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Summary

This report presents measurements of relative humidity, temperature and moisture content carried
out in a two floor wooden framed house in the Swedish city Vaxjo during the period November 2008
to December 2011. The report also presents blind WUFI 5.0 calculations using the same
measurement positions and carried out during the same period under as similar boundary conditions
as possible.

Measurements and calculation results of relative humidity in the studied positions are also evaluated
and compared to the risk conditions for mould growth by using the Folos 2D visual mould chart.

The measurement results, calculated results and comparisons between the measurements and
calculations have been evaluated using Folos 2D visual mould charts which show the deviations
between measured and calculated values. These are briefly discussed at the end of the report. The
results from measurements, calculations and comparisons between measured and calculated values
will be used and further evaluated in future studies and research projects.
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1 Introduction

This report presents measurements of relative humidity (RH), temperature (T) and moisture content
(MC) in a number of positions in the studied house. Measurements of relative humidity and
temperature are also compared with blind WUFI 5.0 calculations. Measured moisture contents have
also been compared with blind WUFI 5.0 calculated values in positions where this was possible. The
risk of mould growth has also been evaluated in the studied positions.

This study is part of the Swedish research project “Framtidens trahus” (Wood framed buildings of the
future) and was mainly carried out in a cooperation between Lund University, SP Technical Research
Institute of Sweden and the Swedish wooden house company Gétenehus.

The report includes a brief discussion based on the results. The results of measurements, calculations
and comparisons between measured and calculated values will be used and further evaluated in
future studies and research projects.

A separate report (Mundt-Petersen, S.0., 2013) has been compiled which includes a broad analysis,
discussion and conclusions with regard to the comparisons between measured and blind WUFI 5.0
calculated values. This report also discusses the possibility of using WUFI 5.0 in the Swedish design
process for Swedish constructions and Swedish climate conditions (Mundt-Petersen, S.0., 2013).

1.1 Background

The project “Wood framed buildings of the future” started in November 2007. In 2008 and 2009
several wireless sensors were installed in five differently designed wood framed houses during the
construction process. The sensors measured temperature, RH and MC in order to make it possible to
evaluate the climate conditions and risk of mould growth in different positions in different wood
framed constructions (Framtidens trdhus, 2012).

1.2 Aim

The aim of this report is to present the measurement results for temperature, RH and MC in the
studied positions in the studied house. The report also aims to present comparisons between
measurements and blind calculations of temperature and RH, and MC where possible, carried out
using the transient heat and moisture calculation tool WUFI 5.0 (Mundt-Petersen, S.0., 2013).
Furthermore, the report aims to evaluate the risk of mould growth in the studied positions.

1.3 Limitations

There are a number of limitations and sources of error with regard to the measurements,
comparisons of measured and calculated values and evaluations of the mould growth risk. These
limitations are described in a separate report (Mundt-Petersen, S.0., 2013).

1.4 Intended readers

This report has been written for the Swedish wooden house companies that participated in the
“Wood framed buildings of the future” project and whose wooden framed constructions were
studied.



2 Method

The comparisons between measured and calculated values were blind comparisons, i.e. they were
verified without knowing the measurement results before the comparisons with the unadjusted
calculated results were made. More detailed descriptions of the measurement method, the
construction of the calculation model and the method of comparison between the measured and
calculated values are provided in a separate report (Mundt-Petersen, S.0., 2013).

Measurements of temperature, RH and MC are presented in Folos 2D visual mould charts and
additional charts together with comparisons with the blind WUFI 5.0 calculations and evaluations of
the risk of mould growth. The Folos 2D visual mould chart is described in more detail in a separate
report (Mundt-Petersen, S.0., 2012). Additional charts also show measured moisture content and, if
it was possible, calculated moisture content. Vapour contents were calculated from measured and
calculated values and compared. If there was a lack of measured values, the vapour content is shown
as zero. There are also additional charts showing the magnitude of deviation between measured and
calculated temperature and relative humidity.

Results from positions where the measuring sensor initially failed are not presented and
consequently there are gaps in the numbering sequence of the measurement positions.

2.1 Blind comparison between measured and calculated values

Initially, measuring sensors for temperature, relative humidity and moisture content were mounted
at different depths and locations in the walls during the construction phase. The construction phase
was monitored to establish any possible deviations between the drawings and the real conditions in
the built walls. Hourly measurements of temperature, relative humidity and moisture content for
each specific position were then separately stored by a measurement collector, inaccessible to the
persons involved in evaluating the calculation tool.

When the measurements were carried out, calculation models of each studied position were made.
The calculation models were based on drawings and photos from the construction phase with the
intention of reflecting as real conditions as possible. In 2012, blind calculations were carried out for
each studied position without knowing the measured results. After the blind calculations had been
completed and sent to the measurement collector, the previously inaccessible measurements were
retrieved and compared to the calculated values.

Note that it was possible to make adjustments to the calculation models to achieve better
correlation between the measured and calculated values in almost all the studied positions.
However, this was not done since this was a blind verification.

3 Materials

The presented measurements, comparisons of measurements and calculations and evaluations of
the risk of mould growth were carried out wooden framed single-family house in the city Vaxjo built
by the Swedish wooden house company Gétenehus. The building was a two-floor-single family house
with a construction area of 160.5 m* and a living area of 183.9 m”. The house was built on a concrete
ground slab with wooden walls, a wooden slab and a wooden roof frame. An underfloor heating
system was installed in the concrete slab. Wall, slab and roof elements were constructed at
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Gotenehus factory in Gotene during October 2008. The house was then constructed in Vaxjoé with
starting 27 October 2008. The house was inhabited 22 March 2009.

4 Measuring and calculation periods

Most of the measurements started on 8 November 2008. Calculations were carried out starting 27
October 2008 in all positions since this was the day the house was built on place. The comparison
between measured and calculated values stars at the time when measuring data were available.
Indoor climate measurements started 7 April 2009. Comparisons from November 2008 to April 2009
may be uncertain since uncompleted indoor climate are used and there were no inhabitants.

Measuring sensors have been mounted in cooperation with Lars Olsson at SP and Gotenehus AB that
have mounted sensor 1, 2, 3, 7, 9 and 10. Measuring data was collected by SP Tra Skelleftea. During
some periods there were problems regarding local transmission of measuring data from the
measuring sensors to the local measurement data collector (Sandberg, K., 2011). Some measuring
positions may therefore lack long periods of measured data.

5 Boundary and initial conditions for calculations

The climate boundary conditions and initial conditions aim to reflect as real conditions as possible
during the measuring period. Specific parameters and initial set values are presented in a separate
report (Mundt-Petersen, S.0., 2013). The materials used are also listed separately (Mundt-Petersen,
S.0., 2013). However, the materials used are briefly presented in connection with the WUFI 5.0
model for each separate position.

The in- and outdoor climate boundary conditions used are presented below. This is done together
with a comparison and check against other available climate data in the area. The methods for
finding additional climate data during periods when this is lacking, in order to provide complete in-
and outdoor climate boundary conditions, are described in a separate report (Mundt-Petersen, S.O.,
2013). Comparisons and checks regarding other available climate are also described in the same
report (Mundt-Petersen, S.0., 2013).

5.1 Outdoor climate boundary condition data

The boundary conditions data used for each parameter are presented below. The charts also include
a comparison with other available climate data. The amount of supplemented data, which were the
same amount of lack of data, is given in percent for each year for each climate parameter.

Outdoor short-wave radiation absorption, dependent on color, is assumed to be 0.2 (normal bright
plaster) on walls and 0.88 on roofs (bitumen black roof paper).

Note that hourly climate data was used in the calculations and three-hourly data was used in order to
check the hourly data. In some cases the three-hourly data was also used to supplement periods of
lacking data, as described in a separate report (Mundt-Petersen, S.0., 2013). Micro climate data
available from own mounted sensors was only used in order to check possible deviations and defects
in the hourly data.
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The hourly outdoor climate, including radiation data, and three hourly data used were captured from
a climate station in Vaxjo. However, there was a lack of diffuse radiation readings why this data were
created from a model based on global radiation (Mundt-Petersen, S.0., 2013).

Temperature - Vaxjo

40 [ REL | I
30 i
l\
it i}

20 I‘ " ] ! ‘ ‘ £ V'Y ‘ ""

10 ‘ 1“[“1 lh ¢ ‘ lldu,. | —_
- lW' W’M' ‘
‘;‘ ‘ i‘ Yy i’! m‘.. e
5 0 ! ' 'l ‘7 3
® ‘ ‘ ‘| ‘ 5
o ; 7]
e .10 ¥ b SRR 20 2
3 ! ] Bk £

Q
9 [

220 ! 1 10 <

-30 0

-40 -10

_50 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T _20

S N ; : ; ;
\\} O(a \'b VQK \\) O(/ \’b vgk \\) Oé‘ \@Q ?’é \\) o(}'
® 3 hclimate ——Used 1 h climate ® 1hvs3h =—Llack of climate data

Figure 5.1.1. Used temperature data compared with other available climate data. Lack of data, in percent, that
was supplemented: 2008 — 0.29 %, 2009 — 0.16 %, 2010 —0.08 %, 2011 — 0.03 %.
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Rain - Vaxjo

45 60
S I | 1 {1 miirrrr 1
40 - - 40
35 - 20
30 - - - -0
— ] r -E
525 : - -20 £
< ] [ =
ki 20 f : -40 g
15 | - -60
10 - ﬁ
55 |.‘ | | | . ||I|l |.‘ ||| i
0 B

\/ch \:ch 90) «09 \9@ \:Qq § «\’0 \:\9 ‘:\9 A N {'\'\, \l\"\' “,»\
\\) OC; \pr VQ \\) O(; \’bQ v~Q \\) o(a \’bo v~Q \\) O(J

® 3 hclimate ——Used 1hclimate @ Deltalhvs3h =—Lack of climate data ——24 haverage 1hvs3h
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that was supplemented: 2008 — 0.32 %, 2009 — 10.81 %, 2010 — 0.42 %, 2011 — 0.06 %.
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supplemented: 2008 — 0.09 %, 2009 — 0.49 %, 2010 —0.22 %, 2011 — 0.24 %. Diffuse radiation data was created
from global radiation data (Mundt-Petersen, S.0., 2013).
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5.2 Indoor climate boudnary condition data
The indoor climate boundary conditions used are presented below. Periods with lack of data have
been supplemented as described in a separate report (Mundt-Petersen, S.0., 2013).

Calculations in outdoor bathroom walls have assumed 99 % RH for the boundary conditions on the
inside (Jansson, A., 2006).

Temperature and Relative humidity - Indoor climate
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Figure 5.2.1.Used indoor temperature and relative humidity data. Lack of data, in percent, that was
supplemented: 2008 — 100%, 2009 — 34.79 %, 2010 —21.16 %, 2011 — 1.38 %.

5.3 Air change rate/ Ventilation in air gap behind the cladding

Previous studies show that the air flow in the air gap varies depending on several of factors (Falk
2013). However, if the air change rate (ACH) in the air gap is high enough to handle all potential
moisture in the gap, the influence of a higher ACH in the air gap is negligible (Hagerstedt 2010A,
Hagerstedt 2011). Previous studies show that an air flow of 30 ACH in the air gap is reasonable in the
case of ventilated air gaps behind the cladding. An air flow of 30 ACH has therefore been used in the
walls studied in this report (Hagerstedt 2010A, Hagerstedt 2010B).

5.4 Roof boundary conditions

The roof was full insulated with a ventilated air gap close to the outer tongued and grooved wood
located below the roof membrane. No specific assumptions and attic model have therefore been

made in the calculations model. The air gap was simply treated as a ventilated air gap in the same
way as the facade air gap was treated.

The roof is a flat roof with a roof angle of four degrees only directed in one direction, facing
northwest.
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6 Studied house and positions

The locations of the studied positions are shown in the figures on the following pages. In connection
with each studied position a more detailed specification and drawing of the position is also given. In
some cases photos, showing the sensor, are provided in the results chapter in connection with the
part in which each studied position is presented in detail.

The locations of the studied positions were mainly chosen for two reasons. One was to study the

positions where previous knowledge and experience had shown a high frequency of damage. The
second was to have a couple of positions in a row at different depths in the wall in order to obtain
purer measurements and more reliable conditions in order to verify the WUFI 5.0 calculation tool.

The choice of the studied house and its location was governed by the potential for new-build houses
from the housing company participating in the study.
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7 Results

7.1 Position 1
The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northwest on the first floor.

Sensor 1 Wall, from the outside:
21 mm Facade panel - Spruce

radial including paint Sd = 1 m?
30 mm Air gap® with 30 ACH
1 mm Weather resistive barrier?,
Sd=0,2m
195 mm Studs/ Mineral insulation,
-~ - A=0,037 W/mK**
1 mm Vapour retarder’, Sd =50 m
(L) = | | | | 70 mm Studs/ Mineral insulation
2 ' ﬁ“ L ”E A=0,037 W/mK**
L : \\ ~ 13 mm Chippboard®
MC Sensor 1 Position 1 13 mm Gypsum board®

AL
Figure 7.1.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

MC Sensor 1

LI 11T

Figure 7.1.2. Location of the studied position. Photo: Gtenehus AB.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.1.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.1.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.1.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2009
Measured and calculated temperature and RH including RH critical limits - 2009
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Figure 7.1.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.:

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.1.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.1.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.1.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.1.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.1.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2011
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Figure 7.1.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH.,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.1.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.1.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.2 Position 2

The locations of the measured and calculated position are shown in the drawings and figures below.

The studied position is located in a wall facing northwest on the first floor.

Sensor 2
N !
P I

— ]!
|
—|!
|
C=H|
|
ol

\

Bl

HHE

\
\

Position 2

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
A=0,037 W/mK**

13 mm Chippboard®

13 mm Gypsum board’

Figure 7.2.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.2.2. Location of the studied position. Photo: G6tenehus AB.

A perfect match between the measured and calculated values cannot be expected due to e.g. the

influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.2.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.2.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.1.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2009

Relative humidity [%]

RH > RH crit [%]

100

Measured and calculated temperature and RH including RH critical limits - 2009
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——Calculated RH ——Measured RH Calculated T ——Measured T

——Calculated RH crit

——Calculated RH > RH crit=—Measured RH > RH crit

Figure 7.2.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.:

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.2.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2009

100%
90%
80%
70%
X 60%
c
S 50%
g
L 40%
30%
20%
10% ~H>
0% - T - T T
O N A > W P AR QD Y N D o
AN RN S AR AN P
6Q/
@'b
Deviation intervall [°C] / [%] Made comparisons

OTemperature @ Relative humidity

Figure 7.2.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.2.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.2.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.2.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2011

Measured and calculated temperature and RH including RH critical limits - 2011
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Figure 7.2.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.2.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.2.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.3 Position 3
The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northwest on the first floor.

Sensor 3

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation

i 33?@# A=0,037 W/mK>**

/ " 13 mm Chippboard*

MC Sensor 3 Position 3 13 mm Gypsum board®

Figure 7.3.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

MC Sensor 3

Figure 7.3.2. Location of the studied position. Photo: G6tenehus AB.
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MC Sensor 3

Figure 7.3.3. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g.

influence of two- and three-dimensional effects and the accuracy of the sensors.
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Figure 7.3.4. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
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for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.3.5. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2008
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Figure 7.3.6. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.3.7. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.3.8. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.3.9. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.3.10. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.3.11. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.3.12. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

44



Year 2011

Measured and calculated temperature and RH including RH critical limits - 2011
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Figure 7.3.13. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.3.14. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2011
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Figure 7.3.15. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.4 Position 4

The locations of the measured and calculated position are shown in the drawings and figures below.

The studied position is located in a wall facing northwest below a window on the second floor.

=
£
Sensor 4 I
N
N
. 7
@ 5 | T =
(@ | £
C=R| "
" Position 4
E:l_. V30

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
A=0,037 W/mK**

13 mm Chippboard*

13 mm Gypsum board’

Figure 7.4.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.4.2. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008

100 100
90 - 90
K 80 /\//\ 80
Z 70 70
/
E 60 / 60
= o
o 50 50 )
=] / =1
£ 40 0 &
(] —
: | :
30 30
} 5
20 i 20 +
10 V 10
=
5 10 -10
T
o 0 T T T T T T T T T —* A A T -20
A
i (\/Qq, Q/Q% ‘\,ch go% {ch (\9% \/Q‘b 050% 9‘5 \:Q‘b \\/QQ) UQQD
SR A = R
——Calculated RH —Measured RH Calculated T —Measured T
——Calculated RH crit ——Calculated RH > RH crit=—Measured RH > RH crit

Figure 7.4.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.4.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.4.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.4.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.4.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.4.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.4.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.4.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.4.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2011
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Figure 7.4.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.4.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.4.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.5 Position 5

The locations of the measured and calculated position are shown in the drawings and figures below.

The studied position is located in a wall facing southeast below a window on the first floor.

Sensor 5

Hel P

Position 5

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
A=0,037 W/mK**

13 mm Chippboard*

13 mm Gypsum board’

1 mm Vapour retarder®, Sd = 100 m
10 mm Cement plaster®

Figure 7.5.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.5.2. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.5.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.5.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2008
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Figure 7.5.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2009

Measured and calculated RH including RH critical limits - 2009
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Figure 7.5.6. Comparisons between measured and calculatedrelative humidity. Calculated RH (turquoise),
measured RH (black), RH_;; for calculated values (red), calculated RH > RH..;; (light brown), measured RH > RH_,;;

(purple).
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Figure 7.5.7. Comparisons between measured and calculatedtemperature. Calculated temperature (yellow),
measured temperature (dark blue).

Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.5.8. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2009
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Figure 7.5.9. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
Year 2010
Measured and calculated RH including RH critical limits - 2010
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Figure 7.5.10. Comparisons between measured and calculatedrelative humidity. Calculated RH (turquoise),
measured RH (black), RH.;; for calculated values (red), calculated RH > RH.,;; (light brown), measured RH > RH_,;;

(purple).
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Figure 7.5.11. Comparisons between measured and calculatedtemperature. Calculated temperature (yellow),
measured temperature (dark blue).

Vapour content [g/m3]

Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.5.12. Measured moisture content, periods lacking climate data and comparisons of vapour content.

Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.5.13. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.5.14. Comparisons between measured and calculatedrelative humidity. Calculated RH (turquoise),
measured RH (black), RH.;; for calculated values (red), calculated RH > RH,;; (light brown), measured RH > RH_,;:
(purple).
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Measured and calculated temperature - 2011
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Figure 7.5.15. Comparisons between measured and calculatedtemperature. Calculated temperature (yellow),
measured temperature (dark blue).

Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.5.16. Measured moisture content, periods lacking climate data and comparisons of vapour content.

Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2011
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Figure 7.5.17. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.6 Position 6
The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northwest on the first floor.

—

/

._.__i_x_____

Sensor 6

el

i e

¥

Position 6

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
A=0,037 W/mK**

13 mm Chippboard*

13 mm Gypsum board’

Figure 7.6.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.6.2. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.

65



Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.6.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.6.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.6.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2009
Measured and calculated temperature and RH including RH critical limits - 2009
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Figure 7.6.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.6.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2009
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Figure 7.6.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.6.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2010

36 JTIwT T | m T L L I T T L | T TTHTwT TT JTTHT T I T TmuT 28
| r ] 7
32 24
28 20
E 24 W - W 16 X
> =
& va 2
€ 20 12 %)
Q
et | [ o
5 Cl el >
S 16 | | e g &
5 2
Q - B
o
§12 4=

T T T T T

41 Ll
OW\ T - -
SIS

0

o N N
N> R\ NS & N N &K
Calculated vapour content ——Measured vapour content ——Measured MC ——Lack of climate data

Figure 7.6.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.6.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2011
Measured and calculated temperature and RH including RH critical limits - 2011
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Figure 7.6.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH.,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.6.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.6.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.7 Position 7
The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northwest on the first floor.

Wall, from the outside:
21 mm Facade panel - Spruce

radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

— L 1 mm Weather resistive barrier?,
0N Sd=0,2m

B L N 195 mm Studs/ Mineral insulation,
A=0,037 W/mK**
s . 1 mm Vapour retarderl, Sd=50m
ensor
70 mm Studs/ Mineral insulation
: Wﬁw A=0,037 W/mK**
MC Sensor 7 " 13 mm Chippboard*

Position 7 13 mm Gypsum board®

Figure 7.7.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

MC Sensor 7

Figure 7.7.2. Location of the studied position. Photo: G6tenehus AB.
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i

MC Sensor 7

Figure 7.7.3. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g.

influence of two- and three-dimensional effects and the accuracy of the sensors.
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Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.7.4. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH..;;
for calculated values (red), calculated RH > RH.,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.7.5. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.7.6. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2009

Measured and calculated temperature and RH including RH critical limits - 2009
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Figure 7.7.7. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.7.8. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods

with lack of climate data (brown).
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Figure 7.7.9. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2010
Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.7.10. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.7.11. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.7.12. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2011

Measured and calculated temperature and RH including RH critical limits - 2011
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Figure 7.7.13. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.7.14. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2011
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Figure 7.7.15. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.8 Position 8

The locations of the measured and calculated position are shown in the drawings and figures below.

The studied position is located in a wall facing northwest on the first floor.

Sensor 8

N\

' -

— e —————— -

e

Position 8

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
A=0,037 W/mK**

13 mm Chippboard*

13 mm Gypsum board’

Figure 7.8.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.8.2. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

100

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.8.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.8.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.8.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2009
Measured and calculated temperature and RH including RH critical limits - 2009
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Figure 7.8.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.:
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.8.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2009
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Figure 7.8.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.8.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.8.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

85



Fraction [%]

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Deviation between measured and calculated values. Made comparisons - 2010

N 2 > » .
NS N v et ™ < © A ¥ Y >y Ny Y Y ARG N
AN SEEN 2N 2 AN &,jp
@’b
Deviation intervall [°C] / [%] Made comparisons

O Temperature M@ Relative humidity

Figure 7.8.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.8.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011
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Figure 7.8.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.8.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.9 Position 9
The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northwest on the first floor.

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH
— L 1 mm Weather resistive barrier?,
AN 7\ Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**
1 mm Vapour retarder’, Sd =50 m
70 mm Studs/ Mineral insulation
i WZHW A=0,037 W/mK>**
/ S— 13 mm Chippboard*
Position 9 13 mm Gypsum board’

Sensor 9

Figure 7.9.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.9.2. Location of the studied position. Photo: G6tenehus AB.
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Figure 7.9.3. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.

Year 2008
Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.9.4. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH.,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.9.5. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2008
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Figure 7.9.6. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2009

Measured and calculated temperature and RH including RH critical limits - 2009
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Figure 7.9.7. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.9.8. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2009
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Figure 7.9.9. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).

Year 2010
Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.9.10. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2010
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Figure 7.9.11. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).

100%

90%

80%

70%

60%

50%

40%

Fraction [%]

30%

20%

10%

0%

Deviation between measured and calculated values. Made comparisons - 2010

Deviation intervall [°C] / [%]

O Temperature

@ Relative humidity

6Q/
@'b

Made comparisons

Figure 7.9.12. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2011

Measured and calculated temperature and RH including RH critical limits - 2011
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Figure 7.9.13. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data- 2011
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Figure 7.9.14. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2011
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Figure 7.9.15. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.10 Position 10

The locations of the measured and calculated position are shown in the drawings and figures below.

The studied position is located in a wall facing northeast.
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MC Sensor 10 2o
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Sensor 10
N N

[\
i
V3Aa.

o Position 10

&
NECE

Wall, from the outside:

21 mm Facade panel - Spruce
radial® including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m
45 mm Stud - Spruce radial®

45 mm Mineral insulation A = 0,037
W/mK>*

13 mm Chippboard*

Figure 7.10.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

______“___ MC Sensor 10 _

Figure 7.10.2. Location of the studied position behind the facade panel. Photo: Gétenehus AB.

A perfect match between the measured and calculated values cannot be expected due to e.g. the

influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.10.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content, and MC. Lack of climate data - 2008
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Figure 7.10.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.10.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.10.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2009
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Figure 7.10.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Figure 7.10.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.10.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).
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Figure 7.10.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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Deviation between measured and calculated values. Made comparisons - 2010
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Figure 7.10.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars
show the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.10.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content, and MC. Lack of climate data - 2011

36 *rTmmm-aniT—ﬂ—rnlﬁ-rﬁmm—l—wrﬁnﬁ—n—l—Wﬁanw-rlmﬁﬂ]]‘n—n—l—W* 28

32 24

28 20
E 2 poscopitaesten) o o
iy +—
28 | r c
£ 20 - 12 2
] o
4‘_:: il I (&)
8 16 g &
< 2
2 1 + 17}
§ 12 | | 4 §
> -4 L

8 [l . -0

4 1 |

0 T - T T T T T 1 T T T T - T T

N N N N N N N N N N N N
N ‘0:\, Q;\}\/ (’» X\’ (\,‘\/ 0\,'\/ Qé'\r Qﬁ\/ (}:’\/ \\j\/ C’\r
NS @ KX \?.Q @’b W N \?g 13 o éo QQ/
Calculated vapour content =——Measured vapour content =——Measured MC ——Lack of climate data

Figure 7.10.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content (green), periods
with lack of climate data (brown).
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100%

90%

80%

70%

60%

50%

40%

Fraction [%]

30%

20% -

10% -

0% —— \

2
@7’6
Deviation intervall [°C] / [%] Made comparisons

OTemperature M@ Relative humidity

Figure 7.10.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars
show the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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7.11 Position 11

The locations of the measured and calculated position are shown in the drawings and figures below.
The studied position is located in a wall facing northeast in the connection between the slab and the
wall.

Wall, from the outside:

E Sensor 11 21 mm Facade panel - Spruce
radial including paint Sd = 1 m?
30 mm Air gap® with 30 ACH

1 mm Weather resistive barrier?,
Sd=0,2m

195 mm Studs/ Mineral insulation,
A=0,037 W/mK**

1 mm Vapour retarder’, Sd =50 m

™ WM S0
eib2

QQQ%&
0

M = = ==

pa!

45 mm Stud - Spruce radial®

45 mm Mineral insulation A = 0,037
34

g

QI 13 mm Chippboard

SN

i

Position 11

FERENN

V3Aai

Figure 7.11.1. Vertical cross sectional drawing and WUFI calculation model showing the studied position. 1. IBP,
2012, 2. Nevander, L-E., 1994, 3. IEA Annex 24, 1996, 4. Paroc, 2002, 5. Krus, M., 1996.

Figure 7.11.2. Location of the studied position.

A perfect match between the measured and calculated values cannot be expected due to e.g. the
influence of two- and three-dimensional effects and the accuracy of the sensors.
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Year 2008

Measured and calculated temperature and RH including RH critical limits - 2008
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Figure 7.11.3. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content and MC. Lack of climate data - 2008
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Figure 7.11.4. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content for calculated
values (red) and measured values (green), periods with lack of climate data (brown).
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Figure 7.11.5. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show

the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.11.6. Comparisons between measured and calculatedtemperature and relative humidity. Calculated

temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;

for calculated values (red), calculated RH > RH_,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content and MC. Lack of climate data - 2009
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Figure 7.11.7. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content for calculated
values (red) and measured values (green), periods with lack of climate data (brown).

Deviation between measured and calculated values. Made comparisons - 2009
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Figure 7.11.8. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars show
the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Year 2010

Measured and calculated temperature and RH including RH critical limits - 2010
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Figure 7.11.9. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH,,;; (light brown), measured RH > RH_,;; (purple).

Measured and calculated vapour content and MC. Lack of climate data - 2010
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Figure 7.11.10. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content for calculated
values (red) and measured values (green), periods with lack of climate data (brown).
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Figure 7.11.11. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars

show the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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Figure 7.11.12. Comparisons between measured and calculatedtemperature and relative humidity. Calculated
temperature (yellow), measured temperature (dark blue), calculated RH (turquoise), measured RH (black), RH.,;;
for calculated values (red), calculated RH > RH.,;: (light brown), measured RH > RH,;; (purple).
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Measured and calculated vapour content and MC. Lack of climate data - 2011
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Figure 7.11.13. Measured moisture content, periods lacking climate data and comparisons of vapour content.
Vapour content for calculated values (yellow) and measured values (black). Moisture content for calculated
values (red) and measured values (green), periods with lack of climate data (brown).
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Figure 7.11.14. Deviations in comparisons shown in intervals from 0 to 15 °C or %. The two right-hand bars
show the percentage of comparisons during the year. Temperature (yellow) and relative humidity (light blue).
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