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DARBA VISPAREJS RAKSTUROJUMS
Temas aktualitate

Meza kopplatiba Latvija ir~ 3 milj. ha jeb gandriz 45% no valsts teritorijas. Mezainums
Latvija pedgjos 70 gados no 1935. gada lidz 2005. gadam ir pieaudzis par 1.7 reiz€ém, un tam ir
tendence nakotn€ vél palielinaties uz lauksaimniecibas zemju rékina.

Mezaudzu krija visos mezos kopa ir 569 milj. m’, taja skaita skujkoku kraja ir
330 milj. m’, lapu koku- 239 milj. m’.

Latvijas meZa kopéjais tekogais krajas pieaugums- 16.5 milj. m’.

P&c platibas valdoso koku Ipatsvars mezaudz€s ir $ads: priede aiznem 37.2%,
bérzs 30%, egle 18.2%, baltalksnis 6.8%, apse 3.8%, melnalksnis 2.7%, osis 0.6%,
ozols 0.3% un citas koku sugas 0.2%.

Meza nozare ir lielaka eksporta nozare valsti. Latvijas meza nozares produktus
razo galvenokart eksportam- gandriz 90% no visas sarazotas produkcijas.

Galvenas eksporta preces ir zagmateriali, saplaks$ni, papirmalka, kokskaidu
platnes un paliktni un to materiali.

Dazadu koksnes produktu eksports nemitigi pieaug. IpaSi liels pieaugums
verojams zagmaterialu un paliktnu materialu eksporta.

Meza nozares produkcijas eksports kops 1996. gada ir pieaudzis vairak neka
divas reizes, 2005. gada sasniedzot 796.846 miljonus latu, kas ir 27% no Latvijas
kopgjas eksporta vertibas.

Laika posma no 1995.- 2002. gadam Latvija koka taras kopgjais eksports
pieaudzis 27 reizes.

2003. gada gatavas taras eksports sasniedza 163.5 tikst. t no kop&ja meza
nozares eksporta, bet imports- 7.6 tukst. t.

2004. gada gatavas taras eksports sasniedza 156.5 tiikst. t no kop&ja meza
nozares eksporta, bet 2005. gada tas samazinajas 1idz 146.7 tukst. t, jeb par 6.2%.

Savukart taras materialu importa vérojama pretéja tendence- 2004. gada gatavas
taras apjoms bija 9.7 tiukst. t, bet 2005. gada tas pieauga lidz 16.6 tikst. t, jeb 71.9%.

Naudas izteiksmé izsakot, 2006. gada pirmajos desmit méneSos gatavas taras
eksports ir pieaudzis par 7.5% un sasniedza 21.8 milj. latu. Turpreti gatavas taras
importa nav vérojams tik liels pieaugums, un 2006. gada pirmajos desmit me&neSos
gatavas taras imports ir pieaudzis par 0.5% un sasniedza 2.8 milj. latu.

Paliktnu un to sagatavju lielakie razotaji ir Marko KEA, Kurekss, Lindeks.

Paliktnu un to sagatavju razoSanai Latvija izmanto:

1. Maza diametra (10... 16 cm) skuju koku (egles un priedes) apalos sortimentus un
lapu koku (galvenokart apses un baltalk$na) taras klucus ar diametru 10... 40 cm.
2. Zaggtavu piegadatos planos malgjos délus biezuma 14... 19 mm.

Izejmateriali dazadiem razoSanas procesiem kliist arvien dargaki, un lidz ar to
konkurence tirgii saasinas.

Janem veéra arT tas, ka pétijumi par lapu koku koksnes pielietojamibu vispar ir
veikti salidzino$i maz, jo galvena uzmaniba visu laiku tikusi pieveérsta skujkokiem.

Tadel svarigi ir ne tikai palielinat lietderigo iznakumu, bet iesp&ju robezas
izmantot 1&taku un atraudzigo koku sugu: baltalkSnpa, apses u.c. koksni.

Paliktnu ekspluatacijas procesa biitiski svariga ir to stipriba, ka arT nestsp&ja. Ka
rada literatiiras pétijumi, paliktna stipriba liela mera ir atkariga no sagatavju stipribas
un elastibas modula raditajiem.

Ta ka dazadu koka sugu koksnes minétie raditaji ir atSkirigi, tad paliktpu
konstrukcijas izmantoto sagatavju Skérsgriezuma izméri ir atkarigi ne tikai no slodzes



liecluma, rakstura un ekspluatacijas apstakliem, bet arl no izmantotas koksnes
robezstipribas raksturlielumiem.

Atrai un operativai délisu S$kérsgriezuma izméru un paliktnu nestspgjas
prognozesanai nepiecieSams izstradat datorprogrammu, ka ari izstradat nesagraujos$o
paliktnu parbaudes metodi paliktnu SkiroSanai péc to nestspéjas.

Petijjuma merkis

Nemot veéra ieprieks izklastitos apsveérumus, promocijas darba mérkis ir izp€tot
paliktnu stipribas un déliSu materiala elastibas modula sakaribu, izstradat nesagraujosu
parbaudes metodi paliktnu nestsp&jas noteikSanai, ka ari izstradat datorprogrammu
paliktnu nestsp&jas prognoz&sanai.

Darba uzdevumi

e paliktnu razoSanai izmantojamo koka sugu koksnes robezstipribas liecé un
elastibas modula p&tijumi;

o paliktnu sagatavju kvalitates, robezstipribas un elastibas modula liec€ pétijumi;
o paliktnu stipribas un d€lisu materiala elastibas modula liecg sakaribas p&tijumi;

e paliktnu stipribas liecé raksturlielumu izpéte, nemot véra déliSu un klucisSu
savienojumus;

e nesagraujosas parbaudes metodes izstrade paliktnu nestsp€jas noteikSanai;

e datorprogrammas izstrade, izmantojot programméesanas valodu C# (C sharp),
paliktnu nestsp&jas prognozesanai atkariba no déliSu izme&riem, koksnes sugas
mehaniskajam Tpasibam un ekspluatacijas apstakliem.

Pétijjumu metodes

Pétijumi saskana ar izvirzito mérki un no ta izrietoSiem uzdevumiem veikti ar
matematiskam aprékinu un datora model&sanas, ka arT ar eksperimentalo datu iegiiSanas
metodém. Metozu pamata ir koksnes un paliktnu sagatavju fizikali mehanisko 1pasibu
petijumi, to salidzinaSana un analiz€Sana, ka ar1 nesagraujoSas paliktnu konstrukciju
parbaudes metodes izstrade, ar kuras palidzibu, nosakot paliktna stipribas liecé
raditajus, tiek veikta augstak min€to uzdevumu izpilde.

Darba aprakstita parbaudes metodika lauj noteikt paliktna konstrukcijas
nestsp&ju, nemot veéra koka sugu, deéliSu Skérsgriezuma izm€rus un paliktnu
ekspluatacijas apstaklus. Darba izmantota LLU Koksnes un koksnes materialu
zinatniskas laboratorijas un Meza un koksnes produktu pé&tniecibas un attistibas
institita Test€Sanas laboratorijas pieejamas materialu parbaudes iekartas un
datortehnika.

Petjjumu veikSanai atlasitas paliktnu sagataves un paliktni sagatavoti paliktpu
razotn€. Mehanisko 1pasibu noteikSana veikta izmantojot materialu stipribas parbaudes
iekarta ZWICK/Z100 Nr. 146956.

Petijuma iegito datu apstradé izmantota datorprogrammas pakete MS Excel
Analyze-it.



Zinatniska novitate

- izstradata nesagraujosa paliktnu stipribas noteikSanas metode, kura balstita uz paliktna
delisu materiala elastigo deformaciju noteikSanas pamata.

- izstradata datorprogramma, izmantojot programmeésanas valodu C# (C sharp), kas Jayj
noteikt paliktnu nestspgju atkariba no deliSu Skersgriezuma izm@riem, koksnes
mehaniskajam pasibam un ekspluatacijas apstakliem.

- pétijuma metodika un iegitie rezultati var tikt izmantoti, izstradajot attiecigu iekartu
paliktnu nestspgjas noteikSanai razosanas procesa tehnologiskaja Iinija.

- veikta paliktnu razoSana pielietoto koka sugu baltalkSna (Alnus incana L. Moench),
apses (Populus tremula L.) koksnes fizikali mehanisko 1pasibu raditaju noteikSana, ka art

paliktnu sagatavju kvalitates un koksnes vainu ietekme, nosakot fizikali mehanisko
pasibu raditajus liela izméra paraugiem.

Iegutie rezultati un praktiska nozime

Izmantojot pétijuma rezultata iegltos datus var spriest par Latvija augusa
baltalkSna (Alnus incana L. Moench), apses (Populus tremula L.) koksnes fizikali
mehaniskajam Tpasibam.

P&tijuma rezultati par paliktnu sagatavju kvalitati un mehanisko 1pasibu raditajiem
parada, ka paliktnu stipribas un noturibas raditaji ir atkarigi no paliktnu sagatavju
kvalitates un mehaniskajam ipasibam. Lai nodroSinatu garantéto paliktnu nestsp&ju,
paliktnu sagataves pirmsapstrades procesa un ar1 paliktnus biitu ieteicams Skirot, slogojot
paliktnu konstrukciju elastigo deformaciju robezas.

Pétijuma rezultata ir izstradata datorprogramma paliktnu nestsp&jas prognozesanai,
ka arm nesagraujosa paliktnu nestsp&jas noteikSanas metode, kuru iesp&jams izmantot
paliktnu razosSanas tehnologiskaja plasma paliktnu SkiroSanai.

Darba struktira

Darbs struktur@ts piecas nodalas:

1. nodala. Literaturas apskats par paliktnu raZzoSanu un paliktnu razoSana
pielietojamiem materialiem, to stipribu un noturibu, ka arT [idzSingjam
parbaudes metodém.

2. nodala. P&tfjuma rezultati par paliktnu razosana pielietojamo miksto lapu koku
(apses, baltalksna) fizikali- mehaniskajam pasibam.

3. nodala. P&tfjuma rezultati par paliktnu sagatavju kvalitates un fizikali
mehaniskajam 1paSibam.

4. nodala. P&tijuma rezultati par paliktpu konstruktivajiem risinajumiem,
izvertgjot skujkoku un lapu koku paliktnu konstrukciju robeZstipribu un
noturibu.

5. nodala. Pe&tijuma rezultati par paliktpu sagatavju Skersgriezuma izméru
noteikSanu, izstradajot datorprogrammu paliktnu nestspjas prognozesanai
atkariba no deliSu izmeériem, koku sugas un ekspluatacijas apstakliem,
izmantojot programmésanas valodu C# (C sharp).

Kopuma darbs noforméts uz 110 Ipp., 76 att., 27 tab.
Izmantotas literaturas saraksta 91 avots.



1 LITERATURAS APSKATS

Literattiras apskata analizéti dazadu autoru paliktnu raZoSanai izmantojamo koku
sugu koksnes mehanisko 1pasibu pétijumi.

Noskaidrots, ka mehanisko 1paSibu galvenie ietekmgjoSie faktori ir blivums,
mitrums, vélinas koksnes procents, méroga faktors un vainu klatbutne (skat. 1.1. att.).
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1.1. att. Multiplas regresijas analize
1- robezstipribai liecg; 2- robezstipribai stiepé

Fig. 1.1 Analyses of multiple regressions
1- bending strength; 2- tension strength

Palielinot parbaudama parauga izmérus, sakara ar koksnes anizotropiskuma
ietekmi veidojas nevienmerigs sprieguma sadalijjums parauga Skersgriezuma.
Nevienmeérigais spriegumu sadalijums un vainu klatbiitne lielos paraugos pazemina
koksnes stipribu salidzinajuma ar standarta (tiras koksnes) paraugiem. Pie lieliem
paraugiem pieskaitamas ar1 paliktnu raZzoSanai izmantojamas sagataves. Nemot véra
ieprieks izklastitos aspektus, paliktpu sagataves pirms to iestrades paliktnu
konstrukcija butu jaskiro, SkiroSanas laika nosakot tas koksnes IpaSibas un koksnes
vainas, kuras visvairak ietekm€ paliktnu sagataves stipribu- tas, kuras ir viegli noteikt
vizuali vai mehaniski, t.i. zari, plaisas.

Dazadu autoru pétijumi par kokmaterialu fizikali mehaniskajam ipasibam un
to savstarp&jo sakaribu apkopoti 1.1. tabula.



1.1. tabula/ Table 1.1

Kokmaterialu dazu fizikali- mehanisko Ipasibu savstarpéja sakariba/
Mutual coherence of some wood physical mechanical properties

Determinacijas koeficients R? / Coefficient of determination R

RobezZstipriba liece /

RobezZstipriba stiepé /

Bending strength Tension strength
pec pec péc  |p&c Laknera péc péc Glosa pec
Radrtajs / Johansona| Hofmeiera| Hofmeiera| un Foslija | Johansona|un HeimSofa| Johansona
Indicator (1992)/ | (1984)/ | (1990)/ | (1988)/ (1992)/ (1982)/ 1976) /
According | According| According| According | According | According | According
to to to to Lacner to to Gloss and to
Johansson| Hofmeyer| Hofimeyer| and Fosly | Johansson| Heimshof |Johansson
(1992) (1984) (1990) (1988) (1992) (1982) (1976)
Zari / Knots 0.27 0.20 0.16 0.25 0.36 0.42 0.30
Gadskartas platums /| ) | 0.27 0.20 0.44 0.36 0.33 0.28
Annual ring width
Blivums / Density 0.16 0.30 0.16 0.40 0.38 0.29 0.38
Elastibas modulis,
liece vai stiepe /
Modulus of elasticity 0.72 0.53 0.55 0.56 0.70 0.69 0.58
in bending or tension
Zaru un gadskartas
platuma kopums/
Knots and annual 0.37 0.42 0.39 - 0.49 - -
ring width combined
Zaru un blivuma
kopums/ Knots and 0.38 - 0.38 - 0.55 0.61 0.64
density combined
Zaru un elastibas
modula kopums/
Knots and modulus 0.73 0.58 0.64 - 0.70 0.76 0.78
of elasticity

Ka redzams tabula 1.1 un ka ir pieradijusi citu valstu pétnieku veiktie petfjumi, tad visciesaka
sakariba ir v€rojama starp zaru aiznemto laukumu un elastibas moduli liecg.

Tacu visi Sie petfjumi ir veikti standartize€tiem un pielietojamiem taisnstiira Skérsgriezuma
paraugiem un nav 1sti skaidribas ka Sie materiali uzvedas, izmantojot tos konstrukcija. Tap&c petjuma
turpinajuma analiz€tas paliktgu konstrukcijas, prasibas un parbaudes metodes.

Visizplatitaka paliktnu konstruktivais risinajums pasaul€ un art Eiropa ir ta saucamais klucisu
konstrukcijas paliktnis (skat. 1.2. att.).

1.2.att. KluciSu konstrukcijas paliktna
1- virsgjais delitis; 2- garendelitis; 3- klucitis; 4- apaksgjais delitis

Fig. 1.2 Construction of Block pallet:
1- top deck board; 2- top stringer board; 3- block,; 4- bottom deck board




Apskatitas ar1 citu materialu pielietoSanas iesp€jas un to ipasibu salidzinajums
(skat. 1.2. tabulu).

1.2. tabula/ Table 1.2

Dazadu platpu materialu Iipasibu salidzinajums /
Comparison of different pallet materials properties

'Iepako‘u‘lmarfl Formas Noturiba, Masas atyl'ec_il?a Apstradaja- | Konstrukcijas
izmantojamais - _ - pret stabilitati / - .
ol stabilitate / | ilgizturiba / . miba / ekonomiskums/
materials / - . Proportion of A
. Stability of | Resistance, Possibilities of | Economy of
Material used for mass and . .
; form durance - processing construction
packaging stability
Kokskaidu platnes /
Particle boards W v v W v
Saplaksnis / NN W W W W
Plywood
Masivkoksne /
Srasivicoks W W W o W
OSB platnes / NN W W NN NN
OSB boards

v nepietickama; W pietickama; VWY apmierinosa; VWY laba; VWY loti laba/
 insufficient; \N sufficient; \NN satisfactory; \NNN good; NNNNN very good

Tabula 1.2 redzams, ka vislielakais konkurents masivkoksnei ir OSB (Orient&to

kokskaidu platne). Tacu, runajot par lidz Sim visplasak pielietoto koksnes materialu
paliktnu izgatavosanai Eiropa, ir jamin koksne. Tapec art talakie petijumi veikti paliktnu
koka konstrukcijam.

Analizgjot paliktnu parbaudes metodes, konstatets, ka visplasak pielietota tiek
parbaude liec€ (skat. 1.3. att.).
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1.3. att. Parbaudes liecé slogojuma shéma (LVS EN ISO 8611-1, 2004)
1- slodzes pieliksana; 2- slodzes platne; 3- augsgjie slogosanas atbalsti; 4- apaksg&jie atbalsti;
5- drosibas svira; 6- parkare

Fig. 1.3 Scheme of testing in bending (LVS EN ISO 8611-1, 2004):
1- test load; 2- load board,; 3- load applicator, 4- support, 5- safety stop; 6- overhang



Apskatot un analiz€jot paliktnu parbaudes metodes, nav atrasta neviena paliktnu
stipribas noteikSanas metode, to nesagraujot. Tapec talaka petijuma gaita izvirzits merkis-
paliktnu nesagraujosas metodes izstrade, lai noteiktu paliktna konstrukcijas stipribu un
varétu prognozet ta nestsp&ju. Literatliras analizes rezultata iegiitie dati talak izmantoti
darba risinato uzdevumu realizéSanai.

2 PALIKTNU RAZOSANA PIELIETOJAMAS KOKSNES FIZIKALI
MEHANISKAS IPASIBAS

Koksne ir anizatrops materials- tas fizikali mehaniskas ipasibas ir atkarigas no
daudziem faktoriem, it 1pasi no Skiedru virziena. Ar1 dazadu koku sugu koksni raksturo
dazadi fizikali mehanisko 1pasibu raditaju lielumu un to izkliede var bt loti liela.

Paliktnu razotajiem trukst izsmeloSas informacijas par paliktpu razoSana
izmantojamas koksnes fizikali mehanisko 1paSibu raditajiem. Lidz ar to rodas
nepieciesamiba raksturot So koku sugu fizikali mehaniskas 1pasibas.

Tade] petjuma veikti paliktnu razoSana pielietoto miksto lapu koku sugu
salidzinoSi mehanisko 1pasibu pétijumi liec€, nemot véra koksnes blivumu un mitrumu
raditajus, kurus noteica testéSanas laika. Koksnes mitrums testéSanas bridi 12%.

Parbaudes veiktas, izmantojot standarta DIN 52186 metodiku.

Veikts iegiito miksto lapu koku sugu rezultatu salidzinajums ar LLU ieprieks
skujkoku (egles un priedes) veiktajiem péetijumiem. legiitie rezultati apkopoti
2.1. tabula.

2.1 tabula / Table 2.1
Paliktnu razosana pielietojamo koku sugu
stipribas un elastibas modula liecé vertibu salidzinoSie raditaji (W=12%) /
Wood species used in pallets production comparative indicators in resistance and
modulus of elasticity in bending (W=12%)

Elastibas
Stlprlb.as _robeza modulis liece Blivums p,
lieceé Ey,, GPa/ 3
Koku suga / I £ kg-m™ /
Wood species f,, MPa / Modulus o Density
Bending strength| Elasticity in _3'0'
f,, MPa bending kg-m
Ep, GPa
Egle 2002. gada pétijums /
Spruce research of 2002 106.4 13.7 S07
Egle 2005. gada pétijums /
Spruce research of 2005 108.6 14.1 331
Priede 2005. gada pétijums /
Pine research of 2005 135 14.4 567
Apse (veiktie petijumi) /
Aspen (research carried out) 207 12.6 521
Baltalksnis (veiktie p&tijumi) /
Grey alder (research carried out) 85.5 10.5 >10
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Petijuma rezultati salidzinati ar iepriek$ veiktajiem skujkoku- egles koksnes 2002.
un 2005. gada LLU Kokapstrades katedra veiktajiem egles un priedes koksnes mehanisko
1pasibu raditajiem.

P&tijuma rezultati rada, ka Latvija augusas egles koksnes robezstipribas un elastibas
modula liecé veértibas salidzinosi ir augstakas neka baltalkSna koksnei: robeZstipriba liecé
vidgji par 20.5%; bet elastibas modulis liece par 24.5%.

Latvija augusas priedes koksnes robezstipribas un elastibas modula liec€ vértibas
salidzinosi ir augstakas neka baltalkSna koksnei: robezstipriba liec€ vidgji par 24.7%; bet
elastibas modulis liec€ par 27.1 %.

Latvija augusas egles koksnes robeZstipribas un elastibas modula liecé vertibas
salidzinosi ir augstakas neka apses koksnei: robezstipriba liec€ vidgji par 15.6%; bet
elastibas modulis liecg par 9.4%.

Latvija augusas priedes koksnes robezstipribas un elastibas modula liecé vértibas
salidzino$i ir augstakas neka apses koksnei: robeZstipriba liecé videji par 20.1%; bet
elastibas modulis liec€ par 12.5%.

Latvija augusas apses koksnes robeZstipribas un elastibas modula liecé vertibas ir
augstakas neka baltalkSna koksnei: robezstipriba liecé- par 5.7 %, elastibas modulis- par
16.7 %.

3 PALIKTNU SAGATAVJU KVALITATE UN
FIZIKALI MEHANISKAS IPASIBAS

Palielinoties paraugu izmériem, pieaug koksnes vainu klatbiitnes esamibas
varbutiba, ka ari rodas méroga faktora ietekme, kas samazina parauga mehanisko
1pasibu raditajus.

Pie lieliem paraugiem pieskaitamas ari paliktnu sagataves. Tapéc javeic
paliktnu razoSana pielietojamo koka sugu paliktnu sagatavju kvalitates un mehanisko
1pasibu pétijumi.

Lai veiktu paliktnu sagatavju robezstipribas p&tijjumus, bija nepiecieSama ari
to SkiroSana péc kvalitates Skiram atbilsto$i LVS EN 12246 standarta prasibam,

Sagataves tiek iedalitas P1 un P2 kvalitates Skiras. Augstak miné&tais standarts
ir paredzgets taras un paliktnu zagéto sagatavju skiroSanai péc kvalitates Skiram.

Peétijums veikts, lai noteiktu katras kvalitates Skiras Tpatsvaru, ka ar1 noteiktu
katras paliktpu sagatavju kvalitates Skiras vidéjos mehanisko Tpasibu raditajus.

Paliktnu sagatavju kvalitates p@tijums nepiecieSams, lai noskaidrotu, kura
koksnes vaina sastada lielako 1patsvaru katra kvalitates Skira.

Zaru uzmeriSanai péc standarta LVS EN 1310 (2000) prasibam ir doti divi
panémieni: "Vispargjais panémiens"- SkiroSanai péc argja izskata un "Alternativais
panémiens", ja janoverté zagmateriala, taras materiala vai paliktnu sagataves stipriba.

Paliktnu sagatavju SkiroSana veikta péc “Alternativa paneémiena" metodes, kas
nosaka, ka zaru aiznemtais laukums jauzméra paliktnu sagataves plataja skaldné.

Veikto pétijumu rezultati par koksnes vainu sadalijjumu pa koku sugam un
kvalitates Skiram apkopoti 3.1. tabula.
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Koksnes vainu sadalijjums pa koku sugam un kvalitates Skiram /

Division of wood defects according to wood species and quality categories

3.1. tabula / Table 3.1

KOKSNES VAINU SASTOPAMIBA DAZAM KOKU SUGAM, % /
WOOD DEFECTS INCIDENCE OF DIFFERENT SPECIES, %

KOKSNES VAINAS / BALTALKSNIS /
WOOD DEEECTS PRIEDE / PINE EGLE / SPRUCE APSE / ASPEN GREY ALDER
Brakis / Brakis / Brakis / Brakis /
o o > o o > o o > o o >
P1L,% | P2,% Defectives P1,% | P2,% Defectives PL% | P2,% Defectives P1,% | P2,% Defectives
1 Zari / 1 Knots - - - - - - - - - - - -
1.1 Zari- saaudzis, dalgji saaudzis /
1.1 Knots- Accreted or partially accreted 558 | 6.8 4.1 46.5 | 5.1 1.8 451 | 114 3.8 299 | 12.3 4.5
1.2 Zari- trupgis, izkitoss / 176 | 03 | 03 |166| 86 | 38 |128] - 06 |133| 04 .
1.2 Rotten, falling out
1.3 Krusta zars / 1.3 Cross knot - - - - - - 3.7 - - 6.9 - -
2 Serde, valgja vai slegta / ) ) ) ) ) i i ) ) ) ) i
2 Heart, open or closed
3 Plaisas / 3 Steaks - - - - - - - - - - - -
3.1 Platas skaldnes plaisas / ) ) ) ) ) i i ) ) ) ) i
3.1 Wide side steaks
3.2 Caurejosas plaisas / ) ) ) ) ) i i ) )
3.2 Intersecting steaks 0.2 0.6 0.5
4 Sveku ligzdas / 4 Raisin nests - - - - - - - - - - -
5 Mizas ieaugums / 5 Bark ingrown - - 4.7 - - 2.6 0.3 - 0.2 - - 7.5
6 Sénu bojajumi (iznemot zilgjumu) / ) ) ) ) ) )
6 Fungus damages (excluding blue stain) 0.8 2.1 10.9 >7 0.1 6.6
7 Aktivie kukainu bojajumi / 7 Active insect ) ) ) ) ) i i ) ) ) ) i
damages
8 Tumsas kukainu ejas / 8§ Dark insect passages - - - - - - - - - - - -
9 Lokmalas / 9 Bow-shaped edge - 1.3 9.1 4.3 6.9 3.0 3.0 0.8 5.1 6.7 1.2 3.8
Kopa/ Total:| 73.4 | 8.4 18.2 67.4 | 20.6 12.0 67.0 | 12.0 20.8 62.5 | 14.6 22.9




Petijuma rezultata noskaidrots, ka visvairak sastopama koksnes vaina ir zari~ 80%. Petjumu
turpmakaja gaita paliktyu sagatavju robezstipribas parbaudes tika veiktas paliktnu sagatavém bez koksnes
vainam, ka ar1 paliktnu sagatavém ar koksnes vainam. Parbaudes veiktas, izmantojot standarta LVS EN
408 metodiku.

3.1 Priedes koksnes paliktnu sagatavju robeZstipriba liece

Parbaudot 55 priedes koksnes paliktnu sagataves bez koksnes vainam (izméri 17x100x315 mm),
ieglitas $adas vidgjas vertibas: robezstipriba liec€ f;= 87.1 MPa, elastibas modulis liecg E;= 12.0 GPa

skat. 3.2. un 3.6. tabulu) pie koksnes vidéja blivuma 470 keg-m™. Mehanisko 1pasibu raditaju
p ) /~ g p l

sakariba redzama 3.1. attéla.
140 A
130 4 y=15.82x+17.57

<110 A

Robeztipriba liecé f'» , MPa /
Bending strength f », MPa
0
S

7 9 11 13 15 17
Elastibas modulis liecé £ ;, , GPa /

Modulus of elasticity in bending E ,, GPa

3.1. att. Priedes koksnes paliktnu sagatavju bez koksnes vainam
robeZstipribas liecé izmaina atkariba no elastibas modula liecé
Fig. 3.1 Pine wood pallet components without wood defects changes
of bending strength depending on modulus of elasticity in bending

Priedes koksnes paliktnu sagatavju ar koksnes vainam parbaudes rezultata noteikta robezstipribas
liecg vidgja vertiba: f=60.4 MPa, elastibas modula liecg vid€ja vertiba £,=10.8 GPa (skat. 3.2. un 3.6. tabulu)

pie koksnes vidgja blivuma p=470 kg-m™. Mehanisko fpasibu raditaju sakariba redzama 3.2. attela.
y=4.53x+11.59

NN

IQQ

g %

s 3

£ :

7 ¥

N Q

£ 3

g 9
0 T T T T T T 1
4 6 8 10 12 14 16 18

Elastibas modulis Liecg £ ;, , GPa /
Modulus of elasticity in bending E ;,, GPa

3.2. att. Priedes koksnes paliktnu sagatavju ar koksnes vainam

robeZstipribas liecé izmaina atkariba no elastibas modula liecé
Fig. 3.2 Pine wood pallets components with wood defects changes
of bending strength depending on modulus of elasticity in bending
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Kopa tika parbauditi 110 paraugi. Lidz ar to, tika iegiitas priedes koksnes paliktnu
sagatavju bez koksnes vaindm un ar koksnes vainam robeZstipribas vid€jas veértibas:
robezstipriba liecé f,= 73.8 MPa, elastibas modulis liecé E,= 11.4 GPa pie koksnes vidgja
blivuma p= 470 kg-m’3. Priedes koksnes paliktnu sagatavju bez koksnes vainam robezstipribas
raditaji ir augstaki par paliktnu sagatavju ar koksnes vainam robezstipribas raditajiem:
robezstipriba liecé par 30.7%, elastibas modulis liecg 10.2%.

3.2. tabula/ Table 3.2

Priedes paliktnu sagatavju robeZstipribas raditaji liecé pie koksnes mitruma W=12% un W=20% /
Pine wood pallets components bending strength with wood moisture content W=12% and W=20%

Raditajs /

Indicator Robezstipriba liecé RobeZstipriba liecé

fb 129 MPa/ fb 209 MPa/
Priedes paliktnu sagataves / Ben?mg '\s; Length Benglng I;S/f Length
Pine wood pallet components b1z, M@ bzo, VP&
Paliktnu sagataves bez koksnes vainam / 87 1 62.7
Pallet components without defects ) )
Paliktnu sagataves ar koksnes vainam / 60 4 435
Pallet components with defects ] ]
Paliktnu sagataves bez un ar koksnes vainam / 738 531

Pallet components with and without defects
Paliktnu sagataves, kuras atbilst LVS EN
12246 PI1 skirai / Pallet components that 75.0 54.0
comply with LVS EN 12246 category Pl
Paliktnu sagataves, kuras atbilst LVS EN
12246 P2 skirai / Pallet components that 47.0 33.8
comply with LVS EN 12246 category P2

P&c tabulas 3.2. rezultatu apkoposanas redzams, ka visaugstakie robezstipribas radita;ji
ir priedes koksnes paliktnu sagatavém bez koksnes vainam un LVS EN 12246 Pl Skiras
paraugiem.

Vidgja robeZstipriba liece Pl Skirai ir 75 MPa, bet P2 Skirai ta ir par 37.3% zemaka- 47 MPa.

Veikts priedes koksnes paliktnu sagatavju robezstipribas veértibu parrékins no 12% uz
20% (skat. 3.2. tabulu), kas nepiecieSams talakajiem paliktnu konstrukcijas stipribas
aprékinam.

3.2 Egles koksnes paliktnu sagatavju robeZstipriba liecé
Parbaudot 50 egles koksnes paliktnu sagataves bez koksnes vainam (izméri 17x100x315 mm),
noteikts, ka robezstipribas liec€ videja vertiba f,= 79.7 MPa, elastibas modulis liece E,= 11.0 GPa

(skat. 3.3. un 3.6 tabulu) pie koksnes vidgja blivuma p= 450 kg-m™. Mehanisko ipasibu raditaju
sakariba redzama 3.3. attela.
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y=5.42x+20.31

110 A
90 -
70

50 A

Robezstipriba liecef», MPa/
Bending strength f», MPa

30 T T T T T
6 8 10 12 14 16
Elastibas modulis lieceé £, , GPa /
Modulus of elasticity in bending E,,, GPa

3.3. att. Egles koksnes paliktnu sagatavju bez koksnes vainam
robeZstipribas liece atkariba no elastibas modula liece
Fig. 3.3 Spruce wood pallets components without wood defects
bending strength depending on modulus of elasticity in bending

Salidzinasanai parbauditi art 50 egles koksnes paliktnu sagataves ar koksnes vainam,
ka rezultata noteikta robezstipribas liece vidgja vertiba f,= 63.2 MPa, elastibas modulis liecé
Ey=9.9 GPa (skat. 3.3. un 3.6. tabulu) pie koksnes vidgja blivuma p= 450 kg-m™. Mehanisko
1pasibu raditaju sakariba redzama 3.4. attéla.

y=7.12x- 6.94
R?*=0.66

Robezstipriba liecg f», MPa/
Bending strength 5, MPa

5 7 9 11 13 15
Elastibas modulis liecé E ; , GPa /

Modulus of elsticity in bending E j,, GPa

3.4. att. Egles koksnes paliktnu sagataves ar koksnes vainam
robeZstipribas lieceé izmaina atkariba no elastibas modula liece
Fig. 3.4 Spruce wood pallets components with wood defects
bending strength depending on modulus of elasticity in bending

Noteikti arT robezstipribas un elasfibas modula vidgjie raditaji egles koksnes paliktnu sagatavém bez
koksnes vainam un ar koksnes vainam: robeZstipriba liecg fi= 71.5 MPa, elastibas modulis liecé £5= 10.5 GPa
pie koksnes vidgja blivuma p=450 kg-m”™.

Paliktnu sagatavju bez koksnes vainam robezstipribas raditaji ir augstaki par paliktnu sagataviju ar
koksnes vainam robeZstipribas raditajiem: robezstipriba liecg par 20.7%, elastibas modulis liec€ par 10%
(skat. 3.3. tabulu).
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3.3. tabula/ Table 3.3

Egles paliktnu sagatavju robeZstipribas raditaji liece pie koksnes mituma W=12% un W=20% /
Spruce wood pallets components bending strength with wood moisture content W=12% and W=20%

Raditajs /

Indicator RobezZstipriba liece RobezZstipriba liece
fb 129 MPa/ fb 209 MPa/
Priedes paliktnu sagataves / Benglng |\S/f Irae;gth Ben;:llng I\S/T Il;e;gth
Pine wood pallet components b1z b2
Paliktnu sagataves bez koksnes vainam / 797 574
Pallets component without defects ' ’
Paliktnu sagataves ar koksnes vainam / 632 455
Pallets component with defects ) ’
Paliktnu sagataves bez un ar koksnes vainam / 715 515

Pallets component with and without defects

Paliktnu sagataves, kuras atbilst LVS EN
12246 PI1 skirai / Pallet components that comply 69.0 49.7
with LVS EN 12246 category Pl

Paliktnu sagataves, kuras atbilst LVS EN
12246 P2 Skirai / Pallet components that 51.1 36.8
comply with LVS EN 12246 category P2

P&c tabulas 3.3. rezultatu apkopoSanas redzams, ka visaugstakie robezstipribas raditaji ir
egles koksnes paliktnu sagatavém bez koksnes vainam un LVS EN 12246 Pl $kiras paraugiem.
Vidgja robeZstipriba liecé Pl skirai ir 69.0 MPa, bet P2 Skirai ta ir par 25.9% zemaka-
liecg ir 51.1 MPa, (skat. 3.3. tabulu).
Veikts egles koksnes paliktnu sagatavju robezZstipribas vértibu parrékins no 12% uz 20%
(skat. 3.3. tabulu), kas nepiecieSams talakajiem paliktnu konstrukcijas stipribas aprékinam.

3.3 Apses koksnes paliktnu sagatavju robezZstipriba liecé

Parbaudot 53 apses koksnes paliktnu sagataves bez koksnes vainam (izméri 15x75x315 mm),
iegiitas sekojoSas vidgjas vertibas: robeZstipriba liecé f,= 81.6 MPa, elastibas modulis liecé
Ej=11.7 GPa (skat. 3.4. un 3.6. tabuld) pie koksnes vidgja blivuma p= 498 kg-m™. Mehanisko
1pasibu raditaju sakariba redzama 3.5. attela.
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3.5. att. Apses koksnes palikinu sagataves bez koksnes vainam
robeZstipribas liecé izmaina atkariba no elastibas modula liecé
Fig. 3.5 Aspen wood pallet components without wood defects changes
of bending strength depending on modulus of elasticity in bending

Apses koksnes paliktnu sagatavju ar koksnes vainam parbaudes rezultata noteikta robeZstipribas
liecg videja vertiba: f;= 56.6 MPa, elastibas modula liece vidgja vertiba £;= 6.7 GPa (skat. 3.4. un 3.6. tab.)
pie koksnes vidgja blivuma =498 kg:m. Mehanisko Tpasibu raditaju sakariba redzama 3.6. attéla.
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3.6. att. Apses koksnes paliktnu sagataves ar koksnes vainam
robeZstipribas liecé izmaina atkariba no elastibas modula liecé
Fig. 3.6 Aspen wood pallet components with wood defects
bending strength according to changes on modulus of elasticity in bending

Kopa tika parbauditi 106 paraugi. Lidz ar to tika iegiitas apses koksnes paliktnu sagatavju bez
koksnes vainam un ar koksnes vaindm robezstipribas vidgjas vertibas: robezstipriba liecg f,= 69.1 MPa,
elastibas modulis liecg E5=9.2 GPa pie koksnes vidgja blivuma p=498 kg-m” (skat. 3.4. un 3.6. tabulu).

Apse koksnes paliktnu sagatavju bez koksnes vainam robeZstipribas raditaju verftibas ir augstakas par
koksnes ar koksnes vainam robeZstipribas raditaju vertibam: robeZstipriba liecg par 30.6%, elasfibas modulis
liece 42.7%.
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3.4. tabula/ Table 3.4

Apses paliktnu sagatavju robeZstipribas raditaji liece pie koksnes mitruma W=12% un W=20% /
Aspen wood pallet components bending strength with wood moisture content W=12% and W=20%

Radrtajs / RobeZstipriba liece Robezstipriba liecé
Indicator 12, MPa/ £, 20, MPa /

Priedes paliktnu sagataves / Bending strength Bending strength
Pine wood pallet components fo12, MPa fo00, MPa
Paliktnu sagataves bez koksnes vainam /

. 81.6 58.8
Pallet components without defects
Paliktnu sagataves ar koksnes vainam /

. 56.6 40.8
Pallet components with defects
Paliktnu sagataves bez un ar koksnes vainam / 69.1 498
Pallet components with and without defects ’ )
Paliktnu sagataves, kuras atbilst LVS EN 12246
Pl skirai / Pallet components that comply with LVS EN 68.7 494
12246 category Pl
Paliktnu sagataves, kuras atbilst LVS EN 12246
P2 skirai / Pallet components that comply with LVS EN 52.8 38.0
12246 category P2

Pec tabulas 3.4. rezultatu apkopoSanas redzams, ka visaugstakie robezstipribas raditaji ir paliktnu
sagatavém bez koksnes vainam un LVS EN 12246 Pl skiras paraugiem. Vidgja robeZstipriba liec P1 Skirai 68.7
MPa, bet P2 $kirai ta ir par 23.1 % zemaka- 52.8 MPa. Veikts apses koksnes paliktnu sagatavju robeZstipribas
verfibu parrekins no 12% uz 20% (skat. 3.4. tab.), kas nepiecieSams talakajiem paliktnu konstrukcijas stipribas

aprekinam.

3.4 BaltalkSpa koksnes paliktnu sagatavju robeZstipriba liecé

Parbaudot 62 baltalkSpa koksnes paliktnu sagatavju paraugus bez koksnes vainam (ar izmériem
15x75x315 mm), noteikts, ka robezstipribas liec€ videja vertiba f,= 76.4 MPa, elastibas modulis liecé
Ey= 9.8 GPa (skat. 3.5. un 3.6. att.) pie koksnes vidgja blivuma p= 480 kg:m™. Mehanisko ipasibu

raditaju sakariba redzama 3.7. attéla.

150
1404 y=341x+52.28

130 4 R*=0.41

Robezstipriba liecg f/ », MPa/

7 9 11 13

15 17

Elastibas modulis liecé £, , GPa /
Modulus of elsticity in bending E ,, GPa
3.7. att. BaltalkSna koksnes paliktnu sagataves bez koksnes vainam
robeZstipribas liece izmaina atkariba no elastibas modula liece
Fig. 3.7 Grey alder wood pallets components without wood defects
changes of bending strength depending on modulus of elasticity in bending
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SalidzinaSanai parbauditi arT 62 baltalkSpa koksnes paliktnu sagatavju paraugi ar koksnes vainam,
ka rezultata noteikta robezstipribas liec€ videja vertiba f;= 60.3 MPa, elastibas modulis liece Ex= 7.8 GPa
(skat. 3.5. un 3.6. tabulu.) pie koksnes vidgja blivuma p= 480 kg-m™. Mehanisko Tpasibu raditaju sakariba

redzama 3.8. attela.
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3.8. att. Baltalksna koksnes paliktnu sagataves ar koksnes vainam
robeZstipribas lieceé izmaina atkariba no elastibas modula liece
Figure 3.8 Grey alder wood pallets components with wood defects

bending strength according to changes on modulus of elasticity in bending

Noteikti arT robeZstipribas un elastibas modula vidgjie raditaji baltalkSpa paliktnu sagatavém ar
koksnes vainam un bez koksnes vainam: robezstipriba liec€ f;= 68.4 MPa, elastibas modulis liec€ £;=8.8 GPa
pie koksnes vidéja blivuma p=480 kg-m” (skat. 3.5. un 3.6. tabulu).

Baltalksna koksnes paliktnu sagatavju bez koksnes vainam robezstipribas raditaji ir augstaki par paliktnu
sagatavju ar koksnes vainam robezstipribas raditajiem: robeZstipriba liecg par 21.1%, elastibas modulis liecg
par 20.4%.

3.5 tabula / Table 3.5

BaltalkSpa paliktnu sagatavju robeZstipribas raditaji liece pie koksnes mitruma W=12% un W=20%
Grey alder wood pallet components bending strength with wood moisture content W=12% and W=20%

l}ﬁgil(t;![:; RobezZstipriba liecé | RobeZstipriba liecé
fb 129 MPa/ fb 209 MPa/

Priedes paliktnu sagataves / Bendlfn g St{; Sgth Ben}ijlngl\s/} Ir)e;gth
Pine wood pallet components b1z b 20,
Paliktnu sagataves bez koksnes vainam / 76.4 550
Pallet components without defects ) )
Paliktnu sagataves ar koksnes vainam / 603 43 4
Pallet components with defects ) )
Paliktnu sagataves bez un ar koksnes vainam / 68.4 492
Pallet components with and without defects ) )
Paliktnu sagataves, kuras atbilst LVS EN 12246
P1 skirai / Pallet components that comply with LVS 62.8 45.2
EN 12246 category Pl
Paliktnu sagataves, kuras atbilst LVS EN 12246
P2 skirai / Pallet components that comply with LVS 48.0 34.6
EN 12246 category P2
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Péc tabula 3.5. rezultatu apkopoSanas redzams, ka visaugstakie robeZstipribas raditaji ir baltalkSna
koksnes paliktnu sagatavém bez koksnes vainam un LVS EN 12246 PI Skiras paraugiem. Vidgja robezstipriba
liecg P1 Skirai 62.8 MPa, bet P2 Skirai ta ir par 23.6% zemaka- 48.0 MPa. Veikts baltalksna koksnes paliktnu
sagatavju robezstipribas vertibu parrekins no 12% uz 20% (skat. 3.5. tab.), kas nepiecieSams talakajiem
paliktnu konstrukcijas stipribas aprékinam.

Peffjuma rezultata noteiktas art robezstipribas un elasfibas modula liec€ normafivas (5% kvantiles)
vertibas, kuras nepiecieSamas paliktnu nestsp&jas prognozesanai, aprékinot sagatavju skersgriezuma izmerus.
Peffjuma rezultati apkopoti 3.6. tabula.

3.6. tabula / Table 3.6

Apses, baltalkSna, priedes un egles paliktnu sagatavju stipribas un elastibas modula liece
raksturlielumi pie koksnes mitruma W=12% /

Aspen, grey alder, pine and spruce pallet components bending strength and modulus of elasticity in
bending characteristic values with wood moisture content W=12%

Rﬁd_itﬁjs / Stipri.bas ' Elastibas
Indicator rflks_turlleluml modaulis liecé Ey, | Blivums
liece fj,, MP&_\ / GPa/ 0, kgm™/
Cr:/aarlicétse(r)lfsm Mody[us pf Density p,
Paliktnu sagat / bendin elasticity in kg-m™
: gataves g bending E,, GPa
Pallet components strength f,, MPa '
Egle / Spruce (Picea abies L.)

Vidgja robezstipriba liece bez koksnes vainam

(standartnovirze s; variacijas koeficients v) / 79.7 11.0 450
Average bending strength without wood defects (14.70; 18.44) (1.92;17.47)

(standard deviations; variation coefficient v)

Vidgja robezstipriba liecg ar koksnes vainam

(standartnovirze s; variacijas koeficients v) / 63.2 9.9 450
Average bending strength with wood defects (17.12; 27.09) (1.96; 19.87)

(standard deviations; variation coefficient V)

Normativa pretestiba- 5% kvantile

(bez koksnes vainam) / Normative resistance - 56.8 8.1 450
5% percentile (without wood defects)

Normativa pretestiba- 5% kvantile

(ar koksnes vainam) / Normative resistance - 38.5 6.5 450
5% percentile (with wood defects)

Priede / Pine (Pinus sylvestris L.)

Vidgja robezstipriba liecg bez koksnes vainam

(standartnovirze s; variacijas koeficients v) / 87.1 12.0 470
Average bending strength without wood defects (16.85; 19.34) (2.32;19.39)

(standard deviations; variation coefficient V)

Vidgja robezstipriba liece ar koksnes vainam

(standartnovirze s; variacijas koeficients v) / 60.4 10.8 470
Average bending strength with wood defects (15.86; 26.27) (2.74;25.43)

(standard deviations,; variation coefficient v)

Normativa pretestiba- 5% kvantile

(bez koksnes vainam) / Normative resistance - 61.3 8.5 470
5% percentile (without wood defects)

Normativa pretestiba- 5% kvantile

(ar koksnes vainam) / Normative resistance - 34.5 6.6 470
5% percentile (with wood defects)
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3.6. tabulas nobeigums / End of Table 3.6

Raditajs/ | _ Supribas | gy ihas
Indicator r.aks_turhel“ml modulis liece -
liecé f,, MPa / Blivums p,
.. Eba GPa/ 3
Characteristic kg-m™ /
values of Modgl_us pf Density p,
bendin elast[0|ty in Kam? '
Paliktnu sagataves / h% bending E,, g-m
Pallet components strength T, GPa
MPa
Baltalksnis / Grey alder (Alnus incana L. Moench)

Vidgja robezstipriba liecé bez koksnes vainam

(standartnovirze s; variacijas koeficients v) / 76.4 9.8 430
Average bending strength without wood defects | (8.69; 11.08) (1.26; 12.86)

(standard deviations, variation coefficient v)

Vidgja robezstipriba liece ar koksnes vainam

(standartnovirze s; variacijas koeficients v) / 60.3 7.8 430
Average bending strength with wood defects (9.50; 15.77) (1.24; 15.88)

(standard deviations, variation coefficient v)

Normativa pretestiba- 5% kvantile 3.3

(bez koksnes vainam) / Normative resistance - 53.7 ’ 480
5% percentile (without wood defects)

Normativa pretestiba- 5% kvantile

(ar koksnes vainam) / Normative resistance - 43.2 5.5 480
5% percentile (with wood defects)

Apse / Aspen (Populus tremula L.)

Vidgja robezstipriba liece bez koksnes vainam

(standartnovirze s; variacijas koeficients v) / 81.6 11.7 498
Average bending strength without wood defects | (10.63; 13.02) (2.42; 20.60)

(standard deviations, variation coefficient v)

Vidgja robezstipriba liecé ar koksnes vainam

(standartnovirze s; variacijas koeficients v) / 56.6 6.7 498
Average bending strength with wood defects (12.77; 22.54) (1.63; 24.39)

(standard deviations, variation coefficient v)

Normativa pretestiba- 5% kvantile 540 3.0

(bez koksnes vainam) / Normative resistance - ’ ’ 498
5% percentile (without wood defects)

Normativa pretestiba- 5% kvantile

(ar koksnes vainam) / Normative resistance - 38.3 4.4 498
5% percentile (with wood defects)

P&étijuma rezultati rada, ka salidzinot egles un priedes koksnes bez koksnes vainam
robezstipribas un elastibas modula liecé vertibas, priedes koksnei tas ir augstakas:
robezstipriba vidgji par 8.5%, bet elastibas modulis par 8.3 %.

Salidzinot egles un priedes koksnes ar koksnes vainam robeZstipribas un elastibas
modula liecé vertibas, priedes koksnes robezstipriba liec€ ir zemaka vidgji par 4.4 %; bet
elastibas modulis liec augstaks par 8.3 %.

Salidzinot baltalksna un apses koksni bez koksnes vainam robezstipribas un elastibas
modula liecg vertibas, baltalkSna koksnei tas ir zemakas: robeZstipriba liecé vidgji par 6.4 %;
bet elastibas modulis liecg par 16.2 %.

Salidzinot baltalkSna un apses koksni ar koksnes vainam, robeZstipriba liecé apses
koksnei ir zemaka vidgji par 6.1 %, bet elastibas modulim liec€ mazaks vidgji par 14.1 %.
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Salidzinot skujkoku un lapu koku paliktnu sagatavju vid€jos robezstipribas raditajus
bez koksnes vainam, lapu kokiem tie ir nedaudz zemaki- apses koksnei par 2.3%, alkSna
koksnei par 8.4%.

Salidzinot skujkoku un lapu koku paliktnu sagatavju vid€jos robezstipribas raditajus ar
koksnes vainam, apses koksnei ir zemaks par 8.4%, baltalkSna koksnei tas biitiski neatskiras.

Salidzinot skujkoku (priede, egle) un lapu koku (apse, baltalksnis) paliktnu sagatavju
vidgjos robeZstipribas raditajus starp P1 un P2 kvalitates Skiram atSkiriba sastada 27.5%.

4 PALIKTNA KONSTRUKCIJU PETIJUMI

4.1 Skujkoku (egles, priedes) paliktna konstrukciju stipribas
un elastibas modula liecé pétijumi

Biitiskas prasibas paliktniem no ekspluatacijas viedokla ir stipriba un to nestspgja.

Eksperimentaliem p&tijumiem paredz€tie paliktni izgatavoti paliktnu razotne.

Vispirms pétijumiem izmantoti skujkoku (priedes un egles) koksnes paliktni, kura
Skersgriezuma izmeri paraditi 4.1. attela.

Pec 47 skujkoku (egles un priedes) paliktnu stipribas un elastibas raditaju noteikSanas,
veikti iepriek§ min€to mehanisko ipasibu raditaju noteikSana arT 33 lapu koku (baltalkSpa un
apses) paliktpiem.

Stipribas praktiskajiem pétfjumiem izmantota parbaudes iekarta ZWICK Z 100 (Fy= 100kN),
kur maksimalais parbaudimo parauga platums ir 600 mm. Saja sakariba pétjumu gaita veikts
nepiecieSamais slodzes parrekins.

Ta ka paliktnus galvenokart paredzets izmantot 2. ekspluatacijas rezimam (mitriem
apstakliem)- t=20 °C un W=85%, tad tika veikta parbaudamo paliktnu partijas klimatiz€Sana.

Parbaudes merkis ir izstradat metodiku paliktnu stipribas prognozesanai, tos nesagraujot.
Paliktgu Sk€luma laukuma raksturlielumu aprékinam izmantojamie raditaji paraditi 4.1. att€la.

b=75
h=15
h1:1 8 a
H=75 Ymax Y1 Ye a
h2:1 8 ) v
D275 G=600 y:

4.1. att. Paliktpa skéluma laukuma izméri geometrisko raksturlielumu aprékinam
Fig. 4.1 Pallet cut area’s size for geometric characteristic value calculation

Izpétot attiecigos LVS standartus, nav atrasta objektiva metode, kuru varétu izmantot

paliktnu delisu materiala elastibas modula noteiksanai.
S1 mérka sasniegSanai izvéleta slogojuma shéma, kas paradita 4.2. attela.
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4.2. att. Paliktpu slogojuma shéma elastigo deformaciju robezas
Fig. 4.2 Pallet load scheme in borders of elastic deformation

Slogojums tiek realizets elastigo deformaciju robezas, fiks€jot deformaciju atbilstosi 0,1 Fyx un
0,4 Fiax slogojumam. Lai noteiktu slogojuma un atbilstosas deformacijas robezas, parbauditi 3 paliktni,
kuri parbauzu gaita tiek arT sagrauti atbilstosi 4.2. att€la paraditajai shémai (skat. 4.1. tabulu).

4.1. tabula / Table 4.1
ParbauZzu rezultati elastigo deformaciju un slogojuma vidéjo veértibu noteikSanai /
Test results to detect elastic deformation and load average values

- Izllec_e pie - . ~ . Izliece pie | Izliece pie
Sagraves sagraves Spéeks pie Speks pie 10% no 40% no
Paliktna | speks F., | speka Fay, 10% no 40% no I ° /| ° /
Nr./ N/ mm / Fras N/ | Foagw N/ max, (M max, (M
. - max - maxs - Bending Bending
Palllet | Destroying | Bendingat | Force with | Force with with 10% with 40%
No. force Fnax, | destroying 10% from 40% from from E from E
N force Frao | Faao N Fiax N mm o
mm
1 19477 37.5 1948 7791 4.6 12.4
15772 29.8 1577 6309 4.9 12.4
3 13811 324 1381 5525 4.9 12.2
vid./ 16353 33.2 1635 6542 48 12.3
average

Vadoties no iegitajiem rezultatiem, turpmakiem peffjumiem izveletas sadas slogojuma vértibas:
F]()=F150(}=1500 N ul’lF40=F60()()=6000 N

Veicot 47 skujkoku paliktnu parbaudi, kuras laika pie pielikta speka Fp un Fyy fikse izlieces
vertibas, iegati vidgjie lieces deformaciju raditaji w= 4.7 mm, wy= 12.3 mm. Sie raditaji izmantoti talakos
aprekinos, paliktna délisu materiala elastibas modula vidgjas vertibas noteikSanai.

Elastibas modula aprekinam atbilstosi slogojuma shémai, (skat. 4.2. att.) izmanto nepartrauktas
trisbalstu sijas, kas simetriski slogota ar koncentrétu speku divos punktos, izlieces formulu, kas iegtta no
sakaribas 4.1:

F-I
W, =———
107.3-E-1

wy- lieces momenta izsaukta deformacija, mm
F- slogojuma spéks atbilstosi shémai, N
E- d&lisu materiala elastibas modulis, N/mm?
[- $k&luma laukuma inerces moments, mm*
L- starpbalstu atstatums, mm

4.1)

kur
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Saja gadijuma aprékinot elastibas moduli, janem véra augigjo un apaks$Gjo delisu
summara izliece.

Ta ka augsejo un apaksejo delisu skéluma laukuma inerces momenti aptuveni vienadi:
I,=1,=1,tad

déliSu materiala vidéjo elastibas moduli aprékina péc sakaribas 4.2:

=t
E, = (4.2)

107.3 - (wyy — W) %‘

deliSu materiala vidgjais elastibas modulis paliktnu slogojuma gadijuma
elastigo deformaciju robezas, MPa;
F4- paliktna slogoSanai pieliktais speks, kas atbilst ~ 0,4 Fpax, N;
Fo- paliktna slogosanai pieliktais speks , kas atbilst ~ 0,1 F.x, N;
L;- starpbalstu atstatums;
W4~ delisu izliece, kas atbilst~ 0,4 F,ax, mm;
W0~ délisu izliece, kas atbilst~ 0,1 F ., mm,;
I.-  inerces moments visiem virséjiem un apak$gjiem délisiem, mm”.
No veiktajiem aprékiniem iegiita vid€ja elastibas modula vértiba E,= 10000 MPa.
Lai prognoz€tu paliktnu sagraves speku péc noteikta elastibas modula vértibas, jaatrod
iespgjama 30 lielumu sakariba. Sim nolikkam javeic paliktnu parbaude, tos slogojot lidz
sagravei.

Analizgjot esoSos paliktnu parbauzu standartus, par atbilstosako slogojuma shému
uzskatama LVS EN 8611-1 piedavata (skat. 4.3. att.).

kur E b=

lF
L4 ‘F:F/z F:F/Z‘ L4

) L=1125

4.3. att. Slogojuma shéma paliktnu sagrausanas gadijuma
Fig. 4.3 Load scheme in case of destroying the pallet

Elastigo deformaciju robezas atrastas vairakas slogojuma spéka un elastibas modula
sakaribas, tacu viscie$aka korelacija R=0.84 konstatéta gadijuma, kad deformacijas meritas

slogojuma speka diapazona (Fy-Fp). SagrauSanas spéka un elastibas modula sakaribu
raksturo korelacijas vienadojums 4.3 (skat. 4.4. att.).
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4.4. att. Skujkoku paliktnpu sagraves spéka un
elastibas modula liecé sakariba 95% ticamibas intervala
Fig. 4.4 Softwood coherence of destroying force and
modulus of elasticity in bending 95% of credibility interval

Prognozgjamo sagraves speka veértibu izmantojot elastibas modula vertibu aprékina péc
sakaribas 4.3

F . =110-E,-437.66 (4.3)
kur Fona- prognoze€jamais sagraves speks, N
E}- vidgjais elastibas modulis, MPa

Izmantojot ieguto sakaribu 4.3, prognoz€jamais vidgjais sagraves speks F,,,=10570 N.
Eksperimentu rezultata noteiktais vidg€jais sagraves spéks atbilstoSi slogojuma shémai
(skat. 4.3. att.) F},,,,=10770 N. Atskiriba sastada 2%.

4.2 Lapu koku (baltalksna, apses) paliktna konstrukciju stipribas
un elastibas modula liecé pétijumi

Ta ka paliktnu razoSana izmanto armT miksto lapu koku (galvenokart apses un
baltalkSna) koksnes paliktnu sagataves, tad pec iepriek$ aprakstitas paliktnu robeZstipribas un
materiala délisu elastigo deformaciju raditaju noteikSanas metodikas, veikti arT petijumi,
izmantojot miksto lapu koku (baltalk$na un apses) koksnes paliktnus.

Izmantojot slogojuma shému (skat. 4.2. att.), veikts lapu koku paliktnu slogojums
elastigo deformaciju robezas, fiks€jot deformaciju atbilstosi 0,1 Fuy un 0,4 F4 slogojumam.

Lai noteiktu slogojuma un atbilsto$as deformacijas robezas, parbauditi 3 paliktni, kuri
parbauzu gaita tiek ar sagrauti atbilstosi 4.2. att€la paraditajai shémai (skat. 4.2 tabulu).
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4.2. tabula / Table 4.2

Parbauzu rezultati elastigo deformaciju un slogojuma vidéjo vértibu noteikSanai
Test results of detecting average values of elastic deformation and load

Izliece pie . . . .
Sagraves sagraves Speks pie Speks pie Iil(;?;ege Iil(l)%fer?;e
Paliktpa | spéks Fp.,, | spéka Fp,, 10% no 40% no ° °
Fiyax, mm / Finax, mm /
Nr./ N/ mm / Fiax, N/ Fiax, N/ Bendin Bendin
Palllet | Destroying | Bendingin | Power with | Power with . og . (,g
> o o with 10% with 40%
No. power Fp.., | destroying 10% from 40% from
from F,,,,, from F,,,,
N power Fmax, F maxs N Fmaxa N
mm mm
mm
1 15620 51.2 1562 6248 8.8 18.8
2 14620 443 1462 5848 9.1 17.9
3 16912 449 1691 6765 7.0 15.5
vid- 715914 46.8 1572 6287 8.3 17.4
average

Vadoties no iegiitajiem rezultatiem, turpmakiem peffjumiem izveletas $adas slogojuma vertibas:
F1=F1500=1500 N un F=F5007~=6000 N
Veicot 33 paliktnu parbaudi, kuras laika pie pielikta speka F; un Fy fiksg izlieces vertibas, iegtiti
vidgjie lieces deformaciju raditaji w;= 7.9 mm, wy= 17.5 mm. Sie raditaji izmantoti talakos aprekinos,
paliktna deliSu materiala elastibas modula vidgjas vertibas noteikSanai.
ArT lapu koku paliktnu augsejo un apaksgjo delisu sk€luma laukuma inerces momenti aptuveni
vienadi, jo paliktnu sagatavju skérsgriezuma izmeri ir izveleti tadi pasi ka skujkoku paliktniem.
Lapu koku paliktnu déliSu materiala vid€jo elastibas moduli aprékina péc sakaribas 4.2.
No veiktajiem aprekiniem iegta videja elastibas modula vertiba £;= 7350 MPa.
Lai prognozetu paliktnu sagraves spéku péc noteikta elastibas modula vértibas, tika atrasta
iesp&jama 3o lielumu sakariba. Sim noliikam veikta paliktnu parbaude, tos slogojot [idz sagravei.
Elastigo deformaciju robezas atrastas vairakas slogojuma spéka un elastibas modula sakaribas.
Tacu sagrauSanas speka un elastibas modula sakaribu visciesak raksturo korelacijas vienadojums 4.4
(skat. 4.5. att.).
14000 -
13000 -
< 12000
§ 11000 -

y=1.30x-129.1
R*=0.50

—_

(=]

[

S

(=]
1

9000
8000
7000
6000 -
5000 T T T T T T .

6000 6500 7000 7500 8000 8500 9000 9500
Elastibas modulis liece E ,,, MPa /

Modulus of elsticity in bending E ,,, MPa

Sagraves speks Fimax , N /
Ultimate force F

4.5. att. Lapu koku paliktnu sagraves spéka un
elastibas modula liecé sakariba 95% ticamibas intervala
Fig. 4.5 Coherence between hardwood pallets destroying force and modulus of elasticity in
bending 95% credibility interval
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Prognoz&jamo sagraves spéka vertibu, izmantojot elastibas modula veértibu, aprekina
péc sakaribas 4.4:

F_. =130-FE,-129.1 (4.4)
kur F o~ prognoz€jamais sagraves speks, N
E}- elastibas modulis, MPa

Izmantojot iegiito sakaribu 4.4, prognoz€jamais vidgjais sagraves speks F,,;,=9430 N.
Eksperimentu rezultata noteiktais lapu koku paliktpu vid&jais sagraves speks atbilstosi
slogojuma shémai (skat. 4.3. att.) ir F,,,,=9400 N.

Delisu elastibas modula un paliktpu stipribas liecé sakariba izmantojama
datorprogrammas izstradei paliktnu nestspéjas prognozésanai.

4.3 Paliktpu konstrukciju stinguma pétijumi
4.3.1 Skujkoku paliktpu stinguma petijumi

P&tfjuma rezultata noteikti vairaki raditaji, tadi ka pretestibas robeza sagraves bridi un
atbilstoSais inerces moments, lieces moments 0.4 F,,, gadijuma un §im momentam atbilstosais
lieces spriegums, un pretestibas moments elastigo deformaciju zona.

Parbaudes rezultata iegtitas un teorétiski aprékinato inerces un pretestibas momentu
vertibas apkopotas 4.3 tabula.

4.3. tabula / Table 4.3
Paliktna konstrukcijas inerces un pretestibas momenti /

Pallet construction inertia and resistance moments
Meérvieniba

Raditajs / Indicator Vertiba / Value
/ Measure

Augsgjo delisu inerces moments Iy / 4
Inertia moment of upper boards Iy mm 105470
Pahk@a Sk&€luma laukuma inerces moments I, / o’ 28447680
Inertia moment of pallet cut area I,
Parbaudgs brlfh note1kta1§ vidgjais inerces moments I,/ o’ 1897880
Average inertia moment in the testing moment I,
Augsgjo delisu pretestibas moments Wy; / 3
Resistance moment of upper boards Wy, mm 14060
Pahk@a Sk&luma laukuma pretestibas moments Wy, / . 391520
Inertia moment of pallet cut area W,
Parbaudes bridi noteiktais vid€jais pretestibas moments W, / mm’ 26120

Average resistance moment in the testing moment W,

Izmantojot ieprieks aprekinatas pretestibas momentu vertibas, noteikta to attieciba:
Skeérsgriezuma laukuma teoréetiski aprékinatais pretestibas momenta pieaugums, ko dod
paliktna konstrukcija, salidzinot ar augsgjo delisu pretestibas momentu (skat. sakaribu 4.5):
W, 391520

Xt __

W 14060

x1

=28 4.5)
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Parbaudes bridi noteikta vid€ja pretestibas momenta piecaugums, ko dod paliktna
konstrukcija, salidzinot ar aug$¢jo delisu pretestibas momentu (skat. sakaribu 4.6):

W, 26120

W, 14060

x1

1.9 (4.6)

Parbaudes bridi noteikta videja pretestibas momenta pieaugums, ko dod paliktnu
konstrukcija salidzinot ar augS€jo deliSu pretestibas momentu ir tikai 1.9 reizes. Tas
izskaidrojams ar kluciSu un déliSu naglu savienojumu nestabilitati slogojuma laika.

4.3.2 Lapu koku paliktpu stinguma pétijumi

P&c ieprieks aprakstitas metodikas veikti arT lapu koku (baltalk$na) paliktnu elastibas
raditaju petijumi.

P&c ieprieks aprakstitas metodikas (skat. 4.3.1 nodalu) iegiitas un teor&tiski aprékinatas
inerces momentu un pretestibas momentu vertibas:

Lapu koku paliktnu konstrukciju gadijuma, Skérsgriezuma laukuma pretestibas
picaugums, ko dod paliktna konstrukcija, salidzinot ar augs€jo delisu pretestibu lapu koku
paliktnu gadijuma 1.8 reizes. Tapat ka skuju koku paliktnu konstrukciju gadijuma, arT Saja
gadijuma izskaidrojams kluciSu un déliSu naglu savienojumu nestabilitates dél slogojuma
laika.

4.4 Paliktnu robeZstipriba atkariba no to ekspluatacijas apstakliem

Koka konstrukciju ekspluatacijas apstaklus iedala tris klasgs.
Koksnes materiala aprékina pretestibu, ievertéjot ta ekspluatacijas apstaklus un
ekspluatacija izmantojamo slodzes raksturu, aprékina pec sakaribas 4.7.

f d = k mod i
Vi
kur  fz- materiala aprékina pretestiba, MPa;
fr- koksnes materiala pretestibas raksturlielums (normativa pretestiba), MPa;
kmoa- modifikacijas faktors, kas ieverte slodzes ilgstosas darbibas un ekspluatacijas
apstaklu (mitruma) ietekmi;
yu- parcialais faktors materiala 1pasibai, jeb materiala droSuma koeficients.

(4.7)

Nestspéjas robezstavoklu aprékinos droSuma koeficientu koksnei un tas
izstradajumiem pienem yy=1.3

Dotaja petijuma paliktni tiek parbaudi to pielietosanai 2. ekspluatacijas apstaklu klase.
Veicot parrekinu, ieveért€jot paliktnu sagatavju mitrumu, noteikta aprékinu pretestiba,
izmantojot sakaribu 4.7 un iegitas videjas skujkoku un lapu koku paliktnu sagatavju
normativas pretestibas vertibas (skat. 3.6. tabulu).

Skujkoku paliktnu sagatavém péc sakaribas 4.8:

£ =0.8~%=21 MPa (4.8)

28



Lapu koku paliktpu sagatavém péc sakaribas 4.9:

f, = 0.8-%:18 MPa (4.9)

Pétijuma rezultata atrasta paliktnu deliSu elastibas modula un paliktnu sagraves spéka
sakariba, kuru raksturo relativi augsts korelacijas koeficients lapu koku paliktniem R= 0.71
(skat. sakaribu 4.4), skujkoku paliktniem R=0.84 (skat. sakaribu 4.3).

Atrasta deliSu elastibas modula un paliktnu robezstipribas sakariba- izmantojama
datorprogrammas izstradei paliktnu robeZstipribas prognozeésanai.

Pétijuma rezultatus var izmantot paliktnpu razoSanas procesa, tehnologiskaja linija
ievieSot attiecigu parbaudes iekartu paliktnu nestsp&jas prognozé$anai. S1  veltnisu
transportiera caurlaides tipa parbaudes iekarta butu ka pédéja tehnologiska operacija paliktnu
razoSanas procesa. Paliktnu slogoSana tiktu veikta elastigo deformaciju robezas péc 4.6. attéla
redzamas slogoSanas shémas. Paliktnu slogoSanas rezultata tiktu noteikta paliktpu déliSu
materiala izlieces raditajs, kurs ir noteicosais faktors, lai tos Skirotu péc paliktna nestspéjas.

1

Y Y
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4.6 att. Paliktnu nestspejas parbaudes iekartas shéma
1- augseja novietojuma slogosanas traversa; 2- apaksgja novietojuma slogosanas traversa; 3- paliktnis;
4- veltniSu transportieris

Fig. 4.6 Scheme of pallets capacity testing machine:

1- traverse of upper load; 2- traverse of lower load; 3- pallet; 4- roller transporter

Skiro$anas rezultata paliktni tiktu sakiroti péc to nestspgjas un novietoti paliktnu
SkiroSanas vietas (skat. 4.7. att.).

Paliktna SkiroSanas vieta p&c to nestspgjas /
Sorting place according to capacity 1

Paliktna
arbaudes
G;E?(ZISHS / N fekérta / _| Paliktna SkiroSanas vieta pec to nestsp€jas 2 /
geady | Pallets "| Sorting place according to capacity 2
made pallet testing device
Paliktna SkiroSanas vieta péc to nestspejas 3 /

Sorting place according to capacity 3

4.7 att. Paliktnu parbaudes plismas shéma
Fig. 4.7 Scheme of pallets testing flow
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5 PALIKTNU NESTSPEJAS PROGNOZESANA,
IZMANTOJOT IZSTRADATO DATORPROGRAMMU

Paliktnu aprekinu programma ir izveidota izmantojot programmeSanas valodu C# (C sharp). C#
ir moderna, uz objektu orientéta programmeSanas valoda, kura nodroSina programmeétajiem iesp&ju atri
veidot plaSa meroga aplikacijas jaunajai Microsoft® NET platformai. Platforma nodroSinata ar
instrumentiem un pakalpojumiem un ir izmantojama aprékiniem un komunikacijai. C# ir veidota
kombingjot C++ un Microsoft Visual Basic®. Ar C# var veidot plasa ranga komponentes no augsta
l[imena biznesa [idz sistemas Iimena objektiem.

Apréekinu programma ir veidota ta, lai lietotajam biitu viegli saprotama un izmantojama.

Aktiviz€jot paliktnu parbaudes palaiSanas pogu, ekrana tiek atverts galvenais
datorprogrammas logs, kura izvélas paliktna konstrukcijas veidu (skat. 5.2 un 5.3. att.).

Talaka darbiba pa soliem aprakstita datorprogrammas lietoSanas shema (skat. 5.1. att.).

Paliktna konstrukcijas
veida izvele /
Selection of pallet’s
construction type

Paliktpa konstrukcijas
koka sugas izvele /
Selection of wood
species of pallet’s
construction

Paliktpa konstrukcijas
drosibas koeficienta
1zvéle /

Selection of pallet’s
construction safety
coefficient

_—

/

Paliktna konstrukcijas
ekspluatacijas apstaklu
izvele /

Selection of pallet’s
construction exploitation

Paliktna virsgjo delisu
biezuma, platuma un
skaita izv€le /
Selection of top deck
board thickness, width

Paliktpa garendelisu
biezuma, platuma un
skaita izvele /

Selection of top stringer
board thickness, width

condition and number and number
//
Paliktna klucisu Paliktna apaksgjo delisu Nospiezot Aprékinat-

augstuma un platuma
izvéle /

Selecion of pallet’s
blocks height and width

biezuma, platuma un
skaita izvéle /

Selection of bottom deck
boards thickness, width
and number

seko aprékinu dala /
By pressing Calculate-

follows calculation part

5.1 att. Paliktnu parbaudes datorprogrammas lietoSanas shema
Fig. 5.1 Usage scheme of pallets’ testing computer program

Paslaik Saja paliktnu stipribas aprékinu metodika ir iestradati aprékini divu veidu
paliktniem- divvirzienu paliktnim (skat. 5.2. att.) un Cetru virzienu paliktnim (skat. 5.3. att.).
Paliktni atSkiras ar to konstrukciju un pacelSanas veidu- divvirzienu paliktnis tiek pacelta tikai
no prieksas, bet etrvirzienu paliktni var pacelt no prieksas un saniem.
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Virsgjais delitis /
Top deck board

Skérsbalsts / . i
Crosshold f g

=

Iebrauksana pacel$anai no

priekSpuses /
Entry for lifting from front

PacelSana uz gala atbalstiem /
Lifting on end holds

5.2. att. Divvirzienu paliktnis
Fig. 5.2 Two-way pallet

Virsgjais delitis / Garendalitis /
Top deck board Top stringer
board
Klucitis / e 7/ Iebrauksana
Block \ pacelSanai no
:l ~ .l U ¢ [_ saniem /
ot e g Entry for lifting
Apaksgjais delitis / Iebrauksana pacel$anai no from side

Bottom deck board .
priekSpuses /

Entry for lifting from front

PacelSana uz gala atbalstiem /
Lifting on end holds

5.3. att. Cetrvirzienu paliktnis
Fig. 5.3 Four-way pallet

Papildinajumi ir viegli pievienojami, jo programma sastav no pievienojamiem modeliem.
Pieméram, ja izstradats aprekins atskirigas konstrukcijas paliktniem, tas ka modelis tiek pievienots
programmas pamatbazei. Tas lauj viegli uzlabot un pilnveidot programmas darbibu, neiejaucoties
programmas struktiira.

Programma sastav no divam dalam:

1. Datu ievades dala (skat. 5.4. att.)

2. Aprekinu dala (skat. 5.5. att.).

Datu ievades dala tiek ievaditi dati, kuri nepiecieSami aprékiniem. Datu ievades dala vizuali
atspogulots paliktnis, kura noraditi ievades lauka pieprasitie dati. Tas lauj samazinat kltidaini ievadito
datu iesp&ju un layj vieglak lietotajam orientSties programma, garant€jot pareizu aprekinu rezultatu.
Parvietojoties pa ievades laukiem, tiek vizuali att€lota vieta paliktni un noraditas tas vietas, kuru
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izmérus ir nepiecieSams ievadit. Paliktnu aprekinos ir iestradata metodika, ka augs€jo delisu platums
var atSkirties. Lai aprékini butu precizi, programma ir iestradata tabula, kura ievada visu augsgjo delisu
1zmérus (tikai gadijuma, kad tie atSkiras). Katram paliktnim tiek aktivizeti tikai tie ievades lauki, kuri
nepiecieSami aprékiniem. Datu ievades dala ir papildus raditaju izvéles logs, kura ir jaizvelas koku
suga- skujkoki vai lapu koki; droSibas koeficients, kurS koksnes materialiem ir j~ 1.3; un
ekspluatacijas apstakli, kurus iedala tris klases.

Paletes
Dati |Hezuhﬁts
Papildus raditaji
Koku suguizvEine  Drodibas koeficients Ekspluatacijas apstakli
| Skujkoki v| [13 | |2k | ﬂ
' 1 .
Paletes izmérs Garend&fi3u izmérs N G N
Garums Platums Biezums Platums Skeaits
[1200  ][so0 | [18 | [ |
Virs&ja délida izmérs KlucTéa izmérs
Biezums Skaits Augustums  Platums
Platums
7 Apakssja deligan izm
Biezums Platums Skeaits
ACH |ECHR | —
’ Apstipringt ] ’ Atcelt

5.4. att. Datu ievades dala
Fig. 5.4 Data entry part

Veicot visu ieprieck§ mingto datu ievadi, veic So datu apstiprinaSanu, un rezultati tiek
atspoguloti aprékinu dala (skat. 5.5. att.). Aprékinu dala tiek noradita aprékinu robezstipriba un izliece
milimetros, ka ar1 paliktna sagraves speka, ka ar1 paraditi atteli, kas vizuali lauj labak saprast aprékinato
raditaju.

legtitos aprekinu rezultatus var eksportét uz MS Word programmu. EksporteSanas funkcija ir
iebiivéta aprékinu programma. Izmatojot MS Word iespgjas, aprekinu rezultatu formu var izdrukat,
nosiitit pa e-pastu vai saglabat.
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Paletes

Dati Rezultats
Aprékina rezultati
Sagraves spéks
10551 N
lzliece
33 mm
T__ & T
Aprekinu pretestiba 44 MPa

5.5. att. Aprekinu dala
Fig. 5.5 Calculation part

Izmantojot aprékinu programmu, var viegli operét ar materialu izmériem un noteikt,
kadam slodzém konkrétais paliktnis ir paredzets. Tas lauj ietaupit materialu patérinu, ka ari
konstruét paliktni ar nepiecieSamiem Sk€rsgriezuma izmé&riem konkrétam slodzeém.

6 SECINAJUMI UN PRIEKSLIKUMI

1 legiti Latvija augusas apses (Populus tremula L.) koksnes fizikali- mehanisko 1paSibu raditaji:
robezstipriba liecg f,= 90.7 MPa, elastibas modulis liec€ E;= 12.6 GPa, vidgjais koksnes blivums
=521 kg:m” pie 12% mitruma. P&tijuma iegiitie raditaji ir salidzinosi zemaki neka ieprieks egles
koksnei veiktaja pétijuma: robezstipriba videji par 15.6%, bet elastibas modulis par 9.4%. legiitie
raditaji ir salidzinosi zemaki neka ieprieks priedes koksnei veiktaja petijuma: robezstipriba videji
par 20.1%, bet elastibas modulis par 12.5%.

2 leguti Latvija augusa baltalkSna (Alnus incana L. Moench) koksnes fizikali- mehanisko 1pasibu
raditaji: robezstipriba liecg fy= 85.5 MPa, elastibas modulis liecé E£x= 10.5 GPa, vidgjais koksnes
blivums = 510 kgm™ pie 12% mitruma. P&fijuma noskaidrots, ka iegitie raditaji ir salidzinosi
zemaki neka ieprieks egles koksnei veiktaja petfjuma: robeZstipriba videji par 20.5%, bet elastibas
modulis par 24.5%. legitie raditaji ir salidzinoSi zemaki neka ieprieksS priedes koksnei veiktaja
petijuma: robezstipriba videji par 24.7%; bet elastibas modulis par 27.1%.

3 Latvija augusas apses koksnes elastibas modula un robezZstipribas liec€ vertibas ir augstakas neka
baltalkSna koksnei: robeZstipriba par 5.7%, elastibas modulis par 16.7%.

4 Veikta paliktnu sagatavju Skirosana kvalitates Skiras P1 un P2 atbilstosi standarta LVS EN 12246
prasibam ar mérki- noteikt katras kvalitates Skiras patsvaru. Priedes koksnes paliktnu sagatavju
kvalitate ir augsta, P1 kvalitates Skira ietilpst 73.4%, P2 kvalitates skira ietilpst 8.4%, bet brakétas
sagataves sastada 18.2%. Egles koksnes paliktnu sagatavju P1 kvalitates Skira ietilpst 67.4%, P2
kvalitates Skira ietilpst 20.6%, bet brakétas sagataves sastada 12%. Apses paliktnu sagatavju P1
kvalitates Skira ietilpst 67%, P2 kvalitates Skira ietilpst 12%, bet braku 1patsvars ir saméra liels, un tas
sastada 20.8%. Alksna paliktnu sagatavju P1 kvalitates Skira ietilpst 62.5%, P2 kvalitates skira ietilpst
14.6%, bet braketas sagataves sastada 22.9%.

33



10
11

12

13

Paliktnu sagatavju petfjuma rezultata iegtti vidéjie robezstipribas un elastibas modula liece raditaji
pie koksnes mitruma 12%. Priedes koksnes paliktnu sagatavem robezstipriba liec€ 73.8 MPa,
elastibas modulis liecé 11.4 MPa pie koksnes blivuma 470 kg-m™; egles koksnes paliktnu sagatavém
robezstipriba liece 71.5 MPa, elastibas modulis liecg 10.5 MPa pie koksnes blivuma 450 kg-m™;
baltalkSpa koksnes paliktnu sagatavém robeZstipriba liecg 68.4 MPa, elastibas modulis liecg 8.8 MPa
pie koksnes blivuma 480 kg-m™; apses koksnes paliktqu sagatavém robezstipriba liece 69.1 MPa,
elastibas modulis liecg 9.2 MPa pie koksnes blivuma 498 kg:m™. Salidzinot skujkoku un lapu koku
paliktnu sagataviju vidgjos robezstipribas raditajus, lapu kokiem tie ir nedaudz zemaki- apses koksnei
par 4.2%, alkSna koksnei par 4.8%.
Paliktnu sagatavju stipribas raditaji pie koksnes mitruma 12% ir atkarigi no kvalitates Skiras:
o egles koksnes paliktnu sagataviju vidgja robezstipriba liec€ Pl Skirai ir 69.0 MPa, bet P2 Skirai ta ir
par 25.9% zemaka- 51.1 MPa;
« priedes koksnes paliktnu sagatavju videja robezZstipriba liec€ Pl Skirai ir 75.0 MPa, bet P2 Skirai ta
ir par 37.3% zemaka- 47.0 MPa;
« apses koksnes paliktnu sagatavju videja robezstipriba liec€ P1 Skirai 68.7 MPa, bet P2 Skirai ta ir
par 23.1 % zemaka- 52.8 MPa;
o baltalksna koksnes paliktnu sagatavju videja robeZstipriba liec€ P1 Skirai 62.8 MPa, bet P2 Skirai
ta ir par 23.6% zemaka- 48.0 MPa.
P&tfjumu rezultata atrasta paliktna delisu elastibas modula un paliktna sagraves speka sakariba pie
paliktyu sagatavju mitruma W=20%, kuru raksturo regresijas vienadojums:
o skujkokiem (priede unegle) 7 =1.10- E, —437.66;
« lapu kokiem (baltalksnis un apse) F =1.30- E, —129.1.

Mingtas sakaribas raksturo relafivi augsts korelacijas koeficients skujkoku paliktniem R=0.84,
lapkoku paliktniem R=0.71.

Izstradata nesagraujosa parbaudes metode paliktnu nestspgjas noteikSanai, kura balstita uz paliktnu
deliSu materiala elastibas modula noteikSanu, paliktna konstrukciju slogojot elastigo deformaciju
robezas.

Petfjuma rezultati- deliSu elastibas modula un paliktnu stipribas sakariba un izstradata
datorprogramma, lietojot programmeSanas valodu C# (C sharp), izmantojama paliktnu stipribas
prognozeSanai atkariba no déliSu izmériem, koksnes mehaniskajam 1pasibam un ekspluatacijas
apstakliem.

Noteikti paliktnu pretestibas momenti sagraves bridi, nemot véra delisu un kluciSu savienojumus.
Parbaudes bridi noteiktd vidéja pretestibas momenta picaugums, ko dod paliktnu konstrukcija,
salidzinot ar augsgjo delisu pretestibas momentu gan skujkoku, gan lapu koku paliktniem ir tikai 2
reizes.

Petfjuma rezultati var tikt izmantoti izstradajot attiecigu iekartu paliktnu nestspgjas noteikSanai, kas
ieklaujama paliktnu razoSanas procesa tehnologiskaja Iinija.

Paliktnu nestspgja atkariga ne tikai no dehiSu izmériem, koksnes mehaniskajam ipasSibam un
ekspluatacijas apstakliem, bet arT no delisu un klucisu savienojumu stabilitates.

PriekSlikumi

1
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Paliktnu konstrukcijas nestspgjas prognozeSanai un paliktnu sagatavju robezstipribas optimalai
izmantoSanai, razoSanas procesa paliktnu sagataves jaskiro P1 un P2 8kiras, ka to nosaka standarta
LVS EN 12246 prasibas.

Izmantojot iegiitos pétijuma rezultatus un izstradato parbaudes metodiku, paliktnu izgatavoSanas
tehnologiskaja Iinija jaizveido kontroles iekarta paliktnu nestsp&jas prognozesanai un skiroSanai.
Petfjumi jaturpina, veicot paliktnu pretestibas raksturlielumu izpéti, kluciSu un deliu savienojumu
ietekmes uz paliktnu nestspgjas izzinasanai.
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GENERAL DESCRIPTION OF WORK
Background

The area covered by forests in Latvia is about 3 million hectares or almost 45% of the
total territory. The area of forests in the last 70 years from 1935 till 2005 has increased by 1.7
times and it has a tendency to increase at the cost of agricultural lands.

The growing forest stock in all forest is 569 million m®, of which conifer trees- 330 million m’,
deciduous trees- 239 million m’,

The total current increase of wood stock in Latvia is 16.5 million m’.

According to the size of area occupied by the main species of the total forest area’s are: pine-
37.2%, birch- 30%, spruce-18.2%, grey alder- 6.8%, aspen- 3.8%, black alder- 2.7%, ash- 0.6%,
oak- 0.3% and other species- 0.2%.

The forest industry is the largest export industry in the country. In Latvia the industry
produces goods mainly for export- almost 90% of the production goes to other countries.

The main export goods are- sawn timber, plywood, pulpwood, particle boards, pallets
and their timber components.

Export of different wood products constantly increases, especially export of sawn
timber and pallets and their timber components.

The amount of wood processing industry’s export since 1996 has increased more than
two times, in 2005 it reached the amount of 796.846 million lats and it forms 27% of total
export value of Latvia.

From 1995 till 2002 the total export of wood packaging products has increased 27
times.

In 2003 the amount of wood packaging products reached 163.5 thousand tons from the
total wood processing industry’s export, but import- 7.6 thousand tons.

In 2004 the export of main wood packaging products reached the amount of 156.5
thousand tons from the total export, but in 2005 it decreased till 146.7 thousand tons or by
6.2%.

But in the import field the tendency is completely different- in 2004 the import of
wood packaging products was 9.7 thousand tons, but in 2005 it increased to 16.6 thousand
tons or 71.9%.

Expressing in financial terms in the first ten months of 2006 the export of wood
packaging products has increased by 7.5% and has reached the amount of 21.8 million lats. The
situation in wood packaging products import is different and in the first ten months of 2006 the
import has increased by 0.5% and reaches the amount of 2.8 million lats.

The main producers of pallets and their components are Marko KEA, Kurekss and
Lindeks.

In order to produce pallets and their components in Latvia are used:

1. small diameter (10... 16 cm) softwood (spruce and pine) round assortments and hardwood
(mainly, aspen and grey alder) packaging logs diameter of 10... 40 cm.
2. thin outer boards provided by saw mills with thickness of 14... 19 mm.

Raw materials for different producing processes become more expensive and together
with that also competition in the market becomes stronger. It must be also considered that the
number of research done about hardwood usage is small because attention as always paid to
softwoods. It is important not only increase of the usefulness but also as many as possible uses
of the cheaper and more rapidly growing wood for example grey alder, aspen a.o.

In exploitation process of pallets resistance and load carrying capacity are both the
most important part. As literature researches prove the resistance of pallet very much depends
on components of the pallet and characteristic values of strength and modulus of elasticity.
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Since mentioned characteristics of various woods differ then in pallet constructions the
size of crosscut used in components of the wood depends not only on load, characteristic
properties and exploitation conditions but also on scale of characteristic strength.

For fast and strategically forecasting of dimensional crosscut it is necessary to develop
a computer program, as well as develop non destructive method for sorting the pallets
according to load carrying capacity.

Aim of the thesis

Taking into account the above- mentioned considerations, the aim of this paper is to
study the connection between the resistance of pallets and the modulus of elasticity of staves,
to develop non destructive testing method in order to define the load carrying capacity of
pallets, as well as develop a computer program to forecast the load carrying capacity of pallets.

Major objectives

e Research of bending strength and the modulus of elasticity in bending of wood species
used for pallets production;

e Research of quality, bending strength and modulus of elasticity in bending of the
components of the pallets;

e Research of connection between resistance of pallets and modulus of elasticity of
components of the pallets;

e Research of characteristic values of pallets resistance in bending, taking into account
component and block joints;

e Development of non destructive method to define load carrying capacity of pallets;

e Development of computer program using programming language C# (C sharp), to
forecast the load carrying capacity of pallets according to the size of boards, wood
species, their mechanical properties and exploitation conditions.

Research methods

Research according to the aim and tasks was done using mathematic calculations and
computer modeling, as well as experimental methods of gaining data. The base of the methods
used is studies of wood and components of the pallets mechanical properties, analyze and
comparison, as well as development of non destructive method with which would be possible
fulfill the above- mentioned tasks.

The methods used and described in this paper allow define the load carrying capacity
of pallets according to wood species, size of board’s dimensional crosscut and exploitation
conditions. There were used laboratory and computer programs of Scientific Laboratory of
Wood and Wood Products of Latvia University of Agriculture and Testing Laboratory of
Wood and Wood Products Research and Development Institute.

Pallets used for the research where picked up of pallets which were produced in a
pallet production unit. In order to define the mechanical properties universal testing machine
of material resistance ZWICK/Z100 Nr. 146956 was used.

For processing the information MS Excel Analyze-it computer programs were used.
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Scientific novelty

- Non destructive method to define the resistance of pallets, based on defining the elastic
deformation of board material, was developed.

- Computer program using programming language C# (C sharp) was developed, to
forecast the load carrying capacity of pallets according to the size of boards, wood
species, their mechanical properties and exploitation conditions.

- Research methods and gained data can be used in order to develop a machine to define
pallets load carrying capacity in production process technological line.

- Physical mechanical properties was carried out for grey alder (4lnus incana L. Moench) and
aspen (Populus tremula L.), as well as the affect of wood defects in components of the
pallets defining physical mechanical properties for large dimensional cross section samples.

Results and practical significance

Using the research data it is possible to judge about physical mechanical properties of
grey alder (4lnus incana L. Moench) and aspen (Populus tremula L.) grown in Latvia.

The results of pallet components quality and mechanical properties prove that
resistance and in durance of pallets depend of quality of components and their mechanical
properties. In order to insure the guaranteed quality of pallets load carrying capacity it would
be advisable to sort out components by loading the pallet construction within elastic
deformation boundaries.

As the result of studies the computer program forecasting the pallets load carrying
capacity was developed, as well as non destructive method to define pallet load carrying
capacity that is possible to use in technological production process for sorting pallets.

Structure of the thesis

The paper consists of five chapters:
1** chapter- description of literature sources used regarding productions of pallets and
materials used in production, as well as information about previous testing methods.
2" chapter- describes research results of physical mechanical properties of hardwood (aspen,
grey alder) standard (clear) wood samples that are used in pallets production.
3" chapter- describes research results of the pallet components quality and their physical
mechanical properties.
4™ chapter- provides research results about constructive solutions by assessing softwood and
hardwood pallet construction strength and resistance.
5™ chapter- describes research results about dimensional crosscut size definition of pallet
components by developing a computer program to forecast pallets load carrying capacity
according to the size of components, wood species and exploitation conditions using
programming language C# (C sharp).

The thesis contains 110 pages, 76 figures, 27 tables.
The bibliography consists of 91 sources.
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1 DESCRIPTION OF LITERATURE

In this chapter there were analyzed results of studies carried out by different authors
regarding mechanical properties of wood species used in pallet production.

It was proved that the main factors affecting mechanical properties are density, moisture
content, and percentage of latewood; scale factor and presence of defects (see figure 1.1).

If the size of samples is increased irregular pressure division in crosscut occurs because
of anisotropic influence. Irregular pressure division and presence of defects in large cross
section wood samples decrease the wood resistance in comparison with standard (clear) wood
samples. Components used for pallets production are also considered to be large dimensional
cross section wood samples. Taking into account the above mentioned aspects components of
pallet should be sorted before using them in pallets production and during the sorting those
characteristics and defects that influence the resistance of pallet should be detected, for
example, those defects that are possible to detect visually- knots, cracks, etc.

Studies of different authors about wood physical mechanical properties and their
mutual coherence are summarized in table 1.1.

As it is seen in the table 1.1 and proved by studies of foreign scientists then the most
significant coherence is between area of knot size and modulus of elasticity in bending.

All the mentioned studies were carried out using standard and rectangle samples and it
is not completely clear if the material would behave the same if they were used in
construction. Therefore in continuing research the construction of pallet, requirements and
testing methods were studied.

The most widespread construction in the whole world and also in Europe is called
block pallet (see figure 1.2).

There are also studied other possibilities of material usage and their properties
(see Table 1.2).

According to table 1.2 the major competitor of solid wood is OSB boards (Oriented
strandboard). Speaking of the most used material for pallets production in Europe the wood
must be considered, therefore, further studies are carried out on constructions of wood pallets.

Analyzing checking methods used for pallets it was proved that the most used method
is test in bending (see figure 1.3).

When studying and analyzing pallets checking methods there was not resistance testing
method founded that did not destroy the construction. Therefore, the next aim in further
studies was to develop a non destructive method in order to detect the resistance of the
construction and to forecast its load carrying capacity. The data from literature analyses were
used in solving exercises of the paper.

2 PHYSICAL MECHANICAL PROPERTIES OF WOOD USED IN PALLETS PRODUCTION

Wood is anisotropic material- its physical mechanical properties depend on various
factors especially on fiber direction. Different wood species have different physical
mechanical properties and the dispersion can be very large.

Producers of pallets lack complete information about characteristics of wood physical
mechanical properties used in pallets production; therefore there is a necessity to describe the
above- mentioned properties.

Therefore the research of hardwood used in pallets production was carried out by using
comparison of mechanical properties in bending, taking into account wood density and
moisture content, which were present during the testing. Wood moisture during the testing was
12%.
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Testing was carried out by using standard methods DIN 52186.

The comparison of hardwood results and tests of Latvia University of Agriculture on
softwood (spruce and pine) previously was carried out. Results are summarized in table 2.1.

Research results are compared to former researches carried out on softwood- spruce
wood researches in 2002 and 2005 and pine wood in 2005 by LUA Wood Processing
Department about spruce and pine mechanical properties.

The results show that indicators of bending properties of spruce grown in Latvia
wood’s bending strength and modulus of elasticity in bending are comparatively higher than of
grey alder: bending strength on average by 20.5% higher; but modulus elasticity by 24.5%
higher.

Indicators of bending properties of pine grown in Latvia wood’s bending strength and
modulus of elasticity in bending are comparatively higher than of grey alder wood: limit in
bending on average by 24.7% higher; but modulus of elasticity by 27.1% higher.

Indicators of bending properties of spruce grown in Latvia wood’s bending strength
and modulus of elasticity in bending are comparatively higher than of aspen: bending strength
on average by 15.6% higher; but modulus of elasticity by 9.4% higher.

Indicators of bending properties of pine grown in Latvia wood’s bending strength and
modulus of elasticity in bending are comparatively higher than of aspen: bending strength on
average by 20.1% higher; but modulus of elasticity by 12.5% higher.

Indicators of bending properties of aspen grown in Latvia wood’s bending strength and
modulus of elasticity in bending are comparatively higher than of grey alder: bending strength
in bending on average by 5.7% higher; but modulus of elasticity by 16.7% higher.

3PALLETS COMPONENT QUALITY AND PHYSICAL MECHANICAL
PROPERTIES

If the size of samples increase, the number of possible defects increases as well
and also influence of scale factor increases that will diminish indicators of sample
mechanic properties.

Pallets components are also considered as large cross section samples, therefore
research of quality and mechanical properties of wood species pallet component used in
pallets production should be carried out.

In order to carry out the bending strength research of pallets components it was
necessary also to sort them according to quality categories of LVS EN standard
requirements 12246.

Pallets components are divided into P1 and P2 quality categories. The above-
mentioned standard is meant to be for dividing materials into quality categories.

The research was carried out to detect the proportion of each type’s quality, as
well as to detect average mechanical properties of pallets components.

The quality research is necessary for the detecting which wood defects makes up
the greatest proportion in each quality category.

According to standard LVS EN 1310 (2000) for measurement of knots there are
two methods: "General method" — assorting according to external features and
"Alternative method” if resistance of sawn material or any other material should be
measured.

Sorting of components of pallets is done according to “Alternative method”,
which states that the area of the crosscut is to be surveyed on the wide side of pallet’s
component.

Results about wood defects according to wood species and quality categories are
summarized in table 3.1.
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It was studied that the most common wood defect is branches~ 80%. In further studies
the limit tests to pallets components was carried out to pallets components without wood
defects and to components with defects.

Tests were carried out using methods of LVS EN 408 standard.

3.1 Pine wood pallets components bending strength

Testing 55 pine wood pallets components (size 17x100x315 mm) without wood defects
following average values were obtained: bending strength f;= 87.1 MPa, modulus of elasticity in bending
Ey= 12.0 GPa (see table 3.2. and 3.6.), with average wood density of p= 470 kg-m”. Coherence of
mechanical properties is shown in Figure 3.1.

Detected average value of bending strength of pine wood pallets components with
wood defects: f,= 60.4 MPa, average value of modulus of elasticity in bending
E;= 10.8 GPa (see table 3.2. and 3.6.), with average density p=470 kg-m™. Coherence of
mechanical properties is shown in Figure 3.2.

There were examined 110 samples. Average limit values of pine pallets components
with and without wood defects: bending strength f,= 73.8 MPa, modulus of elasticity in
bending E,= 11.4 GPa, with average wood density p= 470 kg-m™.

Pine wood pallets components without wood defects values of bending strength are
higher than to those with wood defects: bending strength by 30.7%, modulus of elasticity in
bending 10.2%.

In table 3.2 it is shown that the highest value of bending strength are to pine wood
pallets components without wood defects and to LVS EN 12246 P1 category samples.

Average value of bending strength to Pl category is 75 MPa, to P2 category it is by
37.3% lower - 47 MPa.

There was carried out recalculation of pine wood pallets components bending strength
value from wood moisture content 12% to 20% (see Table 3.2), which was necessary for
further calculations of pallets resistance.

3.2 Spruce wood pallets components bending strength

Testing 50 spruce wood pallets components without wood defects (size 17x100x315 mm), it
was reckoned that average value of bending strength is f,= 79.7 MPa, modulus of elasticity in
bending E;= 11.0 GPa (see Table 3.3. and 3.6), with average density p= 450 kg-m™. Coherence of
mechanical properties is shown in Figure 3.3.

For comparison there were examined also 50 spruce wood pallets components with
wood defects and the average value of bending strength is f,= 63.2 MPa, modulus of elasticity
in bending E,= 9.9 GPa (see table 3.3. and 3.6.), with average density of wood p=450 kg-m™.
Coherence of mechanical properties is shown in Figure 3.4.

There were established also average value of bending strength and modulus of
elasticity in bending of spruce wood pallets components with and without wood defects:
bending strength f,= 71.5 MPa, modulus of elasticity in bending E= 10.5 GPa, with average
wood density p=450 kg-m™.

Mechanical properties in bending of pallets components without wood defects are
higher than to those with wood defects: bending strength by 20.7%, modulus of elasticity in
bending by 10% (see table 3.3.).

In table 3.3 it is shown that the highest value of bending strength are to spruce wood
pallets components without wood defects and to LVS EN 12246 PI category samples.

Average value of bending strength to Pl category is 69.0 MPa, to P2 category it is by
25.9% lower- 51.1 MPa (see table 3.3).
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There was carried out recalculation of spruce wood pallets components bending
strength value from wood moisture content 12% to 20% (see table 3.3.), which was necessary
for further calculations of pallets resistance.

3.3 Aspen wood pallets components bending strength

Testing 53 aspen wood pallets components without wood defects (size 15x100x315 mm),
it was reckoned that average value of bending strength is f,= 81.6 MPa, modulus of elasticity in
bending E= 11.7 GPa (see table 3.4. and 3.6), with average density p= 498 kg-m™. Coherence of
mechanical properties is shown in figure 3.5.

There were examined aspen wood pallets components with wood defects and the average value of
bending strength is f;= 56.6 MPa, modulus of elasticity in bending E;= 6.7 GPa (see table 3.4. and 3.6.),
with average density of wood =498 kg-m™. Coherence of mechanical properties is shown in figure 3.6.

There were examined 106 samples and established also average values of bending strength and
modulus of elasticity in bending of spruce wood pallets components with and without wood defects:
bending strength f;= 69.1 MPa, modulus of elasticity in bending £,= 9.2 GPa, with average wood
density p=498 kg:m™ (see table 3.4. and 3.6).

Mechanical properties in bending of pallets components without wood defects are
higher than to those with wood defects: bending strength by 30.6%, modulus elasticity in
bending 42.7%

In table 3.4 it is shown that the highest value of bending strength are to aspen wood
pallets components without wood defects and to LVS EN 12246 P1 category samples.

An average value of bending strength to Pl category is 68.7 MPa, to P2 category it is
by 23.1% lower- 52.8 MPa.

There was carried out recalculation of aspen wood pallets component bending strength
value from wood moisture content 12% to 20% (see table 3.4.), which was necessary for
further calculations of pallets resistance.

3.4 Grey alder wood pallets components bending strength

Testing 62 grey alder wood pallets components without wood defects (size 15x75x315 mm), it
was reckoned that average value of bending strength is f;= 76.4 MPa, modulus of elasticity in bending
Ey= 9.8 GPa (sce table 3.5. and 3.6), with average density p= 480 kg:m™. Coherence of mechanical
properties is shown in figure 3.7.

There were examined 62 grey alder wood samples of pallets component with wood
defects and the average value of bending strength is f,= 60.3 MPa, modulus of elasticity in
bending Ej= 7.8 GPa (see table 3.5. and 3.6.), with average density of wood p= 480 kg-m™.
Coherence of mechanic properties is shown in figure 3.8.

There were established average values of bending strength and modulus of elasticity in
bending of grey alder wood pallets components with and without wood defects: bending
strength in bending f,= 68.4 MPa, modulus of elasticity in bending E,= 8.8 GPa, with average
wood density p= 480 kg-m™ (see table 3.5. and 3.6).

Mechanical properties in bending of pallet components without wood defects are
higher than to those with wood defects: bending strength by 21.1%, modulus of elasticity in
bending by 20.4%.

In table 3.5 it is shown that the highest values of bending strength are to grey alder
wood pallets components without wood defects and to LVS EN 12246 PI category samples.

An average value of bending strength to Pl category is 62.8 MPa, to P2 category it is
by 23.6% lower- 48.0 MPa.
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There was carried out recalculation of grey alder wood pallets component value from
wood moisture content 12% to 20% (see table 3.5.), which was necessary for further
calculations of pallets resistance.

In the research there were detected also normative (5% percentile) values of bending
strength and modulus of elasticity in bending, which are necessary for forecasting the load
carrying value of a pallet when reckoning components crosscut sizes. The results are
summarized in table 3.6.

Research results show that comparing spruce and pine wood pallet components without
wood defects bending strength and modulus of elasticity in bending values pine wood has a
higher value than spruce: bending strength averagely by 8.5%, but modulus of elasticity by
8.3%.

Comparing spruce and pine wood pallet components with wood defects bending
strength and modulus of elasticity in bending pine wood bending strength is lower averagely
by 4.4%, but modulus of elasticity in bending is higher by 8.3%.

Comparing grey alder and aspen wood pallet components without wood defects
bending strength and modulus of elasticity in bending values, grey alder has them lower: limit
averagely by 6.4%, modulus of elasticity in bending by 16.2%.

Comparing grey alder and aspen wood pallet components with wood defects, bending
strength of aspen is lower averagely by 6.1%, modulus of elasticity is lower averagely by
14.1%.

Comparing softwood and hardwood pallets components without wood defects,
hardwood has them a little lower — aspen wood by 2.3%, alder wood by 8.4%.

Comparing softwood and hardwood average values of pallets components with wood
defects, aspen wood has it a little lower by 8.4%, and grey alder does not have a significant
difference.

Comparing softwood (pine, spruce) and hardwood (aspen, grey alder) average bending
strength values of pallets components between quality categories P1 and P2 the difference
makes up to 27.5%.

4 RESEARCH OF PALLET CONSTRUCTION

4.1 Research of softwood (spruce, pine) pallet construction resistance and modulus of
elasticity in bending

From the point of view of exploitation significant requirements of pallets are resistance and
load carrying capacity.

The pallets meant for experimental research were produced in the Pallet Company.

In research first were used softwood (pine and spruce) wood pallets, which crosscut sizes
are available in Figure 4.1.

After detecting resistance and modulus of elasticity in bending indicators of 47 softwood
pallets, the same work in detecting mechanical properties of 33 hardwood pallets (grey alder and
aspen) was carried out.

For practical research of the resistance checking machine ZWICK Z 100 (Fu= 100 kN) was
used, where the maximum width of samples to check is 600 mm, which was the reason for recalculating
the load.

Since pallets are mainly to be used in the second exploitation regime (moisture
conditions)- =20 °C and W=85%, then climatization of pallets to be checked was carried out.

Testing aim is to develop a method of forecasting the resistance of pallets without
destroying them.

Characteristic indicators of pallets’ cut area used in calculations are shown in table 4.1.
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When studying the LVS standards no objective method was found that could be used
for detecting the modulus of elasticity for pallet boards.

Load scheme that helps in achieving the aim is shown in table 4.2.

Load is realized in borders of elastic deformation recording deformation accordingly to
0.1 F,,ur and 0.4 F,,,, load.

To detect load and according deformation limits, 3 pallets were examined, which
during testing were destroyed according to the scheme showed in figure 4.2 (see table 4.1.).

According to obtained results for following research such load values were chosen:
F10:F1500:1 500 N and F40:F6000:6000 N

Testing 47 softwood pallets during which by adding power of F;y and Fy record
bending values average bending deformation indicators of w;j= 4.7 mm, wy= 12.3 mm were
obtained. These indicators were used in further calculations in order to detect pallets’ board
modulus of elasticity average values.

For calculations of modulus of elasticity according to load scheme where whole three
hold beams are used (see figure 4.2.) that are symmetrically loaded with concentrated power in
two points and bending formulate that is formed from coherence 4.1.

In current case when reckoning modulus of elasticity the total sum of upper and lower
boards bending should be considered.

Since the board cut inertia moments of upper and lower boards are approximately the same, then
board material average modulus of elasticity is reckoned according to coherence 4.2.

From calculations done the average modulus of elasticity value was gained £,= 10000 MPa.

In order to forecast pallets destroying power according to certain value of modulus of
elasticity a possible coincidence of these values should be found. To achieve the aim testing of
pallets should be carried out where pallets are loaded till destruction.

Analyzing current pallet testing standards the most appropriate loading scheme is
considered to be LVS EN 8611-1 (see figure 4.3).

In limits of elastic deformation several loading force and modulus of elasticity
coherences were found, but the tightest correlation is observed (R=0.84) when deformations
were recorded in scope of load force (Fio-Fjp). Ultimate force and modulus of elasticity
coherence is described by correlation equation 4.3 (see figure 4.4).

Forecasted value of destroying power using the value of the modulus of elasticity is
reckoned according to coherence 4.3.

Using the obtained coherence 4.3, the forecasted average destroying force is F,,,=10570 N. The
average destroying force obtained in experiments according to the load scheme (see figure 4.3.)
F,..=10770 N. The difference is 2%.

4.2 Research of hardwood (grey alder, aspen) pallet construction resistance and
modulus of elasticity in bending

Since also hardwood is used in pallets’ production (mainly used are aspen and grey
alder) then according to previously described methods of detecting values of limits and board
material modulus of elasticity, research by using pallets of hardwood (grey alder and aspen) is
carried out.

Using load scheme (see figure 4.2.), the load of hardwood pallets in limits of elastic
deformations was carried out, recording deformation accordingly 0.1 F,,c and 0.4 F,,, load.

In order to detect load and according deformation limits, 3 pallets were examined,
which during the test were destroyed according to scheme showed in figure 4.2.
(see table 4.2).
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Following obtained results, for further research these load values were chosen:
F10:F1500:1500 N and F40:F6()()0:6000 N

Carrying out tests of 33 pallets during which using added force F;y and Fy bending
values were recorded, average bending deformation indicators w;;= 7.9 mm, wy= 17.5 mm
were obtained. These indicators were used in further calculations, detecting average values of
pallets board material modulus of elasticity.

Also hardwood pallets upper and lower boards cut area inertia moments are
approximately the same because the pallets components crosscut sizes are chosen the same as
for softwood pallets.

The average modulus of elasticity of the hardwood pallets board is reckoned according
to coherence 4.2.

Obtained average value of the modulus of elasticity from research is £,= 7350 MPa.

In order to forecast pallets destroying power according to the certain value of the
modulus of elasticity there was found a possible coincidence of these values. For this reason a
test was carried out during which pallets were loaded till destruction.

In limits of elastic deformation several coherences between the load force and the
modulus of elasticity were found. But the best aspect describing the coherence between
destroying force and the modulus of elasticity is correlation equitation 4.4 (see table 4.5.).

Forecasted value of the destroying power by using the value of modulus of elasticity is
reckoned according to coherence 4.4:

By using the obtained coherence 4.4 the average forecasted destroying force is F,,=9430
N. The average destroying force of hardwood obtained in experiments according to load
scheme (see figure 4.3.) is F,,,,=9400 N.

Coherence between board modulus of elasticity and the pallet resistance in bending can
be used in developing the computer program for forecasting the load carrying capacity of the
pallets.

4.3 Stiffness research of pallets constructions
4.3.1 Stiffness research of softwood pallets

In the results of research several indicators were obtained, such as: resistance limit in
destroying moment and according to the inertia moment, bending moment, bending moment in
case of 0.4 F,,.x and according to this moments bending strength and the resistance moment in
the zone of elastic deformations.

Values of inertia and the resistance moments obtained during practical tests theoretic
research are summarized in table 4.3.

Using before reckoned resistance moment values following the proportion was set:
Increase of the theoretically reckoned crosscut area that is given by the pallet
construction in comparison to the resistance moment of the upper boards (see coherence 4.5).
Increase of the average resistance moment recorded in testing that is given by the pallet
construction in comparison to the resistance moment of the upper boards (see coherence 4.6).:
The increase of average resistance moment during testing that is given by the pallet
construction in comparison to the resistance moment of the upper boards is only 1.9 times.
That can be caused by instability of the joints of blocks and boards nails.
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4.3.2 Stiffness research of hardwood pallets

Using above- mentioned methods also hardwood (grey alder) pallets elasticity indicators
were researched.

Using the above- mentioned method (see chapter 4.3.1) inertia and resistance moments
values were obtained and theoretically reckoned.

In case of the hardwood pallet constructions, increase of the crosscut areas resistance
given by the pallet construction in comparison to resistance of upper boards is 1.8 times. Like in
the case of softwood pallets construction, also here the reason for instability could be the joints
of blocks and boards nails.

4.4 Pallet strength depending on exploitation conditions

Wood construction exploitation conditions are divided into three groups.

Resistance of wood material is reckoned according to coherence 4.7, taking into account
is exploitation conditions and the load type during exploitation

In load carrying capacity limit calculations safety coefficient for wood and its products is
accepted y,=1.3

In the current research pallets were examined for using in the second exploitation class.
When performing recalculations, taking into account the moisture contents of pallets components,
resistance of calculations was set by using coherence 4.7 and obtained the average softwood and
hardwood pallets components normative resistance values (see table 3.6.). For the softwood
components (see coherence 4.8), for the hardwood components (see coherence 4.9).

In the result of research coherence between modulus of elasticity of the pallets boards and the
pallets destroying force was found that is characterized by relatively high correlation coefficient to
hardwood pallets R=0.71 (see coherence 4.4), softwood pallets R=0.84 (see coherence 4.3).

There was found coherence between the board’s modulus of elasticity and the pallets ultimate
force that can be used in computer programs development to the forecast pallets load carrying capacity.

Research result may be used in the pallets production by introducing in technologic line
according to the testing machine for forecasting the pallets load carrying capacity. This roller transporter
passing type testing machine would be as the last technologic operation in the pallets production process.
Loading of pallets would be performed in borders of elastic deformation according to the scheme shown
in figure 4.6. After loading the bending value of the pallets board material would be detected, this is also
the main factor in sorting them by the load carrying capacity.

After assortment pallets would be assorted according to their load carrying capacity and placed in
assortment places (see figure 4.7).

S FORECASTING LOAD CARRYING CAPACITY OF THE PALLETS, USING
THE DEVELOPED COMPUTER PROGRAM

Pallets calculation program is developed by using the programming language C# (C sharp). C# is
modern, object- oriented programming language that gives opportunities to form large-scale applications
to new Microsoft®.NET platform. Platform is provided with tools and services and may be used for
calculations and communication. C# is formed by combining C++ and Microsoft Visual Basic®. With
C# it is possible to form wide range components starting with high level business class till objects of
system level.

Calculating program is formed to be user friendly- easy to operate and understand.

46



When activating pallets testing buttons, on the screen a new window of computer program is
opened in which one can choose the type of pallet’s construction (see figure 5.2 and 5.3).

Further activities are described in usage scheme of the computer program (see figure 5.1).

Currently in this calculation method there are calculations or two types of pallets- two-way pallet
(see figure 5.2) and four-way pallet (see figure 5.3.). The pallets differ in construction and lifting method-
two- way pallet may be lifted only from front, but four- way pallet may be lifted from front and from sides.

Additions are easy to attach because the program consists of attaching models. For example, if
there is a calculation for different construction pallet, it as a model is attached to base of the program,
which allows improving and perfecting the performance of the program without interfering in its
structure.

Program consists of two parts:

1. Data entry part (see figure 5.4)

2. Calculation part (see figure 5.5).

In data entry part, necessary data for calculations are inputs. In this part there is a visual
demonstration of pallet where required data are indicated. It allows diminish the possibility of inputting
the wrong data and provides a possibility easier navigate the program by guarantying precise calculation
result. Moving around the input fields, visual demonstration on a pallet is available and those places are
indicated of which the data is required. It is possible that the size of upper boards may differ. In order for
calculations to be precise, in the program there is a table where all the sizes of upper boards are available
(only in the case when the sizes are differing). Only those fields are activated of each pallet that is
necessary for the calculations. In data entry part there is additional field where the wood type should be
indicated, safety coefficient, which for wood materials is 7,~ 1.3; and exploitation conditions that are
divided into three categories.

After inputting the data, they are processed and the results are shown in calculation part
(see figure 5.5). In calculation part the limit and bending in millimeters are provided, as well as
the destroying power and figures that provide a better understand of each indicator calculated.

All the acquired data can be transported to program MS Word. Exporting function is
built in the calculation program. By using MS Word possibilities calculation results may be
printed, sent by e-mail or saved.

By using the calculation program it is easy to work with sizes of materials and detect for
what kind of load every particular pallet is meant for. It allows saving material usage and
building a pallet with necessary crosscut sizes for particular loads.

6 CONCLUSIONS AND SUGGESTIONS

1 There were obtained physical mechanical properties of the aspen (Populus tremula L.) grown in the
Republic of Latvia: bending strength f,= 90.7 MPa, modulus of elasticity in bending £= 12.6 GPa,
average wood density p= 521 kg-m” with moisture content of 12%. Results obtained in the research
are comparatively lower than the same properties of spruce wood in research carried out earlier:
bending strength averagely by 15.6%, but modulus of elasticity by 9.4%. Obtained properties are
relatively lower than in research on pine wood carried out before: bending strength averagely
20.1%, but modulus of elasticity by 12.5%.

2 There were obtained physical mechanical properties of the grey alder (A/nus incana L. Moench):
bending strength f;= 85.5 MPa, modulus of elasticity in bending Ex= 10.5 GPa, average wood
density p= 510 kg'm™ with moisture content of 12%. Results obtained in the research are
comparatively lower than the same properties of spruce wood in research carried out earlier:
bending strength averagely by 20.5%, but modulus of elasticity by 24.5%. Obtained properties are
relatively lower than in research of pine wood carried out before: bending strength averagely by
24.7%; but modulus of elasticity by 27.1%.
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Values of modulus of elasticity and bending strength of the aspen grown in Latvia are higher than
the same values of the grey alder wood: bending strength by 5.7%, modulus of elasticity by 16.7%.
Sorting of the pallets components according to P1 and P2 category of LVS EN 12246 standard was
carried out with an aim to detect the proportion of the every type’s quality. The quality of pine
wood pallet components is high, P1 quality category holds 73.4% of quantity, P2 quality category
holds 8.4%, of production but defectives hold 18.2% of the production. Spruce wood pallet
components P1 quality category holds 67.4% of the production, P2 quality category holds 20.6%,
but defectives hold 12%. Aspen wood pallet components- P1 quality category holds 67% of the
production, P2 quality category holds 12%, but the proportion of the defectives is comparatively
large and sums up 20.8% of the production. Grey alder wood pallet components- P1 quality
category holds 62.5%, P2 quality category holds 14.6%, but the defectives sum up 22.9% of the
production.
In the result of pallets components there were obtained average properties of bending strength and
modulus of elasticity in bending with wood moisture content of 12%. Pine wood pallet
components bending strength is 73.8 MPa, modulus of elasticity in bending 11.4 MPa with wood
density of 470 kg-m™; spruce wood pallet components bending strength is 71.5 MPa, modulus of
elasticity in bending 10.5 MPa with wood density of 450 kgm™; grey alder wood pallet
components bending strength is 68.4 MPa, modulus of elasticity in bending 8.8 MPa with wood
density of 480 kg:m™; aspen wood pallet components bending strength is 69.1 MPa, modulus of
elasticity in bending 9.2 MPa with wood density of 498 kg-m™. Comparing the average properties
of bending strength of pallet components hardwood has them a little lower- aspen wood by 4.2%,
grey alder wood by 4.8%.
Pallet components properties with wood moisture content of 12% depend on quality category:
e average bending strength of the spruce pallet components for quality category Pl is 69.0
MPa, but P2 quality category has it lower by 25.9%- 51.1 MPa;
e average bending strength of the pine pallet components for quality category Pl is 75.0 MPa,
but P2 quality category has it lower by 37.3%- 47.0 MPa;
e average bending strength of the aspen pallet components for quality category P1 is 68.7
MPa, but P2 quality category has it lower by 23.1 %- 52.8 MPa;
e average bending strength of the grey alder pallet components for quality category P1 is 62.8
MPa, but P2 quality category has it lower by 23.6%- 48.0 MPa.
After the research was carried out, the coherence between pallets’ board modulus of elasticity and
the pallets destroying force was found with wood moisture content of W=20%, that is
characterized by regression equation:
e softwood (pine and spruce) ' =1.10- E, —437.66;

e hardwood (grey alder and aspen) /" =1.30- £, —129.1.

The mentioned coherences are characterized by relatively high correlation coefficient for the
softwood pallets R=0.84, hardwood pallets R=0.71.

Developed non destructive testing method to detect the load carrying capacity of pallets,
which is based on detecting the pallets’ board modulus of elasticity by loading the pallet’s
construction in limits of elastic deformation.

Results of research- coherence between the boards modulus of elasticity and pallets
resistance and developed computer program using programming language C# (C sharp),
may be used to forecast the resistance of the pallets depending on sizes of boards, wood
mechanical properties and the exploitation conditions.

Detected resistance moments in destroying moment taking into account the joints of
boards and blocks.
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Increase of the average resistance moment that is given by the pallet’s construction in
comparison to the resistance moment of the upper boards both for softwood and hardwood
is only 2 times.

The research results may be used in developing the machine for detecting pallets load
carrying capacity and the machine could be included in the technologic line production
process.

The load carrying capacity of the pallets depends not only on the size of boards, wood
mechanical properties and exploitation conditions but also on the stability of joints of
blocks and boards.

Suggestions

1

To optimize the usage of pallets bending strength and forecast the load carrying capacity
of the pallets constructions, the pallet components should be assorted according to the
quality categories of P1 and P2 as it is set in requirements of LVS EN 12246 standard.

By using research results and the developed testing method, in the technologic line of
processing control machine of forecasting the pallets load carrying capacity and sorting the
pallets.

Research should be carried out by working on studying characteristic values of the pallets
resistance, impact of the blocks and boards joints on the pallet load carrying capacity.
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