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Residential and non-residential buildings are currently responsible for 40% of the final
energy demand in the EU, and for approximately 36% of all emissions of GHG

EU Member States are committed to define a roadmap leading to the reduction of
greenhouse gases (GHG) in the EU by 80-95% by 2050 compared to 1990 levels
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However, the renovation rate is still highly unsatisfactory
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Furthermore, energy efficiency is not the only problem faced
by the European building stock because about 50% of the
European territory is earthquake-prone




In the framework of the ongoing EU-funded innovation project called e-SAFE
(energy and Seismic Affordable rEnovation solutions), several solutions for the energy
and seismic deep renovation of reinforced-concrete (RC) framed buildings in the EU
countries are going to be developed and demonstrated
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http://esafe-buildings.eu/en/

The Consortium partners are
from eight EU Countries
selected from different climate zones,

(if available)

and including high seismic regions
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One of these solutions makes use of cross laminated timber (CLT) panels connected to
the existing RC frame through specifically designed dampers to increase the seismic and
energy performances of the existing envelope (e-CLT solution)

e-CLT integrates both local bio-based recyclable (or
recycled) insulating materials and customizable cladding
finishing solutions. Size and number of CLT panels to be
applied on the facade are determined based on the initial

seismic deficiency of the building and the assumed target
performance

A pilot building in Catania owned
by IACP (ltalian social housing
institute) will be renovated through
the use of e-CLT, along with other
envelope and technical systems
solutions




The main goal of this research is to understand the hygrothermal behavior of existing
wall structures retrofitted with e-CLT.

In particular, this presentation reports on:
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« Surface condensation and mold growth =——————>

* Interstitial condensation issues




The hygrothermal performances are assessed through the methods prescribed by the EN
13788:2013 Standard (stationary calculation) for surface condensation/mold growth and interstitial
condensation (Glaser’s method)

Various existing wall structures, typical of the non-historic Italian residential building stock and
retrieved from the Italian report of the EU Tabula project, are considered as both base case
assemblies and substructures to apply e-CLT

The thermophysical properties of the materials used in the various wall assemblies, along with
those pertaining to CLT panels, are listed below and are gathered from the EN ISO 10456:2007
Standard
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Reference climate conditions indoors and outdoors are set according to the EN ISO 15927-1:2004
Standard

Various locations in Italy — ranging from warm to cold — are thus investigated according to their
Heating Degree Days (HDD)

Climate  Representative cityand  Heating period
zone relative HDD (°C-day) . B 7ONEA

st
A Lampedusa (588) 1D5etﬁember 1% ~March

Catania (833) December 1% — March 31%

November 151 — March
Naples (1034) 318t o i o ZONED

Rome (1415) November 15t — April 15t

W 7ZONEB

ZONEC

Bologna (2259) October 15" — April 151" W ZONEE

Throughout the year when »\' o m ZONEF
needed 4 tampeass

Cuneo (3012)

* REAL PILOT BUILDING

Indoor air temperature is set to 20 °C during the heating periods listed in the Table above, while it
coincides with the outdoor air temperature value in the remaining of the year (a lower threshold of 18
°C applies in case of particularly cold outdoor conditions)

Indoor relative humidity values are derived by adding to the vapour partial pressure in the outdoors
a contribution associated to indoor vapour sources. Two “different vapour class productions” are
considered: “class production 3” — houses without mechanical ventilation and with unspecified
occupancy pattern — and the more demanding “class production 4” — gyms, kitchens and canteens




The stationary and dynamic thermal parameters are calculated according to the Standards EN
ISO 6946:2017 and EN ISO 13786:2017. To this aim, the values of the internal and external surface
thermal resistance are set to 0.13 m?-K-W-1 and 0.04 m?-K-W-1 respectively

Finally, the amount of condensate that is detected in the various assemblies’ layers is
compared against the threshold values set by the EN ISO 13788:2013 Standard and reported in
the following Table 3. In case of materials not included in the table, the amount of condensate should
not exceed 500 g-m-2

Density p Maximum condensate
(kgm™) (@m?)
Clay 600-2000 <500

Concrete 400-2400 <500
Wood and derived
materials

Plasters and
mortars

Organic fibers with
waterproof glue
Organic fibers with
non-waterproof 300-700 <57ps
glue

Mineral fibers 10-150 <5000-p-s-A-(1-1.7-A)1

Cellular plastic PR
materials 10-80 <5000-p-s-A-(1-1.7-1)

Material

500-800 <30-ps

600-2000 <30-p's

300-700 <20-ps

. SUITE ANIT
All the calculations are performed through the freeware software v s

PAN v.7.1.0.4, a tool developed by the Italian National Association for Te.
Thermal Insulation (ANIT) that complies with all the relevant pAN
European and National Standards listed above

Analisi termica, igrometrica e dinamica dell'involucro opaco.

L
Tutti i dinfti riservati. Gualsissi riproduzione non autorizzata & vietata.

Maggiori informazioni e contatti: www.anit.it - software@anit.it
Versione 7.100 Utimo sgaiomamento 20092018




The stationary and dynamic thermal parameters are significantly improved thanks to the application of
e-CLT:

The superficial mass is improved of about 33 kg-m-2

The U-value is strongly reduced for every wall assembly by more than 60%

The Y -value is always well below the normative threshold of 0.10 W-m?-K-!

The attenuation factor guarantees a good dampening of the ingoing heat wave

The phase shift allows to delay the peak ingoing heat wave by more than 13 hours for every wall
assembly

BASE CASE WITH e-CLT

superfic U-value Y Attenuation Ph_ase Wall _Superfic U-value  Yie Attenuation Phase

ialmass (W-m (W-m~ factor (-) shift D ial mass (Wm (W-m factor (-) shift

(kgm?) =KD 2K (h) (kgm?) KD 2K (h)
500 1.81 0.43 0.25 10 1r 533.3 0.31 0.01 0.04 175
501.2 1.09 0.15 0.14 11 or 534.5 0.28 0.01 0.03 19.1
210.1 1.11 0.59 0.53 7.1 3r 243.4 0.28 0.02 0.08 15.3
410 3.55 152 047 5.3 ar 443.3 0.34 004 011 13
211.2 0.72 032 044 8.4 5r 244.6 0.25 001 005 17
411.8 1.20 031 0.27 7.1 6r 445.1 0.29 0.02 0.07 15

212.4 0.61 0.27 0.44 8.2 r 245.8 0.23 001  0.04

Wall
ID




Issues concerning the existing wall assemblies are evident in terms of surface condensation and mold
growth risks, especially for higher indoor vapor production rates

BASE CASE - VAPOR CONCENTRATION CLASS 3

BASE CASE - VAPOR CONCENTRATION CLASS 4

Climate zone Risk assessment | Wall ID | Wall ID Wwall ID Wall ID Climate zone Risk assessment | WallID | WallID | WallID | WallID | WallID | WallID | Wall ID
7 4 5 6 7
Climate zone A | Surface v v X v Climate zone A | Surface X v v X v v v
condensation condensation
and mould and mould
growth | growth
Interstitial v v v v Interstitial v v
Condensation Condensation
Climate zone B | Surface X Climate zone B | Surface X X
condensation condensation
and mould and mould
| growth growth
Interstitial v v Interstitial v v v v v
Condensation Condensation
Climate zone C | Surface X v x v Climate zone C | Surface X X X X X
condensation condensation
and mould and mould
| growth | growth
Interstitial v v Interstitial Ve v v Ve v v
Condensation Condensation
Climate zone D | Surface X X Climate zone D | Surface X X X X X X
condensation condensation
and mould and mould
| growth | growth
Interstitial v v Interstitial v v v v v
Condensation Condensation
Climate zone E Surface X v X v Climate zone E | Surface X X X X X X
condensation condensation
and mould and mould
| growth growth
Interstitial v Interstitial v v v X v v Ve
Condensation Condensation
Climate zone F Surface e X Climate zone F Surface X X X X X X X
condensation condensation
and mould and mould
growth | growth
Interstitial v v v Interstitial v v X v v v
Con tion Conden;




Surface condensation and mould growth risks are solved for all wall structures and indoor vapour

production analysed, while some interstitial condensation is predicted in coldest climate zones E and F

WITH e-CLT — VAPOR CONCENTRATION CLASS 3

WITH e-CLT — VAPOR CONCENTRATION CLASS 4
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A limited amount of condensate is predicted for uninsulated concrete walls (Wall ID4) only in the
coldest climate zones (E and F) at the interface between the internal plaster and the reinforced
concrete layer. The amount of cumulated condensate in the coldest period (November to February) is
about 330 g-m2 for vapour production class 3 and completely re-evaporates within the year

Wall ID4 — Base case, Climate Zone F

@ vapor production class 3 @ vapor production class 4
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When applying e-CLT, some condensate is present at the exterior face of the insulating material for
vapour concentration class 3 in the case of wall ID 3r (cavity wall with air gap and no insulation) in the
coldest climate zone F, but the very low amount predicted (2.2 g-m2) is easily re-evaporated. When
considering an increased indoor vapour production (vapour concentration class 4), some interstitial
condensation may occur in climate zones E and F for five out of the seven wall structures, but once
again the amount of condensate is low (below 20 g-m-2) and re-evaporated




e-CLT significantly improves both the thermal and hygrometric behavior of typical wall structures
located in different climate zones in Italy

As examples, the U-values achieved after applying CLT panels to solid brick walls and cavity walls
drop down from 1.81 W-m2-K-1and 1.11 W-m2:K-1to 0.31 W-m2-K-1 and 0.28 W-m-2-K-1in order

In addition, the summer thermal performance is significantly improved thanks to the supplementary
thermal mass brought by CLT panels (about 33 kg:-m-?)

From the hygrometric point of view, the e-CLT solution eliminates any surface condensation and
mold growth risks present in various typical wall structures (most notably solid bricks and concrete
walls)

The additional water vapor resistance brought by the CLT panel (u = 60) reduces the maximum
amount of condensate predicted to only 20 g'm2 in the worst scenario (renovated concrete walls in
coldest climate zone F, indoor vapor production class 4), which is well below the maximum threshold
of 500 g-m2 set by the normative and the corresponding amount achieved by the same wall without
the application of e-CLT (1400 g-m™?)

Further studies are planned to assess other condensation mechanisms such as vapor convection,
capillary transport and surface diffusion through advanced transient hygrothermal simulations
and explore the use of water vapor barriers/retardants
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Dr. Vincenzo Costanzo, vincenzo.costanzo@unict.it
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