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1 INTRODUCTION
Controlling vibration is a key design requirement for 
timber floors, as it is with any building material. New 
products and design techniques have allowed designers 
to create lighter and longer span floor systems, which 
cater to the demands of developers and occupants but 
can have potential vibration performance challenges. 
Vibration is a perceptive quality which varies with 
source and observer characteristics. Methods exist to 
quantify the likely perception of floor vibration. The 
client should always be consulted early to determine 
their performance expectations, particularly with 
more complex floor systems. These expectations 
can then inform risk and cost discussions to help 
determine the performance targets and thus inform 
the design of the floor.   

This technical note is intended to provide a high-
level overview of floor vibration and directs readers 
to more detailed design guidance which is publicly 
available. The technical note covers types of vibration 
and design parameters, preliminary design methods 
for timber frame and CLT floors, and an introduction 
to the use of finite element analysis as a tool for 
assessing floor vibration. 

2 TYPES OF VIBRATION AND DESIGN PARAMETERS
Vibrations can arise from external sources such as road 
or rail traffic, or from internal sources such as from 

walking (footfall), impact or mechanical equipment. 
Structural engineers are typically most concerned 
with internal vibration sources when designing floor 
systems. 

The key factors that influence vibration are mass, 
stiffness, span length and damping. Generally, heavier, 
stiffer, shorter, and highly damped floor systems 
perform best from a vibration perspective. For this 
reason, longer spanning light weight floor systems 
such as some steel-framed floors or timber floors can 
be more susceptible to vibration issues.

The most common source of floor excitation is footfall, 
either from walking or aerobic exercise. Footfall can 
create resonant or transient vibration responses.

A resonant response occurs when the frequency of 
a dynamic excitation, caused by a repeated force, 
aligns with the natural frequency of the floor system. 
This response is also called steady-state as it can 
be considered constant over time. This is shown in 
Figure 1. The first four harmonics of a floor system 
are normally most significant for a resonant response 
because they can align with a walking frequency which 
is around 2 Hz. This response generally governs for 
low frequency floor systems, with a natural frequency 
less than 8 Hz.
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Vibrations can arise from external sources such as road or rail traffic, or from internal sources such 
as from walking (footfall), impact or mechanical equipment. Structural engineers are typically most 
concerned with internal vibration sources when designing floor systems.  

The key factors that influence vibration are mass, stiffness, span length and damping. Generally, 
heavier, stiffer, shorter, and highly damped floor systems perform best from a vibration perspective. 
For this reason, longer spanning light weight floor systems such as some steel-framed floors or 
timber floors can be more susceptible to vibration issues. 

The most common source of floor excitation is footfall, either from walking or aerobic exercise. 
Footfall can create resonant or transient vibration responses. 

A resonant response occurs when the frequency of a dynamic excitation, caused by a repeated 
force, aligns with the natural frequency of the floor system. This response is also called steady-state 
as it can be considered constant over time. This is shown in figure 1. The first four harmonics of a 
floor system are normally most significant for a resonant response because they can align with a 
walking frequency which is around 2 Hz. This response generally governs for low frequency floor 
systems, with a natural frequency less than 8 Hz. 

Transient responses behave like a series of impulses which are instantaneous and damp out over 
time (figure 1). This response is generally caused by a single impact force such as jumps, heel drops 
or walking on higher frequency floors (greater than 8Hz).  

  

 

 

Figure 1: Vibration Responses – Steady State –Resonant (Left);  Transient-Impulsive (Right)  (Smith et al., 2019)
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Transient responses behave like a series of impulses 
which are instantaneous and damp out over time 
(Figure 1). This response is generally caused by 
a single impact force such as jumps, heel drops or 
walking on higher frequency floors (greater than 8Hz).

3 PRELIMINARY DESIGN METHOD:
Light timber frame flooring has traditionally been 
supported by load bearing walls or short span rigid 
beams (lintels), but we are seeing more instances 
where this is not typical. The preliminary design 
method is based on a low performing criterion which 
can be sufficient in traditional single residential 
dwellings, but often not sufficient for multi-storey, 
multi-unit, or complex buildings. 

The first set of basic Equations in this section assume 
a simple span floor system on rigid supports, i.e., 
the supports have negligible flexibility. The higher 
performance criteria noted at the end of this section 
provides a more detailed method to account for 
support flexibility.  

3.1 Deflection Criterion:
There is not a specific code requirement in New Zealand 
for vibration. The current vibration guideline, as per 
AS/NZS 1170.0, Table C1, states the static mid-span 
deflection of floors under a 1.0kN point load should 
not exceed 1-2mm. This criterion can be insufficient 
for a more complex floor system – the table notes that 
this criterion is given as a guide to whether the floor 
may have vibration problems.  The note also states 
that floors with a fundamental frequency less than 8 
Hz, should consider a specific study of the resonant 
response. 

This vibration guideline, along with a second limit 
from Appendix A of the National Building Code of 
Canada (NBCC, 1990), is provided in Equation 1 as a 
preliminary check for rigidly supported simple span 
floor systems.

3.2 Frequency Criterion: 
The fundamental frequency of floors with steady state 
loads shall be high enough to avoid resonance with the 
frequency of walking. Like AS/NZS 1170.0, Section 7 of 
Eurocode 5 (EN-1995-1-1:2004) states that floors with 
a fundamental frequency less than 8Hz shall require a 
special investigation, and for frequencies greater than 
8Hz, criteria for the deflection and velocity response 
due to a unit impact force shall be met. This method 
of assessment is appropriate in assessing whether 
a Resonant Response may occur. The fundamental 
frequency of a rectangular floor can be calculated per 
Section 7.3.3 of Eurocode 5 (EN-1995-1-1:2004):

3.3 Limited Joist Span based on Natural Frequency 
and Deflection:
Carradine et. al., (2019) provides another method to 
determine the vibration-controlled span of timber-
framed floors. This method, developed in Canada 
and adapted to New Zealand practice, accounts for 
the composite behaviour of the sheathing and joists, 
and the effect of perpendicular loading sharing – 
refer to Section 5.3 of the BRANZ guide. The method 
also includes a detailed Equation for calculating the 
effecting bending stiffness (EIeff) of joist floors, which 
can be used in Equation 2.

3.4 Hand Calculation to Account for Non-Rigid 
Supports:
Equation 1 and 2 are preliminary Equations that can 
be used for guidance as to whether vibration may be a 
problem on rigid supports. In cases where floor joists 
are supported by beams or lintels, additional flexibility 
of the system can lead to vibration problems. 

Section 5 of the BRANZ light timber-framed buildings 
guide (Carradine et. al., 2019), provides the following 
additional design checks for floors supported by 
flexible beams.

The static deflection check under a 1kN point load of 
the support beam shall be verified for a more stringent 
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The guidance allows for an increase of up to 20% 
of the limiting span length to account for multiple 
span CLT floors with non-structural elements such as 
partition walls, finishes and fixed support conditions. 
Caution, however, should be taken with this increase 
as partition walls are not permanent supports and can 
easily be moved or removed in tenant modifications.  

The underlying assumption in the above vibration-
controlled span limit is that the panel supports are 
‘rigid’, i.e., have negligible flexibility. This assumption 
is also the case in most CLT manufacturer’s span 
tables. Unfavourable effects may be noticed if flexible 
supports are not considered.  

The Canadian CLT Handbook addresses this and 
provides a stiffness requirement for supporting 
beams. Equation 5 is based on laboratory testing and 
field data presented in another FPInnovations Report 
(Hu, 2018):

4 Detailed Design Method and Finite Element 
Analysis
When the floor system becomes more complex – long 
or irregular spans, lightweight materials, varying 
support conditions, etc., it is best to use a computer 
model to aid in assessing the vibration performance.

This year, the U.S. Mass Timber Floor Vibration 
Design Guide (WoodWorks, 2021) has been released. 
It is likely the best resource for detailed analysis 
of mass timber floor systems. The guide provides 
a comprehensive overview of industry vibration 

deflection of 0.25mm or a maximum limit of 0.5mm if 
a lower level of vibration performance is acceptable. 
The frequency of 8Hz needs to be verified for the global 
beam-floor system. This frequency can be determined 
with computer software and a two-dimensional 
model or alternatively can be approximated using the 
modified Dunkerley Equation (Hamm, 2008):

3.5 Mass Timber Flooring Systems:
Mass timber floor systems typically consist of wood 
panel construction such as cross-laminated timber 
(CLT), glue-laminated timber (GLT), nail-laminated 
timber (NLT) or timber-concrete composites. Mass 
timber floors have different vibrational behaviour/
performance to lightweight joist floor systems, and 
often include varying support conditions such as a 
one-way or two-way beam systems. A method for CLT 
and further detailed guidance for mass timber floor 
systems are included in this section. 

FPInnovations has done testing on the behaviour of 
various floor systems which has shown that CLT floors 
behave differently to lightweight joist floor systems. 
The Canadian CLT Handbook 2019 provides a simplified 
design procedure for controlling vibrations in CLT 
floors which has been implemented into the Canadian 
Timber Code – CSA-086 (CSA, 2017). The Handbook 
recognises that vibration performance of floors is 
dependent on the support conditions. This simplified 
method is typically used for preliminary design prior 
to a detailed analysis. 

The vibration-controlled span for a CLT floor supported 
on simple (rigid) supports, can be calculated as follows 
(FPInnovations, 2019):
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where:  fsystem  natural frequency of the floor-beam system  
ffloor  natural frequency of the floor based on the  

effective composite bending stiffness EIeff 
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*The frequency of the floor or support beam can be  
  calculated using Equation 2 with the respective bending  
  stiffness.   
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where:  L        = vibration-controlled span limit (m), clear span 
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where:  EIbeam  = supporting beam apparent bending  
stiffness (N-m2), per manufacturer or 
= MOE x b x h3/12, MOE = modulus of  
elasticity (N/m2) 

Fspan       = 1.0 for simple span, ≈ 0.7 for multi-span  
                 continuous beam 
lbeam = clear span of supporting beam (m) 

 

Detailed Design Method and Finite Element Analysis 
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guidance and timber-specific research and practice. 
It proposes target response factors from the various 
guidelines, accepted damping values and methods 
for assessing mass timber floors. The guide includes 
three worked examples using different FEA software 
programs. Designers are recommended to review this 
source when starting a detailed vibration analysis. 

Guidance on vibration design and the use of computer 
software to help determine the performance of floor 
systems have been available for concrete and steel 
for numerous years. The main guidance documents 
include:

	 • CCIP-016 (Wilford et al. 2007) – UK Source 
	     originally intended for concrete structures. 

	 •  SCI P354 (Smith et al. 2009) – UK source originally  
	    intended for steel/concrete construction. 

	 • AISC Design Guide 11 (AISC, 2016) – USA source  
	    Developed for steel-framed structures.

The most common computer aided design method 
involves a modal response analysis. This method uses 
Finite Element Analysis (FEA) software to perform the 
analysis based on a series of forcing functions. This 
can be done in most FEA software packages, however, 
only a few perform the post processing required to 
turn the modal response into an estimate of the floor 
vibration performance. If the FEA software program 
does not perform the post processing according to 
CCIP-016, SCI P354 or AISC Design Guide 11, then the 
engineer must manually process the data. 

A modal analysis using FEA can return both the 
Resonant and Transient response of the floor system. 
The result is given in terms of a response factor (R) 

which is a multiplier on the level of vibration at human 
perception (Figure 2). For instance, a response factor 
of 1 is the level of vibration that is just perceivable 
by a typical human, whereas a response factor of 2 
is twice the perceived level. Recommended response 
factors for various building occupancy types are 
included in the above design guides. 

An understanding of the vibration response targets 
is required along with understanding the floor plate 
geometry, support conditions, offsets, façade and 
other intermediate supports, loading and expected 
use of the floors. As with any model, ensuring the 
input is correct will yield the most accurate results.

Achieving the set targets should result in a low 
probability of vibration issues, however, vibration 
design is not a pass/fail check. Exceeding targets may 
not lead to vibration problems. Likewise a FEA analysis 
that meets the performance targets could still have 
adverse results, particularly if the built conditions 
vary from the assumed model. Engineering judgement 
is always required. 

5 SUMMARY
Vibration is a dynamic topic with ongoing research. 
Some key takeaways are as follows:
	 •	Early communication with the client and  
		  project team to understand vibration  
		  expectations is important.

	 •	Vibration assessment is not a pass/fail  
		  acceptance criterion. Engineering judgement is  
		  required. 

	 •	Simple span floor systems on rigid supports can  
		  often be designed using simple hand  
	 	 calculations. Contribution of flexible supports  
		  must be considered.

	 •	CLT on rigid supports can be designed based on  
		  FPInnovations research and guidance. Refer  
		  to the Canadian CLT Handbook 2019 basic  
		  Equations included for reference. 

	 •	Finite element analysis is likely required for  
	 	 mass timber floors or complicated floor systems  
		  with various support conditions. Refer to 
		  the U.S. Mass Timber Floor Vibration Design  

		  Guide (WoodWorks, 2021) for further guidance.
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