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1.0 Introduction

It has been well established that 1n order to use methods
developed for accurately predicting nolise levels experienced at
positions ©both within and around fac¢tory buildings, the acoustie
- characteristics of typical industrial building materials are
reguired (1,2).

In order <to predict the preopagation of sound within industriesl
buildings. it 18 necessary to determine accurate values for the
internal surface absorption of the enclosure. With regard to the
sound radiation from industrial builldings, the sound reduction
index of the ©building's material 18 needed <to predict the
external noise level (3).

Lightweight c¢claddinge often form an integral part of industrial
Btructures and a wide sBelection 18 produced in both profiled
sheet and composite panel form. Their extensive use for
industrial buildings presents the need to measure the absorption
and transmission loes of cladding structures and to investigate
possible methodg for predicting theese charadteristics.

2.0 Sheet metal and Composite Claddings Panels

There 18 a wide range of claddings from which industrial
buildinge can be constructed.

Sheet claddings range from simple single skin corrugated metal
(galvanized steel or aluminium) sheets +to complex double gkin
insulaticn and roofing sSystems, constructed from the single
corrugated skins, Corrugation of the ¢ladding imparts stiffnecs
and hence strength to the relatively thin gauge and ostherwise
flexible metal sheets, Cladding thicknesses wvary from 0.5. to
1.0mm. The corrugation profile, originally sinurcidal, has bheen
developed inte the now familjar trapezoidal profile with a
sophisticated design c¢ompromise of both maximum strength with
maximum cover width. The range of profile eghapes avallabtle is
large, with preofile depths varying from 1% tco 6G5mm.

In addition to these c¢orrugated 2heet claddings, there are
composite sandwich panel ¢laddings., constructed from metal sheets
with & polyurethane foam core. These panels are generally
rrofiled, but to a lesser degree than =sheet claddinge &g a
greater degree cf stiffness is provided by the core meterisl. The
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thickness ©f these panelg ranges from 30 to &60mm.

All claddings require & support system, which usually takes the
form of a steel beam structure, These steel beams are referred
to as purllns, The purlineg' thickness and span depends on the
specified windload of the building and the type of cladding being
used. Claddinges are secured direct to the 2tructural frame by
means aof self-drilliing or self-tapplng screws known generally aes
the primary fixings. The cladcéing side laps are secured with pop
rivets or self-drilling/tapring setitching s¢rews which are
referred to as secondary fixings.

3.0 Methods of measuring accoustic characteristiecs of cleddings

The methods for measuring the random-incidence sbsorption
coefficlent and socund reduction index of 1lightweight c¢leadding
samples complement one another and hence are c¢arried out

aimultaneously in the transmiesion suite of the acoustic testing
laboratories at Salford University.

3.1 Mounting of Samples

The claddins samples are mounted in an aperture between the two
rooms of the test sdite using the same . structural support and

fixinge as typifies 1ts8 use in an industrial construction. An
acoustic acrylie sealant 1s used to seal the perimeter of the
cladding sample. The seal prevents sound leakage at the edges of

the ‘sample while nominally allowing rotation at the cladding
boundary, wWithout movement in the x, ¥ or z direction.

3.2 Reverberation roeom method for measuring diffuse field
absarption

The method used compllee with the British Standard method for the
measurement of sound absorption coefficlents in a reverteration
room (BS3638:1687), except that the sample is mounted in the wall
of the reverberatlion chamber as opposed to being placed within
it.

In order to simulate the acoustic conditions generally found
outside industrial buildings, the sound field on the outer facade
of the cladding has to be non-reverherant. Therefore, the random
incidence absorption c¢oefficient of the <¢ladding sample is
measured with it mounted in the wall of the receiving room of the
transmission suite (considered the reverberation chamber) with
the interier surfaces of source room made abscrbent in order to
provide a free-field backing.

A real time analyser (RTA) is used to messure the absorption of
the sample. Centrolled by a PC microcomputer, the ETA measures
the reverberant dJdecay in . the receiving rocm at ten microphone
peoeitions 1in third octave bands from 50Hz to SKH:Z, The RTA “anag
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PC software then calculate and tabulate the random incidence

absorption. The empty room wvalue 1Is previded by reverberation
time measurements made in the receiving rocom with the test
aperture bricked and insulated. The measurement ig repeated

.three times for each sample.

3.3 Megsurement of SRI.

This methed ia undertaken in accordance with British Standard
method of laboratory measurementse of asirbornme sound insulation of
bullding elements (BS2750:part2:1980).

A dual channel RTA is used to carry out the conventionsal Two room
method for measuring the sound reduction index. Contrelled by a
PC microcomputer, the RTA measures the average scund level In
both the source and receiving room at ten miereophone positions
and the spatial-averaged reverberation time o©of the receiving
TrOcom. The measurementg are made in third-cctave freguency bands
from S0Hz <to SkH=z. The SRI 13 then computed in accordance with
BS2750 by the PC software. The measurement 1s repeated three
times for each sample.

1.0 Measurements, Results and Features

Meagurements ¢f absorption and SRI were first made on one of the
most common and simple types of cladding: single eskin steel
profiled sheet cladding, .referred to as type E1. This sample wasg

alse used Tto¢ iIinvestigate the effects of altering the mounting
condition of samples.

4.1 The ecladding sample, E1

The cladding sample coneleted of four pPlaetic-coated
trapezoidal-prefiled steel sheets mounted on the basic support
structure described in 4.2, The preofile and the <technicael data
of the cladding sheets sre shown in figure 1ls. The measured
absorption and SRI of the sample as function of freguency are
shown as sclid curves in figures 3a and 3b respectively.

A8 obgerved in measurements carried out rreviously, the
absorption curve exhibits seversl strong pesks, particularly at
low fregquencies. These are due t2 the digsipetion of energy by

the vibration of the cladding sheets and tend te coarrespohd to
dips in the SRI curve.

Comparison of the measured absorpticn and SRI yielde an mpparent
inverse relatienship, which 1z particularly ewvident 2in the
mid-frequency range,.

The sound transmicsisn lozga of the cample exhibits a general
increase with freguency, but with several distinct Jdips in the
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SRI curve. At low fregquencies thesge are due to plate and
Btructural resonances. However, the most prominent drop 1n  SRI
is at around 1-1.25 KH=z. This drop does not seem to be dependent
upon the coincidence frequency (see 5.1}, but may be due to

regsonancesg in the ailrspace formed by the corrugations and may
therefore be related to the profile shape. The relationship is
being investigated by carrying out more measurements on cladding
sheets with different preofiles.

The noise reduction coefficient of the sample was found to be
0.12 and the welghted sound reduction index. Ra, 22dB.

4,2 Variation in Mounting

A typilcal structure for mounting the cladding cample 1s achieved
by harizontelly belting lightgauge steel purlins to wall brackets
mounted within The aperture. The cladding sheets are fixed to
the purlins with self-drilling sSorews and connected to ane
another along their seam overlap by pop-rivets.

The gupport structure adeopted as standard for mounting the test
samples consists of twe ZETA purlins type 15018, illustrated in

" figure 1b, spaced 2m apart with the cladding fastened to the
purlins at every other trough. This structure faormed a Dbasic
mounting configuration which permitted the following varilaticons
to be Iinvestigated:

Thickness of purlins {18mm, 15mm}.

Number of purline(2.,3).

Fregquency of primary fixings {(alternate/every trough).
Use of secondary fixings on sheet overlsp seams.

Use of acrylic sealant on sheet overlap seams.
Congistency of mounting.

Conslistency of sample.

* %R E XX

Figures 3a and 3b show some of the effects of the above on tThe
measured absorption and SRI1 of the sample. The curveés show that
both the absorption and the SRI are sensitive to changes in  the
mounting configuration, particularly at the upper and lower ends
of the freguency range. In generel, the abesorption appears to be
more sensitive to mounting varistion than the transmlssion loss.

The addition of a third purlin appears to broaden the peak in
absorption and increase the SRI at 100Hz and significently reduce
abseorgtion at high frequencles. The effect of neglecting to
fasten the side overlaps of the seheets with pop-rivets at
intervals along the seam is to sipnificantly increase SRI and
reduce absorpticn at high freguencies. This 18 due to acoustic
leakage at the seame when sheets are not forced to move
coincidently. Interestingly, sadditional binding of the seams
with eesalant had 1litrle effect on the measuremen:s, the
pop-rivets sare egufficient to ensure mutual vibration of
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neighbouring sheets. Repeating the measurement with a rew sample
showed a marked change 1n the absorption ecurve at low
fregquencies, but only a slight drop in SRI at high freguencien.

5.0 Theoretical analvsis of acoustie characteristics of -
corrugated single skin_gladdings

The measurements cof the samples are beingz compared with the
foliowing theories of plate behaviour in order to evaluate
methods for predicting their acoustice cheracteristics.

5.1 Predicticon of SRI of ortheotrepic plates

Plateilke compeonents of many practical structures are often
neither homogeneocus nor isotropic. As explained earlier, thin
metsl sheet claddings are corrugated or made into sandwich
constructions in order +to incregse theilr statie stiffness.
Corrugated plates do not have the same moment of inertia about
their x and Yy axes and hence are —Said t¢ be orthotropie. They
exhibit TWo greatly different bending stiffrnesses in their x and
¥ directions (perpendicular and parallel to the ¢orrugations) and
plane wave motion in them 18 not governed by the simple flat
Plate bending-wave theory.

Analysie by Heckl of sound +tranemission through orthotropic
plates (4) preduced the feollowing expressions for the diffuse
field transmicssion ccefficient:

puﬂ_f_.:!._ Ln u_f = » fer1 < £ < o=
ThoMy 4 fea
Ta =
-ﬂ:bnc (fcifcz)"’z * F > fg:
oM. 4

where Ma 18 the szurface density and fo; and fcz are the critical
frequencies based upon the maximum and minimum bending stiffness
of the plate. Critical frequency is obtained frem the bending
etiffness as follows:

fo = % /My
e/ B
The vending stiffneee parallel to the corrugations of an

infinite, urmourted orthotropic plate is a modifilcation of that
for an ilsotropic pilate:

. EhZ

B, =
12{1-c%

o |o

where ¢ is the creess-section of the profile and 8 is the distance
over profile. E is Young's modulus, & is Poisson's ratio and h iz
the plate thickness. For the csample E1, this gave a maximum
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criticel freguency of 22.698kHz.

The bending stiffness perpendicular to <the corrugations is
determined by:

B. = E.TInum

where I., 1= the gecond moment of area of the profile of the

plate. For the sample EI1, thia gives a minimum eritical
frequency of 295Hz.

However, if the plate is fPinite, supported et each snd of its
span L. the static bending stiffress 1s determined from:

B, = 3BUFET.,.
5L®

This equation gives a minimum ¢ritical frequency of G5Hz.

When the corrugated plate 1s mounted on purling with overlaps.
these =simple equations do not suffice and the bending stiffness
must be calculated from the predicted deflection of the complete
structure. In this case, the lower critical freguencies for the
sample E1 mounted on boath twe 15018 purlins and three 15015
purlins are found to be BlUHz and BOHz respectively.

In assuming orthotropic bending. _the criticel frequency for
bending waves travellinzg in the direction parallel to the
corrugations is increased from that of s flat plate of the same
thickness. The eritical freqQuency for bending waves travelling
in the direction perpendicular to the corrugations is greatly
decreased. Thus the effect of corrugating ie found to generally
spread the effect of c¢oincidence on transmission over a wider
freguency range, lowering the average SRI. The effect of
mounting an orthotropic plate on & support system 1s to increase
the bending =tiffness and reduce the minimum bending stiffness.

The SRI of the cladding sample El1 mounted on both two and three
purlins wagz predicted using Heckl's exprression fcor the diffuse
field transmission coefficient of orthotrople rleates and the
values of maximum and minimum critical frequencieg calculated
above. The predicted and measured values of SRI of the sample
mounted on twe purlins compare favourably, &s shown in figure 4.
However, this Heckl's theory does not prediect the drops iIn
tranemizsgsion lose due to plate resonances.

5.2 Prediction of random incidence sbsorptien cf orthotropic
Plates

For sany point on  the pleto shown in figure 2. the equation of
motion is:
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MoW + JaleW + (1+30)(B.VusW + (BL17TB,17%)T T 2wWow + BV, W)
2 ke 2
2 Pyexp J(WEt-KuX-H,¥-Kg2}

where n is the lossa factor (the fraction ¢f energy digsipated per
radian). By solving the equation of motion, the impedance of the
plate, whieh 1a the complex ratic of pressure to normal velocity
at its gurface., can be writter as:

Z{8,8) = nA + 3 M-O“’pu -A)
QOEQ
where A = WZsin%a | (B, "zcoe-ﬁ + B 2/Spgin=g;=
2¢* :

The reflection e¢cefficient can be derived . from the surface
impedance and i1in turn yields the plane wave absorption
coefficient of 1tThe orthotropiec plate, x(&.8). Foer compariscn
with laboratory measured veslues of absorption a diffuse field
value 12 obtained by use of Paris' formula:

s e = Jfﬂ(e ﬁ}co’ﬁ"inﬂ adag

A caomputer program 15 being written to perform thie prediction.
The 1loss factor of steel structures 18 very rensitive to
congtruction technigues and edge conditions, therefcore 1t iz

measured for each sample construction.. This can be done by
exciting the cladding impulsively by mechanical impacts and using
an accelerometer attached to the eladding to meacgure tThe

vibration decay as a function of Ffregquency (5).

This messurement is beilng undertaken for each cladding sample
mounted in the test asperture, so that the theory can be compared
with the meassuremenss of absorption.

The theory <escribed can be ex*tended to double plste models (&)
by the usze of an 'impedance transfer' technigue.

5.3 Modal Analysis

Finite element analycsis c¢an be used to predict the resonant modes
of corrugated plates (7). Using a finite element aralysis
software package, modal analysis of the cladding sample E1,
mounted - on both twe and three purlins was obtained. The
predicted modal behaviour can seen in figures Ba and &b, The
aralysis shows some correlation with the values of zbsorption and
SR1 measured, encouraging further invectigation inte the modal
behaviour of corrugated cladding panels.
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6.0 Conclusions

A programme of messurements of sound absorption and transmiasion
of lightweight claddings has now been instigated at Salford
University. Measurements are still being made on single skin
claddings of varying profille and thickness. Measgurements on
samples of double skin insulation syetems, special roofing
systems and composite panels will begin later in the year. All
the reesults will be included in a dats base, which will be
valuable for uge with computer models which predict noise levels
inside and arcund factory builldings.

The theorles for predieting these characteristics eshow an
encouraging correspondance to the measurements carried out.
Study and development of the plate theories will continue and
meaguremente of the claddings with the purlin support structure
ramoved (leaving Just the seal as & boundary support) will be
made for comparison with these theories.
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Figure 2. FPlane wave incident on a corrugated plate.
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Figure 3a. Measured abscrption coefficient of single
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Figure 3b. Measured sound reduction index of single
skin profiled steel ¢ladding E1.
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Figure 4, Measured and predicted value of sound

reduction index of cladding E1.

Figure 5a. Modal resonances of cladding El mounted on
tThree purline.
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Figure 5b. Modal resonances of cladding El mounted on
two purlins,
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