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Rezumat. Lucrarea prezidt doui aspecte principale ale Abstract. The paper presents two main aspects of spruce
comportamentului lemnului de molid in mediu umed, wood behavior in moist environment, namely the wate
respectiv sonfie de ag si umflarea Tn grosime. Se prezint sorption and the thickness swelling. It presents th
metodologia de lucryi rezultatele cercétilor efectuate. working method and results of fulfilling researches
in final pe baza rezultatelor fiute se trase#z o Finally on the base of obtained results it is draan
nomogrami cumulatid care face positil determinarea cumulative diagram which makes possible the quick

rapici a celor dod caracteristici ale lemnului de molid. determination of two features of spruce wood.
Cuvinte cheie:molid, sorlia de ap, umflarea in Key words: spruce, water sorption, thickness swelling,
grosime, epruvete lemnoase wood samples
1. Aspecte introductive 1. Introductory aspects
Utilizarea lemnului de molidRicea abiesL) in The using of spruce woodPiCcea abies L) in

mediu umed neceditcunogterea cantitativ rapich moist environment requires the quick quantitative
a sorbiei de ag si a umfhrii in grosime. Lucrarea knowing of water sorption and thickness swelling.
pune accent in special pe dinamica celoradouThe paper put the stress especially on dynamic of
fenomene, pé&nla punctul de satutie al fibrei, dar two phenomena up to fibre saturation point, bup als
si dupa aceea, pe tot domeniul de umiditate. Celeafter that, on whole moisture field. The two
doui fenomene se datoreain special potaralului phenomena are given by negative potential of wood,
energetic negativ al lemnului, respectiv ghalpr namely by OH free groups from cellulosed chain,
OH' libere de pe lanl celulozic, care fac posibile which make possible the next links with water
viitoarele legturi cu moleculele de ad1, 2]. Acest molecules [1, 2]. This energetic potential makes it
potenial energetic face ca lemnul §e un material more hydroscopic, which will quickly absorb
higroscopic, care va absorbi rapid umiditate atunchumidity when the environmentally conditions
cand condiile de mediu fac posibil acest lucru. make possible this thing. The analysis of literatur
Analiza literaturii de specialitate Tn acest dormeni show us that, with increasing of moisture in tirfne t
arati ci, odati cu crgterea umiditii lemnului Tn  water mass will also increase proportionally up to
timp masa de d@pva crgte propotional pad la  maximum value, but the dimensional increase will
valoarea maxith dar creterea dimensionalva fi be only in bound water and is established then
numai pe domeniul apei legate din lemn, @dopre [3, 4, 5]. There are not known some results rafgrri
se stabilizea#[3, 4, 5]. Nu sunt cunoscute rezultate to the determination of two values on the base of
privind determinarea celor ddwalori pe baza unor previously results.

rezultate anterioare.

2. Epruvetesi metodologia de lucru 2. Samples and working methodology

Pentru a se studia cele doufenomene, In order to study these two phenomena, namely
respectiv dinamica abgs@i si a umflrii, au fost dynamic of water absorption and thickness
debitate epruvete din lemn de molRldea abiesL)  swelling, it was cut wood samples from sound
sanatos, cu o dtime medie a inelelor anuale de spruce Picea abies L), with a medium width of
aproximativ. 1,9 mm, avand dimensiunile deannual rings of 1.9 mm, having dimensions
20x20x100 mm [6, 7, 8]. Inainte de incercare 20x20x100 mm [6, 7, 8]. Before testing the
epruvetele au fost uscate, intr-o étule laborator, moisture content was reached down to 0%, namely
pentru uniformizarea umiditi, pam la 0% oven-dry wood. All wooden samples were grouped
umiditate. Epruvetele grupate in loturi de céate 5in lots with 5 pieces for each one type (water
pentru fiecare tip (sotle ap, pentru umflare absorption, radial and tangential swelling) it
tangemialda sau radid) s-a nisurat masa ifala si measures initial mass and thickness, on radial and
dimensiunile injiale ale grosimii, pe dirge  tangential directions. Then, samples were
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tangemiali si radiali. Apoi epruvetele au fost introduced in water with temperature of °2Q
introduse 1n cuva termostatatcu ap la 20C,  resulting water absorption and thickness swelling.
determinand sotta si umflarea in grosime.

in figura 1 se preziatformasi dimensiunile In Figure 1 it presents shape and dimensions of
epruvetelor incercate. testing samples.
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Figura 1. Formai dimensiunile epruvetelor: R-radial; T-tangieh
Figure 1. Shape and dimension of samples: R-raBingential

Din 15 in 15 minute Tn prima ®si din ord In From 15 in 15 minutes in first hour and from
ora dupi aceea, epruvetele au fost scoase din apa deur to hour after that all samples were getting ou
imersie, tamponate cu hartie sugatiyentru from water, extract superficially water by dryinggre
eliminarea apei in exces, cénte cu balara  weighted with electronic balance for determining
electroni@ pentru determinarea masgimasurate mass and were measured then on two direction of
pe cele do# direaii ale grosimii cu unsubler  thickness with an electronic gauge with a accuadcy
electronic cu o precizie de 2 zecimale. Valorile au2 decimals. All values were centralized in two &sbl
fost centralizate in dauabele 1si 2, pentru fiecare 1 and 2, for each group of wooden samples and each
grup de epruvetgi tip de Tncercare. Spre exemplu type of testing. For instance the table 1 prestms
in tabelul 1 se preziftvarigia masei in timp pentru variation of mass in time for 4 groups of wooden
4 grupuri de epruvete, iar in tabelul 2 vdaa samples and in table 2 is presented the dimensional
dimensiunilor Tn timp pentru 2 grupuri de epruvete,variation in time for 2 groups of wooden samples,
divizandu-se totodatperioada totalin dou parti. dividing at that time total period in two parts.

Tnainte de a fi puse sub forma celor ddabele Before to put all value in the form of two
centralizatoare, datele thute au fost prelucrate centralized tables, the obtained data were statisti
statistic, elimindndu-se valorile ntarapdare si worked, getting out extremer values and finding the
gasindu-se mediile fiegei categorii de valori. arithmetic medium for each category of data.

Tabelul 1. Variga masei intimp / Table 1. Variation of mastime

Initial Mass in time, g
Nr | mass | Min15 | Min30 | Min45| Min60| 4 hour| 5 hou 6 hour hdur | 8 hour 9 hour| 10 hoyr
1 19.0 21.3 21.5 21.5 21.6 22.% 22.8 230 23.5 28.823.9 23.9
2 17.3 19.4 19.6 19.7 19.8 20.Y 21.0 2115 21.8 2P.022.1 22.1
3 13.5 14.4 14.6 14.8 15.Q 16.0 16.7 16,9 17.0 1v.117.3 17.4
4 13.0 14.3 14.7 15.0 15.2 15.6 16.5 16\7 16.8 16.916.9 16.9
Phases Phase | | Phase Il

Tabelul 2. Variga dimensiondlin timp / Table 2. Dimensional variationtime

Sample| Dimensions in time, mm
Initial | Min 15 | Min30| Min45| Min60| 4h 5h 6h 7h 8h 9n 10h

1 R | 20.56| 20.64] 20.64 20.6p 20.68 20.83 20|85 20.80.902| 20.93| 20.95 20.96

T | 19.84| 1998/ 20.05 20.08 20.10 20.48 20|57 20.6M.62| 20.64| 20.65 20.66
> R | 20.30| 20.35] 20.40 20.4p 20.47 20.b6 20|60 20.649.662| 20.68| 20.69 20.70

T | 19.72| 19.75/ 19.82 19.92 19.94 20.04 20|07 20.1®M.1L| 20.22| 20.24 20.26
Phases Phase | | Phase Il

O prima observge este aceea @ambele fenomene First observation is that the both phenomena have
au acees tendina de crgtere in primele 10 ore. the same tendency of increasing in first 10 hours.
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3. Analiza rezultatelor 3. Analysis of results

Chiar daé fiecare epruvét lemnoas are o Even if each all wooden samples have an
individualitate distinct (da& de structura lemnoas  distinguished individuality (given by wooden stiuret
numirul de inele, procentul de lemn tarziu, defecteor wood grain, number of annual rings, percentdge o
nevizibile, porozitate si altele), Tn timpul late wood, defects, porosity and so on), in time of
experimendrilor s-a observat & cele dod  experiments it can observe that the two analyzed
fenomene analizateiptreaZ aceleai caracteristici, phenomena the same characteristics, valuable Ifor al
valabile pentru toate epruvetele imersate. In acestooden samples which were immersed. At this way in
fel in timpul absortiei apei s-au observat dbu the time of water absorption it can observe two
perioade distincte, dapcum urmeax distinguished periods, as follows:
O Faza l-a — perioada absodb rapide de la © First phase — period of quick absorption at

inceput, in mod uzual primele 4 ore, cand lemnul
absoarbe rapid apa deoarece este uscat
majoritatea golurilor sunt libere. Viteza de
absorlie este foarte rapid Spre exemplu,
pentru epruveta-grup nuimul 1 din tabelul 1, va
creste masa sa de la o valoaretialé de 17,3 g
para la 22,1 g, respectiv o difergntotak de 4,8

g, sau o vitex medie de absotie a apei de 0,48
g/h. Da@ ne referim la prima @rde absorte,
difererta de mas va fi de la 17,3 g la 19,8 g,
ceea ce insear@ro vitez de 2,5 g/h, adicde
peste 5 ori mai mare decat viteza medie de
absorbie corespun#oare intregului domeniu de
absorlie. Da& se efectuedz studiul pentru
celelalte epruvete se va observa aggeadirta

de cratere, cu aceleaviteze de crgere. Mult
mai vizibile sunt cele dau faze pe graficul
realizat pe baza datelor din tabelelgi 2, asa
cum se obse#vin figura 2si figura 3.
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Figura 2. Crgterea in timp a dimensiunilor

R-radial; Tg-tangetal

Figure 2. The increasing of dimensions in time
R-radial; Tg-tangential

Faza a ll-a a absaibi de apa este aceea de ®

stabilizate a absotiei, precum si sfaitul
perioadei cu tendia conca¥ a curbei. Din
analiza curbei din figura 1 se obsemreterea
moderai n urmitoarele ore dup prima O#,
precumsi tendina de s&deresi terminare a
fenomenului dup 9-10 ore.

beginning, usually first 4 hours, when wood
absorbs quickly water because is dried and most
of gaps are free. Velocity of absorption is very
rapidly. For instance, in the case of 1 sample-
group, as it sees in table 1, its mass will inceeas
from initial value of 17.3g up to 22.1g, namely a
total difference of 4.8g or a medium velocity of
water absorption equal with 0.48g/h. If we refer
to the first hour of absorption, difference of mass
will be from 17.3g up to 19.8g, which means a
velocity of mass increasing by 2.5g/h,
respectively over 5 times higher than medium
speed of absorption corresponding to whole
range of absorption. If it is done study for the
other sample-group we will observe the same
tendency of increasing with the same speed.
More visible are the two phases on the graph
realized on the base of data from tables 1 and 2,
as we see in figures 2 and 3.
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Figura 3. Variga masei epruvetelor in timp
Figure 3. Variation of sample mass in time

The second phase of water sorption is that of
absorption stability and final of period with
concave form of curve. From analysis of curve
from figure 1 it can observe the moderate
increasing after first phase and also a tendency
of decreasing and finish of phenomenon after a
period of 9-10 hours.
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Daa se face analiza combifiafpentru variga When it makes combined analysis (for mass and
masei si a dimensiunilor) se poate observa c dimensional variations) it can observe that grapls
graficele sunt prop@pnale, respectiv cu gerea  proportionaly, respectively with increasing of wate
apei absorbite in epruvetele de lemn (viteza debsortion in wood sample (velocity of water
absorlbe a apei este mare) toate steele  absortion is higher) the all dimensional increasing
dimensionale vor fi mari (viteza @&terii  will be higher (velocity of dimensional increasing
dimensionale va fi mare) in domeniul a 10 ore. Aceswill be higher) in the field of 10 hours. This fatl
lucru va crea o imagine a ambelorstee in timp, create the image of both increasing in time aget s
asa cum se obseivin nomograma din figura 4. in nomograme from figure 4.

Din acest studiu se poate trage o concluzie  From this study it takes a conclusion related to
referitoare la aceste fenomene: pentru epruvete cuhese phenomenon, namely when dimension of
dimensiuni egalesi aceea a lemnului crgterile wooden sample are equals and the structure of
dimensionalei de mag vor fi aseminatoare. Alte  wood sample is the same, the increasing of mass
condiii de influena pot fi cele referitoare la and dimension will be the same. Other conditions
temperatura apei de imersie, pw@eiepruvetei of influencing can be about temperature of water,
lemnoase sub nivelul apei, dar principala coadi position of wood samples under water but the main
este cea referitoare latimea inelului anual pentru  one is the above one respectively width of annual
materialul lemnos de molid folosit. De asemenea,ring for this spruce specie. Also from diagram it
din diagrani se poate extrage magalimensiunea  can extract mass and dimension of wood sample
epruvetei lemnoase dapo perioad de timp after a certain time. For instance, from total
determinai. Spre exemplu, din diagranse poate experimental which are realized, it can observe
observa & dup cateva ore de imersie a epruvetei from diagram that after certain hours for wood
lemnoase, masa ar putea creste, iar dimensiunea aample, the wood mass would be increased and the
putea crgte de asemenea pe difiecradiad si pe wood dimension would be increased on radial and
direaie tangerniala. Dac se contind pe aceast on tangential direction. If it continues on thisywa
cale, se poate dbe cragterea de mads sau it can obtain the mass increasing or dimension
dimensional in orice moment,s@ cum se obseliv  increasing at any times as it sees in figure 4.
in figura 4.
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Dimension, mim Mass, g

Figura 4. Nomograma cumulaiia determiarii maseisi dimensiunilor
Figure 4. Cumulative monogram for mass and dimessitetermining

Se poate observaacpentru epruveta grup It can observe that for wood sample 2, after 5.5
numirul 2, du@ 5,5 ore de imersie, gterea de  hours, the mass increasing is equal with 3.9 g and
magi este egalcu 3,9 g, iar crgerea dimensional  the dimension increasing is 0.32 mm on radial
este de 0,32 mm pe ditexradiad si 0,32 mm pe  direction and 0.37 mm on tangential direction.
tangemiala.

Dupa multe analize s-a stabilit tendncurbei After many analysis we establish general
si s-a realizat un grafic cu cterea generala tendency of curves an can make an graph with
lotului de epruvete cu caracteristicile prezentategeneral increasing for a lot of samples with
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anterior, in acei modalitate de lucru, grafic care characteristics presented above and in the same
este prezentat in figura 4. In acest grafic srgitt  condition of work, graph that is presented in Fegur
scala dimensiunilor (din figura 2) s-a sédzut scala 4. In this graph we enlarge the division scale of
timpului pentru a se olme o propotionalitate a dimensions (from Figure 2) and decrease the

scalelor pe orizontalsi pe verticad. division scale of time for obtaining proportionally
Daa se studiaz figura 4, se poate observa, de scale on horizontal and vertical lines.
exemplu, @ dupi 3 ore de imersie in apa If we study the figure 4, it can observe that, for

epruvetelor se va dibe o crgtere a masei acestora instance, after 3 hours of wood pieces we will have
cu 3,1 gsi o crestere a dimensiunilor cu 0,23 mm an increasing of mass with 3.1 grams and a
pe direcie radiah si de 0,3 mm pe diree dimensional increasing with 0.23 mm on radial
tangemiali. In acest fel se pot dhe valori ale direction and 0.3 mm on tangential direction. lis th

cresterii de mas si a craterilor dimensionale dép  way it can obtain values of mass or dimension
orice perioad de timp, fira a face calcule increasing after any period of time, without any
suplimentare sau a face experindeirguplimentare.  supplementary calculus, or to make any

supplementary experiments.

4. Concluzii finale 4. Final conclusions

Aceasi lucrare prezirit cateva rezultate ale This work presents some results about dynamic
cercetrilor experimentare privind dinamica sae of water absortion and thickness swelling,
de ap si a umfhrii Tn grosime, respectiv care este respectively which are the tendency curves for both
tendina curbelor pentru ambele fenomene, phenomenons, phenomenon which are in corelation
fenomene care sunt In conédauna cu alta. Vari@a each others. Variation of mass or dimensions after
masei sau a dimensiunilor dup anumif perioad certain period of time imersed in water is good to
de imersie in apeste bine & se cunoagg atunci know when wood is used under water.
cand lemnul este folosit subzap

Aceste studii sunt realizate in anumite candi These studies are realized in certain conditions,
limitative, respectiv pentru o singur specie namely for a certain wooden specie (spruce specie),
lemnoad (molid), anumite caracteristici de some certain features of structure (medium width of
structud (latime medie a inelelor anualeardi  annual rings, without significant defects etc) amd
defecte semnificative etc.si in condiii de laboratory conditions.
laborator.

Cercefri mult extinse sunt Tn desfurare, Extended researches are in progress, concern
vizeaz diverse specii studiate individual sau cadifferent species studied individually or as groups
grupuri de specii @sinoase sau foioase), iau in of species (resinous or broad-lived), taking into
considerare un nuin miarit de factorisi urmaresc  account an increased number of factors influence
stabilirea influerei dimensiunilor epruvetelor and pursue to determine the influence of wooden
lemnoase, natura lichidului de imersigi sample dimensions, nature of liquid for immersion
temperatura sa etc. and its temperature, etc.
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