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Kopsavilkums. Pétijjuma mérkis ir atrast sakaribu starp
plauktu materialu dimensijam un laidumiem, par pamatu
izmantojot platpu materialus ar <20 mm biezumu. Platnu
materialiem veikti konstruktivi vairogu nestspéjas uzlabo$anas
risinajumi, izgatavojot fiksetos un nefiksétos plauktus. Merka
sasniegSanai katra plaukta tipam un pastiprinajuma veidam
kopa izgatavoti 52 plaukti, to lieces stipriba noteikta ar
slogo$anas metodi atbilstosi LVS EN 14073-3:2004 standartam.
Turpmak nepiecieSams veikt pétjjumus pabiezinadjuma un
aplistes izmantoSanai lieces izturibas palielinaSanai, mainot
koksnes materialu un Iimi, ka arl meklét citus plaukta lieces
noturibas variantus. Raksta tap$ana izmantotas kvantitativas un
grafoanalitiskas pétijjumu metodes.

Atslegas vardi: platnu materiali, slodze, lieces noturiba,
izjaucamas konstrukcijas.

l. IEVADS

Gandriz katra maja vai darbavieta ir sastopama vismaz
viena mébele ar plauktiem — iznemamiem vai stacionariem. Ja
$ajos plauktos tiek glabatas smagas lictas — biezas gramatas,
lielas servizes, tad plaukti var deforméties ieliecoties.

Ka liecina razotaju prakse, tad mébelu, kas paredzetas lietu
glabasanai, laidumi (garumi) svarstas robezas no 600 mm Iidz
800 mm. Lielaki laidumi (garumi) par 850 mm jau rada
problémas lietoSana plauktu deformacijas d&l — ieliecoties.
P&tijumus par plauktu izlieck§anas deformaciju veikusi pétnieki
Narvydas un Minelgs (1), Kotas (2), Kwiatkowski (3),
Eckelman un Resheidat (4), Nikolaeva (5), Ozarska un Harris
(6), Tankut un Denizli-Tankut (7).

Izstradajot tehnologiju garaku plauktu razoSanai, iesp&jams
samazinat vertikalo detalu daudzumu lielos skapjos.
Pieméram, izmantojot par 50 % garaku plauktu uz trim skapja
sekcijam, var ietaupit vienu vertikalo detalu (starpsienu), bet,
pielietojot uz pusi garaku plauktu, var ietaupit divas vertikalas
detalas uz ¢etram skapja sekcijam (1. att.).

1. att. Tris un &etru sekciju skapju fasades ar iesp&jamo vertikalo detalu
ekonomiju. (11)
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Garakus plauktu laidumus var izmantot, paplaSinot
dizainera iespg€jas izpausties. Garus plauktus varétu izmantot
gan iebuvéjamiem skapjiem, gan unikala vizuala t€la radiSanai
mébelém lietu glabasanai vai izstadiSanai. 2. att€la dizaineru
raditaja “Arne Quinze” plaukta izmantoti t€rauda plaukti, bet
to vieta vartu biit izmantots no kokmateriala izgatavots
plaukts ar uzlabotu izturibu.

2. att. Studijas Arne Quinze plaukts (8).

Il. MATERIALI UN METODES

Izstradajumu dokumentu glabasanai, stipribas un stabilitates
metodes nosaka LVS EN 14073-3:2004 standarts (9). Biroja
mébeles — Mebeles dokumentu glabasanai — 3. dala:
Konstrukcijas stabilitates un stipribas noteik$anas metodes. Sis
standarts nosaka, ka, nosakot konstrukciju stabilitati un
stipribu, drikst pienemt, ka 1kg ir vienads ar 10 N.
Eksperimenta pielaujamas novirzes:

1) speks —+/—-5 %j;

2) izmérs — +/—1 mm;

3) masa—+/—-0,5 %;

4) speka pielikSanas punkts — +/— 5 mm (9).

Pétjuma apskatiti sekojo$§i amatnicku praksé lietoti
konstruktivi tehnologiski platpu vairogu un materialu
risinajumi, ka arT piedavati netradicionali risinajumi:

1) kokskaidu platnes (KSP) plaukts, kas no vienas vai abam
pusém aplimé&tas ar masivkoka Iist€m un finierétas ar drazto
finieri. Sadu risindgjumu var izmantot ari MDF (vidgja blivuma
kokskiedru platne) platnu materialam. No S§1 risinajuma
izvelets variants ar plaukta abas pus€s pielimétam masivkoka
listem. 3. attéla ar 1 apziméti MDF un KSP platnu materiala
plaukti ar ozola aplisti;

2) laminéts kokskaidu platnes (LKSP) plaukts ar pie
aizmugurjas malas pielimétu masivkoka listi, kas atbilst
laminata dekoram. 3. attéla ar 2 apziméts LKSP platou
materiala plaukts, pastiprinats ar ozola Iisti;
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3) laminéts kokskaidu platnes (LKSP) plaukts ar ozola
pabiezinajuma Iisti (3. att., nr.3), pielimétu pie plaukta
aizmuguréjas malas. Lidz Sim praks€ loti reti pielietots
risingjums. Vizuali minimali ietekmé plaukta biezumu.

3. att. Uzlaboti KSP, MDF un HDF plauktu materiali (E. Kirilovs).

4) plaukta malu apliméSana ar HDF (augsta blivuma
kokskiedru platne) platnu materialu. So panémienu izmanto,
no MDF platnu materiala izgatavojot krasotas detalas.
Izgatavojot plauktus, $adu panémienu var€tu izmantot gan
MDF, gan KSP platnu materialiem. 3. att€la ar 5 apziméts
MDF platpu materiala plaukts ar HDF platpu materiala
malinu;

5) plauktam ieliecoties, vislielaka slodze ir plaukta
materiala argjiem slaniem. Aplimgjot biezaku materialu, kam
ir mazaks blivums, ar planaku materialu, kuram ir lielaks
bltvums, uzlabojas lieces izturiba. KSP platnu materiala lieces
izturiba uzlabojas, ja to aplimé ar planu HDF platnu materialu.
3.attéla ar 6apziméts KSP platpu materiala plaukts,
pastiprinats ar HDF platnu materialu;

6) no saplaksna atgriezumiem izgatavots plaukts. Saplaksna
atgriezumi rodas gan razotn€s, gan tos var iegadaties vairuma
par zemaku cenu. Kombingtais saplaksna plaukts sastav no
saplaksna listem, kur starp 60 mm platam listem ielimé&tas
12 mm platas listes, kuru finiera kartas novietotas
perpendikulari. Sads vairogs tiek apliméts ar finieri no abam
pusém divas kartas. Pirmas kartas finiera S$kiedra ir
perpendikulara ItméSanas Suvém, lai padaritu stipraku
Iim&uma vietu. Otras, argjas kartas, finiera Skiedra ir
perpendikulara [im&juma $uvém (4. att.).

T
N

4. att. Kombingts saplaksnis (E. Kirilovs).

Lai noteiktu plaukta izturibu, ir izstradats stends, kura
iespgjams testét plauktus. Plaukti tiks noslogoti ar noteiktu
svaru. Merits tiek izlieckums, kas radies, Smagumam
iedarbojoties uz plauktu. Parbaudés izmantoti 3 plauktu

garumi: 764 mm; 964 mm un 1164 mm. 764 mm gar$ plaukts
tika izvelets, jo tas parstav tradicionali mébelu razo$ana
pielietoto plauktu laidumu, bet atlikusie ir plaukti ar
pagarinatu laidumu. Lielaka uzmaniba tiks pievérsta 964 mm
garam plauktam, ko wvarétu izmantot durvju ailu
apmebelésanai. Garakais plaukts izvelets ar iesp&ju izpildit 1.
att. uzstadijumu. Lai biitu iesp&jams testet tris dazada garuma
plauktus, stenda laba siena ir parstatama tris dazadas pozicijas
(5. att.). TesteSanas stends:

1) Sanu sienas — 900 mm x 300 mm x 18 mm — 2 gh.

2) Apaksgjais un augsgjais vairogs — 1200 mm x 300 mm

x 18 mm —2 gb.
3) Mugursiena — 1198 mm x 932 mm x 8 mm — 1 gb.

Y 1200 l

5. att. Test&Sanas stends (11).

Plauktu slogo$anai tika izmantoti §adi slogi:

1) 764 mm gariem plauktiem — 33 kg;

2) 964 mm gariem plauktiem — 42 kg;

3) 1164 mm gariem plauktiem — 50 Kkg.

Sloga svaru noteica plauktu aizpildijums ar A4 formata
gramatam, kas tika nosvertas Uz mehaniskajiem svariemar 1 g
precizitati. Plauktu izliekuma noteikSanai izmantots bidmeérs ar
0,02 mm precizitati, ka art 6 mm bieza, 30 mm plata un 764/
964/1164 mm gara saplaksna Iiste.

A. Lieces izturibas noteiksana

Samontgtam stendam nomontg€ labo sanu, lai biitu iesp&jams
iestiprinat stacionaro plauktu. Kad iestiprinats stacionarais
plaukts un nostiprinata laba stenda detala, tad pie stacionara
plaukta un stenda labas sanu detalas tiek pieskrivéta
mugursiena un ievietots parstatamais plaukts. Stacionarajam
un parstatamajam plauktam tiek izmérita sakuma novirze no
nulles limena. Plaukti tiek piepilditi ar attieciga svara slogu un
tad péc divu stundu slogosanas tiek merits izliekums.
Plauktiem, kam konstatéts mazakais izliekums, tiek veikti
atkartoti meérijumi, slogu atstgjot uz 24 stundam.

B. Lieces izturibas modelésana ar “The Sagulator "programmu

Ar programmu “The Sagulator” var aprékinat plaukta
izliekumu, noradot plaukta materialu, planoto slodzi, svara
sadalfjumu uz plaukta, plaukta izm€rus un stiprinaSanas
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panémienu. Ir iespgams noradit pabiezindjuma izmantotas
listes parametrus, lai uzlabotu plaukta lieces izturibu. Saja
programma Var izveleties plaukta materialu no 205 variantiem,
starp kuriem ir 187 koku sugas, ka ari dazadu klasu KSP,
MDF, OSB, saplaksnis un pat stikls. ST programma ir izstradata,
izmantojot Stiva Stivensona izstradato formulu un DZefa Brata
atbalstu, parveidojot formulu Iistes parametriem (10).

I1l. REZULTATI

Stacionaro plauktu izliekums att€lots 6. att€la grafika, kura
var salidzinat parbauditos plauktu materialus. Mazako
izliekumu 1164 mm, 964 mm un 764 mm gariem plauktiem
paradija LKSP platnu materiala plaukts, kura aizmugurgja
mala tika pastiprinata ar ozolkoka pabiezinajuma Iisti. Bet
lielakais izlickums plauktiem radas LKSP platnu materiala
plauktam, kura malas tika aplimé&tas ar 0,3 mm melamina malu
apdares lenti. Ar ozolkoka pabiezinajumu plaukta nestsp&ja
uzlabojas vidgji par 220 %, bet ar aplisti — vidgji par 39 %.
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6. att. Stacionaro plauktu izlieckums, mm (11).

Parstatamo plauktu testa rezultati atteloti 7. att€la, kas
ieveérojami atkiras ar izliekuma amplitidu no Stacionariem
plauktiem, kur izlieckums mainijas 4 mm robezas.
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7. att. Parstatamo plauktu izliekums, mm (11).

Salidzinot parstatamos plauktus ar stacionariem plauktiem,
var secinat, ka stacionaro plauktu lieces izturiba palielinas
vidgji tris 1idz piecas reizes. Ja ir iesp&ja un planots plauktos
glabat smagas lietas, tad piemérotakais risinagjums bitu
izmantot stacionaros plauktus.

Ta ka, slogojot 1164 mm garos parstatamos plauktus no
KSP, LKSP un MDF platnu materiala, radas vizuali loti liels
izliekums, tad tika parbaudits plaukta garums pa horizontalo
asi péc deformacijas. Plaukta novirze pa horizontalo asi tika
modeléta, konstrugjot datorprogramma AutoCAD. 8. attéla
redzams, ka, ja plaukta nobide no plauktu turtajiem sastada
mazak par milimetru, tad nav pamats bazam, ka plaukts varétu
noslidét no plauktu turétajiem.

MI165,11
L MN164.97
164,74
164,083

1

8. att. 1164 mm garu plauktu garuma izmainas, mm (11).

Veicot 964 mm garu plauktu ar dazadiem konstruktiviem
risingjumiem materialu izmaksu aprékinu, kas apkopoti
9. att€la, var secinat, ka vienas no mazakajam izmaksam ir ar
melamina malu apdares aplimétam LKSP platnu
materidla plauktam un finierétiem KSP plauktiem. Plauktiem
ar labako lieces izturibu, LKSP platnpu materiala plauktam ar
pabiezindjumu un liekti ITm&tam plauktam, materialu izmaksas
ir attiecigi par 0,51 EUR un 1,15 EUR lielakas par l&tako
plauktu risinagjumu. Tacu lieces izturiba LKSP platnu
materiala plauktam ar pabiezindjumu ir tris reizes labaka par
letako LKSP platnu materiala plauktu ar melamina malu
apdari.
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9. att. 964 mm garu parstatamo plauktu materialu izmaksas (11).

Lai salidzinatu eksperimenta rezultatus ar izliekuma
kalkulatora “The Sagulator” datiem, izlieckuma kalkulatora tika
ievaditi 964 mm garu plauktu materialu izejas dati. 10. attgla
salidzinati 11 plauktu materiali, kuru datus bija iesp&jams
ievadit izliekuma kalkulatora. Izlieckuma kalkulatora dotie
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lielumi at$kiras no eksperimentos iegtitajiem. Tikai lamin&tas
kokskaidu platnes ar pabiezinajumu un finieréta OSB rezultati
izliekuma Kkalkulatora tiek prognozeti labaki. Atskiribas
iemesls var but platnu materialu standarti, ka ari izmantotas
saistvielas ietekme u.c. plauktu izgatavoSanas parametriem.
Salidzinot lieces izturibu kopuma, péc izliekuma kalkulatora
datiem, tresais labakais plauktu materials plauktu razosanai ir
OSB un pats sliktakais ir laminéta kokskaidu platne ar
melamina malu apdari.
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10. att. Plauktu izlieckuma salidzinajums ar “The Sagulator’, mm (11)

IV. SECINAJUMI

1. Fiksétu plauktu lieces izturiba atkariba no izmantota
pastiprindjuma mainas vidéji tris Iidz piecas reizes, bet
parstatamo plauktu — lidz 3 reizém.

2. Garaka plaukta izlieckums neietekmé parstatama plaukta
stabilitati uz plaukta turétajiem, novirze ir mazaka neka Imm.

3. Lieces izturiba LKSP platpu materiala plauktam ar
pabiezinajumu ir tris reizes labaka par l1&tako LKSP platnu
materiala plauktu ar melamina malu apdari.

4. Pétijjuma merkis tika sasniegts, un liela laiduma
plauktiem labakais konstruktivais risinajums ir, izmantojot
pabiezindjumu vai lietojot lobita finiera ITm&tu materialu.

LITERATURAS SARAKSTS

1.  Norvydas, V., Minelga, D. Strength and stiffness properties of furniture
panels covered with different coatings. Material Science, 2006, vol. 12,
no. 4, pp. 328-332.

2. Kotas, T. The teoretical and experimental analysis of cabinet structures.
Rurniture development council. 1957, no. 6.

3. Kwiatkowski, K. Analysis of plate shelf in furniture construction. Prem.
Drzewny. 1974, 25(1), pp. 21-23.

4.  Eckelman, C. A., Resheidat, M. Deflection analysis of shelves and case
tops and bottoms. Forest Products Journal, 1984, vol. 34, no. 6, pp. 55—60.

5. Nikolaeva, R. Influence of some factors on bending creep behaivior of
horizontal elements of case furniture under longterm static loading.
Ph. D Thesis, University of Sofia, 1981.

6. Ozarska, B., Harris, G. Effect of cyclic humidity on creep behaviour of
wood-based furniture panels. Electronic Journal of Polish Agricultural
University,2007, vol. 10, no. 3.

7. Tankut, A., Denizli-Tankut, N., Gibson, H., Eckelman, C. Design and
testing of bookcase frames construed with round mortise and tenon
joints. Forest Products journal, 2003, vol. 53, no. 7/8, pp. 80-86.

8. Handriansyah, A. Fingers Shelving by Studio Arne Quize [tie$saiste].
2010 [skatits 24.02.2014.]. Pieejams: http://www.archithings.com/fi

9. LVS EN 14073-3:2004 Biroja mébeles, Mébeles dokumentu glabasanai,
3.dala: Konstrukciju stabilitates un stipribas noteikSanas metodes

10. The sagulator. [tie$saiste] [skatits 23.02.2014.]. Pieejams:
http://www.woodbin.com/calcs/sagulator.htm

11. Selderins, V. Lieces izturiba plauktu sistéma. Magistra darbs. Riga: RTU
2014.

Edgars Kirilovs received the Dr. sc. ing. Degree in
2013, from Riga Technical University. He currently
is a Lecturer with Riga Technical University. His
main fields of research are: the use of innovative
boards in the production of wooden products and
wood product design adjustment to the options of
modern technologies.

Address: Institute of Design Technologies,
Riga Technical University, Azenes Str. 18, Riga,
LV-1048, Latvia.

Phone: + 371 67089816,

E-mail: edgars.kirilovs@rtu.lv

Ny

Juris Emsins is a Timber Industry Engineer
Technologist. He is currently an Associate Professor
and a Lecturer on the study subject “Collection
Design” and manages practical work. He has 25
year experience in Furniture Design.

Address: Institute of Design  Technologies,
Riga Technical University, Azenes Str. 18, Riga,
LV-1048, Latvia.

Phone: + 371 67089816,

E-mail: juris.emsins@rtu.lv

Viesturs Selderins received the Mg. sc. ing. degree
in 2014, from Riga Technical University.

Address: Institute of Design Technologies,
Riga Technical University, Azenes Str. 18, Riga,
LV-1048, Latvia.

E-mail: viesturs.ozo@gmail.com.

Zane Zelca received the Mg.sc.ing. degree in
Technology and Design from the Institute of Design
Technology, RTU, in 2014. She is a Doctoral
student with the Institute of Design Technology,
RTU. She is currently Head of Laboratory of the
Department of Design and Materials Technology,
Institute of Design Technology, Faculty of Materials
Science and Applied Chemistry, RTU, and research
assistant with Riga Technical University Institute of
Design Technology.

Address: Riga Technical University, Institute of Design Technologies,

Azenes Str. 18, Riga, LV-1048, Latvia.

E-mail: Zane.Zelca@rtu.lv

Q

-

Edgars Kirilovs, Juris Emsins, Viesturs Selderins, Zane Zelca. The Stiffness Verification of the Shelving System

The aim of the research was to find the relationship between the dimensions of the shelf materials and the spans made of traditionally used board materials of a
thickness not exceeding 20mm. In the process of study quantitative and grapho-analytical research method was used. There are done constructive technologically
board shield bearing capacity improvement solutions to the used board materials. The selected board materials were tested for constructive technologically board
shield bearing capacity improvement solutions. Dismountable construction fittings, round pin and cam tie (stationary rack), and shelf holder (adjustable shelf)
were used. To achieve this goal 52 shelves of the length of 764 mm, 964 mm and 1164 mm were made. The strength and stability of shelves was tested with the
loading method set according to LVS EN 14073-3:2004 standard. The results of the experiment were compared with the results of the program “The Segulator”.
According to the standard the shelves were fortified in cabinet and loaded evenly throughout the length of the shelf (764 mm — 33 kg, 964 mm — 42 kg, 1164 mm —
50 kg). The stiffness of the shelf was measured in the mid-shelf extending it to a straight-line starting position. The results showed that the most effective way to
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improve the stiffness of the material is to thicken the sides and to produce laminated shelves. Further studies should be carried out using other ways of shelf
thickening, other wood materials and adhesives, as well as looking for other options of improving the stiffness of the shelf. The aim of the study was achieved.
The results confirmed that the best solution in the construction of long span shelves is to use the thickening application or adhesively bonded twisted material.
The flexural strength of fixed fortified shelves varied depending on the degree of the reinforcement, the difference on average being three to five times, but for
the the adjustable shelves up to 3 times.

Iarapc Kupuiosc, FOpuc Omcunbu, Buecrype Ceabaepunbin, 3ane 3enya. [IpoBepka NpoYyHOCTH Ha M3rH0 B NOJOYHOI cucTeMe

Llenb uccnenoBaHUs — ONPEACIUTh 3aBUCUMOCTh MEXy HONEPEYHBIMU Pa3MepaMH MOJIOYHBIX MATEPUAJIOB M JIHHOI MOJIOK M3 TPAJULMOHHBIX IUIACTHHYATHIX
MaTepHaoB, TONIHHOI MeHee 20 MM. B cTaThe HCIIOIb30BaHEI KaueCTBEHHbIE H IpadHIeckue METOAbI HcciaenoBanus. OTOOpaHHbIC IUIACTHHYATHIE MAaTEPHAIIbI
MIOABEPTHYTH NPUMEHSEMBIM Ha NPAKTHKE KOHCTPYKTUBHO-TEXHOJIOTHUYECKHM YIYUYIICHHSM HECyllell CHOcOOHOCTH. J{si yKpeIUIeHHs IIOIKH B KOpILyce
UCHOJb30BaHAa (DYpHUTYpa pa30OpHON KOHCTPYKLMH, LMWJIMHIPUYECKUH IITHIPb, SKCIEHTPHKOBas CTSHKKA M IOJNOYHBINM yrmop. B mpouecce uccnenoBanus
H3TOTOBIICHB! 52 MOJNKU JUIMHOH 764 MM, 964 MM 1 1164 MM, KOTOpbIE TOABEPTHYTHI IPOBEPKE HAa IPOYHOCTH ¥ CTaOMIBHOCTD, HCIOIB30BAH METOJ C HArPY3KOH
BECOB, B COOTBETCTBUH ¢ TpeboBanmsamMHu cTangapra LVS EN 14073-3:2004. Pe3ynbTaThl SKCIIEpHMEHTA CPaBHEHBI C pe3yabTaTaMy IIOIyYEHHBIX B IIpOrpaMme
«The Sagulator». Tlonku yKpemsuIMch B KOpIyce M PaBHOMEPHO Harpyxaauch no Bceil mmuHe (764 mm — 33 kg, 964 mm — 42 kg, 1164 mm — 50 kg). Uzrud
TIOJIKU OIPEIENsUICS Ha cepelHe Mponéra. Pe3ynbTaThl MOKa3ald 4TO ONTHUMAIbHBIM CIIOCOOOM HOBBIIICHMS] NPOYHOCTH Ha M3rHO NPH3HAHO NPHMEHEHHE
yToMmeHn# G0KOBBIX KpaéB M H3TOTOBIECHHE MOCIOHHOKICEHBIX MOJIOK. JlapHeHIne Hecaea0BaHns HE0OOX0AMMO IIPOBOIUTH C MIPHMEHEHHEM Pa3INdHOro Poja
YTOJILIEHUH IIOJIOK, MEHsIS BHJ| IPEBECHOTO MaTephana U HCHOJIb3YyeMOro KJes, a TAakKe MCKaTh JPYTMe BapUAaHTBI YKPEIUICHHs MPOYHOCTH IOJIKM Ha U3rHO.
IMomy4eH MONOXUTENBHBIA pe3ynbTaT. [ MONOK GONBIIOro Mpoiéra JIyYIINM pelIeHHeM SIBISETCS NMPUMEHEHHE YTOJNIIECHHS Kpas M KIEeSHBIX IOJIOK M3
JYIEHHOTO MIMOHA. [IpoYHOCTH Ha M3TH0 KECTKO GUKCHPOBAHHBIX ITOJOK B 3aBHCHMOCTH OT IPUMEHSEMOTO YCHICHUS MEHSIACh B CPEAHEM OT TPEX [0 IATH
pas, a epecTaBHbIX MOJIOK — 10 3 pas.
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