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and Building Safety
ABSTRACT
According to the National Association of State Fire Marshals Fire Research and
Education Foundation, since the creation of the International Codes in 2000,
building fire-safety scores have decreased measurably. Though more data
are needed, the early indications are that an overreliance on sprinklers at the
expense of passive fire-safety systems is to blame.

Note: This white paper largely is adapted from the report “Analysis of the Impact of Trade-offs of Passive
and Active Building Safety Features,” prepared by PG Public Services and submitted to the National
Association of State Fire Marshals Fire Research and Education Foundation in November 2017. For the full
report, go to http://bit.ly/Sprinkler_Trade-offs.

In developing the I-Codes, the ICC retained many of the trade-offs in the
three legacy codes. A trade-off is the forgoing of one benefit in exchange for
another. In fire-protection engineering, the concept has been traced1 to 1973,
with publication of the National Commission on Fire Prevention and Control
report “America Burning,” which advocates a reduction of fireproofing
requirements in exchange for the installation of automatic fire-sprinkler
systems. Nearly half a century later, the allowance of trade-offs in exchange
for the installation of fire-sprinkler systems is common practice.
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INTRODUCTION
In 1994, the three regional model-building-code groups in the United States—Building Officials and Code
Administrators (BOCA) International, the International Conference of Building Officials (ICBO), and Southern
Building Code Congress International (SBCCI)—combined forces, forming
the International Code Council (ICC) with the intent to develop a single
comprehensive code system. Six years later, the International Codes
(I-Codes)—a synthesis of the BOCA National Building Code (BNBC), ICBO’s
Uniform Building Code (UBC), and SBCCI’s Standard Building Code
(SBC)—were adopted.

Automatic ceiling fire sprinkler installed in an office.
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When installed correctly throughout a building and maintained properly, sprinklers are reported effective in 87
percent of the fires large enough to activate them. Yet the introduction of fire-sprinkler trade-offs is believed
to have had much more to do with cost savings—sprinklers are said to be more cost-effective than other fireprotection systems—than performance.1
To determine if the adoption of sprinkler and other trade-offs is
impacting the overall safety of buildings, the National Association
of State Fire Marshals (NASFM) Fire Research and Education
Foundation initiated Project FAIL-SAFE (Factually Analyzing
Integrated Layers of Safety Against Fire’s Effects).

ABOUT NASFM
The National Association of State Fire Marshals (NASFM) is a
not-for-profit corporation with the stated mission to protect human
life, property, and the environment from fire and improve the
efficiency and effectiveness of state fire marshals’ operations.

The NASFM Foundation commissioned Worcester Polytechnic
Institute (WPI) to conduct a literature review,1 through which three
major sprinkler trade-offs—building size/egress, unprotected
opening area, and fire-resistance rating—were identified. WPI
then evaluated those sprinkler trade-offs using computer
modeling.2

“Most of our members are appointed by governors or other highranking state officials,” the Maitland, Fla.-based organization says on
its website. “Some are state police officers. Many are former
firefighters. Some are fire-protection engineers, while others are
former state legislators, insurance experts, and labor-union officials.”

• Many sprinkler trade-offs are scientifically baseless.

Though their duties vary from state to state, the NASFM says, state
fire marshals tend to be responsible for fire-safety-code adoption
and enforcement, fire and arson investigation, fire-incident data
reporting and analysis, public education, and advising governors and
state legislatures on fire protection. Some state fire marshals are
responsible for firefighter training, hazardous-materials-incident
responses, wildland protection, and regulation of natural-gas and
other pipelines, the NASFM adds.

• Sprinkler trade-offs for fire-resistance rating are only

For more information about the NASFM, go to www.firemarshals.org.

LITERATURE REVIEW
Major findings from the literature review include:

• Many provisions in current prescribed codes are
empirical.

partly supported by research using probabilistic
risk-analysis methods.

• Sprinkler trade-offs for exterior-wall unprotected opening area could be verified implicitly with fire
tests designed to study interactions between sprinklers and smoke-layer behaviors.

• Sprinkler trade-offs for travel
ABOUT WPI
Located in Worcester, Mass., Worcester Polytechnic Institute
(WPI) was founded in 1865 “to create and convey the latest
science and engineering knowledge in ways that are most
beneficial to society.”
WPI’s 14 academic departments offer more than 50 undergraduate and graduate degree programs in science, engineering,
technology, business, social sciences, and humanities and arts.
“WPI invests in research in critical areas, seeking solutions to
important and socially relevant problems in such diverse fields
as fire-protection engineering, life sciences and bioengineering,
energy, and data science,” WPI says on its website.

distance/dead-end length potentially are
not well-founded, as sprinklers fail to
improve the tenability criterion of
visibility.

• Sprinkler trade-offs could be
detrimental to the disaster resilience of
buildings.

• While sprinklers may be beneficial to
firefighter safety by reducing the risk of
a fully developed fire/flashover, sprinkler
trade-offs can put firefighters at greater
risk in the event sprinklers fail.

BUILDING-RISK ANALYSIS
The NASFM Foundation’s Risk Evaluation
MATRIX is an online application used to
index fire and life-safety risk based on
building characteristics. Evaluations are based on a numerical scoring system encompassing 23 safety
parameters identified in Chapter 14 of the ICC’s International Existing Building Code. These safety parameters
can be combined into three aggregate safety metrics: fire safety, means of egress, and general safety.
For more information about WPI, go to www.wpi.edu.
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Between May and July 2017, fire and building inspectors were engaged to gather and input into MATRIX data
for a wide variety of buildings across the United States. The buildings varied by age, occupancy, construction,
height, and size and included a variety of active building-protection features. The data were cross-referenced
with the codes under which the buildings were designed and built.
Analysis. Using data collected through MATRIX, PG Public Services analyzed changes in parameters
following adoption of the I-Codes and identified those that were statistically
significant. Additionally, PG Public Services analyzed impacts on fire-safety,
means-of-egress, and general-safety scores to determine if adoption of the I-Codes
ABOUT PG PUBLIC SERVICES
resulted in statistically significant changes.
PG Public Services is a management consulting
firm “that applies proven tools and methodologies
Findings. PG Public Services placed buildings into one of two groups based
to help clients justify, design, and source business
on the code under which the buildings were built—either legacy (BNBC, UBC, SBC,
and technology solutions.” The services it
other) or I-Codes. Mean safety parameters and safety scores were compared using
provides include development of enterprise
the Student’s t-test, a standard test used to determine whether the difference
information-technology architectures, agile project
between two sets of data is statistically significant.
planning and implementation, independent
verification and validation, performance testing,
Within the sample set, two safety parameters were found to have undergone
and data analytics.
statistically significant changes with the adoption of the I-Codes:
For more information about PG Public Services,
• The means-of-egress-capacity score increased from an average of
go to http://pgpublicservices.com.
0.32 to an average of 4.

• The standpipe score decreased from an average of 0.60 to an average of -4.4.
Though not enough data for statistical significance were collected, appreciable declines were observed with
the scores for several other safety parameters:

• Building area, 9.70 to -3.20 (132.8-percent decline).
• Compartmentation, 12.40 to 11.40 (8.1-percent decline).
• Tenant- and dwelling-unit separation, 0.23 to 0.18 (20-percent decline).
• Smoke control, 2.60 to 1.70 (34.5-percent decline).
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• Maximum exit-access travel
distance, 11.60 to 8.10
(30.1-percent decline).
Appreciable-though-not-statistically-significant increases were
seen with the scores for:

• Building height, 1.65 to 2.55
(54.7-percent increase).

• Corridor walls, -0.50 to 0.00
(100-percent increase).

• Automatic fire detection, -5.23
to -1.45 (72.2-percent increase).

• Fire-alarm systems, 0.86 to 4.91 (468.4-percent increase).
• Elevator control, -0.13 to 2.00 (1,700-percent increase).
• Means-of-egress control lighting, 1.36 to 2.27 (66.7-percent increase).
• Automatic sprinklers, -0.18 to 2.91 (1,700-percent increase).

Photos courtesy of (clockwise, from top left) Ruskin, Nailor, and Greenheck

The increases and decreases in these scores, which may become statistically significant as more data are
collected, are indicative of changes in structural tradeoffs—in particular, trade-offs of passive building
features, such as compartmentation, tenant/dwelling
separation, and travel distance, in exchange for active
building features, such as automatic fire detection,
fire-alarm systems, and automatic sprinklers.
Lastly, though they were found not to be statistically
significant, appreciable declines in all three aggregate
safety metrics were seen. Average fire-safety scores
decreased by 23.4 percent, average means-of-egress
scores decreased by 18.4 percent, and general-safety
scores decreased by 13.2 percent.
CONCLUSION
Based on an initial data sample, the adoption of the
I-Codes has had a statistically significant impact on
building safety. In par ticular, means-of-egress
capacity has improved, while standpipe safety has
declined.
Notable changes in other safety parameters indicate
a shift in structural trade-offs with the adoption of the
I-Codes. In particular, passive building features are
being traded off in exchange for active building features,
including automatic sprinklers. Most sprinkler tradeoffs are put forward based on descriptive explanations
lacking scientific quantitative analysis. Without support
from technical research, potential risks of sprinkler
trade-offs are unknown.

Declines in building fire-safety scores are indicative of
trade-offs of passive building features, such as (clockwise,
from top left) fire, smoke, and combination fire/smoke
dampers, for active building features, such as automatic fire
sprinklers. The use of redundant layers of safety—both
active and passive features, in the event an individual system
fails to function as designed—is a well-established practice
within the safety community and one championed by the
National Association of State Fire Marshals and AMCA.
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A ll of the aggre gate building-safet y
metrics—fire safety, means of egress,
and general safety—have decreased
since the I-Codes were adopted. More
data are required to determine the root
causes of these declines, if the declines
a re statistic all y signif ic a nt, a nd the
impacts of specific variables. As use of
MATRIX grows, the NASFM Foundation
intends to commission further analysis.
REFERENCES
1) Dembsey, N.A., Meacham, B.J.,
& Wang, H. (2017). A literature
review of sprinkler trade-offs.
Maitland, FL: National
Association of State Fire
Marshals. Available at http://bit
.ly/Lit_Review
2) Dembsey, N.A., Meacham,
B.J., Wang, H., & Kamath, P.
(2017). Fire modeling results for
sprinkler trade-offs related to
building size/egress,
unprotected opening areas and
fire resistance ratings for
selected R-2 occupancies.
Maitland, FL: National
Association of State Fire
Marshals. Available at http://bit
.ly/FAIL-SAFE_modeling

RELATED WHITE PAPERS
Available at www.amca.org/whitepapers:
CEILING DAMPERS
EXPLAINED — This white
paper explains how to
determine if a ceiling damper
is a p p rove d fo r u se in a
specific fire-rated floor/ceiling
or roof/ceiling assembly. It
Ceiling Dampers
Explained
also explains the proprietary
nature of designs in UL’s Fire
Resistance Directory with
respect to ceiling dampers and discusses the relationship
between the Fire Resistance Directory and the Gypsum
Association’s Fire Resistance Design Manual.
April 2018

An AMCA International White Paper

Air Movement and Control Association
(AMCA) International Inc.
30 W. University Drive
Arlington Heights, IL 60004-1893
USA
www.amca.org

This white paper is available to download at no cost at www.amca.org/whitepapers

FIRE AND SMOKE
DAMPERS: BEST
PR ACTICE DESIGN
TIPS — Fire and smoke
dampers reduce fire severity
and spre ad, e nable f ire Fire and Smoke
s u p p r e s s i o n s y s te m s to
Dampers:
Best Practice
Design Tips
operate more ef fectively,
and limit property damage.
But most importantly, they
save lives. This white paper illustrates why fire and
smoke dampers are a vital part of a total fire-protection
plan. It includes practical design tips to help engineers
reduce risk and minimize cost.
July 2015

An AMCA International White Paper

AMCA International
30 West University Dr.
Arlington Heights, IL 60004 USA
www.amca.org
June 2015

This white paper is available to download at no cost at www.amca.org/whitepapers

AMCA INTERNATIONAL
30 W. UNIVERSITY DRIVE
ARLINGTON HEIGHTS, IL 60004-1893
USA
+1 847-394-0150
publications@amca.org

PHOTOGRAPHS ARE NOT AN INDICATION OF AMCA’S
ENDORSEMENT OF A PRODUCT OR COMPANY.

