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ABSTRACT

In 1998, Persily published a review of commercial and institutional building airtightness data that found
significant levels of air leakage and debunked the “myth” of the airtight commercial building. This paper
updates the earlier analysis for the United States by including data from over 100 additional buildings. The
average airtightness of 28.4 m*h-m? at 75 Pa is essentially the same as reported by Persily in 1998. This
average airtightness is in the same range as that reported for typical U.S. houses and is also similar to
averages reported for commercial buildings built in the United Kingdom prior to recent airtightness
regulations. Additionally, the trend of taller buildings being tighter and the lack of correlation between year
of construction and building air leakage observed are consistent with the earlier report. This new analysis
also found a trend (with considerable scatter) towards tighter buildings in colder climates. Although this
study more than doubles the number of buildings in the air leakage database, any conclusions from this
analysis are still limited by the number of buildings and lack of random sampling.
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INTRODUCTION

Persily (1998) published a review of commercial and institutional building airtightness
data that found significant levels of air leakage and debunked the “myth” of the airtight
commercial building. That analysis also failed to support correlations between airtightness
and building age or construction. This paper updates the earlier analysis by adding over
100 U.S. buildings — more than doubling the number of U.S. buildings in the database.

Many discussions in the popular press and the technical literature still refer to commercial
and institutional buildings, and newer buildings in particular, as being airtight. “Tight
buildings” often are blamed for a host of indoor air quality problems including high rates
of health complaints and more serious illnesses among building occupants. Furthermore,
discussions and analyses of energy consumption in commercial and institutional buildings
frequently are based on the assumption that envelope air leakage is not a significant
portion of the energy used for space conditioning. These statements are almost never
supported by any test data or airflow analysis for the buildings in question.

Building envelope airtightness is also one critical input to building airflow models, such as
CONTAM (Dols and Walton 2002), which predict air leakage rates through the building
envelope induced by outdoor weather and ventilation system operation. These predicted



airflow rates can be used to estimate the energy consumption associated with air leakage
and to investigate the potential for energy savings through improvements in envelope
airtightness and in ventilation system control (Emmerich et al. 2005). Importantly, these
airflow rates can also be used to predict indoor contaminant levels and occupant exposure
to indoor pollutants, and to evaluate the impacts of various indoor air quality control
strategies. Therefore, it is important to have reliable values of envelope airtightness for
commercial and institutional buildings.

In mechanically ventilated buildings, a tight envelope is desirable, as envelope leakage has
several potentially negative consequences. These include uncontrolled and unconditioned
outdoor air intake, thermal comfort problems, material degradation and moisture problems
that can lead to microbial growth and serious indoor air quality problems.

This paper reports on the analysis of measured envelope airtightness data from over 200
U.S. commercial and institutional buildings assembled from both published literature and
previously unpublished data. The buildings include office buildings, schools, retail
buildings, industrial buildings and other building types. It is the largest such collection and
analysis that has been presented to date. This paper summarizes the data, analyzes the data
for trends, and compares the results to the earlier study.

MEASURING ENVELOPE AIRTIGHTNESS

The airtightness of building envelopes is measured using a fan pressurization test in which
a fan is used to create a series of pressure differences across the building envelope
between the building interior and the outdoors. The airflow rates through the fan that are
required to maintain these induced pressured differences are then measured. Elevated
pressure differences of up to 75 Pa are used to override weather-induced pressures such
that the test results are independent of weather conditions and provide a measure of the
physical airtightness of the exterior envelope of the building.

ASTM Standard E779 (ASTM 1999) is a test method that describes the fan pressurization
test procedure in detail, including the specifications of the test equipment and the analysis
of the test data. In conducting a fan pressurization test in a large building, the building’s
own air-handling equipment sometimes can be employed to induce the test pressures. A
Canadian General Standards Board test method, CGSB 149.15, describes the use of the
air-handling equipment in a building to conduct such a test (CGSB 1996). In other cases, a
large fan is brought to the building to perform the test such as described by the Chartered
Institution for Building Services Engineers’ test method, CIBSE TM-23 (CIBSE 2000).

Often, the test results are reported in terms of the airflow rate at some reference pressure
difference divided by the building volume, floor area or envelope surface area. Such
normalization accounts for building size in interpreting the test results. In other cases, the
pressure and flow data for measurements performed at multiple pressure differences are
fitted to a curve of the form:

Q=C-Ap" 1)

where Q is the airflow rate, Ap is the indoor-outdoor pressure difference, C is referred to
as the flow coefficient, and n is the flow exponent. Once the values of C and n have been



determined from the test data, the equation can be used to predict the airflow rate through
the building envelope at any given pressure difference.

The airtightness data presented here are collected from a number of different studies that
use different units and reference pressure differences. The results are presented here as
airflow rates at an indoor-outdoor pressure difference of 75 Pa normalized by the above-
grade surface area of the building envelope. When necessary, this conversion was based
on an assumed value of the flow exponent of 0.65. The values of envelope airtightness are
given in units of m*h-m?, which can be converted to cfm/ft* by multiplying by 0.055.

DATA AND DISCUSSION

Table 1 contains a summary of the air leakage data for the 201 U.S. commercial and
institutional buildings that are considered here. Sources of data included 9 buildings tested
by NIST (Persily and Grot 1986, Persily et al. 1991, Musser and Persily 2002),
90 buildings tested by the Florida Solar Energy Center (Cummings et al. 1996 and 2000),
2 buildings tested by Pennsylvania State University (Bahnfleth et al. 1999) 23 buildings
tested by Camroden Associates (Brennan et al. 1992 and previously unpublished data),
and 79 buildings tested by the U.S. Army Corps of Engineers (previously unpublished data
including some partial school buildings). The buildings were tested for a variety of
purposes and were not randomly selected to constitute a representative sample of U.S.
commercial buildings. None of the buildings are known to have been constructed to meet a
specified air leakage criterion, which has been identified as a key to achieving tight
building envelopes in practice.

TABLE 1
Summary of Building Characteristics and Airtightness Data

Air Leakage at 75 Pa
(m*/h-m?)
Dataset # | Mean | Standard | Min | Max
Deviation
NIST 9| 151 115 | 3.9 433
FSEC 88 | 41.7 343 | 40| 168
Brennan 23 14.0 13.3| 2.7 | 60.6
ACoE 79 | 19.7 103 | 34| 634
PSU 2 9.8 04| 95| 101
All buildings | 201 | 28.4 358 | 2.7 | 168

As seen in Table 1, the average air leakage at 75 Pa for the 201 buildings is 28.4 m*h-m?,
which is essentially the same as the average of 28.7 m*h-m? for U.S. buildings included in
the earlier analysis by Persily. This average airtightness is tighter than the average of all
U.S. houses but leakier than conventional new houses based on a large database of
residential building airtightness (Sherman and Matson 2002). The average of the U.S.
commercial buildings is also similar to averages reported by Potter (2001) of 21 m’/h-m?
for offices, 32 m*h-m? for factories and warehouses, and 26.5 m*h-m? for superstores
built in the United Kingdom prior to new building regulations which took effect in 2002.

The airtightness data were also analyzed to assess the impact of a number of factors on
envelope airtightness including number of stories, year of construction, and climate. It is



important to note that the lack of random sampling and sample size limits the strength of
any conclusions concerning the impacts of these factors. Also, not all of these parameters
were available for all buildings in the database. Figure 1 is a plot of the air leakage at
75 Pa vs. the reported number of stories of the building and shows a tendency toward more
consistent tightness for taller buildings. The shorter buildings display a wide range of
building leakage. This result is consistent with the earlier analysis by Persily (1998).
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Figure 1: Normalized building air leakage vs. height of building (in stories)

Figure 2 is a plot of the air leakage at 75 Pa vs. the year of construction of the building for
buildings built more recently than 1955. While common expectation is that newer
commercial buildings must be tighter than older ones, the data simply give no indication
that this is true. This result is also consistent with the earlier analysis by Persily (1998)
despite the addition of numerous newer buildings in this dataset.
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Figure 2: Normalized building air leakage vs. year of construction
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Figure 3 is a plot of the air leakage at 75 Pa vs. the climate where the building is located as
measured by annual heating degree-days base 18 °C for buildings of 3 stories or fewer
(189 of the buildings). Approximate heating degree-day values were used for some of the
building as either the locations were not precisely known or they were in locations without
published heating degree-day data. Although the data show considerable scatter, they do
indicate a general trend toward somewhat tighter constructions in the colder climates. The
average air leakage was 33 m*h-m? for buildings in locations with less than 2000 heating



degree-days compared to 18 m*h-m? for building in locations with more than 2000
heating degree-days. Although there are data from numerous locations, there are little data
from the northern U.S. and even less from the western U.S. If possible, future efforts
should focus on collecting data in those regions.

200
180 A
160

N
~
o
Il

** *e *

Air leakage
(mth-)
=
o N
o O

(o]
o

D
o
1
-

-
.

.
.

N
o
1

*

*
*
* *
> * * :
* S $ .
. '.0 $

* e
T T T T T

0 1000 2000 3000 4000 5000
Annual heating degree-days (base 18°C-day)

N
o
1

o

Figure 3: Normalized building air leakage vs. climate (in heating degree-days base 18 °C).

SUMMARY

This paper presents a summary of available measured U.S. commercial and institutional
building airtightness data. The overall average airtightness of 28.4 m%h-m? at 75 Pa is
essentially the same as reported by Persily in 1998. This average airtightness is in the
same range as that reported for typical U.S. houses and is also similar to averages reported
for commercial buildings built in the United Kingdom prior to recent airtightness
regulations. Additionally, the trend of taller buildings being tighter and the lack of
correlation between year of construction and building air leakage observed are consistent
with the earlier report. This study also found a trend (with considerable scatter) towards
tighter buildings in colder climates. Although this study more than doubles the number of
buildings in the air leakage database, any conclusions from this analysis are still limited by
the number of buildings and lack of random sampling.

ACKNOWLEDGMENTS

This work was sponsored by the US. Department of Energy, Office of Building
Technologies under Agreement No. DE-AIO1-01EE27615. The authors acknowledge the
contributions of data from Terry Brennan of Camroden Associates, James Cummings of
Florida Solar Energy Center and Donald Dittus of the U.S. Army Corps of Engineers.

REFERENCES

ASTM. (1999). E779-99, Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization. West Conshohocken, PA: American Society for Testing and Materials.



Bahnfleth, W.P., Yuill, G.K. and Lee, B.W. (1999). "Protocol for Field Testing of Tall
Buildings to Determine Envelope Air Leakage Rate," ASHRAE Transactions, Vol. 105

).

Brennan, T., Turner, W., Fisher, G., Thompson, B., and B. Ligman. (1992). “Fan
pressurization of school buildings.” Proceedings of Thermal Performance of the Exterior
Envelopes of Buildings V, American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., pp. 643-45.

CGSB. (1996). CAN/CGSB-149.15-96, Determination of The Overall Envelope
Airtightness of Buildings by the Fan Pressurization Method Using the Building’s Air-
Handling Systems. Canadian General Standards Board.

CIBSE. (2000). TM-23, Testing Buildings for Air Leakage. The Chartered Institution of
Building Services Engineers.

Cummings, J.B., Withers, C.R., Moyer, N., Fairey, P. and B. McKendry. (1996).
Uncontrolled Airflow in Non-residential Buildings. Florida Solar Energy Center, FSEC-
CR-878-96.

Cummings, J.B., Shirey, D.B., Withers, C., Raustad, R. and Moyer, N. (2000). Evaluating
the Impacts of Uncontrolled Air Flow and HVAC Performance Problems on Florida's
Commercial and Institutional Buildings, Final Report, FSEC-CR-1210-00.

Dols, W.S., and Walton, G.N. (2002). CONTAMW 2.0 User Manual. Multizone Airflow
and Contaminant Transport Analysis Software. NISTIR 6056.

Emmerich, S.J., McDowell, T., and Anis, W. (2005). Investigation of the Impact of
Commercial Building Envelope Airtightness on HVAC Energy Use. NISTIR 7238.

Musser, A. and Persily, A. (2002). Multizone Modeling Approaches to Contaminant-
Based Design. Proceedings of ASHRAE Transactions Vol. 108.2.

Persily, A.K. (1998). Airtightness of Commercial and Institutional Buildings: Blowing
Holes in the Myth of Tight Buildings. Proceedings of Thermal Performance of the
Exterior Envelopes of Buildings VII, pp. 829-837.

Persily, A.K. and Grot, R.A. (1986). “Pressurization testing of federal buildings.”
Measured Air Leakage of Buildings, ASTM STP 904, H.R. Treschsel and P.L. Lagus,
Eds., American Society for Testing and Materials, pp. 184-200.

Persily, A.K., Dols, W.S., Nabinger, S.J. and Kirchner, S. (1991). Preliminary Results of
the Environmental Evaluation of the Federal Records Center in Overland Missouri.
NISTIR 4634.

Potter, N. (2001). Air Tightness Testing — A Guide for Clients and Contractors. BSRIA
Technical Note 19/2001.

Sherman, M.H. and Matson, N.E. (2002). Airtightness of New U.S. Homes: A Preliminary
Report. LBNL-48671, Lawrence Berkeley National Laboratory.



