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Jofriet, J.C. and Fraser, H. 1994. Field evaluation of water penetra
tion into sprayed-on polyurethane foam insulation. Can. Agric.
Eng. 36:255-261. A field study of seven potato storage buildings and
six hog barns insulated with sprayed-on polyurethane foam insula
tion (PUFI) was carried out and compared with laboratory tests that
showed that water will migrate into PUFI when subjected to a high
water vapour pressure. Samples from one of the potato storage
buildings were examined for moisture content using gamma spec
trometry, visual inspection, and by drying and weighing. Samples
from all other buildings were only tested by drying and weighing and
by visual inspection. None of the hog bams had insulation that had
become wet, although all structures were older than ten years. Two
of the potato storage buildings had PUFI that was very wet to the
point that the insulation value had reduced by about 50%. Two others
had insulation with an average water content over one percent by
volume, a significant amount of water. The remaining three potato
storage buildings did not appear to be affected by the high moisture
conditions inside.

Une 6tude de sept batiments servant a 1'entreposage de pommes
de terre et de six porcheries isotes avec un isolant vaporisable de
mousse de polyur6thanne (PUFI) a 6\6 men£e et comparee avec des
tests effectu^s en laboratoire ayant d^montre" que l'exposition de la
mousse a une pression de vapeur £lev£e provoque une migration
d'eau a 1'interieur de 1'isolant. Des echantillons ont etc" preleves dans
un des sept entrepots et leur teneur en humidite" a 6t6 examinee a
l'aide d'un spectrometre a rayons gamma, par inspection visuelle et
par sechage et pesee. Les echantillons pris dans chacun des autres
Edifices furent etudtes a l'aide de deux m£thodes seulement: inspec
tion visuelleet sechageet pes£e.Meme si toutes les structures des six
porcheries 6taient plus vielles que dix ans, aucun des isolants n'avait
capte" I'humidite. Par contre, 1'isolation "PUFI" de deux des sept
entrepots a pommes de terre &ait tres humide: leur valeur isolante
avait diminue d'environ 50%. Deux autres des entrepots avaient une
isolation contenant une quantite d'eau significative: leur humidite
moyenne dtait d'environ 1% par volume. Finalement, 1'isolant des
trois dernieres batisses d'entreposage ne semblait pas avoir ele" af-
fecte" par I'humidite' elevde regnant a l'int£rieur des batiments.

INTRODUCTION

Polyurethane foam insulation (PUFI) has become the insula
tion of choice for many types of agricultural structures over
the past 20 years. There are several reasons for this:

a) it has a very low thermal conductivity compared to
that of many other insulation materials (about 0.024

b) it is easy to apply in hard-to-get-at locations and on
irregular surfaces;

c) it provides an airtight seal, reducing convective heat

losses or gains; and

d) the rigidity of the building is increased.

Insulation materials in agricultural buildings are often ex
posed to relative humidities in excess of 90%. The
differences in temperatures and relative humidities on either
side of the walls can cause a vapour pressure gradient across
the insulation. Unfortunately, many people made the incor
rect assumption that PUFI forms an effective vapour barrier.

Levy (1966) first showed that water vapour movement
through PUFI does indeed occur under thermally induced
vapour pressure gradients. However, the extent of the prob
lem under agricultural conditions was never fully studied or
understood. The first reported problems caused by water
migrating into PUFI were in the early 1980's in potato storage
buildings in Quebec and Ontario (Munroe et al. 1985). These
wood frame structures, clad from the outside with galvanized
steel siding, had PUFI sprayed onto the steel from the inside of
the building over the wood studs, girts, and bottom plates. There
were reports of moderate to severe wood rotting, especially at
the base of the walls, even causing some structural collapses
under the lateral pressure of the potatoes.

Polyurethane foam was the second most widely used rigid
plastic in the construction industry (Shirtliffe 1978). Its larg
est application is as a rigid insulation (Suh and Skochdopole
1987). Sprayed-on polyurethane foam insulation was first
used for insulating agricultural buildings in the 1960's
(House 1990) and has since been gaining in popularity and in
its market share of that sector. PUFI is commonly produced
from the reaction of a polyhydroxyl and a polyisocyanate in
the presence of a catalyst to control the speed of the reaction
(Shirtliffe 1978; Blaga 1974; Suh and Skochdopole 1987;
BASF 1986). The reaction of the two main ingredients pro
duces heat which expands the CCI3Fand forms the closed cells.

A study was started in 1986 at the University ofGuelph to
determine the problem of water migration into PUFI and to
suggest solutions. The overall objectives of this study were
to determine the combined effects of a thermally induced
vapour pressure gradient, time, freeze/thaw cycling, gravity,
and encapsulated wood framing members on the moisture
migration into PUFI and the resulting loss of effectiveness as
an insulating material. It was concluded from that research
that moisture will migrate into PUFI when exposed to high
humidity and high vapour pressure differences and that this
will adversely affect the overall effectiveness of the PUFI as
an insulating material (Fraser and Jofriet 1993). The objec-
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tive of the present paper was to confirm the laboratory find
ings of the earlier study using field investigations of some
agricultural buildings.

TEST METHODS, RESULTS AND DISCUSSION

Two field trips were made in 1990 and 1991 to determine
moisture migration into PUFI in a 17 year old potato storage
building and five swine buildings that were all more than 10
years old. In 1992, six Quonset-type potato storage buildings
in New Brunswick, insulated with sprayed-on PUFI, were
examined. The field study methods, results, and discussions
of the results are presented below in three separate subsec
tions, one for each of the locations.

Shelburne potato storage building

In 1983, Munroe et al. (1985) visited several potato storage
buildings in the Shelburne and Alliston area northwest of
Toronto. There had been reports of wet PUFI and structural
collapses of bulk potato storage structures.

In August 1990, the writers revisited one of the potato
storage buildings that Munroe et al. (1985) had checked and
found some of the original PUFI that had been sprayed-on in
the fall of 1973. The owner had repaired the rotten bulk
storage walls by installing another wall inside the old one.
Original PUFI samples that had been exposed for 17 seasons
were obtained.

The wall construction consisted of 38 mm x 240 mm studs,
300 mm on centre, and 19 mm x 89 mm girts across the studs
and vertical outside steel cladding. The girts were encapsu
lated totally with PUFI, while the studs were only partially
covered. The wall height was estimated to be 4800 mm and
it faced south. PUFI had also been sprayed onto the roof steel
from the inside of the building, partially encapsulating the
top chords of the truss and the roof purlins.
The roof trusses were exposed to the stor
age environment. The PUFI was
approximately 75 mm thick and com
pletely exposed to the storage environment
with no vapour or fire protective barrier.

PUFI samples were cut from the insula
tion of the wall. These samples were
saturated and water could easily be
squeezed out of them by hand (see Fig. 1).
They were 'cold-side heavy', indicating
that most of the water had accumulated on

the cold steel side of the PUFI. Figure 1
also shows that the old studs were com

pletely rotten where encapsulated in PUFI.
A knife could easily be pushed through
them.

Figure 2 shows two wet wall samples
(labelled A and B) before analysis. They
were taken from a location about 1200 mm

above the floor of the storage building,
immediately adjacent to a stud. The two
samples had originally been connected.
Note the wettest (darkest) areas at the bot
tom of the samples which were on the steel
side. The moisture content at a number of

cross sections of two wet PUFI samples

were determined with a gamma spectrometer (Jiang et al.
1989), then dried slowly in a refrigerator for 70 days until
they no longer decreased in weight. They were then re-ana
lyzed with the gamma ray spectrometer.

The owner of the storage building stated that it had been
used five seasons for chipping potatoes and 12 seasons for
table potatoes. Table I summarizes the use and conditions in
this storage.

Figure 3 shows four moisture profiles obtained for the two
samples in Fig. 2 using the gamma spectrometer. Localized
moisture contents of more than 70% by volume were found.
Several profiles per sample were done to see if the proximity
to the stud had any effect. The profiles were approximately
10, 35, 60, and 85 mm away from the stud.

The moisture profiles in Fig. 3 are very similar to those
found in the laboratory tests (Fraser 1991) except that the
water content was considerably higher in the present sam
ples. Moisture moving from inside the building through the
insulation gathered on the 'cold' side of the PUFI, accumu
lating at the steel vapour barrier.

The overall moisture contents were determined by the
gravimetric method as well (Table II). Table II also provides
a comparison of moisture contents using the weighing
method and an average of gamma spectrometer readings.

There was fairly good agreement between the methods, but
the gamma spectrometer readings were somewhat lower in
Sample B, 10 mm from the stud. The same result was found
in the laboratory experimental tests (Fraser and Jofriet 1993).

Assuming the overall water contents by volume of the two
samples were 17.5% and 29.4%, the thermal resistance ratios
(ratio of thermal resistance of the wet to dry material) of
samples A and B were calculated using the relationships
generated by other researchers. The ratios are shown in Table III.

Table I. Use periods and environmental conditions of the Shelburne
potato storage building
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Seasons # Years Storage period Temperature Relative humidity

1973 - 1977

1978 - 1989

5

12

1 Oct. - 1 June

1 Oct - 30 June

12 °C
5°C

90%

90%

Table II. Comparison of water contents obtained by gravimetric and
gamma spectrometer methods

Sample

B

Dry density
kg/m3

25.6

30.0

Water content

(gravimetric method)
% by volume

Water content

(spectrometer method)
% by volume

17.5

29.4

85 mm to stud: 18.5

60 mm to stud: 18.8

average: 18.6

35 mm to stud: 29.5

10 mm to stud: 23.4

average: 26.5
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Fig. 1. Water squeezed from PUFI (upper photograph). Knife pushed through a structural 38 x 240 mm stud of the
Shelburne Potato Storage Building.

Using the range of thermal resistance ratios in Table III.
the estimated range of wet PUFI thermal conductivity for
sample Awas 0.044 to 0.092 W-nV'̂ C"1 and for sample B
was 0.067 to 0.24 W^m'Vc. Although there are large differ
ences between these thermal conductivities, it is obvious that the

overall effectiveness of the PUFI as an insulating material had
decreased from the commonly accepted value for the thermal

conductivity of 0.024 W-m'Vc1 for dry PUFI.
When PUFI is fresh and dry, it will not soak up water when

immersed in water because the insulation is a closed cell mate

rial. This is one reason why it is such a good insulating material.
However, after samples A and B from the potato storage build
ing were dried, they 'soaked up' water easily when immersed.
This indicated cell structure damage either from freeze/thaw
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Fig. 2. Sample 'A' is on the left; Sample 'B' on the right was located next to a stud. Top surface is inside face; bottom
surface was adjacent to the steel cladding.
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35 mm to stud

10 mm to stud

20 40 60 80

Distance from cold side (mm)

Fig. 3. Water content, in percent by volume, vs distance
from cold side of PUFI for samples 'A' and 'B'
from the Shelburne Potato Storage Building.

action or from a high percentage of open cells at application.
Figure 4 shows a scanning electron microscope picture of

a portion of PUFI furthest away from the cladding that had
not become wet. Although there are holes in this dry section,
they tend to be more like 'rips' where the PUFI was cut for
sampling.

Figure 5 is a photograph of a section of PUFI that had been
very wet. The oval-shaped holes that are visible may have
been caused by freezing action. Alternatively, these holes
may be imperfections introduced during spraying causing the

PUFI to have a higher than normal percentage of open cells.
A higher initial percentage of open cells in the PUFI would
have affected its resistance to water vapour penetration.

Five Waterloo swine barns

In January 1991, a visit was made to Five swine barns in the
region of Waterloo, west of Toronto. The objective was to
investigate barns older than 10 years that had been sprayed
with PUFI directly on the inside of exterior steel cladding.
Two samples were taken between and beside the wall studs
in each barn. Table IV summarizes the barn orientation and

the only available operating conditions, i.e. temperatures.
Relative humidities were not controlled in any of the Five
barns. In the critical winter months, they would typically
range from 80% to 90%.

All samples were between 50 and 75 mm thick. Dry densities
ranged from about 30 - 32 kg/m . All walls in these rooms were
exposed to the room environment. There were no fire protective
barriers on the PUFI in any of the five barns. The open front
finishing barn had several layers of whitewash on the PUFI.

During sampling, it was obvious that the wall samples did
not contain any significant amounts of moisture. Weighing
and drying in the laboratory proved this to be correct. Al
though all samples did lose some weight during drying, their
water contents on a volume basis were insignificant (0.05-
0.18%). The experimental tests carried out by Fraser and
Jofriet (1993) in the laboratory had attempted to simulate
swine barn conditions. PUFI was sprayed on galvanized steel
and subjected for 375 days to thermally induced vapour
pressure gradients. The 'warm' side of the PUFI was exposed

JOFRIET and FRASER



Table III. Thermal resistance ratios for the samples
from the Shelburne Potato Storage
Building

Thermal resistance ratio

Sample Levy(1966) Paljak(1973) Tobiasson (1987)

A

B

0.26

0.10

0.48

0.29

0.54

0.36

Table IV. PUFI sample locations and environmental
conditions in test swine barns

Building type Wall orientation Inside temperature
°C

weaner pigs north 20-25

open front finishing barn east 15-20

finishing hogs north 10-15

sows east 15-20

sows north and south 15-20

to a temperature of 25°C and 90% relative humidity, while
the 'cold' steel side temperature was cycled from -8 to 5°C
every 6 hours to simulate freeze/thaw conditions. The results
of these tests indicated moisture contents up to 32% after 375
days. The main differences between the laboratory experi
ment and the five barns in the present field investigation were
that in the experiment the temperature inside the test chamber
was somewhat higher than the hog barns. Schwartz et al.
(1989) had noted an unexplained rapid increase in water
vapour permeance for PUFI at temperatures above 21.5°C
and it is possible that the experimental test results reflected
this higher permeance observation.

In one sow barn, 12 mm thick paper board (Tentest') was
installed to the inside of the steel siding and PUFI was
sprayed on the inside surface of the paper board. Before
construction, the owner had learned of water migrating into
PUFI and installed the paper board to let it absorb the water
instead. A small sample of paper board was removed,
weighed, dried, then reweighed. Assuming a paper board dry
density of 250 kg/m3, it was found to have a 2.5% water
content by volume. This is substantially higher than the water
content of any of the PUFI samples, which suggests that
water vapour had passed through the PUFI and collected in
the paper board.

Bomberg (Personal communication: M.
Bomberg, NRC, Ottawa, ON) stated that if
water vapour was allowed to pass right
through PUFI without a vapour barrier to
'trap' the water, it would not adversely
affect PUFI's thermal performance. He
also recommended that for walls or roofs

where the vapour pressure gradient alter
nated in direction between seasons,
installinga vapour barrier on one side only
was not advisable. Instead, installing a
'sacrificial' layer between the steel and the

PUFI to absorb water and let it drain down vertically and
away by gravity, might be a good solution. Future testing
could confirm whether or not this concept should be consid
ered as a viable construction method.

Six potato storage buildings in New Brunswick

In March 1992, six potato storage buildings in the
Florenceville area of New Brunswick were examined. Five of

the six buildings were Quonset-type structures with PUFI
sprayed directly to the inside surfaces of the galvanized steel
arches of the structures. Building no. 3 had a timber arch-
shaped frame with steel cladding on the outside and timber
cladding on the inside of the frame. The year of construction,
operating temperature and duration, and estimated annual
vapour pressure difference between inside and outside are
given in Table V.

Ten PUFI full-thickness samples were cut from the insula
tion and sealed in polyethylene bags for testing in the
laboratory. Total water content was determined by drying
and weighing (Table VI). The distribution of water through
the thickness of the insulation was not determined.

The results of the moisture content determinations of the

ten samples are in Table VI.
Water contents in the ten samples ranged from 0.2% to

almost 18%. Since PUFI with a water content (by volume)
below 1% can be considered reasonably dry, the insulation in
three of the six buildings was in excellent shape. Where the
PUFI has a water content of between 1% and 3% by volume,
there is cause for some concern. Buildings 3 and 6 fall in that
category. In both, the estimated thermal resistance had re
duced by about 10% of the dry value. The insulation of
building 5 was extremely wet in at least one location (sample
5a) and water could easily be squeezed out of the sample. The
estimated thermal resistance would only be about 40% of the
dry value. Visual inspection of the samples showed that the
PUFI in building 5 had an open cell structure; it seemed as if
the closed-cell structure had been destroyed or had never
been there. The latter could be the result of poor quality
control during spray application. All three samples (5a, 5b,
and 5c) absorbed water upon submersion. This was not the
case in any of the samples taken from the other five buildings.

CONCLUSIONS

It can be concluded from this research and the laboratory
investigations (House et al. 1989; Fraser and Jofriet 1993)
that moisture will migrate into polyurethane foam insulation
(PUFI) under certain conditions. When this happens, it will

Table V. Details of the six New Brunswick Potato Storage Buildings

Building Construction

year

Operating temp.
°C

Days per year kPa-days

1 1980 7.8 250 1650

2 1981 7.8 250 1650

3 1972 7.8 200 2660
4 1975 7.8 200 1750

5 1974 3.9 110 720
6 1975 3.0 200 1326

See Fraser and Jofriet (1993)
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Fig. 4. Scanning electron microscope photograph (52x) of PUFI sample taken from the Shelburne Potato Storage
Building; cells shown are in the dry part near the inside face of the PUFI.

Table VI. Average water contents for the New Brunswick Potato Storage Buildings by the weighing method

Sample Thickness Dry density Water content Estimated Porous

mm kg/m3 % by volume RSI value

la 90 34.8 0.60 1.02 no

2a 90 36.6 0.18 1.04 no

3a 65 38.1 1.55 0.96 no

4a 50 39.4 0.63 1.02 no

4b 45 39.9 0.58 1.02 no

5a 35 35.7 17.6 0.42 yes

5b 40 33.9 1.92 0.95 some

5c 55 35.2 3.41 0.88 yes

6a 30 54.6 2.33 0.93 no

6b 50 42.6 2.09 0.93 no

1Levy(1966)

adversely affect the overall effectiveness of the PUFI as an
insulating material. However, the differences in the field
observations in the twelve buildings make it difficult to
predict which set of conditions will lead to a failure of the
insulation. All buildings in the field study but one had PUFI
applied directly to the steel cladding from the inside. All were
subjected to high vapour pressures from the inside of the
building for a large part of the year. All were more than ten
years old. It is probably fair to conclude from the field study
that potato storage buildings are at higher risk than hog barns.

The results of the field study confirmed that:
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a) water contents were always highest at the 'cold', steel
side of the PUFI; this was consistent with other re
searchers' findings;

b) the results of field testing on PUFI samples from the
17-year old potato storage building in Shelburne and the
18-year old one in New Brunswick (building no. 5)
indicated that the high moisture contents in the PUFI
were associated with an open-cell structure of the insu
lation; causes and effects could not be ascertained.
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Fig. 5. Scanning electron microscope photograph (75x) of PUFI sample taken from the Shelburne Potato Storage
Building; cells shown are in the wet part near the outside face of the PUFI. Note ripped and oval holes
in some of the cells.
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