
INTRODUCTION
Forensic building enclosure consultants 

are confronted daily with examples of build-
ing enclosure failures. As professionals, we 
dissect, analyze, and investigate each fail-
ure in order to find practical solutions and 
share our knowledge with the local, nation-
al, and international building industries to 
contribute to the progressive improvement 
of building practices. Each failure investi-
gated and each problem solved is an invalu-
able lesson in building science, chemistry, 
construction management, and a myriad of 
other topics. But do the aggregate of these 
experiences tell a story bigger than that of 
the individual parts? This study tries to 
answer that question by combing through 
20 years of historical data collected by one 
such forensic consulting firm. 

SAMPLE POPULATION AND 
METHODOLOGY

Throughout the past two decades, the 
authors’ firm (OAC Services, Inc.) has inves-
tigated over 1500 buildings in the Pacific 
Northwest with building enclosure systems 
that have failed during service. A sample of 
140 buildings was analyzed in this study, 
chosen randomly from a subset of projects 
for which sufficiently detailed information 
was available. Data extracted from each 
project included building age, type of failed 
system, system age, cause of failure, type 
of failure, and cost of repairs. By virtue 
of being a forensic consulting firm, data 
collected from our investigation projects 
are limited to systems that have reported-
ly failed. Successful installations are not 
included in our sample population. This is 
consistent with the goal of our study, which 

is to understand trends in failed systems. 
The results and percentages presented here 
therefore represent characteristics of failed 
systems, and not the general population of 
all building enclosure installations. 

Figure 1 shows the types of building 
enclosure system failures that were inves-
tigated in our sample population. Vertical 
systems include wall and penetration flash-
ing, siding systems, and structural insu-
lated panels (SIPs). Openings investigated 
include window and curtainwall systems. 
Horizontal systems refer to roofs, water-
proofing on decks and slabs, post-tensioned 
(PT) slab systems, and concrete slabs on 
ground (SOG). 

Failed systems are defined in this study 
as systems that are not performing their 
intended function (for example, permitting 
a path for water infiltration or air leakage), 

Figure 1 – Types of building enclosure systems included in study.
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or systems that deteriorated before reaching 
their design service life. A two-step process 
is inherent in identifying failures in our data 
set. First, failures have to be self-reported 
by building owners. Some indication of 
either non-performance or physical damage 
was noted by the building owner, tenant, 
or maintenance staff, triggering our inves-
tigation. Through forensic investigations, 
we then determined the cause of such 
failures. Systems that were non-perform-
ing due to lack of maintenance or normal 
aging were not classified as failures in our 
study. Isolated issues and items covered by 
a manufacturer’s warranty were also not 
included. Our sample population includ-
ed only projects that were non-performing 
and required either systemic modifications 
or complete replacement before reaching 
either the published or industry average 
expected service life of the specific system 
investigated. Failure characteristics were 
plotted against building 
age to reveal trends in 
how building enclosure 
systems performed over 
time.

FINDINGS
Longevity of Building 
Enclosure Systems

Table 1 illustrates 
the comparative age of 
building enclosure sys-
tems at failure with 
respect to the building’s 
age in 2018. On aver-
age, building enclosure 
systems in our sam-
ple population failed at 

approximately 12 years, which is about 
24% of the 50 years of expected service life 
of a typical building constructed in the U.S. 
Further, the average longevity of building 
enclosure systems has decreased steadily 
every decade between 1950 and 2018, with 
the exception of a slight improvement in the 
2000s. 

To understand what may account for 
the difference in building enclosure system 
performance, we explored the data’s cor-
relation to major design and construction 
practice changes throughout the past few 
decades. The general time of occurrence for 
these events is plotted along with our data 
(Figure 2). 

Trends in Failure Mechanisms
In this study, failures were categorized 

into three modes. Water intrusion refers to 
entry of bulk water through the building 
enclosure system. Vapor drive failures are 

Figure 2 – Correlation between year of construction and building enclosure system 
longevity.
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 Year Average building System life compared
 constructed age at failure to 50-year expected
   service life

 1950-1959 55.5 111%

 1960-1969 36.9 74%

 1970-1979 20.5 41%

 1980-1989 15.6 31%

 1990-1999 5.2 10%

 2000-2010 6.9 14%

 2010-2018 2.8 6%

 Overall 12.0 24%

Table 1 – Historical comparison of actual service life for building 
enclosures.
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caused by the movement of vapor carried 
by warm air through the building enclosure, 
resulting in accumulation of condensate 
at undesirable locations within the sys-
tem. Structural failures refer to failure of 
building enclosure systems by the physical 
disconnection of system components and/
or collapse. Figure 3 shows that the major-
ity of failures investigated in our sample 
population were related to water intrusion. 
These data were also plotted as percentages 
of projects investigated in five-year incre-
ments to show the relative frequency of 
each failure mode through time (Figure 4). 
The percentage of water intrusion failures 
decreased sharply in the early 2000s and 
appears to be in a downward trend. The per-
centage of vapor drive failures, on the other 
hand, appears to be gradually increasing. 

Trends in Failure Cause
The cause of failure for many build-

ing enclosure systems can be character-
ized in three general categories: materi-
al-, design-, or installation-related failures. 
Material-related failures refer to the failure 
of building products to perform as they were 
designed or formulated to do. Design fail-
ures include omissions, errors, or deliberate 
design decisions such as value engineering 
strategies that undermined the integrity of 
the building enclosure system. Installation 
failures refer to system components not 
being stored, handled, assembled, and/or 
integrated properly at the construction site. 

Although it is not uncommon to find all 
three types of issues contributing to a par-
ticular failure, we observed that material- 
related failures are generally less prevalent 
than failures caused by design or installa-

tion issues (Figure 5). Figure 6 illustrates 
the percentage of our sample population 
that corresponds to material, design, and 
installation failures through time. We found 
that the percentage of failures attributable 
to each cause is not constant. The fluctua-
tion in quality of installation is most prom-
inent. Installation issues caused only about 
a quarter of the failures in the mid-1980s, 
but that number rose to more than half 
of all failures observed in the mid-2000s. 
Following this trend in less dramatic man-
ner are design and material issues. We also 
noted that the timing of minimum and max-
imum design contribution to failure tends 
to fall ahead of the minima and maxima 
caused by material and installation.

DISCUSSION
Trends in Building Enclosure System 
Longevity

Table 1 and Figure 2 show a trend of 
worsening building enclosure system per-
formance through time. However, as we 
sorted through the historic project data, it 
became apparent that as building enclosure 
systems evolved, the definition of “failure” 
changed over time as well. For instance, 
energy performance was not frequently con-
sidered a design parameter prior to the 
energy crisis of the 1970s, and common 
construction practice around that time fre-
quently resulted in building enclosures 
that did not significantly restrict airflow 
within and through wall and roof cavities. 
In fact, the higher degree of air leakage in 
building enclosures constructed at that 
time provided ventilation that dried out wall 

systems between rain events and allowed 
for more tolerance in installation errors. In 
recent years, however, as building codes 
have become more stringent and energy 
is more costly, a building enclosure that 
permits excessive air leakage would have 
failed in its intended purpose, even if it per-
mitted no rain water into the wall system. 
Compounding the issue is the decrease in 
the wall system’s ability to dry itself out 
with incidental ventilation in the event of 
localized water infiltration. 

Thus, one change in building enclosure 
design philosophy created two new avenues 
of failure. A wall system that was adequate 
before would now be classified as failed. 
Similarly, owner expectations change over 
time as they become more educated about 
their buildings. As the definition of failure 
expands over time, the probability of finding 
failures in building enclosure systems grad-
ually increases over time as well.

It is likely that this expanded definition 
of failure in recent years has contributed to 
the trend of decreased longevity of building 
enclosure systems. It is, however, not the 
only reason uncovered in our analysis.

Interaction of Design, Manufacture, and 
Installation

In our experience, innovation often 
moves through the construction industry in 
a cyclic pattern. When a need for innovation 
is identified—either through experience or 
triggered by regulations—the design indus-
try is the first to respond. As these new 
designs are implemented in the field, the 
skill and knowledge of construction labor 

Figure 4 – Correlation between year of construction and failure mode.

Figure 3 – Comparative percentage of 
observed failure modes.



gradually catch up with the demands of the 
new designs. Manufacturers of materials, 
receiving feedback from both designers and 
contractors, then develop or modify materi-
als that address these emerging issues. The 
cycle then repeats itself as designers refine 
their work based on field experience and 
continue to innovate. 

In this study, we were able to observe 
the innovation cycle in action (Figure 6). The 
first minimum we observed was in the early 
1960s on the curve representing design- 
related failures. In the mid-1960s, installa-
tion- and material-related failures followed 
with their own minima, illustrating the end 
of the corresponding innovation cycle. But 
as installation practices and materials were 
being improved in the late 1960s, we saw a 
different set of design-related failures rising. 
The design curve peaked again in the mid- 
1990s and was the first to start its decline, 
followed again by the installation and mate-
rial curves.

Our data showed that it took, on average, 
between five and ten years for the effects of 
optimized designs to be filtered through 
to the constructor level, by which time 
design best practices were already chang-
ing and introducing a new set of issues. 
This can be problematic—particularly 
in a time when construction technologies 
are rapidly changing, as we’ve seen in recent 
years. This misalignment between design 
and construction is likely another cause of 
the observed decrease in building enclosure 
system longevity in newer systems. Half 
a century ago, building system technol-
ogy did not change as rapidly as it does 
today. The lag of five to ten years between 

perfection of a design and integration into 
construction knowledge was not as critical 
when buildings were constructed the same 
way with the same materials decades later. 
With design and material changes occurring 
quickly, however, this gap between design 
and construction knowledge needs to be 
addressed if we expect to truly reap the ben-
efits of optimized designs in our buildings. 

Impact of Code Requirements
The intricate connection between design 

and construction is also illustrated by the 
changes in building enclosure design since 
the 1970s, spurred on in part by code and 
regulatory changes.

One of the major milestones for building 
design in the second half of the twentieth 
century was the development of the build-
ing energy code, originally as a response to 
the energy crisis in the early 1970s. Rising 
energy costs during the energy crisis also 
prompted owners and building designers 
to look into more cost-effective ways of 
insulating their buildings. Due to cost and 
insulation value, barrier exterior insulation 
and finish systems (EIFS)—mainly used in 
retrofitting masonry buildings—were quick-
ly adapted for new wood construction in the 
Pacific Northwest. A better understanding of 
the link between air leakage and energy use 
also prompted designers to “tighten up” the 
building enclosure. 

Unfortunately, these early energy inno-
vations did not adequately consider the 
unique demands of the Pacific Northwest cli-
mate, and an explosion of water-intrusion- 
related building enclosure failures followed 
in the 1980s and 1990s. The flood of 
lawsuits involving condominium buildings 
affected by failing building enclosures trig-
gered the need for new regulations. As a 
result, the Washington State Condominium 
Act and new building enclosure design 
approaches—including the rainscreen sys-
tem—were developed in the early 1990s. 
Rainscreen systems are preferred in the 
wet Pacific Northwest climate because they 
provide drainage for incidental water entry 
behind the rainscreen cladding. As rain-
screen cladding systems became more wide-
ly used in the early 2000s, we observed the 
first drastic improvement in building enclo-
sure system performance since the 1950s. 

An additional requirement for whole- 
building air testing was included in the ener-
gy code in 2009. This again spurred chang-
es in the construction and design industry 
because, for the first time, whole-building 

Figure 5 – Comparative percentage of 
observed causes of failure.
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air leakage was measured against a quan-
titative standard. Unfortunately, our expe-
rience has shown that water management 
measures for these newer buildings did not 
keep up with their improved airtightness. 
Before the era of super-airtight buildings, 
underperforming water management sys-
tems were able to tolerate some water intru-
sion because the wall systems could dry out 
with the help of air flow. Without this unin-
tentional drying mechanism, organic growth 
within walls has become more common. 
Although buildings now are more energy 
efficient, they also have a smaller margin for 
error in their water management systems. 
A new class of vapor-drive-related failures 
began to emerge, and the correct execution 
of design concepts has become much more 
important.

Impact of Skilled Labor Availability
Implementation of new technology 

requires development of new skill sets in 
the labor force. However, without a reliable 
structure for disseminating new information 
and sharing new skills in the construction 
industry, we have seen a consistent lag 
between the refinement of design inno-
vations and the ability to execute these 
designs in real-life installations. Technical 
innovation can advance the construction 
industry only to the extent that it is com-
plemented by practical training, sharing of 
information across disciplines, and good 
quality control. The lack of training and 
poor understanding of design intent in the 
labor force manifests as poor-quality con-
struction and poor communication between 

contractors and designers in the field. 
Many of these issues can be prevented 

by providing adequate training to the work-
ers, and supervision by staff who under-
stand the products and building assemblies 
used. Unfortunately, this is a challenge in 
the current labor market. Surveys conduct-
ed by the Associated General Contractors 
of America (AGC) and the U.S. Chamber 
of Commerce consistently reported in the 
past five years that over 60% of companies 
surveyed had trouble filling hourly craft 
positions, and over half of the companies 
surveyed also have high concern over the 
skill level of available workers. 

Economic forces play a considerable role 
in the availability of a skilled labor pool. In 
the late 2000s, the recession hit the U.S., 
and many of the construction industry’s 
skilled laborers left the industry and did 
not return, resulting in a shortage of skilled 
labor during recovery years in the 2010s. 
In other cases, regional booms attract a 
migrating labor force that comes with skill 
sets that are not necessarily regionally 
transferrable. Now more than ever, training 
and information sharing is paramount to 
bridge the gap between design and con-
struction.

CONCLUSION AND 
RECOMMENDATION

Working with new building enclosure 
technologies can have both favorable and 
unfavorable consequences. New materials 
and systems and more advanced analysis 
tools let us build higher, lighter, tighter, and 
faster. However, that also leaves us with 

increasingly smaller margins of error for the 
communication and execution of the design, 
and for incorporating lessons learned from 
failures in a timely manner. This study has 
shown that the delay in getting these les-
sons integrated into the consciousness of 
the constructors has a significant impact on 
the longevity of building enclosure systems 
as we move into a rapidly changing con-
struction landscape.

Although construction practices play 
a large part in building enclosure fail-
ures, design and legislation also play a 
role. Legislation is demanding more of our 
building footprints. Without well-considered 
and communicated designs, contractors are 
sometimes left with poor guidance and too 
much freedom to ad lib. On the flip side, 
constructability often needs time to work 
its way into design philosophy. Without 
constructible details, the contractor is at 
a disadvantage. Often, contractors who do 
not understand the finer details of the new 
system will default to their knowledge base 
of conventional construction. This can ulti-
mately compromise the performance of the 
building enclosure. 

It is therefore paramount that the design 
is carefully considered from the perspective 
of the installer and maintenance staff, and 
clear and concise details and instructions 
are provided in the construction documents 
to highlight the unique requirements of 
each building enclosure system. Creating 
effective construction details cannot and 
should not begin and end with a sketch 
in a set of drawings. Designers must first 
educate themselves on the “why” of var-
ious systems, then assist in educating 
everyone involved in the project—owners, 
manufacturers, superintendents, trades-
men, and maintenance staff—of the impor-
tance of quality materials and installation. 
In a changing industry, owners, develop-
ers, contractors, and designers must be 
ready to constantly improve their processes 
and share information across disciplines to 
ensure continued success. 
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CORRECTIONS
We deeply regret that GAF was inadvertently absent from our list of platinum 

sponsors on pages 54-55 in the May/June issue of IIBEC Interface and from mention 
in the Foundation Fundraiser article on pages 74-75. GAF has sponsored the fund-
raiser for 15 years and is a Platinum-level sponsor of convention activities. See more 
about GAF’s contributions to the RCI Foundation and IIBEC on page 36.

In the April issue of IIBEC Interface, a caption was mislabeled. Figure 2 on page 
30 should have read: NFPA 285 text.


