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LEARNING OBJECTIVES

Should institutional and commercial buildings 
be built to last 100 years? Why not? There are 
plenty of examples—religious structures, uni-

versity buildings, train stations, and so on—that have 
performed well for a century or more. The principles 
behind their success should inform new buildings 
for long-term owners like higher education, govern-
ment agencies, school districts, judicial systems, and 
commercial developers with long-term disposition 
horizons.

There are two important factors in making super-
durable structures: 1) the choice of building materials 
and systems and 2) the detailing and construction 
of the enclosure, particularly the walls, roof assem-
blies, and foundation systems. You must ask how 
your Building Team can limit the effects of through-
enclosure action that tends to reduce the life span of 
buildings through predictable heat, air, and mois-
ture—so-called “HAM”—impacts.

Tougher, more sustainable project approaches 
based on good enclosure design as well as proven 
solutions and novel construction methods hold the 

promise of sturdier, more hard-wearing buildings.
First, consider certain underlying principles, such as resiliency.

Some resilient strategies go back centuries, such as sticky rice liquid 
in 1,500-year-old mortars made with slaked lime. This super-strong 
formula enabled historic landmarks in China to withstand seismic 
shocks that have leveled nearby modern structures. In more recent 
construction, earthquake-resistant designs in Japan combine fl exible 
structures with extra-deep foundations and robust damping and rub-
ber isolator systems.

A second principle ties into the notion of maintenance over the 
building’s life. Jonathan Leavitt, AIA, Principal, Leavitt Associates 
(www.leavittassoc.com), points out that the 20-year warranties on 
high-quality envelope fi nishes and sealants or the 10-year assur-
ances for insulated glazing units (IGUs) may suggest to some AEC 
professionals that the products are likely to last much longer. This is 
not always the case. “The fallacy is that many materials deteriorate 
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After reading this article, you should be able to:

+  DESCRIBE how heat, air, and moisture can 
compromise the building envelope and undermine 
energy efficiency and durability.

+  LIST key systems and components for proper 
enclosure performance.

+  DISCUSS how design and construction practices 
can affect enclosure performance, sustainability, and 
durability.

+  COMPARE two novel technologies that can be used 
to improve the energy efficiency of building enclosures.

STRATEGIES FOR HEAT-AIR-MOISTURE CONTROL
The 100-Year Enclosure

A silicone air barrier can be applied 
by roller, or as shown here, by using 
an airless sprayer.
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according to a predictable, linear schedule,” says Leavitt. “Some 
materials will outlast their warranties but others will start to fail after 
the specified period of time.” So if the owner group plans to reseal 
the façades or replace the IGUs regularly, these warranties constitute 
a logical maintenance framework. If that’s not the plan, he suggests 
using materials that take on a desirable patina as they age, but don’t 
come with a warranty.

Third, green building principles and energy-efficient construction 
approaches often lead to durable solutions. Consider older build-
ings that perform well year-round. Their windows and walls often are 
more expensive to build than typical commercial construction, but 
they often make up for these costs with smaller, less costly mechani-
cal, electrical, and plumbing systems that also cost less to operate, 
says Monte Paulsen, Principal, Red Door Energy Advisors (http://red-
doorenergyadvisors.ca). He notes that Passive House buildings may 
have higher initial costs, but use an average 90% less heating energy 
than buildings that merely meet code.

THE BASICS OF HEAT, AIR, AND MOISTURE
Good enclosure performance is an essential prerequisite for long-
lifetime structures and durable buildings with excellent ROI. The enclo-
sure controls the main sources of material and structural degradation: 
ultraviolet light, moisture, corrosives, and severe weather. Best-prac-
tice enclosure design focuses on diminishing the impact of heat, air, 
and moisture as they relate to long-term wear and tear. 

To understand the interactions and impacts of HAM on a build-
ing, consider two general effects, says Sam Hagerman, President of 
construction company Hammer & Hand (hammerandhand.com). First, 
it is important to address their individual influences:
n Heat requires an understanding of air temperature, surface tem-

perature, material temperature, and, most importantly, conduction, 
convection, and radiation.

n Air demands attention as a transfer medium and as a variable in 
occupant health and comfort. This goes beyond considering just 
the pathways of air movement, which are typically addressed with 

air-barrier systems or similar assemblies.
n Moisture entails not only bulk water from rain and groundwater but 

also moisture content and condensation from building materials, 
human respiration, and other indoor sources such as restrooms, 
lockers, and boilers.
Heat, air, and moisture should also be understood in juxtaposition 

to each other, says Hagerman: “How do heat and air, air and mois-
ture, and moisture and heat interact? How does each element relate 
to the other two as part of a triangle, each element affecting the other 
two?”

According to noted building scientist Mark Bomberg, editor of The 
Journal of Building Physics and a Professor at McMaster University, 
Hamilton, Ont., “Heat, air, and moisture transport mechanisms across 
a building envelope are inseparable phenomena.” He notes that air-
barrier systems not only resist air leakage and but can often provide 
effective moisture control, including controlling the transport of water 
vapor into wall cavities and occupied interior spaces. (Water vapor 
diffusion, or the movement of water along a concentration gradient, 
is among the most effective ways for moisture to enter the envelope 
and occupied zones.) Bomberg notes that properly located insulated 
sheathing layers can not only control temperatures inside an envelope 
space, but can also control the potential for condensation within the 
enclosure.

DEALING WITH AIR FLOW, INSIDE AND OUT
Highly durable buildings have exceptional long-term performance in 
terms of air movement, both infiltration into the building and exfiltration 
out of it. Airtightness has several benefits related to durability. It boosts 
MEP system performance, limits possible heat and humidity effects, 
improves hygrothermal performance, reduces the deposition of un-
desired moisture in construction assemblies, and cuts the ingress of 
mold and pollutants from outdoor sources.

Vapor diffusion, another effect, allows for drying of enclosure cavi-
ties under certain conditions. In some climate zones, however, vapor 
diffusion must be handled with expert care to avoid possible conden-
sation and wetting of material surfaces, including structural members 
within the walls, roof assembly, and foundation.

One key to controlling air movement is to ensure that, throughout 
the design and construction process, your Building Team maintains 
a focus on high-quality air barriers and moisture-control layers, 
says Phil Kabza, FCSI, CCS, AIA, Partner in the specifications firm 
SpecGuy (www.specguy.com). An important level of oversight must 
take place in the construction documentation phase. In the CD phase, 
specification writing and architectural detailing should include sufficient 
description of attachment methods, joint treatment, and termination 
methods. Then, during construction administration (CA), the build-
ing owner should expect to see carefully supervised installation by a 
dedicated team of skilled trades.

Another key consideration should be the use of air-barrier perfor-
mance testing or commissioning. Only a scattering of state energy 
codes and government agencies (the U.S. Army Corps of Engineers 
is one notable example) require such testing and commissioning, 
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Design firms ECI/Hyer and THA Architecture (now Hacker) specified re-
duction-fired vertical tiles for the $138 million Statewide Library, Archives, 
and Museum, Juneau, Alaska. Also on the Building Team: Schneider Engi-
neering (SE), AMC Engineers (MEP), and PCL Construction Services (GC).
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according to the U.S. Green Building Council. A recent shift in inter-
est from air-barrier performance testing in favor of more rigorous 
air-barrier commissioning is ideal for long-life buildings, as air-barrier 
commissioning “establishes air barrier performance benchmarks that 
will improve energy-usage forecasting results and may also qualify for 
LEED credits,” according to the USGBC.

Among the primary aims of commissioning is a CD review to 
ensure the air barrier is shown as gap-free and continuous, and that 
all transition details are sufficiently depicted and labeled with explana-
tory callouts. During installation, monitoring and quality-control field 
inspections help guarantee the highest level of conformance to the 
design.

Another area to focus on is the review of applied joint treatments 
in the envelope, especially sealants and gaskets, according to build-
ing enclosure expert Richard Keleher, AIA, CSI, LEED AP (www.rkele-
her.com). He writes: “We often have conditions that are not covered 
by standards, or the application of the standards is too complicated 
to be understood by installers” who must construct the intersections 
of those different systems. This occurs frequently in interface condi-
tions for windows, curtain walls, and metal panel systems as well as 
with metal studs, sheathings, flashings, and barrier materials.

One design configuration that is “almost always a problem,” 
according to Keleher, is ganged and stacked windows. He recom-
mends either forgoing the use of ganged or stacked windows or 
conducting mockup tests of these assemblies in a lab or in the field. 
He further recommends engaging the services of a façade consultant 
or detailer to document the envelope systems to the correct level of 
detail complexity.

FACTORING IN HEAT, COLD, AND MOISTURE
Good thermal control of the building envelope is possible only if the 
air-barrier system and moisture-control layers work properly so that 
the insulation material can do its job, says Keleher. Once air and mois-
ture elements are in check, you’re ready to turn to strategies for the 
building-wide thermal control system.

Hamilton University’s Bomberg says that assessing the energy per-
formance of the building envelope involves three different consider-
ations: 1) air leakage characteristics and ventilation rate; 2) conductive 
heat transfer, or “the quantity of heat transferred through the walls, 
windows, and other elements of the building envelope”; and 3) what 
he calls “mold control,” or the differences in temperatures on interior 
surfaces of the enclosure.

Disconnecting the interior environment from external natural forces 
is crucial to guiding the design development (DD) work. “The perfect 
wall is an environmental separator—it has to keep the outside out and 
the inside in,” says building science leader Joseph Lstiburek. He is 
renowned for what he calls “the institutional wall,” a high-performance 
vertical enclosure design for “buildings that are passed down from one 
generation to the next for any climate zone”—museums, art galler-
ies, courthouses, libraries, and the like. Only one variable changes to 
adjust to the specific climate zone: the insulation level, which Lstiburek 
says should generally be double what most AEC teams think it should 

be, regardless of the locale.
Placement of the insulation layer is another critical envelope design 

consideration. Lstiburek’s ideal institutional wall presents as a stone or 
brick façade, behind which is a drained cavity, followed by a layer of 
rigid insulation, such as extruded or expanded polystyrene, poly-
isocyanurate, rock wool, or fiberglass. Behind that is the most vital 
environmental separator: a membrane or spray-applied vapor barrier, 
air barrier, and the continuous drainage plane. Concrete block or an-
other structural material stands behind that, with a furred-out interior 
gypsum-board wall finished in latex paint or a vapor-semi-permeable 

textured coating. Lstiburek suggests that high-density spray closed-
cell foam can be substituted for all four principal control layers.

Water vapor also should be able to exit from the envelope, because 
even a conceptually perfect wall will experience some moisture 
ingress. To design the envelope such that it allows drying, Lstiburek 
counsels letting the envelope dry to the interior in hot and humid 
regions and to the outside in cold climate zones. Mixed-humid regions 
call for interior drying but with insulated assemblies to moderate 
heating of exterior sheathing. In mixed-dry and hot-dry climes, the 
envelope should be allowed to dry to both inside and outside. 

While there are many ways to skin a building, the most important 
factor for them to be durable and efficient buildings is the use of 
continuous exterior insulation, or “ci.” Continuous insulation is defined 
in ASHRAE Standard 90.1 and in the Building Energy Codes Resource 
Center as insulating material that “runs continuously over structural 
members and is free of significant thermal bridging, such as rigid foam 
insulation above the ceiling deck. It is installed on the interior, exterior, 
or is integral to any opaque surface of the building envelope.” The Min-
nesota state energy code adds that the insulation’s effectiveness should 
be “undiminished by compression or bridging, except for fasteners.”
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The rainscreen for this Microsoft office building in Santiago, Chile, allows 
for expressive shapes but also limits solar heat gain while preserving 
views. BL Arquitectos Asociados was the designer.
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Some commercial cladding systems use fasteners to bridge the in-
sulation layer, which means they’re cantilevering from the structure or 
subframing. As a result, such designs may not precisely meet all these 
stringent criteria. For a durable and effective envelope, your structural 
engineer should stipulate positive, stable means to carry external 
forces from cladding panels to the primary building structure.

In any case, continuity of insulation, especially at roof-wall and 
window-wall interfaces, is essential to long-term effectiveness. 
“The proper placement of insulation in the voids at the window 
perimeter and maintaining continuity of the façade functional layers 
improves performance, including reduction of drafts and energy loss 
around windows,” according to Simpson Gumpertz & Heger’s Nik 
Vigener, PE, and Mark A. Brown, in their detailed article (http://bit.
ly/2dZ457y) for the National Institute of Building Sciences’ Whole 
Building Design Guide.

GLASS, TRANSPARENCY, AND DURABILITY
Vigener and Brown also highlight the importance of fenestration to 
the energy equation and long-term building performance. Glass wall 
areas bring in daylight and some desirable warmth, or solar heat 
gain, and offer outdoor views. Yet unwanted glare, excessive or un-
controlled heating, energy loss due to conduction through glass and 
metal frames, and some UV degradation of interior materials are just 
a sampling of the durability concerns for building owners who want 
to hold their properties over the long term. 

For glass systems to insulate well, consider employing double- 
and triple-glazed IGUs and options such as argon (or other fill), 
low-emissivity coatings, and spectrally selective tinted glass panels. 
Low-conductivity thermal breaks in the frames of polyurethane, poly-
amide, or nylon I-beams can also boost performance and reduce 
the temperature difference (“delta T”) that may prematurely degrade 
building assemblies. The WBDG states, “Disadvantages of thermal 
breaks include reduced frame strength and stiffness.” The WBDG 
adds, however, that polyurethane in so-called poured-and-de-
bridged thermal breaks may be subject to shrinkage or embrittling. 
To solve this, the breaks should be mechanically locked in place in 
IGU frames that also have backup attachments.

Another durability consideration for fenestration systems is thermal 
stress. Over time, the larger a glass panel is and the greater its delta T 
from environmental and assembly conditions, the greater the possibil-
ity of thermal stress breaks. In large IGUs, when the center of a glass 
panel becomes much warmer than its edges, the heat strain may 
exceed the strength of the glass edge and perimeter attachments, 
causing breaks. According to glass maker PPG, which publishes 
an online thermal stress analysis tool (ppgtechnicalresources.com/
ThermalStress), this action is especially probable in the early morning, 
when cooler glass panels are first struck by bright, direct morning sun.

For some facilities, the desire for diffused daylighting or the ben-
efits of sky brightness without direct sunlight outweigh the need for 
high levels of transparency and maximized views. Translucent panels 
of polycarbonate or other thermoplastics, some with prismatic fibers 
to boost light throughput, represent one solution. Others include 

reflective films, in-the-window blinds, and auto-frosting mechanisms 
that create more robust and even active façades that respond to 
changing weather conditions. In some cases, deeper windows, solar 
shades and canopies, and even exterior rainscreens for permanent 
control of solar heat gain and thermal stresses can be employed to 
allow outside views and admit plenty of visible light.

For a Microsoft office building in Chile, “We needed a second 
skin that gave the proper shade while guaranteeing views,” recalls 
architect Pablo Larraín, BL Arquitectos Asociados, who designed with 
Esteban Undurraga, LEED AP BD+C, of green building consultant 
Minus. The exterior rainscreen is cut in horizontal curved bands that 
run across the façades, inspired by snowdrifts visible from the build-
ing. Thermal modeling showed the exterior rainscreen reduced glass 
material needs in the primary curtain wall façade by about 30% and 
trimmed thermal load demand by 47.9%. The project achieved LEED 
Gold certification, according to the cladding manufacturer, Trespa.

Corporate facilities and headquarters are serving as de facto 
demonstration sites for long-range, effective buy-and-hold ideas 
such as net-zero energy operations, climate change resiliency, and 
employee health and wellness amenities. Still, it’s safe to say that 
most corporate owners are unlikely to own their global facilities for 
long periods of time. With this in mind, John Straube, PhD, PEng, 
Principal, Building Science Corp., says that less window area and in-
creased opaque envelope surface represent better tactics for robust, 
low-energy building operations. Even the best double-glazed IGUs 
have very low R-values at center-of-glass, even if specified with low-
e coatings and argon fill and set in aluminum frames with excellent 
thermal breaks, he says. Wall openings for windows, doorways, and 
service penetrations are also likely locations for air-barrier failures 
and moisture incursion.

WEIGHING GLAZING’S COSTS AND BENEFITS 
Balance is the key. Buildings need windows, but experts like 
architect Steve Mouzon, who is based in Miami Beach, explain that 
floor-to-ceiling glazing doesn’t always add to the amount of available 
interior daylight, because most of it is unusable or ineffective: it lands 
below the level of desktops, counters, and furnishings, where it is 
actually needed. As Mouzon notes, buildings can receive more than 
sufficient daylight with less than a third of their walls glazed or with 
relatively small-aperture skylights.

This strategy also helps balance the desire for openings with the 
need for barrier continuity. That’s why it’s wise to plan for redun-
dancy, backup, and contingency. Since it is virtually impossible to 
prevent all wind-driven rain and other moisture from entering an 
envelope assembly, it is essential to predict how it will enter and how 
to ensure it is drained and dried. To do so, minimize the number of 
penetrations and seal and flash them as best as possible, to limit 
the flow of bulk liquid, says André O. Desjarlais, Program Manager, 
Building Envelopes Research Program, Oak Ridge National Labora-
tory. Then, he advises, confirm that the enclosure design has an ef-
fective and continuous drainage plane designed to carry water down 
and out toward the exterior.
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TAKE A SYSTEMS-THINKING APPROACH
Among the best approaches to creating durable, long-lasting build-
ings is to treat the envelope as one of four major systems, along with 
structural, mechanical, and interior design, that need to be resolved, 
rather than as separate product applications. The envelope has to 
respond to both natural forces and human values: “The natural forces 
include rain, snow, wind, and sun,” writes Richard Rush, in The Build-
ing Systems Integration Handbook. “Human concerns include safety, 
security, and task success. The envelope provides protection by 
enclosure and by balancing internal and external environmental forces. 
To achieve protection it allows for careful control of penetrations.”

This view holds regardless of the building’s style or apparent in-
novation, says Leavitt. “In reality, many nice ordinary buildings from 
yesteryear have some of the same leakage problems, and worse, than 
buildings of today,” he says. In other words, boring designs do not 
equate with more conservative approaches to eliminating construc-
tion defects. In fact, the opposite may be true, says Alex Wilson, 
President, Resilient Design Institute (www.resilientdesign.org). One of 
RDI’s core principles is that durability undergirds resilience. “Durability 
involves not only building practices, but also building design (beauti-
ful buildings will be maintained and last longer), infrastructure, and 
ecosystems,” the group states.

Building Teams seek both beauty as a standard for building enve-
lopes and innovation as a means to assure long-term durability and 
occupant well-being. If your team shoots for a more innovative result, 
shouldn’t it also conduct careful testing and vetting of the design 
concepts to make sure they work? Building energy modeling, the use 
of mockups, and even a trial installation can be valuable steps toward 
resiliency and durability for the building envelope.

Do these measures assure success? “Yes, but the mockup and 
water test have to be done far enough in advance to allow time to 
change the design,” says Leavitt. Sometimes the design fails the test. 
When that happens, you must be able to change details for systems 
like the IGUs and windows before they are fabricated—and before 
they can have a negative impact on the budget.

So, it seems, innovation in team organization and project manage-
ment is another essential part of creating the 100-year building.

>  EDITOR’S NOTE
This completes the reading for this course.  
To earn 1.0 AIA CES HSW learning units, study the 
article carefully and take the exam posted at  
www.BDCnetwork.com/EnclosuresAndCladding

A recent study by the United States Department of Energy reports as much as  

40 percent of a building’s heating and cooling energy is lost through uncontrolled air 

movement. From reducing construction costs to achieving seamless building envelope 

efficiency, fluid-applied barriers such as the StoGuard® system are the first choice for 

effective performance on any substrate, and every jobsite. 

     Traditionally, construction has relied on paper building wraps that are mechanically 

fastened to wall surfaces. These fasteners create holes that allow air and moisture to 

enter the building envelope. Today, time- and budget-conscious builders use fluid-ap-

plied barriers that easily spray or roll onto substrates. The result is an efficient, airtight 

building envelope that delivers peace of mind. 

     StoGuard® Air and Moisture Barriers combine this simple fluid application with 

seamless control, saving time and labor on the jobsite without sacrificing performance. 

Available in a range of vapor permeable and impermeable products, StoGuard® sys-

tems are the perfect partner for code-compliant building envelope protection delivered 

on time, and on budget.

www.stocorp.com/AMBSolutions

Saving Time and Money on the Jobsite with Fluid-Applied Air 
and Moisture Barriers.
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