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Motivation

Existing building Residential
layout




Design process
A

PD: Pre-design

SD: Schematic design

DD: Design development

CD: Construction documentation
PR: Procurement

CA: Construction Administration
OP: Operation

EFFORT / EFF%CT

Ability to impact cost and
functional capabilities
@ Cost of design changes

9 Traditional design process

9 Preferred design process

>

PD SD DD CcDh PR CA oP

TIME Graphic originated by Patrick MacLeamy, AlA / HOK

Source: http://division4triclinium.blogspot.com/2013/06/of-macleamy-curve-efficient-design-and.html



Scope

visual
programming

Computational
Design

parametric tools layout

algorithmic ~ closeness Climate
design daylight design
accessibility

Architecture

modularity
hierarchy




Research question

W 7o what extent is it possible to convert an existing layout info a
residential one regarding proximity relafionships and illuminance

requirements using computational tools during primary design stages?2 77/

Subqguestions

= How to find optimal configuration regarding proximity?
= How to find optimal configuration regarding illuminance?
- How to combine proximity and illuminance preferences?

= Are existing plugins for Grasshopper useful?



Problem statement

Existing building Residential
layout




Existing building

Problem statement

Tool
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Requirement: Proximity

Adjacency matrix - Proximity

entrance |kitchen |couch [bed |restroom |desk |corridor |storage
entrance 1 0 0 0 0 1 1
kitchen ] ] 0 0 0 0 ]
couch 0 1 0 0 1 0 0
bed 0 0 0 0 0 0 0
restroom 0 0 0 0 0 0 0
desk 0 0 ] 0 0 0 0
corridor 1 0 0 0 0 0 0
storage 1 1 0 0 0 0 0

storage

— proximity requirements




Requirement: llluminance

llluminance recommendation

Room category |min lux [target lux

entrance ] 100 300
kitchen 2 300 500
couch 2 300 500
bed 2 300 500
restroom 1 100 300
desk 3 500 750
corridor 1 100 300
storage 1 100 300

Adjacency matrix - llluminance

position for |position for |position for |position | position for [position |position for |position for

enfrance |kitchen couch forbed | restroom |for desk |corridor storage
entrance 1 0 0 0 0 0 0 0
kitchen 0 1 0 0 0 0 0 0
couch 0 0 | 0 0 0 0 0
bed 0 0 0 1 0 0 0 0
restroom 0 0 0 0 1 0 0 0
desk 0 0 0 0 0 1 0 0
corridor 0 0 0 0 0 0 1 0
storage 0 0 0 0 0 0 0 1

illuminance requirements




Objective

Optimal configuration




Spring system: inputs

1 Vertices Vi €jj ) . L . . .
‘Y vy Proximity & illuminance requirements as adjacency matrix

(<= llcow M W o T B S B e (o B W o T

2.Edges ' ’ / '
v, Y U Uy Uy Vj U,
v; 1 0 0 1 0 0
v; 1 1 1 0 1 0
Uy 0 1 1 0 0 )|
vy 0 1 1 0 0 0
v'; 1 0 0 0 0 0
v, 0 1 0 0 0 0
v, 0 0 1 0 0 0
v, 0 0 0 1 0 0 0
proximity

illuminance
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Spring system: inputs

1.Vertices
2.Edges

3. Stiffness

Vi

eij

Proximity & illuminance requirements as weight factors
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Spring system: calculations

v]- ,

4. Distances Vi dij
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Spring system: calculations

4. Distances Vi dij Yj '
v i s o
y ij= B = Y

—— — _—
Hooke's law — — —
— ' _—
— e s
5. Forces = —kx == = —
0 — —
F: force T - ~

\

k: stiffness X —
\\
x. elongation FL ) o
v \
\\
S —

Source: https://www.britannica.com/science/Hookes-law 15


https://www.britannica.com/science/Hookes-law

Spring system: calculations
d

4. Distances Vi

vl
0o,
5. Forces @w 3
!

6. Oscillation

v
o555

ij

Vj

1N

dij = vi - v]

— — _—

Hooke's law = ~
— —
— — —
0 — —
F: force T ~

|

k: stiffness ¢
x. elongation FL ) o
v \
¥

T V

Source: https://www.britannica.com/science/Hookes-law
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Spring system: objective

7. Equilibrium Elastic potential energy
A
U=~k x? Fe |
2 |
U: elastic potential :
elastic F?O ential energy k=E /x i
x: elongation S :
>/ I
k: stiffness 1
. |
Area =W =U_
Objective min U(x) X

Source: https://www.khanacademy.org/science/ap-physics-1/ap-work-and-energy/ 17
spring-potential-energy-and-hookes-law-ap/a/spring-force-and-energy-ap|


https://www.khanacademy.org/science/ap-physics-1/ap-work-and-energy/spring-potential-energy-and-hookes-law-ap/a/spring-force-and-energy-ap1
https://www.khanacademy.org/science/ap-physics-1/ap-work-and-energy/spring-potential-energy-and-hookes-law-ap/a/spring-force-and-energy-ap1

Gradient descent: theory

Function U(x) to be minimized

1.
2.

3.

Start with some random values for x (eg x=1)
Change x to reduce U(x) :
X = xt - * U'(x) |— partial

derivative
learning rate

Cost

Repeat until convergence:

x*1 similar to xt

A

!
’l gradient
!

initial weight

incremental step

minimum cost

Weight
18

Source: https://blog.clairvoyantsoft.com/the-ascent-of-gradient-descent-23356390836f



Gradient descent: application

1
Function U(dij) to be minimized U(dij) =3 kij dijz

1.  Start with some random values for dl.j
(eg dl.j=1)
2. Change dl.j to reduce U[dl.j)+» Partial

dl =4t - 01 * [ derivative
j  TldbrningTrate 1

A

Cost

3. Repeat until convergence:
d“!  similar to d*.
ij ij

minimum cost

->
Weight

Source: https://blog.clairvoyantsoft.com/the-ascent-of-gradient-descent-23356390836f 19



Force directed graph drawing

Input: Qutput:

vl vj . . . . d
l.vertex v; vj; . . 1.kissing-disc drawing
2.edge €jj v € Y

. v, kij v
3.stiffness  Kjj 009009009

4.radius 1 T @ @

Source: P. Nourian and S. Azadi, “Dynamic Relaxation & Force-Directed Graph Drawing Configraphics: Graph Theoretical Methods for 20
Design and Analysis of Spatial Configurations” DOI: 10.13140/RG.2.2.10147.09761



Force directed graph drawing

iy oY
Step 1: Compute distance: dij = v;— v N N
. v; Fij Y
tep 2: te attractive f ; s '
Step 2: Compute attractive force Fij = kij % dij . X
G
Step 3: Check condition: if —1 <0.0001 e
T + T'] Al
Step 4: Compute repulsive force: a‘
if tfrue: Rij =0
If false: Rij = —Fij ZF;;
Step 5: Compute resultant force: ZFij — Fij ik Rij @
: ition: tEL. t
Step 6: Update position: vt o= vl + 0.1 % ZFij

Step 7: Compute count: count = count + 1 %
Until: condition == false or count > maximum

Source: P. Nourian and S. Azadi, "Dynamic Relaxation & Force-Directed Graph Drawing Configraphics: Graph Theoretical Methods for 21
Design and Analysis of Spatial Configurations” DOI: 10.13140/RG.2.2.10147.09761



Tools

2D drawing

Visual programming
Spring simulation
lluminance analysis
Weather analysis

Programming

111111

Rhinoceros
Grasshopper
Kangaroo
Honeybee
Ladybug

GhPython

LN L&
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Research methodology

Research Objective
Research Question

A Literature Review
background
Generative Parametric Sorin stern
design tools prng sy:
Case study
Daylight
simulation

Optimal
configuration

Outputs
Evaluation
m

Results
:

24



Case study: EEMC

EEMC: Faculty of Electrical Engineering,
Mathematics & Computer science

e Landmark of TU Delft
e Facade replacement
e Student housing

Source: Behoud het markante EWI-gebouw, voor Delft,
Nederland en de rest van de wereld - Petities.nl
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Design assignment

Architectural competition:
Convert tower of EEMC into student housing

500 students
4000m? common facilities

Source: Case study EWI: low rise facade details - ARTAO075 - TU Delft - StuDocu
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Design assignment

Architectural competition:
Convert tower of EEMC into student housing

500 students

4000m? facilities

one floor area: 1035 m?
area of interest: 746 m?

Source: Delft Seminars of Building Technology - group 10-
User controlled EWI

Source: Case study EWI: low rise facade details - ARTAO075 - TU Delft - StuDocu
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Program of requirements

Unit D: Common facilities

Unit B: Shared apartment Unit C: Common facilities

(ground floor)

Unit A: Stfudio

room area (m2)

kitchen 2
coach 3
bed 2
restroom 3.75
desk 225
storage 2
corridor 3
tot. area 23

areaq
room (m2)
kitchen 2
living room 3
bedroom 1 7.5
bedroom 2 7D
shower 2.25
restroom 2.25
dining room 3
storage 2.25
hall 3
tot. area 49

room i
(m2)
reception 50
aread living
room (m2) - 125
kitchen 8.75| |hall 45
living room 100| |lecture 190
leisure room 48.5| [room
study room 171| [|restaurant 150
workout WC 40
areq = café 95
WC 8.25| |storage 60
dining room 12.5] |cinema 245
laundry 14| |entrance 3]
coridor 73| |offices 180
tot. area 858| |tot. area 2960

28



Vertical distribution

Floortype A

Unit A

Studio (23m?)
% 24 studios/floor

Floortype B

__.-_/——\
e e

L’L A
Floortype C

=

Floortype D

Unit B
Shared apartment
(49m?)
12 apartments/floor
Unit C

Common facilities (858m?)

Unit D
Common facilities (2960m?)

floor use
23 common
22 shared
21
20
19
18 shared
17 shared
16

15
14
13
12 shared
11 shared

shared
shared

29



o D)
Tool development | -
1. Inputs
2. Daylight
simulation |
3. Optimal SpﬁnngSfem
configuration / FESE—— /
L
4. Overlap { D
|
5. Outputs { / rew oo /

&>



1.

Inputs: building’s info & POR

Buildings info

Program of requirements

enfrance’s position

boundary

FOONMNS. CONTIOITIS - rooeeoeeoe oot

rooms’ areas

Unit A: Studio

storage

31



1. Inputs: proximity requirements

Hierarchy of connections

Category Prox. factor | Connection
0 0.0 No

1 0.3 Weak

2 0.6 Medium

3 0.9 Strong

stfrong
connections
medium
connections

entrance

restroom

32



2. Daylight simulation

Inputs Outputs

e orientation o test points
e geomefry o . e luxvalues“.
~ : iluminance analysis
153 167 129 179 179 :1'7'§‘1AQA
( B BN BN SN SN NN e o © o o o ®
157 164 169 172 172 169 161
{ B BN SN BN SN NN o o © o o o o
176 192 199 191 194 200 182
[ BN BN BN BN BN NN ® o © o o o o
207 225 226 234 231 220 220
( B BN NN SN BN BN e © o o o o o
256 270 281 280 279 273 267
{ R BN BN BN BN BN e © o o o o o
— T lux 320 342 358 358 362 355 337
e o o o o o o S & & o s 0 o
410 439 465 474 473 451 422
500, <
.00 e e e e o o o
518 578 613 629 626 592 562
400.00 e © o o o o o
674 756 812 848 837 817 735
300.00 e ¢ o o o o o

874 1024 1114 1149 1147 1084 984
® L] [ ] [ ] [ ] e L]

200.00 1134 1375 1469 1513 1524 1443 1268
el ] =3 e ® G ]
'| 0000 1570 1799 1829 1831 1842 1833 1691

<0.00
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1. Inputs: illuminance requirements

llluminance recommendations

Category | min lux max lux
1 100 300
2 300 500
3 500 750

closest test
point

illuminance

connection

centroid

® & & o o o o
N ."_‘ ®




3. Optimal configuration

. v, K;;
Inouts o stiffness k; j i Y
e Fixed points T | type stiffness
e Points ...
e Strong proximity [ e Strong . 0.9
connections P connections
e Medium Medium 0.6
proximity connections
connections . .
e lluminance .................. IIIummon.ce 0.9
connections connections




3. Optimal configuration

OUTpUT corridor
. ) .
e New points
pOSITIOﬂ _________________________________ storage
....... restroom
&
kitchen
@
bed
coach @
@
desk
®

stiffness  Kjj £ el

attractive force: Fi :
Fij = kij* dij @

move vertex:

(,
t+1i = Uti + 0.1 % ZFU 0

Converged when:
£} + 7"]

—1 <0.0001




3. Optimal configuration

System’s input Spring system System’s output




. Overlap correction

System’s output

Move points

New positions

38



/. Qutputs

Mean lux calculation

152 71 471 478 17 174 184

® O
331 343
® @

408 440

® O
527 572

Bubble dioqrom

comdor

1/4

stomge

desk
1030

restrog
196
o]

coach
859

kitchen
1711

-G

Output
rooms’ position

mean lux values
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Layout development

From bubble diagram to layout

©NO O WD~

Insert bubble diagram

Insert existing walls

Insert desired walls

Convert circles into rectangles

Move closed rooms towards inner corners
Move rest rooms beneath closed rooms
Insert furniture clusters

Layout

3.4

4,5

10 B30

41



Design development: Unit A

1.Bubble diagram 2. Exterior walls 3. Dimensions

®\

\/
bed
\ o]

m

storage

(o]

coach
couc 2
o ’
storage storage
o

@ b
\U V \V A\




Design development:

4. Interior walls

storage

kitchen

Unit A

5. Alignment

6. Furniture
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Design development: Unit A

7. Residential layout

_—
o

1.Bubble diagram

corridor
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24 studios
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Design proposal
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Design development: Unit B

1.Bubble diagram

u stor agc

ning

N

P e

7. Residential layout

ool

bedroom
hvmg room bedroom 1 iving room

bedroolﬁn 1 bedroom 2

A
~—_| |
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Design proposal: Floortype B

12 shared apartments
49 m?
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Design development: Unit C

1.Bubble diagram

@

/. Facilifies layout

=5 o & 03 B
88

- ‘(52 ﬁ‘ﬂ gl U@yo ;
orkout area T @@ |V|na roggw _ar

aRR. [V,

L] n il\ N /k .

8 Bd B
EEE

a’CE Hioon 1 B e & AF
T, ° e V| leisure ‘!.ﬁ s’rﬁ’dy rod|
B ] e 018 [




Design proposal: Floortype C

Common facilities

858 m?
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Design development: Unit D

1.Bubble diagram /. Facilities layout
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Design proposal: Floortype D

Common facilities
2960 m?
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Evaluation of the tool: proximity

Condition:

fort=15

d:

ij
T +

<t

i

Hierarchy of connections

Category | Prox. factor| Connection| Tolerance
1 0.3 Weak 4* t

2 0.6 Medium 2* ¢

3 0.9 Strong t

stfrong connection

medium connection

g
NANY/

weak connection

S
A

corri
stprage

oom
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Evaluation of the tool: illuminance

mean =

Y lux
n

llluminance categorization

Category | Min lux Max lux
1 100 300

2 300 500

3 500 Max

test point .
lux value ..

156 172 174 181 180 171 158
e oo | o o 0 o0
159 160 170 1786 175 167 160
e | e e | e | e | @ | @
B ?77 183 188 184 202 185 176
|®le| e o o | o e@
=244 219. | 238 228 237 233 218
e o o/ 0|0 0|0
255 272 1278 .')R’-'\. 280 274 258
L 1T ® \QB\ &
318 | 338 | 354 | AR | 365 | 36 HE
C ) o)\e

lux

400.00
300.00
200.00
100.00
<0.00
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Evaluation of the design process

Inputs

e building’s info ) 4
® rooms /

e qreags 2
PD: Pre-design
Bubble diagram (computational) momm}a | e .

o proximity fe s

. . CA: Construction Administrati
* fluminance |
e prioritization . O e

, . | Q) T iesif chacges

e rooms’ positions ,

Traditional design process

Preferred design process

Layout (manual)

e wals PD D DD D PR CcA op
[ ] d i m e nSiO nS L - TIME Graphic originated by Patrick Macleamy, AIA / HOK
e furniture

Source: http://division4triclinium.blogspot.com/2013/06/of-macleamy-curve-efficient-design-and.html
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Comparison with conventional process

criteria |conventional | proposed

H | PD: Pre-desi
: Pre-design
hme 3X |eSS EFFORT / EFFECT SD: Schematic design
efforT DD: Design development
: Construction documentation
| CD: C truction d tati
| PR: Procurement
. e . cpe . CA: Construction Administration
decision prioritization : e
ma k| ng | @— Ability to impact cost and
|

functional capabilities
@ Cost of design changes

bubble slightly
diagram | better

@ Traditional design process
e Preferred design process

layout better

PD SD DD CcD PR CA opP

TIME Graphic originated by Patrick MacLeamy, AlA / HOK

Source: http://division4triclinium.blogspot.com/2013/06/of-macleamy-curve-efficient-design-and.html 56



Limitations

e The tool considers a limited amount of design criteria.
e |f bubble diagram is not satisfactory the process has to be repeated.
e The toolignores the existence of obstacles.

e The toolis designed for 2D drawings.
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Conclusions: Answer 1o subqguestions

1 How fto find optimal configuration regarding proximity requirements?

e Spring system approach proved to be successful.

e Hierarchy of requirements can be expressed by using different stiffness values.

e It is an intuitive approach.

2 How to find optimal configuration regarding illuminance requirements?

e llluminance requirements can be treated as proximity requirements.

e Anilluminance analysis is needed.
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Conclusions: Answer 1o subqguestions

3 How to combine proximity and illuminance preferences?

The hierarchy of proximity and illuminance connections is adjusted with stiffness values.

In case illuminance has to have the same importance as proximity the sum of the stiffness
values for proximity has to be equal to the stiffness value for illuminance.

Example:
vx
v € o 2F =F +F _+F,
i ix i ij i ix
. G € SF =k *d ,+k, *d ++k *d
V. 1 I 11 11 11 IX X
1 Vj >
Vx v; 09 09 18
. [ ]
% ix

0.9 0 0
0.9 0 0
1.8

Bk S

<\
gﬁj
-
& AN
-~
G\
e}
o
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Conclusions: Answer 1o subqguestions

4 Are existing plugins for Grasshopper useful?

e The computation time is short.

e The capabilities of existing tools are limited.

e Itisrecommended to use a programming language:
o the user can have more control,
o repetitive tasks can be dealt more effectively,

o the tool can have better compatibility.
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Conclusions: Answer 1o research question

W To what extent is it possible to convert an existing layout info a
residential one regarding proximity relationships and illuminance

requirements using computational tools during primary design stages?e ”

e TJo create a schematic layout with limited design criteria it is possible to use

computational tools.

e The schematic layout is a very important step and it can be used as guidelines for a

functional layout.

e To design a functional layout more design criteria have to be taken into

consideration which can be difficult to systemize.
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Further recommendations

e exira design criteria (noise, thermal)

e different applications (offices, shops)

e automate manual tasks (during design process)

e development considering z axis (two-storey apartment)

e |ayout from scratch
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Thank you
for your attention



