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Rezumat. Lucrarea preziatcateva aspecte ale influen  Abstract. The paper presents some aspects of the
temperaturii asupra contragerii lemnului Tn gehgra temperature influence on the wood shrinkage in ggne
asupra speciei de fag Tn special. Bupnalizarea and especially on the beech specie. After analytieg
documentgei existente in acest domeniu se trece laexisting documentations it goes to make own

realizarea propriilor experimeint pe aceagtprobleni si experiments on this problem and are drawn the
se trag concluziile. Accentul este pus pe difgglen  conclusions. Emphasis is placed on the differences
dintre contragerile radialg tangeniale, dar se aine si between radial and tangential shrinkage but hefeuisd
relaia de depended pentru determinarea contragerii the relationship for determining the volume shrigg&a
volumice in funde de contragerile radiakgtangeniale. related to the radial and tangential ones.
Cuvintecheie: contragerea lemnului, efectul Key words: wood shrinkage, the temperature effect,
temperaturii, uscarea lemnului wood drying
1. Aspecteintroductive 1. Introductory aspects
Copacii pe picior caim a cantitate mare de Living trees contain a large quantity of water,

am, sub forma de vapori, lichid si chimic  in form of steam, liquid and chemically dissociated
disocia. Cortinutul de umiditate din bgieni  The moisture content from logs will vary with the
variaza cu sezonul de doborére, tipul produsuluiseason to felling up, type of wooden products (log,
lemnos (bstean, cherestea, furnir, placaj, placi dintimber, veneer, plywood, chipboard, chips, fiber
aschii de lemn, gchii, fibre etc.), diferitele forti ale  etc.), different parts of the wood log (sapwood or
busteanului lemnos (alburn sau duramen, lemnheartwood, early wood or late wood, tangential or
timpuriu sau tarziu, cherestea tang@a sau radial  radial timber etc). It has been estimated that din
etc.). Se estimeazci 1 n? de bytean proasyi  freshly felled log contains approximately 540 kter
doborat cotine aproximativ 540 litri de a&[1]. of water [1].

Apa este rgnuta Tn structura celular a The water is held in the cellular structure of
lemnului (v. figura 1), celdl care este altuiti din  the wood (see Figure 1), which is made up of cell
goluri celularesi membrane celulare. Apa care secavities and cell walls. The water held in the cell
gaseste n golurile celularsi cele intercelulare se and intercell cavities is called free water, wherea
numete ap libera, in timp ce apa din interiorul the water inside of the cell walls (intermicelary
membranei celulare (din sk intermicelare si and interfibrilary cavities) is called bound water.
interfibrilare) se numge a@ legat. Dupm  After felling and especially after conversion in
doborare, dar mai ales duptransformarea in timber or other wooden products, green wood will
cherestea sau alte produse lemnoase, lemnul verdgéart to loose moisture from any freshly exposed
va pierde umiditate de pe suprafexpus la aer. surfaces. The free water is lost before the bound
Apa libel se pierde Tnaintea apei legate. Aceastavater. This reduces the weight of the wood but
nsi reduce greutatea lemnului, dar nu afecteazdoes not affect its dimensions. The point at which
dimensiunile sale. Punctul in care apa libera the free water has been removed and the bound
eliminat si a ramas numai ap legaé se numgte  water remains is called the fiber saturation point
punct de satutee a fibrei (PSF)si are o valoare (FSP) and has a medium value of 30 %. Wood that
medie procentualde 30 %. Lemnul care se udda is dried to moisture contents below this level will
un coninut de umiditate sub acest nivel va fade s exhibit some degree of shrinkage as the cell walls
creasé nivelul contragerii, pe #suri ce membrana lose moisture.
celulai a lemnului va pierde umiditate.

Lemnul de fag (indiferent de tipul Beech specie (regardless of the blank type that
semifabricatului sub care seasgte) are o is found) has a lower shrinkage of 4.5% on radial
contragere szuti de 4,5 % pe direie radiakh si direction and 9.5 % on the tangential directione Th
una mai mare pe dirge tangemala, de 9,5 %. shrinkage on longitudinal direction is almost
Contragerea pe dirge longitudinak este aproape neglectable, namely about 0.4%.
neglijabil, in jur de 0,4 %.
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Figura 1. Localizarea apei in lemn: 1-membireelula; 2-golurile dintre microfibrelgi micelele celulozice (ap
legat); 3-lumenul celulei (aplibera); 4-goluri intercelulare (aplibera)

Figure 1. Location of water in wood: 1-cell walkcavities between cellulose micro fibrils and miegl(bound water);
3-cell lumen (free water); 4-intercellular cavitigsee water)

Cand lemnul pierde ap echilibrul existent Tn When wood loose water, the equilibrium of cell
membrana celuldr (dat de forele de atrae si wall (given by the rejection and attraction forces
respingere din interiorul membranei celulare) seinside of cell wall) is broken, firstly the water
rupe. Mai intai se rupe lemira apei (dipolii OH linking (OH dipoles) with the H+ dipoles are
cu dipolii H" ai lemnuluisi acest lucru va conduce ruptured, and will conduct at the coming near ef th
la aproprierea micelelor intre elg micsorarea micelles and decreasing of cell wall. This is the
membranei celulare. Acesta reprezintle fapt actually wood shrinkage [2]. All modifications of
contragerea lemnului [2]. Toate modifite  wood sizes take place only for bound water range,
dimensionale au loc numai in domeniul apei legaterespectively bellow the fibre saturation point
adic sub punctul de sature al fibrei (sub 30 %). (approximately 30 % of moisture content).

Contragerea lemnului apare cand apa fedat Wood shrinkage appears when the bound water
lemn scade, mai ales cand lemnul se aisiin  in wood decreases, especially when the wood dries.
influenta  temperaturii  de uscare, armea By the dependence of drying temperature the size of
tensiunilor interneai calitatea lemnului afinut dug  internal stresses and quality of wood obtainedr afte
uscare vor depinde semnificativ,saa ca este  drying depend significantly, so it is necessary to
necesar analiza influerei temperaturii asupra study the influence of temperature on the shrinkage
contragerii lemnului masiv. Contragerea lemnuluiof solid wood. Wood shrinkage is expressed by

se exprim prin coeficien liniari, pe direcie linear coefficients, on radial, tangential and
radiak, tangemiala si longitudinak si coeficierti longitudinal direction and volume coefficients. All
volumici. Tai acstia pot fi patiali sau totali, ga  of these coefficients can be totally or partialg, it
cum se obse#vin figura 2, pentru cei volumici. can see in figure 2 for volume ones.
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Figura 2. Coeficietii volumici totali (stAnga}i partiali (dreapta)
Figure 2. Total (left) and partial (right) volumeetficients of shrinkage

Stevens [3] a investigat In 1963 efectul Stevens [3] had investigated in 1963 the effect
temperaturii asupra contragefii a gasit ¢i, in  of temperature on shrinkage and found that, in
general, contragerea tindei sreasé usor cu  general, the shrinkage tends to increase slightly w
cresterea temperaturii. Cu cfterea vitezei de increasing of temperature. With increasing of
uscare contragerea cherestelei va descrdoate  drying speed the timber shrinkage will decrease. Al
acestea se intanaphumai sub 30 % umiditate, care these are happened only under 30% moisture
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este sub punctul de sattieaal fibrei. Oricum, sub content, that is until fibre saturation point FSP.
25 % conminut de umiditate, valoarea contragerii nu However below 25% moisture content the shrinkage
pare 4 fie afectal de temperatdrsau de viteza de value does not seem to be affected by temperature
uscare a lemnului, conform acekiiautor. or by speed of wood drying, says the same author.
In 1970 Sitova [4] afirr ci atunci cand lemnul In 1970 Sitova [4] says that when the wood is
se usug ncet, contragerea lemnului va fi mai maredried slowly the wood shrinkage will be more than
decéat la uscarea ragidelementul de cetere a  quick-drying, the element of speed increasing being
vitezei fiind temperatura de uscare. Expli@ase the drying temperature. The explanation for that is
bazeaZ pe crgterea vitezei procesului de uscare placed on speeding up the drying process and the
apartia deformaiilor plastice reziduale pe seanea  appearance of residual plastic deformation on the
transversdl datori temperaturii Tnalte. Pentru a cross section of wood due to high temperatures. To
elucida acest lucru, experiménle au fost ficute  elucidate that, the experiments were done on
pe scanduri de brad, pghfag la temperaturi de 60, wooden planks of fir, pine and beech at
70, 80, 90, 10@i 110°C. Pentru a Tatura ciparea temperatures of 60, 70, 80, 90, 100 and 9420To
lemnului uscat sau apéa altor defecte ale usai avoid cracking of dry wood or other defects
la temperaturi inalte, s-au efectuat cateva inpemiu  resulting from high-temperature drying, there were
in timpul tesirii, prin decuplarea termostatului done some interruptions during the tests, performed
electric cateva ore, avand intinclaf de a elimina by decoupling the thermostat few hours, which are
tensiunile interne din lemgi de a oltine relaxarea intended to defuse tensions and obtain relaxation o
materialului. Uscarea lemnului a pornit de la othe material. Wood drying was determined from an
umiditate intiala de 70 % (dar contragerea a plecatinitial moisture content of 70% (but the shrinkage
de la punctul de satura al fibrei, de 30 %) pa@nla  started from the fiber saturation point of 30%)ato
0 umiditate final de 7 %. Rezultatele au fost final moisture content of 7%. The results are
sintetizate pentru cele trei specii examinatedari.  summarized for the three examined species in Figure
3. Se obsedr 0 curldi cu descrgere constadt 3. A steadily decreasing curve is observed for beec
pentru fagsi o tendina generad de descrgere specie and the general tendency to decrease for
pentru Bsinoase, dar cu osoal crestere pentru resinous wood but a slight growth of the fir spege

brad paa la 90°C si apoi o descrgere la 110C. to 90°C and then decreases to T0)
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Figura 3. Influera temperaturii asupra contragerii lemnului (@iGitova): 1-brad; 2-pin; 3-fag
Figure 3. Influence of temperature on wood shriekgfter Sitova): 1-fir, 2-pine, 3-beech

Filipovici Tn 1965 [3] a stabilit £ contragerea Filipovici in 1965 [3] stated that, the wood
lemnului depinde de temperatura de uscare. Spreghrinkage depends on drying temperature. For
exemplu, piesele de fag uscate la temperatura dexample, pieces of dried beech at a temperature of
25 °C au inregistrat o contragere tang@ totai ~ 25% recorded a total tangential shrinkage of 11%
de 11 %, iar dacsunt uscate la 7& au avut 15,5 %. and if are dried to 75% of 15.5%. So, size of
in conseciri, valoarea contragerii gite cu creterea wooden shrinkage increases with the temperature
temperaturii, ceea ce sugergazi propriefitle  increasing, which suggests that plastic propedfes
plastice ale fagului cresc cu gterea temperaturii. the beech wood increases with temperature. The
Acelasi autor a reliefat de asemenea infltieen Same author also highlights the influence of sample
dimensiunilor epruvetelor, anumei @iesele mai Sizes, saying that the thicker pieces have driedemo
groase se usiéanai greu, cu defornmia plastice mai difficult, with larger plastic deformation and they
mari,si se contrag mai pin decat cele suii. will shrinks less than thinner materials.
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2. Epruvete si metodologia delucru 2. Samples and wor king methodology

Pentru a studia influga temperaturii asupra In order to study the influence of temperature
contragerii lemnului masiv s-au folosit epruveteon shrinkage of solid wood, there were used
prismatice din fag, debitate din acgescandu&, pe  prismatic beech specimens, cut from the same board
a se anihila influeg@a condiilor de cratere. to annihilate the influence of growth conditions.
Epruvetele au fost rindeluite pe toat¢efe, au fost The samples were planned on their faces, were
sortate cele &a defectesi sa aiba toate feele  sorted on defects and to have all faces perfecdlrad
radiale sau tangéale. Forma si dimensiunile and tangential. The shape and sizes of the samples
epruvetelor sead n figura 4. were shown in Figure 4.

Figura 4. Dimensiunile epruvetelor lemnoase: Riiala Tg - tangetial;
L - longitudinal
Ty of = Figure 4. Dimensions of wooden samples: R - radigl; tangential,
3 L - longitudinal
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[
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in timpul experimenitrilor au fost analiz During the experiments it was taken into
coeficienii totali ai contragerii liniare a lemnului, account the total coefficients of linear shrinkage,
pe diretie tangerald si radiak. Masurarea tangential and radial direction. Measuring the
dimensiunilor pe seitinea transversals-a realizat dimensions on the cross section was performed with
cu unsubler, avand o precizie deasurare de 0,02 a caliper, with measurement accuracy of 0.02 mm.
mm. Pentru 0 mai budnsistematizare a valorilor, For a better systematization of all values the
epruvetele lemnoase au fost grupate in mai multspecimens were grouped into many categories,
categorii, anume pentru asutori tangeiale si respectively for combined tangential and radial
radiale, In grupe de 10 hit Tnaintea rasurrii, measurements in groups of 10 pieces.
epruvetele lemnoase au fost puse i, @cm sub Before the size measuring, the samples were
nivelul apei,si au fosttinute pad cand acestea au placed in water, 2 cm below the water level and
atins nivelul punctului de satdr@a al fiorei PSF, have been kept until they reached the fiber
respectiv pél cand s-a trecut de la starea apeisaturation point FSP, until when it moved theiresta

legate la cea a apei libere din lemn. from the area of bound water to free water.
Aceast condtie s-a bazat pe uitoarea relge This condition was based on the following
de calcul: relationship for calculus:
m, 2mp[[1+U)  [g] (1)

unde: where:

m, - este masa epruvetelor umede, exprimate in g; m, is mass of wet wooden specimen, in g;

My, - masa epruvetelor absolute uscate, in g; my - absolutely dry mass of wooden specimen, in g;

U - continutul de umiditate, exprimat in g/g. U - moisture content, in g/g.

Spre exemplu, ddcmasa epruvetei uscate este For example, if the dry specimen mass is 25g
de 25 gsi dupa introducerea in d@pse dorgte  and after introducing in water it wants to excewal t
depisirea punctului de satuia al fiorei PSF de fiber saturation point FSP of 30%, the specimen
30 %, masa trebuiei depgiseasd 32,5 g. Pentru a mass must exceed the value of 32.5g. To ensure the
asigura validitatea congki de mai sus pentru tot validity of above condition for the entire group of
grupul de epruvete, condi se stabilge pentru wooden samples, the condition was established for
fiecare epruvétsi se reine cea mai mic valoare a each specimen and it retained the lowest value of
epruvetei cele mai defavorizate [5, 6, 7]. Sethe specimen most deprived [5, 6, 7]. Next
foloseste relaia urnitoare, iar masele pentru toate relationship is used and the subsequent weightings
epruvetele trebuiedsrespecte acedstvaloare de of all specimens had to respect this last benchmark
referina: value:
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Mg > max{my, my, ..., Mg} (2

Dupa trecerea tuturor epruvetelor peste punctul  After passage of samples over the fiber
de saturge, acestea sunt scoase dina,agunt saturation point, they were removed from the water,
tamponate pe o hartie sugatipentru initurarea were buffered on blotting paper to remove excess
excesului de apde pe fee, apoi li se risoan cele  water on their faces, then they were measured the
dowa dimensiuni ale sewnii transversalesi se  two dimensions of cross section and then weighed
cantiresc pentru determinarea masei. Mai departeall specimen for obtaining their mass. Further,
epruvetele au fost plasate in etuva de laboratosamples were placed in laboratory oven to dry down
pentru uscarea la 0 %. Temperatura a fost retdat 0%. Drying temperatures were set at 1ZD and
120 °C si 60 °C, pentru a vedea dacexisk 60 °C to see if there are differences of wood

diferene ale contragerii funie de temperatér shrinkage depending of drying temperature.
3. Calculul si exprimarearezultatelor 3. Thecalculus and expression of results
Rezultatele risuritorilor si a calcului au fost The results of measurements and calculations

introduse 1n tabele, valorile cumulative fiind were introduced inside of tables, cumulative table
prezentate in tabelul 1. Reie pentru being introduced in table 1. Relations for the
determinarea coeficientului de contragere radial determination of radial shrinkage coefficierg)(
(S), tangemala (S) si volumica (S) a lemnului tangential §) and the volume oné&f) were the next
masiv au fost uritoarele [8]: ones [8]:

S = Imax ~"min 199 [%]

max
t —tm
S —_max__"min 00 [%] (3)
tmax
_ S5
=S + it S
S=5+S ™
unde (figura 5): where (figure 5):
N'max S tmax SUNt dimensiunile radiakg tangeniale rex aNnd toax are radial and tangential maximal
maxime; dimensions;
I'min $1 tmin SUNt dimensiunile radialg tangeniale rmin @nd tn, are radial and tangential minimal
minime. dimensions.
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Figura 5. Modelul contragerii lemnului masiyay, 'max tmax - dimensiuni longitudinale, radiafétangeniale maxime;
Imins Tmine tmin - dimensiuni longitudinale, radiajeétangeniale minime
Figure 5. Sketch for solid wood shrinkaggs rmax tmax - longitudinal, radial and tangential maximal dmmns;
[mins Fmins tmin - lONgitudinal, radial and tangential minimal dinséons

Au fost efectuatsi alte experimerdtri cu alte There were made other testing with
temperaturi intermediare, respectiv 80100 °C, intermediate temperatures of 80 and 100 Celsius
dar rezultatele amute au avut valori neglijabile, cu degrees, but the results have negligible valueth, wi
diferene sub 3 %. differences under 3%.
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Tabelul 1. Valorile contragerilor radiale, tangafe si volumice
Table 1. Values of radial, tangential and volumenstage

Radial shrinkage, % Tangential shrinkage, % Volsimenkage, %

No. 60°C 120°C 60°C 120°C 60°C 120°C
1 5.2 54 10.1 9.7 14.77 14.57
2 5.6 5.3 9.8 9.6 14.85 14.59
3 5.4 5.3 9.6 9.8 14.45 15.04
4 5.3 5.2 10.2 10.2 14.95 14.86
5 5.5 5.3 10.0 10.1 15.55 14.59
Mean 5.4 5.3 9.9 9.8 14.91 14.72

4. Concluzii finale 4. Final conclusions

Lucrarea aborde&zo chestiune de fine a The paper addresses a sensitive issue of
influentei asupra contragerii lemnului, respectiv influence on wood shrinkage, respectively the
influenta temperaturii asupra contragerilor linigre influence of drying temperature on linear and
volumice. Rezultatele proprii audat & influenta  volume shrinkage. The own results showed that the
temperaturii asupra contragerii lemnului esgeru influence of temperature on shrinkage is slightly
descresitoare. Aceadt influenta uoal este yor  decreasing. This slightly influence is easily prbve
dovediti de rezultatele contoversate existente inby the controversial results existing in literature
literatura de specialitate.

Lucrarea s-a concentrat pe contragerile liniare  The paper has focused on linear tangential and
radiale si tangeniale, considerandacacestea vor radial shrinkage, believing that they will have big
avea diferete mari In funde de temperatér dar  differences related to temperature, but the refdit
rezultatele obinute nu au confirmat acesta ipatez ~ not confirm this hypothesis.

S-a calculat de asemenea contragerea vailmic It has been also calculated the volume
dar rezultatele au fost tot nesemnificative. Ssgedi@  shrinkage, but results still remained insignificant
in acest fel £ temperatura nu este un factor importantturns out that temperature is not an importanifact
al valorii contragerii lemnului, dar viteza de usca  of wood shrinkage value, but wood drying speed,
lemnului, dimensiunile cherestelei, specia lemhgas size of timber, wooden specie and rate of drying ca
gradientul de uscare pot fi importatyn factor foarte  be important. A very important factor is the drying
important este viteza de uscare, care prin temsiunirate that by the tensions created especially by the
create, In special prin ap@i unor alte defecte la appearance of such defects on the surface as
suprafaa, cum ar fi colapsuji cementare superficiéal  collapse and surface cementation. These worse
Aceste defecte grave nu vasd lemnul $se contrady  defects will not let wood to be free subjected at
liber, cauzdnd in acest fel alte defecte, precunshrinkage, causing a lot of others defects as srack
crapaturile si fisurile. and fissures.
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