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Table 1. Mechanical properties of wood used for manufacturing of CLT

&l b easlia 2 d9es piuiS Syl

sl sl FENC PR (i e glie aieils 55
Shear strength parallel Tensile strength MOE MOR Density Species
to grain (MPa) perpendicular to grain (MPa) (MPa) (glcm®)
(MPa)
4.96 1.96 8900 59 0.381 ot
Populus deltoide
:)
14.4 7.3 12850 126.5 0.68 o

Fagus Orientalis
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Table 2. Characteristics of Polyurethane adhesive used in this research

AP P W) EEw FEIO 8w 5 W
Solid materials (%) Stiffness (%) Density (g/cmd) Hardening time Color Adhesive
55 o
100 90-95 13 25 o o6l

Primrose yellow  Polyurethane/ M518




s s gt > Sas )

Slis Cov cele ¥ o a4 Sdosue o b bass
L& e s e cell ¥ S 4 JELL K /YO
o oy S T2 00 Uit Caeglie ) sl @fﬂ
ol YO 5 Y0 N0 N #) Lo cwulns 4 Jsb e
syl wush, a1y ol 5 was sayy WCLT
70 6:.««5 ;A.).L) LJ\J.M PLl PUET 90 Ol 4 sdday
Goleby i rgad a2 0 VY s 5 uo
d\-”b}‘ﬂ A ol e e ) I .A.',.x.pjf

s e ol ol o 511, CLT

AR

CLT bw s csla
Ul b e Sl el b sz (g o3l laanss
LAd G 35wl 5 ad 53 YO g/im? s '\
(2 b isie) w58 S5 basss la) O el e )
stalog) Glhamio e (Xt Jzie SGaSs 4 Jiy )
o3l CLT el ol [SuS 655 4250 8 45
CLT Ju o 5l 5 psio bamio lias oo 0l
935 by 3 i) Ao s aer 3 S0 s o5

colg Lo sl 513 Jo bl 5 YU 5o hsio asio

Figure 1. Schematic of CLT in the major and minor cutting directions
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Table 3. Characteristics of CLT in both major and minor directions under bending loading
05 PERCRES RN O (e 5 slgy () 5 wlas J5b B
Group Length to thickness ratio Width of beam (mm) Span of beam (m) Repetition
1 6 150 0.36 3
2 10 300 0.6 3
3 15 300 0.9 3
4 20 300 1.2 3
5 25 300 15 3

(MM) 5 aaie s, 10 5 (MM) 5 aliie slig B (mm?)
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Table 4. Elastic properties of used poplar and beech species for modeling of finite element in moisture content of 12%
N ki1 5 A PERWCHANI I PRV ACICHAN{H PEW W e AT e e g 2 N RY o PO
adls Modulus of Modulus of i e i
;& * Y s Y ol vy
e Densit ';/Ilggtlijélijts %f elasticity 3 elasticity 3 Shear Shear Shear o o o
Species @ /Cmg})/ y modulus ~ modulus  modulus ~ Poisson’s  Poisson’s  Poisson's
E, (GP E, (GPa) E; (GPa) G12 (GPa) G13(GPa) G23(GPa) ratio ratio ratio
1 (GPa) 012 013 023
RS2
Populus 0.38 4.17 0.9 0.48 0.7 0.62 0.17 0.13 0.7 0.75
deltoides
A
Fagus 0.68 13.3 1.68 0.82 1.33 1.14 0.13 0.107 0.056 0.63
Orientalis
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Figure 2. Definition of layers and meshing of samples of CLT based on coordinate axes in Abaqus
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Figure 3. Modulus of elasticity (MOE) of hybrid poplar-beech CLT in both major and minor directions
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Table 5. Validation of the finite element method (FEM) for predicting the MOE values of hybrid
poplar-beech CLTs

Jo e 4 Jsb cus S Al dsse 2 $33 AV ke G > SW PR
Panel Sl Experimental MOE ~ Experimental Numerical MOE Numerical Uas
direction  Span to depth ratio (MPa) replacement (MPa) replacement  Error (%)
6 3520 3.4 3734 3.2 5.8
ol L 10 6210 7.6 6518 7.3 4.7
Major 15 7894 14.8 8521 13.7 7.3
direction 20 8571 245 9075 23 55
25 9240 36.3 9703 34.6 4.7
6 615 4.2 679 3.8 9.4
10 776 13.8 859 12.5 9.6
=P
15 879 30.3 952 28 7.7
Minor
20 883 55 944 51.6 6.4
direction
25 906 88.5 962 815 5.8

30 B 53 (gt 15 ol op ey o sdmesl il s
O alasl d\-"-" slas ‘hwﬁ).ﬁ dc}jul.a\cﬁe_q-
5ol G 90 50 Ged Cod 8 Al
@.MASJ\:-)J‘J\J'C)BAS/@SJQ&JJ’JJ.Ig:v.cjé
2 Wl pse u‘“SJ‘ CLT cbJue aan 5 v)\."u\.‘»

.Me»wj;&u;J}LLwﬁ

2 s Fb er 03 B s S AT mss
Sydowglzl (s, L CLT Ji

cos CLT baiss i, 5 sdad AT EoF

5 ol e 55 ABAQUS Lme 55 (tas 5e5]

Ol S smiay Nsd e salin £ S 5o Jy (o b

5ol Cr 3 s s Gl i sl

bl ol Sslize Koo by Sl aY s e



AR

S, Mises

(Avg: 75%)
+5.271e+00
+4.837e+00
+4.402e+00
+3.968e+00
+3.534e+00
+3.09%+00
+2.665e+00
+2.230e+00
ik
+1.3620+
+9.272e-01 10
+4.9276-01 : N

+5.835e-02 .

(mm) CLT J& <ulas

Thickness of CLT (mm)

&

] 0 2
(MPa) 2 g5
Bending stress (MP;

b x

i ol e g3 OLT (0 2 5

60~

S, 813 N——

(Avg: 75%) 50

+9.6642-02
8 050e-02

+8.050e-02 40

30
20

(mm) CLT i

Thickness of CLT (mm)

0 0/05 0/1 015
(MPa) o o4
Shear stress (MPa)

\.}‘i‘;l“"C»PJJCLT((J’xz)w;ﬁ&J

YA)\.«JL‘Y’V_\L‘U‘J»‘A&\S}Q}»r}huUMMLL@

S, S11 L
(Avg: 75%) )
473280400 | 54
+5.748e+00 £ |
+4.1682+400 4 R m
+2.587e+00 [ ===
+1.007e+00 | 9 © ~—~—
-5,730e-01 5% 30
-2.153e+00 | Y o
=3.734e+00 EQ e
5.314e400 | E§ 20 -~
-6.894e+00 ] \
-8.474e+00 E \
-1.005e+01 10
-1.163e+01 \
0\

(MPa) ot (25
Shear stress (MPa)

(mm) CLT —aa
Thickness of CLT (mm)
— ~ - -
e & © ©
\ |
|
|

0 0/02 0/04 0/06 0/08 on 0/12

(MPa) (o a0
Shear stress (MPa)

B g gz 0 CLT (ay,) s S

&éﬁ}&d‘&&jb)btpb—jﬂ‘.ﬁ;;CLT(axz)&;ﬁ&}i)(axx)@z»w—fJ&&
Figure 6. Bending (ox) and shear stress (oxz) of hybrid poplar-beech CLT in both major and minor directions
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Abstract

This study investigated the bending and shear strength of hybrid cross-laminated timber (CLT)
manufactured from beech (Fagus orientalis) and poplar (Populus deltoides) wood using
experimental and finite element methods. The CLT panels were manufactured at various span to
depth ratios 6, 10, 15, 20 and 25 with width of 30 cm and thickness of 2 cm in both major and
minor directions. Then, the bending and shear strength of CLTs were measured using three-point
bending test according to ASTM test methods. The results indicated that with the increase of span
to depth ratio of the beam from 6 to 25, the averages modulus of elasticity (MOE) and modulus
of rupture (MOR) values were increased in both major and minor directions. On the contrary, the
averages shear modulus (*max) values of specimens in both directions were decreased. Moreover,

the results of finite elements showed that the amounts of stress distributions and their locations
were different in major and minor directions of the beam. In the major direction, the surface layers
were primarily contributed load-carrying capacity of CLT panels, while in the minor direction the
middle layer played the most significant role for load-carrying capacity. In this research, it was
resulted that specimens with span to depth ratio greater than 15 based on ASTM D198 can be
used for calculating MOE and MOR of CLT panels. Furthermore, due to existence of lower
difference than 10% between experimental and numerical results, modules of elasticity of CLTs
were predictable according to finite element method.

Keywords: Cross laminated timber, Beech, Poplar, bending and shear strength, finite element
method.
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