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Written by: Major Hearn,
Date: January 20, 1984

R83-32
Site Specific Operational Level
Request by VAUGHN § BUSHNELL MANUFACTURING COMPANY
Bushnell, Illinois

The Vaughn § Bushnell Manufacturing Co. states in its petition
that it has been situated at its present location since 1940. Thus,
it clearly qualifies as an "existing ‘mpact forging operation.'" The
Agency has no data to refute the petitioner's cla’m that its present
operation emits noise in excess of the numerical limits of Rule
206(c) of Chapter 8 of the Board's rules and regulations. In
addition, the Agency does not have the manpower to conduct the
necessary sound surveys to substantiate this claim. However, since
the Vaughn § Bushnell Manufacturing Company operation appears to be
typical of the impact forging operations in Illinois, and since
typical impact forging operations in this State have been found to
emit noise in excess of the numerical limits of Rule 206(c), we have
No reason to doubt the petitioner's claim.

The Agency has never received citizen complaints about noise
emissions from the Vaughn § Bushnell Manufacturing Company. Thus,
the Agency has never recorded sound data on residential property
near the petitioner's facility. The petitioner states that "the
estimated worst case emission measured at the closest Class A Land
1s 65 Leg". The Agency has no reason to challenge this claim, and
the 65 Leq level exceeds the numerical limits of Rule 206(c).

An important consideration in determining whether or not the
petitioner is eligible for a site specific allowable operational
; level is the ability/inability of the facility to reduce its noise
| emissions to within tne limits of Rule 206(c). The Noise Project
Task Force sponsored by the Forging Industry Educational and
Research Foundation (FIERF) studied the forging noise problem and
concluded, '"to the date of this guideline (March, 1977), there is no
feasible method of controiling impulse noise emissions from forge
hammers at the source, nor is there one within sigh%." The FIERE
Task Force further concluded that sound enervy radiated from forge
hammers to the surrounding neighborhood can be reduced through
"acoustical streagthening™ of the forge shop structure such as
replacing metal roof decks with decks containing asbestos materials,
replacing sheet metal walls with brick or concrete blocks and
replacing plain glass wirdows with double glass windows. 1In
addition, the size of ventilation openings in forge shops can
sometimes be reduced to provide noise reduction in the area of "3
dB(A) per area halving", and sound radiated from ground level
openings can be reduced by erecting free standing barriers to
provide sound reduction in the range of 5 to 15§ dB(A). The barriers
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should have no openings, should have a surface density of at least 4
1bs/ft2 and the inside face should be covered with a sound
absorptive material. The cost of such a barrier was estimated by
the Task Force to be approximately $5.95 per square foot. (See
Exhibits #1 § #2).

Another method of reducing impact noise emissions from forge
shops is the addition of duct silencers for ventilation openings.
Such silencers consist of alternating layers of free air space and
sound absorbing material. The silencers range in price from $22.50
- $46.00 per square foot, and provide attenuation from 15 - 36
dB(A). However, such silencers constrict air flow and they cannot
be used in forge shops where air flow is already at a minimum
level. (See Exhibits #1 § #2)

Finally, noise emissions to the surrounding neighborhood from
forge hammers can be rcduced by installing gravity ventilators on
roof openings. Gravity ventilators are of more complex construction
then natural draft roof openings, and they have surfaces which
reflect)the sound back to reduce the radiated noise. (See Exhibits
#1 § #2

All of the above-outlined noise abatement measures must be
considered on a site-by-site basis. Although the use of each
measure will bring about noise reduction, each measure might also
result in obstruction of air flow in the forge shop and/or
obstruction of passage ways witnin the shop.

According to the site-specific operational level petition filed
by the Vaughn § Bushnell Manufacturing Co., the existing forge shop
buildings have structural limitations, space requirements and
ventilation demands that make the implementation of the
above-outlined noise abatement measures extremely difficult and
prohibitly expensive. Although the petition contains no cost
figures, the Agency has no reason to doubt the validity of the
petitioner's assertion.

The petitioner states, '"... ventilation essential to a safe
operation, especially during summer months, necessitates that
virtually the entire perimeter be open in order to generate
sufficient air flow to the work area.'" The use of gravity
ventilat~r-, duct silencers and any reduction of the ventilation
openings in the building would reduce air flow to the work area.
Thus, the use of these measures to reduce noise emissions from the
petitioner's forge shop is questionable. 1In addition, the
petitioner states that "additional mechanical ventilation cannot be
placed on walls or roofs, or hung from beams without altering the
existing load-carrying capacities".




Since the Vaughnp & Bushnely Manufacturing Company Plant jg typical
or forge shops built jp the early 1900'5, and those froge shops

The Vaughn ¢ Bushney Manufacturing Co. petition States that
there are "50 Fesidenceg Potential]y eXposed to soupg levels i

I.s5.0. Recommendation R199 (Assessment of Noise With Respect to
ommunity Csponse), Community response tg the 53,5 Noise
evel would range frop "mone - pq observed P€action' ¢g "little -

Sporadijc Complainggn I.S.0. €commendatjon R1996 indicateg that

Community esponse to the ¢ 'eq noise leye] shoul range frop

"Strong - threats of communijty dction" ¢to 'very Strong - Vigorous

Adequate Margin of Safety States, "¢ 1s difficult to 1dentify a
single—number limit Fequisite tq brotect against adverse effects

duration, and the number of daily €Xposures, The "Levels Document
80es on to conclude, "Review of temporary threshoid shift datg leads
to the Conclusiop that the Impulse noise limjt Fequisite tq Prevent

Mmore than 4 g B Pérmanent hearing loss at 4000 Hz after 19 years of
dajly CXposure js 4 bPeak soungd Pressure Jleye] (SPL) of L45 4B, This

all --.., However, 0 thresholgqg Level cap be identified at this
time; nor Is there any clear ¢vidence or documentation of any
Pe€rmanent erfecy O public heajtp and welfare. (See Exhibit #1)

Using the informtion concerning health effects Provideg by the
"Levels Document”, if a 65 Leq OPerationa}] level jg granted for
the Vaughn ¢ Bushney Manfacturing Co. facility, area residents
CXposed to the noise woyld not be ip any danger of experiencing

hearing loss,
In Summary:
I, The Agency does not chailenge the Vaughn & Bushnet} Man -

ufacturing Company’s qualification for a site-specific
allowable Oberationa} level op the basis that it jq an




II. The Agency has no reason to doubt thét the subject impact
forging operation emits noise in excess of the limits
of Rule 206(c).

ITI. Although technically feasible noise reduction measures for
forge shops exist, we believe that these are not technically
feasible nor economically reasonable to reduce noise
emissions from the Vaughn & Bushnell Manufacturing
Company.

IV. If a 65 Leq site-specific operational level is granted,
I1.5.0. Recommendation R1996 indicates that community
reaction to the noise would range from '"strong - threats of
community action'" to '"very strong - vigorous community
action". The inhabitants of the 50 residences potentially
expesed to sound levels in excess of "53.5 Lgqg''should
have a response ranging from '"none - no observed reaction"
to "little - sporadic complaints".

V. If a 65 Lgq site-specific operational level is granted,
the U.S.EPA "Levels Document' indicates that there would be
no danger of hearing loss to area residents.

MH:pgb:gec

cc: File
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Methods for Neighborhéod'Noise Control

The noise control methods outlined here are directed towards reducing
the sound energy radiated to the neighborhood through acoustical "strength—‘

ening“ of the forge shop structure.

Ventilation openings ere almost always the building elements through

which most of the sound energy is radiated. . The application of control

methods must teke into account the effects on ventilation concurrently. The

controls are as follows:

1. Reduce the-Opéning Size: (noise reduction is 3 dBA per area halving)

Sometimes the vent openings in forge plants are much larger then
they need be — especially if the plant has an open roof — and signifi-
cant reducticns in the neighborhood noisc level can be made fairly simp-~
ly by pertially closing steel dcors over ti~ vent openings. Broken and
open windows can be replaced and closed; windows higher,about 8 feet
from the shop floor, do not help the ventilation of the work area and
may even detract from it.

2. Shield the Lower Wall Openings With a Free Standing Wall

The sound radiated from ground level openings can be reduced by a
free standing wall as shown in Figure V.10. The sound reduction avail-
able practically is in the range of 5 to 15 dBA. TFor example, if H =
Y ft and R = 20 ft, then the noise reduction at e distant neighborhood
point would be about 10 dBA. The barriers should have no openings,
should have a surface density of at least b 1bs/ft° and the inside
face should be covered with a sound insulating material, e.g., 1 i/2"
plastic wrapped fiber glass.
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Figure V,10. Estimated Shielding Effects of Free Standing Walls Near Lc
Wall Openings.

ower
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( , Table V.8 gives the estimated costs for b types of free standing shield
valls:

. TABLE V.8. Estimated Costs for a Free Standing Shield Wall®
’ 210" x 10'T" = 2226 sq.ft,

Reinf. Conc. Figs. @ 10 0.e. = $§ 2.25/3q. ft. wall

Struc. Steel Frame = 3,70
Struc. Frame + Found. 5.95/sq. 1. wall
I"wood T. & G. i.50
Inryco Acoustiwall -L-Zi 4.00
()  Total with I" wood = 2226 sq. ft. @ Sil.G5/sq. ft. = 525,488
Str. Frame + Found. ‘ = $ 5.95/sq. f1.
"Acoustiwall” 4.00
’ 3/8" Asbestos Cem. Board Siding =~ __1.40_
(2) Total with Asbestos Cem. Siding
: 2226 sq. ft. @ $1.35/sq. f1. = $25,262+
Struc. Frame & Found, _ 5.95/sq. ft.
( "Acoustiwall" 4.00
Sht. Steel Siding _2.00
(3)  Totaol with Sht. Steel Siding
' 2226 sq. ft. @ S11.95/sq. ft. =  $26,600.
Struc. Frame & Found. : 5.95/sq. ft.
"Acoustiwali" 4,00
. Masonry Wall (8" C.B.) 3.00
{4) Total with Masonry Wail
2226 sq. ft. @ $12.95/sq. ft. =  $28,826

*  “rom reference 13, There may be other types that cost less.

3. Apply Duct Silencers to the Openings

Silencers consist of alternating layers of free air space and sound
absorbing material as shown in Figure V.11.




Figure v.11l.

Rectangular Duct Silencers for ventilation Openings.

* -
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(A) is & Schematic Sketch end (B) is & gketch of &

Commercial Silencer (Korfund Dynamics Corp. ).
gilencer Face Area 18 the Open Aresa

cal Lining Area).

(B)

plus the Acousti-

o types of ratings for cilencers are jmportant -~ their acoustical perform-

ance as measured by insertion loss and their

sured by their pressure drop characteristics.

jencers from & particular manufacturer.

TABLE V.

S ILENCERS FOR VENTILAT

9

10N OPENINGS

§e1eg§£gn pata:

g

et

httenuggggl pressure prop in HpO cost fﬂZ{
@ 4 ft. sec. @28 ft./sec.
15 dBA 0.0027 0.0107 $22.50
20 dBA 0.0037 0.0145 34.00
25 dBA 0.0082 0.0330 34.00
32 dBA 0.0115 0.0450 46.00
36 dBA 0.0280 0.1050 46 .00

*

Jost does not include install

(Courtesy of Korfund Dyn

3

ation - 1075 prices.

amics Corporation)

aerodynamic performance as mea-

Table V.9 gives these for si-

gilencer TYype

36 LP
60 LY
60 MP
84 MP
84 &P




55) to the insertion loss., 1f for example, it wag found that g lower wall

Opening contributed 76 dBA at g aeighborhood point Placing 15 dBA silencers

The pressure drop characteriétics of silencers rate theiy constricting

*ff'ect op air flow, This is especially'important for natural.draft ventilg.

Silencer Inqgrtion Logs Silencer Face Area/OEen Arce

10 dBa 7 =1
15 dpa 1.2
20 aBA 1.6
30 dBA ' 2.0
40 dpa 4.0

(. Burgess Industries Korfund vYnamics Corp.
Environmental Group P.0. Box 235
8101 Carpentep Freeway Cantrague Roag
Dalles, TX 75247 Westdury, Ny 11590

21476311010 '




L. Cravity Ventilators on Roof Openings

In natural draft ventilation, & roof opening is required to exhaust
the heated air from the forge plant; the roof opening must be fairly
large and is usually one of the most important contributors to the neigh~
borheod noise level. Many forge plants utilize a simple open roof in
which two halves of the skylight are raised to form a clear sound psth
to the outside. A roof ventilator is of more complex construction; it
has internal surfaces which reflect the sound back to reduce the radiated
noise. The attenuation of a roof ventilator is in the range of 8 to 15
dBA depending on the construction. For example, sound absorbing mater-
ial placed on internsl reflecting surfaces of the ventilator will reduce
the transmitted sound.

Pigure V.12 shovws a simple open roof (courtesy of A. Finkl & Sons) and a
gravitv ventilator manufactured by H. H. Robertson Co., 400 Holiday Drive,
P.0. Box 16212, Pittsburgh, PA 152k2 (412/922-9300). Gravity ventilators are
also manufactured by the Burt Manufacturing Co., Akron, OH. The cost of the
ventilators depends on their size and are best obteined by calling the manu-

facturer.

Acoustical Strengthening of Wall, Roof Coverings 8s Sound Barriers

1f sound radiation from building openings is effectively controlled, the
noise level in the neighborhood can be determined by radiation through wall
end roof coverings. This is especially true if the cévering materials are
light, e.g., 26 gauge corrugated steel.

The sound radiation through an element can be reduced by increasing the
trensmission loss of the element covering material (see Table V.4 for some
transmission loss data). For single‘layers of a material, the transmission
loss will increase with the surface mass density, roughly L.5 dBA per surface
density mass doubling. Composite walls (material layers separated by an air
space) will not follow the mass law if the separation of the layers is less
than one foot; the transmission loss will exceed that predicted by having
twice the mass density in a double wall. For hammer noise, the transmission

loss of a double wall will exceed that based on surface mass density depend-
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Simple Open Roof (top — courtesy of A. Finkl & Sons)
and en Open Roof Ventilator (H. H. Robertson Co.).
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ing on the separation; for a 1 1/2" air space add b dBA, 3" air space add 8
dBA and a 6" air space add 12 dBA.

There are numerous commercial sound barrier covering systems offered by
manufacturers (a recent listing is available in "Compendium of Materials for
Noise Control," Contract No. HSM 99-72-99, U.S. Department of Health, Educa-

tion and Welfare, June 1975 (for sale by-Superintendent of Documents, U.S.

Government Printing Office, Washington, DC 20402). Some of these are listed

below:

Roof or Wall Sound Barrier Systems:

Inland Ryerson Construction Products Co. .
Box 393
Milwaukee, WI 53201

U.S. Gypsum Co. 312/321-4000
101 South Wacker Drive '
Chicago, IL 60606

(; Peticcal 715/239-6411
Cornell Corp.

Cornell, WI 54732

Johns Manville Structural Systems

P.O. Box 435 609/L448-8700
Brickvard Road
Cranburg, NJ 08512

The transmission losses for sound barrier materials are usually given in

octave bands. In order to obtain the transmission loss in dBA, the distribu-

tion of sound energy in the octave bands is required; forge -hammer sound

(2500 1b hammer) has the frequency spectra given in Table V.11 below:
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Formulation of & Neighborhood Noise Control Plan

Neighborhood noise control planning must begin with the acoustically
weakest element which is usually one oY gseveral of the ventilation openings.
The steps on the formulation of a noise control plan is pest done through an
illustration — that of the hypothetical forge plant referred to in nrevious
sections. Figure V.9 gives the pertinent data needed to formulate noise
control planning. The data in Figure v.9.5 and Vv.9.7 shovw the ususal situa-
tion — that the ventilation openings must be considered first in noise control
planning. They also allovw estimations of the contributioné of the individual
ventilation openings. The measured noise levels in Figure Y.9.7 are very use-
ful. For example, the radiation from the low:r east opening alone would give
a noise level of about 76 dBA at point B becruse the resultant level of T0 dBA
(radiation from the balance of the building clements) plus 76 dBA wcuid give
the resultant level of TT7 dBA. Likewise the cpen cast wall windows yield about
73 dBA, the lower south (or north) wall openings 70 dBA and the open south (or
north) wall windows about 68 aBA. The maximun reduction that can be expected
from controlling the radiation through openin/s is abbut 9 dBA.

The methods available for attenuating the sound from the openings are
discussed below:

Mggﬁggﬂl: Close all shop openings. Fxpected.Reduction: 8 to 9 4BA

A1l air circulation would stop and within tens of minutes the forge shop
would be excessively hot on summer days. Method is not possible unless a me-
chanical ventilation system capable of supplying all of the air is installed.
Method o, (Close the east wall openings and all of the windows (repair if
necessary). BExpected Reduction: U to 5 dBA

The air circulation via wind pressure may be somewhat hampered but the
control appears fessible. It 1is inexpensive and affords an appreciable re-

duction.

3 ;
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The sound level at point A is now deterrmined by radiation through the
north and south wall openings (70 4BA cach) plus the belence of the building
(270 4BA) for a resultant level of 75. 7The next step must involve reducing
the sound from the north anu south wall . ~nings. One approach would be to
simply reduce the open area by a factor of 2 or 3 by partiaily closing the
steel doors. However, with most of the \}entilation supplied naturally with
wind pressure, closing down theselopenings Yiéhout making some other provi-
sion for increasing the air flow will not bé setisfactory. At this point,
no further significaut .-adquctions can be made unless the ventilation for the
building is revised. For example, sound radiation from the morth end south
walls could not be re uced with silenéers or free stending walls because
they would interfere excessively with air circulation.

Method 3: C}ose the east wall openings and all of the windovs (repair if
necessary).

Add a roof gravity ventilator 8 ft wide over the length of the forge
shop. Place 10 dBA insertion loss silencers in both the north and south wall
openings (1200 ft2 of silencer face area). The sound pressure level at point
B can be estimated and is given in Table V.12. From Table V.12, the noise
reduction at point B is predicted to be gbout 8 dBA over the existing plant
and only 3 to i vetter than that for method 2. The reason can be seen in
Table V.12. The contributions of building elements such as the windows
(60 + 55.5 + 55.5 = 62.3), the 26 gauge steel wall coverings (65 + 59.3 +
59.3 = 66.9) and the roof covering (62.3) are now major factors in determin~
ing the sound 1avel in the neighborhood and unless they are repleced with
materials having higher transmission losses, no further reductions in the

neighborhood noise level can be made.




V.3

TABLE V.12. Calculated Sound Pressure Level at Neighborhood Point B
(’ (Figure V.9.2) after Closing the East Wall Openings, All
the Windows, and Adding an Open Roof Ventilator and 10 dBA
Insertion Loss Silencers in the North and South Wall Open-
ings.
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Method U:

1. Close the east and west wall openings and all of the windows (repair if
necessary).

2. Add a roof gravity ventilator 8 ft wide over the length of the forge shop.
The interior surfaces have absorptive material.

3. Place 20 dBA insertion loss silencers in Yoth the north and south wall
openings.

4. Replace the east, south and north wall 2€ gauge steel with /8" ashestos

-~ -

(25 dBA transmission loss), a total of 4600 squere feet.

The sound pressure level at point B can again be calculated as.shown in Table
V.,13.

On comparing the resultant overall level in Table V.13 with the very ox-~
tensive cha;ges’made,,one can realize the difficulties on effective control
of neighborhood noise near hammer forge shops. Any further reduction would
obviously require changes in almost every building element on the east, south
and north walls of the building. The windows would have to be replaced, the
roof redone, silencers would have to be applied to the roof ventilator, the
roof propellor fans replaced with vaneaxial fans with silencers on the cx-
haust side. Even then, it is doubtful whether the regulation level of 56

dBA could be reached. In ofder to do that, each of the 13 elements would

have to be changed to bring their individual contributions to about 44 dBA!

Estimated Costs of Neighborhood Noise Control

Unfortunately, there is no actual experience on which to base the costs

for reductions in neighborhood noise levels.
Bolt, Beranek and Newman have estimated the costs for specific Tllinois

forge plants that reflect improvemenis with regard to adjoining Class A
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TABLE V.13. Calculated Sound Pressure Level at Neighborhood Point B After
the Changes in Method L Are Completed.

PLANT PERJMLTER NOISE/VENTILATION CALCULAYIONS
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{residential lands). The cost estimates contained in the report were
(f averaged for the various noise reduction ranges and are reported in
T:ble V.14 in terms of dollars/sq.ft. of shop elevation involved in
the improvements (for example, in the hypothetical forge plant of
Figure V.9 the east, north and south elevations were modified as dis-
cussed in Table V.12; the total building elevation area involved was

9800 ft2).

TABLE V.14, Estimates ¥of Neighborhood Noise Reduction Costs per Square
Foot of Revised Shop Elevation

Noise Reduction 5 dBA 10 4BA 15 dBA 20 4BA 25 dBA
Average Cost per £2 $16.00 $20.00 £ 3.00 $3$300 $40.00
Highest Cost per £t° 21.00 27.00 30.00 48.00 57.00
Lowest Cost per ft° | 10.00 | "1k.00 | 19.00 28.00 33.00

# 1976-TT prices
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T eeive Nose Gonvral, FLLLER, 1977

ENGINEERING GUIDELIRES: NEIGHBORHOOD’NOISE CONTZ:0L

A. PROBLEM STATEMENT

The major sources of neighborhood noises from forge plants with their

control possibilities are given below:

Source:

Impact forging operations
The loud and distinctive impulse sounds from mpact forging
constitute by far the single most important nelghborhood

noise problem for the forging industry.

Control Methods: Acoustical strengthening of the forge plant structure

Source:

as a sound barrier. There is no technically feasible method
fér control at the source and practical, acoustically
effective hammer enclosures have not been demonstrated.

Roof steam exhausts

This séurce results in continuous, broad-band sound from
roof lccations that usually have unobstructed paths to

receiving property.

Control Methods: This source can be controlled (see Section IV.G, 1Iv.13).

Sources:

Shearing and stock handling
Impulse noises from these processes can give rise to neighborhood
problems if the operations are carried out near building

openings or outdoors.

Control Methods: Source control (see IV.E, page IV.1l) or source

enclosure.
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Source: Man coolers and furnaces
These noisé sources emit continuous sounds particularly
noticeable at night when the balance of the plant is inoperative.

Control Methods: gource control (see IV.F, page 1v.2 snd IV.A, Page 1v.6)

or strengthening of the forge plant as an acoustical harrier.
Sources: Warning bells, buzzers and ho;ns
Control Methods: Reduce 1oudness or relocate source; reduce sound
transmissicn from building.
The control of neighborhood noise can generally pe separated with
the following tasks: o
1. Determination of the existence of neighborhood noise problems
through & noise gurvey and 8 comparison of the measured levels
with the applicable regulations.
5, Tdentification of the pient noise source(s) giving violations.
3. Formulation of & Noise Control Plan.
L, Tm—lementation and concurrent evalustion of the Plan.
1n some cases it may pe advisable (or even required) to have
the Noise Control Plan evaluated by the appropriate regulatory agency prior to
proceeding with implementation of the Plan.
B. NEIGHBORHOOD NOISE SURVEYS
lggprumenta ion ' |
The selection of a sound level meter depends on tle nature of the
emitted sound and on the specification of the noise limits:

Nature of the Sound Allowable Noise Level Meter Selection
Specified as

Continuous A-welighted limit rype 2 (or Type 1)
Continuous Octave band 1imit Type 1
Impulsive 3 A-veighted limit rype 2 (or Type 1)

Tmpuleive Tre pesk 1imit Type 1

R
L e i e AR




Measurements:

1.

This section

Measure the neighborhood noisé levels on the side of the

"worst" condition

- the noisiest equiyment (e.g., the largest hammers)
are operating

- The témperature is in the range of 75° to 85°F and the
ventilation openings are fully opened

- there are low wind velocities (less than 10 mph) towards
the measurement point from the source.

Calibrate; attach the wind séreen; set méter to scales,
responses required in applicable regulations
Make heaéurements';t the'nearest receiving land property lines;
avoid if possible locations that are not in line-of-sight
of the forge plant or those near reflecting surfaces of buildings,
ete.
Keep careful records (see Volume II, Page V.5) ihat include
noise source identification
C. NEIGHBORHOOD NOISE CONTROL FOR EXISTING PLANTS

considers control of neighborhood noise through increasing

the acoustical strength of the plant building structure. The methods are directed

tovards hemmer impulse noise control in the neighborhood but can be aprlied to

other in-plant noise sources giving neighborhood noise problems.

Preliminary Assessment

A preliminary assessment of a forge plant's impulsive noise

situation can be made with the aid of Table V.1. (page V.k)

Example: you operate a forge plant with 4000 1b. gravity hammers.

The

nearest residential receiver line is 400 feaot away; the

allowable sound level at the receiver line is 56 dBA.

1.

What is approximate noise level at the residential receiver
line? About 75 dBA (72+3 added for U.S. plants).
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2. 1Is it 1likely that your plant can meet ti'e regulatory value
(j with feasible revision? No! Table V.1l predicts a level
of 69 dBA (66+3) for revised U.S. forge plants.

3. If you built a new forge plant specifically designed for
neighborhood noise control on the same site, would the
regulation be met? Probably. Table V.1l predicts a level of
about 56 (53+3) dBA.

See Volume II, pages V.8,9 for an extension of this method for
large steam hammers and other in-plant noise sources.

Detailed Calculations of Sound Emission from Forge Flants

It is possible to make predictions of the neighborhood noise
levels for a forge plant on & more detailed'ﬁasis. The general
idea of the method (after VDI 2571, referente 2, Volume 11)

is that impuct forging creates impulsive sound within the plant;
some of this sound is radiated from the plant through building
elements (openings, walls, roofs, etc.) to neighborhood points.
The sound radiated through each building element can be calculated
given its area, sound transmission loss (ability to act as a sound
barrier), the shielding of the element and distance to the

neighborhood point. The method is important because it identifies

the building elements that must b: treated in order 1o reduce

neighborhood levels, and can predict the reduction obtainable.

(See Volume II, page V.13 to V.19 for an explanation of the method
and a sample calculation).

Forge Plant Ventilation

Sound radiation through ventilation cpenings almost always determine
the neighborhood noise levels near forge plants. Therefore, the
ventilation requirements for a forge plant must always be considered

before s noise control plan can be drafted.




-
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The ventilation needs (CFM of outside air) of forge plants

can be calculated given the fuel consumption of stock heating
furnaces (Volume II, pages V.20-21)

The wall (air intake) and roof (air exhaust) opening areas

for natural draft ventilation can also be calculated (Volume II,
pages V;é2 to V.26)

It should be noted that almost altl U.S. forge plants rely mainly
on natural ventilation,and that a forge plant successfully
ventilated by mechanical means has not been demonstrated.

Neignborhood Noise Control Planning for Existing Plants: Necessary Preliminary Tasks

Ideally, the oblective of neighborhood noise control planning
would be to determine the most cost effective methods of reducing
sound levels to regulatory values. Unfortunately, compliance
cannot be achieved for most existing forge plants through feasible
control methods. The objective of noise control planning then
becomes less clear - one of attempting to determine what can

be done through & reasonalle effort. The decision as to what is
reasonable will probably be made by the regulatory agency o* the
board overseeing the administration of the regulations. This
guideline makes no attempt to determine what changes are reasonable
but does show what changes might be made, indicates the cost of
the changes, and estimates the effect of the changes on the
neighborhood sound levels.

Neighbornood Noise Control First Requires The Assembling of The Following Information:

1. a copy of the neighborhood noise rules and regulations that
apply.

2, a neighborhocd noise survey which gives the sound levels at

receiving_lands measured in accordance with the applicable

3 o

regulations.
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The following steps in formulating the neighborhood noise control plan
can now be done:
1. Detailed calculation of the contribution of the rlant building
elements to the noise levels in the neighborhood.
2. Calculation of the ventilation requirements.
3. Measurement or the neighborhood sound pressu-e levels with
the forge plant ventilation openings both closed and open,
(See Volume II, Figures v.9.5, V.9.6 and V.9.7 ror examples)

Neighborhood Noise Control Plan Formulation

From the proceeding you should have obtained understanding of your neighbor-
hood noise situation, €.8., a rough idea of the noise reduction you may be
able to attain and which of the tuilding elements "contribute" most to the
neighborho  d levels,
Noise reduction planning must begin vith noise control treatments
at the acoustically "weakest" elements, which are usually the
ventilation openings. The controls available are (see Volume I1, Page V.32):

1. Reduce the opening sizes (3dBa reduction per ares halving)

if permitted by ventilation requirementsg

2. Shield the lower wall orenings with a free standing wall

3. Apply duct silencers to the orenings

4. Place a gravity ventilator in yoor opening.
Calculations will probably show'that after one or more of the above controls
is applied, radiation through other building elements becomes significant
(see Volume IT, page v.bh2 - method 3) and that further neighborhood noise
reduction requires replacing wall and roof elements with acoustically

"stronger" barrier materials, e.g. 26 gauge steel roofing with an acousticgl

roof deck. (see Volume IT, pages v.37 through V.L0). At this point it




Estimated

should be clear why neighborhood noise control for forge plants is so
difficult and why the seasible reductions are usually limited to 5 to
104BA (recall Table v.1). Really effective noise control (10 to 204BA
éound jevel reductions needed in many cases for compliance)requires

plant reconstruction.

Theoretically, reductions in the soﬁnd 1evel in the neighbor ood could

be made by attaching sound absorptive materials to the forge shop interior

walls and other interior surfaces. However, the areas to be covered in
order to obtain & substantial reduction, €.8., 6 dBA; are very large and
the costs would be high. 1In addition, the absorptive materials are porous
and unless covered with a protective layer of plastic. will tend to collect
oil mist. This leads to a real fire hazard (two have been experienced in

forgé shops from absorptive treatments).

Hence, absofptiveAtreatments of forge plant interiors for neighborhood

noise control are not recommended. Note, however, that a more limited

application of absorptive surfaces such as on roof ventilator reflecting
surfaces and in silencers can be useful.

Costs of Neighborhood Noise Control

Unfortunately, there is no actual experience on which to base the costs

for reductions in neighborhood noise levels.

For Specific T1linois Forge Plants

Bolt, Beranek and Newman have estimated phe costs that reflect improvements
with regard to adjoining Class A (residential) iands. The cost estimates
contained in the report vere averaged for the various noise reduction
ranges and are reported in mgble V.2 in terms of dollars/sq.ft. of shop

elevation involved in the improvements.




Auction Costs

: TABLE V.2 Estimates of Neighborhood Hoisco
( : per Square Foot of Revised Shop Elovation
Noise Reduction ' 5 dBA 10 4B 15 dBA 20 dBA 25 dBA

Average Cost per f‘t2 $16.00 $20.G60 $23.00 $34.00 $L0.00

Highest Cost per ft2 21.00 27.00 30.C0 48.00 57.00
Lowest Cost per ft2 10.00 1h,00 19,00 28.00 33.00

D. NOISE CONTROL AND S1TE SELECTION FOR NEW PLANTS

The outlook for effective noise control fa the huliding eof a new forging
plant is much brighter. Although the size of impact forging equipment will be fixed
by manuracturing needs, the builder hass the options of plant type and plant site
selections.

The wost cost-effective selection must cleerly considfer the relative
costs of the plant construvction and plant site; plants constructed incorporating
effective nois=2 control will be more expersive but the land ares required for
comnliance with noise regulations will be reduced. &4n exampie of estimating
the site requirenents for a bypothetical forge shop with 3 types of constfﬁction

{3 differing soucstical barrier strengths) is given in Yolume II, page V.L8.



(T- VI. FORGE HAMMER IMPACT NOISE

To the date of this guideline (March 1977), there is no feasible

method of controlling impulse noise emission from forge hemmers at the

source, nor is there one within sight.

Research directed towards hammer impact noise control continues

in the United States, West Germeny, Sweden and the United Kiﬁgdom.

Chapter VI of Volume II describes the results of these efforts

and discusses some of the prospects for control in the future.
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ACOUSTICS

ASSESSMENT OF NOISE

WITH RESPECT TO COVMUNITY RESPONSE

INTRODUCTION

The reduction, or limitation, of noise whizil Causes aNNoycd is of incrousing general importance. This 1SO Recom-
mendation suazests methods for measuring and reting noises in resiceniial, industrial and tralfic areas with fespact
10 their inieticience with rest, working etriciency, social activities and tranquiility’. . e

Besides notse there may be other factors in connection with sound production and radistion, for example riechanical
vibrstioas, which also zive rise to 2R0ydNC in parsicular situations and which make the assesymant more cemplex.
No genersl mathod exisis al present 10 1ake account of these factors, but the application of rumbers gnd correciions,
other than those described, may be gesirable in some cases. ) :

e s = S e T

The method dzscribed in this ISO Recorantendation is considered suitable for predicting approximately the public
reaction likely to be caused by noise, znd may help authurities to soi limits for noise levels.

Some probiems rela ed to aircraflt noise are treated separately; see 1SO Recommendation R 507*, Proccdlure for de-
scribing aircraft noise around Gn airporl. .

1. SCOPE ‘

This 15O Recommandation is intended as a guide 1o the measurement of the accepiability of noise in comununities.
Jrspecifies a method for the measurenient of noise, the application of corrections 1o the measured ievels {zocording
to duration, specirun Tnaracter and peak facton), and a comparison of tie corrected levels with a noise criterion
various environmental factors. '

which takes account oi

The methed given for rating Q0ises With respect 10 community 1esponse forms a basis on,which limits {07 noises in ‘
various situations may be sci by the competent authonties.

The method of rating involves the measurenient of the A-weighicd sound level in decibels (commonly called dB(AN™".

. with noiss rating cures, fof instardd the NR-carves, in orcer 10 identily the intrusive frequency pands. This mioid

)
1
Where corractive measures are required, a frequency arnalysis may be nressary. The resulting dota mav be compared 1
cluborate proceduse is described in Appendix Y. i

A Mn A 3
e gnd ¢ditnn, 1970, -
se A detined in J1'C poblicatinn 123, Recommendutions Jor sound levelwmelers, of 1EC Publivatinne 179, Precuion sound Ievel mciers

. >

e

o,

L L e umet: 1 YWDE W



+ 4 NOISE MTASUREMENT

2.1 Measuring cguinment

- The measurerants should be made with a sc.nd lovel meter as spacified in IEC Pudlication 123, Recom
mendaiions for sourd u.c meiers, or IEC Peblication V79, Precision sound level maters, The A-» eiond
network and fasi 125pornse should be used. The sound level should be measured at the plice and thnr o
anpoyance.
NOTE - Oiler r‘c.nar'nn cquinmant including, for example, a lew! iccarser or tape reconder, mauy be used if the ovessl]
performance conrorms with Lie characiensiics of a s0und cx'cl mel:r with A-weighilng networs and vith fast resonss,

as . ¢
22 Measurement conditions . .

2.2.1 Outdoor measurerents should be made av 1.2

from walis, bunumgs or othe

216 1.5 mabove th: ground and, if pract ical, atlenst 35 m
7 sound reflecting structures, When circumsiances ingiczte, measurenenis
\
i

A
may be made at grezier heizhts and clo er to the wall (for exumple 0.5 m in fron: of an GPLn WInGow
provided this is specifizd and taken into consiceration, .
NOTES

o Care shiceld Ue tadion 1o avoid in!
the microrhone oi the measurin

nZequipaent, noise froimn o
2. When the aoise souree is distant, the i
isrecommended ol

[\

vanation siouid be obiained.

ca

2.2.2 Indoor messuremznts sh r:.m. oe made at 2 distance of ot
floar, 25d shout 1.5 m froin the window(s). In order 1o 7
sound | jevels
Thisis ¢

detenmine

Ten st

¢s the value 10 be taxen,

]

-
H

Thez measurenients hould geneially be mad
cpen w n.dox.s maasureinents snould aiso b

with wi
MAGe unde

o

2
<
o
Y -

If the
the lavel may e m
be closen
mote than one typical varation cyzle.

roise is not stzzdy, the level and du

N
wist,

adye

3. DETERMINATION OF TIHE RATING SOUND LEVEL L,

waence on the reeust from vavanisd sound siznals,for exnamp!

e

vleciiical fiterivrence or noise

suted sound level snav &
WL enueme conditivng te 2¥oiled, I posiitne

l
4

incesured indoors siould be averzazd over = 6.5 mm about each of 3t 1o 8T U
C3pPClidn -) l.n. ortant whap n'l(-.hUh.-; Tow. l.bt‘\lcn ¥ nojse

cows closed. If the room is

ration of the noiss
The pedod of time in which the 1i:
ording 10 the charzcter of the variations of the noise. lfposnble the period shoul

In many cases corrections 1o the measured sound level, Ly, are nee

o

Aevt
R

response to the noise. These corrections are denondant
spectrum character, dusation and fuc
L\ L L, ¢ s0uad Jevel of 2 sieady

the sam raunity iespoise 2s the micasured noise.

gt
Vienas

-
R
oy

i.¢
¢ {0

3.1 The procsdure is as foilows

et Y

Ty
L..A

ra
[T

L &t noiss (such s r2in noise) without ir pulsive cha

L in dB(A), measured

oni ihe charscter of the noise with respect 1o pean r...,.\,..
an. The sum of L and possidle cofrections is 1215028 the rati W SGU
ROise witlout iispuisive charactier or pure tos

~y
act

by w2235 of the sound lovel meter.

¢ roive ftore vind on
fiom extransous soliices,

czst 1 m from the wall;, I._ !o 1.5 m :bove the
cuune disturbances fTom stinding waves, the
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¢ of the readi
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1elic average
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¢ oo
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2t or audidle tones is rated by the sound level
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: 3.1.2 Steady roise vith an impulsive character (such 2: hammaering oF riveting) or with discrete noise impulses

israted by thesoundlovel L, ia ¢ A) plus the corretion siven in Table 1, first enlry.

The reading to be taken is the averzoe of the maniznum deflections of the pointcr.
. (- &

‘ NOTES

1. Other teshrigues for measuting SRd 135G imyulsive noise may pecoms appropriats, cspecially when recommandations
fot suitable mcasuring insliuments aze pudishnd.

2. Mthesoundlevel va izs over a large sange, the procedute deseribed in clause 3.3.3 should be used.

3.1.3 Steady noisz which contains zuible tond comporenis (for example whine, screech or hum) is ratec oy
the sound level L 1in GB(A) plus the correcticn given in Tadle 1, sccond eniry.

3.1.4 If the noisz is intesrupted by pauses (for example clmost gnehanzina factory noise 12sting for severzl hours
followed by a pause), a COtTectian according to Tudle 1, third eatty, shouid be applicd to the sournd level
1.5 10 take account of the redused duration of the noise. '

The ditzation of the noisc should be reckoned ovir relevant time period which may be set according 1o
. the specifizations by jocal auiiisoitics, for exampid e most uafnvourable cignt consecutive hours Suring
dayiime, and the mosi unfavouszbie hali-hovrof e cvenir.n or the night. For noise curing the pigit it

may be acvaniazeous also 10 s2: an absolute limit for the sound level.

NOTES

1. The time lunis for sday”, Yevening™ and “nizht" may vary in ¢ificrent conatries and may be definad by lo:al
authoritivs srvoending 10 tie way i which e Lrobieat srafiic Rojss vaties and accatéing 1o the hubits of peape. (ior
fnstance in §3:00 3re2s “day™ lasis irom 03,60 until $8.00, “evening” (ran 16.60 urtil midright, and “nigai” 1105

midnight usti G6.00). :

2. By specifyivza shaiter period cr2n sheoiuic limit dusing evening and rizht, tic influence of noises with high feveis
and short dusation is emmpitasized. Such roise may he disturking fer siwep. .-
4, I a pariiculss roise souide ig 1o b2 considared at worh chidy, Mmeasulements must (uke into account the Crcun1sianees
of thie weekend, for crample by sueasunag the pack zround noise 3l the relevant tine,

3.1.8 If the noiss variss with time in @ mere complicated manncr than is appropriate for the use of Table 1,
the equivaent cound level L $08 nd ba ubiained, for exampic irom a statisiical enalysis of the tirae
history of the A-weizhted sousd level, The correciions in Table 1 for peak factor of NOise SPeCLium
character should also be applied when appropriate.

-
~

‘[he statistical znalysis can be baead on znalogue of dizitz! recorcings of the sound level. For cstimating
purposes it may in SOME €3¢S re sufficient to celermine tae ctatistical distribution Dy observing the sound
level meter readings at intervals of time by a satnpiing techaigqus. -

The closs intervals for the sour.d level must be chiosen according to the character of the noise; in most cases
an interval of § B will be appropriate,

The equivclent sound lovel Leg is calculated from a formula based on the equal energy orinciple :

, 1\
Ly = T {m}__lf,-‘.ol"“ol

where

Lo isthe equivalent sound level in ¢B(A)

L, isthe sound level in $B(A) cotresponding to the class-midpoint of the class i

<3
N

- (for class intervals fot LIE3iCr than § SB(A) the erithmetic means can be used; .
. for larger intervals lozarithmic averazing shoul

: p dsthat time-interval (eapressad 25 a porcentage cf the selevant tisie period) for which the

! .  gound level is within the limits of ¢lass |,

A The relevant time period sheuld be chosan according 10 the specifications of the tocal suthorities (se¢
cclause 3.1.4)

3 . i
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TABLE 1 ~ Coricctions (o the tacasured sound Lavel in 2B(A)

o teeia funciine O 4 . Correction
Charzcteristic feasuies of tie noie d3(A)
' npulsive neise ’
Peak factor l{ pulsive neise + 5
(c.2. Tros hanerning)
\ Audibiz ione compoangnts preseat o
5aoe Yhioe ~ AR -
Spacirura character (.5, vhir.c) 3
Duration of the naise Beiween :
with sound level 1.4 11060 and 35 0
as 2 percentage of the 56 and 18 -5
relevant time period 18 and 6 -10
' 6 and LB -15
1.8and 0.6 —20 :
0.6and 0.2 -25 .
Less than 0.2 - 30

3.2 Hence, the rating sound devel is ¢aternined as follows + °
— for noiscs of consiant ievel, by
Ly=Ly +5 vhea the noise is ir.-.;)uisi\'c cr when it conizins audiole tone components of both
+ correction for durstion when the noise is intecrmitieat;
— for noises of fluctuxting davsl, by

Ly=Ley +5 when M2 nois2 is iipulsive or whea it contains audible tore compoaricats or both.

4, NOISE CRITITIA

In gen2:3l, a noise is lable to provoke complal sts whernever its level exceeds by a certain margin that of ihe pre-
exisiing background noise, or When it aiiains a ceriain absolute Jevel. .
The method of ratig noise is based o a comparison of the rating sound tavel with a criterion level which takes
various feaiures of the environment inig account. The criterion is ralated to the presexisiing background level,
either fixed for a cestain zone in general of direcily measured for special cases.

The weihod for deriving a criterion for rating noise in gencral (for example for zoning purposes) is given in clause i

the methed for rating noiss in special cases, bused on tie measuied back zround level, is given in clause 4.2 In
section S a rough connesiion deiween public reaction and noise exceecing ihe criterion is given.

41 Noise eriteria in general

[
Noise criteriy in gereial, especiaily for the puriposs of 70=ie, can be derived from one basic value by
adding corrections for time of cay and corrections for L Literent types of distict.

The vasic vaiue for a country has to be established according t0 the living habits of 1ise people.

NOTF. = The basid crisetion for rovideniial premises hould usuzlly be in tac range of 35 10 45 dB{A)Y for outdovr
noiss.
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4.1, The corrections 1o ths basiz criterion for Ziffcrznt times of Cay are given in Table 2..

TABLE 2 - Comvctions 10 b7 :ic ctiterion fos Siffercat tines of day

Time of day Cotiection é},;’;‘,"’ eritetion
- ~ Day time 0 ' ’
) . Evening - =5
Nizht time ~10to-15

It may be appropriate to use only day time and rizht time with the comections given above, and to omit
evening. - .

4.1.2 The corrections 1o the basic noise eriterion for residential premises for Cificrent zoses are given in Tabie 3.

Lozal exparizic? in differant countries will lead to different ce t":. itions of the relevant types of zones,
] 3
taking into cccount exisiing laws or prescripiions, : -

: TAFELE 3 ~ Cotsections to basic criterion for residential preinises in diflerent 20nes
Coreuction to hasic

Type of district criterion

dB(A)

Rual 1esidential, zones of hospitcls, recreation .0
Suburban residential, little road trailie -+ 5

" Urban residential . 410

Urban residenial with some workshops or wiih ‘

business oF with mzin roads +15

City (business, trade, adnrinistratior) + 20
Predominantiv industrial srea (heavy industry) + 25

4.2 Special cases

For rating nciss in special cases, for example in case of complaints of a certain nois2 source al a certain
place, the t.u cound noise Jevel serves as the criterion,

The backsround (wmozcn.) noise level is the mean minimum sound level at the relevant place and tine
sonce Of the noise which is allezed o be ofivading. 1t should be obtained by obsarving tie

in the aoag..
pointer of the sound level meter 5id by rezding '.!.c fowest l«,\\l \\"mh is repcated several times (mican

minimum). Whea statistic l l\ sis of the sound level is used, the background noise level should be aken
as that Jevel which is exceeced tor 95 76 of the obs:nat.m tirme
NOTLS .

1. The backiround noice level includes appropsisiely the innuenses of the type of dm..c.. ihe season and the time of
day, and r.) coirvehon uay 10 be nsed, It senes i g." ¢ way for avssssment of noise outside o insnide a building,

with \H....uus cpren of iesed, piovided it is messirsd under the e conditions as tae noise. .

N l"c ficduive backe

2. To present 3 crecying (irduaii
grouad dovel wath e gene
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5. ASSFSSMENT OF THL NOISE WITH RESPECT TO COMMURITY RESPONSE

In order 1o assess the noisz with respect to the exnscted community responst, the rating sound level 2s chiaired
according to sestion 3 should be compared with the criterion value given in clause 4.1 o7 clause 6.2,

If the rating sound level exceeds the criterion vabuz, the poise is liciy 10 évoye respornse from the comii
Diflerences of 5 ¢E(A) or less are of magh al sipnifisuncs; compizinisinay certainly be expzcied
reachzs 10 dB(A) oz more, An estimate of the public 1caction wiich may be obiained where the raiing SOURG BV
exceeds the criterion value by a ceri2in amount is given in Tabic 4.

TADLE 4 ~ Cstimated community response to noise

Amount in dR{A) Ly which the : Estimmated community fspanse
rating sound kel Ly exeeeds
the roise criterion Categcry Dascription
[ None No obsarved reaction
5 Little Sporadic complaints
10 Medium Vidsspread compiaints
15 Strong Thrcats of community action
20 Very strong Vizorous community aciion
—_ - — J— 4

6. STATEMENTS INTHE REFORT

The repest should siate
(@ the measurcd sound level L, in df}(,\);

o (b) the duration of the noise or, for varying levels, the statistical distribution;
(¢) operating conditions of the poise source and weather conditions (where applicable);
(d) the time of ¢zy on which the neise occurs and the measursments have been madc;
(e) the corrections appiiedto L 43 A
(H  the rating sound level L,

(¢) the measurcd bzekground neise level (where applicable);

(1) the noise criterion valus derived for the relevant tine and district (where applicable).

L I ) . o -
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a4 . ) APPENDIXY : o )
FREQUENCY ANALYSIS

.

The recommended rcihod of tating, basel on mez he A \s-...,..xcd soupd level, isehvenin the b o""
7 i

. of this iSO Kecomnnaendation. Howaver, o M saaid casws be '.u.mb.‘. for raun
purposss and is cv-‘:‘.:i:l if corrective 2 e 1o be evelusted. Inthis © 488 3 5ei
: of noiss ratin? curves, with which the mes cco...,a.-u can b2 empioyed, This

manes an ldf'nlm».,.xo. of the intiusive

a pumises of sots of sich curves, one
of which is the NR.curves. :

T, P

in the following Frzuze and the cote band pr.ssere levels eorresponding 10 12 unves

PREE 1Y

¢Leald boamade with futers
:‘.ql,ar I an"l;u. s o sound

ta 500D Yz {eaatiesiraquincies)

ond riideocisie .‘\.."... Filters in

An cotove b*"d n;:-s!'.'sis cfthe noisein the v
according i .

ard vidrations. The v i e ais sicald be serrzeted, i r.::cssar\x acenndiv 2 to section 3.70%uh
corrocted hand pressn ineten NG 2tiyd or the Fi o5 BT ol e
vith @ of 203, e numerniculvitee of \'.'.'.:.:.‘. sy be tien o 3 lover

numbcis can bc
than the criter
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. TABLE § - Ociave band pressure lovedi conesponding 1o nniss 12603 rumd. SR
{
Qctave Land s0und poed ite hevels {6D)
NR Centee frequeacics (417)

1S 63 125 2530 5CO 1600 2000 4360 8600

0 554 355 220 12.0 438 0 -35 -6.1 -80

5 538 | 394 263 | 166 9.7 5 +16 | -10 | -23

10 €22 434 30.7 213 14.5 10 66 | +42 | +23

15 65.6 473 35.0 25.9 19.4 15 11.7 9.3 7.4

20 69.0 51.3 39.4 306 24.3 20 168 14.4 12,6

25 724 55.2 43.1 35.2 20.2 25 21.9 19.5 17.7

30 38 | 592 48.1 9.9 34.0 30 269 2401 22,9

35 79.2 63.1 524 445 38.9 35 320 29.8 28.0

40 82.6 67.1 569 9.2 4358 40 371 34.9 33.2

4s 66,0 710 611 | 536 48.6 45 422 40.0 38.3

50 £9.4 750 65:5 558 53.5 50 472 -| 452 3.5

55 92.9 789 69.8 63 534 5:5 523 50.3 486

60 96.3 82.9 74.2 618 632.| 60 74 | 554 538

65 99.7 86.8 76.5 724 68.1 65 62.5 60.5 58.9

- 70 103.1 90.5 82.9 77.1 3.0 70 61.5 657 | 641

75 106.5 94,7 87.2 §1.7 71.9 75 72.6 0.8 69.2
80 109.9 98.7 016 | 864-| 827 80 71.7 75.9 744

£3 1123 | 1026 95.9 91.0 87.6 8s 82.8 $1.0 19.5

90 1167 | 1066 | 1003 957 | 913 50 §7.8 86.2 §4.7

95 120.1 110.5 | 1046 | 1003 97.3 95 92.9 91.3 §9.8

100 1255 | 145 | 1000 | 1050 | 1022 100 98.0 96.4 95.0

105 69 | onsa | uss | 1006 | 107 103 103.1 101.5 100.1

- o . 1303 | 1224 mn7 | 143 119 110 108.1 | 106.7 105.3
115 132 | s 1104

20 183 | 169 | 1156
125 134 |10 FRRNE

130 | duss o1l )1
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RATING INDOOR NOISE

General erite nu..v"lues for 1:ting noiuc inside residential p:c:n ices con be derived from thoss for outdoor noise,
specified in clause 4.1, by adding cosrections a:co ding to the decrease in sound level frosn ouidoors 1o incooss
with open al.a ciosed windows,
: _Thess corrections are given in Table 6, .
~ TABLE 6 — Concctions to the general noise criterion fov antdsor noise
to derive general noise eriterion for indnor noise
. Window concitions Correction dB(A).
B Windows open : -10
Smf‘c windows shut ' -15
g
) ’ Douhle windows shut or non-opanable
windows L -20 .
= Y e .
. »

Usually, the naice critzrien hould not be et below 20 &8 (A).

¢ or2a and the snusd insulation of the windows and the sound

NOTE. — The coinectiony ur2 2apres: frations and miay very wih b
alucs shouid be nsested.

absorplion in the roon. 1T facasuicmients afc avaiiabie, the n\a...)..nd

For noi:¢ inside non- gesidential premises, ui(c
the jooms, 25 JoRZ as ko higher ulu»s can b\. x'cd for the local site by tk.

according to Tabie 6.

are proposed in Table 72 agcording to the difier 2ni purposes of
< cnu.rm civen in section 4, correcied

- These valuzs refer mainly to room roises which originate outside the roonw.
=]

TAEBLE 7 = Examples for su""-‘s(cd noise criteria for non- -1esidential rooms

Type of toom Noise criterion ¢B3{A) '

Laizet office, businoss store, departinent

store, mecting 100, quici festaurant 35

Lasger sesisurant, eeretarial oifice

(with typewrite r) 45
- . Larger typing hails 55

Workshops (according 10 intended use) 451075

o
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Impulse Noise or Derery, US. Eed |

1t is difficult %o identify @ single-number limit requisite to protect against adverse effects
from impulse nois: because it i¢ essential to take into account the circumstances of exposure,
the type of impu'se, the effective duration, and the number of daily exposures, (see Appendix

Hearing

Review of temparery threshold shift data Jeads to the conclusion that the impulse
noise limit requisite to prevent more than a 5 dB permanent hearing loss at 4000 Hz after 10
years of daily exposure js a peak sound pressure level (8PL) of | 45 dB. This level applies in
the case of isolated 2vents, irrespective of the type, duration, or incidence at the ear, How-
ever, for duration of 25 microseconds or less, a peak level of 167 dB SPL would produce the
same effect, (see Figure 4). ' E

* 1]
o

1. Dusation Correction; When the duration of the impulse is Iss than 25 micro-
seconds, no correction for duration is necessary. For-durations exceeding 258 microseconds,
the level should be reduced in accordance with the “modified CHABA limit” shown in
Figure 4 and Figure G-1 of Appendix G.. .

9. Correction for Number of Impu!ses: -

Number of impulses
per day: 1 10 10 108 104

Correction Tactor: _— 0 -10 -20 -390 -40 dB

(More detailed information is provided in Figure 4.)

Furthermore, if the average interval between repeated impulses is between 1
and 10 seconds, a third correction factor of -5 dB is applied. Thus, to prevent hearing loss
due to impulse noise, the id entified level is 145 dB SPL, or 167 dB peak SPL for impulses
less than 25 raicrosecontls, for vie impulse daily. For longer durations or more frequent
exposures, the equivalent levels are as shown in Figure 4.
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MODIFIED CHABA LIMITS
PARAMETER NUMBER OF
IMPULSES PER DAY.
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Figure 4. Set of Modified CHABA Limits tor bany capuswc w impulse Noises
Having B-Durations in the Range 25 Microseconds to 1 Second. (Para-
meter: number (N) of impulses per daily exposure. Criterion: NIPTS
not to exceed 5 dB at 4 kHz in more than 10% of people.)

(Derived from Appendix G)
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Non-Auditory Effects of Impulsive Sound

Impulses exceeding the background noise by more than about 10 dB are potertially
startling or slecp-disturbing. If repeated, impulsive noises can be disturbing to some individuals
if heard at all (they may be at levels below the average noise levels). However, no threshold
level can be identified at this time:nor is there any clear evidence or documentation of any
permanent effect on public health and welfare.

Sonic Booms

Little or no public annoyance is expected to result from one sonic boom during
the daytime below the level of 35.91 pascals (0.75 pounds per square foot) as measured on
the ground (see Appendix G). The same low probability of annoyance is expected to occur
for more than one boom per day if the peak level of each boom is no greater than: '

Peak Level = %

pascals

Where N is the number of booms. This value is in agreement with the equal energy concept.
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