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The Thomas Hawksley Lecture

The Forty-fifth Thomas Hawksley Lecture

THE TRANSMISSION AND RADIATION OF ACOUSTIC
WAVES BY STRUCTURES

By Leo L. Beranek, B.A,, M.S,, S.D,, D.S¢.~Hon.*

Of mujor interest 1o architects, dewgnens of vehido, snd soousticses s the control of
sructure-borme sosnd. Walls and pamels are ot into mibranon by airborne waves or by
vibesting mechanisms. The piad w0 excited will radiate sound and it mey carry the
vibraticza to other puncls or bodis

[ this lecrure, the awchor will treat the problom of accusnd transmuseion through walls
end pantls in the sudible frequency range. At low froguencies the pesc! vibestes @ a
plate o7 3 stretched mombeane. At higher frequencios B pencl may behave as & quasi-
infinite sheet. Above a particulsr ‘critacal’ frequency, the wavekengrh of the bending waves
in the panel will be longer than the compeessional waves In air ot the same [reguency.
The two wavelengths may de brought bwo colacklence provided the airboen: wave
impinges oa the panc] & & angle ¥ Sctermined by

on ¥ = o0

where ¢, and ¢ asc the speads of wound i the sir and panel, respectively. At the coindi-
dence angle, an airboene wave srriing one shde of & pancl will set it into a Jevel of vibeation
such ot the itude of the eick wive radisted frum the other sde may be caly 3
fow decibel below that of the incident wave. This offect will be @scaised Yo for sie-
borne waves impinpeg ot indvidual angios of (ncidence ead for waves at many g of
incadonoe simultanecusly

Meavarcacess oo plates, coecreee sheets, and mascery walls will be peesented and
soalyscd. Analysis of the &iflerent types of response to alrborne wave excitstion will be
made Rules for the srkection of umple and complex structures foe building and wehickes
will be suggested

Meam for reducag the reguaie of ilruitures o srborme wave and mechanical excita-
e mclode the vee of dsmping materak = or on the structure, the introduction of
dmconnauiries and the wse of seund absceding blankets ie the strocture. Rooent dats on
dampurg matenials and mecnd for utiknng theas 10 produce craumum reducton of Sexural
waves will be proseated. Tt will be shown that by proper stilization of such matericls o
recture-borne wave may be atrenaased in a greea disteace by a factor of 10 or more than
when utilsed in a conventicoal manner.

INTRODUCTION auditory seasation. Souad is of importance 0 engincers

SOUND 1$ DEFINED a3 & time-varying slteration in prossure,
stross, particle displacement, or shaar, ocourring in an
clastic medium. The medium in which the sound exiss is
indicated by an appropriste adjective before the word
‘sound’ such as airboeme, water-bome, or structure-borne.
Contrary to popular usage, not all sound waves cvoke an
The MS. of shes lrare mw rceived ot the Iratitation on J0h

Novewder 1958, For a repoet of the maanng, ie Londown, a1 aduch

1hiy fpcrvre e pyeew, fed L‘,ﬂ.

* Lextwrer, Manackaseily nesce of Teddmaiogy, and Prosdow,
Bolt Reravek and Nemwas Ive., Canbrdpe, Masrachwrern

Prac Juren Mech Boagri

beocaase, if intesse enough, it ey affect buman beings,
may cause malfunction of electronic or mechanical equip-
ments, and may produce structursl fulures,

Two kinds of sound waves are found in clastic medsa,
namely, compressional and shear waves,

In gascs, sound waves are compressiomal. Oely in second
arder, becasse of viscusity, do shear waves exist. In perfect
gases, the ar particles would always move back and forth
m & dircction paraliel to the direction in which & sound
wave iy travelling.
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Source-Path-Receiver
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Source-Path-Receiver

Room 1 Room 2
1A & 1B: Air-borne Sound Waves

Radiated from Room 1 to Room 2
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Source-Path-Receiver
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1A & 1B: Air-borne Sound Waves
Radiated from Room 1 to Room 2

2A & 2B: Air-borne Sound Waves
Radiated from Wall and Ceiling Structure
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Source-Path-Receiver
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N

Room 1 Room 2

1A & 1B: Air-borne Sound Waves
Radiated from Room 1 to Room 2

2A & 2B: Air-borne Sound Waves
Radiated from Wall and Ceiling Structure

3A & 3B: Structure-borne Sound Waves
Radiated from Wall and Floor Structures
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Sound Transmission
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Sound Transmission for Walls
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Wave Coincidence
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Design Aids
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Design Aids

Transmission Loss (dB)
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Design Aids

Transmission Loss (dB)
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Design Aids

Transmission Loss (dB)

Specific Surface | pjateau Plateau
] _ Material Density Height Breadth
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Beranek’s Contributions

JASA, 1929
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Transmission Loss (TL) [dB]
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Optimized Building Structures
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Transmission Performance of Optimized Structures

JJ Incident Sound
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