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INTRODUCTION
The sound insulation of two layer wall constructions is determi-
ned by the plate-airgap-plate system and the structural junc-
tions between the layers. The former is the upper limit, the
sound reduction index is characterized by a 18 dB/octave slope
curve between the resonance and the limiting frequency. The
average velocity-level difference has a & dB/octave curve in
this range. The structural junctions reduce the improvement in
sound reduction index caused by the second layer: the lower limit
is a constaht improvement, proportional to the increase of mass.
In this case the velocity-lavel difference will be about constant

 There is a lack of calculation methods of two layer constructions

with structural junctions at the perimeter especially in the
cases of softening the rigid junctions. Among the great variety
of practical configurations a ealculation method of the pillar-
connections is presented.

THE ELEMENTS OF THE MOBEL
The calculation model consists of two thin, finite, simply suppor
ted plates, the first is excited by distributed pressure, the
second is excited by line-moment, caused by the pillars.
The pillars are considered to be rectangular bars in torsion,
excited by moment, both ends fastened.
There are important boundary conditions between the bars and
the plates, characterizing also the rigidity of the connections.
The shematical view of the system is shown in fig.l.
The equations of motion of & sipmly shpported plate are
eq(l) - eq(5) /1/
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£: modulus of elastigity
Y: normal displacement

§» density of the plate

n: thickn ess of the plate
®: circular frequency

P: exciting pressure
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The angle-rotation Xx, belonging to the x axis is:
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» AN resonant curcular frequency of the n, m mode
The line-force exciting function can be expressed by eqg(é):
P (xy) =& (xo) Ply)K ©)

The line moment exciting function is the following:

P (xg)=lim {K Plg) [8 (Xo+ a)- S (X JrSlxYPegM )
A-»Q
K- A= M, const

" When expressing the modal terms nW/l -cos { nTAX.)

will belong to éﬂ{xol *
the equation” of motion of the bar in torsion is eq{8)-eq(13);

2
S P20y 48 M) )

{): angular velocity of the bar
g': moment of inertia,

g,&ib_cfzﬁ | )

: torsional modulus
j%: density of the bar
T: torsional rigidity ‘ -
T: (- 6-b*a (0)
of: function depends on the a-b relation
M(y): exciting moment per unit length
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Mi: the modal form of M

. of Miy) sin “L-y dy @)

-Gia-m-,'"(1+jd”ﬁ)+m2 ®)

The elastic inmer layer will be characterized by its moment
compliance CM related to unit length:

8
where .

B : rotation of angle

M': moment per unit length )
If the angle of rotation is little, (tgﬂnsﬁ ) CM will given by

eq(ls5):

1d : &
CM= 5 - (t3)
d: thickness of the elastic layer
h: width - " -
E: komplex modulus of elasticity
EQUATIONS OF MOTION, BOUNDARY CONDITIONS
For ‘plate 1 eq{l) can be directly used with eq{l6) :

P(xy)=F(xy)=-&1(x=0) Py3(y)-(x =) Py (W) (t6)
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For plate 2:

.P(xg)=d"(x-0) Pag () +d (x71) Py (y) (11)
For bar 3 .

Miy) = M3 (4)- Mg, (y) (18)
For bar 4 ’

My = Mygly) - M, (y) (19)

There are two sets of boundary conditions: 4 equations to the
angle of rotations and 4 to the ballance of moments.

it is apposed, that at x = 0 and x = 1 X 420 only Xy are
existing. In fig. 2 the angle relations of plate l-bar 3
'boundary are shown. Since the bending waves have the dreatest
. importance in short distance vibration-propagation, all the
ather types of waveforms aré neglected.

X1 (x200) "X a(y)* Xig(y)  Kylx=Ly)= X,ly)e Xy ly) (2065}
X,}(g) 2 Xu Z(X =0, g)fx- 23(9) 7(«4 [l_-j) = XQ(X*LQ)*?C“(I_-]) (?ch,d)

Based on the electrical-mechanical analogy it 'is clear, that this
type of boundary condition correspondes to a paralell connection
{moment-voltage, angular velocity-current), therefore the moments,
acting onto all the elements will be egqual. For ég.the moment,
acting to the elastic layer, between 1 and 3 vill be M13.

The equations of ballance will be the following:

M13 (‘:’) =P13(9) MZ?;(EI) o PZS(H) (21’0|b)
Miy (y) ~ Pryy) Mau (y) = Ppydy) (21]cd)

SOLVING THE EQUATIONS
Substituting the equations of ballance and the equations of
motion to the boundary conditions of angle-rotation leads to

P
”
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the following (here only the modified form of 20/a is given, all
the athers have the same structure)

20  9aT '
ZZ Finrn_ r':'! M43m_ r;! H)nM‘Wm ai nil . nW -
- 8in y
n.m Spehy O, : |

: Mam = Maam - mil . mT |
= . - Sin +CM M sin I (22
. g 03 D’Sm w3 13% 13m w3 )

The equation can be multiplied by sin %glgand then integrated.
Completing this qperation to all of eg.20 a set of four equations
is got, with four unknown variables Ml}d ”124 le| |~12Ml The final
formyis the folloving: '

EL i;j Ei (23)
- - _ -
‘ -A.1m M13m . ™
NAm=L © E\«r_g nl‘
M n P44 YInm
A= 0 =._M- 23m S
I_im . M'“ll'\"l . r =Z_ Fdnm f'nr 1_1)l1
%) J Maum- | m L SpMOiam 1 '
s = m -
0(4m +:K3m+CM.13- "lK.Sm + ﬂ" m. . ¢
B: K_".rn 'dgﬁKSm'CM25 ¢ 'BQI’I‘I
Hym ) Oﬁm*Kﬁm*CMﬁ “Kym
L Qj Bzm *Kam "o(nm‘K:.H-n"C a
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From the equétinns above the modal forms of M can be calculated,

that is the motions of the plates can be determined.

For evaluating the coupling it is further nedessary to determine

the power, getting into plate 2. On the basis of

L w
Wain® Reff P, (xy) V,(xy) dxdy

Expressing w2 in

parts of Cross-power.
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Fig. 1.
Shematical view of the plate-bar system

Fig. 2.
Angle relations
equilibrium position rotation electrical analogy
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AFTER THE INSTAILLILATION OF SOUND INSULATING MATERIAL
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Environmental Health Officers [EHD] often receive complaints relating to neighbourhood
noise because under the Contral of Pollution Act 1974 they are given powers to deal with
noise nuisances. An example of the type of compleint received by an EHD is when noise
is trensmitted through a party wall from an adjacent cwelling, causing annoyance tn the
complainant. This type aof complaint raises the guestion whether the walls and floors
which separate adjacent dwellings should he provided with additional sound insulating
material, in order to reduce the transmission of sound,

This paper reports on a study carried cut of a conversion of & prewar end terrace
property into two seperate dwellings in 1987, The study investigated the effects on
sirborne and impact sound trensmitted between the two dwellings, an upstairs and a
downstairs flat, and the results when sound insulating material was installed in the floor
which separsted the first floor flat from the ground floor fiat. (1.

The conversion of the property was brought to the attention of the Envirenmental Health
Department at Cleethorpes Borough Countil during the course of the procedure followed
by officers of the Planning Department when a planning spplication had been submitted.
At Cleetharpes Borough Council the Planning Department circulsted details of planning
applications to the EHO's in order to receive their comments relating ta standerds that
would be required if planning approval was given,

Under requiation 5 of the Building Requlations 1985 the conversinn of a property into
two flats is considered to be a material change of use, however under regulation 6 the
requirements of E1/2/3 which relate to mirborne and impact sound, do not need to be
satisfied, .

Thus there is no requirement under the Building Requlations 1985 for sound insulation to’
be installed in a property which is being converted intn flats.

Therefore the Environments] Health Officers at Cleethorpes Boraugh Council adopted a
policy in respeet of planning applications which related to the canversion of a property
into separate dwellings. The Environmental Health Officer made a request for the
planning department to include a condition of the planning consent to require the
installation of sound insulating material between separate dwellings.

At the property concerned, the plrns of the proposed conversion indicated that the living
room of the first floor flat would be above the bedroom of the ground floor flat (Fiqure
1). Therefore sound insulation was necessary between the two separate dwellings in
order to prevent the transmission of noise into the downstairs bedroom. Furthermore the
first floor living ranm was also next to the bedroom of the adjacent property, and this
would result in the transmission of noise through the party wall.

The Environmental Health Officer made a recommendation to the planning department
to include 3 condition on the planning consent requiring snund insulation in the floor of
the first floor flat and in the party wall of the adjacent property.
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PROPOSED GROUND FLOOR PLAN

Figure 1: Plan showing layout of property

The bujlder consequently submitted a scheme which indicated how the transmission of
airborne and impact sound between the two dwellings would be reduced.

The material which was chosen by the builder was Rocksil Tnsulation ™Mat, which is
produced by Pilkington, and consisted of rolls of unfaced, low density, non-combustible
rock fibre. )

“The 50mm thick mat was to be installed in the ceiling of the ground finor flat by
installing 100 mm x 38 mm ceiling joists at 400 mm centres below the existing ceiling,
with a 13 mm plasterboard finish, The insulation mat is 1aid over the new joists between
the new snd the existing ceilings (Figure 2). In the party wall the mat was to be placed
against the wall held in hetween 7% mm x 38 mm timber studs at 410 mm centres, with a
13 mm thick plasterboard and skimmed plaster board finish,
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In arder to calculate the effectiveness of the sound insulating material, the transmission
of airborne and impact sound between the two flats was measured before and after the
material had been installed.

The method used to measure the transmission of airborne and impact sound were in
accordance with the procedures outlined in BS 2750 part 4 and part 6 respectively,

For the purpose of this study the measurements of the transmission of airborne and
impact sound were restricted to the first floor front room {proposed living room} and
ground floor front room (proposed bedroom).

Ny

~] T&G . existing T x \2"
floorbeards ceiling joists

] b 4

] + 1

\

:‘:: existing ceilirg

-‘\

~———

: %" riasterboard 43" x 13" ceilipg joists

-] Tirish at 18" centres

Ry 50ma Rocksil

— insulation met

Figure 2: Cross-Section showing construction of new ceiling

METHQD LSED TO MEASURE AIRBORMNE SOUND INSULATION

In accordance with BS 2750 part 4, the sound which was genersted in the source rgom
wag steady and had a continuous spectrum in the frequency range under consideration,
[2). When the messurements were made before the installation of the insulating
material, the sound was generated by a Bruel and Kjaer isotropic sound source type 4205,
However after the insulating material had been installed this sound source was found tn
be not powerful enough to allow measurements ta be made in the receiving room because
of the increased sound insulation, so a Bruel and Kjser random noise generater type 1402
was used instead, sttached to a loudspeaker. The loudspesker was placed within the
source room to give a sound field which was ag diffuse as possible, and at such distances
from the test specimen (floor) that the direct radiation upon it was not dominant. The
sound pressure |evel (SPL) within the source room and the receiving room was measured
in octave bands. The sound level meter which was used was g Bruel and IKjeer type 2209,
which had a B & K external filter type 1613 attached to it, A bandpass filter set type
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1612 was attached to the noise generator, then the octave band setting of the sound
source and the sound level meter could be increased in sequence. The octave hands
under consideration was taken to be centre frequency 63 Hz up to 4000 Hz,

Within the source room the measurements were made at 6 different positions for all the
centre frequencies from &3 Hz to 4 kHz inclusive. This enabled an average SPL ta be
obtained at each octave hand centre frequency, In the receiving room the measurements
were taken at 6 different positions for the centre freguencies 63 Hz; 125 Hz; 250 Hz and
500 Hz, and at 3 different positions for cenlre frequencies, 1 kMz; 2 KHz and & K4z,
These measurements were taken using the first floor front room as the source ronom and
the ground floor front room as the receiving room. Then the experiment was repeated
but interchanged using the first floor front room as the receiving room and the ground
floor front room as the saurce room,

This method was used before and after the installation of Rocksil Insulation Mat,

Lising the average SPl, that werz calculated for each centre frequency, the sound
pressure level difference was determined. The level difference is the difference in the
space and time average 5PL's produced in the two rooms by a sound source in one of the
roomy, Each time the measurements were carried out, a detailed deseription of all the
surfaces within the two rooms was noted, with regard to the area and the material of
construction (Figure 3.1 and 3.2). This enabled absorption coefficienta to be determined
for each surface within each roam, These meassurements were necessary in order to
calculate the Sound Reduction Index {SRI) for each room. 8BS 2750 part 4 states that the -
apparent SR may be evaluated using

R'=L,-L,+1000g3 a8
where 5 = Area of test material
A = FEnquivalent absorption area in the receiving room
Ll = Average SPL in source room
L2 = Average SPL in receiving room

METHOD USED TQ MEASURE IMPACT SOUND INSULATION

In accordance with BS 2750 part 6 the impact sound was generated by a tapping machine
which was placed on the floor under test. For the purposes of this study the tapping
machine was placed in one position at the centre of the floor instead of the & positions
suggested in the British Standard. The B & K tapping machine used had 5 hammers
placed in a row, the time between successive impacts being 100 + 5 ms,

The impact sound levels in the receiving room {ground floor front room) were measured
using the B & K type 2209 sound leve! meter, which had a B & I external filter type 1613
attached to it,

fhe measurements of the SPL's were taken at 6 different positions in the receiving room
for the centre frequencies 63 Hz; 125 Hz; 250 Hz and 500 Hz and at 3 of the positions for

the centre frequencies 1 KHz; 2 KHz and 4 KHz. This enabled an average SPL in a
specific frequency band to be calculated.
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Area Material
FLODR dGm770 =W Wooden boards
Im920=L insulation mat helow
WALLS 1= 3Im920 x 2 m &80 Plaster
2= 4m770x 2 m 660 Plaster on hrickwork - front
minus windows
3= 3m%40x 2 mé&70 Wallpaper
4= 4m710x2 m670 Plaster
minus door
CEILING &m770=W Artex on ceiling joists
Im920c.
WINDOW 1= 1milald=wW Class in wooden frames
1 mS50=H
2= TM0mm=W
DOORS 760 mm x 1 m 990 Wooden, 35 mm thick

Figure 3.1; Area and materials of surfaces of upstairs room after treatment.

Using this calculation the normalised impact sound pressure level, L, could he

determined for each centre frequency by,

A
Ln=Li+lD|og-A-;dB

where Li =
A

A =
a

Average SPL in a specific frequency band in the receiving room
Equivalent absorption srea of receiving room
The reference equivalent absorption area = 10m*

This method was used before and after the installation of Rocksil Insulation Mat.

The difference between the sound pressure levels was measured in the two rooms at each
octave band centre frequency, before the installation of insulation.
compared with the differences in the sound pressure levels after the installation’ of

Rocksil Insulation Mat, From the difference in the two it became evident that the

THE RESULTS FOR AIRBORNE 50UND

transmission of sirborne sound between the rooms had been reduced by the presence of

insulation material,

Proc.l.O.A. Vol 10 Pan 2 (1988)
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Area Material
FLOOR Im3ID=w Concrete
Im9%30=L
WALLS 1= 2man0 x 3 m 910 Plaster *
minus window
2= Zmat0x3Im930 Plaster
3= 2maldx 3 m 910 Plaster
minus door
4= 2ma00 x 3 m 330 Plaster
CEILING ImS%10x 3 m930 Plaster on insulation mst,
joists ete.
WINDOW Z2m230 =W lass in wooden frames
1mBO=L -
DOORS 750 mmx 2m 30 \Wooden

Figure 3.2: Area and materials of surfaces of downstairs room after treatment.

From the measured SPL's and the calculated absorption coefficients, the SRI's for the 2
rooms were calculsted for each octave band eentre frequency.

From the results of the measurements when the sound sgurce was in the downstairs
room, it could be seen that before the installation of insutation, the SRI's ranged from
13.43 dB at 125 Hz, gradually increasing to 30.93 dB at 4 KHz, After Rocksil Tnsulation
Mat had been installed the SRI's were increased to 33.74 dB at 125 Hz, gradually
increasing to 65.31 dR at & KHz (Figure 4).

The results of the measurements tsken when the sound source was in the first floor front
room followed a similar trend. This indicates that;

a)

b}

744

The SRI was generally lower at the lower octave band centre frequency, gradually
increasing with the centre frequency. Thug the reduction in the transmission of
airborne sound is greatest at the high frequencies as expected, This factor is
important because high frequency noise can be the cause of snnayance to people,

The Installation of the Rocksil Insulation Mat plasterboard treatment had

effectively increased the SRI for each octave hand centre freguency, thus the
transmission of airborne sound was reduced by the presence of the treatment.
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Pl (dB)

7o

AFTER
“TREATMENT

BEFORE
TREATMENT

o
Frcquen cy ( Hz)
0 N 2 1 _ L _—
125 250 500 1k 2k 4K

Figure 4: Comparison of SR1 before and after trestment

THE RESULTS FOR IMPACT SOUND

Analysis of the normalised impact sound pressure levels, which were calculated before
and after the installation of insulation, revealed that there was a generel trend that the
impact SPL decreased at the higher frequencies.

After the Installation of the Rocksil Insulation Mat the normalised imparct SPL at each
octave band centre frequency was lower than it was before the insulation was installed
{Figure 5).

Therefore it was found that the installation of Rocksil fnsulation Mat and plasterboard

trestment had effectively reduced the transmission of impact sound between the two.
roomag,
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90 T SPL (d4B)

[:]»]

71

ot

Frequ ency (Hz)
2 125 250 50 x 2 ax

2o

Fiqure 5: Comparison of impact sound measurements before and after treatment
COMNCLUSION

On analysis of the results of the measurements and calculations for the transmission of

the sound between the two separste dwellings before and after the treatment, it was

concluded that the transmission of both sirborne sound and impact sound was effactively

reduced to acceptable levels in the two dwellings.,
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