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to Enhance the Rolling Shear Strength of CLT'@®
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ABSTRACT

In this study, hybrid CLT research and development trends were analyzed to improve the low rolling shear strength
of CLT, a large wooden panel used in high-rise wooden buildings. Through this, basic data that can be used in research
and development directions for localization of CLT were prepared. As a way to improve the low rolling shear strength,
the use of hardwood lamina, the change of the lamina arrangement angle, and the use of structural composite materials
are mainly used. Rolling shear strength and shear modulus of hardwood lamina are more than twice as high as softwood
lamina. It confirmed that hardwoods can be used and unused species can be used. Rolling shear strength 1.5 times,
shear modulus 8.3 times, bending stiffness 4.1 times improved according to the change of the layer arrangement angle,
and the CLT strength was confirmed by reducing the layer arrangement angle. Structural wood-based materials have
been improved by up to 1.35 times MOR, 1.5 times MOE, and 1.59 times rolling shear strength when used as laminas.
Block shear strength between the layer materials was also secured by 7.0 N/mm?which is the standard for block shear
strength. Through the results of previous studies, it was confirmed that the strength performance was improved when
a structural wood based materials having a flexural performance of MOE 7.0 GPa and MOR 40.0 MPa or more was
used. This was determined based on the strength of layered materials in structural wood-based materials.

The optimal method for improving rolling shear strength is judged to be the most advantageous application of structural
wood based materials with strength values according to existing specifications. However, additional research is needed
on the orientation of CLT lamina arrangement according to the fiber arrangement of structural wood-based materials,
and the block shear strength between lamina materials.

Keywords: cross laminated timber, rolling shear strength, hybrid cross laminated timber, structural wood based
materials, lamina, mid-layer angle

1. INTRODUCTION struction, and traditional timber structural began to be

replaced by those constructed with mineral-based con-

When reinforced-concrete structures were devel- crete and brick (Hong ef al., 2015). At that time, the
oped in Europe in the early 20™ century, it received market share of wood compared with other building
attention as an economical material for building con- materials was 10% or less, and it was mainly used
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for timber light-weight constructions, such as resi-
dential buildings, nonresidential buildings and ex-
hibition halls. Since then, wooden building con-
struction and the market share of wood have increased
as wood has replaced concrete in the construction of
residential buildings, offices, schools, and other areas
of construction. In addition, interest in wooden build-
ings has increased in countries where wood was not
previously used. This is not only due to the develop-
ment and adoption of engineered wood, such as glu-
lam and laminated veneer lumber (LVL), but also the
development of cross-laminated timber (CLT) panels
in Austria in the early 1990s, which popularized the
use of wood for medium-rise buildings (Antonio et al.,
2021).

Subsequently, CLT (Fig. 1) began to be developed
in the sawmill industry to look for its higher-value us-
age than in sideboards (Guttmann, 2008) and to utilize
scrap wood (Sander, 2011), wood with low-machine
grades, and waste wood (Cameron, 2013). CLT is a
large wooden panel consisting of odd-numbered (3, 5,
7, 9) layers of semi-rigid composites or engineered
wood boards where the cross-laminated layers are ar-
ranged at the 90° angle so that it can withstand both
in-plane and out-of-plane loading (Ehrhart and
Brander, 2018; Karacabeylli et al., 2013).

CLT, initially known by the German term Brettsperrholz
(BSP), was classified as a sub-product of laminar-

laminated timber product in terms of its shells, grid

shells, and spatial 3D shells, and it later earned the
designation “cross-laminated timber” (Schickhofer and
Hasewend, 2000). The first residential building using
CLT was constructed by Moser in 1995. In 1990, re-
search was conducted in Central Europe, including
Austria, Germany, and Switzerland, primarily by Graz
University of Technology, which led to international
research projects (Brandner et al., 2016). This research
led to the development of CLT, and small- scale pro-
duction facilities were built to begin its production in
Europe in the early 2000s. Since then, production fa-
cilities have been built outside of Europe in countries
such as Canada, the United States, Japan, China, and
New Zealand, where production, R&D, and stand-
ardization activities are being actively carried out.

Research on CLT has led to an increase in the num-
ber of high-rise wooden buildings. This includes the
construction of the following: Stadthaus, a wooden
9-floor apartment building in London, UK, in 2009
(Xiong et al., 2016); Forté, a wooden 10-floor apart-
ment building (Li et al., 2019) in Melbourne, Australia,
in 2012; Treet, a 14-floor apartment building in Bergen,
Norway, in 2014 (Malo et al, 2016); and Brock
Commons, an 18-floor wooden dormitory building at
the University of British Columbia in Vancouver, Canada,
in 2017 (Fast et al., 2016) (Fig. 2).

The increase in the construction of high-rise wood-
en buildings has led to the growth of the CLT market;

annual CLT production in European was 25,000,

Fig. 1. Cross Laminated timber (Karacabeyli et al., 2013).
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14 floor Treet in Norway (2014)
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18 floor Brock Commons in Canada (2017)

Fig. 2. CLT buildings (Xiong et al., 2016; Li et al., 2019; Malo et al., 2016; Fast et al., 2016).

340,000, 650,000 m* in 1996, 2010, and 2015,
respectively. Production continues to grow rapidly and
was forecast to have increased to 1.2 million m® by
2020 (Brandner et al., 2016). In addition to the pro-
duction increase in Europe, annual CLT production is
also increasing in the United States, Canada, Australia,
Japan, and New Zealand (Ipbal, 2018; Pei et al., 2016;
Goto et al., 2018).

Along with the rapidly growing CLT market, re-
search on CLT is being conducted globally due to the
interest in this large wooden panel and its increasing
use as a material for the construction of high-rise
buildings. Various studies on CLT as a building mate-
rial are being conducted to assess its material charac-
teristics, such as its shear-wall structural performance,
thermal characteristics, fire-resistance, performance at
the joints, and sound-absorption (Jang and Lee, 2019;
Kang et al., 2019; Choi et al., 2018; Ahn et al., 2021;
Park et al., 2020). In particular, research is expanding

on the development of CLT with enhanced strength

characteristics and performance based on main species
to each country's forest environment. This research is
mainly focused on improving CLT’s relatively low
block shear strength. The block shear strength varies
depending on the layer arrangement. As an example,
when the red pine species was for layers, the resulting
glulam showed a strength of 10 N/mm? or higher, and
CLT had a strength of 3.5 N/mm? (35% of the value
for glulam) or higher (Kim et al., 2013). To improve
this strength, the optimal quantity of applied adhesive
and resulting shear adhesion strength were evaluated
using Pine (Pinus koraiensis) while adjusting the
pressure. The maximum shear adhesion strength was
obtained when the quantity of applied adhesive was
250 g/m’ the pressure was 0.8 MPa. This resulted in
a maximum block shear strength of 6.07 N/mm?
which not reach 7.0 N/mm? of the specified block
shear strength in glulam standard (Park ef al., 2017).
The block shear strength increases with the increase

in the ring angle of the cross-laminated layer.
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However, as for the failure mode for block shear
strength, the shear strength applied to the CLT layers
reached the annual rings before the cross-laminated
layer, unlike in glulam, and the resulting failure mode
showed the rolling shear failure mode along the annual
rings (Kim et al., 2013; Song and Hong, 2016). It has
been reported that rolling shear failure indicates a low
block shear strength, explaining the low rolling shear
strength of CLT.

Therefore, based on established CLT standard, this
study intends to identify the current status of research
on CLT strength according to the species used for the
layers and hybrid CLT with the aim of improving rolling
shear strength of CLT and to produce base data that
can be utilized in the R&D on the localization of CLT.

2. MATERIALS and METHODS

CLT, which is mainly used as an structural member
in buildings, has very important quality performance
and relevant specifications and standards. CLT quality
standards are specified in ISO 16696-1:2019, and dif-
ferent countries in Europe and North America along
with Japan have their own definitions. For example,
Europe enacted the “Timber Structure-Cross-Laminated
Timber-Requirements” (BS EN 16351:2015) specifi-
cation in 2008 (Brandiner et al., 2016), while in 2012,
the United States and Canada adopted the “Standard
for Performance-Rated Cross-Laminated Timber” (ANSI/
APA PRG 320) (Kaboli ef al., 2020). In 2013, Japan
enacted and promulgated the Japanese agricultural
standard for CLT (JAS 3079, 2013) (Fujimoto et al.,
2021). In 2020, Republic of Korea prepared a Korean
Industrial Standard for structural CLT to provide a
definition and quality standard for CLT products and
to set performance standards and provide guidance on
inspections. This standard is currently under review.

The CLT standards in each country provide strength

values according to the fiber direction of each ma-

chine-graded class of layers, and the species used in
the layered material vary depending on the forest envi-
ronment of each country. In Austria, where CLT was
first developed, C24, C18, and C16 strength grade
Norway spruce (Picea abise) are mainly used (Brandner
et al., 2016), although White fir (4dbies alba), Scots
pine (Pinus sylvestris), European larch (Larix decid-
ua), Douglas fir (Pseudotsuga menziesii), and Swiss
stone pine (Pinus cembra) are also used (Fink et al.,
2018). In Australia and Canada, species such as
Spruce (Picea spp.), Lodgepole pine (Pinus contorta),
and Douglas fir (Pseudotsuga menziesii) are used for
CLT production (Zhou et al., 2014), while in the U.S.,
CLT specification states that spruce- pine-fir (SPF)
lumber, Douglas fir, Larch, Eastern softwoods,
Northern species, Western wood, and Southern pine
are the species that can be used in the production of
CLT (ANSI/APA PRG 320, 2019). Each country tends
to prefer wood procured from their own territory.

The minimum specific gravity of timber used as a
building material allowed by the Canadian Lumber
Standards Accreditation Board standard, CASO141 (Bejtka
and Lam, 2008), and the National Design Specification
for Wood Construction (Kramer et al., 2014) is 0.35.
This is the lower limit value of CLT for connection
systems and the minimum specific gravity of species
commercially available in north America, western
United States, and northern Canada.

Although only the use of species with a specific
gravity of 0.35 or more is allowed, the use of species
other than those specified in the CLT specification is
not limited. Therefore, the layer composition of CLT
is selected in the manufacturing process to meet the
requirements of the physical and mechanical properties.
In particular, there are increased attempts to utilize lo-
cally abundant and underutilized wood resources for
CLT layers, although they might not have the speci-
fied strength properties (Espinoza and Buehlmann,
2018). Sitka spruce (Sikora et al., 2016), Italian ma-
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rine pine (Fragiacomo et al., 2015), European beech
(Aicher et al., 2016 (a); Aicher et al., 2016 (b)), Southern
pine (Hindman and Bouldin, 2015; Sharifnia and
Hindman, 2017), hybrid poplar (Kramer et al., 2014),
Eucalyptus (Liao et al., 2017), and Japanese cedar
(Okabe et al., 2014) have all been researched for their
use for CLT layers.

In Republic of Korea, larch (Larix leptolepis) is the
species most commonly used for CLT layers. The
number of layer species is expanding through research
on the yield and strength characteristics of cedar
(Cryptomeria japonica) and pine (Pinus densiflora),
considering the forest environment other than larch,
and the evaluation of block shear strength of CLT
specimens using Korean pine (Pinus koraiensis) and
tulip tree (Liriodendron tulipifera) as a layer material.

Although species differ depending on the forest en-
vironment of each country, softwood is commonly
used in CLT layers. In tropical zone such as Malaysia
and Indonesia with different climates, however, there
are ongoing base studies on strength and other relevant
properties of hardwood so that they can be used as
CLT layers instead of soft wood (Hamdan et al.,
2016). Since hardwood has a similar or greater
strength than softwood with equal density, they are be-
lieved to be good materials with good potential for
use in CLT layers (Yusof et al., 2019).

As presented above, modern CLT was first devel-

oped in Europe, but it has spread around the world,
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and research is ongoing to establish standards and pro-
duction processes through the optimization of species
that reflect each country’s forest environment and

strength performance evaluations.

3. RESULTS and DISCUSSION

In the U.S. ANSI/APAPRA PRG 320 standard,
which is the most commonly used of the many enacted
standards, CLT is defined as a cross-laminated en-
gineered wood with three or more layers of sawn lum-
ber or structural composite lumber (SCL). SCL in-
cludes laminated veneer lumber (LVL), parallel strand
lumber (PSL), laminated strand lumber (LSL), and ori-
ented strand lumber (OSL) (Wood Handbook, 2021).

In general, CLT is used all over the world by manu-
facturing sawn lumber into glulam panels. CLT, which
is arranged with alternate major and minor direction
layers, has a out-of-plane shear strength and stiffness
lower than those of in-plane flexural strength and
stiffness. Therefore, when an out-of-plane load is ap-
plied, it causes excessive deflection followed by roll-
ing shear failure due to the low out-of-plane shear
strength, which is its principal drawback (Sylvian et
al., 2011). The rolling shear phenomenon is shown in
Fig. 3 and is closely related to the composition of
wood cells. When shear force is applied to a bundle
of longitudinally connected fiber in tangent and radial

directions, the fibers do not break individually but roll

—
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Fig. 3. Principal material axes in a long (a) and rolling shear planes TL (b) and RL (C) (Ehrhart and Brandner, 2018).
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off, resulting in rolling failure at the weakest point
(Enhart and Brandner, 2018). Rolling failure is mainly
found in softwood, and it is generated and transmitted
at the boundary when shear forces are applied due to
the density difference between the earlywood (with
density of approximately 300 kg/m’) and latewood
(with density of 900-1,000 kg/m®). The shear proper-
ties are determined according to the earlywood ratio
and earlywood density of the layers used (Enhart and
Brandner, 2018).

The rolling shear phenomenon that occurs in the
cross-laminated layer of CLT is shown in Fig. 4, and
it is reported that shear deformation may occur due to
low rolling shear stiffness (Fellmoser and BlaB3, 2004).

It has been reported that the rolling shear strength
and stiffness in the cross layer of CLT affect the bend-

Grc»lling shear

G = 10- Grulling shear

ing-load behavior due to material anisotropy (Mestek
et al., 2008). To control rolling shears, studies have
been conducted on a number of factors, including the
species used as layers and their density, thickness,
moisture content, sawing method, and the size and
shape of the cross-section of the sawn lumber. These
studies have confirmed that rolling shear is control-
lable (Steiger et al., 2008).

Research has mainly focused on improving rolling
shear strength in the cross layers of CLT, which have
low stiffness and strength. Examples of typical re-
search include the use of hardwood as cross-laminated
layers, changes in the angle of the layers, and the use
of SCL structural panels such as LVL, LSL, plywood,
and oriented strand boards (OSB) for the layers. This
is called “hybrid CLT” or “composite CLT” (Fig. 5).

Fig. 4. Shear deformation of a CLT-element (Mestek er al., 2008) and the “rolling shear” effect in CLT panels

subjected to out-of-plane flexure (Antonio et al., 2021).

Composite laminated panels (SPF & LSL)
BERERE

Hybrid CLT (SPF & LVL)

Hybrid CLT (OSB & SPF)

Fig. 5. Composite CLT & Hybrid CLT (Davids et al., 2017; Wei et al., 2019; Wang et al., 2017; Li et al., 2020).
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3.1. Cross—Laminated Timber using
Hardwood and Softwood

Studies are being conducted on CLT strength char-
acteristics to expand the species utilized, such as the
mixed use of softwood and hardwood as well as using
tropical hardwood, to improve the low rolling shear
strength of CLT layers.

Ehrhart et al. (2015) evaluated the rolling shear
modulus and shear strength of six European species,
including Norway spruce (Picea abies (L.) H. Karst),
pine (Pinus sylvestris L.), birch (Betula pendula Roth),
beech (Fagus sylvatica L.), poplar (Populus spp.), and
ash (Fraxinus excelsior L.), as shown in Table 1.
Although the rolling shear strength and modulus is de-
pend on the sawing direction and the ratio of the width
and thickness of the layer, hardwood species showed
values of rolling shear strength and modulus about 1.3
—2.3 times higher than softwood species.

Aicher et al. (2016) assessed the rolling shear

strength of European beech utilized as a layer material.

Table 1. Proposed rolling shear characteristics for
wi/t>4 (Ehrhart et al., 2015)

(wi: width, t;: thickness, fry: rolling shear strength,
GRmean: Shear modulus)

frx (N/mm?) GRmean (N/mm?)

Spruce 1.4 100
Pine 1.7 150
Poplar 22 120
Birch 2.7 180
Ash, Beech 4.0 350

EOTA 2015 (European Organisation for Technical
Assessment), specifies 50 N/mm? as the rolling shear
modulus for spruce and fir used as layer materials for
design purposes. The rolling shear modulus of the
European beech is measured to be 370 N/mm? which
is about 7 times the stiffness of softwood, and the roll-
ing shear strength is 4.5 N/mm? Based on this,
European beech has been proposed as an ideal material
for CLT layer material under out-of-plane load con-
ditions (Aicher et al., 2016 (a)). Furthermore, Aicher
et al. (2016) evaluated the bending performance of
CLT manufactured by using a combination of spruce
(Picea abies) layers (major direction) and European
beech layers (minor direction). The results showed a
rolling shear modulus of 350 N/mm? and a rolling
shear strength of 2.6 N/mm? It has been reported that
the high rolling shear properties can neglect the de-
creased in shear strength of softwood CLT (Aicher et
al., 2016 (b)).

Wang et al. (2014) produced 3-ply CLT to review
the usability of poplar as the layer material and com-
pared the bending and shear strength properties (Table
2). When poplar was used with Douglas fir as the lay-
er material, the bending strength was improved, but
the modulus of elasticity in bending and shear strength
decreased. When using poplar as the cross-layer mate-
rial with Douglas fir or Monterey pine as the layer
material, the bending strength, modulus of elasticity
in bending, and shear strength were all reduced by
10%, 7.5%, and 9.2%, respectively, compared with us-

ing a single species. When poplar was used as a cross

Table 2. CLT layups and test results (Wang et al., 2014)

Type Out layers Cross layers foo (MPa) Ey (GPa) fio (MPa) fyo0 (MPa)
1 Poplar Poplar 41.66 5.97 2.00 1.21
2 Douglas fir Poplar 31.56 8.07 1.97 1.09
3 Monterey Pine Poplar 41.23 6.21 1.80 1.03
4 Monterey Pine ~ Monterey Pine 44.55 6.35 2.04 0.81
5 Douglas fir Douglas fir 34.72 8.69 2.17 1.24
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layer, it did not show a significant decrease in
strength, so it was concluded that the mechanical prop-
erties of CLT using Douglas fir and Monterey pine
layers and CLT including poplar were similar.
Therefore, it is proposed that poplar can be used as

cross-layer materials of CLT (Wang er al., 2014).

3.2. Changing the angle of mid—layer

A number of studies have been conducted to im-
prove rolling shear strength through evaluation of elas-
tic coefficients in relation to layer angles and evalua-
tion of the shear strength and stiffness of 3-ply CLT
(Buck et al., 2016; Bahmanzad et al., 2020).

Bahmanzad et al. (2020) studied the shear strength
properties of the Eastern hemlock species in relation
to the angle of the cross-laminated layer arrangement
in order to improve the planar shear of cross-laminated
layers of CLT. The results of the elastic properties in
relation to fiber direction and the short-span shear test
on layer angle are set out in Tables 3 and 4. A
cross-layer angle of 30° led to a shear failure strength
1.5 times greater than at 90° (Table 3), and 3-ply CLT
arranged with a cross-layer angle of 30° demonstrated
an effective shear stiffness 8.3 times greater than that
of a cross-layer angle of 90° (Table 4). This confirmed
that the failure mode caused by the cross-layer angle

changes from rolling shear failure alone to tensile force

Table 3. Modulus of elasticity and shear modulus of eastern hemlock for different fiber orientations (Bahmanzad

et al., 2020)
) Elastic properties (MPa)
Species
EL Er Goe Gisee Gyse Geoe Goge
Eastern hemlock 8,300 276 520.56 191.68 104.11 83.43 61.36

Table 4. Summary mean results of the short-span shear test for fiber orientations of 30°, 45°, 60°, and 90°

(Bahmanzad et al., 2020)

Mid-layer angle Peak load Elp, GAusr £y max
yer ang (kN) (10° N-mm?/m) (10° N/m) (MPa)

90° 88.3 117.3 9.5 2.03

60° 95.9 286.3 19.9 22

450 102.7 375.9 34.9 24

30° 129.1 486.3 78.7 3.0
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and rolling shear failure. This supports the hypothesis
that rolling shear and stiffness can be improved de-
pending on the CLT cross-layer fiber orientation.
Furthermore, the improvements shown in shear strength
as a result of angle adjustments confirmed that it was
possible to utilize low-quality wood for CLT through
cross-layer angle adjustment for species that do not
meet the required structural performance when the
cross-layer angle is set at 90° during the CLT manu-

facturing process (Bahmanzad et al., 2020).
3.3. Cross—Laminated Timber Using

Structural Composite Materials

In addition to research on the mixing of softwood
and hardwood and cross-layer angle changes to improve

shear strength, research on evaluating shear strength

Table 5. Bending properties of CLT

is also being actively conducted by applying existing
engineered woods, such as OSB, LVL, LSL, PSL, and
structural plywood as cross-layer materials.

Although the current specifications do not provide
strength values, design values, or other values for the
different structural composite lumber (SCL) types,
they also place no restrictions on their use as a layer
material. Therefore, data on strength performance for
engineered wood have already been existed, and inter-
est in SCL is increasing as it has the advantage of
increasing wood yield. Hybrid CLT (Fig. 5), in which
SCL is used as a layer material, is utilized primarily
with the aim of calculating strength values to be in-
cluded in the CLT specifications established in each
country.

Wang et al. (2015), Davids et al. (2017), and

1 Speci di . Span- Major direction
ayer pecimen dimension
LT Panel Panel lay- h
CLT type anel type anel lay-up direction” (mm) dept MOE MOR
ratio  (GPa)  (MPa)
- pine-pine-pine /- L=l 9.7 354
; ine-LSL"-pine 11111 10.8 44.0
Hybrid CLT P P 114(T)x197(W)x2,438(L) 20
(Wang et al., 2015) LSL LSL-pine-LSL el 11.2 442
LSL-LSL-LSL 11.6 48.2
- SPFs-SPFs-SPFs 73 40.7
Hybrid SPFs-LSL LSLY-LSL-LSL 53 334
CLT J- Ll 114(T)x406(W)x2,560(L) 20.4
(Davids ef al, 2017) LSk LSL-SPFs-LSL 5.5 33.6
SPFs-LSL-SPFs 7.0 50.1
. - SPF-SPF-SPF-SPF-SPF /- L -//- L -/ 8.0 110
Composite D J-lf-l1-11-11 9 64
: SPF-LSL-SPF-LSL-SPF>  //~//~//-//- 5 164.5
lam.mated panels 184(T)x195(W)x2,743(L) 13.6
(Niederwestberg LSL  LSL-SPF-LSL-SPF-LSL  //-//-//-//-1/ 1.6 2054
t al., 2018
“ ) LSL-SPF-LSL-SPF-LSL //- L -//- L -// 89 1063
Hybrid SPFs-LVL - SPF-SPF-SPF 7.9 28.6
CLT SPF-LVL"-SPF Sl 114(T)*89(W)x2,000(L) 164 7.2 25.7
(Wang ef al, 2017) LVL
” LVL-SPF-LVL 93 30.1
Korean Larch CLT 5)
- -1 - -
(Soug e Houg, 2018) L-L-L J-L-ff  81(T)x170(W)x1,700(L) 18.5 9.2-10.1 43.9-47.1
——————— Plywood
Korean Pine CLT PL-PL-PL? J-L-ff  90(T)x300(W)x2,900(L) 30  8.0-8.8 28.2-30.1

(Pang et al., 2021)
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Table 5. Continue

Span- Major direction

Layer Specimen dimension
LT Panel Panel lay- . h
CLT type anel type anel lay-up direction (mm) dept MOE MOR
ratio  (GPa)  (MPa)
(Fujimiiy;tla; 2021 C-p-c-p-c” J-1-l-11-11 150(T)*300(W)x3,450(L) 21 12.3 49.0
; D-P-D-P-D¥ 10.8 67.8
CLCTI with lplyzz)"l‘;‘)d Plywood 5 U111 40(T)<40(W)x600(L) 13 ——————————
(Choi et al., 2018) D-P-D-P-D 8.6 43.9
. L-P-L-p-L' H-A1-11-11-11 15.1 61.6
CPle lamlcj(); o 75(T)x300(W)x2,400(L) 29 —08
(Choi et al., 2021) D-P-D-P-D Hl1-11-11-11 13.0 65.5
Tropical Hybrid CLT Bamboo
(Nurdiansyah ef ., laminated L-B.S-L'? J-1-1 - 54(T)x305(W)x1,260(L) 19.6 2183  39.41
2020) board
Bamboo-wood Bamboo L-L-L /- L1/ 10.28 473
lzif;r‘f;i‘;e ke V;ZEZ? L-BMCP-L'? Sl SIT)X145(W)x1,630(L) 30 9.6 45.0
(Li et al,, 2021)  (BMCP) BMCP-L-BMCP J- Lol 6.27 313

* // and L represent the parallel and perpendicular to the majoir strength direction of CLT, Hybrid CLT, composite CLT

1) LSL was made from aspen poplar (Populus tremuloides) strand, 1.5E grade

2) LSL grade; 1.35E (MOE: 9.16 kN/mm?, density: 0.71 g/cm?)

3) LSL properties; 9.5 kN/mm?, 41.7 N/mm?, density: 0.64 g/cm?

4) SPF; shear modulus 84.92 N/mm?, shear strength 1.41 N/mm?
LVL was made from douglas fir (pseudotsuga menziesii) veneer, 2.0E grade (shear modulus 47.88 N/mm?, shear strength
1.07 N/mm?)

5) L; korean larch (Larix kaempferi Carr.), outer tension laminae: 13 kN/mm?, middle laminae: 7-9 kN/mm?, outer compression
laminae: 11kN/mm?

6) PL; korean pine (Pinus koraiensis) (MOE: 8-9 kN/mm?)

7) C; japanese cypress lamina, outer layer 11 kN/mm? inner layer 9 kN/mm?,
P; korean larch (larix kaempferi) plywood (major direction-MOE 10.9 kN/mm?, MOR 44.1 N/mm?, minor direction-MOE
5.19 kN/mm?, MOR 18.7 N/mm?)

8) D; douglas fir lamina thickness: 9 mm, P; plywood: thickness 6 mm, korean larch veneer

9) D; douglas fir lamina thickness: 6 mm, P; plywood: thickness 9 mm, korean larch veneer

10) L; larch lamina (outer 11 kN/mm?, inner 9 kN/mm?), P; korean larch plywood. thickness 15 mm, density 0.5 g/cm?,
MOR 42.8 N/mm? MOE 7.1 kN/mm?

11) D; douglas fir lamina (outer 12-13 kN/mm?, inner 9-10 kN/mm?), P; korean larch plywood. thickness 15 mm, density
0.5 g/cm®, MOR 42.8 N/mm?, MOE 7.1 kN/mm?

12) L; Acacia mangium Willd, density 0.37 g/cm?, MOR 15.3 N/mm? MOE 9.98 kN/mm?,
B.S; Bamboo solid board, density 0.55 g/cm?, MOR 22.5 N/mm?, MOE 18.49 kN/mm?

13) L; hem-fir (Tsuga heterophylla (Raf.) SargxAbies amabilis (Dougl.) Forbes) density 0.43 g/cm?, MOE 11.8 kN/mm?,
MOR 69.5 N/mm?
BMCP; Bamboo woven panel, density 0.79 g/cm®, MOE 7.6 kN/mm?, MOR 56.6 N/mm?

Niederwestberg et al. (2018) conducted research using
LSL as layers, and Wang et al. (2017) conducted a
study on the bending and shear strength properties of
LVL following changes to the cross-layer and layer
composition. Fujimoto er al. (2021), Choi et al.
(2018), Pang et al. (2019), Choi et al. (2021), and

Choi et al. (2020) conducted research into bending
properties and block shear strength when using struc-
tural plywood as a CLT cross-layer material, while Li
et al. (2020 (b)), using OSB, and Li et al. (2020 (a))
and Nurdiansyah et al. (2020), using bamboo boards

as a layer material, conducted research into shear
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Table 6. Shear properties of CLT

L wpe P g T Speinen diension Spudenth 5
(MPa)
SPFs-SPFs-SPFs 2.03
~ : LSL-LSL-LSL 261
Hyg;ji dsfz /.L,SzLo IS)LT L SLSPReLSL N1t H4(T)<406(W)=823(L) 54 ———
SPFs-LSL-SPFs 2.96
SPF-SPF-SPF-SPF-SPF  //- L-//- L-// 1.3
Composite laminated pancls _ SPF-LSL-SPF-LSL-SPE /-1-1I-/-/ SAT19SW) 12000 55 2.9
(Niederwestberg ef al., 2018) [ S]-SPF-LSL-SPF-LSL H-11-11-11-11 3.6
LSL-SPF-LSL-SPF-LSL /- L -//- L-// 1.4
SPF-SPF-SPF 225
Hy(b\f;;ingsz lF SHILV;)I%LT SPF-LVL-SPF =L 114(T)*305(W)x610(L) 5 2.11
LVL-SPF-LVL 2.40
(Fujimof;lye'tl"‘g;_, 201) C-P-C-P-C Sl 150(T)x300(W)x 1,050 5 3.87
SPF-SPF-SPF H-Llf 3.6
SPF-OSB-SPF H-11-11 7.0
SPF-OSB-SPF H-L-f 72(T)x190(W)*720(L) 6.7
OSB-SPF-OSB N L= 5.4
Hybrid CLT with OSB" OSB-OSB-OSB N1 . 6.4
(Li et al., 2020 (b)) SPF-SPF-SPF-SPF-SPF  //- L/~ L-// 37
SPF-OSB-OSB-OSB-SPF  //-//-//-//-// 5.9
SPF-OSB-OSB-OSB-SPF  //- L-//- L-//  120(T)190(W)x1,200(L) 57
OSB-SPF-OSB-SPF-OSB /- L -//- L-// 3.7
OSB-OSB-OSB-OSB-OSB  //- L -//- L-// 5.9
(ﬁ:ﬁ;ﬁi aEy::ri‘;,CzIézTo) L-B.S-L 11111 S4(T)<305(W)x270(L) 4.6 693
Bamboo-wood composite cross L-L-L /- L1 _24
laminated timber L-BMCP-L 1111 51(T)x145(W)=406(L) 6 33
(Li et al., 2021) BMCP-L-BMCP Ll 25

* // and L represent the parallel and perpendicular to the major strength direction of CLT, Hybrid CLT, composite CLT
1) OSB: construction OSB (COSB) used as the core layer in container flooring. COSB has better mechanical properties

than regular OSB.

COSB properties: density 0.72 g/cm3, MOE 9.5 kN/mm?, shear strength (fy) 3.79 N/mm?

properties according to the changes in layer composi-
tion and number of laminated layers. The results of
the research into the bending and shear strength prop-
erties of hybrid and composite CLT are shown in
Table 5 and 6.

Wang et al. (2015) reported a 1.19 times increase
in MOR and a 1.1 times increase in MOE when using
LSL as a cross layer in existing CLT structures
(species used for the layers was lodgepole pine [Pinus

contortal), and a 1.24 times increase in MOR and 1.15
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times increase in MOE compared with existing CLT
when utilizing LSL as the outermost layer and pine
as the cross layer (Wang et al., 2015).

Furthermore, when Davids et al. (2017) and Wang
et al. (2015) used LSL as the cross layer in SPF 3-ply
CLT, MOR demonstrated a 1.23 times increase; how-
ever, MOE showed a similar average value and the
rolling shear strength improved 1.45 times. When lam-
inating the LSL in the same way as the general 3-layer
CLT structure (arrangement //-_1-//), rolling shear
strength improved 1.28 times. This can improve the
rolling shear strength when LSL is composed of CLT
structure instead of sawn lumber (Davids ef al., 2017,
Wang et al., 2015).

Niederwestberg et al. (2018) researched bending
and shear strength properties by preparing 5-ply CLT
with SPF and LSL used as CLT layers. When using
an LSL cross layer in SPF 5-layer CLT, MOR im-
proved 1.49 times, MOE 1.18 times, and rolling shear
strength 1.2 times. CLT (LSL-SPF-LSL-SPF-LSL-LSL
with a parallel SPF layer) with LSL as the outermost
layer demonstrated a 1.86 times improvement in MOR,
a 1.13 times improvement in MOE, and a 1.77 times
improvement in rolling shear strength. However, even
with LSL used as the outermost layer, MOR, MOE,
and rolling shear strength values were the same as
those of CLT when the of 2 or 4-ply SPF was cross lami-
nated (Niederwestberg et al., 2018; Davids et al.,
2017).

Research by Wang er al. (2015), Davids et al
(2017), and Niederwestberg et al. (2018) confirmed
that when using LSL as the cross layer, MOR im-
proved 1.2 times and MOE 1.1 times. In particular,
rolling shear strength improved 0.5-1.8 times. As the
arrangement direction of LSL used as a cross-layer
material is closely related to CLT bending properties,
it was proposed that layers be placed in the same di-
rection as the fibers to improve strength (Wang et al.,
2015; Davids et al., 2017; Niederwestberg et al, 2018).

Wang et al. (2017) also researched bending and
shear properties in relation to changes in the cross-lay-
er and layer configuration while using SPF and LVL
as CLT layers. Compared with SPF 3-layer CLT, CLT
with LVL used as the cross-layer material showed a
decrease in MOR by 10.1%, MOE by 8.9%, and roll-
ing shear strength by 6.2%. This was determined to
be due to the low planar shear properties of LVL when
LVL was used in the orthogonoal direction for the
cross layer (Fellmoser and BlaB, 2004). In addition,
it was suggested that hybrid CLT can also improve
bending strength performance due to the uniform me-
chanical properties of LVL as well as strength im-
provement when the outermost layer is used as LVL
(Wang et al., 2017).

Fujimoto et al. (2021), Choi et al. (2018), Pang et
al. (2019), Choi et al. (2020), and Choi et al. (2021)
evaluated the strength characteristics of CLT with
structural plywood laminated in a parallel direction to
the CLT cross-layer material, known as ply-lam or
ply-lam CLT (Fujimoto et al., 2021; Choi et al., 2018;
Choi et al., 2021). Fujimoto et al. (2021) studied the
manufacture and strength properties of ply-lam using
Korean structural larch plywood (P) and a Japanese
cypress layer (C) at the Miyazaki University and
Wood Use Research Center in Japan. The composition
of ply-lam consists of 5 layers (C-P-C-P-C) and the
results of an MOR 49.0 MPa, an MOE 12.3 GPa, and
a rolling shear strength 3.87 MPa showed results
(Fujimoto er al., 2021). Choi et al. (2020) evaluated
the block shear strength according to the lamination
method of glulam, CLT, and ply-lam CLT. The block
shear strength of ply-lam CLT was found to be over
7.1 N/mm?, which is the glulam standard. Choi et al.
(2021) manufactured ply-lam CLT using larch
(machine grades E11, E9) and Douglas-fir layer mate-
rial (machine grades E13-14, E9-10) and evaluated
strength performance of ply-lam CLT. As there was

no significant strength reduction according to the layer
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species and modulus of elasticity, they were able to
confirm that the change in bending strength resulting
from ply-lam CLT cross-layer plywood using different
species was not significant (Choi et al., 2021). Song
and Hong (2018) also conducted a study on the bend-
ing strength of larch (layer machine grades E13, E9,
E11) in 3-ply CLT. Among the layers used for larch
CLT and ply-lam CLT, the mechanical grades of the
outermost layer subjected to compressive stress were
different, but compared to CLT, the ply-lam CLT re-
ported improved MOR 1.3 times and 1.5 times (Song
and Hong, 2018).

Li et al. (2020 (b)) manufactured hybrid CLT using
SPF and OSB and evaluated rolling shear strength ac-
cording to the number of layers and direction of the
arranged layers. In 3-layer CLT, it was reported that
shear strength improved by 1.94 times when OSB was
applied to the cross layer in the fiber direction, and
1.86 times when applied in the direction perpendicular
to the fibers in the cross layer. In addition, when 2,
3, 4-ply were placed in the direction of the OSB fiber
in a five-layer SPF CLT, the shear strength improved
1.59 times. It has been shown that the shear strength
of the CLT cross-arranged with the OSB as in the gen-
eral CLT structure is improved by 1.59 times than that
of the general SPF CLT. Unlike previous studies on
LVL and LSL, where single panels were placed in the
same direction, OSB had a slight strength reduction
of less than 5% depending on the direction of the
cross-layer arrangement. LSL and OSB panels have
the same arrangement of strands in the direction of
the fiber, but as the adhesive area in the width direc-
tion is large due to the difference in width of strand
between LSL and OSB (LSL strands are 12-16 mm
and OSB strands are 30-80 mm), the shear strength
was presumed to improve when at right angles to the
fiber (Li et al., 2020 (b)). There was a difference be-
tween LSL and OSB not only in the size of the strand
used but in the direction of the strands. Unlike LSL,

in which the strands are arranged in a single direction,
OSB has a multilayer structure, with the strands in
each layer arranged differently, and it is manufactured
by cross laminating in the same way as plywood. As
the difference in strength as a result of fiber direction
is not significant, it is presumed that there is no differ-
ence in strength as a result of fiber direction when
used as a CLT layer material.

Nurdiansyah et al. (2020) studied the bending and
shear properties of CLT by combining acacia laminate
(Acacia mangium willd.) and bamboo solid boards. As
a result, due to the high MOE of bamboo solid boards,
CLT showed the highest MOE and shear strength val-
ues (Nurdiansyah et al., 2020). Li et al. (2021) used
a hem-fir and bamboo woven panel (BMCP) as a layer
material and evaluated the strength characteristics of
three-ply CLT according to the layer composition.
When using BMCP as the cross layer in conventional
CLT, the bending characteristics showed similar val-
ues, but the shear strength increased 1.37 times from
2.4 MPa to 3.3 MPa (Li et al., 2021).

Research is continuously being conducted on the
use of previously developed engineered wood and
structural wood panels as cross-layer materials in or-
der to improve the low rolling shear strength of CLT
cross layers and the raw material yield. When struc-
tural composites such as LSL, LVL, OSB, plywood,
and bamboo board are used as the cross-layer material,
it can be seen that the strength is improved by up to
2 times for rolling shear, up to 1.5 times for MOE,
and up to 1.35 times for MOR.

Therefore, it was decided that the selection of the
structural wood material for manufacturing hybrid
CLT suitable for the required strength characteristics
is important because the bending characteristics of the
structural wood material layer affect the shear and
bending characteristics of the CLT (Davids et al.,
2017; Wang et al., 2015).

When assessing prior research results indicating that
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the fiber orientation in materials used as cross-layer
materials, such as LSL and LVL, may lead to a lower
strength compared with conventional CLT, the direc-
tion of the CLT layers needs to be taken into account.
However, for materials with the same bending proper-
ties both in terms of the fiber direction and direction
orthogonal to the fiber, such as structural plywood and
BMCP, strength in the minor direction can also be
achieved when these panels are placed in the outer-

most layer.

4., CONCLUSION

In this study, basic data that can be used in the
R&D for localization of CLT by analyzing the re-
search and development trend of hybrid CLT to im-
prove the low rolling shear strength of CLT, a large
wooden panel used in high-rise wooden buildings in
Europe and the United States, etc. was intended to
provide. As a measure to improve shear strength, the
strength characteristics of CLT were compared by us-
ing hardwood, changing angle of lamina, and using
structural wood-based materials. The result is as
follows.

1. When comparing the rolling shear strength and
shear modulus of softwood and hardwood used
to manufacture CLT, hardwood has both rolling
shear strength and shear modulus values up to
twice as high as those of softwood. The use of
hardwoods a cross-layer material has advantages
such as improvement of rolling shear properties
and utilization of unused species, but it is judged
that it is necessary to additionally evaluate the
adhesion performance between softwoods and
hardwoods.

2. CLT cross-layer materials are currently manufac-
tured with a 90° arrangement, but we confirmed
that adjusting the angle of the layers can lead to

a 1.5 times improvement in rolling shear strength

of CLT, an 8.3 times improvement in its shear
modulus, and a 4.1 times improvement in its
bending stiffness. Accordingly, it is judged that
it is possible to improve the strength of CLT as
well as expand the use of wood with low me-
chanical grade by adjusting the angle of layer
arrangement.

3. By using structural wood-based materials with a
proven strength performance, such as LVL, LSL,
and plywood, for the CLT cross layer, MOR im-
proved by up to 1.35 times, MOE by up to 1.5
times, and the rolling shear strength 1.59 times.
Structural wood-based materials used in hybrid
CLT with improved strength had bending prop-
erty values of MOE 7.0 GPa or higher and MOR
40.0 MPa or higher. It can be confirmed that this
is the standard of the bending characteristics of
the structural wood-based material that can be
used as a cross-layer material. In particular, ma-
terials manufactured by layering in the direction
of the fiber and at right angles to the fiber, such
as structural plywood and OSB, demonstrate a
small difference in strength depending on the fi-
ber direction of the test piece when an out-of-
plane load is applied. When used as a layer mate-
rial for CLT, it is judged that uniform strength
values out-of-plan and in-plane strength can be
obtained. However, for materials arranged in the
same strand direction as LSL, as the bending
properties are degraded to some extent when sub-
jected to out-of-plane loads, materials with the
same fiber orientation, such as LVL and LSL,
require further study with a focus on the compo-

sition of their layers.
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APPENDIX

(Korean Version)

CLTY9 rolling shear A4S 93t hybrid cross laminated timber |3 F3F

2E: B A3k 12 BxA% AMSEE d1F B4 999l CLTY %2 rolling shear strengthS 71415}17] $)3) hybrid
CLTY A7 N 535 BASHh o5 53l CLTY F4keks 913t A Wake)] 28 7hedt 712485 vhdstast
3191, -2 rolling shear strengthS FFAAI717] Q17 Weto 2 Sl A AME, 24 vig 24 W3l 28 SAETA 9
Abgo] 5 o|R1 itk &4 A= 94 Rt rolling shear strength®} shear modulus 25 2u) o]AH9] =& 71-S
Uehfn g 2 S AR 9 v]o]g =59 ggo] 7tk gelstgltt S wiE 2 Wt ult rolling shear stength
1.5, shear modulus 8.3, bending stiffness 4.14 gFd=lo] Z4] Mg ZHeg FAXFCEH CLT 7%= 3PS ERlakgich
728 BAARLE 7120 FrAtol SR Anw S ALal9S v g MOR 1.358, MOE 158, rolling shear
strength 28 A=A, S 7+S] FRAE B3 QA ESATHE 7]l 7.0 Nmm?E R 4> QIqlch APdt
A= 53 MOE 7.0 GPa, MOR 40.0 MPa ©]/}¢] ] 542 71 28 SANRE ARSIGlS o Ae/dsol e
skt ol & Bl 12§ HAAR S A= 7|2 skl rolling shear strength 7HA15}7] 913t 224 9] vy
71E A Rt AEghE 7H 28 BAARY Hgo] 7MY feT Alw Wi, 28 SANEY AR wE

£ CLT 34 wjg W3, 54 2t H2F A= Foll gt #7140 A7 dRsir}

=2 rlo o

1. ME

204171 2 fgolA AI-232E 2 IR AS5E Algel] BAER ARR FEon MEE20S0A BE
7|8ke] FAHE, HES AR HEEE A= Ut Hong ef al., 2015). oln] A& Az F EAQ) A& 10%
olgtoln] & HFFERZAZOE A4 W H|FAE A=, AAF Foll AREESIT olF A48 AF=E, A4, st
Y A F 7IE 1A foboll 22 E Al SAE ARSSH 520E AlsAk] 2 AR RSl 7181 o
Bk ofugl EAE ARESHA] HE wTtelAE BRASE tigh =T STHA Hdich o= A, LvLa
2o Fakayof ot 7k W =Q®ut ofujg)l 1990t & @ AEZoto) A Cross-lam 3'd(Cross laminated timber;
CLT)9 /H=E SAS AE5E 54 ARgo] A3 =Yt Antonio ef al., 2021).

CLT (Fig. 1)+= ZA] ARAIGO A AfolERE Bt o =2 71X 9] 8= 7iEF (Guttmann, 2008), scrap wood (Sander,
2011), 7IAlgo] 22 =AY, H=Al(Cameron, 2013) 5-& E8517] flaf 7ol A&E QL CLTE= 3, 7, 9 E5520%
T 2R W B BREAR o) 158 AL 4 AR WAF FAE 00° ZER WAl TEol
o =2 wj'do]ci(Ehrhart and Brander, 2018; Karacabeylli ef al., 2013).

CLTE= z7]of U802 “Brettsperrholz (BSP)” "H35hH shells, grid-shells, spatial 3@} 3% “laminar laminated
timber product”®] 3}YA|ZFC R EREEQ1 ©]3 Cross laminated timbergl= 0152 A7 = AtKSchickhofer and
Hasewend, 2000). ©|2]3F CLTE o]&3F A 7] 348 7452 19959 Mosero]| 2] AF =T} 1990 S Ao},
=9, A9A 5 ZHGHI} Graz university of technologyS 4102 A7) =3 E Q31 o]% A o TRAER
o|oJF tHBrandner ef al., 2016). 1 Zilto]l o5 7 CLT= f-gollA] 2000t & Aqfk AAHH] 315 4 A)lF
WAE AEEG ol f9 Qofl AU v, 4B, S, FENEY 2 FT e AAPRIE AEsh Ak
AN, E23F Sso] EdsHA AeEa gl

CLTo| 3t &gt At ASEXASE S71= o]0tk 20099 F= ¥d 95 &=x oftE Stadthaus (Xiong
et al., 2016), 2012 57 WHZ 102 Forte Z20l9}E(Li ef al.,, 2019), 20148 =290 142 o}TFE “Treet” (Malo
et al.,, 2016), 20174 it} HFH B2jey SFulottst Y 18% H2A5E 715 Brock Commons) 59 BX1%=
o] A= QItFast ef al., 2016) (Fig. 2).

NSEZ2ASFE AlF AR 7= CLT AR 4o g ojojfrt CLT Azt A4RE2 19969 25,000 m?, 2010
340,000 n?, 2015 659 mPo]m] 20208 1209 m* 7}x] 2713k Aos o|Eahy 245 JAsk thBrandner ef
al., 2016). 589 ARF S71} tlEo] v, Aiut), £, 4, FERE § AHE A7F CLT gikgo] F7lskar
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THIpbal, 2018; Pei et al., 2016; Goto et al., 2018).

F43] Z7IslaL Q= CLT AR gEo] did 54 widl CLT #HE W 1% AZE| AlFAH 712 sk
A AARSRE CLTol| #3t A7) ehdkslA| Xg=aL glek CLT Aa 54, Ad8 1245, 944 84, Wids,
AR A5, T5495 5 145 AR H8517] g thaFet A7t #8=|al ¢ick(Jang and Lee, 2019; Kang ef dal.,
2019; Chio et al., 2018; Ahn et al., 2021; Park et al., 2020). 71 & =7PH AH] 340 db= =3 CLTY = EX4
9 e deS HERE CLT 7 5ol thet d57F gt Slek o] Ze/ds 5 CLTY] R H2Pwd s 7Adsk]
At A7E F2 e Qe SA s ol we MRS EA UEub red pine E-2 SR ARSSFIE
o FAAY+= 10 N/mr, CLTE= 3.5 N/mn? oA 2 HAA HRPAW7IE 9] 35% s UJERAHKIm, ef dl., 2013). o]&
FEAZI7] flete] M 5 o83 2 A wxeyt oY sk YRS Brpsiglon] s
250 g/mr, 912 0.8 MPaol|A o FPAHd=E Uetiich o) H2Pddi e+ 6.07 Nmr2 F/4A 4ol A=
ARPHE 71291 7.0 N/mieo]] ==281R] aklth(Park er al, 2017). WA AR 27t S7et) wet H2Pdedert
Z7bsh, MAHEZE sgae BaAet Te) CLT 2400 7117l dekelo] 2% ut wa 24je] g viA
el HFof wet rolling shear T+ 382 YERHTHKIm ef al., 2013; Song and Hong, 2016). rolling shear I}3)+=
2 ARG A =S YERH o]= CLTY R rolling shear strength® ks mXtial Hag HE gtk

olof] £ Aoz AE CLT 14E vido s 2 =Fof t& CLT 7%=} CLTY rolling shear strength &2
91ak hybrid CLTo| Tt 4 {3-2: wjelah] CLTS] TABIES 918k AT ol 2 /53t 7| 2422 ulisti
3.

2, Mz 3 Uy

FE A% FREAZ AR EHe CLTE #4450 W9 S8k W 74 2 7|2 2otk CLT #4712
ISO 16696-1:20195 H|FE35le] S8, Bu|, A= 5 ZF Yool Aojslar Qlck 2008 835 of 4= Timber Structure-Cross
Laminated timber-Requirements (BS EN 16351:2015) 722 A|%3}th Brandiner e al., 2016). ©]3 2012 u|=z}
7Uth= Standard for performance-Rated Cross Laminated timber (ANSI/APA PRG 320)& A% 31 (Kaboli ef al., 2020),
20134 YE-L FATERAND HALHI (JAS 3079, 2013)S A4 @ Zz5tchFujimoto ef al., 2021). T SA] CLT
A& Aolet FA7IE 28 A e s 71 B HAF Iol tiRh KS Ao R “Frg A YIS 2020
APgstalon @ Aol Fof ik

2} =) CLT HH4oll= 34 714 553 AR 0kl we Aeghs AABKL Qlon SA 52 249 Argdel
w2} th2ch CLTES &2 7ist e AEZ|otoA= C24, C18, Cl16 A= 5739 =2¢o| 7NE8| U5 (Picea abise)S
T2 ARESlAL Itk Brandner et al., 2016). ©] 2]o]l White fir (abies alba), Scots pine (Pinus sylvestris), European larch
(Laix decidua), Douglas fir (Pseudotsuga menziesii)2} Swiss stone pine (Pinus cembra) 52| 452 AMg-5laL TtHFink
et al., 2018). 339} 7Uti= Spruce (Picea spp.), Lodgepole pine (Pinus contorta), Douglas-fir (Pseudotsuga menziesii)
59 £F& CLT AJAto]| ARESIAL QItHZhou et al., 2014). 1=+ CLT &)X+ Spruce-pine-fir, Douglas-fir, Larch,
Eastern softwoods, Northern species, Western wood, Southern pineS- CLT grades A|Ztof] ARR-E 4= Ql= =502 HAISIA
THANSI/APA PRG 320, 2019).

A AR A=22] BERE ARE-SFAFSPY CAS 0141 Canadian Lumber Standard Accreditation Board (CLSAB)
(Bejtka and Lam, 2008)2} National Design Specification for Wood Construction (Kramer et al., 2014)o]4 AZA 72
AR ElE EA9 Za H]F-E 0352 3)8skar Qlok AAE FA HIS 035 CLT connection design®] 3}t gto]w
) A9, vla AR, st B2 AYPRer off kst BA FE i vlF glolth

H|Z 0.35 o 555 ANSHER 3185kl 9leu CLT 140 AAE 45 o]9)Y] 5ol thgt ARS-S AlgtslAl=
=tk ol 8tthe E-7IAIA §A4S 53171 flste] CLT SA4 45 efste] Alxska vk 53] e 540l
S ER] ghout Mg Hor FHsk L8t W2 B S CLT SAE &8517] 93t A=t S7kska it
(Espinoza and Buehlmann, 2018).

Sitka spruce (Sikora et al., 2016), italian marine pine (Fragiacomo et al., 2015), european beech (Aicher e al., 2016
(a); Aicher et al., 2016 (b)), southern pine (Hindman and Bouldin, 2015; Sharifnia and Hindman, 2017), hybrid poplar
(Kramer et al., 2014), eucalyptus (Liao et al., 2017), japanese cedar (Okabe et al., 2014) 59 =58 CLT SA=Z A5
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L3t A5 349 B Stk

FrjolAl CLT 57) 4502 72 S9(Laric leplolepisy® A1§3131 SIck T4 olelo] A nefstol
A Cryptomeria japonica), 2~ 5(Pinus densiflora)®] AA4=& L H=EA] Ao} AW (Pinus koraiensis), WL
(Liriodendron tulipifera) Z74)2 0|43 A WRL] AAHAS B} 5 A7LE Foto] 34 25 sefehut gt
(Jeong et al., 2013; Park et al., 2017; Kim and Jeon, 2019; Pang et al., 2021).

2} 3] Agegel ufe} ChEAlR CLT 34 452 %2 Weias st ok et 7|580] the wefolAlol,
u|Afore} 22 AR EY4E CLT SR ARGSH| $iste] A B4 5 7% A& 2&stal glrk(Hamdan
o al, 2016) BHFE 5 U AR} vSAAL o 2 PuE U £ AR BEsh] SR BES
7103k QK Yusof et al., 2019).

oA A CLT+= FxE oA NUEUANL, A AAZ o2 gAte]o] 249 AHgof Sl % 223}
W PEAS BIKE Ealol 77, A T B 5o ) A%E Aok

3. Znt H uH

AARE o8] 4 F FA o2 ARREIL Q)= u]= ANSI/APA PRG 320 #2094 CLT:= A|AE E&= Structural
Composite Lumber(©|3} SCL)¢| 3% oA} na}l 2&H FstEA|2 A oJslal Qi) SCL $F2 Laminated Veneer Lumber
(©]3} LVL), Parallel Strand Lumber(©]&} PSL), Laminated Strand Lumber(©]5} LSL), Oriented Strand Lumber(©]&} OSL)
5] It Wood handbook, 2021).

gutd o 8 ARG Ao Axsle] wAAHES CLT7 A AAHC R AREE|2L 9tk CLT: major direction
layer@} minor direction layer= x|k WU 7o} 7 SRk Aol 73/do] wol Helslso] 28519
o] Y}=3F 223} rolling shear 2|7} BhAYSHe] He| AT w7 Wrk= thyo] QlcK(Sylvian et al., 2011). rolling shear
A2 Fig. 33t Zrom Bxjo] A|a Hdat et who] Slck doliske s e Aarhdel M 9 Wapigko s
AdEo] Zhefizks wf A /A or EHE)A] oA, /7T FE0(roll off) 7P ogE F-EollA] rolling 31| 7} viehdth
(Enhart and Brandner, 2018). rolling T}¥]&= 2 ZFgrollA Wo] Yeluy, o= ZA (U= oF 300 kg/m’)L}t THA(E =
900-1,000 kg/m)e] Wk zpolof oste] Hede o] 2h8519E wf A LAY W Ak AMgEl= SAe 24 HlE,
ZA9] o] ule} At EAS ZASHA EthEnhart and Brandner, 2018).

CLTQ] wa} Aol A T == rolling shear AN Fig, 49} ZHom W rolling shear stiffness® 21510} Atk &S
do7 4= QJrk B3} cHFellmoser and Balg , 2004).

CLTS] walgof|A] YERt= rolling shear strength®} stiffnessi= A& o4 wjiE] & stsAsol F3FS vzt
HuE v} QlthMestek ef al., 2008). rolling shearE Aojal7] fJste] S %, Wi, £, &, AA HH, A=
o 27] 9 FAF 5 o 7HA] B 8o gt At A=l Alo] 7Reehe EIsHITK Steiger er al., 2008).

& 74T =S 7= CLT 2259 rolling shear strengthS: 3FA1717] 913F G771 =5 o] RaL Qlrk tiz|o=
WS SR G AR, A 2= W3l structural composite lumber = LVL, LSL¥} 12 OSBe} 22 128 9jld-S
242 Agels o] Ay} AYPET glow, o] “hybrid CLT® i “Composite CLT’2HTL HtHFig. 5).

3.1 g JAHE A= RS CLT |+

CLT 225 S -2 rolling shear strength @ 918l A G4¢t Y= SHY EdAE, Fdl AW &4 %5
28 T % gdiE A3 CLT ZA=EA) B3t A7 A= qick

Ehrhart 5(2015)-2 43 ZA4 4~% = norway spruce (Picea abies(L.) Karst.), pine (Pinus sylvestris L.), birch (Betula
pendula Roth), beech (Fagus sylvatica L.), poplar (Populus spp.), ash (Fraxinus excelsior L.) 67} 452 0]83}4] rolling
shear modulus®} shear strength® H7FSH3.00] 1 2k Table 15} 2k 24 A W, 2] vivlol FAe] v)ge
w2} rolling shear strength®} modulus7} G2fX| AWt AP R G =F0] oF 1.3-2.34] 2 rolling shear
strength?} modulus S YERITE

Aicher 5(2016)2 european beechS A2 AME3}7] £J519] rolling shear 73 =5 H715}%th EOTA 2015 (European
Organisation for Technical Assessment)ol|A] A7 E2 0 & spruce?} fir 54| rolling shear modulusi= Y5H4© & 50 N/mn?
S AAJBlaL Qlc}. &A% european beech?] rolling shear modulus= 370 N/mm?o. 2 G4 H} oF 7vl| =& 7343
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7}A9 rolling shear strength= 4.5 N/mm29] Z+& Uehich o] He] 61 2704 CLT nalE 22 A8s)7)
QI5t o)AlAQl A=EZE european beech ARE-Z Aok THAicher ef al., 2016 (a)).

Aicher 5(2016)2 spruce (Picea abies) ZA|(major direction layer)2} european beech (minor direction layer) A&
&3t AREShe] CLT Al ¥ & A52 97189y 1 A3 rolling shear modulus 350 N/mm?, rolling shear strength
2.6 N/mn?®] 25 YRtk & rolling shear 542 Q4= CLTY AW AelE FAIE 4= lrfal Husiqlch
(Aicher et al., 2016 (b)).

Wang Q0142 CLT 242 poplare] Mg 71548 AES 93] 3 ply CLTE Aalo] 7 9 Aeie
u]3HITKTable 2). douglas fir SA)Z poplar AMEGILS 1] Rl SPFEIL], bl Aeiwe 7t
AE YERATE douglas fir, monterey pine Aol WAES poplarZ ARESIGS W] T +FS ARSSH 3
BE, A, ATE BT 10%, 7.5%, 9.2% 72815tk poplars: WAlE S AMS RS o E8igh 7w 7k
LEFYR] ¢Fot douglas fir?} monterey pine SRS ARESE CLTS} poplarE 3Z3SE CLTS 7|A1Z E4do] ARSI
AES =E3H3) olo] CLT A2 poplars wAE FAZ AR 7HsEhE ARSIt Wang er al., 2014).

/3

N o B m
oo e o

3.2, AXF SAY g A= W3}

27 7hwo] wlE 74 WL 9 3 ply CLTS] AGE 9 74 H712 B8) rolling shear strength 71418 915
AF7F Z8% vl UcHBuck et al., 2016; Bahmanzad et al., 2020).

Bahmanzad 5(2020)-2 CLT 12}0] 2J3t planar shear 7§41 $J51e] w25 SA) wlld Zheof] w2 eastern hemlock
TEE o 8sto] A E EAS Atsiitt Ad-fdkel e elastic properties?} 54 2ol w-E short-span shear
test A= Table 3, Table 49} Zch wWA}E 2 30°+= 90°E T} 1.58)] 52 Adtuly] =g 7PH S o(Table 3), x5
A% E 30°2 vjhet 3ply CLT= wAg ZHe 90° Ko} f-ade/d-2 838 o 2 3k Uit Table 4). ol= w25
Z}Teo]| oJjt w30 rolling shearoflA] 1721} rolling shear 1] 2 WH3RRE ER15}3Ieh CLT WARS: Aol
u}e} rolling shears} stifiness S FAHAIZ) 4 ek 71 S Ss) o, ke o] mE HetE B Ang
&5to] CLT AlxpgolA wxls v =g 90°% vidslelE i F245S S5 Eole 50l dalixle w2k
e 28-S E3te] CLTO|| A &2 EA(lower-quality wood)2] &-8715AS &It Bahmanzad er al., 2020).

3.3, =& EYANRE AREE CLTO #3t A+

RS A= S flsto] Jdaet S % 27, wAs 2 ¥t 59 A+t £jefl 0SB, LVL, LSL, PSL,
T8 T 5 7E FTEAE AT AR 8L E=N A B4 Hrlel #Rt Atk gds] AP qick

e @A FAAl= SCL Fioll wheE gl AARE 52 ANk A Fovt SR AM-S Algtehal A=
ek, olo] BakEApE 710l 7 Sl B slolels} oln] SOl BAl 488 FAIL ¢ e Ao
SCLo| thgt ¥4l =7} =obR]aL Qltk SCLo] SA)= ARE-E hybrid CLT (Fig. 5= & 2t =7}l A% CLT 4ol
HrS 913k A 3t ARl 2 53E Fi $9E Qiok

Wang 51(2015), Davids 5(2017), Niederwestberg 5(2018)2 LSLS A2 0]835t 45 A5t on, Wang 5
(2017)2 LVLE maks 9 S G4 Halo] i o 9 Ate B4 st A8 X3gsk3ict. Fujimoto 5(2021),
Choi 5(2018), Pang 5(2019), Choi 5(2021), Choi 5(2020)2 CLT w2l SAZ 128 2 ARESHIS o 3
54 £S5 ol Bt A5 AR Li 5(2020 (b)) OSB, Li 5(2020 (2))2} Nurdiansyah 5(2020)2 Ty
REg SR ARgsh S 74 ¥3l layerd] AHF o wE MdEdo] WEt A5 XYkt hybrid CLT}
composite CLTS] & W At ZF=EA A= Table 5, 63} Zth

Wang 5(2015)2 7|& CLT +2(ZA5>%: lodgepole pine, pinus contorta)©l] LSLS WARE0 2 AR-31S o MORS
1.198], MOEL= 1.1} Z7}st@.0om, LSLE 9%, pine WA202 A8619S f 7|2 CLT 2t} MOR: 1.244),
MOE:= 1.154) =718tk sk Wang et al., 2015).

E3} Davids 5(2017)2F Wang S5(2015)2 SPFs 3ply CLTo]| LSLE mA}202 ARE3}%S 1) MORE 1.234) 271515
O} MOE= AR B YERH 9 rolling shear strength+= 1.458] 3FAE|QIT) LSLS A4t 3 layer CLT 230
/= L —/H2} 5L5HA AZE35F9-2 0 rolling shear strengthi= 1.284}] SFAIE|UC) o)= AAE Al LSLE CLT 22
T892 W rolling shear strengthS FAMAIZ 4= QUi Davids et al., 2017, Wang et al., 2015).
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Niederwestberg 5(2018)-2 SPF2} LSLS CLT A2 5 ply CLTE A|xslo] & U At 7= EXFS A5kt
SPF 5 layer CLTS] A & WA5S LSLE AR51ES W] MORS 1.494l, MOE+= 1.184], rolling shear strengthi=
1.2v)) SRAE 4= etk LSLS R Q&2 JLAISE CLT (LSL-SPF-LSL-SPF-LSL, SPF ZA)] g2 H3jo 2 ujx))
= MOR 1.868},, MOE 1.134}], rolling shear strength 1.779)] 3% =5 veRich 12U FelEo 2 LSLS ARgsiE et
= 2, 4 ply®] SPFE walZ A&3149S o] CLT2} MOR, MOE, rolling shear strength Zro] FYslA Ueldth
(Niederwestberg et al., 2018; Davids et al., 2017).

Wang 5(2015), Davids 5(2017), Niederwestberg 5(2018)2] A5 E3}o] walES LSLE ARE3SIS W MOR
1281, MOE .18} oA} SRS Elsl9it) £3] rolling shear strengthi= 0.5-1.84}] SATE]QIC) WAl SA =2 ARS-EH =
LSLO] vig Wk E3t CLT ¢ S/ WAk wio] glom = 32 f1tt Wiete 2 SAe} A-5ako] sYUsH
HjR|3h= A2 Aokt Wang e al., 2015; Davids et al., 2017; Niederwestberg et al., 2018).

Wang 5(2017) 3+ SPFe} LVLE CLT FAHE AMESh ks W S 71/ #i70] whe o 9 &S 7613
t}. SPF 3 layer CLT Et} LVLS wAl% A2 ARESE CLT= MOR 10.1%, MOE 8.9%, rolling shear strength 6.2%
A3t ol wAgol A WRkoe 2 LVLE AMSSFGLE: tf LVLE] W2 planar shear 5402 QI A o= wsigl
CHFellmoser and BlaB, 2004). 3t XSS LVLE AMSIGES o 74 RS B2 LVLY w43t 7|A|% EAJC R
Ql3}o] hybrid CLT E3t & EAS 7|AS 4= S-S ARSIt Wang et al., 2017).

Fujimoto 5+(2021), Choi 5{(2018), Pang 5(2019), Choi 5{(2020), Choi 5(2021)2 1Z% S CLT 225 SA=
FaHleko 2 =31 CLTo| o3t ZF=E4S H71stgon, 0|5 Ply-lam &% Ply-lam CLT2}3l 3FCHFujimoto et al.,
2021; Choi et al., 2018; Choi et al., 2021). Fujimoto 5(2021)2 Y& w]ofx}y| & W Exjo]-&AFANE oA Tt
TEE GAE FHP)T Y& cypress FAH(O)E -85t Ply-lamS Al 9 e E/dof gt A5 sFIL). Ply-lam9)

A 5 layer® C-P-C-P-C2 14J3 MOR 49.0 MPa, MOE 12.3 GPa, rolling shear strength 3.87 MPa2| Ai}E
W75} tHFujimoto ef al., 2021). Choi 5(2020)= 344}, CLT, Ply-lam CLTS] SA] 14 o] w2 EE2AW)=E
B7¥sEqiek Ply-lam CLTE| E5HW = IAA 718Q] 7.1 Nimm? oo = Z7t Hakego] L3k 2lsiiinh
Choi 5(2021) Y9471 415% El1, E9)T} douglas fir (7| A5F E13-14, E9-10)E ARE3}o] Ply-lam CLT A|%
Y Ardss BT S % 9 BAs] o2 AE HaE 24 gof Ply-lam CLT wAbg- o g Qlstod
o mE 9 A Hehs 2R 255 FRIE = UK Choi ef al., 2021). EZL, Song¥} Hong (2018)-> HA(FA
71AS= El3, E9, Ell) 3 ply CLTY] & 7=of #3t A5 4343} tH(Song and Hong, 2018). H$<: CLTS} Ply-lam
CLTo|| ARSEl S 7145w 5 ¥ W= JYS 34 714552 th2ARE CLT Rt} Ply-lam CLT= MOR
138, MOE 1.58) &4=l= 2o =E&si9ith

Li 52020 (b)) SPF&} OSBE SA1E o3ty A
shear strengthS 8715131t 3 layer 7|2 OSBE w0l AHFo 2 A835190S o 1.948), w25l AR 2zhgake
2 AL o 1.868] Ak wr) sRAtEICk R ustich ®3L 5 layer SPF CLTo|A 2, 3, 4 plyS OSB A-gilgo g
Hi2)6} S o 5 layer SPF CLT Xt} 1598 AE7}w=r} 3Rd=|qlet. ARk CLT +29} Y5t OSBE wat vigst
CLT:= YuF SPF CLT Rt 1.598] et ert g4 gS Wal vl Stk ol oH o] 54 Weke s 4% LVL,
LSLE| 5t e} ge] 0SB wakgel vig Weko] W ZreA|dhe 5% olsk= mlofsiqict. LSLa}t OSB #d-&
strand®] vjgo| HGHgEo 72 =AU} LSLY} OSBO|| ARE-E]= strand®] %= Zo|(LSL strand 12-16 mm, OSB strand
30-80 mm) 2}o]& strand®] = W 42t WA o] Yo] A-f AP ATt RYE S Ao wasGItHL
et al., 2020 (b)). ARE-% strand F7]¥ oYz} LSLT} OSB+= strand B wW&ko]| xjo|7} Qo) bl ®W8FO 2 strand
Hjgsl= LSLY} 9] OSBE 722 FHE strand®] vigo| th=r it 5YskA watz 2 3sto] AlzHr)
oo Af vigkol W& AmApolrt IX] gouw CLT SR AMSIES uf AR wfidke] oe AeatolE YepflA]
U= Zog FAotE)

i

% % 24 w1 WPl w2 hybrid CLT A

X

4 rolling

Nurdiansyah 5(2020)2 acacia (acacia mangium willd.)2} /U solid boardE &3+ 253 CLT & 9
A5}k 1 Ak Sk solid board] & MOER Q15}o] CLT ©j4] 7Fg 3-8 MOES} ey ghe w25)sich
(Nurdiansyah et al., 2020). Li $(2021)-2 hem-fir2} bamboo woven panel(©]3} BMCP)& S| &2 o]-&3}H ZA] FA4J9
wE 3 ply CLTS) 7 54 8715 sheich 712 CLTO|N 2AR5-2 BMCPE ARSI u) 8 S4& fAkt ghe
Vel A= 2.4 MPaoA] 1.378) 271 3.3 MPa2 LEFWTHLI er al., 2021).
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CLT 1A}5-2] Y2 rolling shear strengthS 7§t AR & S fIste] 7|20 7dd So5A 9 =8
A side wa SAR ARSI IRt AFE ARG e R Qo wWARS SAE LSL, LVL, OSB, ¢, tiubi
E 5 728 54AE AM85I%E W rolling shear= Z|tf 24, MOE= 2|t} 1.54}], MOR2 2|t} 1.358) o) =7}
S I 4 ok

olof] T2 HAA R SA9] H 542 CLTY At 3 54 9% vAER 878k =520l %= hybrid
CLTE A x3l7] 93t +28 EdA=R AAo] Fas|tta sl tiDavids et al., 2017, Wang et al., 2015).

W AR SR AREe AR Al wet 71E9] CLT R vl Astes Ad-t 2as 53t
Hi/d& 7 LSL, LVL 5] Alze= CLT A 74 kel ok 37H41Q arej7} desie) vhd 128 b v
HEBMCP)oF go] A3t AR e o 540 4% AR 49 HefSo= HiAsAS wf minor X
e ERE BHE = qlrk

4, A=
2 AT §9, 1) 5o} 13 Faie] A tE F) 9 CLT) W rolling shear strengthS 34151
Sl hybrid CLT®] A 7k B3 3418 Bojo] CLTS] A5 Sl Qe vhao] H 71t 724052 nlelsla
A} 3F3AEY. rolling shear strengthS 3d57] It Woko = 24 A AME, 34 2 Ws), 28 57 AMgo=
CLTe| 7% B4€ ulmslglon] 1 2ok et 2k
1. CLT Azol AFE-E+= Aot &¢949] rolling shear strength®} shear modulus H| W& E5lo] = 2
Kt} rolling shear strength, shear modulus X5 2|t 24)] o]AF9] =8 7kS 7[AIt) nxl&E SA 2 S-S AMEsto g
# rolling shear 54 F4 W Ulolg 45 & 5 Aol QAT FHoR Aae} Bl 27 W Ak
Byt 4ed Ao gekdch
2. CLT 22 SAe A 90°= ufjxjsto] Alxskar glovt ) Zieo] wE CLTE] 7= i} 90°0fA 30°= W75k
< ] rolling shear strength 1.58)] &4}, shear modulus+= 8.3H}], bending stiffness 4.18)] A== A-S EHelsl)
olof T wid Ztw= 2| wet CLTY A 2 =& 7IAsaol W2 549 o8 g7} 78 Ao=
Tk
3. CLT 2235 LVL, LSL, g% 53} o] ie/dso] gid 28 SANEE AHEshe =4 MOR Zof 1.354,
MOE 2|t 1.54)], rolling shear strength 28l A=At =7} FAFE hybrid CLTO]| AREE E2A] &= MOE
7.0 GPa o], MOR 40.0 MPa o]4¢] &1 EA 3tS 7t ol waks SAIE AM7Hse 28 SR
3 54 7129S Sela S Yot o] TS T, OSBel Po| A% W U g 7o wajEol
AzE Q7= A9 ko] 7HlidS o AFHE df Wl W A=Apol7t At} CLTY SA= AMSSIE
o /el o] FUgt = ghE FRE 4= S A0 R whEck vh LSLa} 2o strand U HFO R wigE
Az e Heslzol 7S W 03y o EAS A7 R FUth uigkS 7HK LVL, LSL 59 A&+
A el iRt SR A7t Hasich

< ilo

I,

- 359 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


