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Rezumat:

In lucrare se prezintd rezultatele investigatiilor
experimentale privind variatia rezistentei si rigiditatii
la incovoiere staticd a grinzilor realizate din lamele
incleiate din lemn de molid, pin i duglas, folosite in
constructii. Incarcarea cu forte s-a facut pana la
ruperea grinzilor.

Cuvinte cheie: grinzi lamelare incleiate; rezistenta la
fncovoiere statica; modul de elasticitate; teste de
laborator.

INTRODUCERE

Cresterea interesului pentru utilizarea lemnului in
constructi a dus la dezvoltarea activitatilor de
cercetare privind caracteristicile fizico-mecanice ale
diverselor specii lemnoase, precum si la conceperea
unor structuri speciale pentru imbunatatirea unor
proprietati mecanice.

S-au cautat atat solutii tehnice care sa asigure
cresteri substantiale ale rezistentelor la solicitarile de
fncovoiere, compresiune si stabilitate la flambaj, cat
si solutii care sa asigure valorificarea speciilor
repede crescatoare precum si a celor cu pondere
maxima n structura padurilor din Romania.

Speciile luate in studiu sunt molid, pin si duglas.
Molidul si pinul au fost selectate avand in vedere
proprietatile mecanice ale acestora si ponderea in
fondul forestier, iar duglasul a fost selectat ca
reprezentant al speciilor de rasinoase repede
crescatoare.

Directia de cercetare vizeaza structurile sub
forma de grinzi lamelare incleiate utilizate 1n
constructiile de lemn.

Structurile lamelare utilizeaza lamele din aceeasi
specie lemnoasa sau din specii diferite consolidate Tn
structura cu ajutorul adezivilor, Th vederea obtinerii
urmatoarelor avantaje:

e valorificarea lemnului din specii diverse, cu utilizare
redusa in fabricarea mobilei;
e valorificarea eficientda a lemnului, prin folosirea

Abstract:

The work presents the results of experimental
investigations on the variation of bending strength
and stiffness in static bending of glued laminated
beams made of spruce, pine and Douglas fir wood,
used in constructions. The loading was carried out
until breaking.
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INTRODUCTION

Increasing interest in using wood in construction
led to the development of research on physical and
mechanical characteristics of different wood species
and the design of special structures for
manufacturing the resistance elements (beams,
columns).

Technical solutions were sought to provide
substantial increase in resistance to bending
stresses, compression stresses and buckling
stability, as well as solutions to use the fast growing
and high share species of the Romanian forest fund.

The considered species are spruce, pine and
Douglas fir. Spruce and pine were selected
considering their mechanical characteristics and the
large spread, while Douglas fir was selected as
representative of fast-growing resinous species.

The research envisages lamellar structures,
used for beams and posts in wood constructions.

Lamellar structures use wooden lamellas of the
same species or different species, consolidated
within the structure by means of adhesives, so as to
obtain the following advantages:

e capitalization of various wood species, with
reduced use in the furniture manufacturing;

o cfficient use of wood by using short timber,
resulting from marginal areas of the logs;

e capitalization of low quality wood, by positioning it
in the interior (invisible) structures;
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cherestelei scurte si subscurte rezultata din zonele
marginale ale bustenilor;

e valorificarea lemnului slab calitativ, prin inglobarea
in zonele interioare (nevizibile) ale structurilor;

e realizarea de elemente de rezistentd cu sectiuni
diverse, unele greu realizabile din lemn masiv;

e realizarea de elemente de rezistenta cu dimensiuni
(lungimi) mari care permit deschideri mari ale
constructiilor;

e realizarea de structuri de constructii diverse din
punct de vedere al formelor si cu aspecte estetice si
arhitecturale bune.

OBIECTIVE
In cadrul prezentei cercetari s-a avut in vedere
studierea structurilor liniare cu 2, 3, 4 si 5 lamele
realizate din aceeasi specie si anume din molid, pin
sau duglas, supuse la solicitari de incovoiere statica.
Principalele obiective urmarite au fost:
- studiul influentei numarului de lamele asupra
caracteristicilor de rezistenta si rigiditate ale grinzilor
din lamele incleiate supuse la Tncovoiere;
- stabilirea unor coeficienti de corectie a valorilor
rezistentei si rigiditatii grinzilor lamelare rezultate in
urma investigatiilor experimentale, fata de valorile
calculate teoretic.

METODA Sl APARATURA

Pentru efectuarea testelor de laborator s-a avut
in vedere ca epruvetele sa se execute in corelatie cu
SR-EN 408/2004 din punct de vedere al
dimensiunilor sectiunii si al lungimii, fiind astfel Tn
corelatie cu metodologia de efectuare a testelor la
incovoiere statica pentru grinzi utilizabile Tn
constructii.

S-au utilizat in partea exeperimentala epruvete
cu dimensiunile (SR EN 386:2004):
- lungimea L = 2000 £2mm
- latimea sectiunii b= 50 £ 2mm
- indltimea sectiunii h=100% #mm

Epruvetele au fost realizate din 2, 3, 4 si 5
lamele, ca in Fig.1.

e making elements of resistance with big section
where the solid wood beams are not proper;

e making resistance elements with large dimensions
(length) that allow large openings;

e making building structures of various shapes and
with good aesthetic and architectural aspect.

OBJECTIVES

Within the present research, the mechanical
behavior of linear structures with 2, 3, 4 and 5
lamellas made of the same species, namely spruce,
pine or Douglas fir was studied, after being
subjected to static bending stresses.

The main objectives of this work were:
- studying the influence of the number of lamellas
upon the characteristics of strength and stiffness of
glued laminated beams subjected to bending;
- establishing correction coefficients for bending
strength and stiffness values of glued laminated
beams resulting from experimental investigations,
compared to theoretically calculated values.

METHODOLOGY

The lab tests specimens were cut according to
SR-EN 408/2004 in terms of section size and length,
being thus correlated with the methodology for
testing in static bending the beams used in
constructions.

The specimens used within the experimental
tests had the following sizes (SR EN 386:2004):
- length L = 2000 + 2mm;

- section width b =50 + 2mm;
- section height h = 10034 mm

The specimens were made of 2, 3, 4 and 5

lamellas, as shown in Fig.1.

2 3 4 5

lamelef lamelef lamelef lamelef
lamellas lamellas lamellas lamellas
Fig. 1.

Structura epruvetelor din lamele incleiate / Structure of the glued lamellas specimens.

Pentru identificare, epruvetele au fost codificate
conform Tabelului 1.

For identification, the specimens were coded
according to Table 1.
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Tabelul 1/Table 1
Codificarea epruvetelor/Specimen codification

din 3 lamele/ din 4 lamele/
from 3 lamellas |from 4 lamellas

Mo3.3Mod.1 |Mod.2 |Mod.3 |Me5.1 [Me5.2
Pi3.3 JPid.1 |Pi4.2 |Pid.3 IPi5.1 Pi5.2
Du3.3 JDud.1 |Dud.2 Du5.2

din 5 lamelef/
from & lamellas

din 2 lamele/ from
2 lamellas

Mo2.2 |Mo2.3 [Mo3.1 |Me3.2
Pi2.2 |Pi2.3 IPB.I Pi3.2

structura/
structure

Mo5.3
Pi5.3
Du5.3

|molidispruce |Mo2.1
lpin/pine Ipiz.1

quglasfdouglaslbuz.l. Du2.2 DuZ.3IDu3.1 Du3.2

Dud.3 Jous.1

Epruvetele s-au executat din material lemnos cu
umiditatea de 12%.

Efectuarea testelor la solicitatea de incovoiere s-
a realizat conform SR-EN 408/2004 (Fig. 2).

The specimens were made of wood with 12%
moisture content.

The bending tests were carried out according to
SR-EN 408/2004 (Fig. 2).

F/27650

F/2* 650

Fig. 2.
Schema de incarcare a epruvetelor / Loading system in bending.

Schema de incarcare are in vedere aplicarea a
doua forte concentrate, amplasate simetric fatd de
centrul si capetele epruvetei, epruveta avand
capetele rezemate liber pe reazeme si in dreptul
fortei se pun placute metalice cu dimensiunile de
50x50x5mm pentru a se evita strivirea locala. Forma
reazemelor este prezentata in Fig. 3, avand forma
cilindrica pentru a nu influenta deformarea epruvetei
n timpul solicitarii.

The loading scheme envisages the application of
two concentrated forces, placed symmetrically
towards the center and ends of the sample, the
leaning specimen having free ends. Under the
beam, in force direction, metal plates in size of
50x50x5mm were placed to avoid local crushing.
The beam leaning is presented in Fig.3, having a
cylindrical shape so as not to influence the
deformation of the specimen during application.

2

Modul de rezemare a grinzilor / Beam leaning.

Modul de efectuare a testului

presupune |

The working steps are the following:
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parcurgerea urmatorilor pasi:
-se monteaza comparatoarele in trei puncte (Fig.4):
la mijlocul epruvetei gi sub punctele de actionare a
fortei;
-se Tncarca epruveta cu o fortd de 100N dupa care
se regleaza comparatoarele la 0;
-se citeste marimea deformatiei, din 1000N
1000N;
-se consemneaza in fisa de fincercari a fiecarei
epruvete.

Comparatoarele au precizia de masurare de 0,1
mm (1 unitate de pe cadranul comparatorului = 0,1
mm).

n

- the comparators are mounted in three points (Fig.
4): in the middle of the specimen and below the
force action points;
- the specimen is loaded with a force of 100N, after
which the comparators are adjusted O;
- reading the deformation, every 1000N;
- file record of the test results for every single
specimen.

The comparators’ accuracy is 0.1 mm (1 unit on
the comparator device = 0.1 mm).

-
-
=
=
=
=
=
= =

Pozitia ceasurilor comparatoare / Positioning of the comparators.

Pentru comparare si determinarea coeficientilor
de corectie, rezistenta si modulul de elasticitate la
incovoiere statica au fost determinate in paralel si
prin calcul (Curtu s.2.1998) respectiv:

F .
o = 22N ]
a = 650[mm] (1)
bh®
W =—[mm’]
6
unde:
o, este rezistenta la incovoiere statica, N/mm?

imax
a-bratul fortei, mm;
F .. —forta de rupere, N;

W-modulul de rezistenta al sectiunii, mm ’.
Pentru calculul valorii medii a modulului de

elasticitate E,  se foloseste formula (SR-EN
408:2004):
- al} (F, - F) )
" 161w, —w,)
unde:

[, -distanta intre punctele de actiune a fortelor, mm;
=bh?/12 - momentul de inertie al sectiunii, mm *;
A.=F,—F, - evolutia fortei pe partea liniard a
graficului de deformare;

In order to compare and establish correction
coefficients, the bending strength and MOE were
also determined theoretically, based on the following
calculation relations (Curtu et al. 1998): respectively:

i max = Fmax 4 [N/mmz]v
a =650[mm) (1)
2
w :%[mmﬂ
6

where:
O, ... 1S the bending strength, N/mm2;
a - arm of force, mm;
F_,. - breaking force, N;

W - strength modulus of section, mm 3
To calculate the average modulus of elasticity

E,, the following formula (SR-EN 408:2004) is
used:
_all(F,-F) 2)
" 161 (wy —w,)

where:

[,- distance between forces, mm;

| = bh?/12 - inertia moment of section, mm;

A =F, — F, - evolution of the force in the linear
area of the deformation graph;

A =w, —w, - deformation connected to the field
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REZULTATE

Valorile citite s-au Tinregistrat pentru fiecare
epruveta Tn tabele distincte iar valorile rezultate s-au
inregistrat intr-un tabel final de forma celui prezentat
in Tabelul 2 pentru molid, Tabelul 3 pentru pin si
Tabelul 4 pentru duglas.

pp. 18-28
F,-F,.
RESULTS
The read values were recorded for each

specimen in separate tables and the resulting values
were summarized in a final table as presented in
Table 2 for spruce, Table 3 for pine and Table 4 for
Douglas fir.

Tabelul 2/Table 2
Valorile medii pentru forta de rupere si deformatie la molid /
Average values for the breaking force and deformation for spruce
Defarmatie
Farta de rupers! . . Dofarmatia la F-5000 HA
Epruvetal specimen |Breaking farce maHlman'r!'naHlmum Defarmation taF-5000 H
defarmation

[M] [mm] [mim]

MO 2 A 1350 33.2 17.5

MO 22 12100 30.9 16.2

MO 2.3 11250 34.4 16.5
Media lAverage MS67 328 167
MO 34 13100 45.9 16.2

MO 3.2 12250 328 151

MO 3.3 12400 36.5 14.7
Media Mverage 12583 38.5 15.3
MO 4.9 12150 47.5 16.1
MO4.2 13450 45.1 15.2

MO 4.3 13600 4d.3 12.3
Media Mverage 13067 456 147
MO 51 15250 45.6 16.5
MO5.2 13100 40.5 12.8

MO 5.3 14250 33.5 13.6
Media Mverage 14200 42 0 14.4

Tabelul 3/ Table 3

Valorile medii pentru forta de rupere si deformatie la pin /
Average values for the breaking force and deformation for pine

Deformatie
Farta de ruperel . ; Dofarmakia la F-Giii HA
Epruvetal specimen | Breaking force rnaHlman'r!'uaHlmum Defarmation ta F-5000 N
deformation
[N] [mm] [mm]
Piz.1 G100 25,8 201
Rizz2 7200 28.5 203
Piz.3 G050 271 20.5
Media lAverage 6450 407 205
Pi3A EE50 341 19.3
Pi3.z2 7300 34.9 22
Pi33 5850 215 20,3
Media lAverage BTET 30.2 2007
Pid.1 Ta00 34.3 206
Pid.2 7350 36.8 205
Pid. 3 7400 35.9 20,3
Media lAverage TiT 353 205
Pis1 10250 40.3 13.5
Ri5.2 10050 44 8 182
Pi5.3 10350 53.5 20,1
Media lAverage 10217 564 17.3
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Tabelul 4/ Table 4

Valorile medii pentru forta de rupere si deformatie la duglas /
Average values for the breaking force and deformation for Douglas fir

Oetormatie
Forta de rupere! i ) Defarmatia la F-5000 H
Epruvetal specimen | Breaking force maHlman'r!'uaHlmum Dafarmation taF-5000H
defarmatian
(M1 [mm] [rmm]
ouzA 3300 253 17.6
ouzz 3450 45 15.5
Ou 23 10300 33.5 13
Media lAverage 3683 38.1 15.5
Ou 3.1 11150 45.2 14
Ou 3.2 3450 325 1.5
Ou 3.3 3250 432 13.5
Media lAverage 3350 413 15.1
OU 4.1 10550 TE.2 15.5
oudg.2 3650 328 14.4
Ou 4.5 JES0 23.9 14.1
Media lAverage 10050 46_3 146
OS5 TIE50 38.0 105
ous.2 3550 365 12.0
Ou 5.5 500 33.2 13.4
Media lAverage 10367 359 12.0

In graficul din Fig. 5 se prezinta variatia fortei de
rupere in functie de numarul de lamele si specia
lemnoasa folosita. Se poate vedea o crestere a fortei
de rupere odata cu cresterea numarului de lamele,
crestere datoratd omogenizarii  structurii, prin
distribuirea concentratorilor de tensiune (diferite
defecte ale lemnului).

Analiz&nd evolutia fortei de rupere pe specii, se
constata ca la molid evolutia fortei de rupere este
constanta si creste exponential de la 11567N la
structura cu 2 lamele, la 14200N la cea cu 5 lamele,
adica cu 22,7%.

La pin, cresterea este nesemnificativa de la
structura cu 2 lamele la cea cu 3 lamele, dar devine
semnificativa incepand de la structura cu 4 lamele, la
cea cu 5 lamele find cu 58% mai mare decét la cea
cu 2 lamele.

La duglas se constata o crestere doar foarte lina
a fortei odata cu cresterea numarului de lamele, de
la 9683N la structura cu 2 lamele la 10367N la cea
cu 5 lamele, aceasta fiind cu doar 7% mai mare.

The graph in Fig. 5 presents the variation of the
breaking force with the number of lamellas and
wood species used. The increase of the breaking
force with increasing number of lamellas can be
seen, due to the increasing homogenization of the
structure through the distribution of stress
concentrators (various defects in the wood).

By analyzing the evolution of the breaking force,
for spruce, it could be established that this increases
exponentially from the structure with two lamellas
11567N, to 14200N for the 5 lamellas structure,
which means a increase by 22.7%.

With pine, the growth is quite insignificant for the
structure with two and three lamellas, but it becomes
significant starting with the structure with 4 lamellas.
For the one with 5 lamellas, the breaking force was
by 58% than for the 2 lamellas structure.

With Douglas fir, there is a smooth increasing
tendency with increasing number of lamellas, from
9683N for the 2 lamellas structure, to 10367N for the
5 lamellas structure, this being only by 7% higher.

16000 [
14000

Fortade rupere functie de specie si numarul de lamele/Breaking
force related to the speaces and lamellas number

12000 |
10000 |
8000 [
6000
4000
2000

Forta[N]/Force[N]

mMolid/Spruce 11567

12583

13067 14200

HPin/Pine 6450

6767

7717 10217

Duglas/Douglas fir 9683

9950

10050 10367

Fig. 5.
Variatia fortei de rupere in functie de numarul de lamele si de specie / Evolution of breaking force
related to the species and number of lamellas.
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In Fig. 6 se prezintd graficul de variatie al
deformatiei la incarcarea cu 5000N, in functie de
numarul de lamele si de specie. Se observa ca, in
general, deformatia scade odatd cu cresterea
numarului de lamele.

La molid aceasta scadere este constanta, de la
16,7mm la 14,4mm.

La pin se constata ca deformatia este mai mare
decat la celelalte specii, fiind aproape la fel la
structurile cu 2, 3 si 4 lamele, urmand ca la cea cu 5
lamele sa se rigidizeze.

Dintre cele trei specii se observa ca duglasul este
cel mai rigid, avand o scadere a deformatiei de la
15,5mm la structura cu 2 lamele la 12mm la structura
cu 5 lamele, ceea ce Tnseamna ca structura cu 2
lamele este cu 29% mai rigida decat cea cu 5
lamele.

Fig. 6 presents the variation of the deformation
under a 5000N load, depending on the number of
lamellas and species. It was noted that, generally,
the deformation decreases with increasing number
of lamellas.

In spruce, the decrease is constant from 16.7mm
to 14.4 mm.

With pine it was found that the strain is greater
than for the other species, being almost the same
for the structures with 2, 3 and 4 lamellas, while the
structure with 5 lamellas is more stabile.

Out of the three species, Douglas fir is the most
rigid, with a decrease in deformation from 15.5mm
of the structure with two lamellas to 12mm for the
structure with 5 lamellas, which means that the 2
lamellas structure is by 29% stiffer than the one with
5 lamellas.

Deformatia la incarcare cu 5000M in functie de numarul de lamele si

E de speciefDeformation related to the lamellas number and wood

£ speaces for loading of 5000N

=

5~

-

[}

£ 25.0

[

~§ 200

= 15.0

E 10.0

] 5.0

[« - -

£ 0.0 i

™

5 EH BE E B

& HMolid/Spruce 16.7 15.3 147 14.4
mPin/Pine 205 20.7 205 17.3

Duglas/Douglas fir 155 15.1 146 120
Fig. 6.

Valorile deformatiei la incarcarea cu 5000N, in functie de numarul de lamele si specie / Deformation
values at a 5000N load, related to number of lamellas and species.

Rezultatele teoretice, calculate cu relatiile (1) si
(2), sunt prezentate in Tabelul 5.

In graficul din Fig. 7 se prezintda evolutia
rezistentei la Tncovoiere statica in functie de numarul
de lamele si specia lemnoasa. Evolutia rezistentei
este aceeasi ca si a fortei de rupere, respectiv creste
odata cu cresterea numarului de lamele.

Graficul din Fig. 8 reprezinta evolutia modulului
de elasticitate mediu (E;) Tn functie de numarul de
lamele si specia lemnoasa.

In urma compararii rezultatelor obtinute prin
calcul teoretic cu cele obtinute experimental pentru
rezistenta la Tncovoiere statica si modulul de
elasticitate mediu, s-au stabilit coeficientii de corectie
prezentati in Tabelul 6.

The calculation results obtained with relations (1)
and (2) are presented in Table 5.

Fig. 7 presents the evolution of the bending
strength according to the number of lamellas and
wood species. The evolution is the same as the
evolution of the breaking force, respectively it
increases with the number of lamellas.

The graph in Fig. 8 represents the evolution of
the average modulus of elasticity (E,)as function of
the number of lamellas and wood species.

Based on the comparison between the results
obtained by theoretical calculation to those obtained
experimentally for the bending strength and
elasticity modulus, corrections coefficients were
established, as given in Table 6.
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Tabelul 5/Table 5
Rezultatele calculului rezistentei la incovoiere statica si a modulului de elasticitate
mediu/Results of the bending strength and elasticity modulus

Epruveta/ o; Em
Specimen [N/mmZ] [N/mm’]
dia/
avernge MO2 41.6 11179
media/
average MO3 45.3 12671
media/
avorage MO4 47.0 13039
media/
average MO5 51.1 15376
dia/
vorage Pi2 23.2 11096
dia/
average Pi3 24.4 11815
dia/
avernge Pid 27.8 12138
media/ )
average PI5 36.8 13778
dia/
aversge DU2 34.9 10762
dia/
avernge Du3 35.8 12794
dia/
avorage Dud 36.2 13507
dia/
avorage DUS 37.3 14217
Evolutia rezistenteila incovoiere statica in functie de numarul de
lamele si de specie/Evolution of the bending strength related to the
lamellas number and wood speaces
600 [~
N 50.0
E 400
-ZE.. 300 |7
z 200 [
10.0
00 g
EH B E FH
mMoalid/Spruce 416 453 47.0 51.1
Pin/Pine 232 244 27.8 36.8
B Duglas/Douglas fir 349 358 36.2 373

Fig. 7.
Evolutia rezistentei la incovoiere statica in functie de numarul de lamele si specie /
Evolution of the bending strength depending on the number of lamellas.

Evolutia Modulului de elasticitate mediu functie de numarul de
lamele si de specie/Evolution of the medium elasticity module
related to the lamellas number and wood speaces
16000
_ 14000
E 12000
£ 10000
"‘Z‘- 8000
g 6000 |-
i} 4000
2000
il B
B Molid/Spruce 11179 12671 13039 15376
HPin/Pine 110896 11815 12138 13778
M Duglas/Douglas fir 10762 12794 13507 14217

Fig. 8.
Evolutia modulului de elasticitate mediu in functie de numarul de lamele si de specia lemnoasa/
Evolution of MOE depending on the number of lamellas.
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Tabelul 6/Table 6

Coeficienti de corectie in functie de numarul de lamele si specie /
Correction coefficients according to lamellas number and wood type

o 12% o; . 12%| coeficient e Em . 12%| coeficient
Specia Structura |teoretic ::(perlmen‘t de teoretic ::(perlmen‘t de
Nr Crt. [N/mm?] [[N/mm?] corectie |[N/mm?] |[N/mm?] corectie

2 lamele 63 41.6|C1 1.51 10494 11179|C1" | 0.94]

Molid 3 lamele 63 45.3|C2 1.39 10494 12671|C2' |0.83

4 lamele 63 47(C3 1.34 10494 13039|C3" |0.80

1 5 lamele 63 51.1|ca 1.23 10494 15376|C4" |0.68

2 lamele 71.4 23.22|C5 3.07 16960 11096|C5" |1.53

Pin 3 lamele 71.4 24.2|C6 2.95 16960 11815|C6" | 1.44

4 lamele 71.4 27.8|C7 2.57 16960 12138|C7" |1.40

4 5 lamele 71.4 36.8|C8 194 16960 13778|C8" |1.23

2 lamele 71.4 34.9(C8 2.05 17278 10762|C9" |1.61

Duglas 3 lamele 71.4 35.8|C10 1.9% 17278 12794|C10" |1.35

4 lamele 71.4 36.2|C11 1.97 17278 13507|C11" |1.28

6 5 lamele 71.4 37.3|C12 191 17278 14217|C12' 1.22|

in Tabelul 6: In Table 6:

0,120 ©ste rezistenta la fincovoiere statica, | 0,12 is the bending strength at 12% moisture
corespunzatoare umiditati de 12%, care se | content, calculated using the formula (Curtu et al.

calculeaza cu formula (Curtu s.a. 1984):
0,,=0,[1+c(8-12)];c = 0.04
0,,=0,"0.84

Eni29 reprezintd modulul de elasticitate la Tncovoiere
statica, corespunzator umiditati de 12% si se
calculeaza cu formula:

E, =E,;,[1+cU,-U,)];c=0.02

E,, =E);5-106
Referintele se fac la U=15% (Filipovici 1965).

(3)

In Tabelul 7 sunt prezentate costurile de
fabricatie pentru structurile studiate precum si
raportul cost/rezistentda. Costurile sunt orientative,
acestea depinzdnd de costurile societatilor si a
materiei prime la un moment dat, insa diferenta intre
structuri ramane aceeasi. Se poate vedea ca desi
costurile comparative intre grinzile din 2 lamele si
grinzile din 5 lamele sunt cu 42% mai mari la molid,
cu 36% la duglas si cu 46% la pin, raportul
cost/rezistenta este doar cu 16% mai mare la molid,
28% la duglas iar la pin cu 7% mai mic.

1984):
0,,=0,[1+c(8-12)]; c = 0.04

0,,=0,"0.84

(3)

E.12o, represents the bending elasticity modulus
corresponding to 12% moisture content and is
calculated using the formula:

E,, = E,[1+c(U,~U,)l:c=0.02

E,,=E;;5-1,06

References are to U = 15% (Filipovici 1965).

Table 7 presents the manufacturing costs for the
studied structures and the costs/strength ratio. The
costs are only for example, as they depend on the
cost of different companies, and on the raw
materials costs at a time, but the difference between
the different structures remains the same. The
comparative costs between beams made of 2
lamellas and beams made of 5 lamellas is 42%
higher for spruce, 36% higher for Douglas fir and
46% higher for pine. The cost / strength ratio is by
only 16% higher for spruce, 28% higher for Douglas
fir and 7% lower for pine.
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Tabelul 7/Table 7

Tabel compatrativ privind costurile de fabricatie si raportul cost rezistenta/
Comparison regarding the production costs and the costs/strength ratio

Special Numarul de lamelle/Lamellas number
Species 2 lamele/2lamellas 3lamele/3lamellas 4lamele/4lamellas 5lamele/5lamellas
e ) ) e ) e )
Molid /Spruce] 20.1 41.6 0.48 23.5 45.3 0.52 26.8 47.0 0.57 28.7 511 0.56
Duglas/Douglag 20.0 34.9 0.57 22.2 35.8 0.62 24.9 36.2 0.69 27.3 37.3 0.73
Pin /Pine 18.6 23.2 0.80 20.9 24.2 0.86 24.3 27.8 0.87 27.2 36.8 0.74
CONCLUzII CONCLUSIONS

Analizdnd rezultatele experimentale obtinute Tn
urma Tincercarilor efectuate rezultd urmatoarele
concluzii, pentru cazul grinzilor lamelare realizate din
molid, pin si duglas:

e forta de rupere creste odatd cu cresterea
numarului de lamele;

e sageata maxima la incercarea cu o fortd de 5000N
scade odata cu cresterea numarului de lamele,
aceasta fiind data de rigiditatea structurii prin
cresterea numarului de straturi de adeziv;

e rezistenta la rupere, la solicitarea de incovoiere
creste odata cu cresterea numarului de lamele;

e modulul de elasticitate creste odata cu cresterea
numarului de lamele, deci rigiditatea la Tncovoiere
statica creste cu numarul de lamele.

Cele 3 specii studiate au comportament diferit in
functie de numarul de lamele, astfel: la molid si
duglas odata cu cresterea numarului de lamele,
cresterea rezistentelor este liniara, pe cand la pin
structura cu 4 lamele are un salt de 15% iar la
structura cu 5 lamele fatd de cea cu 4 lamele, saltul
este de 32%. Acest lucru se datoreaza probabil
faptului ca pinul are o structura mai neomogena
decat molidul si duglasul, iar prin cresterea
numarului de straturi structura se omogenizeaza
datorita cresterii numarului de straturi de adeziv.

Rezultatele obtinute aratd ca utilizarea grinzilor
lamelare poate aduce importante avantaje atat din
punct de vedere al rezistentei la solicitarea de
incovoiere, cat si din punct de vedere al
deformatiilor, structurile cu mai multe lamele fiind mai
rezistente si mai rigide, avantaje care compenseaza
cresterea relativ mica a costului de fabricatie.

Se recomanda ca la pin sa nu se foloseasca
decat structuri cu peste 4 lamele. De asemenea, se
recomanda folosirea duglasului in constructiile din
lemn. Aceasta recomandare are la baza ideea de a
folosi specii repede crescatoare, la care desi raportul
cost / rezistenta este mai mic decat la molid,
costurile de productie sunt mici.

Analyzing the experimental results obtained from
the tests carried out, important conclusions for the
case of laminated beams, can be drawn:

e the bending strength increases with increasing
numbers of lamellas;

e the maximum deformation with a loading force of
5000N decreases with increasing number of
lamellas, which is given by the rigidity of the
structure by increasing the number of layers of
adhesive;

e the breaking strength in bending increases with
the number of lamellas;

e the modulus of elasticity increases with the
number of lamellas, so the bending stiffness
increases with the number of lamellas.

The 3 species studied have different behavior
depending on the number of lamellas: with spruce
and Douglas fir, the increasing number of lamellas
determines a linear increase of the bending
strength, while with pine. the structure with four
lamellas records a jump of 15% compared to the
structure with three, and the structure with 5
lamellas records a jump of 32% compared to the
previous one. This is probably due to the fact that
pine has a more heterogeneous structure than
spruce and Douglas fir and by increasing the
number of layers, the structure become more stabile
due to the increasing number of adhesive layers.

The obtained results show that the use of glued
laminated beams can provide important advantages
both in terms of bending strength, and in terms of
deformation, considering that the structures with
multiple lamellas are stronger and more rigid. These
advantages compensate for the relatively low
increase of the production costs.

It is recommended to use pine only in structures
with- more than 4 lamellas. An other
recommendation refers to Douglas fir, which should
be used more in wooden constructions. This
recommendation is based on the idea of using fast
growing species, where although the cost / strength
ratio is lower than for spruce, the production costs

are low.
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