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Two fundamental challenges in the built environment

1. There is a large and long lasting need for new homes.

- In the Netherlands, we need 1.000.000 new homes by 2030.

- Globally, we need 2.000.000.000 new homes by 2100.

2. There is a drastic and urgent need for reduced pollution from the building industry.

- The building industry currently causes around 50% of man-made climate change.1

- Concrete and steel production together are responsible for 15% of global anthropogenic CO2 emissions.2

1      https://www.worldgbc.org/sites/default/files/UNEP%20188_GABC_en%20%28web%29.pdfttt1      https://www.worldgbc.org/sites/default/files/UNEP%20188_GABC_en%20%28web%29.pdfttt

2     https://www.researchgate.net/publication/302061863_Long-term_model-based_projections_of_energy_use_and_CO2_emissions_from_the_global_steel_and_cement_industries
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Opportunity 1: Engineered Wood

CLT Glu-lam LVL

- Strong & Lightweight

- Climate-friendly production (low emissions & wood absorbs CO² during growth

- High workability (CnC milling, high precision, automated production)
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Opportunity 2: ‘Low-hanging fruit’

Most buildings we make have very simple structures that could easily be made out 
of a system of some kind.
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The Design Assignment

1. Design a Modular Reusable Building System prototype.

- Disassemblable
- Flexible in life (e.g. changable inner walls)

-Allows freedom of design
- Useable in conjction with ‘normal’, custom building elements

- Engineered wood as main body

2. Use system to design two buildings in drastically different contexts

- Show the system can adapt to different climates, architectural cultures and local 
problems.

- Chosen locations are Amsterdam, the Netherlands and Jakarta, Indonesia
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Cornerstones 

1. System elements are directly reusable

- assembly
- damage

- transport
- storage

- etc..
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Cornerstones: 

1. System elements are directly reusable

- assembly
- damage

- transport
- storage

- etc..

2. System must give user FREEDOM OF DESIGN
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- Loss of identity 
- Loss of sense of belonging

- Uninspiring / Depressing
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 Cornerstones 

1. System elements are directly reusable

- assembly
- damage

- transport
- storage

- etc..

2. System must have Freedom of Design

3. Climate-friendly production (WOOD!)

4. Prefabrication (efficiency, digital & smart production)
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Essential for 
Mass Market Adaptation 

& Significant Impact!

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

Dream Scenario

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

Custom Building

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

(ET) Modular 
Building Systems 

(X-rad)

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

Reusability Pre-fabrication

Eco-friendly 
Production

Freedom 
of Design

Hybrid Modularity

Modular System + 
Custom Elements

ProposalConvention
Current 

Explorations
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Core of building made
entirely out of system elements

Small amount of custom additions Final result that is demountable and for 
the most part directly reusable



SYSTEM DESIGN
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System design: Existing Solutions

X-rad system by ROTHOBLAAS
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A B D
VARIABLES
The floor elements have three variables. The first vari-
able is the span, which varies according to standard 
grid units of 1500 mm (V-G). 

The second variable is the width, which also varies ac-
cording to V-G. 

The third variable is the thickness, which varies ac-
cording to a number of standard measurements (V-S) 
based on both span and load. In this case the thickness 
is 220+50, with 220 mm of the thickness being load-
bearing and the bottom 50 mm facilitating attachment 
points.

PRIMARY ATTACHMENT POINTS
At the bottom side, each corner has 
milled-in space where the steel in-
terfaces are placed to connect the 
floors to walls or beams. 

These interfaces can vary in height 
to either heighten or lower the floor 
elements as required for the design.

SECONDARY ATTACHMENT POINTS
On the top side, the floor elements 
have pre-drilled holes according to 
a simple grid of 150 x 150 mm. 

These holes serve as the attach-
ment points for both floor add-ons 
(extra height, sound insulation, 
weight) and the ‘footprints’ of walls. 

These elements are connected via 
friction-fit steel pins to be complete-
ly remountable. 

C
SECONDARY ATTACHMENT POINTS
Similar to the beam elements, the 
floor elements have a bottom layer 
of 50 mm non-loadbearing CLT with 
milled-in slits and pre-drilled holes. 

These serve as attachment points 
for add-ons that can fulfill a variaty 
and multiplicity of functions: sound 
insulation, fire proofing, electrics, 
ventilation and lowered ceiling (ad-
ditionalheight). 

E VARIANTS
Depicted a several variants of the 
floor element, differing in width 
and span. 

Notable is the bottom variant, 
which has double width and 
spacing in the middle for col-
lumns in the system grid. This 
variant makes use of the proper-
ty of CLT where it can bear loads 
in both perpendicular directions, 
and only needs to be secured at 
the corners.

FLOOR ELEMENT



Topside Add-on (PRE-FAB)
Additional Height, Weight, Sound 
insulation. Variable according to 
building needs. Pre-drilled holes as 
attachment points for wall foot-
prints.

Floor Element (PRE-FAB)
According to blueprint. 

Bottomside Add-on (PRE-FAB) 
Additional height, sound insulation,
electrics and installations. Slid unto 
the bottom of the floor element and 
secured with horizontal  friction fit 
pins.

Ceiling Finish
Fire-proofing. Finish. Added on-site. Vari-
able. 

A

A

B

C

D

B

C

D

34 / 202 35 / 202SYSTEM DESIGN



36 / 202SYSTEM DESIGN



36 / 202 37 / 202SYSTEM DESIGN



38 / 202SYSTEM DESIGN



38 / 202 39 / 202SYSTEM DESIGN



40 / 202SYSTEM DESIGN



40 / 202 41 / 202SYSTEM DESIGN



42 / 202SYSTEM DESIGN



42 / 202 43 / 202SYSTEM DESIGN



44 / 202SYSTEM DESIGN



44 / 202 45 / 202SYSTEM DESIGN



46 / 202SYSTEM DESIGN



46 / 202 47 / 202SYSTEM DESIGN



48 / 20248 / 202SYSTEM DESIGN



48 / 202 49 / 202INTRODUCTION48 / 202

DESIGN SHOWCASES
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PRIMARY SHOWCASE

THE NETHERLANDS,
AMSTERDAM,
NIEUW WEST,
OSDORPPLEIN.

SECONDARY SHOWCASE

INDONESIA,
JAKARTA,
CENKARENG,
RAWA BUAYA.
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Locational differences:

1. Climate
2. Architectural culture
3. Local problems
4. Future developments
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AMSTERDAM
Local challenge: Dutch housing crisis, lack of affordable and 

fitting home, especially for starters

Target Group: Starters & Starting families
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Old Footprint: 1.500 m²

Old floor space: ~2.200 m²

- Heavyweight concrete construction
- Two double height floors

New Footprint: 2.000 m²

New floor space: max ~13.500 m²

- Lightweight wooden construction
- Six floors on old foundation, nine on new foundation
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Loss of individual (spatial) value on dwelling scale

- Smaller dwellings
- Fewer possibilities for social interactions, events, leasure, 
in private dwelling
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Maximize efficiency available space

- Remove dedicated circulation space
- Integrate storage
- Maximize feeling of spatiousness
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Opportunity: Introduce community (spatial) value on 
building scale

- Bring back lost values in shared environment.
- Sharing saves money & brings people together 
- Encourages feeling of community & social interaction
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BUILDING DESIGN
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CHALLENGE 1: DEALING WITH 
THE EXISTING
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CHALLENGE 2: FREELY PLANNABLE 
FLOOR PLANS
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CHALLENGE 3: LEVEL DIFFERENCE & 
CUSTOM ELEMENTS
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CHALLENGE 4: CUSTOM STRUCTURE

132 / 202SHOWCASE: AMSTERDAM



132 / 202 133 / 202SHOWCASE: AMSTERDAM



134 / 202SHOWCASE: AMSTERDAM



134 / 202 135 / 202SHOWCASE: AMSTERDAM



136 / 202SHOWCASE: AMSTERDAM



136 / 202 137 / 202SHOWCASE: AMSTERDAM



MODULARITY ANALYSIS
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Non-Modular Elements (Orange)
 
Posts: 0 
Beams: 15
Floors: 88

EXCLUDING

Foundation
Concrete elevator cores
Pergola construction
Greenhouse construction
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JAKARTA
Local challenge: City flooding in 20 - 30 years, but big de-

mand for housing
Target Group: Former rural migrants
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MODULARITY ANALYSIS



EXCLUDING

Foundation
Elevator
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Custom Modular Elements (Light Orange)

~ 1700 m²
facade elements

Non-Modular Elements (Orange)

~ 2800 m² 
custom roof

38%

62%
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CONCLUSION
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AMSTERDAM JAKARTA
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SOURCE: https://www.archdaily.com/904271/can-future-cities-be-timber-cities-googles-sidewalk-labs-asks-the-ex-
perts/5bcdab91f197cc4e40000204-can-future-cities-be-timber-cities-googles-sidewalk-labs-asks-the-experts-image
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SOURCE: hhttps://www.theglobeandmail.com/arts/art-and-architecture/article-can-sidewalk-labs-build-the-future-of-wood-well-see/
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SOURCE: https://www.phaidon.com/agenda/architecture/articles/2018/january/04/could-wood-be-the-future-of-urban-architecture/
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BOOKLET
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SITUATION & FLOOR PLANS
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DETAILS
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FACADE FRAGMENT
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SYSTEM GUIDE AND DETAILING



MAIN CONCEPT: ATTACHMENT POINTS & INTERFACES

The concept that forms the backbone of the whole 
system is the use of integrated attachment points 
in all elements, using steel interfaces to connect 
different elements together. Elements have both 
primary attachment points -meant for constructive 
connections -, and secondary attachment points - 
meant to connect with functional elements such as 
finishing layers, inner walls or installations. Primary 
attachment points are made of steel elements se-
cured to the wooden bodies, while the secondary 
attachment points are mostly integrated into the 
wood via milling or drilling (holes, slits).

This concept gives the system the the enormous 
flexibility that it needs for achieving universal reus-
ability, as well as forming an easy basis to combine 
system elements with custom architecture. Finally, it 
also ensures that the system can develop over time 
without making older elements lose value - they can 
always be used in conjunction with newer elements 
by simply using the right interfaces.

MAIN AND SECONDARY GRIDS

The main constructional elements all follow a set 
horizontal grid of 1,5 by 1,5 meters. Primary
attachment points are integrated into the ele-
ments where the grid lines intersect.

Vertically, there is no grid but instead a set of stan-
dard measurements that make the most sense 
in practice. In the example projects, the standard 
measurements of 3.200 (standard dwelling height) 
and 4.000 (standard commercial height) are used.

Some elements use their own inherent grids for 
secondary attachment points- most notably the 
floor elements and facade components. These 
grids are seperate from the main grid and used 
mainly to give a consistent ground to attach ele-
ments such as inner walls, installations or finishing 
layers.
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DIVERSITY OF STRUCTURE AND SPACE
With the inherent flexibility of the interfaces and the 
combination of wall elements, columns and beams, 
a large variety of different structures and spaces 
can be made using the building system. 

Depicted are a typical row house structure, an
office building with double height plinth and a cus-
tom curved glass facade, a hexagon-shaped build-
ing with colosseum-like custom facade, and a sim-
ple structure for a large event hall.



A C DVARIABLES
The column elements have two different 
variables. The first variable is the dimensions 
of the section, in the shown case 400 x 400. 
Standard models are available in steps of 100 
mm .

The second variable is the height, which 
also varies according to a number of stan-
dard measurements, in this case based on 
the standard floor height of 3.200. The totaal 
height is this number increased by 400, as the 
collumns slid inside of each other.

SECONDARY ATTACHMENT 
POINTS
Each collumns has slits 
milled into the wood at the 
corners to facilitate the de-
mountable attachment of a 
finishing layer. 

Holes drilled at a regular 
interval serve to pin the at-
tachment in place vertically 
with friction fit metal pins.

VARIANTS
The column elements 
vary according to 
several factors. Height,  
sectional dimensions, 
and shape. 

B PRIMARY ATTACHMENT 
POINTS
Steel elements form the 
primary attachment 
points at both extremes 
of the columns. 

COLUMN ELEMENT
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WALL ELEMENT
A B CVARIABLES

The wall elements have three different variables. 
The first variable is the width, which is variable 
according to the standard Grid (V-G). 

The second variant is the thickness, which varies 
according to a set of standard options (V-S). 

The last variable is the height, which also varies 
according to a set of standard options (V-S). The 
standard used for dwelling type buildings is 3.200

PRIMARY ATTACHMENT POINTS
Steel attachment points are attached to the 
CLT body at a regular interval of 1.500 (Grid Unit). 
These steel elements are attached using multple 
long screws. They serve as the backbone for the 
system, as they allow elements to be connected 
to theoretically any other element, using a vari-
ety of standard or custom interfaces.

VARIANTS
Depicted are several variants of wall elements, 
including a custom variant with a custom shape 
milled out. Elements like these can be easily re-
manufactured into standard elements reducing 
its size.

At the bottom side they are only located at the 
corner, meant to secure the wall element itself. 
On the top side, they are placed at every grid unit 
to faciltiate attachment to beams, floors or fa-
cade elements.
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BEAM ELEMENT
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A B DVARIABLES
The beam elements have three variables. The 
first variable is the span, which varies in cre-
ments of the standard 1.500 mm grid unit.

The second variable is the thickness, which varies 
according to a number of standard measure-
ments, based on the   load the beam needs to 
bear. 

The third variable is the height, which varies ac-
cording to a number of a standard measure-
ments, based on both the required load and the 

PRIMARY ATTACHMENT POINTS
Steel attachment points are attached to the CLT body at 
a regular interval of 1.500 (Grid Unit). These steel elements 
are attached using multple long screws.They serve as 
the backbone for the system, as they allow elements to 
be connected to theoretically any other element, using a 
variety of standard or custom interfaces.

PRIMARY ATTACHMENT POINTS
At both extremes the beams have 
eight pre-drilled holes as well as 
a vertical slit milled into the Glu-
Lam. 

A variety of steel interfaces can 
be attached to this part of the 
beam, to attach it to different el-
ements such as walls, columns or 
even other beams.

C SECONDARY ATTACHMENT POINTS
The bottom fo the beam elements have 
a layer of 50 mm non-loadbearing Glu-
Lam, with slits milled to serve as attach-
ment points for ceiling add-ons. 

These addons are slid on the bottom of 
the beams and secured in place hori-
zontally with friction fit steel pins placed 
in pre-drilled holes in the side.

E VARIANTS
A depiction of several 
variants of beams, vary-
ing in span, height and 
thickness.

BEAM ELEMENT
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A B D
VARIABLES
The floor elements have three variables. The first vari-
able is the span, which varies according to standard 
grid units of 1500 mm (V-G). 

The second variable is the width, which also varies ac-
cording to V-G. 

The third variable is the thickness, which varies ac-
cording to a number of standard measurements (V-S) 
based on both span and load. In this case the thickness 
is 220+50, with 220 mm of the thickness being load-
bearing and the bottom 50 mm facilitating attachment 
points.

PRIMARY ATTACHMENT POINTS
At the bottom side, each corner has 
milled-in space where the steel in-
terfaces are placed to connect the 
floors to walls or beams. 

These interfaces can vary in height 
to either heighten or lower the floor 
elements as required for the design.

SECONDARY ATTACHMENT POINTS
On the top side, the floor elements 
have pre-drilled holes according to 
a simple grid of 150 x 150 mm. 

These holes serve as the attach-
ment points for both floor add-ons 
(extra height, sound insulation, 
weight) and the ‘footprints’ of walls. 

These elements are connected via 
friction-fit steel pins to be complete-
ly remountable. 

C
SECONDARY ATTACHMENT POINTS
Similar to the beam elements, the 
floor elements have a bottom layer 
of 50 mm non-loadbearing CLT with 
milled-in slits and pre-drilled holes. 

These serve as attachment points 
for add-ons that can fulfill a variaty 
and multiplicity of functions: sound 
insulation, fire proofing, electrics, 
ventilation and lowered ceiling (ad-
ditionalheight). 

E VARIANTS
Depicted a several variants of the 
floor element, differing in width 
and span. 

Notable is the bottom variant, 
which has double width and 
spacing in the middle for col-
lumns in the system grid. This 
variant makes use of the proper-
ty of CLT where it can bear loads 
in both perpendicular directions, 
and only needs to be secured at 
the corners.

FLOOR ELEMENT



Topside Add-on (PRE-FAB)
Additional Height, Weight, Sound 
insulation. Variable according to 
building needs. Pre-drilled holes as 
attachment points for wall foot-
prints.

Floor Element (PRE-FAB)
According to blueprint. 

Bottomside Add-on (PRE-FAB) 
Additional height, sound insulation,
electrics and installations. Slid unto 
the bottom of the floor element and 
secured with horizontal  friction fit 
pins.

Ceiling Finish
Fire-proofing. Finish. Added on-site. Vari-
able. 
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A

A

B

C

D

B

C

D



FACADE ELEMENTS

Facade elements are composed of standardized 
wooden milled elements with a grid of 100 mm. 
The main horizontal and vertical elements are 
demountable and reusable without any damage. 
Disposable lats are used to secure elements such 
as interfaces or Finish lats in non-reusable manner 
(screws).

A

A B

The elements can be configured in an almost in-
finite number of ways to facilitate rectangular 
facade openiongs of almost any size. Window and 
door frames are are are attached in a remount-
able way but are themselves disposable - win-
dows and doors are attached to these frames with 
regular attachment methods such as screws.

BThe main elements have pre-drilled holes in
a simple grid to allow the attachment of window
and door frames in a demountable way via pins.
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A standard frame with lats attached.C

C

Insulation, windows and foils (dampopen and wa-
terproofing respectively on the interior and exterior 
sides) are added. Insulation is naturally demount-
able and reusable.

D Finish lats are added on both the exterior and in-
terior sides. Finishing layers are attached to these 
on-site with regular attachment methods such as 
screws. The lats are disposed after lifecycles.

E Horizontal steel interfaces are added at the top 
and bottom sides of the interior to facilitate at-
tachment of the facade elements to floors, beams 
and walls.

D E
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At this stage the elements are ready to be trans-
ported to the building site and attached to the main 
structure. In this case they are attached to interfac-
es on standard floor elements. Gaps and foils are 
sealed off with sealing tape on both the exterior and 
interior. The elements are designed to reserve space 
for this.

F

F

As the last step, finishing layers are added on the 
interior and exterior sides. Because the Finish lats are 
disposable, in principle anything can be attached to 
these elements as finishing layer, as long as the lats 
can bear its load. In the two example projects, exist-
ing remountable systems for wooden planks and a 
ceramic facade are used.

G

G

After the building life cycle has ended, the finishing 
layers (interior and exterior) can be removed, and 
the element can demounted as a whole. It can then 
be either directly reused as is in a similar design or 
transported to the factory to be reconfigured in a 
new shape.
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