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Since the 1930s friable epray-applied asbestos Insulation has

been used in the construction industry - primarily for fireproofing

and sound control. The term "friable" describes a material which is

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 buildings (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 noise 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 matrix of the AFIM substrate, restricting the release of fibers.

In an EPA study conducted by Batelle Columbus Laboratories (Mirick, W.

et al.. 198i), encapsulants were investigated and separated into two

categories: those that penetrate AFIr:, coating individual fibers -

but still leaving air spaces, and those that bridge the surface pores

of the material with a continuous membrance. Penetrating sealants ex-

hibited penetration from 1/2 to 1-1/4 inch into the AFI!, were low in

percent solids by weight, and had lour viscosities. Bridging sealants

sliowel =inimal penetration, were above 35 percent solids by weight,

and had high viscoslties - greater than 1,000 centipolses. Whether

there .;-.ld be a reaurable acoustic difference betw.:een the two cate-

rorle sof sealart- on AFI!: had not yet been demorstrated. The purpose



of this research was to determine which of the two types of encapgu-

lants, penetrating or bridging, when applied to AFIX permitted more

sound absorption.

IEMHOD

In evaluation was conducted to determine the acoustic character-

istics of the AFI 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 specimen was the method of choice.

This "two-microphone random-excitation" method has been described by

Seybert and Ross (1977) as a more accurate and efficient procedure

than the standard Standing Wave Ratio method (AS,% C384-58, 1972) for

deter=ination of acoustic properties for frequencies below 2500 Hz.

'7-st Substrate: AFI, provided by a product manufacturer, consisted

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

ly spray-applied to 1/2 inch thick styrofoam sheets.

Sne'l-en Prezn.ratlor: Six sealants were spray-painted over the AFI:*

ca-ples in accordance with the technical specifications of the U.S.

Va:v (Lory and Coin, 1921). Encapsulants w;ere allowed to cure five

da-. before terIn: . .,cansulants rererented the ranre of seneric

rr-duts ureA for encapsulation of AF:. The phy ical and chemical

prorerties of t-e -roducts tested are shown in Table 1. Because of

posz!ble surface lrrer-laritles, three soecizmens were prepared for

ech -)f tne _."-1 e,,canu),ants and for t!he v.-treated (control) AI,:.

Zr -: . were "-/2 ice- ruare. r -  i:nuld iverla the

-.. .. . * ... 4 .. . t



Table 1. Descriptioi of Encapsulants

Viot .1l'.;i ant Geieri c Solid Coritent Viscosity
C-,e Number Description By Weight (cps) Classiication

M%)

I Acrylic vinyl acetate 10 Penetrating
copolymer

2 Acrylic 21 8 Penetrating

3 Viityl acrylic 46 6,000 Bridging
copolymer emulsion

4 Acrylic 59 2,250 Bridging

Polyviayl aetate 51 2,500 Bridging
CEro I yme r

Eljstomeric copolymer 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.

'-_-u ,;ertation: Figure 1 Is a diagram showing the measuring arrange-

ment for the instrumentation used. The acoustic source was provided

ty the analog-to-digital converter. The high frequency portion of the

input signal was attenuated by a low-pass filter. The digital filter

autozatically filtered the signal, limitIng the bandwidth to the fre-

quency range 0-3200 F--. A Iaclntosh 30-watt amplifier was used to a=-

plify the signal and activate a 3-inch dia-meter Delco speaker mounted

on one end of the measuring tube. The tube was a 3-inch inner diameter

PVC pipe. It :as 12 inches long with a 1/L-Inch rubber curhion on the

:pen end to provide a seal between the tube and the test specimen.

.. ; A.K 51-E- -Icrophones with 31/4 -Inc diameters were used.

The -Icrop.cnes were -odifled with custom nachlned heads whlich con-

tained ports only on their tips. The zIcrohrnes were flush mounted

on the tube walls with tneir centers spaced 1-3/4 Inches apart. The

-lorophone zslna]s were conditioned ty an AK,:o dual c.annel pre-ap!l-

fier and digitized by the -.alo7:-to-dIgItal converter. The sirnal

.na:.zer :easured th:e auto- and ofrozs- . de:zgt.e f t!me tw:o

-Acrcznlone .irna2:. There data ..;ere rotored Ir th- n1zx'ter mezor"

:'f t!he ccntroller for rrocessin-. v..-lto were pro':Ided In -ra,-hic

-r. ,r y the rlot:er.

,.: c. ;roduced a ra, Th-!; fluctuat'..n- n-:.-1i. In 'Ie "-rI-..

t:ne. - t ~tz " ' rec'rd of '.,e £a .- - of 31 renarate

• 4- - '. . .
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to an acceptable level. The acoustic properties of the specimens

were evaluated for 256 narrow frequency bands of 12.5 Hz which were

evenly 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 ":z.

For each specimen a time record of data was collected from which

the following measurements were calculated: 1) the resistive and 2)

the reactive parts of the specific impedance ratios, 3) the reflection

coefficient, and 4) the phase angle between the incident and reflected

sound waves. From the raw data. graphs were plotted that showed the

averaged data from the three Individual specimens tested for each en-

capsulant and the untreated control. All data points below 100 Hz and

above 2500 Hz were disregarded because of questionable validity of the

measurements and reliability of the instruments for those frequencies.

RESULTS

Figures 2 and 3 show the reflection coefficient results. ::ore

sou nd reflection occurred for encapsulated specimens than was demon-

strated by controls. As expected, reflection coeff-L. ents for treated

specimens were Createst above 1000 Hz. Sealing an acoustical produ-t

decreases surfacc porosity, thus restricting airflow through the mater-

ial. Absorption for high frequencies Is determined prlmarllv by the

a.ount of curface oreninrs (Sabine and "onlder. ic,O).

The higIcst reflection coefficients in the speech frequency range

(50-.c)O , fs-_r t!he controls was near . at '.L - and at 2530 ?:Z.

cntrtl coefflci.ents were near zero between ICC0 and 1000 H:. AFI!

Srpecl-e-r coated -th encaonulants 1. ?, and I revealed coefficlents

t..a. dffered fro7 controlc by less tha: .02 throiu.-hout the sveech

n ig ~. .
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frequency range. A considerable increase In sound reflection was re-

vealed for bridging encapsulants 4. 5. and 6.

When reflection coefficients are raised for acoustical materials

in a room. the reverberation times for given frequencies urually be-

come Freater. In a room 32 x 27 x 12 feet high, reverberation times

.;reater than .75 second would adversely affect speech intelligibility

for nr.ral -earing persons (Knudsen and Harris. 1950). For the hear-

In, impaired, reverberation times should be near .5 second (John.1960).

A reduction in sound absorption would also Increase background

noise levels. producing an undesirable effect on speech communication.

7.ie direct acoustic sIpnal of interest must be at least 12 dB above

tie a:Tbient noise level to ensure adequate speechl communication (Ne.by,

?,2). A etter sinal-to-ncise ratio is required for hearing Im-

-:l re' er! tY,_n. 1O7 ). Increa:inr reflection coefficients for

t'.. . .1 9 or .2 :ay not allow the material to :eet reco-

-e" atl fcr aequate sound control.

.-me -- '-' :nc~e.e c efficient here serve to assess the rela-

S.'e effe::: -f :'nr 'x sealantc on one type of A7:-. T.e Inztrumer-

.. a -... tlai a! .:;y:t of t!e au Atle frequency range.

.. e. ....r.. -Za lead to develoome-t of an anparatus w:th wh'.Ich to

'e-z!-re h'i..'!e fr =-ouee and wuld sert a connrehensive evaluation

. a :!ca' curacter~slntic. w,:-1:1._ could niav.e an adverse effect on

t:._hearl -e.i--_ ae .... an on .sech zo.".ncat on.

- . .o a :-ictot.,,e se2.octlo. o

so~: orA: as <tA outcleft. :Onnlder-

. .. .. ... .. . .. . :-e~2 t tre renuire-

. .. 4 '" . ;..le at !-e za-e time :croerves
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the rnecesrar..' a ztcProperties of the A?1.Penetratine sealants

wee !,_own *, - ro,1i'ce I ens roun~d reflectlo.. than bridgincg products on

n;P e:1M'e!1s. T'ie nelectlin of a penetrating scalant wo-,ld be the

Cerre, I-1' :~~..crnmzia o~~ deratlono are in:!ortant.

11:17:~ar C::eth-_l Of Tent for :mpeda!-,e and f.tbzorptlon
of utc1 acll by. the 'Thbe >CthOd. 1?72.

chn, J.E_.T. The efficiency of hearIr.F aids as a function of
arzh.1tectural acoustics. In A.W. 3. Ewirng (Ed.). The M odern
7ucaionl Treatment oNf Deafness. V'anchester: h-'anchester Uni-

versity 1ress, 1"-%0.

rn-r.dsen, V..C. , ar.4 Harris, C.M. Acoustical Designino, of Arch Ites ture.
2'ew York: john Wiley & Sons, 1950.

-)ry, E.E. , and Coln, D.S. Management procedure for assess~ent of
'ria'ble asbestos Insulating material. Technical Report R9883.
izrt 'Huene~e, CA: C-ivil Er.IneerInF Laboratory, 1*a7al ConStiU-uc
ticin !zttallon Center, 1981, Appendix "D".

L '-r ." * E ffect of sealants on the sound absorption of acoustical
fr-etlle InrulatIng material. Unpublished master's thesis, Ur1ver-
rity of Californla, Lanta Barbara. 19?3.

anl Clark, R.. F-inal report on evalatlon of encapsulants for
s-.raved-,on astzestos-containing materials In buildlinz. iietelle

l Lbus Larat: ries. Prepared for Z S rviror.mental Protection
Ag ency, 1 31. urnpublished.

-.A. A'( 12 Lrd el.). 1New Ycrk: Appleton-Century-Crofts,

~ -. lassrocm acoustics and speechi intelliz-tility. Ir. . Katz
(L1., l~.InlAudln- :.' (2nd! e,!.). zLaltilrore: T-he Willias&

2..ar.! :ud R,.. 35und atn-rzU ;e ::terials. n

nJ n Io S D.F. -::r~a -n~tc f acoustic
t~z *~- at.'-irhoe o1~e:tt.,ec iue

T - 7 0 .



[DISTRIBfUTIO)N LIST

,fEMsF TF('INICAL INFORMATION CEFNTFR (2)

',A_-.!I pN STA7TD-N
AUVXAN")PTA, VA 22214

ISPARY. C'nlI)E '142 Q2

NAVAI, POSTO-,RAN IATE SCllr)OI,

MCONF.FY, CA 111941

PYSFAP('Hi ADMINISTRATION(I

A.LP-;fRADT'A'rE SCHOOL
MON'rER.Y, i'ALIFORNIA 93943

'POFESSOR, JAMES WAYMAN (8)
Code r;3WW

7TPARTMENT OF kATHEIMATrCS

NAVAL PfTSTO-P.AD!ATF SCHOOL

MONTEREY, CALIFOPNIA 93943

MARY V. LWRY (r)
!)F-PTMENT OF SPEECH AND HEARING

1,NIVER5pITY OF CALIFORNIA

SANTA BARBARA, CALIFORNIA 93106


