BUILDING SCIENCE

ARE YOU DOING

SOMETHING STUPI

3 SPF TOPICS THAT MIGHT HAVE YOU
RETHINKING YOUR DECISIONS

BY JOSEPH LSTIBUREK, PH.D., P.E., ASHRAE FELLOW

“Life is hard enough as it is... It’s harder
when you are stupid.”

Open cell vs. Closed cell

Spray polyurethane foam (SPF) can do
stuff that no other stuff can do. So what
is it with the family food fight? Low-
density open cell is better than high-
density closed cell - or is it vice versa?
Folks, I have got news for you regarding
the open cell, closed cell thing: There is
no wrong answer.

Stop with the stupid comments about
open cell being better under a roof deck
than closed cell because if there is a leak

screw offsets.
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Light Industrial Strip Mall - Masonry wall insulated on the
exterior with sprayfoam. Note the treated wood 2x2 furring on

the leak either dries faster or you can
see it sooner. Not true. There is no com-
pelling evidence one way or the other.
None. I started all this SPF stuff under
roof decks in the early 1980s. I have
been looking at this roof leak issue
since the very beginning. Did I men-
tion the fact that there is no compel-
ling evidence one way or the other
regarding roof leaks and open cell vs.
closed cell? And with this argument
you all have lost sight of the even more
fundamental argument.

For reasons that baffle me, you all
have managed to irritate the wood
industry — the folks who make OSB and

Steel Panel Cladding — Steel panels installed onto wood 2x2
furring embedded in sprayfoam on a masonry wall enclosure for

plywood. They are running around say-
ing you can't put your stuff under their
stuff in roof assemblies because if the
roof leaks you are doomed. And they
don't care what type of stuff it is. So the
more fundamental argument is not an
open cell vs. closed cell one. It is roof
leaks in general and SPF.

Ready for this... here it comes. .. roofs
leak. They always have. They always
will. Sometime you see the leak, some-
times you don't. This is true regardless
of what system you use. There is no
greater risk of roof damage with SPF,
regardless of type, under a roof deck
when exposed to a leak than the risk
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a light industrial strip mall.



compared to structural insulated panels
(SIPs) or typical commercial compact
flat roofs. We can build with multiple
layers of insulation and membranes and
decking, and somehow we manage to
deal with roof leaks. It is not the end
of the world. SPF is not a greater risk
under a roof deck than the risk associ-
ated with commercial compact flat roofs
with multiple layers of insulation sand-
wiched between roof membranes and
metal and wood structural decks. SPF is
not a greater risk under a roof deck than
the risk associated with SIPs.

Ready for something else? Here it
comes... sloping roofs are less of a risk
than flat roofs. Wow. This gravity thing
is a big deal. With a sloping roof you
have less hydrostatic pressure and if
you do have a leak it is more likely to
be seen inside regardless of roof type.
Note the “regardless of roof type” com-
ment. Built up compact, SIP, SPS... it
does not matter.

I have played with mock-ups and
wetted them and watched them. I have
taken apart existing leaking roofs all
over the place, open cell, closed cell,
SIPs, compact, etc. With the mock-ups
and the field experience I have not
noticed any difference between open
cell and closed cell in terms of detect-
ability and damage with respect to roof
leaks. Ready for this? Big leaks always
leak enough to be noticed. Small leaks
don't always leak enough to be noticed.
SPF type does not affect this.

What about SPF and wet roof decks?
What about them? Open cell dries faster
than closed cell for sure. But the obvious
answer: “Don't spray SPF, regardless of
type, on wet roof decks.”

Take-Aways

: Don't install SPF on roofs that :

are leaking.

Don't install SPF on roof decks that

are wet.

: There is no difference between open
cell and closed cell with regard to
roof leak detectability and damage.

SPF is not a greater roof leak risk :
under a roof deck than the risk :
associated with other compact :

unvented roofing systems.

— Leaky air handling unit
| and supply ducts

incucing iniltration

Figure 1: Really Negative — Ductwork and
air handlers typically leak when they are
installed outside of the conditioned space
such as in a vented and unconditioned
attic. Significant negative pressure
occurs inside the conditioned space that
leads to significant energy penalties in
all climates and large latent loads in
humid climates.

Systems thinking

I know you all know the next part.
You are not selling a bunch of chemicals.
You are selling and installing a system.
And the system is a pretty awesome
system. The problem is that the system
is a pretty awesome system. Yes, no
good deed shall go unpunished. Let’s
look at what SPF does that became a
game changer in the industry and why
we all have to be careful.

One of the worst things that you
could do in a house is install leaky
ductwork in a vented attic (Figure 1).
So how to fix this? We typically end up
with five options. SPF plays a major role
in two of them.

Figure 2: Base Case, The Best of the
Best — Ductwork and air handler inside
the conditioned space with a vented
attic on top with an airtight ceiling
and code levels of attic insulation. It
does not get better than this anywhere,
anytime.

The best case is a house with an
airtight ceiling with a vented attic and
code levels of attic insulation and all
the ductwork and air handler inside
the conditioned space (Figure 2). The
moment you put the ductwork in the
attic and if the ductwork is leaky and
the boots are not sealed and if the attic
ceiling is perforated, you get a 30 per-
cent (or more) energy hit on the cooling
and heating compared to the best case
(Figure 3). This is really, really bad.

You can improve this by having this
ductwork airtight with an airtight ceil-
ing and all penetration and boots and
stuff sealed. You end up with about a
10 percent energy hit on cooling and
heating compared to the best case
(Figure 4).

Figure 3: Ugly and Unfortunately
Typical - This is a 30 percent or more
energy hit on cooling and heating
compared to the base case.

Return

Figure 4: Less Ugly — The moment you
put the ductwork in the attic having
this ductwork airtight with an airtight
ceiling and all penetration and boots
and stuff sealed, you still have about a
10 percent energy hit on cooling and
heating compared to the base case. This
is much better than Figure 3 but it sure
ain’t Figure 2.
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Figure 5: Ugly Beautiful, Conditioned
Attic — We get the ductwork completely
in the conditioned space but we
increased the surface area of heat gain
and heat loss. This is a 10 percent
energy hit on cooling and heating
compared to the base case because of
the increased surface area. And here is
a “heads up”: Don't buy the argument
that you don’t need as much “R-value”
when you “cathedralize” the attic. You
should install “code levels” of insulation
when you do conditioned attics —
sloping or flat or cathedral or whatever.

Now let’s do a conditioned attic. Here
is where the SPF comes in. You get the
same airtightness compared to the best
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Figure 6: Buried Ducts — Make the ducts
airtight, make the ceiling airtight and
insulate the ducts by covering them with
lots of “fluffy stuff.” You can cut that

10 percent hit to less than 5 percent.

case and you get the ductwork in the
conditioned space. Great. But you get a
larger insulated surface area on the top
of your house and that hurts you. The
conditioned attic even done “right” is
still a 10 percent energy hit on cooling
and heating compared to the best case
(Figure 5).

Now let’s do buried ducts with SPF.
Make the ducts airtight, make the ceil-
ing airtight and insulate the ducts
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by covering them with lots of stuff
(Figure 6). You can cut that 10 percent
hit to less than 5 percent. Now you
just can’t “bury” the ducts or they will
sweat. You have to insulate them with
an impermeable layer of SPF and then
you can bury them. You need to do this
in all climates except in the desert. Of
course while you are in the attic with
that SPF, why not take the opportunity
to seal all those holes that are up there?
Nothing works better than SPF for those
nasty holes. And then while you are in
the house with that SPF, do the other
holes. Like the ones between the garage
and the house. Tight is right.

So now we have a part of the busi-
ness that SPF “owns.” What could go
wrong? Well, you can't use open cell in
cold climates on the underside of roof
decks because the open cell is too vapor
open. The code has it right. Follow the
code and you will stay out of trouble. You
also can't use the open cell on the ducts
to keep them from sweating. What else?
Let’s push the approaches on existing
houses. Oops. Any idea how tight you
are going to make the house? Real tight.
What about combustion safety? What
about indoor contaminants? What about
the spray process?

Take-Aways 3
: Don't install SPF in existing houses :

unless you install

controlled :
ventilation. ]

Don't install SPF in existing houses

unless you bring combustion appli- :
ances up to code minimums. E

Don’t install SPF in existing houses that

are occupied.

Follow the code provisions with respect

to climate zone and vapor control.

The perfect wall

SPF is the only product that can per-
form all of the functions of the princi-
pal control layers of the “Perfect Wall,”
namely:

The water control layer.
The air control layer.

The vapor control layer.
The thermal control layer.



Steel Panels — These
panels do not need to be
water-tight or air-tight.

Brick veneer cladding

Drained and vented cavity

Spray-applied closed-call high-
density foam (2 Ib/ft*) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

Concrete masonry unit wall

Metal channel

Gypsum board interior lining

Latex paint

Figure 7: Perfect Wall Configuration for
SPF - Spray-applied closed-cell high-
density foam is the water control layer,
the air control layer, the vapor control
layer and the thermal control layer.

Figure 7 illustrates the configuration.
How do you make the system work?
Windows first. Absolutely, positively
do not, and I repeat, do not spray the
SPF to the windows. Are you crazy?
Think windows don't break or leak?
How would you ever get them out? You
would have to hack them out.

The best play is to provide a transition
assembly between the glazing systems
and the wall assembly. Use the concept
of an extended “buck” (Figures 8 and 9).
Notice the plywood “lip” and the use of

Liquid-applied
membrane lining,
sub-sill window
flashing, air and water
barrier transition
membrane

HD spray foam “filet” / ; <

to be applied before
rest of foam

Air seal

HD spray foam

HD spray foam

Liquid-applied
membrane lining,
window flashing,
air and water barrier
transition membrane

Flashing

HD spray foam “filet”
to be applied before
rest of foam

Air seal

Figure 8: Masonry Wall Sill Detail —
Wood buck with plywood lip creates
under window gutter. Note the foam
“filet” picture framing the opening.

a liquid applied flashing membrane to
provide a drained opening — an under
window “gutter” that directs water to
the outside face of the SPF should the
window assembly leak. This approach
allows standard window installation
approaches to be used. Also notice how
the membrane extends around the open-
ing onto the face of the masonry back-
up wall or on the face of the sheathing
over the steel stud back-up wall. This is
called “raccooning.” With this approach
the windows can be installed either
before or after the application of the SPF.

Attaching panel cladding through
SPF is pretty straightforward. You need
straight “thingies” that go up and down

Figure 9: Masonry Wall Head Detail -
The foam “filet” is sprayed first to pre-
vent the head flashing from being pulled
upward leading to a negative slope.

or from side to side or both. Check
out Photograph 1, Photograph 2 and
Photograph 3. The difficulty comes from
how you attach the straight “thingies”
without causing huge thermal bridges. O

{ Take Aways :
: Don't install SPF directly to window and :

glazing systems.

Don't ignore thermal bridges in cladding :

attachment.
Joseph Lstiburek, Ph.D., P.E., ASHRAE
Fellow, is a principal of Building Science
Corp. He has over 30 years of experience
in design, construction, investigation and
building science research.
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