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Structural design for Change

Background

Dutch Government Created Housing
Shortage, Blames Market

Far from trusting the market, politicians won't leave housing alone.

Why is there a housing
shortage in the

Netherlands? The Dutch
housing crisis explained

Despite Housing ortage, Dutch Universitis Continue to Admit
International Students

Netherlands Europe International Studies Higher Education News by Erudera News Dec 05, 2022
Recent Articles

Supreme Court’s Decision Day on
Student Loan Forgiveness Plan...

® United States un 22, 202

Number of International Students in
Finland Is Growing, Newly Released Dat...

® Finland un 22, 20!

University of Melbourne Head Says
Education Should Be Free for All...

® Australia Jun 2

The Netherlands continues to be a popular study destination for international students
despite them facing struggles to find accommodation for the duration of their stay in the

ESS TE(

Report

The Dutch Housing Shortage
‘Q_ Jasper Koops ® 17 May 2021 at 17:00

The Netherlands currently has a housing shortage of 285,000 houses, according to

otos - License: DepositPhotos

BUSINESS HOUSING SHORTAGE HOUSING MARKET ~ATLAS RESEARCH  ATLAS FOR MUNICIPALITIES
HOUSING CONSTRUCTION  » MORE TAGS SHARE THIS:

WEDNESDAY, 22 JUNE 2022 - 08:03 n mgﬂ
Netherlands has 390,000 too few homes

There is a shortage of 390,000 homes in the Netherlands. That amounts to about 5 percent of the total number
of homes, according to the Atlas for municipalities 2022. On average, there are 105 candidates for every 100
available homes in the Netherlands.

Of the largest municipalities, the shortage is highest in Amstelveen and Amsterdam. These municipalities have
about 150 candidates per 100 available homes. The housing shortage is also high in Hilversum, Utrecht, and
Amersfoort, with 140 candidates for every 100 available homes.
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Structural design for Change

Introduction

Background

°.5M

12.0M

18.5M

1B8.0M

17.5M

17.0M

16.5M

50.000

100.000

150.000

200,000

250.000

300.000

350.000

400.000

450.000

Projected increase of population in the Netherlands

*Source: PRINOS 2020, grph by Capitmlvalus

——
——

-
I,’
to?w ,,/ 2 Mincrease
| -7
T
| - ———— |
|/, ———T |
/1 - '
,/ | /” |
e e __________ N__
// ’//
-
5T
2010 2020 2025 2030 2035 2040 2045 2050

Intendend number of houses to be reduced

5%

*Source: PRIMOS 2020, grph by Copitol volue

P5| TUDelft - BK | J.C. Gémez | 23.03.26




O1

06

Structural design for Change

Introduction

Background
Demolition of dwellings in the Netherlands
TOpi-c: Demolition ,+ Dwellings
Regions: The Netherlands S

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000

85% of these
buildings were
build after WW
1.

2012 2014 2016 2018 2020

Source: (Pardo Redondo, Don’t demolish restore!
2021).
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Introduction

Background

———-———--Recycle ===-=%

Build new increasing the area
A
I
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|
|

P5| TUDelft - BK | J.C. Gémez | 23.03.26



Introduction
01 Hypothesis

Structural design for Change

P5| TUDelft - BK | J.C. Gémez | 23.03.26



R
:
8

N,
v B,




P
.-II'I RS gl
L

LLE

Tk L& B -..I ..IJ h ..I. .-_.'_J_!:-III:..L'IH::;_.-_':;
T LARLARY RN
AL _l'}:_l""-.\._ :




12

Structural design for Change

O1

Introduction

Hypothesis

Renewable material. &
It can be cascaded.

Carbon

sequestration

Modulus normalized by density ((N/mm?)/(kg/m?))

30

25 Steel
20
15 - W Hardwood
Concrete

10
5
ol . L L

0 0.01 0.02 0.03 0.04 0.05 0.06

Strength normalized by density ((N/mm?)/(kg/m?))

High strength-to-density
ratio compared to other

material
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Introduction

Hypothesis

choose impact category
Giobal W

Potential (GWP)

choose unit

o

fiter by material group
no fiter

filter and sort By “functional unit”

m!.u
Avuaminiurs sheet

2657
Ruof panal (steel)

22923
Gavarised steel

| GWP [kg O3 g /m3 |

1000085 COs Jm*

1000ka €O w/m®

100ka €05 /m?

1060 €0 wofm?

0k €05 um?

- e e -
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Structural design for Change

O1

Introduction

Research question

How to increase the area of existing Reinforced Concrete structures to

extend their lifespan by using timber top-ups?

SQ 1 | Which structural timber systems can be more effective when topping up
) existing Reinforced Concrete Structure (RCS) buildings?

What opportunities and limitations have topping up an existing RC structure
building?

SQ. 2|

To what extent can be increased the area of an existing RC building with

SQ 3 | timber?

P5 | TUDelft - BK | J.C. Gémez | 23.03.26

Approach

Collect literature

Collect literature
& experimental.

Experimental
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Structural design for Change

02

Introduction

Problem-solving approach

Goal A

Case study

How to increase the area of existing Reinforced Concrete structures to

extend their lifespan by using timber top-ups?

Case study

Goal B

Strategy

Strategy

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Coase studies

Problem-solving approach
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Coase studies

Problem-solving approach

P5 | TUDelft - BK | J.C. Gémez | 23.03.26



17

Structural design for Change

Research for design

02

Trigger |

Prolong lifespan
by increasing

capacity of an
existing
building

Problem-solving approach

v

Feed back loops

- ~ 7 N 7 N 7 ~ 7 ~
¥ ¥ N2 N W \
Collect —» Analyse —»  Define —» Propose —» FEvaluate —» Conclude
N ~ ~ " ~ A
~ N PN N PN _
Data Sorte(? Hard & Soft Proposal Results
dat: constrains

| Result

Feasibility of
a Timber

Top-Up
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Research for design
O 2 Problem-solving approach

Feed back loops

Trigger NN N N Result
¥ W J N W \
—> Collect —» Analyse —»  Define —» Propose —» FEvaluate —» Conclude —>
N A < A < A
N RN PEEEAN N N _
Data Sorted Hard & Soft Proposal Results
datd constraing

o—0—0—/0—/0—0
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Research for design
O 2 Exploration of a methodology to top up

Feed back loops

Trigger -~ ~ - ~ -~ ~ - ~ -~ N Result
¥ W N N W \
—> Collect —» Analyse —»  Define —» Propose —» FEvaluate —» Conclude —>
A A A < A A
N RN PEEEAN N N _
Data Sorted Hard & Soft Proposal Results
datd constrains
Collect A;mlysis pr;;ose ‘ Evul‘:uce Results & Conlusions
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Structural des

Structural design fro change

Research for design
Exploration of a methodology to top up

Feedback loop

Stucrural Defintions of the sze Desgnofa | scenariot:
T A efthe manventen Structurol ) o)
system
/ |
5 Seructurol X /
& Struczurol plons . ‘tiology -- Jop-Up by toking ’ . Scenario: Minima
3 of thebuiding of thesystem " off weight ’ Proposal ‘ (@Re+3n
= XL T i * Grd&connections |
5 4 — e , |
—— iniradesgn | k |
H  Ulisatonof . . Top-Up without ' . et W oo
3 Onsieinspectionof the components I ‘toking off weight f | G RC: )
8 the structure | !
| 1 I Definition of I Predimension of
« Smewol - timber -
| ! Relevant |
Local structural | e 1 « structuralcriteria n 2 it ! I components
analysis ' tod | | A
codes | |
Definition of ‘ ! | I
P—- -+ syructural components, ‘ 1 ' !
products & materials | 1 | !
|
I | ! )
| , ., Desngfor B | !
| dissasembly !
I | |
| | ! Sources and type ) Anaksys of Eol scenarios.
ey ! PP Definition of . P o R iasmomand
- asbults | ~ 4 designprinciples + Modularity - d of components. ‘components
£ I L7 >
8 | 4 ! |
£} 4 [
3 I ; I
S5 I i | Prolang components
| ! ) ‘ — -+ andsystemlifespon
I / 1 I
| / , |
I 4 I
‘ ’ ! | Limitthe use
| ’ i | of new materia
I I
‘ .
e T
Collectdata about the existing building andits. Evaluate the architectural and contextual dota to extract | e 4 )
g contextincluding architectural plans, site surveys, ir f y |- ’ Identify and define the limitations and potencials that will F'reposg\ of arrchitectural Design for the timber top-up Dupab‘ito
2 i f 's featu les, and - - 4 impact the d «and on the other respon the
e Impe 3
E limitations. Architectural o , it Previous Stoge
£ the surrounding context. parameters ,
! 7’
N | .
@ -7 Identify and define the urban and landscape constraints that need to
£ 8 clectdamacbou , Anolyze toidentiyt - b6 contidered i the design process of the Top-up. c ot
£3 © p trangths,mitot d Uban o~ x
82 understand the urban fabric, land use patterns, I regulations | tribute \d improves the
5 § connectivitpublic space, and notural features. londscape context. | overall urbon quality and functionality
I
e T Rt e e Fmm e m e m e e
§ | Collect relevant monagement-related data, ) |
£ financi | Iden need thotis s
§ | information, stokeholder analysis, and project risks, and resource requirements. Moreover identify i be considered in the design process of the Top-up. management framework aligned with the project's budget ond
2  objectives. | chall . risks. scheduling requirements.
§ project management and develop strategies to address !
z them, |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L o e _______
|
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Research for design
O 2 Exploration of a methodology to top up

lbackloop -~ - - - - - [ Feedbackloop ~ --------- N O Feedbackloop ~ --------- -

- - -
\ , \
\ ’ \
/
| 1 |
Evaluate Results & Conlusions

Structural
feasivitty.

Designofa o, S Theef fectsof S
Struceurol N G = « pintheexisting
[ | | (5RCHT) buiding
| |
|
" | Theef fectsof 5c.2
o Scenarot: Mirima [+ Scenorio tMinimo « pintheexisting R
Proposal (@RC+3N) - ildi
* Grid & connections. } @RcHan building
|

Theef fectsof Sc.3
« Scenario: Maxima Y
buidin

(@RCram @rCen)

Further
developenment
on the defined
scenario

Upfront carbon
se.1

Sources and type AcysofEo scanaros
. o M o
1 of companents ) i
ervronments . + Crouorpotential
| acuorortoa Sc2 Circulor potential
1
I
1 v
i .
1
1
l
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,
\
Proposal of arfrchitectural Design for the timber top-up capable to Determine if the proposed desigrfettively integrates the timber top-up with the.
respond the y n ¥ wolities, Avchisecturol
Previous Stage hnical foasbilty
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
D 3 N
termine! e § Utbanistically
< that s and 3 Feasability
tribut i i d improves the
overallurbon quality and functionality
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s
<
ot ) Management.
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e vonk oot tha efoar oot Determine f the propased design sluton s fessivle withn the projects feasobility
scheduling requirements. i h
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03

Case study selection for intervention

The neighborhood of Gillisbuurt in Delft

City of Delft

Gillisbuurt residential block
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Case study selection for intervention
O 3 The neighborhood of Gillisbuurt in Delft
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Integral exploration of the Buitenhof area-opportunity cards by the Delfts Geemente.
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Structural design for Change

Case study selection for intervention
O 3 The neighborhood of Gillisbuurt in Delft
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Integral exploration of the Buitenhof area-opportunity cards by the Delfts Geemente.

P5 | TUDelft - BK | J.C. Gémez | 23.03.26




25

Structural design for Change

03

Research for design

Collect: Gathering available information about the building.

| ;‘. :\ C

11223.1m2

useholds and typologies: -
5 “m2 each, with a

facing Sou,h? \

o
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Analyze: Composition of the structure.

Research for design

03

Prefab RC gallery Slabs X3

Cast in situ concrete walls X3

Prefab RC slabs X4

Prefab RC gallery beams X2

O
(gl

abupyD Jo4 ubisep |0JNIONIIS
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03

Utilization

ratio

Research for design

Analyze: Utilization of existing RC components

1,2

se *%, =L RN

Cantilever beam

Utilization of components in the existing RC structure

S\
~

* % 0 Bt =G,
St * o 8 02

RC walls 7 Gallery slabs

Structural components

L SRR o)

ll'.

Interior slabs

. L
® o8e ®

Roof slabs
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Research for design
O 3 Analyze: Upfront carbon

2.450 tones

*1tone of CO2 = a 500 m? hot air balloon

*1tone of CO2 = Electricity consumption (grey)
by 0.65 households in one yearin NL.

* Taken from: https://www.climateneutralgroup.com/en/news/what-exactly-is-1-
tonne-of-co2/

Electricity consumption (grey) by 1625
households in one yearin NL.

2.450 hot air balloons of 500 m3 «’)
W

- :
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03

Research for design

Define: Structural hypothesis

A_ Concentrated  tension  stresses.
Particularly in the reinforced concrete
walls beneath the timber top-up.

B_ Wind load resistance: Stabilizing elements
to withstand and transfer horizontal loads.

C_ Differential load reactions in the foundation might destabilize
the structure. The weight and loads of the top-up should be

uniformly distributed.

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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03

Carbon
sequestrat

1
1
I
I
I
|
|
|
I
I
|
:
v

Research for design

Define: Circular design principles

Cascade
Multiple
cycles

jon

1
}
1
1
[}
1
1
}
\%

oo
S

Reuse
Recycle
Recover

Component  —cooooooooooooo .
Redundancy Design for
\ disassembly
: :
! 1
! 1
! 1
! 1
! 1
! 1
! 1
| v
\%
Y —>
P J e
Reuse
Repair
Reduce Refurbish
Refuse

10 R’s of sustainability

Modularity
Space floor plan

Extension
of lifespan.

Rethink
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O 3 Research for design
Propose: Selection of timber products

Glue-laminated timber

Cross-laminated timber (CLT)

—— - ————

Sawn timber

Plywood

Parallel-stranded panels (PLS)

Laminated Veneer lumber (LVL).

Oriented Strand Board (OSB)

.
i N
<%

Mass timber

components Pelling EWPS Stranding EWPS

\ ’ | |

- ———
— -

Low load-bearing capacity
high load-bearing capacity E.g. bending <21 N/mm2
E.g. bending < Up to 35 N/mm?2

P5 | TUDelft - BK | J.C. Gémez | 23.03.26




Propose: Selection of systems

Research for design

03

Vertical structural components
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Research for design

O 3 Propose: Selection of components

A. Fire resistance.
+ Horizontal loads.

Charring layer 120 min =
65 mm (each side).

H>13m.

*Charring layer 90 min =
50 mm (each side).

H>13m.

B. Open space flexibility.

Horizontal structural components

|

Vertical structural components

C. Optioned components

=

-

<

Y4

{
.
”@\
g

U
iJ
id
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03

Research for design

Propose: Design of the structural system

Top-up Roof F{_.’__/’ — j
A. CLT140 Lbs roof slab2.72x 9.78

CLT slabs
B. CLT 140 L5s terrace slab 9.30 x 1.756

C. Glularm roof Lbs beams 0.44 x 0.30 N

D. Glulam Lbs ceclumns 0.40 x 0.40 ~

E. CLT 140 L5s floor slab 5.30 x 2.56 ,/ e
- _d
‘ Z -
F. CLT 10 L3s floor slab 3.90 x 2.56 ‘s‘\pq///

G. Glulam beam type A L5s beams 0.60 x 0.40 Glulam beams

H. Glulam beam type B Lbs beams 0.70 x 0.40
I, Glulam beam type C Lbs beams 0.80 x 0.50
J. Glulam beam type D Lbs beams 0.60 x 0.40
L. Glulam L5s braces 0.40 x 0.40 ——— -
K. CLT Rib panel CLT 20 L35 Glulam colurnns
M. Glulaom transition beam 0.60 x 0.40

N. CLTRib panel CLT80L3s5.40x2.53 . —_ _.

Q. CLT Rib panel CLT 80 L35 3.20x1.21

P. CLT 140 L5s terrace slab 2.30 x 1.75
Connection of the timber
Top-up with the

Rib panel slabs
RC strcture level

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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O 3 Research for design
Propose: definition of connections
Connection Type Dimensions R[ax,k] Producer Reference

A

\ A_Slab-to-beam connection. Carbon steel plate 50 x 12|f?eor ;n;r:tlo nails 2200 kKN*m2 Sharp metal hooked plate

Rothoblas

Concealed connectors for
B_Beam to column connection. high-capacity standard 340*160 mm 190 kN Knapp RICON® S
connections

Concealed connectors for
high-capacity standard 340*160 mm * 2 190 kN Knapp RICON® S 390/80 VS+ZP
connections

pY 74 *
’ D_Column-to-column connection. Co\umnlto column 280*280 mm 2350 kN Rothoblas PIL80OS160
l connection system

i ) ) Concealed bracket with and 146 * 480 mm with 60
‘E LE LL\L E_Bracing to column connection. without holes nails 146,6 kN Rothoblas Concealed s

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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03

Research for design

Propose: Predimension of components

Columns

Structural pre-dimension calculations

Section

Axonometric

Glulam beams

Glulam Columns b =

350*350 mm

CLT Spruce 24C

ww pge

350 mm

CLT panels

CLT 5L 140 mm
Spruce 24C

Itll-ll!t(l

2000 mm

Glulam beams

Glulam beam, Variable

Dimensions.

CLT 80 3L 80 mm (36 cms)

Ribbed box panels

Spruce 24C

800 mm

CLT panels

CLT 5L 140 mm
CLT 3L 120 mm
Spruce 24C

2000 mm

2000 mm
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03

Research for design

Propose: Design of the structural system

Balconies -

-

Stabilization core — — —

Transition trusses — = o = =

Transition slab — —

Roof
] + 318
. 4

Top-up.

G
+ 840 Existing
structure

Ground floor
+ 000
v
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Research for design

Propose

03
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04 Research for design
Propose: Architectural design
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Propose: Architectural design
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Propose: Architectural design

Research for design
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Structural design for Change

04

Research for design

Propose: Architectural design

P4 | TUDelft - BK | J.C. Gémez | 24.05.03



44

Structural design for Change

04

Research for design

Propose: Layout flexibility
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Structural design for Change

04

Research for design

Propose: Layout flexibility
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04 Research for design
Propose: Layout flexibility

r
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Structural design for Change

04

Research for design

Propose: Layout flexibility
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Structural design for Change

O 5 Experiment
Evaluate: methodology

V)
& /7%
Rhinﬁi .

Karamba. 3D

parametric engineering

Y
<

Rhinoceros .:

\nsys

GRANTA

[ Parametrize the building ]

[ structural constraints ]

---------------------------------------------------------------------------------------------

[ utilization ] [ Nodal displacements ] [ Reactions ]

Quantities
Mass & volume

[ Upfront carbon ]

[ Results ]

[ Conclusions & discussion ]

P5 | TUDelft - BK | J.C. Gémez | 23.03.26



Evaluate: parametric definition

Experiment

05

\
i

it |
|
|
|
|
|
|
|
|
|
|
|
|
Results
P5 | TUDelft - BK | J.C. Gémez | 23.03.26

Analysis

Loads, Supports &
Hinges

Translation of
geometry to
structural
components

Existing RC structure
definition

Geometry
definition
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Loads, Supports &
Hinges

Evaluate: parametric definition

Experiment

05

Translation of
geometry to

structural

.
}
|
|
|
|
|
|
|
|
|
|
1

Results

g S ) 7 SRR F T, «

Analysis

IIIIIIIIIIIIIIIII

|
|
|
|
I
I
|
|
|
|
|

IIIIIIIIIIIIIII

Top-Up structure
definition

50
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Structural design for Change

Experiment

Evaluate: Structural iterations

Grasshopper - 270324_Gillisbuurt model Karamba (structural)*

File Edit View Display Solution Help MetaHopper

Set \% C

Prm | Math

S M

X T

D E H

270324_Gillisbuurt model Karamba (structural)*

L D H

= (m]

K K M L

X

els Help

R B

. @Q@\.@O Q-

= 2 X

Model  pgdel ——
DispDir
s gy defesh
Rescose A% e )
Colors
\ds[Breps defModel
Deformation o
068.17
Reactions B|f———
T
0001
\\ Loacs
10008 .
Supports O |
= e A
Locat axes (=]
\ 1 true )
e o =
3 true i
—— 4 za1se Q
0 e
—_— © & -\
— PRGemm—
e 03:21-04
—_ S
= Lower Resull Threshold
|=— ) O
Result Thresholds as
—_— =2 ) f
—
Z Node tags. [Elo————
= ! Elementtage o
'So \ ] Element Ids O
So =]
. Material names. o
S,
S Eccentriciies ol
kﬂg. Load values. o
P Elements =
~
S, h“ sﬁ‘ 0O
s,
§§§ So §:§
Sso = g hts Blocks @ Control Points Point Clouds @ Hatches @ Others  Disable  Sub-objects
.,
§‘§. Ss <o, o) [
S, <
S e
Sso Ssao
S, Ss
- Sso Sy, [
IS
| L
<. <
I e TS 3
1.0.0007

9 Solution completed in ~10.0 seconds (23 seconds ago)

J- Planar | Osnag SmartTrack Gumball Record Histom Filter Memory use: 3145 ME

2]
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Structural design for Change

O 5 Experiment
Evaluate: Scenarios

Name of the Height of the
Scenario & building
axonemtric

5RCHT G+5

Don't remove

Area increase, # of layers
demoslihed and addes,
mass and volume.

(m2)
11223 15074
15.3 %
vt A W
(Ton) (m3)
_0cC 0 -0
+1T +607 =697

Side view

e I I
R EaRe

ErrEr
i SR RR D

Ef~—~———m

i
"

P5 | TUDelft - BK | J.C. Gémez | 23.03.26



Structural design for Change

O 5 Experiment
Evaluate: Scenarios

ARC+3T G+é 1223 — . 15074
25.5%

Minima

4+ i - o :
'} R
T et PSS R e R
I e
1,944 8382 L# -L : Lm T '[""-'L
-1C _____________________________ o es o i g sne we s
-1c { +3T +1821 +2091
(m2)
ARC+AT G+7 1223 = 17106
Maxima 34.4%
(m3) I e e B I_ S S )
it s e I L al
-8382 e e e s I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SIS A S i e o e l‘u
s STy

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Structural design for Change

05

Experiment

Evaluate: Experiments

Ultimate Limit state (ULS)

Service Limit State (SLS)

1. Reaction in the foundations after Toping-up.

2. Utilization of the RC main elements in
the existing structure.

3. Utilization of the Timber top-up components

4. Comparison of displacements
onthe RC walls. (Maxima).

5. Deflection limit (Nodal displacements). (Maxima).

Environmentalimpacts

6. Upfront carbon in two lifecycles for the structure.

P5 | TUDelft - BK | J.C. Gémez | 23.03.26




Structural design for Change

Experiment

Evaluate: Reaction in the foundations after Toping-up.

*Each points= is one reaction point.

200
L ]
.000
.
° . .l." ® o o °®
. " ® [} o, ." o" . [ ] =
. F P PRy - St 0 e . ot
o oo :\ . e _see °® ‘”) s T ®
®e wPe o%dfme © o« ° o > o . A i % L
o‘ 2 o ® .:.;.~:. O‘.. . . .ﬂ.
[ 4 @ % °
e, el TR AR
= V'."\.bl,?-"‘&. ot vee :‘-‘ 0..° ..O:..o Ot 0Ty ..:' ®e
e, o HEN° & . * $.% o ® } °®
n° o°F ° o . ° ° % ¢ ° | %
400 o ..‘ oo o® JS .. .l. ° .“ . % : L “. ®
®e®s o % o .' . O-.. ..'5'. * . oo % °
. PO . " s
-.‘.=.‘.... .’...o'... .. . . .o...'. el ° °
200 ' . ] ® ] L] L]
L ] : ° 'S °
Existing Dont Minima Maxima
building remove
(5RC+OT) (5RC+1T) (4RC+3T) (4RC+4T)
Scenarios

*Each 16 points= Reaction point in the foundation

P3| TUDelft - BK | J.C. Gémez | 23.08.23
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Structural design for Change

05

Experiment

Evaluate: Utilization of RC walls in the RC structure after topping up.

Utilization ratio

14

1,2

0,8

0,6

04

0,2

Existing
building

S5RC+1T
Dont
remove

ARC+3T
Minima

Scenarios

.
°
]
—_— ]
ee’% o
-
o o0 o
% o o °°
oo o o000

ARC+4T
Maxima

*Each 16 points= Concrete wall

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Structural design for Change

05

Utilization ratio

1,2

0,8

0,6

0,4

0,2

Experiment

Evaluate: Utilization of the timber components (maximum area)

*For cores and slabs, every 16 points = Timber slab.
** For Slabs and balconies: A sample of 200 of the highest
utilization ratio sections is plotted

0,00

CLT Cores t= 140 mm
CLT Spruce 24C

CLT Slabs t= 140 mm
CLT Spruce 24C

CLT balconies = 140 mm
CLT Spruce 24C

Timber components

e
o _©° o
go.'o.ﬁ %
° Lad ® o

CLT Glulam Columns b =
380*380 mm
CLT Spruce 24C

5,00

*For cores ans slabs, each 16 points = Timber slab.
** For Slabs and balconies : A sample of 200 of the highest utilization ratio sections are plotted

P5 | TUDelft - BK | J.C. Goémez | 23.03.26
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05

Displacements in Z [mm]

Experiment

Evaluate: Reactions of the concrete structure (Nodal displacements).

1,50

1,00

0,50

0,00

-0,50

-1,00

-1,50

Existing building
(6RC+0T)

Scenarios

*Each 11 points= Concrete wall vertices

[ ] \

Tension :

o :

[ ) 1

°te .

AR I SR

| TS

(4RC+4T)

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Structural design for Change

05

Displacement in X [mm]

70,00

60,00

50,00

40,00

30,00

20,00

10,00

0,00

Experiment

Deflection limit= 46,44 mm (H/500)

Original position X

Evaluate: SLS - Deflection limit (Nodal displacements).

*Each eight points= Roof CLT timber slab

Ihamauiasiianingubey

e e e — L L A
Without stabilization With the stabilization

cares rnrog

P5 | TUDelft - BK | J.C. Gémez | 23.03.26



Structural design for Change

O 5 Experiment
Evaluate: Upfront embodied carbon.

Prefab existing In cast existing Timber Top up
Parameter RC Slabs RC walls components
"""" A.  EnvionmentalCostindicator  ECI 189 185 sy
"""" B.  Commectiontype = ¢ o oo 100
"""" C.  Commectonoccessbiity =~ cA oo 100 100
"""" D Disassembly potential of the connection ~ DPc 069  om® 100
"""" E Independency o 100 o4 100
"""" F Geometryofproductedge =~ GPE 100 100 100
"""" G.  Disassembly potential of the composion ~ DPep 100 05 100
H_ Disassembly potential of the product or element DPp 0,81 0,28 1,00
I Disassembly potential of building DPb 0,54 L,00

E_elements are intermingled or even integrated with each other?

A_ Impact the product in the shearing layer F. Overlapped, Closed, open?

B_ Dry, Soft & hard chemical, bolted... I_ How easily can the building be detached?

C_ Freely accessible, damage in the surrounding. G_ How easily can the element be detached?

D_ How easily can the connection be detached? H. How easily can the component be detached?

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Experiment

05

Evaluate: Upfront embodied carbon.

2_ Sequestration carbon of timber.

captured
CO; (in kg/m?)

Parameter

Density of spruce C24

Ratio of molecular weight Co2

Moisture content of timber

Sequestered carbon of Spruce C24

density of wood

quantity of 3 (at 12% wood moist
wood in m? ‘content per kg/m?) 3.67
b 4
1+(12/100) 2

[at 12% wood moist content)

Value Unit
420,0 kg/m3
3,7
12 Y%
-0,69 kg*m3
Bl concret
B
kg CO/m*
244 244
o T+ e o IR [ _I_________________
o a I | |
° S::rt Grr:‘wlh Manufacture Construgthon U!d.‘l B} End of |f‘f£‘ -0
(Ag-A3 Uhg-ALt |
238
7.1 [P, PR i e e e e P v
400 —
Re-use
£00 '
BOO = == s m s s S m e eeae-eeamameeees-siosessEmemmeesmmamssoosemSooSSsssesosossmmmssossss

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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05

Experiment

Evaluate: Upfront embodied carbon RC structure.

Existing building (1st. cycle) o Em m e -
Upfront carbon - Existing RC structure End of life Scenarios - b
Material manufacture | Transport Total Downcycle Recycle Reuse Total Upfront C. first cycle EoL scenario I
A-1to A-5 C-1 D C-1 D C-1 D D I
A A-4 - o D D

0 (whiout A-4) A-DtoAS (Preparation) | (Downcyle) (Process) (Recycle) | (Preparation)| (Reuse)* I (Downcyle) [Sevele ieiee) I
Scenario Kg Kg Kg kg Kg Kg Kg Kg Kg Kg Ton Ton Ton I

0 Structure today 2,00E+06 0,00E+00 5,25E+04 2,05E+06 0 0 0 0 0 0,00E+0q) 2450 2450 2450
1 (5RC+1T) 2,00E+06 0,00E+00 5,25E+04 2,05E+06 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+0(ﬂ 2450 2450 2450 I

2 (5RC+3T) 2,00E+06 0,00E+00 5,25E+04 2,05E+06 6,88E+04 -1,49E+05 9,53E+04 -2,41E+05 2,72E+04 -1,08 E+0ti 1972 1907 1000
3 (5RC+4T) 2,00E+06 0,00E+00 5,25E+04 2,05E+06 6,88E+04 -1,49E+05 9,53E+04 -2,41E+05 2,72E+04 -1,08E+0(ﬂ 1972 1907 1000 I

* Includes a Diswembly potential of building of 0,54
— —_— _— —_— _—
1 SRCHT G+5 4RC+3T G+6 3 A4RCHT G+7
Don't remove Minimal Maxima

P5 | TUDelft - BK | J.C. Gémez | 23.03.26




Structural design for Change

O 5 Experiment
Evaluate: Upfront embodied carbon the timber top up.

—-— - Top-Up (2nd. Cycle) — - . -
Ullfront carbon Top-Up End of life Scenarios I
I Seq. anufacfure/ Transport| Total Combustion Reuse I Total Upfror'n C second cycle
carbon** | g material timber I
I c1 I D |
A-1to A-5 . D C-1 D D
I NA (whitout A-4) A4 A-0to A5 (Preparation (Combustion)| (Process) (Reuse)*l eIy (reuse)
) recovery) I
= =
Scenarios Kg l' Kg kg Kg Kg Kg Kg Ton Ton I
0 |Structure today | 0 0 0 0 0 0 0 o 1 0 0
1 |(5RC+1T) u -4,80E+04| g  2,21E+05| 6,37E+04| 2,37E+05 2,12E+04 4,80E+04 3,01E+04 -2,21E+0§ 306 46 I
2 |(5RC+3T) 1 -4,326+05| B 6,64E+05| 1,91E+05| 4,23E+05 6,37E+04 4,32E+05 9,04E+04| -6,64E+0p 919 -150
3 |(5RC+4T) i -7,67E+05| o 8,85E+05| 2,55E+05| 3,72E+05 8,50E+04 7,67E+05 1,21E+05| -8,85E+0% 1225 -392 '
\ ! N
—_— —_— _— —_— _— ’
1 SRCHT G+5 ) A4RC+3T G+6 3 4RCHT G+7
Don't remove Minimal Maxima

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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05

Experiment

Evaluate: Upfront embodied carbon and area

Upfront Embodied carbon in all of the scenarios

5RCHT

D le+| Recyle+ R +
o:;r;yc € E‘:\?re E:::e Downcylce+| Recyle+ Reuse+ | Increase
&y 8y &y Reuse Reuse Reuse in area
recovery recovery recovery
Structure today 2450 0%
(5RC+1T) 2358 2358 2358 2098 15%
(4RC+3T) 1918 1822 1756 26 %
(4RC+4T) 2224 1580 1514 34%
4RC+3T G+6 ARCH+4T
G+5 Minimal 3 Maxima

Don't remove

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Structural design for Change

06

Discussion

Research questions

How to increase the area of existing Reinforced Concrete structures to

extend their lifespan by using timber top-ups?

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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Structural design for Change

06

Discussion

Research questions

How to increase the area of existing Reinforced Concrete structures to

SQ. 1]

extend their lifespan by using timber top-ups?

Which structural timber systems can be more effective when topping up

existing Reinforced Concrete Structure (RCS) buildings?

P5 | TUDelft - BK | J.C. Gémez | 23.03.26
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06

Discussion

Research questions

SQ. 2|

What opportunities and limitations have topping up an existing RC structure

building?

gy

| IIHI‘II ]

| sl | 4 |
80 LU

P5 | TUDelft - BK | J.C. Gémez | 23.03.26



Discussion
Research questions

06

ilding with

To what extent can be increased the area of an existing RC bu

timber?

3

SQ

6RC stories

Oringinal building

68
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Structural design for Change

Introduction
O 1 Hypothesis

Al A3 A5 B1 c1-c4 D1
Extraction manufacture Construction Use EoL Eol potential

I (
| N\

Cnstruction of
Pavements

Agreggate
Columns, beams,
slabs.
Prefab Slabs. Concrete

g g components
c5
c g
£ 43 Prefab Gallerie slabs
% g‘ Buildings structure
.5 ] first cycle Crushed RC
83
s a

In situ casted
walls

/‘ " Crushed RC

| j//“ Prefab beanis

Use stage

P2 | TUDelft - BK | J.C. Gémez | 23.02.03
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Structural design for Change

O1

Introduction

Hypothesis

Topping up

Cnstruction of
Pavements

Materials in an RC
building strcuture

Al

Extraction

A3

:1»;3

A5

manufacture Construction

Prefab Slabs,

Prefab Galle(ie slabs

In situ casted
walls

B1 Cc1-c4

a-c4
Use Eol EoL
first cycle second cycle

Concrete
components

Agreggate
for pavements

Buildings structure
with Top-Up

Buildings structure

RCA -Agreggate
first cycle

Glulam Trusses

Glulam colums
Glulam beams
CLT slabs

Use stage

! !
| !
| |
| |
e mmmmmmm e e e e el
! Prolong life span !

D-1
Eol potential

| - Reuse

P2 | TUDelft - BK | J.C. Gémez | 23.02.03



Structural design for Change

O 3 Research for design
Propose: Design of the structural system

Scenario 4: Variation

(m2)
11223 > 13042

13.9 %

t A W
Axijnometric ‘ .-

! -
! | g .
'. ! ! R Y (Ton) (m3)
| | |
| i i i '
i T e i - -1,944 -838,2
] 1 - 4 1C
T T 1T 7T 1T 1T 1T 1T 1T 1T 1T 7 Y oo
S ) ) O O D (R .
S S S ) O U O O SO +2T(dist.)  +1214 +1394
B = ERS & Gmn 5 mm
Front view Side viévv

P4 | TUDelft - BK | J.C. Gémez | 24.05.03
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O 3 Research for design
Propose: Design of the structural system

Scenario 5: Remove all

(m2)

34.4 %

v

11223 11223

-5C
t A W
Axonometric ‘ .-
(Ton) (m3)
N S S S O Y I S S e -5C 9721 4191
+ 8T (dist.) #4249 #4879

Front view Side view

P4 | TUDelft - BK | J.C. Gémez | 24.05.03



Structural design for Change

Research for design

Analyze: Volume and mass of the materials

Amount of

Total amount of

Volume Volume per material per materials in the
Image # Component Qty. Composition Raw materials (m3)* element Materials o building
m3) element (in kg or
(m3;] 1t) (Tonnes) (water
in m3;

Portland cement 6273 25,1

) Sand 1254,7 502)

1. Concrete prefab 'L’ Shape gallery. 40  Conerete matrix Conerete (K300)(C19/22) 199 193 pgregate 1882,0 753

Water 3137 125

Steel bars Corr. steel bar (QRN48)(480 Mp: 0,06~ Reinforced steel 4537 18,1

o0 Portland cement 3089 124]

7 1S ) Sand 617.9 24,7

] 2 Concreteprefab3.9mShapegallery. 40  Coneretematrix Conerete (K300)(C19/22) 098 095 Agregate 9268 371

S Water 154,5 6%

Steel bars Corr. steel bar (QRN48)(480 Mp: 0,03 " Reinforced steel 2234 8s

Portland cement 4319 17

1% ) Sand 8638 34

SN 3. Concreteprefab5.3mShapegallery. 40 Coneretematrix Concrete (K300)(C19/22) 137 138 Agregate 1295.7 51

N Water 2159 8.¢

2 Steel bars Corr. steel bar (QRn48)(480 Mp: 0,04 " Reinforced steel 3124 128

Portland cement 3.0 o/

7N, Concrete prefab cantilever beam back g, Concreta matrx Concrete (KIOOXC19/22) ¢ 0o 0,01 i‘;’::gme ‘;1 8::
\ ! alconies

N Water 15 o

Steel bars Corr. steel bar (QRN48)(480 Mp: 0,00 " Reinforced steel 22 o

N Portland cement 67 08

! ' . Sand 133 0,

\(_.# 5. Concretecantilever beam Galleries | 150 ~ Concretematrix Concrete (KI0O)C19/22) 6 55115 002 1 gregate 20,0 0¢

Water 33 o/

Steel bars Corr. steel bar (QRn48)(480 Mp: 0,00 " Reinforced steel 48 oz

- Portland cement 1610,9 64,

2 ) Sand 32219 1285

6. Existing casted concrete wall (Type D-C) 70~ Concretematrix Concrete (K300)(C19/22) 511 496 pgregate 48328 193

Water 8055 32:

Steel bars Corr. steel bar (QRN48)(480 Mp: 015 " Reinforced steel 1651 46,6

Portland cement 2203,6 88,

oy ) Sand 44072 1762

P 7. Existing casted concrete wall (Type A) 20~ Conerete matrix Conerete (K300)(C19/22) 699 678 Agregate 6610,8 2644

Water 1018 44,

Steel bars Corr. steel bar (QRNn48)(480 Mp: 021 " Reinforced steel 1593,7 63,7

h Portland cement 13335 533

) Sand 2667,0 106,7

8. Existing casted concrete wall (Type B) g0 Concrete matrix Concrete (K300)(C19/22) 223 410 hgregate 40005 160,0

Water 666.8 267

Steel bars Corr. steel bar (QR48)(480 Mp: 013 " Reinforced steel 964.4 38,6

R b Portland cement 325969 1303,9

{0y Existing precast concrete Aslcb onground o Concrete matrix Concrete (K300)(C19/22) 1084 100,30 i‘;?:gcte ;7571;’3:2 23"’%:2

AN/ oortower Water 16298,4 6519

Steel bars Corr. steel bar (QRn48)(480 Mp: 310 " Reinforced steel 235752 943,0

b Portland cement 54349,1 2174,0

| o, Existingprecast g?:;\:\/eetreBSIGb onground Concrete matrix Concrete (K300)(C19/22) 172 167,23 i:rr‘:gate liiéi?é ‘g‘;::

J Water 27174,6 1087,0

- Steel bars Corr. steel bar (QR48)(480 Mp: 517 " Reinforced steel 393072 15723

*Value taken from the main Grashopper model TOTALS Portland cement 37389 Ton

sand 7477,7 Ton

Agregate 11216,6 Ton

Water 1869.4 Ton

Reinforced steel 2704,1Ton

Amount of materials (kg) in one m3 of Concrete C19
Portland cement 325 kg
Sand 650 kg
Agregate 975 kg
Water 163 It
Density of steel 7600 Kg/m3

Total volume on RC
structure

Total mass on RC
structure

P4 | TUDelft - BK| J.C. Gomez | 24.05.03



Structural design for Change

O 3 Research for design
Define: Load cases

Liveload__________ Sk ______ 200 kNIm2
Load case scenarios 2 KkN/m?2 Internal: Class A Residential EC O
3 kN/m?2 Balconies: Class A: Residential EC O
Dead load . 6,00 kN/m2
* 3 kN/m2 Partitions in lightweight CLT walls.
15 kN/m?2 Mechanical services (HVAC, plumbing, etc.).
1,5 kN/m?2 Facade system (windows, doors, etc.)
Snow load Sk 0.85kN/m2
Coss \Njmo  ZomeloftheNetherlands
Wind load w (h existing) 190 kN/m2
1.9 kN/m2 Wind pressure calculation method

Wind load wi (h Top up) 2,45 kN/m2

24 kN/m?2 Wind pressure calculation method
e s ot 20t Load case Load

! LC1 1.35 gk 2,7 kN/m2
LC2 1.35 gk + 1.5 g« 11,7 kN/m2

LC3 1.35 8k + 1.5 s 4,0 kN/m2

LC4 1.0gk + 1.5 wy 4,9 kN/m2

LCS 1.35gk + 1.5 wg 5,6 kN/m2

LC6 1.35gk+1.5qk+ 1.5 * 0.6 * s¢ 12,5 kN/m2

‘ LC7 1.35gc+ 1.5qc+ 1.5 * 0.5 * wy 13,1 kN/m2

LC8 1.35gc+1.5* 0.0 * g+ 1.5 * s¢ 4,2 kN/m2

LCo 1.35gk+1.5*%0.0 * q + 1.5 * wi 5,6 kN/m2

LC10 1.35gk+1.5*%0.6 * s+ 1.5 * wy 6,3 kN/m2

LC11 1.35gk+1.5* 0.5 * wy + 1.5 * ¢ 5,4 kN/m2

LC12 1.35gk+1.5* 0.0 * g+ 1.5 * s + 1.5 * 0.5 * wy 5,4 kN/m2

LC13 1.35gk+1.5* g+ 1.5* 0.6 * s + 1.5 * 0.5 * wy 13,9 kN/m2

LC14 1.35g+1.5%0.0* Qe+ 1.5* 0.6 * s+ 1.5 * wy 6,3 kN/m2
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