
 

NorthEast SIPs 
www.nesips.com 
Phone: 203-293-5404 
Email: trevor@nesips.com 

 
 

W H I T E  P A P E R  

Structural Insulated Panels and the IECC U-Factor 
Compliance Path: 

Why SIPs Outperform Conventional Framing — Even With Spray Foam — 

Under 2021 IECC Table R402.1.2 

 

1.  Executive Summary 

The 2021 International Energy Conservation Code (IECC), as adopted across most of the Northeast, 
provides two co-equal paths for demonstrating residential thermal envelope compliance: the 
prescriptive R-value path (Table R402.1.3) and the equivalent U-factor path (Table R402.1.2). Most 
builders default to the R-value path — but for Structural Insulated Panel (SIP) construction, the U-
factor path is not only simpler to document; it is more favorable and more accurate. 

The reason is thermal bridging. Conventional framing — whether insulated with fiberglass batt, 
mineral wool, or even spray polyurethane foam (SPF) — suffers from heat loss through the wood 
framing members themselves. These thermal bridges reduce the effective whole-wall R-value of any 
framed assembly by 20–40% or more compared to its nominal cavity insulation value. SIPs, by 
contrast, are manufactured as a monolithic, continuous insulation assembly with no framing 
penetrations through the thermal core. The IECC U-factor compliance path captures this real-world 
performance difference — and rewards it. 

This white paper explains the physics of thermal bridging, demonstrates why spray foam does not 
eliminate it, and shows how SIP assemblies achieve code compliance through the U-factor path with 
meaningful performance margins over conventional framed alternatives. 

 

2.  The Two IECC Compliance Paths 

Section R402.1 of the 2021 IECC establishes two prescriptive compliance paths for the residential 
building thermal envelope. These paths are written as co-equal alternatives — a building 
demonstrating compliance with either path satisfies the energy code. 

2.1  Table R402.1.3 — The R-Value Path 
The R-value path specifies minimum insulation R-values for each building component by climate 
zone. For Climate Zone 5, the requirements include: 

▸  Ceiling/Roof: R-60 

▸  Wood Frame Wall: R-30 total, or R-20 + R-5ci, or R-13 + R-10ci 

▸  Floor: R-30 

▸  Basement Wall: R-15ci or R-19 cavity 

 



These values reflect the insulation material alone. They do not account for how that insulation is 
installed or whether framing members create parallel heat flow paths that bypass the insulation 
entirely. 

2.2  Table R402.1.2 — The U-Factor Path 
The U-factor path specifies maximum allowable whole-assembly U-factors — the thermal 
transmittance of the complete assembly including framing, sheathing, and all materials. For Climate 
Zone 5: 

Assembly Max U-factor (Zone 5) Equivalent Whole-
Assembly R 

Ceiling / Roof U-0.026 R-38.5 

Wood Frame Wall U-0.057 R-17.5 

Floor U-0.033 R-30.3 

Basement Wall U-0.059 R-16.9 
 
Critically, the U-factor path measures what actually happens in the wall — not what would happen if 
every square inch were filled with insulation and nothing else. This distinction is everything when 
comparing SIPs to conventional framing. 

 

Key Principle: The U-factor path is a whole-assembly measurement. It captures the real thermal 
performance of a wall or roof system — including the degrading effect of thermal bridges — 
rather than the theoretical performance of the cavity insulation alone. 

 

3.  The Thermal Bridging Problem in Conventional Framing 

3.1  What Is a Thermal Bridge? 
A thermal bridge is any element of a building assembly that conducts heat at a significantly higher 
rate than the surrounding materials. In conventional wood-framed walls, the studs themselves are 
the primary thermal bridges. Wood has an R-value of approximately R-1.25 per inch — far lower 
than the R-3.5 to R-6.5 per inch provided by common cavity insulations. 

In a standard 2×6 stud wall framed at 16" on center, wood framing occupies approximately 15–25% 
of the total wall area when accounting for studs, plates, headers, and corners. Each framing member 
creates a direct conductive pathway from the warm interior to the cold exterior — bypassing the 
insulation in the cavity entirely. 

3.2  The Impact on Effective R-Value 
The ASHRAE zone method and the parallel path method are the two standard approaches for 
calculating the effective (whole-assembly) R-value of a framed wall. Both account for the parallel 
heat flow paths through insulation and framing. The results are striking: 

Wall Assembly Nominal Cavity 
R 

Effective Whole-
Wall R 

Degradation 

2×4 @ 16" o.c. R-13 batt R-9 to R-10 ⚠ ~25–30% loss 

2×6 @ 16" o.c. R-21 batt R-14 to R-15 ⚠ ~25–30% loss 

2×6 @ 16" o.c. R-20 batt R-13 to R-14 ⚠ ~30–35% loss 

2×6 @ 24" o.c. (advanced framing) R-21 batt R-16 to R-17 ⚠ ~18–24% loss 



 
This degradation is not a defect — it is an inherent physical consequence of interrupted insulation. It 
is also the reason the IECC's prescriptive R-value path specifies values well above what is actually 
needed: the code writers know that nominal R-values overstate real performance. 

 

4.  Why Spray Foam Doesn't Fully Solve the Problem 

4.1  Spray Foam's Advantages 
Spray polyurethane foam (SPF) offers genuine advantages over batt insulation in a framed wall: it 
seals air leakage paths, adheres to framing members, and achieves a higher R-value per inch (R-6 
to R-6.5 per inch for closed-cell SPF versus R-3.5 for fiberglass batt). These properties make it a 
significantly better cavity insulation product. 

4.2  The Fundamental Limitation 
However, spray foam does not eliminate thermal bridging — it only insulates the cavities between 
the framing members. The framing members themselves remain thermal bridges regardless of what 
fills the spaces around them. Consider a 2×6 wall filled with closed-cell spray foam: 

▸  Closed-cell SPF in cavity: R-6.5/inch × 5.5" = approximately R-35 nominal 

▸  Wood stud at same location: approximately R-6.9 for the full 5.5" depth 

▸  Effective whole-wall R-value after parallel-path calculation: approximately R-20 to R-23 

▸  Degradation from nominal: approximately 34–43% 

 
The high R-value of the spray foam makes the contrast with the wood framing even more extreme — 
and therefore the fractional degradation larger, not smaller, than with lower-performance batt 
insulation. 

A 2×6 wall filled entirely with closed-cell spray foam at a nominal R-35 may achieve only R-20 to 
R-23 as a whole-wall assembly — still short of the Zone 5 prescriptive wall requirement of R-30 
without adding continuous exterior insulation. 

 

4.3  The Continuous Insulation Solution — and Its Complications 
The standard engineering response to thermal bridging in framed walls is the addition of continuous 
insulation (ci) — rigid foam or mineral wool board applied to the exterior of the framing, creating an 
uninterrupted insulation layer. The 2021 IECC R402.1.3 prescriptive options for Zone 5 walls 
explicitly recognize this: R-20+5ci, R-13+10ci, and R-20ci are all listed as compliance pathways. 

Continuous insulation works — but it adds cost, complexity, and thickness to the wall assembly. It 
also introduces challenges with window and door attachment, water management detailing, and the 
need for longer fasteners throughout. Each of these complications adds time and expense to a 
conventional framed project. 

 

5.  SIPs as True Continuous Insulation 

5.1  The SIP Difference 
A Structural Insulated Panel is, at its core, an engineered sandwich assembly: two structural facing 
panels — typically 7/16" OSB — bonded under controlled factory conditions to a rigid foam core, 
most commonly Type I Expanded Polystyrene (EPS), Graphite-Enhanced Polystyrene (GPS), or 



Polyurethane foam (PUR/PIR). The foam core is the structural and insulating element of the panel. It 
contains no wood framing members, no metal connectors, and no other thermal bridges penetrating 
through its depth. 

SIPs are connected at panel joints often with surface splines, block splines, or I-joist splines — all of 
which either eliminate thermal bridging or minimize it. The result is a wall or roof assembly that truly 
behaves as continuous insulation across its entire field area. 

5.2  Why the U-Factor Path Rewards SIPs 
When the IECC U-factor compliance path requires demonstration of a whole-assembly U-factor, 
SIPs can use the manufacturer's published System R-value directly in the calculation U = 1/R. This 
System R-value already accounts for the OSB facings and represents the actual thermal 
performance of the complete assembly — because there are no parallel framing paths to average 
out. 

For conventional framed walls, calculating the whole-assembly U-factor requires the parallel-path or 
zone method to account for the framing fraction — a calculation that always produces a U-factor 
worse than the cavity insulation alone would suggest. For SIP walls, the calculation is 
straightforward: the System R-value is the assembly R-value. 

For SIPs, the nominal R-value is the real R-value. For framed walls, the nominal R-value is 
always an overstatement of actual thermal performance. 

 

5.3  Murus EPS SIP Performance Data 
The following System R-values are published by Murus Company for their OSB-2100/EPS SIP 
series, tested in accordance with ASTM C518 at mean temperatures of 75°F and 40°F: 

EPS Core (Expanded Polystyrene) 

Panel Thickness Core Thickness System R @ 75°F System R @ 40°F U-factor @ 
75°F 

4-5/8" 3-3/4" R-15 R-16 U-0.067 

6-1/2" 5-5/8" R-23 R-25 U-0.043 

8-1/4" 7-3/8" R-29 R-32 U-0.034 

10-1/4" 9-3/8" R-37 R-40 U-0.027 

12-1/4" 11-3/8" R-45 R-49 U-0.022 
 

GPS Core (Graphite-Enhanced Polystyrene, BASF Neopor® — approx. 20% higher R-value than 
EPS at same thickness) 

Panel Thickness Core Thickness System R @ 75°F System R @ 40°F U-factor @ 
75°F 

4-5/8" 3-3/4" R-18 R-19 U-0.056 

6-1/2" 5-5/8" R-28 R-30 U-0.036 

8-1/4" 7-3/8" R-35 R-38 U-0.029 

10-1/4" 9-3/8" R-44 R-48 U-0.023 

12-1/4" 11-3/8" R-54 R-59 U-0.019 
 



PUR Core (Polyurethane Closed-Cell Foam — available in 3 thicknesses) 

Panel Thickness Core Thickness System R @ 75°F U-factor @ 75°F 

4-5/8" 3-3/4" R-27 U-0.037 

5-5/8" 4-3/4" R-34 U-0.029 

6-5/8" 5-3/4" R-41 U-0.024 
 
Note: EPS and GPS performance improves at lower temperatures — an additional cold-climate 
advantage. PUR (polyurethane) offers the highest R-value per inch of any SIP core, reaching R-27 
in a 4-5/8" panel — nearly double the EPS equivalent — and is available with a lifetime delamination 
warranty. 

 

6.  Code Compliance Comparison — SIPs vs. Conventional Framing (Zone 
5) 

The following comparison illustrates how SIP assemblies and conventional framed assemblies 
perform against the 2021 IECC Zone 5 requirements under both compliance paths: 

6.1  Wall Assemblies 

Wall Assembly Nominal R Effective 
Whole-Wall R 

U-factor R402.1.3 (R-
30) 

R402.1.2 (U-
0.057) 

2×6 + R-21 batt R-21 ~R-15 ~U-0.067 ✗ Fail ⚠ Borderline 

2×6 + R-21 batt + R-
5ci 

R-26 ~R-22 ~U-0.045 ✗ Fail ✓ Pass 

2×6 + closed-cell SPF 
(R-35 nom.) 

R-35 ~R-22 ~U-0.045 ✗ Fail ✓ Pass 

2×6 + SPF + R-5ci R-40 ~R-27 ~U-0.037 ✗ Fail ✓ Pass 

6-1/2" EPS SIP R-23 R-23 (no 
bridging) 

U-0.043 ✗ Fail* ✓ Pass 

4-5/8" GPS SIP R-18 R-18 (no 
bridging) 

U-0.056 ✗ Fail* ✓ Pass 

4-5/8" PUR SIP R-27 R-27 (no 
bridging) 

U-0.037 ✗ Fail* ✓ Pass 

 
* SIP walls do not meet the prescriptive R-30 requirement under R402.1.3 but comfortably satisfy the U-factor path 
under R402.1.2 — which is the thermally accurate measure of performance. 

6.2  Roof/Ceiling Assemblies 

Roof Assembly Nominal R U-factor R402.1.3 (R-60) R402.1.2 (U-
0.026) 

Attic: R-38 batt 
(compressed) 

R-38 ~U-0.030 ✗ Fail ⚠ Borderline 

Attic: R-49 blown cellulose R-49 ~U-0.021 ✗ Fail ✓ Pass 

Attic: R-60 blown cellulose R-60 ~U-0.017 ✓ Pass ✓ Pass 

Cathedral: 2×12 + closed-
cell SPF 

~R-42 ~U-0.030 ✗ Fail ⚠ Borderline 

10-1/4" EPS SIP R-37 U-0.027 ✗ Fail ⚠ Borderline 



Roof Assembly Nominal R U-factor R402.1.3 (R-60) R402.1.2 (U-
0.026) 

10-1/4" GPS SIP R-44 U-0.023 ✗ Fail ✓ Pass 

12-1/4" EPS SIP R-45 U-0.022 ✗ Fail ✓ Pass 

6-5/8" PUR SIP R-41 U-0.024 ✗ Fail ✓ Pass 
 
These comparisons highlight a counterintuitive reality: a 12-1/4" SIP roof at R-45 outperforms a 
cathedral ceiling framed with 2×12s and filled with closed-cell spray foam (nominal R-42) when both 
are evaluated on an equal, whole-assembly basis — and does so more simply, more reliably, and 
without the air sealing complications of a spray foam application in a framed cavity. 

 

7.  The Legal and Practical Case for the U-Factor Path 

7.1  The U-Factor Path Is Mandatory — Not Optional 
The 2021 IECC Section R402.1.2 does not make the U-factor path a special exception or an 
alternate to be granted at the building official's discretion. It establishes U-factor compliance as a co-
equal mandatory alternative to the R-value prescriptive path. The code language states explicitly that 
a component complying with the U-factor in Table R402.1.2 "shall be considered to satisfy" the 
corresponding R-value requirement. 

In states that have adopted the 2021 IECC, a building official is not authorized to reject a properly 
documented U-factor compliant submission. Doing so would constitute the imposition of a 
requirement more stringent than the adopted State Code. 

7.2  Documentation for SIP U-Factor Submissions 
A complete SIP U-factor compliance submission to a building department should include: 

▸  Manufacturer's published System R-value data sheet (tested per ASTM C518) 

▸  ICC NTA or ICC-ES evaluation report confirming code compliance (e.g., NER-1054 for 
Murus EPS SIPs) 

▸  Compliance table showing the assembly U-factor vs. the Table R402.1.2 maximum for the 
applicable climate zone 

▸  Reference to IECC Section R402.1.2 as the elected compliance path 

 
This documentation package is straightforward to prepare and provides a building official with 
everything needed to verify compliance without ambiguity. 

 

8.  Conclusion 

Structural Insulated Panels represent the clearest available expression of what the IECC's U-factor 
compliance path is designed to measure: the actual, whole-assembly thermal performance of a 
building component, free from the distorting effects of thermal bridging. 

Conventional framed walls — whether insulated with batts, blown insulation, or even closed-cell 
spray foam — are fundamentally limited by the thermal bridges created by the framing members. 
These bridges reduce real-world performance by 20–40% or more relative to the nominal insulation 
R-value. Continuous insulation can address this, but adds cost and complexity. 



SIPs solve the thermal bridging problem at the factory, before the panel ever arrives on site. The 
result is an assembly whose nominal R-value is its real R-value — no parallel-path corrections 
required. The IECC U-factor compliance path recognizes and rewards this performance, providing a 
straightforward, legally defensible route to code compliance for SIP buildings in every climate zone. 

 

NorthEast SIPs is an independent SIP dealer providing a comprehensive array of services 
through NorthEast SIPs and its manufacturing partners related to designing and building with 
SIPs. NorthEast SIPs works closely with its clients to help them achieve their goals with 
independent advice and guidance throughout the design and building process. Services 
available to clients include: architectural design services, preliminary SIP-related engineering 
review, engineering and SIP fabrication, SIP delivery, structural framing takeoffs and material 
delivery, and on-site SIP installation consulting. To discuss your project and how SIPs can 
contribute to building an efficient and comfortable residential or commercial structure, please 
reach out to Trevor Huffard, President of NorthEast SIPs, at trevor@nesips.com or 203-293-
5404. 
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