
ENERGY CONSERVATION REMAINS a top 
priority for commercial and industrial facilities 
in 2026. An effective building enclosure not 
only supports broader sustainability goals but 
can also help building owners and operators 
reduce energy costs tied to heating and 
cooling loss, air leakage, and moisture-related 
inefficiencies.

To establish baseline energy standards, states 
and jurisdictions adopt the International Energy 
Conservation Code (IECC),1 which is developed 
by the International Code Council. The IECC 
provides requirements for building enclosure 
design in addition to mechanical systems, 
lighting systems, and service water heating 
systems in commercial facilities.

Commercial roof assemblies are one 
area where these requirements play a 
particularly important role. The IECC 
establishes minimum thermal performance 
requirements for commercial roof assemblies 
through both prescriptive R-value tables and 
performance-based U-factor calculations, with 
the applicable minimums varying by climate 
zone (Fig. 1), roof assembly type, and insulation 
placement within the assembly. Design 
teams can choose the prescriptive path, sizing 
insulation to the R-value listed for their climate 
zone, or the performance path, which allows 
trade-offs across the building envelope as long 
as the assembly’s overall U-factor meets the code 
target. This flexibility means the specific R-value 
a project must hit is rarely determined by climate 
zone alone.

However, code compliance alone does not 
guarantee long-term performance. In this article, 
the complex insulating requirements that exist 
for climate zones throughout the United States 
will be examined. The importance of proper 
design, planning, installation, and maintenance 
in achieving the performance needs of buildings 
will be reviewed.

ROOF ASSEMBLIES AND 
CLIMATE ZONES: STRIKING THE 
RIGHT BALANCE

The IECC establishes thermal performance 
requirements for commercial roof systems 
based on the climate zone in which a building 
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is located. Where adopted, the code establishes 
minimum thermal performance needed for 
commercial facilities. Table 1 outlines minimum 
above-deck insulation R-values by climate zone 
under IECC Table C402.1.3, based on the 2018 
prescriptive compliance path. Colder northern 
climates generally require higher R-values and 
thicker insulation, primarily because those 
regions carry greater heating loads and need 
more thermal resistance to control heat loss 
during winter months. Southern regions call 
for lower thermal values mainly because their 
heating loads are lower, though dew point and 
vapor drive still warrant attention in any climate 
where a temperature differential exists across 
the assembly. Meeting these R-value minimums 
satisfies code, but it does not by itself guarantee 
a moisture-free assembly, since the IECC 
establishes thermal performance targets without 
evaluating condensation risk. That gap is exactly 
why a design-level moisture analysis still matters 
even on a fully code-compliant roof.

Because insulation also affects where 
temperature differentials occur within a roof 
assembly, condensation control and moisture 
management are essential considerations 
for specifiers. In colder climates, where the 
interior-to-exterior temperature difference is 
greatest, moisture accumulation risk tends to 
be highest at the point within the assembly 
where the dew point temperature is reached. 
Addressing this from a design perspective 
typically means selecting an insulation 
thickness and configuration that keep the 
dew point line away from moisture-sensitive 
materials and, in some cases, adding a 
properly designed vapor barrier to limit 
moisture migration into the assembly 
altogether. A roof assembly must be designed 
to manage both thermal performance and 
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moisture movement together, and this 
becomes especially challenging in climate 
zones that experience significant temperature 
swings throughout the year or even within 
a single day. Climate Zone 5, for example, is 
often one of the most challenging regions 
for maintaining thermal balance because 
outdoor temperatures can fluctuate rapidly 
while interior conditions stay within a narrow, 
mechanically controlled range. A day in early 

spring may see temperatures below 32°F (0°C) 
at dawn and reach 60°F (16°C) by the afternoon, 
while the conditioned interior space is held 
close to a fixed setpoint, typically in the 68°F to 
72°F (20°C to 22°C) range. This gap between a 
wide-swinging exterior and a steady interior is 
what drives vapor pressure across the assembly. 
In these climates, vapor barriers are often 
installed along the interior side of the assembly 
to help control outward vapor drive.

During warmer months, however, certain 
vapor barriers may also trap moisture within 
the assembly, making proper material selection 
and placement especially important. Selecting 
the appropriate level of vapor permeance is 
another important consideration, as vapor 
barriers are designed to perform differently 
depending on climate and building use. 
These materials can range from Class I 
vapor retarders, which provide very low 
permeance and limit moisture transmission, 
to Class III, which allow a greater degree of 
moisture movement.

It is also important to consider the 
purpose of the building when designing 
an optimal roof system assembly. A cold 
storage facility that consistently maintains 
very low interior temperatures, for example, 
requires a different insulation strategy 
than a paper mill with elevated humidity 
levels and higher internal temperatures. 
In humid environments, stronger vapor 
control measures are often necessary to 
help prevent moisture migration into the 
roof assembly.

For all of these reasons, there is a balance 
to be struck in designing the right roof 
system, and the IECC provides a good starting 
point, if not the complete story. These are all 
important factors to manage because moisture 
accumulation within the roof assembly can be 
a major problem. A roof assembly can create 
a range of issues that have the potential to 
compromise system performance over time, 
including a variety of conditions that can 
develop that could compromise a roof system 

Figure 1. A map shows how the International Energy Conservation Code divides the United States into climate zones. Image courtesy of the U.S. 
Department of Energy Building America Solution Center.2

Climate zone Minimum above-deck 
R-value

1 R-20
2 or 3 R-25

4, 5, or 6 R-30
7 or 8 R-35

TABLE 1. Minimum R-value required in the 2018 
International Energy Conservation Code for roof 
assemblies with insulation entirely above deck
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if moisture forms and accumulates within the 
system. These include the following:
•	 Mold growth
•	 Fastener corrosion
•	 Deck corrosion or deterioration
•	 Reduced thermal performance
•	 Impact on adhesive characteristics

Left unaddressed, these conditions can 
contribute to premature roof deterioration and 
costly repairs. For that reason, many building 
owners and design professionals work closely 
with roof consultants and manufacturers 
to develop assemblies that align with code 
requirements, building usage, regional climate 
conditions, and long-term performance goals.

CODE COMPLIANCE: ONLY AS 
GOOD AS THE INSTALLATION

While the IECC provides baseline performance 
requirements, it is up to the installation crew 
and supervisory team to ensure the roof system 
meets the design intent.

For example, when it comes to installing 
insulation boards to meet required R-values 
within a specific climate zone, certain techniques 
can help maximize performance over the course 
of the roof’s life. In climate zones requiring 
minimum thermal values greater than R-20, 
a roof may need multiple layers of insulation 
boards to meet those requirements. A single 
board thick enough to achieve those values can 
be harder to handle and more prone to warping. 
It can also put greater strain on fasteners driven 
through its full thickness, increasing the risk of 
pull-through. Splitting the required thickness 
across two or more layers solves both problems. 
The thinner boards are easier to install and 
secure, while staggering the joints between 
layers prevents the seams from aligning. This 
reduces the risk of creating a continuous thermal 
pathway through the insulation.

This is now a code requirement under 
IECC Section C402.1.4.2.3,3 not just an 
industry best practice. Installing gypsum 
or other high-density coverboards with 

joints staggered from underlying layers 
within a roof assembly can have a similar 
effect on thermal performance due to the 
material’s natural resistance to heat and 
fire. Insulation performance can also be 
compromised by other factors that can 
occur during installation. Insulation boards 
are often stored outdoors and may be 
exposed to weather for months at a time 
before installation. If insulation boards have 
not been properly covered and protected 
during storage, they can be exposed to 
moisture or become saturated or damaged. 
Moisture-compromised boards may exhibit 
cupping or warping and can negatively affect 
long-term thermal performance, promote 
biological growth, or introduce difficulties in 
installation if used within the assembly.

Elsewhere, depending on the nature of 
the roof assembly, vapor retarder placement 
should also comply with applicable International 
Building Code4 roof assembly and moisture 
protection provisions, in addition to IECC vapor 
class requirements. If the entire building is a 
new construction project, however, special care 
must be taken to ensure that the concrete has 
fully cured before the vapor barrier is applied. If it 
has not, it can interfere with the proper function 
of the adhesive, causing the vapor barrier to 
fail prematurely. Using a moisture-triggered 
adhesive may be a viable option.

CONCLUSION
In short, many of these issues have less to 

do with design intent and more to do with 
the care and expertise of the installation and 
construction crews. While the IECC establishes 
an important baseline for low-slope commercial 
roof design, long-term performance depends 
on far more than code compliance alone. 
Proper material selection, climate-specific 
design considerations, and quality installation 
practices all can contribute to the durability, 
efficiency, and resilience of a roof assembly 
over time. 
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