


























































































































































































































































































































































































































































































100 

"'e ...... 
z 
::1.. 90 

0 
(\J 

Q) ... 
D 
'O 

z 
_j 

uJ 
> 
LLJ 
...J 
uJ 
a: 
::> 
en en 
uJ 
a: 
Q. 

0 z 
::> 
0 
en 
0 
z 
<. 
co 
LL.I 

1--
(.) 
0 
0 
a: -:c 
t-

I 
LL.I 
z 
0 

80 

70 

60 

50 

40 

RATED POWER: 45 TO 770 HP 
ENGINE SPEED: 1100 TO 2700 RPM 

-- INCLUDES FRONT LOADERS, BACKHOE S, 
CRANES, BULLDOZERS, CONCRETE MIXERS, 
GRADERS, PAVERS 

30 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 31 50 5000 8000 
ONE -THIRD OCTAVE BAN D CE NTER FREQUE NCY IN Hz 

FI G. A. l EN VELOPE OF SOUND PRESSURE LEVELS FROM 2~ DI~Sll­
POWERFD ITEMS OR CONSTRUCTION EQLJI?MENT 
(MlASURED AT 50 FT) 



100 

t\l 
E ...... 
z 
::t 90 

0 

••••••••• } A - 270 HP, WORKING WITH SOIL 

=::} B - 125 HP, WORKING WITH ROCK, GRAVEL 
N 
Q) 
lo. 

CD 
"O 

z 
_J 
w 
> w 
_J 

w 
a: 
:::> 
CJ) 
CJ) 

w 
a: 
~ 

0 
z 
::::> 
0 
CJ) 

0 
z 
~ 
CD 

w 
> 
<l 
t-
u 
0 
0 
a: -:c 
t-

I 
w 
z 
0 

80 

70 

60 
~ 

50 

40 

I 

I 
I 

/ 
/ 

. . . . . ·. .. ... . . 

-
WORKING --

. . . . . . 

IDLING.....___, 

•• A 
• . 

3or.-~_,_~_.__._......1i........__-'--_,_-'-_.___.. ....... .__,.___,__.__,__.___.,___...,__ __ 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.2 SOUND ~RESSURE LEVELS FROM TWO BULLDOZERS UNDER 
VARIOUS CONDITIONS (MEASURED AT 50 FT) 

A-40 



100 

-N 

~ 
z 
::t.. 90 

0 
N 
Q) ... 
m 
~ 

z 
80 

...J 
laJ 
> 
laJ 
...J 

tu 
a:: 
~ 70 
Cl) 
Cl) 

uJ 
a:: 
Q. 

0 

~ 60 
0 
en 
C z 
<(. 
CD 

laJ 50 
> 
~ 
)-
u 
0 
C 
er -::c 40 
)-

I 
laJ 
z 
0 

I I I I I I 

---

) .. I' .. 
/ V ' - ~"" 

~ I V J '-_/ 
I 

I 

I I I I I I I I 

BRICK UNLOADER 
(ENGINE POWERED WINCH) 
3 HP 

COMPACTER 
(2 FT DIA. ROLLERS) 

V'--~ -~ "'----~ -~ '" ~ ' 

\ 
'-- -........ 

.... 

~ 

I I J I I I I I I I I I I I 
30 

63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
.50 80· 125 200 . 315 . 500 . 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.3 SOUND PRESSURE LEVELS FROM TWO GASOLINE-ENGINE POWERED 
ITEMS OR CONSTRUCTION EQUIPMENT (MEASURED AT 50 FT) 

A-41 



(\j 

E 
' z 
::l 90 ll--+-----+-----+----+------+---~------+----+-.,....f 

0 
N 

© 
b-

00 
"O 

z 
...J 
w 
> 
w 
...J 

80 1>---+----+-------1--------------------

w 
0::: 
::::) 70 ll---il-+-+-+-~---+-+-+-----,d"-----,,~a--~l'E'--"lr---+------+---t 
(/) 
(/) 

w 
0::: 
ll. 

a 
z ::, 601-----------------------------------o 
(/) 

a 
z 
<( 
CD 

w 5011--+-----+-----+----+------+---~------+---~.,....f 
> 
<( 
}-
u 
~ G: GASOLINE ENGINE 
a::: 50 HP, 2150 RPM, 100 PSIG, 100 CFM 
J: 40 ll---+--ll 

t- ="""""""' D: DIESEL ENGINE 
I 

~ 216 HP, 2500 RPM, 100 PSIG, 600 CFM 
1 

0 

3Qa.-...r-.-....i-..--_._ ........ __,,_i-__ ..,_, ___ ............ ____ i...-_......_ _________ _ 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.4 SOUND PRESSURE LEVELS FROM TWO AIR COMPRESSORS 
(MEASURED AT 50 FT) 



90---------------------...,....,...~....,..-,---,.--,--, 

"'e ..... 
:z 
::1.. 80 l---'-l--1---+----4------1~---+----+----+----t----1 

0 
N 
Q) ... 
al 
-a 

:z: 70 ~IPc--~.Jl..-,~V.--!:-.-.\----,f---~~~..,,c_-+--~--t-----1r-1 
...J 
L&J 
> 
L&J 
...J 
L&J • . 
~ 601--=-,4:----4--------+---Y:,--l.----l~-....-:,---f-.:-----+oc::---~-+--ic-1--1 
en en 
L&J 
~ 
a. .. .. 
0 . 
5 50~4-----+----+-----lf------+----+---·-.--r-~ 
0 
en 
0 

~ GENERATORS, GASOLINE ENGINE POWERED: 
al 
L&J 40 1--+--i -- Gl- 25KW, 5HP ENGINE 
~ - G2- 10 KW, 20 HP ENGINE 
,- G3 - GROUP OF 6 GENERATORS 
g FOR ARC WELDING 

0 
~ 
~ 30 
t-

i 

L&J 
% 
0 

PUMPS: 

- - - - - P 1 - ST R IP PING PUMP, 7 HP 
•• • • • • • ••• P2 - DIRECT DISPLACEMENT PUMP 

1 HP 

. 
• 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

FIG. A.5 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

SOUND PRESSURE LEVELS FROM GENERATORS AND PUMPS 
(MEASURED AT 50 FT) 

A-1+3 



no-...---------------------------------------
l\l ., ........ . 

C 
' z 
::l.100 

0 
N 

HS - HAND SAW, 8
11 

DIA. BLADE 
TS 8 - TABLE SAW, 8

11 
DIA BLADE 

TS15 - TABLE SAW, 15
11 

DIA BLADE 
VT - VIBRATOR NOISE, AT END OF PLYWOOD FORM 

Q) ... 
CX) 
,:, 

z -
_j 

w 
> 
w 
_j 

w 
a:: 
:::::, 
(f) 
(/) 

w 
CJ:: 
a.. 
C 
z 
::J 
0 
(/) 

C 
z 
<(, 
CD 

w 
> 
<l 
t-
u 
0 
C 
a:: 
r 
t-
' w 
z 
0 

--- VV - VIBRATOR NOISE, AT SIDE OF PLYWOOD FORM 

90 

' \ 
80 

I v' ~ I ' 

70 

60 

50 

40 __ ........ _._ ...... _.___. ______________ _.. ___ i-..l _____ ...._ __ _.__.___.. 

63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FI~. A.b SOUND PRESSURE LEVELS FROM VIBRATOR AND SAWS 
(MEASURED AT 50 FT) 



110--------,---,.-----ip--,---.,..... __ ""'T""---r"""""T"--,,--,-r--,--~,--,---,--, 

NE 
..... 
z 
~JOQl--+------+----4--- +----+- -----i---+----+---t 

0 
(\J 

Cl) ... 
al 
"C 

Z 901---+---l--+-+-- - --+---+---~:7"1111.::----M~-.:--+----+----i 
_J 

LLl 
:::> 
LLl 
...J 
LLl 

~ 801------lW------+--__;....---f-- --+-~~~'----t-----;-- --;-----, 
(/) /-, """ 
(/) / ' 
LLl ,,; '\. .,,,.-
0:::: ... ~ ' / a. 
0 z 
:::> 
0 
(/) 

0 
z 
4. 
al 

w 
~ 
t­o 
0 
0 
0:::: 
J: .... 

I 
LLl 
% 
0 

60 -- 2- ROCK DRILL 
(ON SOIL) __ ..__ 

3- JACK HAMMER 
(ON ASPHALT) 

50 ~ PNEUMATIC WRENCH 

40 ..... --------~~~~~--~-~-----~ .............. _._ ........ _.__,,__,,__. 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE -THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FI G. A. 7 SOUND PRESSURE LE VELS FROM VA RIOUS PNEUMAT IC TOOLS 
(MEASURED AT 50 FT ) 



120 

"' E 110 

' z 
::t. 

0 
N 
Q) ... 

CD 100 
'0 

z 
_, 
w 
> 
IJJ 
_, 90 
w 
a: 
::::, 
Cl) 
Cl) 
w 
0: 
a. 80 
C 
z 
::::, 
0 
Cl) 

C 
Z 70 
<( 
al 

w 
> 
<( .... 
u 
O 60 

i.-----

-

"' 

" ' r-.... 

" - L..._ 

....... I~--- ---
~ .\ ........... --- ..._ --- ""'--.... 

' 
...... ...__ L..-----" 

/ 

\ ~ "' / 

V 
............ 

/ 
, .. 

/ 
i,, 

-- STEAM POWERED 

DIESEL ( PEAKS) 

---- SONIC 

II.. 

"'--....__~ 
~ \ 

·,"" \ 
~\ ' ' ' . ", ~ 

' ' '· 

50 
31.5 63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.8 PEAK SOUND PRESSURE LEVELS FROM PILE DRIVERS, DRIVING 
14-IN. DIAMETER PIPE PILES (MEASURED AT 50 FT) 

A-46 



l\l~ 

z 
:l. 70 ~-t------+----t------+----+-----+---+-----+~ 
0 
N 
Cl) 
~ 

aJ 
'0 

z 
..J 
uJ 
> 
uJ 
..J 

uJ 
a: 
:J 50 r-+-++----1'-----+--+--...... --+--+--¼----,I'+-----+--+---+--+---+~ 
(/) 
(/) 
uJ 
a: 
Cl. 

a z 
:::> 40 ---------------------------+--'---½+-0 
(/) 

a z 
~ 
m 
uJ 30 t--+-----+---+------+----+-----+---+------11----+----sl 
> 
<( 
l­
o 
0 
a 
a: 
J: 20------------------------------------
I-

I 
"'-.I 
z 
0 

63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.9 SOUND PRESSURE LEVELS FROM TWO CAN OPENERS 
(MEASURED AT 3 FT) 



80 

"' E I ....... , \ z 
~ 70 

I \ 
0 
N 

cP 
~ 

al 
'Q 

z 
...J 
w 
> w 
...J 

w 
a: 
:::, 
(/) 
(/) 

w 
a: 
Cl. 

C 
z 
:::, 
0 
(/) 

C 
z 
~ 
CD 

Lu 
> ex .... 
u 
0 
C 
er 
I .... 

I 
w 
z 
0 

60 

_, 
50 

\ 
\ " , \ 

40 

.... .... 
30 

20 

,o.._.._ .... ...,.......,_"--,._...,_....L.,__..._"--....__.__..,__,,._"--__ ...__ ___ __. _____ ..__ 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.10 SOUND PRESSURE LEVELS FROM FIVE CLOTHES DRYERS 
(MEASURED AT 3 FT) 

A- 118 



90 

"'e ...... 
z 
::t. 80 

0 
(\J 

Q) .... 
al 
'O 

z 
_J 

Lu 
> 
Lu 
_J 

Lu 
0:: 
::, 
V) 
V) 

Lu 
0:: 
Q.. 

Cl 
z 
:::, 
0 
V) 

Cl 
z 
<t. 
en 
w 
~ 
t-
u 
0 
0 
0:: 

:i: 
t-

I 
Lu z 
0 

70 

,, ~ 
I \ 

60 

30 \. 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.11 SOUND PRESSURE LEVELS FROM FIVE CLOTHES WASHERS 
DURING THE WASH CYCLE (MEASURED AT 3 FT) 

A-49 



90r---~---,------,-----,~----------------

N 
E 8 O t-----+----1-----+------t-----+------+----+----.1 

' z 
:1. 

0 
(\J 

Q) ... 
(D 701,..----1----1-----1------+-----+------+----+----.I 
'C 

z 
...J 
lLI 
> 
lLI 
...J 6 0 1,..----1--~...-l-+----+--f-11----t.....----+------t----+-----I 

lLI 
er 
=> 
(/) 
(/) 

lLI 
er a. 50 .,___...L.-4--~:..,._+-1~-=-..;__-f-----H---:iR-~--+--Jiii,,,r-+---~ 

0 
z 
=> 
0 
(/) 

0 
Z 401,..----"--1--------.1-----+------+-----+---~-----+----'1~ 
<{ 

~ '"'/i' 
\ 

~ \ 
0 \ 
O 301-----4----t-----+-----1f-----+------1f-----+--+-~ 

\ 
\ 

20._ __ ...., ___ L.-__ ......_ __ _,1._ ______ _,1..._ __ _._ __ _. 

31.5 63 125 250 500 1000 2000 4000 8000 

FIG. A.12 

OCTAVE BAND CENTER FREQUENCY IN Hz 

SOUND PRESSURE LEVELS FROM FOUR CLOTHES WASHERS 
DURING THE SPIN CYCLE (MEASURED AT 3 FT) 



80 
I I I I I I I I I I I I I I 

t\lE 

' z 
::t. 70 

0 
N 
Q) 
~ 

m ,, 
z 
-' w 
> w 
-' 
w 
0:: 
::, 
(/) 
(/) 
"-I 
0:: 
0. 

0 z 
:::::, 
0 
(/) 

0 
z 
<( 
m 
w 
~ 
I-
u 
0 
0 
0:: 
:c 
I-

I 
w 
z 
0 

60 

50 

40 

( \ 
\ 

\_ 
- --v--~ --\ 

/\ 

" V 

30 

20 

' i\ 
I I I I I I I I I I I I I I 

lO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.13 SOUND PRESSURE LEVELS FROM A DEHUMIDIFIER 
(MEASURED AT 3 FT) 

A-51 



90 

N 
E ..... 
z 
::t. 8 0 

0 
N 
Q) ... 
m 
'0 

z 
_J 
w 
> w 
_J 

w 
a:: 
::) 
(f) 
(f) 

w 
a:: 
a. 
C 
z 
::) 

0 
(f) 

C 
z 
<( 
m 
w 
> 
~ 
t-
u 
0 
C 
a:: 
:c 
t-

I 
w 
z 
0 

70 

60 

50 

40 

30 

20 ...... -----------------------,._..__._ __________ ._ ____ _ 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.14 SOUND PRESSURE LEVELS FROM AN EDGER AND 
TRIMMER (MEASURED AT 3 FT) 

A-52 



ao-------------------.-.--,--,.--,-....,.---,,-,-,-.,...~ 
I 
I \ 

"'e , \ 
...._ I~ ' ~ 
z ' , , ' 
::t. 701-l'l,.....,i.-...!'..;..

1
-L.+.--.... ' ~' -+----1-------+-----+----+-----+----t O I 

N \ II \ I \ 

Cl) ' ' , ' ' ' ~ ' ~- ' 
al \ ' ' ' 
'0 ' ' z 
..J 
La.I 
> 
La.I 
..J 
La.I 
er 
::::> en en 
La.I 
er 
a. 
0 

5 40'---+-----4---.J-.:~--+--~--,l-,I,;__~~-..___;:~-;--\---+-~ 
0 
en 
0 z 
4. 
a:, 

L&J 3 Q l--+-----+---+------+----+-----+--~--,r---'l,-.llr--=:--¼--t 

~ 
t­o 
0 
0 
er 
- 201---+-----+---+-----+---+------+-----ll--~--i--lH :r 
t-

i 

L&J 
% 
0 

JO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.15 SOUND PRESSURE LEVELS OF THREE WINDOW 
FANS (MEASURED AT 3 FT) 



80 

C\I 
E 

....... 
z 
:1.. 70 

0 
C\I 

Q) 
~ 

CD 
"C 

z 
_J 
w 
> w 
_J 

w 
ex: 
::, 
(/) 
(/) 

w 
ex: 
a. 
0 
z 
::, 
0 
Cl) 

0 
z 
<t 
CD 

w 
> 
ct 
I-
u 
0 
0 
a: 
:c 
I-

I 

w 
z 
0 

60 
I \ 
I \ ,-
I \ I 

I 
I J.;,\ I 

I I\ \ 

50 ' 

40 

30 

20 

... , \ -- \ 
\ 

' 
' ,.. ,, '"\ ' 

\ 

' 

LOW 
SPEEDS 

-""' ' -- ' ' 
\ 
\ 
\ 

\ 

' 

\ 

' \ 
\ 
\ 

10.._..,_.....__,___,,___.r...,_..i........,_~__,____.r...,_.,__-'-_____ __.i..-.,__.-. ...... ____ _ 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.16 SOUND PRESSURE LEVELS OF THREE FLOOR FANS 
(MEASURED AT 3 FT) 

A- 54 



N 

~ 
z 
:t. 

0 
C\I 
Q) .... 

CD 
"O 

z 
.J 
w 
> w 
.J 

w 
~ 
(/') 
(/') 

w 
a:: 
ll. 

C z 
::) 

0 
(/') 

C 
z 
<( 
CD 

w 
> 
<( 
I-
u 
0 
C 
a:: -:r 
I-

I 
w 
z 
0 

80 

70 

60 . . 
\\\-~· 

. . . 
~ .... . r·.-..:.: .. \\, . 

V .· 
50 . .. 

~ · .. 
·~·• .. 

• . 
\ 

. . . ~-.. 40 

\\_ 
\\. . 

30 . 

. \ .. •, 

20 

l O 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.17 SOUND PRESSURE LEVELS FROM A STOVE HOOD 
EXHAUST FAN - 4 SPEEDS (MEASURED AT 3 FT) 

A- 55 



90 

"' E 
' z 
:t.. 80 

0 
N 

Cl) ... 
en 
"O 

z 
..J 
IJ.J 
> 
u.J 
..J 
IJ.J 
er 
:::) 
(/) 
(/) 

IJ.J 
er 
a.. 
0 z 
:::) 

0 
(/) 

0 
2 
~ 
en 
IJ.J 
> 
<( 
I-
u 
0 
C 
er 
:r 
I-

I 

u.J 
z 
0 

70 

60 

' 50 

t. 
40 

30 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.18 SOUND PRESSURE LEVELS FROM A FOOD BLENDER 
EIGHT DIFFERENT SPEEDS (MEASURED AT 3 FT) 



90 

"'e 
' z 
::t 8 0 

0 
C\I 

Q) ... 
al 
'O 

z 
_J 
LU 
> 
LU 
_J 

LU 
er 
::> 
(/) 
(/) 

LU 
er 
a. 
C 
z 
::> 
0 
(/) 

Cl 
z 
<( 
aJ 

w 
~ 
I-
(.) 
0 
0 
er 
:r 
I-

I 
LLl 
z 
0 

70 

60 

50 

40 

30 

I 
I 

, .. 
I \ 

I 

v 

' \ 
\ 

' 
\ 

\ 

\ 
\ 

\ 

\ 
\ 
\ 
\ 

20._,.__,_...,...&,__..,__.._...__ _____ _... _________ __.__... _________ ....., __ 

63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.19 SOUND PRESSURE LEVELS FROM FIVE BLENDERS 
AT MAXIMUM SPEED (MEASURED AT 3 FT) 

A- ')'( 



80 

t\l 
E 
' z 
~ 70 
N 
G) ... 
Ill 
"O 

z 
...J 
w 
> 
L&J 
...J 

w 
er 
:::, 
CJ) 
(/'I 

L&J 
a: 
a.. 
a 
z 
:::, 
0 
CJ) 

a 
z 
<(. 
Ill 

w 
> 
<( 
I-
(.) 

0 
0 
a: -:r 
I-

I 

uJ 
z 
0 

40 

30 

20 

lO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.20 SOUND PRESSURE LEVELS FROM FOUR FOOD MIXERS 
AT LOW AND HIGH SPEED (MEASURED AT 3 FT) 

A- i>8 



70 

"'e 
' z 
:t. 60 
0 
N 
G) ... 
en 

"" z 
_J 
uJ 
> 
uJ 
_J 

uJ 
a: 
::::, 
(/) 
(/) 
IJJ 
a: 
~ 

C z 
::::, 
0 
(/) 

C 
z 
~ en 
uJ 
> 
ci: 
I-
u 
0 
C 
0:: 
J: 
I-

I 
w 
z 
0 

50 
I 

I I 
I ' I I 

' I 
40 

I \ 

30 

20 

10 

0 63 100 160 2so 400 630 1000 1600 2·soo 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.21 SOUND PRESSURE LEVELS FROM TWO FREEZERS 
(MEASURED AT 3 FT) 

A-59 



N 
E 
' z 

80,--,-.._._.._,..__...---.-----,---------.------------

::t 70 
0 
N 
Cl) 
~ 

CD 
"O 

z 
_J 
uJ 
> w 

so-------------------------------

_J , 

w , 

~ so-------_,_ _____ ✓------------.....-+-----
(/) 
(/) 

w 
Q: 
Q. 

Cl 
z 

I 
' I 

::> 40 ____ _,_ _____________________ __,_~----

o 
Cl) 

Cl 
z 
<f. 
CD 

w 30--+------+--------------------lr-T--
> 
cf .... 
<..> 
0 
Cl 
Q: 
:x:: 20..._-+----4----+---~...-----+----+-----+----+--4 
.... 

I 
w 
z 
0 

IO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.22 SOUND PRESSURE LEVELS FROM THREE HAIR DRYERS 
(MEASURED AT 3 FT) 



90 

"' E I\ ' z I \ :t. 
o 80 
N 
4) 
~ 

CD 
"O 

z 
...J 
w 
> w 
_J 

w 
cr 
::::::, 
Cl) 
Cl) 

uJ 
a:: 
a. 
0 
z 
::::::, 
0 
Cl) 

C 
z 
<t 
CD 

w 
> 
<t .... 
u 
0 
0 
er 
J: .... 

I 

LLJ 
z 
0 

SANDING 
WOOD 

70 

RUNNING 
FREE 

50 

40 

30 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE~THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.23 SOUND PRESSURE LEVELS FOR A BELT SANDER 
RUNNING FREE AND SANDING WOOD (MEASURED AT 
3 FT) 

A-61 



90 

N 
E 

....... 
z 
:::l.. 80 

0 I \ 
N 
Q) ,._ 

CD 
'U 

z -
_J 
w 
> w 
_J 

u.J 
a: 
:::, 
(/) 
(/) 

w 
a:: 
a.. 
C 
z 
=> 
0 
(/) 

C 
z 
c:( 
Cll 

u.J 
> 
c:{ 
I-
u 
0 
C 
a: 
::c 
I-

I 
L&J 
z 
0 

I \ 

1/2 INCH'\_,/ \. 
' ", __ 

✓ I / 
I 

70 I 
I .. ~ 

I 'j. I ~, 

I I 
I 

60 

1/4 INCH 

50 

40 

30 

20 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.24 SOUND PRESSURE LEVELS FROM THREE DRILLS 
(MEASURED AT 3 FT) 

A-62 



90 

~ ...... 
z 
:l 80 
0 
(\J 

G) ... 
ID 
'0 

z 
..J 
I.IJ 
> 
llJ 
-' 
I.I.I 
a:: 
::, 
(/) 
(/) 

I.IJ 
a:: 
a. 
Q 
z 
::, 
0 
(/) 

0 z 
<(, 
CD 

I.IJ 
> 
ct 
I-
(.) 
0 
0 
a:: 
:z: 
I-

I 
L&J 
z 
0 

METAL 
70 

60 

\ WOOD \ 
50 

\ 

\ 
40 

30 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A. 25 SOUND PRESSURE LEVELS FROM TWO DRILL 
PRESSES DRILLING THROUGH WOOD AND METAL 
(MEASURED AT 3 FT) 

A-63 



~E 

' z 

100---------.-------------------------

:::1.. 90~-+------+---+-----+----+-----+---~~....,_--+--t 
0 
N 
4) ... 
en 
"'0 

z 
..J 
w 
> w 
...J 

80t--+------+---+-----+----~--===--+-----,~-~Jt---t 

I \ 
/ \ / 

,' '-"' ✓ w 
ct: 

::> 10---------------------------------(/) 
(/) 

w 
ct: 
a. 
0 
2 

✓" I \ / 

I 
I 

I 
I 

f 

=> s o~-+--+--_.,.,.-.,,,,,....,._+--__ _,,.. ___ 'f---__ -+----t-----+---1 
0 
(/) 

Q I 
2 / 
~ I 
CD / 

.,~ .. .J 
w 5Q....,a..._..:----+----+-----+----+-----+-----,~---+---t 
> 
~ .... 
u 
0 
Q 
ct: 

:c 40----------------------------.... 
I 

w 
z 
0 

30--------------------------------------63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.26 SOUND PRESSURE LEVELS FROM THREE GRINDERS 
GRINDING METAL STOCK (MEASURED AT 3 FT) 

A- 64 



90 

t\lE 
..... 
z 
=l 80 

0 
N 

f 
CD 
"0 

z 
-I 
\.LI 
> 
\,L,J 
-I 
\,L,J 
0:: 
::> 
(/) 
(/) 

uJ 
er 
a. 
C z 
::> 
0 
(/) 

0 
z 
<t. 
CD 

uJ 
> 
<t 
I-
u 
0 
0 
0:: 

70 

WORK!~ 
WOOD 

60 

50 

RUNNING 
FREE 

40 

r·30-----------------------------
.1-

I 
w 
z 
0 

20 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.27 SOUND PRESSURE LEVELS FROM A ROUTER RUNNING 
FREE AND WORKING WOOD (MEASURED AT 3 FT) 

A-65 



90 

(\I 

E 
....... 
z 
::t.. 80 

0 
N 
Cl) 
"-

CD 
"O 

z 
..J 
w 
> w 
..J 

w 
er 
::> 
en 
en 
IJJ 
a:: 
Q. 

a z 
::> 
0 
en 
0 
z 
-ct. 
CD 

IJJ 
> 
<t 
I-
0 
0 
0 
a:: 
:r 
I-

I 
IJJ 
z 
0 

70 

60 

RUNNING 
FREE 

50 

40 

30 

~ O 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.28 SOUND PRESSURE LEVELS FROM A SMALL METAL 
LATHE RUNNING FREE AND CUTTING 
(MEASURED AT 3 FT) 

A-66 



100 

"'e ..... 
z 
:I.. 90 
0 

"' Q) ... 
al 
"O 

z 
..J 
w 
> 
L&J 
..J 

L&J 
ex: 
::::> 
(/) 
(/) 
L&J 
ex: 
a. 
0 z 
::::> 
0 
(/) 

0 
z 
<( 
al 

L&J 
> 
~ 
~ 
0 
0 
0 
ex: 
I: 
~ 

I 

L&J 
z 
0 

80 

70 

'\ I 
\ 

v' 
60 

RUNNING 
FREE 

50 

40 

30 
63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 

50 80 125 200 315 500 800 1250 2000 3150 .5000 8000 
ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.29 SOUND PRESSURE LEVELS FROM A SABRE SAW 
RUNNING FREE AND CUTTING WOOD (MEASURED AT 
3 FT) 

A-67 



(\J 

E 
' z 

90 

TABLE 
SAW 

::i.. 80 
0 
N 
Q) 
~ 

ID 
"O 

z 
_J 

w 
> w 
_J 

w 
0:: 
:::, 
(f) 
(f) 

w 
a: 
a.. 
C 
z 
:::, 
0 
V) 

C 
z 
<( 
ID 

w 
> 
<X .... 
u 
0 
C 
a:: -J: .... 

I 

w 
z 
0 

70 

60 

40 

30 

RADIAL 
SAW---,....-

BAND , 
SAW_, 

,._' I 
I ./ 

I 
I 

\ 

20 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.30 SOUND PRESSURE LEVELS FROM FOUR DIFFERENT 
SAWS CUTTING WOOD (MEASURED AT 3 FT) 

A- 6c3 



80 

t\lE 
..... 
z 
::t 70 

0 
N 
Q) 
~ 

CD 
"O 

z 
.J 
Lu 
> 
Lu 
.J 

Lu 
tr 
=> 
Cl) 
Cl) 
Lu 
tr 
Q. 

0 
z 
=> 
0 
V) 

C 
z 
<( 
CD 

w 
> 
<l 
t-
u 
0 
0 
0::: 
:I: 
t-

I 
lLJ 
z 
0 

60 

50 

40 

30 

20 

IO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.31 SOUND PRESSURE LEVELS FROM A ROOM DEHUMIDIFIER 
FOR THREE SETTINGS (MEASURED AT 3 FT) 



90 

N 
E 
' z 
:l 80 

0 
N 
Q,) ... 

00 
"O 

z 
_J 
w 
> w 
_J 

w 
a:: 
:::, 
(/) 
(/) 

w 
0:: 
a. 
a 
z 
:::> 
0 
Cl) 

C 
z 
<. 
00 

w 
> 
<( 
t-
u 
0 
C 
a:: 
J: 
t-

I 
LLJ 
z 
0 

70 

," ~ 
'-

" 60 

50 

40 

" '-.. 
30 

20 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.32 SOUND PRESSURE LEVELS FROM TWO ELECTRIC 
KNIVES (MEASURED AT 3 FT) 

A-70 



"' E ...... 
z 
:t. 

0 
N 
CD 
~ 

CD 
'O 

z 
_. 
w 
> w _. 
w 
cr 
~ 
fl) 
V, 
w 
a: 
~ 

Cl 
z 
~ 
0 
fl) 

Cl 
z 
<( 
CD 

w 
> 
<{ .... 
u 
0 
C 
er -:c .... 

I 
LLJ 
z 
0 

80 

70 

60 

50 

40 

20 

IO 63 100 l60 250 400 630 1000 1600 2500 4000 6300 10, 00 
50 80 125 _ 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.33 SOUND PRESSURE LEVELS FROM TWO REFRIGERATORS 
(MEASURED AT 3 FT) 

.A.-71 



90 

C\I 
E ...... 
z 
::l.. 80 

0 
N 
Q) 
~ 

aJ 
'O 

z 
..J 
L&J 
> 
L&J 
..J 

L&J 
a:: 
::) 
en 
en 
L&J 
a:: 
a. 
C 
z 
::) 

0 
en 
C 
z 
<(, 
CD 

L&J 
> 
c:( 
I-
u 
0, 
C 
0::: 
I 
I-

I 

L&J 
z 
0 

70 

I 
j 

60 

50 

40 

30 

20 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.34 SOUND PRESSURE LEVELS FROM TWO SEWING 
MACHINES (MEASURED AT 3 FT) 

A-72 



80 

"'E 
...... 
z 
::l. 70 

0 
N 
Cl) ... 

CD 
'O 

z 
_J 
w 
> w 
_J 

w 
a:: 
::::, 
(/) 
(/) 
w 
a:: 
a. 
0 z 
::::, 
0 
(/) 

0 z 
4. 
CD 

w 
~ .... 
(.) 
0 
0 
0:: 
:c 
I-

I w 
% 
0 

60 \ 
\ 

'" \ ',\ \ 
\ ,, ,.. 

'\ \ I 

' I \ I 
I • 

50 
I 

I 
I 

I 

40 

30 

20 

IO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.35 SOUND PRESSURE LEVELS FROM FOUR MEN'S 
ELECTRIC SHAVERS (MEASURED AT 3 FT) 

A-73 



80 

C\I 
E 
' z 
~ 
o 70 
(\J 

(!,) ,_ 

ao 
"O 

z 
...J 
w 
> 
w 
. .J 

l.!.J 
a:: 
:::> 
en 
en 
w 
a:: 
a. 
C 
z 
:::> 
0 
en 
Q 
z 
<(, 
CD 

LLJ 
> 
<( 
I-
u 
0 
a 
0::: -::c 
I-

I 

LLJ 
z 
0 

60 

50 

40 

30 

IO 63 100 160 250 400 630 1000 1600 2500 4000 6300 10,000 
50 80 125 200 315 500 800 1250 2000 3150 5000 8000 

ONE-THIRD OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.36 SOUND PRESSURE LEVELS FROM TWO WOMEN'S 
ELECTRIC SHAVERS (MEASURED AT 3 FT) 



80 

~ 

~ z 
=l. 70 

0 
N 
Q) ... 

CD 
"0 

z 
.J 
w 
> w 
.J 

w 
a: 

60 

::::> 50 
(/) 
(/) 
w 
a: 
CL 

C z 
:::> 40 
0 
(/) 

C 
z 
~ 
CD 

w 30 

~ 
f­
u 
0 
C 
a: 
:c 20 
f-

l 
IJJ 
z 
0 

I I 

I \ 
\; 

I I I I I I I I I I I I 

-

-
~/ ---1 ,_.,.-~ 

/ V I/ 
\ 

1 

\ 
I I l I I I I I I I I I I I 

10 
63 100 160 2so 400 630 1000 1soo 2500 4000 6300 iopoo 

50 80 125 200 315 500 800 1250 2000 3150 5000 8000 
ONE-THIRD OC:TAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.37 SOUND PRESSURE LEVELS FROM AN ELECTRIC 
TOOTHBRUSH (MEASURED AT 3 FT) 

A-75 



100 

N 
E 90 

' z 
~ 

0 
N 
Cl) 
I.. 

co 80 
"0 

z 
...J 
LI.J 
> 
LI.J 
-1 70 
w 
oc 
::, 
Cl) 
C.f) 
w 
a:: 
a.. 60 
0 
z 
:::> 
0 
Cl) 

C 
z 50 
<t 
a:, 

w 
> 
<! 
t-
u 
O 40 

30 
31.5 

~- ----..... 
~ ~ ~ 

~ ' 

~ 

\. 
~ 
\ 

\ i-- ___ 

r---...._ 
-...... 

~ .......... 
........ ,.., 

" ~ ... ", ~" 
" • 63 125 250 500 1000 2000 4000 8000 

FIG. A.38 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM DIFFERENT 
SIZES OF MOTORS (MEASURED AT 3 FT) 

A-76 



120 

N 

~ 110 
z 
::t 

0 
N 
G) ... 
m100 
,:, 

z 
_J 

LL.I 
> 
LLJ 
.J 

LLI 
Ir 
:::) 
en 
en 
LLJ 
Ir 
fl. 
C 
z 
~ 
0 
en 
C 
z 
c:( 
ID 

I.LI 
> 
c:( 
1--
u 
0 

90 

80 

70 

60 

50 
31.5 

/ 
,-- ------~ 

~ ,, ......... 

~ 
/ --·- p,o-- -----

i- ___ 

' '\ 
/ 

" \ / 

" / "' 

" 

63 125 250 500 1000 2000 4000 

FIG. A.39 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM INTERNAL 
COMBUSTION ENGINES (MEASURED AT 3 FT) 

A-77 

' 

8000 



120 

"' E 110 

' z 
::i. 

~ -

~ 
~ 

0 
N 
CD 
a.. 

al 100 
'a 

z 
...J 
IJ.J 
> 
l&J 
...J 
IJ.J 
a::: 
.::> 
en 
en 
IJ.J 
a::: 
a. 
C 
z 
::) 

0 
en 
C 
z 
<( 
al 

LaJ 
> 
<( 
r-
u 
0 

90 

80 

70 

60 

50 
31.5 63 125 250 500 1000 2000 4000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.40 TYPICAL SOUND PRESSURE LEVELS FROM GAS 
TURBINES (MEASURED AT 3 FT) 

A-78 

8000 



110 

N 
E 100 

' z 
::t 
0 
N 
Cl) 
~ 

t:D 90 
'O 

z -
.J 
lA.J 
> 
~ 80 
lA.J 
0: 
::, 
en 
en 
l&J 
a:: 
a. 70 
C 
z 
::, 
0 
en 
0 

~ 60 
al 

lA.J 
> 
<t 
t­
u 
O 50 

---

/ -----
/ 

__ .. 
,.--

v/ 

i 
I 

~ 
............ 

"' .,.----- ~ 
'-

'-. ,,,,, ~----
" / ..... ---r--

........__"" 
' ,/ I'-" 

' 

40 
31.5 63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.41 RANGE OF SOUND PRESSURE LEVELS FROM STEAM 
TURBINES (MEASURED AT 3 FT) 

A-79 



100 

N 
E 90 
' z 
::l. 

0 
N 
Q) .. 
III 80 
"C 

z 
..J 
l4I 
> 
l4I 
..J 70 
l4I 
a: 
:::> 
(I) 
(I) 
l4I 
a: 
o. 60 
C 
z 
:::> 
0 
(I) 

C 
Z 50 
~ 
III 

l4I 
> 
~ 
t-
u 
O 40 

/ 

/ 
V I 

/ 
/ 

V // 
," 

// 
~ 

v-

~ 
........ 

~ ~ 
............. 

"'- ~ "---, ..... 

~ ~ 

" ~ ' i' .. 
", ... 

' " ' 

30 
31.5 63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.42 RANGE OF SOUND PRESSURE LEVELS FROM 
TRANSFORMERS (MEASURED AT 3 FT) 

A-80 



100 

N 
~ 90 
z 
::t. 
0 

_.._ 

/ -----~ 
-...... N 

a, ... 
CD 80 
"0 

/ ~ 

"' z 
..J 
L&J 
> 
la.I 
.J 70 
la.I 
0: 
::, 
en 
en 
lu 
0: 
~ 60 
0 
z 
::, 
0 
en 
0 
Z 50 <( 
CD 

lu 
> 
<( 
~ 
u 
O 40 

30 
31.5 

v· 
I' 

~, ~......._ ,,/ " J~ - " / ', 
/ -----V 

63 125 250 500 1000 2000 4000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.43 RANGE OF SOUND PRESSURE LEVELS FROM PUMPS 
(MEASURED AT 3 FT) 

A-81 

" 

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

8000 



110 

N 
E 100 
' z 
:l 
0 
(\J 

Cl) 
~ 

CD 
"O 

z 
..J 
I.A.I 
> 
I.A.I 
..J 

I.A.I 
a:: 
::J 
en 
(I) 

I.A.I 
a:: 
Q. 

0 
z 
::J 
0 
(I) 

0 
z 
<( 
CD 

I.A.I 
> 
<( .... 
u 
0 

90 

80 

70 

60 

50 

40 
31.5 

/ 

I/ 
/ 

/ 
/ 

63 125 250 500 1000 2000 4000 eooc 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.44 TYPICAL SOUND PRESSURE LEVEL FROM STEAM VALVE 
(MEASURED AT 3 FT) 

A-82 



110 

N 
E 100 ..... z 
::t. 

0 
N 
Q) ... 
m ,90 

,_____.--- -r---_ 

~ 
~ 

" "" z 
...J 
L&J 
> 

...______,. 
w 
...J 80 '-

" w 
0:: 
:::> 
(/) 
en 
L&J 
a: 
(l. 70 
C 

' ' " ·, " z ... 
:::> 
0 
en " C 
z 60 <( 

' ~ ... 
CD 

LLJ 
> 
<( 

' ' " .... 
u 
0 50 

40 
31.5 63 125 250 500 1000 2000 4000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.45 RANGE OF SOUND PRESSURE LEVELS FROM FANS 
(MEASURED AT 3 FT) 

A-83 

" 

' 

8000 



80 

N 
E 70 
' z 
::t. 

0 
(\J 

Q) 
~ 

CD 60 
'0 

z 
_J 

L&J 
> 
L&J 
.J 50 
L&J 
0:: 
::::, 
en 
en 
L&J 
0:: 
a. 40 
C 
z 
::::, 
0 
en 
C 
Z 30 
<( 
m 
l.LJ 
> 
<( 
r 
(.) 

O 20 

~ 

" " 

~ 

~ 
"-

" \ 
\ 

' 
" " ·, " ' --"'" ' ., __ 

10 
31.5 63 125 250 500 1000 2000 4000 8000 

FIG. A.46 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM AIR CONTROL 
UNITS AND MIXING BOXES (MEASURED AT 3 FT) 

A-84 



80 

N 
E 70 

' z 
::t. 

0 
C\J 
(I) 
~ 

CD 60 
'O 

z 
..J 
L&J 
> 
w 

50 ..J 

La.J 
0: 
:::, 
en 
en 
LaJ 
0: 
a.. 40 
0 
z 

- / ~ / 
~ 

~ 
~ 

"' :::, 
0 
(I) 

0 
z 30 <( 

I\ 
\ 
'\ 

ID 

1.&J \ 
> 
<t 
t-
u 
0 20 

\ ,,,,,, .,. ~, --· ,,,,,,,.,,. 
' 

10 
31.5 63 125 250 500 1000 2000 4000 8000 

FIG. A.47 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM DIFFUSERS, 
GRILLS, REGISTERS, AND LOUVERS (MEASURED AT 
3 FT) 

A-85 



110 

N 
ElOO 
' z 
:1. 

0 
N 
Cl) ... 
m 90 
"O 

z 
...J 
LL.I 
> 
LL.I 
...J 80 
LL.I 
a: 
=> 
Cf) 
(/) 

LL.I 
0:: 
ii. 70 
C 
z 
=> 
0 
(/) 

C 
Z 60 
<( 
m 
LL.I 
> 
<( 
~ 
u 
O 50 

40 
31.5 

,,, ~ "' V " 
V ~· 

----- ' 

63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.48 TYPICAL SOUND PRESSURE LEVELS FROM RECIPROCATING 
AIR COMPRESSORS (MEASURED AT 3 FT) 

A-86 



120 

N 
E 110 

' Z1 
::l 

0 
N 
Q) .. 

CD 100 
"O 

z 
...J 
w 
> 
w 
...J 
laJ 
0::: 
~ 
V, 
V, 
w 
0::: 
a. 
C 
z 
::> 
0 
V, 

C 
z 
cf 
m 
l&J 
> 
cf 
t-
u 
0 

90 

80 

70 

60 

50 
31,5 

~ 

~ 
~ 
~ 

r----....__ ~ ... 
~ 

~ " ,....._ 

" ~ '~ 
" "· ...... ,, 

..... 

' ' ' " " ' 
63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.49 RANGE OF SOUND PRESSURE LEVELS FOR CENTRAL 
STATION AIRCONDITIONING UNITS (MEASURED AT 
3 FT) 

A-87 



110 

N 
. E 100 

' z 
::\. 

0 
N 
Cl) 
~ 

CD 
'0 

z 
....I 
lLJ 
> 
lLJ 
....I 

LLJ 
Q: 
::> 
V, 
V, 
lLJ 
Q: 
0.. 

0 
z 
::> 
0 
V, 

0 
z 
<t 
CD 

lLJ 
> <t 
t-
u 
0 

90 

80 

70 

60 

50 

~ 
"'-

"' ~ 
"'-

" ~ 
~ ~ 

"' 
\ 

\ 
' ---~-- -- ""- .... ---~ 

" 
40 

31.5 63 125 250 500 1000 2000 4000 

FIG. A.50 

OCTAVE BAND CENTER FREQUENCY IN Hz 

SOUND PRESSURE LEVELS FROM UNITARY ROOFTOP 
AIRCONDITIONING UNITS (MEASURED AT 3 FT) 

A-88 

" 

' ' 
8000 



80 

N 

,t 70 
z 
::1. 

0 
N 
Q) 
~ 

m 60 
'O 

z 
_J 
LL.I 
> 
LL.I 
J 50 
LL.I 
er 
::, 
(/) 
(/) 
LL.I 
er 
a. 40 
C 
z 
:::> 
0 
(/) 

C 
Z 30 
~ 
m 
LL.I 
> 
~ 
t-
u 
O 20 

10 
31.5 

~ 
~ 

~ ------
~ 
~ .... 

" I~ " " \ \ 
" '\ 

\~ 

" " " ..... 
63 125 250 500 1000 2000 4000 8000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.51 RANGE OF SOUND PRESSURE LEVELS FROM FAN COIL 
UNITS (MEASURED AT 3 FT) 



N 

E 
' z 
::l 

0 
N 
Q) ... 
m 
,::, 

z 
.J 
LIJ 
> w 
.J 
w 
a:: 
~ 
Cl) 
Cl) 
w 
a:: 
Q. 

0 
z 
=> 
0 
(/) 

C 
z 
<t 
m 
LLJ 
> 
<t 
I-
u 
0 

70 

60 
- ---------

50 

-

~ 
\ 

40 
\ ~ 

~ ·\ 

"' \ ~ 
30 

\__ 
-.. 

" ', 
~ 

" 20 ' ' 

" "· """'-....-.. . "'-......__ 
10 

0 
31.5 · 63 125 250 500 1000 2000 4000 8000 

FIG. A. 52 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM INDUCTION 
UNITS (MEASURED AT 3 FT) 

A-90 



110 

N 
E 100 

' z 
::t,' 

0 
N 
Q) ... 

CD 90 ,, 
z 
...J 
Lu 
> 
LLJ 
...J 80 
Lu 
er 
:::, 
Cl) 
Cl) 
Lu 
a:: 
CL 70 
0 
z 
::> 
0 
Cl) 

0 
Z 60 <t 
t:D 

LLJ 
> 
<t 
t-
u 
O 50 

~ 

...._"'-

40 
31.5 

-""' 
---....._____ 

r---------. 
~ 
~ 
~ 

.. 
~"-..... . ...._ "'-... --~ 

~ , .... 
I'--..,, , ..... 

"..._ 
", .. __ 

63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.53 RANGE OF SOUND PRESSURE LEVELS FROM BOILERS 
(MEASURED AT 3 FT) 

A-91 



120 

N 
E 110 

' z 
::t. 

0 
N 
Cl) 
'-

CD 100 
"O 

z 
_J 

L£J 
> 
L£J 
..J 90 
L£J 
a: 
=> en 
en 
L£J 
0:: 
a. 80 
C 
z 
=> 
0 
en 
C 
z 70 <( 
CD 

L£J 
> 
<( 
~ 
u 
0 60 

~ 

50 
31.5 

./" r-,.... 

~ 
~ 
~ 
~ 

~ 

63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A. 54 TYPICAL SOUND PRESSURE LEVELS FROM 
ABSORPTION/CYCLE REFRIGERATION MACHINES 
(MEASURED AT 3 FT) 

A-92 



110 

N 
E 100 

' z 
::t 
0 
N 
Q) ... 
m 
'0 

z 
_J 

L&.J 
> 
L&.J 
.J 

L&.J 
a: 
:J 
(I) 
(/) 
L&.J 
a: 
n. 
C 
z 
:::, 
0 
en 
C z 
<i 
CD 
w 
> 
<i .... 
(..) 

0 

90 

80 

70 

60 

50 

40 
31.5 

-----~ ~ '-
""' ~ 

63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.55 TYPICAL SOUND PRESSURE LEVELS FROM CHILLER 
WITH RECIPROCATING COMPRESSOR (MEASURED AT 
3 FT) 

A-93 



110 

N 
E 100 ..... 
z 
:l. 

0 
N 
Q) 
~ 

al 
"O 

z 
...J 
Lu 
> 
Lu 
...J 

Lu 
a:: 
::> 
V) 
en 
Lu 
0:: 
Q. 

0 
z 
::> 
0 
V) 

0 z 
<f 
al 

Lu 
> 
<f ,... 
u 
0 

90 

-

80 

70 

I -- ~ i"-. 
I ~ 

~ / '-

60 

50 

40 
31.5 63 125 250 500 1000 2000 4000 

OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.56 TYPICAL SOUND PRESSURE LEVELS FROM CHILLER 
WITH ROTARY-SCREW COMPRESSOR (MEASURED AT 
3 FT) 

-.......... 

8000 



110 

N 
E 100 

' z 
::l 
0 
N 
G) 
~ 

CD 
'0 

z 
...J 
llJ 
> 
llJ 
...J 
llJ 
a: 
::::> 
(/) 
(/) 

llJ 
a: 
a. 
C 
z 
::::> 
0 
(/) 

C 
z 
<t 
CD 

LLJ 
> 
<t 
r-
u 
0 

90 

80 

70 

60 

50 

40 
31.5 

~ 
V I~ 

~ 
V " V 

_,,,.,,-~ ~ 

" ' ----~, ""-- --- .... 
"' 

' " \ 
\ 

\ 
' 

63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.57 RANGE OF SOUND PRESSURE LEVELS FROM CHILLER 
WITH CENTRIFUGAL COMPRESSOR (MEASURED AT 
3 FT) 

A-95 



110 

C\I 

E100 
' z 
::1.. 
0 
N 
w 
a: 

- -
V " ------..____ 

" ....... 
~ 
~ 

"' (D 
90 

"O 

z 
....J 
w 
> 
w 80 
....J 

~~ .. .._ -----------", 
""' ~-

w ' a: 
::::> 
Cf) 
Cf) 

w 
a: 70 a.. 
0 

' " ' ~ 
z 
::::> 

--~ 
0 
z s.o 
<t 
CD 

w 
> 
<t 
I-
u 
0 50 

40 
31.5 63 125 250 500 1000 2000 4000 8000 

FIG. A. 58 

OCTAVE BAND CENTER FREQUENCY IN Hz 

RANGE OF SOUND PRESSURE LEVELS FROM COOLING 
TOWERS (MEASURED AT 3 FT) 

A-96 



110 

N 
E100 
' z 
:l 
0 
N 
cu .. 

CD 90 
~ 

z 
..J 
1.LJ 
> 
ta.I 
..J 80 
1.LJ 
a: 
=> 
<n 
<n 
LaJ 
a: 
n. 70 
0 
z 
=> 
0 
<n 
C 
Z 60 
<( 
al 
Lu 
> 
<( 
f-
u 
O 50 

I I\ 
I \ 

~ 

____ ... ------
--· 
~ 

i--

-
~ 

" ~ 
\ 

~ ~ ' ' ... 

' '~ ' "-, 
' 

" "', 
!t'\. 

' " \ 
40 

31.5 63 125 250 500 1000 2000 4000 8000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.59 RANGE OF SOUND PRESSURE LEVELS FROM AIR-COOLED 
CONDENSERS (MEASURED AT 3 FT) 

A-97 



N 
E ..... 
z 
:\. 

0 
(\J 

Q) 
~ 

(Il 
-0 

z 
..J 
LA.J 
> w 
..J 

L&J 
0:: 
:::> 
(/) 
(/) 
Lu 
a: 
CL 

Cl 
z 
:::> 
0 
(/) 

Cl 
z 
~ 
CD 

Lu 
> 
~ 
I-
<.) 

0 

100 

90 

80 

70 

60 

50 

40 

30 
31.5 

~ ~ 
i""--..___ 

~..._ 

............... 
~ 

63 125 250 500 1000 2000 4000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.60 RANGE OF SOUND PRESSURE LEVELS FROM ELEVATOR 
ROOM (MEASURED AT 3 FT) 

A-98 

"'" 

8000 



70 

"' E 60 ...... 
z 
:1. 

0 
N 
G) ... 
al 50 
~ 

z 
...J 
w 
> w 
...J 40 
laJ 
Q:; 
::::> 
Cl) 
Cl) 
w 
Q:; 
0.. 

C 
z 
::::> 
0 
Cl) 

C 
z 
<( 
a) 

w 
> 
<( 
t-
(.) 
0 

30 
' 

20 

10 

0 
31.5 

"' / \ 

" / 

' ~ 
~ 

V 

63 125 250 500 1000 2000 4000 
OCTAVE BAND CENTER FREQUENCY IN Hz 

FIG. A.61 SOUND PRESSURE LEVELS FROM BALLASTS 
(MEASURED AT 3 FT) 

A-99 

--

8000 



APPENDIX B - IMPACT CONSIDERATIONS 

B.1 Interpretation of Impact Estimates 

Sections 3.2.2 and 3,3.2 of this report have provided 

detailed breakdowns of the impact on people of exposure to 

a variety of noise sources. This section of the report is 

intended to permit the reader to gain an appreciation for 

the significance of these estimates. It therefore consists 

primarily of caveats. 

First, it must be stressed that both the physical 

levels of the noise sources and the levels at which effects 

on people are specified are, at best, imperfect estimates. 

Every attempt has been made to obtain unbiased and statisti­

cally sufficient estimates. Nonetheless, the actual levels 

mentioned in the text cannot be regarded as exact. Vari­

ability is inherent not only in the measurement process, 

but also in the noise sources, the propagation paths by 

which their sounds are transmitted to people, and of course 

in the responses of people. Thus, individual instances of 

extreme sensitivity to noise effects are to be expected, as 

are cases of excessively noisy and quiet sources. In some 

situations the total amount of variability ~ay be so great 

as to transform assessment of noise impact, a priori, into 

an imponderable issue. It is important to acknowledge that 

the impact estimation of Sections 3,2.2 and 3,3.2 can per­

tain only to the general, rather than the specific, instance. 

It must also be understood that research on the effects 

of noise on people has been conducted for the most part under 

controlled and simplified conditions. The application of 

knowledge gained from such experimentation to heterogeneous 

populations living in complex environments necessarily entails 
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, f'air amount of interpretation and approximation. Disagreement 

J.mo11g experts on matters of detail is probably unavoidable. 

Yet another important consideration to bear in mind when 
rending the sections on the impact of home appliance, building 

equipment, and construction noise on people is that these noises 

conr)rise only a fraction of most people's daily noise exposure. 

Since many noise effects are cumulative in nature, discussion of 

the impact of exposure to restricted classes of noise is both 

ar~lficial and potentially misleading. It is not safe to assume, 

f'or· e::~ample, that hearing damage is not a substantial risk to 

the publlc at large merely because the risk from construction 

noise exposure is negligible. 

In short, it has been necessary to make a large number of 

as~umptions in preparing most sections of this report. Assump­

tions are the coin with which conclusions are purchased. The 

reader must understand the assumptions before he can decide for 

himself whether the conclusions are worth the price. 

The final caution is perhaps the most basic. Stated simply, 

it is that no attempt has been made in this report to address 
the crucial issues of social desirability and costs of noise 

impacts. Such issues were purposely avoided as inappropriate 

and far beyond the scope of the current report. Value judgments 

about how much noise exposure is tolerable must inevitably be 

made, however, if this report is to be fully useful. Adminis­

trative or legislative bodies must eventually decide how much 

hearing loss workers must suffer to maintain industrial pro­

ductivity; how much annoyance, stress, and task interference 

the public must endure; how much sleep interference is too much; 

and so forth. The authors hope that this report will provide 

the data and conclusions essential for intelligent actions on 
these issues. 
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B.2 Discussion of Construction Data 

Table B-1 tabulates nonresidential building construction in 

1970 by the nature of metropolitan region in ~hich eleven major 

categories of buildings were constructed. Construction effort 

in each building category is characterized both by the number of 

sites and the total construction cost in each region. The average 

cost of each type of building in each region is also presented in 

Table B-1. The cost estimates are necessary for accurate estima­

tion of the number of machine-hours of equipment operation at 

each site. The wide variability of building costs deserves 

special note. Office buildings in large, high-density central 

cities cost an average of $1.9 million while the same type of 

building costs an average of only $.67 million in ~ow-density 

central cities. 

The sources of the data in Table B-1 include the following: 

• Columns 1 and 2: Unpublished tabulation by U.S. Bureau of 

the Census of all nonresidential building permits for 1970; 

• Co~umns 3, 4, 5 and 6: Estimates based on population ratios, 

construction level ratios (where known), and assumptions 

about probable unit costs; and 

• Column 7: Construotion Review, except for lines 2, 5, and 
I 

7, which were estimated on the basis of known ratios of 

large city to national construction ratios. 

Two categories of nonresidential building are recognized by 

the Bureau of the Cens~s but are not discussed in this report. 

one is "residential garages and carports", of which 150,885 were 

authorized in 1970, at an average cost of $1600. Carport con­

struction was judged to contribute negligibly to construction 

noise problems. The second category of buildings recognized by 
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TABLE B-1. GEOGRAPHIC DISTRIBUTION OF MAJOR NONRESIDENTIAL CONSTRUCTION 
BY TYPE OF BUILDING (1970) 

Other Cen-
Larg~ High-Density Large Low-Density tral Cities 

Central Cities Central Cities (Est.) 
Type of Building Bldg. Cost Avg. Cost Bldg. Cost Avg. Cost Bldg. Cost 

Office, Bank, 
Professional 

Hotel, Motel, etc. 

Hospitals and 
Institutions 

Schools 

Public Works Bldg. 

I.ndustrial 

Parking Garage 

Religious 

Recreational 

Store, Mercantile 
Bldg. 

Service, Repair 
Station 

Type of Buildin_g_ 

235 
27 

123 
67 
58 

362 
82 
81 
43 

533 

341 

$438M 
108 

326 
73 
48 
92 
33 
21 
17 

84 

12 

Urban 
Fringe 
(Est.) 

Bldg. Cost 

$1863K 815 
4015 56 

2647 120 
1091 149 

822 107 
253 800 
398 114 
255 160 
402 380 

159 1649 

44 553 

Nonurbanized 
Metropolitan 

Area 
(Est.) 

Bldg. Cost 

Office, Bank, 
Professional 3168 $600M 1424 $270M 
Hotel, Motel, etc. 344 320 154 143 
Hospitals and 
Institutions ~590 468 
Schools 687 197 
Public ~arks Bldg. 689 196 
Industrial 6370 989 
Parking Garage 841 146 
Religious 1826 185 
Recreational 1395 99 
Store, Mercantile 
Bldg. 11425 998 
Service, Repair 
Station 3220 97 

265 210 
309 88 
310 88 

2867 446 
379 66 
823 83 
628 44 

5148 449 

1451 43 
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$559M 
76 

$ 686K 1998 
137 

$378M 
127 1335 

103 
40 
64 

93 
49 
24 
25 

861 
267 
601 
116 
429 
149 

66 

205 

13 

124 

Ou.ts i de 
Metro­

politan 
Area 

(Est.) 
Bldg. Cost 

2260 $456M 
207 157 

411 272 
465 1G2 
421 95 

3706 391 
500 72 
970 71 
998 51 

7258 424 

2050 42 

23 

294 
366 
262 

233 
106 

75 
1961 

279 
392 
932 

306 
48 
40 
65 

4045 

1355 

352 

41 

National 
Total 

Bldg. Cost 

9900 $2701M 
929 931 

1803 1611 
2043 606 
1847 566 

16336 2316 
2195 414 
4252 423 
4376 301 

29058 2512 

8970 247 



TABLE B-2. GEOGRAPHIC DISTRIBUTION OF RESIDENTIAL BUILDING 
CONSTRUCTION BY TYPE OF BUILDING (1970) 

~ of Building 

Single-Unit 

•rwo-Unit 
Three- and Four-Unit 

Fi ve--Uni t and Larger 

Type of Buildi~ 

Single-Unit 

Two--Uni t 

Three- and Four-Unit 
Five-Unit and Larger 

!ipe of Building 

Sin~le-Unit 
Two-Unit 
Three- and Four-Unit 
Five-Unit and Larger 

TJ'.ee of Building 
Single-Unit 
Two--Uni t 
Three- and Four-Unit 
Five-Unit and Larger 

Large High-Density 
Central Cities* 

Total 
Const. 

Bldg. Cost 

5742 
2044 

177 
745 

$ 86i•1 

46 

9 
532 

Avg. 
Const. 

Cost 

$ 15.lK 

22.7 
51.2 

716.0 

Other 
Central Cities 

Total Avg. 
Const. Const. 

Bldg. Cost Cost 

85776 
4776 
3266 
9496 

$1478M 

92 
109 

1083 

$ 17.0K 

19.3 
33.4 

190.0 

Nonurbanized 
Metropolitan Area 

(Est.) 
Total Avg. 

Const. Const. 
Bldg. Cost Cost 

109018 $2171M $ 19.9K 
2800 63 22.6 

1593 57 35,8 
5166 957 185.2 

National Total 
Total 

Const. 
Bldg. Cost 

624767 $11605 
22231 482 
11595 404 
32465 6109 

Large Low-Density 
Central Cities 

Total Avq. 
Const. Const. 

Bldg. Cost Cost 

17213 
1076 

277 
3012 

$ 330~1 
32 
13 

802 

$ 19.2K 

29.8 
46.2 

266.0 

Urban Fringe 
(Est.) 

Bldq. 

241800 

6190 • 
3542 

11470 

Total 
Const. 

Cost 

$4820:\1 

140 

127 
2123 

Avg. 
Const. 

Cost 

$ 19.9K 
22.6 
35.8 

185.2 

Outside 
Metropolitan Area 

Total Avg. 
Const. Const. 

Bldg. Cost Cost 

165218 $2720M $ 16.4K 
5455 109 20.0 
2720 90 33,1 
33,21 612 184.7 

*See Sec. 3.2.1.2, Table IX, for definitions of large high-density 
and large low-density central cities. 
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the Census but not discussed in the current report is ''all other 

n~nresidential buildings'', of which 259,814 were authorized at 

ar average cost of $6,760. The latter category of construction 

w~s con2idered too heterogeneous in nature to permit reasonable 

-:::stimation of the nature of construction noise at a "typical" 

Table B-2 presents data on the construction effort involved 

in erecting residential buildings as a function of the type of 

metropolitan region in which the construction occurs. The data 

ui Table B-2 were obtained from unpublished Bureau of the Census 

la~ulations and from the Census publication Construction Reports: 

llousing Authorized by Building Permits and Public Contracts, 1970 

B.3 Estimating the Extent of Public Works Construction Noise 

The public is exposed to construction noise not only from 

operations of erecting buildings of various sorts, but also from 

operations arising from public works construction. Such opera­

tions include road, highway, street, and sidewalk construction 

and maintenance, as well as sewerage, water works, and utilities 

installation and maintenance. The noise created by these con­

struction activities is frequently prolonged and intense. Even 

small repair jobs on water works create considerable noise as 

se~tions of pavement are ripped up to gain access to buried pipes. 

Estimation of the amount of noise created by such activities 

required that a number of assumptions be made about the distribu­

tion of construction noise from public works sites. The most 

important assumption was that federal and state public works 

activity could be neglected for the purposes of this study since 

it occurs primarily in rural regions of low population density. 

Attention was therefore concentrated on municipal public works 

activities within SMSAs. 
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Although summary reports contain ample information on federal 

and state public works activities, comparable municipal data are 

available only from individual municipalities. We have been able 

to obtain fairly complete data on municipal public works construc­

tion and maintenance for two large, high-density cities: the 

central city, Boston, Massachusetts, and the adjacent city of 

Cambridge. We have used this information, together with the figure 

of 42,000 miles for municipal street construction throughout the 

country in 1969, published by the Federal Highway Administration, 

to estimate total sewerage and water works activity (in terms of 

miles of pipe and mains laid) for the country. 

In carrying out these calculations, we assumed average values 

of 1.0 miles each of water and of sewer main per mile of new 

street. We further assumed that on the average, water and sewer 

main additions per year would be 2% and 1,5% of existing footage, 

respectively, as oppo~ed to 7,5% for the annual increase in length 

of municipal street systems. This gave estimated country-wide 

values of some 11,000 miles of water mains and 8,000 miles of 

sewage mains. These estimates are considered reasonable in that 

they are about half as great as would be obtained if the respec­

tive annual U.S. expenditure for water works and sewer construction 

were allocated solely to the installation of mains. Moreover, some 

mains would be installed concurrently with street construction and, 

as a consequence, not constitute separate sources of noise pollu­

tion. 

Inherent in our approach to the estimation of exposure of the 

population to municipal cons~ruction noise is the assumption that 

the locus of both municipal construction and of population exposed 

is the street system of a municipality. We have therefore focused 

on the numbers of inhabitants distributed in permanent residence 

along the streets of a municipality as an index of the impact of 
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dtreet-associated municipal construction noise. In order to facili­

tate the use of this approach, we developed a correlation (see 

Fig. B-1) between population density and the quantities, miles of 

street per square mile and inhabitants per mile of street for 

several dozen cities, towns and counties in Massachusetts and Penn­

Rylvania for which we had data available. 

Jsing the above correlation, together with the amounts of 

municipal public works co11ucruction estimated earlier, we arrived 

at the impact estimates presented in Table B-3. The indicated 

expos1res of residents along streets where municipal public works 

construction is taking place are 10 million and 4.4 million indi­

viduals, for street and water works and sewer construction, 

respectively, making a total of 14.4 million individuals exposed 

to public works construction noise. 

B.4 Propagation Loss Model For Building Construction Sites In 

Metropolitan Areas 

Two classes of people are exposed to construction noise: the 

stationary population which inhabits the region around the construc­

tion site (workers and residents) and the transient population which 

passes by the site (drivers, passengers, and pedestrians.) Two 

models were constructed to estimate the extent to which site noise 

is attenuated for each class of observers. 

Jtationary Population 

The entire stationary population around a construction site 

was assumed to be indoors with closed windows. Acoustic propaga­

tion lass was modeled by postulating a representative site geometry 

and anplying the formula 

R 
H = 20 log Ro°"+ 20 dB 
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TABLE B-3. ANNUAL EXPOSURE OF PERSONS IN METROPOLITAN AREAS TO 
MUNICIPAL CONSTRUCTION NOISE 

Activity 

Street, highway 

Sewerage & Water 

Population Density 
(people/sq. mi.) 

Area (sq. mi.) 

Street Distribution 
(miles of street/ 
sq. mi.) 

Linear Distribution 
of Population 
(people/mile of 
street) 

LENGTH OF MUNICIPAL CO'NSTRUCTION {MILES) 

Large, Large, 
High-Density Low-Density All Other Urban 

Central Cities Central Cities Central Cities Fringes 

273 

125 

398 

15,160 

1,468 

21 

720 

2,150 

990 

3,140 

4,410 

2,389 

10.2 

430 

6,000 
2,700 

8,700 

3,710 

6,981 

9.5 

390 

lJ,800 

5,065 
16,865 

3,380 
14,707 

8.9 

380 

PERSONS EXPOSED TO MUNICIPAL CONSTRUCTION NOISE (XlO- 3 ) 

Activity 

Street, highway 

Sewerage & Water 

Large 
High-Density 

Central Cities 

196 

_2_Q_ 

286 

Large, 
Low-Density 

Central Cities 

925 
425 

1,350 

A 11 Other Urban 
Central Cities Fringes 

2,340 4~470 

1,050 1,920 

3,390 6,390 

· About 14.5 million people exposed to municipal construction noise. 

Met. Areas 
Outside 

Urban 
Fringes 

21,700 
9,850 

31,550 

· 125 

179,276 

1.35 

93 

Met. Areas 
Outside 

Urban 
Fringes 

., :" 7 -C:., ',.) L ,J 

;)20 

2,940 

Total 

41,923 
18,730 
60,653 

Total 

9,951 
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where H = total propagation loss 

R = range from source to observer 

Ro = reference range at which site source level 
was measured (50 ft). 

Twenty dB was added to account for the loss through building walls 

with closed windows. The resulting transmission loss contours are 

shown in Figure 19 of the main text. 

Transient Population 

People passing by a construction site continuously vary their 

distance from the site. A model such as the above is not directly 

applicable. The peak noise level to which passersby are exposed, 

however, can be computed from the propagation loss at the passerby's 

closest point of approach (CPA) to the site. This propagation loss 

is computed from the formula 

R1 
H = 20 log + H~ 

Ro 

where H = total propagation loss 

R1 = range at CPA 

Ro = reference range at which site source level 

was measured (50 ft) 

.H~ = is a term included to account for baffling or 

obstructions between source and observer 

In the case of pedestrians, we 

is zero. His therefore 6 dB. 

R1 = 100 feet and H~ = 15 dB to 

assume that R1 = 100 feet and H~ 

For drivers, we have assumed 

account for attenuation caused 

by the transmission loss of an automobile. For this case, 

H = 21 dB, which was rounded to 20 dB to emphasize that the 

figure is only an estimate. 
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APPENDIX C - SOUND LEVEL CONSIDERATIONS 
BY AMERICAN CONSTRUCTION MACHINERY MANUFACTURERS 

by 

H.T. Larmore 
Deputy Director for Technical & Safety Services 
Construction Industry Manufacturers Association 

Milwaukee, Wisconsin 

Presented at 
The American Industrial Hygiene Association Conference 

Toronto, Ontario 
May 24, 1971 

This presentation will attempt to place the problem of noise 
into its proper perspective relative to construction and construc­
tion machines - both as a potential cause of hearing loss for 
workers and as an air pollutant for the nearby community at con­
struction sites. 

NOISE - THE PROBLEM STATED 

Unwanted sound - is not new to the construction industry. 
Construction sites are noisy, Likewise, it is not new to heavy 
machines used in the construction of buildings, highways, sewer 
and water systems, airports and the like, Indeed, it has been a 
criterion by which some machines have been operated, A skilled 
operator often relies upon the sound of his equipment for proper 

operation. Also, noise is often associated with power in the 
purchase of machines. 

These philosophical concepts and the public demand for lower 
construction costs do not excuse construction machinery from being 

noisy, but they have contributed to the major emphasis by manu­

facturers over t~e past decade to design for greater productivity 
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rather than to build quieter machines. The transitory and tem­

porary nature of construction has also allowed a lack of concern 

for noise. While any particular contract is underway, the work­

ers and neighbors might well be annoyed by the noise. But relief 

comes when the job is completed and the big machines move on. 

Next job site - there are new workers; new neighbors. 

During the past few decades, the public demand has been for 

more production with less labor and less cost. This prompted the 

development of today's remarkable machines with more power, auto­

mation and speed than ever before. But machine "improvements" 

to effect this demand generally tended to increase noise levels. 

Larger engines produced more noise both internally and from the 

exhaust. More automation was accomplished through more use of 

hydraulic power which also is a noise generator. Larger engines 

and more hydraulic power increased the heat which must be dissi­

pated through larger quantities of air being driven by noisier 

fans through larger radiators. Increased speed means increased 

vibration frequencies which tend to concentrate in the audible 

hearing range. 

THE CONCERN FOR NOISE 

The concern for noise, only recently voiced by the public 

and expressed now in actual or proposed legislation at all levels 

of government would seem to have created a major shift from the 

"productive Sixties" to the "silent Seventies". Fortunately, 

our industry is geared to respond to our customer requirements 

and, hopefully, to recognize changing requirements soon enough 

to accommodate the necessary lead times for research and develop­

ment, testing, tooling, manufacturing and distribution. Noise 

abatement, although recognized by manufacturers of construction 
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machines as a legitimate environmental concern, has been and still 

is difficult to define in precise engineering and machine require­

ments - how much - how fast - what costs and trade-offs are accept­

able - cost/effectiveness ratios - all tend to remain fuzzy with 

even man/noise effects far from being accurately determined. 

The manufacturers of construction machines, without waiting 

for all the answers, recognized in the late sixties the need for 

the basic tools for all change and/or regulation - Measurement 

Standards. Without such tools, base lines cannot be established 

or progress measured. 

Through the Construction Industry Manufacturers Association 

(CIMA) - the necessary machinery and policies were established 

some four years ago to recognize needs for Performance or Safety 

Standards and to promote development of such Standards by na­

tionally recognized technical and Standards writing bodies. 

Among these were the basic noise measurement Standards as vol­

untary guidelines for both industry and government authors. 

These were accepted for development by the Society of Automo­

tive Engineers (SAE). They include for construction machines: 

1. Noise measurement at operator station 

2. Noise measurement at 50 foot radius 

3. Construction job site noise measurement 

4. Cumulative operator noise exposure measurement along 

with standardized reporting methods 

Substantial progress has been made by SAE with completion and 

publication of some of these Standards expected in the near 

future. 
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The measurement of noise levels either at the operator's 

station or at a distance from the machine is no simple matter. 

A machine can be subjected to many operational variables. 

Engine at rated speed, acceleration, full power drawbar load, 

power take-off load, hydraulic load, idling engine, idling trans­

mission, transport, addition of a cab, roll-over protective 

structures, windows open - these are some of the variables which 

affect noise levels. For that reason, a uniform procedure for 

noise measurement is most important. 

There are currently under consideration at least four 

Federal Bills and twenty State Legislative Bills which can regu­

late noise on construction machinery. Consequently, there is 

a real need for uniformity not only in measurement methods but 

in noise limit levels. It can be appreciated that legislators 

are concerned with protecting operators ~nd others from hearing 

damage and the nuisance of excessive noise. However, a mass of 

legislation and regulations which are nonuniform are more of a 

liability than an asset in reducing noise levels on construction 

machines. Nonuniformity with little or no lead time for making 

the changes is leading to stop-gap measures which have unpredict­

able durability and effectiveness, and which perhaps introduce 

unwanted trade-offs and compromises through overheating, fire 

hazards, maintenance interference and reduced output. 

WHAT ARE MANUFACTURERS DOING ABOUT NOISE? 

So - what are construction machinery manufacturers doing 

individually and as an industry? 

Individually they are: 

1. Evaluating the many noise sources peculiar to each 

machine. 

C-4 



2. Developing operator enclosures for current products. 

3. Developing procedures for customizing current products 

off the production lines. 

4. Developing quieter components and systems for quieter 

machines in the future. 

Through CIMA they are: 

1. Seeking new and updated SAE Standards and Recommended 

Practices for operator and exterior noise levels. 

2. Organizing a cooperative effort among government, noise 

specialists, contractors and machinery manufacturers to 

accumulate the great masses of actual on-the-job noise 

data required by industrial hygienists in their evalua­

tion of the man/noise effects in the construction envi­

ronment. 

3. Creating information on construction machine noise for 

use by regulatory bodies, consumers, and information 

media. 

4. Investigating a means to express machinery noise sources 

in a uniform, usable and reliable manner. 

THE COMPLEX ANSWERS 

These individual and collective efforts are not simple nor 

do results come easily or cheaply. As a beginning, component noise 

sources are rapidly being isolated and evaluated.· Oversimplifi­

cation of the problem frequently leads many to believe that 

engine exhaust noises are the culprit and that larger mufflers 

would turn the trick. To be sure, this ls part of the problem. 

However, noise reduction of the exhaust permits other machine 
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noises to become dominant. Larger mufflers also create a visi­

bility problem since they usually end up directly in front of 
or behind the operator. 

There are several other noise sources which are the same 

order of magnitude as exhaust noises, depending on the machine 

and its configuration. 

These are: 

1. Internal engine noises exclusive of the combustion 

itself .. 

2. Engine air inlet 

3. Transmission and other gear noises. 

4. Hydraulic system noises including the pump, tubes, 

valves, cylinders and hydraulic motors. 

5. Air noise from the fan and radiator. 

6. Various moving mechanical elements such as crawler 

tracks, or scraper elevators. 

It is very likely that on a large machine today, each of 

these noises is individually in excess of 90 dB(A) (decibels on 

"A" rating scale). In the case of two equal noise source levels, 

the sum is about 3 dBA higher than either source alone. For 

four equal noise sources, the sum is about 6 dBA higher. And 

this in reverse acts much the same way. Suppose the total noise 

of a machine is 100 dBA composed of four equal noise sources. 
Let's say the exhaust, engine noises, gear and hydraulic noises 

and fan noises are these four. If by some magic the exhaust 

and internal engine noises could be reduced to zero, the machine 

would still have a noise level of 97 dBA. So, this is the 
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challenge to the engineers who are studying each noise source 

and striving for noise reduction of each component. 

QUIETING CURRENT PRODUCTS 

For quieting current production machines, some manufacturers 

are starting to use off-line, extra cost customizing. This may 

consist of one or more of the following: An isolation mounted 

cab; larger muffler; sound deadening material around noisy com­

ponents; and vibration isolation of noise components. These 
methods are expensive and can have only minimal effect on the 

total problem. Also, the sound absorbing insulation causes 

some components to run hotter and can possibly absorb spilled 

petroleum products. This can be a fire hazard. One would not 

normally expect to replace such insulation during a machine's 

expected useful lifetime but durability of such materials and 

installation techniques are not broadly known. 

FUTURE MACHINE QUIETNESS 

For future machines, larger capacity cooling fans with non­

resonant frequencies are being developed. These would utilize 

larger volumes of air at lower velocities, new radiator fin 

designs and more efficient shrouds. 

Some gears mus~ be changed from one form to another and 

perhaps made with more precision. Much noise is generated from 

variable gear loadings and from gear idling. Gears are designed 

to transmit a given power level at a required speed. Variations 

of these will set up vibrations which cau~e noise. Here again, 

isolation and insulation seem like possible temporary solutions 
' 

but heat and flexibility can lead to premature failure and other 

new problems. 
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Hydraulic pumps, transmission lines, valves, cylinders and 

motors are all noise generators. 011 flowing in a smooth, uni­

form path should be one of the quietest methods of generating, 

transmitting and utilizing energy. However, each component has 

complicated restrictions which induce vibration. If all of the 

hydraulically performed functions were uniform and continuous, 

the noise would be minimal. But ease and flexibility of con­

trol are reasons for the many applications. Noise reduction 

programs for hydraulics are underway, but they will take time 

for development, testing and adopting. 

Mechanical components such as the tracks of crawler tractors 

are noisy but fortunately are of lower frequencies. These types 

of mechanisms are just not readily quieted and do not lend them­

selves to encapsulation treatment. The long range, practical 

solution for all these problems may well dictate future machines 

of entirely new configurations. 

NOISE STANDARDS AND REGULATIONS 

Because of the many noise sources which add up to a single 

composite noise at an individual's ear, a unique but uniform 

measurement is necessary. For this purpose the SAE Standards 

are a very practical solution. The development of these Stan­

dards requires inputs from a broad spectrum of individuals with 

various areas of interest. One company cannot develop such 

Standards nor can just the machine manufacturers' industry. 

But, through CIMA, the industry is promoting and lending its 

support to the development of meaningful noise Standards by 

independent Standards writing bodies which include experts 

from manufacturers, government, public, users and labor. 
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As previously stated, these are noise measurement and 

reporting Standards being developed by engineers and other 

highly knowledgeable people in the construction field. Ob­

viously, their efforts must be teamed with practical and effec­

tive noise limit Standards developed by the experts in the 

field of Industrial Hygiene. Such limits should be in keeping 

with the peculiar type of exposure found in the construction 

environment. Only when these two tasks are completed can 

effective and practical noise control programs and regulations 

be designed and implemented. 

For Community Noise Control we visualize total construction 

job site limits geared to the particular needs of the surround­

ing community. This would create a natural demand for quieter 

machines yet still allow contractors and users to utilize their 

well demonstrated versatility and ingenuity to get the job done 

in compliance with realistic job site noise limits even with 

existing machines by using new job layout and operational tech­

niques. 

For control of hearing damage risk we would urge that the 

current Walsh-Healey noise exposure tables might be modified for 

construction workers to more accurately reflect their unique 

exposure tQ intermittent, variable intensity noise and the large 

seasonable fluctuations in noise dosages. These factors are 

covered in some detail in a CIMA sponsored study published by 

SAE, December 1969, as Technical Report - SAE Research Project 

R-4 and titled "A Study of Noise Induced Hearing Damage Risk, 

for Operators of Farm and Construction Equipment". This report 

is available from the Society of Automotive Eng~neers, Inc., 

Two Pennsylvania Plaza, New York, New York. 
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In summary, we have attempted to briefly review the back­

ground of construction machinery and the relatively recent public 

concern for noise. 

We have outlined the complex and sophisticated industry 

problems involved and our concern that the public may be moving 

from apathy to overkill in one easy lesson. 

We have indicated an industry recognition of the respons~­

bility to help shape noise abatement legislation and regulation 

into reasonable and responsible instruments; also, our past 

and continuing active participation, through CIMA, to effectively 

utilize our industry expertise in major and necessary Standards 

activi~ies. 

We spoke of the industry efforts, both from individual manu­

facturers and collectively through CIMA to create quieter ma­

chines except as a stop gap, high cost measure. 

We outlined the need for new noise limit criteria designed 

in consideration of the unique types of noise exposure and 

dosage for construction workers. 

It is obvious that construction machine designers and indus­

trial hygienists in both the government and private sectors are 

operating at the threshold of the art relative to noise. We 

believe there is real and urgent need for a combining of these 

two groups into a teamwork effort. Through such a combined 

grouping of expertise can come the tools and procedures to 

effectively reach our common noise abatement objectives - ind 

to do so with full consideration of the total needs of our 

society and at costs and compromises satisfactory to the public. 
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APPENDIX D - NOISE CONTROL: REGULATION AND STANDARDS 

D. 1 Introduction 

Control of the noise produced by construction activity, 

building equipment, and home appliances cannot be expected to 

procede in an orderly fashion without supporting guidance in 

the form of noise criteria, noise standards, and noise limits. 
This section of the report presents information on the status 

of currently available guidance for noise control. Trends in 
development of criteria, standards, and limits are discussed. 
Where possible, future requirements for noise contro 1 guidance 

are anticipated. 

A fundamental distinction must be made among the three 

basic forms of guidance necessary for systematic noise control. 
Noise criteria are defined as statements of the effects produced 

by various levels of noise exposure. Criteria are based on the 

effects of noise on people, as discussed in Section 3.1 of 

this report. Noise standards describe the properties of 

noise environments that are considered desirable. Standards are 

usually presented as long-term goals that a regulatory program 

may be designed to attain. Noise limits are in effect regulatory 

documents intended to limit public exposure to individual noise 

sources. The limits entail not only a knowledge of the existing 
noise environment, but also technological and economic constraints 

on noise abatement. It is intended by writers of noise limits 
that the noise environment should approach the goals of noise 

standards in a systematic fashion. 

The next section will discuss the elements involved in the 

development and support of regulatory noise limits for construction 

equipment; the third section of this appendix will discuss those 

elements appropriate to building equipment and appliances, 
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D.2 Construction Equipment 

The body of this report has included discussion of criteria 

in the estimation and evaluation of the impact of construction 

equipment noise. The criteria appropriate to construction equip­

ment noise are not unique to such noise sources, of course. The 

selection of standards for noise exposure must take into account 

the characteristics of the combined impact of the many noise sources 

that pollute our environment, and most importantly, must be keyed 

to the business and recreational activities and situations in society 

that are to be protected from noise. Thus, the development of a 

set of standards for the protection of human activity from noise 

pollution is beyond the scope of the present project and report; 

indeed, the ultimate selection will be based on further legislation 

incorporating decisions of national policy. It is our intention 

here to describe the relationship between the various elements in 

an environmental regulatory scheme, and to identify their present 

state of development by scientific and engineering groups, and by 

State and local governments. 

The third of these elements is the noise limit itself, which 

provides quantitative restriction of noise emissions through incor­

poration in legally enforceable rules, regulations, and laws. 

Quantitative limits must be directed at an identifiable legal entity 

(such as manufacturer, vendor or user), and must be accompanied by 

specific test and measurement procedures. Although no nationwide 

nolse regulations for construction or other powered outdoor equip­

ment now exist, several states are considering such noise limits, and 

a number of larger cities have recently enacted or proposed limits 

for construction equipment. 

The next section of this Appendix will review the recent 

regulatory activities at the state and local levels that apply. 

Since procedures for construction equipment noise measurement are 

so important to the successful implementation of source limitations, 

the last section will discuss thes~ in more detail. 
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State and Locai ReguZationa 

In the last two years, considerable activity has taken place 

at the State and local level with regard to reducing the noise of 

outdoor construction, maintenance, and repair activitiesw 

Both the State of Illinois and the State of Hawaii enacted 

statutes in 1970 which grant broad regulatory powers over noise to 
specific state agencies. At this time neither the Illinois Pollu­

tion Control Board nor the Hawaii Dept. of Health have adopted any 

rules or regulations to control construction noise. The Illinois 
Institute for Environmental Quality has initiated a study of noise 

sources (including construction and other outdoor powered equip­
ment) that could be covered by State regulations, and proposed 

limits for such equipment are being studied, 

In the State of California, a report to the 1971 Legislature 
on the Subject of Noise was prepared by the State Dept. of Public 

.. 

Health. This report includes in its recommendations the establish-

ment of ·noise emission standards for all noise-producing objects 

now in use as well as to be admitted in the future to California. 

The construction noise sources identified in the report include 

all diesel-engine powered equipment, such as generators, compressors, 
off-highway trucks, bulldozers, loaders, scrapers, power shovels and 

other excavating equipment, as well as piledrivers, riveting machines, 

jack hammers, elevators, cement mixers, hammers, power saws, drills, 

and nailers. Other State legislatures have or will consider a 
variety of proposed construction noise bills; a bill submitted to 

the New York State Legislature in 1968 would have limited construc­
tion noise as measured at the nearest multiple dwelling. 

Because construction-equipment noise is especially severe 

in urban areas, limits have been proposed or adopted in several 

larger cities. New York City has proposed coverage of construction 

sites by permit, and 11m1ta for air-compressor and paving-breaker 
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equipment in a new noise code; public hearings are scheduled to 

begin in the City Council Committee on Environmental Protection 

on 9 September 1971. The City of Boston Air Pollution Control 

Commission has recently completed a study of community noise and 

as part of its plan for noise control, will begin hearings 

27 September 1971 on proposed regulations which include limita­

tions on noise of both construction/outdoor powered equipment 

and on the operation of a construction site. The latter limits, 

in brief, apply at any nearby area open to the public except 

public· ways, or at a 1000-ft radius from the site, whichever 

is nearer. 

The City of Chicago adopted a comprehensive noise ordinance, 

effective 1 July 1971. Section 17-4,8 provides that "No person 

shall sell or lease, ... any powered equipment or powered hand 

tool that produces a maximum noise level exceeding the following 

noise limits at a distance of 50 ft, under test procedu~es es­

tablished by ... this chapter." and there follows a table of limits 

in dB(A) for four categories of equipment. Two categories "Con­

struction a.nd Industrial Machinery" (#1) and "Commercial Service 

Machinery" (#3) cover the bulk of construction equipment. 

"Construction and Industrial Machinery" includes powered 

outdoor equipment, mobile or stationary, associated with con­

struction sites or industrial operations. Such equipment 

includes crawler-tractors, dozers, rotary drills, and augers, 

loaders, power shovels, cranes, derricks, motor graders, 

paving machines, off-highway trucks, ditchers, trenchers, 

compactors, scrapers, wagons, compressors, pavement breakers, 

pneumatic-powered equipment, etc. Specifically excluded are 

pile drivers. 
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"Commercial Service Machinery" includes powered equipment 

of 20 hp or less intended for infrequent service in residential 

areas, typically requiring commercial or skilled operators. 

Such equipment includes chain saws, light pavement breakers, 

log chippers, powered hand tools, etc. 

The limits that apply to these categories are keyed to the 

date of manufacture of the equipment and provide a timetable for 

noise reduction as follows: 

Manufactured after 

1 Jan. 1972 
1 Jan. 1973 
1 Jan. 1975 
1 Jan. 1978 
1 Jan. 1980 

Construction and 
Industrial Machinery 

94 dB(A) 

88 dB(A) 

86 dB(A) 

80 dB(A) 

Commercial 
Service Machinery 

88 dB(A) 

84 dB(A) 

80 dB(A) 

The application of the limits to equipment for lease is most 

appropriate in the case of construction machinery; such equipment 

is usually leased rather than sold. Since the limits only apply 

to equipment manufactured after 1 January 1972, it is too.early 

to look for compiled results, but several contractors in the 

Chicago area are now·asking for "quieted" equipment that will 

meet these limits, and intend to use such equipment, insofar as 

possible, to reduce or eliminate community noise complaints. 

This provides very desirable pressure in the market place for 

such "quiet" equipment, encouraging manufacturers to offer noise 

control packages on their construction equipment before the re­

quired date. 
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Measurement Procedures 

Since quantitative limits must be applied to the noise 

source, most test codes and recommended practices for measure­

ment apply to the operation of an individual item of construction 
equipment. The following noise measurement procedure3 are of 
this form: 

SAE* Standard J952a Sound Levels for Engine Powered Equipment 

Scope: For engine powered equipment including mobile construction 

and industrial machinery, but not covering machinery 

designed for operation on highways, or within factories 

and building areas. 
_.,, 

Test Type: Outdoor free-field measurement on level ground. Mea-

surement distance 50 ft. Equipment operation at speed 

and load producing maximum sound level. 

Data: A-weighted sound level. 

City of Chicago Environmental Control Ordinanae, Artiale IVt 

Test Procedures for Noise Emitted by Engine-Powered Equipment 

and Powered Hand Tools 

Scope: For engine-powered equipment, including construction and 

industrial machinery (not including pile drivers) agri­

cultural tractors and equipment, powered commercial 

equipment of 20 hp or less, and powered equipment for 

use in residential areas. 

*Society of Automotive Engineers, Inc., NYC, N.Y. 10001 

+sec. 17-4.26 and corresponding section of DEC Code of Recommended 
Practice. Chicago Department of Environmental Control, Chicago, 
Ill. 60610. 
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Test Type: Outdoor free-field measurement on level surface. 

Measurement distance 50 ft. Both stationary test 

and acceleration test (for rubber-tired mobile 

equipment) at load and speed producing maximum 

sound level. Pneumatic equipment operated as 

specified in CAGI-PNEUROP Test Code. 

Data: A-weighted sound level. 

ANSI* S1.19/193 (Proposed) Test-Site Measurement of Noise Emitted 

by Engine Powered Equipment 

Scope: For determining maximum noise emitted by construction 

and industrial machinery, transportation and recreation 

vehicles, and other engine-powered equipment. 

Test Type: Outdoor free-field on reflecting ground. Measurement 

distance 15 meters (50 ft). Moving and stationary 

tests for construction equipment (Sec. 4.4). 

Data: A-weighted sound level 

CAGI-PNEUROPt Test Code for the Measurement of Sound f~om 

Pneumatia Equipment 

Scope: Applies to compressors, percussive and nonpercussive 

pneumatic equipment. Specifies procedures and operating 

conditions, not always including process noise. 

*American National Standards Institute, NYC, N.Y. 10018 

tcompressed Air and Gas Institute, NYC, N.Y. 10017 
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Test Type: Indoor or outdoor, measurements in direct field at 

five positions at 1 meter from equipment. Secondary 

measurement at 7 meters distance. Non-percussive 

tools measured running free and with "quiet" work 

process. 

Data: A-weighted and Octave-band sound pressure levels for 

each measurement point. 

The procedures adopted by the City of Chicago are based on 

the SAE J952 standard and the revisions now under consideration 

by the SAE Agricultural and Construction Machinery Sound Level 

Subcommittee. Substantially the same measurement procedures 

have been proposed by the City of Boston Air Pollution Control 

Commission in their Test Procedure for Measurement of Noise from 

Power>ed Deviaes. 

While SAE J952a contained specific noise limits, there are 

being separated in a later revision now under consideration, 

and the test procedure will appear separately. This procedure 

recommends an additional 2 dB tolerance for such noise measure­

ments; this provision has been deliberately omitted in both the 

Chicago and Boston test procedures, and left to administrative 

decision. This is more appropriate, and not unlike the enforce­

ment measurement procedures for vehicular speed limits. 

Another approach to construction equipment noise measure­

ment is to apply the measurement to the combined operators of 

all construction equipment at a single test site. At the 
request of CIMA (Construction Industry Manufacturers' Association) 

the SAE 1s developing such a test procedure. 

D-8 



SAE Reaommended Praatiae (Proposed) Construation Site Sound 

Level Measurements 

Scope: For sites where construction machinery is operated. 

Measures noise radiated off-site. 

Test Type: Field measurement of radiated sound levels at four 
nearest inhabited locations to any centerpoint of 

construction activity. If no inhabited locations 

closer than 1000 ft to a centerpoint, measurements 
made at 4 locations spaced 90° on 1000 ft radius 

circle. 

Data: A-weighted sound lev~ls at each measurement point define 
"Construction Site Operational Sound Levels". Provision 

for a record of "Construction Site Baseline Sound Levels" 
allows limits to be expressed as change in ambient as 
well as absolute terms. 

The combined-operations measurement procedure is presently 

being proposed for use by the City 6f Boston, and the City of 

Chicago plans a test of the latest SAE draft procedure as part 

of a feasibility study of noise limitations on construction sites. 

The Federal Highway Administration is considering this p~oc~dure 
as a basis for regulation of noise from Federal-aid highway 

construction. 
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D.3 Noise Standards for Indoor and Outdoor Equipment for 
Home and Office Use 

The impetus for development of standards for measuring and 
rating the noise produced by many types of equipment has come 
from the manufacturers of noise sources. For example, the manu­
facturers of air conditioning and ventilation appliances are by 
far the most conscious of the impact of their equipment on the 
noise environment of the home and office. Within the past 
decade at least ten different "standard" procedures have been 
formulated for measuring and rating the noise of various types 
of air conditioning and ventilating equipment. The automotive 
and airframe industries have been similarly conscious of the 
noise impact of their equipment and sophisticated noise stan­
dards exist for these sources. By contrast, only one standard 
has appeared to deal with the noise of rotating electrical 
machinery; one to deal with gas turbines; one for gear noise; 
one standard of a general nature, produced by official American 

National Standards Institute {ANSI), intended to guide noise 

measurement of practically any piece of machinery; and a draft 
procedure is under consideration by ANSI to rate the noise of 
all engine-powered equipment. 

Such standards are of two types. Measurement standards 

specify the manner in which meaningful and reliable acoustical 
data may be obtained. Rating standards apply these acoustical 
data to produce ratings, usually single-numbered, that are 
supposed to correlate with subjective response to equipment 
noise, thus permitting at least rank-ordering of equipment noise 
on a justifiable basis. 

Both sorts of standards are necessary and form the basis 
for yet a third class of standards (applications standards) that 
are used by architects, consultants, building codes, noise 
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ordinances and similar organizations. Factors which are con­
sidered in developing application standards include the economic, 
social, and political. Applications standards represent an 
equilibrium between the costs of reducing noise exposure and the 
feasible noise reduction made possible by acoustic technology. 

The following summaries indicate the general nature of 
existing U.S. noise measurement and rating standards for domes­
tic and office equipment. 

ASHRAE* 36-62 Measurement of Sound Po~er Radiated from Heating, 

Refrigerating and Air-Conditioning Equipment 

Scope: For unitary, unducted equipment, large or small, for 
indoor or outdoor use. 

Test Type: Reverberation room, substitution method. 

Data: Total radiated sound power level in octave or 1/3-octave 
bands. 

ASHRAE* 36A-83 Method of Determining Sound Power Leveis of Room 

Air Conditioners and Other DuotZess, Through-the-waii Equipment 

scope: For room air conditioners, window or attic fans, and 
other ductless w,all- or ceiling-mounted equipment that radiate 
sound directly both to the conditioned space and the outdoors. 

Test Type: Reverberation room, substitution method {2 rooms 
needed). 

Data: Total sound power level radiated to indoors and outdoors, 
separately, in 1/3-octave bands. 

* American Society of Heating, Refrigerating and Air-Condition­
ing Engineers, Inc., 345 East 47th Street, New York, N.Y. 10017. 
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ASHRAE 36B-63 Method of Testing for Rating the Acoustic Perfor­

mance of Air Control and Terminal Devices and 

Similar Equipment 

Scope: For air control and terminal devices normally mounted 

in or connected to duct systems. 

Test Type: Reverberation room, substitution method. 

Data: Total sound power level radiated into the room served 

by the device, in octave bands. 

AMCA* 300-67 Test Code for Sound Rating Air Moving Devices 

Scope: For central station air conditioning and heating and 

ventilating units, for centrifugal fans, axial and propeller 

fans, power roof and wall ventilators, steam and hot water 
unit heaters (but not unit ventilators, room fan-coil units, 

room air induction units and air cooled refrigerant condensers). 

Test Type: Reverberation room, substitution method, based on 

ASHRAE 36-62. 

Data: Total radiated sound power level, in octave bands 
(including the sound radiated into the ducts, for ducted equip­

ment). 

AMCA* 30l-65 Method of Pub~ishing .sound Ratings for Air Moving 

Devices 

Ratings for Centrifugal Fans, Axial and Propeller Fans, Power 
Roof and Wall Ventilators, Steam and Hot Water Unit Heaters; 

not yet suitable for central station A/C or H/V units. 

Ratin~s: based on octave-band sound power levels, per 

AMCA 300-67: 
For ducted devices, the ei~ht octave-band 

sound power levels; 

*Air Moving and Conditioning Association, 205 West Touhy Ave., 

Park Ridge, Ill. 60068 
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For unducted devices, the loudness in sones 
at a reference distance of 5 ft, as calcu­
lated from the sound power level data. 

AMCA 302 "Application of Sone Loudness Ratings for Nonducted 

Air-Moving Devices" 

Reference material covering applications of the loudness rating 
in sones (examples, combinations of sources, prediction of sound 
loudness indoors and outdoors, variation with fan speed. 

AMCA 303 "Application of Sound Power Level Ratings for Ducted 

Air Moving Devices" 

Reference material covering significance and accuracy of sound 
power level ratings, particularly their relation to sound as heard. 

4NSI*S1.2 - 1962 "American Standard Method for the Physical 

Measurement of Sound" 

Scope: For all devices, machines or apparatus. 
Several test procedures are described: 

Test Type: Free-field; free-field above reflecting plane; semi­
reverberant field; or reverberation room. The semi­
reverberant field procedure is similar to that of 
ASHRAE 36-62. 

Data: Sound pressure levels at specific locations, or total 
sound power levels in octave bands (1/2-octave or 1/3-
octave analysis optional); and directivity of the source. 

* American National Standards Institute, 10 East 40th Street, 
New York, N.Y. 10016 
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IEEE* #85 "Airborne Noise Measurements on Rotating Eleatria 

Machinery" 

Scope: For rotating electrical machinery of all sizes 
Several test procedures are described: 

Test Type: Free field; free field above reflecting plane; semi­
reverberant field; or reverberation room. (Similar 
to ANSI S1.2-1962, but more detailed.) 

Data: Sound levels or sound pressure levels in frequency bands 
(octave, 1/3-octave, or "narrow") at specified locations 
or total sound power level, overall or analyzed into 
frequency bands, and directivity of source. 

ANSI S1.19/193 "Test-Site Measurement of Noise Emitted by Engine­

Powered Equipment" (Draft only.) 

Scope: For residential equipment (Section 4.5) [ Other sections 
deal with automobiles, motorcycles, construction and in­
dustrial machinery and recreational equipment] 

Test Type: Sound levels measured on flat test site with hard 
ground surface, free of large reflecting obstacles 
within 30 meters of equipment under test. 

Data: A-weighted sound level measured at a point 50 ft from 
center of equipment and 4 ft above ground, for noisiest 
direction and noisiest operating conditions. 

ARI+ 443-66 "Standard for Sound Rating of Room Fan-Coil Air-

Condi tioneris" 

Scope: For room fan-coil air conditioners. 

* Institute of Electrical and Electronic Engineers, 345 East 47th 
Street, New York, N.Y. 10017 

+ Air-Conditioning and Refrigeration 
Meyer Drive, Arlington, Virginia 
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Test Type: Reverberation room, substitution method, in accordance 
with ASHRAE 36-62 

Data: Octave-band sound power levels, computed from 1/3-octave 
band data cor~ected for presence of pure tones. 

ARI 2?0-6? Standard for Sound Rating of Outdoor Unitary Equipment 

Scope: Outdoor sections of factory-made equipment, such as unitary 
air-conditioners or heat pumps. 

Test Type: Reverberation toom, substitution method, in accordance 
with ASHRAE 36-62 or ASHRAE 36A-63. 

Data: Sound power levels in 1/3-octave bands. 

Rating: Single-number rating based on the 1/3-octave band sound 
power _levels {corrected for the presence of pure tones), 
by a calculation like th~ ANSI Standard s3.4, "Computation 
of Loudness of Noise". 

ARI 2?5-69 Standard for AppZiaation of Sound Rated Outdoor 

Unitary Equipment 

Reference material _(related to ARI 270-67) establishing a method 
for predicting annoyance due to operation of outdoor unitary 
equipment, and providing recommendations for application of such 
equipment. 

Calculation of annoyance level {ANL), taking into account distance, 
reflections, location of equipment, shielding by barriers, loca­
tion of observer, multiple units, etc. 
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AHAM* SR-1 Room Air-Conditioner Sound Rating 

Score: Room air conditioners 

Test Type: Reverberation room, substitution method, in accordance 

with ASiffiAE 36A-63 

Da tci : Single number (or letter) ratings based on the 1/3-octave 

band sound power levels (corrected 'for the presence of 
pure tones), by a calculation like the ANSI Standard s3.4 
"computation of Loudness of Noise"; the calc~lations are 
different for the indoor side and the outdoor side of the 
unit, such that the two sound ratings would be the same 

if the sound power levels radiated indoors were all 15 dB 
less than the levels in corresponding frequency bands 
radiated to the outdoors. The outdoor calcuation is the 
same as that of ARI 270-67. The indoor sound rating 

(a number) is converted to a letter rating (ll=A, 12=B, 
13=C, etc.) for publication purposes. 

HVI+#1966-1 Sound Test Procedure 

Scope: For home ventilating equipment. 

Test Type: Reverberation room, substitution method, similar to 

ASHRAE 36-62 

Data: Octave band sound power levels, calculated from 1/3-octave 
band sound pressure levels, are used to compute octave-band 

free-field sound pressure levels at a reference 5-foot 
distance. 

Rating: The noffiinal free-field octave-band SPL 1 s at 5 foot are 

used to calculate loudness in sones, a single number, 
,)t_ 

* Association of Home Appliance Manufacturers, 20 Nnrth Wacker 
Drive, Chicago, Illinois 60606 

+ Home Ventilating Institute 
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according to ANSI s3.4 - 1968, "Computation of Loudness 
of Noise." 

ADC* Test Code 1062 Rl Equipment Test Code 

Scope: For air distribution and control devices (high pressure 
uni ts). 

Test Type: Reverberation room, substitution method, in accordance 
with ASHRE 36B-63 (except that the ASHRAE test for 
attenuation of terminal devices is not used). 

Data: Total sound power level radiated into room, in octave bands. 

* * * * 
In addition to these standards for measuring and rating noise 

from various kinds of ventilation equipment, both the Home Venti­
lating Institute and the Air Conditioning and Refrigeration Insti­
tute have published directories of equipment, giving noise ratings 
for each model tested (a large proportion of the manufactured 
models); and both the Air Conditioning and R0frigeration Institute 
and the Association of Home Appliance Manufacturers offer guidance 
for the writers of noise ordinances dealing with their equipment 
types, to indicate achievable goals and the necessary wording in 
terms of existing standards, to make the model ordinances en­
forceable. 

At the present time, the existence of several different 
measurement and rating standard~ in the ventilating/air-condition­
ing field is something of an embarrassment, since they are not 

* Air Diffusion Council, 435 North Michigan Ave., Chicago, Ill. 60611 
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mutually consistent nor even compatible, but are competing for 
general acceptance. In an attempt to deal with this situation, 
an ad hoc working group of ANSI is currently trying to draft a 
standard for both measurement and rating of equipment noise that 
exhibits the best features of the already existing standards and 
that, it is hoped, will be found acceptable by the various organi­
zations that have pioneered in the standardization effort in the 
United States. It is still too early to predict whether this 
action will be successful. 

In spite of the slightly chaotic present situation, it is 
clear that a great deal of careful thinking has been done about 
how to measure equipment noise in the United States; indeed, in 
this area the u. S. is somewhat in advance of the European 
practice. 
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