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ABSTRACT

The building construction development in Portugak tbeen changed by the very slow but
gradual move to a general use of residential parstmade with increasingly light materials from
the traditional heavy interior walls. A socioecamo analysis of the Portuguese situation as it is
concerned with the lodging policies and buildingn&touction industry, is briefly presented. An
international comparison on this matter is showmgissome economic parameters. The
Portuguese situation is confronted to 37 other ttaasx The main goal of this paper is to present
a study of the acoustical behavior of lightweiglartpions, especially those usually called
“sandwich-type” and its experimental applicationaamew and very specific kind of partition
made of gypsum board and cork, a traditional maten Portugal. This newly developed
sandwich lightweight partition is presented andustically characterized. A new and simple
mathematical model is presented to evaluate thedsaolation of this kind of partition. The
results obtained in reverberant chamber tests @septed as well as the comparisons with the
predicted values using the new model proposedfei@iiit single and double wall types were
tested giving STC values up to 44 dB.

1. INTRODUCTION

Portugal is the world largest producer and expavterork. Nevertheless cork has never been
widely used in Portugal in the building construntimdustry as a sound isolation material. Its
main use in this field has been as a thermal it@uta as an acoustic absorptive material.

Cork is a natural product that constitutes the oh#gk of a tree named the cork-o&jugrcus
suber 1), that is disseminated all over Portugal (maimythe southern area). The product is
formed by the grouping of cells, in successive igyeach layer being the result of one year’'s
growth. The first cork stripping is carried outlypat the end of 20/25 years of life of the tree.
The cork stripping is made every nine or ten yedrke lifetime average of a cork-oak is about
170 years.

Cork is a unique material thanks to its low specifieight, great elasticity, flexibility and
durability, its impermeability to liquid and gasets resistance to wear and fire, its high
mechanical resistance and dimensional stability arebistance to reactive agents,
microorganisms, etc.
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The world cork production is about 400 000 tonsyear and Portugal is the first world producer
with 53 %. The second world producer is Spain iRH.

The main goal of this paper is to present the aaaidehavior of a newly designed lightweight
partition made of gypsum board and cork.

2. RESEARCH JUSTIFICATION

The main use sought for the type of partitions dieed in this paper is as interior walls in
dwellings or office buildings.

The traditional interior wall type in the Portugadsuilding construction industry has been and
still is the heavy 7 cm brick (hollow) wall with & plaster. This type of solution is more

expensive regarding materials used and labor dbsts the proposed lightweight partition.

However the changing from the traditional heavylsvahs been slowly due to the very low labor
costs in the Portuguese building construction itrgusee Table 1).

The building construction development in Portugak mot followed other western European
countries and has been changed by the very slowraadial move to the general use of partitions
made with light materials.

The use of lightweight partitions in the buildingnstruction is the standard rule in many western
and industrialized countries. This is due maiolytte importance that the labor costs have in the
final cost of the building. In Portugal the labmmsts are still very low (see Table 1) and this is
one reason not to have the same changing moveasrsether countries since many years ago.

In Table 1 is seen that the skilled and unskilkgabk costs in Portugal are only higher than some
countries in Eastern Europe, Africa, Middle Eastl aksia. We can note than, for instance,
Portugal had in 199[3] labor costs 7 to 8 times higher than those in tB&Uor 7 to 9 times
higher than the ones in Nordic European countri€eese values cannot be directly compared
due to the difference of levels of life but theyagive a clear picture for future developments in
this field.

Another aspect to justify the idea that lightweigidrtitions will be increasingly popular in
Portugal is the present costs per square metdrolasing. Although the way of life and salaries
in Portugal are quite inferior to many other westeountries, the housing costs per square meter
are not so different that those from these countria Table 22, 3 we can see that the costs per
square meter for single family housing and apartmen flats are still very low. However the
highest values are now just only around 3 timekdrighan the ones in Portugal.

Building construction in Portugal is not yet asiopted and rationalized than in other countries
in Europe or North America. Very low labor costs bt imply a correspondent low final costs
per square meter for housing. The use of composite and gypsum board in partitions, with a
high labor rentability, can then present a loweaficost than the traditional brick wall. This
lowering of costs will naturally push down the sgpueneter housing cost in Portugal. As we see
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in Table 2, the square meter costs in the USA aea éower than in Portugal when labor costs
are seven times higher.

Therefore these socioeconomic parameters indib&tenterest on having a less expensive and
highly effective lightweight partition.

Table 1. Skilled and unskilled labor cos$ts 3

SKILLED LABOR COSTS UNSKILLED LABOR COSTS (/hour)
(/hour)

COUNTRY 1987 1991 1987 1991
National | US $| US $| National| National | US$| US$| National
currency currency| currency currency

Australia 21 14.( - - 20 13.3 - -
Austria - -| 25.4] 270 - -l 20.7 220
Bahrain 0.62 1.6 - - 0.45 1.2 - -
Belgium 795 204 - - 645 16.5 - -
Canada 225 167 - - 19.5 14 .4 - -
Cyprus - {4 10.4| 4.48 - -l 84 3.64
Czechoslovakia - - 15| 40.3 - |4 1.1 30.3
Denmark - {1 28.0 163 - -| 28.0 163
Egypt 3.25 4.6 - - 0.98 1.4 - -
Finland - -| 30.6 112 - -l 21.0 76.7
France - 18.6| 95.9 - -| 13.8 71.0
Germany - 15.1| 22.8 - - - -
Greece - 15.0| 2391 - -l 10.8 1733
Holland 37.2 17.7 - - - - - -
Hong Kong 29.5 3.8 - - 19 2.4 - -
Ireland - -1 12.2| 6.93 - -| 10.2 5.79
Italy - -| 25.3| 28800 - {4 22.8/ 26000
Kenya 10.8 0.7 - - 6.85 0.4 - -
Luxembourg 1 222 692 - -l 17.3 540
Malaysia 5 1.9 - - 2.5 1.0 - -
Malta 6.4 1.92 - - 5.3 1.58
New Zealand 19 10.2 - - 17 9.1 - -
Nigeria 1.5 0.4 - - 1.46 0.4 - -
Norway - -| 31.4] 186 - -l 27.0 160
Poland - 0.9 8186 - - - -
Portugal - -| 48 645 - - 3.8 515
Saudi Arabia 8 2.1 - - 5 1.3 - -
Singapore 8.67 4p - - 6 2.8 - -
South Africa 8.25 1.8 - - 2.22 0.5 - -
Spain - {1 19.1] 1821 - -l 15.0 1428
Sweden - 33.6 190 - -| 32.8 185
Switzerland 51.5 33.p - - 34.7 22.4 - -
Turkey - -l 04| 1352 - 1 0.3 825
UK - -| 11.4| 5.89 - -l 9.0 4.63
USA - -| 37.2| 37.2 - -| 26.5 26.5
Zambia 2.34 0.2 - - 1.97 0.1 - -
Zimbabwe 2.88 1.8 - - 1.08 0.7 - -
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Table 2. Estimating costs per square meter forihgug, 3

SINGLE FAMILY HOUSING APARTMENTS/FLATS
(cost / m?) (cost / m?)

COUNTRY 1987 1991 1987 1991
National| US $| US $| Nationa| National] US$ | US$| National
currency currency| currency currency

Australia 375 250- - 710 473 - -
Austria - -| - - - -11240 13200
Belgium - -| 1058 33k - {1026 32k
Canada 420 311- - 410 304 - -
Cyprus - {1 394 170 - 348 150
Denmark - {1030 6k - 11717 10k
Egypt - -| - - 275 393 - -
Finland - - - - - -11412 5150
France - 1 989 5090 - 779 4010
Germany - 1 819 1240 - 1254 1900
Greece - 1001 160k - 826 132k
Holland 1200 571- - 1100 524 - -
Hong Kong - 4- - 2250 289 - -
Ireland - -| 529 300 - 846 480
Italy - -1 1055 1200k - 1055 1200k
Japan - - - - -12612 350k
Kenya 3600 22%- - 4k 250| - -
Luxembourg - 11122 35k - {1603 50k
Malaysia 340 131- - 315 121 - -
New Zealand 790 425 - 1075 57§ - -
Nigeria 1500 429- - 2375 679 - -
Norway - -| 845 5k - 411183 7k
Poland - { 444 4250k - 268 2567k
Portugal - -| 504 68k - -| 630 85k
Singapore 600 279 - 775 360Q - -
South Africa 475 106- - 525 117 - -
Spain - {4 578 55k - { 683 65k
Sweden - 1496 8450 - 1169 6600
Switzerland - 11081 1375 - 1416 1800
Turkey - -| 110 344k - 265 828k
UK - -| 686 355 - 821 425
USA - -| 450 450 - 595 595
Zambia 1705 12p- - 1550 111 - -
Zimbabwe 240 150- - 670 419 - -

Note: Approximate estimating costs for a particaauntry are for the normal standards prevailmthat country

3. DESCRIPTION OF PARTITIONSTESTED

Five partitions were tested in this study - fourgée and one double sandwich partitions (Figure
1):

a) Single partitions

- Partition D1:
Face layers 10 mm gypsum board (each face)
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Core 6 mm agglomerated composition cork
Total thickness 26 mm
Total weigh 16 kg/rh

- Partition D2:
Face layers 10 mm gypsum board (each face)
Core 6 mm rubbercork

Total thickness 26 mm
Total weigh 20 kg/mh

- Partition D3:
Face layers 10 mm gypsum board (each face)
Core 40 mm agglomerated composition cork

Total thickness 60 mm
Total weigh 20 kg/rh

- Partition D4:
Face layers 10 mm gypsum board (each face)
Core ISO500 (2 layers of 25 mm agglomerated coitippsork with a 3 mm thick

rubbercork sheet in between)
Total thickness 73 mm
Total weigh 24 kg/rh

b) Double partitions

- Partition DD1/2:

Partition D1 (26 mm) + airspace (100 mm) + Paniti2? (26 mm)
Total thickness 152 mm

Total weigh 36 kg/rh

Since there was no symmetry in this partition itswasted regarding the sound transmission
through both ways of emission nanfednd2 (DD1/2-1 and DD1/2-2), see Figure.

c) Materials

- Gypsum board - The gypsum board used was a 1Qmuokness composite panel, fabricated
with a volume density of about 800 kg/mnd a surface density of about 7.5 kgy/rEach panel
was 1.20 m by 2.80 m (Figure 2).

- Cork - Three types of cork materials were used:

» Agglomerated composition cofkr white agglomerated coyk Made of cork granules (1 to 3
mm) bound together under heat and pressure. k sagcific weight of about 125 kgirand a
modulus of elasticity of about 16 kg/ém

* Rubbercork- A cork derived material done with different szef granulated cork and
synthetic rubber (binder: nitrile, neoprene or cfoene - NBR or SBR). The one used in this
stud?;zhad a specific weight of about 900 kyj/amd a modulus of elasticity of about 110
kg/cnft.
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* 1SO500- Two layers of 25 mm agglomerate composition cghiked with a 3 mm thick
rubbercork sheet in between.

4. EXPERIMENTAL PROCEDURES

Transmission loss measurements were performed anstund transmission facility at the
National Laboratory for Civil Engineering (L.N.E)3dn Lisbon, Portugal. The facility consists of
two adjacent reverberation rooms each with a volem&12 n? and a surface area of 14G.m
The interior dimensions of each chamber were 5.48ym.87 m by 4.20 m. The test opening
wall between the rooms was 3.46 m by 2.79 m (Fi§yre

The remaining wall area between the rooms was &ldaualled concrete construction isolated
by cork. The walls, floor and ceiling were made&dd@& m thick concrete. The double doors to the
rooms (0.3 m total width) were made of 0.025 mKtsteel sheet with an air spacing of 0.25 m.
In each interior facing were glued 0.05 m thick emal wool sheets.

The diffuseness of a sound field in a reverberatioom is dependent upon the number of
acoustic modes resonantly excited. For the 1i2ewerberation chamber with 1/3 octave bands
of excitation there are approximately 14 resonantes in the 1/3 octave band with a center
frequency of 125 Hz. Since the minimum number oides required for the sound field to be
sufficiently diffuse is 20, the measurements dan¢his frequency band should be treated with
some suspicion.

The procedures for measuring transmission loss {dllgwed the Portuguese standard NP-669
(similar to the standards ISO 140 and ASTM E90he Equipment used were 1" microphones
Bruel & Kjaer (B&K) model 4145 with preamplifiers& 2615 and amplifier B&K 2607.

5.RESULTS

Thetransmission los§TL) values obtained for each partition tested@esented in Table 4 and
Figure 4. Thesound transmission clagSTC), a single-number rating, was calculated &bkog

to NP-2073, a similar method as described in IS@ &id ASTM E413. Table 3 presents the
summary of results.

All the partitions show a small drop (critical fteency) near the 160 Hz frequency band. The

partition D3 also presents another drop in the @lues for the 1 kHz frequency band.

Table 3. Comparison of Sound Transmission Clas€}%hd Transmission Loss (TL) among the
partitions tested and the traditional single brmkI.

PARTITION STC TL (dB)
(dB) minimum maximum
D1 28 17 31
D2 34 21 39
D3 32 21 45
D4 34 16 44
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DD1/21 44 25 58

DD1/22 43 24 57
Traditional - brick 7 cm 37 27 51

DD1/2 -4 or 2= D1 + D2 (double) with both ways of emission ofisd

Table 4. Transmission Loss (TL) values.

Frequency Transmission Loss (TL) dB
(Hz2) DI D2 D3 D4 | DDl2-1 DDl2-2
125 18 24 23 18 27 26
160 17 21 21 16 25 24
200 20 26 25 21 29 28
250 20 27 28 21 32 33
315 22 26 28 27 35 33
400 24 29 28 30 38 37
500 25 29 29 30 42 38
630 26 30 28 33 44 42
800 27 31 27 36 48 45
1000 28 33 24 35 49 47
1250 28 34 31 38 51 48
1600 30 36 38 40 55 54
2000 31 36 41 41 56 54
2500 31 37 45 41 57 55
3150 30 39 45 41 58 57
4000 30 39 44 44 56 55
STC 28 34 32 34 44 43

6. COMPLIANCE WITH PORTUGUESE NOISE CODE

The Portuguese Noise Codeegulamento Geral sobre o RujdXecreto-Lei n°® 251/87 from June
24, 1987) in practice since January 1, 1988, stiiats partitions between rooms in the same
dwelling should have a STC greater or equal to BO d@herefore (Table 4) the double partition
DD1/2 complies with this law. The traditional beiwvall with STC of 37 does not conform with
the minimum STC value.

7.MATHEMATICAL MODEL

7.1 Mode

A mathematical model was searched for the estimatfothe Transmission Loss (TL) for this
type of lightweight non homogeneous sandwich pantit

Since the effect of the critical frequency is smalthis type of partition and because it will be
present in the low end of the frequency range w@frest, the developed model will show just one
expression for the entire range of frequencies-AX®H Hz).

The general appearance for the model will e
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TL=10log (A.B.C) + D

where:

A - term representing the mass effect;

B - term representing the internal damping;

C - term representing the partition stiffness;

D - numerical constant.
Using as the basis for the mathematical elaborati@work of Cremer and Falf®,5 and after
some simplifications and mathematical computat{dhshe model searched is:

TL (dB) = 10 log [(m / 700}> « £2° « B%9 - (mP*f )| - 37.7
where the sandwich partition is transformed in @ugivalent homogeneous partition. The

values form and B are then not referred to any of the layers of saedwich panel but they
represent the values for an equivalent homogensmuagposite panel.

a) Equivalent mass
m=2p h +p1 hp

where:
1 - index for face sheet
2> - index for core
p - volume density (kg/f)
h - thickness (m)

b) Equivalent bending stiffness
The partition equivalent bending stiffness willfbend using the following expressip4:
B=2B[1+3g/(1+g]

where:
B]_ = El h13 /12
g =2G/E hih Kk

and correspondingly
1 - index for face sheet
2> - index for core
G, - Core transversal elasticity modulus, 6E, / 2(1+v)
k - wave number, k = w/c =rtX/c
E - Modulus of elasticity (Young’s modulus) (kgjm
v - Poisson number

Using the value of 0.3 for th@oisson numberreasonable value for the usual building
construction materials) and after some mathematedallation, we get:
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B=(E.h®/6) +[cE1E, h®/ (10.4TP Es hy by f 2 + 2 ¢ E))]

where: ; - index for face sheet

2 - index for core

B - equivalent bending stiffness

¢ - speed of sound in air (m/s)

E - Modulus of elasticity (Young’s modulus) (kgjm

f - frequency (Hz)

h - thickness (m)
To simplify the use of these expressions Table Apresented in Appendix where are displayed
values for E ang for some building construction materials.

7.2 Modd Agreement

Table 4 presents the results for the STC valuesgufie described model to this sample of
partitions and the differences found to the cakedeSTC values using the measured TL's. As
seen in this table the average difference of +IrefBesents a very reasonable conformity given
by the model. The Pearson correlation coeffic{&)tbetween predicted and measured STC’s is
0.87. Figure 5 displays four spectra’'s comparis@teeen predicted and measured TL's where a
good agreement can be seen.

Table 4. Comparison betwe8TC measuredndSTC model

PARTITION STC (dB) DIFFERENCE
M easur ed M odéel (dB)
D1 28 31 +3
D2 34 33 -1
D3 32 33 +1
D4 34 35 +1
| Average +1

8. CONSTRUCTION PROCESS

The building of the partitions for this project wasne by the cork company in their facilities. It
consisted in the gluing of the layers to form tla@gl. It was used a contact neoprenic glue in the
entire surface to be pasted.

Figure 6 presents some details of one of the plesgditition assembling processes using the type
of material discussed in this study.

9. SUMMARY

The building construction development in Portugadtifies the study of a newly designed
lightweight partition done with cork, a traditionaaterial. A socioeconomic analysis about the
Portuguese situation concerned with the lodgingcgd and its building construction industry
was briefly presented.
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This newly developed sandwich lightweight partitionade with cork in the core and gypsum
board in the face layers was presented and acallgticharacterized. A new and simple
mathematical model was presented to evaluate theofTthis kind of partition. The results

obtained in reverberant chamber tests were pratesmgewell as the comparisons with the
predicted TL values using the new model proposEdur different single and one double wall
types were tested with giving STC values from 28ap4 dB.

The experimental procedure followed and the conStm process used in assembling the
partitions were also briefly described.

The compliance with 40 dB minimum STC value fortpans between rooms in the same
dwelling stated in the Portuguese Noise Code wsslalred for the double partition.
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APPENDIX

Table Al - Characteristics of some building conginn materials.

MATERIAL SPECIFIC WEIGHT | MODULUS OF ELASTICITY
p (kg/nt) E x 16 (kg/n?)
Aluminum 2700 71-73
Asphalt 1800-2300 8-21
Brick (heavy) 1800-2100 3.1-16.3
Concrete
heavy 2000-2400 27-29
porous 600-1300 2-3.9
Cork
agglomerated 100-250 0.0016-0.26
with rubber 800-900 0.011
Glass 2500-2700 61-70
Gypsum board 800 7.14
Iron 7780 210
Lead 11300 17-20
Polystyrene
expanded 15-30 0.0027
extruded 25-35 0.1-0.3
Wood
ash 650-880 15
beech 660-800 16
chestnut 550-700 11
fir 400-700 1-5
oak 700-1000 2-10
pine 500-700 1-10
poplar 400-580 7.5
plywood 350-550 55
walnut 600-750 14

Figure 1. Partitions tested.

Figure 2. Gypsum board.

Figure 3. Sound Transmission Facility (L.N.E.CortBgal).

Figure 4. Spectra of TL for the 6 partitions tested

Figure 5. Four comparison cases for spetlraneasuredersusTL model.

Figure 6. Assembling process.
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