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Study of hygro-thermal effects in wood
from science….. to technology

30/10/2019 VTT – beyond the obvious 2



Multi-Fickian model for moisture transport for 
wooden members below FSP 
(sheltered from rain and sun)
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Fortino S., Genoese A., Genoese A., Nunes L., Palma P. Numerical modelling of the hygro-thermal response of timber bridges 

during their service life: A monitoring case-study. Construction and Building Materials 47, 1225-1234 (2013).
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Material properties
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Frandsen HL (2007). Selected Constitutive models for simulating the hygromechanical response of wood.

Dissertation 10. Dep. of Civil Engineering, Aalborg University.
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Material properties

Fortino S., Hradil P., Genoese A., Genoese A., Pousette, A. Numerical hygro-thermal analysis of coated wooden bridge 

members exposed to Northern European climates. Construction and Building Materials, 208, 492--505 (2019).
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Orthotropic-viscoelastic-mechanosorptive model
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Total strain

Algorithmic operator of stress-

update algorithm in Abaqus code

Rheological model

Fortino S., Mirianon F., Toratti T. A 3D moisture-stress FEM analysis for time dependent problems in timber structures. 

Mechanics of Time Dependent Materials 13 (4), 333--356 (2009).

6



30/10/2019 VTT – beyond the obvious

Study of hygro-thermal effects in wood
from science… to technology
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Vihantasalmi Bridge (Built September 1999)
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Location : road no. 5 in Mäntyharju about 180 km 

North of Helsinki

Structure : Five spans (21 + 42 + 42 + 42 + 21 = 

168 m) king-post truss bridge.

Material : glulam, steel and reinforced concrete.

Designer : Consulting Engineers Rantakokko & Co.

8
Durable Timber Bridge project (WoodWisdom-Net+, 2014-1017), 

coordination NTNU, Norway



Mechanical analysis according to Eurocodes
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Transverse section

Musci, A. (2016) Effects of moisture content on timber structural elements. Case-study: Vihantasalmi Bridge. 
MSc Thesis, University of Brescia.
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RH and temperature monitoring
in beam cross section
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Cross section (3Dslice) 
Modelled in Abaqus

Salokangas, L. and Jutila, A. (2003) Vihantasalmen sillan seurantatutkimus
[Follow-up report of the Vihantasalmi Bridge]. Technical report TKKSRT-
32, Tampere, Finland, 40 pp. (in Finnish).
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10 years of sequential hygro-thermo-mechanical analysis
(case-study of untreated wood)
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Example of distribution of MC and 
Moisture-induced-stresses (MIS)
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Moisture content
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MIS perpendicular to grain (horizontal path)
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MIS perpendicular to grain (vertical path)
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MIS in grain direction
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Maximum MC reached peak is 24.9% (almost critical for durability) and the minimum 9% in the outer fibres

Maximum MIS values in tension (5.28 MPa, reached on 3 May 2006) and compression (3.13 MPa, reached 
on 25 November 2006) exceed the characteristic strength values perpendicular to grain of glulam defined by 
EN14080 (0.5 and 2.5 MPa).
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• Axial stress due to the resulting

bending moment considered as the

representative internal action for long-

term loads on the bridge beam.

• Axial stress implemented as the initial

surface pressure on the modelled

cross-section with gradually decreasing

intensity from bottom fibres to top

fibres.

• Whole timber cross-section initially in

tension because of the composite

action of the bridge concrete deck that

carries the compressive part of bending

action

Use of results of the mechanical analysis according to Eurocodes
in the FEM model

Symmetric half of king post truss (2D model)

Characteristic bending moment of the main 

girder due to permanent and variable actions

3D FEM model
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Moisture-induced deformation

Moisture-induced 

deflection  restrained 

by the vertical hanger

∆𝜀 =
∆𝛿𝑀𝐼

𝑡

∆𝑦′′ =
∆𝜀

ℎ

∆𝑢𝑀𝐼= ∆𝑦′′
𝐿2

8

Axial strain from the 

horizontal deformation 

of FEM model

Beam curvature from 

the axial strain

Moisture-induced 

deflection from the 

beam curvature

Symmetric half of king post truss (2D model)

3D FEM model 19
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Moisture-induced deformation

𝑢𝑓𝑖𝑛 = 𝑢𝑖𝑛𝑠𝑡,𝐺 1 + 𝑘𝑑𝑒𝑓 + 𝑢𝑖𝑛𝑠𝑡,𝑄 1 + 𝜓2𝑘𝑑𝑒𝑓 ≤
𝐿

500
= 82.8 𝑚𝑚

𝑢𝑐𝑟𝑒𝑒𝑝 = 𝑢𝑖𝑛𝑠𝑡,𝐺𝑘𝑑𝑒𝑓 + 𝑢𝑖𝑛𝑠𝑡,𝑄𝜓2𝑘𝑑𝑒𝑓 ≤ 45.7 𝑚𝑚

Extrapolated to 100 

years design life

𝑢𝑐𝑟𝑒𝑒𝑝 = 43.2 𝑚𝑚

Eurocode 

serviceability 

deflection limit

Deflection attributed to quasi-

permanent creep deformation

Moisture-induced longitudinal 
deformation on the bottom edge of 
the cross-section, 
corresponding calculated vertical 
deflection of the bridge
girder (solid line) and its logarithmic 
approximation (dashed line).
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▪ FEM prediction of moisture content during time can support/complement the long-term

monitoring of wooden structures based on traditional sensor-techniques as well as

advanced NMR and CT technologies.

▪ FEM prediction on moisture-induced stresses perpendicular to grain provide suggestions

in relation to protection by coatings and maintenance controls

▪ FEM prediction of moisture-induced deformation confirmed that serviceability during

100 years design life would be achievable even without surface treatment

▪ The model needs to be further developed to include effect of free water

▪ The hygro-thermo-mechanical model can be easily coupled with a decay model 

(ForestValue Click Design project)

Conclusions and future work
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On-going projects on digitalization in wood construction

30/10/2019

A Digital end-user toolset for Moisture assessment 

in Wooden buildings.

1st part: Hygro-thermal database (DigiMoist1)

 

Coordination: BRE (UK)

(2019-2022)
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Thank you!

…Questions?

Durable Timber Bridge project (WoodWisdom-Net+, 2014-1017), 

coordination NTNU, Norway


