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CHAPTER 14

Solid-borne Noise Control in Buildings and
Machinery

M. HE<:>:L

I~.I THE NATUREOr 'NOISE' IN SOLIDS

~ IIOISt Ul:lled ,n solids mal be oh'anoust)'~l:

(a) Sin&lc 'mpaeu "1Uch are rcpycrcd as SC'pU'lIted c"cnU by lbe ear;
uamplel Ire fonutcpl or door-i4mnun, III buikhnp. pile dmm,.
fOfJC·1uImmer bIo9o... punch~. IClU;1e madlines. etc.

(b) Periodic ,mpICU WI au inletJl"'ted by lhe ear as loncs ..,!h hatmonK:
aXllcnl, uampln au lbc piuorI slap ,n IlIIC....... combmtioa cnJU'C$ or
orhcr ~riodic madtincry. lbc .......y small impaeu BC"CralCd ,n 1M
CUIIIll' procuI of I arcular 03..... Clc

(c) AlfflO$l harlflOfllC ZI ..-hen fIto.:IuaU"l clcctromaJ!1>CDcf~ IlCf ,n the
body of I lraMfOfmt'I 0.- clectric mocor (ct. ~boId appliances.
C\evaIOf$); olMr c:umpln arc in ,elr noa.c due In manuflCtllnn,
inaccuractn (hcnce Slrc:!&ng the roced for good '1wUiIy """noI). or 10
gear'looth rCSIlicnce. or in lhc wmcumcs ...tltcr "anling pbc:nomcnl
"hen fullback andor rcsonln~ eff«ts afc ;nvoh'w (c." ,,-heel
squeal).

(d) Morc or IcS! random. a. in hydrauli>: Syslcm. such as in flush;n, dSlern•.
laps. pi~s (eI, water·hammcr) ctc. arising from turbulence, cavitation
Or prcStn~ of ·air-Ioel,.": in dcvices involving drilling. J,rindinll or
polishing: in movement of bod,n ovcr irr.llula, surf",," (ct. nains
pawnll O'cf 'wl')'·"'-..m· naco). clC.

~ .oo.'c exlmples indicate !he many Ind 'VIed oource:s of DOt$C ,n 101;<1
.nueturcs and the sound cnergy ,n\'Oh'cd IS propIpled b)' the different forms
(If """C-1llOII01l (sec Cbapter 1) ..1UCh can CJUSI in 1Ohds. On texlu"" lbe
boundancs of the tobcl ..,!h OIhct medii. the continued tra",,,"ss00n or

~"



ref!ectlon will dtptTld upon lhe angle of 11"~I'e inCIdence ~nd the relatll'e
iICOUMic impeda~ of Ih~ boundary mWLll. Any inl~mal "'...,.., "Kblns an
air~idboun<bry"',Il. In ~mrlli. prodUtt an OIU.."rd Of In",,,rd """emcnl of
the ...tid ...rface and thIS Il"e rose 10 $OU.nd in 1M ...rrounlbn, aU"

This 1i>I. allllough Inromplet~. w.o." that oohd-borne $OU.nd I.Utl/moll "'

a/mosl: QmrujlfeWnt and roMeqllentl) aho the profHIflllJtJll of IoOhd-oome
toUDd - or Rruclure·bome~ II " IS oh~n called _ pI.I~" an ""pori:""
role. Eumplcs her~ are trllmmMiorl of $OU.1ld Uon, lIank,... "'-alb in
buildinp. ~at>Ol'lof beM"'J "''''"ei or odIer ......, Iypes alon& RruclWai
beamo. pipe5 ~IC .• and the transmlS'ion of .,bnl,iom from madt,~ ' .... their
mounling inw Ilels/lbounn, repom..

In the foIooolDI. an atl~mpl: 1$ mack 10 describe Cbnen» the ""potUnl
phe_na in >olld-borne iOUnd JCmrllt>Ol'l and prop.>puon and to lP'e 1M
main Iun.. on RrucllIr~-borncloOlInd rc<!llellO".

14.1 R£StMt OFUlH"ERE-'T WA VE-n'PES 1:"0 SOUI>S

In gaseous or pure (i,e. non"'I!COUS) liquid. "",d.. SOllnd is propa,a,ed b)
comp'essoonal "'''''n '" ,he m,,~rial. Solids. bo,,"'~'"Cr. ha"~ not onl) a
compressional sUffnes.s bUI also a shur s'iffn~.. and consequentl)' SQIInd
energy in "'lids rna) be tnnsml\l~d ,'ia '''0 Iype' of ....a"e Ihal ha,e dlfferenl
"!,,,ed, and the""fwe sive flse 10 some 'pecial effenslhal a,e unkno,,"'n In lases
or nwmalliquid'. The ''''0 basie ,,"'a"~-Irpe' are Ihe rompre..ional "a"es and
,he .hear wa,''''. bll' r.rely i, one presen, alone and they oomblne ,,'ilh each
othe' 10 gi"e rise 10 mOre romplicated "a"e-fields. Some of Ihese combined
waves have spedal names, The particle mOI;on and Ihe formula, for Ihe speed
of wave prop.apl;on motion for the varIOus wave t)'pcs are sho"n in fillure
14,1 Ca) and (b), It shOilld be noticed thaI ;n §orne cases Ih~ ......e sp«d depends
on frequency Ihlls "vmS nse 10 dlspenton effens,

14.J ~1£ASURI.'1GTECH:\,IQUES

The quanllly that _lIy IS measurc<!,n Ihe field of .Rruclure-bornoe iOIInd is
the motion in a dire<:t1On pc~ndicular 10 the ...~ of lile .RrucllIle (onl~' In a
few eases IS 'M lllOC>OI'I parllllellO Ille Mlrfaa: aI50 01 ""porIanee).... t)'pca.I
mea!lIIring oct-up CORmlSofa~lectnc ......rial_ked by a I,nle"'" (5«
Figu..e 14_2). Sud! a 0e>1tt...'hen mounled rigKJly 10 a vibraun, ...rfxc.
produoes nUCIlWlnl eiectnc charJOS thaI are proponional'o lhe aettlerllllOn
of the ...rface. Since the metiUrl"l Oe>-ioc:s are "ery omaJl and bth' (1~'P'QoUV
I~IO J12"'S) -10 a>'Old any m«:h:anocalloadin~of the ';braun, oo)CCI- the
dearicaJ sipIah: an: rlIlhn small. but ..~th ""Odem ~lectronies the Slpab can
~asitr be brouJt!IIO a !e>'el"'hodt a1....... the use of aU the data proceHInland
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~ig",. 14.2 rI) "ibraHn8 object, (2) "".. ng for accelerometer ("'" 10
se".), (3) piezoelectric malerial. (4) ,mall rna"". (~) cable. (6)
pre.mplif,er. PI ampltfie' and filter, (8) earphone,. (~) lapo ,ecorde'.
(10) "",Ie ,n,!fument. (11) 1e",1 ~rd<r. (12) 01"" do... ~"<lf(l<I

(0_8_ rom!",'''). Item' (7H12) .'" , .....m< .. too... o",d for """""I
><HInd '"8nal p",c.:>"ln8

data reduction equipment (fre<Juency filte... corrdato... level Icoo,de". etC.)
that is available for normal wond signals. Figures 14.3(0) and (h) show some
."ample' of me.sured .'.aClure-borne sound spectra. n.. data are g"en ,n
terms of the '-'(ClCity lewl which is appropriate for comparison'" ith airborne
sound dat•. It is defined as

0,
Vd''''''} Inc! I" ~ 10 ~>g-;

V;,

When: 0' is the mean "'Iuar. value of velocity. and U" i. a ",r"enee value.
If the levels are gi'-cn in term of <peen•. lhe '-elocily level and the w-alled
a«e1eralinn level L. are related by.,

L• ... 20 I<>g --
2:r/U"

... here t i' Ihe cenlre frequency of Ihe frequency band under con'ideralion and
a" i' Ihe «:feren~ value for the aecelcralion level. II should be nOled. Ihatlhe
sound.pre",urel.vel, in front of a vibraling solid are hardly ever larger 'han Ihe
"dociry levels a. expre.sed in Figures 14,3(a) and (b).

Figu" 14,3 (.) Example" of .-.:Ioeny level< per 'hlTd o<1a.·•. Refe"",," ""Iue S' 10-'
m;", (I) Di..eI eng",e On ellSli< """,nl> running.t full k:>&d (2.';00 Hp) at 1.700
r.p,m.' (2) Standard lapping mach",e ""'ina On a 12 rn1 COneret. floor; (3) Ekdr"
motor on e">li< """,nt, runn;na .. 1,400 '.p.m.; (~) Ga"";", .nlli ... on el.",Oo
mounlS ",nning at full load (4 Hp) at 4.000 r.p.m; (b) Exampleo of ve"""ty level, pe'
tb;,d octa.'e. Refe,en« ..hoc S'IO-' mI>. (I) Sub.,.y non "'ben "",n is paWng at 60
"milo, (2) M"",mum ,-.1.., of an ela",icolly """'"te<! elevalor for oj, person>, P) Wall
of. lIou"" "'ben. ",'eel ..... i, pa..,ng ,,'n" 4S ~m!h .' • d,"...". of 13 m
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No.., PoIiurl<Hl

14.4 REDUCTION OfSTRUCfURE·1l0RNE NOISE AT ITI ORIGI~
The so-called primary noise control - is usually more effecti,-. and more
econom;" lhan noise control "hich Ica' .. lh. nol.....,xcilation mechanisms
unchanged but r«luc.. lhe sound propagalion b}' damping malerials,
enclosures. isolator shields. etc_ (lhe so-called secondary noise conlrol),

There arc ca>c, e"en ,,'here primar~' noise control sho".. some addilional
benefits' because there is no law of nalure lhal ,tateS lhal good noise control
has to be paid for by SOme son ofdisad'-amage,

The most rommon methods of pnmar~' noise control in the field of
struclure·borne sound are as folio"..:

1~.4.1 Reduction of the ~'uCluatina Ft}r<;tS and :>1otio", which ac. BaSically
Responsible roc lhe Sound Geoc""l;"n.

ThIs can be dooe b~ Io"'ering the ,peed. by using ver)' smooth .urfac.. "ben
one body roll. o'-er anolber one. b)' reducing tbe maSS of those pans lbat ha,'e
to undergo hIgh acce!cratlon,

An inlereSling case in this respect is lhe dC\-.lopmem of lh. typewriter,
Originally. lhe ralh.. heavy plalen had 10 be accel..aled and decel..ated
"henc,'.. a leller "-as l~'ped. As a next ,tep lhe lellen; "'ere placed on a lighl
sphere and onl~' Ihc sphcre had 10 be mQ>'cd, No,,-adays Ihe sphere is replaud
b)' a ,'cry Ihin pla.tiedisc "'hieh has a "'eighl of lesslhan I gram. The nexl Slep
seems 10 be thaI lhe onl~' mQ>'ing pan, are minute droplclO of ink "'hicb are
sprayed in Such a way omo lhe paper Ihallene ... Or olher symbols are formed_
Thus in lhe de"elopment procen lhe ma" of the mo,ing pam has bc-en
reduced from kilogram. to lesslhan m;lIigram,.

14.4.2 ModirlCllltion of lhe Time Hisl<>r)' of. Proctis

In 'his case sudden changes, ,,'hieh are re,ponsible for the annoying high
frequency sound. are a"oided,

E,amplcs arc cam dri,-es Ihal are designed in such a way lhat discon"nu;,ies
in lhe molion or;n its fjm derivat;"e cannol occur. Other e,"mpl.. are found
in gearbo.., ,,'here lhe leerh are inclined to cause a 'mooth tran'mission ofthe
force or in many olher inslances where a Suilable mechanical design of a '~'S1em

al\ov... for a smOOlh transitIon, Alilhese method, rely on the facl Ihal usually il

• It ~ '_'n. foo- <..mp!<. 'h>< _n ,ml*'b "'Ok • lot <>I ""'>e. l'oY • ...,"',... ~nl. lh'" if
impo<1> af< fUoje _1><,. ,II< IIf< 11m< <>I. maclIi"" .. 1;,<ly to ,n<r<as<, Sitnilar!j' _r«IIM:r"", 01
~ tna>$<> i. maclIi""'Y ""a';". " hiP. >p«<h d<m:0I<> ,'0 """" IIld 'oll» '0 ..oid
~;"belriop, A. a lhu<l <>Imp!<. "'" may III«ll"'" 1'0 f"" thaI ...... <1<,,>t>«'I bel..~n
lbe ...,.". pons <>I .....,100"" ,"""~ ""y "'''hnl """" .nd " ,he ..m< lim< impro>'< III<
prm.ion <>I ,'0 prOO'\><t, In ohort. 'l""" """,h".<. If< belief mKhln<>



is not the magnilude of a force Or a displacement which IS responsible for Ihe
sound genera,ion but its rate of change (i.e, Ihe suddene" of an event). Quite
often small alterations Ihat are restri<:ted to a few milliseconds <>f an nent can
ha' e a remarkable effect on the noise produ<1;on. pro' ided Ihal di§COntinui'ies
are smoolhed out. ModeTn flu'h toMts a, compared to Ihose Ihat were built
twent~' years ago gi,'e a good •.umple how noi'" control at the oTigin can
cffecti"el)" reduce the sound,

14.4,3 lktuning or Re;onall«$ ond.'o. Interruption of FHdbaek loop;<

Sometimes SlTU<1Ural noise sources generate an aimOSI harmonic tone ,,'ilh an
amplitude that i< m""h higher than the rest of the 'pectrum. E.~mples arr
reSOnanceS <>f deer"c motors or generalor<. large pIpes. double "'alls. elc. and
.tick ,lip phenomena that generate screech sounds. ranling of latlles. ctc.
Since. in ,uch eaS<:"5. resonan"" effe<:t' and feedbaCk mechani,m, are In"ol'-ed
noise reduction can be ""hie"ed 1»' detuning the '}'stem or b~ interrupting tllc
feedback loop, Unfortun",d~. tlli. is said much more ea,il~ th~n it " done. The
reason for 'hi, IS that _ apan flom electric machIne!') "here the ,ill..t,on i.
fairl~ "'e11 understood - an e.•act predidion of resonances and feedbacks i.
almost impossible, Therefore. one is rompelled 1o design Ihose .trudur", that
arc apt to c~use difficul"es a"ordlng to the beSt of Ille «""ng kno" ledge but
allo" for some changes "hene' er a protot\ pc i' a, ailable. A rather no,·.1 and
effecli'-e method to impro", resonating con.trudion, i. the """,,ailed modal
analy<IS. Thi, method "hlch u\<lally <on,i,t. of an ImpaCt e.cil~tion of a
.tructure and many .ubsequent "elocity or acceleration measurements gi"es
the resonance frequencies as "ell a, 'he nodal pallern, of a "ibraling Structure.
Thu< it i. possible to find out the frequencies that do not gl\e rise to resonances
and Ihose point' that ha"e the least mlJ1ion (i.e nodal point.) and which
therefore are the most suitable .. mountIng poin". Good resalts are also
oblained "hen modal anal~',is is combined "'ith the finite element method or
,,'hen holographic method, are applIed to stud} Ihe Yibration palleTnS of
Structures.

14.4.4 Cornpen<.ation of tlu<lu~ling FtHUS or Motions b) thoi. Opposite

Noise in solids usual1~ ,an be deICribed b)' SOmC linear differential equations.
i.e. the prillCiple of linear ,uperpos,tion holds, Thus If a force F causes a
'elocily to, a force (-f) ,au.... 0 "elocity (-to). or '" olher word' if both forees
are present simultaneousl~' the '-elocit)" ,·anishes. Th,s pnnclple oan be applied
in nOIse oonlro1 whenCHr il is pos,ible to make some le'-er arrangement Ihat
replaces fluctualing forces by flu<tuating moment<, There aT< e'-en some
allemp\' to add an artificial- u,uall) eleCl,od)'namIC - force generalor Ihat



am as an ~nll-nOl:>C lIOUlct, ... hich ,f propell\ phase~ re~uces the IOlal noi<;e
OUlpUl.

1~.5 RU)UCTIO", OF SOUI)·80Il'E 'OIS.: [lUllt~(; PIlOP,\(; \TIO'

It i' a gencral prir,ipk in cn,'ir"nmcn,,,1 cngineering ,1'0", "p"llulam c"n be
comrullcd Ihc C""or Ihc nc"rer thl> ,,<.I,me '" 'he ,ource It" "h", Kn"wn 'h"t "
,inglc I' ell-<lcfined rollutan, "an hoe handled much I'dl'" Ih"n mix,ur,' of m,m)
_ p<&lhl) unli,n"wn - coni r,hule" ,,," 1",lIul~'n"'ua",,n.

Arrlied 10 ,truClure-h"rne ""i'" c<'ntr"l. Ih" mean, th"t "ne ,h<'ul<.l h,in!, all
me,hod,,,f ",rond,,~ n"i", c<'mf\'I. 'lOch ,I> d.'mpmg. i,,,I""on. ctC, .", cl'"", 10

'he oripnal "'und "ource '" ['<""ille- " ,,1«) n,cc,n, 'h"I" ,,'ure,' v. hith gener"lc,
ju,1 one V."h' ,,['<' al "ne frequenq I'"~ I" ,," "ne MN' 1"'11,,"n1) can hoe
reduccd much e",ier rh"n one 11'0", p""Juc<:, m"n, v..,,'e ')'['<" 10" random
m"nner '''er Ihe "h"le frequenC\ ,"nl'e.

14.5.1 Rosil;"n' Lalor<

Rc>ilient la, cr<. ,u,h ", ruhl>..'rclemenl'. 'pring'.ct,· ;0" Inc 10'><1 cnmmon v. ")
01 red"c,n~ 'lrU,"U" t'o,ne ",und ""n"n"'K'n. Figure 14,~ 1'''0' " fel'
""mpk,. The' m", "el in tv." """, Iflh'" ;0" d"'" 10 Ihe noi'" ,,'urc<: (c.g.
fl"",ing n,~,,,. c"rpc" ," "'her ,""lient Ia"" In hUlld,n!',) 'he' 'educe Ihe
<uddene,< 01 imp",,, and Ihereh) a' ,,,0.1 high i,,'qu,'nq n"i", excilm;,,'n, If Ihe)
arc "t <ome di"ance I",m thc '0""" (more I""n h"lf" Wa\Clcn~lh)Ihe) rcfleC!
Ihe incommg 'Ir\lCluTe·h.""e "'und ener~\. Re,ilient engine moun". Ihe
ruhl>cr clement< "'pa,allng Ihe "hed, and hog",' (>f moJe," ,~tw."} roache<.
re,ilienl d"mp' in plping-'y'tcm, or ,uspcnded CClhnll' «prm~ d"mpmg) are
e~ampl,... The eUKienc) of such de"cc' ",n I>c qULte hl~h (:)\) dR '" more)
pro"ided Ihe) "re appiled' Cf\ c1<»e 10 Ihe ",i~in.1 <ome<' and pm' ided Ihe) Jre
,c,iilent,

A' a rough rule of '.ll~l"c1<>r)'r~'Slhenccone m", take Ih"t Ihe 'c>!lienl mount
has 10 he much "'fter 'han llIo>c p.1n, "f 'he adjaccnl '''UCIUTC Ih"lla) "ilhm a
qua""r of " "", den~'h.

1~_5,2 Vibration I).mpin~ i'l'h..mall

There ~""'" eral ma,enal,. ,,['<'ciall) high pol~me". Ihat gcneralc hC31 \\ hcn
'he< are' ibrating. The amo~m oh'iblJlOr) energy that is 'ransformcd InlO heal
b}' this way. i,c. Ihe 'UUelure·OOrnc sound damping can he qU;le su!»tanlia!.
M"lerials arc a, ailable 'hal Iran.form more Ihan fif" percent of Ih. 'ibralOl')
eneTg' ;nlo heal ";Ihin one cycle, L:nfonUnalc1}' ,uch materials ha"c no
structural slrcn~lh lhtTcfore Ihc~' aTe combined with olhe, "'-ad callying
strU""ral 'lement>. Some ""n",uctior,s oblained Ihi< v. "y' arc ,1'00\\ n in Figure
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Fill"" 14.5 Application of ,',bra,;on damping. (.)
C""",.,ned I.~'.r: (b) S,,,Id,,-ieh pla,., (l) bait rial.
(2) dampini laj'.' con...lonl of • hii~I} ""mpc<l
m.l<naJ ..ith nth., high ol.."co,", (3) thon sllear
l'jeT, <>plimum thick~ <l<p<r><h on 'hock.... of
b&'" pia,. and «"or pl.'e, (4) ""'-cr pl.!.

)4.5, Other way. of S',uclure·bam. sound dampIng ,ncorpora'. lhe f,ic,ion in
matc".I. like >and (e'p<c;ally in archil""u,.1 acousti,,) or lhe , iscosil; of thin
I.),." of ai' Of oil bet".en 1"'0 thin plate! (Figur. 14,5). Vibra1ion damping
d.,'icc. giye a wn,idcrab\e reduo;'ln of re""nant amplilud'" and "<'1'
effecti'el)' aUe"uate ,lrUC1UTc-tl()fnc sound ow. longer di"ane<:•. When
applied to ron'I'UeI;on, that ronsist of man~ different part•. the; olle" are of
limited u'" in the \ i.init; 01 the ""und ""urce.

1~.S.3 AddedMa~ and Othe. DlsronlinuiliM

S'ructu.c-!>orne round wa,es are reflec"d to a smaller 0' larger degree
"hen"'er ,he~' come '0 a discominui,~ Thu, an} change in cr"", ",c,ion or
material. an~' change in Ihe direction of propaga,ion (sound around rorncrs
and bends). as well as added rna'.... S"e a cenain reduc'ion of \!ruc,ure_bome
!iOund propagallon, I;,uall~' 'he impro'emen" obtained 'hi' "a~ arc ra'her
,mall (e.g. 'he rcduc,ion a, wall-joim, in huilding is of 'he orde. of 3-10 dB)
Onl} he""} added rna,,,,,, arc of practical importance a, noi",,-conlrol de,'ice,.
They gi"c good resul" "hen the} are applied '0 ,h,n ,lmClure, near the round
!iOurce and "hen 'he frequencics of interest are fairl~' high No'icable
impro"emenlS are achie'Cd if an added maSS i' hea"ier than 'he surrounding
Slruclure w'ilhin a quarter-wa.-.lcng'h.

1~.6 fUTlJRt: TII.[C'WS

It i' ,he opinIon of thi, author. 'ha' in 'he near furu," ..""arch in
,,,uClme-borne sound ,,-ill concentra,e on gelling a bener undemanding of Ihe
differem sound-e",ilalion meehanisms_ Such a belte. UndeI11andmg will
ccnainl~' heip '0 find ne" "a.'s of ""i"" con,rol a"he origin. In man~' ca"", .uch



imC'lI~a,ion~ will,ncorporatc lho <IUd, of nonlinear effeea. a ,ubjecl lhal
hardl) ha~ boon lOuched in suuemro·borne «lund It rna) .lso b.: that ~uch

sophi'ticaled mOthod~ a~ 'he u>c of anllsound j,Ourco~ "ill bo appliod mero and
moro.

With rogard to suucluro·bome sound propagation, lhere aro Mill man) open
quesuon< "ilh ro,peet 10 buildings con,;>1,ng of man) profabricaled, largo
oloments, It ",om, to bo po"iblo 10 design lhi' type of building, in <ueh a way
thaI lhe sound isolalion i' good. bUl lhe design rules are nO' yet qUIte dear
Anerher prom,sing aspeCl i< lhe "' "ilahili'~ of re<illen' malo"al, (e1a'lomo~)
lha' can ",lh~,and ,'or; h,gh load,. \\ "h ,uch m"lorial' it i' pos,ible 10 isolale
.'el') hea") maehiner). romplele building<. and lon~ 'Irelel1e, of <u!)v,'"~' Or
roilw";' lr.ch

1~.7 B18UOGRi\PHY
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