
PATTERN AND SYSTEM
An automated approach to housing in the Minervahaven

Merel van Casteren
Architectural wood graduation studio

Delft University of Technology		  Architectural wood graduation studio				    P4					      Merel van Casteren 		   	                 2025



Delft University of Technology		  Architectural wood graduation studio				    P5					      Merel van Casteren 		    	                 2025

Introduction



Delft University of Technology		  Architectural wood graduation studio				    P5					      Merel van Casteren 		    	                 2025

source: Churkina, G. et al. (2020). Decarbonizing construction. Buildings as a global carbon sink.
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source: CBS

Housing shortage Netherlands
Introduction
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Location
Site

NIEUWE HOUTHAVENMINERVAHAVEN
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Minervahaven
Site
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Typical structures
Site
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Site
Site

SITE
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Occupation
Site
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& engineered timber

Approach
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images top-bottom, left-right: PONTEC, XLAM, SeARCH. 

Modular construction

Modern machinery

& engineered timber

Approach
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image: Dura Vermeer 

Commercial systems
Approach
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source: McKinsey & Company

Speculative future
ApproachExhibit 7, part 2

TO

TO

34 The next normal in construction
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Design Patterns
Approach
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* Radial Pattern
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***
Pattern has no boundary or direction

***
Scalability through fractals

***
Symmetrical patterns

***
Reciprocal Knot

***
Regular radial structure
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* Voxel
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***
Multiples of 2- and 3 axes ***

Multiplicity of patterns from single geometry

***
Tesselated symmetrical pattern

***
Voxel as polyhedron with straight sides
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* Timber morphology

PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules) Gypsum panel 
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Spruce studs Mycelium composite 
insulation

Windows (cavity) Doors (cavity) Facade panels 
Robinia (of pine core?)

Nails & boltsPlywood 

Sinle units (beams, columns & connectors)

The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.
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assembly line milling;                                       machine

PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules)

Sinle units (beams, columns & connectors)

The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.

CNC
***

CNC milling
***

Details and frames in sawn timber

***
CLT panels

***
Joinery and milling limitations

***
Glulam beams and posts

***
Centralized production of prefab members
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* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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* Digital space

***
Sectional Modularity

***
Non-symmetrical

***
Bridging structure

***
Stedelijk dak

Dirk Verwoerd

Reference projectSTEDELIJK DAK CONCEPT &KASBAH HENGELO
Piet Blom
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* System
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S
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***
Plug-in Megastructure

***
Frame and panel system

***
Demountability

***
Complex modules

***
Service cores

***
Core and Shell

1
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5

6

7

9

2

4

Modular panel - interior wall

Rigid Insulation panels - Mycelium

Modular panel - Facade

CLT floorpanel

Acoustic dampening and linoleum finish

GLT beam and column
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Pattern geometry

Radial patternLinear pattern

Research

1

2

√3

30°

60° 90°

22 (1) 3

4

0 2 (2) 1

10

3 6

24 1 

23 1 

0 0 1

1

2

√3

30°

60° 90°

22 (1) 3

4

0 2 (2) 1

10

3 6

24 1 

23 1 

0 0 1



Delft University of Technology		  Architectural wood graduation studio				    P5					      Merel van Casteren 		    	                 2025

Radial patterns in nature
Research
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Geometric basis
Research
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* Voxel
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***
Multiples of 2- and 3 axes ***

Multiplicity of patterns from single geometry

***
Tesselated symmetrical pattern

***
Voxel as polyhedron with straight sides



Delft University of Technology		  Architectural wood graduation studio				    P5					      Merel van Casteren 		    	                 2025

x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x x

x

x

x

x

1D MODULES

EXPOSED

40MM LAMELLA

SECTION REGULAR COLUMN SECTION FACADE COLUMNSECTION SUPPORTS COLUMN

120MIN FIRE RATING

SECTION REGULAR BEAM

160MM

200MM

160MM

400 BEAM HEIGHT

2800 MINIMAL

x 
150 THICKNESS CLT FLOOR

xx

COVERED

2D MODULES 3D MODULES

Kit of Parts
Parts
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Kit of Parts
Parts
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Dimensioning principles

Section main columns Wall frames

Parts
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Main materials

Spruce CLT - Solid panels

Mycelium composite - Insulation

Spruce GLT - Beams and columns interiorSpruce - wall frames

Robinia - All exposed members, cladding

Parts
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ROBINIA TIMBER (EXTERIOR PANELS)

MYCELIUM (INSULATION)

SPRUCE TIMBER (CLT&GLULAM CONSTRUCTION)

Material sourcing
Parts
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Generation of space
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Existing building
Top-up

SITE DEM
OLISHED W

AREHOUSE

(ASBEST)

RIGAKADE 10
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Interior existing building
Top-up
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Creating opportunities
Top-up

DANZIGERBOCHT

RIGAKADE HAPA
RANDAW

EG

CREATIVE INDUSTRIES

CREATIVE INDUSTRIES

CREATIVE INDUSTRIES

WAREHOUSE

OFFICES

OFFICES

CAR DEALERSHIP

(GARAGE)
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Maximum built volume
Top-up

E

S

W
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* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Matching pattern grid
Top-up

5 M

5 M

4,3 M
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* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Matching pattern grid
Top-up
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* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Matching pattern grid
Top-up

Architectural wood graduation studio36 Pattern and SystemMerel van Casteren

* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Glulam Table structure
Top-up
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Glulam frame
Top-up
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Cores and Axes
Top-up

Architectural wood graduation studio36 Pattern and SystemMerel van Casteren

* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Basic pattern
Top-up

Architectural wood graduation studio36 Pattern and SystemMerel van Casteren

* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Function diagram
Top-up

CREATIVE WORKSPACES

OFFICES (EXISTING)

SHARED W
ORKSHOP

BATHROOM
S

CIRCULATION

BIKE STORAGE

RESTAURANT

RESTAURANT BORISOV ( EXISTING)

EVENT SPACE, CLUB

LOADING DOCK

PUBLIC FUNCTIONS

 SERVICE CORE

 FIRE ESCAPE

APARTM
ENTS

ATRIUM
 

INDOOR STREETS

COM
M

UNITY SPACE

RESIDENTIAL

Architectural wood graduation studio 39Pattern and System Merel van Casteren

* Digital space

***
Sectional Modularity

***
Non-symmetrical

***
Bridging structure

***
Stedelijk dak

Dirk Verwoerd

Reference projectSTEDELIJK DAK CONCEPT &KASBAH HENGELO
Piet Blom
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Manipulation
Top-up

Architectural wood graduation studio36 Pattern and SystemMerel van Casteren

* Generative sequence

*** Boundary conditions - maximum built volume

*** Medium - Superstructure

*** Activator - Service Cores

*** Axes - Direction of generative sequence

*** Linear generation - Aggregations around core along axes

*** Manipulation - Editing the pattern

*** Detailing - Translating into modules
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Final volumes
Top-up
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Interior modular fill
Top-up
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Final volume
Top-up
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Proposal
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LOADING DOCK

INDEPENDENT OFFICETOILETS

BORISOV

OFFICE SPACE

INDEPENDENT STUDIO SPACES

MAIN ENTRANCE

SERVICE ENTRANCE

OPEN EVENT SPACE - CLUB

RESTAURANT

RESTAURANT KITCHEN

FIRE ESCAPE

TOILETS

TOILET & WASHING BAY WORKSHOP

INDEPENDENT STUDIOS

OPEN WORKSHOP

CIRCULATION CORE

UTILITY ROOM

BIKE STORAGE 2

BIKE STORAGE 1

CIRCULATION CORE

UTILITY ROOM

Ground floor
Proposal
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Main entrance
Proposal
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STORAGE

OPEN STUDIO SPACES

STUDIO SPACES

INDEPENDENT STUDIOS

OPEN WORKSHOP

CIRCULATION CORE

CIRCULATION CORE

First floor
Proposal
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Open workshop
Proposal
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Open workshop
Proposal
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THRESHOLD

CIRCULATION CORE

FIRE ESCAPE

ENTRANCE MODULE - FRONT DOOR, HALLWAY

WET MODULE - BATHROOM, KITCHEN, UTILITIES

STUDIO

BALCONY

CIRCULATION CORE

SHARED SPACE

Second floor
Proposal
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Second floor plan
Proposal
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Common space
Proposal
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2

BASE SIZE APARTMENT  +- 70M

STUDIO APARTMENT +-30M

2

Third floor
Proposal
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Third floor plan
Proposal
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Average apartment
Proposal
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Average apartment
Proposal
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Studio Apartment
Proposal
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LARGE APARTMENT +- 110 M2

Fourth floor
Proposal
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Large apartment
Proposal
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Fifth floor
Proposal
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Sixth floor
Proposal
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Pattern in Detail
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Block
Pattern in detail
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Unit
Pattern in detail

5 M1,2 M

BASE UNIT

FLEXIBLE WALLS POSSIBLE USING PATTERN
SEMI-PRIVATE THRESHOLD

PRIVATE OUTDOOR SPACE

CIRCULATION
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Element
Pattern in detail

1,2 M

Rest
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Detail
Pattern in detail
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1

3

5

6

7

9

2

4

Modular panel - interior wall

Rigid Insulation panels - Mycelium

Modular panel - Facade

CLT floorpanel

Acoustic dampening and linoleum finish

GLT beam and column

Façade construction
Proposal
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Façade
Proposal
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Joints
Parts
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Transverse section
Proposal
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RESEVOIR

SEDUM ROOF 

HORIZONTAL SEVICE CAVITY

VERTICAL SEVICE CAVITY:
RAINWATER COLLECTION
IN CASE OF GREYWATER SHORTAGE

SERVICES INTEGRATED IN MODULES : 
STACKED CONNECTIONS

REUSE GREYWATER IN 
TOILETS & WASHING MACHINE 

REUSE GREYWATER FROM
SINK & SHOWER

HELOPHYTE FIELD

RAINWATER FLOWS TOWARDS DITCH

Building services
Proposal
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Thank you.
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Ground floor plan
Proposal

N
1: 500
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First floor plan
Proposal



Delft University of Technology		  Architectural wood graduation studio				    P5					      Merel van Casteren 		    	                 2025

Fourth floor plan
Proposal
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Fifth floor plan
Proposal
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Sixth floor plan
Proposal
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Existing building as foundation
Top-up
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Exterior Modular skin
Top-up
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Frame and panel system
Parts
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Prefabrication
Research

PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules) Gypsum panel 
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Windows (cavity) Doors (cavity) Facade panels 
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Nails & boltsPlywood 

Sinle units (beams, columns & connectors)

The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.
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PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
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The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.

x

x

1220

2440

910

21
34

38

89

2800

290250

89

910

23
00

CONVENTIONAL MAXIMUM TIMBER BEAM SPAN -+ 8 M

GLULAM CONVENTIONAL MAXIMUM SINGLE STRAIGHT BEAM SPAN +-30M

TRADITIONAL AND ENGINEERED 
SECTIONS

JOINERY TRADITIONS

LANGUAGE

PRACTICAL MAXIMUM WIDTH 
ENGINEERED TIMBER PANEL -+ 3,5 M

PR
AC

TI
CA

L 
M

AX
IM

U
M

 L
EN

G
TH

 E
N

G
IN

EE
RE

D
 T

IM
BE

R 
PA

N
EL

 -+
18

.7
5M

 - 
27

.5
 M

PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
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PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules) Gypsum panel 
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PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules) Gypsum panel 
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3660

Spruce studs Mycelium composite 
insulation

Windows (cavity) Doors (cavity) Facade panels 
Robinia (of pine core?)

Nails & boltsPlywood 

Sinle units (beams, columns & connectors)

The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.
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assembly line milling;                                       machine

PONTEC assemblyline style bridge;
Element constraints
Travel length max.12.8 m
Panel width 3000 mm
Panel thickness 50 - 400 mm
8 positions for tools&aggregates possible
Basic spiral tool ø 16 mm
Basic saw unit ø 250 mm
Basic stapler unit staple length 26 - 65 mm 

Volumetric units (3D modules)

Panel units (2D modules)

Sinle units (beams, columns & connectors)

The elements are assembled using a frame-and panel system based on sectional and fabricate-to-fit modular princinples.

CNC


