J. Korean Wood Sci. Technol. 2021, 49(2): 107~121 pISSN: 1017-0715 eISSN: 2233-7180

https://doi.org/10.5658/WOO0D.2021.49.2.107

Original Article

Evaluation of Flexural Performance According to the Plywood
Bonding Method of Ply-Lam CLT'@®

Gyu Woong CHOI® - Seung Min YANG” * Hyun Jae LEE” -
Jun Ho KIM? - Kwang Hyeon CHOI’ - Seog Goo KANG®*'

ABSTRACT

The purpose of this study is to optimize the bonding method of the plywood suitable for cross-laminated timber
(CLT) with plywood as a core by analyzing the flexural performance and failure mode according to the lamina species,
the method of bonding plywood in the longitudinal direction, and whether or not adhesive is applied to the joint. In
the case of the Douglas fir lamina layer, the modulus of elasticity decreased by about 11.5% due to longitudinal bonding,
and the modulus of rupture increased or decreased according to the adhesive application and bonding method. The optimal
conditions were derived as the butt joint without adhesive, half lap joint with adhesive, and butt joint. In the case of
the larch lamina layer, the modulus of rupture and the modulus of elasticity decreased by about 15% and 40%, respectively.
When using the half lab joint and tongue & groove joint, it is believed that it reduces the load transmitted to the middle
layer by primarily preventing the failure on flexure at the joint of the plywood layer. From the results of this study,
the larch lamina layer used in the manufacturing process of Ply-lam CLT did not show any difference based on the
bonding method. Butt joint and half lap joint bonding method are determined to be suitable when using Douglas fir
lamina layer.
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1. INTRODUCTION

Global warming phenomena such as abnormally
high temperatures and rising water temperature are
continuing around the world. This phenomenon is a
result of the emission of GHG (greenhouse gases)
such as carbon dioxide, methane and nitrous oxide.
There is a growing interest in reducing GHG emissions
(Jung et al., 2019; Shim et al, 2019). Accordingly,

measures are being discussed in all areas such as con-
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struction and transportation to reduce GHG emissions.
Among them, at the 17" Climate Change Conference
in 2011, the effect of reducing GHG by carbon storage
of wood products was recognized. Accordingly, inter-
est in the use of wood with GHG absorption and car-
bon storage effect is increasing (Kim et al., 2019;
Chung, 2019; Kim, 2019).

In addition, as GHG reduction becomes mandatory
after 2020, interest in wooden buildings around the

world has increased, and construction cases of
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high-rise wooden buildings are increasing. Wooden
construction has been in the spotlight as a sustainable
construction technology as it not only reduces energy
consumption and GHG, but also uses wood as a major
building material in the long term (Yoo et al., 2019).

Accordingly, not only interest in wood is increasing
but also in recent European countries, large-sized
wood panel CLT (Cross Laminated Timber) has been
developed and used to compensate for fireproofing,
soundproofing, and thermal storage functions, etc.,
which are weaknesses of lightweight wooden structures.
When CLT is applied as a building member, the con-
struction period is shortened and the insulation per-
formance and airtightness are improved through the
precast modular construction method. This also has the
advantage that it can be used as a high-rise wooden
building material, so construction cases of high-rise
wooden buildings are increasing (Hassanieh et al.,
2017; Chang et al., 2018). Construction examples in-
clude an 18-floor wooden structure at the University
of British Columbia in Vancouver, Canada in 2017,
a 9-floor Stadthaus in London, UK in 2009, and a
10-floor Forte wooden structure in Melbourne,
Australia in 2012. In London, UK, a bird's-eye view
of “Oakwood”, a super-high-rise wooden building,
was disclosed, and high-rise buildings using wood are
gradually increasing (Kim et al., 2019; Kim, 2019).

As such, CLT used in high-rise wooden buildings
is engineered wood in which the lamina layer is
stacked orthogonally in the direction of the wood. It
is used in regions such as Europe, the United States,
and Canada. Recently, among the wood materials to
which the composition of CLT is applied, a study on
the development and performance of a composite CLT
in which laminated veneer lumber (LVL), plywood,
and bamboo board are mixed and laminated is in prog-
ress (Park et al., 2017; Choi et al., 2015; Choi et al.,
2018; Nurdiansyah et al., 2020; Barreto et al., 2019;
Wang et al., 2017). In Korea, studies are being con-

ducted on the material properties of CLT using small
hardwood and CLT using flame retardant materials,
shear walls, joints, and housing performance (heat in-
sulation, sound absorption) of CLT (Jang et al., 2019;
Pang et al., 2017; Choi et al., 2018; Oh et al., 2017,
Kang et al., 2019; Jung et al., 2020).

In addition to active research on CLT, domestic
CLT production facilities are being introduced. CLT
is being produced by using domestic larch lamina lay-
er and Ply-lam CLT with plywood mixed and lami-
nated to improve yield (Pang et al., 2019;Choi et al.,
2020). In particular, domestically produced larch ply-
wood is used for Ply-lam CLT, and it is easy to manu-
facture Ply-lam CLT with a length of 2,440mm ac-
cording to the plywood standard. For CLT, a
large-sized wooden panel, the length of a 120
mm-thick modulus of rupture test piece is approx-
imately 3,600mm or more, which is 25-30 times the
thickness (ANSI/APA, 2018). However, Ply-lam CLT,
in which plywood is mixed and laminated, is required
to join the longitudinal direction of plywood when
manufacturing panels with the length longer than
2,440mm.

In this study, a plywood bonding method suitable
for Ply-lam CLT is derived by analyzing the flexural
performance and failure mode according to the lamina
layer species, the method of bonding plywood in the
longitudinal direction, and whether or not adhesive is

applied to the joint.

2. MATERIALS and METHODS

2.1. Materials

2.1.1. Larch plywood

The plywood used to manufacture Ply-lam CLT was
used by pre-sale of 15 mm structural larch plywood
manufactured by S company located in Incheon, using

larch (Larix kaempferi (Lamb.) Carriére). The physical
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Table 1. Structural larch plywood properties

Modulus of rupture in | Modulus of elasticity in
Oven-dry density | Moisture content bending bending Bonding Emission Class
(unit: g/cm?®) (unit: %) (unit: MPa) (unit: GPa) Strength of Formaldehyde
0° 90° 0° 90°
Highly water
0.5+0.02 8.9+0.5% 42.8+11.8 | 28.7+5 7.1£2.1 4.0+0.3 resistant Eo
(Type 1)

properties of the used structural larch plywood are
shown in Table 1. The larch plywood with a thickness
of 15 mm, which passed the first grade of KS F 3113

structural plywood standards, was used.

2.1.2. Lamina layers

The lamina layers used in the Ply-lam CLT were
Douglas fir (Pseudotsuga menziesii (Mirb.) Franco,
oven-dry specific gravity 0.52) and larch (Larix kaemp-
feri (Lamb., total weight 0.54) Carriére). Two species
of lamina layers were used as the testing materials.
Douglas fir lamina layers were classified into mechan-
ical grades E12-13 (MOE: 12-14 GPa) and E9 (MOE:
9-10 GPa) lamina layers. E12-13 (MOE: 12-14 GPa)
grade was used as the outermost layer, and the E9
(MOE: 9-10 GPa) grade was used as the intermediate
layer. The larch lamina layer was used as a mechanical
grade E11 and E9 layers, and the layer composition of
Ply-lam CLT was the same as that of Douglas fir. The
Douglas fir used was a knotless lamina layer and it was
used cut into 15 mm thick, 100 mm wide, and 2,400
mm long. Larch was a knotless lamina layer and was
manufactured and used in a thickness of 15 mm, a
width of 100 mm, and a length of 2,400 mm through

a longitudinal finger joint method.

2.1.3. Manufacturing Ply—lam CLT

In this study, a plywood bonding method suitable
for Ply-lam CLT was derived by analyzing the flexural
performance and failure pattern according to the longi-

tudinal plywood bonding method, and whether or not

-
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Fig. 1. Three types(T.G, HLL, B.J) of plywood longitudinal joint.

an adhesive is applied. For this purpose, three types
of Ply-lam CLT were prepared according to the no-
treatment conditions without plywood bonding and the
longitudinal bonding method. As for the longitudinal
bonding method of plywood, three bonding methods
were selected: Butt Joint (hereinafter referred to as
B.J), Half Lap Joint (hereinafter referred to as H.L),
and Tongue & Groove Joint (hereinafter referred to
as T.G), which are most commonly used for bonding
wood in the longitudinal direction. Fig. 1 shows the
processing drawing of the plywood according to the
bonding method.

In order to compare the flexural characteristics of
the plywood by the bonding method, Ply-lam CLT
was manufactured by arranging the joint in the longi-
tudinal direction of the plywood to be located in the
center of the modulus of rupture test specimen.

Room temperature hardening type phenol-resorcinol

resin was used as an adhesive for manufacturing Ply-lam
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Table 2. Ply-lam CLT specimen according to plywood longitudinal joint method

Species Machine Stl‘e.SS Joint method Adhesive | Repetition | Specimen size (mm)
grade of lamina
Control X
o
Butt joint
X
.Ps..eud{)tsuga E12-13 5
menziesii(Mirb.) Franco Half Lap joint
X
o
Tongue & Groove joint
X
5 75(T)x300(W)x2,400(L)
Control x
o
Butt joint
X
Larix kaempferi (Lamb.) Ell 5
Carriere Half Lap joint
X
o
Tongue & Groove joint
X

CLT, and the main material (phenol-resorcinol resin) and
a curing agent (paraformaldehyde) were mixed with
a ratio of 100:30 and used. At this point, the Ply-lam
CLT (lamina layer-ply-

wood-lamina layer) having a thickness of 75 mm (5

layer-plywood-lamina

ply) was prepared after cold-pressing for 24 hours under
a pressure condition of 10 kgf/em® and curing for 7
days after applying adhesive based on 150g/m* of sin-
gle-sided coating amount. The Ply-lam CLT manufac-
tured for each condition was cut according to APA PRG
320 Standard for Performance-Rated Cross- Laminated
Timber and ASTM D 198-15 Standard Test Methods
of Static Tests of Lumber in Structural Sizes to be used
as test pieces. The manufacturing conditions and the

test specimen size of Ply-lam CLT is shown in Table 2.

2.2. Experiment method

2.2.1. BEvaluation of the flexural performance and
failure mode of Ply—lam CLT according to
the plywood bonding method

The prepared flexural performance test piece (75mm

(T)x305mm (W)x2,400mm (L)) was tested by Two-Point
Loading method among ASTM D 198-15 flexural
performance evaluation methods using a universal
testing machine (KDPI-130-1). At this point, the span
of the test piece was 2,175 mm (29 times the thick-
ness) and the load speed was set to reach the max-
imum load within about 300 seconds. Modulus of
rupture, the deflection and load measured with the
maximum load at the center of the specimen were
used to calculate the Modulus of Elasticity according
to Equations (1) and (2).

y y _ 3Pmaxa
Modulus of Rupture(MPa) = TWE 6))

Ppax : maximum load borne by specimen loaded (N)
a: distance from reaction to nearest load point (mm)

b: width of specimen (mm)
d: depth of specimen (mm)

Pa

4 A

Modulus of Elasticity( GPa) = (312 *4a2) 2

P: increment of applied load on flexure specimen below
proportional limit (N)
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a: distance from reaction to nearest load point (mm)

b: width of specimen (mm)

d: depth of specimen (mm)

I: span of beam (mm)

A: increment of deflection of neutral axis of flexure
specimen measured at midspan over distance and
corresponding load (mm)

One-way ANOVA was performed on the calculated
results using SPSS (ver. 24.0, SPSS Inc., USA), and
the significance of the mean value (P<0.05) was tested

by Duncan’s multiple range test.

3. RESULTS and DISCUSSION

3.1. Comparison of flexural performance
of Ply—lam CLT according to the
lamina species

3.1.1. Ply=lam CLT using Douglas fir lamina layer
The results of the flexural performance of Ply-lam

CLT using the Douglas fir lamina layer is shown in

Fig. 2. Depending on whether the longitudinal adhe-
sive was applied or not, the same level of strength val-
ue was shown for the condition (without longitudinal
joint) and the butt joint. When the adhesive was not
applied based on the average value, the modulus of
rupture decreased by about 10% in the half lap, tongue
& groove. When the adhesive was applied, the mod-
ulus of rupture decreased by about 7% in the tongue
& groove. Regardless of whether the adhesive was ap-
plied or not, the modulus of elasticity was reduced by
about 11.5% due to the longitudinal bonding method.

The average significance of the modulus of rupture
and modulus of elasticity of the plywood of no-treat-
ment condition without longitudinal bonding and the
three longitudinal bonding methods was verified
(Table 3). When the adhesive was not applied, there
was no significant difference between the results of

modulus of rupture based on the condition (without

Fig. 2. Flexural performance result of Ply-lam CLT using douglas fir lamina.
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Table 3. Flexural performance significance verification result of Ply-lam CLT using douglas fir lamina

Flexural performance Plywood joint method Average Standard deviation F-value
Control 65.5 6.7
MOR Butt joint 65.1 8.6 1.434
(unit: MPa) Half Lap joint 57.6 75 (1.315)
Non-adhesive Tongue & Groove joint 58.2 53
Control 13.0 0.8
MOE Butt joint 11.5 0.5 6.828%
(unit: GPa) Half Lap joint 1.2 0.8 (0.403)
Tongue & Groove joint 11.5 0.4
Control 65.5 6.7
MOR Butt joint 68.6 6.3 2.186
(unit: MPa) Half Lap joint 70.6 5 (3.807)
Adhesive Tongue & Groove joint 61.2 3.4
Control 13.0 0.8
MOE Butt joint 11.8 0.5 7.405%*
(unit: GPa) Half Lap joint 11.4 0.7 (1.466)
Tongue & Groove joint 11.1 0.5

- () vale: F-value result according to the plywood joint method excluding control
- *: p<0.05, **: p<0.01, ***: p<0.001

Table 4. Flexural performance significance verification result of Ply-lam CLT using larch lamina

Flexural performance Plywood joint method Average Standard deviation F-value
Control 61.6 8.5
MOR Butt joint 52.4 2 4.569%
(unit: MPa) Half Lap joint 52.1 0.2 (0.058)
Tongue & Groove joint 522 0.5
Non-adhesive
Control 15.1 0.6
MOE Butt joint 9.1 0.7 127.6%%%*
(unit: GPa) Half Lap joint 9.0 0.5 (0.086)
Tongue & Groove joint 9.2 0.2
Control 61.6 8.5
MOR Butt joint 52.5 2.1 4.507*
(unit: MPa) Half Lap joint 52.1 0.2 (0.059)
) Tongue & Groove joint 522 0.5
Adhesive
Control 15.1 0.6
MOE Butt joint 9.3 0.5 179.707*%*
(unit: GPa) Half Lap joint 9.1 0.2 0.997)
Tongue & Groove joint 9.3 0.4

- () vale: F-value result according to the plywood joint method excluding control
- %1 p<0.05, **: p<0.01, ***: p<0.001
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longitudinal joint) and the bonding method. However,
there was a significant difference in the condition
where the adhesive was applied.

Moreover, the modulus of rupture (F=2993, p=0.031)
showed a significant difference based on whether the
adhesive was applied or not, and the adhesive applica-
tion condition showed a higher level of strength.
However, the modulus of elasticity (F=0.739, p=0.602)
did not show a significant difference based on whether
the adhesive was applied or not. The half lap joint
bonding method showed the highest modulus of rupture
performance when the adhesive was applied, and the
butt joint showed the highest modulus of rupture per-

formance when the adhesive was not applied.

3.1.2. Ply—lam CLT using larch lamina layer
The flexural performance results of Ply-lam CLT
using larch lamina layer and larch plywood is shown

in Fig. 3.

A significant difference was found as a result of ver-
ifying the average significance of the modulus of rup-
ture and modulus of elasticity of conditions without
longitudinal bonding of plywood and 3 types of longi-
tudinal bonding methods. Based on the longitudinal
bonding, the modulus of rupture decreased by about 15%
and the modulus of elasticity decreased by about 40%.

As a result of verifying the significance of modulus
of rupture and modulus of elasticity according to the
bonding method, there was no significant difference
according to the bonding method. In addition, the
modulus of rupture (F=0.059, p=0.997) and the mod-
ulus of elasticity (F=0.364, p=0.868) were not sig-
nificantly different depending on whether the adhesive

was applied or not.

3.2. Flexural failure mode based on whether
the adhesive is applied or not

In the condition without longitudinal joint, failure starts

Fig. 3. Flexural performance result of Ply-lam CLT using larch lamina.
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Table S. Flexure Failure mode of longitudinal plywood joints using adhesives

Lamina

Larch Douglas Fir

Joint method

Control

Butt joint

Half lap joint

Tongue & groove joint

Table 6. Flexure Failure mode of longitudinal plywood joints(non-adhesive)

Lamina .
Joint method Larch Doulas Fir

Butt joint

Half lap joint

Tongue & groove joint
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from defects such as knots at maximum load, and failure
occurs for each layer of 2 ply plywood veneer. On
the other hand, when the adhesive is applied to the
plywood joint, unlike other joint methods, it was
found that a failure of the butt joint passes through
the plywood joint of the middle layer when the outer-
most lamina layer is destroyed, and transmitted directly
to the lamina layer of the core (Table 5). However,
in the half lap joint, tongue & groove joint, the failure
was not transmitted from the middle layer plywood
directly to the lamina layer of the core part, and the
failure occurred first in the plywood. As a result, it
was determined that the failure to the core part was
mitigated from being transmitted immediately. In the
case of using a radiator pine lamina layer, the effect
of strength improvement was shown at the half lap
joint and butt joint coated with the adhesive, but the
modulus of rupture was not improved because the
plywood was first destroyed in the tongue & groove
joint.

It was analyzed that the failure pattern of the case
of not applying the adhesive showed the same result

with the case of applying the adhesive (Table 6).

4, CONCLUSION

In this study, to evaluate the flexural performance
based on the plywood bonding method of Ply-lam
CLT, the strength performance based on the applica-
tion of the adhesive between 2 types of lamina layers,
3 types of plywood bonding methods, and interlayer
plywood bonding was compared and analyzed, and the
following results were derived.

1. In the case of the Douglas fir layer, the modulus
of elasticity decreased by about 11.5% compared
to the condition without plywood joint, and the
modulus of rupture increased or decreased de-
pending on the adhesive application and bonding

method. The optimal conditions were derived as

the butt joint without adhesive, half lap joint with
adhesive, and butt joint.

2. In the case of the larch lamina layer, the modulus
of rupture decreased by about 15% and the mod-
ulus of elasticity by about 40% due to the longi-
tudinal bonding. There was no difference based
on the bonding method.

3. When using the half lab joint and tongue &
groove joint, it is decided that it reduces the load
transmitted to the middle layer by primarily pre-
venting the failure on flexure at the joint of the
plywood layer.

4. From the results of this study, the larch lamina
layer used in the manufacturing process of
Ply-lam CLT did not show any difference based
on the bonding method. Butt joint and half lap
joint method are determined to be suitable when

using Douglas fir lamina layer.
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APPENDIX

(Korean Version)

Ply-lam CLT®] ¥ HgHAle] we 8 4% 27}

25 2 AL 34 SET Aolgare G HAYAL FERY WA £ ofo] B2 T 4% L sk
BNE Eofo] YT TolZ AT CLTA A3at are] A3 WAL HAsh 514 shaich. H2es o 249 49
Lo ko] o8] BEHEAS oF 115% 24, BAEE AHA EE U AP ue B7h i gastech B34

0|3 butt joint, A ZFA] =3 half lap joint, butt joint Z70] HAZACOR =2 FQith U A9 A9 ZAosF Mgt
o3l A== oF 15%, FedAlTE oF 40% 7rAstel o] Hahdalef wi Zolg UERA] $F3ktt half lab jointe} tongue
& groove joint AME- A b1t 5-0] ool A Hefl R 1Mo R YR EO RN F59 TR A== sh5g AaAA
F= AR wetd &2 A4t A& 53] Ply-lam CLT A 2ol A Y4 SAE A8 74 A w Rol&
Uehi) eisren cFehan SAS AT 39 but joints} half lap e WAlo] Aare Ao B,

LME

i)
my
lo
)
-
i
:
oty
ré
o
o
N
).
i)
&
x0
rlr
__ﬁ(_‘,
2o
vy
ot
e
o
rlo
2o
ﬁ
)
P
=
D

A AARCR ol Fi@di} ¥l & A5 T T2
opitEhE A T 2 2ATEA v et AWE 247EA wjE AFo] et M= oA AL Yitk(Jung ef al., 2019;
Shim ez al., 2019). o]o] 2AZFA HiE A5E 9J5to] 1%, s 5 A &ofoll A4 ddo] =9 gtk o & 20114
ANTR 715 ARl SAAEY] BaAAe] B LAk A AIE AHTORN LAks B4 9 BANA
AIE 7P BA) ARgo] et BAE7} olA| 3 QrKim ef al., 2019; Chung, 2019; Kim, 2019).

E3 2020 0] 2AVFA ZHEo] YRSIEHA Al HRAS tigt IE S7F 2 1T B2 AS5EY AFAHEE
F7Wh Gk B2 AFZE ouA A8 W LA7A 15 Tabe ohe 47 Mo BAE e A% SR
AMgEto BR Adrbsat A%s)4® 2T 9t Yoo ef dl., 2019).

olof] HAfo] W3k WA= F7HERE of g} HT G F7lo|A AFETLE ASHEY ERQd W5 55 Ras]
ofato] ojgEAjm} el CLT(Cross Laminated Timber: A ATH7} A 2 AFGE T oIk, CLTS AZ2A2 44 A
ZYAAE WEe FHE 53 ATV B, @8 e 2 AT 1% B2 A5 YREA AHTRssthe ARl
Qlo} 1% BExAZ0] Al A7} F718kal It (Hassanieh et al., 2017; Chang ef al., 2018). Al ZARZ 20179 7iyc}e)
H5H 2elg Al FEHolE f 183 B 5E, 20099 G 9] 95 119 Stadthaus, 201213 T3 WH 9] 105
59| Forte H2 7%= 5ol AlFHUth 9= oM & 203 B2A5EQ] “a9E" 2UEE /WO =H S
o] 3t y2ARE| Aws} AR} 2748k QIthKim er al., 2019; Kim, 2019).

oY 1% B2A% e AFHE CLTE 3RS ZFon Auz A58 THEAZ 49, 112 e 5 Aol
AEET glom A CLTS F4S 4% BAMR F LVL, 99, gfmue 59 Fat 423 B9 CLTY] A 2
Aol st A7) A= 3L QTh(Park ef al., 2017; Choi et al., 2015; Choi et al., 2018; Nurdiansyah et al., 2020; Barreto
et al., 2019; Wang et al., 2017). Yol A= £ 5L 0] 838t CLT, dAARE o]&3 CLTY A& E441} CLTY Add,
AEE 9 FAAS(HEYE, T2)o tigt A7} MaiEar QithJang et al., 2019; Pang et al., 2017; Choi et al., 2018; Oh
et al., 2017, Kang et al., 2019; Jung et al., 2020).

CLTo|| 3t 2hdst At oftjet =il CLT AAF Au7E By glom ik Ygd SAE o83 CLT =83
3te] stS &A1 33t Ply-lam CLT7} AJAFE] 11 QIti(Pang er al., 2019; Choi et al., 2020). £3| Ply-lam CLT+= =
AR P28 d91% TS ol gl glon], Bk 2ol utet Zo] 2440mme] Ply-lam CLT Az Solsieh. j =4}

=

591 CLTE: 120mm £79] $4E AR Lol T2 2530491 thek 3,600mm o] 402 74551 JILHANSUAPA,
2018). T2} Gato] B4 A% Plylam CLTE o] 2.440mm o[4fe] 5jd:& A|2a vf ghake] Aol 4te] B4A0.
2 e

B ATNE FA S5 Lol T HIPAT WA £E ool W2 F A% % v P4 BAL St
Ply-lam CLTe| #1315 3% 43 HAle £2shus gk

>
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2 M= Y e

2.1 IAA=

211 S9%

Ply-lam CLT AxE& %’BH A ke Y (Larix kaempferi (Lamb.) Carriere) Y22 0]8-3t0] 91 249 Sjit & EHLE]
AzE 15mmo F2& Y95 FHS Bofol ARSItk AR 28 HHE du 2492 ofe 9] Table 13} 2o
KS F 3113 32§ 3 7]% 5 159€ s3dkz 15mm FA 9 9% TS ARGt

212 27
Ply-lam CLT| AME-H SA4= g 2gks Ii(Pseudotsuga menziesii(Mirb.) Franco, 2 7AH|Z 0.52)3} YA5(Larix kaempferi
(Lamb., AA¥ZE 0.54) Carriere) Q.2 2714 223290 ZA2 ZAANRRZ ARSI g2ets o 2A= 745 E

E12-13(MOE: 12-14 GPa)3} E9(MOE: 9-10 GPa)o] &3l 2418 E2519] 00 E12-13(MOE: 12-14 GPa)5-32 X|9|%,
EO(VOE: 5-10 GPa) 532 30} 312 A83ldlch. Y14 A= /ST N1 E99) £3h 341 Agsielon
Ply-lam CLTS] S #4& vigzts B FdsHA st¢lek AH8H vaats 41L 04 242 L7 15mm, Z 100mm,
Z10] 2,400mm 12202 Ackslo] AFLslgon Yadso oA 2z Zousr WA A3 54 E3) =7 15mm, % 100mm,
Zo] 2,400mm 202 A|xeto] ARBIICh

2.1.3 Ply-lam CLT A%

2 dAollAe oo bk M4 ¢ ﬁﬁxl Tx 04“01] o2 *é *é% 9 mhy] A #4E F5k0] Ply-lam
CLTo) Agkat 3t Aa 448 522 9ot 9 el the 359 Ply-lam
CLTE Alz3kgich. gzbe] Aol Hahiha e 2aje] 2 wﬂw 42 91 H 7%} %01 AEERE Butt Joint(0]5} B.J), Half
Lap Joint(°]3} H.L), Tongue & Groove Joint(¢|3} T.G)] 37}A] Hg41e AAsIA) o|u el whE o] 71
=W Fig 13} 2.

THEe] HaA] oz 3 4 HITE Sislo] Tate] Zoldare] WRIPE BAE AR FUiol] L5 wlHjel
Ply-lam CLTE A|Z3}%th

Ply-lam CLT A|2& ¢la AH-H H2HE HaAle 427439 de-td22A s 245 ARgselon FA|(Hes-d22AE
SN}t AoH|(THehEE g st B)E 100:309] H&R Z3ste] FQ } o} ojuf T EREEF 150g/mE 7R 0 R SHglon
A Ex - 10kefere] EzziolA 2447 W & 797H9] FE AX FA 75mm(Sply)] Ply-lam CLT(ZA-3-3
A-gt-ZA)E AZsE 2AEE A ZE Ply-lam CLT+= APA PRG 320 Standard for Performance-Rated
Cross-Laminated Timber @ ASTM D 198-15 Standard Test Methods of Static Tests of Lumber in Structural Sizeso]] &]A35}o]
AEEE st om Ply-lam CLTY Az 270 9 A@# A27|= Table 29} 2t}

2.2.1 ok g% WAlo] ©E Ply-lam CLTY| ¥ 4% B7F 9 #ofd B4

A2E 3 A% A ATSmm(T)<305mm(W)x2,400mm(L))E UHs7 24|13 7| (KDPI-130-1)2 6]8516] ASTM D 198-15
3 A% H71 WY = Two-Point Loading 0.2 A3 3Fth ouf] A|FHO] span 2,175mm(FA 9] 298) 2 S e=
oF 3002 o|Ujof Hjalte| TdeleE AAstYt) HoslEo g F7k=(Modulus of Rupture)9} A|8H ] ZofHojA] 245t
A%t 5502 HEASModulus of Blasticity) & 41(1)3} AQ)ef i7stel AZstsir

3P_..a
Modulus ofHupture(ﬂZPa) = % e (e 1)
Ppw: maximum load borne by specimen loaded (N)
a: distance from reaction to nearest load point (mm)
b: width of specimen (mm)
d: depth of specimen (mm)
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Pa
Modulus of Hasticity(GPa) = —L2 (32 — 4a2) +oovees (0.0.2
odulus of Flasticity(GPa) 4bd3A( a) (e.q.2)

P: increment of applied load on flexure specimen below proportional limit (N)

a: distance from reaction to nearest load point (mm)

b: width of specimen (mm)

d: depth of specimen (mm)

I: span of beam (mm)

A: increment of deflection of neutral axis of flexure specimen measured at midspan over distance and corresponding load (mm)

K12 AR SPSS(ver. 24.0, SPSS Inc,, USA)E 0]85t0] 2 2ujz] S-ARLA(One-way ANOVA)S AA|515]00 Bzt

o

9] §-9]4(P<0.05)2 Duncan’s multiple range testZ 73743}tk

3 Znt o na

8.1 374 $% WE Ply-lam (LTS YA vl

3.1.1 g2etA 1 22 0|83k Ply-lam CLT

Egets 5 $4S A8 Ply-lame] 8 A% AT Fig 29 ek ol WA =2 ofiof wepd £He) 2an
butt joint®] 39 $ 529 % & ekl om, Bikgt /1% WA v]EEG 2 half lap, tongue & grooved]A] oF
109%] % A5 ekl o], Y2 T3 4 tongue & roovedl ] OF 1%60] FA A4S Lhebilek. A w0l
sf iglo] ol Ml Slstel o 11.5%0] HRAARTH Zaskaint

Fure] Loy ol gt PAE 2 QoYY WY WA 350 Whweh WAALY B fo4S FsH
(Table 3). HIAS SESH e 39 BA 2200 HPPA) 02 BYE Zukt S0 Mol S vhehix] hska, H2A
g =g 27904 ST HoIF ek

E3 AR o) Ro] uheh YPE(F-2993, p=0.03D R Aol ekylon] HAA BE 240] ¥ £ £29)
BE S Ot BEAANE-0.739, p-0.602)t A EEIRo| WE o7 Hol S LehA] otk HAAE
SEF A9 half lap joint HTYA, HEA vEE S but joinh 1 S WA A5E vepic

3.12 994 SAE ©]&3t Ply-lam CLT
Y9E SWE AHES Ply-lam¢] ¢ A5 A= Fig 39F 2t k9] dogf Aol ¢l FA2 213 dolisf
ek el 3% 3wt HedAISY] Bat 1o A5 AT 53t AolE vERlth do|RteF A3 ool kA E=
oF 15% 7+, HedAg= oF 40% Fradts ZaE YER:
A3 o] w2 ket HedAe foA A Aah FeAlel IAgle] foldt JolE YA ekfeh Egt
Eojilof w2 H7FE(F=0.059, p=0.997)2 HEHIA4=(F=0.364, p=0.868)c -5t 2}o]& UERHA] okt

3.2 HAA| mxojfo] g ¥ T3] ¢

ok Hyto] §le FA2 212 AdsiEollA golet 22 Aol A 2|7t A ZEY 2ply T ©ie] dlojojd s
o7} et whE S Y] A2 S E A4S butt joint= tRE e WA= T2 X 9}5 A(outermost lamina
layen)7F 5H18 9 F32) 9T M plywood joind S Eslo] Tolie] Sz vl mhsh HeEs o2 ey
(Table 5). ZL&{4} half lap joint, tongue & groove jointo| A= 5% Sttol A HfZE FojR o] ZAj2 mtu|7} AL R g1
FTiollA] 941 Thalsh uAgelsic, o2 ols) Tolae] skl vk ATE AS USARE A0 BUSL) erioet
o] S A3 A HZA|E =23 half lap joint, butt jointo A 7+ 3FAFO] 7= e O tongue & groove
joint= gyto] WA gty Ejo] & Fwrt AXEA = Eokth

MR wxah) ok 490 k] o ok HAAS EEG 490 SopyT AT ATE Uehhs Aoz RAE9)
tH(Table 6).



Evaluation of flexural performance according to the plywood bonding method of Ply-lam CLT

4, A=

2 Q7oA Ply-lam CLTS| gt B3 4o 0 2 A% B78 siajo] 241 254, Haeis =), waie] 13
HHA] 32(butt joint, half lap joint, tongue groove joint), 55 31 H&F 7+ HAA| EE {50 WhE JrASS vt
o, th5at 2 s E"%ﬁ}ﬁ”i‘:}-

1. g2ets 9 SA49 ¢ g ol 98 F4 27 (condition without plywood joint) TjH] e A 4> oF 11.5% Z4,

YA 20 £ D Aol vheh 271 e Assich A3 SR buttjoin, A2 S half lap join,
butt joint 20| HAXASRE =Z FHSich

2. U1 241 744 Zolar Hilo] ofsl] WL o 15% T oF 40% Fasielon ikl e Aol
ey gkt

3. half lab joint®} tongue & groove joint ARE A| T 22| HEH oA Hof Tt & 12807 HA|gjEo g FZ0
A2 WYHE 5L BaAAFE Aee pe,

4. & A+ 4= 53f Ply-lam CLT Az A HEE SAE AHEste A Al b
t2etan S5 AR A butt joint®} half lap 3 Walo] A Aoz wohy
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