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1. INTRODUCTION

Diaphragm masonry walls are a modem and increasingly used external wall corstruction In the United
Kingdom.They are used ior single storey buildings such as sports centres, warehouses and
supermarkets up to 10m high. The all brick construction has proved popular when compared with
composite material designs since only one trade is required on-slte, leading to low building costs. The
wall consists of two widely spaced parallel leaves bridgedwith cross-ribs at regular centres. The.structural
requirements of the wall have been considered in detail [1] but there has been little research into its
sound insulation qualities or at that oi its brother. the fin wall [2]. Figure 1 shows the general layout at the
diaphragm and fin walls. The wide spacing at the leaves would normally result in a high sound insulation.
but the strong vibrational links through the cross ribs have anadverse eiiect. If the sound insulation oi
the diaphragm wall was known and/or could be improved then there may be extended applications with
respect to noise sersltlve buildings as theatres and sound studios.

Existing theories concerning bridging [3.4] apply to lightweight building elements such as plasterboard
and timber panitiom where there is a high impedance mis-match between stud and panels. It was found
that such theories do not to apply where the bridging elements we oi the same material and thickness as
the separated leaves. giving a low impedance mis-match. as '5 the case with diaphragn walls, However a
modified coincidence theory is found to satfactorily predict the Sound Reduction Index oi monolithic
diaphragm and tin walls. To examine the more general case of the diaphragm wail Statistical Energy
Anatysis(S.E.A.) was adopted which allows for sub-division oi the wall into separate sub-systems and the
inclusion of the effect oi the cavity. S.E.A. also allows computer based parametric surveys for analysis
and optimization of the wall where cross—libs may have a difterent thickness, density or non-bonded
coupling to the leaves. Sound intensity measurement techniques and geometric scale models at
diaphragm. fin,double and slrigle walk were used to validate predialon (See Figure 2a-2d). Models were
constructed of perspex and measured in a small transmission suiteThe work desa'ibed was a prelude to
field measurements oi fuil scale walls, results oi which will be published later.

2. DIAPHRAGM &FlN WALL

2.1 Diaphragm Masonry Walk
The primary requirement for such high walls is structural imegrity which does not allow great variation in
design. The leaves of the wall are widely spaced (between mom—0.9m) to resist bending stresses and a
strong coupling is essential between the leaves in order to resist flexural shear forces from lateral and
vertical loading. The benefit in sound insulation ofa wide cavity is ir‘slgnlflcant compared with the strong
vibrational coupling through the ribs. The linkage between cross rib and leaf is via bonding or tying at
points (See Figure 3). Where the wall '5 monolithic. both cross rib and tear are oi the same material
density and size - there is little Impedance mis-match with the result that Vibrational energy will be
transmitted eiiicientiy between the leaves. Figure 4 shows the measured vibrational level difference
between the two leaves or a model diaphragm model. The models are oi notional 1:8 scale. mereiore
values measured at ikHz correspond with that at 125 Hz on a full scale well. They scale only the
geometry am not the mata'ul qualities of the walls, as 't 'B the relative effect rather than the absolute
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effect of geometric and coupling change on the sound insulation character of the wall that Is of
importance In thb paper. '

2.2 FInMasorI'y was
The fin wall has equal structural requiranents to that of the diaphragm wall. The diiterence being that the
moss rib Is on the outside or Inside of the well and may be of a different thickness or depth. If there are
two leaves. they are linked the same as a traditional double wall and for this reason the fin wall is
traditionally believed to have similar sound Insulation. What hm not been oomldered is the effect of
ribbing onthesoururadlationdiaraaerlstiwofthewail.

3. ANALYSIS

3.1 Areas of Analysis
Three asmcts of the diaphragm wall are being considered with respect to the fesuitlng change In sound
insulation.
3) Theeffeotdicrossribsonthesotmdradiationofssingfeieafwafl.
b) The transmission l'iierarchy through cavities and cross ribs of the diaphragm wail.
c) Thepossble in'iprovementstobegalnedbyctanges in themataial qualities oiiheaoss ribs

and their coupling to the leaves.

3.2 Simple Theory
The measuement oi Sound Reduction Index for a single wall clearly shows a dip In sound insulation
about the coincidence frequencyfor single walls good agreememI between measurement and
prediction was obtained by assuming mass law up to half critical frequency according to Jesse &
Lamurelsl and then using the expression according to Sharpial above critical frequency. Measuremem
of the fin walls shows aplateau region below the classical critical frequency. The plateau region extents
down In frequency with Increasing nurhber of runs. This was thought due to the Increased stiffness ot the
wall, where the wall assumes an orttiotropic character. Thus for the tin wall a second aitlcal frequency Is
assumed to result which is lower In frequency than that of the single panel. Slrnpie theory was thus
modified as follows; mass law was assumed up to the lower critical frequency and Sharp‘s exoresslon
above the original (isotropic) allies] frequency of the single wail. Vaiues are then Inteipolated between
the at the two frequencies. Measured and predicted results for the fin models agree well using mls
method (See Figure 5). The detrimental effect of the plateau region is best seen by normalizing results
with respeu to that of a single wall ofthickness equal to that of one leaf (Figues 6a and 6b). The
orthotropicity of the fin Is seen to result in a loss of sound insulation between the two critical frequencies.
Even though the single panel has a lower effective mass than the fins. it will still give a better irsniation In
this region. Above and below the critical frequencies. higher Insulation ls predicted from Mass law and
obtained.

3.2.1 Application to Diaphragm Walls. This modified theory for the fin walls was used for the monolithic
diaphragm wail models. Good agreement was found In the super-critical region. but there was greater
disuepancy in the sub-criticai regions. Figure 7 shows the result for the 7 rib diaphragm model. Again,
due to the onhotropic nature of the diaphragm wall the piaeau region adults, but It Is wider than that of

the fin wall because of Its Increased bending stiffness which results In a lower second critical frequency. It
was stated eanler that the scale frequencies Indicated In the figures correspond to lower frequencies In

Miscelestrmesbyafactorofaor 10.Therefore. thedipinperformancestf ksthown InFigures,

say. corresponds to that at 100 Hz or 125 Hz, However. sound insulation in the lower frequency region is
oiten of particular Interest or most importance and it 3 here where improvements In the sound Insulation
are often desirable. Simple theory based on mass cannot predict the effect of changes In cross-rib and
coupling detailing on the sound Insulation of the wall. therefore a differem apaoach is requied and
Statistical Energy Analysis was adopted.
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4. STATISTICAL ENERGY ANALYS|S

4.1 Improvements To Sound Insulation
An Increase of impedance mls-match occurs for the ease of a rib is tied, rather titan bonded. to one or
both leaves. or where the rib may be of a different thickness or density than the leaves. Some
improvernem In sotmd insulation may thus be obtained in this way without the loss of stnrctural Integrity.
if the diaphragm wall was split symmetrically into two separated fln walLs it Is postulated that with the
Inaease In sound irsuiatlon due to the separation there would still result in a plateau region became
both leaves would still be orthotropic In radiation character (this is presently being investigated further). It
the wall is separated at a rlblleaf connealon then this vesults In two walls. one onhotropic and one
isotropic in nature Figure B shows the measured diaphragm wail model separated at the rib/leaf junction
with the measured diaphragm wall where ribs are bonded to both leaves and the double wall model. The
large difference in sound Insulation between the separated diaphragm wall and double leaf wall models
over bonded diaphragm wall model Illustrates the effect of the strong vibrational link at the cross ribs. it Is
also seen the orthotrupic shape of the fin panel is lost when the diaphragm wall 5 separated at the rat/[eat
junction. It may thus be suggested that radiation character of the isotropic ieaf dominates over the plateau
region and thus not seen. Therefore a recovery of isotroplcity to one of the leaves by greater
deootpllng of aces rm and leaf may result In Imeased insulation in the low frequency region.

42 Statistical Energy Analysis
Statistical Energy analysis (s.E.A.) was invoked to examine alteratlons to the crossanbs in size. material
density and coupling to leaves. SEA. is an approach to acousto-vibratlonai problems where
transmission of sound and vibration are considered as energy flows between sub-systems. The
diaphragm wall can be described as a series of repeatable vertical l-Senions which can be separated into
sub-systems. The energy flows depend on the coupling lose factors between sub-systems from plate to
plate. the radiation loss tadors from plate to room and the modal densities of each sub-system. The
radiation loss factor from the plates htothe cavity and rooms was obtained from Maidenlk'e WBSSIOII fa
radiation resistance as given by Crodter 8- Pricelsl and the modal densitl as given by Lyon[7|. Figure 9
shows the SID-SM of the diaphragm wall and Figure 10 is the power flow diagram In which the effea
of cavity is lricluded. Equatiors for each sub-system can be written as below:

Sub-system

2nE2(n2-+1121+2nn24+2nn25)= Etn12+2nE42nn4z+nEsznit522
a DEA" firmn42+nm5+n TIn) = nEznn24+nEsn it54+nE7nn74

5 "Es(nrls+2nll52+2nn57+2nn54) = ZHEzlnH25+20E72nn75+205420n45

7 ZHE1(lir+2mt74+2ni'i75+ lire) = 20542“n47+n552nn57+Esn9r

9 Es(|'ls+ii9r) = 2nEvnre

E1,E2,E4.E5.E7 & E9 are the sub-system energies relating to the source room. source-side plate.
cavity, cross-rib, receiver-side plate and receiver room. respectively. [I B the power into the system. n is
the number of ribs. n24 '5 the coupling/radiation loss factor from sub-sworn 2 to sub-system 4 and n2 is
the intemai loss factor of sub-systan 2. This set of simultaneous equations '8 easin solved. Without
knowing the power into subsystem 1 the level difference between sub-system I and 9 (the two rooms)
can be calculated and thus the Sound Reduction Index of the wall. Figure 11 shows the predicted
Sound Reduction Index compared to that measured for the 7 Rib Diaphragm model. Hulls also show
that the benefit of the cavity is minimal because of the strong vibrational building of the cross~rib. Using
this approach parametric surveys are being completed on computer where the effect of variations ln
geometry. cross-rib detailing and rib/leaf coupfing can be Investigated.
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5. MODEL 8t FIELD MEASUREMENT

Models 01 slrgle. tin and diaphragm walls were made from 13mm perspex of area m x 1m and ribs or
50mm with. Pin and diaphragm modeh were constructed with 1, 3 or 7 rite. evenly spaced. The sound
Reduction Index was measured. using sound intensity techniques. over the scale frequency range 400
Hz -1ad-lz.l-'leswts were [zoomed at 1/3 octaves by measuring a dual channel FI-‘I' Analyser.

a CONCLUDING REMARKS

The bridging oi the masonry diaphragm wall with cross ribs reduces the Sound Reduction Index 01 the
wall. The benefits oi the wide cavity are lost and the trarsmssicn or energy though the wall is dominated
by the cross-rib path due to the strong impedance matching of the cross ribs and leaves. The addition of
ribs to an isotropic single leaf. as seen by the fin model wall. results in the wall becoming orthotroplc in
character causing a plateau effect in the low Irequency region Thb produces a loss of sound insulation in
this region compared to the isotropic case. Simple modiiied theory the satisiactorfly for the bonded
monolithic tin and diaphragm model wallet To lrnprove the Insulation of the well some benefit ls expeaed
by increasing the impedance mismatch between cross ribs and leaves. These Improvements may be
gialnhgdl by changes In material or by use at ties. thereby regaining in part the isotropic radiation character

t eaves
Statistical Energy Analysis m been invoked to allow for prediction at these enacts. A parametric survey
is being conducted where geometry. material density. thidtness and coupling can be varied Sound
Intensity techniques have been used successfully lor the measurement ol the model walls under
laboratory conditiom and are being applied lor lull scale in-situ field measurements.
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Figure 1a: Typical dose-section 01 a diaphragn wall Figure ll) : Typical aces-section of a fin wall.
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Flglre 3: Comedians between cross rib and leaves I‘Dl' diaphragm wall.
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Figure 4: Level Dillaence between leal laces of bonded diaphragm scale model wall.
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Fgure a: : Measured results. 7 rib l'ln model wall S.Fl.l. - single model wail S.H.l.
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figure 9 : S.E.A. 3m»st cl diaphragm wan.
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Flgurg 10: SEA paws! flow magam for diaphragn wall Induding alr mvlty path
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Figure 11 : SRI. of 7 rib dlaprlrwn model wal - measurunam L SEA. predidion‘
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