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Abstract. The mechanical and quality properties of the preparation of pallet production using spruce wood
(Picea abies (L.) Karst.) (with and without knots) and pine wood (Pinus sylvestris L.) (with and without knots)
have been assessed. The results suggest that the quality of pine wood was slightly higher — 73.4% of the
preparation were of the first quality class and 18.2% were defects. For spruce wood, 67.4% of the preparation
were of the first quality class and 12 % — defects. Mechanical strength and modulus of elasticity of pine wood
(without knots) preparation proved to be slightly higher than those of spruce wood (without knots): on average,
bending strength was 8.5%, but the modulus of elasticity — 8.3%. Whereas mechanical strength and modulus of
elasticity of pine wood (with knots) preparation was slightly lower than those of spruce wood (with knots):

bending strength — 4.5%, modulus of elasticity — 8.5%.
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Ievads

Lielu darbu koksnes mehanisko 1pasibu petijumu
joma ir veikusi Pereligins, Ugolevs (Ilepenurus,
VYrones, 1971) un Bazenovs, VarSavskis (baxxeHos,
Bapmasckwuit, 1979), ka art daudzi citi pétnieki, kas stra-
daja bijusaja Padomju Savieniba laika no 1950. Iidz
1980. gadam. So pétnieku vadiba veikti plasi koksnes
mehanisko Tpasibu pétljumi, ka arT izstradati parbaudes
metozu standarti.

Lielo koksnes detalu plasa pielietojamiba nesosas
konstrukcijas rada nepiecieSamibu raksturot tiesi liela
Skérsgriezuma paraugu mehaniskas 1pasibas, tadel
pasaulg ir veikti plasi petfjumi ar liela $kérsgriezuma
paraugiem (Co0Oones, 1979), ka arT noteikta méroga
faktora ietekme.

Palielinot parbaudama parauga izmérus, pastiprinas
koksnes anizotropiskuma ietekme sakara ar nevien-
mérigu spriegumu sadalfjumu parauga Sk&rsgriezuma,
ko var radit dazadas koksnes vainas un atskirigu koka
augsanas periodu ietekme. Nevienmérigais spriegumu
sadaltjums lielos paraugos pazemina koksnes stipribu
salidzinajuma ar standarta paraugiem. Pie lieliem
paraugiem pieskaitamas arT paliktnu razosanai izmanto-
jamas sagataves.

P&tfjuma mérkis — veikt koksnes stipribas p&tijumus,
lai iegtitu ieskatu koksnes stipriba lieliem paraugiem ar
koksnes vainam.

Materiali un metodes

Skirosanas metodika

Vienlaicigi ar paliktnu sagatavju stipribas raditaju
pétijumiem tiek veikta razotn esoSo sagatavju atbil-
stibas novertésana Pl un P2 kvalitates klasem saskana
ar LVS EN 12246 standarta prasibam (1999), lai zinatu
katras kvalitates klases Tpatsvaru uzn@muma esosajai
koksnei. Augstak minétais standarts ir paredzets taras
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un paliktnu zageto sagatavju skirosanai pec kvalitates
klasem.

Vissastopamaka koksnes vaina ir zari. Zaru uzme-
riSanai var izmantot divus panémienus: “Vispargjo
panémienu” izmanto SkiroSanai péc argja izskata un
“Alternativo panémienu” — ja janoverte zagmateriala,
taras materiala vai paliktnu sagataves kvalitate. Paliktnu
sagatavju SkiroSana veikta péc “Alternativa pane-
miena” metodes (LVS EN 1310:1997; LVS EN 1310:2000).

Paliktpu sagatavju atlase

Razotng€ tika atlasitas paliktnu sagataves ta, lai no
vienas sagataves varétu izzagét divus paraugus stip-
ribas parbaudei: tiras koksnes paraugu, bez koksnes
vainam un paraugu, kas ietver zarus. P&c paliktpu
sagatavju atlases krautuvé tas tika nogadatas LLU
Kokapstrades katedra. Vidgjais koksnes mitrums atlases
bridi bija W > 30%.

Paliktnu sagataves tika uzkrautas krautn€ katedras
telpa, un telpas apstaklos tas tika zavétas. To mitrums
pec zavesanas vidgji bija 16%. 1zzavetas sagataves
apstradaja katedras laboratorija paliktpu sagatavju
mehanisko Tpasibu pétisanai. Paraugu Skérsizméri —
17x100mm.

Paraugi tika sagatavoti, klimatizeti klimata kamera
péc standarta prasibam atbilstoSos gaisa parametru
apstaklos: relativais mitrums W=65+5%, temperattira
t=20+2'C. Paraugi tika parbauditi atbilstosi LVS EN 408
standarta prastbam (2003) (skat. 1. att).

Stipribas robezu nosaka p&c sakaribas:

_h.Fmax
2-W

S @

kur F - graujosa slodze, N;
h — parauga augstums, mm;
W- pretestibas moments, mm?.
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1. att. Paraugu slogosanas shéma, slogojot ar speka pielik§anu divos punktos
saskana ar LVS EN 408:2003 prasibam.
Fig. 1. Sample loading scheme loading with strength application on two points according to
the requirements of the standard LVS EN 408:2003.

Lieces elastibas moduli aprékina péc sakaribas:

— hllz(Fz - F)
16/(w, —w,)’

m

— parauga augstums, mm;

@

1, — attalums starp indikatora skavas stipri-
nasanas centriem, mm;

1 — attalums starp atbalstiem, mm,;

(F,—F,) -~ starpiba starp sakuma un beigu slodzi, N

(w,—w,) —starpiba starp sakuma un beigu izlieci, mm.

Stipribas un elastibas raditaju ticamibas aprekins
veikts, izmantojot variaciju statistikas metodi. Vidgjo
vértibu m  aprékina péc sakaribas:

1. tabula / Table 1

Paliktnu sagatavju koksnes vainu sadalijjums
Separation of wood faults of the pallet preparation

Koksnes vainas saskana ar
LVS EN 12246:1999 standarta prasibam /
Wood faults according to requirements of
the standard LVS EN 12246:1999

Koku suga / Wood species

Egle / Spruce Priede / Pine
(Picea abies (L.) Karst.) (Pinus sylvestris L.)

P1, P2, brakis / P1, P2, brakis /
% % defect % % defect

1. Zari / Knots

1.1. Zari — saaudzis, dalg&ji saaudzis / Knots —
intergrown knot, partly intergrown knot

46.5 5.1 1.8 55.8 6.8 4.1

1.2. Zari — trupgjis, izkritoss / Knots —
unsound knot

16.6 8.6 3.8 17.6 0.3 0.3

1.3. Krusta zars / Nail knot

2. Serde, valgja vai slégta / Heart pith,
open or closed

3. Plaisas / Split

3.1. Platas skaldnes plaisas / Face split

3.2. Caurejosas plaisas / Through shake

4. Sveku ligzdas / Resin pocket

5. Mizas ieaugums / Bark pocket

2.6

6. Biologiskie bojajumi (iznemot zilgjumu) /
Biological damage (except blue stains)

0.8

7. Aktivie kukainu bojajumi / Active insect
damage

8. Tumsas kukainu ejas / Dark worm-holes

9. Lokmalas / Dull edged

43 6.9 1.3 9.1

Katra kvalitates klas€ / In each quality class

674 | 20.6 73.4 8.4 18.2
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X—  mainigais lielums;
n—  parbaudamo paraugu skaits;
i— kartas skaitlis apgabala no 1 [idz n.
Standartnovirzi s aprékina pec sakaribas:
Q)

n

Y (s —mf

i=1

n—1

Variacijas koeficientu s, % aprékina p&c sakaribas:

x)

&)

Visi augstakming@tie parametri, ka arT korelacijas un
nosakamo raditaju raksturlielumi (5% kvantile)
aprékinati, izmantojot datorprogrammu “Microsoft Ex-
cel”. Min&ta programma izmantota arT grafisko att€lu
sastadiSanai.

Rezultati

Lai veiktu paliktyu sagatavju stipribas petijumus,
bija nepieciesama ari to Skirosana pec kvalitates klasem
atbilstosi LVS EN 12246:1999 standarta prasibam, lai
noteiktu katras kvalitates klases Tpatsvaru.

Paliktnu sagatavju kvalitates petijums nepiecie-
Sams, lai noskaidrotu, kura koksnes vaina veido lielako
Tpatsvaru katra kvalitates klase. Veikto petijumu rezultati

par koksnes vainu sadalijjumu pa koku sugam un
kvalitates klasem apkopoti 1. tabula.

Péttjuma rezultata noskaidrots, ka visvairak sasto-
pama koksnes vaina ir zari (83%). Tade| petijumu turp-
makaja gaita paliktnu sagatavju stipribas parbaudes
tika veiktas paliktnu sagatavém bez zariem, ka ari
paliktnu sagataveém ar zariem.

Priedes koksnes paliktnu sagatavju kvalitate ir
augsta, jo pirmaja kvalitates klas€ ietilpst 73.4%, un
brakis veido 18.2%.

Salidzinajuma ar priedes koksni egle koksnes
sagatavju kvalitate ir nedaudz zemaka. Pirmaja kvalitates
klasg ietilpst 67.4%, bet brakis veido 12%.

Egles koksnes paliktnu sagatavju stipribas
raditaji

Parbaudot 50 paliktnu sagatavju paraugus bez
zariem, noteikts, ka lieces stipribas vidéja vertiba f =79.7
MPa, lieces elastibas modulis E_ =10.97 GPa (skat.
2. att.), ja koksnes vidgjais blivums r =450 kg m”.
Salidzinasanai parbauditi arT 50 paliktnu sagatavju
paraugi ar zariem, ka rezultata noteikta lieces stipribas
vidéja vertiba f =63.2 MPa, lieces elastibas modulis
E_=9.85 GPa (skat. 3. att.), ja koksnes vid€jais blivums
r, ~450kgm®.

Noteikti arT stipribas un elastibas modula vidgjie
raditaji sagatavju paraugiem bez zariem un ar zariem:
lieces stipriba f =71.5 MPa, lieces elastibas modu-
lis E =10.41 GPa, ja koksnes vidgjais blivums
r, =450 kgm®.

Paliktnu sagatavju bez zariem stipribas raditaji ir
augstaki par paliktnu sagatavju ar zariem stipribas
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2. att. Egles koksnes paliktnu sagatavju bez zariem lieces stipribas atkariba no elastibas modula liecg.
Fig. 2. Bending strength depending on modulus of elasticity in bending of spruce (without knots) wood of the
pallet preparation.
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Lieces stipriba, MPa
Bending strength, MPa
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3. att. Egles koksnes ar zariem lieces stipribas izmaina atkariba no lieces elastibas modula.
Fig. 3. Bending strength depending on modulus of elasticity in bending of
spruce (with knots) wood of the pallet preparation.

raditajiem: lieces stipriba augstaka par 20.7%, lieces
clastibas modulis — par 10.2%.

Priedes koksnes paliktnu sagataviju
stipribas raditaji

Parbaudot 55 paliktnu sagatavju paraugus bez
zariem, ieglitas sekojosas vid&jas vertibas: lieces stip-

riba f =87.1 MPa, lieces elastibas modulis E_=11.96 GPa
(skat. 4. att.), jakoksnes vidgjais blivumsr , =470 kgm®.

Paliktnu sagatavju ar zariem parbaudes rezultata
noteikta lieces stipribas vidéja vertiba: f =60.4 MPa,
lieces elastibas modula vidgja vértiba E_=10.77 GPa
(skat. 5. att.), ja koksnes vidgjais blivums r, =470 kg m.

Kopa tika parbauditi 110 paraugi. Lidz ar to tika
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4. att. Priedes koksnes bez zariem lieces stipribas izmaina atkariba no lieces elastibas modula.
Fig. 4. Bending strength depending on modulus of elasticity in bending of
pine (without knots) wood of the pallet preparation.
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5. att. Priedes koksnes ar zariem lieces stipribas izmaina atkariba no lieces elastibas modula.
Fig. 5. Bending strength depending on modulus of elasticity in bending of
pine (with knots) wood of the pallet preparation.

2. tabula / Table 2
Egles un priedes koksnes lieces stipribas un elastibas modula raksturlielumi
Characteristic values of bending strength and modulus of elasticity of spruce and pine wood

Lieces stipriba | Lieces elastibas Blivums

Raditajs / f, MPa / modulis E, GPa/ | p, kg m™/

Contents Ultimate Modulus of Density
Koksne / strength in elasticity in p, kgm?
Wood static bending | bending E, GPa

f, MPa
Egles koksne / Spruce (Picea abies (L.) Karst.)
Egles koksnes bez zariem vidgjas veértibas
(standartnovirze sy; varidcijas koeficients G)) / 79.72 10.97 450
Spruce (without knots) wood mean values (standard (14.70; 18.44) (1.92;17.47)
deviation s; coefficient of variation G))
Egles koksnes ar zariem vid&jas vertibas
(standartnovirze sy); variacijas koeficients ) / 63.18 9.85 450
Spruce (knots) wood mean values (17.12;27.09) (1.96; 19.87)
(standard deviation s); coefficient of variation G)
Egles koksnes bez zariem normativas stipribas vértibas / 56.76 8.09 450
Spruce (without knots) wood percentile values
Egles koksnes ar zariem normativas stipribas vértibas / 38.53 6.47 450
Spruce (knots) wood percentile values
Priedes koksne / Pine (Pinus sylvestris L.)

Priedes koksnes bez zariem vidgjas vertibas
(standartnovirze s); variacijas koeficients G)) / 87.12 11.96 470
Pine (without knots) wood mean values (16.85; 19.34) (2.32;19.39)
(standard deviation s); coefficient of variation Gy,)
Priedes koksnes ar zariem vidgjas vértibas
(standartnovirze sy; variacijas koeficients o) / 60.36 10.77 470
Pine (knots) wood mean values (15.86;26.27) (2.74,25,43)
(standard deviation s); coefficient of variation G)
Priedes koksnes bez zariem normativas stipribas 61.29 8.52 470
vertibas / Pine (without knots) wood percentile values
Priedes koksnes ar zariem normativas stipribas vertibas / 34.46 6.63 470
Pine (knots) wood percentile values
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iegiitas paliktnu sagatavju bez zariem un ar zariem
stipribas vidgjas vertibas: lieces stipriba f =73.7 MPa,
lieces elastibas modulis E =11.37 GPa, ja koksnes
vidgjais blivums r =470 kg m™.

Paliktnu sagatavju bez zariem stipribas raditaji ir
augstaki par paliktnu sagatavju ar zariem stipribas
raditajiem: lieces stipriba augstaka par 30.7%, lieces
elastibas modulis — par 10%.

Salidzinot egles koksnes un priedes koksnes stipr1-
bas un elastibas raditaju vidgjas vertibas (skat. 2. tabu-
lu), priedes koksnei tas ir augstakas: lieces stipriba —
par 4.7%, lieces elastibas modulis — par 8.1%.

Noteiktas arT lieces stipribas un elastibas modula
normativas (5% kvantiles) vertibas, tadejadi izsleédzot
merfjumus, kas butiski atskiras no paraugkopas datu
vidéjas sakaribas. Sis vértibas nepieciesamas paliktnu
sagatavju Sk@rsgriezuma izméru aprékinasanai.
Mehaniskas stipribas parbaudes rezultati apkopoti
2. tabula.

LLU Kokapstrades katedra ieprieks veiktos peti-
jumos noteikti stipribas un elastibas raditaji egles kok-
snes standartparaugiem jeb tiras koksnes paraugiem
bez koksnes vainam — lieces elastibas modulis 13.7 GPa
un lieces stipriba 106.5 MPa (Pushinskis et al., 2002).

Salidzinot egles standartparaugu un egles paliktnu
sagatavju ar zariem un bez zariem vidgjas stipribas
raditajus, egles standartparaugiem tie ir augstaki: lieces
stipriba — par 34%, bet elastibas modulis — par 23.7%.

Secinajumi

1. Pastav ciesa lieces stipribas un elastibas modula
liecg sakariba, kuru raksturo korelacijas koeficients
(R=0.71...0.81).

2. Priedes koksnes paliktnu sagatavju pirmaja
kvalitates klas€ ietilpst 73.4%, egles koksnei pirmaja
kvalitates klasg ietilpst 67.4%.

3. Egles koksnei bez zariem lieces stipribas un lie-
ces elastibas modula vertibas ir augstakas neka egles
koksnei ar zariem: lieces stipriba augstaka vidgji par
20.7%, bet lieces elastibas modulis liec€ — par 10.2%.

4. Priedes koksnei bez zariem lieces stipribas un
lieces elastibas modula vértibas ir augstakas neka
priedes koksnei ar zariem: lieces stipriba — vidgji par

LLU Raksti 14 (309), 2005;108-113

30.7%, bet lieces elastibas modulis liecg — par 10%.

5. Salidzinot egles un priedes koksnes bez zariem
lieces stipribas un elastibas modula vértibas, priedes
koksnei tas ir augstakas: lieces stipriba — vidgji par
8.5%, bet elastibas modulis liecg — par 8.3%.

6. Salidzinot egles un priedes koksnes ar zariem
lieces stipribas un lieces elastibas modula vertibas,
priedes koksnes lieces stipriba ir zemaka vid&ji par 4.5%,
bet lieces elastibas modulis liecg augstaks par 8.5%.

7. Salidzinot egles standartparaugu un egles
paliktnu sagatavju ar zariem un bez zariem vidgjas
stipribas raditajus, egles standartparaugiem tie ir
augstaki: lieces stipriba — par 33%, bet elastibas modu-
lis —par 25.5%.

8. Noteiktas normativas lieces stipribas vertibas var
izmantot paliktnu sagatavju izmeru optimatizacijai.
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