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BACKGROUND  

The transverse compression of wood under non-destructive conditions (densification) leads to an 

improvement of the mechanical properties. In surface densification – as opposed to bulk densification – only 

a thin layer beneath the wood surface is compressed. The resulting high-density surface has similar 

mechanical properties to high-density hardwood species. This makes low-density wood species suitable for 

applications like flooring, which normally is not the case without densification. 

The interaction between wood and changing humidity conditions and related problems in e.g. flooring 

boards, have reached low attention in research. The distortion, normally in the mode of cupping, is a 

combined result of anisotropy in the mechanical and physical properties, an asymmetric design or lay-up of 

the wood element and the moisture-content (MC) gradients. Transient MC gradients occur because the wear 

surface of a flooring board is the surface mainly exposed to changes in the changing climate. Initially, 

moisture-related dimensional changes of the wood are limited to the area beneath the wear surface, leading 

to stress fields in the board. The equalization of the MC gradients over time by diffusion of moisture can 

reduce the stresses and is dependent on the water-vapour diffusion capability of the material. In surface-

densified wood the moisture-related distortion is also affected by the asymmetry of physical properties, such 

as increased density and changed water-sorption properties of the densified surface layer compared to the 

rest of the surface-densified element (Hill et al. 2012). 

Belt et al. (2013) studied the cupping behaviour of surface densified Scots pine by density profile analysis, 

showing the influence of the density peak and its distance from the surface. Certain combination of pressing 

parameters resulted in low cupping. Blanchet et al. (2003) tested the distortion at changing climates for 

different types of engineered wood flooring. They show that the type of core layer and the application of an 

additional layer on the bottom side of the core reduced the cupping. Surface varnish proved to affect the 

cupping by acting as a low-diffusion moisture barrier reducing the MC gradients. More research is needed 

to fully understand the mechanisms that determine the distortion of flooring boards, especially when 

surface-densified wood is used. The objective of this study was to investigate the cupping behaviour of 

surface-densified wood with and without set-recovery-reducing treatments. 
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MATERIALS AND METHODS 

Knot-free Scots pine (Pinus sylvestris L.) sapwood samples of dimensions 25x50x21 or 18.5 mm3 (LxWxT) 

were used in this study. The annual ring orientation to the tangential surface was limited to ±20˚ to secure 

similar behaviour during densification and moisture induced deformation. Specimens were surface-

densified in a hot press to 17 mm thickness according to the process parameters in table 1.  

Table 1. Design of experiments. 10 specimen per group. 

Group Compression ratio [%] Temp [˚C] MC [%] 

Ua - - 13 

19D250 19 250 13 

08D250 08 250 13 

19D150 19 150 13 

08D150 08 150 13 

19IL250b 19 250 0 

08IL250b 08 250 0 

C150c - 150 13 

C250c - 250 13 
    

auntreated, bPlasticised with ionic liquid BmimCl, cHeat treated only 

 

The groups 19IL250 and 08IL250 were oven-dried at 103 ˚C to 0% MC. Then, 1.25g of an aqueous solution 

of 1-Butyl-3-methylimidazolium chloride (Bmim[Cl]) (25wt%) was applied on the tangential surface of 

each specimen prior to the densification. Bmim[CL] is an ionic liquid with the capability of plasticising 

cellulose and has proven to eliminate set-recovery of densified wood (Neyses et al. 2020). Its effect on the 

cupping behaviour was hence studied.  

After the densification, all specimens were sealed water-vapour tight with aluminium tape on all five surface 

except the wear surface. The treated samples were dried at 103˚C ±2 until constant mass was achieved. 

Afterwards the samples were placed inside a box containing a saturated solution of potassium chloride and 

temperature was kept constant at 21˚C. This resulted in a relative humidity of 83%. The temperature and 

RH were tracked by a data logger at intervals of 15 minutes. 

Vertical density profiles were measured by x-ray densitometry with a laboratory density profile analyzer 

(Electronic Wood System GmbH, DENSE-LAB X) with a resolution of 30µm to calculate moisture 

gradients in the specimens. Cupping was measured in the centre of each sample with a dial indicator, 

defining negative values as cupping (shortening of the densified face). Density profiles, mass and cupping 

was measured at 0, 1, 3, 5, 9, 14 and 38 days of sorption. 

RESULTS 

Moisture gradients could not be calculated by referencing density profiles of conditioned specimens to the 

corresponding dry density profiles. The deformation led to problems during the density measurements 

making accurate alignment of specimen in the machine impossible. Additionally, other moisture-induced 

changes such as swelling and set-recovery increased the inaccuracy. The density profile measurement was 

stopped after 9 days.  
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Figure 1. Change in MC over time. 

 

Figure 2. Cupping deformation. Positive deformation is defined as crowning and negative deformation as 

cupping. 

CONCLUSIONS 

Only minor differences in moisture uptake were observed. However, equilibrium content at the chosen 

climate was not reached in the given time. The cupping behaviour was strongly influenced by the pressing 

parameters and certain groups had little deviation from a flat surface after the exposure time. Further 

conditioning until equilibrium and at different climates are needed to determine suitable process parameters 

to reduce cupping deformation in surface-densified wood intended for flooring. 
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