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I. INTRODUCTION

_ This report contains results from which has a high sound absorption coefficient
sound transmission loss tests on various usually has a low transmission loss.

I types of concrete masonry wall panels, and alimited number of results from sound absorp-

i tiontests. Data obtained from aseries of 43 Sound absorption is of importance in

l individual sound transmission loss tests and the design of large auditoriums where soundsI six sound absorption tests conducted by the emitted from one location are made audible at

Armour Research Foundation of the lllinois a considerable distance due to proper sound I

Institute of Technology at their Riverbank reflection. Many opera houses and theatres .[
Acoustical Laboratory for the National Con- are designed so well acoustlcally that a whis-

I

crete Masonry Association, are reported per from the stage can be heard in the very
along with other available data on sound trans- last row of seats. When it is desired to min-

mission loss. Wall panels tested far snnnd imize sound reflectlon, sound-absorptlve

transmisslon loss were of single wythe con- materials are used for floors, walls and

str.uction, of varying thicknesses, using both ceiling. Hard, impervious materials in gen-

hollow and solid type block, unpainted and arm reflect sound very efficiently, whereas,
painted on both surfaces, and of tbree aggre- rough, porous mnterlals such as rugs, tire-
gate type block. Also tested for sound trans- peries, fiber boards and porous concrete
mlssionloss were cavity walls of twodlfferent block do not reflect well bntabsorbsound very
aggregate type block with two cavity spacings, well. Thls is because the sound waves enter

and in one test with mortar pargeting applied tile pores of the absorbing material and their

on the cavity side of the wythe facingthe sound energy is converted into heat by friction. It
source. The sound absorption tests were should be noted that changing the surface of

made on four inch hollow block, both painted the absorbing material, such as the painting

and unpainted, from the same shipments of ofa blockwall, wiliusuailylower theabsorp-

block used in the sound tranemission tests, tlon value of the material.

The unit used to measure relative de-

grees of sound intensity, wblch corresponds The sound absorption coefficient of a
,substance is defined as tbe ratio of the sound

approximately to loudness as perceiyed by the
human ear, is the decibel. The declbel is an energy that it absorbs to the total sound
American unit which is deflnedas one-tenth of energy that falls upon it. An open window ah-
a "bel" named after Alexander Graham Bell. sorbs all the sound that falls upon it, for all '
Abel is defined as the difference in sound the sound goes out and none comes back, !

Hence, the absorption coefficient of an open
levels of two sounds when the intensity or'one window is i. The absorption coefficient of I
is ten times the intensity of the other, It so
happens that a change of one decibel in sound any substance equals tbe ratio of the amount
level gives about the smallest change in the of sound energy it absorbs to the amount ab-
• sorbed by an open window of the same size,
sensation of hearing (loudness) that the ear
can detect, In the English system of measure, this sound

absorption coefficient is calculated as the

ratio of sound absorbed per square foot by a

Noise reduction is achieved in one of substance to the sound absorption of one
two ways depending on where the source of the square foot of an open window. Since the ab-
sound is with reference to the listener, If the sorption coefficient is a ratio it has no unit of

listener is in the same room as the source, measure, but sometimes the term "Sabin"is

reduction is achieved by sound absorbing used when considering the sound absorbed per

material in the same room. If the listener is square foot• This term has been suggested in
in the room next to the source, reduction is honor of Professor W. C, Sabine of Harvard

" achieved by a wall with a high transmission University, a pioneer in the science of ar-

--" loss or sound insulating property. A material chitecturalacoustics.
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i!' The reduction of sound or loudness by of partitions of ordinary wood and plaster or

ii transmission loss is of importance in the de- masonry construction ranges from about 25 to
',: sign of all buildings containing rooms where 55 or 60 decibels, A reduction factor of over

sounds from one room might prove objection- 50 decibels is usually considered more than

' able to occupants of others. An important adequate even when fairly high noise levels

_I function of partition walls in schools, office are to be resisted.

_ buildings, apartments and other buildings of4 b

. .iJ various occupancy types is to prevent sounds

' " I_ on one side of the partitionfrom being heard Architects, including those versed in.' _: , _ on the other side. The effectiveness of dif- acoustics, do not always agree on the sound• ferent partition constructions In this regard transmission loss necessary to aohle've the

_.' .. _ is determined experimentally andis expressed desired degree of quiet or sound isolation in a

:_ '"_ ", _ " i as the sound transmission loss in decibels, specific case, In general, acceptable factors
The sound transn" lssion loss is defined as the are 40 decibels for partitions between offices

_.--_ . I_ ratio in decibels of the incident sound energy and school classrooms, 45 decibels for school
on the loud side of the wall to the transmitted corridor walls and ])artywalls in apartment

....... so, lad energy on the quiet sid_ of the wall, buildings, and 5n decibels for parlltinns sep-
arating music rooms, auditoriums and the

The average sound transmission loss like from other rooms or exterior noises,

r*-

l
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• SOUND TRANSMISSION LOSS TESTS

A, Oelcriotlon of Materials, TestWalls and Test medium texture, as shown Jn Figs. l. 2, 3.

Methods Twenty-eight day compressive strengths of at
least 7go psi for hollow units and 1200 psi

All sound transmissionlosstest mnels (ASTM Grade B, load-bearing) for the solid

were constructed in place and transmission units were specified and actual strengths ob-
loss tests made by the Rivorlmnk Laboratory tainecl were well above minimum,
for the National Concrete Masonry Associa-
tion, and supplementary tests on the physical
properties of test units were performed at
_wo outside commercial tc_stlng laboratories

under separate contractual agreements. All
block used in the tes[ panels were of regular
commercial quality and were obtained frorr
Association member _lants,

I, Test Units

Tile concrete masonry units used in
tile Sound _ransnlisslon toss }aneis %v_re

: tested by commercial testing laboralor'ies for
r compressive strength, gross and net volumes,

dry weight, moisture conical concrete unit

weight and absorptlon after 30 n_lnu_es, 2. 8, Fig. 2. Expanded Shale Aggregate Concrete Block
and 24 hours of Inqmerslon. The physical
properties of the test block are correlated

bets in Table h The measuring of the ab-

_ sorption values after various time periods of .':u•. ,, " ; ',' - :..' • " •immersiov was an attempt to correlate the

rate of water penetration into block with the ,'3,"'..:., ,,' ":. , .:: _ _ ".. :_. ..:.; :..;-sound transmission loss. However, the test

units absorbed water so rapidly (over gO per- ,.': "_-'" ' .,'" --[_ _,,___",IT_" "gentoftotalobsorptiooin  lo.tosti.otgo --------"
correlation was possible.

Fig. 3, Dense Aggregate Cvncrete Block

:i 2. WallPanets

All test block were Stored under cover

in air for a minimum of l,I days at the labora-

tory before erection of the test walls. Walls
were erected in the same o])el|illg in the wall
of'tile Riverbank Laboratory reverberationj,

,:, Fig. 1. Cinder Aggregate Concrete Block chamber. This opening is 6'2" wide by 7'5"
hlgh, see Fig,d, and is the front face of a
smaller sound receiving roo111, the hack ;vail

All test block were made of aggregate of which is treated withllighly sound absorbent

graded from 3/8 in.to 0 and were of a uniform glass fiber wedges.

;!
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TABLEI

PHYSICAL PROPERTIESOF CONCRETE BLOCK USED IN SOUND TRANSMISSION STUDIES

S
Aggre- Block Compressive Percent Concrcte Absorption.Lb.PerCu.Ft

gate Test No. Block DryWt., Strength, Psi Core Unit Wt. After ImmersionPeriod
Type Type Lb, Gross Net Volume Lb,Per

ArQa Area Cu. Ft. 30Mln. 2Hr. 8Hr. !4Hr

Cinder Tll 51-57 4" Hollow 18.1. 1,t27 1990 28.3 90.1 12.2 12.7 13.0 13.5
TR 51-57a
TR 52-1

• .. TR 51-80
TR 54-11 1,t.8 10o9 1425 29.2 B4.1 12.9 13.4 13.9 14.7
TR 54-12
TR 54-18'
TR 54-17 _',_

qR 52-25 4" Solid 20,4 I831 1631 0.O 93.3 !2.5 13.2 13.7 14.2
TR 52-29 5" Hollow 21.3 1084 1690 35.8 85.0 12.9 13.2 13,8 14.4
TR 52-27 5" Solid 32.6 1741 17,tl 0.0 85.5 13.8 14.,t i4.5 14.9
TR 52-27a

TR 52-28 '*

TR 52-45 '_
TR 54-13 3" Hollow 24.8 758 1361 44.3 8d.3 11.6 12.0 12.5 14.2
TR 54-14
TR 54-15

Ex-
mnded
Shale TR 51-82 4" Hollow 15,3 1334 18,18 27,8 58.9 12.7 13.0 13.7 14.6

TR 51-62a . f
TR 51-58 "

TR 51-59 " " "
TR 52-13
TR 52-14 "
TR 52-30 15.7 1931 25,t0 24,9 85.2 10.8 10. B 10,8 11,4
TR 54-18 15.4 1652 2275 27.4 84.8 10,3 10.7 11.4 11.9

TR 54-19 4" Solid 20.2 1933 I933 O.0 83.5 9.2 9.7 10.2 10.5TR 52-34 20.5 2588 2585 O.0 89,3 8.5 8.9 9.3 9,7
TR 52-24 fi" Hollow 19,4 1541 2720 43.3 87,8 10.2 10.6 11,3 11,8
TR 52-33 19.5 1710 2975 42,5 88.5 9.8 10.O 10.5 10.9
TR 52-35 8" Solid 30, i 2282 2282 O,0 84,8 7.9 8,2 8.7 8,9

TR 52-35a
TR 52-37

TR 52-38 "
TR 52-40
TR 52-41

Dense TR 54-3 4" Hollow 24.8 1633 2210 26.0 131.9 9.3 0,8 10.4 10,7
TR 54-4
TR 54-15.
TR 54-17,*
TR 54-5 4 'j Solid 32.0 2291 2291 0.0 131,3 7,9 8.4 0.9 9.7
TR 54-6 "'

- TR 54-7 6" Hollow 30,6 1481 2570 42,3 136,7 7.6 8.0 9,0 9,6
TR 54-8

TR 54-9 8" Hollow 42.9 1322 2280 41,2 136,2 ft.3 9, 9;,_ 9.8

TR 54-10 _,_

Cavity Walls -- One Cinder Aggregate Wythe and One Dense Aggregate Wythe

. .I -



Cement base paint, T,'ig, 5, was
"scrubbed on" with a fiber bristle scrub brush.

after the receiving surface had been slightly

-_ dampened, and was cured by fo_ spraying
twice n day for two days hoginning t2 hours
after application of painl.

L

Fig. 4. Concrete Masonry Wall Panel for
Sound Trammhsion LossTest Fig. 6. One Coat of Resin Emulsion Paint_ ,L! , .....

• on Expanded Shale Block _ "'

Mortar joints of the test walls were L._/ _a zX/ >/d-'-"_'_'_ "-] _'_-
i m_clc 3/8 in. thick and tooted concave. Face _a nt I E s a eX'_e._:alky¢ resin

shell mortar bedding was used in laying hollow emulsion paint designed for interior use and
"i units and full mortar bedditlg for all solid applied according to manufacturers' dfrec-

units, liens. This palm, fiR. G, was applied with a-_

:t in. long horsehair bristle bmzsb.: 3. Painted Walh
4. Test FacH_ties

TWO types of ptlint WOI'O incitlded to

determine the ef[eet of paint contJtl_s art the The soundforthese meastwoments was
: sotmd transmission losses. Tile number of _enerated by loudspea)(er'splaced illthe re-

i: eoatsapplied to each side of the wall panel, verhcz'atlon ehanlbel.. An oscillator and power
type of paint, coverage per _nllon, and the amplifier' provided the loudspeakers with a
covering index of the paint are given in Table sigmH. The level, or intensity, of the sound in
2. Paint CB is a portland cement base paint tile receiving room was hole( constant at about
mixed in the proportions of tO potlnds of 0aint 45 decibels re 0, 0002 miet'obar, Tl_is was
powder to ono,_allon of water, accomplished by c]lanf_ingthe level i11the ro-

verberation el]amber _necording to tile change
of the sotmd transmission loss of tile test

wall with frcquetley. The ft'eqllenoyof tile
sound was swept from 100 to ,tOOO cycles pet"
second over a period of 7ml/'_ minutes, and

was w_qz'blodplus and minus 20 cycles from
the base frequency fivetimes per second.

L!;' Pressure-gradient type microphones

i_: :, were placed on both side_ of tile test wall, one
in tile reverberation chamber, or loud side,
_nd one in the receiving room. or quiet side,
A mechanical linkage between the oseilla$ov

antl a twin-cbatmol graplfie level recorder.
_" made it possible to ohtnin _ simultaneous re-

F_g. 5. Two Coats of Cement 8osePalnt cording of the output of each microphone while

on Expanded Shale Brock the frequency of the sound was slowly ad-

I -5-
I
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TABLE 2

SUMMARY OF SOUND TRANSMISSION TEST RESULTS

WALL PIIYSICAL PROPERTIES SOUND TNANSI%IISSION LOSS, Decibels
At Varlolts Frequencies (CPS)

Sur(nce Treatment

Wall Wt.,

Test No. A_',_regateType Block LB. Per No. Covernge. 125 176 250 350 SO0 700 10o0 2000 4000 Ave.

Type Sq. Ft. Coats- Sq. Ft. Coverage Loss

, Type Per Gal. Index

TR51-57 Cinder 4_Hollow _ 19.;2-- None ...... 26.5 28,0 31.0 3,1,0 37,5 42.0 44.0 47,0 48.0 37.0
TRSl-57a 19.S None ...... 24,5 23.5 30.5 33.0 36.5 41.0 45.0 47.5 49.0 37,3
TR 52-1 19,,t I-RE 130 1-2 30,0 33,0 34.9 35.0 40,5 45.5 50,0 55,0 52.5 41,6
TRRI-60 - 19..I l-CB ]30 2-3 00.5 38.5 42.5 45,0 46,0 40.5 54.0 50,0 54.O 40.6
TR52-25 4"Sclid 24.4 None ...... 22.0 25.0 29.D 31.0 31,0 33.0 34,0 40.0 .11.0 31.7

TR52-29 8" Holl_w 25..I None ...... 27.5 _z.6 29.0 40.5 45.0 47.0 51.0 53.5 47.0 42.'I

TR 52-27 6"Solid 40,2 None ...... 17,0 22.0 24.0 25,0 40,0 ,13.5 51,5 50,5 62.5 39,5_
TR52-27a 40.2 None ...... 22.5 27.5 33.0 35.0 37,5 40.5 44.0 40,0 48,5 37.4

TR52-28 40..I I-RE 1.13 3-4 34.5 39,0 4,t,0 47.5 50,5 52,0 55,0 60.5 57,0 48.9
i TR 52-45 40.4 I-CB 141 2-3 29,0 34,0 36,0 43,0 40,0 47,5 53.0 55.0 52,5 43.3

TR5*I-13 6" Hollow 29,0 None ...... 18,5 22.0 20.9 34.0 37,5 39,0 30.5 41,5 40.0 33.3
i TR 54-]4 29,2 I-CB 57 4-5 31,0 35.5 40,0 43,5 40,0 48.0 50.5 50.5 ,Jl,5 .12.9

• TR54-15 " 28.8 None ...... 21,5 27,0 33.0 36.0 38,0 38.5 39.5 45.0 47.0 36.2

TR5]-62 Expanded Shale 4*IIollow 19.0 None ...... 23,5 27.5 29,5 30,0 33.0 39.0 42,0 44.0 43.5 3,l,7
TN 51-62a 1O,0 None ...... 30,5 24.0 28.5 3].0 34,5 39,0 .11,6 44,0 43,5 34,0
TR52-30 L8.3 None ...... 19,5 23,0 27.5 20,0 3.l.0 36.0 41,5 44.0 47,0 33.8

TR54-18 19.5 None ...... 19.5 22.5 26.6 27,0 30.0 35.0 39.5 41.5 43.0 31,6TR51-58 19.2 I-RE 139 1-2 25,0 20.0 32.0 33.0 38,0 41,0 43,0 49.0 44.0 36.7
TR51-SB IS.3 2-RE l:JOa&370 b 2_3 24,6 29,5 32,0 34.0 38.0 42.0 43,5 46.0 43,5 36.9
TR52-13 19,2 I-CB 138 3-4 22,5 28.0 34.5 38.0 41,5 43.0 44.0 46,0 42.5 28,1
TR52-14 1O,.t 2-CB 138n&221 b 5 34.0 30.6 40,040.0 45.0 47,0 40.5 51,0 48.0 ,12.2

TRS2-34 ,l"Solld 2,1.5 None ...... 21,0 2-1.5 28.0 28.0 28.5 30.5 32,6 37.5 41,0 30.2
TRB4-1B 23.5 None ...... 17,5 21.0 2.1.5 25,6 25.0 26.0 26,5 33.0 32,0 25,5
TR52-24 6_ Hollow 23..t None ...... 29,5 32,0 30,5 41.0 4,t,5 44,0 43.0 43,0 36.5 38,9

TR52-33 22,8 None ...... 30.0 25.5 30.0 34.5 39.0 42.0 45.5 46.0 42.0 35.3
TR52-35 g'Solid 30,7 None ...... lB.0 23,0 26,0 27,5 29.0 31,0 33,0 36,0 39.5 20,0
TR52-350 30.7 None ...... 15.5 19.5 23,0 23.5 25.0 2R,0 28,0 32.5 34,0 25.1
TR92-37 36,0 I-RE 142 2-3 21,0 24.0 26,5 27.3 29,0 31.5 35.0 39.0 41.5 30,6
TRS2-3B 37.0 2-RE ]42a&259 b 3-4 20,0 23,0 27.0 29.0 30,0 33.0 36,5 42,0 43,5 31,6
TR52-40 36.9 I-CB _41 2-3 31,0 23.5 28,0 30,_ 32,5 35,0 39.0 .1.1,5 41.0 22,6
TR52-41 37. I 3-CB 141a&134 b 3-4 25.0 27,5 31.5 35,5 38.0 40.0144.0 48.0 42,5 36.0

TR5,I-3 Dense 4_ Hollow 24.5 None - ..... 31.0 35,5 30,0 41,5 43.0 43.5147,0 54.0 50.0 42.7

TR 54-4 24,7 ]-CE " 95 4-5 36,0 39.5 4],5 42,5 45,0 45.5148.0 54,0 49.0 4,1.6

Core spaces filledwith verrnicuIRe insulating fill.

., ,,.
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TABLE E--Continued

SUMMARY" OF SOUND TRANSMISSION TESTRESULTS

SOUND TRANSMISSION LOSS, Decibels

WALl. PHYSICAL PROPERTIES At Various Frequencies (CPS)

Surface Treatment
Wall Wt.,

Test No, Aggregate Type Block Lb. Per No, Coverage, t25 175 250 350 500 700 1000 2000 ,1000 Ave.
Type Sq. Ft. Coats- Sq, Ft. C°vera0e Loss

Type Per Gal. ] Incb,_:
I

"TR54-S Dense 4"Solid 36,8 None ...... ..5,0 28.0 3].0i32.5 34.0 36.0 41,0 -lf;.5 46.0 35.6
TR54-6 37.5 2-CB STa&O5 b 5 4] q 40.0 47.0 46,5 ,10,5 51.5 54,0 55.0 50,0 48.9
TR54-7 6" llollow 34,9 None ...... 31",u .1,1.5 50,0 50.5 51.0 53,0 56.0 56,0 47,0 49,4
TR54-8 25. I I-RE ItS 4-5 37.5 .17,0 54,0 51,5 52.0 54.5 57,0 50,0 46.5 50.7
TR54-0 0" Hollow 40,2 None ...... 39.5 .10,0 52,0 5,1,0 53,5 55.0 57,5 58,5 50.0 51,0
TRS,i-I0 49.6 2-RE l15a&325b 5 3g,0 ,lS.5 54,0 54,0 5,1.5 58.0 60,5 58,5 .10.0 52.7

CAVITY WALLS

WALL PHYSICAL PROPERTIES SOUND TRANSMISSION LOSE Decibels
At Various Frequc:lcies (CPS)

Wall Wt.,
Test No. Aggregate Type Block Type Wall Position Lb. Per Cavity 125 175 250 350 500 700 I000 2000 4000 Ave,

Sq. Ft, Space Loss

Cinder 4" Hollow Source Side

TR 54-li Cinder QuiotSide 37,7 3/0" 2],5 20.0 32.0 37.5 42,5 4fi.5 51,5 fi3.5 55.0 42.2

Cinder 4" llollow Source Side*

TH 54-12 Cinder QuietSide 41.0 3/5" 35.0 .]1.5 ,t5,5 .18.0 50,0 53.5 50,c 57,0 0.1,0 51,4

TR 54-16 Cinder " 4" Hollow Source Side
Dense QuiotSide 43,3 3/0" 37,0 .12,0 47.0 51.0 54.fl 50.0 5fl,_ 67.5 58.0 53.4

Cinder 4" ltollow Source Si de

TR 54-17 Dense QuietSide 43.3 2-3/8" 30,0 43,5 40.5 52,0 55._ 5(L5 57.5 60.0 [;5.0 53.0

, Ha - First coat coverage, b - Second coat coverage. * I/l Back Plaster (plaster same mix as mortar),
Symbols: RE • Resin Emulsion Paint CU = Cement Base Paint

Index = Ilelalivo degree of naint coverage

1 ==Very poor coverage

Intermediate

S = Complete coverage

• =



canoed through the band. This automatically or the transmission toss curves shown in the

recorded data was used in the preparation of AiJimndix far each frequency will pernlit
the sound transmission loss etlrves in this o.or_parisons.
r epol_t. _

B. TestResults

Results of all .t3 sound transmission C. Dhcussion of Test Results

loss tests are presented as Table2. Individual
test numbers are given and correspond to the 1. Effect of WaIIWelght
test numbers of Table t giving the test block

physical properties, so that individual black Results ofthistest series indicate that
.r' -.. properties may be compared to sound irons- the sound transmission loss which may be ex-

" mission tosses if desired, petted when Sotlnd travels through a concrete
masonry wallis not necessarity a function of

In Table 2 the wall weight in pounds the weight of the wall per sq_lare foot of wall
per square foot has been calculated from the nren Thi_ i.(_]atinn_hip i_ _hown in Fig. 7
weight data reported by the commercial test- whe_'e the nveragetransmissiou losses for the

inglaboratory. Since the commercial testing various unpainted walls are plotted against tile
laboratory made these measurements on block corresponding weight per square foot.
from the same source bul on units other than
those actually used in the test panels, and
since toe weight of the mortar I_as been

in wall weight calculations, the _..._..._._neglected

values presented are appraximate. _5I _ _ /:

DE ¢AVff¥ WALl.

When _t pal[it surf[Ice tl.eal_lellt WaS

applied to each side, the coverage in square

feet per gallon of mixed paint,and the relative _ 3c
coverage index are given, The paint Is in

each case either a cement base paint, desig- _UO_E_GUr-SOUO

noted CB, or a casein-alkyd rosin emulsion, _c
designated FiE,applied inthe mannerdescrtbed
previously. Coverage index numbers range
from one to five and indicate the relative de-
gree to which the surface was coated and
sealed. No. 1 is indicative of very poor

coverage, No. 5 designates complete coverage _0 =_ ao a5 40 4s

I (compIete seal of surface and pores as visu- WALLWE,aHT,LaPERSO,nally judged) and the intermediate numbers
represent the various degrees of coverage Fig, 7. Effect ofWal[Welght

on Sound TransrnlssTonLossbetween those extremes.

Sound transmission loss factors are It will be noted th_tt for a specific a_-

given ill Table 2 for each of nine separate test gregate type nnd block design, sound tz'ans-
frequencies. An average of these nine lndi- mission loss usually increases slightly with
vidual factors is given in each case as the wall weight but the relation is not always
average sound transmission loss. This man- consistent apparently because of olberfaetcn.s.
nor of presentation meets the requirement
"Teniatiye Reobmmended Practice for Labora-

" tory Measurement of Airboroe-Sound Trans- 2. Effect of Aggregate Typa .
mission Loss of Building Floors and Wails, "

(ASTM Designation_ Eg0-f0T). Generally the In general, the sound transmission
average transmission loss is considered suf- loss was greater for dense aggregate bk)c]¢ .

ficient for a comparison of wall types. Where walls than for lightweight block of similar __
instances arise involving objectionable sounds design and thickness. Comllarisons are showll
era particular frequency, the data in Table 2 in I."igs.8 through 13.
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I _60 sion properties due to aggregate.
l ._" NS AG REG E

) I ==6c

o5o

25 75 250 350 500 700 I000 2000 4000

J FREQUENCY,CPS _ 20

Fig, 8. Sound TransmissionLossCurves for 125 175 250 550 500 700 I000 2000 4000
Unpolnted 4 in, Hoffow Block FREQUENCY,CPS

Fig. 10. Sound TransmissionLossCurves for
Unpainted 8 In, Hollow Block

'044 1LIG TW IGHT _6c _'NSE
AG__EG#TE

E_° _4c /

2_ 125 173 2503505007001000 2000 4000 __3C f_ _GHTVEIG:T

FREQUENCY,CPS 20v-
F_g. 9. Sound TransmTssionLos_Curves for

Palntod 4 Tn, Hollow Block 125 175 250 550 500 700 I000 20_30 4000
FREQUENCY_GPB

For tne d in. hollow block panels, Fig. I1. Sound TransmissionLossCurves for
without surface treatment, Fig. 8, the dense Polnted 8 in. Hollow Block
aggregate seems to offer up to ten decibels

grea_er sound control, depending upon tile
sound frequency. Tile lower values obtained

tO00 cycles per second Indicate a slfghtly _60
lessened advantage In this frequency range.

The of coat of cement base _50
paint to tbese 4 in. hollow block panels,

Fig. 9, seems to virtually eliminate tile ad- 040 rE-
vantage offered by dense aggregate for trans- u). -_

mltted sound control _ 30

The 8 in. hollow unpainted block are 520
compared in Fig. lO. The advantage of dense
aggregate apaea rs to be as much as 20 decibels 125 175250 350 500 7oo I000 2000 4000

in tbe low frcquellcies and, as in tile case of FREQUENCY,CP5
4 in. block, the difference tends to reduce in

-I tile higher frequency range. Application of Fig. 12. Sound TransmissionLossCurvesfor
oalnt to these 8 ill. walls, Fig, l I, appears to Unpablted 4 In, Solid Block

t

i . !) -
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•!T TABLE 3 :
(:i

It EFFECTIVENESS OF PAINTING CONCRETE MASONRY SURFACES ,i

_! TO INCREASE SOUND TRANSMISSION REDUCTION /-

. _,Avcrage Loss Increase In Transmission Loss
In Decibels (Db,) Due To Various Paint Cover-

_: Wall Type

I PorUnpainted in°s, Number Of Coats, Type Paint,
Wall, Db. I-RE I-CB 2-RE 2-CB

i! 4" Hollow-Cinder 37.5 4. I 9.3
= -_ 6" Solid-Cinder 38.5 10.4 4.8

:" iI ' ', _ 8" Hollow-Cinder 33.3 9,6
• 4' Hollow-Exp. Shale 33.5 3.2 4, 6 3.4 9.7

_i_ S" Solid-Exp, Shale 27.4 3.2 5.4 4.2 9,5

!I 4" Hollow-Dense 42, 7 l. 9
4' Solid- Dense 35.6 13.3
6" Hollow-Dense 49, 4 I. 3
8" Hollow-Dense 51.8 0. fl

An average value, based on all applicable tests wbere more than one was run.

ID _G transmission properties by careful selection 4'i : _60 ENgEA/REGATE of favorably graded aggregate and production j

I I t_.,___ I _ _ ofmoro dense masonry units.

_ an _ I_ _""_, 3, Effect of Pointing Wall Surfaces

,,0.,/ ,nailcasestheoppllcotlonofpaintto r
',_ mission loss. The amountof increase appears

texture of the block surface, the type and
125 175 250 3_0 _O0 700 r000 2000 4000 amount of paint used, and the extent of paint

• FREOUENCY,CPS coverage. Generally the cement hose paint
increased the sound transmission loss more

: : : _ Fig, 13. SoundTransmlslion LossCuFve5 for than the resin _mulsion, In Table3 the In-• Unpo_nled6_n, Hollow Block crease in decibels of sound transmlssldnloss

is given for the various wall types due to

The greater sound transmission loss painting.

with dense aggregate over lightweight is again From Table3, it may be noted that one

shown in Figs.12 and 13 for unpainted ,t in. coat of cement .base paint generally offers
solid units and unpainted fi in. hollow block greater increase in transmitted sound control
walls, than two coats of resin emulsion. A maximum

increase, due to painting, seems to occur

These results indicate that the greater when two coats of cement base paint are ap-
sound transmission through the lightweight plied to the masonry wall surfaces, All of the
unit panels over that of the dense may be due painted test panels in this series of sound

_: in part to differences in the respective con- transmission loss tests were painted on botb
crete porosities rather than to differences in sides.
the densities of the aggregate materials. Note

that the application of a paint to these panel

surfaces, which effectively seals off this 4. Effect of Cavlt_' Woll Construction
porosity, reduces the transmitted sound con-

siderably without materially changing the wall Concrete masonry cavity wall con- _..
weight. This suggests that the producer of struetion appears to be very effective in re-
lightweight block may improve their sound during transmitted sound oven though the

_, -lO-



walls are not painted. For example, the sound The use of dense aggregate block for
tran._ mission loss which was obtained from one wythe with lightweight block for the other

, the unpainted, lightweight cavity wall, Test wyihe was simulated in the cavity wall panels

TR 54-11. Table 2, indicates good sound TR 54-15 and TR 54-17, A substantial in-
control may be obtained regardless of type of crease in the s_und transmission loss oe-

,_'1 exterior surface treatment selected, This eurred in this construction over that obtained
type of eonstruefion may be used for the re- through the lightweight cavity wall, due to the

_l duction of transmitted sound without altering heavier dense aggregate and less porous con-the open surface texture of the concrete block crete, Increasing the cavity space from 3/8

i which is effectivein sound absorption, in. to 2-3/8 in. had littleeffect on the
very

sound transmission loss of cavity wails In
Sound transmission loss properties of these tests,

_;, cavity walls may be further increased by back

_! plastering as was done in Test TR 54-12, S. Effect of Malonry Unit DesignTable 2 This treatment increases the sound

-_ transmission loss of the lightweight cavity The design of the block unit appears to
........ tl wall withQut too _rea_ an increase in weight, have a significant effect on the sound trans-

- '_ Again the rough open texture of the block sur- mission loss of u wall, As r,lay be noted in

face is left unaltered, if desired, for sound Fig. 7, the sound loss through solid block is

control by absorption, somewhat lower per pound of wall area tlmn

TABLE 4
i CORRELATION OF SOUND TRANSMISSION LOSS WITH

_i EFFECTIVE THICKNESS OF UNPAINTED CONCRETE MASONRY UNITE

_iI Transmission
Nominal Effective Average Loss Per Ef-

t! Aggregate Thickness, Thickness, Transmission fective Inch
Type Inches Inches Loss, Db. Thickness,

'_ HollowUnits

_:,_ Cinder 4 2, 62 37, 6 14, 35
Cinder 4 2.62 37.6 14.20
Cinder 4 3.62 42. I 11.63
Cinder 8 4,25 33.3 7, 54

Exp, Shale 4 2.62 34, 7 13.24
Exp, Shale 4 2, 62 34,0 12, 97
Exp, Shale 4 2,71 33,8 12.47
Exp, Shale 4 2,64 31.6 11,96
Exp, Shale 6 3.20 38,9 12, 15

Exp, Shale 6 3,23 36, 3 I I. 23
Dense 4 2, 68 42,7 " 15, 93
Dense 5 3, 24 49, 4 15, 23
Dense 8 4.59 51,8 11.29

Average 12.44

Solid Units

Cinder 4 3,63 31.7 8.73 ',
Cinder 6 5.63 39,6 7, 04
Cinder 6 5.63 37,4 6.65

Exp, Shale 4 3, 59 30.2 8,41
Exp, Shale 4 3,63 25,8 7, II
Exp, Shale 6 5.51 29, 6 5, 28

Exp, Shale 6 5, 6] 25, I 4,47" Dense 4 3.63 35.6 9, 81
., Average 7, 19

-II- !



i

that of hollow unit wails. The exact cause of mission loss per inch of net equivalent thick- i
this difference is rlotknown, but may be due uess, tilehollow units are on an average about
to the reflection and absorption of sound 75% more efficient In reducing transmitted

f
, waves within the core space of the hollow sound than the solid units, (

* units.

' . 6, Effect of Filllng Coras of Hollow Unit i;In an effort to determine the relative MasonW Watts
. efficiency of the two block designs, tile sound <;

;;: ; i :: J transmission loss of the various type block The filling of the hloek core spaces i

:I:=:_::_: perinchofeffective,ornoloqolvaloni,thick-wii,_lowdonsit,b,s.iati,_gflil,,as,,tileeffectness has been calculated in Table 4. The net on the sound transmission properties of con-
equivalent thickness of a hollow block is the crete masonry, In the single test, TR 54-15,

:]_ total solid content of the block expressed as Table 2, in which this was done, the fill re-

inches of thickness. It is obtained by dividing suited in an increase of approximately three:!:i::_ I thenetvoh,moo_iheblo_kbyt,e ,_o_su_d dectbois,Thisproeod.re,ait,o_ghproviding
_::_::_: ] face area. A sotid block has a net equivalent rather limited benefit in sound control, is

._-+ ,:-, .... thickness equal toils actual measured thick- often used to increase the heat insulating pro-

i i ness. Expressed in terms of sound trans- potties of concrete mescal'y.

::•_:¸!•̧i_,:::!•::-

_iii_ii_i!!_:_ii_ii:••

 ii=iI̧ '



llI, AVERAGE SOUND TRANSMISSION LOSSVALUES

FOR CONCRETE MASONRY WALLS

T_b|e 5 has bgeo prepared as an _lid to sources as noted. Tile difference between
the aPehiteet or designer concerned with maximum and minimum values is rather wide

_ average sound transmission less values for in some instances due presumably to dif-

. :, " various types of concrete masonry walls, The ferences in testing procedures lindfacilities
;'' vahles shown arebasedtlpondatn from several and to normal variations in materials.

1

TABLE 5

AVERAGE SOUND TRANSMISSION* LOSSES FOR VARIOUS
CONCRETE MASONRY WALL CONSTRUCTIONS

....... 4,-..J_ .... Average Sound Transmission Losses for Various
:_::?i _ ." Wall Description Wall Treatrncntz, Approxiraute Decibel Range

L_

,, _ : No. No. No.

'_:__ :'.' : ConstPuetlon Aggregate Un- of Painted of Pies- oftreated toped
•. Tests Tests Tests

', 3" Hollow Lightweight 38 l 44 I 42-45 '2

'?',:'i ".: : Dense 43 t 45 I 0
:' 4" Hollow
, : Lightweight 32-3R 8 38-47 7 35-50 7

, Dense 36 l 49 l 0

• 4" Solid Lightweight 26-32 3 O 0

' Dense 4B i 51 i 0

:' 6" Hollow Lightweight 36-45 5 52 I 49 l

6" Solid Lightweight 25-40 4 51-,19 6 O

Dense 52 I 53 l - 0

"; " B" Hollow Lightweight 33-48 4 43 l 51-53 4

12"Hollow Lightweight 52 i O 54 l

i! co itywellTwo 3" Lightweight 0 0 SO** I

: :: CavityWall
' Two 4" Lightweight 42 l 0 52-57_' 2

Hollow

Cavity Wall

[_ne 4" t]
Dense 53-54 2

ne 4" Lightweigh

Un- Plas-
Sub-Totals treated 33 Painted 20 tared 18

Data are from various tests as follows:

I, National Bureau of Standards Report BMSI7 ......................... 2 tests
2, National Bureau of Standards Supplement to Report BMSt7 ............ 2 tests
3, Data reported in Acoustics and Architecture by Paul E.Sabln_ ........ 2 tests

-: 4, Tests conducted at Riverbank Laboratories ......................... 22 tests

5. National Concrete Masonry Association tests conduetud at

__ RiverbankLaboratories 43tests
Total 71tests

_Cavity walls plastered on one unexposed face (cavlty side).

- 13-
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IV. SOUND ABSORPTION TESTS

A. Description of Materials and Test Methods

The sound absorptlon test panels were
constructed in place and sound absorption
measut, ements were also made by the River-
bank Acoustical Laboratories for the National

Concrete Masonry Association, This portion
of the test program was conducted to deter-
mine the effect of heavy paint coatings on the
sound absorption properties of the masonry.

' : ' Sound absorption test panels were constructed
of concrete block from tile same source, and

paint types and application were similar to
those usedin the soundtransrnission loss test.

Sound absorption measurements were . .... __ .... _,,.,
first made on the unpainted test panels.

Panels were then given a single coat of paint Fig. 14. Sound Absorption Test Panel Used
and absorption measurements retaken, fol- in NCMA Sound Abmrptlon Test
lowed by application of a second coat of paint

and subsequent sound absorption measure- entire test is performed in a single room,
menlo. The program was limited to one test Fig, 14. The test procedure consists ofgen-
panelofexpandedshaleblock with resin emul- crating a sound pressure level of about llO
elan paint, anti one test panel of cinder ag- decibels by means of a loudspeaker in one
gregate block with cement base paint making corner of the room then turning off the sound

total of six sound absorption tests. The source and measuring the time rate as the
physical properties of the concrete masonry sound fades away. This time is called the

.' units are described adequately in the preeed- "decay rate, "and by comparingthe decay rate r_
ing section, Table 1. The type of paint and of the room when empty with the decay rate of
method of application were also similar 1o that tile room when the sound absorbent test panel
described in sound transmission loss tests is in position, the sound absorptloncoefficient
with the exception that paints were applied to of the material is calculated. The test is per-
but one surface in the sound absorption tests, formed at a number of different sound fro-

: quencies, as in the case of sound transmission ;
Sound absorption measurements differ loss tests, and an average sound absorption

from sound transmission loss measurements coefficient is calculated. This average sound

in that test panels are constructed in a hori- absorption coefficient is called the noise re-
zontal position, rather thanas walls, end the duction coefficient(NRC) In Table 6,

B. Test Re|uhs
TABLE 6 - SOUND ABSORPTION TEST RESULTS

SOUND ABSORPTION COEFFICIENT AT

}!i WALL PROPERTIES VARIOUS FREQUENCIES (CPS)

1 Surface Treatment
Test IAggregate No. Coverage,

No, Type Coats- Sq. Ft, 125 250 500 1O00 2000 4000 NRC
Type Per Gal.

A55-90 Exp, Shale None -- ,31 ,59 ,41 .34 .50 .40 .45
A55-01 Exp. Shale I-RE 99 ,35 .,13 .30 .25 ,29 .20 .30

A55-92 Exp. Shale 2-RE 00a&148 b .23 .23 .16 .16 ,15 ,10 .20
A55-93 Cinder None -- .36 .44 ,31 .20 .39 ,25 .35
A55-94 Cinder I-CB fi5 .14 ,00 ,07 .09 ,10 ,00 ,10

A55-05 Cinder 2-CB 65 a& 159 b . 10 .05 .06 .07 ,09 .00 .05 _,.
Symbols: RE=ReslnEmulsion Paint CB = Cement Ease Paint NRC = Noise Reduction Coeffi-

cient - Average of 250, 500, 1000, and 2000 cycle sound absorption coefficients.
n = First coat coverage b = Second coat eoverng_ i

L -H -



C. Discussionof Test Results was significant, The changes of surface rex-
! ture due to painting with resin emulsion paint

are shown in Figs, 17 and 18, liwill be re-
Tim effect of painting the concrete

masonry surfaces was a reduotionintbe sound called that tile resin eroulsion paint was less
absorption value of the material. Two coats effective than cement paint in reducing trans-mitted sound.

'_ of cement base paint which were very effective

',_ in reducing transmitted sound reduced the ab-
_ sorptive value of the cinder block to a value

e, comparable to aplastered surface, Figs, 15
?!i and 16 indicate the degree of surface texture
":' change due to the application of cement base

. paint,

rJ

;!

,',(,i/ • ' J{o
!1 *':L'

3

_, F;9. 17. UnpMnted Expanded Shale Black Panel

i_ i¢1 "t:t"7('_:?:t_',"_'iw_:::'r-_:_"_k'_:_'y.,ll_i'l_'_'_t_'_/'_'',._._, .:_;,_-,, Jl.u_m_,_ _.,_.................. for Sound Absorption Test

Fig, 15, Unpainled Cinder Block
_! for BoundAbsorption Test '_" ....... , _,,-

_:' ._.... A5 q "q) _ .... , ....

• '. :',, ' ':.i, ; '-

.:r. ,

i

Fig. 18. Printed Expanded Shale Block Panel
for Sound Absorption Test

Fig. ]6. Painted Cinder Block Panel

for Sound Absorption Te_t it seem_ evident tl_at heavy paint films

which seal tile surface pores of ti_e block and

"Pbe resin emulsion paint had less of- thus decrease sound transmission will also
feat on the sound absorption coefficient than significantly diminish the sound absorption

th_ _e_ent hose paint_ _ithotlgh the z*edtlction V:lltl_ of tbe nl_sonry,

- 15-
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i
I

I Previous tests* have shown that dee- Accordingly, in tile painting of con-orative paint coatings applied by spraying or crete masonry walls it is possible to employ

ordinary brushing do not fillthe surface pores paint types and pnintlng methods which reduce
of block to the same extent as was the case in both sound transmission and sound absorp- ("

. I the sound transmission and sound absorption tion, but paint coatings which have little effect
I. tests described in this report and, con- on one property will have littleeffect onthe

, , I sequently, rdduce the sound absorption coeffi- other.

•. • , ,..: i, t cleat by only five to ten percentage units.

i:'!!'':: ": == See "Facts About Concrete Masonry" publlshed bY Nat lOnai COne rote MasOnry AssOc latiOn •

r

L -16-
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