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Mould growth assessment of internally insulatecgdvancedenvelopes: A parametric study
and the notion of the multi-variable designassessment charts
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brick wall with wooden beam ends after the wall was
insulated on the interior side with vacuum insulation
In this study, we invemjate the impact of retrofitting  panels (VIP). There was no significant diffecerbetween
intervention through adding supieisulation panels based the relative humidity in the wooden beam ends for the
on subcriticaldried (ambient pressure dried) aerogels as cases with and without the \WPHowever,they found
interior insulationon the hygrothermal performancef that the reduced temperature in the brick after the VIPs
brick walls The aim is to compare the hygrothermal were added led to a higher relative humidity in the
performance of different wall configurations and to wooden beamdvioreover,whenVIPs were addednthe
examine the effect of variouslesign or climatic interior sidg the drying capacity to that side of the wall
parametersSimulations are carried out using WUFI and was substantially reduced.

Abstract

the mould growth index according to th& T model is
considered as the assessment param@&esuls are
sensitive to the specific simulation cadeor thisreason,

a simulationbased multivariable design assessment
chart for mould growth risks here proposed

| ntroduction

The 2012/27/UE Directive has established a common
framework for the promotionf the energy efficiency in
Europe and has underlined the importance of the
renovation of the existing building staxkecausehey

represent the biggest potential sector for energy savings,

The share of the building sector is about 43% of the total
energyconsumption and 25% of carbon dioxide emission.
Superinsulating materials, such as silica aerogels, are
promising materials for the building sector to obtain the
desired objectives. Other than energy efficiency, the
moisture performance is a key consat@n in the
building envelope design

The hygrothermal performance efistingexterior walls
will be highly influencedwhen adding interior thermal
insulation epeciallyif advancednaterialsare usedThe
hygrothermal properties of the added insulation material,

such as vapour openness and capillarity, influence the

performance of the wholevall structure In the cold
climates, insulating the exterior wabi the interior side
reduces the drying patéal due to the reduced heat flows
coming from the interior heated space. In this case, moul

can appear when favorable conditions are present. In

general, the risk of failure will be higher if thiekinteria
insulation is used(Alev and Kalamees2016) and,
consequently may induce a sk on interstitial
condensationfrost damage, mould growth and other
damagepatterns.

Several studies have dealt with the subject of the exterio

r

Harrestrup and Svendsef2016) studied the use of
internal insulationin a heritage building blockwith
wooden beam construction and masonry brick walls
regardingenergy renovation. The risk of mould growth in
the wooden beams and in the interface between the
insulation and the brick wall was evaluated for various
internal insulation. According to thistudy, itis not
recommended to apply internal insulation on north
orientated walls, since the drying potential is reduced.

Vereecken and Roels (20149xamined the hygric
performance of walls with different interior insulation
systems exposed to a quatkadystate winter condition
based on a hot borold box experiment. They showed
that a vapour tight system is preferable to a capillary
active interior insulation systefrom the point of view of

interstitial condensation

Toman et al. (200%arriedout an insitu assessment of
hygric and thermal performance of an interior thermal
insulation system based on hydrophilic mineral wool and
without water vapour barrier. The insulation system is
applied on an old brick house. According to the authors,
the wall constructiorshowed a good moisture behavior.

In this study, we investigate the impact of the retrofitting
intervention through adding supsulation panels based

£on subcriticaldried (ambient pressure dried) aerogels as

interior insulation on theylgrothermal performance of the
exterior walls. The performance of the wall covered with
different exterior plasters/renders is examined. The aim is
to compare the hygrothermaérformance of the different
wall configurations and to examine the effect ofimas
parameters on this performance.

Wall construction materials

wall sé retrofittin and t hThe pﬁrformz?n?ecof brric|k é’@"s su%ieé:tedotoctri]e ] tr%ﬁtd Wi
9 SSlution )639 adding the aerogle%ase hsuldion at thé

installationof interior therméinsulation. Johansson et al.
(2014) investigated the hygrothermal performance of a

interior surface is considered in this studggFigurel).
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Tablel: The hygrethermoephysical properties of the construction materials

(a)
Specific heat Thermal conductivity Water vapour diffusion
Density Porosity (dry) (dry, 10°C) resistance factqu
Material [kg/m3] [%] [J/(kg.K)] [W/(m/K)] [-]
Solid brick 1900 24 850 0.6 10
Historical brick 1800 31 850 0.6 15
6.1 (wetcup-method)
Aerogel panel 110 0.90 1000 0.0148 42 (dnycupmethad)
Exp. Polystyrene 15 95 1500 0.04 30
Mineral wool 60 95 850 0.04 1.3
Calcium silicate 270 0.9 1162 0.063 3.8
Interior plaster 850 65 850 0.2 8.3
(gypsum)
(b)
Specific ~ Thermal conductivity Water vapour ab\é\gﬁ)etiron
Density  Porosity  heat (dry) (dry, 10°C) diffusion resistance  qefficient
Exterior plaster [kg/m3] [-] [J/(kg.K)] [W/(m.K)] [-] [kg/(m2h°9)]
P.1 (mineral) 1900 0.24 850 0.8 25 0.1
P.2 (cement) 2000 0.3 850 1.2 25 0.51
P.3 (cement lime 1), 1900 0.24 850 0.8 19 1
5)'4 (cementlime ) 56q 0.52 359 0.354 12 15
P.5(cement lime 3 1900 0.24 850 0.8 19 2
P.6 (lime 1) 1600 0.3 850 0.7 7 3
P.7 (lime 2) 1432 0.46 630 0.3034 11 4.8
° rfe()Hydra“"C 1830 0.27 850 0.7 19.99 6.12
P.9(lime cement) 1024 0.61 850 0.179 3.1 7.6
P.10(lime 3) 1600 0.33 850 0.7 12 10.2

* Not measuredestimated from literature data

All materials are selected from the IBRUFI (IBP
WUFI® Pro v 5.3) database, except the aerogel pane
whose properties are measuetdabscale and presented
in the following section. The main characteristics of the
materials used in this study are showiTablel.

/1

exterior
plaster

f

brick

/0

aerogel Interior
insulation  plaster
Figure 1 : The retrofitting solution by adding the
aerogetbased panel as interior insulation system

We selected en exterior plasters according to their water
vapour diffusion resistance factorp)( and water
absorption coefficientAcap). Thewatervapourdiffusion
resistanceaffects the moisture transport in the vapour

state and thewater absorption coefficienaffects the
moisture transport in the liquid state. According to
IstandardEN 9981 (2010) the mineral renders and
plastersare classified in three classegcording to their
AcapVvalueas shown irTable 2. The Acgpvalue indicates
the speed by which thmoisture front propagates when
the material is in direct contact with liquid watdhe
selecteblasterscover a wide range of possible méaés
that can be applied on the exterior surface of the building
envelope. Hereby various combinatios of capillary
absorption coefficients andapour diffusion resistance
valuesare used

The firstfour plasters lie in the W2 class witliapless
than 1.56 kg/(m2R%. P.1 and P.2 have the same,
relatively highp value (1 = 25) but differentAcapvalues.

P.1 has the lowesap,[0.1 kg/(m28-9)], meaning that it
has a very low capillary uptake capacity, while P.2 has a
highervalue[Acap= 0.51 kg/(m2R9)]. P.3 has a highéap

than the last two plasters associated with a lower vapour
diffusion resistance valugi(= 19).P.4 has a highekcap

and a lowegp value than P.3.

P5 has the same. value as that of the plaster P.3;
however, it has a highégap, making it a Wiclass plaster.

P 6 is also in the WXlass zone but it has a low vapour
diffusion resistancey(= 7).
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panels are available in various thicknesses, from 0.5cm up

The lastfour plastergP.7, P.8P.9 and P.10je in the WO to 3cm.
class withAcap more than 3.11 kg/(m?f). In comparison  The nfluence of moisture content was tested for moisture
to other used pIasterB,Q hasthe |0W95u value and PLO absorption and desorptioﬁTame 3) Samp]es were
has the highest capillary absorption value. the plaster  preconditioned at 23 °C and 50% relative hurgicit
that absorbs the highest amount of liquid water in the gried at 70 °C prior to testing. Dry specimens were stored
shortest time, when it is in contact with a liquid source. gzt the target relative humidity from 50 80%until steady
state (no further change in specimen weight). On the other
To illustrate the yigric properties of the different exterior hand preconditioned specimens (23 °C and 50% relative
plasters used in this study, the combination of the waterhymidity) were dried. The change of mass was estimated.
absorption coefficient Acay) and the watervapour  Measurement of thermal conductivity was performed for
diffusion resistancey) of each of these plasteesshown  aJ| three conditioning levels, namely 23°C / 50% RH, 70

in Figure2. °C/0% RH (dry) and 23°C/80% RH. h&rmal
conductivity was measuredcc. to EN 12667standard
Table2: Exterior plaster classes Resultsin Table3 show negligible influence of humidity
Class Water absorption coefficient on the thermal conductivity of the aerogelbased
WO No limit insulating panels

W1 | Acap< 0.4 kg/(m2mift®) [ 3.11 kg/(m2R") ]
W2 | Acap< 0.2 kg/(m2mift¥) [ 1.56 kg/(m2R") |

Table3: Influence of humiditpn thethermal
conductivity dtheaerogelbased insulating panels

Conditioning Diff. of mass  Thermal
om [ %] conductivity &

Combination of the water absorption coefficent (Acap) [W/(m*K)]
and the water vapour diffusion resistance (u) of the 23 °C
different exterior plasters 50% R|1‘| +1.0 0.01499
e e? 70°C 1.1 0.01487
2 0% RH (dry) - '
20 o
o 23°C
= ! +2. .
<15 80% R 2.6 0.01506
10
5 Water vapour permeability was determined according to
EN 12086 and EN ISO 125%tandardsSamples were
o 1 2 3 4 5 6 7 8 9 10 1 preconditioned at 23°C and 50% relative humidity prior
Acap [ kg/(m?vh)] to testing.Hereby fidry-cupme t ho d o, for the
range from 0 t ecupBn@%% hRi,0, aradr

Figure 2 : Combination of the water absorption
coefficient (Asp) and the watewapourdiffusion
resistance (u) of the different exterior plasters

range from 50t0 about 100% RHare performedThe
developed aerogdlased insulating panél@blel) shows
expected behaviour to water vapour permeability relating
to reference values of mineral woql £ 1), woodfiber

The ambientdried aerogetbased insulating ~ insulation (1=1-3), as well asthe performance of
anels polystyrene, extruded polysgme and polyurethafoam
P (1 = 60-150).

Nowadays, there ia high interest and research super

insulating materialsor building applications, particularly  \water absorption was tested acc. to EN 160@itterm
aerogels Galliano et al. 2016Jbrahim et al. 2015, water absorption) and EN 12087or{gterm water
Mujeebu et al. 2016). absorption) for partial immersion of specimen in water.
In this context, new ambiewlried silica advanced gSpecimens were conditioned at 23 °C and 50% relative
aerogelbased composite insulating materials reinforced hymidity before test. Test results are presentdtlrie4

by glass fibers are developed@he nevy developed  These areompared to provisions given by EN 13162 for
material can be applieidr new buildings as well as for  mineral wool.

old buildings It can be used as internahd eternal
insulation The hygrothermal and physical properties of Table4 : Water absorption tests
the newly developed aerogehsed insulating panel are

. . Wat R i t .
measured at lab scale at the Materigdsting Institute, aer equirements ace
University of Stuttgart Test absorption to EN 13162

' [kg/m2] [kg/m2]
In comparison to other aerogehsed insulatioavaliable Short term (24h) 0.12 o 1
on the market, the developed insulationsitope ofthis water absorption
work has an improved manufacturing processrderto Long term (28d) 041 o 3
reducethe productioncostsof aerogels Moreover the water absorption
Proceedings of the 15th IBPSA Conference 572
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Assessment criterion afterwardsit was expanded for other building materials
(Ojanen et al. 2011)The models define the materials
according to four mould sensitivityclasses: very
sensitive, sensitive, medium resistant and resistate

6 gives the sensitivity classes together with the
subdivision of the tested materials and an overview of the
materials thabelong to the different classes.

Different mould growth prediction models are found in
the literature. Some are simple qualitative models (Time
of wetnessRHT index, ASHRAE standard60 method)
and others are more quantitative mod&/§ T model).
Each of these models includes however different
simplifications or is based on different assumptions.
Vereecken and Roel@012) have done an extensive
review of the muld growthprediction models found in
the literature presenting the drawbacks of each of thes 201
models based on the simplified assumptions used or thé ).
methodology followed. They have concluded that
furthermore mare indepth study of the mould growth,
espeially, under transient conditions is still necessary Sensitivity .
through undertaking additional measurements in lab class Tested materials

The VTT mathematical model is not presented here;
Epowever, it can be found in details Wiitanen et al.

Table6: Materials' sensitivity classe¥iitanen et al. 2011)

Material group

conditions as well as in real ones. Very Untreated wood:

. sensitive | Pine sapwood includes lots of
In this study, we choose théTT model to assess the (vs) nutrients
envelope moisture performance because it is a dynamic - Glued wooden boards, Planed wood: paper
model that takes into accounthe influence of Sensitive Polyurethanavith coated products, woed
temperature, relative humidity, surface, exposure time (5) paper surfacespruce | based boards
and dry periods. Medium Concrete, aerated and .

resistant cellular concrete, glass Cement or plastic based
The VTT mould growth model » 98SS - aterials, mineral fibers
] . (mr) wool, polyester wool

TheVTTmodel is adynamic model with was developed Glass and metal
by V_"tanen(l_996)at the_\_/TT Technical R_es_eamh Cent{er Resistant | Polyurethanavith products, materials with
of Finland.It is an empirical mould prediction model in o) polished surface efficient protective
which the growth development is expresbgdhe mould compound treatments

index (M). This index ranges between 0 andTab(e 5)
and can be used as a design criterion, for e.g. a mould

index equals to 1 is oftedefined as the maximum :

tolerable value since from that moment the germination Modeling approach

process is assumed to start. Numerical model
The software WUF Pro 5.3is used to solve the transient
Table5 : Mould grOWth index cIassificatio(Viitanen et al. 201)]. Coupled onejlmensn)nal hemnd m0|sture transport |n a
Mould Growth rate Description multi-layer building componeat WUFI® was used in
Index (M) several studies to assess hygrothermal performance of
0 No mould growth Spores not building faqades. It§ accuracy has bgen tested through
SEvE(E numerous field studies of different building components
1 Small amounts of mould | Initial stages of such as builing facales, roofs and foundations.
on surface growth WUFI® uses the temperature and the relative humidity as
2 <10% coverage of mould the driving potentials. The governing equations for heat
on surface New spores and moisture transport are given in equatidnsnd(2),
3 10-30% coverage of produced res ;
pectively.
mould on surface
4 30-70% coverage of Moderate oH oT
mould on surface growth 5T 9 = V (KVT)+hyV (8pV (¢Psat))
5 >70% coverage of mould Plenty growth 1)
on surface ow dp
6 Dense mould growth Coverage % ot =V (D90V90 + ‘Spv (‘Ppsat))
covers nearly 100% dhe = around 100% (2)
surface whereH, T, wand( are the enthalpy, temperature,
moisture content, and relative humidity,

TheVTTmodel is based on regression analysis of a set ofrespectivelyPsx k, hy, Up andDgare  the  saturation
measured data. Based on the different measurements, theressure, thermal conductivityyapouation enthalpy of
influence of temperature, relative humidity, surface, water, watevapourpermeability, and liquid conduction
exposure time and dry periods is included in YhET coefficient, respectively.
model. For the numerical solution, WUFLses e finite volume
technique for the spatial discretization of the transport
The model washnitially developed for pine and spruce equations, the fully implicit scheme for the discretization
sapwood materials based on lab experiments, andn time.
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Boundary conditions results of the WUF models. The M indeis calculated

In this studythe climate of the city of Munich (Germany) at.the critical position_ Which is the interfabetweerthe
is chosenas the outside boundarcondition for the  brickandthe aerogel insulation.

simulations. The weather file provided in WUFWwas
used The German National Meteorological Service
provides this weather file (TMY), which represents a test /
reference year representing typical wemt situations. :
The weather test yeas constructed based on-$6ars T e e -
mean valuesThe outside air temperature and relative =~ ™™
humidity are shown inFigure 3. Using the climate
analysis tool provided by WUFI®, the minimum outdoor
temperature reachesl7.9°C and the mean outdoor
temperature is 8%C with a mean relative humidity of
78%. A north-wed orientation of the wall is selected, as it
is assessetb be most critical in terms of rain loadad
lack of solar radiation.

i

3
o
]

2z

Indoor Temp. [C] '

Temperature ['T]

2

[Normal Moisture Load =

5

Relative Humidity [%]

rel. Humidity [%]

V™

Indoor

-20 -10 0 10 20 30
Qutdoor Air Temperature [C] 017017 01/04/ 01/07/ 0110/ N1y
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Figure 4: Indoor air temperature and relative humidity
Tempratue according to EN 15026 standardethod

g 0
£

_ Results
e o = Comparison of 10 exterior plasters

PRIy The mould growth indexM) of the solid masonry brick
wall insulated internally by 5crthick aerogel paneis
shown inFigure5 for 10 different exterior plasters as well
asfor the unplastered wallFigure 5 sows thathe walls

with the exterior plaster®.1l andP2 have thelowest
mould growth index compared to the other walls. The
same behavior is obtained for the total water content. The
worst cases are the walls covered with exterior plasters
P5andP8.

o
]

U T

Relative Humidity [ ]
=] 3 2
—s

o1/ 01/04/ 01/07/ 010/ nny
Date

Figure 3: The outside air temperature and relative

humidity for the climate of Munich The exterior plaster P.1, with the lowest capillary
) absorption Pcap =0.1 kg/(m2R-9)] and with, relatively, a
In WUFI® Pro, there are several methods to assign anighvapourdiffusion resistance factop( 25)shows the
indoor climate. In this study, the indoor conditions are pggt performance among all otheasters. The plaster P.2
determined in relation to the exterior climate according to 55 the samg value as that of P.1 but highag., value

the European standamiN EN 15026 (2007) where, (51 kg/(m2R%)). This plaster showsorseperformance
within certain limits, the indoor air tempéuse and the  than P.1

relative humidity depend linearly on the outdoor

temperature, while qu_tside of these _Ii_mits the_y are keptTne plasters P.3 and P.5 have the saraalue (1 =19),
constant as shown iRigure 4. In addition, two indoor _ but different capillarity coefficientsAcp of P.3 is 1
moisture loads can be selected: a normal or a h'ghkg/(erP-S) and that of P.5 ig kg/(m219). TheM index
moisture load. and the total water content (and the relative
Simulation assumptions humidity) of the wall with P.8s much higher than those

As a base case, the indoor moisture load is considered a%f P.3 due to the increaséehy value.

iNor mal o. T habsomivitysitableams 0s50 | e can conclude th&igher water absorption coefficient

The outside convective heat transfer coefficient is wind (Acsg) increases the water content and relative humidit
dependent. The exterior walls are considered to be in & _ " y

building with a limited height (less than 10m). The latter Inside the_wall structu_réue to increased amount of water
; (due to rain) penetratinig the wall

has an effect on the rain exposure. The wall layers are

assumed to have &ifect contact. Also, no air infiltration,

e.g.due to cracks, is considered. Two wall structimatt

with solid masonry brick and historical brick are

studied

The plasters P.6, P.7, P.9, and P.10 have much higher
than that of P.5; however, their performance is better than
that of P.5(M index is much lowethan that for P.5)
These four plasters have higkpvalue associated with a
relatively low vapour resistance garies between 3 and
12) indicating a drying ptential as soon as the boundary
conditions become favorable.

To calculate th&TT mould growth index 1), the brick
masonry is assumed to lie in the dnem resistant class
(refer to Table 6). The VTT model is written in
MATLAB ® to postprocess the hygrothermal simulation
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Figure 5 : The mould growth index (M) for the brick masonry wall with different exterior pla

2021

The worst cases are P.8 and P.5. Thelsstershave brick (HB), with the selected plaster and under the normal
higher capillarity transport along with high vapour and the high indoor moisture loads is showfigure6.

diffusion resistance factor. T

o ——MB normal . s -
The simulation period is extended to 10 years to  %af| ygmew | /o
investigatethe behavior of the wall construction with P.1 ~ $ ||~ -8 hign YA Voo E
and P.2. The M index remainin the quassteadystate < / b
behavior as shomw in Figure 6 for P.1; however, M 8
increases significantly for P.2nd reacles values more o
than 3indicating a high risk for mould growth (figure not é
shownfor brevity).

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
From this analysisve can conclude the following: et 15
- Itis the combination of the capillarity transpokt4) Figure 6 : The mould growth index (M) at the critical
and thevapour diffusion resistance facton) that position for solid masonrgMB) and historical brick
defines theperformance of the exterior plaster (HB) wall construction insulated internally with 5cm of

- The best plasters are those with very low capillarity the aerogel panel under a normal and a high indoor
transport (to prevemainwater from getting in) moisture load

- Thereis a critical Acap. Where a faster witha lower
value thanAcapshows a good performance even if it  Weextendedhe simulation periodo ten yearsn orderto
has a higlvapourdiffusion resistance factop) show whether the behavior reaches a gatesdy state.

- For values highethan thecritical Acap, @ plaster with  As illustrated inFigure 6, the increase in the interior
a lowerAcqpbut with a highu will perform worse than ~ moisture load has a drastic negative effect on the hygric
a plaster with a highek.ap and lowent performance of the wall assembly, especially for the solid

- The worstcaseis the plaster having both a hidga, masonry brick construction. For the lattéhe risk of
and a hight (meaning water gets in and is difficult to mould growth has increased significantly when the indoor
get out) moisture loadis higher The M index increases over 1

- So if the exterior plaster has a high capillarity during the second year and its yearly average value
transport, it is essential to couple this property with a continues to increase in a steep manner to reach a

low vapour diffusion resistance factor tdlaw the maximum value of around 3.4.
wall to dry out. For the historical brick, the wall constructibas higlrisk
of mould growthevenfor the normal indoor moisture
Plaster P.1 shows the best behavidhis analysisFor load. For this wall, the M index increases gradually when
thisreasonP.1is chosen for furthgparametric study. considering the normal load and increases rapidly to reach
values more than 3 duringhe second year when
Parametric study considering the hlgh load.
Influenceof the interior moisture load Influenceof thevapourbarrier

In all shownsimulations, the interior moistulead was A vapour barrier or retarder may be necessary to be
calculated using the method of the EN 15026 standardinstalled behind the insulation layer near the interior wall
with normal moisture load. In this section, the indoor surface especially winethere is a high moisture flux
moisture load is set to the high load. The mould growth coming from the interior space. Severapoar retarders
index at the critical position ofboth investigatedvall with different vapourdiffusion resistance factsior sd
constructions, solid masoy brick (MB) and historical  values (sd-value is the vapour diffusion resistance factor

fiuo multipiedby t he mat erxdal g*d) t£hi c Kk
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are tested for two wall assemblies (MB and HB)case the presence of the exterior render with very low
of the vapour retarder, the high moisture load for the capillarity.

indoor climate is chosen. T index is shown ifFigure

7 for the different sevalues of thevapourretarder.

i

Figure 8 : The mould growth index (M) at the critical
position for solid masonry and historical brigkall

Figure 7 : The mould growth index (M) at the critical construction insulated internally with 5cm of the aerogel

position for solid masonrgMB) and historical brick panel for two rain exposure situations
(HB) wall construction insulated internallyith 5cm of
the aerogel panel under a high indoor moisturedder Influenceof rain penetration
differentvapourretardersdvalues In 2009, a comprehensive standard on moisture control

design has been developed in North America
As illustrated inFigure7, avapourretarder with relatively  (ANSI/ASHRAE Standard 16@®009). It proposes to
high sdvalue (high resistance to watevapour  consider rainwater leakage through the exterior cladding
transmission) is needed to ensure a moisture safe walbf exposed wallsresultig from imperfections. e
construction, paicularly for the historical brick Wl default value for water penetration through the exterior
construction with the 5crthick aerogel panel. surface shall be 1% of the water reaching that exterior

o _ _ _ surface. A lierature review (Van Den Bossche et al.

For thehistorical brickwall with avapourretarder having 2011), analyzing data of leakage rates measured on

an sdvalue of 1m, a significant mould growth risk is djfferent wall structures, confirmed the appropriateness of
obtained starting from the second year of the simulation.t he 61% | eakaged in ASHRAE St

For the HB wall with asapourretarder having an sdalue

of 5m, the yearly maximurii M dndex increases slightly | this study, the rainwaterleakage deposit position is
over the years and shows a risk of mould growth after 12¢considered to be the exterior layer of the load bearing
years (for this case, simulation period to 15 years (figuremasonry, so it is the position behind the exterior
not shown) to examine the curve behavior after 10 yearsrendering. This can be considered as possible location due
ard the riskto mould). to cracks omoor workmanship. Simulations are carried

out with the assumption of 1%ainwaterleakage (with
For the othewapourretarders (sdOm and sdlO0m), N0 normal indoor moisture load and with normal rain

risk of mould growth is observed. Thus, the selection of exposure)AS shown inFigure 9, |n|t|a||y the MB wall
thevapourtightness of th@apourretarder is important in construction does not show a risk for mould grO\N‘th’
this case. For the solid masonry brick wall (MB) with the however, the risk starts to appear after the 11th year when
5cm thick interior aerogel panel, all testedapour  considering the 1% rainwater leakage. For this case, the
retarders do not show any mould growth risks; however,yearly maximum M index increases gradually throughout
the one that is moreapourtight behaves better than the the years, and increases in a significant manner thier
one which is lesgapourtight. 11th year. For the HB wall construction (which has
initially a high risk for mould growth even with no
rainwater leakage), the rainwater legkancreasetheM
indexadditionallyby about 0.5.

Influenceof the rain exposure

Figure8 shows thenfluenceof the rain exposurt the
mould growth index for themasonry brickand the
historical brick walls Two cases are considereldw Comparison with traditional insulation materials

building (height < 10m)and upper part ofall building |n this section, the moisture performance of the wall
(height > 20m) The latterone has much more rain  construction with the aerogel blanket is compared to the
absorption coefficient due tthe higher rain exposure. wall construction with mineral wool (MW) arekpaded

Figure8 sh_ows_t_hatthe h_igher rain exposure case dogs not polystyrene (EB), and also to the capillary active
show a significant difference from the lowerain insulation material calcium silicate (CaSi).

exposurecasefor both the MB and the HB walls due to
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