AD-A148 541 EFFECT OF SEALANTS OF THE SOUND ABSORPTION COEFFICIENTS A
OF ACOUSTICAL FRI..(U) NAVAL POSTGRADUATE SCHOOL

MONTEREY CA U L VAVMAN ET AL. OCT 84 NPS-53-85-0004
UNCLASSIFILED FIG 11/

.. Eﬂp




“\“ 10 g 3

= tfw 122
S IR

1-1 7
L = 0%

22 2 e




AD-A148 541

DS rilE Cupy

NPS-53-85-0004

NAVAL POSTGRADUATE SCHOOL

Monterey, California

A‘fﬂ/
- _CTE
UEC 1 41984

Effect of Sealants of the Sound Absorption
Coefficients of Acoustical
Friable Insulating Materials
by
James L. Wayman and Mary K. lory
October 1984
Technical Report for Period

November 1984 -~ September 1984

Approved for public release; distribution unlimited

prepared for: The Naval Postgraduate School
Monterey, California 931943

84 12 10 108




NAVAL POSTGRADUATE SCHOOL
Monterey, California 93943

R, H. SHUMAKER D. A. SCHRADY
Commodore, U.S. Navy Provost
Superintendent

Reproduction of all or part of this report is authorized.

This report was prepared by:

/
o £ (g

JAMES L. WAYMAN {

adjunct Professor of Mathematics

reviewed by: Released by:

Y fj
.9 pak
7ORDON E. LATTA, Chalrman KNEALE T. MARSHALL

Department of Mathematics Dean of Information
Policy Sciences

This was an unsponsored project.

-




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntered)

T REPORT NUMBER
F'N2§-§3'85'0004

& TITLE (and Subtitle)

REPORT DOCUMENTATION PAGE

ll. GOVT ACCESSION KO

READ INSTRUCTIONS
BEFORE COMPLETING FORM
3. RECIPIENT'S CATALOG NUMBER

Effect of Sealants of the Sound Absorption
Coefficients of Acoustical Friable Insulating

S. TYPZ OF REPORT & PEAIOD COVERED
Technical Report
Nov. 1 - Sept. 30, 1984

Materials

§. PERFORMING ORG. REPORT NUMBER

AUTHMOR(S)

James L. Wayman and Mary K. Lory

8. CONTRACY OR GARANT NUMBEN(S)

. PERFOAMING ORGANIZATION NAME ANO ADDRESS

Naval Postgraduate School
Monterey, CA 93943

EMENT. PROJECT. TASK |

GRAM &
QLK UNIT NUMBERS

) :=2A s wo

CONTROLLING OFFICE NAME AND ADDARSS

Naval Postgraduate School

. REPQRTY DATE
October 1984

Monterey, CA 93943

NUMBER OF PAGES
14

14

MONITORING AGENCY NAME & ADODRESS(/ diiterent iremn Controliing OMice)

N/A

8. SECURITY CLASS. (of this report)

Unclassified

184 n(c&.usn'lcrrlowDovncluomo
SCHEDULE

DISTRIBUTION STATEMENT rof this Report)

Approved for public release; distribution unlimited

OISTRIBUTION STATEMENT (of the sbetract entered In Bleck 20, Il diiterent frem Report)

SUPPLEMENTARY NOTES

KEY WORDS (Continue on reverse side I necessary and identify by bleck number)
Acoustical Friable Insulating Materials

Scund Absorption Coefficients

ADSTRACT rContinue on reverse side if necessary and identify by blosk manber)

* Acoustical friable insulating materials (AFIM), which often in the
past contained asbestos, have been used for sound control since the mid
Because of their widespread use and the ease of fiber dissemination

1930°'s.
friable asbestos materials are considered to be
fiber contamination in the indoor environment.

materials with a commercial sealant product is one of several methods used
to control potential asbestos exposure in rooms,
preserves most of the acoustical properties of the material is preferred ,

the major source of asbestos
Encapsulation of asbestos

A sealant product that
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- AFIM sample materials were treated with 6 types of sealants and
the effects on normally incident absorption coefficients from 100 to
2500 Hz were measured using a fixed, dual-microphone technique.
"Penetrating" type sealants were found to have a less detrimental effect
on sound absérption than those of a "bridging”™ type. _
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Since the 1930s friable spray-applied asbestos insulation has

been used in the construction industry - primarily for fireproofing
and sound control. The term "friable" describes a material which 1is
porous and easily crumbled in the hand readily releasing its fibers.
Acoustical friable insulation material (AFIM) which contains asbestos
is still found on ceilings and walls in many public bulldings (in- !
cluding schools). Recognition of health hazards related to asbestos :
exposure has prompted federal agencies to enact regulations concerning
exposure levels,

AFIM has excellent sound absorption properties because of its
porosity. Attempts to treat AFIM to reduce asbestos fiber release,
unfortunately, may also reduce this porosity, which could result in
disruption of speech communication or increased risk of hearing loss
from higher nolse levels and, in some cases, violation of noise ex-

, posure regulations,

Encapsulation, an economical means to abate potential asbestos
exposure, involves the spray application of a sealant which coats the
fiber rcatrix of the ArIM substrate, restricting the release of fibers,.
In an EPA study conducted by Batelle Columbus Laboratories (Mirick, W.
et al., 1321), encapsulants were investigated and separated into two
categories: those that penetrate AFIK, coating individual fibers -
tut s%111 leavins alr spaces, and those that bridge the surface pores
3¢ the material with a continuous mextrance, Fernetrating sealants ex-
hibited penetration froc 1/2 to 1-1/4 inch into the AFIl:, were low in
percent s>lids by weight, and had low viscosities, Eridging sealants
showel —inirmal penetration, were above 25 percent solids by welght, é
ard had high Tiscosities - greater than 1,000 centipoises, Whether ;
there would b2 a meccurable acoustic difference betieen the two cate-

sories cof sealantc on AFI!N had not vet been demorstrated. The purpose
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of this research was to determine which of the two types of encapsu-
lants.'penetratlng or bridging, when applied to AFIM permitted more

sound absorption,
METHOD

in evaluation was conducted to determine the acoustic cheracter-
istics of the AFIlN before and after encapsulation. As was done in
the Batelle study, a non-asbestos AFIM was used as a test substrate
for comparison of encapsulants. An impedance tube procedure was used
to measure sound absorption of small specimens, The recently devel-
oped tube method using two stationary microphones mounted on the tube
wall at known distances from the specinen was the method of cholce.
This "two-microphone random-excitation" method has been described by
Seybert and Ross (1977) as a more accurate and efficlent procedure
than the standard Standing Wave Ratlo method (AST: C384-58, 1972) for

deterzination of acoustic properties for frequencles below 2500 Hz.

Test Substrate: ArlI)M, provided by a product manufacturer, consisted

of a 1-3/8 inch hollow cellulose fiber matrix which had been uniform-

1y spray-applied to 1/2 inch thick styrcfoan sheets,

Spesiren Precaratinn: Six sealants were spray-painted over the AFIN

sazples in accordance with the techirical specifications of the U,S,

vavy (Lory ard Zsin, 1021), Encapsulants uere allowed to cure five

dars reflore tectirnr, ZIZncapsulants recresented the rarnce of reneric
rraducts uced for encarsulaticon of AFIL.. The phyesical and cherlcal
crorerties of the croducts tested are shown ir Table 1. :tecause of
poscsitle surface i{rreruvlarities, tiiree =pecizens were prerared for '
eazh >f tne z!u ercapsulants ard for the vntreated (control) ATII.

"3 weres -1/2 {rcher cquare, £2 t.nt t-2v wauld sverlarn the
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Table 1. Description of Encapsulants
Entapsulant Generac Solid C?ulcnl Viscosity , .
. L By Weight Classification
Code Number Description %) (cps)
i Acrylic vinyl acetate 10 S Penetrating
copolymer
2 Acrylic 21 8 Penetrating
3 Vianyl acrylac 46 6,000 Bridging
copolymer c¢mulsion
4 Acrylac 59 2,250 Bridging
9 Polyvinyl acetate 51 2,500 Bridging
copolymer
6 Elastomeric cvopolymer 68 52,000 Bridging
(butyl rubber)
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outside diameter of the measuring tube, During testing, uniform pres-
sure was applied to the specimens, but the back of the specimen direct-

ly over the tube's opening was left unobstructed.

A4

inctrumertation: Flgure 1 1s a dlagrar showing the measuring arrarge-

zent for the instrucentation used. The acoustic source was provided

by the aralog-to-digital converter. The high frequency portion of the
input signal was attenuated by a low-pass {llter, The digital filter
autozatically filtered the signal, liciting the banduidth to the fre-
quercy range 0-3200 Hz. A laclIntosh 30-watt acmplifier was used to az-
2117y the signal ard activate a 3-inch diaczeter Delco speaker =ounted
on one end of the zmeasuring tube. The tube was a 3-inch inner dianeter
ZVC pipe. It was 12 irnches long with a 1/L=irnch rubber cuchion on the
cren end to rrovide a seal between the tube and the test specicen.

431-Z3 zicrophones with 2/L-inch dlazeters were v

9]

ed,
The ~icrophcnes were Tod1fted with custox —achired heads which con-
tained ports only on thelr tips. The zlicrorhiznes were flush sounted
on the tute walls with tneir centers spaced 1-3/4 inches apart. The
=lcrariiore cicrnals were corditiored v an AX5 dual channel prearrli-

fler ard digitized by the analoc-to-disital converter. The sirrnl

arzlrcer zeasurel the autods=- and cross-sreztral densities of tre tun
~icrozhone gifnalz, Therce data were ciored ir the rminlzoznuter nmezory

=l the ccntroller Inr rcrocessin~T, Rers:lts were grovided in srachice

forz by the rlotzer,

_eacuzeg: Iardeliclitel vildlte rolrce rrovided tihe aczountic cigmal

vidcl produced a ra intly fluctuating s-ourd fleld in ¢he reqcurine

ture The thla]l i e recard of tihe data tas cade 1 A% 37 eceparate ,
Tome etmrale la s treya arapprad S s v tda ~re-~Tral esticnte :

Trlz gcme-tle svevr et e rardas svrpsw AT - e rpastvus cae vadoapd
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to an acceptable level. The acoustlic properties of the specimens
were evaluated for 256 narrow frequency bands of 12.5 Hz which were
everly spaced across the spectrum from 0-3200 Hz, Points represent-
ing the center frequency of every third band were printed on graphs,
and the interval between each point was 37.5 Zz.

For each specimen a time record of data was collected from which
the following messureaents were calculated: 1) the resistive and 2)
the reactive parts of the specific impedance ratioc, 3) the reflection
coefficient, and 4) the phase angle between the incident and reflected
sound waves. rro= the raw data, graphs were plotted that showed the
averaced data froa the three individual specimens tested for each en-
capsulant and the untreated control. All data points below 100 Hz and
above 250C Ez were disregarded because of questionable valldity of the

=easurexents and reliability of the instruzents for those frequencies.

RESULTS

Fipures 2 ard 3 show the reflection coefficient results. !llore
sound reflec:ion occurred for encapsulated specimens than was demon-
strated bty controls. As expected, reflection coeff_:ients for treated

cpecimens were greatest above 1000 Xz, Sealins an acoustical produ-t

decreaces surface porosity, thus restricting alrflow thrsugh the mater-

1al. Absorptiorn for hich fregquencies is determined rricarily by the
atount of zurface oreninrs (Sabine and ''sulder, 1C70),

Jne highest reflection coefficlents ir the epeecli frequency range
(€9na2¢00 Hz) feor the 20ntrols was near .. at 570 =z and at 2500 Hz,
Zentr=l coefflclents were near zero between 1CC0 and 2000 Hz., AFIN
ecacime s ccated uith encanculants 1, 2, a~d 2 revealed coelficlerts

tha* dAiffered frs= c2ntrols by less than .02 threushout the soeech
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Figure 2. Reflection Coefficient Results of Encapsulants 1. 2, 3 and Control
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frequency range. A considerable increase in sound reflection was re-
vealed for btridring encapsulants 4, 5, and 6.

when reflection coefficients are raised for acoustical materials
in a rooa, the reverteration times for given frequercies usually be-
cote fFreater, In a roox 32 x 27 x 12 feet high, reverberation %times
Freater than .75 second would adversely affect speech intellisibility
for norral lhearing persons (hnudsen and Harris, 1950). Fer the hear-

irz izpaired, reverberation times should be near .5 second (John,1%960).
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uction in sound atsorption would also increase bacitground
noise levels, producing an urdesirable effect on speech comaunication.
e direct acoustic sisnal of interest nust be at least 12 42 above

tie anblent nolse level to ensure alequate speecl comzunicetlion (lleuty,
2T2). A hetter sifnral-to-ncise ratins s requlired for hearing 1ax-
ratrel peratns (dHoss, 1978),  Increasing reflection coefficlents for
Byomare tras 18 or (2 zay not allow the material to ;eet recon-

—e~dationg for aleguate sound control,
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*he recessary a-~)ustlc properties of the AFIll., FPenetrating sealants
i7ce less nournd reflectlo.. than bridgine products on
ATIV spezimens. Tnhe selection of a penetrating sealant would be the

erredl chintee tinarever aconustical consideratinons are incortant.,
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