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1 | ntroducti on

The project RIBild aims to develop @r a c t i tguidelme forbtise application ointernal
insulation in historic buildings. From building physis point of view, the failure of constructions
due to high moisture levels is the most critical aspecintgrnal insulation. This risk can be
evaluatedby simplified calculations or advanced hygrothermabdels simulation tooly The last

is seen controversial by practitionelsecause of its complexity in the specification of the input
(weather data, material data sets etc.), the model corypleself (vapour transport, liquid water
transport, convection etc.) and the interpretation of results (e.g. mould index, fréeingg
cycles).Therefore, a application of hygrothermal simulation tools in a practgadeline assumes
proof of resuls accuracyor these complex method§he most appropriateay is a validation of
the simulation results with measurementsoffers furthermore the opportunity to demonstrate the
performance of materials, constructions, buildings and derive practicadusmms.An overview of
this approach in the context of involved work packages within RIBuild is given in the graph below
(figure 1).

1Case study buildings (WP 3)

[RIBuild
Fig. 1.: Integration of wak package3 into the RIBuild-project

WP3 activities rely ora proper material descriptionagh matdal in WP3 has previously been
characterized with a selectiof measurements reported in2[. These characteristics provide
essential information about the thermal and hygric storage and transport properties of these
materials. This allowed principallgifferent functionalitiesn the selection oflifferent insulation
products pplied in the test stands of \BPSupplementary, typical basic materials (bricks, mortar,
wood etc.) were chosen for the testiBgsed on this produetriety, different levels & complexity

for the validation and performance demonstration vilmggemented The starting level is a single

wood material sample in form of an academic wooden beam end under defined boundary conditions
in the ld. This task was reported in WP44D) asit officiates also as validation case for the three
dimensional extension of the hygrothermal software tool (DELPHIN 6). A further complexity grade
is achieved with lab studies of wall samples with embedded joist ends under controlled boundary
conditions. This is the core task of the laboratory activitiesWP3. Three test standswere
designed, erected and analysed within this work pac&ad@D (sectiod), DTU (5), KUL (6).

Each ofthesefocused on a particular research question and investigated particular constructive
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details, boundary conditions and interior insulation products. Not all test stands were already used
to validate the software tools. However, all castisredvaluable findings about thgerformance

of internally insulated walls. TUD test stand was furthermore adduced for the validation of
hygrothermal simulations and for the development of an inverse modelling apgseation6)

which allows a systematic calibration of simulation resultse validation and calibration cases
(sections4.8and6) convey the confidence in the application of hygrothermal simulatioretsdor
practical cases. They represent an important requirement for the simulation st\li@s as they

prove the reliability of the simulation results.
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2 Executive Summary

The test stands described in this report are realized by thee partners, TURBNBKUL. Each test
stand covers a certain aspect with regard to the tested materials (A), beam end constructions (B) and
research focus (C).

Tested materials (A)

Test stands at TUD involved three different insulation materials: calcium silicate (100 mm)
mineralic boards (100 mm) and composite boards (80 mm) with conduction resistances about 2.2 to
3.1 m2K/W. A similar resistance was given in the outdoor test unit of DTU for the analysed Xella
container with mineralic board insulation in the same thickmeasin the TUD test stand (100 mm).

Test stands at KUL included three different insulatsystems (EPS, mineral wool and calcium
slicate) withresistancef about 3.0 to 3.5 m2K/W.

Tested beam end constructions (B)

Tested beam end constructions ranfyech uncovered beam ends with different sealing techniques
in TUD and KUL test stands to OStvered beam ends with uniform sealieghnique in the

DTU test stand. Test stands differed furthermore in the decoupling of beam wood and wall
construction. TUDtest stand prevented capillary contact in this level with a fois, DTU and KUL
kept the capillary contacCritical conditions were recorded for the uncovered and open beam end
in bothtest stands at KUL and TUD. KUL found that especially the combinaticapfiary active
interior insulation (calcium silicate) with open joist end constructions is not recommernitidble.
found that the performance of the open joist end depends strongly lendkteof drying periods as

these are more efficient in open beamd constructionsDTU concluded a beneficial effect of
hydrophobized exterior masonry surface but at the same time a necessity for additional measures in
order to reach uncritical conditions in the masonry and joist end (e.g. reduction of indoor relative
humidity level) for the evaluated location in Denmark.

Research foci (C)

TUD test stand was kept as a simplified constellation in order to allow a validation and a further
calibration of the derived experiments with the DELPHIN simulation results ([@latian in
section4.8, calibration in sectiorY). Accuracy of the simulation model and its-8Rtension was
proved in validation cases selected from the measurements and reported in 4&ctibhe
accordance of simulation results and measuremeantsfisient, although the shetime reaction of
materials and components shows higher discrepancies. A proved model aclloaeg the
development of a new calibratignocedure (inverse modellingyhe term calibration addresses the
identification of unknown input parametes$ the simulation modele.g. those parametershich
cannotbe measured directlyfhis calibration approacim section7 enabled finally the systematic
adjustment of the hygrothermal results to achieve the maximum accordance between simulated and
measured outcomes.
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3 Laboratory Experi ments

Facilities for the analysis of hygrothermal building envelope characteristicbecastinguished
concerning their spacial scale into test buildings, outdoosstalle test facilities, outdoor test units
and laboratorytest standsOutdoor test buildings and ftdcale test facilities are usually fully
occupied buildings, which are pased to unmodified weather conditions. Outdoor uess are at

least providing controlled indoor boundary conditions and include furthermore modified or
unmodified weather loads. Lab test facilities fix both, indoor and outdoor boundary conditions.
(Cattarin, Causone, Kindinis, & Pagliano, 2016)

Both, indbor and outdoor test facilitiedfer certain advantages. Outdoor test buildings and facilities
allow a realistic evaluation of a given construction under lifelike indodrartdoor conditions.
Unfortunately, a monitoring embracing all influential factors is hardly realizable and this implies a
multitude of uncertainties. In addition, all findings derived from suchlike measurements are of
limited assignability for other loti@ns, building properties, occupancy patterns etc. Laboratory
facilities, on the other hand, provide the advantage of selected attgfetfid boundary conditions

and are therefore able to exclude certain effects or uncertainties arising from diverdarypou
conditions and they are able to generate repeatable results. On the other hand, they are not suitable
for the evaluation of a practical risk.

Both, test buildings andoutdoor and indoertest units, are included in work package 3. This
deliverableD 3.1is focused on the lab tests. It covers batloutdoor test units (DTlUsection5)
andtwo lab teststandg TUD: sectiord, KUL: sectionG,).

3.1 Internal Insulation Laboratory Experiments

A number of test stands resp. outdtest unitsin the field ofinternalinsulationwere described in
the literature, evaluatingew measurement techniques, e&gRay technology inVereecken &
Roels, 2Q4)boundary conditions, e.g. experimental simulation of winden rain in(Guizzardi,
Derome, Vonbank, & Carmeliet, 201%r the validation of the hygrothermal model, e.g.
(Marincioni, AltamiraneMidina, & Ridley, 2014) Further,wooden constructions in combination
with internalinsulationwas studiede.g.(Sedlbauer & Krus, 2003JAlev, Uus, Teder, Miljan, &
Kalamees, 2014)Another facus was the combinan of vacuum insulation panels, e.g. in
(Bichlmair, Krus, & Kilian, 2014)(Kopecky, Kamil, Bures, & Tywoniak, 2017)

3.2 Laboratory Experiments within RIBuild

Nevertheless, someegearch questions remained unsolved. One of them is the experimental
performance of critical constructive details (wooden beam ends) in buildings, which were retrofitted
with internal insulation. Epecially the comparison of basically different insulatsystems(one

focus of the TUD test standjapourtight systems, vapotpermeable and capillary inactive
systems and vapoyrermeable and capillary active systems, is not known. Another question is the
strengthening effect of adverse boundary conditioresulting from winddriven rain in
combination with surface treatmenf{focus of the DTU test standr resulting from wind
conditions (focus of KUL test stand: pressure differences)the moisture accumulation risk in
these beam end details.
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Fig. 2.: Overviewof test facilities. Red area implies warside (indoor climate) conditions, blue area implies celitle
(outdoor climate) conditions

Tab. 1.: Overview laboratory teststandswith beam ends in internallyinsulated wallswithin RIBuild

TUD DTU KUL

(section4) (sectionb) (section6)

Test facility/unit  Hot sidei cold side chamber  Heated test buildings with 24  Hot sidei cold side chamber
with 6 fields fields with 8 fields

All test stands: evaluate different interior insulation systems in combination with joist ends / v
beam ends

Test prpose
Impact of connection technolor Combination with partition anc  Impact ofair gap between

(air tightness) joist endsall different surface treatments finishing and beam end
Inside: 1936°C, 1475% Inside 20°C, 5660% Inside: 20°C, 54%
Conditions
Outside:-14-30°C, 2296% Outside climate Lyngby Outside: 2°C, 86%
Basic Brick, ca. 36 cm with levelling Brick, ca. 36 cm with levelling Brick, ca. 30 cm, bare
Construction plaster (R~0.4 m2K/W) plaster (R~0.6 m2K/W) (R~0.8 m2K/W)
Composite board& cm) , Mineralic insulation boards, Calcium silicate and EPS (1(
Insulation calcium silicate andhineralic foam comrete composite cm), mineral wool (12 cm)
products insulation board$10 cm) boards, lime mortar, etc.
(R~2.2-3.2m2K/W) (R~2.4-3.4m2K/W) (R~3.0-3.5m2K/W)
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4 Test StTalhd a't

4.1 Introduction

The test stand at IBK, TU Dresden enabled simultaneous evaluation of solid wallshneih t
different insulation systems combined with embedded beam end constructions. Tested insulation
systems were (1) Polyurethane hybrid boards, (2) calcium silicate boards and (3) mineral boards.
Each insulation system comprised three different test fi@ldsundisturbed field in the middle of

the test wall strip as well as an upper and a lower joist end involving different sealing techniques.
Each of these nine test fields was equipped with a measurement track that involved temperature,
relative humiditywood moisture content and air velocity sensors. These sensors record the reaction
of the test construction on the test conditions provided on both sides of the test wall.

Two aims are targeted with the test facility. Firstly, the measurement resultsaallevaluation of

the insulation system performance in comparison with each other. This addresses theulrging
build-in moisture, the distribution of condensate, the thermal performance of wet building materials,
the resulting airflow in the differérjoist end cavities and other aspects. The second aim is the
provision of reference cases for the software (DELPHIN) validation in form of measured states and
fluxes in the construction for controlled boundary conditions

4.2 Setup and Equipment of the Test Stand

The test facility consists of mainly three parts, a itk chamber, the test wdlith nine test

fields) and the warmside chamber. Both chambers are accessible through a door and equipped with
air-conditioning technology. The test facility itéeé$ placed in a separate basement room in the
laboratory test building of the ZfB&at TUD. Thisprovidesstable boundary conditiorsd thus a
minimum energetic effort for the warside boundary conditions

Each chamber showdifferent wall mounting de to the required insulation level of provided
boundary conditions. Insulation level is higher for the &t chambef12 cm of PUR with

&= 0, V@/raK) due to the aimed temperature level of dowrl@’C. No insulation wasecessary

for the warmside chamber walls because the temperature conditions in the basement room matched
the desired temperature conditions in the warde chamber very well. The paheg of the walls

was made with OSBoards that provide high vapour tightness due to the contained binding agents
in the OSB boards. This was supplemented with sealing tapes at the edges and corners of the
chambers to achve a satisfying vapour and-dightness of the cold chamber in particular.

The test wall has a dimension of 3 m in width and 2.5 m in height. It was pla@esbcketmade

of foam glass insulation of 10 cm in height. Foam glass shows a high cowgrsgength and
serves furthermore as thermal and hygric decoupling measure due to its low thermal conductivity,
its vapour tightness and its néiquid-water conducting property. Within the test wall, vertical and
horizontal subdivisions are incorporatedorevent mutual interaction of the nine test fields.

! This acronym represents assaciation of several institute laborator@sTUD. The association was founded in
January 2016 under the auspices of Prof. John Grunewald and four other professors in the cisiirmngextor.
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Fig. 3.: Floor plan (left) and vertical section (right) of the test stand with wasite chamber (red) and colside chamber
(blue).

The warmside chamber is equipped with a radiant heater and a humidvfiesh are temporarily

put into operation. The heater was mainly used to accelerate the-dufiog buildin moisture at

the beginning of the test phase and furthermore to provide hot and humidswlarmonditions
during the regular operation of thestestand. The cold side chamber was equipped with a heating
and cooling unit of 2.0 kW heating power and 2.2 kW cooling power, a humidifying unit, a
dehumidifying unit and a number of vents for homogeneous air mixing. Achievable air
temperatures range beten-10°C and 25°C, relative humidity between 20% and 90%.

F

Fig. 4.: Cold-side chambe(left) with de-humidifier (dark grey device), air inlet (behind vents) and heating unit (white
device). Warmside chambeshowing wiresof the measuremerequipment in the wall and with thbeamends supported
by a wooden auxiliary construction.

Three test strips with different insulation systems adjoin within the test Wesdked insulation
systems are PURYybrid insulation board$iQ-Therm), calcium dicate boardqCalsitherm)and
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mineral insulation board@viultipor). Each insulation systems was mounted on the basic test wall,
which was sealed with a levelling plaster at the warm side. Thesa#dsurface of the masonry

remained bare. The term instiken system comprises, in this case, a combination of an adhesive

mortar, the insulation boards and a finishing plastaich was reinforced with a synthetic gauge.
vapour barrier and an insulation strip were used to separate the three insulatiorieststamps.

4.3

The basic construction is the same for all test fields resp. test strips. It consists of the brick masonry
with one and a half bricks in thickneisscross bracingGerman standard format for these bricks is

Basic Construction

240 mm (length 115 mm (height), 71 mm (depth). Vertical and horizontal joints are realized with
a lime cement plaster in varying thickness of about 5 to 10 Imrhis regard, the masonry is a
typical German construction as it was realized in historical buildinggedf@22 when the first

German brick standard was spread. Common brick thermal conductivities ranged from 0.6 to 1.1
W/mK at that time. (Arbeitsgemeinschaft Mauerziegel im Bundesverband der Deutschen

Ziegelindustrie e.V., 2005)

To ensure plain warraide surfaces for an ideal contact between insulation board and wall, a
levelling mortar was added on the warm side of the masonry. The bare cold side of the masonry

was, in contrast to construction site practideere imperfectionare usuaglfull-face jointed in order
to reduce irregularitiés

| t i s

therefore

cal

| ed

facademi

Tab. 2.. Material specification for the basic constructionbased on lab measurements dBK, TUD .

} o € Aw deo et
Material Name Density Thermal Vapour Diffusion | Water Uptake| Water Content| Effective
Conductiviyy | Resistance Facto| Coefficient at80%r. h. | Pore Vol.
[kg/m?] [W/mK] [-] [kg/m2< [M3/m?] [M3/m?]
Brick 1843 0,938 15 0,2189 0,001 0,288
Mortar 1878 0,803 37 0,0361 0,060 0,223
Levelling Plaster 995 0,220 11 0,0212 0,078 0,331

Because effective saturation of the mortar is lower (0.223 m3/m3) than for brick (0.288, mt3/m3)
can be stated that moisture storage potential is higher for the brick although the difference is not
large. Furthermore the moisturizing process starts earlier in the mortar, already at air relative
humidity of about 24% while brick is only starting in the overhygroscopic range of more than 95%.

The brick shows both, a higher transport potential foridiquater and a higher storage potential
than the mortarin case of interstitial condensation and builimoisture, a drying process towards

c

n

warm side depends mainly on the properties of the insulation process. The drying process towards
cold side if possible,will be ruled by the base construction. The expected taildoisture in the

2 These irregularities might cause uncontrolled airflow through the masonry andinipesle the analysis of

measurement results.
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masonry is initially present in the horizontal and vertical jointing. It can be expected that this water
is distributedrelatively quickly within the brickmortar patterrbut takes a relatively long period to

dry out due to the limited vapour and liquid water transport potential of the selected mortar. From
this builtin moisture point of view the mortar is not an ideal materielowever,in practice, where

liquid water 5 mainly expected from the outside in form of driving rain simould notoe absorbed
quickly by the construction, this mortar property would show its warranty.

Tab. 3.: Material specification for the beam wood (spruce) based on lab measurements at IBK, TUD.

Material Name and| > Hary A, o hor K,

grain direction kgmy | Wimk] | [] [kgn?<9 | [Vol.-%] | [Vol.%] | [s]
longitudinal 4,6 0,012 2,0e10

Spruce | radial 394 0.122 186,1 | 0,012 6,6 72,8 1,8e10
tangential 487,7 | 0,005 9,2e10

The wooden beams made of sprigt®w differing material properties depending on the grain
direction of the wood. Measured values are listed in tahte 3.:Especially the liquid water and
vapourtransporfpropertiesaremuch higher for longitudinal thanrféangential direction.

4.4 Tested Interior Insulation Products resp. Systems

Each of the three test strips shown in the previous chapter includes three measurement test fields:
two joist end fields and one field in between. These fields are equipped witungrm@@nt tracks

that are specified in the next chapter. The selected insulation materials are representing three
completely different types on interior insulation. One type is highly capillary active and vapour
permeable with a high thermal conductivitya{§itherm), one typés slightly capillary active with

high vapour permeability (Multipor) and one material shows a low capillary activity and low vapour
permeability (Q-Therm). Main material properties are listed in the following table.
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Tab. 4.: Material specification for the three insulation boards (test strips) based on lab
measurements at IBK, TUD.

J o € Aw dso et
Material Name Density Thermal Vapour Diffusion | Water Uptake| WaterContent| Effective
Conductivity | Resistance Facto| Coefficient at80%r. h. | Pore Vol.
[kg/m?] [W/mK] [-] [kg/m2< [m3/m?] [m3/m?]
PUR-hybrid
board 55 0.031 63 0.003 <0.001 0.093
(iQ-Therm)
Calcium silicate
board 190 0.059 3.6 0.766 0.007 0.916
(Calsitherm)
Mineral
Board 100 0.039 3 0.006 0.005 0.128
(Multipor)

This overview shows a relatively high density for one material (Calsitherm) linked to a higher
thermal storage capacity and a relatively higeriial conductivity. It shows a highapour
diffusion resistance for one materiaQ{Therm) and a high water uptakcoefficient for one
material (Calsitherm). All materials show low equilibrium moisture content at 80% relative
humidity of the adjacent air. The effective pore volume, which is accessible for liquid water, differs
among the materials and correspondfiwitt sh\valued order but not with the)Avalues

Another aspect in the comparison of all three systems in terms of energetic efficiency is the

dependency of thermal conductivity on the water content of the material. If stzde\}conditions

are assumedhen the material moisture content would be a consequence of the conditions in the
surrounding air. This dependency is measured in form of the sorption isotherms of a material. The

resulting, increasing water content of any porous material increasé®theat conductivity due to

the fact that embraced air in the pores of the insulation system is replaced by water with an
immanently higher thermal conductivity (air: ca. 0.026 W/mK, water: 0.556 W/mK). The volume of

replaceable air depends on the poren@uv h i ¢ h
v al uee i given for Calsitherm with 0.916 m3/m3. Consequently, this product shows the
highest potential rise in thermal conductivity for an increasing relative humidity of the surrounding

air .

i's open

f o). The aighest

Mul t i p o & 1value ofWw.428 m3/mMiQ@ Mermthedowest with 0.093 m3/mThe
thermal conductivity functions (depending of water content) stiew thisincrease of thermal
conductivity is mainly relevant fora very high relativehumidity in the overhygroscopic range

(>90%). Under these wet conditions-\talues could be estimated with 0.34 W/m2K iiQr Therm
(instead of 0.31 W/m2K), 0.56 W/m2k for calcium silicate (instead of 0.43 W/m2K) and 0.36 W/m2K
for Multipor (instead of 0.31 W/m2K

It can be expectethat an increasing moisture content in the construction, e.g. caused bin built

per

moisture from the levelling and finishing plaster, would primarily affect the thermal insulation of

Calsitherm and cause a remarkable loss of thermsaldtion function for this product. Especially

iQ-Thermis not supposed to show a relevant performance loss due to moisture content. On the
other hand, the drying potentiaf the bag construction in the test strips wiiQ-Therm and
Multipor is very lowcompared to Calsitherm. This implies a higher risk of moisture accumulation
in the base construction
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441 Test Strip 17 PUR-Hybrid Boards (iQ-Therm)

Test construction in strip 1 iQ-Therm systemincluding composite boards made of Pl\hich
aresupplemered with holes that are filled with calcium silicate cores. Holes show a diameter of 4
mm and are placedt a distance of about 40 mm. This material is therefore highly insulating and
slightly capillary active. PUR itself would feature a thermal condugtniit0.02 to 0.03 W/mK and
calcium silicate of about 0.05 to 0.07 W/mK. The product specification defines a design thermal
conductivity of 0.033 and a dry value of about 0.031 W/mK. This is only slightly above the PUR
value, which implies that the materfedction of PUR is very high in relation to the calcium silicate
part and is thus governing the material properties. Vapour diffusion resistance is given by the
producer with 27 (PUR: 30 to 150, calcium silicate-2D), the water uptake coefficient tvi

0.774 kg/m?2f®(calcium silicate: about 70 kg/nff) PUR: no suction).

Tab. 5.: Layer specification for theiQ-Therm construction (test strip 1) for dry materials

Layer Name Thickness Thermal conductivity Thermal resistance
[m] [W/mK] [M2K/W]
Surface warm slie 0,130
Finishing plaster: IQTop 0,005 0,478 0,010
Insulation:iQ-Therm 0,080 0,031 2,581
Adhesive mortar: IQFix 0,005 0,497 0,010
Leveling plaster: Remmers GH 0,010 0,220 0,045
Brick: Schlagmann 0,365 0,938 0,389
Surface cold side 0,04
Entire resistance 3.21m?K/W
U-value 0.31W/m2K
4.4.2 Test Strip 27 Calcium Silicate Boards (Calsitherm)

The second insulation system, calcium silicate boards, is a homogeneous mineral material produced
with natural raw materials like sand and lime. The b®ank inherently stable and show a high
liquid water conductivity resp. capillary activity. Thermal conductivity of the product used in the
test stand is given by thgoducer with 0.059 (dry valuelhis system requires therefore the highest
thickness taachieve the same thermal resistance as the other materials. Unfortunately, production
thickness is limited to 10 cm and the resultinggddue of this system is thusgherthan for the

other two insulation systems resp. test strips. Vapour diffusion aesestfactor for the mounted
product is about -8 [-] which is very low and implies a high drying potential. Water uptake
coefficient is given with about 45 kg/nf2hfor this particular product.

Page 15 of 108



637268 - RIBuild - H2020-EE-03-2014 Dissemination level: PU

Tab. 6.: Layer specification for the Calsitherm construction (test grip 2) for dry materials

Layer Name Thickness Thermal onductivity Thermal esistance

[m] [W/mK] [m2K/W]
Surface warm side 0.130
Finishing plaster: Calsitherm 0.005 0.600 0.008
Insulation: Calsitherm boards 0.100 0.059 1.695
Adhesive mortar: Caldierm 0.010 0.600 0.017
Leveling plaster: Remmers GH 0.010 0.220 0.045
Brick: Schlagmann 0.365 0.938 0.389
Surface cold side 0.004

Entire resistance 2.32m2K/W

U-value 0.43 W/m2K

4.4.3 Test Strip 31 Mineral Boards (Multipor)

Test strip 3 has anath mineral insulation material available, Mulitpor. These insulation boards
show a moderate thermal conductivity (0.042 to 0.047 W/mK) and a low vapour diffusion
resistance factor (2 to 3]]. In contrast to Calsitherm calcium silicate boards, the wateake
coefficient of this system is much smaller (0.36 kgfighThe thickness of this system (10 cm)
was chosen in order to have a similar thermal resistance resguél of the entire construction as

in test strip 1iQ-Therm).

Tab. 7.: Layer specification for the Multipor construction (test strip 3) for dry materials

Layer Name Thickness Thermal conductivity Thermal resistance
[m] [W/mK] [M2K/W]
Surface warm side 0,130
Finishing plaster: Multipor 0,005 0,180 0,028
Insulation: Multipor boards 0,100 0,039 2,564
Adhesive mortar: Multipor 0,010 0,180 0,056
Leveling plaster: Remmers GH 0,010 0,220 0,045
Brick: Schlagmann 0,365 0,938 0,389
Surface cold side 0,04
Entire resistance 3.25m2K/W
U-value 0.31W/m?K
4.4.4 Moisture-Sensitivity of the U-Value

The Uvalues listed above are not realistic values and should only provide a basis for the
comparison. They underlay two major simplifications. First, they are based on the thermal
conductivities of the dry materials. As shown in the previous matdapkmlencies,thermal
conductivity dependingrothe material moisture conteiain increasing water content would cause a
rising thermal conductivity. If the dry thermal conductivities listed above would be replaced by the
thermal conductivities which would rdsdrom the sorption isotherms at 95% relative humidity,
then the UWvalues would be 0.34 instead of 0.31 W/m2K (dry value)@i herm 0.56 instead of

0.43 W/m2K (dry value) for Calsitherm and 0.36 instead of 0.31W/m?2K (dry value) for Multipor.
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4.5 Measurement Tracks

The test wall and the adjacent chambers (wside chamber and cceklde chamber) were
equipped with a number of sensors by the producer Ahlborn-Mesfegelungstechnik GmbH.

Each sensor aimed to record a defined physical quantity defiaed temporal resolution (5
minutes)at a defined location within the test construction resp. the chamber. Selected sensor type
depends on the required physical quantity, the required measurement range and precision. An
overview of all sensors is givem Tab. 21..0n pagel05 (appendix).

Besides the three measurement tracks in each test strip (upper joist end, middle part and lower joist
end), each chamber was provided with a set of sensors ta tbeowarm and cold side boundary
conditions. Measurements in the cold side chamber embrace air conditions in three different heights
and surface temperatures of the ceiling, the sidewall and the back wall of the chamber. A list of the
sensor IDs and theooesponding sensor type is giverliab 22.: on pagel05 (appendix).

45.1 Measurement Tracks in Test Strip 1 (iQ-Therm)

Test strip 1 with hybrid PUR insulation board®{Therm) provides the basices of sensors for

each of the three measurement tracks. The middle part includes a heat flux board (WFP1) at the
inner surface (covered with 2 mm of finishing plaster) and an inner surface temperature sensor
(TIDO1). The interface between masonry and iasah, precisely within the adhesive mortar layer,

is equipped with a combined sensor that registers temperature and relative humidity (TIDE1,
HIDE1). The same type of sensor is used for recording the situation in the middle of the masonry,
precisely withn the bed joint of the masonry (TWM1, HWM1). This type of sensor is shown in
graphFig. 5.: for the middle of the masonryeft) and for the neasurface situatior{right). The

casing around the sensor is a protective measurenade of a diffusicopen tissue.

Fig. 5.: Combined temperature and relative humidity sensors in the masonry: sensor with protective casing in the middle
of the masonry(left) and nearsurface senso(right)
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TWM1 %

Fig. 6.: Measurement track in the middle of test girl (Q-Therm) with the location of sensors within the wall.

Measurement tracks in the upper and lower joist end field cover a wider spectrum of positions and
measured guantities. One sensor is placed soitlienetres behind the front face of the beam and
records temperature and relative humidity in the wood (TBKSH1, HBKSHiis sensor was
inserted with a directional drill hole entering from the upper side face of the beam. The resulting
hole was filled with silicone mass afterwards to avoid infiltranbrmvarmside air.Another sensor

was directly placedat the surface of the beaemd front faceand measuredhe temperature
(TBK1U). Furthermore théoist end fields include measurements in the masonry, a edivégted

surface sensor (temperature andatiee humidity TBKT1, HBKT1) and one colsidedirected

surface sensor (temperature: TWAL). Both sensors are in line with the surface sensor of the joist
end. All explained sensor types are installed in both, the upper (sensor key is supplemented with the
character fA00) and the | ower (sensor key endi

3 S

gjﬁj} TBKSH1U gjgj

TBKSH10
HBKSH10 o ijEjJ HBKSH1U o fijgj
TBK10 Ej;;j TBK1U Ej;;j
TBKT10 TBKT1U
HBKT10 HBKT1U

TWA10 TWA1U

Fig. 7.: Measurement track in the upper and lower joist end test fields of test stri4rtierm) with the location of sensors
within the wall.

The keamends in the first test strip wetghtenedwith a double layer of preompressegoint

sealing tape in the gap between masonry and joist end as shown in the subsequent picture. In
practice, usually a single layer of sealing tape would be realized. Below the joist endpibi$E
appliedto avoid hygric contact at the contact face between wood and masonry mortar. The same
decoupling techniquerasused for the other joist end contact faces as well.
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Fig. 8.: Double layer of precompressed sealing tape around the joist end prior mountintghefinsulation boardgleft) and
PE-foil in the masonry blockout for the joist endright), both in the first test strip of the test wdlQ-Therm).

45.2 Measurement Tracks in Test Strip 2 (Calsitherm)

Test strip 2 (Calsitherm) covers the same sensor tgpésst strip 1. It comprises furthermore
additional positions and quantities to register the wood moisture conterstsrglated wood
moisture content) and the situation around the beam end.

Supplemented sensors @eombined temperature and relative idity sensor in the middle field

on the cold chambatirected surface of the masonry (TWA2, HWA2)massrelated moisture
content sensor in the front end of the beam (HFBK20, HFBK2U), a combined sensor (temperature,
relative humidity) 5 cm below the uppgoist end field within the adhesive mortar layer
(TIDEBU20O, HIDEBUZ20) anda surface temperature sensortba finishing plaster layewithin

the same heigh(TIDOBUZ20). In addition, the lower joist end detail was supplemented with
sensors, a combined sensin the adhesive mortar layer about 7 cm above the joist end
(TIDEBO2U, HIDEBO2U) and a temperature sensor (TIDOBO2U) on the finishing plaster in the
same levelling as the previous one.

Massrelatedwood moisture content measurement relies onctirelu¢ance method due to the
change of electrical conductance in accordance with the change of moisture content in the material.
This measurement techniguequires an insertion of two stainless steel scigevpendicular to the

grain direction in a depth of dm and a distance of 2.5 cm. It is also necessary to measure the
temperature at the same position to correct the temperature dependency of the electrical
conductance.

The joist ends in test strip 2 are tightened in a different way than in test strigiriglé layer of the
precompressed sealing tapad aplaster junction tapéon the levelling mortanvas applied in the
upper field In thelower field, the plaster junction tape was set aside and solely the sealing tape was
mounted.
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Fig. 9.: Measurement trackn the middle of test strip 2 (Calsitherm).
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’

Fig. 10.: Massrelatedwood moisture content measuremantthe front end of the beanfleft) and preparation of the combined

sensors behind the front face of the bednght).

Fig. 11.: Sealing variants in test strip 2Calsitherm) for the lower joist endeft) and for the upper joist endright).
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Fig.12:. Measur ement track (sensors) in the upper (sensor ids en
Auo : r i g h t-end tésgfialds ef)test jstapi@alsitherm).

Fig. 13.: Supplemented sensors in the upgéeft) and lower(right) joist end field.

45.3 Measurement Tracks in Test Strip 3 (Multipor)

Test field 3 extends the measurements for some more quantities and positioesiad\ isferest

was set into the dlow thoughthe construction. Especially weak areas of the exterior wall, like
pervasions via joist ends or other constructive parts, underlay a risk of unwanted airflow through the
construction. This risk was evaluated in test strigt3ere defined crackare inserted into the beam

end (crack measures are a thickness of 3 mm and a depth of 40antnjlefined holes were
inserted imo the masonry joint¢diameter of the holes is 2 and 5 mBpth can be closed down
variably. The impact of theséeakageswere measured with additional temperature and relative
humidity sensorsidelongthe joist end (TLS30/U, HLS30O/U) and in the contact face between
masonry and joist end (TMB30O/U, HMB30O/UrBO30/U, HBO3O/, furthermore with air
velocity sensors in thepper pa of thecavity (VAMLS30/U, TAMLS30/U)

The treatment of the upper and the lower joist end in this test field is much more permeable than in
the previous test fields. An open, unsealed variant was chosen for the upper joist end and a hemp
band was useaf the lower joist end.
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