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ABSTRACT

Mid- and high-rise timber structures, enabled by advancements in engineered timber materials like cross-laminated timber
(CLT) and glued-laminated timber (GLT), are emerging as sustainable and economical solutions in modern architecture. Despite
international progress, South Korea faces challenges due to insufficient regulatory and technical frameworks that limit
compliance with international standards. This study reviewed existing research on column-beam connections, analyzed relevant
hardware, and compared international case studies to identify limitations and advantages. The findings revealed that many
connection systems failed to meet Korea’s 3-hour fire-resistance requirements, underscoring the need for technological
advancements and regulatory updates. Hybrid methods, such as steel-timber composite and steel-timber system, demonstrated
exceptional performance under complex loading conditions and were identified as particularly suitable for adaptation in Korea.
International case studies have highlighted the effectiveness of hybrid designs that combine CLT with reinforced concrete,
offering structural stability and enhanced fire resistance. These examples suggest that adopting hybrid systems can bridge the
gap between domestic and international standards. This study concludes with a proposal to standardize hybrid design approaches
by incorporating domestic CLT and GLT to improve the safety, feasibility, and sustainability of timber construction in Korea.
This framework addresses existing technical and legal deficiencies and positions timber construction as a viable solution for
eco-friendly and cost-effective urban architecture.

Keywords: mid- and high-rise timber structures, column-beam connections, hybrid connection methods, fire resistance

1. INTRODUCTION

1.1. Research background and necessity

Timber is a lightweight material with low carbon
emissions and high specific strength, which is charac-
terized by easy processing and transportation. It offers
various advantages as a sustainable and eco-friendly
building material. According to the World Resources

Research Institute (WRI), annual carbon emissions from

global wood demand are estimated to be around 35-42
billion tons, and global wood demand is expected to
increase by 54% from 2010 to 2050. In addition, with
the commercialization of large timber panels such as
cross-laminated timber (CLT) and glued-laminated timber
(GLT), the scope of application has been expanding
recently. Engineered timber, which offers higher strength
and durability than conventional wood, is also suitable
for mid- and high-rise construction and is now recogni-

zed as an essential material for timber structures. CLT
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provides structural stability and fire-resistance perfor-
mance simultaneously through an interlayer structure,
while GLT is a high-strength material that leverages the
directionality of timber and is widely used in column-
beam structures.

Technologies and design methods related to mid- and
high-rise timber structures are continually developing in-
ternationally. Particularly, the hybrid connection method,
combining steel and timber, is a successful case of
demonstrating structural stability in mid- and high-rise
timber structures. Examples such as Norway’s Mjestarnet,
an 18-story building, and Canada’s Brock Commons, a
10-story building, demonstrate the possibility of mid-
and high-rise timber structures and offer important
implications for domestic timber structure design and

technology development.

1.2. Current status and problems of timber
structures in Korea

Owing to technical and institutional limitations, timber
structures in the domestic construction market are limited
to low-rise buildings with 4-5 floors. As the design of
the column-beam connection is not standardized, there is
uncertainty in the design and construction process, and
the technical foundation to meet structural stability is
also insufficient. In addition, designs that meet interna-
tional standards have not been implemented due to the
lack of a technical foundation and related certification
system to secure a fire-resistance performance of 2-3
hours or more required for mid- and high-rise timber
structures. These limitations are major factors impeding
the development of domestic mid- and high-rise timber
structures.

Timber structures with up to 18 floors and fire resis-
tance performance requirements of 1-3 hours, as speci-
fied in ASTM E119 (ASTM, 2021), can be built accord-
ing to the International Building Code (International
Code Council, 2021) in the United States. Canada
permits the design of timber structures of up to 12

floors using engineered timber based on the National
Building Code of Canada (National Research Council of
Canada, 2020) and evaluates the fire-resistance perfor-
mance of each member according to CAN/ULC-S101
(Underwriters Laboratories of Canada, 2021). The fire-
resistance standards are subdivided by classifying the
building’s purpose, fire-resistance time, and use of
exterior materials based on the ratio of the openings. In
Japan, the required fire-resistance performance of each
floor is specified. Buildings with < 4 floors require
1-hour fire resistance, those with 5-14 floors require 2
hours, and those with = 15 floors require 3 hours
(Japan Wooden Housing Industry Association, 2021). In
contrast, there is no clear limit on the height in Korea.
Additionally, there is no systematic standard for detailed
certification of the fire-resistance performance of timber
structures after the 18 m height limit was lifted. The
1-hour fire-resistance performance was standardized
through a study by the Korea Institute of Civil Engi-
neering and Building Technology (KICT); however, the
fire-resistance performance for > 3 hours is still under
investigation. Additionally, improvement is needed, as
there are insufficient cases of applying timber structure

technology.

1.3. Research objective: Proposal of a
Korean design format for beam-
column connections in mid- and
high-rise timber structures in Korea

The goal of this study is to systematically establish
a database for mid- and high-rise timber column-beam
connections, both domestically and internationally. This
includes collecting and analyzing international research,
technology, and case data to propose a direction for
timber structure design applicable to Korea in terms of
structural  performance, fire-resistance performance,
construction efficiency, and economic feasibility. Along
with the development of timber structure design and

construction technology for mid- and high-rise floors,
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this database is important for establishing a technical
and institutional foundation for domestic timber structure
construction. Through this study, we intend to contribute
to the expansion of timber structures and the creation of

sustainable building environments.

2. BUILDING a TIMBER
COLUMN-BEAM CONJUNCTION
DATABASE

2.1. Research on domestic/international
structural column-beam connection

In this study, a database was established by analyzing
international and domestic papers related to connection
design. Four types of timber connections were studied.
The bolt-and-screw connection method maintains the
initial rigidity and is simple to construct simply, but it
has the disadvantage of being prone to brittle failure.
The steel plate and end plate connection method provides
structural stability and ductility and exhibits excellent
durability even under repeated loads. In Ataei et al
(2019), a column-beam connection that combines CLT
and an extended end plate increased the bending moment
by approximately 20% compared to that with a conven-
tional steel connection. The experiment also demonstra-
ted that the initial rotational stiffness increased by an
average of 2.2 times.

The steel-timber-steel (STS) connection method exhi-
bited excellent structural performance and was suitable
for large-scale timber buildings. In the study by Liu and
Yang (2022), the load-bearing capacity, based on the
thickness of a steel bracket in a hybrid structure using
timber beams and steel columns, was simulated using
the SVD-AUKF algorithm. It showed high accuracy
with an average error rate of 6.4% between the experi-
mental and numerical values. Therefore, a new numeri-
cal approach to predict structural stability under dynamic

load conditions was presented.

The steel-timber composite (STC) connection method
is practical in moment frames and exhibits strength in
meeting fire-resistance performance. Nouri et al. (2019)
found that an STC connection has a load-bearing capa-
city, bending resistance, and rotational rigidity similar to
those of a steel-concrete composite (SCC) connection
and increases the initial stiffness by more than 50%.
This suggests that STC connections can serve as an
alternative to SCC connections in mid- and high-rise
buildings. Construction efficiency and economic feasibi-
lity are also important factors in the design of mid- and
high-rise timber structures, and studies on standardized
design plans are being conducted for this purpose.
Sirumbal-Zapata et al. (2019) proved that the timber-
steel connection method can maintain rigidity under
repetitive loads and maximum construction efficiency.
Timber-steel connections are lighter than conventional
steel-concrete connections, which can reduce structural
costs. In addition, various bolt diameters and steel
thickness combinations were tested to provide optimized
design guidelines for various loads. Thus, the load
distributions between the steel and wood and of indivi-
dual members are equalized, providing optimized design
guidelines for various load requirements.

Thus, it is possible to prevent overload and improve
the economic feasibility of the entire structure. Similarly,
Hassanieh et al. (2016) conducted research on laminated
veneer lumber (LVL) and steel connections. First,
experimental data based on the screw diameter were
constructed using a coach screw with a diameter ranging
from 8 to 20 mm and a high-strength bolt (12 mm),
confirming an error of up to 6%. Subsequently, it was
shown that the material efficiency could be maximized
by combining the screw diameter and screw plate
reinforcement, thereby increasing the slip stiffness from
20% to 220%. Economically, the weight of the STC
connection was reduced by approximately 25% compared
to that of the existing steel-concrete connection, reducing

transportation and installation costs (Table 1).
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Table 1. Research papers on timber column-beam connections (domestic and international)

Year Title Authors Journal Abstract
Experimental investigation on the . - .

. High ductilit d yield strength
| strength and ductility performance of Yang et al. Journal of velrgiﬁe ducinl lcznizctizfs ussi:mg
steel timber-steel joints with screw and (2023) Renewable Materials 3
screws and steel tubes.

steel-tube fasteners

23 Analysis of the impact of
A study on the composition form and Journal of the hardware connection design on

2 types of steel connection in wooden Lee (2023) Architectural the structural performance of
structures Institute of Korea large-section timber structures and

proposal of design improvements.
A structural performance evaluation of Park and Oh Journal of the Connections using steel fasteners

3 timber beam-column connections using (2022) Architectural exhibit excellent seismic

steel connectors Institute of Korea performance under cyclic loading.
22

Parameter identification of ductile . . . Performance parameters Of.

. Liu and Yang Engineering bracket-based steel connections

4  timber beam-to-steel column .

. (2022) Structures were derived to demonstrate
connections: Procedure and assessment o
structural stability.
Structural behaviour of steel-timber
composite (STC) beam-to-column . . . CLT-steel composite connections
. . Nouri et al. Engineering . .
5 connections with double angle web effectively enhance bending
. . . (2019) Structures . . .o
cleats subjected to hogging bending stiffness and rotational rigidity.
moment
. . High bendi ist d
. Experimental study of steel-timber . . 187 bending resistance an .
19 . . . Ataei et al.  Construction and  stable performance confirmed in
6 composite beam-to-column joints with - . . .
(2019) Building Materials connections using extended end
extended end plates
plates.
Experimental assessment and damage . Cyclic loading resistance
. AP Sirumbal-Zapa . .

7 modelling of hybrid timber ta et al Engineering performance and damage
beam-to-steel column connections under 201 9)' Structures modeling potential demonstrated
cyclic loads in timber-steel connections.

1 of th . .
o Journa © the Connection stiffness and
Development of composite joint Korean Society for o
. . . Lee et al. durability confirmed through
18 8 consisting of H section steel and Advanced . .
. . (2018) . cyclic loading tests on U-shaped
structural glued laminated timber Composite
and T-shaped steel plates.
Structures
Steel bolts and nail plate
. Experimental and analytical behaviour =~ Hassanieh ez  Construction and connections exhibit high stiffness
16 9 . . . . . o .
of steel-timber composite connections al. (2016)  Building Materials and ductility, enabling
cost-efficient designs.
. fi S
Moment resistance performance of Con.erence Multi-directional hardware
. . . Proceeding of the . .
. column-beam joints using Kim et al. . connections improve moment
14 10 L . Korean Society of . .
multi-directional connectors for timber (2014) . resistance and cyclic load
Wood Science and . T
structures resistance capabilities.
Technology
Proceedings of Significant improvement in initial
Structural performance of beam to .
. .. . Tang et al. Annual Conference stiffness and structural
11 11 column joints connected with steel bars

(2011) in Architectural ~ performance achieved using

and epox . .
Poxy Institute of Korea epoxy and hardware connections.

CLT: cross-laminated timber.
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2.2. Timber structural connection technology

Various connection methods have been utilized for
beam-column connections in timber construction. Table
2 was used to investigate the steel and plates for
cooperation and patents. The ETB heater key consisted
of two aluminum plates and was designed to be exposed
internally. Internalization performance was also main-
tained for 30 minutes. The RICON S VS system is
widely used to enhance the stability of large structures

Table 2. Timber connection technology

by providing strong connections between wood and
concrete. Key advantages of this system are that it
complies with ASTM E119-2021 for the first time and
the incorporation of an insulating sealant layer.

In addition, various steel materials have been used to
improve the connection performance of timber-framed
structures. Prefabricated shear-type connectors, in which
the base plate and wing plate are attached in the factory
and then simply assembled on-site, offer advantages

such as reduced construction time and standardized

Component
Company name/patent
name or . o Structural
No Picture application and Features
patent . performance
applicant
name
- Embedded aluminum
plates prevent exposure
of hardware to the - Max axial
ETB - Country: USA exterior. force:
| Hidden - Company name: - Provides basic fire 25 kN
Connector Simpson Strong-Tie resistance of 30 minutes. - Shear
Kit (2025) - Meets both durability and  force:
aesthetic requirements. 10 kN
'”Sta";a”itlﬁ':ei%j‘eﬁ;g?a‘ﬁ' non - Resistant to external
environmental factors.
- Country: CAN - Enables connections
Reinforci - ETA-certified between timber and
elnforqng Screws d h " . l Sh l d
RICON S product other materials. - Shear loa
2 Vs - Company name: - Meets 1-hour fire- capacity:
Mass Timber resistance requirements. > 50 kN
Connections (MTC) - Includes insulation layers
Solutions (2025) and fire sealants.
- Fact - 1
e b
shear-type - Country: KOR Ving P
on-site installation.
3 steel - Patent number: Greatly enhances
connector 10-1255229-0000 Y ¢ .
. construction efficiency
for wood - Applicant: Kmbeam .
and enables pre-testing
structure . .
in factories.
- Combines multi-layered
glulam with steel pipes.
Stell tube - Country: KOR - Suitable for connections
and square of column heads, beams,
4 nut in - Patent Number: and purlins
10-1388988-0000 PUTzs.
wood Applicant: Kmbeam Maximizes structural
structure PP ' efficiency of timber,

ideal for large structures
requiring reinforcement.
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Table 2. Continued

Technol. 2025, 53(4): 370-388

Component
Company name/patent
name or . o Structural
No Picture application and Features
patent . performance
name applicant
- Max shear
force:
- Country: JP - Connect strip foundations 120 kN,
- Patent number: . .
CLT 11708679 and wall panels using with stable
structure . - flanges and anchor bolts,  design
- Applicant: Sekisui red with drift pin inst
House, LTD. secured w pins. agains
bending
stress
- Features anchors, bolts,
Col seismic fuses, and rods. Absorbs
oumn - Country: USA - Seismic fuses effectively and
Shear Wall . anchors - Patent number: dissipate earthquake dissipates
6 11702837 loads. oSIPS
Assembly . - seismic
= wall - Applicant: Mercer - Enhances seismic Joads u
Mass Timber LLC performance for timber P
L . to 300 kN
buildings in earthquake-
prone regions.
- Slot-in connectors
Method and - Country: DE combined W{th scf:rews. - Max Axial
connector - Made of resin-reinforced )
set for - Patent number: timber Force:
7  connectin 3433440 High r.esistance to 200 kN
£ - Applicant: SWG g . . - Shear
beams of compressive and tensile
wood Schraubenwerk stress, suitable for large Force:
. Gaisbach GmbH TenS, SureD 8 g0 kN
material timber buildings.

Cost-efficient solution.

CLT: cross-laminated timber.

quality. It is suitable for a structured structure but may
be challenging to apply to an amorphous structure.

However, many connection technologies either fail to
meet the minimum fire-resistance performance of at least
1 hour required by domestic building codes or have not
undergone fire-resistance evaluation. There is a lack of
metal connectors that meet the fire-resistance require-
ment of > 3 hours, which is essential for mid- and
high-rise timber buildings. The technological develop-
ment of joining hardware to overcome these limitations
is an important task for ensuring the safety and sus-
tainability of timber construction (Table 2).

3. HYBRID TIMBER STRUCTURES in
MID- and HIGH-RISE BUILDINGS

3.1. Types and characteristics of

WORLDWIDE

connection technology

Member connections used in mid- and high-rise
timber structures are primarily divided into steel plate
connections, steel bracket connections, and high-strength
bolt connections. Steel plate connections are essential in
high-rise buildings and provide both high strength and

fire-resistance performance in timber structures, such as
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those using CLT and GLT. Mjestérnet is an example of
simultaneously securing aesthetic completion and struc-
tural stability by hiding an embedded steel plate inside
a connection, and it is combined with a diagonal brace
to maximize the lateral force resistance performance.

In contrast, steel bracket connections are suitable for
mid- and low-rise buildings capable of prefabricated
design and are effective in shortening site installation
time and reducing construction errors. Dalston Works
selected a simple and stable connection method by
combining CLT panels and steel brackets. This method
is primarily used in projects where initial cost reduction
and construction efficiency are prioritized.

A high-strength bolted connection is a technology
that meets the high fire-resistance performance and
durability required for mid- and high-rise structures.
Additionally, it is easy to maintain and provides long-
term stability. Sara Kulturhus maintained a high-rise
structural rigidity of 72.8 m by connecting the CLT
panel and steel truss using high-strength bolts. Treet also
maximized the efficiency of the column-beam connec-
tion by combining the high-strength bolt and steel plate
connection methods and controlled vibration and sagging
(Table 3).

3.2. Types and characteristics of
connection technology

The design method varies depending on whether a
long span is used, and the building’s purpose is a major
factor in determining long-span requirements. Sara
Kulturhus, designed for commercial use, is an example
of implementing a long span of up to 23.4 m using CLT
panels and steel trusses, and a large steel frame truss
was installed on the fifth floor to effectively support the
load on the large of the performance space. The vertical
and horizontal loads were efficiently distributed by
combining the CLT module in the upper part and the
GLT structure in the lower part.

In residential buildings, the demand for long spans is
low, and cost-effectiveness and ease of construction are
key design factors. Norway’s Treet uses pre-manufac-
tured GLT components with a maximum span of 5.3 m
to simplify the on-site assembly process (Tritkovic, M.,
2016). Thus, the design method and joining technology
vary depending on the building’s purpose and structural
requirements.

A long-span design generally involves a structure
measuring 7 m or more. Technologies such as steel
trusses, composite slabs, and high-strength timber beams
are used in mid- and high-layered timber structures.
Life Cycle Tower (LCT) One adopted a hybrid panel
that combines a GLT beam and a concrete slab to
implement a long-span structure ranging from 7.6 m to
8.1 m. This design is an example of maintaining cons-
truction efficiency while reinforcing the load distribution
and lateral force resistance performance. A GLT beam of
about 7.5 m was used for Mjestdrnet, and concrete was
applied to the floor to prevent sagging of the long-span
or high- strength GLT. HoHo Wien’s composite slab was
7 m long and supported the long-span slab using a steel
rod between the CLT panel and the concrete edge beam.
The maximum panel size of Stathaus is 16.5 m x 2.95
m and it was manufactured in the factory and assembled
to meet the field requirements. The thickness of the
floor plate was designed with 146 mm CLT (five layers)
to minimize the sagging of the long span. Furthermore,
the load was efficiently distributed by supplementing the
limited tensile strength of the CLT through a reinforced
concrete transition slab. High-strength bolts and steel
plates are positioned as the core technologies of the
connection in a long-span design. In the case of Treet,
a power floor system, which is a structurally reinforced
floor that provides stability between modular sections,
was combined with a steel plate connection to effec-
tively control the vibration and sagging problems of the
long-span structure (Table 4).

- 376 -



J. Korean Wood Sci. Technol. 2025, 53(4): 370-388

SAINUIW §/ :S2INONNS
Ienpow ‘sonurwr ()9 :sjusuodwod
[eINJONNS-UOU ‘SINUIW () :SIusuodwod

“Je)qey [eINJONNS QW) OULISISAI-AI ]
ueqi) pue ‘woIsAs 1opuuds ‘ugisop
sguipying [[eL 19Ae] JBYD POYIdW JOUR)SISAI-II ]
uo [IOUN0)  "SUOIEPUNOJ 2J2IOU0D 0} paloydue sdjed

Jo uorsstuzod  9seq [99)S UOTOGUUOD UWIN[OI-UOTEPUNO
yim (£207) "smaxos pue saerd apruy
‘D 12 POOM [09)s SuUIsSn PojOUUOd SUWN[OD PUE
woly peydepy Sweaq O :UOHOAUUOD WEI]-ULN]0))
"pasn

SIUQWIOIIOJUIAI [1ej0A0p pue sojed [09)s

WWISOyXS0p-92elq 119

EEDAV_‘I__N\S \ACOU_GD 119
MO WWoLZX50p-Weaq 119

=
=

WwSOyXsop-92edq 115

ajed g3
WWQS9XG0p-uwn(od 19—

110

adKy 210D

2)210U00
JOAO JOqUIN-[[V

wa)sAs [emonng

w 6f W31eH
punoi3-aroqe 4] SI100[J ¢
‘uoweseq | Jo IquinN
[enruapIsay agesn)

$107 10quia0aQ

oep uondrdwo)

SUIPI[S :UONOAUUOD UWN[OJ-UWN[O)) - Jo3IL, owrey Fuipping
'SoINUIW ()9 :SIOO[J JOMO[ ‘Sajnuitll
06 :si00[y 1addn) :owmy douejsISAI-AII] - 110 adky a10)

"JUSUIIEDI) Q0BJINS JUEPILIOI-QWe[) ‘uSIsop

“JeNqeH JoAR] JRYD) :POYIOW JOURISISAI-AII] - LAY 10quIn-[23)S P
ueqi) pue  ‘SUWN[Od ]JO 0] SUONEBPUNOJ 312IOUOD WWSP9XSG8-UWN|od 119 Eo JOA0 JAQUIN-[[Y WISISAS [eImonng
sSulp[ing [[B], 109UU0D wz pasn Axoda pue sojerd oseq OEXO9EPIOU 11 L W gzL BP0
uo [1ouUno) [991§ :UOIOAUUOD UWN]0d-UOIBPUNO] - MA-D PUNOIS-2A0qE 61 s100)] .
Jo uorsstuuad ‘SWeaq pue suWN[od [0 MM EE@m@%_H_EMMCM,MNM \[ quowoseq | Jo TquIny
.su_g (¥202) usamiaq @o_igﬁ m@uﬁ_a pue SI10jo9Uu0d aysodwiod [983s/11D . } [BI0IOWIWO0 .
v j2 MURJRS UOISUI) [99]1§ :UOIDAUUOD Wedq-uwnjo) - wwioyL-[aued toojy 11D Ajd-g 1, puE [enuopISay J3es)
woy padepy 'SMOI0S  )SuaNs-y3Iy : :
pue ‘sjjoq ‘sojed oyuy [9931s Suisn 120 12q0100 qep uonddwo)
Po1OUUOD I8 SUWN[0D [0 JMO[
pue 1add() :UOIOAUUOD UWN[O-UWN[O)) - SnyImny vles awreu Juipring
SoUIL ()6 :SIOO[] ‘SaInuiw (7|
‘1elIqe SWed SUWN0D) AW} dIUBISISAI-II] - L1 odfy 2103
1qeH . q % [0D -owl ! I WO LEXSZ/-UWN|Od 11D
ueqi() pue ‘WASAS JopuLIds ‘uisop WWIS/9XG6E-Weaq 119 QUL Walsks [eanpnng
sguipying [[eL 19Ae] JBYD POYIAW OUR)SISAI-AI] - @1eid 2j1uy weag-03-uwinjod o w.ww BRI
uo [1ouno0) 'sojeld Sulreaq Suisn [oMop 2335
MDD punoi3-aroqe | SI00[J I
Jo uorssturad Pa1OQUUODY QI8 SUWN[0D ] TD) JOMO[ | .
wiaysAs buuiooyy ger| L judwaseq | JO IqunN
ynmm (€zog) pue Joddn :uorpouuod uwnjod-uwnjo)) -
L . : a1e|d ajluy UWN|03-03-UWn|od ASN-PAXIN owme
ID 12 POOM\ $)]0q pue Smalos yjsuans-ysiy Suisn
woyy paydepy  parwauuod soerd [091s panos ‘saerd [991s WIWOZ/X529- uwnjod 119 610C YdoTeN arep uopajdwo)
poppaqui :UONOAUUOD WEBdQ-UWN[O) - JouIRISolin oweu Sulpjing
Jouewoytod adKy
SI0URIAJIY h s[relep Surpjing ON
QOUR)SISAI-AIJ/SAINJBJ UONIAUUO)) uor09uu0))

(suonoauuos JUAWOW) SAINIONIIS IOqUI JSL-YSIY-03-PIW JO SIAPNIS ISED [EUONEUINU] °€ I[qEL

- 377 -



Chaeyeon KIM et al.

SINOY 7—] :S[[em ‘smoy g
:SIOO[J 79 SUWN[O)) W) JOUBISISAI-AIL]

9J2IOU0D  PIVIOJUINY ad4y 210D

2)210U0O IIAO PLIGAY

eqe WQISAS [eINoNIS
:M wb ww_m ‘(spreoq winsd43 jo sikef ¢) i uﬁw\,mﬂﬁ_vm 10QUIT-0010U0)) I
eM 3103 9}2J0U0D)—— il .
0 p uonjensdesud [[ng :poylow JOULISISAI-IL] - ! ? > = I [993s € 03 pspjam
sguipjing [l - : : d 3|bue 126p3| 9335 w 8¢ 3oy
2102 JY} 0) SIOO[] WOIy [oued 115 ~
Uo [rotnoy speo] wiSeayderp 1ojsuen; o) pasn sdens - ] SI00]
Jo uorsstutrod PEOI AP o) P r>/ 9 s1e|d [993s peppequi—— Www punoig-aaoqe 8| " S
™ (L107) JeIp 001 :901AOD IoJSueI} PeO| [BIeT] - A-A Py - x == Jo JoqunN
u 'sdoy uwnjod oy} B paIdSul 17> 0) pauaysey
S109M21Y d d dens beip 2015 uopdsuuod  Buiddoy [enuapIsay agesn)
£nse, ToOY SMOI0S pauIyorw-uoIsIodld pue soje| paljog S1815U00
wour parde SuLedg 1UONOJUUOD UWN[Od-UWN[0)) -
Y pacEpy “A)IPISII IN0OS 0] PASN SMOIOS pUB L10T LeN oyep uonaduio)
sojerd [09)§ :UOIIOAUUOD IOO[J-UWN[O)) -
SUOWWOD NO0Ig owreu Jurpjing
‘soIUIW ()7 9109 9JOIOUOD ‘SANUIW ()G ke ad£) 2107
:sjuouodwod Arewnd :owry d0ue)SISAI-AIL] -
“(uonensur joom [erour ‘spreoq wnsd43)
uone[nsdeouy :poylow OUBISISAI-AI] - e[
sSuIEos wnipod 919I10U0d IOAO WIASAS [RINJONIS
Jooudigrem ypim pajodjoid pue sjoyoeIq PHQAY 10quin-[0)§
[991S UM POXIJ QI S[[eM TA pue
‘Jelqeyq SIOO[} 1T :UOI}OUUOD IOO[J-0)-[[BA\ - w gy WYS1H
ueqi) pue 'soreld panofs
sguipying [[eL Suisn panquusip st peoj ayy, ‘Axoda
uo [ouno)  pue sdje[d dseq [991S YIM PIJOSUUOD Al M-D UnosS-on0de SI00[J
Jo uorsstwrad  suwN[od AT PUB UOHEPUNOJ 910IOUO0D MM % P ¢ vl Jo IoqunN v
ynm ($207) QUL :UOIddUUOd UWN[0I-0)-UONEPUNO, - (iessssau 1 pajens| pue siooly seip Kisne— | | 7
1 12 s Suomqa quosqe o1 pasn are rovo ampomg e LI
woy padepy sped Joqqny ‘smaids pue syoelq d[3ue SB[ USaMIS] Julof ng § [enuapIsay a3es)
[093s Sursn pajoduUod Ak S[[em [) pue
SUWN|od JAT :UOIOAUUOD [[BM-0}-ULIN]O)) -
sinu 610C drep uonadwo)
pue saje[d [99)s yum paxiy e Ady) pue
‘sun[od JAT 9y} Jo sued 1omo| pue
1oddn oy 100uu0d sieq Suruoisudl-jsod
[99)S :UONO3UUOD UWN[0I-0}-UWN[O)) - nnsudof dsnoypySr]  oweu Juipiing
doueunIoyd adAy

SOOUINJO
Jod Q0UR)SISAI-0I1J/SAINJES] UONIIUUO))

Uo1IUU0))

s[resop Surpying ON

panunuo) ¢ qeL

- 378 -



J. Korean Wood Sci. Technol. 2025, 53(4): 370-388

"JOQUIN| JOJUOA PIjeUIWR] AT “JOQUI} PAJBUIWR[-SSOID :[TD ‘[0S S ‘POOM DA\ “DIRI0U0D D) “Idquil) pajeurwe[-pan(S [0

‘souIw (g :syuouodwod
[eINJONI}S QWIT} JOUB)SISAI-II,]

WwQyZXoye-uwnjod 115

9J2I0UOD  PAJIOJUINY

ad£y 210D

pLqiy

wa)sAs [emonng

‘Je)qeyq ‘udisop IoAe Ieyd pue WWS/ XS h-Ulg JoquuI}-31910U0 )
ueqin pue Qe[S 9J0I0U0Y) :POYIOUW AOUEBISISAI-AIN] - ’ w 1o
s3uipjmg [[el ’Sqe[S PLIGAY UI IdJSuel) peo| [e1sye] 10f nots —— Wil Le S
uo [1uUno) pasn [[Ijul JEJOJA (UOIJOAUUOD JBLION - . _/”H punois-aroqe SI100[}
Jo uorsstwiad 's)joq pue sojed [ejow Juisn M-I WWQHZX09€E-Weaq — j { ‘quowdseq | Jo 1aqunN 9
yum (€207) Sqe[S Pue SUWN[OD UIdMIAQ SUOIIUUOD abpa 91915U0> . 1 a50s
‘ID J2 POOA\  PAJIOJUISY :UOMNOSUUOD JRIOU0D-]TD) - 2 3AT , %o n
woy padepy 'SMAIOS IFUANS-Y31y B
pue ‘surd ‘sejerd [ejow Suizinn uSisop | 7 [10T IoqUIOAON  oYep uona[duio)
PUQAH :UOIOAUUOD WEdQ-UWN[O)) - 200 U0 S
IOMO], 9[0KD I h
K
SOOUIJOY soueutiopiad odky spielep Surpjing ON

Q0UR)SISAI-0I1J/SAINJES] UONIIUUO))

Uo1IUU0))

panunuo) ¢ qeL

- 379 -



‘sonuIw 09 :syusuodwod

Chaeyeon KIM et al.

[eIionns-uoN ‘sanurw oz] :spuauodwod 191U PIJIOJUITY adfy 2100
"Je)qeyq [eINJONI)S QW) QOUR)SISAI-AII] - g P T
wyl 1aueq 1odep———————a
ueqi) pue  preoq wnsdA3 jo sioke] d[qnop ‘sjoued 1 Joweq Em>8 wnsdAb 1540 TQUIY [eanonIg
s3urpymg u0nod301d OII] :POYIOW SOUBISISII-OI] - Buyie> papuadsns 2 < @ :
[Tel uo *K)111qe10NISU0d dA0IdWI SMOIOS 103 SUIEY [N gy w L WYSIOH
[1ouno) jo Sur[[up-J[oS :suonoduuod pued 1) - MM pieoq Buyooidaily -
uorsstuiod 'soqny [991S PI[[-9AIOU0I ‘S memmmo_wc;ﬁﬂmww i _u:wo(_ ~oA0qE T stooy €
M (€707)  BIA POJOSUUOD SWIBdq [99)S PUB SUWN]OD ‘S0 S B - juowiaseq | 40 JequmN
w2 9JI0U0D JOMOT (UOOAUUOD WEAq-UWN[O)) - pasis ﬁﬂuecmm [e1IuapISaY aSesn
poopy woxy 's1j0q 8102 8}315U0D 32[Y} WWOO}
paydepy  pSuans-ySiy pue sdjerd (9938 Juisn swesq uonensu| . T10T Isnsny agep uopejduio)
[091s padeys-H pue sjoued TAT usamlaq
UONOOUUO)) (UONOAUL0D JOqUIN-[99)S - UsmI00( [oreY oQq  Suwreu 3up[ng
“JENqEH 2100 qc
ad4y a0
ueqin) pue 9J0I0UO0D PADIOJUTY } 9100
s3urpying souIu ()6 19A0 spuduoduwod
[[el uo [eIMONNG :OWI) QOURISISAI-AIL] - weag 36p3 2121203 03 b pLqAy woIsAs
[1ouno) jo ‘SuOnEpuUno) 932I0U0d 01 paloydue mopw_a_ wuwigyL-jsued spesey 11 Ajd-5 JaquuI)-332.10U0)) [en)dNNg
. WWQOF*00%-uwinjod 179
uorsstuzad  aseq [99)S UOIOAUUOD UWN[OD-UOIEPUNO,] - e WWI0gE-Weaq 36p> 3131510 1583014 | w pg WBeH
yum A@ﬁONv ‘SMAIdS pue mvum_Q . ' 81210U0d WWOZL n:mm C
WONIe]\  QJIuy [99)S SuIsn PajOAUUOd SUWN[OD pue MM 110 s wwool -aued sooy S paresnqejal [ i punoi3-oAoqe 7 siooyy
paLIOD SWEaq [0 [UOIOAUUOD WEAG-Utnjos) - WWISLLX02@-POI 3915 t 7 ‘SJuoWASeq ¢ Jo rqunN
Burdig ‘Pasn SIUSWIOIOJUIAI [1BIQA0P pue saje[d SEOOESO0EEEIS LS : 9SN-PaxIN a3es)
EMMH_MME [99)s SUIPI[S :UOIIOAUUOD UWN[OI-UWN[O)) - pr—— o
pardepy UaIA\ OHOH sweu Jurpying
“.mB:EE 0C] :SUOIIOAUUOD ‘SIOO[J ‘Suredq T — odf1 2100
‘soynuIl ()] SUWN[O)) QW) JJUB)SISAI-AIL] - 10193UUO 9335
IO (posn 1oquur} pasodxo) i pLqAy wIsKs
QIO Jo  udIsop IoAe| JBYD) POYIOUW JOURSISII-IN] - W00y X0ZE-Wead 119—— | JIoqUIT}-2)2I0U0)) [eanjonng
uorssrurad 'sajed [99)s pue sma1ds Juisn s T w 998 1yB81H
M (€207) pauof axe spueq suonoouuod foued 1) - M-D T = s100] I
. soerd S wuwpgl-faued Joojy 11— —=—7" punoi3-aroqe ¢z
[ 1e[d SuLBaq 9918 G m—i— Jo JoquinN
10323Uu0d 3)e| ulieag
pooA\ woij y3noIy) pajoouuod e SUWN[OD IIMO[ o papeany [euepISaY o5es)
padepy pue Joddn :U0rOAUUOY UWN[Od-UWN[O)) -
‘SMOIOS pue ‘s)j0q ‘soerd oyruy [99)s Suisn SE0eEess HERIERL D F zeoz Ay ayep uonddwo)
PIJO2UUO)) UONOIUUOD WEAQ-UWN[O) - IOMO], JUQOSY oQweu Jurpying
Joueunioptod adAy
SQ0UQIOJOY h s[relop Surpring ON
QOUB)SISAI-AIJ/SAINJEJ UOTOAUUOD) uo1nIaUU0))

(suonoouuos urd) sarjons Ioquin 9SL-YSIY-03-PIW JO SIIPNIS ISED [BUONEUINU] °p I[qEL

- 380 -



J. Korean Wood Sci. Technol. 2025, 53(4): 370-388

*SINO| :sjuouodwod
‘Jenqey ) U c sy 110 adKy 210D
[eIMONNS OWI) JDUB)SISAI-AIL] -
ueql) pue ) s : . 9J0I0U09 waIsAs
s3urpying (anoy | ‘preoq wnsdis WIW9GHX9GH-ULN|od IOAO JoquuI}- eINJONI
il pa1okel-ojqnop) uonensdesuy (inoy SrX95y 10115 ' quB-iy [EImINIS

[[el uo 3 . : WwEgexz0g-weaq 119 = -

[) Iequir) d3Ie7 :POYIAW dOUBISISAI-AIL - WWQOEXp@-Mmaids 607 w 6'0F W31

[rounoy jo ‘soued 17D ueamipq parjdde sourds UILISLEXELG-Uld —

uorsstuLod X 5 - . E— unoIs-0A0qe SI00
s puR s£oy IedyS :UONOAUUOD [[BM-[[BA\ - MM LULIEREX90Y-Wesq 119 P qe €l U 9
s : wwg/L-100) 113 Ald-§— == ‘Quoweseq | Jo IoqunyN

A v p ‘SUONdAUUOD I0J pasn m@a&—& WWQOEXy@-Malds bo— -«

Nmmﬁ_vuwo \,M/ [99)S PappaquIy :UONIAUUOD WEdq-UWN[o)) - , b |ene7 [e1IuapISY agesn)
woy 's1j0q Jeays pue soreld WIW9SHX9Gy-uwnjod 119 . £10Z 29010 oep uonedwor)
- der 9915 UNM PJOQUUOD JB SUWN[OD IOMO]

paidepy pue 1oddn :uonodOUU0d UWN[Od-UWN[O)) - SuIsuQ Sweu Jurpiing

110 adKy 210D
souIw (g :seoeds [erorowwo)) sajnuiw PHAAY WosAs

ASBA[PUY T 06 :Se0eds Qd1JO QW) OUR)SISAI-AI] - WLI0IX009-ULLNO? 119 T , QU100 [eanoNIS

Jo (ww(y) Joqui) ul JoAe|
: = - g 310
uorsstwrad  Jeyd cmm s1opuLdg .coﬁow Q0UBISISAI-AII | iois istisise] jeeit w89y YstoH
M 'soje[d [09)S puB SMAIdS Fuisn PajoAUUOD
P il S MM WW9/ X08y-Wesq 119 punoi3-aA0qe Q[ siooy S

(€202) v are spoued D SUONOAUUOD [dUeq - ‘quowoseq | Jo 10quiny

Jo POOA\  "OUSIUSAUOD A[qUIISSE QINSUD O} Pasn s}joq wwpge-jpued Jooj) 113 .
woiy pUE S[OMO(] :UOIOdUUOD UWN[OJ-UWN[0)) - 310> 0} Weag pue weag 0} UWN|od [elJoWWOo) a3es()
9de 'SMAIDS pue S1ANoRIq [29)S € |99

paidepv put SjoBIq [29¥ 810C aep uonsdwo)

SuIsn pajoauUo)) UONPIUUOD WEIQ-UWN|0)) - :
Sury ¢z sweu ulp[ing
910I0U0D PADIOJUINY adKy 210D
‘pieoq wnsdAS jueISISAI-AIY Ww 9| 9J2I0U0I JIAO wIsAs
M uonensdeous] (poYIoW JOUBISISAI-AIL,] - S1D 008 38 siauayns -

dSA 3O yn e[ H :poyy 1S 1] L0 008 ke siouons onsodwod 1oquuil-[o9)§  [eINONNS

i "SMIDS _u:.m mOuﬁ—Q _Owum S1D xew oL [ ) S0
e PO1IO[S YIM PAUIO[ :SUOIIUUOD Wedq [T - oo wilio) L'69 4oteH
i 'sjjoq pue soje[d [991S UM PaAINdD - scus soqqn sy unoig-aroqe SI00

+207) 12 10q p 1e[d [99)s yum p S M-D | < = P qe 61 1} b

35 sieme 1UONOAUUOD UWN[OD [39)S pue weaq 1D - MM E | ‘uoweseq | Jo IoqunN
M.o Jes ‘syurol papjom pue 100 17D o ——

” %¢ s3j0q YIm ‘sajerd [991s pue sqe[s uonisuen sousisp o6ps :_EQNH B :am%wm_,\mw% [l :_m — agesn
paidepy SuIsn PajoLUU0)) UOIAUUOD SUWN[OD s1¢puoboopose  PUY TEHUSPISSY
11D pue suwnjod 3)a10uod Junsixy - 020T aep uonsdwo)
queqyINOS G¢ oweu Sulpjing
douewojrod odAy
S90UAIYY spreop Surpping ON
Q0UB)SISAI-AINJ/SAINJEJ  UOTOIUUO)) uonoIUU0))

panunuo) ‘p qeL

- 381 -



Chaeyeon KIM et al.

JOQUIN| JOJUSA pIjeUIWR] AT [99IS

1S ‘poOM 1A\ 912I0U0D 1D “IAQII} PIJBUIWER[-SSOIO I TD ‘Joquir) pajeurwe[-pan3 D

“SOINUIW (7] :S[[eM 0100 ‘SaInuIL Aigte} ad£y 210p
18100 S|lem @ QOUR)SISAI-AI] - ;| I
Jenqey 06 -SI00[} 79 S[[BA\ oWl doue)st .AM: MAM [aued 100]4 03 _Q%amoﬂ\u/m 21010100 woysAs
MMWW _m:s wnsd4S paroke[-ojqnop) uonernsdesus = 1S , OA0 1QUIN-ITY feimonns
P e yydop ey poymow souelsIsar-aIL] - 1@peiq [pa1s Arepandold = , w 6z WY
[lel uo o .Q SMaIDS ,ﬁ .
10UN0) Jo sIouv ' Ge) oy
I JOO[J pue s[[em JTD UddMIOQ PIasn SMIIOS S wwop|-jpued Jooy 171D Ald-5——= INOIS-0A0QE SI00[J 3
uorssruLad ’ MM dens (2o = p qe 6 Jo 10quInN
™ (£207) pue s1ovoeIq [99)S :UOIAUUOD JOO[J-[[EA\ - e
! . ‘S[[em 0} SwWeaq [7TD }O2UUOD 0} pasn e =
T ) [enuapIsay a3esn
——— S}1OORIQ [99)S UOTIOAUUOD WEdq-UWN[0)) -
B wwgg L-jaued apedey |70 Ald-g
pardepy Sie R 6007 Amniqag  aep uopdwo)
jutol pue sjoyoRIq [991s 9dA)-ma1ds 3ursn
P9JOAUUOY) :UOIOAUUOD UWN[OJ-UWN[O)) - T sneypers oweu Suiping
'sonuIW ()] :S[[eM 210D ‘sainurw L1O adfy 2100
: : - - — 9JI0U0D PADIOJUTS
, 06 :SIOO[] 2 S[[eA\ oW oocﬁm_m,n: Q11 (Bl (B, 03, ol 4o %‘ » 9% PpadIoJuIoy
iiadss (preoq €13 3110U00 wosAs
ueqi) pue wnsd4A3 parokel-ojqnop) uonensdeous T 15K0 T -
s3urpjing pue ydop Jey) :poylowl 0UB)SISAI-AI] - WWISOL-1o3IeIq 9915 =y :
Ife], uo 2102 WIWO9X@-s|leu Jueys bury w §€e uﬂ@ﬂu:
[1ouno) Jo oyl ypm uoneidajur ojqels Sulnsud ‘sqels _ iliioe 1~ iBlisd 100 e
uorsstuzad  932I0U00 pue S}OORIQ [99)S O} PIJOAUUOD \5 D bt DA S punois-oAoqe SI00}} L
ym (€202) are spoued 7D SUONOSUUOD IO - MM 01 9uowsoseq | JO IequnN
o 12 *SUOT}0QUU0D P — oFes]
poopy woyy  reue[d jud)sisuod ansud o} spaued I00[) :
v s wwot L -|aued spedey |10 Ald-g
padepy  ueamieq pasn sourjdg :SUOTOAUUOD IOO[] - L10g dunf arep uonajduio)
"SuruQ)se] I0J Pasn SMAIOS pue )
S}JoYoRIq [99)S UOIIUUOD WEq-UWn[o)) - SYIOA UOIS[E( swreu Surpping
douewoprod adky
SQ0UQIOJOY h s[relop Surpring ON
QOUB)SISAI-AIJ/SAINJEJ UOTOAUUOD) uo1nIaUU0))

panunuo) ‘p qeL

- 382 -



J. Korean Wood Sci. Technol. 2025, 53(4): 370-388

3.3. Fire-resistance performance of timber
structures

It was confirmed that, in most of the surveyed
buildings, the fire-resistance method involves securing a
sufficient carbonized layer so that the wood can exhibit
structural performance even in the event of a fire. In
addition, fire-resistant systems such as the encapsulation
of members using gypsum boards and sprinklers have
been used. Mjestrnet is the world’s tallest timber struc-
ture at a height of 88.8 m. The building was designed
for fire resistance by using a large GLT frame. An
experiment was conducted using the ISO 834 standard
fire curve for 90 min. The carbonization depth of the
tested wood column is up to 74 mm, the carbonization
speed ranges from 0.5 mm to 1.0 mm/min, and the fire
design standards specified in Eurocode 5 are satisfied.
The durability was demonstrated by keeping it below
200C-270T at the connection part of the structure
connected to the steel plate and pins. The Ascent Tower,
at 86.6 m and 25 above-ground floors, is the world’s
second-tallest timber structure. In addition, the building
is notable for its use of exposed wood. The timber in
this building was exposed to more than 50% fire;
however, it met fire-resistance requirements. A series of
experiments on the effect of CLT on fire dynamics were
conducted as part of the “Overview of North American
CLT fire testing and code adoption,” a study conducted
by the USDA Forest Products Laboratory (FPL). The
resulst indicated that the three beam structure frames
tested in the FPL met or exceeded the 3-hour fire-resis-
tance rating. The CLT panels and steel connectors on
the horizontal floors and ceilings met the 2-hour fire-
resistance rating through the PRG 320 (2019) fire test.
The GLT pillar represents a 4.2-inch (approximately 100
mm) carbonization thickness under 3-hour fire conditions
and meets the 3-hour fire-resistance rating by maintain-

ing safety.

3.4. Core design and lateral force
resistance method

The core structure and lateral force resistance method,
which determine the structural stability and sustainabi-
lity, are among the most important factors in mid- and
high-rise timber structure design. The CLT core can be
designed sustainably based on its lightweight and high
manufacturing efficiency; however, its lateral force
resistance is limited in high-rise buildings. Brock Com-
mons introduced a reinforced concrete core to signifi-
cantly enhance the lateral force and fire resistance to
compensate for this. This method effectively meets the
stability and load distribution requirements for high-rise
timber structures. Mjestarnet is designed to complement
each other’s advantages through a hybrid core method
that combines CLT and reinforced concrete. This hybrid
core maintained high stability in a long-span structure
by combining the lightness of CLT with the strength of
reinforced concrete. LCT One is a successful example of
implementing lateral force resistance in high-rise struc-
tures through a composite core in which wood and
concrete are combined, meeting the lateral force resis-
tance performance, construction speed, and economic
feasibility. Hybrid cores are suitable for large-scale public
and commercial buildings and maximize sustainability
and economic benefits by utilizing the complementary
properties of the material. This design is likely to be
adopted in Korea, and a hybrid core combining CLT,
steel, and reinforced concrete will become a key techno-

logy for scaling mid- and high-rise timber structures.

4. CONSIDERATIONS

4.1. Systematic limitations and
improvement measures of Korean
timber structure

Domestic mid- and high-rise timber structures do not
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meet international standards owing to the lack of a
technical foundation or fire-resistance performance certi-
fication system, and there are uncertainties in the design
and construction process. Because the laws and certifi-
cation systems related to building structures and fire-re-
sistance performance are insufficient, it is necessary to
introduce overseas laws appropriately for the domestic
situation. First, it is necessary to introduce standards for
the fire-resistance performance of each floor. As in the
case of Japan, a method that requires a fire-resistance
performance of 1 hour for low-rise buildings, 2 hours
for mid-rise buildings, and 3 hours or more for high-rise
buildings can provide design accuracy and secure fire
safety. Second, the regulations for exterior materials
must be strengthened. Fire diffusion can be effectively
prevented by making it mandatory to use noncombus-
tible exterior materials and by clearly setting the con-
ditions for using combustible exterior materials. In
addition, it is necessary to utilize composite exterior
material technology to achieve fire-resistant performan-
ces. Third, it is necessary to classify the fire-resistance
times for each type of structure. The efficiency of a
timber structure fire-resistant design can be secured by
setting appropriate fire-resistance performance require-
ments for each type of structural member according to
the US IBC (2021) standard. Fourth, it is necessary to
introduce a standard for adjusting the fire-resistance
performance according to the opening area. Similar to
the NBC (2020) in Canada, the possibility of fire diffu-
sion may be effectively suppressed by differentiating the

fire-resistance time according to the opening ratio.

4.2. Structural performance of timber
structural connections

The 11 papers analyzed emphasized the need to con-
sider three key factors in a balanced manner: structural
stability, economic feasibility, and construction efficiency

in the connection design of mid- and high-rise timber

structures. In particular, the hybrid connection method
(STC and STS connections) used in overseas research
can be used as an important reference material for
determining the direction of the joining technology in
domestic research. It is necessary to prepare design
guidelines by modifying and applying connection designs
proven in overseas cases to suit the domestic environ-
ment to revitalize the domestic timber structure market.

Based on several overseas cases, a hybrid design is
suitable because it can be applied to domestic mid- and
high-rise timber structures. A hybrid design that com-
bines CLT and reinforced concrete was evaluated as an
effective method that can simultaneously meet lateral
force and fire-resistance requirements. Cases such as
Mjestérnet in Norway maintained high stability even in
a long-span structure by combining GLT pillars and
steel plates. Through this repeatable, standardized design,
it is possible to increase the stability of buildings and

maximize construction efficiency.

4.3. Fireproof performance of timber
structural connections

The lack of fire resistance is a major obstacle to the
expansion of timber structures in mid- and high-rise
buildings. The fact that most joining technology retains
fire-resistance performance for 1-2 hours and does not
provide more than 3 hours of performance required for
mid- and high-rise buildings remains a challenge to be
solved. Fire-resistant materials and epoxy application
technologies have been evaluated as potential solutions
to strengthen fire-resistance performance; however, em-
pirical research to verify whether fire-resistance perfor-
mance can be realized under the conditions of high-rise
structures and exposed timber is insufficient. Therefore,
it is essential to develop technology related to streng-
thening fire-resistance performance. Mjostdrnet and
Ascent Tower are representative examples of successful

implementation of fire-resistance performance in timber
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structures. The safety of high-rise timber structures has
been demonstrated through the integrated application of
carbide layer design, encapsulation technology, compo-
site exterior material, and fire suppression system. This
design approach was evaluated as an important reference
model that can be applied and developed appropriately

for the domestic timber structure environment.

4.4, Efficiency and construction efficiency
of timber structural connections

In terms of economy and construction efficiency,
prefabricated connection technologies and construction
methods have emerged as important alternatives. Prefa-
bricated connections manufactured in a factory shorten
installation time, maintain quality, and provide cost
savings. The 25 King is a representative example of
simultaneously securing construction efficiency and
structural stability by processing and installing major
local pre-manufactured timber. This building confirmed
that using timber reduced construction costs by approxi-
mately 12% compared to concrete structures, and carbon
emissions were also reduced by approximately 50%
compared to concrete structures. In addition, technology
using domestic CLT and GLT has the potential to
promote the vitalization of the domestic wood industry
while supplementing economic feasibility. Efforts are
needed to derive an economical and efficient design that
combines domestic CLT and GLT and increases their

applicability in the domestic market.

4.5. Proposals for intermediate-rise
timber-structured column-beam
connections suitable for Korea

Standardization of the steel plate and STC connection
method should be promoted to introduce high-rise
timber structures in Korea. Steel plate connections gua-
rantee stability in high-rise timber structures, and STC

connections are an effective way to ensure fire-resistant

performance and economic feasibility in hybrid struc-
tures. To this end, design guidelines should be prepared
based on international standards such as the IBC and
NBC, and additional standards suitable for the domestic
environment should be established. In addition, it is
essential to establish fire-resistance standards for each
building level and design of the exposed timber.

It is necessary to systematically develop a carbonized
layer design that reflects the surface carbonization depth
of the timber member to ensure fire resistance. The
structural stability should be strengthened by elaborately
supplementing the carbonized layer design by referring
to international cases. The fire resistance of timber can
be effectively enhanced by designing connections that
incorporate bonded hardware to minimize timber expo-
sure. Further theoretical studies and fire-resistance expe-
riments are required to enhance the performance of
hybrid timber Further theoretical studies and fire-resis-
tance experiments are required to enhance the perfor-
mance of hybrid timber connections. In addition, encap-
sulation technology and sprinkler systems using gypsum
boards and rock insulation should be adopted as auxi-
liary means to ensure additional fire-resistance perfor-
mance and initial fire-response power.

Hybrid core designs combining reinforced concrete
and timber provide structural stability and feasibility for
high-rise timber structures in Korea. This is a method
verified in overseas mid- and high-rise timber structure
cases such as Brock Commons and Mjestarnet, which
can secure lateral force resistance performance through
reinforced concrete cores and strengthen structural sta-
bility by combining the lightweight and sustainability of
wood. Timber connections using steel connectors signi-
ficantly increase the resistance to repetitive loads and
lateral forces, and the feasibility of realizing mid- and
high-rise timber structures will be significantly improved
if design standards suitable for the domestic environ-

ment are prepared.
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5. CONCLUSIONS

Mid- and high-rise timber structures are attracting
attention as sustainable and economically feasible alter-
natives to modern architecture, and engineering timber,
such as CLT and GLT, makes this possible. However, in
Korea, the institutional and technical foundations are
insufficient; therefore, further research is required to
supplement this.

Currently, domestic mid- and high-rise timber struc-
tures do not meet international standards because of the
lack of a technical foundation and fire-resistance perfor-
mance certification system. To address this issue, it is
necessary to reference international cases, such as the
introduction of fire-resistance performance standards for
each floor, reinforcement of exterior material regulations,
classification of fire-resistance time by structure type,
and adjustment of fire-resistance performance according
to the opening area, while adapting them to the domestic
situation.

By systematically analyzing papers related to timber
structure column-beam connections from both domestic
and international sources, the connection method, struc-
tural stability, construction efficiency, and economic fea-
sibility were comprehensively reviewed. The connection
methods are largely divided into steel plate connections,
steel bracket connections, and high-strength bolt connec-
tions, and the advantages and limitations of each method
are compared and analyzed. In particular, the hybrid
connection method (STC and STS connections) offers
high performance under combined load conditions and is
highly likely to be used in domestic environments.

Although many pieces of hardware do not meet the
domestic legal standard of three-hour fire resistance,
connection hardware used in timber structure construc-
tion is being developed in various forms. Therefore, the
development of bonded hardware with enhanced fire-
resistance performance and technological innovation to

meet legal standards is a key task in ensuring the safety

and sustainability of timber structures. This is important
for achieving both construction efficiency and quality
standardization.

An analysis of international case studies confirmed
that a hybrid design combining CLT and reinforced
concrete is an effective method for simultaneously
meeting the stability and fire-resistance requirements of
a high-rise timber structure. Mjestarnet in Norway,
Brock Commons in Canada, and Ascent Tower in the
United States are considered successful examples of
simultaneously meeting structural and environmental
sustainability through hybrid design. They provide
important implications not only for joining technology
but also for core design and lateral force resistance
methods.

Limited fire resistance of timber structures remains a
key challenge in the expansion of mid- and high-rise
timber buildings. While most current technologies pro-
vide only 1-2 hours of fire resistance, projects like
Mjestérnet and Ascent Tower have demonstrated that 2—
3 hours can be achieved through advanced fire protec-
tion strategies, including charring layer design, encapsu-
lation, composite exterior materials, and fire suppression
systems. Adapting these approaches to domestic cons-
truction could accelerate advancements in fire-resistant
timber design.

In addition to fire safety, prefabrication is emerging
as a game changer in terms of cost-effectiveness and
efficiency. The 25 King project exemplifies this, reduc-
ing construction costs by 12% and carbon emissions by
50% through the use of pre-manufactured timber com-
ponents. Expanding the use of domestic CLT and GLT
would further support the local industry while improving
the economic feasibility of timber structures.

Standardized design guidelines must be established,
particularly for steel plates and STC connections, to
ensure compliance with Eurocode 5 and the IBC and
facilitate widespread adoption. Additionally, structural
stability can be reinforced through hybrid core designs
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and diagonal bracing, and fire performance can be
enhanced using encapsulation and sprinklers. These
measures provide a solid foundation for safe, sustain-
able, and economically viable mid- and high-rise timber

construction.
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