
12èmes journées du GDR 3544 « Sciences du bois » - Limoges, 22-24 novembre 2023 

C58 

 293 

EVIBOIS: Monitoring of the Vibratory Behaviour of Tall Timber Building 

JANOT Dorian1, VIEUX-CHAMPAGNE Florent1, GUEGUEN Philippe2,  

BOUDAUD Clément 3  

 
1Univ. Grenoble Alpes, Grenoble INP, CNRS, 3SR, F-38000, Grenoble France  

2ISTerre, Université Grenoble Alpes, Université Savoie Mont-Blanc, CNRS, IRD, Université 

Gustave Eiffel, Grenoble, France 
3ESB, LIMBHA, Nantes, France 

clement.boudaud@esb-campus.fr 

 

 

Key words: High-rise timber building; Vibratory behaviour; Operational Modal Analysis; 

Continuous monitoring 

Context and objectives 

State of the art 

Structural health monitoring (SHM) is facing several scientific issues related to (1) the building 

specific response for normally equivalent buildings, (2) paucity of experimental data in normal 

and abnormal condition, and (3) the operational and environmental conditions effects. Timber 

constructions are lighter and less stiff than conventional buildings (e.g., steel or reinforced 

concrete buildings), resulting in a different behaviour about horizontal vibrations (Ostman and 

Kallsner 2011) and (Schmidt et al. 2018). For timber constructions, since the development is 

recent, experimental testing is necessary to better understand the behaviour (Abrahamsen et al. 

2020). Feldmann et al. (2016) showed differences in modal behaviour between normally 

equivalent timber building (e.g., solid timber with concrete core, timber frame with timber core 

and timber frame with concrete core). Most of the studies are punctual measures (Reynolds et 

al.  2015) and do not take into account long term, seasonal and/or daily effects. Abrahamsen et 

al. (2020) showed that wind leads to risks for comfort of final users in tall timber buildings. The 

EVIBOIS project aims at improving our understanding of the dynamical behaviour of high-rise 

timber construction, by studying the case of CLT building with no concrete core, located in 

Grenoble, France.  

 
Fig. 1 : The “Haut-Bois”, R+8 (left), concrete stairwell (middle), R+5 (right) 

Studied building: The “Haut-Bois” 

The “Haut-Bois” is a set of two residential timber buildings of 56 apartments, 5 and 8 storeys 

high (18 m and 28 m respectively) and covered with zinc cladding (Fig 1). There is no concrete 

core in the buildings. Current storeys are made of Cross Laminated Timber (CLT) for shear 
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walls and floors, Glulam (GL24h) for beams and some I-section steel beams. Each timber 

building is dynamically separated from the concrete stairwell by seismic expansion joints. 

Methods 

Data acquisition 

A semi-permanent monitoring (still going after 20 months) is installed at the top of building, 

it’s composed of three velocimeters Lennartz 3D-5s. A full-scale measure is also performed to 

define a reference for the modal identification. The concrete stairwell is also measured once to 

understand the transmission of vibrations through the building and the stairwell. A weather 

station Vantage Pro 2 Davis Instruments is installed next to the “Haut-Bois” to register ambient 

temperature, wind speed, wind direction and ambient relative humidity. 

Analysis methods  

Two methods are used to analyse the time series: FDD for modal analysis (modal shapes and 

natural frequencies) and RDT for damping (Reynolds et al. 2016). 

Results and discussion 

Results presents the vibratory behaviour of the building and its variations over time. Three 

modes are clearly identified at frequencies fE1 = 1.88 Hz, fN1 =2.46 Hz and fZ1 = 2.76 Hz. The 

analysis of the mode shapes shows that the first mode is flexion on the axis East, the second 

mode is flexion on the axis North and third mode is torsion around the Z axis (Fig. 2). 

 

 
Fig. 2 : Modal shapes of the 8 storeys timber building 

Fig. 3 shows the evolution of the fundamental frequency, the relative humidity, the temperature 

and the wind velocity over the first year of occupancy. Many analysis can be derived from these 

data, some will be presented in the poster, such as observing the evolution of one modal 

frequency in respect to the temperature (Fig. 4) or in respect to the relative humidity (Fig. 5).  

Also, these data can be used to identify how much each environnemental variable command the 

dynamic behaviour of the structure. A multilinear regression is used to calculate the partial 

coefficients α, β, γ and ε (error) that provide the best assessment of the fundamental frequency 

f1, based on the temperature T, the Relative Humidity RH, the wind velocity W and the initial 

fundamental frequency f1_0: 

 𝑓1 = 𝛼 𝑇 + 𝛽 𝑅𝐻 + 𝛾 𝑊 + 𝑓1_0 + 𝜀 (1) 
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Fig. 3 : Evolution of the modal parameters and environmental data over time. Black or grey line represent 

the value over a window of 1 hour, the colored lines represent the moving average value over 24h. 

 
Fig. 4 : Fundmanetal frequency versus temperature. Colored dots are the frequency (over 1 hour of 

observation), each color represent a range (15 quantiles) of temperatures. Black dots are the average value 

of a temperature range (grey lines are the standard deviation). The linear regression of the black dots is also 

displayed. 

 
Fig. 5 : Fundmanetal frequency versus relative humidity. Colored dots are the frequency (over 1 hour of 

observation), each color represent a range (15 quantiles) of relative humidity. Black dots are the average 

value of a relative humidity range (grey lines are the standard deviation). The linear regression of the black 

dots is also displayed. 
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Fig. 6 presents the comparison between the modeled fundamental frequency (blue curve) and 

the mesured one (red curve). The global trends of the curves are similar and most of the 

variations are described. This approach is currently being developped for other dynamical 

properties, such as modal dampings and modal strain energies. 

 
Fig. 6 : Estimation of fundamental frequency using environmental multilinear model 

Conclusion 

The specificity of this project is the vibrational monitoring of a 8 storey timber building by 

continous measurment over a long period of time (20 months so far). Combined with 

environnemental measurments, the evolution of the dynamic parameters can be observed and 

correlation between environnemetal phenomenon and these evolution can be studied. Base on 

a multilinear regression, the current work aims at ranking the environnemental contributing 

factors of the dynamic properties evolutions. 

One outlook is to study the link between these dynamic properties and user’s comfort. For 

example in studying in more detail the damping (as it is a major mitigating factor in vibration 

discomfort and in-situ measurements are relatively rare). Another example is to compare the 

analytical method of Eurocode 1 (2010) to determine the maximal caracteristic acceleration to 

the measured one and the threshold proposed in ISO 10137 (2007). 

Acknowledgements 

The financial support provided by IRGA (Univ. Grenoble Alpes) is gratefully acknowledged. 

Thanks to Actis for the agreement-in-principle for letting us to study the building. 

References  

Abrahamsen R, Bjertnaes M.A, Bouillot J, Brank B, Cabaton L, Crocetti R, Flamand O, Garains 

F, Gavric I, Germain O, et al. (2020) Dynamic response of tall timber buildings under service 

load: The dynaTTB research program, in: EURODYN 2020, XI International Conference on 

Structural Dynamics, Athens, Greece, 22–24 June 2020, National Technical University of 

Athens. pp. 4900–4910. 

Eurocode 1 (2010) NF EN 1991-1-4 Actions on structures – Part 1-4: General actions  - Wind 

actions, CEN. 



12èmes journées du GDR 3544 « Sciences du bois » - Limoges, 22-24 novembre 2023 

C58 

 297 

Feldmann A, Huang H, Chang W, Harris R, Dietsch P, Grafe M, Hein C (2016) Dynamic 

properties of tall timber structures under wind-induced vibration, in: World Conference on 

Timber Engineering (WCTE 2016). 

ISO 10137 (2007) Base for design of structures – Serviceability of buildings and walkways 

against vibrations, International Standard. 

Ostman B, Kallsner B (2011) National building regulations in relation to multi-storey wooden 

buildings in Europe. SP Tratek and Vaxjo University, Sweden. 

Reynolds T, Harris R, Chang W.S, Bregulla J, Bawcombe J (2015) Ambient vibration tests of 

a cross-laminated timber building. Proceedings of the Institution of Civil Engineers-

Construction Materials 168, 121–131. 

Reynolds T, Casagrande D, Tomasi R (2016) Comparison of multi-storey cross-laminated 

timber and timber frame buildings by in situ modal analysis. Construction and building 

materials 102, 1009–1017. 

Schmidt E.L, Riggio M, Laleicke P.F, Barbosa A.R, Van Den Wymelenberg K (2018) How 

monitoring CLT buildings can remove market barriers and support designers in north America: 

an introduction to preliminary environmental studies. Portuguese Journal of Structural 

Engineering, 41–48.




