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Entrapped Moisture...
But This Is a LEED® Gold Building!

here has been much written
recently about the presence
of entrapped moisture with-
in a roof assembly. No less
than five informative and cau-
tionary articles/bulletins have
been written and published within the
last four years about the moisture within
newly placed concrete and its effect when
a roof assembly is installed.!?3*° These
articles and bulletins discuss the quantity
of water a newly placed concrete slab can
contribute to the roof assembly (between 1
and 2.6 quarts of water per square foot for
each 6 inches of concrete slabl), as well as
the equilibrium moisture
contents of roof assem-
bly components such as
faced polyisocyanurate
(iso) insulation and the
potential for deteriora-
tion and even organic
growth due to elevat-
ed moisture contents.
While all of these are
very informative, they
don’t necessarily bring
the concern of built-in
moisture “home to roost.”
The intent of this project
profile is to show how,
despite the best efforts of
several design profession-
als giving great care and
attention to every single
material that is installed
in the entire building, the
moisture from a newly
placed 14-inch-thick con-
crete slab can be over-
looked. This, then, con-
tributed to the roof failure
of a fully adhered, fleece-

By Remo Capolino, RRC, PE

The building in question is a multistory
LEED® Gold educational building on a uni-
versity campus in the Northeastern United
States. The structure was completed circa
2006, and the top floor is a very congested,
warm, mechanical floor (Figure 1). The roof
deck is a 14-in.-thick concrete slab covered
with iso insulation that tapered from 1.5 to
9 inches, with all layers set in foam adhe-
sive with a fully adhered, fleece-backed,
reflective, white, single-ply roof membrane
that, of course, utilized a water-based, low-
VOC, LEED®-friendly bonding adhesive. The
roof was relatively free from penetrations,
with the exception of a few roof curbs, vent

pipes, and, of course, roof drains (Figure 2).

In late 2012, it was noted that the single-
ply membrane was “billowing up” when the
wind blew more than a few miles per hour.
Initial inspection openings concluded that
the membrane was no longer bonded to the
iso, and the assembly needed to be repaired
or replaced for fear it would catastrophically
fail and possibly blow off the building and
into the city street below.

A slightly more thorough investigation
was requested, which revealed a wealth of
information about the site conditions and
the cause of failure of the roof assembly.

backed, white, single-ply
roof membrane.
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Figure 1 - Overview of congested mechanical room space directly below the roof deck.
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The investigation consisted of roof cuts
at areas observed to be debonded, areas
that appeared well bonded, as well as areas
near and far from drains (i.e., areas with
thin and thick insulation). The effort was
made to sample enough areas of the roof so
as to be able to say whether it was adhered
or debonded, and thick or thin insulation.
A probe was made, and the condition of
the assembly was observed and recorded
at every possible combination of conditions
noted above. Of particular interest were the
location and mode of failure that caused
the membrane to “billow up” when the wind
blew.

At areas where the insulation was thin,
the conditions of the insulation and mem-
brane were similar: The single layer of
insulation was debonded from both the
concrete deck and the single-ply membrane.
The mode of failure at both sides of the
insulation board was a cohesive failure of
the iso board fiberglass-reinforced paper
facers (Figures 3 and 4). At locations where
the insulation was a single layer, organic
growth was observed at varying degrees
(from moderate to complete) on the paper
facer of the insulation board (Figure ).

At areas where there were three lay-
ers of insulation, the conditions were
noticeably different in that the insulation
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Figure 2 - Overview of roof.

boards were well bonded to the concrete
deck. The bond, however, between the single-
ply membrane and insulation had failed,
with the mechanism of failure being cohesive
failure of the insulation paper facer (Figure
6). The interface
between  the
top layer and
underlying layer
of insulation
was inspected,
and no adhe-
sive was found;
however, signif-

Figure 3 - Cohesive facer failure. Note facer material on
adhesive ribbons on deck but no foam core visible.

Figure 4 — Mostly (80%%) cohesive failure of facer with remnants
of facer on iso board and bottom side of fleece-backed membrane.
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icant organic growth was noted on both
paper facers at this level (Figure 7). To sum-
marize, the failures observed at the areas
with three layers of insulation were similar
to the areas with one layer of insulation, in
that cohesive insulation facer failures were
noted in the top insulation layer and signifi-
cant organic growth on the paper facers was
also observed.

When areas with several (four) layers
of insulation were probed, the single-ply
membrane was generally well bonded to
the insulation, and the insulation was well
bonded to both the adjacent insulation
and the deck. All layers of insulation and
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- source of water within the roof insulation
cavity.
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one to say that when fewer/single layers of
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Figure 5 - Organic growth on bottom facer

concrete deck surfaces were clean and dry,
both visibly and by touch.

A condition of interest after laboratory
testing was the mode of failure of the insu-
lation boards during removal from the roof.
The boards were adhered; however, forced
removal resulted in cohesive failure of the
iso facers and did not cause the facer to peel
off of the foam core (Figure §).

Samples of the insulation from the
probed areas were laboratory-dried to deter-
mine moisture content. The facer and foam
were dried together, and as such, the
moisture information obtained is for the
insulation board in its entirety. Moisture
information for the facer and the foam core
individually would be interesting; however,
it was not obtained on this project. A tab-
ulation of overall insulation thickness and
its related moisture contents is provided in
Table 1.

While on site, the single-ply roof was

visually inspected and did not show any
signs of physical abuse. Any telltale signs
of a new building with a single-ply roof
that had been brutalized by the carpenters,
pipefitters, sheet metal workers, and elec-
tricians were not readily visible on this roof.
In a perfect world, electronic leak detection
would have been done to find the breaches
that are all too often missed by a visual
inspection; however, due to time and bud-
get constraints, this type of testing was not
done. Based upon visual observations of the
membrane

while on site,

it was con-

cluded that

breaches

through the
single-ply
membrane
were not like-
ly a significant

insulation are present, the impact of mois-
ture upon the insulation is more obvious.
The writings referenced above and the labo-
ratory testing of the insulation can be used
to assist in the explanation of the conditions
observed at this building.

The approximately 2.1 quarts per sq. ft.
of unhydrated concrete mix water contained
within the 14-in.-thick concrete slab (0.9
qt./sq. ft. per 6 in. of thickness x 14 in. =
0.9/6 x 14 = 2.1) is directed due to vapor
drive from areas of high vapor pressure to
low. This translates to a vapor drive from
warm to cold. In the Northeast, this direc-
tion is from the warm mechanical room to
the cold exterior during the fall, winter, and
spring months (October through May). Even
in the summer, when the exterior tempera-
tures are warm, the mechanical room is rel-
atively warm/hot; the vapor drive is toward
the exterior, due to the “cool roof,” heat, and
humidity of the mechanical room space,
with the gradient of the vapor pressure
being somewhat reduced when compared
to the fall/winter/summer months. As a
result, little to no drying of the concrete slab
will occur toward the interior, and the vast
majority of the unhydrated mix water will
migrate toward the exterior.

This unhydrated concrete mix water
travels toward the building exterior and is
prevented from escaping by the vapor-im-

r
Sample # Insulation Moisture (
thickness/# layers Content [ =x
1 9in./4 layers 4.5% =
2 1.5in./1 layer 14.5%
3 5in./3 layers 2.1%
4 1.5in./1 layer 17.7%
5 6in./3 layers 7.2% . . . )
/3 lay > Figure 6 - Cohesive failure of iso board top facer,
Table 1 leaving facer remnants on iso board and fleece-backed membrane.
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permeable single-ply membrane.
Prior to getting to the single-
ply membrane, it encounters the
paper facers of the insulation
board(s). If there is only one insu-
lation board with two facers (top
and bottom), then all the water that
travels to the exterior is absorbed by
these two facers. This accumulation
of moisture causes deterioration of
the facer and results in a cohesive
failure of the facer as well as organic
growth. At locations with a single
insulation board, these exact condi-
tions were observed.

Because of the light color of the
single-ply membrane on this roof, it
did not heat up above ambient tem-
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all seen the impact
of removing the
white plastic wrap-
ping from a bundle
of iso, only to see
the top few boards
cup within an hour
due to the black fac-
ers being exposed
to the sun and rap-
idly shedding their
moisture due to
evaporation. There
does not even need
to be liquid water
on the top board
when the wrapping
is removed for this

peratures as it would have if the mem-
brane were dark/black. As a result,
solar heat gain does not have a suf-
ficient impact upon the vapor pressure to
either wholly change its direction inward
to counteract the in-to-out vapor drive, or
at the very least, lessen the gradient of the
vapor drive. If there were greater solar heat
gain, water directly under the single-ply
membrane would be heated, resulting in a
higher vapor pressure that would distribute
water throughout a deeper depth of the roof
insulation cavity. By distributing the water
throughout a deeper depth, more layers of
iso facer would be present to absorb the
water and would result in lower moisture
contents for each layer. In short, the vapor
drive and accumulation of unhydrated mix
water under the roof membrane is a prob-
lem, but the white color of the roof mem-
brane allowed the water to be concentrated
to a very limited depth below the membrane
and caused the moisture content of the top
layers of iso to be elevated to a point where
their physical properties were deteriorated.
One could liken the paper-faced insula-
tion boards to a hamburger. The insulation
board paper facers are analogous to the
buns of the burger, and the iso foam core is
the meat patty. Dip a burger in water, and
the buns will absorb the lion’s share of the
water absorbed by the burger/bun combo.
So, too, will the paper facers rapidly absorb
most of the available water when in the pres-
ence of elevated relative humidity. The buns
(facers) will accumulate water in the form
of increased relative humidity, and when
the temperature falls due to radiant heat
loss of the single-ply “cool roof membrane,”
this water in the form of humidity condens-
es and is retained/absorbed by the paper
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Figure 7 - Organic growth on iso facers.

facer. In this analogy, a wet bun changes
properties drastically with slight changes in
moisture content, while the burger remains
relatively unchanged after being dipped in
water. The cellulosic and fiberglass facers
of the iso similarly are drastically impacted
by slight changes in water content. We have

to happen. The
mere reduction in
moisture content
will cause the cupping.

Now, some may say the hamburger
analogy is simplistic, and it is. There are
many factors at play in this scenario, all of
them boiling down to the fact that they are
having an impact upon the weakest link in
the chain. Based upon personal experience
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ly facer delami-
nation from the
foam core, not
cohesive failure
within the facer
material.

This issue
is still evolving,
and  hopeful-
ly those who
have already
investigated,
researched,
and  written
about the phe-

nomenon  will
continue and
focus not only

Figure 8 - Removal of insulation at area with several layers.
This appeared dry when compared to areas with a single layer. Note
removal of top insulation board resulted in cohesive failure of facers.

and from discussions with others in the
industry, paper facers of insulation boards
experience problems when placed into roof
assemblies that subject them to warm,
humid conditions.

The equilibrium moisture content (EMC)
of iso was the topic of articles by Carl Cash
in 1985 and 2003,%7 in which he concluded
that the EMC of faced iso boards is 1.1% at
45% relative humidity or 2.9% at 90% rela-
tive humidity at 20°C. As can be seen by the
laboratory testing of insulation boards from
this roof, the moisture content of the iso
would indicate that the relative humidity of
the insulation cavity is near or in excess of
90%, and as such, would categorize the iso
board as being wet. [ would agree with this
categorization of the iso, because when dry,
the mode of failure of iso boards is typical-

on the periph-
eral  circum-
stances  and
theory, but also
drill down to the
nitty-gritty of what needs to be changed in
order to prevent future occurrences. Of par-
ticular interest to the author would be not
only additional information when cellulosic
paper facers are used, but also moisture
impacts upon the coated fiberglass facers
that most insulation manufacturers offer. [
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