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Designing Precast Envelopes for
Thermal and Moisture Efficiency

— by Brad Nesset and Emily Lorenz, PE., LEED AP

he design of the building

envelope and the perfor

mance of the exterior wall
system are critical to a structure's
performance and longevity, as well
as the quality of the interior environ-
ment for those living and working
inside.

It is paramount that designers
and contractors understand the fun-
damentals of thermal and moisture
management. As Joe Lstiburek,

PEng. from Building Science Cor-
poration said, “Good materials and
good workmanship no longer con-
stitute a high quality structure...we
must now understand how build-
ings work."
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How well buildings perform de-
pends on how well, and in what
manner, their exterior wall systems
perform. In addition to serving as an
architectural facade or a structural
element, precast concrete wall sys-
tems can also serve as both thermal
and moisture protection. These can
be great benefits to a project if they
are properly accounted for in the de-
sign.

Thermal performance and mois-
ture management are two of the
most important and complex roles
of the building envelope. Thermal ef-
ficiency and moisture control are in-
terdependent, and both need care-
ful consideration to make a building
envelope perform efficiently. With
approximately 70% of generated
electricity being consumed by build-
ings, thermal performance has be-
come a focal point for many building
owners as they want to control heat-
ing, ventilation, and air conditioning
(HVAC) costs and contribute to a
sustainable environment. However,
itis equally important to understand
and control moisture migration, a
topic that is gaining importance as
more people begin to understand
the long term damage possible if
moisture transfer is not considered
during design.

These topics can best be summa-
rized by the acronym WAVE: Water,
Air, Vapor, and Energy. All four areas
must be addressed in order to prop-
erly design a building envelope.

Water
There are a number of differ-

ent types of enclosure types used
in building design, including rain
screens, drainscreens, and double-
skin facades. This article will ex-
plore the differences between the
two most common types of enclo-
sures: cavity walls and barrier sys-
tems. When assessing the available
means of controlling water ingress
through the building envelope, the
initial question is whether the exte-
rior walls act as a cavity or a barrier
system.

A cavity system is essentially
two wall elements separated by a
hollow space or cavity. The outer
wall element provides the finish
and an initial defense against bulk
rain water, either by shedding or
absorption. The cavity or air space
between the two wall elements is
designed to collect any bulk water
that penetrates the outer wall ele-
ment and redirect it to the building
exterior. This draining plane is the
primary moisture defense system.
Given its concealed nature, it is of-
ten difficult to determine if there is
a construction defect until damages
are severe and expensive to fix.
Connections and components are
also hidden inside the cavity, where
issues may go undetected for years.

Alternatively, a barrier system, or
face-sealed system, relies on the
integrity of the outermost wall sys-
tem to resist bulk water and mois-
ture ingress. This is typically more
cost effective, and if problems oc-
cur they are easier to detect. The
key to a barrier system’s perfor-
mance is correct detailing. Besides



Figure 1— Example of corner butt joints.

precast wall systems, other barrier
systems include glass curtain walls
and metal systems.

Air
Building envelopes are often con-
structed of many materials, some of
which allow a certain amount of air
the pass through them. Unsealed
joints, window openings, flashings,
and other similar cavities can allow
air movement through the build-
ing envelope system. Together, the
amount of air that can pass through
a building’s envelope can be signifi-
cant. Studies have shown that 5%
to 20% of air leakage in buildings
occurs at doors and windows, while
20% to 50% occurs at the walls.
Air movement from the inside of
the building to the outside through
gaps, openings, and joints in the
building materials is known as ex-
filtration and is usually caused by a
difference in air pressure as a result
of stack and wind effects. Similarly,
infiltration is the movement of air
into a building from the outside. In
addition to stack and wind effects,
infiltration can also be caused by de-
pressurization from ventilation.
When not properly dealt with, the
physical movement of air through
the building envelope can carry with
it significant amounts of moisture,
which can severely impact the over-
all performance of the building.
Table 1 lists several building ma-
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Table | - Air leakage of various materials

Average leakage, cfm/ft? of surface at 0.3
in. H,0

Solid precast concrete wall
Aluminum foil vapor barrier
Extruded polystyrene insulation
Closed cell spray foam insulation
Y in. fibreboard sheathing
Breathertype building membranes
Uncoated brick wall

Uncoated concrete block

1 in. expanded polystyrene

terials and their average air-leakage
ratings. Sheathing products show a
measurable amount or air leakage,
whereas concrete shows no mea-
surable leakage. This is important
because a precast concrete wall can
serve as a continuous air barrier, as
required by the 2012 International
Energy Conservation Code.

In panelized construction like pre-
cast concrete wall systems, the pan-
els’ connectivity, joint treatment,
and continuity of insulation materi-
als are critical not only to designing
for water and air, but also for vapor
and energy. Figs 1-4 are examples
of a few key details of various inter
faces and treatments.

The key item here is the continu-
ity of the insulation and the treat-
ment of the joint, both inside and
out. Goals to be achieved in detail-
ing this type of construction are:

e apanel thatis free of thermal

bridges,

e joints that are secure and
free of gaps or cracks that
would allow for moisture to
enter the building, and

e materials that will not allow
vapor to transfer.

Vapor

With its direct path into a wall
assembly, air movement transfers
more moisture than vapor, but vapor
transfer shouldn’t be overlooked.

Water vapor spreads through a
wall assembly through a process
known as diffusion. In vapor diffu-
sion, moisture migrates from areas
of high vapor pressure to areas of
lower vapor pressure. This means
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that the moisture on the wet, ex-
terior face of a wall assembly will
attempt to spread into the dryer,
interior materials in an attempt to
equalize the vapor pressure. Achiev-
ing equilibrium is a fundamental
force of nature and must be con-
sidered in building design and con-
struction.

During cold winter months, warm
indoor air migrates towards the
colder exterior of a building. During
the warmer months, warm exterior
air is driven toward the air-condi-
tioned interior of a building. Warmer
air is able to hold more moisture
than cooler air, so vapor diffusion
dictates that the excess moisture
looks to spread to the drier spaces
in the wall assembly.

The key to stopping this migra-
tion lies in careful selection of the
materials that comprise a particular
wall system. Each component has
a perm rating. Generally speaking,
the lower the perm number, the bet-
ter the ability to stop the migration
of moisture.

According to the International
Building Code, a material with a
perm rating of 1.0 or less is con-
sidered a vapor retarder. A material
with a lower perm rating, such as
poly sheeting with a perm rating of
0.04, is typically considered a vapor
barrier. One of the most common
materials used to control moisture
in wall assemblies is rigid insulation.
The type of material and its detailing
is important for vapor control.

Below are several common build-
ing materials and their respective
perm ratings. As Table 2 illustrates,

certain materials qualify as a vapor
retarder, some act like a barrier, and
others will need some additional
detailing to stop the migration of
moisture. The critical issue then is
which materials should be used and
in what manner.

The question of whether a va-
por retarder or a vapor barrier will
be needed in the assembly greatly
depends on the building's intended
use and the part of the country in
which it is being constructed. To
help guide the design process, the
American Society of Heating, Re-
frigerating, and Air Conditioning
Engineers (ASHRAE) had developed
a regional hygrothermal chart that
divides the United States into eight
zones and five climate types. They
are:

e Severe Cold (Alaska

Northern Minnesota)

e Cold (Chicago and the major-
ity of the country above the
Mason/Dixon line)

e  Mixed/Humid (Which is the
Southeast and Pacific North-

and

west)

e Hot/Dry/Mixed (Desert South
West)

e Hot/Humid (Florida and Gulf
Coast)

Depending on the building’s in-
tended use and the materials se-
lected for the wall assembly, the
inclusion of a vapor barrier will be
guided by which of the climate
zones the building is located within.

As an example, consider a cold
climate like Chicago, where walls
are typically designed for the heat-
ing season. If there are any incon-
sistencies or thermal bridges in the
wall insulation or, if the wall make-
up doesn’t have a low perm rating,
there is a chance that vapor diffu-
sion will occur. In that situation, the
warm, moisture laden, interior air
may eventually meet with a colder
surface near the exterior of the wall.
If that happens, condensation is
likely and water will build up inside
the wall.

Fig 5 illustrates this phenome-
non. This is a brick/block cavity wall
school in the Cincinnati area. In the
bottom photo, where the control
joints and brick ledge are shown,



Table 2 - Perm Ratings of Various Materials

Concrete

Wood

Extruded Polystyrene
Expanded Polystyrene
Polyisocyanurate

Glass fiber batt

Kraft batt

Gypsum wallboard (0.375 in.)
Polyethylene (6 mil)

moisture has migrated into these
areas and impacted the thermal ef-
ficiency of the insulation. This cre-
ates an unequal thermal array and
ultimately impacts the interior tem-
perature of the CMUs.

The thermal image on the top
is the interior of that wall. Looking
past the desks in this class room,
it is clear that the base of the wall
is very cold, while the top remains
quite warm. This is the unfortunate
result of the insulation value being
significantly reduced by the pres-
ence of water.

Figure 5-Thermal imaging of block and brick walls.
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Warmer climates also require

proper consideration to avoid simi-
lar moisture issues. In a hot/mixed
climate, diffusion commonly oc-
curs when wind-driven rain is ab-
sorbed by the wall's exterior mate-
rial and stored. When the sun later
comes out, this hot, wet air is pulled
through the assembly to the cool,
dry, interior air. Just as in the colder
climate example above, it is criti-
cal that a defense mechanism be in
place within the wall assembly to
stop this migration.

The actual selection, detailing and

placement of the vapor retarding
material is a process that involves a
number of decisions, but ultimately,
the key is how it is being integrated
into the assembly. Simply put, the
ideal material must have a low perm
rating to slow vapor diffusion and be
continuous, with no penetrations,
so as to not allow air exfiltration and
infiltration.

Energy

There are several variables that
affect thermal performance and en-
ergy efficiency of building envelope
systems. Some of these include the
exterior surface color (solar absorp-
tivity), the heat capacity of the enve-
lope system components (including
thermal mass, if applicable), and the
type, amount, and position of the
insulation. But before further expla-
nation of those elements, we must
understand heat flow.

Heat flows in three ways: con-
duction, convention, and radiation.
Conduction is the flow of heat by di-
rect contact. Convection is the flow
of heat by air movement. Radiation
is the transfer of heat energy only

-
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Table 3 -Typical R-value of Materials

R-Value perinch

Steel Concrete Glass

through the molecules between
two objects some distance apart.
For transfer of heat energy to occur,
a temperature differential must ex-
ist. In those cases, the heat energy
travels from the direction of high
energy (warmer) to an area of lower
energy (cooler).

Of course, it is often desirable to
limit the flow of heat energy. Dur
ing summer, people try to keep the
heat from coming into their homes,
and in the winter, they strive to keep
it from leaving. This is accomplished
through insulation.

The fundamental metric of insu-
lation is its steady-state resistance
to heat flow. This metric is typically
referred to as R-value. In general, a
higher the R-value means more re-
sistance to heat flow and a better
the insulating power for the material
in question.

As a point of comparison, table 3
some typical construction materials
and their respective R-values per
inch.

It is interesting to note that con-
crete is comparable to glass from
an R-value perspective, and would
seem to be a poor material choice
when discussing energy-efficiency
in construction. However, that is
only part of the equation. Concrete
also possesses tremendous heat
capacity, or the ability to store heat.
Heat capacity is used by energy
codes to determine if a material has
enough thermal mass to use the
mass criteria.

When properly integrated into a
structure, thermal mass moderates
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the interior temperatures produc-
ing a comfortable space while sig-
nificantly reducing energy demand
needed to heat and cool a structure.
How is this accomplished? When
heat energy strikes a wall, it warms
its surface. Depending on the heat
capacity of the material, a portion
of this heat flows into the material,
where it is temporarily stored and
some continues through the insula-
tion and into the building. The rest
either re-radiates back out of the
material or warms the adjacent air.
The greater the heat capacity (more
thermal mass) of a material, the
more heat energy it can temporar-
ily store.

By slowing or temporarily stor-
ing this heat energy (in the case of
precast concrete and integrally insu-
lated wall systems), some of these
heat gains can be released into the
conditioned space during off-peak
times of cooling, or discharged to
the cooler, exterior air at night. In
simple terms, the natural tendency
for materials to achieve thermal
equilibrium can be used to lower the
energy consumption of a building.

The thermal mass effect is recog-
nized in ASHRAE 90.1, which allows
for a reduction in the effective R-val-
ue (and thus the amount of insula-
tion) in mass wall systems. The ben-
efits of thermal mass, coupled with
minimal thermal bridging and con-
tinuous insulation, result in a very
energy-efficient wall system. Often,
precast concrete wall systems pro-
vide performance, or effective R-
values, which are greater than the

Faced
Polyiso

Unfaced
Polyiso

material R-value. In other words, a
precast concrete wall system may
have a material R-value of R-11, but
an effective R-value of R-20. The ef-
fective R-value can be used in cal-
culating heating and cooling loads,
which can reduce the size of the
HVAC equipment, and the associat-
ed initial costs. This is the opposite
of what occurs with most stud and
cavity wall systems. For example, a
steel stud and batt insulation wall
may have material R-value of R-19,
but an effective R-value of only R-8.

Summary

As energy codes increase in strin-
gency, understanding building sci-
ence is increasingly important to
properly design a high-performance
building.

Those with a deeper understand-
ing of sustainable construction know
that it is not just about high-tech
components and quality materials,
but the interactions among those
components that ensures whether
a building performs well or not. In
the long run, the constant influence
of water and heat play perhaps an
even more critical role in the suc-
cess or failure of any construction
project. Understanding how to use
and control their effects may also
prove the deciding factor in the long
term success of the designers and
contractors building them. I\

For more information on these or other
projects, visit www.pci.org/ascent.



