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solutions during the life cycle gUNWERSlTE

Performance of innovative and sustainable solutions during the life cycle

Abstract .

The performance assessment of conventional and innovative constructive solutions of existent buildings poses
various challenges to the construction industry. Several European Directives have been recently updated and
implemented, related to the energy efficiency of buildings and sustainability (including circular economy).
Furthermore. the pandemic and climate change effects have been a big concern and have created a lot of
uncertainty on the performance, encouraging the development of more studies on resilient constructive
new and retrofitted buildings.

In this session the performance of innovative and sustainable solutions will be discussed, presenting the researc
that has been carrying out within CERIS (Civil Engineering Research and Innovation for Sustainability). a research unit
from IST, University of Lisbon-Portugal. under the supervision of Prof. Inés Flores-Colen.

Topics: ETICS; aerogel-based renders; fibres; rice husk composites; plastic-waste incorporation.

Speaker : Prof. Inés Flores-Colen
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1. OVERVIEW OF TECNICO AND CERIS



University of Lisbon /IST/ DECivil

IST was established in 1911 and became the
School of Engineering, Science and
Technology of UTL (1927) and ULisboa (2013)

University of Lisbon 50.000 students

Instituto Superior Técnico 11.611 students
1200 faculty

DECIivil 1600 MSc students; 229 PhD students;
134 faculty members.
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CERIS research unit

A MISSION Research and disseminationsmientific knowledge and

Innovationin the Built and NaturdEnvironmental sector.

4 Thematic Lines 6 Research Groups 8 Laboratories 184 PHD Researchers
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CERIS thematic strands (4)

TS1 Product Development in Civil Engineering Industries

TS2 Risk and Safety in Built and Natural Environments

TS3 Rehabilitation of Built and Natural Environments

TS4 Response to Natural and Social Changes

DECIVIL

Civil Engineering Research TECNlCD
O oo far LISBOA | SReeittitnces
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CERIS research groups (6)

RG1 Hydraulics

RG2 Environment and Water Resources

RG3 Systems and Management

RG4 Transportation Systems

RG5 Studies in Construction

e X 4 = -
N L ——— 4 vt —- -~
_A N, Tk » > B r 1)
e L— - -

e

RG6 Structures and Geotechnics  EL f !

Large unit: stability / flexibility
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DECIvil laboratories

To o To To To Do Do

Architecture
Construction
Geotechnics

Mining and getesources
Structural mechanics and structures
Urban and regional systems
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Innovativeandsustainablesolutions- Researclarea

Incorporation (aggregates, fibres or Researchers in RA
additions) in partial/total replacement

of sand or binder: Nanomaterials;
Recycled materials; Waste (e.g.
plastic); Bicbased and byproducts
(e.q. rice husk; fibres).

IST PhD students in RA

Giovanni Borsoi; Maria Paula Mendes; Marco Pedroso: Also, other
CERIS researchers: Rui Silva, Jodo Firmo and Joao Pacheco.

Research fellow oy ghydents in RA (other
universities)

v,"T
> ﬁ
{ ﬂ
&~
Parracha; '

Poliana Andréa Souza; Marcio Gongalves;
Bellei; Rita Rafael Catarina Ribeiro

Santos; Travincas
Maria Julio

|

Ana
Raimundo;
Joao

Plus: visiting researchers
Civil Engineering Research TECNICO DECIVIL
and Innovation for ‘ LISBOA

DEPARTAMENTO DE ENGENHARIA
) " CIVIL, ARQUITECTURA E GEORRECURSODS
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2 - PERFORMANCE PERSPECTIVES



PERFORMANCE

EFFICAQENergyeFFiciencyulldingand CirculAReConomYfor thermal insulating
solutions) project, whichintendsto developguidelinesto systematizeelevant
criteriafor thermalinsulationsolutionson existingbuildingsretrofitting and/or for
new constructions

Global Changes @ NTNU
Norwegian University of

. . . Science and Technology
Available data on technical performance, environmental,

Technical requirements maintenance for conventional

Innovative thermal insulation solutions I:P[ﬂ:,
Iceland
Socioeconomic impacts \ / Liechtenstein
Norway grants
- _— Relevant criteria
Sustainability and circularity
Maintainability and Trend O .
durability ngoing
(started in
Environmental impacts Septem ber
2021)
DECIVIL

DEPARTAMENTO DE ENGENHARIA
CIVIL, ARQUITECTURA E GEORRECURSOS
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PERFORMANCE

ST “ . ”
o New buildings & “Renovation Wave
0O W el
e(\ eét ,d’a\\ . . . .
G:E\sé@ 16(\3‘) Initiative
L VO —_—
(l\\ ‘ . . . .
o Adaptive capacity, Technical requirements  Environmental impacts
: resilience and reducing * Mechanical * Green gas emissions:
. H t . .
V“'"e’atc’:':yn; cimate * hygothermal « CO, emissions
Regenerative growth : * waterresistance * Embodiedenergy
model, accelerating ' * biosusceptibility * Deforestation
the transition 0 » constructive restraints ¢ Environmentand health

ircular economy 5
acircu ¢ Toxicity

“1

It
Biodiversity, and

* Water footprint and
water pollution

|
Passive Solutions

‘ " enhancing natural | Sustainability and circularity Maintainability and
/" Zero- \_ capital 4 Life Cycle Assessment (LCA) durability
( pollution
" x__\\a’"b't'f’f/ | “—: Socioeconomicimpacts
= | ’ * Climate-proofbuilding sector
Reducing * Competivenessin the construction industry
environmental ,
andclimate ~ /
pressuges_..-l-"'/'/

't

Theclimate change scenariosnd weather extreme events are crucial to consider in the
selection of the previous criteria due to ti@zards and risks associate8everal options
for insulating materials solutions can improve the climate proofing of buildings.

— - : TECNICO
— - : LISBOA

DECIVIL
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3 - PERFORMANCE OVERTIME
(DURABILITY)



WGB Shield project (e

Evaluation of protection degreeson 70
ETICS surfaces in terms of their resistance to water, graffiti and biocolonization

The purpose of this project is to develop ETICS with greater
durability in the urban environment, ensuring the aesthetic
guality of the facades, without negative repercussions on the
b ui | denengy efficiency and toxicity.

1) integrated analysis of the performance, durability, .
maintenance and ecotoxicity of surfaces, considering -
the combined action of urban agents and the creation p
of sustainable rehabilitation solutions;

i) anew set of performance and ageing tests |
simulating real urban conditions; | | ‘

i) definition of integrated protective-repair solutions
that combine advanced and ecoefficient materials.

Ongoing

Civil Engineering Research TECN|C0 DECIVIL
+ and Imovation for LISBOA | Smasmsscass..
1 Sustainability



WGB - DURABILITY

Accelerated ageing tests

UV radiation SOz2 exposure

Ongoing
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ETICS
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ETICS VS THERMAL MORTARS

50p p €K
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DURABILITY

Thermal mortars (ongoing

PhD work with the objective

of assessing the durability of
these systems)

Ongoing
Civil Engineering Research TECNICO DECIVIL

i fr DEPARTAMENTO DE ENGENHARIA
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DURABILITY

Some preliminary results

- Capillary absorption and drying

Unaged - Mould susceptibility

systems - Colour and gloss
- Surface roughness

Natural ageing

- Capillary absorption and drying
- Mould susceptibility

- Colour and gloss

- Surface roughness

Scheme of the experimental

programme

_— ¥ Civil Engineering Research
— () -— I and Innovation for
— 1 Sustainability
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Comparison of results

DI (-)

Water absorbed (kg/m?)

Mortar with acrylicprotective coating

09
08

06
05
04
03
0.2
01

Capillary water absorption results after 24 h

L]

~

Thermal
mortar I Unaged

[ After AA
[ After NA
L]

—

Drying index

Thermal
mortar

_-_._____...-"'".-' °

M Unaged
I After AA

: - . i After NA

. i
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IFMortar project

Experimental and Numerical Analysis of Interface
mortar-support

E! ITeCons

This project intends to analysethe influence of the characteristics
of several substrate on the characteristics of severabrtars.

What are the parameters that will influencéhe mortar behavior over time?
Will the characteristics of the mortars have manéluence tharthe
characteristics of the support?

Howwill these characteristics influence the behaviour of mortars?

Will the conditionsof application and cure have any influence?

Will the characteristics of the applied mortars changeer time differently
depending on the type of suppoft b

o To > T I

Ongoing = )

>N P,

— )] : : C-«v” Erjgi'leﬁl'ﬂ\g fesearch TECNICO EEEERI‘E:AIENTU DE ENGENHARIA
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IFMortar project

=l|
Experimental and Numerical Analysis of Interface H- ITeCons
mortar-support

X-ray microtomography applied to mortar

} Sample acquisition

General macroscopic,
tomographic and SEM
aspects of the Ceramic
brick/cement mortar
interface

Machine learning
applied to mortar

— ' Civil Engineering Research TECNICO DECIVIL
— — and Innovation for LISBOA | Srmmrmococowans o
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4 - INOVATIVE SOLUTIONS
(Thermal mortars - aerogel)



Motivation for innovative insulating materials

-------------------------------------------------------------------------------------------
“““
o 3

Theproblem:

A Demanding energy and environmental directives
(2002/91/CE, 201ME 2012/27MUE);

A Multifunctional and innovative solutions for energy :
efficient buildings(NZEBouildings);

A Rehabilitation of existent housing stockith
minimum cost/optimal performance, lesser
environmental impacts and higher durability.

o ® B E A NN NN R RN EEEE A EEE A EREAANEEEANREEEENAAEEEAEEREEEEREEEEREEEEE,
. ~
\d L4
* 0’

" == "~ { Market opportunity: :
“m: am A 35%of the 9 ! Buildingsare over 50 years
= o =
,."wh—u:m &35% average| A Only in Portugal there are about 3 million
e — in EU buildingswith traditional renders 2.5 million
Syl m—— ] built before 1990 (the first thermal code -
Pulbna.m - L] — — — — — ; RCCW

[ a 26% rehabilitation of construction sector in J A Energy rehabilitation projects and funding
Portugal : programs(e.g. H2020).

......
-----------------------------------------------------------------------------

— ' Civil Engineering Research TECNICO DECIVIL
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Motivation for innovative insulating materials

ETICS application Rortugal Thermal insulatio’y” I 0 S NJA | 0{034W/(ngK) {

4000000 AN Increase of Increase of
3500000 buildings energ Insulation
3000000 &~ requirements thickness
2500000 £ —
2000000 £ ; \
1500000 2

1000000 <C

Architectural problems

500000

0

© QD P OO DA D N
PO PO DI
WA AT AT AT AT DT AT DT

ThermalNB y R GOSEV/(K)

A Thermalrehabilitation of curved surfacesor
complexarchitecturefeatures

A Thermalrehabilitation of old buildingswalls

L]
— ' Civil Engineering Research TECNICO DECIVIL
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CONVENTIONAL THERMAL MORTARS

EN98T10UT2 gINDER + WATER ADMIXTURES/ADITION
c : Sand
t : /
Li?nrgen H ~ Replacement ofisand
Resin : ¥ Lightweightiaggregabteanded polystyrene (EPS)
: - Expanded cork
Higher % of incorporation

INDUSTRIAL MORTARS WiI
LIME AND EPS:

| 0.05 W.rhK?

Bulkdensity- 250 kg/th

== C=RIS

DECIVIL
DEPARTAMENTO DE ENGENHARIA
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THERMAL INSULATING AGGREGATES

Light andnsulatingmaterialsisedas aggregates in thermal renders:
EXPANDED POLYSTYRENE

INSULATING MATERIALS
A ~ 0.030-0.040 W.m-".K-1

thermoplastmlymerigidand
flammable

CORK

cellulamatural, renewable
with low combustion

0.033.057 W.rmK*
306

€=
d~ 3060kg.m3

23 O ) 070 Wﬁ?Kl | Thermal conductiay
‘ of a porous matedaks
not only depend on its
density(related with
porosity) batso on its
pore sizeandstructure

(SEI\/I) "2 g»::i’w

Y 2

A Closed pOI’SyStemNegllglble cbnvetlve transport by the pore medium:
low thermal conductivi



THERMAL INSULATING AGGREGATES
SILICA AEROGELS

A Highlyporoussolidmateriatgporevolumeupto 99%

A Extremelyight: envelopdensitpetweed00and100 kg.m :\;Jéai)g;re(§<,\<50nm

A HighspecifisurfacareasS;c~ 1000 g (mesoporoustructure
A Acoustimsulatordireresistant

A Thermahsulators

Conduction
Very low
diminished MATERIALS

Very small pore .
g size P Convection A <0.020 W.m1.K1

eliminated

(A <50 nm)

28



AEROGEL BASED RENDERS

-------------------------------------------------------------------------------------------------------------
. .
.

*

:-' Made with Portland cement, fly ash, and/or lime, silica '-:

i based subcritical hybrid aerogel, natural lightweight co-
aggregates of expanded cork and expanded clay,
lightweight fillers and admixtures

Key value: innovative aggregateproduced by a sol gel
: processwith ambient pressuredrying (grain size control
: and hydrophobicity).

*

. .
. .
------------------------------------------------------------------------------------------------------------

AMBIENT PRESSURE AEROGEL
DRYING
preserving the solid
network and the pore
structure

DECIVIL
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Motivation for innovative insulating materials

Accordingto the current legislation,it isimportant to complythe
thermal requirements

Thicknessk12cm
<goc.ary™> 0.054W/m.K
REH3 ¢ Braganca, Portugal Mediumfire reaction
L < OK5 /%P0
Thicknessk crp
<ooc,ary™> 0-039W/m.K
Lowfire reaction
O Thicknessk cn
5 00 o° 30 x 20 x 22 cm <igeoc.ary> 0.034 Wih.K

Highfire reaction

— =  Thicknessk6cm
Render ™

ot = < 0oc ary™ 0-030W/m.K
S Lowfire reaction

30



MICROSTRUCTURE

To study the solid and porous structure of the mortars (aggregates,
binder paste, aggregate interface / binder and porous space).

Macrostructure Microstructure
Component Photographic 1Stereo DRX FTIR SEM MicroCT 'Stereo
record microscope microscope

Aggregate X X - - X X X
Binder X X X X X X X
Bmder/ aggregate i < i i < x X
interface

Porous structure X X - - X X X

Caption: DRX — x-ray diffraction; FTIR — infrared spectroscopy with Fourier transform; SEM — Scanning elec-
tronic miscroscope; MicroCT — computerized x-ray microtomography.
(X) refers to a utilized method and (-) to a non-applicable method.

Pl

— 3] [ : C-‘V” lE"'WQhe?”T?Q (e TECNICO EEEACRIT‘:!!HIENTG DE ENGENHARIA
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SEM imageqEPS vs Aerogel)

Interfice
Acrogel/Paste -~

-

e
Acrogel &

v
R ;
G Sy ~.*‘ 3

-

SEM images of EPS-based mortar

Aerogel *

EPS and aerogel particles are S
We” blended in the paSte SEM images of aerogel-based mortar

32



THERMAL MORTARS (EP8erogel) ) T

11 1.7 —a—IL1 —8— .7

—— | ] 12 == ==]l1 —— 1.2 0

= -
= [

lag Ditferential intrusion |mL.g*)
. W . .
=

dVidlog(D) (em’.g” A™)

F
=1

o
[=

0 . d — - . - — 1L+0E :I.L-;-".‘A'_I :I.L-;-OCI 1=
Aa m 0 1000 i
Oz (m)

Mesopore size distribution for the Mdsorption branch (left) and pores distribution by MIP for both mortars

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

Theaerogetbasedmortar hasa high numberof mesoporeg< a 50 nm) and macropores(10000 :
. nm): low compressivestrength (0.23 MPa) high water absorption (1 kg/(m2min©->); excellent
: thermal conductivity<=0.0293W.m*1.K1! (dry stateat 10°C). :

*
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

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

: The EP®ased mortar has a high number of poregt@00 nm (nacropores) better compresswe :
: strength(0.35 MPa)lower water absorptior(0.3 kg/(mtmin®9); K A IKSNJ G KSNXI f 02
: 0.0514W.mL.K! (at dry state and.0°C).

.
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------



LIFE CYCLE ASSESSMENT

Subcritical drying (80% energy savings when compared to supercritical dryi_ng)

100%
90% A
80%
70% -
60%
50% A
40% A
30% -
20% A
10% -

0% -

Mortars

1.0E+06

# Al - Raw materials
# A3.2 - Production

ADP ff.
H A2 - Transport
# A3.3 - Production waste

(- )

Raw
materials

TEOS

Isopropanol

HMDZ

Ener
. rERY

GWP
M A3.1 - Packaging

1.0E+05

ADP ff [MJ]

1.0E+04 -
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1.0E+05

- 1.0E+04

GWP [ke CO, eq]
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Reusing
reactants and
reduction of
drying energy
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LIFE CYCLE ASSESSMENT
Hybrid aerogel monolithic (HYH) Life Cycle

l Energy l Energy Synthesis stage

P~

Reception; |
[Raw materials] Transport i Storage T l i

1
1
1
Mixing |
@ | T [ Ageing solution }
=
J l Energy ;&
@ | 6 l Energy
Heating and :
stirring : _
Energy l l Energy /
Energy
m Rest and gel l
| . ! | NHi(@)
+Energy +Energy +Energy I
Carrying - Bagging - Dosing « Grind .
> Waste
Residuos

DECIVIL
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TAILORED AEROGEL

Ongoing PhD (co-supervision):

Renders with thermal
conductivigs low as
possible
Maria de Fatima Julio
Acceptable

PhDstudenin Materials Engineering
mechanical an HOW TO OBTASVABIE AEROGERS

physical properties
SAFEFAND MORECONOMICAETHODS?

i ‘
Institute of Nanoscience
and Nanotechnology

Centro de Quimica-Fisica Molecular

YielINEWFENGSIOTNANAESTTES AFIORENEEREN I55]J:=J|§i§gspecific precursotorganically modified:

. COPRECURSORETHOD
- Low density,
- Fire resistance, AUsing ailylatingagent DURING AGEINGas
- Durability, POSTSYNTHESIS MODIF
- ControlleHlidrophobiditypophilicity _
- Application versatility. Ongoing

DECIVIL

DEPARTAMENTO DE ENGENHARIA
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TAILORED AEROGEL
HYBRID\AEROQGELESISYINTHES ISHWITH IHEXAMETRY LDISILAZ A

q=151° Precursor:

R

Vitreous
monoliths

PrecurSO"

2 % ONESTEP TWGSTEP o, 9
N SOLLGEL PROCESS SOLGEL PROCESS /s
Superhydropobic a\b‘ “‘ Particles
powders: Vi by ‘?’»
Precursor: ¢ ¢ R
TEOS. POSTSYNTHESIS COPRECURSOR\D
4‘1 ) MODIFIER POSISYNTHESIS MODIFIE
0 Precursor:
TWGSTEP TWGSTEP TEGS
ﬁgigﬁ;g 2°  SOLGEL PROCESS SOLGEL PROCES  r*¢1..

37
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ENERGY EFFICIENT WALL PLUS (PEP) PROJECT

P2020project: ParedeEficientePlus(201/2019)-
developmentof asuper insulating render

Caofinanciada par:

CSMPETE g
2020 2020

“weber . CzRIS:

SAINT-GOBAIN

URAD EURDPEL,

E
|||||||||||||||

Inmiutacoconstrucac

A new thermal mortar formulation with improved insulating
properties.

38



PEP (Efficient Wall Plus) Project

Innovativerendering mortar: SIM

Tests Results
@ hardened state Procedure average
Density ENLO1510 0.160g/cm?
. : Compressive strength EN101511 0.23MPa
- Aeroge! Thermal conductivity 10°C
ermal conductivity EN1745 0.029W/m.K
and dry state
Wate_r vapour permeability EN101519 14.8
coefficient
L - LNEC
Liquid water permeability FEPa39 1 4.19kg/m?

Water absorption coefficient
Hardened SIM due to capillary action

Adhesive strength EN101512 0.06 MPaC

EN101518 1.0kg/m?.min®>
1 SupeiinsulatingMortar

This innovative mortar formulation is composed, mainly, by: mineral binders, resins,
hydrophobic agents and light aggregatéhke silica aerogel represents 37% (m/m) and the
perlite 26% (m/n).

- ' Civil Engineering Research TECNICD
—_— — ' and Innovation for LISBOA
— r— 1 Sustainability
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PEP (Efficient Wall Plus) Project

ETICSncorporatingSIM

Tests Results
@ hardened state Procedure average
Water vapour permeability EN101519 24h:25.1
) _ coefficient ETAG 004 168h:34.8
Pigmentedcoating
S Resistance to water vapour EN101519 24h:0.63m
Regularizatiorprimer diffusion (air thickness equiv.)  ETAG 004 168h:0.90m
Glassfibre mesh i . 2
Wat.er absor.ptlon due to ETAG 004 1h:0.11kg/m
Baselayer capillary action 24h:0.30kg/m?
» SIM Adhesive strengti(SIM / base ETAG 004 0.07MPa.C
layer ' ’
P Lightweightconcreteblock yer) _
Impact resistance ETAG 004 Categoryl

1 ExternalThermallnsulationComposite
System

Currently, and for the tests made according to EUA% (now EADJhe full system
(ETICS) incorporating SIM has a performance that meets the requirements, althou
it needs further tests to fully comply with the ETBG.
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PEP (Efficient Wall Plus) Project

Render | Multilayer .
Avg (* ETAG 004) EN 9981 requirement

Bulk density freststate EN 1015 295.0 | similarkg m?3 Declare

Air content EN 1015/ 22.0 | similar% Declare

Bulk density haretate EN 101510 165.0 | similarkg m?3 Declare

Compressive strength EN 101511 . f noHn Mpa iPYAX LNOnn at |
Adhesion EN 101512 0.06 MPa :B | similar Declare

Capillary water absorption EN 101818 1.0| 0.16@60* min kg ntmin2) X n ® r? mip4(WY)
Watervapourpermeability EN 101519 F ¥ op X mMp

Thermal conductivity at 10 °C and dry state  EN 1745 0.0293| similar W nr! K1 X nomaki(T™) Y

Impact 3J diameter

'S

LNEC Fe Pa 25(

0.3with 4 cracks in5i

mpacts None (* ETAG 004
20.2with O cracks ins impacts related)

—>—Multilayer system  —@— Acrogel-based render

(5]

S
.

Absorbed water [kg'm=|

—

3¢
- s ray

0 10 20 30
Time [min'?]
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PEP MORTAR WITH FIBRES

Multifunctional and eceefficient thermal renders based on silica
aerogel and natural fibres

Aerogel-based fibre enhanced thermal renders

Polypropylene Aramid Biomass Sisal
Used fibres

Afibres ~ 0.040 t0 0.060 W m? K1

Aramid: Good research results at the University of Bath
Polypropylene: One of the synthetic fibres with widest use
Sisal: same origin as biomass (leaves) more widespread use
Biomass: innovative fibres obtained from patented procedures
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PEP MORTAR WITH FIBRES

Aerogel-based fibre enhanced thermal renders: anaiysis

Main objective: Study how the incorporation of fibres (natural and synthetic) influenced the aerogel-based
thermal render physical, mechanical and microstructural characteristics

Preliminary campaigriG" Analysed parameters Most promising formulations

Water : powder ratio fixed (1.30) 0.5% aramid — TR aramid
Workability 0.10% sisal — TR sisal
Consistency 0.10% biomass — TR biomass
Reference (0.0%) — TR reference

Total of 21 distinct formulations
Aerogel-based thermal render
formulation
4 fibres (2 synthetic — aramid and
polypropylene; 2 natural — biomass

Bulk density fresh and hardened state
Visually observed cracking

Dynamic modulus elasticity
Compressive strength

Thermal conductivity

and sisal)

1 length {manually cut avg. 4.4 mm)

5 volume fractions {0.10, 0.25, 0.50,
1.00 and 2.00%) plus reference (0.0%)
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PEP MORTAR WITH FIBRES

A
I fib h d th | rend
OAeroge 'bgigd Ibre enhanced thermal renders: analysis
)
0.25 b
TR reference = === TR aramid
-------- + TR sisal =+ =+=TR biomass
Formulation 020
Evaluation Parameter TR TR TR TR
reference aramid  sisal biomass s
£ 015
Water powder ratio B - e =
Workability xcellent  Good  Excellent  Excellen g
Fresh state  Cons [mm] 143.5 121.1 139.7 139.1 Z oo
Pfresh [kg "‘_31 < -
i %. s 2 22/ 2.5
Air content [%] 21.5 19.5 20 25 o
Prard kgm™3] 0159 0165 016 0162
fe.peas IMPa] 0.185 oo
Mechanical  fj pear [MPa] 0.092 0.092 g 2 4 (q s 10
Cracks during curing (visual evaluation) No No No No - Strain [mm-mm'| (%)
E IMP 513 774 492 483 =
d IMPa] Compressive strength (f)
fu [MPa) 0,066 B 0.066 B
fu basecont [MPa] 0.065 B 0.065 B Impact 3J
Impact Imp 3] ¢ [mm] 315
Cracks (Impacts with cracks in 5 impacts)  3in5
Scl 59.3 62.4 59.5 59.4 14
Aorcary Wm 'K 0032 0030 12 1
Aw [kgm=257172)
-2 172 10 4
C [kgm™= min~"/<] T
__ D1 phase [kgm 2h~1] 0.147 0159 € g
Physical 3 phase [kgm=2h~1/2) 1485 1514 2
DI g 61
p 22
Py [%] 85.1 1 z = :::: mga
Legend: L T - TR sisal
=+8- = TR biomass .
I proved over reference 0 T T T R ‘7_ g i
0 100 200 300 400 500 600 700 800 900 K P W v
Similar or non-significant Time [s'7]

Example of fibres’ distribution — TR aramid

Worsen over reference

Capillary water absorption (A,,)
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PEP MORTAR WITH FIBRES

Aerogel-based fibre enhanced thermal renders: anaiysis

4

O-00

0.01 0.1 |

10

100

(o] Microstructural analysis main results
o O
ol H 5
Formulation > Capillary >
o pores range :
5
Parameter EN 998-1 [95] TR TR TR TR " 1
requirements 5 . 2 TR reference o
reference aramid sisal biomass —-muu;m: 3%
— sisal 3 E
Prresn [kgm™] Declare 293 310 297 299 TR s s
Air content [%] Declare 215 19.5 220 225 2 E
=
Piara (kgm™] Declare 0150 e e1G 0162+ 2% Li 2
fepear [MPa] > 0.40 MPa (CS 0185 0208 0193 019
fu [MPa) and Declare 0.000 e o6 B 100% 1 0
fracture pattern - 50%
: 2 / 80%
Clkgm ?min /2] <040 (W1) 09 [N N = o
I <15 e:. 60%
Mocdry IWm™ K™Y <0100 (1) [00297] [0:0327] [00801] [0.031] £ sitica
Z 4%
. 2 acrogel
Legend: E granule
— WS s
Non-significant % x &

Not fulfils

45

C=RIS:

Pore diameter [um)

Mercury intrusion porosimeter (MIP)

Civil Engineering Research
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* Fibres’ incorporation solved the non-compliance of the EN 998-1 capillary water absorption (4, + 50%: <
0.40 kg m2 min'Y/2); thermal conductivity was kept low (= 0.030 W m! K'!); mechanical impact resistance
was improved; however, compressive strength is lower than the requirements (0.20 vs 0.40 MPa)
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SEM images
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NANOFIRE PROJECT T seed project from CERIS

NanoFire intends to compare fire reaction of 3 mortars: lime, thermal
mortar with EPS and with Aerogel.

The lime one is used as a reference since it has the higher possible fire
reaction class - A1. To compare the improvements of using Aerogel (an
innovative material) as an aggregate instead of EPS.

The aim is also to determine thermophysical properties as a function of
temperature as well as to perform a microstructural analysis.

The results will be used to propose a matrix with the risk assessment

comparing the 3 types of mortars.
Ongoing

DECIVIL

DEPARTAMENTO DE ENGENHARIA
CIVIL, ARQUITECTURA E GEORRECURSOS

— ¥ Civil Engineering Research TECN|CD
— 46 — ' and Innovation for LISBOA
— r— 1 Sustainability




NANOFIRE PROJECT i seed project from CERIS
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