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Abstract. Computational modelling is an effective tool for
development of innovative solutions from cross-plylaminates
such as plywood. In order to assure accuracy of sbcmethod
predetermined material properties should be evaluad.
Moreover numerical simulations should validated wih the
physical experiments under various loading conditios. The aim
of current research was to determine elastic propeies for
individual veneer specimens in order to evaluate # input data
for further plywood products analyses using FEM comrercial
code ANSYS. Therefore more than 250 unidirectionaveneer
specimens with different thicknesses have been tedt These
acquired values has been verified using FEM analysignd
afterwards used in validation of bone shaped plywab tension
test specimens. Some conclusion has been drawn &rmow down
the confidence bounds for mechanical properties tdbe used in
design of plywood panels.
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INTRODUCTION

Due to continuous supply and demand as well ablegiad
processing traditions for wood products the plywaatlstry,
remains one of the most perspective industriesaitvia [1].

a Technical University

The mechanical properties obtained from unidirectio
veneer specimen tests has been incorporated aithteal in
multilayer bone shaped plywood specimen numericad a
experimental tests. Acquired values will be used ftother
research as input data to improve accuracy of pbgvo
sandwich panel parametric model in ANSYS environtmen

Veneer specimens

To determine veneer mechanical properties, mone 258
test specimens have been produced at the Lignuotsrya
(AS “Latvijas Finieris”) according to the plywood
manufacturing practice.

The specimen production process has been initiaiéu
preparation of the test plates and the clampingegldn total
of four full scale (600 x 900 mm) plywood platesdhiaeen
produced to cover the full range of the test rexmints.
Specimen production was realized in same way asquy
manufacturing process, initiated with glue coverargl then
cold preloading following the compression in the press at
140C degree temperature. The first plate was madédront
dried single veneer sheet, with average thicknésglal.55
mm. The second plate was made from single veneegtsh
compressed in the hot press with average thickmés$.46

Nevertheless to withstand the future competitionr fomm. The third plate produced from two veneers ahgbdy

innovative wood products solutions, elaboratiorthef designs
and production technologies are demanded. Curren
perspective research area is associated with plgwandwich
panel designs which could be made from high qualigyood
outer plates and low density material or modifiéylypod as
core structure.

Finite element method (FEM) codes like ANSYS [2] o
ABAQUS [3] are utilised by all industries to autom@athe
design process and to simulate the complex behawbu
products under various load conditions. Therefammetric
numerical model allows reducing the designing cos
associated with prototype manufacturing and testiag
However in order to run FEM simulation, a real &ngly —
veneer [5] material properties are required. Sudcktenml
properties (Young modulus, Poisson’s coefficierd altimate
strength) reported in respectable literature [6jg] for
traditional stacking sequence for plywood thus adég for
theoretical calculations and not suitable for FENBIgses.
Evidently for a single layer modulus of elasticity more
affected by micro cracks [8] appearing after peplmocess
and hot pressing, thus obtained material propeh#sslarger
scatter and are less robust to be used in numeioalations.

38

ogether using the hot press, thus average thiskng&s2.7
m. The same process has been used to producesthe |
three layer plate with average thickness Td~4.03 mm.
Before the final plate assembly, additional clamgpplates
have been added at the ends of these specimerectoes
fastening zone protection against the local steegSEamping

rplates was produced from one veneer ply and atthche

perpendicularly to the specimen fibre directione ®pecimen
geometrical characteristics (Figure 1.) has beendema
according to ASTM D3039 [9] for composite lamin&@sion

st where length=300 mm, widthB=20 mm, 25 mm and 30

mm The Cover plate length L1 is 100 mm. Were preduc
specimens with longitudinal and perpendicular wdidate
orientation to specimen length. In total of 220 cpens
where tested with longitudinal wood fibre orientatiwhere
120 specimens had width of 20 mm, 60 specimensnlidith
25 mm and 40 specimens had width 30 mm. Besides
additional 50 specimens with perpendicular orieéatabf the
fibres and width 20 mm has been tested.
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Fig. 1. Geometry of veneer specimen

Some manufacturing difficulties have been repodadng
the manufacturing process of the specimens, incpdat once
one side was assembled with the adhesive clampétgspand
compressed, significant bending deformations oeclifrom
unbalanced load distribution. To glue another clagplate

frgg?t. othtehr. T(ide;’ basg pllatte has 'tbe: n :Ttraig_hteﬂnaxying assumed to be constant 100 mm and all tests whseckavith

al |d|on II'C ht? yt\)/vo? pfa es t?]n "d. slcamgglgauf; was loading speed of 1mm/min until ultimate failure. fr@asure

]9 uedon ‘Z!gt dy en _tsur ace, usd |S|?A\fa:cemf_ I{) MM the specimen deformation on the ZWICK Z100 (Figtesfing

ron(] p:_re Ic eh post|h|ond_occurre ’ er fina b Sﬂﬂg I.machine were used laser extensometer BTC-EXOWMST.HO

production phase 1he diScrepancies - Were —observ 'and grip displacement measurements, the load neshsuas

clamping platejs. was not_fully attached lesser spess has measured by standard 10kN load cell. To verifytdse results

be'(\e/ln cut thart1 |n|tl?l(ljyt(je5|gngd.d hanical i the INSTRON 8802 testing machine was utilised where
vioreover to validate acquired mechanical propemiomn o, mations was measured using INSTRON 2620 series

unidirectional specimens additional 28 bone shapgdood dynamic extensometer [11] together with the grip

specimens have been tested in tension accordihg-tB 51- displacement readinas. The specimen dimensionsedisas
123 [10] (dimensions at Fig.2). Such specimensuaed by fai|Bre mode was rec%rded for (E,)ach test sample.
AS “Latvijas Finieris” for quality control of plywad’s

Fig.3. Specimen tension test on INSTRON 8802

The distance between the clampings/grl@s has been

ultimate stresses and for determination of modafuggidity. = |
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Fig.2. Geometry of plywood specimen

Experimental set-up

All tension tests has been realised at the Rigahfieal
University in the Institutes of Materials and stuwres testing
laboratory. The universal testing equipment INSTR8802 _ _
(see. Fig. 3.) and INSTRON 8872 (see. Fig.4.) §fzecimens 9 4 Specimen tension test on ZWICK 2100
with perpendicular fibres direction) has been usktbre
detailed technical specification can be found
WWw.ims.rtu.lv

The same testing procedure was realised on 7-plyqud
tension specimens (12 with longitudinal outer fibend 16
with perpendicular outer fibres). The NF B 51-128] test
setup is shown in Figure 5 together with the dymami
extensometer.
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Fig. 5. Plywood specimen tension test on INSTRORN238

Testing verification

A

Some testing inconsistencies reviled by perforntergsion ‘ ‘ \
tests, in particular the laser extensometer on ZKVE100
(Fig.6) machine are lacking robustness when plywood
spemmens are tested. This I.S dug wood spemmgma fll:i:ig. 7. Laser extensometer measuring zones (res) dotl tension behaviour
alignment what creates numerical discrepancy oet&ive i\ ood micro cracks under tension load
displacements have been registered. The wood

microheterogenous structure cause trapping of teerl
measurement once the fibres start to open and aigdar
cracks propagate along the specimen. As sketchédure 7.
once micro crack separate the laser measuring zbaedaser
probe can not be used for measurement as the same
measurement are have bidirectional movement. Hadd to
the principle that results can not be retrievedmfrguch
specimen tests. (Fig. 8). An alternative engineesnlution
would to attach the paper labels which would cdberlocal
micro crack propagation and global deflection coddd
measured.

Fig. 8. Spacemen failure mode cases misleadinglaker extensometer
measurements

Furthermore testing verification revealed that gsljling
can be observed on ZWICK Z100 machine which caps®u
four times displacement discrepancies if the loagll c
Fig. 6. ZWICK Z100 laser extensometefeasuring)iywood specimen displacement readings are used. Therefore by pnirligr
initial calculations for modulus of elasticity a thdus of
elasticity has been recorded three times lower thasrage
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value associated with plywood specimens -
Nevertheless the results from an extensometercauidell on
INSTRON 8802 test equipment had practically noadtgin
which is due hydraulic grip anti sliding propertieghis
resulted that extracted data from ZWICK Z100 maehivas
used solely for determination of the ultimate stess because
ultimate force was validated with measurement friime
INSTRON 8802. The servohydrolic test supremacy
associated with specimen fastening system which
increment of applied load increases the pressuretesh
specimen. Considering that load for specimen detitmu is
not high (about 5 % of machine power) complete ispec
clamping during loading process might not be redchising
INSTRON 8802 machine such fault wasn't observecabse
of automatic fastening plates pressing with prergef load.

RESULTSAND DISCUSSIONS
By performing specimen’s tension tests modulus
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Fig.9. Modulus of elasticity versus specimen thiks

Average value of modulus of elasticity is 14.81 GPar

cgpecimens with fibre orientation perpendicular itundjnal

elasticity and breaking tensile stress and alsoim@xand irection, average modulus of elasticity is 0.5GPaas been

minimal values of these properties has been esumdtor
specimens with wood fiber orientation paralleltie specimen
longitudinal direction, values of elasticity’s mdds are
shown in Table 1.

TABLE 1
Modulus of elasticity for specimens with paralleleotation of fibres [GPa].
Type of Specimen width, mm
specimen 20 25 30
Laminate Avg. 16.96
d Max - Min max.17.51
min.16.49
1 ply 15.97 15.66 14.54
COMPress| max.17.06| max.17.53 max.14.86
ed min.14.58 | min.14.77 min.14.32
15.19 14.61 13.99
1 ply max.16.32 | max.15.10 max.14.96
min.13.68 min.14.04 min.12.21
14.36 14.22 13.95
2 ply max.15.60 | max.14.63 max.14.37
min.13.17 min.13.86 min.13.73
13.26 13.39 11.99
3 ply max.13.21 | max.13.55 max.12.22
min.12.45 min.13.18 min.11.65

achieved that the greatest modulus of elasticigyfar 1-ply
specimen impregnated with glue and produced under t
pressure. By increasing thickness of the specimbe,
modulus of elasticity decreases until average valué3.26
GPa. It could be explained by wood defects appgain
thicker specimen’s cross-section. Similar tendecgecrease
modulus of elasticity gives the increasing widthspkcimens
from 20 mm to 30mm. Most robust results from akamens
have specimens made from 2 unidirectional veneers —
difference between modulus of elasticity for spesis with
20 mm and 30 mm width vary only 3.5 %. For other
specimens results difference between specimenswvaitious
width from 5-15 %.

Average breaking tensile stress for specimens filirs
orientation parallel to specimen longitudinal dtiexa is 125
MPa (maximal value 149 MPa, minimum 104 MPa). Bhegk
stress has tendency to increase with specimen width
difference between specimens with 20 mm and 30 mm
thickness about 10 %. To summarise an average valtie
acquired modulus of elasticity for plywood speciseme as
follows: for specimens with outer fibers directimmgitudinal
9.75 GPa (maximal value 11.39 GPa, minimum 8.07)3Ba
specimens with outer fibre direction perpendiculty
specimen length average value of elasticity’'s mosiu8.14
GPa (maximal value 10.20 GPa, minimum 5.52 GPa)

Average breaking tensile stress for specimens filities
orientation parallel to specimen longitudinal dtiee is 72
MPa, for specimens with perpendicular fibre oritota 54
MPa.

Values from table 2 were used to make graphic of

dependency modulus of elasticity from specimensceextion

dimensions (Fig. 9.)

FEM ANALYSIS

Using FEM commercial code ANSYS v.11 [2] has been
simulated tension tests for 7-layer plywood specisnaith
extended endings as shown in (fig. 10). Initialdingictional
specimen simulation results have been verified \phlgsical
tests in order to estimate finite element mesh iden¥he
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bone shaped specimen has been modelled using ANSYS

node shell element SHELL 181. It was assumed theh @ly
has thickness of 1.35 mm. Plywood stacking sequédvase
been modelled assuming that each layer is perpgadio the
upper and lower one, as plywood consists of anmuohdber of
plies.

AN

SEP 16 2010
16:13:49

ELEMENT SOLUTION

STEP=1
SUB =1
TIME=1
EPELY
RsYs=0
DMK =.001858
SMN =.001326
SMX =. 006353

(NOAVG)

.004677 .005794
.004119 .005236

.001326
.001884

.002443 .00356
.003001

.006353

Fig. 10. Plywood specimen FEM model

For robustness analysis mechanical properties é&s brsed
as variable parametrical input data. An averageesbf bi-
directional Young modulus, Poisson’s ratio and simeadulus
were assumed as — 16 GPa foy in fibres longitudinal
directional and 0.5 GPa fdg, in perpendicular direction. In
order to asses the robustness of the numericalpagsical
tests the load/strain field plot has been drawrslamwn in
(Fig. 11, 12). The field describe the min. and mbaunds
between the experimental and numerical results and
overlapping are outlines the concurrence betweemtlt may
be observed a slight underestimation by FEM anslydien
similar min/max values are used.
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Fig. 11. Load and strain curves for plywood specisnaith perpendicular
orientation of the outer wood fibres
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Fig. 12. Load and strain curves for plywood specisn&ith longitudinal
orientation of the outer wood fibres

NUMERICAL CALCULATION

Effective modulus of elasticityEs using numerical
calculation could be determined analytically byngsequation

).

E, = ;% E @

A; — cross-section area for each layer
A — cross-section area of plywood structure
E; — modulus of elasticity for individual layer

It has been assumed that all plies have similaktigiss and
modulus of elasticity for longitudinal wood fibreientation -
16 GPa and for perpendicular to fibre orientatiobh5 GPa.
Acquired effective modulus of elasticity for plywdo
specimens with longitudinal orientation of outdsréis - 9.36
GPa, for specimens with perpendicular orientatiéroater
fibores — 7.14 GPa. It should be noted that therends
dispersion of results, because area relation gbguelicular
and parallel plies remains constant. In additioerage values
of analytically acquired values have been compangith
numerically and experimentally acquired results strewn in
(fig. 13).
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Fig.13. Comparisons of modulus of elasticity

As illustrated in Figure 13. results for specimengh
longitudinal orientation (0) of outer wood fibresash low
variations resulting in 4 % discrepancy. Meanwhjecimens
with perpendicular orientation (90) of outer wodlorés have
significant difference between experimental and etical
values of modulus of elasticity resulting in 12 %catdepancy.
This could be explained by wide dispersion of ekpental
results once specimens with perpendicular stackeguence
are tested.

CONCLUSIONS

The unidirectional veneer mechanical properties Ieen
extracted by performing tension tests for the sisialk veneer
specimens, which served as input data for validahietween

Acquired accuracy range using these values of nosdof
elasticity was in range of 5-15 %.
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Edgars Labans, Kaspars Kalnpa$, Ogerts OzolinS. Finiera metanisko ipadbu eksperimentla un skaitliska identifik acija

Datorsimuiiciju izmantoSana misdieras Kuvusi par efeltu fidzekli inovatvu uz sapik&a un citu imétu materilu bazes veidotu produktu izage. Tatu, lai
nodroSiratu $idas metodes precizit, nepiecieSami matela ipadbu pEtijumi, ka an skaitlisko simudciju validacija ar eksperimealiem rezultiem dazdos
slogoSanas ap#tlos. Dot darba narkis ir noteikt atsevigu finieru elasigasipadbas, lai to @rtibas vagtu izmantot k& ievaddatus turpaku sapik§a produktu
izstradei uz gaigo elementu &res (GEM) veidat datorprogramm ANSYS. Darta tika veikti laboratorijas testi vaik neld 250 daZda biezuma un platuma
finiera paraugiem ar &Bigu %kiedru orieniciju. legitas \ertibas tika verifiétas, izmantojot GEM apkinu kaula formas safft3a parauga stiepes
datorsimuicijai. Tadiem paSiem paraugiem tika veiktiidaboratorijas testi, lai gsbaudtu apgkina rezulitus. Rtijuma rezulita tika noteiktas finiera
mehanisko ipadbu robezertibas, kuras var pielietot sagfna produktu skaitliskos agkinos. Izmantojot iegtas \ertibas, tika nogrtéts skaitlisko apgkinu

konfidences intenls saidzinajuma ar laboratorijas eksperimentiem.

Iarapce Jladanc, Kacnape Kanmnunsu, Oubrepre O30JMHbI. JKCHEPUMEHTAIBHAS U YUCJIEHHAS WIEHTU(PUKALNS MEXaHMYEeCKUX CBOMCTB LINOHA
Hcrnonp30BaHUEe KOMITBIOTCPHBIX CHMYJISLHMi SBISETCS 3((PEKTHBHBIM CPEACTBOM ISl pa3pabOTKH MHOBATUBHBIX MAaTEPHAIOB Ha 0a3e (haHepbl W APYTHX
KJIeeHbIX MaTepuanoB. Ho 11 Toro, 4to6bl 06eCreYnTh TOYHOCTh TAKOTO METO/IA, HY’KHBI HCCIIEJOBAaHHUs CBOWCTB MaTepHana n Bepu(HKaLHs KOMIBIOTEPHBIX
cuMyssinueil ¢ 1abopaTopHBIMH HCCIeI0BaHUSAMH. Lleab paboThl - ONpeNeNuTh AaCTUYHBIC CBOIMCTBA IIMOHA, MCIONB3Ys 00pasibl HEOOJBIIOro pa3sMepa,
HCIOJIb30BATh MTOYYCHHBIC JAHHBIC KAK BBOJANMBIC JAHHBIC UL ITAPaMETPUUECKON MOJIEIH COHABUY-TIAHEIN C TOQPHPOBAHHBIM SIIPOM B KOMMEPUYECKOM TAKETE
MKD ANSYS. Bsuto npoBepeno cBbinie 250 00pa3LoB IIMOHA Pa3HOW TOJNIIMHBEI U MIMPHHBL. Bamumaims napaMeTpruyeckoil Mozeny Oblia MpOM3BENeHa C ¢
ucnonb3oBaHreM MKD pacuera mi1s1 ob6pasua daneps! Ha pacTshkeHue. [l TakuX xe peatbHbIX 00pa3IoB ObUT IPOM3BEIEHBI TECTHI B 1AOOPATOPHBIX YCIOBHSX.
B pesynbraTe McCiaemOBaHHS ObUIM BBISBICHBI MEXaHHYCCKHE CBOWCTBA MaTepHaia, MOAXOMSIIME Ul MPOCKTUPOBAHMS MPOAYKTOB u3 (aHepsl. Mcmons3ys
TIOJTyYCHHBIC JAHHBIC, ObUT ONPEeIICH HHTEPBAJl TOYHOCTH PACYETOB M0 CPABHEHHIO € J1a00PaTOPHBIMHU 3KCIICPUMEHTAMH.
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