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ABSTRACT 
 

Mixed numerical-experimental methods are graining increased use in various disciplines in materials 
science, recently also in wood micromechanics. Having a relatively irregular microstructure, direct 
interpretation of mechanical tests is not always possible since structurally specific properties are 
quantified rather than general material properties. The advent of combined numerical-experimental 
methods unlocks possibilities for a more accurate experimental characterization. A number of 
examples of mixed methods pertaining to both emerging experimental techniques and physical 
phenomena are presented: nano-indentation, moisture transport, digital-image correlation, 
dimensional instability and fracture of wood-based materials. Successful examples from other classes 
of materials are also presented, in an attempt to provide some ideas potentially useful in wood 
mechanics. Some general pit-falls in parameter estimation from experimental results are also outlined. 

 

 
 
 

Figure 1: Schematic of mixed experimental-numerical approach to identify properties not readily quantified by 
direct measurements alone. 

 

With the combination of numerical models, significantly more information could be gained from 
experiments. In principle, measured physical values of e.g. displacements, strains, loads or velocities 
are compared with corresponding results in a numerical model, such that physical measurements and 
predicted results match by tuning model parameters. Such an approach has led to new opportunities in 
the design of experiments for characterization of material properties, otherwise intractable to 
quantification. Mixed numerical-experimental methodologies can also be regarded as a discipline in 
itself, where the development of procedures for robust identification of material parameters is the 
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main goal, although it is in the applications where the mixed methods are of best service. A schematic 
illustration of a methodology to identify material properties not readily available by direct 
measurements is found in Figure 1. The mixed numerical-experimental methods have mostly been 
used for high-performance structural materials, like carbon-fibre composite laminates, which like 
wood are anisotropic and microscopically heterogeneous. The use of mixed methods for wood 
materials is still gaining momentum, and has not reached its full potential. A recent workshop within 
COST Action FP0802 specifically targeted towards mixed methods has been identified [1].  

A concrete example of a mixed numerical-experimental method in wood micromechanics can be 

M = ƒ (E , E , G , ν , ν , δ) (1) 
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outlined by nano-indentation of cell-wall cross-sections to identify the anisotropic stiffness 
parameters of the cell-wall. Direct measurement of elastic properties in tensile loading is not practical 
due to the small dimensions of the fibres. From the unloading part of the load-indentation depth 
relationship, additionally, an elastic modulus can be obtained, usually termed indentation modulus M 
[2]. In general, however, this elastic quantity is influenced by the anisotropy of the tested material and 
the indentation direction. Hence, for identification of material parameters from indentation moduli of 
anisotropic materials, a mechanical model is required [3]. Nano-indentation can thus be applied for 
measuring mechanical properties of the cell wall of wood fibres. The highly aligned orientation of the 
cellulose fibrils in this layer results in anisotropic elastic properties. The mechanical behaviour in 
microfibril direction of S2 can be approximated as transversely isotropic [4]. Consequently, the 
indentation modulus M depends on five elastic constants of the cell wall material (elastic moduli EL, 
ET, GTL and Poisson’s ratios νTT, νTL) and the indentation direction relative to the cellulose fibrils 
orientation δ, reading as 

 L T TL TT TL

In this manner, a non-linear relationship between M and MFA (or δ) was presented by Jäger et al. [5]. 
For one latewood band of spruce (Picea abies), a range of indentation angles from 0° to 90° was 
investigated. An error minimization procedure yields the sought elastic parameters. The obtained 
elastic values are comparable to estimated values from other indirect methods. Essentially, the nano-
indentation study shows that a mixed experimental-numerical approach can be used to identify cell-
wall elastic properties, otherwise not quantifiable in a tractable and robust way.  
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