5 KOKKUVOTE

Tanu korge struktuurilise jdikuse ja madala massi suhtele on sandwich-paneelid leidnud laialdast
kasutus ehitusvaldkonnas ning viimase kimnendi jooksul olnud ka laevanduses tousuteel. Korge
sube tulensb sandwich-effektist, kus sidamiku paksemaks muutes ja valiskihi katteplaate sellega

Uksteisest eemaldades suureneb jdikus marginaalselt, kuid panesli kaal minimaalselt.

Tod esimeses pooles voeti vaatluse alla tidpilised laevanduses kasutatavad kihilised
kompaosiitpaneelid, vomreldi neid omavahel ja toodi vilja mehaanilisi omadusi. Tod kdigus kirjeldati
ka voimalikke sandwich-paneelide purunemistiipe. Nende teadmine on oluline konstruktsiooni

disainimisal ja tugevuse analldsimiseks

Too teises pooles t6otati wvalja analidtiline  ja  numbriline  arvutusmieetod  kihiliste
kompaosiitpaneelide tugevuse arvutamiseks. Pohieesmargiks oli valja todtada wvoimalikult
voimalikult lihtne LEM arvutusmudel mis annaks kompetentse paindetugevuse hinnangu,
optimeerides ajakulu. Arvutusmudeli valideerimiseks vdeti aluseks artiklis |, Experimental,
Theoretical and Mumerical Investigation of the Flexural Behaviour of the Composite Sandwich
Fanels with PVC Foam Core” [@biviidud laboratoorse paindekatse andmed ja tulemused. Artikkel

valitl, kuna katsetatud sandwich-paneel on laialdaselt kasutuses lasvashituse konstruktsioonides.

LEM mudel wvalmistati ette tarkvaraga FEMAP, kus analidsiti anoutusmudelit  stastilisel
koormamisel. Mittelineaarseks arvutuseks kasutati tarkvara LS-DYNA. Koikide anvutustulemused
voeti kokku peatiikis 4.4, kus neid vorreldi laboratoorse paindekatse tulemusega. Valjatddtatud
annutusmudelite tulemused, paneeli jdikused, olid omavahel waga sarnased, kuid erinesid
laboratoorse tulemusega vahemikus 13,2 .. 175 % Erinevuse pohjuseks toodi valja,

kdsilamineerimismestodi madal korratawvus.

Jatkates k3esolevat tHod, tuleks tahelepanu pdirata mittelineaarse ansutamismudeli taiustamisele,

defineerides sandwich-paneeli sddamiku mittelineaarsed omadused.

Autor peab antud t00d kasulikuks ja selle kdigus Oppis moistma sandwich-paneeli
paindekarakteristikat ning valmistama arvutusmudelit 1@plike elementide meetodil. Valja tootatud
arvutusmudelid on heaks aluseks edasisteks projektideks, kus on vaja anda kiire hinnang komposiit

sardwich-paneeli paindetugevuse kohta. Autor tditis 166eesmadrgid soovitud mahus.

36



6 SUMMARY

Due to the high bending stiffness and mass ratio sandwich panels are widely used in construction
and for the last decade been on the rise also in the maritime industry. The high ratio comes from
the sandwich effect, when thickening the core and therefore separating facings increases the

bending stiffness significantly with only a small increase in weight.

In the first part of the thesis typical composite sandwich panels used in maritime industry were
taken into focus, Different panels were compared to each other and their mechanical properties
pointed out. Potential failure modes is was also presented during this research. The knowledge is

needed for designing a composite panel structure and analysing its structural strength.

In the second part of the thesis analytical and numerical investigation was carried out for calculating
composite sandwich panel bending stiffness. Main objective was to develop a FEM calculation
madel, which would be as simple as possible, to optimize time consumption, but would still output
competent stiffness value. In order to validate calculation model laboratory bending test data and
results from article Experimental, Theoretical and Mumerical Investigation of the Flexural
Behaviour of the Composite Sandwich Panels with PVC Foam Core”™ were taken as the basis. That
article was choosen because the sandwich pamel that was tested is really common in the field of

maritime industry.

The FEM model was prepared using software FEMAP, where prepared it was analyzed using statical
load. Monlinear calculation was carried out using sofware called L5-DYNA. Chapter 4.4 combines all
the developed calculation model results and comparishes them with the experimental testing
outcomes. The results of the developed calculation models were very similar to each other but vary
with the experimental testing results ranging 13,2 to 17,5 %. The reason for this difference was

stated due the low repeatability of hand layup process.

For continuing this reasearch, focusing on refining the nonlinear calculation model is recommended

to define the nonlinear properties of the sandwich panel core.

The author finds the thesis useful and learned to understand the bending characteristics of the
sandwich panel and to develope a calculation model based on finite element method. The
developed calculation models are a good basis for upcoming projects, where a quick rating of the
bending stiffness for the composite panel is needed. The author fulfilled the purpose of the thesis

in the desired volume.
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