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Abstract

This thesis investigates the potential of recycled materials in contemporary architecture, with
a particular emphasis on the reuse of shipping containers as structural and spatial solutions. The study
aims to highlight the advantages of this unconventional building system from environmental,
economic, social, and architectural perspectives.

Recycling containers in construction not only contributes to the reduction of industrial waste
and carbon emissions, but also offers a cost-effective, modular, and time-efficient alternative to
traditional methods. The thesis reviews international case studies and projects that demonstrate the
successful integration of container architecture in various contexts—ranging from housing and public
infrastructure to cultural and educational facilities.

Special attention is given to the climatic and technical challenges of working with steel
containers, such as thermal insulation, ventilation, and spatial adaptation. Through simulations,
design analysis, and literature review, the research proposes strategies for enhancing comfort and
sustainability in container-based projects.

The final phase of the thesis is a practical application: the design of a Toy Library project.
This project serves as both a social and architectural initiative, using recycled containers to create a
dynamic, child-friendly environment. It includes diverse functional zones that promote education
through play, creativity, and interaction, while showcasing the architectural versatility and ecological
value of reused materials.

Keywords

Recycled Materials / Shipping Containers / Sustainable Architecture / Modular Design / Eco-friendly
Construction/ Toy Library/Children's Spaces / Adaptive Reuse / Educational Architecture /
Environmental Design.
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Résumé

Ce mémoire explore I'efficacité des matériaux recyclables dans I'architecture contemporaine
et se concentre sur l'utilisation de conteneurs maritimes comme solution structurelle et spatiale. Cet
objet représente la plus avancée de cette approche innovante, tant sur le plan environnemental
qu'économique, social et architectural.

Le recyclage des conteneurs contribue a la réduction des déchets industriels et des émissions
de carbone, tout en proposant une méthode de construction modulaire, rapide et économique. La
recherche sera appliquée aux écoles internationales, illustrant l'intégration du secteur de la
construction dans divers contextes : logements, équipements publics, espaces culturels et éducatifs.

Le mémoire utilise les technologies utilisées pour 'utilisation de conteneurs dans les zones les
plus chaudes, notamment I'isolation thermique, la ventilation et la transformation spatiale. Des pistes
de recherche, des simulations, des analyses de conception et des stratégies proposent des propositions
pour améliorer le confort et la durabilité des projets basés sur les conteneurs.

La partie précédente du mémoire porte sur une application pratique : la conception d'un
projecteur pour enfants. Ce projet, a la fois social et architectural, utilise des conteneurs recyclés pour
créer un espace spacieux et éducatif pour les enfants. Il comprend des zones plus fonctionnelles qui
favorisent 'application de l'environnement, l'interaction et la créativité, le tout en illustrant la valeur
environnementale et les matériaux architecturaux utilisés.

Mots clés

Matériaux recyclés / Conteneurs maritimes / Architecture durable / Conception modulaire /
Construction écologique / Ludothéque / Espaces pour enfants / Réemploi adaptatif / Architecture
¢ducative / Conception environnementale.

v



uadla

Rl (e s e e 158 U 51l ) o) g 5 pembod 5 anl Al Rl &) i 1.8 & )
A lerdll g o laia) cdpaliaidy! i)

285 s g e (il Sy 8 63 LS ¢ g0 ,SI Bl 5 Ao Ll i) Qs 8 olid) 8 il sladl ol 53 agas)
Jie e siie CWlaw b Gl slall Creadin) daali dle ay jliie o Y Al o Canll aaing Al 3kl 4l
Aalail) g 4EN <)yl cdalad) 381 all 5 ¢ Sl

gﬁh\dl»y‘j%\_)l\uyaﬂ:\:\hc‘gjl;AL\AJ\CJﬁs:\cgJLuA\cA\JA]\)nLSM\)cL;JL.\S\ dalaill JMA ey calalisall
kil o3 e

Ml G s il 138 peny WD Clall ASa apanad 8 Jiady U jlers (&5 e 5 S0 & i ¢ Apdaill culall i
Baxie (ghlia aay (JULI JalSie g g el eliad QS iy gall 5 oxisale) o ading Cun ¢l s celaia)
Al 5 4 Hlenal) Lgiad s by slall 038 D g 30 jom Le s Yy el caadll JBA (g aledll ) a8 Al

daalidal) calalsl)

el A / A5l saaall oLl / (o sbmall) aail) apanaill / dalisal) 5 jlendl / dg ) il sladl / Ly 535 dleall ) sl
) asanaill / dagdaill 5 jlenll / (g lanall Casks il ale) / JUlaY1 CleLiad/



TABLE OF CONTENTS

TABLE OF CONTENTS.....ccccovvienvurrcrcnnecsannes .. VI
LISTE OF FIGURES.........ccceevvrcrvurncnnns IX
LISTE OF TABLES ......coiiiiitiniinninnninsnissnisssiessssssssssssssssssssssssssssssssssssssssessssssssosssss XIv
INTRODUCTORY CHAPTER .....ucoiiiiitiiniinniisnisssisssisssssssssssssssssisssssssssssssssssssssssssssens 1
I.1 Background and justification of the SUbJect.........cccovvvvurriciivnriccsssnnicssssnnrecsssnsnecssnnns 1
[.2  Problem Statement.........cciueeineenieniseecsenisrensessssensecssseessnssssssssncsssessssssssssssassssessssessasss 2
[.3  ReSearch ODJECtiVe...uuuuieineieisseeiiiseieisnensseenssnecssneesssnecssssscssssessssescsssssssssssssssasssssasssnes 2
.4 Research HYPOthesis ......ccouiieiviiiisnnciisnncnsnncssnicssnicssssicssssissssssssssssssssssssssssssssssssssssssnss 3
[.5  ReSCATCH STIUCTUIE c.uuueeriiriinericsissnniicsssnnnesssssnsesssssssssssssssssessssssssssssssssssssssssssssssssssssssssass 3

II. THEORETICAL CHAPTER: INNOVATIVE SOLUTIONS BASED ON THE
INTEGRATION OF RECYCLED MATERIALS AND OBJECTS IN CONTEMPORARY
ARCHITECTURE: SUSTAINABLE DESIGN STRATEGIES AND THEIR

ENVIRONMENTAL IMPACT ...ccooouiiinieicssnnicssnnicsssnscssssesssssssssssssssssesssssossssssssssssssssssssssssssssessssssses 5
INErOAUCTION cuueeeeeneiiiinriiiiiiiinieninticinresssnesssnessssnessssnssssssessssssssssssssssesssssssssssessssssssssssssssnsssnss 5
I1.1 Sustainable architeCture .........ceiiiiiieiireiseissinsinsinicseinssicsecsssesssnsssessssssssesssssssssess 5
I1.2 Integration of recycled materials: a circular approach in architecture.................... 6

1I.2.1  Most common recycled materials used in architeCture ...........ccveevveeevreeeceeerieeeire e 6
11.2.2  Type of recycled Materials ..........cccvveeiiieeiieiiieeie ettt etee et e esaeesseeeseeenes 7
11.2.3  Technical Characteristics and Performance of Recycled Materials ..........c.ccccoceeniiennennee 13
11.2.4  Sustainable design strategies with recycled materials ..........cccccvveeivriiieciiieeniiee e, 16
I1.3 Integration of recycled objects in architecture..........eeeneecsenseccsnecseecsnenseccseecsnnee 18
11.3.1 Recycled objects used in architeCtUrE.........ccverieriierieeriieieeie et sre e eae e 18
1.4 contemporary architecture integrating recycled materials and objects ................. 23
TL4.1  The Container City .....cceeceeeriieeiiieeriieeieeesteesee ettt esseeestaeesteeessseessseessseessseessseessseessseesseens 23
I1.4.2 A temporary office space in TOKYO ...cc.eevueiriiiiiiiiiiiiiiiiiteteeeeeeee e 24
IL4.3  Prahran HOtel .......oouiiiieiieee ettt ettt e 25
II.5 Modular architecture using recycled shipping containers .........ccceeceeecseeecsneecccneecens 26
11.5.1  The benefits of modular architecture using recycled shipping containers ....................... 26
I1.5.2  Containers dIMENSIONS ......ccueiuieruieriieriietieteeteeteeteeteeetesstesseesseesseesseenseenseenseeseensesneennes 27
I1.5.3  Containers COMPOSITION.........viereveerrierreerereesreesreesreesseesseesseessseessseessseessseessseessseesssennes 28
I1.5.4  The CONtaINErs PIICINE ...ccveeuietirieriteitteetteeite sttt ettt ettt et e bt ettt ete st satesaeesaaesaeenee 30
11.5.5 The process and the adaptation techniques used to adapt containers as a construction.....30

I11.6 Examples of contemporary architecture integrating recycled materials and objects

36
TI.6.1  The Container City.....ccveecveeierieririeriierriesirtesreesreesreeseseesseessseessseessseessseessseessseesssessseenes 37
11.6.2 A temporary office SPace in TOKYO ....cc.eevcviiiiiiiiieiiie sttt sre e saeesere e 38



T1.6.3  Prahran HOtel ......ccc.oiiiuiiiiiieiiece ettt ettt ettt et e e st eesnneesnne e 39
I1.6.4  ReSIAENCE A DOCKS ....uviiiiiieiiieiie ettt et ettt ettt ettt ettt ettt e e saeeesateesaeeesnseesnneens 40
TLO.5  PVI4 HOUSE ..ottt ettt ettt et sbt e e sbe e e sbae e sbaeenbeeenae 41
ILO.6  Container HOUSE.......oiiiiiiiieiieetieee ettt et et 42
I1.7 Comparison Between Recycled Container Construction and Traditional Concrete
CONSIUCLION ..uueeecueeeerneeissneeissneecssnencsneesssneessssecsseecsnns .43
I1.8 The thermal efficiency of the building made by container in hot climat................. 49
I1.8.1  Analysis of Thermal Simulation Results in the Study of Container-Based Architecture in
Hot and HUumid CHIMALES.........oiuiiiieiieiieieee ettt ettt et et e bt ettt e te e te e bt eneeeneeeneesneeens 50
CONCIUSION cocueerinrrinnniensnnicssnricssnicssnniesssnecssssesssssesssssesssssessssasssssessssssssssssssssssssssssssssssssssssssnss 53
III. THEMATIC CHAPTER: TOY LIBRARY PROJECT ......iivvricinrcnsnerccsnneene 54
INErOAUCTION cuueeenneieinniiiiiiicinieiineenineeisneeisaseesssseesssseesssseessssessssssssssssssssssssssasssssasssssnsssssnsses 54
III.1 Why toy library? .......ceeeseecseecsnnnee 54
I11.2 What is Toy Library? .......cceccveecccccnnnees .55
IT1.3 Spatial OraniSatioN.........ccceeeeiveeenssnrcsssrnesssncsssncssssncssssecssssssssssesssssesssssessssssssssssssssssses 55
TI1.4 INEETIiOr SPACES . .uueiieirrrrriecssssnricsssssrressssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnass 56
IT1.5 Meeting the needs Of USEIS....uiiiiinsinieeisensseinsniseensnecseesssessecsssesssesssessssssssesssae 56
II1.6 Safety CONSIAEIAtIONS.....ccocvvvrierirrrrecsissariecsssnsecsssssssesssssssesssssssssssssssssssssssssssssssssssssssnans 56
II1.7 Architectural norms from Neufert 57
IIL7.1  Design ConSIAETAtIONS ... ..cciutiiriieriiieriitente ettt ettt e sttt e sttt e siteesate ettt e sabeesateesbeeesateesbeeesbeeenne 57
1I1.7.2  Interior and exterior spaces in day-care deSiN..........cccveeeveeeeriererrrieeerreeeesreeeesreeeeenens 57
I1.7.3  Access and building forms rooms oUtdOOT areas ..........c..ceeeerieeriirriersiensienieeiesee e 58
IT1.8 Zones in a Toy Library: Learning Through Play .........cinniennenneecsenseccseeesnnes 59
[11.9 analysis of toy labraries EXamples........coiiiiiniiiiniiecssencssnencssencssneccsseecssseecsseecnns 61
II1.9.1 Children's toy Library / LAN ATChiteCture .......c.cceveeriieneiniieieeieeieececeeceese e 61
111.9.2 Toy and Media Library in Philippe Fichet architects...........ccccoeovevieiieiiiiiiieeeeee 65
111.9.3 Day Nursery and Toy LIBRARY / a+samueldelmas architects..........ccccoeeveveeeenennnne. 71
CONCIUSION cauuceeneerneeiricsnenisnensneessnecssessssesssnssssesssnssssesssnssssssssasssssssssssssssssassssssssssssassssasssssssassss 74
IV. ARCHITECTURAL CHAPTER......ccutiiirtiisreicssnnicsssnicsssescssssesssssessssssssssssssssesses 75
TV T Site ANALYSIS..uccicrseiciseiiisnrinisnnenisnnisisnnessnicsssecssssecsssnsessssesssssessssssssssesssssessssasssssssssssasses 75
IV.1.1 Site location and relation With the CILY .........ccoevciieriiieiiiieriierie e 75
IV.1.2 Environment and Landmarks near the Site............cccevvureriierieeniiieniienieesieesie e 76
IV.1.3  Roads and acCeSSIDIIILY ......cc.eevviiiiiiiiiiieiiecieecie ettt e seb e e sebe e staeesabeenes 76
TV.1.4  Sit€ MOIPROLIOZY ...vvieivieiiiieciiiecie ettt ettt e e e e e stb e e b e e tbeestbe e ebeeseseessseesseessseesssannes 77
IV.1.5 Built and unbuilt SYStEIM .......cc.eeriiiiiiiiiiiiieie ettt 77
IV.1.6  Effect of the sun's path .........cccooiiiiiiiiniiiee e e 78
IV.LLT  Effect 0f the WINd......cooiiieieee ettt s 78
TV.1.8  ReaSON Of CHOICE ...ueeiiieiieiieiie ettt ettt ettt e 79
TV.2 THe PrOJECt.euuecnuennseensrensnnssuensncsssecssnsssansssncsssesssnsssassssassssesssssssassssassssasssssssassssassssasssnes 80

vii



IV.2.1 The program of the PIrOJECt.......couiiiiriiriiriiiiiiie ettt 80

TV.2.2  DeSign INTENTIONS. ....eeruiiiiieitieiiesieeie ettt sttt ettt et st s 83
IV.2.3 Toy Library Concept Inspired by LEGO and Recycled Architecture.............ccceeuennee.e. 84
1V.2.4  The blocks fUNCLION/PIAN .......eccviiiiiiiiieeiee ettt sre e re e b e e sereesereeseaeeseneenes 86
TV.2.5 MASS PLAIL .ottt ettt sttt ettt et ettt et s 92
TV.2.6  The @lEVALIONS ...oeiuiiiiiieiiiieiii ettt ettt ettt et e sate e s aeeesab e e bt e e sbeeesnbeesaaeesaeeenns 95
) A N s eIt 103 TSP 96
TV.2.8  DIBLAILS .entieiiee ettt ettt ettt b ettt et ettt e enee 98
TV.209 3D PICTUIES ..ttt ettt ettt e st e et e et e st e s st e e sabeesateesmbeeenbeesnteeembeesabeesnteas 100
CONCLUSION ..uuuiiiiiineicsnensnesssessssssssnssssesssassssssssassssssssassssssssassssssssassssssssassssasssssssassssassss 103
BIBLIOGRAPHIC REFERENCES 104

viii



LISTE OF FIGURES

Figure 1: Most commonly used recycled materials for construction applications. .................. 7
Figure 2 The process of using recycled wood in the construction technology ............c...c....... 8
Figure 3 PET bottles used as flowerpots in a public space in Zurich..........cccceceeeveeniieieennne 9
Figure 4 Recycled concret (constructionofamulti-familyhouse,) .........ccccveeeeiiieeiieeccieeceeeeee, 9
Figure 5 Glass recycling process. (Source:iStockphoto.) ......c.ceecveeeiiieeiiieniieeeie e 10
Figure 6 Reinforcing bars made of recycled metal. ..........cccccoooeiiiiniiiiiiiiiieece, 11
Figure 7: Reclaimed Asphalt Pavement (Source: Posillico Materials) .........ccccccevveneeriencnne 11
Figure 8 : Recycling roofing Shingles (Source: J.N. Davis Roofing) .......c.cccocevvvvrienerniennnne 12
Figure 9 Recycled carpet fibers ( RUDICON)......cceeviiriiriiiiiiniiiiiiiricecieeeeeeee e 12
Figure 10: Recycled fly ash (Construction & Demolition Recycling) ..........ccccevveviinenicnnnne 13
Figure 11 : Shipping Container Architecture (Source: Danny Bright).........cccccoevvieiieenneen. 19
Figure 12 Container architecture (Source: CONTAINERWERK) ......cccocovviiiiniiiiniiiiiees 19
Figure 13 : "House among the trees" Architectural example of a house that used panels in its
WALLS (SOUICE: AIVISATE) ...cuvvieniieiiieiie ettt et ettt ettt et e et e e bt e s abe e bee e b e esseesnbeesaeeenseenseeenseas 20
Figure 14 Recycled Rubber Flooring (Commercial Mats and Rubbe).............ccccceevevivenenns 21
Figure 15) Creative way for using recycled Glass Bottles on the wall ( milkwood.net) ...... 21
Figure 16 Reused Bricks (Lendager GIoup) ......cccveeeveeerieieiiieeieeeieeeeiee e eeveeesveeeenee e 21
Figure 17 : Recycled textile (https://www.fab-brick.com/).......cccoevvieniiiiniiniiiiiiiene 22
Figure 18 : REUSEA AIaAWET'S .....eouviriiiiiiiiiiieieeiiestte ettt sttt 22
Figure 19: Reused Wo0den Crates ..........cceouerieriirieniiniieieniesieeieee ettt 23
Figure 20 : Container City(source: simon Richards photography) ........c.ccoceveviiniincnicnnns 24
Figure 21 Interior view of the office (dezZeen).........cccuvieiiiieiiieeiieeeeee e 25
Figure 22 The hotel prahran ( photography by © Peter Clarke) .........ccccoevvvvieniiiiniiieneens 26

Figure 23 Containers 20’HC and 40°’HC (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013)



Figure 24 The modules (containers 20°’HC and 40’HC). (Bernardo, Oliveira, Nepomuceno,
LN 116 2T (S 0 G ) SRR 28

Figure 25 Containers composition. (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013).29
Figure 26Primary structural components for a typical 20' [ISO SC........c.cccceeeveviieciienieenen. 29
Figure 27 The core envelope of a typical 20" ISO SC....ccoieviiiiiiiieieeeeeeeeee e 30

Figure 28 Horizontal and vertical modular coordination of modules. (Luiz , Bernardo, &
F N 10 T T ) USSR 31

Figure 29 Example of openings and internal connections for a single-family house. (Luiz ,
Bernardo, & Aratljo, 1-20) ......oiiiiiiieiieeie et sttt et e at e b e aeeeateas 32

Figure 30 : Chipping Container Foundation Concrete Base Mould of 300mm sides by
220mm height (ndooroutdoors.co.uk/products/shipping-container-foundation-concrete-base-

10070) [ | TSRS 34
Figure 31a) Welded shipping container to base plate and (b) uncommon connection between
shipping containers from Hermann ( Giriunas, Sezen, & Dupaix, 2012) .....ccceecevieneriienienenniennns 35
Figure 32 Container City(source: simon Richards photography).........ccccceeeveevieniiiiiiennnnen. 37
Figure 33 Interior view of the office (dezeen)...........coceeviieiiiiiiiiiiie e, 38
Figure 34 The hotel prahran ( photography by © Peter Clarke) ..........cccccevevvveeiiiiniieenieens 39
Figure 35: Residence A DOCKS .......ooouiiiiiiiiiiiieie s 40
FIigure 36 : PV 14 HOUSE ...c..eeiiiiiiiieieeeeeee ettt sttt sttt s 41
Figure 37PV14 House plan and SECHION ......cccuevuieiirieniieieniesieeieeieenteee st 42
Figure 38 : Container HOUSE........cceiiuiiiiiiiiiiiieieetectceee ettt 43
Figure 39 : Container House plans and SECHION .......ccceeeuieviirieriiiiiniiniieientcieeieeeeee e 43
Figure 40 HTP for the hottest day (average), April 30........ccceeeviieeiiieiiiieeeeeee e 51
Figure 41 HTP for the coldest day (average), January 12..........ccceevvveiviieecieeecieeeee e 52
Figure 42 : Gallery of Toy and Media Library (archidaily) ..........ccccceveviiiniiieniiiinieeeieens 55
Figure 43 1 TOY LIDTATY c...oooeiieiiecieeiieeee ettt ettt ebe et eenseesnaeenseas 56
Figure 44 : Agriculture and INSECS ........cc.eeouirieriiiiiiieiieeeeeee e 59



Figure 45 : Engineering and ATChiteCtUIe .........coeevieiiiniiiiiinieieiieceeeseeeee e 59

Figure 46 : Electronics and Digital Technology...........ccocceeiiiniiiiiiniieiecieeeeee e 59
Figure 47 : REAdING AT@A ......oeuiiiiiiiiieiiii ettt ettt ettt ettt e et esaeeeaeeas 60
Figure 48 : OUtdOOr PIAY ....ccccuiiiiiiiecie ettt e e ere e 60
Figure 49 : Interior view for Children's toy Library / LAN Architecture ( Archidaily)........ 61
Figure 50 : Children's toy Library / LAN Architecture (Archidaily) ........cccceeveviieciiennnnnnnn. 62
Figure 51 : Children's toy Library ( Archidaily) ........ccccoeeiieiiiniieiiiniieeceeeeee e 63
Figure 52: The shape of Children's toy Library (Archidaily)..........cccccoevieniiiniiiniiiieiee. 63
Figure 53 : Interior view of Children's toy Library ( Archidaily) ........ccccoovviniiiiniininnnnns 63
Figure 54: The floor plan of the Children's toy Library ( Archidaily ) .......ccceevvvveriieennenns 64
Figure 55 : The 1st floor plan of Children's toy Library ( Archidaily )........cccceevvveniiieenneens 64
Figure 56 : A section of Children's toy Library ( Archidaily ).......ccccceeevvieiiiieniieiniieeeieeens 64
Figure 57 : 2" section of Children's toy Library ( Archidaily ) ........ccccooveveveeveevrereeererennn. 64
Figure 58 : The acCeSSIDIIILY ... cc.ueruiiiiiiiiieieeiie et 66
Figure 59 : Le plan de masse du Projet.......cc.ooveriirieriinieiinieneiieeeenieeie st 66
Figure 60: The entrance of the Project ..........ocoeiiiiiiiiieiiieeeeee e 66
F1gUIE 61 INtETIOT SPACE......eeicuiieiiiieeiieeeiieeetieeeteeeeteeestteeesaaeeesaeessaeessaeessseeessseeensseeensseeenns 69
Figure 62 : Ground floor plan............cooiiiiiiiiii e 69
Figure 63 : Upper flo0r Plan........cooiiiiiiiiieieeeseeeeee ettt 70
FIGUIE 04 1 SECLIOM. .....uiiuiiiieiiiiiieit ettt sttt et ettt sbe ettt e eseesbeentesaeens 70
Figure 65 Accessibility from the City Center...........cocevueeviirieniiiiinienieeienieseeeeeeeee e 71
Figure 66 Integration with Public Spaces..........ccceveriiriiiiniiniiiiniiceeeecee e 72
Figure 67the 5th facade .......cccveiiiiiiiiiiece et 72
Figure 68 : The ground floor plan ...........cccoeviiiiiiiieiie e 74
Figure 69: The 1 st floor plan .........cooiiiiiiiiii e 74



FIGUIE 70 1 TRE STLE...eeueiiuiiiieieeiierie ettt ettt sttt et ebeesbeentesaeens 75

FIGUIE 71 1 THE STLE...eeueiiiiiiieieeiterte ettt et sttt et sbe et 76
Figure 72 The environment Of the SIte ..........cccoeiiiiiiiiiiiiiie e 76
Figure 73 The entrances Of the SIte..........ccceevcuiiiiiiiiiiciie et 77
Figure 74 : Site MOTPhOLIOZY .....ooiiiiiiiiieeiie ettt ettt e e saee e snreeeaes 77
Figure 75 : Build and unbuild @rea............ccoiiiiiiiiiiiieieieceecee e 78
Figure 76 1 SUN Path ..c..ooiiiiiiiiieeee e e 78
Figure 77 Effect 0f the WInd.......c..cocoiiiiiiiiiieeee e 79
Figure 78 : Project IA@a ....coouuiiiiiiiieiieee ettt ettt 84
Figure 79 Areas separation qUICT/NOISY ......eeeevirererieesiireerieeesteeeseteeessreessseeesseeesseeesseeessseennns 85
Figure 80Areas separation Leisure/ Educational..............ccoocoiiiiiiiiiiiiiiiceeen 85
Figure 81 : ChoiCe 0f COLOTS ...ttt 85
Figure 82 : Ground floor Plan.........coceiiiiiieiiiiieieeeeeee et 93
Figure 83 1 1St floOr Plan .....cocueiiiiiiiiiie e 94
Figure 84 : South EIEVAtiON .....c...ooiiiiiiiiiiiiiiiesieectcee et 95
Figure 85 : South Elevation colorfull ............ocoiiiiiiiiniiieceecece e 95
Figure 86 : NOTth €leVation..........ceiiiiuiiieiiiiciie ettt e e sveeesenee e 95
Figure 87: North elevation colorfull............oooiiiiiii e 95
Figure 88: East elevation ( the entrance)..........ccoceeverierieieniieneiieeiesieeie e 96
Figure 89 : East elevation COlOrfull ............ccooiiiiiiiiiiiiniiiieceeeeee e 96
Figure 90 :West €lavation............ooeiiiiiiiiieiieniereeeeteeee ettt sttt 96
Figure 91 : West elavation colorfull...........cccooiiiiiiiiiiniiieeeeeeeee e 96
F1gUIE 92 1 SECLION 1..eeiiieiiiicieeeeeee ettt et s e e s e e s ve e e sabeeessseeenns 97
FAGUIE 93 1 SECLION 2...eiiieieiieeeiee ettt et et e e e tae e et e e s aaeessaeeessseeensseeennseeenns 97
FIgUre 94 1 SECHION 3. ..ottt sttt st as 97



xiii



LISTE OF TABLES

Table 1: Technical characteristics and performance of recycled materials..............c.cce....... 13
Table 2 : Phases of the LIFE CYCLE .......cocoiiiiiiiiiiiieeeeeceeee et 17
Table 3 : Geometrical characteristics of containers 20’HC and 40°HC ............ccceeiienennnnn. 28
Table 4 : Basic Comparison Parameters............cceeeeireriiieeiiieeeiee e sveeeeree e 44
Table 5: General Structure and Materials............cooieiiiiiiiiiiieee e 44
Table 6: Construction DUAtION ..........coiuiiiiiiiiiiiiiiceee e 44
Table 7 : Flexibility in Use and TranspOIt..........c.eecvereieerieeiueenieeieenieereeseeeveesieeeseesenesnsees 44
Table 8 : Environmental Performance...........c.ccooevieniiiiiiniiniiiiiiinecicceseeeeeeee e 44
Table 9 : Earthquake and Shock ReSIStance..........cccuevvieriieiiiinieiiieieeeeeee e 45

Table 10 : Quantitative and Estimate Quotation (Quantitative and Estimate Quotation) of

normal concrete building 12%2.5%F2.8 . ..o 45

Table 11 : Quantitative and Estimate Quotation (Quantitative and Estimate Quotation) of a

container building 12%2.5%2.8.....cuiiieieeeie et e e e e st e e st e e e e e aee e areeenaaee s 47

Table 12 : SIMUIAtEA MOAELS... .o e e e e e e e ee e e e e e eeeneeenaan 50

Table 13 : Comparative analysis of the thermal performance of the six models on the hottest

AY (AVETAZE) c.eveenteeeiteetie ettt ettt et e sttt et et e et e e e st e eabeeeateeabeessbeeateesateenseenseeenteenseeenseenseesnseenneeans 51
Table 14 : Comparative analysis of the thermal performance of the six models on the coldest

AY (AVETAZE) c.vveenvieeeiieiieeie ettt et e et et e st e et e eetteebeessaeesseessseesbeessseessaensseenseenssesnseensseenseenssennseensseans 52
Table 15 : Reception and administration/ Library and Toy Lending / Art and Creative Design
.................................................................................................................................................. 86

Table 16 SPOTtS BLOCK ...c.vviiiiiieeiiiecie ettt et ae e e seneeesnneeenes 87

Table 17 : Future Professions BIOCK .........c.coiiiiiiiiiiiiiieeeeeeeeeee e 88

Table 18 : Digital Play and Scientific Exploration BIOCK ..........ccccooviiiiniiiniininiiiiiciienee 89

Table 19 : Music and Performing Arts BIock ..........coooieiiiiiiiniiiieeeee 90

Table 20 Biology BIOCK .......ooiiiiiiiiie e 91

X1V



XV



I Introductory chapter

INTRODUCTORY CHAPTER

.1 BACKGROUND AND JUSTIFICATION OF THE SUBJECT

The significance of sustainability in contemporary architecture is critical, as it
addresses pressing environmental challenges while promoting a harmonious relationship
between built environments and natural ecosystems. The construction sector is one of the
largest consumers of resources and a significant contributor to global waste, necessitating
a paradigm shift toward sustainable design and construction practices that prioritise
ecological integrity, economic viability, and social equity (Abdulaziz & Abdulaziz,
2023).

In this context, using recycled materials and developing innovative design
strategies are essential for reducing the environmental impact of buildings. These
approaches help conserve natural resources, reduce carbon emissions, and enhance the
ecological performance of architectural projects, while also providing opportunities to
improve their aesthetic and functional qualities (Silva, 2020).

Environmental issues related to construction and waste are multifaceted,
encompassing the depletion of natural resources, pollution, and the generation of
substantial amounts of waste. The construction industry is responsible for a significant
portion of global carbon emissions and resource consumption, leading to an urgent need
for sustainable practices that minimise these impacts (Abdulaziz & Abdulaziz, 2023) .The
reliance on conventional materials often results in substantial waste, with many materials
ending up in landfills, exacerbating environmental degradation (Silva, 2020).
Consequently, the architectural community must adopt strategies that prioritize waste
reduction, recycling, and the use of sustainable materials to create a more circular
economy within the built environment (Altomonte, 2012).

The integration of recycled materials and objects into architectural design
represents an innovative solution to the challenges posed by traditional construction
practices. Using recycled materials not only reduces the demand for virgin resources but
also significantly lowers the embodied energy associated with building projects (Silva,
2020). Research indicates that the use of recycled materials can save over 60% of the
initial embodied energy of buildings, highlighting the potential for substantial energy
savings and environmental benefits (Silva, 2020). Furthermore, the incorporation of
recycled materials fosters creativity and innovation in design, as architects explore new
ways to repurpose existing materials and integrate them into contemporary architectural
practices (Katia Talento, 2020). This approach not only addresses waste management
issues but also promotes a culture of sustainability within the architectural profession,
encouraging future generations of architects to prioritise environmental stewardship in
their work (Altomonte, 2012).

In addition to the environmental benefits, integrating recycled materials can also
lead to cost savings by reducing both material procurement and waste disposal expenses.
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Architects and builders can achieve significant savings while contributing to a more
sustainable construction industry (Abdulaziz & Abdulaziz, 2023).

Moreover, the growing demand for sustainable and eco-friendly buildings has
opened new market opportunities for businesses that use recycled materials and
sustainable practices (Lei Cao, 2019). As the architectural landscape continues to evolve,
the emphasis on sustainability and the innovative use of recycled materials will be vital
in shaping the future of the built environment, ultimately leading to a more resilient and
sustainable society.

.2 PROBLEM STATEMENT

In recent decades, the construction industry has faced increasing criticism for its
considerable environmental impact, especially due to excessive consumption of natural
resources, high waste production, and contribution to greenhouse gas emissions.
Traditional construction methods often depend on virgin materials, which are energy-
intensive to extract and process, causing significant ecological damage. At the same time,
large amounts of construction and demolition waste are disposed of in landfills, leading
to a loss of valuable resources that could be reused. In this context, incorporating recycled
materials and objects into architectural design has become a promising approach to
minimise environmental impact, promote circular economy principles, and encourage
more sustainable building practices.

However, despite growing awareness of the environmental benefits, the
architectural application of recycled materials, raises questions regarding design quality,
structural performance, user comfort, and aesthetic value. There remains a need for more
in depth analysis of how these materials affect architectural outcomes and how they can
be effectively integrated into creative and functional spaces. Furthermore, while existing
studies have highlighted the environmental and economic benefits of using recycled
materials, few have explored how these materials can also transform the creative process
in architecture, influence spatial design, and reshape user perceptions of sustainable
buildings. There is a need to explore how such materials not only contribute to
sustainability goals but also open up new architectural languages and design possibilities.

This study aims to bridge this gap by examining the environmental, architectural, and

economic implications of using recycled materials and objects in contemporary projects.

Thus, the main questions guiding this study are:

e How can the integration of recycled materials and containers contribute to
environmentally sustainable architectural solutions?

e What are the architectural, functional, and aesthetic impacts of using recycled
materials in the design of contemporary projects?

.37 RESEARCH OBJECTIVE

The main objective of this research is to explore strategies for integrating recycled
materials and objects—particularly shipping containers—into architectural design to
improve environmental performance and design quality. Specific objectives include:

e Identifying the most commonly used recycled materials in construction.
2
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e Examining the benefits and limitations of containers as modular building elements.

e Analysing case studies that successfully incorporate recycled materials into container-
based projects.

e Formulating practical recommendations for architects and building professionals to
promote the utilisation of recycled materials and modular systems.

.4  RESEARCH HYPOTHESIS

The central hypothesis of our study is that recycled materials and objects can
improve the environmental performance of buildings while simultaneously offering new
design potentials, both aesthetic and functional.

.5 RESEARCH STRUCTURE
This thesis is structured into four chapters:

The first chapter provides the conceptual and scientific foundation for the
research. It first explores the principles of sustainable architecture, focusing on the
circular economy and the integration of recycled materials. It then presents a
comprehensive classification of recycled materials and objects, including their types,
technical performance, aesthetic and functional benefits, and their role in the building life
cycle. A specific section is dedicated to modular architecture using shipping containers,
detailing their dimensions, composition, benefits, costs, and construction adaptation
techniques. The chapter concludes with international case studies of buildings
successfully using recycled containers and materials.

The thematic chapter focuses on the Toy library project. It explores the conceptual
foundations and motivations for choosing a toy library, emphasizing its educational,
social, and cultural significance for children and the wider community. The chapter
presents a detailed analysis of the functional and spatial organization of a toy library,
highlighting key areas. It also addresses user needs, accessibility, and safety
requirements, with reference to architectural standards and norms, In addition, the chapter
includes a comparative study of existing toy libraries.

The third chapter presents the full architectural development of the Toy Library
project. It starts with a site analysis to understand the environmental and urban context.
Then it outlines the design program, including spatial requirements and technical
constraints. Finally, it presents the conceptual idea and the final architectural project,
demonstrating how recycled containers can be creatively and effectively used.

The final chapter explores the potential of the proposed approach. It highlights
how sustainable container-based construction can inspire innovative business models in
architecture. It considers aspects such as cost reduction, market demand for eco-friendly
buildings, and opportunities for creating a start-up focused on modular container
architecture.
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II. THEORETICAL CHAPTER: INNOVATIVE SOLUTIONS
BASED ON THE INTEGRATION OF RECYCLED MATERIALS
AND OBJECTS IN CONTEMPORARY ARCHITECTURE:
SUSTAINABLE DESIGN STRATEGIES AND THEIR
ENVIRONMENTAL IMPACT

INTRODUCTION

This chapter presents the theoretical foundation of the research by exploring the
intersection of sustainable architecture and the integration of recycled materials and
objects, particularly shipping containers, within contemporary design practices. It aims to
provide a comprehensive understanding of how ecological responsibility, circular
economy principles, and architectural innovation converge to shape new approaches in
building design. The chapter critically reviews key concepts such as sustainable
architecture, the circular use of materials, and modular construction, with a focus on their
environmental, social, and aesthetic implications.

By examining relevant literature, architectural theories, and exemplary case
studies, this chapter seeks to contextualize the innovative use of recycled resources as a
response to the growing environmental and urban challenges faced by the construction
sector. Emphasis is placed on the role of architects and designers in reimagining discarded
materials not as waste, but as valuable resources that contribute to resilient, adaptable,
and cost-effective building solutions. In particular, the use of recycled shipping containers
is investigated as a modular and flexible alternative that aligns with sustainability goals
while addressing pressing needs such as housing, education, and community
infrastructure.

II.1 SUSTAINABLE ARCHITECTURE

Sustainable architecture can be defined as an approach to building design and
construction that prioritises environmental stewardship, resource efficiency, and social
responsibility. This architectural philosophy aims to minimise the negative impacts of
buildings on the environment while enhancing the quality of life for occupants and the
surrounding community.

Sustainable architecture encompasses a range of practices, including the use of
renewable energy sources, sustainable materials, and efficient waste management

systems (Udomiaye, Chukwuali, & Kalu kalu., 2020).

According to Udomiaye et al., (2020) sustainable architecture is not merely a set
of prescriptive measures but rather an overarching approach, practice, and attitude
towards design. This perspective emphasises that sustainable architecture involves a
holistic understanding of how buildings interact with their environment and the broader
social context. It seeks to create spaces that are energy-efficient, reduce carbon footprints,
and utilize materials that are either renewable or recycled, thereby contributing to a
circular economy (Aram Min, 2019).
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Furthermore, sustainable architecture incorporates principles that address the
social and cultural dimensions of building design. It aims to create inclusive spaces that
foster community engagement and reflect the values and needs of diverse populations
(Olga L. Bantserova, 2023). This approach recognizes that the built environment plays a
crucial role in shaping human experiences and interactions, and thus, it should be
designed with consideration for both ecological sustainability and social equity (Aurelija
Daugelaite, 2021) .

II.2 INTEGRATION OF RECYCLED MATERIALS: A CIRCULAR
APPROACH IN ARCHITECTURE

Integrating recycled materials in architecture plays a key role in the circular
economy, which focuses on reducing waste and reusing resources sustainably. One
important method is adaptive reuse, where existing buildings or materials are repurposed
for new functions. This practice helps preserve the embodied energy of materials, reduce
environmental impact, and conserve cultural heritage (A. Dongez, 2021). Recycled
materials can also add unique aesthetic value due to their texture, history, and character
(Incelli, 2023).

The concept of design for disassembly supports future reuse by using materials
and construction techniques that enable buildings to be easily disassembled and
repurposed (Incelli, 2023). This extends the lifespan of materials and reduces construction
waste.

Environmentally, recycled materials help lower carbon emissions. For example,
using recycled aggregates in concrete significantly reduces the carbon footprint compared
to traditional concrete (Shashank, 2024). Additionally, innovative materials like
mycelium-based composites demonstrate the potential of bio-based recycled alternatives
that are both sustainable and high-performing in construction (A. Xia, 2024).

By applying these strategies, architects can achieve both functional and
environmental objectives while promoting resource efficiency.

I1.2.1 Most common recycled materials used in architecture

The most common recycled material used in architecture was Recycled Concrete
at 15%; followed by Recycled Asphalt and Wood, with 12 and 8% respectively. Seven
percent of the companies did not use recycled material at all. There were a few companies
that were not included in the graph. These companies used less than 2% of any given
recycled material including tire rubber, silica fume, glass, cement kiln dust, carpet,
foundry sand, swine manure, animal fat, soy bean, citrus peels, sewage sludge and date
and oil palm tree, which were listed in the survey as usable recyclable materials for
construction applications. Other materials that were mentioned that had a low percentage
usage were cast iron, copper, brass and sawdust (Fini, 2013).
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Figure 1: Most commonly used recycled materials for construction applications.

11.2.2 Type of recycled materials

The construction industry is increasingly adopting recycled materials to enhance
sustainability and reduce environmental impacts. Various types of recycled materials can
be effectively utilised in building construction, each contributing to resource conservation
and waste reduction. Below, there are some key types of recycled materials commonly
used in the construction sector.

a) Recycled wood

Wood is a sustainable alternative in construction, reducing carbon emissions and
improving air quality, especially when it is responsibly sourced. Construction waste,
including materials from new projects, renovations, and demolitions, contributes
significantly to wood waste, making up 20-30% of construction and demolition waste
(CDW), with variations across countries (26.7% in Germany, 10-16% in Brazil, and 6-
7% in the U.S.A) (Soto-Paz, et al., 2023).

Wood waste can be categorised into three main types: untreated wood, engineered
wood waste (EWW), and preservative-treated or painted wood. Untreated wood can be
reused for packaging, furniture, or construction, while treated wood is processed into
MDF, OSB, or used as biomass fuel. Despite increasing interest in the reuse of salvaged
wood in sustainable construction, recycling remains limited. A study in the UK found that
only 10-15% of timber used in new construction is recycled (Kinga Rybak-Niedzioika,
2023).
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Figure 2 The process of using recycled wood in the construction technology

b) Recycled plastic

Research on plastic waste management explores solutions for architecture and
urban planning, focusing on biodegradation, recycling, and repurposing. Studies highlight
historical reuse practices, including container architecture, where materials like plastic
are repurposed for economic and environmental benefits

Plastic waste finds applications in contemporary art and architecture, reflecting
anti-aesthetic trends that embrace imperfections and aging materials. The movement for
integrating plastic waste into architecture emerged in the 1970s, addressing poverty and
economic inequality. Scholars classify plastic packaging as a key recycled material in
structural components. Given plastic’s resistance to degradation, policies promote its
reuse in construction, including brick production as an economical and sustainable
alternative. Buildings using PET bottles as bricks offer benefits like reduced processing
time, energy efficiency, and improved insulation (Kinga Rybak-Niedziotka, 2023).

Recycled plastic is also used in road construction, insulation, and energy
generation through pyrolysis. It enhances soil embankments, strengthens asphalt
mixtures, and improves pavement durability while reducing environmental impact
(Marsahala, 2023).
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Figure 3 PET bottles used as flowerpots in a public space in Zurich.
¢) Recycled Concrete Aggregate (RCA)

Recycled concrete aggregate (RCA) is produced by crushing concrete debris from
demolished structures. It can be reused in new concrete mixtures, offering similar
mechanical properties to natural aggregates. This reduces landfill waste, conserves
natural resources, and lowers the demand for virgin aggregates (M. N. Soutsos, 2011).

Concrete has a significant carbon footprint, and while RCA helps reduce
environmental impact, it presents challenges related to chemical properties, durability,
and strength. Recycled aggregates often show lower elasticity and increased shrinkage,
making them more suitable for non-structural applications. Innovative techniques are
improving RCA quality, including cement slurry impregnation, mechanical abrasion,
annealing, and the use of superplasticizers to enhance mechanical properties.

Concrete recycling minimizes raw material consumption, reduces waste, and can
cut water usage by up to 30%. The process includes crushing, refining, and classifying
materials for different uses in concrete production. (Kinga Rybak-Niedzidtka, 2023).

Figure 4 Recycled concret (constructionofamulti-familyhouse,)
d) Recycled Glass

Recycled glass is used in construction as a substitute for natural aggregates in
concrete and asphalt, reducing landfill waste while enhancing aesthetics. However,
challenges such as workability issues and alkali-silica reactions must be addressed (A.
Shyshkin, 2023).
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Glass is an isotropic material with properties influenced by its smelting process.
It is widely used in modern construction for windows, facades, walls, roofs, and floors,
utilizing reinforced, flat rolled, or tempered glass. Glass is chemically stable and can be
recycled repeatedly without losing its composition. It offers diverse textures, colors,
transparency levels, and thermal properties, making it suitable for various climatic and
structural applications. Recycling glass reduces the demand for raw materials and energy,
though chemical incompatibility among different glass types poses a challenge. (Kinga
Rybak-Niedziotka, 2023).

Figure 5 Glass recycling process. (Source:istockphoto.)
e¢) Ceramics

In recent years, industrialization and economic growth have improved the quality
of life but also increased environmental waste, particularly in the construction sector.
Ceramics, a natural material used in construction, can often be reused with minimal
processing. However, using them in their raw form may be impractical or economically
unfeasible. This has led to growing awareness of waste management, particularly in
relation to industrial and construction waste. Pioneers in ceramic recycling, such as Kats
and Kvyatkovs kaya, began researching its potential in 1972, but it was after 2000, driven
by certification programs like LEED and BREEAM, that recycling gained more traction.
Ceramics require thermal treatment for use as building materials, which enhances their
strength and provides insulation properties. Reusing ceramics, particularly in historic
building renovations, involves cleaning them of mortar and repurposing them as
aggregates in concrete or mortar (Kinga Rybak-Niedziotka, 2023).

f) Metals

Metals are extensively used in the construction industry as homogeneous
materials and components in various products. However, the production of metal products
involves significant environmental costs related to ore extraction and material
manufacturing, which are energy-intensive processes. Common metal applications in
construction include structural elements such as steel components, reinforcements in
reinforced concrete, mechanical fasteners, doors, windows, pipes, electrical cables, and
facade materials.

Metal products are categorized into two main groups: ferrous metals, which serve
structural purposes in construction, and non-ferrous metals such as copper, zinc, and
aluminum, which are used for manufacturing installation components, doors, windows,

10
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and cladding. Metals are highly recyclable, making them valuable demolition materials.
The extraction of metals involves dismantling large components from steel structures,
crushed reinforced concrete, and installations like pipes and electrical cables.(Kinga
Rybak-Niedziotka, 2023).

f | B .f,( [ ]
Figure 6 Reinforcing bars made of recycled metal.
g) Reclaimed Asphalt Pavement (RAP)

Reclaimed asphalt pavement (RAP) is derived from the milling and recycling of
existing asphalt surfaces. It is extensively used in new asphalt mixtures, with a recycling
rate in the United States exceeding 99%. The incorporation of RAP into new pavements
enhances durability and reduces the need for virgin materials, thus contributing to
environmental sustainability (Reichheld, 2017). The use of RAP is particularly beneficial
in road construction, where it can be used for backfilling and reworking base courses
(Reichheld, 2017).

-

Figure 7: Reclaid Asphalt Pavement (Surce.' Posillco Materials)

h) Roofing Shingles

Asphalt roofing shingles are another significant source of recycled materials in
construction. Each year, millions of tons of asphalt shingles are generated as waste.
Recycled shingles can be used in asphalt mixtures, providing benefits such as improved
rutting resistance and reduced production costs for hot mix asphalt (HMA) (A. Shyshkin,
2023). The use of recycled shingles not only conserves resources but also reduces the
environmental impact of roofing waste (A. Shyshkin, 2023).

11
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Figure 8 : éling ooﬁng Shingles (Source: J.N. Davis Roofing)
i) Carpet Fibers

Recycled carpet fibers can be incorporated into concrete mixtures to enhance
properties such as toughness and tensile strength. Studies have shown that adding carpet
fibers to concrete can reduce shrinkage and improve fatigue strength, wear resistance, and
overall durability (A. Shyshkin, 2023). This innovative use of recycled materials
contributes to the sustainability of construction practices by reducing waste and
enhancing material performance.

\ ]
X .
", af & 4
- -
4 .
% 2/ :

Figure 9 Recycled carpet fibers ( Rubicon)

i) Fly Ash

Fly ash, a by-product of coal combustion in power generation, is commonly used
as a partial replacement for cement in concrete. Its incorporation improves the workability
and durability of concrete while reducing the overall environmental impact of
construction (A. Shyshkin, 2023). Fly ash can also contribute to energy savings by
lowering the heat of hydration in concrete mixtures (A. Shyshkin, 2023).

12
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Figure 10: Recycled fly ash (Construction & Demo}ition Recycling)
k) Cement Kiln Dust (CKD)

Cement kiln dust (CKD) is a by-product of cement manufacturing that can be
utilized in various applications, including soil stabilization and as a partial replacement
for cement in concrete. CKD enhances the strength and durability of concrete while
minimizing waste (A. Shyshkin, 2023). Its use in construction contributes to sustainable
practices by reducing the demand for virgin materials and promoting recycling.

1) Foundry Sand

Foundry sand, a by-product of metal casting, is increasingly being used as a
substitute for natural sand in construction applications. Its properties make it suitable for
use in concrete, asphalt mixtures, and as fill material in various construction projects (A.
Shyshkin, 2023)

In conclusion, the future of architecture lies in its ability to embrace recycled
materials as a core component of sustainable design. By leveraging innovative
technologies and design strategies, architects can create resilient and environmentally
responsible structures that not only meet the needs of contemporary society but also
contribute to the preservation of natural resources for future generations. The ongoing
discourse surrounding sustainable material selection and the circular economy will
undoubtedly shape the trajectory of architectural practices, encouraging a shift towards
more sustainable and responsible construction methodologies.

I1.2.3 Technical Characteristics and Performance of Recycled
Materials

Recycled materials are increasingly being utilized in architecture due to their
sustainability benefits and impressive performance characteristics. This comprehensive
overview will explore the technical aspects of recycled materials in construction, focusing
on thermal insulation, acoustic and sustainability properties, supported by specific
studies, case examples, and industry insights.

Table 1: Technical characteristics and performance of recycled materials

13
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Thermal Insulation

Cellulose and Rice Husk-Based Insulation: These
materials, derived from recycled paper and rice husks, have
shown a thermal conductivity of 0.04 W/m-K, indicating good
potential for thermal insulation applications (Nacari , Sergio ,
& Arthur M, 2023)

Thermal
Conductivity and
R-Values

Recycled Cardboard Insulation Panels: Panels made
from recycled cardboard have demonstrated thermal
conductivity values comparable to conventional materials like
cork and expanded polystyrene. (Jemi , B, & Meghana , 2023)

Recycled Concrete with Wood and Perlite:
Lightweight thermal insulation recycled concrete (LTIRC)
using waste wood and expanded perlite has shown a reduction
in thermal conductivity by up to 76.5% compared to
conventional concrete. (Chenyang & Wangjie , 2024)

Bio-Based Insulation Materials: Various bio-based
insulation materials, including those made from agricultural
waste, have thermal conductivity values ranging from 0.024 to
0.07 W/mK. (Cristian , et al., 2023)

The use of recycled materials in building insulation can
lead to substantial energy savings. Walls insulated with
Energy Efficiency | recycled polyurethane (PU) materials can achieve an energy

Performance saving rate of up to 85.4% per square meter compared to
traditional insulation methods. (Yan , et al., 2024). The
integration of recycled materials in building envelopes
significantly reduces energy consumption for heating and
cooling, particularly in regions with extreme temperature
variations (Yan , et al., 2024)

e Cellulose-based insulation maintains its R-value under
temperature fluctuations, offering consistent thermal

Comparative performance comparable to mineral wool and polystyrene.
Analysis with (Cristian , et al., 2023)
Traditional e Beyond thermal performance, recycled materials contribute
Materials to reduced carbon footprints and lower embodied energy
compared to conventional insulation materials. (Cristian , et
al., 2023)

Acoustic properties

14
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Recycled Textile Materials: Nonwoven fabrics made
from recycled polyester and polypropylene fibers have been
studied for their sound absorption characteristics. These
materials are used as sound absorbers, sound diffusers, noise
barriers, and sound reflectors. (Nilgiin , Gonca , & Gamze ,
2020)

Recycled Paper and Wool Panels: Panels composed of
waste paper and wool fibers have been tested using impedance
tubes, showing effective sound absorption across a range of
frequencies (100 - 5000 Hz). (Cinzia , Elisa , Elisa , &
Giovanna, 2016)

Specific Studies
and Findings

Bio-based Materials: Which include recycled
components have been recognized for their good sound
absorbing and insulation performances. These materials are
considered eco-friendly alternatives to synthetic options,
offering lower environmental impact and effective noise
control. (Xiaodong , Birm-June , Qingwen , & Qinglin , 2014)

Sound Absorption Recycled rubber granules and textiles from car interiors
and Noise have been identified as having good acoustic parameters,
Reduction making them suitable for sound insulation applications.

(Miroslav , et al., 2022) These materials are already used in the

production of compact acoustic panels, indicating their

effectiveness in noise reduction. (Miroslav , et al., 2022)

Panels made from recycled paper and wool fibers have
demonstrated acoustic absorption properties similar to those of
Comparative conventional porous materials like rock wool and glass wool.
Analysis with These recycled panels not only provide effective sound

Traditional absorption but also offer environmental benefits by reducing
Materials waste and production costs. (Cinzia , Elisa , Elisa , & Giovanna,
2016)

Industry insights and market trends

The global market for recycled plastics in construction
Market Growth | is projected to grow from USD 5 billion in 2024 to USD 6.6
billion by 2029, at a CAGR of 5.3%. (Laura , 2024) North
America is expected to dominate the sustainable construction
materials market due to strict building requirements and
environmental laws (Sustainable Construction Materials
Market Size, Share, and Trends 2024 to 2033, 2024).
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While recycled materials offer environment al benefits,
Economic Aspects | the high cost of production can be a barrier to their widespread
adoption. However, advancements in technology and increased
demand are expected to make these materials more cost-
effective over time. Various governments provide financial
incentives, such as tax credits and subsidies, to encourage the
use of sustainable building materials.

I1.2.4 Sustainable design strategies with recycled materials

Sustainable design strategies in architecture increasingly emphasise the
integration of recycled materials, which align with ecological design methods and
bioclimatic approaches. The use of recycled materials not only reduces waste but also
enhances the aesthetic and functional aspects of buildings, contributing to a circular
economy in the construction sector

a) Bioclimatic approach and recycled materials.

The bioclimatic approach in architecture focuses on optimizing building design
according to local climatic conditions, thereby enhancing energy efficiency and occupant
comfort. This approach can be effectively combined with the use of recycled materials,
which can provide both structural integrity and aesthetic value. For instance, the
integration of recycled agricultural materials has been shown to improve mechanical
properties and reduce carbon emissions, thus supporting sustainable construction
practices (A Jayaraman, et al., 2023). In addition, the use of recycled timber in framing
can reduce the carbon footprint associated with new lumber production while providing
excellent thermal insulation properties (A Jayaraman, et al., 2023). Furthermore,
bioclimatic architecture emphasises the importance of local materials and climate-
responsive design, which can be achieved through the use of locally sourced recycled
resources (Jarwa & Ikaputra , 2019; El-Sayed, 2023).

In practice, the ECO-Block project in the Netherlands exemplifies this integration.
The building utilises recycled concrete blocks made from crushed demolition waste,
which not only reduces the demand for new materials but also enhances thermal mass,
thereby improving energy efficiency during temperature fluctuations (Jarwa & Ikaputra,
2019) . The bioclimatic design principles applied in this project, such as passive solar
heating and natural ventilation, work synergistically with the recycled materials to create
a sustainable living environment.

b) Strategies to reduce building gray energy.

Gray energy, defined as the total energy consumed throughout the lifecycle of a
building material, from extraction to disposal, can be significantly reduced through the
use of recycled materials. For instance, the Green Building Council promotes the use of
recycled steel, which can save up to 75% of the energy required to produce new steel (
El-Sayed, 2023).
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A notable example is the Bullitt Center in Seattle, often referred to as the "greenest
commercial building in the world." It incorporates recycled materials such as reclaimed
wood and recycled steel, which contribute to a substantial reduction in gray energy. The
building's design also incorporates energy-efficient systems, such as a green roof and
rainwater harvesting, which further minimize its environmental impact (Mohammadjavad
, Seyedmohammadhadi , Razieh , & Ali, 2014).

¢) Integration into the Building Life Cycle
The life cycle of a building encompasses three primary phases: construction,
usage, and deconstruction. Each phase presents opportunities for the integration of

recycled materials.

Table 2 : Phases of the LIFE CYCLE

Phases
During the | The use of recycled materials can significantly reduce waste. For
construction | example, the Kendeda Building for Innovative Sustainable Design

phase at Georgia Tech employs salvaged materials, including reclaimed
wood and recycled concrete, which minimizes construction waste
and lowers the environmental footprint (Bera & Pranab , 2022).
In the usage Buildings designed with recycled materials often exhibit

phase enhanced energy performance. The One Central Park project in
Sydney incorporates recycled materials in its fagade, which not only
provides aesthetic value but also improves thermal performance,
reducing the need for artificial heating and cooling (Okoye, Obinna,
Christian , & Chukwuemeka , 2020).

During the The potential for material reclamation is critical. The
deconstruction | “Circular Economy” model encourages the design of buildings that
phase can be easily disassembled, allowing for the reuse of materials. The

Cascadia Green Building Council has developed guidelines for
deconstruction that emphasize the importance of designing for
disassembly, thereby facilitating the reuse of recycled materials in
future projects (Atefeh , Mohammad , Faezeh , & Farzaneh , 2021).

d) Aesthetic and Functional Optimization

The use of recycled materials in architecture can significantly influence both
aesthetic and functional aspects of design. Recycled materials often possess unique
textures and colors that can enhance the visual appeal of a building. For instance, the
Recycled House project in Australia showcases the use of recycled bricks and tiles,
creating a distinctive facade that tells a story of sustainability (Hatem & Ashraf, 2023).

Functionally, recycled materials can improve building performance. The Bamboo
House in Vietnam uses recycled bamboo, which is not only a sustainable material but also
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offers excellent structural properties. The design incorporates bamboo's natural
flexibility, allowing the building to withstand seismic activity while providing an
aesthetically pleasing environment (Mohamed , Yassine , Driss , & Abdelaziz , 2022).

Moreover, the integration of recycled materials can foster a sense of community
and environmental stewardship. Projects like the High Line in New York City, which
repurposed an abandoned railway into a public park using recycled materials, exemplify
how such designs can enhance urban spaces while promoting sustainability (Manzano-
Agugliaro, Sabio-Ortega, & Garcia-Cruz, 2015).

e) Circular approach

Adopting a circular approach in architecture involves designing buildings that are
not only sustainable but also capable of being deconstructed and repurposed. This
approach aligns with the principles of bioclimatic architecture, which advocates for the
efficient use of resources and minimal environmental impact ( El-Sayed, 2023). By
utilizing recycled materials, architects can create structures that are adaptable and
resilient, contributing to a circular economy where materials are continuously reused and
recycled (Mohammadjavad , Seyedmohammadhadi , Razieh , & Ali , 2014) (A
Jayaraman, et al., 2023) . This not only conserves resources but also reduces the carbon
footprint associated with new material production.

II.3 INTEGRATION OF RECYCLED OBJECTS IN ARCHITECTURE

The integration of recycled objects into architecture represents a creative and
sustainable response to the growing challenges of resource depletion, environmental
degradation, and construction waste. Unlike recycled raw materials, recycled objects,
such as shipping containers, windows, doors, wooden beams, metal components, and
even furniture, retain their original form or function and are repurposed in innovative
ways within new architectural contexts. This approach not only reduces the demand for
virgin materials but also gives a second life to objects that would otherwise contribute to
landfill waste.

Beyond their environmental benefits, recycled objects introduce unique aesthetic
and symbolic dimensions to architectural projects. Their reuse encourages designers to
think beyond conventional solutions and embrace new forms of expression rooted in
sustainability, history, and cultural meaning. Whether used as structural elements or
decorative features, these objects enhance the identity and character of buildings while
promoting circular economy principles.

[1.3.1 Recycled objects used in architecture
The creative reuse of recycled materials in architectural design encompasses a
wide variety of objects, each with unique properties that can be leveraged for sustainable

construction practices. Below, we provide examples of various recyclable materials,
supported by relevant literature.

18



IT Theoretical chapter: Innovative solutions based on the integration of recycled
materials and objects in contemporary architecture

f) Shipping Containers

Shipping containers have become a popular choice in architectural design, driven
by the demand for sustainable building practices and innovative design solutions.
Originally designed for

transport, these containers are being repurposed into various architectural forms,
including residential units, commercial spaces, and public facilities. This approach not
only reduces waste but also offers economic benefits by using existing materials
(Mohamed E. G., 2017).

A major advantage of using shipping containers is their modularity. Containers
can be easily stacked, arranged, and modified to create flexible spatial configurations,
making them versatile for different design needs. This feature is particularly useful in
educational settings, where architecture students can explore container architecture
through problem-based learning (PBL) methodologies (Mohamed E. G., 2017)
.Additionally, containers' adaptability allows architects to create spaces that fulfill
specific functional requirements while maintaining aesthetic appeal (Faragallah, 2022).

Figure 11 : Shipping Container Architecture (Source: Danny Bright)

Thermal performance is another important aspect, especially in extreme climates.
Research has shown that shipping containers can be effectively insulated and modified to
enhance thermal performance, making them suitable for hot and humid environments.
This is essential for occupant comfort and energy efficiency in container-based buildings,
contributing to sustainable urban development (Elrayies, 2017).

Figure 12 Container architecture (Soure.' CONTAINER WERK)
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g) Pallets

The reuse of pallets in architecture provides a sustainable solution that meets both
functional and aesthetic needs. Primarily made from wood, pallets are commonly used in
logistics and transportation, with a significant portion being recycled or repaired. This
process is energy-efficient, consuming less electricity than manufacturing new pallets,
making it environmentally beneficial.

Pallets offer flexibility in design due to their modular nature, allowing architects
to experiment with different configurations. Their structural integrity, including
compression strength, plays a key role in ensuring the safety and functionality of
architectural applications. By integrating pallets, architects can create innovative designs
while minimizing waste and maximizing the use of existing material. Additionally, using
wooden pallets helps reduce the carbon footprint compared to non-wood alternatives,
contributing to a circular economy where materials are repurposed instead of discarded
(Yan, et al., 2024).

Figure 13 : "House among the trees "Archltectural example f a house that used panels in its
walls (Source: divisare)

h) Tires

Recycled tire rubber is increasingly used in construction, mixed with soil for
lightweight fill materials or incorporated into asphalt mixtures to enhance performance.
Its high tensile strength and chemical stability make it ideal for various applications.
Reusing tires helps reduce environmental issues, as approximately 800 million tires are
discarded annually (A. Shyshkin, 2023). Recycled tires are used in earth-sheltered
homes, landscaping, and playgrounds. They provide excellent thermal insulation, helping
regulate indoor temperatures. Their durability and weather resistance make them suitable
for outdoor applications, contributing to waste reduction and environmental sustainability
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Frowm this

Figure 14 Recycled Rubber Flooring (Commercial Mats and Rubbe)
i) Glass Bottles
Recycled glass bottles are used in construction for walls, decorative elements, and

insulation. When incorporated into walls, they provide natural light while maintaining
privacy.

W |

Figure 15) Creative way for using recycled Glass Bottles on the wall ( milkwood.net)

j) Bricks and Concrete
Bricks and Concrete are commonly reused in construction for structural elements,

landscaping, and pathways. Their high durability and strength make them ideal for load-
bearing applications.

Figure 16 Reused Bricks (Lendager Group)
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k) Textiles

Textiles are used in architecture for tensile structures, insulation, and decorative
elements. Their lightweight and flexible nature enables innovative designs, while their
insulating properties enhance energy efficiency.

Figure 17 : Recycled textile (https://www.fab-brick.com/)

1) Old Furniture

Old Furniture is repurposed in interior design for partitions, decorative features,
and unique furnishings.

It adds character and history to spaces, offering a cost-effective and sustainable
solution.

F igﬁre 18 : Reused drawers

m) Wooden Crates
Wooden Crates are commonly repurposed for shelving, furniture, and decorative

elements. They are versatile, easily sourced, and easily modified for different uses. Their
rustic charm enhances interior aesthetics while promoting sustainability in design.
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1.4 CONTEMPORARY ARCHITECTURE INTEGRATING RECYCLED
MATERIALS AND OBJECTS

In recent years, an increasing number of architects and designers have
incorporated the use of recycled materials and objects as a key element of sustainable and
innovative design. These practices not only respond to urgent environmental concerns but
also redefine the aesthetic and functional possibilities of architectural creation. Through
the integration of salvaged materials, such as wood, metal, plastic, glass, and industrial
objects, architectural projects can significantly reduce their ecological footprint while
showcasing a creative reinterpretation of form and function.

Below we present a selection of contemporary architectural projects that
exemplify how recycled materials and objects are being successfully incorporated into
design. These examples highlight diverse approaches across different contexts, scales,
and building types, illustrating the versatility and potential of reuse in both practical and
artistic terms.

I1.4.1 The Container City

The "Container City" project in London is an example of innovative architectural
design that utilises repurposed shipping containers for urban housing and workspace
solutions. The project addresses housing shortages and rising property prices in London
while emphasising sustainability, adaptability, and community engagement.

Launched in 2001, the Container City project aims to provide affordable housing
and workspaces in a city struggling with housing shortages. The use of shipping
containers allows for quick construction and flexible designs, making it an ideal solution
for urban development.

By reusing shipping containers, the project reduces waste and contributes to
sustainability. Containers, known for their durability, can be reused multiple times, which
decreases the need for new building materials. Energy-efficient design elements are
incorporated into the project to lower carbon footprints compared to conventional
construction.
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Container City has sparked discussions about gentrification, as it represents a
government-driven initiative to revitalize urban areas. Critics argue that such projects
might displace lower-income residents. However, the Container City project strives to be
inclusive by offering affordable spaces amidst the rising costs of living in London.

Container City encourages collaboration and interaction among local businesses,
artists, and residents. It features studios, offices, and communal areas that promote
community engagement. The project aims to create an inclusive environment where
diverse communities can interact and thrive.

Figure 20 : Container City(source: simon Richards photography)

The project highlights the versatility of shipping containers as building materials.
The modular nature of containers allows for creative designs that fulfill various functional
needs. Container City serves as a case study for the integration of unconventional
materials in urban design, showcasing their potential in mainstream architectural
practices.

Despite its successes, Container City faces challenges in terms of public
perception, with some viewing it as a temporary or inferior building solution. Regulatory
challenges and building codes that are not fully suited to container construction can also
hinder the project’s expansion. Economic factors may also influence the acceptance of
such innovative projects.

As London evolves into a smart city, the principles demonstrated by Container
City can inform future urban development strategies. The integration of sustainable
practices and technology in container architecture aligns with the goals of the Smart
London Plan, which promotes innovation, inclusivity, and sustainability in urban
planning. Container City serves as a model for future urban projects balancing economic,
social, and environmental considerations.

I1.4.2 A temporary office space in Tokyo
Hiroki Tominaga Atelier's innovative approach to architectural design,

particularly through the use of deconstructed pallets to dress a Tokyo office, exemplifies
a blend of sustainability, aesthetics, and functionality.
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The design focuses on the creative reuse of wooden pallets, which are
deconstructed and reassembled to form both structural and aesthetic elements. This
approach emphasizes sustainability and resourcefulness, aligning with contemporary
architectural trends. The use of pallets introduces a tactile connection to the space’s
material origins and brings a unique quality to the office, reflecting a modern
interpretation of traditional timber construction.

The design effectively utilizes vertical space, with pallets being used not only for
walls and partitions but also for ceiling treatments and shelving. This innovative use of
space maximizes functionality while maintaining an open and airy feel within the office.
The strategic arrangement of pallets can also facilitate natural light penetration, enhancing
the overall ambiance of the workspace.

The project incorporates biophilic design principles by emphasizing natural
materials and textures, which can enhance occupants' connection to nature. The use of
wood, a natural material, contributes to a calming environment that can improve
productivity and reduce stress levels among employees. This alignment with biophilic
design reflects a growing trend in architecture that seeks to create healthier and more
sustainable workspaces.

Deconstructed pallets provide a raw, organic aesthetic that contrasts with the
typical modern finishes of office spaces. The natural textures and colour variations of the
wood create a warm, inviting environment. This choice of material enhances the sensory
experience and adds visual dynamism, making the office both a functional and visually
engaging space.

The roof is primarily composed of deconstructed pallets, creating a lightweight
yet durable roofing system. The modular nature of the pallets allows flexibility in design
and efficient load distribution, ensuring stability while minimizing the need for additional
structural support. This method aligns with sustainable architecture principles,
prioritizing resource efficiency and structural integrity.

I1.4.3 Prahran Hotel

Prahran Hotel in Victoria, Australia, creatively integrates recycled materials into
its design. Despite the name, it's not a hotel but a pub focused on eating and drinking. The
building features a striking Art Deco facade and is defined by the unique addition of
concrete pipes on the back of the facade, a key element of the renovation.
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Figure 22 The hotel prahran ( photography by © Peter Clarke)

The concrete pipes are not merely decorative; some are repurposed as cabins with
tables and benches for diners. These pipes create a blend of indoor and outdoor
experiences, offering an interesting contrast between the enclosed, wood-lined interiors
and the open sides that provide diners with views of the street.

The renovation introduces a two-story space with a central courtyard, designed as
an informal standing area for drinking. The recycled concrete pipes are strategically
placed to create small, open cabins, adding a unique and functional design feature that
enhances the dining experience.

II.5 MODULAR ARCHITECTURE USING RECYCLED SHIPPING
CONTAINERS

[I1.5.1 The benefits of modular architecture using recycled shipping
containers

The use of modular architecture utilizing recycled shipping containers presents numerous
benefits that align with sustainability goals and efficient construction practices. The inherent
characteristics of shipping containers, such as their durability, stack ability, and availability, make
them an attractive option for modular construction. The global surplus of over 17 million used
shipping containers provides a unique opportunity to repurpose these structures, reducing the demand
for new materials and minimizing waste in the construction industry. This approach not only
conserves resources but also significantly decreases construction time and costs, as the containers can
be prefabricated off-site and assembled quickly on location (A Jayaraman, et al., 2023).

Moreover, modular architecture facilitates a more sustainable lifecycle for buildings. By
employing a modular design, components can be easily disassembled and reused or recycled at the
end of their life cycle, which aligns with the principles of a circular economy (Saoud &
Khorramshahgol, 2020). This modularity allows for flexibility in design and functionality, enabling
structures to adapt to changing needs over time without requiring complete demolition (Xun et al.,
2014). The eco-modular architecture concept emphasizes the importance of designing for
disassembly, which enhances the efficiency of material recovery and reduces environmental impact
(Kim & Moon, 2016).

In addition to environmental benefits, the economic advantages of modular architecture using
shipping containers are noteworthy. The reduced construction time translates to lower labor costs and
faster project completion, which can be particularly beneficial in addressing urgent housing needs in
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urban areas. Furthermore, the modular approach allows for customization and scalability, enabling
developers to respond effectively to market demands and consumer preferences. This adaptability
can lead to increased competitiveness in the housing market, as modular designs can be tailored to
various demographic and economic segments. (A Jayaraman, et al., 2023)

The integration of sustainable practices in modular architecture also extends to energy
efficiency. Shipping containers can be retrofitted with energy-efficient systems, such as solar panels
and green roofs, enhancing their sustainability profile (Casson et al., 2020). This not only reduces
operational costs for occupants but also contributes to the overall reduction of carbon footprints
associated with building operations (Lampén, 2022). The potential for incorporating renewable
energy sources into container-based structures further underscores the viability of this approach in
promoting sustainable urban development (Cui et al., 2020).

The adaptability of shipping containers also extends to their potential for temporary structures,
as demonstrated by Bahar et al. in their exploration of modular systems for public healthcare projects
( Bahar, Samudro, & Yulianto, 2021). The authors argue that containers can provide rapid, flexible,
and sustainable solutions for temporary facilities, showcasing their versatility beyond permanent
residential applications. This adaptability is particularly relevant in emergency situations or for
addressing urgent housing needs.

Moreover, the use of shipping containers in architecture can contribute to addressing social
issues, such as providing housing for internally displaced persons (IDPs). Dardiry's research on
emergency architecture emphasizes the role of recycled shipping containers in creating temporary
educational facilities for children in conflict zones, demonstrating the humanitarian potential of this
building method (Dardiry, 2024). The ability to rapidly deploy container-based structures in response
to crises highlights their significance in contemporary architectural practice.

In summary, the benefits of modular architecture using recycled shipping containers
encompass environmental sustainability, economic efficiency, and adaptability to market needs. This

innovative construction method not only addresses pressing housing challenges but also aligns with
broader sustainability goals, making it a compelling solution for modern architectural practices.

I1.5.2 Containers dimensions

Shipping containers, commonly used in modular architecture, come in standardized sizes,
primarily the 20-foot and 40-foot containers. These dimensions allow for flexibility in design and
spatial arrangements in building projects.

20-foot container: 6.06 meters in length, 2.44 meters in width, and 2.59 meters in height.

40-foot container: 12.19 meters in length, 2.44 meters in width, and 2.59 meters in height.

These standard sizes make containers ideal for modular use, where multiple containers can be

stacked or arranged to create functional spaces. (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013;
Mohamed E. G., 2017).
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40°HC
Figure 23 Containers 20’HC and 40"HC (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013)
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207 HC (x2)
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Figure 24 The modules (containers 20’HC and 40’HC). (Bernardo, Oliveira, Nepomuceno, & Andrade,
2013)

Table 3 : Geometrical characteristics of containers 20’HC and 40’HC

External dimensions Minimum internal dimensions
High Width Length High Width Length
Model (mm) (mm) (mm) (mm) (mm) (mm)
1AAA | 40°’HC | 2896 2438 12192 2655 2330 11998
1ICCC | 204HC | 2896 2438 6058 2655 2330 11998

II1.5.3 Containers composition

Shipping containers are composed of several key structural components, which are designed
to withstand harsh transportation conditions. These elements are standardized for efficiency and
durability in shipping and repurposed construction.

Front Face: Made of two trapezoidal sheets welded together to form a panel. The panel is
welded to a frame, consisting of an upper front header, a lower square steel tube, two vertical corner
posts, and four corner pieces (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013).
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Door Face: Composed of a frame with a lower door sill (channel section), two vertical corner
posts (hot-rolled steel and cold-formed steel welded into a hollow section), and an upper door header
(cold-formed steel welded into a hollow section). The door leaves include a sheet welded to a frame
with a locking device, two hinges, seals, and supports. Doors are often removed and reused in
construction.

Lateral Faces: Composed of an upper square steel tube, with side walls made of several
trapezoidal sheets welded together.

Roof: Consists of pressed steel sheets, which are not typically considered structural elements
due to the absence of reinforcing ribs near the top side rail.

Strengthening Plates: Containers include various local strengthening plates, and the
terminology for these elements follows ISO standards for container compone

40’HC 20’HC 5

Figure 25 Containers composition. (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013)
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Figure 26 Primary structural components for a typical 20" ISO SC
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Figure 27 The core envelope of a typical 20' ISO SC

I1.5.4 The containers pricing

The pricing of recycled shipping containers can vary significantly based on factors such as
condition, location, and market demand. Generally, a used 20-foot container can range from $1,500
to $3,000 (which it is approximately equal to between 202,500 Algerian dinars and 405,000 Algerian
dinars) while a 40-foot container may cost between $2,500 and $5,000)It is approximately equal to
between 337,500 Algerian dinars and 675,000 Algerian dinars). Additionally, modifications to these
containers, such as insulation, windows, and doors, can further influence the overall cost of
construction. It is crucial to consider these financial aspects when planning a modular architecture
project, as they can impact the project's feasibility and sustainability. (Bernardo, Oliveira,
Nepomuceno, & Andrade, 2013).

I1.5.5 The process and the adaptation techniques used to adapt containers
as a construction

The adaptation of container techniques in architecture has gained significant attention due to
the growing need for sustainable and efficient building practices. The process of adapting shipping
containers for construction involves several critical steps that ensure the structural integrity,
functionality, and sustainability of the final architectural product.

a) The selection of containers

This process begins with the careful selection of containers, which must be assessed for their
structural soundness and suitability for conversion into living or working spaces. According to
Bernardo et al., the refurbishment of shipping containers for housing construction has gained traction
as a sustainable building system, highlighting the importance of understanding the structural project
requirements associated with this innovative approach (Bernardo, Oliveira, Nepomuceno, &
Andrade, 2013). The authors emphasize that successful examples of container-based construction
worldwide demonstrate the potential of this method in sustainable architecture.

30



IT Theoretical chapter: Innovative solutions based on the integration of recycled materials and
objects in contemporary architecture

b) Designing the architectural layout

Designing the architectural layout of shipping containers for construction purposes involves
a multifaceted approach that integrates principles of modular design, spatial efficiency, and
sustainability.

¢) Modular Design Principles

The modular nature of shipping containers allows for versatile architectural configurations.
Each container can be viewed as a module that can be combined with others to create larger structures
or distinct spaces. This modularity not only facilitates flexibility in design but also enhances the
potential for future modifications or expansions. The arrangement of these modules should consider
factors such as accessibility, functionality, and the intended use of the space. For instance, when
designing residential units, it is essential to create layouts that promote privacy while ensuring
adequate natural light and ventilation (Faragallah, 2022).

Horizontal Modular Coordination: This involves aligning containers along an imaginary
plane parallel to the ground, ensuring that the modules are combined and spaced according to a
modular system that facilitates their assembly. This is especially important when connecting multiple
containers in horizontal configurations to ensure structural integrity and a seamless aesthetic. (Luiz
, Bernardo, & Araujo, 1-20)

Vertical Modular Coordination: This involves aligning containers in a vertical arrangement,
with careful attention to the weight distribution, load-bearing capacities, and connection points
between stacked modules. Vertical coordination allows for multi-story buildings, where the stacked
containers must be precisely aligned to avoid structural instability.

The horizontal and vertical modular coordination should be planned carefully to ensure that
openings, internal connections, and circulation paths between the modules align properly. This
planning helps avoid difficulties during construction and ensures an efficient use of space (Luiz,
Bernardo, & Aratjo, 1-20).

»

(a) (b)

Figure 28 Horizontal and vertical modular coordination of modules. (Luiz, Bernardo, & Araujo, 1-20)
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Figure 29 Example of openings and internal connections for a single-family house. (Luiz , Bernardo, &
Araujo, 1-20)

d) Space Layout Optimization

Space layout optimization is critical in container architecture, as it directly impacts the
functionality and energy performance of the building. Research indicates that the spatial arrangement
of different areas within a container can significantly influence energy efficiency, particularly through
the coupling of daylight and thermal performance (Du & Jansen, 2019).

Utilizing simulation tools can help architects visualize and assess various layout
configurations, ensuring that the design maximizes natural light while minimizing energy
consumption. Furthermore, the use of systematic layout planning (SLP) methods can guide the
arrangement of spaces within containers, optimizing the flow and accessibility of different functional
areas (Li & guo, 2019).

e¢) Environmental Considerations

The architectural layout must also address environmental factors, such as wind patterns and
solar orientation, to enhance the building's sustainability. Studies have shown that the layout of
residential spaces can be influenced by wind environment factors, which can affect thermal comfort
and energy use (Xiang & Ding, 2021).By strategically positioning containers, architects can harness
natural ventilation and reduce reliance on mechanical cooling systems. Additionally, integrating
green roofs or vertical gardens can further enhance the environmental performance of container
buildings (Faragallah, 2022).

f) User-Centric Design

A user-centric approach is essential in the design of container layouts. Understanding the
needs and behaviors of the occupants can inform decisions about spatial organization and
functionality. For example, in student housing projects, creating communal spaces that encourage
interaction while providing private areas for study and rest can significantly enhance the living
experience (Faragallah, 2022) .Engaging potential users in the design process can also yield valuable
insights that lead to more effective and satisfying layouts.
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g) Aesthetic and Cultural Context

The aesthetic appeal of container architecture should not be overlooked. The exterior and
interior design elements must resonate with the cultural context of the location. This can involve the
use of color, materials, and architectural styles that reflect local traditions and preferences.
Additionally, the layout should facilitate a harmonious relationship between the containers and their
surroundings, promoting a sense of place and community. (Faragallah, 2022)

h) Technological Integration

Incorporating technology into the design process can enhance the efficiency and effectiveness
of container layouts. Advanced modeling techniques, such as computational design and parametric
modeling, allow architects to explore complex spatial arrangements and optimize layouts based on
specific criteria (Lobos & Donath, 2010). This technological integration can streamline the design
process, enabling rapid prototyping and iteration, which is particularly beneficial in modular
construction.

i) The construction site

Following the modifications, the containers are transported to the construction site, where they
are assembled according to the pre-designed plans. This assembly process can be relatively quick
compared to traditional construction methods, as the containers are prefabricated units that can be
stacked or arranged in various configurations (Faragallah, 2022) .The modular nature of container
architecture allows for rapid deployment, which is particularly beneficial in emergency housing
situations or temporary structures ( Bahar, Samudro, & Yulianto, 2021).

Foundations: When adapting shipping containers for construction, the foundation type is
crucial for structural integrity. There are three common types of foundations used:

Spread Footings: These are reinforced concrete enlargements at the base of a column. They
work well for small to medium-sized structures with moderate to good soil conditions. Spread
footings are economical, easy to build, and customizable in shape and size.

Mat Foundations: These are enlarged spread footings that cover the entire area beneath the
structure. They are ideal when more than 50% of the building’s footprint requires support. They are
useful when there’s a risk of unpredictable settlement, large uplift forces, or high groundwater tables.

Piles: Piles are long columns made of concrete, steel, or timber that extend deep into the
ground (over 20 feet). They are used when surface soils are too weak to support the structure, when
larger loads are needed, or when the area is prone to flooding or scouring. They elevate the container
structure and provide stability in soft or unstable soils.

In most cases, shipping container structures use either concrete spread footings or mat

foundations, especially for lighter loads. Other foundation options include wood beam footings,
cinder blocks, and helical piles. ( Giriunas, Sezen, & Dupaix, 2012)
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e EEREH 6
Figure 30 : Chipping Container Foundation Concrete Base Mould of 300mm sides by 220mm height
(ndooroutdoors.co.uk/products/shipping-container-foundation-concrete-base-mold)

j) Connections

When adapting shipping containers for construction, proper connection methods are critical
to ensure structural stability. One common connection method involves attaching a container to a
steel base plate using welds. The underside of the base plate includes reinforcing bars (anchor bolts)
of varying lengths. These anchor bolts are welded to the base plate and cast into the concrete
foundation or grout while it's still wet. Once the concrete or grout hardens, the base plate is securely
anchored into the foundation. ( Giriunas, Sezen, & Dupaix, 2012). Additionally, there are various

34



IT Theoretical chapter: Innovative solutions based on the integration of recycled materials and
objects in contemporary architecture

connection devices used to lock containers together, either for stacking, transporting, or lifting. These
include:

Twist Locks and Latchlocks: These devices secure containers at their corner fittings during
stacking, transport, or when lifting empty containers. They provide a secure connection between two
containers.

Stacking Fittings or Cones: These devices secure containers horizontally during stacking or
transporting and are typically used in conjunction with other securing devices.

The connection devices can handle both lateral and gravity loads under normal shipping
operations, with a tensile strength of 150 kN and a compressive strength of 850 kN. However,
depending on the specific use of the container structure, modifications to the locking connections
might be necessary. Further research is needed to optimize container structure connections for various
applications. Additionally, a non-locking connection method, though less common, can be used
between two containers, but its structural characteristics are not well-documented. ( Giriunas, Sezen,
& Dupaix, 2012)

‘Q_'\:l .‘v:’:arl-

Figure 31a) Welde?i Shippin container to bselate and (b) uncommon connection between shipping
containers from Hermann ( Giriunas, Sezen, & Dupaix, 2012)

k) Structural Modifications

The conversion of shipping containers into habitable structures requires several structural
modifications to ensure safety, stability, and functionality. These modifications primarily involve the
creation of openings, the joining of containers, and adjustments for thermal performance in different
climates.

e Openings for Windows and Doors

Cutting openings in the container walls to accommodate windows and doors can compromise
its structural integrity. As highlighted by Bernardo et al., these openings must be reinforced with steel
frames or beams around the edges to maintain the container’s stability (Bernardo, Oliveira,
Nepomuceno, & Andrade, 2013)). In seismic-prone regions, cross-bracing techniques can also be
employed to increase rigidity and provide additional support to the structure ( Giriunas, Sezen, &
Dupaix, 2012).

e Stacking and Joining Containers
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The modular nature of shipping containers enables architects to create multi-story buildings
or expansive layouts by stacking and joining multiple units. Oliveira et al. emphasize that this modular
flexibility can be used creatively to design larger spaces, as well as ensure natural ventilation and
light (Bernardo, Oliveira, Nepomuceno, & Andrade, 2013). Furthermore, cantilevered designs can
be employed to create shaded outdoor areas, enhancing the livability of container-based structures
while maintaining structural stability ( Giriunas, Sezen, & Dupaix, 2012).

I) The integration of essential utilities and systems

The integration of essential utilities and systems, such as plumbing, electrical, and HVAC,
into container structures is a key phase in their adaptation. These systems must be carefully planned
and implemented to ensure both functionality and compliance with building codes. Mohamed
highlights the importance of teaching architectural students about the modularity and flexibility of
container design, which can greatly influence how these systems are integrated (Mohamed E. G.,
2017)

Additionally, the structural integrity of the modified containers must be evaluated to ensure
they can withstand environmental loads and stresses. Giriunas et al. stress the importance of
conducting thorough structural assessments during the design process, including understanding the
load-bearing capacities of containers and reinforcing them where necessary ( Giriunas, Sezen, &
Dupaix, Refurbished shipping containers as architectural module in bandung, 2020). Once the
structural modifications and utility integrations are complete, the container is ready for the final
finishing touches, transforming it into a livable or usable space.

m) The adaptation of insulation techniques

Insulation is crucial in adapting shipping containers into livable spaces. Given the metal
structure, effective insulation ensures thermal performance, energy efficiency, and comfort. Several
techniques can be used:

e Spray Foam Insulation: Polyurethane foam expands to fill gaps and creates an airtight seal,
improving thermal resistance.

e Rigid Foam Board Insulation: Polystyrene boards, placed on the container's walls, offer excellent
thermal resistance and reduce thermal bridging.

o Reflective Insulation: Aluminum foil reflects radiant heat, useful in hot climates, and can be
combined with other materials for better efficiency. ( Alvarez-Feijoo, Orgeira-Crespo, Sudrez-
Garcia, Ribas, & Arce, 2020)

e Natural Materials: Sustainable options like cellulose, wool, or bamboo provide good thermal
performance.

e Insulated Panels: Prefabricated sandwich panels offer high insulation and easy installation (He,
Wang, & Liu, 2022).

1.6 EXAMPLES OF CONTEMPORARY ARCHITECTURE JINTEGRATING
RECYCLED MATERIALS AND OBJECTS

In recent years, an increasing number of architects and designers have incorporated the use of
recycled materials and objects as a key element of sustainable and innovative design. These practices
not only respond to urgent environmental concerns but also redefine the aesthetic and functional
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possibilities of architectural creation. Through the integration of salvaged materials, such as wood,
metal, plastic, glass, and industrial objects, architectural projects can significantly reduce their
ecological footprint while showcasing a creative reinterpretation of form and function.

Below we present a selection of contemporary architectural projects that exemplify how
recycled materials and objects are being successfully incorporated into design. These examples
highlight diverse approaches across different contexts, scales, and building types, illustrating the
versatility and potential of reuse in both practical and artistic terms.

I1.6.1 The Container City

The "Container City" project in London is an example of innovative architectural
design that utilises repurposed shipping containers for urban housing and workspace
solutions. The project addresses housing shortages and rising property prices in London
while emphasising sustainability, adaptability, and community engagement.

Launched in 2001, the Container City project aims to provide affordable housing
and workspaces in a city struggling with housing shortages. The use of shipping
containers allows for quick construction and flexible designs, making it an ideal solution
for urban development.

By reusing shipping containers, the project reduces waste and contributes to
sustainability. Containers, known for their durability, can be reused multiple times, which
decreases the need for new building materials. Energy-efficient design elements are
incorporated into the project to lower carbon footprints compared to conventional
construction.

Container City has sparked discussions about gentrification, as it represents a
government-driven initiative to revitalize urban areas. Critics argue that such projects
might displace lower-income residents. However, the Container City project strives to be
inclusive by offering affordable spaces amidst the rising costs of living in London.

Container City encourages collaboration and interaction among local businesses,
artists, and residents. It features studios, offices, and communal areas that promote
community engagement. The project aims to create an inclusive environment where
diverse communities can interact and thrive.

The project highlights the versatility of shipping containers as building materials.
The modular nature of containers allows for creative designs that fulfill various functional
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needs. Container City serves as a case study for the integration of unconventional
materials in urban design, showcasing their potential in mainstream architectural
practices.

Despite its successes, Container City faces challenges in terms of public
perception, with some viewing it as a temporary or inferior building solution. Regulatory
challenges and building codes that are not fully suited to container construction can also
hinder the project’s expansion. Economic factors may also influence the acceptance of
such innovative projects.

As London evolves into a smart city, the principles demonstrated by Container
City can inform future urban development strategies. The integration of sustainable
practices and technology in container architecture aligns with the goals of the Smart
London Plan, which promotes innovation, inclusivity, and sustainability in urban
planning. Container City serves as a model for future urban projects balancing economic,
social, and environmental considerations.

11.6.2 A temporary office space in Tokyo

Hiroki Tominaga Atelier's innovative approach to architectural design,
particularly through the use of deconstructed pallets to dress a Tokyo office, exemplifies
a blend of sustainability, aesthetics, and functionality.
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The design focuses on the creative reuse of wooden pallets, which are
deconstructed and reassembled to form both structural and aesthetic elements. This
approach emphasizes sustainability and resourcefulness, aligning with contemporary
architectural trends. The use of pallets introduces a tactile connection to the space’s
material origins and brings a unique quality to the office, reflecting a modern
interpretation of traditional timber construction.

The design effectively utilizes vertical space, with pallets being used not only for
walls and partitions but also for ceiling treatments and shelving. This innovative use of
space maximizes functionality while maintaining an open and airy feel within the office.
The strategic arrangement of pallets can also facilitate natural light penetration, enhancing
the overall ambiance of the workspace.

The project incorporates biophilique design principles by emphasizing natural
materials and textures, which can enhance occupants' connection to nature. The use of
wood, a natural material, contributes to a calming environment that can improve
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productivity and reduce stress levels among employees. This alignment with biophilique
design reflects a growing trend in architecture that seeks to create healthier and more
sustainable workspaces.

Deconstructed pallets provide a raw, organic aesthetic that contrasts with the
typical modern finishes of office spaces. The natural textures and colour variations of the
wood create a warm, inviting environment. This choice of material enhances the sensory
experience and adds visual dynamism, making the office both a functional and visually
engaging space.

The roof is primarily composed of deconstructed pallets, creating a lightweight
yet durable roofing system. The modular nature of the pallets allows flexibility in design
and efficient load distribution, ensuring stability while minimizing the need for additional
structural support. This method aligns with sustainable architecture principles,
prioritizing resource efficiency and structural integrity.

[1.6.3 Prahran Hotel

Prahran Hotel in Victoria, Australia, creatively integrates recycled materials into
its design. Despite the name, it's not a hotel but a pub focused on eating and drinking. The
building features a striking Art Deco fagade and is defined by the unique addition of
concrete pipes on the back of the facade, a key element of the renovation.

The concrete pipes are not merely decorative; some are repurposed as cabins with
tables and benches for diners. These pipes create a blend of indoor and outdoor
experiences, offering an interesting contrast between the enclosed, wood-lined interiors
and the open sides that provide diners with views of the street.

The renovation introduces a two-story space with a central courtyard, designed as
an informal standing area for drinking. The recycled concrete pipes are strategically
placed to create small, open cabins, adding a unique and functional design feature that
enhances the dining experience.
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[1.6.4 Residence A Docks

Cité A Docks in Le Havre, France, stands as a pioneering example of sustainable
architecture using recycled shipping containers for student housing. The containers
themselves are not load-bearing. Instead, a metal framework supports them: This
structural independence allowed non-linear stacking, staggering of units, and creation of
voids between them. These voids form patios, balconies, and corridors, breaking up the
building mass and adding visual rhythm to the fagade. The transverse corridors give a
strong sense of public-private transition, enhancing circulation and privacy.

Figure 35: Residence A Docks

The building contains 100 studios across four levels, all elevated from the ground
to ensure equal privacy and a coherent base. Each unit features large windows at both
ends, ensuring cross-ventilation and abundant daylight. Units are oriented toward interior
gardens, reinforcing a sense of community and serenity within a dense urban context.

Exterior container walls and inter-unit partitions are covered with 40 cm thick
reinforced concrete. A rubber layer is embedded to absorb vibrations and sound.

Challenges the visual and psychological expectations of container living.
Integrates industrial aesthetics with Uses modular construction not just for efficiency, but
to generate architectural richness. Embeds environmental, acoustic, and social comfort at
the heart of the design.
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11.6.5 PV14 House

This modern residence in Dallas, Texas, sits across from White Rock Park on one
of the city's highest points, about 100 feet above White Rock Lake. The design aims to
create a home with a strong identity that responds to its elevated site, captures surrounding
views, and makes use of underutilized but readily available construction technologies.

EErUCOSSEeL
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Figure 36 : PV14 House

The house showcases its materials by using exposed steel framing, concrete floors,
pre-manufactured steel modules, masonry, and large glass openings. These elements are
intentionally left visible, emphasizing an industrial-modern aesthetic and a
straightforward expression of structure and material.

Main living areas are elevated to take full advantage of views and to create
distance from street activity. The layout is aligned with the city grid, enhancing
orientation and sun exposure. A rooftop deck adds an outdoor living space with
panoramic views of the lake and city.

The roof deck acts as a solar screen for the insulated membrane roof, reducing
heat gain and extending roof life.

The house reflects a modern, material-driven approach that integrates structure
and landscape. Its exposed systems and modular construction challenge traditional
residential design, offering a sustainable, site-responsive alternative rooted in both form
and function.
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Figure 37PV14 House plan and section

[1.6.6 Container House

A family residence built from eight re-used, high cube shipping containers (20’
and 40’), located on a steep lot near a lake outside Stockholm. The house is elevated on
steel columns due to the terrain’s steep slope and rainwater runoff.

Containers' structural walls support the upper level, which extends beyond the
lower level footprint. Careful consideration was given to which container walls to cut,
maintaining structural integrity with minimal additional framework. The house is
supported by steel columns and concrete plinths, addressing rainwater flow issues.

The entrance level includes a den, guest bedroom, laundry, and master bath. The
upper level features a living-dining area with a terrace and bedrooms facing the forest. A
top container functions as a mezzanine lookout and light shaft for the living room.

The design maximizes natural light despite the north-facing site, with the living-

dining room flooded with sunlight. The bathroom offers views of the canyon rock and a
small window that allows natural sounds to enter.
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Figure 38 : Container House

The project emphasizes re-use and alteration, with salvaged materials integrated
into the design. The house balances the rectilinear form of containers with the natural
curves of the site. The final design merges the containers with the landscape, creating a
unique building experience.

Figure 39 : Container House plans and section
1.7 COMPARISON BETWEEN RECYCLED CONTAINER
CONSTRUCTION AND TRADITIONAL CONCRETE
CONSTRUCTION

To support the innovative and economic aspect of the project idea, a comparative
study was conducted between two architectural units of identical size and usage: one
made from a recycled shipping container, and the other built using traditional reinforced
concrete. This comparison aims to highlight the differences in terms of cost, construction
time, environmental performance, adaptability, and suitability for urban environments.
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Table 4 : Basic Comparison Parameters

Item Shared Value
Function Multi-use functional unit (urban waiting space, workshop...)
Dimensions 2mx25mx2.8m

Hypothetical location | Semi-hot urban area (e.g., Biskra)

Duration of use Medium to long term (5—15 years)

Table 5: General Structure and Materials

Component Recycled Shipping Container Traditional Concrete
Construction
Structure Prebuilt, steel, uniform Concrete columns + brick or
block walls
Walls Steel walls with internal Block/brick + concrete +
insulation (OSB or gypsum) internal insulation
Flooring Steel floor + insulation + wood Reinforced concrete slab
Roof Original container roof or added | Reinforced concrete roof
roof
Windows/Doors | Cut into the steel and installed Conventional wall openings

Table 6: Construction Duration

Phase Recycled Container

Traditional Construction

Excavation & preparation | 1-2 days

4-5 days

Structure installation Already built 7-10 days (pouring/building)
Insulation & finishes 3-5 days 10-15 days
Total Duration 7-14 days 25-40 days

Table 7 : Flexibility in Use and Transport

Feature Container Traditional Construction
Ease of transport Very high — fully movable | Not possible
Expandability High — modular Difficult — requires
connection demolition
Reusability Possible — can be Not practical
repurposed
Installation in remote Yes Difficult in harsh terrain
areas

Table 8 : Environmental Performance

Environmental Aspect Container Concrete
Carbon emissions in production Low (recycled Very high (cement
unit) production)
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Use of natural resources Minimal Significant
Contribution to recycling Yes No
Environmental impact at Minimal Major (solid waste)
demolition

Table 9 : Earthquake and Shock Resistance
Feature Container Concrete Building

Seismic resistance

Excellent due to steel
flexibility

Depends on structural quality

Maintenance
needs

Low

Regular and sometimes
costly

Table 10 : Quantitative and Estimate Quotation (Quantitative and Estimate Quotation) of
normal concrete building 12*2.5%2.8

NO

Désignations des travaux

| U | Qtité | Prix unit |

Montant

01 - Terrassements

1..01

terrassement en grande masse

M3

7,800

600,00

4 680,000

1..02

Fouilles en Puits en terrain toute nature

M3

58,500

500,00

29 250,000

Sous Total...

................... 01

33 930,00

02 - Infrastructure

Béton de propreté pour fondation, dosé a 250 Kg
/m3 en ciment CPA 325, éxécuté sur les fond des
semelles, longrines, scaliers et plots.....est) épai 10
cm comprenant fourniture, manutention, mise en
oecuvre, talochage de la surface et toutes sujétions.

M3

1,44

800,000

1 152,00

Béton Armé en fondation ( Semelles, Avant
Poteaux, Longrines et Poutres de Redressement ...etc
), dosé a 350 Kg de ciment CPA 325, comprenant
fourniture, manutention, vibration, coffrage,
ferraillage et toutes sujestions.

M3

11,41

35000,000

399 350,00

Hérisson de 0,20 d'épaisseurs moyennes en pierres
séches posées a la main avec remplissage des vides
aux cassons de pierres et d'agrégats roulés y compris
compactage et toutes sujestions.

M2

39,00

1.200,00

46 800,00

Dallage sur herrisson épaisseur de 10 cm, avec
treillis soudé en rouleau ou en plaque (20x20x5mm),
comprenant mise en place, coupes, ligatures, plots,
dosé a 250 Kg de ciment CPA 325, comprenant
fourniture, manutention et toutes sujétions.

M2

39,00

1 500,00

58 500,00

Sous Total.......ccceeeneeennnn 02

505 802,00

03 - Superstructure

Béton armé en elevation (Poteaux, Poutres et
Chainages, Rédaisseur, Dalle pleine pour toiture
inclineee, Escaliers, Acrotere + Chaperon element arc
et element decoratif etc..), dos¢ a 350 Kg
comprenant fourniture, manutention, vibration,
ferraillage Y/C Toutes Sujestions

M3

6,85

35000,000

239 820,00

Linteaux en Béton Armé pour divers dimensions et
épaisseurs dosé a 350kg/m3 y compris Toutes
Sujestions

ML

5,40

1200,00

6 480,00

Plancher en corps creux 16+4 cm y/c Trillé soudé
Smm(15x15) en béton dosé a350 kg/m3 et Toutes
Sujestions

M2

39,00

4000,00

156 000,00
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3.04 Appuis de fenetre en béton légerement armé pour ML 4,5 1 500,00 6 750,00
divers dimensions dosé a 350 Kg/m3 Epaisseur de 10
cm et toutes sujestions

3..05 forme de pente sur la dalle inclinee dosé a 350 M2 39 1200,00 46 800,00
Kg/m3 Epaisseur de PH 12 cm PB 3cma S cmet
toutes sujestions

Sous Total..........ccuveennenn. 03 455 850,00
04 - Moconneries et Enduits
4..01 Magonneriec Double Parois de 30cm(15+5+10) en | M2 70 2 000,00 140 000,00
brique rouge y compris Toutes Sujestions
4..07 Enduit interieur en ciment dosé a 350kg/m3 y comrpis
Toutes Sujestions
a) Sur Mur M2 75,40 600,00 45 240,00
b) Sous Plafond M2 30,00 800,00 24 000,00
4..08 Enduit extérieur lisse sur murs de facade en ciment | M2 88,00 600,00 52 800,00
dosé a 350kg/m3+ dressage y compris Toutes
Sujestions
Sous Total...................... 04 262 040,00
05 - Revetements intérieurs et Extereiur
5..03 F/P et Revetement en Carrelage GRANITO (Dim | M2 30,00 1 500,00 45 000,00

33x33cm de 2,5cm d'épais) de bonne et 1ére qualité
y/c mortier ,coupes, couche rattrapage niveau en béton
d'épaisseur variable, rejointements au ciment blanc
colorée, "choix maitre d'ouvrage"et toutes Sujestions

5..04 F/P Plinthe cuité vernisée de bonne qualit¢ dim GM | ML 29,00 500,00 14 500,00
cm y compris coupes, mortier et Toutes Sujestions
Sous Total...................... 05 59 500,00
06 - Etanchiété
7..01 F/P Isolation thermique en feuille polystéréne | M2 39,00 1000,00 39 000,00

épaisseur 4cm ou plaques de liege de qualité y/c
Toutes Sujestions

7..02 F/P Film polyane en plastique de qualité dur en deux | M2 39,00 400,00 15 600,00
fages "Doublé au dessous et sus-dessus de 1'isolation "
y compris fixation toutes sujestions

7..03 Forme de pente en béton légerement dosée a | M2 39,00 1500,00 58 500,00
350kg/m3 épaisseur variable suivant pente et fil d'eau
y/c réglettes en béton, polissage et TS

7..04 F/P Etanchiété en tricouches "03 couches" type nord | M2 39,00 1500,00 58 500,00
36 ST ou 36AS de qualité agrée y/c noirssage et toutes
sujestions

7..05 F/P Relevé en pax aluminium auto colant sur | ML 30,00 1400,00 42 000,00

acroteres, chappérons, joints sur une hauteurs de 50
cm y/c Toutes Sujestions

7..06 F/P Couche de protection de gravillion roulé ou | M2 39,00 1500,00 58 500,00
concassé daim 20/25 sur une épaiss de 6 cm y/c
Toutes Sujestions

7..07 F/P Gargouillé crapaudine en tole galvanisé¢ soritie U 02 1200 2 400,00
daim 100mm y/c scellement, fixation,picage,
jointation et Toute Sujestions

7..08 F/P Déscente d'eau pluvaile en tube acier daim | ML 5,60 1500,00 8 400,00
110mm y/c scellement, fixation, picage de dalle,
jointation, pienture métal et TS

Sous Total........cccueueenen... 06 282 900,00

07 - Ménuiseries ( Bois, Aluminuim, Métal)

A _ Menuiserie bois

9..A01 F/P Porte pleinne en bois rouge du nord cadre en
bois l4cm  avec imposte fixé y/c scellement,
quincailleries et TS (suivants les Détails et conception
) pour Dim suiv:

a) Dim 0,90x 2,20 h (Porte & 01 vantaux ) U 01 20 000,00 20 000,00
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9..A02 F/P fenetre ,chassis , vasistat , en bois du nors cadre
en bois l4cm avec imposte fixé y/c
scellement,quincailleries et TS (suivants les Détails et
conception ) pour Dim suiv: verre Stop Sol Smm et
verre armé
a) Dim 1,50 x 1,20 h (fenetre a 02 vantaux U 03 12 000,00 36 000,00
vitree )
Sous Total...................... 06 56 000,00
10 - Peinture
10..02 F/P Peinture intérieure vinylique sur murs et en sous | M2 75,40 600,00 45 240,00
plafonds en 03 couches y compris , 03 couches d'
enduit de polissage grattage, finition, rebouchage et
Toutes Sujestions (Pour les endroits humides cuisine,
SDB, WC.....est)(Couleurs choix maitre d'ouvrage)
10..03 F/P Peinture Vinylique extérieure sur murs et plafond | M2 84,56 600,00 50 736,00
de facade en 03 couches y compris , grattage, finition,
rebouchage et Toutes Sujestions (Couleurs choix
maitre d'ouvrage)
10..03 F/P L'isolation mousse de polyuréthane sur murs | M2 75,40 3 500,00 263 900,00
intérieure y compris , grattage, finition, Toutes
Sujestions
Sous Total.....cccceueenennenenn 10 359 876,00
Total Général HT ............ 2 015 898,00
TVA 17 % ......... 342 702,66
Total généralen TTC .......... 2 358 600,66
Table 11 : Quantitative and Estimate Quotation (Quantitative and Estimate Quotation) of a
container building 12%2.5*%2.8
N° Désignations U Qtité Prix unit Montant
des travaux
01 - Terrassements
1..01 Fouilles en Puits 2,304 500,00 1 152,000
en terrain toute nature M3
Sous Total..........ccveennns 01 1 152,00
02 - Infrastructure
2..01 Béton de 800,000 307,20
propreté pour plots, dosé a | M3 0,38
250 Kg /m3 en ciment CPA
325, éxécuté sur les fond
des semelles, longrines,
scaliers et plots.....est)
épai 10 cm comprenant
fourniture, manutention,
mise en oeuvre, talochage
de la surface et toutes
sujétions.
2..02 Béton Armé en 25000,000 57 600,00
plot , dosé a 350 Kg de | M3 2,30
ciment CPA 325,
comprenant fourniture,
manutention, vibration,
coffrage, ferraillage et
toutes sujestions.
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2..03 Dallage
épaisseur de 10 cm, avec
treillis soudé en rouleau ou
en plaque (20x20x5mm),
comprenant mise en place,
coupes, ligatures, plots,
dosé a 250 Kg de ciment
CPA 325, comprenant
fourniture, manutention et
toutes sujétions.

M2

39,00

1 500,00

58 500,00

Sous Total....................0. 02

407,20

116

03 - contenaires

3..01 D/P  Conteneur
en acier Corten,
dimensions standard 12,19
m x 244 m x 2,59 m,
structure étanche et
résistante a la corrosion.
Idéal pour une réutilisation
en construction modulaire.

1,00

800000,000

800 000,00

Sous Total...................... 03

000,00

800

04 - Revetements intérieurs et Ext

ereiur

5..03 F/P et
Revetement en Carrelage
GRANITO (Dim 33x33cm
de 2,5cm d'épais) de bonne
et lére qualité y/c mortier
,coupes, couche rattrapage
niveau en béton d'épaisseur
variable, rejointements au
ciment blanc  colorée,
"choix maitre d'ouvrage"et
toutes Sujestions

M2

30,00

1 500,00

45 000,00

5..04 F/P Plinthe pvc
de bonne qualit¢ dim GM
cm y compris  coupes,
mortier et Toutes
Sujestions

ML

29,00

500,00

14 500,00

Sous Total...................... 05

500,00

59

05 - Ménuiseries

A
Menuiserie
METALIQUE

9..A01 F/P Porte
pleinne en M¢étal avec
imposte fixé y/c
scellement, quincailleries
et TS (suivants les Détails
et conception ) pour Dim
suiv:

a) Dim
0,90x 2,20 h (Porte a 01
vantaux )

01

20 000,00

20 000,00

9..A02 F/P fenetre
,chassis , wvasistat , en
Aluminuim avec imposte
fixé y/c
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scellement,quincailleries et
TS (suivants les Détails et
conception ) pour Dim
suiv: verre Stop Sol Smm et

verre armé
a) Dim U 03 10 000,00 30 000,00
1,50 x 1,20 h (fenetre a 02
vantaux vitree )
Sous Total...................... 06 50
000,00
10 - Peinture
F/P Peinture M2 75,40 600,00 45 240,00
10..02 intérieure laque sur murs et
en sous plafonds en 03
couches y compris , 03
couches d' enduit de
polissage grattage, finition,
rebouchage et Toutes
Sujestions  (Pour  les
endroits humides cuisine,
SDB, WC.....est)(Couleurs
choix maitre d'ouvrage)
F/P Peinture M2 84,56 600,00 50 736,00
10..03 Vinylique extérieure sur
murs et plafond de facade
en 03 couches y compris ,
grattage, finition,
rebouchage et Toutes
Sujestions (Couleurs choix
maitre d'ouvrage)
F/P  L'isolation M2 75,40 3 500,00 263 900,00
10..03 mousse de polyuréthane
sur murs intérieure y
compris , grattage, finition,
Toutes Sujestions
Sous Total...................... 10 359
876,00
Total Général HT ............ 1 386
935,20
TVA 17 % eeeeeeeen . 235
778,98
Total généralen TTC .......... 1 622
714,18

e The analysis shows that container-based construction is approximately 45.35% less
expensive than traditional building methods, highlighting a significant cost advantage
in favor of innovative and recycled solutions.

[I.8 THE THERMAL EFFICIENCY OF THE BUILDING MADE BY

CONTAINER IN HOT CLIMAT

The use of recycled shipping containers as building materials in hot climates

presents several unique challenges and opportunities regarding thermal efficiency and
sustainability. The growing trend toward utilizing refurbished shipping containers
emphasizes the need to assess their thermal performance in various climates, particularly
hot and humid regions. Research has demonstrated that while shipping containers can be
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sustainably repurposed, their thermal efficiency largely depends on design modifications
such as insulation and ventilation strategies.

A significant study by Elrayies assessed the thermal performance of container-
based buildings (CBBs) in hot and humid climates, identifying that these structures often
require enhancements to mitigate the high thermal loads associated with such
environments (Elrayies, 2017). Containers, due to their metal composition, can
exacerbate heat retention; hence, insulation becomes crucial (Zafra, Mayo, & Villareal,
2021). The establishment of adequate thermal resistance through effective insulation can
significantly improve indoor conditions, enabling occupants to maintain comfort without
excessive reliance on mechanical cooling systems (Jamaludin, Zul , & Abd Al , 2021).
Similarly, Jamaludin et al. highlight the necessity of building insulation to improve
thermal resistance and reduce dependency on energy-intensive cooling solutions

(Jamaludin, Zul , & Abd Al , 2021).

Design principles that prioritize passive ventilation can also be effective. Research
indicates that the spatial configuration and design of openings significantly influence
indoor thermal environments, making strategic architectural decisions vital to achieving
comfort in hot climates. Building envelope performance is paramount; as outlined by
Lotfabadi and Hanger, variables including thermal mass, shading, and cross-ventilation
can dramatically affect energy efficiency and occupant comfort in such environments
(Lotfabadi & Hanger, 2019).

Finally, sustainable strategies that align with vernacular practices provide
additional insights for enhancing thermal performance. Traditional architectural designs
often incorporate natural cooling techniques that can be adapted to modern shipping
container architecture (Salameh & Tougan, 2022). The integration of these strategies can
optimize thermal efficiency while ensuring the structures remain functional and
sustainable.

II.8.1 Analysis of Thermal Simulation Results in the Study of
Container-Based Architecture in Hot and Humid Climates

a) Main Goal of the Article
The study evaluates how well buildings made from reused shipping containers
(CBBs) perform in hot and humid climates specifically in Port Said, Egypt and how
different thermal insulation materials can improve indoor comfort and energy efficiency.

Simulation software used: Ecotect

Table 12 : Simulated Models

Model Type Performance

1 Traditional Brick Moderate in summer, fair in winter

2 Uninsulated SC Very poor — overheats in summer, loses heat in
winter
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3 Rock Wool Insulated Good balance
SC

4 Wool Insulated SC Similar to rock wool, slightly better
ccSPF Insulated SC Best overall performance
Straw Insulated SC Best cooling, but poor winter insulation

e Hourly Temperature Profile (HTP) for the Hottest Day and the Coldest Day (Average)
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Figure 40 HTP for the hottest day (average), April 30

Table 13 : Comparative analysis of the thermal performance of the six models on the hottest day

(average)
Hour |0|1/2(3[4[5/6/7/8/9[1|1|1|1|1[1|1|1]|1[1|2]2]2|2| Total
0/1(2|3(4[5/6|7/8[9]0]|1]|2]|3| Weigh
t (hrs)

Model 1 | 3]3|3[2(2|2[2(2[4[6|/2|2[2]2|2]2]2|2]2|2|2|2]4]|5]|62

Model 2 | T{ 1f 1| 1{1|L{ 1 1{1{1jL (1|1 {1 (L1 {1 |l (1|1 |1 |1 |1]1]|24

Model3 | 4| 4|4|414|2[22|3[4|4 |34 |5|5|5|5|4[4|5|5|4|3]4|93

Model4 |41 4|4|4(4|2[2/2|2(3|3|3|4|4 44|43 |3[3]|4|3]2|3|78

Model 5 | 5|5/ 5]5[5/312]2(3[2|13|2|3|3|3|3|3|5|5|6|6|5|5/|6[93

Model 6 | 21212 313|2[2|3|5[5|/5|4|5]|6|6|6|6|6|6|4|3(2]2]2]92
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On the hottest day, the uninsulated container (Model 2) performed the worst,
overheating throughout the day. The brick building (Model 1) offered moderate
performance but still heated up. Straw insulation (Model 6) gave the best cooling during
the peak hours, while ccSPF (Model 5) provided the most balanced performance with
good cooling and less heat gain at night. Rock wool (Model 3) and wool (Model 4) also
improved comfort compared to uninsulated models.

19

18
Temp. 17
16
15
Model6
14
—Model5 13
Model4 12 1w
Model3 11
Model2 10
9
Modell g
Temp outside 7
6
5
Hour
4 ,

1 23 4 5 6 7 8 9 1011 1213 1415 16 17 18 19 20 21 22 23 24
Figure 41 HTP for the coldest day (average), January 12

Table 14 : Comparative analysis of the thermal performance of the six models on the coldest
day (average)

Hour |0|1/2(3/4|5/6(7/8/9/1|1(1|1|1|1|1|1|1|1[2|2][2]2] Total
0/1(2|3/4(5/6|/7|8|9|01]2]3]|Weigh

t (hrs)

Model 1 [ 2| 2] 2] 2122 2]2l2l2l1 31|11 |2]2]1]1]2]1]2]2]2]42
Model2 | 11| 11| 11| 1|1]1]l1]e6|5]6[3[3[5|5|5|51|2|1]1]1]59
Model3 | 35| 4| 4|4|4]|4|alal4]4a[3 45|43 [4[3]2|4]|5]|5]4]4]|94
Model 4 | 3| 4[3|3[3|3]3(3|4/4|3 (2344343 [2]4]|5|5]|4]4]101
Model 5 | 3| 4| 4|3]4|4|4|4]|5|5|/5]4|5]6[5[4[3[2|3|5|4|4]|3]3]100
Model 6 | 4| 3] 4| 4]5]4]3[3]3[3]2]1]2]2]2]1]1]4|3|4|3][|3]5]5]74

In cold weather, ccSPF (Model 5) and wool (Model 4) offered the best indoor
warmth, while straw (Model 6) was the weakest at night. Surprisingly, Model 2 reached
high temperatures during the day due to direct solar gain, but lacked consistency. The
brick model underperformed overall. Insulation, especially ccSPF and wool, proved
essential for thermal comfort.
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CONCLUSION

Recycling materials in architecture is no longer just a sustainable option, it is a
necessary response to today’s environmental, economic, and social challenges. Through
the reuse of materials such as shipping containers, architects can reduce resource
consumption, lower construction waste, and promote more adaptable and resilient design
solutions. Shipping containers, in particular, offer a unique opportunity due to their
structural strength, modularity, and global availability. By giving these containers a
second life, architects can create innovative and functional spaces while actively
contributing to the circular economy.

This chapter has highlighted the architectural potential of repurposed containers,
showing how they can be transformed into vibrant, efficient, and eco-friendly buildings.
Beyond their practical advantages, such approaches reflect a shift in architectural
thinking, toward more responsible, creative, and future-oriented practices. In embracing
recycled materials and container architecture, we not only extend the life of existing
resources but also expand the boundaries of architectural imagination.
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III. THEMATIC CHAPTER: TOY LIBRARY PROJECT

INTRODUCTION

In recent years, the concept of toy libraries has gained increasing attention as a
vital tool in promoting child development, social interaction, and educational inclusion.
A toy library, much like a traditional library, offers access, not to books, but to a wide
variety of educational and recreational toys, fostering learning through play. This chapter
explores the architectural and social dimensions of designing a toy library, with particular
emphasis on the needs of children, the importance of creating inclusive and stimulating
spaces, and the integration of sustainable and innovative design strategies.

By focusing on the toy library as both a community resource and a pedagogical
space, this project aims to highlight how architecture can support playful learning
environments that are accessible, engaging, and socially meaningful.

This chapter outlines the design concept, objectives, material choices, spatial
organization, and environmental strategies of the project,

III.1 WHY TOY LIBRARY?

The choice of studying a Toy Library as the central focus of this thematic chapter
stems from its unique architectural and social value. Unlike conventional educational or
recreational buildings, toy libraries offer a multifunctional space where children can
learn, play, and grow in a supportive environment. They combine education with fun,
creativity with structure, and individual discovery with community engagement. This
blend makes them an ideal subject for exploring how architecture can directly influence
childhood development.

In today’s evolving society, it is crucial to rethink how we design spaces for
children. The Toy Library encourages a shift from traditional, rigid structures to more
dynamic, inclusive, and imaginative environments. By analysing examples like the Toy
and Media Library designed by Philippe Fichet Architectes, we can uncover how
architecture can nurture learning through play and adapt to the diverse needs of young
users. Such projects remind us of the importance of experimenting with new, creative
architectural approaches that prioritise user experience, especially for our youngest
generations.
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Figure 42 : Gallery of oy and Media Library (archidaily)
I11.2 WHAT IS TOY LIBRARY?

The architecture of a toy library is a specialized field that combines elements of
traditional library design with the unique requirements of children's play and learning
environments. A toy library serves as a community resource where children can access a
variety of toys and educational materials, fostering creativity, social interaction, and
cognitive development. The design of such spaces must consider both the physical layout
and the psychological needs of children, ensuring that the environment is engaging, safe,
and conducive to play.

IT1.3 SPATIAL ORGANISATION

The organisation of a toy library typically includes designated areas for different
types of play and learning activities. For instance, spaces can be divided into sections for
quiet reading, active play, and group activities. This zoning is crucial as it allows children
to engage in various forms of play while minimizing distractions. The design of public
spaces, including libraries, should reflect the everyday culture and practices of the
community it serves, which is particularly relevant for toy libraries that cater to diverse
groups of children and families (Ewing, 2022).

Moreover, the layout should facilitate easy navigation for both children and
caregivers. Clear pathways and visible signage can enhance the user experience, allowing
children to explore independently while ensuring safety. The incorporation of flexible
furniture that can be rearranged for different activities also supports a dynamic
environment that can adapt to various needs (Nicholson, 2019).
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Figure 43 : Toy Library
1I1.4 INTERIOR SPACES

The interior spaces of a toy library should be vibrant and inviting, utilizing colors,
textures, and materials that appeal to children. Research indicates that the aesthetics of a
space can significantly influence user satisfaction and engagement ( Hindagolla &
Weerasinghe, 2022). For example, bright colors and playful designs can stimulate
creativity and encourage exploration. Additionally, the use of natural light and open
spaces can create a welcoming atmosphere that promotes positive interactions among
children (Block, 2018).

In terms of functionality, the interior should include storage solutions that are
accessible to children, allowing them to take ownership of their play experiences. This
aligns with the findings of Matthews and Kitsantas, who emphasize the importance of
supportive environments in fostering collaborative and engaging experiences (Matthews
& Kitsantas, 2007). Furthermore, incorporating areas for adult supervision, such as
comfortable seating for caregivers, ensures that adults can engage with children while
maintaining a watchful eye.

II1.5 MEETING THE NEEDS OF USERS

Understanding the needs of the library's users is paramount in the design process.
Toy libraries must cater not only to the children who use the space but also to their
caregivers and the broader community. This includes providing resources that support
early childhood development, such as educational toys that promote STEM learning,
social skills, and creativity (Ilavonga & Grace, 2023)

Moreover, the library should offer programs and activities that engage families
and encourage community involvement. This can include workshops, storytelling
sessions, and playgroups, which can enhance the library's role as a community hub. The
integration of technology, such as interactive displays or digital resources, can also enrich
the user experience and keep pace with the evolving interests of children ( Duncan, 2022)

111.6  SAFETY CONSIDERATIONS

Safety is a paramount concern in the design of toy libraries. The layout should
minimize hazards by ensuring that spaces are free from sharp edges, tripping hazards, and
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other potential dangers. The use of soft flooring materials, such as rubber or carpet, can
mitigate injury risks during play ( Hindagolla & Weerasinghe, 2022).

Moreover, the design should include clear sightlines for caregivers to supervise
children effectively. This can be achieved through open layouts and strategically placed
furniture that allows for unobstructed views of play areas (Block, 2018). Additionally,
safety features such as secure storage for small or hazardous items and child-proof locks
on cabinets can further enhance the safety of the environment.

In conclusion, the architecture of a toy library is a multifaceted endeavor that
requires careful consideration of spatial organization, interior design, and user needs. By
creating an environment that is both functional and engaging, toy libraries can effectively
support the developmental needs of children and foster a love for learning and play.

1.7 ARCHITECTURAL NORMS FROM NEUFERT
II1.7.1 Design Considerations

e Spaces should promote modularity and be easily adaptable.

e Circulation paths should be intuitive, minimizing unnecessary corridors.

e Rooms like group spaces, changing rooms, and restrooms should be placed logically
for ease of supervision.

e Outdoor access is key; facilities should include gardens, shaded play areas, and safe
pathways.

II1.7.2Interior and exterior spaces in day-care design

Group Room: This is the main area for daily activities. It should allow for
different zones: rest, play, learning, and interaction. Heights of furniture and materials
must be adapted to children (e.g., low platforms, visibility). Storage and sanitary access
should be integrated into the layout.

Kitchen: If meals are served on-site, the kitchen may be part of a larger shared
service or independent, depending on the institution. It must comply with health
regulations and be accessible to staff without disturbing children's spaces.

Rest Area: Sleeping or resting zones should be calm and slightly separated from
activity spaces. Accessibility and comfort are essential, especially for younger children.

Activity Rooms: Spaces should support creativity—offering areas for drawing,
music, physical activities, and quiet play. Flexibility is essential for adapting to children's
changing needs.

Outdoor Areas: Outdoor spaces are vital for shade, light, and air. Designs should

include different natural elements: grass, sand, small hills, and trees. They support
development, autonomy, and socialization.
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When designing facilities for young children, it is crucial to consider their specific
needs, beyond just dimensions or regulations. There are no universal standards; instead,
recommendations are based on observed best practices.

II1.7.3 Access and building forms rooms outdoor areas
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@ suiding form: grouped pavilions
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@ suiding form: compact

III.8 ZONES IN A TOY LIBRARY: LEARNING THROUGH PLAY

The toy library is a fun and educational space where children learn by exploring
different themed areas which different activities like:

Agriculture and  Insects:
Children can learn about different types
of plants, practice planting in small pots,
observe how seeds grow, and discover
the role of insects such as bees and
butterflies. These activities aim to build
environmental awareness, a sense of
responsibility, and an understanding of
nature.

w
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F igur 44 : Agriculture and Insects

Engineering and Architecture:
Through building blocks, creating
models of cities and houses, and
experimenting with balance and bridge
construction, children develop logical
thinking, creativity, and spatial planning
abilities.

-

Figure 45 : Engineering and Architecture

Electronics and Digital
Technology: Activities like
programming simple robots, engaging in
augmented reality games, and exploring
educational tech tools help introduce
children to technology and
computational thinking while
encouraging future-oriented learning.

Figure 46 : Electronics and Digital
Technology

Reading Area: A cozy library
corner with picture books, interactive
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storytelling sessions, and reading
workshops is designed to nurture a love
for reading, language skills, and
imagination.

Figure 47 : Reading Area

Daily Life Experiences:
Children can explore real-life scenarios
in playful settings, such as a mini kitchen
for cooking, a pretend shop for shopping,
and areas to simulate roles like
firefighters or  doctors. These
experiences help develop independence
and an understanding of social roles and
responsibilities.

IIT Thematic chapter: Toy library project

Outdoor Play Areas: Spaces for
movement games, slides, climbing,
cycling, and sand or water play promote
physical development, cooperation, and
self-confidence.

Figure 48 : Outdoor Play

Additional Fields: Creative
areas for music, where children can try
instruments and make simple composite
ns, and spaces for art and design
activities like drawing and clay

modeling.  Role-playing  different
professions and  participating  in
cooperative games help children

explore social dynamics, teamwork, and
emotional growth.
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[I1.9 ANALYSIS OF TOY LABRARIES EXAMPLES

I11.9.1 Children's toy Library / LAN Architecture
a) Project Overview

The Children's Toy Library in Bonneuil-sur-Marne, France, designed by LAN
Architecture and completed in 2008, serves as both a public facility and a dedicated play
space for children. Situated in an area dominated by 1960s social housing, the project
addresses the challenges of its context by juxtaposing a monumental exterior with a warm,
inviting interior.

Figure 49 : Interior iew for Children's toy Library / LAN Architecture ( Archidaily)

b) Urban Analysis

e Site Context and Location Surrounding Buildings: Located in a dense residential
area, the library integrates with the surrounding architecture through material
continuity while introducing a modern reinterpretation of concrete.

e Accessibility : The project is well-connected to the neighborhood via existing streets
and pathways. Pedestrian access is emphasized, with safe, direct routes leading to the
toy library from nearby residential buildings. Parking for vehicles, including drop-off
zones for families, is likely incorporated into the broader urban planning around the
site.

Social

housing O The Project Toy Library
blocks

School D Media Library -

e Entrance and Orientation:
The toy library 1is accessed
through a monumental entrance, clearly
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marked and easily visible from the
surrounding area.

e Scale and Proportions
R,

» 1 o . = "
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e Integration with Public Spaces:

The site is adjacent to small
public spaces and courtyards, which
serve as transitional zones between the
dense residential environment and the
public function of the toy library. These
spaces allow for informal gathering,
outdoor play, or waiting areas for
families.

e Sustainability and Urban
Integration = The  green-tinted
concrete facade minimizes heat
absorption and offers a durable, low-
maintenance solution. Landscaped
areas around the building soften the
transition from the dense urban
environment and provide
opportunities for outdoor activities.
The design prioritizes walkability,

IIT Thematic chapter: Toy library project

The toy library has a modest

height, ensuring a child-friendly scale
that is welcoming and approachable.

':‘K—/\

FON T el Ry
reflecting sustainable urban planning
principles.
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Figure 50 : Children's toy Library / LAN
Architecture (Archidaily)

¢) Architectural analysis

Concept and Design Philosophy
Reusing an existing building and
adapting it for a new function.
Creating a dedicated children’s play
space with an engaging and
protective environment.

Developing a small-scale public
facility in a socially unstable area
with large housing complexes.



e Overcoming budget constraints,
initially limited to an interior
reconfiguration.

e The creation of a new entrance and
an open courtyard.

F l.’gure 51 : Children's tby Library (
Archidaily)

e Materiality and Aesthetics

The exterior features monolithic,
green-tinted concrete with a wood-
imprinted texture, giving it a timeless,
bunker-like quality. The interior is
vibrant and colorful, designed to create a
warm, cocoon-like atmosphere filled
with natural light and playful elements.

L ; e
Figure 52: The shape of Children's toy
Library (Archidaily)
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Figure 53 : Interior view of Children's toy
Library ( Archidaily)

Our strategy was inspired by a medical
logic of intervention. The
creation of an additional freestanding
skin of allowed us to control the
interfaces between exterior spaces,
building and interior spaces, as well as
meet the need to provide generous
volumes.

d) Interior analysis

e Functionality and
Organization

Spatial

The toy library spans two levels,
with the interior layout emphasizing
openness and adaptability to
accommodate various activities. Natural
light permeates the space from three
sides, enhancing the play areas and
contributing to a vibrant environment.
The design ensures that the facility is
both functional and comfortable, tailored
to the needs of its young users.
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Spaces

1- Entrance
2-Puchair room
3-Circilation space
4- Reception
5-Playroom
6-Circulation space
7-Store room
8-Toilets
9-Technical room

The fonction of every erea

[ | Playing erea
Exterior erea
Storage erea

0 Toilet erea

- Circulation erea

- Reception erea
Puchair room
Technical erea

Figure 54: The floor plan of the Children's toy Library ( Archidaily )

Spaces
1- Playroom
2-Terasse

> noro 3- Computer room
4- Offices
5- Store room
6- Multi porpose hall

_I 7- Toilets
o

The fonction of every erea

- Playing erea
- Exterior erea

A
ﬁ Educational spaces

- Toilet erea

- Vertical Circulation erea

Figure 55 : The ist floor plan of Children's toy Library ( Archidaily )

1 - Circulation Space
2 - Reception

3 - Store Room

4 - Computer Room
5 - Offices

1 - Playroom
2 - Store Room
3 - Playroom
S i 4 - Terrasse
L4 : 3 }" 5 - Multi-purpose Room

Figure 57 : 2" section of Children's toy Library ( Archidaily )
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e Spatial organization on the ground
floor analysis: The ground floor is
organized to optimize circulation,
accessibility, and functionality:
Entrance /Pushchair /Room
/Circulation Space / enabling smooth
movement / Reception / Playroom /
Store Room /Toilets /Technical
Room
e Spatial Organization on the
upper Level: The first floor focuses
on quieter, educational, and
administrative functions:

e¢) Summary of Strengths of this project

IIT Thematic chapter: Toy library project

e Playroom /Terrace /Computer
Room of technology and play
/Offices /Store Room /Multi-purpose
Hall /Toilets

e Functionality: ~ The  design
maximizes the building's utility by
separating active play zones (ground
floor) from quieter, more educational
spaces (first floor).

e C(Circulation Both levels are
connected via central staircases,
ensuring smooth movement between
floors.

The Children's Toy Library by LAN Architecture demonstrates several strengths,
particularly in its innovative reuse of an old building, thoughtful spatial organization, and
the balance between a vibrant interior and a respectful exterior.

Reusing an Old Building
Well-Defined Spatial Distribution
Colorful Interior Design

Simple Exterior Respecting the Environment

I11.9.2Toy and Media Library in Philippe Fichet architects

The Toy and Media Library,
designed by Philippe Fichet Architectes,
is a cultural facility located in La Ferté-
Bernard, France, completed in 2014.
This  1,300-square-meter  building
combines a toy library and a media
library under one roof, offering a
versatile space for education, recreation,
and community engagement. Situated at
the edge of the historic town center,
alongside a picturesque river, the project
acts as a bridge between the old and new
parts of the city.

a) Urban Analysis
e Site Context and Integration

Positioned at the eastern edge of
the old town, the library serves as a
transitional space between historical and
modern developments. The proximity to
the river creates a scenic and inviting
public space, enhancing the site’s
cultural and recreational value.
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e Accessibility

The project is easily accessible
from the surrounding urban fabric, with
pathways that connect seamlessly to the
adjacent public spaces and streets. Wide,
open entry points ensure smooth flow for
pedestrians, families, and individuals
with mobility aids.

e Urban Role and Connectivity

By merging a toy library and media
library, the project caters to diverse age
groups and needs, solidifying its
position as a cultural hub for the
community. The reflective fagcade
allows the building to blend with the
urban landscape, adapting to its
surroundings by mirroring nearby
structures and nature. The site leverages
its visibility and connectivity,
encouraging engagement between
residents and visitors, while also
revitalizing the adjacent riverfront area.
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Figure 59 : Le plan de masse du projet
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e The entrance

The entrance of the project is a
distinctive architectural feature that harmoniously
integrates  with its urban and natural
surroundings. Situated on the edge of the old
town and adjacent to a river, the building's
forecourt is equipped with a misting system that
creates a reflective surface, evoking the nearby
water body and enhancing the sensory
experience for visitors.

Figure 60: The entrance of the project
b) Architectural Analysis
e Form and Design Concept

The building adopts a flowing,
curvilinear form, reflecting its dynamic
cultural purpose and creating an inviting,
playful aesthetic. The curvatures evoke a
sense of movement and creativity,
aligning with the library’s dual role as a
space for imagination and knowledge.
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e Materiality and Facade

Polymethyl methacrylate
(PMMA) and stainless steel dominate
the facade, creating a blurred mirror
effect. ~This reflective treatment
integrates the building with its
surroundings, responding to light and
weather conditions dynamically. The
reflective surfaces reduce solar heat gain
and establish a balance between aesthetic ¢) Interior Analysis
appeal and functional performance.

e Program and Spatial Organization

Spaces are organized around
central cores, facilitating smooth
navigation and flexible use. The public
areas are open and interconnected,
fostering interaction and collaboration,
while private spaces like administrative
offices maintain functionality. The
program ensures a seamless transition
between the toy library and media
library, providing intuitive access for all
users.

e Environmental Considerations

The materials and design focus
on sustainability, with natural light and
reflective elements reducing energy
consumption. The building adheres to
passive  design  principles, using
transparency and light modulation to
ensure thermal and visual comfort.
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IIT Thematic chapter: Toy library project

e Spatial Flow and Navigation

e The interior promotes  fluid
movement, with curved pathways
and open layouts reflecting the
external form of the building. Central
reception areas provide orientation
and interaction points, creating a
welcoming atmosphere for visitors.
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e Lighting and Ambiance

Natural light penetrates the
building through large glazed areas and a
central circular patio, reducing the need
for artificial lighting. The interplay of
light and shadow enhances the dynamic
character of the interiors, aligning with
the building’s cultural purpose.

e Material Palette

The interiors use materials that
complement the exterior, such as light-
toned finishes and smooth surfaces,
emphasizing a sense of openness and
modernity. The combination of durable
and tactile materials ensures the spaces
are both functional and inviting for users
of all ages.
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Figure 61 Interior space

e User Experience

The design prioritizes comfort
and engagement, creating a friendly and
stimulating environment for children
while maintaining the professionalism
needed for adults and staff. Flexible
furniture and adaptable spaces support
various activities, from storytelling
sessions to digital media exploration.

IIT Thematic chapter: Toy library project

e Functional Zoning

The layout separates spaces for
different user groups, with areas
dedicated to children, adults, and staff.
Open reading spaces and play zones in
the toy library encourage interaction and
creativity, while quieter areas in the
media library offer focused study
opportunities.

' 11. Multipurpose space

Ground floor plan

1. Music

2. Films

3. Press

4. News

5. Loan bank

6. Entrance

7. Temporary exhibition

8. Comic

9. Personal relaxation room

10. Early childhood

Figure 62 : Ground floor plan
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Upper floor plan

1Reception hall

2. Audio Desktop

3 Equipment room

4, Loan Store

5.Server room

6.Personal multi-desk

3. Changing room

8. Executive office

9 Personal relaxation room
10. Technical premises
110ffice

12. Office

13. Practice space

16. Patio/ Outdoor games
15. Play area

Figure 64 : Section

d) Summary of Strengths of this project

Urban Integration: Strategically located to connect the historic town center and
modern urban developments. Enhances pedestrian and urban connectivity, while
revitalizing the adjacent riverfront.

Environmental Considerations Designed with energy efficiency in mind, the wooden
Architectural Design: The curvilinear, flowing form reflects its dynamic cultural role
and creates an inviting, playful aesthetic. The reflective facade interacts with the
environment, blending the building with its surroundings while maintaining a striking
visual presence.

Functionality and Accessibility: Combines a toy library and media library, catering to
diverse age groups and needs. Offers a well-organized layout with open, flexible
spaces that encourage creativity and community engagement. Universal design
principles ensure physical, visual, and functional accessibility for all users.

Interior Design: Maximizes natural light through large glazed areas and a central
courtyard, creating bright and welcoming interiors. Offers diverse, adaptable spaces
for various activities, from quiet study to playful interactions.

70
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[11.9.3Day Nursery and Toy LIBRARY / at+samueldelmas

architects

The Day Nursery and Toy
Library, designed by at+samueldelmas
architectes, is a notable example of
sustainable and  context-sensitive
architecture in Vélizy, France. This
project exemplifies a harmonious blend
of urban integration, architectural
innovation, functional design, and
thoughtful interior spaces.

a) Urban analysis
e Urban Context and Integration
The 9.3 Day Nursery and Toy Library is

located in the Louvois district of éliz -

7

Collective housing -The toy library D Commercial centre Ecole
Figure 65 Accessibility from the City Center

e Scale and Proportions with Other
Buildings

The project is positioned at the
base of a high-rise residential building,

Villacoublay, France, an area
undergoing urban renewal. The project is
situated at the base of a 1960s residential
tower, utilizing previously underutilized
basement spaces. The surrounding
environment includes collective
housing, commercial spaces, and newly
created pedestrian areas, providing a mix
of residential and public functions.

e Accessibility from the City Center

The site is well-connected to the city
center through a network of roads and
public transportation. The urban renewal
plan has enhanced accessibility by
improving pedestrian pathways and
integrating the area with the broader
urban landscape. The removal of old
commercial slabs has opened up new
circulation routes, making the site more
accessible for families and children.

which creates a contrast in scale and
proportion.

e Nearby environment
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It is bordered to the west, north
and south by a highway, and to the east
by a green area. It has a parking next to
the southern entrance.

e Entrance and Orientation

A welcoming entrance faces
pedestrian ~ pathways,  while  the
building’s orientation maximizes natural
light and integration with its
surroundings.

Figure 66 Integration with Public Spaces
e Integration with Public Spaces

New green spaces and pedestrian
routes connect the nursery to the
community, enhancing accessibility and
public engagement.

b) Architectural Analysis
e Form and Design Concept

The project revitalizes an
underused basement space, integrating it
into an evolving urban environment. The
project is integrated into an existing
urban setting, revitalizing a previously
underused  basement space. The
rectilinear form and modular layout
create open, flexible spaces for children.
A wooden grid fagade balances privacy
and openness while enhancing urban
integration.

IIT Thematic chapter: Toy library project

The use of outdoor spaces
throughout the building gives a sense of
comfort, nature and natural lighting.

The work on the 5th facade has
enabled us to create a new, living ‘soil’
in front of the flats above, with soil
complexes of up to one meter and real
trees to come

Figure 67the 5th facade
e Materiality and Fagade

Sustainability is at the core of the
project, with the structure built entirely
from wood and bio-based reclaimed
materials. The facade consists of
vertical poplar slats spaced uniformly,

72



combined with coppery zinc sheets,
adding depth and texture while
maintaining durability.

Structure  provides excellent
thermal insulation, reducing the need for
artificial heating and cooling. Large
windows and skylights allow ample
natural daylight, minimizing reliance on
artificial lighting. Furthermore, the
inclusion of patios and green spaces
improves ventilation and natural
shading, creating a  comfortable
microclimate for users.

¢ Environmental Considerations

e The wooden structure improves
thermal efficiency, reducing
energy consumption.

e Patios and green spaces enhance
ventilation and natural shading.

Large windows and skylights
maximize daylight, lowering the need
for artificial lighting.

IIT Thematic chapter: Toy library project

¢) Interior Analysis

e Spatial Organization

The interior is designed with an
open and flexible layout, ensuring a safe
and engaging environment for children.
Spaces are divided into activity areas,
rest zones, and service areas, with
seamless transitions between them.

e Circulation

The layout promotes fluid movement,
with wide hallways and clear sightlines
for easy supervision. Natural light and
visual connections between spaces
enhance spatial continuity and user
experience.

The children's sections are soft
and flow between intimate patios and
play gardens

e Functionality Each space is designed
for efficiency, catering to the needs
of both children and caregivers.
Natural materials, soft lighting, and

acoustic  treatments create a
comfortable  atmosphere, while
storage solutions enhance
organization.
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Spaces :

- Playfliving erea

- Water play
erea

- Multipurpose

room

Recreation
room

Toy library

Administration

L Stockage and
technical space
Hall of
entrance

- Patio

Circulations:

> >
,’ i * Horizontal
mj L&Y Circulation
7 . ;
e - “04 // Vertical

. ‘ A “  Circulation

Service entrance

Figure 68 : The ground floor plan

Figure 69: The 1 st floor plan

CONCLUSION

The exploration of the Toy Library’s architecture highlights the growing
importance of creating spaces that are not only functional and playful but also culturally
and environmentally responsive. Through the analysis of Philippe Fichet Architectes’
Toy and Media Library in La Ferté-Bernard, it is evident that thoughtful design can
successfully merge pedagogical goals with architectural innovation. The project
demonstrates how architecture can support child development by offering spaces where
learning and education occur through play and discovery, an essential principle for toy
libraries.

Such environments must go beyond storage or recreational use; they should be
immersive, stimulating, and educational, enabling children to grow intellectually,
socially, and creatively in a fun and engaging way. This calls for architectural projects
that prioritize user-centered, flexible, and inclusive designs, spaces that adapt to the needs
of children and encourage learning through interaction. By examining these case studies,
we gain valuable insights into how toy libraries can become dynamic cultural landmarks,
enriching the urban fabric while promoting the holistic development of young users.
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IV. ARCHITECTURAL CHAPTER

IV.1 SITE ANALYSIS

From the beginning, I wanted my toy library to be located in a place that is not
isolated, but rather in the heart of the city, a space that is accessible, welcoming, and
already loved by children.

That’s why I chose a site located behind a public garden in the northern part of
Biskra. This space is currently empty and unused, but its calm and green environment
makes it perfect for children.

IV.1.1Site location and relation with the city

The plot is located near the city center of Biskra, making it easily accessible and
well-connected. It is directly linked to the central area through a main road, which
facilitates smooth transportation to and from the site. Being in a familiar and popular part
of the city, the location is known by most residents.

The site is not far from the city center and has a direct connection via a main road.
It's a well-known location familiar to everyone in the city. The site is located in the south
of Lando Garden on the middle of Biskra city behind 8 Mars road.
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e

IV.1.2Environment and Landmarks near the site

The site is strategically positioned in close proximity to primary and middle
schools, as well as both social and private residential areas, ensuring optimal accessibility
and strong community integration.

B Thesite

Il CEM
Londo garden

[ Dar Lwali

7 Primary school

[

f
Individual houses |~

Figure 72 The environment of the site

IV.1.3Roads and accessibility

The site offers excellent accessibility, with well-connected roads and pedestrian
pathways ensuring easy access for residents, students, and visitors. There is two ways to
get to the site:
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e From Gouassemi Mohamed road enter from the main door of the garden so we pass
from all the garden to get to it.
e From 8 Mars road direct entrance by a small road.

1 )"4

The way to get from the
garden to the site

Figure 73 The entrances of the site
IV.1.4Site morphology

The site is located next to a garden and still has some trees and palm trees, which
can be incorporated into the design. It covers an area of 5 972,52 m?.

Borders: It is bordered by Lando Park to the north, a sports field to the south, a
primary school to the east, and a road to the west.

IV.1.5Built and unbuilt system
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The ratio of built-up areas surrounding this plot is roughly equal to the non-built
areas, as the site is located in a park and near a sports field, both of which are non-built
spaces. Additionally, it is situated in a residential area with houses, schools, etc., making
the built and non-built ratios approximately balanced.

[ Unbuilt erea
Figure 75 : Build and unbuild erea

IV.1.6Effect of the sun's path

Additionally, it is notable that the southern side of the plot is not covered by any
buildings or trees, with only a wall present. This allows direct sunlight to reach the area.
On the western side, trees and buildings block the western sunlight.

Jar'duugand
RHe A

IV.1.7Effect of the Wind

The cold wind coming from the north is effectively blocked by the trees located
on the northern side of the plot, near the adjacent park. This provides excellent protection
from these cold winds, especially during winter.
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IV.1.8Reason of choice

The site selected for the toy library is a vacant area located at the edge of a public
garden, right in the center of the city. This location was chosen for its strong emotional
and functional connection to the community.

The garden is already a cherished destination for children and families, making it
a naturally attractive setting for a child-focused project. Its central urban position ensures
excellent accessibility from all directions, especially from the nearby residential
neighborhoods, encouraging regular visits and community engagement.

In addition, the site benefits from its direct proximity to nature, offering a calm,
green environment that complements the project's aim to provide both playful and
educational experiences. This combination of accessibility, emotional value, and
connection to nature makes the site an ideal foundation for a toy library that is open,
welcoming, and integrated into the daily life of the city.
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IV.2 THE PROJECT

IV.2.1The program of the project

IV Architectural chapter

Block Space Function / Floor Area
Activity (m?)
Reception & Reception Welcoming Ground 15
Administration visitors, orientation,
and basic inquiries
Waiting Area Seating  area Ground 11
for  wvisitors  and
parents
Multi-purpose Flexible space Ground 25
Room for meetings,
workshops, or
temporary activities
Archive Storage of Ground 15
administrative records
and materials
Staff Break Relaxation and Ground 15
Room refreshment space for
staff
Meeting Room Formal First 60
meetings,
coordination, and
planning
Toilet Toilet Ground 15
Total Total surface 156
of the block
Toy Lending & Reception & Welcoming Ground 12
Library Waiting Area children and parents,
waiting before
borrowing
Toy Library Toy lending Ground 28
and return area
Play space Playing in Ground 40
tables
Sterilization Cleaning and Ground 11
Room disinfecting toys
before return
Library Shelving and First 90
reading space for
children
Total Total surface 181

of the block
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Arts Reception & Welcoming Ground 16
Architecture Waiting Area and holding children
before activities
Drawing & Artistic Ground 60
Crafts Room activities:  drawing,
painting, and
handcrafts
Architecture & Building First 60
Construction Room activities using
games, LEGO, and
models
Total Total surface 136
of the block
Future Reception & Orientation Ground 15
Professions Waiting Area and waiting before
entering mini spaces
Mini Market Role-play Ground 23
shopping and cashier
activities
Mini Chef Zone Role-play Ground 18
cooking activities
Mini Police Role-play law Ground 8
Station enforcement activities
Doctor Space Role-play First 23
medical practice and
care
Firefighter Role-play First 23
Space emergency response
Pilot Space Role-play First 23
flying simulation
Astronaut Space First 30
Space exploration play and
learning
Teacher Space Role-play First 20
teaching and school
activities
Toilet Toilet Ground 2.5
Total Total surface 185.5
of the block
Sports Block Reception & Welcoming Ground 23
Waiting Area area for kids before
entering changing or
sports zones
Changing Changing Ground 20
Rooms clothes before

swimming or sports
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Table  Tennis Table tennis First 30
Zone activity
Darts Zone Dart throwing First 30
and coordination
activity
Free Play Area Open play Second 60
space with flexible
uses
Toilet Toilet Ground 5
Total Total surface 168
of the block
Digital & Reception & Orientation Ground 12
Science Exploration Waiting Area area before digital or
science activities
Programming Learning Ground 30
Space coding and logic skills
Digital Learning Ground 31
descovery inforamtiques
Virtual Reality Immersive VR Ground 47.5
Zone games and
educational
simulations
Physics Experiments First 30
and scientific learning
Chemistry Experiments First 30
Space and scientific learning
Light & Optics Hands-on First 17
Exploration exploration of light
and vision
Total Total surface 197.5
of the block
Music & Reception & Welcoming Ground 14.5
Performance Waiting Area and waiting area for
children and parents
Dance Room Movement, Ground 30
rhythm, and dance
activities
Instruments Learning and Ground 30
Room playing musical
instruments
Mini Small shows, First 46
Performance Theater storytelling, and
performances
Total Total surface 120.5
of the block
Nature, Reception & Gathering Ground 9.5
Farming & Biology Waiting Area space before activities
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Farming & Learning Ground 36
Insects Area about plants,
gardening, and insect
life
Human Body & Learning First 17
Biology Room about anatomy and
biological systems
Toilet Toilet Ground 9.5
Total Total surface 72
of the block
Overall Total Total surface 1216.5
of the entire project
Overall  with Total Total surface 1431.33
circulation with the circulation m?
15%

e By adding the long connecting corridor, which measures 158 m?, along with the
estimated internal circulation within the blocks, the total circulation accounts for
approximately 15% of the project’s surface. Therefore, the total surface area,
including circulation, reaches 1431.33 m?.

e Driving Simulation Yard Outdoor space for driving mini cars and traffic awareness
400 m>.

e Swimming Pool (Exterior)Outdoor water play and swimming 81 m?.

IV.2.2 Design Intentions

Modular Design Inspired by LEGO: To develop a modular architectural
language using shipping containers that reflects the playful, constructive spirit of LEGO,
allowing for flexible composition, stacking, and rearrangement.

Adaptive Reuse of Shipping Containers: To creatively repurpose used shipping
containers as structural and spatial units, promoting sustainability, cost-efficiency, and
rapid construction.

Integration with the Natural Environment: To design in harmony with the
surrounding public garden by maintaining visual and physical connections with greenery,
sunlight, and open space.

Functional Zoning and Spatial Clarity: To organize the program into clearly
defined blocks, where each zone (art, science, robotics, movement, music, etc.) is
spatially identifiable yet connected through circulation and theme.

Human-Scaled, Child-Friendly Architecture: To design spaces with

proportions, colors, furniture, and elements adapted to children’s scale and perception,
creating environments that are inviting and intuitive to explore.
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Indoor-Outdoor Continuity: To blur the boundaries between indoor and outdoor
play through terraces, open courtyards, transparent fagcades, and accessible green zones.

Efficient Circulation and Wayfinding: To create simple, safe, and engaging
circulation paths that encourage exploration without confusion, using color, signage, and
container arrangement to guide movement.

Natural Lighting and Ventilation: To maximize the use of daylight and natural
airflow within containers by incorporating openings, skylights, louvers, and strategic
orientation.

Safety and Comfort in Design: To ensure all architectural elements are designed
with child safety in mind, including soft edges, non-toxic materials, adequate supervision
points, and comfortable microclimates.

Playful Aesthetic Expression: To reflect the spirit of play in the architecture
itself through bright colors, creative forms, varied textures, and interactive surfaces.

IV.2.3Toy Library Concept Inspired by LEGO and Recycled
Architecture

This project is a toy library designed as a playful, modular architectural
composition using recycled shipping containers. The design draws direct inspiration from
the LEGO game, where simple, standardized units are creatively combined to form
complex structures. Similarly, the project employs container units as modular building
blocks that are assembled, stacked, and arranged in various orientations to create a
dynamic and adaptable architectural composition.

s nmlh
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Figure 78 : Project Idea (by author)

Each block or unit group in the project represents a specific functional zone
dedicated to children's activities such as art, science, movement, music, architecture, and
digital play. These zones are distributed throughout the site like LEGO pieces,
emphasizing playfulness, and flexibility, and imagination— key principles of both child
development and the LEGO philosophy.
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By using shipping containers, the project promotes sustainability, reuse, and cost-
efficiency, while their modular nature allows for easy expansion, rearrangement, and
customization of the toy library over time.

e General Organization Strategy

Quiet/Noisy

* Zones arranged by function and
noise level.

*  Smooth circulation for children
and staff. +

Figure 79 Areas separation quiet/noisy(by

author)
e Leisure/Educational
. [ (.

e Northern Zone: Leisure and

artistic expression (
¢ Southern Zone: Educational :D

and discovery-based activities | i -H-m
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Figure 80Areas separation Leisure/
Educational(by author)
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Figure 81 : Choice of colors
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IV.2.4The blocks function/plan

IV Architectural chapter

Table 15 : Reception and administration/ Library and Toy Lending / Art and Creative Design

Block

BLOCK FONCTION

Position

Reception and administration: This block functions as the
main entry and management center of the Toy Library.
Ground Floor: Includes the reception area for welcoming
visitors, an archive space for document storage, and a small
breakfast area for staff and multipurpose room.

First Floor: Contains a meeting room for team discussions and
planning.

5

4
LA

X

Library and Toy Lending Block

This block is dedicated to organizing toy borrowing and
ensuring a safe and structured circulation of toys among
children.

Ground Floor: Includes a designated toy lending area
with shelves displaying the toys. Children can borrow and
later return the toys. A toy sanitization space is also
provided to maintain hygiene and safety.

First Floor: Reserved for the staff office to manage the
lending system and maintain records.

.

il
U

1

This block focuses on developing children's creative and
visual skills through art and architectural activities.
Ground Floor: Dedicated to drawing and sculpting
activities, allowing children to express themselves using
various tools and materials.

First Floor: Features architectural and construction-
based activities where children use building blocks and
assembly toys to bring their ideas to life.
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Table 16 : Sports Block

IV Architectural chapter

BLOCK FONCTION

Position

This block provides various spaces for physical
activities .

Ground Floor: Includes changing rooms for children
heading to the outdoor swimming pool.

First Floor: Offers a designated area for table tennis
and another for darts, encouraging friendly
competition and motor coordination.
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Table 17 : Future Professions Block

IV Architectural chapter

BLOCK FONCTION

Position

e This block introduces children to future careers through
realistic and interactive role-play experiences that spark
curiosity and imagination.

e Ground Floor: Features a mini kitchen and
supermarket where children can engage in cooking,
selling, and shopping activities. It also includes a police
station connected to an outdoor road simulation,
allowing kids to experience roles such as drivers and
police officers.

e First Floor: Dedicated to professions like medicine,
aviation, firefighting, space exploration, and teaching,
each represented through immersive, child-friendly
environments.
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Table 18 : Digital Play and Scientific Exploration Block

BLOCK FONCTION

Position

This block combines technology and learning through
engaging digital experiences and hands-on scientific
experiments.

Ground Floor: Features a space for Al-enhanced
games, immersive  digital  experiences, and
programming activities that promote logical thinking.
Upper Floor: Dedicated to science experiments,
allowing children to explore basic concepts in physics
and chemistry through interactive and safe activities.
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Table 19 : Music and Performing Arts Block

BLOCK FONCTION Position
This block nurtures children's artistic expression
through music, dance, and theater. H
¢ Ground Floor: Includes a dance area and a space for - =
exploring and playing musical instruments. -
e Upper Floor: Features a small stage where children can -
perform plays, songs, and other artistic presentations in :D M
an encouraging setting. C __L —H_IE
e
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Table 20 : Biology block
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BLOCK FONCTION

Position

This block nurtures children's artistic expression
through music, dance, and theater.

e Ground Floor: Includes a dance area and a space for
exploring and playing musical instruments.

e Upper Floor: Features a small stage where children
can perform plays, songs, and other artistic
presentations in an encouraging setting.
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IV.2.5Mass plan

Figure 82 mass plan (by author)
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Figure 83 : Ground floor plan(by author)
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Figure 84 : Ist floor plan (by author)
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IV.2.6The elevations

South Elevation
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Figure 85 : South Elevation(by author)
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Figure 86 : South Elevation colorfull(by author)

North Elevation
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Figure 88: North elevation colorfull(by author)
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East Elevation
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Figure 90 : East elevation colorfull(by author)

~ West Elevation

i

Figure 91 :West elavation(by author)

Figure 92 : West elavation colorfull(by author)

IV.2.7The sections
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Figure 94 : Section 2(by author)
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Figure 95 : Section 3(by author)
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IV.2.8Details

Green Roof System — Cross Section Detail

1. Low Plants: sedums/herbs (typ.)
2.Erosion Control: wind blanket or jute mesh (typ.)
3.Growth Medium: 3" to 6" depth (typ.)
4.Filter Fabric: (ty) upper layer
5.Drainage Layer: 2" lightweight granular mix (optional: mat or plate system))
6.Filter Fabric: (typ.) - lower layer
10. Aluminum Curb: (typ.)
12. Gravel: (optional)
11. Vegetation-Free Strip: gravel, pavers (typ.)
7. Thermal Insulation: (optional)
8.Leak Detection System: (optional)
.Protection Layer: (typ.)
.Root Barrier: (typ.)
.Waterproof Membrane: (typ.)
9.Roof Deck: with Vapor Barrier and Roof Structure
14. Perforated Aluminum Curb: (typ.) with drainage fabric
15. Roof Drain: with parapet well
13. Emergency Overflow

Container Building Sectional Detail with Structural and

Insulation Components Section detail of a typical exterior container wall assembly

1- Cement Floor

2- Steel Grid

3- Concrete Foundation
4- 4060 Steel Tube

5- 4+4 Liminated Glass

S| ! 150mm H

e 6- 8040 Steel Tube
8 7- 2mm Steel Plate t====== 13 mm Gypsum Wallboard
4 8- 2mm Steel Side Plate

9- 55mm Insolation Board
I a‘ ======63.5 mm Metal Framing

5 ==<*T[———=-- Spray Foam Insulation

1

""'?I’ "~====" Container Deck

(g
s

i : : i i P Container Wall-to-Foundation Detail with Airtight Door Seal
Plan Detail: Connection of Adjacent Containers with Airtight Seal and 9
+ Continuous 13 mm plato on th
Steel Tube Reinforcement superior wall oundation, sneuring a
stable and even load distribution
- ———=*—7
51 mm x 15 mm x 5 mmSteel 51 mm x 15 mm x 5 mmSteel L | The container door is
Tube welded to the steel deck Tube welded to the steel deck | [— Is’;:&:":i::?;:ulw
termination. Sel z " termination. S i e m Stael " ST create an airtight lock
S -1 providing strustural when clased.
o -z reinforcemant L g |
» h P m—| | C‘m‘\tllnlum
~ B -1 GWE (gypsum wall board) returns -~ i ol o
f—1— == Edge of Container Floor Below || atthe face of the steel tube, ftmbietiois
_a umslnlnu off the interior space
¥
- Edge of STL Tube Below neatly
1 Blocking as required is noted,
H ensuring the structurs behind
%" Neoprene Strip Adherad to the steel support the finish can support loads and
faces to provide an airtight seal. maintain alignment, U
Technical detail drawing that shows a foundation and cor

system for shipping containers used in construction

Blocking As Required Blocking As Required

/ 51 mm x 15 mm x 5 mm Steel
tube welded to container ond
’

’
’

356 mm x 229 mm x 13 mm \,
Superior Walls Foundation ~
~

e Containers welded BIT load bearing
== o blocks and to embedded plate on
superior walls foundation

Figure 96 Details (by author)
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IV.2.9Environmental Solutions for Heat Reduction

In the project, there is several environmental strategies to reduce heat impact. One
of the main solutions was the use of green roofs, which help lower temperatures and
improve air quality. Also using wooden roof layers made from recycled wood, installed
30 cm above the main roof, creating an air gap that acts as a thermal buffer and reduces
heat absorption.

In addition, using sun breakers to block direct sunlight and reduce glare and indoor
heat. Thermal insulation materials were also applied to the walls and roofs to maintain
indoor comfort and reduce energy consumption.

Fr—e—
Figure 97wooden roof layers made from recycled wood, installed 30 cm above the main roof(by

autor)

Figure 98sun breakers(by author)
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Figure 99green roofs (by author)

IV.2.10 3D pictures
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V Conclusion

CONCLUSION

This study reflects a strong belief that architecture is not merely about building
structures it is a tool for protecting the environment and shaping more conscious,
sustainable communities. Based on this vision, the thesis adopts recycling as a core design
principle that aims to reduce resource consumption and revive discarded materials within
a new architectural logic that bridges economy and ecology.

Among the most effective applications of this principle is the reuse of shipping
containers, which offers a smart and practical solution for constructing architectural
spaces at a low cost and with fast assembly—without sacrificing comfort or quality.
Containers today have become a symbol of adaptable and flexible architecture, ideal for
various functions, especially in educational and community-based projects.

The Toy Library (Ludothéque) project was designed from this environmental
perspective to offer a playful educational space for children, where discovery and learning
are driven by interactive play. The project is divided into several independent blocks that
represent different development areas such as art, science, architecture, music, and real-
life role play. Sustainable solutions were also implemented, such as green roofs, raised
wooden surfaces made from recycled wood, sun breakers, and thermal insulation, to
ensure indoor comfort suited to the local climate.

This project represents an intersection between sustainable architecture and
modern educational programming, through the adoption of the Edutec concept, which
merges education, technology, and entertainment to offer a holistic experience that
supports children’s growth. Through this approach, the thesis affirms that innovation in
design goes hand in hand with environmental awareness and social responsibility, and
that the future belongs to architecture that rethinks its materials, its role, and its message.
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Tableau 1(» 2.8%2.5x12) <biglad) G ivad (o pidll) prel] g Silial)

N° Désignations des ] Qtité Prix unit Montant
fravaux
01 - Terrassements
1..01 Fouilles en Puits en terrain toute 2,304 500,00 1152,000
nature M3
Sous Total.........c..c........e. 01 1 152,00
02 - Infrastructure
2..01 Béton de propreté pour plots, 800,000 307,20
dosé a 250 Kg /m3 en ciment CPA 325, | M3 0,38
éxécuté sur les fond des semelles,
longrines, scaliers et plots.....est) épai 10
cm comprenant fourniture, manutention,
mise en oeuvre, talochage de la surface et
toutes sujétions.
2..02 Béton Armé en plot, dosé a 350 25000,000 57 600,00
Kg de ciment CPA 325, comprenant | M3 2,30
fourniture, manutention, vibration,
coffrage, ferraillage et toutes sujestions.
2..03 Dallage épaisseur de 10 cm, avec 1 500,00 58 500,00
treillis soudé en rouleau ou en plaque | M2 39,00
(20x20x5mm), comprenant mise en
place, coupes, ligatures, plots, dosé a 250
Kg de ciment CPA 325, comprenant
fourniture, manutention et toutes
sujétions.
Sous Total........ccccenenenens 02 116
407,20
03 - contenaires
3..01 D/P Conteneur en acier Corten, U 800000,000 800 000,00
dimensions standard 12,19 m x 2,44 m x 1,00
2,59 m, structure étanche et résistante a la
corrosion. Idéal pour une réutilisation en
construction modulaire.
Sous Total...........ceeeeeeee 03 800
000,00
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04 - Revetements interiours ot Extéreiur

5..03

F/P et Revetement en Carrelage
GRANITO (Dim 33x33cm de 2,5cm
d'épais) de bonne et 1ere qualité y/c
mortier ,coupes, couche rattrapage niveau
en béton d'épaisseur variable,
rejointements au ciment blanc colorée,
"choix maitre d'ouvrage"et toutes
Sujestions

M2

30,00

1 500,00

45 000,00

5..04

F/P Plinthe pvc de bonne qualité
dim GM c¢cm y compris coupes, mortier et
Toutes Sujestions

ML

29,00

500,00

14 500,00

Sous Total

59
500,00

05 - Ménuiseries

A _ Menuiserie
METALIQUE

9..Ao1

F/P Porte pleinne en Métal avec
imposte fixé y/c scellement, quincailleries
et TS (suivants les Détails et conception )
pour Dim suiv:

a) Dim 0,90x 2,20 h (Porte
a 01 vantaux )

01

20 000,00

20 000,00

9..Ao2

F/P fenetre ,chassis, vasistat , en
Aluminuim avec imposte fixé y/c
scellement,quincailleries et TS (suivants
les Détails et conception ) pour Dim suiv:
verre Stop Sol 5smm et verre armé

a) Dim 1,50 x 1,20 h
(fenetre & 02 vantaux vitree )

10 000,00

30 000,00

Sous Total

50
000,00

- Peinture

10..02

F/P Peinture intérieure laque sur
murs et en sous plafonds en 03 couches y
compris , 03 couches d' enduit de
polissage grattage, finition, rebouchage et
Toutes Sujestions (Pour les endroits
humides cuisine, SDB,
WC.....est)(Couleurs choix maitre
d'ouvrage)

75,40

600,00

45 240,00

10..03

F/P Peinture Vinylique
extérieure sur murs et plafond de fagade
en 03 couches y compris , grattage,
finition, rebouchage et Toutes Sujestions
(Couleurs choix maitre d'ouvrage)

84,56

600,00

50 736,00

10..03

F/P L'isolation mousse de
polyuréthane sur murs intérieure y
compris , grattage, finition, Toutes
Sujestions

75,40

3 500,00

263 900,00

Sous Total

359
876,00

Total Général HT

1386
935,20

TVA 17 %

235
778,98
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Total général en TIC ..........

1622
714,18

Tableau 2 (p 2.8%2.5%12) sl ilu j& | sal jlac]g CilsaSl| i

NO

Désignations des
fravaux

U

Qtité

Prix
unit

Montant

- Terrassements

terrassement en grande masse

M3

7.800

600,00

4 680,000

Fouilles en Puits en terrain toute
nature

M3

58,500

500,00

29 250,000

Sous Total

.................

33
930,00

- Infrastructure

Béton de propreté pour fondation,
dosé a 250 Kg /m3 en ciment CPA 325,
éxécuté sur les fond des semelles, longrines,
scaliers et plots.....est) épai 10 cm
comprenant fourniture, manutention, mise
en oeuvre, talochage de la surface et toutes
sujétions.

M3

1,44

800,000

1152,00

Béton Armé en fondation (
Semelles, Avant Poteaux, Longrines et
Poutres de Redressement ...etc ), dosé a 350
Kg de ciment CPA 325, comprenant
fourniture, manutention, vibration,
coffrage, ferraillage et toutes sujestions.

M3

11,41

35000,000

399 350,00

Hérisson de 0,20 d'épaisseurs
moyennes en pierres seches posées a la main
avec remplissage des vides aux cassons de
pierres et d'agrégats roulés y compris
compactage et toutes sujestions.

39,00

1 200,00

46 800,00

Dallage sur herrisson épaisseur de
10 cm, avec treillis soudé en rouleau ou en
plaque (20x20x5mm), comprenant mise en
place, coupes, ligatures, plots, dosé a 250 Kg
de ciment CPA 325, comprenant fourniture,
manutention et toutes sujétions.

39,00

1 500,00

58 500,00

Sous Total

505
802,00

- Superstructure

Béton armé en elevation (Poteaux,
Poutres et Chainages, Rédaisseur, Dalle
pleine pour toiture inclineee, Escaliers,
Acrotere + Chaperon element arc et element
decoratif etc...), dosé a 350 Kg comprenant
fourniture, manutention, vibration,
ferraillage Y/C Toutes Sujestions

M3

6,85

35000,000

239 820,00

Linteaux en Béton Armé pour
divers dimensions et épaisseurs dosé a
350kg/m3 y compris Toutes Sujestions

ML 5,40

1200,00

6 480,00

Plancher en corps creux 16+4 cm
y/c Trillé soudé smm(15x15) en béton dosé
a350 kg/m3 et Toutes Sujestions

M2 39,00

4000,00

156 000,00

Appuis de fenetre en béton
légerement armé pour divers dimensions
dosé a 350 Kg/m3 Epaisseur de 10 cm et
toutes sujestions

ML

4,5

1 500,00

6 750,00
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..05 forme de pente sur la dalle 39 1 200,00 46 800,00
inclinee dosé a 350 Kg/m3 Epaisseur de PH M2
12 cm PB 3cm a 5 cm et toutes sujestions
Sous Total.......c.cceuvueeeeee. 03 455
850,00
04 - Mogonneries et Enduits
..01 Maconnerie Double Parois de M2 70 2 000,00 140 000,00
3ocm(15+5+10) en brique rouge y compris
Toutes Sujestions
..07 Enduit interieur en ciment dosé a
350kg/m3 y comrpis Toutes Sujestions
a) Sur Mur M2 75,40 600,00 45 240,00
b) Sous Plafond M2 30,00 800,00 24 000,00
..08 Enduit extérieur lisse sur murs de M2 88,00 600,00 52 800,00
facade en ciment dosé a 3s50kg/m3+
dressage y compris Toutes Sujestions
Sous Total........cceuenenenens 04 262
040,00
05 - Revetements intérieurs ot Extéreiur
..03 F/P et Revetement en Carrelage M2 30,00 1 500,00 45 000,00
GRANITO (Dim 33x33cm de 2,5¢m d'épais)
de bonne et 1ére qualité y/c mortier ,coupes,
couche rattrapage niveau en béton
d'épaisseur variable, rejointements au
ciment blanc colorée, "choix maitre
d'ouvrage"et toutes Sujestions
..04 F/P Plinthe cuité vernisée de ML 29,00 500,00 14 500,00
bonne qualité dim GM cm y compris coupes,
mortier et Toutes Sujestions
Sous Total..........ccuvenennee. 05 59
500,00
06 - Etanchieté
.01 F/P Isolation thermique en feuille M2 39,00 1000,00 39 000,00
polystéréne épaisseur 4cm ou plaques de
liege de qualité y/c Toutes Sujestions
.02 F/P Film polyane en plastique de M2 39,00 400,00 15 600,00
qualité dur en deux faces "Doublé au
dessous et sus-dessus de l'isolation " y
compris fixation toutes sujestions
..03 Forme de pente en béton M2 39,00 1500,00 58 500,00
légerement dosée a 350kg/m3 épaisseur
variable suivant pente et fil d'eau y/c
réglettes en béton, polissage et TS
.04 F/P Etanchieté en tricouches "03 M2 39,00 1500,00 58 500,00
couches" type nord 36 ST ou 36AS de
qualité agrée y/c noirssage et toutes
sujestions
..05 F/P Relevé en pax aluminium auto ML 30,00 1400,00 42 000,00
colant sur acroteres, chappérons, joints sur
une hauteurs de 50 cm y/c Toutes Sujestions
.06 F/P Couche de protection de M2 39,00 1500,00 58 500,00
gravillion roulé ou concassé daim 20/25 sur
une épaiss de 6 cm y/c Toutes Sujestions
.07 F/P Gargouillé crapaudine en tole U 02 1200 2 400,00
galvanisé soritie daim 100mm y/c
scellement, fixation,picage, jointation et
Toute Sujestions
..08 F/P Déscente d'eau pluvaile en ML 5,60 1500,00 8 400,00
tube acier daim 110mm y/c scellement,
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fixation, picage de dalle, jointation, pienture

métal et TS
Sous Total.......ccceevenenenens 06 282
900,00
07 - Ménniserios ( Bois, Aluminuim, Métal)
A _Menuiserie bois
9..Ao1 F/P Porte pleinne en bois rouge
du nord cadre en bois 14cm avec imposte
fixé y/c scellement, quincailleries et TS
(suivants les Détails et conception ) pour
Dim suiv:
a) Dim 0,90x 2,20 h (Porte a U 01 20 000,00 20 000,00
01 vantaux )
9..A02 F/P fenetre ,chassis , vasistat , en
bois du nors cadre en bois 14cm avec
imposte fixé y/c scellement,quincailleries et
TS (suivants les Détails et conception ) pour
Dim suiv: verre Stop Sol 5mm et verre armé
a)Dim1,50x1,20h (fenetre U 03 12 000,00 36 000,00
a 02 vantaux vitree )
Sous Total.........cccuvenennee. 06 56
000,00
10 - Peinture
F/P Peinture intérieure vinylique M2 75,40 600,00 45 240,00
10..02 sur murs et en sous plafonds en 03 couches
y compris , 03 couches d' enduit de polissage
grattage, finition, rebouchage et Toutes
Sujestions (Pour les endroits humides
cuisine, SDB, WC.....est)(Couleurs choix
maitre d'ouvrage)
F/P Peinture Vinylique extérieure M2 84,56 600,00 50 736,00
10..03 sur murs et plafond de facade en 03 couches
y compris , grattage, finition, rebouchage et
Toutes Sujestions (Couleurs choix maitre
d'ouvrage)
F/P  Lisolation mousse de M2 75,40 3 500,00 263 900,00
10..03 polyuréthane sur murs intérieure y
compris , grattage, finition, Toutes
Sujestions
Sous Total...................... 10 359
876,00
Total Général HT ............ 2015
898,00
TVAL7 % oo 342

702,66

Total général en TIC .........

2 358
600,66

s sl ol 2

& Lrealua 589 gl § lajas @I A3Lall muall (e Aegazme mpudd J) Aslll sl o

el oda 530 09 «gyleally Sraml JLel

121




START-UP

e g Leliall Slladl e asdl @ eabug pddl Glsl> Jlaatal ale] kel Aol il

Y]

Al e Blmy] oSy Lo ¢ gl 35l

s Loo el oserad) Caltiee ps cooliln) L LSSy Lbytad Agany abglod) sns :azSally gyl b
2890 91 A8 S Sl L | s pniateag Ao giin Slelind g3

Lylie gulid oy § apladl duais (S «obglell leally salell pllall Jias, < 3lms¥l § depud! C
(godandl e Ll

e oo (Bpudazll Ll @ylog 15l &5lae Baliazd) Sy bl Jlaniael vad :caJ olaks! .d
aoegl lid Jglite § &ylane laus pdgry

L8] o <zl ppasatll Sz g3 Slg Gelimg Byme Ll cbglandl 0s5 B polall adlezd! e
Ao peg Lolde A 3lsd Ads ludly A 19dly JSadl )

Ldazms Lon ¢ By adlge J) Ugun olelinall Jas ol elSas Sy reayds g2l solely Jadl agisal f
aasgll ol B el ol A dlie

oty 381 elgu cculball o> Limimins Yolo Bucuodll puds Badme Silalod lmind| g
Aaie Aupdys 9l Leaulad lusg of Asle cileliad

S lbglll Jlenil Sy el e Layudy Ladlio Junay 1yl o801y cilaid| ¥l § ajalzd! h
Sobo y853 Com Apapidall 2l gSI1 o I3 e gl lall ¥l (3 Aidge Apaglsg of 2aSius lusoS
& Bsign Bt Llaz Lo « I35l B Aaglie 5895 cubiglondl 1631 panny 0 LeS oy peaitald (raly papas

Al ol

122



START-UP
Jaadl 31 2 3
S Jead cobaasall Sadaie lslaS muay JolSie Jose 358 e go,adl a7 Les deiay
294 e g IS allainy e Lac¥l o A gaza o 30yal) 098y 2sld) w3l Blual Guaxi) exuds

Belash odiaide po,adl yghat § paluy suz=e
Awbie Lo Glebad Jl abgldl Jigs LT Jl 48ls| cagadsglly dtlazt!

Olesg cabglell 4slad¥ly Anadl colgeedl dwlys e J95un Zg_,;.\.al‘ Ll ‘3 ‘é\.é.‘iji S ki b
ez AbLE yleas Slasg J) Lebgas wie Loyl yaily LG ! Lradhae

2o e Aasylay gkl sl slaall eulass § ealun ((Designer d'intérieur) 15 paian  .C

) Wg ey Ao, Blelpe o (i ciloas AT ugle) Aaliell clolasa]

Juats « Fsally Gl Jyadl Sy s Il o haslly slus 31 oS5 iads lud an@ll @ ole d

(o colas) a1 Jleel

Bacludl c0ga3ll adgae ) Adyell o @3 Adiyadl I (3ysl) (oo Sligleedl Jas S Ay JAd) J95una €
255 &Sl
IRy

Jé\}.ilj%\},‘z!l S5, SSd! (49 @.&Jbua.é_“ Sldee dass dgaall a.\s..!.(‘.'bw.“éé\.&' g

Al dgaall Ll

dsats, Fyeally §olosd! Jiall S5 Al 1l gy Sles 81 oS5 ksl Al § Jale h

(sl colas) cuda ) Jlael

123



START-UP

Sl e Juolgtlly c3ylsh Bylo) bkl sloe] (uyladl ¢ 95dl pady ol tJlag olsl Joguna i
Ogally Aol

L Jiols5 At s sLplooiis sl Cispal e Jons iiolailly Gugadl] s |
Jo! Leyg (el goiadl e 8,880 g Allg e Maall o)

Gl ollabasll 399 (Olall § caSAlly pzilly Jsgmtll ciliony 051aSn 10 guasaiin Jlosg Oguid -k
il G0l Ly

Jizmandy Auawsll Guedt] 25g30al clel2¥ @i 151091 ae lEMally CalKa of igild jlidus |
syl Sl ae daladly paus Al e Jgiaxlly ezl

2hge ) o3l pdge e Sbsldl Jis mlilee maass e 8y s o gilly il (G gd Fada .M

oyatlly Jarl § aiastll S, a0 ae Jaladlly ccuSA

Sl Ly Zacansl) BoLad alas v i3y Sleatus ppaws il A5 30,80 4S5 o ) 5,La31 sz

Al 3bllly 83zl ooleLaall Aapds o rdlion] cnsliue cadydue ol « 0,
£ ol Cilaai 4

Al cayleall Colamdl o pems (@ AL Bluall (0 Acgame Guims J odd 1 oo

LA‘)).'T 09 cdee iy Lolaidy|

Slelind Lﬂ EIPeS M Q.'x.,&.n Q\.»ajl:- d.»@aﬁju. e i g Ay 74.:).4'4.‘» apLa.a.a J}L':-Jli?.ﬂ .a

pladlelasll § ol Gla b puss aiass iy

DIl plaseial cro dzedly el olol) (ais JMS ro ebid) Jlme § jagudll Bole] Sluylow e s b

oy Lieald Al Bosa ) Sl JUllog (ot
124



START-UP

o cloaasdl Lol Jobiae 3 0583 3Ll ayang 4RI Andein Lypnn Silelind pdgs .

L8 33l lslaall pads eI ae S § pabuds o891 il

e Sl Ladl sin (oS o Sa Sy sdaotanlly JA 2L Jolo SNy Byl Aoyl jujas .d

&ylshdl ¥l @ Lalasiul G ol (a8lslly ool A

o el sl llaml Sl sLad) pe 1 pnnedl boluog¥l 3 Szl B3g w3 § dealudl e

3100 o ge a3 AL Bugo sLad) I 0 2gsloadl Jlakl §,K0¥1s JlosHl 8oy pes f

(e 42 ga Sy Dbigll cadags

33 Lea o oaudymdlg il e anasall conadidl Jie :obaaseid| suaie oldd Jos 0,8 3 g

Aol 2sLazd ¥l LSealill

S By Aylane Sl utas e slud W1 Sledll of duacdall & oS0l &2 lsl slaazudl h

Aaie Sleas 38150 o Aidge (2 heS lias

g sl Bad) ey dss 5

dgia 3l Alda yal)

Ay cilaliadl)

-1 gl
3

-4 gl
6

Ny YA
9

)
18-10

)
24-19

swaail) g £ g pdal) Al

(Jardl zigal dae) ((§guad) Al g
dagal (o Gl

X

il g Gl

(Al CSi (Al Gupadil)
A6zl s

A @Y

-

Al g i) p g pda Jol il
G:U.Am

224 sl

Gl Bhaa a e LdE
Gl el cladiiall

4 sl 50 5 aggl

(lipwald  JWS) plY) ands
Jal&il) A g

125




START-UP
L.)KJ.)Y‘ PV S | EAR| I BYES Y 1
AL A laall Jsloell (e 119 5 medl JLnll 8 ol holon s9u5 Bale] g9,n pind

udanll Jeloelly &,lie 100,

by o lara painS Jaga Slia 350 CiBigiBale) 6

AL 3\.1)44_3- a.t“)LQM Slasg JI Jas Jilawg o Q‘f‘gl_'z)\ d.:j.‘z? O S

Cilp Ladl) ananali B 45 g yall g Aalain) Gy et} 7

A8l (a8lia g po pu (o jbera LG Zigad 8
Lelin oIS Bnd il id (§ s Ladl mdud iy
(SUR-MESURE) <illl s azacaill (auads 48] .9
Agan B0 G 3&531 ool Jleaiw! e du>g S cwliid
Adladll g yuheatl) Aates 4y pas 4y M 10
Srand| LAt ol ae (oilews
Ao il aa zladl ALY 11

Al g @ly LS Lelas¥) Aune sl A5 e

s skl el A A gl g Sy 22l 12
Lol ol 5yl gSIN 8 oy miaill Ao oSl Aasyang Brale lusS

126



START-UP
sl (s giaall o Alilan gy biia 252 g alani) 13

e 25 Lylans 235 Slcpn s ¥ i cgyil3nll Blaad) § 1381, BISE g3l tad
Sl Bl Amyd Auwwgall Jaay 31pai¥l 10a ageall L2 g0 Ly olebiad ] wbiglol Jiges

PIPSD. % PUE TS PN E T WV AR PCONP NP BS T PO (It

Gl gl ¥l el 00N ol I
s i Jad sl alal) puash 1

dastll U 3 Aol 3,y Byl HIENW das Ay el gl 8 55515l Bl pia
(920 Jle Lo cclld 29 .golq_udlg é._q.“ b\UaJ‘ old C:\)L&l\g Al olacwsdl @.‘LJ«.U ‘5,0‘952.”
& Busly 230L; auyliie alal Jlell iy Las <Goyas Jius pe Gzl sl § lgldl 195 85l

Jlell 1ia

Adagiual 4l 2
(v ldie auby @@lale (sl degite BlbT sue sl Gleds (oo Bugatad | 25all Jodd

el (09

Llas o ugls oSlel lan| cillass) aladl cilelbinall s dol oo tddaed| by sbuddl La
‘(....&4«).4'4} QLO\.L&'

e of ilullad laiad Jaild L8 of dudze cleliad ) 7 lixs (@1 adedl of 8L Slaed! b
eyl

G o duany ) Blll) 3 Aals (Aedmg Ay @lad cleliad o LadY sdaslaitls Lgs Ul ciluosl! .

127



START-UP

il lua ol Aud > cleliad (ILESK Jloaradl 218 lusg e Oy Ll i gud ol of 31,381 .d

Al Aylems

o slsa) Jsloed s 01 ¢y I o sl Bulsedl o s SLud ¥l Sl § Aelall bl e

Al @ Ll @ (o paienald Adlie Ao yd g, dl Jiad: Ssleiludly 2 Leudl pladll § oolelall

Blshll ¥l §Alae sleas

$oleS mligladl plaseiad S g uls Ll of Bl ol Lpagdall Gl § Aols Al

29 ps9 S8 AL, (1 piim (gdie ¢l ¢ JLdial) Bacs 331568 ol ciardall § Amonks Hum i

(gl e bdl e e

-

5

ddagriual) 4idl)

[ dalal) g g

RRECARNT

2 £ 9 pdall g0
[FAET

oallaall s bl
Alaall

Calelizagl) BIEN
Jba cJLEl'ﬂ cu.n;&;) Aalall
(e

Glaa Prp
a]s,s\ e ‘b‘)ﬁté

S il Algs

il Glazaall

aaldll)

:\35‘94 Cileliad
su'a)bm) It DA

(”'U_\L&)} ¢ e

Gleliad ataial
sale) g Jaull AL dcaw
s gl

-

PRI DA
(0S5 N e cpalae)

Y’J”\u by cleliad

Q‘h)

0l Alavia duades

A @Y o s )

Aliyy U

B)PH:LSA‘EM

EARERGHKENPR¥ P
duia Hlauly Ganadill

plaY) il
o

(Y

dgadl deall)

‘; ;\JJLL Cileliad
‘A_'q\a.m;\ sc‘ﬁ;\) &J\}ﬁ\

(s

Glaay s
Ly s

< sall Jleainadld

Aag e

oaledl Jladl

431.\..4 Cileliad

b Qi 51580 ey

Q‘J}}

sl b Hase dalau

wanadil) § Jaull 418

128



START-UP
Adliall a3 3
Sboladl s Bale]) pavastll ity of poall udty Bl b dds A0l clucwge azgs ¥ il §
(o0 B A8 8ydlie pe Audlio Jlia (cUd ang (peimel] Azrgo Ly (51,29
(Sladl Ll Syl g
Sraled! JSLedl I8, of dduall 5yledl wiliys -h
i JLEST deliual 45y Syl i

Mw EL_[QL’> R BJLS‘.! e ‘J#A}Ln J! M‘ O ALK Aus p._..x.a_?a.m L &9)—&1‘ J’.\..A; L

Lldg Ladsg byleas i muad]

oAl 4
8oLyl el s Los Bpaldl dudldl e

(.FONAREF (ANSE] (g5 «iligall) 2dlill cilucwgoll Agadl qes b
9l Bolels Andl Apealy parzll £oll g las)l c

(aballas (¥t (oylas) G Sl (38,80 alusil 456)  .d
Aalisee sli¥gg (e & Ldeud pe 8,SGTl apugs g @

cbaadl) of claagdl 5

il praadIly e Led Sloadd) psidges a
Aol GSL1 3 a5 a2 Sl U] 3 Aubolig ) ol Asgslall clandl b
gl Bl Alaniaad] skl ) Jsims)) Bogaso 2olSa] €

(y @3 9l Al 42813 @3 13] g,adl Gyl § Jsgaddl &p3gae .d

129



START-UP

palaiily z Lol dlas sl Jlysll IV
3-‘..-5-!.-23 Slelind Jl Uoaiud! Zt.i.n.\.al‘ o.zju._“ Qlﬂjl} dijz_? L,Lc N-]ém‘ﬁ CL‘L.:X\ s (.s}é_'i
Aloma g l] Ldyg ous «JolSe (885 (33,89 (Awgyde ilghas 389 clldg (g pacdl Jlearud ALLE

[

ZuN) dalse .

Adl J> 1AL el dlans lusg J) Slgladl dsgoes dulae s

Laadlag Sl Ll o aSTE e comaloell (paysdl of il ot Aloaiand | Sibigldl (L8l .a
Jealsd! Balely ariimill Lmmsea A9 J) wlolad! Jas ey adiyedl JI JaddI b
(Adl s 3190) Ggums 6ol Jre i aung 0 (a3t 13] Sl mes: Jyally peeadd! .d
19 gl el oLy S s )l Gyl el 1 (o 33 Aamy Lty Ads 0l Al e
Aol Slnezs
L padl susolly Sl ezl plladl cllac¥: (omylid) cdadiddly o Matl f
2dsa ) Buoll Jas @3 Lol el of U aug: Ggaild Jaidly Skl ne=dl g
dadl a2 2
i Jo¥1 AU 3 2l 5l O3Sy

130



START-UP
Agaall A g euslddl 3 ga5 b
ASLw/s LS 585 €
gLy slad 3
ed A8 A linay Ly didh of Aueline Aalain § 7 Lo B e Adyg HLiasl oy
s gl 3 byl anl ) gl Jldzuls .a
elgald Bl cpsall sLab sg2g b
Sl g pe A1, ) of Al Aaegnll 2Kl ae
QS il g Juagil) dd 4
Lol go,adl Jada
(Ogall pdge Jl Silusgll Jas deus
a8l § 3d Aadlye of Uile cuSyidaus b

‘a‘.\.zi.w}” g9 cou L 5l Lluog Olays pa_d.ﬁ.'i OS”".Q .C

PLAN FINANCIER aJU| dasetl : ol joxll .V

131



Business Plan ®
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START-UP
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STARTUP :Entreprise qui utilise des conteneurs recyclés pour offrir des

espaces urbains économiques et innovants

REALISATION PREVISION
Pr N+ N+ N+ N+4 N+5
oduit A 1 2 3
destiné
Client e A
Qu 5 10 15 20 25
antité
produit A
Pri 60 60 60 600 600
x HT 0000 0000 0000 000 000
produit A
Ve 3,0 6,0 9,0 12,0 15,0
ntes 00,000 00,000 00,000 00,000 00,000
produit A
CH 3,0 6,0 9,0 12,0 15,0
IFFRE 00,000 00,000 00,000 00,000 00,000
D'AFFAIRE
S GLOBAL

22 600,000 2 sl (0 3 38l 3as 5 ST o il jaudle

cdsl ZasaiS L cilan g5 an s ¢ (N1 )l sY) il do
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Innovation Matrix

7
0.7 g } N\
\ Innovations de Innovations
Incertitude de Marché Radicales
marché
& gl ! IS 2yl o S
g oSl aue N <
yon | Innovations Innovations
/ Incrémentielles Technologiques
ol 31 &l 4! L o7 915 & S
G J
Incertitude technologique 307
740 A
& o ySJJ | astl pus
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STARTUP : Entreprise qui utilise des conteneurs recyclés pour offrir des

En milliers DZD

espaces urbains économiques et innovants

REALISATION

PREVISION

N-1

N

N+1

N+2

N+3

N+4

N+5

Immobilistation
Incorporelles

0

150

Immobilisation
Corporelles

0

400

250

300

350

400

450

Terrain

Batiment

Immobilisations
Corporelles

Autres

200

150

180

200

200

200

Immobilisations en
concession

50

100

120

150

180

Immobilisation en cours

Immobilisations
Financiéres

800

580

670

750

830

Titres mis en équivalence

Autres participations et
créances rattachées

Autres Titres immobilisés

Prets et autres titres
financiers non courants

Impots différés actif

S| O O] © O

S| O |OoO] © O

S| O O] © |©

S| O (o] © |©

S| O O] © |©

ACTIF NON COURANT

800

580

670

750

830

Stocks et encours

120

150

180

200

Créances et emplois

assimilés

Clients

500

800

1,200

1,500

Autres débiteurs

Imp6bts et assimilés

(el el Ren)

créances et
emplois assimilés

Autres

80

100

100

100

Disponibilités et assimilés

O O OO0 © OO0 © O © |0 o o ©

O O OO0 |0 O OCC| O O O |0 o o ©

120

250

400

700

1,000

1,500
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START-UP

Placem?“nts et. autres actifs 0 0 0 0 0 0 0 0
inanciers courants
Trésorerie | () 0 0 0 0 0 0 0
ACTIF COURANT | o 0 200 680 1,100 1,750 2,480 3,300
REALISATION PREVISION
En milliers DZD | N-2| N -1 N N+1 N+2 N+3 N-+4 N+5
CAPITAUX PROPRES 0 0 0 0 0 0 0 0
Capital émis 0 0 700 700 700 700 700 700
Capital non appelé 0 0 0 0 0 0 0 0
Ecart de réevaluation 0 0 0 0 0 0 0 0
Primes et réserves- 0 0 0 ] 0 0 0 0
Réserves Consolidées
groupe ’ >
Autres capitaux propores- 0 0 0 0 0 0 0 0
report & nouveau
Part de la  société 0 0 0 0 0 0 0 0
consolidante (1)
CAPITAUX PROPRES 0 0 700 800 950 1,300 1,700 2,200
PASSIFS NON- 0 0 0 0 0 0 0 0
COURANTS
Fmprunts et deftes 0 0 200 200 180 150 130 100
inanciéres
impot différé passif 0 0 0 0 0 0 0 0
Autres dettes non 0 0 0 0 0 0 0 0
courantes
Provisions et produits 0 0 0 0 0 0 0 0
constatés d'avance
PASSIFS NON- = - - - - - - -
COURANTS
PASSIFS COURNATS 0 0 0 0 0 0 0 0
Fournisseurs et comptes 0 0 100 120 150 170 200 230
rattachés
Impots 0 0 0 0 0 0 0 0
Autres dettes 0 0 0 0 0 0 0 0
Trésorerie passif 0 0 0 0 0 0 0 0
PASSIFS COURANTS - - - - - - - -
Verification de I'équilibre 0 01 1000 1,150 1,680| 2420| 3.230| 4,130
Actif/Passif i > i > i i
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COMPTE DE RUSULTAT PREVISIONNELDE

STARTUP : Entreprise qui utilise des conteneurs recyclés pour offrir des

espaces urbains économiques et innovants

REALISATION PREVISION
En Milliers DZD | N - | N-1 N | N+1 | N+2 | N+3 | N+4 | N+5
2
Vente et produits annexes 0 0 800 | 150 |230 |300 |380 |4500

0 0 0 0

Variation des stocks produits finis et en cours | 0 0 50 80 100 | 150 | 200 | 250

Production immobilisée 0 0 0 0 0 0 0 0

Subvention d'exploitation 0 0 200 | 100 | O 0 0 0

Production de l'exercice 0 0 105 | 168 | 240 |315 | 400 |4750

0 0 0 0 0

Achats consommés 0 0 400 | 700 | 100 | 120 | 140 | 1600
0 0 0

Services Exterieurs et autres consommations 0 0 150 | 250 | 300 |[350 |400 |450

Consommation de l'exercice 0 0 550 | 950 | 130 | 155 | 180 |2050
0 0 0

Valeur ajoutée d'exploitation 0 0 500 | 730 | 110 | 160 |220 |2700
0 0 0

Charges de personnel 0 0 180 | 250 |300 |350 |400 |450

Impdts et taxes et versement assimilés 0 0 20 40 60 80 100 | 120

Excédent Brut d'Exploitation 0 0 300 440 | 740 | 117 | 170 |2130

Autres produits opérationnels

Autres charges opérationnelles

Dotations aux amortissements, Provisions 80 100 | 120 | 140 | 150 | 150

SOOI |O
SOOI |O

Reprise sur pertes de valeurs et provisions 0 0 0 0
Résultat opérationnel 220 340 | 620 |103 | 155 | 1980
0 0
Produits Financiers | 0 0 0 0 0 0 0 0
Charges financieres | 0 0 20 30 40 50 50 50
Résultat financier | 0 0 20 | -30 |-40 |-50 |-50 |-50
Résultat Ordinaire avant imp6t | 0 0 200 | 310 | 580 |[980 | 150 | 1930

()
()
(=)
2

Impot exigible sur résultat ordinaire 58 98 150 | 193

Impot différé (variation) sur résultat ordinaire | 0 0 0 0 0 0 0 0
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START-UP

TOTAL DES PRODUITS DES ACTIVITES 0 0 105 | 168 | 240 |315 |400 4750
ORDINAIRES 0 0 0 0 0
TOTAL DES CHARGES DES ACTIVITES 0 0 850 140 | 187 | 227 |265 3013
ORDINAIRES 1 8 0 0
RESULTA  NET  DES ACTIVITES 135
ORDINAIRES 200 | 279 |522 | 880 0 1737

Eléments extraordinaire (produits) 0 0 0 0 0 0

oS (oo |o| O
oS (oo o| O
e}

(e}

S
=)

(e}

Eléments extraordinaire (charges) 0
Résultat extraordinaire 0 0 0 0 0 0
RESULTAT NET DE L'EXERCICE 200 279 1522 | 380 135 1737
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TABLEAUX DE FLUX DE TRESORERIE

STARTUP : Entreprise qui utilise des conteneurs recyclés pour offrir des

espaces urbains économiques et innovants

REALISATIO PREVISION
N
En Milliers DZD | N - | N -1 N| N+| N+| N+| N+| N+
2 1 2 3 4 5
Flux de trésorerie d’exploitation
Encaissements des ventes 800 | 1500 | 2300 | 3000 | 3800 | 4500
Décaissements des charges d’exploitation 850 | 1401 | 1878 | 2270 | 2650 | 3013
Flux net d’exploitation -50 199 422 | 730 | 1150 | 1487
£ Flux de trésorerie d’investissement
Achat matériel & aménagement ;‘ 00 -200 | -100 | -100 |-100 | -100
Flux net d’investissement ;‘00 -200 | -100 | -100 | -100 | -100
£ Flux de trésorerie de financement
Apports en capital ou subventions 500 {100 |0 0 0 0
Remboursements d’emprunts 0 0
Flux net de financement 500 | 100 | O 0 0 0
@ Variation nette de la trésorerie 50 -1 322 | 630 | 1050 | 1387
Trésorerie initiale 0 50 49 371 1001 | 2051
Trésorerie finale 50 49 371 1001 | 2051 | 3438
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