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Abstract

The European standard Eurocode 5, a design method for timber struc-

tures, is currently under revision. In this study the draft for a revised

design method for vibrations in timber floors was compared to the cur-

rent method. The hypothesis of the thesis was that the revised design

method might force some changes to the present construction practice

and that these changes may carry with them increased costs for the in-

dustry. Six common floor structures used in Sweden today were identified

and for these floors design calculations were made according to the cur-

rent and the revised design method. It was checked whether the floors

passed the criteria in the two design methods and a comparison was made

for the only criterion which could be compared between the methods, the

point load deflection. Floor structures could pass or fail the current de-

sign method based on two criteria, the point load deflection and the unit

impulse velocity response. All floors passed the current design method

except one which had a fundamental frequency below 8 Hz, because of

the low frequency the current design method was not applicable to the

floor structure. In the revised design method the final result is a response

factor and based on the response factor floors are given floor performance

levels. The seven step scale for the floor performance level go from I to

VII where I is excellent and VII is unacceptable. All floor structures ex-

cept two achieved an acceptable floor performance level according to the

revised design method. The two floors which failed were floors commonly

used in single family houses, they failed for a span length commonly used

today. A limited parametric study was performed where it was found that

the modal mass used had a larger impact on the floor performance level

than the mass per square meter included. For floors with a fundamental

frequency above 8 Hz, including a higher mass per square meter resulted

in a lower, i.e. better, response factor in all cases except one. For floors

with a fundamental frequency between 4.5 and 8 Hz, a higher mass re-

sulted in a higher, i.e. worse, response factor. The study found that not

all floor structures used in Sweden today are acceptable according to the

revised design method therefore changes may have to be implemented and

these changes could result in an increased cost.

Keywords: Vibration; Eurocode 5; Floor design method; Timber

floor construction; Sensitivity study; Parametric study
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1 INTRODUCTION 1

1 Introduction

Floor structures could be divided into heavy and light-weight floor structures.
Traditional building methods with concrete as the main building material result
in heavy floor structures while light-weight floor structures could be made out
of steel, light-weight concrete or timber [1]. The development of lighter floor
structures is driven by a wish to use less materials and to use materials which are
conceived as environmental friendly, such as timber. The interest for building
higher wooden buildings is increasing and today about one tenth of all multi-
family houses built in Sweden are built out of timber [2].

Sweden is a country with a long history of using wood as a main building
material. From year 1874 until 1994 there was a restriction in the building code
in Sweden saying that buildings made of wood could only be two storeys high
due to the fire risk. The code was changed in 1994 and the new regulations were
created focusing on function rather than material properties [3]. This regulation
allows multi-storey buildings out of timber as long as the materials used makes
it possible to safely evacuate any people in the building.

All light-weight floor structures are prone to unwanted vibrations [4] and
humans are vibration sensitive beings, programmed to take notice of noise and
vibrations as possible sources of danger [5] [1] [6]. People in motion often tolerate
greater vibrations than people who are still [7]. Vibrations where the source is
obvious, for example when the vibration originates from the own apartment,
result in a lower disturbance than vibrations from less obvious sources [1]. Also,
a vibration which decrease fast is perceived as less disturbing than a prolonged
vibration [8] [1]. The human body is especially susceptible to vibrations between
4–8 Hz as this is frequencies at which the body’s organs could start to resonate
[9].

To support design of buildings the designer have the Eurocode which is a set
of design methods provided by the European Union. The Eurocode is divided
into general chapters and chapters based on building materials. Eurocode 5,
EC5, specifically contains design methods for timber constructions. In EC5 is
included a chapter on vibrations in floor structures, [10], which is now under
revision. A draft for a revised design method for vibrations was presented in
April 2019 [11], the suggested chapter on vibrations can be found in Appendix
H.

In this thesis is studied how floor structures, commonly used in Sweden
today, perform when subjected to the criteria in the revised design method for
vibrations. Both more traditional floor structures consisting of joists covered
by sheathing and less traditional floor structures with CLT as a main building
material are included in the study.

Whokko Schirén & Trixie Swahn



1 INTRODUCTION 2

1.1 Vibrations

Imagine a mass hanging in a spring, if this mass was displaced and then let go it
would start to bounce up and down, or vibrate, about its point of equilibrium. If
the movement was plotted against time than the plot would describe a harmonic
curve. Just like the mass hanging in the spring can vibrate a floor structure can
start to vibrate.

1.1.1 Parameters which affect vibrations

Vibration is defined by the parameters frequency, amplitude and damping. The
frequency is a measurement of the number of full cycles or oscillations taking
place under a time unit normally set to one second. The frequency is measured
in Hertz (Hz) where one Hertz equals one cycle per second. The amplitude is
the maximum distance the mass travels from the mean value or from the point
of equilibrium, or it could be described as the distance from the equilibrium
point to the peak displacement. A plot of the displacements, the velocity or the
acceleration against time would all result in harmonic curves with an amplitude
and a frequency. Without influence of damping a vibration would go on for ever
reaching the same peak displacements on every cycle. Damping is the effect
of the factors which reduces the vibration, it is what happens when movement
energy is converted into other energy forms such as heat or sound energy.

The vibration of a floor structure consist of more than one frequency. A
vibration could be analysed by plotting the amplitude against the frequency,
the lowest of the frequencies found this way is called the natural or fundamen-
tal frequency. The fundamental frequency could also be calculated analytically,
the analytic formula for calculating the fundamental frequency of a simply sup-
ported beam can be traced back to Euler-Bernoulli beam theory.

The magnitude of a vibration could be taken as the amplitude or the average
distance between the equilibrium point and the amplitude, or as the root mean
square (RMS). The RMS is the root square of the mean of the squared values
of the amplitude. It has been shown that the RMS is a good measurement of
the seriousness of a vibration [12].

The level of the vibrations can be controlled by setting constraints on the
allowed deformation, velocity or acceleration. The constraints in combination
with the frequency could be used to find the maximum response factor for a
floor [13].

1.1.2 Floor structures and vibrations

Floors could be divided into low- and high-frequency floors with respect to
vibrations [1]. Concrete floors are typically low-frequency floors while modern
buildings made out of lightweight frames of timber, steel or lightweight concrete
often have high-frequency floors [1]. The natural frequency of the floor is used to
make the distinction between low- and high-frequency floor structures. Humans
are most sensitive to vibrations between 4 and 8 Hz and 8 Hz is used as the
limit between low and high frequency floors [14] [10].

Whokko Schirén & Trixie Swahn



1 INTRODUCTION 3

Vibrations could arise from many things such as the movements of people on
the floor or from the outdoor environment, for example through wind that strikes
the building, or as ground borne vibrations from traffic. Vibrations caused by
humans is a problem in the serviceability stage of a building. Lightweight floors
are more susceptible to vibration from human activities such as walking and
jumping than heavy concrete floors [1] [4] [5]. Disturbances from vibrations
could be divided into two types, noise and acoustic disturbances from 25 Hz
and above and structural vibrations between 0–80 Hz [5].

A floor structure could be one-way spanning or two-way spanning, this refers
to whether it should be considered as supported on two or four sides. If the
floor is free to deform on the short ends it is considered two-way spanning. A
floor supported on four sides could also be considered two-way spanning if the
width b is so much larger than the length l so that the ratio b/l ≥ 2. Floors
where the ratio between the longer span and the shorter span is greater than
two is also considered one-way spanning, so if b ≥ l and b/l > 2 then the floor
is considered two-way spanning [15].

Floor structures could also be single or double spanning. This expression
refers to whether the floor is continuous over one or two bays.

Mass and stiffness

The vibrational behaviour of floor structures relates to the mass of the floor and
to the stiffness of each of the layers in the structural element of the floor system.
If the equation for the fundamental frequency is studied then it is obvious that
if only the mass is changed then a higher mass result in an lower fundamental
frequency [10] [11].

The stiffness governs the floor structures ability not to deflect. For a floor
consisting of joists covered by sheathing the stiffness is higher in the direction of
the joists than in the transverse direction. The stiffness in the transverse direc-
tion could be increased by putting bridging between the joists or by changing
from joists and sheathing to solid timber e.g. cross laminated timber (CLT).
CLT consist of timber boards in layers glued orthogonal to each other to form
a slab with a more homogeneous behaviour than solid timber. The orthogonal
properties of a floor of CLT makes it stiffer in the transverse direction than
floors from joists and sheathing [4].

Damping

It is generally hard to assess the damping of a floor as it depends on many things.
The main source of damping is friction between material layers and connections
but also the span of the floor, its location in the building, the support conditions
and the stiffness of the supports have effect on the amount of damping [8] [4]
[9]. The damping is also affected by suspended ceilings, partitions and furniture
placed on the floor. It has been shown that the modal damping ratio of CLT
floor elements is larger when measured for CLT slabs integrated into a building
than when tested under laboratory settings [4].

Whokko Schirén & Trixie Swahn



1 INTRODUCTION 4

Mode shapes

A floor structure could vibrate at different frequencies. Each of these frequencies
is connected to a specific mode shape that describe the shape of the floor when
vibrating. The first three mode shapes are shown in Figure 1. The simplest
mode shape, the first mode shape, correspond to the natural or fundamental
frequency of the floor.

Figure 1: The three first mode shapes.

Modal damping ratio

The damping ratio is a unitless measure that describes how fast a vibrating
system returns to its state of equilibrium. The modal damping ratio is a speci-
fication of the damping ratio of each mode.

Modal mass

The modal mass is a measure for how much of the total floor mass contribute
to the vibration of a specific mode. The modal mass, M∗, is used to obtain the
root mean square acceleration and the peak velocity needed for the evaluation of
the acceleration and the velocity criteria respectively. The modal mass depend
on how many sides the floor structure is supported on.

Base curve for human sensitivity to vibrations

In the standard SS-ISO 10137 [13] a base curve for vibration sensitivity for whole
body vibration in the z-direction, i.e. foot-to-head vibration, is presented, see
Figure 2. The base curve for vibration sensitivity is a plot of the root mean
square acceleration against the frequency, it gives a lowest limit for vibrations

Whokko Schirén & Trixie Swahn



1 INTRODUCTION 5

that could be perceived by most humans. Vibrations in the area below the base
curve are normally unnoticed.

Figure 2: ISO base curve for whole body vibration sensitivity in the z-direction,
Figure C.1 in [13].

https://www.overleaf.com/project/5cd97392b426565e16b9ac5c

Supports and spacing of beams

The supports of a floor structure can be rigid or non-rigid, on one side of the
floor or on both. The rigidity of the supports affect the stiffness. Also the
spacing of the beams, the centre to centre distance (cc), could be varied and
this has an effect on the stiffness of a floor structure and consequently on the
magnitude of the deflection and the frequency of the vibration.

1.2 Design of timber floors

Timber floors should fulfil certain criteria to be considered acceptable. There
exist a number of documents which are used to aid and guide the designer in the
designing process. The documents used in Sweden are the Eurocode and the
national annex which is formulated by Boverket, the Swedish National Board
of Housing.

Whokko Schirén & Trixie Swahn
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1.2.1 The Eurocode

The Eurocode is a European standard for designing buildings that is used in
Europe today. The Eurocode is a tool made to design structures and buildings
in the Ultimate Limit State (ULS) and the Serviceability Limit State (SLS).
The designer should dimension the building to withstand the forces from loads
such as snow, wind and live load, in the ULS, and to be a well functioning
building without too large deformations, vibrations or cracks, in the SLS.

Eurocode 5 [10] deals specifically with the design of timber buildings. EC5
contains a chapter on vibrations in timber floor structures which could be found
in Appendix G.

1.2.2 Boverket

Boverket is the Swedish national board of housing, building and planning which
handles issues concerning for example design, noise, carrying capacity and safety
in buildings. The governing document ’Boverket’s building regulations’ (BBR),
contains requirements and advices that applies on new construction, extensions
and refurbishments of buildings. Every country has the right to make national
adaptions to the EC5 to take into account differences in geology, climate, life
style or security levels. The national choices for Sweden are collected in the
regulation called the national annex to the Eurocode (EKS). The EKS and the
Eurocodes are enforcement regulations, together they contain the requirements
needed for the verification of the carrying capacity, the stability and the dura-
bility of a structure. The EKS is a legally binding document. Changes are done
continuously to EKS and the latest EKS, EKS 10, includes all changes done
until 2015 [16].

1.2.3 A change is needed – Revision of Eurocode 5

Lightweight floors made out of joists covered by sheathing typically are light-
weight and has fundamental frequencies of 8 Hz or higher. Floor structures
made of CLT are typically heavier which could mean that the fundamental
frequency is below 8 Hz. The chapter on vibrations in timber floors in the current
EC5 (cEC5) give guidance on the design of timber floors with fundamental
frequency of 8 Hz or above. The cEC5 also states that special investigation
should be made for floors with a fundamental frequency lower than 8 Hz but
there exist no guidelines for what these special investigation should be [10]. The
cEC5 is therefore not made for design of heavy timber floor structures with a
fundamental frequency below 8 Hz.

The first Eurocodes were published in 1984 [17] and right now there is an
revision of them going on. The working group for standardisation CEN/TC
250/SC 5/WG 3 – Cluster Eurocode 5, Vibrations, are revising the chapter on
vibrations in EC5. The revision of the chapter on vibrations in EC5 started
in 2014 and is expected to be finalised by 2020 [18]. The draft for a new
design method [11] introduces Floor Performance Levels much like an acoustic
classification system.

Whokko Schirén & Trixie Swahn
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The cEC5 is not always straight forward and easy to follow, it is not always
obvious how included constants are chosen or what they are modelling physi-
cally. Some of the variables used to calculate the unit impulse velocity response
criteria are hard to understand from an engineering or physical perspective
which even has led some countries to disregard the criterion [5]. According to
cEC5 the damping ratio is assumed to be 1 % for all floor structures, ‘unless
other values are proven to be more appropriate’ [10].

1.2.4 Comparisons between the current and the revised

Eurocode 5

The damping is a factor which strongly affects whether a floor is classified as
acceptable or not and it is valid independent of which design method is used.
In the cEC5 the modal damping ratio is set to 1 % for all kinds of floors, unless
more appropriate values are known. The revised design method recommend 5
different values for the modal damping ratio, between 0.02 (2%) and 0.04 (4%),
depending on the type of floor structure being designed, see Table 1.

Table 1: Suggested values for the damping ratio when calculations are made
according to rEC5 [11].

Modal damping ratio Floor structure

ζ

0.02 Joisted floors

0.025 Timber-concrete and massive floors

0.03 Joisted floors with a floating layer

0.035 Timber-concrete and massive floors with a floating layer

0.04 All floors with a floating layer and supported on all four sides

The revision of the chapter on vibrations is adapted to make it possible to
use it to design floor structures made from CLT [19]. The rEC5 was announced
as a proposal in April 2019.

1.3 Problem statement

Today the building industry use the cEC5 when design buildings. Changing
from the the current to the revised standard might or might not lead to increased
costs for the building industry. The problem is that the building industry does
not know whether the change of standard will result in changes in practice or
not. If the building industry is more well informed in the question then they
could better prepare for the change of standard.
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1.4 Hypothesis and limitations

The hypothesis of this thesis work is that the revised chapter in the EC5 on
vibrations in timber floors might force some changes to present construction
practice and that these changes may carry with them increased costs for the
industry.

Limitations: A limited survey of six floors that are common floor structures
used in Sweden today has been carried out. This study focuses exclusively on
non-acoustic structural vibrations in timber floors. The design calculations are
performed in the Serviceability Limit State (SLS) in accordance with the cEC5
and rEC5.

1.5 Aim and objectives

This study will focus on the chapter about vibrations in timber floors in cEC5
and rEC5.

The aim is to assess the potential for increased costs due to the introduction
of the rEC5.

The aim will be reached through the following objectives:

1. Identify common timber floor structures used in Sweden today

2. Compare classification of these floors according to cEC5 and rEC5

3. Conduct a limited parametric study with variables length, mass, modal
mass, centre to centre distances and support conditions.

1.6 Objectivity

This quantitative research considers typical floors in use in Sweden today which
have been collected from companies within the Swedish wood building industry.
The choice of floors has been done with the goal of covering different types of
designs with different weights.

Most of the properties for the floors that are used in the calculations are
based on the companies’ information. When properties for a certain material
were not given by the company then properties for a similar material have been
chosen and used for all floors which include this material, this has been done to
make the floors as comparable as possible.
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2 Material and methods

In this section the six floor structures which are included in the study are pre-
sented. The properties of each floor presented are the mass per unit area, the
bending stiffness and the damping. The two design methods are described, the
one currently in use, cEC5 and the draft for a revised method, rEC5. The goal
has been to be true to each design method and therefore the terminology and
symbols of them have been used respectively when discussing the methods.

2.1 Identification of common timber floor structures

To identify timber floor structures used in Sweden today suppliers of timber
structures, mostly in south Sweden, were contacted. The following questions
were asked:

• Which is the most common type of floor you produce?

• How is the floor structure designed?

• What type of materials and dimensions are used for the typical layers?

• Is the floor structure supported on two or four sides?

The companies were chosen with respect to what types of floor structures they
produce. The intention was to get a variety of floor structures to represent
commonly used types. Ten companies were contacted, five responded and six
floors were identified. Three floors were lightweight joist floors that represent
floor structures which the cEC5 cover and the other three floors were ones that
have been developed in recent years and therefore are not necessarily covered
by the cEC5.

2.2 Floor structures

The design of the six floor structures investigated are presented below. All floors
have been anonymised and labeled with capital letters A, B, C, D, E and F.

The floor mass per unit area has been calculated as follows. The density of
the material of each layer was multiplied by the thickness of the same layer. All
layers which affect the vibrational behaviour of the floor have been included in
the mass per unit area.

According to cEC5 the modal damping ratio should be set to 0.01 (1 %) for
all floor structures if no other more appropriate values exist. In this study the
damping ratios given in rEC5 have been considered more accurate and therefore
the values in Table 1 have been used for both cEC5 and rEc5 calculations.

The bending stiffness for the floors with joists and sheathing has been calcu-
lated with the assumption of composite action i.e. that the joists and sheathing
work as one unit. This has been considered accurate as the sheathing is glued
and nailed to the joists.
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2.2.1 Properties for Floor A – Joists of solid structural timber

A lightweight joist floor with joists of solid structural timber and particle board
sheathing. The floor structure is normally used in single family houses. The
joist have the dimensions 45 x 220 mm with a centre to centre distance of 600
mm. The quality of the timber is C24. The floor section includes 220 mm
mineral wool insulation and a ceiling of one gypsum board on wooden battens
with dimensions 28 x 95 mm and with a centre distance of 400 mm.

The properties of the floor are presented in Table 2. The damping ratio is
0.02 since the floor is categorised as a joisted floor, see Table 1. The floor spans
over two bays where the first span is 4.3 m and the second 3.9 m which makes
the total floor length 8.2 m. The floor width is 10.8 m. The non-rigid beam
supporting the floor between the bays is a IPE 200 steel beam with a maximum
span width of 3.5 m. The floor particle board is glued and nailed to the joists,
this is the most common connection for this type of floor. Composite action is
assumed. The cross section of the floor is shown in Figure 3.

Figure 3: Cross section of Floor A with joists of solid structural timber.

Table 2: Properties for Floor A with joists of solid structural timber.

Floor mass 42.9 kg/m2

Bending stiffness (load bearing direction) 1.605 MNm2/m

Bending stiffness (transverse direction) 0.002 MNm2/m

Damping 0.02

2.2.2 Properties for Floor B – Joists of Kerto

A lightweight joist floor with joists of Kerto and particle board sheathing. The
floor structure is normally used in single family houses. The joist have the
dimensions 45 x 220 mm with a centre to centre distance of 600 mm. The floor
section includes 220 mm mineral wool insulation and a ceiling of one gypsum
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board on wooden battens with dimensions 28 x 95 mm and with a centre distance
of 400 mm.

The properties of the floor are presented in Table 3. The damping ratio is
0.02 since the floor is categorised as a joisted floor, see Table 1. The floor spans
over two bays where the first span is 4.3 m and the second 3.9 m which makes
the total floor length 8.2 m. The floor width is 10.8 m. The non-rigid beam
supporting the floor between the bays is a IPE 200 steel beam with a maximum
span width of 3.5 m. The floor particle board is glued and nailed to the joists,
this is the most common connection for this type of floor. Composite action is
assumed. The cross section of the floor is shown in Figure 4.

Figure 4: Cross section of Floor B with joists of Kerto.

Table 3: Properties for Floor B with joists of Kerto.

Floor mass 45.4 kg/m2

Bending stiffness (load bearing direction) 1.973 MNm2/m

Bending stiffness (transverse direction) 0.002 MNm2/m

Damping 0.02

2.2.3 Properties for Floor C – T-beams

Floor C is a glulam and laminated veneer lumber (LVL) floor structure used in
a building system with glulam colums and beams. The building system is often
used in taller and larger buildings with more than two storeys and it is able to
handle up to 8 m of free span length. The floor is most common in multi family
houses or office buildings. A cross section of the floor structure can be found
in Figure 5. Only the structural parts contributing to structural stiffness and
mass are included. The ceiling is not included since it is completely decoupled
from the load bearing parts and does not affect the vibration properties.
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The properties of the floor used in the design calculations are listed in Table
4. The floor is simply supported and single spanning with a floor element width
of 1.9 m and a floor length of 5.0 m. The damping is estimated to be 0.03 since
the floor is a joisted floor with a floating layer, see Table 1.

Figure 5: Cross section of Floor C with T-beams.

The top LVL panel of the floor is glued and screwed to the supporting glulam
T-beam sections. The glulam flange in the T-beams is fastened to the glulam
web using glue and twisted nails. The floor sections are commonly supported
by a glulam beam and column system in which the beams are connected to the
columns by beam shoes made out of 5 mm steel plate.

Table 4: Properties for floor C with T-beams.

Floor mass 162.9 kg/m2

Bending stiffness (load bearing direction) 23.716 MNm2/m

Bending stiffness (transverse direction) 0.431 MNm2/m

Damping 0.03

2.2.4 Properties for Floor D – Lightweight I-joists

Floor D is a composite floor with I-joists with 600 mm centre to centre dis-
tance. The floor structure is shown in Figure 6. The lightweight I-joists consist
of flanges of structural timber and a web of OSB/3. The qualities of the struc-
tural timber in the flanges could be varied between C18, C24 and C30. In the
present study C30 is used. The gypsum boards in the ceiling are connected
to the battens via steel profiles, Gyproc AP, developed to optimise the sound
insulation.
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The properties of the floor used in the calculations are listed in Table 5. The
floor is simply supported and single spanning with a floor length of 5.2 m and a
width of 12 m. The damping is 0.02 since the floor is a joisted floor, see Table
1.

Figure 6: Cross section of Floor D with an lightweight I-joist floor structure.

It is common to join the floor elements by letting the floor particle board
end at half of the I-joist width on one element and then extended the particle
board of the next element so that it can be screwed and glued to the I-joist of
the first element. This practice intend to make the floor area act like one unit
and provide composite action.

Table 5: Properties for floor D with lightweight I-joists.

Floor mass 86.7 kg/m2

Bending stiffness (load bearing direction) 3.264 MNm2/m

Bending stiffness (transverse direction) 0.002 MNm2/m

Damping 0.02

2.2.5 Properties for Floor E – CLT and joist system

Floor E consist of a five layer CLT board, with a thickness of 200 mm, with
a joist system on top. The joist system is made out of lightweight steel joists
with damping elements for an efficient sound insulation. The joist system come
in different heights and the sound insulation increases with the height of the
joists, in this case the height is 190 mm. The joist system is connected to the
CLT element with level adjustment screws and the joists are continuous over the
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joints between the CLT elements. Screws are used for the connection between
the particle board and the joists. The cross section is shown in Figure 7.

The properties of the floor are listed in Table 6. The floor is a double
spanning floor, the longer span is 5.5 m and the shorter span 3.9 m. The floor
width is 11 m. The damping is 0.025 since the floor is a massive timber floor,
see Table 1.

Figure 7: Cross section of Floor E with CLT and joist system.

The bending stiffness of the floor is the same in both directions since the
bending stiffness of the CLT elements is the same in both directions. The joist
system is assumed not to contribute to the stiffness of the floor.

Table 6: Properties for Floor E with CLT and joist floor structure.

Floor mass 178.3 kg/m2

Bending stiffness (load bearing direction) 8 MNm2/m

Bending stiffness (transverse direction) 8 MNm2/m

Damping 0.025

2.2.6 Properties for Floor F – CLT with gypsum screed

Floor F is a CLT floor with a layer of gypsum screed on top of the CLT. The
floor consist of a five layer CLT board with a thickness of 150 mm, a layer of
macadam, a layer gypsum screed and a parquet floor. The macadam and the
gypsum screed make the floor heavier. The cross section of the floor structure
is shown in Figure 8.

The properties of the floor are listed in Table 7. The floor system spans over
two bays, the first span length is 3.9 m and the second 5.5 m which makes the
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total floor length 9.4 m. The floor width is 11 m. The modal damping ratio is
set to 0.035 as the floor is a massive timber floor with a floating layer, see Table
1.

Figure 8: Cross section of Floor F made of CLT with gypsum screed.

The CLT element is connected to the underlying load bearing beams or walls
with half threaded screw. Between the CLT elements the connection is designed
as a finger joint which is glued and screwed together with a board of CLT. The
bending stiffness of the floor is the same in both directions since the bending
stiffness of the CLT elements is the same in both directions.

Table 7: Properties for Floor F made of CLT with gypsum screed.

Floor mass 290.4 kg/m2

Bending stiffness (load bearing direction) 3.375 MNm2/m

Bending stiffness (transverse direction) 3.375 MNm2/m

Damping 0.035

2.3 Design calculations according to Eurocode 5

Design calculations have been conducted, in accordance with the current and
the draft design method. The software MathCad has been used for the design
calculations. MathCad calculations for all floor structures, based on the data
in Section 2.2, can be found in Appendix A through F.

In an attempt to stay as true to the design methods as possible the equations
have been kept as they are in cEC5 and rEC5 even when constants in the
equations lack units. One way to give a result the required unit is to add units
to some of the constants of the equation. In the MathCad calculations this has
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been done where necessary but in this section, Section 2.3, the equations have
been left as they are in the two design methods.

2.3.1 The current Eurocode 5

The current design method in Eurocode 5, cEC5, for vibrations in timber floors
uses two criteria or requirements when designing for vibrations in residential
floors, the point load deflection and the unit impulse velocity response [10].
The design process is presented in Figure 9. The full design code is found in
Appendix G.

Fundamental frequency

First the limit of applicability of the design method has to be checked, i.e. the
fundamental frequency should be higher than 8 Hz. The fundamental frequency
is obtained as

f1 =
π

2l2

√

(EI)l
m

(1)

where l is the spanning length of the floor in the direction of the load bearing
beams in m, m is the mass of the floor per unit area in kg/m2 and (EI)l is the
bending stiffness of the floor in the direction of the beams in Nm2/m. If the
fundamental frequency is below or equal to 8 Hz a special investigation should
be made, it is not specified in cEC5 which investigation this should be.

Point load deflection

The first requirement to be checked is the deflection due to a point load,

w

F
≤ a (2)

where w is the deflection of the floor in mm and F is a point load of 1 kN. The
limiting value a is the floor deflection in mm/kN, the magnitude is limited by
a national choice, in EKS 10 the value is set to 1.5 mm/kN [20], see Figure 10.
The point load deflection w is calculated as

w =
Fl3

48 (EI)l
(3)

where F is the 1 kN point load, l is the spanning length in m and (EI)l is
the bending stiffness of the floor in the direction of the load bearing beams in
Nm2/m. In the present study the point load deflection has been calculated this
way for all floors except for the ones made out of CLT for which an factor for
the effective width, bef , was included in the denominator in accordance with
[21]. The effective width used for the CLT floors is given by

bef =
l

1.1

√

(EI)b
(EI)l

(4)
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Figure 9: Illustration of the design process for timber floors according to the
chapter on vibrations in the current Eurocode 5, cEC5.
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Figure 10: Table over values of a and b with the values used in Sweden marked
[10].

here (EI)b is the bending stiffness of the floor in the direction transverse to the
beams, in Nm2/m. The other variables are the same as in Equation 3.

Unit impulse velocity response

The second requirement puts a limit on the unit impulse velocity response ν, in
m/(Ns2). It is required that

v ≤ b
f1ζ−1 (5)

where b is given by the point load deflection limit according to EKS 10 [20] and
it has the value 100, see Figure 10, f1 is the natural frequency in Hz and ζ is
the modal damping ratio.

The unit impulse velocity response or “the maximum initial value of the
vertical floor vibration velocity (in m/s) caused by an ideal unit impulse (1 Ns)
applied at the point of the floor giving maximum response” [10] is calculated as

v =
4 (0.4 + 0.6n40)

mbl + 200
(6)

here l is the spanning length in m, b is the width of the floor in m, m is the
mass of the floor per unit area in kg/m2 and n40 is the number of vibration
modes with frequencies below 40 Hz. In the Mathcad calculations the constant
200 was given the unit kg. The number of modes below 40 Hz is calculated as

n40 =

((

(

40

f1

)2

− 1

)

(

b

l

)4
(EI)l
(EI)b

)0.25

(7)

where l, b and m are the spanning length, the width and the mass per unit
area of the floor, f1 is the natural frequency and (EI)l the bending stiffness of
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the floor in the load bearing direction and (EI)b is the bending stiffness of the
floor in the direction transverse to the load bearing direction. In the Mathcad
calculations the constant 40 was given the unit Hz.

2.3.2 The revised Eurocode 5

In the rEC5 floor performance levels are introduced. The levels range from I to
VII where I is the best floor performance level, VI is the worst but still accepted
floor performance level and level VII is unacceptable. The floor performance
level is determined by the stiffness critera and the response factor, see Table
8. If the floor performance level is below VII for both the stiffness criteria
and the acceleration or velocity criteria then the floor is considered acceptable.
The response factor for floors is determined by means of the floor acceleration
and velocity together with the lowest magnitude for acceleration and vibration
sensitivity from the ISO base curve for whole body vibrations. The process for
the draft design method for vibrations in timber floors is illustrated in Figure
11 and the full design code can be found in Appendix H.

The rEC5 uses one set of criteria if the fundamental frequency is between
4.5 and 8 Hz and another set if the natural frequency is above 8 Hz. The limit
of applicability is that the fundamental frequency of the floor has to be 4.5 Hz
or above. The deflection criteria in the cEC5 is kept for coherency, it changes
name to the stiffness criteria and it is accompanied by two new criteria namely
the acceleration criteria and the velocity criteria. The acceleration criteria is
used for low-frequency floors with a fundamental frequency of 8 Hz and below,
and the velocity criteria is used for high-frequency floors.

In the rEC5 suggestions on performance levels for different choices of quality
is given for office and residential buildings. Performance levels are suggested for
economy, base and quality choice. In Table 9 the choices for residential buildings
are presented.

Fundamental frequency

The formula to calculate the natural frequency f1 is

f1 =
π

2l2

√

(EI)L
m

(8)

where l is the spanning length of the floor in the direction of the load bearing
beams in m, (EI)L is the bending stiffness in the direction of the load bearing
beams in Nm2/m and m is the mass per unit area of the floor in kg/m2.

For floor structures resting on rigid supports the natural frequency is

f1 = ke,1ke,2
π

2l2

√

(EI)L
m

. (9)

The unitless frequency multipliers ke,1 and ke,2 depend on whether the floor
structure is single or double spanning and whether it is one- or two-way span-
ning. The notation and units for the other parameters are the same as for
Equation 8.
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Table 8: Floor vibration criteria of the classification system in the rEC5 [11].

Floor performance levels

Criteria I II III IV V VI VII

Frequency f1 [Hz] ≥ 4.5

Stiffness criteria

w1kN [mm] ≤ 0.25 0.5 0.8 1.2 1.6 Unacceptable

Response factor R 4 8 12 16 24 32 Unacceptable

Acceleration criteria

when f1 < 8 [Hz]

arms[m/s2] ≤ R× 0.005

Velocity criteria

when f1 ≥ 8 [Hz]

vrms [m/s] ≤ R× 0.0001

Table 9: Choices of floor performance levels for use in residential buildings.

Use category Quality choice Base choice Economy choice

Residential

multi-storey house level I, II, III level IV level V

Residential

single house level I, II, III, IV level V level VI
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Figure 11: Illustration of the design procedure for timber floors according to
the revised Eurocode 5.
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If the floor is double spanning with span lengths l1 and l2, where l1 is the
longer span, then ke,1 is obtained from Table 10. If the floor is single spanning
then ke,1 = 1.

Table 10: Values for ke,1 where l1 is the long and l2 the short span of the floor.

l2/l1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2

ke,1 1.00 1.09 1.16 1.21 1.25 1.28 1.32 1.36 1.41

The frequency multiplier ke,2 is put equal to one if the floor is one-way
spanning, i.e. if it is supported on two sides. If the floor is two-way spanning,
i.e. supported on four sides, then

ke,2 =

√

1 +

(

l

b

)4
(EI)T
(EI)L

(10)

where l and b are the spanning length and width of the floor in m and (EI)L
and (EI)T are the bending stiffness of the floor in the load bearing direction
and in the transverse direction respectively, in Nm2/m.

If the mid support of the floor structure is non-rigid then the frequency for
the joist and the beam is calculated separately using equation (9), the system
natural frequency for the floor structure and supporting beams is then obtained
by

f1 =

√

1
1

f2

1.joist

+ 1

3f2

1.beam

(11)

where f1.joist is the natural frequency of the floor joist system and f1.beam is
the natural frequency of the supporting mid beam.

Acceleration criteria

The acceleration criteria is used for heavy floor structures with a fundamental
frequency between 4.5 and 8 Hz. To make light weight floor structures this
heavy normally some mass has to be added. The mass added could consist of a
gypsum layer or a concrete screed, the screed could be accompanied by a layer
of macadam.

The root mean square acceleration, arms, is obtained from

arms =
0.4αF0√
2 2 ζM∗

, (12)

here α = e−0.4f1 is the Fourier coefficient depending on the fundamental fre-
quency f1, F0 is the vertical load from the person giving rise to the disturbance,
F0 is set to 700 N. The modal damping ratio ζ is unitless and the modal mass
M∗ has the unit kg.
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The modal damping ratio is between 0.02 (2%) and 0.04 (4%) depending
on the type of floor structure being designed. The damping ratio for different
types of floors are presented in Table 1.

The modal mass, M∗, is

M∗ =
mbl

s
(13)

where m is the mass of the floor per unit area in kg/m2, b is the width of the
floor and l is the spanning length in the load bearing direction of the floor, both
in m, and s is the number of sides supporting the floor. If the ratio between the
length (in the direction of the joists, normally the shorter distance) and width of
the floor exceeds 2 then the floor should be considered supported on two sides.

The response factor R for the acceleration criteria is

R =
arms

0.005
. (14)

To make the response factor unitless the constant 0.005 has been given the unit
mm/s2 in the calculations.

Velocity criteria

Timber floor structures are typically light weight with a natural frequency above
8 Hz so most of these structures would be designed based on the velocity criteria.
The floors in consideration could be made of joists covered by a sheathing or
CLT-floors without any screed or other layers making them heavy.

To obtain the response factor, R, begin by calculating the mean modal
impulse, I, from

I =
42f1.43

w

f1.3
1

(15)

where f1 is the natural frequency in Hz and fw the walking frequency. The
walking frequency is set to 1.5 Hz. The unit of the mean modal impulse is Ns.

The mean modal impulse, I, together with the modal mass, M∗, is then used
to calculate the floor peak velocity, V1,peak as

V1,peak = Kred

I

M∗
, (16)

the factor Kred is a reduction factor set to 0.7. The reduction factor accounts
for the fact that the person causing a disturbance and the one experiencing it
can not be at the exact same place in the room. The peak velocity takes only
the fundamental frequency into account. The unit of the peak velocity is m/s.

To take into account the effect of higher modes V1,peak should be multiplied
by Kimp, the impulsive multiplier,

Kimp = max











0.48

(

b

l

)(

(EI)L
(EI)T

)0.25

1.0 .

(17)
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where b and l are the floor width and length in m and (EI)L and (EI)T are the
bending stiffness of the floor in the load bearing and in the transverse direction
of the floor respectively, in Nm2/m.

Multiplying the peak velocity by Kimp gives the total peak velocity response,
Vtot,peak as

Vtot,peak = KimpV1,peak (18)

where the unit is m/s.
The root mean square velocity, Vrms is obtained as

Vrms = β Vtot,peak . (19)

in which the factor β is calculated as

β = (0.65− 0.01f1)(1.22− 11.0ζ) η (20)

where f1 is the fundamental frequency of the floor in Hz. The factor η depend
on the size of Kimp, if 1.0 ≤ Kimp ≤ 1.5 then η = 1.52−0.55Kimp else η = 0.69.
In the Mathcad calculations the frequency f1 was divided by Hz to keep the
factor β unitless.

The response factor, R, for the velocity criteria is obtained from

R =
Vrms

0.0001
. (21)

To make the response factor unitless the constant 0.0001 should be given the
unit mm/s.

Stiffness criteria

The stiffness criteria is used together with the acceleration and velocity criteria.
To evaluate the stiffness criteria the maximum deflection of the floor structure
when exposed to a 1 kN point load is determined, for a single span floor it is
obtained from

w1KN =
F l3

48 (EI)L bef
(22)

where F is the 1 kN point load, (EI)L is the bending stiffness in the load bearing
direction of the floor in Nm2/m and bef is the effective width in m. The floor
effective width is the minimum of

bef = min











l

1.1
4

√

(EI)T
(EI)L

b

(23)

where (EI)L is the bending stiffness in the load bearing direction of the floor
and (EI)T is the bending stiffness transverse to the load bearing direction of
the floor per unit width, in Nm2/m, b is the total width of the floor in m.
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For floors with a non-rigid mid-support the deflection could be obtained
through

w1kN = 0.5wbeam + wjoist (24)

where wbeam is the deflection of the supporting beam for a point load of 0.5 kN
and wjoist is the deflection of the joists for a point load of 1 kN. For a figure of
the support conditions see Figure 9.3 in Appendix H.

2.4 Limited parametric studies

To study the effect of different choices of variables on floor performance levels,
three limited parametric studies has been carried out.

2.4.1 Parametric study 1 – The effect of length on point load deflec-

tion in cEC5 and rEC5

In the first parametric study the length was varied to study the effect on the
deflections of the floor structures. This study was done for the cEC5 and the
rEC5. The length was varied from a length of 3.5 m to 8 m. The shortest
span length given by the companies was 3.9 m, 3.5 m was chosen as a shortest
reasonable span length. Even though none of the companies gave 8 m as a span
length for their floor one company mentioned 8 m as an upper limit for possible
span length for their floor structure. To cover the whole range of span lengths
3.5, 4.0, 5.0, 6.5 and 8.0 m were used in the first and second limited parametric
study.

2.4.2 Parametric study 2 – The effect of length, mass and modal

mass on R-factors

In the second parametric study the length and mass was varied. For each floor
the response factors have been calculated and collected in a Table similar to
Table 11. The mass per unit area has been varied to study the effect of mass
on the R-factor. Calculations has been made for the self-weight of the floor, m,
i.e. the mass per square metre. The mass from partitions are included in mp.
The weight from imposed loads could be added in two ways, according to EKS
10 [20] 30 % of the imposed loads should be added to the mass and according to
rEC5 only 10 % of the imposed loads should be added. Calculations has been
carried out for both cases, that is mi0.3 and mi0.1. Calculations has also been
done for a combination of loading from partitions and imposed loads, mp,i0.3

and mp,i0.3. The R-factors are also influenced by whether the floor structure
is considered to be one- or two-way spanning, these cases lead to two different
modal masses. In the study, calculations for both cases has been carried out as
can be seen in Table 11.
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2.4.3 Parametric study 3 – The effect of centre to centre distances

and support conditions on point load deflection and R-factors

The third parametric study was carried out on Floor A. The effect on point-
load deflections and R-factors from varying the centre to centre distances for
the supporting beams and the rigidity of the mid support was studied. In
the calculations a centre to centre distance of 0.3, 0.4 and 0.6 m was used.
Calculations were made for a non-rigid and rigid mid-support. The floor span
lengths and the mass used in the study were the ones found in Section 2.2.1.

Table 11: Template to be filled out in the parametric study.

Cases for the mass Mass [kg/m2] Response factors

M∗ = mlb/2

mp.i,0.3

mp.i,0.1

mi,0.3

mi,0.1

mp

m

M∗ = mlb/4

mp.i,0.3

mp.i,0.1

mi,0.3

mi,0.1

mp

m

Length [m] 3.5 4.0 5.0 6.5 8.0
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3 Results and analysis

3.1 Floor A to F, calculations according to cEC5 and rEC5

Results for the calculations are presented in Table 12 to 17 and in accordance
with cEC5 and rEC5. The MathCad calculations are collected in Appendix A to
F. Regarding the cEC5, the unit impulse velocity response and the limit for the
unit impulse velocity response are both given so that a comparison can be made.
If the point load deflection is lower than 1.5 mm and if the unit impulse velocity
response is lower than the limit for the the unit impulse velocity response then
the floor has passed the criteria of the current design method, cEC5.

When considering the rEC5, the root mean square, RMS, acceleration re-
sponse has been calculated for floor structures with a fundamental frequency of
4.5 to 8 Hz and for floors with a fundamental frequency above 8 Hz the root
mean square velocity response is calculated. Based on the acceleration or ve-
locity response the response factor, R, is obtained. For rEC5 a low response
factor, R, obtained means that the floor has a better floor performance level,
i.e. a floor performance level I is excellent and VII is unacceptable. Two floor
performance levels has been calculated and presented for each floor. The first
performance level is based on the stiffness criteria and the second is based on
the acceleration or velocity criteria dependent on the fundamental frequency of
the floor. The highest level obtained is taken as the floor performance level of
the floor. If both performance levels obtained are below VII then the floor is
acceptable according to the the draft design method, rEC5.

Table 12: Result for Floor A with joists of solid structural timber.

Design method

cEC5 rEC5

Fundamental frequency 16.4 Hz 15.2 Hz

Point load deflection 1.03 mm 1.42 mm

Unit impulse velocity response 21.9 mm/Ns2

Limit for unit impulse velocity response 45.4 mm/Ns2

RMS acceleration response

RMS velocity response 6.58 mm/s

Response factor 65.8

Pass or fail Pass

Performance level based on deflection VI

Performance level based on response factor VII
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Table 13: Result for Floor B with joists of Kerto.

Design method

cEC5 rEC5

Fundamental frequency 17.7 Hz 16.3 Hz

Point load deflection 0.84 mm 1.22 mm

Unit impulse velocity response 20.9 mm/Ns2

Limit for unit impulse velocity response 51.1 mm/Ns2

RMS acceleration response

RMS velocity response 5.80 mm/s

Response factor 58.0

Pass or fail Pass

Performance level based on deflection VI

Performance level based on response factor VII

Table 14: Result for Floor C with T-beams.

Design method

cEC5 rEC5

Fundamental frequency 23.9 Hz 23.9 Hz

Point load deflection 0.11 mm 0.07 mm

Unit impulse velocity response 2.6 mm/Ns2

Limit for unit impulse velocity response 271.2 mm/Ns2

RMS acceleration response

RMS velocity response 0.38 mm/s

Response factor 3.8

Pass or fail Pass

Performance level based on deflection I

Performance level based on response factor I
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Table 15: Result for Floor D with lightweight I-joists.

Design method

cEC5 rEC5

Fundamental frequency 11.3 Hz 11.3 Hz

Point load deflection 0.90 mm 1.18 mm

Unit impulse velocity response 11.5 mm/Ns2

Limit for unit impulse velocity response 28.2 mm/Ns2

RMS acceleration response

RMS velocity response 2.12 mm/s

Response factor 21.2

Pass or fail Pass

Performance level based on deflection V

Performance level based on response factor V

Table 16: Result for Floor E made of CLT with a joist system.

Design method

cEC5 rEC5

Fundamental frequency 11.0 Hz 13.4 Hz

Point load deflection 0.09 mm 0.09 mm

Unit impulse velocity response 1.0 mm/Ns2

Limit for unit impulse velocity response 35.5 mm/Ns2

RMS acceleration response

RMS velocity response 0.31 mm/s

Response factor 3.1

Pass or fail Pass

Performance level based on deflection I

Performance level based on response factor I
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Table 17: Result for Floor F made of CLT with gypsum screed.

Design method

cEC5 rEC5

Fundamental frequency 5.6 Hz 6.8 Hz

Point load deflection 0.21 mm

Unit impulse velocity response

Limit for unit impulse velocity response

RMS acceleration response 42.0 mm/s2

RMS velocity response

Response factor 8.4

Pass or fail –

Performance level based on deflection I

Performance level based on response factor III

A summary of the results for all the floors is presented in Table 18. In the
table calculation results for the point load deflection, w, the response factor,
R and the impulse velocity response, ν, are given. The floor performance level
R for the floor is taken from the worst case, i.e. the highest floor performance
level in Table 18. If cEC5 can not be applied to the floor then this is marked
with N.A. which stand for not applicable.

Table 18: Summary of results for Floor A–F with respect to the criteria in cEC5
and rEC5.

Floor structure Criteria in Floor performance level

cEC5 rEC5

[w/ν] [w/R]

A Pass/Pass Level VI/VII

B Pass/Pass Level VI/VII

C Pass/Pass Level I/I

D Pass/Pass Level V/V

E Pass/Pass Level I/I

F N.A. /N.A. Level I/III
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3.2 Limited parametric study

3.2.1 Parametric study 1 – The effect of length on point load deflec-

tion in cEC5 and rEC5

In the first parametric study the length has been varied to see what effect it
has on the deflections. The lengths used were 3.5, 4.0, 5.0, 6.5 and 8.0 m, the
variations in length give rise to ten deflections per floor, five according to cEC5
and five according to rEC5. The results are presented in Table 21.

Colours have been chosen to illustrate how the floors perform in relation to
the two design methods. White mean that the floor is acceptable according to
cEC5, grey that it is not, see the colour key in Table 19. Blue is used when
the fundamental frequency is too low so that the current design method is not
applicable. For the rEC5 a range of colours from green via yellow to red has
been used, see Table 20. Green represent the best floor performance level, I,
and red represent the worst and unacceptable floor performance level, VII.

Table 19: Colour key for the point load deflection based on the current design
method

Table 20: Colour key for the point load deflection based on the revised design
method

As the effective width bef suggested in [21] and the one used in rEC5 give
very similar results, see Appendix E, the deflection becomes the same for floor
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E independent of which design method is used, Table 21. The same would be
true for floor F but as the fundamental frequency is below 8 Hz the deflections
according to cEC5 are not presented.

Table 21: Summary of results for parametric study 1, comparison of point load
deflections according to cEC5 and rEC5
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3.2.2 Parametric study 2 – The effect of length, mass and modal

mass on R-factors

In the second parametric study the length, mass and modal mass is varied to
study the response factor R. The variables are varied as described in Section
2.4. The combinations used give rise to sixty response factors per floor, the
results are presented in Tables 23 to 28. The same colour scale, from green to
red, as for the deflections has been used for the velocity criteria, see Table 22.
When the velocity criteria has been used the R-values is given with normal font
and when the acceleration criteria has been used the R-factors are given in italic
font, Table 22. When the fundamental frequency is below 4.5 Hz the cell is left
blank as none of the criteria are applicable.

Table 22: Colour key for the point load deflection based on the revised design
method, floors with performance level VII fails as the R-factor is above 32.

A shorter span length result in a lower response factor R. For the velocity
criteria the lowest response factor is generally achieved for the shortest span
length, 3.5 m, and the largest mass, i.e. when partitions and 30 % of the
imposed loads are included in the mass per unit area. To achieve a fundamental
frequency below 8 Hz, which lead to using the acceleration criteria, span lengths
of more than 3.5 m is necessary for most floors. The lowest response factor for
the acceleration criteria is obtained for a combination of a low mass per unit
area and the shortest span length needed to trigger the acceleration criteria.

When the floor is assumed to be supported on four sides the modal mass is
M∗ = mbl/4, which result in a response factor R twice as large as if the floor
had been assumed to be supported on only two sides.
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Table 23: Floor A - Summary of results for parametric study 2, respons factor
R.

Table 24: Floor B - Summary of results for parametric study 2, respons factor
R.
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Table 25: Floor C - Summary of results for parametric study 2, respons factor
R.

Table 26: Floor D - Summary of results for parametric study 2, respons factor
R.
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Table 27: Floor E - Summary of results for parametric study 2, respons factor
R.

Table 28: Floor F - Summary of results for parametric study 2, respons factor
R.
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3.2.3 Parametric study 3 – The effect of centre to centre distances

and support conditions on point load deflection and R-factors

The summary of the results in Tables 12 and 13 show that Floor A and B
does not have an acceptable floor performance level according to rEC5. The
floor with the worst floor performance level was Floor A and for this floor two
additional parameters were therfore studied, the centre to centre distance and
the mid support conditions.

The centre to centre distance, or the distance between the supporting beams
of the floor structure, is a parameter which could be easily changed by the
industry. Table 29 show that a shorter centre to centre distance give slightly
lower deflections and better response factors.

Table 29: Results for deflections and R-factors resulting from varying the centre
to centre distance for Floor A.

cc [m] 0.3 0.4 0.6

w [mm] 0.63 0.75 1.03

w1kN [mm] 1.00 1.12 1.42

R [-] 48.6 54.2 65.8

In the original data given by the company a non-rigid steel beam, IPE 200,
was used as mid-support. For the parametric study the non-rigid support was
exchanged for a rigid support, see Table 30. The span length was the same
independent of the mid-support conditions. The parameters which are affected
when the support goes from being non-rigid to being rigid are the frequency
and the deflection. The R-factor depend on the frequency and therefore change,
rigid supports resulted in a lower R-factor. It should be noted that non of these
changes, i.e. changing the centre to centre distances of the supporting beams or
making the mid-support rigid, has enough of an effect on the response factors
to make the floor acceptable.

Table 30: Point load deflection and R-factor for Floor A, for non-rigid and rigid
mid-support.

Non-rigid mid-support Rigid mid-support

L [m] 4.3 4.3

w [mm] 1.03 1.03

w1kN [mm] 1.42 1.36

R [-] 65.8 50.1
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4 Discussion

Relationship between R-factors and deflection

For a visible representation of the relation between the limiting values for the
point load deflection, R-factors and floor performance levels obtained by rEC5,
see Figure 12.

Figure 12: Relation between stiffness criteria, floor performance level and re-
sponse factors R, in rEC5.

Modal mass

The modal mass depend on the floor structures support conditions, if it is
supported on two or four sides. According to the results in Section 3.2.2, floors
supported on two sides get twice as good response factors as floors supported
on four sides. That is, according to the results, floors supported on four sides
are more sensitive to vibrations than floors supported on only two sides, this
seems contradictory.

Lightweight steel floors have the same kind av vibrational problems as light-
weight timber structures [1], it should therefore be possible to use solutions
found for steel floor structures on timber structures. In a publication by The
Steel Construction Institute is suggested a method for calculating the modal
mass of floors supported on four sides where the length and width of the floor is
exchanged for an effective width and length [22]. The suggested method could
result in higher modal masses for floors supported on four sides, and higher
modal masses would lead to lower (better) response factors R.

Response factors and mass

The sensitivity analysis for respons factors R in Section 3.2.2, show that for the
velocity criteria a higher mass per unit area result in a better (lower) response
factor R, this is what is expected. A higher mass result in a lower frequency,
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Equation (8), which result in a higher mean modal impulse, Equation (15). The
mean modal impulse is in the nominator of Equation (16) and a higher value
contribute to a higher peak velocity. A higher mass also give a higher modal
mass and since the modal mass is located in the denominator of Equation (16)
and a higher value in mass contribute to a lower peak velocity. The results show
that for the velocity criteria a higher mass lead to a lower peak velocity which
in turn lead to a lower (better) R-factor, however, the change is minor and it
moves the floor performance level at most one level.

It was assumed that a higher mass should result in a lower R-factor for
the acceleration criteria as for the velocity criteria. The results also show that
when using the acceleration criteria an increase in mass result in an higher
response factor. Similar to the velocity criteria the change is small and the floor
performance level is moved at most one level.

Response factors and the acceleration and velocity criteria

According to the results from the sensitivity analysis of response factors in Sec-
tion 3.2.2 the acceleration criteria give lower response factors than the velocity
criteria when both criteria are applied to the same span length. To illustrate
what this implies two design calculations were carried out for Floor A. In the
first the mass per unit area was chosen to give a fundamental frequency of 7.9
Hz and in the second a fundamental frequency of 8.1 Hz, see Table 31. All other
data was kept as given by the company. For the floor with a frequency of 7.9 Hz
the acceleration criteria was used and for the floor with a frequency of 8.1 Hz
the velocity criteria. The calculation based on the acceleration criteria showed
a far better (lower) R-factor than when the velocity criteria was used. To get a
frequency of 7.9 Hz the mass was set to 158 kg/m2 and for a frequency of 8.1 Hz
the mass was set to 150 kg/m2, the difference is only 8 kg/m2. When comparing
results, response factors with the same modal mass should be compared with
each other.

Table 31: Comparison of R-factors for Floor A regarding R-factors, velocity
criteria, acceleration criteria and modal mass.

Velocity criteria Acceleration criteria

mass [kg/m2] 150 158

f1 [Hz] 8.1 7.9

Modal mass M∗ mbL/2 mbL/4 mbL/2 mbL/4

R [-] 21.3 42.7 11.5 22.9
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Response factors and high fundamental frequencies

For Floor C, for short span lengths, 3.5–4.0 m, the response factors R increase
with a higher mass per unit area instead of decrease. Floor C is the floor
with highest fundamental frequency. For 3.5 m span length the fundamental
frequency is between 39.7–46.1 Hz, depending on the mass configuration, and
for 4.0 m span length it is between 31.1–36.1 Hz. For span lengths over 5.0 m
an increase of mass causes the R-factors to decrease.

Deflection criteria

The deflection criteria has been kept as a point of reference from the current
to the revised criteria. In the National Annex to the Eurocodes, EKS 10, the
limit for the deflection criteria has been set to 1.5 mm in Sweden [20]. This
could be compared to the suggested stiffness criteria in the rEC5 where the
most generous limit is set to 1.6 mm in performance level VI, see Figure 12 and
Table 8, [11].

Comparison of all Floors A–F

Of the six floor structures studied, five pass the current design criteria and four
pass the criteria of the revised design method. Section 3.1, Table 18, show that
Floor C, D and E get the same floor performance level from both the stiffness
criteria and the velocity criteria. The other three floors, A, B and F, perform
better according to the stiffness criteria than the acceleration/velocity criteria.
Floor A and B get an acceptable floor performance level, level VI, according to
the stiffness criteria but get level VII according to the velocity criteria. Floor F
reach level I based on the stiffness criteria and level III based on the acceleration
criteria. According to the results both Floor A and B would fail the criteria
in the rEC5 and the cEC5 can not be applied to Floor F as this floor has an
fundamental frequency below 8 Hz.

Whokko Schirén & Trixie Swahn



5 CONCLUSIONS AND FURTHER RESEARCH 41

5 Conclusions and further research

5.1 Performance of floor structures designed by rEC5

The hypothesis was that the introduction of the rEC5 might force some changes
to the construction practice and that these changes may increase costs for the
industry. It can be concluded that construction changes are needed. Of the
six floors given by the companies the two floors most commonly used in single
family houses, Floor A and B, only reached floor performance level VII which
is unacceptable according to rEC5.

In the limited parametric study 2 Floor A and B achieved floor performance
level V for a span length of 3.5 meters when they were assumed to be supported
on only two sides. If they were assumed to be supported on four sides the floor
performance level would become unacceptable. Floor F is an example of a floor
structure which can not be designed based on cEC5, when considering the floor
performance levels in rEC5 it performs exceptionally well.

It can be concluded that changes may have to be implemented for the com-
mon Floors A and B to have acceptable performance when the rEC5 is intro-
duced and these changes could result in an increased cost. A broader study
including more floor structures could have given another result.

5.2 Comparison of design methods

It is not straight forward to compare the design methods since they are so
different. The only variable in common is the point load deflection. It would
be interesting to do field tests of the point load deflection in finished buildings.
A possible complication to take into account in such field tests is the difficulty
of ensuring which layer is deflecting during the tests. Is it the load bearing
structure deflecting, as preferred, or is it some other softer layer like, for instance,
the sound insulation foam installed under the parquet.

5.3 Limited parametric study

In the limited parametric study two discoveries seemed contradictory. Floors
supported on four sides got worse response factors than floors supported on
two sides and an increase in mass gave different changes in the response factors
depending on whether the acceleration or velocity criteria was used. When
calculating in accordance with the velocity criteria a higher mass gave a lower
R-factor and when using the acceleration criteria a higher mass gave a higher
R-factor. Floor C was an exception where a higher mass resulted in a higher
R-factor even for the velocity criteria.

It was also discovered in the limited parametric study that the choice of
modal mass affected the floor performance level more than the amount of mass
per unit area included. That is, to include partitions and imposed loads seldom
affected the floor performance level while changing the modal mass could move
the floor performance level up to two levels.
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Appendix A

Calculations Floor A

A1

Properties

Double spanning floor
Floor span length, longer span ≔l1 4.3 m

Floor span length, shorter span ≔l2 3.9 m

Floor span width ≔b 10.8 m

Center to center distance ≔cc 0.6 m

Center to center distance for furring ≔ccfurring 0.3 m

Parquet ≔hparquet 0.015 m

Floor Particle Board ≔hFPB 0.022 m

Insulation ≔hinsulation 0.045 m

Structural timber beams C24
Height for structural timber ≔hST 0.220 m

Width for structural timber ≔bST 0.045 m

Height furring ≔hfurring 0.028 m

Width furring ≔bfurring 0.070 m

Gypsum board ≔hgypsum.board 0.013 m

Breadth used for calculating EI ≔b1 1 m

Breadth used for IPE200 beam ≔bIPE200 3.5 m

Second moment of inertia

Structural timber ≔IST =―――
⋅bST hST

3

12
⎛⎝ ⋅3.993 10-5⎞⎠ m4

Floor particle board ≔IFPB =――――
⋅b1 hFPB

3

12
⎛⎝ ⋅8.873 10-7⎞⎠ m4

IPE 200 ≔IIPE200 ⋅1.943 10-5 m4

Modulus of elasticity

Structural timber ≔E0.mean.ST 11000 MPa

Forestia, quality P6 (gul) ≔EFPB 2550 MPa

Modulus of elasticity steel ≔EIPE200 210 GPa

Bending stiffness

United action between kerto and floor particle board

Free width of span ≔bspan -cc bST

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

+bST bspan
+bST ⋅20 hFPB

+bST ⋅0.2 l1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.485 m



≔bef =min

⎛
⎜
⎜
⎜⎝

+bST bspan
+bST ⋅20 hFPB

+bST ⋅0.2 l1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.485 m

A2
Distance between centre of gravity of 
the cross section to centre of gravity 
of the floor particle board

≔e =―――――――

⋅⋅bST hST ――――
+hST hFPB

2

+⋅bST hST ⋅bef hFPB
58.235 mm

Second moment of Inertia ≔Ieff.beam

++

 ↲+IST ⋅⋅bST hST
⎛
⎜
⎝

-
⎛
⎜
⎝
――――

+hST hFPB

2

⎞
⎟
⎠

e
⎞
⎟
⎠

2

⋅――――
EFPB

E0.mean.ST

IFPB ⋅⋅⋅――――
EFPB

E0.mean.ST

bef hFPB e2

=Ieff.beam
⎛⎝ ⋅8.752 10-5⎞⎠ m4

Second moment of inertia 
for the supporting beam

≔IIPE200
⎛⎝ ⋅1.943 10-5⎞⎠ m4

Bending stiffness for one beam ≔EIL1 =⋅E0.mean.ST Ieff.beam 0.963 ⋅MN m2

Bending stiffness for the 
supporting beam

≔EIIPE200 =⋅EIPE200 IIPE200 4.08 ⋅MN m2

Bending stiffness along the beam direction, per meter width.

≔EIL =――
EIL1

cc
1.605 ―――

⋅MN m2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =――――
⋅EFPB IFPB

b1
0.002 ―――

⋅MN m2

m

Density and mass

Density of parquet ≔ρparquet 650 ――
kg

m3

Density of FPB ≔ρFPB 695 ――
kg

m3

Density of structural timber ≔ρST 350 ――
kg

m3

Density of mineral wool ≔ρinsulation 18 ――
kg

m3

Density of furring ≔ρfurring 350 ――
kg

m3

Mass gypsum board ≔mgypsum.board 9 ――
kg

m2

Total mass of the floor element

≔mfloor

+

 ↲++

 ↲++⋅hparquet ρparquet ⋅ρFPB hFPB ⋅⋅ρST hST ――
bST

cc

⋅hinsulation ρinsulation ⋅⋅hfurring ―――
bfurring

ccfurring
ρfurring

mgypsum.board

=mfloor 42.912 ――
kg

m2



=mfloor 42.912 ――
kg

m2

Frequency multipliers A3
≔ke.2 =

‾‾‾‾‾‾‾‾‾‾‾
+1

⎛
⎜
⎝
―
l1

b

⎞
⎟
⎠

4

――
EIT

EIL
1.000

For double spanning floors check =―
l2

l1
0.907

≔ke.1.j 1.09 ≔ke.1.b 1

≔ke.2.j =
‾‾‾‾‾‾‾‾‾‾‾

+1
⎛
⎜
⎝
―
l1

b

⎞
⎟
⎠

4

――
EIT

EIL
1 ≔ke.2.b 1

Natural frequency

Joist ≔f1.joist =⋅⋅⋅ke.1.j ke.2.j ――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

17.907 Hz

Beam
≔f1.beam =⋅⋅⋅ke.1.b ke.2.b ――

π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

16.428 Hz

Resulting frequency ≔f1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――

1

+―――
1

f1.joist
2

――――
1

⋅3 f1.beam
2

15.155 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is larger than 8 Hz check the velocity criteria since it is a transient floorf1

Point load deflection [mm]

Effective width as calculated in the 
second equation numbered (9.6) in the 
revised EC5. 

≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l1

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.758 m

Point load ≔F 1 kN

Deflection of supporting beam ≔wIPE200 =――――

⋅―
F

2
bIPE200

3

⋅48 EIIPE200
0.109 mm

Deflection of the joist under 1kN 
point load

≔wjoist =――――
⋅F l1

3

⋅⋅48 EIL bef
1.363 mm

Total deflection under 1kN 
point load

≔w1kN =+⋅0.5 wIPE200 wjoist 1.417 mm

Limiting values for deflection =――
+l1 l2

300
27.333 mm =――

+l1 l2

500
16.4 mm

∴ Acceptable!



Velocity calculation [m/s] A4

Walking frequency, 
assumed to be 1.5 Hz

≔fw.1.5 1.5 Hz ≔fw.1.5 =――
fw.1.5

Hz
1.5

Mean modal impuls in Ns ≔I1.5Hz =⋅⋅――――
⋅42 fw.1.5

1.43

⎛
⎜
⎝
――
f1

Hz

⎞
⎟
⎠

1.3
N s 2.189 ⋅N s

Modal mass ≔Mmod =――――
⋅⋅mfloor l1 b

4
498.204 kg

Reduction factor ≔Kred 0.7

Peak velocity response ≔V1.peak.1.5Hz =⋅Kred ――
I1.5Hz

Mmod

0.0031 ―
m

s

Contribution of higher modes ≔Kimp =max

⎛
⎜
⎜
⎜⎝

⋅⋅0.48
⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

⎛
⎜
⎝
――
EIL

EIT

⎞
⎟
⎠

0.25

1.0

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

6.221

Total velocity peak responce. ≔Vtot.peak.1.5Hz =⋅Kimp V1.peak.1.5Hz 0.01914 ―
m

s

Damping ratio ≔ζ 0.02

If ≤≤1 Kimp 1.5 ＝η -1.52 ⋅0.55 Kimp

Else ≔η 0.69

≔β =⋅⋅
⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.34393

Vrms value for velocity ≔Vrms.1.5Hz =⋅Vtot.peak.1.5Hz β 6.58213 ――
mm

s

Response factor ≔R =――――
Vrms.1.5Hz

0.0001 ―
m

s

65.821

___________________________________________________________________________

Conclusion: =R 65.821 =w1kN 1.417 mm

R: Level VII - unacceptable
w: Level VI - acceptable

Acccording to the current EC5-------------------------------------------------------------------------------

Criteria to be fulfilled:

Formula (7.3): ≤―
w

F
aEC Formula (7.4): ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

From EKS10 ≔aEC 1.5 ――
mm

kN

≔bEC 100From EKS10



From EKS10 ≔bEC 100

Modal damping ratio ≔ζ 0.02 A5

Plate bending stiffness about an axis perpendicular to the beams

≔EIl =EIL 1.605 ―――
⋅MN m

2

m

Plate bending stiffness about an axis parallel to the beams

≔EIb =EIT 0.002 ―――
⋅MN m

2

m

Natural frequency ≔f1 =⋅――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

16.428 Hz

Number of first-order modes ≔n40 =
⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

4 ⎛
⎜
⎝
――
EIl

EIb

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

0.25

19.312

Unit impulse velocity response ≔ν =―――――――
4 ⎛⎝ +0.4 ⋅0.6 n40⎞⎠

+⋅⋅mfloor b l1 200 kg
21.866 ――

mm

⋅N s
2

Point load deflection ≔w =――――
⋅F l1

3

⋅⋅48 EIL m
1.032 mm

Check of criterias

Criteria no 1 =―
w

F
1.032 ――

mm

kN
< =aEC 1.5 ――

mm

kN

Criteria no 2 =ν 21.866 ――
mm

⋅N s
2

< =⋅bEC

⎛
⎜
⎝

-⋅――
f1

Hz
ζ 1

⎞
⎟
⎠ ――

m

⋅N s
2

45.406 ――
mm

⋅N s
2

∴ Acceptable!



Appendix B

Calculations Floor B

B1

Properties

Double spanning floor
Floor span length, longer span ≔l1 4.3 m

Floor span length, shorter span ≔l2 3.9 m

Floor span width ≔b 10.8 m

Center to center distance ≔cc 0.6 m

Center to center distance for 
furring

≔ccfurring 0.3 m

Parquet ≔hparquet 0.015 m

Floor Particle Board ≔hFPB 0.022 m

Insulation ≔hinsulation 0.045 m

Height Kerto-S ≔hkerto 0.220 m

Width Kerto-S ≔bkerto 0.045 m

Height furring ≔hfurring 0.028 m

Width furring ≔bfurring 0.070 m

Gypsum board ≔hgypsum.board 0.013 m

Breadth used for calculating EI ≔b1 1 m

Breadth used for IPE200 beam ≔bIPE200 3.5 m

Second moment of inertia

Kerto ≔Ikerto =―――――
⋅bkerto hkerto

3

12
⎛⎝ ⋅3.993 10-5⎞⎠ m4

Floor particle board ≔IFPB =――――
⋅b1 hFPB

3

12
⎛⎝ ⋅8.873 10-7⎞⎠ m4

IPE 200 ≔IIPE200 ⋅1.943 10-5 m4

Modulus of elasticity

Kerto ≔E0.mean.kerto 13800 MPa

Forestia, quality P6 ≔EFPB 2550 MPa

Modulus of elasticity steel ≔EIPE200 210 GPa

Bending stiffness

United action between kerto and floor particle board

Free width of span ≔bspan -cc bkerto

Effective width ≔beff =min

⎛
⎜
⎜
⎜⎝

+bkerto bspan
+bkerto ⋅20 hFPB

+bkerto ⋅0.2 l1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.485 m



Distance between centre of gravity 
of the cross section to centre of 
gravity of the floor particle board

B2

≔e =――――――――

⋅⋅bkerto hkerto ――――
+hkerto hFPB

2

+⋅bkerto hkerto ⋅beff hFPB
58.235 mm

≔Ieff.beam

++

 ↲+Ikerto ⋅⋅bkerto hkerto
⎛
⎜
⎝

-
⎛
⎜
⎝
――――

+hkerto hFPB

2

⎞
⎟
⎠

e
⎞
⎟
⎠

2

⋅――――
EFPB

E0.mean.kerto

IFPB ⋅⋅⋅――――
EFPB

E0.mean.kerto

beff hFPB e2

=Ieff.beam
⎛⎝ ⋅8.578 10-5⎞⎠ m4

Second moment of inertia 
for the supporting beam

≔IIPE200
⎛⎝ ⋅1.943 10-5⎞⎠ m4

Bending stiffness for one beam ≔EIL1 =⋅E0.mean.kerto Ieff.beam 1.184 ⋅MN m2

Bending stiffness for the 
supporting beam

≔EIIPE200 =⋅EIPE200 IIPE200 4.08 ⋅MN m2

Bending stiffness along the beam direction, per meter width.

≔EIL =――
EIL1

cc
1.973 ―――

⋅MN m2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =――――
⋅EFPB IFPB

b1
0.002 ―――

⋅MN m2

mDensity 

Density of parquet ≔ρparquet 650 ――
kg

m3

Density of FPB ≔ρFPB 695 ――
kg

m3

Density of Kerto ≔ρkerto 500 ――
kg

m3

Density of mineral wool ≔ρinsulation 18 ――
kg

m3

Density of furring ≔ρfurring 350 ――
kg

m3

Floor mass

Mass gypsum board ≔mgypsum.board 9 ――
kg

m2

Total mass of the floor element
≔mfloor

++

 ↲++

 ↲+⋅hparquet ρparquet ⋅ρFPB hFPB

⋅⋅ρkerto hkerto ――
bkerto

cc
⋅hinsulation ρinsulation

⋅⋅hfurring ―――
bfurring

ccfurring
ρfurring mgypsum.board

=mfloor 45.387 ――
kg

m2



=mfloor 45.387 ――
kg

m2

Frequency multipliers B3
≔ke.2 =

‾‾‾‾‾‾‾‾‾‾‾
+1

⎛
⎜
⎝
―
l1

b

⎞
⎟
⎠

4

――
EIT

EIL
1.000

For double spanning floors check =―
l2

l1
0.907

≔ke.1.j 1.09 ≔ke.1.b 1

≔ke.2.j =
‾‾‾‾‾‾‾‾‾‾‾

+1
⎛
⎜
⎝
―
l1

b

⎞
⎟
⎠

4

――
EIT

EIL
1 ≔ke.2.b 1

Natural frequency

Joist ≔f1.joist =⋅⋅⋅ke.1.j ke.2.j ――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

19.307 Hz

Beam
≔f1.beam =⋅⋅⋅ke.1.b ke.2.b ――

π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

17.712 Hz

Resulting frequency ≔f1 =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
―――――――

1

+―――
1

f1.joist
2

――――
1

⋅3 f1.beam
2

16.34 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is larger than 8 Hz check the velocity criteria since it is a transient floorf1

Stiffness criteria

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l1

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.719 m

Point load ≔F 1 kN

Deflection of supporting beam ≔wIPE200 =――――

⋅―
F

2
bIPE200

3

⋅48 EIIPE200
0.109 mm

Deflection of the joist under 1kN 
point load

≔wjoist =――――
⋅F l1

3

⋅⋅48 EIL bef
1.167 mm

Total deflection under 1kN point load ≔w1kN =+⋅0.5 wIPE200 wjoist 1.222 mm

Limiting values for deflection =――
+l1 l2

300
27.333 mm =――

+l1 l2

500
16.4 mm

∴ Acceptable!

Velocity calculation [m/s]



Velocity calculation [m/s]

Walking frequency ≔fw.1.5 1.5 Hz ≔fw.1.5 =――
fw.1.5

Hz
1.5

B4
Mean modal impuls in Ns ≔I1.5Hz =⋅⋅――――

⋅42 fw.1.5
1.43

⎛
⎜
⎝
――
f1

Hz

⎞
⎟
⎠

1.3
N s 1.985 ⋅N s

Modal mass ≔Mmod =――――
⋅⋅mfloor l1 b

4
526.939 kg

Reduction factor ≔Kred 0.7

Peak velocity response ≔V1.peak.1.5Hz =⋅Kred ――
I1.5Hz

Mmod

0.0026 ―
m

s

Contribution of higher modes ≔Kimp =max

⎛
⎜
⎜
⎜⎝

⋅⋅0.48
⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

⎛
⎜
⎝
――
EIL

EIT

⎞
⎟
⎠

0.25

1.0

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

6.551

Total velocity peak responce. ≔Vtot.peak.1.5Hz =⋅Kimp V1.peak.1.5Hz 0.01728 ―
m

s

Damping ratio ≔ζ 0.02

If ≤≤1 Kimp 1.5 ≔η -1.52 ⋅0.55 Kimp

Else ≔η 0.69

≔β =⋅⋅
⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.33575

Vrms value for velocity ≔Vrms.1.5Hz =⋅Vtot.peak.1.5Hz β 5.80091 ――
mm

s

Response factor ≔R =――――
Vrms.1.5Hz

⋅0.0001 ―
m

s

58.009

_____________________________________________________________________________

Conclusion: =R 58.009 =w1kN 1.222 mm

R: Level VII - unacceptable
w: Level VI - acceptable

Acccording to the current EC5-------------------------------------------------------------------------------

Criteria to be fulfilled:

Formula (7.3): ≤―
w

F
aEC Formula (7.4): ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

From EKS10 ≔aEC 1.5 ――
mm

kN

≔bEC 100From EKS10



≔aEC 1.5 ――
mm

kN

From EKS10 ≔bEC 100

Modal damping ratio =ζ 0.02

Plate bending stiffness about an axis perpendicular to the beams B5

≔EIl =EIL
⎛⎝ ⋅1.973 106 ⎞⎠ ――――

⋅MN mm
2

m

Plate bending stiffness about an axis parallel to the beams

≔EIb =EIT
⎛⎝ ⋅2.263 103 ⎞⎠ ――――

⋅MN mm
2

m

Natural frequency ≔f1 =⋅――
π

⋅2 l1
2

‾‾‾‾‾
――
EIl

mfloor

17.712 Hz

Number of first-order modes ≔n40 =
⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

4 ⎛
⎜
⎝
――
EIl

EIb

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

0.25

19.421

Unit impulse velocity response ≔ν =―――――――
4 ⎛⎝ +0.4 ⋅0.6 n40⎞⎠

+⋅⋅mfloor b l1 200 kg
20.891 ――

mm

⋅N s
2

Point load deflection ≔w =――――
⋅F l1

3

⋅⋅48 EIL m
0.84 mm

Check of criteria

Criteria no 1 =―
w

F
0.84 ――

mm

kN
< =aEC 1.5 ――

mm

kN

Criteria no 2 =ν 20.891 ――
mm

⋅N s
2

< =⋅bEC

⎛
⎜
⎝

-⋅――
f1

Hz
ζ 1

⎞
⎟
⎠ ――

m

⋅N s
2

51.109 ――
mm

⋅N s
2

∴ Acceptable!



Appendix C

Calculations Floor C

C1

Properties

Single spanning floor
Length of the floor ≔l 5.009 m

Width of the floor ≔b 1.929 m

Width and heigth of beam web ≔bbeam 0.066 m ≔hbeam 0.270 m

Width and heigth of top flange (LVL) ≔bt.flange 1 m ≔ht.flange 0.063 m

Width and heigth of bottom flange ≔bb.flange 0.315 m ≔hb.flange 0.042 m

Width and heigth of concrete layer ≔bconcrete 1 m ≔hconcrete 0.04 m

Sound proofing insulation, mineral wool ≔bmineral.wool 1 m ≔hmineral.wool 0.017 m

Parquet floor ≔bparquet 1 m ≔hparquet 0.015 m

Center to center distance ≔cc =+bbeam 554 mm 0.62 m

Modulus of elasticity
Flange GL28cs ≔EGL28cs 13000 MPa ≔Eref EGL28cs

Concrete layer ≔Econcrete 30000 MPa

≔ELVL 10500 MPa

Second moment of Inertia

Beam ≔Ibeam ―――――
⋅bbeam hbeam

3

12

Concrete layer ≔Iconcrete ――――――
⋅bconcrete hconcrete

3

12

Top flange ≔It.flange ――――――
⋅bt.flange ht.flange

3

12

Bottom flange ≔Ib.flange ――――――
⋅bb.flange hb.flange

3

12

Bending stiffness
≔bspann =-cc bbeam 0.554 m

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

+bspann bbeam
+⋅0.1 l bbeam

+⋅20 ht.flange bbeam

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

566.9 mm

Area of the structure ≔At =

+

 ↲+⋅bbeam hbeam ⋅bb.flange hb.flange

⋅⋅――
ELVL

Eref

ht.flange bef

⎛⎝ ⋅5.99 104 ⎞⎠ mm 2

First moment of area ≔Syt

+

 ↲⋅⋅bbeam hbeam ―
1

2
⎛⎝ +hbeam ht.flange⎞⎠

⋅⋅bb.flange hb.flange
⎛
⎜
⎝

+―
1

2
⎛⎝ +hb.flange ht.flange⎞⎠ hbeam

⎞
⎟
⎠

=Syt
⎛⎝ ⋅7.234 106 ⎞⎠ mm 3

Distance from centre of gravity of 
beam to centre of gravity of FPB

≔e =――
Syt

At
120.77 mm

C2
≔Iyt

+

 ↲+

 ↲+

 ↲++Ibeam Ib.flange ⋅――
ELVL

Eref

It.flange

⋅⋅bb.flange hb.flange
⎛
⎜
⎝

-+―
1

2
⎛⎝ +hb.flange ht.flange⎞⎠ hbeam e

⎞
⎟
⎠

2

⋅⋅bbeam hbeam
⎛
⎜
⎝

-―
1

2
⎛⎝ +hbeam ht.flange⎞⎠ e

⎞
⎟
⎠

2

⋅⋅⋅――
ELVL

Eref

ht.flange bef e2



C2
Second moment of Inertia in total ≔Iyt

+

 ↲+

 ↲+

 ↲++Ibeam Ib.flange ⋅――
ELVL

Eref

It.flange

⋅⋅bb.flange hb.flange
⎛
⎜
⎝

-+―
1

2
⎛⎝ +hb.flange ht.flange⎞⎠ hbeam e

⎞
⎟
⎠

2

⋅⋅bbeam hbeam
⎛
⎜
⎝

-―
1

2
⎛⎝ +hbeam ht.flange⎞⎠ e

⎞
⎟
⎠

2

⋅⋅⋅――
ELVL

Eref

ht.flange bef e2

=Iyt 0.001 m4

Bending stiffness along the beam direction, per meter width.

≔EIL =+―――
⋅Iyt Eref

cc
――――――

⋅Econcrete Iconcrete

bconcrete
23.716 ⋅MN ――

m2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =
⎛
⎜
⎝

+――――――
⋅Econcrete Iconcrete

bconcrete
―――――

⋅EGL28cs It.flange

bt.flange

⎞
⎟
⎠

0.431 ⋅MN ――
m2

m

Floor mass

Mass per 10 kvm for the joist system ≔mjoists.10 526 kg

≔mjoists =―――
mjoists.10

10 m2
52.6 ――

kg

m2

Parquet floor ≔ρparquet 650 ――
kg

m3

Insulation ≔ρmineral.wool 155 ――
kg

m3

Concrete layer ≔ρconcrete =―――

24 ――
kN

m3

g
⎛⎝ ⋅2.447 103 ⎞⎠ ――

kg

m3

Parquet floor ≔mparquet =⋅ρparquet hparquet 9.75 ――
kg

m2

Concrete layer ≔mconcrete =⋅ρconcrete hconcrete 97.893 ――
kg

m2

Insulation ≔mmineral.wool =⋅ρmineral.wool hmineral.wool 2.635 ――
kg

m2

≔mfloor =+++mparquet mconcrete mmineral.wool mjoists 162.878 ――
kg

m2

Deflection from selfweight

Gravitational constant =g 9.807 ―
m

s2

≔q =⋅⋅g mfloor m 1.597 ――
kN

m

Deflection ≔wself.weight =⋅――
5

384
―――

⋅q l4

⋅EIL m
0.552 mm

≔ke.1 1 ≔ke.2 1 C3Frequency multipliers



≔wself.weight =⋅――
5

384
―――

⋅q l4

⋅EIL m
0.552 mm

Frequency multipliers ≔ke.1 1 ≔ke.2 1 C3

Natural frequency ≔f =⋅――
π

⋅2 l2

‾‾‾‾‾
――
EIL

mfloor

23.889 Hz

≔f1 =⋅⋅ke.1 ke.2 f 23.889 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is larger than 8 Hz check the velocity criteria since it is a transient floorf1

Velocity calculation [m/s]

Walking frequency ≔fw.1.5 1.5 Hz ≔fw.1.5 =――
fw.1.5

Hz
1.5

Mean modal impuls in Ns ≔I1.5Hz =⋅⋅――――
⋅42 fw.1.5

1.43

⎛
⎜
⎝
――
f1

Hz

⎞
⎟
⎠

1.3
N s 1.212 ⋅N s

Dynamic mass, 2 edges ≔Mmod =――――
⋅⋅mfloor l b

2
786.892 kg

Reduction factor ≔Kred 0.7

Peak velocity response ≔V1.peak.1.5Hz =⋅Kred ――
I1.5Hz

Mmod

0.0011 ―
m

s

Contribution of higher modes ≔Kimp =max

⎛
⎜
⎜
⎜⎝

⋅⋅0.48
⎛
⎜
⎝
―
b

l

⎞
⎟
⎠

⎛
⎜
⎝
――
EIL

EIT

⎞
⎟
⎠

0.25

1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

1

Total velocity peak responce. ≔Vtot.peak.1.5Hz =⋅Kimp V1.peak.1.5Hz 0.00108 ―
m

s

Damping ratio ≔ζ 0.03

If ≤≤1 Kimp 1.5 ≔η =-1.52 ⋅0.55 Kimp 0.97

≔β =⋅⋅
⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.35491

Vrms value of velocity ≔Vrms.1.5Hz =⋅Vtot.peak.1.5Hz β 0.38255 ――
mm

s

Response factor ≔R =――――
Vrms.1.5Hz

⋅0.0001 ―
m

s

3.826

___________________________________________________________________________
Stiffness criteria

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

1.672 m

≔F 1 kN

Deflection under 1kN point load ≔w1kN =――――
⋅F l3

⋅⋅48 EIL bef
0.066 mm

C4



C4
Limiting values for deflection =――

l

300
16.697 mm =――

l

500
10.018 mm

∴ Acceptable!
___________________________________________________________________________

Conclusion: =R 3.826 =w1kN 0.066 mm

R: Level I 
w: Level I

Acccording to the current EC5-------------------------------------------------------------------------------

Criteria: ≤―
w

F
aEC ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

National annex - EKS10 ≔aEC 1.5 ――
mm

kN

National annex - EKS10 ≔bEC 100 ――
m

⋅N s2

Plate bending stiffness about an axis perpendicular to the beams

≔EIl =EIL 23.716 ⋅⋅―
1

m
MN m2

Plate bending stiffness about an axis parallel to the beams

≔EIb =EIT 0.431 ⋅⋅―
1

m
MN m2

Fundamental frequency ≔f1 =⋅――
π

⋅2 l2

‾‾‾‾‾
――
EIl

mfloor

23.889 Hz

Number of first-order modes ≔n40 =
⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l

⎞
⎟
⎠

4 ⎛
⎜
⎝
――
EIl

EIb

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

0.25

1.216

Unit impulse velocity response ≔ν =―――――――
4 ⎛⎝ +0.4 ⋅0.6 n40⎞⎠

+⋅⋅mfloor b l 200 kg
2.547 ――

mm

⋅N s2

Instantaneous point load 
deflection

≔w =――――
⋅F l3

⋅⋅48 EIl m
0.11 mm

Check of criteria

Criteria no 1 =―
w

F
0.11 ――

mm

kN
< =aEC 1.5 ――

mm

kN

Criteria no 2 =ν 2.547 ――
mm

⋅N s2
< =⋅bEC

⎛
⎜
⎝

-⋅――
f1

Hz
ζ 1

⎞
⎟
⎠ ――

m

⋅N s2
271.247 ⋅kg

――
270

953 ――
mm

⋅N s2

∴ Acceptable!



Appendix D

Calculations Floor D

D1

Properties

Single spanning floor
Length of the floor ≔l 5.2 m

Width of the floor ≔b 8 m

Center to center distance of beam ≔cc 0.6 m

Center to center distance of acoustic profile ≔ccAP 0.5 m

Parquet floor ≔hparquet 15 mm ≔bparquet 1 m

Beam H300 ≔hH300 0.300 m ≔bH300 0.047 m

flange ≔hf 0.047 m ≔bf 0.047 m

web ≔hw 0.206 m ≔bw 0.01 m

Floor Particle board ≔hFPB 0.022 m ≔bFPB 1 m

Gypsum top ≔hgypsum 0.013 m ≔bgypsum 1 m

Impact sound insulation ≔hsound.insul 0.200 m

Battens ≔hbattens 0.045 m ≔bbattens 0.045 m

Gypsum roof ≔hgypsum.roof 0.015 m ≔bgypsum.roof 1 m

Modulus of elasticity
Gypsum board ≔Egypsum 25000 MPa

Floor Particle board ≔EFPB 2500 MPa

Flange C30 ≔Ef 13 GPa

Web - OSB/3 ≔Ew 3.8 GPa

Second moment of Inertia
Gypsum board ≔Igypsum ――――――

⋅bgypsum hgypsum
3

12

Floor Particle board ≔IFPB ――――
⋅bFPB hFPB

3

12

Flange C30 ≔If =――――
⋅bf ⎛⎝ ⋅2 hf⎞⎠

3

12
⎛⎝ ⋅3.253 10-6⎞⎠ m4

Web - OSB/3 ≔Iw =―――
⋅bw hw

3

12
⎛⎝ ⋅7.285 10-6⎞⎠ m4

FPB ≔Ieff.FPB =⋅――
EFPB

Ef

IFPB
⎛⎝ ⋅1.706 10-7⎞⎠ m4

Bending stiffness
≔bspann =-cc bf 0.553 m

Width of one span

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

+bspann bw
+⋅0.1 l bw

+⋅20 hFPB bw

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

450 mm

Area of the structure ≔At ++⋅⋅――
Ew

Ef

bw hw ⋅2 ⎛⎝ ⋅bf hf⎞⎠ ⋅⋅――
EFPB

Ef

hFPB bef

=At
⎛⎝ ⋅6.924 103 ⎞⎠ mm 2

≔Syt ⋅⎛⎝ +⋅bw hw ⋅2 ⎛⎝ ⋅bf hf⎞⎠⎞⎠ ―
1

2
⎛⎝ +hH300 hFPB⎞⎠ D2First moment of area



=At
⎛⎝ ⋅6.924 103 ⎞⎠ mm 2

First moment of area ≔Syt ⋅⎛⎝ +⋅bw hw ⋅2 ⎛⎝ ⋅bf hf⎞⎠⎞⎠ ―
1

2
⎛⎝ +hH300 hFPB⎞⎠ D2

=Syt
⎛⎝ ⋅1.043 106 ⎞⎠ mm 3

Distance from centre of gravity of 
beam to centre of gravity of FPB

≔e =――
Syt

At
0.151 m

Second moment of Inertia in total ≔Iyt

++

 ↲+⋅―
1

12
bf ⎛⎝hH300⎞⎠

3 ⋅⋅bf hH300
⎛
⎜
⎝

-⋅―
1

2
⎛⎝ +hH300 hFPB⎞⎠ e

⎞
⎟
⎠

2

Ieff.FPB ⋅⋅⋅――
EFPB

Ef

hFPB bef e2

=Iyt
⎛⎝ ⋅1.506 10-4⎞⎠ m4

Bending stiffness along the beam direction, per meter width.

≔EIL =―――
⋅Ef Iyt

cc
3.264 ―――

⋅MN m2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =
⎛
⎜
⎝
――――

⋅EFPB IFPB

bFPB

⎞
⎟
⎠

0.002 ―――
⋅MN m2

m

Floor mass

≔ρparquet 650 ――
kg

m3Parquet floor

Floor particle board ≔ρFPB =550 ――
kg

m3
550 ――

kg

m3

Insulation ≔ρinsulation 18 ――
kg

m3

Battens ≔ρbattens 350 ――
kg

m3

Beam ≔mH300 =―――

3.1 ―
kg

m

cc
5.167 ――

kg

m2

Floor particle board ≔mFPB =⋅ρFPB hFPB 12.1 ――
kg

m2

Floor gypsum board ≔mgypsum 14 ――
kg

m2

Insulation ≔minsulation =⋅ρinsulation hsound.insul 3.6 ――
kg

m2

Battens ≔mbattens =⋅ρbattens hbattens 15.75 ――
kg

m2

Gypsum board ≔mgypsum.roof 12.7 ――
kg

m2

Acoustic profile ≔mAP =―――

0.49 ―
kg

m

ccAP
0.98 ――

kg

m2

Parquet floor ≔mparquet =⋅ρparquet hparquet 9.75 ――
kg

m2

≔mfloor

++++
 ↲+++mH300 mgypsum mFPB mbattens

⋅2 mgypsum.roof minsulation mAP mparquet

D3Total mass of the floor element



Total mass of the floor element ≔mfloor

++++
 ↲+++mH300 mgypsum mFPB mbattens

⋅2 mgypsum.roof minsulation mAP mparquet

D3

=mfloor 86.747 ――
kg

m2

Deflection from selfweight

Gravitational constant =g 9.807 ―
m

s2

≔q =⋅⋅g mfloor m 0.851 ――
kN

m

Deflection ≔wself.weight =⋅――
5

384
――

⋅q l4

EIL
0.002 ⋅m m

Frequency multipliers ≔ke.1 1

≔ke.2 =
‾‾‾‾‾‾‾‾‾‾‾

+1
⎛
⎜
⎝
―
l

b

⎞
⎟
⎠

4

――
EIT

EIL
1

Natural frequency ≔f1 =⋅⋅⋅ke.1 ke.2 ――
π

⋅2 l2

‾‾‾‾‾
――
EIL

mfloor

11.269 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is larger than 8 Hz check the velocity criteria since it is a transient floorf1

Velocity calculation [m/s]

Walking frequency ≔fw.1.5 1.5 Hz ≔fw.1.5 ――
fw.1.5

Hz

Mean modal impuls in Ns ≔I1.5Hz =⋅⋅――――
⋅42 fw.1.5

1.43

⎛
⎜
⎝
――
f1

Hz

⎞
⎟
⎠

1.3
N s 3.218 ⋅N s

Dynamic mass, 2 edges ≔Mmod =――――
⋅⋅mfloor l b

2
⎛⎝ ⋅1.804 103 ⎞⎠ kg

Reduction factor ≔Kred 0.7

Peak velocity response ≔V1.peak.1.5Hz =⋅Kred ――
I1.5Hz

Mmod

0.0012 ―
m

s

Contribution of higher modes ≔Kimp =max

⎛
⎜
⎜
⎜⎝

⋅⋅0.48
⎛
⎜
⎝
―
b

l

⎞
⎟
⎠

⎛
⎜
⎝
――
EIL

EIT

⎞
⎟
⎠

0.25

1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

4.574

Total velocity peak responce ≔Vtot.peak.1.5Hz =⋅Kimp V1.peak.1.5Hz 0.00571 ―
m

s

Damping ratio ≔ζ 0.02

If ≤≤1 Kimp 1.5 ＝η -1.52 ⋅0.55 Kimp

Else ≔η 0.69

D4
≔β =⋅⋅

⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.37075



D4
≔β =⋅⋅

⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.37075

Vrms value for velocity ≔Vrms.1.5Hz =⋅Vtot.peak.1.5Hz β 2.11708 ――
mm

s

Response factor ≔R =――――
Vrms.1.5Hz

⋅0.0001 ―
m

s

21.171

___________________________________________________________________________
Stiffness criteria

Effective width as calculated in the 
second equation numbered (9.6). ≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

0.763 m

≔F 1 kN

Deflection from 1kN point load ≔w1kN =――――
⋅F l3

⋅⋅48 EIL bef
1.176 mm

Limiting values for deflection =――
l

300
17.333 mm =――

l

500
10.4 mm

∴ Acceptable!
___________________________________________________________________________

Conclusion: =R 21.171 =w1kN 1.176 mm

R: Level V
w: Level V

Acccording to the current EC5-------------------------------------------------------------------------------

Criteria: ≤―
w

F
aEC ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

National annex - EKS10 ≔aEC 1.5 ――
mm

kN

National annex - EKS10 ≔bEC 100

Plate bending stiffness about an axis perpendicular to the beams

≔EIl =EIL 3.264 ⋅⋅―
1

m
MN m2

Plate bending stiffness about an axis parallel to the beams

≔EIb =EIT 0.002 ⋅⋅―
1

m
MN m2

Fundamental frequency ≔f1 =⋅――
π

⋅2 l2

‾‾‾‾‾
――
EIl

mfloor

11.268 Hz

≔n40 =
⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l

⎞
⎟
⎠

4

――
EIl

EIb

⎞
⎟
⎟
⎟⎠

0.25

17.585
D5



D5
Number of first-order modes ≔n40 =

⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l

⎞
⎟
⎠

4

――
EIl

EIb

⎞
⎟
⎟
⎟⎠

0.25

17.585

Unit impulse velocity response ≔ν =―――――――
4 ⎛⎝ +0.4 ⋅0.6 n40⎞⎠

+⋅⋅mfloor b l 200 kg
11.501 ――

mm

⋅N s
2

Instantaneous point load 
deflection

≔w =――――
⋅F l

3

⋅⋅48 EIl m
0.898 mm

Check of criteria

Criteria no 1 =―
w

F
0.898 ――

mm

kN
< =aEC 1.5 ――

mm

kN

Criteria no 2 =ν 11.501 ――
mm

⋅N s
2

< =bEC

⎛
⎜
⎝

-⋅――
f1

Hz
ζ 1

⎞
⎟
⎠ ――

m

⋅N s
2

28.23 ――
mm

⋅N s
2

∴ Acceptable!



Appendix E

Calculations Floor E

E1

Properties

Double spanning floor
Floor span length longer span ≔l1 5.5 m

Floor span length shorterspan ≔l2 3.9 m

Floor span width ≔b 11 m

Center to center distance ≔cc 1 m

Parquet ≔hparquet 0.015 m

Gypsum board ≔hgypsum.board 0.026 m

Particle Board ≔hPB 0.022 m

Mineral wool insultaion ≔hmin.ins 0.19 m

CLT ≔hCLT 0.2 m

≔bCLT 1 m

Fire proof gypsum board ≔hfire.gypsum 0.015 m

Breadth used for calculating EI ≔b1 1 m

Density
CLT ≔ρCLT 470 ――

kg

m3

Parquet ≔ρparquet 650 ――
kg

m3

Gypsum board ≔ρgypsum.board =⋅9 ――
kg

m2
――――

1

12.5 mm
720 ――

kg

m3

Particle board ≔ρPB 550 ――
kg

m3

Mineral insulation ≔ρmin.ins 140 ――
kg

m3

Fire gypsum board ≔ρfire.gypsum =⋅12.5 ――
kg

m2
――――

1

15.4 mm
811.688 ――

kg

m3

Second moment of Inertia CLT ≔ICLT =――――
⋅bCLT hCLT

3

12
⎛⎝ ⋅6.667 10-4⎞⎠ m4

Modulus of elasticity ≔E0.mean.CLT 12000 MPa

Bending stiffness
Per meter width ≔EIL1 =⋅E0.mean.CLT ICLT

⎛⎝ ⋅8 1012⎞⎠ ⋅N mm 2

Bending stiffness along the beam direction, per meter width.

≔EIL =――
EIL1

cc
8 ⋅MN ――

m2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =――――――
⋅E0.mean.CLT ICLT

b1
8 ⋅MN ――

m2

m

E2Floor mass



Floor mass E2
Parquet ≔mparquet =⋅ρparquet hparquet 9.75 ――

kg

m2

Gypsum board ≔mgypsum.board ⋅ρgypsum.board hgypsum.board

Joist system ≔mjoist 5 ――
kg

m2

Particle board ≔mPB ⋅ρPB hPB

Insulation ≔mmin.ins ⋅ρmin.ins hmin.ins

CLT ≔mCLT ⋅ρCLT hCLT

Fire gypsum ≔mfire.gypsum ⋅ρfire.gypsum hfire.gypsum

Total mass of the floor element ≔mfloor

+++
 ↲+++mparquet mgypsum.board mPB mmin.ins

mCLT mfire.gypsum mjoist

=mfloor 178.345 ――
kg

m2

Deflection from selfweight

Gravitational constant =g 9.807 ―
m

s2

≔q =⋅⋅g mfloor m 1.749 ――
kN

m

Natural frequency

Ratio between longer and 
shorter floor span

≔r =―
l2

l1
0.709

≔ke.1 1.21

≔ke.2 =
‾‾‾‾‾‾‾‾‾‾‾

+1
⎛
⎜
⎝
―
l2

b

⎞
⎟
⎠

4

――
EIT

EIL
1.008

≔f =⋅――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

10.998 Hz

≔f1 =⋅⋅ke.1 ke.2 f 13.412 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is larger than 8 Hz check the velocity criteria since it is a transient floorf1

Stiffness criteria

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l1

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

5 m

Point load ≔F 1 kN

E3
≔w1kN =――――

⋅F l1
3

⋅⋅48 EIL bef
0.087 mm



E3
Deflection from 1kN point load ≔w1kN =――――

⋅F l1
3

⋅⋅48 EIL bef
0.087 mm

Limiting values for deflection =――
+l1 l2

300
31.333 mm =――

+l1 l2

500
18.8 mm

∴ Acceptable!
Velocity calculation [m/s]

Walking frequency ≔fw.1.5 1.5 Hz ≔fw.1.5 =――
fw.1.5

Hz
1.5

Mean modal impuls in Ns ≔I1.5Hz =⋅⋅――――
⋅42 fw.1.5

1.43

⎛
⎜
⎝
――
f1

Hz

⎞
⎟
⎠

1.3
N s 2.566 ⋅N s

Dynamic mass, four edges ≔Mmod =――――
⋅⋅mfloor l1 b

4
⎛⎝ ⋅2.697 103 ⎞⎠ kg

≔Kred 0.7 ≔V1.peak.1.5Hz =⋅Kred ――
I1.5Hz

Mmod

0.0007 ―
m

s

Contribution of higher modes ≔Kimp =max

⎛
⎜
⎜
⎜⎝

⋅⋅0.48
⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

⎛
⎜
⎝
――
EIL

EIT

⎞
⎟
⎠

0.25

1

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

1

Total velocity peak responce. ≔Vtot.peak.1.5Hz =⋅Kimp V1.peak.1.5Hz 0.00067 ―
m

s

Damping ratio ≔ζ 0.025

If ≤≤1 Kimp 1.5 ≔η -1.52 ⋅0.55 Kimp =Kimp 1

≔β =⋅⋅
⎛
⎜
⎝

-0.65 ⋅0.01 ――
f1

Hz

⎞
⎟
⎠

(( -1.22 ⋅11.0 ζ)) η 0.47288

Vrms value for velocity ≔Vrms.1.5Hz =⋅Vtot.peak.1.5Hz β 0.31492 ――
mm

s

Response factor ≔R =――――
Vrms.1.5Hz

⋅0.0001 ―
m

s

3.149

___________________________________________________________________________

Conclusion: =R 3.149 =w1kN 0.087 mm

R: Level I
w: Level I

E4Acccording to the current EC5-------------------------------------------------------------------------------



Acccording to the current EC5------------------------------------------------------------------------------- E4

Criteria to be fulfilled: ≤―
w

F
aEC ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

National annex - EKS10 ≔aEC 1.5 ――
mm

kN

National annex - EKS10 ≔bEC 100

Modal damping ratio =ζ 0.025

Plate bending stiffness about an axis parallel to the beams

≔EIl =EIL 8 ⋅MN ――
m2

m

Plate bending stiffness about an axis parallel to the beams

≔EIb =EIT 8 ⋅MN ――
m2

m

Fundamental frequency ≔f1 =⋅――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

10.998 Hz

Number of first-order modes ≔n40 =
⎛
⎜
⎜
⎜⎝

⋅⋅
⎛
⎜
⎜
⎜⎝

-
⎛
⎜
⎜
⎜⎝

――
40

――
f1

Hz

⎞
⎟
⎟
⎟⎠

2

1
⎞
⎟
⎟
⎟⎠

⎛
⎜
⎝
―
b

l1

⎞
⎟
⎠

4 ⎛
⎜
⎝
――
EIl

EIb

⎞
⎟
⎠

⎞
⎟
⎟
⎟⎠

0.25

3.74

Impulse velocity response ≔ν =―――――――
4 ⎛⎝ +0.4 ⋅0.6 n40⎞⎠

+⋅⋅mfloor b l1 200 kg
0.962 ――

mm

⋅N s2

Multiply by a load distribution factor to account for the fact that a CLT slab is loadcarrying bef
in two directions. As suggested by the KL-trähandbok* 

≔bef =⋅――
l1

1.1

‾‾‾‾
――
EIb

EIl
5 m

Point load deflection with bef
included as in the KL-trähandbok* ≔w =――――

⋅F l1
3

⋅⋅48 EIL bef
0.087 mm

Check of criteria

Criteria no 1 =―
w

F
0.087 ――

mm

kN
< =aEC 1.5 ――

mm

kN

Criteria no 2 =ν 0.962 ――
mm

⋅N s2
< =⋅bEC

⎛
⎜
⎝

-⋅――
f1

Hz
ζ 1

⎞
⎟
⎠ ――

m

⋅N s2
35.473 ――

mm

⋅N s2

∴ Acceptable!

* KL-trähandbok: https://www.svenskttra.se/siteassets/6-om-oss/publikationer/pdfer/svt-kl-trahandbok-2017.pdf



Appendix F

Calculations Floor F

F1

Properties

Double spanning floor
Floor span length longer span ≔l1 5.5 m

Floor span length shorterspan ≔l2 3.9 m

Floor span width ≔b 11 m

Center to center distance ≔cc 1 m

Parquet floor ≔hparquet 0.015 m

Gypsum screed ≔hgypsum.screed 0.04 m

Sound proofing insulation, 
mineral wool

≔hmineral.wool 0.03 m

Makadam ≔hmakadam 0.11 m

CLT ≔hCLT 0.15 m

≔bCLT 1 m

Gypsum board ≔hgypsum.board 0.013 m

Breadth used for calculating EI ≔b1 1 m

Density
Parquet floor ≔ρparquet 650 ――

kg

m3

Insulation ≔ρmineral.wool 155 ――
kg

m3

CLT ≔ρCLT 450 ――
kg

m3

Gypsum screed ≔ρgypsum.screed 1000 ――
kg

m3

Makadam 4-8 mm ≔ρmakadam 1450 ――
kg

m3

Floor mass
Parquet floor ≔mparquet =⋅ρparquet hparquet 9.75 ――

kg

m2

Gypsum screed ≔mgypsum.screed =⋅ρgypsum.screed hgypsum.screed 40 ――
kg

m2

Insulation ≔mmineral.wool =⋅ρmineral.wool hmineral.wool 4.65 ――
kg

m2

Makadam 4-8 mm ≔mmakadam =⋅ρmakadam hmakadam 159.5 ――
kg

m2

CLT ≔mCLT =⋅ρCLT hCLT 67.5 ――
kg

m2

Gypsum board ≔mgypsum.board 9 ――
kg

m2

Total mass of the floor element ≔mfloor

+++
 ↲++mparquet mgypsum.screed mmineral.wool

mmakadam mCLT mgypsum.board

=mfloor 290.4 ――
kg

m2

F2
≔ICLT =――――

⋅bCLT hCLT
3

12
⎛⎝ ⋅2.813 10-4⎞⎠ m4



F2
Second moment of Inertia CLT ≔ICLT =――――

⋅bCLT hCLT
3

12
⎛⎝ ⋅2.813 10-4⎞⎠ m4

Modulus of elasticity ≔E0.mean.CLT 12000 MPa

Bending stiffness
For one meter of the floor width. ≔EIL1 =⋅E0.mean.CLT ICLT

⎛⎝ ⋅3.375 1012⎞⎠ ⋅N mm 2

Bending stiffness along the beam direction, per meter width.

≔EIL =――
EIL1

cc
⎛⎝ ⋅3.375 1012⎞⎠ ⋅N ――

mm 2

m

Bending stiffness in the transverse direction, per meter width.

≔EIT =――――――
⋅E0.mean.CLT ICLT

b1

⎛⎝ ⋅3.375 1012⎞⎠ ⋅N ――
mm 2

m

Deflection from selfweight of the floor

Gravitational constant =g 9.807 ―
m

s2

≔q =⋅⋅g mfloor m 2.848 ――
kN

m

Frequency multipliers
Ratio between longer and 
shorter floor span

≔r =―
l2

l1
0.709

≔ke.1 1.21

≔ke.2 =
‾‾‾‾‾‾‾‾‾‾‾

+1
⎛
⎜
⎝
―
l2

b

⎞
⎟
⎠

4

――
EIT

EIL
1.008

Natural frequency ≔f1 =⋅⋅⋅ke.1 ke.2 ――
π

⋅2 l1
2

‾‾‾‾‾
――
EIL

mfloor

6.827 Hz

Acccording to the revised EC5-----------------------------------------------------------------------------

If is smaller than 8 Hz do the calculations for a resonant floor.f1

Point load deflection [mm]

Effective width ≔bef =min

⎛
⎜
⎜
⎜⎝

⋅――
l1

1.1

⎛
⎜
⎝
――
EIT

EIL

⎞
⎟
⎠

0.25

b

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

⎞
⎟
⎟
⎟⎠

5 m

Point load ≔F 1 kN

Deflection under 1kN point load ≔w1kN =――――
⋅F l1

3

⋅⋅48 EIL bef
0.205 mm

Limiting values for deflection =―――
⎛⎝ +l1 l2⎞⎠

300
31.333 mm =――

+l1 l2

500
18.8 mm

∴ Acceptable!

F3Acceleration calculation [m/s]



Acceleration calculation [m/s] F3

Root mean square acceleration arms

Fourier coefficient ≔α =e
-0.4 ――

f1

Hz 0.065

Load of walking person ≔F0 700 N

Damping ratio ≔ζ 0.035

Modal mass ≔Mmod =――――
⋅⋅mfloor l1 b

4
⎛⎝ ⋅4.392 103 ⎞⎠ kg

arms value for acceleration ≔arms =―――――
⋅0.4 α F0

⋅⋅⋅‾‾2 2 ζ Mmod

41.966 ――
mm

s2

Response factor ≔R =――――
arms

0.005 ―
m

s2

8.393

___________________________________________________________________________
Conclusion: =R 8.393 =w1kN 0.205 mm

R: Level III
w: Level I

Acccording to the current EC5-------------------------------------------------------------------------------

Criterias to be fulfilled: ≤―
w

F
aEC ≤v bEC

⎛⎝ -⋅f1 ζ 1⎞⎠

National annex - EKS10 ≔aEC 1.5 ――
mm

kN

National annex - EKS10 ≔bEC 100

Modal damping ratio =ζ 0.035

Bending stiffness along the beam direction, per meter width.

≔EIl =EIL
⎛⎝ ⋅3.375 106 ⎞⎠ ⋅MN ――

mm 2

m

Bending stiffness in the transverse direction, per meter width.

≔EIb =EIT
⎛⎝ ⋅3.375 106 ⎞⎠ ⋅MN ――

mm 2

m

Natural frequency ≔f1 =⋅――
π

⋅2 l1
2

‾‾‾‾‾
――
EIl

mfloor

5.598 Hz

Since the frequency is less than 8 Hz no further calculations can be done!
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BS EN 1995-1-1:2004+Al:2008 

EN 1995-1-1 :2004+A 1 :2008 (E) 

Section 7 Serviceability limit states 

7.1 Joint slip 

(1) For joints made with dowel-type fasteners the slip modulus Kser per shear plane per fastener 

under service load should be taken from Table 7.1 with Pm in kg/m3 and d or de in mm. For the 

definition of dc, see EN 13271. 

NOTE: In EN 26891 the symbol used is ks instead of K scr. 

Table 7.1 Values of Kser for fasteners and connectors in N/mm in timber-to-timber and 
wood-based panel-to-timber connections 

Fastener type Kscr 

Dowels Pm1,5d123 

Bolts with or without clearance
a 

Screws 

Nails (with pre-drilling) 

Nails (without pre-drilling) Pill 
1,5cP,8/30 

Staples Pm 
1,5cP,8/80 

Split-ring connectors type A according to EN 912 
Pm dc/2 

Shear-plate connectors type B according to EN 912 

Toothed-plate connectors: 

Connectors types C1 to C9 according to EN 912 1,5pm dJ4 

Connectors type C1 0 and C11 according to EN 912 Pm dJ2 

a The clearance should be added separately to the deformation. 

(2) If the mean densities Pm, 1 and Pm,2 of the two jointed wood-based members are different then 

pm in the above expressions should be taken as 

(3) For steel-to-timber or concrete-to-timber connections, Kser should be based on Pm for the 

timber member and may be multiplied by 2,0. 

7.2 Limiting values for deflections of beams 

(1) The components of deflection resulting from a combination of actions (see 2.2.3(5)) are 

shown in Figure 7.1, where the symbols are defined as follows, see 2.2.3: 

tVc is the precamber (if applied); 

Wins! is the instantaneous deflection; 

Wcreep is the creep deflection; 

Wjjn is the final deflection; 

WneUin is the net final deflection. 
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(7.1 ) 



BS EN 1995-1-1:2004+Al:2008 
EN 1995-1-1 :2004+A1 :2008 (E) 

~ ________________ ~ ______________ ~ ......••.... _1 .•..• W.C 

I 

Figure 7.1 - Components of deflection 

(2) The net deflection below a straight line between the supports, WnetJin, should be taken as: 

(7.2) 

NOTE: The recommended range of limiting values of deflections for beams with span lis given in Table 

7.2 depending upon the level of deformation deemed to be acceptable. Information on National choice 
may be found in the National annex. 

Table 7.2 - Examples of limiting values for deflections of beams 

Winst Wnct,lin Wlin 

Beam on two 
£/300 totl500 el250 to £/350 e/150 tot/300 

supports 

Cantilevering 0150 to £/250 £/125 to 1!l175 fl75 to el150 
beams 

7.3 Vibrations 

7.3.1 General 

(1)P It shall be ensured that the actions which can be reasonably anticipated on a member, 

component or structure, do not cause vibrations that can impair the function of the structure or 

cause unacceptable discomfort to the users. 

(2) The vibration level should be estimated by measurements or by calculation taking into 

account the expected stiffness of the member, component or structure and the modal damping 

ratio. 

(3) For floors, unless other values are proven to be more appropriate, a modal damping ratio of 

(= 0,01 (i.e 1 %) should be assumed. 

7.3.2 Vibrations from machinery 

(1)P Vibrations caused by rotating machinery and other operational equipment shall be limited 

for the unfavourable combinations of permanent load and variable loads that can be expected. 

(2) For floors, acceptable levels for continuous vibration should be taken from figure 5a in 

Appendix A of ISO 2631-2 with a multiplying factor of 1,0. 

7.3.3 Residential floors 

(1) For residential floors with a fundamental frequency less than 8Hz (f1 ~ 8Hz) a special 

investigation should be made. 

(2) For residential floors with a fundamental frequency greater than 8 Hz (f1 > 8 Hz) the 

following requirements should be satisfied: 
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BS EN 1995-1-1:2004+Al:2008 
EN 1995-1-1:2004+A1:2008 (E) 

W :::; a mmJkN 
F 

and 

where: 

(7.3) 

(7.4 ) 

W is the maximum instantaneous vertical deflection caused by a vertical concentrated static 

force F applied at any point 011 the floor, taking account of load distribution; 

v is the unit impulse velocity response, i.e. the maximum initial value of the vertical floor 

vibration velocity (in m/s) caused by an ideal unit impulse (1 Ns) applied at the point of the 

floor giving maximum response. Components above 40 Hz may be disregarded; 

t; is the modal damping ratio. 

NOTE: The recommended range of limiting values of a and b and the recommended relationship between 

a and b is given in Figure 7.2. Information on the National choice may be found in the National annex. 

150 
140 
130 
120 
110 

b 100 
90 
80 
70 
60 
50 

0 2 3 4 

a [mrn/kN] 

Key: 

1 Better performance 

2 Poorer performa nce 

Figure 7.2 - Recommended range of and relationship between a and b 

(3) The calculations in 7.3.3(2) should be made under the assumption that the floor is unloaded, 

i.e., only the mass corresponding to the self-weight of the floor and other permanent actions. 

(4) For a rectangular floor with overall dimensions€ x b, simply supported along all four edges 

and with timber beams having a span e, the fundamental frequency 11 may approximately be 

calculated as 

(7.5) 

where: 

m is the mass per unit area in kg/m2; 

I' is the floor span, in m; 

(El) ( is the equivalent plate bending stiffness of the floor about an axis perpendicular to the 

beam direction, in Nm2/m. 
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BS EN 1995-1-1:2004+Al:2008 

EN 1995-1-1 :2004+A1 :2008 (E) 

(5) For a rectangular floor with overall dimensions bx f, simply supported along all four edges, 

the value v may, as an approximation, be taken as: 

v = (7.6) 

where: 

v is the unit impulse velocity response, in m/(Ns
2

); 

n40 is the number of first-order modes with natural frequencies up to 40 Hz; 

b is the floor width, in m; 

111 is the mass, in kg/m
2

; 

f is the floor span, in m. 

The value of n40 may be calculated from: 

(7.7) 

where (E1)b is the equivalent plate bending stiffness, in Nm
2
/m, of the floor about an axis parallel 

to the beams, where (E1)b < (E1)I' 
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EN 1995-1-1 
 
 

Project team SC5.T3  
sub-task 7 

 
Vibrations 

 
Milestone 2 
30.04.2019 

 
 

Notes from SC5.T3: 
 

 

• The work is done under SC5/WG3/subgroup 4 on floor vibrations and the systematic 
review comments (N638) have been considered in this group. 
 

• The enquiry comments (SC5/N918) to the milestone 1 draft (SC5/N890) have been 
answered and considered in this draft. 
 

• The major background to this section are the following publications: 
 
Abeysekera I., Hamm P., Toratti T., Lawrence A. (2018): Development of a floor 
vibration design method for Eurocode 5. INTER paper 51-20-2. 
Hamm P., Richter A., Winter S. (2010): Floor vibrations – new results. World confer-
ence of timber engineering 2010, Riva de Garda, Italy.  
Homb A., Terje Kolstad S (in publication): Evaluation of floor vibration properties us-
ing measurements and calculations. Engineering structures.  
ISO 10137 (2007): Bases for design of structures – Serviceability of buildings and 
walkways against vibrations.  
Järnerö K. (2014): Vibrations in timber floors – dynamic properties and human per-
ception. Phd. thesis. Linnaeus University Sweden.  
Kreuzinger H., Mohr B.: Gebrauchstauglichkeit von Wohnungsdecken aus Holz; Ab-
schlussbericht Januar 1999. TU München, Fachgebiet Holzbau. 
Forschungsvorhaben durchgeführt für die EGH in der DGfH.  
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Sedlacek G. et al. (2009): Design of floor structures for human induced vibrations: 
JRC scientific and technical reports.  
Toratti T., Talja A. (2006): Classification of human induced floor vibrations. Building 
acoustics. Journal of Building Acoustics 2006 vol 13 no 3.  
Weckendorf J., Toratti T., Smith I., Tannert T. (2015): Vibration serviceability perfor-
mance of timber floors. European Journal of Wood and Wood Products.  
Willford M., Young P. (2006): Design Guide for Footfall Induced Vibration of Struc-
tures - A tool for designers to engineer the footfall vibration characteristics of build-
ings or bridges (2006). ISBN 1-904482-29-5.  
Zhang B., Rasmussen B., Jorissen A., Harte A. (2013): Comparison of vibrational 
com-fort assessment criteria for design of timber floors among the European 
countries. Eng Struct 52:592–607.  
Zimmer S, Augustin M. (2016): Vibrational behaviour of cross laminated timber 
floors. World conference of timber engineering 2016, Vienna Austria. 
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Foreword 
 
Section 1 Scope 
 

Section 2 Normative references 
 

Section 3 Terms, definitions and symbols 
 
3.3 Terms and definitions 
 
3.3.1.1 Joisted floor 
a floor deck supported mainly by equally close spaced parallel beams 
 
3.3.1.2 Floating layer 
a non-structural floor layer not connected to the structure underneath (usually this is set over an 
insulation layer) 
 
3.3.1.3 Floor supported on 4 sides 
a floor supported on 4 sides: A rectangular floor layout supported at all edges deck 
 
 
3.4 Symbols and abbreviations 
 
For the purpose of EN 1995-1-1, the following symbols apply. 
 
Latin upper case letters 
 
(EI)L is the apparent effective bending stiffness along floor span per meter width 
(EI)T is the bending stiffness transverse to floor span per meter width. 
F  is a static point load; 
F0   is the vertical load of a walking person;  
M*   is the modal mass; 
I  is the mean modal impulse; 
Kimp is the impulsive multiplier factor; 
Kred is a reduction factor; 
R  is the response factor; 
Vrms is the root mean square velocity; 
V1,peak is the peak velocity response; 
Vtot,peak is the total peak velocity response; 
 
Latin lower case letters 
 
arms is the root mean square acceleration;  
b  is the width of the floor; 𝑓1  is the fundamental frequency; 
fw  is the walking frequency; 
l  is the floor span; 
m  is the floor self-weight per floor area; 𝑘e,1  is the frequency multiplier in case of a double span floor on rigid supports; 𝑘e,2  is the frequency multiplier in case of a two-way spanning floor; 
w1kN is the maximum deflection due to a vertical point-load of F  = 1 kN; 
 
Greek lower case letters 
 𝛿s𝑦𝑠  is the deflection of the floor system under the self-weight load; 

α  is the Fourier coefficient depending on the fundamental frequency as 𝛼 = 𝑒−0,4 𝑓1; 

  is the modal damping ratio; 



4 
 

 4 

9.3 Vibrations 
 

9.3.1 General 
 
(1) It should be ensured that the actions which can be reasonably anticipated on a member, 
component or structure, do not cause vibrations that can impair the function of the structure or 
cause unacceptable discomfort to the users. 
 
(2) The vibration level should be estimated by measurements or by calculation taking into 
account the expected stiffness, mass and damping of the member, component or structure. 
 
(3) For floors, unless other values are proven to be more appropriate, the modal damping ratio 
may be assumed as:  
 

 -  = 0,02 for joisted floors 

 -  = 0,025 for timber-concrete and massive floors 

 -  = 0,03 for joisted floors with a floating layer  

 -  = 0,035  for timber-concrete and massive floors with a floating layer  

 -  = 0,04 for all floors with a floating layer and supported on 4 sides  
 
NOTE 1: The damping values can alternatively be obtained by on-site testing applying prEN 16929. 

 
 

9.3.2 Vibrations from machinery 
 
(1) Vibrations caused by rotating machinery and other operational equipment should be limited 
for the unfavourable combinations of permanent load and variable loads that can be expected. 
 
NOTE: Fatigue strength of the structure may also influence the design. 

 
(2) For loading from machinery, as well as loading from ground borne vibration and for crowd 
loading, a more detailed investigation which accurately models loads and modal properties of 
the structure should be considered. 
 
(3) For floors, acceptable (minimum perceivable ) levels for continuous vibration should be 
taken from figure C1 in Appendix C of ISO 10137. 
 
 

9.3.3 Vibrations from footfall 
 
(1) The following rules are valid for human induced vibrations of timber floors in the categories 
of use A, B, C1, C3 and D as defined in EN 1991-1-1. 
 
NOTE: These use categories include residential floors, offices floors and areas with moderate amount of 
people like museums, exposition rooms etc. as well as access areas in offices. Categories confined to 
crowd loading such as theatres, gymnastic, dance halls and areas with sensitive equipment are excluded.  
 

(2) For timber floors in categories of use not listed in 9.3.3(1), a special investigation should be 
made.

 

 

 
(3) The human induced floor vibrations should comply with a floor performance level of either 
class I, II, III, IV, V, VI or VII as given in Table 9.2.  
 
(4) The floor mass used for the vibrational calculations should be a unique value including at 
least the sum of the mass caused by permanent loads including the self-weight of the floor as 
well as all supported or suspended horizontal layers. 
 
NOTE: The floor mass may include the self-weight of partitions and the mass caused by uniformly 
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distributed quasi-permanent actions as defined in 9.3.3.(6) and 9.3.3.(7) respectively.  
 

(5) The use of different values of the floor mass for different calculations such as for 
fundamental frequency and for modal mass is not allowed. 
 
(6) The floor mass may include the self-weight of partitions, with respect to their presence over 
the long term, their distribution over the floor area and the significance of their influence on the 
vibrational behaviour of the floor.   
 
NOTE: The effect of partitions on the vibrational behaviour of the floor can be significant for lightweight 
joisted floors, while it is of lesser significance for massive floors. It is recommended to only consider the 
additional mass induced by lightweight partitions for lightweight joisted floors and to limit this mass to that 
caused by a uniformly distributed load of 0,35 kN/m2. Information on the National choice may be found in 
the National annex. 

 
(7) The floor mass may include that caused by the quasi-permanent value of the uniformly 
distributed imposed loads. 
 

NOTE: Imposed loads cover movable equipment (such as furniture) as well as the self-weight of the 
human occupancy. It is recommended to only consider the additional mass induced by the quasi-
permanent value of the fraction of imposed load induced by movable equipment and to limit this additional 
mass to 10% of the total imposed loads. Information on the National choice may be found in the National 
annex. 
 

(8) While neglecting any composite action of a floating floor layer, the bending stiffness of the 
floating floor or screed may be taken into account on the overall floor stiffness as an addition. 

 

(9) The flexibility of supporting beams or similar should be considered in the calculations. 
 
 
 
 

9.3.3.1 Fundamental frequency 

 
(1) For single or multiple span floors that are rectangular in plan and are one- or two-way 
spanning directly onto rigid supports, and primarily subject to uniform loading, the fundamental 
frequency 𝑓1 of the floor may be determined from formula (9.1a), where the floor bending 
stiffness should be the effective apparent stiffness taking into account shear deformation and 
slip where applicable. 
 
NOTE: Non-rigid support conditions can be beams, three-dimensional connectors or cantilevered 
configurations. 

 
 

(2) Expression (9.1a) may be replaced by expression (9.1b), where all factors affecting the 
deflection are considered, for instance when floors are spanning partially or totally on non-rigid 
supports in accordance with 9.3.3 (9) or when not only subject to uniform loading. 
 𝑓1 = 𝑘𝑒,1 𝑘𝑒,2  𝜋2𝑙2  √(𝐸𝐼)𝐿𝑚            (9.1a) 

 

 𝑓1 = 𝑘𝑒,1 𝑘𝑒,2 18√𝛿𝑠𝑦𝑠            (9.1b) 

 
 
where 
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f1  is the floor fundamental frequency, in Hz; 𝑘e,1   is the frequency multiplier in case of a double span floor on rigid supports taken  
   from table 9.1. In case of a single span 𝑘e,1 = 1,0; 𝑘e,2   is the frequency multiplier in case of a two-way spanning floor taken as  

   √ 1 + ( 𝑙𝑏)4 (𝐸𝐼)T(𝐸𝐼)L; 𝛿s𝑦𝑠   is the deflection of the floor (including the effect of any  
 supporting beams, shear and connections in composite structures) under the self- 
 weight load applied on a single bay in a multi-span case, in mm; 

l  is the floor span, in m; 
b  is the width of the floor, in m; 
m  is the floor self-weight per floor area in kg/m2; 
(EI)L is the apparent effective bending stiffness along floor span per meter width, 

 (EI)T < (EI)L , in Nm²/m; 
(EI)L should take into account the effect of shear or slip where applicable 

(EI)T  is the bending stiffness transverse to floor span per meter width, in Nm²/m. 
 
 
Table 9.1 Factor ke,1 to calculate the fundamental frequency in case of a two-span floor. 
 

l2/l1) 1,0 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 

ke,1 1,00 1,09 1,16 1,21 1,25 1,28 1,32 1,36 1,41 

1) l is the longer and l2 the shorter span of a two span floor in m. 

 
 

 

 
Figure 9.1 Possibilities to consider as elastic supports cases having a beam support on one 

side . 
 
For a floor supported elastically on a beam on one side (see figure 9.1), the resulting frequency 
may be calculated by formula 9.1(c). 
 f1,res = √ 11f1,joist2 + 13 ∙ f1,beam2  

             (9.1c) 
 
 

Spring replacing the beam 

Joists 

Spring replacing the beam 

 

Double span joists  

Two single span joists 

Spring replacing the beam 
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Figure 9.2 Possibilities to consider as elastic supports in case of beams on both sides . 
 
 
For a floor supported elastically on a beam on both sides (see figure 9.2), the resulting 
frequency may be calculated by formula 9.1(d). 
 f1,res = √ 11f1,joist² + 13 ∙ f1,beam,1² + 13 ∙ f1,beam,2² 

             (9.1d) 
 
 
Where 
 
f1,joist  is the floor fundamental frequency supported on rigid supports calculated with 
   formula (9.1a), in Hz; 
f1,beam  is the fundamental frequency of the supporting beam, in Hz; 
 
 

9.3.3.2 Acceleration criteria 
 
(1) For the verification of acceleration due to vibrations caused by a walking person, the root 
mean square values should be calculated. 
 
(2) Where the fundamental frequency of the floor is less than or equal to 8 Hz, the floor vibration 
is assumed resonant. 
 
(3) For resonant vibration design situations, the acceleration should be approximated with 
Formula (9.2). A single spanning floor is assumed. 

 arms = 0,4 α F0√2 2 ζ M∗            (9.2) 

where 
 
arms  is the root mean square acceleration, in m/s²;  

α  is the Fourier coefficient depending on the fundamental frequency as 𝛼 = 𝑒−0,4 𝑓1; 
F0   is the vertical load of a walking person, usually taken as F0 = 700 N;  
ζ   is the modal damping ratio as in section 9.3.1;  
M*   is the modal mass as given in formula (9.3), in kg. 

 
 
(4) The modal mass may be calculated from Formula (9.3).  

 

M* = 
𝑚𝑙𝑏4    for a floor supported on 4 edges or     (9.3) 

 
𝑚𝑙𝑏2  for a floor supported on 2 edges and free to deform on the free edges 

where 
 
M*   is the floor modal mass, in kg; 

Ljoist

Spring 

replacing beam 2

Spring 

replacing beam 1
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m is the floor self-weight per floor area, in kg/m2; 
l  is the floor span length, in m; 
b  is the floor width, in m. 

 
(5) The response factor for the acceleration criteria is calculated from Formula (9.4). 
 𝑅 = 𝑎𝑟𝑚𝑠0,005             (9.4) 

 
where 
 
R  is the response factor; 
arms is the root mean square acceleration response calculated from  

Formula (9.2), in m/s2; 

 

 
9.3.3.3 Velocity criteria 

 
(1) For the verification of velocity due to vibrations caused by a walking person, the root mean 
square values should be calculated. 
 
(2) Where the fundamental frequency of the floor is higher than 8 Hz, the floor vibration is 
assumed transient. 
 
(3) For transient vibration design situations, the velocity should be approximated with formulas 
(9.5 – 9.10). Single spanning floor is assumed. 
 
(4) The mean modal impulse may be calculated from Formula (9.5). 
 𝐼 = 42𝑓𝑤1.43𝑓11.3               (9.5) 

 
where 
 
I  is the mean modal impulse, in Ns; 
fw  is the walking frequency which can be assumed to 1,5 [Hz], in Hz; 
f1   is the floor fundamental frequency, in Hz. 

 
(5) The peak velocity in the fundamental mode is calculated by Formula (9.6). 

 𝑉1,peak = 𝐾red 𝐼𝑀∗            (9.6) 

 
where 
 
V1,peak is the peak velocity response, in m/s; 
Kred is a reduction factor of 0,7 , this accounts for that the exciting source on 
   the floor and the sensing person are at a distance from each other. 
I  is the mean modal impulse as calculated by formula (9.5), in Ns; 
M*   is the floor modal mass as calulated by formula (9.3), in kg. 
 
(6) To consider the effect of higher vibration modes to the floor response, other than the 
fundamental mode, the peak velocity response should be multiplied by the factor Kimp.  
Kimp is calculated from Formula (9.7) and it has a minimum value of 1,0. 
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𝐾𝑖𝑚𝑝 = 𝑚𝑎𝑥 {0,48 (𝑏𝑙 ) ((𝐸𝐼)𝐿(𝐸𝐼)𝑇)0,251,0          (9.7) 

 
where 
 
Kimp is the impulsive multiplier accounting for higher modes; 
l  is the floor span, in m; 
b  is the width of the floor, in m; 
 (EI)L is the apparent effective bending stiffness along floor span per meter  width, 

(EI)T < (EI)L , in Nm²/m; 
(EI)T is the bending stiffness transverse to floor span per meter width, 

in Nm²/m. 
 
(7) The total velocity peak response is given by Formula (9.8). 

 𝑉𝑡𝑜𝑡,𝑝𝑒𝑎𝑘 = 𝐾𝑖𝑚𝑝 𝑉1,𝑝𝑒𝑎𝑘           (9.8) 

 
where 
 
Vtot,peak is the total peak velocity response, in m/s; 
Kimp is the impulsive multiplier factor from Formula (9.7); 
V1,peak is the peak velocity response for the fundamental mode calculated from  

Formula (9.6), in m/s; 
 
(8) The root mean square velocity is calculated from Formula (9.9). 
 𝑉𝑟𝑚𝑠 = 𝛽 𝑉𝑡𝑜𝑡,𝑝𝑒𝑎𝑘            (9.9) 

 
where 
 
Vrms is the root mean square velocity response, in m/s; 
Vtot,peak is the total peak velocity response calculated from Formula (9.8), in m/s; 

ß  = (0,65 - 0,01 f1) × (1,22 – 11,0  ) η ; 
f1  is the fundamental frequency, in Hz; 

  is the modal damping ratio from section 9.3.1, in [-]; 
η  = 1,52 – 0,55 Kimp , when 1,0 ≤ Kimp  ≤ 1,5 else η = 0,69  . 

 
(9) The response factor for the velocity criteria is calculated from Formula (9.10). 
 𝑅 = 𝑉𝑟𝑚𝑠0,0001             (9.10) 

 
where 
 
R  is the response factor; 
Vrms is the root mean square velocity response calculated from  

Formula (9.9), in m/s; 

 

 

 
9.3.3.4 Stiffness criteria  

 
(1) The maximum deflection w1KN due to a single load F  = 1 kN positioned in the most 
unfavourable position of a single span floor strip having an effective width bef  should fulfil the 
requirements given in Table 9.2.  
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(2) Continuous floor beams may be approximated as a single-span beam, having the maximum 
span of the continuous beam system or consider the continuity of the multi-span beam. 
 
NOTE: Multi-span floors may transfer vibration across the floor bays. 

 
(3) The maximum deflection w1kN in the mid-span of a single span floor may be calculated by 
formula (9.5): 
 

                                                    (9.5) 
 
 
where: 
 
W1kN is the maximum deflection due to a vertical point-load F  = 1 kN, in mm; 
F is a static single-load of 1 kN positioned as most unfavourable position; 
l  is the span, in m. 
(EI)L is the apparent effective bending stiffness along floor span per one meter  
   width, in Nm²/m; 

 
 
The effective width bef may be approximated by formula (9.6): 
 

                              (9.6) 
 
where: 
(EI)L is the apparent effective bending stiffness along floor span per one meter  
   width, in Nm²/m; 

(EI)T is the bending stiffness transverse to floor span per one meter width, in 
  Nm²/m; 

b is the width, in m. 
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Figure 9.3 The deflection caused by a point load, when supported by a beam on one side. 
 
 
For a floor supported elastically, e.g. a beam, on one side (see figure 9.3), the resulting 
deflection caused by a point load of 1 kN may be calculated by formula 9.7. 
 w1kN = 0,5 ∙ w𝑏𝑒𝑎𝑚 + w𝑗𝑜𝑖𝑠𝑡 (9.7) 

 
 
where 
 
wbeam is the deflection of the supporting beam caused by a 
   point load of 0,5 kN, in mm; 

 

 
Figure 9.4 The deflection caused by a point load, when supported by a beam on both sides. 
 
For a floor supported elastically, e.g. on beams, on both sides (see figure 9.4), the resulting 
deflection due to a single load of 1 kN may be calculated by formula 9.8. 
 w1kN = 0,5 ∙ w𝑏𝑒𝑎𝑚,1 + 0,5 ∙ w𝑏𝑒𝑎𝑚,2 + w𝑗𝑜𝑖𝑠𝑡 
  (9.8) 
 
 
 
 
 

wjoist

wbeam

0,5 wbeam

Ljoist

1 kN

0,5 kN 0,5 kN

wjoist

w beam 2

Ljoist

1 kN

0,5 kN 0,5 kN

w beam 1
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9.3.3.5 Vibration criteria 
 
(1) For floor performance levels I, II, III, IV, V and VI no further investigations are necessary, if 
the requirements in respect to fundamental frequency, acceleration or velocity and stiffness 
from Table 9.2 are satisfied. 
 
(2) The root mean square acceleration or velocity responses are compared to the vibration 
perception base curve in figure C1 of appendix C in ISO 10137. The acceleration criterion is 
expressed as a multiple of the base curve value. This multiple is termed as the response factor 
R given in Table 9.2.  
 
(3) The calculation of the acceleration response factor is given by formula (9.4) and for the 
velocity response factor by formula (9.10). 
 
(4) For resonant vibration design situations, (when  f1< 8 Hz), the minimum fundamental 
frequency, acceleration and stiffness criteria of Table 9.2 should be fulfilled. 
 
(5) For transient vibration design situations, (when f1≥ 8 Hz), the velocity and stiffness criteria of 
Table 9.2 should be fulfilled. 

 
Table 9.2 Floor vibration criteria according to floor performance level. 

 
 Floor performance levels 

 

Criteria 
 

level I level II level III level IV level V level VI Level VII 

Stiffness criteria 
for all floors  
w1kN [mm] ≤  

 
0,25 

 
0,5 

 
0,8 

 
1,2 

 
1,6 

 
No criteria 

Response factor R ≤ 4 8 12 16 24 32 

Frequency criteria 
for all floors 
f1 [Hz] ≥ 

 
4,5 

Acceleration criteria  
for resonant vibration 
design situations 
arms [m/s2] ≤ 

 
 

R × 0,005 

Velocity criteria 
for transient vibration 
design situations  
vrms [m/s] ≤ 

 
 

R × 0,0001 

 
NOTE: For the different building use categories, the assignment of floor performance levels to be applied, 
can be stated  in the National annex for use in a country. 
 

 
(6) A recommendation of the selection of a floor performance level for residential and office 
categories is given in Table 9.3. 
 
Table 9.3. Recommended selection of floor performance levels for use categories A (residential) 
and B (office). 
 

Use category Quality choice Base choice Economy choice 

A (residential) 
multi-storey 
Single house 

 
level I, II, III 

level I, II, III, IV 

 
level IV 
level V 

 
level V 
level VI 

B (office) level I, II level III level IV 
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NOTE: The recommendation is divided into a base, quality or economy choices depending on which 
aspect has more emphasis. As stated above this choice can be stated in the National annex for use in a 
country. 
 

 
 

9.3.4 Alternative verification 
 
(1) As an alternative to the simplified calculation methods, the verification of floor vibrations may 
be accomplished by a thorough dynamic analysis for example by the finite element method. The 
same floor performance level dependant criteria apply. 
 
(2) As an alternative to the calculation, the verification of vibrations may be accomplished by in-
situ measurements of test floors applying prEN 16929. 

 
NOTE: Further descriptions can be found in ISO 10137, ISO 2631-1 and ISO 2631-2. 
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