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K E Y  T E R M  D E F I N I T I O N S 

H Y B R I D  B U I L D I N G 
A high densi ty of dif ferent individual programs that relate to one 
another and begin to overlap in their funct ions, formulat ing new 
programmatic typologies. The same applies to the combination 
and integrat ion of bui lding systems to generate a new system.

M I X E D - U S E
The incorporation of mult iple programmatic funct ions that act 

individually from one another. 

I N - B E T W E E N  S P A C E 
The informal space that l inks dif ferent programmatic funct ions 
throughout the bui lding. I t  is a kind of buf fer that mediates 
between dif ferent spaces.

L I V I N G  L A B
Facil i tates a place where people and ideas can come together in 
an environment where there are easi ly accessible opportuni t ies 
to learn, create and part icipate.

T E M P O R A R Y
Components of a bui lding to be easi ly reconfigured every 20 
years to continuously adapt to changing social,  environmental 
and economic contexts.
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G E N E R A L  P R O B L E M  S T A T E M E N T 
Lack of Innovation in the Construction Industry
The world is rapidly changing more than ever, with increasing and decreasing 

populations and issues of land scarcity. There is growing demand from a construction 

industry that has been considerably slow to technological innovation in comparison 

to other industries. According to Imagining construction’s digital future, “adoption has 

been slow due to a lack of awareness and familiarity within the design and engineering 

community, a limited supply chain and a lack of availability at scale” (Agarwal et al., 

2016). Moreover, within the construction industry the annual productivity growth over 

the past 20 years was only a third of total economy averages. As a result of thin profit 

margins and high probability of construction delays. Risk aversion and fragmentation as 

well as dif ficulties in attracting digital talent slow down innovation within the industry. 

Therefore, digitalization in the construction industry is considerably lower than in nearly 

any other industry (Agarwal et al., 2016) which can be clearly seen in figure 1.

Dependency on Rennovations and Demolitions 
The lack of innovation results in the Traditionality of construction methods continuing to 

produce a building that once complete, is isolated to its time of realization. Inevitably 

becoming dependent on future renovations and retrofits that are often environmentally 

and economically costly. In fact, according to the US EPA [Environmental Protection 

Agency] “92% of all construction related waste produced annually in the US is the 

result of renovations & demolitions, with only 8% produced from new construction” 

(Guy & Ciarimboli, 2008). This is largely due to the use of traditional materials such 

as concrete, which has one of the longest useful lives among building materials, refer 

to figure 2. However, concrete structures account for the most demolition projects by 

far and it also has the biggest environmental impacts in the Dutch construction industry 

(CE Delft, 2013).

Increased Demand
Along with the construction industry severely lagging behind in comparison to other 

industries, the overall demand for construction continues to increase, “Over the 

next 10 years, the demand for global construction is expected to increase by 70%” 

(PricewaterhouseCoopers [PWC], 2015). The cause for this increase in demand is 

largely due to residential construction services projected to grow at a rate of 6% every 

year from 2020 to 2030 (Raymond, 2021). Due to increased need for af fordable 

housing, and changing lifestyles resulting in more people living alone or with fewer 

family members than ever before. The United Nations Department of Economic and 

Social Affairs has also stated that “55% of the world’s population lives in urban areas, a 

proportion that is expected to increase to 68% by 2050” (UN Department of Economic 

and Social Affairs, 2018) leaving the construction industry to generate greater high 

density typologies. It is essential that the increase in demand is met with innovative 

solutions in order to sustain ourselves throughout changing social, environmental and 

economic contexts.

Figure 1

Figure 2

Source: https://www.mckinsey.com/capabilities/operations/our-insights/the-construction-productivity-imperative

Source: Pinsent Masons, Strabag, European International Contractors and Oxford Economics
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General Problem Statement :
As a result of current practices, the built environment is unable to easily adapt to future 

social, environmental and economic contexts. Producing a significant amount of waste 

in order to try and upgrade the past, rather than trying to design for the future. With the 

world changing more than ever, there is a major problem with how we conceive our 

built environment. 

Increased Demand

Lack of Innovation

Dependency on Rennovations 
and Demolitions 
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C A M P U S  P R O B L E M  S T A T E M E N T 
Does not facilitate the ‘living lab’ ambition
TU Delft is one of the world’s top universities, known for ground breaking research, high 

level of education and innovative cooperation between external partners. According 

to the university, it is “a top tech ecosystem that accelerates innovation for a better 

society. We are home to over 43,500 researchers, entrepreneurs and students” 

(“About TU Delft Campus”, n.d). In order to facilitate this growing tech ecosystem, TU 

Delft has a long list of ambitions to create a ‘living lab’ to promote experimentation, 

innovation and collaboration throughout the campus. In the same light, it is statated 

that “the campus is intended to become a living lab wherever possible, a place where 

innovations can be tested.” (“TU Delft Development areas”, n.d). However, only 6 

isolated ‘free zones’ are available throughout campus which are essentially open plots 

with no starting framework to easily facilitate students and faculty to come together 

and collaborate. Moreover, throughout campus current buildings are either faculty 

specific or only of fer places to study and lecture, acting in isolation from one another. 

With the need for the campus to maximize use of space, there is currently a lack of 

mixed use and hybrid building typologies that could provide oppourtunities for more 

activity and cross faculty collaberation. Making it imperative for TU Delft to rethink the 

role of buildings on campus and vice versa.

Lack of on Campus accomodation
With the number of students increasing, so does the need for accommodation and 

academic facilities. The living lab is also impacted by the increase in student population 

and needs to facilitate opportunities for more students and faculty. In response to this, TU 

Delft states that there is a strong need to maximize the use of space within Delf t Campus, 

primarily in the Stevin Area [Existing campus]. The aim for TU Delft is to turn Stevin into 

a lively area that links together all the primary functions of the campus; Research, 

teaching and living. Moreover, there are also plans to develop further south with all 

new construction for new faculty buildings. However in both existing and new plans, 

there is lit tle focus being put on housing and mixed use public spaces to promote cross-

faculty interaction. According to Monitor Student Housing, Delf t currently has 11,800 

Dutch students living away from home, 4,600 international students and 100 short-stay 

students. The forecast is that these 16,500 students presently seeking accommodation 

will rise to 22,830 in the 2028-29 academic year (Persbureau, 2021). Through an 

analysis of existing student housing on campus, there are approximately 2144 Housing 

units which evidently contributes to a lack of activity throughout campus.

A 
B 
C 

D 
E 
F 

TU Delf t  Campus 

2144 Hous ing Un i t s

A -F:  Of fered ‘Free zones ’
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C A M P U S  P R O B L E M  S T A T E M E N T 
Existing Parking Lots
As a result of the need to maximize use of space on campus and the current lack 

of high density programming. An initial exploration of TU Delfts existing parking lots 

was done to establish the proposed site(s) for the project. Six were selected as they 

are located in undesirable, ‘back of house’ conditions with lit tle to no activity taking 

place. Although there are more parking lots throughout Campus, it was these six that 

provide the greatest surface area and least amount of obstructions to be transformed 

into hybrid zones to facilitate a series of living labs throughout campus. In total, these 

selected parking lots make up an area of ±28738m². A significant amount of space for 

a single use typology when TU Delft has stated its need to maximize the use of space 

on campus. According to ASVA student union, the average room sizes can range from 

14m², 18m², 21m² and 28m² for larger rooms (ASVA Student Union, 2021). Through a 

basic calculation, it can be assumed that the average student room is about 20.25m². 

Excluding any areas of corridors, building systems, etc. If there is a total base area 

of 28738m² and the average dwelling is 20.25m², then roughly ±1419 units can be 

added on one level alone. In order to meet the future accommodation of about 23000 

students by the year 2029. There would need to be ±16 floors over each selected 

parking lot throughout TU Delft Campus. However, although this is a very preliminary 

calculation, it does provide some insight that even meeting accommodation for half of 

the students (11500) then ±8 floors would be needed. Which is far more than the 2205 

student accommodation units that have been realized from 2017 until now as seen in 

figure 3 (Persbureau, 2021). 

1

2
3

4

5

6

Parking Lot  Areas
1:  6410m 2

2:  3810m 2

3:  4013m 2

4:  3451m 2

5:  3865m 2

6:  3324m 2

Total  Area:  28738m 2Figure 3: Realized Student accomodation from 2017- now 
Source: https://www.delta.tudelf t.nl/article/shortfall-1500-student-rooms-delf t
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TU Delft Campus Problem Statement :
Throughout TU Delft, there is a lack of high density, adaptable mixed-use programming 

to truly facilitate a living-lab for experimentation, collaboration and innovation. 

Moreover, this need to maximize space throughout campus provides the opportunity to 

bring activity to the spaces in-between.
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P R O J E C T  O B J E C T I V E

The objective for the graduation project is to transform the underused locations of 

existing parking lots into an active hybrid environment by integrating high density 

residential, educational, commercial and public uses. Exceeding TU Delft’s need to 

accommodate 23,000 students by 2029, through an optimized temporary kit of parts 

configuration. The project will explore dif ferent spatial qualities within this high density, 

hybridized environment, rethinking the role of the building on campus.

In order to attain the project objective, architectural typologies and morphologies will 

act as a primary thematic focus. Within this overall view, sub-themes are introduced 

to generate a holistic project that will be able to successfully address the previously 

stated problem statements. These sub-themes include exploring the tectonics of timber, 

temporary kit of parts, hybrid programme, and hybrid building systems. From the 

thematic focus and sub-themes, the project will develop a design tool to ef fectively 

hybridize existing parking lots with engineered timber systems. 

The resulting tool will be utilized to meet a set of spatial quality principles that address 

three layers of the building, which can be seen on page 22. In turn, the tool is developed 

to help designers attain the project vision and generate a successful hybridized design. 

THEME

SUB-THEMES

Archi tec tural  Typologies  & 
Morphologies

Temporar y ki t  of  par ts

Hybrid Bui lding Systems

Hybrid Programme

Tectonics  of  T imber

-  P lug and p lay  componen t s

-  Impac t s  on  rennovat ion/ demol i t ion 
memethods

-  Spac ia l  requ i remen ts

-  Jo inery  o f  componen t s

-  Env i ronmenta l  impac t s

-  Combina t ions  o f  bu i ld ing sys tems

-  Componen t  to le rances

-  Mater ia l  t rack ing

-Combina t ions  o f  Programme 
-  Genera t i ve  t ypo log ies 

-  Engagement  w i th  su r round con tex t

-  1D,  2D,  3D sys tems

-  CNC mi l ing  and i t s  imp lementa t ion  to 
genera te  a  k i t  o f  par t s

-  Reusabi l i t y  ( L i fecyc le)
-  Qual i t y  imp l ica t ions  o f  CNC mi l l i ng

-  Soc ia l ,  spac ia l/ exper ien t ia l  qua l i t ies
-  D imens iona l i t y  o f  t imber  e lemen ts

-  Opt im ized use  o f  eng ineered t imber

Source: Authors own Sketch
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Design Question:
How can a  temporary  k i t  o f  par t s  genera te  hybr id  bu i ld ing t ypo log ies 

tha t  qu ickly  t rans form s ing le  use  park ing lo t s  in to  h igh  dens i t y  l i v ing  labs 

throughou t  De l f t  Campus  to  meet  the  hous ing demand?

Source: Authors own Sketch
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Design Sub-Questions:
•	 How does  the  in t roduc t ion  o f  hybr id  t ypo log ies  engage wi th 

the  su r round ing con tex t? 
•	 What  combina t ion  o f  d i f fe ren t  p rogrammat ic  sca les  genera te  a 

temporary  hybr id  bu i ld ing tha t  bes t  fac i l i ta tes  the  ambi t ion  o f  a 

‘ l i v ing  lab’? 
•	 What  methods  can be deve loped to  measure  programmat ic 

compat ib i l i t y? 
•	 What  are  the  des ign  impl ica t ions  o f  p rogrammat ic 

hybr id iza t ion  wi th in  a  bu i ld ing?

Source: Authors own Sketch
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LAYER 1: The approach to the building | Engagement with the surrounding context

Porous/ Permeable: 
•	 Opening up the building from multiple approaches, allowing people to pass through 

dif ferent aspects. An open, well-organized environment will also improve security

Inviting: 
•	 Large spacious entries to encourage people to come here to meet up and relax. 

Green Space: 
•	 Inviting biodiversity into the site, helping to convert the asphalt covered parking lot 

into places where students can study outside, come together and work on research

LAYER 2: The in-between space | Horizontal & vertical circulation 

Large Open Collective Space: 
•	 Provide opportunities for cross-faculty collaboration throughout the building. Act 

as a junction where dif ferent programmatic functions overlap. Utilize communal 

stairs and double height spaces to establish dif ferent connection types throughout 

the building.  

Natural Lighting: 
•	 Allow for the in-between space to be naturally lit throughout the building to make 

the in-between space feel greater than a means of getting from point A to point B 

LAYER 3: The programmatic functions  

Flexible: 
•	 Initial functions should anticipate change, designed with a free plan wherever 

possible.

Engage with the In-between spaces & surrounding context: 
•	 Taking principles from layers 1 and 2 to generate hybrid typologies. 

S P A T I A L  D E S I G N  P R I N C I P L E S

Each layer of spatial design principles acts as a sequence of experience throughout the 

project. Starting from the approach to the building and how it engages with the existing 

context, to the in-between space that takes you throughout the building. Finally ending 

at the third layer which address the spatial qualities of the programmatic functions. 

With each principle, the project is aligned with many of TU Delft’s ambitions stated on 

the universities website. As a result, the spatial design principles essentially integrates 

the campus into the building. 

These principles will guide the design of the project, developing architectural typologies 

and morphologies that are specific for TU Delft campus. Resulting in the techincal 

research working to attain the design. 

Layer 1

Layer 2

Layer 3

Source: Authors own Diagram
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Research Question:
What  con f igura t ion  o f  p re fabr ica ted sys tems  genera tes  the  mos t 
op t im ized use  o f  eng ineered t imber  fo r  a  hybr id  bu i ld ing?

Source: Authors own Sketch
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Research Sub-Questions:
•	 What  i s  the  re la t ion  be t ween 1d/2d/3d eng ineered t imber 

d imens ion ing and s t ruc tu ra l  /  acous t ica l/ f i re  requ i remen ts 
o f  d i f fe ren t  p rogrammat ic  func t ions? 

•	 What  are  o ther  aspec t s  /  boundary  cond i t ions  in f luenc ing the 
d imens ion  o f  1d/2d/3d eng ineered t imber  e lemen ts?  ( L i ke 
t ranspor t ,  machine  s izes ,  l i f t i ng  capac i t y  o f  c ranes  e tc )

•	 How to  combine th i s  inpu t  in  a  too l  fo r  des igners ,  adv i s ing 
in  ear ly  s tages  o f  des ign  abou t  op t im ized use  o f  eng ineered 
t imber  in  re la t ion  to  des igner  inpu t  such  as  overa l l  bu i ld ing 
shape and s iz ing o f  compar t imen ta t ion

?
1D 2D 3D Most  op t im ized 

con f igura t ion

Source: Authors own Diagram
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T H E M A T I C  R E S E A R C H  M E T H O D O L O G Y

The primary research methodologies to be utilized are literature and case study analysis 

which will generate a collection of information to develop a designer tool. Leading to 

research by design, where the project will be further developed. 

Selected literature and case studies have been selected for both the design and technical 

research. By doing so, the design focuses on the spatial qualities of architectural 

typologies and morphologies. The research focuses on the technical aspect of the 

optimized combination of dif ferent engineered timber systems in order to attain the 

hybrid design ambition. Which will then lead into a building systems analysis, resulting 

in generating a tool for designers to ef fectively hybridize existing parking lots with 

engineered timber systems. As a result, the project becomes a fully hybrid proposal, 

with the combination of programmatic types and building system types to generate a 

new type of campus building.

For the design aspect, three Case Studies have been selected with the intention of 

exploring each of the proposed spatial design principle layers. Essentially, layer 1 

will be explored through Steven Holl’s Linked Hybrid for its engagement with the 

surrounding context and layer 2 is then explored through Diller Scofido + Renfro’s 

Vagelos Education Center for its use of hybrid vertical circulation. Finally, layer 3 will 

be examined through the Downtown Athletic club due to its wide range of dif ferent 

programmatic functions encapsulated in a traditional building envelope. 

The research aspect will look at how to attain the project objective with the most 

optimized use of timber through the hybridization of building systems. Case Studies 

will be used to examine the use of timber for dif ferent program typologies; education, 

residential, commercial, and public. Developing and understanding of 1d/2d/3d 

systems that are utilized for each typology and what the most optimized combinations 

and configurations could be. Creating a tool that ensures the most optimized use of 

engineered timber within a hybrid building. 

As a result of the literature and case studies, a design tool will be developed to 

ef fectively hybridize existing parking lots with engineered timber systems and be 

utilized to attain the proposed project objective through research by design. The tool 

itself will act as a type of ‘master spreadsheet’, exploring how the collected information 

can be used to attain a final design. 

It is important to note that due to the ambitious nature of the project. Typologies related 

to residential and education will be examined first and then the other typologies are 

to follow. This will ensure that even if there is not enough time to attain all four, then 

there will still be a successful project that addresses the hybridization of education and 

residential typologies. However, the ambition is to attain all four.

PRELIMINARY DESIGN EXPLORATION
(RESEARCH BY DES IGN)

KIT  OF PARTS DEVELOPMENT

SITE  SPECIF IC PROGRAM CONFIGURATION

FINAL SCHEMATIC DESIGN

DESIGN DEVELOPMENT

FINAL PRODUC T

DESIGN ME THODOLOGIES
(Typolog ies/ Morpholog ies )

A TOOL FOR DESIGNERS TO EFFEC TIVELY 
HYBRIDIZE EXISTING PARKING LOTS WITH 

ENGINEERED T IMBER SYSTEMS

RESEARCH ME THODOLOGIES
(Opt im ized Timber  Sys tems)

Casestudy Analysis : 
•	 L inked Hybr id  -  S teven Hol l 
•	 Vagelos  Educat ion  Cen ter  - 

D i l le r  Scof ido +  Ren f ro
•	 Downtown Athle t ic  C lub

L i terature Analysis : 
•	 Thi s  i s  Hybr id  -  S teven Hol l
•	 Del i r ious  New York  -  Rem 

Koolhaas
•	 50 Hybr id  Bu i ld ings  - 

Cata logue On the  Ar t  o f  Mix ing 
Uses 

•	 Pamphle t  a rch i tec tu re  11: 
hybr id  bu i ld ings

L i terature Analysis : 
•	 100 UK CLT  Pro jec t s
•	 Of f s i te  Archi tec tu re 
•	 Pre fab Archi tec tu re 
•	 Manual  o f  Mul t i -S to rey  Timber 

Cons t ruc t ion

Casestudy Analysis :
•	 Timber  Educat ion  Bu i ld ing 

sys tem
•	 Timber  Pub l ic  Bu i ld ing sys tem
•	 Timber  Res iden t ia l  Bu i ld ing 

sys tem 
•	 Timber  Commerc ia l  Bu i ld ing 

sys tem

P2

P3

P4

P5
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1.1

STEPTEMBER OCTOBER NOVEMBER NOVEMBER DECEMBER JANUARY

2.11.2 2.21.3 2.31.4 2.41.5 2.51.6 2.61. 7 2. 71.8 2.81.9 2.92.0 3.0

P1

P2

DL1

RL1

DC1

DC1

DL2

RL2

DC2

DC2

DL3 DL4

RL3

DC3

DC3

RL4

DC4

RESEARCH

CASESTUDY COLLEC TION

SYSTEMS COLLEC TION

PROJEC T DEVELOPMENT

CASESTUDY ANALYSIS

L ITERATURE ANALYSIS

INTEREST

R E S E A R C H  P L A N

DL# = Des ign  L i te ra tu re
RL# = Research  L i te ra tu re
DC# =  Des ign  Cases tudy 
RC# = Research  Cases tudy 

= Major  Mi lestone 

= Phase Durat ion

SYSTEMS ANALYSIS

1D

2D

3D

ESSAY

DESIGN TOOL DEVELOPMENT
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3.1

FEBRUARY MARCH APRIL APRIL MAY JUNE

4.13.2 4.23.3 4.33.4 4.43.5 4.53.6 4.63. 7 4. 73.8 4.83.9 4.94.0 5.0

P3

P4

D.D

P4

P5

FINAL PRODUC TION

DESIGN DEVELOPMENT

RESEARCH BY DESIGN

KIT  OF PARTS DEVELOPMENT

PROTOT YPING 

PROGRAM CONFIGURATION

PRESENTATION

PRESENTATION

PHYSICAL 
MODEL

R E S E A R C H  P L A N

DL# = Des ign  L i te ra tu re
RL# = Research  L i te ra tu re
DC# =  Des ign  Cases tudy 
RC# = Research  Cases tudy 

= Major  Mi lestone 

= Phase Durat ion
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