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11 Stu Peppard Arena o= 1996 46.2
(Savannah) '

45) 0|51t 5 (2022), 32t ST =9 AY



No =Y X4 il A7t (m)
12 Portland Bulk Terminal o= 1997 52.8
(Portland) ' |
i[E p
13 Klamath Falls Ice Arena 2003 40.0
(Oregon) a
213
CEa
14 LeMay Museum o= 2012 34.7 : g@
Y (Washington) ' C o U
HE
' 9
£
i i L] :
15 Father David B. Olympic FHLICE 1963 36.0 B
Arena (Calgary) N
FHLHC
16 South Surrey Arena tct 1991 50.0
(Surrey)
Armstrong Spallumcheen FHLICE
17 Arena SR (British Columbia) 2004 30.48
18 | Richmond Olympic Oval HHCE 2008 | 1056 p
'ehmon ympic Lva (British Columbia) ' B
FHLiCt 8
19 Trout Lake Arena 2009 40.0
(Vancouver)
FHLACE
20 Abbotsford Ice Arena (British Columbia) 2009 60.0
FHLACE
21 Fenlands Arenas (Alberta) 2010 36.0
22 | WinSport Canada athleti HLtCt 2011 45.0 |
inSport Canada athletics (Alberta) )
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2ol BX §R7t AZ20| 4 49UOZ IS 7|E 71y BS 7HE2S BSOS

40

o 1% O|H2|0I7} 144, AQAVL 7HCZ JT1E =2 HIE2 AHK[g

o W20 K|St Joensuu Multi purpose Arenas Z7H0] 110mO|H, AZX AH7| 2

Cokst QO] L7002 AR E

O O

© Ol3 SHUXIE SY2Z GLTE MEoIACH ZEE= LHa Z0ES AS™

T2 2-36. Joensuu Multi Purpose Arena%®)

46) Wikidata (2006), Recent large scale wooden buildings in finland
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sl

3>

pl

OHEL 02y 102 KI4Irg o
0= 02>

) o N

= 2-37. Oulu Dome

o I2ZEZI0| MEO Arenas 1156m2o] ZA7tC=2 W2tE9| OQulu Domedt S AZH0|H S LA 71 2
=Y

J& 2-38. MEO Arena?”

47) SOM, atlantico Pavilion
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I . 71892 aw|e| 43 opd 8l 3 L2

= Dy, 7[AUCIIILK|O] A0H IPH QI A0H LY

e 1}7q PalaLivornoZ &%l 0|22|0t2] Modigliani Forum2 H& S E AtE5H0 THE

T8 SXAS2E 0|R0H

‘r\\:
il
J121 2-39.  Modigliani Forum4®
H2-8 =X I HEZS(RY) 31849
No =Y X4 il A7t (m)
. AQA
1 Post Finance Arena (Bern) 1967 85.0
AQA
2 Artecad Arena Tramelan (Tramelan) 1975 36.0
AQA
3 Vaillant Arena (Davos) 1979 70.0
AQA
4 Freizeithalle Laufen (Laugen) 1993 36.0
. . . AQA
5 Zingel Skating Rink (Zurich) 1998 45.0
. . AQA
6 Kunsteisbahn Sissach (Sissach) 2005 36.0

48) Wikipedia (2024), Modigliani Focum
48) 0|FLE 5 (2022), L8754 H59 A
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No =Y HE AR x4 alle 4zt (m)
AQIA
7 Sportarena Adelboden (Adelboden) 2010 41.0
marA
8 Velodrome de Bordeaux e 1985 75.0
(Bordeaux)
« 7130
&3
Patinore Olympe de oA : ;LH
S Prolognan la Vanoise (Vanoise) 1990 45.0 1_ .I_lﬂg
r O
2
o
D Natlonal Sports | B SN ‘8
coque Natlona r : 2z i
e and Cultural Centre ( (Kircheg) 1990 9.0 :
11 Pavili Expo 2000 =2 2000 35.0
Japan Pavilion at Expo (Hanover) 5. _: :
12 Speed Skating Hall in Erf =2 2001 80.0 E
pee ating Hall in Erfurt (Erfurt) . o
New Karlsruhe Exhibition =4
L Centre (Karlsruhe) 2003 80.0
=9
14 SAP Arena (Mannheim) 2005 88.0
| = |
15 Max Aicher Arena (Reichenhaller) 2011 90.0
QAEZ|Of
16 Salzburg Arena (Salzburg) 2003 90.0
; - =
17 | Cardiff Temporary lce Rink (Cardiff Bay) 2006 45.0
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I . 71892 atme| 43 o8 gl 43 L4

" Dy, 7T AW I W AW LIS
No. =Y X s 4zt (m)
o
18 Altrincham Ice Rink (Altr;jwam) 2007 45.0
. . HI10f
19 Ice Rink of Liege (Liege) 2012 36.0
51712
20 Miskolc Ice Arena (M?skrollc) 2006 36.0
51712
21 Pesterzsebet Jegcsarnok (BJaaLJSO 2006 36.0
H71
22 Aquaworld Budapest (BJEaL;st) 2008 80.0
A0
23 Sportcomplex Astrakhan (Ast1ral|<hran) 2008 100.0
Z{A|0
24 Kazan Aguatic Centre (K1az|art) 2013 80.0
290
25 Olympic Amphitheatre (hl:-lgr:jlar; 1992 70.8
Hamar Olympic L=90]
2 Hall-Viking Ship (Hamar) 1992 9.4
27 Hakons Hall = =70l 1993 85.8
(Lille=hammer) '
=0
28 Sorlandshallen =280 2002 80.0

(Kristian-sand)
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No =Y X = A7t (m)
Hot=2
29 Ballerup Super Arena (Ballerrup) 2001 73.0
HetE
30 Vaasa Arena (Vaasa) 1971 45.0
7|3
-0
‘ 5@
Joensuu Multi purpose HE C o H
el Arena (Joensuu) 2004 110.0 z_lil'g‘
%
o
c
HEHE '3
32 Oulu Dome (Oulu) 1986 115.0 :
meEez
33 MEO Arena (Lisbo:) 1998 115.0
National Velodrome at z=Ed
. 2 79.0
& Sangalhos (Anadia) 009
NEE
35 Palaghiaccio Tazzoli ('Il'orinlo)r 1970 45.0
NEE
36 Alvise de Toni (AlllegL:) 1985 45.0
0=:2)0 5
37 Palaghiaccio Fanano (FlaiaLor) 1985 45.0 5
Palaghiaccio EC;
. 1987 45.0
= Gianmario Scola (Canazei) % 5
NEE
39 Palaghiaccio G. Bolino (P(lascatrzg) 1989 45.0

_7’]_



=

D | 7IUSITIRO| £ TP U 20 UG
No. =Y X el 4zt (m)
0|&2|0
40 | Palaghiaccio Di Cavalese (C;\/EalelsL) 1990 50.0
I
41 Pala Onda (Blolzalnor) 1994 70.0
IEE
42 Palaghiaccio Di Feltre (!lzeltrle)r 1996 70.0
IEE
43 Meran Arena (I\/lleralnor) 1997 70.0
0|&2|0
44 Modigliani Forum (Llionrrlwor) 2004 109.0
0|&2|0
45 Pinerolo Palaghiaccio (PilnEerclvlor) 2004 45.0
Palaghiaccio Olimpico Di UECY,
9 Torre Pellice (Torre Pellice) 2006 45.0
Impianto Massari O|E 2|0t
47 Palaghiaccio (Torino) 2010 45.0
I
48 | Stadio—del-ghiaccio fondo I=£=0f 2012 45.0

(Torentino)
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7}. OfA[O}
o J7IE 20| U= Gaia= OtAOIO|A 7+ 2 =X 1200 6522 HA U ATH2 43.500m 0 SH=

=RE M= AEE

o 7|& d=E0 ¢z of 2,600t M2 CO.E s

o 712 2M0|= Bl 0| Bt 0] MBS ZF517|01| 516,000kWhe| HHO K| AA

e 7|8
CEa
: gg
BEAM : .T!I-"H
TR CHE
/ \ 9
-II o | i _J'\_
| ® / [
—f—_ﬂl‘\ %/ I ﬂ
Q % oo
Giukam Tiniber: ) g
Charring layer=63mm
(90min Fira Ratad)

\""-\-..__
Ghulam Timber:
Charring fayer=63mm
(@0men Fire Rated)

RC Shear Wall

RC Shear Wall

CLT: Char_rirﬁ:msd:;m

J& 2-40. Gaiad®

50) archdaily (2022), Gaia = Nanyang Technological University Singapore / Toyo lto & Associates + Raglan Squire & Partners
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J|EiiTaH 0] 43 T U A8 LIS
= D 7RUSIIIRIO] 208 IFY U AN LS

® Port PlusE E20M 71y 22 S2EHC=

A

0= 44mo0|B), DE XY 7E XIS B2 3t 15 22F
et 452

,990m 2| FAHE ArEot0d 2f 1,6562t9| CO. & MEE 4= ALH, EZZ0 Hlok 2f 1,700t2] CO. HiE5Z

1
= 21E BE0E

BLedbis

T2 2-41. Port Plus®V

51) Port Plus (2022), Completion design tour
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H2 =x=2 XA, ZokE 371 B2 2AI1ZH HaHE(ZIYE 352 4A12t Liakd)ol et 3 A

o BT HIROIS 5] B2 TS MS010] UM SHOINL X 2H0lst, 812 BBlG10] HIS HYY
012

J121 2-42.  Kokubunji Flavor Life Headquarters Building®?

52) %A &#202560: 7t ) EEERREH, Kyoto Wood Hall
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I . 71z Aapmo| 43 M o 3 L2

k=3
= ..

T P 7RIGIFRKO| £ IP W L0

* Kyoto Wood Hall2 Y& Z[Z=2| S 2417t Ligt 2Xif “COOLWOOD™E 0|83l T2 WER =X 100%S

=

o Lol T IE WEMED OfL2 £H SO Y= AHEot0 Higl 8l 5 &F

M

No. =Y S A X4 k= =0] (m)
) ATE=2
1 Gaia (Saitama) 2023 24.0
Takaso Woodworking U=
2 Building (Hokkaido) 2021 280
U=
3 Kyoto Wood Hall (Kyoto) 2016 13.4
Kokubuniji Flavor Life U=
4 Headquarters Building (Tokyo) 2017 245
U=
5 Kochiken Jichi Hall . 2016 30.1
(Kochi)

53) Studio—-Kuhara-Yagi (2017), B9F 7L —/\—Z 1 7itAitE )L
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200m3 S7E N2 ASE A4 71& 1Y 7138 EEEIN

No. =Y X9 il =0[ (m)
Uz
6 Port Plus (Yokohama) 2022 44.0
2 Saitama Super Arena ‘ o= | 2019 0.0
Wooden Tower (Saitama
U2
8 Hida Takayama University § (Gifu-ken) 2021 40.0
a3
9 Forte Building (Melbourne) 2012 32.2
a3
10 25King Street (Brisbane) 2018 45.0
a3
11 |International House Sydney (Sydney) 2017 25.0
a3
12 The Gardens by D’Arenberg (adelaide) 2022 30.0
SF
13 Tallwood House (Melbourne) 2020 45.0
14 | Monash Woodside Building W If$ | 2020 40.0
for Technology and Design elpbourne
_5_7(
15 Linrary at the Dock (I\/Ielb(;t_Jrne) 2014 23.0
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I . 71z Aapmo| 43 M o 3 L2

T P 7SRO 208 I W AU LHZ

Lt. OtH|=|7}

e 20224 O ¢{AZAF L7 =0| 86.6m 255 259M|CHS| ASCENT Towerz MIA| Z1E =X
AZ=0|H A|H|0|HL} AHE0 diFote Z0= EZZA2E 25 MG 11 2| BXi= CLTE
ANESIAS

721 2-44. ASCENT Towerd®

54) Thornton Tomasetti (2022), PROJECT ASCENT
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200mE S7E HE HEE

© 20173 FHLT B H O 2{XISh E2|B[A|ZEH|0tH 2] =0] 53mo| Xl 18F

M ALQEX e 27| AS

7 2-45.

o

Brock Commons Tallwood house59

e
il
~
>

SR J|SAlS ARO| 1057}

e 715 HEETM

2100 =2x wd A%=20lH27hel 343t
No. =Y HE AT x4 e =0[ (m)
Ol=
1 Ascent MKE (Milwaukee) 2022 86.6
. . i[E
2 T3 Minneapolis (Minnesota) 2016 25.9
3 Canyon House O= 2023 34.0
(California) '
0l=
4 carbon12 2018 26.0
(Oregon)

55) archdaily (2017), Inside Vancouver's Brock Commons, the World's Tallest Mass Timber Building
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Ct /8

= Par, 7[00 498 TP 91 08 LS
No. =Y HE AR XYy alS =0[ (m)
0
5 The Radiator = 2014 29.0

(Oregon)

FHLHC

5 Brock Commons Tallwood LT 2016 530
house (Vancouver)
FHLIC
7 Origine (Qtlje[)erc) 2017 40.0
FHLICE
8 The Arbora Complex (Montreal) 2017 25.0
o ASCENT Tower O|THX| MA| 2| 1& SE4F0|AE ==9|0] O|0|AE2H|= =0] 85.4m X4 185 F=A

% 50| 3 7450/0{ CLT AIR

2 2-46. Mj@stirnet®®
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200m3 S7E N2 ASE A4 71& 1Y 7138 EEEIN

© QAER|0[S] HOHO YWY 0| 84m 24520 SX HFER ol 77 52 ZZJ2E 4171 52

=50l 7158

>

oL 02> %2

el

0x K 02> 102 EiHIrg jjo:

J& 2-47. HOHO WIEN5?

57) H1&25t(2022), HOHO WIEN
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I . 7182 ats|e| 3 oA 8l 3 L2

© 20223 HZZE YAHZFH 0] 73m2 215 52 1 OHE/F IS EL =ME 2,000m" AHE 510
Z

71& 242 E HSBEO HA HiEHE it A0l s
s v 1
| A }
Ll L] h,
s s s v 1
S
e
it ) | o
J*__ra ol
P et
1 A
'| e
=5 T 1 & R IEETTS T
Fmf . . B SN
b = oy “ : 1
o0 o b u:ll’ﬂ’,;ﬂj [ ?
21 2-48. HAUT YAHZHO| 215 115 OHLtESS)
HE2-11. SX USY USSR =g
No H=Y HE A X4 a =0[ (m)
=90
1 Mj @ starnet E?O_STIJCL) | 2019 85.4
=90
2 Treet == 90| 2015 49.0
(Bergen)
L=
3 HAUT (Amsterdam) 2022 73.0
=
4 The Cube (Bgrlin) 2018 29.5

58) ARUP, Designing and engineering the Netherlands’ tallest timber—hybrid residential building
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No. =Y X9 Ak %0| (m)
5 Sara Kulturhus Center (Skilﬂ%leé) 2021 75.0
6 The Treetop Tower S tiﬂ%lm) 2020 40.0
7 Skaio (Helséiri%org) 2019 48.0
8 HoHo Wien 9(3\/%;')% 2016 84.0
9 Pyramidenkogel Tower %(jrftilr?)r 2013 120.0
10 LCT ONE (%?rfb%lr:; 2012 27.0
1 Cenni di Cambiamento é)l\l/lElélr:rl]g; 2013 27.0
12 Stadthaus (Lo%i)n) 2009 29.0
13 The Murray Grove (Lo%:d%on) 2009 30.0
14 Dalston Works (Lo%:d%on) 2017 33.0
15 Tour Hypérion (BoErd%;fux) 2021 57.0
16 | The Lighthouse Joensuu (J(i?sEuu) 2019 48.0
17 | Puukuokka Housing Block (Jy%lngyla) 2018 28.0
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I . 7182 ats|e| 3 oA 8l 3 L2

T P 7SRO 208 I W AU LHZ

€ et =x 2se
e 20113 AHQl MH|OF] Metropol Parasol2 HA 18,000m?, 214 150m, =0| 28m=EA] MAGA 7t 2
RO EX AZE2AM, 1.56mx1.5m 37|29 LVL(Iaminated veneer lumber)S AArS X Q0f st

IES0| X2l HIZY sHE dded

© CNC 3% 225 A&l 2el0lH 292 2o 7150610 £ME2] 20l= 1.5m0l|lAf 16.5m AO], F/H=
68mmOilA 31Tmm ALO[O]H, ©f 3,400712] =X 2EMSUHA 7t 2 M= =0] 16.5m, 3.5m, FH|

140mm¢@l 7|SE MEotA=

Mavnpol Parssod

Pinza y mercado Sgusrs and rrses:

Andenes del matro Sonway plark 5

ESArChrs Urtans

T2 2-49. A2l M|H|0FS| Metropol Parasol®9

59) AV, Metropol Parasol
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J& 2-50. Metropol Parasol drawings69

e Yufu City Tourist Information Center2| 7|52 225F0| YAIHO 2 WHE ML 2L EXH 17H7F 150mm,
Hx| 500mmE 4,500mm ZtAC 2 217} HiX|&
e £0[6,500mm At 7|52 HHOIM E2|5[0] OFX[27t & M2 HWA7 HHE 4

2l 2-51.  Yufu City Tourist Information Centert?

60) arquitecturaviva (2011), Metropol Parasol, Seville
61) HIHENRADED, V=AM T3 A=Vt 5 —

_85_



D, 71RO 208 TP 9 208 LG

120x180—

1000x9.0 |

72l 2-52.  Disaster Relief Aviation Center6?

62) FEA&H#30476; (2020), Disaster Relief Aviation Center

_86_



200mz S7E U3 UFE UL 7

il
TS

M 712 HEHTM

© 20114 =290| 2|22 Steilneset Memorial2 20| 400mQl 2 E2 A2, 2Xf 7|S2t AXt A E

28l 71 MY HENS LB £2 7152

AXIS

CIRCULATION

THE RAMPS AS AN APPROACH FOR ENTRANGE

CONTRAST

THE EXTERIOR IS IN WHITE WHEREAS THE INTERIOR IS BLACK. MAKING
A GREAT CONTRAST OF THE BUILDING

SCALE AND PROPORTION

8 DIFFERENT HEIGHTS OF WINDOW -LIGHT BULS CAN BE SEEN DUTWARDS ANC
INWARDS
“VARDO INHABITANTS LIGHT SOURGE.
-SENSE OF PRESENCE

& 2-53. Steilneset Memorial63)

* 1965 ==29|0] EEA2| Arctic Cathedrali= 10702 &2t =i X|S IHES0[ 20| OFX| BlotE AHA|7|
SHZ F=EH UAS

o Uz

rr

OHl

h St S AR 0|0 A0 WSEatl OFset 291718 HEotal A

0|0

———
=
=2
[ ]
[
o]
=1

L e e ]
1

B |
—_—
f====4
S et
b
===
e comae
e e
[ o B sy
[C======j=e
-
f H

T2 2-54. Arctic Cathedral®4

63) archdaily (2012), Steilneset Memorial / Peter Zumthor and Louise Bourgeois, photographed by Andrew Meredith
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I . 715isapm ] -5 abe 8 8 L

= B, 7USIKIO| 208 AP G S0 LI

H 2-12. J|Et 2X HZE0| &g

No. =Y X4 il HY ()
1 Metropol Parasol ~H ! 2011 18,000
etropol Paraso (Sevilla) )
Chamber of Commerce and U=
2 Industry Hall (Tomioka) 2018 502.3
Fire Station U=
E Sumita Branch (Tohoku) 2018 /328
Yufu City Tourist 4=
. Information Center (Kyushu) 2018 491.7
Disaster Relief Aviation U=
g Center (Kumamoto) 2017 1940.2
ol
6 Michinoeki-Mashiko == 2016 1595.3
(Tochigi)
=9
7 Steilneset Memorial .i_ﬂlol 2011 4,000
(Finnmark)
=0
8 Arctic Cathedral =290] 1965 23
(Troms)

64) YA (2022), [21R2 Alb|9| 238 Jirf] 2302 Jt= BE L290] ESA
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© 2024'A AY IO EAPHE YA OtECS|S BHIZT10A EAl HX7H =X =S 2 0[F|Z! Stockholm Wood

CityE A=lgt
o AR OHKA it N, S8 AI20] & o F
7

e 250ty 2X[0] 3052 2X HE FEE 20253 ZAF AR 01X

—

J121 2-55.  Stockholm Wood City®®

© 20164 0|2 HZME CH&W 9| Liangbing Hu HITREIOIM A|AZ(see—through) X 71t

© By

S+ 530| 01 =0t A#2H X |8

=<

Making transparent wood

2 =FHE 2Y 7

J121 2-56. Transparent wood®®)

o SIHO| st 7|&0| WHOR ErA XfRYO

S7101 Kot

S o
a8 2E
o ot YR &2 2fety XMe|/t ER2A| 7| ME0]| TeEMY

21 2-57. =X LUzt ML A7)

65) BEAZIAIS (2024), M HE BREA|, ‘020 232|E'2 SrECt

EHCE20| R0t HEds=2

66) Wang, S. et al. (2023), Wood xerogel for fabrication of high-performance transparent wood

67) SFEEMARZ (2024), [7110] S MAK 2HM @©-4
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o FHLIT MAXEROIA iR 21
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S
|2 HAES MM IO HE, el

X AFA Ho RS 2

I*l Natural Resources  Ressources naturelles
Canada Canada

78 B30l R-2000 QISHIES
#1715

[E=3
=]

20 712-d0] MotE A0l A

SN HE MNS HEE KUK 24

A
3 2|1 S30llL{X| 58S HEE

This home meets l{,zooo Cette maison rencontre
the R-2000 Standard la norme R-2000
For details, please refer to the R-2000 Home Cerfificate or contact Pour plus de détails, reportez-vous au « Certificat de maison
your local R-2000 office or Natural Resources Canada's Office of R-2000 » ou communiquez avec le bureau régianal R-2000 de votre
Energy Efficiency at 1800 387-2000 (toll-free). |ocalité ou avec |'Office de |'efficacite énergétigue de Ressources

naturelles Canada au numéro sans frais 1800 387-2000.

Please consult your B-2000 Homeowner's Manual and ensure that

you are familiar with how to operate and maintain your R-2000 home. Assurez-vous de bien connaitre les directives de fonctionnement
et d'entretien de la maison B-2000 en consultant le Guide du

propriétaire d'une maison R-2000.

Certificate No. | N°du certificat

(Canadi

Directions: Peel off the back and place |abed on the elecirical service panel of the R-2000 home identified halw.
Instructions : Détachez |'endos et apposez |'dbquetts sur le pannaau d'entrée d'@ectricits de la malson R-2000 designée ci-dessous.

28 2-58. R-2000 QIZH|=68)

68) Raymond de Beeld Architect Inc.,R-2000 Homes
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=
A% SEE0| X2 FRis Y 2 28.6mO|H £0|= 2.25ma 20|X-AH H|(Rise-span ratio)=
0.082 AIZEIAOH ALSEH S| TP 500mx 180m2| FESTAML

37 2-59. ) 3F 35 A9 MY

© 20161 SYTE MU (HEE 2018 BYSASYL 17427 |5 XZ1EE 25 01| E2A 1XE 012310
TEMAS MOS0, 95m B7t AIETEE 6749 2X) Ofx| E3AS 2749 BE EajA U Ho|2S
|. (e}

AESHH Y= QY Nefohs +E2 SAOIIS

69) LI=217] (2024), S8E
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In a domed support structure, especially for roof construction, a compression dome is arched
in lengthwise direction in a catenary configuration. A tension dome is further arranged either
] Us Domed support structure side by side or below the compression dome and is also arched in lengthwise direction in %d
(1990 / US 4924638 A) a catenary configuration. The compression and the tension domes are provided with a 1>
compression sheating and a tension sheating, respectively. The compression sheating is 02
formed to have a high buckling strength. L
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The present invention relates generally to geodesic dome structures. More particularly, the
Hub and strut connection for | Presentinvention relates to a hub and strut connection for a geodesic dome structure and
17 US | constructing a geodesic dome | method for making same. The apparatus described herein provides a unique design for a
(2014 / US 8820006 B2) geodesic dome utilizing materials that are affordable and readily available throughout much
of the world for the construction and connection of hubs and struts.
The present invention provides a method for prefabricating, transporting, and rapidl e,
pres P prefebriea’ing porting. SR = N
assembling a portable, rigid, dome-shaped structure, with the structural integrity to enable
18 Us Lotus dome the suspension of extensive hardware and supplies. Said structure would be shaped for

(2017 / US 9783983 B1)

acoustic purposes, extremely durable, and allow for extensive climate control. Said
structure would be able to be fabricated in a wide range of sizes and shipped to remote
locations.
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Raftery, G. M.,
& Harte, A. M.
(Composites
Part B:
Engineering
/2011)

Low~—grade glued
laminated timber
reinforced with FRP
plate

Fibre-reinforced polymers (FRPs) are an accepted material by structural engineers for the
strengthening of structural elements. This paper describes an experimental programme
which examines the reinforcement in flexure of low—grade glued laminated timber (glulam)
with a commercially attractive recyclable FRP. Unreinforced glulam beams, FRP plate
reinforced glulam beams, unreinforced glulam beams incorporating an additional sacrificial
lamination and FRP plate reinforced glulam beams, which had a sacrificial lamination bonded
beneath the FRP plate, were fabricated and tested in flexure. The unreinforced glulam
demonstrated linear elastic behaviour and exhibited brittle tensile=flexural failures in
comparison to the pseudo—ductile behaviour of the reinforced beams. The addition of
reasonable reinforcement percentages strategically located in the tension zone resulted in
moderate enhancements in the stiffness while more significant improvements in the ultimate
moment capacity were obtained.

Ceccaotti,
A.,Sandhaas, C.
Q2
(Earthquake
Engineering &
Structural
Dynamics/2013)

SOFIE project-3D
shaking table test on
a seven-storey
full-scale
cross—laminated
timber building

During the design process of these multi-storey buildings, also their earthquake behaviour
has to be addressed, especially in seismic-prone areas such as lItaly. However, limited
knowledge on the seismic performance is available for this innovative massive timber
product. On the basis of extensive testing series comprising monotonic and reversed cyclic
tests on X-lam panels, a pseudodynamic test on a one-storey X-lam specimen and 1D shaking
table tests on a full-scale three-storey specimen, a full-scale seven-storey building was
designed according to the European seismic standard Eurocode 8 and subjected to
earthquake loading on a 3D shaking table. The building was designed with a preliminary action
reduction factor of three that had been derived from the experimental results on the
three-storey building. The outcomes of this comprehensive research project called ‘SOFIE
- Sistema Costruttivo Fiemme’ proved the suitability of multi-storey X-lam structures for
earthquake-prone regions. The tests provided useful information for the seismic design with
force-based methods as defined in Eurocode 8, that is, a preliminary experimentally based
action reduction factor of three was confirmed. Valid, ductile joint assemblies were
developed, and their importance for the energy dissipation in buildings with rigid X-lam panels
became evident.
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A consequential-based lifecycle approach is used here to explore the carbon implications
of conventional and low-energy versions of three timber multi-storey building systems. The
building systems are made of massive wood using cross laminated timber (CLT) elements;
beam-and-column using glulam and laminated veneer lumber (LVL) elements; and
prefabricated modules using light-frame volume elements. The analysis encompasses the
_ entire resource chains during the lifecycle of the buildings, and tracks the flows of carbon
Lifecycle carbon . . . . : _ .
Dodoo, A., L from fossil energy, industrial process reactions, changes in carbon stocks in materials, and
implications of . . . o L . _
Gustavsson, L. . potential avoided fossil emissions from substitution of fossil energy by woody residues. The
conventional and . S .
3 Q1 results show that the low—energy version of the CLT building gives the lowest lifecycle carbon
low-energy o ) . ) . . .
(Energy and multi-storey timber emission while the conventional version of the beam-and-column building gives the highest
buildings/2014) building systems lifecycle emission. Compared to the conventional designs, the low—energy designs reduce
the total carbon emissions (excluding from tap water heating and household and facility
electricity) by 9%, 8% and 9% for the CLT, beam-and-column and modular systems,
respectively, for a 50-year lifespan located in Véxjo. The relative significance of the
construction materials to the fossil carbon emission varies for the different energy—efficiency
levels of the buildings, with insulation dominating for the low-energy houses and
plasterboard dominating for the conventional houses.
An experimental program was performed at [VALSA Trees and Timber Institute on single and o,
coupled cross—laminated (CLT) wall panels with different anchoring systems and different Yy 2
types of joints between adjacent panels. The mechanical properties of CLT walls were z 7/
Gavric. | assessed and are critically discussed in the paper. The connector layout and the design of | £/ TT117
Fragiacorr,wo.,, M. | Cyclic Behavior of the screwed vertical joints were found to markedly affect the overall behavior of the structural & Lo
Q1 CLT Wall Systems: = system. The in-plane deformations of CLT panels were almost negligible, whereas | | | [cyawr
4 (Journal of | Experimental Tests concentration of forces and deformations mainly occurred in the connections. Advanced | ™ O
strgcturgl anq Analytical analytical models for nonlinear pushover analysis of CLT wall systems were developed and ae
en%noeg)mg Prediction Models g ified against test results. The models take into account all stiffness and strength ﬁ“

components of connectors, as well as the bending and shear deformation of the panels. A
parametric study of CLT wall systems with different aspect ratios and wall segmentation was
performed, showing that segmentation of CLT walls decreases their stiffness and strength
but significantly improves their deformation capacity.
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Dietsch, P. 2 1
(Construction
and Building

Materials/2015)

Self-tapping screws
and threaded rods as
reinforcement for
structural timber
elements - A
state—of-the-art
report

In timber engineering, self-tapping screws, optimized primarily for axial loading, represent
the state—of-the-art in fastener and reinforcement technology. Their economic advantages
and comparatively easy handling make them one of the first choices for application in both
domains. This paper focuses on self-tapping screws and threaded rods applied as
reinforcement, illustrating the state—of-the-art in application and design approaches in
Europe, in conjunction with numerous references for background information. With regard
to medium to large span timber structures which are predominately erected by using linear
timber members, from e.g. glued laminated timber, the focus of this paper is on their
reinforcement against stresses perpendicular to grain as well as shear. However, latest
findings with respect to cross laminated timber are included as well.

-9Cl -

Brandner, R.
Q4
(European
Journal of Wood
and Wood
Products
/2016)

Cross laminated
timber (CLT):
overview and
development

Making use of general information concerning the product’s development and global market,
the state of knowledge is briefly outlined, including the newest findings and related
references for background information. In view of ongoing global activities, a significant rise
in production volume within the next decade is expected. Prerequisites for the establishment
of a solid timber construction system using CLT are (1) standards comprising the product,
testing and design, (2) harmonized load-bearing models for calculating CLT properties based
on the properties of the base material board, enabling relatively fast use of local timber species
and qualities, and (3) the development of CLT adequate connection systems for economic
assembling and an increasing degree of utilization regarding the load—-bearing potential of
CLT elements in the joints. The establishment of a worldwide harmonized package of
standards is recommended as this would broaden the fields of application for timber
engineering and strengthen CLT in competition with solid-mineral based building materials.
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Pierobon, F.
Q3
(Journal of
Building
Engineering
/2019)

Environmental
benefits of using
hybrid CLT structure
in midrise
non-residential
construction: An LCA
based comparative
case study in the U.S.

Pacific Northwest

In this study, the cradle—to—gate environmental impact of a hybrid, mid-rise, cross—-laminated
timber (CLT) commercial building is evaluated and compared to that of a reinforced concrete
building with similar functional characteristics. This study evaluates the embodied emissions
and energy associated with building materials, manufacturing, and construction. Two
alternative designs are considered for fire protection in the hybrid CLT building: 1) a
fireproofing design’, where gypsum wallboard is applied to the structural wood; and 2) a
‘charring design’, where two extra layers of CLT are added to the panel. The life cycle
environmental impacts are assessed using TRACI 2.1 and the total primary energy is
evaluated using the Cumulative Energy Demand impact method.
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Results show that an average of 26.5% reduction in the global warming potential is achieved
in the hybrid CLT building compared to the concrete building, excluding biogenic carbon
emissions. Except ozone depletion, where the difference in impact between scenarios is
(1%, replacing fireproofing with charring is beneficial for all impact categories. The embodied
energy assessment of the building types reveals that, on average, the total primary energy
in the hybrid CLT buildings and concrete building are similar. However, the non-renewable
energy (fossil-based) use in the hybrid CLT building is 8% lower compared to that of the
concrete building. As compared to the concrete building, additional 1,556 tCOe and 2,567
tCOqe are stored in the wood components of the building (long—term storage of biogenic
carbon) in the scenario with fireproofing and with charring, respectively.

Manuello, A.
(Journal of
Structural Stabilit
and Dynamics
/2020)

Semi—Rigid
Connection in Timber
Structure: Stiffness

Reduction and
Instability Interaction

Recently, the stiffness connections were studied, numerically and experimentally, as one
of the most important factors influencing significantly the structural response of space
structures and domes. Very often, in the design process, the joints are assumed to be hinged
or clamped. This assumption may result significantly far from the actual condition of
in—service structure and components, leading to not understanding or not being able to
prevent sudden catastrophic collapses (buckling, snap—through). Thus, the inclusion of joint
stiffness reduction in the numerical model is necessary, more and more also due to the types
of external loads, such as overloads that occur during the life of the structure or, especially,
seismic solicitations. In this paper, the stability of an existent timber dome has been studied
increasing the yieldingness of the connecting nodes according to an original approach. In
addition, sensitivity of this kind of structure to the amplitude and the geometrical
imperfections shape have been also considered. Numerical analyses have been conducted
with local displacement controls, to take into account the geometric nonlinearity effects.
Results evidenced that the dome is affected by instability interaction for particular
slenderness and stiffness reduction of the connections.

Shu, Z. 2|5
(Archives of Civil
and Mechanical

Engineering

/2020)

Bolted joints for
small and medium
reticulated timber

domes:
experimental study,
numerical

This paper proposes a new type of bolted glulam joint for small-span and medium-span
reticulated timber dome structures. The joint fastens the timber elements and the angled
slotted—in steel plates together with steel bolts. Reasonably simplified experiments were
designed and conducted to understand the mechanical properties of the proposed joint. Finite
element models were also developed and calibrated with the tested results. A four-line model
was provided to explain the mechanical properties of the joints, which were observed from
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simulation, and
design strength
estimation

the tests and simulations. To facilitate the future use of the proposed joint, theoretical
derivations were provided to estimate its mechanical features. According to the estimation
equations, bilinear moment-rotation curves could be easily obtained for the joints with
different wood species, member sizes, joint designs, and/or bolt diameters. Finally, full-size
structural models were created to investigate the static stability of K6 single-layered
reticulated timber domes with the proposed joints. The influences on the ultimate structural
stability capacity from the span, the rise-to—span ratio, the joint model (i.e., stiffness), the
initial geometric imperfection introduced from the construction, and the load distribution
were systematically investigated.

10

Villu, K. 2/ 3
(Journal of
Building
Engineering
/2021)

Airtightness of
cross—laminated
timber envelopes:
Influence of moisture
content, indoor
humidity,
orientation, and
assembly

Decrease in the relative humidity (RH) of the indoor air causes cracks in the cross—laminated
timber (CLT) surface resulting in air leakages in the CLT panel. The effect of construction
moisture on CLT air tightness properties is not clearly defined, which is important for moisture
safe construction. The aim of this study was to investigate the effect of high MC on CLT air
tightness properties compared to conventional factors such as indoor RH change, insulation
type and facade orientation. An air permeability test was carried out on 12 different test walls
with CLT as the airtight layer exposed to indoor environmental conditions. Test walls were
constructed from CLT panels with two different initial moisture content (MC) values, =13%,
and =26%, and in addition, different insulation materials were used in the wall assemblies:
mineral wool, cellulose wool and polyisocyanurate (PIR) plates. Air leakage measurements
were carried out at two different times, first in mid—autumn and second at the end of winter.
Based on the results of this research it was concluded that high initial moisture content in
the CLT panels significantly weakens the airtightness of the external wall. CLT exposure to
water and wetting the CLT panels during construction carries more than a risk of moisture
damage, and the planning and implementation of moisture safety in the construction of CLT
buildings is therefore essential if the CLT is to be considered as an airtight layer. The effect
of a change in indoor RH is small on the air permeability properties of the CLT wall. Therefore
the b-layer CLT panel can be considered and used as an air-tight layer in external wall
construction as long as its initial low moisture content (about 13%) is maintained during both
construction and service life.

EW L1 MC= 26%
EW L2 MC= 13%
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The brick-timber structure plays a crucial role in creating a comfort indoor thermal
environment for low-energy vernacular dwellings. Herein, the thermal environment of the
dwelling was studied by DesignBuilder software and evaluated using Adaptive Predicted
Mean Vote (APMV) index. These results revealed that the indoor damp and cold feelings
Effect of the intensified in winter, and the mountain as a natural wind barrier weakened the attack of the
en\éel(.)pc;e struhcture | prevailing wind in winter. These results leaded that the wind speed of the tested room was
7h W95 on't em oort ter;na lower than 0.1 m/s. The thermal comfort satisfactory days in a year accounts for 56.2%, and
(E evqg, ' al er;v:;/o_nmen © the overall level of indoor thermal environment was low in the rest of the year, especially
1 Tgclhrsglrgen&a resid(e)ntiaelgigﬁjxi/n » in winter. The simple structure of the exterior envelope and the single material were the main
Innovat%; humid subtropicgal reasons for the poor indoor thermal environment of naturally ventilated buildings. Therefore,
/2022) climate: In case of optimization strategies such as increasing the insulation materials of the envelope and
brick-timber adopting insulating glass windows were proposed. Compared to that before the retrofitting,
vernacular dwelling the overall thermal environment grade of the vernacular dwelling has been improved by 4.7%
in China (grade 1), =0.3% (grade Il) and —=4.3% (grade ll), respectively. The poor thermal performance
and airtightness of the envelope easily lead to the negative effect of outdoor cold, heat and
water vapor entering the house, which affects the thermal environment grade. These
conclusions provided a reference for the optimization of the thermal environment of existing
low-energy vernacular dwellings in subtropical humid climate areas.
The paper gives an account of the potential and need for energy saving in standard family
detached and semi—-detached wooden houses in Greenland. It is based on studies of house
construction compared with Building Regulation requirements and the spread of buildings
. over time. In the climatic conditions of Greenland, there is considerable potential for energy
The potential and ' gaving in houses due to their construction, shape and condition. To estimate the total potential
S,P,Bjarlov. 2| 1 need forenergy | for energy saving and thus reducing CO, emissions, we carried out a detailed investigation
,(B,uilding énd saving in standard = of three typical standard semi-detached family houses (type 18D). Temperature, relative
12 Envi ; family detached and| humidity and air tightness were measured, and thermal bridges were determined from
n /l;%qr?)en semi-detached drawings, visual inspection, and by using a thermal camera. The findings show a current

wooden houses in
arctic Greenland

energy consumption of up to 383 kWh/m’ for heating, poor air tightness, a large number of
thermal bridges, and high indoor temperatures. We demonstrate a potential for a reduction
in CO2 emission by a factor of 10. Finally, the paper describes a practical way of reducing
thermal bridges significantly, increasing air tightness, upgrading insulation and adding
mechanical ventilation to approximately half of the housing stock without changing the
architectural expression or having to relocate the occupants during the renovation.
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The building energy demands of the CLT wooden houses were evaluated based on the 02
energy-saving design standards in 14 domestic cities. Outdoor climate data of 14 cities Lo
obtained from Meteonorm 7.2 climate data calculation program. In the case of Gangneung, 0o
the annual heating energy demand is 31.93 kWh/m’a, which is 18.97 kWh/n’a less than Seosan,
28 — o -, which is divided into the same regional classification. In addition, the demand for cooling and
U 7|2 X8 1t
s 23 CLT 2xxe0| 712 heating energy in Gangneung (central region 2) and Busan (southern region) was lower than
(Bt=deety OU4X| Q12 T} the demand for cooling and heating energy in the Jeju region. The difference in energy demand
813|X|/2018) —lee indicates that excessive insulation design is required for Gangneung and Busan compared to
other cities. This means that it is necessary to review the energy—saving design standards based
on the weather data and building energy demand in each city. In this study, the regional
classification considering the thermal environment condition of each city was derived, and the
insulation performance criterion for each regional classification was suggested.
S Z|Z L0 HoliXl= 22 ZHZ QIot0d, MAXMRE Tietd 1150| HRH0| My 2451 U=
oo TR & st HHOICH =i 2A7tALL HAHIES £0/= sH2 2 QIot0 MM 7Hsotl K& 7tstt Hetd™ 15 TVGER =8 a3
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HYBRID #X/Y SEE Px84

CONCRETE + TIMBER CONCRETE

STEEL + TIMBER STEEL

MIXED + TIMBER CONCRETE + STEEL

3|X]/2020)

In this study, we will develop a hybrid cross—sectional shape of steel inserted type
glued-laminated timber that can improve the strength of structural glued-laminated timber
and maximize the ductility by using steel plate with excellent tensile and deformation ability.
A total of three specimens were fabricated and the flexural performance test was carried out
to evaluate the structural performance of the steel inserted type glued-laminated timber. In
order to compare the effect of steel inserted glued-laminated timber, one structural
glued-laminated timber test specimen composed of pure wood was manufactured. In addition,
in order to evaluate the adhesion performance of the steel inserted, one each of a screw joint
test specimen and a polyurethane joint test specimen was prepared. As a result, all the
specimens showed the initial crack in the finger joint near the force point. This has been shown
to be a cause of crack diffusion and strength degradation. The use of finger joints in the maximum
moment section is considered to affect the strength and ductility of the glued-laminated timber
beam. Polyurethane—-adhesive steel inserted glued-laminated timber showed
fully-composite behavior with little horizontal separation between the steel plate and
glued-laminated timber until the maximum load was reached. This method has been shown
to exhibit sufficient retention bending performance.

 Loadikt)
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In this study, phase change materials (PCM) was applied to the core-layer of cross-laminated
timber (CLT) to improve the low thermal storage performance of CLT. To solve the phase leakage
of PCM, PCM/biochar composites were prepared in a vacuum state by impregnating PCM
(n—heptadecane) in biochars that were pyrolyzed at 400 and 500 °C, respectively. Gypsum
boards with improved thermal storage performance was prepared by mixing 10 wt% of the
prepared PCM/biochar composites, and these were applied to the core-layer of the CLT to
develop a hybrid CLT.

The physical and chemical properties of PCM/biochar composite were evaluated through
FT-IR, SEM, TGA, and DSC analysis, and the thermal performance of P/B board and hybrid
CLT was evaluated through heat transfer experiments.

The surface temperature reduction and heat transfer delay effect of hybrid CLT to which biochar
produced at a pyrolysis temperature of 400 °C was applied was excellent.
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hygrothermal A5 Z7}

Thermal performance of wooden houses used by building materials effectively contributing
to building energy saving has been improved. However, the performance was decreased to
the condensation and mould growth from exterior wall because the moisture control was
difficult to high insulation and airtightness. Therefore, the hygrothermal performance of exterior
wall, that selected 5 types of wooden houses, evaluated using the hygrothermal simulation
program: heat and moisture behavior, condensation and mould growth risk. Wooden houses
were selected Rural houses standard plans "10 and 14, 2"x6” type, EIFS and wood-based
passive house. And the wall A, B, C, D and E were determined by layer component of each
wall. The U-value of exterior wall are 0.171, 0.172, 0.221, 0.150, 0.079 W/m’K. The OSB
absolute water content of the wall A and C was exceeds the reference value of 20%, and it
was confirmed that condensation occur at insulation material inner surface through the
condensation evaluation in the winter. The wall D and E showed excellent results with
condensation and water content evaluation compared to others. However, mould growth risk
assessment in all five types of wall had have risk. We were determined that hygrothermal
performance difference of exterior wall occur the difference in the layer structure rather than
in thermal performance.
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This study aimed to establish a thermal performance database for various lightweight 22
wood—frame house envelopes in order to increase the accuracy of insulation assessment and
energy performance analysis for lightweight wood-frame buildings. The differences in energy
and insulation performances were analyzed based on the thermal transmittance calculation
method for composite walls. The linear thermal transmittance (¥), equivalent thermal
transmittance (Ueq), and thermal conductivity of various composite walls for lightweight
wood-frame houses were calculated. PHYSIBEL Trisco V.12 was used for the heat transfer
analysis, and DesignBuilder V.3.4 was used for the energy performance analysis. The thermal

i 1SO 10211 Mg sfAl transmittance in the case studies was compared with the heat transfer analysis, and the results
el 2l 4 351 Hamoxo| X0 confirmed a difference of 3.8%722.7% for the thermal transmittance and a difference of
10 (Hfatpzstsl= =7 7 T 3.2%?12.1% for the heating energy. When heat transfer analysis was conducted for various

configurations of the lightweight wood-frame house such as the stud spacing, stud thickness,
stud placement, and presence of an airtight layer, the results showed a linear thermal
transmittance (@) difference that was approximately 4.8 times depending on the wall
configuration. The thermal conductivity (A) of the inversion stud and insulation layer was
0.043370.0492 W/m-K, indicating a maximum of 11.9% on the stud interval of 406 mm (16
in) and 0.0404?0.0452 W/m-K indicating a maximum of 10.6% on the interval of 610 mm(24
in). With the database established in this study, the thermal performance of the composite
walls in lightweight wood—frame houses can be calculated without a complex heat transfer
analysis and can be used as basic data for the construction of eco-friendly low-energy wooden
structures.
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Over the past decade, the demand for wood frame house has been consistently increased due
to their environmental performance and comfortable indoor air quality. In this study, the annual
heating energy demands of standard models for light-weight wood frame houses were
analyzed to confirm the energy performance of supplied wood frame houses in Korea. The
standard rural house and low-energy standard house were compared. As a result, the annual
11 (tessel= HZRd0| heating energy demands were most influenced by the difference of configuration of exterior
251/2016) LI KA s 24 envelope. The simulation results showed that annual heating energy demands of standard rural
house were 103.9 kWh/mta (A-type), 111.7 kWh/ma (B-type) and the value of low-energy
standard house was 48.3 kWh/m‘a. The most significant heat loss of standard rural house was
transmission heat loss of windows even it has area of 11.44m’. In addition, the annual heating
demands were changed according to local weather data and air-tightness performance.
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D HI‘:"'P HEZ M2 ANMS L2610 AR M3 CHet 7t 2= 27171X|2F R&D O[4k= A6t 0|12 Soff

o A B/C ratioE H’S%ﬂ*

A= B/Cratio?} 8.242

o A-H *I’” J(HSLH)H et =7t & F77H| & R&D GlAtE et 5
OteHet 25
WOl = AE 22 HIIIX|(ZLH+=LINPY = 48,6369
H|S(47.8%) x R&D7|HE=(35.4%) x 7|&7 | =(25%)
-H|E(395.59 &) = AE AQ Oil4te] SAXHI FX|(H7LH| NPV)
- HO|/H|E = 882.69 ®/331.8% & =2.66

2 B/C ratio A&A19] MH A=

BE)x7IEME EE(42.9%) x RII7H|

H6-13. EANZ =X 37t d5E 44 712 B/C 24 21t (el o 2)

. 21 29|
Benefit Benefit

az ANgHE AgERE Pel\rf::rﬁ?on AZHE Agane Pe'\rf:tr;?c}on =
2025 - - - - - - 22.9
2026 - - - - - - 53.5
2027 - - - - - - 60.2
2028 - - - - - - 71.1
2029 - - - - - - 71.5
2030 - - - - - - 52.6
2031 30,915 10% 3,092 21,188 1.2% 254 -
2032 33,234 11% 3,656 22,460 1.4% 314 -
2033 35,727 12% 4,287 23,807 1.6% 381 -
2034 38,406 13% 4,993 25,236 1.8% 454 -
2035 41,287 14% 5,780 26,750 2.0% 535 -
2036 44,383 15% 6,657 28,355 2.2% 624 -
2037 47,712 16% 7,634 30,056 2.4% 721 -
2038 51,290 17% 8,719 31,859 2.6% 828 -
2039 55,137 18% 9,925 33,771 2.8% 946 -
2040 59,272 19% 11,262 35,797 3.0% 1,074 -
NPV - - 44,513 - - 4,123 331.8
B/C - - - - - - 2.66
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