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1) Jung, J. and S.—A. Kim (2018). Digital Fabrication Integrated Architectural Design Process based on
Lean startup. KIBIM Magazine 8: 23—33.
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S5t7| 33m(10%) Aol thy Ae7|&2 7H=s ¢hE ZolM 132 AFSE M=
g&el Aol HiE”o| =Hof HEHASF.

Mz &2 IHHY oE F25 298 Soff ARSAIE zoiete etEg =24 +
Ues ES8XM0|1 ofECHR 272 FAMSID 2015HEE 2ZAQl HZEH2 A|FbH A}
SXe| XEHXel mEalg J|Htez %2 2 o2 Mo Jissh A% E=g4
FEHS MEX S,

AEXRe| Metol| w2l FEel Fel ME #HAdE = As of FH2 F MolY EX|
= =2 9N, 9 3o F Hotu JIMME, dHetek = 32| MoE st &
ZUE S0| ZbtY W=z Hojste SLEMOIM A|AEHCZ ZEA FEIS A
T2 Gcts HWItE 21 US

@ AHMICH "= A 28 Afe| (2) FHEI2HKATERRA)) [2& 9]

‘FtE2H(Katerra)’ = ° 1540 @] El&2f CE0Q! oOlo|2 ol3AJt MElst 35F
B ME AMTIPoZ | J7|¥IIR 3= fleof x 259 FH ME AMY|Hde=z =4
X}

o .
HE HAES st |IAE & (one-stop shop) ZHES T lstod. 4% CIXIQIoME

2) Kasita. Kasita—Hospitality for the Independent Traveler. Available on: https://kasita.com/ (accessed on
23 November 2019).

3) Katerra. Katerra:Home. Available on: https://www.katerra.com/country—selector/ (accessed on 23
November 2019).



EHESHL e, M MA Axf &HEE 2t U

5|
= HAZE CIROlS 71X da g HES)

=21
=
T7Ho| s

O8 9 Katerra®l A & H, & o] B X2lY 25

Katerra2| S&A™ol Al 22T ofo|H S it 20| Melg = US.
IT 7l&#S =%t ‘Constructech(Construction+Technology)’ 8.
MAANMEE AA HE, S 27X 2E of-HMM 1T 7|8 7], BIM, ERPE

= o
S X dAE Sl SEA & UWE/IE =2 - 225t F2 2 7t

-0
3
o

= thelel gt =ElE YEilz Mz, ddolM =gEste] 37 & HIES
b

6 XMICH H| =LA 2l AR (3) 7|02t Elt{2| 0] 3 (KIERAN TIMBERLAKE)4) [1& 10]
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& JHetsto] A|AEICZ DLEO{2 AFRT|He] ASMA SIAIY .

[

Kieran Timberlake= 2008ALOf oi7, 22, TJ2|1 ASZF MH[A 2HFof CHol A
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AS. (1S0 9001)
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14) deAAgol FAAH Hetst PEE0l A

4) Kieran, S., & Timberlake, J. Kieran Timberlake | Architecture, Planning, Research. Available on:
https://kierantimberlake.com/ (accessed on 23 November 2019).
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102 #x-7|x2| & (the structure-foundation connection), 2|I|-7Z=2|

o # A

HAZ(the enclosure-structure connection), Q| u| -5t T = o A& (the
enclosure-infrastructure connection)2l MAMlet MATHOM CIXE ZEH 31 2
ndls g2sa

® ADIEZA| AIdE22M S3SHYE [O8 1]

WeEde 37 S, ok, #E| IS0l Z@Eofof stud, mEo| Bon| FA
B7be WE T2E x| xHom %W Yooz AN J|s =3 WL
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282 3 Jtx HES YTl Fofol &,

4 ofolef 7|gte] gHo| xMuElE ADIETAlSl AlMER J|S317| 25t WeE
g2 M2 ZYFo=Mo| S sof Bt

5) Kim, D.—Y. (2019). Synergies between Digital Models and Physical Models in Convergence Design —

Case Studies using Projects of Architectural Firms and Educational Environments-—.
9(2): 29—44.
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6) Kim, S.—A. (2017). BIM in the Age of Big Data. &+ 578(—): 150—157.
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@ C|XIE EL(Digital Twin)
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» M| ZE(Observation Model)

Holel AE&E (Data Stream)= Soll =22 CHate MeEfE ZUEE
» 2 2E(Operation Model)9)

CIXIE EQlo mj2lole{E MAsto] 228 of&S A of

Al (Optimization Model)
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=

Al = O§7H B4=(Functional Parameters), &t2t MHE (Contextual Data)
s 2335t zHMststr| flst AlEe0]A10)

=25 tidel dA, Mz 2, "HIlol ol27|7HXe] M FZ|o ZX HXE E

7) Grieves, M., and Vickers, J., Digital Twin:Mitigating Unpredictable, Undesirable Emergent Beahavior in
Complex Systems, in Kahlen, F., Flumerfelt, S., Alves. A. (2017). Transdisciplinary Perspectives on
Complex Systems, Springer.

8) Negri, E., et al. (2017). A review of the roles of digital twin in cps—based production systems.
Procedia Manufacturing 11: 939—948.

9) Tao, F., et al. (2018). Digital twin in industry: state—of—the—art. IEEE Transactions on Industrial
Informatics 15(4): 2405—2415.

10) Kim, S.—A. (2017). Op cit. 150—157.
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&2 ol Halste dA 27 =doll A5 of

» M5 AlZE|0|M2} =X SHPerformance Simulation & Optimization): A& Al&
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11) Lee, J., et al. (2015). "A cyber—physical systems architecture for industry 4.0—based manufacturing
systems." Manufacturing letters 3: 18—23.

12) Kim, S.—A. (2017). Op cit. 150—157.

13) Kim, S.—A. (2017). On the Role of Digital Model — How the Parametric Design leads to the virtual
Building. #%4 580(—): 150—159.

14) Kim, D.—Y. (2018). Prototyping—based architectural design process using digital and physical models.
Seoul, Sungkyunkwan University.
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15) Kim, S.—A. (2017). Op cit. 150—157.

16) Robertson, D. and K. Ulrich (1998). "Platform product development." Sloan management review
39(4): 19-31.

17) Piascik, R., et al. (2010). Technology area 12: Materials, structures, mechanical systems, and
manufacturing road map. NASA Office of Chief Technologist.

18) Tao, F., et al. (2019). Digital twin—driven product design framework. International Journal of
Production Research 57(12): 3935—3953.

19) Jung, J. and S.—A. Kim (2018). Op cit.: 23—33.
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H 200x200
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~.gB NBS_Girder 300/300 = width:
& NBS_Girder 350/350
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-3 NBS_H-Beam
& NBS T-Beam Flan

H-175%90x5x8 (r:9)

H-194x150x6x9 (r:13)

H-200x200x8x12 (r:13)

& Rectangular

-8 Reund Thickness:

9e
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X Radius:
x

C slope:

Thickness:
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ES

H 250x125

H 250x250

H 294x200

H-250x125x6x9 (r:12)

H-250x250x9x14 (r:16)

H-294x200x8x12 (r:18)

Beam Styles >> NBS_H-Beam

H 300x300

H 350x350

H 400x200
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Name

INBS H-b

radius: 900, degree: 40

o Ee———

H 300x300(90)
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H-300x300x10x15(r : 18)

H-300x300x10x15(r : 18)

Finish
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H 300x300(50)

H 300x300(40)
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Apply.
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Noise Propagation (Inside) O O
Component Amount O O
Sustainability | Cost O O
Reusable/ Repairable Component X O
Wind-Load O O
Structure Self-Weight O O
Reinforcement (Safety) @) O
G ol MuX 248 L MEZ2 IS Csts 39, PxMoz O &
25tE2, =M UMM S i el E JHMsS =& 2stE Z0{of .
T FSHE Y # otHel 7|sH VM E o6, ME2 YU3EHY 78 =
22 £ e s
£35|, 7| MAHCHAOM Mass2t Forms Zd™ots A= F5E= ZZ2AMA0 H
of A=t v|go o 2 IS 0|x B2, M= ZZ2AMAQ YHelE ZHst=
Ao M =M npyo| e
st E{d Aol Origami X-Form EEef =9 [2& 60]

Solg7| 7IHel 22[7in|= 2xt3 AlEoAM 3XtY =HE S0 E ZI=d.

ZI15tstA o ZAE Z|vtez crgst dXLoE X MA S8ZET

o2
o
=
e
_O'L

0|& X-Form-Span +=& ¢t &e| ZO|Z FasiX|at =M 2 ofx[e| HENE L}
EtlEZ2 =X ZMo| =5.

X-Form-Spane| Elj= el ZHE R L7t MA A&S sl 27} e 5HE2
o Moz 2&s5tes Y

Pz 2 XetE 29, YR Efa gas
THstER, 7|&Ee W3HY Hetdlof b
Jefud MR =
ol stz &E
X-Form-Span2| EHEfX EMo=z URolM st 3o batst 24to| JhsE

Hoz of A=



-Form-Span & At

X

60 Origami

a8

Span YE| &

Form-

X_

5t

o
—

Tilted Curved Oval

Flat

™M
[
O
c
>
(o}
m

A M=

o2 =,

7ol
00
__o__._._

[I[)
164

ol



HE=2 7}

) 3 ~ w 5] [ri)
w = X owm g o
L R
o 2 S R B k " ol M
o ] - - [+] &} — I _
0 o ol 2 ._%% o) o e =
@ <l g 3 olo 180 B 3
e ool K A . Bﬁ
e —_ m __O e
G wE & = g %
R rtl 0l <0 i
w r(l =0 =.___._._ — O_ o oF
e O o 8 8 ) 4 S —
°ooar < Ol ol N K o
W eds 4 B o~ .
. oo < _ X ~N i ___M_w o~ B
Ce g kP o % o T E
e = - 3 10 Ofu >
o oo D mb _ﬂ 0 70 IV 3
S ogwos K g ol
_om oo e RO H 4 o _m_.__
= I N = rro o T
5 5 = 1y B oo = nﬂ_ Kz oy N mI
O I T T R S B U [ 2
w oo H g — R o =
N T T T o 3
ﬂ © - .mm L_I . _| _|_n|_ o0 __o“_ AT _A_.o 2
N S~ I - i = o =
- O . — N ™~ I _ﬂ
i R oML RO g L
T « oln
S ®Koog— ~ L3 L owu Iy
= N — o oJo X ol _
® Mo _ |_A_m o - 0 a1 OF O ([N
Shsom SN G 7oo® g .
w W% W N e O nm.__ﬂon_._.__“_._m__.o o3 om = < — 2
_u_u_ 0 0 < = W =
o I M o 0l < | < <0 =
=T Mo T . M w gy KT 0 m
EW WM T 3o ¥ £ N -
© 5

11].

i

AL

[




E 12 71E 2aed gaol o2 1A 42 o AHHIY 24

Flat Type Tilted Type Curved Type Oval
Max i mum_Length(m) 3.25(2.5) 3.25(2.5) 3.25(2.5) 2.849(2.5)
Minimum_Length(m) 2 1.82 2 2
H-B-t1-t2(mm) 300-200-8-4 300-200-8-4 300-200-8-5 300-200-8-4
Material Mass(t) 31.55 34.68 32.06 28.36
Material Mass/m 0.79 0.87 0.8 0.71
Max Deformat ion(mm) 7.305 5.79145 4.75954 4.11139
DR 0.002248 0.001782 0.001464 0.002349

Zltf &X Zol= 3.25m0[L}f ol= 7| &9 Z€olE =& AolH, 7§ FAE H <

B & 2xje| Ao) Lole 2.5n [E 12].
HBo| HMDIHOA oKl HP YHHAS B + U= A A2It 325012
2, 0|2 Tajs| £ HchPols HMRR 7IFE 3.25m7F Hoh

Sxjol 24 SUolA YUMo 1on holol BXE 24 JHsE HoR WEL

[an

300-200-8-42| =t H#A2| H-Beam2 A IstU2n|, =M HElE SEHT=E,
C X

A
MA RA BT ok BA B, A HETS SLMsE MFE

oA 2™ A2 242 FlateEld 31.55t, Tilted EFY 34.68t, Curved ER
32.06t, Oval EtRl 28.36t2 =2 Oval Etlo] & A Z2olM FME 7tE HA ALE

stof, chelEe wEk SUS

Z|CH MEZF2 FlateEl 7.305mm, Tilted EFR! 5.79145mm, Curved EFR 4.75954mm,
Oval Et&l 4.11139mm Z Oval Et0| 5 +=ZolM MHEFO| 71 L3,

b, 2 ob-d ot Oval HENVL 7HE 28X A2z &el Jts.

@ M etst= Origami X-Form-Span HSEHYES| A3 24t Ms
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ivision: 16 U-division: 20 U-division: 24

U-d U i
V-division: 10 V-division: 10 V-division: 10 V-division: 10

2 63 Origami X-Form-Spans X3 ¢o gt3E{E Ofof

14n H2ol YSEY AMS SUsY smsioR, vEEe J|Ee YseUY |
Abgt 2zl 2.5n2 SUASHH MFI| Sls) 1022 DHsN, Sysel BeHUT
Sle SRUSE 288 (18 63).

AsSlS
= =0 TOCLI %I-
A Flat Tilted Curved Qval Origami(16*10) Origami(20*10) Origami(24*10) Origami{28*10}

5R-p
Flat 48 216 zg
Tilted 531 221 f
Curved 5.19 217 5
oval 517 233 49

Origami(16*10) 5.19 243

Origami(20*10) 523 233 6
Origami(24*10) 526 234 Flz Tiked Cunved 3 Cligami{1610)  Crigami2010)  Origari2410)  Origami(28"10)
Origami(28*10) 5.19 222 -y ===S5RSD

a8 64 7|E SSEHE Metet HEEEe 25 d45 5L

A 2= U =22 d4aglol 239 s Ovalt FARSHAEH &5 S0 F
T U220l HE55 282 dx7t =5 [2E 64]
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Origami_20*10

# 14 H k=l Origam

i X-Form-Spangs &%t

Or igami Or igami Origami Or igami oval
16%10 20*10 24%10 28%10

Max imum_Length(m) 5.652 5.652 5.652 5.652 2.849(2.5)
Minimum_Length(m) 2.5 2 1.667 1.429 2
H-B-t1-t2(mm) 300-200-8-4
Material Mass(t) 35.46 41.11 46.98 52.99 28.36
Material Mass/m 0.89 1.03 1.17 1.32 0.7
Max Deformat ion(mm) 3.0846 2.78638 2.59116 2.45663 4.11139

DR 0.000546 0.000493 0.000458 0.000435 0.002349
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[ Physical Model } > [ Digital Model J <—> | Prediction Model
Sync Sync
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NBT Physical Model NBT Digital Model :
J \. J i Raw Data
= Ve ‘ > | [ Arduino Script ]
Embedded Sensor '
(Gyro-Sensor) 1 NBT Shape Acceleration Data
/ Generator
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4 Movement | NBT Component Movement Data
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Physical —_— [ Structural Analysis Tool ]
Component Model (—Wﬁ
N Component Lifespan Data
7 Allocator
) Y \——JJ [ Python Script ]
3D Geometry Generate Visualization Data
g
3D Geometry Model ]
L

02 65 Cixle EQIS B8 waeE BA £ oS 1ty



3 ZZHE Sall WIEHE FAel ZREERS EHE T XO|R HMME Mxlg
CIXE 2ZHES & #5504 Z2EERol tigt CIXE ERE F4E. olE Sl
g 7t

R
2 66].

dimm)
|
A —__.;_"-—"W_ e e

X-Axis Displacement .

d{mm)

tisec)

Y-Axis Displacement

d{mm)

tsec)

Z-Axis Displacement

7

—

X
o
£l
1

O8 66 WEEY 23 TREEfelo AA

(@) FA @4 AA5 dnaE A

™ Origami X-Form-Span &tSE{Le|l x| 4l =[5}

Origami X-Form-Span ZSE{L0| 7|& g-SE{Lof| H|H &5 24 50| =204
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E 15 7|E ¢3eY gl we 2xA 22 o HUHAY 24
Flat Type Tilted Type Curved Type Oval
Max imum_Length(m) 3.25(2.5) 3.25(2.5) 3.25(2.5) 2.849(2.5)
Minimum_Length(m) 2 1.82 2 2
H-B-t1-t2(mm) 300-200-8-4 300-200-8-4 300-200-8-5 300-200-8-4
Material Mass(t) 31.55 34.68 32.06 28.36
Material Mass/m 0.79 0.87 0.8 0.71
Max Deformation(mm) 7.305 5.79145 4.75954 4.11139
DR 0.002248 0.001782 0.001464 0.002349
# 16 Origami X-Form-Span= M ¢t YSHE Ao E =AM 2T 2 ECfHAZ
Origami Or igami Origami Or igami oval
16%10 20*+10 24%10 28%10
Maximum_Length(m) 5.652 5.652 5.652 5.652 2.849(2.5)
Minimum_Length(m) 2.5 2 1.667 1.429 2
H-B-t1-t2(mn) 273.5-80-8-4 | 252.9-80-8-4 | 237.9-80-8-4 | 220-85780°87 1 300-900-g-4
Material Mass(t) 18.89 21.12 23.49 25.95 28.36
Material Mass/m 0.47 0.53 0.59 0.65 0.71
Max Deformat ion(mm) 4.11186 4. 11124 4.11153 4 11191 4.11139
DR 0.000727505 0.000727396 0.000727447 0.000727514 0.002349
Aoz ZRX| = 80mm~100mm AlO[OAM 22[7to| HSEHEL| FM= zH M=
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222 19
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CIRtRl AlABI| BT (M5t DHS Sstof YHE HYY 25 U LN ALY
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