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ABSTRACT

Keywords: Timber building, Cross Laminated Timber, building
height, IBC 2021

Construction of high-rise timber buildings has been
proposed worldwide due to the development and advanced
application of engineered wood, such as Cross Laminated Timber.
In Japan, Australia, and all over Europe, engineers are using
more wood to reduce the high greenhouse gas emissions
during concrete construction. Cross Laminated Timber makes it’s
possible to build as same types of building as RC or steel
structures. Meanwhile, the hybrid structure system mixing with
wood and non-wood becomes popular due to the efficient
utilization of different construction materials based on their
major properties. In this study, comprehensive researches
regarding the height of wooden building, the seismic design
values and material standard are referred based on the
literature review, in order to compared the difference of the
building code related to construction of wooden buildings
between Taiwan and other countries, majorly North American,
Europe and Japan. A conclusion and proposed revision to the
current building code related to wooden construction are made

in this study.
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ISO 16696-1:2019(E)

Introduction

The general principle of this document is that a certain level of performance and production techniques
are required in the production of cross laminated timber (CLT) to be acceptable for structural
application of the product. This document specifies the minimum requirements for CLT production and
performance assessment.

This document was based heavily on the draft European Standard EN 16351 prepared by Technical
Committee CEN/TC 124 and the North American Standard ANSI/APA PRG 320. The technical contents
from these standards were merged and modified to bring it into conformance with ISO procedures and
requirements. The ISO 16696 series consists of two parts: this document (Part 1) gives performance
and production requirements for CLT, which also includes conformance requirements, as provided in
Annex D; 1SO 16696-2 provides guidance on how CLT is to be installed and used.

The bibliography lists standards referenced during the development of this document.
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TR E R ket

AP ARG I3 AEAF RSO D¢
NR T E

(LR F R L 31 2
Bt B~ RERAE RIS

PR AR RS T LR 82 AR MR

L

S E 5 R s oo fl s S A8 030 F T B
BF ok Tt o

Q) A4 F B AZE 31 2 ¢
¥4 2 g kTt o

TiRpEAAREZEEF L Y 82 EAPM R T3

ERvRR - ADE
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BV A g & J 4 K e B
BRI RERF LAY

(c) =212 (B2 ~2byd 12)
LZ2AFB L1322 T IREZRL O LT
(DA sics: 2 BT 2 s 5003 2= 0™ @ g REFE 5
Wi R A -
Q)M #cs 3 &1 &G 4B 500 T 2 L Z kA ARG FL
FRQIEAMMARTIEFTFRR -
B)AR3EEHR2ZEFAZ I FRBEAARZEFLE 82 EHPM R T
ERFRAREEERAE o
i, 2ZAPBREIB 2 AEEFRALEI 2 ¢
(DA fc: 3EANT Y2 Z2APBRE 31 22 ™ 1 FkpEAAE S
TLE 2 IEARMATIEF TR R AL CRIEF R o F o
Qe kdic: 4 k82 ASFFRARLE3 o0 1 F RBEAAREGH
PH RLIEARMA I E SRR KT RAGE2 R kT atd o
(B) md Mz M B AR B2 AR FRBEARAEZNFLE
2 EAMARTI B FFR R -
(4) ZF Bt RN RRT PRl FRpE ARRR S

B2 EARM AT E R R R B oo

(d) CLT 1
L ZHAFB L 130 NTEERERFRL OO YT
(DR A S 3K T @ F R AR 574 % 82 AN 5
B4R
i ZAFBRBIBOAEEFRLEI 20
(HAEBL3ENTEEALB AL 2T I RpEALE LS
PE B IEAMMATIE B RS R A BRI E B E s o
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Fo% REp AR ALFRERR
QA By 4 k1 A2 AP 3 RARE 3] o8 FRBEAARZ S

$ ORI F S R R EZ ) kT At o

222 HEABERAM AT
1998 E 4w T AH #4p £ (Construction Products Directive, CPD)

AR RE BN E A ¥ 2013 & F] 2 M 844 A4 | (Construction
Products Regulations, CPR) > { # & B R 73 P E A HFRS 20 PR
n A ROHVE - B A BRE R RE P E AR R JR s R
ZH2Z G 2 CPD 2R gEd T eiddid M@ A B { S HHER
T_OIE A AR SRR 4 {o4E T ¥ (mechanical resistance and stability) ~ v & F-
% > M (safety in case of fire) ~ & 4 & B {r & 3 (hygiene, health and the
environment) ~ & * % 2 (safety inuse) ~ & 5 [# 3 (protection against noise) % it /i 5
787 |58 14 (energy economy and heat retention) 5 # it & % AR g o~ — dppd T g
1% % (European Standard) ; - & H &8 2 4p B & i % (2 H 5K & (technical level)

FTREAGT2EAL 2R E € R W Foin & o (political level) # 1k o F]pt » £-4¢ 2]
TAZERL 2ApM AR Z L L >(fire safety) ~ et 2 #-F 2 5 (acoustics and
vibrations) ~ & # & ¥_{4 (stabilization) ~ T & & 3+ (seismic design) % ¥ A (£ 3+
(durability design) % # %] > B p ¥ 37F A A EE R 2 (7 CPD/CPR~ g2 40

# | (Burocodes) -5,8 & 1R#) » R 7 Ko R h L ¢ fF WiE4 -

WP Y3 e FILE ) (European Technical Approvals, ETA 3u#)% &
M PFIREE 2 2 | (European Assessment Documents, EAD) > & d ®¥ LT
H(EOTAY™ Lt # & Wl CPR M- 22 REHASHE i %
WE =i R&HEH RS BRI S - 2 5 ETA RE R > ¥ ik

it CE #5345(CE Marked) » ¥ > 8B » 3 p o jnid o 444 T2 2 24, (Cross

11



F"R A g 2 A4 3K B B
BRI R R LATZAT

Laminated Timber, CLT)F# X i 2% > % f 57 CPR 23R 7 & & H# 5 45
H & J£2 ¥ L F R (reaction to fire)iE & H i 2. A 4 & % -~ 2 A R $ ) (Fire

resistance) % #c > 2 2 Eurocodes & ##_-o

WE A EANME L 2 B en i T2 A4 4, (Construction
Products Directive, CPD)~" 22 #4313 # | (Construction Products Regulations, CPR)~
"FoE A R# ) (Burocodes) ~ T ®cH il 33 | (European Technical Approvals,
ETA inzE) % gow s~ 2 (European Assessment Documents, EAD) % -

x/%;;—{,;isz 2‘;:.’4 ) 5""’4)3 AP B T AT

1. 1995 & = # Eurocode-5 CSN EN 1995 (Design of Timber Structures) : 2 & 4
o4 F R B Foh H (timber)2& # R 2. Burocodes » 7 #1F A& & # i ~ 22 H X
(Ao PR K 32 limit state design ~ T i equilibrium ) ~ A 4 4
(4v#% & % 4 44 Laminated Veneer Lumber (LVL) ~ 4% 4 4 (duration) ~ 2= 3 %
%Jv\ 17 ~ 4% *L A6 (ultimate limit states) ~ = % & * & L}k i (serviceability limit
states) ~ & fh v i i % (connection with metal fastners) * 2 5 2 #3835 ¢ 2%

"Lﬁ,%ﬂm?ﬁ °

2.2015 & =% CSN EN 16351 (Timber Structures-CLT-Requirements) * R4 % §

nkﬁlé * CLT IF,? %\Ld’—gﬂ‘*j"}«—7 [L,_ [E3

12



SR Rp P AEREAFFRERR
223 Fap M ASEHAPMAET
Fde B I @ﬁi/ﬁ'ﬂf% * & 22 41 (Mass Engineered Timber, MET) » 4-%}i¢ *
ZHRBHEUD AR KRR EARETFRRE VR R B E%E CE
w2 ECS 2 M - £3 A (MET)L & %% SS EN 1995-1-1:2018
Eurocode 5 : Design of timber structures - & = 41 4p i %% %+ BS EN 14080
(Glulam) » CLT #p B # % R %% BS 16351 (CLT) °
P ARRZRAF MK TR B E VR AT R F AL A A g
BB R R o
(1) £ AEd @ F 2 4R FROkKRE - %"3”"%?‘3% BiET A AL o
(2) PeEA8ti(Healthcare)be § ¥ £ 12m § o 2LREW I F & F T
RE B M K37 38 (Performance Based (PB) approach) » i i & 78 i) [#
2oL E oo
(3) “HHEE S A F AR -
(4) 4obdbE ARk B vt o PIREK R B BHOKIP Ik 3K ¥ (Deluge

System) > & APl & i 2 K8 -

13



224 i RAABZHAPMAT

GER - Ao 3 L2 LR

o

H §_2x4 1 ;# (Wood Framing)
EERFLE 2L AREYTG 2 v x4 enA R AR AR iR B
ok pl- BALTY 1404 AR Fi A B AR Ao A A
WEM O AEY FEAGEADTERERR > e £ X 2012 ERAREH
BABE AR UG E  FRPA RS F A F B RARROT e £ % (w5 IBC
2018(International Building Code)i & % 504.3 2 4 504.4 7 > {34p:F A 4 g
AL RITZAS WA B RZ B E OB B TypelV 2 & 24
Rl %\Tﬁi% (Mass Timber Construction)si 4 % *241] - #2021 & 2% » 2 K1 & 0
A AR AL R TR A6 KT o KA > FPESIBC2021 ¢ 445 Type
IV £ A e 7 4a b 37 2 & # 4 7 Type [V-A/B/C ot = #f et 477 - 4o
#3T IBC 2018 » B+ chZ B 43 IBC 2021 #-£ ] *\’}#éﬁ%ﬁ-% #B 0 N EP
BB ek 4 BLehiE 2T Type IV-A chd  H % 5% %7 & 18 & 2 82m # - IBC
2021 © 4+% IV-A/B/C 2. T &K 40T :
(@) IV-A: B £ 2 AES L0 Wi o 5L Y £2M e o L TR
| 7?»*}#? F & 100% 07 i o
(D) IV-B: B €3] A L3 B H AL < F 00 » £2) A ffams s LiFiis A
e BARY PG RIRE -
(c) IV-C: v £ 3] At &7 2l o AR * €3] AMpaisd T T (R
RE)CERZRE A AT REF A RRES S HERLSRTE .
b RS IBC P g i F AR AR E AR P R ERLF

HoRIWE T UATERG R U] o blde o P R AR AR ERS R

AN ERBE LA Ascent 0 3T 2022 £ 21 o 2R E 5 86.56 o7 K

25 B en® RAF 5V R &L =1 1 EARAR IR 0 Mjestarnet < 0 = 4

14



>

$oF BPARBE AR EERR
#OR BBk A o v L SR R R T e £ E S A
6 2 T2 /MR 5w SR B L3019 K Rl CLT 2 § & frie e
§tAHE B RREL hT A2 - TN AR RO EEH A iR R BT
CAFHER AR Sk & TS LR AR 90% 44 E 9 T5 %
HRRB AL ER 25% . AP VIR EE RAE AESS
L RE LR RIS SIRE R E - R L

Fosoh AP BN £ F PEREE LR U RS 2R
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F'% AR A 3 S R
ISR E R s e )

¥

n

§ BRAEEE AR

ITE T ARPHOR PR o $ R W K JRA B A BE g P A AR

Fos BN R Bk R AR 4 B A i34 o 1 A2 A L &% (Engineered wood

product, EWP) o & faA @l » gl AT AL E AL A F U BHFBRF

T BRARILEWP F R OIATR LR E MR BFRABL v

PiARARSBAIAFTEA G FREH2 s EREFT RO L LT
R

FRRSTEFE B UELGEL X AR TA R W frRR g T RE
AR 2 i T R A BT B HG O RR ARSI 3
REH L TR AETARE BAE AR e R TV /W < Bl

TRE T A A R AR F o 2 R RBER U]
LRCUFG R £ B BEN SN ED 6 b hl deh AL 22 4

g B SRS o AR e 2 XU 0 2 A B 7
R 1A R ERLE FE R F K AR BRI SN ERG
0% 28 2 ' 4 ko X A% Stadthaus e 1 0 &% #3F * CLT(Cross Laminated
Timber) 1 ## & # T2 & fig o 2 AL 5751 186 Swfapt > 40§ W RE A
% 15 & S 42 0 iR o Stadthaus =t # > B2 T AR AR RF T A Z Ao
R 2 LT3 AR ad BE T AT o ¥ b motima 24 K
Mjostarnet 574§ £ % * &4 £4-(2019)%1 > F & 5 854 % ¢ L X h+ R34t
AR FROB AL RD DT ERE AN FA M;gg—;&w. 3D o 2-30
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$2F AP AREREAREERR

%22 14z H AR R

o

S Y AR f
P2t enkfndpie s > 5% b

o

‘LlT_l
/F«}

o3
&

1 P # 4%

< +

=R [ L

3000mm | 3600 mm | 89-314mm

473 & &+ > Nail-Laminated
Timber(NLT)
(B # k& : trechugger)

FIQ

BABER XA d LB
S AR R EA S T AL H

A6 REUS TR -

v i

o P # %

v/ v/

<
£ B iR R
S

1000] mm | 200 mm
)

% £ & 2 44, Glue-Laminated
Timber(GLT)
(B * k& : best wood SCHNEIDER)

17




R A b R R B
PR RE R AL

% 2-2 1A A HALERP ()

V)

o

§ BB A A > A4
7 ol o F AL RALE 0 TR

PEELES ST

BBk E A e s g R ehk

AL L T T o kL A
£ TR T REA N -
* ik
o s * i
v v v v
T
R L 4 LN
18400 m 80-292
1200] mm
m mm

*ig
. i * i -
v/ v
T £ % & 24 » Cross-Laminated
£ B A LN 3 Timber(CLT)
24000 m 1500, mm 60-400 (B % % & : HYBRID Build Solutions)
m mm
Bl

A & H 4= & > Laminated Veneer Lumber

(LVL)

(B % %k : Timber & Building Supplies)
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FoF AP AR AL RRR

% 2-2 1A A AR ()

=2

o

ik
& T A

4

ERL N
frd- g v ARLBARL 0 FRY

B B iE e -

* i

-~

o 7 # 1

Wl
Mg

ts”

v v v
* =t & B %k A& > Laminated Strand Lumber
=R R BB (LSL)
19500{mm | 2400] mm | 45-100 mm (B % %k : StructureCraft)
Fp

AL 2T ARYAE S ®

F_‘~
!
a

* Ak el g E e 8

SRR P
v i

v

<
R R E R
18500/mm | 3750, mm | 350 mm

4 ¥ & & 4, Dowel Laminated Timber

(B 5 %k © StructureCraft)
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BRSNS 2 IEE e
BRI R R LAY

Daltson Lane

il P i

UBC Brock

Commons

Origine
Condos

%0233k AR GIFR

BEEA
B® i 2 i
it ; MR AEAEEE :
w5 = Z & R
2 A = " ER BENB
' Melbourne | 4% ,
2012 Australia = |322m | 10 | 2500m - _
2013 | Neger | & | s2m | 14 |ss30m?| - i
2014/05
- ESL&,‘;" £ |s528m| 14 |s830m:| - ;
2015/09 y
2016711 | vacouver B | sam | 18 15000 3 )
oodpio || “oneda m? | months
2016/12 | Quuebec
- cty |& [a0om| 13 | V15701 4 | 25millions
2017/10 | Canda
201799 | Brumunddal | ; 85.4m | 18 | 15400 | 4.5 | 500miliom
201903 | Noway | & ' m? | months | NOK
2016/10 | 500
. Austia | & | 84m | 24 | T - | 65million€
SE
2018 Brisbane ﬁ 50 10 | 14921 3
Austria é = f2 || rRErEs -
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IR & 28 T & R

52 ()
SHBRAK

)
e
4 )

B,

# 4

AN
=

%23 B & RS 6

R

53

KiTHwiE

YR HHE

QIETE G
N =
ROPER
MRNR-HR

HER
BRI
HER
B
HER

Nordic

KLH Binderholz Merk Structurlam P Moelven MMK Wood Stora Enso
Austria AT Germany Canada Noway Austria Sweden
Canda
Sivet WSP RWT
Lend Lease ARUP Noraa FAST+EPP Canada Moelven + Aurecon
UK UK N g Canada Genecor Noway ZT Australia
orway ;
Canada Austria
Acton Ostry ;
Lend Lease ._.ﬁ...mc@: >.:mo Canada Yvan Blouin <,.u__ m:ﬂ_mmﬂ Bates Smart
UK isleton Architecture sietoniind - Architects Leiner AT
UK Norway : Norway Austria
Austria
> > >
P > > = = => >
> > > >
> >
> > > > > > >
> >
> > > >
> = > = > >
> = > > >
> >

2
52
S E
m 5

)

HohoTower
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¥ ® OMAERKEI

<
I
il
e
o
W
?‘E
Ei
“\1_'"\-1'

PEARFERAARZZRT > APREALTHER SV E4HEE 4m R -

B S RIIABE VI R AR 2 207 b B RE GA
TRt ~#:m’%%ﬂﬂm%ﬁm%”% PlF - TAER B E B LM
AFRPGOTHERFRAFLE RO L o BFATFT IR ALFTER
BRBRBRN|PA IR Vo AR FTFT A ElcL Y 0 AGEA
et * ELE L 10# > PRI SR RIS A A #5508 ®EF 50 gD
AFEZALRT R AL DU ERRAHN A ZAGAT O > 5 o BH
FER- AEFe KA TR oL R A LR EIURESOE L TP E

AEEH N A AZEARRASDHA SN ARE o AR L IFHEEE L 1Y

\_.\

-1

FERHMATAATRIRE T AT ARG PN ARG R PAH T 0 2

o h B R R e R T P

(1) 31% 2 R FELACLTZ 24~ = 2 A E > FRFREF AT LB

Q) oY FHTEEAE, 2T

~

e R RHER
(@*%&ﬂﬁwﬁlﬁ@%%*iwwgfﬁweﬁo

4) x“%#:‘ 5\3%—@”\ o= A

lrmL

RS AR VR TR R

(5) B4 {2 47 #7151 % 2 CNSA H i B e B2 i * (12 { 372 % & 4 o

23



B A g 2 R4 s B
LRSS EE X0 E oy

- & FMECLT2Z%E 2 Ap v

FE P RER L AR R APk R R R (T 2
£ CLT)® ghad i » 5 MU a8 £ R0 HE R e » Mg AT
Flen® RERFC AL AR T B Pt E ARG A 101 & AT 2
TAEREAP R E SR R 108 £ erieiFe T Afp
FEAB R A BB LRHTT S0 0 )Thé PR AR R (1 FE R
2P AGL) BREZEAPMEFEFRPPN FL BT SR AFREAZ A
B~ PR R S BV E RR - B M I R TRt o RTFTE KA
@A FRAE v A% BRI vERF R A H 2R IBC
2018(International Building Code) 2 & % % 504.3 2 £ 504.4 ¥ » 34p:E A 5 i
AN RITZAFORAEBRE BE OB - B Type IV 2 & 24
£ S fE(Heavy Timber) s § 4] o £ 2021 & w » 2 RA R chhfEd A4
BA LI A6 KT o KA o ATRAIBC 2021 ¢ £ 4 Type IV £ A
BRFAPM BT 0 H 40 Type IV-A/B/C = #geuz 4 4) - L & 5 CLT(Mass
Timber):Z A 3§ 3] i * o 4p#>t IBC2018 » & < chZ & 4% IBC2021 &€ » ¢
(Heavy Timber)z *F » % 5§ 4c 7 E & %4f(Mass Timber)ihig 5 - 1 ¥ g * ** Type
IV-A/BIC # > tde 330 17 p 80K 5 SeiE 2T > Type IV-A i 13 5§ #
Z 18 K2 82m F o P ARF T oo FIP M FE AT G Bkt e g 2
¥ CLT $ 2 8272 38 P & 45 -
1202 e @ B 37CLTZ Ap B AR 2 28 33 > 3 51 % 7 e B g CLTZ 45 ~ =
F R RE S TARFIREF AL VB D

2. EERP G ¢ 232 CLTH Linh F s licdf » RIS LAY

3. 84 gt ? CLT S 1426304 M 53 %06 -



311CLT shzE % % * %

CLT 5 - sg @ ena Az A 4f-d 7 530 = K e0F < 458 4 (solid-sawn lumber)
& %47 & A H (structural composite lumber) 2 = » # ¢ fpARch g £ T 2 2 %
(cross oriented)sFa: * (FHEAE £ AL £ 107 = R NEREIEIE v I B DY St

7oA
Biomass power

e

Wood chips + sawdust
40% /
i Biomass fuel +

[
5

\ animal bedding

.
=2,

-7% during kiln drying -15% through cutting + planing CLT panels for distribution

B 3-1CLT 2. 2 & % % {v/nfe

B 3-2CLT 2% & =R
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R% A b R R B
PR RE R AL

312 ¢ R CLT §* &%

w5 FEFCLT 22 R~ 5 e #iF 50 Flt Mot 2 W2 CLT 4p B R 2

p
VR T & E2 R

# #:NDS ~ CLT Handbook

pA:JAS ~ CLT R4 7%fEw3 -CLTZH %1 KL p

% B : Euro Code EN 1990: Eurocode -Basis of structural design (Structure
safety) ~EN 1991: Eurocode 1 -Actions on structures — Loading ~ EN 1995: Eurocode

5 -Design of timber structures — Design/Detail ~ EN 1995-1-1:2004+A2:2014 — with
CLT updated

BSI Standards Publication

Timber structures —
Cross laminated timber —
Requirements

. e 5
i T b
1 Eg_{m‘"o_" : Sl. making excellence a habit

CLT Handbook EN 16351:2015

CLT 2 %5 1 33 £
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1
s

313 BRI 2 AR A

wAy s % CLT 0| 4p% BRPFF Lo — 2@ Xa pied 2k § X
T4 REFIRT > L 2 CLT 5 ¥ A %2 & '8 3 & (bracket connection /
hold-downs) e + $8:& {7 #& & {7 5 (rocking) » 2 4 Kk B =4 - d B 3-3 7 »CLT =
ARERE ARZERENN T & CLT A2 WMEH 7P #4 RIET2 4
LA FBRH AR EBEZ R A K4 pldeL 7% 4 5 CLT (4
2 BFR BT & s FESH AL WS F BB R55
ol Bl347 2 HEB AR BREBETLIIZ A AT D T d N P e
fg it o d b CLT idF 4 Rplae™ 2 757 40> CLT 2 FH. ;H;H*sbplxp ik
F¥CLT A hBERT2EF FIPL CLT2Z B EER T TV 322X H EEA4 3
fafRT e b ki o SHERTFF o

_ (1)
F(D) = fz(d ) + C and d; =

¥ eb s # {7 5 (rocking)iE A2 ¢ 0 & & 48 & (bracket connection / hold-downs)
$#20 CLT 2 & fliv 4 RIPFCLT FBFe Bi R HiR2 S L Er
A auE 2 F FRROR R o Ra o S#d v E CLT 2 21 foo HE R
higr o FP L CLT ek B e d XTI P EE < B fd £F ez CLT
J* FHEABEE SN La R o T CLT P H B2 SRR L 82
PHEZ B2 @ E 5255 A4l 4 0§30 CLT a# 4 plde™ 2 &iF @ Bl i
R - TAREEE
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B% A g
BRwa

Bk R
%3 #

3=
e BERE =y

T
~ ~
/" Haflap joint \..\

2950

| Connection
elements ™,
b

1]

G (gravity)

1
A

Wall panel

Connector i

B)3-4 CLTE=REX 3|#4 pldez 2567
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R S R b
3.13.1 # % CLT 2 H &+ AR

B~ f B R CLT endg R R 2 S R F %% %
Boicd] o R CLT 2825w Bl 5 > ERENRES TSRS S 248 >
EREEaRE R BT R ARHEXT L o A 20 CLT Skt B3
CLT Handbook 2013 US Edition » 5 32 2% F B &+ ~ A ki & 22 8
FRMAERS AP T2 pRIEK FEINETRFET T PR
Z HEREE R R R RUR R RV E TN o T B
FPREAE TR R L A(B 35 A EIRE IR AR

ATy -

5
x10° xl[f
1 ~ ! =
08 0.8
0.6 0.6
0.4 4 0.4 4
~ 02 —~ 0.2
z =]
g o g o ]
2 2
-0.2 0.2

CLT Wall 00 CLT wall 05

e

-1 e i i " . " i a I " i i " " el L b
0-100 -80 -60 -40 -20 0 20 40 60 80 100 0-100 -80 -60 -40 -20 0 20 40 60 80 100

Displacement (mm) Displacement (mm)

B 3-5 CLT F B &2 12 %4 2_ +* fia & 7 (Popovski et al. 2010)

%y ASTME-2126-11 2 5}5’1%’}#3“ BT A Ja e ?" W A B H - KT 4
14 3#%& (Monotonic)fr & % -k L 4e § 38 5% (Cyclic) » e '3 & 5 2.57mm/s - ¥ - -k
T Ae U RS ke ok < 4 £ (Maximum absolute load , Ppeak) ~ # ¥ 4c ¢ (Ultimate
displacement, Pu) ~ # *+ 4¢ §¢ 2 # (Maximum absolute displacement , Apeak)fr# ¥
i # (Ultimate displacement, monotonic,Am) » s ¥ =45 Z 4 7T % 3 b+ E 2
80% 5 1k (Pu>0.8 Ppeak) » B4 45 5 F Btefi2 44 - ASTME-2126-11 # 2
B 4§42 2 (Cyclic testing protocols)~ %] = Method B = Method C -

Method B(ISO 16670)2 & Ff £ 3R 5 22 385 = fiche & 3-1 #777 » & 7 & faik

Bte B IRGZ =BG 0 B 3-6 5 F R P B ER A BT LR F -

N
Rl

29



B A i A R s R
BRI R L ATZAT

A ERZIREH R L B E B R (Am)Z 1.25%°2.5%~5%7.5%% 10%>
TED EH A2 01Am) H ok 0 BRFEF B - S o oA 0 R L A
L Rt 20 20% ~ 40% ~ 60% ~ 80%2F 100% o % ~ ¥ 4 FEELS 0 F FFBR g3
40 20%Am > E I B A P EET D 80%5 1 o

Method C(CUREE, Consortium of Universities for Reserach in Earthquake
Engineering) » & F¥ f dr 1 &2 s8¢k < ficho & 3-2 97m 0 @ ﬁ;é_ié W K A 2 R T

2B B3 5F AR B RE R T LW - AEY P
BRI R SRR A EAMZ S%E F RSK $ - AERLL - LRE

FBAcdcB 75%5 RARG A 0 A BARG L BB B R 2 7.5%c 10% -

a2

$ 7

EFRTZ S ZABLRRGS E7 2B E2 20%f030% ¢ 7 LR F R 4
X5 e AL BRI RE S EZ 40% T0%Fc 150% > ¢ AR F § 3
FoB IR BN A BT D 80% 5 1 R AR S 0 4 F RS el

140
120
100
80
60
40
20

-20
-40
-60
-80 |
-100 +
-120
-140

Displacement (% of A,,)
o

0 3 6 9 12 15 18 21 24
Cycle No.

1 3-6 ASTM E-2126-11 7 4 44~ i 7= & B (1SO16670)
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% ARG

% 3-1 ASTM E-2126-11 ¥ e '-=# B 2 (ISO16670)

Pattern  Step Minimum nuber of cycles Amplitude Am(%)
1 1 6 5
2 2 7 7.5
3 7 10
3 4 4 20
5 4 30
4 6 3 40
7 3 70
8 3 100
9 3 150(100+1000)
Additional increments of 1000
10 3
(Until specimen failure)
a=0.5
250
. 200 F !
g 150
° 100
= 30 F
% -50 |
T -100 |
a -150 |
-200
-250
0 12 18 24 30 36 42

Bl 3-7 ASTM E-2126-11 & 4 = i 7 L BI(CUREE)
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BI'E A g 4 s B
PR R AT

# 3-2ASTME-2126-11 ¥ f 4c §4- =4 B % (CUREE)

Pattern  Step Minimum nuber of cycles Amplitude Am(%)
1 1 6 5
2 2 7 7.5
3 7 10
3 4 4 20
5 4 30
4 6 3 40
7 3 70
8 3 100
9 3 150(100+100a)

Additional increments of 100a
10 3
(Until specimen failure)

WREAESE PR LR AP L B2 T YR R (Shear
strength, vpeak) (2 5% 2) » 14 %2 0.4Ppeak v Ppeak 2 ' #74i#c (Shear modulus,G”) (2
9 3) s sEM TR ) 2§ %7k (Elastic shear stiffness,Ke) (=3¢ 4) fo's kg &

(Yield load,Pyiels) (=54 5)

_ Ppeak (2)

3)

Wi

PEAS WL EEFERE S L E2 40% ~60% 2 tp 2 =8 ; H 5
A
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T2y p ~1 £484: JIS (Japanese Industrial Standards)#] 2 2. * ig #h
..‘éﬁﬁéié 2_ A RERER RS pliE o B2RE R 4 4 2 % 1000mm ~ 2000mm %
3000mm = & > % & F L5 2730mm o kiddhle ik 2wt BRI Y o #4 R
joz & f & w5 1/450 ~ 1/300 ~ 1/200 ~ 1/150 ~ 1/100 ~ 1/75 ~ 1/50rad » F
- R FRE IS | AP R o FRERY  FUEREE 1/50rad 1
T k% Pé%%i?i\f 80%m$\'€1‘b1€;~%?5ﬁﬂﬂ?#ﬂ.é R o RAm R Bk
i g4t 3 1/15rad 2 Ak 5 R P AR -
R LA RTRAR G PRV LM G P28
A BTN 2 ¢ BRI EHA BRI GT L R st B
Poo¥ e by d2 e 32 Pt Aat =82 CLT £6 p (£%
P24 4 %255 5 (y)~CLT 4" & %254 (0)2 M %> &5 7 CLT 2 & &F
B o

R
y=(81-82) /H (6)
g%, 40
6= (83—-64) /W (7
B ®RiZE 0
y0=y—0 )

e 58] P EMZ KT g i(mm) (% 3HD)
82 ¢ & "gFnz kT % i(mm) (% =3"H2)
H : % =3*HI12 H2F 2§42 (mm)
03 1 A"BIR2_4rE 2 e % (mm) (¥ 23 V3)
34 T A'gINz_45E 2 ow H(mm) (%3 V4)
V @ i3t V3 2 V4 FF 2 jEd(mm)
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Timber, CLT) | & * > & R34+ - aw ~# % ~ P AZRFE 57 Rl
AERERAPFREE A2 R0 AR R VB EH L - 0 L AER
FEEREFATAAE A SRR G 2 AR A REES 2T 108 £ 11 7 14 p
2F B RIEE TONSI6114 B R 34 0 RFP AR S AR 251 R0

F AR o d HRAFEFOC EFAP BB PV BES L RE P R

Beg A CLT g2 F 5 5000 v g MA@ V2 i 30a v AT
FOHFRTI 2 AT A 2 AT ORI 2 4]k e o B EFEY X poam WP
B CLT 2 VR FAy o o p e @y #930 109 & B 2 CLT @tV it

FEitE Y o ¢ 2 p A &Hdp CLT #iF ~ # # 78+ CLT #% 2 WA ¥4 CLT

Bz 1 | EFa ek INFHREAISEETRIER TR E wbr o

3.1.4.1 AP =R CLT 2§ %

AP ERP R W AREEANZ AR P VS22 2 KE
Bl UE L 1 BFRT o F 4T R B CLT &l 2 T
FHRIVFREAVTFL2PT - A8 5HE8F 22 CLTHRFE 1 2 CLT #4H
2T FE o Au 5 S5k 1SemzZp ARt i R ESHFCLT 5K 17.5cm 2 #
EEEREAESHFCLT 22 5K 18cm 2 WA¥ 2 2 § +4¢ CLT 454 -
e CLT frigp F22kiadp2 RIVEFRZ&HE - 2T REF 2 UEE L
L= L EPHFECLTG A 15ecm2 p & 54 CLT~5 & 17.5cm 2 #
278 CLT > 722 5k 18cm 2 WA Yr, CLT )7 1/ v 2 F5% » 9
B EBBF RS A ARA X RBSFRM T HRBF AT ENTRE S D
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BAYRY o pARip CLTZR Ve BAKPIERS YL 18442+ RP
R ARS o BT W PERIE T X FVRER BT o MERICEFOL 08
mm/min ; @ A F 7T CLT 2R Vo BAKBIER S 922 A4+ 5 R_p
Brend BARS > B Rt F 95 0.68mm/min o ¥ b AR ERMF KL 0P
At CLTHAF 2 & 2 58 CLTHIF2Z RV G $ 2 K08P L ER % - &
FNEE A AT AR DEEIRLE H 2K oA e CLT 2 A ER S
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(3) MAYrY, CLT > FH 2 PRI 2 iV FR AP LE TR VR
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d3 CLT $Hi&d REABEPEFLFHR RS X EFR LM DY

CLT R 5rA 2 chp 4 » FR R 2 PN T R A M2 0 R ¥ F
FAP R B ARSI RTE s A F A E S F s P AR e
BokTiEr 4 gt Hag B 2 Bl i ASTME-2126-11~1SO16670 ~ JIS %
CHERRRIFEEP A BRHRERE Y CLT Rt - 2

IR Fe £ 30 i ASTM~ISO~JISJAS % 322k 1508 » 3256 5% % Pig * > CLT
il%’}#é( o Hd ¢ %2 CLT Handbook US Edition ~ 4 % p A~ CLT 2= % 1 &
FEPECCEF I HELFHRTZOENLSFFNIE L RENNE BRBHE
BT o ATy %% A % CLT Handbook US Edition(3:% % = )~ 2 p & CLT #
A1 EFEP > B CLT E A4 L BN £V 8 (TR K - 11T IR
2 S

S AR 5 RS B2 %= 4= K F4 concealed Metal Plates
Metal Brackets and Self-tapping Screws

CLT Wall >

4587 —
swmame ——|
pus]—— | |

BWER 4 —»‘ ‘

CLT Floor——s _l__

CLT Floor—— w M

®] 3-9(a) Wall to Floor(Platform System)i. & # & 2 3
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SCLAR & S K <l e SR R SR
SCL components for bearing support Metal Bracket used to provide bearing support
(A)
CLT Wall
‘\ ] ﬁ/mgaﬁ%
P | |Z P L? ———
l_ =48] 700
—-SCL
(B)
CLT Wall
EERER
S !
[ s 7
/ CLT Floor

B 3-9(b) Wall to Floor(Ballon System) i & # &

CLT Wall—
CLT Wall—
SCL-,
SCL_ BersT— T
WY~ = smamr—|
BAEs— )
L st —|

ERTER

B 3-9(c) Wall to Foundation i & # & 255\

B3-9 #* % CLT Handbook ¥ i & 4% & 25 5%
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3.3.1 IBC 2021 2_4p B 3 2_

IBC2021 ¥ i & &4 5043 2 £ 5044 ¢ > 1yt fdo g 4] A 87 > R
APk B R E SR WO E U IBC & 2 AR 2 8 * 2 FHEB
ERE:9 3 R

(1) A: places used for people gathering for entertainment, worship, and eating or
drinking. Examples: churches, restaurants (with 50 or more possible occupants),
theaters, and stadiums. (4 § ** ¢ B2 A BRI ? 22 Ao 2 3 € 47)

(2) B: places where services are provided (not to be confused with mercantile, below).
Examples: banks, insurance agencies, government buildings (including police and fire
stations), and doctor's offices. (48 & »* 5 & A FEAFHP] P 20 G 5752 JRIZAR)
(3) E: schools and day care centers up to the 12th grade. (4p § % &~ #1E H HHFRP)]
vo2. D SRR 2 ER)

(4) I: places where people are physically unable to leave without assistance.
Examples: hospitals, nursing homes, and prisons. (4p & ** 5 #& A F P9 2. F
WA AL (A5

(5) M: places where goods are displayed and sold. Examples: grocery stores,
department stores, and gas stations. (4p § ¢ 5 A% A B RR P 2. B #gE £ 45§)
(6) R: places providing accommodations for overnight stay (excluding Institutional).
Examples: houses, apartment buildings, hotels, and motels. (4p § »* » #1E H H R
plY 2 H 4 A% &)

(7) S: places where items are stored (unless considered High-Hazard). Examples:
warehouses and parking garages. (40 % >* o BPZ A HFIFRA P 22 C#g: 1 £ F i

%)
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NS
NS&¢
N
NS-e
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OCCUPANCY
CLASSIFICATION

El

# 3-9IBC 2021 ¥ $47 Fag il A4 2 A 8 14)

A-3

A4

A-5

F-1

I-1 Condition 1
I-1 Condition 2

F-2
H-1
H-2
H-3
H-4
H-5
12

I-3

1-4

12
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i
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% 3-9()IBC2021 ¥ 4-%17 47402 A4 2 H & BT

TABLE 504.4—continued
ALLOWABLE NUMBER OF STORIES ABOVE GRADE PLANE™"

TYPE OF CONSTRUCTION
cg’g‘éli‘;g:%" S Type | Type i Type i Type IV Type V
Footnotes A B A A B A B [~ HT A B
T NS¢ UL 11 3 2
4 4 4 4 4 4 4 4
115 b S13R 4 4 4 3
S UL 12 5 5 5 3 18 12 8 5 4 3
NS UL 11 4 3 2
4 4 4 4 4 4 4
R=2b S13R 4 4 4 4 3
S UL 12 5 5 5 5 18 12 8 5 4 3
Ns? UL 11 3 3
S13D 4 4 4 4 4 4 4 4 4 4 3 3
R-3"
S13R 4 4 4 4
S UL 12 5 5 5 5 18 12 5 5 4 4
NS¢ UL 11 3 2
S13D 4 4 4 4 4 4 4 4 4 3 2
R-4"
S13R 4 4 4 3
S UL 12 5 5 5 ] 18 12 5 5 4 3
A NS UL 11 4 2 3 2 4 4 4 4 3 1
S UL 12 5 4 4 4 10 7 5 5 4 2
52 NS UL 11 5 ] 4 3 4 4 4 5 4 2
S UL 12 6 4 5 4 12 8 5 6 5 3
o NS UL 5 4 2 3 2 4 4 4 4 2 1
S UL 5 3 4 3 9 6 5 5 3 2
+ 13 S [ A Y , = c
# 3-10IBC 2021 ¥ &7 P agilz A5 2 A 3 & "4
TABLE 504.3
ALLOWABLE BUILDING HEIGHT IN FEET ABOVE GRADE PLANE®
TYPE OF CONSTRUCTION
CL?!\%CS?FPIS:IQI:')N See Typel Type Il Type lll Type IV Type V
Footnotes |  p B A B A B A B c HT A B
e b F MU NS? UL 160 65 55 65 55 65 65 65 65 50 40
R S UL 180 85 75 85 75 270 180 85 85 70 60
NS©
H-1, H-2, H-3, H-5 5 UL 160 65 55 65 55 120 90 65 65 50 40
Hea N§=¢ UL 160 65 55 65 55 63 65 65 65 50 40
S UL 180 85 ] 83 75 140 100 85 85 70 60
= Ngde UL 160 65 55 65 55 65 65 65 65 50 40
I-1 Condition 1, I-3
S UL 180 85 75 85 75 180 120 85 85 70 60
- NsteT | UL 160 65
I-1 Condition 2, 1-2 55 65 55 63 63 63 65 50 40
S UL 180 85
T4 NS*e UL 160 65 55 65 55 65 63 65 63 50 40
S UL 180 85 15 85 75 180 120 85 83 70 60
NS§! UL 160 65 55 65 55 65 63 65 63 50 40
Rb S13D 60 60 60 60 60 60 60 60 60 60 50 40
S13R 60 60 60 60 60 60 60 60 60 60 60 60
S UL 180 85 75 85 75 270 180 85 85 70 60

71



B A i 2 e 3 i R
PR R AT T

TYPE IV 1 & 3§ € A i (Heavy Timber)2 E & 4 (Mass Timber) i %
A E A ﬁé gip i 2 <t P 23 IBC 2021 2. Table 2304.11 Minimum Dimensions
of Heavy Timber Structural Members © » @ E & 34 (Mass Timber)shi & & & CLT
2k U & R AL 2304.11.2 Partitions and walls 12 2 2304.11.3 Floors &
69 (54T R ) -

% 3-111IBC 2021 &€ ~ % ﬁ&_(Heavy Timber)2. %76 * ~ T_&

MINIMUM NOMINAL MINIMUM GLUED- MINIMUM STRUCTURAL
SOLID SAWN SIZE LAMINATED NET SIZE |[COMPOSITE LUMBER NET SIZE

HEAVY TIMBER

SUPPORTING STRUCTURAL ELEMENTS Width, inch | Depth, inch | Width, inch | Depth, inch Width, inch Depth, inch
| Columns; Framed sawn or glupd-
Floor loads only or I;mjinal::d timber arch;s that 8 8 &1, 8Y, - 7,
combined floor spring from the floor line; Framed
and roof loads timber trusses

Wood beams and girders 6 10 5 10Y, 54, 9', [

Columns (roof and ceiling loads);
Lower half of: wood-frame or
glued-laminated arches that spring
from the floor line or from grade

Upper half of: wood-frame or
Roof loads only glued-laminated arches that spring 6 6 = 6 LA 54,
from the floor line or from grade

Framed timber trusses and other
roof framing;" Framed or glued-

: : 4 6 3 6/ 3hp 5
laminated arches that spring from k 2
the top of walls or wall abutments
E— b
ForSI: | inch=25.4 mm.
8. Spaced members shall be permitted to be composed of two or more pieces not less than 3 inches nominal in thickness where blocked solidly throughout

their intery ening spaces or where spaces are tightly closed by a continuous wood cover plate of not less than 2 inches nominal in thickness secured to the
underside of the members. Splice plates shall be not less than 3 inches nominal in thickness.
b, Where protected by approved automatic sprinklers under the roof deck, framing members shall be not less than 3 inches nominal 1n width.

IBC 2021 » CLT(Mass Timber)#k & & ~f 2_ 3./

2304.11.2 Partitions and walls. Partitions and walls shall comply with Section
2304.11.2.1 or 2304.11.2.2.

2304.11.2.1 Exterior walls. Exterior walls shall be permitted to be cross-laminated
timber not less than 4 inches (102 mm) in thickness meeting the requirements of
Section 2303 .1.4.

2304.11.2.2 Interior walls and partitions. Interior walls and partitions shall be of
solid wood construction formed by not less than two layers of I-inch (25 mm)
matched boards or laminated construction 4 inches (102 mm) thick, or of 1-hour fire-
resistance-rated construction.

2304.11.3 Floors. Floors shall be without concealed spaces or with concealed spaces
complying with Section 602.4.4.3. Wood floors shall be constructed in accordance
with Section 2304.11.3.1 or 2304.11.3.2.
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IR ORAERK
2304.11.3.1 Cross-laminated timber floors. Cross laminated
timber shall be not less than 4 inches (102 mm) in actual thickness. Cross-laminated
timber shall be continuous from support to support and mechanically fastened to one
another. Cross-laminated timber shall be permitted to be connected to walls without a
shrinkage gap providing swelling or shrinking is considered in the design. Corbelling

of masonry walls under the floor shall be permitted to be used.
2304.11.4.1 Cross-laminated timber roofs. Cross laminated timber roofs shall be not
less than 3 inches (76 mm) nominal in thickness and shall be continuous from support

to support and mechanically fastened to one another.

IBC2021 ¢ &4 TYPEIV i& {73 37> 2 & 3 4v 7 IV-A/B/C ¢* = #f cru

"
#

3] » IBC2021 # 444 IV-A/B/C 2. & 4c™ #7771 o 4t IBC2018 » & * ehZ B
BT Bt KB ROk kAeniE 2T 0 IBC 2021 - A SRR KB FIE
218 K %2 82m B (i=44)) -

EV

% 3-12 242 A% TYPEIV 2 3 4%

Table 504.3 PR —m (IBC 2021)¢

TYPE OF CONSTRUCTION

OCCUPANCY CLASSIFICATION: SEE FOOTNOTES: TYPE | TYPE Il TYPE llI¢ TYPE IV TYPEV
As B¢ Al B« Al B¢ IV-A< | IV-B< IV-C< HT« A B«
EC| | e
A, B,E FM,S, U NS¢ UL 50 20 17 20 17+ 20¢ 20¢ 20¢ 20 A B
¢ ULt 55¢ 26:¢ 23 26 23¢ 82¢ 55¢ 26¢ 26 15¢ 12«
R NS¢ UL 50¢ 20¢ 17¢ 20+ 17 20< 20« 20< 20+ 21 18-
¢ ULt 55¢ 26:¢ 23 26 23¢ 82¢ 55¢ 26¢ 26 15¢ 12«

Table 504.4 EEEUPIEIEEE] - 455 (1BC 2021)«

TYPE OF CONSTRUCTION:

'OCCUPANCY CLASSIFICATION: SEE FOOTNOTES TYPEI TYPEII TYPE I+ TYPE IV TYPEV

As B¢ A B« A B« IV-A<'|  IV-B¢ IV-C< HT: A B«
(e | | e

A-2 NS¢ uL 11 3 2¢ 3 2 3¢ 3 3¢ 3 2 1
§¢ UL¢ 12 4 3¢ 4 3¢ 18< 124 6¢ 4 3 2
B NS UL¢ 11 5¢ 3¢ 5¢ 3¢ 5¢ 5¢ 5¢ 5¢ 3 2
5 ULs 12 6 4 6 4 18¢ 12¢ 9¢’ 6 4 3
M NS UL¢ 11 4 2¢ 4 2¢ 47 4 4 4 3 1
S UL¢ 12 5¢ 3¢ 3¢ 34 12¢ 8< 6< 5¢ 4 2
R-1, R-2¢ NS¢ ULs 11 4 4 4 4 4< 4« 4< 4 3 2
5 ULs 12 5 5¢ 5 5 18¢ 12¢ 8¢ 5] 4 3
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B'E g & R4 R P B
BRI RFERT AT

2@ 5 IBC2021 # 4% IV-A/B/C 2. T &K 4T :

(a) IV-A: B E A 7 Bt o 5 2 % B ARt o & PR T

E A BT 4 100%07 44 ik o

601 /602.4.1.4
ETE/L. SN BKREAR, B KRB 4077 3,
R TR R, EE T E#3.18mm,

601 / 602.4.1.1
B/ 21N B I KR 0 B K 80 73
LABH2S mm AR R EE,

602.4.1.2

P36 /68 P MR 26, R T
3.18mm, E4807#,

(b) IV-B: B>+ E At A R
Fe g 0 BARGREE A PIRE -

601/ 602.4.2.4
ETH/T/MRBT KRR, B AR B 4093,
7 F R R

601 /602.4.2.1
Bt/ 2 /N B KRR B K I B B0 73 3.
EABE2S mm AR REE.

602.4.1.1
SRR R A RHR A, 04078,
602.4.1.2

PP A (R, BT B8 3. 18mm, B
$ 807 .

601
EERH/SNF PR, B KR 12077 3

F A ‘Lf#m’f- R - WA 7?»1%_

602.4.2.1
SRR/ BT AT R, EH 4008,
602.4.2.2

i};ﬁg%{ﬁm%wkﬁﬂ%a 08074,
) ETEA SR MR A £ 20 % @A By B 5720
z;m:nﬁmﬁlma%mmmﬁﬁ

3)KFMEE=4572mm D D

601 ]
F B2/ KR B KRB0

() IV-C: Bt B oA 4 27 i o F 0 B A B Eemz o A B2 ORIk

PO ERLE

601/ 602.4.3.4
BTE/LIA KB AL, B K B 4093 58,
(i T 4R 4 R

601 /602.4.3.1

B /2 /00 IR B KB R B K B 80 7 8
EABE2Smm TR REE.

602.4.3.2
/T RRE. o r

AE BT BRI

HApA F v b G o

602.4.3.1
SRES/BE R B R, L4008,
602.4.3.2

EEIbEER-4TE B

601

2N KSR, B K S0




¥ ¥ RFEREH

IBC2021 ¢ TypeIV-A/B/C tlr % ek B b FpP3t AH B30 7 s > 7]t
;ﬁéﬂﬁ&ﬁﬁ%%&’%ﬁﬁ@%ﬁymﬁﬁéaﬁﬁkﬂaf’mTwe
IV-A/B/C 55 3] e o 2 A i 20 2 4~ W ~ 4 ~ b -
FAA R BR R

B4 & IBC2021 # #if5 i éhp $ 0k &

i’ﬂ,ﬁ'xi 3

l‘./u IK é;" 'jtl

4 % NFPA 13 ~ NFPA
13R 72 % NFPAI3D = 84F4] » » = 467 bk $o2 & RZ W RER4od 3-13 4
N 7o
# I NFPA 13 & i 2
& w)iE 1] Type IV-A/B/C § @ o~ LA ik 3 o & fo

B~ gt M BT E AR R
¢ 0 IBC2021 R E A SHHE 2 L pFree fd 2%
Tl oA AL RIGER KK H
ERS LT NEET BH AN o i

e % gL(Flashover)snps fFF » £ £ B4 B i 4 en

% 3-13 # ¥ 3% 3 NFPA 13 4p > NFPA 13R ~ NFPA 13D #& 5 it »
REBRRKERFR
wok g fo 47

¥ ¢b > Type IV-A/B/C 4 %] 228 ~ 41

# 4 (Fully Sprinklered) o F]3* > 7

B SRR R EXEE!

LA FEHE 23 ehp L s> H 4R A P
DR BB RER A AL
VHHFEEEFRE > wEI|E
¢ o Type IV-A/B/C t% b B30 2617 Y4t & BRI ok 3-14 0 o 4 3-14 ¢

T R RARGR A 0 B Rl R EARS o

# 3-13 NFPA 13/NFPA 13R/NFPA 13D 2_ ¢ * T4 % £ B

NFPA 13 NFPA 13R NFPA 13D
Objective Life Safety + Property | Life Safety Only | Life Safety Only
Protection [NFPA 13 [NFPA13R 2002- | [NFPA13D 2002-
2002-2019 1.2.1] 2019 1.2.1] 2019 1.2.1]
Considered “Fully Yes No No
Sprinklered” [IBC Section 903.1.1]
Building Height Yes Only for R- No
Increased Permitted | [IBC Table 504] Occupancy
[IBC Table 504]
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R% A b R R B
PR RE R AL

a7y

% 3-141BC 2021 Type IV ¥ 7 I gt 2 2 2 B4t f 2R 2(2/3 hp L pFax
13 e LT d AR R KRR

Bl A AL R T E PEARAR T

Type IV-A Type IV-B Type IV-C
n 120 » 48 | 80 ~ 4& 80 4 45
= 120 = 48 | 80 ~ 4& 80 %~ 4&
i | 80 4 45 80 4 435 LFH R R

R R A1 G A ATE 40%2
WG4t 3 X REE 2 kTR

>4572mm
i 80 4 45 80 4 45 80 A 48
x = |80 44 80 4 48 LA R

<

kil

X EE LEA XREZ G 7+ A2E

20% 5 fE 0 A X FHE A2 kTR

H>4572mm
g |40 A dm |40 A4 40 /> 4
ETE |40 & 45 40 %~ 45 40 %~ 45

A Type IV-C 2. B2 (JRIFF)Z 'ER s R @ * 2 i E 0 it e §

TYPE IV-A TYPE IV-B TYPE IV-C TYPE IV-HT
BHL.5HR RHIHR RTHIHR RHHT
REAWIHR EWEM2ZHR REAMZHR EFXMIHR REAMW2HR BEHEMIHR RS 2HR

EMAMWIHR EHMERIHR EMAW2HR ERHMER2HR EfA#@2HR EHMERE2HR R AL/ HT EEMEEHT
R ARWOHR EF I ] FRMPIMOHR AE R I FRMABWOHR 3 3 L 4 ES ST |
#E2HR ME2HR HH2HR HHT
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%% IBC2021 © 4-4F TYPEIV 2 #g 3] #rig 7 el ¥ B 7 5o e ki)

v PR

KK HE AR A R BRI 2 A SR Y AN R SR AE
EHB A= BLESNFE o £ TYPEIVA/B/C? » 3% TYPEIVC B3+
M B ARG AR 0 e B ORI CERZ R S A EIvs Bl g
# % 274 o TYPEIVC e X BROKR & Ghif 27 0 L3F 52 IRIMEE S 2

AFEABETEIORME 260 0% 0 B ARG 8 EMEE 20 % otk iy
Hp £ W4 & B B e 7 B & & (University of California San Diego)i& {7 7 3 i&

{7110 & H A Hid 4= 8¢ & F % (NHERI TallWood Project) » ~4&# & # 5% 1 & 3

RIFFD AR 2 g A 5 Flt 4 0 L7 Penfng A B T dRE L % e
ol B AR SRk 0 921 ¥ B B E R o BER
@Fﬁﬁﬁ%ﬁﬂ%ﬁﬁéﬁ%aﬁﬁﬁﬁﬁ?TiﬁﬁﬁJofﬁ’ﬁgiﬁ

a4 A % IBC 2021 TYPE IV C 2 g AEAN RPN AR B2 T R

B 3-17 ** UC San Diego & f‘fmlOﬁ]’fﬂ-ﬂ\’l‘#m%ﬁf" “"56?

(‘éfﬂ-’d{—ﬂ{il,]ﬁ www.sandiegouniontribune.com/news/science/storv/2023—05—09/10»storv—buiIdin_g»uc—san—diego—shake—table)
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4 IBC 20210 #_*"Table 2304.11 Minimum Dimensions of Heavy
Timber Structural Membersz. € 4| & 43¢ hip b ¢ 4 o ¥ %7 IBC
2021+ Section 2304.11.2.1 Exterior walls/ Section 2304.11.2.2
Interior walls and partitions/ Section2304.11.3.1 Cross-laminated
timber floors / 2304.11.4.1 Cross-laminated timber roofs > & >~ & %
B ALEHAE KTH A 2 Ak 4 ko

#(1) IBC2021 & 4| 14 (Heavy Timber)z & ¢ < 2 &

[ MINIMUM NOMINAL MINIMUM GLUED- MINIMUM STRUCTURAL
SOLID SAWN SIZE LAMINATED NET SIZE |COMPOSITE LUMBER NET SIZE
HEAVY TIMBER - S i " Eim | P T )
SUPPORTING STRUCTURAL ELEMENTS Width, inch | Depth, inch | Width, inch | Depth, inch Width, inch Depth, inch
Columns; Framed sawn or glukd-
Floor loads only or Imﬂinal::d timber arch_r:s that 8 8 6 8, - 7
combined floor spring from the floor line; Framed
and roof loads timber trusses
Wood beams and girders 6 10 5 10Y, 5Y, 94, (
Columns (roof and ceiling loads);
Laer hillf of: wood-frame or ] 6 g 5 8, 5Y, 7Y,
glued-laminated arches that spring %
from the floor line or from grade
Upper half of: wood-frame or
Roof loads only glued-laminated arches that spring 6 6 5 6 5% 5,
| from the floor line or from grade
Framed timber trusses and other
o ing:* Frame >d- . 7y gl
root framing:* Framed ur_gllm 4 6 3 6. 31/ 5
laminated arches that spring from k 2
the top of walls or wall abutments
L 3

ForSI: | inch = 25.4 mm.
8 Spaced members shall be permitted to be composed of two or more pieces not less than 3 inches nominal in thickness where blocked solidly throughout
their inlcr\'euing spaces or where spaces are tightly closed by a continuous wead cover plate of not less than 2 inches nominal in thickness secured to the
underside of the members. Splice plates shall be not less than 3 inches nominal in thickness.
b. Where protected by approved automatic sprinklers under the roof deck, framing members shall be not less than 3 inches nominal in width.

IBC 2021 # CLT #k & & <} 2 3.

2304.11.2 Partitions and walls. Partitions and walls shall comply
with Section 2304.11.2.1 or 2304.11.2.2.

2304.11.2.1 Exterior walls. Exterior walls shall be permitted to be
cross-laminated timber not less than 4 inches (102 mm) in thickness
meeting the requirements of Section 2303 .1.4.

2304.11.2.2 Interior walls and partitions. Interior walls and
partitions shall be of solid wood construction formed by not less than

two layers of l-inch (25 mm) matched boards or laminated
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construction 4 inches (102 mm) thick, or of 1-hour fire-resistance-
rated construction.

2304.11.3 Floors. Floors shall be without concealed spaces or with
concealed spaces complying with Section 602.4.4.3. Wood floors
shall be constructed in accordance with Section 2304.11.3.1 or
2304.11.3.2.

2304.11.3.1 Cross-laminated timber floors. Cross laminated
timber shall be not less than 4 inches (102 mm) in actual thickness.
Cross-laminated timber shall be continuous from support to support
and mechanically fastened to one another. Cross-laminated timber
shall be permitted to be connected to walls without a shrinkage gap
providing swelling or shrinking is considered in the design.
Corbelling of masonry walls under the floor shall be permitted to be
used.

2304.11.4.1 Cross-laminated timber roofs. Cross laminated timber
roofs shall be not less than 3 inches (76 mm) nominal in thickness
and shall be continuous from support to support and mechanically

fastened to one another.

88




EX

ERIEE N R e

#(2) E * %1 CLT(Mass Timber, Cross Laminated Timber) & # ¢ ~ 4
CLT * g R ER
inch cm
L7 § A o 4 10.2
L 4 10.2
kT H =~ R AR 3 7.6
i N 4 10.2
#(3) £ » %1 (Heavy Timber)zk & ¢ ~ %
4 % e A B e
LI EAEH GAHFEEA) | EIRELD) | ETRELT)
B (cm) (cm) (cm)
L3 # Ly i# % i
W };‘71\- B | /P e AR 2 20.3 20.3 17.1 21.0 17.8 19.1
L ETE (A8 E R
& ;‘1?{‘ A g2 15.2 254 12.7 26.7 13.3 24.1
TR E FETAEHEL | 152 | 203 | 127 | 210 | 133 | 19.1
(7 = %) AR 5 oAz 2 42~
A Az T AN
A o A2 248 A B H_ 15.2 15.2 12.7 15.2 13.3 14.0
R Pz b A In
BUEE 2 H s 4g A 10.2 15.2 7.6 17.5 8.9 14.0
ERSH/ iz &
A N A =Y
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1 slotbase

Figure 1 — Typical profile of a finger joint

Figure 2 — Cross laminated solid sawn timber with large finger joints
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Figure 3 — Permissible geometry of grooves
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Figure 4 — Example for layup made of three timber layers

wood-based panel layer

Figure 5 — Example for layup with five timber layers with outermost layers bonded
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