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INTRODUCTION

The moans and groans are
deafening. “Oh no! Not anoth-
er moisture article!” You have
probably been exposed to
numerous articles and semi-
nars about moisture and are
wondering what else can be
offered. But it’s been said that
repetition is the key to reten-
tion. Hopefully, interest will
be maintained by presenting
familiar subject material in a
different manner.

Many building owners are
enthusiastic about their new
“digs,” thinking they are air-
tight and waterproof. Well,
their parade is about to get
rained on, because that nice
new building may not be as
airtight and waterproof as
they think. Folks, you are
about to become involved in
the “Great Moisture Move-
ment.” It is obvious that the
desperate Dutchman in Fig-
ure 1 has both hands and a foot deeply
committed to the Moisture Movement.

Volumes have been written about mois-
ture and its movement. This discussion will
inform the reader of the various ways that
moisture can move in and take up residence
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Figure 1: Overwhelmed by the movement.

in a building cavity (assembly), such as the
space between the exterior and interior
walls. For purposes of this discussion,
moisture means water in any one of its
three physical states - solid, liquid, and gas.
The physical states that affect buildings the
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most are liquid and vapor. Although gener-
al methods of controlling moisture move-
ment may be mentioned, actual corrective
measures are not within the scope of this
article.
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THE RULES
Moisture movement occurs when it
moves from one state or one point to anoth-
er. Sounds simple enough, doesn't it? How
does this happen? Well, let’s review a few
simple rules regarding moisture movement:
*  Moisture flows downbhill.
*  Moisture looks for an opening.
*  Moisture follows the path of least
resistance.
¢ Warm air holds more moisture than
cool air does.
¢ Moisture moves from a higher
humidity to a lower humidity.
*  Moisture moves from warmer tem-
perature to a cooler temperature.
¢+ Moisture moves from higher vapor
pressure to a lower vapor pressure.

Put another way, just think high to low,
like the evening weatherman showing a
high pressure moving to a low pressure.

Beginning with water in its solid state
(ice), if enough heat is added, it changes to
water. If more heat is added, the liquid
changes to a gaseous state. Removing heat
causes the reverse to occur. Therefore, it
can be said that heat or the absence of heat
is the mechanism that allows water to
change states.

When I studied general science in grade
school many years ago, we were taught that
the earth’s surface was approximately 75
percent water. I recently read that the
earth’s surface is 77 percent water. Now
that is moisture movement! Could it be
from all of the man-made lakes that have
been constructed or all of those thirsty folks
carrying bottles of water everywhere?

METHODS OF MOVEMENT
Moisture does not just enter a building
assembly as an obvious cascading liquid
flow. Sometimes it has more subtle ways of
making a grand entry, such as:
* Catching a ride in moving air.
* Moving up a concrete foundation as
capillary action.
* Hiding as invisible moisture in vapor
diffusion.

Generally, moisture will move through
any building material that is porous or
fibrous, such as wood, brick, concrete,
fibrous insulation, and drywall. It just
moves through some porous materials
faster than through other porous materials.
The cell structure of the building material
determines which state of moisture will
move through a material and how easily it
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the component.
Materials that do not com- i
pletely block moisture movement ‘
and allow some moisture transmission
are called “retarders” because they only
retard or slow transmission. Materials that
block moisture transmission are called bar-
riers because they form a barrier to stop
moisture movement.

For discussion purposes, four methods
of moisture movement will be considered,
and any one of them can dampen your
sprits. The four methods are as follows:

o

Air Movement
Capillary Action
Liquid Flow
Vapor Diffusion

~ “This education
center’s 100,000
square-foot
~ roof has been
leak-free for
24 years.”

Aam

If you doubt the
durability and reliability
of SPF roofing, speak
with Peter Riggi.

Here in upstate New
York, he’s heard the
claims and seen the
performance of most
competing systems.

“In my experience,

“Spray polyurethane
foam is the only truly
leak-free roof,”

- Peter Riggi, Certified Director of Facilities, WSWHE BOCES

I’ve found that SPF
is the only truly
leak-free roof. There
are no seams and all
the penetrations are
i flashed. It’s totally
sustainable and it’s
held up the best
I’'ve ever seen.”

Helping Make
Buildings Better "

- BASF

The Chemical Company
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Air Movement
Under the right conditions, air
movement can move moisture into
the building assembly from both
exterior and interior sources.
However, air movement cannot
deposit moisture into a building
assembly unless the following condi-
tions exist:
1. The moving air contains
moisture.
2. There is some type of opening
in the building shell.
3. There is a difference in air
pressure as measured across
the opening.

Moisture gets in exterior air from
surrounding soil that obtains its
moisture from weather events such
as rain, snow, hail, heavy dew, etc.
Moisture enters the interior air from
normal occupancy activities, such as
drying clothes, cooking, taking show-
ers, and normal bodily functions such as
breathing and perspiring.

Openings in the building shell include
intentional openings, such as doors and
windows, and unintentional openings, such
as cracks and missing components, such as
brick, sealant, etc.

Difference in air pressure is a function
of temperature and absolute humidity.
Absolute humidity is the actual amount of
moisture in a given volume of air, regardless
of temperature. Excluding the effects of
condensation, changing the temperature or
volume of the air will not change the quan-
tity of moisture in the air. Relative humidity
is measured in percent and represents the
amount of moisture in a given volume of air
at a specific temperature as relative to the
amount of moisture that volume of air can
actually hold at that temperature. In other
words, relative humidity is the ratio of mois-
ture actually in the air to the amount of
moisture that the air will hold. Changing
the temperature or volume of the air will
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Figure 2: Capillary action.

change the relative humidity.

Air movement can be controlled by one
of or a combination of the following meth-
ods:

1. By reducing the amount of moisture

in the air.

2. By controlling
size, location,
and number of
openings in the
building.

3. By controlling
the pressure dif-
ferential across
the opening.

Capillary Action

A tube that has an
opening the approxi-
mate size of a hair is a
capillary (a derivative of
the Latin word capillar-

ies, meaning “hair-
shaped.” Capillary
action or  suction

occurs in porous mate-
rials, such as masonry,
concrete, and wood.
Remember the paper
towel commercial that
shows how one paper
towel absorbs
better

i
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Cool Outside

wet sheathing and insulation
water vapor condenses

than another. That demonstrates capillary
action. Figure 2 shows a comparison of the
capillary action of a paper towel on the left
and that of ordinary cotton stationery on
the right. Note how the colored water rises

Figure 3: Insulated assembly without vapor retarder.

AugusT 2005

Dew Point




higher than the level of the colored water in
the container. Capillary action depends on
the size of the pores and the amount of
moisture available and can occur above
grade and below grade. Surprisingly,
increasing the pore size does not increase
capillary action. Actually, the opposite hap-
pens if pore size is increased. Thus, a
burlap bag does not absorb water as well as
the paper towel.

It is possible to set up capillary action
with materials that, individually, do not
support capillary action. For instance, when
two pieces of aluminum, vinyl, or painted
wood siding are installed with overlapping
edges in ship lap fashion, the space where
the siding overlaps can become a simple
capillary that can allow moisture to enter
the building assembly. In this situation,
there can be a small enough gap between
the overlapping edges to allow water to
drain off the surface of the siding, over and
under the edge, and then be sucked up
between the two edges and into the struc-
ture.

Capillary action can exist above grade
and below grade, but it seems to be more
aggressive in below-grade conditions.

Below-grade Capillary Action: This
can occur when ground water is absorbed

by concrete or |
masonry  footings, '

then migrates, by capillary

action, through the foundation

walls and into a concrete slab or wood
floor, and eventually seeps into the building
assembly or even evaporates into the build-
ing interior.

Above-grade Capillary Action: Above-
grade capillary action includes conditions
such as moisture being deposited on the
face of exterior brick. A brick’s anatomy
includes a maze of small pores that suck up
the moisture with no help from outside
forces, such as wind or gravity. The capil-
laries carry the moisture through the brick
and into the building assembly.

Controlling Capillary Action: Capillary
action can be controlled by:

1. Reducing or eliminating moisture.

2. Plugging the pores.

3. Increasing pore size.

Liquid Flow

Liquid flow is probably the most dynam-
ic method of moisture movement. Figure I
suggests liquid flow in an extreme condi-
tion. It involves both groundwater and rain-
water reacting to outside forces such as
gravity, wind, or air pressure differential.

Controlling
Liquid Flow: Liquid flow
from groundwater can be controlled by
installing one of or a combination of the fol-

lowing:
1. Drainable backfill such as coarse
gravel.
2. Control joints in concrete to control
cracking.

3. Drainable building materials, such
as specialty drainage products,
grooved rigid insulation, etc.

4. Perforated piping that ties into the
building storm drainage.

5. Waterproofing membranes.

Liquid flow from rainwater can be con-
trolled by providing proper roof drainage
and surface water runoff, by how a building
is sited, etc.

Vapor
Retarder

Cool Outside

and Sheathing

Figure 4: Insulated assembly with vapor retarder.

Warm
Inside Air

Potential for

wet sheathing and
insulation as

water vapor condenses

Cool Outside

e

Warm
Inside Air

= Vapor Retarder

Figure 5: Water vapor movement by air leaks.
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Building Material & Thickness

Perm Rating in Perms
(per ASTM E-96)

Aluminum foil, | mil 0.0
Polyethylene, 6 mil 0.06
Kraft facing, asphalt-coated, dry cup 0.3
Exterior plywood, 1/4 inch 0.7
Brick, 4 inch 0.8
I 5-pound asphalt felt, dry cup 1.0
Polystyrene, | inch 1.2
Alkyd paint, primer plus finish coat 1.6 to 3.0
Plaster on metal lath, 3/4 inch 15
Gypsum wallboard, 1/2 inch 50.0

Table I - Perm rating of building materials (from the ASHRAE Fundamental Handbook).

Perm Rating in Perms
(per ASTM E-96)

Performance Category

Less than 0.1 Impermeable
| to 10 Semi-permeable
More than 10 Permeable or Breathable

Table 2 - Material categories based on perm rating.

Vapor Diffusion

Vapor diffusion can also move moisture
into the interior building assembly from the
interior conditioned space and from the
exterior.

Diffusion occurs when a vapor pressure
exists across a material that has a high per-
meance rating. The amount of moisture
passed depends on the material’s perm rat-
ing, the vapor pressure differential, and the
area of the material. The perm rating of a
material is its ability to resist moisture
movement. Thus, materials that block only
a portion of moisture transmission are often
called vapor “retarders” because they
retard, but do not stop, vapor movement. A
vapor barrier stops or at least reduces mois-
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ture movement. Figures 3, 4, and 5 illus-
trate how vapor diffusion may react to a
wall assembly without a vapor “retarder,” a
wall assembly with a vapor “retarder,” and
to an interior finish wall with an opening.

Table 1 lists the perm ratings, from the
lowest to the highest, for common building
materials. The rule to remember is: The
lower the number, the better the perfor-
mance.

As shown in Table 2, building materials
are sometimes referred to as impermeable,
semi-permeable, or breathable. By applying
the materials with their perm ratings listed
in Table I to the categories listed in Table 2,
polyethylene would be considered to be
impermeable; brick, semi-permeable; and
plaster, breathable.

It is possible for a material to provide
waterproofing, but not be a vapor “retarder”
or vapor barrier. Vapor diffusion can be con-
trolled above and below grade with vapor

“retarders” or barriers.
Typically, in a heated space that
is in a cold climate, vapor diffu-
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sion is from the warm interior to the cold
exterior. In a cold space that is in a warm
climate, vapor diffusion is from the warm
exterior to the cool interior.

However, there are exceptions to this
rule. For instance, when the sun (yes, the
sun does shine up north) heats exterior
brick that has been wetted by dew, rain,
snow, etc., the heated brick warms the
moisture in the brick, thus driving the
moisture into the cooler building assembly.
Even buildings with heated interior spaces
in a cold climate can be subject to this phe-
nomenon.

The temperature of the brick and the
moisture within the brick can exceed the
temperature of the heated interior, which
creates a pressure differential between the
interior and exterior. When this happens,
moisture can move from the warmer sur-
face of the brick to the cooler building
assembly and possibly into the building
interior. This phenomenon is one of the
main reasons why interior finishes - such
as latex or acrylic paint on an exterior wall
- should be breathable, and why vinyl wall
covering as an interior finish on an exterior
wall may be a recipe for trouble.

Actually, this would be true for any type
of wall construction that passes vapor,
including EIFS and precast concrete. Finish
materials that do not breathe can act as a
vapor retarder and trap moisture behind
them. Perforated vinyl wall covering is often
marketed as breathable. However, it only
breathes through the perforations, which
can become clogged when painted. Most
latex paints can be recoated multiple times
and still remain breathable. Furthermore,
depending on the building assembly, the
wall cavity can act as a duct and provide a
passage for moisture to move into an interi-
or wall partition assembly.

SUMMARY

Like an enthusiastic shopper, moisture
is always on the move. When I served in
submarines, a frequent question that was
asked during a candidate’s qualification
examination was, “What is the difference
between a leak and a flood?” Of course, the
correct answer was, ‘If I find the water, it’s
a leak. If the water finds me, it’s a flood.”
Knowing how moisture moves through a
building assembly will allow proper mois-
ture control through careful design and
selection of materials, and will allow you to
find the moisture before it finds you.
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4 JOHNS MANVILLE HOSTS COOL ROOF SYMPOSIA A

The Johns Manville Roofing Systems Group partnered with the City College of San Francisco, the University of Southern
California, the California chapter of the AIA, and Better Understanding of Roofing Systems Institute (BURSI) to host seminars on
Cool Roof Solutions in late April in San Francisco and Los Angeles. One of the main topics discussed was Title 24, California’s
energy efficient standards for buildings. Speakers included André Desjarlais, Elaine Hebert, David Scheirer, Gregory Shank, and

\Peter Turnbull. j
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v State - of - the - Art Roofing
Membrane

Cold Fluid Applied

Zero Flame, Zero Heat

LiquidPlasticsInc. Technology

DECOT HAN E ' v Factory Mutual Approved

Highest Fire Rating

For further details, call

1- 888-635-5228

Liquid Plastics Inc * 79 Bradley Street * Middletown ¢ CT 06457
Tel: 888-635-5228 ¢ Fax: 860-613-2689

e-mail info@liquidplasticsinc.com
or visit our website at www.liquidplasticsinc.com

ZERO HEAT ZERO FLAME
TECHNOLOGY TECHNOLOGY
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