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Abstract

Technique Development of Parametric Paving Pattern
Design Using Grasshopper

SO-HYUN, JUN

Dept. of. Landscape Architecture,

The Graduate School of Environmental Studies,
Seoul National University

Paving is essential in landscaping that forms most of the site except for facilities and
planting areas. According to previous studies, paving is a significant factor that affects
walking comfort. Also, various paving techniques are considered in terms of functionality
because it performs water permeability functions such as urban heat reduction effect and
flood prevention through surface drainage. Seoul recommends permeable paving to improve
the urban environment, and the design of patterns through the color and materials of the
paving was continuously considered. However, it was considered independent of the
functional aspect. Walking comfort and drainage function can act as conflicting factors, and
it was considered that securing the drainage function in the paving pattern needed to be
improved.

As new design approaches have become possible with the development of digital
technology since modern times, parametric design techniques have recently attracted
attention as a way to overcome the limitations of existing designs. Technology advancements
have led to the exploration of new materials in construction techniques such as 3D Print
and CNC etc. As the utilization of materials has expanded, interest in linking various shapes,
patterns, designs and functions has increased.

In landscape design, the parametric design was limited to some vertical elements such as
tree layout and facilities. Therefore, this study focuses on the development of algorithm
design techniques, which are tools of parametric techniques in paving design, and proposes
void paving patterns generated through interaction with the surrounding environment by
combining them with quantitative water permeability. It is to study logical design methods
that can also be used to achieve goals, such as quantitative figures, by proposing design
methods that interact according to algorithms.

As a research method, Grasshopper, a Rhino 3D plug-in that can be used intuitively



according to the flow of command algorithms, is used as a tool commonly used in
parametric design. The main functions of Grasshopper were viewed as two types: shape
generation and surrounding environment analysis. The algorithm was constructed by
categorizing them according to pattemn generation and paving functions. This study proposes
a paving prototype using parametric design techniques to experiment with an integrated
design that includes the diversification of paving patterns and the permeability of
environmental functions in the overall design process. As the final result, Seoul National
University’s main gate square was set as a pilot site to build a void paving pattern. The
paving design algorithm combines two functions conflicing walking environments and
drainage.

This study is meaningful because it implemented a design that links with the main
functions of paving, like drainage through a void pattern using paramefric to secure a
pitching space that has not been attempted before. In conclusion, environmental factors that
consider walking and drainage, which are directly related to users, interact together to
present design alternatives derived. It is expected to serve as primary data for algorithm

design methods using Grasshopper in paving design.

Keywords : Grasshopper, Parametric, Algorithm design, Paving pattern, Permeability
Student Number : 2021-28442
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tol& Aol glo] BAEZ =7l Abae] Bz =78 &8ss S oA
s, AFE BWE AANA Hoju wiiHse} HolH, =2 72 wstel whet
x40l AxpEo] kA= dd AA(Open System)ES T-=35t= A o2 Wt}
T BokllA F5AQ =8 F3ol Qo] detuEe] Fade A=
oo MY HAL T3l oW WAooz wetu|eE FE3 839 EA

TRz} gk

Y
ofr
rlr
J[m
o
o

i
kv
Y
%Y

l

H

2. AYPAT A=

2 dTelMe 22444 7S sk b Slol 24 24, dH 2 dEe
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I =ZoM ot ES CXiele| && Jtsd
27 FokllA sebilEe] Ul Y BEo B ATE T mF TP
sto] oF 207) W92 = JFEE BIM 8o 3 13, 27 A EofollA 2
Hol FHHAHIAR, 2020). AEH(2019-2 BMOITF #FdHo] &= wrmEY
el e olEl A FHske WE ARFORM, AT AR BE 2
=& 7538 wEo] d F e Zlo] EAolY I AAHANA W =2 ¥
0w 3 A% o) 3ol MY = oA AFE uk ek o] <o) [F 1]
27 FobllA st EY tARle] HEoA s e 7245 9 U Edd o
g A7 FE olF Utk TP HE IuolA A7 st EY fAel U
Q202De] ATelMe F2 249 A4 24l 2=, AEE, AA U
gered sMe] B8 7FsAel tE Ulgo] ooy £ud a4 ¥4
AA G SEY Tl BEueke] BE Hee TFHA Wtk
E 1] =4 2ofoM mi2tHER] C|Afele] Mg
25 s A A+ H&
" “Effect of pgrametfic design on A BAS =3 2AGA s EY
=] andscape” , olo] = <
Huang et al.(2017) HAsle fa A=
“ L : . EXo] &A1Y Ao R Geodesign
Geodesign in Parametrlc”Modelmg of =x8 2. Bb ABd oA gu%
urban fandscape A AR B AE 2
Moura et al.(2015) melo] Ag
“Preliminary Research on Parametric = o] AlEl =
AA Desion of Pl » gt B o] Ao m&
gn of Plant Landscapes” , A2 A A S5 7] 2o
SOng et 31(2019) =6 27:”0“ Saily 7]—1—1_.?—
“Z273 A EokelAl = 51051 o
QE};]EQ Ael el AF 273 A Ropel N L8
Al BT BE A S T EY fxQle] FAA At
o~ 578, - = o
B A2021) A7 ¥ O e HE
“Parametric Modeling of Urban 32Y Ay 7&5S FxIste AF
e Landscape: Decoding the Brasilia of Lucio Yol o3l sd9 A AEE&
= | Costa from Modernism to Present Days” , | AlE#o]A3t= Wyd tfd wE &7
Moura et al.(2014) ZZA2 AA

4) BIM(Building Information Modeling)ol&, Hzx tAd GAARE A ARG 2
O|EI|IZMA AEFE AW AAte] AW HA HRE FEst T
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“A parametric landscape urbanism

; =2 Bxo fg wrES Ay 4sta
method: The search for an optimal o 3 al
solution” g =2 H&S AAT 4 Y
. OI--yaZ _‘_I‘]_i
1Cl al =
Yazici(2016) = =

“Research on Nonlinear Thinking of NAE A A st A e
Landscape Architecture Design based on Heo BA}T D 7% ALl

Computer-aided Parametric Model” , B ;;q ANEHolH AF
Hong et al.(2016) e AEETE =

“Architectural and Landscape Garden

AE-x27 AA9 ¥4 g HE
Planning Integrated with Artificial ?j; N io ‘ ;ﬁ]j o = ;}i} 74} 01 N
Intelligence Parametric Analysis” , T amaw u: ; ° oE} o
Wang et al.(2022) S WHE A
“Wooden Structures within the Context

et =Y oA 2 B4 A
AT F AA 2ol A8
ey £x tiAel shueles)

4 84 RS 4] A8 B2

of Parametric Design: Pavilions and
Seatings in Urban Landscape”,
Caymaz et al. (2018)

“Intelligent landscapes: Application of
parametric modeling for a new

Grasshopperg Ar&3ste] &9 @
7= generation of flood risk management AR 9 A P Fu g o
AR reservoirs in Sio Paulo city, Brazil” ,

H5g B

o ¥

Moura et al.(2018)

“Attitude of landscape architecture
students towards biomorphic and 34 A A vlolexg tizlel
parametric design approaches in AW, g EY dA HIHol dig
environmental design” , B =9} Ha XA
Eren et al.(2018)

ot A%e] WA OAe 4%, 22, 42 5 /1% AR ) ug
Aol Thd ilol F43 27hsT

a3 A e e EAY sFE uk

O

g 502 o3| AFEe BASE £ 599 7

O’

5) 3ALE=(Facade)= ZH 20|22 AE

R e 22 A
Atk (&A:9)7]9)
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A9 BULE HAGE 5 At UAAA WA AFIAT. 0B FESRA
3 U s duo) ngAvt SHos BAHE RASRE A sEel
e 494 AT 52 5 2 /&% A2 AR, )% 180 TREE
oz AYse gov PmAoT AL EURUALZAAODP)Y Fn
Agelol 7 SALEelA 1 FHE AWE 5 ok

B = oo 13841 (30.7%)
1% SHE : 0554F (21.2%)

B 2x zEw 217383 481%)

(32 5] 2 Ze{2(of HIFY 72| A=

(23 41, (2% 519 2w gu A4S B0z wgd el Ui
B ARaa, o vobrl (1% 615 o] ok wel A 47k
wol wjgre FASEAY A% Ji 084 TS tel BYEsd tE A
5 3 B4e NI Ao £8shs TR AP ALstnd s wo]

HyEtal glom, o] F%e FeHo R Fystu G og AZssl=d vt

i)
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—|n:

=2
I

E
a
_>|~1_‘
ro
N
IIEE
o
oo
ol
X
e
ofo
i
P
%0,
O

6) Park, J. D. (2016). 21374 A= o] A7)l delv E8 t]x}Ql. CDE review, 22(1), 25-28.
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28 XA /|8

EARA M 2L ST Sl Ui Add, 844 9 53 2T B
E =t AAld 9] 22009= =AEde wie 2L o] 8Ake] HAHA, b
A, A4 5o dFE mga dFsiden, ANdAQ0d)E 77HA Ao 7
FEAZ ofo A ESete] dEe T TAAR diF AEF S4e ¥
g ouk Aok 4 =AYl wet Fd FEAE 28 AP 54 Bk

3, ATA 5 2F e 440 sAE ZAARIE vEA A8Ho ok I
g 24 A =4 S983t 8 Tt2eRt A

st doll 3o F2 =72 AHE F due HE AAkska St

ojgh 2 ol =2 A Jd AV Y FHE A=HgleH, &3] 2E
o2 Tk "yAE ovA Tlee T 71 AA BHeEE ov] HAlo]
g4nd dF | olo] &ol7] Aoy ofztel AHT WA E Tl AlFHA
HE WollA Azl F4 FHEo 2R A7 EoigTs),
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rlr

DI\ HIEHED|(4)
{Basketwave 2x2)

90" HiEfZT|
(90" Herringbone)

45" HIEH|

(45" Herringbone)

B

-

Z{Tp HiEEo| 27|12 HiEZI1E) LI
(Stack) (Basketwave 2x1) (Stretcher)

[O= 71 EE8E 27|29 o8] 7HX| THEH(SH:http://mwwwv.edcpave.co.kr/samhanc1)

8) https://kiramonthly.com/parametric-design-and-its-implication-in-design-practice/
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ATHEIAIRL 9], 2009). < 71&<] T3-& F3f 3D Print, CNC 713, #ojA 7]
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A& Al

Voxeljet” s ceramic material for 3D Printed
Casting Shells for Tiling

Corian super-surfaces
(F3]:https://50sa.com/1448)

(Z4:https://bit.ly/3AKURTK)

)

3D print outline + terrazzo
(4] :https://bit.ly/3RDIZtB)

3D concrete printing (3DCP)
(&= :https://bit.ly/3STGRshL)

AAe 24 ERe) A% Y
gelo e AP dAlel =9
%

>~

Abedl = CRLR

15 8 s We<=

=5 2R glojy thefdt
o [ 3] =% " A AT f

@ 9
HA AR OAQ g et f3Es

)

shota) w.gre}.

a0l mE 28

(2 3] =% mjiH
s EY 7[Ye] &§
Keio university (2020)
W5 HA - 600m®
FFTAZ ou|A] AEH S T WO vl E FE3}
Hol W Fo] thE AAEFS] WX
(&4 : https://bit.ly/3BesxuC)
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. https://bit. 1y/3Kthyc)

Roche Campus Kaiseraugst (2019)

HZ : 65,000m*

FAE By 55, A4 49 2 U5 JAE
7o 82 AF3tE dagEs AHeste] st
CNC(Computerized Numerical ControD2 ¥#H¥ /H~E
ZAYE XH 848 AFHE &3 AT

A https://bit.ly/3Q130UV)

Edaphic Effects (2011)

E 35 HdE AGsety] 9fs A-gA AR
Geo-cel(AZ, E¢ == A &2 A7 33 55
T2)& AZEte F44E& AAdHoR2 23

Aze | @A bestEs e
A5
=7 Dew point (2010)
LA E BEAE EX3Y A eolwt & F
A YAAQA blooming Fejel HEH YA
A HEs AWt A5 AAA Y 7HsEE &7
(£4 : https://bit.ly/3erIpVQ)
a9
2 West Eau Claire Park (2018)
R M 4,900m?
8 ‘ ZWE Eo| THEojd AEE wF 2AEZ A AJAZ
: 10,000749] =5 A9 7IGERE Hd +4
(ZA : https://bit.ly/3qgpOFS)
Superkelin (2012)
HA - 27,000m*
H A ARE 7t2HE BEA GHoE Mg 3
HRJAEL S 3l ANAE, 71 FEE met o] F+=
(&4 : https://bit. 1y/3wZQcMI) FAoR HaRl
P Mies van der Rohe Plaza (2006)
us B Qbel ¥ ALY HANE A 2sH
A AFPor A w9 92y zerE 2adEe

. https://bit.ly/3qyl0kl)

(&

B ag=R 74
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[O2 1] ME30jet=a (20214 JHZE) [O2! 12] 25223 FAIE (20224 JHE)
(£X{:PROJECTS | PARKKIM) (&X]:https://www lafent.com)

[O2 13] M2tistu HE &2 o|0[X|(R), ZZ=(R) (20224 JHE)
(ZA{: https://www.yna.co.kr/view/AKR20210127161900004)
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3d ERAAA A S EY Al FE& Al

1% WAE e TRE RO oRely] WEd TEE] A o
MESE dTale] ol WA oR W] Heol FHsBA lsAd tel BT
g Bar} ik wepd seey dael JHes gaelE Bl As) w4
oA BAEEE gE A8 A A7E Fa) NeEY Ol A gARle 5
d 24STA & 543 10 me ojE 245S WEE nHAUEA Tota
Aok A WA 2 Aee] WA Fa 87 w9 3hA AR ol
A4 0 TR ANE B 483 98 24 = S g gren 9
gulEe el 71y Aol W Bge Masiec

A}

(1) HiX| 48 : Keio University by Michel Desvigne(2020)

YR T = keio thEtw e Noguchi ATk 4 HY Algolth. &A4bo]Y]
ol AL EAe Wi glom oo Ao BE dEle] AR Jhed

Nsera gee Bx4S AEHIAGE AS B
2 7k RA

47 44 FNL

40 N TzE NMEXAR 54 74
o] Az RER A5t Y 44 379 WAES 7
2 I AARE Ao BXFE A7}

T S A o, HHEY JHS &8st Ao AV|E TR F
T Ao Al AlFel ol =g HiAa EFedt $40] s
A7] WEel 574A WA RO R BRES
g o]l He HolEHEAM & AH FF ARIS o

n)z]9] ol Axo) wel AR =4 27t
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[Z12] 14] Keio university (Z4]:https://csis.myclimateservice.eu/node/5189)

(2) SE #3 : Not Garden by PEG(2009)

‘Not” Z2EEYLS “FT& JAZZH2EHAH” Algjze dF= ¥l =9
A B2 BAE dsty] s AXsATh Geo-textileYolgh= A& 7H543
H2ES] SaA ey Fejg Boa) 5402 FolA e AHL
Aoz 4& aglth olw AR T4 I Aol wet Ao WA ES W3
AA o] wAstAY SPHoe 59 dEs 7N (18 Ml 2

% 5l BE BE0 dAHIYE RES AU Aol ohd HE mHYH

tio

oft  of\

AC)

b}

—

[T 15] Not garden (&R :https://peg-ola.com/project/not-garden/)

9 Geo-textile2 B3 A A& Al &2, o3, 23, BE =& vjs 7150l
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HtQ3 : South Park by Fletcher studio(2017)
tolojasl A4 9 A Z2AAE S8

FTde 27] A obgE
HAG. gEo] tidAet o A= 1AHS AAer] Hdl FHE velHE A
st F9 Ao g vt FEE 18+ path finding &5 AHES] AAIH AT
AAATE BA &%, 399 ol &, &8 Y, F5 929} v A" gk o

olHE A #HES T AR BEIA dolEE FHAT olF &= F
Ao A GrasshopperE g3t A 7do] FHA AeolH =AL YustA
g wWE AAE JhsetA stal AAEHAl WE A
A3tk olol Fletcher(2018)= thfdt 3D miZl4E AT & Ju HA =dS
FEAEEEA dHolERtE HolA wEldlen 24 dde] un|, dojy &
Ie ™S Tt AT @S A, HE HAHA AlEE e
&3t 2AT = AT FATT o AEE Tl AA 3 MRkA F3

B3 QA A EY HARIY 2§ THeAS AR TEo] 27 Zokd
SROE & F Jle o] 8AE YT HA, & FHE A A 5o A

S WG AATE ol Fo G HlA o7t Ak

nLO,L

Hene 52T 4

r[r

[12! 16] South park (Z{:https://groundhog.la/projects/south-park/)
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e A doiMe FF AlE vlge WFete HASes 7R EEC] 8

A3 AAAE] o= wet 712 oz dde FH, vniy do] 5=
,/_":
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3 feedbacks &3

2% 5 ot Aol

= 5] ZZAAof mi2tHEE! CiXlel M Al EF
. - H3 A
4% 93 47 =3 =l 2
(Parameter)
- FFAR B
A et Uit 718teHd e B33 A ]
io University - A # 2]
a0 Nol X =
- 2 AT Y v E
Eza]- B A =] _%F‘QQJ 219 HIx| &
e Not Garden e AR Ay 7 G
Ae AE -7 98 Zg F7HY Yy
T4 Wy AAHL 77 q I
FH I L X % - XA 7kl 9% 3
37 South Park T 4 ¢ T SAY 2
Hky ¢} Path-Finding - 24 W Fy, uHl, Aol
10) 4 -5-Al. 2017). A F5F: v=-FHEY ozl AdS5A} 582, 120-129.
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