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Abstract

This presentation is about the relationship between temperature and dew point differen-
tials and the impacts they may have on the performance of adhesives. Two case studies will 
be evaluated along with supporting lab data to highlight the importance of understanding 
environmental conditions and the role they play in proper adhesive drying. 

Due to environmental concerns and code restrictions with solvent-based single-ply 
adhesives, the use of water-based (WB) and low-VOC, solvent-based (lVOC) adhesives is 
becoming much more popular in the low-slope roofing market. at the same time, the roofing 
industry has become concerned with the longer drying times exhibited by WB and lVOC 
products because both react differently to environmental conditions than solvent-based 
adhesives. This is especially true during changes in ambient temperatures and dew points 
on the roof.

While there is a general industry consensus that most of these issues revolve around 
WB adhesive drying rates, it has been found that similar problems may also apply to lVOC 
adhesive products. These concerns have taken the form of blistering and/or inadequate 
adhesion of the single-ply membrane to the substrate when using WB and lVOC adhesives 
in certain environmental conditions.

learning objectives:
• Understand how environmental and application conditions such as temperature, 

relative humidity (rH), and coverage rates impact using adhesives
• Understand the implications of using fully adhered specifications during the spring 

and fall seasons
• Gain a better understanding of how environmental conditions impact flash times of 

adhesives
• Understand the implications and impacts on future codes
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Due to environmental concerns 
and code restrictions with solvent-
based single-ply adhesives, the use 
of water-based (WB) and low-VOC, 
solvent-based (lVOC) adhesives is 
becoming much more popular in 
the low-slope roofing market.

at the same time, the roofing 
industry has become concerned 
with the longer drying times exhib-
ited by WB and lVOC products. 
The primary reason is that both 
react differently than standard sol-
vent-based adhesives as tempera-
tures and humidity levels change 
on the roof.

While there is a general indus-
try consensus that most of these issues 
revolve around WB adhesive drying rates, it 
has been found that similar problems may 
also apply to lVOC adhesive products.

From an installation standpoint, these 
concerns have taken the form of blistering 
and/or inadequate adhesion of the single-
ply membrane to the substrate when using 
WB and lVOC adhesives in certain environ-
mental conditions.

What’s needed is a better understand-

ing of the influence of temperature, relative 
humidity (% rH), and dew point on the dry-
ing behavior of WB and lVOC adhesives for 
roofing applications.

The ultimate objective of this research—
and the topic of this paper—is to present 
a simple method and formula to predict 
the required drying times of WB and lVOC 
adhesives. Most importantly, research has 
found that when temperatures and dew 
points converge, the drying times of WB 
adhesives are significantly extended. When 

this happens, per-
formance issues 
in the field tend to 
increase. Evidence 
of this concern will 

first be reviewed in a case study that helped 
to drive our initial research.

The case study was conducted on a 
fleece-backed TPO roof in the southeastern 
United States. The construction period was 
from January 2013 to march 2013, using 
WB adhesive. During the application period 
for the adhesive, the daytime temperatures 
were above 40°F and rising. The specific 
application period of concern was from 
mid-January to the end of January. Figure 
1 illustrates the average temperatures and 
humidity during that period.

Several days after the installation of the 
adhesive, field engineers were called to the 
job to review concerns of loose membrane 
on the roof (see Figure 2).

Weather-Related Effects on the Installation 
of Fully Adhered Single-Ply Systems

Figure 1 – Average temperatures during installation. Information obtained from Weather 
Underground.

Figure 2 – Evidence of adhesion loss occurred 
within several days of installation.

Figure 3 – Field test cut shows moisture 
beads present in the fleece-backed material.



after visual inspection of the membrane, 
roof cuts were taken in several places on the 
roof. It was found that the adhesive was still 
tacky, and there was no adhesion to the 
substrate. Further evaluation of the system 
showed moisture was present (see Figure 3). 

A second environmental factor that 
should be considered when installing adhe-
sives is dew point. During the critical period 
of installation, it was observed that the 
temperature difference between ambient 
temperature and dew point was 6°F to 9°F, 
which is slightly higher than the industry 
rule of thumb of 5°F. The area circled in 
Figure 4 identifies this critical period.

One of the key findings of this study is 
that in lower temperatures and higher dew 
point conditions, the drying times of WB 
adhesives may be extended from 1.0 to 1.5 
hours or more. in addition, ambient rooftop 
conditions may change during application 
and further extend drying out periods. For 
this reason, roofing contractors, roof con-
sultants, and specifiers must be aware of 
these prolonged drying times and take pre-
cautionary measures in the field to ensure 
proper adhesion of the single-ply membrane 
to the substrate.

From the roofing contractor’s perspec-
tive, the data shows that under certain 
environmental conditions, the installation 
times of adhered single-ply roofing systems 
may be increased significantly. This can 
have a major effect on production times and 
project schedules. in addition, the relation-
ships between temperature and dew point 
add yet another factor to the quality of a 
specified roofing installation.

To address these issues of performance, 
it is recommended that architects, speci-
fiers, and roof consultants take into con-
sideration what types of adhesives they are 
using for a particular project, the geograph-
ic location, and the time of year. Moreover, 
should construction delays occur, the adhe-
sive specified for a mid-summer application 
may perform quite differently under envi-
ronmental conditions common in the late 
fall, winter, and spring months.

regarding the case study presented 
above, in order to address the issue of loss 
of membrane adhesion to the substrate, a 
change in adhesive had to be made to com-
plete the job. This remediation occurred in 
March when temperatures and humidity 
conditions were even more severe than the 

conditions observed in January 
(see Figure 5). lVOC adhesive 
was selected for these condi-
tions, which also resulted in the 
need to switch the membrane to 
smooth-backed TPO. 

Partly due to the difficulties 
illustrated above, some roofing 
manufacturers are taking addi-
tional precautions to ensure that 
their adhesives are installed in 
appropriate environmental con-
ditions. For example, at least 
one major manufacturer will 
only distribute WB adhesives 
from april to October in order 
to avoid performance problems 
resulting from installing that 
product in colder temperatures.

Another reason for winter 
distribution restrictions relates 
to transportation of the prod-
uct. most WB and lVOC adhe-
sives are manufactured in the 
midwest, and there is a possibil-
ity the adhesives may freeze in 
transit. This is an issue that an 
architect in Southern California 
would most likely not consid-
er in his or her specifications. 

However, it is of vital importance from a 
roofing manufacturer’s standpoint.

From the roofing contractor’s perspec-
tive, there’s little that can be done when 
adhesives delivered to the job site are 
not ideal for current rooftop environmental 
conditions. However, it is the contractor’s 
responsibility to plan ahead and ensure 
that adhesives appropriately applied during 
the day are not exposed to temperatures 
that dip below 32°F the night after instal-
lation. It is important to note that rooftop 
conditions may be several degrees lower 
than ambient conditions. 

Applicators may also have to wait an 
inordinately long period of time for adhe-
sives to set up, which may severely hamper 
job scheduling. That’s why it’s important 
that the industry give roofing professionals 
the analytical tools to predict drying times, 
while requesting that architects build more 
flexibility into their adhesive specifications. 

if a WB product is required but does 
not flash off adequately, the contractor may 
experience issues with the final applica-
tion, and the architect and property owner 
may be left with a final product that is not 
acceptable. These problems may include 

1 9 8   •   S u k l e  a n d  n a t h a n  3 0 t h  R C I  I n t e R n a t I o n a l  C o n v e n t I o n  a n d  t R a d e  S h o w   •   M a R C h  5 - 1 0 ,  2 0 1 5

Figure 4 – Circled area indicates critical application period when installation and roof 
performance were affected.

Figure 5 – Environmental conditions during March remediation.



blisters and improper adhesion of the mem-
brane to the roof insulation. Poor adhesion 
or lack of adhesion is seen primarily with 
WB, while lack of adhesion and blistering 
are the most common issues seen with 
lVOC.

LABORATORY TESTING
as stated above, one of the objectives of 

this single-ply roofing adhesive study is to 
determine the impact of environmental con-
ditions (temperature, dew point, and rela-
tive humidity) on adhesive performance. For 
this reason, it was also required that labo-

ratory testing be 
conducted.

Four WB 
and three lVOC 
adhesives were 
purchased from local distributors for labo-
ratory testing. The substrate for each test 
sample consisted of 2 in. of (51 mm) poly-
isocyanurate insulation (aSTm C1289, Type 
ii, Class 1, Grade 2: fiberglass-reinforced 
paper facer, 20 psi). laboratory testing in 
an environmental chamber included a vari-
ety of adhesive coverage rates.

all commercially available adhesives 
were applied 
as specified by 
product labeling 
and data sheets. 
These instruc-

tions followed an industry-standard appli-
cation of two-sided contact adhesive with 
polyisocyanurate.

The first laboratory test was conducted 
using WB adhesive samples conditioned at 
60°F and 45% rH. Typical coverage rates 
were between 100-120 sq. ft. (9.3-11.1 sq 
m) per gallon, which represents average 
field-coverage rates for WB adhesives. The 
differences in coverage rates were used to 
determine if they were related to observed 
performance differences. “Performance” was 
defined by flash time and percent adhesion 
after one hour.
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Figure 6 – Representative samples 
tested with good adhesion.

Figure 7 – Two representative samples 
tested with poor adhesion.



In the standard tests, researchers would 
have classified the adhesive as dry, and 
then would have rolled the membrane into 
the adhesive and let the sample sit in the 
conditioned environment. The single-ply 
membranes would then be peeled back to 
determine the level of adhesion for each 
sample. Obviously, if the samples were 
allowed to sit for longer, greater adhesion 
values would have resulted.

actual drying time was indicated by the 
traditional “touch” tests to ensure there 
was no stringing of adhesive coming off the 
substrate. Estimated drying time was incor-
porated into a regression analysis (a sta-
tistical process for estimating the relation-
ships among variables) based on coverage 
rate, temperature, and relative humidity to 
give an estimated drying time. The equa-
tion generated in this work followed fairly 
consistently with observed drying times. 
Throughout the testing, “bad” performance 
was defined as limited polyisocyanurate 
facer delamination, while “good” perfor-

mance was indicative 
of strong polyisocy-
anurate facer delami-
nation.

As seen in Figure 
6, Sample a, using 
a coverage rate of 
120 sq. ft. (11.1 m2) 
per gallon, was the 
quickest to dry at 
70 minutes; while 
Sample a with a cov-
erage rate of 100 sq. 
ft. (9.3 m2) per gal-
lon was slowest to 
set up at 94 minutes. 
This test was con-
ducted at 60°F and 
45% rH with a dif-
ference between the 
temperature and dew 

point of 22°F.
In Figure 7, the same test was then 

performed at 75°F and 75% rH, with a 
temperature delta between the temperature 
and dew point of 8 °F. in both of these test 
conditions the adhesion between the sub-
strate and membrane was poor, and the 
actual flash time of the adhesive increased 
by 13% to 20%.

Figure 8 charts temperature versus 
“delta,” the difference between the actual 
temperature and the dew point. The y-axis 
represents the delta values, with the x-axis 
being temperature. The dots and triangles 
indicate the testing that was done at vari-
ous temperature and humidity settings. 
The triangles indicate test conditions that 
produced poor adhesion results, and the 
black dots indicate tests that demonstrated 
successful adhesion results.

it was observed that as temperatures 
increased (80°F), the sensitivity to the delta 
between temperature and dew point was 
not as strong. However, as shown in the 

chart, when temperatures decrease, there 
needs to be a larger delta (a larger difference 
between the actual temperature and the 
dew point) to get good adhesion. at 60°F, 
instead of a temperature/dew point differ-
ence of 5°F, a more appropriate value may 
be anywhere from 10°F to 15°F.

a regression analysis equation for WB 
adhesives has been developed using the lab 
testing data, with the formulation’s average 
accuracy among the four tested samples at 
about 10%. Figure 9 is an example of what a 
formula may look like that could be used to 
estimate flash time as a function of coverage 
rate, temperature, and RH.

along these lines, a predictive appli-
cation tool based on laboratory and field 
research has been developed by Johns 
manville and is now available for use.1

When considering the laboratory find-
ings, it is important to remember that all of 
the samples were tested in a static labora-
tory environment. The effects of wind and 
sun (ir and UV radiation) would undoubt-
edly accelerate drying time in real-world 
conditions, so the drying times here are 
probably worst-case scenarios. it is also 
better to over-dry contact adhesives than to 
put them together wet.

To summarize this portion of the study, 
Figure 10 shows an example of how this 
equation can be used to predict drying 
times between summer and winter condi-
tions in atlanta, Georgia. according to 
the calculations, drying conditions between 
summer and winter can vary by as much as 
35 minutes. This understanding, coupled 
with the shorter working days in winter 
months, clearly demonstrates the concerns 
regarding applying adhesives in conditions 
that are less than ideal.

in addition, laboratory tests were con-
ducted using lVOC adhesive samples. One 
of these tests was conditioned at 60°F and 
70% rH at a dew point of 50°F or delta 
10°F. The second set of samples was condi-
tioned at 60°F and 83% rH at a dew point 
of 55°F or delta 5°F. Coverage rates were 
between 55 square feet and 70 square feet 
(5.1 m2 – 6.5 m2) per gallon.

This testing shows that lVOC adhesives 
do not appear to have the same sensitiv-
ity to temperature/dew point differentials 
as WB adhesives. The main observation 
regarding these tested samples was the 
need to ensure that the adhesive was fully 
dry upon installation.

Following these tests, several lVOC 
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Figure 8 – Chart showing temperature and difference (∆) 
relationship and effect on adhesion properties.

Figure 9

Flash Time WB = A – B(CR) – C(T) + D(% RH)

CR = Coverage Rate

T = Temperature

%	RH	=	Relative	Humidity

a = Constant

B,	C,	&	D	=	Coefficients



samples were installed wet at both 75°F 
and 75% rH and 60°F and 45% rH. The 
samples were peeled back after one hour 
of drying and again after an additional 48 
hours of drying. The most noticeable issue 
for samples installed wet was the adhesive 
surface appeared skinned over after one 
hour of drying time. The samples failed the 
“touch” test and the membrane moved (slid) 
when pressure was applied. All samples 
exhibited little to no adhesion to the sub-
strate.

DIFFERENCES BETWEEN WB AND 
LVOC ADHESIVES

not surprisingly, the drying times for 
WB and lVOC adhesives were different. 
However, lVOC was surprisingly consistent 
for the lower temperatures (50°F to 60°F), 
with drying ranges from 31 minutes to 
51 minutes, depending on adhesive type. 
Testing will need to be done at additional 
temperatures to help develop predictive 
modeling necessary for all conditions.

The main takeaway is that the ability to 
get a more uniform coverage rate positively 
influenced drying times. The additional 
variable that was observed in this experi-
ment was the sensitivity of drying behavior 
due to the puddling of adhesives. Thicker 
adhesive areas tend to increase drying 
times and often are the reasons for blister-
ing on fully adhered attached membranes.

CONCLUSIONS
The regression analysis (Figure 9), as a 

function of temperature, relative humidity 
and coverage rate, was relatively successful 
in predicting the accuracy of WB adhesives, 
up to an r-Sq of 72% when removing the 
variable of adhesive spreadability. However, 
additional testing will need to be evaluated 
in order to optimally characterize lVOC 
adhesive material performance.

From a field installation perspective, 
roofing professionals need to show greater 
concern on applications where temperature 
and dew point are converging. When these 

values are close to intersecting, poor adhe-
sion of the membrane to the substrate is 
likely to occur when using WB adhesives. 
Poor adhesion will, in turn, often lead to a 
rise in field performance issues.

During periods of warmer weather (80°F) 
and higher relative humidity, the risks of 
adhesion problems are reduced. However, 
the opposite is true as temperatures drop 
and delta values increase.

While the industry rule-of-thumb has 
always been a 5°F difference between tem-
perature and dew point, this differential 
may need to be adjusted to as high as 15°F 
when temperatures begin to drop below 
60°F. 

although coverage rate, temperature, 
and relative humidity showed promise in 
predicting flash times, in a controlled envi-
ronment, further work is needed to under-
stand the effects of other environmental 
conditions such as cloud cover, sun, and 
ambient rooftop temperatures.

For all of the reasons above, it is also 
recommended that architects build more 
flexibility into their adhesive specifications 
and consider the ramifications of construc-
tion schedules and the unpredictability 
of environmental conditions, even in mild 
climates.

Everyone complains about the weath-
er—but no one can change it or pre-
dict exact environmental conditions during 
every hour of a roofing project. Better to 
build in a margin for error than wind up 
with adhesives that don’t stick.

NOTE
1. JM Roof TechXpert from the Apple 

iTunes and Google app stores.
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Figure 10

Example:

summer average temperature 77°f with 70% RH
Flash	time	=	100	minutes	+/-	10%

Winter average temperature 43°f with 70% RH
Flash	time	=	135	minutes	+/-	10%

Source:	http://www.engineeringtoolbox.com/us-outdoor-design-temperature-
humidity-d_296.html
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Abstract

We have noticed an upward trend of moisture problems within sloped wood-frame roofs, 
particularly in the Pacific northwest. The problems consist of mold and fungal contamina-
tion within the attics of many newer single- and multi-unit complexes. investigations and 
testing of these attics have found that the usual problem of air leakage from indoors and 
ducts is only one of the common culprits. instead, wetting from external sources—either 
from moisture in the outdoor ventilation air, night sky condensation, and in some cases, 
water seepage through asphalt shingle roofs—is a contributing factor. in some climatic 
zones, more ventilation can make matters worse.

Speaker
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buildings. He is regarded as an industry leader in evaluating thermal energy and hygro-
thermal (heat, air, and moisture) performance of building enclosure systems. His theoretical 
training, coupled with his practical experience and proficiency with state-of-the-art analysis 
software, have enabled him to perform thermal and hygrothermal analyses of a wide variety 
of enclosure systems and components in cities around the world.
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ABSTRACT
Over the past several years in the Pacific 

northwest, there has been a trend toward 
increased reporting and repair of moisture 
problems within attics below sloped wood-
frame roofs. The problem consists of sea-
sonally wetted roof sheathing and mold con-
tamination occurring within the wood-frame 
attics of many newer houses, townhouses, 
and multifamily building complexes. Often 
these problems are attributed to rainwater 
ingress through the roof assembly, inad-
equate ventilation of the attic space, and/
or condensation 
associated with 
air leakage from 
the conditioned 
indoor spaces 
or from ducts. 
However, detailed 
investigation and 
testing of many of 
these attics has 
found that these 
factors cannot 
account for the 
observed prob-
lems. Instead, 
wetting from other 
sources, including 
condensation of 
outdoor attic ven-
tilation air caused 
by night sky cool-
ing (and, in some 
cases, rainwater 
ingress through 
asphalt shingles) 
is hypothesized. 
These roofs and 
attics are gener-
ally constructed 
to meet current 
building code 
and third-party 
roofing warranty 
requirements.

These roof-
ing problems are 
proving to be a 
significant burden 

on homeowners and warranty insurers. 
numerous warranty claims have been filed 
for moisture ingress and mold issues within 
attics. repairing moisture damage within 
attics is costly and a significant inconve-
nience to property owners and the warranty 
provider. Furthermore, the success of many 
of these repair efforts has been poor, with 
mold growth recurring a few years after a 
full remediation and air-sealing work have 
taken place. This suggests a presence of 
other underlying wetting mechanisms. 

In an effort to further understand the 

cause of attic moisture problems and to 
develop potential remediation solutions, the 
authors undertook a research study and 
field monitoring program in Vancouver, BC. 
The study investigated sheathing moisture 
absorption caused by night sky cooling 
and ventilation air condensation, as well as 
the impact of shingle underlayment types 
on potential exterior moisture sources. 
The study included both a controlled field 
exposure study to measure the moisture 
contents, temperatures, condensation, and 
mold growth on several roof test huts, as 

The Problems With and Solutions 
for Ventilated Attics

Figure 1 – Locally stained and wet sheathing and 
frost due to condensation of humid air leaking 
from a poorly sealed bathroom exhaust fan and 
duct.

Figure 3 – Locally stained, wet, and deteriorated 
sheathing from water ingress around a plugged 
dryer exhaust duct boot.

Figure 2 – A wood-frame attic with widespread 
stained, wet, and deteriorated sheathing from 
persistent indoor and exhaust duct air leakage and 
poor attic ventilation.

Figure 4 – Stained and damp sheathing only on the 
north slope of a very well-ventilated wood-frame 
attic not obviously linked to conventional wetting 
mechanisms and hypothesized to be caused by night 
sky condensation of outdoor ventilation air. Note 
that the staining is more apparent on the sapwood 
than the heartwood.
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