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ABSTRACT

In this study, a block shear strength test was conducted to compare and analyze the strength and failure mode on
the glued laminated timber, CLT, and Ply-lam CLT, which are mainly used for the construction of wood construction
as engineering wood. Through this, the Ply-lam CLT manufacturing conditions for optimum production, such as the
type of lamina, plywood, adhesive, and layer composition, were investigated. The results are as follow. Through block
shear strength test, it showed high strength in the order of glued laminated timber, Ply-lam CLT and CLT. In particular,
the shear strength of Ply-lam CLT, which is made of a composite structure of larch plywood and larch lamina, passed
7.1 N/mm?% which is a Korean industrial standards for block shear strength of structural glued laminated timber. In
addition, in this study, there was no different in shear strength according to the adhesive type used for glulam, CLT,
and Ply-lam CLT adhesion. However, in the case of Ply-lam CLT, the difference in shear strength of Ply-lam CLT
was shown according to the type of lamina and plywood. The results showed high strength in the order of Larix kaempferi
> Mixed light hardwood = Pinus densiflora, sieb, et, Zucc plywood. The optimal configuration of Ply-lam CLT is
when larch plywood and larch lamina are used, and it is decided that the adhesive can be used by selecting PRF
and PUR according to the application. The results of block shear strength failure mode by type of wood based materials
were analyzed. The failure mode showed shear parallel-to-grain for glulam, rolling shear for CLT, and shear parallel-to-grain
and rolling for ply-lam CLT. This is closely related to shear strength results and is decided to indicate higher shear
strength in Ply-lam CLT than in CLT due to rolling shear.
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1. INTRODUCTION in the early of 1990(Chang et al., 2017; Karacabeyli

et al., 2013; Song et al., 2016; Jeong et al., 2016).

Cross-laminated timber, CLT developed for the use It is a glued laminated board that is bonded and proc-
of small diameter wood of the native land and essed by cross-laminating laminated boards and it is
low-quality timber is a building material that was new- used for various structures such as shear walls, floors,

ly developed in Austria, Germany, and so on, Europe and so on(Choi et al., 2018; Park et al., 2017; Oh et
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al., 2017). Since uniformity of the materials is secured
and there are only a few flaws of dry shrinkage and
torsion, CLT has advantages to make quantitative struc-
tural calculation possible (Park et al., 2019). Because
of such advantages of it, it has been used in grand scale,
grand area, multi-floor structures in Europe, North
America, and so on (Barker et al., 2014).

In the meantime, product quality standards regard-
ing CLT are crucial in order for it to be used in
grand-scale wooden buildings and thus CLT standards
of EN 16351 were established in 2008, in Europe
(Brandner et al., 2016). Hereafter, the criteria about
CLT standards and the definition were provided in the
countries such as America, Japan, and so on. The defi-
nition of ANSI/APA PRG 320(2019) that is America
CLT standards is cited as engineered lumber that is
cross-laminated with sawing lumber or structural com-
posite lumber with more than 3 floors. A study about
CLT that is hybrid-laminated with Laminated Veneer
Lumber (LVL), Laminated Strand Lumber (LSL)
among Structural composite lumber (SCL) has been
processed (Wang et al., 2017; Davids et al., 2017,
Nurdiansyah et al., 2020). The advantages of hybrid
CLT mixed laminated with LVL, LSL are homoge-
neity and raw material transference rate. In block shear
strength order : CLT, LVL, blended lamination, CLT,
glued laminated timber, (CLT:3.2-3.8 MPa, LVL
blended lamination CLT:7.7MPa, larch glued lami-
nated timber:10.25 MPa), which showed high block
shear strength. There has been a study of adhesive
strength improvement between layers in the case that
LVL is blend laminated among types of SCL as lay-
ered material of CLT (Zhao et al. 2015; Gong et al.,
2016; Wang et al., 2017). In the case that CLT as a
floor member that supports horizontal load is used for
structural member used in a building, interlayer adhe-
sion degradation results in the destruction of materials
and eventually leads to the collapse of buildings. Thus,

block shear strength is an important factor to secure

a uniform adhesion.

Besides of overseas research trends, the study of
strength characteristics and acoustic characteristics is
underway in South Korea as a result of development
of CLT cross-laminated with larch lamina laminate
(Oh, 2018; Jang et al., 2019; Kang et al., 2019). In
addition to the existing structural glued laminated,
Ply-lam CLT blend-laminated with structural plywood
was developed in 2015 year. Since then, the research
on strength, insulation and building energy has been
carried out (Choi et al., 2015; Choi et al., 2018; Chang
et al., 2019; Chang et al., 2020).

In this research, the lamina of Ply-lam CLT, the
configuration and use of plywood and the block shear
strength according to the adhesive are evaluated. The
optimal manufacture condition of Ply-lam CLT is
thoroughly researched through comparison with the
glued laminated timber and CLT mainly used in the

wood structure construction as an engineered lumber.

2. MATERIALS and METHODS

2.1. Testing materials

2.1.1. Lamination

Laminations used in this research are larch (Larix
kaempferi) which are used as structural lumber in the
country and Douglas fir (Pseudotsuga menziesii) used
in the manufacture of CLT abroad as comparison
groups. The thickness of the lamination used was
10mm, and the moisture content was adjusted to
11+0.9%. Also, over-dry specific gravity of larch was
0.51£0.19 and that of Douglas fir was 0.52+0.23

respectively.

2.1.2. Plywood
After considering industrialization of Ply-lam CLT,
for the tree species of veneer, larch, pine (pinus densi-

flora, sieb, et, Zucc,pine), and tropical timber MLT
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Table 1. Plywood properties

Adhesive strength

i F Idehyd
Properties Oven-dry density Moisture content (highly water-resistant grrnn;:sioeny ¢
Species (unit : g/enf’) (unit : %) tensile-shear strength) T
(unit = N/ur) (unit : mg/L)
Larix kaempferi 0.5+0.02 8.9+£0.5 0.92+0.14 0.1 (SEo)
inus densi
pinus densiflora, 0.49+0.01 9.340.2 1.07+0.24 0.19 (SEo)
sieb, et, Zucc
Hardwood
(Mixed Light 0.70+0.01 8.8+0.2 0.79+0.09 0.035 (SEo)
Hardwood)

(Mixed light hardwood) were selected among tree spe-
cies that facilitates domestic supply and used. The ve-
neer used was supplied from S company located in
In-cheon. Water soluble alkaline phenolic resin (Solid
content 47.7%, pH 11.5) was used as adhesive for the
manufacture of structural plywood, and calcium carbo-
nate was used as hardener. This time, manufacture
condition of plywood was that cross section applica-
tion volume was 150 g/m? and hardener was mixed
with 3% solid content of phenol resin, went through
7-minute-long (40 sec/mm) heat pressure process in
the degree of 135°C and 24-hour cold pressure proc-
ess, and was used as tasting materials of this re-
search(Ko et al., 2015). The standard of manufactured
plywood is 10(T) x 400(W) x 400(L) mm and 5 ply
plywood was manufactured. A basic property of mat-

ter of the used plywood is as shown in Table 1.

2.1.3. Adhesive

Room-temperature setting adhesive, phenol-re-
sorcinol-formaldehyde resin (PRF, D-40, Oshika cor-
poration, Japan), which is used in the manufacture of
glued laminated timber to glue lamina to lamina, lami-
na to plywood and moisture curing type, polyvinyl
acetate (PVAc, MPU 500, Okong Co., Ltd, Republic
of Korea) with no formaldehyde emission were used

as comparison groups.

PRF was added with powder-type Para-form-
aldehyde curing agent in the amount of 5% based on
the standard of solid content and PVAc adhesive was
added with isocyanate curing agent with the ratio of
the main material (100) : hardener (15).

2.1.4. Manufacture of block shear test piece
based on the condition

2 test pieces of 2ply in the size of 20(T)x 200(W)
x 400(T) mm were manufactured based on glued lami-
nated timber as engineered lumber, CLT, composition
and layered materials of Ply-lam CLT, tree species of
plywood, types of adhesive, and the combination with
layered materials and plywood. For block shear
strength, or interlayer adhesion of manufactured test
pieces to be tested, specimens were cut under the con-
dition as shown in Table 2 and 10 per 1 test piece
were collected, which was 20 in total. Adhesion meth-
od of glued laminated timber, the existing structural
lumber is marked as Type 1, which makes layered ma-
terial run parallel to the grain of wood and is glued
to it. And adhesion method of CLT that glues the
layered material to the grain of wood perpendicularly
is marked as Type 2. Besides, adhesion method of
Ply-lam CLT which makes lamina run parallel to ply-
wood and is glued to it is marked as Type 3. To manu-

facture specimens for block shear test, layered material
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Table 2. Specimen type

Species . .
Specimen type - p. Adhesive Repetition Specimen size of block
Lamina Lamina Plywood shear strength
Type 1 Larch Larch
Douglas Douglas PRF
fir fir
/A Larch Larch
Douglas Douglas PVAc
/AN fir fir
Type 2 Larch Larch
Douglas Douglas PRF
fir fir
Larch Larch
\ Douglas Douglas PVAc .
/AN fir fir £
S
Larch 20 o
Larch Pine
Hardwood )
PRF ,b f—
T Larch () 20mm
ype 3 Douglas B
Pine
fir -
Hardwood
Larch
Larch Pine
Hardwood
— PVAc
Larch
Douglas Pine
fir -
Hardwood

in the size of 10(T) x 300(W) x 300(L) mm was com-
bined and glued with plywood. And it was applied
with adhesive on the standard of cross section applica-
tion volume, 150 gmz and was cold-pressured for 24
hours in pressure conditions of 0.98 MPa, then was
cooled off for 7 days, and the specimens were cut and

used.

2.2. Test method

2.2.1. Analysis of strength and failure mode
For the strength evaluation, block shear test was

carried out in accordance with the standards of struc-

tural glued laminated timber, KS F 3021 standards of
glued laminated timber. Block shear specimen was
measured by setting the load speed to 2 mm/min using
the universal testing machine (KDPI-130-1). Using the
value of the maximum load and adhesive area at the
time of destruction, it was calculated in accordance

with the e.q. (1).

max

shear strength ( N/mm?) = a4 )
P... : maximumload (N)

max

A : sheararea (mm?)
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With the calculated results, a one-batch dispersion
analysis (One-way ANOVA) was implemented using
SPSS (ver. 24.0, SPSS Inc., USA) and significance
(P<0.05) of the average value was confirmed with
Duncan's multiple range test.

The wood destruction rate according to the block
shear strength test was calculated according to ASTM
D 5266-99 by applying the 0.5 mm lattice on the shear
surface of the specimen and measuring it. And the de-
struction pattern of the adhesive cross-section by the
compression force using the destroyed specimen was

analyzed.

3. RESULTS and DISCUSSION

In this research, through analysis of block shear
strength according to layered material of Ply-lam CLT,
composition of plywood, tree species used, and adhe-
sive and comparing with glued laminated timber and
CLT, there has been an attempt to study optimal man-

ufacture condition of Ply-lam CLT.

3.1. Types of adhesion and comparison
of block shear strength according to
adhesive

In the case of using PRF adhesive, the results of
shear strength according to the wood material type is
the same as Table 3. As a result, in the order of Type

1 (glued laminated timber) > type 3 (Ply-lam CLT)

> type 2 (CLT), a high shear strength was shown. It

was found to show a significant difference depending
on the adhesion methods, tree species and the wood
material type (p = 0.000) as a result of the significant
verification results. There was no significant differ-
ence between the species of Type 1 and Type 2. In
the case of Type 3, different results were found de-
pending on the combination of layered materials and
plywood. High shear strength was verified when mak-
ing such configuration as larch plywood and Douglas
fir layered material (8.1+£0.5 MPa), the pine plywood
and Douglas fir layered material (6.3£1.0 MPa), and
tropical lumber plywood and larch layered material
(7.7£1.2 MPa).

Table 3. Results of block shear strength and Wood Failure using PRF adhesive

. Species ' Block Shear strength Wood Failure

Specimen type Adhesive (unit : MPa) i o
Lamina Lamina Plywood F = 34.0258%%* (unit : %)

Larch Larch 11.0+0.7° 99.7

Douglas fir Douglas fir 10.7+0.4° 97.8

Larch Larch 3.6+0.8° 99.3

Douglas fir Douglas fir 4.3+1.0% 99.0

PRF

Larch 7.7£0.7° 99.4

Larch Pine 6.0£0.9° 98.9

Hardwood 7.7+1.2° 99.1

Larch 8.1£0.5° 99.5

Douglas fir Pine 6.3+1.0° 98.4

Hardwood 5.540.9% 99.0

The data are expressed as the mean+SD (n=20). Mean separation within columns by Duncan’s new multiple range test.
Mean with rows with different superscripts are significantly different (p<0.05).
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Table 4. Results of block shear strength and Wood Failure using PVAc adhesive

Specimen Species . Block Shear strength Wood Failure
Adhesive (unit : MPa) i o
type Lamina Lamina Plywood F = 75.519%* (unit : %)
Larch Larch 11.8+0.4° 99.6
Douglas fir Douglas fir 13.6+1.0° 99.8
Larch Larch 5.6+0.2° 98.9
Douglas fir Douglas fir 3.5+0.6° 98.4
Larch PVAc 8.7+1.0° 99.1
Larch Pine 6.0+0.8 98.9
Hardwood 5.8+0.5¢ 98.7
Larch 6.7+1.24 99.1
Douglas fir Pine 5.9+0.4° 98.6
Hardwood 5.5+0.5¢ 98.4

The data are expressed as the mean+=SD(n=20). Mean separation within columns by Duncan’s new multiple range test. Mean

with rows with different superscripts are significantly different (p<0.05).

Table. 5. Results of adhesive type and specimen type

(F = 80.846**)

Specimen type

Adhesive Type 1 Type 2 Type 3
PRF 12.7+1.3 4.6+1.2¢ 6.5+1.4°
PVAc 10.9+0.6" 4.0+1.0° 6.8+1.4°

The data are expressed as the mean+=SD(n=40). Mean separation within columns by Duncan’s new multiple range test. Mean
with rows with different superscripts are significantly different (»p<0.05).

In the case of using PVAc adhesive, the results of
shear strength according to the wood material type is
the same as Table 4. High shear strength was shown
in the order of Type 1 > Type 3 > Type 2 as a result
of using the PRF adhesive. It was found to show a
significant difference depending on the adhesion meth-
ods, tree species and the wood material type (p =
0.000) as a result of the significant verification results.
There was significant difference between the species
of Type 1 and Type 2.

Douglas fir in Type 1 and larch in Type 2 had high-

er results. In the case of Type 3, it showed a higher

block shear strength when using larch as a layered ma-
terial, and in the order of larch plywood (8.7+1.0
MPa), pine plywood (6.0+0.8 MPa), tropical lumber
plywood (5.840.5 MPa), high shear strength was
shown.

Significance verification results of the adhesive type
and wood material type is shown as Table 5 and
showed a significant difference among the wood mate-
rial types (p = 0.000). In Type 1, block shear strength
was found higher when using PRF adhesive than when
using PVAc adhesive, but in Type 2 and Type 3, sig-

nificant difference was not found according to the ad-
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hesive type.

As a result of the block shear strength and wood
destruction rate according to the wood material type,
Type 1 showed 11.8+1.3 MPa, 99.2%, Type 2 showed
4.3£1.1 MPa, 98.9%, and Type 3 showed results of
6.7+1.4 MPa, 98.9%. In Type 1 as structural glued lami-
nated timber, shear strength in the domestic standard,
KS F 3021 is stated as more than 7.1 MPa, the wood
destruction rate is stated as 65%, and in the European
standard EN 14080, shear strength is stated as 6.0
MPa or more, and the wood destruction rate as 90%.
CLT interlayer adhesion method of Type 2 is not pro-
vided with domestic standards and is specified as 1
MPa of shear strength in the European EN 16351
standard. Ply-lam CLT product standard of Type 3 is
also not established. And comparing shear strength
was attempted based on the standards of glued lami-
nated timber and CLT. Shear strength of Type 3
showed an average of 6.7+1.4 MPa. When laminating
larch lamina with plywood, the shear strength passes
European standard (6.0 MPa or more) and the domes-
tic glued laminated timber standard (7.1 MPa or more)
although there are conditions that do not meet the
standards. It is understood that higher shear strength
was realized by laminating the surface veneer of ply-
wood and the layered material parallel to the grain of
wood. Ply-lam CLT has a higher shear strength than
the existing CLT when laminated with larch layered
material and plywood, which can ensure the shear

strength to the level of glued laminated timber.

3.2. Block shear strength failure mode
according to types of wood material
After the test of block shear strength, failure mode
analysis was processed and PRF adhesive was applied
as shown in Table 6, PVAc adhesive in Table 7. Types
of adhesive didn't make much difference and shear
parallel-to-grain was found in Type 1, rolling shear

in Type 2, shear parallel-to-grain and rolling shear in

Type 3 compositely. Type 3 is made of 6% of destruc-
tion of stratum and 94% of plywood destruction.
Destruction by rolling shear in the single plate of the
second layer mainly perpendicular to fiber instead of
surface layer single plate of plywood.

Decrease factor of shear strength value through fail-
ure mode of adhesive surface is related to formation
stratum, single plate thickness of plywood, and rolling
shear. It was reported that the thinker formation stra-
tum of CLT and CLT thickness get, the more rolling
shear strength decreases (Sikora et al., 2016.)

Through this research, it was attempted to study
thoroughly the optimal manufacture condition in re-
gard with Ply-lam CLT. On passing shear performance
criteria for structural glued-laminated timber, 7.1 MPa,
the condition of larch layered material-larch plywood,
larch layered material-tropical lumber plywood, and
Douglas fir layered material- larch plywood using
PRF adhesive was drawn. As a result of wood shear
rate by over 95% of Ply-lam CLT, 150 g/m* of applica-
tion volume is understood to be the optical condition.

It is understood that according to thickness of single
plate plywood, tree species, etc, additional research re-
garding rolling shear performance of plywood is nec-
essary in an attempt to prevent rolling shear that oc-
curs in the middle layer of plywood for improving

block shear strength of Ply-lam CLT.

4, CONCLUSION

In this research, strength and fracture types were
compared and analyzed by implementing block shear
testing of glued laminated timber as engineered lum-
ber, which is mainly used in wood structural archi-
tecture, CLT, and Ply-lam CLT. Through this, the con-
dition of manufacture for lamina of Ply-lam CLT, spe-
cies of woods, types of adhesive, layer composition,
and so on was thoroughly studied for optimal pro-

duction, whose results are as follows.
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Table 6. Failure mode of Specimen type using PRF resin

Type
(Failure mode)

Type 1
(shear parallel to grain)

Type 2
(rolling shear)

Species Species
Type -
Lamina Lamina Lamina Plywood
Larch Larch Larch Larch
Douglas fir Douglas fir Larch Pine
Larch Larch Type 3 Larch Hardwood

'lf

(shear parallel to grain +
rolling shear)

Douglas fir

Douglas fir

Douglas fir | Larch

Douglas fir | Pine

Douglas fir Hardwood
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Table 7. Failure mode of Specimen type using PVAc resin

Type
(Failure mode)

Species

Lamina

Lamina

Type 1
(shear parallel to grain)

Larch

Larch

Douglas fir

Douglas fir

Type 2
(rolling shear)

Larch

Larch

Douglas fir

Douglas fir

Species
Type
Lamina | Plywood
Larch Pine
Type 3 Larch Hardwood

(shear parallel to grain
+ rolling shear)

Douglas fir Larch

Douglas fir Pine

Douglas fir Hardwood
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1. Glued laminated timber came to be the first,

Ply-lam CLT the second, and CLT the third in
the order of high strength and the shear strength
of Ply-lam CLT manufactured as complex struc-
ture of larch plywood and larch lamina passed
the standard of shear strength of glued laminated
timber, 7.1 N/mm?® during configuration of Ply-
lam CLT. Whereas differences were made based
on the types of wood material, those were not
noticeable based on the types of interlayer ad-
hesive of Ply-lam CLT. Using larch layered
material and larch plywood, and tropical lumber
plywood came to be the optimal manufacture
condition of Ply-lam CLT and it was appropriate
to use adhesive such as PRF, or PVAc in the
application volume of 150 g/m* according to
purpose of use.

. By means of the analysis of shear strength failure
mode according to types of wood material, it was
confirmed that shear parallel-to-grain was found
in glued laminated timber, rolling shear was
found in CLT, and shear parallel-to-grain and
rolling shear appeared compositely in CLT. It is
understood that higher shear strength is shown
in Ply-lam CLT than in CLT due to rolling shear
due to the decrease of rolling strength of Type
2 as a result of differences in the thickness of
single plate and vertical laminated layer material.
. It is understood that additional research is neces-
sary to improve rolling shear of plywood, single-
plate thickness, tree species, etc in an attempt to
prevent rolling shear that occurs in the middle
layer of plywood for improving block shear
strength of Ply-lam CLT to be higher than that
of the existing CLT.
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APPENDIX

(Korean Version)

Ply-Lam CLT®| 374 74 @ F24 £5o] Be 2SauzEe] 38 47

i

FEAR B7270%0) 2 A4E 244 9 CLT 2203 Ply-lam CLTS) 22HTHIHS
i 245, 0% 5 Ply-lam CLTS] eholu} @ 0] 45, H2H19] 55 9 Layer 4
9% AZ2AL FHILA si9len] 1 Aok 01w 2o BEUHAHS B} AR, Ply-lam CLT,

2 Uehiith. 54, Uei4 gmat Sos eule] BT AEEs Ply-lam CLTS| Akes
¢1 7.1 N/mm*& F35gich. obe] & Aol Al FAA, CLT, Ply-lam 2ol ALSE H2HA| 5ol
of Aol FELEA] @9ttt T2t} Ply-lam CLTS] 9ol 2holupe} ghake] 5:50] wie} Ply-lam CLTE]
ol pelieh T AR Ueld > WAl = 4 U £02 5& RS et Plylam CLTY] 24
gk Ul SulthE AGSHE 490)s WA S0l e} PRF, PURS HAsiol Agsiel B A0
o BAAE S0l 12 ARE v oy Anh BAL Estel WA shear parallel-to-grain, CLT= rolling
shear, Ply-lam CLT+= shear parallel-to-grain¥} rolling shear”} B34 02 Uelytt o= A7t Avte} Ut wo|
9lo™ rolling shear® ¢13}o] CLTXET} Ply-lam CLTO|A ¢ £& At 72 Uehf= Aog wukwr,

S
o ~
=g = B
N i
R 3
MR
Lo oy it o i
PRI o H
H o 2
9 o N2 4
N o ©
o 5=
40 I
ofl ofy
flo o
=

iy
2
of

o4 2o Qoo
Mook Lol ox

i rlo oy

LME

Apko] AR W A BA o] AFES ste] w28 AT (Cross-laminated timber; CLT)-L 1990 % 43
QAEg ol B9 SofA it A2 A=A FEo|ti(Chang er al., 2017; Karacabeyli e al., 2013; Song et al., 2016;
Jeong et al., 2016). o)== F/dTE WAl AFsto] A et WY RAR A viet 59 ohefdt 22 ANETH(Choi,
et al., 2018; Park ef al., 2017; Oh ef al., 2017). 128 AL A7o] FAA SHHol A% 2% W w5 o] Asto] A9
glo] A Ql FrALe] 7hssithe Aol th(Park ef al., 2019). o]2i3t A o= FHI B Fojd= tfthartet
Z Fzo g AMEEAL QIth(Barker ef al., 2014).

o gy B5x A5 5ol AREY] st F28 AT et Al FA7]E0] B4Foln 2008 oAl EN
163519 CLT 714& A% 5t ¢th(Brandner et al., 2016). 0|3 w]=, & 59 F7olA] CLT +4 4 H Yol thgt 71&&
ukHsl ) b=k CLT 242 ANSI/APA PRG 320(2019)9] thst A= AA|E E= Structural composite lumber(©]5}
SCL)o| 3% oA wal 55 Fat=Aetar HA|EofQlct. SCL = Laminated Veneer Lumber(©]3} LVL), Laminated Strand
Lumber(©|3} LSL) So] &3} A2w 12 AA D] that L7t A3 9t Wang ef al., 2017; Davids et al., 2017;
Nurdiansyah ef al., 2020). LVL, L 3} A =3F Hybrid CLTY= #3234, A8 & 384 59 AHo] ok E3k
5442 §90] TS BEARHEE CLT, LVL £33 OLT, 444) €02 & SSHT7HECLT32:38 MPa, LVL
& A% CLT:7.7MPa, 34 H/474:1025 MPa)E Uetilth. CLTY SA& SCLY| &5 5 LVLE 28 A% A St
AR = Ao digh A7) AsiE vl Qlth(Zhao et al. 2015; Gong, et al., 2016, Wang et al., 2017). A& AMEEE=
F2IA) CLTS 5 5152 W vEAe A18% 49 27 952 Aot AR Haloly A%89] 332 ojojxnz
AE BRAGAEE 2T 4 GRS 9T FRT b0l

2TV

2]
=
I
(o3
(ot

=99 dEdF Bt oyt S Hd 2y AR A A5 CLT AR e 54 2 23 54 dig

A7} A8l QItOh, 2018; Jang ef al., 2019; Kang et al., 2019). 7|2 FLX2E&-AAT Bt ofyel 20159 1328 ghto]
£3 927 Plylam CLT/} ApEIglon] o)5 7w, o o 218014 Sof ffak Ask Ja5m SIekChoi er al., 2015,

Choi et al., 2018; Chang et al., 2019; Chang et al., 2020).
# AT Ply-lam CLTS] ehulut, S99] 431 A% Tela QAo mh2 BEHGY=S Bt Fo842
A BREAZ FE AFHE HAA W CLTSH] HlmE Fofol Ply-lam CLT HHA22AL 19517
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2, Mz 3

2.1 A=

211, 27

2 Aol ARE A SHleld FREAR wWol ARREHIAL Sl
AMEE]E= ]Sy Pseudotsuga menziesii;©) 3} Douglas fir)g By 0.2
8L 1120.9%2 2AF0] ALeslAnt. Edh A7 u]Z2e 217 Ugldo

Ty Ul

YA (Larix kaempferi;0|s} larch)d} =€) CLT A|Zof
. ofu] AHEE FA|9] FAE 10mmo] e
0.5120.19, 1]4:9] A< 0.52+0.230] Ik

>
°l=°
2 o 5
RS
= §

2.1.2. 33

Ply-lam CLT2] AFI3IE 1&3lo] ko] 422 Y] o] 203t 5 2 YH4T} &<%(pinus densiflora, sieb, et,
Zucc;pine) 12|31 FFA MLT(Mixed light hardwood) =52 3714 & A4 3}o] /\}~9-‘8}9§E} AR5 ke ol H A 9] S/\]—i
HE Rousith 2 dutAzo] AME HAAZE 84 Yo Hlee AL | T 47.7%, pH 11.5)7F AHE-E|S
A2 SAES AHESISIT o) Fhe] AxxE T =T 150 g/mzol‘:q A HerA L& %L%Ll
3% E3ste] 135°Co Al 7H(40 sec/mm)9] HYFH & 2447k Wok A4S Foll & A1 FTAHRE ARE-SHATHKo,
et al., 2015).

Alz=E o] 24 10(T)x400(W)x400(L)ymm= Sply -5 A £5Hich AH-E o] 72 &/ Table 13 Zth

2.1.3. A2HA

eha|uke} etuu, ehojuke) o] ke flsto] AR Al Al Wol AMgE e 4243 He-dlREAETEESA
O’henol-resorcmol-fonnaldehyde resin; ©|3[PRF, D-40, Oshika corporation, Japan)?} ZEUH|5| = BAlEFo] o= 47743

ZAM]d4=2](Polyvinyl acetate ©|31;PVAc, MPU 500, Okong Co., Ltd, Republic of Korea)E H| 70 & A3} tt PRF=
oo g FUHsE AAIE LR T 7% 5% 7L PVAc FAA| = o|arlotd|o|EA HEAIE FA(100): 75}
A(15) H7rskAc

2.14. Alxxdd g E5AY AIFH Az

FEA A4A, CLT Ply-lam CLTO| 4 9 S, Tt £53 A $7, T4 oo 2ol wet
20(T)*200(W)>400(T) mm =L7] = 2ply A|FH 245 AlZ3t3{ct Alzg Al@uj% S A BEAWY
Table 29} 28 2A02 AJHL Agtstdon 133 10744 £ 207 AFES .
sk 7129 281 A FAPTAE Type 12 #7512, ZHE %EV} A WL E H2sl= CLTE] apgale

Type 2% 3E7|3F3At. E‘ , 2hjutel ghako] W wrgko g Faste Ply-lam CLTO] HZHA1S Type 32 E7]8Hg(ch
SSATUEE A AZE 13te] 10(T)x300(W)x300(L) mm 7|9 SA|2} g £5te] AASgom GHmLey

12 150G R YA BT 095 MPas] 98 2N 204 W4 T 701 BAANE AR ABE Akt
Apga .

2.9, AFupy

221, % B} 8l shajepy w4

. BIAE QJste] S RAA AR KS F 3021 FEEHRA 7120 ute} 224w
WA A7) (KDPL130-1)E o] §54.08) 31542 2 mmimin 0.2 A45to] 273}
o] g olgte] eq. (ol Aste] ALE3Hock

P
shear strength (N/mm?) = —22% 1)

S

P, . + maximumload (V)

A : shear area (mm?)

AbzE) AT} SPSS(ver. 24.0, SPSS Inc., USA)S o]8-510] 29u)%] HAHLA(One-way ANOVA)S AAE15 00 B gh
9] §-94(p<0.05) Duncan s multlple range test® 7733FTh
2EAWFEAHol e B A@He] Hehio] 05 mm 24 4§ D 24510 ASTM D 5266-990] w2} 4519
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onf ThE AFHS olgstel YHEe] oat HATWE TP HAsHAch
3.
3 Ao Plylam CLTS] 37, T T4 A§4% Te)3 B2A) 02 22 Ad4=g Briskn 39842

3.1 WAWA L ARA ) M AGPE vl

PRF HEAZ A8 49 BAHRGP0) 12 AUgE A3k Table 33 2tk 7 A3k Type 1 (444 > Type 3
(Ply-lam CLT) > Type 2 (CLDY] §3 £AHE 58 A4S ehilch B394 2 5% 719) f04 3% 20 Ba42
F3(p = 0.000)7 eI Ao]§ ol Ao Lehteh Type 13} Type 29 % 7be] fola Aol wol] ggieh
Type 39] 49 719 Gme] 23to] we the A0S Uk B4 YL vl4 FAB1L05 MPa), S5 Fue w5
FA(6.3+1.0 MPa), Fop) YT GF ST 2 MPOR T4 A & ABYEE etk

PVAC HHAS AG3 49 BAHEG P W2 A= 23 Table 43 2tk PRE RS AH§3 459 5
272 Type 1> Type 3 > Type 28] 98 SAHE 2 AUHES etk W24 W 5% 29 o4 4% 2
ARG E-0.000)7F 27 oIS Hol= 102 Liekstk. Type 13} Type 29] 5% 29| fofat Hol& Hol= 7o
Uete Type 1€ 54, Type 2 %] o £ A0S Uitk Type 39 49 J94S 342 A A o &
SEAUPEES Yo d95 TETL0 MPa), S5 TIH60:08 MPa), B TH(G8405 MPa) 2A2 &
AHHES ek,

MR FR0 SANERY) G4 AF AT Table 59 Zom TAHZRY(p = 0.000) 7§ ol 2 Mol
202 Ueede). Type 114 PVAC M3 M} PRE A4S A A] B & B804S ek ot Type 29 Type
3ol HAA BRol T fofs Aol LA ghre.

EAYR G| w2 E2AC ol Bulg AFE Type 12 11.8+1.3 MPa, 99.2%, Type 2= 4.3+1.1 MPa, 98.9%,
Type 32 6.7+1.4 MPa, 98.9%°] AT+ LJebith. Type 1.& 128 AAAE 2 KS F 30210] =L 7.1 MPa o)A,
2ok 65%2 WAIHe] Lor SHTA EN 140800 AHAE 60 MPa oJ4%, Bukg 90%: wAIso] Slck. Type
29 CLT %7 2% WAL ) 742 mhaisle] 9x) ehom §3 EN 16351 724 % A94E | MPaz HA5o] 9lch
Type 391 Ply-lam CLT®| AE+2 £3 AF=lo] 914 ¢rom] GAAet CLT F20] oJ7stol AeE ung | wshiat
SHITF. Type 3] AUHEE B3t 67614 MPag Uehlon] $355h 2ok 24 Qovt a4 shuluie gue 45
A %% TG0 MPa o)t T A AL MPa oS STk ol B 55 Wtlolel S} Belo] whet
HAA AFTORN 7129 CLT Hek of £ A 428 Uehfs 202 BeHEc). Ply-lam CLTE Y44 S4)9}
B A3 H9 7129 CLT Bk £ AUHEE AXu YA +27H AeFES Sud - o,

U ok

flo o

II?‘.‘, o,

3.2, BEAR @0 e SSASEE v

SRR AF o) F AHEe] 53] by BAS A35}elon! PRF A Table 6, PVAC R 2| Table 79] Lt
th AZA] £F) T2 2ol & YERA] 29k om Type 12 shear parallel-to-grain, Type 2+= rolling shear, Type 3+= shear
el E3 Type 3= 27 73] 6%, 33t 73] 94%2 T o]
F2 o] B3 vl o A4 Azl 28 F9| Tl rolling shearo] g skaj7h WIS, el oty

oF gte] Tt ol BT WA olck CLTS 74 37
S7% CLT FA9 7ol weh 25 A9t gasteya Bt vf glei(Sikora e al., 2016).

Type 29} Type 39| 2] 23d SAet Tie] 77 2po|= dhaint FAE SAE AR Type 20014 &7 A1l
ofg BEANAE 240 QRS v ACE DD, EY Q) B9 ATk Atke] 110 f50]5 of Felo] 41
45 70] o) HAEE Buo] ofste]l ARAES Fh 29108 FEHS AOE HHHTKPark ef al, 2017; Blass ef
al., 2000).

T

o = pub)
PVAC HEAZ AS T4 A4 BT A2 £25Hch Plydam CLTE) 98% ol Buke 202 HAA| wxepe
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150g/m?o] HA z7Aog wF

rﬁ
rlt
s}

E3 Ply-lam CLT¢] % A= e flste] dae F5olA A= rolling shearS HAI5H7] 913t ko] o
A, 7% ol BE dHY 9 Addsol tiet F7HA A5 283 Aor wetkdH.

4 Z2E

2 dolAs TR SRS 2 ARgEe WA 9 CLT 223l Ply-lam CLT| E539ARS AAISH
2= g 9 £38E vlal ZA8H3IH oS F8l Ply-lam CLTS] ehujuf ol 9] =5, H2A|9] $57 9 Layer 74 5
AR ik = e Zﬂzzﬂ& stz stelon 1 Avkes o 2Tk

1. A4A), Ply-lam CLT, CLT +C &8 £& E2HU} S Yehdon Ply-lam CLTY A £ 4494 o 494

elulie] BalTal QA4 HUE 7129 7.1 Nimn'e S35teich 2242 30 uh2 2ol LehtoL} Ply-lam
CLTE 53+ A2 A ] WE AolS YehlA 3th Ply-lam CLT] 24 Az 242 dd$ S Hd5 &, A
SRS LGS £R 150 gl AFg o] W] PRF, PVAC § HAS Aelelol Algel o] A Aow
wET

2. AR 430 U AT gyre B4 E35lo] 2R += shear parallel-to-grain, CLT+= rolling shear, Ply-lam
CLTE= 9] Z%0)A] shear parallel-to-grainZ} rolling shear7} E3H4 0 & Yehs AL 30lslYt) o)= 37 2&H
At o] FA Aol Qlsto] Type 29] S H4z ¢Isto] CLTET: Ply-lam CLTOW o 22 A% =g vedie
Ao g

5. 7 CLT 1t} 3o SATUTE ehl Pdam CLTS] SR 94 okl 93bel 5344 Wl
rolling shearS WA|5}7] §I5to] ] it &7, £F 5 FHY 59 Ak FEA717] 13 A7t F7Hes 293
Ao g
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