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Independent, private grant-making
foundation, supporting research & innovation
within the AEC industry.

Founded in 2005
$15M Funded
94 Research Grants

CHARLES PANKOW
FOUNDATION

Building Innovation through Research

37 Organizations

All work product is publicly shared for
collective use and industry change.




U.S. City, County, and State Policies for Existing Buildings:
Benchmarking, Transparency, and Beyond

BT

Spandrels Codes & Standards Research & Testing

What, Where, Why What do the codes say? Closing the Performance
Spandrels? Gap



Spandrels

What, Where, Why
Spandrels?



Glazed Wall Spandrel Systems

= A non-vision application of a
Spandrel fenestration product; typically
used to hide or obscure features of
the building structure or used for
visual effect. (NFRC 100)
Insulting Glass Unit——> Vision Glass

Metal Panel

Insulation

Metal Back-Pan —

Unitized Curtain
Wall Panel

North American Glass Curtain Wall
Market estimated
> $8.4 Billion in 2023

(Stellar Market Research, 2023)
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Codes & Standards

What do the codes say?



What is a Spandrel?
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Whatis a Spandrel?

OTHER?

2022 Building Energy Efficiency Standards

Page 427

TABLE 170.2-A ENVELOPE COMPONENT PACKAGE — Multifamily Standard Building Design

Multifamily

Climate Zone

t [ 23] a]s e 7] e]oJw]au]u]o]uwu]s]iws
Metal-Building,
) ) 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.061 | 0.057 | 0.057 | 0.057 | 0.057 | 0.057 | 0.057
any fire rating
Framed {wood, metal)
and other 0.059 | 0.059 | 0.059 | 0.059 | 0.059 | 0.065 | 0.065 | 0.059 | 0.059 | 0.059 | 0.051 | 0.059 | 0.059 | 0.051 | 0.051 | 0.051
>1hr fire rating
Framed
(wood, metal) and - t O -
2 0| 0.051 | 0.051 | 0.051
g other,
<1hr fire rating?
u u u u u u u u u u u u u u u u
Mass Light 5 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.077 | 0.05%
R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R13 | R17
Mass Heavy 0.253 | 0.650 | 0.650 | 0.650 | 0.650 | 0.690 | 0.690 | 0.690 | 0.690 | 0.650 | 0.184 | 0.253 | 0.211 | 0.184 | 0.184 | 0.160
TABLE C402.1.4 OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR METHOD?* b
4 EXCEPT 5 AND
0AND1 2 3 6 7 8
CLIMATE MARINE MARINE 4
ZONE Al | Group Al Group All Group All Group All Group All Group All Group All G
other R other R other R other R other R other R other R other f
Walls, above grade
Mass' U- U- U- U- U- U- U- U- U- U- U- U- U- U- U- L
0.151 0.151 0.151 0.071  0.037 0.C
- U- U- U- U- U- L
Metal building
0.079  0.079  0.079 - o - 0.039 0.039 0.C
U- U- U- U- U- L
Metal framed
0.077  0.077  0.077 0.042  0.037 0.C
Wood framed U- U- U- U- U- U- U- U- U- U- U- U- U- U- U- L
and other® 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.051 0.051 0.051 0.051 0.051 0.051 0.0832 0.
Table 5.5-4 Building Envelope Requirements for Climate Zone 4 (A,B,C)*
Nonresidential Residential Semiheated
Assembly Insulation Assembly Insulation Assembly Insulation
Opaque Elements  Maximum Min, R-Value Maximum Min. R-Value Maximum Min. R-Value
Walls, above Grade
Mass U-0.592
Metal building U-0.341 ki > R-1 5
Steel-framed U-0.365
Woodframed and other  U-0.365 R-23+R-0.7ci orR-35 U-0365 R-23+R-0.7ci orR-35 U-0.504 R-23
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Building Energy Performance
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Uncertain Thermal Performance

ANSI/NFRC 100-2023e0a0]

Procedure for Determining
Fenestration Product U-factors

An American National Standard

© 2013, 2023 National Fenestration
Rating Council, Inc.

Prepared by:
National Fenestration Rating Council
6305 Ivy Lane, Suite 410

Greenbelt, MD 20770

P:301-589-1776
F: 301-589-3884
E: info@nfrc.org
W: www.nfrc.org

National Fenestration
Rating Council®

REFERENCE PROCEDURE
FOR SIMULATING SPANDREL U-FACTORS

FENESTRATION
ASSOCIATION OF BC

Fenestration Association of BC (FENBC)
www.fen-bc.org

Thermal bridging calculation
methodology

CSA Z5010:21

National Standard of Canada

scc@®cen




Uncertain Thermal Performance

ANSI/NFRC 100-2023e0a0]

Procedure for Determining
Fenestration Product U-factors

An American National Standard

© 2013, 2023 National Fenestration
Rating Council, Inc.

Prepared by:
National Fenestration Rating Council
6305 Ivy Lane, Suite 410

Greenbelt, MD 20770

P:301-589-1776
F: 301-589-3884
E: info@nfrc.org
W: www.nfrc.org

National Fenestration
Rating Council®

REFERENCE PROCEDURE
FOR SIMULATING SPANDREL U-FACTORS

Fenestration Association of BC (FENBC)
www.fen-bc.org

No Consensus

Thermal bridging calculation
methodology

CSA Z5010:21

National Standard of Canada

scc@®cen




NFRC Spandrel Task Group | Sim. vs. Testing




NFRC Spandrel Task Group | Sim. vs. Testing
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Uncertain Thermal Performance
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Uncertain Thermal Performance

NFRC Size Project Size(s)
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Thermal performance is
dependent on size similar to
fenestration (windows and doors)
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Impact of Adjacent Assemblies

Adjacent assemblies may impact spandrel heat flow



Simulated Spandrel Effective R-value

Spandrel Thermal Performance Adjacent to Glazing

] Spandrel with R-16.8

insulation and R-8.4
interior insulation and
furring adjacent to double
glazed IGU

Spandrel with R-16.8
insulation adjacent to
double glazed IGU
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Uncertain Thermal Performance

Derated performance due to thermal bridging
Spandrel with R-16.8 insulation

‘Actual’ R-6.5!

Hotbox Lab Measurement 3D Analysis 2D Analysis
Hotbox Measurement 0.87 (0.153) 1.2 (6.5) -
3D Analysis 0.87 (0.153) 1.2 (6.5) 0%
2D NFRC-100 0.63 (0.111) 1.6 (9.0) 32%
2D NFRC Modified 0.68 (0.120) 1.5 (8.3) 24%




Research & Testing

Closing the performance
gap



Thermal Performance of Spandrels

RDH SGh

FO UNDATI O N — _’__’%National Laboratory i BERKELEY LAB
Building Innovation through Research
\ Consulting




Research Timeline

3to4
Years >

Phase 3 Phase 4

Phase 1 Phase 2

e Literature search Compute U Factors

 Industry survey ﬁ and Other Prer?are Sp'andrel . Code and
« Thermal modeling - | Performan-ce Data Design Guidance > Standards
«  Define systems — €rma for Various Document Adoption

modeling Spandrel Systems

* Spectest program

N N N

Contracted Team: Contracted Team: Contracted Team: ASHRAE Special
SGH, RDH, MH w/ SGH, RDH, MH w/ SGH, RDH, MH w/ Project Publication
ORNL (test lab), ORNL (test lab), ORNL (test lab), w/ Contracted

LBNL LBNL LBNL Team

Phase 2
Started Summer 2023



CHARLES PANKOW

FOUNDATION OUR WORK COLLABORATORS JOIN Us ABOUT WHAT'S NEW CONTACT US
Building Innovation through Researd] h

B i e I : An ACTion Guiae jor Leaaers

Life Cycle A t of ' ¥ 3IM-ORUM
: ! _ ife Cycle Assessment o s “—— BIM EXECUTION
W - I D I wh Buildings: a practice Guide 3 \ - h [ PLANNING GuIDE

THERMAL PERFORMANCE OF SPANDREL ASSEMBLIES IN GLAZING SYSTEMS
RESEARCH-ROADMAP, PHASE 2

P et b - ke " % l‘ EE;g _.;.,! 4
o . o H o PROFESSIONAL'S GUIDE T L 4
& SURE- Q) MANAGING THE DESIGN PHASE

RESOURCES RESEARCH GRANTS CASE STUDIES ANNUAL REPORTS CASE FOR SUPPORT

RESOURCES / DOWNLOADS

I:) RGA #04-22 Thermal Performance of Spandrel Assemblies in Glazing Systems Research Roadmap, Phase 1

Phase 1 Report

Thermal Performance of Spandrels: Sustainable Development, Leadership, and Investment Opportunities
August 2023 Webinar

L/I Webinar Recording: Thermal Performance of Spandrels
Recording of the webinar presented on Tuesday, 8 August 2023



Close the Knowledge Gap

Physical thermal “hot box” testing 2-D modeling 3-D modeling
Oak Ridge National Laboratory

Type: Temperature
Unit: °F

:

J’—Exlem of Thermal Symmetry—l

Result: detailed data set on heat flow
through various components of spandrel
assemblies



Test Articles

=T Stick-Built Curtain Wall
' s Thermazlly-broken
E aluminum captured
— system
‘ h ¢ Commonly used in
industry
H" * |ndividual components

installed on site

Window Wall (US)

¢ Thermally-broken
aluminum captured
system

¢ Supported on slab
edge, mullion above
and below slab

® Greater integration with
intermediate floor slab,
less space available for
insulation leading to
greater heat loss

Unitized Curtain Wall
e Thermally-broken

aluminum structural
glazed (S5G) system
Commonly used in
industry
Prefabricated panels
shipped to and
assemblies on site

Window Wall (Canadian)

e Thermally-broken
aluminum captured
system

¢ Significant integration
with intermediate floor
slab {more than US
window wall system)

® More space for
insulation outboard of
slab, but still high heat
loss

Veneer System

s Captured system with
wood or steel mullions

s Alternative to typical
curtain wall systems
with potentially less
heat loss

* Individual components
installed on site

Nex Generation High
Performance System
¢ Industry state of the art
high perfearmance
systems
e Thermally-broken
aluminum systems with
insulation (R-40+)

Test Article #1




Committed Donations!
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CHARLES PANKOW
FOUNDATION

Ivan Lee | MASc., P.Eng

Building Science Engineer
ilee@morrisonhershfield.com

Daniel Haaland | MASc., P.Eng

dhaaland@rdh.com

Thank You!

Principal, Senior Building Science Engineer
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