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 It was tried to provide short but complete information of the possible worst conditions 

and their duration. As each study provided different quantity as the result of hygro-thermal 

conditions within the attic space, the stated moisture consequences have different forms, units 

etc. 
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Attic 

location 

Köppen–

Geiger 

climate 

class. 

according 

to [73] 

Interior 

conditions 

Attic design parameters Moisture-related 

consequences 

n50,ceil 

[ach] 

(ф50,ceil 

[l/s/m2/ 

50Pan]) 

nreal,ceil 

[ach] 

(V real,ceil 

[l/s/m2]) 

sd,ceil 

[m] 

Uceil 

[W/m2/K] 

sd_r.deck 

[m] 

Ventilate

d roof-

deck 

cavity 

thickness 

[mm] 

nreal,ext 

[ach]; 

 

(ventilation 

rule) 

28 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

0 0 ca. 0.5#e ca. 0.15 0.02 ca. 50 estimated 

ca 0.1 

 

no 

intentional 

openings 

 

(roof leakage 

flow rate is 

several 

orders of 

magnitude 

lower than 

intentional 

ventilation) 

2 kg/year 

of condensate on the 

attic underlay 

(ca. 26 g/m2/year) 

10 Samuelson 

(1998) [3] 

E Borås, 

Sweden  

 

 

ca. 17 - 24 

°C 

31-55 %RH 

(1 year 

meas.) 

 

0 0 ca. 10 0.077 ca. 2.5 ca. 50 ca. 0.2#a 

non-

ventilated 

max monthly avg. 

RH = 90 % 

(december) 

11 Samuelson 

(1998) [3] 

E Borås, 

Sweden  

 

 

ca. 17 - 24 

°C 

31-55 %RH 

(1 year 

meas.) 

 

 

 

 

0 0 ca. 10 0.077 ca. 2.5 ca. 50 ca. 32*** 

natural eave 

ventilation 

(ca. 1:84) 

max monthly avg. 

RH = 93 % 

(december) 



18 Kalagasidis 

and 

Mattsson 

(2005) [5] 

C South-west 

coastal area 

of Sweden 

 

wind 

exposure 

– city 

22 °C 

40 - 70 

%RH  

(1 year 

sim.) 

exhaust-

supply 

ventilation 

(exhaust 

120 m3/h 

– supply 

90 %) 

0 0 ca. 11 ca. 0.077 ca. 2.6 ca. 50 mean 

0.1 

 

(unventilated 

design) 

Mould index 

= 0.001#,#d 

(four year simulation) 

27 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

0 0 ca. 0.5#e ca. 0.15 moisture 

depende

nt 0.6–4.6 

ca. 50 estimated 

ca 0.1 

 

no 

intentional 

openings 

 

(roof leakage 

flow rate is 

several 

orders of 

magnitude 

lower than 

intentional 

ventilation) 

66 kg/year 

of condensate on the 

attic underlay 

(ca. 870 g/m2/year) 

9 Samuelson 

(1998) [3] 

E Borås, 

Sweden  

 

 

ca. 17 - 

24°C 

31-55 %RH 

(1 year 

meas.) 

0 0 ca. 10 0.077 ca. 10 ca. 50 mechanical 

2 ach 

max monthly avg. RH 

= 96 % (december) 

21 Hagentoft 

et al. 

(2008) [7] 

C Gothenbur

g region, 

Sweden 

 

30–60 

%RH;  

- balanced 

ventilation 

(1 year 

sim.) 

 

0 0 ca. 10 ca. 0.10 ca. 12 ca. 50 ca. 22*** 

(130 ach at 

50 Pa p. dif.) 

Mould index = 

1.35# 

 

(total of 

11 weeks in 90-100 %RH 

and 0-5 °C; 

5 weeks in 80-90 %RH 

and 5-15 °C; 

3 weeks in 70-80 %RH 

and above 15 °C) 

 

 

 

 



26 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

0 0 ca. 0.5#e ca. 0.15 40 ca. 50 estimated 

ca 0.1 

 

no 

intentional 

openings 

 

(roof leakage 

flow rate is 

several 

orders of 

magnitude 

lower than 

intentional 

ventilation) 

83 kg/year 

of condensate on the 

attic underlay 

(ca. 1100 g/m2/year) 

25 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

0 0 ca. 0.5#e ca. 0.15 40 ca. 50 ca. 4.6#k 

(ca. 1:170) 

 

(28 ach at 50 

Pa p.dif.) 

 

 (20 mm 

openings 

along the 

eaves) 

 

0 kg/year 

of condensate on the 

attic underlay 

8 Burch et al. 

(1996) [2] 

C Madison 

(WI), 

USA 

 

20 - 24 °C 

ca. 

20 – 60 % 

 (1 year 

sim.) 

 

 

 

0  0 ca. 2.6 ca. 0.24 ca. 200 N ca. 9#b 

(1:300) 

highest weekly 

MC of north roof 

sheathing (within 1 

year sim.) 

= 14 % 

14 Ojanen 

(2001) [4] 

E Espoo, 

Finland  

22 °C 

ca. 

35 %RH 

(6 month 

meas.) 

 

20Pa 

nterior 

overpress. 

 
 
 

ca. 0.01#h 

(ca0.002#h

) 

 

ca. 0.001** 

(ca. 

0.0002** 

ca. 10 ca. 0.15 ca. 0.02 ca. 50 ca. 0.1#i 

 

(no 

intentional 

vents) 

max weekly 

MC = 18 % 

(6 months meas.) 



32 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 2 ach 

(1 year 

sim.) 

0.9#l 

(0.24#l) 

0.18* 

(0.05*) 

ca. 10 ca. 0.15 40 ca. 50 ca. 3.3#k 

(ca. 1:340) 

 

(ca. 20 ach at 

50 Pa p.dif.)  

 

(10 mm 

openings 

along the 

eaves) 

 

43 kg/year 

of condensate on the 

attic underlay 

(ca. 560 g/m2/year) 

33 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

30-60 %RH 

(according 

to normal 

occupancy 

in 

mentioned 

standard) 

n50 = 2 ach 

(1 year 

sim.) 

0.9#l 

(0.24#l) 

0.18* 

(0.05*) 

ca. 10 ca. 0.15 40 ca. 50 ca. 3.3#k 

(ca. 1:340) 

 

(ca. 20 ach at 

50 Pa p.dif.)  

 

(10 mm 

openings 

along the 

eaves) 

 

4 kg/year 

of condensate on the 

attic underlay 

(ca. 53 g/m2/year) 

20 Hagentoft 

et al. 

(2008) [7] 

C Gothenbur

g region, 

Sweden 

 

30–60 

%RH;  

- balanced 

ventilation 

(1 year 

sim.) 

0.3 

(0.09) 

0.22 

(0.06) 

(annual 

average) 

ca. 10 ca. 0.10 ca. 12 ca. 50 ca. 22*** 

(130 ach at 

50 Pa p. dif.) 

 

Mould index 

= 3.24# 

 

(total of 

12 weeks in 90-100 %RH 

and 0-5 °C; 

6 weeks in 80-90 %RH 

and 5-15 °C; 

3 weeks in 70-80 %RH 

and above 15 °C) 

17 Kalagasidis 

and 

Mattsson 

(2005) [5] 

C South-west 

coastal area 

of Sweden 

 

wind 

exposure 

– city 

22 °C 

40 - 70 

%RH  

(1 year 

sim.) 

exhaust-

supply 

ventilation 

(exhaust 

120 m3/h 

– supply 

90 %) 

 

ca. 1.4(*) 

(ca.0.44(*)) 

 

ca. 0.25#j 

(ca. 0.08) 

(heating 

season 

avg.) 

 

ca. 11 ca. 0.077 ca. 2.6 ca. 50 mean 

0.1 

 

(unventilated 

design) 

Mould index 

= 4.9#,#d 

(four year simulation) 



15 Kalagasidis 

and 

Mattsson 

(2005) [5] 

C South-west 

coastal area 

of Sweden 

 

wind 

exposure 

– city 

22 °C 

40 - 70 

%RH  

(1 year 

sim.) 

exhaust-

supply 

ventilation 

(exhaust 

120 m3/h 

– supply 

90 %) 

ca. 1.4(*) 

ca. 0.44(*) 
ca. 0.25#j 

(ca. 0.08) 

(heating 

season 

avg.) 

 

ca. 11 ca. 0.077 ca. 2.6 ca. 50 mean 2.2 

 

(natural eave 

ventilation) 

 

total of 

15 weeks in 90-100 

%RH 

and 0-10 °C; 

4 weeks in 80-90 

%RH 

and 0-10 °C; 

1.8 weeks in 80-90 

%RH 

and 10-20 °C  

 

Mould index 

= 0.25#,#d 

(four year simulation) 

 

16 Kalagasidis 

and 

Mattsson 

(2005) [5] 

C South-west 

coastal area 

of Sweden 

 

wind 

exposure 

– open 

area 

22 °C 

40 - 70 

%RH  

(1 year 

sim.) 

exhaust-

supply 

ventilation 

(exhaust 

120 m3/h 

– supply 

90 %) 

ca. 1.4(*) 

ca. 0.44(*) 

ca. 0.25#j 

(ca. 0.08) 

(heating 

season 

avg.) 

 

ca. 11 ca. 0.077 ca. 2.6 ca. 50 mean 13.9 

 

(natural eave 

ventilation) 

 

total of 

11 weeks in 90-100 

%RH 

and 0-10 °C; 

7 weeks in 80-90 

%RH 

and 0-10 °C; 

4 weeks in 80-90 

%RH 

and 10-20 °C 

 

Mould index 

= 0.33#,#d 

(four year simulation) 

 

29 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

2.2#l 

(0.6#l) 

0.27** 

(0.07**) 

ca. 0.5#e ca. 0.15 0.02 ca. 50 estimated 

ca 0.1 

 

no 

intentional 

openings 

 

(roof leakage 

flow rate is 

several 

orders of 

magnitude 

lower than 

intentional 

ventilation) 

 

 

17 kg/year 

of condensate on the 

attic underlay 

(ca. 220 g/m2/year) 



31 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

2.2#l 

(0.6#l) 

0.36* 

(0.1*) 

ca. 0.5#e ca. 0.15 0.02 ca. 50 ca. 4.6#k 

(ca. 1:170) 

 

(28 ach at 50 

Pa p.dif.) 

 

 (20 mm 

openings 

along the 

eaves) 

 

175 kg/year 

of condensate on the 

roof underlay 

(ca. 2300 g/m2/year) 

30 Essah et al. 

(2009) [8] 

C United 

Kingdom  

20-25 °C 

40-70 %RH 

(according 

to high 

occupancy 

in 

mentioned 

standard) 

n50 = 5 ach 

(1 year 

sim.) 

2.2#l 

(0.6#l) 

0.36* 

(0.1*) 

ca. 0.5#e ca. 0.15 40 ca. 50 ca. 4.6#k 

(ca. 1:170) 

 

(28 ach at 50 

Pa p.dif.) 

 

 (20 mm 

openings 

along the 

eaves) 

 

207 kg/year 

of condensate on the 

attic underlay 

(ca. 2700 g/m2/year) 

34 Roppel and 

Lawton 

(2014) [9] 

I Vancouver 

(BC), 

Canada 

 

24.1 °C; 

30.7 %RH 

(winter 

2011/2012 

averages) 

ca. 2.1(*) 

(ca.0.6(*)) 

ca. 0.38 

(ca. 0.11) 

ca. 10.5 ca. 0.12 ca. 200 N ca. 1 - 8 

(depending 

on 

measurement 

method) 

 

avg. 4.5 

(1:232) 

 

baffle vents 

Mould index 

= ca. 4# 

(observed and also 

calculated), 

 

worst weekly 

combination of 

temperature and 

moisture content of 

east sheathing was 

ca. 13 °C; 25 %MC 

6 Burch et al. 

(1996) [2] 

C Madison 

(WI), 

USA 

 

20 - 24 °C 

ca. 

20 – 60 % 

 (1 year 

sim.) 

 

 

 

 

 

 

 

 

 

ca. 4.0#g 

(ca. 0.3#g) 

ca. 0.46** 

(ca.0.04**) 

ca. 2.6 ca. 0.24 ca. 200 N ca. 1#b 

by leakages 

highest weekly 

MC of north roof 

sheathing (within 1 

year sim.) 

= 28 % 



13 Ojanen 

(2001) [4] 

E Espoo, 

Finland  

22 °C 

ca. 

35 %RH 

(1 year 

meas.) 

 

(simulated 

moisture 

gain – 

water 

vessel 

within 

attic) 

 

simulated 

ca. 2.6(*) 

(ca 0.54(*)) 

 

real. 

ca.0.01#h 

(ca. 

0.002#h) 

simulated 

0.48 

(0.1) 

 

real. 

ca.0.001** 

(ca. 

0.0002**) 

ca. 10 ca. 0.15 ca. 0.02 ca. 50 ca 0.1#i 

 

(no 

intentional 

vents) 

max weekly 

MC = 21 % 

(1 year meas.) 

12 Ojanen 

(2001) [4] 

E Espoo, 

Finland  

22 °C 

ca. 

35 %RH 

(1 year 

meas.) 

 

(simulated 

moisture 

gain – 

water 

vessel 

within 

attic) 

 

simulated 

ca. 2.6(*) 

(ca.0.54(*)) 

 

real. 

ca.0.01#h 

(ca. 

0.002#h) 

simulated 

0.48 

(0.1) 

 

real. 

ca.0.002* 

(ca. 

0.0004*) 

ca. 10 ca. 0.15 ca. 10 ca. 50 ca. 10#a 

 

natural eaves 

(+ridge) 

max weekly 

MC = 21 % 

(1 year meas.) 

4 Burch et al. 

(1996) [2] 

C Madison 

(WI), 

Portland 

(OR), 

Atlanta 

(GA); 

USA 

 

 

20 - 24 °C 

ca. 

20 – 60 % 

 (1 year 

sim.) 

ca. 4.0#g 

(ca. 0.3#g) 

ca. 0.74* 

(ca.0.06*) 

ca. 2.6 ca. 0.24 ca. 200 N ca. 9#b 

(1:300) 

 

highest weekly 

MC of north roof 

sheathing (within 1 

year sim.) 

= 16 % 

5 Burch et al. 

(1996) [2] 

C Boston 

(MA); 

USA 

 

20 - 24 °C 

ca. 

20 – 60 % 

 (1 year 

sim.) 

 

ca. 4.0#g 

(ca. 0.3#g) 

ca. 0.74* 

(ca.0.06*) 

ca. 2.6 ca. 0.24 ca. 200 N ca. 9#b 

(1:300) 

 

highest weekly 

MC of north roof 

sheathing (within 1 

year sim.) 

= 18 % 



7 Burch et al. 

(1996) [2] 

C Madison 

(WI), 

USA 

 

20 - 24 °C 

ca. 

45 – 60 % 

 (1 year 

sim.) 

 

ca. 4.0#g 

(ca. 0.3#g) 

ca. 0.74* 

(ca.0.06*) 

ca. 2.6 ca. 0.24 ca. 200 N ca. 9#b 

(1:300) 

 

highest weekly 

MC of north roof 

sheathing (within 1 

year sim.) 

= 25 % 

19 Holm and 

Lengsfeld 

(2007) [6] 

E Holzkirche

n, 

Germany 

 

20 - 22 °C 

50 – 60 

%RH 

 

(3 months 

meas.) 

ca. 6.8(*) 

(ca.0.85(*)) 

1.25 

(0.16) 
ca. 10 estimated 

ca. 0.13 

0.22 ca. 50 

 

(non- 

continu

ous 

cavity) 

ca. 18***  

(ca. 1:154) 

 

3 mm eave 

openings and 

20 mm ridge 

opening 

 

in 11 certain time 

points (from Jan. to 

March) a total of 138 

g of condensate was 

wiped from an area 

of 0.06 m2 of the 

underlay foil 

(i.e. 2300 g/m2) 

maximum of a single 

wiping was 

ca. 30 g/0.06m2 

(i.e. 500 g/m2), 

 

measured moisture 

contents of wooden 

rafters – in weekly 

averages ca. 

23 %MC in 4 °C; 

22 %MC in 5 °C; 

19 %MC in 8 °C; 

3 Rowley et 

al. (1941) 

[1] 

E
 
-
 
l
a
b
.
 

Conditione

d chamber 

-21 °C 

(condi. 

chamber) 

constant. 

21 °C 

40 %RH 

 

(5 days 

meas.) 

ca. 0.45 

(ca. 0.17) 

 

 (19 mm 

plaster) 

 

ca. 0.05** 

(ca. 

0.019**) 

ca. 0.3 ca. 0.52 ca. 200 N ca 0.3#a 

by leakages 

(no vents) 

ca. 52 g/m2/24h 

of condensate on 

underlay sheathing 

2 Rowley et 

al. (1941) 

[1] 

E
 
-
 
l
a
b
.
 

Conditione

d chamber 

-21 °C 

(condi. 

chamber) 

constant. 

21 °C 

40 %RH 

 

(6 days 

meas.) 

ca. 0.45 

(ca. 0.17) 

 

 (19 mm 

plaster) 

ca. 0.08* 

(ca. 0.03*) 

ca. 0.3 ca. 0.52 ca. 200 N ca. 4#a 

(ca. 1:98) 

ca. 12 g/m2/24h 

of condensate on 

underlay sheathing 

1 Rowley et 

al. (1941) 

[1] 

E
 
-
 
l
a
b
.
 

Conditione

d chamber 

-21 °C 

(condi. 

chamber) 

constant. 

21 °C 

40 %RH 

 

(ca. 2 day 

meas.) 

ca. 2.0 

(ca. 0.76) 

 

 (19 mm 

plaster, 

leaky attic 

stair well) 

 

ca. 0.37* 

(ca. 0.14*) 

ca. 0.2 ca. 0.52 ca. 200 N ca. 3#a 

(ca. 1:98) 

 

avg. ca. 75 g/m2/24 h 

of condensate on 

underlay sheathing 



24 Hagentoft 

et al. 

(2008) [7] 

C Gothenbur

g region, 

Sweden 

 

30–60 

%RH;  

- balanced 

ventilation 

(1 year 

sim.) 

0 

 

0
 

ca. 10 ca. 0.10 ca. 12 ca. 50 ca. 0.6#f 

+ 1 ach when 

adaptive 

ventilation is 

running 

 

(unintentiona

l7 ach at 50 

Pa p. dif.) 

Mould index = 

0.00# 

 

(total of 

0 weeks in 90-100 %RH 

and 0-5 °C; 

0 weeks in 80-90 %RH 

and 5-15 °C; 

0 weeks in 70-80 %RH 

and above 15 °C) 

 

22 Hagentoft 

et al. 

(2008) [7] 

C Gothenbur

g region, 

Sweden 

 

30–60 

%RH;  

- balanced 

ventilation 

(1 year 

sim.) 

0.3 

(0.09) 

 

 

ca. 0.1 #c 

(ca.0.03#c) 
(annual 

average) 

 

ca. 10 ca. 0.10 ca. 12 ca. 50 ca. 0.1#f 

+ 1 ach when 

adaptive 

ventilation is 

running 

 

(unintentiona

l1 ach at 50 

Pa p. dif.) 

Mould index = 

1.03# 

 

(total of 

8 weeks in 90-100 %RH 

and 0-5 °C; 

2 weeks in 80-90 %RH 

and 5-15 °C; 

0 weeks in 70-80 %RH 

and above 15 °C) 

 

23 Hagentoft 

et al. 

(2008) [7] 

C Gothenbur

g region, 

Sweden 

 

30–60 

%RH;  

- balanced 

ventilation 

(1 year 

sim.) 

0.3 

(0.09) 

 

ca. 0.1 #c 

(ca.0.03#c) 
(annual 

average) 

ca. 10 ca. 0.10 ca. 12 ca. 50 ca. 0.1#f 

+ 5 ach when 

adaptive 

ventilation is 

running 

 

(unintentiona

l1 ach at 50 

Pa p. dif.) 

Mould index = 

0.02# 

 

(total of 

1 weeks in 90-100 %RH 

and 0-5 °C; 

0 weeks in 80-90 %RH 

and 5-15 °C; 

0 weeks in 70-80 %RH 

and above 15 °C) 

 

35 Roppel and 

Lawton 

(2014) [9] 

I Vancouver 

(BC), Can 

ada 

 

exterior 

conditions 

ca. 3-10 

°C; 80-95 

%RH 

no ceiling 

(roof deck 

exposed 

to outdoor 

cond.) 

no ceiling 

(roof 

deck 

exposed 

to 

outdoor 

cond.) 

no 

ceiling 

(roof 

deck 

expose

d to 

outdoor 

cond.) 

no ceiling 

(roof 

deck 

exposed 

to 

outdoor 

cond.) 

ca. 200 N fully 

ventilated 

(roof deck 

exposed to 

outdoor 

cond. 

) 

Mould index 

= ca. 4# 

(observed and also 

calculated), 

 

worst weekly 

combination of 

temperature and 

moisture content of 

east sheathing was 

ca. 9 °C; 24 %MC 

 

 

 

 



Study type: 

   C – computational study 

   E – experimental study 

   E-lab – experimental study under laboratory conditions 

   I – in-situ measurement 

Parameters: 

n50,ceil          - reference interior-attic air change rate at 50 Pa pressure difference (related to attic volume) [ach] 

nreal,ceil         - real interior-attic air change rate under real conditions (experimental, real or numerically simulated), (related to attic volume) [ach], (see sections 2.1.2 and 2.1.3) 

nreal,ext         - real attic air change rate by ventilation with outdoor air [ach] 

ф50,ceil         - reference air permeance across the ceiling construction at 50 Pa pressure difference [l/s/m2/50PaL] 

V real,ceil        - real volumetric flux across the ceiling construction under real conditions (experimental, real or numerically simulated) [l/s/m2], (see sections 2.1.2 and 2.1.3) 

sd,ceil            - equivalent air layer thickness of the ceiling construction [m] 

sd_r.deck         - equivalent air layer thickness of the roof-deck construction [m] 

Uceil            - thermal transmittance of the ceiling construction [W/m2/K] 

vent. ratio   - well known rule for attic ventilation, commonly known as 1:300 or 1:150 rule firstly stated in [35]. It is a ratio of total area of all attic ventilation openings to an area 

of attic floor  

Other: 

MC             – moisture content [%] 

simulated    – simulated by water vessels within the attic with controlled moisture evaporation rate 

real.             – realistic value 

 

Notes: 

#     - according to VTT mould growth model (1999) [63] 

*     - values calculated for 4 Pa interior overpressure using power law with exponent 0.67 (more information in section 2.1.3 Quantification of parameters) 

**    - values calculated for 2 Pa interior overpressure using power law with exponent 0.67 (more information in section 2.1.3 Quantification of parameters) 

***   - air change is calculated for wind speed range 2.5 m/s and wind pressure coefficients 0.25 and -0.5 on the opposite sides respectively (thus total pressure difference across 

opposite attic vents is 2.8 Pa). Pressure difference across inlet openings is assumed to be half of the value (1.4 Pa). In case of orifice flow, discharge coefficient considered 0.6, 

flow exponent 0.5 and air density 1.21 kg/m3 (than the airflow [m3/s]  is ca. 0.9 times opening area [m2]) 

(*)   - values calculated from nreal,ceil or V
real,ceil considering that “real” pressure difference is 4 Pa (interior overpressure) and using power law with exponent 0.67 (more information 

in 2.1.3 Quantification of parameters) 

(**)  - values calculated from nreal,ceil or V real,ceil considering that “real” pressure difference is 2 Pa (interior overpressure) and using power law with exponent 0.67 (more information 

in 2.1.3 Quantification of parameters) 

#a – estimated according to specified ventilation regime and values of other studies, taken into account particular experimental design of the study 

#b – evaluated for wind speed 2.5 m/s according to the chart provided in the study 

#c – annual average of ceiling leakage is in the study quantified just for sealed attics – for well-sealed attics we consider ca. 0.5 of the values for sealed attic 

#d – calculated by authors of this paper using data provided by prof. Sasic-Kalagasidis, (VTT mould growth model (1999) [63] was used for calculation) 

#e – no information about vapour barrier found within the study 

#f – calculated using power law with flow exponent 0.67 and pressure difference 1.4 Pa (ca. corresponding to surrounding wind speed 2.5 m/s), (see note ***) 

#g – calculated based on equations and coefficients provided in the study 

#h – based on assembly specification and found air permeance values of air-barriers without any joints [61] 

#i – calculated based on provided air-permeability data of the underlay, multiplied the value three times and use power law with flow exponent 0.67 and pressure difference 1.4 

Pa   

#j – evaluated based on chart provided within the study 

#k – calculated based on stated air change rate at 50 Pa pressure difference and using orifice flow equation for 1.4 Pa pressure difference (see note ***) 

#l – calculated based on set of equations provided within the original study (building air change rate = 5 or 2 ach; parameter b = 0.25) 





 

 

 
 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 



 

 

 



 

 
 

 



 

 
 



 



ceiling roof deck ventilation regime Attic design no. and 

in brackets (evaluated moisture safeness) 

extremely 

low 

leakage 

permeable 

unventilated 28(0), 14(0) 

slightly ventilated   

ventilated   

medium 

permeable 

unventilated 10(0), 18(0), 27(3) 

slightly ventilated   

ventilated 11(2) 

vapour-

tight 

unventilated 26,  

slightly ventilated 9(2) 

ventilated 25(0), 8(0), 21(1) 

low 

leakage 

permeable 

unventilated   

slightly ventilated   

ventilated   

medium 

permeable 

unventilated   

slightly ventilated   

ventilated   

vapour-

tight 

unventilated   

slightly ventilated   

ventilated   

medium 

leakage 

permeable 

unventilated   

slightly ventilated   

ventilated   

medium 

permeable 

unventilated   

slightly ventilated   

ventilated   

vapour-

tight 

unventilated   

slightly ventilated 33(0.5), 32(3) 

ventilated   

heavy 

leakage 

permeable 

unventilated 29(1.5), 13(0) 

slightly ventilated   

ventilated 31, 19(3) 

medium 

permeable 

unventilated 17(3) 

slightly ventilated 15(1) 

ventilated 16(0) 

vapour-

tight 

unventilated   

slightly ventilated 6(1) 

ventilated 34(3), 30(3), 4(0), 5(0), 7(0), 12(0), 20 (3) 



 

 

 



 

 

 

 

 

 



 

 

 



 

 











spruce 470 0.170 2510 -1* -1* 0.85 0.90 

OSB_board 470 0.170 2510 -2* -1* 0.85 0.90 

wood_fibreboard_low_dens_1 50 0.040 2100 1.5 -1* 0.85 0.90 

wood_fibreboard_low_dens_2 160 0.040 2100 3 -1* 0.85 0.90 

wood_fibreboard_med_dens 270 0.048 2100 5 -1* 0.85 0.90 

wood_fibreboard_high_dens 650 0.100 2100 17 -1* 0.85 0.90 

red_brick 1800 0.800 800 8 0.002 0.75 0.90 

unburned_brick 1800 1.300 800 8 0.050 0.80 0.90 

plaster 1600 0.900 840 9 0.010 0.60 0.90 

concrete 2200 1.300 1020 20 0.018 0.80 0.90 

reinforced_concrete 2500 1.600 1020 29 0.018 0.80 0.90 

gypsumboard 710 0.310 850 8 0.008 0.70 0.90 

gypsum_fibreboard 1150 0.320 1100 13 0.020 0.60 0.90 

EPS 30 0.038 1270 55 0.014 0.65 0.90 

mineral_wool 25 0.039 840 2 0.008 0.50 0.90 

foil_diffusively_open 260 0.300 1000 40 0.001 0.80 0.90 

foil_PVC 1400 0.160 960 16700 0.000 0.30 0.90 

tiles_concrete_dark_grey 2200 1.300 1020 20 0.018 0.85 0.90 

* - values that tells the model to use a more detailed calculation of such a parameters, values (-1) 

refers to use a functions of moisture-dependent mu-value and moisture capacity of wood , and (-

2) moisture-dependent mu-value of an OSB board 

 

ρ0 - dry density 

λ  - thermal conductivity 

cp - heat capacity  

μ  - water vapour resistance factor 

ξ  - specific moisture capacity 

sol - surface solar absorptance 

ε  - surface thermal emittance 
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 are calculated according to the 

convective heat transfer coefficient on particular surfaces following relation (88). 
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mean surface temp. avg. air temperature   
measured data math. model measured data math. 

model 

avg.value 12.22 10.46 11.60 12.22 

maximal value 20.11 20.42 20.24 22.71 

minimal value -0.01 0.08 0.00 0.08 

75% percentile 17.87 17.00 19.88 20.55 

median 11.67 11.29 12.90 13.60 

25% percentile 3.91 4.02 4.01 4.13 



 

± 0.



 

step 1 step 2  
measured data math. model measured data math. 

model 

avg.value 33.2 35.3 33.1 35.7 

maximal value 71.9 78.2 65.4 69.0 

minimal value 11.8 12.0 11.6 15.5 

75% percentile 42.9 44.8 38.6 40.9 

median 31.0 33.3 32.3 34.9 

25% percentile 23.1 24.6 27.3 29.5 



 



 
measured data math. model 

avg.value 0.34 0.21 

maximal value 1.41 0.98 

minimal value 0.00 0.00 

75% percentile 0.51 0.31 

median 0.31 0.18 

25% percentile 0.13 0.08 
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Rowley et al. (1941) – USA. [1] 

Full-scale experimental house inside a conditioned room was used to study 

condensation of moisture and its relation to building construction and operation. Beside other 

constructions a risk of condensation and frost accumulation in cold attics under sloped roof-

deck were studied using different ventilation regimes and boundary conditions. 

Design no: 1 
General information: 

study type: experimental 

design: full-scale  bungalow 

(one storey + attic) placed in 

conditioned chamber 

Aceil,real = ca. 35 m2 

Vatt,real = ca. 48 m3 

roof slope: 45 ° 

roof orientation: not specified 

(in climatic chamber) 

ventilation: 3 gable openings, 

area of each 1:290 of attic 

floor area – thus ca. 1:100 in 

total 

other: attic stairwell leaky  - 

test labelled “40-9-2” 

according to the original study 

 

Roof-deck assembly: 

 asphalt shingles 

 pine shiplap 1x8″ 

(25 mm) 

 

sd_r.deck = ca. 200 m 

 

Ceiling assembly: 

 mineral wool between 

wooden joists  

3 5/8″ (92 mm) 

 metal lath 

 3/4″ (19 mm) plaster 

 

sd_ceil = ca. 0.3 m 

Uceil = ca. 0.52 W/m2/K 

 

- leaky attic stair well 

Q50,hatch = ca. 20.6 l/s/50Pa 

- ceiling construction 

Q50,ceil = ca. 0.17 

l/s/m2/50Pa 

- equivalent ceiling air 

permeance 

Q50,ceil,tot = ca. 0.76 

l/s/m2/50Pa 

Indoor conditions: 

 70 °F (21 °C) 

 40 %RH 

Outdoor conditions:  

 around -7.9 °F (-22 °C) 

 humidity not specified 

 

Design no: 2 (test labelled “40-9-3” according to the original study) 

- same as 1 with following exceptions : 

o air-sealed attic stair well 

o outdoor temperature changed to – 4.8 °F (-20 °C) 

Design no: 3 (test labelled “40-9-4” according to the original study) 

- same as 1 with following exceptions : 

o air-sealed attic stair well 

o no attic ventilation 

o outdoor temperature changed to – 5.8 °F (-21 °C) 

 



Design no: 4 

 

Burch et al. (1996) – USA. [2] 

An upgraded version of mathematical model called MOIST was used to analyse the 

effectiveness of practices of moisture control in cold attic spaces. Moisture content of 

plywood sheathing of north-sided roof-deck was studied using sensitivity analysis of selected 

attic parameters. Than a set of various attic designs in different locations in USA were 

compared. 

 
General information: 

study type: computational 

design: ceiling height 2.44 m 

Aceil = 130 m2 

Vatt = ca. 35 m3 (estimated from a 

figure) 

 

roof slope: 14° 

roof orientation: south-north 

ventilation: gable end walls and 

roof constructions were fitted 

with vents of net free open area of 

1:300 of the floor area, 

unintentional leakage area 

assumed as 1/10 of vents area (i.e. 

ELAr.deck = 434 cm2) 

else: 

 

 

 
 

Roof-deck assembly: 

 asphalt shingles 

(solar abs. = 0.8) 

 asphalt roofing paper 

 exterior-grade 

plywood 12 mm 

 

sd_r.deck = ca. 200 m 

 

Ceiling assembly: 

 180 mm glass fibre 

insulation – 3.9 

m2K/W 

 0.15 mm kraft paper 

(vapour retarder) 

(sd = ca. 2.1 m, in 50 

% RH) 

 13 mm gypsum board 

 

sd_ceil = ca. 2.6 m 

Uceil = ca. 0.24 W/m2/K 

Q50,ceil = ca. 0.3 l/s/m2/50Pa 

 

Indoor conditions: 

 natural ventilation – 0.48 ach when wind 

speed v = 4.9 m/s and temperature 

difference ΔT = 16.7 K 

 non-humidified interior - relative 

humidity vary approx. between 20 / 60 

% (summer / winter) 

 20-24 °C 

Outdoor conditions:  

 

 

 

Design no: 5 

- same as 4 with following exceptions : 

o location of the attic – Boston (MA); USA 

 

Design no: 6 

- same as 4 with following exceptions : 

o no attic ventilation opening (ventilation just by leakages – ca. 1 

ach at 2.5 m/s wind speed) 

o location of the attic – just Madison (WI); USA 

 



Design no: 7 

- same as 4 with following exceptions : 

o humidified interior – min RH = 45 % 

o location of the attic – just Madison (WI); USA 

Design no: 8 

- same as 4 with following exceptions : 

o totally air-tight ceiling 

o location of the attic – just Madison (WI); USA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Design no: 9 

 

Samuelson (1998) - Sweden. [3] 

Study deals with measurement of temperature and relative humidity in six attic designs 

differing in used thermal insulation at the ceiling level (mineral wool, cellulose fibres) and 

ventilation systems (non-ventilated, naturally and mechanically ventilated). Subsequently a 

team of researchers tried to fit their numerical models to measured data. 

 

General information: 

study type: experimental 

design: (8) 6 testing sections of 

an attic above a flat roof of 

office building 

each section: 

Aceil = ca. 23.5 m2
 (estimated 

from a drawing) 
Vatt = ca. 28 m3

 (estimated from a 

drawing) 
roof slope: approx. 1:2 (i.e. 26 

° - estimated from drawing) 

roof orientation: not specified 

ventilation: 

mechanically ventilated (2 ach) 

else: 

essentially totally airtight 

ceiling and a negative pressure 

kept on interior side of the 

ceiling (no moisture input to 

the attic from interior) 

 

 

 

Roof-deck assembly: 

 concrete tiles 

 PE film 

 

sd_r.deck = ca. 10 m 

 

Ceiling assembly: 

 500 mm mineral 

wool 

 PE foil 

 secondary spaced 

boarding 

 gypsum plants 

 

sd_ceil = ca. 10 m 

Uceil = ca. 0.077W/m2/K 

Q50,ceil = 0 l/s/m2/50Pa 

(since the interior 

underpressure provides no 

flow from interior into the 

attic) 

Indoor conditions: 

 office building 

 ca. 17 - 24 °C 

 31-55 %RH 

 underpressure (related to attic space) 

Outdoor conditions:  

 

 

 

Design no: 10 

- same as 9 with following exceptions : 

o plywood instead of PE foil underlay was used 

o no attic ventilation 

o  

Design no: 11 

- same as 9 with following exceptions : 

o plywood instead of PE foil underlay was used 

o naturally ventilated - 50 mm openings by the eaves (i.e. ventilation 

rule ca.1:84) 

 

 



Design no: 12 

Ojanen (2001) - Finland. [4] 

 

Experimental attic with five sections was used to compare a hygro-thermal performance 

of traditional Finish ventilated attic using plastic foil underlay and non-ventilated attic design 

with the use of highly permeable underlay foil. Concrete tiles and steel plates were compared 

in both options. Three different tests during three heating seasons were performed. 
General information: 

study type: experimental 

design: 5 attic sections (1.2 m) 

above 6 m wide bungalow (one 

storey) 

Aceil = 7.2 m2 

Vatt = 5.4 m3 

roof slope: 1:2 (ca. 26°) 

roof orientation: south-north 

ventilation: 

eaves (+ridge) 

 

other: 

test period 1 (reference with 

concrete tiles) 

 

– air-tight ceiling and water vessels 

in the attics (controlled moisture 

load 1 g/h/m2 - per ceiling area), 

corresponding to continuous air 

inflow 0.1 l/s/m2 from interior 

space. It means total 7.2 g/h 

moisture load. 

 

 

 

 

 

Roof-deck assembly: 

 concrete tiles 

 ventilated cavity 50 

mm 

 reinforced plastic foil 

sd_r.deck = 10 m 

 

Ceiling assembly: 

 250 mm glass wool 

(150 + 100 mm batts) 

 perfectly airtight PE 

foil 

sd_ceil = ca. 10 m 

Uceil = ca. 0.15 W/m2/K 

 

simulated moisture input  

Qceil,sim = ca. 0.1 l/s/m2 

considering pressure 

difference 4 Pa it corresponds 

to: 

Q50,ceil,sim = ca. 0.54 

l/s/m2/50Pa 

 

real air permeance of the 

ceiling is possibly: 

Q50,ceil = ca. 0.002 l/s/m2/50Pa 

Indoor conditions: 

 22 °C; 35 %RH 

Outdoor conditions:  

 

 

Design no: 13 (test period 1 – according to the study) 

- same as 12 with following exceptions : 

o no attic ventilation openings (sealed attic) 

o vapour permeable flash-spun HDPE underlay foil 

- sd < 0.02 m; 

- airflow permeance < 3.3⋅10-6 m3/s/m2/Pa 

o sd_r.deck = 0.02 m 

o Q50,r.deck = ca. 0.33 l/s/m2/50Pa 
 

Design no: 14 (test period 2 – according to the study) 

- same as 13 with following exceptions : 

o no simulated moisture gain (i.e. air-tight ceiling and roof deck) 

- real ceiling air permeance ca. Q50,ceil = ca. 0.002 l/s/m2/50Pa 

o steel plate roofing above ventilated roof-deck cavity 

o 20 Pa indoor overpressure 



Design no: 15 

 

Kalagasidis and Mattsson (2005) - Sweden. [5] 

Using numerical modelling the study investigated an impact of the wind and air infiltration 

from a living space to moisture conditions in cold attic. Ventilated and non-ventilated attic 

designs with tight and leaky ceilings in an open and city areas (regarding different wind speed 

conditions) were compared. The aim was to find out whether the ventilation of the attic may 

help in removing convectively transported moisture through the attic floor. 

 
General information: 

study type: computational 

design: “VCL” design – 

ventilated city-located with leaky 

ceiling 

(from 9 attic designs above one 

storey family house 8x12 m, eave 

height 2.5 m) 

Aceil = 96 m2 

Vatt = 110 m3 

roof slope: 30 ° 

roof orientation: south-north 

ventilation: ventilated – eave 

openings + leakages through 

gable ends 

ca. 0 - 8 ach, mean 2.2 ach 

other: airtightness of the house – 

0.8 l/m2/s/50 Pa (3.5 ach) 

 

 

Roof-deck assembly: 

 concrete tiles 

 ventilated cavity 

 roofing felt 

 roof-decking (spruce) 

19 mm 

sd_r.deck = ca. 2.6 m 

 

Ceiling assembly: 

 500 mm loose-fill 

insulation 

 air barrier 

 gypsum board 

 

sd_ceil = ca. 11 m 

Uceil = ca. 0.077 W/m2/K 

 

leaky ceiling: 

Q50,ceil = ca. 0.44 l/s/m2/50Pa 

Indoor conditions: 

 22 °C 

 40 - 70 %RH (wintertime / summertime) 

 exhaust-supply ventilation (exhaust 120 

m3/h – supply 90 % when the climate do 

not influence ventilation system) 

Outdoor conditions:  

 

 

 

Design no: 16 (design labelled “VOL” according to the original study) 

- same as 15 with following exceptions : 

o located in open area instead of in city which results in: 

- natt,ceil,real = ca. (-0.5) – 0.5 ach (summer / winter respectively) 

- natt,ext,real = ca. 0 – 30 ach, mean 13.9 ach 

 

Design no: 17 (design labelled “UCL” according to the original study) 

- same as 15 with following exceptions : 

o unventilated attic - natt,ext,real = mean 0.1 ach 

 

Design no: 18 (design labelled “UCT” according to the original study) 

- same as 15 with following exceptions : 

o unventilated attic - natt,ext,real = mean 0.1 ach 

o tight ceiling - Q50,ceil = 0 l/s/m2/50Pa 

 



Design no: 19 

 

Holm and Lengsfeld (2007) - Germany. [6] 

Experimental study from Germany compares condensation risk on the underside of vapour 

open underlay felt of three ventilated cold attic designs. Controlled airflow from interior to 

each attic space was introduced. 

 
General information: 

study type: experimental 

design: 3 ventilated attic spaces 

above one storey conditioned 

interior, each roof has area 

approx. 2.5x4 m 

Aceil = 10 m2 

Vatt = ca. 4.5 m3 

roof slope: 24 ° 

roof orientation: south-north 

ventilation: 3 mm slots at the 

eaves and 2 cm slot at the ridge 

other: 

 ceiling with controlled 

leakage from interior 

135 m3/day (equivalent to 

possibly leaky staircase) 

 

 

 

Roof-deck assembly: 

 concrete tiles 

 battens (no contra battens) 

 vapour open underlay (two 

different types) 

(permeance 

925 ng/(Pa·s·m2)) 

 

sd_r.deck = ca. 0.22 m 

 

Ceiling assembly: 

 thermal insulated 

 

(thickness estimated from the 

figure to 0.3 m, estimated 

conductance of ceiling construction: 

Uceil, estim. = 0.13 W/m2/K) 

 

(no information about vapour- or 

air-barrier in the ceiling level – but as 

it was mentioned, that the air leakage 

across the ceiling was well controlled, 

it is assumed that there was some air- 

and vapour-barrier, and thus: 

sd_ceil, estim. = ca. 10 m) 

 

well controlled 135 m3/day 

leakage (simulation of leaky attic 

staircase) – by using power law with 

flow exponent 0.67 and by estimating 

some realistic pressure difference 

4 Pa, it is assumed that airflow across 

simulated staircase  

Q50,staircase = ca. 8.5 l/s/50Pa 

and no other leakage assumed, 

thus for the ceiling construction: 

 

Q50,ceil = ca. 0.85 l/s/m2/50Pa 

 

Indoor conditions: 

 20-22 °C 

 50-60 %RH 

Outdoor conditions:  

 

 

 

 



Design no: 20 

 

Hagentoft et al. (2008) – Sweden. [7] 

Based on validated computational model a several cases of regular (leaky) and sealed roof 

designs with controlled (adaptive) ventilation were compared regarding mould growth risk 

within the attic space. Study also investigates cases with different tightness of the ceiling 

construction as well as of the attic space. 
General information: 

study type: computational 

design:  

Aceil = 74.8 m2 

Vatt = 80 m3, 

Ar.deck = 189 m2 

roof slope: 28 ° 

roof orientation: south-north 

ventilation: 

regular attic - n50 = 130 h-1 

other: 

 

 

Roof-deck assembly: 

 concrete tiles 

 bitumen felt (vapour 

tight) 

 22 mm wood 

 

sd_r.deck = ca. 12 m 

 

Ceiling assembly: 

 400 mm mineral wool 

 0.2 mm PE foil 

(vapour barrier) 

 

sd_ceil = ca. 10 m 

Uceil = ca. 0.1 W/m2/K 

 

medium tight ceiling - 

24 m3/h at 50 Pa p.dif. 

 

Q50,ceil = ca. 0.09 l/s/m2/50Pa 

 

Indoor conditions: 

 30 %RH (if outdoor temperature -10 °C); 

60 %RH (if outdoor temperature 20 °C) 

(corresponds to moisture supply 3g/m3) 

 balanced ventilation 

Outdoor conditions:  

 

 

Design no: 21 

- same as 20 with following exceptions : 

o ideally tight ceiling (i.e. Q50,ceil = 0 l/s/m2/50Pa) 

Design no: 22 

- same as 20 with following exceptions : 

o well sealed attic – unintentional air change rate n50,att =  1 ach 

o controlled (adaptive) ventilation of the attic (1 ach when running) 

Design no: 23 

- same as 20 with following exceptions : 

o well sealed attic – unintentional air change rate n50,att =  1 ach 

o increased controlled (adaptive) ventilation of the attic (5 ach when 

running) 

Design no: 24 

- same as 20 with following exceptions : 

o ideally tight ceiling (i.e. Q50,ceil = 0 l/s/m2/50Pa) 

o sealed attic – unintentional air change rate n50,att =  7 ach 

o controlled (adaptive) ventilation of the attic (1 ach when running) 



Design no: 25 

 

Essah et al. (2009) – U.K. [8] 

Computational study based on non-validated model compares condensed quantities on 

different types of roofing underlays (high-resistance, relatively vapour-permeable and two 

highly permeable) within the cold attic located in UK. Study presents a results of four cases 

that differ in number of occupants, airtightness of ceiling and whole house and ventilation 

regime of the attic.  

 
General information: 

study type: computational 

design: 6.8 m x 9.7 m attic above 

two storey family house, eave 

height 5.1 m 

Aceil = 66 m2, 

Vatt = 64.7 m3 

house airtightness n50 = 5 ach 

roof slope: 30 ° 

roof orientation: not specified 

ventilation: ventilated (20 mm 

openings along the eaves) – ca. 28 

ach at 50 Pa p.dif. 

other:  

 

 

 

Roof-deck assembly: 

(reference attic) 

 tiles 

 ventilated cavity 

 bituminous felt 

(200 MNs/g; sd = 40 

m) 

 

sd_r.deck = 40 m 

 

Ceiling assembly: 

 250 mm of insulation 

 no other information 

but we consider 

additional 

plasterboard 

sd_ceil = ca. 0.5 m 

 

Uceil = ca. 0.15 W/m2/K 

 

Q50,ceil = 0 l/s/m2/50Pa 

 

Indoor conditions: 

 determined from EN 15026:2007 

 moisture load from 5 persons - ca (6 – 15) kg/day 

 according to the standard – 20-25 °C; 40-70 %RH 

(high occupancy) 

 n50 = 5 ach 

 

Outdoor conditions:  

 

 

 

Design no: 26 

- same as 25 with following exceptions : 

o no intentional attic ventilation (leakages are several orders of 

magnitude lower compared to intentional leakages) 

o  

 

Design no: 27 

- same as 25 with following exceptions : 

o no intentional attic ventilation (leakages are several orders of 

magnitude lower compared to intentional leakages) 

o moisture dependent underlay foil (sd = 0.6–4.6 m) 



Design no: 28 

- same as 25 with following exceptions : 

o no intentional attic ventilation (leakages are several orders of 

magnitude lower compared to intentional leakages) 

o vapour permeable underlay foil (sd = 0.02 m) 

 

Design no: 29 

- same as 25 with following exceptions : 

o no intentional attic ventilation (leakages are several orders of 

magnitude lower compared to intentional leakages) 

o vapour permeable underlay foil (sd = 0.02 m) 

o ceiling leakage flow rate ca. Q50,ceil = 0.6 l/s/m2/50Pa 

 

Design no: 30 

- same as 25 with following exceptions : 

o ceiling leakage flow rate ca. Q50,ceil = 0.6 l/s/m2/50Pa 

 

Design no: 31 

- same as 25 with following exceptions : 

o vapour permeable underlay foil (sd = 0.02 m) 

o ceiling leakage flow rate ca. Q50,ceil = 0.6 l/s/m2/50Pa 

 

Design no: 32 

- same as 25 with following exceptions : 

o ceiling vapour tightness, sd = ca. 10 m 

o whole house leakage flow rate n50 = 2 ach 

o ceiling leakage flow rate ca. Q50,ceil = 0.24 l/s/m2/50Pa 

o attic ventilation by 10 mm openings along the eaves (resulting in 

ca. 20 ach at 50 Pa pressure difference) 

 

Design no: 33 

- same as 25 with following exceptions : 

o ceiling vapour tightness, sd = ca. 10 m 

o whole house leakage flow rate n50 = 2 ach 

o ceiling leakage flow rate ca. Q50,ceil = 0.24 l/s/m2/50Pa 

o attic ventilation by 10 mm openings along the eaves (resulting in 

ca. 20 ach at 50 Pa pressure difference) 

o normal house occupancy (according to mentioned standard – 20-

25°C; 30-60 %RH) 

 

 

 

 

 

 

 

 

 

 



Design no: 34 

 

Roppel and Lawton (2014) – Canada. [9] 

In-situ measurement of four in cold maritime climate of Vancouver - Port Moody (British 

Columbia). 

 

General information: 

study type: in-situ 

measurement 

design: (test unit 1) 

east – west sloped roof 

orientation 

Aceil = 57 m2 

Vatt = 59 m3 

roof slope: ca. 20° (estimated 

from figure) 

roof orientation: east-west 

ventilation: ventilated by baffle 

vents 

other: 

leaky attic hatch 

 

 

 

Roof-deck assembly: 

 asphalt shingles 

 underlayment (ca. 20 

mm wooden based 

boards) 

 

sd_r.deck = ca. 200 m 

 

 

Ceiling assembly: 

 12″ fibreglass blown 

insulation 

 PE foil 

 gypsumboard 

 

    leaky attic hatch 

 

sd_ceil = ca. 10.5 m 

Uceil = ca. 0.12 W/m2/K 

 

Qreal (tracer gas) = ca. 23 

m3/h 

                    = 0.11 l/s/m2 

Q50,ceil = 

ca. 0.6 l/s/m2/50Pa 

 

 

Indoor conditions: 

 average of winter 2011/2012 

24.1 °C; 30.7 %RH 

Outdoor conditions:  

 Vancouver – Port Moody (BC), 

Canada – winter 2011/12 

(winter 2011/2012 averages were 

6.9 °C; 84.4 %RH) 

 

Design no: 35 

- same as 34 with following exceptions : 

o standalone roof deck built above mailbox – thus there were no 

ceiling or conditioned interior space. Lower surface of the roof 

deck were fully ventilated as was exposed to outdoor conditions 

o one sheathing plywood was installed with additional 25 mm 

extruded polystyrene on its upper side (both cases have the same 

results) 
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