Annals of Warsaw University of Life Sciences - SGGW
Forestry and Wood Technology Ne 86, 2014: 13-17
(Ann. WULS - SGGW, For. and Wood Technol. 86, 2014)

The change of mechanical properties of selected wood species after drying
process under various conditions
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Abstract: The result of mechanical properties change of selected wood species after drying process under
various parameters are presented. Wood species, namely pine (Pinus sylvestris L.) and beech (Fagus silvatica
L.) from the northern part of Pomerania region in Poland, were subject of steam kiln-drying. The global
elasticity modulus and bending strength for steam dried, air-steam mixture dried and air dried samples as
reference were measured. It allowed to reveal the effect of wood stream, air-steam mixture and their
temperature on mechanical properties of wood. It has been recognized that steam and air-steam mixture drying
cause of the mechanical properties changes of analyzed wood species.
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INTRODUCTION

In the process of manufacturing timber, drying is the single most costly step in terms
of energy consumption and time. Reducing energy wastage and processing times are two
important current objectives of the timber drying industry. Extensive research has been done
and is still being done to determine the optimal drying strategy to achieve the required timber
quality at minimum cost. The variability of wood properties further complicates drying. Each
species has different properties, and even within species, variability in drying rate and
sensitivity to drying defects impose limitations on the development of standard drying
procedures. The interactions of wood, water, heat and stress load during drying are complex.
In practice the local drying conditions in the kiln strongly interact with the heat and mass
transport in the wood.

High temperature drying of wood is defined as a method of drying in the environment
where the temperature is equal or higher than 100°C [1, 2, 3]. Drying intensification, which
occurs at high temperature, affects the total time of duration of the process in comparison with
hot air drying, [4, 5]. The proper conduct of the drying process allows faster extraction of
water [1, 2]. Other benefits, possible to mention, are decrease in the equilibrium moisture
content of wood or greater resistance to degradation [6, 7, 8, 9]. The disadvantages of this
method are: drop in the mechanical properties [10] and need to specific management of the
drying process.

MATERIALS

The experiments of drying process were conducted in the experimental kiln of 0.55 m’
load capacity. The heat was supplied, thanks to hot flue gas generated in combustion
chamber, heat exchanger placed in kiln. The heat exchanger and electric steam generator
allowed to keep constant respectively temperature and huminidity inside kiln. Steam
circulation inside the kiln was forced by circulation of fan with speed regulation up to 5.0 m/s.
Fan and heat exchanger were located in the working area of the kiln separated from the drying
area by the wall. The temperature inside kiln was set to 80°C and 110°C.

The system, which controls drying process, is located outside the kiln. It contains 4
thermocouples to measure respectively temperature inside the kiln and temperature inside
wood in 3 chosen locations. This system also includes 8 moisture content sensors used to
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measure the level of wood moisture content and 1 sensor to measure huminidity of
environment inside the kiln.

Materials used in the experiment were pine (Pinus sylvestris L.) and beech (Fagus
silvatica L.) wood originating from the northern part of Pomerania region in Poland. Samples
from a wood beam length of 4.5 m were cut with 70 mm x 70 mm x 1500 mm dimensions,
Fig. 1. Before experiments high, width and length and moisture content of samples were
measured.
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Fig. 1. The view of sample's place for moisture measurement.

The average initial moisture content of the pine samples ranged between 31.8 - 51.2%
and of the beech samples between 70.6 - 87.3%, Table 1.

Table 1. Results of wood moisture content measurements before drying.

Samples Average Samples Average
moisture moisture
content [%] content [%]
1 50.1 1 74.3
A 2 50.4 F 2 80.1
o -2 3 37.0 S -2 3 87.3
— O 8 =
= 4 31.8 2 4 86.4
5 34.2 5 76.9
N 1 51.2 oo 1 70.6
B3~ 2 49.6 D35~ 2 76.9
28390 : E8390 :
° g-;% 3 48.7 < g i) 3 87.1
£E-® 4 34.0 e 4 83.7
2 5 56.7 M2 5 79.8
-2 1 46.4 52 1 76.5
BESO 2 46.5 2250 2 75.8
582 3 42.0 £ 8E2 3 86.2
£E-T 4 33.9 3E” < 4 84.0
2 5 34.5 M2 5 79.2

All samples were dried in three ways: conventional (air) at 25°C and accelerated
respectively air-steam mixture at 80°C and steam at 110°C using an automatic control system.
After drying process, the samples were checked, e. g. all dimensions and moisture content in
five places. To measure moisture content hygrometer type WRD100 of Tanel Company was
used, which is based on inductive method.

RESULTS

After drying process, the tests of global elasticity modulus and bending strength for
air-steam mixture dried and steam dried samples and air dried as a reference, have been
performed.
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Number of elements for test was determined according to EN 1995 (Eurocode 5) "Designed
of timber structures". To measure moisture content hygrometer type MMC 210 of Wagner
company was applied, which is based on inductive method.

Measurement of the global elasticity modulus, when bending, was conducted according to
PN-EN 408:2004 as presented in Fig. 2.
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Fig. 2. Scheme of static test according to PN-EN 408:2004.
For experiments strength machine Tiratest 2030 was applied.
In Table 2 the results of mechanical properties of analyzed wood species after
conventional and accelerated drying are presented. All tests were performed according to the

same methodology.

Table 2. Mechanical properties of tested elements after accelerated and conventional drying process.

Name of wood esmereoree | bending | clastiy modus

[N] [N/mm’] [N/mm’]
Pine dried at 110°C 12418.93 39.50 10735.74
Pine dried at 80°C 13802.51 41.14 11315.31
Pine conventional air dried 12768.47 40.25 11550.52
Beech dried at 110°C 16639,35 66,45 12632,53
Beech dried at 80°C 18683,70 75,61 13546,24
Beech conventional air dried 20002,17 70,57 12460,15

CONCLUSIONS

The strength bending of pine wood elements dried at 110°C is 39.5 N/mm?, for items
with dried at 80°C is 41.14 N/mm®. The same parameter in the control elements is 40.25
N/mm?. The global elasticity modulus for wood dried at 110°C is 10735.74 N/mm?, for items
dried at 80°C is 11315.31 N/mm? and for control elements is 11550.52 N/mm”.

The strength bending of beech wood dried in 110°C is 66.45 N/mm? and for elements
dried in 80°C is 75.61 N/mm?. Control elements have bending strength equal to 70.57 N/mm?®.
The global elasticity coefficient of wood dried at 110°C is 12632.53 N/mm’, while for
elements dried at 80°C is 13546.24 N/mm®. The control elements have coefficient equal to
12460.15 N/mm’.

Differences in values of mechanical properties are not relevant. It is necessary to carry
out further experiments to set exact drying parameters under high temperature conditions.
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Streszczenie: Zmiana wlasnosci mechanicznych wybranych gatunkow drewna po procesie
suszenia przebiegajgcym w roznych warunkach.

W artykule przedstawiono wplyw warunkdw procesu suszenia na zmiany wlasno$ci
mechanicznych wybranych gatunkéw drewna. W badaniach wykorzystano sosn¢ (Pinus
sylvestris L.) i buk (Fagus silvatica L.) pochodzace z podtnocnej czesci regionu Pomorza.
Mierzone byly nastepujace wielkosci mechaniczne charakteryzujace drewno modut
elastycznos$ci, wytrzymalo$¢ na zginanie i sita niszczaca materialu po suszeniu drewna z
wykorzystaniem pary wodnej, mieszaniny powietrzno-parowej i powietrza. Umozliwito to
ukazanie wplywu wykorzystania pary wodnej, mieszaniny powietrzno-parowej oraz ich
temperatury na mechaniczne wlasciwosci drewna. Stwierdzono, ze zastosowanie pary wodne;j
oraz mieszaniny powietrzno-parowej wplywa na zmiany wlasciwosci mechanicznych
wybranych gatunkow drewna.
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