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! Finite Element Method
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! Bilinear Kinematic Hardening



sgazs slizl g, 3leslaiwl b jouly oz (slacl b alisS oLl jo (15 a598 gy y

Sl wSxo |, g9
olasl glay b asladgs ol caaz) colu uilyols
Jlail oL 595 » ol Habas (G b s Elhgm
pas odumy ol a5 gl glalols o135 . il
WDgd oy b adsl L8, ileae sl oS s
alold giluJun b aS oS oo olpiion i Olados
A sgam U (cEle uilyel)  Jlasl glacl o
Gl e om0 SlPee Slge el
2 GRS (al ) 050 Ces @y L g 025 NS
alold adgl laz § crw 5 00l aisle slo Jow ulul
Oleie 4 oyl )b cow Jlail L, o sege il Lac
ol 50 S i |y g QT o Sl wlg o e
Karpovich 3 McKenzie lawgs ool (5,155 jlake sl

IV] s a8 ks o o

S8 S i aigo3T (55w Jome

oo live Ql}’;u_a T USE (0) Cond jo oS joblen
oS ety Jlail o LB ad 4 Seop o 05
-0kl At cpl sl Jlast Sassl g oyl 18 s
a2l onl )3 5 55 55 dgye0 Tl cnlpln w08
Silye hn 9 SUI » oges (LS AL 5 00y SV
ol 55 el gz liel 5 St Lol e 45 LI
O e ¥ 2 U cld ] 09z 4y 4l
aled ool g ools plas JolS jobas | £9.090

ﬁ"f/
b mhw 5o oeled 9l Gleie & FEM o ules
S Sl s selioe s Soses Lo
Paded (59)3 (ouled gslaw a5 390 oo leal S5l
5 oals JUnl 1, g Lid Loy slag s ol 1i s (i
ol o] Faen 5l ep b wles j0 axkd g0 (glulo
S il slml cel eles plall 5l eolizad
g so el SEasl g pwlow Sbw ;o o Jold
Xen ;o OICie Eel wilyd co Dl i pl 90 2
L @8> L iy wiejld g ol goue Jolo
Jolate (owles slagty; 5o il Sz55 Sboj slapls
Boii e o daib a5 94 e oolitel wled (gla,b 5|
e Jobs slp 09d oo Jld pa (9)0 Dlala (0,5
55 e fade glacussime (> eSS g b o
phr oles 35 Sl Al Saaan s askd
ol 5 2, odei planl ST Ll sl S 2
Cdo o Vb ded jlade J8las 285 dai s sl Gos
]
3 TARGET170 #ho 4 zhe sl
sk )] iz ,S 18 sl 5,50 CONTACT174
O FEM lagie g aislo wal B 1) (6 pady JSC0 5ss
(FKPY oles  is iiliigy o sy oile |,
aols 3 (T Slasl oo (FTOL) Y3585 yuilysls
@i 285 g5) 2 (oled sliel (s @) (T (ke
FKP s Lasiie ayl 5 05,08 o il ol Sad L8, 5
i A A Al gozly ou slasie FTOL o
Goe b oo 3985 ol g (omled plu] (o (S
ol Ooyy] ety wims o plis 1y s slagled!
ool ptl w5 e @ o)lgen polie
b by omw 5 0oz (59, 0ol plonl Sl (o)
ol Cuws 4y FKP (gly +/0) sue ol gaiow plxl
= b 00 o> loslaul b > aes o o5l jlaae oyl
10 sae g5y p» FTOL aslxily ol Ses 4 2,8
3985« o0 o3l a5 el (g lade a5 Cewl ool olais
Ol d 003985 polaw (Al JBS, (wled olam

! Contact stiffness

2 Penetration Tolerance
3 Friction Coefficient

4 Initial Connection Gap



VAP 5ol oF ojled piia Jlo o)l 325 5 gz mbio ale

(@

T )0 () o5 b 0 00l Hlo ks 598598 () ol 6Lb439an 39§ 8 GRS S guwdy o Y LaST jo i 29595 -F S
(&) (250 azxdi g () oL 5 L

O 2l g e ) cenl Jlad cov () abeS
ad @ Seo5) Gm e 5o g (s L 1) g)led
L SU p oogee ginS s Lacl ol o (LB
o al asol cde a4 oyl S8 T s Cod cunSs
ad o gac 5 ail |8 gac glbale o ozis
y&.c&.l)omwl(sﬂngi;))}:ém

ALl valess sl

w lacl 5SS e ) G5 @ P 0 sladss

oSk e Jlail s wes e laS Time ek
Lol T e 55,5 sgae )0 Jge CeSlh e s kb
G335 sl ysdyss a5 Canl ls lis wliass
Slosisosl o cSs (Sojir als el ol s
ooy Hlad b sy 0gd oo | oo Cow CanSl SIS
S i, oyl cel ooy g cale al 3 cl
Saals el LS g, ol g ol Lz Jlzle o
ol e oodle UMl Wigs o | de Co 00,9l ,8 (Ko yix
Alide zolaw ;3 lojerbosy (Sl olst (o)
Sl 2 sgee (225 Cuaglie LalS 13 (9Dl 9898
S Sl olss b Liwl o Loy &S, (V J5o2)
oS sbolen Ve 5] il os,5 asl el | e cos
G5 @i Sged ealive zady @ Gl OSSO 50
gac ;0 CanSd il Jlim! saws las a5 S
3950 Faay O b Gialil g geadl 9898 L Con
4 Sep 4l e Jlail (Jg (e B 99,5 S5 Sy



Sgaze (gl i Y 3 ooLa.,...JIL)NL ce> wlacl b aigs oYl 3O U5 @95 gy

(@)
S () b3 Liomnd 9 (02) o gebauw 30 0d yl0 s 59893 3 () wB L Aigosl 30 yusds puw JUail 55,53 e 50 i @398 —0 JSobo
S8 s (5,185 ,L
boas jlofys8y58 slaaige;l jo LIl (g5le (odp Cunglie Ao w3k e Jlail S8 a4 axg L
Cawl 00 03,51 ¥ Jgdz 40 aodl> ol 4 ubizd oy ks I ae) Gip e bl cel (F IS5 0 K, 308 5 9,5
Sl e cov 1) cuss Seji> Sy opl [V 54l S0 al opl g 45 398 o 5SS e ;0 (CanSd
D3l oo Brgad 4 1) pae CenSl g ools Sl ool las Cladoy 0gd o0 F S gDl 99,99
DT ol sy o9z 5 3, 097 (SilSe Slogas Y oz
SLII (5lg0 Gy Sl ogas jLid  BLII » dgas Giks 9031 aiges
VYIEY (VIF9) A0 (DIYA) I8y (VYY) (wall) iy ez
YYIAD (+IAY) VYIAY (VAN YIX? (VYY) oS odow
YY/EY (V) E) VEIOF (VYY) YIYY (- 159) ol ) zedans

ool dpnliee MPa e 3 o 15 cams oo yLis | jlaslienl 51 Bl sl polae 53l Jols slael

@b Sl slse Shp co el 668 b Ll oS 5l ey Ll alee 5 25 @mbs bl

oo ygliws ol il oo Gialidl S e i cow JLlail gac ;0 5 Il s Cov lacl cuSls a5 wl asie

S oo a1y uas odal Cwd e s GFEP oz 300 G LYl ans o ) 5SS
Iyl Cooi Jlasl b Coglie ¢y g ankad g0 Jlasl sl

slasl Coglin § o b Custl Slojen g 050 0



VAP 5ol oF ojled piia Jlo o)l 325 5 gz mbio ale

(@)

() 9L s 9 (©) o5 el 53 s H10Js 598599 g (AN) aalds digo3l 13 ywds yw JUS| Ji Sz oS guae j8 idd @98 —F S
Sobd iS85, e

4.‘>9.: L: J\.\A REW @ sl 00 s.,\.».) ).i)yo)’l oKiws JM W)L{J.C‘
b Jlasl (6,38 gm0 g 4y Jlail i S5 4 g e aalio b ol FEM Jae Liel 5 cds

aslo ANSYS I3l e 5 b g dgame lizl (b, S b oo (g 3loancd (kb 2eiS sladige;l canls 0> 4o
— bug o 08 glodige;l Seyeiiognd loged

Cawlid o 5 9 polile dulie 31 yb 5 (220 LS b Joo (oiaw jlael -V Joue

BeV+/aY (N) cawlis a5 5 g3
$1.y (N oan 9> 30 9.y @l
BeV+/04 (N) SVl a0 550 Joe
<./ /) s
agesl o G g alg oo Vb o b Jas ool 9 Sl G315 45 ae0 e (LS Y oz s
3 |y S 0950 g 0l ylid |y oS e i S Se29 52,70 guli b Jow 3l ol Cawdds gye polie o

O 5 A oD 058,98 5 9z slasl Cewddy GW5 @355 45 285 Al (lgf oo cnlpla o)l



Sgaze (gl i Y 3 ooLaMJL)JA.JJ ce> wlacl b aigs oYl 3O U5 @95 gy

Jlasl slojlo o Shae )T o (53l 5 ygmdls 598,98 L
CeaSs L8) plejes sein xS LA LB Ces
Sl ey Bk 5l G5 S e de (g n s L]
5 Ll (18,5 Jlai o b aas e ojlal )5 4 Sgame
O 6590 ek Coz o L edl 58,98 culre
9 e LS SLal ) Jlail g9 g slolu ()b
Jlail Joe sl @ gae @ i Jlasil 5 Jlasl o1k
oo gt Slojle o Shes g aidly il Jlasl cuegli
&b

oS ol glaied 4 Wb Jlasl b edy oz cpl 4o
Jlasl o I g5 b (oS 55 de ot sl Sl u>
D9 g Lo Zod Gl 3l g 00,5 ol

He S50 6lp Brme i CanSls Sl slagygas]
5 000l sty 5 po (6 N ,L o asgS VLl s,
b Jlasl slael cass o) ln k) sl S
ezl gal s o 5 dol el w5z g G, ooz
S Cod ceSs a8 whols olis bage;l cnl b
Loswms Jlail Ume o Jlal lael o aas
S5sn gy O el SRl g (gDl 98,8

5 Jod BB pobo @ Cudlys sgamme sl by, Joe s
SS9 a1y G opl o2 s YL lael b
CaSl do (e 9SS )8, b abaly 5o (5550
oles 1) S e (6,35, o sl

(¥

(f

™

f\"/\/
olid (L Slidss 5l ooal Cawods )55 ol ales
Ple g ConSl L8, (gDl j58 )98 3L L as ol
Ly opled S o il o Slas 00,508 SeilSe
St on Gl 8 PIR el ,58 s tal58
Iyl

plos a5 wilosls lid oudy oz (69, (SilSo LSL‘%')%}—‘ O
e B Jysdrdh B reek w0z (SHe ole>
OF s Gl 5 (oadl 38,99 b B 2 9g0e 1S
Sl sl oy Gl Gles nl 5o &5 b Gl
Sfles o lowizle Sl 5 Cute (25 00518 cl jo
anlos 5 i) S o (6 RS s S YL
g5 3l adss Jlail jo (5 55 a5 Jos Sl @ 4z b (F
Ty Lael & oy JLaih) oas Jlail Joee o juds
$a 93 3 )3 CunSh 18, g Jlal 4l (o) a3 o0
hostinal 5 Jlail (b sl (255 sleal, Wlg e
Behod s Bl (eendl 98,58 wiile (Dol sl s,
Sl el Gl L5 lawyy 5 ol
S fles jo ol (Sl Coogaz 95 (sendl 9258
30 ez Gs a5 bl e ge yoss |, Jlasl glojle
el SUL sl Ap g SUI » ogee aS A
2 gas Zwglie alS b ogdiee ojle 5 Jlail cess
Sl sslge Shp Cenglie GraliSl g SN ogee putS

&lw

[1] Jenkel, Ch., Leichsenring, F., Graf, W. and Kaliske., M., 2015. Stochastic modelling of uncertainty in timber

engineering. Engineering Structures, 99: 296-310.

[2] Omidvar, A., 2009. Wood Polymer Composite. Gorgan University of Agricultural Science and Natural

Resources Press. Gorgan, Iran, 127 p. (In Persian).

[3] Eberhardsteiner, J., 2002. Mechanisches Verhalten von Fichtenholz - Experimentelle Bestimmung der
biaxialen Festigkeitseigenschaften, , Springer-Verlag: Vienna, Austri, 174 p.

[4] Schmidt, R.J. and Kaliske, M., 2009. Modeling for numerical failure analysis of wooden strectures.

Engineering Structures, 31: 571-579.

[5] Tannert, T., Lam, F. and Vallee, T., 2010. Structural performance of rounded dovetail connections:
experimental and numerical investigation. European Journal of wood and wood product, 69: 471-482.

[6] Ebrahimi, Gh., 1997. Mechanics of wood and wood composites. University of Tehran Press, Tehran, Iran.

686 p.(In Persian).



VAP 5ol oF ojled piia Jlo o)l 325 5 gz mbio ale

< f\‘"\/
[7] McKenzie, W.M. and Karpovich, H., 1968. The frictional behaviour of wood. Wood Science and
Technology, 2(2): 139-152.

[8] Abdolzadeh, H., Ebrahimi, Gh., Layeghi, M., Ghassemieh, M. and Mirshokrai, S. A., 2015. Fracture
behavior of beech-furan wood/polymer under mode 1. Iranian Journal of Wood and Paper Science Research,
29(4): 605-618. (In Persian).

[9] Abdolzadeh, H., Layeghi, M., Ebrahimi, G. and Ghassemieh, M., 2014. Study of stress capacity
improvement of L-type joint by chemical modification of wood. BioResources, 9(3): 5302-5310.

[10] Abdolzadeh, H., Ebrahimi, Gh., Layeghi, M., Ghassemieh, M. and Mirshokrai, S. A., 2014. Mechanical
properties of Beech-Furfuryl alcohol wood pollymer. Iranian Journal of Wood and Paper Industries, 4(2):
131-140. (In Persian).



N\

Iranian Journal of Wood and Paper Industries, Vol. 8, No. 3, Autumn 2017 \

440

/

Investigation on stress distribution at corner joints with wood polymer members
using finite element method

Abstract

In this study, a comprehensive experimental and numerical
investigation was carried out regarding structural performance
of butted joints constructed with wood-polymer members
(poly (furfuryl alcohol)) under combined stresses in
comparison with control specimens. The aim of this research
was to enhance performance of these joints in outdoor
applications especially under combined stress. For
investigation of this joints performance, specimens with two
different values of furfurylation at 20% and 65% in
comparison with control specimens were evaluated.
Mechanical properties of specimens were determined
according to ASTM D-143 and based on the results, materials
properties were defined for the modeling. Proportional limit
of loading value from experiments was compared with the
result of FEM model. Result of FEM model completely
confirmed experimental results and the validation of model
was adequately performed. To understand the joint behavior
at FEM model and to predict the fracture reasons, some
properties of fracture mechanics related to wood polymer
were used.

Keywords: finite element method, butted joint, combined
stress, furfurylation and fracture mechanics.
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