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1 Description of the Project: WP 3: European Timber
Sound Insulation Atlas

The objective of this work package is to provide an acoustic performance knowledge
database of European timber building constructions. In a first step a methodology for
structuring the planned data base will be developed. The database will be fed with existing
examples from the different European timber building regions. These examples will be grouped
into similar solutions and sound insulation performance. After reprocessing the data the
different construction systems will be optimized in WP 2.

An interface to the broad public of the database will then be developed. This user friendly and
appealing front-end of the European Timber Sound Insulation Atlas (EATSI-Atlas) will provide
information on various evaluation criteria, including expected future European target values.

Everything will be provided to the broad public. In order to enhance the possibilities of
SME'’s being able to meet the acoustic performance requirements for the future there will also
be “hints” on simplifying junction model data for prediction and evaluation for innovative timber
based building constructions.

The work package includes four tasks.

! Task 1 comprises data collection from different wood based building constructions of
European regions, provided by project partners.

1 Task 2 implies grouping of the collected systems by their construction type.

1 Task 3 is the development of the web database (after grouping etc.). The EATSI-Atlas
will be programmed in order to facilitate future developments of new systems through
simply adding them to the database back-end.

T Finally task 4 includes the development and implementation of an auralization tool to
the atlas for easy understanding of what can be expected, by listening to audio
recordings.

Principles are given in Figure 1 below.

WP 3 — European Timber Sound Insulation Atlas
Pioneer work made by Lignum will be used in order to apply the theories directly in an application for end
users. Hence input from WP 1 and WP 2 will be applied in a web based interface for calculation of wooden
structural systems

WP 3-2 — Grouping and reprocessing

1

! WP 3-3 - Development of database, EATSI
Grouping the collected building system |

i

1

i

1

]

I

Atlas !

data. Identify system groups to be included :
in the validation process in WP 2 :

Providing an example database with
European constructions

WP 3-4 — Auralization tool

Develop an auralization tool in the atlas in order to increase acoustic understanding to the users

Figure 1: The database and Institutions involved

In brief, the campaign will include the following activities:
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f Collection of building-systems data from different countries. The data will be provided
by the companies involved, wooden industries and consultants.

f Extensive grouping and selection of building systems by types, such as volume
elements, flat elements etc. and in relation to their build-up, such as CLT, beams or
any other build up.

f Selection from the grouping of typical European systems for the prediction and
validation according to WP 1 and 2.

f  Reprocessing of the data according the results of WP 1 and WP 2 and develop of
simplifications to selected systems.

 Development and implementation of an auralization tool for the ‘European atlas’
improving understanding and accessibility for a broad public.

The innovative European sound insulation atlas will be an outstanding tool for the future
development of competitive wood based construction systems for the different European
regions. It will also serve as the backbone for the prediction of the acoustic behavior between
different rooms etc., by consultants, industry and product developers in practice.

Within the atlas, the data’s quality will be distinguished, ranking between full spectrum
data, part spectrum data, single number data, laboratory measured data, on site measured
data, calculated data and estimated data, if applicable. Missing data will be defined and
determined in WP 2. A further criterion is the quality of the specific boundary conditions. After
the data-screening, the relevant data is filled into the European Atlas Timber Sound Insulation’s
back-end. In task 2 the existing systems will be grouped to similar solutions. Depending on the
results of the other WP’s it will be decided, which systems are selected and which modifications
have to be done to provide full spectrum sound insulation including the low frequency range
for different levels. The chosen systems will be the basis for the calculation models of WP 1
and also for the validation procedure in WP 2.

The database will also include the necessary provisions for simple and robust systems
and future continuous development of single number descriptors, the low frequency range and
the flanking transmission, depending on type of housing unit (e.g. student, elderly, “normal”
families). The data base shall provide a single point of access data storage for European wood
based construction systems and will provide to get the necessary data for a successful
building acoustic design process.

Finally in task 4 an auralization tool will be developed. Auralization is an electronic
simulation of sound signals for arbitrary types of excitation and for all kind of building
constructions [31 — 34]. This tool uses the data in the EATSI-Atlas to give an audible impression
of the different sound insulation effects provided by the different European wood based building
constructions. Through this tool the dissemination of results (WP 4) can be demonstrated to
interested people that are not acousticians.

[31] NaBhan, K.: Bauakustische Auralisation in Echtzeit. IBP-Mitteilung 26 (1999) Nr. 348 des
Fraunhofer-Instituts fir Bauphysik.

[32] Nafl3han, K.: Auralisationsprogramm zur Demonstration bau- und raumakustischer Wirkungen von
Bauteilen. IBP-Mitteilung 27 (2000) Nr. 365 des Fraunhofer-Instituts fiir Bauphysik.

[33] NaBhan, K.; Maysenhélder, W.: Mit Auralisation und rechnerischen Prognoseverfahren zur
optimalen Schallddammung. Bauphysik 23 (2001) H.2, 76-80.

[34] NaRhan, K: Auralisation mit Tabellenkalkulationsprogrammen. Fortschritte der Akustik: DAGA
2005, Miinchen, S. 317-318.

1.1 Goals

1 Make test documents accessible
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Overview of solutions

Filtering function

Multi language

Automatic Image and Datasheet
Automatic description text

Comparing different values in one graphic

= —a _—a _—_a _—_a 9

2 The European timber component catalog for sound
insulation

The European timber component catalog is currently primarily a tool for the
calculation of the acoustic properties of buildings made of wood and provides sound
characteristics of components. It is the result of several years of work within the framework of
the Swiss project <Sound insulation in timber construction> in association with the EMPA
and the Bern University of Applied Sciences, architecture, wood and construction and a
multitude of industrial partners as well as the silent timber build project. The timber
component catalog is the central control element for the collection and dissemination of
components and test reports within the projects.

Industry partner

National program: “Action plan wood” "y o
Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

[European program

SILENT
TIMBER
BUILD
\ University AHB, Bienne

(" Testing stand ) Bern University
Lignum database S of Applied Sciences
H

@ Empa

Materials Science and Technology

(&

Figure 2: The database and Institutions involved

2.1 Integrated user interface

1 The European component catalog, is distinguished by a well thought-out and clear
presentation. (Integrated design)

T The filter functions and the solid and material-specific representation of the components
offer a high user-friendliness.

{  Thanks to multilingualism, woodworkers all over the world can benefit from the
knowledge they provide.

© RISE Research Institutes of Sweden
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2.2 Integrated data management

In the first version the component group <ceilings> was put online in 2014. In the
meantime, the construction industry has begun to use BIM in the course of time. Therefore,
components 2015 were decomposed into individual materials (decomposition) and
reassembled into functional layers (aggregation) as components.

Components are made of generic materials. (Abstraction)

A material is only recorded and maintained once. (Integrated information). Everything
is displayed uniformly.

f Already programmed functions can be used for other components / products.

f  Simple translation into other languages thanks to a decomposed data base

f  Consideration of the levels of detail in the planning: <From general to special>. From
the generic material to the specific producer product. (From LOD 300 to LOD 400)

l
l

2.3 Dissemination of the data

The project partners have selected the components shown public view. In addition,
Lignum additionally verified the sound insulation values of these components with various
measurements and calculations. With a login for specialists, further components with test
reports and sound attenuation curves of prognosis models are visible. The view for specialists
shows a much larger number of components; The sound attenuation curves of different
prognosis or rake models are compared graphically with those of measurements.

© RISE Research Institutes of Sweden
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Bauteil A266

Figure 3: Levels of information depth www.lignumdata.ch

2.4 What the European component catalog offers today

Domain www.lignumdata.ch

9 languages: German, French, Italian, English, Spanish, Japanese, Russian, Swedish,

Finnish

1 6 component groups: ceilings, partition walls single-walled, partition walls double-walled,
exterior walls, Steep roof and Flat roof

T Filter options for a specific search for component set-up, characteristic values,

manufacturer, component number

Scale-generated component diagrams: 1 pixel = 1mm

Detailed component description, which is automatically generated in all languages, with

design requirements and minimum material requirements

T Specification of sound insulation level, standard impact sound level, spectrum adaptation

values

Linear components with additional specification of width (b) and center distance (e)

Symbols for the connection of claddings and structures: rigid, stiff or without a composite

= —.

= —.

1
1
© RISE Research Institutes of Sweden
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effect

= —.

Differently colored component layers according to VKF fire behavior groups
Direct reference to the relevant table in the Lignum fire protection documentation 4.1

<Components in wood - ceilings, walls and cladding with fire resistance>, edition 2015
T Multiple login levels with different information width and depth; Standard: Components

approved by Lignum

T Inthe background accessible test reports with sound attenuation curves of prognostic
models (with specialist login)
{ Materials are colored in the graphic. Life cycle assessment data can also be added later.

Figure 4: European component catalog on the screen

Table 1: Number of components in the database

Floor Partition |Partition |Outer Steep Flat roof
constructi | single double wall roof
ons shell shell
Components released for
specialists 1973 pcs. |240 pcs. | 322 pcs.  [941 pes. | 140 pes. |22 pcs.
Components released public | 237 pcs. |43 pcs. 8 pcs. 44 pcs. 27 pcs. 0 pcs.

© RISE Research Institutes of Sweden
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2.5 Component Types

Outerwall

Steep roof

’1’””?%”"&”)

W

8

A S S /A /TS 4

L L L L

Flatroof

Partition wall

Partition wall
single shell

Floor ceiling

double shell

 VLAVAVLVLVALV VALY

o T

A S .’PP

Figure 5: Component Types
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2.6 Category overview

Log In Italiano Francais English Espariol §4E% Deutsch
Home Search Terms Imprint
FILTER CATALOG FLOOR ASSEMBLY
Page 1 of 24. There were 237 matching component found.
General Information > Lignum ID-N2 Base structure Construction Values of airborne sound Values of footfall sound
Graphic Paneling height insulation insulation
Origin of sound insulation Weight
values U-value
Assembly ) A0090 Ribs / joists 417 mm R 53 dB Low 52 dB
i vith floor construction 221 kag/m2 c -3dB (=1 ode
Manufacturer ’ Verified calculation = Cso-3150 -3 dB Ciso-2500 1de
@ o-t=i
Search assembly number ’ Ribs / joists 352 mm Rw 50 dB Low 55 dB
P Reset search aftena vith floor construction 155 kg/m2 c -3dB [=1 1d8
Verified calculation - C50-3150 -4 dB C150-2500 1da
@ o=
Ribs / joists 354 mm Ru 42 d8 Low 73 de
vith floor construction 73 ka/m2 G -1dB a ode
Verified calculation - Cso-3150 -1dB Cis0-2500 0dB
@ o=t
Ribs / joists 470 mm R 62de Law 53 de
vith floor construction and 243 kg/m2 c -4 dB =1 1d8
cailing covering
Verified calculation = Cso-3150 -5 dB Ciso-2500 4 dB
[ B
Ribs / joists 445 mm Rw sads Low 57 dB.
with floor construction and 177 kg/m2 c -3dB =1 0de
ceiling covering
verified calculation = Cs0-3150 -5dB Ci50-2500 3de
[i B4
Ribs / joists 407 mm Ruw 48 d8 Low 67 dB
vith floor construction and 95 kg/m2 c -3dB (=1 1d8
cailing covering
Verifiad caleulation = Cs0-3150 -3d8 C1s0-2500 1d8

[ B0

LIGNUM - Holzvirtschaft Schweiz | Economie suisse du bois | Economia svizzera del legna
Mihlebachstrasse & | 8008 Zarich | Tel. 044 267 47 77 | Fax 044 267 47 87 | info (at) lignum.ch

Figure 6: Overview component type: ceiling construction

© RISE Research Institutes of Sweden
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2.7 Detail view

Construction

Lignum ID-N@
Lignum Cataslog number
Source of construction

assembly E0146

ED146
E1.057T7
FCBA N® FDE: B00S00, Year 2013

Steep mof consisting of a basic construction of ribs / rafers with cavity insulation in the supporting
=triscturs with =ir flow resisthty [r] of 55 r S35 kPe =/mZ. Sheathed on the I=flsid=. Simple covering,

with insulation on top of the sub-Tloor

aagembly
Barse structure Ribz / rafters
Sheathing Sheathed on ons sids
Paneling Simple covering 2 =122
Construction height 530 mm
Weight 20 kg/ma2 < -
Reference fire protection WKF 14-15, Kap. 3.3 [ Lignum Doc. 2.1, Kap. 6 =3 -11 a8
U-value -
COz-Total -
Type sound insulation Cakculation without verfication , Measur=d valuss
Graphic
Laver Product. Manufacturcr Thickness Welght Width [b) Aotz distance (2]
Faofing Anotrses ‘Generizonas Sracuit 47 mam 23, 1xaim? - -
Battens / profies. Wiond Iaths £2w4E = 1ot iaths LEIAMm e=350Mm (Genarisches Eroduit 72 mam 2. 3%am 51 mm 525 mm
uinder tne roaf Aoofing underisy (Generizohes Sraduit amm 0.1 %aim - -
Exvariar insuistion tyer 1 inarsi wool = 150ug/me Fumioe-/-lsavar-/-Sagar-/-Swissnar 100 mm 12.0kg/'m - -
S um-noor ‘Chipboard (Banarigonas Sroduit 13 mm 11 4iegrm3 - -
Band St asacimion of the priar sr. - - - -
Supporting structure Rin/bar hed5mm (Senerighas Frocut 220 mm 5.1 kaim3 45 mm 500 mm
Canviry dampaning Minarsi woal (Ganeriznas Sracuit 200 mm 4.a%a/m - -
sand , EusCUTan of the Driar art. - - - -
aipor parrier Viapar Darriar palyatmyisne (FE) (Bananigones Froduit amm 0.2 kg/m - -
Battens / prees. Wand lmzn B=33mm ‘Generizonas Snacuit 50 mm 22 %a/m2 33 mm 500 mm
(Covering Daigw 15t Layar Fimsternoard typs A Monmu-/ - 13 mm 9.2 ka/'m® - =
Surtace baiw iSiusd jnints smaathed Fermassi-/-nm- -Aigins amm 0.0 %aim - -
Calculated values
Color Typs 25 32 |40 |S0 |63 (B0 (100 (125 (160 200 (250 315 400 | 500 | 630 S00 1000 (1250 1600 2000 2500 (3150 4000 SOO0

| irbame saund 73 |20 |z3 |32 |s1 |a3 |s1 |ss |ss |57 |s3 |s8 |7m |74 7T Eal 32 =1 a2 25 2
w Lignumy/sCinn and Balckas 1§ |18 |30 (22 |24 |24 |23 |25 36 a3 53 57 = 7 75 a1 BS 32 Ecl 1as 110 1103
Airborne sound (R}

120

"o
— oo
S 90
= -
il e
z
3 o
t =
i =
L
&
2 =
& >

o &

400

Frequency {Hz)

Figure 7: Detail view
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2.8 Filters

Figure 8: Filter functions for ceiling

© RISE Research Institutes of Sweden
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2.9 Automatic Standard calculation according formula Kiihn & Blickle

2.9.1 Calculation model Kiihn & Blickle [4]

Measurements of wood floors show typical frequency response; very high airborne
sound levels in the frequency range between 16 Hz and 160 Hz; Strongly decreasing air sound
levels with an increasing frequency above approx. 125 Hz. This means that for the assessment
of wooden ceilings, the low-frequency range is primarily decisive. As computational
investigations show, it is sufficient for the determination of the important kinetic parameters
Ln,w and C, to be completely taken into account from the low-frequency frequency range up to
f = 200 Hz, while the air sound levels at the higher frequencies must not be taken into account.
In the case of ready-to-use floor coverings (ceilings with dry floor, cement floor, etc.), the fault
occurring with this restricted approach is at a maximum of 1 dB.

Due to the possibility of limiting the frequency range to 200 Hz, a simplified calculation
model has been developed which allows to determine both the walking noise level LG and the
standard acoustic sound level L, of wooden floors with sufficient accuracy:

Z Q_[ : +dﬂr
Lc(fj = L,, + 20log i - 9log o
ZB +Z._w

)— 7)(]} J dy
— Slog [ [1”’ ) 3 AL (f) [dBJ

1+d,

Formula 1: Formula Kiihn & Blickle

2.9.2 Meanings here:

Lno: Standard sound level of a fictive standard ceiling, consisting of 22-25 mm thick

wood chipboard or MDF boards, connected non-positively with wooden beams (see drawing
at the back):

Table 2: Standard sound level of a fictive standard ceiling

Frequency f 16 20 | 25 |315| 40 | 50 | 63 | 80 | 100 | 125|160 | 200 | (Hz)

Lno 75,0 76,0|76,0|76,5|77,0|77,0|77,5|78,0(79,0|825|83,0{83,0| (dB)

(Note: The above Lno- Values are empirical values)

© RISE Research Institutes of Sweden
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Zgo: Input impedance Wooden beam of the reference ceiling:

Z

Bo

=2678 - H, B, A Hf (I+i)

Jo:  Density of wood;

Ho: beam height = 0,20 m;

Bo: beam width =0,12 m;

Co.  Stretch-wave speed of the wood = 2500 m/s;
[ Imaginary unit

Zg: Entrance impedance of the wooden beams of the floor.

Z, =267P-H-B ‘qc H -f‘[m')

Zwv: Entrance impedance of the floor:

Z, =2,67-¢-qc-H-f-(m+m,)i

M
(e: Axial distance between the wooden beams; mpi: Area-related mass of the walking layer

(dry ground, backing floor, etc.); mp2: Surface-related mass of wood chipboard or MDF
boards on the wooden beams, including a load placed on it (concrete slabs, screed))

fos:  Mass-spring-mass resonance of the ceiling panel below the wooden beams

[, =161 \/ Sd (%“ + %) ]

(sq: Dynamic stiffness of the air cushion incl. mg; area-related mass of the suspended
ceiling; mg.: corresponds in the normal case of the vaule my,, Exception: wooden
beams with intermediate floor and onlying screed)

de:  Loss factor of the air cushion including insulation material laid therein (d¢ = 0,3 - 0,5)

foo:  Mass-spring mass resonance of the applied dry floor, cement floor, etc., including
the influence of a weight laid underneath (concrete slabs, bed):

o g J L L . 2
'fm" =161 Jsh (_mh,r—i_ Hi‘h_") [F[']

(s»: Dynamic stiffness of the insulation layer under the dry floor, cement floor, etc.)

dv: Loss factors of the insulation layer under the dry floor, cement floor
(db=0,1-0,4)

© RISE Research Institutes of Sweden
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&Lg (f): Correction for the calculation of the noise level in the reception area (instead of the
standard sound level) L,):

f

16

20

25

31,5

40

50

63

80

100

125

160

200

(Hz)

LG 0

0

0

0

0

-3,0

-7,5

-12,0

-16,5

-21,0

-25,9

-30,0

(dB)

Note: When calculating the standard acoustic sound level L,, the correction values L¢ (f) are
eliminated.

Figure 9: Section through floor slab with registered sizes

The following assumptions were made during the development of the calculation model:

l
l

© RISE Research Institutes of Sweden

the wood chipboard or MDF boards laid on top are connected to the wood beams (glued
or screwed at a distance of 300 mm);
the suspended ceiling cladding is attached to the wooden beams by means of spring rails
or spring clips;
the cavity above the ceiling panel is filled with insulating material at least 2/3 of its height

(stone wool or glass wool or flocculated);

the impact sound transmission takes place to the main over the floor (sub-transmission is

subordinate).
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