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Bridging the gap
Research shows how insulation can save

building owners money

by Glen Clapper, AlA, LEED AP

educing costs is important for most building owners

whether it is initial construction costs for new build-

ings or operational costs for existing buildings. One
obvious way to reduce operational costs is to use thermal
insulation in the building envelope, which includes the roof
assembly.

The International Code Council®s model building codes
have required the use of insulation since their inception.
Requirements for roof insulation are either contained
within the International Residential Building Code,® which
addresses detached one- and two-family dwellings and town-
houses not more than three stories in height; International
Energy Conservation Code®; or ASHRAE Standard 90.1,
“Energy Standard for Sites and Buildings Except Low-Rise
Residential Buildings.”

For buildings with steep-slope roofs, insulation typically is
located at the attic floor and is either batts or blown-in insula-
tion. Whereas with low-slope, and particularly commercial
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buildings, insulation often is located
above low-slope roof decks. The most
common form of insulation used for
above-deck installations is board
stock.

IECC and ASHRAE 90.1 consider
insulation installed above roof decks
to be continuous. However, the reality
is there are joints between insula-
tion boards that allow energy to pass
through the “continuous” insula-
tion layer or roof assembly thermal
layer. Manufacturers’ specifications
or installation instructions also vary
from installing boards with edges in
moderate contact or tightly butted
together to never leave more than a
1/4-inch gap between boards.

Lost energy

The National Research Council Canada
conducted a multiphase study for the
energy resistance of commercial roofs
and partnered with roofing industry as-
sociations, including NRCA, manufac-
turers and the Canadian government.
One focus of the study was whether
joints between board insulation in low-
slope roof assemblies reduced R-value
or increased U-factor.

Board joints in above-deck roof
insulation create a thermal bypass, or
bridge, allowing heat to travel through
the insulation layer. Heat or energy
bypass is exacerbated at joints because
gaps may occur.

One cause for gaps at board joints is
misalignment during installation that
can be compounded by improperly
manufactured boards. Another cause
for gaps is insulation’s coefficient of
thermal expansion. As a roof assembly
experiences temperature variations
either between night and day or sum-
mer and winter, the size of aboard
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changes with respect to its installed size
resulting in gaps at insulation board
joints. This change may not be per-
manent, and aboard may return to its
installed size once it reaches the tem-
perature at which it was installed. Gaps
also can occur as a result of a board’s
dimensional instability. Some insula-
tion materials undergo dimensional
changes when subjected to moisture
accumulation. This change is perma-
nent, and gaps that occur because of
this will always be present in a roof
assembly.

To determine the effect of gaps in
insulation boards, the NRCC study used
a horizontal guarded hot box apparatus
sized to fit a 4- by 4-foot test assembly.
The guarded hot box was designed and
constructed to comply with ASTM
C1363, ”Standard Test Method for Ther-
mal Performance of Building Materials
and Envelope Assemblies by Means
of a Hot Box Apparatus.” Tests were
conducted for roof assemblies with
insulation entirely above decks in Cli-
mate Zones 2-8 in compliance with the
prescriptive requirements contained in

ASHRAE 90.1-2013, which equates to
R-values of 25, 30 and 35.
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Polyisocyanurate, expanded poly-
styrene and stone wool roof insulation
materials were installed in the test
assemblies. Insulation thicknesses were
determined based on materials’ R-
values reported by manufacturers.

Tests were conducted on a single
layer of each insulation type with no
gap, a L4-inch gap and 1/2-inch gap
between boards. Testing also was con-
ducted on two layers of each insulation
type with the joint in the top layer offset
horizontally 6 and 24 inches. More than
70 tests were conducted on the various
assemblies.

Gap effect

The results of the testing showed for
a single layer of 3.3-inch-thick insula-
tion, the effective R-value decreased
9% for a 14-inch gap. The effective
R-value for a 1/2-inch gap resulted in
adecrease 0f13.5% in the effective R-
value of the insulation.

Assemblies constructed using two
layers of insulation with offset joints
experienced less thermal resistance loss
compared with assemblies where the
same gap was present in single-layer
insulation of the same thickness.

According to the research, single-
layer insulation with gaps at joints
experienced nearly three times the
thermal losses compared with the same
insulation installed in two layers of the
same total thickness with same-width
gaps at offset joints. Effects of the joint-
offset distance were found to be minor.
For instance, for R-31 assemblies, the
thermal loss penalty for two-layer
insulation installed with a 6-inch offset
between layers was 3% greater on aver-
age compared with the penalty for the
same insulation installed with a 24-inch
joint offset.
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The energy code

IECC’s first two editions (2000 and 2003) referred
to ASHRAE 90.1 for above-deck insulation instal-
lation requirements. But no installation require-
ments in above-deck insulation were included in
ITECC’s 2006 and 2009 versions.

Beginning in 2012, IECC included language that
stated where two or more layers of continuous
insulation were used in an assembly they were to
be installed in accordance with manufacturer’s
instructions. The code went on to state if manufac-
turer’s instructions did not address the installation
of two or more layers, joints between each layer
were to be staggered. This requirement was not
modified until the 2018 IECC where the language
was changed to require two layers of insulation
and the joints between layers to be staggered. This
requirement remains in effect for the 2024 IECC
and the soon-to-be-published 2027 IECC.

ASHRAE 90.1 contained similar language to
TECC 2012 and 2015 before the standard’s 2025
version. For the 2025 version, ASHRAE followed
NRCA’s recommendation for the requirement for
above-deck insulation to be installed in at least two
layers and joints between adjacent layers to be off-
set. Above-deck insulation is permitted to taper to a
single layer at roof drains, gutter edges or scuppers.

Two layers

This research shows using two or more layers of
above-deck continuous board insulation can save
abuilding owner money by reducing energy loss
through the roof assembly.

For additional roof assembly code requirements,
visit codes.iccsafe.org. ©®::

GLEN CLAPPER, AIA, LEED AP, is an NRCA director of
technical services.

LED videoboards improve
job-site communication

Construction Dive recently released

an article, “4 ways digital displays

are shaping the future of construc-

tion jobsites,” about the effective-

ness of using LED videoboards on
construction job sites. According to

the article, there are four prominent

ways in which digital display tech-

nology can shape the future of construction.

1. Improve job-site safety. LED videoboard displays can
be updated in real time to show safety and emergency
communication. These displays can also work alongside
active site-monitoring systems to communicate risks as
they’re happening.

2. Enhance team communication. Construction crews often
need to communicate across large areas and shifting
work zones. Oral instructions, signs and radio calls can
be missed amid heavy machinery noise. Communication
needs to be immediate and accurate. LED videoboards
can give teams a highly visible way to share information
with consistency, ensuring everyone gets the same
message and stays aligned.

3. Enable advanced technology integration. Features such as
audio systems can cut through construction noise, power
streaming devices and stream live data feeds that allow
project managers to cast real-time monitoring, drone
footage or live production metrics. This can transform
ajob site into a fully connected, modernized command
center that maximizes job-site efficiency.

4. Upgrade communal spaces. Hardworking crews also need
a space to rest and recharge. Digital displays can elevate
break areas, meeting spaces and communal zones and
turn them into hubs for communication. These displays
can be used to share company updates, celebrate mile-
stones, recognize achievements, display training content
and more.
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