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Figure 2. Energy labels of residential building stock (AgentschapNL, 2011). The majority of dwellings of the post-war period score label D or lower.
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How can the renovation process of walk-up apartments be improved by
using modular facade components generated by computational design?



Typologie

1. Project Introduction

Modularity and Modular parts

Computational design
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2. Research

Set up, Results &
Conclusions



2. Research

1. Which different typologies for walk-up apartments from
Inter/post-war are constructed and usable for modular facade

retrofitting?

System BMB (Baksteen Korrebeton Rottinghuis Wilma Welschen
Montage Bouw)
Figure
Amount of 36685 17812 31378 32292 +/- 30000 15322 17000 12579 5602
9 houses houses Houses Houses houses houses houses houses Houses
Percentage of 11% 5% % % 9% 4% 5% 3% 1%
total housing
Type of 53% porch 32%: Single Family Single family Single family house Porch 75% porch Porch 50% porch Single family Single family
housing 46% gallery house house porch Gallery 25 % single 50% gallery house house
1% rest 62% porch 4% 25% porch gallery family house porch Porch
qaliery 2% rest Gallery gallery
Construction Holiow light Stack Concrete is the RBM 1 = setting Whole or half Standardized Element Element Casting Cast building
technics concrete blocks construction, two- basic material for and casting story height wooden construction, construction, construction, facades, floors
System filled with gravel man blocks that i RBM 2 = casting prefab concrete formwork and light concrete medium-rise formwork method and skeleton
recognizability concrete are laid in half- reinforced walls construction, the wall slements poured concrete prefabricated buildings, with steel for the entirely of
brick bond, core of and fioors walls are first with a granular wall elements prefabricated walls concrete
gravel concrete poured using steel aggregate the floor is concrate walls
molds placed and the and floors,
cavities are facade is
poured together masonry
Floor Floors are made of system floor / reinforced wooden table masonry floor slab floors (do floor finish was prefab fioor plate Floors wooden floor plates were
construction prestressed sandwich floor concrete floor placed on which slabs not belong to the still necessary, formwork where made separately
technics concrete beams and poured with the fioor is poured, granular concrete prefab floor concrete is on the
with filler blocks wall anchors when cured system) elements poured construction site
wooden table is
lifted out of the
buisding
Demolishment <5% demolished 57% >50% Unknown <5% high demolition 5-20% Unknown Unknown high demolition
demolished demolished demolished schedule demolished schedule
Floor plans different types of 4-5-6 standardized 4 standardized 4 5-6 4-5 2and 4 Band7 7 4-5
floor plans 2 - 5 Rooms rooms rooms Rooms Rooms Rooms Room Room apartments Rooms
rooms Apartments apartments apartments Apartments Apartments Apartments Apartments Apartments
apariments (Is experienced
as unpleasant)
Improvemnent / Improvement sum I sum Unknown Unknown Improvement improvement Unknown Improvement Improvement improvement
renovation 60,400 94,000 sum sum sum sum sum 42,700
costs fotal renovation total renovation 61,220 50000 -70000 90000 euro 35,000 -115,000 Total renovation
125,000 124,000 Total renovation total renovation Total renovation Total renovation Unknown
Unknown Unknown Unknown Unknown
Wall cavity wall 3cm thick 2-2.5 centimeters air cavity cavity + 1cm plaster layer different finish masonry front - -
characleristics innovation insulation thick polystyrene polystyrene 1955 brick typo cover
between 1954- Insulation cladding
1959 1962 cavity
construction
Notes for Renovations sober marny chance of currently
renovation seems 10 work appearance possibilities with Improvement due renovation
merging 3to 2 to floor plan project in
apartments per mainly at gallery
floor
Standardization
needed for tool
Detailing
Useable for Good
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R RN

System Korrelbeton
Amount of 15322
housing houses
Percentage of 4%
total housing
Type of 75% porch
housing 25 % single
family house
Construction | Standardized
technics wooden
System formwork
recognizability | and poured
concrete with
a granular
aggregate
Floor slab floors
construction (do not
technics belong to the
granular
concrete
system)
Demolishment high
demolition
schedule

Floor plans 4-5
Rooms
Apartments
Improvement / | Improvement
renovation sum
costs 50000 -
70000 total
renovation
Unknown
Wall plaster layer
characteristics 1955 brick
cladding
1962 cavity
construction
Notes for sober
renovation appearance
Standardization | floor plan
needed for tool | and standard
sizes
Detailing N |
NE
Useable for | Good/Neutral

retrofitting

R IECORRORRY
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2. Research

2. \What are the existing renovation techniques for walk-up
apartments?

External composite insulation system (ETICS)—traditional measure, in which insulation panels are mounted
manually on site and are covered with plaster.

Rear ventilated facade system—a manually procedure done on site consisting of insulation brought up between
laths and fixed with a mounting system, being covered with different claddings.

Partly prefabricated facade system—a prefabricated substructure with blown in insulation with an exterior
cladding which is also prefabricated or is installed on site.

Prefabricated module system—fully prefabricated panels, assembled in a factory, transported and mounted on site.

" Eﬂ{;
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2. Research

2. What are the existing renovation techniques for walk-up
apartments?

. Prefabricated module system—fully prefabricated panels, assembled in a
factory, transported and mounted on site

interior thermal curtain —

aluminium frame shiding doors —
doubie glazing full height

lightwelght transparent —
mobile panels

existing building

glazed hand railings ——

reflective solar curtains — \ : =

extension
balcony + winter garden




1.

2.

3.

2. Research

4. How are modular facade systems attached to the existing
buildings?

Directly connected to the existing facade with the use of (metal) anchors where vertical brackets are mounted. The brackets or
hot-tip galvanized steel corner brackets support the prefabricated wooden panels.

Wooden vertical/horizontal structure is attached to the old facade, where the gaps are filled with ventilations ducks and insulation
material. After which prefabricated panels are attached to the wooden beams, the windows are removed from the inside ones finished.
Separate (column) structure where the prefabricated panels are stacked. (Metal anchor are attached to ensure that the panels stay in

their dedicated place.)
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2. Research

5. Are there existing projects in which computational design
methods are used for retrofitting of existing buildings?
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https://www.autodesk.co.jp/solutions/bim/mep
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2. Research

6. How can computational design method help for a
generative renovation design for walk-up apartments?

generative design principles (Marc K. Howe, 2017)

1. geometry
2. daylight
3. routing
4. visual and audio distraction
5. facade elements
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2. Research

Conclussions and other findings




3. Design
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3. Design
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3. Design
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3. Design
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3. Design

Preparing for a modular
retrofit future of walk-up
apartments with the use of
computational design
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(] 15385 inhabitants

1)) 10303 addresses

{ == 7916 built 1950-1970

48% 4-layer walk-up

g 22% T-layer walk-up
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3. Design
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3. Design
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3. Design
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3. Design
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3. Design
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3. Design

type 3

78.3 ma2 Living
2.3 m2 Balcony
3.6 m2Logia

type 2

66.4 m2 Living
2.3 m2 Balcony
3.6 m2Logia

type 1 type 2

56.8 m2 Living 66.4 m2 Living
2.3 m2 Balcony 2.3 m2 Balcony
3.6 m2Logia 3.6 m2Logia
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3. Design
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3. Design

49



=

'./

G

%

50



I I

’ r—

Type 1

56.8 m2 Living
2.3 m2 Balcony
3.6 m2Logia

Type 2

66.4 ma2 Living
2.3 m2 Balcony
3.6 m2 Logia

Type 3

78.3 m2 Living
2.3 m2 Balcony
3.6 m2 Logia

Type 2

66.4 m2 Living
2.3 m2 Balcony
3.6 m2 Logia



Preperations

3. Design

Connection facade elements

Changing floor plan
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Preperations

3. Design

Connection facade elements

Changing floor plan
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Preperations

3. Design

Connection facade elements

Changing floor plan
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3. Design

I A
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Type 1 Type 2

56.8 m2 Living 66.4 ma2 Living
2.3 m2 Balcony 2.3 m2 Balcony
3.6 m2 Logia 3.6 m2 Logia



3. Design
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Type 1.1 Type 2.1 Typel2 Type22 Type 1.3 Type 2.3
60.4 m2 Living 70  m2 Living 67.9 m2 Living 77.5 m2 Living 75.9 m2 Living 78.9 m2 Living
7.4  m2 Balcony 7.4  m2 Balcony 7.4 m2 Balcony 7.4 m2 Balcony 8.8 m2 Balcony 8.8 m2 Balcony
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3. Design

Type 1.2
67.9 m2 Living
m2 Balcony 7.4 m2 Balcony

EI

Type 2.2
77.5 m2 Living

Type 1.3
75.9 m2 Living
8.8 m2 Balcony

Type 2.3
78.9 m2 Living
8.8 m2 Balcony
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Type 1 Type 2 Type 1.1 Type 2.1 Typel2 Type22
56.8 m2 Living 66.4 m2 Living 60.4 ma2 Living 70 m2 Living 67.9 m2 Living 77.5 m2 Living
2.3 m2 Balcony 2.3 m2 Balcony 7.4  m2 Balcony 74  m2 Balcony 7.4 m2 Balcony 7.4 m2 Balcony

3.6 m2 Logia 3.6 m2Logia
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3. Design
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Type 1 Type 2 Type 1.3 Type 2.3
56.8 m2 Living 66.4 m2 Living 75.9 m2 Living 78.9 m2 Living

2.3 m2 Balcony 2.3 m2 Balcony 8.8 m2 Balcony 8.8 m2 Balcony
3.6 m2 Logia 3.6 m2 Logia
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Type 3 Type 2

78.3 m2 Living 66.4 m2 Living
2.3 m2 Balcony 2.3 m2 Balcony
3.6 m2 Logia 3.6 m2 Logia
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Type 3.1 Type 2.1
81.9 ma2 Living 70 m2 Living
7.4  m2 Balcony 7.4  m2 Balcony

Type 3.2 Type 2.2
89.4 m2 Living 77.5 m2 Living
7.4 m2 Balcony 7.4 m2 Balcony
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Type 3.1
81.9 ma2 Living
7.4  m2 Balcony

Type 2.1
70 m2 Living
7.4  m2 Balcony

3. Design
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Type 3.2
89.4 ma2 Living
7.4  m2 Balcony

Type 2.2
77.5 m2 Living
7.4 m2 Balcony
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Exstension

existing facade (granular concrete - bricks)

exterior (sto-strips) - vapourblock

HSB 195 I-Joist (prefab HSB)

10-50mm filling mineral wool

vapor barier

existing facade (granular concrete - bricks)

exterior (sto-strips) - vapourblock
HSB 240 I-Joist (prefab HSB)
vapor barrier
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3. Design

@0 @ 0P ROREE®®
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(2) Sublime window frame 11/ turm window Natura Clad Classic 82 System

(3) 1 it 195 prefab frame

(&) 50 mm light mineral wool

(5) Stesl brackot L (connection rooftoppanel)
(6) stoul salf<lamping bolts 150 - 200 mm

@ Ewisting Granular concrete

MDF wooden frame

(3) Gips 12.5mm

Rockwool steanwol 100mm

@ Exsting roaf piteh

@ Gutex Thermollex houtvezeiisolatie 220mm

Rt

PRRLIATLT RIS v

Waterentiebox 200mm
Substrastlaag 200mm
Seaum + lage vegetatie
Rool moiding aluminum
% Roof ralling
oo and groat for sto strips
Sami-rigid mineral wool slab with special wind barmer facing
Semi-rigid mineral wool stab with special wind barrier facing
0S8 18MM
Patbie aaves
Gutter ABuminium
£4) Steel bakonny bracket connected to | Joist

W,
s
v

]
Tt
‘\Aa..el

m;“‘hll add BLAN

OJoNORORONORGROCRON RN PR DR DRI T

Ram Gutter

Woeden Slals

Steed | profie

Pavaflex, wood fiber insulation

Solarlux combline glass folding tire (alfuminiumiwood)
Existing Bricks

Stone strips

Stoe! brackat

Glass hardened balconny paneis

raised floor with floor insulation

| Joist floor fided with celluloss inaulation

ROBROERROR®

82



3. Design

BROOOAR®E
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@ Sublrme window frame it/ tum window Natura Clad Classic 92 System
(3) 1 Joist 195 prefab frame

@ 50 mm fight minaral wool

@ Stesl brackst L (connection reoftoppanet)
(&) stesi sef-clamping bolts 150 - 200 mm

@ Existing Granutar concrate

MDF wooden frame

(8) agps 125mm

(0 Rockwoo stesnwol 100mm

@1 Existing roof pitch

(12 Gutex Thermofiex houtvezelisalatie 220mm

Waterentiebox 200mm
@ Substraatiaag 200mm
@ Sedum + lage vegetatie
@ Roof makding alurmemum
@ Roof ralling
@ glue and grout for sto strips
Semi-rigid mineral woaol slab with special wind barrier facing
@ Semi-rigid mineral wool slab with special wind barrier facing
@ 0SB 18MM
Pebble eaves
@ Gutter Alluminium
@ Steel bakconny bracket connected to | Jaist

@8 Rain Gutter

@7 Wooden Siats

@8 Stee! | profile

(29) Pavatlex, wood fiber insulstion

(30) Solarlux combline glass folding tire (alluminimiwood)
@ Exsting Bricks

@ Stone strips

33 Steel bracket

@ Glass hardenad balconny panels

33 raised foor with floar insulation

38 1 Joist Noor filed with cellulose nsulation 83
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@ Sublrme window frame tilt / tum window Natura Clad Classic 82 System
(3) 1Joist 195 prefab frame

@ 50 mm fight minaral wool

@ Stesl brackst L (connection rooftoppanet)
(&) stest sed-clamping boits 150 - 200 mm

@ Existing Granutar concrate

MODF wooden frame

(@) Gps 125mm

{10) Rockwool stesnwol 100mm

@) Existing roof pitch

(2 Gutex Thermofiex houtvezelisolatie 220mm

X
o

’,

v,
s
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TSR |

Waterentiebox 200mm
@ Substraaifaag 200mm
Sedum + lage vegetatie
Roof makding alurminum
@ Roof ralling
@ glue and grout for sto strips
Semi-rigid mineral wool slab with special wind barier facing
Semi-rigid mineral wool slab with special wind barrior facing
0SB 18MM
Pebble eaves
@ Gutter Alluminium
@ Steel balconny bracket connected to | Jost

V¢

OX > RONOR-TIORORORON )

@ Ramn Gutter

27 Wooden Stats

@8 Steel | profie

@9) Pavatlex, wood fiber insulstion

(30) Solarlux combline glass folding tire (alluminiumiwood)
@3)) Exsting Bricks

@ Stone strips

33 Steel brackat

@ Glass hardensad balconny panels

33 raised fiooe with floor insulation

38 1 Joist fioor filed with cellulose insulation 84



|

—_— —

o 2 s L
N
r - ) ;\\\ L o
P ey ¥
H’ ‘ f il
Y |
os - .
a T - .
-~

: 3

3. Design

@ER@®

Sublme window frame tilt / tum window Natura Clad Classic 92 System
| Joist 185 prefab frame

50 mm fight minaral wool

Steal brackst L (connection rooftoppanat)
stes! seff-clamping bolts 150 - 200 mm
Existing Granular concrete

MDF wooden frame

Gips 12.5mm

Rockwodl stesnwol 100mm

Existing roof pitch

Gulex Tharmoliex houtvezelisolate 220mm

@
®
@
®
®
@
®
®
)
@
@

©®EE ®

Waterentiebox 200mm

Substraaifaag 200mm

Sedum + lage vegetatie

Roof makding alurminum

Roof ralling

glue and groul for sto strips

Semi-rigid mineral wool slab with specisl wind barier facing
Semi-rigld mineral wool slab with special wind barrier facing
0SB 18MM

Pabble eaves

Gutter Alluminiurm

Steel balconny bracket connected to | Joist

IEREREEREEAD

8 @ &

R8RS

Ramn Gutter

Wooden Slats

Steed | profise

Pavallex, wood fber insulstion

Solarlux combling glass folding tire (alluminiumiwood)
Ewsting Bricks

Stone strips

Steel bracket

Glass hardenad balconny panels

raisad fioor with floor msulation

| Joist fioor Tiled with calluloge insulation
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{Z) Subkme window frame til / fum window Natura Clad Classic 82 System
(3) 1 Joist 195 prefab frame

@ 50 mm fight minaral wool

(5) Steel brackst L (connction roottoppanel)
(&) stest sel-clamping bolts 150 - 200 mm

@ Existing Granutar concrate

MDF wooden frame

(8) Gps 125mm

Rockwool stesnwol 100mm

@) Existing roof pitch

(12 Gutex Thermofiex houtvezelisalatie 220mm

|
© OO &

@ Waterentisbox 200mm

Substraailaag 200mm

Sedum + lage vegetatie

Roof maiding alurmnum

Roof ralling

plue and growt for sto strips

Sami-rigid mineral wool slab with special wind barrier facing
Semi-rigld mineral wool slab wilh special wind barrior facing
0S8 18MM

Pabbile eaves

Guttar Aluminium

Steal bakcanny bracket connected to | Jaist

FEREREEEEE

RREOCEREER®

Rain Gutter

Woaden Siats

Stee! | profile

Pavaflex, wood liber insulstion

Solarlux combline glaas folding tire (alluminiumiwood)
Ewsting Bricks

Stone strips

Steel bracket

Glass hardenaed balconny panals

raised foor with floor insulation

| Joist Neor filled with celiulose insulation 86



B-R

3. Design

[
GRAPHISOFT.

ARCHICAD

¥

87



3. Design

88



File Edit View Display Solution Help

Params | Maths Sets Vector Curve Surface Mesh

Intersect  Transform Drsplay ARCHICAD Kangamo2

3. Design

fragment 1.0 Fite Edit View.Curve Surface SubD Solid Mesh Dit-nension Transform Tools Analyze Render Panels Help

Command:

CDQQ@GN”QQii..ll
ao.oai
el

Visibility  Transform Curve Tools  Surface Tools  Solid Tools  SubD Tools  Mesh Tools  Render Tools  Drafting  New in V7
.New' @ subp .Y ; i Refittim @D RibbonOffset ¢ Selselfintersecting 4 IntersectSelf
(% tagecontinuity B LayerBook [l QuadRemesh (% Delete faces
‘ Soft Transform { Move vertical 1h Convert text to block attribute

® PlanarUnion

[@ Add missing block attribute keys ) SnapToMeshObject

& e [2e2%

m.l'@ U

<09

PRQ0 Q-

PeCHUTUURS RAR »

-
P
LI

I\

LT e

(stwan]  e250 D

e

&

.

Qe

-

.
-/J‘i

[
-

DH0e s

-
-

Perspective  Top  Front  Right
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3. Design

(~ Betonwand 250

(2 ALG Buitenwand

2 ALG Binnenwand NC

) ALG Binnenwand C

2 ALG Buitenwand stenen gedraaid
= ALG Vloer

O KZ 214

(&8s O ALG Buitenwand iso stenen gedraaid b

D ALG Buitenwand hsb gedraaide steen mirror
[[émp [ ALG Buitenwand iso mirror
[[&mp O ALG Buitenwand isob -
[ éemp [ ALG Buitenwand iso gedraaid gespiegeld
[ émp | @ Houten balklaag+ballast isop
[ €me | buitenwand isoleren kelder}
[ omp [ @ W isolated roof}
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3. Design

& Error! X

Your computer does not have enough memory to
perform the operation.




GRAPHISOFT.

9 Bug Reporter
S

z Rhino Error Reporting
Rhino encountered a problem and needs to close.

Please send this confidential error report now.

Include the file you were editing or reading when Rhino closed Your detailed bug report is being prepared for sending.

Your email: This may take a moment or two. Please wait.

‘ By sending a bug report, you are helping GRAPHISOFT to serve you better,
Our team is eager to resolve your issue,
Thank you!

What were you doing when Rhino closed?

Bug Reporter is now gathering information to send the report.

More about bug reporting

& GRAPHISOFT Bug Report Submitter

Submitting bug report file to GRAPHISOFT Technical
Support web site, Please wait..,

Send Now | | Don't Send | | Help
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¢+ Advantages
v Municipality -
*  Goverment |

------
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3. Design

L |
------

:’ Advantages
i Housing
Y corperation

-~ -
------
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L |
------

:: Adva ntages \
i Architect 1
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3. Design

:’ Advantages
i builder -
*  Contracter |

105
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