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Abstract Bending strength and modulus of elasticity of
phenol-formaldehyde(PF)-bonded particleboards were studied
at temperatures between −40 ◦C and +40 ◦C. These condi-
tions may occur, for example, during exterior use of boards.
Bending strength and modulus of elasticity are significantly
affected by the temperature. Moreover, positive tempera-
tures cause higher reduction of strength properties than
negative temperatures. The bending strength of boards in the
temperature range from −40 ◦C to 0 ◦C, for example, is re-
duced by 15% and in the temperature range from 0 ◦C to
40 ◦C by 28%.

1 Introduction

In service particleboards can be exposed to a range of en-
vironmental conditions, sometimes at high or low tempera-
tures. As a result particleboards can change their strength
properties with the change of the surrounding tempera-
ture. Therefore, the relationship between temperature and
strength properties is very important if particleboards are
to be used as structural members subjected to temperature
changes. However, there is not enough information available
in the literature (Bekhta et al. 2003, Suzuki and Saito 1987,
Yu DeXin and Östman 1983) about the effects of tempera-
ture on the strength properties of particleboards. Therefore,
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such knowledge is very important from the practical point of
view.

The objective of this study is the determination of the ef-
fect of various temperatures on the strength properties of
particleboards.

2 Material and method

Phenol-formaldehyde (PF)-bonded particleboards were used
in this study. All test samples were cut from commer-
cial boards and in the same direction of the boards. The
moisture content of the boards was 9.6%. Ten samples
(with dimensions 450 × 50 × 19 mm) for each tempera-
ture series were prepared. Investigated temperatures were:
−40,−20, 0,+20 and +40 ◦C. All samples were condi-
tioned for two weeks at 20 ◦C and 65% relative humidity.
After conditioning each sample was air-tightly packed in
a polyethylene package and placed into a chamber at a fixed
temperature for three days. Samples were taken out from
the chamber and from the package just before testing.
Board thickness and weight were measured before test-
ing. Then samples were quickly tested. Bending strength
and the modulus of elasticity were determined according to
EN 310.

3 Results and discussion

A very good correlation was found between bending
strength, modulus of elasticity and temperature (Figs. 1
and 2). As can be seen from Figs. 1 and 2 both the
bending strength and modulus of elasticity are reduced
with rising temperature. Besides, the effect of tempera-
ture on the modulus of elasticity is more significant than
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Fig. 1 Influence of temperature on the
bending strength of particleboards
Abb. 1 Einfluss der Temperatur auf die
Biegefestigkeit von Spanplatten

Fig. 2 Influence of temperature on the
modulus of elasticity of particleboards
Abb. 2 Einfluss der Temperatur auf den
E-Modul von Spanplatten

the same on the bending strength. With increasing tem-
perature from −40 ◦C to +40 ◦C the bending strength
and modulus of elasticity are decreased by 34% and
38% accordingly. The strength properties of the board
change more at positive temperatures than at negative
temperatures.

The relationships between bending strength (MOR),
modulus of elasticity (MOE) and temperature (T ) were es-
tablished using a liner model with the following form:

MOR = 9.3184 −0.0493 · T (R2 = 0.97)

MOE = 2246 −13.599 · T (R2 = 0.98)

It can be noted that there are two temperature ranges,
which are the reason for the qualitatively different changes

of the boards’ strength properties, namely: 1. from +40
up to 0 ◦C. In this range the increase of boards’ strength
takes place because of variability of the properties of poly-
meric substances, which are involved in their constitution.
The constitution of the wood substance is very complex,
but cellulose and lignin constitute the basic part. As it is
known, the strength of such polymers depends on the tem-
perature, namely: with temperature reduction their strength
is increased, as molecules approach each other and the con-
nection between them becomes stronger. It explains the fact
that even air-dry wood noticeably changes its strength at
the temperature variation. 2. from 0 up to −40 ◦C. This
area is the most intensive phase of the transition of mois-
ture (which is involved in the board) from one state to an-
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other. Certainly, the polymer substances prolong to have an
effect, but water freezing is the main reason for strength
change.
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