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ABSTRACT

Th e main theme of this study was an analysis of the moisture content (MC), thickness swelling 
(TS) and its relationship to modulus of elasticity in bending (MOE), For this case samples from 
OSB/3 Superfinish (Czech producer Kronospan) were used. All analyses were performed with 
EN 310 standard-sized specimens. Th e specimens were exposed to 15, 35, 50, 65, 85 and 100% 
relative humidity (RH) and 20°C for absorption and desorption. Analysis results clearly show that 
MOE decreases with an increase of board moisture content. For an MC change from 5 to 22 %, 
an average MOE loss of 44 % in the parallel direction and 39 % in the perpendicular direction 
was measured. Th is MOE loss corresponded to a 21% thickness swelling. Predictive equations 
expressing the MOE bending as a function of MC and TS were determined. 

KEY WORDS: oriented strand boards (OSB), moisture content, thickness swelling, modulus of 
elasticity in bending

INTRODUCTION

Oriented Strand Board (OSB) is one of the wood particle composites that have been widely 
used in many applications, in particular structural – sheathing, fl ooring, and I-joist material and 
non-structural – furniture, packaging etc. usually a fl exural load and fl uctuating moisture contents 
appear in these types of applications. 

Previous research reported that after exposure to an elevated relative humidity environment, 
wood composite panels and OSB also increase in thickness (Halligan 1970, Wu and Piao 
1999, Gu et al. 2005) and have reduced strength characteristics (Suchsland 1973, Kelly 1977, 
Suchsland and Xu 1991). In contrast to solid wood, thickness swelling in composite materials has 
recoverable and non-recoverable components (Halligan 1970). Th e proportion of both components 
is determined by the panel manufacturing process and humidity level. Usually both types occur 
concurrently. Recoverable thickness swelling (RTS) is the natural swelling of the wood fi bres due 
to hygroscopicity. Non-recoverable thickness swelling (NTS) in OSB is primarili attributed to the 
release of compressive stresses and diff erences between high and low density areas in the panel. 
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Th is causes diff erential swelling within a composite panel and often evokes stresses so great that the 
adhesive bonds rupture (Suchsland and Xu 1991; Wu and Piao 1999).

Th e modulus of elasticity in bending is a common strength predictor. Equations for MOE 
loss of OSB as a function of MC and NTS have been determined (Wu and Suchsland 1997). Th e 
correlation between MOE loss and MC is not as good as the correlation between MOE loss and 
NTS. MOE loss very reliably indicates the NTS component, but it is not very easy to investigate 
the proportion of NTS in construction panels. In this study predictive equations expressing MOE 
bending as a function of MC and total thickness swelling (TS) by simulation of real conditions in 
constructions were determined.

Th e exact knowledge of behavior of wood-based meterials under fl exural load at diff erent 
moisture contents improves the options to design modern materials optimized for diverse types of 
application and can help to expand their use in construction.

MATERIAL AND METHODS

Commercially manufactured OSB/3 – Superfinish (according to ČSN EN 300) were selected 
for the study. Th e material characteristics are presented in Tab. 1. 

Tab. 1: Physical properties of OSB/3 – SUPERFINISH

Tab. 2: OSB/3 – Superfinish, pressing conditions

 Rectangular specimens of the length of 20 times the nominal thickness plus 50 mm (that was 
290 ± 1 mm) and a width of (50 ± 1) mm were used. 

Th e cutting was carried out according to ČSN EN 326-1:1997, except for the number of 
test pieces (12 instead of 6), for both transverse and longitudinal directions from 10 panels. Th e 
samples were divided into two diff erent groups: group 1 consisted of 120 specimens for longitudinal 
direction, group 2 consisted of 120 specimens for transverse direction. In each of six testing steps, 
one corresponding specimen from every ten panels was tested for the transverse and longitudinal 
directions. After twelve testing cycles the total number of specimens measured was 240.
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Th e tests involved in this study include testing for thickness swelling (TS) and modulus of 
elasticity in bending (MOE). 

Th e samples were direstly taken from the wod-processing factory (relative humidity) 
65%, temperature 200C and were measured for initial weight, width and thickness after oven 
drying (103 ± 2 °C for 3 days). After conditioning wet weight, width, thickness and MOE were 
measured. 

For absorption and desorption tests, specimens were conditioned to a constant mass in 
a conditioning chamber at a relative humidity (RH) of 15, 35, 50, 65, 85 and 100 % and a 
temperature of 20°C. Constant mass was reached when the results of two successive weighing 
operations, carried out at an interval of 24 h, did not diff er more than 0.1 % of the mass of 
the test piece (except RH 100 %). Due to condensation of water the specimen’s mass at RH 
100 % was still increasing after two weeks conditioning (normal time for equilibrium). In the 
conditions of this humid environment all specimens were measured after two weeks and then 
again after one week. Values ovtained during second measurement were used like starting 
values for desorption measurement. 

Th e specimens for desorption tests were saved and then tested under the same RH 
conditions as the absorption test. 

Th ickness swelling expressed in % was calculated from this equation:

 (1)

where: Tc  is the specimen thickness after conditioning (mm)
T0  is the specimen thickness after oven drying (mm)

Th e MOE was evaluated at a test machine UTS 100K according to the ČSN EN 310 (1995). 
Th e bending MOE was determined by applying load to the centre of a specimen supported at two 
points (Fig. 1). Th e modulus of elasticity was calculated using the slope of the linear region of the 
load-defl ection curve (Fig. 2). During the test the defl ection of the test piece in the middle of the 
span (below the loading head) was measured by cross –head travel with an accuracy of 0.01 mm. 
Th e testing method used includes shear as well as bending, so the calculated value is the apparent 
modulus, not the true modulus.

Fig.1: Arrangement of the bending apparatuses and Fig. 2: Load-deflection curve within the range of 

elastic deformation
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Th e modulus of elasticity in bending was calculated using the following equation:

 (2)

where: l1  is distance between the centers of supports (240 mm)
 b  is the width of the test piece (mm)
 t is the thickness of the test piece (mm)
 F2 – F1   is the increment of load on the straight line portion of the load-defl ection 

curve (N); F1 shall be approximately 10 % and F2 shall be approximately 
40 % of the maximal load

 a2 – a1   is the increment of defl ection at the mid-length of the test piece (mm), 
corresponding to load increment F2 – F1

RESULTS AND DISCUSSION

Th e basic descriptive statistics were computed: arithmetic mean m, standard deviation S, 
coeffi  cient of variation V and the range of data expressed with the maximum and minimum 
value. Th e assumption of the measured data’s normality by a Shapiro-Wilks W test was 
verifi ed before computing the statistical analysis (using Statistica 8,0 CZ). Th e results of 
tests on the physical properties of the OSB/3 Superfinish are presented in Tabs. 3 to 5 and 
Figs. 3 and 4.

Tab. 3: Moisture content of OSB for six different humidity degrees

Fig. 3 shows typical sorption isotherms for OSB/3 - Superfinish. Especially at lower 
RH levels, OSB showed lover equilibrium moisture content (EMC) values compared 
to wood, for both absorption and desorption. Th is is interpreted due to the higher press 
temperature which reduces the hygroscopicity of wood particles (Zylkowski, 2002; Paul et. 
al., 2005) and the wax content, used to protect the board against moisture absorption in OSB 
designed as exterior sheathing (Sun et al. 1994, Sedliačik 1998). 

Tab. 4 shows the lower density of specimens after treatment. Th e OSB is a material 
composed of large fl akes and in contrast to other particleboards contains macro-voids in a 
math structure (Kamke and Brooks 2004, Wu et al. 2004). After applying elevated moisture 
the presence of macro-voids further increases.
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Fig. 3: Sorption and desorption curves of OSB for 20 °C

Tab. 4: Density of OSB for six different humidity degrees
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Tab. 5: Thickness swelling of OSB for six different humidity degrees

Fig. 4: Thickness swelling as a function of moisture content

As it can be seen from Tab. 5 and Fig. 4, TS does not increase linearly in accordance 
with increasing MC. In an elevated moisture environment TS increased quickly. Th is behavior 
corresponds with earlier results on OSB (Wu and Piao 1999), but specimens from OSB/3 
Superfinish made with highly water resistant MUF and MDI adhesives have lower values of 
total thickness swelling than the panels made with phenol-formaldehyde adhesives (Paul et al. 
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2005) In the highest humidity the specimens were practically saturated and reached roughly 
22 % EMC. Th e corresponding mean of TS was 20 %. Th e portion of NTS was about 8 % after 
treatment.

Th e polynomial function was determined to estimate the TS of OSB/3 Superfinish:

 TS = 0.0214MC2 + 0.4355MC- 0.9047  (3)

Th is equation fi tted the data well with a coeffi  cient of determination R2 = 0.97.

In constructions OSBs are mainly exposed by fl exural stresses in the parallel direction. 
For this purpose, MOE values in the parallel direction were analyzed in detail. Th e basic MOE 
values in the parallel direction are given in Tab. 6.

Tab. 6: Basic values of MOE in the parallel direction

A decreasing trend for MOE was evident with an increase in moisture content. Th e highest 
mean MOE (5 880 MPa) was shown by the group of samples at 35% RH. Th e minimum mean 
MOE was 3 270 MPa for 100% RH. Th is minimum represents 56 % of the maximum mean 
MOE. Desorption values are naturally lower and do not reach the previous strength values. 
Th e mean MOE of 35% RH for desorption was 4 370 MPa which is 74 % of the maximum 
mean MOE.

To determine signifi cant diff erences between means in diff erent groups of conditioned 
samples the analysis of variance (ANOVA-F(5,54) = 21.650, p = 0.00000) and multiple 
comparison test (Tukey HSD test) were used. Th e Tukey HSD test results for parallel MOE 
values in diff erent groups are given in Tabs. 7 and 8.
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Tab. 7: Tukey HSD test parallel direction, absorption 

Tab. 8: ANOVA – MOE parallel direction, desorption 

Th e tendency for MOE is to decrease as MC increases. Nevertheless,there were no detectid 
statistically signifi cant diff erences between groups from 15% to 65% RH. Th e signifi cant 
decrease of MOE can be seen from 85% RH. Th e comparison test demonstrates a signifi cant 
diff erence between MOE values for groups of specimens in 100% RH and all other groups for 
absorption. Th us, the high RH environment has a marked eff ect on the MOE.

Th e trend detected is similar in the perpendicular direction. Th e parallel strength values of 
OSB are higher than the perpendicular values due to the orientation of strands in face layers. 
For illustration, Fig. 5 shows the diff erences for both directions of boards. 

WR_4_2009 08 Bohm.indd   8WR_4_2009 08 Bohm.indd   8 12/10/09   7:40 PM12/10/09   7:40 PM



87

Vol. 54 (4): 2009

Fig. 5: MOE as a function of moisture content – absorption

Th is calculated regression is only valid for absorption. Th e regression for both values of 
absorption and desorption is given in Fig. 6.

Fig. 6: MOE in the parallel direction as a function of moisture content
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From this fi gure the diff erences between the linear regression trend for sorption and desorption 
are evident. Th e dashed line shows the linear regression fi t of all data. Th e regression equation for 
absorption and desorption is the following:

MOE = -119.13 MC + 5850.8  (4)
R2 = 0.4828
If calculated values include both values of absorption and desorption, then the described 

dependence of the MC is lower. Th e only signifi cant diff erence is whether samples reached high 
humidity conditions or not.

Th e regression for both values of absorption and desorption MOE as a function of TS is given 
in Fig. 7.

Fig. 7: MOE in the parallel direction as a function of thickness swelling

Th e dashed line shows the linear regression fi t of all data. Th e regression equation for absorption 
and desorption is more uniform. Th e regression equation including all data is the following:

MOE = -135.09 TS + 5895.8 (5)
R2 = 0.6851
TS has a higher infl uence to its values of strength than humidity has and this equation fi tted 

the data with a higher coeffi  cient of determination. 
A multiple linear regression equation was performed to predict MOE bending using MC and 

TS as independent variables. Beta coeffi  cients were used to evaluate the relative contribution of each 
predictor to the overall prediction of the dependent variable (Beta standardizes variables to a mean 
of 0 and a standard deviation of 1).

MOE = 5865.721 - 144.136 TS + 11.056 MC (6)
R2 = 0.6861
BetaTS = 0.883126
BetaMC = 0.064480
Th e Beta coeffi  cient showed the very small contribution of MC to the predicted model.
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CONCLUSION

Loss of strength characteristics and dimensional stability caused by thickness swelling 
aff ect the use of OSB for exacting exterior applications. As expected MOE values are 
permanently lowered due to the rupturing of the adhesive bonds between wood strands after 
treatment at a high RH. Th e high humidity environment has a consequential eff ect on the 
MOE bending of OSB and because of this it is very important to use OSB/3 board in strict 
accordance with the service classes (ČSN EN 1995-1-1) and to avoid creating a high relative 
humidity (> 85% RH) in constructions. 

Th is study has shown the possibility of evaluating the MOE of OSB in dependence 
on TS and MC. Increases in the treatment MC led to increased TS and MOE losses. Th e 
elaborated model confi rms more emphatic MOE losses in dependence on TS rather than on 
MC. However, the samples’ variability has an eff ect on the accuracy of this model fi t. Because 
the MOE of OSB is mainly infl uenced by strand alignment in the face layer exposed to tension, 
analysis of other factors (strand geometry and alignment in face layers and the adhesive used 
for the panel) need to be done to obtain a more accurate equation. 
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