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Abstract:

How water gets into a structure, why it doesn’t leave, and how these architectural flaws become

HVAC headaches.
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midification yo u’ll need for that unplanned natato-
rium they’ll be building in the basement.

In this two-part series, I’ll first discuss why these
a re perva s i ve problems in the construction industry
and how they are inherited by HVAC technicians
and engineers once the stru c t u re is occupied. I’l l

also discuss why keeping
g round and rain water out of a
building should be easy, but is-
n’t, and what to do once water
gets in. In the Ja n u a ry issue of

H PAC Engineering, p a rt 2 of this series will re v i ew
air control and pressurization, ventilation, and hu-
midity control and will include some re s o u rces to
help expand your knowledge of design and con-
s t ruction errors that lead to HVAC headaches.

THE DYSFUNCTIONAL CONSTRUCTION FAMILY
C o n t rolling water problems in buildings should

be easy. Keep the rain and ground water out. De-
sign and construct the building enclosure to be able
to dry when it gets wet—and make no mistake
about it, it will get wet. Control the airf l ow acro s s
the building enclosure because air carries water, so
build the building enclosure without holes—at
least without big ones. Remember that as part of
this air-control system, you have to control the air
p re s s u re across the building enclosure. Sh o u l d
buildings be pre s s u r i zed or depre s s u r i zed, or should
you attempt the impossible to maintain a neutral
p re s s u re? I think you should pre s s u r i ze building en-
c l o s u res eve ry w h e re, but we’ll get into that later.
L a s t l y, ventilate and condition the building enclo-
s u re in a controlled manner to control humidity.

Buildings leak. Conditioned air escapes,
and outside air is sucked in. The re l a t i ve l y
easy science of keeping unwanted water

out of a stru c t u re is nearly a lost art. And many of
the modern materials we use to build actually hin-
der the drying process once water enters. A typical
n ew building has dozens of holes
in the shell that don’t show up in
the blueprints because they we re
n e ver intended. You may say to
yo u r s e l f, none of these pro b l e m s
technically fall within the purv i ew of the mechani-
cal engineer, and yo u’re right. But keep two points
in mind: Many of these problems translate into in-
door-air quality (IAQ) complaints, which are yo u r
p roblem; and eve ryone invo l ved in constru c t i o n
needs to develop a whole-building philosophy in
o rder to improve how we build.

If such lofty goals don’t appeal to you, think of
your care e r. I speak from experience when I say that
when you are called on the (wet) carpet for a water
p roblem, it helps to be able to show that the pro b-
lem was from poor architectural design, materials,
or installation, rather than an HVAC “c o n d e n s a-
t i o n” pro b l e m .

Learning to spot where breaches commonly oc-
cur in buildings is essential for mechanical engi-
neers. With this knowledge, you may be able to pre-
vent a catastrophe during the plan re v i ew. With this
k n owledge, you can ask to see the necessary arc h i-
tectural detail for determining if a water pro b l e m
might exist while still early in a pro j e c t — e s p e c i a l l y
if you are re p resenting the building ow n e r. Si m p l y
tell the architect you need to see how much dehu-
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All easy stuff, right? Un f o rt u n a t e l y, it’s
not. Out of necessity, we divide up the re-
sponsibility of doing all of this among
various professionals and tradesmen. T h e
people invo l ved don’t speak the same lan-
guage, or just don’t speak at all. T h e y
d o n’t know the same things, and too of-
ten, no one seems to know the entire pic-
t u re. It’s like working on a puzzle without
having a picture on the box to go by, so
you don’t know until the end of a ve ry in-
efficient process that some pieces are
missing, while others don’t belong at all.
In other words, the construction team is
a big dysfunctional family.

Often, those making the financial de-
cisions know even less. They let salesmen
talk them into the next great thing: “Su re
this works, we have 5,000 systems in
L ower Elbonia.” Fi n a l l y, we “value engi-
n e e r” the project—a term that to me can
be best defined as: “A process by which
someone who has no clue about sound
c o n s t ruction takes out the stuff we re a l l y
need to make things work . ”

KEEP THE RAIN
AND GROUND WATER OUT

C o n t rolling rain and ground water are
the most important factors in the design
and construction of durable buildings
and for the control of mold. Let me make
something painfully clear: Air-condi-
tioning and dehumidification systems
cannot be used to control rain- and
g round-water problems. It is not the job
of the HVAC engineer to design rain-
and gro u n d - w a t e r - c o n t rol strategies.
T h e re are no guidelines available to size
systems to handle rain and ground wa-
t e r — e xcept to make these systems re a l l y
big, which is a bad use of energy and poor
engineering. Do n’t even try it. Fix the
rain problem and fix the gro u n d - w a t e r
p roblem with drainage. T h e re are situa-
tions where installing a dehumidifier in a
basement works well, but that is not what
I define as a ground-water problem. Yo u
d o n’t install a dehumidifier when there is
running water or standing water in a
b a s e m e n t .

The fundamental principle of rain-
and ground-water control is to shed wa-
ter by layering materials in such a way
that water is directed dow n w a rd and out
of the building or away from the build-
i n g .

M O I S T U R E  A N D  M O L D  

Leaky windows were not always
such a big deal. More than a

hundred years ago, exterior walls had
hollow cores, or were made of solid
masonry or lumber. If they got wet from a
window leak, they could dry. Many were
built with heavy timber framing with plank
wall , or even balloon-frame wall with
true two-by-fours sheathed with 1-by-6
in. diagonal boards that were  sheathed
on the interior with plaster on metal or
wood lath. Whether these walls are unin-
sulated or insulated, they are very mold-
resistant because both the materials and
constructions can dry. 

The composite materials that are used
today have adhesives that can be
digested by fungi we call molds. Mold will
also digest sugars and starches in wood
fiber, if the cell walls have been crushed
or broken. Solid lumber has intact cell
walls that cannot be penetrated by
molds. Molds will grow on the surface,
but the wood will retain its structural
strength. Particle board, oriented-strand
board (OSB a.k.a. waferboard), and
medium-density fiberboard, as well as
paper-covered gypsum board, are full of
adhesives, which make them good “mold
chow.” Adhesives are used throughout
these materials to give them form and to
hold together the crushed, pulverized, or
torn wood fragments or particles that
make up the board. Mold digests the
adhesives, and mold hyphae penetrate
the resulting cracks and holes between

wood particles. Structural integrity is
eaten away, and so is the wall. Paper-
covered gypsum board also has the
adhesives and cellulose that offer food to
molds at the expense of the wall.

Mycelium of a wood-rotting fungus
growing under the siding of a house.

The mycelium is essentially the
digestive organ of the fungus,

secreting enzymes designed to
digest the substrate (such as a

cellulose-based building material) so
that the dissolved nutrients can be

absorbed. 

Mold growth behind vinyl wall covering. Mold growth on vinyl wall covering.

How Mold Eats Walls
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DRAIN EVERYTHING
Gravity is the driving force behind wa-

ter management and drainage. T h e
“d ow n” direction harnesses the force of
g r a v i t y, and the “o u t” direction gets the
water away from the building-enclosure
assemblies, openings, components, and
materials. In general, the sooner water is
d i rected out, the better.

The most elegant expression of this
concept is a flashing. Flashings are the
most underrated building-enclosure
component and arguably the most im-
p o rt a n t .

Drainage also applies to materials. Wa-
ter that is absorbed in a material cannot
be drained away. We paint and stain
wood siding so that water is not absorbed
by it and can be drained from the siding
s u rfaces. We damp-proof concrete foun-
dations for the same re a s o n .

Drainage applies to assemblies such as
walls, roofs, and foundations, as well as to
the components that can be found in
walls, roofs, and foundations, such as
w i n d ows, doors, and skylights. It also ap-
plies to the openings for the window s ,
doors, and skylights and to the assem-
blies that connect to walls, roofs, and
foundations, such as balconies, decks,
railings, and dormers. Fi n a l l y, it also ap-
plies to the building as a whole. Ove r-
hangs can be used to drain water away
f rom walls. Canopies can be used to
drain water away from windows, and site
grading can be used to drain water away
f rom foundation perimeters.

Drainage is the key to rain- and
g round- water contro l :

• Drain the site.
• Drain the building.
• Drain the assembly.
• Drain the opening.
• Drain the component.
• Drain the material.
In other words, drain eve ry t h i n g .

WINDOWS
My advice to engineers is to thor-

oughly re v i ew architectural drawings,
p a rticularly the window-opening details
and flashings. These openings cry for
“pan flashings.” Wi n d ows leak. I’m
tempted to say always, but it’s sufficient
to say that windows leak fre q u e n t l y
enough that you need to treat them as if
they are going to leak. An under-window
“g u t t e r” (or “pan flashing”) is essential to

re d i rect this leaking water to the exterior.

WALLS
Re v i ew wall assemblies to make sure

they have drainage planes: a membrane
c overing the wall behind the exterior
cladding. This is real important when we

get to brick veneers and stucco—espe-
cially synthetic stucco. Remember that
t h e re are only two kinds of stucco: stucco
that has cracked and stucco that will
crack. T h e re are now some magnificent
synthetic stucco systems ava i l a b l e :
“ Drainable EIFS” (external insulation
and finish systems). These work because
they drain. Watch out for the non-drain-
able systems especially when they are
used with windows. Mold heaven is
when you combine a non-drainable
stucco with a leaking window.

It’s not uncommon to find wall sand-
wiches made from OSB or paper-cove re d
gypsum, steel studs, cellulose or fiberglass
in the cavity (to keep water from drain-

ing away), paper-cove red gypsum, and
v i n y l - c ove red wall paper to keep the wall
s t ru c t u re from drying. Does vinyl re p e l
mold? Not at all. As shown in “How
Mold Eats Walls,” mold will digest vinyl
paper adhesive and grow into the paper
as we l l .

LET IT DRY
In 25 years of being in the constru c-

tion industry, I’ve concluded that we ap-
p roach things backward. We focus en-
t i rely on pre venting things from getting
wet, which is a good idea, but we also
need to provide a contingency plan by
engineering the stru c t u re to let things dry
after they get wet. The problem is that
many techniques that pre vent we t t i n g
also pre vent drying. Vapor barriers are a
prime example of this foolish thinking.
Yes, vapor barriers stop vapor flow. Bu t
what if there is vapor in the assembly al-
ready? And remember that there are two
sides to a wall: the outside and the inside.
Walls can get wet from both the inside
and the outside. Walls also can dry to
both the inside and the outside. We seem
to think that walls only get wet from the
inside and that they can only dry to the
outside—what I call “cold-climate chau-
vinism.” We do the calculations for the
w i n t e r, but the walls rot in the summer. 

I love code recommendations. One of
my favorites directs engineers to “put a
vapor barrier on the warm side.” Wa r m
side when? In Ja n u a ry or in July? We may
need vapor barriers in Canada, but we
d o n’t need them in the Lower 48. In
Canada, there are only two seasons: this
winter and last winter. In the rest of the
world, especially the air-conditioned
world, moisture flow is from the outside
in. This means that a vapor barrier in-
stalled on the interior of a wall assembly
is on the wrong side.

If you don’t believe me, open up a wall
in Cincinnati in July and look on the cav-
ity side of that polyethylene vapor barrier.
What do you see and smell? Droplets of
water and a bad odor. One sure way to
make it worse it to install vinyl wall cov-
erings on the inside of a wall. Notice all
the pink spots—that’s literally mold
vomit. Mold exudes digestive enzymes
that react with the plasticize r, giving yo u
the color as seen in Photo A. Pull back
the vinyl and you have black mold and
mushy drywall (see “How Mold Eats

Photo A. Typical mold “pink spot” created
when organism releases digestive
enzymes that react with plasticizers in the
wall.

M O I S T U R E  A N D  M O L D  
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M O I S T U R E  A N D  M O L D

Wa l l s” ) .
The hotel construction industry has

refined these flawed design concepts into
a recipe for mold and odor. You start with
a steel-stud wall. Put a non-drainable
synthetic stucco on the outside, fill it
with fiberglass insulation, and install a
plastic condom on the inside. Then fill
the building with cold air in July when
the outside is hot and humid. Did I men-
tion the leaking window s ?

And then we blame the HVAC engi-
neer for the mold in the walls and for the
mold smell in the hotel or in the school
or in the office.

Is there any way to make this worse?
Of course. Use paper-faced gypsum
sheathing on the outside of the steel studs
and glue the foam to it. We’re building
paper buildings that get wet and can’t dry.
Even the dumbest of the three little pigs
d i d n’t build a paper building.

IS YOUR VAPOR BARRIER
SMARTER THAN YOU?

So what to do? Do n’t use vinyl wall
c overings. Do n’t use paper-faced gyp-
sum. What about vapor barriers? Do e s n’t
code demand these? Code says install
something that has a perm rating of one
perm or less. The kraft facing on a fiber-
glass batt meets this re q u i rement, but
only when the R H the kraft facing sees is
l ow—25 to 30 percent. What is intere s t-
ing is that this kraft facing becomes va p o r
permeable as the R H it is exposed to goes

u p. In air-con-
ditioned build-
ings, when the
humidity is 50
p e rc e n t — n o t
a t y p i c a l — t h e
kraft facing is
10 to 20
perms. It’s a
“s m a rt” va p o r
b a r r i e r. It re-
t a rds moisture
in the winter
and lets the
wall “bre a t h e”
in the summer.
That dumb
plastic va p o r
barrier has a
perm rating of
0.1 perms—all
of the time
( Fi g u re 1).
We’re talking
two orders of
magnitude in difference. Stay away fro m
plastic-film vapor barriers, foil-faced fi-
b rous cavity insulation, and especially
foil-backed gypsum sheathing on the in-
t e r i o r.

THE REWARDS OF POOR DESIGN
DONE WELL

I ’ve tried to show how many of the de-
cisions made without the input of a me-
chanical engineer during the design and
c o n s t ruction phase lead to disaster. He re’s
an example of how a series of bad deci-
sions led directly to uncomfortable occu-
pants. Let’s look at a rain-wetted brick ve-
neer in July on the southwest side of a
building on a sunny day at around 2 p. m .
The outside temperature is 80 F at 75-
p e rcent R H. A psyc h rometric chart re-
veals that the outside vapor pre s s u re is
2.29 kPa. Inside, the conditions are 75 F
at 60-percent R H. Look at the psych chart
again: The inside vapor pre s s u re is 1.82
k Pa. The difference between the inside
and outside is not really such a big deal.
But now look at the brick. It’s sitting at
120 F, and it is saturated, so it’s at 100-
p e rc e n t R H. At this point, the psych chart
d o e s n’t apply because we’re literally off
the chart. You have to turn to the steam
tables at this temperature. The va p o r
p re s s u re in the brick is 11.74 kPa. This is
a serious va p o r - p re s s u re gradient. Be h i n d

the brick is an air space and it’s not likely
to be a clear and we l l - ventilated air space.
In this real-world situation, the amount
of moisture being re m oved is ze ro (Fi g u re
2 ) .

W h a t’s next in line of the incoming
steam? Probably felt building paper. It is
permeable—after all, a building has to
b reathe. Un f o rt u n a t e l y, it breathes both
ways. So inward the moisture va p o r
f l ows. Next is the exterior gypsum, which
is permeable, followed by the fiber-glass
cavity insulation. No problem, the va p o r
f l ows right on through. W h a t’s next?
Well, sometimes you get the polye t h y l-
ene vapor barrier, which condenses the
vapor and the condensate runs down the
wall and rots, rusts, and corrodes the bot-
tom plate. Other times, you get more
gypsum board cove red with imperme-
able vinyl wall cove r i n g — f o l l owed by
the pink spots, the mold, and the mushy
d rywall. So what does this tell us? Yo u
need a vapor barrier on the outside with a
brick ve n e e r, not on the inside. This ab-
solutely contradicts typical practice and
building codes. And, of course, it’s all the
H VAC engineers fault because the
H VAC engineer didn’t design the right
h u m i d i t y - c o n t rol system—and we all
k n ow that mold comes from high hu-
m i d i t y. Hu m i d i t y, mold, and HVAC en-
g i n e e r s — i n s e p a r a b l e .

FIGURE1. A “smart” vapor barrier
retards moisture in the winter and lets
the wall “breathe” in the summer. In
contrast to a simple plastic vapor barrier
that has a perm rating of 0.1 perms year
round.

FIGURE2. In this design, the brick exterior can reach 120 F when
exposed to the summer sun in many areas of the U.S. After a rain storm,
the brick can become completely saturated and reach 100 percent RH.
The vapor pressure in the brick is 11.74 kPa, a significant vapor
pressure gradient with little chance of moisture removal.
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