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Design

From building life cycle to material scenarios

“There is no space created

without materialisation.”
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Low CO2 approach
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/ “ Refurbishment

CONDITION AFTER
INTERVENTION ¥ drevay

Planning work required for building Planning work required in
(M) compared to new build’ comparison to M (building)?

Level of intervention

Amount of changes ~ to the original

- CO N D ITI O N B E FO R E 2 : > e Range of intervention. Adapted from Building Adaptation.
. 8| 8 2 (John Douglas, 2014)
3 g a®| 8 - >
INTERVENTION D3 3 ¢ fH3 3 i
Reconstruction/restoration ++ + . ' Costly, time-consuming planning because research is necessary

Demolition/deconstruction na na n/a - - - $ n/a Often camied out by specialised contractors
I —~
= Renovation/maintenance na na n/a - . > > : Costly, time-consuming organisation (When can work be carned out?)
ang accounting (many management services)

0 : Costly, ime-consuming organisation/accounts, often no planning services

Repairs/maintenance na na - . '
Partial refurbishment .- na ' .+ +4 va na na Costly, ime-consuming organisation and accounting

Energy and emission

Refurbishment - n/a 3 E +4 : + + Great demands placed on site management because of many uncertainties
Total refurbishment - na + . ¢ + na In total slightly higher costs/more works reqd. at new/existing interface

( :OSt Conversion + - ++ +4 +4 - +4 +4 High design costs due to adaptation to suit the existing;
high :

Aoty v s ~ -
CONSTUCTION COSIS

Gutting/rebuild with part retention| - 4 c $ } Extra costs for safety measures only
Measures in the existing account for only a small part of the total budget

| .
I Ime Extension + . . 7
+ b+ na n/a n'a Many parts of existing bidg. continue to be used:; partial fit-out; costly

Fitting-out : 4 .4 +4

costly, ime-consuming organisationyaccounts, often -’1!'5.;111'.¢;e5 w. neighbours

Only an approval required, but can be very extensive

Change of use n/a : nva n/a na

COI I IfO rt +#+  much more much less No comparison, cannot be Prowides a guide as to how much higher the conversion

! more na hardly or never evaluaed (e.q. owina to surcharge must be or where it can be ignored
about the same requireg major fluctuations) Ne assary ncrease in the conversion ,:‘l.’"f“;\r;;‘.'
eSS depending on the size of the project
A13

Levels of Intervention. Refurbish Manual. (Georg Giebeler, 2009)



choose impact category

Global Warming Potential (GWP)

282!2.0

Aluminium sheet

Impact

265780 g

Embodiéd energy and carbon emission

filter and sort by "functional unit”

124“ 12209.4

according to declared unit
Copper sheet Zinc

| GWP [kg CO2 ¢q / M3 ]

228231

[ |
Construction
Material pyramid k \ o A e
8 5733. : Paint, matte
Structural steel EPDM foil Viny! fiooring (PVC)
An Int { b ’ _
1725.3 169 13 2 1172.7
I t CacRicines Cement-bonded S Aluminium frame
OOl 10 compare partice board sl
. 1000ka CO» an/m>
material usages. &
S 4
898, 7814 7626 ™ 699.0 . 566.
Brick. red, double- PIR insulation Wood-Aluminium Fibre cement 618.0 Brick, red, single-
fired frame window boards Clinker - stoneware fired
: anar 420.1°NgP e 6 407.8 375 1 3661
Fired clay brick Wood frame window  Brick roof tiles A A Roofing felt V60 Siastee s Tl
glazed
2 "3 - 2& ‘
288, ‘ 2664 \ 244' 2¢9.0 202.3
2715 -
Concrete C30/37 PP roofing Glass pane, double- !z’g?ilfn Saisori Lime sandstone Foam glass Concrete C20/25 |, ghtwel ght
membrane lazed barrier) concrete elements
/ 1696\', h-"
180.0 138. 123.3
- 190.6 :
(A1 A3) LT Aerated concrete fypaumhosiu Poroton bricks PUR insulation

https://www.materialepyramiden.dk. CINARK (Julie Zepernick Jensen, 2019)



Circular Design

Material repair, reuse, and recycle
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Al-Supported Circular Design

An informal/formal material literacy
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INFORMAL / FORMAL
MATERIAL LITERACY / NETWORK?

OBJECT]

Research Question:

What are the available existing materials®?

How do we make the materials available?

How do we question the process?

How does Artificial Intelligence support us in the design process?



Material (Data) Intelligence

 Material What? Ruins Inspection and Material information - material bank

 Material How?  Material Type - Building Layer - Scale

Concrete Repair

Bricks ¢ Reuse
Metal Tf BN | S Recycle
Timber S | ey
jll _'<‘[‘ 2 ’ STRUCTURE
Brand, 1994

Evaluation Tool

 Material Right?
ENGINEER - MANAGEMENT - ARCHITECT
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Material what, where?

Material Ruins Information

What are the available existing materials”?

Where are the material ruins/demolition sites?(transportation)
What were/are the sites?(building typology)(function)

Why are they (demolished) now?(value)(toxic)

When would they be cleared out?

Al-Supported Circular Design
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Material Ruins
Demolition Site

demolition

reuse.

What are the existing material components?(function)(composition) ==

What quality did they have?(value)(durability)(texture)
What are the construction?
What are the amount, size, shape?
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Case studies

Material what, where?

Comular deme  Projckte ~  Mic Produkts  Katezercn ~  dnkaut  Szazhotlung  Kentakt o & M d

Aktuelle zirkulare Projekte im Verkauf

Landratsamt Paul-Gerhardt-Haus Kirschareal MUnchen runchen Technische
Karlzruhe = runster = - Vestendstralie - Jaiverszitat
Dortmund -

BIMA Uisseldor » Schwimmbadzechnik

Behrensbau
Disseldor = >

Fraunhofer 1SE
Froiburg =

Festung Marenbera
Wiirzhurg -

Demolishing sites. Concular.

OpaLIS

Do larn Muturins Exurnipiss Docurmuntation

Landscaping and paving

Pawars, kerzs and

Flagstancs
PR agstanc g
Structure "E Mataralpomadsn

e
ot

anregian
‘3= 1803, Emanusle Almagrani, Glacoma Sore!

R e Lt

Harigars,

greenhouses and Leading companies with reuse approaches.
bams Reuse in Construction. 2022.

Structusa timber straciural steel Sricks

Shell

Caalurs M lsariule Examples Docurrmntation
=N 8 2V Bouw- £€n .
viell e France ot . . Sh 4“0 van Lag hoven
A pra s N coopmatedalan
=/ w \aa/ £
far man arin AERAn
Search
1724 ¢ €2 resulzats
Country »
ﬂ:lgi.’"\ 20 EPECIALIMES SPECIALITIES SPECIALITIES
AR e truztoal tircer swructurcl imoer, '‘Wiraoas Leors. Cral: Struztury stecl, Stroctural timber,
LB T and taards Searesses 'Windaws Deare, Radistars
N ALSC OFFERS
Nethedands ki r 3 A
Thates cool files sareed vl o £ ELLE N ALSO OFFERS ALSO OFFERS
1K 3 VISR EARTARACOM Vo, L anames Faoanimn as Soructured sweal, Bnau atc, Slarcases Insalatios, Paneds and Roards L 3 hts
. " s . ., A
¢ Turcrizs, Arzhimectu =l antiquss Hadiators, aNkary Apo 1o7ees
Materiale v
_ Akkerstrazt @ ek twes 3 E ndsesraat ila
Landacaping and paving < * G S0uA | IL st o te kkes 5’ GL22 KU Wdastre. o SIUS Nb Gurger
SUUCIUNe - Ne e wls wNethede nds Net edarces
Sructural tmber g
Trosses oA, m'1es, e o
Clued laminatad tmber s + + +

Antaue {ook) brarnes e
Sl i

Lol keams »
Encks s

Sol rerac e Bricks o

Gecrcedsrs de
Kiek van ae Karm o fosn A CI2 De Vries

—ollander

Hangara reenbouses orc barma(
Haraare with siesl=trostore 7
SNy ILESS
Waod barnsm

Shell =
s lemanm

Matural slans demenrts p

Available material components and material stocks. OPALIS by ROTORDC.



Case studies
(Al-Supported) Material bank, network, literacy
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Case studies

I-supported material
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Case studies

Al-supported material harvesting
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Building Stocks

Al-Supported Circular Design

gate S » Demolition Site
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reuse) and reutilised to safeguard embodied energy? anspor I

2 How can the building parts be disassembled and converted| s

into components fit for reuse elsewhere, with minimal change| ™" .
of material quality from their previous use?

1
production , waste processing

manufacture '
3 How can the recovered materials be processed into new :
engineered products, with extensive change of material

characters from their previous form? &

trangport recycle: transport

supply disposal
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An extensive report

Case study of K118: A building made from construction waste
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Case Studies

Brick Reuse, Lendager,
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Image analydcs for strategic planning

Case Studies

a medial axay algorithin v apoied w the eoginal geomewy, As a resalt, oo three-dinesgorns)
elements gre reduced o & set of splines from whith curvature, torsion, and orientat:on are
extrapolatec ard storec 0 a JavzSeript Ohieer Noratiar [1SON) “armat (Sigore 1770

The resalting data frame comiposed of all JSON files 5 the key cempenen: connecting
design and manufacturing operacions for timber constraczion and larmination. Stonng nfor-
mazion on wead curvature directly connected o incividual material resources can porentially
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Case Studies

Timber defect recognition and resizing
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Building Stocks

Al-Supported Circular Design

Demolition Site

Material Right?

How do we evaluate the process and decisions?

|s reuse or recycle necessarily better, lower-impacted, or more tim

consuming, inflexible, or costly?

How do we calculate, quantify, visualise the engineering results?

How do we model the material and project construction under the

scope of time?

How do we deal with architectural cases and materials that vary
from case to case?

How do Al support this, in comparison with what computer can
and cannot do?

What are the means, tools? Who needs the information??

gate

maintainence
use

operation preservation:
keep, repair, and use

installation

construction
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material
components
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manufacture

trangport recycle:

supply

Material Stocks

cradle

l
1
x
|
l
!
1
extraction l
l
;
|

Resource

demolition

dismantling

disassemble

waste processing

trafsport
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grave

Waste/Land fill




Building Stocks

Al-Supported Circular Design

Demolition Site

Material Right? gate [ 7

use

operation preservation: dismantling
keep, repair, and use

How do we evaluate the design process?

disassemble

construction

Engineer: CO2 emission, energy consumption, durabillity...
Management: cost, construction time, material supply/ camanguse
demand, transportation... —

components

production waste processing

Design: architectural language, comfort, material quality,
construction type, details... S—

tranfiport trafsport

(Clients, stakeholders, users)

supply disposal

cradle Material Stocks grave
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Salvaging building materials in a circular economy: A BIM-based whole-life 4

performance estimator
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ABSTRACT

The_aim_of 1his study is o cdevelop a BIM-based Whuoleslife Perlormance Cstimator (BWPE) lor #)

salvage performance of structural companents of buildings right from the design stage. A review
Tliterature was carricd our to idencify factars that influence salvage performance of swuctural co
buildings during their wseful lilte, Therealter, 2 mathematical modelling approach owas adopted (o de
using the identified Factors and principle/concent of Weibnll relizhility distribution for manuficts
The medel was implemented in Building Informarion Maodelling (BIM) envirenment and It was resn
study design. Accordingly, the whele-life selvage performance profiles of the case study building we
The results show that building design with steel structure, demountable connections, and pref
semblies produce recaverable malenials thal are mosty reusalie, The study reveals that BWPT is
means for determining haw much of recaverable materials from buildings are reusable and recyelat
of its usetul like, BWPE will theretore provide a decision suppart mechanism for the archirects and
analyse the implicaton of desizns decision on the salvage performance of buildings over time. It
useful 1o the demalitian enginesrs and cansultanrs 1o generata pre demalition andic whern the bul
end of irs life.

Design for future reuse

BIM-based whole-life performance estimator
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Salvage Peformance of Building

Resources, Conservation & Recycling 129 (2018) 175-186

Salvage Performance of Building over time - Steel Structure Salvage Performance of Building over time - Timber Structure Salvage Performance of Building over time - Concrete Structure
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Reuse management

Disassembly sequence

Wordcount: Manuscript & Abstract(8,808) + Figure captions (126) + Text in figures (804) = 9,738 words

“A novel selective disassembly sequence planning method for adaptive reuse of buildings™
Sanchez, Benjamin'** and Haas, Carl'”

'Ralph Haas Civil Infrastructure Sensing Laboratory. Department of Civil and Environmental
Engineering. University of Walterloo, On, Canada.

*b2sanche@uwaterloo.ca

‘chaas@uwaterloo ca

*corresponding author

Abstract:
Adaptive reuse of buildings can be an attractive alternative to new construction in terms of sustainability

and a circular economy. Achieving net benefits with adaprive reuse partly relies on efficiently planning
buitlding disassembly. The aim of this paper 1s o descrnibe a new ellicienl single-target sclective
disassembly sequence planning method developed for adaptive reuse of buildings. Finding a global
optimum disassembly planning solution for buildings can be lime consuming and physically impractical
due to the high number of possible solutions. The method developed seeks to minimize environmental
impact and removal costs using rule-based recursive analyses for planning recovery of target components
from multi-instance building subsystems based upon physical, environmental and economic constraints,
Rule-hased recursive methads have been demonstrated to be an efficient alternative to find near-optimal
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4. @ omparative Material Analysis

n S u a I n m a I a a a a n a ysz ding to the sourcing materials. These are non-renewables such as fossil fuel-based materials,

mineral-based and bio-based materials, see Table 18. Find the comparative analysis per Rc-Value in

us Section, decision parameters to evzluate materials are studied Varicus insulation

re aralysed to create a comparative study. The material classification was divided

- - - the Appendix B.
eD-0dSe eCiISIoNn 1001 10r returpisnmen
Name Lambda Density Weight EE EC Costing LifetimeFire Toxic dB VDRF
(A) (pl rating Hazards drop
W/mK kg/m* kg/m? 1)/m? (kgCOx€/m2 years A-F g/m’ aB u-value
q/m’)
Mineral-based
Glass 0.034 184 106- 51.50- 160- 680- 75 A2 1295 852 029
f 'Woo 407 196.91 6.12 20.00 111
T U / e
Univers ty of fethroligy
Whese Innovation starts 5:' Rock 0.035 45 268—- 48.90- 290- 7.40- 75 Al 1721 785 036
QWOO 10.24 186.97 11.09 26.00 137
ROTUNDORQ. A web-basad decision support tcol for building refurbishment. -
; : = Fossil-based
Jullc Katharina Kaltenegger, I1aster Thesis, October 2021, IPUR 0.026 33 144- 179.30- 11.60- 7.86- 75 £ 11.4 11.54 22.10-
email jul.kelienzgyer@ymail.com performance criteriz. At the final Section, the predicted probability of homeowners accepting the ‘ 549  680.70 43.90 23.00 84.50
e : . designed alternatives are presented
Institute. Eindheven University of Technology 0.0325 23 124- 117.50- 8.70- 585- 75 E 27.6 216 15.19-
Faculty: Department of the Built Environment 4.75 24926 33.26 21.00 58.09
.y gs o life Cydle
Master: Architecture, Building and Planning Ref. Package Enargy PR Costing Market
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Adresse: Den Dolech 2, 5312 AZ Eindhoven /\ I 614 68135 9482 39.92 100.91
nterface
Chariman (USRE): Prof.dr. Thec A. Arentze, Graduation Supervision (USRE): Dr. leulia V. Ossokina / r"‘\
(1.V.0ssokina@tue.nl) . n S ORI improved Design Bio-based
Chairman (CME): Profdr.ir.B. de Vries, Graduation Supervision (CME)j: Dr.ir. Pieter Pauwels > scenarios = Flaxwo0l0.041 31 216- 86.30- 260- 24.08- 40 C 21295 10.17 052-
(p.pauwels@!ue nl) t L d 826 32997 994 67.25 2.00
l _ l Semantic Data
A 13 v v L) N.038 a5 2196- 2380- 0AR2- K91 100 c-N >1295 2100 N97.-
Abstract Juildirg product o e Cosiing Consumer 8398 89.40 235 3017 371
& data s manufacturer preference
When re‘urbishing res dential buildings. insulation materials play a crucial role in Improving housing —
quality and energy efficiency Materials however differ ir a wice sat of criter a. It reacnes beyond the
thermal prcpertes and eddresses environmental, econcmic, health end safety characteristics. In Figure 41 ROTUNDORO Framework
Tcolleetive deci—:ion-mak&ng;%—rmuahs—diﬁicdt-eo-ﬁné trade-offs-betweerthese-criteria~This thesis esose 0:09 o ‘;'872(; 3'38(3)(; ‘1)‘;51’ ‘ ;3'38 * o € iD= 300 gjz 3
. 3. . A
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( : . > i !
ye . lysis. liad tc : ] S A use ca
L(‘\L«"IiAR:PF:m:nL(IEALan: (.S“_ar.f y:IC._A[‘El l:d _t‘ iDEt(‘E rf_r.r?_rp_h’)_l-qu:_(R_llwgrTg)_as_a l_j. p_raqp, 0.067 340 38.73- 152.63- -859- 2392- 100 B 21295 16.48 159-
the tocl shows that bic-based matarials perform best in environmental concerns, low embodied 148.07 58357 -32.84 91.46 6.10

Table 18 Material Comparative Analysis Rc 1.7 - 6.5
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Conclusion

Direction

* Architectural projects vary from case to case, so as materials.
* Al comes in where human does poorly and machine cannot do.

 Material what. Material bank - network - literacy: gleaning/mining/harvesting from
building stocks, demolition site. Supply and demand. Count, size, type

 Material how. The realisation of repair, reuse, recycle from one site, to one project.
The combination of the three in one project. (Concrete, timber, brick, earth, glass....)
(specific moments/compartments)

 Material right. The results examination, visualisation, calculation, and comparison.
Material mapping from data base. 3d material information modelling. (Extract image)



| need to

e | earning programming......

* Pick one/two material?

* FInd on architectural project to study
* One demolition project to study
 Company network to browse through

e Material database to work on



Notes

* A system to select carefully on the criteria: Scale, material, method:reuse/
type: such as finish structure.... threads/

 Make a plan
* Find team/ other phd....search managing...know how...
* Terminology cite, literature... be specific

 Research plan



learn python

"while architecture field is relatively low tech...."

What can machine do for human in architecture field?
What can't machine do for human in architecture field?
Narrow down to working with existing/renovation/demoalition...?

| machine |

| human |

: .u:lmss

What are the available materials?

Pmachine learning/deep learning

architectural practice
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learn from companies/firm:

super-reuse

Madaster

Rotor(material bank)

BC (excavated earth to building materials)

how do you make materials available? make information available?

how do we asses those materials?

bridge the gap, what's missing in field?

Al application/computer vision/generative Al

building engineering/calculation/LCA

knowledge/material catalogue/quality/construction type
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* Architectural project varies What and Where are the demolition sites?

case by case.... Why were/are there”?
* Material usage also varies Can they become
case by case.... Top (material network)
* |f you want to reuse based on Domolition site to material stocks (how)
existing materials, it’s a very
specific approach. Material bank

What materials were/are there?
Down (material literacy)
Material and material availability



Conclusion

 Other materials: Concrete, Glass, Brick, Steel, Timber......
» Vary from buildings to buildings...how do we approach to this very customised process with Al.

Direction 1 Al and material recognition in a site. Classification. Information. Modelling

2 Material mappings. Material modelling based on existing, realtime, available material properties

Material mappings — combination of materials by Al? Ai supported render/ar/modelling...?

3 Material bank/network, calculate count, style, combination of sources from different dealers/

storage

* 4 Material literacy. Focused on Al application different materials and their reuse/recycle
possibility and application

* Al application on Building/Material modelling...BIM

* Focus on material-driven design starting excavation>>design>>change material to reuse>>C02
analysis...

» EXisting case studies(architectural project) reuse.

 Focus on Al-supported disassemble....



Al-supported Circular Design

What were the demolition sites?(function)
Where were they?(transportation)(network)
Why were they there?(evaluation of left-overs)(hazardous)(value)
What'’s the relations and preferences(same typologies, function)(reasons to reuse)?
How to reclaim the materials, disassemble, transport?
How to evaluate/calculation materials from different sources?
How to store?or real time?(dissemble only while reserved)

What are the materials there?(classify)
What quality/construction/value are in those material.(carbon footprint)
What are the construction?
What are the counts, sizes, shape...?
How can they be detached?
What happened after removed?
Where does Al come in? Material bank, construction, design, make available? Making material



speed of construction

durability

strength

energy efficiency

emission

aesthetics

thermal comfort /

Transportation

Construction

- o e e
-~ -

Material reading/handling
Local resource and meanings
Building depots of materials
Buildings are internventions / episodes

— -
e e oy @ - ™

BUILDING LIFE CYCLE

DESIGN

LOW-CO2
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Review

Artificial intelligence and smart vision for
building and construction 4.0: Machine and
deep learning methods and applications

Skanaka Kristombu Baduge * © &=, Sadeep Thilzkarsthna ?, jude Shalitha Perera *,
Mehrdad Arashacur P , Pejman Sharafi *, Bertrand Teodosio ?, Ankit Shringi t , Privan Mendis ®

Skow morc

Artificial Intelligence

Machine Learning

Download : Dewn cad high-res image (340K3)
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Fig. 1. Domains of Al MI_ DL and widely used algorithms.
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11. Fitare trends

2. Conclusions

Viaste sorting
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Abstract

Artdicial inlelligence and machine 2aming, In particuar, heve masza rapid advancas in image srccessing. However
ther incorporation intc architectural design is still in s early slages comparad to other disciplines. Tharefore, this
paper addresses e developmert of a7 ntegrated dottom-up digital cesign approach and descrives a research
framewnek for incorparsting the deep convolutonal generatwe adversaral netwers (GAN) for pary skage dosign
expicration and the generaticn of intrcale and complex aller-alive acade Jesigns for urban intericrs. In this daper, 2
rove facade deagn is proposed using the archileciura: alyle, size, scale, and openings of wn adecent bulldings as
ra'erences 1 create & new bulding deségn in the ame negiborhood for utén INML This new'y created building

Figure 1. The IFACADE sy:ter;' architecture.
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g b A7 smow ) wlewren wideg 34 hnon et
Poreong [ - D 3dgewnmic mass 2 IMages

Tra IMBYEs ciz wun un s s oseasos s, LUt GITY DHIENT @ DO AN LA AU S DLy v e e deallec
arcriectutal style differancae thal zre negle:i-:-d in this paper. Yis processed tha images manually and chosa the best
420 mages and a-ased the "ast. Tha additional images were colectad from the eTRIMS database, wych contained 60
fpcidn niges, and tha Ecole Conbeale Pans facade dolabasoe. The Exsade images collealed worn proooessoed o 128 =
120 pixels with J chanrels, and dviced lo Bb cercent taining, 15 percent test anc 5 percent validaticn, The facace

Imagae constrainte are ™ follow ng 2d':sam; facade molding, comice, plltar, windaw, docr, elll, blind, kaloony, shop
decoralion, and background

To Increase the tr2ining speed. the lmages rasolution wera dacragsed 1 128 x 128 pxels wih threa channe's
they are not suitable 7o high-resalution image gensration. This reseach normalizes the mage color values tc -1, 1)
before feadirg e image into the modal '
4.2 FACADE Movel Training ;

This rasearch used Tensorfow o implement the mocal raining \We also started th goneratn raolutions from 8
€ The mcdels were optimized by slechastic gi'adiont descant For all experiments, the leaming rate was “xed at 0.002
which Lpdatas e genarmioe o-ce far aach didgcriminator update

We snplamented e proposed archileclure in Tensorllow usng a workslalivn wilh @ NVIDIA 2080 Ti GPU, Qw
mocal uses StyleGAN [5] with the ADAM coimizer (o1 = 3.5, b2 = 0.099) and was rained for 11 days anc 6 h. The
leamning rates of the generalor and discrimingzor ware both 0.0C01. The stack eze was 1. We sat the rumnber of cilics

At and sl Al Dl s fa = M AN Sar all nnclineantoar murand tha Sst Ane an Son mansratere walhocsn Be tesinnd emase
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Combining Al and BIM in
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of a Mars habitat
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designs using topological Al
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Abstract
When sofodusheng resident al bails ngs, insi lation maresals play & sromal =0 m empeaving hausing
quality and ene -2y athciency. Mabteria s howeye= o Her in & wide set of c-teriz W reachas sepond the
tharmal properties anc acdresses environmental, econoTic, health and safety charactenstics. In
Geollzctive ;!:-:i:iarnukingi remains difficu't to lind tredecths between these criteria. This thesis
imrodyces a wes-based tocl ROTUNEORO [Litn droylar] that ¢fers an s gorithm to assess
relurbishing insdation materick, wnsicaring enginzer g evalustion metheds and consama
preferenees, The tool employs ard expords o0 2uilding Inferr ation Modelling (BIM) prac; cc on the
ore side and behavioural 2conom ¢ research on e othar side. First, the Unked Builcing Data [LED)
matkad is L4 ta ink matenal perfarmanee 12 huilding ear aorents 2nd ta evaluate them witk Life
Cyele Assessme nt (LCA] and cost analysis. Applicd te a Duteh termce house (Rijwening) as 3 use €35,
the tool saoms that Zio-bated metenals pedorm 2452 ir eavirenments’ cencemns, low embodied
carban, high 1oise and humidity reduction Fossil- and minzral-bas2o materials are yet marketdezding.
Jue Lo vw orice and easign application cedhimizoes imesis Lng rons ructiors {uavity inection). Folluwing
the hard cata comparson, the tool simulates the arobabilty of accepace by the homecwners of
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Definition
* Building adaptation, John Douglas

What is adaptation? 3

Table 1.1 Value of the building sector in the UK (Goodier and Gibb, 2004)

Sector Valuwe (Lbn) %
New build (excluding civil engineering) 53.3 54
Construction refurbishment and repair 45.0 46
Total UK construction 08.3 100
2
P
7
7’
'
~“(4) Demolition (remove)
///
_~ (3 and 4) Restoration (bring back)
-
PN
- /,’{3) Remodelling (improve/extend)
- O 5.
o = 7 \ . )
= i 7 (2 and 8) Renovation (upgrade)
- = s
¢ o o < .
-1 = /,’(2) Rehabilitation (modernize)
//
_7 (2) Refurbishment (facelift or makeover)
7
”
.7{1 and 2) Conservation (preserve purposefully)
// :
2 (1) Preservation (arrest decay)
,/
g
Risk of Obsolescence and Deterioration
Notes
. Mamntenance:  Basic adaptation works including fabnic repairs (see Chapter 2).
2 Stabilization: Strengthenimg and major improvement works to the structure
including inserting epoxy resin stitches in wall junctions
(see Chapier 7)
3. Conselidation:  Medium adaptation and maintenance works including damp
proofing measures and timber treatment (see Chapter 8)
). Reconsiruction: Substantial rebuilding of part or parts of the building
(see Chapters 7 and 11)

Figure 1.1 The range of interventions

Level of intervention

7’

7

/’
7

>

/ ‘¢
/ Retrofit

V4
7 Conversion

’ :
» Renovation
’

P 7 Rehabilitation

Refurbishment

/ Restoration

3 7 Conservation

7 Preservation

Amount of changes ~ to the original

Fig. 1 Overview of building interventions in the
spectrum of adaptive reuse.
Drawing: Els De Vos
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Refurbish manual, Georg Giebeler

Planning work required for building Planning work required in

(M) compared to new build’ comparison to M (building)?
b 0
>E x o2
& @ I| 2 =
& < g8 & z
= z cs| & F= [«
¥ - D . S o <
2 o < s 8| =% o F =
© s g 0
‘g 8 2 § wo|2 58 2 g
- - — - - (28] & 17/] -
- Q 8 c e .
9 ) RS D = 2 g
a3 O r <t| X 7 .
Reconstruction/restoration ++ ° + + + Costly, time-consuming planning because research is necessary
Demolition/deconstruction na na na - + na Often camed out by specialised contractors
Renovation/maintenance na na nfa ' ° J o Costly, time-consuming organisation (When can work be carried out?)
and accounting (many management services)
Repairs/maintenance na n/a + o o ° Costly, time-consuming organisation/accounts, often no planning services
Partial refurbishment na + ++ 4+ n/a na n/a Costly, time-consuming organisation and accounting,
frequently disputes with neighbours
Refurbishment na 0 + ++ ° + 4 Great demands placed on site management because of many uncertainties
Total refurbishment na + + + - + na In total slightly higher costs/more works reqd. at new/existing interface
Conversion . 0 v .4 +4 ° ++ ‘4 High design costs due to adaptation to suit the existing;
high construction costs
Gutting/rebuild with part retention| - . o + + Extra costs for safety measures only
Extension + ° + © ° Measures in the existing account for only a small part of the total budget
Fitting-out + . +4 +4 +4 na na na Many parts of existing bldg. continue to be used; partial fit-out; costly,
costly, ime-consuming organisation/accounts, often disputes w. neighbours
Change of use n/a . wWa na na ° > ¢ Only an approval required, but can be very extensive

++ much more

more na
° about the same

less

much less
hardly or never
required

no comparison, cannot be
evaluated (e.g. oming to
major fluctuabons)

' Provides a guide as 1o how much higher the conversion

surcharge must be or where it can be ignored

* Necessary increase in the conversion surcharge

depending on the size of the project

2l intervention

>m

Ranovation/ Repairs/ Fefurbishment  Refurbishment  Conversion Adaptive reuse  Cemolision P2
Mzinterance Maintenance S
=
.'l>l
> 5
cosmetic repairs  1eploces, repairs  replaces, repairs  replaces, repeirs  exteads repairs changes building  completely g‘
does not add new  defective parts cefectiveand/or  defectiveand/or  to load-bearing  function,clong  eliminates
companents cutdared parts outdated parrs structure with consequent  srructure and
rapairs and compenents
modification

Figure 8 Level of interventions (Giebeler et al., 2009)
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Circularconstruction
Circular construction means gving new usage cycles to the fabric
of buildinge, thereby allowing “heir actual lifespanto be exploited
to the full. In the model shown here, the smaller the cycles become,
the lower the loss of environmental, economic, and cultural assets:
and the mrore circularity and architecture become intertw ned.
Recyclingbuilding waste into new material such as recycledcon®
crete or s'eel is primarily a question of processing that hasonly
peripheral relevance to design and planning. By contrast, the ré:
use and reusability of entire building components, like the repaif,
repurposing, and extension of existing buildings and parts of
buildings, are genuine architectural challengesin which every
aspect ofsustalnablllty needs to be considered. In this book, Wé
have usedthe umbrella terms ‘preservation’, ‘reuse’, and ‘recycling'
for those three cycles, though each of these terms can be diffe”
entiated depending on their different contexts (.e. with regard
to envlmnmamal irpact, aconomics, caltural significance. efc: )
The above dlagramalso shows how the various phases of rause
(R1,R2, R3, R4, R5) fit into thislife cycle model, whichis based 00
 the SN EN15804+41/SIA 490.052+A1 norms anc underpins 1®
-anvlronmamal fo0TprinT assessment of Swiss buildings.
* Preservetion (‘Erhalt’): the insitu refention of the fabric of puild-

COrmmuInsi casi.
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Definition

Reuse, recycle, reprocess

Reuse

Old door fittings are reused on new doors.

Intact bricks that have been removed from an old wall are reused to build a new wall.

Multi-use systems, such as returnable deposit bottles with flip-top stoppers are generally reused repeatedly.

Repurposing/Adaptive Reuse

Intact old bricks are used as edging for planted areas.

A disused ship’s hull is turned upside down and used as the roof of a building.
Beverage bottles are turned into plant containers.

Recycling/Reutilisation
Recycled aggregate concrete (RAC) contains aggregates of crushed concrete or mixed demolition rubble.
Disposable bottles are used as raw materials to manufacture new bottles (recycled glass, PET plastics).

Reprocessing
Bricks chips are turned into plant substrate
waste glass 1s used to make glass wool(thermal insulation).

Upcycling/Downcycling
Disposable glass bottles are transferred into drinking glasses or lampshades. Residual concrete waste 1s cast in moulds to create utilitarian objects. Disused freight containers are
stacked together and fitted out to create a building. Downcycling. Old bricks are broken up and turned into gull material for roadbeds.



