x x x x x  x x x  xx x x x x  x x x x  x x x x x  x x x x x x x x x x x x x x  
44 x x x x  x x x x x x x x  x x x  xx x x x x  x xxx  x x x x  x x x x  x x x x x x  x x x x x  
38  x x x x x  x x x x x x x x x x x x x  x x x  x rXXXXXx x x x x  x x x x x  
2 x x x x  x x  x x x  x x x x x x x x  K xxx x x x x x x x  
17 x Y Y x x x x x x x x x  
7 X X X X X X X  
5 X X X X Y  
! X  



F I G U R E  14-12.  
S C A T T F R P L O T  AN9 . l l S T Q G R A M  nF O V E R A L L  N O I S E  E Y I S S T O N  L E V E L S  

T R U C K  T Y P F  2 ( H E 4 Y Y  T R r J C K S I  
RnbOWAY 6(DONNGRADE ~ N O N - C C h T R C l l L E 3  A C C F S S I  

S C A T T E P P L f l T  OF O V E R A L L  N O I S E  LEVEL IN DEA I Y )  V S .  SPEED I N  YPH ( X I  

47 .000  4 + t 

$2.000 + 

87 .030  + 

82.0C0 + 

1 

1 
1 

1 

1 

7 7 . 0 0 c  + 

7 2 . O C O  + + 

20,000 30.000 

+ f + 
I, 

c 
1 1 1  

1 1 2  3 1 1 2 1  

11 1 1 7 112 2 :  1 

2 1 1 1  1 

2 L t L 2  2 1  21. 

1 1 1111121l.14 2 1 2  + 
1 1 3 2  1 5 2 4 2  211 1 

I 213 1 315244344 2 1 
I 3 3 2 2 1  332212 2 
1 111 14 4 3 1 2 2 2 2 1 2 2  

1 1 2  11 3 962342 1 2 1  
1 1 1 2  2211534 1 2 1 3  

1 1 2 3  3342121 :  12 
2 11221633322 17 

1 11 3 2 2 1 2  12  
1 1  1 1  1 41 L 

11 1 2 1 1 2 1  2 
1 1 1 2  1 7  

1 I 1 
1 1  

4 

H I S T O G R A M  OF O V E R A L L  N O I S E  L E V E L  

1 
1 + + + 4 

40.000 50.000 6 0,000 70, 000 

UPPER L I ! * I I T  FREQUENCY 
7 4.9 50 2 x  ( x " ) ~  = 30.39 
7 C e Q G O  7 x x x x  
78.850 24 X X X X  X X  X X X  X X X  X X X  x2 (29) = 42.6 
3 C.4 0 0  
82.7 5 0  
9 4 . 7 d C  7 ?  x x x x x x x x x x x x x x x  x x x x x x  x x x x x x x x x  xxx  x x x x x x x x x x x x  
26.65C 8 3  YYxYxxxxxxxx  x x x x x x x x x x x x x  x x Y x x x x x x x x x x x x x x x x x x x x x x  
P R . h O C  
Q C . 5 5 C  2 5 X X X X  X X  X X X  X X X  X X  X X 
92 .51 )c  3 x x  
04.4 5 3 0 
9t*+ or, 1 x  

53 x x x x x  x x x x x x x x x  xxx  x x x x  x x x x  x x x x x  x x x  *05 
7 3 x x x x  x x xxx xxx x x  x x x x  x x x x  x x x  x x x x  x x x x  x x x x x x  x x  x x x x x  

4 1 X X X X  X X X X X  X X X  X X X  X X  X X X X X  X X X Y  



f I G I J R E  14-1 3. 
S C A T T F K P L O T  AN0 H I S T O G R A M  Of- O V E R A L L  N O I S E  E Y I  S S l f l N  L E V E L S  

TPUCK TYPE l ( M E D I U i - 4  TRUCKS C R U S E S )  
R O A D W A Y  7 A (  R A M P S  9 4 C C E L E R A T I O N )  

S C A T T E R P L O T  IJF O V F R A L L  NOISF L E V E L  IN O R A  ( Y 1  V S .  S P E E D  I N  MPH ( X I  

s0.000 + + + + + + 

1 

8 5 . 0 3 0  + 

40.000 + 

7 5 , 0 0 0  + 

7 C - O C O  + 

1 
1 

1 1 1 
1 1 

1 1 
1 1 1 1  

1 2  
3 

1 1 1  1 1  

I 1 
1 1 

1 
1 1 1 
1 1  11  

1 

1 

+ 65.000 

10.000 20.000 30.000 

I i I 5 T O G R A M  O F  O V E R A L L  N f l I S E  L E V F L  

UPf'l-R L I PIT 
64 .2  5 0  
7C.817  
72.375 
7?.9 3 3 
7 5 , 4 9 2  
7 7 . 0 5 0  
7 & . O C t ?  
8C.167 
8 1,735 

$ 4 . 3 4 2  
R6.4 Oc!  

8 1 0 2  8 3  

FRE 3UENCY 
2 x x  
7 x x x x x x x  
2 x x  
4 x x x x  
6 X X X X X X  
5 x x x x x  
h X X X X X X  
4 x x x x  
2 x x  
1 x  
0 
1 r  

4 

+ 

+ 

+ 

1 

1 

4 + + 

4 0 0  205 50.000 60oOOO 

( x " ) ~  = 2.53 

xTO5(3) = 7.81 . 



f I V O R E  1 4 - 1 4 ,  
S C A T T E R P L O T  ANn HISTOGRAP4 OF OVERALL NOISE EMISSION LEVELS 
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50 feet (15.2m). 

indicate the number of d a t a  points t h a t  f a l l  in an w e a .  Afi asterisk 

indicates ten or  more da ta  points. Each figure also contains a 

histogram of overall emission level with associated Chi-square (x2) 

s ta t i s t ics  for  a t e s t  of goodness-of-fit t o  a normal curve. 

In the scatterplots, a one d i c i t  number i s  used to 

The scatterplots show considerable variation in %he noise level 

data. In fac t ,  for  a particular speed, a variation i n  emission level 

of 10 dB i s  fa i r ly  common. Scatterplots f o r  heavy trucks for Roadway 

Types 2 and 5 (upgrades) and 7A (ramps w i t h  acceleration) show l i t t l e  

relationship between emission level and speed; while a relationship i s  

much more obvious for Roadway Types 1 and 6 for medium trucks and buses, 

and Roadway Types 3 and 6 (downgrades) f o r  heavy trucks. An examination 

of a l l  the plots reveals t h a t  for this study, emission levels were OR 

occasion greater t h a n  95 dB b u t  never above 100 dBA; occasionally below 

70, b u t  never below 65 dBA. 

The scatterplots clearly indicate tfie range of t rxk speeds for which 

measurements of emission levels were obtained. 

various roadway types and truck types are shown i n  Table 7 on uaae 135. 

The sDeed ranges for the 

Since the emission level prediction lines were developed from noise 

levels for trucks h a v i n g  speeds within these ranges, one should be 

care.fu1 when making noise predictions for speeds fall ing outside these 

ranges where t h e  prediction lines are n o t  we?? defined. 



. 

TAELE 7 

RAilGE OF SPEEDS 

Miles per hour (kilometers per h o u r )  

ROADWAY TYPE 

1 Controlled 

2 Controlled 
Access Upgrade 

3 Controlled 
Access Downgrade 

4 Non-controlled 
Access Level 

5 Non-control led 
Access Upgrade 

6 i’ion-con t rol  led 
Access Downgrade 

(Acceleration) 

( Non -accel era t i  on ) 

Access Level 

7 A  Ramps 

7B Ramps 

TRUCK TYPE i 
(Ivlediurn Trucks and Buses) 

28 - 64 (45  - ? 0 2 j  

2 5  - 64 (40 - 102) 

37 - 59 (59 - 710) 

TRUCK TYPE 2 
(Heavy Trucks) 

38 - 68 (61 - ? 0 9 >  

18 - 66 (29  - 106) 

35 - 73  (56 - 117) 

32 - 62 (51 - 99) 1 30 - 64 (48 - 102) 

28 - 55 (45 - 88) j 21 - 63 (34 - 707) 

37 - 66 (59 - 106: 1 31 - 67 (50 - 707) 

I 

i 

I 
21 - 44 (34 - 70)  1 I 10 - 47 (16 - 66) 

I 

1 
18 - 50 ( 2 9  - 80) 1 15 - 53 (24 - 85) 

C .  

level %ere included i n  Figures 14-1 to  14-16 i n  order t o  i l l u s t r a t e  the 

shaDe of the frequency distributions.  

appear t o  be nearly normally distributed. 

normality of the data i n  a more rigorous manner, a computer program was 

written which uti l ized a Chi-square ( d )  goodness-of-fit test t o  evaluate 

how well the noise emission data f i t  a normal curve. 

Normality of Noise Level -- Data - The histocrams o f  overall noise emission 

To the eye most of the distributions 

In order t o  examine the 

Values of ( x ” ) ~ ,  a 
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Since 

prediction 

normally d 

this study 

arithmetic 

s t a t i s t i c  determined for the distribution of noise feve?s,  are compared 
2 t o  the value of the x distribut'on for  the approDriate degrees of 

freedom and a 52 level of significance. 

one can conclude t h a t  the p o i s e  d a t a  came from a distribution not 

greatly different from the particular normal distribution specified by 
2 the mean and standard deviation o f  the sample. Values of ( x " ) ~  and x 

are shown a t  the right hand s i d e  of each histoaram. 

Chi-square qoodness-of-fi t tes t s  indicated t h a t  except f o r  the heavy truck 

d a t a  f o r  Roadway Types ? a n d  2 (controlled access, level a n d  upgrade), 

a l l  of the other noise data came from distributions approximately the 

same as the normal distributions snecified i n  the  tes ts .  

I* (x")' i s  less t h a n  x 2 .05 

Results o f  the 

- 
the calculation ef energy w a n  emissior level ,  tE, by the 

equation iE = L? * 0 . 1 1 5  2s based on t h e  assumption of 

stributed data,  the accuracy of this eauation i n  regard to  

was examined a t  th is  p o i n t .  

mean emission leve:. a n d  o i s  the s t a n d a r d  deviation o f  the 

__ 2 .  

I n  th i s  equation co is  the 

noise d a t a .  

The equation will be evaluated based on the noise data for particular 

roadway type and truck type groups ( e . g . ,  Roadway Type 1 , Truck Type 2) .  

Th is  d a t a  includes noise levels f c r  a l l  speeds encountered for  a group, 

t h a t  i s ,  speeds covering the ranges given i n  Table 7 ,  page 135. 

here, Lo i s  not determined froin a regression: i t  i s  simply the arithmetic 

mean of the emission levels o f  a l l  vehicles in a particular roadway type 

T h u s ,  

the 

ua ted 

and truck type group w 

accuracy o f  the energy 

fo r  any specific speed 

t h  no consideration given to  speed. Hence 

mean !eve1 prediction equation was not eva 

o r  sseed group. 

. 

136 



The energy mean eniission level calculated by the prediction equation 

(from here o n ,  P k )  was compared to  the directly calculated energy mean 

level CE. Direct calculation of the energy mean emission level means 

t h a t  YE was determined by finding ten times the logarithm of the mean 

intensity level of a l l  vehicles according t o  the equations: 

- 
Energy Fleari Lmission Level = LE = 10 log (I), and  

k 
!lean Intensity Level = I = ~\i 1 

i =I  

- 1  
fi(1OLi’’’) 

- 
I was calculated by g r o u p i n g  the noise emission levels i n t o  classes t o  

form a frequency histogram. Thus. i n  the equation for I ,  f j  = the 
- 

frequency of class i ,  L i  = the sound leve! corresponding t o  the mid-poin t  

of class i , k = the number of classes,  and PI = the total  number of 

individual truck noise emission level measurements. 

Table 8 ,  page 138, indicates the differences which occurred between 
- 

directly calculated energy mean level ,  LIT,  and predicted energy mean 

level ,  PCE. 
Table 2 indjcates that  i n  most cases cE was higher than P 4 .  On 

the average, i t  was approximately 0.1 dC higher. The largest  differences 

which occurred were 0.29 dB for medium trucks and buses on Roadway Type 5 

(non-controlled access, upgrades) , and 0.34 dE for heavy trucks on 

Roadway Type 7B (ramps w i t h  no acce?eration).  

that  a t  !east for these noise d a t a  se t s  o f  large s ize  a n d  a wide range of 

speeds, the prediction equation f o r  energy mean emission level i s  quite 

T h i s  would seem t o  indicate 

accurate . 



~~ 

ROADWAY TYPE 

1 Controlled 
Access Level 

2 Controlled 
Access Upgrade 

3 Controlled 
Access Downgrade 

4 tlon-controlled 
Access Level 

5 Non-control led 
Access Upgrade 

6 Non-controlled 
Access Downgrade 

7A Ramps 
(Acceleration) 

78 Rainps 
(Non -accel erati on) 

TABLE 8 

DIFFERENCE : LE-PrE (dBA) 
- 

TRUCK TYPE 7 
(liediuni Trucks and Buses) 

0.13 

0 .OO 

-0.02 

0.02 

0.29 

0.09 

0.10 

0.18 

TRUCK TYPE 2 
(Heavy Trucks) 

I 
1 
I 0.02 

0.10 

-0.04 

0.09 

0.10 

0.01 

0.15 

0.34 
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IMPLEMENTATION OF FINDINGS ---- - _- ~ - . - ---- -I_ 

. 

The implementable product which has r e s u l t e d  f rom t h i s  study i s  a 

m o d i f i c a t i o n  of the i n p u t  t r u c k  noise l e v e l s  f o r  the T ranspor ta t i on  

Systems Center Noise P r e d i c t i o n  Program, a m o d i f i c a t i o n  which w i l l  make 

the no ise  l e v e l s  used by the  program more near l y  r e f l e c t  t h e  t r u c k  

noise l e v e l s  p resen t l y  occu r r i ng  i n  the State o f  New Jersey. This 

m o d i f i c a t i o n  w i l l  i nc lude  changes t o  v e h i c l e  types ( t r u c k  c l a s s i f i c a t i o n s ) ,  

roadway types (upgrade and downgrade roadway sec t i ons ) ,  peak noise l e v e l s ,  

t h e i r  standard dev iat ions and corresponding octave frequency spectra 

no ise l e v e l  versus speed r e l a t i o n s h i p s ,  and veh ic le  source heights .  

The f i n d i n g s  of t h i s  study represent  a m o d i f i c a t i o n  o f  e x i s t i n g  

FHWA approved noise p r e d i c t i o n  methods and are thus s u b j e c t  t o  approval 

by the  FHWA's O f f i c e  o f  Environmental P o l i c y  before implementation. 

Assuming t h i s  approval i s  obtained, t he  proposed m o d i f i c a t i o n s  w i l l  be 

incorporated i n t o  the TSC MOD-04 noise p r e d j c t i o n  computer program by 

NJDOT's D i v i s i o n  of Data Processing. 

modi f ied vers ion o f  MOD-04 i s  opera t i ng  p roper l y ,  the f i n d i n g s  of t h i s  

Once i t  i s  v e r i f i e d  t h a t  t h i s  

study w i l l  be immediately implementable by opera t i ng  personnel w i  t h i c  

NJDOT responsib le  f o r  makina t r a f f i c  no i se  p r e d i c t i o n s .  

This r e p o r t ,  which discusses the work done on t h i s  s tudy and provides 

the i n fo rma t ion  requ i red  f o r  implementation. will  be presented t o  the 

operat ing agency. 

of Researcn ( responsib le  f o r  t h i s  r e p o r t )  and opera t i ng  personnel t o  review 

and c l a r i f y  t he  f i n d i n g s  o f  t h i s  study, thus a i d i n g  i n  t h e i r  implementation. 

Meetings w i l l  be he ld  between members o f  the D i v i s i o n  



Since the operating agency i s  presently using the TSC prediction program 

and has used i t  for  several years, these meetings will deal primarily 

with the approved modifications. 

has been begun, Research will continue t o  maintain close contact with 

operating personnel i n  order t h a t  any further difficult ies arising 

i n  the use of the modified program can be resolved. 

As a final step, after implementation 
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APPENDIX A 
_I__- 

DEVELOPMENT 0 F ME AS UR EMEN T ME THO DOLOGY 

T h i s  appendix contains a more deta led discussion of the development 

of the measurement methodoloqy t h a n  was contained in the body of this  

report. 

are slightly modified versions of the oriqinal Drocedures contained i n  the 

f i r s t  interim report. 

The d a t a  collection procedures w h i c h  are included i n  this appendix 

The modifications resulted from f ie ld  experience. 

A measurement methodology was developed w h i c h  insured the accurate 

collection of the noise level information needed t o  modify the reference 

emission level i n p u t  t o  the TSC program. 

peak A-weighted noise level and frequency si?ectrum uroduced by the cass-by 

of an individual t ruck.  bleasurements were made a t  a distance of  50 feet 

(15.2111) from the center of  the lane of travel. 

also provided a procedure for the accurate collection of t ruck  meed 

information and meteorological d a t a .  

This information included the  

The measurement methodology 

The major steps i n  the development of the measurement methodology were 

( 7 )  the definition and classification of trucks, ( 2 )  the establishment o f  a 

v a l i d  measurement criterion which provided a means of checkinq t h a t  an 

individual truck was isolated from other highway t ra f f ic  to the extent t h a t  

an accurate measurement o f  i t s  noise level could be obtained, ( 3 )  the develop- 

ment o f  field procedures f o r  noise, speed, and meteorological d a t a  collection, 

and ( 4 )  an examination, by s ta t i s t ica l  methods, of the relationship between 

the size of a random sample and the precision of a uopulation estimate 

based on the results obtained for the samDle. 

Each of the above steps i s  discussed i n  the following sections. 
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Truck D e f i n i t i o n  and C1 assi f i cat ion  

The d e f i n i t i o n  of a t r u c k  was selected f r o m  [3] which contains federa l  

no ise standards and defines a t ruck  as ... "any motor v e h i c l e  ( i n c l u d i n g  

buses) having a gross veh ic le  weiyht  greater  than 10,000 oounds". This i s  

a standard d e f i n i t i o n  of a t r u c k  commonly used i n  s tud ies deal ing w i t h  

no i  se 1 eve1 s . 
Since f o r  t h i s  study i t  was no t  poss ih le  t o  ob ta in  the gross veh ic le  

weights of t rucks  whose noise was measured, a d i f f e r e n t  method o f  t r u c k  

c l a s s i f i c a t i o n  was chosen. 

a x l e  conf igura t ion .  

r a t i o n  i s  e a s i l y  implementable w f t h i n  the s t a t e  s ince t r a f f i c  count i n f o r -  

mation f o r  New Jersey i s  a lso presented based on an ax le  c l a s s i f i c a t i o n  

system. 

weight, t h i s  method o f  c l a s s i f i c a t i o n  i s  a lso compatible w i t h  t h e  t r u c k  

d e f i n i t i o n  s ta ted  e a r l i e r .  

pounds (4536 kg) gross veh ic le  weight genera l l y  corresponds i n  terms of a x l e  

conf igura t ion  t o  any vehic le  having a t  l e a s t  two ax les and s i x  t i r e s  (dual 

r e a r  wheels) . 

It was decided t o  c l a s s i f y  t rucks  i n  terms of 

Noise l e v e l  data presented i n  terms of a x l e  configu- 

Since a x l e  conf igura t ion  i s  s t r o n q l y  r e l a t e d  t o  gross veh ic le  

Accordingly, any v e h i c l e  o f  g rea ter  than 10,000 

GIith t h i s  considered, i t  was decided t o  conduct noise l e v e l  measurements 

f o r  t h e  fo l low ing  " t ruck"  c l a s s i f i c a t i o n s  w i t h  corresponding codes i n  

parentheses : 

(1) Two ax le t rucks w f t h  dual r e a r  wheels (2/6) 

(2 )  Two axle,  dual r e a r  wheeled t r u c k  t r a c t o r s  w i thout  semi- 

t r a i l e r s  (2T) 

Three ax le t r u c k  t r a c t o r s  w i t h o u t  s e m i t r a i l e r s  (3T) (3) 

(4) Two ax le buses w i t h  dual r e a r  wheels ( 2 B )  

. 
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( 5 )  Three axle buses (3B) 

( 6 )  

( 7 )  

( 8 )  

( 9 )  

(10) Trucks w i t h  two axle t ractors  and three axle semitrailers (2 -3)  

( 1 1 )  Trucks w i t h  three axle t ractors  and one axle semitrailers (3-1) 

( 1 2 )  Trucks w i t h  three axle t ractors  and two axle semitrailers (3-2) 

(13) Trucks w i t h  three axle tractors and three axle semitrailers (3 -3 )  

These classes of trucks are i l lustrated i n  Fiqure P - 1 ,  page 150,and are 

correspondingly labeled 1 t o  13. Figure A - 1  also shows Classes 9 & B, 

pickups and  small standup delivery vans. Noise levels f o r  vehicles i n  

Classes A & 8 were not measured because the great rnadoritv of these vehicles 

are less t h a n  10,000 pounds (4536 kg)  i n  measured gross vehicle weight. 

The d u a l  rear wheeled, two axle trucks i n  Class  1 are t h e  lJohtest 

Three axle, single unit body trucks ( 3 )  

Four axle, single u n i t  body trucks (4 )  

Trucks w i t h  two axle t ractors  and one axle semitrailers ( 2 - 1 )  

Trucks w i t h  two axle tractors and two axle semitrailers ( 2 - 2 )  

trucks t h a t  were measured. 

nonnally range from approximately 10,000 to 25,000 pounds (4536 to l i 3 4 0  k q ) .  

Examples of dual rear wheeled, 2-axle trucks are small vans a n c  ;';atbeds, 

u t i  1 i t y  trucks, and large deli very trucks. 

They have measured qross vehicle weights which 

Two and three axle tractors i n  Classes 2 a n d  3 a re  significant noise 

sources by themselves since engine and exhaust noise are a major  p a r t  o f  

the t o t a l  noise produced by a t r u c k .  These tractors have weights ranging 

from a b o u t  8,000 t o  15,000 pounds (3629 t o  6804 ka) ( n o t  gross weiahtj. 

Examples of two axle, dual  rear wheeled buses in Class 4 are c i ty  

t ransi t  and  school buses. Three axle buses i n  Class 5 are primarily comnuter 

buses used f o r  inter-city and  in te rs ta te  t ravel .  The measured gross vehicle 
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I---- 
I j Three A x l e ,  Single U n i t  600) 

- 
PtckuD,PaPei  (under ~ Ton)  I--- 

I 
I c 

Multistep OT Standup Delivery (over I T o n )  k--- 
T w o  Ax le ,  Single -T i red  Rear Wheels 

Four kxie Sinoie U n i t  LOG\ 
1 6 '  - --__ 
, 

Two Axle Tractor  Truck I 
One A x l e  S e m i t r a i l e r  

I ._ __ - _._ - --- 
- . 

Sinole !lni! 6001 
T w o  A x l c , D u o I  T i r e  Rear Wheels , , ~ _ _ ~ . _ _ _ _  

c--- 2 

I -43- T a r  C t l t  C.? 

__I 

~ 

i-- 7 roctor  &ithoLit Semitrailer 
Two Axle, Cuol-Tire Rear Wheels 7- - 

I I 

Three A x i f .  Semitrniier _____ - 

I 
I 
I 
I 

Three Axle Tractor Without S e m i t r a i l e r  

, 

7-- 

Three A x i c  T roctor  Truct  
I T w o  I X l €  S e T l l t r G l l ~ ~  

1 Three A x l e  Troctor  Truck i Three Axle BU. 
5 Threc Arle  Semitroi ler  

1 

NOTE Bodv Tyoes cs  shown ore for sketch purposes only,ond i t  ic PC: i r lnnoec  t r  r m w  
t h a t  i h e v  ore the only body types  encounferec 8 r  " e s f  c G C C  ' t : O ' ~ ~ r r  
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wivhts  of two arid threc axle buses r a n w  from approximately 20,000 t o  

35,000 pounds (3072 t o  15876 k p ) .  

The 3 o r  more axle trucks i n  Classes 15 t o  1 3  include 3 and 4 axle single 

u n i t  dump trucks and refuse trucks, and  3 ,  C ,  5 and 6 axle tractor semi- 

t r a i l e r s  which are primarily e i ther  vans, tankers, or flatbeds. 

gross vehicle weights for  trucks i n  these classes ranae from a b o u t  2i),C10@ 

t o  80,000 pounds (9072 t o  36288 k g )  . 

The measured 

Other studies [12, 14  ,? 151 have proviied strong evidence t h ? t  the noise 

produced by an individual truck i s  ( 1 )  t o  a certain degree, related t o  i t s  

rieasured gross weight, and ( 2 )  capable of varyitla bJy several decibels depend- 

i n g  upon whether a trucI, i s  fully loaded o r  empty. 

page 152 has been iric udcd t o  provide some informtion a b o u t  the truck weights 

which are encountered i n  Vew Jersey. I t  indicates the approximate distribution 

of truck weights w i t h  n most of the classes o f  trucks l i s ted  on pages 148 & 143 

and shown i n  Figure A - 1 ,  page 150. 

as well as Classes 3 and 6 due to the manner i n  which available d a t a  was pre- 

sented. The Dercentage 

of trucks within each weight range was based on the resul ts  of the 1977 New 

Jersey Loadometer Study i n  which the gross weights of  trucks were measured 

a t  27 locations t h r o u g h o u t  the s t a t e .  

o f  trucks sampled in each classif icat ion i s  also indicated. 

table may be useful to  others who have truck weight information and wish t o  

make comparisons. 

I!ith this i n  m i n d ,  Table A-1, 

In Table A- ' I ,  Classes 1 and 2 are combined 

Data for Classes 4 and 5 (buses) were not available. 

The average weight of and the number 

@ata i n  the 

A Val i d  Measurement 

Since the noise produced by highway vehicles is sumned a t  an  observer, 

i t  was recognized t h a t  f o r  a measurement of the noise produced by an individual 



TABLE A-1. 

TRUCK WEIGHT DISTRIBUTIONS BY PERCENT* 

Truck C1 a s s i  f i c a t i o n s  
Measured 
Gross 
Weight 
Can ge 

( K  lbs)** 

1 8 2  3 Pi 6 7 9 I0 12 11 

3-1 
Tractor  
T r a i l e r  

8 

2 Axle 
6 Tires 
S i n g l e  

2-1 
Tractor  
T r a i l e r  

2 -2 
Tractor  
T r a i l e r  

2-3 
Tractor 
T r a i l e r  

3-2 
Trac tor  
T r a i l e r  

3-3 
Tractor  j 
Trai 1 e r  ~ 

1 

3 Axle 
Single  

4 Axle 
Single  

4-6 K 
6-8 
8-10 

10-12 
12-14 
14-16 
16-1 8 
18-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55 -60 
60-65 
65-70 
70-75 
75-80 
80 -85 
85-90 
90 -9 5 
95-1 00 

100-1 05 
120K 

1.9% 
8.1 

11.5 
12.9 
14.4 
13.0 
10.8 
8.4 

11.3 
5.1 
1.8 
0.6 
0.1 
0.04 

0.2% 
0.5 
0.7 
4.4 
9.9 
7.1 

10.4 
18.0 
16.1 
10.6 
6.2 
3.5 
2.1 
3.0 
2.5 
3.0 
1 .G 

0.1% 

0.1 
0.6 
7 .o 

17.3 
15.6 
17 .3  
13.1 
11.7 
8.2 
4.4 
2 .8  
1.1 
0 . 5  
0.1 

0.4% 
1.9 
1.9 

19.0 
26.4 
28.0 
13.0 

6 .5  
1 . 5  

0.4 

3.6% 
5.5 

18.2 
5.5 
1.8 

10.9 
3.6 
3.6 
5.5 
7.3 
5.5 

14.5 
5.5 
3.6 
5.5 

0.1% 
1.4 
7.2 

11.4 
9.1 
7.5 
6 .9  
7.8 
8.6 
9.7 
8.1 
8.4 
7 . 2  
4.1 
1 .5  
0.7 
0.2 
0.04 

6.6% 
13.1 
16.4 
13.1 

1.6 

3.3  
4.9 
3.3 
8.2 
8.2 

13.1 
3.3 
1.6 
1.6 
1.6 

100% 

51 ,516 

61 

17.6% 
23.5 
11.8 
11.8 
17.6 

5.9 
11 .a 

100% 

34,853 

17 

14.3% I 

14 .3  * 

7.: 
7.1 - 
7.1 

21.4 

7.1 ' 
14.3  

7.1 ! 

100% 

65,893 
1 

- 

14 - 

Total % 100% 100% 100% 100% 

53,750 

100% 

32,391 

4 34 

100% 

38,983 

1,515 

Average 
!Jei g h t  
(W 

15,193 30,192 51 ,555 

55 
Number i n  

Sample 4,842 261 2,504 

*Based on 1977 New Jersey Loadometer Study 
**1 kilopound ( K l b )  = 0.45 metric tons ( t )  
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t r u c k  t o  be accurate, in te r fe rence must be minimized. Consequently, a 

c r i t e r i o n  was establ ished which insured t h a t  the  presence o f  o ther  vehic les 

on the highway d i d  n o t  s i g n i f i c a n t l y  i n t e r f e r e  w i t h  the  n o i s e  measurement 

o f  the t a r g e t  vehic le .  

as  a Val i d  measurement. 

If a measurement met t h i s  c r i t e r i o n  i t  was accepted 

I n i t i a l  e f f o r t s  i n  developing the Val i d  measurement c r i t e r i a  centered 

on t h e  s e l e c t i o n  o f  a minimum veh ic le  spacing. 

t o  t h e  t a r g e t  veh ic le  than the minimum spacing, a measurement of the t a r g e t  

veh ic le 's  peak noise l e v e l  would n o t  be made since the  e r r o r  introduced by 

the  presence o f  o t h e r  vehic les would be s i g n i f i c a n t  ( g r e a t e r  than 0.5 dB). 

The concept o f  a minimun veh ic le  spacing was examined i n  some d e t a i l .  

Theoret ica l  ca lcu la t ions  were performed f o r  two m v i n g  sound sources f o r  a 

v a r i e t y  of d i f f e r e n t  veh ic le  spacings, no ise emission l e v e l s  ( re ference 

50 f e e t  -15.2m), and spreading r a t e s  (sound decrease w i t h  doubl ing of 

d istance).  

ment o f  t h e  peak l e v e l  o f  the  t a r g e t  v e h i c l e  was examined. 

When any vehic les are c l o s e r  

I n  a l l  cases, the extent  o f  the r e s u l t i n g  e r r o r  i n  the measure- 

A t  about t h e  same time, the ongoing l i t e r a t u r e  search revealed another 

method f o r  deal ing w i t h  t h e  in f luence of o ther  vehic les.  

spec i f ied t h a t  f o r  the  measurement o f  t h e  peak l e v e l  of t h e  t a r g e t  v e h i c l e  

t o  be accurate t o  w i t h i n  0.5 dB, a t  l e a s t  a 6 dB r i s e  and f a l l  of the o v e r a l l  

no ise l e v e l  about t h e  peak l e v e l  of  the  t a r g e t  veh ic le  must occur [16]. 

Th is  method 

The reasoning behind t h i s  method i s  i l l u s t r a t e d  i n  F igure A-2, page 1st  

This f i g u r e  i s  a t y p i c a l  t ime h i s t o r y  o f  no ise  l e v e l s  measured f o r  vehic les 

on a roadway. 

t o t a l  noise l e v e l  produced by a l l  veh ic les  passing the  mtcrophone s i t e  o t h e r  

than the t a r g e t  vehic le .  

shown by the heavy dashed curve. 

The s o l i d  curve represents the background noise l e v e l ,  t h e  

The t ime h i s t o r y  o f  t h e  t a r c e t  veh ic le  alone i s  

The composite l e v e l  i s  shown by t h e  do t ted  
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Figure A-2. RESULTANT NOISE LEVEL FROM A SERIES OF VEHICLES 

PASSING THROUGH A NOISE MEASUREMENT SITE 

I- 

K E Y :  -___ 

Curve ( a  ) - T i m e  histery of the R O I S ~  !eve! of vehicles other than 
the target vehicle. 

Curve ( b )  - Time history of the noise level of the  ta rget  vehicle. 

Curve ( c  - Composite of ( a )  and ( b ) .  
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curve. .r\t the p o i n t  where the background noise level and the noise level 

of the target  vehicle are equal, the composite i s  3 dG higher. This 3 dE 

difference is  indicated i n  Figure A - 2 .  

Let the background noise level due t o  other vehicles be LB a t  the 

instant the peak level ,  L p ,  is produced by the target vehicle. 

the difference between the peak level ,  Lp,  o f  the target  vehicle and the 

background noise leve l ,  LB, the less i s  the error i n  measurement of the peak 

level. The  rules of decibel addition require t h a t  the difference, Lp - L B ,  

must be greater t h a n  9 dB for  the presence of other vehicles t o  increase Lp 

by less than 0.5 dB. Thus, as i l lustrated i n  Figure A - 2 ,  i f  the difference 

between Lp and the level of both the preceding a n d  following t u r n i n :  points 

(L1 and L 2 )  o f  the composite level i s  greater t h a n  or equal t o  6 dB, than 

Lp - LB i s  greater t h a n  or equal t o  9 dB, and the influence of other vehicles 

on the measurement of the peak level will n o t  have been significant (error 

i n  measurement L 0.5 dB) . 

The greater 

A t  th is  p o i n t ,  i t  was decided to  further investigate the second method 

because i t  was as accurate as the f i r s t  and  more easily implementable. 

over, verification of a measurement's validity could be done i n  the laboratory 

because the 6 dB r i s e  and f a l l  about the peak could be checked by examining 

a graphic level recorder trace produced from the playback of a recorded truck 

pass-by measurement. This method was checked against the theoretical cal-  

culations performed when considering the f i r s t  method, and  i t  was found t o  

be i n  good agreement. 

More- 

Since i t  was realized that  specifying a greater t h a n  6 dB r i se  and f a l l  

a b o u t  the peak would yield even more accurate measurement of the target vehicle's 

peak noise, the possibil i ty of specifying a n  8 o r  10 dB r i s e  and f a l l  was 
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invest igated.  

f a l l  requirement d i d  have a drawback. 

increase t h e  b i a s i n g  o f  f i e l d  measurements by making i t  much eas ie r  t o  

obta in  an acceptable measurement f o r  a louder  veh ic le  i n  an a x l e  c lass than 

f o r  a q u i e t e r  veh ic le  i n  t h a t  same c lass.  Thus mean peak l e v e l s  ca lcu la ted  

from acceptable measurements would be biased t o  t h e  h igh side. 

AS an a i d  i n  t h e  f i n a l  determinat ion o f  t h e  r i s e  and f a l l  requirement, 

However, i t  was theor ized t h a t  using an 8 o r  10 dB r i s e  and 

Such a requirement would unnecessar i ly  

an actual  f i e l d  t e s t  was conducted. Approximately 100 t r u c k  pass-by measure- 

ments were made a t  a s i t e  located adjacent t o  an i n t e r s t a t e  highway (1-295, 

n o r t h  of Trenton). 

p o s i t i o n  were tape recorded. 

recorder t r a c e  was produced. 

were ca lcu la ted  f o r  the d i f f e r e n t  axle classes using peak l e v e l s  which met 

6, 8, and 10 dB r i s e  and f a l l  requirements, respec t ive ly .  

The noise l e v e l s  of a l l  t rucks  passing t h e  microphone 

The tape was played back and a graphic  l e v e l  

The t r a c e  was examined and mean peak l e v e l s  

The mean peak l e v e l s  ca lcu la ted  in t h i s  manner were compared t o  t h e  

mean peak l e v e l  ca lcu la ted  f o r  a c lass  by averaging the  peak l e v e l s  of a l l  

vehic les i n  t h a t  c lass.  The mean peak l e v e l  ca lcu la ted  from a l l  vehic les 

i n  a c lass  i s ,  i n  i t s e l f ,  s l i g h t l y  h igh because some o f  t h e  vehic les used 

i n  t h e  c a l c u l a t i o n  have had t h e i r  peaks inf luenced upwards as a r e s u l t  O f  

c lose veh ic le  spacing, b u t  i t  i s  a good bas is  f o r  comparison. 

provides an i n d i c a t i o n  of t h e  b ias ing  in t roduced by t h e  use of t h e  th ree  

d i f f e r e n t  r i s e  and f a l l  requirements. 

requirement in t roduced the  smal lest  b i a s i n g  - f o r  the worst  case on the 

order  o f  0.5 dB too high. 

10 dB r i s e  and f a l l  requirement, increased the b i a s i n g  e r r o r  t o  such an 

The comparison 

As expected, the  6 dB r i s e  and f a l l  

It was found, i n  f a c t ,  t h a t  sw i tch ing  t o  an 8 o r  

. 
extent  t h a t  i t  outweighed any increase i n  peak l e v e l  measurement accuracy 

t h a t  could be obtained. 



I t  was finally decided t o  establish the following criterion for a 

valid measurement of peak truck pass-by noise: 

A measurement will be considered valid i f  
the total sound level (as observed on a 
graphic level recorder trace) rises and  
fa l l s  a t  least 6 dB about the peak level. 

I n  summary, this criterion was selected for the following reasons: 

(1)  measurement of a truck’s peak noise level will be accurate 

t o  within approximately 0.5 dB. 

less biasing will be introduced by this requirement t h a n  by (2 )  

an 8 or 10 dB rise and fa l l  requirement, and 

the validity o f  measurements can be verified in the ( 3 )  

1 abora tory.  

Choosing less t h a n  a 6 dB rise and fall  requirement was ruled o u t  because 

such a criterion would most likely lead t o  errors of over 0.5 dB in peak 

level measurement. 

Though a 6 dB r ise and  fa l l  was selected for use as the valid measure- 

ment cri terion, this r ise and fa l l  was found too diff icul t  t o  accurately 

observe on a sound level meter when i n  the field.  

was selected for use in the field.  

of an individual truck was recorded i f  the target truck was a t  least  

100 feet  (30.5 rn) away from passenger cars and  250 feet (76.2 m )  away from 

other trucks. These distances were selected so t h a t  most of the truck 

Thus, a vehicle spacing 

The noise produced from the pass-by 

pass-bys t h a t  were recorded would be valid measurements when analyzed la ter  

on for the 6 dB rise and f a l l .  

Data Col lecti  on Procedures 

As p a r t  of developing the measurement methodology, field procedures were 
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established f o r  conducting noise level measurements and also for  obtalning 

corresponding speed and meteorological information, 

The noise d a t a  collection procedure takes into consideration the vehicle - 
spacing requirements which were selected. 

accurate peak A-weighted noise levels,  and corresponding frequency and 

truck description information. 

description was decided upon primarily because i t  (1)  provided a permanent 

record which could be reanalyzed i f  required, ( 2 )  eliminated the need t o  

t ranspor t  sophisticated d a t a  reduction equipment into the f ie ld  on a daily 

basis thus protecting this  equipment from damage, and (3)  expedited the 

f ie ld  operation thereby increasing the number of measurements per hour which 

could be obtained. 

I t  provides for the collection of 

Tape recording of truck noise and truck 

The data collection procedures are explained below. For a l i s t i n 9  of 

the data collection equipment and  a description cf each piece see Appendfx 

6 ,  pages 166 - 170. 

A .  

was ?laced away from the highway 50 feet  (15 .2  m )  from the center of the 

nearest t r a f f i c  lane. The microphone was a one-inch Cruel Q: Kjaer (B&K) free 

f i e l d ,  condenser microphone (Type 4161) equipped w i t h  a windscreen, random 

incidence corrector, dehumidjfier, and preamplifier. . The microphone was 

mounted on a tripod and s e t  a t  a height o f  approximately 4 feet  (1 .2  m )  above 

the ground. 

struck the microphone a t  grazing incidence. 

microphone t o  the instrument vehicle which was parked more than 100 fee t  

(30.5 n )  away and f a r  enough from the edge o f  the highway so as not t o  

influence t r a f f i c  flow. A t  the vehicle the microphone cable was connected t o  

Noise Recording Procedure - A t  each of the measurement s i t e s  a microphone 

I t  pointed upwards in order t h a t  the vehicle noise reaching i t  

Co-axial cable was r u n  from the 
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a B&K p r e c i s i o n  sound l e v e l  meter (Type 2204 o r  2209) which was se t  on the  

A-scale. The A-weighted s ignal  l eav ing  t h e  sound l e v e l  meter was f e d  i n t o  

one channel of a two channel Naqra tape recorder.  The A-weighted no ise  

produced by an i n d i v i d u a l  t r u c k  pass-by was recorded on Channel 1 w h i l e  

a t  t h e  same t ime a vo ice d e s c r i p t i o n  o f  t h e  t r u c k  was annotated on Channel 2. 

A 1/2- inch B&K pressure, condenser microphone (Type 4134) was used f o r  record- 

i n g  on t h e  voice channel. 

operator  t o  moni tor  t h e  record ing and a 1 2 - v o l t  b a t t e r y  t o  power the  tape 

recorder  complete the  basic record ing set-up. 

shown i n  F igure A-3, page 1 G O .  

A p a i r  o f  headphones f o r  t h e  tape recorder  

The f i e l d  reco rd ing  set-up i s  

To q u a l i f y  f o r  measurement, a t a r g e t  t r u c k  had t o  be t r a v e l l i n g  i n  t h e  

nearest  t r a f f i c  lane (ou ts ide  l ane )  and be a t  l e a s t  100 fee t  (30.5 m) away 

f r o m  passenger cars and 250 f e e t  (76.2 m) away f r o m  o t h e r  t r u c k s  t r a v e l l i n g  

on t h e  highway. When possible,  t h e  n o i s e  Droduced by every q u a l i f i e d  t r u c k  

was tape recorded thus p rov id ing  a random sampling o f  t h e  populat ion.  

tape record ing was begun when t h e  t a r g e t  t r u c k  was approximately 400 fee t  

(121.9 m) from t h e  measurement p o i n t  (see F iqure C-1 page 177). The f i r s t  

i n fo rma t ion  recorded on the vo ice channel was t h e  t r u c k  i d e n t i f i c a t i o n  number. 

This was fo l lowed by the  words "Ready" and "Set"  which were recorded on tape 

t h e  i n s t a n t  the f r o n t  o f  the t a r g e t  t r u c k  passed the  p o i n t s  250 fee t  (76.2 m) 

and 100 f e e t  (30.5 m) respec t i ve l y ,  away from the  measurement p o i n t .  

t h e  word "Mark" was annotated* as the  f r o n t  o f  the t r u c k  passed the measurement 

p o i n t .  

measurement p o i n t  as we l l  as t h e  measurement p o i n t  i t s e l f  were marked by 

small t r a f f i c  cones placed along the hichway. 

The 

Next 

The p o i n t s  250 f e e t  (76.2 m) and 100 f e e t  (30.5 m) upstream of t h e  

A f t e r  t he  record ing of "Mark" 

*The annotat ion o f  these words was necessary i n  order  to analyze the  record- 
i n g  l a t e r  on. 
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the tape recorder was allowed to  r u n  a t  l eas t  an additional five seconds 

d u r i n g  which time the following truck description information was annotated : 

. 

. 

. exhaust configuration (vertical  or horizontal) ,  

. load condition ( i f  possible), 

. manufacturer ( i f  possible),  

. cab type (conventional or cab over enqine), and 

. vehicle speed (see be low) .  

truck classification (see pages 148 and 149) ,  

truck type ( v a n ,  tanker, dump, f latbed, e t c . ) ,  

The recording system was ful ly  calibrated ( w i t h  cablcs i n  place) 

a t  the beginnina of each period o f  measurement, each new reel of tape, 

approximately every two hours thereaf ter ,  a t  the end o f  each tape reel , 
and a t  the end o f  the measurement period. 

was used. 

The BeiK 124 dE calibrator 

Details o f  noise equipment se t t ings ,  calibration times, e t c .  were 

entered onto log sheets. 

6 .  

noise, the speeds o f  trucks for which noise levels were obtained were 

measured by an Electroniatic Radar Speed kleter. Speed was measured as 

a truck was directly opposite the microphone position. 

a s  read off the meter, was recorded on magnetic tape t o  complete the 

truck description, 

Speed -- Recording _______ Procedure - In conjunction w i t h  the recording of truck 

The truck speed, 

C. 

was also taken while a t  the measurement. s i t e .  

---A Heteoroloaical -_-______- Data Collection ~ _ _ _ _ -  Procedure ~ - _ _ _  - Meteorological information 

Air temperature. humidity , 



barometric pressure, and wind  speed and direction were measured follcwing 

system calibration. 

Bendi x electr ical  1.y asp i  rated psychrometer; barometric pressure, by a 

barometer supplied w i t h  the CetK 124 dB cal ibrator ;  and wind speed and 

direction, by a Lclfort wind measurfng s e t .  k i n d  speed and direction 

were renieasurcd whenever f ie ld  personnel suspected the wind speed or 

direction had  chanqed appreciably. iJoise measurements were not made 

d u r i n g  periods of precipitation or when the average continuous or g u s t  

wind speed exceeded 12 mDh (19.3 k m / h r )  . 110 limits were placed on a i r  

temperature since normal temperature v a r i a t i o n  will not significantly 

effect  sound propagation over the distances involved[l6]. 

Air temperature and humidity were measured by a 

Meteoroloqical information as indicated by t h e  various instruments 

was entered on t o  l o g  sheets. 

Sample Size --- 

The average peak noise levels determined for  this study were presented 

as beinn typical of the ent i re  population o f  New Jersey trucks. 

obvious reasons, the en t i re  population of trucks could not be measured, 

statements about the noise levels o f  the ent i re  population were inferred 

from tne noise level measurements made for a random sample of trucks from 

tiie population. 

order for a researcher to  be h i g h l y  confident t h a t  the results determined 

fo r  tiie sample are typical of the ent i re  population. 

Since for  

S ta t i s t ica l  methods s p e c i f y  the samDle s ize  required i n  

Accordinaly, the approximate sample s ize  required t o  estimate, to  a 

precision of 2 1 decibel*, the mean peak noise level of the population of  

c 

*Confidence interval i s  the sample mean + 1 decibel. 
I 
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trucks of a particular class travelling on a particular type of roadway 

was determined.* An example of this type o f  population would be trucks 

with two axle tractors and two axle semitrailers travelling on controlled 

access highways of less than or equal to 2% grade. 

This sample size was calculated according to established statistical 

procedures as exp 1 ai ned be1 ow ( see [ 171 ) . 
The equation used was: 

N =(*)*where, 

N = sample size, 

l-sa = standardized normal distribution statistic for confidence z 

intervals at a level of significance, 

u = population standard deviation, 

d = precision of the estimate of the population mean. 

The following assumptions are made: 

a) normally distributed population, 

b) precision of the estimate of the population mean = - + 1 dB, 

c) 

d) 

The precision o f  the estimate o f  the population mean was selected as 

population standard deviation = 4, 

a 95% confidence interval for the population mean (a error = 
0.05, z = 1.96). 

- + 1 dB because this is comparable to the approximate accuracy of 

combined noise recording and data reduction systerr,. 

the 

{Error in estimation 

from sampling is random in nature and differs from the upward biasing 

measurement error discussed earlier when a Val id measurement criteria was 

considered (pages 151 - 157).) 

selected after considering the truck noise data for New Jersey and six 

The population standard deviation o f  4 was 

* For truck classes see page 148; roadway types, page 171. 



other states contained in 118, 191. 

based on an examination of the standard deviations o f  the peak noise levels 

measured in these states for classes of trucks travelling at various typical 

highway speeds (approximately 35-70 mi/hr, 56-1 12 km/hr) .* 

It represents a worse case estimate 

- 

- 
Substituting the assumed values into the equation yielded the 

results shown below. 

2 
sample Site I) = 62 measurements 

Sixty-two individual truck noise measurements were thus cons 

the sample size for estimating, to a precision of + 1 decibel, the 

for a population defined by a particular truck classification on a 
- 

dered 

mean 

par- 

ticular roadway type. 

estimating the mean noise level o f  the truck class two axle tractors and 

For example, a sample o f  size 62 was required for 

two axle trailers when travellins on controlled access highways of less 

than or equal to 2% grade. Thus, according to statistics, if more than 

62 noise measurements of trucks having two axle tractors and two axle 

trailers were made on this type of roadway, than it can be stated with 

a high degree of confidence that the mean peak noise level determined 

from the sample was typical of the entire population. 

there was a 95% chance that the population mean peak noise level lay within 

In other words, 

- + 1 decibel of the mean peak noise level determined for the sample. 

A sample size of 62 was only exceeded for several of the 13 specific 

truck classes -- notably, Classes 1, 6, 9 and 12 (see page 148) -- for 
which noise level measurements were taken since the trucks in some classes 

c 

* Actually, a standard deviation of 4 was a good choice for Roadway Types 
1 - 6 because for these roadway types the highest standard deviation 
obtained in this study was 3.66 for particular truck classes for whllch 
more than 10 peak noise level measurements were obtained. For Roadway 
Types 7 & 8 (Ramps),however, standard deviations o f  peak noise levels 
were greater than 4 for several truck classes with a significant number 
o f  measurements. 
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make up a very small part of the New Jersey truck population. Thus, 

estimates of the population mean peak noise levels of some of the 

specific truck classes were not as precise as - +1 decibel. 

To simplify the noise prediction process, specific truck classes were 

regrouped into several general truck classes. 

sample mean peak noise levels of specific truck classes were compared by 

the use of a statistical test. 

noise levels were not significantly different when statistically tested 

were grouped together. 

Student t distribution to compare means of two independent samples. The 

test took into consideration the unequal sample sizes which occurred, as 

well as, the various precisions of the population mean peak level estimates. 

After the specific truck classes were regrouped Snto general truck 

For this purpose, the 

Specific truck classes whose mean peak 

The statistical test which was used employed a 

classes, the sample sizes of the general truck classes f o r  Roadway Types 

1 - 6 were larger than that required for estimating the population mean 
peak noise level to - +I decibel precision. 

truck classes for Roadway Type 7 (Ramps), the population mean peak noise 

level could not be estimated to within - +1 decibel precision because only 

40 peak noise level measurements were obtained with a standard deviation 

of 4.1 . 

However, for one of the general 

The larae data bases for most o f  the general classes now permitted 

the use of regressions of peak noise level versus speed which were 

developed using all of the data in a general truck class. 



APPENDIX B 

T h i s  appendix contains a description of the noise recording equipment 

which was used i n  the f ie ld  t o  col lect  truck noise data. 

of accessory equipment, which was used for recording o f  the voice 

channel, monitoring of the tape recording, and collection of speed and 

meteorological data are also given. 

recording system i s  shown on page 160. 

Descriptions 

A block diagram o f  the noise 

Recording --- Equipment I__ - __._ List  - 

.Bruel p1 Kjaer 4161 Microphone with 

Random Incidence Corrector UA-0055 

Dehumidifier UA-0310 

I n p u t  Stage (preamplifier) ZC-0007 

IJindscreen UA-0207 

.Bruel Kjaer ivlicrophone Cable AO-0029 

.6ruel & Kjaer 2204 or 2209 Impulse Precision Sound Level Meter 

.Nagra Tape Recorder IV-SJ 

.Bruel & Kjaer 4220 Pistonphone 

Accessory Equipment L i  s t  ---- -- 
.Bruel & user 4134 Microphone (used for voice recording) 

.Telex Headphones, Teleset Hll-100 

.Electromatic Radar Speed Pleter - I3odel S-5 

.Belfort Instrument Co. Wind Neasuring Set - Cat. No. ,6052 

.Bendix Psychrometer Model 566-2 
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EquiEent Description -- ---- -_-- 

- E&K 4161 Microeone - - This microphone i s  2 one-inch condenser 

microphone w i t h  a normal incidence free f ie ld  response which i s  l inear 

from 1 t o  2 Hz (-3d6) t o  18 KHz (51.5 dB) .  

cartridae and a symmetrical protectinq g r i d  which screw tonether. 

4161 Microphone meets the requirements of t h e  American National Standards 

Inst i tute  (ANSI) for  laboratory standard t ype  L microphones for f ree  

f ie ld  use. 

I t  consists of a microphone 

The 

Random Incidence - Corrector __I .--_ _-___ PA-0055 - The s e p s i  t i v i  ty of the 4161 

Microphone above 3-4 KHz varies aDpvciab?v $ i t h  a r c l e  of incidence. 

is  t h u s  not suited,  as i s ,  t o  the r e a l i s t f c  measurement o f  truck noise, 

which i s  composed o f  sound waves irnDinSirn 011 tk mcrophone w i t h  variable 

angles of incidence. 

omnidirectional u p  to  10 KHz by the use o f  Ranaorr incidence Corrector 

UA-0055. 

phone cartridge in place o f  the normal protectivc G r i d  and makes the 

microphone suitable for measurements i n  a d i f f u s e  f ie ld  (truck noise).  

I t  

tlowever, h?icrophone 4167 can be made practically 

This specially shaped device screws directly on t o  the micro- 

Dehurnidifer UA-0310 - - - This dehuwidifier has Seen selected for  use 

w i t h  Microphone 4101 s i i c e  i t  has been shown t h a t  condenser microphones 

can be adversely affected by h i g k  levels oc h u m i d i t y .  

characterist ic of Microphone 4151 a??orrs !t t o  be used w i t h  th i s  dehumidifier. 

UA-0310 i s  mounted between the micrqhone and i t s  preamplifier. 

s i l i c a  gel which effectively removes hu-n id i ty  from the a i r  i n  the microphone. 

The back vented 

I t  contains 



- I g u t  -- Stage -- (P reamp l i f i e r )  --- ---- - ZC-0007 ~ - --_ - The 4161 Microphone i s  designed 

t o  be screwed on t o  the i n p u t  o f  t h i s  p r e a m p l i f i e r  when the p r e a m p l i f i e r  

impedance 

a 

i s  equipped w i t h  an adaptor. This p r e a m p l i f i e r  has a h igh i n p u t  

which i s  requ i red  w i t h  B&K sound l e v e l  meters 2204 and 2209 when 

condenser microphone i s  used. 

Windscreen UA-0207 - Because wind noise a t  lower wind veloc -- es 

can i n t e r f e r e  w i t h  outdoor no ise measurements, a windscreen was used 

fo r  wind noise at tenuat ion.  This windscreen i s  a round b a l l ,  9 cm i n  

diameter, composed o f  a s p e c i a l l y  prepared porous polyurethane sponge. 

I t  can a t tenua te  wind noise a t  lower wind v e l o c i t i e s  by 10 t o  12 dB. 

Bruel  & - Kjaer  AO-0029 -___ Microphone -_-___ Cable - This cable comes i n  30 m 

It i s  a m u l t i - c o r e  sh ie lded cable,  suppl ied lengths o f  9 mn diameter. 

w i t h  a co -ax ia l  s igna l  conductor and microphone connectors a t  both ends. 

Several lengths o f  cable can be used w i t h o u t  s i g n i f i c a n t  s i g n a l  d i s t o r t i o n .  

Gruel & K jaer  2204 & 2209 Im ju i se  P rec i s ion  Sound Level Meters - The - I-- -_I_ ___ __._.---- 

2204 and 2209 a re  b a t t e r y  operated ANSI  Type 1 sound l e v e l  meters. They 

can a l so  be used f o r  v i b r a t i o n  measurements. With a B&K 4161 Microphone 

equipped w i t h  random incidence c o r r e c t o r  UA-0055, these sound l e v e l  meters 

have a dynamic range o f  15  dB(A) t o  140 dB and a frequency ranqe (+ldB) of 

6 tlz ( o r  12Hz) t o  12KHz. 

Sound Level Meters, and t o  DIN 45033 p a r t s  1 and 2. 

conta in  A, B ,  C,  and D weight inp networks. 

"Slow", "Impulse", and "Impulse Hold" meter responses. 

These instruments conform t o  I E C  179 f o r  P rec i s ion  

Both instruments 

2204 and 2209 both have "Fast" ,  

The 2209 was 
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developed from the 2204; i t s  main a d d i t i o n a l  feature i s  the abi l i ty  to 

hold the "peak" value as well as the RMS value of a sional. 

the 2209 sound level meter has a "Peak Hold" meter response. 

Accordingly, 

- Na--SJ Tape -----_ Recorder - This tape recorder i s  portable, can be 

battery operated, and has a calibrated recording meter. 

tape speeds, the highest being 15ips (38 cm/s) and uses 1/4" (6.35 mn) 

magnetic t ape .  

(All tests using 3bl 223 tape, tape speed 7 1/2 ips (19 cm/s), and  bias 

frequency 150 KHz) 

I t  has four 

Following are the manufacturers specifications : 

- Frequency response, recording a t  

20 dB below maximum peak level 

- Signal t o  noise r a t i o  

- Third harmonic distortion a t  

maximum peak level 

- Wow and  f l u t t e r ,  unweighted RMS 

value in accordance with NAB Standa rd  % 0.08% 

25Hz t o  20 KHz (f 1 .O dB) 

60 dB (NAB-Linear) 

1.5% 

. 

Bruel & Kjaer 4220 Pistonphone - The type 4220 i s  a small, battery 

operated, h i g h  level precision sound source which i s  used for direct 

calibration of sound measuring equipment. 

124 dB % 0.2 dB a t  250 llz when f i t t ed  t o  a B&K microphone. 

the reconmendations o f  the IEC on t h e  calibration of precision sound 

level meters. The pistonphone has been individually calibrated and i s  

supplied with a barometer w h i c h  reads direct correction for changes in 

I t  geqerates a sound level of 

I t  f u l f i l l s  

barometric pressure. 
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Bruel  & K jaer  4134 Microphone (Used f o r  Voice Recording) - This 

microphone i s  a h a l f  i nch  condenser microphone designed f o r  a l i n e a r  

pressure response up t o  20 KHz (+ 2 dB). 

c a r t r i d g e  and a p r o t e c t i v e  g r i d .  

t o  p r e a m p l i f i e r  2619. 

Standard ANSI  S1.12-1967 for type M laboratory  standard microphones. 

- 

It consis ts  of a microphone 

The microphone c a r t r i d g e  screws on 

The 4134 microphone f u l f i ? l s  the American 

Telex - - Headphones, - -- -.- T e l e s e t  - _ _  . - I HM-100 - These headphones have an 

impedance o f  2000 ohms and are p roper l y  matched f o r  use w i t h  the  

Nagra tape recorder.  

E lect romat ic  Radar Speed Meter. Mode? 5-5 - Th is  u n i t ,  which can 

be powered by a 12 v o l t  b a t t e r y ,  measures the instantaneous speeds o f  

moving vehic les t o  an accuracy o f  f 2 mi les per hour (3.2 krn/hr). The 

speed meter operates between 0 and 100 mi les per hour (161 km/hr). I t  

has th ree  range s e t t i n g s  - sho r t  range (150 f e e t  -45.711), medium range 

(300 feet  -91.4m), and long range (500 f e e t  -152.41111. 

the speed meter was checked w i t h  c a l i b r a t e d  tun ing  fo rks .  

C a l i b r a t i o n  of 

B e l f o r t  Instrument Co. Wind Measuring-Set. Cat. No. 6052 - This 

instrument gives a v i sua l  i n d i c a t i o n  o f  wind d i r e c t i o n  through 360 degrees 

and o f  wind speed from 0 t o  60 knots (171.1 km/hr). Vind d i r e c t i o n  can 

be resolved t o  w i t h i n  1 degree; wind speed, t o  w i t h i n  one h a l f  a kno t  

(0.93 krc/hr). 

-- --I_- - ----__I._- __ 

-__ Eendix - - Psychrometer, -- - Mode? __-- 566-2 - This u n i t  i s  a po r tab le ,  b a t t e r y  

powered, e l e c t r i c a l l y  aspi ra ted psychrometer which provides an i n d i c a t i o n  

of w e t  and dry bu lb  temperatures t o  an accuracy of ct.3 dearees Fahrenheit 

( @ . ? 7  degrees C). 

r e l a t i v e  humidi ty.  

The w e t  and d ry  bu lb  temperatures are used t o  determine 

. 



APPENDIX C - --- -- 

SELECTION OF MEASUREMENT SITES . -- ----. - -  - -  - -__ 

A de ta i led  descr ip t ion o f  the measurement s i t e  se lec t ion  process 

and the basic guidelines f o r  se lect ion i s  presented i n  t h i s  sect ion.  

In addi t ion,  the physical s i t e  c r i t e r i a  selected t o  assure accurate 

noise l eve l  measurement are out1 ined. The measurernent s i t e s  which 

were selected are l i s t e d  and described i n  Tables D-1 t o  D-7 i n  

Appendix D, pages 181 - 187. 

_ - -  Roadwg T y ~ s  

Measurement s i t e s  were selected f o r  the f o l  towing roadway types : 

(1)  tiiyhways w i t h  contro l  o f  access (roadways o f  grade less than o r  

equal t o  2 % ) .  

Highways w i th  cont ro l  o f  access (roadways o f  greater  than 2% upgrade). 

Highways w i th  cont ro l  o f  access (roadways o f  greater  than 2% 

downgrade). 

Highways w i th  non-control l e d  access (roadways o f  grade less than 

o r  equal t o  2%). 

Highways w i t h  non-control led access (roadways o f  greater than 2% 

upgrade). 

(2 )  

( 3 )  

( 4 )  

( 5 )  

(6 )  Highways w i tn  non-control led access (roadways o f  greater than 2% 

downgrade). 

( 7 )  Ramps. 
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Highways were divided into controlled and non-controlled access 

because i t  was expected t h a t  different average speeds and operating 

conditions would occur for each of these types of highways. Noise 

level d a t a  obtained for  Roadway Types 2 ,  3 ,  5 ,  6 ,  and 7 expand the 

available truck noise d a t a  base because these types of roadways involve 

grades and acceleration. I n  addition, consideration o f  Roadway Type 7 

(Ramps) provided noise levels for trucks operating a t  low speeds (less 

t h a n  30 miles per hour (48 k m / h r ) ) .  

Selection of Sites for Roadway Types 1-0 
---I- - --------- 

The objective of the s i t e  selection process with regard t o  these 

roadways was t o  select t es t  s i tes  from which noise measurements o f  a 

representative sample of the truck population in New Jersey could be 

collected. 

basically the same objective in m i n d  (obtaining a representative 

sampling of New Jersey trucks), i t  was decided t o  locate the noise 

measurement s i tes  along roadways on w h i c h  these truck weighing stations 

(loadometer stations) were located. 

Since the NJDOT truck weighing stations were selected with 

Over a period of several weeks, roadways on which the loadometer 

stations are located were visited. A l i s t  was drawn up of potential noise 

measurenent s i tes  satisfying the physical s i t e  cr i ter ia  described on 

pages 175 - 179, 

primary guidelines being the following: 

From this l i s t  the final s i tes  were selected with the 

( I )  Sites were selected from different areas of the s ta te  i n  an 

e f f o r t  t o  main ta in  a geoaraphical representation. Thus, s i tes  
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were selected along roads which handled t ra f f ic  flows t o  the 

northern, southern, eastern and western portions of the s ta te .  

Site locations were not selected where i t  was estimated there 

would be less than one accurate measurement of an individual 

truck passby in five minutes. 

volume s i tes  were not  selected as final s i tes .  

For roadway types 2 ,  3 ,  5 and  6 (upgrades and downgrades), an 

effort  was made t o  select si tes of varied grade steepness and 

length. 

(2 )  

Thus, very low and very high 

( 3 )  

As i t  turned o u t ,  guideline number (1 )  could n o t  be followed very 

effectively for  Roadway Types 2 ,  3, 5 and 6 since most of these roadways 

were located i n  the northern pa r t  of the s ta te ,  the southern p a r t  having 

relatively f l a t  terrain. 

tance f o r  these types of roadways. 

Guidelines ( 2 )  a n d  ( 3 )  took on greater impor- 

I n  a d d i t i o n  t o  the s i tes  selected i n  the manner described above, 

several s i tes  were selected adjacent t o  recently constructed highways 

for which loadometer stations had n o t  been set  up.  

additional s i tes  was made because these highways obviously carried 

significant truck t raff ic .  

The selection of these 

Selection ---__- of Sites for  RoadKaj - Type 7 

lleasurement s i tes  adjacent t o  ramps were selected i n  the following 

manner. 

of the other types of s i tes .  

cri teria discussed on pages 175 - 179 were then l isted.  

Ramps were examined along the roads visited durina the selection 

Those s i tes  meeting the physical s i t e  

The final ramp 



s i tes  were selected from this l i s t  based on the fo'ilowing guidelines: 

( 1 )  Sites were selected adjacent t o  ramps o f  different horizontal 

configurations (circular t o  straight) and h a v i n g  different 

roadway grades ( f 1 a t  , upgrade and downgrade) . 
Sites were selected adjacent t o  ramps on which trucks were 

being driven under different operating conditions (constant 

speed operation, acceleration, e tc . ) .  

Sites adjacent t o  ramps having a very high or  a very low amount 

of truck t ra f f ic  were n o t  selected. 

( 2 )  

( 3 )  

No effort  was made t o  select ramps from different areas of the s ta te .  

List of Measurement ---- Sites 

I n  a l l ,  38 original s i tes  were selected. 

chosen for Roadway Types 1 ,  2 and 3;  five s i tes  each, for Roadway Types 

4 ,  5 ,  6 and 7 .  The only reason selection was made in this manner was 

t h a t  more s i tes  adjacent t o  Roadway Types 1, 2 and 3 met the physical 

s i t e  cr i ter ia  t h a n  si tes from other roadway types. 

interim report for a l i s t  o f  these 38 original s i tes .  

S i x  s i tes  each were 

See the f i r s t  

As i t  turned o u t ,  during the d a t a  acquisition phase of this project, 

measurements were n o t  taken a t  original Sites 3 ,  15  and 26. 

ments were selected fo r  these cancel 1 ed s i  tes because a sufficient number 

of measurements were obtained for the roadway types these s i tes  represented. 

However, two additional s i tes  (Sites 36 and 37)" were selected for Roadway 

Type 7 because of the great range of truck operating conditions which 

No replace- 

& 

were encountered a t  ramp s i tes  . 

*Updated s i te  numberi no  
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Thus, measurements were taken a t  37 sites - the number o f  s i tes  

visited for Roadway Types 1 t o  7 was 5 ,  6 ,  5 ,  5 ,  4 ,  5 and 7 respectively. 

An updated l i s t  of s i tes  a t  which noise level measurements were 

conducted i s  included i n  Tables D-1 t o  0-7, ADpendix D, pages 181 - 187. 

The tables contain detailed s i t e  information. 

for each roadway type. 

One table i s  presented 

Sites have been renumbered as required. 

Physical Site Criteria - - - ~ -  

All of the s i tes  which were selected for this project were required 

t o  meet the s i t e  cri teria described i n  this section. Criteria were 

established for sound reflecting obstacles in tne measurement area and 

for the general physical features of  a s i t e .  All  of the s i tes  which 

were selected qualify as "soft" s i tes  (covered w i t h  grass or  similar 

absorptive material) in accordance with the definition contained i n  [ 9 ] .  

A. 

obstacles were established t o  insure accurate noise level measurement 

a t  a l l  s i tes .  

in the inmediate vicinity of  a noise recording microphone can cause 

errors i n  noise measurement due t o  their a b i l i t y  t o  reflect  sound. 

there are large sound reflecting surfaces nearby, the noise levels 

measured by a microphone will be h i g h  relative t o  those obtained under 

normal circumstances. 

presence o f  obstacles a t  a measurement s i t e  in terms o f  their sound reflecting 

abil i ty , size a n d  distance from the microphone. 

s i t e s  t o  be selected such t h a t  the effect o f  reflections from nearby 

Sound ReflectiEObstacIes ___- - Site cri teria fo r  sound reflecting 

The cr i ter ia  were necessary because some types of obstacles 

I f  

Thus, the c r i te r ia  outlined below limited the 

These cr i ter ia  allowed 
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obstacles was less t h a n  0.5 d6 [lG]. The s i t e  c r i te r ia  were formulated 

from the information contained i n  [16, 20,  211 and SAE Recomended 

Practice J366a, "Exterior Sound Levels for Heavy Trucks and Buses". 

Following are the c r i t e r i a  governing sound reflecting obstacles : 

(1) The measurement s i t e  must be a nearly level open area free of 

large sound reflecting surfaces such as barr iers ,  signboards, 

buildings, walls, bridges, sol i d  fences, earth embankments or 

parked vehicles. 

The open area shall extend t o  a t  l eas t  a 100 foot (30.5 m) distance 

frotri both the niicrophone and the measurement point ( the point 

of closest approach between the center l ine of the lane of 

travel and the microphone}. 

i l lustrat ion of a measurement s i t e .  

The following stationary objects were not considered s ignif icant  

sound reflecting surfaces and were permitted within the measure- 

ment zone as well as within the r e s t  of the measurement s i t e .  

The measurement zone was defined as  the triangular area between 

the microphone and the two Points 50 feet  (15.2 m) to each side 

of the nleasurement point (See Figure C - 1 ) .  

( 2 )  

See Figure C-1 , page 177, for  an 

( 3 )  

. Solid objects less t h a n  1 foot (0 .3  m )  i n  length, regard- 

less of height, provided they are not located w i t h i n  10 

fee t  (3.05 m) of the ms'crophone or vehicle path and, 

. Solid objects less t h a n  1 foot  (0.3 m) in height, regard- 

less o f  length, provided they are not located within 10 

feet  (3.05 m) of the microphone or vehicle p a t h .  

L 
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The types 

t rees  and 

r u r a l  mai 

o f  ob jects  

bushes, t e  

boxes. 

described i n  the above inc luded smal l  

ephone and power poles,  f i r e  hydrants and 

(4) The l a r g e r  s t a t i o n a r y  ob jects  described below were n o t  con- 

s ide red  s i g n i f i c a n t  sound r e f l e c t i n g  surfaces when loca ted  

w i t h i n  those areas o f  the measurement s i t e  outs ide of the 

measurement zone. 

. A sur face whose dimensions d i d  n o t  exceed 8 f e e t  (2.44 m) 

i n  l eng th  ( p a r a l l e l  t o  the veh ic le  path)  and 2 f e e t  (0.6 m) 

i n  he igh t  provided i t  i s  n o t  located w i t h i n  10 f e e t  (3.05 in) 

of the microphone o r  veh ic le  path, 

A sur face w i t h  l ess  than a 45-degree slope above the  

h o r i z o n t a l ,  

. 

. An e levated v e r t i c a l  surface o r  a sur face s l o p i n g  away 

from the microphone w i t h  the lower edge more than 15 fee t  

(4.6 m) above the roadway and the space below the  lower 

edge being open (e.g., an e levated s i g n ) ,  

Chain- l ink o r  o t h e r  open fencing, l a rge  t rees ,  l a r g e  bushes 

and hedges. 

. 

0 -  

se lec t i on  o f  a l l  measurement s i t e s  a re  o u t l i n e d  below. 

t o  ensure accurate noise l e v e l  measurement and t o  f a c i l i t a t e  data 

c o l l e c t i o n .  

-_- General Physical  -- C h a r a c t e r i s t i c s  __--- - Add i t i ona l  c r i t e r i a  used i n  the  

They were chosen 

( 5 )  The microphonc, which i s  located approximately 50 f e e t  (15.2 m) 
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from the center of the outside t ra f f ic  lane, should be placed 

on a surface whose elevation i s  within 5 3 feet  (0.9 m )  of 

the plane of the road surface. 

The pavement a t  the noise s i t e  should be Portland cement concrete 

or bituminous concrete and should be dry a t  the time of 

measurement . 
The surface of the ground w i t h i n  the measurement zone shall 

be free from standing water. 

There should be no more than 15 feet  (4.6 in} of paved shoulder 

between the lane of travel and the microphone. 

There must be adequate visibil i ty o f  oncoming trucks t o  allow 

for the identification of truck classifications. 

Measurement s i tes  must be f a r  enough away from t ra f f ic  Control 

devices and entrance and exit  ramps so t h a t  freely flowing 

t ra f f ic  conditions exist  ( th i s  does n o t  apply to ramp s i t e s ) .  

The area in which the measurement s i t e  i s  located should be 

free of noise sources other t h a n  highway t ra f f ic .  
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APPENDIX 0 

LIST OF MASUREMENT SITES -~ -- -.- - ---- 

This appendix contains a l i s t  o f  t he  37 s i t e s  a t  which noise 

measurements were conducted. These s i t e s  were se lected according t o  

the procedures and guide l ines discussed under "Select ion o f  Measurement 

S i t e s " ,  pages 171 - 179. There are seven tab les,  each tab le  l i s t s  the 

s i t e s  f o r  one of the p a r t i c u l a r  roadway types noted on page 171. 

Tables I t o  6 conta in  l oca t i on ,  highway desc r ip t i on ,  s i t e  desc r ip t i on ,  

and t r a f f i c  in format ion f o r  s i t e s  adjacent t o  c o n t r o l l e d  and non-con t ro l l ed  

access highways w i  t h  l e v e l  , upgrade, and downgrade roadways. 

provides i n fo rma t ion  about the l o c a t i o n  o f  ramp s i t e s ,  a d e s c r i p t i o n  

o f  each ranip, and a ramp's func t i on .  

Table 7 

Average annual d a i l y  t r a f f i c  (AADT) f i g u r e s  presented i n  the tab les 

a re  those determined f o r  t he  nearest  t r a f f i c  count ing s t a t i o n .  The source 

was -- S t r a i g h t  L ine Diagrams 

D i v i s i o n  of Planning and Research, 1976. 

from data suppl ied by the D i v i s i o n  o f  Comprehensive Transpor tat ion Planning, 

i4ew Jersey Department of Transpor tat ion.  Grade steepness i s  expressed 

as f e e t  of roadway ascent or descent per  100 f e e t  o f  h o r i z o n t a l  roadway 

length.  A "+I1 s ign  i nd i ca tes  an upgrade: a "-I1 s ign ,  a downgrade. Grade 

leng th  i s  the l eng th  of roadway from the beginning o f  the upgrade o r  down- 

qrade t o  the measurement p o i n t .  

odometer. Microphone ground e l e v a t i o n  i s  the ground e l e v a t i o n  a t  the mlcro-  

phone p o s i t i o n  w i t h  respect  t o  the e l e v a t i o n  o f  the cen te r  o f  t h e  near 

t r a f f i c  lane. 

New Jersey Department o f  Transpor tat ion 

Truck percentages were est imated 

. 
It was measured w i t h  the inst rument  v e h i c l e ' s  



L ____~__ 
1 I -78 4.0 5 mi les  eas t  o f  4-lane r u r a l  freeway, a major 29,700 (30) +0.4 -0.5 Por t l and  

Concrete 
(west)  P h i l l i p s b u r g  east-west t ruck  rou te  Cement 

2 1-95 4.6 5 mi les n o r t h  o f  6- lane urban freeway, a h inh-  11 ,800 (15)  +0.53 - +O .89 B i  tumf nous 
(south) Trenton way l i n k  between Route 1 and Concrete 

Pennsylvania 

1-287 17.3 5 mi les  no r th  o f  6- lane urban freeway, a highway 51.100 (20) +0.15 -3.4 Por t  1 and 

Concrete 
(no r th )  New Brunswi ck l i n k  between the  N.J. Turnpike,  Cement 

Route 1 ,  and westward routes 

1-295 16.6 10 mi les south- 4- lane r u r a l  freeway, a major 25.P.00 (30)  -0.47 -0.88 Por t land 
Cement 
Concrete 

(south) west o f  Camden nor th -south  t ruck  rou te  

1 4  



TABLE D-2. MEASUREMENT SITES FOR ROADWAY TYPE 2 

(CONTROLLED ACCESS HIGHWAYS, GREATER THAN 2% UPGRADE) 

Grade I n  format ion Microphone 
S i t e  Route N.J. T r a f f i c  In fo rmat ion  Steepness Length Ground Pavement 

Number (D i rec t i on )  Mi lepos t  General Locat ion H i  ghway Des c r i  p t i on AAOT (% Trucks) (%I (mi)  E leva t ion(  f t) Type 

6 1-78 10.1 10 m i les  eas t  o f  6- lane r u r a l  freeway 26,700 (30) +3.95 1.4 +0.65 Por t land 

Concrete 
(west) Phi 11 ipsburg  Cement 

7 1-80 9.1 10 m i les  northwest 6-lane r u r a l  freeway 14,800 ( 2 5 )  +2.92 0.2 -1.72 Por t  1 and 

Concrete 
(west) o f  Hackettstown Cement 

8 1-78 27.9 5 mi les  no r th  o f  6-lane r u r a l  freeway 29,000 (30) +3.02 0.25 +O .32 P o r t l  and 

Concrete 
(west) Somervi 1 l e  Cement 

9 1-95 1.0 5 m i les  northwpst 4-lane urban freeway 14,i'r)O (15) t2 .33  0.75 +o. 21 B i  tuminoriz 
(no r th )  o f  Trar, ton Concrete 

10 1-287 28.2 5 mi les  south o f  4-lane rirhan frceway i p - m q  (20) t 2 . 9 8  0.35 +1.02 Por t  1 and 

Concrete 

- _ _  ._ -_______ - -. . .._ __ - ___- _- - ---- - 

(south) Mor r is  town Cement 

_ _ _  __ __ ~ _ _  _____ - _ _  _- - - 

1-295 53.2 10 mi les  south o f  6- lane r u r a l  freeway 2C.609 ( 2 5 )  +2.57 0.22 -0.82 P o r t l  and 
Cement 
Concrete 

11 
(no r th )  Trenton 

__ -___ _ _ _ _ _ _  ~- .____ _____- -. -_ __ __-- ----- -- ________ _____ .________ _ _  - 
1 m i l e  = 1.6 kilornpters 1 nn: = 0 ?nq rnetcr 
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TARLE 0-3. I1EA?IIQEIIFNT S I T E S  FOP ROADIIAY T Y P E  3 

(CONTROLLED ACCESS HIGl IWAYS , GREATER THAN 2% DOWNGRADE) 

Grade In fo rmat ion  M i  crophone 
S i t e  Route N.J. T r a f f i c  In fo rmat ion  Steepness Length Ground Pavement 

12 1-78 19.6 2 mi les  eas t  o f  6- lane r u r a l  freeway. 1-78 21 ,500 (30) -3.02 0.7 +0 .05 Por t l and  

w i t h  Pennsylvania Concrete 

P o r t l  and 

Concrete 

0.25 t1.32 Por t l and  
Cement 
Concrete 

15 1-280 5.5 5 mi les  northwest 6- lane urban freeway running 35.900 (10) -3.86 0.5 -3.3 Por t l and  

Concrete 

27.2 5 miles nor theas t  6- lane r u r a l  freeway 29,000 (30) -2.35 0.28 -1.22 P o r t l  and 
Cement 
Concrete 

Number (D i rec t i on )  Mi lepos t  General Locat ion Highway Descr ip t ion  AADT (% Trucks) ( % I  (mi)  E leva t ion(  f t )  Type 

(east)  C l i n ton  runs east-west, l i n k i n o  1-287 Cement 

13 1-287 28.8 5 mi les  south o f  4-lane r u r a l  freeway 18,400 (20) -2.88 0.4 -2.89 
(no r th )  Mor r is  town Cement 

.~ ~~- 

14 1-295 53.4 10 mi les  south 6- lane r u r a l  freeway, runs 20,600 (25) -2.74 
w 

(no r th )  o f  Trenton n o r t h  t o  south from Trenton 
t o  the  Delaware border 

-~ - - 

(west)  o f  Orange eas t  t o  west Cement 

1-78 16 
o f  C1 i n t o n  (west)  

r ~- ___ __ - - - _ _ _  _ _  - - ~ 

~ - 
1 m i l p  = 1.6 k i lornptprs 1 fon t  = 0 .305  rnetpr 



T E L E  9-4. VEli.S!!REMEHT S!TES FOP POADWPY TYPE A 

(NON-CONTROLLED ACCESS IIIGHWAYS, LESS THAN OR EQUAL TO 2% GRADE) 

Grade Informat ion Microphone 
S i t e  Route N.J. T r a f f i c  In fo rmat ion  Steepness Length Ground Pavement 

Number (D i rec t i on )  Mi lepos t  General Locat ion  Hiqhway Descr ip t ion  AADT ( X  Trucks) ( X )  (mi ) Eleva ti on ( f t )  Type 

Bituminous 17 33 19.1 10 m i les  eas t  o f  4-lane r u r a l  d i v ided  highway, 11,500 (20) -0.57 t0 .84  
(west)  Hi ghts town- an east-west highway across the Concrete 

center  o f  the s t a t e  which runs 
through farming areas and can 
be used as a l i n k  between the  
N.J. Turnpike and the  N.J. 
shore area. 

18 22 26.8 10 m i les  no r th -  4-lane r u r a l  d i v ided  highway, 15,900 (15) +O. 53 +1.62 8 i t umi no us 
(west)  west o f  a l i n k  between SomervilJp Concrete 

19 46 54.2 5 mi les  south- 4-lane urban d i v ided  highway, 34,400 (15) -0.68 -0.46 P o r t  1 and 

Pa t e r s  on N.J. and wester ly  rou tes .  Concrete 

Somervi l le and Rte. 78. 

(west)  west o f  a l i n k  between Met ropo l i tan  Cement 

20 130 74.4 10 m i l e s  south 4-lane r u r a l  d i v ided  highway, 13,500 (15) +0.41 -0.13 Por t land 

Concrete 
(no r th )  o f  New Brunswick a north-south rou te  which passes Cement 

through thc center  o f  thP s t a t e .  

21 206 20.9 5 mi les  zouth 2-lane r u r a l  undiv ided hiqhway, ',700 (15) -0.48 +0.91 Por t land 

throuqh farminq areas i n  thp Conrrete 
middle o f  tho southern p a r t  nr  
the s t a t e .  

(south)  o f  Moimt I l o l l y  a nor th -south  rou te  passing Cement 

- - __ ~ ~ ~ ~ _ _ _ _ _ _ _ ~  ~ _ _ _  - _ _ _ _ _ _ _ ~  - - _ _ ~  __ - _ _ ~  __-__-__________ ____ ______-- - - -________ --- 

1 m i l e  = 1.6 k i lometers  1 f o o t  - 0 705 rnpFer 
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TABLE D-5. MCASUREFIEMT S!TES FOP !?nP.DWI\Y TYPr 5 

(NON-CONTROLLED ACCESS HIGHWAYS, GREATER THAN 2% UPGRADE) 

Grade In fo rmat ion  Microphone 
S i t e  Route N . J .  T r a f f i c  In fo rmat ion  Steepness Length Ground Pavement. 

Number (D i rec t i on )  Mi lepos t  General Locat ion Highway Descr ip t ion  AADT ( %  Trucks) ( X I  . ( m i )  E l e v a t i o n ( f t )  Type 

22 206 60.8 10 mi les  n o r t h  2 - lane r u r a l  undiv ided highway 11,700 (15) t2.64 0.3 -1.47 Bituminous 
(no r th )  o f  Pr ince  ton s t a r t s  near Hamnonton and ends Concrete 

a t  t he  Penna. border near the  
nor thern  most t i p  o f  N.J. 
A nor th -south  rou te .  

23 70 14.6 15 mi les  eas t  2 - lane r u r a l  undiv ided highway 10,500 (15) t2.84 0.1* -2.49 Bituminous 
(eas t )  o f  Camden whose d i r e c t i o n  i s  east-west Concrete 

24 31 
(no r th )  34.9 2 mi les  no r th  2- lane r u r a l  undiv ided hiqhway 12,100 (30) t4.29 0.15 -0.77 B i  tumi noiis 

o f  C l i n ton  begins a t  Trenton and runs Concrete 
nor th -south  t o  Rte. 46 

______________ ~ ~ __. 

2-lane r u r a l  undivided i z , i o o  (30) t4.14 0.15 -1.94 Bituminous 
(no r th )  o f  C l  1 n ton h i  qhway Concrete 

30.4 2 ni1es:iith 

- __ - - 

1 m i l e  = 1.6 k i lometers  1 f o o t  = 0.305 meter 

+Es t i  mated 



TP.BLE D-6. MEASUREMENT SJTES FOR ROADWAY TYPE 6 

(NON-CONTROLLED ACCESS HIGHWAYS, GREATER THAN 2% DOWNGRADE) 

4 

g 

Grade In fo rmat ion  Microphone 
S i t e  Route N.J. T r a f f i c  In fo rmat ion  Steepness Length Ground Pavemen t 

Number ( D i r e c t i o n )  Mi lepos t  General Locat ion Highway Descr ip t ion  AADT ( %  Trucks) ( % I  (mi)  E l e v a t i o n ( f t )  Type 

28 46 23.1 2 mi les  eas t  o f  4-lane r u r a l  d i v ided  highway 12,500 (30) -6.07 1.7 -2.16 Por t1  and 

Concrete 

Concrete 

(west) Hacketts town Cement 

29 31 31.5 1 m i l e  south 2-lane r u r a l  undiv ided hiohway 12,100 (30) -4.98 0.1 -1.92 Bituminous 

30 31 34.8 2 mi les  n o r t h  2-lane r u r a l  undiv ided hiohway 12,100 (30) -4.32 0.25 -0.56 B i  tuminous 

(no r th )  o f  C l i n ton  

(south)  o f  C l i n ton  Concrete 

2 06 84.8 5 m i les  south 3- lane r u r a l  undiv ided hiqhway 9,600 (15) -4.99 0.55 -1.94 Por t land 

Concrete 
(south)  o f  Chester Cement 

22 23.5 5 mi les  eas t  4-lane r u r a l  d i v ided  highway 13,900 (30) -4.25 0.2 +1.13 B i  tuminous 
(west) o f  C l i n ton  Concrete 

1 m i l e  = 1.6 k i lometers  1 f o o t  = 0.305 meter 



' 
31 1-76 & 6.8 5 mi les  eas t  o f  Entrance ramp from Outer connect ing ramp o f  +1.5 +0.5 Bituminous 

t o  1-78 westbound interchanpe, l e v e l  roadway 

32 1-295 & 18.6 10 mi les  south- E x i t  ramp from 1-295 Outer connect ing ramp o f  +4.53 -1.87 Bituminous 

173 (1-78) P h i l l i p s b u r g  Rte. 173 eastbound a p a r t i a l  c l o v e r l e a f  Concrete 

Concrete Berkley (1-295) west o f  Camden southbound t o  Rerkley a p a r t i a l  c l o v e r l e a f  i n t e r -  
Road Road change, upgrade roadway 

1-295 56.8 5 mi les  south Entrance ramp t o  1-295 Inner  loop ramp o f  a p a r t i a l  +2.83 -0.08 Bituminous 
R 130 (1-295) o f  Trenton southbound from Rte. c l o v e r l e a f  interchange, up- Concrete I 33 130 southbound grade roadway 

1-295 & 56.1 5 m i les  south 
R is ing  (1-295) o f  Trenton 
Sun Rd. 1 :3 :3;2 74.1 10 m i les  south o f  

(Rte. 130) New Brunswick 

1-295 56.7 5 m i les  south 
& 130 (1-295) o f  Trenton 

Entrance ramp t o  1-295 
southbound from R is ing  
Sun Road 

E x i t  ramp from Rte. 130 
southbound t o  Rte. 32 
eastbound 

E x i t  ramp from 1-295 
northbound t o  Rte. 130 
northbound 

Diagonal ramp of a p a r t i a l  -4.04 +O .74 
diamond interchange, down- 
grade roadway 

Bituminous 
Concrete 

Diagonal ramp o f  a p a r t i a l  +1.0 -1.59 
diamond interchanae, l e v e l  
roadway 

Bituminous 
Concrete 

Outer connecting ramp o f  a -1.2 +2. o* 
p a r t i a l  c l o v e r l e a f  i n t e r -  
change, l e v e l  roadway 

B i  turninoris 
Concrete 

18 & 18.9 5 mi les  eas t  Entrance ramp from 
34 (Rte. 18) O f  Freehold Rta. 34 northbound 

t o  Rte. 18 northbound I 37 

Inner  loop ramp o f  a p a r t i a l  -3.3 +O. 5* 
c l o v e r l e a f  interchanqe, 
downgrade roadway 

B i  turninous 
Concrete 

I- 
1 m i l e  = 1.6 k i lometers  1 f o o t  = 0.305 meter 

*Estimated 



APPENDIX E 

-- DATA REDUCTION PROCEDURE 

T h i s  section contains a detailed description of the d a t a  reduction 

procedure which was used to  transform the truck noise d a t a  which was 

tape recorded a t  the measurement s i t e s  in to  a more easily analyzed form. 

Tape recorded f ie ld  d a t a  was reduced in the laboratory and inputted 

t o  a cornputer f i l e  for storage. 

which were reduced; 4,536, which were inputted to  the computer f i l e .  

One channel of the tape recorded information was played back t o  o b t a i n  

a descr'iption of each truck, the other, t o  obtain the A-weighted peak 

noise level of each truck pass-by and the 1/3 octave frequency spectrum 

a t  the peak level. A block diagram of the equipment used to  reduce the 

taped information i s  shown i n  Figure E-1, page 189. A detailed description . 
of each piece o f  equipment i s  given in Appendix F ,  pages 197 - 139. 

There were 4,967 truck noise measurements 

- 

Procedure f o r  Reduction o f  T a E  Recorded Informati on _-_____--______ - _  

The channel containing truck noise data was simultaneously played 

back i n t o  a Spectral Dynamics overall level detector, a Spectral Dynamics 

1 /3  octave real t ime analyzer, and a B&K graphic level recorder. The 

level detector continuously monitored the A-weighted overall noise level 

of the playback of a truck pass-by and detected when the level had reached 

i t s  maximum. When this occurred, the level detector p u t  the 1/3 octave 

analyzer, which had been continuously ( i n  real time) analyzing the 1/3 
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Figure €4. DATA REDUCTION SYSTEM 
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octave spectra of the noise signal,  into a hold mode. 

1/3 octave analyzer stopped analysis and held the l a s t  1/3 octave spectrum 

and the correspondino peak level. T h i s  information was t h e n  fed t o  an 

Anadex s t r i p  chart printer which immediately l i s ted  the dEA level of 

every 1/3 octave f i l t e r  as well as the A-weighted overall peak noise 

level. 

l i s t i n g .  

reset  the overall level detector (thereby resett ina the 1/3 octave 

analyzer by taking i t  out of the hold mode) and the system was ready to  

accept the pass-by noise signal f o r  the next truck. The external speaker 

o u t p u t  a t  the rear of the 1/3 octave analyzer allowed continuous monitorin9 

of the noise channel. 

In this mode, the 

See Figure E-2,  page 191 for  an example of the printer output 

After the printout cycle had been completed, the operator 

The 6&K level recorder produced a graphical trace of instantaneous 

noise level versus time. See trace ( a )  i n  F i y r e  E-3,  page 194 for  a 

typical example. The level recorder’s potentiometer range was s e t  t o  

25 decibels so  that  levels could be more accurately read from the graph .  

The peak noise level which was read from the level recorder graph 

was considered t o  be the legitimate peak level for  a truck pass-by for  

two reasons. 

s e t  t o  100 mn/sec and the lower limiting frequency, to  20 Hz, the level 

recorder’s averaging time was such t h a t  the peak level from the graph  

was approx mately equal t o  the peak level obtained from a sound level 

meter se t  n “Fast” response. Secondly, the graphic level recorder 

demonstrated repeatability , t h a t  i s ,  i f  a truck pass-by was replayed several 

times the peak noise level which was read from eacn qraph was approximately 

the same. 

First of a l l ,  when the level recorder w r i t i n g  spped was 

. 
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Figure E-2. PRINTER OUTPUT. 

191 



The peak noise level measured by the 1/3  octave real time analyzer 

was not repeatable. 

i n g  upon the settings of the level detector averaging time and sensi t ivi ty  

and the 1/3 octave analyzer averaging time, as well a s ,  upon the exact 

time during the pass-by playback a t  which the level detector was reset .  

I t  was found to  vary more t h a n  1/2 a decibel depend- 

I n  order to  insure that the 1/3 octave levels obtained from real 

time analysis corresponded to those occurring a t  the peak level of the 

overall truck noise , i t  was required t h a t  the peak overall noise level 

obtained from real time analysis must be w i t h i n  t 0 .5  decibel of the peak 

level read from the level recorder graph .  On occasion this necessitated 

the replaying of some truck pass-bys a number of times. I n  the process, 

detector and/or analyzer settings were changed, and/or the time of level 

detector reset  was altered depending upon the shape of  the level recorder 

graph .  I n  almost a l l  cases, however, the l/Z decibel requirement was 

attained. For cases where i t  was n o t ,  the measurements from the pass-by 

in question were n o t  included in further analysis. 

The sett ings of the level detector and 1 / 3  octave analyzer which 

produced the anst satisfactory results were a 0.2 second averaging time 

and a 2% sensi t ivi ty  f o r  the detector,  and a 0 .2  second averagincl time 

for  the analyzer. 

was just a f te r  the word "Set" which was annotated on the voice channel 

of the tape as indicated ii1 the masurerent methodology, page 159. A 

sharp peak such as t h a t  i l lus t ra ted in  the level recorder g r a p h  ( b )  i n  

Figure E-3, page 194,  generally required fas te r  averaging times on b o t h  

In general, the best time t o  reset the level dptector 

. 



the level detector and analyzer. Level recorder traces havinq many spikes, 

see graph (c)  in Figure E-3, generally required t h a t  the level detector 

be reset just  before the word "Mark" which i n  most cases occurred simul- 

taneously with the peak noise level. I n  order t o  reset the level 

detector in this manner, i t  was often necessary t o  produce more t h a n  

one level recorder graph  for a particular truck pass-by. 

succeeding graph  was then observed t o  determine the exact instant t o  

pusti the peak level detector reset b u t t o n .  

The level recorder graph was also used t o  decide on the validity 

The second or 

o f  a particular truck noise measurement. 

graph  for a t  least  a 6 dB r ise  and fa l l  o f  the total sound level about  

the peak level as described on pages 153 - 157. 

measurements by this 6 dB r ise  and fa l l  criterion are i l lustrated i n  

graphs ( a ,  b ,  and c )  on page 194; an invalid measurement, i n  graph  ( d ) .  

This was done by checking the 

Some examples of valid 

For occasional graphs w i t h  unusual variations i n  noise level, the 

pass-by was replayed and the noise channel was carefully monitored with 

either headphones o r  a loudspeaker in an attempt to determine the reasons 

for the variations. Some of these variations occurred between the pass-by 

peak level and the 6 dB down points. Accordingly, i f  the v a r i a t i o n s  could 

be satisfactorily explained, the measurement was accepted as Val id ;  if  

they could not, the measurement was invalid. 

Occasionally calibration tone irregularit ies were observed. 

times, irregularit ies occurred in a single calibration tone recording, 

while in other instances, there were significant differences in sound 

level between the tones recorded a t  t h e  beqinning and a t  the end of the 

Some- 
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per iod of measurement. Normally, i f  i r r e g u l a r i t i e s  i n  c a l i b r a t i o n  tones 

o f  greater  than 1/2 a decibel were noted, t ruck noise measurements taken 

f o r  the corresponding period o f  measurement were considered inva l i d .  

Truck noise measurements which were considered i n v a i i d  were no t  

included i n  fu r the r  analysis. 

168 were i n v a l i d  measurements because of f a i l u r e  t o  meet the 6 dB r i s e  

and f a l l  v a l i d  measurement c r i t e r i o n  on page 157: 2% were i n v a l i d  due 

t o  c a l i b r a t i o n  tone i r r e g u l a r i t i e s .  

O f  the 4,976 measurements which were reduced, 

I n  order t o  obtain the t ruck i d e n t i f f c a t i o n  number and the t ruck 

descr ip t ion information from the f i e l d  tape recording, the tape was 

replayed and the voice channel was monitored. This informat ion,  which 

consisted of observation number, t ruck c l a s s i f i c a t i o n  (see page 148), 

t ruck type (van, tanker, e tc . ) ,  exhaust conf igurat ion,  cab type, vehic le  

speed, and load condi t ion and manufacturer (whpn o o s s i b l e )  . was transferred 

on t o  prepared forms. 

- Computer ----- Data Storage 

The data reduced i n  the l a b  was data coded and input ted  t o  a computer 

Later on, i t  would be analyzed throuoh the use of the  . 

Only $nformai'on for v a l i d  t ruck noise 

f i l e  f o r  storage. 

Department's computer f a c i l i t i e s .  

measurements was input ted t o  the f i l e  - a to ta?  o f  0,536 measurements i n  a l l .  

The reduced tape data, which ex is ted on various p r in tou ts  and forms. 

and which consisted o f  roadway type, t ruck  c lass i f i ca t i on ,  t ruck  descr ip-  

t ion ,  peak noise l eve l ,  speed, and frequency spectrum informat ion,  was 

transferred, i n  a standard format, on t o  data code sheets. The data on 
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the code sheets was then keypunched onto computer cards, three cards 

per truck. 

NJDOT's IBM 370/145 MOD3 computer and stored in a disk f i l e .  

The information on these cards was then inputted t o  the 

A f i l e  maintenance program was written in Fortran IV. I t  edited 

the keypunched cards for  errors, converted 1/3 octave frequency levels 

t o  octave levels, and  updated an indexed sequential disk da ta  f i l e  by 

sorting new truck records into the ini t ia l  groups specified by a roadway 

type and axle classification. 

Roadway Type 1 ,  Truck Classification 9 (see pages 171 and 149). I n  

addition, the f i l e  maintenance program created a backup tape when 

necessary. 

taken so t h a t  the grouped da ta  would n o t  be lost i f  a disk failure 

occurred. 

An example of an in i t ia l  group would be 

The creation of a backup tape was a precautionary measure 

Thorough documntation of the f i l e  maintenance program and several 

other shorter programs, which were written expressly for this project, 

was not  included in this report because these programs call unique 

NJDOT subprograms. 

. 
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APPENDIX F 

DATA REDUCTION EQUIPMENT AND ACCESSORIES 
~ __ ._ -_ - - - -____ . .  _ .  _ _ _ _ - _ - _ _ _  _ _ _ . ~  

This appendix contains descr ip t ions  o f  the labora tory  equipment 

which was used f o r  reducing, t o  analyzable form, the l a r g e  q u a n t i t y  o f  

raw t ruck  noise data which was c o l l e c t e d  i n  the f i e l d .  

accessory equipment a re  a lso  given. A b lock diagram o f  the data reduct ion 

equipment i s  shown on page 189. 

Descr ip t ions o f  

Data Reduction Equipment L i s t  -. - - - - - - _- - - - - - - - - - - __ 

. Nagra Tape Recorder (IV-SJ) 

. Spectral  Dynamics SD25-132 Overal l  Level Detector 

. Spectral  Dynamics SD 312 Real Time 1/3 Octave Analyzer 

. Gruel 81 Kjaer 2305 Level Recorder 

. Anadex Pbdel DP 650A-21 D i g i t a l  P r i n t e r  

----_ Accessory - EcpJrnent __-- L i s t  

. Telex Headphones, Teleset H!l-100 

. Logen Publ ic  Address A m p l i f i e r ,  Model M120 

. Bogen Sound Colunin, Model SCU 80 

Equipment Descr ipt ions ---- 
- -  Nag_ra IV-SJ ---- Tape Recorder - See Appendix B, page 169 f o r  descr ip t ion .  
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Spectral Dynamics SD25-132 Overall Level Detector - When used w i t h  - - -- ---__ -___ - - I_ - _ _  ~ _ _ _  - ~ 

a real time analyzer, this unit permits holding the spectrum correspond- 

i n g  t o  the highest overall noise level reached by rapidly changing data. 

Both the detector time constant and the tr igger threshold are  adjustable. 

A trigger pulse from this u n i t  places the real time analyzer i n  the hold 

mode. 

Spectral Dynamics ------__._ SD 312 Real - _ -  Time 1/3 Octave -- Analyzer - - - T h i s  

instrument analyzes and displays audio spectra i n  real time (essentially 

as  they occur). 

d a t a .  

i s  provided. 

a l l  32 channels, and a digital  readout of dB level and frequency i s  

I t  permits f a s t  analyses of large amounts o f  acoustic 

Thirty-one 1/3 octave f i l t e r s  and one weighted overall channel 

A built-in CRT, which i s  updated twice per second, displays 

qiven. Frequency range i s  20 Hz t o  20 KHz. Dynamic range i s  60 dB for  

each of  the 1/3 octave channels. 

response can be selected for  a l l  channels. 

of 50 ms . 100 ms , 200 ms , .5 ,  1 , 2 ,  4 ,  8 ,  16 and 32 seconds. Center 

frequency accuracy i s  * 3%. 

the t o p  50 dB range on display for  a steady sine wave signal a t  the 

f i l t e r  center frequency. An internal calibration signal is  provided. 

A ,  B ,  C and D weighting or f l a t  

The SD 312 has averaging times 

Accuracy and repeatabil i ty a re  5 1 dB over 

Bruel & Kjaer -----I--___ 2305 Level Recorder -- - The 2305 can accurately record - 

the RMS, average, or peak level of AC signals i n  the frequency range from 

2 Hz to  200 KHz. The recorded RMS value is accurate to  w i t h i n  * 0.5 dB 

for signals w i t h  c res t  factors of less than 5. DC siqnals can also 

be recorded. 

198 



Recordings can be made, as funct ions o f  t ime o r  frequency, by 

means o f  i n k  o r  p rep r in ted  record ing paper o r  by meens of a sapphire 

s t y l u s  on pressure s e n s i t i v e  paper. A synchronous motor i s  used f o r  

t he  paper d r i v e ,  and, w i t h  gear ing,  provides 12 d i f f e r e n t  paper speeds 

ranging from 0.0003 t o  100 mn/sec. 

can be selected. 

W r i t i n g  speeds from 2 t o  2000 mm/sec 

The dynamic range o f  the recorder  i s  ad jus tab le  by 

the use o f  interchangeable range potent iometers.  

Anadex Model DP650A-21 D i g i t a l  P r i n t e r  - This p r i n t e r  i s  s u i t a b l e  - ---_-____- --__ -__- ____ 

f o r  a p p l i c a t i o n s  which r e q u i r e  I .  C. i n p u t  l o g i c  l e v e l s  f o r  up t o  21 

columns and a minimum o f  i n t e r f a c e  c o n t r o l  s igna ls .  Data i n p u t  i s  

1, 2, 4, 8 b i n a r y  code f o r  each column. P r i n t  format i s  21 columns ; 

p r i n t  r a t e ,  t r u e  3 l i n e s  per second nominal, asynchronous, and 16 

characters a re  a v a i l a b l e .  

3.5" (8.9 cm) nominal w id th .  

Standard paper i s  s i n g l e  copy r o l l  type of 

Telex _-_-- Headkhones, - -  - Teleset  _ _  - - - IfFi-100 .-___ - See Appendix I;, page 170 f o r  

desc r i  p t i on. 

Bogen Pub l i c  Address ---. h n l i f i e r ,  Model --__- MI20 - This a m p l i f i e r  was 

Power ou tpu t  i s  120 used t o  power the b d e l  SCU 80 speaker cabinet .  

wat ts  a t  l ess  than 3% d i s t o r t i o n .  

tiz +_ 1 d5. 

Frequency response i s  20 t o  20,000 

Bogen Sound - - - - ~  Column, ----. Model --- SCU80 - This model i s  a heavy duty wood 

cabinet  which contains s i x  & - inch  (20.3 cm) speakers. I t  provides a 

continuous ou tpu t  o f  80 wa t t s  a t  16 ohms i n p u t  impedance. Frequency 

response i s  50 - 15,000 Hz. 
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APPENDIX G 

SUPPLEMENTAL FIGURES AND TABLES -- 

Appendix C contains three tables and one figure. 

Table G-1 , page 201, presents the number of truck noise measurements 

obtained for Roadmy Types 1 to  7 i n  terns of the thirteen original 

truck classif icat ions.  A brief inspection of this  table indicates the 

follouing. 

The truck m i x  varied considerably between controllrd and non- 

control 1 ed access roadways . For control i er! access roadways (Types 1 , 

2 and 3 ) ,  63.0% of the masurements were tal.eii for Truck Class 12 

(trucks w i t h  three axle tractors atic! two axle semitrailers) ; while 

for non-controlled access roadways (Types 4, 5 arid G ) ,  a b o u t  110% of the 

nieasuremcnts were t a l m  for  this truch class.  I n  a d d i  t i o n ,  f o r  control - 

led access roadways, about 15% of the measurements were taken for 

Truck Class 1 (two axle trucks w i t h  dual t i r e  rear whee ls ) ;  for  non- 

controlled access roadways, about 35%. Other significant differences 

occurred for  Truck Class 6 (three axle single u n i t  body trucks) and 

Truck Class 9 (trucks w i t h  two axle tractors and  two axle semitrai lers) .  

Measurements for Truck Class 6 comprised 3.6:; of the measurements for 

controlled access roadways : 8.55 of the measurements for  non-controlled 

access roadways. 

access roadways were obtained for Truch Class 0 :  8.77: f o r  non-controlled 

access roadways. 

Thirteen percent of t h e  measurenien%s for controlled 
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. 
I 

rruck 
:lass 

. -_ ____ 

1 - [2/6] ** 
2-[2T] 

3- [3T] 

4- [ZB J 

5- [3B1 

6-131 

a- 12-1 I 
7 -  r41 

9-12-21 

10- 12-33 

11-[3-1 I 
12- f3-21 

13- r3-31 
----- - - 
rota1 
---I_. I 

TABLE G-1 

NUMBER OF TRUCK NOISE MEASUREMENTS BY TRUCK CLASSIFICATION AND PERCENTAGE OF TOTAL* 

1 

118( 16.5) 

2(0.3) 

6(0.8) 

6(0.8) 

l(O.1) 

30( 4.2) 

S(0.7) 

15(2.1) 

77( 10.7) 

6(0.8) 

o(--)  
449(62.6) 

Z(0.3) 

71 7 
-I- 

2 

100( 12.3) 

4(0.5) 

3(0 - 4 )  

4(0.5) 

l ( O . 1 )  

z l ( 2 . 6 )  

4(0.5) 

15( 1.8) 

109( 13.4) 

l l ( 1 . 4 )  

2(0.2) 

539( 66.2) 

l ( O . 1 )  

81 4 __ 

Rc 

3 

122 (1 6.2) 

6(0.8) 

4(0.5) 

3(0.4) 

l (O.1) 

31(4.1) 

Z(0.3) 

17(2.3) 

11 1 (14.8) 

4(0.5) 

l ( O . 1 )  

150(59.8) 

o( - - I  
752 

-_II-. 

dway Type 

4 

214( 39.9) 

5(0.9) 

3(0.6) 

4(0.7) 

l ( 0 . 2 )  

56( 10.4) 

o( - - I  
14(2.6) 

42(7.8) 

3(0.6) 

0 ( - 4  

192(35.8) 

Z(0.4) 

5 36 
______ 

5 

120( 27.7) 

Z ( 0 . 5 )  

g(2.1) 

4(0.9) 

0 ( - 4  

28(6.5) 

z(0.5) 

8( 1.8) 

42(9.7) 

lZ(2.8)  

l ( 0  2 )  

204( 47.1) 

l (O.2)  
--I_._ ._ 

433 
_ I ~ -  

6 

236( 37 .O) 

Z(0.3) 

6(0.9) 

13(2.0) 

S(O.8 )  

53(E\.3) 

S ( O . 8 )  

13(2.0) 

56 (8.8) 

4(0.6) 

W-) 
244(38.3) 

o ( - - )  
6 37 

7 

112( 17.3) 

3(0.5) 

4(0.6) 

3(0.5) 

O ( - - )  

21 (3.2) 

“-1 
24(3.7) 

87(13.4) 

5(0.8) 

l ( 0 . 2 )  

386( 59.7) 

l ( 0 . 2 )  
_I___- 

647 - 
*In parentheses 

**Two ax les,  s i x  tires,  see page 148 for d e f i n i t i o n  o f  truck classes. 

T o t a l  
1,2&3 - 

340( 14.9) 

12(0.5) 

13(0.6) 

13(0.6) 

3(0.1) 

82 ( 3.6) 

l l ( 0 . 5 )  

47(2.1) 

297( 13.0) 

Zl(O.9) 

3(0.1) 

438( 63.0) 

3(0.1) 

T o t a l  
4,5&6 

570( 35.5) 

g(0.6) 

18(1 . O )  

Zl(1.3)  

6(0.4) 

137( 8.5) 

7(0.4) 

35 ( 2.2) 

140( 8.7) 

19( 1.2) 

l(O.1) 

640( 39.9) 

3(0.2) 

- 
1,606 

T o t a l  
A1 1 

1022(22.5) 

24(  0.5) 

35(0.8) 

37(0,8) 

9(0.2) 

40( 5.3) 

18(0.4) 

106 (2.3) 

524(11.6) 

45(1 . O )  

5(0.1) 

?464( 54.3) 

7(0.2) 

4,536 



Remembering that Truck Type 1 ,  medium trucks and buses, includes 

Truck Classes 1 , 2 ,  4 and 5 ,  and t h a t  Truck Type 2 ,  heavy trucks, 

includes Classes 3 ,  6, 7 ,  8 ,  9 ,  1 0 ,  l l ?  12  and 13, several other obser- 

vations can be made. Considering a l l  roadway types, nearly 34x of the 

measurements for medium trucks and buses were obtained for trucks i n  

Class 1 .  

measurements for heavy trucks were obtained for trucks i n  Class 12. 

Again considering a l l  roadway types, about 70% o f  the 

Table 6-2, page 203 shows the mean peak noise levels for  Roadway 

Types 1 to 6 for  trucks i n  each of the thirteen classif icat ions.  The 

number of measurements from which the mean level was calculated a re  

indicated i n  parentheses. A dash ( - 1  indicates t h a t  less t h a n  two 

noise level measurements were obtzined for a category. This table 

indicates t h a t  i n  most cases there i s  a significant difference between 

the mean peak noise levels of medium trucks and buses (Classes 1 , 2 ,  4 

and 5) a n d  heavy trucks (Classes 3 ,  6 ,  7 ,  8 ,  9 ,  1 0 ,  11, 12 and 13) for  a 

particular roadway type. I t  should be noted, however, t h a t  the sample 

s ize  for  many of the truck classes i s  very small. 

Table 6 - 3 ,  page 204, l i s t s  prediction equations for  energy mean 

emission level for speeds i n  terms of kilometers per hour. 

are given for Truck Types 1 and 2 ,  and Roadway Types 7-7. 

Equations 

Figure G-1, pages 205 - 208, i s  a sample o u t p u t  of the truck noise 

data processing computer program. 

overall truck noise levels ,  frequency spectrum (8 octave bands), and 

regressions of overall a n d  octave band levels versus the logarithm of 

speed for the original truck classifications outlined on pages 148 and 149. 

As noted, the processing program was capable of calculating these s t a t i s t i c s  

for any regrouping of t ruck c3asses specified by t h e  user. 

I t  l i s t s  s t a t i s t i c s  associated w i t h  

f 
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N 
0 
w 

Truck 
Class 

1 - 12/51 

2 - [ZT] 

3 - [3T] 

4 - [ Z E ]  

5 - [36] 

- r31 

7 - [41 

8 - [2-11 

3 - [ 2 - 2 ]  

10 - [2-31 

I ?  -. [3-1] 

1 2  - [3-21 

13  - [3-31 - _- 

TCI.P,LE G - 2  

ilEPJ! PEAK i40ISC LEVELS ( d V )  R Y  TRIICK CLASSIFICATIn?l* 

1 

82.40 ( 1  16)*’ 

eo.c5 ( 2 )  

64.48 ( 6 )  

81.38 ( 6 )  

- 

85.36 (30) 

89.42 ( 5 )  

84.67 (15) 

86.23 ( 7 7 )  

5 7 . 2 7  (6) 

- 

87.03 (449) 

(36.35 ( 2 )  

2 

81.49 (100) 

82.52 ( 4 )  

83.80 (3)  

C1.73 ( 4 )  

- 

87.47 ( 2 1 )  

56.45 ( 4 )  

86.00 (15) 

96.91 (109) 

88.28 (11) 

85.05 ( 2 )  

85.44 (539) 

- 

P.0 a dw a, 
3 

81.11 (122) 

82.03 (C) 

82.85 ( 4 )  

81.03 ( 3 )  

- 

84.45 (31) 

83.30 ( 2 )  

83.25 ( 1 7 )  

85.09 (111) 

85.82 (4) 

- 

85.44 (450) 

- 

Types 
4 

78.90 ( 2 1 4 )  

82.28 ( 5 )  

82.63 ( 3 )  

79.22 ( 4 )  

- 

83.66 ( 5 6 )  

- 

81.53 (14 )  

83.04 ( 6 2 )  

81.13 ( 3 )  

- 

84.07 (192) 

83.15 ( 2 )  

5 

m . 5 9  (12?) 

c4.95 ( 2 )  

82.57 (sl) 

73.47 ( 4 )  

- 

85.57 (28) 

88.05 ( 2 )  

82.99 (8) 

73.29 (236) 

R0.35 ( 2 )  

U . 6 5  ( 6 )  

79.28 (13) 

77.04 ( 5 )  

84.20 (53)  

88.70 (5 )  

81.23 (13) 
1 85.39 ( f i 2 )  1 82.14 (56) 

87.97 ( 1 2 )  I m . 7 3  ( 4 )  

1 
86.21 (204) 1 83.72 (244) 

1 

Truck  Type 1 (!.lediiini T rucks  R Buses) = Classes 1 .  2 ,  4 Pr 5 

Truck Type 2 (Heavy T r u c k s )  = Classes 3 ,  6 ,  7 ,  8 ,  9 ,  10,  11,  12 Ps 13 

*Levels not ad jus t ed  f o r  speed differences 
**Saivl:,Ie s ize  i n  parentheses 



TABLE 6-3 

PREDICTION EQUATIONS FOR ENERGY MEAN E M I S S I O N  LEVEL, (Lo)E, 
FOR SPEED ( V )  I N  KILOMETERS PER HOUR 

Roadway Truck Type 1 Truck Type 2 
TY Pe (Medium Trucks & Buses) (Heavy Trucks) 

1 

2 

3 

4 

5 

6 

7A 

7B 

13.38 + 36.32 log V 

60.31 + 11.78 l o g  V 

35.34 + 24.21 log V 

37.06 + 22.85 log V 

47.67 + 18.55 l o g  V 

15.42 + 33.98 log V 

60.69 + 9.82 l og  V 

42.21 + 20.51 log V 

50.04 + 19.28 log V 

73.18 + 7.46 l o g  V 

23.70 + 32.22 l o g  V 

44.69 + 21.00 log V 

80.39 + 3.63 l o g  V 

26.56 + 30.42 log V 

63.01 + 11.96 l o g  V 

67.97 + 7.71 log V 
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