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Introduction University of Minho
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University of Minho

Founded in 1973, the University of Minho is
located in the north of Portugal, with a
campus in the city of Braga and another in

SPAIN

the city of Guimaraes.

Braga is the third largest Portuguese city,
born from the ancient Roman town of
Bracara Augusta. Guimaraes is known as the
"cradle of the nation“ and its historical center

is classified as World Cultural Heritage by

UNESCO
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University of Minho’s
School of Architecture,
Art and Design

Landscapes, Heritage and Territory Laboratory
60 Researchers with PhD

Scientific areas:

Architecture and Urbanism (Main Scientific Area)
Archaeology

History

Design

Research groups:

Lanscapes and societies (Land-S)
Design and Technology (De-Tech)
Space and Representation (Space-R)

R&D unit integrating a wide research team from different scientific areas
(Archaeology, Architecture and Urbanism, Design, Geography, Geology,
History and Visual Arts) converging to the common interest for the study
of the territory, its landscapes and heritage. The transversal scientific
character of Lab2PT is ensured by its organic articulation with two schools
of the University of Minho: the School of Architecture (EAUM) and the
Institute of Social Sciences (ICS) through its History Department.
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University of Minho’s
School of Architecture,
Art and Design

Based in Guimaraes, Azurem and Couros Campi

Staff:

30+25 academic staff

5+2 non teaching staff

Students:

575 undergraduate and IM
65 (Arch MSc) +

40 (Prod Des BA) +

30 (Visual Arts BA) stly
30 PhD students
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City and Territory

Construction and Technology

University of Minho’s
Graduation in Architecture

Architectural Culture

LANDSCAPE SUSTAINABILITY HISTORY & UCRONY
STUDIO 1 / 8H / 10 ECTS STUDIO 1 /8H /10 ECTS STUDIO 1 / 8H /10 ECTS

g;\tﬂ SEMINAR / 3H /5 ECTS SEMINAR / 3H / 5 ECTS SEMINAR / 3H / 5 ECTS

20 HOURS COMPULSORY / 3H / 5 ECTS COMPULSORY / 3H/ 5 ECTS COMPULSORY/ 3H / 5 ECTS

SOECTS OPTIONAL / 3H /5 ECTS OPTIONAL / 3H /5 ECTS OPTIONAL / 3H /5 ECTS
OPTIONAL / 3H /5 ECTS OPTIONAL / 3H / 5 ECTS OPTIONAL / 3H /5 ECTS
TERRITORY INNOV. & TECHNOLOGY MANIFESTOS AND UTOPIAS
STUDIO 2 / 8H / 10 ECTS STUDIO 2 / 8H / 10 ECTS STUDIO 2 /8H /10 ECTS

gg\? SEMINAR / 3H /5 ECTS SEMINAR / 3H / 5 ECTS SEMINAR / 3H / 5 ECTS

ggEHCOg’RS COMPULSORY/ 3H / 5 ECTS COMPULSORY / 3H / 5 ECTS COMPULSORY / 3H / 5 ECTS
OPTIONAL / 3H /5 ECTS OPTIONAL / 3H /5 ECTS OPTIONAL / 3H / 5 ECTS
OPTIONAL / 3H /5 ECTS OPTIONAL / 3H /5 ECTS OPTIONAL / 3H /5 ECTS
PUBLIC SPACE PATHOLOGY & REHABILITATION | | EMERGING PROGRAMS
STUDIO 3 /8H /10 ECTS STUDIO 3 /8H/ 10 ECTS STUDIO 3 /8H/ 10 ECTS

g;ﬂ SEMINAR / 3H /5 ECTS SEMINAR / 3H / 5 ECTS SEMINAR / 3H / 5ECTS

ggEHC?léRS COMPULSORY / 3H / 5 ECTS COMPULSORY / 3H / 5 ECTS COMPULSORY / 3H / 5 ECTS
RESEARCH PROJECT/ 3H / 5 ECTS || RESEARCH PROJECT/ 3H / 5 ECTS | | RESEARCH PROJECT/ 3H / 5 ECTS
OPTIONAL /3H/5ECTS OPTIONAL / 3H / 5 ECTS OPTIONAL /3H/5ECTS

4th RESEARCH LABORATORY RESEARCH LABORATORY RESEARCH LABORATORY

g(I)EI';ACTS DISSERTATION OR A 30 ECTS DISSERTATION OR A 30 ECTS DISSERTATION OR A 30 ECTS
PROJECT WORK PROJECT WORK PROJECT WORK
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University of Minho’s
Graduation in Architecture

Sustainability Module

Compulsory courses :

Construction and Technologd
Studio 1 Sustainability

Seminar 1 Sustainability

Compulsory 1 Indoor Environmental Quality
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7 University of Minho
I ._ School of Architecture

Sustainability and Urban Regeneration
Transformation of an old factory site in Guimarées

RESOURCE
EFFICIENCY IN
ARCHITECTURE AND
PLANNING

MIARQ
STUDIO 1B
SUSTAINABILITY
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Energy @ @ Noise

L g = 45dB avoraga lbeary. tshould coma #s nosarprie, tha sha's major woak-
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af the brdhure, appotunkis o nicoma nobe pratection In -
spansbla urban plnning am marifold Cosing tha gaps betwoan
tha bulldings and the noorpation of addeicral roka bamers ac
tha manhisnd westam bordag construciad a5 nacurd barms oewih
wird manal can ecuce roka whika conforming o the g cn-
viranmanial callbar and tona. On tha recabvar end, modiying fioor
lpoutzcan signifcantly mkigaia nohc, i tum avoiding the thisat of
rinsrsbls haokh effacts

20° {iasmth. Tha Ari roof sudaces S128m’ moaty bubdirg D} arm
less suimble dus o partal shading and lass mdiation on hartzancal
surfacas. For bubding A8 and C alons, 2 1otal harsasting potantialaf
srourd 1200000kWh per vear can ba cupscted Mith monocrisalk
ling Py-mochilas, efficency of 129,

Energy Supply

Erengy & nasded for difarnt functions of the ske. whils bulldings
nead 10 be heated in winker manths, 2 lot of cooling aneny b &-
muirsd I summer. Followirg the aim 1o ecucs heating and mal
Ing darmand of buldings by spechic masminos towards mio ansmy
Euildings, tharmal snagy becomes a smaler share of the ansmgy

Regulations

Iri 2006, the Euncpean DIRCtiva 2000 40,CE ixmed 2 docroa-liw ne
146/2006, introducing now amoutical pammeors for arban oou-
parcy, nchiding thias sdfcranco penods of tho day: jday (7 h- 30K,
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clovioas, and for verkirtion and lighting as wel, starts to domiraia The Site E::n Ph“::";h:&;!u FpENLRL et z
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Current Situation

Annual serage proipitation In the city of Gulmarsss & BISmmy
yaar (HASA 201 The study she hes 35000m32 of cperyparmeabls
spaca and B3000m2 of noerpermeabls surfios aea. Auraff stam-
waater from the sha flows pimardly Imo the rorthem undenground
Cours Fver, bribnary of the #ver River Bxin, which covers a toial
arm of 58 kmz (0lveda, Lims, & Wi, 2005

‘Waiar Supply and dipasal n Parbagal Is managed by tha Agquas de
Fotugal Group i partnership with kocal compardas srd municipal-
ties. Aguas do Nomaits SA. brezponsibl of tha supply snd dspaml|
of watar In Gulmarss. This group openmias 12 WTE 520km of waker
e I e of wasiewater € opernas K5 WWTF and 721km of
sawars (guas de Portugal, 2012) Gulmanas hes a waierdemand of
120 lcapitadday, which is largely amanated from surfaca and onder-
oround sounss.

SWOT

Tha fact that the sha has over 50% permeshiliy fotally ursealed
awa] |5 2 STREMGHT. The assumed combined sawaga and rainwater

*deape s s | il
rmbing reachira 16 1 (Mt g, 39T

STORMVATER SARYVEST POTTHTIAL
systom Is soer a3 WEAKNEEE, Tha largo amount of roof arcacan ko
wgarded &2 an Imparant OPFORTUNITY to harast and rouss rair-
wariar. Cimate changa, tha ciys plan owarce dorefication, the cld
ek mlimd) infrasir uchors ard the cost sstodated with the ooy
tian of tha lattor aro all corsdord THREATS.

Legal Instruments

The EJ Watsr Frama Dimctie [WFDS cama Inio force i Ooiabar
2000 with tha aim to Impovs the squatic amvranment of al mar-
bar states. The WFD promotes decentralied wate and minwatar
managerment with Irstrumants such as tha taxation systom, which
gk Incentves to usa water sacumss mak affickenly,

i tarms of sustainsbla weler management, Portugal bunched the
Hatiaral Program for Efickart Wekser Lsa (PREA] in 2005 Howevar
tha country sl reeds 1o fulfil tha EU wgulbstions [EL, 200t many
wastswatsr trestmant plants oparats iraufficently ard potable wa-
tar qualtty alse doas ot slways Fulfil Eurcpesn standerds Furthar
marg, therm sk some kgl constrants sbout the wusa of wasiews:
tarand mimwaber [I5EE Partugal, 2006

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN

Siluation in Partugal

Bulldng materids should ko sukabla and adbpiable o the lboal
condtionsof tho bulldinoysto Portugal hes mary natuml ressouic
wch s covk, Iion ors, coppsr, Tinc, siver, gold. marbl, clay, gymum
et 40% of tha warkds raw resowon ane consumed by buildings At
tha same time, buldings are cae of tha man producers of wasks,
Farmfu air ard OO0 amibsions [Zarl, Tharsfo the cholkos of buld-
Ing matariok to ba used, &s wall & thair deposalmecycling, b vary
Important,

Crn-site situation

Whan araksing the praject ske, ks main advantaoes soarding ma-
tarkls are tha high onvmaniztion of muable materak and the di-
warsity of lncaly precuced bulding materiab. Akhough ealya small
part of tha four buildings is still In uss, o corakderabla part of the
buldingy’ sinchure b in good shapa.

On tha other hand, the wasia mansogomant syfom i Guimanses
st urdor coratruction and maost wasia ooes 1o andfil rthar than

Materials

-
[ Wazd

Clyiraciions, plmsicy o, brick

G0 COMSTALDTION MBSTE ON-5TT

10 mpasing, Roychvg or Fcrestion plants Wl saparion 15
prctialy nanaxkian,and the capactty of the birs Inthe ciy Is i
ted On the ske ek thene i3 2 high 1k dua 1o the former usa for
taxtils and leathar production, that the bulldings and sumcunding
sall are carkaminated Furtharmons, the bulldings have no Improvar
mants such a3 insdation snd are il In the sama shusticn shosthe
19004

on tha other hand, thase condiiors ofier saverd possbitties afup-
«cycing the buldings and ther materals, and reusa of the majodty
af tha struchares, matarals and custing vweostation Addnioraly, the
sk providas the opportanity bo have a plorssr mlke n axhibiting
washs separation and other sustainable ideas.

The mue of the bulldngs and a changs in thek usas may enal
wmoval of soma of the old truchwesmatedals. Futurs wse of new
matersls should ba babincod and carfuly walghed in sspect 1o
rquied functionalty, st and historical valua.

Legal instruments

Seversl nsruments and requintions dascribe 2 frat step n tha diec
than of waste soparstion, reuse and ecycing Foraxampls, Fortugal
has developad & Kational Plan for industriel waste preventian and
mom fosed for munidpal wasio provention a: wall Addbanally,
+tha EL Directiva 20103180 ensurs the estension of mrewabls o

arglay
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SIWETER & ENGRGY: FACPOSED FIATURES

Water-Energy-Link: A showcase project

ICAMC 2023
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The project spprach aims 1o regenais a dersbct anca a3 the
soicharn chy oiswey 1o Guimaraes by dovaloping tha sk with
approprima mbed uses and encouraging permeabiky throuoh the
shta. Tha anes comahs many struchunes of Wstonca | sgnificancs, such
asinchstrial bulding: ard the grosn park b the conter . Theao wars
allta ba anhanced and bought back imo wss.

The propasl osetss rew routcs and enhancss eusting floar pat-
tarns at an uran dasion koval whils providing sigrificent archioc-
turaland landscape featums which wil mtact naw [ into the amsa.

MORFHOLO G DIAGR GM

i devsloping the praject concapt, inhtialy the most approprive
sas el kirad 10 ghia a chearch of tha spacos within
andamundtha sha The marphology disgram idart fias threa major
usas n the ama such a3 cuhiure, residemital and servicas and offia
and brdscape usa Thase wes s to baanhanced by the sireat de-
sion. In this conbot, throa major typasaf stects wor identified Tha
Gmen Bak snhancing the cdtuml and leisum wsa in the aee, The
Bhe Baft coreclidating the cffice and bindscaps weg, snd the Red
Bitt backing up tha commenial and srvioes wa I the resdantial
e

By daveloping new mibad-usas In the sxdsting Industrial ases and
oanecting them with the new wrhan desgn fetums on the strst,
tho pmjpct aka lsin become avibart artartal Inkwithin Guimaraos,
diiscting vskors imuttkaly from tha station m the inner cty. In tha
same ima, the amss will ba devslapad considering the kwat pos-
=hlo Irpact on the urban srvrcament whiks holping to ohstaioa
sarei of community and connection tonane by cresting aclosed,
compmct system which condansas the place whass you Iva, work
ancd play.

| o
Conceming the envimnmantal aspacts, tha project Inspies delight
ard axpresses human desgn symbiotic with nuture. The Guimaises
southam cky gate-eaks o be a I support sysiam In harmany wih
enangy and vasber flows, human exparncesand other Iving things.

Thi st ba achiovad by stroot and oroan arca design festume which
harvast the enargy of the sun, wquener orsenhouss oees, harvast
and distil watsr, ransfarm wasia waber 1o anegy, and provds hab-
-

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN

Fegarding stormwaber, the skops of the dte saggests o e and
ratend naroff. Tha esuking wartor conospt Involves mofiop rminwe-
tar harvesting an-ske, and satairabls urban drinane foaturss in the
redesigred streatscaps 1o mtend ard Infltrna sinsat runafi

Tha harvasiad stormwater Is used far ikt fushing wellowas star and
geywaa fram tha baldngs & cherreted to coratucted wetlands
shusted I tha northam, lowsr part af the sha srd ovortualy dis-
chamed Inta tho croak Bladayatsr and argainkc wasie from kichan
sinkorinders & diected 1o 2 smal bioges plamt. Since rrost arsasan-
1hie am uraealed, some siammwyrier infikeéss the soll Excess starm-
wistor from strack runaff is aka cuemualy didragad ima tha meck.

— e

E5 ) 4

W _Imm ., iy —

D
] b

The underying principle of the snargy concept b o showease the
rtagratian of wator and onemy spocts: It conskts of two parts:a
smalkscak biogas dioestion plant run by blackwater and omanc
wasts, ared & pump-siorege hydeskctic phimt which stass slec
trictty from Y panak an the an-ske buldings.

The poiartial PY productionvasty moceads- onan annual bads - the
an-ske consumption. & kang wikh the lopography of the sk, this an
ablos the insmlaticn ofa purnped-siorsgs hydmelectric plant, san-
g ma showomss faciry for tha babancing of flucheting enawabla
arangy production. With two 2000000 L stomoe tanks in the scuth-
arn and tha narthem ara thaight dfeonca of 30m) ard 2 purp-
ganarmar, 212 bwh can be produced over a peniad of sh, whila 231
kiwh2ns intialy mequired.
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Continental .
Mountains .

Tundra[Taiga . Steppes

Ice Caps Deserts
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COBERTURA DE PALCO

Bruno Silva
Opcional - construcdes leves 2015/2016
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More local Less material More reuse Less transport More natural
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More local

300kg/m?

\

iy ™ 0 s g R

Contemporary Systems Traditional Systems

The contemporary construction presents several problems of Traditional construction on the other hand is generally much

eco-efficiency: more eco-efficient:

* Reduced possibilities for reuse or even recycling materials * Increased possibilities for reuse and recycling materials
(permanently adhered components); (due to the use of dry” joints);

* Non-local materials (centrally produced); » Local materials (heavyweight from site);

* Industrialized materials (high embodied carbon). » Natural materials (low embodied carbon).
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More local

Casa Beires (P6voa de Varzim) — Siza Vieira
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More local

Hi-Lo-Tech

SIMPLE STRATEGIES FOR A MORE SUSTAINABLE
CONSTRUCTION

Luis Ramos** Paulo Mendong¢a* and Said Jalali**

\'/

Il\

University of Minho, Portugal

* School of Architecture
** Civil Engineering Department
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Hi-Lo-Tech

Rural house in Ntcheu
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Hi-Lo-Tech

Adobe masonry
Plaster Plaster
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Single wall in adobe blocks
(rural dwelling)
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More local

Hi-Lo-Tech Urban house in Ntcheu
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General Description Urban area
Household 4 persons, 2 adults and 2 children

sala
12,62m2

quarto
10,52m2

494

) i Walls in Fired brick, roof in steel plates with timber
Process of Construction/ Materials

structure
Pathologies Brick pavement with severe erosion
Conservation state Reasonable

Tiol T1 — Living room, bedroom, kitchen, arrumos,
- = . Pology shower and toilet

Total area 83,0m?
LR

Usefull area 66,9m?

081 , 0.70

2.10

0.59

283 0.90 1.60 2.55 045
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More local

Hi-Lo-Tech Conventional constructive solutions found

Brick masonry

Ext Int
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Single wall in burnt brick
(urban dwelling)
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More local

Hi-Lo-Tech

Challenge:

e Increase the flexibility of the typology, by using the average areas of a T1 in an
evolutionary T1 - T2 dwelling;

e Optimize the ratio UA/GA (usable area / gross area);

e Replace burnt bricks by compressed earth blocks;

e Opimize roof solution (insulation).

UNIVERSITY OF MINHO
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More local

Hi-Lo-Tech
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More local

Hi-Lo-Tech

QUARTO 1
9,0m2

! VARANDA
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More local

Hi-Lo-Tech

Existent roof: Proposed roof:

Metal sheet

Purlin
Rafter

Air gap

Straw thatch

Cardboard sheeting

Openings for ventilation
with an anti-insect net

Detail of
Existent metal
sheet roof
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Hi-Lo-Tech

Thermal simulation — proposed roof

Cooling season (21-24 November) Heating season (21-24 June)
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- As it is shown, the proposed system for the roof improves significantly the thermal behaviour in the
cooling season (summer) and in the heating season (winter).

- This is due by the fact that the proposed system has a ventilation system improved, and thus the
ventilation is more controlled and acts more efficiently. On the reference solution we used to have some
openings usually above the windows without an integrated control of the air changes. The insulation on
the ceiling and a consequent ventilated roof works well with this hot humid climate, characteristic of the
Central Africa.
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Hi-Lo-Tech
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More local

Eco cabin Model for tourism integrating
circular economy principles”

Antonieta Rocha
Integrated MSc Thesis
Architecture, University of Minho, 2023
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More local
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More local Less material More reuse Less transport More natural

Angra do Heroismo
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More local

Design with climate: Sun and Wind — Angra do Heroismo
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Less material

Construction phase - LCA

Prime
materials
> Extraction of
prime materials
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Less material

Smart Textiles in Architecture

Paulo Mendoncga
MSc Thesis
Textile Engineering, University of Minho, 1997

ICAMC 2023
P. Mendonca, A. Rocha and H. Daruari

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN



Less material

Within this research two different uses of smart textile membranes in
architecture were developed, one is a reactive membrane using
thermochromic pigments and the other one is a portable library.

Reactive membrane

The main disadvantage ascribed to textile roof structures is their
problematic thermal behavior, due to their small thermal inertia, not
as suitable as heavyweight buildings to assure comfort on livable
compartments in climates such as the one in Portugal (where the
thermal amplitude makes the interior ambient temperature sway
between values either higher or lower than the ideal comfort
temperatures. The active solar solution here developed - a
membrane dyed with a thermochromic pigment - has the advantage
of changing its absorption properties, becoming black when the
temperature in its surface stays under the interior comfort
temperature.

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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Less material

The second proposal developed was a portable building, made with a textile
membrane roof structure, which can be used as a library, based on a semi-
trailer pulled by a truck. In itinerancy, it has the dimension of a normalized
container which, when unfolded, presents a covered pavement area and
habitable volume approximately five times greater than the container where
it is based. It has been conceived specially for temperate and hot climates,
with daytime temperatures close or slightly higher than the ideal comfortable
interior temperature, exploring natural ventilation and lighting.

ICAMC 2023 UNIVERSITY OF MINHO
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Less material

Membrane test cell
(Mendoncga, 2010)

Cozinha

Sala de estar Quarto

T T 174
X 2t v:$

_ b) 727 JMédulo construido do prototipo de membrana

|
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Less material

Membrane test cell - Structural analysis

Opaque membrane
fagade on module
prototype - computer
stress analysis for
form finding
optimization
(MENDONCA, 2010)

Internal view during the
assembling process
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Less material

Membrane test cell - Functional analysis

Temperatura (°C)
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Less material

Title: Adjustable partition membrane - PTDC/AUR-AQI/102321/2008
Coordination: Paulo Mendonga (EAUM / C-Tac), Duration: 2010/2013

177
1777
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Four areas of Minho University with complementary knowledge were
associated: Architecture, Civil Engineering, Textile and Polymer
Engineering.

de tomadas,

TTTTTTITT7

[T ]]]]
[T]]T]]]]
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Objectives: development of a lightweight partition wall solution that use
the pavement and ceiling slabs as anchoring elements; development of a
new material/system, using innovative reinforcement fibers, with some
porosity to guarantee acoustic absorption, thermal insulation,
hygroscopic and thermal inertia.

7

Results: ol AT TN

ol T A

1 Book; NNg g%

. . . “F%//ﬁ///

8 papers on international journals; A
2 papers on national journals; (E%@Z/

&Y

13 presentations on international conferences
2 presentations on national conferences;
4reports [ 888 TBPECE8]

1 national and 1 european patent.
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Less material

Detalhe 3
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More reuse

Architectural Membranes on the Functional Refurbishment of Buildings

PhD Thesis, Ménica Macieira

Supervisors: Paulo Mendonga and Jodo Guedes

About 60 analised projects of
building refurbishment with
membrane technologies

Figure 1. Countries vwhere analvsed case studies are located .
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Figuwe 2. Distribution of the case studlies by its refirbislinent/ intervention vear

with inembrane building teclmologies.
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From the sample analysis were also identified five basic design
options: (1) building inside a building: a membrane structure spans
the entire building: (2) creation of facades, skylights and roofs: (3)
roofed-over atrium: a courtyard retrofitted with a roof; (4) membrane
envelope acting as a second skin: (5) suspended ceilings and

stretched partitions.

Identified principles on functional refurbishment projects with
membrane solutions:

(1) Replacement

(2) Integration

(3) Juxtaposition

Examples of some analvsed projects/ case studies:

(a) St-lgnatus-Loyola church,
Canada - inteniar views,
before and after
refurbishment intervention to
minimize the effects of
abestos

(b} Building inside a building
approach: Eco Membrane,
conversion of an warehouse
inta Siemen's design office,
Gemany.

(c) Reconstitution of vaulted
ceiling to achieve higher
acoustic performance; with
microperfurated membrane:
kostel Povyseni sy Kfize,
Chec Republic

(d)Roof replacement with a
membrane of fibreglass
textile coated with PTFE
Dresden's train station,
Germany (before and after)

{e) Imagination Headquarters
- exterior view, - linking two
existing buildings,

(f) Roofing over atrium with
double pneumatic ETFE
membrane skylight at an
heritage building: Igartza

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN

(g) Roof replacement with an
ETFE membrane to promote
the reuse of a ruin: Corbera
d'Ebre church, Spain.

(h) Facade refurbishment with
textile membrane of fibreglass
mesh coated with PVC:
Munich House, Munich,
Germany (before and after).

(i) Facade refurbishment with
polyolefin membrane: EDF
headquarters, Lyon, France
(before and during
refurbishment works).

(j) Vertical extension with
membrane of fibreglass
resh coated with PVC:
Shishiodoshi house, Rein,
France.
(k) Horizontal extension with
double pneumatic ETFE
merbrane roof and facade:



More reuse

PhD Thesis, Ménica Macieira (2021)
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More reuse

Construction phase - LCA
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More reuse

IDEA — Pedagogical Workshop for Sustainable Construction

Maos a obra - Oficinas Pedagogicas de Construcdo Sustentavel

COORDENACAQ E ORGANIZAGAO
Rute Bires - DEC {(Bances em taipa)
Paule Mandenca - EAAD (Cobertura sm mambrana)

ALUNOS
Lujain Hadba
Mariana Sika
Liliana Niha
Arlen Ziinlga
Filipa Sauza
Jodo Lalta

APOIOS

Linivarsidade da Minho- Projste IDEA
Univars i ade de Minbe - DET

Enggbbal, L

Tanber
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More reuse

Design for Deconstruction

_

Certain factors may allow building
components to be more easily recovered,
Better quality structure including:
and permanent connection
- contemporary . i -
construction « Use dry joint systems; .

Possibility of separating the

%

% - T—

%/////% » Use standardized and homogeneous

materials;
Similar or different quality

but easy separation - . . . I
building 100 years ago Lightweight building systems.

U

“Yacht House” (Horden 1995)
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More reuse
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Projecto SipdECO - Uma
solucao inovadora para

sofalca paredes divisorias
AGLOMERADOS E REGRANULADOS
DE CORTICA EXPANDIDA

! | Bl 0S af - pegop Graca Vasconcelos ; Pedro Alves

Paulo Mendonga; Aires Camoes
Paulo B. Lourengo

Grupe Aute Suece

Projecto SipdECO - Proposta de uma solugdo inovadora para paredes divisérias

Objectivos
O O principal objectivo consiste na proposta de uma solugao para paredes
divisdrias com base em blocos moldados de material composito a base

de gesso que resulta da combinacédo de subprodutos industriais,
nomeadamente gesso FGD, regranulado de cortica e fibras texteis

! ]

~ Estudo do material compésito
» Concepcao do bloco de alvenaria
~ Defini¢ao da tecnologia de construcao

> Validagdo mecéanica da solugio

~-
-1~
¢ Institute for Sustainability and Innovation in Structural Engineering
Universidade do Minha

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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More reuse

Arts and Crafts — Angra do Heroismo

Nieta Atelier
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Less transport

Construction phase - LCA
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Less transport

100kW/h
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More natural

1,5kW/h

150kW/h
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More natural

Adobe (workshop in UMinho)

Adobe masonry
Plaster Plaster
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Single wall in adobe blocks
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More natural
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Paleozdico
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Living under a second skin

Strategies for reducing the environmental impact of
passive solar constructions in temperate climates

Paulo Mendonca
PhD Thesis in Civil Engineering
University of Minho, 2005

More natural



More natural

Effect of weight (thermal storage mass) on thermal inertia

Small inertia Heavy inertia
building building

External Air
Temperature

——- Comfort temperature

Conventional
building
Medium Inertia

Proposed
concept(Mixed-
Inertia building)

the “SECOND SKIN”

ICAMC 2023
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More natural

N Moveable partition

CET 1 - proposed CET 2 - conventional
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More natural
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More natural

Implementation of energy optimization on solar passive solutions

Optimizing orientation and facade design

Indirect gains on South facade — less theoretical gains but higher effective gains;
North natural lighting capture;
Blind facades to East and West.

Implementation of a zoning strategy

Sleeping and resting areas South oriented with thermal storage;
Working areas North oriented;
Movable partition separating resting and working areas.
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FICHA TECNICA DA PAREDE

NOME: PD1.2/15+11

TIPO: Parede Dupla

CONSTITUIGAO: Reboco 2 cm
Tijolo furado 15 om
Caixadear 5cm
XPS 4cm
Tijolo furado 11 cm
Reboco  2.cm
ESPESSURA: 39 cm
PESO ESPECIFICO: 313 kg/m?
COEFICIENTE U: 0,49 W/m2.°C
ISOLAMENTO SONORO: 51dBA)  —
ENERGIA INCORPORADA: 910 kWh/m?
CUSTO ECONOMICO DA PAREDE: 63,35 €m?

ESTUDO ECONOMICO:

1° ESTUDO

A partir da aplicagéo do RCCTE a um compartimento de

habitago tipo (Célula de Teste de Referéncia) e

aplicando

esta parede obtiveram-se os seguintes resultados, por m?

de area util de Pavimento.
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DESENHO:

I
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FICHA TE CNICA DA PAREDE
NOME PMD2.1/15 DESENHO
TIPO: Parede Mista Tripla
i Aglomerado
constuicho: | 30 1.2em
Caixa-ge-ar & cm
Aglomerado Nego
deCortica © "
Alvernaria de Adobe 15 cm
cal 05cm
ESPESSURA: 257 cm
PESO ESPECIFICO 257 kgim®
COEFICIENTE U 0,44 Wim™. T
ISOLAMENTO SONORO S3dBA)  ————> Y
ENERGIAINCORP ORADA: 171 kWhim
CUSTO ECONOMICO DA PAREDE 4855 €m*

ESTUDO ECONOMCO: i
1°ESTUDO .
A partirda aplicagdo do RCCTE a um compartimento de habitacio .
tipo (Célula de Teste de Referéncia) e aplicando esta parede
obtiveram-se 0s seguintes resultados, por m” de rea itil de.

More

natural

FICHA TECNICA DA PAREDE
NOME: PT(LJ3.1

TIFO: Parede Mista Tripla

consTUIGAD Aglomerade 5
¢ Msders/ciments
Cakadesr Scm
Aglomerado | ¢
Madera/cmento
Aglomerado Nege
cs
FibradeCdca 2em
Gesso Cartonado 2.6 om
ESPESSURA 2.5 om
FESO ESFECIFKO S kg’
COEFICIENTE U 0.40 Wim’.oC
ISOLAMENTO SONORO, 50 4B(A)
ENERGIA INCORFORADA 442 KW'
CUSTO ECONOMICO DA PAREDE 5.9 &m’

ESTUDO ECONOMICO:

19 ESTUDO

A partir da aplicagdo do RCCTE & um compartimento de
hatitagdo tipo (Cékula de Teste de Referéncis) e aglicando esta
parede obtiveram-s e < s eguintes resultados. por m’ de drea Gtil

DESENHO Ext
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Pavimento. - e de Pavimento. =¥ =i
PAREDE COMPARTIMENTO DA | PESO RELATIVO DA
PAREDE i HABITAGAOTIPO | PAREDE No cusTo. PAREOE COMPARTIMENTO DA | PESO RELATIVO DA o AREDE compaRTMENTO DA | PESO RELATIVO DA
(isolada) [ da habitagao (parede + restantes [ LaBITAGAO TIPO PAREDE (compartm ento] HABITACAO TIPO D;-‘g;:;::r;“::?o PAREDE HABITAGAO TIFO n;“gg:ﬁ::ﬁ: ES’\“?a
tipo) (isolada) da habitacéio (parede « restantes ||\ ) Lo R0 o (Bolsda) da habitacéo (parede + restantes |00 00 R o0
CUSTO ENERGETICO (NI) eim2 362 €Im” B tipo) elementos construtivos) ¢ elementos construtios)
CUSTO ENERGETICO A A N CUSTO ENERGETICO (N)) em2 32 gy - CUSTO ENERGETICO (NI, &m2 308 &/m”
INCORPORADO NOS MATERWAIS | "9"9 67,8 &m 266 €m % CUSTO ENERGETICO N N CUSTO ENERGETICO o1.7 21 gm? 19%
CUSTO DE TRANSPORTE 53 24 am? 20,0 &m? 2% INCORPORADO NOS MATERIAS 328 165 &/m 195 &/m 8% INCORFORADO NOS MATERIAIS - "'
CUSTO DE CONSTRUGAO 1384 63,4 €/m’ 1112 €/m? 6% CUSTO DE TRANSPORTE 40 20 &m” 18.0 &m’ 11% CUSTO DE TRANSFORTE 1.2 0.6 €m’ 18.0 &m’ 4%
CUSTO TOTAL 335,6 153,6 €/m? 1760 €/m? 1% LCUSTO DE CONSTRUCAD 925 466 €m” 1000 €/m” 5% CUSTO DE CONSTRUCAO Jo40 85 em 1008 €m_ =%
T | CUSTO TOTAL 1282 650 e’ 1537 e/m” 5% CUSTO TOTAL 247.5 132¢m EEEXTS 0%
CEIM
er8 oot
ce CEM
cc cr
cc
cr
LEGENDA: B Em Estudo O Referéncia N LEGENDA: B@Em Estudo O Referéncia
CE - CUSTO ENERGETICO (Necessidades de Aquecimento) [€/m2] LEGENDA: B Em Estudo D Referéncia CE -CUSTO 0 [&m2]
CEIM - CUSTO ENERGETICO INCORPORADO NOS MATERIAIS [€/m2] CE - CUSTOENERGETICO (Necessidades de Aquecimento) [€/m2) CEM - CUSTO ENERGETICO NCORPORADO NOS MATERIAIS [€/m2]
CT - CUSTO DE TRANSPORTE [€/m2] CEIM - CUSTOENERGETICO INCORPORADO NOS MATERIAS [€/m2] CT - CUSTO DE RANSPORTE [€m2]
CC - CUSTO DE CONSTRUGAO [€/m2] CT -CUSTO DE TRANSPORTE [€im2] €C - CUSTO DE CONSTRUGAO [€m2]
€C -CUSTODE CONSTRUGAD [€im2]
NECESSIDADES DE AQUECIMENTO (NI) | 73,22 kWh/m?.ano | - [ : DE (ND. [ €2 s«wnmiano |
'—AREA T DE PAVIENTO T | I NEC DE AQUECIMENTO (NI) [ 88 iwWhm”ano ] L AREA UTIL DE PAVIMENTO 5707 o |

2° ESTUDO

Para este estudo considerou-se que a Area util interior iria manter-se constante, com a variagao
da espessura da parede. Assim o aumento da 4rea exterior resulta num aumento da area de
terreno a adquirir*, assim como da drea de laje de cobertura e da laje

[ *Custo Médio de 500 €/n? |

Solugéo de

Parede em estudo

m?
Custo do Terreno’| 10160 €
Custo da Laje de Pavimento|[1277 €
Custo da Laje de Cobertura[1149 €
Custo Total[12585 €
Custo Total/m” de Area util de pavimento[840.37 €/m?
Diferenca para solugao de referéncial- €/m?

% de Variagao do Custo]-

2438,88

| custo final Célula de Teste com PD1.2_15 |-
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AREA UTIL DE PAVIMENTO [ 1647 o? |

2ZESTUDO

Para este estudo consideru-se que a Area util interior iria manter.se constante, com a variacio da
«espessura da parede. Assim 0 aumento da érea exterior resulta num aum ento da drea de terreno &
adquinr’, assim como da rea de laje de cobertura e da laje de pavimento.

*Custo Médio de Terrena 500 €/m2 |

UNIVERSITY OF MINHO
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29ESTUDO

Para este estudo cons iderou-se que a Area util interior ria manter-se constante. com a variagdo da
espessura da parede. Assim O sumento da drea extencr resulta num aumento da area de temenc @
sdquiri’, a33im como da éres de laje de cobartura @ da laje

[ “Custo Médio de Temeno §00 €/m2 |
Solugdo de |Pande em estudo
referéncia

19838 m
5500 €
Custo da Laje de Pavimento|1277 1281 €
Custo da Laje de 1149 1134 €
Custo Total| 12588 12335 €
EAE] 72255 Em?
1464 em?
% de Variagio do Custo]- -20%
| Custo final Célula de Teste com PT(L)3.1 | [2131.5¢ Jem®




Non conventional thermal mass — PCM'’s

Thermal storage with PCMs (Cocunut oil)*

In a “Passys” type Test Cell, an experiment was
carried, intended to determine the effect of a
natural PCM (coconut oil) as a thermal regulator in

a compartment without any thermal mass. In these
Figures can be seen images with the installation of
100 kg of coconut oil on the Pavement, inserted in
plastic containers, corresponding to 9.2 kg per m?
of floor area. The total tested was of 300 kg
corresponding to 27.6 kg per m? of floor area.

*(Mendonga, 2005)

More natural




Non conventional thermal mass — PCM’s
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More natural

It could be concluded that the
introduction of coconut oil into a
construction without thermal mass
caused a reduction of the maximum
internal temperature peaks.

The interior daily thermal amplitude
was always decreasing with the
introduction of more PCM, up to the
total 300kg tested. The difference
was significant between the peaks
in Passys Test Cell without coconut
oil (+20°C than Outside
temperature) and with maximum
PCM (100+200kg) (+8°C than
Outside temperature). The minimum
internal temperatures have
remained almost always about 10°C
above the outside temperature.

It was also found that the Relative
Humidity remained below
problematic values for comfort and
QAI (<60%).

University of Minho 1
y ~ 7
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More natural

Straw (Festuca)

LEGENDA:

| - Aplicacdo de rede galinheiro granpecda pontuclmente para ajudar a
fixar o festuca seca

2 - Revestimenio em microcimento com escérias vulcanicas de besalto da
regido, ccobamento meio briho

3 - Madeira de criptémeria

4 - Revestimeto de pedra basalto & cal com alvencria orgamassada

5 - Viga em madeira criptomeria

Wood (Criptomeria)

13 ! 4 - Forro em cana com 3cm com acabamento em dleo de linhaga
7 - Tobuas de criptoméria autoclavado
7 8 - Viga em em cripteméria 14x8cm
4 % - Forro em casguinha 2cm
3 10 - Manta/mebrana anfi-poeires felta a parfir da polpa celuldsica da festuca 0.5cm

11 - Isolamento & base de fibros estraidas da festuca

12 - Sub-telha, placa ondulada constituida por base betuminosa & fibras celuldsicas & bose de
criptomeria

13- Cobertura Yegetal em Festuco seca dos Agores 15/20/30 cm

14 - Canas da llha com espigde para fixacdo da festuca seca

Insulation (Festuca)

Basalt

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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THE TENDENCY

VEISUS THE OPORTUNITY

Contemporary construction systems Traditional construction systems
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Exterior details of Test
cell fabric

Roof: Tensile fabric

5100 mm Roof covering fabric
1,2,3 are three individual fabrics that are

fitted to the wooden profile using alumin-
ium connectors

/ =
5 Triangle roof supports covered with fabric
these triangular structures are just
beneath the tensile roof holding the fabric
in place. each triangle is covered using the
. . 255
Point of view from ‘A’ \%

same fabric.

1440 mm

y

Exploded view

5100 mm
2400 mm )

—— Green roof

.._ s - b . -_; 4 =
. : Point of view from ‘B’
Test cell 2 Test cell 1 i Observations
Detail of Inflated fabric for Dimensions
northemn facade
Area of the roof covering
fabric(1, 2,3)

Area of ‘1’

Observations cell

5100 mm

Area of triangle roof

Dimensions Test cell 2
supports covered in fabric

2400 mm

Areaof ‘1’ 12.24sqm
Area of ‘4’

Areaof 2' 12.24sqm

Areaof ‘3° 5.76sgm Area of ‘Green roof

Areaof ‘4’ 2.88sqm Roof Plan @

UNIVERSITY OF MINHO

ICAMC 2023
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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memobrane

ICAMC 2023

et

L%
/ \ membrane

>

Aluminium profiles to hold the
membranes

Steel rods connected together. Struc-
tural frame work for the roof

Aluminium profiles to hold the
membranes

Structural framework of the roof

made with metal

P. Mendonga, A. Rocha and H. Daruari

Aluminium profile for
membrane W,
€m

>
'306

Membrane

Wooden column

Steel rods to hold the membrane
profiles in place of dimensions
60mm x 40mm x 2400mm

Membrane

Quantities

4 Aluminium profile to hold membrane on
each side. Total: 8{2.4 mtrs each)

4 rectangular steel rods to hold the
membrane profiles. Total: &(2.4 mtrs length
each)

UNIVERSITY OF MINHO

" Wooden column

Membrane details for East and West facade

SCHOOL OF ARCHITECTURE, ART AND DESIGN A




Financed by:

Iceland [P[l:E

Liechtenstein
Norway grants

know more

Program Operator: Promoter:

REPUBI‘!CA CIRCULAR BLUE GROUP
& PORTUGUESA ‘

ECONOMIA E MAR

— |m
o (o
- @

Diregio-Geral de 3

Politica do Mar
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Azores
EcoBlue

THE CONSORTIUM

The project consortium presents a model of joint governance with a clear definition of the attributions, | @

contributions and complementarities of each partner. The consortium also intends to include other —

members at a later stage, through subcontracting, so that they add value and complement their offer, 4 ASSociAcAC
@'A E l )

namely companies with competences in the collection, sorting and transport of litter, as well as in the g';';’:fp-‘;‘tjggt
transformation of the yarn and fibre developed from marine litter.

Cimara de Coméreta

VISUAL

The consortium has technological infrastructures, human resources and the necessary skills to - THINKING
undertake this task, as the group of entities in the consortium will allocate resources and skills with a
deep history of scientific and technological development and industrialization projects.

CIRCULAR BLUE GROUP

THE FUTURE LIES IN SUSTAINABLE CREATIVITY

@ = | @OxEnos

TERinov!

Project financed by Iceland, Liechtenstein and Norway, through the EEA Grants.

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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Azores
EcoBlue

Marine litter is one of the main enviromental problems with which the oceans are
confronted. Continental Portugal and the Autonomous Region of Azores share common
challanges, like policy over the sea and the sea in a scenario of waste, given the archipelago
of Azores is also not immune to this global problem. There have been studies done to
quantify/classify the marine litter in Azores.

Considering the socioeconomical role played by the fishing industry of the Azores, the
project is an oportunity to use and develop new and innovative raw materials, transforming
marine litter, which is presently little or not at all valued, into a market of excellency, as its
"supplier".

To answer these challanges, the project will utilize to their maximum the studies already
done and in development by the Universities of Azores and Minho, in their R&D Centres. And,
in conjunction with local communities, will collect marine litter and beach residues to
develop new threads and fibers for new subproducts. The main activities include the
analysis, caracterization, quantification of residues, collection, triage, residue processing,
scientific studies about the fibers obtained, development of threads and fibers, and their
transformation into fabric and insulating blankets.

Waste will be quantified, analysed, and afterward, presented in a data sharing platform of
statistics and scientific studies.

ICoGB 2023 UNIVERSITY OF MINHO

P. Mendonga, H. Daruari, C. Vieira e A. Rocha SCHOOL OF ARCHITECTURE, ART AND DESIGN




Azores
EcoBlue

As already mentioned, the project intends to transform waste to create threads as raw
material for new fabrics and fibers for the development of an insulation blanket. With these
and other waste from the sea, a prototype model of an eco-cabin with the new products will
be developed. The project will benefit consumers looking for solutions within ecological and
recycled eco-design. This eco-cabin pilot prototype can be replicated in other regions that
could benefit from its business model, applicable on a global scale. The prototype to be
presented constitutes a basis for the development of research work. Simulations and
experimental tests of thermal, acoustic and natural lighting tests will be carried out on this
prototype.

Scientific studies have already started and are based on the raw materials identified by the
R&D centers with the highest percentage of those collected at sea in the Autonomous
Region of the Azores. We were able to identify three categories: Silks, cables and algae
(weeds). Based on this identification, tests are already being developed in order to create a
fiber and thread that will be integrated into the textile, construction and other sectors such
as furniture and home accessories. The pilot eco-cabin will be a showroom for the
application of construction solutions experimentally validated in the laboratory and in
component analysis test cells, as well as a presentation of new craft techniques introduced
in construction and home accessories based on marine “trash”.

ICAMC 2023 UNIVERSITY OF MINHO

P. Mendonga, A. Rocha and H. Daruari SCHOOL OF ARCHITECTURE, ART AND DESIGN




Azores
EcoBlue

The eco-cabin is based on a constructive system combining heavy local materials as
anchorage elements, wood for structure and recycled materials for insulation, panels and
shading. The final configuration of the eco-cabin model will be presented in the last
semester of the project and it will be unique. With this we intend to develop a base model for
sustainable construction, having as analysis/pilot project Terceira Island - Azores and its
artisanal culture from marine litter.

In a first phase, analyzing its main environmental problems, such as surpluses from fishing
activity, infesting algae and how they can be recreated in a value-added product. Economic
studies will be carried out in advance, simulating the structural, thermal, natural lighting and
acoustic behavior of the constructive elements and experimental validation of the functional
performance in test cells;

ICoGB 2023 UNIVERSITY OF MINHO
P. Mendonga, H. Daruari, C. Vieira e A. Rocha SCHOOL OF ARCHITECTURE, ART AND DESIGN



Azores
EcoBlue

In view of this analysis and with the scientific knowledge acquired, this base study, in parallel
with existing and acquired laboratory equipment for the respective tests, will allow the
application of a methodology aimed at the design and construction of eco-cabins that can
be flexible enough to be installed in different climatic regions, predominantly coastal. The
research and construction model can be based on the analysis and parameterization applied
in the Azores EcoBlue pilot eco-cabin. In this way, the parameterization and circular
management structure applied in this project can be developed by other creatives, such as
architects, engineers and designers.

Azores
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ECOBlue Tvestieenlss. huohiliinios. Unipesionl L.
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Thank you!

This research and communication were supported by Project Lab2PT - Landscapes, Heritage and Territory
laboratory - UIDB/04509/2020 through FCT - Fundacdo para a Ciéncia e a Tecnologia, Project Azores EcoBLue
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