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The Transition of Digital Technologies for
Irregular Shaped Buildings
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Abstract The irregular shaped buildings have depended on the digital technology for their design and
construction. The digital technology also has been developed for years at fast pace. This paper examined the

cases of the irregular shaped buildings from 1990, when the result of the architectural works were begun to

emerge to the world, up to the present and characteristics of the digital technology of those periods.
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: Digital technology, Irregular shaped builing, BIM, Building Information Modeling, Transition
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3 AsE S A% dAE Vs WHe uet A

2.1 CAD AJAEIO| A}

19064 R3] Ake Ao AIA AFE o
AVE ARFEIS O, 1 0l EWALE, Y8120,

o] A2 Z 2N M A Fo g2 HFH 7ed F2 Al
Zb ol whE &2 Hbdsf ghrh fdEEok] ARgE AL
%l CAD(Computer Aided Design) A|AE2 1963
SketchpadS A|ZE 1970dtjjol= 16-bit AT HAL7|2}F
ARFEA O] WUE], 1980 ZHtolli= 32-bit =7
ol HAIS HAE A wUEE Aestel AFEa
ou, g2 AA 9 AFIA7F CAD AAEE st
Argofe] AHgsL7] Al&stA o, 7HAT {AHl= AL
7glon MibHE AAMT ZejEo] fiA]stal
2 A4k gddAtel] osf 24 E Q). o]% PCY| FHoRE
CAD A|AHIE0] PCROo2 HIE7] AZshHA] CAD
o] dF37t A= STt A Q] CAD AJAEIS 1982
d s AutodeskAlF2]  AutoCADL}  GraphisoftA}2]
ArchiCAD, 1984 7]&t%l MicroStation2 1 o2 & 4=
o, o5 AR E A% AR SN A of-EE L
= CAD A|AE|Eolt},

2.2 MAAIRAC| CAD A|AHI ZQIHA}

S AL 1980 AT W ALz A A
#oR 2D CAD7} EQIE|WA] EHAAT Aealo]
W37 07 AZEIYTE Z27)o= CADE EHo] ZHA]

Hol ofls] ZE =S A0 HEAA So
ulg Agshs Walo] AgEIgoth 45 Folww )
Al A shele A

G s AR Rt 4

AE=F T4o gl =
H Ao A3} go)Ado] SRAE|QITE ESF A|ZFA 0]
£ %7] 93t Max, Maya, Rhino 59| 2d&] E5o]

o
)

=]

A% Zeelol e 9lste] AHGHUA Lo A5t
| A2 BAES tjAsl] AAstdct olee dutes
o A7 olshE B ofae sgou), YgaE, 2
FA%, Bk 4y A550] WolwA Azl of
syt obd Algo] 715 7159] 3D HlofE] Skt A
A5 WashA wolch olelet Baye] ofs) ol
Al BIMe] Tt e A7t AkEglon, BIM 7]
29 WA, BRG] HBE ATEA YR,
HAEAZ Foll We 7lelE st gtk e of 3]
Azl 28] SIAE olgH o VeHom 3
s3jolof & BAIS0] We 2 E AHolth

2.3 BIM(Building Information Modeling)

AEC(Architecture, Engineering, Construction) A&
oF] HIEEAS ¢lof7] ¢J3t oz 1990 o) A7
A BIM o[22 2000dtho] AYA 7]<0] K]
AlZFsheT BIM2 7@ 22 Open BIM(Big BIM)i}
Little BIMS. 2 Hz|x]o] oJaljx]|1L Q) o, Little BIM-&
o sz EQo] yae] Y A% wahH, tAtely
of tixiel B2 FEEAG ZeuE AL 919 L
I %J= Rhino, Max 52| Hdlg|e} AHAF FA9
3D welelo] aEu] 2DEwe| AAo] 75t Tk
Eg CAD &, ArchiCAD, Revit, Microstation 0] Qt}.

Open BIMZ 7|84 Ao o]2+= 14 Z2AE
A7) ool WA= A H(graphic  data®}

non-graphic data)2} ZZA|A 2 $3AS E5leh= 2
" e olsfd 4= Slrk

3. HIEY CIX|E A=9 HA

vy 15 AAE Y8l tRE7 e 1980t FE
2l AZ7tol| o3 HgE|o] ghou), A Ao R 2E9
AnE 729 AL 19909 Z2yHREelty 1ER
2 AgtellAl= 1990t E 7R & A" 7]&0]

Ae5 w4y A%S T oAPESIE stel At WA
& YmuEE s

3.1 1990'—=||:H ES1-
1990 A = E
A57FH=0l 7d FEA % Al OxE Ve =YW
= Aotk & txd FejHy 9 Ag7He] fxe
o] 22 7HsdE Hole A7zt & 4= Qlk dix
29l A%7ke T ofolanty 19 AL 5 4 glom,
oe] ofolAute] 712k BH7] 7|H(Fold & Unfold)z}
138 9] u}E] S (Particle)2} T Ek(Fractal), 18|11 £
(Blob)71Y] o] FejAA7IHeR AMEU & 19
AR % Greg Lynn®] ‘Citron House’ = ZFEHX]of] &
Aol 2 e skeleton© 2 FA WS EA5k0] 4
ZHzdeh), Hik(blob)dl= PR FEHE A
w, ‘Port Authority Gateway =
OS2 I AT ol A
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[E 1] 199095 2 55 A2 A5A
[Table 1] Curved shape building examples in the early 1990s

Columbus
Convention
Center, I|E
oto|® 2t 1993

Port Authority
Gateway,
Greg Lynn,
1995

Cardiff Opera |Citron House,
House, Greg |Greg Lynn,
Lynn, 1994 1994

3.2 1990UILH St HIHY CIXYAS

1990t Fubof] SpAE X E7|50] gl Feja
Z)gamnt opjel, AEwge] v duolgze] wak, A|
& g3 ORI Hojg 7% o YR ALE] A%
a}9ich. Frank O. GehryE tj4Ql 42712 B 4 9
o5, 3D YA YBY 75 98] CATIAZS A18317] A
2glow, o] Aol 3DAAY, ONC 2] 5= @
AMEE] AT,

[E 2] 19904t S v 3T 4972
[Table 2] Curved shape building examples in the late 1990s

Walt Disney
Concert Hall, Frank
O. Gehry,
1987-2003

Guggenheim
Museum in Bilbao,
Frank O. Gehry,
1997

ING Bank Head
Offices, Erick Vian
Egeraat, 1997

Korean Presbyterian
Church, Greg Lynn,
1999

A S A3 HH, ‘ING Bank Head Offices’= |22
A9E BlobgAbe] ZaEolt. 72 ke 714l 267)
o] BtzA| glHE o] jlom, o] A=Y Al
28 99 3RS o F A4 A doje
ol gstglen, o] SEA L= Aol AR
=] 2] 9kQFrh[2] Frank O. Gehry2] ‘Walt Disney Concert
Hall'& 2% CNC milling7] .22 CAD/CAM7|Ho]
gl Hzo] ARRA, CATIAY AFg-0 2 oj¥le] A3}
gt Ag} Aeto] ZheRon, HRE7|eo oloeg A
Aol AZH ] tARle] 7hs/dE HolE Aldlelch

‘Guggenheim Museum in Bilbao’= 23} x}-G-2-8 FE|

= A AELE CATIAS AREate] BIE Y A9
el Aibo] 7hsatglon, tXd 7w &8
txpel A ollA vl Hol Extst FejA o2t
P20 A4, NEAR) RS AR ABE 7
3|58 tl. ‘BMW Pavilion’, = ‘Bubble’2 Z10| 135m, &
25m, =o] 18m FHE F O =98 Feirt A2 &
= Feoln, - FE9 FEAUAE 6l
CNC7Fs-& &3l 350719] ol5¢ whda} &g of=d {
2] oja] AZko] o]FolXl Atgo|th[3]

3.3 2000tAcH =gt HIFY CIX[EH=

20004 FE= HHE ASTARIO] B 2
A HAE ARl AlgTEE AR 718
Eol go] =g vk 12218 M-S gk A
=0 B2 WA ofF AlZloltt difEe] All= A5
77} 3D HAERE e 53§ 3D AAHOE 7 AlF
7HA| AAE o] ARGEA] AW AlF AL B o] whel
A7 2™ dolEE ARgste] A Al RE Ee R
= 2ES oA ST Afolh I ARIE ATEd
o 2k

o

of ro,

N o
)

i

[E 3] 20004t 23 v 9D AZA)
[Table 3] Curved shape building examples in the early 2000s

o
Al

British  Museum
Great Court London,
Foster and Partners,
2000

Experience Music
Project, Frank O.
Gehry, 2000-2004

Kunsthaus Gras,

, Peter Cook & Colin
Terminal, FOA, 2002 Fourrier, 2002

EdenProject,
Grimshaw, 2001

I

”
MIT Stata Center,
Frank O. Gehry,
2004

Swiss Re. Foster
and Partners, 2004

Murisland, Vito
Acconci, 2003

‘Experience Music Project’+= 3D T] X &9 (CATIA)
£ ARESte] 79 2 JEAN) S 5, ARk,
‘Eden Project’?] A= AZ717 Axe] wxd 73
& FE5] AlFstaL, AledAe FHEgeriE AlF

4212



H]

9% A= 79

o

AR A" 719 WHo| udt A

»ES A2 2F=35}cE ‘Kunsthaus Gras’of| A= 3D
gRdmd folel7} oF A7 At A nd A
A 8 B3 ejmARe] 44 9 Aol g
‘Paul KleeAlE]'= UR]E 7|4 AFRSI] o2 |
2 30 1y AETER AR, Syelglon], BUE 5
o o] &t QIH FAFTY WA = FU 2=
2 CATIA 7]4S %83 Aot g mdgos
R o - 2% gld Felr ol 187 CAMO 93t
7 2ys Ak em, A2 aid 39 o] I8
& TAH 9 ZHELES excel2 YA T o] ZEE dwe
£ AAstelen, =59 s 5ol 3D FE =
=S AYAEFGICH4] ¥, ‘MIT Stata Center’:= ©]A]
710 3D A2 H(CATIA} Rhino)& Al3Ae}t A3 &
et FAgE Al o]F fleiAl= AAISE AlFEIAL
T+ old AZEo] AE7)exte] SHet JAXATL
A

3.4 20004 Ftt HIFH CIXIYUS

200038 Frlel s EE 7He =l TR
A 1% tAel Az} o on], S
A5ol Ae Sfak ONCAHR 5ol HFHom w9
RHESEEE

g

P

i e

[E 4] 20008t SHF v P o)A SAH]
[Table 4] Curved shape building examples in the mid-
2000s

MARTa Museum of
Future, Culture and
Art, Frank O.

Gehry, 2005

Hessing Cockpit in
Acoustic Barrier,
ONL 2005

Milan Trade Fair,
Mario  Bellini, 2005

Mercedes Benz
Museum, UN
Studio, 2006

P&C 23l Renzo
Piano, 2005

AM3e|nl System
Lab, 2006

‘Hessing Cockpit in Acoustic Barrier’-> B-spline2 %
DELE ECIRE ISEERERERE EERR
slgou, of o] SWe wEEo] 2t 5 Ao
Last dole st Fsslgln, of HolEg 2z
WA WEASS YT ONCAE Aol olTolzinh
‘MARTa Museum of Future, Culture and Art’= %33}k
3D e F55ke] A 2489 e 845 CNC

7hgol ofsl Alztsigton, slolxl RCH eha g Siet
et A3ER] ARZbo = AMRE| QT ‘Milan Trade Fair=
109771 i freleh 9000Eo] Foke Zajdlel o
S A st "RIEAATIE ol ARGH T P&C
H3H-e- o]FH(double curve) A1 HA] He} 6,50001 7
o] fe] #dol AFE flste] TAE BEE o]83F o]
59 Tule] FEY 43 BF AE 2 Ao] o]0l
Rom, AAl AlgoMe e AR A3 °ol5H
Sjo] Azt B Gl chAIE ik ‘System Lab
o] Ao gEuED ARl S AR, 239
S ot sjAs Foke] okl AR 7hsE 3
& A|ZgE FU Alg|o|t). ‘Mercedes Benz Museum’2
TRl 2 A 20 A 78 AlFof o]27]714] 3D RHY
o A%H o AT Adolch o|FE THel MEuHE
o] o)gu} g7He] Bast Feh 3D melal ONC
Feer s AR AlzkE sS4 Bl e @
ol A AUAIE ForA olFH WIS Algd 4

AATR[3]

rode

3.5 200040y St HIHY CIXLAS

20001t Fko] Spa FHfjol A= BIM7] 0] B3
Hgo] AEE7] s on], FAHoRE ugY 7
zo)He Sfah B 71ewHo] A Al7lolek. )%
B AL SIat Tharet 7140 W it o] X17]9)
=

Aoln] 1 Al cheat ek

> 1

[E 5] 2000dc) 4t w13 AL AZA
[Table 5] Curved shape building examples in the late 2000s

Innsbruck At
E2/7, zah hadid,
2007

BMW  Welt, Coop
Himmelbalu, 2007

Zlote Tarasy, Jerde
Team, 2007

Beijing National
Stadium, Herzog and
De Meuron, 2008

Water Cube,
Architects PTW &
Arup, 2008

il =
CCTV headquarter, |Infinity Tower, SOM, |EPFLEHEMIE],
Rem Koolhaas, 2008 {2009 SANAA, 2008
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A7) kE) A 4127 A9F, 2011

‘BMW  Welt'= 3D u]x]euat% ol HE29 &

FzAAS 9w Arel G, Agelels Tae] B
He S Al =& Xi7HEEﬂ% A5} “Innsbruck
HAF U4 HA| BEA2e} AR dS AEdste
2,50071¢] PEFAl= 3D HRdxdo] o5 tedat 7
A7y A HSlen, AsTtel 2, A, FA SJARY
/\%—'11240 %1%1 o7 X%E]—HJ,]- A4 ?Sl—o] 7}.6_§H1‘::] /\]-aﬂo]
t}.[3] “Zlote Tarasy’= HAREFE o]-&35to] x]5o] =
5 22 et 22 FEHL Hes gAIE e
3D tiXErd dolERRE FslgEAo] o]folR]
o, CFD3j|Alof| o3t &ju]-f-2j5he] A|2to] o] FofHrt.
SEEET olF ¥ FHEY AR dAErIEY
HAES AA 7P AEE w4 472715 3eken,
Aagud e 27)9f 4=E FEsto] FEAAH]Eo
gk A EE 3 AbElolth2,5] Adwtietal Shey
Hypode AE9 vlAFde= Q3] 2D CADEA=
Z 7 gle 3 FH =5 W IEATA 539
AFUA N EF2A 3DEH0] 22 FEElon, Al
FA A= A AR, IHMIAIA, AF 22 A, 5%
ALE 9 AR AFRE G o, L] Hokelo] F¢
o= T2 9 AW ZAR Aol A2 HA| =
FHAZE AT 2y FWoll A= BIM Ao glolA
PFze) o A8-E AEsh ARA ou|E 2=tk
‘CCTV headquarter’~= 3D CIXERES E3 X211
3 AE A3 AlFE Alglelth 53], 7]&oixl
T ERplelA e Faloer FFo] AFHL, F
N7 FFollA X*?L‘Hﬂ o] el FAje] o3 o
A 4= Q= FA19 WES 3D HAEEEY Al o]

oBL

F

28 Folo) ulel FEAN 9 ABAU] st 4
FHOE ST 5 UIc EPFLEGAIE 2] 3D £
gwde A o3y TaE LotE AT A

AFHS ARk AgEIglon, 7] e Felet 2

719] 1,50001 78] 733 St 10,0000 4] 31347]%
CNC7Hgl oJ3l A=l GIchI3] “Water Cube'= 9]}
8 tiRelolA] R steE el BgEgon, o
A8 s 7143 3DmEe 9w 9] 40004
CRRRE B 7.5m), $A] Aol 2}
cEle A 7R sl shck 3DmElelA] of 112017
of geto] 44 Hglon] 2t BAle] o), TA, A% 5
o A7t FEHC] L4 FRYY AR U EwS o

CERL Y

3.6 2010 o|% H|FYH CIXIEAU=

20104 o]% 9] HIAY AFL HAAVIET AlF7E,
ZE|47E BE7F e HEE skl 9lom, Al

=9 YEE M= o Z s
Atk 2 ARl

o x) 31

[® 6] 2010 tH
AZAH
[Table 6] Curved shape building examples in the early
2010s and in progress

Guangzhou TV
tower, Mark Hemel
& Barbara Kuit,
2010

ol b EL A3

259 AE7} o)
cheat 2.

ERRELERE

Chicago spire,
Santiago calatrva

e

i T
Dynamic tower, Hangzhou Stadium, |Strata Tower,
David Fisher NBBJ, CCDI Asymptote

I

DDPP, Zaha Hadid

Taichung
Metropolitan Opera

Busan Cinema
Complex, Coop

Himmelblau

House, £R0|E

‘Guangzhou TV tower'= E}9S 7| EYHE olajd =
2l 7S ARgste] FElE Adstal AlglE ARelH,
NEATT(E S0l olile]y = 4te] ol ito] 24t
i o R SREA 2AT 7] gol AR, B
Qo] wAbshe B3t gae] chEAt YA4E
t}. ‘Taichung Metropolitan Opera House’2] 2+
%, vheo] B YAE AR, ol
WAk 2127} of 3D TR RE AT RPES
xpel wEws Foto] FEEeH, AlFalAE
DR Blojel ol Aok AL FANT Ur.
‘Hangzhou Stadium’2 2]u|af|&l-S ¢5}o] mletHEE 7]
£& Agsiarh. ORI 3pse] 41A He g 2
Ealglon], 224aH BAuoke A71AgH ) 4 A
o8 B8 7 J& AWte ABRE 2Estglt). ‘DDPP
g Syt Aot s v
Rhino Hlo[E|E AE B2 & =13}t 9 Algdold 5
29| o]H2©SZ Digital Project® MFA ZdH5}te] &
A Aol A1 Fol don, ol elgsidel gt

oX 4

ot

o

o
—

¢

Iz
o m JE oE, B
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3 AsE S A% dAE Vs WHe uet A

(double curve panel®] H]-& AA)E Y3t panelization I}

A3} BA)Eo] B3] 3719 BAb] SHolA ey
Arelolet
4. 28

B Aol i tAE 7lgo] A4H uHE NSRS
o AliA WxE 1 AREES Sote] AT Rt
1990\t SolA TtiRgr|&o] AHLH
Hisel ERs] Asiont, 271 %‘—‘% A7}
o] A% FeAS 9 tAE Ve
ko] SpA S oo} A
Addlolgze] wgh Ales et HAE EﬂOlEi TS
A 2% AHgE) AslsLon, 3D CADAAG o
o] 3DAAU, CNC #] S 97 AHgE7] A25H
t}. 20004 o] SojMt BHE AZTAle] HS B
sk =HA wgY HARle] AleTEs 9l 7lee]
WAE FE7] §IR A 7149 wrde] ool
Z7)oll= AZ7ke] 3D A End glolgrt 2EE &
Ale 7l A AREEIA] S3kal Ale At Eae
meh M4 By Bl RE RuS o) 2SS 39t
Hokout fuke]l obx= HAb A HAE HlolE7E Al
7ML QA= AREIZE Eolth FEi8 el sleiM=
st EE VIS modet thet A gE e AS HRb
ol A7} gobdom, fAFe RS Az g
CNC7Hg 5ol A3d oz wgl=gon vgd 47|
& Ale7lE TR FAE7IE sl el
Adet dhdo] o]Fojzl Al7]olth Ex] o]t 7]&9]
wrere s Bg4o] QlojAE o EHHe AEE

N

Lot X oo

¥k glow, o mE AlFT|E 3 A&HoR
EHE WL Qi

ZAHE Hiel o] vy AZoA 9 YAE 7]e
FEAQL Age s WHH Hol g5 & 4 Stk
ey S "AE dlolE 28 olie AE7e
o] B, dloje 5ol of W (53] BT 2

o] AZERS} B BIMEO|E 2| 58, v FE @
AATE 5ol QlolA obd B dAdo] 9le
gtk %, ugE A%E 15
Ae 99l grom ofafst AHS TEEW e &
o) Aoket u] 4R AR Ado] Fhka A 2
olefi Ayzfatet.
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