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ABSTRACT 

During recent years, pr<ifabricated, lightweight, wood
based membrane-roof components have been increasingly 
used in Denmark. It has become common practice to build 
these roofs without ventilation of the cavity between the 
insulation and the deck. Six types of roof cassettes have 
been tested in thefieldfor their moisture performance. The 
roofs have different designs and insulation thicknesses, and 
several of them use a water-permeable vapor retarder 
(wpm). Each of the roof types is placed over a room with 
typical dwelling conditions and over a more humid room. 
Some a/the roof sections contained construction moisture, 
while others were installed factory dry. The experiments 
were also simulated with a numerical model for combined 
heat and moisture transfer. This paper presents the results 
for the first two years of the experiment. 

INTRODUCTION 

Wood-based, cold-deck roofs (i.e., roofs in which the 
deck is located on the external side of the insulation) are a 
cheap and flexible kind of roofing commonly used in 
Denmark in the 1960s and 1970s for many kinds of build
ings. The roofs were typically built on site, and the cavity 
above the insulation and below the wooden deck was vented 
to the outside to ensure escape of excess moisture. It was 
prescribed in the building code that roofs could be vented 
from eave to eave, but no guidance was given for roofs 
with areas so large that this was not practically possible. 

However, many of these roofs suffered from too much 
moisture in the wooden components with subsequent 
degradation of the materials and a need for repair or 
replacement of the damaged roof. Investigations (Korsgaard 
et a!. 1985; Nicolajsen 1982) showed that the cause of the 
unexpected damage was that very often more moisture 
accumulated in the roof than was vented away to the 
outside. Wind conditions around buildings typically cause 
the air pressure above tbe roof and at the leeward eave to 
be less than inside the building. When roof vents were 
provided, good pressure release existed between the roof 
cavity and the outside air surrounding the roof. However, 
together with the stack effect during winter, this resulted in 
lower air pressures in the roof cavity than in the building 
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interior. Thus, moisture was transported by convection into 
the roof from the rooms below through cracks and unin
tended penetrations of the interior lining of the roof. Even 
the best of workmanship did not prove effective in avoiding 
these imperfections. High-quality vapor retarders did not 
help much either, since the convective transport mechanism 
was much more influential than the diffusion process. In a 
horizontal roof there is only a small potential for driving the 
air laterally in the cavity, and, thus, the moisture that 
entered could not always be vented away readily. It should 
be noted, however, that for roofs with small distances 
between the eaves (less than 30 ft [10 ml) ventilation from 
eave to eave is still regarded as a functional precaution as 
long as the roof surface has no vents. In this case, the air 
pressure in the cavity is about the same as inside the 
building, and the pressure drop and the relatively short flow 
path between the eaves give these small roofs a sufficient 
lateral movement of the air. 

Other investigations have shown (Lohse 1978) that 
unvented stressed-skin roofmg elements without vapor 
retarders would remain dry if they were installed dry, 
exposed to sunshine, and not located over humid rooms. 
This conclusion was based on laboratory tests and in-situ 
experiments carried out during three years of exposure to 
the Danish outdoor climate and the indoor climate of a 
hardware store. The problem with the unvented roof in 
climates where a vapor retarder is necessary is that con
struction moisture or moisture from leaks has no way to 
escape, and such a roof can only be used in climates where 
the annual potential for diffusive intrusion of moisture into 
the roof (winter) is less tpan Ihepotential for diffusion out 
of the roof (summer). Convection of moist room air into the 
cavity of these roofs is prevented by having airtight condi
tions on the external side of the roof provided by the roof 
membrane. In this way, the pressure difference between 
inside and outside air is concentrated across the rooftop, 
and, since the roof cavity has the same air pressure as the 
indoor air, there is no potential for driving the moist room 
air across the inner construction layers into the cavity. 

Today, cold-deck roofs are typically factory manufac
tured as closed roofing cassettes produced under controlled 
conditions using dried lumber. The bituminous base sheet 
is often applied in the factory, and proper logistic handling 
of the elements makes it possible to minimize 
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storage and to seal the gaps between individual cassettes 
with bi tumen strips immediately after they have been 
mounted on the roof. This production technique makes it 
unlikely that moisture would be built in during construction 
and has helped the cold-deck roof to a recent revival, 
particularly when used on industrial buildings. 

A relatively new type of product, the water-permeable 
vapor retarder (WPVR), allows excess moisture to escape 
during summer conditions when it migrates out of tbe deck 
and condenses on tbe vapor retarder, whicb then slowly 
drains tbe moisture to tbe building interior. These mem
branes have adequate vapor resistance when they are dry to 
keep a roors moisture uptake at a sufficiently low rate 
during winter. 

The critical limit for moisture-induced decay of wood 
is between 24 % and 31 % moisture content by weight 
(ASHRAE 1989). Fungal growth is negligible when the 
temperature is below 41°F (5°C). In most situations, tbe 
wood is drier during summer and, therefore, the spring and 
fall seasons are potentially the worst. The critical moisture 
content may be somewhat lower for previously attacked 
wood and for problems with surface mold and mildew. It is 
common practice in Denmark to regard 20% moisture by 
weight as tbe critical limit. 

This project focuses on premanufactured, nonvented 
timber roofs with a cold deck utilizing tbe new kinds of 
vapor retarders. Participants in the project were tbe Danisb 
Non-Life Insurance Association, five manufacturers of 

roofing components and materials, a consulting engineering 
firm, a building research institute, and a technical universi
ty. Experimental roofing cassettes have been studied in a 
controlled field experiment over a test building since the 
summer of 1990. A simultaneous activity seeks to gather 
information from similar roofs that were built within the 
latter part of the eighties. The goal for these two investiga
tions is to provide future guidelines for tbe design and use 
of low-slope roofing cassettes. This paper concentrates on 
the controlled field experiment. 

EXPERIMENTS 

The measurements at the research institute are carried 
out on roofing cassettes with a polyetbylene vapor retarder 
or witb one of two different WPVRs (see Figure 1). WPVR 
1 was introduced by Korsgaard (1985). It consists of a syn
thetic felt witb polyethylene strips staggered on both sides 
sucb that tbe polyetbylene on one side overlaps the polyeth
ylene on tbe other and thus ensures a good vapor-retarding 
effect. WPVR 2 consists of a sheet of polyethylene wrapped 
around the edges and at the top side witb synthetic felt. The 
roofing cassettes cover a test bouse in wbicb tbe indoor 
climate is controlled separately in tbe two balves of tbe 
building. The total roof area is 970 ft2 (90 m2). 

Six different variations of tbe roofing cassettes bave 
been used (see Figure 2). The first four are cold-deck 
constructions consisting of (from outside in) modified 

WATER PERMEABLE VAPOR RETARDER (WPVR 1) 

Figure 1 

Vapor Diffusion (Winter) Capillary Sueton (Summer) 

WATER PERMEABLE VAPOR RETARDER (WPVR 2) 

+ • ~ Polyethylene 

~ / Synthetic Fett 

,~::~::~::-~_::~--=--~--=---=--=--=--=--=---=--=--=--=-~==k=~~ 

Vapor Diffusion (Winter) Capillary Suction (Summer) 

Conception of the two. water-permeable vapor retarders used in the experiments. Only a section of WPVR 1 is 
shown (drawn thicker for display), while WPVR 2 is shown inJull roll width. 

546 



-,-----,------ -

1 ~JLW1 
Roofing fel~ fully bonded 
Y, In. (12.5 mm) pI)'WOOd 
4 In. (100 mm) rock woo 
Joist 1.4 x 7.7 In. (35 x 195 mm) 
PE-membraoe, tight 
1 In. (25 mm) wood woo cement 

-".-".--.. ~ 

3 •• Roofing leI~ fulty bonded 
v.. In. (12.5 mm) plywood 
B In. (200 mm) rock wool 
Joist 1.4 x 7.7 In. (35 x 195 mm) 
wp",,, 
1 In. (25 mm) wood woo cement 

5 --
~W2. 
Roofing felt. fully bonded 
2 x t.BIn. (2 x 45 mm) HO rock wool 
Water repellant treatment 
y, In. (12.5 mm) pI)'WOOd 
4 In. (100 mm) rock wool 
Joist 1.4 x 7.7 In. (35 x 195 mm) 
WPVRt 
1 In. (25 mm) wood wool cement 

-

---

2 

4 

6 

--

= 
""'" ng fell, fully bonded 

(12.5 mm) plyw<x>d 
100 mm) rock wool " '" 41n. ( 

'''''' 1.4 x 7.7 In. (35 x 195 mm) 
VI1 , Wp 

1 In. ( 25 mm) wood wool cement 

---
" 
""'" Y, In. 

ng leI~ fully Ixmded 
(12.5 nun) plywood 
100 mm) rocl<: wool 4 In. ( 

Joist 1 
WPVR 

.4 ~ 7.7 In. (35 x 195 mm) , 
1 In. ( 2S mm) wood wool ooment 

'5Nf/iFWI!6M~ 

--mi. 
Roolln g felt. flJly bonded 
2~1. 8 In. (2 x 45 mm) HO rock wool , WPVR 
Yo; In. ( 12_5 mm) plywood 

100 mm) rock wool 4 In. ( 
Joist 1 
1 In. ( 

.4 x 7.7 Irl. (35 x t95 mm) 
25 mm) wood wool cemenl 

Figure 2 Cross sections of the six types of roofing 
cassettes used in the field experiment. 

bitumen, 0.5 in. (12.5 mm) plywood, usually a 4-in. (100-
mm) nonvented air gap, rock wool (usually 4 in., 100 mm), 
the vapor retarder, and I in. (25 mm) wood wool cement 
ceiling. The vapor retarders, of cassette types I, 2, and 4 
are polyethylene, WPVR I, and WPVR 2, respectively). 
Cassette type 3 is the same as type 2 except that the cavity 
is filled with insulation (8 in., 200 mm). 

Roof types 5 and 6 are similar to type 2 with the 
variation that 3'h in. (90 mm) of high-density (HD) rock 
wool has been added between the plywood deck and the 
roof memhrane. In type 6 the WPVR has heen moved to 
the interface between the plywood and the top insulation. 

The top of the plywood deck in type 5 has heen coated with 
a water-repellent paint. The type of roof with insulation on 
both sides of the wood deck may be commonly seen in 
refurbishing of old cold-deck roofs but may also be con
structed in this way as new roofs. In particular, the type is 
commonly used above humid indoor climates because the 
warmer location of the wood deck makes it less susceptible 
to condensation or hygroscopic uptake of moisture. 

Each of the six types has been installed under four 
different conditions, which brings the total number of test 
areas up to 24. The four different conditions of installation 
are: 

A. Room climate: nOF (22°C), 40% RH, dew-point 
temperature 46°F (7.8°C). No construction moisture. 

B. Room climate: nOF (22°C), 60% RH, dew-point 
temperature 57°F (13.9°C). No construction mois
ture. 

C. Same room climate as A, 0.61 Ib/ft2 (3.0 kg/m2) 
construction moisture. 

D. Same room climate as B, 0.61 Ib/ft2 (3.0 kg/m2) 
construction moisture. 

Construction moisture was added to a layer of card
board on top of the insulation in cassette types 1-4 and in 
the middle of the external insulation in types 5 and 6. The 
indoor climate was maintained during the heating season 
with electric heaters and humidifiers that were controlled 
with thermostats and hygrostats. The climatic conditions 
were similar in the two room halves during summer. 

The plan (Figure 3) shows the structure of each ele
ment. Moisture contents are measured in each element with 
sensors located as shown in Figure 4. Moisture content is 
monitored at the top and bottom of the joists, in the 

'plywood deck, and in the top insulation (cassette types 5 
and 6) with wooden probes in which the electrical resistance 
between two pins is measured. The probes consist of a 
cylindrical piece of beech wood with a diameter of 0.39 in. 
(10 mm) (see Figure 5). In one end are mounted two brass 
nails with a diameter of 0.06 in. (1.4 mm) and a distance 
of 0.2 in. (5.5 mm). The nails protrude 0.2 in. (5 mm) 
from the end of the cylinder and the top is embedded in an 

Slope 
-,----------~----------

141 in. (3590 mm) 

t-- 47 In. (1200 mm) 94 In. (2390 mm) I 

Joist 
1.4 x 7.7 in. 

(35 x 195 mm) 

, 

Figure 3 Plan of one set of roofing carsettes with the supporting Joists. The moisture sensors are located in the joists. 
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Figure 4 Location of moisture sensors in the cassettes of types 1-4. 
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Figure 5 Design of the moisture probes used. 

epoxy glue. Wires go to the ohmmeter where the resistance 
is measured. The relation between resistance and moisture 
content is established during a calibration procedure. Since 
calibration is made at 68°F (20°C), a correction is made 
for temperatures deviating from this. Several years of 
experience have shown that the calibration curve reIilams 
constant over time. Each probe has been calibrated to give 
the moisture content in the wood to an accuracy of about 
2 % by weight. The probes are not able to distinguish 
between moisture contents above fiber saturation (approxi
mately 30% by weight). Moisture probe readings are taken 
every three to four weeks. 

Temperatures were measured in the roofing cassettes, 
and at the roof membrane and stored hourly together with 
registrations of the indoor climate (temperature and RH) 
and outdoor climate (temperature, RH, sunshine minutes, 
wind speed and direction, and precipitation). Denmark has 
a moderate Nordic climate with approximately 5400 degree
days, base 62.6°F (3000 K'days, base 17.0°C) and an 
average outdoor temperature in the heating season of 39°F 
(4°C). The last winters have been a little milder than 
normal. 
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CALCULATIONS 

Although many models for transient calculation of 
combined heat and moisture transfer have been developed 
for use in the research community (Hens 1992), such tools 
have not been available for building designers .and consul
tants to compute and design constructions that are safe with 
respect to the undesired impacts of moisture. Only a few 
countries have regulations for the calculation of moisture 
transfer, and therefore rules of thumb gained over years of 
practical knowledge have been used instead. This knOWl
edge has been supplemented by calculations of water vapor 
diffusion according to steady-state schemes, e.g., the One 
by Ghiser (1957). 

A number of improvements of the Glaser methodology 
have been implemented in a PC program for combined heat 
and moisture transfer (Korsgaard and Pedersen 1989; 
Pedersen 1990). The most important of tbese is that the 
program calculates both the thermal and the moisture 
problem transiently in one-hour time steps and that the 
bOundary conditions may be varied with the same detail in 
time. The program is able to consider both liquid and vapor 



moisture transport in one dimension but not the issues of 
convection. 

The model is able to adjust the moisture permeabilities 
of the materials according to their level of moisture content. 
WPVR 1 has been simulated this way by using a small 
vapor permeance (0.174 perm, SI resistance 100 GPa·m2. 

s!kg) when dry and a large permeance (3.48 perm, SI resis
tance 5 GPa'm2's!kg) when wet, i.e., RH>98%. These 
values have been determined in the laboratory. Similar 
properties are not known for WPVR 2 used in cassette type 
4. Therefore, calculations have not been carried out for this 
type of cassette. 

The permeability used in the calculations for plywood 
is 1.7/6.8 perm-in. at 60/98% relative humidity (2.5/10 
ng/(m·s· Pal). The program makes a linear interpolation 
hetween these values when the relative humidity is between 
60% and 98 % and uses the dry &Ild wet values as they are 
for relative humidities below 60% and above 98%, respec
tively. The permeahility for the rock wool located below the 
deck is 108 perm-in. (157 ng/(m·s·Pa», both dry and wet, 
while the HD rock wool above the deck has a permeability 
of 77 perm-in. The wood wool cement has dry/wet per
meabilities of 27/34 perm-in. (40/50 ng/(m·s·Pa». Finally, 
the roof memhrane is simulated by a permeance of 0.018 
perm (SI-resistance 1050 ·GPa·m2·s!kg). These and other 
properties of the materials in the constructions are. taken 
from the program's data base of material data. Most of 
these data originate from the literature. 

The measured values of indoor temperature and 
humidity and roof surface temperature have heen used as 
input to calculations with the program to simulate the same 
moisture conditions as were measUred with the wood 
probes. 

% 

45 
Indoor RH 6(61; 

The program is user friendly. If the positive experience 
gained with it so far is supported by the comparison with 
the experimental results of this test, the program may be 
considered an appropriate tool to aid the analysis of mois
ture conditions of similar constructions. 

RESULTS 

Results of the measurements and calculations of 
moisture content in the plywood are shown in Figures 6-11. 
Measurements are shown with symbols, and the calculation 
results are shown with lines. Note that while the probes are 
unable to distinguish between different moisture contents 
above fiber saturation, this is not a limitation for the 
calculation results, and this may be the cause for some 
apparent discrepancy between predicted and measured 
moisture contents in the high region. 

For simplicity, probe readings from the joists will not 
be shown graphically. As expected, the probes located in 
the tops and bottoms of the joists signaled the seasonal 
shifting of the moisture between the tops and bottoms of the 
roofs. Generally, the tops of the joists were a little drier 
than the plywood decks, a result attributed to the thermal 
bridge effect of the joists themselves. 

Since the moisture may be located in other layers than 
the plywood during part of the season, it makes sense to 
compare the total amount of moisture between moisture 
membranes (i.e., the roof membrane and the vapor retard
er) per unit roof area. This can only be surveyed experi
mentally by weighing representative sections of the tested 
roofs. However, this technique, which has some drawbacks 
as well, has not been used in this project. Instead, as Figure 
12 shows, the total amount of moisture between the roof 
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Figure 6 Measured (symbols) and calculated (lines) moisture contents in the plywood deck for roof type I with four 
different installations using a polyethylene vapor retarder. 



2 ;;;;~dill 
~ 

tn(bor RH6C6ti 
A" WlthConstructlonMolstlTe 

40 

V'II\ A 1mbor RH4(]16 
/ ""7 With Constn..r.:t!on ~lstlIe C> 

35 

+ /'" ~ ~ h 0 o 0 

" 
30 

, 7., '" T t' 
, , li( -x A "' , 

G , 
*~i!l3 ~X;( * :,;0 ~\Wv -;;;- 0 X 

\ 
20 

fd:X"~~ )T + *-~ __ ±_ ;to -~-- - - - -- - - ¥- 'T' --X - - - - -:~s':\ it'- 01----" T_ 

OOO~ -----------:t::: t-~_">'<' -t~:J:. 4-- -:r _ - - ----_. 
f"" ~ InootX RH 'lor. f\ moor RH 60% 

10 

Without Corstru::tlon .volsture With:;>lII. Corstruction MOlstlre 

,- I I I 

Jol On Jon Apc Jol Oct Jon Apc J 0 I 

1990 1991 1992 

Figure 7 Measured and calculated moisture contents in the plywood deck for roof type 2 with four different installations 
using a water-permeable vapor retarde~ (WPVR 1). 
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Figure 8 Measured and calculated moisture contents in the plywood deckfor roof type 3 with four different installations 
using a water-permeable vapor retarder (WPVR 1) and twice as much insulation as in roof type 2. 

membranes has been calculated with the modeL Results are 
shown for the roofs with construction moisture located over 
the room with 40 % RH. 

DISCUSSION 

Measurements 

The results through the two winters, 1990/91 and 
1991192, are as follows: 

Type 1 The cold-deck roof type with polyethylene 
vapor retarder (type 1) has performed acceptably well over 
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both indoor climates when the roofs are installed dry. 
However, the initially dry roof over the humid indoor 
climate has accumulated more moisture than the similar 
roof over the drier room, and 'the moisture content was 
close to the critical value during the second winter. The 
construction moisture in two of the roofs appears to have 
caused a critical accumulation of moisture in the wooden 
parts. This moisture dried out of the wood in the summer, 
but hecause of the tight vapor retarder, it was difficult for 
it to dry out of the roof as such, and much of the moisture 
returned to the wood in the suhsequent winter. 

It appears that the plywood was drier in the second 
winter than in the first, but this conclusion may be colored 
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Figure 9 Measured moisture contents in the plywood deck/or roo/type 4 with/our different installations using a water
permeable vapor retarder (Wpm 2). The calculation results have been copied from roo/ type 2. 
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Figure 10 Measured and calculated moisture contents in the plywood deck/or roo/type 5 with/our different installations 
using insulation on both sides 0/ the deck and a water-permeable vapor retarder (wpm 1) between the ceiling 
and the inner insulation layer. 

by the fact that the measurements were taken at moisture 
contents close to fiber saturation of the wood where the 
accuracy of the moisture probe is poor. 

Types 2, 3, and 4 There were only small differences 
between the moisture contents of cassette types 2, 3, and 4, 
Le., the cold-deck types with water-permeable vapor 
retarders. The development of the moisture contents even 
looks much as it did in roof type I with polyethylene. 

In the second winter period, the moisture contents were 
somewhat higher than in tbe first winter period in the 
initially dry cassettes, types I, 2, 3, and 4 - especially in 
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those over the ·60 % RH climate. This seems to indicate that 
the vapor retarders are not as tight as anticipated. 

The roofs with construction moisture were too wet 
during the first winter and almost as wet during the second. 
Neither the short bit of summer that was left when the test 
was started nor the wbole of the second summer were 
sufficient to dry out all the construction moisture that was 
added (cassette type 3 over the dry indoor climate may be 
an exception-it is suspected that the probes are not 
operating properly, and this will be checked later on). 

A comparison of the moisture contents in rooftype 3, 
with 8 in. (200 mm) of insulation, and types 2 and 4,,,,ith 
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Figure 11 Measured alUi calculated moisture contents in the plywood deck for roof type 6 withfour different installations 
using insulation on both sides of the deck alUi a water-permeable vapor retarder (WPVR 1) between the plywood 
deck alUi the top insulation. 
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Figure 12 Calculated total amount of moisture between the vapor retarder atui the roof membrane in roof types 1, 2, 3, 
5, alUi 6 with co;"truction moisture located above the room alUi 40% RH in the heating season. Type 6 does 
not include the plywood deck since it is located below the vapor retarder. 

4 in. (100 mm), does not seem to indicate that the doubling 
of the insulation thickness makes the moisture conditions of 
the plywood deck worse. 

Types 5 and 6 The moisture conditions in the roofs 
with "warmer" decks were significantly different from the 
conditions in the pure cold-deck roofs. 

The deck of roof type 5 (WPVR 1 beneath), with 
construction mois'ture and situated over the humid indoor 
climate, reached a high moisture content in summer and a 
low moisture content in winter. The reason is that the wood 
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acted as a buffer for the moisture coming down from the 
insulation above during summer and delivered its moisture 
to the insulation in the winter. Also, the initially dry roof, 
type 5, over the humid climate got moist in the second 
summer and showed an increase in moisture content from 
year to year. The variation in moisture content was stable 
at a safe level for type 5 over the drier indoor climate. 

Roof type 6 (WPVR 1 above the deck) had variations 
in moisture content that depended more on the indoor 
climate than on whether or not the roof contained construc
tion moisture. Because the vapor retarder was located on 



the external side of the deck, moisture accumulated in the 
plywood at a very high rate over the humid indoor climate. 
The reason is that the deck was colder than the dew point 
of the indoor air throughout the heating season. This was 
not the case over the drier indoor climate, and the deck 
stayed dry under these conditions. 

Calculation. 

The general impression of the comparison between 
calculations and measurements is that the numerical model 
is able to describe the qualitative behavior of the evolution 
of the moisture contents. The major deviations are the 
following: 

• There appear to be larger annual variations in the 
moisture content of the roof assemblies without initial 
moisture than predicted by the model. The vapor 
retarders may not be as tight as assumed in the cal
culations. 

• Initially wet roofs with WPVRs appear to be slightly 
drier during the first year than estimated by the model. 
The drying during the half summer of 1990 may be 
underestimated, or there may be some moisture stored 
in the cardboard next to the plywood that must be 
considered. Also, measurements in these cases are 
close to the point were the accuracy of the wood 
probes becomes poor (moisture content > 30% by 
weight). 

• The opposite (i.e., experimental moisture contents are 
the highest) appears to be the case for roof types 2 and 
3 during the second year. Apparently the drying rates 
have been overestimated by the calculation model, 
which could be the result if the wet permeance of the 
WPVR was assigned too high a value. 

o The difference in moisture content measured in roof 
type 5 between the two indoor climates does not appear 
in the calculations. This could be an indication that the 
dry vapor resistance of the WPVR is less favorable 
than anticipated by the model. 

• The calculated variations in moisture content of the 
plywood in roof type 6 appear to be larger than mea
sured. This suggests that less moisture is retained by 
the wood during the process of upward migration in 
winter than predicted by the calculations and that, 
instead, some moisture may have migrated further into 
the top insulation. This could have happened if mois
ture condensed on the underside of the WPVR and 
made it wet and, therefore, permeable. 

Total Moi.ture Content 
Between Membrane. 

With the above-mentioned reservations, the calculations 
predict the following changes in total moisture content 
between membranes for the various roof types: 

Types 1, l, and 3 From Figure 12 it is seen that the 
cold-deck roof cassettes with WPVR 1 (types 2 and 3) 
should dry out the construction moisture within a few 
seasons, while the total moisture content should remain 
almost constant in the roof with polyethylene (type 1). 

Types 5 and 6 When comparing results for these two 
types in Figure 12, note that the level of moisture content 
is lower for type 6 since the moisture contained by the 
plywood is not included (because it is not between mem
branes). Only the rate of drying should be extracted from 
the figure. Comparison of the results for roof types 5 and 
6 shows that excess moisture should dry out faster when 
there is no plywood contained in the part of the roof to be 
dried out (the part between membranes). 

CONCLUSION 

Unventilated cold-deck roof cassettes with polyethylene 
vapor retarders may remain dry when installed dry and 
when there is no possibility that moisture may enter in any 
way (e.g., through leaks or perhaps even by diffusion from 
~ humid indoor climate). However, as demonstrated in the 
tests with construction moisture, this type of roof appears 
to release excess moisture at a slow rate that may not be 
sufficient to provide any safety against moisture degrada
tion. 

The measurements of three different cold-deck test 
roofs with water-permeable vapor retarders (WPVR) did not 
show the drying effect expected. The tests seem to indicate 
that at least a couple of seasons are required to dry out the 
0.61 Ih/ft2 (3.0 kg/m2) that was added, while the simula
tions projected the drying to be completed after one and a 
half summers. Unfortunately, with the measuring technique 
used, it has not been possible to see any differences 
between the four roof types in their moisture content above 
fiber saturation, though different fractions of the 0.61 Ib/ft2 
(3.0 kg/m2) of moisture that was added may be present in 
the different roof types after the second suminer. Thus, 
with the amount of moisture added, it may be necessary to 
wait for at least one more season to see if the permeable 
vapor retarders really distinguish themselves from the 
polyethylene by having a higher effective permeance when 
wet. It should be noted, however, that the effect of perme
able vapor retarders has heen clearly demonstrated in other 
Daoish field experiments, and it is strongly believed that the 
drying effect will be observed, only somewhat delayed 
when compared with the results from theoretical calcula
tions. 

All of the cold-deck roof types had rather high moisture 
uptakes when installed dry over the humid room. This may 
question whether the laboratory value for the dry permeance 
of the vapor retarders should be used to describe conditions 
during service conditions, even when the roofs are assem ... 
bled under well-controlled conditions. 



The insulation thickness has not appeared to be of 
importance for the moisture conditions. 

Constructions with insulation both on top of and below 
the deck may dry out excess moisture when there is a 
WPVR on the interior of the construction. However, the 
lower temperature of the deck on hot summer days is likely 
to result in a slower drying rate than in the "cold-deck 
roof." If, instead, the WPVR is located between the deck 
and the top insulation, the moisture conditions of the wood 
deck depend almost entirely on the indoor climate. In this 
situation it is necessary that the indoor dew point stay safely 
below the temperature of the wood deck year-round. The 
constructions with the deck in the middle of the insulation 
have demonstrated that the deck acts as a buffer for 
moisture flow to and from the top insulation. Particularly 
when the WPVR is located at the bottom of tbe roof, this 
means tbat the top insulation may get wet during the winter 
season. 

The simulation of the moisture content in tbe plywood 
deck with a transient model may provide results that 
qualitatively describe tbe transport phenomena taking place 
in a roof. The deviations seen may be explained by the 
inaccuracies in the material data needed for the model, the 
inaccuracy of the measurements with the moisture probes 
(especial\y with moisture contents close to fiber saturation), 
and typical variations in a field experiment. With some 
adjustment of the membrane permeances used by the model 
to the values under service conditions, the model should 
give correct results that separate constructions that work 
well from those that do not, and, thus, it should be an 
appropriate tool for the design of similar building elements. 

554 

REFERENCES 

ASHRAE. 1989. 1989ASHRAE Handbook-Fundamentals. 
Atlanta: American Society of Heating, Refrigerating 
and Air-Condition Engineers, Inc. 

Glaser, H. 1957. Graphisches Verfahren zur Untersuchung 
von Diffusionsvorgiingen. Kiiltetechnik 11 (10): 345-
349. 

Hens, H. 1992. Enquiry on existing HAMCaT codes. lEA, 
Energy Conservation in Buildings and Community 
Systems, Annex 24, Heat, Air and Moisture Transfer 
through New and Retrofitted Insulated Envelope Parts 
(HAMTIE). 

Korsgaard, V. 1985. Hygro diode membrane: A new vapor 
barrier. Thennal Peifonnance of the External Enve
lopes of Buildings Ill. Atlanta: American Society of 
Heating, Refrigerating and Air-ConditioningEngineers, 
Inc. 

Korsgaard, V., G. Christensen, K. Prehensen, and T. 
Bunch-Nielsen. 1985. Ventilation of timber flat roofs. 
Building Research & Practice 13: 211-219. 

Korsgaard, V., and C.R. Pedersen. 1989. Transient mois
ture distributions in flat roofs with hygro diode vapor 
retarder. Thennal Peifonnance of the External Enve
lopes of Buildings N. Atlanta: American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. 

Lohse, U. 1978. Mineraluldbaserede Sandwichelementer. 
(Mineral wool based sandwich-type building compo
nents). Danish Building Research Institute, Report 115; 

Nicolajsen, A. 1982. Trykforhold i flade tage. (pressure 
conditions in flat roofs). Danish Building Research 
Institute, Report 153. 

Pedersen, C.R. 1990. Combined heat and moisture transfer 
in building constructions. Thermal Insulatio,:, Labora
tory, Technical University of Denmark, Report 214. 


