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Microscopic estimation of archaeological hardwood stabilised 
with selected impregnants 

Leszek Babiński 1, Józef Kudela 2, Wojciech Kokociński 3 

1 Wood Conservation Laboratory, Archaeological Museum in Biskupin 
2 Department of Wood Science, Faculty of Wood Sciences and Technology, Technical 
University in Zvolen . . 
3 Department of Wood Science, Faculty of Wood Technology, Agricultural University of 
Poznań 

Abstract: Results of a study on impregnation of waterlogged archaeological oak and elm 
wood with 60% water solutions of sucrose, lactitol and polyethylene glycol 300 (PEG 300) 
revealed some differences in dimensional stabilisation effect. This observation prompted 
undertaking scanning electron microscopic analysis of the places of penetration and depo­
sition of the modifying substances in order to find the most effective method of conserva­
tion of ancient wood. The SEM photographs performed before and after the impregnation 
and drying procedures have been presented in the article. 

Keywords: waterlogged archaeological wood, conservation, impregnation, dimensional 
stabilisation, SEM analysis 

Introduction 
During the archaeological works in the Castle Hill (Wzgórze Zamkowe) area in 

Szczecin the remains of wooden houses from 11 th ( oak 13) to 13 th ( elm 11) century were 
discovered. Preliminary studies have shown that the objects were built of oak and elm 
wood and revealed a various degradation degree of the materia!. Research on dimensional 
stabilisation of different decayed hardwood, performed in order to find out the best possi­
ble means to protect against shrinkage of waterlogged wood tissue, were described in de­
tails in previous publications [Babiński 2000 and 2001]. Present investigation was under­
taken in order to reveal differences of different impregnate penetration between slightly 
and heavily degraded waterlogged archaeological hardwood. 

Wood conservation procedure 
The tests [Babiński 2000 and 2001] have proved that the degree of degradation of 

archaeological wood determined on the basis of the loss of wood substance (loss of mass) 
[Grattan and Mathias 1986] was slightly for oak (15.8%) and significant in the case of elm 
(64.3%) (Table 1). 

Three impregnants: sucrose, lactitol and polyethylene glycol 300 (PEG 300) have 
been tested. All the impregnants have similar molecular weight, viscosity and ability to 
saturate wood tissue. The main difference is that sucrose and lactitol are solid state crystal­
line materials, while PEG 300 is a liquid .. 

The samples of the two types of wood were subjected to the same impregnation 
procedure. The waterlogged samples 50 (T) x 50 (R) x 10 (L) mm were immersed in water 
solutions of sucrose, Jactitol and PEG 300. The impregnation procedure was begun in a 
10% solution, then in one-week cycles, the concentration of the solution was increased by 
10%, till the final concentration of 50%. To prevent the growth of micro-organisms, 1 % of 
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Kemobicid DP 3 preparation was added to each of the solutions. The temperature of im­
pregnation solutions of concentrations from 10 to 50% was 20°C, and for the 60% solu­
tions it was 50°C. The samples impregnated with sucrose and PEG 300 were dried to con­
stant mass at 20°C in the air of relative humidity of 44%, while the samples impregnated 
with lactitol were prior to this procedure preliminary dried at 50°C (Table 2). 

Table 1 
Selected parameters characterising the properties of investigated archaeological wood 

Shrinkage 
Maximum Conventional Loss of 

Wood moisture content density mass ~T ~R ~CS 

- % kg/mj % % 

• 

Oak 143 480 15.8 16.6 8.8 24.0 
Elm 443 200 64.3 24.2 13.5 34.4 

*~es = [~r + ~R - (~r x ~Rll OO)] - cross-section shrinkage 

Table 2 
The modes ofimpregnation and drying ofwood samples 

Impregnant The initial and fina! Drying parameters 
concentration 

ofimpregnating solution 
Su ero se T=20°C 
PEG300 10% -7 60% RH=44% 
Lactitol T=50°C for 24 h 

and then T=20°C, RH=44% 
Control unimpregnated samples T=20°C, RH=44% 

Table 3 
The degree of shrinkage of archaeological wood (before and after impregnation) measured 
after drying to the moisture content of about 9% 

Oak Elm 
Wood BT !3R Bes j3y j3R !3cs 

% % 
Unimpregnated 14.2 7.0 20.2 (lOOf 21.3 11.8 30.6 (100) 
Impregnated with 
- sucrose 3.4 1.3 4.7 (23) 1.1 0.2 1.3 (4) 
- lactitol 4.9 1.8 6.6 (33) 2.7 0.2 2.9 (9) 
-PEG300 -0.2 0.1 -0.1(0) -0.7 O.O -0.7 (-2) 

( ) •_the values in parentheses describe the degree of shńnkage expressed in percent of 
shrinkage of unimpregnated wood 
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The dimensional stabilisation of wood was appraised on the basis of the shrinkage 
of the cross-section of the samples CPcs), calculated on the basis of the measured Iinear 
shrinkages CPT and PR). The linear dimensions of the samples were measured to an accu­
racy of O.Ol mm, before and after the conservation, and the results are given in Table 3 The 
data show that the best dimensional stabilisation was secured for both types of wood after 
impregnation with PEG 300 . The next best result is sucrose and the worst result of the 
three is lactitol. 

Microscopic estimation ofwood samples 
After the conservation procedures a series of SEM photographies was taken for 

each sample in order to confirm the degree ofwood samples degradation, determine the 
sites of the impregnates penetration and deposition in the wood tissue (Figs. 1to7). 

A B 

Fig. 1. The cross-sections of the samples of archaeological oak (A) and elm (B) wood 

Presented photographs (Fig.I) are the evidence of diversified destruction degree of 
wood tissue for both kinds of archaeological timber. When analysing pictures of anatomi­
cal crossections, it could be observed, that the decay process of cell walls of wooden fi­
bres was much more intense at elm (Fig. lB) than oak (Fig. lA). In elm tissue practically 
all fibres have the walls strongly degraded and such timber is characterised by the mass 
loss reaching 64%. However oak wood, due to great natura] durability and shorter lapse of 
time (about 200 years) was only partially degraded, wich certifies slight share of maxi­
mally degraded fibres, and mass loss about 16%. The tested timber occurred in soil in 
changeable moisture conditions, became degraded by soft rot fungi and bacteria. Evidence 
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of that of the caused of degradation is the picture of excavated wood of elm presented on 
the fig. lB. There can be seen hyphae and spores of fungus (with diameter 8 µm). Such 
biotical factors are forceing decomposition of cellulose and hemicelluloses, being main 
components of cell walls. The places of cellulose and hemicelluloses takes in such cases 
water, and therefore maximum moisture content of excavated wood is always much higher 
from maxima! content ofwater in excavated timber. 

Figs. 2-7 24 photographs selected from 170, are presenting anatomical 
cross-sections of archaeological oak and elm wood samples impregnated with the three 
tested preparations. The criteria of selection were well-visible structural features and places 
of impregnate penetration and deposition in the wood tissue. 

a b 

c d 
Fig. 2 Archaeological oak wood tissue impregnated with saccharose (a,b -cross section, 

c - radia] section, d - tangential section) 
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a b 

c d 
Fig. 3 Archaeological elm wood tissue impregnated with saccharose (a,b-cross section, 

c - radial section, d - tangential section) ' 

a b 

c d 
Fig. 4 Archaeological oak wood tissue impregnated with lactitol (a,b-cross section, 

c - radial section, d- tangential section) 
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a 

c d 
Fig. 5 Archaeological elm wood tissue impregnated with lactitol (a,b-cross section, 

c - radia! section, d - tangential section) 

a b 

c d 

Fig. 6 Archaeological oak wood tissue impregnated with PEG 300 (a,b -cross section, 
c - radia! section, d - tangential section) 
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a b 

c d 

Fig. 7 Archaeological elm wood tissue impregnated with PEG 300 (a,b -cross section, 
c - radia] section, d- tangential section) 

The singled out properties of modifying substance enabled to analyse tending to 
final evaluation of preservation procedures of excavated timber. 

In result of such behaviour, is was stated, that the highest qualification value could 
be assumed to the polyethylene glicol (PEG 300). Such preservation chemical introduced 
into excavated wood of broadleaved ring porous kinds of timber is characterised by fol­
lowing positive features and properties: 

it is penetrating degraded cell walls ofwood fibres, 
it collects on inside walls of vessels (and thylles), tracheids, and parenchymatic 
cells, 
it fills cellular voids and occurs in degraded wood, 
it creates continuous and elastic layer, 
particles ofpolyglycol, exchanging the water, are maintaining wood tissue in quasi­
swelled state. 
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Streszczenie: Ocena mikroskopowa wykopaliskowego drewna liściastego stabilizowanego 
wybranymi impregnatami. W badaniach nad konserwatorskim nasycaniem archeologicz­
nego drewna dębu i wiązu, 60% wodnymi roztworami sacharozy, laktitolu i poliglikolu 
etylenowego 300 (PEG 300), uzyskano nieznacznie zróżnicowany efekt stabilizacji wy­
miarowej. Zdecydowano przeto dokonać mikroskopowej analizy miejsc penetracji i osa­
dzania się w tkance drzewnej substancji modyfikującej celem wytypowania najkorzystniej­
szej metody konserwacji zabytkowego drewna. W artykule przedstawiono zdjęcia drewna 
wykopaliskowego przed oraz po zaimpregnowaniu i wysuszeniu wykonane na skaningo­
wym mikroskopie elektronowym. 
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The computerization of the statistical process control in lum ber industry 

Bogusław Bajkowski . 
Department ofMechanical Woodworking, 
Warsaw Agricultural University- SGGW 

Abstract: The computerization of the statistical process control in lumber industry . One 
qualified possibilities of the use of the computer technics during the statistical process control. 
One gave the example of the use in lum ber industry . 

Key words: computer, SPC , lumber industry 

Introduction 
In the sphere of the assurance of the quality since a long time one uses statistical methods. 

Main areas of her uses is the inspection of raw materials /of goods for further processing/, the 
final inspection of products and the running inspection of the manufacturing process. An aim of 
the statistical process control /SPC/ is the prevention of the production of the defective article 
which can appear at the traditional method of the leaning quality inspection on the final research. 
Herself method SPC , being based on the idea of time sheets Shewarta , is well-known already 
since a long time. The however wider introduction SPC was limited connected difficulties with a 
technics measuring - and computational. The situation changed radically along with with the 
arrival of the era of quick and cheap computers. These computers have at their disposal with 
programmes which make possible the execution of the test on the norma! schedule , the 
calculation ofindicators of the efficiency ofmachines and ofprocesses , and also the leadership 
and presenting of cards of the adjustment of the quality. They have possibilities of development 
and ratings of results of measurement. Effects of rating have the form of tables and of 
histograms. A most important consequential advantage from the usage SPC is the avoidance of 
the formation of productive defects already on the stage of the production. In many cases the 
elimination of sources of their formation. Results of the inspection used are as direct to of the 
regulation set machine tools. Introducing the properly well-chosen method of prognosing of 
results one can foresee , whether and the when given feature of the quality goes beyond outside 
the admissible area. Thanks to this one can also properly earlier to react , correcting properly sets 
of the device. 

The example- use of the computerization spe in lumber industry 
The lumber industry shows the considerable delay at the use of the technics SPC with 

relation to of other industries. In sawmills SPC one can use reducibly of the scattering of the 
thickness of the lumber. Potentia} economic advantages at the use of this method consist in the 
enlargement of the efficiency of the lumber and to the diminution of the scattering of the 
thickness of the finished product. Enlarged efficiency of the lumber will cause lower 
manufacturing costs. The diminution of the scattering of the thickness of the lumber will profit 
receivers by the enlargement of the value of the product. The system SPC uses control charts , 
properly to define the scattering of the thickness of the lumber in the sawmill. Supervisory 
borders on graphs show , whether changes of the thickness are natural for the process , or else 
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this are the change from the special reason. Measurement of the thickness of the lumber are 
executed in key - places of the manufacturing process. The system SPC gives to the operator 
"Head - Rig", to the operator "Re - saw", to the sorter of the lumber and supervisors in "the real 
time" the change of the value of the thickness of the lumber. Solution of this problem become 
described on the example realized by The University of Tennessee , Tennessee Forest Products 
Center. This is the investigative programme folding from two phases. In the phase I to the 
measurement of the thickness of the lumber one uses of electronic , digital micrometers /slide 
calipers/ with the radio - data transmission. At the measurement of the thickness of the board 
takes under the attention six measurement , These six measurements is seated along the board , 
three measurement are executed along every side 
/Fig. 1/. 

#' Individual Measuri!TTU!11t 
6 2 ~# 4 

~~;.._-1~·=·="===================-=;~·~~~~~~~~~~~~-s"""'"·~ 
Fig. I. Thickness measurement locations per board 

Data thicknesses of the lumber are shown in "real-time" operators of machine tools , to 
the sorter of the lumber and to the management at the use of the technics human machine 
interface /HMI/. This is the programme being with the interface among the man and the 
machine. Created are so-called. synoptic .screens being with the realistic image of the industrial 
process . The technician HMI shows on-screen of the computer the manufacturing process. 
Operators of devices are warned about productive problems by alarms visual and of a sound , 
detecting au courant appearing productive problems. Systems HMI are joint with systems of the 
statistical process control /SPC/. In the phase II the measurement of the thickness of boards is 
executed by the laser in "real - time". Systems HMI are joint with systems ofprogrammable logic 
controllers /PLC/. In the dependence from the thickness , boards are earmarked by automatized 
system the controlled spray by PLC. Detectable of the presence of the board one used the visional 
camera. Boards can be also marked into the any manner at the switched tumed off automatic 
mode. On the drawing 2 one showed the example of the system /HMI- Wonderware InTouch/. 

Conclusions 
The use of the technics of the statistical process control /SPC/ and human machine interface 
technology /HMI/ reducibly of oscillations of the thickness of the lumber makes possible the 
improvement of the manufacturing process and the enlargement of the efficiency of materials. 
Will bring this considerable financial advantages. It belongs to guide researches the distinctive 
making possible use ofthis technics in different manufacturing processes of the wood industry. 
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Abstract: Comprehensive studies on spruce wood have been made in Latvia since 1998. 
These studies embrace the anatomical structure of spruce wood as well as the relevance and 
dependence of its parameters. The results are compared with other publications to evaluate the 
quality and competitiveness of Latvian spruce, which makes it possible to assess the forestry 
prospects for spruce in different areas. The task of the report is to show the dependence of the 
spruce wood anatomical structure on forest growth conditions and the locality of the sample 
in the stem. Wood samples were taken at the stem butt-end (R) at 1'1, Yz and :X of the height, in 
its sapwood (A), core (K) and juvenile (S) wood. The average annual ring width (Gp1), late 
wood percentage in the annual ring (Gvk%), double cell wall width and diameter oftracheids 
both in early (Trak) and late (Tr vk, T2w vk) wood, and tracheid length (T1) were characterized. 
A comparative analysis of the data obtained shows that, in the majority of cases, the spruce 
wood anatomical structure is greatly affected by the location of the wood sample in the stem 
and the forest growth conditions. 

Keywords: Norway spruce, Picea abies L. Karst., anatomical structure 

Introduction 
In Latvia, ·the woodworking industry is developing rapidly, which, in its tum, dictates the 

necessity of a more strict forest inventory and forest trees quality control. One of the most 
widespread tree species, comprising 18 % of the stock in Latvia, is spruce. Spruce and spruce 
forests are assessed from the biologica] and ecological point of view, although are not 
investigated from the viewpoint ofwood structure and properties. 

The aim of this study was to characterize the main anatomical structure parameters of the 
wood ofNorway spruce (Picea abies L. Karst.) growing in the Kurzeme territory (Westem 
upland ofLatvia), i.e. annual ring width (Gp1), late wood width in the annual ring (Gp1 vk), the 
share oflate wood in the annual ring (Gvk%), tracheid length (T1), its double cell wall width as 
well as cross-sectional dimensions in the radia! direction in early (Trak, T 2w ak) and late wood 
(Tr vk, T2w~k). 

Experimental 
For experiments, samples ofNorway spruce were taken in stocks located in Rucava, Rinda 

and Misa forest-divisions, Kurzeme upland. 
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Table 1 
f Distribution of soruce orests m tenns o growth con d". 1t10ns 

Forest type Forest area Growing stock 
xlOOO ha % 106m3 % 

Dry forests 374.l 68.8 67.3 74.4 
Wet forests 75.l 13.8 9.2 10.2 
Drained forests 94.5 17.4 13.9 15.4 
Total 543.7 100 90.4 100 

As can be seen from Table 1, the sampling areas were chosen in three most widespread 
forest growth condition types, namely, drained (Myrtillosa twf. Mel)., dry (Vacciniosa) and 
wet (Hylocomiosa). · 

All three forest types for tree growth and wood development were different. Hence, they 
are expected to differ the wood structure and, therefore, wood properties. 

All sample trees were Kraft class II trees. After trimming, the sample trees were measured 
and cross cut. The stems division was made according to Sachsse and the method modified at 
the Latvian State Institute of Wood Chemistry (SACHSSE et al., 1988). To examine the 
variations in the wood structure and properties along the length of the tree, wood blanks were 
taken at four different heights, namely, at the butt-end (R), \4 of the stem height (1/4), in the 
middle (1/2) and'.% of the stem height (3/4). 

The average annual ring width, as well as late and early wood width in the annual ring 
were detennined using a reflecting microscope MKTF-1 with a 80x magnification. The 
number of tracheid rows and their average radia! cross-sectional dimensions were detennined 
for each annual ring. The share of the annual ring wood was calculated, correspondingly 
taking for the basis these measurement data, i.e. the number of late and early wood tracheids 
in the annual ring and the corresponding tracheid radia] cross-sectional dimensions. Tracheid 
parameters were detennined using the reflecting microscope MKTF-1 with a gauge 
measurement television device - the cross-section dimensions and double cell wali width in 
the radia] direction, both in early and late wood, were measured. The tracheid length was 
measured using a stereoscopic microscope MBS-9 with a 12x magnification. For each 
param eter, 1 OO measurements were made, from which average data were calculated. 
Measurements were made with an accuracy of0.95 .. 

Results and Discussion 
After detennining the anatomical pai:ameters, the linear correlation analysis of the obtained 

parameters was made, taking for the basis the results obtained for all sample trees. The linear 
c01Telation is characterized by the con-esponding variation in the second parameter as one of 
the two parameters under study varied. The manifestation of this tendency is calculated from 
the relationship (ARKHIPOVA et al. 1997): 

rx,y = COVx,/Sy' Sx 
where: 
rx,y - linear con-elation coefficient between the variable x and y; 
covx,y - covaration between the variable x and y;· 
Sx, Sy - standard deviation of the variable x and y. 
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VI f a ues o spruce woo d . I anatom1ca parameters 
Gp1., Gp1vb Gvk, Gp1ab Trak, Trvk' Tzwak, 
mm mm % mm um um um 

R-S 3.28 0.78 23 2.50 28.07 19.65 3.18 
R-K 3.39 0.87 26 2.51 37.73 24.71 4.27 
R-A 2.25 0.68 31 1.55 38.67 26.66 4.80 
14-K 3.95 0.97 25 2.98 35.72 24.19 3.95 
14-A 2.43 0.88 29 1.54 37.96 24.78 4.50 
Yi-K 4.15 0.87 23 3.28 33.45 21.85 3.91 
Yi-A 2.38 0.74 31 1.62 36.71 22.00 4.13 
%-K 3.49 0.89 24 2.60 32.56 21.74 3.77 
%-A 2.61 0.88 33 1.73 35.56 21.74 4.16 
R-S 1.69 0.54 31 I.IS 23.85 17.49 4.03 
R-K 1.69 0.44 26 1.26 32.96 20.13 4.24 
R-A 1.94 0.62 31 1.32 35.36 21.36 4.41 
14-K 2.21 0.47 22 1.74 29.98 18.62 3.91 
14-A 1.06 0.40 38 0.67 35.14 21.31 4.42 
Yi-K 2.51 0.83 34 1.68 32.15 19.97 4.15 
Yi-A 2.14 0.90 43 1.24 34.66 21.57 4.29 
%-K 2.56 0.92 37 1.65 26.31 19.94 4.30 
%-A 1.85 0.76 40 1.09 32.68 20.11 4.02 

Designations: 
Gp1- average annual ring width, mm; 
Gp1 vk, Gp1 ak - late and early wood annual ring width, mm; 
Gvk- late wood percentage in the annual ring; 
Trak, Trvk- diameter oftracheids in early and late wood, µm; 

T1wvk, T1, 

urn mm 
6.35 2.29 
7.28 3.24 
7.43 3.89 
7.31 3.61 
8.33 4.24 
6.89 3.33 
6.87 3.95 
7.23 2.65 
7.86 3.53 
6.72 2.22 
7.36 3.21 
6.82 3.89 
6.67 3.61 
8.71 4.71 
6.24 2.83 
7.16 4.40 
6.07 3.46 
8.14 4.58 

T 2w ak, T2w vk - double cell wall width of trachei ds in early and late wood, µm; 
T1 - trachei ds lenght, mm; 
R-S - butt-end, juvenile wood 
R-K- butt-end, heartwood 
R-A- butt-end, sapwood 
\4-K- 0.25 of the stem height, heartwood 
\4-A- 0.25 of the stem height, sapwood 
1h-K-0.5 of the stem height, heartwood 
1h-A- 0.5 of the stem height, sapwood 
'.%-K- 0.75 of the stem height, heartwood 
%-A-0.75 of the stem ?eight, sapwood 

Table 2 
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An examination of the obtained anatomical parameters (Table 2) shows that all wood 
parameters are variable depending on the location in the tree stem height or cross-section, as 
well as depending on the growing type. 

There is no noticeable correlation among the annual ring parameters as the stem height 
varies. However, this is observed depending on the location in the stem cross-section. The 
annual ring width for sapwood exceeds that for heartwood, namely, by about 70 % at all stem 
heights. In terms of the growing types, the annual ring width in dry forests is higher by about 
50 % on the average. The amount of late wood is greater in drained forestś, i.e. by about 5 % 
in comparison with the amount of late wood in the year ring for spruce trees growing in dry 
forests. 

Tracheid length values from the stem butt-ends grow by 10 % up to \4 of the stem height, 
both in heartwood and sapwood, and tend to decrease towards the % of the stem height (in 
comparison with the stem butt-end by about 15 %). In the stem transverse direction, the 
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tracheid Jength values are higher by 20 % for sapwood in comparison with heartwood. 
Tracheid length values, depending on the forest type, vary by 7 %. The longest tracheids are 
characterized for spruce growing in the dry forest type. 

There is no noticeable correlation among the tracheid double cell wali width values as the 
stem height varies, while the greatest width in the stem cross-sectional direction is for 
sapwood, namely by about 5 %. Depending on the forest type, the tracheid double cell wall 
width varies minimally, namely by 3 %. The greatest tracheid cell width for early wood is 
observed in the case of spruce wood from the dry forest type, and that for late wood trachei ds 
in the case of drained forests. 

Tracheid cross-sectional dimensions, both in sapwood and heartwood, tend to grow in the 
direction from the butt-end to the end. In the stem cross-sectional direction, the tracheid 
dimensions are greater for sapwood, namely by about 5 %. The cross-sectional dimensions for 
early wood trachei ds are greater for spruce wood grown in the dry forest type, namely, by 1 O 
%, and those for late wood tracheids by 15 %. 

To elucidate the conditions affecting the wood parameter values, a correlation analysis was 
made (Table 3). It has been found that the annual ring width (1.06-4.15 mm) correlates 
essentially with the late wood tracheid cross-sectional dimension (0.51). An essentially 
negative correlation has been shown by the amount of late wood in the annual ring with the 
early wood width in the annual ring (-0.53). An essential correlation has been shown by early 
wood tracheid cross-sectional dimensions with the late wood tracheid cross-sectional 
dimension (0.63) and tracheid length (0.55). 

Unfortunately, information on the sample's exact location in the wood stem as well as the 
forest type where this tree grew is practically missing in the reviewed literature. 

Table 3 

c 1 f orre a 10n among th e va ues o fth . I f e ana om1ca parame ers o spruce 
Gn1 j °o:;;. I Gt21 Gnlak Trak Trvk Tzwak Tzwvk T1 

Gn1 0.95* 0.14 0.35 - 0.40 - 0.25 - 0.44 
Gnlvk 0.49 ~ 0.35 0.21 0.51* - 0.29 - 0.13 - 0.20 
Gvk - 0.53* 0.13 0.21 O.IO 0.16 0.27 
Gnlak 0.07 0.21 - 0.39 - 0.26 - 0.45 
Trnk ~ 0.63* 0.47 0.40 0.55* 
Trvk 

~ 
0.34 0.13 0/14 

Tzwak 0.45 0.46 
Tzwvk 

w ' : 0.43 
T1 

Footnote: 
* correlation is significant, with a probability of 99 % 
the rest - correlation is significant, with a probability of 95 %. 

The examination of the tracheid parameters (Table 4) shows that the tracheids of spruce 
growing in Latvia are longer than those for spruce grown in Germany, but shorter than those 
for spruce grown in Russia. Double cell wali width values for early wood do not differ 
essentially, while the double cell wali width of late wood for spruce grown in Germany is 
essentially greater. The radial cross-sectional dimensions of early wood are greater for spruce 
grown in Germany. 

-22-



Table4 
c ompanson o f sprucewoo d t h 'd rac e1 parameters 

Trachei ds Double cell wali width oftracheids, µm Diameters of 
State lenght,mm Earlywood Latewood tracheids cells in 
[Reference] earlv wood, urn 
Latvia (Kurzeme) 2.22-4.71 4.13 7.20 32 
Russia [3] 1.5-5.3 - - -

Gennany [6] 2.90 4.0 I I.O 35 
[4) 3.20 - - -

Conclusions 
Summarizing the data on the performed studies and the correlation analysis, and 

comparing the spruce wood structure in Latvia and elsewhere, the following should be noted. 
Annual ring width is greater for spruce grown in dry forests, namely by about 40% as 
compared with spruce grown in drained :t'orests. 

The share of late wood in the annual ring is about 30 % from the total annual ring 
width. 

The amount of late wood in the annual ring is greater for spruce grown in drained 
forests in comparison with spruce grown in dry forests. 

The longest tracheids for spruce wood are at the~ of the stem height. 
Tracheid cross-sectional dimensions, both for spruce grown in dry forests and that 

grown in drained forests, as well as for heartwood and sapwood, tend to diminish in the 
direction from the butt-end to the :X of the stem height. 

There is a significant positive correlation between the annual ring width and early and 
late wood width, while the annual ring width is not essentially affected by the early wood 
tracheid dimensions. 

Tracheid length values for spruce grown in Latvia are greater by approximately 0.5 
mm than those for spruce grown in Germany, while the tracheid length range is smaller than 
that for spruce grown in Russia. 

References 
1. ARKHIPOVA, I., RAMUTE, L. & ŻUKA, L., 1997: Matematiskas statistikas uzdevumu 

risinafana ar MS Excel. (Solution of Mathematical Statistical Tasks Using MS Excel). 
LLU, Jelgava. Part 1 - 121 p., Part 2 - 98 p. (in Latvian). 

2. BALODE, V., ALKSNE, A., CIRULE, D., BELKOVA, L. & HROLS, J., 1999: 
Comparison of Spruce and Pine Wood of Myrtillosa Twf Mel. Konferencja Naukowa 
Wydzialu Technologii Drewna SGGW, Warszaw, pp. 225 - 229. 

3. CHAVCHAVADZE, E.S., 1979: Coniferous Wood. Nauka, Leningrad, 192 p. (in 
Russian). 

4. HERMAN, M., DUTILLEN, P. & AVELLA, T., 1998: Growth Rate Effects on Temporal 
Trajectories of Ring Width, Wood Density, and Mean Tracheid Length in Norway Spruce 
(Picea abies Karst.). Wood and Fiber Science, Vol. 30, No. 1, pp. 6-17. 

5. SACHSSE, H., NEUFELDT, P. & OECHSLER, E., 1988: Untersuchung wichtiger 
Holzeigen Schaften der Eberesche (Sorbus aurucuparig L.). Holz als Roh-Werkstoff, Bd. 
46, pp. 207-213. . 

6. WAGENFUHR, R., 1989: Anatomie des Holzes: unter Ben1cksichtigung der Holztechnik. 
Fachbuchverlag, Leipzig, 320 S. 

7. WAGENFUHR, R., SCHREIBER, Chr., 1985: Holzatlas, VEB Fachbucherlag, Leipzig, 
720 s. 

-23-



Vivita Balode1
, Anda Alksne2

, Janis Dolacis2
, Jurijs Hrols2 

1Latvian University of Agriculture, Liela iela 2, L V-3001 Jelgava, Latvia 
2Latvian State Institute of Wood Chemistry, Dzerbenes ie la 27, L V -1006 Riga, Latvia 
tel.: 371-7551314, fax: 371-7550635, e-mail: xylon@.edi.lv 



Changes in the optical properties of birch wood as a result of hydrothermal 
treatment 

Jurijs Hrols1
), Janis Dolacis1)'Dace Cirule1

), Juris Skuditis2>, Am.is Ziverts2>, 
Stanislav Kurjatko3

) 

Latvian State Institute of Wood Chemistry, Riga'l 
Latvian University of Agriculture, Jelgava2

) 

Technical University in Zvolen3
) 

Abstract: The analysis of the plywood market shows that customers prefer birch plywood of 
lighter hues. Light birch wood veneer logs are exported to Latvia from Finland as well as the 
Novgorod region, Russia. 

A question arises - why does such a situation emerge? Why is the Latvian birch 
plywood not so light as the birch plywood from Finland? 
To find a solution to these questions, a critical assessment of factors such as different birch 
species and their growth areas, soi! conditions, forest growth types, climatic conditions, soil 
mineral composition, wood structure, its morphological structure and chemical composition, 
etc. is necessary. 

A reflecting spectrophotometer CM-2600d (MINOLTA) as well as a devise designed 
at the Technical University in Zvolen (TUZVO) was employed in the experiments. 
It has been shown that the optical properties ofbirch wood depend on both the species, silver 
birch (Betula pendula Roth.) and downy birch (Betula pubescens Ehrth.), and the conditions 
of the hydrothermal treatment of birch wood, exemplified by silver birch wood. It has been 
shown that downy birch wood is lighter than silver birch wood. Data were obtained on the 
effect of the conditions (water temperature 40 °C, 60 °C, 70 °C, 80 °C and treatment time 6, 
16, 24 and 36 hours) of the hydrothermal treatment of silver birch wood on the visible part of 
the reflection spectrum with the precision ±O.Ol%. 

Keywords: wood optical properties, silver birch (Betula pendula Roth.), downy birch (Betula 
pubescens Ehrh.), wood reflection, hydrothermal treatment 

Introduction 
The investigation of the fumiture market shows that customers cmTently prefer furniture 
made of birch wood of definite brightness. This is especially typical for production of 
plywood. 
To examine how it would be possible to increase the brightness of plywood, it is very 
important to investigate the dependence of the optical properties ofwood in the visible part of 
the spectrum (mainly reflecting) on the hydrothermal treatment of wood (water temperature 
and heating time), as well as the dependence of the optical properties of freshly-cut birch 
wood on the tangential section side (the samples' outside and inside versus the stem centre), 
and also humidity. 
This year, it has been observed in the furniture exhibition in Birmingham (United Kingdom) 
that customers tend to choose birch wood fumiture more readily. Also in the furniture 
exhibition held in Cologne (Germany), the demanding German customer chooses the fumiture 
from birch wood, whose colour does not differ much from that of Canadian maple. However, 
the analysis of the plywood market shows that customers tend to choose birch plywood of 
lighter hues. 
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, Much attention has been recently attached to the optical properties ofwood, especially 
its biightness. It is important to know the optical properties when designing the living-spaces' 
interior and furniture, while it is especially important in plywood production, where 
consumers tend to prefer the whiter Finnish plywood, whose reflection is only by severa! 
percent higher than that for plywood produced in Latvia. 
Knowing that everything is dictated by fashion in the consumers' world, it should be 
remembered that the proper understanding of the consumers' demands and the knowledge of 
the resources' (wood's) properties makes it possible to be aware of one's own possibilities 
and organize an economically attractive production, thus prudently utilizing the greatest 
wealth - forests. 
Hence, it is important to investigate the optical properties of the commercially utilized birch 
species, namely, silver birch (Betu/a pendula Roth.) and downy birch (Betu/a pubescens 
Ehrh.), and to elucidate the .factors that affect the optical properties of wood. When 
considering the plywood production process, it can be seen that the hydrothermal treatment of 
wood is one of the essential operations influencing the optical properties ofbirch wood. 
Since the oxidation oflow-molecular extractive phenol substances occurs in freshly-cut birch 
wood on the sample's surface after its mechanical processing, then, already in a couple of 
hours, the light sample's surface changes the colour from light white to light brown. 
It is known that wood changes its natura! colour duiing its service time as a result of the effect 
of different factors, including air, light fungal damages, as well as a whole range ofphysical 
and chemical actions in storage and during processing (BOROVIKOV & UGOLEV 1989). 
It has been shown that samples of Japanese cypress (Chamaecyparis obtusa Sieb. Et Zucc.) 
and spruce (Picea sp.), endured at elevated temperatures and humidity, noticeably change 
their colour, turning darker (MITSUI et al. 2001). 

Methods 
It is known that wood is assigned to diffuse scattering radiation materials. Hence, to provide 

the objective measuring of its reflection, it is necessary to observe the scattered radiation. This 
can be achieved with the help of the optical sphere, using which the scattered radiation can be 
gathered and transmitted to a radiation sensor and further registered on a display. Such an 
opportunity is provided by the spectrophotometer CM-2600d (MINOLTA), which measures 
the sample's reflection coefficient with a precision of± O.Ol % in the spectrum visible part 
range 360-700 nm (SPECTROPHOTOMETER CM-2600d). Using such a device, it is 
possible to measure different reflection components of the spectrum. i.e. SCI (Specular 
Component Included) and SCE (Specular Component Excluded). Generally, the colour may 
be expressed in terms of hue, lightness and saturation. The hue cl;;issifies the colour in terms 
of red, yellow, green, etc. Lightness ·can be measured independently of the hue and may be 
represented on a vertical axis with the top showing the brightest and the bottom the darkest 
colours. Saturation, expressing how vivid or dull ·the colour is, may be represented on 
horizontal axes when these three co!our attributes are shown in a three-dimensional system. 
Such a system helps to better visualize the relationship between hue, lightness and saturation. 
To objectively determine the colour, one can either observe the colours to make visual 
comparisons to the selected standards or use one of the more scientific methods of 
colorimetry (RESCH et al. 2000): 
the XYC tristimulus values and the associated Yxy colour space form (the base of the present 

colour space as defined by the Commission Internationale de l'eclairage, CIE); 
the L * a* b* colour space method, the very popular CIE lab-system; 
the L *C*h colour space which uses cylindrical coordinates (C* is chroma and h the hue 
angle) instead of the rectangular ones oftheL*a*b* colour space or 

-26-



spectrophotometry measuring the reflection of an object that is illuminated within the range of 
a selected spectrum. 
According to the three component. theory of colour vision, the eye is able to receive the three 

primary colours, red, green, and blue, and all colours seen are mixtures of these. As defined 
by CIE, the XYC tristimulus values can be calculated by using the colour-matching functions 
or x(s), y(s) and z(s) with high sensitivities in the red, green and blue wavelength regions, 
respectively, as seen by a "Standard Observer". The CIE also defined a colour space for 
graphing the colour in two dimensions indepedent of the lightness. This Yxy colour space 
contains the tristimulus value Y which is identical to lightness as well as the chromaticity 
coordinates x, y calculated from the tristimulus values XYZ. The results of colour 
measurements can then be visualized in the CIE xy chromaticity diagram for the colour space 
in which the achromatic colours are located toward the centre of the diagram, and the 
chromaticity increases toward the edges. 

The L*a*b* - colour space contains L* as lightness and a* and b* as chromaticity 
coordinates with +a* and- a* the red and green as well as+ b* and- b* the yellow and blue 
directions, respectively. The a* and b* values increase from the achromatic centre of the 
space outward with increases in the saturation of the colour. 

To determine the reflection coefficient L * in the visible part of the spectrum, 22 
samples were used from both silver birch and downy birch woods, with the dimensions in the 
axial, tangential and radia! directions 20 mm, 80 mm and 10 mm, respectively (Table 2). 

Experiments on the optical properties of silver and downy birch wood were also made 
at the Zvolen Technical University (TUZVO), the Department of Wood Science, using an 
original colorimeter. The measurements were made in the following spectrum regions: red, 
green and blue. Sample dimensions were 60 x 60 x 10 mm (axial - 60 mm, tangential - 60 
mm and radia!- 10 mm). The sample number was 16 from each species. The obtained results 
were processed using the programs "Color" and "Lucia". Both these programs were shown to 
give rather similar results, therefore data obtained using the program "Lucia" are provided in 
the present paper (Table 3). 
In hydrothermal treatment experiments, two kinds of samples sawn out .from silver birch 
veneer log (top-end diameter 50 cm) sapwood were used, namely, small (40 x 40 x 10 mm) 
and large (120 x 120 x 120 mm). 
Since an area with at least 0 8 mm is necessary for diffusion reflection measurements, the 
small samples with the dimensions (in axial, tangential and radia! directions) 40 x 40 x 10 mm 
were used, which had a direct contact with water. 
Samples with the dimensions in the tangential, axial and radia! directions 120 mm, 120 mm 
and 10 mm, respectively, were sawn out from the larger hydrothermally treated samples (120 
x 120 x 120 mm), which were processed under the same conditions. Thus, samples were 
obtained, which had no direct contact with water, which actually occurs in commercial veneer 
log hydrothermal treatment pool~. 

Modelling of the wood hydrothermal treatment process 
To determine the dependence of the optical parameters of birch wood on the water 

hydrothermal treatment conditions, the samples were treated in thermostats under mild 
hydrothermal treatment conditions at 40 °C, under severe hydrothermal conditions at 80 °C, 
and at intermediate temperatures of60 °C and 70 °C (Table 1). 
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Table 1 
Birch wood samples hydrothermal treatment time and water temperature 

Heating time, h 16 24 36 24 24 6 16 24 36 

Temperature, °C 40 40 40 60 70 80 80 80 80 

Reflection was measured for samples of both types after the hydrothermal treatment 
immediately after taking them out from the thermostat and weighing. Then they were left to 
stay on a laboratory table at room temperature, and, after a certain time, the measurement was 
repeated, thereby determining the reflection value deperiding on moisture. 

When the samples' moisture was close to the room equilibrium moisture content, a 
half of the samples was sanded, thereby removing the oxidized layer. This made it possible to 
elucidate the optical parameters of wood after its hydrothermal treatment. The measurement 
of the parameters ofthese samples was similar to that ofnon-sanded samples. 

Results and Discussion 
Reflection coefficients for wood of different silver birch and downy birch species are 

shown in Table 2. 

Table 2 
Reflection coefficients for wood of different silver birch and downy birch species 

Reflection L*, % 
Silver birch Downybirch Silver birch Downvbirch Silver birch Downvbirch 

82.29 85.40 83.74 83.87 82.66 87.91 
83.25 85.44 83.13 84.25 82.48 86.29 
82.87 84.85 83.19 86.93 80.34 86.15 
82.37 86.25 81.00 85.14 78.52 86.20 
82.46 83.51 80.40 86.77 82.44 86.64 
83.49 83.56 77.68 87.99 83.66 85.75 
78.28 84.23 79.48 86.14 - -
80.58 85.14 83.90 84.80 - -

Average values L*: silver birch - 81.74 %, downy birch - 85.60 %, the difference 
makes up 3.86 %. Based on the statistical processing of these data, it is assumed that at the 
probability P = 95 % and P = 99 %, the difference between the average values of the 
reflection coefficients of downy birch and silver birch is significant. 

The values of brightness for wood samples of different birch species (16 from each 
species), obtained using the "Lucia" technique developed by TUZVO, are shown in Table 3. 

Table 3 
Brightness ofwood for silver birch and downy birch growing in Latvia 

Species Spectrum region 
Red I Green I Blue 

Silver birch 246 I 227 I 196 
Downvbirch 238 I 212 I 180 

It can be seen that downy birch wood is lighter in comparison with silver birch wood 
in all the three spectrum regions. 
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In plywood production, the hydrothennal treatment time is crucial, therefore, it is 
important to know, how the hydrothermal treatment time affects the wood brightness. To 
elucidate this, the reflection offreshly-cut birch wood versus the hydrothermal treatment time 
under mild hydrothennal treatment conditions at +40 °C and severe conditions at +80 °C, as 
well as at the intermediate temperatures +60 °C and +70 °C, was measured. The small 
samples, after the hydrothermal treatment, were dried to the oven dry state, and, without 
grinding, reflection was measured from both inside and outside. Reflection was measured also 
for parallel non-ground samples in the oven dry state without hydrothermal treatment (Table 
4), where reflection values are presented as average ones from 8 samples. 

Table4 
Reflection ofbirch wood samples prior to and after hydrothermal treatment 

Temperature Measurement L * after processing, % L* without processing, % 
and time scheme Outside Inside Outside Inside 

40 °C; 16 h SC! 65.05 63.18 83.63 83.04 
SCE 64.57 62.72 83.03 82.43 

40°C; 24h SC! 65.81 65.69 83.25 82.55 
SCE 65.36 62.97 02.62 81.90 

40°C; 36h 
SCI 64.54 64.96 82.92 82.94 
SCE 64.08 64.55 82.27 82.37 

60°C; 24 h SC! 61.40 62.30 74.80 75.26 
SCE 61.11 61.97 74.27 74.65 

70°C; 24 h SCl 62.27 62.86 75.93 75.59 
SCE 62.04 62.63 75.56 75.19 

80 °C; 36 h SCl 62.72 62.38 74.03 74.40 
SCE 62.50 62.20 73.83 73.95 

80°C; 6 h 
SCI 67.57 66.35 77.11 77.02 
SCE 67.37 66.14 76.69 76.67 

80°C; 24 h 
SC! 64.66 61.80 75.53 76.33 
SCE 64.52 61.62 75.11 75.95 

80°C; 16h 
SC! 65.72 62.11 76.43 75.34 
SCE 65.59 61.94 75.88 74.91 

It can be seen that, as the hydrothermal treatment time increases at one temperature, 
the reflection of freshly-cut birch wood decreases both for small and large samples (Figs. 1 
and 2). For samples heated at +40 °C for 16, 24 and 36 hours, these parameters for oven dry 
wood differ moderately, namely, by 1.68 % according to SCI and by 1.71 % according to 
SCE. Apart from this, the curve is slightly bended, which means that, at the greater heating 
time, brightness at first tends to decrease, and then grows again. 
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Fig. 1. Reflection of small samples versus the treatment time at the temperature + 40°C 
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Fig. 2. Reflection of large samples versus the treatment time at+ 40 °C 

For small samples subjected to the hydrothermal treatment at +80 °C for 6, 16, 24 and 
36 hours, as the samples' heating time increases, reflection decreases linearly. This difference 
between the treatment time 6 hours and 36 hours makes up even 4.40 % according to SCI and 
4.19 % according to SCE (Fig. 3). 
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Fig. 3. Reflection of small samples versus the treatment time at the temperature + 80 °C 

For large samples, this linear dependence is less pronounced (Fig. 4). 
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Fig. 4. Reflection of large samples versus the treatment time at the temperature + 80 °C 

-30-



It is important to elucidate the dependence of the birch wood reflection on 
temperature. Therefore, the temperature range from +40 °C to +80 °C and the samples' 
endurance time 24 hours were chosen in the experiment. Summarizing the data, it can be seen 
(Figs. 5 and 6) that the wood reflection is essentially dependent on the wood hydrothermal 
treatment temperature, and it is the highest at +40 °C. As the hydrothermal treatment 
temperature increases to +80 °C, the reflection capacity of wood decreases dramatically to 70 
°C, and then starts to grow again. 

Depending on the hydrothermal treatment conditions, wood reflection can increase or 
decrease even by 8.89 % according to SCI and 8. 61 % according to SCE. 
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Fig. 5.Reflection of small samples versus the treatment temperature at the endurance time 24h 
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Fig.6. Reflection oflarge samples versus the treatment temperature at the endurance time 24 h 

Conclusions 
1. An essential difference between the reflection of the woods of different birch 

species or their brightness was observed. Such a difference was observed between 
silver birch (Betula pendula Roth.) and downy birch (Betula pubescens Ehrh.) in 
the visible range of the reflection spectrum. This was ascertained by two different 
methods, i.e. the original "Lucia" method developed at TUZVO (Technical 
University in Zvolen, Department of Wood Science) and by the spectrophotometer 
MINOLTA CM- 2600d. It has been shown that, in the case of the latter method, 
reflection L* for downy birch is 85.60 %, while that for silver birch is 81.74 %, 
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and the difference is 3.86 %. In this case, it is significant, with the probability P = 
95 % as well as P = 99 %. 

2. A close correlation between the silver birch wood hydrothermal treatment 
temperature and the wood reflection L * was observed. As the wood hydrothermal 
treatment temperature was increased from +40 °C to +70 °C, the wood reflection 
decreased, while, in the temperature range from +70 °C to +80 °C, it somewhat 
inćreased. Depending on the hydrothermal treatment conditions temperature, the 
difference between the reflection values reached 8-9. 

3. There is a close correlation between the silver birch wood hydrothermal treatment 
time in the case of severe conditions (+80 °C) and the wood reflection, i.e. as the 
hydrothermal treatment time increases, reflection tends to decrease linearly. In the 
case of the mild conditions (+40 °C) of the hydrothermal treatment, the c01Telation 
between the hydrothermal treatment time and reflection, on the average, is close, 
namely, as the hydrothermal treatment time increases from 16 to 30 hours, the 
reflection value tends to decrease, while, as the hydrothermal thermal time exceeds 
30 hours, it tends to increase again. 

4. There is no essential difference between the reflection values for a silver birch 
wood sample in the tangential cut on the sample's side directed to the centre (the 
inner side) and the side directed to the periphery (the outer side). 

5. A difference between the optical properties of silver birch wood for the small 
samples (whose surface is in close contact with the hydrothermal treatment agent, 
water) and the large samples (whose surface is not in direct contact with the 
hydrothermal treatment agent, water) depending on the hydrothermal treatment 
conditions was observed (Figs. 1-6). This is explained by the fact that, in birch 
wood, which is in close contact with water, the oxidation of low-molecular 
extractive phenol substances occurs, which is hampered as a large wood sample is 
subjected to hydrothermal treatment. 
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Abstract: As a result of the assessment of the physico-mechanical characteristics of 
Norway spruce (Picea abies L. Karst.) growing in the western part ofLatvia, its strength 
properties have been shown to be considerably higher than those specified in the 
normative and technical documentation of Germany (DIN 68 364) and Russia (rccc.n; 
237-87). For example, the compression strength along the fibres, bending strength, 
Young's modulus and density, on the average, exceed the specified indices by 24 %, 31 %, 
28 %, and 10 %, respectively. 

Keywords: Nmway spruce, Picea abies L. Karst., wood properties, density, Young's 
modulus, bending strength, compression strength. 

Introduction 
Forests, occupying 45 % of the Latvia's tenitory, are one of the main riches of this 

country (FOREST INDUSTRY OF LATVIA 2000; LATVIAN STATE FORESTRY 
2001). Norway spruce (Picea abies L. Karst.) ranks third in terms of importance among 
other tree species in Latvia. The popularity of spruce wood both in Latvia and abroad, 
especially in many European countries, is explained by a wide range of its applications 
such as building, finishing work, manufacture of furniture and musical instruments, in the 
pulp-and-paper industry and other fields. This dictated the many-year studies of the 
physico-mechanical and technological properties of spruce wood. 

Unfortunately, until recent times, the systematic studies on spruce wood as well as its 
physico-mechanical and technological properties were lacking in Latvia, and it is only 
recently that the comprehensive studies on the properties of spruce wood depending on the 
growth conditions and other factors have been launched. 

The aim of the present study was the preliminary assessment of the mechanical 
properties of spruce wood growing in the Westem part of Latvia, in particular, 
compression strength along the fibres, bending strength, as well as modulus of elasticity in 
flexure. 

Apait from this, the obtained parameters of the mechanical properties of spruce wood 
were compared with similar indices for spruce wood in the neighbouring countries such as 
Germany, Russia and Belarus. 

Methods 
Spruce wood for the studies was logged in dry forests in a range of forest-divisions in 

Westem Latvia. 
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The samples were prepared according to the methods described in (NIEMTZ 1993; 
P@ZGAJ et al. 1997; UGOLEV 2001). 

Accordlng to the scheme accepted in our techniques, each stem was sawn throughout 
the stem height into 4 parts, namely, butt-end, as well as 114, 1/2, and 3/4 of its height. The 
top part (3/4) was not used in our experiments owing to the small cross-sectional 
dimensions and the problems of producing the required samples. Samples were taken from 
spruce trees corresponding to the Kraft Class II according to the classification accepted in 
Latvia. It means that these trees occupy the leading place in stands. 

To determine the physico-mechanical characteristics, the following German standards 
were chosen: DIN 52 182 for density, DIN 52 185 for compression strength along the 
fibres and DIN 52 186 for bending strength and Y oung's modulus. 

Mechanical parameters were determined on a testing machine ZWICK/ZlOO, 
equipped with a computer with a special program, displaying graphically the process of 
loading and destruction of each standard sample, with the automatic input and storage of 
these data in the database. 

Samples with the following dimensions were cut out for testing: for determining 
compression strength (in a tangential direction T - 20 mm, in a radia! direction R - 20 mm 
and in long'itudinal direction Axial- 30 mm), for determining bending strength and 
Young's modulus (T - 20 mm, R- 20 mm and Axial - 360 mm). 

To determine the mechanical and elastic characteristics of wood, samples from both 
the sapwood and inner part of the stem were used. 

Results and Discussion . 
Table 1 shows the mean values of some physico-mechanical properties of spruce 

wood growing in dry forests of Westem Latvia. 
Table 1 

Mean values of the physico-mechanical prope1iies of spruce wood 

· lndices Unit of measure lnner part of the Sapwood Mean value 
stem 

Density Kg/m' 506 508 507 

<Compressive MPa 56.3 55.5 55.9 
strength along 
the fibres 
Bending strength MPa 106.45 106.40 106.42 

Young's GPa 13.69 13.64 13.66 
moduł us 

An analysis of the data obtained by us and their comparison with the results of other 
researchers (KOLLMANN & COTE 1968; NIEMZ 1993; POZGAJ et al. 1997; UGOLEV 
2001) shows that the main strength parameters (compression strength and bending 
strength) are closely connected with the density ofwood. 

Th us, in the cross-section of the butt-end part of the stem, wood density both in the 
inner part (closer to the heartwood) and its outer part (sapwood) remains practically 
unchanged. The same is valid for the strength characteristics, i.e. compression strength 
along the fibres and bending sh·ength as well as Young's modulus. 

The analysis of the experimental results shows a clośe correlation between the 
density of spruce wood and its modulus of elasticity in flexure, as well as the ultimate 
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strength in compression and ultimate strength in bending. The linear correlation 
coefficient for the specified characteristics is within 0.74-0.85. A close correlation 
between the modulus of elasticity in flexure and the ultimate strength in compression 
along the fibres as well as ultimate strength in bending (within 0.80-0.93) was found. 

Other sections of the stem at the heights (1/4, 1/2) show a similar pattem. 
Thus, we observed no distinctions in the strength characteristics of spruce wood both 

in the inner (sapwood) and outer (close to the centre) parts of the stem. This confirms 
again the known regularity that the mechanical properties of ripe wood are even 
throughout the cross-section of the stem. 

An analysis of the distribution of density and the strength characteristics variations 
throughout the height of the stem has shown that the lowest density ofwood was found for 
the butt-end part of the stem (Table 2). The lowest mechanical strength indices for spruce 
wood were also found 

Table 2 
V .. h h . h . 1 f anat10ns m t e p ys1co-mec amca properties o spruce woo dh h h t roug out t e stem 

Relative height of the Density, Ultimate strength, MPa Modulus of 
st em Kg/m3 elasticity in flexure 

in comoression in bending E,GPa 
Butt-end 502 53.7 105.3 13.17 
0.25 508 56.3 108.0 13.95 
0.50 542 60.2 112.9 14.64 
0.75 525 54.2 105.7 13.55 

With an increase in the stem height, the density and mechanical characteristics for 
spruce wood gradually increase up to the middle of the stem, where they reach a 
maximum, then decrease again to 90 % from the maximum value of the compression 
strength along the fibres, to 94 % for ultimate strength in bending and 92.5 % for modulus 
of elasticity in flexure. At the same time, accordingly, the density value decreases to 96.9 
% from the maximum value. 

To compare the values of physico-mechanical characteristics for spruce wood 
growing in the Westem part ofLatvia, let us correlate them with the corresponding indices 
for spruce wood growing in the neighbouring countries at the standard moisture 12 % 
(Table 3). 

Table 3 
Comparative data of the physico-mechanical characteristics for spuce wood in some 

t t european s a es 
State and reference Ultimate strength, MPa Modulus of elasticity 

in flexure Density, 
in compression in bending E,GPa Kg/m3 

Gennany 
[4] 40.0 68 IO.OO 470 
[9] 50.0 78.0 I I.OO 455 

Central districts of the 
European part of Russia 
rI41 45.0 78.6 9.60 445 
Belarns [141 45.2 74.5 9.69 465 
Leru112TI1d region [14] 49.3 83.4 - 475 
Lithuania fl41 47.5 81.6 - 465 
Ukraine [141 44.0 80.7 - 426 
Latvia. 55.9 106.42 13.66 507 
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As follows from these data, the strength characteristics for Norway spruce obtained by 
us are, on the average, higher than those for other European regions, namely, compression 
strength by 24 %, bending strength by 31 %, modulus of elasticity in flexure by 28 % and 
mean density by 1 O %. 

As follows from the data obtained, the comparison of the mechanical properties of 
spruce wood only with density is somewhat superficial, which is testified by the 
cytochemical reactions in the deformation sites, performed (MOSKALEVA 1957; 
ERINSH 1998) to study the residua! submicroscopic capillarity of wood fibres, in 
particular, late tracheids. 

Conclusions 
For sprnce wood under study, the density and mechanical parameters do not 

change in the cross-sectional direction from the middle part of the stem towards the bark. 
As the height of the stem increases, density and mechanical parameters tend to 

grow from the butt-end to the middle of the stem, then these parameters somewhat 
decrease. 

Compression strength along the fibres for the wood of spruce growing in the 
Westem part ofLatvia as well as ultimate strength in bending and modulus of elasticity in 
flexure are higher than those in the neighbouring states 
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Physical properties and anatomical structure of pine wood 
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Abstract: The present paper considers variations in the values of the annual ring 
parameters and physical prope1ti~s of the wood of the main forest species in Latvia -
common pine (Pinus sylvestris L. ), depending on three factors - forest growth conditions 
(dry, wet and drained forest types), the growth region in Lat.via (Central, Vidzeme, 
Kurzeme, Latgale) and the localization of a wood sample in the stem. Wood samples were 
taken at the stem butt-end (Ho) - )t.;, 1h and % of the height (H) in its sapwood, core and 
juvenile parts. Average annual ring width (Gp1), the share of late wood in the annual ring 
(Gvk"1o), double cell waU width and diameter oftracheids both in early (T2w_ak. TR_ak) and 
late (T2w_vk. TR_vk) wood, tracheids length (TL), wood density in the oven dry state (Po), 
wood linear swelling in tangential ( CX.1g) and radia] ( O'.ract) directions, volume swelling ( O'.v) 
as well as wood linear shrinkage in tangential (~tg) and radia! (~rad) directions, volume 
shrinkage (~v), water absorption (Wa) and wood moistening (Wm) were established for 
samples. A comparative analysis of the data obtained shows that, in the majority of cases, 
the greatest effect on the pine wood properties formed is exerted by the localization of a 
wood sample in the stem and forest growth conditions, but not by belonging of a pine 
growth site to different growth regions in Latvia. 

Keywords: pine, wood, anatomical structure, physical properties 

lntroduction 
Forests are among Latvia's greatest riches. Forest wood resources are only a few of 

the renewable resource types on the globe. Therefore, most comprehensive information is 
necessary both about forests on the whole and on their main product, wood. The problem 
of forests, as well as the role they play in human and social life, has become urgent in the 
last decade, since forests are not regarded any more only as a wood resource, but are 
closely connected with categories such as ecology, recreation, landscape, etc. 

Latvia can be proud of its forest resources - forests occupy 2.89 million ha or 44.7 
% ofits territory, with a total stock volume of 545.9 million m3 (SILTh,rS 2000). From the 
earliest times, common pine (Pinus sylvestris L.) has been the most widespread tree species 
in Latvia. Even now, pine stands occupy the greatest part of Latvia' s forest territory - 38.0 
%, with the total volume 233.3 million m3

. Unfortunately, exhaustive information on the 
pine wood structure and properties is currently lacking. It should be mentioned that, in 
Latvia, the technical properties of pine growing on its territory had been investigated in the 
1920s (KALNTh,rS 1930), although, in compliance with the requirements ofthat time, most 
attention was concentrated on the investigation of the physico-mechanical properties of 
wood. Therefore, already after World War II, the same author suggested that a deeper 
study of the structure and properties of pine wood and the wood of other tree species be 
carried out (KALNI~S 1949). 
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Goals and tas ks of the study 
The goal of the present study was to give the main anatomical structure parameters, 

such as annual ring width (Gp1), share of late wood in the annual ring (Gvk%), tracheid 
length (TL), its double wali width and cross-sectional dimensions in the radia! direction for 
early (T2w_ak, TR_ak) and late wood (T2w_vk, TR_vk) of Pinus sylvestris L. growing in 
Latvia's territory, and its physical properties, such as wood density (00), volume swelling 
(L~v) and shrinkage (~.Jv), wood linear swelling in radial (lJract) and tangential (D1g) 
directions, wood linear shrinkage in radia! (iJrad) and tangential c~·ltg) directions, as well as 
water absorption (Wr.) and wood moistening (W m) characteristics. 

So that these characteristics be as exhaustive as possible, the effect of the main 
factors on the values of the above-mentioned wood parameters should be taken into 
account. Based on the data available in the literature (WAGENFUHR 1988; KRUSSMAN 
1983) as we11 as the generally accepted theoretical conclusions, w6od growth conditions 
(forest types), the localization of the wood sample in the tree stem, as well as the growth 
region, were taken as these factors. Thus, the task of the present study was to ascertain the 
variations in the values of the investigated parameters as a result of the effect of the above­
mentioned factors and to establish the extent ofthis effect. 

Wood as a materia! possesses different properties, whose values are determined by 
the structure peculiarities, as well as the form, sizes, structural arrangement, etc. of its 
anatomical elements. To establish the existing regularities among them, the task of the 
study was also to determine the correlations and the significance oftheir effects among the 
anatomical parameters of the investigated wood. 

Methods 
Latvia's territory is not too great, to be 64.5 thousand km2

• However, based on the 
existing scientific conclusions on the suitability of individual tree species to different 
ecological and climatic conditions, with the aim to preserve the ecological stability of 
forests as well as their adaptability and stability against antropogeneous stress factors, the 
following testing sites were chosen throughout the whole Latvia's territory, namely, in the 
vicinity of Misa, Tome, S~iltene, Saule, Liepupe, Silene, Rinda, Ance, Slitere, Rucava and 
Pampa!i in compliance· with the methods developed in the research programs of the 
Latvian Council of Science "New Materials of Wood and Plant Origin" and "Theoretical 
Models ofMultifunctional Forestry in Latvia". 

Based on the Latvian forest typology, three groups offorest growth conditions were 
differentiated (Table 1), namely, d1y (Vacciniosa), wet (Sphagnosa), and drained 
(Cladinosa Callzmosa) forests types where sample sites were chosen for taking pine wood 
samples. 
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Table 1 
Distribution of pine forests in terms of growth conditions 

Forest area Growing stock 

thousand % million % 
ha m3 

Dry forest types 635.4 59.6 149.1 63.9 

W et forest types 226.7 21.3 40.4 17.3 

Drained forest types 203.0 . 19.l 43.8 18.8 

Total 1065.l -, ' 233.3 

To characterize each sample site, it was envisaged to use three sample trees. In 
terms of their parameters, the chosen and sawn down sample trees complied with the 
growth characterization, i.e. these were healthy trees, with normal formation of the crown, 
conforming to Kraft Class 2. 

As the task of the study, it was supposed to determine the values of anatomical 
parameters and physical properties in different parts of the stem. Knowing that the chosen 
sample trees would be of different height and dimensions, a method for crosscutting of the 
obtained stems and wood sample selection was necessary that would later enable the 
comparison of the values obtained. Thus, the stem crosscutting (Fig. 1) was performed in 
four places, namely, at the butt-end (Ho), which provides the most exhaustive information 
on the tree growth history, and at the stem height relative units: Y-1 H (bold timber 
assortment), Yi H (small-dimension timber assortment), and '.)4 H (paper wood assortment). 

Ho ;4H YzH %H 

[ 11 Il 1·1 j H 

Fig. 1. Scheme of stem sampling 
In its tum, to determine the values of the anatomical parameters and physical 

properties of wood in the stem cross-section, radia) core board blanks were sawn out from 
the cuts obtained as a result of crosscutting (Table 2). These sawn out blanks made it 
possible to prepare wood samples for determining of both anatomical parameters and 
physical properties. 

juvenile wood 

heartwood 

sap wo od 

Fig. 2. Pine wood sample selection in the stem cross-section 
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All the studies on the wood anatomical structure and the determination of its parameters 
were pe1f01med according to conventional methods applied in wood structure studies, 
which are widely described in the literature (JATSENKO-KHJVIBLEVSKY 1954; 
CHA VCHA V ADZE 1979; WAGENFUHR 1988). In its tum, the determining of the 
physical properties ofwood was based on DIN Stanrlards (1991). 
To process the results of the studies, descriptive statistical parameters, as well as 
correlation analysis and dispersion anałysis were employed (ARKHIPOVA et al. 1997; 
LIEPA 1974). 

Results and discussion. 
The examination of the obtained values of pine wood anatomical parameters and 

physical properties was started with the generał information on the data obtained for all 
sample trees used in the study (Tables 2, 3). This was carried out with the aim to 
demonstrate the total average, minimum and maximum values of the investigated 
parameters as well as the relative spread of separate measurements (variation coefficient) 
around the average value, and to find the study's precision index that characterizes the 
spread of the sample group's average values around those of the generał group. Apart 
from this, the number of measurements made is also given, which, as a matter of fact, 
shows also the number of sites where separate wood samples were taken (total number of 
separate measurements made - 48000 for tracheid parameters, 10000 for annual ring 
parameters, and 20000 for physical properties ofwood). 

Table 2 
Vl a ues o f h h . 1 f . t e pi ys1ca propert1es o pme woo d 

Po Olrad O'.tg O'.v ~rad ~tg ~V Wm Wu. 

kg/m3 % % % % % % % % 

Average value 480 4.1 8.7 13.0 3.8 7.6 11.2 20.3 172 

Minimum value 340 0.6 3.6 6.5 0.2 1.0 2.4 10.4 86 

Maximum value 750 9.4 12.8 22.1 6.7 11.0 17.8 27.5 253 

Number ofmeasurements 297 297 297 297 250 250 250 282 299 

Variation coefficient, % 14.4 29.3 20.7 20.8 34.2 21.1 23.2 8.4 16.9 

Precision of the study,% 0.8 2.4 1.1 1.5 2.6 1.3 1.8 0.5 1.2 
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Table 3 
Vl f h a ues o t . 1 e anatom1ca parameters o f . pmewoo d 

Gpt Gvk% TRak TRvk Tzwak Tzwvk TL 
mm % mkm mkm mkm mkm mm 

Average value 1.69 30.0 37.46 25.33 4.53 7.1 3.44 

Minimum value 0.27 10.5 18.60 15.52 2.51 3.3 1.52 

Maximum value 5.19 57.6 66.65 61.10 8.13 12.2 4.38 

Number ofmeasurements 236 143 155 155 199 199 123 

Variation coefficient, % 53.3 35.7 21.8 26.7 23.6 23.2 15.7 

Precision of the study,% 3.6 3.0 1.8 2.1 1.8 1.7 1.5 

Tables 2 and 3 show that, for the majority of the investigated ,parameters, the variation 
coefficient exceeds 20 %, and the maximum value is shown by wood annual ring width 
(55.3 %). Similar variation coefficient values have been established by R.Wimmer in his 
study on pine wood (WIMMER 1991): p0 - 12.9 %; swelling parameters 18.3-276 %, Gpt -
49.2 %, Gvk% - 28 %. Despite the sufficiently high variation coefficient values, the 
precision index of the study is up to 3.0 %, which is indicative of a good precision, while 
only Gp1 shows 3.6 %, which is also classified as fully satisfactory precision 
(ARKHIPOV A 1997). 

Correlation between the values of anatomical parameters and physical properties 
On the basis of all sample wood data, a pair correlation analysis of the anatomical 

parameters of the investigated wood was made. 
The results obtained (Table 4) show that, since an essential correlation exists 

among all physical properties of wood, the majority of them ( except Wu) show a positive 
correlation. Almost that close correlation, both among them and with the physical 
properties of wood, is shown also by the values of annual ring width and the share of late 
wood in the annual ring. This indicates that certain regularity exists between these wood 
properties and structure parameters, which has an essential effect on their mutual 
variations, both ąualitative and ąuantitative. The problem of the interrelation between 
wood density and annual ring width has been widely analyzed (WIMMER 1991; 
BOSSHARD 1974). It has been stated that, although annual ring width has a negative 
effect on the wood density value, the share of late wood in the annual ring shows even a 
closer positive c01Telation with wood density. Based on the data gained in this study (Table 
4), it has been established that annual ring width has a negative action on the wood density 
value (correlation coefficient -0.33). However, the share of late wood in the annual ring 
(correlation coefficient +0.61) exerts a higher and positive effect on the annual ring width 
value. Hence, it is exactly the share of late wood in the annual ring, and not the annual ring 
width that may be regarded as the most essential factor goveming wood density. 
Wood tracheid parameters also form sufficiently close positive correlations among 
themselves (Table 4), although not so unambiguous as those established between the 
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CmTelation between the values of the anatomical parameters and physical properties ofpine wood 

,~:>'.:</;~ Po O'.rad O'.tu av 13rad 13tg 13v Wm 
Po 

"'·.:; .. ·:···· . -: i': k:>.60** P.53** b.63** 0.63** 0.52** 0.59** -0.02 

O'.rad l;?;'?r;;~ P.49** K>.79** 0.72** 0.42** 0.58** 0.24** 
O'.tg ... · .. '::. 0.89** 0.44** 0.79** 0.67** 0.27*~ 

av 
••. ·h·%:C:::i'ó;': 'n,71 0.75** 0.78** 0.29** 

13rad t~~~~s~~~t~iV.; 0.66** 0.88** 0.25** 
Bi„ }~Ji;f J!!·'<~i· 0.92** 0.25** 

13v ę~~·~:/',· :; 0.26** 
Wm :.··· ·<.'·<' 
Wrr 
Goi 

Gvk% 

TRak 

TRvk · 

Tzwak 

Tzwvk 

TL 

** - significant correlation of the result at the level of confidence 99% 

* - significant correlation of the result at the level of confidence 95% 

Wu Goi Gvk% 

-0.89** -0.33' 0.61** 

-0.57** -0.30 0.46** 
-0.44** -0.41 0.56** 
-0.55** -0.37 0.61 ** 
-0.57** -0.40 0.49** 
-0.45** -0.41 0.56** 
-0.53** -0.42 0.58** 
0.06 -0.24 0.15 

l•,:c;~;\:~''i.' 0.25 0.56** 
~'$~(·:;:S 0.44** 

,„ .....•. •. „.„ .. , 

Table4 

TRak TRvk Tzwak Tzwvk TL 

0.06 -0.04 0.11 0.14 -0.27* 

0.03 0.06 0.19* 0.15 O.Ol 
0.19 0.05 0.21 * 0.25** 0.02 
0.18 0.08 0.22* 0.23** O.Ol 
0.06 0.09 0.21 * 0.07 0.01 
0.10 0.13 0.30** 0.13 -0.08 
0.10 0.16 0.33** 0.12 0.05 

-0.11 0.13 O.Ol -0.05 0.06 
-0.08 -0.06 -0.21 * -0.19* 0.25* 
-0.11 -0.09 -0.23** -0.25*~ -0.12 
0.40** 0.24 0.46** 0.57** 0.11 

i:;:~:~_.:,~;~::·: 0.20 0.35** 0.37** 0.25* 
·?t.~W~? 0.17* -0.02 0.15 

·zz;~~g::.: 0.69** 0.20* 

·>/•''>'~ 0.17 
~·lr,~t:r: 



physical properties of wood and annual ring parameters. Apart from this, an essential 
positive correlation between tracheid double wall width and radia] cross-sectional values, 
and the values of the share of late wood in the annual ring is established, which suggests 
that the share of wood substance in the tracheid grows as the wood with larger trachei ds is 
formed. 

Variations in the values of wood anatomical parameters and physical properties 
throughout the wood stem 

The fact that the values of wood parameters vary considerably already throughout 
the tree itself has been observed long ago (KALNI~S 1930). The data obtained in the 
present study on the variations in the values of pine wood anatomical parameters and 
physical properties in the axial direction of the tree stem and its cross-section, and those on 
the significance ofthese variations are tabulated in Tables 5-8, where average values of the 
parameters under examination and the critical Fischer value of the performed dispersion 
analysis (Fcrit) are presented, the Fischer ratio (F) is calculated, and it is demonstrated 
whether the dispersion analysis shows the essential effect of the mentioned factors ( +) on 
the values of the investigated wood parameters and properties or not(-). 

Table 5 
VI a ues o fth h . I f f . et 1vs1ca nroner 1es o pme woo d. th t . Id" t" m es em axia 1rec 1on 

Po O: rad O:tg av ~rad ~tg ~V Wm Wn 

kg/m3 % % % % % % % % 

Ho 547 4.6 9.4 14.l 4.3 8.1 12.1 20.0 144 

)(; H 486 4.3 9.3 14.0 4.2 8.2 12.1 20.4 170 

YzH 452 3.8 8.6 12.6 3.6 7.6 10.9 20.4 183 

f.!H 432 3.6 7.7 11.5 3.3 6.6 9.6 20.4 191 

F 70.77 12.12 15.03 17.55 11.38 14.97 14.95 0.89 59.34 

Fcnt 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 

Significance + + + + + + + - + 

Table 6 
V I a ues o fth t . I e ana om1ca parameters o f . nnewoo d. th t . Id" m es em axia 1rection 

Gp1 Gvk% TRak TRvk Tzwak Tzwvk . TL 
mm % mkm mkm mkm mkm mm 

Ho 1.63 34.1 37.94 24.99 4.74 7.44 3.33 

:4 H 1.80 28.8 39.21 29.17 4.87 7.04 3.23 

YzH 1.90 23.6 36.92 24.10 4.23 6.96 3.62 
-

f.!H 1.75 23.6 35.96 25.53 4.18 7.03 3.58 

F 0.67 8.17 0.71 2.07 5.05 1.11 2.72 

Fcrit 2.66 2.69 2.66 2.66 2.65 2.65 2.68 
Significance - + - - + - + 

The data presented in Tabl es 5-8 show that the localization of the wood sample in 
the tree stem is a very essential factor, which affects the values of wood anatomical 
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parameters and physical properties. Thus, essential changes are found in the tree stem 
cross-section (juvenile and core wood, as well as sapwood) for all wood parameters under 
study. However, no essential changes are found in the wood stem axial direction for a part 
of tracheid cross-section parameters, as well as for wood annual ring widths. 

Table 7 
V I a ues o fth h ' I t' f . e p iys1ca proper 1es o pmewoo d. th t t' m e s em cross-sec 1on 

Po C<rad C<tg av ~rad ~tg ~V Wm Wrr 

kg/m3 % % % % % % % % 

Juvenile wood 447 4.6 4.7 9.1 2.2 2.3 4.3 18.6 170 

Heartwood 468 3.7 8.3 12.2 3.4 7.1 10.2 19.9 177 
Sapwood 495 4.4 9.4 14.1 4.4 8.3 12.3 20.8 167 
F 7.19 14.86 52.44 33.80 27.25 51.5' 43.6 19.31 3.98 

Ferii 3.03 3.03 3.03 3.03 3.03 3.0 3.0 3.03 3.03 
Significance + + + + + + + + + 

Table 8 
VI a ues o fth . I t f . e anatom1ca parame ers o pme woo d. h mt e steru cross-section 

Gp1 Gvk% TRak TRvk T2Wak T2wvk TL 
mm % mkm mkm mkm mkm mm 

Juvenile wood 2.52 19.6 34.64 25.77 4.16 6.13 3.22 

Heartwood 1.62 33.1 37.99 25.27 4.65 7.74 3.47 
Sapwood 1.07 36.7 39.75 24.95 4.78 7.72 3.62 

F 48.60 37.77 5.61 0.19 6.62 25.40 6.33 

Ferii 3.05 3.08 3.06 3.06 3.04 3.04 3.07 

Significance + + + - + + + 

When examining the mutual variation dynamics of wood density, annual ring width and 
the share of late wood in the annual ring both in the stem axial direction and its cross­
section, it can be seen that the values of wood density and the share of late wood in the 
direction from the tree butt-end to its end decrease, while, in the direction from the wood 
core outward, they tend to increase. On the contrary, in the wood annual ring direction 
from the tree core outward, they decrease, while no pronounced regularities are observed 
in the stem axial direction. This agrees well with the observed correlations among the 
above considered parameters (Table 4). 

Dependence of the values of anatomical parameters and physical properties on tree 
growth conditions ' 

As the effect of the forest growth conditions and growth region (pine origin region) 
was compared, the values ofwood density, annual ring width and the share oflate wood in 
the annual ring were taken (Tabl es 9 and 1 O). As can be seen, no essential effect of the 
growth region was found for any of the above mentioned parameters. 
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Table 9 
Vl f . a ues o pme woo dd ens1ty an d I . . d"ffi annua rmg parameters m 1 erent re~ 10ns o fl atvia 

Po Gp1 Gvk% 

kg/m3 mm % 

Central 552 1.23 36.4 

Kurze me 562 1.17 37.8 

Lat gale 603 1.18 49.2 

Vidzeme 562 1.33 43.5 

F 0.59 0.03 3.34 

Fcnt 2.84 4.74 6.94 
- -

Significance 

Table 10 
VI f . a ues o pme woo dd ens1ty an d 1 . . d"ffi h d". annua rmg parameters m I erent growt con 1t10ns 

Po Gp1 Gvk% 

kg/m3 mm % 
Dry forest types 564 1.24 41.1 

W et forest types 538 1.22 38.4 

Drained forest types 520 1.31 44.8 

F 3.70 0.04 3.70 

Fcnt 3.21 3.27 3.42 

Significance + - + 

For forest growth conditions, the highest average value was found for dry forest 
pine butt-end; in its tum, the values ofboth annual ring width and the share oflate wood in 
the year ring were higher for the drained forest type. The performed dispersion analysis 
shows that forest growth conditions have a profound effect on the values of wood density 
and the share of late wood in the annual ring, not affecting essentially the annual ring 
width. · 

Conclusions 
1. In the majority of cases, the localization of a wood sample in the tree stem, both 

in the vertical and horizontal piane, affects dramatically the values of the anatomical 
structure parameters and physical properties ofwood. 

2. Forest growth conditions (forest type) affect dramatically the values of wood 
density and the share of late wood in the annual ring. 

3. Both the anatomical structure parameters and physical properties of wood show 
essential correlations. 

References 
1. ARKHIPOV A, I., RAMUTE, L. & ŻUKA, L.: Matematiskas statistikas uzdevumu 

risina8ana ar MS Excel. (Solution ofMathematical Statistical Tasks Using MS Excel). 
LLU, Jelgava. 1997, Part 1- 121 p., Part 2 - 98 p. (in Latvian). 

-46-



2. BOSSHARD, H.: Holzkunde: zur Biologie, Physik und Chemie des Holzes. Stuttgart, 
1974, 312 s. 

3. CHA VCHA V ADZE, E.S.: Coniferous Wood. Nauka, Leningrad, 1979, 192 p. (in 
Russian). 

4. JATSENKO-KHMELNITSKY, A.A.: Foundations and Methods of the Anatomical 
Investigation of Wood. Publishers of the Academy ofSciences of the USSR, Moscow, 
1954, 268 p. (in Russian). 

5. KALNH;.JS, A.: Latvijas priedes (Pinus sylvesh·is L.) tehniskiis Tpasibas. (Technical 
Properties ofLatvian Pine (Pinus sylvestris L.) Wood). Mefo departamenta izdevums 
(Edition of Forest Department), Riga, 1930, 134 p. (in Latvian). 

6. KALNI~S, A.I.: Relation between the properties of wood with growth conditions. 
Proc. of the Forest Institute, Moscow, 1949, No. 4, pp. 98-101 (in Russian). 

7. KRUSSMAN, G.: Handbuch der Nadelgeholze. Verlag Paul Parey, Berlin, 1983, 396 
s. 

8. LIEPA, I.: Biometrija (Biometry). Zvaigzne, RTga, 1974, 336 p. (in Latvian). 
9. Normen liber Holz: DIN-Taschenbuch 31. Beuth Verlag, Berlin, 1991, 245 S. 
10. SALIJ':.JS, Z.: Mefa nozare Latvija. (Forest Industry in Latvia). Et Cetera, RTga, 2000, 

36 p. (in Latvian). 
11. WAGENFUHR, R.: Anatomie des Holzes: unter Berlicksichtigung der Holztechnik. 

Fachbuchverlag, Leipzig, 1988, 320 S. 
12. WIMMER, R.: Beziehungen zwischen Holzstruktur und Holzeigenschaften bei Kiefer 

(Pinus sylvestris L.) im N achbereich eines · Fluoremitenten. V er band der 
wissenschaftlichen Gesellschaften Osterreichs, Wien, 1991, 228 S. 

Tytuł:Fizyczne właściwośći i anatomiczna struktura drewna sosnowego. 

Kaspars Skele1
, Anda Alksne2

, Jurijs Hrols1
•
2 

Dace Cirule2
'
1 

Latvian University of Agriculture, Liela iela 2, L V -3001 Jelgava, Latvia 
2Latvian State Institute of Wood Chemistry, Dzerbenes iela 27, L V-1006 Rfga, Latvia 
tel.: 371-7551314, fax: 371-7550635, e-mail: xylon@edi.lv 



Dependence of heat value on moisture for sawdust pellets and chips 

Elmars Tomsons, Janis Dolacis, Jurijs Hrols, Dace Cirule 
Latvian State Institute of Wood Chemistry, Riga 

Abstract: Based on the analysis of the wood elements content for wood of different tree 
species, the thermodynamic properties of chips, and sawdust pellets and granules have 
been established. 
Combustion heat values, depencling on the relative moisture content of wood, are 
presented. Based oh the data available in the literature, employing the calculation 
formulas, the experimental combustion heat values are compared. The calculated 
combustion heat values, determined using the Mendelejev's formula, as compared to those 
determined using a calorimetric bomb, are within the limits of experimental en-or. 
At the relative moisture content of chips 40 % and the boiler efficiency 0.8 1 Gcal (4.1868 
GJ = 1.163 MWh), 512 kg or 2.05 m3 (solid volume 0.83 m3

) wood chips are required for 
heat energy generation. 

Keywords: chips, wood, sawdust pellets and granules, heat (calorific) value, combustion 
heat, moisture content 

Introduction 
According to the cunently available prognosis data for the world's primary energy 

utilization, since the fossil fuel stock tends to diminish, it is envisaged to utilize up to 18 % 
of the natura! renewable resources for heat and electric energy generation in the coming 50 
years (GLOBAL ENERGY 1998). Owing to the increase in cost of the traditional energy 
caniers and the world's crisis fluctuations, as well as the depletion of the traditional 
energy caniers (petroleum, gas), their expenses will increase dramatically, and the 
utilization of renewable energy carriers becomes increasingly urgent. 

Therefore, Latvia must get ready for utilizing altemative energy sources and, first 
of all, energy wood. Thus, for example, 17.6 PJ (peta 1015 joule) energy, or 11.4 % from 
all consumed primary energy resources, was produced from wood in Latvia in 2000 
(DOLACIS et al. 2001). The Latvia's potentia! wood energy resources are estimated to 
ensure an annual heat energy production of 70.4 Pl Apart from this, according to the 
Latvian legislation, all heat and electric energy producers should efficiently utulize the 
!ocal energy resources (water, wind, sun, biomass) available in Latvia, observing the 
environment protection regulations and ensuring the stable development of energy 
production. 

By now, distinct data are available in the literature on the heat value of different 
fuel wood and its components. There is often even no indication on what the question is -
the highest heat value Qh, or the lowest one Q1. Therefore, to clarify the thermo-physical 
properties of fuel wood and elucidate the effect of its moisture content on the heat value, 
different tree species types and samples were analysed. 

Examination of the beat value of different wood species 
More and more attention has been recently paid to the production of chips, sawdust 

pellets and granules from wood processing residues and their utilization in heat generation 
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(DOLACIS et al. 1999). Since the waste wood of different tree species, jointly with bark, 
is used for the production of chips, pellets and granules, it is important to know the heat 
value of the wood of different tree species. 
Since the determination of the heat value of fuel is connected with the application of 
relatively complicated apparatus as well as definite culture and traditions, it is important to 
review the literature data on the heat value of different tree species (table 1 ). 

Table 1 

The highest heat value Qh for wood and bark of different tree species in oven dry 
conditions 

Species Highest heat value, Qh, kJ/kg References 
Wood Bark 

Pine (Pinus svlvestris L.) 20 628 20201 r141 
Sornce (Picea L.) 20 088 20 318 r141 
Birch (Betu/a L.) 19 277 22956 rl41 

Silver birch (Betu/a 1Jendula Roth.) 19 190± 50 23 240± 110 r101 
White birch (Betu/a pubescens 19 340 ± 160 23 350±200 [10] 

Ehrth.) 
Black a1der (Alnus zlutinosa L.) 19440± 140 20400± 110 [10] 

Asoen (Po1Julus tremu/a L.) 19 980± 50 20 220± 130 [10] 
Asoen (Pof)ldus tremu/a L.) 19 782 22093 [14] 

White alder (Alnus incana L.) 20 063 22093 r141 

Table 1 shows the heat value of birch bark, where the share of birch-bark is 
relatively small, while the heat value of the birch-bark itselfis relatively high, to be 30 OOO 
kJ/kg (BOROVIKOV & UGOLEV 1989). The heat value of fuel wood depends heavily 
on its moisture content. The heat value of wood is govemed by its element composition: 
carbon (C), hydrogen (H), oxygen (O), nitrogen (N) and somewhat sulphur (S), non­
combustible compounds - ashes (A), as well as moisture content (for characterizing of 
fuel wood, mainly the relative moisture Wre! is used, i.e. the ratio between the evaporated 
water mass and the initial mass of the sample, expressed in percentage) (Fig. 1). 
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Fig. 1. Flow diagram of the content of sawdust pellets: C - carbon; H - hydrogen; O -
oxygen; A - ash · 

If the content of separate components in the materia! is expressed in mass 
percentage, then the working state of the fuel is characterized by the following 
composition: 

Wood consists main]y·of organie substances, which occupy not less than 99 % 
from the total water-free mass. The organie share of the oven dry wood contains 49-50 % 
of carbon, 43-44 % of oxygen, about 6 % of hydrogen, 0.1-0.3 % of nitrogen and 0.1-1.0 
% of ash. The ash contains calcium, potassium, sodium, magnesium, small amounts of 
phosphorus, sulphur and other elements (UGOLEV 2001 ). 

According to Prof. Nikitip (NIKITIN 1962), a specialist in wood chemistry, the 
average content of elements in oven dry wood (mass %) is as fellows: carbon - 49.5 %, 
hydrogen - 6.3 % and oxygen - 44.2 %. 

As the relative moisture of wood varies, the content of its elements in dry wood 
changes proportionally (table 2). 

Table2 
Changes ofwood elements (C, O, H) depending on the relative moisture content (Wrei), % 

Wreh% C,% H,% 0,% 
o '49.5 6.30 44.20 

1.0 49.0 6.24 43.76 
2.0 48.5 6.17 43.33 
3.0 48.0 6.11 42.89 
4.0 47.5 6.05 42.45 
5.0 47.0 5.99 42.01 
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6.0 46.5 5.92 41.58 
7.0 46.0 5.86 41.14 
8.0 45.5 5.80 40.70 
9.0 45.0 5.73 40.27 
IO.O 44.6 5.67 39.73 
I I.O 44.1 5.61 39.29 
12.0 43.6 5.54 38.86 
13.0 43.1 5.48 38.42 
14.0 42.6 5.40 38.00 
15.0 42.1 5.36 37.54 
16.0 41.6 5.29 37.11 
17.0 41.1 5.23 36.67 
18.0 40.6 5.17 36.23 
19.0 40.1 5.10 35.80 
20.0 39.6 5.03 35.37 

Carbon is the main burning element in wood. As a result ofthe full combustion of 
1 kg of carbon to C02, 34 068 kJ of heat is released (V ANIN 1950). If incomplete 
combustion of carbon to CO takes place, then only about 10 200 kJ is released (OSIPOV 
1991). Hydrogen is a very active burning element. Dry wood contains about 6.3 % of 
hydrogen. The combustion of 1 kg ofhydrogen results in the release of 143 105 kJ ofheat 
and 9 kg of water. The moisture in wood diminishes its heat value, as much heat (about 2 
700 kJ) is to be consumed for warming up and evaporation of 1 kg of water (OSIPOV 
1991). 

Fuel is characterized by its combustion heat or heat value. If the heat generated in 
the combustion time, as the formed steam is condensed and cooled, is added to the heat 
liberated by the fuel, then the so-called highest fuel combustion heat (Qh) is generated. If 
the steam condensation and cooling heat is discarded, allowing it to flow away in the 
burning process, the lowest fuel combustion heat (Q1) is obtained. 

Determining of combustion beat for cut-up wood pressed materials 
One of the experimental methods for determining the highest wood combustion 

heat is the combustion of a sample in a calorimetric "bomb" (ZIIK.EEV & KORELIN 
1948). After processing of the measurement results, the highest wood combustion heat Qhb 
kJ/kg or kcal/kg is obtained (where h - the highest combustion heat, b - that determined in 
the calorimetric bomb). If other units of measure are used, then the values of their 
coefficients are as fellows: 1 kJ = 0.239 kcal = 0.278 Wh = 0.0239 x 10- 6 t0 e; 1 kcal = 
4.1868 kJ= 1.163 Wh = 0.1 X 10- 6 t0 e; 1Wh=3.6 kJ= 0.86 kcal= 0.086 x 10- 6 t0 e (t00 -

tons in oil equivalent). 
Table 3 shows the values for combustion heat (Qhb) and relative moisture (Warel -

in this case, the analytical sample is designated with the index "a") obtained on the basis 
of the analysis of sawdust peJ.lets and granul es, performed by "CED" and "Stali'', Ltd. 

Table 3 
High heat value (Qh) and relative moisture (Wre!) of sawdust pellets 

Samole Wre\, o/o Hjghest heat value, 01" kJ/kg 
I 5.4±0.I 18506±210 
2 7.0±0.1 19 176± 210 
3 7.8±0.1 18422±210 
4 8.1 ±O.I 18464±210 
5 7.6±0.l 18380±210 
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Data for the results of the analysis of sawdust pellets are presented also in Fig. 2, 
which shows that the heat value for samples No. 3, 4 and 5 differ little and are within the 
limits of experimental error. Hence, the pellets' moisture Warel = 7.8 % can be assumed 
average, to which the average highest combustion heat of 18 422 kJ/kg corresponds. 

As the analytical relative W"rel varies, the corresponding highest combustion heat 
at the other relative moisture Ww rei can be determined from the formula: 

Qh = Qh b X [(1 oo - ww rei) I (100 - W"reI)], kJ/kg 

The average highest heat value for oven dry wood, calculated from this formula, is 
equal to 19 980 kJ/kg, while, at the wwrel = 12 %, it is 17 583 kJ/kg. 
Heat, together with fume gases and steam in the furnace, is commonly also carried away 
through the draught (ISO 1928): 

Q1 = Q11b - 212.10 X H- 0.775 X O- 24.42 X wwrel = 16 966 kJ/kg 

where: Q11b = 18 422 kJ/kg, 
W"rel = 7.8 %, 

H = 5.82 % and O= 40.3 %. 

Prom this formula, the lowest combustion heat values are plotted in Fig. 2. 
The working fuel lowest combustion heat at the definite moisture of the pellets in the case 
ofburning in a furnace at a constant (atmospheric) pressure is calculated from the formula 
(ISO 1928-76): 

QJ'" = (Qhw - 212.10 X Hw - 0.775 X O) X 

X [(100 - Wwrel) I (100 - W"reI)] - 24.42 wwreJ, kJ/kg 

At the moisture content O%, Q11w = 18 607 kJ/kg (4 444 kcal/kg), while at Ww rei= 
12 % Qi'"= 16 081 kJ/kg (3 841 kcal/kg). 

For comparison purposes, let us refer to DIN 51 731 requirements for sawdust 
pellets: moisture content W 'S 12.0 %; heat value 19 500 - 17 500 kJ/kg; ashes 'S 1.5 %. 
For our average sawdust pellet samples at the relative moisture W = 12.0 %, the highest 
combustion heat is 17 583 kJ/kg, which differs from DIN 51 731 requirements by 0.47 %. 
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Fig. 2. Dependence of the heat value of sawdust pellets and granul es on moisture content: 
Qh - highest heat value; Qi - lowest heat value; 1, 2, 3, 4, 5 - number ofpellets samples 
according to Table 3; 6 - sample according to DIN 51 731 

Calculation of the combustion beat of cut-up wood pressed materials from the 
Mendelejev's formula· 

The highest combustion heat of the fuel can be assessed by the Mendelejev's 
formula (OSIPOV 1991): 

Qhw = 339.1Xew+1256 X Hw -109 (Ow - Swv), kJ/kg . 

where: 
"v" at Sw v - sulphur volatile components. 

At W= O: ew= 49.5 %; Hw = 6.3 %; Ow = 44.2 % and Swv ~O, the highest working 
heat value Qhw = 19 880 kJ/kg. However, at Ww rei= 12.0 %, Table 2 shows the following 
percentage composition of elements: ew= 43.6 %; Hw = 5.54 % and Ow = 38.86 %, at 
which Qhw = 17 503 kJ/kg. The corresponding combustion beat of the fuel is calculated 
from the formula: 

Qiw = Qbw -25.l (9 X Hw + wwreJ), kJ/kg 

At Wwre1 =O, Qt = 18 457 kJ/kg, while at Wwre1 = 12.0 %, Qt = 15 950 kJ/kg. A 
comparison of the experimentally obtained combustion beat values for cut-up wood 
pressed materia! fuel with the values calculated from the Mendelejev's formula shows that 
the difference between them is negligible and does not exceed 1 %. 
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Some thermo-physical properties of chips 
The requirements for fuel chips are not strictly regulated. Their sizes, bark 

admixtures, rot, ash content, moisture, etc. are determined by agreement with the 
consumer. However, the crucial factors that determine their price are the ash content and 
moisture, which determine the energy capacity of the chips. 
The next factor that affects the amount of chips in the hold is the stacking factor. 
The stacking factor of the cut-up wood is the capacity of the compact wood comprising the 
chips or sawdust against their bulk volume at the given moisture content. 
Stacking factors are calculated for pulpchips. The pulpchips are accounted in m3 in terms 
of the wood solid density, rounding off to 0.1 m . To convert the bulk gravity to solid 
density, the stacking factor is applied. In the case of.employing the railway transport with 
mechanical loading devices or a pneumoloader, this factor is 0.36 and 0.41, respectively. 
If the transportation distance exceeds 650 km, this factor grows up to 0.41 and 0.43, 
respectively. In the case of the truck transport, it grows from 0.36 to 0.42 if the distance 
exceeds 50 km (GOST 15 815-83). 

Values of bulk gravity for pine and spruce wood, converted to solid density, are 
shown in table 4. 

Table 4 
Bulk gravity (bulk m3

) factors for pine and spruce wood chips converted to solid density 
(solid m3

) factors [2] 

Value Species Moisture;absolute/relative, % 
20/16.7 30/23.1 40/28.6 50/33.3 60/37.5 70/41.2 80/44.4 

Bulk Pine 188 196 211 225 240 254 267 
gravity, 
kg/m3 

Sprnce 185 191 215 226 236 245 257 

Solid Pine 520 550 590 640 680 720 760 
density, 
kg/m3 

Sprnce 460 490 520 560 600 640 670 

Stacking Pine 0.362 0.356 0.358 0.351 0.353 0.353 0.351 
factor, K Sprnce 0.402 0.390 0.413 0.404 0.393 0.383 0.383 

The conversion of the chips' measurement mass (bulk gravity) units to volume 
(solid density) units at definite moisture is determined from the formula: 

V= Glpw solid m3 

where: 
Vis the chips volume in solid m3

, 

G is the chips mass produced in a shift, t, 
Pw is the chips wood density at the given moisture, t/m3

. 

The stacking factor for fuel chips is commonly equal to that for pulpchips. For 
purposes oftechnological calculations, the following stacking factors for cut-up wood and 
its residues are recommended (GOLOVKOV et al. 1987): 

Chips from harvest waste ..................................... 0.30 ... 0.36 
Chips from wood processing residues ...................... 0.32 ... 0.38 
Freshly poured sawdust... .. ; ....................... : ............. 0.20 ... 0.30 
Sawdust deteriorated in storage ........................ 0.33 ... 0.37 
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For chips from freshly cut wood of different species at the relative moisture (Wre1), 
the lowest heat value Q1 for 1 solid m3 (solid volume or bulk m3

) is as follows: 5 920 
MJ/m3 (bulk m3

) for spruce at Wre!= 50 %; 6 720 MJ/m3 for pine at Wrel = 48 %; 7 370 
MJ/m3 for birch at Wre!= 45 %; 6 560 MJ/m3 for aspen at Wre!= 50 %. 

Chips with the relative moisture about 45-50 % are commonly supplied to the 
furnace, and it can reach 60 % in winter. 

The relative moisture content and lowest heat values for fuel chips are shown in 
table 5. 

The optimum moisture of fu el chips is 40%, with the lowest heat value 1 O 200 
MJ/kg and the ash content 1 %, which corresponds to the bulk gravity 250 kg/m3

. 1 solid 
m3 of the chips corresponds to 2.4 bulk m3

• 

At the chips' relative moisture 40 % and the furnace efficiency 0.8, for production 
of 1 Gcal (4.1868 GJ = 1.163 MWh) ofheat canier, 512 kg or 2.05 m3 (0.83 m3 solid m3 

-

solid volume) of chip wood is required. 

Table 5 
The lowest combustion heat (Q1) versus relative moisture content CWret) for fuel chips 

Chips Qi, Chips Qi, Chips Qi, 
moisture, % MJ/kg moisture, % MJ/kg moisture, % MJ/kg 

25 13.394 39 10.438 53 7.486 
26 13.180 40 10.216 54 7.273 
27 12.967 41 10.011 55 7.059 
28 12.753 42 9.801 56 6.845 
29 12.548 43 9.596 57 6.632 
30 12.326 44 9.374 58 6.431 
31 12.125 45 9.169 59 6.217 
32 11.912 46 8.956 60 6.004 
33 11.698 47 8.742 61 5.811 
34 11.492 48 8.541 62 5.585 
35 11.279 49 8.328 63 5.376 
36 11.066 50 8.144 64 5.162 
37 10.865 51 7.901 65 4.940 
38 10.641 52 7.687 - -

Conclusions 

1. In compliance with closed fumace requirements that relate to cut-up wood pressed 
materiał, its moisture cannot exceed 12 % (permissible moisture range 0-12%), and the 
highest and lowest combustion heat in this moisture range varies from 19 980 kJ/kg to 
17 583 kJ/kg, and from 18 607 kJ/kg to 16 081 kJ/kg, respectively. 

2. Estimated from the Mendelejev's formula, the highest and lowest combustion heat for 
cut-up wood pressed materials at the relative moisture variations from O to 12 % varies 
from 19 880 kJ/kg to 17 503 kJ/kg and from 18 457 kJ/kg to 15 950 kJ/kg, 
respectively. The calculated wood heat values, determined using the Mendelejev's 
formula, as compared with the measurements in the calorimetric bomb, are within the 
limits of experimental error. 

3. At the relative moisture of chips 40 % and the furnace's efficiency 0.8, for production 
of 1 Gcal (4.1868 GJ = 1.163 MWh) of heat carrier, 512 kg or 05 m3 (0.3 m3 

- solid 
volume) of chip wood are required. 
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Lower explosibility limits of pine and beech wo od dusts 

Iwona Baryś 1), Zbigniew Szełemej 1 ), Michał Frączak2) 
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Institute of Industrial Organie Chemistry, Warsaw2l 

Abstract: Lower explosibility limits of pine and beech wood dusts. The wood dust, generete 
during a woodworking is ab le to create with air explosive mixtures, which is one of the main 
hazards in wood processing industry. 

The aim of this work was a deterrnination of the !ower explosibility limit as a parameter 
defining the smallest concentration of a combustible component in a dust-air mixture, for two 
chosen dusts: a pine and a beech dust in dependence of their humidity and dispersion degree. 

Introduction 
Wood dust, which generate almost on every stage of woodworking process, creates in 

wood industry one of the greatest hazards. Dispersed in air may form dust-air clouds of sucha 
concentration that are very sensitive to ignition and usually explode in presence of ignition 
sources commonly met in industry. Every explosion causes serious materia! losses, sometimes 
also injuries and/or death ofworking staff. 

Since the possibility of occurrence of dust-air mixture explosion basically decides a 
concentration of combustible dust in it, the basie parameter characterizing explosion ability of 
a given dust there is a value of its !ower explosibility limit. 

Lower Explosibility Limit - LEL - is defined as the lowest concentration of a 
combustible component in dust-air mixture, below' which the mixture does not explode, 
because there is no spontaneous flame propagation from ignition source onto the whole 
mixture. 

It is very important to know that the value oflower explosibility limit is affected by many 
factors as for example: dust moisture content and dispersion degree, chemical constitution, 
volatile content, combustibility and some therrnodynamic dust properties. 

The aim of this work was deterrnining the !ower explosibility limits of pine and beech 
dusts in dependence of their moisture and dispersion degree. 

Characteristic of tested materials 
The dusts tested were taken from a grinding process of a pine and beech sawn timber, 

edged with no defects, using abrasive paper of grain size number 120 and hand grindery. The 
grinding process was made cross-grain. 

A dust obtained on that way has been sieved by a screen 320 µm size, on purpose to 
remove shavings and impurities from grinding process. After 72 hours a moisture content of 
tested dusts has been deterrnined, which for beech dust was 8,2% and for pine dust was 8,7%. 
Such prepared materials were taken to the measurements oftheir selected physical properties: 

1. Hygroscopicity investigation. Time for coming up to the saturation humidity for dust 
samples in the climatic chamber at defined humidity 76% has been measured. The results 
allowed to prepare a graph, which served to conditioning the dust samples in the !ower 
explosibility limits researches. 
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2. Sieve (grain size) analysis. The investigation_has been made according to polish standard 
PN-71/C-04501, using a laboratory vibrating sorter. The sieves with mesh sizes: 200, 100, 
71, 56 and 40 µm have been used. The grain size distribution has been shown on figures 1 
and2. 
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Fig.2. Grain size analysis of a pine dust. 

3. Microscopic analysis. The smallest observed particles ofpine dust had dimensions: 5,77; 
3,55; 3,54 µm and particles ofbeech dust particles: 2,36; 2,38 and 1,14 µm. 

4. Determination of apperent densities of dust shell and a cone angle of heaped dust. 
The results of determinations made according to polish standards: (PN-74/Z-04002/02) 
and (PN-74/Z-04002/07) have been collected in table 1. 

Table 1. Experimental results of Determination of apperent densities of dust shell and a cone 
angle ofheaped dust. 

Apperent densities 
param eter . Cone angle of 

of shaked dust shell of heaped dust shell heaped dust 
dust type 

pine dust 0,248 0,132 54' 

beech dust 0,266 0,219 47' 

During the investigations it has been noticed that the pine dust particles combined into 
bigger agglomerates. A beech dust vyas loose and <lid not combine into agglomerates. 

Method of determining the Iower explosibility limit 
In the research practice such a minimum concentration of combustible component in a 

mixture with air or other oxidizing agent is taken as a value of !ower explosibility limit, which 
gives a pressure rise equal 50 kPa (PN-84/C-01200/08). 

The experiments had been run in the research explosion chamber constructed according to 
polish standard PN-84/C-01200/08. It was a vertical cylinder of 6,4 dm3 volume with 
diameter to height ratio equal 0,5. A pyrotechnic igniter of 220 J energy had been mounted in 
the middle of the cylinder height, on its axis. A dust sample had been placed inside dispersion 
container, above which there was a dispersion nozzle. Dust dispersion into a dust-air cloud 
had been made by a blow of compressed air. Such a set of devices and dispersion procedure 
had been designed by P.Wolański (Technical University of Warsaw). Ignition of a dust-air 
mixture in the cham ber had been made by explosion of the igniter used. The pressure - time 

-58-



history had been registered using a pressure sensor, amplifier, AJD converter and processed 
by a computer as shown on fig. 3. 

Determination of the lower explosibility limits for the pine and beech dusts has been done 
in two stages, using dust samples with parameters as follows: 

• Samples of 0%, 7%, 14% humidity which contained all dust fractions from 
sieve analysis (grain size < 320 µm) 

• Samples of0% humidity, grain size< 71 µm. 
The fixed humidity of dust samples have been realized by conditioning the samples in a 

climatic chamber for a time taken from earlier prepared graph. In the second stage of 
investigations the dusts with particles size below 
71 µm have been used, because it is commonly 
known from literature that such dusts are 
extremely explosive in mixtures with air. 

Fig. 3. Measuring stand for LEL determination. 
1-Cylindical explosion vessel of 6,4 dm3 

volume, 2-ignition source, 3-electrodes, 4-
dust dispersing nozzle, 5-dust sample 
container, 6-pressure sensor, 7-amplifier, 8-
computer with AID converter, 9-control 
device for dust dispersion and ignition, 10-
air compressor, 11-electromagnetic valve. 

Results 

11 

D = 

10 

The results ofLEL measurements for the pine and beech dusts have been shown on figures 
4 and 5. 

Lower explosibility limit for the pine dust, for the sample including all sizes of 
particles below 320 µm, in dependence of its humidity was as follows: 

> For humidity 0% - 86 g/m3
, 

> For humidity 7% - 94 g/m3, 
> For humidity 14% - 136 g/m3

• 

Lower explosibility limit for the beech dust, for the sample including all sizes of 
particles below 320 µm, in dependence of its humidity was as follows: 

> For humidity 0% - 80 g/m3
, 

> For humidity 7% - 83 g/m3
, 

> For humidity 14% - 89 g/m3
. 
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Fig.4. The influence of dust humid_ity on its Fig.5. The influence of dust dispersion degree 
lower explosibility limit value. on its lower explosibility limit value. 

Conclusions 
1. For the pine dust as well as for the beech dust tested increasing humidity level causes an 

increase of the !ower explosibility limit value. 
2. An increase of humidity level causes much greater decrease of explosion ability for the 

pine dust than for the beech dust tested. 
3. An increase of dispersion degree causes a elear decrease of LEL value and increase of 

explosion ability only in the case of the pine dust tested. In the case of the beech dust such 
an influence is much smaller. 

4. Lower explosibility limits of the pine and beech dusts, for particles size below 71 µm and 
humidity 0%, is equal in both cases 79 g/m3

• 

5. The beech dust prepared and tested in the same conditions as the pine dust shows a greater 
explosion ability than the pine dust. 
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8. Schneider A. 1960: Diagramme zur Bestimmung der relativen Luftfeuchtigkeit. Holz als 
Roh- und Werkstoff, Heft 7, Seite 269. 

Standards 
1. PN-71/C-04501 Sieve analysis. Rules oftesting. 
2. PN-75/Z-04002/13 Air purity protection. Tests of dust physical properties. Determination 

of dust humidity. 
3. PN-74/Z-04002/00 Air purity protection. Tests of dust physical properties. Introduction 

and scope of the standard. 
4. PN-74/Z-04002/02 Air purity protection. Tests of dust physical properties. Determination 

of apperent densities and static porosities of dusts shell. 
5. PN-74/Z-04002/07 Air purity protection. Tests of dust physical properties. Determination 

of cone angle of heaped dust. 
6. PN-84/C-01200/01 Fire hazard and explosive conditions. Parameters of inflammability 

and explosion. Terminology and definitions. 
7. PN-84/C-01200/08 Fire hazard and explosive conditions. Parameters of inflammability 

and explosion. 

Streszczenie: Dolna granica wybuchowości pyłów z drewna sosny i buka. Pył drzewny 
powstający podczas obróbki mechanicznej drewna zdolny jest do tworzenia z powietrzem 
mieszanin wybuchowych, co stanowi jedno z głównych zagrożeń w zakładach przemysłu 
drzewnego. W niniejszej pracy oznaczono dolną granicę wybuchowości jako parametr 
określający minimalne stężenie wybuchowe składnika palnego w mieszaninie dla dwóch 
wybranych pyłów: sosnowego i bukowego w zależności od wilgotności tych pyłów i stopnia 
ich rozdrobnienia. 
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Minimum ignition energies of pine and beech wood dusts 

Iwona Baryś 1 ), Zbigniew Szełemej 1 l, Tadeusz Piotrowski2) 

Faculty of Wood Technology, Warsaw Agricultural Univercity1l 

Institute of Industrial Organie Chemistry, Warsaw2l 

Abstract: During a woodworking, especially in grinding processes, very fine wood dust has 
been produced. Its presence creates a real fire and explosion hazard in wood processing 
industry. Such a dust dispersed in air may form a dust-air cloud, which can ignite and explode 
when enough strong ignition source appears. The aim of this work was to determine the 
minimum ignition energies (MIE) of pine and beech wooddust-air mixtures of 63 µm particle 
size and 0% moisture. Because one of the main factors affecting the value of MIE fof dusts 
there is a degree of its size reduction a grain size distribution of tested dusts has also been 
determined. 

Introduction 
A notion of dust may be defined as a set of particles of a solid which passes through a 

sieve 300 µm mesh size and individual particles may be a part either dispersed phase (dust 
cloud) or a dust layer. 

During a woodworking some wood wastes have been produced, significant part of them is 
a fine wood dust called also a wood flour. It concems mainly grinding processes when 
produced dust characterizes extremely small grains sizes and dust presence is damaging to 
worker's health as well as creating fire and explosion hazard. Dust clouds in air are able to 
ignition and explosion while enough strong ignition source appears. One of the main 
parameters characterising ignition ability of dusts is so called minimum ignition energy of 
dust cloud. 

Minimum lgnition Energy - MIE - is the smallest ammount of energy of electric spark 
generated by high voltage transformer or capacitor discharge required is able to ignite a dust­
air cloud in test conditions. The main factors affecting the MIE value are: dust particle size, 
dust moisture content, dust cloud concentration and ignition delay time. 

The aim of this work was determining the minimum ignition energies of pine and beech 
wood dusts of 63 µm particie size and 0% moisture (according to MIE determination 
procedure). 

Materiał tested 
The dusts tested were taken from a grinding process of a pine and beech sawn timber using 

abrasive paper of grain size number 120. A dust obtained on that way has been sieved by a 
screen 320 µm size, tested for moisture content, which for pine dust was 8,7% and for beech 
dust was 8,2% and finally tested for a grain size according to polish standard PN-71/C-04501. 
The results of the grain size analysis are shown on figures 1 and 2. 

During the grain size analysis it has been noticed that the pine dust particles combined into 
bigger agglomerates that automaticly lowered their dispersion state. A beech dust was loos 
and did not combine into agglomerates. 

A dust destined for MIE testing has been sieved through a sieve 63 µm size and dried to 
0% moisture content in 100°c in a laboratory drying owen. 
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Fig.2. Grain size analysis of a pine 

Method of determining the minimum ignition energy 
The principle of the method used is based on the measurements of the real values of 

discharge energies of a high voltage capacitor which caused ignition of a dust-air mixture in a 
test apparatus as well as thouse which did not cause ignition of a tested dust cloud (according 
to polish standard PN-84/C-01200-09). According to test procedure the minimum ignition 
energy, MIE lies between the lowest energy value (E2) at which ignition occured and the 
energy (El) at which in at least 10 succesive experiments no ignition was observed. However, 
for purpose of simplification often only the !ower limit value (El) is specified as the 
minimum ignition energy MIE. The precise value called the statistic ignition energy (Es) can 
be estimated by use of the probability ofignition as follows: 

Es = 1 O (logE2 - l[e2] x (log E2- log El) I ((NI+ J)[E2] + !)) 

Where is: E2 - the lowest value of spark energy by which the ignition occured, 
El - the highest value of spark energy by which the ignition did not occure, 

. I[E2] - number of tests with ignition 
at the energy E2, 

(NI+I)[E2] - total number of tests at 
the energy E2. 

The experiments have been run in the 
apparatus for determining the mm1mum 
ignition energy called MIKE 3 showh on fig. 3. 
The main part of it is modified Hartmann's 
tube.made of glass of 1,2 dm3 volume, in which 
a dust-air mixture is produced and its ignition is 
observed. The dust sample is placed in a 
special designed mushroom-shaped dust 
container and dispersed by a blow of 
compressed air of 0,7 MPa pressure. The dust­
air cloud produced on that way· is than ignited 
by a spark discharge between two electrodes. 
The testing device is connected to a PC 
computer which controls all parameters of 
experiment, is responsible for data acquisition 
and calculating the value of statistic ignition 
energy using an equation_ written above. 
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Fig. 3. Apparatus for minimum ignition energy of dust-air mixtures measurement.1-housing, 2-
glass Hartmann's tube of 1,2 dm3 volume, 3-upper moving cover, 4-dispersion device, 5-
fastenings, 6-high-voltage electrode, 7-higłi-voltage connection, 8-spark gap handwheel, 9-
electrofe fastening device, 10-moving electorde ( earthed), 11-earth connection, 12-pneumatic 
cylider, 13-pressure connection for moving electrode, 14-pressure gauge, 15-compressed air 
connection, 16-key for inlet valve, 17-keys for moving electrode and outlet valve, 18-on/off 
switch. 

The minimum ignition energy has been determined in norma] ambient temperature and 
norma] oxygen content in dust-air cloud. The measurements have been done in a wide range 
of dust concentrations and inductance in dischsrge circuit allowing to determine the values of 
MIE and Es. The presence of inductance in discharge circuit causes the elongating the test 
time and makes the probability of ignition greater than with no inductance (the values ofMIE 
detrmined wit inductance are usually smaller than those determined with no inductance in 
discharge circuit). In this work two values of ignition delay times were used: 90 and 60 ms. 
For both of dusts used: pine ańd beech the ignitioh · delay times as well as dust-air cloud 
concentration have been changed until finding the values oftheir minimum ignition energies. 

Results 
The results of MIE measurements for the pine and beech dusts have been shown on figures 

4 and 5 and in tables 1 and 2. 
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Fig.4. The measurements ofMIE for a pine dust. Fig.5. The measurements of MIE for a beech dust. 

On the basis of obtained results the values of the statistic ignition energies have been 
calculated for both dust samples which were: 36 mJ for a pine dust and 17 mJ for a beech 
dust. It can be stated that the beech dust ignites much easier then the pine dust. It is caused by 
two main factors: 

- the beech dust had a bigger percentage of small er grains than the pine dust, 
- the pine dust had a trend to agglomerate in complex particles and was difficulter to 

dispersing than the beech dust. 
The obtained values ofMIE for pine and beech dusts fali within the range ofvalues given 

in literature. For wood dusts there is a range reported from 12 mJ (J.Fangrat, M.Woliński, 
P.Wolański, 1987) to 47 mJ (P.Krzystolik, J. Śliż, 1976). 

Comparing obtained values of the minimum ignition energies of both dusts tested to the 
values ofMIE of other dust from literature (from about 0,5 mJ for aluminium to over 10 J for 
melamine - W. Bartknecht, 1987) the authors of this paper may state that they are low, so the 
pine and beech dusts can be assigned to a group of organie dusts easy ignitable. 
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Table 1. Experimental results ofMIE 
measurement for a pine dust. 

lgnition 
"' Du st Spark 
-~ delay lgnitio 
'"' sample energy 
(!) time n at oo. [mg] [mJ] 

[ms] 
1 900 100 90 3 
2 900 30 90 -
3 600 100 90 1 
4 600 30 90 -
5 1200 100 90 2 
6 1200 30 90 -
7 900 30 60 -
8 900 100 60 1 
9 600 100 60 1 
10 600 30 60 -
11 450 100 60 1 
12 450 30 60 -
13 300 100 60 1 
14 150 100 60 1 
15 1350 100 60 1 

Concłusions 

Table 2. Experimental results ofMIE 
measurement for a beech dust. 

"' Dust Spark 
Ignition 

(!) delay ·;:: sample energy 
(!) time oo. [mg] [mJ] 

[ms] 
1 900 100 90 
2 1200 100 90 
3 1200 30 90 
4 900 30 90 
5 900 10 90 
6 600 100 90 
7 600 30 90 
8 900 30 60 
9 900 10 60 

Ignitio 
n at 

1 
1 
-
5 
-
1 
-
2 
-

1. Minimum ignition energy ofpine dust ofmoisture 0% and particie size D<63 µm has been 
determined as 36 mJ, and ofbeech dust (for the same parameters ofmoisture and grain 
size) as 17 ml 

2. The beech dust ignites easilier than the pine dust. 
3. The values ofMIE of the dusts tested comparing to the values ofMIE of other industrial 

dusts taken from the literature are low enough for assigning them to a group of easy 
ignitable dusts. 

References 
1. Bartknecht W. 1987: Staubexplosionen: Ablauf und Schtzma~nahmen. Springer- Verlag, 

Berlin. 
2. Baryś I. 2002: Parametry zapalności i wybuchowości pyłów z drewna litego. Praca 

magisterska, Szkoła Główna Gospodarstwa Wiejskiego, Wydział Technologii Drewna, 
Warszawa. 

3. Field P. 1982: Dust explosions. In: Handbook of powder technology. Edited by 
J.C.Williams and T. Alen. Elsevier Scientific Publishing Company, Amsterdam-Oxford­
New York. 

4. Jarzembowski R. 1979: Wpływ wielkości ziaren i wilgotności pyłu korkowego na jego 
wybuchowość. Instytut Technologii Drewna, Poznań. 

5. Piotrowski T. i Gałęziewski C. 2000: Pomiary minimalnej energii zapłonu mieszanin 
pyłowo-powietrznych za pomocą aparatu Mike 3. Instytut Przemysłu Organicznego w 
Warszawie. Przemysł Chemiczny, nr 7 (79), str. 239-242 . 

-65-



6. Praca zbiorowa 1973: Badanie zagrożenia wybuchami pyłów drzewnych w katowickich, 
rzeszowskich i krakowskich fabrykach mebli. Kopalnia Doświadczalna Barbara, 
Mikołów. 

Standards 
1. PN-71/C-04501 Sieve analysis. Rules oftesting. 
2. PN-84/C-01200/01 Fire hazard and explosive conditions. Parameters ofinflammability 

and explosion. Terminology and definitions. 
3. PN-84/C-01200/09 Fire hazard and explosive conditions. Parameters ofinflammability 

and explosion. Determination of minimal energy of spark ignition of dusts. 

Streszczenie: Minimalna energia zapłonu pyłów z drewna sosny i buka. Podczas obróbki 
drewna, a szczególnie w procesie jego szlifowania, powstają bardzo drobne pyły, których 
obecność stanowi poważne zagrożenie pożarowe i wybuchowe w halach produkcyjnych 
zakładów przemysłu drzewnego. Pyły te, unosząc się w powietrzu tworzą obłoki, które przy 
zaistnieniu odpowiednio silnego źródła energii mogą się zapalać i wybuchać. Celem 
niniejszej pracy było określenie minimalnej energii zapłonu (MIE) mieszanin pyłowo­
powietrznych pyłów sosnowego i bukowego przy założonej wilgotności pyłu równej O % i 
średnicy ziaren mniejszej od 63 µm. Ponieważ zasadniczy wpływ na wartość minimalnej 
energii zapłonu pyłu ma stopień jego rozdrobnienia, oznaczono ponadto skład frakcyjny 
badanych pyłów. 
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Quantitative characteristics of the process of sawing logs to lumber 
Part IV. Effect of taper curve and log length on the process of sawing 
of small-and medium-sized diameter logs 

Georgy Blagoev 
University ofForestry, Sofia, Bulgaria 

Abstract: The paper presents results of a study on the effect of taper curve and log 
length on the process of sawing of small- and medium-sized diameter logs. The 
quantitative yield decreases in absolute.value with increasing the log length from 2 to 
6 m, at taper curve 0.50 and 1.50 cm/m, with 4.46 and 7.93 %, respectively. Yield 
decreasing by absolute value with increasing the taper from 0.50 to 1.50 cm/m, at log 
length 2.0 and 6.0 mis 5.58 and 9.05 %, respectively. The effect of double interaction 
between taper and log length on yield revealed almost -equal influence of these factors 
on yield fonnation. 
Key words: Taper curve, length, logs, lumber, quantitative yield 

Introduction 
Taper curve and log length together with diameter are among the most 

important factors affecting the dimensional characteristics of logs. These factors 
influence the process of sawing and yield of lum ber. Determination of precise values 
and relationships is of crucial importance for planning organizing and optimizing of 
the sawing process. The Jack of such information caused the main objectives of this 
study: 

1. To determine the relationships between log length and quantitative yield 
within enough wide range for practical purposes. The relationships between log length 
and yield should be determined for different taper values. 

2. To determine the pattems of yield change at simultaneous effect of log length 
and taper. 

3. To evaluate the effect of diameter, cut width, taper curve and log length on the 
quantitative yield of the process of sawing small- and medium-sized diameter logs. 

Materiał and methods 
The effect of log length and taper curve, combined with effects of diameter 

and cut width [1,2] was studied by means of 4-factorial experimental design. 
Maximum yields were defined for all points of the experimental design, depending on 
combinations among the varying characters. The sawing process was optimized for 
three main operations: setting the thickness, width and length of lumber into two 
stages. The first stage was performed using specialized computer software and the 
dimensions mentioned above were determined as functions of diameter, length, taper 
curve and form of logs, and depending on the sawing method and cut width. Th us, all 
the factors were considered for the lumber dimensions defined. Additionally, the 
optimal thickness and length were converted to actual and standard dimensions. A 
waste-less technology was applied during the second stage, the operation of edging 
and cross-sectional sawing, and the dimensions were converted from optimum to 
actual and standard ones. 
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This experimental design served as a base for developing a model describing 
quantitative yield as a function of diameter, length and taper of logs, and cut width. 
The regression coefficients of the model for small- and medium-sized diameter logs 
were obtained at multiple correlation coefficient R=0.995084, Fisher's criterion 
F=72.13068, at Fcnt. = 2.845; degrees of freedom NI1=14, NI2=l0 and significance 
level a=0.05. It means the approximation is good enough and the model could be 
further used. The average absolute error of the model is 0.5979415 and the average 
percentage e1TOr is 1.11 %. 

The present paper presents part of the results conceming the effect of taper 
curve and log length on the yield when sawing small- and medium-sized diameter 
logs. 

Results and discussion 
The results of the effect oflog length of small and medium-sized diameter logs 

on the yield of lumber are presented on figure 1. The figure shows that the values are 
grouped in curve sloped lines expressing the trend ofyield decreasing with increasing 
log length. The group of lines form a family of curves drawn for 20 cm log diameter 
and 3.2 mm cut width. 

::.,<; 
Cl> 66 p: 
?R 

64 

62 

60 

58 

56 

54 

·------_ 
. ·---------·~=------- ·-----. ·---------- ~~---. 

:~. ·------. 
... =:----_ --· .-~~~___,,_~~ A--------

-• - ~=0.50an/m) :---- A----· -•- (s =fJ. 75) .... __ ----- „ 
-•- (s =UJO) ----- --...., ____ 

----~ ----... =:=i:~:~~ ---------~ 
52 

2 3 4 5 6 
Log length, m 
at p=3.2 mm; d=20 cm 

Figure 1. Effect .of log length of small- and medium-sized diameter logs on the yield 
when sawing logs to lumber. Family of curves at different taper values. 

Decreasing ofyield absolute value when log length increases from 2 to 6 m, at 
taper curve 0.5 cm/mis 4.46 %, and at taper curve 1.5 cm/mis 7.93 %, respectively. 
Decreasing ofyield in absolute value when the log length increases is better expressed 
at higher values of taper curve. 

Yield decreasing in absolute value, when the taper increases from 0.5 to 1.5 
cm/mis 5.58 % at log length 2.0 m, and 9.05 % at log length 6 m. It means decreasing 
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of yield when the taper curve increases is analogous to that when the log length 
increases. 

X(3) 

G 
0.50000 

2.0000 

+ 

X(4) 

G -> 66.624 m 
D XG(4)= 2.0000 a 

XG(3)=0.50000 X 
9 -> 65.273 
8 -> 63.922 L 
7 -> 62.571 E 
6 -> 61 .220 V 
5 -> 59.870 E 
4 -> 58.519 L 
3 -> 57 .168 s 
2 -> 55.817 I 
1 -> 54.466 
D -> 53.115 m 

XD(4)= 6.0000 i I 
XD(3)= 1.5000 n 

X(1)= 20.000 
X(2)= 3.2000 

6.0000 

Figure 2. Effect of length X(4) and taper curve X(3) of small- and medium-sized 
diameter logs on the yield when sawing logs to lumber. The values refer to log 
diameter 20 cm and cut width 3.2 mm. 

The effect of double interaction between the taper and log length on the yield 
is presented on figure 2. The figure expresses the eąual effect of taper and log length 
on the yield. The maximum yield value 66.624 % has the following coordinates: log 
length = 2.0 m and taper= 0.50 cm/m. The minimum yield value 53.115 % has the 
following coordinates: log length = 6.0 m and taper= 1.50 cm/m. 

The studies performed on the effect of diameter, taper, log length and cut 
width allow to define the levels of yield for the extreme points of the ranges studied. 
These results are presented in table 1. 

Table 1. Characteristic levels of the ąuantitative yield by factors and ranges studied 

Quantitative yield - R [%] by factors for the extreme points of the ranges studied 
X1: Diameter, d X2:Cut width, p X3: Taper curve, S Xi: Log length, L 
f cml fmml fcm/ml fml 
10 30 1.6 4.8 0.5 1.5 2 6 
48.27 64.17 48.94 43.21 53.37 45.16 66.62 62.16 

64.74 59.20 68.37 61.95 61.04 53.11 
Values of constant 
factors: d= 1 O; S= I .O; L=4.0 d=IO; p=3.2; L=4.0 S=0.5; d=20; p=3.2 
p =3.2; S=l.O; d=30; S=l.O; L=4.0 d=30; p=3.2; L=4.0 S=l.5; d=20; p=3.2 
L=4.0 
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Rmax=72.06 % - at d=30 cm; p=l.6 mm; S=0.50 cm/m; L=2.0 m 
Rmm=37.02 % - at d=lO cm; p = 4.8 mm; S = 1.50 cm/m; L = 6.0 m 

The results of quantitative yield determined at the extreme points of the 
factors' ranges (table 1) show both the levels achieved and the effect of the factors 
studied. Doubtless, the log diameter has the strongest effect on yield, and for the range 
10-30 cm, the yield increasing in absolute values at different factors is 15-16.8 %. The 
effect of the other factors, such as cut width, taper and log length cause changes of 4 
to 9 %, with approximately equal effect of the different factors. 

The uppermost and lowermost levels of yield for the extreme points of the 
ranges and factors studied, is 68.37 and 43.21 %, respectively. It must be pointed out 
that the yields presented in table 1 refer to the extreme points of effect of single 
factors, among the four factors studied. The remaining factors have values close to the 
average for the respective ranges and they are listed in table 1. Due to this reason the 
yield values presented above are not extreme for all factors and ranges studied. The 
extreme values of yield for all the ranges and· factors studied are Rmax=72.06 % and 
Rmin=37.02 %, and the conditions ofachieving these values are indicated in table 1. It 
means by varying of values of the factors and ranges, the maximum difference in 
yield could reach 35.04 %. This difference is a result of complex influence of the 
factors studied, after their selection within the ranges. 

Conclusions 
The studies on the effect of taper curve and log length on the yield when 

sawing small- and medium-sized diameter logs allow the following more important 
conclusions: 

1. The studies showed the effect of effect of taper curve and log length on the 
yield when sawing small- and medium-sized diameter logs. The yield decreases with 
increasing of log length from 2 to 6 m, at taper 0.5 and 1.5 cm/m. The decreasing 
amounts 4.46 % and 7.93 %, respectively. Analogously, the decreasing of yield in 
absolute value when increasing the taper from 0.5 to 1.5 cm/m, at log length 2 and 6 
m, is with 5.58 and 9.05 %, respectively. 

2. The effect of double interaction between taper curve and log length on the 
yield was also established. The graphic presentation of the results indicated practically 
equal effect of the factors on yield formation. The double interaction within the ranges 
studied lead to maximum yield 66.624 %, with coordinates log length 2.0 m and taper 
0.5 cm/m. The minimum yield 53.115 % was obtained at coordinates log length 6.0 m 
and taper curve 1.5 cm/m. 

3. Generally, the study of effect of the four factors on the yield revealed the 
strongest effect of log diameter, causing changes in yield with 15-16.8 %. The effect 
of the other factors, like cut width, taper and log length caused changes in yield 4 to 9 
% and were approximately equal. For the factors and ranges studied the yield could 
vary from 37.02 to 72.06 %. 
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Tytuł: Ilościowa charakterystyka procesu przetarcia kłód. Cz. IV. Wpływ 
zbieżystości i długości kłody na proces przetarcia drewna mało 
średniowymiarowego. 
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Quantitative characteristics of the process of sawing logs to lumber 
Part V. Effect of taper curve and log length on the process of sawing 
of large-sized diameter logs 

Georgy Blagoev 
University ofForestry, Sofia, Bulgaria 

Abstract: Inversely proportional relationships were established among taper curve, 
log length and quantitative yiel4, studied by factors and by double interaction. The 
taper curve and log length showed almost equal effect on yield formation. The yield 
values could be expressed as surfaces depending on the factors log length and taper 
curve, which are situated one above the other with increasing of diameter. The limits 
of variation of yield depending on the taper curve and log length are determined as 
well. 

Key words: Taper curve, length, logs, lumber, quantitative yield 

Introduction 
The taper curve, and log length are part of the factors affecting the patterns of 

dimensional characteristic and form of logs. These two factors, together with 
diameter, determine the manner of sawing both of external zone and the whole 
volume of logs and cause direct influence on the quantitative yield. This statement 
was proved by the studies on small- and medium-sized diameter Jogs [l]. For practical 
purposes it is necessary to te~t the effect of taper curve and log length of large 
diameter logs, i.e. having diameter range 30 to 60 cm. The above arguments 
determined the objectives of present study: 1. Determining the relationships between 
log length and quantitative yield at different values of taper curve, for large sized 
diameter logs; 2. Determining of double interaction effect of taper curve and log 
length on the quantitative yield; 3. Quantitative evaluation of effect of taper curve and 
log length on yield, for the range oflarge sized diameter logs. 

Materiał and methods 
The effect of log length and taper curve on yield is a part of study, aimed to 

evaluation of the effect of diameter and cut width, together with these factors. All the 
factors directly influence the yield, and, therefore, generał relationships were studied 
by means of four-factorial experimental design. The factors were set to vary within 
the ranges: diameter - 30 to 60 cm; cut width - 1.6 to 4.8 mm; taper curve - 0.5 to 1.5 
cm/m and log length - 2 to 6 m. 

The process of sawing was optimized for the operation of setting of diameter, 
width and length of lumber, for all the points of compositional plan of the 
experimental design, and the maximum quantitative yields have been determined. 

The model obtained describes the maximum quantitative yield in relation to 
the values of the factors studied. The regression coefficients of the model have 
multiple c01Telation coefficient R = 0.995644,at Fisher's criterion F=81.44819. The 
critical value ofF-criterion is Fcrit·= 2.845, at degrees offreedom NI1=14 and NI2=10 
and level ofsignificance a=0.05. It means the·approximation is good enough and the 
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model could be further used. The average absolute error of the model is 0.4278534 
and the average percentage error is 0.623 %. 

The present paper presents results conceming the effect of taper curve and log 
length on the yield when sawing large-sized diameter logs. 

Results and discussion 
The results of the effect oflag length oflarge-sized diameter logs on the yield 

of lum ber, at different taper curve values are presented on figure 1. The factors set at 
constant levels are: cut width = 3.2 mm, and log diameter = 45 cm. The relationship 
between the log length and yield, at different values of taper curve, is well described 
by family of curves that are close to straight lines. It means the quantitative yield 
follows inversely proportional trend of changing as compared to increasing of log 
length. This trend is better expressed at higher values of diameter and taper curve. 
For instance, when log length increases from 2 to 6 m, at taper curve 0.50 cm/m, the 
yield decreases from 72.95 to 70.63 %, i.e. with 2.63 %. For the same values of log 
length, but at taper curve 1.50 cm/m, the yield decreases from 69.55 to 62.97 %, i.e. 
with 6.58 %. Analogously, when the taper curve increases from 0.50 to 1.50 cm/m, at 
log length 2 m, the yield decreases from 72.95 to 69.55 %, i.e. with 3.40 %. For the 
same taper values, but at log length 6.0 m, the yield decreases from 70.63 to 62.97 % 
(7.66 % difference). 
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Figure 1. Effect of log length of large sized diameter logs on the quantitative yield 
when sawing logs to lumber. Family oflines at different values of taper curve. 

Figure 2 represents the double interaction effect between log length and taper 
on quantitative yield. The figure reveals almost equal effect of the two factors, log 
length and taper, on the quantitative yield formation. Decreasing of interval between 
the lines of constant levels indicates continuous increasing of the effect of log length 
and taper with increasing of their values. All the values of yield could be scored from 
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figure 2. For the log length and taper studied, these values are between lowermost 
yield level 62,971 % and uppermost yield level 72.953 %. 
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Figure 2. Effect of taper curve X(3) and log length X(4) on the quantitative yield 
when sawing logs with diameter 45 cm and cut width 3.2 mm. 

The whole range of variation of quantitative yield, expressed as a function of 
the studied values of log length and taper curve, at log diameters 20 and 40 cm and 
cut width 3.2 mm, are presented in table 1. 

Table 1. Quantitative yield as a function oflog length and taper curve at log diameters 
20 and 45 cm and cut width 3,2 mm 

Quantitative yield [%],at log length, L [m}; taper, S [cm/m] and diameters, d[cm] 

L S=0.5 S=0.75 S=l.00 S=l.25 S=l.50 

d=20 d=45 d=20 d=45 d=20 ·d=45 d=20 d=45 d=20 d=45 

2 66.62 72.95 64.48 72.35 62.84 7.1.58 61.69 70.64 61.04 69.55 

3 64.85 72.48 62.50 71.61 60.64 70.57 59.27 69.37 58.41 68.01 -
4 63.52 71.93 60.95 70.80 58.87 69.49 57.29 68.03 56.21 66.40 

5 62.62 71.32 59.83 69.91 57.54 68.35 55.74 66.62 54.44 64.72 

6 62.16 70.63 59.16 68.96 56.65 67.13 54.63 65.13 53.11 62.97 

The values ofyield in table 1 draw two surfaces. The first one is described by 
factors log length and taper curve at diameter 20 cm, while the second surface, 
situated above the first one is described by the same factors, but at log diameter 45 
cm. The values of the factors describing the surfaces are also sections with these 
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surfaces. The differences between the points of equal taper and log length are the 
distances between these surfaces. The surfaces and the distances between them are 
formed by the complex interaction between the log diameter (d), taper curve (S) and 
log length (L). The range of quantitative yield (R) between the two surfaces is equal 
to difference between maximum yield value Rmax=72.95 %, at L=2 m, S=0.5 cm/m for 
d=45 cm, and minimum yield value Rmin-=53.11 %, at L=6 m, S=l.5 cm/m, and d=20 
cm. 

The distances between the surfaces are formed also by the complex effect of 
the three factors. The minimum absolute difference between them is 6.33 %, at L=2 
m, and S=0.5 cm/m, and the maximum absolute difference increases up to 10.88 %, at 
L=5 m and S= 1.25 cm/m. The distances between the surfaces increase with increasing 
both oflog length and taper curve. All the distance values at L=6 m and S=l.50 cm/m 
remain !ower than these at the lines of L=5 m and S=l.25 cm/m. However, this 
difference is too small and has value !ower than 0.55 %. The yield could have values, 
which are points of the two surfaces, but also values situated between these two 
surfaces. 

Conclusons 
The studies on the effect of taper curve and log length of large-sized diameter 

logs cin the quantitative yield allow the following more important conclusions: 
1. The relationships between the log length and yield, on one hand, and 

between taper curve and yield, on the other, could be set to be inversely proportional. 
The yield decreasing is better expressed at higher values oflog length and taper. 

2. The double interaction effect of log length and taper on the quantitative 
yield revealed the equal importance of the two factors on yield formation, as well as 
of increasing the effect with increasing of their values. The lines expressing the 
constant yield levels allow its determination at desired taper curve and log length. 

3. The values ofyield could be described by surfaces, depending on the factors 
log length and taper curve, which are situated above each other with increasing of 
diameter. The surfaces are close to plains and are slightly sloped to the increasing 
values of log length and taper curve. The distances between the two surfaces are 
numerical axes of the yield. For log diameter from 20 and 45 cm, log length from 2 to 
6 m and taper curve from 0.50 to 1.50 cm/m, the yield range is characterized with 
minimum value 53.11 % and maximum value·72.95 %. The distances between the 
surfaces having maxima! and minimal difference by absolute value, is 6.33 % and 
10.88 %, respectively. 
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Applicatioli of polystyrene for plywood production 

Piotr Borysiuk, Krystyna Sosińska 
Department of Technology, Organisation and Management in Wood Industry, Section of 
Panel Products, Faculty of Wood Technology, Warsaw Agricultural University, Warszawa 

Abstract: The subject of the study was the possibility of applying crumbled polystyrene for 
bonding veneers in plywood. The source of this materia! were trays from foamed polystyrene 
coming from recycling. Nine pressing schemes were developed differing in the amount of 
spread materia! and pressure of pressing. Bond quality, compression and density of obtained 
plywood samples were determined and compared with plywood produced in a „traditional" 
manner. Plywood samples produce.d with polystyrene have shown, depending on pressing 
scheme, a comparable or slightly !ower (up to 14%) bond quality. At the same .time, these 
samples had a greater density and thickness, as compression has not taken place. 

Introduction 
One of the directions in the development of wood-based materials is introduction of 

new materials into their production, among them also recycled ones. A very interesting group 
of them is constituted by thermoplastics coming from recycling. Researches having been 
conducted have proven a possibility of applying polyethylene (LDPE, HDPE), polypropylene 
(PP) and polystyrene (PS) for bonding wood particles in particleboards and fibreboards (2, 3, 
4, 5). These boards usually show !ower strength properties in comparison with „traditional" 
boards. However, their unquestionable advantage is usually higher water resistance and 
dimensional stability in changing air humidity (4). The studies which have been conducted so 
far have proven also a possibility of simultaneous veneering the obtained boards. It seems 
advisable to go further ahead and to conduct researches on the application of the discussed 
materials to bonding veneers in plywood (2). 

Such an application of thermoplastics creates new possibilities of materia! recycling. 
The greatest source of the discussed materials are packaging and expendable articles ( dishes, 
cutlery, writing accessories etc.). It is worthy of stressing here that in 1995 in Poland only 
1.3% ofwastes from packaging were recycled (1). 

In the present study, it was attempted to apply polystyrene coming from used trays 
which are a commonly used expendable packaging of many food products as a bonding agent 
for production ofplywood. 

Method 
Within the framework of the study, 3-layer beach plywood samples were produced 

from industrial veneer of nomina! thickness 1.5 mm. For bonding the veneers in the plywood, 
crumbled trays from foamed polystyrene were used which carne from recycling (Fig. 1). 
Plywood samples were produced according to 9 pressing schemes differing in pressure and 
the quantity of spread polystyrene (Table 1). The time of pressing for all kinds of plywood 
amounted to about 6 minutes. Additionally, control samples of plywood were produced by 
means ofresins: urea-formaldehyde and phenol-formaldehyde ones. 

The following properties of the obtained products were determined: 
bond quality determined on dry samples, 
bond quality determined on wet samples soaked in water oftemperature about 20°C for 24 
hours, 
compression ofplywood, 
plywood density. 
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Fig. 1. The tray from foamed polystyrene (a) and its crumbled form (b) 

I phenol-formaldehyde resin 1,6 160 110 
II urea-formaldeh de resin 1,6 160 110 
III 200 
N 1,6 300 160 
V 400 
VI 200 
VII polystyrene 2,0 300 160 
VIII 400 
IX 200 
X 2,5 300 160 
XI 400 

Results and analysis 
The results of the conducted researches are specified in Table 2 and Figures 2. 

Table 2. Results ofresearches 

I 2,9 2,5 4,43 2 676 
II 2,9 2,4 4,30 4 689 
III 2,5 2,0 4,52 o 701 
N 2,7 2,1 4,82 -7 716 
V 2,7 2,2 4,93 -10 744 
VI 2,6 2,1 4,58 -2 695 
VII 2,9 2,0 4,77 -6 702 
VIII 2,9 2,4 4,86 -8 745 
IX 2,5 2,1 4,58 -2 693 
X 2,9 2,1 4,68 -4 714 
XI 3,1 2,3 4,88 -8 753 

* „-" thickness increasing after pressing 

-77-



As visible in Fig. 2, plywood produced by means of polystyrene show, depending on 
pressing parameters, a comparable or slightly !ower _(up to 14%) bond quality in relation to 
plywood samples produced by means of „traditional'; glues (based on phenol-formaldehyde 
and urea-formaldehyde resins). However, it should be emphasised that in the case of 
polystyrene both pressing temperature and pressure should be higher than in the case of 
typical plywood production. The applied polystyrene underwent strong plastification only at 
the temperature of 160°C. It implied a necessity of exerting a higher pressure (about 2.5 MPa) 
in order to obtain an appropriate adhesion of the materiał to the veneer. It is also worthy to 
add that in the course of bonding veneers the plastified polystyrene does not penetrate wood 
which is the case with „traditional" glues. It is particularly apparent in determination of the 
quality of glue bonds in samples having been soaked in water (Fig. 2 a). Additionally, the 
bond quality was influenced also by the quantity of spread polystyrene, especially by the 
difficulty in its uniform spreading on the surface ofveneer. In the course of forming the stock 
and its transport to the press, the crumbled materia! was running. In the fina! effect, especially 
with small spread quantity (200 g/m2

), the arising bonds could have variable thickness and be 
not continuous on the whole surface. This threat diminishes with a greater polystyrene spread 
quantity which implies a higher bond quality (Figs. 2 a, b ). · 
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Fig. 2. a) Bond quality - shear strength, determined on dry samples 
b) Bond quality - shear strength, determined on samples after soaking 
c) Compression ofplywood samples 
d) Plywood density 
Rt bond quality - shear strength i - spread quantity 
S - compression f - phenol-formaldehyde resin 
g - density m - urea-formaldehyde resin 
p - specific pressure of pressing 
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The unquestionable advantage of polystyrene as a bonding agen,t is the fact that no 
additional water is introduced into a set of veneers which occurs in the case of traditional 
„glues". It has a direct effect on the thickness of obtained plywood. It was proven by the 
investigations that in the case of applying polystyrene, no plywood compression took place 
and the thickness of plywood was greater than the summary veneers thickness before pressing 
(Fig. 2 c). In the course of pressing, the veneers underwent usually elastic deformation and the 
fina! thickness of plywood was influenced mainly by the thickness of bonds. When the 
quantity of spread polystyrene amounted to 400 g/m2

, the thickness ofplywood varied within 
the range 4.86-4.93 mm while with traditional glues, as a result of compression, it was even 
by 13% smaller (Table 1). Introduction ofpolystyrene as a bonding agent to plywood affected 
also its density (Fig. 2 d). Greater quantity of spread polystyrene, in spite of increased 
plywood thickness, resulted in a growth of its density. 

Summ ary 
The conducted researches have proven a possibility of applying recycled polystyrene 

for bonding veneers in plywood. Special attention should be paid to the fact that with a 
comparable or slightly smaller (up to 14%) bond quality plywood of greater density and 
thickness was obtained. When polystyrene is applied, the phenomenon of compression does 
not occur. The produced plywood samples had usually a greater thickness (even by 10%) than 
the total thickness ofveneers before pressing. 
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Streszczenie: Zastosowanie polistyrenu do wj;twarzania sklejek. Badano możliwość 
zastosowania rozdrobnionego polistyrenu do łączenia fornirów w sklejce. Źródłem tworzywa 
były pochodzące z recyklingu tacki ze spienionego polistyrenu. Opracowano 9 schematów 
prasowania różniących się pomiędzy sobą ilością naniesienia tworzywa i ciśnieniem 

prasowania. Określono wytrzymałość spoin klejowych na ścinanie, sprasowanie i gęstość 
pozyskanych sklejek oraz porównano je ze sklejkami wykonanymi w sposób „tradycyjny". 
Sklejki wykonane przy użyciu polistyrenu wykazywały (zależnie od schematu prasowania) 
porównywalną lub nieznacznie niższą (do 14 %) wytrzymałość spoin na ścinanie. 

Jednocześnie sklejki.te charakteryzują.się wyższą gęstością i grubością - nie występuje 
zjawisko sprasowania. 
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Development of materials and techn~logy obtaining of items by pressing in the 
closed moulds from wood scraps without adding adhesive 

V.G. Buryndin, V.G. Dedyukhin, N.M. Mukhin 

Ural State Forest Engineering University (UGLTU), Ekaterinburg, Russia 

Abstract: The outcomes of researches on study technologi cal properties of materiał from wood 
particles without adding adhesive and physic-mechanical properties of plastics from these 
compositions are indicated. The special attention is given to study of influence organie and 
inorganic modifiers, and also role ofwater duńng formation ofplastics 

In Russia the stock of wood is evaluated in 80 OOO million m3
• However, it does not mean, 

that it can be used not rationally. The degree using of wood raw materiał makes 65-70 %, and 
chemical and chemistry-mechanical methods processes only 15-17 % (world level ofprocessing 
makes 50-70 % ). On the hydrolyses enterprises of Russian Federation is accumulated lignin in an 
amount 1,5 million ton in recalculation on dry substance [1]. 

One from rational directions of an effective utilization of scraps is the deriving from them 
molding materiał - mass wood pressing (MDP) with using phenol- and urea formaldehyde resins 
[2-4]. However, for want ofuse in these compositions synthetic resins in an amount from 11 up to 
35 %, they become expensive and not ecological pure. Therefore, wood plastics received without 
adding adhesives represent large interest. Raw materiał can be not only small-sized wood 
particles, but also lignin and vegetative residuals of one-year plants (flax, hemp, cotton, straw and 
etc.). 

In articles of the Prof. A.N. Minin (Byelorussia technological university) such materiał is 
called pressure termoplastic [5]. 

At our university since 1961 the works on obtaining plates from wood and other 
vegetative scraps without adding adhesives in open moulds (between heated plane-parallel plates) 
are conducted. The materiał is named lignin-carbo-hydrate wood plastic (LUDP) [6]. 

On faculty of technology of processing of plastic UGLTU since 1996 the works on 
deriving wood plastics without adding adhesives and items from them in the closed moulds (wood 
plastics without adhesives: DP-WA) are conducted [7,8]. 

The technologi es obtaining of plates and items from wood plastics without adhesives do 
not find broad introduction because of a large cycle of pressing, as the cooling plastics is made in 
a mould under pressure. Therefore productivity of the equipment low, and cost ofheat large. We 
offer technology of pressing ofitems based on a pńnciple ofremote moulds with using in quality 
of warm - air. It allows increasing productivity process of pressing more than 5 times, on a 
compańson with traditional technology for such materiał, and considerably cost of heat is 
reduced. 

One from defects wood composites without adding adhesives is their low fluidity. The 
fluidity DP-WA with wood waste utilization (faction of0-2 mm) on a method of preŚsing ofa fiat 
sample - disk [9] for humidity 10 % is equal 78 mm, and for want of 20 % - 95 mm [10]. The 
fluidity on Rashig for humidity 1 O % is equal 9 mm, and for want of 20 % - 29 mm. 
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Good raw materials for manufacturing DP-WA are the scraps of productions: a rubbing 
dust of plywood (RD-P) and rubbing dust of particleboard (RD-PB). For example, the amount 
fo1med RD-PB for volume ofproduction particleboard 100 OOO m3 per year makes 7500 ton [11]. 

In work [12] is shown, that RD-PB is possible to use in production general-purpose 
phenolic of mark 03-010-02, conforming the requirements GOST 5689-86 on phenolic (see tab.). 

The table 
S d h r . h f d fl d . d" d f PB tructure an propert1es p eno 1c w1t usmg o woo our an grm mg ust o 

Parameters Filler 
Wood flour RD-PB 

Composite, % 
1. Phenolfomaldehyde resin 42,8 37,5 
2. Wood filler 42,6 42,0 
3.Mummy 6,5 7,0 
4. Lime (Hydroxide magnesium) 0,9 0,7 
5. Stearin 0,7 0,6 
6. White bole - 4,4 
7. Paint 1,1 -

Prooerties 
1. Ultimate bending strength, MPa 69 66-69 
2. Shock viscositv, kDj/cm~ 5,9 5,9-7,0 
3. Electrical strength, kV/cm 14 16,7-17,2 

The purpose of the given work is the development composition from RD-P without 
adding adhesives and determination modes of pressing items. 

The fluidity DP-W A with using of RD-P considerably concedes of phenolic. Therefore, 
it is possible to produce items of a not complicated configuration. The fluidity of a materia! on 
Rashig and on the disk depending on it ofhumidity is indicated on fig.la and lb. 

It is known [13], that the modification of wood by ammonia considerably increases it 
plasticity. The optimum amount of ammonia makes 5 %. 
As a source of ammonia offered to use urea, which in conditions of pressing is decomposed under 
the following scheme: 

NH2 -C-NH2 + Hp 
li 
o 

Amount of ammonia (mam ) and carbon dioxide (med ), formed for want of decomposition urea 
(mu), are possible to calculate under the formulas: 

mam= mu /1,765 and med= 0,733 mu. 
Und er our judgement, the application urea is mare expedient, as the forming carbon dioxide 
creates a weak acid medium that promotes passing of polycondensation processes lignin and light 
hydrolyzable of a part cellulose - hemicellulose. It coincides the judgement of the authors of 
work [14]. 

The water during obtain a wood plastics without adding adhesives is necessary both 
plasticizer of wood and as a chemical reactant participating in reactions with components of 
wood. 
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Besides for want of use as the modifier of urea, the additional amount of water for its 
expansion (see scheme) is necessary. The amount of water (mw) for passing a reaction can be 
calculated under the formula: mw = 0,53 mam. 

Therefore, for want of formation DP-WA because of RD-P, with use as the modifier of 
wood water, the optimum contents of it should make about 13 %. 

For modification a press-composition because ofRD-P 9 % of urea was used. It allows 
considerably increase fluidity of a press-material. For example, fluidity on Rashig, for want of 
humidity of an initial materia] 13 %, will increase.in 3,5 times, fluidity on disk with 75 up to 84 
mm, and the shear resistance, determined according to work [9], decreases with 2,6 up to 1,5 
MPa (fig.le). The transverse elasticity ofplastic is increased with 263 up to 364 MPa (fig. ld). 

With use of a method of mathematical planning of experiment of a kind 32 the influence 
ofhumidity RD-P (X1 = 11±5 %) and pressure of pressing (X2 = 15±10 MPa) on properties DP­
W A is investigated. Temperature of pressing made l 70°C. In an outcome of processing of 
outcomes of experiments the following adequate equations of regression as a polynomial of the 
second order are obtained: 
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Ultimate bending strength, MPa 
Yl = 34,9 + 6,6 X1+16,9 X2 -1,4 X12 - 4,3 Xl- 3,0 X1 X2 

Sorption of water, % 
Y2 = 34,5 - 21,8 X1 - 76,7 X2 + 26,3 X1 2 - 3,8 Xl + 75,5 X1 X2 
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1rnp6aMH)W - cl>opMaJih,!J;erH,lJ;HhlX OJIHroMepoB 

B. A PR6111-1 -A. A. Bpa~ai1Ko 11 - A. A. neoHOBttą21 

en <«l>Mwep-MyKa'łeBO», r. MyKa'łeBO - YKpa1rna
11

, 
21 

rocy,llapcTEeHHa51 JieCOTeXHM'łeCKa51 aKa)leMH51, r. CaHKT-TieTep6ypr - PocCH51 

Co)lep:llmHue: B pa6oTe paccMaTp11saeTC5! MeTO.ll rroBhIWeHH51 KaąecTEa 

,llpesecHOCTpyn<e'łHhIX IIJIHT, <iJaHepbl HarrpaBJieHHOH MO)lH<iJHKau11eił Kap6aMH)l0 -

<iJopMaJih)lerH)lHhlX OJIHroMepos. TioJIOJl<HTeJibHble pe3yJihTaThl HCCJie)lOBaHMH H arrpo6au1111 

B npOH3BO)lCTBeHHhlX ycJIOBH51X 6hIJIH )lOCTHrHYThl npH rrpHMeHeHMH pa3JIM'łHhlX COCTaBOB 

KOM6MHHpoBaHHOro CB.5!3yeMoro, COCT051J.Uero 113 Kap6aMH)lo<iJopMaJib)lerM)lHOH CMOJ!hl H 

Kap6aMH)lOMeJiaMMHO<iJeHOJIO<iJopMaJib)lem)lHOH CMO)lbl. KoM6HH11pOBaHHOe CB513yeMoe 

HaIIIJIO npHMeHeHHe )lJl51 rrp0113BO)lCTBa KJieeHC~H rrpo)lyKUMM Bh!COKOH BO)lOCTOHKOCTH, co 

3Ha'łHTeJibHhlM ynyąweHHbIM - MeXaHM'łeCKHM CBOHCTBOM H MeHbWeił 3MMCCMeił 

<iJopMaJib)lem)la, a TaKJl<e 6e3 Kopa6neHH51 H3)leJIMH. 

KaąecTEo rrpo,llyKu1111 - ::iTo cosoKyrrHOCTh csoiłcTB npo)lyKu1111, o6ycnoBJIM-BaIOJ.UMX 

ee IlpHrO)lHOCTh y)lOBJieTBOp51Th Ollpe)leJieHHbJe I10Tpe6HOCTH B COOTBeTCTBHH C ee 

Ha3Ha'łeHHeM. 1'13BeCTHO, 'ITO IIOKa3aTeJib Ka'łeCTBa - KOJIM'łeCTBeHHa51 xapaKTepMCTHKa 

CBOHCTB npo)lyKUHH, BXO)l5IIUHX B COCTaB Ka'łeCTBa, paccMaTpHBaeMa51 rrpMMeHHTeJibHO K 

onpe)leJieHHhlM ycJIOBM51M ee C03)laHH51 H 3KCilJiyaTaUHH. B OCHOBe H3MepeHM51 Ka'łeCTBa 

JieJlmT CHCTeMHhlH IIO)lXO)l , 3aKJIIO'łaIOIUHHC51 B TOM, 'ITO Ka'łeCTBO npo)lyKUMM 

paccMaTpMBaeTC51 KaK HeKOTOpa51 o6o6iueHHM (KOMilJieKCHM) xapaKTepMCTMKa, 3aBMC51IUa51 

OT xapaKTepHCTMK OT)leJibHhlX CBOHCTB KaąecTBa. 

Kaąecrno )lpesecHocTpy)l(e'łHblX IIJIMT ()J.CTTI), <iJaHepbI paccMaTpMBaeTC51 KaK 

KaTeropH51 TeXHMK0-3KCIIJiyaTaUMOHHa51. B 3TOM cnyąae B IIOH51TMe Ka'łeCTBa BXO)lMT BC51 

cyMMa IIOKa3aTeJieił, xapaKTepmy!OIUMX rrpMro)lHOCTh MX )lJI51 orrpe)leJieHHhIX Ha3Ha'łeHMH. 

AHaJIM3 Tpe6osaHMH npOMhlUIJieHHOCTM K Kaąecrny )J.CTTI, <iJaHepbl M TeH)leHUMH pa3BHTM51 

Tpe6oBaHHH I103BOJIMJI BhI)leJIHTh OCHOBHhle IIOKa3aTeJIM Ka'łeCTBa. 

CneuManhHhie Tpe6oBaHM51 K KaąecTBy )J.CTTI, <iJaHephI rrpe)l'h51BJI51eT cTpOMTeJihHM 

MH)lyCTpM51. 3TO r11)lpo<iJo6HOCTh, HM3KOTOKCM'łHOCTh, rrpO'IHOCTh, )lOJiroBe'łHOCTh. 

lM)lpo<iJo6HOCTh H HM3KOTOKCH'łHOCTh CJie)lyeT OTHeCTM K MX HaM6onee BaJl<HhIM CBOHCTBaM. 

DOJlhWee 3Ha'łeHMe MMeeT IIOKa3aTeJih IlpO'IHOCTM rrpM paCT51)l(eHHM rreprreH)lMKYJI51pHO 

rrosepxHOCTM, xapaKTepM3yIOIUMX rrpo'IHOCTh CKJieMBaHM51. YKa3aHHhie xapaKTepMcTMKM 

)J.CTTI, <iJaHepbl B3aMMOCB513aHhl H B 3Ha'łMTeJihHOH Mepe orrpe)leJJ5IIOTC51 KOre3MOHHO­

a)lre3MOHHOH rrpO'IHOCTh!O, T. e. npO'IHOCTbIO CKJieMBaHM51 )lpeBeCHhlX qacn1u, OT)leJibHhIX 

3JieMeHTOB ,llpeseCMHhl, CTerreHhlO OTBep)l()leHM51 CB513YIOIUero. 

B pa6oTe paccMaTp11saeTC5l MeTO.ll IIOBhiweHM51 KaąecTBa )J.CTil, <iJaHephI, 

HanpasneHHoił MO)ltt<iJ11Kau11eił CB513YIOJ.Uero. 

Ha116onee pacnpocTpaHeHHhIMM B HacT051IUee speM51 CB513YIOJ.UMMM seiuecTBaM11, 

np11MeH5IeMbIMM )lJ151 M3fOTOBJleHH51 ,1J.CTII, <j>aHephl pa3JlM'łHOro Ha3Ha'łeHH.51, .51BJ151IOTC.51 

Kap6aMM)lo<j>opMaJih)lem)lHh1e on11roMeph1 6naro)lap» pSI)ly rrpe11MyiuecTE: cnoco6HocTM K 

6h1cTpOMY OTBep)l()leHHIO B rrpMCYTCTBMM ycKopHTeneił, CO'łeTaHMIO cpaBHMTeHJlhHO Bh!COKOH 

KOHUeHTpau1rn c IIOHH)l(eHHOH MJIM IIOBbJUJeHHOM B513KOCThIO. OHM o6ecrre'IMBaIOT Bh!COKYIO 

rrpO'IHOCTh )J.CTII, <j>aHephl, ycryrra51 )lpymM CMOJlaM rnaBHhlM o6pa30M B CTOHKOCTM K 

O)lHOBpeMeHHOMY M )lJlMTeJlhHOMY B03)leHCTBHIO Bnam M IIOBhUIIeHHOH TeMrreparypbl (6onee 
60°C). 
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Kap6aM11)1,ocpopMaJib)J,ern)J,Hb1e CMOJibI rrp11MepHo B 2 pma )J,ewesne 

cpeHOJiocpopMaJib)J,erH)J,HblX. 

<I>eHonocpopMaJib)J,ern)J,Hbie on11roMepb1 06ecrreą11saroT 06pmosaH11e KJieeBbIX 

coe)J,11HeH11H, crroco6HbIX xopowo corrpoT11BJil!TbCl! rrepeMeHHbIM B03)1,eHCTBl1l!M 

IIOBbIIIIeHHOH BJla:lKHOCTl1 11 TeMrrepazypbl OKpy)!(aIOmeił cpe)J,bl, a TaK)!(e 06Jia)J,aIOmux 

IIOBbIUieHHOH TepMOCTOHKOCTb!O. 

0)1,HaKo, cpeHOJiocpopMaJib)J,erH)J,Hbie CMOJ!bl Tpe6yroT rrp11MeHeHl1l! 6onee Bb!COKl1X 

TeMrrepazyp rrpeccosatt11.S1 11JIH YAJI11tteH11.S1 rrpo)J,OJI)!(l1TeJibHOCTl1 3Toro rrpou:ecca. 

KpoMe Toro, cymecTBeHHOe ynyqwett11e IIOKa3aTeJieił BO)J,OCTOHKOCTl1 ,[\OCT11raeTCl! 

TOJTbKO rrp11 BBe)J,eHl111 6onee 15% CMOJ!bl. 

Tip11MeHeH11e cpeHOJIOcpOpMaJib)J,erH)J,HbIX CMOJI )J,Jll! ,Il;CTTI, cpattepbl orpaH11qeHO 

catt11TapHo-rnrnett11ąecKl1Ml1 CBOHCTBaMl1, CBl!3aHHblM11 c TOKc11qHOCTb!O cpeHOJia [1,2] 

11MeIOT IIOBbIUieHHYIO rn;enoąHOCTb, BCJie)J,CTBl1e qero )J,Jll! )J,OCTl1)!(eHl1l! Bb!COKl1X pe3yJ!bTaTOB 

rro rtt)J,pocpo6113au:1111 [JJil1T Tpe6yIOTCll )J,OIIOJIHl1TeJ!bHb!e rrp11eMbl. 

MenaM11ttocpopMaJib)J,ertt.n;Hb1e on11r0Mepb1 o6na)J,aIOT sceM11 rrpeHMymecTBaMH 

Kap6aMl1)1,0-H cpeHOJIOcpOpMaJib,[\ertt,[\HbIX 11 He 11MeIOT HX He)J,OCTaTKOB [3]. 

TioBbIUiettHal! cpyHKU110HaJibHOCTb MenaM11Ha rro cpasHeH11IO c Kap6aMH)J,OM 

orrpe)J,em1eT B03Hl1KHosett11e B cMone 6onbwero KOJI11qecTBa rrorrepeąHbIX CBl!3eił. 

MeJiaMl1HOcpopMaJib)J,ern)J,Hbie CMOJ!bl o6Jia)J,aIOT Bb!COKOH BO)J,0- 11 TeIIJIOCTOHKOCTb!O [ 4]. 

0)1,HaKO, 113-3a orpatt11qeHHOro o6'beMa rrpOl13BO,Ll,CTBa 11 )J,Oporos113Hbl MeJiaM11Ha OHH He 

HaUIJil1 III11pOKOro rrp11MeHeHl1l! ,[\Jl.SI 113rOTOBJieHl1l! ,Il;CTTI, cpaHepbi. 

HaM11 npose)J,eHbI 11ccne)J,osatt11.S1 11 arrpo6au11.S1 s rrpo113BO)J,CTBeHHbIX ycnos11.S1X 

pa3m1qHbIX COCTaBOB KOM611tt11poBaHHOro CBll3YIOmero, COCTOl!rn;ero H3 

Kap6aMHAOcpopMaJib)J,ern)J,Hoił CMOJibI K<I>MT-15, K<l>C-01-MYY, Kap6aM11)1,o­

MenaM11HocpeHoJiocpopMaJib)J,ern)J,HOił CMOJibI K<l><I><l>. TioJIO)!(l1TeJibHbie pe3yJ1bTaTbI )J,aJil1 

B03MO)!<H0CTb cep11iłHOro np11MetteHl1l! KOM611HHpOBaHHOrO CBll3YIOmero )J,Jll! rrpOH3BO)J,CTBa 

KJieettoił rrpOAYKII1111 Bb!COKOH BO)J,OCTOHKOCTl1 co 3Ha1IJ1TeJibHblMl1 ynyqweHHE.IMH 

MexaH11qecKl1Ml1 CBOHCTBaMl1, 6onee u:enecoo6pa3Hb!Ml1 c 3KOHOM11qecKOH TOqK11 3peHHll, 

3MHcc11eił cpopMaJib)J,ern)J,a KJiacca E-1, E-0. 

KpoMe Toro, BbIUieyKa3aHHbie COCTaBbl II03BOJ!l!IOT HCKJIIOąHTb B HeKOTOpoił CTerreHH 

Kopo6nett11e 3a cąeT ctt11)!(eH11.S1 TeMnepaTypbI npeccosattHll [5]. 

MoAHcpHKaU:Hl! Kap6aMH)J,OcpopMaJib)J,ertt)J,HbIX onwroMepos crroco6cTByeT ysenwąeHHIO 
)Kl13Hecnoco6HOCTl1 11 ynyqwaeT CBOHCTBa IIOJil1Mepa. lfaseCTHO, qTo TpHa311Hbl TIOBb!UiaIOT 

BO)J,OCTOHKOCTb, TenJIOCTOHKOCTb 11 Apyrne CBOMCTBa Kap6aMH)J,Hb!X CMOJI. B HaCTOl!IU:ee 

speMl! Be)J,yTCl! rrpoM b!UIJieHHbie 11CIIbJTaHl1l! MO)J,11cp11KaU:HH OJIHroMepos c IIOMOID:b!O l-~­
r11)1,pOKCl13THJI-3 ,5-611c-rH)J,pOKCl1MeTHJI-1,3 ,5-reKcarn)J,p0Tp11a311HOH-4, 3MIIHpHqecKal! 

cpopMyna C 7H1 504N3, a TaK)!(e N, N
1 

- (AH3Tl1JiaM11Ho) MeT11n-N-0Kc11MeTHJIMoąes11HbI, 
3Mn11p11ąecKa.S1 cpopMyna C12H2806 N4, npDAYKTaM11 KOH)J,eHcau:1111 cpopMaJih)J,ern.n;a, 

Kap6aMH,[\a, MOH03TaHoJiaM11Ha, )J,113TaHOJiaM11Ha, rronyąeHHb!Ml1 rro pa3pa6oTaHHOro HaMl1 

O)J,Horo 113 rrpoMbIUIJieHHbIX TexHonornąecKHX rrpou:eccos rrepepa6oTKl1 rrapacpopMa. 
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Streszczenie: Modyfikacja oligomerów mocznikowa - formaldehydowych. Przeprowadzono 
analizę sposobów podwyższania jakości płyt wiórowych i sklejek wykonanych z użyciem 
modyfikowanej żywicy mocznikowo-formaldehydowej. Wyroby wykazały wysoką 
wodoodporność wraz ze znaczącym polepszeniem właściwości mechanicznych oraz 
zmniejszeniem emisji wolnego formaldehydu. 



Production of particleboards with use of waste from recycled boards glued 
with PF resin 

Rafał Czarnecki, Dorota Dziurka, Janina Łęcka 
Department ofWood-Based Materials, A. Cieszkowski Agricultural University, Poznań 

Abstract: Production of particleboards with use of was te from recycled boards glued with 
PF resin. The research investigated the possibility of substituting, in the production of 
particleboards, a part of wood particles with waste from recycled boards glued with the 
phenolic resin. In the production of experimental particleboards phenolic and urea resins were 
used. The studies prove that adding the waste material to the centre layer of the boards glued 
with phenolic resin slightly deteriorates their properties. A much worse effect is obtained 
when the boards are glued with urea res in. Even a small amount of the waste particles added 
to the centre layer results in a considerable deterioration of the properties of the boards. This 
effect becomes even stronger as the amount of the added waste particles increases. 

Key words: waste particles, recycling, particleboards 

Introduction 
The production and consumption of particleboards constantly develop, which results in 

the growing demand for timber. The limited possibility of increasing the lobbing and supplies 
of timber as well as a relatively high cost of this materia! make manufacturers search for 
substitutes of timber. As a result, the use of industrial wood waste, especially sawdust, 
recycled timber [Wnuk 1999] and annual plants [Grigoriou 1998; Piotrowski 1999; 
Czarnecki, Dziurka, Mirski 2001], hecomes increasingly effective. Moreover, due to the 
technological progress concerning the equipment and machinery for wood-based materials 
industry, the processing of worse quality materia! has become possible. A considerably good 
results were obtained using waste particles from particleboards glued with urea (UF) resin, 
both raw and laminated [Czarnecki, Dziurka, Łęcka 2002]. The waste material required only a 
reduction to chips and could be successfully used as the addition to the center layer of the 
experimental boards. Therefore, it seems worthwhile to investigate whether boards glued with 
phenolic (PF) resins can be treated similarly. 

The aim of the present work is study to what extent the waste from particleboards glued 
with PF resin can be applied to the production ofparticleboards. 

Materia! and methods 
In the production of particleboards, pine particles obtained in industry conditions and 

recycled particles obtained from particleboards, both raw and laminated, glued with phenol­
formaldehyde resin were applied. The particles underwent screen classification: dust and the 
fraction unable to get through square mesh were removed. The square mesh dimensions were 
as follows: 2 mm. in a side in terms ofpine particles for the top layer and 5 mm in a side in 
case of pine particles and recycled particles purposed for the center layer. Two series of 
boards were produced, glued with, respectively, PF and UF resin. The resin level of the 
particles was 8% in case of the center layer and 12% in case of the top layer. The waste was 
added only to the center layer of the experimental boards in thę amount of 1 O, 20, 30, 40, 50 
and 60%. The weight ratio of the center layer particles to the top layer particles 
was 2:3. Three-layer particleboards with the density of 700 kg/m3 and the dimension of 
450 x 450 x 19 mm were produced in laboratory conditions using the following pressing 
parameters: pressure 2.5 MPa, temperature 180°C and time 7.5 minutes .. 

The following properties of the produced particleboards were investigated: 
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modulus of rupture (MOR) according· to PN-EN 310 "Wood-based panels 
Determination ofmodulus ofelasticity in bending and ofbending strength" 
interna! bond (IB) according to PN-EN 319 "Particleboards and fiberboards -
Determination oftensile strength perpendicular to the piane of the board" 
swelling in thickness after 24 hours according to PN-EN 317 "Particleboards and 
fiberboards - Determination of swelling in thickness after immersion in water" 
free f01maldehyde content. according to PN-EN 120 "Wood based panels -
Determination of formaldehyde content - Extraction method called the perforator 
method" 

Discussion of results 
The influence of the amount of recycled particles added to the paiticles of the centre 

layer upon the prope1ties of boards glued with PF resin is presented in Table 1. Results 
included in the table show that the 10% addition of recycled particles leads to a noticeable, 
yet slight, decrease in the modulus of rupture„by 7.65%. Further growth of the recycled 
particles amount up to 60% results in an insignificant but systematic decrease in MOR of the 
investigated boards. The results of studies on interna! bond are similar. The 10% addition of 
the recycled particles decreases this property by 1/3. However, further increase in the amount 
of the recycled particles does not actually change the value of IB. The addition of waste 
particles fav-0urably affects swelling in thickness. The free formaldehyde content, however, 
remains in fact unchanged, at a relatively low level. 

The results obtained for the other series ofparticleboards glued with urea resin are much 
worse. Only the 10% addition of waste particles can me regarded safe as far as the properties 
of the produced boards are concerned. When a larger fraction of recycled particles is used, all 
properties, apart from free formaldehyde content, deteriorate rapidly. When the fraction of 
waste particles exceeded 40%, the produced particleboards happen to undergo serious damage 
right after taking them out of the press. 

Conclusions 
The research results lead to the conclusion that, in the scheduled conditions of 

producing laboratory particleboards, the use of particles from recycled boards glued with PF 
resin results in the deterioration of strength properties of the boards. However, in case of 
particleboards glued with phenolic resin the deterioration is slight, even with the 60% fraction 
ofwaste particles. Yet, the use ofrecycled particles in the production ofboards glued with UF 
resin results in a sudden deterioration of their strength properties, leading even to the 
destruction of the boards right after the pressing. In case of the 60% addition of the waste 
particles the destruction was tata!, and for the fraction of 40 and 50% it was partia!. In both 
cases the free f01maldehyde content remains actually unchanged, and swelling in thickness 
after immersion in water changes slightly. Therefore, particles from recycled particleboards 
can be used in the production of boards glued with PF resin .. However, using waste particles 
in the production ofboards glues with UF resin is not recommended. 

References 
1. CZARNECKI R„ DZIURKA D„ ŁĘCKA J., 2002: The waste from particleboards glued 

with urea resin as the substitute materia! in the centre layer of the particleboards. 
IV1

h International Symposium "Composite Wood Materials", Zvolen, 
26-28.06.2002:175-177 

2. CZARNECKI R„ DZIURKA D„ MIRSKI R., 2001: Możliwość wykorzystania łuski 
owsianej jako substytutu wiórów w produkcji płyt wiórowych Przemysł Drzewny: 
21-23 

-88-



3. GIRGORIOU A. H., 1998: Straw as altemative raw materia! for the surface layers of 
particleboards. Holzforschung und Holzverwertung. Vol. 50. No 2: 32-34 

4. PIOTROWSKI Z., 1999: Słoma zbożowa alternatywnym surowcem lignocelulozowym w 
produkcji materiałów płytowych. Przemysł Drzewny. Nr IO: 27-29 

5. WNUK M., 1999: Uwarunkowania produkcji płyt wiórowych z wtórnych surowców 
drzewnych w Polsce. Przemysł Drzewny. Nr 7-8: 16-17 

Streszczenie: Wytwarzanie płyt wiórowych z wykorzystaniem odpadów uzyskanych z płyt 
zaklejanych żywicą PP. Zbadano możliwość substytucji części wiórów drzewnych, w procesie 
wytwarzania płyt wiórowych, odpadami powstałymi w wyniku recyklingu płyt zaklejanych 
żywicą fenolową. Do wytwarzania płyt doświadczalnych zastosowano żywice fenolową i 
mocznikową. Wykazano, iż dodatek odpadów do warstwy środkowej płyt wiórowych 
zaklejanych żywicą fenolową nieznacznie pogarsza ich właściwości. Dużo gorszy efekt 
uzyskano stosując do zaklejania płyt doświadczalnych żywicę mocznikową. Już niewielki 
dodatek wiórów odpadowych w warstwie środkowej płyt znacznie powoduje znaczne 
pogorszenie ich właściwości mechanicznych. Efekt ten wyraźnie narasta w miarę wzrostu 
ilości dodawanego odpadu. 
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Table 1 
The influence of the fraction ofrecycled particles added to the centre layer upon properties of 

. I . 1 b d 1 d . hPF . expenmenta partie e oar s g ue Wit resm. 

Fraction of recycled pa1ticles in the centre layer of 
Propetties Mass unit boards glued with PF resin, % 

o 10 20 30 40 50 60 

Modulus of rupture MPa 18.3 16.9 16.6 16.6 16.7 16.0 16.0 

Interna! bond MPa 0.42 0.28 0.25 0.26 0.26 0.24 0.26 

Swelling in 1 after 2 h 16.0 14.0 14.5 13.7 14.9 12.4 13.0 

thickness I after 24 h 
% 

17.6 17.2 17.8 16.6 15.9 15.2 15.2 
Free fonnaldehyde mgCH20/ 

3.67 3.48 3.83 3.15 3.63 3.69 3.53 
content 100 !!d.m.b. 
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Table 2 
The influence of the fraction of recycled particles .added to the centre layer upon properties of 
experirnental particleboards glued with UF resin 

Fraction of recycled particles in the centre layer of 
Prope1iies Mass unit boards glued with UF resin, % 

o 10 20 30 40 50 60 

Modulus ofrnpture MPa 14.7 14.0 13.1 13.1 12.0 9.6 5.4 

Interna! bond MPa 0.41 0.26 0.18 0.15 0.09 0.06 -
Swelling in I after 2 h 9.7 13.1 13.1 13.1 15.1 15.5 -

% 
thickness I after 24 h 19.3 19.6 19.5 19.8 19.3 20.1 -

Free fonnaldehyde mgCH20/ 
7.85 8.40 8.35 8.21 8.26 8.06 8.48 

content 100 gd.m.b. 



Properties of OSB/3 boards in dependence upon the environment humidity 

Adam Derkowski, Janina Łęcka, Radosław Mirski 
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Abstract: Properties of OSB 3 boards in dependence upon the environment humidity Studies 
were made upon the influence of the action of air with increased humidity content and the 
cyc lic changes in the humidity upon properties of OSB/3 boards glued in the centre layer with 
PMDI resin. The research results prove that the OSB/3 boards used in the studies were 
characterised by very high modulus of rupture and modulus of elasticity. The action of the air 
with humidity of 90% as well as cyclic changes in the humidly result in only slight decrease 
in these values. The boards meet the requirements of PN-EN 300 standard in terms of interna! 
bond, however their moisture-resistance measured with a boi! test does not comply with the 
standard even in the control board. Both long-lasting action ofwater with increased humidity 
and the cyclic changes in the humidity lead to permanent deformation in the thickness of 
OSB/3 boards reaching 12%. 

Key words: OSB/3, humidity, cyclic tests 

Introduction 
Recently in Europe, the production of oriented strandboards has been developing 

intensively. The development results from the wide range of possible uses of OSB in 
especially skeleton building structures and interior fumishings. Due to their properties, they 
successfully replace the used so far particleboards of increased water-resistance, plywood and 
timber. Oriented strandboards are used mainly as roofing, inner and outer walls, floors, 
ceilings and structure elements of girders, I-beams and trusses. Also in Poland, in 1997, the 
manufacturing of OSB started in the production line with the effectiveness of over 
35,000 m3 /year. In the described manufacturing plant, for the first time in the world, the 
boards are produced in a continuously operating press and the centre layer is glued with 
isocyanate resin (PMDI). The studies made so far on the influence of the bonding agent upon 
the properties of OSB concemed mainly boards glued with phenolic resin [Kim et al. 1994; 
Andersen, Troungton 1996; Pu et al. 1992a, 1992b; Wu, Suchsland 1996, 1997]. None of 
these works regarded oriented strandboards made of pine particles glued in the center layer 
with PMOI resin, and in the outer layer with MUPF resin. 

The aim of the present work is investigate to what degree the humidity of the 
environment affects the properties ofthus glued OSB/3, i.e. boards purposed for use in humid 
conditions. 

Materiał and methods 
OSB/3 produced in industrial conditions with thickness of 22 mm were used in the 

studies. In order to determine the influence of humidity upon properties of the boards, 
samples were subjected to the following tesys: 

the action of air with humidity content of 90% RH (12 weeks) 
the measurements of the boards properties were made after 3, 6, 9 and 12 weeks 
the cyclic action of air with humidity content of 30% RH and 90% RH (3 cycles x 2 
weeks of 90% RH + 2 weeks of30% RH) 
the measurements of the boards were made after each cycle 
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The tests were made right after taking the samples out of a conditioning chamber and 
after a repeated air-conditioning of the samples in the standard conditions. The following 
properties of the boards were determined: swelling in thickness, humidity content, internal 
bond (IB), moisture resistance, modulus of rupture (MOR) and modulus of elasticity (MOB). 

Discussion of results 
The influence of increased humidity content and the time of humidity action upon the 

properties of OSB/3 boards is shown in Tables 1 and 2. Data presented in Table 1 show that 
the value of modulus of rupture, along both longer and shorter axis, which characterized the 
investigated oriented strandboards significantly exceed the requirements of PN-EN 300 
standard. As the seasoning progres sed in the air with humidity of 90%, the MOR value of the 
boards decreased, and the samples determined right after taking them out of the conditioning 
chamber showed slightly smaller value of MOR than those which, before the investigation, 
were air-conditioned in standard conditions. The decrease in MOR results probably from the 
loosening of the board structure due to the deformation of the pressed particles caused by high 
humidity of the environment. Minor differences in the modulus of rupture of samples both 
subjected and not subjected to the air-conditioning (not exceeding 3MPa) prove the 
mechanical character of the changes, since the rupture of the chemical bonds would result in a 
pennanent and more significant decrease in the mod ul us of rupture. Also the results of studies 
on MOR after the cyclic tests prove such a character of the action of the air humidity. In this 
case, boards investigated directly after taking them out of the conditioning chamber, in which 
the humidity content was 30%, were characterized by higher values of MOR than those 
which, before the studies, were air-conditioned in standard conditions. The mechanical 
character of the destruction of the boards is also confirmed by the analogi cal results of studies 
on modulus of elasticity. Although the oriented strandboards subjected to cyclic changes of 
humidity showed decrease in the MOR value along the longer axis by approx. 8% and in the 
modulus of elasticity by 10%. However, in the analogical period of the action of the air with 
humidity of 90%, the decrease in the values of MOR and MOB amounted to, respectively, 
29% and 40%. Nevertheless, in both cases the numerical values of MOR as well as MOB, 
after the completed studies, considerably exceeded the requirements of PN-EN 300. 

The results of studies on interna! bond of the boards are different. The boards which 
were tested cyclically met the requirements of PN-EN 300 in the whole scope of the study. 
Yet, OSB/s boards subjected to the constant action of the humidity of 90%, after 9 weeks 
showed smaller interna] bond than the IB value required by the standard. It ought to be 
emphasised that the studied boards do not comply with the standards of moisture-resistance 
and the humidity conditions only slightly at'fected this parameter. After each cycle of the tests 
in the changeable humidity conditions, the humidity of the boards met the requirements of the 
standard specification. However in the humidity conditions of 90%, the humidity of the 
boards increased systematically and exceeded the acceptable standard after the sixth week. 
The increase in the humidity content of the boards was accompanied by the increase in their 
thickness (by as much as 11.8% after 12 weeks). Presumably, these deformations are to a 
certain extent of a permanent character. The measurements of the boards thickness after the 
cyclical tests, i.e. after the reconditioning from 90% RH down to 30% RH, when the increase 
in the thickness amounted to 3.7% after the third cycle, prove the pennanent nature of the 
deformations. 
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Table 1 
The influence of the time and relative humidity of the air on the modulus ofrupture and 
modulus of elasticity of OSB/3 

Modulus ofmpture [MPa] Modulus ofelasticity [MPa] 
The conditions Non-conditioned After air- Non-conditioned After air-

of air- Measurement conditioning conditioning 
conditioning after [ weeks] Larger Small er Larger Small er Larg er Small er Larg er Small er 

axis axis axis axis axis axis axis axis 
Value according to 18,0 9,0 18,0 9,0 3500 1400 3500 1400 

PN-EN 300 
Control board 38,1 26,1 38,1 26,1 7892 4872 7892 4872 

3 34,7 23,8 36,2 25,0 6686 4045 7166 4958 

90%RH 6 32,3 21,7 35,9 22,1 6062 3431 6992 4820 
12 weeks 9 30,7 19,1 34,1 21,3 4906 3130 6835 3907 

12 27,0 17,0 29,8 19,9 4551 2924 5450 3736 

3x 4 38,7 25,9 36,2 25,0 7595 3902 7166 4958 
[2weeks 90% 

8 36,2 22,9 35,9 22,1 7114 3737 6992 4820 RH+2weeks 
30%RH] 12 35,2 20,9 29,8 19,9 7075 3640 5450 3736 

Table 2 
The influence of the time and relative humidity of the air upon water-resistance ofOSB/3 

Tensile strength perpendicular to 
the olane of the board [MPal Swelling in 

The conditions of Measurement Afterair- Aftera boi! Moisture content 
air-conditioning aft er [ weeks] conditioning test ( moisture- [%] 

thickness 

(intemal bond) resistance) 
[%] 

20°C,65%RH 
Value according to PN-EN 300 0,30 0,12 5-12 -

Control board 0,38 0,08 7,7 -
3 0,37 0,05 8,4 1,6 

90%RH 6 0,35 0,05 12,6 5,2 
12 weeks 9 0,29 0,05 12,9 7,6 

12 0,27 0,05 15,8 11,8 

3x 4 0,38 0,06 8,1 1,0 
[2 weeks 90% RH + 8 0,32 0,05 9,4 3,2 
2 weeks 30% RH] 12 0,30 0,04 10,7 3,7 

Conclusions 
The research proves that the investigated OSB/3 boards are characterized by very high 

modulus of rupture and modulus of elasticity. Both long-lasting action of air with the 
humidity of 90% as cyclic changes in the humidity very slightly reduce these values. The 
studied boards meet the requirements of PN-EN 300 in terms of interna! bond; yet, the 
moisture resistance dies not comply with the standard even in the control board. The long­
lasting action of the air of increased humidity as well as of cyclically changing humidity lead 
to the permanent deformation of the thickness of the boards up to 12%. 
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Streszczenie: Kształtowanie się właściwości płyt OSB/3 w zależności od wilgotności 
otoczenia Zbadano wpływ oddziaływania powietrza o podwyższonej wilgotności oraz jej 
cyklicznych zmian na właściwości płyt OSB/3, zakiejanych w warstwie wewnętrznej PMDI. 
Badania wykazały, iż płyty OSB/3 użyte do badań charakteryzowały się bardzo wysoką 
wytrzymałością na zginanie statyczne i modułem sprężystości, przy czym zarówno 
długotrwałe oddziaływanie powietrza o wilgotności 90% jak i cykliczne zmiany wilgotności 
w niewielkim stopniu powodują obniżenie t}rch właściwości. Wprawdzie płyty odpowiadają 
normie PN-EN 300 w zakresie wytrzymałości na rozciąganie prostopadłe do płaszczyzny lecz 
ich wodoodporność mierzona tym parametrem po próbie gotowania nie spełnia wymagań 
normy nawet w płycie odniesienia. Zarówno długotrwałe oddziaływanie powietrza o 
podwyższonej wilgotności jak i cyklicznie zmieniającej się powodują trwałe odkształcenie 
grubości płyt OSB/3 sięgające 12%. 
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Properties of polycondensed UF resins modified by compounds containing 
acetoacetate groups 

Dorota Dziurka, Janina Łęcka, Rafał Czarnecki 
Department ofWood-Based Materials, A. Cieszkowski Agricultural University, Poznań 

Abstract: Properties of polycondensed UF resins modified by compounds containing 
acetoacetate groups. Studies were made on the influence of compounds containing 
acetoacetate groups upon properties of polycondensed UF resin used in the production of 
particleboards. The research proves that, along with the increase in the amount of acetoacetate 
groups introduced into the resin, the hydrophobic properties of the resin considerably 
increase., which is expressed by the decrease in the absorbability, swelling in thickness and 
f01maldehyde content. These phenomena intensify, as the amount of acac groups added to the 
resin grows. 

Key words: UF resin, acetoacetate group, modification 

Introduction 
The properties of particleboards greatly depend on the kind of bonding agents used in 

the production. Currently, about 90% of the world production of particleboards are 
manufactures with use of urea-formaldehyde (UF) resins [Sellers 1992], mainly because of 
their good technological properties and relatively low price. However, among the 
disadvantages of this kind of boards there are the free formaldehyde content and low 
resistance to changeable environmental conditions; these factors considerably limit the range 
of UF resin uses. 

Although, the results of contemporary studies on hygienic properties of particleboards 
make it possible to reduce the formaldehyde emission by 80-90% [Pizzi 1989], researchers 
stil! have not succeeded in increasing the water resistance or improving ·the mechanical 
prope1iies of the boards. The need for expanding the use range of the boards as well as 
increasing demands conceming further reduction of CH20 emission lead to the intensification 
ofresearch aiming at improving properties ofparticleboards by means ofmodifying UF resin. 
The modification of UF resin is supposed to make it possible to produce resins that meet the 
above requirements. 

One of possible ways of reducing the emission of CH20 and improving the mechanical 
properties of the boards may be the use of compounds containing acetoacetate groups (acac), 
the.derivatives of3-oxobutyric acid- CH3-CO-CH2COOH [Clemens 1986]. Studies made so 
far [B. Thomalla, J. Thomalla 1997] prove that the emission of forri:laldehyde from amine 
vamish resins can be reduced by means of introducing acac groups, which react with 
hydroxymethylene groups of the resin [Del Rector, Blount, Leonard 1989, Witzeman, Crain, 
Clemens 1992]: 
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Polimer- O- C- NH-CH20H + CH3 - C-CH2 -C- OR 
li li li 
o o o 

o 
li 
C-OR 
I 

Polimer- O- C - NH- CH2- CH 
11 I 
O H3C-C=O 

( 1) 

Moreover, the free forrnaldehyde can be bonded with a carbon atoms of methylene groups 
-CH2 in acetoacetate chains according to the below reaction : 

CH3 - c- CH -c-OR 
li 

2 
li 

o o 

CH - C - CH - c- OR 
3 li 2 li 

o o 

o o 
li li 

CH3 - c- CH - c-oR 
I 
CH2 
I 

CH3 - c- CH 
li 
o 

-c-OR 
li 
o 

(2) 

Therefore, the reactions of amino plastics and CH20 with compounds containing 
acetoacetate groups (reactions 1 and 2) lead to the forrnation of cross-linked structures. 
Moreover, in the forrner methylene group (presently methine in an acac gro up) there remains 
an active hydrogen atom, which is able to react with free forrnaldehyde ocurring when the 
paiiicleboards are used. What is more, as a result of the reaction of acac groups with 
hydroxymethylene groups of the resin (reaction 1), carbon-carbon bonds are forrned, which 
hamper the polymer hydrolysis, when, caused by high temperature or humidity, CH20 is 
emitted [Dutkiewicz 1983). 

The purpose of the present study is to investigate the structure and properties of cured 
UF resins, in dependence of the number of the introduced acetoacetate groups. 

Materiał nad methods 
Properties of the polycondensed UF resin, in dependence on the amount of the added 

acrylic emulsions and the degree of acac groups content, were deterrnined by mean of 
measuring: 

- the amount of substances eluted by water · 
- pH of the water extracts of the cured UF resin 
- forrnaldehyde content in the polycondensed UF resins with use of the perforator 

method 
- absorbability and swelling in thickness of the polycondensed UF resins 
In order to explain the influence of the applied modifiers on the chemical structure of 

the cured resin, IR spectroscopy was used. An IR spectrum is a very characteristic feature of a 
substance and therefore it can be treated as an analytic tool for identifying structural groups 
present in the investigated compounds as well as for studying the occurring chemical 
processes. The IR spectra! studies were made fo_r the UF resin before and after the 
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modification with compounds containing acetoacetate groups. The IR spectra were recorded 
with Fourier transformation spectrophotometer in the range of 4000-500 cm-1

• 

Discussion of results 
Table 1 shows the influence of the kind and amount ofacrylic emulsions introduced into 

UF resin upon the properties of the cured resin. Data included in the resin prove that the 
presence of acetoacetate groups does not significantly affect the pH value of the cured resin, 
which is important from the perspective of the possible ageing process in the polycondensed 
resins while they are used. As expected, a decrease in the formaldehyde emission, measured 
with the perforator method, was observed probably due to the fact that acac groups are 
capable of bonding free CH20 present in the UF resin (reaction 2). The increase in the 
formaldehyde amount was proportional to the amount of emulsion added to UF resin and to 
the number of acac groups: for the 10% addition of the emulsion with the maximum number 
of acac groups the decrease reached 20%. The determined amount of elutable substances in 
water indicates that the used modifiers take an active part in the polycondensation process of 
the resin; as the amount of the emulsion added to the resin increases, the elutable fraction 
content increases as well, which may imply that the acrylic emulsion to a certain degree acts 
as a steric hindrance, which makes the formation of the strongly cross-linked resin structures 
difficult. However, the decrease in the formaldehyde content which accompanies the 
increased elusion proves also that the reaction ofhydroxymethylene groups of UF resin with 
acetoacetate groups included in the emulsions is competitive towards the cross-linking 
reaction between mers of the UF resin. And this is the phenomenon responsible for the 
formation of structures with small er polycondensation degree, and, consequently, with greater 
elutability. Moreover, sucha course of the polycondensation process ofmodified UF resins is 
indicated by the increase in the amount of substances eluted by water as well as the increase 
in the acac groups number. Emulsions introduced into UF resin significantly affect the 
hydrophilic properties of the cured resin measured by absorbability and swelling in thickness. 
These values considerably decrease, as the amount of the added emulsions and acac groups 
content grow. In an extreme case, for the 10% addition of acrylic emulsion containing the 
maximum number of acac groups (gram-equivalent of acac groups 962g/mole), the 
absorbability decreases from 16.71% (for the non-modified resin) down to 6.91%, that is by 
almost 60%; at the same time the swelling in thickness decreases by 26%. Also in this case it 
is probably caused by the simultaneous hydrophobic action of the emulsion itself, reinforced 
by the overreaction of the included acac groups with the hydrophilic hydroxymethylene 
groups of the UF resins. 

FTIR analysis of the polycondensed UF resin shows that, in the conditions of 
particleboards production, acetoacetate groups react with hydroxymethylene groups of UF 
resin forming ester an ether systems, which is proved by changes in the resin spectra before 
and after the addition of acac groups. In the spectrum of the UF resin containing acac groups, 
presented in Figure 1, a shift of the amide band from 1539 cm-1 to 1562 cm-1 is observed. 
However, I amide band (C=O) shifts from 1647 cm-1 to 1640 cm-1

• The shifts of amide hands 
prove there are changes in the polarity of bonds, especially the NH bond. Important changes 
are also observed in the intensity of the band at the wavelength of 1035-960 cm-1, attributed to 
CH20H before and after introducing acac groups into the resin. In this region, therefore, in the 
resin spectrum there is a wide band that after the modification with ethyl acetoacetate narrows 
considerably; simultaneously, on the slope of I amide bond at 1640 cm-1 an absorption band 
appears which comes from the vibrations of a carboxyl group of the aster. Moreover, the 
decrease in the relation of the A164o/A3351 absorption degree from 0.77 down to 0.66 shows 
that there is also a small decrease in the OH groups content in relation to the amount of these 
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groups in UF resins. Supposedly, the reduction of the number of OH groups in the modified 
resin is caused by their reaction with acetoacetate groups. 

Conclusions 
The results of the research. on properties of polycondensed UF resins lead to the 

conclusion that introducing acrylic emulsions containing acetoacetate groups results in the 
decrease of the polycondensation degree of the resins, but it also significantly reduces the 
absorbability and swelling in thickness, as well as formaldehyde content. The extent to which 
these phenomena occur widens as the number of acac groups introduced into the resin 
increases. 
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Streszczenie: Właściwości spolikqndensowanych żywic UF modyfikowanych emulsjami 
alaylowymi o różnej zawartości grup acetylooctowych. W pracy zbadano wpływ związków 
zawierających grupy acetylooctowe na właściwości spolikondensowanej żywicy UF, 
stosowanej do wytwarzania płyt wiórowych. Właściwości spolikondensowanych żywic w 
zależności od ilości wprowadzanej emulsji akrylowej oraz stopnia jej zacetylooctowania, 
określono poprzez pomiar: ilośc( substancji wymywanych wodą, pH wodnych ekstraktów 
utwardzonej żywicy UF, zawartości formaldehydu metodą perforatora, nasiąkliwości i 
spęcznienia. Przeprowadzone badania wykazały, że wraz ze wzrostem ilości wprowadzanych 
do niej grup acetylooctowych, znacznie wzrasta jej hydrofobowość, wyrażająca się spadkiem 
nasiąkliwości i spęcznienia oraz obniża się zawartość formaldehydu. Zjawiska te zachodzą w 
tym większym stopniu, im większa jest ilość wprowadzanych grup acac. do żywicy. 
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Table 1 
The influence of the kind and amount of acrylic emulsion containing acac groups upon 
properties of cured UF resin. 

Amount of Elutable 
Absorbability 

Sweling in pH of the CH20 
emulsion substances H20 thickness cured resin con tent 

after 24 h 
after 24 h 

mg/100 g 
% O/o % % ofdry 

mass 
Control sample 2.61 16.71 4.14 3.98 99.3 

!!ram-eauivalent of acac grouos - O g/mole 
2.5 3.09 14.68 4.05 4.18 96.3 
5.0 3.72 12.68 3.90 3.91 94.8 
7.5 3.45 11.68 3.81 3.68 94.1 
10 4.78 10.55 3.65 3.73 93.7 

!!ram-equivalenf of acac gro ups - 2412 g/mole 
2.5 3.13 12.50 4.01 3.63 93.6 
5.0 3.21 10.75 3.91 3.71 91.8 
7.5 3.74 9.88 3.59 3.55 90.6 
10 4.52 9.10 3.29 3.61 88.9 

gram-equivalent of acac !!roups - 1212g/mole 
2.5 3.42 11.11 3.95 3.70 91.3 
5.0 3.82 9.25 3.69 3.51 89.2 
7.5 4.04 8.44 3.41 3.69 87.6 
10 4.60 7.95 3.14 3.96 86.2 

gram-equivalent of acac grouos - 962 g/mole 
2.5 3.68 9.46 3.91 3.86 88. l 
5.0 3.92 8.28 3.70 3.72 85.7 
7.5 4.10 7.69 3.40 3.62 83.1 
10 4.64 6.91 3.06 3.58 79.6 

----·------·-----

4000 3500 3000 2500 2000 1500 1000 500 

wave number [cm-1
] 

-UFresin -UF resin + AcAcEt 

Figure 1. FTIR spectra of UF resin cured with or without the addition of ethyl acetoacetate. 
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Properties of liquid UF resins modified by compounds containing 
acetoacetate groups 

Dorota Dziurka, Janina Łęcka, Adam Derkowski 
Department of Wood-Based Mate1ials, A. Cieszkowski Agricultural University, Poznań 

Abstract: Properties of liquid UF resins modified by compounds containing acetoacetate 
groups. Studies were made on the influence of compounds containing acetoacetate groups 
upon prope1iies of liquid UF resin used in the production of particleboards. The research 
proves that introducing acrylic emulsions containing acetoacetate groups into the liquid UF 
resin results in the increase in the reactivity in the pressing conditions: that is expressed by 
shortening of the gel time and decrease in the activation energy of the polycondensation. 

Key words: UF resin, acetoacetate group, modification 

Introduction 
Urea-formaldehyde resins are commonly used in the production ofparticleboards. From 

the perspective of the production technology, such features of urea resins as viscosity, curing 
time and free formaldehyde content are of special imp01iance. 

The present work instigates the influence of compounds containing acetoacetate groups 
upon the those properties of urea resins that make it possible to produce boards fulfilling 
technological and health standards. 

Materiał and methods 
For the purposes of the study, UF resin of the following characteristics was used: 

density 1.282 g/cm3 

dynamie viscosity 610 mPa·s 
conventional viscosity; #4 Ford cup 123 s 
dry mass content 67% 
gel time at 20°C over 6 h 
gel time at 100°C 86 s 
miscibility with water 1.2 

Acrylic emulsions with vaiious degrees of acetoacetate groups content were produced in 
the synthesis process; acetoacetoxyethyl methacrylate (AAEM) was used as the carrier of the 
acetoacetate groups. The emulsions contained, respectively, O, 2414, 1212 and 916 gram­
equivalents of acetoacetate groups (acac), where a gram-equivalent of an acac group 
represents the number of grams of a polymer containing 1.0 mole of acetoacetate groups. The 
appropriate emulsions were added 'to the resin in the amounts from 2.5 to 10% in relation to 
dry resin solids. 

The pot life of the UF resin modified at 20°C was determined on the basis of the 
measurements of the dynamie viscosity of the glue solutions made with use of a Hoppler 
rheoviscometer. The dynamie viscosity was determined every two hours for 12 hours, and 
then every 12 hours. The measurements were completed after 60 hours. 

The studies on the gel time were made at 100°C. Moreover, the results ofinvestigations 
of the gel times in the temperatures ranging from 80 to 110°C were used to estimate the 
relative activation energy of the cross-linking process. As assumption was made that the curve 
illustrating the curing process in time, for the particular temperatures of 80, 90, 100, and 
110°C, is a Jinear function till the curing point is r.eached. Since the reaction rate increases 
along with the growth of the temperature, and the curve illustrating the curing rate in 
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dependence of the absolute temperature converse shows the Iinear dependence, therefore the 
activation energy can be calculated based on Arrhenius equation: 

k =A· exp (-Ea!RT) 
where k means the curing reaction rate constant at the temperature T, A is the pre-exponential 
factor, Ea is the activation energy, R is the gas constant and T is the absolute temperature. 

Discussion of results 
The influence of acrylic emulsions containing acac groups upon the UF resin stability at 

20°C is shown in Table 1. The included data indicate that, at first, as the number of acac 
groups in the emulsions grows, the dynamie viscosity of the mixed glue decreases. In the 
initial 1 O hours the viscosity of the solutions changes slightly. A considerable diversification 
of the viscosity of the modified and non-modified UF resin is observed after 24 hours. After 
this time the dynamie viscosity of UF resin modified with acrylic emulsions increases rapidly; 
the increase is the greatest in case of emulsions containing the largest number of acac groups. 
It seems that after 24 hours the cross-linking process of the UF resin containing acac groups 
intensifies and that results in the increase in the resin viscosity. The decrease of the viscosity 
observed initially has also been noticed by other researchers [Clemens, Del Rector 1989, Li, 
Graham 1993]. In their studies, the researchers prove that the presence of acac groups in 
amine varnish resin significantly decreases its viscosity and, simultaneously, shortens its gel 
time in the ambient temperature. The initial decrease in the viscosity of the modified UF 
resins can be explained by the introduction of AAEM, as the carrier of acac groups, into the 
resin structure; AAEM makes the individual chains of urea polymers more distant from one 
another. This steric hindrance, as well as the fact that AAEM does not include hydroxyl 
groups, minimizes the possibility of forming hydrogen bond between the individual chains of 
the polymer. As a result, the mobility ofpolymer chains increases and, therefore, the viscosity 
of the solution decreases [Eastman Kodak Company 1988]. 

The influence of the kind and amount of emulsions introduced into UF resin upon the 
gel time of the resin is illustrated by Table 2. the data included in the table prove that the 
applied modifiers slightly decrease the gel time at 100°C. It has been found out that the 
fraction of acac groups in the acrylic emulsion is mare significant than the amount of the 
emulsion introduced into the solution. Nevertheless, the greatest shortening of the gel time, by 
almost 50%, was obtained for the maximum (10%) addition of the modifier, containing the 
largest number of gram-equivalents of acac groups. This fact confirms the chemical reactivity 
of acac groups towards the UF resin. 

Table 3 illustrates how the amount of acac groups introduced along with the acrylic 
emulsion into the resin and the presence of wood dust affect the gel time of the UF resin in 
the temperatures ranging from 80 to 110°C. Data included in the table prove that introducing 
acac groups into the UF resin considerably shortens the gel time of the resin, especially in 
!ower temperatures. The maximum shortening of the gel time of the UF resin with the 
addition of acac emulsion at 80°C reaches 30%, and at 110°C only 19%. Introducing pine dust 
into the resin also significantly shortens the gel time of the resin; also in this case the effects 
are less· apparent as the temperature grows. The shortening of the gel time is most apparent 
when pine dust and acrylic emulsion are simultaneously introduced into the resin; best results 
are obtained for emulsions with the largest number of acac groups. Nonetheless, the addition 
of pine dust decreases the gel time of UF resin in a more effective way (Table 3). The 
substantial influence of pine dust upon the polycondensation of the PP and UF resins is 
confirmed by other research results [Proszyk, Zakrzewski 1992, Zakrzewski, Proszyk 1979]. 
The authors prove that the presence ofwood dust significantly affects the activation energy of 
the cross-linking process of the resin. Also Levendis, Pizzi and Ferg [1992] show clearly that 
the bonding energy ofwood-glue components is ]ower than that of glue-glue components. 
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Table 4 shows the influence of emulsions containing acetoacetate groups and wood dust 
upon the activation energy of the polycondensation process of UF resin, calculated on the 
basis of the gel time measurements. The data included in the table show that introducing 
wood dust along with the used modifiers into the resin makes it possible to decrease the 
activation energy of the process by as much as 30%. 

Conclusions 
The research results lead to the conclusion that introducing acrylic emulsions containing 

acetoacetate groups into the liquid UF resin results in the decrease of the resin stability at the 
ambient temperature and the increase in the reactivity in the pressing conditions. The latter is 
expressed by the shortening of the gel time and the decrease of the activation energy of the 
polycondensation process. Best results were obtained for emulsions with the greatest gram­
equivalent of acetoacetate groups. 
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Streszczenie: Właściwości płyn iych żywic UF modyfikowanych emulsjami akrylowymi o 
różnej zawartości grup acetyloo towych. W pracy zbadano wpływ związków zawierających 
grupy acetylooctowe na właści1ości płynnej żywicy UF, stosowanej do wytwarzania płyt 
wiórowy~h. Właściwo~ci ~~nne · żywicy UF V: zależn?ści od ilości wpro"'.adzanej emul~j! 
akrylowej oraz stopma JeJ Z8icetylooctowama, okreslono poprzez pomiar: żywotnosc1 
modyfikowanych żywic UF, cz~· żelowania i kinetyki sieciowania. Przeprowadzone badania 
wykazały, ·iż wprowadzanie do łynnej żywicy UF emulsji akrylowych zawierających grupy 
acetylooctowe, powoduje wzros reaktywności w warunkach prasowania płyt wiórowych, 
wyrażający się skróceniem c asu żelowania i obniżeniem energii aktywacji procesu 
polikondensacji. 
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Table 1 
The influence of time upon the viscosity of UF resin modified with acrylic emulsions 
contammg acetoacetate groups. 

Amount Dynamie viscosity, mPa·s 
of Kindof 

Measurements made in time, h modifier, modifier 
% o 2 4 6 8 10 12 24 36 48 

o Control 610 610 610 610 615 620 635 650 676 720 sam ole 
2.5 Emulsions 465 465 465 470 510 565 605 780 930 1135 
5 containing no 450 450 450 460 500 555 595 765 910 1175 

7.5 acetoacetate 420 420 420 430 470 525 565 750 890 1220 
10 groups 415 415 415 425 465 520 560 730 875 1240 
2.5 Gram- 390 390 390 420 510 620 975 1090 1930 2950 
5 equivalent of 370 370 370 400 495 605 965 1115 2150 3180 

7.5 acac groups 350 350 350 380 470 560 950 1185 2280 3295 
10 

in emulsion 
24121!:/mol 335 335 335 365 455 545 920 1210 2390 3315 

2.5 Gram- 325 325 330 380 470 560 905 1125 2160 3385 
5 equivalent of 310 310 320 375 455 540 885 1200 2300 3445 

7.5 acac groups 300 300 315 365 440 525 875 1230 2385 3490 
10 

in emulsion 
12121r/mol 280 280 300 350 430 505 850 1350 2490 3595 

2.5 Gram- 240 245 260 310 390 460 860 1295 2405 5350 
5 equivalent of 220 225 245 285 365 450 855 1320 2450 5460 

7.5 acac groups 190 195 220 270 350 425 815 1395 2560 5570 
in emulsion 

10 962 !!;/mol 170 175 205 260 340 420 820 1465 2690 5690 

Table 2 
Ge! times of UF resin modified with acrylic emulsions of various number of acac groups at 
100°c. 

Amountof 
Investi2ated formula 

UF+ UF+ UF+ UF+ 
modifier in 

emulsion emulsion emulsion emulsion 
relation to UF resin 
dry resin 

O acac 2412 acac 1212 acac 962 acac 
groups groups l!:fOUDS grouns 

solids, % 
Gel time s 

o 83 
2.5 87 75 69 64 
5.0 85 69 65 59 
7.5 83 66 62 49 
10 81 65 60 47 
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b . Table3 
Influence of the wood dust additi n and the kind of acrylic emulsion upon gel times of UF 
resin at temperatures ranging fro;tj 80 to 11 o0c. 

I Investi!!:ated formula 

UFresin~ UFresin UFresin 
UFresin 

UFresin 
UFresin 

UFresin 
+ + UFresin 

+ + 
emulsion 

+ 
emulsion 

+ 
Curing UF UF emulsion emulsion emulsion 

+ 
emulsion · om"'"'j · 2412 1212 em ul si on 

temperature, res in resin+dusf O acac O acac 2412 1212 
962 acac 

962.acac 
acac ac ac oc gro ups groups + acac 

groups+ 
acac 

gro ups+ 
groups + 

dust groups groups 
gro ups 

dust 
du st dust 

I Gel-time. s 
80 410 208 395 I 186 368 182 318 178 282 172 
90 202 101 186 I 90 164 88 141 88 121 86 
100 87 48 83 I 42 80 41 76 40 70 41 
110 54 42 54 38 50 36 48 36 44 37 

x - the amount of the added pine dus was 10% of dry mass in relation to dry resin solids 
xx - the amount of he added emulsio was 10% in relation to dry resin solids 

Table 4 
Kinetic parameters of the curing process of UF resin modified with acrylic emulsions with 
various acac groups content and Wood dust 

K 383 393 
Curing temperature 

90 100 
403 

110 
413 

1000/T I K 1 2.61 2.54 2.48 2.42 
Formula In k 

UFresin 5.43 5.84 6.74 7.30 
UF resin + emulsion. O acac groups 5.43 5.81 6.66 7.21 
UF resin + emulsion 2412 acac groups 5.45 6.00 6.76 7.40 
UF resin + emulsion 1212 acac groups 5.46 5.93 6.70 7.26 
UF resin + emulsion 962 acac groups 4.99 5.93 6.54 7.26 
UF resin + dust 5.66 5.93 6.70 7.26 
UF resin + emulsion. O acac group + dust 5.37 5.82 6.54 7.01 
UF resin + emulsion 2412 acac gro~p+ dust 5.40 5.96 6.61 7.09 
UF resin + emulsion 1212 acac grou1'+ dust 5.37 5.93 6.54 6.59 
UF resin + emulsion 962 acac grou1 + dust 5.40 5.83 6.51 6.83 

-104-

Activation 
energy, 
kJ/mol 

80.58 
76.73 
76.54 
72.95 
72.78 
73.29 
65.06 
61.76 
55.60 
55.08 

In A 

33.34 
32.00 
32.10 
30.81 
30.71 
30.93 
28.02 
27.03 
24.91 
24.65 



The influence of polyethylene glycols on the properties of particleboards 
glued with the phenolic resin 

Radosław Andrzej Mirski, Janina Łęcka, Adam Derkowski 
Department of Wood-Based Materials, A. Cieszkowski Agricultural University, Poznań 

Abstract: Influence of the polyethylene glycols on the properties of particleboards glued with 
the phenolic resin. Studies were made upon the influence of the modification of PF resin with 
polyethylene glycols with various polycondensation degree upon the properties of the 
modified resin and paiiicleboards produced with its use. The research results prove that the 
applied polyethylene glycols shorten the gel time of the resin and do not affect its stability. 
The particleboards glued with the resin modified with polyethylene glycols showed greater 
dimensional stability and better mechanical properties. As a result of introducing polyethylene 
glycols into the resin, the amount of free formaldehyde grows as the molecular weight of PEG 
increases. 

Key words: particleboard, phenolic resin, modification 

Introduction 
Apart from the kind of wood and technological conditions of the production, the 

properties ofparticleboards greatly depend on the kind of the applied bonding agent. A mixed 
glue ought to make it possible to produce, in a possibly short pressing time and at not very 
high temperatures, joints of good mechanical strength, high water-resistance and good health 
prope1iies. Joints of such properties can be obtained when phenol-formaldehyde (PF) resins 
are used. Therefore, PF resins are commonly used in the production of particleboards of 
increased water-resistance. However, the relatively long pressing time and high curing 
temperature are the drawbacks of these resins. That is why, both manufacturers of wood­
based materials and research centres attempt to increase their reactivity and modify the resins 
in order to improve properties of boards produced with their use. The research made so far 
proves that the reactivity of the phenolic resins of the resol type can be increased by means of 
introducing various additives into the resin. Among substances that increase the reactivity of 
the resin, there are lactanes, hydroxy acids or their esters, keto acids and their esters [Fidelus 
1983, Elbe1i 1984], isocyanates, formamide, resorcinol [Proszyk, Pajdosz 1993], ethylene 
carbonate or propylene carbonate [Stephanou et al. 1993, Tohmura et al. 1995]. Czarnecki, 
Łęcka [2002] claim that introducing hydrogen peroxide solution into the resin improves the 
properties of particleboards and, at the same time, shortens the pressing time. The addition of 
polyethylene glycols into PMDI or UF resins resulted in the increase of interna! bond and 
modulus of elasticity, and favourably affected the dimensional stability of the particleboards 
[Milota, Wilson 1985, Sakuno, Canadido 1988, Chen, Wu 1993]. 

The present work investigates whether, and to what extent, the amount and kind of 
polyethylene glycols (PEG) introduced into the PF resin affect the properties of thus modified 
resin and particleboards glued with the resin. 

Materiał and methods 
For the research purposes, PF resin used in the production of particleboards of increased 

water-resistance was used. The resin was of the following characteristics: dry mass - 45.7%, 
density - 1.112 g/cm3

, free phenol content - 0.02%, free formaldehyde content - 0.026%, 
viscosity according to #4 Ford cup/20°C- 106 s, gel time at 130°C - 46 s, pH- 12.52. 

Polyethylene glycol 200, polyethylene glycol 300 and polyethylene glycol 400 were 
added to the resin in the amount of 0.025 to 0.15 mole per 1 mer of the resin. 
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The properties of the liquid PF resin modified with PEG were determined by means of 
measuring the gel time at 130°C, the viscosity and the stability at 20°C. 

Single-layer particleboards with the dimensions of 600 x 500 x 12 mm and density of 
700 kg/m3 were produced from .pine particles with use of the modified resin. The 
experimental particleboards were produced using the following pressing parameters: gluing 
degree 8%, pressing time 5 minutes, tempera!ure 180°C and pressure 2.5 :MPa. 

Thus produced particleboards were subjected to the following tests: 
swelling in thickness after 24 h according to PN-EN 317 
interna! bond according to PN-EN 319 
moisture-resistance according to PN-EN 1087-1 
modulus ofrupture according to PN-EN 310 
modulus of elasticity at bending according to PN-EN 310 
formaldehyde content with perforator method according to PN-EN 120 

Discussion of results 
Table 1 presents the results of determining the gel time at 130°C of the resin modified 

with polyethylene glycol. Data included in the table prove that, with the modifier amount of 
0.025 mole, only PEG 400 considerably affects the gel time of the PF resin, shortening it by 
over 10%. Adding a large amount of modifiers result in shortening the gel time. Moreover, 
the greatest shortening of gel times is observed in case of modifiers with larger molecular 
weight. The most remarkable shortening of the gel time, by as much as 21 %, was obtained for 
PEG 400 introduced in the amount of 0.15 mole/mer. 

The modification of PF resins with polyethylene glycols influences also the dynamie 
viscosity of the resins. The addition of polyethylene glycol with the smallest molecular 
weight, PEG 200, resulted in the decrease in the viscosity regardless of the amount of the 
added modifier. In case of polyethylene glycols with larger molecular weight, PEG 300 and 
PEG 400, initially an increase in the viscosity is observed. Yet, later the viscosity decreases 
as the amount of the modifiers grows. This phenomenon can be explained by the fact that the 
addition of a small number of polar particles of the modifier results in the formation of 
hydrogen bonds between PEG and PF molecules. Yet, as the amount of the modifier grows, 
the steric hindrance effect of PEG molecules becomes prevailing and leads to a decrease in 
the number of hydro gen bonds in the resin. Such a way of reasoning is also confirmed by the 
results of studies on the stability of the resin at 20°C (Table 3). Data presented in Table 3 
prove that .the resin with the greatest amount of PEG 400 was characterized by the lowest 
value of the viscosity after 48 hours. Nevertheless, the polyethylene glycols, regardless of the 
polycondensation degree, <lid not significantly affect the stability of the resin. 

Table 1 
The influence of the modification of the phenolic resin with polyethylene glycols upon the 
gel time at 130°C. 

Kind of ester 

amount mole/mer PEG200 PEG300 PEG400 

Ge! time [s] 

o.ooo 211 

0.025 209 200 186 

o.oso 194 190 174 

0.100 181 179 170 

0.150 175 170 166 
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Table2 
The influence of the modification of the phenolic resin with polyethylene glycols upon 
dynamie viscosity. 

Kind of ester 

amount mole/mer PEG200 PEG 300 PEG400 

Dynamie viscosity [mPas] 

o.ooo 745 

0.025 690 800 975 

o.oso 645 780 885 

0.100 545 715 780 

0.150 475 575 665 

Table3 
PF resin stability at 20°C in dependence on the kind and amount of polyethylene glycol added 
to the resin 
Kindof Amount Measurement period (hl 

PEG mole/mer o 4 8 12 24 36 48 

Dynamie viscosity [mPas] 

o o 745 745 745 745 925 1100 1170 
PEG200 690 695 700 815 945 1015 1440 

PEG 300 \ 0.025 800 815 825 900 1165 1370 1655 

PEG400 975 980 980 1115 1410 1765 2100 

PEG200 645 675 675 735 780 885 1315 

PEG300 0.050 780 795 875 875 1060 1200 1485 

PEG400 885 965 1025 1035 1250 1445 1790 

PEG200 545 550 620 640 730 820 1155 

PEG300 0.100 715 745 790 815 895 1025 1445 

PEG400 780 845 940 955 1020 1135 1630 

PEG200 475 505 505 505 610 650 905 

PEG300 0.150 575 565 645 645 745 790 1105 

PEG400 665 700 715 770 875 985 1240 

The results of studies on properties of particleboards produced with use of PF resin 
modified with various amounts of polyethylene glycols are shown in Table 4. Data included 
in the table indicate that the addition of polyethylene glycols in the amount of 0.025 mole 
does not significantly affect swelling in thickness after 24 hours of immersion in water; the 
obtained values are about the same as those obtained for the control board. Yet, as the amount 
of the added modifier grows ·up to 0.15 mole/mer of PF resin, the value of swelling in 
thickness decreases. The decrease in the hydrophilic properties is greater for PEG with larger 
molecular weight. The lowest value of swelling in thickness was observed for boards glued 
with resin modified with PEG 400 added in the amount of 0.15 mole; the value was ]ower by 
27% than that of the control board. · 
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Table4 
Properties of particleboards in dependence on the kind and amount of ester added to PF resin. 

Amountof 
Swelling Moisture-

Modulus of 
Modulus of 

In thickness Interna] bond res is tance elasticity at Fonnaldehyde content 
Kindof 

ester rupture 
ben ding 

ester 24 h 

mole/mol % MPa 
mg CH20/I OOg board 

d.m. 

o· o 28.7 O.S7 0.47 19.0 2420 1.98 

0.02S 28.S 0.86 0.44 19.3 2SIO 1.98 

o.os 26.1 0.89 0.37 19.7 2690 2.2S 
PEG200 

O.Ol 24.1 0.76 0.29 21.2 2930 2.87 

0.15 21.6 0.73 0.21 21.S 2990 3.2S 

0.02S 28.9 0.71 0.29 20.7 2820 2.21 

o.os 26.2 0.83 0.26 21.2 28SO 2.47 
PEG300 

O.IO 23.4 0.69 0.22 21.S 3060 3.07 

O.IS 21.4 O.S6 0.20 20.S 2900 S.21 

0.02S 29.6 0.64 0.29 21.2 2990 2.26 

o.os 24.6 0.6S 0.24 22.S 3120 2.68 
PEG400 

0.10 22.4 O.SS 0.22 19.S 2720 4.83 

O.lS 20.9 0.S2 0.17 16.2 2420 8.36 

o· - control board 

The values of interna] bond ofboards glued with both modified and non-modified resin 
are very high (Table 4). Data presented in table prove also that the kind ofmodifier as well as 
the amount of PEG significantly affect the interna] bond. The greatest increase in internal 

· bond was obtained by introducing the modifier in the amount of 0.15 mole/mer of the resin. 
Adding such an amount of PEG 200 increased the interna] bond by 0.32 MPa. Further 
increase in the amount of the added polyalcohols resulted in the decrease in the discussed 
value; nevertheless, the value ofIB was still higher than that of the control board. 

Data included in table 4 show that the use of modified resin in the production of 
particleboards leads to a decrease in the moisture-resistance of the boards determined in the 
boi! test (V-100 test); the decrease depended upon both the amount and the polycondensation 
degree of the introduced polyethylene glycol. Boards glued with the PF resin modified with 
PEG 200 showed the smallest decrease in moisture-resistance. Introducing this modifier into 
the resin in the amount of 0.05 mole results in the 20% decrease in the moisture-resistance. 
However, a larger amount of PEG 200 as well as adding other kinds of polyethylene glycols 
decreases moisture-resistance by 40%. Apparently, introducing the PEG modifiers into the 
resin, due to the steric hindrance, leads to the a decrease in the degree of cross-lining and 
therefore in the moisture-resistance of the particleboards subjected to the boil test. Moreover, 
the decrease in the moisture-resistance is also caused by the fact that the thermal energy 
supplied in the boil test may result in the cleavage of relatively weak hydrogen bonds between 
hydroxyl groups of wood, the resin and polyethylene glycols. That is probably why water-
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resistance measured by swe1ling in thickness differs from that measured by moisture­
resistance after a boi! test. Such an interpretation is also supported by the results of studies 
on the influence of the kind and amount of PEG added to the resin upon the modulus of 
rupture. These results show that for PEG with the largest molecular weight the maximum 
value of MOR could be obtained by adding smaller amounts of the modifier. The highest 
MOR value for PEG 200 was obtained when the modifier amount was 0.15 mole/mer and for 
PEG 400 the amount was 0.05 mole/mer. A simifar trend is observed in the results of studies 
on modulus of elasticity at bending. Also in this case, the increase in the modulus of elasticity 
is observed and the maximum values of MOE are obtained for PEG 200 in the amount of 
1.15 mole/mer, for PEG 300 in the amount of 0.10 mole/mer and for PEG 400 in the amount 
of 0.05 mole/mer. 

The modification of the phenolic resin with polyethylene glycols leads to an increase in 
free formaldehyde content in the investigated boards. The content ofthis compound increases 
as the amount of the added PEG grows and as the molecular weight of the modifier increases. 
In case of PEG 400 introduced into the resin in the amount of 0.15 mole/mer the free 
formaldehyde content determined in the first hygienic class was exceeded. The observed 
increase in the free formaldehyde content confirms the theory stating that the molecular 
weight of polyethylene glycols added to the PF resin affects the dross-lining process of the 
resin. 

Conclusions 
The research results prove that the modification of PF resin used for the production of 

particleboards with polyethylene glycols results in the shortening of the gel time; yet, it does 
not considerably affect the pot life of the resin. With larger amounts of PEG added to the 
resin, a decrease in the viscosity is observed; the greatest decrease in this property was 
observed for PEG with large molecular weight. 

The conducted studies prove also that the used modification leads to a significant 
increase in such mechanical properties of the produced boards as interna! bond, modulus of 
rupture and modulus of elasticity at bending. However, when a certain amount of the added 
modifier, depending on the kind of PEG, is exceeded, a decrease in the discussed properties is 
observed. As expected, the modification of PF resin with polyethylene glycols considerably 
improves the dimensional stability of the particleboards. 
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Streszczenie: Wpływ polietylenoglikoli na właściwości płyt wiórowych zaklejanych żywicą 
fenolowo-formaldehydową. Zbadano wpływ modyfikacji żywicy PF polietylenoglikolami o 
różnym stopniu polikondensacji na właściwości zmodyfikowanej żywicy oraz wytwarzanych 
przy jej udziale płyt wiórowych. Badania wykazały, iż zastosowane polietylenoglikole 
skracają czas żelowania żywicy PF, oraz nie wpływają istotnie na jej stabilność. Zaklejane 
zmodyfikowaną polietylenoglikolami żywicą PF płyty wiórowe wykazywały wyższą 
stabilność wymiarową oraz lepsze właściwości mechaniczne. W wyniku wprowadzenia do 
żywicy fenolowej polietylenoglikoli następuje wzrost ilości wolnego formaldehydu i jest on 
tym większy im większa jest masa cząsteczkowa wprowadzanych PEG. 
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The possibility of shortening the pressing time of particleboards glued with 
the phenolic resin modified by esters with different substituents in the acid 
alkyl group 

Radosław Andrzej Mirski, Janińa Łęcka, Rafał Czarnecki 
Department ofWood-Based Materials, A. Cieszkowski Agricultural University, Poznań 

Abstract: The possibility of shortening the pressing time of particleboards glued with the 
phenolic resin modijied by esters with different substituents in the acid aRyl group. Studies 
were made on the influence of the kind of acid that forms the ester introduced into the 
phenolic resin upon the properties of liquid resin and the mechanical and physical properties 
of thus modified resin. The results of the studies prove that the applied esters significantly 
shorten the gel time of PF resin and decrease the stability. These effects intensify in case of 
esters with shorter acid chains appearing in larger amounts. The research results prove also 
that all kinds of esters added to the resin considerably improve properties of the boards. The 
use of ethyl butyrate as the modifier makes it possible to shorten the pressing time of the 
boards by 30% without deteriorating their physical and mechanical properties. · 

Key words: particleboard, phenolic resin, modification 

Introduction 
The properties of particleboards affecting the range of their applications greatly depend 

upon the kind of resin used in their production. Particleboards glued with phenol­
formaldehyde (PF) resins are characterized by good mechanical properties and high water­
resistance. Yet, the use of PF resin results in a considerable increase in the costs ofproduction 
due to the relatively long pressing time and high temperature required to cure the boards. The 
curing rate is a very important factor that restrains the time of the pressing procedure and 
determines the efficiency of the production line. That is why studies are made aiming at 
improving the economic aspects of producing particleboards with use of PF resin, main1y by 
means of increasing their reactivity. The literature devoted to this subject suggests that 
promising results can be achieved using some esters of organie acids and propylene carbonate 
as the curing agents [Stephanou, Pizzi 1993, Pizzi, Stephanou 1994, Tohmura, Higuchi 1995]. 
Also earli er studies carried out by the authors of the present paper prove that using esters as 
the modifiers of PF resin makes it possible to obtain particleboards of much improved 
physical and mechanical properties, while the pressing parameters remain unchanged [Łęcka, 
Mirski, Morze 2001]. Based on the results ofthis research we decided to investigate how the 
Jength of alkyl chain of organie acid that forms the ester affects the possibility of shortening 
the pres-sing time of particleboards glued with the modified PF resin. 

Materiał and methods 
In the course of the research we used phenol-formaldehyde resin for the production of 

particleboards purposed to be used in humid conditions. The resin was of the following 
characteristics: 

drymass 
density 
free phenol content 
free formaldehyde content 
viscosity, #4 Ford cup/20°C 
gel time in 130°C 
pH 

45.8 % 
1.208 g/cm3 

0.02% 
0.05 % 
96 s 
143 s 
12.47 
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The following esters were u_sed as modifiers of the phenolic resin: ethyl acetate, ethyl 
propionate and ethyl butyrate in the amount of O.Ol to 0.15 mole/mer of the resin 

The properties of the modified resin were determined by the measurements of gel time 
at 130°C, viscosity and stability at 20°C. 

With use of PF resin modified with esters added in the amount of 0.025 mole/mer, 
particleboards were produced from pine particles in laboratory conditions. The dimension of 
the boards was 600 x 500 x 12 mm, the density was 700 kg/m3 and the resin level was 8 %. 

The boards were pressed in a semi-automatic press manufactured by "Simpelkamp" 
with the heating panels having the dimension of 1000 x 800 mm. The following pressing 
parameters were applied: 

temperature 180°C 
pressure 2.5 MPa 
times: 3.5, 4.0, 4.5, 5.0 minutes 

Thus produced boards were subjected to the following tests: 
swelling in thickness after 24 hours according to PN-EN 317 
intemal bond (IB) according to PN-EN 319 
moisture resistance (test V 100) according to PN-EN 1087-1 
modulus ofrupture (MOR) according to PN-EN 310 
modulus of elasticity (MOE) according to PN-EN 310 
free formaldehyde content according to PN-EN 120 

Discussion of results 
Table 1 presents the results of determining the gel time at 130°C of the resin modified 

with the esters. Data included in the table show that even a small amount of the modifier 
significantly shortens the gel time; and as the amount of ester grows, the rate of the curing 
process increases. Adding the ester into the resin in the amount of O.Ol mole shortens the gel 
time by 11 to 21 %, and in the amount of 0.15 mole by 37 to 40%. The influence of the kind of 
ester is most distinct when small er amounts of the modifier are introduced into the resin. The 
addition of ethyl acetate in the amount of O.Ol mole/mer results in a 10% greater shortening 
of the gel time than the addition of ethyl butyrate. With the amount of 0.15 mole/mer the kind 
of acid radical of the added ester does not actually affect the gel time of PF resin at 130°C. 

Table 1 
The influence of the modification of PF resin with esters of organie acids upon the gel time at 
130°C 

Kind of ester 

Amount mole/mer Ethyl acetate Ethyl propionate Ethyl butyrate 

Ge! time [s) 

o.ooo 16S 

O.QIO 130 143 146 

0.02S 123 140 144 

O.OSO 120 131 13S 

0.100 113 122 122 

O.ISO 99 103 100 
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As expected, introducing esters into PF resin results in the decrease in dynamie viscosity 
(Table 2). As the amount of the modifier increases the dynamie viscosity decreases and the 
influence of the added ester becomes more distinct. The addition of ethyl propionate in the 
amount of 0.15 mole/mer decreases the viscosity by 190 mPa's, and ethyl butyrate by only 
115 mPa·s. 

The analysis of the results presented in Table 3 proves that both the kind and amount of 
the introduced ester considerably influence the stability of the resin at 20°C. The changes in 
the viscosity are most strongly affected by ethyl acetate. The addition of this ester in the 
amount of O.Ol mole/mer after 48 hours results in a threefold increase in the viscosity; with 
the ethyl acetate amount of 0.05 mole/mer such an increase is observed after 8 hours, and 
when the amount of the ester is 0.15 mole/mer the viscosity increases by over 5,000 mPa·s. 
The smallest influence on the stability of the resin is observed in case of ethyl butyrate. 

Table2 
The influence of the modification ofphenolic resin with esters of organie acids upon dynamie 
viscosity. 

Kind of ester 

amount mole/mer Ethyl aeetate Ethyl propionate Ethyl butyrate 

Dynamie viseosity [mPa"s) 

o.ooo 635 

0.010 605 580 600 

0.025 580 525 585 

0.050 550 490 565 

0.100 490 475 545 

0.150 455 445 520 

Table3 
Stability at 20°C of PF resin modified with esters of organie acids. 

Kindof 1\mount Measurement times lhl 
o 4 8 12 24 36 48 

ester pole/mer 
Dynamie viscosity [mPa's] 

o o 635 635 645 655 830 895 980 
Ethyl 

605 735 855 995 1125 1295 1785 acetale 
Elhyl O.Ol 580 660 .825 960 1075 1275 1690 

uroniona le 
Ethyl 

600 690 725 910 1000 1250 1545 
bulvrale 

Ethyl 
550 1160 1625 2520 2905 3565 over 5000 

acetale 
Elhyl o.os 490 1060 1410 1970 2180 2725 3775 propionale 
Ethyl 

565 655 710 965 1195 1740 2215 
bulvrale 

Elhyl 455 1785 3080 over 5000 - - -acetale 
Elhyl 

0.15 445 1310 2785 4500 over5000 - -propionate 
Ethyl 

520 670 715 1010 1350 2320 4590 
bulvrale 
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Table 4 shows the results of studies upon the. physical and mechanical properties of the 
produced paiiicleboards. The data included in the table indicate that esters applied as 
modifiers as well as the used pressing times do not affect the swelling in thickness after 24 
hours of immersion in water. Only boards glued with PF resin modified with ethyl butyrate 
were characterized by a !ower value of swelling in thickness when compared with the board 
glued with non-modified PF resin; the decrease of swelling was not dependent upon the 
pressing time. 

Table 4 
Properties of particleboards glued with PF resin modified with esters in dependence of the 
pressing times 

Properties of particleboards 

Time 
Swelling in Moisture 

Kindof 
thickness after resistance Modulus of Modulus of 

24 hours of lntemal bond Fonnaldehyde content 

immersion in after elasticity rupture 
ester V-100 water 

min % MPa mg CH20/1 OOg d.m.b. 

3.5 31.3 0.43 0.67 1900 15.1 1.78 

4.0 32.5 0.49 0.75 2090 16.0 1.37 
-

4.5 28.0 0.57 0.83 2110 16.2 1.23 

5.0 29.5 0.60 0.91 2320 16.3 1.29 

3.5 32.0 0.41 0.66 2190 16.5 2.96 

.i; 

~ 4.0 33.2 0.46 0.76 2310 16.8 2.06 

" ;;:, 4.5 31.9 0.57 0.82 2490 18.2 2.03 
~ 

5.0 32.2 0.64 0.91 2600 19.0 1.48 

3.5 30.0 0.47 0.89 2350 17.9 1.70 
.i; 

" § 4.0 31.3 0.51 0.93 2580 20.6 1.62 ·a 
E 
"" 4.5 30.2 0.59 0.92 2610 20.8 1.62 ;;:, 

~ 5.0 28.5 0.69 1.03 2850 21.9 1.28 

3.5 26.9 0.67 0.97 2320 18.5 1.54 

" f 4.0 26.5 0.68 I.Ol 2530 19.8 1.54 
~ 
"" ;;:, 4.5 24.9 0.74 1.05 2590 20.6 1.14 
-E 
r"1 

5.0 26.9 0.97 1.18 2970 22.9 1.22 

The measurements results of moisture resistance of the experimental particleboards 
determined with V 100 test prove that boards glued with non-modified resin are characterized 
by relatively high moisture resistance. Only th_e use of ethyl acetate as the modifier of the PF 
resin decreased the moisture resistance of the boards. In other cases, the modification resulted 
in the increase in the moisture resistance of the paiiicleboards. The highest values were 
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obtained for the boards modified with ethyl butyrate which, in the pressing time of 3.5 min., 
showed higher resistance than the control board pressed in the time of 5 min. 

The interna! bond ofboth modified and non-modified boards is ve1y high (Table 4). Data 
included in the table show also that the kind of modifier as well as the pressing time greatly 
influence the interna! boJ?,d. Lengthening of the pressing thne and using as the modifier the 
ester with longer carbon chain in the acid group results in the increase of interna! bond. Only 
boards modified with ethyl acetate were not characterized by higher interna! bond in 
comparison with the control board. 

Data shown in Table 4 prove also that the applied modifiers of PF resin lead to the 
increase in the modulus ofrupture and the modulus of the elasticity, regardless of the pressing 
time. With the pressing time of 3.5 min. the value of modulus of rupture in the boards made 
with use of PF resin modified by ethyl acetate was the same as that of control boards 
produced in the pressing time of 5 min. The use of ethyl propionate and, especially, ethyl 
butyrate makes it possible to produce, in the time shorter by 1.5 min„ particleboards 
characterized by modulus of rupture increased by 10 to 13 per cent. The correlations of 
modulus of elasticity in the produced particleboards are of similar kind in dependence of the 
applied ester and pressing time. A considerable increase in the modulus of elasticity of the 
boards produced with use of modified resin shows that the esters greatly accelerate the cross­
linking process in the resin. Effects of this kind appear mostly in the top layers of the boards, 
which are responsible for obtaining high values of modulus of rupture in shorter pressing 
times. 

The investigated boards were characterized by very low formaldehyde content due to the 
kind of used resin. The applied modification does not significantly affect free formaldehyde 
content in the boards (Table 4). 

Conclusions 
The kind of acid that forms the ester greatly affects the effectiveness of the action of the 

ester as a modifier ofphenol-formaldehyde resin. As the length of the carbon chain in the acid 
radical of the applied ester increases, the mechanical and physical properties of the boards 
increase. The best of the investigated modifiers was ethyl butyrate; its use made it possible to 
shorten the pressing time ofparticleboards glued with PF resin by 30%. 
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Streszczenie: Możliwość skrócenia czasu prasowania płyt wiórowych zaklejanych żywicą PF 
modyfikowaną estrami o różnym podstawniku alkilowym w grupie kwasowej. Zbadano wpływ 
rodzaju kwasu tworzącego ester wprowadzanego do żywicy fenolowej na właściwości 
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płynnej żywicy oraz fizyczne i mechaniczne właściwości zaklejanych zmodyfikowaną w ten 
sposób żywicą płyt wiórowych. Badania wykazały, iż zastosowane estry istotnie skracają 
czas żelowania żywicy PF oraz zmniejszają stabilność. to tym bardziej im o krótszym 
łańcuch kwasowym jest ester i im większa jest wprowadzana jego ilość. Badania wykazały, iż 
wszystkie rodzaje dodawanych do żywicy estrów znacznie poprawiają właściwości płyt, a 
zastosowanie jako modyfikatora butanianu etylu pozwala na skrócenie czasu ich prasowania o 
30 % bez pogorszenia właściwości fizycznych i mechanicznych. 
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Laccieren und Laccierte Arbeit 

Ewa Dobrowolska, Mieczysław Matejak 
Fakultat fiir Holztechnologie 
Landwirtschaftliche Universitat zu Warschau - SGGW 

Abstract: Laccieren und Laccierte Arbeit. In der Arbeit wurde ein Beitrag aus einem 
Lexikon zitiert,das Anfang des 18. Jahrhunderts erschienen ist und in dem der Begriff und 
die Technologie der Lackarbeiten, die Geschichte und der Handel mit lackierten Mobeln 
beschrieben werden. 

Schliissełworter: Lack, Mobel, Holz, Tischler 

Lackarbeiten entstehen durch Uberziehen von Gegenstanden aus Holz, Ton, Metall 
u.a. mit einer Schicht von Lack zum Schutz oder zum Schmuck. Den Rohstoff liefert der 
gummiartige Saft des Lackbaumes (Rhus vernicifera) aus den Bergwaldem von China, Japan 
oder Korea [Lexikon der Kunst 1971]. Eine urn 100 Jahre altere Beschreibung lautet: Der 
japanische Lack (Urusinoci) wird durch Einschnitte aus dem Firnis-Sumach (Rhus 
vemicifera) gewonnen; er ist eine grauweiBe, dickfli.issige Masse, die an der Luft bald in 
Braun oder Schwarz i.ibergeht. Zur Verwendung wird er mit dem Ol der Bigonia tomentosa 
versetzt. Der chinesische Lack (Tsi) ist ein harziger Stoff, der aus den Tsichon oder 
Lackbaum (Augia chinensis) flieBt und mit den Fri.ichten der Vernicia montana gemischt 
wird [Brockhaus 1898] . Die Lackkunst gehort zu den entwickelten ki.instlerischen 
Techniken, die von 0-Asien, bes. China, ihren Ausgang genommen haben. Bereits in der 
spaten · Shang-Zeit (1384-111 v.u.Z.) war in China die Verwendung von Lack bekannt, 
zunachst als Uberzug fiir Grabbeilagen aus Bambus und Holz ... teils auch als dekoratives 
Klebemittel fiir Einlagen ... Ab 17.Jh. stieg der Export chinesischer Lackgerate ... nach Europa 
(bes. unter Kaiser Kangxi, 1662-1722 von der Quing Dynastie). Er lieB in Peking viele 
Hofwerkstatten einrichten. Auch aus dem japanischen Neolithikum (bis 3.Jh. v.u.Z.) stammen 
Bogen, Schalen und Gebrauchsgegenstande, die mit Lack i.iberzogen waren [Lexikon der 
Kunst 1971] . Nach Europa wurden ostasiatische Lackarbeiten im spaten 17.Jh. eingefiihrt 
und bald auch nachgearbeitet. In Paris hatte die Familie Martin seit 1730 ein konigliches 
Patent, alle Arbeiten in Lack im Geschmack Japans und Chinas herstellen zu di.irfen 
[Lexikon der Kunst 1971]. Darum auch ist im Realen Staats=Conversations- und 
Zeitungs=Lexici von Gleiditsch Johann Friedrich I. ( gest. 1716) Leipzig. Buchhandler, 
Verleger. 1681- 1715. Nachf. Sohn Johann Gottlieb Gleiditsch (ais Johann Friedrich 
Gleiditsch Sohn )Buchhandler 1712-1715, Braunschweig [Paisley 1988] und noch bevor die 
Familie Martin das oben erwahnte Patent erhielt, die verhaltnismaBig umfangreichen 
Stichworter Laccieren und Laccierte Arbeit enthalten, woraus ersichtlich ist, daB in Europa 
lackierte Mobel hergestellt wurden, deren Qualitat den importierten nicht nachstand. 

Laccieren, oder lackieren heiBt, die holzernen GefaBe und Mobilien, ais Tische, 
Sti.ihle, Gueridons, Schreib-Contoirs, Schranke, Schi.isseln, Schachteln, etc. dergestallt mit 
Farben ki.instlich bemahlen, und als denn mit einem saubern Firnis i.iberziehen, daB man es fiir 
Ma1mor, oder Ost-Indische Arbeit, oder als wenns mit Glas iiberzogen ware, ansehen so11te, 
wie denn heutiges Tages, dergleichen Arbeit sehr gemein, sonderlich seit dem, daB die Ost­
Indischen=Compagnien so vie! lackiertes Zeug aus Ost=Indien mitgebracht, und theuer 
verkauft haben, da sich <lenn viel beflissen, dergleichen Kunst=Werck allhier in Europa 
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nachzumachen, solches auch schon so hoch getrieben, daf3 es dem Ost=Indischen nichts 
nachgiebet, und wir also solches, eben wie ihr Porcelan, gar wohl entbehren konnen. Es 
kommt aber das meiste bey di eser Arbeit auf einen gu ten und schonen FimiB an. [ 1727] 

Laccierte Arbeit, so in Tonquin gemacht wird, giebt keiner andern etwas nach, 
ausser der Japanischen, welche for die schonste in der Welt gehalten wird, welches Zweifels 
ohne daher kommt, daf3 das Holtz allda vie! besser ist, ais in Tonquin, denn sonsten siehet 
man in der Mahlerey und im Firnis keinen Unterschied. Das Tonquinische Lace ist eine Art 
fliessendes Gummi, welches aus dem Stamme und den Aesten gewisser Baurńe dringet. Das 
Land=Volk sammlet dessen eine so grof3e Menge, daf3 sie alle Tage auf dem Marckt zu 
Cachao gantze Tonnen voll zu verkauffen bringen, sonderlich wenn sie wissen, daf3, die 
Arbeits=Leute vie] zu thun haben. Von der Art ist es weisser Farbe, und so dicke, ais etwa 
Milchrahm, in der Lufft, aber verande1i es sich, und wird schwarzlich, dannenhero die Leute, 
ehe sie es in die Stadt bringen, ein paar Bogen Papier drliber decken, damit es frisch bleibe, 
und seine natlirliche Farbe behalte. Die Schrancke, Schreibe=Tische, und dergleichen, 
welche gevemisset werden sollen, sind meistentheils von tanennen oder Pone=Holtz gemacht, 
allein der dasigen Tischler Arbeit ist mit der Europaer ihrer gar nicht zu vergleichen, und 
geschiehet gar offt, wenn sie den FimiB auf die sch6nsten und zierlichsten Sachen 
aufgetragen wollen, daf3 sie die Ecken und Fugen an den Schubladen und anderswo 
zerbrechen und verderben. Uber dieses ist auch das Gerathe, oder die Sachen selbst, von ganz 
anderer Art und Gemachte, ais bęy uns. Man halt die Hauser, worinne das Lack gearbeitet 
wird, for sehr ungesund, weil ein gewisses Gifft in diesem Gummi seyn soli, welches den 
Arbeitern durch die Nasenlocher ins Gehirn steiget, da es doch weder einen allzustarcken 
noch unangenehmen Geruch hat. Diejenigen, die damit umzugehen gelemet, konnen nur in 
der trockenen Jahrs=Zeit, oder wenn die Nord=Winde, so sehr trocken, wehen, darinnen 
arbeiten, denn sie miissen das Lack mehr ais einmahl auftragen, und da muB der vorige 
Anstrich allemahl vorher wohl getrocknet seyn, ehe man es wieder liberstreichet. Schwarz 
wird es von sich selbsten, wenn man es an die Lufft leget, und den Glanz giebt, und ve1mehti 
das Oe! und andere eingemischte Dinge. Wenn nun endlich der letzte Anstrich trocken ist, 
wird es geglattet, und so blanek ais ein Spiegel gemacht, wozu sie gemeiniglich nur die flache 
Hand gebrauchen, indem sie das Holtz starek damit reiben. Sie konnen dem Lack eine Farbe 
geben, was for eine sie wollen; machen auch einen sehr guten Leim, als immer einer zufinden, 
daraus. Dieser wird zwar sehr wolfeil gegeben, sie machen auch den Fimif3 damit an, es ist 
auch verboten ihn aus dem Lande zµ fohren. 

Dass die Lackkunst in Europa schon zu dieser Zeit ein hohes Niveau erreicht hatte, 
kann folgendes Stichwmi belegen. 

Tischer=Arbeit, de la Menuiserie, kommt bey Kauffleuten in ihrem Handel selten 
vor, auf3er was sie an Kisten und Regalen zu ihrem eigenen Gebrauch nothig haben, darein sie 
die Waaren, sonderlich die feinen, einpacken, und die ausgepackten ordentlich zu legen 
pflegen. Oder was von vomehmen Leuten an kostbaren und kiinstlichen Meublen von Eben, 
Cypressen, Oliven, Brasilien und Indianischen, Zucker= Tannen= Wurzeln, Nuf3baum, 
Masern, Cedern und Konigs=Holtz bey ihnen gesuchet wird, ingleichen was an schonen 
Spiel=Tischen, Pulten etc. bey den so genannten Kunst= oder Galanterie=Handlern zu finden 
ist, und zwar mehrentheils seit der Zeit, da die Chinesische und Japanische Holtz=Arbeit von 
den Ost=Indischen Compagnien so hauffig nach Europa gebracht worden, und die Kunst zu 
lackieren bey uns sehr hoch gestiegen, da sie der Ost=Indischen wenig oder nichts mehr 
nachgiebet. 
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Hiibner Johann, ein Schulmann, der durch seine „auserlesenen biblischen Historien" und seine 
auf Verbreitung historischer und geographischer Kenntnisse berechneten Schriften in den 
weitesten Kreisen bekannt geworden ist, geb. den 15. April 1668 zu Tiirchau in der sachs. 
Oberlausitz, gest. den 21. Mai 1731 in Hamburg - Enkel eines aus Bohmen ausgewanderten 
Protestanten, der urn den Glauben zu bewahren, viel irdisches Gut verlassen hatte, Sohn eines 
doch wieder zu Wohlstand gelangten Vaters, wurde er friih ftir die Studien bestimmt, und am 
Gymnasium in Zittau gewann er. .. jene Vielseitigkeit des Wissens und jene Gewandtheit der 
Darstellung, die ihn spater zu einem so beliebten Schriftsteller machten .... 1689 ging er nach 
Leipzig urn Theologie zu studiren ... Bereit 1691 wurde er Magister ... und ... schon 1694 ais 
Rektor an das Gymnasium in Merseburg berufen ... Anfang 1711 wurde er in das Rectorat des 
dortigen Johanneums ais Nachfolger von J.A. Fabricius berufen .... Die aus der Zerfahrenheit 
des Lehrerkollegiums hervorgegangenen MiBstande in Unterricht und Zucht abzustellen, 
gelang ihm bei der Schwierigkeit das Scholarchat, und die Lehrer von der Notwendigkeit 
einer Reform zu iiberzeugen, urn so weniger, ais er selbst durch seine leidenschaftliche Art 
manches verdarb, so daB zuletzt das Johanneum in ganzliche Zerriittung zu gerathen begann. 
Urn so erfreulicher waren ftir Hiibner die Erfolge, welche er fort und f01i ais Schriftsteller 
davon trug. Es erschienen von ihm rasch nach einander ... viele Biicher. Das „reale Staats= 
Zeitungs= und Conversations=Lexicon" (Leipzig 1715) und das „Curieuse Natur= Kunst= 
und Handelslexikon" (Leipzig 1712) sind von ihm eigentlich nur durch die Vorreden 
eingefoh1i. [ADB 1879] 
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Allgemeine Deutsche Biographie. Leipzig, Verlag von Duncker & Humblot, 1879. 

Brockhaus' Konversations=Lexikon. 1898: F.A. Brockhaus in Leipzig, Berlin und Wien. 

Curieuses und Reales Natur=Kunst=Berg=Gewerk= und Handlungslexicon, Darinnen nicht 
nur Die in der Physic, Medicin, · Botanic, Chymie, Anatomie, Chirurgie und 
Apothecker=Kunst, wie auch in der Mathematic, Astronomie, Music, Mechanic, Biirgerlichen 
und Kliegs=Bau=Kunst, Artillerie, Schiffarten etc. ferner bey den galanten und Ritterlichen 
Exercitien; bey Bergwerckern, Jagerey, Fischerey, Gartnerey; wie auch in der 
Kauffmannschaft, bey Buchhalten, und in Wechsel=sachen, bey Kiinstlern und Handwercken 
gebrauchliche Termini technici oder Kunst=Worter, nach Alphabetischer Ordnung 
ausftihrlich beschrieben werden: Sondern auch alle in Handel und Wandei, ingleichen in Jure 
und vor Gerichten vorfallende, und aus allerhand Sprachen genommene, unentberliche 
Worter, den Gelehrten und Ungelernten zu sonderbaren Nutzen griindlich und deutlich 
erklaret, auch an vielen Orten niitzliche Realien mit eingemischet seyn. Alles dergestalt 
eingerichtet, daB man dieses ais einen andern Theil des Realen Staats= Conversations= und 
Zeitungs=Lexici mit grossem Vortheile gebrauchen kann. Die ftinfte Auflage mit allem FleiB 
verbessert, und mit etlichen hundert Articeln vermehret. Nebst einer ausftihrlichen Vorrede 
Herrn Johann Hiibners. Mit Chmftirstl. Sachs. Allergnadigsten Reichs=Vicariats=Privilegio. 
Verlegt von Joh. Friedr. Gleiditschens sel. Sohn. Anno 1727. 

Deutsche Encyklopedie oder Allgemeines Real=Worterbuch aller Kiinste und 
Wissenschaften von einer Gesellschaft Gelehrten. Fiinfzehender Band (Heil- Holz.) 
Frankfurt am Mayu bey Varrentrapp und Wenner 1790. 

-119-



Lexikon der Kunst.1971: VEB .. E.A. Seemann V erl ag, Leipzig 

Paisley David, L. Deutsche Buchdrucker, Buchhandler und Verleger 1701-1750, 1988: Otto 
Harrassowitz. Wiesbaden 

Streszczenie: Zdobienie mebli laką. Meble zdobione laką rozpoczęto sprowadzać do Europy 
w X.VII wieku. W roku 1730 rodzina Martin otrzymała we Francji patent na produkcję mebli 
wykończonych laką. W pracy um.ieszczono krótką historię stosowania laki do wykańczania 
mebli , następnie opisano metodę produkcji laki i sposób wykańczania nią mebli , jaki 
znajduje się w piątym wydaniu wydanej w roku 1727 w Saksonii nakładem Johana 
Fryderyka Gleidischa encyklopedii. Z opisu wynika że w Europie już przed patentem Martina 
meble wykańczane laką nie różniły się jakością od importowanych do Europy z Chin i Japonii 
przez W schodnio-indyjskie Towarzystwo. 

Die in der Arbeit zitierten Positionen befinden sich in der Universitatsbibliothek Warschau, 
Abteilung Alte Drucke. 



The effect of wood species and density on propagation velocity and 
damping coefficient of ultras~mic w ave 
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Ab str act: The paper reports results of measurements of ultrasonic wave propagation velocity 
and attenuation coefficient in wood of pine, oak and beech wood in three anatomical 
directions. It has been shown that in mature wood of pine and beech wood the speed of 
ultrasonic wave propagation along the fibres decreases with increasing wood density. For oak 
tree samples the reverse tendency has been observed in the samples covering the annual rings 
from 25 to 60. In the transverse directions no significant effect of the wood density on the 
ultrasonic wave propagation velocity has been noted. Within particular wood species studied, 
the wood density does no affect the value of the attenuation coefficient. The mean value of 
this coefficient depends on the species and the anatomical direction of wave propagation. 
Irrespective of the wood species the sound attenuation is the strongest in the tangent direction 
and the weakest along the fibres. 

Introduction 
The researches on velocity of ultrasonic wave propagation in wood have been 

continued for over 150 years, since Wertheinm and Chevandier published their pioneer works 
(1846). In the last decade there has been observed significant increase of the interest in those 
problems. They are focused mainly on the closer recognising of the rules of ultrasonic wave 
propagation in wood, as a tool for assessment of the quality of wood treated either as the raw 
materia], or solid wood products as well as wood-based materials (Sandoz 1989, 1993; Steiger 
1991; Bucur i Chivers 1991; Greubel i Plinka 1995; Kolesnikova 1996; Mishiro 1996; Han 
1996; Nimz i in. 1997; Marcok i in.1997). Nevertheless a lot of aspects of wood structure 
effecting the ultrasonic wave propagation in wood are not quite well recognised, and even 
results of some research are controversial. The most controversial seems to be the effect of 
wood density on ultrasonic wave propagation. From the f01mula C2=E/p it appears that 
increase of wood density should result in decrease of ultrasonic wave velocity. Paradoxical it 
emerges from the most of the research, with some doubts however, that the increase of wood 
density results in increase of velocity of ultrasonic wave propagation (e.g. Kollmenn and 
Krech 1960; Burmester 1965; Dzbeński 1984). The positive correlation between wood 
density and ultrasonic wave velocity was presented also in research of Yiannos and Taylor 
(1.967) as well as the one ofBurmester (1965), which was carried out, separately on early and 
late woods of South pine. Those authors revealed that the ultrasonic wave velocity in zone of 
the early wood was from 10 till 25% !ower while compared to the late wood. Whereas the 
similar tests carried out by Gerhards (1978) did not confirm those conclusions. 

The results of the above-mentioned studies are showing the needs of continuation of 
the research on the effect of wood density on ultrasonic wave propagation. Those 
investigations is also important while taking into consideration how useful can be the 
ultraso'nic method for the assessment oftechnical quality of the timber (e.g. Dzbeński, 1984). 
This paper is limited only to determine of the effect of the density of the mature wood, i.e. the 
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wood of stable dimensions of its anatomie elements, on velocity of ultrasonic wave 
propagation as well as on the ultrasonic wave damping coefficient. 

Methods 
It was decided to perfonn the measurements of ultrasonic wave propagation and 

damping coefficient on wood ofpine (Pinus sylvestris L.), oak (Quercus robur L.) and beech 
(Fagus sylvatica L.) in all anatomical directions. For the test purpose the centre planks had 
been sawn from the round wood, and then seasoned on the open air in period of 2 years. The 
two pairs of pair matching samples were produced of them. The thickness of the pair-samples 
was 15 and 30 mm as well as 20 and 40 mm, and had the annual increments orientation as 
shown at Fig. 1. The surface of the sam pl es on which the measuring heads were coupled with 
equalled 50x50 mm2

• The samples ofpine and beech woods were made out of outer zones of 
the planks, while the oak samples were made of outer zones of heard wood, which were 
located more then 25th annual ring of distance from the pith. The test samples were 
afterwards seasoned in room conditions in period of 2 months. After that time the moisture 
content of the all samples stabilised at the level of 8%. The next stage was to sand precisely 
the samples, and then the density with stereometrie method was detennined. The average 
width of annual increments ranged from 1,4 till 2,2 mm for pine samples, 0,9 till 2,38 mm for 
oak and 1,8 till 3,2 mm for beech ones. The percentage of late wood in pine and oak samples 
comprised in ranges from 37 till 48% and from 57 till 81 %, respectively. 

T L 

~R LZR tzT 
Fig.I. Shape and orientation of-annual increments in the samples destined for velocity of 
ultrasonic wave and damping coefficient measurements: a - along-to-the-grain direction, b­
tangential direction, c-radial direction. 

To detennine the wave velocity and damping coefficient the impulse method of 
through-coming wave without a delay line was chosen. The sam pies of two lengths were used 
for experiment (the signal taken from testing of the one sample was treated as the signal of 
reference for the other). That method do not require multiply transmission through the tested 
samples which is the important advantage while the porous materials or the materia] of strong 
damping ultrasonic propagation properties are being subject of testing. The signal initialising 
the transmitting head was short impulse signal. The experimental track consisted of generator 
5058 PR and measuring heads V-318 offrequency 0,5 MHz each, produced by Panametrics, 
generator MATEC TB 1000 and computer with DSO-digital storage osciloscope. To assure 
the proper coupling of measuring head with the tested sample surface the silicone grease was 
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applied. The determining of dam ping coefficient and phase velocity of the wave was obtained 
with means of spectra! analysis based on Fast Fourier Transform (FFT). Those experiments 
were conducted in Institute of Environmental Mechanics and Applied Computer Science in 
Bydgoszcz. 

Resułts 

The direct results of the experiments of velocity measurements of ultrasonic wave 
propagation in various anatomie directions in relation to wood density of the tested samples of 
pine and beech woods are presented at Fig. 2 and 3. The evident tendency towards decreasing 
of wave velocity in along-to-the-grain direction, with density increase, is observed. One 
should notice here, that the tested samples were taken from outer zones of the tree stems aged 
of approximately 1 OO years. The tested samples comprised the mature wood tissue in w hi eh 
the dimensions of anatomie elements are stabilised at approximately constant level. The 
results of those experiments are in conformity to the basie formula joining the sound velocity 
with mate1ial density and its elastic properties. Additionally the measurements of ultrasonic 
propagation were repeated using the materia! tester type 543, with measuring heads of 
frequency 0,5 MHz, and the results achieved there were identical. 
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Fig.2. The effect of pine wood density on velocity of ultrasonic wave propagation: a- along­
. to-the grains, b- in radia] direction, c- in tangential direction. 
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Fig.3. The effect ofbeech wood density on velocity ofultrasonic wave propagation: a- along­
to-the grains, b- in radia] direction, c- in tangential direction. 

The tendency to decrease the velocity of ultrasonic wave in along-to-the-grain 
direction with increase of the density ofpine and beech woods above a defined threshold, was 
observed by Burmester (1965). For the oak wood samples, showing the density level from 
603 till 748 kg/m3

, very weak trend to increase ofthe wave velocity with the growth of the 
density of the wood was recorded. More precise explanation of those relationships requires 
however the further investigation on the more numerous test materials, with simultaneous 
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determination of the effect of anatomical elements dimensions on the characteJistics to be 
analysed. . 

While comparing the average levels of ultrasonic wave velocity along-to-the-grain of 
the tested wood species, it can be observed that the velocity of wave propagation is the 
highest in pine wood (5500 ms-1

), medium in beech wood (5270 ms·1), and the lowest velocity 
is developed in oak wood (4940 ms-1

). Those results conform to the data presented by 
Kollmann and c::~te (1984). 

The density of the wood, in limited range, does not effect on velocity of ultrasonic 
wave propagation in along-to-the-grain direction, as it is evident from the figures presented 
above. The average values ofultrasonic wave velocity in radial direction for pine (2180 ms-1

), 

and oak (2100 ms-1
) woods are approximately 30% higher than in the ones in tangential 

direction which amounted to 1660 and 1590 ms·1
, respectively. For beech wood samples the 

difference in both anatomical direction is even higher and reaches 45% (2270 and 1550 ms-1
). 

The measurements of ultrasonic waves damping coefficient revealed that its value 
increased with increase of ultrasonic signal frequency. Analysing the density effect on 
damping coefficient for frequency of 0,4 MHz any relation was not found. The source of that 
situation was probably the very high vaJiability of the measured parameter. The average 
values of damping coefficient for the tested wood species in various anatomie directions are 
shown at figure 4. 
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Fig. 4. Wood species and anatomie direction effect on ultrasonic wave damping coefficient. 

It is evident from the figure 4, the lowest damping of the ultrasonic wave is observed 
for along-to-the-grain propagation, medium for radia! and the highest for tangential direction. 
While compming the damping coefficient for along-to-the-grain propagation of ultrasonic 
wave, the tested species one can classify according to the factor increase as follows: pine, 
beech and oak. In transverse directions the highest value of damping coefficient is observed 
for pine wood samples. The more precise analyse of the tests results is not possible now, as 
the number of the samples was insufficient and the variability of the measured factor very 
high. In the Department of Wood Science of Agricultural University in Poznań the new 
samples are being in preparation process now. After that the next series of experiments are 
going to be conducted to develop the introductory results of the research w hi eh are presented 
above and to give more precise interpretation and deeper study of the problem. 
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Conclusions 
To summarise the results of the research it can be stated that the velocity of ultrasonic 

wave propagation along-to-the-grain direction of mature wood tissue decreases together with 
increase of wood density. That relationship was revealed for pine and beech woods. In 
transverse directions any significant effect of density of the tested wood samples on ultrasonic 
wave velocity was not observed. The lowest damping of ultrasonic wave was registered for its 
along-to-the-grain propagation, medium in radia! direction and the highest in tangential 
direction ofwood tissue. 
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Streszczenie. Wpływ gatunku i gęstości drewna na prędkość i propagacji i współczynnik 
tłumienia ultrad..+więków. W pracy przedstawiono wyniki pomiarów prędkości propagacji i 
współczynnika tłumienia fal ultradźwiękowych w drewnie sosny, dębu i buka w trzech 
podstawowych kierunkach anatomicznych. Wykazano, że w drewnie dojrzałym sosny i buka 
wraz ze wzrostem jego gęstości obniża się prędkość rozprzestrzeniania się fali 
ultradźwiękowej wzdłuż włókien. w przypadku zaś próbek dębowych, obejmujących 
przyrosty roczne od 25 do 60, zaobserwowano tendencję odwrotną. W kierunkach 
poprzecznych nie stwierdzono wyraźnego wpływu gęstości badanych gatunków drewna na 
prędkość propagacji ultradźwięku. Gęstość drewna, w obrębie poszczególnych gatunków, nie 
wpływa na współczynnik tłumienia fal ultradźwiękowych. Przeciętna wartość współczynnika 
tłumienia zależy od gatunku drewna i kierunku anatomicznego. Niezależnie od gatunku 
drewna tłumienie dźwięku jest największe w kierunku stycznym a najmniejsze wzdłuż 
włókien. 
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Influence of knots to mechanical stress grading of spruce wood timber 

Jan Dubovsicy-Alena Rohanova 
Faculty of Wood Technology, Technical University in Zvolen, Slovakia 

Abstract:lnjluence of lawts to mechanical stress grading of spruce wood timber. Spruce 
wood timber is applied for wood engineering structures. Wood defects ( knots, grain angle 
and other ) have significant influence to its strength and elasticity and from it resulting 
grading into the equivalent strength class. The characteristic values are determined in STN 
EN 338 and EUROCODE 5. The experiment was oriented to the investigation of the defects 
influence to MOE of spruce wood timber. The recorded force-deformation diagrams were 
used for determination of the characte1istic values and from it resulting grading into the 
equivalent strength class. 

Introduction 
Wood is materia! with high variability of the physical and mechanical properties. 

Many factors can be reason of its variability. For instance density and defects of wood are 
ve1y interesting from the viewpoint of the mechanical stress grading. The density influence to 
the mechanical properties is known. It can be applied as a direct proportional linear function. 
The influence of the wood defects is much more complicated and less investigated. Knots, 
which have dominant position in the softwood species, have negative influence to the 
mechanical properties especially. 

The mechanically stress graded timber is preferred in the area of the wooden structures 
which have tendency of the intensive increasing at the present time. One of the most often 
applied method of the mechanical stress grading is application of the bending loading, 
Dubovsky [1993] and Rohanova [2000]. From this point of view the non-destructive 
characteristics, i. e. modulus of elasticity (MOE) or the influence of knots to the modulus of 
elasticity, are very interesting. Afterwards the suitable grading of the timber, based on the 
known relationship of modulus of elasticity and modulus of rupture (MOR), for require aims 
is possible. 

The aim oh the contribution is evaluation of the influence of the knots to the 
variability ofMOE at the bending loading. This relationship is possible to apply at the quality 
evaluation oftimber for the purposes of the wooden structural elements. 

Materiał and method 
The spruce wood timber of the regularised cross section 32x240 mm (2 pieces) and 

32x220 mm (4 pieces) of the length 2 500 mm was tested. Specimens of the board length 
were tested to the 3-points bending test with the supp01t span 1 OOO mm. The standard STN 
EN 384 was applied for the bending test. The specimens were conditioned to 12 % moisture 
content at the air condition humidity q> = 65 % and temperature t = 20 °C. This moisture 
content is required in the standard STN EN 384. Ten testing points were chosen on the each 
specimen in relation to the knots distribution, Fig. 1. Afterwards the specimens were loaded in 
these points as from the face (side) A as the face B. The loaded force F = 2 949 N was applied 
to the specimen with the breadth b = 240 mm and F = 2 703 N for the breadth b = 220 mm. 
The applied force was !ower than the supposed proportional limit. Further the points with the 
highest and smallest deflection were chosen for the repeat loading to the ultimate limit. The 
recorded force-defo1mation diagrams are shown in Fig. 2 (for specimens S-1 and S-3). The 
deformations (in our case deflections) and forces determined from the force-deformation 
diagrams were applied for MOE calculation. The variability of MOE in the board length for 
specimens S-1 and S-3, taking in account the both faces (A and B), is shown in Fig. 3. 
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Fig. 1 The data sheet for specimen - board No. 3. Method of the knots identification on the board 
faces (sides A. B) and the testing ooint arrangement in the board length. 
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Fig. 2 The force-deforrnation diagram in the selected point in the board No. I (S-1) and in the 
board No. 3 (S-3). A - loading to the face A - force-deforrnation curve in the point 2 (in S-1) 
and. in the point 7 (in S-3) at the loading to the ultimate limit. B - loading to the face B, the 
points (force, deformation) at the loading to the assumed proportional limit in the point 2 (in S-
1) and in the point 7 (in S-3). 

Results and discussion. 
The negative influence of knots to MOE of the spruce wood timber results from the 

experimental tests. It is possible to.states base on the Fig. 1, 2 and 3, which represent the 
specimens with the extrem,e results. The specimen with the highest MOE (S-1).and with the 
lowest MOE (S-3) were used for the result analysis. All figures is necessary to take into 
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Fig. 3 The continuo us variability of the modulus of elasticity in the tested points in the board Jength 
at the bending loading. 

consideration at the evaluation as a complex. Fig. 1 represents a data sheet and gives 
information about the distribution of the identified knots. Fig. 2 gives information about the 
specimens reaction to the loading from the side A and B. The loading to the side A in both 
cases is represented with the force-defmmation diagram into the ultimate limit. The loading to 
the side B is represented only with one point B which position is very closed to the diagram 
curve for the side A. , 

For fina! application of our results the Fig. 3 is most important. In the first, gives 
information about the continuous variability of MOE in the relation to the knots distribution 
as for loading to the side A as to the side B. In the second, base on the standards S1N 49 
1531, ĆSN 49 1531-1 and EUROCODE 5 values of MOE for the qualitative classes SO, SI and 
SII we can do the evaluation of our specimens. The Fig. 3 enable to grade the tested 
specimens to the qualitative classes. S-1 into the class SO (the best) and S-3 into the class SII 
(the worst). This diagram can be also applied for the weakest points determination (i. e. point 
No. 7 in the specimen S-3), what is the basement of the mechanical stress grading. 

Conclusion 
The results of the experimental tests give reliable infmmation about the influence of 

l'11ots to MOE of the spruce wood timber. The djstribution of MOE in the board length is 
suitable information for application in the methods of the mechanical stress grading. It is the 
most suitable for methods with the bending application. This kind of grading is the most 
suitable for the timber applied in the wood structure elements. Base on the above mentioned 
knowledge, wood defect elimination and new longitudinal joining in the weakest points is 
possible to apply. For example, application of the fingers joins gives possibility of new 
grading into higher qualitative class. ' 
The contribution is part of the results from the project VEGA No. 1/9362/02, which is 
financially suppmied by the Ministry ofEducation of Slovak Republic. 
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Wood-ahdhesive-carbon-lamella at static and beat stress 

Alena Rohanova, Stefan Kral 
Faculty of Wood Technology Technical University in Zvolen 

Abstract: Wood-ahdhesive-carbon-lamella at static and heat stress. Wooden membrs built in 
timber structures are exposed to fire load during their service life. The fire resistance of 
wooden members strengthened with carbon lamellas increases because the carbon lamella as 
well as the epoxy resin adhesive are not damaged due to high temperatures. The wooden 
members were experimentally tested at static and heat stress. When comparing the 
unstrengthened and strengthened members with the same cross-sections, the strengthened 
members exposed to the above stresses showed a !ower deflection (approximately 10%) and 
also a longer time ofburning until failure occurs ( 20% - 40% ). 

Introduction 
The wooden members loaded only by mechanical load have durability of severa! years. In 

case of the wooden members are exposed to fire the durability is decreased to severa! minutes. 
Different strengthened materials are used to increase of carrying capacity ofwooden members 
- steel, glass fibres and high effective carbon lamellas. Influence fire to stability and 
degradation of strengthened wooden members is different. The fire resistance of wooden 
members strengthened with some materials can be increased. Application of carbon lamellas 
to timber members is known in abroad as well as in our place (on various building materials 
as concrete or feIToconcrete). At wooden members strengthened with carbon lamellas is 
needed take account ofspecific properties ofwood (as moisture content, anisotropy, density a. 
o.). Carrying capacity of wood mem bers is dete1mined by the tests of static loading. Wooden 
member built in timber structures is exposed at fire the mechanical loading as well as the 
thermal loading. The function of strengthening is effective only then there don't come about 
degradation of adhesive. 

The aim of this work is to study the behaviour of wooden members strengthened with 
carbon lamellas when beam loaded by constant mechanical load is exposed to radiation heat 
source. 

Carbon lamella 
Carbon lamellas are composite materials from one direction orientated carbon fibres that 

are combined by the epoxy resin. Advantages of the carbon lamellas are following (Rohanova 
2001): 

<» high tensile strength, high modulus of elasticity 
„ low dead weight, anticoITosive materia!, simple installation 

Method 
The experimental testing was realized 'to Faculty of Wood Science and Technology 

Technical University in Zvolen intro-scientific project 1/9362/02 " Vystufovanie drevenych 
prvkov v stavebnych konstrukciach ". 

In experiments spruce wood (Picea abies, Karst.) was used. The dimensions of the 
specimens were following: 
- 25 x 50 x 500 mm - unstrengthened - thin without lamella ( Tn ), 
- 35 x 50 x 500 mm - unstrengthened - thick without lamella ( Hn ), 
- 25 x 50 x 500 mm - strengthened - thin with lamella (Tv), 
- 35 x 50 x 500 mm - strengthened- thick with lamella ( Hv ). 
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The dimensions of the lamellas were 1,2 x 50 x 500 mm (thickness of adhesive gap). The 
moisture content of wood members from experiment was 12 % (reference moisture content 
according to STN EN 384). The scheme of the bending load is shown in fig.I and the scheme 
of the measuring apparatus is shown in fig.2. 

Mechanically the unstrengthened and strengthened members were loaded in bending in radia] 
direction. The specimen was placed on two supports and loaded by a constant force. Two levels 
loading were specified from the characteristics bending strength ofwood: 

- T n +Tv - 20% - F1 = 600 N (number specimens: 7 + 6 ), 
- T 0 +Tv - 40 % - F1 = 1 OOO N (number specimens: 7 + 6 ), 
- H 0 + Hv - 20 % - F1 = 1 400 N (number specimens: 5 + 6 ), 
- Hn + Hv - 40 % - F1 = 2 800 N (number specimens: 7 + 6 ). 

The characteristics bending strength of wood is fm,k = 22 MPa ( C 22 )- STN EN 338 . For the 
measurement of the mem ber defo1mation we used the measuring device with the precision of 0,01 mm 
fixed in a metal stand. 

Fig.I: The scheme of the bending load 

As the source of radiation beat we used two IR radiators T-5 wit a ceramic heating body. They 
irradiate the radia] surface at the distance 1,5 cm from both sides of wooden member. The temperature 
in the specimen was measured by a Cu-Ko thennocouples of the thickness O, 15 mm. The 
thennocouples were connected to the LINE RECORDER TZ 41 OO. The temperature values were 
obtained from the values of voltage according to the calibration table (according to already invalid 
norm STN 35 67 1 O). 

--·----­
.JJ--- ---·---

Fig.2: Scheme o_fthe measuring apparatus 

6 ..., 

1 - framework; 2 - fixed support; 3 - adjustable suppmt; 4 - specimen; 5 ~ joumal of a shaft; 6 - equilibrating 
weight; 7 - ann; 8 - radiator; 9 - loading weight; I O- defo1mation measurement; 11 - loading spike 

Results and discussion 
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The experimental measurements of unstrengthened and strengthened members are only 
orientation (concerning number specimens) however they give the reliable results on their 
interpretation. 

The influence of radiant beat on the deflection ofwooden members 
According to obtained results the thickness of specimen has influence on the size of 

deflection when the specimen is broken. This influence is higher for thin wooden members 
and difference between the unstrengthened and strengthened members is more obvious. 
Individual deflection curves are different also from point of view! of load level (see fig.3 and 
fig.4). At level of load of 20 %, leading curve is run till 14 minutes and size of def!ection is 
not exceeding of 1 mm for the thin strengthened members. Deflection of the unstrengthened 
members increase faster in compare with the strengthened members and the unstrengthened 
members resist to radiant heat shmter time. At level of load of 40 %, the strengthened 
members have higher resistance against to radiant heat as the unstrengthened members. The 
time was higher at level of load of 40 % when the wooden ·member was broken. Thick 
wooden mem bers have similar behavior as the thin wooden members at level of load of 20 % 
and also at level of 40 % (see fig.5 and fig.6). The relationship between deflection and time 
of heating can be described by a exponential function for the all groups of mem bers. 

2 .. 
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Fig.3: The relationship between the deflection ofthin 
mem bers at level of load of 20 % and time of heating. 
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Fig.5: The relationship between the deflection of 
thick members at level of load of 20 % and time of 
heating. 
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Fig.4: The relationship between the deflection ofthin 
members at level of load of 40 % and time of heating. 
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Fig.6: The relationship between the deflection of 
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The dimensioning ofwooden members is established on the method ofboundary states 
o I. boundary state of carrying capacity 
• II. boundary state of applicability 
S1N EN 338 determines the characteristic values of strength of spruce wood for the 

individual categories of strength. These values are modified by coefficients ( kmod, kdef, 
gm). From above knowledges the value of loading of 20 % is real from aspect of 
dimensioning. In tab.2 are shown bending stresses for individual levels of load when 
members were broken. The values of the bending stresses decrease when the level of load is 
increasing. The value of bending stress for the unstrengthened member at level of load of 40 
% is !ower as the value presented for categ~ry of strength fm = 22 MPa. 

b h Ta .2 T e va ues o fb a· h en mg stresses w en soecimens were 

Specimens O"oH [MPa] 
20% load 40%1oad 

thin 
unstrengthened 12,48 13,82 

strengthened 30,03 22,76 

thick 
unstrengthened 27,80 21,37 

strengthened 39,72 38,07 

Temperature in the wooden members 
The termocouples were placed in all specimens and the temperature was measured dming 

testing. Average temperature in the center of the specimens as function of time is plotted in 
fig.7. 
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Fig.7: Temperature in the center of the specimens as function of time 

Conclusions 
Wooden members built in timber structures are exposed to fire load dming their service 

life. The wooden members were experimentally tested at static and heat stress. When 
comparing the unstrengthened and strengthened members with the same cross-sections, the 
strengthened members exposed to the above stresses showed a !ower deflection 
(approximately 10%) and also a longer time ofbuming until failure occurs (20% - 40%). The 
relationship between deflection and time of heating can be described by an exponential 
function for the all groups of mem bers. 

Achievement results confirm the assumption that spruce wood strengthened with carbon 
lamella has higher resistance against to radiant heat as the unstrengthened spruce wood. The 
experiments are results of scientific project VEGA 1/9362/02 - "Vystufovanie drevenych 
prvkov v stavebnych konstrukciach". 
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0Tsep;imenlłe Kap6aMlłiJ:04JopMaJ:Ih,1J;erlł,1J;HhlX CMOJI B npHCYTCTBlłlł 
pa3JIHąni.1x KaTamnaTopos 

B B B 1) 0 n 1) A 6 2) V 2) . . acttnheB , .Jl. aBnoBa B. .PH ttą , A.A.Epaw,a11Ko 

Camcr-TieTep6yprcKall rocy)J.apcTBeHHall necoTexm1ąecKall aKa)J.eMHll (Poccttll)1l 

en "<l>1rnxep - MyKalJeso" (YKpmrna)2l 

B poccttH:cKoH: npOMbilllJJeHHOCTH )J.pesecHOCTpy)KelJHbIX nJJHT (,n:CTTI) B Ka'!ecTBe 

OTBep)J.HTeJJll Kap6aMH)J.OcpopMaJJb)J.erH)J.HblX CMOJJ {K<l>C) B OCHOBHOM HCilOJJb3YIOT XJJOpH):( 

aMMOHHll. BMeCTe c TeM MHpOBal! npaKTHKa IlOKa3brnaeT HeyKJJOHHOe COKpameHHe 

npttMeHemrn B TeXHonorttąecKHX npoueccax semecTB, co)l.ep)KaLUHX xnop, H3-3a 

cnoco6HOCTH ero K o6pa3oBaHHIO TOKCHąHbIX semecTB, HanpHMep, XJJOpHpOBaHHblX 

npOH3BO)J.Hb!X opraHHąecKHX coe)l.HHeHHH. 

Hccne)l.OBaJJH B03MO)KHOCTb 3aMeHbI xnoptt)J.a aMMOHHll Ha aMMOHHttHyIO. conb c 

.ll.PYrHM aHHOHOM. ,n:nll :noro BbI6panH COJJH aMMOHHll HeopraHHqecKHX KHCJJOT, KOTOpbie 

HMeIOT KpynHbie npoMbIWJJeHHble o6beMbl npOH3BO)J.CTB, cepHoH:, a30THOH H 

opTOcpoccpopHoii, CpasHeHHe .Hx )J.ettcTBHll npoBO)J.HJJH c xnopHiJ.OM aMMOHHll H 6onee 

.ll.OpOrHM H )l.ecpHUHTHbIM, HO Bb!COK03cpcpeKTHBHb!M OTBep)l.HTeJJeM nepOKCO):(HCepHblM 

aMMOHHeM, npHMeHllIOLUHMCll B OT)l.eJJbHblX cnyąal!X B npOH3BO)l.CTBe ,n:CTTI[l]. 

,n:nll npHroTosneHHll CBll3YIOLUero HCilOJJb30BaJJH K<l>C MapKH K<l>-MT-15 

npoH3BOiJ.CTBa AO "MewcppaKc" (r. I'y6axa TiepMcKoH: o6n.), KOTopyIO pa36asJJl!JJH BO):(Ott .ll.O 

KOHl(eHTpaUHH 55%, OTBep)l.HTeJJH npHMeHl!JJH B BH)J.e 20%-Hb!X BOJJ.Hb!X pacTBOpOB. BpeMll 

)KeJJaTHHH3al(HH CBll3YIOLUHX npH 100°C npHBe)l.eHo B Ta6n.1. 

Co)l.epJ1<aHHe 

OTBep)J.HTeJJll, 

% 

0,50 

0,75 

1,00 

1,50 

2,00 

Ta6nHua 1 

BpeMll )KeJJaTHHH3aUHH npH 100°C K<l>C c naTeHTHbIMH KaTaJJH3aTOpaMH 

BpeMll J1<enaTHHH3aUHH, c, c oTsep)l.HTeJJeM 

NH4Cl <NH4)2S20s <NH4hS04 NH~03 ~H2P04 {N~)2HP04 

83,3 77,4 92,8 117 139 131 

75,8 58,1 86,6 104 110 112 

68,3 40,3 81,9 97,1 99,8 103 

64,2 25,2 79,6 86,2 88,9 108 

62,8 - 75,1 82,7 84,3 120 

3KcnepHMeHTaJJbHble )l.aHHble IlOKa3bIBaIOT, ąTO CKOpOCTb IlOJJHKOH)J.eHcal(HH 

C\\"OJlbl 3aBHCHT OT BH)l.a COJJH, npHMeHlleMOM B KaąecTBe KaTaJJH3aTopa. JifaseCTHO, ąTO 
OTBep)!(JJ.'eHHe K<l>O npoHCXOJJ.HT B KHCJIOH cpeJJ.e. JlaTeHTHble KaT<IJIH3aTOpbI, K KOTOpb!M 

OTHOCllTCll aMMOHHHHb!e COJJH, o6pa3yIOT KHCJIOTY npH B3aHMO)J.eMCTBHH c cpopMaJJb)l.erH)l.OM. 

+ XapaKTepHCTHKOH CHJibl KHCJJO'rbl B pa36asneHHblX BO)l.Hb!X pacTBopax llBJJlleTCll KOHCTaHTa 

ee )J.HCCOl(HaIJ;HH HJJH KOHCTaHTa KHCJIOTHOCTH Ka. BMeCTO BeJJHqHHbl Ka no aHaJJOfHH c 

-137-



BO)J,OpO)J,HhIM IIOKa3aTeJieM pH qaw,e HCIIOJib3YłOT COOTBeTCTBYłOW,ee 3Haqem1e pKa = - lgKa. 

K11cJIOThI MO)l<HO pa3.n:en11Th Ha oqeHh c11JihHhie (pKa < O), c11JihHhie (O < pKa < 4,5), cpe.n:Heił 
Cl1JihI (4,5 < pKa < 9), cna6b1e (9 < pKa < 14) 11 oqeHh cna6b1e (pKa > 14) [2, CTp. 395]. 
AMMOHHHHbie COJIH o6pa3yłOT IIOCJie B3al1MO)J,eHCTBI1JI c <jiopMaJib)J,erH)J,OM Kl1CJIOThl, 

KOTOphie BhICTpa11BałOTCH B cne.n:y1-0w,11ił pH.n:: oqeHh Cl1JihHhie - H 2S20 8, HCI, H2S04 

(pKa = - 2,8), HN03 (pKa = - 1,32); CHJihHaH H3P04 (pKa = 2, 12) 11 cpe.n:HeH Cl1JihI H2P0-4 

(pK. = 7,20) [2]. B COOTBeTCTBl111 c 11X KOHCTaHTOH Kl1CJIOTHOCTl1 MeHHeTCH CKOpOCTb 

rrpOIJeCca IIOJil1KOH)J,eHCaIJl111 K<t>C, - 'leM Hl1)1(e sem1q11Ha pK„ TeM 6bICTpee 11)],eT 

OTBep)IC)J,eH11e CMOJihl • 

.Z:Vrn 3aMeHbl xnop11.n:a aMMOHHH MO)l(eT 6bITb HCIIOJib30BaH cynh<jiaT aMMOHHH, 

O)J,HaKO B 3TOM cnyqae HeCKOJihKO yseJil1'!HBaeTCH BpeM51 )l(eJiaTHHH3aIJHH CMOJibl. 

Tip11MeHeH11e rrepOKCO)J,HcepHoro aMMOHJ.151 c.n:ep)l(HBaeTC51 HH3KOH )Kl13Hecrroco6HOCTbłO 

CB513YI-OW,ero rrpH 20°c, paBHOH o, 7 .. .4,0 qaca, H MO)l(eT 6hITb HCIIOJib30BaHO B 

TeXHOJIOr11qeCKHX IIOTOKax c pa3)J,eJibHhIM HaHeceHHeM KOMIIOHeHTOB CB513YI-OW,ero Ha 

CTpy)KKy. 

TipH H3fOTOBJieHHH P,CTTI B COCTaB CB513yiow.ero HJIH Ha .n:peBeCHbie qaCTl1IIhI 

BBO)J,51T CIIeIJHaJibHbie .n:o6aBKH, KOTOpb1e CB513b!Bal-OT <jiopMaJih)J,erH)J,. Ha116onee rrrnpoKO )J,JI51 

3TOH IIeJIH rrpHMeH511-0T aMMHaK HJIH COe)J,HHeHH51, o6pa3yI-Ow,He ero rrpH rop51qeM 

rrpeccoBaHl1H IIJIHT, HaIIpHMep, Kap6aMH)J,. 0.n:HaKO B rrpwcyTCTBHH aMMHaKa 3<jl<jieKTHBHOCTb 

JiaTeHTHhIX KaTaJIH3aTopos pe3KO CHH)lcaeTc51. TaK, rrpw co.n:ep)l(aH1111 aMMttaKa 0,5% OT 

MaCCbl CMOJihl speMH OTBep)l()J,eHJ.151 K<t>C yseJI11q11saeTC5I 6onee, qeM B 2 pa3a. 

Hccne.n:osanw rrpoIJecc OTBep)l(JJ:eHH51 K<t>C c .n:o6aBKOH aMMHaKa s rrpwcyTcTBHH 

pa3JIJ.lqHbIX IIp51MbIX KaTaJil13aTOpOB - K11CJIOT (rn6n. 2). ):I,JI51 3TOro OT06pantt oqeHb CHJibHYłO 

MHHepaJibHYłO COJI51HYI-O. Kl1CJIOTY H opraH11qecr<11e: w,aseneByłO (pKa = 1,26), MypaBbHHYłO 
(pKa = 3,45) 11 yKcycHyI-O (pKa = 4,76). CpaBHeHwe HX .n:eiłCTBH51 rrpoBO)J,HJIH c xnopw.n:oM 

aMMOHJ.151. Co.n:ep)l(aHtte OTBep)J,HTeJieH - 1 % OT MaCCbI a6c. cyx. CMOJibl. 

Ta6JittIIa 2 

BpeM51 )!CeJiaTttHH3aIIHH rrp11 100 °c K<t>C c rrp51MhIMH KaTaJIH3aTOpaMtt 11 xnopw.n:oM 

aMMOHHH B npwcyTCTBHH pa3JIJ.lqHoro KOJIJ.lqecTBa aMMHaKa 

Co.n:ep)l(aHwe BpeM51 )l(eJiaTHHH3aIJHH, c, c 0Tsep.n:11TeneM 

aMMHaKa, % 
N~CI HCI (COOH)2 HCOOH CH3COOH 

o 68,3 - 15,2 59,7 116 315 
0,50 141 69,3 85,4 91,0 330 
0,75 182 83,4 103 94,5 377 
1,00 228 127 124 95,9 410 
1,50 370 170 139 130 546 
2,00 591 217 175 158 655 

TionyqeHHbie )J,aHHhie IIOKa3b!BałOT, '!TO MHHepanbHa51 Kl1CJIOTa He MQ)KeT 6hITb 

HCTIOJib30BaHa B Kaqecrne OTBep)J,HTeJIH H3-3a HH3KOH )l(J.13Hecrroco6HOCTH CBH3YI-OW,ero rrpH 

20° c (OT HeCKOJibKHX MHHYT )J,0 2 q). Cpe.n:w opraHJ.lqecKHX KHCJIOT HaH60JibllIHH HHTepec 

rrpe.n:cTaBJI51łOT w,aBeJieBaH H MypaBbHHa51 KHCJIOThI, KOTOpb!e rrptt co.n:ep)l(aHHH aMMHaKa 

0,5 ... 1,0 % COKpaw,aI-OT BpeMH OTBep)l()J,eHHH K<t>C B 1,6 ... 2,4 pa3a IIO cpaBHeHl1łO c 

XJIOpHJJ:OM aMMOHHH. 
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Ha OCHOBaHim rrpoBe,L(eHHOro 11CCJJe.L(OBaHirn: pa3pa60Tam1 peuerrTypbl HOBblX 
OTBep'lK.L(aIOm11x CHCTeM, Ha3BaHHhlX HaMl1 KOMIT0311THh!Ml1 OTBep.[(11TeJllIMH, T.K. OHl1 COCTOlIT 
113 cMec11 naTeHTHhIX 11 rrplIMhIX KaTaJJl13aTopos. KoMrr0311THhie 0Tsep.[(11TeJ111 cep1111 MITC 
CO.L(ep'lKaT B CBOeM COCTaBe KaTaJJl13aTOpbl co cpe.L(Hett H ITOBbIUieHHOH CKOpOCTblO 
OTBep'lK.L(eHl1lI, a TaK'lKe KaTaJJl13aTOpbl, 3cpcpeKT11BHO pa6orn10m11e B rrp11cyTCTBl1l1 aMM11aKa. 
OTBep.[(11Ten11 cep1111 MTIC He co.L(ep'lKaT xnopa. Pe3yJlhTaThl 11crrhITaHl1H rrpe.L(naraeMhlX 
oTBep.[(11Tenei1 rrpe.L(CTaBJleHhI B Ta6n. 3. 

Ta6n11ua 3 

BpeMlI 'lKenarnH113au1111 rrp11 100°C K<DC c KOMIT0311THhIMl1 OTBep.[(11TeJllIMH cep1111 
MITC 11 xnop11.L\OM aMMOHl1lI B rrp11cyTCTBl1l1 pa3n11ąHoro Kon11ąecTBa aMMl1aKa 

Co.L(ep'lKaH11e BpeMlI 'lKenaT11H113au1111, c, c 0Tsep.[(11TeneM 
OTBep,[(11TeJllI, % aMMl1aKa, % NH4C] MTIC-5 MTIC-10 MTIC-15 

1 - 68,3 73,3 71,8 62,9 
2 - 63,9 60,2 57,9 51,1 
3 - 62,2 59,5 49,6 39,5 
1 0,5 228 258 242 214 
2 0,5 214 213 201 178 
3 0,5 207 186 172 146 

KoMIT0311THhie OTBep.[(11TeJ111 rrp11 CO.L(ep'lKaHl111 11X 2 ... 3 % IT03BOJllIIOT COKpaTl1Tb 
BpeMlI OTBep'lK.L(eHl1lI K<DC Ha 10„ .35 % rro cpaBHeHl1!0 co CBlI3yIOrn;l1M, B COCTaBe KOToporo 
rrp11MeH5leTClI Tpa.[(11U110HHblM XJJ0p11.L( aMMOHl1lI. 3TO MO'lKeT ,L(aTb ITOBblUieH11e 
rrpo113B0.[(11TenhHOCT11 n11H1111 ,l:i;CTTI 3a cąeT coKpamemrn u11KJ1a ropaąero rrpeccosamrn 11 
crroco6cTBoBaTh 3Haą:inenhHOMY yMeHhUieH11IO 6paKa OT paccnoeH11lI rrn11T. KpoMe Toro, rrp11 
rrp11MeHeH1111 KOMII0311THblX OTBep.[(11Tenei1 B03MO'lKHO .L(aJJbHettruee CHl1'lKeH11e TOKCl1qHOCTl1 
,l:i;CTTI 3a cąeT ysen11ąeH11lI co.L(ep'lKaH11lI aKuemopa cpopMaJJb.L(erH.L(a B cTpy'lKeąHo-KJJeesoi1 
CMec11. KoMIIOHeHTbl .L(JIJI rrp11roTOBJleHl1lI KOMII0311THblX OTBep.[(11Tenei1 JIBJllIIOTClI 
He.L(ecpm~l1THbIMl1 11 OTHOCl1TeJlbHO He,L(oporHM11. 

JluTepaTypa: 
1. 3nh6epT A.A„ PoruMaKOB B.B„ Bac11nheB B.B 11 .L\P· l1HTeHc11cp11Kau1151 rrpouecca 

rrpeccosaH11lI .L\peBecHocTpy'lKeąHhIX rrnHT// ,[{epesoo6pa6aTbIBa10malI rrpoM-CTh, - 1988. -
.N'!~4. - c.25-26. 

2. X11M11ąecKalI 3HU11Knorre.L(Hll: B ST.: T.2: ,l:J;acpcpa-Me.[(11/ Pe.L(Kon.: KHyHJIHU 11.JI. (rn. pe.L\.) 
11 .L\P· - M.: CoB.3HU11KJ1„ 1990. -67lc. 

Tytuł: Utwardzanie żywic mocznikowo-formaldehydowych różnymi katalizatorami. 
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Investigation of mechanical properties in bending thin structural pine 
timber 

Witold Dzbeński 1, Joanna Żur1 , Karolina Czuczeło2 

1Department of Wood Science and Wood Protection, Faculty of Wood Technology, SGGW 
2Department of Civil Engineering and Geodesy, Faculty of Engineeting and Environmental 
Science, SGGW 

Abstract: About 200 pieces of air dry, double edged structural timber from II North-east 
Poland nature forest region /Mazurian/ and general use timber from commercial sawn wood 
yard were tested. Their moduli of elasticity (MoE, mechanical control) are significantly 
correlated with bending strength,· density and knot area ratio (KAR=Us, visual observation) 
after PN-82/D-94021. The highly significant correlation between characteristic bending 
strength values and modulus of elasticity of thin side boards (19-22 mm thickness, 100-115 
mm width) is particularly helpful as the base of machine grading on the principle of timber 
elastic deflections under quasi-static loads. 

Key words: Pine side boards, stress grading, visual and machine methods, structural timber, 
mechanical properties 

Introduction 
The production of rine timber in Poland in 2000 amounted according to Polish Officia! 

Statistics 2,8 million m , which is not tantamount with the whole ofreceived assortments. By 
analogy to 1997 it is possible to estimate the real production value at about 4,5 million m3 

[Dzbeński, Korczewski 1997], what means that the thin timber ofthickness 19-22 mm makes· 
according to Polish Economic Chamber of Wood Industty at least 25%, SO officially not less 
than 706, 4 thousand m3 and after verification 1125 thousand m3

. Because of its limited 
usefulness ( due to decrease of wood packages production, wood base board used in building 
industry etc.) this kind of timber lies unsold, although it can be used to laminar gluing or 
nailing structural elements under condition of previous decrement of its mechanical properties 
especially during bending. In hitherto existing norms relating to structural timber, only the 
timber ofthickens above 25mm had been taken under consideration for example in PN-82/D-
94021, in intemational regulations (ECE Standards) even above 38mm and in BS 4978 from 
1973 - above 35mm; it was the version from the year 1996 when for the first time a reference 
to minimal thickness of 20mm occurred. 

The aim ofthese investigation is so the experimental relating the knotting and modulus of 
elasticity as the factor determination the mechanical classification and expected durability of 
the thin timber. · 

Materiał and methods of investigation 
The pine timber was obtained by two ways: 
a)by sawing of 100 years old trunks ofMazurian pines from II North-east Poland nature 

forest region (from fresh mixed forests; forest inspectorate Strzałowo, forest district Babięty) 
ofwood density 469-489 kg/m3 [Krzosek 1998] 

b) by purchase of 170 commercial timber pieces from "Paged S.A" in consignments of 
average annual rings l,lmm. 

The investigated timber was characterized by: 
o estimation of annual rings and knottiness (Us, Ums) and allocation to appropriate matetial 
strength quality class (KW, KS, KG), using visual method according to PN-82/D-94021; 
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m determination of wood density of Mazurian timber using prototyp i cal isotopic densimeter 
with americium (241 Am) as the source of gamma radiation of energy 59,5 keV [Krzosek 
1998]; 
e determination ofmechanical properties oftimber with thickness 'g' and breadth 'b' width 
using two load points (like in PN-EN 408: 1998 but with some concessions concerning the 
fastening the arrangement for measuring the elasticity in bending) with supports spacing 
1=48g=96cm which corresponds with the distance between supporting rollers in common 
grading machines e.g. Computermatic or Rau-te Timgrader [Dzbeński 1984a]: 

modulus of elasticity was measured by the arrangement with dial indicator of 
accuracy ±0,01 mm based on supp01is (so the pure bending occmTed onJy between the load 
points of spacing 1/3) using formula: 

231 3~? 
E = 1296 IM [MPa] (1) 

where: 
~P- increment ofload 
~f - increment of deflection 
I - moment of inertia of cross-section 

static bending strength was determined using a formula: 
- Pl 

Rg = bg2 [MPa] (2) 

The results of measurements were elaborated statistically using computer software: Excel 
and Statgraphics for analysis of variance ( x ±2s) and coefficients of regres si on and correlation 
(r) which significance was fixed according to Fisher tables [1948] for the significance level a 
= 0,05 so for the confidence level 95%. 

Results of investigation and analysis 
In the consignment of timber graded by the visual method there were [Żur 2002]: 37% 

first-class (KW), 30% middle class (KS) and 33% second-class ass01iments (KG). Different 
results were obtained after mechanical grading using the modulus of elasticity measured in the 
half of length - here 55% of assortments belonged to MKW (so first class), 28% to MKS 
(middle class) and only 17% to MKG (second class). The reason of divergence of grading is 
occurrence of critical concentration of knots (as the criterion of visual stress grading) rather 
near the ends of timber and qui te rarely in the half of it. 

This is the reason why in the picture 1 among timber of respective qua1ity classes 
determined mechanically E Jl.IPoJ -outside limit of 95% confidence inteml -regressioniUnction 

(MKW, KG) there are units, '""' 
E~146,37Rg+103SS 

marked MKS, M by not 
blackened points, which are 
characterized by higher 
modulus of elasticity than it 
appears from their strength 
class determined by visual 
methods (KW, KS, KG). As 
a result of this, after 
analysing the confidence 
interval, its bottom limit 
shows the following (higher 
of about 20% than given by 
PN-EN 338: 1999) 

• + 
• r-0,3161>0,2319 

• 
I 

--------------------------------------·strengthclasses ----

in ! . 8 MKGTKG 

~ t + .l MKG=J<G 

~ .!.::. • O OMKS;/KS 

-~~~{~~~~~~{;~~„I~~=-------
8(0)----- ----------------------------C3J ------------------------------

7400-- -----C24 -------------------------------------------------------„ 

=+--~~~~~~~~~~~~~~~~~~~~----< 

"' 24 25 35 

C30=MKS C35=MKW 040 Rg{MPa) 

Plcture 1. System of the strength clacces 
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characteristic values of modulus of elasticity of timber thinner than 38mm according to PN-
82/D-94021: MKG (=C24)-7 9315MPa, MKS (=C30) -7 10265 MPa, MKW (=C35) -7 
10980 MPa and C40-7 11648 MPa. But it is necessary to add, that the real minimal 
experimental values are much closer to requirements given in PN-EN 338:1999, for example 
on the level 7000 < 7400 MPa in the MKG class, and in MKS only slightly exceeding 
8000MPa. It seems that the modulus of elasticity for timber below 38 mm (picture 1) 
con-esponds to the class lower timber ofthickness below 25 mm. 

From the pictute 2 where the variability of the modulus of elasticity in the function of 
knottiness CUs = KAR) of KW class Mazurian timber is shown, also arises the overstated 
characteristic value of the modulus of elasticity 11108 MPa> 8700MPa, which may testify its 
first-class qu,ality, but also may outcome from the small amount (about 20 pieces) of 
examined materials. 
Commonly available, commercial timber of unknown origin shows worse properties than 
Mazurian timber; one of the investigated consignment (picture 3) has the characteristic value 
of the modulus of elasticity on the level 9212 MPa, so only slightly higher than standard 
values for KW=C30 (8700MPa) class, and some other investigated coincidently [Żur 2002] 
reached even 8608 MPa, so much under standard values according to PN-EN 338: 1999. 

Mazurian timber (picture 4) graded visually according to PN-82/D-94021, shows high 
bending strength, reaching in the KW class characteristic value 30 MPa so con-esponding to 
C30 strength class according to PN-EN 338:1999. This timber graded on the basis ofmodulus 
of elasticity (picture5) is characterized by similar bending strength also on the level 29,12 ~ 
30 MPa. Unfortunately, using the measurements of the modulus of elasticity it is difficult to 
distinguish between edge- and plane knots [Żur 2002]. 

Conclusions 
l,It is possible, with some limitations resulting from placement and kind of occumng knots, 
to sort the thin timber by bending machines in the ranges of wood elasticity. 
2.Mechanical grading basing on elastic deflections of thin structural timber needs some 
con-ectional activities because of occurrence of critical concentration of knots and also other 
defects beyond ofmeasurements zone (for example near the ends ofbend assortments). 
3.Characteristic static bending strength, reckoned both by amount of knots (Us=KAR) and 
modulus of elasticity of timber on KW class was on the level 29,12 ~ 30 MPa, what 
con-esponds to the C30 class according to PN-EN 338:1999. Timber of other classes 
undergoes suitable quality shifts: to 24MPa in KS class and to 20MPa in KG class. 
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Streszczenie: Badanie mechanicznych właściwości przy zginaniu najcieńszej tarcicy 
sosnowej. Przebadano 200 sztuk tarcicy powietrzno-suchej, dwustronnie obrzynanej, 
pochodzącej z: II krainy przyrodniczo-leśnej (mazursko - podlaskiej) oraz tarcicę handlową. 
Otrzymane moduły sprężystości (MoE, klasyfikacja mechaniczna) są istotnie skorelowane z 
wytrzymałością na zginanie, gęstością oraz współczynnikiem sękatości (KAR=Us, 
klasyfikacja wizualna). Wysoce istotna, znacząca zależność pomiędzy charakterystyczną 
wartością wytrzymałości na zginanie i modułem sprężystości tarcicy najcieńszej dwustronnie 
obrzynanej (o grubości 19-22 mm, szerokości 100 - 115 mm) będzie z pewnością pomocna 
przy sortowaniu maszynowym tarcicy, pod obciążeniem quasi-statycznym w zakresie 
odkształceń sprężystych. 
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Charcoal production in Poland 

Stanisław Głowacki 
Department of Forest Utilisation Warsaw Agricultural University 

Abstract: Charcoal in Poland has been produced at 4 plants of wood destructive distillation 
as well as in field retorts. Estimated annual production in Poland is about 50 thousand tons. 
Annual charcoal expo1i between 1994 and 1999 was 36 thousand tons, mainly to West 
Europe. Average annual imp01i of charcoal is about 1,5 thousand tons mainly from Middle­
East Europe. 

Introduction 
A constant development of charcoal production in Poland is being observed on the 

recent years. It is mainly manufactured at destructive distillation ofwood factories as well as 
in field retorts. 

Charcoal is the materia! of a wide range of industrial application. It has been known in 
ancient years - 5 thousand years ago it was used for bronze heat in Egypt. 
In Poland, the increase of charcoal production has been observed in XVI century, as a result 
of development of metallurgical industry, especially in the regions of Świętokrzyskie 
Mountains and Tatra Mountains. Large amount of charcoal has been also used in forges. 
(Aleksandrowicz 1855, Paschalis 1973). 

In modem years, until the application of coke (end of XIX centmy) charcoal was the 
only product used for metal and glass heat. 12 tons of charcoal has been used for production 
ofl ton of iron. 

Until the end of XIX century, the charcoal in Poland used to be produced in charcoal 
pits. Afterwards, the factories of destructive distillation of wood have been established. 
Charcoal production in pits was reactivated in the sixties of XX century in Bieszczady 
Mountains; production in field retorts started in the eighties, also in Bieszczady. 

At present, Poland expo1is 36 thousand tons of charcoal yearly. However, there is a 
lack of information conceming total amount of annual production of charcoal in Poland. 

Short characteristic of charcoal 
The following products are obtained during the destructive distillation of wood: 

gaseous products (18%, e.g. methanol), liquid products (44%, e.g. water, wood tar, acetic 
acid) and solid products (38%, eg. charcoal) (Krzysik 1974). 

The intensive process of carbonisation proceeds at the temperature of 350 - 450°C. 
Density of charcoal is between 1,38 and 1,49 g/cm3

• 

Depending on the percentage of volatile fractions, two sorts of charcoal are selected: 
temper carbon (up to 10% of volatile fraction) and generator carbon (over 10% of volatile 
fraction). Generator carbon is the row materia! for the production of activated carbon (after 
glowing at the temperature of750 - 850°C). 

Two factors impact on the output of charcoal production in field retorts: Wood 
humidity and air temperature. From moist wood we can get up to 23% of charcoal, from dry 
wood (0% of humidity) - up to 35%. The !ower is the air temperature, the !ower is output of 
bum-out process; at the temperature below -20°C process in unprofitable (Głowacki 1988, 
Laurow 1983). According to Polish standards, maximum humidity of pit charcoal is 12%; 
while ret01i charcoal should not exceed 8%. 
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Charcoal production methods 
1. Charcoal pits. 

The technology of charcoal bum-out in pits has not been changed for centuries. The 
differe.nt types of pits have been used in Poland: German (most often), Slavonic and Italian; 
since the sixties of XX centmy - domestic "Bieszczady" type of retorts has been applied. 
Average volume of pit was about 100 stacked cubic metre ofwood; the height ofpits was up 
to 2,5 m. Yield of bum-out process, depended on tree species, wood assortment and 
humidity, was about 45% 45 (Aleksandrowicz 1855, Głowacki et.al. 1988, Paschalis 1973). 
To get 1 ton of charcoal 13 stacked cubic metre of timber was needed. The period of the 
process was 8 to 1 O days. 

2. Field retorts 
Low output, long period of bum-out process and dangerous work with charcoal pits, 

caused the improvement of technology. As a result, the field retorts appeared at the middle of 
XX century. On 1978 - 1983, the new construction of steel retorts was worked out at the 
Department of Forest Utilisation and Engineering, Warsaw Agricultural University; new 
burn-out technology was elaborated as well. 

Big retorts are of 3 tons weight and 10 - 11 stacked cubic metre capacity. Small 
retorts are of 250 kg weight and 1,5 stacked cubic metre capacity. Ret01is are of cylindrical 
shape, locked on the top, inlet and exhaust hol es are placed at the bottom part. To get 1 ton of 
charcoal 10 stacked cubic metre of timber is needed (Tab. 1.). Total period of bum-out 
process is 2,5 days on average (Głowacki 2000, dłowacki et.al. 1981, 1988, Laurow 1983). 

Ta . 1. b A veraQe vield of charcoal production . 
Charcoal produced in: Wood used per ton of Yield (in kg) from: 

charcoal 
m3 stacked cubic 1 m3 1 stacked 

m cubic m 
pits 9,1 13 11 o 75 
field retorts 7,0 10 145 100 
factories 5,6 8 180 125 

3. Plants of destructive wood distillation. 
Charcoal production process at modern industrial plants proceeds according to 

different technologi es and uses different equipment; among others technology of fluidisation 
system, which allows the constant process of production. 

The first plant of destructive wood distillation in Poland was build in Ostrowiec in 
1873. At present there exist severa! factories in Poland: Hajnówka, Zawiercie, Fosowskie and 
Gryfino. Total potentia] productivity of these factories is abo ut 30 thousand tones of charcoal 
annually. Average use oftimber is 1 stacked cubic metre per 125 kg of charcoal; to get 1 ton 
of charcoal 8 stacked cubic metre of timber is needed (Tab. 1., 2.). 
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Tab. 2. Total production of charcoal at plants of wood destructive distillation in Poland 
between1975 and 1978 

Factory Production [thousand ton] Avg. yield [kg per 
1 stacked cubic 

1975 1976 1977 1978 avg. % m] 

Hajnówka 13,4 13,3 13,4 13,1 13,3 49 122,7 

Zawiercie 2,2 2,2 2,2 2,2 2,2 8 121,9 

Fosowskie 3,8 3,3 2,7 4,0 3,4 13 131,6 

Gryfino 8,1 8,0 7,8 7,9 8,0 30 126,2 

Total: 27,5 26,8 26,1 27,2 26,9 100 125,7 

Conclusion 
The charcoal production in Poland takes place at plants of destructive wood 

distillation as well as in steel field retorts. There is no efficient data concerning total amount 
of annual production available; we can only estimate, that it is about 50 thousand tones. Only 
information of charcoal export and impmt are published: between 1994 and 1999 Poland 
expmted 36 thousand tons of charcoal yearly, mainly to Germany (over 60%) and to Sweden 
(about 20%, see Fig. 1.). Average annual impmt of charcoal is about 1,5 thousand tones (Fig. 
2), mainly from middle-east Europe. The constant growth of charcoal prices on European 
market is being observed. 
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Fig. 1. Charcoal export from Poland 
(source: Central Statistical Office) 
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Fig. 2. Charcoal import to Poland 
(source: Central Statistical Office) 
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While burn-out process in retorts in Poland, the only product is charcoal, however in Chech 
Republic the special construction of retorts was elaborated, which allow to energetic 
utilisation of gaseous fraction and wood tar. 
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Streszczenie: Produkcja węgla drzewnego w Polsce. Węgiel drzewny produkowany jest w 
Polsce w zakładach suchej destylacji drewna w: Hajnówce, Zawierciu, Fosowskim i Gryfinie 
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W latach 1978-1983 w Instytucie U żyt~owania Lasu i Inżynierii Leśnej (obecnie 
Katedrze Użytkowania Lasu) , SGGG w Warszawie opracowano konstrukcję czterech 
stalowych retort polowych (przestawnej, segmentowej, pierścieniowej i zrębowej) oraz 
opracowano technologię zwęglania drewna, 

Obecną roczną produkcję węgla drzewnego w Polsce szacuje się na 45-50 tys. ton. 
Na 1 tonę węgla drzewnego w zakładach przemysłowych zużywa się średnio 8 mp surowca 
drzewnego, a w retortach polowych około 1 O mp. 

W Polsce w latach 1994-1999 średni eksport węgla drzewnego wynosił 36 tys. ton, a 
import 1,5 tys. ton. 

Stanisław Głowacki 
Department of Forest Utilisation 
Warsaw Agricultural University 
26/30 Rakowiecka sh·. 
02-528 Warsaw, Poland 



Introduction to early fault detection and breakdown prediction of electric 
chain saws 
Jarosław Górski 

Faculty of Wood Technology, SGGW 
Abstract: Introduction to and breakdown prediction of electric chain saws. The measurement 
of vibration can indicate machine condition. That method of machinery monitoring, most 
likely, can be used for early fault detection of electric chain saws. Level-increases in certain 
frequency components ofvibration can indicate which machine part is deteriorating. 
Key words: electric chain saw, vibration monitoring 

Introduction 
Traditional method of chain saw machinery maintenance is method known as „Run­

To-Breakdown". Nowadays it is obvious that measurement of vibration can indicate machine 
condition [Cempel 1989; Basztura 1996; Górski, Staroszczyk 1998]. Most Jikely even simple 
vibration monitoring system can be used for condition-based maintenance of chain saws. It is 
the most imp01iant that level-increases in ce1iain frequency components of vibration can 
indicate which part of chain saw machinery is deteriorating [Wibracje i wstrz'sy 1988]. The 
paper presents fundamentals of the relationship between frequency of vibration and nature of 
fault. This relationship results from kinematic scheme of standard electric chain saw and state 
of knowledge about vibration monitoring ofmachinery. 

Kinematic scheme of standard electric chain saw 
Getting sufficient efficiency of monophase, series, commutator motor (used in 

standard electric chain saw) needs high speed of rotor. Reduction, usually intersecting axis, 
gear is necessary. The rest of machinery is very similar to chain saw with petrol engine. 
Typical kinematic scheme of electric chain saw (Husqvarna 1600E) is shown in Fig.I [Górski 
2001]. 

I I ====----. - . -I I-. +-3IE-+-

l 1 Z4=12 

Fig. 1. Kinematic scheme of electric chain saw Husqvarna 1600E. 
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Relationship between frequency of vibration and nature of fault 
There are a few potentia!, basie sources of forced vibration of electric chain saw 

machinery [Górski 200I]: 
- damaged rolling elements bearings, 
- unbalance of rotor (as a result ofwear of electric motor), 
- wear of gear tooth, 
- wear of chain transmission elements. 
Tab.I contains vibration trouble-shooting chait for standard electric chain saw (Fig I). The 
basie assumption is idle running and nomina! speed of chain (15 m/s). 

Tab.I 

nature offault frequency of dominant vibration 
outer race defect 2526 Hz 

damaged rolling bearings of motor inner race defect 3579 Hz 
(bali bearings) ball defect 2290 Hz 

outer race defect 47I Hz 
damaged rolling bearing of driven inner race defect 769Hz 

shaft (ball bearings) ball defect 448Hz 
outer race defect 923 Hz 

damaged rolling bearing of guide inner race defect 977Hz 
(needle bearing) needle defect 2658 Hz 

rotor out of balance 407Hz 
damaged or wom intersecting axis gear 6102 Hz 

damaged or worn chain transmission 908 Hz 

Conclusion 
Measurement and frequency analysis of vibration can be useful source of information 

about condition of electric chain saw machinery. It is evident, that this paper makes only 
introduction to condition-based maintenance of electric chain saws. Further experiments are 
necessary. 
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4. Górski J., 200 I: Proces cięcia drewna elektryczną pilarką łai'icuchową. Wyd. SGGW 
5. Wibracje i wstrząsy, I988: Bruel & Kjaer, K.Larsen & Son, Denmark. 

Streszczenie: Wprowadzenie do wczesnego wyklywania defektów i predykcji poważnych 
stanów awmyjnych elekt1ycz11ych pilarek łańcuchowych. Drgania mogą być dobrym 
wskaźnikiem stanu technicznego maszyn.' Dlatego właśnie monitorowanie drgań może być, 
najprawdopodobniej, wykorzystywane do wczesnego wykrywania defektów elektrycznych 
pilarek łańcuchowych. Wzrost amplitudy drgań o pewnej częstotliwości może wskazywać 
która część maszyny zaczyna się psuć. 
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The relationship between height of kerf and specific cutting resistance in 
chain saw woodworking process 

Jarosław Górski 
Faculty of Wood Technology, SGGW 

Abstract: The relationship between height of ke1f and specific cutting resistance in chain 
saw woodworlring process. The paper presents the results of experimental investigation on the 
above-mentioned relationship. The pine and beech samples were cross-cut dming 
investigation. With an increase in kerfheight an increase in the specific cutting resistance was 
observed. 
Key words: chain saw, cutting resistance 

Introduction 
The effect basie parameters of woodworking on the cutting resistance is a traditional 

subject of experimental investigation [Orlicz 1982, Loth 1988, Górski 2001]. Such 
investigation can be useful from practical point of view - the cutting resistance is a ve1y 
closely connected with energy-consuming. 

Procedure of experimental research 
The pine and beech samples were cross-cut during investigation. The kerf height 

amounted to: 35, 60, 100 and 200 mm. The chain saw operator performed 30 cuttings for 8 
sample types ( 2 kinds of wood). Some limitation connected to the feeding force were 
imposed. The elements being cut were fixed with the use ofrigid steel post. On the post body 
there were installed the contact sensor of acoustic emission (Kistler 8152B221) and 
piezoelectric force gauge (Kistler 9601A2). The acoustic emission signal was used in the 
precise determination duration of cross-cutting. The speed of chain saw was recorded with the 
use of photoelectric sensor, specially developed for this purpose [Górski 1998]. Value of 
specific cutting resistance k [MPa] for each performed cutting was determined with the 
eąuation: 

lOOOP Vt 
k = ---------------

HL b 

where: 
P [N] - meari cutting force 

V [m/s] - mean cutting speed 
t [s] - duration of cutting 
H [mm] - height ofkerf 
L [mm] - height of sample 
b [mm] - width ofkerf. 

Results and discussion 

(1) 

The results of experimentar research are shown in Fig 1. Values of specific cutting 
resistance were averaged for 8 samples types. For pine and beech samples the investigated 
relationship is as follows: with an increase in kerf height an increase in the specific cutting 
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resistance was observed. It is ev.ident from data presented in the Fig. 1, that (when it is 
possible) operator of chain saw should avoid increasing in kerf height. 
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Fig. 1. The relationship between height ofkerf(H) and specific cutting resistance (k). 
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Streszczenie: Zależność między wysokością rzazu a jednostkowym oporem sla-awania dla 
piłowania drewna pilarką łańcuchową. Artykuł prezentuje wyniki badań eksperymentalnych 
dotyczących powyższego zagadnienia. W trakcie badań piłowano próbki sosnowe i bukowe. 
Zaobserwowano, że wraz ze zwiększaniem się wysokości rzazu następował wzrost 
jednostkowego oporu skrawania. 
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Mechanical properties of window frame ą new construction 

Marek Grześkiewicz, Bartosz Staniaszek 
Department of Technology, Organization and Management in Wood Industry 
Faculty of Wood Technology, Warsaw Agricultural University, Warsaw 

Abstract: Set of a new construction window frame was made. The idea of new construction 
was assembly of window frame using screws, dowels, tubes and finished single rails and using 
rai! window frame type WS-6000 (this type of window is made in window and door factory in 
Włoszczowa). To choose the best window frame construction the test of load capacity was 
made and stiffness of corner joints was determined. As a result of research two types of corner 
joint were chosen. They had better stiffness characteristic than traditional glued corner joint 
type WS-6000 however characteristic load capacity according PN Standard was !ower. 

Key words: mechanical properties, window frame, stiffness of corner joint, characteristic 
load capacity of corner joint, new window construction 

Materiał 

Corner joints were made of pine wood traditional tenon mortise glued joint and new 
construction with screws or g!ued dowels or steel tube. The rails had profile like window 
frame type WS-6000 (Fig. 1). This window type is made in factory of windows and doors in 
Włoszczowa. Then types of corner joints were tested. Two types with the highest stiffuess 
were chosen - type 9 and 10 (Fig. 2, 3). 

Methods 
Characteristic load capacity was determined according PN-88/B-10085/A2 using 

testing machine TIRA TEST 2300 (Fig. 4). 
Characteristic load capacity was calculated according formula 

Fvk =Fvm -ta ·S [1] 

where: F,.
111 

- average load capacity, ta - coefficient for norma! distribution for coefficient 

Fig. 1 

level 0,05; ta =2,12, set. quantity n= 16 (traditional), ta =2,15, n = 14 (type 9), ta 
=2,31 n= 8 (type 1 O), S .,- standard deviation. 
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L~f;l; ····~ .. 
Corner of window frame type WS-6000 without tenon and mortise used for joint by screws 
and dowels (4). 
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One of chosen types of corner joint - type 9. 
Screw core 3,8 mm, length 11 O mm in tu be, 
2 dowels 08x40mm. 
Screw in tube in central position, dowels from 
left and iight side (4). 

Fig. 3. 

Second of chosen types of corner joint - type 1 O. 
Screw core 5,5 mm, length 125 mm, 
2 dowels 08x60mm. 
Screw in central position, dowels from left and 
right side (4). 

Stiffness of corner joints was determined according author's procedure (Fig. 5). 
Stiffness coefficient was calculated according formula: 

K= !3M [2] 
M. 

where: K - stiffness coefficient [N], !3M = r · (?2- Fl) moment change [N], 

M. = A2-Al deformation change [m]. 

New construction ofwindow frames corners type 9 has characteristic !oad capacity on 
the level 40% of characteristic load capacity oftraditional gł ued joint type WS-6000 and type 
10 on the level 54% (Fig.6). Characte1istic load capacity of new construction window is 
below requirements of PN (700N for single frame window construction). Stiffness of new 
window construction corner joint type 9 is on the level 157% of traditional gł ued construction 
and 161 % for type 10 (Fig. 7). 

Concłusions 

1. New construction window frame with screw and dowels has a higher stiffness corner joint 
than traditional tenon mortise glued construction. 
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2. Characteristic load capacity of new window construction is lower than traditional tenon 
mortise glued construction and below Polish Standard requirements. 

Fig. 4. Scheme ofloading (4). 

Results and analysis 
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Ffg. 5. Load F - deformation A. Fl=lOON, F2=400N (4) 
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Streszczenie: Mechaniczne właściwości skrzydeł okiennych nowej konstrukcji. Wykonano 
zbiór dziesięciu połączeń narożnikowych ramiaków skrzydła okiennego nowej konstrukcji. 
Nowość konstrukcji polegała na tym, że do połączenia wykończonych ramiaków o 
przekrojach zbliżonych do tych w konstrukcji okna WS-6000 (produkowanych w Zakładzie 
Stolarki Budowlanej S.A. we Włoszczowie) wykorzystano śruby, kołki i metalowe tulejki. 
Przeprowadzono określenie nośności i sztywności wykonanych połączeń narożnikowych. Dla 
wybranych dwóch połączeń nowej konstrukcji, o najwyższej sztywności i dla połączenia jak 
w oknie typu WS-6000, wykonano określenie nośności charakterystycznej zgodnie z PN-EN 
i sztywności według własnej procedury na zbiorach kilkunastoelementowych. Narożniki 

konstrukcji skręconej charakteryzowały się wyższą sztywnością niż narożniki konstrukcji 
tradycyjnej, klejonej typu WS-6000, jednakże ich nośność charakterystyczna określona 
zgodnie z PN była niższa. 

Author's address: Department ofConstruction and Technology of Fina! Wood Products, 
26130 Rakowiecka str., 02-528 Warsaw, e-mail: grzeskiewicz@delta.sggw.waw.pl 



Chemische Untersuchung der Holzarten 

Marek Jabłoński, Mieczysław Matejak 
Fakultat fi.ir Holztechnologie 
Landwirtschaftliche Universitat zu Warschau -SGGW 

Abstraakt: Chemische Untersuchung der Holzarten. fu dem nachfolgenden Beitrag wird ein 
kurzer Abril3 der Wissenschaft liber die Chemie des Holzes zitiert, der in der Mitte des 18. 
Jahrhunderts entstanden ist und aus einem Lexikon vom Ende des 18. Jahrhundert stammt. 

Die Fundamente fiir die Wissenschaft von den Gesteinen, die Mineralogie, und von den 
Erzen, die Metallurgie, wurden durch Georg Agricola (1494-1555), der Rektor, Arzt, spater 
Stadtphysikus und Blirgermeister von Chemnitz war und der 1530 die erste systematische 
Mineralogie, ein Buch mit dem Titel ,,De re metallica" geschrieben hat, gelegt. 
Eine ahnlich grundlegende Behandlung von Vorkommen, Eigenschaften, Bearbeitung und 
Veredelung des Holzes gab es nicht. Hier gab es nur einzelne Untersuchungen liber den 
Holzschutz und die Holzverkohlung, die eine sehr lange Vergangenheit hinter sich hatten 
[Kollmann 1985] . 
Obwohl Holz einer der wichtigsten Naturstoffe ist, sind Untersuchungen liber die Chemie des 
Holzes sehr schwieiig, weil das Holz einen liberaus verwickelten biochemischen Komplex 
darstellt, in dem die schon an sich sehr komplizierten Fragen des chemischen Baus der 
hochmolekularen kolloiden organischen Hauptbestandteile nicht fur sich gesondert 
untersucht werden konnen, sondem stets im Zusammenhang mit den letzten Endes 
physikalisch-chemischen Kraften studiert werden mlissen, die sich aus dem Zusammenwirken 
botanischer, anatomischer, physiologischer und biologischer Einfllisse auf das heterogene 
System Holz ergeben [Kiirschner 1962]. 
Es ist deshalb kein Wuncier, daB die Chemie der drei Hauptbestandteile der Holzes erst vor 
ungefiihr 150 Jahren ihren Anfang genommen hat. 
In dem nachfolgenden Beitrag mochten wir einen kurzen AbriB der Wissenschaft iiber die 
Chemie des Holzes zitieren, der in der Mitte des 18. Jahrhunderts entstanden ist *) und aus 
einem Lexikon vom Ende des 18. Jahrhundert stammt. 
„Die Grundstoffe der Holzarten sind, wie bey allen Gewachsen: Wasser, Oel, Salz, Erde. Das 
Wasser ist nach seiner Absonderung von den iibrigen Bestandteilen ohne Geschmack und 
Geruch und kommt mit den reinen gemeinen Wasser vollig iiberein. Die Erde zeigt alle 
Eigenschaften der Kalkerde. Die salzigen Stoffe sind theils fliichtig, theils fix. Die fliichtigen 
salze trenn man von dem iibrigen Grundstoff durch die Destilation: urn aber die fixen zu 
erhalten, verbtennt man <las Holz und lauget die Asche aus. So erhalt man das fixe Alcali. 
Fliichtige Saure findet man in allen Gewachsel1 iiberhaupt, nur in verschiedener menge. Mit 
hiilfe des Feuers erhalt man auch ein wesentliches Oe!, d.i. ein sehr fliichtiges Oel, welches 
einen starcken Geruch vollig so wie die Holzart hat, woraus man es erhalt, und welches vom 
Weingeiust ganz aufgelOset wird. Es heiBt auch atherisches Oel. Einige wesentliche Oele sind 
leichter, andre schwerer ais Wasser. Die dicken oder fetten Oele sind vie] weniger fliichtig, 
haben nur einen schwachen Geruch und werden vom Weingdst nicht aufgeloset. Się sind 
beym gewohnlichen Grade der Luftwarme in den Zwischenraumen der Gewachsstoffe fliissig 
erhalten wie in den Bucheckem , Haselniissen und andem olreichen Saamen. Einige dicken 
Oele erhalt man daher leicht durch uspressen mittels erwarmter Pressen, andre hingegen sind 
mit dem iibrigen Gewachsstoffe vester verbunden, mindder fliichtig ais die wesentlichen Oele 
und erforde1t starke Hitze. Urn in Dampfe aufgeloset zu werden. Die meisten Oele ober sind 
leichter ais Wasser, und bey allen ist wohl eine Saure mit dem brennbaren verbunden. Ein 
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vierter einfacher Stoffist der luftm1ige Stoff.. Er erzeugt sich, wenn man Holzarten mit Hiilfe 
des Feuers zerlegt. Der auszugartige, zusammenziehende Stoffwird aus der Eiche, der Weide 
und andern Holzarten erhalten. 

Vor der chemischen Zerlegung ist die Siiure in den Holzarten mit dem alkalischen 
erdigen Stoffe und dem Brennbaren verbunden. Mit letztern scheint się die Oele zu bilden, 
mit dem alkalischen Stoffe den auszugm1igen Stoff. Aus ihrer Verbindung mit dem 
wesentlichen Oele entsteht das Harz, und aus der Verbindung der Siiue mit dem fetten Oele 
das Gummi. Da nun die Siiure und das Oe!, wie bereits erinnert wurde, in verschiednen 
Holzm1en von verschiedner Beschaffenheit sind: so ist auch das Gummi und das Harz nicht in 
allen Holzarten einerley. Beyde Gewiichssiifte sind schon mehr zusammengesetzte Stoffe. 
Einige Arten derselben, sind schwerer ais Wasser mit wenigen Ausnahmen, und die Harze 
sind insbesondere durch eine Siiure erhiirtete wesentliche Oele. Wahrscheinlich aber riih11 die 
griine Farbe der Bliitter vornemlich von dem harzm1igen Stoffe der Gewiichse her: <lenn wenn 
man Blatter in Wasser kocht, verlieren się nur wenig von ihrer griinen Farbe und auch dies 
geschieht nur langsam. Man muB vie! Wasser nehmen und das Kochen oft wiederholen, urn 
die Farbe merklich zu schwachen. LaBt man się hingegen in Weingeist kochen; so verlieren 
się ihre grUne Farbe sehr bald: <lenn der Weingeist !oset die Harze auf. Weil się vie! Oe! und 
wenig Saure enthalten: so sind się entzUndbar und losen sich in Wasser nicht auf. Ais 
welches Oe! nicht anders, als vermittelst eines dazwischen trettenden salzigen Soffes 
aut16senn kann. Der Weingeist aber 16set die wesentlichen Oele auf und yerbindet sich auch 
mit Sauren, und hieraus ergiebt sich der Grund, wamm er auch die Harze aut16set. Eine 
solche Harzaut16sung in Weingeist giebt den LackfirniB. 

Die Gummen enthalten vie! mehr Siiure, ais die Harze, und wenigsten aber fettes Oel. 
Się sind also natUrliche Seifen. Der Weingeist, dessen Verwandtschaft mit der Saure des 
Gummi schwacher, ais mit andern Sauren ist, !oset się nicht auf. Aber dagegen losen sich die 
Gummen im Wasser auf. Indessen kennt man die Art., wie die Siiure und das Oel im Gummi 
vereinigt ist, noch nicht eigentlich. Es giebt aber auch Gewiichsiifte, welche Gummi und Harz 
zugleich un ihrer Grundmischung enthalten, und daher zum Theil vom Wasser, zu Theil vom 
Weingeist aufgel6set werden .. Von diesen drey Gewachssaften sind endlich noch die 
natiirlichen Balsame zu unterscheiden, worunter man 6lichte aromatische Safte versteht, die 
in Harzgestelt aus manchen Biiumen hervortreten (Terpentin), aber wegen einer gewissen 
Menge eines damit noch verbundenen wesent1ichen Oeles weicher und fliissiger, ais Harz 
sind." 

Literaturverzeichnis 
1. Allgemeine Deutsche Biographie. Leipzig, Verlag von Duncker & Humblot, 1885. 

2. Deutsche Enzyklopadie oder Allgemeines Real=Worterbuch aller Kiinste und 
Wissenschaften von einer Gesellschaft Gelehrten. Fiinfzehnter Band (Heil- Holz.) 
Frankfurt am Mayn bey Varrentrapp und Wenner 1790. 

3. Kollmann F. 1085: Holzwissenschaft und Technologie- Wood Science and Technology. 
Holz-Zentralblatt: 2132- 2134, 2200-2202. Stuttgart. 

4. Kiirschner Karl, 1962: Chemie des Holzes. VEB Deutscher Verlag der Wissenschaften 
Berlin. 

*)Der Verfasser des Abrisses, Miiller Gerhard Andreas, wurde geboren zu Ulm am 23. 
Februar 1718, studierte in Tiibingen und spater in StraBburg Naturwissenschaften und 
Medicin. Nachdem er 1740 promovirt, wurde er Stadtphysicus in Worms, 1743. wurde er ais 
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Gamisonarzt nach Weimar berufen und erhielt kurze Zeit darauf die Aufsicht iiber die 
ft.irstliche Bibliothek, Hierdurch wurde er veranlaf3t seine Studien hauptsiichlich den 
Naturwissenschaften zu widmen und er veroffentlichte verschiedene Aussehen erregende 
Werke. Nachdem Miiller 1750 einem Rufe als Leibarzt des Grafen von Sedlnicki gefolgt 
war, wurde er 17 51 zum Professor der Anatomie, Chirurgie und Botanik nach Gief3en 
berufen. In dieser Stellung scheint er sich ganz den medicinischen Wissenschaften gewidmet 
zu haben, wenigstens hat er nur derartige Schriften veroffentlicht. Miiller starb am 26. 
Februar 1762.[ADB 1886] 

Die in der Arbeit zitie1ten Abhandlungen befinden sich in der Universitatsbibliothek 
in Warschau, Abteilung Alte Drucke. 

Streszczenie:Chemiczne badania drewna. W artykule opisano stan wiedzy na temat 
chemicznej budowy drewna na podstawie osiemnastowiecznej literatury leksykograficznej. 
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Holzcabinette des 18. Jahrhunderts. 

Paweł Kozakiewicz, Mieczysław Matejak 
Fakultiit fiir Holztechnologie 
Landwirtschaftliche Universitiit zu Warschau - SGGW 

Abstrakt: Holzcabinette des 18. Jahrhunderts: In dem Artikel wurden einige aus der 
damaligen Literatur bekannte und teilweise bis heute erhaltene „Holzcabinette" beschrieben. 

Der zeitgenossischen Fachliteratur sind nachfolgende Zitate entnommen. 
Holzcabinette nennt man eine Sammlung von Holzarten. Ehermals war in Amsterdam das 
Cabinett des Albertus Seba1

) bekannt, ferner das Hizellische in Coblenz, das Linkische 2l in 
Leipzig. das Clodiusische in Zwickau, und die Holzsammlung im Dresdner 
Naturaliencabinett. [Deutsche Encyklopedie 1790] 

Allein alle diese Holzsammlungen iibertrifft die Schildbachische in Cassel 3l, von 
welcher das Journal von und fiir Deutschland 1789 eine weitleufige Beschreibung geliefert 
hat. Sie enthalt mehr als achtzig Geschlechter, und 340 Abarten im Bilcherformat, wobei die 
Gr6J3e und Tiefe des Buchs nach den Bliittern, Blumen und Friichten der gewahlten Holzart 
gemaJ3, eingerichtet ist. Der Rilcken an jedem dieser Bilcher zeigt a) die Schaale oder Rinde 
der Holzgattung, woraus das ganze Buch bestehet. b) Ein rother Titel, welcher mit goldnen 
Lettern nach Linneischer Ordnung, Classe, Geschlecht und speziellen Namen in lateinischer 
und deutscher Sprache nicht nur angiebt, sondern auch die vorzilglichsten Authoren bemerckt. 
Bey den harzfiihrenden Biiumen c) ihre Harze auf eine die Natur nachahmende Art angesetzt. 
Endlich d) die Moose, welche aus der Schale oder Rinde entstehen. Der obere Schnitt des 
Buches zeiget das ąueer durchschnittene junge und Mittelholz mit seinen mark= und 
ringfonnigen Ansiitzen, an welchen man mittels eines Vergroserungsglases, die 
verschiedenen GefaBe der Pflanzen erkennen kann.· Der untere Schnitt des Buches bestehet 
aus ganz altem Stammholz, ąueer durchschnitten; der aufmerksame Beobachter siehet hieran 
ohne viele Miihe, wie das Mark und die GefaJ3e mehr zusammengedriickt sind, wodurch das 
Holz seine Hiirte erlanget hat. Die obere breite Seite des Buches liiJ3t sich durch einen " 
Schieber offnen, und diese obere Seite ist das unreife oder Splintholz. Die untere breite Seite 
des Buches zeigt das mittelmiiBige Span= oder Spiegelholz, und liiJ3t die Beobachter von 
dessen Giite und Schonheit urtheilen. Der vordere Schnitt giebt das ganz alte abstiindige Holz 
an. Man findet ferner auf diesem vordern Schnitt a) ein Stlick poliertes Masernholz, unter 
diesem b) die Schwammaii, die sich bei der FiiulniB des Holzes ansetzt. c) einen Cubiczoll 
des besten Holzes, welches die drey specifischen Schweren 1) beim fliichtigen Saft im 
Friihjahr, 2) beym reifen Saft im Herbst, und 3) wenn das Holz durch die Lange der Zeit ganz 
trocken geworden ist, nach medizinischen Gewichte bestimmt. d) ist der Grad der Hitze 
darauf bemercket, welches die Flamme eines Cubiczolles in dem Raume eines CubicfuJ3es 
eines Eisenblechofens bey tempe1ierter Witterung nach Fahrenheit und Reaumur verursachet. 
e) die Verminderung der Gr6J3e und des Gewichts von einem Cubiczoll glilhender Kohle in 
dem oben bemerckten Raum genau angiebt. g) Hierunter endlich findet man den bekannten 
Nutzen der Pflanze, wie auch den Grund und Boden, welche die Holzart vorziiglich liebt, 
beschrieben. Die ganze Naturgeschichte der Pflanze, besonders der feineren Theile, oder der 
Erniihrungs= und Befruchtungswerkzeuge, ist in dem innerern Raume des Buchs enthalten. 
Man siehet auf dem Boden den Saamen und dessen Gehause, nach Toumefort. Zur Rechten 
stehet der Keim mit der Wurzel, den Fettbliittern, der Samenkapsel, und den beyden ersten 
Bliittchen. In der Mitte selbst siehet man einen Ast von der Pflanze an welchem man von 
unten die Trag= und WasserreiJ3knospen bemerckt, wie sie nach verdiinnten Saften treiben, 
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und getrieben haben; dann die verschiedenen stufenweise gr6Ber gewordnen griinen Blatter; 
jede A1t in ihrer natiirlichen Farbe. Zur Seite gegen den Ast findet man den Monat der 
Bliitezeit, die kleinen Bliithenknospen, stufenweise bis zur SchlieBung des Fruchtknotens mit 
Griffel und Staubfiiden nach Linneischer Ordnung; dann die abgebliiheten, welk und trocken 
gewordenen Blumen; die angesetzte kleine Frucht ebenfalls stufenweise von der ersten 
Entstehung bis zur Vollkommenheit und endlichem Absterben, wie auch den Monat 
bemerckt, worinnen die Frucht zur vollkommenen Reife gelanget. Auf der linken Seite zeiget 
sich endlich ein Skelet von einem Blatte. 

Eben so merkwiirdig ist das Holzcabinet des urn die Forstwissenschaft so verdienten 
Herm von Burgsdorf 4l_ Es enthalt dasselbe: 1) Die aus dem Saamen keimenden 
Holzpflanzchen, nach ihren Entwickelungen, Verstarkungen, inner und aussern Zufallen an 
Wurzel, Stamm und iibrigen Theilen, bis nach gleichsam tiberstandenen Kinderkrankheiten, 
oder bis die Pflanzen, ihrer zunehmenden Gr6Be wegen, aufgetrocknet, in einer todten 
Sammlung nicht fiiglich mehr Platz haben wiirden. 2) Die Holzer selbst, ais das vornehmste 
Product der Forste, in geviertheilten, oder nach Beschaffenheit der Starke noch mehr 
gespaltenen kurzen Klotzchen, woran die aussere Rinde, die Safthaut, der Splint, das reife 
Holz und der Kern zu sehen sind, und zwar auf der einen Seite gehobelt und poliert, auf der 
andern aber, urn die Fibern besser betrachten zu konnen, ohne alle Bearbeitung. Die andere 
horizontale Flache des Holzchens ist po!itt, urn die Structur des Holzes in den Jahn-ingen zu 
erkennen, welches zugleich das Mittel der deutlichen Wahrnehmung der Rohren, und 
zugleich, der mehrern und mindern Vestigkeit des Holzes, abgiebt. Die andere horizontale 
Flache des Kl6tzchens, oder das sogenannte Herrenholz bleibt rauch, wie es die Sage 
gewohnlich lasset. 3) Die Blatter ais wesentliche Sommerkennzeichen der Geschlachter und 
Arten, gepreBt aufgetrocknet, und sowohl nach der untern ais obern Flache nebst den Stielen, 
auf weiBem Papiere bevestigt. 4) Die Bliithen ganz und stiickweise nach ihren einzelnen 
Theilen. 5) Die Friichte oder Saamenbehaltnisse getrocknet, und aufTafeln aufgesetzt. 6) Die 
einzelnen reinen Saamen, in Schachteln oder Glasern. 7) Die im Winter gesammelten Zweige 
ohne Laub, oder mit den Knospen und Augen, deren Sitz und Gestalt wesentliche 
Geschlechtsunterscheidungszeichen abgeben. 8) Einzelne, theils inn=, oder aussere Zufiille 
und Naturbegebenheiten an den Baumen und Strauchen, urn den Ursachen und wirkenden 
Kraften nachspiiren, und von Zeit zu Zeit immer griindlicher von Dingen urtheilen zu 
konnen, die, ob sie uns gleich oft vor Augen liegen, dennoch aus Mangel hinlanglicher 
Beobachtung noch nicht so klar und deutlich erwiesen sind, ais es wohl seyn sollte. 

Herr Belle1mann 5l [Bellermann 1788] bietet den Liebhabern eine Sammlung von 
Holzarten ftir einen sehr maBigen Preis an. Die Stiicke sind in Form der Taschenkalender 
geschnitten; an jedem ist Kern, Jahrwuchs, Splint und Rinde. Letztere macht den Riicken aus, 
worauf der Linneische Name wie ein Buchtitel gedruckt ist. Holzarten, die nicht solche Starke 
erreichen, sind zusammengesetzt. Sechs Holztafeln nebst aufgeklebten Titeln, sechs 
iluminierte Kupfertafeln, und sechs Blatter Text, kosten einen halben Ducaten. 

Im Forst=Archiv [1792] schreibt Kandidus Huber, PfaTI"Vikar daselbst, Ebersberg in 
Baiern den 20sten des Christm. 1791 unter dem Titel „Ankiindigung einer nattirlichen 
Holz=Bibliothek": .. .Ich habe zwar bisher verschiedene Holzsammlungen gesehen, z.B. eine 
Art von Schubladen, worinn Laub und Saamen enthalten waren: schon gehobelte Holzplatten 
mit dem N amen der Holzait u.s.w. Aber in Form natiirlicher Biicher, die man eben so, wie 
andere Biicher erofnen und schlieBen kann, und die gleich einer Bibliothek in einem 
Naturalienkabinete, oder sonst in einem Schranke aufgestellt werden konnen, habe ich nie 
weder gesehen, noch davon gehort, oder gelesen ( Bellermanns Holz=Kabinet scheinet dem 
K.H. nicht bekannt zu seyn A.d.H.).Um nun Liebhabern der Forstbotanik, und den Vorstehern 
der Naturaliencabinette etwas ntitzliches und erwiinschtes in die Hande zu liefern, und 
hauptsachlich auch, urn in unseim Vaterlande zur Verbreitung der so nothigen, und <loch fast 
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durchgehends mangelnden wissenschaftlichen KenntniB unserer einheimischen Holzarten 
etwas beyzutragen, kiindige ich eine ganz neue, natiirliche Hol=Bibliothek auf Subscription 
an. 

Die Bibliothek besteht aus 100 Banden meistens von einheimischen wilden 
Holzarten, in welchen Holz, Bliithe, Laub, Winterzweige, und Saamen jedesmal nach seiner 
Art enthalten sind. Alle Bande sind nach Beschaffenheit des Wuchses in 7 Hoheklassen 
eingetheilt. Der Band der Bauholze ist 10 Zoll: vom Baumholze der ersten GroBe 9 Zoll: der 
zweyten GroBe 8 Zoll: der dritten GroBe 7 Zoll: vom ganzen Strauche 6 Zoll: vom halben 5 
Zoll: von rankenden Strauche und Erdholze 4 Zoll hoch. Bey jedem Bande sieht man von 
auBen rlickwa1is die natlirliche Rinde eines jeden Baumes oder Strauches, worauf oben mit 
ausgezeichneten Goldbuchstaben der beste, deutlichste, und nach MaBgebung des HeJTn von 
Burgsdorfbillig in Deutschland iiberall anzunehmende Name steht, seitwiilis von auBen sieht 
man, wie sich das Holz durch den Hobel bearbeiten JaBt: auf der obem FJache sind der feine 
Schnitt und die Jahresauswlichse angebracht; auf der untem zeigt sich die Sagearbeit... 

Auch im 19 Th. gab es solche Holzsammlungen, die sogar durch den Buchhandel zu 
beziehen waren, so die vorziiglichen 'Querschnitte von Nordlinger 6

) (11 Bde, jeder mit 1 OO 
aufgeklebten Querschnitten der Holzaiien, Stuttgart 1852-1888) und von Burckhardt 7l 
„Flinfzig Querschnitte der in Deutschland wachsenden Bau=, Werk= und Brennholzer, 
Stuttgaii 1858). 

Literaturverzeichnis 
1. Brockhaus' Konversations=Lexikon 1898: F.A. Brockhaus in Leipzig, Berlin und Wien. 

2. Deutsche Encyklopedie oder Allgemeines Real=Worterbuch aller Kiinste und 
Wissenschaften von einer Gesellschaft Gelehrten. 1790: Fiinfzehender Band (Heil­
Holz.) 
Frankfurt am Mayn bey Varrentrapp und Wenner.. 

3 Bellennann Joh. Bartholomaus.1788: Abbildungen zum Cabinet der vorziiglichsten 
Holzarten , nebst deren Beschreibung. Erfurt 

4 Forst=Archiv zur Erweiterung der Forst= und Jagd=Wissenschaft und der Forst= und 
Jagd= Literatur herausgegeben von Wilhelm Gottfried von Moser. Zwolfter Band Ulm 
1792. Bd. 12 1792 

5 Journal von und fiir Deqtschland , hrsg Sigmund von Bibra. Frankfurt am Main 1789 

I) Seba Albertus, hollandischer Naturforscher und Sammler, geb. 1663 zu Etzeln in 
Ostfriesland, gest. 1736 ais Apotheker zu Amsterdam. Er schrieb ,,Locupletissimi rerum 
naturalium thesauri accurata desciiptos (4 Bde mit 450 Kupfe11afeln in Folio, Amsterdam 
1734-1765) [Brockhaus' Lexikon 1898]. 

z) Link Heimich Friedrich, Botaniker geb. 2 Febr. 1767 zu Hildesheim, studierte zu Gottingen 
Medizin und Naturwissenschaften, wurde 1792 ordentlicher Professor der Naturgeschichte, 
Chemie und Botanik zu Rostock. 1811 wurde er Professor der Chemie und Botanik zu 
Breslau, 1815 zu Berlin, wo er ais geh. Medizinalrat, Professor und Direktor des Botanischen 
Gartens starb. Autor vieler wiss. Biicher. [Brockhaus' Lexikon 1898]. 

3
l Es handelt sich urn die Holzbibliothek des Tierpraparators und Naturforschers Schildbach, 

der vor liber 200 Jahren in Kassel ein Nachschlagewerk zu samtlichen der Region vertretenen 
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Baumarten anfertigte, indem er in Buchform aus dem Holz und der Rinde des Baumes einen 
Kasten baute, in den er Bliitter, Blilten, Frilchte und Samen des Baumes sowie 
Bliltennachbildungen und genaue Beschreibungen legte. Sie ist heute eine der Attraktionen 
des Naturkundemuseums Kassel. 

4
l Burgsdorf Friedrich August Ludwig von. Forstmann, geb. 23. Marz 1747 zu Leipzig, trat 

jung in franzosische Kriegsdienste, muBte aber, ais er den Neffen des Generals Valieres beim 
Spiel todlich verwundet hatte, fliichten, kam 1762 nach Georgenthal in Thiiringen, urn sich 
fiir den Forstdienst auszubilden, wurde 1764 Jagdpage am gothaischen Hofe und bereiste 
von 1767 an Deutschland, England, Holland und Frankreich. Nach seiner Riickkehr horte er 
forstbotanische Vorlesungen bei Gleiditsch in Berlin, kaufte 1777 eine Forstsekretarstelle, mit 
der die Verwaltung des Tegeler Forstreviers bei Berlin verbunden war, legte ausgedehnte 
Pflanzungen an, richtete einen Samenhandel ein und betrieb namentlich die Einftihrung 
fremder Holzarten. 1787 wurde er von Friedrich Wilhelm II. mit dem Unterricht der 
Jagdpagen und der Herausgabe eines Forsthandbuchs beauftragt. Ais Direktor der 
Forstakademie in Berlin und Geh. Forstrat hielt er nun stark besuchte offentliche 
Vorlesungen. Er starb 18. Juni 1802 in Berlin. Verfasser etlicher Lehrbucher, wie „Beitriige 
zur Erweiterung der Forstwissenschaft" (Berlin 1780), „Versuch einer vollstiindigen 
Geschichte vorziiglicher Holzarten in systematischen Abhandlungen", ein epochemachendes 
Werk - es erschienen nur zwei Teile „Die Buche" (Berlin 1783) und „Die einheimischen und 
fremden Eichenarten" (Berlin 1787, 1800) [Brockhaus 1898]. 

s) Bellermann Johann Bartholomiius. Geb. 1756, Geschiiftsmann. [Hamberger/ Meusel 
77.393]. 

G) Nćirdlinger Hermann von. Forstmann, geb. 13. Aug. 1818 in Stuttgart, studierte in Tilbingen 
und Hohenheim, wurde 1842 Professor an der franz. landwirtschaftlichen Schule zu Grand­
Jouan in der Bretagne, 1845 an der Akademie Hohenheim, 1850 trat er in den ausilbenden 
Staatsdienst, ilbemahm jedoch 1855 die erste forstliche Professur sowie die Leitung der 
Oberforsterei in Hohenheim. Ais 1881 die forstliche Abteilung der Akademie Hohenheim an 
die Universitat Tilbingen verlegt wurde, wirkte er dort bis 1887, trat dann ais Oberforstrat in 
den Ruhestand und starb 19. Jan. 1897 in Ludwigsburg. Autor sehr vieler Bilcher ilber die 
Forstwissenschaft, u.a. Die technischen Eigenschaften der Holzer fiir Forst- und Baubeamte, 
Technologen und Gewerbetreibenden, Stuttgart 1860 [Brockhaus 1898]. 

7l Burckhardt Heinr. Christian. Forstmann, geb. 26. Febr. 1811 zu Adelsleben bei Gottingen, 
trat 1828 in des hannov. Feldjiigerkorps, studierte 1833-34 in Gi:ittingen und wurde dann im 
kćinigl. Wald= und Inspektionsdienste beschiiftigt; 1835 nahm er Privatdienste, spiiter trat er 
in den koniglichen Dienst zurilck. Von 1844 bis Mitte 1849 war er Lehrer und 
Revierverwalter an der Forstschule zu Milnden. Nach deren Aufuebung wurde er als Forstrat 
spiiter Oberforstrat in die hannov. Domiinenkammer berufen. 1858 als Forstdirektor und 
Generalsekretiir in Forstsachen in das F.inanzministerium berufen. Er war auch Mitglied des 
Staatsrats. Als Hannover 1866 an PreuBen ilberging, verblieb er in seiner Stellung mit der 
Funktion eines preuB. Oberforstmeisters. 1883 wurde ihm bei · Hannover ein Denkmal 
enichtet. Sein Hauptwerk „Siien und Pflanzen nach forstlicher Praxis" Hannover 1855. 

Die in der Arbeit zitierten Abhandlu11ge11 befinden sich in der Universitiitsbibliothek in 
Warschau, Abteilung Alte Drucke. 
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Streszczenie:Osiemnastowieczne gabinety drzewne. W artykule opisano zbiory 
osiemnastowiecznych ksylotek z Drezna, Kassel, Koblencji, Lipska i Zwickau. Ksyloteki te 
zwane wówczas gabinetami drzewnymi posiadały bardzo bogate zbiory obejmujące różne 
gatunki drewna pozyskane z pni i gałęzi drzew, a także próbki drewna pokazujące wady i 
ślady obróbki po różnych narzędziach stolarskich. Część z gabinetów prowadziła działalność 
handlową wykonując na zamówienie i sprzedając zestawy drewnianych próbek. Niektóre z 
tych zbiorów (np. z Kassel) istnieją i są podziwiane do dnia dzisiejszego. 
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Ausgewahlte Untersuchungen zur Veranderung von Holz nach 160jahriger 
Unterwasserlagerung 

Von P. Niemz*, M. Matejak** 
*ETH Zlirich 
** Landwi1ischaftliche Akademie Warschau 

Schliisselworter: Eichenholz, Tannenholz, Unterwasserlagerung, chemische Eigenschaften. 

Abstrakt: In der Arbeit sind die Ergebnisse einer Untersuchung von 160-Jahrigem Eichen­
und Tannenholz von der Miinsterbriicke in Ziirich zusammengafasst. Das Holz hatte in den 
Randzonen eine weiche etwa 1-2 cm dicke Schicht. Der Zelluloseanteil ging in den 
Randzonenbei beiden Holzarten zuriick. In den Aussenzonen waren Bakterien erkennbar. Im 
Inneren des Holzes war die Struktur noch sehr gut erhalten. 

Einleitung 

Die Miinsterbriicke im Zentrum Ziirichs wurde in den Jahren 1836-1838 (Anonym 1995) 
enichtet. Die Briicke hat eine Gesamt!ange von 72 m und besteht aus vier gleichmassigen 
Bogen mit 3 steinemen Briickenpfeilern. 

Im Rahmen einer geplanten Instandsetzung der Briicke sollte der Zustand des zur Griindung 
der Pfeiler verwendeten Holzes gepriift werden. Dieses befand sich 2 m unter der 
Wasseroberflache. Fiir die Errichtung der beiden Briickenpfeiler wurden zunachst vertikal 
Holzpfahle (Eiche,~Fichte und Tanne) in den Fluss gerammt. 
Die Pfahlkopfe befinden sich heute ca. 2m unter dem Wasserspiegel, ein Luftzutritt liegt 
nicht vor. Uber diese ve1iikalen Pfahle wurde ein Rost aus horizontalen Balken aufgebaut. 
Der Zwischenraum wurde mit Sand, Bauschutt und z.T. mit Lehm (bei den Widerlagern) 
verfiillt. Urn die tragende Konstruktion des Pfeilers wurde zum Schutz zusatzliche eine 
Umbauung aus Holzpfahlen und o. g. Materia] verwendet. 

Allgemein gilt Holz bei volliger Unterwasserlagerung in Siisswasser als sehr bestandig (s. 
Holzlexikon, DRW- Verlag Stuttgart, 1988), da es infolge der Wassersattigung nicht durch 
Pilze zerstort wird. 
Unter besonderen Bedingungen (z.B. sehr sauerstoffreiches Wasser) kann es allerdings zu 
Moderfaule kommen. Eine Beeinflussung der Holzqualitat durch Bakterien tritt bei extrem 
langem Wasserangriff auf. Bei Bakterienbefall erhoht sich die Durch!assigkeit des Holzes 
durch Zerstorung der Tiipfelmembranen. Schweingruber (1978) verweist auf diese weichen 
Zonen an Holz, das zwischen einigen hunde1i und mehrere tausend Jahre (bis zu 6000 Jahre) 
unter Wasser gelage1i wurde. Er wies nach, dass sich die Holzeigenschaften - je nach 
Lagerungsbedingungen -langfristig etwas andern. 

Die tangentiale Schwindung stark modifizierter Holzer -durch welche die Risse in 
Radialrichtung entstehen - steigt deutlich an (aufbis zu 50-75%), die Langsschwindung 
dagegen nur weni9'(2-3% nach Schweingruber (1978)). 
Bisherige Veroffentlichungen iiber langzeitig wassergelagertes Holz zeigen, dass 
offensichtlich gros§g Schwankungen im Erhaltungszustand vorhanden sind, was auf 
verschiedene Lage!bedingungen sowie verschiedene Ausgangszustande des Holzes 
zuriickzufiihren sefil konnte. 

ta 

Materiał und Metfiodik 

Autbauend auf de%p.g. Untersuchungen (Niemz, Ziircher, Kucera, Bernatowicz (1999) 
wurden an Holz aus der Miinsterbriicke in Ziirich an der Landwirtschaftlichen Hochschule in 
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Warschau die chemische Zusammensetzung des Holzes analysiert und an der ETH 
ausgewiihlte Rasterelektronenmikroskop-Aufnahmen der Randzonen und des Pfahlinneren 
und mechanische Prlifungen angefertigt. Ais Versuchsmaterial dienten Tanne und Eiche. 
Dadurch sollten ergiinzende Aussagen zum Materia! gewonnen werden. Es wurde ca. lOg 
Materia! aus den Aussen- und Innenzonen entnommen. Bild 1 zeigt die Scheiben und <las 
Entnahmeschema. 

Extraktstojfe 

Es wurden li:isliche Bestandteile in einer Alkohol- Benzen- Mischung (1:1) ermittelt. Dazu 
wurde das Holz zu Partikeln zerkleinert und mittels Sieben klassifiziert. Verwendet wurde der 
Durchgang durch ein Sieb mit 1,5 mm Maschenweite und der Riickstand auf dem Sieb mit 
0,49 mm Maschenweite. 

Es wurden 5 g der feuchten Partikeln in ein Soxlet- Gefiiss gegeben, welches mit Methanol­
Benzen- Mischung aufgeft.illt wurde. Die Extraktion dauerte 6 Stunden. Danach wurde das 
Materia! bei I 05°C getrocknet und der Anteil an Extraktstoffen E berechnet. 

E= (ME-Mdtrr100 (%) (GL 1) 

ME- Masse der darrtrockenen Extraktstoffe 

Mdt- Masse der darrtrockenes Holz 

Cellulose 

Der Cellulose- Anteil Z wurde nach Klirschner -Hoffer bestimmt (Alkohol- Benzen­
Extraktion). 

Z= Mc/Mdtr*lOO (%) (GL 2) 

Lignin 

Der Ligninanteil L wurde nach Jayns- Knole nach Alkohol-Benzen Extraktion bestimmt. 

L= Mu'Mdtr* 100(%) (GL. 3) 

Ergebnisse 
Das Holz hatte bei der Entnahme aus dem Wasser in den Randzonen eine weiche 
(schwammige), etwa 1-2 cm dicke Schicht. Diese riss bei der Trocknung stark auf (Bild I). 
Bes.onders ausgept'iigt war dies bei Tanne und Fichte. Das Eichenholz zeigte z.T. die libliche 
dunklere Fiirbung. Sie trat in der Randzone bis zu einer Tiefe von 5 mm auf. Mit 
zunehmendem Abstand von der Oberfliiche wurde die Farbe wieder heller. 
Bei Fichte ist in den Aussenzonen (Bild 2a) ein deutlicher Abbau von Teilen der Zellwand 
erkennbar. Im lnneren war dagegen die Struktur noch sehr gut erhalten (Bild 2b). Der 
Erhaltungszustand der Eiche ist im Bild 3 ersichtlich. Auch hier trat in der Aussenzone ein 
deutlicher Holzabbau auf. 
Tabelle I zeigt die chemische Analyse des Holzes. In den Randzonen ist ein deutlicher 
Anstieg der mineralischen Bestandteile vorhanden (vermutlich durch Einlagerung von im 
Wasser mitgefiihrten Sand). 

Der Celluloseanteil ging in den Randzonen bei beiden Holzarten zurlick. Es wurde also 
primar Cellulose abgebaut. 
Das Holz war im Inneren noch sehr gut erhalten und zeigte keine Beeintriichtigung der 
Druckfestigkeit. Ebenso ist die Holzstruktur im Stamminneren weitgehend unveriindert. In 
den Aussenzonen waren Bakterien erkennbar (teilweise Abbau der Tupfelmembran). 
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Tabelle 1: Chemische Zusammensetzung des Holzes 
Holzart/Zone Anteil in Bezug auf dairtrockene Holzmasse (%) 

Extraktstoffe mineralische Cellulose Lignin 
Bestandteile 

Tanne 
-aussen 0,8 3,0 54,9 34,7 
-innnen 1,1 1,6 62,7 29,l 
Eiche 
-aussen 2,3 2,9 44,5 22,6 
-innen 3,5 1,2 45,8 22,l 

Tabelle 2: Mechanische Eigenschaften des Tannen- und Eichenholzes. 
Eigenschaft Holzart 

Stat. Tanne Eiche I Eiche II 
heli verfarbt 

Rohdichte X 478 728 744 
[kg/m3l s 74 46 74 
Druckfestigkeit X 36.7 48.2 37.9 
fN/mm2

] s 7.7 8.1 6.1 
Holzfeuchte X 12.4 15.0 14.7 
[%] s 0.5 0.6 0.4 
x - Mittelwert 
s - Standardabweichung 
Probenanzahl: Eiche I: 37; Eiche II: 20; Tanne: 32 

T b li 3 R' ht rt fii d' R hd' ht a e e lC we e r Ie o IC eun d d' D k:tl f k "t h W enfiihr (1996) Ie ruc es 1g e1 nac agi 
Kenngrosse Ei che Tanne 
Rohdichte: kg/mj 430„.690„960 350 . .450 .. 710 
Druckfestigkeit in N/mmci 54„61...67 31...47 ... 59 
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Bild 1: Foto des verwendetes Versuchsmaterials 
und des Entnahmeschemas ftir die chemische Analyse (am Beispiel Tanne) 
Foto: G. Gantenbein, ETH Ziirich 

b) 
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Bild 2: REM Aufuahme von Tanne 
a) Aussenzone 
b) Innenzone 

Foto: G. Gantenbein, ETH Zlirich 
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Bild 3: Eiche 
a) Aussenzone 
b) Innenzone 

Foto: G. Gantenbein, ETH Ziirich 

Streszczenie 
Badania nad zmianami drewna po 160 letni~ składowaniu w wodzie. Badaniom poddano 
drewno jodły i dębu pochodzące z mostu zbudowanego w Zurichu w latach 1836-1838. 
Stwierdzono, że drewno warstw środkowych było dobrze zachowane i miało nie zmienioną 
wytrzymałość na ściskanie. Drewno warstw zewnętrznych wykazywało rozkład 
powodowany przez bakterie. W warstwach zewnętrznych stwierdzono znaczny wzrost 
udziału składników mineralnych, co prawdopodobnie spowodowane zostało naniesieniem 
piasku przez wodę. 
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Modern designes of encampments 

Lech Kapica 
Department ofFumiture Design, Faculty of Wood Technology, AU Poznań 

Abstract: Modern designes of encampments The article discusses important construction 
characteristics of modem encampements. The author stressed equal importance of their 
strength and durability as well as the need of their adjustment to human requirements from the 
point of view of physiology and orthopaedics. The discussed encampement characteristics 
play an important role to make them comfortable for users. Attention was drawn to the 
importance of elasticity of the applied upholstery materials for the comfort of encampement 
users. 

Key words: encampments, design, ergonomy 

Encampements constitute a part of furniture intended for resting in lying position. 
They can be characterised by a wide range of constructional and materiał complexity 
depending on the assumed utilisation and functional requirements. In addition, the most 
important constructional principle of each and every encampement is, besides a specified 
strength and utilisation durability, to fulfil human requirements determined by physiology and 
orthopaedics. Therefore, from the point of view of ergonomics, it is essential to ensure a 
proper support of the body in reclining position as well as encampement rigidity and degree 
of encampement deformation. 

Orthopaedic and physiological requirements make it necessmy for the upholstered 
construction of the encampement to act as a support for the spinał column and, at the same 
time, to distribute reaction forces derived from the weight of the user's body over the largest 
possible area and, possibly, most uniformly. In addition, these functions should be maintained 
in the case of changing body position on the encampement. Proper support of the user' s body 
on the encampement depends on its rigidity and degree of deformation. 
From the point of view of orthopaedics, the best encampement is one that supports the spinał 
column along its entire length (Fig.1). This, in tum, depends primarily on the construction and 
materiał composition of the upholstery of the encampement and the construction of the 

Figure 1. Proper support of the spina! column in an encampement 
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substratum. This means that the entire upholstery system of the encampement should undergo 
defo1mations over small radii of the curvature and, simultaneously, support the user's body in 
each of its points irrespective of the adopted position (Fig.2). This depends, to a considerable 
extent, on the substratum construction of the encampement upholstery system. Substrata 
characterised by a so called continuous construction made of a number of elements mutually 
interlinked along and across the' encampement, e.g.: undulated springs or spirally flattened 
springs as well as upholster belts tend to deform under operational loads only on one radius of 
the curvature across and along the encampement. This kind of deformation is exceptionally 
unfavourable for the user's spina! column, especially in the longitudinal direction. That 
explains why these types of substrata are becoming increasingly unpopular in modem 
encampement constructions. This does not happen when substrata are manufactured from 
elements, which can undergo deformations, that are independent from one another (Fig.3). 
This type of base construction successfully substituted substrata applied until recently. New 
substrata, often referred to as ergonomie, are made from s!ats placed across the longitudinal 
axis of the base. The most important constructional feature ofthis type ofbases is the kind of 
applied slats and the method of their attachment in the base frame. In order for the 
construction to fulfil the condition of a permanent support of the user's body and, 
simultaneously, to adjust to curvatures along its entire length, siat grips must ensure free 
movement in the direction perpendicular to the base piane and a certain amount of rotation in 
the piane perpendicular to the longitudinal axis of the siat (Fig.4). 

Figure 2. Proper encampement deformation under operational load 

Figure 3. Encampement deformation made on a base of continuous and non-continuous 
construction · 
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Figure 4. Desirable degrees offreedom of the base slat grip 

With regard to the materials applied in the construction of the encampement upholstered 
system, their most important characteristics incłude: their elastic traits, which determine the 
way and extent of the encampement deformation as well as the value and distribution ofloads 
on the surface of the user (Fig, 5). The above characteristics are essential in determining 
utilisation usefulness of encampements and have a significant impact on the degree to which 
man 's physiological and orthopaedic requirements are to be met. 

i 
I@ 

.. :~~·······"'"''"'-·--*"-

Figure 5. Deformation characteristics at loading and unloading of different upholstery 
materials: Al springs, BI latex foam, Cl polyurethane foam 

That is why encampements which guarantee the fulfilment of such requirements incorporate 
in the construction oftheir upholster system spring units (panels) which play a decisive role in 
ensuring comfort of resting places. In order to meet this level of requirements, upholstered 
encampement systems employ most commonly pouch-like spring units which, due to their 
construction, guarantee independent deformation of individual springs under the influence of 
operational Joads (Fig.6). In addition, the construction of pouch-Jike spring units makes it 
possible for the upholstered system of the encampement to be made in sucha way as to allow 
it to be characterised by a sectional rigidity along its length. 
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Figure 6. Deformation of a pouch-like unit 

Medical and biomechanical investigations showed that optima! resting position of the 
human body occurs when the position of the spinał column and muscles is similar to that 
found in vertical position. Hence the desire of encampement designers to create an 
upholstered system which would adjust to the shape of human body and exert a minimal and 
identical pressure along its entire surface. This would take all loads off the spina! column and 
reduce pressure on muscles and prevent circulatory disturbances, especially in the surface 
venous system. 

An encampement which adjusts to the shape of the human body completely and, at the 
same time, fulfils all other conditions is a water mattress. Areas adjacent to shoulders and 
pel vis, which constitute the heaviest parts of the body plunge into the mattress more deeply 
and, consequently, the pelvis deflects towards the back and, therefore, the pressure that 
vertebras in the lumbar area exert on intervertebral disks is four times smaller in comparison 
with traditional mattresses. Unit pressures exerted on the surface of the user's body resting on 
a water mattress do not exceed 28 mm Hg Fig. 7). This level is considered by physiologists as 
the limiting level to guarantee appropriate functioning of the surface venous system 
contributing to healthy rest and sleep. 

Problems of construction of modem encampements discussed in this article emphasise 
that, apart from definite strength and durability, they should also guarantee the fulfilment of 
human requirements with regard to physiology and orthopaedics and this is strictly correlated 
with the application of appropriate construction and materiał solutions. 
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Figure 7. Distribution ofpressures on a water and traditional mattress 

Streszczenie: Współczesne konstrukcje !eżysk. W artykule omow10no istotne cechy 
konstrukcji współczesnych leżysk. Podkreślono równorzędne znaczenie ich wytrzymałości i 
trwałości oraz dostosowanie konstrukcji do wymagań człowieka z punktu widzenia fizjologii 
i ortopedii. Wyszczególniono cechy leżysk decydujące o wygodzie ich użytkowania. 
Zwrócono uwagę na znaczenie sprężystości materiałów tapicerskich w kształtowaniu stopnia 
wygody użytkowania leżysk. 
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Abstract: The influence of joint dimensions on the bending strength and stiffness of loose 
tcingue joint in case construction was investigated. Factors such as thickness of panel, width 
and height ofloose tongue were considered. The regression functions for the bending strength 
and rigidity coefficient of the joint were calculated. The mechanical properties of the joint 
considerably depend on the dimensions of the loose tongue, and slightly on the thickness of 
joined panels. 

Introduction 
Despite the significant supremacy of dowel joints, the loose tongue joint stili occupies 

an important place in furniture industry. Yet, it was rarely an object of investigation. The 
bending strength and stiffness ofthis joint were analysed in relation to a mitre (Kjucukov and 
Josifov 1968, Dzięgielewski and Leśniewska 1983, Albin et al. 1987), without taking its 
changing geometrical dimensions into account. Therefore, it was decided to make 
investigation in order to determine the stiffness and bending strength of a corner joint in case 
construction, as dependent on the thickness ofjoined plates and geometrical dimensions of the 
joint. 

Materials and methods 
Investigation were can-ied out using specimens of the corner joint, being an element of 

typical case furniture (fig. 1). 

200 . .,...,,__···-······_,,,-·_·-··_······_·····_··· ___ _,,··:::::J 
--/ 

~~~=--.,;........,~"'?r"-=-,,~---. 
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Fig. 1. Construction of corner joint Fig. 2. Dimensions of loose tongue joint 

The two most popular thicknesses of panels: 16 and 18 mm were taken into 
consideration. Changing dimensions of the transverse section of the loose tongue were 
assumed (fig. 2). Three widths w (12, 18 and 24 mm) and heights h (3, 6 and 9 mm) were 
accepted. A complete plan of test was assumed, including all combinations of joint 
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dimensions and thicknesses of panel. 15 specimens of joints were made for every 
investigative combinations. Total number of specimens was equal to 270. 

Materia! of test specimens was three-layer raw particleboard of general usage, whose 
properties are given in Table 1. Loose tongues were made of beech wood (Fagus 
sylvatica L.). Racoll Express 25 was used for connecting joint elements. 

Table 1. Properties ofpanels used in the investigation 

~ . . .. . .. ····. 
.. 

.. ·.. Panel \vith tibkiiess of16 mm Pan:e)withtickness of 18 i11m 
1

.Própert/ofboard .. ··:· . . .·": .. standard • standard 
':· i~eań valu~ . 'mean va1ue .. :.,, 

./ deviatioh deviatiori 

Density [kg/m3
] 641 11,7 690 6,7 

Moisture [%] 7,8 0,63 8,1 0,72 

Bending strength [MPa] 14,7 1,45 13,2 1,20 

Modulus of elasticity [MPa] 2920 158,3 2770 116, 1 

Tensile strength perpendicular to the 
0,36 0,041 0,32 0,038 

plane of the boarcl [MPa] 

The specimens were loaded, which resulted in closing the arms of the joint. The 
examination of the stiffness of the joint was conducted through determing the relative rotation 
angle of the joint arms y, being the result of the action of the bending moment Min the corner 
of the joint. In the examination, the loads were used that ensured linear dependence of joint 
deformation on bending moment. For particular investigative combination, the increment of 

force M ranged from Pd=30N to Pd=240N. The 
specimens were loaded four times with the forces of 
values from Pa to Pg, measuring the increment 1:3.f in 
relative move of the edge member. The average value 
of this increment from the last three measurements was 
obtained. Based on it, the increment 1:3.y [rad] ofrelative 
rotation of the joint arms was calculated. 

Rigidity coefficient k, being a measure of joint 
stiffness, was calculated from the formula (1): 

k=/1M = ..fi.M(a-t) (1) 
1:3.y 2 1:3.y 

where: k-1igidity coefficient of the joint [Nm/rad], 
M- loading increment [N], 
1:3.y- rotation angle increment [rad], 
a - length of arm joint [ m ], 
t - thickness of panel [ m]. 

Fig. 3. Diagram ofmeasuring of the 
angle of relative rotation of specimen 

The detenning of the bending strength was 
made using the same specimens, measuring the value 
of the Pmax force, for which the destruction of the joint 

took place. This force causes the appearance of the maxima! bending moment M,11ax in the 
corner of the joint, which was recognised as the measure of the bending strength of the joint. 
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(2) 

Results and discussion 
Based on the test results obtained in this study, approximate functions for the rigidity 

coefficient k (3) and bending strength M (4) of the loose tongue joint were calculated, that 
took the thickness of panel and dimensions of the loose tongue into account. Slight average 
approximation errors (4.4 % and 3.9 % respectively) and very high multidimensional 
c01Telation coefficients equal to 0.969 and 0.990 respectively, testify that approximate 
functions are very well fitted to the results of the investigation. 
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Fig. 3. Relationships of the rigidity coefficient k and bending strength of the joint to height 
and width ofloose tongue. 

k = 2.62 t 1.270 h 0.321 W0.445 

M = 0_9331o.691 h0.162 w1.0&1 

where: k - rigidity coefficient ofloose tongue joint [Nm/rad], 
M - bending strength ofloose tongue joint [Nm], 
t - thickness of panel [mm], 
h - height ofloose tongue [mm], 
w -width ofloose tongue [mm]. 
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Based on the formulas, diagrams were drawn to present the relationship of the bending 
strength and rigidity coefficient of tested joint to joint dimensions: the width and height of the 
loose tongue. 

The relationship of rigidity coefficient of the joint both to the height and to the width 
of the loose tongue is nonlinear. The pace ofincreasing ofrigidity coefficient diminishes with 
the increase in loose tongue dimensions. The threefold increase in the height of the Joose 
tongue (from 3 to 9 mm) causes an increase in rigidity coefficient by 42.3 %. A similar effect 
is caused by the change of the width of the Ioose tongue. The twofold inctease in this 
dimension (from 12 to 24 mm) makes rigidity coefficient increase by 36.1 %. 

The effect of the dimensions of the Joose tongue on bending strength is varied. The 
increase in the height of the Ioose tongue causes the increase in bending strength, the change 
of the height from 3 to 6 mm corresponding to a higher increase in the bending strength than 
that from 6 to 9 mm. The threefold increase of the Joose tongue (from 3 to 9 mm) causes a 
relatively slight increase in bending strength (by 19.5%). A considerably greater effect on 
bending strength of the joint has the width of the Joose tongue, the increase in this dimension 
approximately determines a proportional increase in bending strength. The twofold increase in 
the width of the Joose tongue makes bending strength increase over two times (by 111.6% ). 

A slight effect on the mechanical properties of the loose tongue joint has the width of 
joined panels. The joint of 16 mm boards is characterised by stiffness 14% and bending 
strength 8 % smaller than that made of 18 mm panel. 

Conclusions 
Based on the above analysis, the following conclusions can be made: 

1. Mechanical properties of the Joose tongue joint considerably depend on the width and 
height of the Joose tongue. 

2. The increase in the height and width of the Joose tongue influences an increase in stiffness 
and bending strength ofa jo int. 

3. The joint panels with the thickness of 16 mm are characterised by stiffness and bending 
strength smaller about 14 and 8 % respectively than those with the thickness of 18 mm. 

4. A characteristic image of destruction in bending of Joose tongue joint is delamination of 
face member. 
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Streszczenie:Sztywność i wytrzymałość połączenia kątowego ściennegoo złączu wpustkowym. 
W pracy przedstawiono badania dotyczące wpływu wymiarów złącza wpustkowego na 
sztywność i wytrzymałość ściennego połączenia kątowego. Czynnikami zmiennymi były: 
grubość płyt oraz wysokość i szerokość wpustki. Wyprowadzono funkcje regresji w postaci 
iloczuny funkcji potęgowych dla wytrzymałości i współczynnika sztywności połączenia. 
Stwierdzono, że właściwości mechaniczne połączenia zależą istotnie od wymiarów 
wpustkich a w niewielkim stopniu od grubości łączonych płyt. 
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HOlzerne gebaude 
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Abstrakt: In der Arbeit wird ein Text aus dem 18. Jh. zitiert, in dem die Voraussetzungen 
beschrieben werden, die ein Gebiiude hinsichtlich der Brandfestigkeit, des Schutzes vor 
holzzerstorenden Pilzen, Feuchtigkeit und Wasser, der sparsamen Verwendung von Holz und 
seiner Wahl sowie der Anordnung der Heizkorper und des Brandschutzes erfiillen muB. 

Schłiisselworter: Holz, Gebaude 

In einer Enzyklopadie aus dem 18. Jahrhundert, die nicht zu Ende gedruckt wurde, 
befinden sich einige interessante Beitrage, deren Autor der Hohenloher Baurat, 
Salinendirektor, Kammerdirektor und Bergrat Johann Georg Glenk, geb. 17 51, gest. 1806 
war. Die in dem Beitrag enthaltenen Informationen zeigen nach liber 210 Jahren eine 
erstaunliche Aktualitat, was die Autoren veranlaBt hat, ihn ais ganzes zu drucken. 

„Den ersten Begriff zu unsern von Holz gebauten Gebiiuden gaben ohne Zweifel die 
Hiltten der ersten Bewohner dieser Erde, welche sie bauten, urn sich von den Anfiillen, der 
Witterung, der Thiere und ihrer Gesellschafter zu schiitzen, und wurden nach der Absicht und 
dem Gebrauche derselben bald mit Baumstocken, worauf Decken und Diicher ruheten , 
gebaut, bald aber mit liegenden Holzern aufgefiihrt. Erstere waren der Ursprung der 
sogenannten Hiltten= und Saulengebaude, letzere aber der Blockhausgebaude. Weil nun aber 
letztere viel Holz kosten, so hat man in denjenigen Landem, in welchen man gegenwartig 
mehr auf die Sparsamkeit des Holzes zu sehen genotigt worden, und dabey doch nach der 
Landesart dem Landmann seine Blockhiiuser nicht ganz verwerfen konnte, auf eine andere 
Bauart derselben gedacht, und an die Stelle der dicken und ganzen und ganzen liegenden 
Biiume, Bretter, Dielen oder Bohlen genommen, daB dergleichen Gebaude der Planken urn 
Giiter ziemlich ahnlich sehen; daher sie auch Plankengebiiude genennent werden (s. diesen 
Artikel). Von der Bauart der Saulengebiiude sind andere h6lzerne entstanden, welche man 
Riegelgebiiude nennen kann, weil ihre iiussere und innere Wande aus Riegelwanden ( s. 
Riegelwande) bestehen. 

DaB die h6lzerne Gebaude ihre gute und bose Seite haben, ist bekannter, als es nothig 
ware, hier vie! davon zu reden. Die allgemeinen Eigenschaften derselben sind: 
Feuerfestigkeit, Verwahrung vor der FiiulniB, Beschiltzung vor Wasser, Winter und der 
Kiilte, nebst einer wohlangebrachten Holzersparung. Holzerne Gebaude sind dem Feuer sehr 
gefahrlich, und sind sie einmal recht im Brand, so sind gemeiniglich alle Rettungsmittel 
fruchtlos. Es ist daher bey solchen vorzilglich alles zu vermeiden, was Gelegenheit zum 
Feuerfangen geben kann, und zugleich darauf bedacht zu seyn, daB das einmal nothige Holz, 
nicht so schnell Feuer fange. Von dem ersten wird der Artikel Feuerordnung, von dem 
letztern aber der Artikel Feuerfestigkeit mehreres sagen. 

Uber die Feuerfestigkeit schreibt man 1784 folgendes: 

Die Wande betreffend, so wird gut gewirtschaftet wenn man bey dem ohnehin theuren und 
vergiinglichen Holze, die aussem Wande der Gebiiude gerne von Stein baut, wenigstens die 
Scheidewandungen an benachbarten Gebauden, und das ganze untere Geschoss. 
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Man suchte durch Lehm und andere feuerveste Dache zu helfen, und proportionierte 
feuerveste Ueberziige vor <las Holz. Die Feuerstellen und Feuerwerke betreffend, so sollen 
alle Wiinde waran Kiichenheerd, Stubenofen, Waschkessel und Backofen zu stehen kommen, 
ganz von Steinen ohne alles Holzwerk aufgemauert werden. Die Kiichenboden sind mit 
Steinen zu belegen, die Back6fen im zweyten Stockwerk zu vermeiden, die Schomsteine 
durch die Firste zu fiihren, auf den Geschossen nicht mit dem Gebalke verbinden u.dg!. mehr. 
[Deutsche Enzyklopedie 1784]. 

. Die Verwahnmg vor der FiiulniB erfordert 1) eine geschickte Anwendung der 
verschiedenen Holzarten, jedes nach ihrer Natur und Beschaffenheit, nach welcher solche am 
wenigsten von der Fiiulnis angegriffen wird, z.B. Eichenholz an das Wetter und Tannenholz 
in die Trockne; 2) daB man das Holz źur geh6rigen Zeit, d.i. im Winter fiillt; denn im Winter 
ist der Saft des Baums, nicht nur in dem Stamm zurlickgetreten, und hat desselben Rohren 
erfiillt, sondem er wird auch durch die Kiilte in solchem verdicket, daB also einestheils die 
wiisserichten Theile der Luft oder des Lehmes, welche die FiiulniB bef6rdem, nicht so leicht 
eindringen k6nnen, andemtheils auch die kalte Luft die Giihrung des Saftes hindert, ais 
wodurch der Holzwurm abgehalten wird. Bedencket man nach diesen Vortheil, den man 
durch die Fiillung des Holzes im Winter erhiilt, daB nemlich das Reissen und Spalten 
desselben dadurch gehindert wird, weil das Holz austrocknen kann, ehe die groBe Hitze 
kommt; so hat man Ursache genug, solche besonders bey den lehmernen Gebiiuden auf das 
nachdriicklichste zu empfehlen. So muB auch das Holz, ehe es in das Gebiiude gelegt wird, 
vorhero sattsam trocknen; hierdurch wird sowohl das Vermodem des Holzes von innen, als 
das Reissen und Spalten desselbigen verhindert. Diese Trocknung des Holzes muB weder in 
der Sonne, nach von den Winden geschehen, weil sie sonst so schnell erfolget, und dasselbe 
dadurch reisset, sondern im Schatten. [Albe1ii 1485] 

Es kann aber das Trocknen des Holzes theils geschehen, theils befordert werden, 
wenn es, wie schon erwahnt, a) im Winter gefiillt, b) mit Ochsenkoth nach Art der Alten 
beschmieret, oder in Schleim eingesenkt wird: c) durch Legen in Sand; d) durch Trocknen im 
Rauch; e) durch Anziindung des Stamms in dem Gipfel, denn da ziehet sich die Feuchtigkeit 
heraus. Die Feuchtigkeit muB man von den lehmernen Wangen so viel m6glich abzuhalten 
suchen; und dieses geschiehet, a) wenn man das Holz nicht eher einlegt, als nachdem solches 
vorhero wohl getrocknet ; b) wenn man da, wo das Holz an die lehmerne Wand so liegen 
k6mmt, oder bey verschlierten Decken, neben den Balken Letten gebraucht, womit es 
iiberdeckt.wird; dieser hiilt besser, ais Theer und alles andere, die Feuchtigkeit von dem Holze 
ab, und verwahrt es sehr lange vor der Vermoderung, auch im Baden. Die Alten mauerten die 
Mauern am Meere damit, und zu Plinii Zeiten haute man Thiirme und Wachhauser auf den 
Bergen, von solchem bis zu Hannibals Zeiten. Inzwischen ist solcher nicht liberall zu haben: 
und wird dahero in dessen Ermangelung das Holz gegen den Lehm mit Theer, Vogelleim, 
Wiener ZinnoberfirniB, Kien61, auch wohl gar mit Kohlen und zerstoBenen Kieselsteinen 
bestreut. 

Die Beschiitzung gegen Wasser und Erdfeuchtigkeit erforde1i eine Entfemung alles 
Bauholzes von der Nahe derselben. 

Dieses ist die Ursache, warum man alle Schwellen und FuBb6den wohl von der Erde 
erhaben, zu untermauern hat: weil sie ohne dieses Mittel bald verfaulen, und das Senken der 
Gebaude verursachen. Gegen Wind und Stiirme mlissen die Gebaude gesichert seyn: denn 
wenn sie nur im guten und stillen Wetter bestehen konnten; so wiiren die Gebiiude weder vest 
nach dauerhaft. Die Wlinde mlissen auch den Wind aufhalten und das Eindringen in die 
innem Theile des Gebiiudes verhindern. Das letztere wird durch das verblenden oder 
bewerfen der Gebaude von aussen und innen erreicht. 
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Beyde sind auch das Mittel vor der Kalte. Die HolzersparniB ist bey dem in den 
meisten Landem sich einfindenden Holzmangel eine Tugend der holzernen Gebaude, wovon 
in diesem Artikel mehr nachgelesen werden kann. In den kaltesten Himmelsgegenden hat 
man Hauser von Holz. Sollte das Holz wohl eine bessere Schutzwehr gegen die Kalte seyn, 
ais eine Mauer? 

Die starksten, saftigsten und reifsten Baume schicken sich zu den Wanden solcher 
Hauser am besten. ZufOrderst probiert man die Stamme, wenn sie noch stehen, vermittelst 
einiger Schlage mit der Axt, alsdann kratzt man das Moos herunter, behauet sie, und setzt sie 
zusammen, wie sie ldinftig zu stehen kommen sollen. Alsdann schaft man sie an den Ort des 
kiinftigen Hauses, und richtet es auf. 

Bey dieser zweyten Aufńchtung zeigt es sich, wie vie! darauf ankommt, die Fugen 
gleich anfiinglich genau gemacht zu haben. Wenn nicht alles ńchtig zugehauen und 
zusammengepaBt ist, so krlimmen oder werfen sich die Wande; die Luft dringt hinein, und 
die Mause bauen sich N ester in die mit Moos angefiillten Oefnungen. 

Der schwache Theil des Holzes wird abgehauen, aber nie der starke; die Einschnitte 
kommen in den Kern des Holzes in gleicher Entfernung vonjeder Seite; sie diirfen auch nicht 
starker seyn , ais die halbe Dicke des Holzes. Alles muB wohl ineinander gefiigt und genagelt 
werden. 

In den Grund di eser Hauser wirft man Schichtkiesel und eiserne Schlacken, aber keine 
Feilspane, welche sich bald in Staub und Erde verwandeln. Diese Schicht, welche bis an das 
Tafelwerk geht, wird mit Kalk bedeckt. Auf diese Weise haben die Bewohner weder von 
Mausen noch von der Feuchtigkeit beschwerden auszustehen. Man kann auch einen 
doppelten Boden von Brettern machen, und den Zwischenraum zwischen beyden von einem 
FuB mit gemeinen Kalk und Kies ausfiillen. Oben auf streuet man trockenen Sand oder 
Sagespane, urn ihn reinlich zu halten. 

In Ermangelung starker Balken macht man dergleichen Hauser auch von dicken 
Pfosten, und sagt einen Stamm der Lange nach mitten durch. Diese halbe Stamme werden 
nicht weiter behauen noch abgerichtet, sondern mit der glatten Seite auswarts miteinander 
verbunden. Wenn sie ein Jahr lang recht ausgetrocknet sind, richtet man das Haus auf, und 
giebt ihm von aussen einen Anstńch , daB es wie steinern aussiehet. Innwendig werden in 
den Fugen fichtene Pfiihle gesetzt, und die Wand wird mit einem Mortel beworfen, der aus 
Kalk, Sand und Thon besteht, der gut durchgearbeitet, und mit Roggenspreu oder Sagespanen 
vermengt wird, damit es desto besser am Holze hafie. 

Urn dergleichen Wande auszubessern, wenn sie den Einsturz drohen, oder urn sie ganz 
aufzurichten, ohne sie auseinander zu nehmen, setzt man an den Ecken starke Streben, die 
sich an ein mit Gewalt in die Erde getriebenes Stiick Holz stlitzen. Auf der Seite, wo sich die 
wand schief gesenkt hat, treibt man lange spitzige und mit Oel beschmierte Keile von hartem 
Holz ein. Nach Proportionen des Widerstandes, der liberwunden werden soll, werden 
mehrere oder wenigere Steifen oder Streben erforde1t. 
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Streszczenie: Budynki drewniane. W artykule zacytowano osiemnastowieczny tekst w 
któ1ym omówiono warunki jakie muszą spełniać drewniane budynki pod względem 
ognioodporności, ochrony przed grzybami rozkładającymi drewno, wilgocią i wodą pod 
względem oszczędności i doboru surowca drzewnego oraz rozmieszczenia urządzeń 
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XHM11•rnc1mii cocTaB 11,peBeCHHhI óepfah1, rropam:eHHOii TPYTOBHKOM 

HaCTOHlll;HM (Fomes.fomentarius L. ex Fr.) 

Kacpe.npa .npeBecirnose.nemrn 11 3alI.(11TbI .npesecttHbI. fnasHaH IIIKOJia cenbcKoro X03HHCTBa B 
BapIIIaBe. <l>aKyJibTeT 110 TexHonorntt .npesec11Hbl. 

Co.nep11rnune: B pa6oTe 01111caHb1 11ccne.nosaH11H XHM11'1ecKoro cocrnsa .npesec11HbI 6epe3bI 
(Betu la pendula Roth.), 11opmKeHHOH TPYTOBMKOM HaCTOHlI.\11M (Fames fomentarius L. ex Fr.). 
Hccne.nosaHMH 11pOBO)l,11Jll1Cb Ha rrpo6ax, OTo6paHHbIX Ha Tpex pa3Hb!X BbICOTaX CTBOJia, Ha 
KOTOpbIX Haxo.n11n11cb 11no.nosb1e Tena rp116a, a TaJOKe Ha 11011epeGHOM pmpe3e B .npesec11He 
113 11epHcpep11ąecKo:l1: 30HbI, Haxo.nHw:e:HcH 110 cTopoHe TPYTOB11Ka, 113 cep.nl.\eBHHHOH 30HbI 11 
113 11ep11cpep11ąecKo:l1: 30HbI, Haxo.nHW:ettcH 110 .npyro:H cTopoHe TPYTOBl1Ka. Ha ocHosaH1111 
rronyąeHHbIX pe3yJibTaTOB 6b!Jl0 ycTaHOBJJeHO, GTO caMblM 60Jibllll1M co.nep)l<aHJ-ieM 
3KCTaKTHBHb!X sew:ecTB 06na.nai-0T rrno)l,OBbie Tena TPYTOBl1Ka, a B cne.nyww:eM. oąepe.n11 

.npesec1rna 11epttcpep11ąecKo:l1: 30HbI co cTopoHbI TPYTOBl1Ka no cpasHeH111-0 c .npesecHHOH 
cep.nl.\eBHHHOH 30HbI. ITopaJKeHtte .npesecHHbI TPYTOBHKOM HaCTOHlI.\HM BbI3Bano 
He3HaG11TeJibHoe rn.npon11T11ąecKoe pa3JJO)l<eH11e L1eJIJJ1-0JJ03b1 B .npesec1rne 11epHcpep1111ecKo:l1: 
30HbI, oco6eHHO co cTopoHbl TPYTOBHKa, a TaK)Ke y6b!TOK mffHl1Ha, caMbIH 6oJibllIOH B 
11epmpepttąecKoH 30He CTBona. B nopa)l<eHHOH 6epe3osoM. .npesec11He ycrnHosneHo 
ysenHlfeHHoe co.nepJKaHHe reMHL\eJJJJl-OJJ03, oco6eHHO B .npeBecttHe 11epttcpep11ąecKo:l1: 30HbI. 

Bse,11,em1e u u.eJih pa60Thl. 
Cpe.n11 oTeąecTBeHHblX s11.nos .nepesbeB 6epe3a 11pOHBJJHeT Ha11MeHbIII11e Tpe6osamrn 

no OTHouieHm-0 K 11oąse H KJittMaTy (Puczyłowska 1992, Gieting 1982). Eepe3a HBJJ5leTC}! 
HeTeHeBbIHOCJJHBbIM BH)l,OM, rrp11 11popacTaHHH B ryCTblX HacaJK)l,eHl15IX .nepeBb51 cna6HyT B 
pe3yJJbTaTe ąero IIO,[(Bepral-OTC51 nopaJKeHHl-0 rp116KOBbIMH 3a6oneBaHHHMH (Krutul, 
Kozakiewicz 1998). TpyTOBl1K HaCTOHlI.\HH pa3BHBaeTC}! 06b1ąHo Ha ocna6neHHblX .nepeBb}!X 
6yKa H 6epe3bl, a TaK)l<e Ha saneJKe 11 cyxocTOe ocrnsneHHOM B necy. fm1emie .npesec11HbI B 
MeCTe BHe.npeHH51 TPYTOBHKa HaCT051LUero OlfeHb 6blCTpo pac110CTpaH}!eTC}! OT nosepXHOCTH K 
cep.nl.\eBHHe CTBona (Krzysik 1978, Kundzewicz 1986). fHl1JJb o6na.naeT 11pH3HaKaMH 
Tpyxno:H fHHJJH. B nopa)l<eHHOH .npesec11He BHaGane 110}!BJl}!l<)TC51 HeO,[(HOpO.[(Hble CBeTJlbie H 
TeMHble 11}!THa - no 3TOH npHGHHe rHHJlb Ha3b1Ba1-0T MpaMOpHOH. qepHbie JIHHHH OT,[(eJl}!l<)T 
nopaJKeHHYl-0 .npesecHHy OT 3.[(oposo:H. B TpeW:HHax .npesecttHbl H 110.n Kopo:H BbICTy11a1-0T 
6enb1e ):(OJJH rp116HHL\bl. fHHJJb, BbJ3BaHHaH TPYTOBHKOM HaCTO}!lI.\HM ttMeeT .necTpyKTHBHbIH 
xapaKTep, B nocne.nHeM. cpa3e pmnoJKeHtt}! .npeseCHHa .nenaeTC}! JJOMKOH, pac11a.naww:ettc}! no 
ro)l,ttGHhIM KOJJhl.\aM Ha 11nacTHHKH - no 3TOH 11pHGHHe rHl1JJh Ha3b!Ba1-0T TPYXJJ51Bol1. 
TpyTOBHK HaCT05llI.\HH (Fomex fomentarius ·L.) 5IBJJHeTC51 O.[(HHM 113 caMhIX maBHblX 
naToreHHOB 6epe3bl. B CB}!311 c 3THM Heo6XO)l,11MO 11poBeCTH no):(p06Hble HCCJJe)l,OBaHH51 
11poueccoB pa3JJQ)I<eHH51 6epe30BOH .npeBeCHHhl, Bbl3BaHHblX 3Tl1M rp1160M (Krutul, 
Kozakiewicz 1998) 

B pa6oTe CTaBHJlOCb 3a uenb 11poBeCTl1 HCCJle)l,OBaHH5l l13MeHeHH51 XHMttlfeCKoro 
COCTaBa .npesecHHbl B 3aBHCHMOCTH OT 110Jl0)1(eHH}! 11po6 .npeBeCHHbl B CTBOJle 6epe3bl 
6opo.nasąaToM. (Betula pendula Roth.), rropaJKeHHOH TPYTOBHKOM HaCTO}!lI.\HM (Fames 
fomentarius L. ex Fr.) 
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3KcnepHMeHTaJihHaSI ąaCTb. 
Hccrre,11,osasw11i1cll MaTep11arr 6brn oTo6paH 113 1mcT11 6epe3osoro CTBOJrn, 

nopmKeHHoro Fames fomentarius L. ex Fr. ITocrre cpy6K11 ,11,epesa 113 cTBorra (oKono 45-
neTHero) 6b!Jll1 Bbipe3aHbl Tp11 ,Il,11CKa TOJTW:11HOH OKOJTO 80 MM, c nJTO,Il,OBblMl1 Terrarvr11 
TPYTOB11Ka HacTollw:ero . .[(epeso npopacTarro Ha no,11,3orr11cToi1 noqse 113 necKa 11 cycnec11 B 
HaCa)!(,Il,eHl111 6op CBe)!(JilH, B rreCHl1'1eCTBe I10,11,030)!(aHbl BO Il ITp11pO,Il,HO-JleCHOH o6rraCTl1 
Ma3ypcKo - Ilop,nllcKoi1. 

,[(rrll Xl1M11'1eCK11X aHaJTl130B 113 Ka)!(,Il,Oro ,Il,11CKa OTo6paHO no Tp11 npo6bl ,Il,peBeCl1Hbl 11 
no OJJ.HOi1 npo6e 113 np11pocw11x nrrO,Il,OBbIX Ten TPYTOBl1Ka HacTollw:ero. I1po6b1 JJ.peBec11HbI 
6brn11 oTo6paHbI 113 crre,Il,y10w:11x 30H: 3a6onoHHoi1, rre)!(aw:ei1 no cTopotte TpyToB11Ka, 
cep,11,ueBJilHHOH 11 3a6orrOHHOH, JTe)!(aw:ei1 no npOTl1BOnOJTQ)KHOH no OTHOWeHl1!0 K TPYTOBl1KY 
CTOpOHe CTBOJTa. B 11ccrre,Il,OBaHl1l!X Ji!CnOJTb30BaHO pa3,Il,p06rreHHYIO cppaKQl1!0 npo6 0,49 MM B 
p,11aMeTpe. 
bb!Jll1 npoBeP,eHbl CJie,Il,ylOW:Jile HCnbITaHl1ll: 

Onpe,nerrett11e co,Il,ep)KaH11ll 3KCTpaKTJilBHhIX sew:ecTB np11 n0Mow:11 annapaTa CoKrreTa 
np11 11cnOJ1b30BaHl111 CMec11 3TaHOJTa c 6eH30JTOM ( 1: 1) 
Onpe,nenett11e co,Il,ep)J<aHl1ll uerrrr10rro3bI no MeTO,ny Kywttepa - Xocpcpepa 
Onpe,Il,enett11e co,Il,ep)1<aH11ll n11rtt11Ha B cooTBeTCTB1111 c ITorrbcKoi1 HopMoi1 PN-74/P 
50092 
Onpe,Il,errett11e coJJ.ep)J<aH11ll reM11uerrn10rro3 np11 11cnonb30BaH1111 1 % pacTBopa NaOH 

Pe3yJTbTaTbI 11ccrreJJ.0BaH11i1 6b1J111 BbI'l11crreHbI no OTHOllieH1110 I< a6corr10THO cyxoi1 Macce 
npo6b1. 

Pe3yJihTaTbl HCCJie,Il,OBaHllH H HX aHaJIH3. 
Ha p11c. I npe,Il,CTasrreHbI ,Il,aHHbie OTHOCHTeJTbHO co,Il,ep)J<aHl1ll Bew:ecTB, 

pacTBOp11MblX B CMec11 3TaHorra c 6eH30JlOM (1: 1) (3KCTpaKTl1BHblX sew:ecTB) B ,Il,pesec11He 11 
nno,11,0BhIX Terrax TPYTOB111<a HacTollw:ero B OT,Il,eJTbHbIX nonepe'IHbIX pa3pe3ax. H3 
npe,Il,CTasneHHbIX ,Il,aHHbIX (p11c I) crre,nyeT, 'ITO 6orrhwe scero 3KCTpaKTl1BHhIX sew:ecTB 
co,11,ep)!(aT nnoJJ.OBhie Terra TPYTOB11Ka HaCTOllW:ero. Drro,Il,OBbie Terra, 0To6paHHb1e 113 pa3pe3a 
A co,Il,ep)KaT TpexKpaTHO 6onhwe 3KCTpaKTl1BHhIX sew:ecTB, no cpasttett1110 c ,11,pesec11ttoi1 
nepecpep11qecKoi1 30HbI, ttaxo,nllw:ei1cll no npoT11Bonorro)!(HOi1 CTOpotte TPYTOB11Ka. ITrro,Il,OBbie 
Tena TpyToB11Ka, OTo6paHHbie B MecTe pa3pe3a E 11 B CO,Il,ep)I<aT no'-ITl1 ,nsyx1<paTHO 6orrhwe 
3KCTaKTl1BHblX sew:ecTB no OTHOWeH11IO K ,Il,pesec11He nepecpep11'1eCKOH 30Hbl, HaXOJJ.llW:eHCll 
no npoT11sonorro)!(HOi1 cTOpoHe TPYTOB111<a . .[(pesec11Ha nepecjiep11qecKoi1 30HbI no cTOpoHe 
TPYTOBl1Ka TaK)!(e co,n~p)!(11T 6orrhwee KOJTH'leCTBO 3KCTpaKTl1BHbIX sew:ecTB no OTHowett1110 
K ,Il,pesec11He nepecpep11'1eCKOH 30Hbl, HaXOJJ.l!W:eHCll no npOTl1BOnOJI0)J(H0H CTOpoHe 
TPYTOBHKa. Harr11q11e TPYTOBl1Ka HacTollw:ero nosrr11l!rro Ha ysen11'leH11e cop,ep)KaH11l! 
3KCTpaKTl1BHhIX sew:ecTB B ,Il,peBec11He nepecpep11'1eKoi1 30HbI, Jie)!(aw:ett B 6rr11311 TPYTOBl1Ka. 

Ha p11c. 2 npe,Il,CTaBJTeHbl ,Il,aHHbie OTHOC11TeJ1bHO CO,Il,ep)KaHl1ll uerrJTIOJT03bl B 
,Il,pesec11He nepecjiep11'1eCKOH 30Hbl, HaXO,Il,llW:eHCll no CTOpOHe TPYTOBHKa, B ,npesec11He 
cep,11,ues11HHoi1 30HbI 11 B ,Il,pesec11He nepecpep11qecKoi1 30HbI, Haxo,nllw:ei1cll no 
npoT11sonorro)J<HOi1 cTopotte TPYTOB11Ka. · YJ.3 npeJJ.CTaBneHHhIX ,Il,aHHbIX crreJJ.yeT, 'ITO 
.Llpesecrrna nepecpepw1ecKoi1 30HhI CO.[{ep)Kl1T Ha oKono 1,8 % 6onhwe uenmono3bI no 

cpaBHeHHIO c ,Il,pesec11Hoi1 nepecpep11qecKoi1 30HbI, HaXOJJ.l!W:ei1cll B 6nm11 TPYTOBl1Ka . 
.[(peBeCHHa nepecjJepH'leCKOH 30Hbl CTBOJTa, HaXOJJ.l!W:al!Cll no npOTl1BOnOJTQ)KHOH CTOpOHe 
TPYTOBHKa Ta1<)1<e co,Il,ep)!(11T 6onbwe uenrrIOJI03bI (oKorro 1,0 %) no cpasttett1110 c 
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.upeBec11HOH 11epecpepw1ecKoi1 30HbI, Haxo.uinu:ewcll 110 11ponrnononm1rnoi1 cTopoHe 
TPYTOB111<a. lfa 11onyLJeHHbIX pe3ynbTaTOB cneµyeT, LJTO TPYTOBl1K He ocyiu:ecTBJil1JI 
pa3JIO)l(eHHll ueJIJIIOJ103bl cep.uueBl1HHOH 30Hbl CTBOJia. Ilp111-111HOH :noro llBJilleTCll 
o6pa30Bam1e cpanbllll1BOH ll,UpOBOH .upeBeCl1Hbl, LJTO 3aMe,UJilleT pa3Bl1Tl1e rp116Hl1U:bl. 
KneTOLJHbie cTeHKl1 c 3aKy11opeHHb1M11 11opaM11 llBJlll!OTCll MexaH11LJecK11M 6apbepoM 11 
3Ha'łl1TeJibHO rrpenllTCTBYIOT pa3Bl1Tl1!0 rp116Hl1Ubl 11 ee rrpOHl1KHOBeHl1ll B coce,UHl1e KJieTKl1. 
,[(peBec11Ha rrepecpep11LJeCKOH 30HbI, ttaxO.UllllleHcll no cTopoHe TPYTOB11Ka, o6na.uaeT caMoH: 
60JiblllOH BJia)!<HOCTb!O, 'łTO crroco6crnyeT B03,UeHCTBl1!0 cpepMeHTOB, BbJ,UeJil!eMb!X 
M11uenaM11 rp116a. B pe3ynhTaTe "!ero B 3Toi1· ccpepe .upesec11Ha o6na.uaeT Ha11MeHbllll1M 
co.uep;KaH11eM u:enn10JI03bl. B Bbrno.uax cne.uyeT YKa3aTh, LJTO HaJI11LJ11e TPYTOBl1Ka 
HaCTOlllllero He 11p11Beno K 60J1bllll1M y6b1TKaM u:eJIJl!OJ103bl B .upeBeCl1He, OHO llOBJ111llJIO Ha 
yMeHbllleHHe CO,llep;1<aHl1ll u:eJIJIIOJ103bl B .upeBec1rne rrepecpep11LJeCKOH 30Hhl 110 cpaBHeHl1!0 c 
.upeBeCl1HOH cep,llUeBl1HHOH 30Hhl. 

Ha p11c. 3 11pe.ucrnsneHbl pe3yJihTaTbl onpe.ueneH11ll n11rn11Ha Ha 11011epeLJHOM pa3pe3e 
CTBOJia 6epe3bl, 11opa)l(eHHOH TPYTOBl1KOM HaCTOlllllliM. }fa rronyLJeHHb!X pe3yJlbTaTOB 
cne.uyeT, 'łTO caMoe 6oJiblllOe co.uep)J<aH11e n11rtt11Ha B .upeBec11tte 113 Tpex 11ccne.uosaBlll11xc>1 
norrepeLJHblX pa3pe30B CTBOJia famo B cep.uueBl1HHOH 30He (OK. 23,5 %). 

Jlm1rnall >1.uposa>1 .upesec11Ha LJaCTl1LJHO 3aMe,UnlleT pa3BHT11e M11uenn TPYTOBl1Ka, 
O,UHaKo O,UHOBpeMeHHO rrp11BO,Ul1T K He,UOCTaTOLJHOCTl1 cpyHKUl10H11pOBaHl1ll npOBO,UllllleH 
c11cTeMbJ 11 TeM caMhlM K ocna6nett1110 .uepeBa. I1apa311T 11cnonh3yeT TaKoe rronm1<eH11e 11 
BHe,UplleTcll B ocna6neHHYIO 3a6onotttty10 .upesernHy. Ilo3TOMY B .upeBec11He 3a6onoHHOH 
30Hhl, HaXO.llll!U:eHcll rro CTopotte TPYTOB11Ka, co,llep)l(11TbCll MeHbllle n11rH11Ha rro cpasHeH1110 c 
.upeBeCl1HOH OTo6paHHOH 113 cep.uueBl1HHOM 30Hhl 11 113 3a60J10HHOM 30Hbl, HaXO.UllllleMCll rro 
rrpoT11sorronm1<ttol1 cTOpoHe TpyTOB11Ka, Ha rrorrepeLJHhIX ceLJeH11llx E 11 B. 

Cpe.u11 J111CTBeHHblX rropO,ll .L1pesec11Ha 6epe3bl o6na.uaeT OTHOCl1TeJibHO Bb!COKl1M 
co.uep)!<aH11eM J111rHl1Ha (OK. 25 % ). l13 rronyLJeHHhlX ,UaHHhlX cne.uyeT, LJTO HaJil1'ł11e 

TPYTOB11Ka HaCTOlllllero np11seno K 3Ha'ł11TeJihHOMY y6hITKY n11rH11Ha, oco6eHHO B .upesec11He 
11epecpep111łec1<ol1 30HbI. 

Ha p11c. 4 rrpe.ucTaBneHbl pe3yJihTaThl 011pe.ueneH11ll co.uep)J<aHl1ll reM11uenn10no3 Ha 
11orrepeLJHOM pa3pe3e 6epe3osoro crnona, rropa)l(eHttoro TPYTOBl1KOM o6bJKHOBeHHhlM. }fa 
npose,UHHhIX 11ccne.uosaH11i1 cne,llyeT, "!TO MeHhllle scero reM11uenn101103 Haxo.u11Tcll B 
.upeBeCHHe cep.uueBl1HHOH 30Hhl. 

B 11ccne.uosaBlllei1sc>1 .upesec11He 113 Tpex rronepeLJHhIX pa3pe3oB Haxo.u11nocb TaKoe 
)l(e KOJ111LJeCTBO reM11ueJJJl!OJ103 (23,3 %). 

Co.uep)!<att11e reM11uenn101103 B .upesec11He rrep11cpep11LJec1<ol1 30Hbl, TaK co cTopoHbI 
TPYTOB111<a, KaK 11 c .upyrol1 cTOpOHbl 6onhllle no cpaBHeH1110 c .L1pesec11Hoi1 cep.uues11HHOH 
30Hhl. I1p11411HOi1 TaKoro COCTOllH11ll llBJI51eTCll TO, LJTO O,UHOBpeMeHHO np11 pa3JJO)l(emm 
JllirHHHa yseJIHLJl1BaeTCll OTHOCHTeJibHOe co.uep)!<aHHe seiu:ecrn, pacrnop11Mbll1 B 1 % NaOH 
(reM11uenn10no3) s .upesec11He nep11cpep11LJec1<ol1 30Hhl. Mettbll!ee co.uep)!<aH11e uenn101103hI s 
.upesec11He 3TOi130HbI YKa3hrnaeT Ha r11.upon11T11LJec1<oe pa3JIO)l(eH11e Bb!Clll11x rron11caxap11.uos. 

BbIBOJJ.bl. 

Ha ocH0BaH1111 npose.ueHHblX 11ccne.uosaH11i1 ycrnHosneHo, "!To: 
1. Eonhll!e scero 3KCTpaKTHBHhlX seiu:ecT Haxo.u11Tcll B nno.uosh1x Tenax TPYTOBl1Ka, a 3aTeM 

B .L1pesec1rne nep11cpep11LJecKoi1: 30HbI, HaXO.Ulllllei1cll no cTOpoHe TPYTOBl1Ka 110 
cpaBHeHl1!0 c .upeBeCHHOił cep.uueBl1HHOM 30Hhl. 
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TPYTOBHKOM HaCTO~Il\HM Bbl3BaJIO He3Hff'lHTeJJbHOe 

fH.[(pOJJ!iTJilleCKOe pa3JJQ)KeHtte l(eJlJllQJJ03bl B .[(peBeCttHe 

pa3JJO:lKeHtte JJHrHttHa Ha rronepe'lHOM pa3pe3e CTBOJJa, 

rrepmpepw-IeCKOM 30Hbl. 

rrepmpeptt'leCKOM 30Hbl H 

oco6eHHO B .[(pesecttHe 

3. B rropa:lKeHHOM TPYTOBHKOM HaCTO~Il\HM (Fames fomentarius L. ex Fr.) 6epe3oBoi1 

.D:peBecttHe (Betu/a pendula Roth.) nepmpeptt'lecKoi1 30HbI Haxo.[(HTC~ yBeJJtt'leHHoe 

KOJJH'leCTBO reMHl(eJJJJIQJJ03. 

8 r-----·-------·-- ----- ·- ---·--·-·---- --------, 
! 

o:. 

------ -- „_ ---·--------· _ ę,a~-----------1 

5,2 

1'rncpc'łnhlc p;13pClbl 

I 
i 

El nnoJJ:OBhie wna TPY'IDBHKa 

EilJJ:pesec11tta nepmp ep11ąecKoi1 30HhI co 
cmpoHhI 'fPY'IDBHKa 

DJJ:pesec11Ha nepmpep11ąecKoi1 30HhI no 
npoTIIBonono)l(HOH cmpoHe TPY'IDBHKa 

Pttc. I Co.[(ep)J<aHtte 3KCTpaKTHBHhIX BemecTB B rrno.[(OBhIX Tenax TPYTOBHKa HacTo~mero 

11 B .[(peBeCHHe nonepe'lHbIX pa3pe3oB cTBona A, B H B . 

47,5 

47 

46,5 

46 

45,5 

45 

44,5 

44 

43,5 

43 

42,5 

lfoncpc•mr.1cp:npc1hl 

r···---„------- ---·· - ·-·----·----------------, 
EllJJ:peBeCHHa nepmpep11ąeCKOH 30Hbl co 

cmpoHhI TPY'IDBHKa 

!illJJ:peBeCHHa cepm.1eBHHHOH 30Hhl 

DJJ:pesec1rna nepmj~epnąecKoi1 30HhI no Jt 
. npoTI1sonono)l(Ho11 cmpotte 'Ipyms11ra 
l_ ______________ ---- -- ------·-----· ·-------- - ---

Puc. 2 Co.[(ep)KaHHe ueJJJJIOJJ03bI B .[(peBecttHe norrepe'lHhIX pa3pe3oB CTBona A, B 11 B. 
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23,5 23,4 

" 
22 

21 

20 

19 

18 

23,3 

r-·- ------ -·------------- ----·· ---------- · - -1 
Elnpesec1rna nepmjJep11ąecKOił 30HhI co i 

CTOpOHbl 'IpyTOBHKa 

11ilnpesec1rna cepnueBHHHOił 30HhI 

Dnpesecrrna nepmjJep11ąecKoił 30HhI no 
npo·rnsonono)KHOił cwpotte 'I1JY"IDB!1Ka 

L- --- -~- ~ - -·- -- --- ------ --~-------

P11c. 3 CoJJ,ep)!{amie n11rH11Ha B JJ,peBec1rne nonepe'!HhIX pa3pe30B cTBona A, E 11 B. 

32 

31 
31 

30 

" 
28 

27 

26 

25 

24 

23 

r~- -- ------ - - - ------------ ---·----- -------------, 

! Dnpesec11Ha nepmjJep11ąecKoił 30HhI co ' 
CTOpOHbl'IpyTOBHKa 

ii!lnpesec11tta cepnuesnttttoił 30Hhl 

DnpesecnHa nepncjJ epnąecKoił 30Hhr no 
nponmonono)!<HOił cTOpoHe 'I1JY"IDBHKa 

P11c. 4 CoJJ,ep)KaH11e reMl11\enmon03 B JJ,peBeC11He nonepe'!HbIX pa3pe30B CTBOna A, E 11 B 
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Streszczenie: Skład chemiczny drewna. brzozy brodawkowatej (Betu/a pendula Roth.) 
porażonego hubą pospolitą (Fames fomentarius L. ex. Fr.). Przeprowadzono badanie składu 
chemicznego drewna brzozy (Betu/a pendula Roth.) porażonego przez hubę pospolitą (Fames 
fomentarius L .ex Fr.). Badanie przeprowadzono na próbkach. pozyskanych z trzech 
wysokości pnia, na których znajdowały się owocniki grzyba, a także na przekroju 
poprzecznym w drewnie strefy przyobwodowej od strony huby, strefy przyrdzeniowej i strefy 
przyobwodowej po przeciwnej stronie huby. Na podstawie uzyskanych wyników 
stwierdzono, że najwiekszą zawartością substancji ekstrakcyjnych charakteryzują się 

owocniki huby, a następnie drewno strefy przyobwodowej od strony huby w odniesieniu do 
drewna strefy przyrdzeniowej. Porażenie drewna przez hubę pospolitą spowodowało 

nieznaczny rozkład hydrolityczny celulozy w drewnie strefy przyobwodowej, szczególnie od 
strony huby i ubytek ligniny najwiekszy w strefie przyobwodowej pnia. Porażone drewno 
brzozowe charakteryzowało się zwiększoną zawartością hemiceluloz, szczególnie w strefie 
przyobwodowej. 



Biologica! corrosion and timber constructions 
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Abstract: Wood is a lignocellulose materiał characterized by its natural variability, which, to 
a certain degree, finds its retlection in quality classes of this materia! and its susceptibility to 
undergo biodegradation. Presence ofbioconosion agents and, frequently, excessive amount of 
defects occuning in structural timber eliminates this kind of materia! from application in 
housing industry. Occurrence of biodegradation agents in structural timber with time reduces 
its strength, frequently resulting in a considerable decline of safety of utilization of the entire 
object. That is why the objective of this study is a comprehensive analysis of factors causing 
wood biocorrosion and reasons for their development. The performed investigations were 
canied out on wood constructions of an old tram depot and wo.od en summerhouses. 

Key words: biological corrosion, wood 

Introduction and objective of research project 
Timber, because of its appropriate physico-mechanical properties as well as wide 

availability, has always been an important materiał used in a wide range of utility 
constructions. In recent years, we have witnessed a real renaissance of timber application, 
among others, in housing construction, as evidenced by a steadily increasing popularity of 
skeleton housing constructions modelled on the so called Canadian technology. 

Wood is a lignocellulose materia! characterized by its natura! variability, which, to a 
certain degree, finds its reflection in quality classes of this materia! and its susceptibility to 
undergo biodegradation. Timber biodegradation can be defined as a more or less selective 
breakdown of its elementary constituents such as: cellulose, hemicellulose, lignin etc. by 
living organisms. The principal transmitters ofbiocorrosion include fungi and insects, in other 
words technical timber pests. Apart from the above-mentioned factors of timber 
biodegradation, there are other pests such as: bacteria, algae, nematodes and, in waim marine 
waters, also crayfish and bivalves. 

The presence of biocorrosion agents and, frequently, excessive amount of defects 
occurring in structural timber eliminates this kind of materiał from application in housing 
industry. With time, the occurrence of biodegradation agents in structural timber reduces its 
strength frequently resulting in a considerable decline of safety of utilization of the entire 
object. 

Therefore, the objective of this study is a comprehensive analysis of factors causing 
wood biocmTosion and reasons for their development. The obtained results will allow better 
understanding of the process oftimber destruction and aging. 

Research methodology and result analysis 
In order to better recognize some factors of timber biocmTosion, investigations were 

carried out on conditions of timber constructions of an old tram depot as well as the 
construction and timber parts of wooden summerhouses. The following methods were 
employed to perform these investigations: 
ID Mechanical, surface and, in places, deep penetration of materia! involving pricking with 

a metal tool of the infested materia! with the aim to determine the extent of losses and 
weakening of the examined elements (Ważny, 2000), 
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o Visual inspection based on qualitative and quantitative estimation of external symptoms 
of timber biocorrosion such as, for example: losses, discolouring or escape holes left by 
technical tirriber pests, 

• Acoustic assessment using a wooden hammer with the aim to determine the extent of 
presence oftechnical timber pests inside the examined constructions. 

The estimation of the current condition of examined objects was characterized by a 
comprehensive analysis aiming at preparing an accurate inventory of damages and 
identification of factors of biocorrosion. Results of the performed analysis of the 
examined objects were presented in the form of a description, tables, photographic 
documentation as well as inventory drawings. 

The performed investigations allowed determining damages of timber elements of 
constructions ranging from severa! percent to complete destruction oftimber tissue (Photo 1). 
The most serious damages of timber constructions of the examined objects were brought 
about by the presence of domestic fungi causing brown rot as well as technical timber pests. 
In the case of timber summerhouses, active presence of insects from the formie family 
Fomicidae was observed. The insect was identified on the basis of the key for determining 
imagoes from formie family developing in wood as technical timber pests - the ant from the 
species of Camponotus herculeanus ligniperda Latr. (Photo 2) (Dominik 1989). 

The ant belongs to the 4th classification group of technical timber pests based on the 
type of infected wood and the extent of damage caused in buildings. Group four is 
characterized by the fact that insects drill timber exclusively with the aim to use it as hiding 
places. Ants infest timer in buildings very rarely and, usually, when houses are built close to 
tree stands where these insects occur in their natura! habitat. Nevertheless, in favourable 
conditions, incurred damages can be considerable, as was the case with of the examined 
objects. Quantitative and qualitative characteristics of damages caused by technical timber 
pests are presented in some selected inventory drawings, photographs and in the enclosed 
Table (Krajewski). 

In the case of timber beams forming part of old brick walls found in the old tram 
depot, characteristic escape holes observed there, as well as environmental features, allowed 
identification of the presence of insects from the families of Anobiidae and Cerambycidae -
Hylotn1pes bajulus L. (Photo 3). These insects belong to the 1 st and 2nd classification group of 
technical timber pests based on the type of damaged wood and extent of damages Groups I 
and li comprise the most dangerous species which can go on destroying wood for severa! 
generations until complete destruction of sapwood and which cannot be eliminated by 
maintaining engineering construction prophylaxis. 

The most serious damage of timber construction elements and woodwork observed in 
the examined houses was caused by the presence of domestic fungi. Domestic fungi 
belonging to basidium fungi (Basidiomycetes) cause the most extensive structural damages in 
wood in the result of brown decomposition (mainly destruction of cellulose) and light 
decomposition (mainly degradation of lignin). In favourable conditions, biologica! 
decomposition of wood caused by a very dangerous group of domestic fungi can result in a 
rapid infestation of very extensive parts of timber constmctions, even in a matter of severa! 
months. In the case of the examined constmctions, locally, up to 90% losses oftimber volume 
in the result of brown and grey decomposition were recorded. Detailed qualitative and 
quantitative characterisation of construction timber damages in the examined objects caused 
by domestic fungi is presented in Table 1 and in enclosed photograph inventory. 
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Table 1 List oftimber construction elements affected by biocorrosion 
Type of examined Area infected by fungi Characterisation of Infestation by Remarks 

object causing brown or grey infestation technical timber 
decomoosition oests 

Rafter ftaming in Locally from about Tim ber discolouration: Not observed Leakage area - about 30% in 

hall of old 0.2 cm2 to about 5 blue, grey, white. black; summer and 50% in winter; 

buildings cm2
• Generally, from presence of myce!ium; COITOSion of bitumen roof 

10% to 30% brown and grey cover over infested areas; 
decomposition CIT Or in roof design and 

construction (Photo 4) 

Tim ber beams Loca I timber losses Discolouration: blue, - Iocally The most serious tissue losses 
foITning part of fr om 20% to over grey. white, black, escape holes 0 2 mm found in the ground beam and 
old btick walls 90% brown; prismatic cracks (A11obiźdae) bottom parts of the 

in wood; brown and amounting to about construction. 
grey decomposition I 60 per m2

; in fungi 
infested pmis - loca! 
timber losses from 
20-90%, 

- Iocally 
elliptical escape 
hol es 
(Cerambycidae) 
amounting from !OO 
- 190 oerm2

, 

Construction of a Surface. Loca! brown Tim ber discolouration: Advanced Decomposition in the 
wo od en and grey blue, grey, white, black. decomposition of neighbourhood of leaking 
summerhouse decomposition. The wo od tissue fr om water-drainage pipes. The 

most setious tissue about 20 to over 90% wooden construction is used 
losses found in the of wood volume; as a hiding place for insects. 
ground beam destruction caused by A nest was found about 2.5 m 

technical timber above ground. Many of these 
pests from the foITnic insects were found in the 
family (Fomicidae) neighbouring tree stands 

(about 30% of trees were 
infested) !Photo 2) 

It is evident from the above presented research results, that ąuantitative infestations of 
the examined objects were similar. The main difference concerned the agents of the observed 
bioc01Tosion resulting from their utilisation and location: town - an old tram depot and 
neighbourhood of forest - summerhouses. However, in both cases, an important task of 
administrative authorities is to control regularly the state of these objects because of 
favourable interna] and external conditions for the development ofbiodegradation agents. 

The observed damages in summerhouses resulting from the presence of the teclmical 
timber pest from the Formicidae family could be attributed primarily to the direct vicinity of a 
forest. 

Another cause of the observed infestation with timber insects was favourable 
conditions for their development inside the examined buildings consisting in insufficient 
moisture insulation in bathrooms and kitchens, inadequate protection treatment against insects 
of interna! constrnction elements: wood, fibreboard etc. 

The identified damages by the technical timber pest found in constructions of the tram 
depot occurred in the result of favourable external conditions (insolated wall - Cerambicydae 
- Hylotrupes bajulus L.; fungi infested construction timber-Anobiidae) (Krzysik 1974). 

The observed biodegradation caused by brown and grey rot fungi developed primarily 
in the result of inadequate ventilation (or its total Jack) of the above-mentioned rooms and, in 
the case of bottom parts (floor, ground beam), because of insufficient drainage of the 
foundation. The highest Jevel of wood degradation by domestic fungi was found to occur 
mainly in elements of increased humidity resulting from leaking water-drainage systems or in 
places exposed to increased humidity caused by atmospheric precipitation. It should also be 
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emphasised that the extent and level of the observed biodegradation of the examined 
buildings could also be attributed, to a considerable degree, to the Jack of proper inspection 
and inadequate treatment of timber constructions with preservatives. 

Summingup 
The performed investigations allowed to identify: 

e Localised bioconosion ofrafter framing ofbuildings of the old tram depot developed in 
the result of infestation by brown and grey rot fungi. In some places, the infestation 
exceeded 50% of the rafter area and could be attńbuted to leakages of the roof, 

~ Loca! damages of bottom parts of walls with wood beams - up to 90% of volume losses 
resulting from brown and grey rot fungi, 

o Dispersed damages reaching up to 50% of wood volume caused by insects from the 
group of technical timber pests from Anobidae and Cerambycidae families, 

e Advanced bioconosion - locally up to 90% - of volume loss of construction elements 
and woodwork of summerhouses caused by the presence of a technical timber pest, a 
timber-eating ant - Camponotus heculeanus ligniperda Latr. 

The performed investigations allowed determining that the main cause of damages and 
losses of wood of constructional elements was Jack of appropriate conservation and 
inspections. 

Majority ofbiodegradation in building industry can be attributed to errors perpetrated at 
the stage of designing and construction as well as during the utilisation of buildings. At the 
moment, there are two standards in operation conceming the design of timber constructions: 
PN-81/B-03150 (11) and PN-B-03150:2000 (2). Both of these standards refer to appropriate 
lega! regulations or standards from the area of protection of timber constructions against 
biocorrosion where appropriate requirements in this area are specified. 

It appears important to carry out investigations associated with timber biocorrosion and 
its consequences in view of the fact of inadequate attention paid to the above-mentioned 
standards by designers as shown by the absence of appropriate annotations in technical 
documentations of buildings with timber elements and of poor knowledge of users about 
threats posed to timber constructions by biologica! agents. This is very important when we 
remember that biodegradation agents can cause serious materia! losses resulting from 
shortening the service life of wooden elements by six times (Hardt 1998). That is why the 
objective of this study was to identify factors of biocon-osion, which are most dangerous for 
wooden constructions, causes oftheir appearance and to estimate possible extent of damages. 

It should be remembered that the effect of biodegradation factors on timber varies 
depending on: timber species and conditions of its harvesting and storage, character of loads 
timber is subjected to in a given construction. That is why it is essential for its condition to 
guarantee: appropriate choice of protection methods and chemicals, correctness of the 
technical design and realisation, approp1iate utilisation, inspection and current conservation of 
buildings. A comprehensive protection of timber against agents of biologica! destruction 
should comprise a wide range of treatments, which should form a coherent conservation 
system. Hence, timber protection in building industry should not be associated exclusively 
with the application of wood protection chemicals toxic for environment. Apart from actions 
connected with chemical impregnation, there are a number of activities which, when applied 
consistently and with appropriate skill and knowledge, will improve stability of constructions 
with wooden elements. 
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Photo I. Advanced decompositjon of timber (brown 
and grey) at the mounting of gutter. 

Photo 3. Section of a rafter fiaming in a workshop 
of an old ttam depot; visible is brown and grey 
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Photo 2. A section of the main wali beam in a 
workshop of an old ttam depot; visible are ttaces of 

Photo 4. Section of intemal wooden panelling and 
construction of a summerhouse: visible are distinct 



Streszczenie: Biologiczna korozja ko11stn1kcji drewnianych. Drewno jest materiałem ligno­
celulozowym, i ma swoją naturalną zmienność, co w pewnym zakresie znajduje 
odzwierciedlenie w klasach jakości tego materiału oraz skłonności do ulegania jego 
biodegradacji. Obecność czynników biokorozji oraz nadmierna ilość wad występujących w 
tarcicy konstrukcyjnej eliminuje taki materiał z zastosowań w budownictwie. Pojawienie się 
czynników biodegradacji w drewnie konstrukcyjnym, z biegiem czasu obniża jego 
wytrzymałość, co w rezultacie ma poważny wpływ na bezpieczeństwo użytkowania obiektu. 
Dlatego też celem niniejszego opracowania jest zagłębiona analiza czynników biokorozji 
drewna oraz przyczyn ich rozwoju. Materiałem realizacji tematu były drewniane konstrukcje: 
obiektów zabytkowej zajezdni i domków wypoczynkowych. 



Effect of salt preservative agents upon wettability of solidifled PV AC 
adhesives applied in woodworking industry 

Barbara Lis, Stanisław Proszyk, Tomasz Krystofiak 
Department ofG!uing and Finishing of Wood, Agricultural University of Poznań 

Abstract: Effect of salt preservative agents upon wettability of solidified PVAC adhesives 
applied in woodworking i11dust1y. The influence of salt preservatives agents added to PV AC 
adhesive on wetting properties of solidified layers formed on pine wood surface was 
determined. For experiments 3% Boramon, and 30% Ogniochron as a model preservatives, 
and two component PVAC adhesive were used. Preservatives were added in amount 2.5 and 
5.0%. These mixtures were then put with the applicator on pine wood surface as layers of 
thickness of 210 µm, which then were hardened. Contact angle for redistilled water on the 
surface of solidified adhesives was measured in the function of conditioning time, after 24, 
72, 168 and 336h. Surface free energy (Ys), work of adhesion (Wa) and surface tension on the 
interface (y8L) together with its dispersion and polar shares were calculated. It was stated 
among other, that glue layers characterized high Wa values over 100 mJ/m2

• System with 
Boramon showed highest values of Wa, following also the criteria ofminimizing of energy on 
the interface 

Key words: pine wood, salt preservative agent, PV AC adhesive, contact angle, adhesion 

Introduction " 
The possibilities of use of wood, especially in buildings, depends on the way of its 

connecting as well as protecting against environmental conditions, biotic agents and fire 
[Popowska and Bernatowicz 1998]. Many solution base first of all on glued wood, where the 
growing attention is paid to gluing of impregnated wood. Literature data state that individual 
preservatives can distinctly influence the state of surface of glued wood, .disadvantaging for 
example: wetting process, flow properties, and adhesive penetration. As a result of dissolving 
or diffusion, these agents can infiltrate adhesives, catalyzing or inhibiting the processes of 
their hardening or adhesion [Lutomski and Paprzycki 1988, Proszyk et al. 2002]. 

There are past papers that concerned investigation of surface free energy of 
polycondensation and polymerization adhesives on pine wood impregnated with salt 
preservatives [Lis and Proszyk 200lb, Lis and Krystofiak 200la, b]. As a conclusion ofthese 
research it was proved, among other things, that impregnated pine wood could be successfully 
subjected to gluing [Lis and Proszyk 200la]. 

To continue above problem, a research project of model character was undertaken, 
with the objective to determine the influence of salt preservatives added to PV AC adhesive on 
wetting properties of solidified layers on pine wood surface. 

Experiments 
For experiments, it was used: 

„ model preservatives agents prepared in laboratory conditions basing on producers' 
directions: 

4% Boramon 170 it is bioprotective and biocide preparation (on the base of quaternary 
ammonia salts, boron compounds, and aid agents) 

30% Ogniochron preparation with anti-fire action, protects also wood against fungi 
and insects (on the ammonium salts ofphosphate and sulphuric acids, urea, and boron 
compounds) 
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o two component PVAC adhesive catalyzed with hardener ( 20 % aluminium chloride). 
Glue mixtures, that were prepared following producers directions, then were added 

I 

preservatives of amount 2.5 and 5.0% dry mass respectively, relatively to dry adhesive 
substance. These mixtures were then put with the applicator on pine wood surface (density 
420±20 km/m3, MC 12±1%) as layers ofthickness of210 µm, which then were hardened in 
air-conditioned room (20±2°C, RH=65±5%). 

Contact angle for redistilled water on the surface of solidified adhesives was measured 
according to literature data, carrying out measurements in the function of their air 
conditioning time, after 24, 72, 168 and 336h. Basing on the obtained values of contact angle 
and theoretical assumption, surface free energy (Ys), work of adhesion (Wa) and surface 
tension on the interface (ysL) together with its dispersion and polar shares were calculated 
[Liptakova and Paprzycki 1983, 1984]. 

Results 
Fig. 1 presents results of investigation of Ys, Wa, YsL, as arithmetic mean value for 

considered systems. Basing on thermodynamic consideration of adsorption theory of 
adhesion, particularly focusing on ratio of Ys values of interacting materials, the adhesion of 
glue to substrate can be evaluated. Generally, it is assumed, that resistant bonds are 
developed, when Ys of solidified adhesives is !ower than Ys of surface of glued materials. 
Conside1ing, basing on literature data [Liptakova and Paprzycki 1983, 1984] rs=64.0 mJ/m2 

(Ysd=26.0; yl=38.9 mJ/m2
) for pine wood and comparing it with results of calculation 

peiformed for PV AC adhesive, it can be stated, that only Boramon slightly tampered 
beneficial relations that took place in adhesive-wood system. 

Adhesive layers characterized with high Wa values over 100 mJ/m2
• A correlation was 

observed between Wa and surface tension on the interface. When the Wa value is the higher, 
than the ]ower YsL is. However, it should be pointed out, that YsL values for PVAC adhesive 
supplemented with Boramon followed the criteria ofminimization of energy on the interfaces, 
which assumes that major condition of high adhesion is YsL value within the range of 1-3 
mJ/m2

. It is worth to point out here, that in case of Ogniochron, as the passage of layers' air 
conditioning time, only slight exceptions from the above presented criteria were observed, 
which <lid not extended the value of3.5 mJ/m2

• 
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Fig. 1. Effect of salt preservative agents (Boramon and Ogniochron) added to PVAC adhesive 
upon the course of surface properties of solidified layers and wood-adhesive system 
in function of conditioning time: a) surface free energy, b) work of adhesion, 
c) surface tension on the interface 

Conclusions 
1. PV AC adhesive layers catalyzed with hardener in form of solution of aluminium chloride 

with addition of salt preservative agents (Boramon and Ogniochron) characterized with 
more favorable relations ofys and Wa in wood-adhesive system. 

2. The share of Boramon in adhesive resulted in increasing of 'Ys value about 10%, while 
Ogniochron share slightly decreased it. 
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3. Glue layers characterized high Wa values over 100 mJ/m2
• Systems supplemented with 

Boramon showed highest values of Wa, following also the criteria of minimizing of 
energy on the interface. 
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Streszczenie: Wplyw solnych środków impregnacyjnych na zwilżalność zestalonych klejów 
PVAC stosowanych w drzewnictwie Celem pracy było określenie wpływu solnych środków 
impregnacyjnych dodawanych do kleju PV AC na zwilżalność zestalonych warstw na 
powierzchni drewna sosny. Do doświadczeń użyto Boramon i Ogniochron jako modelowe 
impregnaty oraz dwuskładnikowy klej PV AC katalizowany chlorkiem glinu. Do mas 
klejowych dodawano impregnaty w ilościach odpowiednio 2,5 i 5,0% i nanoszono na 
powierzchnię drewna w postaci warstw o grubości 210 µm, które utwardzono w 
klimatyzowanym pomieszczeniu (20±2°C, RH = 65±5%). Kąt zwilżania dla wody 
redestylowanej na powierzchni zestalonych klejów mierzono zgodnie z danymi 
literaturowymi, prowadząc pomiary w funkcji czasu ich klimatyzowania po upływie 

odpowiednio 24, 72, 168 i 336h. Z uzyskanych wartości kąta zwilżania obliczono ys, Wa oraz 
YsL wraz ze składowymi dyspersyjną i polarną. Na podstawie wyników przeprowadzonych 
badań m. in. stwierdzono, że warstwy klejowe charakteryzowały się wysokimi wartościami 
Wa wynoszącymi ponad 100 mJ/m2

• Układy z dodatkiem Boramonu wykazywały najwyższe 
wartości Wa spełniając jednocześnie kryterium minimalizacji energii na granicy faz. 

MS. Received August 30, 2002 
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Adhesion of UF glues prepared on the basis of reactive solvents to wood as a 
result of interaction surface forces 

Stanisław Proszyk1
), Mariusz Jóźwiak2\ Tomasz Krystofiak1

) 

1lDepa1tment ofG!uing and Finishing of Wood, Agricultural University of Poznań 
2lDepartment of Wood Based Materials and Gluing, Wood Technology Institute in Poznań 

Abstract: Adhesion of UF glues prepared on the basis of reactive solvents to wood as a 
result of interaction smface forces. In paper adhesion properties of adhesive obtained with 
the use of reactive solvents of urea (RS) with changeable molar ratio are presented. RS are 
synthesized at molar ratio F: U of 5.1: 1.0. Adhesive resins obtained through dissolving of the 
urea in the RS at molar ratio F:U in the range (1.8-1.0):1.0. For obtained adhesive layers on 
the surface ofbeech wood contact angle for redestilled water was measured. Then surface free 
energy, work of adhesion, and surface tension on the interface were calculated. It was stated 
among other, that UF resins prepared basing on RS show great similarity of surface forces 
with standard adhesives used in woodworking industry 
Key words: wood, reactive solvent, UF resin, hardening, contact angle, surface free energy, 
work of adhesion 

Introduction 
Elaborated in last time by the scientific team of Prof. Z. Wirpsza [Wirpsza, Kowalski 

and Stawarz 2001], anhydrous reactive solvents (RS) of urea are creating possibilities of 
obtaining UF adhesive resins with considerable limited content of water. The reactive 
solvents are the products of reaction of the formaldehyde with chemicals containing active 
hydrogen ions of groups C-H, N-H, and 0-H. In practice they are commonly waterless 
substances, liquid in room temperature, which could be modified and hardened. 

In our initial trials of experimental plywood and particleboard with the use of UF 
adhesives on the base of RS were obtained with fulfilling physical and mechanical 
requirements of the proper quality standards [Jóźwiak et al.2002 a, b]. It was stated among 
others, that plywood made with the use ofUF adhesives on the base of RS at F:U molar ratio 
in the range 1.2:1.0 - 1.8:1.0 is fulfilling requirements for the class 1 of gluing quality for 
indoor plywood acc. to the EN-314-2 standard. 

Evaluation of adhesion that bases on adsorption theory assumes investigation of 
surface forces of contacting materials. That approach makes possible theoretical 
determination of maxima! adhesion, assuming that all surface force actions are used. As a 
primary criteria of adhesion evaluation, work of adhesion (Wa) is considered. According to 
Dupre's equation, Wa is the difference between sum of surface free energy of solidified 
adhesion and substrate and smface tension on their interface. 

In this paper are presented results of the studies on adhesion of the UF glues obtained 
on the basis of RS with changeable molar ratio F:U to wood at comparable hardening 
conditions. 

Materials and methods 
In experiments was applied RS synthesized at molar ratio F: U of 5.1:1.0, with water 

content 4.74 %, dynamie viscosity 1200 mPa·s and pH 6.1. Adhesive resins were obtained 
through dissolving urea in RS in quantities c01responding with the molar ratios F: U in the 
range (1.8-1.0):1.0 in the step every 0.2 mole. Process was carried out on water bath in 
temperature 80°C, till to the moment of total dissolving of the urea. After obtaining of 
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unif01m solution, UF resins w.ere cooled down to temperature 20°C. Time of preparation of 
the resins and their fundamentals prope1iies in Table 1 are presented. 
Glue mixtures were made with addition of hardener NH4CJ in quantity 0.5 p.w. /100 p.w. of 
resin and spread in amount 165±5 g/m2

• Adhesive layers on the surface ofbeech wood (Fagus 
sylvatica L.) were hardened at the following constant parameters (open assembly time 10 
min, pressing pressure 0.1 MPa, temp. 100°C, time 6 min). 
Then samples were conditioned (temp.20±2°C, and RH 65±5%), and after lapse time 24, 48, 
72 and 168 h contact angle for redestilled water of the surface of adhesive layers was 
measured with microscopic method's. 

Results 
Prope1iies of UF resins obtained with the application of RS sol vent are presented in 

Table 1. On the base of analysis of obtained results, it can be stated, that together with 
increase molar ratio F:U, the time of dissolving of urea in temp. 80°C is lowering from 8 to 
4.5 min, while the gelation time in 100°C from 48 to 27 s. The most stable resins were 
obtained for molar ratio F:U in the range of 1.1:1.0-1.2:1.0. 

TABLE 1. Prope1iies of UF adhesive resins obtained through dissolving of urea in reactive 
solvents with their adopted marking 

Marking Molarratio Time of dissolving Viscosity Gelation time pH Stability 
of glue rnixtures F:U of urea in 100°c 

min mPa·s s (-) h 

M-1 1.0: I.O 8.0 1800 48 5.7 2 
M-2 1.1:1.0 6.5 1800 42 5.5 96 
M-3 1.2: I.O 6.0 1400 35 5.5 120 
M-4 1.3: I.O 5.0 1500 32 5.5 72 
M-5 1.4: I.O 5.0 1700 29 5.6 48 
M-6 1.6: 1.0 4.5 1700 27 5.5 48 
M-7 1.8: I.O 5.0 2300 27 5.5 48 

Surface free energy (ys) ofhardened UF resins was calculated according to Neuman et 
al. 1974 and Liptakova 1980 and its dispersion and polar shares acc. to Kloubek 1974. Values 
of(ys) for beech wood were adopted following Liptakova 1987 (ys=67.6 mJ/m2

; y/'=24.7 and 
yl=42.9 mJ/m2

). It is wo1ih to state here that these values slightly differ from previous data 
included among others in papers of Nguyen and Johnson 1978 and Wehle 1979. However 
they more precisely describe surface free energy of wood since Liptakova and Kudela 1994 
managed to limit the influence of pornus wood structure and its surface unevenness on 
wetting hysteresis. Work of adhesion of wood-resin system and surface tension on the 
interface were calculated using f01mulas from literature [Liptakova and Paprzycki 1983]. 
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TABLE2 C f I . fi ontact ang e o g ue ayers m unct1on o f d. · con 1t10nmg time 
Marking of glue Conditioning Statistical data 
mixtures (acc. to time [h] Xma~ X X min V 

Table 1) [deg] [%] 
24 60.95' 55.06 49.20 6.76 

M-l 72 68.78 63.46 57.85 5.43 
168 70.05 63.88 60.97 4.49 
24 58.42 56.56 55.15 1.90 

M-2 72 66.87 64.42 60.70 3.24 
168 67.72 65.18 62.25 3.28 
24 68.50 63.76 58.18 4.29 

M-3 72 72.85 68.83 62.53 4.61 
168 72.50 69.22 66.40 3.85 
24 68.88 66.07 62.95 3.19 

M-4 72 70.68 69.26 66.62 1.91 
168 71.70 69.94 68.00 1.53 
24 68.85 67.00 66.00 1.26 

M-5 72 73.28 71.87 68.70 2.3 l 
168 73.40 71.99 70.77 1.36 
24 71.90 67.92 65.77 3.79 

M-6 72 72.22 70.88 69.13 1.55 
168 85.55 72.73 67.47 9.14 
24 73.38 71.46 69.32 2.12 

M-7 72 75.35 73.45 71.30 1.97 
168 81.82 75.39 69.42 6.10 

The results of measurements of contact angle of glue layers together with elementary 
statistic estii:nation are presented in Table 2. The analysis of these data proves that values of 
contact angle is higher as the molar ratio of F:U raises. For example at molar ratio of 
F:U=l.0:1.0 (glue mixture M-1), contact angle of layers determined after 24h of air 
conditionig was 60.95 deg, while for F:U-1.8:1.0 (glue mixture M-7) this value was 73.38 
deg. The stated relation shows that as the molar ratio ofF:U raises, obtained layer characterize 
with higher hydrophobicity. 
As a result of analysis of data from Table 2 it can be predicted that during air conditioning of 
layers an increment of contact angle took place, what can be explained with the additional 
crosslinking ofresin. 
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TABLE 3 Surface free energy (Ys) with their dispersion (Ysd) and polar (YsP) shares of glue 
layers in function of conditioning time 

Marking of g1ue mixtures Conditioning Ys 'Vs" 'Vl 
(acc. to Table 1) time [h] mJ!m" 

24 50.34 32.54 17.80 
M-1 72 45.40 32.79 12.61 

168 45.15 32.78 12.37 
24 49.46 32.64 16.82 

M-2 72 44.83 32.77 12.07 
168 44.39 32.74 11.65 
24 45.22 32.78 12.44 

M-3 72 42.28 32.54 9.74 
168 42.05 32.50 9.55 
24 43.88 32.71 11.17 

M-4 72 42 .. 03 32.50 9.53 
168 41.64 32.44 9.20 
24 43.34 32.66 10.68 

M-5 72 40.54 32.25 8.29 
168 40.48 32.24 8.24 
24 42.80 32.60 10.20 

M-6 72 41.10 32.35 8.75 
168 40.06 32.15 7.91 
24 40.77 32.29 8.48 

M-7 72 39.65 32.06 7.59 
168 38.56 31.79 6.77 

In Table 3 results of calculation of Ys for glue layers were presented. Depending on 
molar ratio F:U in glue mixtures, after 24h of air conditioning these values varied 40.77-50.34 
mJ/m2

• These values together with dispersion and polar share comply literature data for 
hardened UF adhesives used in standard version [Paprzycki and Pajdosz 1992, Proszyk and 
Krystofiak 2001]. For example Paprzycki and Pajdosz in research on the influence of 
hardening parameters of UF adhesives on Ys value, stated that ys varied within a range 37.12-
43.42 mJ/m2

• During air conditioning oflayers a lowering ofys value took place, because of 
decreasing of polar share. Considering ys=67.6 mJ/m2 for beech wood and comparing it with 
data from Table 3 for tested glue mixtures, occurred relation can be considered beneficial in 
the light of adsorption theory of adhesion. 

Glue layers characterized with high Wa value5 within a range of 94.64-111.97 mJ/m2 

after 24h of air conditioning. Work of adhesion value complied with literature data for wood­
UF adhesive system. It show the possibility of strong bonding between wood and UF resin. 

Conclusions 
1. The wettability of hardened layers from UF resins that bases on reactive solvent (RS) 

depends on molar ratio of F:U in adhesive. As the ratio increases the value of contact 
angle gets higher. During air conditioning of layers the increase of contact angle value 
took place. 

2. The values ofboth surface free energy ofhardened UF resins based on RS, and work of 
adhesion in beech wood-resin system follow the criteria of adsorption theory of adhesion, 
showing the possibility of strong bondings. 

3. UF resins prepared basing on RS show great similarity of surface forces with standard 
adhesives used in woodworking industry. 
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Streszczenie: Adhezja klejów UF sporządzonych na bazie reaktywnych rozpuszczalników do 
drewna wywołana oddziaływaniem sił powierzchniowych. Określano adhezję do drewna 
klejów UF uzyskanych na bazie reaktywnego rozpuszczalnika mocznika (RS) 
syntetyzowanego przy stosunku molowym F:U jak 5,1:1,0. Klejowe żywice otrzymywano 
poprzez rozpuszczenie mocznika w RS przy stosunku molowym F:U (l,8-1,0):1,0. Dla 
uzyskanych warstw klejowych na powierzchni drewna bukowego dokonywano pomiarów 
kąta zwilżania dla wody redestylowanej. Następnie obliczono swobodną energię 

powierzchniową, pracę adhezji oraz napięcie powierzchniowe na granicy faz. Stwierdzono 
m.in., że kleje UF sporządzone na bazie reaktywnego rozpuszczalnika wykazują bardzo 
zbliżone relacje w zakresie sił powierzchniowych do produktów standardowych stosowanych 
w przemyśle drzewnym. 
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Studies of suitability of epoxy and polyester adhesives for gluing wood with 
steel 

Stanisław Proszyk, Tomasz Krystofiak, Sławomir Kurtyka 
Department ofGluing and Finishing of Wood, Agricultural University of Poznań 

Abstract: Studies of suitability of epoxy and polyester adhesives for gluing wood with steel. 
The possibilities of use of bonding agents for connecting wood with steel were investigated 
threw detennining strength, water- and thermal resistance of glue lines. For experiment 2 
adhesive resins were selected of trade name EPIDIAN 57 and POLIMAL VE-2MM, which 
were used for gluing general purpose St3SX steel with pine and beech wood. Before gluing 
the steel surface was prepared by sanding or pickling. For investigation of glue line shearing 
strength ITL samples were used, while splitting test samples were prepared acc. to BN-
7717103-13 standard. Strength, water- and thermal resistance of glue lines were determined 
following the procedures included in PN EN 204 and WATT'91 directions. Considerably 
better results were obtained for epoxy glue lines, that followed only requirements defined for 
interior conditions ofuse. 

Key words: wood, steel, epoxy adhesive, polyestet adhesive, glue line, strength, durability 

Introduction 
The pieces of some exploited construction solutions, for example of wooden beams in 

ceiling or roof sheathings, undergo total damage particularly because of moisture and .biotic 
factors. There are several methods of increasing strength or repairing of such beams, for 
example: the replacement of damaged part, increasing strength with steel framework, gluing 
on compression side: polyester rods reinforced with glass fiber, steel sheets, steel rods, steel 
straps, straps reinforced with carbonic fiber [Penczek 1986, Mielczarek 1994, Jasieńko and 
Rapp 2001]. In order to keep required rigidity and stability of who le system, it is popular to 
strengthen the construction with metal elements using adhesives that ensure proper strength of 
various joins. Results ofpublished research on gluability ofwood with steel sheet dates quite 
early years [Zenkteler and Tyszka 1968, Kocoń f974]. Thus a scientific project was 
unde1iaken with the objective to determine, in laborat01y conditions, the usefulness of 
contemporarily offered epoxy and polyester adhesives for joining wood with metals, with 
particular consideration of way of preparation of steel surfa ce for gluing. 

Experiments 
For experiments the following adhesive resins were used: 
o EPIDIAN 57 epoxy resin with Z-I hardener (triethylenetetraamine) and MARTINAL 

ON-310 filler (aluminium hydroxide) 
o POLIMAL VE-2MM polyester resin with hardener (hydrogen peroxide of methyl 

ethyl ketone), accelerator (10% cobalt naphthenate) and AEROSIL (silicon dioxide)­
thixotropic agent. 

Definite weight (±0,0lg) of EPIDIAN 57 adhesive was prepared using the following 
prop01iions: 100 mass parts of resin, 10 mass parts of Z-1 hardener and 100 mass parts of 
MARTINAL-ON 310 filler. POLIMAL VE-2MM adhesive was prepared following the 
propo1iions: 100% ofresin, 2% ofhardener, 1.5% ofaccelerator and 0.5% of AEROSIL. 

For gluing pine wood (Pinus sylve:jtris L.) of density of 450±50 kg/m3 and beech 
wood (Fagus sylvatica L.) of density of 650±50 kg/m3 were used at MC 8±1 %. For joining 
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with wood, general purpose steel St3SX was used, which surfaces were preliminarily 
degreased with acetone. Then some of the samples were subjected to sanding operation in 
special chamber with stream of quartz sand of granularity of 65µrn at pressure of 0.6-0.7 
MPa, while the surfaces of the rest ofsamples were pickled with liquid prepared at the ratio of 
1:1 (v/v) from hydrochloric acid of36% concentration and distillated water [Brojer; He1iz and 
Penczek 1982]. Pickling time was 8 - 10 min at temperature 20±2°C. After taking out of the 
solution, samples were washed again with acetone in order to rinse and accelerate surface's 
drying. Gluing process was carried out according to adhesive producer's directions. For 
investigation of glue lines shearing strength three-layer ITL samples were used, while for 
splitting test samples acc. to BN-77/7103-13. Strength, water- and thermal resistance of glue 
Iines were determined following procedures included in PN EN 204 (tests no. 1-3) and 
WATT'91 directions (Anonymous 1991). 

Resułts 

Fig 1-3 presents results of investigation of shearing strength of glue lines, respectively 
after tests number 1, 2, and 3 acc. to PN-EN 204 and after lh of sample's heating in 
temperature 80 and 100°C acc. to WATT' 91 procedure. Obtained results in most cases 
express real glue lines shearing strength in wood-steel system, not glued wood. Evaluating the 
influence of tested bonding agents for gluability of wood with steel, it was stated that, 
considerably better results were obtained for surfaces subjected to sanding. It means that steel 
surface after this process has more expanded structure, which benefits it's gluability. 

On the base on can-ied out studies it was stated that glue lines from both adhesłves did 
not meet requirements ofwater resistance tests acc. to PN-EN 204, which was also proved by 
analysis of the disconnection of glue lines at destructive loading. In al most case, destruction 
was in 100% in cohesion Iayer of glue lines. 

Relatively good strength (5.6 MPa) of glue lines subjected to theffilal resistance test 
(80°C) was obtained both for EPIDIAN 57 and POLIMAL VE-2MM for sanded surfaces of 
the steel. The lowest strength of glue lines subjected to splitting for samples prepared from 
pinewood and steel of pickled surface was obtained for polyester adhesive. Fig. 4 presents 
relative results of glue line's strength for splitting of samples prepared foffil beech wood. The 
highest values of glue lines strength, that in this case reached the Ievel of 6.2 daN/cm, were 
obtained for EPIDIAN 57 adhesive. 
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Conclusions 
1. For considered EPIDIAN 57 and POLIMAL VE-2MM adhesives used for gluing pine 

and beech wood with general purpose steel, it was stated that depending on wood 
species and particularly on the way of steel surface preparation, there was considerable 
variance of glue lines shearing strength within a range 0.34- 10.47 MPa. 

2. The highest shearing strength of glue lines after test number 1 acc. to PN EN 204 was 
showed by samples form beech wood. These values for EPIDIAN 57, depending on 
the way of surface preparation (pickling-sanding), were: 2.18 and 10.47 MPa. 
Considerably !ower glue lines strength was obtained for samples glued with 
POLIMAL VE-2MM, which was respectively l.63 and 2.12 MPa. 

3. In water resistance tests significant lowering of glue lines strength were observed. The 
biggest changes took place after test 3 acc. PN EN 204, in which only glue lines 
prepared on steel after sanding showed slight strength. Evaluated adhesives are 
unsuitable for preparation of glue lines capable of contacting with water. 

4. The highest values of glue lines splitting strength were obtained for samples prepared 
from beech wood. Using EPIDIAN 57 for variously prepared steel surface, obtained 
results laid within a range 13.7-13.0 daN/cm, while use of POLIMAL VE-2MM 
resulted in 4.7-6.6 daN/cm. 

References 
1. ANONYMOUS, 1991: Kleben von Holz. WATT'91- Wood Adhesive Temperature Test. 

Pri.ifmethoden fiir Holzklebstoffe fiir nichttragende Bauteile. Bestimmug der 
Klebfestigkeit von Liingsklebungen im Zugversuch in der Wiirme. Adhiision, 33 (7 /8): 28-
29. 

2. BROJER Z„ HERTZ Z„ PENCZEK P„ 1982: Żywice epoksydowe. WNT Warszawa. 
3. JASIEŃKO J„ RAPP P„ 2001: Metody napraw i wzmacniania zabytkowych konstrukcji 

drewnianych (maszynopis opracowania w Katedrze Klejenia i Uszlachetniania Drewna). 
4. KOCOŃ J„ 1974: Naprężenia termiczne w spoinie klejowej drewno-metal i drewno­

drewno. Przemysł Drzewny, 25 (8): 34-35. 
5. MIELCZAREK Z„ 1994: Budownictwo drewniane. Wydawnictwo ARKADY. 

Warszawa. 
6. PENCZEK P. (1986): Epoxidklebstoffe: Fortschritt in den 80er Jahren. 1. Teil. Die 

Komponenten der Klebstoffe. Adhiision, 30 (4): 19-27; 2. Teil. Eigenschaften und 
Anwendungen der Klebstoffe. Adhiision, 30 (5): 27-34. 
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Streszczenie: Badania przydatności klejów epoksydowych i poliestrowych do łączenia 
drewna ze stalą. Określano możliwości stosowania środków wiążących do łączenia drewna ze 
stalą poprzez określenie wytrzymałości, wodo- ·i termoodpomości spoin klejowych. Do 
doświadczeń wytypowano 2 żywice o nazwach handlowych EPIDIAN 57 oraz POLIMAL 
VE-2MM, którymi sklejano stal ogólnego przeznaczenia St3SX z drewnem buka i sosny. 
Przed klejeniem powierzchnię stali przygotowywano poprzez piaskowanie lub trawienie. Do 
badania wytrzymałości spoin na ścinanie użyto próbek ITL a na rozszczepianie wg BN-
7717103-13. Wytrzymałość, wodo- i termoodpomość spoin określono zgodnie z procedurami 
zawartymi w PN EN 204 oraz wytycznymi WATT'91. Zdecydowanie lepsze rezultaty 
uzyskano dla spoin z kleju epoksydowego, spełniających jedynie wymagania określone dla 
suchotrwałych warunków użytkowania. 
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Effect of kind of hardener in epoxy resins applied for gluing wood 
on the strength and durability of glue lines 

Stanisław Proszyk, Tomasz Krystofiak, Przemysław Thiele, Barbara Lis 
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Abstract: Effect of kind of hardener in epoxy resins applied for gluing wood on the strength 
and durability of glue lines. Studies on the effect of kind of hardener in epoksy resin on the 
strength and durability of glue lines. For experiments EPIDIAN 57 resin, and Z-1, TFF and 
PAC hardeners were used. Shearing strength at tension (acc. to PN EN 205) and compression 
Ioading (acc. PN-B-03156) were determined. Strength and durability of glue Iines after 
selected tests were determined acc. to PN EN 204 standard and technical approval ITB. On 
the basis of carried out experiments it was stated among others, that no matter which hardener 
applied in the resin, obtained glue lines followed only requirements in D 1 - D2 durability 
classes acc. to PN EN 204 and test number 1 ofITB technical approval. 

Key words: wood, epoxy resin, hardener, glue line, strength, durability 

Introduction 
In some special processes of wood gluing, like bonding wood with other materials, 

epoxy adhesive resins (E) are used. Epoxy adhesives are in continuously wider use during 
renovation ofwooden monuments [Ciabach 1992]. 

For hardening of E resins in not raised temperature first of all (aliphatic polyamine, 
products of amine and polyamineamide) are used. The amount of hardener should be 
accurately calculated depending on concentration of epoxy groups in the resin, because the 
excess of non-reacted (amine) results in lowering of glue lines strength [Brojer, Hetiz i 
Penczek 1982]. 

Past investigations ofpossibilities ofE adhesives' usage in wood industry [Olson and 
Blomquist 1962, Zenkteler and Tyszka 1968, Zenkteler and Sobczak 1975, Vick 1997, Vick 
and Okkonen 1997] showed their considerable usefulness, especially for gluing ofwood with 
metals and some plastics. 

The analysis of literature data proves that until now E adhesives and particularly the 
problem of their hardening were not paid much attention. In order to enriching current 
knowledge a research project was undertaken, with the objective to determine, in laboratory 
conditions, strength and durability of glue lines from E adhesives using various hardeners. 

Experiments 
For experiments EPIDIAN 57 adhesive resin was used, for which curing the following 

hardeners were used: 
0 Z-1- on the base on triethylenetetraamine 
" TFF - product of reaction of phenol, formaldehyde and secondary polyamine 
• PAC - product of condensation of unsaturated fatty acids with polyamide. 

As a filler aluminum hydroxide was used as trade product named MARTINAL ON-310. 
Table 1 shows components of prepared adhesive mixtures together with their adopted 
marking. 
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TABLE 1 C "f f 1 . t ompos1 10n o g ue m1x ures an dh" d td t eir a op: e k" mar mg 
Amount of components Filler 

[p.b.w.] [%] 

EPIDIAN 57 Hardeners (in relation Marking 

res in Z-1 TFF PAC 
to dry mass 

ofresin) 
- - - M-1 

10 - - 5 M-2 
- - 10 M-3 

100 - 22 - - M-4 
- - 50 - M-5 
- - 65 - M-6 
- - 80 - M-7 

For gluing beech wood (Fagus sylvatica L.) with density 650± 30 kg/m3
, and pine 

wood (Pinus sylvestris L.) 520±30 kg/m3
, at MC 10± 1% were used. Samples for 

determination of shearing strength at tension (acc. to PN EN 205 standard) and compression 
loading (acc. PN-B-03156) were prepared. Glue mixtures which prepared acc. to Table 1, 
spread in amount l 10±5g/m2 (one side), close assembly time was 10 min, pressing carried out 
in screw clamp in time 24 h (T=20±2°C, RH=65±5%). Strength and durability of glue lines 
after selected tests were determined acc. to PN EN 204 standard and technical approval ITB 
[Anonymous 1998]. 

Results 
Figures 1-3 show the comparison of example results of shearing strength of glue lines 

at various loading, after selected durability tests. It was stated, that no matter which hardener 
was added to EPIDIAN 57, glue lines followed only requirements ofDl-D2 durability classes 
acc. to PN EN 204 and test no 1 acc. ITB technical approval. The highest durability was 
showed by glue lines from glue mixtures with PAC hardener, in which failure at destructive 
loading took place in 100%in cohesion layer. 

The highest thermal resistance was showed by glue lines from EPIDIAN 57 with TFF 
hardener, and slightly !ower with Z-1 and PAC. All of them followed strength requirements of 
chosen experimental procedures, which guarantees the achievement of high temperature 
resistance. 

„ 
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1. Glue lines from EPIDIAN 57 resin with Z-1, TFF and PAC hardeners, and MARTINAL 
ON-310 filler showed the shearing strength in interior condition of 10.5-18.7 MPa, 
depending on the way of loading acting (tension, compression). The most preferable 
properties of glue lines from EPIDIAN 57 resin were obtained using TFF hardener. 

2. No matter which hardener obtained glue lines followed only requirements in Dl - D2 
durability classes acc. to PN EN 204 and test number 1 ofITB technical approval. 

3. Glue lines from E resin with various hardeners and filler showed very high thermal 
resistance, that considerably exceeded requirements of stated procedures. 
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Streszczenie: Wpływ rodzaju utwardzacza w żywicach epoksydowych przeznaczonych do 
klejenia drewna na wytrzymałość i odporność spoin klejowych. Badano wpływ rodzaju 
utwardzacza w żywicy epoksydowej na wytrzymałość i odporność spoin klejowych. Do 
doświadczeń użyto żywicę EPIDIAN 57 oraz utwardzaczy Z-1, TFF i PAC. Określano 
wytrzymałość spoin na ścinanie metodą rozciągania wg PN EN 205 i ściskania wg PN-B-
03156. Badano odporność po wybranych testach wg PN EN 204 oraz aprobaty technicznej 
ITB. Na podstawie wyników przeprowadzonych badań m.in. stwierdzono, że spoiny z kleju 
EPIDIAN 57 bez względu na rodzaj i ilość użytego utwardzacza spełniały jedynie wymagania 
odporności w klasach D 1 - D2 wg PN EN 204 oraz testu nr 1 aprobaty technicznej ITB. 
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Investigations of thermal resistance of glue lines from hot melt adhesives 
for upholstery furniture production 
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Abstract: Jnvestigations of thermal resistance of glue lines from hot melt adhesives for 
upholste1y fi1rniture production. The objective of the paper was the examination of thermal 
resistance of glue lines from selected upholstery HM adhesives, considering the influence of 
adhesive type and elastic properties of used PUR foams. For the experiments 3 adhesives of 
Jowatherm (240 OO, 242 OO and 267 OO) group ąnd 5 types of PUR foams were used. Basing 
on the results of the experiment it was found that tested Jowathe1m adhesives showed varied 
the1mal resistance of glue lines and considering that feature, they can be arranged (in 
descending order) as follows: 242 OO > 240 OO > 267 OO. It was proved that there was a 
coffelation between thermal resistance of glue lin es and elastic prope1iies of PUR foams. 

Key words: upholstery furniture, HM adhesive, PUR foam, elasticity, glue line, thermal 
resistance -

Introduction 
For gluing of various materials used in upholstery fumiture production solvent-bom 

adhesives are widely used [Bernaczyk and Proszyk 1995, Sedliacik 2002]. Recently an 
introduction ofhot-melt and dispersion adhesives to industrial practice began as proecological 
solution [Hilbrath 2000a, b, c, Pivoluska 2002]. However, the achievement of acceptably 
high thermal resistance of glue lines especially from HM adhesives, keeping relatively high 
mechanical strength and elasticity of glue lines causes some difficulties. It is because these 
adhesives base on APAO and EVA thermoplastic polymers or EPR, EPDM, SBS and SIS 
rubbers. 

As it was stated during until now pe1formed investigation, the elastic properties of 
polyurethane foams influence on the thermal resistance of glue lines. The estimation of glue 
lines resistance basing on softening point is misleading, since this resistance depends on 
prope1iies of glued materials, particularly on thermal expansion, relation of adhesion and 
cohesion forces and values of stresses. 

The analysis of literature proves that besides few research papers and general data 
placed in various catalogues and instruction of application of individual adhesives for 
upholstery furniture production, there is a Jack of published information that spotlight the 
problem of thermal resistance of glue lines form HM adhesives. Thus a experimental 
scientific project was undertaken with the objective to determine the thermal resistance of 
glue lines from HM adhesives, that base on various polymers, together with elastic properties 
of PUR foams. 

Experiments 
For the experiments 3 Jowathe1m adhesives on the AP AO, and rubbers basis were 

used. Their properties are shown in Table 1, which bases on producer's catalogue data. 
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TABLE 1. Prope1ties of Jowatherm adhesives 

Properties Kind of Jowatherm adhesive 
267 oo 240 oo 242 oo 
APAO Thermoplastic rubbers 

Densitv r g/cmjl 0.95±0;Q2 
Apparent viscosity [mPa·s] in temp.[0 C]: 

140 - 5000 -

160 - - 2300 
180 6250 - -

Softening temp. acc. to Kofler's heating 65-75 50-60 70-80 
metal f0 C] 

Application temperature (0 C] 180-190 140-160 

Five standard PUR foams were selected labeled as: VP18, VP2015, VP2540, VP3050, 
VP35). Some chosen prope1ties of these foams, basis on cataloque data of producer are 
presented in Table 2. 

TABLE 2. Properties of PUR foams 
Kind of foams 

Properties VP18 VP2015 VP2540 VP3050 VP35 
Apparent density fkg/m.il 18 20 25 30 35 
Hardness CLDfkPa 40%1, at least 250 210 425 500 450 
Stability deformation [%], no 7 7 7 7 6 
morethan 
Tensile strength [%],at least 200 200 150 100 150 

To examine thermal resistance of glue lines, an experimental procedure was chosen, 
which had been developed in JOWAT firm laboratories in Detmold. This method basis on 
evaluating the degree of failure in glued PUR foam samples in relation to the temperature of 
heating chamber and the time of exposition. The principle of this procedure was described by 
Proszyk, Bródka and Krystofiak 2001. 

Results 
Table 3 presents the comparison of values of thermal resistance of glue lines from 

investigated adhesives considering the type of glued foams. As the result of general analysis 
of data, the highest values of the1mal resistance were shown by Jowatherm 242 OO adhesive 
glue lines. Depending on foam type, glue lines underwent total disconnection after 20 min in 
temperature 60°C (except samples from VP3050 foam). Disconnection degree of glue lines 
after 30 min in temperature 50°C did not exceed 25%, which means, that this warm did not 
considerably affect on the the1mal resistance of glue lines. This set of results clearly presents 
the dependence of the1mal resistance of glue lines on elastic properties of used foams. 

-217-



I 
I 

I 
TABLE 3. Results of the investigations ofthermal resistance of glue lines from HM: 

Jowatherm adhesives li 

Kind of Parameter's of ', Kind offoam [acc. to Table 2] 
Jowatherm L-_e::.:.x:.i::pc.::er:.:;im=e::.:.nt:::.s _ _,_l..j__ __________ ~---~-----i 
adhesi ve Temp. Time [ 1--VP-.:....::...=-18=--..l...-VP'-=-=2=-=0.:.;.l"-5 -'-V~P2=.c5=--4:...:0__,_--'VP-"-'-3--'-0"-50:.......c_VP_3_5--1 
[ acc. to [0 C] [min] A verage degree of disconnection of glue line [%] 

Table 11 
10 5 5 10 15 5 

240 oo 50 20 15 20 20 25 20 
30 30 45 60 35 40 

60 10 100 100 100 100 100 
10 o o o 5 5 

50 20 5 10 10 25 10 
242 oo 30 20 20 25 35 20 

60 10 70 65 60 100 75 
20 100 100 100 100 
10 5 o 5 20 o 

50 20 20 15 35 45 5 
30 40 30 75 100 

267 oo 10 60 ·55 100 100 
60 20 100 75 

30 100 

I 

Conclusions [ 
1. The thermal resistance of exa~ined glue line~ strictly depends on adhesive type that is 

used for foam gluing. The experiment results show that considering the thermal resistance 
of glue lines, the examined HM Jowatherm adhesives can be arranged (in descending 
order) as follows: 242 OO> 240 OO= 267 OO. 

2. Significant connection was ob~erved between thermal resistance of glue lines and elastic 
properties of used PUR foam łypes. The lowest hardness and higher value of permanent 
deformation of foams result i~ higher thermal resistance of examined glue lines. Results 
of comparison of samples b9nded with the same glue allow ordering foams (in the 
descending order of thermal resistance of glue lines) as follows: VP2015 > VP18 2:: 
VP2540;:::: VP35 > VP3050. 

1

j 
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Streszczenie: Badania termoodporności spoin z klejów topliwych przeznaczonych do 
produkcji mebli tapicerowanych. Badano termoodpomość spoin z wybranych klejów 
tapicerskich z grupy topliwych z uwzględnieniem wpływu rodzaju kleju i właściwości 
sprężystych stosowanych pianek PUR. Do doświadczeń użyto 3 kleje Jowatherm bazujące na 
APAO i kauczukach termoplastycznych oraz 5 rodzajów pianek PUR. Te1moodpomość spoin 
określono zgodnie z procedurą badawczą opracowaną w laboratorium firmy JOW AT. Na 
podstawie rezultatów przeprowadzonych badań wykazano, że te1moodpomość spoin jest 
ściśle związana zarówno z rodzajem kleju jak i właściwościami sprężystymi pianek. Im 
mniejsza gęstość pozorna i twardość pianek, tym wyższa termoodporność testowanych spoin 
dla danego kleju. 
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IlpmueHeHe YJihTpa3BYKOB ~ raMMa H3JiyąeHHH AJIH KOHTpOJihH CTerreHH 
!1 

coxpaHemrn ApesecnhIX KOHJTPYKU:HOHHh~X :meMeHTOB 

Piotr Mańkowski, Robert Jak9biak, I Edmund Gierlik I 
Wydział Technologii Drewna SGGf w Warszawie 

Cop:ep:m:auue: Hccnep:osaHiuo rr~):IBep)!(eHo 70-neTHIOIO cTporr11nbHY10 Hory 113 KOCTena. 
I13MepeHeHo cKopocTh ynhTpa3BYfOB 11 nnoTHOCTl1 p:pesec11Hbl. Ha ocHoBe rrony11eHHbIX 
pe3ynhTaTOB ITJ10THOCTl1 p:peBeC~Hbl 11 CKOpOCTl1 Yl1bTPa3BYKOB BbllJl1CJ1eHO MOL\Yllb 
yrrpyrocT11 p:pesec11HbI. 'I 

Tipep:nmKeHHbie MeTO.[\bl 11ccJ1e.[\OBaH11a c ycrrexoM MoryT 6b!Tb 11CITOJ1b30BaHbl .[\JlH 
Hepa3pywa10ll\ero 11crrb1TaH11a ĆoxpaHeH11a ):lpeseCHhIX KOHCTPYKI..\1111. Tip11MeHeHHaa 
MeT0.[\11~a 113MepeHl1H IT03BOnae~ KOHTpon11posaTb CTeneHb coxpaHeHHH 3J1eMeHTOB 
ITOCTp011Kl1. I 

I 

BBep:eune I: 

HecOMHeHHO TIOJ10JKl1TenHOH CTOpOHOtt Hepa3pywa!Oll\11X MeTO.[\OB HCCJ1e.[\OBaHH 
MaTep11anoB 6I,ma 3aMelJeHa B TI~HMeHeHl111 K 11CCJ1e.[\OBaHHM MeTanl1 HJil1 KepaMl1lJeCKl1X 
113p:en11i1, TaM nonyąeH orrbIT 06ne~ą11n HX rrp11MeHeH11e ):I.fm ApesecHHbI. -

,[(na 113MepeHl1H MeCTHOtt TIJ10THOCTl1 ,npeBeCl1Hbl c ycnexoM 6blna.np11MeHeHa TeXHl1Ka 
113Mepemrn a6cop6u1111 H pacceaHH~ raMMa H3nyąeHl1H ,npesecHHOtt. 

H3TIOJ1b30BaH11e TeXHl1K 113MepeHHH CKOpOCTH ynbTpa3BYKOB .[\JlH KOHTpona MeCTHbIX 
CBOHCTB p:peBeCl1Hbl rrpe,ncTaBnanopb HeonopHHMbIM. 

TIOBe~x=~~,:i:xM~~:;~~: ~~~Jl~~~~::: ::~:~=~CT:0:~~e;;:~~ ~~:;:;;~H:: ~~;~~=o= 
yąacTKe MaTepHana. TaKoti rro.nxo.u .uan B03MO)l(HOCTb cKaH11posaTb secb MaTep11an. TeM 
caMbIM B Haweti MeTo.ue ):Ina nposł.ueHHH 113MepeHHH He HY)!(Ha Bb1pe3Ka o6pa3UOB. 

lfarrOJ1b30Bam1e pa.u11au110HO~ 11 ynbTpa3BYKOBOtt TeXHHK B TOM )Ke caMOM MeCTe 
no3sanaeT Ha Hepa3pywa10ll\He H 11ecTHoe orrpe.ueneHHe Mo.uyna yrrpyrocT11 .upesecHHbI. 

Op:HOH H3 MHOrHX B03MOJ!<HOCTH TaKOtt TeXHl1Kl1 H3MepeHl1H HBJ1HeTCH KOHTpOnHp~BaH11e 
CTeneHl1 coxpaHeHl1H .upeBeCHbIX K\)HCTpyKueHHbX 3J1beMeHTOB BCTpoeHHblX B ITOCTp011Kl1. 

1ITo6bI orrpe,nenHTb CTeneHb c;oxpaHeHHH KOHCTPYKUHOHHblX 3J1eMeHTOB Hy)!(eH .UOCTYTI 
no MeHbWett Mepe co CTOpOHbl f.UHOH ITOBepXHOCTl1. Tar.na 113Mepaa pacceHHHe raMMa­
KBaHTOB MO)!(HO onpep:enl1Tb pacnp,ep:eneH11e ITJ10THOCTl1. 

Po3yMeeTca ,nocTyrr K 6onhmeMy Kon11<recTy nosepxHocTett IT03BonaeT Ha 6onhee 
ITOJlHOUeHHbltt KOHTpon. 

Hap:o ITO.[\lJepKHYTb, '1TO Halli MeTO):\ KOHTpona HBJ1HeTCH COBCeM Hepa3pywa!Oll\11M. B 
3TOM MeTO,Ue l13MepeHl1H He HY)KHbl o6pa3l(bl H HeT o6X0.[\11MOCTH 11 CBepneHl1H 
MaTep11ana. I 
TioToMy TaKOtt ITO,UXO.[\ MO)l(leT 6b!Th HCTIOJ1b30BaH ,UJlH KOHTponHpOBaHHH CTeneHH 

coxpaHeHHH CTapHHHbIX npep:MeTOB. 

li 

MeTo.u;mrn ucCJie.u;oBaHHH lj 

A) l13MepeHeH11e CKopocT11 ynhTpa,isy1<0B 
K H3MepeHeH1110 c1<0pocT11 ynhpa3BYKOB npHMepeHo nepeHOCHbitt annapaT „TM 543E 

Elpan" npH ero ITOMOll\H nposop:knocb H3MepeHHe speMH npoxm1<,neHHH ynhTpa3BYKOBOtt 
BOJlHbl B.[\OJlb BOJlOKOH p:peseCl1Hbl.f 

3oH,UbI arrnapaTa 6bmH npHnp)!(eHbI neprreH.[\ttKynapHo K nosepxHOCTH MaTepHana B 
pacCTOHHHH 0,2 M. 3Ta napa 30H.!l;OB nepeMell\anacb no MaTepHane c nOCTOHHHb!M waroM 

I 
O,IM lJT06h1 npocKaHHposaTb uenyrp nosepxHOCTb. 

!i 
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BpeMR npo!leTa c y'leToM nocTOHHHoro 6a311ca npo!lern (0,2 M) famo nepecl!l1TaHO Ha 

CKOpOCTh, KOTOPYl:O c KOOp)J,11HaTaMl1 nOJ1Q)!<eHl1R coxpaHRJl B naMRTl1 KOMnl:OTep. 

:VhMep11TeJlhHhJe fOJlOBOKH cuenJlRHO c nosepXHOCThl:O .npeBeCl1Hhl nOJlh3Yl:OCh reJleM 

.I(Jla YllhTPacoHorpacp1111. 

EToT reJlh He 11MeeT no6ol!HhIX peaKu1111 c nosepxHOCThJO .npesecHhIX 3JlheMeHTOB. 

Hccnonh30BaHo csepx3BYKOBYl:O pe3oHaHCHYl:O l!aCTOTY 1 OO kHz. KoJle6aH11e 

CTl1Myn11poBaHO 11MnyJlhCHO. 

E) 113MepeHeH11e nnoTHOCTl1 .npesec11HhI 

MeCTHaR nJlOTHOCTh .npeBeCl1Hhl 6bma, KaK y:iKe CKa3aHO, onpe)J,eJleHa c noMOlll,h!O 

pa.n110MeTp11qecKoro .neHc11ToMeTpa. 

B Ka'lecTBe raMMa 113JlY'leH11R np11MeHeHo .nonro:iK11sylll,11H 11CTO'!Hl1K aMep11u11R AM-241 

,[(eHC11MeTp11l!eCKOe 113MepeHeH11e nonyqan11 B pe3yJlhTaTe Cl!l1Tl1BaHl1R 11HTeHCl1BHOCTl1 

o6paTHoro pacceH11H 113nyl!eH11H 11ccne.nosasrnero MaTep11ana, r.ne .n11aMeTP Konn11MaTopa 

onpe)J,eJlReT MeCTHOCTh 113MepeHl1R. 

Ha ocHoBe cpaBHeH11R 11HTeHCl1BHocT11 raMMa 113Jlyl!eH11R pacceRHHoro 11ccnTaHHhIM 

MaTep11anoM c 11HTeHCl1BHOCTh!O pacceRHHl1R 3TaJ10HOM B 0)J,11HaKOBhlX ycnOBl151X, MO:lKHO 

onpe)J,eJ111Th nnOTHOCTh. MeTO,I( no.npo6Ho, BMeCTe c COOTBercsyl:Olll,11Ml1 MaTeMaT11l!eCKl1Ml1 

cpopMynaMl1 npe)J,CTBJleHO B pa60Te@ 

B) MOJJ,ynh ynpyrocT11 JJ,pesec11HhI 

MoJJ,yJlh ynpyrocT11 RBnReTC51 cpyHKL(11ei1 nJlOTHOCTl1 11 CKopocT11 YJlhTpa3BYKOBOH BOJlHhI 

(no cpopMyJle 1) 
-------
E 1 
-*----
d (l-k2

) 

V= (1) 

rJJ,e: 

K - 3TO Koocp11u11eHT Do11cc0Ha BeJ111'!11Ha KOTOporo COCTaTJ15!eT no JlHTepazypHhIM )J,aHHhIM 

0,3. 
v - cKopocTh YJlhTpa3BYKOB 

d - nnOTHOCTh .npeBeCl1Hhl 

MccJieJJ,oBaBmHHCH MaTepuaJI 
I1CCJle,I(OBaHl1łO no.nsep)KeHO 70-neTHl:Ol:O CTpOnl1JlhHYl:O Hory 113 KOCTeJla. Ee )J,Jll1Ha 

np116Jl11311TenhHO 6 M nonepel!HhIH pa3pe3 12xl5 cm. DnoTHOCTh 6hma 113MepeHa Ha O)J,HOił 
nosepXHOCTl1 B nyHKTax O)J,)J,aneHHhIX OT ce6H Ha 0,15 M np11 nOCTOl!HHOM mare ycTaHOBKl1 

O,lM 

IlO)J.Be)J,eHHe HTOrOB 

EoJlee urnpoKHe rrosepxHOCTH MhI 11ccJle)J,OBan11 Ha .nsyx H3MepHTeJlhHhIX JlHHHl!X: o.ntta 

np11 Kpalłe 3a60JlOHhl111 O)J,Ha H3Mep11TeJlhHal! n11H11ll. qepe3 l!JJ,posy10 .npesec11Hy. 

Ha Y3KOił nosepxHÓCTH H3MepeHo TOJlhKO Ha .nsox H3Mep11TenhHhIX Jll1H11l!X qepe3 

3a60JlOHh; noJlyl!eHhie pe3yJlhTaThI 6hmH ycpe)J,HeHhI. 

,[(o6osal!HO )J,Jlll 113MeHJlleHMll pa36poca pe3yJlhTaTOB npHMepeHO B3BellleHHOe 

ycpe.nHett11e Ha ol!epeJJ,HhIX 4 nyHKTaX B npouecce xoHHHra 

Ha octtose noJlyl!eHHhIX pe3ynhTaToB nnoTHOCTl1 Apesec11tth1 11 cKopocTH ynhTpmsyKoB 

Bhll!HCJleHO MO)J,YJlh ynpyroCTH .npeBeCl1Hhl )J,Jlll Bcex Jil3MepHTeJlhHhlX nyHKTOB. 

Ha .n11arpaMMe 1 npe.ncrnsneHo H3MeHeH11e CKopocrn ynhTpa3BYKOB Ha .nmrne 

CTpOnHJlhHOH HOrH co CTOpOHhl urnpoKOH nosepXHOCTH. 



Tip11'111Hoi1: Ha6mo.n:aeHoro pa.36poca KaJKeTC» HepaBHOMepHOCTh 06e3ueHHBamrn 

MaTep11ana. 
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/Ęua2pC11v1Ma I: CKopocTh ynhTpa.3ByKa 113MepeHa Ha umpoKoił r10sepxHOCT!i 

Ha .n:11arpaMMe 2 cocrnsneHo pe3yJihTaThI H3MepeH11» CKopocT!i ynhTpa.3BYKOB 11 ee 

IIJIOTHOCT!i. Ha.no o6paT!iTb BHl1MaHl'.le Ha CliJibHOe CXO.l:(CTBO xapaKTepa rrpe,n:CTaBJieHHb!X Ha 

.n:11arpaMMe Kp!iBblX, a TOJKe Ha MeHblllYłO cjlnyKTyauHłO IIJIOTHOCT!i B COCTaBJieHliH c 

cjlnyKTyauwaMH cKopocTH ynhTpa.3BYKOB. 
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/Ęua2paMMa 2:Cocma8J/eHue pe3y!lbmamo8 U3MepeHUJl CKOpocmu Yllbmpa38YK08 8 ope8eCUHe 
li nJIOmHocmu, U3MepeHHblX Ha UlUpOKUX no8epXHOCmJ/X cmponUJ/bHOU H02U 

,Il;warpaMMa 3 rrpe,n:CTaBJI.HeT 113MeHeHHe MeCTHOH IIJIOTHOCTH 11 Mo.n:yn» yrrpyrocTH a 

.D:HarpaMMa 4 H3MeHeH11e CKOpOCTH YJibTpa.3BYKOB H Bbl'łHCJieHHOro MO.D:YJI.H yrrpyroCTH. 

CttJihHóe cxo.D:CTBO xapaKTepa rrpe,n:cTaBJieHHbIX Ha .D:ttarpaMMe 4 KpHBhIX YKa.3hIBaeT KaK 

ueHHOH :irncjlopMauueM: co.n:epJKaeT cKopocTb ynhTpa.3BYKOB, rroToMy 'ITO BhI'łHCJieHHhIH 
MO.l:(YJih ynpyrOCTH BO BTapoM: CTeIIeHH 3aBHCHT OT OTHOCHTeJihHO nerKOH B 113MepeHHłO 

CKOpOCT!i YJibTpa.3BYKOB rrpOXO.D:.Hl.llHX B.D:OJib BOJIOKOH .D:peseCHHbl a TOJKe MeHhllla 

cjlnyKTyautt» H3MepeHHH IIJIOTHOCTH rrpH'IHHHeTCH K TOMy, 'ITO BeJI!i'łHHa MO.D:YJIH yrrpyrOCTH 

CHJihHO 3aB!iCHT OT CKOpOCTH YJibTpa.3BYKOB. 
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}Imrna [cm} 

,l(ua2pcvwMa 3: Cocma6lleHue pe3yJTbmamoe U3MepeHUfl MecmHoił 11J10mHocmu u MooyJTR 
ynpyllocmu opeeeCUHbl Ha OJTUHe cmponUllbHOU H02U (U3MepeHUe U3 noeepXHOcmu) 
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,l(ua2pcvwMa 4: CocmaeJTeHue U3MeHeHUR cKopocmu YllbmpmeyKoB 6bl'JUCJTeHHe20 MooyJTR 
ynpy20cmu opeeeCUHbl Ha OJlUHe cmponUf!bHOU H02U 

Ilpe)J.JIOJKeuue 

1 rrpe,!1,JIO)J(eHHbie MeTO,!l,bl 11CCJie,!l,OBamrn c ycrreXOM MoryT 6bITh HCITOJib30BaHbI ,!l,JI51 
HepropylllaIOIIIero HCIIbITamrn coxpaHeHl151 ,!1,peBeCHblX KOHCTpYKII11H 

2 rrp11MeHeHHaH MeTO,!l,11Ka 113MepeHl1H II03BOJIHeT KOHTpOrrHpoBaTb CTerreHb coxpaHeHl151 
3JieMeHTOB ITOCTpOMKl1. 

3 113MepeHHe CKOpOCTl1 yJibTpa3BYKOB HBJI51eTCH 60,!1,ee ~YBCTBl1TeJibHhlM rro cpaBHe1111IO c 
l13Mepett11eM ITJIOTHOCTl1 ,!1,peBeCJ1HhI. 

JlnTeparypa 

1. Pawłowski Z.: Badania nieniszczące, opracowanie, ODK SiiTMP Warszawa 1988 

2. Gierlik E., Dzbeński W. (1996): Wood densitometry based on the radiometrie methods. 10 
Międzynarodowe Sympozjum „Nondestructive testing ofwoods", Lozanna str. 217-225. 

3. Mańkowski P. ,Gierlik E.(2000): Zastosowanie ultradźwięków do nieniszczących 
pomiarów właściwości drewna; Konferencja WTD 13-15.XI.2000, str. 174-178 

4. Mańkowski P., Gierlik E.(2000): Nowa metoda pomiaru lokalnej wartości modułu 
sprężystości drewna; Przemysł Drzewny, 5/2000, str. 12-23 

-223-



5. Mańkowski P., Gierlik E., Dzbeński W.: 1999 Badanie rozkładu gęstości drewna metodami 
radiometrycznymi w Przemysł Drzewny 4/99 s. 

Streszczenie: Zastosowanie ultradźwięków i promieniowania gamma do kontroli stanu 
zachowania drewnianych elementów konstrukcyjnych. Zbadano 70-cio letnią krokiew 
pochodzącą z kościoła w Laskach k/Warszawy. Określono prędkość przejścia ultradźwięków 
wzdłuż włókien, oraz zmierzono gęstość. Wyniki badań wskazują na możliwość 

wykorzystania ultradźwięków i promieniowania gamma do określania stanu zachowania 
wbudowanaych elementów konstrukcyjnych 



Selected aspects of ultrasonic wave propagation in wood of Larix decidua 
Mill. 

Waldemar Moliński, Ewa Fabisiak 
Depatiment of Wood Science A. Cieszkowski Agricultural University of Poznań 

Abstract:The radial gradient of the ultrasonic wave speed was found qualitatively similar to 
the gradients of the tracheid length and wood density. The speed of the ultrasonic wave 
propagation vmied from 5140 in wood close to the core to 6230 mis in mature wood. The 
dependence of the speed of the ultrasonic wave propagation on the wood density can be 
described by a linear equation or quadratic equation at the comparable values of the 
coefficient of determination (R2=0,81 ). With increasing length of trachei ds the speed of the 
ultrasonic wave propagation along the fibres increases and the dependence can be described 
by a linear equation at a high coefficient of determination (R2=0,82). 

Introduction 
One of the most interesting problems related to ultrasonic wave propagation in wood is 

the effect of the length of tracheids (fibres) on the speed of ultrasonic waves propagating 
along the fibres. Only a few papers have been published on the intra- and inter-species 
relations between the speed of ultrasonic wave propagation along the fibres and the length of 
anatomical elements of wood. Among the most interesting papers on the intra-species 
relations are those by Dzbeński and Szymański (1976) and Dzbeński (1984), who reported a 
linear correlation between the speed of ultrasonic wave propagating along the fibres and the 
length oftracheids in scots pine, characterised by a high correlation coefficient (r>0,9). Polge 
(1984) reported an equally high correlation between the speed of ultrasonic waves and the 
length of tracheids in mazzard. Niemz and Aguilera (1995) studied interspecies relations 
between the ultrasonic wave speed and the mean length of tracheids and fibres in five 
coniferous and six deciduous species in Chile. They repmied a linear relation between the 
parameters compared but characterised by a low correlation coefficient 0.6 for deciduous 
species and 0.39 for coniferous ones. In full recognition of the importance of the subject the 
Chair of Wood Science at the Agricultural University in Poznań has undertaken a study on the 
materia! aspects ofultrasonic wave propagation in wood. The aim of the study reported was to 
dete1mine relations between the ultrasonic wave propagation and the length of tracheids and 
density ofwood of Larix decidua Mill. · 

Themethods 
Taking into regard the variation ofwood anatomical elements and its radia! density and 

their dependence on the biosocial position of a tree in a tree stand, the study was performed 
for samples representing dominant, intermediate and suppressed trees. From just felled larch 
trees of 40 years of age at the level of breast height diameter we cut out a 3 cm thick disk and 
2 cut blocks of 70cm in length. From the blocks some radia! 20mm thick boards were cut out. 
The boards were cut into slabs of20 mm in width. Each slab was labelled with the distance of 
the slab from the pith and the numbers covering these annual rings. Then the slabs were cut 
into samples of 30 mm in length. The samples were conditioned in desiccators over selected 
saturated salt solutions until the sample moisture content reached 18% and then 12%. The 
head surfaces of the samples were sandinged and the wood density was determined by the 
stereometrie method. 

From the disk a 20mm wide slab was cut out in the north-east direction. In this slab the 
length of trachei ds were measured along the northem tree radius. In order to do this samples 
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of early and late wood were separately taken out of the annual rings number 3, 6, 9, 12, 15 and 
then from every fifth one. The samples were macerated in a (1:1) mixture of acetic acid and 
30% hydrogen peroxide solution. The process of maceration was conducted at 60°C for 24 
hours. In the selected annual rings in the macerated samples the lengths of 30 early and late 
wood tracheids a computer image analyser measured. The time of ultrasonic wave 
propagation through the samples stµdied was measured to an accuracy of 0,02 µs by using a 
ultrasound meter type 543 with a head working at the frequency of 0,5 MHz. The head was 
connected with the sample through a layer of silicon lubricant. A scheme of the setup for 
measurement of the time ofultrasonic wave propagation through a sample studied is presented 
in Fig. 1. 

Stand 

0 o 

Fig. 1. A scheme of the setup for measurements of the time of ultrasonic wave propagation 
through the sample. 

Results 
The results of the measurements of the tracheid length and wood density in air-dry state 

as a function of the sample distance from the pith are presented in Fig. 2. For the sake of 
clarity the plot has been made for the mean values of the parameters analysed. The plot 
implies that the tracheid length and the wood density increase with the distance from the core, 
which has been already established. The increase both in the tracheid length and wood density 
is the strongest up to about 20th annual ring. In further annual rings the values of these two 
parameters stabilise. The minimum values of the length of early and late trachei ds measured 
in the 3rd annual ring (in the middle of the sample in which the ultrasonic speed was 
measured) were 1740 and 2150µm. In the annual rings at a greatest distance from the core and 
also placed in the middle of the samples, the mean values of the tracheid Iength were 431 O 
and 4760µm. Thus, the difference in the tracheid length between the samples in which the 
ultrasonic wave propagation was measured was over twice the value. The mean wood density 
in air-dry state was in the range from 397 to 630 kgm-3

. 

-226-



1000 - -----------------~ 6000 
8 
E late tracheids __ 

5000 
'[ 

~ 800 _____________ ... ----~---- ~ 
"' -"~rly tracheids 4000 ~ 

o:: ---~ - • a, 
~ 600 --~=::::-~·'?""___.,'"'"fle~:~~~ d;~;-- -3000 ~ 
.{g 400 - ~,,.>,; -------- 2000 ~ 
-g - . 1000 ~ 
~ r 

200 -r----.,-----.----,------1- o 
o 10 20 30 40 

Ring number from the pith 

Fig. 2. The tracheid length and wood density versus the sample distance from the pith. 

As follows from Fig. 3, the ultrasonic wave propagation speed in larch wood measured 
along the fibres varies from 5140 to 6230 mis. It increases with increasing distance of the 
sample from the core up to ~ 60 mm, and then stabilises. The figure presents mean values of 
the ultrasonic wave propagation speed obtained from 6 times repeated measurements. The 
differences in this parameter in the samples at the same distance from the core <lid not exceed 
±70 m/s and the value of the difference from the mean value was the highest for the samples 
core wood. The results indicate that the ultrasonic wave speed increases with the maturation 
of the wood tissue. In the zone ofmature wood in which the tracheid length and wood density 
is stabilised, also the ultrasonic wave speed gets stabilised. A similar character of changes in 
the parameters analysed as a function of the sample distance from the core suggests a 
relationship between them. 
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Fig. 3. The speed ofultrasonic wave propagation along the fibres versus the sample distance 
from the pith. 

The dependencies of the ultrasonic wave propagation speed and the wood density and 
tracheid length are shown in Figs. 4 and 5. The two dependencies were approximated by 
linear functions, however, the dependence of the ultrasonic wave speed on the wood density 
can also be approximated by a quadratic function in the form Y = -0,0145x2 +18,294x + 340, 
at a comparable value of the coefficient of determination (R2=0,8056). This function reaches a 
maximum at the wood density of p12 = 640 kgm"3

• Therefore, we can put a hypothesis that this 
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value can be treated as a limiting density of the norma! wood tissue of this tree species. For 
higher wood density values at which the ultrasonic wave speed is observed to decrease, the 
cell wali structure begins to show the features typical of compression wood. It has been 
established that in the compression wood the ultrasonic wave speed is much !ower than in the 
norma! wood [Moliński et al. 2000]. Finał verification of this hypothesis requires further 
study. It should be mentioned that already in 1965 Burmester reported a decrease in the speed 
of the ultrasonic wave propagating along the fibres with the wood density increasing over a 
certain value in the wood of pine, spruce and beech trees, and in the wood of limba tree the 
relationship was negative in the whole range of the wood densities. 

.!{? 

.ś 

7000 

> 6000 

300 400 500 600 700 

Wood density, p12 [kg/m3
] 

Fig. 4. The speed ofultrasonic wave propagation along the fibres versus the larch wood 
density. 
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Fig. 5. The.speed ofultrasonic wave propagation along the fibres versus the length of 
tracheids in larch wood. 

A comparison of the coefficients of detennination of the above discussed 
dependencies leads to a conclusion that the speed of ultrasonic wave propagation along the 
fibres depends to the same degree on the wood density and the length of tracheids. The two 
latter parameters are strictly correlated in a given tree species. 
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Conclusions 
1. The radial gradient of the speed of ultrasonic wave propagation along the fibres in larch 

Larix decidua wood is qualitatively similar to the radial gradient of the tracheid length 
and wood density. 

2. The speed ofultrasonic wave propagation along the fibres in larch tree wood varies from 
5140 in wood near the core to 6230 mis in mature wood. 

3. The dependence of the ultrasonic wave propagation speed on the wood density can be 
approximated by a linear equation or quadratic equation of comparable values of the 
coef:ficient of determination. 

4. With increasing tracheid length the speed of ultrasonic wave propagation along the fibres 
increases. This dependence can be described by a linear function at a high coefficient of 
determination (R2=0,82) 
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Streszczenie: Wybrane, materiałowe aspekty propagacji fal ultradźwiękowych w drewnie 
Larix decidua Mill. W pracy przedstawiono promieniową zmienność długości cewek, gęstości 
drewna w stanie powietrznosuchym i prędkości propagacji ultradźwięku wzdłuż włókien w 
drewnie modrzewiaLarix decidua Mill. 

Stwierdzono, że promieniowy gradient prędkości rozchodzenia się ultradźwięku jest 
jakościowo podobny do promieniowego gradientu długości cewek i gęstości drewna. Wartości 
liczbowe prędkości propagacji ultradźwięku mieszczą się w przedziale od 5140 dla drewna 
przyrdzeniowego do 6230 mis w drewnie dojrzałym. Zależność prędkości propagacji 
ultradźwięku od gęstości drewna można opisać równaniem liniowym, lub funkcją drugiego 
stopnia o porównywalnych współczynnikach determinacji (R2=0,81). Wykazano, że ze 
wzrostem długości cewek rośnie prędkość ultradźwięku wzdłuż włókien. Zależność tą można 
opisać równaniem linii prostej o wysokim współczynniku determinacji (R2=0,82). 
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Stability analisys of thin-walled plywood cylindrical shape 

Krzysztof Murawski 
Department Of Wood Technology, Agricultural Academy 

Abstract: The Engesser-Shanlay modified theory for thin-walled axially crushed cylindrical rods for 
case when rods are made of plywood (patent application P 353556) is presented in the paper. The 
problems of critical loads in elasto-plastic states have been considered. The squeeze ratio of critical 
transverse section has been defined by value a - angle, which to slendemess ratio is related. The re­
ceived theoretical curves a u(!,) and a „.(A.) for thin-walled plywood cylindrical shape made of birch 
has been presented next to similar curves for steel R35 (standards PN-73/H-74240, PN-75/H-84019) 
and aluminium alloy Pa4 (standards PN-85/H-74592, PN-79/H-88026). 

The wood that is probably the one renewed hard technical material should be used in balance to 
renew possibility. Because ren ew term of wood is relatively long, it should be used in clever way. The 
example of so use of wood could be the thin-walled plywood cylindrical shape [1], which may be 
used, particularly with light core, as responsibility structures like furniture legs, poles, posts, elements 
ofwood houses, masts and etc. The advantage of so structure is awaited relatively high load capacity 
by low weight and possibility of production from defective material, i.e. from wood which can't be 
used for round or square-sawn timber but can be stili used for fretted facing board or face veneer. Ta­
king under consideration using the thin-walled plywood cylindrical shape for so structures you should 
firstly analyse its load capacity for axial loading, i.e. its stability. 

Stability of rods according to euler, engesser, karman and shanley 
The basie theory of slender rod Jose stability in elastic state was worked out through Euler 

(1744, 1759). He introduced the concept of critical load and gave the formula for critical force of axi­
ally crushed rod. The loss stability theory of crushed rod in elasto-plastic state, basing on concept of 
tangent module, worked out Engesser (1895, 1889), Karman (1908, 1910) and Shanley. (1947). Ac­
cording to Engesser-Kannan hypothesises, in critical cross-section of axially crushed rod, being found 
in elasto-plastic state, there are two zones: squeezed - defonned on concave side of neutral layer of rod 
and tensioned - defonned elastically on bossed side. Prom equilibrium of forces and of moments in 
relation to neutral layer of rod, before losing of stability, drew out the conclusion, that areas of trian­
gles of tensioning and squeezing stresses have to be equal. Besides dependence between displacement 
and stress in elastic zone characterised with Young's module E and in plastic zone with so-called tan­
gent module E1, detennined as Young's module from graph a(E}, but from non-linear range. Referring 
this hypothesises to case of cylindrical rod (fig. I), where distance y 1(2) from neutral layer of segment 
dA of critical cross-section area, in mqment oflosing stability, you can express for squeezed and ten­
sioned sides: 

dA =tRda , Y1= R(cosa. - cose ), Y2=R(cose -cosa), (I) 

where: R - the average radius of tube, t- the wali thickness, 2 a - angle describing plastic part critical 
cross-section, A - area of critical cross-section. The equilibrium offorces from stresses: 

f a,dA2 =f a,dA1 , a,= Y2 E, , cr 1 =łiE A, A, p p (2) 

where: A1(2) - area oftensioned (plastic) part of critical transverse cross section, p - curvature radius of 
neutral layer. From equations (1) and (2) [2]: 

"IE -r \,- af E-r }- E sina +(1t -a)cosa. 1t _LR,cosa-coseJRd0= -R,cose-cosa Rde => -1...= . !+---
a P 0 P E sma -a cosa tga -a 

(3) 

Function (3) has physical point only for a E (90°, 180°), because must be: l"?. E1/E>O. The equilibrium 

ofmoments, has been described with fonnula: L,a 1y2dA2 + L,a 1y1dA1 =-Py (4) 

After integrating, taking into consideration J (J,2) - axial moment of inertia (tensioned, plastic part), and 
analysing differentia! equation of neutral layer has been received its equation: 
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E EKJ = -Pv where: 
p . ' 

E _E,J2+EJ1 
EK J (4) 

After that, has been received fonnula for critical stress: 
()EK =(~ J EEK (6) 

Taking fonnula (3) has been detennined value of equivalent module in relation to Y oung's module as: 

-· = -+--- o: +-- ---- + --+--cos o:+--- . EEK (I I I (i cos2o: J 3sin2o:] 1 o: I-o: 2 3sin2o: 
E it tgo: -o: 2 4 it 2 4it 

(5) 

Unfortunately this function has physical point only for a E(90°, 138°) what results from ac­
ceptances of foundation, that areas of triangles of tensioning and squeezing stresses have to be equal 
and from limitations of hypothesis to little defonnations. How is apparent function E/E(a) is possible 
to apply in wider range of a than EEK IE(a). Shanley took advantage of this putting in equation (6) 
instead EEK directly E1 , what also was burdened with an error, and appointed course of function Ei().) 
on the ground of this fonnula at acquaintances from experiment the function <J1v-(A) [3] is rather theo­
retical. Especially wakes reservations detennining of function Etf)„) for row of rods on the ground of 
non-linear range of function <J(c) course, received during extension tests of one nonnative samples [ 4], 
[5] . 

The engesser-shanlay modified theory 
In connection with above reservations has been conducted own analysis of Stability of thin­

walled rods. The results [2] of strain gauges measurements obtained from researches on tube crushed 
through ball and socketjoints with constants increase of power show that already little charges, next to 
10% PJ..1- , cause distinct tumover of centre line tu be segment and testify to its defonning. Has been 
accepted so, that losing of stability follows already at minimum charges, and for losing of carrying 
capacity is responsible position of resultant (from superposition of compressions and of bending) neu­
tral layer of tube in relation to critical outline of transverse section. On base of these observations has 
been accepted, that in elastic state losing of carrying capacity follows after exit resultant neutral layer 
from critical transverse section, however in elasto-plastic state, after entry resultant neutral layer in 
plastic zone. Has been accepted from here, that state of stresses in critical transverse section after loss 
of stability and before loss of carrying capacity, is as the result of clean compressions and bending 
superposition (fig.2). How apparently from drawing, in critical transverse section most is strenuous, 
because of nonnal stresses, extreme interna! filament after concave rod side. Because of clean com­
pressions and bending superposition resultant neutral layer shifts, together with growth of load, from 
central line toward concave, more weighted side of tube. Together with growth of load, grow up 
stresses from bending, but also from compressions, and the position of resultant neutral layer is as the 
effect ofthese stresses participation specific game, what depends from the form of rod (thickset - slen­
der). State of stresses in critical transverse section of rod, before loss of carrying capacity, is charac­
terised with flow plastic part of section, in concave squeezed si de, after stresses rich yield stress. This 
results with additional decreasing of rod central line radius. On fig.3 .a the position of neutral layer in 
critical transverse section before loss of carrying capacity has marked with angle ~ and position of 
plastic zone border - with angle a . How there was already sad, has been accepted, that loss of carrying 
capacity of rod follows when resultant neutral layer, at force Pkr, enters in plastic zone, that is a = ~ 
(fig.3.b) and flowing materia! does not place already resistance against bending (the Jack of resisting 
moment). For AJ has been accepted, that in moment of loss of carrying capacity full critical transverse 
section is in plastic state (a= 7t rd). In case of Ag„ whole critical transverse section, in moment of loss 
of carrying capacity, is in plastic state (a= O rd). The position of resultant neutral layer, in moment of 
loss of carrying capacity, changes dependably on slendemess ratio. For the rod with slendemess ratio 
AJ the resultant neutral layer covers the central line (a= n, ~ = 7t /2 rd) and with Agr covers the edge 
of critical transverse section outline (a= O, ~=Ord). For slendemess ratio between AJ and Agr the re­
sultant neutral layer lies between the central line and the edge of critical transverse section outline on 
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concave side of rod (O < a< 1t ; 1t 12 > ~ > O rd). After cutting the rod in the critical cross-section and 
after investigation of state of stresses has been qualified equilibrium of forces. The force P1a· is equal­
ised by elastic force PH and plastic force P111 (fig.3,b). Prom here [6], [2] : 

LP=P,..„-P,,,-PII=O => Pkr=P111 +Pu, LM= P;,. y-P„ Ym +Pn Yll =O , (6) 

where: PH =cru An=;," (re-a) R t • P,,, = cr,,.(1..1) A„ = cr;,.{?..1) a R t • (7) 

<:JH - limit of elasticity at compression , t - thickness of tube, R -average radius of rod, AH(mJ - area of 
transverse section in elastic (plastic) state. Prom here: 

ak„=-=af{ +ak„ \ - =au 1-- +a,,.,A.1r- , P,., 2(n -a)Rt ( )2aRt ( a) t \a 
A 2itRI 2itRt 1t 1t 

(8) 

If for Ąg„ is attained PH, then P1u.('Ą) from range (/..,1 ,Ąg,) is attained for: 

a ( ) ()(, ')..,gr-/.., 
A=Ag„-- 'J,.,g„-'J,.,1 =>-=~, 

1t 1t /\,gr /\,I 
(9) 

From here has been received: cr,,.(/,)=cr [{(A.)+~;=~ IO k,.(A,)-cr u(A.)] (12) 

The stress <J1u-fA1) has been acknowledged as characteristic parameter for given materia! and 
marked Re*. How results from researches function <:JHfA) is of first degree, so received function <:J1u-{A) 
is of second degree. The stress <:JH (/..,1) has been acknowledged too as characteristic parameter and 
marked R*H. The linea] function <:JHfA), neglecting value ĄJ, has been described with fonnulas: 

a 11 (A.)=Rf:' +(1-l:._J[R;1 -R{/], Rf;' =a 11 (A.,„)=ajA..„) 
A..,. 

Rfi" -limit of elasticity in Euler's fonnula to detennination /..,gr. Then: 

a,, (A.)= (1-l:._JR: + R;1 l:._J+ Rfi"(t..A. J'. 
A,gr A,gr gr 

And after insertion the Euler's fonnula: 

cru(A.)=( ;,„ Je +(1-:.„J[R;1 -( ;,„ Jel 

(10) 

(li) 

(12) 

These fonnulas are suitable to uses on condition acquaintance ofparameters: R;,R~, Eand Rfi"or ~­
Two first you should detennine from the compression test ofthickset rod. 

The engesser-shanlay modified theory for case rods made of birch plywood 
In the stability analysis of thin-walled plywood cylindrical shape, according to own idea [I], 

made ofbirch has assumed, that R; =Rcll (has assumed, ~hat plywood cylindrical shape would be roll 

up with fibres parallel to roll axis) and also, according to [7]: R;, =0.6Rc (for birch) and R!" = 1 OO 
[MPa] (for wood). Those vałues have assumed as hypothetical, which should be corrected during next 
research works, what is in the author's intention. Finally has assumed values: R; =430 [MPa], 

R;1 =258 [MPa],E= 16 500 [MPa] and /..,gr= 40.4 (p=500+900 [kg/m3
]). After that has detennined the 

hypothetical curves a 11 (A.) and a k,.(A.), which are presented on fig.6 next to similar curves but deter­

mined from own research [2] for steel R35: R'. =346 [MPa], R~ = 156 [MPa],E = 166 614 [MPa] and 

Ąg„= 102.6 (p=7 800 [kg/m3
]) and alu~inium ~lloy Pa4: R; = 191 [MPa], R;, = 153 [MPa],E = 72 387 

[MPa] and /..,gr= 68.3 (p=2 700 [kg/m3
]) [8]. 
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Fig. I. Critical cross-section axially crushed rod while losing of stability, according to Engesser­
Kannan hypothesises. 
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Fig.3. State of stresses in critical transverse section of axially crushed tube before (a) and in themo­
ment (b) of loss of carrying capacity. 
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Fig.4. Hypothetical curves a 11 (A.) and a,, (A.) for thin-walled plywood cylindrical shape made of birch 

and similar curves for steel R35 and aluminium alloy Pa4 [8] . 
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Streszczenie: Analiza stabilności prętów cylind1ycznych wykonanych ze sklejki cienkowarstwowej. W 
artykule przedstawiono zmodyfikowaną teorię Engesser'a-Shanley'a dla osiowo ściskanych cienko­
ściennych cylindrycznych prętów w przypadku gdy są one zrobione ze sklejki (zgłoszenie patentowe P 
353556). Rozpatrzono problem obciążeń krytycznych w stanach sprężysto-plastycznych. Część 

zgniataną w krytycznym przekroju poprzecznym określano kątem a , który powiązano ze smukłością 
pręta. Otrzymane teoretyczne krzywe crn(A.) i cr 1,.(A.) dla cylindrycznych cienkościennych powłok ze 
sklejki z brzozy przedstawiono na tle podobnych krzywych dla stali R35 (nonny PN-73/H-74240, PN-
75/H-84019) i stopu aluminium Pa4 (standards PN-85/H..:74592, PN-79/H-88026). 

Krzysztof Murawski, 
Department Of Wood Technology, Agricultural Academy, 
60-627 Pozna!\., Wojska Polskiego 38/42, Poland 

-234-



Straw as raw materiał for production of hardboards by the wet method 

Danuta Nicewicz, Jerzy Pawlicki 
Chair ofWood-Based Materials, Faculty of Wood Technology 

Abstract: Hardboards were made from straw pulp and from mixture of straw pulp and wood 
pulp. Their properties were examined. In results were found that straw pulp is the good substitute 
of wood pulp - properties of straw hardboards are this same like properties wood hardboards. 

Key words: hardboard, straw, technology. 

Introduction 
Annual plants have been since a Jong time applied to production of pulp. The most ancient 

examples refer to the application of rice straw in China as raw materia! for paper-pulp production. 
Besides, rice paper is produced in China till today. 

Globally, annual plants make not more than 10% of raw materia! in pulp technology, but 
there are countries and regions in which procession of annual plants fully satisfies loca! demand 
for paper-pulp and related stuff (Anon 1998, Dal en 1999, Rowell et efo.). 

An interesting application of annual plants is producing from them pulp useful for 
manufacturing of hardboards by the wet method. This technology is characterised by !ower, in 
comparison with papermaking, requirements regarding the pulp quality, in particular it does not 
require delignification of the raw material. · 

The wet technology of hardboards undergoes currently a noticeable renaissance, because 
its product is particularly valuable from the ecological point of view. Hardboards produced by the 
wet method do not contain or contain minimum quantities of synthetics (glues), so they are safe in 
usage and easy to recycle by any method. In this area, especially interesting are attempts at 
production of hardboards from annual plants. Application of this raw materia! gives the boards 
another property, particularly valuable from the point of view of environment protection, i.e. the 
possibility of combustion of used boards without upsetting the balance of carbon dioxide in the 
atmosphere. It is possible due to the fact that in this case the raw materia! (straw, reed, etc.) from 
which boards are produced, arises in a short, annual vegetation cycle. 

In the researches presented below, it was attempted to produce, in Jaboratory conditions, 
hardboards from the straw of rye, one of cereals most commonly grown in the temperate climate 
zone. 

Production of pulp . 
The raw materia! was rye straw cut to chaff of length about 2 cm by means of a typical 

agricultural straw cutter. The humidity of pulp amounted to about 12%. 
Severa! trials of defibration of this raw materia! were conducted. Initially, there were 

applied parameters and course of defibration similar to those applied in defibration ofwood, i.e. a 
two-stage defibration. The first stage was defibration in saturated vapour of temperature 180°C, 
the second stage - extra grinding in a disk refiner. It tumed out that the obtained pulp is 
characterised by a very high freeness, appropriate rather for papermaking applications than for 
hardboards production with regard to a very slow drain of pulp. 

Therefore, severa! trials of defibration were conducted in differentiated parameters and 
different configuration of the equipment. It tumed out that optima! is defibration of straw in an 
one-stage mode in temperature below I00°C. Pulp of relative humidity 70% was obtained. Its 
freeness was still high, about 90 DS, but the rate of drain already allowed for effective application 
ofthis raw materia! in typical technological conditions. 
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As additional and comparative raw materia!, pine-wood pulp was used. It was obtained in 
typical technological conditions and its freeness amounted to 28 DS. 

Production of boards 
It was scheduled to produce hardboards of nominał density 950 kg/m3 and thickness 3.2 

mm without hydrophobisation. The basie variants were: 
1 - boards obtained without beat treatment from pure straw pulp, 
2 - boards obtained in the same way from pine-wood pulp ( comparative variant) 

Additionally, it was scheduled to produce boards from a mixture of straw and pine-wood 
pulp containing 70, 50 and 20% of straw pulp as well as boards from pure straw pulp submitted to 
beat treatment in the temperature of 160°C and similar boards produced with an 1-percent 
admixture of the phenol-formaldehyde resin (PF) without beat treatment. 
After drain, the boards were pressed in the temperature of 220°C for 8 minutes under the pressure 
of5MPa. 

Boards test, disscusion of results 
After a 48-hour seasoning, measurements of density, bending strength, thickness swelling 

and water absorption after 2 and 24 hours of water action were conducted. The results of these 
measurements are presented in the table below. 
p . fh db d ropert1es o ar oar s 

Thick- Thick-
ness ness Water Water 

Ben- swelling swelling absorp- absorp-
Coeffi- ding Coeffi- after2h Coeffi- after24h Coeffi- tion Coeffi- tion Coeffi-

Kindof Density cientof strenght cient of soakingin cientof soakingin cientof after2h cientof aft er cientof 
boards vatiable variable wat er variable wat er variable soaking variable 24h varia ble 

[%] [%] soaking 
[kglm3 [%] [MPa] [%] [%] [%] [%] [%] [%] [%] 

Standard 
942 11,0 38,0 7,7 41,5 13,1 48,4 12,3 72,5 7,2 80,9 5,9 

Heat 
treated 968 7,5 33,0 8,2 40,8 11,3 46,7 13,6 73,1 8,8 79,5 6,5 

With1% 
PF 946 11,3 

addition 
35,9 9,2 43,4 7,9 49,1 11,6 68,3 10,0 77,4 9,7 

Standard 
with30% 961 9,6 34,7 11,7 39,1 
woodpulr 

8,5 43,9 9,2 67,5 12,1 73,8 7,6 

Standard 
with50% 965 12,3 37,6 10,7 42,7 
woodpulr 

9,8 49,2 11,0 65,8 10,3 73,9 9,9 

Standard 
with80% 968 9,2 37,2 8,9 40,5 
woodpulr 

7,6 45,7 9,7 70,2 12,3 77,3 7,1 

Nonnal 
wo od 969 7,3 38,0 10,5 41,9 

bardboard 
6,9 50,2 10,0 66,0 6,8 78,0 10,1 

It is visible in the table that boards made of pure straw pulp have practically the same 
properties as those made ofwood pulp and ofmixture containing 30, 50 and 70% ofwood fibres. 
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Interesting is the fact that heat treatment not only did not improve, but, on the contrary, 
made the properties of boards from straw pulp worse, in spite of the fact that it is a typical 
treatment applied in the technology of standard hardboards. in order to heighten the product 
quality. It can be presumed that the cause of lowering the board strength in this case is a low 
thermal resistance of straw connected with a high content of hemicelluloses and low-molecular 
lignin. 

Strengthening sizing of boards from straw pulp by means of the PF resin did not change 
the board properties in a statistically significant way. 

Conclusion 
It is visible from the presented results that pulp produced from rye straw is a full-value 

raw materia! for the production of hardboards by the wet method. It can be a stand-alone 
technological raw materia! or can make an admixture to wood pulp in a free proportion. A 
particular advantage of straw pulp is the fact that its production is less energy-consuming than the 
production of wood pulp (one stage and a low temperature of defibration) and boards needn't (and 
should not) be submitted to heat treatment. 
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Streszczenie: Słoma jako surowiec do produkcji twardych płyt pilśniowych metodą mokrą. 
Wytworzono i zbadano twarde płyty pilśniowe ze słomowej masy włóknistej i mieszaniny 

słomowej i drzewnej masy włóknistej. Stwierdzono, ze słomowa masa włóknista jest pełnym 
zamiennikiem drzewnej. Płyty wytwarzane z obydwu mas mają prawie identyczne właściwości. 



A contribution towards the evaluation of the quality of woodworking by 
milling machines equipped with razor-blade knives 

Jaroslav Pernica 
Mendel University of Agriculture and Forestry, Faculty ofForestly and Wood Technology 

Abstract: The first findings are evaluated from the introductory stage of research into sources 
for progressive methods of milling wood materials. Relations are studied of the increase in 
surface fluffiness and roughness to the degree of tool blunting. Based on measurements, the 
author gives va1ues of the maximum blunting of razor-blade knives from cemented carbides 
by means of the blade edge radius (Pmax ::: 0.02 mm) after attaining the permissible limit of 
fluffiness of the worked surface of pine scantlings. During milling, the surface roughness 
expressed by a mean arithmetic deviation Ra increased by 40.23% (from a value ofR0= 4.377 
µm to 6.14 µm). 

Keywords: milling, razor-blade knives, working quality, blunting, fluffiness, roughness 

Specifics of evaluating the quality ofwood working 
As compared with working metal and mąny nonmetallic materials, in the majority of 

cases in wood and wood-based materials, the criterion for evaluating the quality of working is 
not the worked surface roughness but 'fluffiness.'. 

It is characterized by fine fibres - 'hairs', firmly connected with the machined surface. 
The fibres aggravate the final surface treatment requiring an additional working operation, i.e. 
sanding. 

The number of 'hairs' on the workpiece surface is observed continuously by the machine 
operator during milling. Thus, the operator qualification decides on work interruption and 
exchange ofblunt tools by sharp ones. 

A view of a clean perfectly worked surface and a view of a surface with maximally 
admissible fluffiness is in Fig. 1. 
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Fig. 1. A view of the surface of a pine scantling machined by a milling machine with blunt or 
sharp razor blade knives 

The necessity of personal checking the quality of working hinders the automation of the 
manufacturing process. Increase in blunting during milling and relating increase in cutting 
resistance together with the increasing roughness of workpieces are potential sources of 
information on the graduał increase in fluffiness of the worked surface. 

The course of blunting the razor-blade knives 

The blunting of razor-blade knives (thereafter razor-blades only) was studied in relation 
to the change in the blade edge radius during milling Scots pine scantlings. Wood moisture 
was w= 10% + 12%. Sharp edges of razor-blades show a radius of p:::; O.Ol mm (Fig. 2). In 
our study, we assessed the blunting of T04F razor-blades (manufactured by TIGRA Co., 
Germany). 

After achieving a non-permissible fluffiness, the edge radius increased to a value of Pmax 
= 0.02 mm. The milling machine showed a cutting rate ofv = 40.4 m·s-1 + 40.7 m·s-1 and feed 
per one edge Uz = 0.208 mm. The total cutting length of one edge was 14637 m. 

A detailed description of operation conditions was published in paper [3]. 
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Fig. 2. The sharp cutting edge of a razor-blade 

Increase in roughness 

Samples of the machined pine wood in milling by sharp razor-blades were indicated by 
numbers 1 - 4 and in milling by blunt razor-blades 5 - 8. Dimensions of samples ranged 
about 120 x 60 mm. 

The surface showed a certain inhomogeneity in the form of small depressions which 
could originate out of the process of machining during handling or due to other reasons. In 
sampling profiles places without these defects were taken. The origin and importance ofthese 
depressions is not the part of evaluation and, thus, it is necessary to assess them separately. 

In each of the samples, 5 measurements were carried out, viz. in the centre and in four 
comers. The samples were measured by the SURTRONIC 3 English instrument which is 
equipµed by a linear guide in a length of 25 mm so that it is able to evaluate parameters from 
the roughness profile (R-parameters) as well as from the waviness profile (W- parameters). 

Parameters assessed according to the ĆSN EN ISO 4287 standard: 
mean arithmetic deviation of the profile under eval1:1ation: -Ra- for roughness 

· - Wa - for waviness 
The largest height of the profile: - Rz - for roughness 

- W,- for waviness 

Note: the instrument evaluates the parameter according to the old standard Ry, Yfl;„ 

The largest element of the profile R111ax, W,11ax according to the DIN 4768 standard. 

In all cuts, the record of an unfiltered profile is given containing elements of both 
roughness and waviness. The evaluation of a central cut is completed by the roughness profile 
(long-wave components are filtered out) and by the waviness profile (short-wave components 
ofroughness are filtered out). 

Mean values of roughness in milling by sharp and blunt razor-blades are given in Table 1 

Table. 1. Mean values of Ra, Ramax in milling by sharp and blunt razor-blades 

Roughness Surface roughness Roughness increase 
parameters Razor-blades in% 

[µm] sharp blunt 
Ra 4.377 6.14 40.28 
Rama.< 36.678 42.937 17.1 
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Discussion 

With the increasing blunting of a tool the quality of woodworking decreases which is 
evident from the increasing fluffiness of the worked surface and its increased roughness. 
When achieving the maximally permissible fluffiness in milling pine scantlings by razor­
blades the edge radius increased from a value of p :;;; O.Ol mm in sharp razor-blades to a value 
of p = 0.02 mm. The surface roughness increased on average by 40.28%, viz. from a value of 
Ra = 4.377 µm to a value of Ra = 6.14 µm. 
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Ilp0lł3BOACTB0 Hlł3KOTOKCHąHblX CMOJI na OCH O Be 

1rnp6aM11)l;oc}>opMaJILAer11Anoro Kouu,euTpaTa, napac}>opMaJILAer11Aa 

B. A. P.llfo1q -A. A. Epaw;atlxo11 - A. A. neoHOBHq21 - ,n;. 1op,r:i;orn31 

CIT «<l>1111Iep-MyKaąeso», r. MyKaąeso - YKpa11Ha, 
11 

f'ocyL(apcTBeHHall necoTexH11ąecKal! aKa.[\eM11ll, r. CaHKT-fleTep6ypr - Pocc11J1
21

, 

«XeMKO», r. CTpmKcKe - CnosaK11J1
31 

Co,11.ep:arnune: B pa6oTe paccMOTpeHbI npoMblllIJieHHbie TexHonom11 c11HTe3a 

Kap6aMHL\OcpopMaJib)J,ertt.[\HbIX CMOJI, o6cy)J(,L\eHbl HX He)],OCTaTKl1. llp11Be)J,eH,pa3pa60TaHHblH 

aBTOpaMl1 CTaTbH,MeTO)J, CHHTe3a Kap6aMHL\Ocp0pMaJib)J,er)J,HblX CMOJI 113 cpopKOH)J,eHCaTa, 

nonyąeHHOro Ha OCHOBe napacpopMa. Ha OCHOBe pl!)J,a Kap6aMH.L\OcpopMaJib.[\er11)],HblX CMOJI, 

CHHTeT113HpOBaHHblX no 3TOH TeXHOJIOrHH, C03)],aHa 3KOJIOrtt'łeCKal! npOL\YKIJHll HOBOro 

nOKOJieHl1ll. 

ITp11 pe11IeH1111 npo113BOL\CTBeHHbIX 11 cneu11anbHbIX npo6neM B ,L\epesoo6pa6oTKe Ha 

nepBbIH nJiaH Hb!He Bb!XOL\l!T 3a)J,a'łl1 no 3alljI1Te OKpy)J(a!Olljett npttpOL\HOH cpe)J,bl, 3.L\OpOBbll 

pa60Tał011Jero nepcoHana 11 HaceJieHl1ll. CpeL\11 pa3Jil1'łHbIX HanpasJieH11i1 npo113BOL\CTBO 

L\pesecHbIX nn11T ()J,CIT, )J,BIT, M,lJ,<l>) l!BJil!eTCll OL\Hl1M 113 Ha116onee L\l1HaM11'łHO 

pa3Bl1Ba!Olljl1XCll 11 CBl!3aHO c nepepa6oTKOH Hl13KOKaąecTBeHHOH L(pesec11Hbl 11 L(peBeCHbIX 

OTXO.[\OB. 

0CHOBHOH np11'łl1HOH HeycToi1ą11sol1 pa60Tbl 3aBO)J,OB L\peBeCHbIX TIJll1T, cna)J,a 

npOMblllIJieHHOro np0113BO)J,CTBa l!BJilleTCll TIOBblllieHHal! ce6eCTOl1MOCTb npOL\YKIJl111, 

MOpaJibHO ycTapeBllIHe 11 3KOJIOrH'łeCKH onaCHble TeXHOJIOmąecKHe npouecCbl CHHTe3a CMOJI, 

CBll3aHH1>1e c np11MeHeH11eM 37%-ro MeTaHOJICO.L\ep)J(a11Jero cpopMan11Ha. B CBll311 c 3Tl1M 

6oJibllil1HCTBO Bbipa6aTbJBaeMbIX TIJil1T He OTBeąaeT Tpe6oBaHl1l!M Me)J(L(yHapo,L\HbIX 

CTaH,L\apTOB no TOKCl1'łHOCTl1 11 CTa611JibHOCTl1 KaąecTBa, He)J,OCTaTO'łeH 11 accopT11MeHT 

BblIIYCKaeMOH npOL\YKU1111. 

KpoMe Toro, MeTl1JIOBblH cn11pT, np11cyTCTBYłOllJl1H B cpopMaJil1He B Ka'łeCTBe 

CTa611Jil13aTopa 3aMe)J,Jil!eT peaKljl111, npoTeKa!Oiljl1e np11 o6pa30BaHl111 CMOJI, np11BOL\11T K 

yseJil1'łeHl1!0 TIOTpe6JieHl1ll Cblpbll [l]. 
B HaCTOl!llJee speMl! 3aMeTHO nosh1c11n11c1> Tpe6osaH11l! K 3M11cc1111 cpopMaJib)J,ertt)J,a 113 

H3)],eJil1H ,L\peBeCl1Hbl, nonyąeHHbIX c HCTIOJlb30BaH11eM Kap6aMl1L\OcpopMaJib)J,erH)J,HblX CMOJI. 

llo YKa3aHHoi1 npną11He 11I11p0Koe npttMeHeH11e nonyą11nn TaK Ha3bIBaeMbie Hl13KOMOJibHbie 

CMOJ!bl, xapaKTep113Y!OllJl1eCl! MHH11MaJibHbIM COOTH011IeH11eM cpopMaJib,L\em,L\a K Kap6aM11,L\y. 

I1x cylljeCTBeHHb!Ml1 np113HaKaMH l!BJill!OTCll TIOHl1)J(eHHble TIOKa3aTeJil1 KaąecTBa, 

He)J,OCTaTO'łHO BblCOKaH crn611JibHOCTb np11 xpaHeHHH H HH3KaH peaK[(l10HHaH cnoco6HOCTb 

npH OTBep)J(,L\eHl111, 3Ha'łHTeJibHblH o6beM cpopMaJib)J,erH)J,CO)J,ep)J(alljl1X Ha,L\CMOJlbHbIX BO.[\, 

BbICOKall CMe11I11BaeMOCTb c BOL\OH 11, KaK pe3yJibTaT, TOKCM'łHOCTb CMOJIHHblX KOMTI03M[(l1H. 

CMHTe3 Kap6aM11L(ocpopMaJib,L\em)J,HbIX CMOJI ocy11JeCTBJIHeTCH B Tp11 cTa)J,11M: 

I CTa,[(11H - ru:eJIO'łHaSI KOH,[\eHCalj11S1 Kap6aM11,[\a 11 cpopMaJib,[(er11,[(a ,[(O MOJlbHOro 

COOTHOllieH11ll 1 :2 c ueJibłO noJiyąeHl1ll MeTl1JIOJIMO'łeBl1Hbl. 0Ha npOBO)J,11TCll B np11cyTCTBMl1 

lljeJIOqHbIX areHTOB np11 TIOBbJilleHHbIX TeMrrepazypax. 

II CTa)J,MH Kl1CJiaH KOH)J,eHcauMll, HarrpaBJieHHal! Ha cpopMHpOBaH11e 

MeTl1JieHMO'łeBl1HbI, neperpynn11pOBKY MeT11JieHOKCl1)],HbIX B MeTl1JieHOBbie rpynrrbl c 

O)J,HOBpeMeHHOH 3MMCCMett cpopMaJib)J,erH)J,a. )l.aHHbIH npo11ecc Be.[\eTCll npH pH < 7, ero 

OKOHąaHMe onpe)J,eJil!eTCH TeCTOM Ha CMe11I11saeMOCTb peaKljl10HHOH MaCCbl c BO.[\OH. B 
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KaqeCTBe Kl1CJlblX areHTOB Ha1160Jlee urnpoKoe rrp11MeHeH11e HallJJ111 XJJOp11CTbIH aMMOHl1H, 

MypaBbl1Hall Kl1CJIOTa 11J111 ee CMeCb B COOTHOllleHl111 9: 1 C YKCYCHOM Kl1CJ10TOH ITOJJ: 

Ha.3BaH11eM «MypyKc», cyJlbQJaT aMMOHl1ll 11 JJ:p. 

III CTaJJ:l1ll - JJ:OKOHJJ:eHcau11ll. IIocJle 3asepllleH11ll K11cnoi1 cTa.[(1111 B peaKu;110HHYIO 

Maccy BB0.[(11TCll BTOpair rropuirn Kap6aMl1.[(a JJ:Jlll JJ:OCTl1)!(eHl1ll Tpe6yeMoro MOJlbHOro 

COOTHOlllemrn Kap6aMl1,[(: QJOPMaJlb,[(erH.[(, QJOpM11poBaH11e OITTl1MaJlbHOro 4JpaKu;l10HHOro 

COCTaBa CMOJibI, ee CBOHCTB, COJJ:ep)!(aHl1ll CB060JJ:HOrO QJOpMaJlb.[(erH.[(a. 

Ka)!(JJ:all 113 nepeq11cJleHHbIX CTaJJ:l1H xapaKTep113yeTc5l orrpe.[(eJleHHOH JJ:J111TeJlbHOCTbIO, 

pH, TeMnepaTypHb!M pe)!(l1MOM. Hx Heco6J110.[(eH11e MO)!(eT HeraTl1BHO OTpa.311TbCll Ha 

KJielllll,11X 110Ka.3aTeJll!X Kap6aMl1JJ:OQJOpMaJlb.[(erH.[(HOH CMOJlbl 11J111 )!(e Bbl3BaTb 

rrpe)!<.[(eBpeMeHHYIO )!(eJlaTl1Hl13al..\11lO rrpOJJ:YKTa B caMOM arrrrapaTe. 

FO. r. )J.opOHl1HblM, M. M. CBl1TKl1HOH, c. H. M11pOlllHl1qeHKO [1] pmpa6oTaH MeTOJJ: 

ITOJlyqeHl1ll Kap6aMl1JJ:OQJOpMaJlb.[(em.[(HOM CMOJlbl, BKJ1IOqaIOmei1 B ce6l! qeTb!pe OCHOBHbie 

CTa.[(1111: 

llOJlyqeH11e MeTl1J10JlbHbIX 11p0113BOJJ:Hb!X Moqes11Hbl ( QJOpKOH.[(eHCaTa) B 

cna6omenoqHoił 11J111 Hei1TpaJJbHOił cpeJJ:e rrp11 TeMrreparype 80-100° C, 

11p0.[(0J1)!(11TeJlbHOCTblO 30-60 Ml1HYT 11 MOJlbHOM COOTHOllleHl111 Kap6aMl1.[(a 11 

<lJopMaJJbJJ:erHJJ:a 1 :(1,97-2,0); 
KOH.[(eHcau;1110 CMOJ1006pa.3Hb!X rrpOJJ:YKTOB B Kl1CJ10H cpe.[(e rrp11 pH 4,0-6,5 B 

TeqeH11e 20-60 Ml1HyT; 

KOHU:eHTp11posaH11e CMOJlbl 110.[( BaKyyMOM rrp11 pH 6-7 ,5 11 TeMrreparype 65-70° C; 

JJ:eKOHJJ:eHcau;11IO c JJ:OITOJ1Hl1TeJlbHOi1 rropu;11ei1 Kap6aM11.[(a rrp11 60-65° C, pH 6,5-7 ,5 
B TeqeH11e 30 Ml1

0
HYT JJ:O KOHeqHoro MOJlbHoro cooTHOllleH11ll Moqes11Hbl c 

QJOPMaJlb.[(erl1.[(0M 1: (1,30-1,66). 
B rrpou;ecce OXJia)!(,[(eH11ll roTOBOM CMOJibl MO)!(HO CTa611Jil1311pOBaTb ee C aMM11aqHOH 

BO.[(OH, .[(113Tl1JleHrJil1KOJieM, TeTpa6opaTOM HaTp11ll. 

HeJJ:OCTaTKOM yKmaHHOro crroco6a llBJilllOTCll ero MHOrocTaJJ:11ttHOCTb 11 

rrpOJJ:OJI)!(l1TeJlbHOCTb, qTO CHl1)!(aeT rrp0113B0.[(11TeJlbHOCTb TeXHOJIOr11qecKoro o6opyJJ:OBaHl1ll, 

a TaK)!(e Hl13Kall CTerreHb KOHBepc1111 no QJOPMaJlb,[(er11JJ:y, TaK KaK OTrOHHall BO.[(a Ha CTa,[(1111 

KOHU:eHTp11poBaHl1ll CMOJlbl COJJ:ep)!(11T 5-8% HerrpopeampoBaHHOro QJOPMaJlb.[(ern,[(a. K TOMY 

)Ke IlOJlyqeHHbie CMOJlbl JJ:OCTaTOqHo xopolllO paCTBOp11Mbl B BO.[(e, qTo rrperrl!TCTByeT 

BblllYCKY 3KOJlomqecKl1 q11cTOH rrpOJJ:YKU:1111 Ha 11X OCHOBe. 

CTpyKTypa Kap6aMl1JJ:OQJOpMaJlb.[(erH.[(HbIX CMOJl, Cl1HTe311pOBaHHb!X Ha OCHOBe 

QJOpMaJ111Ha, c 0.[(HOH CTOpOHbl, 11 Kap6aMl1JJ:OQJOpMaJlb.[(erHJJ:HOro KOHU:eHTparn, c JJ:pyroi1, He 

0.[(11HaKOBa [2]. 
Cpe.[(11 orr11caHHbIX MeTOJJ:OB 3acJiy)!(11BaeT BH11MaH11ll crroco6 rronyqeHmr 

1<ap6aMl1JJ:OQJOPMaJlb,[(erH.[(HOH CMOJlbl 113 Kap6aMl1JJ:OQJOpMaJlb.[(erHJJ:HOro KOHU:eHTpaTa 

(K<PK), co.[(ep)Kamero 59% «06mero» <lJopMMbJJ:erHJJ:a 11 21 % o6mero Kap6aM11JJ:a. OH 

ocHoBaH Ha JJ:06asneH1111 K K<PK rrepsoił rropu;1111 Kap6aM11JJ:a c u;eJlbIO JJ:OBe.[(eH11ll 

COOTHOllleHl1ll QJOPMaJlb,[(erH,[(: Kap6aMl1JJ: 2,0:1, rrporpes peaKl..\110HHOH CMec11 rrp11 40° c B 

TeqeH11e 2 qacos, BBO.[(e 1 p%-ro pacrnopa YKCYCHOM Kl1CJ10Tbl .[(Jlll JJ:OCTJł)!(eHl1ll pH CMec11 5 ,2 
Ił rrpoBe.[(eHl1ll Kl1CJIOH KOH.[(eHcau:1111 ,no JJ:OCTl1)!(eHl1ll Bll3KOCTl1 1 ooo m Pa ceK. 

IIocJie 3TOro pH peaKul10HHOH CMec11 ycrnHaBJ111BaIOT Ha ypoBHe 7,5, BBOJJ:l!T BTopyIO 

rropu;11IO Kap6aM11,na 11 rrp11 60° C B TeqeH11e 1 qaca 3aseplllaIOT rrpou;ecc KOH,neHcau;1111. 

K He,nocTaTKaM ,naHHOro crroco6a CJle,nyeT OTHeCTl1 ITOBbillleHHYIO Bll3KOCTb 

Kap6aM11,no<lJopMaJlb.[(er11.[(HOH CMOJlbl Ha CTa.[(1111 Kl1CJIOH KOH.[(eHcau;1111, .[(Jil1TeJlbHOCTb 

IUeJlOqHOM KOH.[(eHCal..\1111 113-3a HeBblCOKOH TeMrrepaTypbl Be,neHl1ll rrpouecca, IlOHl1)!(eHHYIO 

peaKl..\110HHYIO crroco6HOCTb roTOBOH Kap6aMl1JJ:OQJOpMaJlb,[(em,nHOM CMOJibl, 

xapaKTep113yeMOH Il0Ka3aTeJleM «BpeMll )KeJlaTl1Hl13au;1111». 

-243-



I1p11MeH11TeJibHO K lf>opKOH.L(eHCaTy, Bbipa6aTbJBaeMoro pH.L(OM npe.L(npmITl1H, HaM11 
pa3pa6oTaH MeTO,ll; Cl1HTe3a Kap6aMH,1J;Olf>opMaJib,1J;efl1,ll;HOM CMOJibl 113 lf>opKOH.L(eHCaTa 
nonyqeHHOro Ha OCHOBe napalf>opMa, CKOill1BUierocH B 3Haą11TeJibHblX KOJI11qecTBax Ha p51,ll;e 
lf>opMaJil1HilOTpe6JI51ł01I.111X npe.L(np1151TH51X. 

B peaKTOp eMKOCTb!O 10 M3 3arpy)!(aJOT 7000 Kr lf>opKOH,ll;eHcaTa, 1200 Kr Kap6aMl1,ll;a 11 
700 Kr BOJJ:bl. BKJI10ąa10T MeUianKy. I1epeMeUI11BaH co,1J;ep1I<11Moe peaKTopa .[(O noJIHoro 
pacrnopeHl151 Kap6aMH.L(a, onpe.L(eJIHIOT pH peaKf_\110HHOM MaCCbl, KOTOpblM COCTaBJIHeT 6,8-
7,2. 

HarpeBaIOT CMeCb .[(O 90-92° c, Bb!.L(ep1I<11BaIOT np11 pH 6,1-6,4 B TeąeHMe 35-40 MHHyT. 
)J;anee ctt111I<aIOT pH JJ:O 5,0-4,2 ,1J;o6asneH11eM Kl1CJioro areHTa PEE [3] 11 Be.L(yT Cl1HTe3 JJ:O 
Haąana Koarynm-11111. 

ITocne OK0HąaH11H sapK11 ycrnHasn11sa10T pH 6,8-7,2. 
CMony oXJiaJI<JJ:aIOT .[(O 65-70° C. )J,o6asJIHIOT 1800 Kr Kap6aMl1JJ:a. 
,Il;oKOH.L(eHCaf_\HIO CMOJibT npoB0.[(51T B TeąeH11e 30 Ml1HYT, OXJia)!(,L(aIOT .[(O 25-30° c 11 

CKaą11sa10T B CTaH.L(apT113aTOpb! .L(JI51 IlOCJie.L(yIOII.lero 11CTIOJib30BaHl151. 
)J,anbHeiłUiee pros11T11e necoTexH11ąecKoro Kol'vinneKca Y Kpa11HbI Tpe6yeT UI11p0Koro 

BHe.L(peHl151 HOBbTX nporpeCCl1BHbIX pa3pa6oTOK 11, B nepsy10 oąepe,ll;b, TeXHOJIOrMił 

nonyąeHl151 11 np11MeHeH115! H113KOTOKCl1ąHblX Kap6aMl1,1J;Olf>op-MaJib.L(ef11,1J;Hb!X CMOJI. 
Propa6oTaHHaH HaM11 TeXHOJIOrHH nepepa60TK11 napalf>opMa no3son11na c11HTe311posaTb PH.LI 
Kap6aMMJJ:O!f>opMaJib.L(efl1,ll;HbIX CMOJI, C03.L(aTb Ha 11X OCHOBe npO.L(yKL\1110 HOBOrO IlOKOJieHl151 
11 cy1I.1ecTBeHHO 03.L(OpOBHTb 3KOJIOf!1ąecKyIO o6cTaHOBKY B ,1J;epesoo6pa6aTb1BaI01I.111X 
pemoHax [4]. 

Conclusion. 
The samples ofproduction ofureaformaldegid resins which are used as the raw materia! 

of formalin and ureaformaldegid concentrated product are showed in this article. 
Technology of getting lowtoxical ureaformaldegid resins from paraformaldegid is 

produced and filled in serial production for making of gluing production of new generation 
and for improvement of ecological situation in woodworking regions. 
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Streszczenie: Zastosowanie paraformu do produkcji żywic mocznikowa - formaldehydowych 
o małej toksyczności. W pracy poddano analizie przemysłowe technologie syntezy żywic 
mocznikowo-formaldehydowych. Przedstawiona przez autorów metoda syntezy żywicy z 
przedkodensatu otrzymanego na bazie paraformu doprowadziła do otrzymania ekologicznej 
żywicy nowej generacji. 
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Some foundations for regulation of wo od drying process 

Ferdinand Bodnar 
Technical University in Z vol en, Department ofMechanics and Engineering 

Abstract: The problem of drying process regulation in optima! way without defects of wood 
is an open problem. The central ask consists in estimation of stresses which cause last 
deformation of wood and cause rise of cracks. A method for estimation of the moisture 
distribution, stresses and deformations in a dried board is presented here. The wood is 
considered to be cylindrically orthotropic materia!. It is supposed one directional movement 
of a water in the drying wood. Model of a moisture content distribution is proposed as a 
function of time. Elastic part of stresses in a cross section of a board is estimated for a 
different time like a piane stress problem by finite element method. In a used model moisture 
content is a function of time, elastic moduli and deformations of wood are functions of the 
moisture content. Stress is calculated with using of an incrementa! formulation. 

Keywords: wood, drying, moisture content, stresses, deformation. 

Introduction 

Wood is usually green when it is cut from a log and must be dried for most uses to a 
moisture content suitable for use conditions. The problem of drying process regulation in 
„optima! way" without defects of wood is an open problem. Slowly process of drying 
increases the energetic exaction and too fast process reduce a quality of dried materiał. The 
process of drying can be considered as optimalization problem in which is required 
decreasing of wood moisture content below the fixed value in the shortest time and at the 
same time stress components during drying and ultimate values of warping of a dried timber 
must not exceed determined limits. Drying of wood is theoretically too complicated process. 
It is caused by properties of wood and that at drying is a synchronous heat and moisture 
transmission. 

A result of moisture changes in the bound water area is hygroscopic shrinking and 
swelling of the wood. When the wood is dried, shrinkage occurs, the magnitude of which 
depends on numerous of factors. They follow from characteristic properties of wood and 
influence a state of stress and state of deformation. These factors include extent of moisture 
loss, structural direction (radia!, tangential, or longitudinal), wood density and other factors. 
Dimensional changes of wood with moisture content changing are anisotropic and in the 
hygroskopic range they are linearly dependent on the moisture content changes. Longitudinal 
or axial shrinkage is essentially least as this one is in the radial and tangential direction. 

Methodics 

The central ask consists in estimation of undesirable stresses which cause lasting 
deformation ofwood. The source of a stress is restrained strain e 

S=S0 -sp (1) 

where ep is a potential strain and eo is a real strain. The potential strain is the unrestrained 
shrinkage strain, so-called free shrinkage strain. It would rise, if wood is dried without 
moisture gradient. Estimate of eo is realised according to DEKRET and BODNAA(1994b) of 
an average value of the moisture content w and for the one dimensional, with marking 
according to Fig.I, it is 
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(2) 

where a,Y is the coefficient of free shrinkage in the direction of the axis y and 30 is the value 

of the moisture content at the fibre saturation point. The restrained strain 
u -

' 8=80 -i:P= 3~(w-w) (3) 

is known for all time of drying, if the moisture distribution w is known at time t. It is 
supposed one directional movement of a water and only elastic part of the restrained strain in 
the drying wood. 

a) b) 

~11. :~ 
Fig. 1: a) Sketch of a dried board with used co-ordinate system. 

b) Cross-section of the dried board; solved area is shaded. 

. 
y 

Moisture content distribution in wood according to the conditions of drying shows to 
be very problematic. Therefore it is modelled (DEKRET and BODNAR(l 994b) ) by function 

(4) 

The unknown coefficients a; b, a, are determined of check measurements. The drying 
process is divided into two periods. The first period (O, t„) takes while the surface moisture 

content of the wood achieves the equilibrium moisture content corresponding to condition of 
the drying. The second period (t„te) takes to the time fe , when it is achieved the required 

terminal moisture content in the middle of the board. The moisture content on the surface of 
the board in this period is constant, equal to the equilibrium moisture content Wr . 

Wood is considered as continuous, homogenous, cylindrically orthotropic materiał. 
The response in radia] (r) direction differs from that in the tangential (t) direction. It is 
considered a symmetry of the solved board, so the origin of the materiał co-ordinate system 
for a timber (S) lies on the symmetry axis and may Jie outside the cross-section in a distance 
a from origin (O) of a board co-ordinate system, see Fig.2. Restrained deformation is 
expressed in materia] co-ordinate system in a matrix form, it is {e}1„ = {e}o tr - {e}p 1„, where 
the potentia] strain matrix is 
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a 

s 

~}~ -[:;], (5) 

Its components are dependent on the 
moisture content w from hygroskopic range 
and on the coefficients of the free shrinkage 
a, , ex,. in the appurtenant directions t, r as 
follows 

E1 =~(30-w), 
30 

E„ = ~~ (30-w). (6) 

Fig. 2: Cross-section by the board solved part with 
used co-ordinate systems r-t, y-z. 

A basie system of finite element equation equilibrium equations have been got using the 
principle of virtual work 

j(BHJ'c (H-t}p)dv~o or 
V 

(7) 
I' V 

This virtual work equation has been· written in global co-ordinate system x, y, z of the 
timber. There fore the potential strain tensor and constitutive tensor must be transformed from 
t - r to y - z co-ordinate system. Strain tensor is of rank two and constitutive tensor with 
stiffness parameters Cuki is of rank four. Their components transform in the following way 

(8) 

(9) 

where T is the transformation matrix, TT stands for the transpose of this matrix. Its 
components tpą are cosines of the angles between both co-ordinate systems ( direction 
cosines). Elastic and shear modulus ofwood are dependent on the moisture content w 

Solved task 

Et=Eto + a1 w 
Er=Ero + a2 w 
G1r= Giro+ a3 w. 

(10) 

This theory have been applied for calculation of deformations and of stresses during 
the drying process in a spruce board with cross section in Fig.I. A pith, which is an origin of 
the materia! co-ordinate system, li es in the z - axis in the distance a= 70 mm below origin of 
the board co-ordinate system, see Fig. 2. The board is hypothetically dried from the initial 
moisture content w0 = 30% to terminal moisture content we= 11 % in time te = 20 h, 

equilibrium moisture content w„ = 10%, time increment At= 0.5 h. Some of the calculated 
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moisture contents profiles w are represented in the Fig.3 for the begin of drying, at time 4h, 
8h, 12h, 16h of drying and on the end of the drying process. 

Fig. 3: Calculated moisture content distribution Fig. 4: Warping of the solved part of 
timber a:fter 

throughout the thickness of the dried board; the drying. 
O - on the begin of the drying, 1- after 4h of drying, 
2 - after 8h of drying, 3 - after 12h of drying, 4 - after 
l 6h of drying, 5 - after 20h of drying. 

Fig. 5 Transformed stress component C5t at 12h and 20h of drying time. 

Conclusion 
The presented procedure enables the discrete simulation of deformations and drying 

stresses development in the dried timber. The method enables to watch the influence of 
intemal moisture content distribution bistory, influence of the timber position in the stem 
cross section and influence of the materia] characteristics on stresses. The accuracy of 
calculation depends on reliability of the used model parameters. It is used the elastic model of 
wood, because a weak point of all mechano-sorptive creep constitutive equations is 
problematical getting and verification of included parameters numerical values. Beside 
solving of the wood creep problems, the sol uti on of drying process regulation requires also to 
solve the heat and moisture transmission. 
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Streszczenie: „Wybrane metody sterowania procesem suszenia drewna". W pracy podjęto 
próbę ustalenia optymalnych parametrów, procesu suszenia drewna. Przyjęto jako 
wzorcowy, model cylindryczny, ortotropowy zakładający jednokierunkową zmianę 

wilgotności.Ustalono optymalne parametry suszenia drewna, które skracając czas suszenia 
drewna nie powodująjednak uszkodzeń w suszonym materiale. 
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Mixed adhesive on the base of uf and PV AC resin 

Żaneta Rosova 
Technical University in Zvolen 

Introduction 
It's well known, that ureaformaldehyde (UF) adhesives and standard polyvinylacetate 

adhesives (PVAC), are just partia! water resistant. Their advisable combination, contingent 
addition ofhardener, that are often salts of AI3

+, Cr3
+, account endurance gluing joints against 

water according to DIN EN 204 in the class D3. The effort ofresearches is to attain class D4, 
boiling-resistancy. 

Today, we have known PV AC cross-linking adhesives, that include this category, but 
these are about three-times more expensive than mixed adhesives. 

Ureaformaldehyde adhesives 
Conside1ing the ability of hardening at wide interval of temperatures, relatively short 

hardening time, application in form of aquatic solution, achromatism and partia! water 
resistance, UF resins are most used adhesives in woodworking industry. Their disadvantage is 
freeing of formaldehyde by the making boards and during their storage and application or use. 

Polyvinylacetate adhesives 
PV AC dispersions are extremely applicable for gluing of wood. They define itself 

with good affinity to wood and provide strong and elastic joints. 
PV AC adhesives are possible to use direct without addition of hardener, it is not 

neccessmy to dilute either heat. From the sanitary aspect the action with them is nondefect, 
because adhesive does not contain harmful solvent. They are fireproof, immune against 
microorganism and provide transparent joints. General disadvantage of adhesives is low 
resistance of adhesive-joint against action ofwater. 

Mixed ureaformaldehyde - polyvinylacetate adhesives 
Mixed adhesives are compositions, based on a mix of thermoreactive and thermo­

plastic or elastomeric adhesives. Following this contact it is possible to join positive facilities 
of two polymers and achieve mixed adhesives with necessary and expected characteristics. In 
some cases the quality of joints increases, resistance of joints against action heat and 
moisture, mount up exhaustion strength of joints, life-time or shape stability of parts. These 
positive properties are conditional in a great measure, that plastomeric and elastomeric 
components of mixed adhesives represent polymers with linear or cross-linked molecular 
composition, that deliver to adhesive their bond elasticity. At application of mixed adhesives 
there is possible to improve some technological properties, i.e.: regulate viscosity, increase 
durability of adhesive mixtures, short hardening time, minimise amount of free formaldehyde 
etc. 

From plastomer water-dispersed systems, for modification of UF resin is the most 
used PV AC dispersion, which has good mix-ability at arbitrary mixing ratios. 

After mixing PV AC dispersion with UF resins overcome chemical reactions between 
different reaction component. From PV AC dispersion, polyvinylalcohol (PV A) input into 
reakction, which is emulsifier and occur at dispersion environment. From UF resin, 
monomethylolurea and dimethylolurea and as well free formaldehyde inputs into reaction. 

Reaction PV A with dimethylolurea formates cross-linked molecular composition and 
reaction with free formaldehyde formates polyvinylformal, which is less soluble. 
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UF - PV AC mixtures have gelatination consistency, what enable easy application on 
glued surfaces, where generate uniform Jayer. Dynamie viscosity of mixtures differs of 
viscosity of initial materials. Limit shear strength considerably depends on brand of 
ureaformaldehyde resin. 

Consequential advantage of UF-PVAC adhesive is lowering of free formaldehyde at 
context therewith, that formaldehyde is bound on PV A, which is in PV AC dispersion. This 
abatement capacity represent up to 40%. Its consequence is shortening of hardening time of 
composition, especially at adhesive bonding at increased temperature. 
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Streszczenie: Mieszane kleje na bazie UF i PVAC. 
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Resinas fenol-formaldehido para la produccion de tableros de particulas 

Milan Sedliacik, Jan Sedliacik 1l, Marek Jabłoński, Andrzej Starecki 2l, Manuel 
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Sumario: En este trabajo se ofrece el estado actual de la produción de tableros en Cuba asi 
como la produción de tableros de bagazo. Se compran estas propiedades con tableros de 
madera y se ofrece un estudio sobre la sintesis de resina fenol-formaldedehido (PF) a escala 
de laboratorio. Se presenta el estudio realizado sobre el ciclo de presentado de esta resina asi 
como sus propiedades y la de los tableros de particulas de bagazo confeccionados con la 
mJSma. 

Introduccion 
Es conocido las limitaciones de la resina urea-formaldehido (UF) en la producción de 

tableros de particulas por su baja resistencia a la humedad y alto contenido de formaldehido 
libre. 

Por estas razones y para darle un uso mas amplio a los tableros de particulas 
principalmente en la constructión (encofrados, etc.) y en lugares donte exista alta humedad, se 
hace necesario la utilización de la resina fenol-formaldehfdo (PF). Es necesario senalar que la 
resina PF presenta la desventaja de alto costo de producción el cual duplica al de la resina UF 
como se puede apreciar en la tabla No. 1. 

Tabla 1 

Variación del costo de materials primas y materiales por tonelada de tabl ero 
en resina UF y PF 

Con resina UF Con resina PF 

Insumo Im porte Insumo Importe 

material/ton pesos materiał/ton pesos 

Bagazo desmeollado 50 % 2,04 28,88 2,04 28,88 

Resina 0,137 137,82 0,178 370,24 

Parafina 0,0075 5,40 0,0075 5,40 

Cloruro de amonio 0,004 0,51 - -
Electricidad [kW.h-1

] 350 22,75 350 22,75 

Combustible 0,32 11,22 0,32 11,22 

Total 206,58 438,49 

En Cuba se vieme estudiando hace alglin tiempo la produción de esta resina, pero 
recientemente debido el crecimiento de la industria de tableros de particulas este estudio se 
hace mas necesario. 
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Sintesis y caracterizacion de resinas PF 
A continuación se muestra el diagrama de la sintesis de una resina PF elaborado en el 

ICIDCA para la elaboración de tableros de particulas resistentes a la humaded. 
Fenol liquido 

NaOH41 % 

CH2036,5 % 

Agitar y calentar a 50-55 °C 

2da Etapa --7 ._I ___ A_d_d1_· c_ió_n_d_e_c_H_2_0 __ __, 

I 
Agitar y calentar a 50-55 °C 

3da Etapa --7 .... I ___ A_d_d1_· c_ió_n_d_e_c_H_2_0 __ __, 

I 
Aumentar temperatura a 80-85 °C 

I 
Obtener viscosidad en copa 

0 4 de 20-25 s 

Con esta sintesis se obtiene una resina denominada PF-4 cuyas propiedades se 
muestran en la tabla No. 2 donde tambien se compara con resinas producidas en otros paises. 

Estudio sobre de prensado y porcentaje de resina aplicada a los tableros 
Con esta resina PF-4 se realizó un estudio completo sobre el ciclo de prensado 

mediante el cual se define el mejor para esta resina. Se estudio tambien diferentes por cientos 
de resina aplicada (tabela No. 3 y figura No. 1 ). 
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Tabla2 

Propiedades de diferentes resinas fenólicas 

Exter-A SFZ 3014 F-5243 Fenokol43 CIBA- PF-4 
Parametros Finlandia Russo Checo Eslovaco GEIGY 

Segiin PND fabrica GOST PND PND PND Tecnica Tecnica 
Firma 16-536-68 20907-75 16-536-68 16-536-68 11-059-84 Cubana Cubana 

Peso seco [%] 41 36,80 46-52 43,30 43,20 43-47 47,10 44,20 
Viscisidaded 20 °C, 15-40 25 17-90 33 27 20-80 37 li 45" 
04mm [s] 
Alcalinidad [%] - 6,35 6,5-7,5 7,22 7,44 8 - 7,18 
Fenol libre [%] <0,2 0,18 <0,1 0,09 0,041 max. 0,1 0,0068 0,005 
Formaldehido libre [%] < 0,15 0,048 <0,15 0,038 0,037 max. 0,1 0,08 0,05 
Alcalinidad referido - 17,23 - 16,67 17,22 8,0 - 16,24 
a peso seco de resina[%] 
Formaldehido libre - - - - 3 - 2,5 
metodo 
FESYP [mg CH20/100g 
b.s. tableros] 
Adhesión [MPa], AW- - - - - - - 2,7 
100 
Tiempo de gelatinización - - - - - 7,1 5,25 
a 150 °C [min] 
li Para 30 °C 



Tabla3 

Propiedades de tableros de bagazo aglutinados con resina PF-4 (espesor 16 mm, 160 °C, 1 % emulsión de parafina) 

Tiempo de Cantidad Dilatación en H20 Absorción en H20 Tracción Módulo Tracción Dilatación 
Presión deResina 30 °C [%] 30 °C [%] perpend. Humedad Densidad de ruptura despues despues 

[mm] [%] 2h 24h 2h 24h [MPa] [%] [g.cm-3
] [MPa] de V-100 de V-100 

[MPa] [%] 
6 8 10,8 22,9 40,78 91,52 0,24 9,9 0,666 18,0 0,102 31,67 
7 8 10,1 21,9 36,78 91,15 0,19 9,7 0,669 19,6 0,113 30,02 
6 10 8,8 11,6 60,6 82,0 0,28 8,7 0,622 18,4 0,109 25,61 
7 10 9,7 12,4 62,4 81,6 0,37 8,2 0,632 20,9 0,125 23,54 
8 10 9,5 12,7 64,2 83,3 0,37 7,9 0,639 22,9 0,143 21,02 
6 11 3,9 7,6 22,37 57,11 0,27 9,9 0,643 17,9 0,126 19,60 
7 11 3,5 8,2 24,04 59,94 0,39 9,7 0,662 19,7 0,187 19,20 
8 11 3,7 8,1 20,30 53,86 0,41 9,4 0,672 20,1 0,202 16,40 
9 11 4,3 8,4 22,86 54,96 0,41 8,9 0,672 21,2 0,215 16,10 
10 11 3,9 8,8 22,36 54,61 0,44 8,8 0,675 21,2 0,232 15,96 
6 12 8,7 10,7 59,9 76,3 0,37 8,7 0,639 20,8 0,122 21,88 
7 12 6,6 9,0 48,2 65,6 0,38 8,6 0,662 23,3. 0,163 17,87 
8 12 8,5 10,4 53,9 70,6 0,48 8,1 0,661 23,4 0,192 17,95 
9 12 8,6 11,7 47,8 66,3 0,51 7,5 0,672 24,6 0,221 17,51 
10 12 8,3 11,3 43,7 63,3 0,48 7,7 0,669 25,5 0,219 17,48 



De la tabla anterior se puede observar que para por cientos de resina entre 8 y 10 las 
tracciones perpendiculares son relativamente bajos, asf como estas despues del ensayo V-100, 
aunque se lagran buenos resultados en el módulo de ruptura. La dilatación y absorción en 
agua son tambien altas. 

[rvIPa] 
2, 

2,0 
1,5 

A 

A 

B 

c 

B c 

Fig. 1. Ciclo de prensado utilizado para la resinata PF-4 

Leyenda 
min A B c 
5.5 1,5 2,0 2,0 
6 1,5 2,5 2,0 
7 2,0 2,5 2,0 
8 2,0 2,5 3,0 
9 2,0 3,5 3,5 
10 2,0 4,0 4,0 

Tiempo [min] 

Con por cientos entre 11 y 12 los resultados son buenos y muy semejantes tanto en 
absorción y dilatación, como en módulo de ruptura y tración perpendicular. 

El ensayo V-100 da buenos resultados para estos por cientos de resina a partir de 7 
minutos. Como las diferencias no son tan marcadas y son ademas buenas a partir de 7 
minutos y 11 % de resina consideramos estos parametros buenos para este tipo de tableros 
cuyos resultados son mostrados mas adelante. 

Conclusiones 
Se obtuvo una resina fenol-formaldehfdo con excelentes propiedades para ser utilizada 

en tableros de particulas resistentes a la humedad. 
Las propiedades de la resina PF-4 son comparables a las fabricadas mundialmente. 
Los resultados obtenidos del ciclo de prensado y por ciento de resina aplicada son 

satisfactorios para este tipo de resina. 
Las propiedades de los tableros de particulas con bagazo y con madera dan resultados 

similares. 
La sfntesis de obtención de la resina PF-4 sencilla y facilmente reproducible. 
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Streszczenie: Zastosowanie klejów fenolowo-formaldehydowych do produkcji płyt z bagassy. 
W pracy przedstawiono produkcję płyt wiórowych z bagassy, klejonych klejem fenolowo­
formaldehydowym wykonanym w warunkach laboratoryjnych .. Własciwości wytworzonych 
płyt okazały się porównywalne z klasycznymi płytami wiórowymi. 



Possibilities of increasing the water resistance of glue joints 
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Abstract: In the paper the methods of increasing the water res i stance of the joints of various 
glues used for gluing homogeneous materials, e.g. wood, metal, glass as well as the composed 
ones, e.g. metal-glass, metal-rubber, wood based materia], synthetic ones and other. These 
methods are: using additions to glues, nodifying glues in the course of synthesis, improving 
the surfaces to be glued with various methods and other. 

Increasing the water resistance of glue joints can be achieved with various methods. 
For instance with surface caating the protection layer which reduces the penetration of 
moisture,the diffusion and porosity of the glued materials and of the joints through improving 
the properties of linked materials and of glues, the reduction of moisture stresses of the joint 
and increasing the resistance and strength of polymer substrate bonds. Protecting the surfaces 
of the glued products through painting makes the most common way of increasing the water 
resistance of glue joints. 

Though surface painting is a immediate method it is ever an effective one. Most often 
this way is applied to wood whereat the protection does not affect so much the joint as, first 
of all, the wood. Decrease of the swelling posibility ensures the reduction of stresses in the 
joint. 

Hydrofobization of adhesive· by use of various additions is also a good method of 
increasing the water resistance. These additions should be distinguished by a good tolerance 
towards the glue and they can not cause the reduction of its cohesion and adhesion.This can 
be achieved by using additions with diffile properties. A small addition of vinylsterate (1 to 
15 weight ps. for 100 w.p.of glue mass) rises the resistance to boiling water. Increasing water 
resistance can be also attained not only through hydrofobization but also by plastification 
which reduces the moisture stresses. Addition of elastomer is the most common method 
.Using special glues: the resorcin-rubber and epoxy-rubber increases the resistance of joints 
exposed to the permanent or cyclic moisture changes in the constructions from materials of 
various moisture thermal expansion. Instead of additions which make the joint mare elastic 
other methods are applied: two adhesives are layed separately on two faces to be glued or two 
layer adhesive foils are prepared. One layer is of hard adhesive e.g. of epoxy one and the 
other of elastic or rubber adhesive. In the same joint the moisture thermal stresses can 
undergo relaxation revealed in practice by an increased load resistance of the joint. In order to 
increase the water resistance the modification is already dane in the synthesis process. (For 
example: polyestermaleinates are modified by esters of abietic acid, polyetyleneterftalates by 
adusts of pyromellite anhydride and polyisocyanate, epoxy resins by organo-phosphor 
compounds of P(NC0)3 and PO(NC0)3 types). 

Mixture epoxy and organo-silicate resins or the synthesis of epoxy-organo-silicate 
ones is a pretty practical method of increasing the water resistance of the glue joints of metals. 

In the recent years the method of increasing the water resistance of epoxide glues by 
their modification by the black-coal rersins has been used. It should de however added that 
such a modification involves the decrease of strength of joints depending upon the quantity of 
the added black-coal resin. The products of coal origin can be mixed not only with the 
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epoxide resins. It is known that the mixture of polyester with the addition of diiso-cyanates 
and bitumens gives an increased strength and water resistance. Water resistance and the 
chemical stability of the glued metals can be increased by adding inhibitors to the gluing 
mass. Such inhibitors which can be reciprocally absorbed by metals are added. In practice 
chromate complexes of guanidine and some esters of chromie acid are used. Chromates 
compounds of lead. zinc and some other chromates cause the increase of water resistance, in 
particular to the salt water, of the majority of glues. 
The inhibition of corosion appears with the use of glue on the base of resorcine and 
alkyloresorcine resins. The inhibition effect is in this case connected with the properties of the 
polyphenols which are raw materual for the production ofDFK type resins. 

It is possible that the inhibition properties towards the corosion ofmetals have also the 
phosphor compounds which are used in the mixtures destined for the preparation of the metal 
surfaces for gluing. It is commonly assumed that the oxide layer appearing on aluminium at 
the chemical oxydation in acid bichromates and at the anodizing in sulphuric acid is 
weakened by moisture diffusing into the glue joint. The elements undergoing anodizing in the 
phosphoric acid do not show such defaults. 

The water resistance of aluminium glued joints is connected not only with the 
effective protection against corosion. It is known that in the pickling process the thickness of 
the oxidizing layer on aluminiumm amounts at most to 1 to 2 m what is not enough for 
protecting the metal against corosion. As to spite it the best strength and water resistance of 
the glue joints is attained in comparison to the anodized aluminium where the oxidizing 
layer attains the thickness of 20 to 30 m. 

Increase of the water resistance of the metal rubber joints can be attained with 
activating surface as well as by increasing machanically the roughness of the metal surface. 

Water resistance of the glue joints can be also increased by treating the faces to be 
glued with substances the surfface bond energy of which is greater than that of bonding 
water. For gluing nonactivated surfaces special oligomers, other hardeners or components 
which are chemically active or neutral towards the glue should be used. 

The epoxy glue which contains apart from the diane epoxy resin and the hardener the 
dietylenetriaminometylphenol also, which is the product of condensation of the 
oligodietylenglykolsebacinate with the epoxydiane oligomer is the example of the glue 
containing such an oligomer. II Table 1 the influence of this glue on the shear strength at 
stretching joints ofthis glue within the 6 month soaking of samples in water is presented. 

Table 1 
Influence ofapplying conditions on shear strength at Mpajoints of the epoxy glue in the glass 
laminate. 

Conditions Time oftesting (days) 
ofapplying 7 30 90 180 

air 10,0 11,l 12,2 11,l 
fresh water 10,0 10,6 11,1 9,0 
salt water 10,0 10,7 11,3 9,0 

The strength of aluminium glued joints at gluing in air attains 24 MPa in the stretching 
test , 12,7 MPa at shearing by stretching and in gluing under water 19 MPa and lOMPa 
corespondingly in the same tests. After one year soaking in water of 200 C the strength 
decreases by 20 %. Approximate testing results are obtained with applying reciprocal 
reaction of m-phenylenediamine with diaminodiphenylmetane as the hardener. 
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The polybutylmetakrylate-metylmetakrylate glue with addition of reactive substance: 
alylalcohol with toluene diisocyanate or fluorinated ethylalcohol can be presented as the next 
example. According to the authors the strength of joints with this glue at gluing the organie 
and silicate glass, the glasslaminate and wood ~oes not get decreased even after 4 months 
soaking in water. 

The waterproof glues used i~ stomatology ·are distinguished by a good wettability 
through the glue of moistened surfaces with removing simultaneously the water from the 
substrate. · 

With the use of the polyestermaleinate based glue asbestos cement, glass laminates 
and similar materials can be glued under water when attaining waterproof joints but the 
degree of waterproofness of the joints gained in these conditions does not attain always the 
expected level. The strength of the glue joints obtained in water or in other liquid media is 
approximately twice smaller thąn that in air gluing. 

Methods based on using various basie paints, first of all on the si lane base, in applying 
for gluing ffbre glass or other fibres in composed materials prove a high level of increasing 
the water resistance The selection of additions which increase the waterproofness of the joints 
ofplastics with minera! materials is rather difficult. AI gluing polyetylene and polypropylene 
with glass and aluminium the water resistance is obtained through the modification of the 
substrate, unsaturated silane, which has the aminohydrochloride in the molecule. 

In this connection it should be remebered that the amines are catalysts of the surface 
reactions of sialnes. Since the silane does not contain function groups the increase of water 
resistance can be obtained when uaing peroxides, similarly as in gluing tin with the lead base 
alloy and etylene copolymer with the acrylic acid with addition of y­
metac1yloxypropyltrimetoxysilane. 

The opinion is assumed that silanes should contain function groups which ensure their 
reciprocal links with the glue. This argumentation is proved in reference to gluing glass but 
often it is not confirmed in aluminium joints linked with epoxy glues, phenol-formaldehyde, 
polyuretane and others. For instance: in gluing aluminium with epoxy glues the water 
resistance gets improved through the addition of vinylsilane but the aminosylane gives 
negative effects. 

Testing hydroliticaly induced destruction of the polymer on the interface:epoxy glass -
glue, with the methods of marked atoms has shown that that improving the surface of the -
aminopropyltri -etoxysilane causes a spontaneous appearing of areas of chemically and 
physically absorbing finishing on the substrate surface. At determining the time for load 
shearing glass joints in water, depending upon the conditions of finishing the substrate it 
appeared that the the life of the joint does not depend on the presence of the physically 
absorbed component of the hetero-
geneous finish layer. The longest life is attained with the highest degree of the chamica! 
sorbtion of si lane. The high est life of the joint is ensured by the thickness of the layer which 
equals two monomolecular layers .whereat the number of the function groups of the finish apt 
to reciprocal chemical links with the epoxy resin is limited. That is the next example which 
proves the limited possibilities ofreciprocal linking the finishing matters with adhesive. That 
is proved by the stabile resistance of glue joints of materials of si lane improved surfaces in 
dry state. At moistening the silanes hydrolize and the appearing silanols enter the reaction 
with the substrate, That is recompensated by the hydrolitic destruction of polymer-substrate 
links what is characteristic for polyuretane glues.That is why the moisture resistance of the 
glue joints is increased. 
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Abstract: On the base of the presented results it can be stated that using ultrasounds for 
gluing in wood working can be effectively applied when replacing in some fields traditional 
gluing. In particular ultrasound gluing will be applied in cases where the time of gluing 
should be shortened or thick elements be glued.Economic calculation will be desicive. 

Introduction 
Ultrasounds are used in various fields. Using them in medicine, building, chemistry 

etc. is commonly known. For instance the 505 type viscosimeter, Polish produce, for 
continuous measuring the viscosity of glues is well known. In wood working industries 
ultrasounds are also applied for non destructive determination of strength of products. For this 
purpose methods known for instance in metal flaw detection are adapted. Since a long time 
plastics and metals are welded by use ofultrasounds. Examples of applying ultrasounds in the 
mechanical working of hard ceramic materialsare also known. In the scientic Institute of 
Wood Technology at Drazdany in Slovakia investigations on various uses of ultrasounds in 
wood working industries have been carried out within the past 4 years. It was done within the 
framework of the target project sponsored by the well known BMW firm and executed by 
the GmbH, GEWIPLAN Society for supporting the economy and planning, The results of 
investigations of this Institute have shown the prectical possibilities of using ultrasounds for 
gluing various materials. of natura! origin as well and in particular the wood. The Institute 
has established cooperation in this scope with the German firm Dr Hielscher, GmbH, located 
at Teltow, near Berlin. The firm having at disposal own laboratories is engaged in 
investigations, in scientific development , in production and completing sets of devices for 
gluing by use od ultrasounds. It has a well extended trade net and scientific information one. 

Apart from, that the the method of linking by use of ultrasounds, called WoodWelding 
technology has been prepared at SH Biel in Switzerland. It was honored in Switzerland by the 
reward for innovation in technology, 

Pasting of edges and gluing squarewood 
Using the modem glues in wood working with the traditional methods of gluing 

ensures a high linking strength but it has some drawbacks also. The fact that at the beginning 
of the gluing process the strength of linking the assembled elements is zero and does not 
attain high values berore hardeing is one of these drawbacks. To initiate the glue hardening 
the materia! to be liinked should be overheated. It requires a considerable time and thereby the 
production process is prolonged and made more expensive. When suppliying heat to the joint 
the time of linking can be sped up. Gluing large elements requires considerable quantity of 
heat and that of the construction of complicated forms is practically impossible. 

By applying ultrasounds the adhesive and the surfaces to be linked can be intensively 
heated in a short period of time. That is ensured through the absorption of ultrasounds in the 
joint. There disappears also the necessity of overheating the whole set and thereby the 
demand for heat decreases considerably. 

, In the course of gluing the dispergizing liquids (e.g.water) should be evaporated from 
the joint, the gluing substance should be plastified or the reaction of chemical hardening of 
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gluing components of the joint should be initiated. With using e.g.the PV AC type adhesive 
for gluing solid wood elements only water should be evaporated from the joint. For this 
purpose smaller quantity of heat is required than for melting plastic components. It is proved 
by investigations that during the continuous gluing with the 1 Om/min travel rate a higher joint 
strength can be attained than in cold gluing. Overheating of the joint causes appearing of 
blowholes which decreas the strength. Therefore the adequate dose of energy supplied from 
the ultrasounds producing equipment should be selected according to the concrete gluing 
conditions. In the continuous gluing process it can be adjusted by the travel rate. Devices for 
ultrasound gluing have stili the advantage of using energy only in the working time. 
Ultrsound gluing agregates do not need protection shields .in comparison to the use of high 
voltage cmTents. 

Wood Welding technology 
This method is based on applying pins of thermoplastic glue introduced into the 

previously milled holes instead of the wood pins. Points where are pins are treated (3-5 sec) 
by use of ultrasounds and thereby the linking of plastic with wood is ensured as well as a 
stabile bond of the elements of the strength which corresponds with that of wood pins. This 
method has been applied in various technologies, in particular in the production ofwindows. 

Resume 
In the paper the up to now achievements in the field of gluing wood with use of 

ultrasounds for hardening the joint and the firms and institutions which contributed to apply 
in practice this stili scarcely popularized are presented. 
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dotychczasowe osiągnięcia w dziedzinie klejenia drewna przy wykorzystaniu ultradźwięków 
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stosowania tej na razie mało spopularyzowanej metody. 
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Stress es in the glueline of laminated furniture boards 

Jerzy Smardzewski 
Department ofFurniture Design, Faculty of Wood Technology, AU Poznań 

Abstract Stresses in the glueline of laminated fi1rniture boards The performed investigations 
were of theoretical nature and their objective was to determine the effect of swelling and 
shrinking of wood on the strength of gluelines in laminated furniture boards. The studies 
allowed to determine that the factor that caused damage of the glueline could be attributed to 
the generation of ordinary stresses developing in the result of flaking or detachment, which 
exhibited clearly their nature as Iocalised extremes. 

Key words: wood, swelling and shrinking, glueline, stress 

Introduction 
Manufacture oflaminated furniture boards from solid wood requires gluing together of 

timber slats or blocks. Appropriate choice of dimensions, grain and moisture content of the 
above mentioned elements can affect directly the quality of the fina] product such as a piece 
offinished furniture. Differences in the grain ofindividual board component elements as well 
as changes in wood equilibrium moisture content are among the principal direct causes of 
differentiation in Iinear elongations Ieading to stresses in wood slats glued together. This, in 
tum, results in cracks developing both insi de and on the surface of wood as well as cracking 
ofboard gluelines (Fig.I) [l, 2]. 

Fig. I. Fracture in a glueline of a laminated fumiture board. 

Objective of research project 
The performed investigations were of theoretical nature and their objective was to 

determine the effect of swelling and shrinking of wood on the strength of gluelines in 
laminated fumiture boards. 

Research methodology 
The object of studies was a laminated furniture board manufactured from beech slats 

which was assumed to be made of adjacent elements characterised by different distribution of 
grain so as to assure two adherends to adhere to one another along the following planes: 
Iongitudinal-tangential (LT-LT) and longitudinal-radial (LR-LR) (Fig.2). 

z z~~~<-~=-,.....~~_,, 

T T R R 

Fig.2. Main anatomical directions of glued adherends 
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For calculation purposes, the author assumed mechanical data for beech wood and glue as 
shown in Table 1. 

Table 1. 
Mechanical roperties ofbeech wood and lue. 
Type of materia! Young' s modulus [M a] Poisson's coefficient 
Beech wood 16 OOO 0.3 
Glue 400 0.3 

Investigations of the effect of changes in moisture content on the strength of glueline 
required the determination of a unit wood shrinkage/swelling along the glue bond and the 
estimation of the value of the total shrinkage/swelling at moisture content changes in wood 
ranging from 8% to 12% taking into consideration the fact that dimensional changes can 
occur in extreme radia! and tangential directions. On this basis, for the assumed numerical 
data, it was found that, in the result of wood moisture changes by 4%, beech wood slats 
increased or decreased their thickness by 0.12 mm for tangential shrinkage/swelling and by 
0.06 mm - for radia! direction. 

The perfonned experiments were carried out numerically employing the Algor® 
software using the algorithm of the finite elements method. In order to determine the value 
and distribution of sl:resses in the glueline, a numeri cal model was developed corresponding to 
the combination of two timber elements connected together by means of a thin glue bond 0.1 
mm thick (Fig.3). 

Fig.3. Numerical model of a glue bond of two timber slats of a laminated furniture board. 

Results of numerical calculations showing distributions of stresses in the glueline are 
presented in Figures 4, 6. 

Analysis of results 
It is commonly believed that a glueline should be characterised by a high shear 

strength, which is widely described using the following equation: 

'óx = Q ( ~ 1~11 [S·cosh(mx)+coshQ-x)] (1) 
hl 1 + S smh(ml) 

where: 
Q - force destroying the bond, 
b - width of glueline, 
1- length of glueline and, 

o1 - thickness of the first element, 
02 - thickness of the second element, 
E 1 - Young's modulus of the first element, 
E2 - Young's modulus of the second element as well as, 
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m= 

Ok - thickness of the glueline, 

Gk 81E1 +02E2 
ok(o102E1E2) 

Gk - Kirhchoffs modulus of the glueline. 

(3) 

In the analysed case, tangential stresses in the glue bond caused by wood shrinkage or 
swelling did not reach values, which could result in damage of the board (Fig.4) 

The largest from among the determined stresses did not reach localized values 
exceeding 1.5 Mpa, w hi eh constitutes barely 10% of the shear strength of gluelines. 
Therefore, this kind of stresses is not essential to ensure the quality of bonds between glued 
slats of fumiture boards because, as evident from the performed calculations, dimensional 
changes caused by wood shrinkage or swelling ranging from 8 to 12% do not generate shear 
stresses critical for the glueline. However, reviewing deformation characteristics of gluelines, 
it is possible to observe typical features offlaking or detachment (Fig.5). 
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In these cases of adherend deformations, we observe ordinary stresses. Their value 
depends on the case of effort. For flaking (Fig. Sa), the maximum tensile stress O'max is 
expressed by the following equation: 

O' =!...(1+6~ 1 (4) 
max b[ Z ) 

where: 
P - flaking strength, 
b-width of the element, 
1- length of the element, 
e - eccentric. 

On the other hand, in the case of detachment (Fig. Sb), the strength of the bond is 
described by the following equation: 

a) 

c) 

cr =Mg 12Ek + P.J2 
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Figure 6. Ordinaty stresses Syy caused by: a, c wood swelling and b, d wood shrinkage. 

Courses of ordinary stresses shown in Figure 6 indicate that localised values exceed 
considerably acceptable flaking and shear strengths for wood and glueline. The highest values 
from those calculated in this study were values generated during adherend shrinkage by 
systems consisting of wood glued along longitudinal-tangential planes LT. Therefore, 
damages observed in laminated fumiture boards used to manufacture cabinet or skeleton 
furniture develop not in the result oftheir utilisation but are rather caused by slight changes in 
wood moisture content following inappropriate storage conditions or keeping them in 
unsuitable humidity conditions in a flat or house. In order to ensure the highest quality of 
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laminated furniture boards it is, first and foremost, necessary to guarantee for them stable 
conditions of hygroscopic equilibrium with the environment and to avoid joining together of 
elements characterised by distinctly different linear shrinkage traits resulting from water 
sorption and desorption from the environment in the form ofwater vapour. 

Conclusions 
1. The factor, which causes damage of glueline in laminated furniture boards, is generation 

of ordinary stresses resulting from wood swelling and shrinkage. 
2. Ordinary stresses in glueline develop in the result of flaking or detachment and are 

characterized by distinctly localized extremes. 
3. Tangential stresses in the glueline do not attain values significant for the strength of the 

bond. · 
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AE phenomena from wood adhesive bonds 
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Abstract: AE phenomena fiwn wood adhesive bonds The study presents results of 
investigations of acoustic signals generated by loaded overlap solid and glued samples 
(polyoctanevinyl glue). On the basis of the obtained acoustic emissions, in the form of the 
number of accounting, the authors established characteristic places and stages of 
accumulation of structural defects. The obtained results indicate that it is possible to predict 
the course of destruction of glued and solid elements on the basis of observation of the 
accumulation of the accounting sums ofacoustic signals. 

Key words: wood, adhesive joints, glueline, acoustic phenomena 

Introduction 
Wood glue joints constitute one of the most important methods of connecting together 

of individual elements in furniture industiy. Very often these connections are places, which 
have a decisive effect on the strength of the entire construction. They are expected to be 
appropriately strong and durable, maintain their shapes and dimensions without negatively 
affecting the appearance of the product. Hence, the designer is faced with a number of 
contradictions and constraints, which make the entire designing process extremely difficult. 
That is why it appears very important to identify phenomena that occur in various joints 
during furniture utilisation. There is, therefore, a need to search for such research methods 
which would inform directly about effo1is in constructions, whereas information about 
destructive changes e.g. in the glue bond would be obtained from the source itself at the 
moment the load occurred. Such measurement conditions are fulfilled by the method of 
acoustic emission (AE), which offers possibilities of examining processes taking place in a 
joint through the prism of changes occurring in the materia!. According to Moliński (1998), 
AE measurements open up possibilities of direct coordination of information contained in AE 
signals with causes that induced them. Despite the fact that there are reports in literature 
conceming the utilisation of AE phenomena in investigations of this type of constructional 
joints, Ayarkwa et al., 2001 Byeon et al., 1990, 1992, Niemz et al., 1983, Suzuki et al., 1987, 
Porter et al., 1972, the field, especially in the area connected with furniture joints, appears to 
have been studied insufficiently. It seems that a closer inspection of AE phenomena generated 
in loaded wood glue joints could help us build a fuller and better understanding of processes 
occun'ing in them, in particular, those which take place in their crucial places, i.e. gluelines. 
The above considerations encouraged the authors to undertake investigations with the aim to 
describe acoustic phenomena generated in gluelines ofloaded adhesive joints. 

Research methodology 
One of the most common wood materials used in production of skeleton furniture is 

beech wood (Fagus sylvatica L.). Raw materiał for investigations was sampled from dried 
and seasoned beach heart planks 60 mm thick from places free of defects and colour changes. 
It was assumed that investigations would be carried out on the following two types of 
samples: glued overlap and solid, as shown in Figure 1. 
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Figure 1. Dimensions of samples used in investigations: A- glued sample, B - solid sample 

Appropriately prepared beech wood slats were glued together along their radial planes. 
Solid samples were prepared in such a way that their shape matched the shape of glued 
samples. Part of samples was used to determine their density and wood moisture content 
which were found to be: 420 kg/m3 and 8%, respectively. Samples were glued using Rakoll® 
Express 25 poly-octane-vinyl glue with parameters as shown in the table below. 

Table 1. 
p f h Rak ll®E ropert1es o t e o xpress 25 1 gueuse d .. m mvest1gations 

Property Unit Mean value 
Viscosity accord.to KF-10 rsl 35 

Dry matter content r%1 40 
PH - 7 

Loads were applied, employing a numerically controlled ZWICK 1445 testing 
machine, by stretching samples along their fibres so as to cause shear stresses in the plane of 
glueline or its corresponding wood surface in solid samples. The velocity of the traverse 
movement was set at 0.4 mm/min. at the initial load of SON. AE signals generated in the 
examined samples were collected by means of a piezoelectric head with its own induction of 
1 OOkH that was mounted on the examined sample on its radial plane using a gum element. 
Acoustic feedback between the head and the examined materiał was ·assured thanks to 
laboratory silicon grease. Parameters of the measuring pathway were, respectively: 
amplification - 85 dB and the level of noise discrimination - 0.75 V. A counting sum was 
used as a descriptor characterising acoustic signals. 

Research results and their analysis 
Complete courses of counting sums in time function for samples of solid and glued 

woods are shown in Fig. 2. 
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Figure 2. Example courses of counting sums -A and accumulation oftotal counting sum-B. 

Analysing processes of the accumulation of AE counting sum shown in Figure 2A during 
loading of glued overlap samples as well as those prepared from solid wood, it is possible to 
notice characteristic places present in all recorded courses. However, it is quite evident that 
they are distributed differently for each type of sample. It can be assumed that these places 
correspond to certain important changes occurring in the effort materia! and divide the whole 
course of counting sum accumulation into certain stages. A stage-like character of the 
accumulation of acoustic signals during bending of pine planks was reported by Suchorski 
(1997). He described the following three stages of accumulation of structural defects: steady 
initiation, steady propagation and dramatic defect increase. Although in the case of solid 
wood, the above statement can be confirmed by results of our studies, in the case of overlap 
glued samples it is quite evident that there were more phases. Therefore, the following 
conclusions can be suggested: 
1. in the case of solid samples, the following characteristic p!aces were selected: point (id) -

initiation, point (pd) - amplification and point (dd) - destruction. They mark out the 
following three intervals - from O to (id) - absence of acoustic activity above the 
discrimination level, i.e. operation below the level of discrimination during which no 
significant destructive changes can be noticed; next is the interval from (id) to (pd) during 
which materia! destructions begin to appear and increase and, finally, interval from (pd) to 
(dd), i.e. the area of sudden amplification and dramatic increase of defects until complete 
destruction of the sample. 

2. in the case of glued elements, the following characteristic places were chosen: initiation 
(ik), amplification point (pkl), intensification point (pk2) and destruction point (dk)· In this 
way, we obtained the following intervals: from O to (h) - absence of acoustic activity, 
from (h) to (pkl) - first stage of symptoms and increase of defects in materia!, from (pkl) 
to (pk2) - further intensification of AE, stage two and from (pk2) to ( dk) - rapid increase of 
defects culminating in a complete destruction. 

The. va!ue of the total counting sum presented in Figure 2B confirms that solid wood 
samples generated a higher number of impulses (on average - 32 040) in comparison with 
samples from glued materia! (on average - 23 580). It should also be emphasised that the time 
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of acoustic activity was longer in the case of glued samples and averaged 150 s. In the case of 
solid wood, where the time of AE generation reached approximately 80 s, the density of 
impulses exceeding the level of discrimination was higher which could have contributed to 
obtaining higher values of the total counting sum, despite a shorter time of activity. 
Relationships between forces causing acoustic amplification Pkl, Pk2, Pd and the destructive 
force for glued and solid systems in the function of the force initiating the process of AE 
generation are presented in Figure 3. 
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Figure 3. Interactions between forces causing acoustic amplification Pkl, Pk2, Pd and the 
destructive force and the force initialising AE. 

The obtained results prove that there are linear correlations between values of forces 
initiating AE and values oflocal counting sums of acoustic amplification situated in points (p, 
pl, p2). These relationships, both in the case of solid and glued woods, reach the level of 
correlation contained in the interval 71-80%. When analysing research results, it is possible to 
observe that destruction symptoms in glued materia! were visible already at the level of load 
equalling 45% of the destructive force, while in the case of solid wood samples, they occurred 
only when it reached 75% of the value of the maximum load. On the other hand, values of 
forces corresponding to points oftemporary amplifications of counting sums were as follows: 
for solid wood - point Pd - about 91 % of the force corresponding to complete destruction; for 
glued samples, on average - pd- 73%, Pk2 - 82% of the maximum destructive force. 

Concłusions 

Research results and correlations obtained in the course of performed studies allowed 
authors to draw the following conclusions: 
1. the process of destruction of both glued and solid materia! occurs in stages, 
2. loading overlap glued and solid samples, different courses of AE counting sums are 

obtained. In the case of solid materia!, the following three stages can be distinguished: 
absence of acoustic activities, next - their steady propagation followed by a dramatic 
increase of signals. Characteristic points include: initiation, sudden momentary 
amplification and destruction. In the case of glued materia!, the following four stages are 
observed: lack of acoustic activities, steady propagation, moderate increase of the 
counting sum and an unstable phase of increase of acoustic signals terminating in 
destruction. The characteristic places in the course of counting sums include two 
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extremes: initiation and .destruction separated by the first and second acoustic 
amplifications. 

3. despite a longer emission of the acoustic signal from the moment of its initiation to the 
destruction of glued samples, the total accounting sum is higher in the case of solid 
materia!. 

4. it is possible to predict the development of destruction of glued and solid elements on the 
basis of observations of the accumulation of the accounting sum of acoustic signals. 
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Streszczenie: Zjawiska EA z drewnianych połączeń klejowych. W pracy przeanalizowano 
sygnały akustyczne jakie generują się z obciążonych próbek zakładkowych, zaklejanych 
klejem polioctanowinylowym oraz litych .. Na podstawie otrzymanej emisji akustycznej w 
postaci liczby zliczeń, ustalono miejsca charakterystyczne i etapy narastania defektów 
strukturalnych. Otrzymane wyniki dowodzą, że istnieje możliwość przewidywania rozwoju 
zniszczenia elementów klejonych i litych na podstawie obserwacji narastania sumy zliczeń 
sygnałów akustycznych. 

-273-



In direct system of cutting and f eed power measurement in milling of wo od 
and wood products 

Wojciech Sokołowski, Marcin Zbieć 
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Abstract: This paper presents the double channel, microprocessor-controlled, digital 
wattmeter for indirect power measuring system in mufti sensors diagnosis of wood and wood 
products milling process. Digital wattmeter could measure power of the milling and feed 
mechanism electric motors with accuracy up to +/- 1 W. 
Key words: wood, wood products, milling process diagnosis, power measurement. 

Introduction 
Power consumption measµrement is a significant operation in wood and wood product 

cutting process diagnosis. The value of power consumption informs us about: cutting tool 
wear, increase of the cutting forces, incorrect cutting parameters, !ocal materials structure 
faults etc. During wood and wood products milling process a variable thickness chip is 
formed by the edge of cutting tool on small part of the cutting period only. This event caused 
that there is an periodically repeated non - ordered cutting phenomenon. Changes of the 
cutting phenomenon frequency are sum of chip formation and free running of the cutter and 
are product ofrotation speed and number of cutters fixed on cutting tool. The flow of cutting 
force and cutting power values is real. Power input supply of the milling machine spindle or 
feed electric motors are monitored usually by one phase wattmeter, as average of the cutting 
and free running power. Next full power supply is calculated accordingly to the following 
formula: 
N= 3 I U cos<p [WJ where: 
N - power supply [WJ , I - current intensity [AJ , U - voltage [VJ, cos<p - power factor. 

Up to now this system of power measurements was efficient only in the woodworking 
machines control and feed units. If the cutting force and cutting power increase or mechanical 
catastrophe occurs in the cutting process, electric motors power consumption rises 
en01mously high and that event is signalised by wattmeter indication and often safety system. 
The cutting process is automatically stopped. But this indirect cutting power measurement is 
useless for the cutting process diagnosis, especially tool wear diagnosis. The differences 
between cutting process values in machining with low or high tool wear are often comparable 
to power measurements accuracy. 

Double channel, microprocessor, digital wattmeter 
In Woodworking and woodworking Machinery Department original stand for milling 

process and tool wear diagnosis was built. Unfortunately producers of the electric equipment 
didn't offer any high accuracy three phase wattcmeters. The three phase wattcmeters usually 
have low accuracy ranging from 10 to 20 W, so they were un acceptable for this type of 
measurement. There was no possibility of applying filtered circuits and the separate 
transformer station. So new power measurement unit for the spindle and feed electric motors 
power supply was designed and built. 

The following measurement principles was caITied out: 
- power measurement and analysis of the electrical motors should be done in situ ( in real 
time). 
- power measurement of the electrical motors should be measured with accuracy up to 1 W. 
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- power measurement of the electrical motors must be resistant against outer circuit 
disturbances. 

The basie element of new power measurement unit had to be a device for evaluating 
power supply in spindle and feed electrical motor simultaneously, by identical two channel 
circuit meter. The scheme on the three phase digital wattmeter is shown on figure 1. 

Fig. 1. Tree phase digital wattmeter. 

A/D 
converter 

r---·------·---·-- . i---·-----·-­
j1 LCD 

Microprocessor :~ I display 

O/A 
converter 

Analog 
output 

An algorithm to eliminate current disturbances was formed: 
- Continuously measuring of current voltage and intensity by current ratio and current 
transformer of the input. 
- Measurement results are given to differentia! current multiplier for comparison against 
referential level. 
- Measurements results from current multiplier are probed in 32 kHz AID. The frequency of 
32 kHz is the base value for wattmeter. 
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- Results of measurements are transferred to the bu ff er of 1024 sam pies capacity. The bu ff er 
capacity is connected to the one phase current period equal to 512 samples, so 1024 will fit 
whole period. 
- If the buffer is full, the current pe1iod is evaluated by measurement of O for the first current 
phase. If the period has value less than 512 samples, he is recognized as current disturbance 
and cancelled. The procedure is now carried from the initial point. 
- When all three phase current period are evaluated, the phase shift is corrected with a 
constant for elimination of differences between for all three phases. 
- After for every phase is corrected the second correction is done for phase delay leveling. The 
phase delay are caused by the work of measurement transformers. 
- After all corrections the power supply are evaluated with formula: 

512 

P = f JUdt 
o 

- The fina! power supply value is transformed in AID converter, in analogue form O - 5 V 
with 0,05 accuracy 
- Simultaneously power supply value is transferred in digital form to the buffer of 0,5 second 
capacity. 
- When the buffer is full, the power supply value is averaged and with 0,5 second period and 
sent to digital display with accuracy +/- 1 W. 
- The non averaged power supply values are also send as an input to the computer data 
acquisition system - Dasy Lab. 

Double channel micro rocessor, di 

2 . Double channel, microprocessor, digital wattmeter. 
The primary experimental works for testing new wattmeter were carried out 

successfully during milling of wood products with different wear of cutter mounted in cutter 
head. Digital wattmeter was connected to computer with data acquisition system 
simultaneously with other measurements (mostly force and temperature). The values of the 
power consumption for milling machine spindle and feed electric motors in milling ofMDF 
and chipboards was registered in every 1/5000 sec. The results of experiment show that 
digital wattmeter is very useful as a sensor for complex diagnosis of the tool wear and cutting 
process in milling of wood and wood products. Chosen computer print of the power supply 
of the milling machine spindle electric motor ( cutting power) and feed electric motor (feed 
power) is shown on figure 3. 
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Fig. 3. Computer print of the power supply of the milling machine spindle and feed electric 
motors (from Dasy Lab data acquisition system). 

Conclusion 
- Double channel, microprocessor-controlled, digital wattmeter is a proper measuring unit for 
indirect power measuring system in multi sensors diagnosis of wood and wood products 
milling process, especially in "in situ" diagnosis of the tool wear. 
- Double channel, microprocessor, digital wattmeter is fully resistant against the input current 
circuit disturbances. That's why this wattmeter in useful not only in laboratory tests, but also 
in industrial diagnosis experiments. · 
- Double channel, microprocessor, digital wattmeter could measure power of the milling and 
feed mechanism electric motors with accuracy up to+/- 1 W. 

Streszczenie: Pośredni pomiar mocy skrawania przy frezowaniu drewna i tworzyw 
drzewnych. W artykule opisano nowy dwukanałowy, cyfrowy watomierz zbudowany 
specjalnie na wyposażenie stanowiska badawczego do diagnozowania procesu frezowania 
drewna i tworzyw drzewnych, a zwłaszcza procesu tępienia narzędzi. Watomierz jest odporny 
za zakłócenia sieci. Mierzona jest moc· silników napędowych wrzeciona frezarki i zespołu 
posuwowego, z dokładnością+/- l W. 

Watomierz zaprojektowano i wykonano w ramach grantu promotorskiego 7T08E 038 19. 



Pull strength of the screw joint relative to the angle of screw axis 
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Abstract: The article presents severa] expe1iments from the area of wood screw joints. The 
text analyzes the affect of the angle of screw axis in relation to the direction of wood grain 
and annual rings on the magnitude of pull strength, in some works referred to as screw or joint 
bearing capacity. 

Introduction 
Distinct properties of a wood materia! in different directions in relation to the direction of 

wood grain are generally known. Equally known is the difference in the bearing capacity of a 
wood joint that uses a screw as linking element, if this screw is anchored in the direction 
perpendicular to the grain or parallel to it. 

During the fabrication of a screw joint, the angle of screw axis to the grain may be often 
difficult to define by the use of a particular materia! since, in practice, it is nearly impossible 
to prepare the material in a precisely defined cutting direction, for instance a radial or a 
tangential direction; also a situation may arise during the mounting process when the screw is 
inaccurately mounted at an angle different than perpendicular to the piane of the materia!. 
This may affect bearing capacity of the joint. 

Under the grant task 1/8119/01, experiments were executed aiming to study the affect of 
the angle of screw axis to the grain on the pull strength of the screw. The following text 
presents a part of the experiments carried out in the study ofthis topie. 

Methodology of experiments 
Screw joints present a type of dismountable joints where a wood screw creates a thread in 

the wood of the linked elements during the mounting of a joint, hence allowing for an 
occasional dismounting and a subsequent reassembly. 

The holding capacity and the yield strength of a screw joint are affected by severa! factors, 
most importantly, among others, by: 

properties of the wood screws 
physical and mechanical properties of the wood ( density, moisture, strength, direction of 
grain) 
correct dimensioning of the joint 
proper mounting technique 
application of stress on the particular joint in a finished product. [1] 
To facilitate the experiments and observation of the affect of the screw axis angle in 

relation to the direction of grain and annual rings, two cylinders of 50mm in diameter and 150 
mm in length from Spruce (Picea abies) and Beech (Fagus silvatica), dried and acclimated to 
12% humidity, were produced. 

The 4x40 mm wood screws used in the experiment conform to specification STN 02 1815 
(the Slovak Technical Standard). 

The experiments were divided into two basie groups: 
a) radial-tangential piane (R-T) 
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b) radial-axial plane (R-A). . 
Experiments in both groups staited in radial direction and the ang le of screw axis repositioned 
by 10 degrees from 0° to 90°. In order to reach an accurate anchoring of the screw, holes were 
pre-drilled in the cylinder at a given angle. Mounted screws were pulled by a conventional 
pulling machine, with the scale ranging to SkN and 1 OkN with addional fixture. 

The results 
The strength of each screw joint is based on the factor offriction between the linked parts 

and tension produced during the assembly. The balance between ąll factors is created by a 
controlled moment of tightening - for instance by using a moment wrench. In our 
experiments the holes were pre-drilled by a bit of 3 mm in diameter, which created a hole 
constituting 1.07 of the screw core's diameter. As shown in different experiments [l], pre­
drilling results in only approximately 8-10% decrease in the bearing capacity of a screw joint. 
This fact does not anyhow influence the study of the affect of the angle of screw axis related 
to the direction of grain, as pre-drilling was identical in all cases and of importance in the 
given experiment was only the change in pull strength at the angles different than 0° and 90°. 
All previous experiments were conducted under these two angles and their results are 
presented in other works. 

Ten measurements were conducted in each positioning of the experimental cylinder. 
The values of pull strength and of tightening moment obtained in the experiments are 

presented in the following tabl.es and charts. 

Wood species spruce (picea abies) 
Table 1: The affect of the angle of screw axis on the pull strength 

The point of research - ang le of screw axis [0
] 

oo 100 20° 30° 40° 50° 60° 70° 80° 90° 
angle of screw axis in plane R - T 

Pull strength [kN] 1,96 1,72 1,81 1,95 2,07 1,75 1,74 1,69 1,77 1,84 
Standard deviation [kN] 0,40 0,05 0,28 0,59 0,51 0,29 0,32 0,31 0,38 0,59 
Coefficient ofvariation [%] 20,2 3,5 16,0 30,2 22,1 16,8 19,5 20,1 21,6 29,2 
Tightening moment [Nm] 4,5 3,7 4,0 3,8 4,2 3,2 4,3 3,3 3,6 3,8 
Standard deviation [Nm] 0,011 0,01 0,008 0,007 0,008 0,013 0,013 0,006 0,011 0,011 
Coefficient ofvariation[%] 25,l 27,4 19,5 18,6 17,8 30,7 25,3 17,8 27,3 29,4 

ang le of screw axis in plane R - A 
Pull strength [kN] 2,09 1,92 . 1,92 1,90 1,68 1,66 1,58 1,37 1,28 1,20 
Standard deviation [kN] 0,19 0,14 0,14 0,20 0,17 0,33 0,33 0,25 0,29 0,32 
Coefficient ofvariation [%] 9,1 7,4 7,2 10,5 10,4 20,2 21,0 17,5 18,6 29,1 
Tightening moment [Nm] 6,7 5,8 5,9 6,5 6, 1 5,5 5,9 5,1 5,2 5,9 
Standard deviation [Nm] 0,006 0,009 0,012 0,006 0,007 0,012 0,01 0,01 0,009 0,012 
Coefficient ofvariation [%] 9,2 15,7 19,7 8,7 10,9 19,9 17,8 20,5 17,5 19,4 

-279-



Wood species beech (fagus silvatica) 

I 
I 

Table 2: The affect of the angle of screw axis on the pull strength 

The point ofresearch - angle of screw axis [°] 
oo 10° 20° 30° 40° 50° 60° 70° 80° 90° 

' angle of screw axis in piane R - T 
Pull strength [kN] 3,53 3,82 3,73 3,80 3,89 3,83 3,59 3,65 3,52 3,63 
Standard deviation [kN] 0,56 0,43 0,29 0,45 0,44 0,37 0,47 0,42 0,27 0,29 
Coefficient ofvariation [%] 15,8 11,3 7,9 12,0 11,3 9,7 13,2 11,6 7,7 8,1 
Tightening moment [Nm] 10,1 12,7 12,3 9,3 13,2 12,0 10,8 12,4 13,0 13,3 
Standard deviation [Nm] 0,020 0,032 0,028 0,023 0,044 0,034 0,029 0,033 0,024 0,037 
Coefficient ofvariation[%] 20,1 25,1 22,4 25,3 29,3 28,8 27,0 26,4 18,l 23,2 

angle of screw axis in piane R - A 
Pull strength [kN] 4,26 4,08 3,72 3,63 3,45 3,34 3,16 3,02 2,71 2,49 
Standard deviation [kN] 0,67 0,31 0,37 0,39 0,34 0,31 0,49 0,38 0,32 0,46 
Coefficient ofvariation [%] 15,8 7,7 10,1 16,5 12,9 21,5 18,8 15,4 21,8 22,6 
Tightening moment [Nm] 12,7 12,8 11,1 12,2 9,8 12,4 13,3 12,0 12, 1 12,2 
Standard deviation [Nm] 0,029 0,022 0,021 0,021 0,006 0,010 0,012 0,021 0,017 0,028 
Coefficient ofvariation [%] 22,6 16,8 18,8 17,4 6,2 8,4 8,8 13,7 14,0 212,1 
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Fig. 1: The affect of the ang le of screw axis on the pull strength- wood species spruce 
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Fig. 2: The affect of the angle of screw axis on the pull strength - wood species beech 

Discussion 
The values ofbearing capacity measured in the basie, perpendicular and parallel directions 

to the grain, at the given pre-drilling under [2], were as follows: 
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Spruce (Picea abies) 
Beech (Fagus silvatica) 

Pull strength in direction: 
J_ to grain // to grain 
1.85 kN 1.25 kN 
4.02 kN 2.25 kN 

The change in magnitude of the pull strength in the transient directions, as illustrated in 
the charts in Fig. 1 and 2, translates into markedly different results in the studied transient 
planes. 

a) The radial-tangential piane 
The change in the angle of screw axis from the extreme position in radia] direction to the 

final position did not translate into a definable change in the pull strength. We may conclude 
that the angle of screw axis to the direction of grain in the transient piane of radia] and 
tangential directions does not result in a change of the pull strength and, hence, of the screw 
joint's bearing capacity. The values measured in this experiment were analogous with results 
of previous experiments. This may be explained by the fact that the stress is distributed 
equally on all wood fibers. 

Minor oscillations in the magnitude of the pull strength were discovered in spruce, which 
may be explained by an accidental mounting of screw along the of annual rings and anchoring 
of one part of the screw into young wood only. This brings up the most important factor 
in:fluencing the pull strength, which is the density of wood. With a straggle-porous species 
like beech, this factor does not play a role and, therefore, the transition of the screw joint from 
radial to tangential direction did not translate into a change in the pull strength, neither did it 
result in amore significant oscillation in the pull strength. 

b) The radial-axial piane 
A change in the angle of screw axis to the grain from an extreme position in an accurate 

radial direction to the finał position in axial direction resulted in a significant change in the 
pull strength. The values of the pull strength in extreme positions corresponded with the 
values ascertained in previous research. A gradual change in the angle of screw axis resulted 
in a nearly linear decline in the pull strength in the direction from the initial radia] to the final 
axial direction. This finding facilitates the prediction of a decline in the screw joint's bearing 
capacity if it will be inaccurately fabricated in this transient piane. 

The values found in 0° and 90° positions wholly corresponded with the values measured 
in previous experiments in the directions perpendicular and parallel to the grain (axial 
direction). 

Conclusion 
Wood screws are steel linking elements used in mechanically dismountable joints utilized 

in the production of furniture and sports goods as well as in interior and exterior elements of 
wood structures. 

The screw holding capacity is affected by severa! factors, of which the most important in 
relation to wood materia! is the density of wood and the angle between the grain and the 
screw axis. 

The article presents results of experiments carried out at a gradual change in the angle of 
screw axis to the grain starting from 0° to 90°, repositioned by 10°. The transient planes, 
radial-tangential and radial-axial, were followed separately in the two selected wood species 
ofNorway spruce and European beech. 

The experiments demonstrated that the angle of screw axis in the R - T piane has no affect 
on the pull strength (bearing capacity of the joint), since this piane is identical with the basie 
direction - perpendicular to the grain. 
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In the R - A piane, the bearing capacity of the joint decreased linearly with the change in 
the angle of screw axis from the values at perpendicular position to the values at the position 
parallel to the grain. This significant decrease in th~ bearing capacity of a screw joint may 
occur in practice during the fabrication and it is necessary to eliminate it by dimensioning of 
the screw joint with the appropriate coefficients. · 
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Anisotropy of mechanical properties of fibreboards in bending 
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Institute of Technology 
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Abstract: Investigations of the anisotropy of the elasticity modulus in bending and of the 
bending strength of fibreboards: hardboard, HDF and MDF are presented. Three directions of 
the bending axis: the mat forming direction, the direction perpendicular to the mat forming 
and the direction perpendicular to the board face were taken into acćount. The strong 
anisotropy ofbending properties oftested fibreboards in the planes perpendicular to the board 
was found out. 

Key words: fibreboard, bending strength, modulus of elasticity, anisotropy. 

Introduction 
Fibreboards are characterised by anisotropy of mechanical properties. It results from 

their structure and process engineering. First of all the value of each mechanical property in 
the direction perpendicular to the board face differs considerably from that in the parallel 
direction. The differentiation of the properties in two basie directions tangential to the board 
face, namely, in the direction of the mat forming of the board and in the direction 
perpendicular to it, is much smaller and the piane of the board is often assumed to be the 
plane ofisotropy ofthese properties (Bodig and Jayne 1982, Tydryszewski et al. 2000). 

Three characteristic directions can be distinguished in fibreboard (Fig. 1): the direction 
of the mat forming of the board (x), the direction perpendicular to it (y), and the direction 
perpendicular to the board itself (z). Structural members made of fibreboard are usually bent 
by forces perpendicular to the board and then the x- or y - axis is the bending axis. It is also 
possible that the z-axis is the bending axis. Thus the knowledge of mechanical properties of 
fibreboard for these bending axes is needed. The aim of the study was to determine the 
modulus of elasticity in bending as well as the bending strength of some kinds of fibreboard 
for the three bending axes: x, y, and z. 

Materials and methods 
Three kinds of fibreboard made in Poland were evaluated: hardboard, high density 

fibreboard (HDF) and medium density fibreboard (MDF). Properties of these boards are given 
in Table 1. 

Three types of test specimens were used. The test specimens with x-or y-axis were 
monolithic and were cut in accordance with EN 310 standard (Fig. 2a). The test specimens 
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with z-axis were glued from the layers with the thickness t (Fig. 2b). Thirty specimens for 
each kind of fibreboard and type of specimen were prepared. Both the modu Ius of elasticity in 
bending and the bending strength were fixed in accordance with the procedures specified in 
EN 310 standard. 

Fig. 1. Directions of fibreboard: x-mat forming direction, y-perpendicular to it, z­
perpendicular to the board 

a) b) r a I t 
x or y : '· ., ,, , .. ,, „ ,, .. , , .. , ",, ,, .:. ,, , : ., z ł-t-g---'""~--------"'-ir'"- --- -~--lf tMhliffi 'itt!ł-łf;~t- --

Fig. 2. Test specimens for determination of bending properties of fibreboards: a) for x-or y­
bending axis, b) for z-bending axis; t- board thickness 

Results 
The results - mean values and variation coefficients of the modulus of elasticity in 

bending and the bending strength of the examined fibreboards for the three directions of 
bending axis are given in Table 2. The comparison of these values is shown in Fig. 3 and 4 . 

. The values of mechanical properties for x-bending axis were assumed to be the basis for this 
comparison. 

X 3150 7.0 33.2 6.2 
Hardboard y 2850 7.4 30.0 5.2 

z 190 14.5 0.79 14.2 

X 3630 3.4 39.3 4.0 
HDF y 3300 10.5 35.3 9.8 

z 220 14.4 1.15 13.3 

X 4000 1.6 34.2 3.5 
MDF y 3850 1.5 32.2 3.8 

z 270 8.0 0.98 8.8 

-284-



For each kind oftested fibreboard these properties in bending the test specimens with 
y-axis are smaller than in bending those with x-axis. However, relative differences of these 
properties are rather small, ranging from 9.1 to 10.2 % for hardboard and HDF, and from 3.7 
to 6.7 % for MDF. Thus, it can be stated that the anisotropy in the plane of the board, 
specified by x-and y-axis, is insignificant and assumed that tested fibreboards are isotropic in 
their planes. The values of mechanical properties in bending the test specimens ·with z-axis 
are, just as it was expected, ve1y small. They range from 6.0 to 6.8 % of those in bending the 
test specimens with x-axis for the modulus of elasticity and from 2.4 to 2.8 % for the bending 
strength. This last comparison shows strong anisotropy of mechanical properties in bending of 
fibreboards. The z-axis is perpendicular to the board, and thus this strong anisotropy refers to 
the planes perpendicular to the board. 

li x - bending axis Dy - bending axis ~z - bending axis 
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Fig. 3. Comparison of the elasticity modulus for three directions ofbending axis 
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Fig. 4. Comparison of the bending strength for three directions ofbending axis 
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Conclusions 
1. The mechanical properties of fibreboards in bending little depend on the direction of 

bending axis provided that the axis is in the plane of the board. 
2. Fibreboards can be recognised as isotropic in the plane of the board. 
3. The values of the modulus of elasticity in bending and the bending strength determined 

for the bending axis perpendicular to the board are many times smaller than those 
determined for the bending axis tangential to the board. 

4. Fibreboards show strong anisotropy in the planes perpendicular to the board. 
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Streszczenie: Anizotropia właściwości mechanicznych płyt pilśniowych przy zginaniu. 
Przedstawiono badania anizotropii modułu sprężystości przy zginaniu i wytrzymałości na 
zginanie płyt pilśniowych: twardej, HDF i MDF. Uwzględniono trzy kierunki osi zginania: 
kierunek formowania kobierca płyty, kierunek prostopadły do kierunku formowania kobierca 
i kierunek prostopadły do płyty. Stwierdzono silną anizotropię właściwości mechanicznych w 
płaszczyznach prostopadłych do płyty. 



Mechanical properties ofwooden beams strengthened with fibre glass strip 
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Abstract: The paper present research of wooden beams strengthened with fibre glass. 
Received results prove, that load capacity of reinforcement beams was increased by 49% and 
strength by 41 %. 

According to Krzysik [3] the tension strength of knotty pine wood equals about 15% 
strength of wood without knots. Due to structure disadvantages of knotty pine wood, 
characteristic strength of constructive wood is much ]ower than average strength of pine 
wood, and coefficient of variation mechanical properties can reach even 20-30%. To upgrade 
strength of wood and ]ower dispersion of results, the section could be made by gluing of 
several layers oftimber to receive so called glued laminated lumber, which is used in timber 
constructions or to strengthen wood in extending area of bended elements. Than neutral axle 
of the element moves closer to the materia] with better mechanic properties - compression 
area ofbended element extend and influence ofwood disadvantages on load capacity lowers. 
Research were carried out for many years on applying reinforcement of wooden bending 
elements. From a point of view ofused reinforcement materia] research could be divided into 
two groups - with application of steel or fibre glass strip. 

Reiforcment of wood with steel strip was the subject ofresearch of R. Ganowicz and 
others [I], [2] and Z. Mielczarek and K. Piotrowska [4]. Summarize above mentioned works, 
could be maintained, that as a result of strengthening of bended wooden elements with steel 
strip improving ofload capacity about 30% and reducing beams deformation max by 20% ·can 
be achieved. During long-lasting research [2] it was observed, that in hot summer days tested 
samples reinforcement with steel strip had visible increase of deformation and after 
decreasing temperature reduction of deformation was observed with the same load. It was a 
result of different thermal extension of steel and wood (this coefficient is normally 3 times 
higher for steel than for wood). 

Research of wooden beams with cross-section 55 x 1 OO mm strengthened with 
polyester-glass rods diameter 8 mm were conducted by T. Socha [6]. He proved that load 
capacity ofbended elements increased 46% compare to wooden elements. 

In research presented in this paper authors carried out research of bended beams 
strengthened in tension area with fibre glass strips glued to the wood. In research carried out 
up to now, rods were glued into grooves, cut out in the wood. It was difficult to make and 
didn't assure enough adhesion between reinforcement and wood. 

The aim of authors research was determination the value of load capacity and MOE 
and strength of reinforcement beams and comparison results with the same value for wood 
beams without reinforcement. 

Methods 
MOE was determined according to the PN-EN Standard [8]. Used samples were made 

of pine wood. Sample dimension were: length 2400 mm and cross-section 40x120 mm. 
Quantity of samples was 28. Samples were seasoned in normal condition (temperature 
20± 2°c and air relative humidity 60± 3%). The scheme of sample's loading is presented on 
Fig. I. 
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Fig. 1. Scheme ofloading oftested element 

MOE ofwooden and strengthened beams was calculated according the formula: 

a 11 2 ~F 
Em - ----------- (1) 

16I~w 

where: a- distance between strength F/2 and the nearest support [mm] 
11 - length ofmeasure base [mm] 
Af'- increase ofload [N] 
!!..w- increase of deformations [mm] 
I - moment of inertia [mm 4] 

h 

In the case of strengthened beams reduced moment of inertia was additionally calculated 
according the strength of materials methodology. Overall the bending strength was 
determined according PN-EN [8]. Wood used for test was different quality. 
Elements strengthened were made on Wood Technology Faculty. Used strips were made of 
fibre glass with cross-section 40x2 mm, length 2000 mm and tension strength 340 MPa and 
MOE 24000 MPa. Used glue was epoxy resin Epidian 5. Elements and strip were pressed for 
48 hours up to absolute hardening of the glue. 

Results and analysis 
The results of mechanical properties of strengthened beams and beams without 

strengthening are presented on Table 1. Wood humidity level was 12%. 
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Table 1. Mechanical properties of strengthened beams and wooden beams. 

Mechanical Properties Average Coefficient of 
Variation 

MOE Em [MPa] wooden element 14750 3070 
strengthened 14770 2150 
element 

Load Capacity P [N] wooden element 13010 5500 
strengthened 19430 4030 
element 

Bending Strength [MPa] wooden element 46 19 
strengthened 65 14 
element 

Increase of MOE of strengthened elements compare to wooden elements was not 
observed. Probably it's the result of applying strip made of fibre glass with similar MOE as 
the wood. Proportion MOE of strip made offibre glass to MOE ofwood was from 1.15 to 2.2. 
Cross-section of the strip was equal 1,6% cross-section of the wood. Comparing load capacity 
of strengthened wood beam and wood beam increase by 49% was observed and !ower 
dispersion of result. Also bending strength was increased by about 41%. Huge increase of 
load capacity and bending strength was caused by partia! elimination influence of smaller 

. wood knots in tension area, what makes the material was more homogeneous. 

Characteristic of destructions 
In most of strengthened beams, a the end of elastic phase, appeared characteristic folds 

running from the edge of the element insi de it. It proves the destruc;tion of compressive area 
of bended element. In other cases destruction of bales took place inside the tension area, 
however the glue. line was never destructed. When separation of the strip and the wood was 
observed, it took place in the area ofknotty wood destroying. During analysis of curves load­
deformations the curves for strengthened wood were more steep, laying over curve for wood 
and plateau before destroying was observed. · 

Conclusions 
1. Gluing of strip made of fibre glass to wood elements on tension side is successful method 
of wood strengthening. 
2. Using fibre glass strip with mechanical properties determined ąbove load capacity increas.e 
by 49% and bending strength by 41 %.' 
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Why narrow-kerf technologies are justifiable in modern saw~ills? 

Kazimierz Orłowski 
Gdansk University of Technology, Mechanical Engineering Faculty, Department of 
Mechanical Engineering and Automation 

Abstarct: The cost distribution in a regular sawmill shows that raw materia] has the main 
effect upon the sawmill economy. It is hard to assume that in the near future log costs will 
drop, whereas there is observed shrinking raw materia] resources. One solution to these 
problems would be to increase the number ofnarrow-kerftechnology applications in both the 
primary and secondary processing of wood. The use of thinner saws significantly cuts down 
kerf losses and simultaneously increases raw materia! yield. The best profits are visible if 
thinner elements are produced. However, beyond doubt in eve1y case sawmills could be 
benefited by the use ofnarrow- kerftechnologies. 

Introduction 
Economic development of sawmills is affected by a number of factors. Amongst them 

the cost structure in a sawmill is an important issue in deciding how to achieve maximum 
production output. An example of the cost distribution in the regular sawmill is presented in 
Figure 1. The uppermost bar of the chart shows that raw materia] amounts to 70%, labour to 
15%, fixed assets to 10%, other costs to 4% and the tool costs to 1 % [12]. It could be 
supposed, that in Polish conditions the manpower costs might be a bit higher because ofit that 
the labour consumption in Polish sawmills is approximately five times larger than in the 
European Union [2]. 

Tfie t~vst. <'f iht> tovf in n: sa.wn1ili .tihu:uuts lfJ.(if;~u; 
1% t.ifthe ww.!. . •. „. . 

':··. 

Figure 1. The cost distribution in a regular sawmill [12] 

However, in every sawmill the price of log is by far the most important factor influencing 
the competitiveness of sawmill industry. This, in combination with high personnel costs 
makes it vital to make efficient use of the available resources. 

One solution to this problem would be to increase the number of narrow-kerf technology 
applications in both the primary and secondary processing of wood. Better utilisation of raw 
materials is the main advantage of these kind of sawing technologies. Therefore, I will be 
focussed on some chosen problems of great importance if one is to reduce the raw mate1ial 
costs. 

Shrinking raw materiał resources 
Timber as a natura! materia! is still a very attractive raw materia! to a man nowadays. 

There is observed the rise in wood consumption [2, 3], notwithstanding high raw materia! 
costs and wood product prices [ 1 O, 13] in comparison to prices of substitutes for wood [ 4]. 
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Currently, global consumption of wood approximates 3.23 milliard m3 annually, or 
0.54 m3 per capita per year (Figure 2) [1]. About 55% of the latter is consumed as a fuel by 
the developing tropical countries [6]. For example developing countries cut down 65,1 million 
hectares of woods for the last five years of the twentieth century, what is mainly connected 
with the rising birth rate of people. They consume wood not only as fuel but also for building 
engineering necessities. Moreover, they need new free cultivated areas [1, 6]. Satisfying 
demand for wood is obtained by excessive deforestation. The net effect of these various 
factors is that supplying global needs is becoming increasingly problematic. For data shown 
in Figure 2, which were estimated based on sources of the Food and Agriculture Organisation 
of the United Nations (FAO) [1 ], it can be noticed that the annual growth of wood would soon 
be insufficient to support current per-capita consumption. 
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Figure 2. Per capita data for forests and wood 

Taking these data into account it is hard to assume that in the near future raw materiał 
costs will drop. So, in this connection processing and machining ofwood should be carried in 
both a lean and an efficient way. For example, in the manufacture of lumber, the sawmill 
costs can be decreased by reduction in the kerf dimension. 

Raw materiał yield 
In the Westem United States it is known, for example, that reduction in either kerf or 

sawing variation by 0.8 mm will result in an increase in lumber yield of 1to3% [11]. As long 
as saw stability can be maintained, kerflosses can be reduced by using thin saws [7, 8, 9, 11]. 
Advantages of narrow kerf technologies are best visible if kerf Josses during production of 
layers ofEngineered Wood Products [15] such as structural glued-laminated timber (glulam), 
3-ply profiles for window sashes and window frames, and glued 2-ply or 3-ply parquet are 
compared. These Jayers are very often thin and their thickness is equal to overall set (kerf) if 
out of <late sawing technologies are applied. 

For gang circular saws and mini frame sawing machines relative kerf losses Qm can be . 
calculated as a ratio of the total loss volume and the stock volume: 

(1) 

-292-



where: S1 - kerf, Sbj - extra losses due to- the planning allowance of extemal pieces, n -
number of main saws in the gang, ge - element (layer) thickness. . 

The raw materia! yield for the analysed sawing method can be determined as fellows: 

w;„ =1-Qlll =l (2) 

The comparison of kerf losses during re-sawing operation with the use of mini gang saw 
blades (Si=l.4 mm) and circular saw blades (S,=3.5 mm) is presented in Figure 3a. Assuming 
that extra losses due to the planning allowance of external pieces are Sb = O,Smm, there were 
calculated for these methods relative kerf losses Qm and ra:w material yields w;„ (Figure 3b ). 
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Figure 3. Comparison ofkerflosses during re-sawing operation with the use of mini gang saw 
blades (Si=l.4 mm) and circular saw blades (Si=3.5 mm), where: a) general view, b) relative 
kerflosses Qm and raw materia! yields w;„ 

Results of computation presented in Figure 3b revealed that sawmill can be at 
a significant advantage in the cost raw material reduction if one of the narrow-kerf sawing 
technology is used, i.e. a mini frame sawing machine [14], especially for thin sawn elements. 
In that case, there is a difference for thinner elements in material losses approximately up to 
20% for compared sawing technologies. 

Summ ary 
The application of narrow kerf sawing technology has a great influence upon the sawmill 

economy because naiTower kerf saws would allow more sawn materiał to be taken out from 
each workpiece in both the pi:imary and secondary processing. What is more, these 
technologi es are environmentally friendly. However, if the sawmill is going to reduce the raw 
materia! costs by the narrow kerf technology application it will have to face other new 
challenges yet. The latter has been confirmed by findings of investigations, which had been 
carried out at Gdansk University of Technology in the area of narrow kerf cutting on mini 
frame sawing machines [7, 8, 14]. 
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Streszczenie: Dlaczego w nowoczesnych tartakach piłowanie za pomocą cienkich pił jest 
uzasadnione ?.Analiza struktury kosztów produkcji w tartaku wykazuje, że największy 
wpływ na ich wartość mają koszty surowca. Przy występującej tendencji kurczenia się 

zasobów drewna dobrej jakości trudno jest przypuszczać, iż jego ceny zaczną spadać. 
W związku z tym należy dążyć do stosowania w tartakach materiałooszczędnych technologii, 
w których stosuje się cienkie piły, gdyż przy prawidłowo prowadzonym procesie cięcia 

zapewniają one redukcję strat materiałowych i znaczące korzyści finansowe. Szczególnie 
wysokie oszczędności występują przy pozyskiwaniu przedmiotów o niewielkiej grubości, 
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będących elementami składowymi drewna warstwowo klejonego (Engineered Wood 
Products). 
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Relationship between saw blade teeth wear and kinematics of frame 
sawing machines 

Roman Wasielewski 
Gdansk University of Technology, Mechanical Engineering Faculty, Department of Mechanical 
Engineering and Automation 

Abstract: In the paper shown are results of saw blade teeth wear tests and influence of 
kinematics offrame sawing machine on distribution ofwear ofparticular tooth blade. 

Introduction 
Cutting blades of machining tool usually work in difficult and specific conditions. 

Mechanical and thermal loads acting on the cutting edge during machining cause changes of 
blade characteristics and decrement of its materiał. This worsens the· capability to machining. 
That in-time progressing loss of machining capabilities is called the cutting edge wear [1]. 
Together with increase of wear conditions of cutting blade work are becoming worse. Finally 
they are unsatisfactory. State of the cutting edge which makes it useless for further work is called 
cutting edge blunt. 

Many factors influence on cutting edge wear. One of the most important ones decisive for 
cutting edge wear is area of cut. V ery specific kind of machining is parting-off wood on frame 
sawing machines because every single tooth of saw blade machines another and time-changeable 
area of materiał [2]. Different conditions ofwork for particular blade teeth make that the wear of 
teeth differs. 

Saw blade teeth wear 
Saw blade teeth wear tests wear conducted based on geometrical measurements of blade 

teeth' geometry. The teeth were working for 5,5 hours parting ofpine-tree logs on frame sawing 
machine with fo11owing characteristic : 
- feed of materiał on single rotation of saw frame driving crank f= 8,4 mm, 
- saw frame stroke H= 520 mm, 
- blade teeth pitch for swaging saw set t=30 mm, 
- inclination of saw blades in frame on stroke of saw frame z=3,85 mm. 
Basic kinematical and geometrical parameters of cutting process for above presented setting of 
frame sawing machine were shown on Fig.1 in form of relative travel of saw and materiał in 
direction of feed Zr and feed for teeth during one cycle of work. These parameters were 
determined basing on computer simulation program for .parting-off wood on frame sawing 
machines with rectilinear trajectory ofleading of saws and continuous feed of materiał [2]. 

As it is on Fig.1. feed value for tooth in cycle of work is changeable. Blade teeth come 
into contact with bottom of saw cut with crank rotation of cp ""30°. Feed for tooth fz reaches the 

highest value with rotation of cp = 180°. In idle stroke of saws (cp > 180° ), where trere should not 
be any contact between saw blades and bottom of saw cut, kinematics of frame sawing machine 
makes that that in initial faze of idle stroke appears sudden press of teeth into materiał and it 
comes to friction between tool flank and bottom of saw cut. 

'These diversified work conditions for particular blade teeth cause diversification of wear 
values for every particular tooth. 
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Flg.1. Results of computer simulation in form of relative tra vel of saw and materia! in direction 
offeed Zr and feed for tooth fz during one cycle ofwork versus crank rotation angle for setted 

parameters of frame sawing machine 

Direct factors which are measure of geometrical tooth wear were used for assesment of 
saw blades wear during conducted tests. Among many of them only few were chosen. The ones 
that describe form and type of saw blades wear and also decide over their blunt what determines 
their ability to work. 

Example oftypical saw blade wear is shown on Fig.2. 

Fig.2. Diagram of saw blades teeth wear 
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During process of parting off wood blades are worn mainly on tool flanks. Tool wear 
land causes shortening of tooth and rounding of main cutting edge. V ery characteristic for wear 
land in saw blades is that the wear land is not equal on length of main cutting edge. Wear land is 
concentrated in tooth corners which makes rounding of corners. And that is the reason for 
change of total saw set. Concentration of wear in tooth corners and the fact that this wear is 
decisive over saw performance in parting-off wood caused that only two factors were chosen to 
determine tooth corners wear - shortening of tooth in the corner KEc and total saw set St (Fig.2). 

Results of measurements in form of total saw set St and tooth corner shortening KEc for 
particular teeth of exemplary saw blade used during tests were shown on Fig.3. 
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Fig.3. Total saw set St and tooth corner shortening KEc for particular teeth of saw blade 

Presented test results indicate that wear of particular teeth changes significantly with 
length of the saw blade. That is the result of kinematics of frame sawing machine. Comparing 
value of tooth wear for particular teeth (Fig.3) and run of feed for tooth in cycle of work (Fig.1) 
one can see tight connection between them. Initial teeth of saw blade (nr.1-7) cut into materiał 
and go through and the further tooth the longer way in materia! to go through (up to log height) 
and wear of following teeth is bigger. Teeth from second quarter of saw blade (nr.8-15) cut 
materia! on whole height with very similar conditions of work. The worst conditions of work 
have teeth from the third quarter of saw blade length (nr.16-23). These teeth are in touch with 
materia! in fina! faze of saw blades working-stroke where cutting speed suddenly falls down and 
it comes to stoppage of saw blades in materia! with the maximum value of feed for tooth in saw 
blades working-stroke. Moreover, these teeth in initial faze of idle stroke are clamped in materia! 
and friction between tooth flank and bottom of saw cut appears. Value of pressing teeth into 
materia! during initial faze of idle stroke is bigger than maximum feed for tooth during working 
stroke. These disadvantageous conditions of cutting cause that wear for these teeth is the biggest. 
Teeth from the forth quarter of saw blade length (nr.24-32) depending on log height cut the 
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materiał or not. In tested saw blades, initial teeth from this part cut the materiał and the further 
tooth the quicker goes out of materiał so the wear is much lower. Last teeth (nr.30-32) did not 
take part in cutting which makes that we can treat them as not used and not wom. 

Conclusions 
Kinematics of frame sawing machine significantly influence the wear of saw blade teeth. 

Change of feed for tooth during cycle of work makes that every particular tooth work in different 
conditions. 

Comparison of measurements results for tooth wear factors in form of corner shortening 
KEc and total saw set St indicates that there is large conformity between them. Therefore one 
can assess saw blade wear only by one of the factors. Measurement of corner shortening is 
complicated, time-consuming and requires special measuring apparatus. Measurement of total 
saw set is simple, quick and can be conducted by means of standard measuring equipment. 
However, this measurement has some limitations because can be used only for swaging saw set 
and requires knowledge of saw set before use. 
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Map ping of beech wood surface before and after rolling press 

Grzegorz Wieloch 
The Department of W oodworking Machinery and Basis of Machine Construction, Agriculture 
University, Poznań 

Abstract: Preparing boards for finishing process contains wood sanding of the layer surface. 
To eliminate wood sanding we can use compression rolling ofparticle boards by means of hot 
roller at temperature of about 120°C. The research shows changes of surface roughness in 
beech veneered particle boards after compression rolling. The results show surface roughness 
before rolling after the process of refining and dampening the surface by water. The results 
indicate that changes obtained by compression rolling considerably decrease surface rough­
ness. However after long term dampen, surface roughness is higher than at the beginning of 
the process. Roughness changes were shown by means of three parameters recommended for 
wood and wood products standards. 

Key words: surface roughness, compression rolling 

Introduction 
The mai n purpose of fumiture elements surface is its decorative function. To ful fil this 

function all elements are refined in the following processes: facing, dying and lacquering. 
Substrate prepared to finish should be smooth and level and its quality shouldshow: 

geometrical structure of surface (GSS), 
physical, chemical and mechanical properties of surface or surface layer, 
sur!ace exterior [8] 

As far as particle board is concemed the first group is of major importance as it decides about 
the surface outlook. This is the reason why particle boards are sanded. Sanding causes cali­
brating ofboards thickness and corrects their surface roughness. However outer layer sanding 
from microchips causes the process of chips swelling later during for example facing process. 
It results in i1Tegular chips swelling on boards surface layer and its waviness and roughness 
are higher. This process can cause necessity of re-sending, which can spoil facing. Sanding 
process causes also some other inconveniences that is, considerable usage of abrasive materi­
als, problems with dust during production. To complete, or at least partly eliminate, the above 
mentioned problems connected with sanding compression rolling was introduced. It gives 
higher density of fibre structure and better surface smoothness of veneer and corrects thick­
ness uniformity of a given board [1,2,3,4,6,7,10,]. Compression rolling has not eliminated 
sanding completely however limited it considerably. Additionally usage of lacquering materi­
als was limited and quality of surfaces was better.[12,13]. 

The aim of the research 
Although quality advantages of compression rolling were confirmed by using this 

technology in industry [2,7,11] the research conceming roughness changes under the influ­
ence of compression rolling are considerable. There was no research testing for example sta­
bility of smoothed surfaces in this way under changing moisture conditions that is under the 
influence of colours of lacquers and their dissolvents and so on. That is why the aim of the 
research was to find the influence of compression rolling machining on the surface roughness 
changes of veneered particle boards and determine stability of such changes after long term 
moisturing. 
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Research description tested materiał 
Typical fumiture elements from furniture factory were chosen to be tested. These were 

beech veneered elements with following dimensions - 0.8 x 0.35 m and thickness of 19 mm; 
density was of 678-694 kg/m3 The boards fulfilled E 1 norm conceming content of formalde­
hyde. Beech veneer was of 0,65 mm thick. The boards were veneered in multi-opening press 
with usage of 135 g/m2 urea glue and sanded in wide belt sanding machine with grain sizes of 
1 OO and next 150 and cleaned from dust. 
Sanded boards were air - conditioned for thirty days in lab oratory in temperature of 20 + 2° C, 
and air relative humidity of 60 + 5 %. Next, surface roughness measurement was taken. 
Measured boards were compression rolled and next measurement was taken in the same 
places as the first one tool placed. · 

The compression rolling process 
Refining ofboards surface was made in boards roll stand which was driven by an 

electric engine with set of gear wheels. The refining process was made in conditions similar to 
industry that is : 

• feed speed of roller material was u = 9 m/min„ 
the temperature ofrolls was T 120 + 10 °C 
clearance between rolls shorter than 2 mm from board thickness. 

Roughness measurement 

Surface roughness measurement was 
made by contact method at special stand 
using analogue inductive gauge. Its 
measuring head was equipped with con­
tact slipper having radius of R=80 mm 
which eliminated shape errors and neces­
sity of precise set of a fasted sample to 
sideways. The tip of penetrator's vertical 
angle was a = rad (90°) and curvature 

Fig. l. Laboratory roll stand radius was r = 1 OO µm. Measurement was 
made in E system which enables filtering 

of components Geometrical Structure Surface. The analogue output of inductive gouge was 
connected with computer by means of analogue -digital transducer, which enables calculation 
of chosen roughness parameters /recommended by Polish Standard PN-84/D-01005 [9]/ such 
as: 

arithmetical mean of max. peaks of the given surface roughness - Rm: 
maximum height of the profile - Rmax 

in which: 

arithmetical mean of deviation of the profile - Ra: 
l x= I,,. 

Ra = - J IY ru 
[ m x= O 

Yi - max. height of single roughness profile [mm], 
Im -evolution length [mm] 

On boards surface in lcm intervals measurement lines were marked. They were per­
pendicular to fibres of veneer. There were 15 such lines marked, which were 1 OO mm long. 
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Each measurement cycle was taken in the same place as the first one. 
Before tests boards were air-conditioned for thirty days. 

Research results 
The obtained results let me make diagrams - fig. 2. and 3 - showing average values of 

roughness parameters for each measurement cycle of a given board before and after rolling 
and after dampening of rolled surface. 
The obtained results show that after compression rolling decreases surface roughness of ve­
neer layer facing a particle board. Plasticity of veneer grows but its elasticity decreases. In 
such a case arise loosen chemical bonds as a result of plasticity of pectic substances. Swelling 
hemicellulose felting increases ability and sizing of tissue. Under pressure of rolls plastified 
lignin partly fills pares creating thin surface layer in which also are forces and glued fibres 
after sanding which influence surface roughness. After cooling lignin hardness again becom­
ing natural adhesive in wooden tissue. [12 ]. Humidity and pressure ofrolls are agents intensi­
fying heating. The final effect of considerable increase of surface quality disappears, after 
long term humidity action. These results were obtained during short contact of veneered board 
with heated rolls that is why intensity of plasticity was small er. 

Conclusions 
The results of the research show that compression rolling results in considerable 

smoothening ofveneer surface. It results especially in pares vanishing, which exist in beech 
anatomie structure. Stability of surface obtained in such a way is high at short term dampen 
action , but decreases with increase of dampening time. 
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Fig.2. Distribution of Ra parameter on the surface of beech board 
before rolling 

Fig.3. Distribution of Ra parameter on the surface of beech board 
after rolling 
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Streszczenie: "Stan powierzchni oklein z drewna brzozowego przed i po obróbce gorącymi 
walcami". W rezultacie nagniatania wywartego przez gorące walce uzyskano znaczne wy­
równanie powierzchni okleiny bukowej na płycie wiórowej. Uwidacznia to szczególnie obraz 
trójwymiarowy powierzchni elementów płytowych, na którym widać wyrównanie pofałdo­
wań wynikających z budowy anatomicznej drewna. I choć niektóre wartości maksymalnych 
wierzchołków nierówności pozostają prawie bez zmian, to na całej powierzchni widać zanik 
dolin(wgłębień)- efekt uplastycznienia powierzchni i zapełnienia ligninąnierówności w po­
rach drzewnych. Większego wyrównania należy oczekiwać przy zastosowaniu wyższych 
temperatur jak również większego zgniotu powierzchni przy walcowaniu. 
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Surface roughness of wood beech after dressing with fixed planer knife 

Grzegorz Wieloch , Milan Bansky 

Abstract: During milling of wood the most frequently used method is tooth planing. To 
eliminate defects occurring during planing /for e.g. waviness/ a mechanical planing with 
stationary knife was introduced. Such a method of machining can be more widely used 
because of progress in tools preparation as well as materials for production process. With this 
method processed elements have no trace of waviness and smaller surface roughness than 
when tooth planned. The best results were obtained when the knife was fixed at 60-75° to 
grain flow /feed direction/ for both beech and pine wood. There was no trace of roughness 
on the machined surface. Dressing eliminates dust formation during machining. 

Introduction 
The finishing processes of wood surfaces require high quality of wood smoothness. 

This is caused among others by necessity of gaining idea! background for vamishing, natura! 
and artificial veneering, at the same time minimalizing the usage of varnishes and lacquers. It 
also enables good adhering of linked surfaces by means of glue and influences the apperance 
of a given product. High quality of surface smoothness is required in the hi-tech of finishing, 
for example in caating with foil during so called dry method "Touchwood" [6]. 

It is necessary however to stress that the most important requirements according to 
surfaces are the aesthetical ones [1,4]. 

Dressing-Method offinishing 
One of the ways of obtaining high quality of surface is usage of dressing. This way of 

planing has been well-known for ages and was popular in the times of benchwork that is 
leveling of surface and was called planing - fig.1. Draw knives up till now days were used 
when planing along fibres especially when it was without defects such as for eg. knots. 
However, they were displaced by machines with rotation tools. At the same time planing 
methods across fibres have been developed. As well as dressing across fibres of wood in 
production of (among others) veneers and fillets enabling production without loss (such as 
chips and dust). Cutting was performed with a knife moving in a reciprocating way or 
stationary knife fixed to machine frame during materiał movement. [3,7]. The above 

strug • draw knife 
\"''''''"''''''''''""' 

V 

stały materiał obrabiany 
stationary machined materia! 

Fig.1. Scheme of dressing - planning /3/ 
Rys.I. Schemat skrawania płaskiego /3/ 

nóz stały 

mentioned method of planing 
was developed by Japanese 
company MARUNAKA 
which introduced machines 
with a knife set in support 
between feeding and 
acceptance tables. 
The materiał is pressed and 
conveyed by band troop­
carrier placed in front of the 
knife. The knife support 
having a shape disk has a 

possibility of changing location of knife according to feed direction of machined materiał. 
The above enables possibility of regulation of knife position according to features of planed 
materiał. There are two pssibilities of setting up the knife; either upper or ]ower - fig. 3. This 
type of machine wasn 't widely used in woodworking industry as it unabled machining 
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FOR UPPER SURFACE MODEL 

LOW'ER SUR.FACE MODEL 

materia} containing ranged density 
as well as machining of thick layers 
only from 0,04 to 0,1 mm. When a 
surface was very rough it had to be 
machined several times, which even 
at very high feed speed /75 m/min/ 
caused bottle-neck in technological 
process. Since wood started beeing 
high processed product so called 
EWP (Engineered Wood Products) 
creation of new groups of products 
and advance in their preparation 
enables rev1s10n of previous 
statements about their uselessness 
for European timber. [3, 7] 
Such elements are used in 
production of high quality 
windows and doors. Such products 
can be finished with dressing which 
eliminates sanding. 

Fig.3 Principle of planerI; operation of MARUNAKA So it is very justified to research 
Rys.3 Zasada pracy strugarekfmy MARUNAKA quality of surface after dressing. 
~~~~~~~~~~~~~~~~~~.~~ Experiment 
As the consequence of shown above advantages of processing ways a heated planning knife 
was used in surface processing. It planns a thin layer of wood and at the same time causes 
microbumishing plastified with heat of surface. 
To support the assumptions a special knife carriage was made in which in cutter holder and 
plate clamp of the knife resistant heaters were situated The runner pressing wood before the 
knife was also heated. The runner was heated to beat wood surface before planning. Knife 
carriage was situated on the planning machine table after cutter błock for tooth planning wood 
to come under the heated immovable knife [7]. During the research the following parameters 
were obtained: 
During planning with heated planner knife the angles ofknife parameters: 
clearance angle a= 5 °, included angle ~ = 30 °, angle of attack y= 55 ° 
radia! runot knifes o, 1 mm, 
diameter rounding knife-edges p =5 µm. 

For cutting a knife with cements carbides H40 edge and with chipbreaker groove was 
used to eliminate a creation ofinterstice forwarding cutting. [2, 7]. 
The knife orientation towards feed direction of worked elements was variable: from ideally 

longitudinal to longitudinally - lateral. Directional angle of main cutting edge <p r, to 
direction offibres was changed in the range from 90° to 30° with intervals every 15 °. 
The working movement cp r . was compatibile with fibre direction in the material. 
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The surface was examined with a 
contact method after planing. 
Surface roughness was measured 
by a profilographometer with 
computer programming support 
[8]. Research was conducted 
according to Polish Standards for 
surface roughness of wood and 
wood products [9]. 

glęboko>'ć fali fum] 
depth ofwai•es _ _J 

The research was carried on beech 
wood /because of very equal 
anatomie structure and pine being 
very easily accessible I with 
moisture content of about 10 %. 
The worked samples annual rings 
were parallel to longer side of the 
sample. 

Fig.5. Swface roughness and waveines ajier beech 
planingu=20mlmin 

Rys. 5 Chropowatość i falistość powier=chni po 
struganiu buka pr:;y u =20 mlmin 

chropowatość 

surface 
roughness 

Ostruganie p/askie-dressing 

falistość 

waviness 

lnvestigation 
discussion. 

results and 

The research results are shown in 
fig. 4, 5 and 6. They show that 
decrease of ·directional angle of 

cutting edge cpK causes decrease 
ofvalue Rx. 
For each cutting variant wood 
cutting with head enables 
obtaining better geometrical 

· structure of surface than tooth 
planing. 

Average differences between 
surface roughness values Rz as 
it is shown in fig. 4 are of 4 - 5 
µm in the whole range of tested 
samples. 

Fig. 6 Surface roughness afier planing at different 
knife se/ling 

The best results were obtained at 
inclination angle of cutting edge 
from 50-60° which is caused 
by advantageous kinematics of 
cutting - softly emerging of the 
cutting edge in worked samples. 
It seems that in such case the 
interstice forwarding cutting is 
shaped in different way. 
The greatest advantage of using 

Rys. (i Chropowatość powięrzchni.Po ~truganiu przy 
· ró=ny1ii ustawieniŹ1 no:':d · .. 

I El buk-beech 

35 
30 
25 
20 
15 
JO 
5 
o 

30 -15 60 75 90 

angle ofknife se/ling 
kąt ustawienia no=:a 

this cutting method is obtaining materia! without any trace of surface waviness enabling 
obtaining high quality geometrical structure which doesn 't require further sanding. The 
above is illustrated by surface roughness profile made by stylus method. The picture of profile 
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after dressing shows the lack of waviness which usually is a consequence of tooth planing. 
There was also lack of down and rou hness on dreśsed surface. 

Fig. 7. Examples of profilogrames of beech wood swface afler tooth planing 
Rys. 7. Przykładowe profilogramy powierzchni drewna buka po struganiu nożem stałym 
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Streszczenie: "Chropowatość powierzchni drewna brzozowego po obróbce nożem stałym". 
Przy obróbce powierzchni drewna dominuje metoda frezowania głowicami obrotowymi. Aby 
eliminować wady powstające w czasie obróbki /np. falistość I wprowadzono mechaniczne 
struganie nożem stałym. Sposób obróbki rozwinięty przez f-mę Marunaka, nie przyjął się w 
Polsce ze względu na np.:duże zróżnicowanie właściwości materiału drzewnego w jednym 
elemencie, znaczne wady w materiale -szczególnie iglastym, stosunkowo małą wydajność 
itp. W obecnym czasie może znaleźć szersze zastosowanie ze względu na postęp w 
przygotowaniu narzędzi jak również w przygotowaniu materiału do procesu obróbki 
/elementy z wyciętymi wadami, sklejone ze zorientowanymi włóknami/. W przypadku 
zastosowania strugania płaskiego uzyskuje sie elementy praktycznie bez śladu falistości i z 
mnieszymi chropowatosciami niz przy głowicach obrotowych. Najlepsze wyniki uzyskano 
przy ustawieniu noża pod katem ok 50-60° względem kierunku przebiegu włókien. Nie 
stwierdzono zbyt duzego wpływu prędkości strugania na chropowatość powierzchni. 
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Struganie nożem płaskim eleiminuje powstawanie frakcji pylastej jako odpadu dając wiór do 
ewentualnego wykorzystania technologicznego. · 
Grzegorz Wieloch 
Agriculture University, 60-637 Poznań, Poland 
Department ofWoodworking Machinery and Basic ofMachine Construction. e-mail: 
obrawiel@wp.pl 



Mechanical properties in bending of medium density fibreboard as 
heterogeneous materiał 

Maciej Wilczyński, Krzysztof Wannbier, Marek Kociszewski 

Institute of Technology 
Kazimierz Wielki University in Bydgoszcz 

Abstract:Investigations of the modulus of elasticity in bending and the bending strength of 
the medium density fibreboard layers are presented. It was found out that these properties for 
the core layer amounted to only about 40% of those for the surface layer. The relative 
difference of the density of the compared layers was much smaller. 

Key words: MDF, layer, bending strength, modulus of elasticity. 

Introduction 
Medium density fibreboard (MDF) is widely used in fumiture. Typical commercial 

MDF is heterogeneous materia!. The vertical density profile of this MDF is not uniform but 
has a shape of a U-letter. The density of the surface layers is high, while the core layers within 
the board is low. That is why the MDF is characterised by good performance in bending 
(Tydryszewski and Wilczyński 2001). The vertical density profile influences board properties, 
among others on the modulus of elasticity (Xu 1999) and the interna! bond (Schulte and 
Fruhwald 1996). 

The MDF is monolithic materia! but can be regarded as a hypothetical three-layer 
panel. In this case it consists of a· low density core layer and two high density surface layers. 
Mechanical properties of such layers of the MDF have not been studied yet. The knowledge 
of these properties is needed to the analysis of stresś in the construction members made of the 
MDF, and to application of the layered systems bending theory (Bodig and Jayne 1982). 

Studies on mechanical properties of the layers ofwood based panels have been carried 
out in the Institute of Technology at Bydgoszcz University for a few years. An earli er paper 
(Kociszewski et al. 2002) presented the results of the experiments of bending properties of 
particleboard layers. The objective ofthis study was to determine the modulus of elasticity in 
bending as well as the bending strength of the surface and core layers of the MDF. 

Methods 
Raw commercial MDF was used in this study. It was 18 mm thick, its density 

averaged 760 kg/m3
, and moisture content averaged 7%. 

Strips of layers were isolated from the board using appropriate mechanical processing. 
The surface layers were 2 mm thick and the core layer was 12 mm thick. Thirty specimens for 
both kinds of a layer were prepared. Bath the modulus of elasticity in bending and the 
bending strength were fixed in accordance with the procedures described in EN 31 O standard. 
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Results 
The results - mean values and variation coefficients of the modulus of elasticity in 

bending, the bending strength, and the density of the examined layers of the MDF are given in 
Table 1. The comparison of these values is shown in Fig. 1. The values of the surface layer 
properties were assumed to be the basis for this comparison. Both the modulus of elasticity 
and the bending strength of the core layer are much smaller. They amount to on1y 42.7% and 
35.7%, respectively. The relative difference of the density of the surface and the core layer is 
much smaller. The density of the core layer amounts to 70.4% ofthat of the surface layer. 
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bending strength 
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III core layer 

density 

4.6 

11.9 

Fig. 1. Comparison of the mechanical properties in bending and the density of the surface 
and core layer 

The next comparison ofmechanical properties in bending of the assumed layers of the 
MDF is connected with their density (Fig. 2). The ratio of the elasticity modulus to the density 
for the surface layer is 1.65 times bigger than for the core layer. Similarly, the ratio of the 
bending strength to the density is 2.0 times bigger for the surface layer. These comparisons 
show that the mechanical properties of the assumed layers of the MDF are not proportional to 
their density. The properties of the surface layer are higher than those expected to be the result 
of its density. 
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Fig. 2. Comparison of the ratio of the mechanical property to the density for the surface and 
core layer 

Conclusions 
1. Typical commercial MDF is characterised by sharp differentiation of the mechanical 

properties of the hypothetical layers: the surface and the core ones. 
2. The modulus of elasticity in bending and the bending strength of the core layer amount to 

only about 40% ofthose of the surface layer. 
3. The relative difference of mechanical properties of the MDF layers is bigger than the 

relative difference oftheir density. 
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Streszczenie: Właściwości mechaniczne przy zginaniu płyty pilśniowej o średniej gęstości 
jako materiału niejednorodnego. Przedstawiono badania modułu sprężystości przy zginaniu i 
wytrzymałości na zginanie warstw płyty MDF. Stwierdzono, że właściwości warstwy 
wewnętrznej osiągają jedynie około 40% właściwości warstw zewnętrznych. Względna 
różnica gęstości porównywanych warstw jest znacznie mniejsza. 
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Technical quality of Polish softwood round timber in the light of European 
standards 

Joanna Witkowska 
Forest Use Department, Forest Research Institute, Warsaw 

Abstarct: Process of integration of Poland with European Union influences on establishing 
standards harmonized with European standards. 
In the near future a prospective standards for provisional application will be implemented for 
softwood round timber. 
The Forest Research Institute conducts research on consequences of eventual application of 
European standards for pine. Initial results show almost entire elimination of higher-grade 
timber (A and B) even in stands with the present big share ofveneer wood. 

Keywords: timber, timber classification, standardization, European standards. 

Overview 
· Standards for softwood round timber had been definitely changed nine years ago. Up 

to 1993 destination classification was in force in Poland. On 1 July 1999 a new system, so­
called KJW, taking into account quality and dimension oftimber was introduced. System took 
into consideration structure and quality of Polish stands, applied technologies of harvesting 
and transportation of timber as well as harmonization with intemational standards (ISO) and 
German standards (DIN). European standards were not elaborated at that time; they started to 
appear in the second half of nineties. Polish Standardization Committee, having regard to all 
required procedures of standard elaboration, respectively enforced standards implemented in 
European Union. 

In 1999 first standards harmonized with European standards were implemented in 
Poland. Apart from generał standards conceming, among others, terms and measurements of 
features, severa! standards determining qualitative classification of round wood were 
elaborated. These are standards for oak, beech, poplar, ash, maples and sycamore. For the 
coniferous species only one standard specifying dimension of raw materia! was established. 
This standard (PN-EN 1315-2) is grading timber into ten dimensional classes according to 
diameter and four dimensional classes according to length. 
On 3 December 1998 CEN (European Committee for Standardization) approved European 
prestandard (ENV) as a prospective standard for provisional application. The period of 
validity of this ENV was initially limited to three years, but later was increased to five years. 
Introducing of ENV permits to keep national standards, in parallel to ENV, until the final 
decision about converting ENV into EN will be reached. 

Taking into account the species composition of Polish stands, where pine is dominant, 
as well as consignee's expectations The Standardization Forest Economy Task Committee No 
181 undertook works (now close to finalization) on implementing also in Poland, on above 
mentioned principles, European prestandards for softwood round timber. 
The Forest Research Institute conducts comparative analyses of Polish standards (PN) for 
pine round timber against European standards (PN-EN). The essential difference between 
standards is a system difference. European standards for round timber, for pine also, are 
standards for logs only. Standard applied in Poland (PN-92/D-95017) is so-called long wood 
standard, where butt part decides about the quality. In Polish Standard (PN-93/D-9500) raw 
materia! is graded into three classes according to diameter. 

Comparative analyses are conducted on entire territory of Poland. In this paper only 
results from three sample plots located in RDLP Szczecinek are presented (see Table 1). 
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Quality of stand 1 is approximate to average while the quality of two others (stand land 
stand 3) is very high. 

Table 1. Sample stand characteristics 

Characteristics 
Stand No 

1 2 3 
Site BM św LM św LM św 

Age 100 165 150 

Stand density index 0.9 0.8 0.8 

Canopy density moderate discontinuous discontinu ous 

Site index II.5 I I.5 

Stand quality 3 2 3 

Research results 
On each sample plots raw materia! in a fonn oflong wood was classified acco ding to 

PN-92D-95017 and PN-ENV 1927-2 and additionally to technical specifications elabo ated in 
DGLP (Directorate-General of State Forests). Achieved percentage share of qu litative 
classes ofpine round timber are presented on Fig. 1-3. . . . 

Class1ficat10n oftimber by cuffently apphed standards (KJW) m stand 1 contnlj>uted to 
identification of 17.03% of class WB timber and 82.97% of class WC. Identical resu1ts were 
achieved when using DGLP technical specifications. Classification of the same ti 1 ber by 
European Standard resulted in 0.81 % of class B 90.34% of class C and 8.85% of class 
As a result of classification by Polish Standard in stands of high quality (stand 2 and 
following data were obtained: 39.59-46.72% of class WA, 38.40-38.93% of class 
14.88-21.48% of class WC. In classification by DGLP technical specifications the hare of 
!ower classes (C and D) was increased by 10%: 40.50-43.66% of class WA, 28.52-35 74% of 
class WB, 13.99-20.43% of class WC and 6.61-10.55% of class WD. Incomparabl worse 
results were obtain when raw materia! was classified according to European Standa d. Only 
2.42-3.60% oftimber was ofhigher classes. Majority oftimber, 78.88-82.59%, was c~assified 
in class C and rest ofit, 13.81-18.70% in class D. I 

Introduction of "technical specifications", first of all limiting or even eli111inating 
admission of rot, has not significant influence on classification results. Al most revo!1f lrtionary 
change, consisting in almost eliminating higher classes, caused applying of E ropean 
classification. 

Most frequent reason behind class decrease oftimber classified by European standard 
was higher requirements regarding buckles. Polish standard permits in class WA buckles with 
height up to 1 cm and in class WB even higher on half of circumference. Buckles are not 
permitted in classes A and B of ENV. It results in "moving" of significant amount of timber 
classified in classes WA and WB to classes C and D. The second reason for class decrease 
were requirements of European standards regarding permitted diameters of knots. PN permits 
knots in classes WC and WD. In ENV in class C only intergrown, sound knots are permitted. 
Pe1mitted diameter for dead knots is 7 cm and 5 cm for unsound knots. In consequence 
certain amount of timber, classified by PN to class WC, "moved" to class D. Other 
characteristics mentioned in ENV have not significant influence on classification results. 
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Table2. Comparison of significant requirements regarding pine round timber in Polish and European standards 

Characteristics PN (KJW) ENV-2: 1998 
A B c D A B c D 

Minimal length (m) 2,7 2,7 2,7 2,7 3,0 3,0 3,0 3,0. 

Minimal nomina! diameter, over bark (cm) 35,0 25,0 unlimited unlimited 

Minimal top diameter, under bark (cm) 22,0 14,0 14,0 14,0 

lntergrown, sound. 
not. 

not permitted $5 permitted permitted 
Knots (cm) De ad not pe[mitted permitted not permitted $4 $7 permitted 

Unsound 
· permitted permitted 

not permitted not permitted $5 permitted 
Knots with height up to permitted permitted 

1 cm are not 
considered; 

Buckles (mm)-
hiqher kno!s: · 

not permitted not permitted permitted permitted 
. not permitted 

permitted on% 
circumtere 

nce 
Smalles! length of bull part without defects or 

4m 4m unlimited. unlimited 
with permitted defects 

One-sicie sweep (cm/m) 
Permitting to produce a log 2.7 m long 

$2 $2 $4 $6 
2cm/1m 3cm/1m 3cm/1m 8cm/1m 

Heart shakes <35 
not permitted not permitted 

cm(except dry shakes) :::; 1/2 śr. permitted 
;;>:35cm $14 0. $1/3 0. 

Ring shakes <35cm not permitted not permitted not permitted 

;;>:35cm $14 0 $14 0 $1/3 0 permitted 
Shakes 

permitted 
Dry shakes withwidth permitte.d permitled . permitted not permitted not permitted permitted permitted 

uoto3mm 
End shake Uoto1/50 Uo to 1/3 0 oermitted ·oermitted 
End-sicie shake, deep and not not not ··permltted 
oassinq oermitted oermltted oermitted 

Permitted 
lnsect attack 

not n cit 
except 

- < 3 mm (e.g.: Trypodendron lineatum) 
permitted permitted 

Trypoden permit!ed not permitted not permitted not permitted permitted 
- ;;>: 3 mm (e.g.: Sirex, Cerambyciden) dron 

linea tum 



Tabela 2. (contined). 

lnner rot 

Surface rot 

Rot 

Stern rot (fungus) 

Foreign bodies 

Blue stain 

Stai n 

Brown stain 

Spiral grain 

Gall 
Resin oocket 
Rate of growth ( mm ) 
- Scotch oine 
Features of timber 
- Excentric pith (%) 
- Reaction wood (%) 

Taper(2
) ( cm/m ) < 35 cm -

~35cm 

(
1
) - Permitted in sapwood area only 

(
2

) - Mid-diameter, under bark 

-

up to 115 of up to 1/3 of up to 1/3 of 
end end end 

diameter diameter diameter 

on 14 of 
not r,iot circumfere 

permitted permitted nce up to 
1/5 0. 

permitted 
in 2whorls, 

not 
· at distance 

permitted 
from butt permitted 
end no 

in 3 whorls 

longer than 
6m 

not permitted 

perinitted 
on cross-

not· sections up 
permitted 

permitted. to 1/8 of 
·sapwood 

area 
permitted 
on cross-

·not .:: not sections up 
permitted perinitteci · to 1/2 of 

Śapwood 
. . a rea 

up to · i:ie;rńitted . perqiitted .5cm/1ni · 
· oermitted oermitted oermitted 

.. 

· .. 

up to 1/2 of 
end diameter 

permitted 

not permitted not permitted not permitted permitted 

permitted 

permjtted 

" 

.. permitted. 

not permitted not permitted permitted(1) permitted 

permitted 

: . ., 

·· pertnitted $3 $7 unlimited unlimited 

oermitted 
.. not nermitted 1 oer section permitted permitted 

$4 $6 unlimited unlimited 

10 20 unlimited unlimited 

.. not permitted 10 30 unlimited 
.. unlimited S 1,5 unlimited unlimited 

.· unlimited $2 unlimited unlimited 
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Fig. 1- Percentage share of qualitative classes ofpine timber. Stand No 1. 
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Fig. 2 - Percentage share of qualitative classes of pine timber. Stand No 2. 
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V ersuchsmaterial 

Fiir die Untersuchungen wurden, ebenso wie im Fall der Adsorptionsanderung der 
Feuchtigkeit, [Domański 2001] Eichenparkettbrettchen verwendet, die im normalen 
Produktionszyklus hergestellt worden waren. Von den im Warenlager mit einem der 
Gleichgewichtsfeuchte von Holz entsprechenden Klima (7-9%) gelagerten Brettchen wurden 
wahllos 10 Stiick der Giiteklasse I mit Abmessungen von 200x60x22 mm entnommen. 
Untersuchungsmethodik 

Nach dem Wiegen (Genauigkeit ± 0,1 g) wurden die Brettchen in einen Exsikkator mit 
gesattigter wassriger CH3COOK-Li:isung gegeben, der sich in einem Raum mit einer 
Temperatur von 21-26°C ( durchschnittlich 24, 7 ± 1, 73°C) und einem 
Temperaturva1iationskoeffizienten v= 9, 78% befand. Bei di eser Temperatur betrug die 
relative Luftfeuchtigkeit im Exsikkator 18,8 ± 0,59°C. Diesem Klima entspricht die 
Gleichgewichstfeuchte des Holzes, die nach Krjetschetow [1980] 4,6% betragt, d.h. ebenso 
viel, wie im Winter unter ertraglichen Bedingungen in Wohnraumen [Domański, Matejak, 
2000]. 
In regelmaBigen Zeitabstanden wurden die Brettchen gewogen, eine zeitlang in 
Tagesabstanden und nach Verringung der Masseabnahme alle zwei und vier Tage. Die 
Brettchen verblieben so lange im Exsikkator, bis sich nach 12 Tagen ihre Masse nicht mehr 
verandete. AnschlieBend wurde nach der Darrmethode die End- und Anfangsfeuchtigkeit der 
Brettchen bestimmt. Nachdem die als Gleichsgewichstfeuchte angenommene Anfangs- und 
Endfeuchtigkeit bekannt war, wurden die Halbwertzeiten Z 0,5 fiir die einzelnenBrettchen 
bestimmt. Ais die Halbwertzeiten und die Zeiten, nach denen die Masse der Brettchen urn 0,1 
g (fiu~ 0,99 ~max) 
hi:iher war als die Endmasse, bekannt waren, wurden die Werte der Koeffizienten n bestimmt. 

Untersuchungsergebnisse und ihre Analyse 

Die Anfangsfeuchte betrug zwischen 6,2 und 8,8%, die Durchschnittsfeuchte folglich 7,17% 
± 0,68%, der Variationskoeffizient betrug 13,20% 
Die Endfeuchte lag zwischen 4,9% und 5,8% , die Durchschnittsfeuchte betrug also 5,35% ± 
0,22%, der Variationskoeffizient 5,80% .. Die nach der Regressionsgleichung berechneten 
Halbwertzeiten betrugen 6,9-8,3 Tage, im Durchschnitt also 7,52 ± 0,33 Tage bei einem 
Variationskoeffizienten von 6,04%. 
Die Zeiten bis zum Erreichen der Gleichgewichstfeuchte betrugen 5-65 Tage, im Schnitt 58,6 
± 4,46 Tage bei einem Variationskoeffizienten von 10,65%, sie waren 6,6-9,0 mal langer als 
die Halbwertzeiten, durchschnittlich 7,8 mal. 
Die Potenzexponenten betragen 0,50-0,83, im Schnitt 0,657 ± 0,071 bei einem 
Variationskoeffizienten von 15,19 %. 
Die durchschnittliche Halbwertzeit bei der Desorptionsanderung der Feuchtigkeit von 7,52 
Tagen ist urn 2,32 Tage langer ais die mittlere Halbwertzeit (5,20 Tage [Domański 2001]) bei 
der Adsorptionsanderung der Feuchtigkeit der untersuchten Parkettbrettchen. Die mittlere 
Zeit des Erreichens der Gleichgewichtsfeuchte bei der Desorptionsanderung der Feuchtigkeit 
von 58,6 Tagen ist urn 5,7 Tage kiirzer ais die mittlere Zeit (64,3 Tage [Domański 2001]) bei 
der Adsorptionsanderung der Feuchtigkeit der untersuchten Parkettbrettchen. 
Die erzielten Ergebnisse zeichnen sich durch einen gri:iBeren Variationskoeffizienten als bei 
der Adsorptionsanderung der Feuchtigkeit aus. 
Die Abhangigkeit der relativen Feuchtigkeitsanderung von der relativen Versuchsdauer 
zeigen die Abbildungen l und 2. 
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SchluBfolgerungen 

Aus der Analyse der Untersuchungsergebnisse der Geschwindigkeit der 
Feuchtigkeitsanderungen der Brettchen bei der Desorption und Adsorption konnen folgende 
Schliisse gezogen werden. 
1. Die mittlere Zeit des Erreichens der Gleichgewichtsfeuchte bei der Desorption ist etwa 

9% kiirzer als bei der Adsoption. 
2. Die mittlere Halbwertzeit ist bei der Desorption etwa 45% Ianger als bei der Adsorption. 
3. Die Parkettbrettchen konnen nach Unterbringung in einem Wohnraum im Winter 

(Desorption) bzw. im Sommer (Adsorption) bereits nach 5-8 Tagen ihre Feuchtigkeit urn 
1,5-3,5% andem. 
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Die Wirksamkeit der Brandschutzbehandlung von Holz mit dem Antipyrin 
„Ogniochron" 
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Abstract: Im Artikel wurden die Untersuchungen iiber die Eigenschaften eines in Polen 
hergestellten Brandschutzmittels dargestellt. 

Schliisselworter: Holz, Brandschutzmittel, Antipyrin, 

Ziel der vorliegenden Arbeit war die Untersuchung der Wirksamkeit des Brandschutzmittels 
„Ogniochron" , eines Antipyrins auf der Basis von Ammoniumphosphaten und 
Ammoniumsulfaten mit Zugabe von Hamstoff und Borverbindungen. Es wirkt durch 
Warmeentzug und Herabsetzung des Sauerstoff- und der Brenngasgehalts in der Brandzone. 
Abgesehen von der Brandschutzwirkung des Mittels schiitzt es das Holz auch vor Hauspilzen 
und Insekten. 
Zur Untersuchung wurden Proben von 10xl0xl50 mm aus Kiefemsplintholz (Pinus silvestris 
L.) verwendet. Sie wurden parallel zum Jahrringverlauf geschnitten. Ihre Dichte betrug 
durchschnittlich 524 kg/m3

, die Holzproben hatten einen mittleren Friihholzanteil (ca. 60%) 
und einen mittleren Jahreszuwachs (2-5mm ). Die Feuchtigkeit betrug 6,3%. Es wurden 10 
Kontrollproben (nicht impragniert) und 10 in der Antipyrinli:isung (Konzentration 4%, 6% 
und 8%) getrii.nkte Proben verwendet. 
Vor dem Tranken wurde an den Proben eine Óffnung von 0 3 mm in 1 O mm Entfemung vom 
Probenrand angebracht. AnschlieBend wurden die Proben geschliffen und mit einer 
Genauigkeit von 0,01 g gewogen. 
Die Impragnation der Proben erfolgte nach dem Druck-Vakuum-Verfahren. Der Druck bei 
der Trankung betrug 130 hPa (± 10 HpA), die Trankungszeit 15 min. Diese Parameter 
gewahrsleisteten eine vollstandige Trankung der Holzproben mit der Antipyrinli:isung. Die 
Losung hatte eine Antipyrinkonzentration von 4%, 6% und 8%. Nach dem Tranken wurden 
die Proben emeut mit einer Genauigkeit von 0,01 g gewogen. 
Die Menge des vom Holz aufgenommenen Antipyrins P ( in kg/m3), umgerechnet auf 1 m3 

betrug demnach 
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P= 0n2-mJ·s 
100 · Vp 

m 1 -Probenmasse vor dem Triinken [kg] 
m2 - Probenmasse nach dem Triinken [kg] 
s -Konzentration der Antipyrinlosung [%] 

Vp - Probenvolumen [m3] 
100 - Konversionsfaktor 

( 1) 

Nach der Feststellung des Impragnationsgrades wurden alle Proben 4 Wochen lang im Labor 
saisoniert. 
Die Apparatur zur Untersuchung der Brandschutzeigenschaften des Antipyrins (Abb. 1) 
[Lutomski 1986, Osipiuk 2001] bestand aus einem Rohr (1) von 50 mm Durchmesser und 
einer Lange von 165 mm. Dieses Rohr hangt an einem Rahmen (5) derart liber einem 
Gasbrenner (2), daB der obere Rand des Gasbrenners sich in einer Entfernung von 15 mm 
vom Rohrende befindet. Die Probe (3) hangt so an einem Bolzen (4), daB ihr unteres Ende 5 
mm aus dem Rohr herausragt. Die Flammenhohe wurde auf 40 mm eingestellt. Das Gas 
stromte liber einen Gaszahler (6) mit Druckstabilisator (7) zum Brenner. 

4 

5 

Abb. 1. Prlifanordnung zur Untersuchung der Wirksamkeit des Antipyrins (Erliiuterungen im 
Text) 
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Nach der Lagerung vor der Untersuchung der Brandschutzwirkung des Impragniermittels 
wurde jede Probe mit einer Genauigkeit von 0,01 g gewogen, urn ihre Masse vor dem 
Verbrennen zu bestimmen. AnschlieBend wurde die Probe in der Priifapparatur untergebracht 
und der Gasbrenner angeziindet. 
Die Einwirkungszeit der Flamme betrug 60 s. Nach Entfernung des Gasbrenners wurde die 
Zeit des selbstandigen Brennens der Probe und die Zeit des Glimmens im AnschluB an das 
selbstandige Brennen notiert. Nach Aufuoren des Glimmens wurde die Probe aus dem 
Halter genommen und nach dem Erkalten gewogen. 
Die Wirksamkeit des Brandschutzimpragnats wurde anhand des Masseverlusts der Proben 
beim Verbrennen festgestellt. Der Masseverlust wurde nach fol gender Gleichung berechnet. 

........•.•...... „ ...•....... (2) 

~ -Masseverlust der Probe[%] 
mp -Masse der Probe vor dem Verbrennen [g] 
mk -Masse der Probe nach dem Verbrennen [g] 
Es wurde angenommen, daB das Antipyrin als wirksam gelten kann, wenn der Masseverlust 
der Probe 20% nicht iibersteigt, das selbstandige Brennen 30 s und das Glimmen der Probe 
nach dem Erloschen der Flamme ebenfalls 30 s nicht ilbersteigt. Die Zeit des Brennens und 
des Glimmens sind Parameter, die die Wirksamkeit des Bransdschutzes des Holzes zusatzlich 
bestimmen. 
Die Untersuchungsergebnisse der Antipyrinwirkung sind in Tab. 1 und in den Abb. 2 und 3 
dargestellt. 

100,0 
,........ 

90,0 ~ e.... 
c 80,0 
(!.) 
..o 70,0 o ..... 
CL 60,0 ,_ 
© 

"O 50,0 ...... 
(/) 

::I 40,0 ;::: 
Cl) 

30,0 > 
(J) 
</) 

20,0 (/) 
(tl 

2 10,0 

0,0 

89,1 

ffl Kontrollproben 

!El4% 

Q6% 

II]8% 

Wirksamkeitskriterium 

Abb. 2. Untersuchungsergebnisse der Wirksamkeit des mit der Antipyrinlosung 
„Ogniochron" getrankten Holzei;. 

-325-



Tab. 1. Untersuchungsergebnisse der Brandschutzwirkung des Antipyrins „Ogniochron „ bei Holz. 

Antipyrin- Menge des aufgenommenen Antipyrins Beurteilung des Brandschutzes Zeit des Zeit des IWirksamkeits-
lkonzentratio selbstandigen Glimmens kriterium 

n[%] Standardab- Variations- Standardab- Vruiations- Brennens [s] 

weichung koeffizient weichung koeffizient 
[kg/m3

] [kg/m3
] [%] [%] [kg/m3

] [%] [s] 

Kontroli- - - -
pro ben 89,1 2,86 3 77 217 -

4 23,62 1,66 7 22,2 2,83 12 48 7 unwirksam 
6 38,28 1,55 4 11,5 1,65 14 10 o wirksam 
8 52,66 1,96 4 7,9 1,1 13 2 o wir ks am 



Abb. 3. Proben nach der Untersuchungs d der Brandschutzwirkung des Antipyrins „Ogniochron" 
(a- Kontrollproben, b- 4%, c- 6%, d- 8%) 

Anhand der erfolgten Untersuchungen kann festgestellt werden: 
Das untersuchte Antipyrin mit dem Handelsnamen „Ogniochron", das hauptsachlich aus 
Ammoniumphosphaten und Ammoniumsulfaten besteht, gewahrleistet den wirksamen 
Brandschutz von Holz nach dessen Trankung mit 38,3 kg/m3 Antipyrin , d.h. nach der 
Impragnierung des Holzes mit einer 6-prozentigen Antipyrinlosung. 
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STRESZCZENIE 
Praca poświęcona została badaniu skuteczności zabezpieczenia przeciwogniowego drewna 
solnym antypirenem „Ogniochron". Badania dokonane na drewnie sosnowym pozwoliły 
stwierdzić, że antypiren „Ogniochron" składający się głównie z fosforanów i siarczanów amonu 
skutecznie zabezpiecza przeciwogniowo drewno przy wprowadzeniu do niego 38,3 kg/m3 
antypirenu, czyli przy nasyceniu drewna roztworem antypirenu o stężeniu 6%' 
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