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Credit(s) earned on completion
of this course will be reported to
AIA CES for AIA members.
Certificates of Completion for both
AlA members and non-AlA
members are available upon
request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content that
may be deemed or construed to be an
approval or endorsement by the AlA of
any material of construction or any
method or manner of

handling, using, distributing, or dealing
in any material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion
of this presentation.



Course description:

Provide an overview of optimizing commercial fenestration with thermal

barriers and high-performance glazing components in aluminum windows,
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storefront, and curtain wall framing in the building envelope.
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Learning objectives:

Discuss the importance of optimizing energy efficiency in commercial
buildings and initiatives to reduce energy consumption.

Evaluate the performance of aluminum window, storefront, and curtain wall
fenestration systems in the building envelope through the application of
structural thermal barriers and high-performance glazing.

Investigate performance and comfort-related topics in aluminum
fenestration systems including material sustainability, thermal and
structural performance, noise abatement and condensation resistance.

Observe a range of fenestration product types, measured performance
outcomes, energy-savings, LEED, PassiveHouse and Cradle to Cradle®™
contribution through the use of multiple case studies.
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Terminology

Performance in fenestration systems

Government, NGOs*, policy makers:

Mega-trends: green awareness, sustainability, carbon
footprints, net-zero energy, Title 24 — CA.gov

EPA, DOE, USGBC, ASHRAE, NFRC, IECC, LCA

*Non-Governmental Organizations



Terminology

Performance in fenestration systems

Fenestration(architecture)

Refers to the design, construction, or
presence of openings in a building.

Fenestration includes windows,
doors, louvres, vents, wall panels,
skylights, storefronts, curtain walls,
and slope glazed systems.




Terminology

Performance in fenestration systems

U-Factor:

The rate of heat loss is indicated
in terms of the U-factor (U-value)
of a window assembly. The lower
the U-factor, the greater a
window's resistance to heat flow
and the better its insulating
properties.

Condensation Resistance Factor
(CRF)

CRF numbers for windows range
from 30 to 80; the higher the
number, the better the window is
at resisting condensation.

-18°C
O°F

21°C
70°F
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Terminology

Performance in fenestration systems

Tools for analyzing performance

WINDOW:

Berkeley Lab WINDOW is a publicly available computer
program for calculating total window thermal
performance indices (i.e. U-values, solar heat gain
coefficients, shading coefficients, and visible
transmittances).

THERM (LBNL):

Using THERM, you can model two-dimensional heat-
transfer effects in building components such as windows,
walls, foundations, roofs, and doors and other products
where thermal bridges are of concern.

The U.S. Department of Energy (DOE)
Lawrence Berkeley National Laboratory (LBNL)



Terminology

Performance in fenestration systems

Solar Heat Gain Coefficient (SHGC)

The SHGC is the fraction of incident solar radiation
admitted through a window, both directly transmitted
and absorbed and subsequently released inward. SHGC
is expressed as a number between 0 and 1. The lower a
window's solar heat gain coefficient, the less solar
heat it transmits.

Solar
radiation

Solar heat gain can provide (free) heat in the winter ©Azon
but can also lead to overheating in the summer

Sound control for entire fenestration system,

rather than for the individual acoustical
fenestration components.

Outdoor-indoor transmission class (OITC) is
standard used for indicating the rate of
transmission of sound between outdoor and
indoor spaces in a structure.

a
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Commercial fenestration: an integration of aluminum and glazing
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Aluminum for buildings is sustainable

Aluminum is 100% recyclable and it can
be repeatedly recycled, retaining the
same material physical properties

Aluminum is the third most abundant
element in the earth’s crust next to
oxygen and silicon, and the most
abundant metal in nature

A natural, durable material ideally suited
for fenestration products designed to
include a thermal barrier to facilitate
energy savings

Aluminum Extruders Council |www.aec.org
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Aluminum Life Cycle:
the never-ending story

Aluminum frames are corrosion
resistant when anodized and painted
ensuring the sustainability of windows
used in most environments

Of all materials used for the fabrication
of modern windows, aluminum is
superior to vinyl, wood and fiberglass in
absolute terms of the life cycle story

Aluminum extrusion Environmental
Product Declarations (EPDs) and
Lifecycle Assessment (LCA) quantify the
sustainability.

Aluminum Extruders Council |www.aec.org

13



ENVIRONMENTAL PRODUCT DECLARATION (EPDs)
THERMALLY IMPROVED ALUMINUM EXTRUSIONS

Aluminum Extruders Council |www.aec.org
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Learning objectives:

1. Discuss the importance of improving energy efficiency in
commercial buildings and initiatives to reduce energy consumption.

2. Evaluate the performance of aluminum window, storefront, and curtain
wall fenestration systems in the building envelope through the application
of structural thermal barriers and high-performance glazing.

3. Investigate performance and comfort-related topics in aluminum
fenestration systems including material sustainability, thermal and
structural performance, noise abatement and condensation resistance.

4. Observe a range of fenestration product types, measured performance
outcomes, energy-savings, LEED and Cradle to Cradle®™ contribution

through the use of multiple case studies.
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Commercial building energy consumption

* 16



Commercial building energy consumption
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Energy loss in commercial buildings

Infrared thermal image showing poor thermal insulation
on multi-story building
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2018 IECC Commercial Climate Zones

Max. U-Factor & SHGC Requirements
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Title 24:
Building Energy Efficiency Program
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Advantages of aluminum fenestration

Aluminum windows are able to
provide all these benefits:

High strength to weight ratio

Excellent structural performance

Narrow sightlines

Environmentally friendly

Unlimited color finish options

LEED certification® (eadershio in Energy and Environmental Design)

Catastrophic events: hurricane, blast,
tornado, intrusion
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Imagine: no insulating barrier against energy loss

Non-insulating
single glass

Non-thermal
aluminum frame
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Terminology

Thermal conductivity:

The ability of a material to transmit heat.
The higher the number, the easier it is for heat to transmit.

Conductivity: great for beverages

... poor for buildings

The thermal
conductivity of
aluminum is 1,109

Non-thermal
aluminum frame

°23




Role of thermal barriers

frost free at
72° F (22° Q)

thermal

barrier

frost forms
easily on the
aluminum frame

dry ice at -148° F (-100° C)

«24




Thermal conductivity

(The rate of transfer of heat through a given material)

Lower is better!
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Thermal barrier types and comparisons

Polyurethane Polyamide 6.6

_ (“strut” or “strip”)
(pour and debridge)
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Thermal barrier fabrication: pour and debridge
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Mechanical locks improve structural strength
Method #1 Method #2

Abrasion hooks improve the adhesion
between the polyurethane polymer and
the surface of the thermal barrier pocket
in the aluminum window extrusion.

lanced method

Lanced indentations mechanically
lock the thermal barrier polymer in
place to ensure maximum adhesion
of the thermal barrier to durable
architectural finishes.

abraded method

* 28



Thermal barrier fabrication: strut (or strip system)

Knurling. Knurling is the first step in the
production process.

It is performed to produce teeth in the
aluminum pocket that will “bite” into the Strut
during the crimping process. Proper knurling is
required to insure adequate shear strength of
the composite profile.

Crimping. The crimping
process uses three sets of
wheels which rotate the
aluminum on to the strut to
crimp it into place, forming
the bond between the two
extrusions and the strut.

Insertion. Prior to struts
being inserted they are
properly selected and
verified against the
production paperwork.

* 29



Thermal barrier types

Polyamide

QStrips (2)

Polyurethane

O
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Keys to thermal efficiency:
Thermal conductivity and separation of the aluminum

Similar thermal gap: : Same U-factor, dissimilar gap:

Requires 50%
wider gap to
match U-factor

. Polyurethane Polyamide . Polyurethane Polyamide

U-factor=0.43 U-factor=0.44 U-factor=0.39 U-factor=0.39




Insulating glass for commercial buildings  Low-e with gas filling

outperforms clear glass,
triple-glazing
outperforms both—
with some trade-offs

Low-E coating on

surface(2

helps reflect heat to

the outside, reducing 2
solar heat gain and

cooling costs

Low-E coating on 3

surface(3

reflects infrared heat

back into interior

space reducing 1 4.
Exterior Interior

heating costs

Some IGU will have
Low-E on surface (4

* 32



Changes in fenestration performance over time

innovation
timeline

THERM and WINDOW are trade names of
Lawrence Berkeley National Laboratory

*33



Terminology

High-density polyurethane foam

significant performance improvement

* High-density polyurethane foam core for
commercial windows and doors

* Major breakthrough in thermal
performance for aluminum fenestration
products.

 Thermal barrier system with the lowest
conductivity

 Meeting stringent global energy standards
including Energy Star, PassiveHouse, and
International Energy Conservation Code
(IECC).

¢34



Thermal conductivity

(A measure of the ability of a material to transfer heat)

Lower is better!
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Changes in commercial fenestration performance over time

Non- thermal Polyamide Polyurethane High-density
(pour and debridge) polyurethane foam

]

OVERALL U-FACTOR OVERALL U-FACTOR OVERALL U-FACTOR OVERALL U-FACTOR OVERALL U-FACTOR
.75 Btu/Hr-ft*-°F 41 Btu/Hr-ft2-°F -39 Btu/Hr-ft*-°F .34 Btu/Hr-ft>-°F 29 Btu/Hr-ft-°F
Glazing = 1;?;ndanCIgar Glasg G!,aZing = 17-6mm Low-E Glass E/il’?\?\i/l;?r;.ézg;ngqp';?gr_/ig?nss i‘a\f\'/’;?n:_;dﬁ;“g l;g;vr-/irecliss 1Gl”azing =1"-6mm Low-E Glass

zemm Ciea?;g:gzglr gzm:/nv grgalf(ég:szpacermrgon 6mm Clear Glass 6mm Clear Gglassp ° ézmr\;V acl’ll”g;%%:;pacer/Argon
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New Standard in Sustainability

Creative and innovative product

High-density polyurethane foam

After two year of intense research, the largest,
privately-owned provider of fenestration
solutions in the UK develops high-density
polyurethane foam thermal barrier to cope with
extreme weather conditions.

* Simple, cost effective and lowest U-Factor

e 100% recyclable and has been designed to
meet the Passivhaus (Europe)standard.

* Green Guide rating of ‘A’ for use in
commercial projects and a life expectancy in
excess of 40 years

* Able to receive double or triple glazing up to
for maximum thermal and acoustic
performance

Manufacturer: Senior Architectural Systems (UK)

* 37



New Standard in Sustainability: Europe

Creative and
innovative product

Introduced in 2016 at a major
UK Window and Door Expo

Rigorous Passivhaus standard for
residential windows in the
United Kingdom states:

U-Factor must be 0.80 W/m~2*K
(0.14 Btu*in/h*ft"2*F) or below.

e Triple glazed casement = 0.80
e Triple glazed fixed = 0.77

Utilizing high-density
polyurethane foam
thermal barrier

* 38



L New Standard in Sustainability

Creative and innovative product design

Low U-Factor 0.25
(0.22 with triple glazing)

High-density
polyurethane foam
thermal barrier

aluminum interior,

solid wood interic .
Patent Pending aluminum exterior

aluminum exterior

) Optimizing Performance
Manufacturer: Quaker Window ianornmer%ial Fenestration °® 39



Comparing U-factor of casement or awning windows

Aluminum clad wood casement
with polyurethane foam
thermal barrier

Casement U-factor - .25 Btu/hr-ft2 - F
Awning U-factor - .25 Btu/hr-ft? - F
Glazing =17 1G
« 3mm 366 Low-E —

» %" Super Spacer + Argon
* 3mm I89 Low-E

PVC casement

Casement U-factor - .23 Btu/hr-ft2 - F
Awning U-factor - .25 Btu/hr-ft? - F

Glazing = 3/4” 1G
+ 3mm 366 Low-E

1/2” Super Spacer + Argon
+ 3mm 189 Low-E

* 40



CASE STUDY Pure Michigan

Fixed and operable windows provide natural light
in the summer and maximum energy efficiency

during Michigan's long, cold winters. Midcentury Modern (renovation)
thermal barrier window wall

Location: Glen Lake Michigan

Architect: Ray Kendra, Environment Architects
Manufacturer: Western Window Systems
* Series 600 Window Wall

e Series 670 Casement and Awning

e Series 900 Hinged Door e 41



Storefront, window and curtain wall systems

High performance thermal barrier windows,
storefront and curtain wall systems are
available in dual or single cavity designs

Storefront, dual cavity Storefront, single cavity Curtain wall, dual cavity Curtain wall, single cavity
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Window Project: Empire State Building

Opened in 1931
Worlds tallest building at the time

Steel framed windows with single
pane glass

1994 renovation

5,460 new windows

e Polyurethane thermal barrier

* Insulating glass

* Project cost $5.5mm

* Annual energy savings $948,000
e Payback period 6 years

. 43



44



CASE STUDY
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CASE STUDY

Window composition

Sound control

Polyurethane thermal barrier
1-3/8”Insulating Glass

* %” Laminated exterior

* %” Warm edge spacer

* %" Interior light

STC Rating 46

Date

e i OITC Rating 36

Chanpion Window snd 090 oy 9

S.M::'h uﬁ:'am exterior), Glass temperature T5F

Fenestration system
components affect outdoor-
indoor sound transmission
in the exterior wall

PARK CENTRAL

New York Sound transmission OITC (Outdoor

Indoor Transmission Class)

Manufacturer: Champion Window and Door s



Storefront: framing types

Non-thermal Polyamide
storefront thermal barrier
storefront

Single cavity
pour and debridge
thermal barrier
storefront

Dual cavity
pour and debridge
thermal barrier
storefront

.47



Storefront: performance comparison

Non-thermal Polyamide Single cavity
storefront thermal barrier pour and debridge
storefront thermal barrier
storefront

Overall U-factor = .63 Overall U-factor = .38 Overall U-factor = .36
Btu/hr-ftz - °F Btu/hr-ftz - °F Btu/hr-ftz - °F
Glazing — 1” Overall Glazing — 1” Overall Glazing — 1” Overall
Clear / Alum. Spacer+ Low-E / Warm-Edge Low-E / Warm-Edge

Air/Clear Spacer+ Argon/Clear Spacer+ Argon/Clear

Dual cavity
pour and debridge
thermal barrier

storefront

Overall U-factor = .32
Btu/hr-ft - °F
Glazing — 1” Overall
Low-E / Warm-Edge
Spacer+ Argon/Clear

Optimizing Performance
inCommercial Fenestration

* 48



CASE STUDY

The STANDARD

New Orleans, Louisiana

Impact resistant
thermal barrier
window wall

Architect: Morris Adjmi

G.C : Woodward Design + Build
Glazing Contractor: Zinsel Glass
Manufacturer: YKK AP America Inc.

Price-point between storefront

and curtain wall

* Completely factory glazed
and assembled, or inside
glazing at jobsite

* Hurricane and blast
mitigating

*  Window wall for mid-rise

(Products: YHW 60TU, YTD 350TH,
YES SSG TUH, Model 35H)

. 49



CASE STUDY

The STANDARD Pre-glazed in shop or inside

New Orleans, Louisiana glazed at job site

* 50




CASE STUDY

Colorado State University Engineering Il Building

Fort Collins, Colorado

Manufacturer: Kawneer, an Arconic Company

Products Used:

Trifab 451UT (Ultra 1600UT Curtain Wall
Thermal Framing)

‘oo
N

\
&
|

Versoleil SunShade GLASSvent Windows
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CASE STUDY

Baker Center

Minneapolis, Minnesota

Baker Center

Contractor: JE Dunn Group
Erector: Brin Contract Glazing
Architect: RSP Architects

Manufacturer: Tubelite
Product category: Curtainwall, Storefront

Products Used:

400TU

The Baker Center in downtown Minneapolis Storefront, dual cavity
Curtain wall

boasts more than 1 million square feet of office
and retail space. -



Curtain wall thermal barrier systems

Manufacturer: CRL U.S. Aluminum

Curtain wall, dual cavity

53




Thermal barrier types and comparisons

Structural performance:
A critical characteristic in
curtain wall

Deflection: weight force
required to deflect a 4-inch x
84-inch extrusion 1/2-inch)

Polyamide struts

Polyurethane

Torsion: 519 Ibf
Shear: 1,437 |bf
Deflection 1,821 |bf

Torsion: 1,519 Ibf
Shear: 1,901 Ibf
Deflection 2,206 |bf
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CASE STUDY

Willis Tower

e Completedin 1973

e Tallest building in Western
Hemisphere

* High-tech for it’s time, but low-tech
compared to today’s available
technology

Non-thermal aluminum framing
Very high thermal conductivity

9/16-inch laminated glass (non-
thermal)

High energy consumption &
carbon emissions

Frost & condensation
U-Value 0.78
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CASE STUDY

W| I I |S Towe r (thermal barrier frame, triple insulating glass)

simulation size = 40-in x 80-in

OPTIONS DESCRIPTION U-FACTOR
#1 POUR and DEBRIDGE FRAME WITH .334 Btu/hr-ft2-F
THERMAL BARRIER SPACER
#2 POUR and DEBRIDGE FRAME WITH .342 Btu/hr-ft2-F
STAINLESS STEEL SPACER
#3 POUR and DEBRIDGE FRAME WITH .353 Btu/hr-ft2-F
ALUMINUM SPACER
#4 ****** | POLYAMIDE FRAME WITH THERMAL .373 Btu/hr-ft2-F
BARRIER SPACER
#5 POLYAMIDE FRAME WITH STAINLESS STEEL | .378 Btu/hr-ft>-F
SPACER
#6 POLYAMIDE FRAME WITH ALUMINUM .386 Btu/hr-ft2-f
SPACER
EXISTING | ALUMINUM FRAME 9/16” SINGLE LAMINATED | .780 Btu/hr-ft>-F
GLASS

*Least Expensive Option / ******Most Expensive Option

* 56



CASE STUDY .
Transforming a

Chicago icon

Glass sightline Willis Tower
« temp.=32° F o
turn the eX|st|ng structure

from a cold and inefficient
building, to a thermally
efficient building

U-factor= .78
Current

Triple glazed

*3/16” Lami x 2" x
3/16” x V2" x 3/16”

*Low-e #4 & #6
*Argon
«Stainless

Glass sightline

temp. =53.1° F

Pour and debridge
thermal barrier

U-factor= .33

Future

e 57



CASE STUDY

Willis Tower

modernization project

Up to 80% less base building electricity usage

e

Savings of 50,000 barrels of oil per year

e

Savings of 50% of heating energy with exterior wall
upgrades, including panels and replacing 16,000
windows

Source: www.willistower.com/icon
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CASE STUDY

LEED Platinum

* 60



International applications

61
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CASE STUDY

Polyurethane

*62



CASE STUDY

Award winning - sustainable

Curtain wall,
dual cavity

Land and Housing Corporation

Monumental Korean master
plan project exceeding the
Passive House standards for
Korea in implemented in 2016

project implements numerous
sustainable products and methods
including high-performance triple glazing
and building envelope materials

System manufacturer: Wonjin Aluminum
(Wan Ju-goon / Jeon La Buk Province)
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CASE STUDY

Incheon Airport Terminal 2

Curtain wall, dual cavity
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Songdo City

NEATT

Tallest building in Korea
68-story

Incheon, Korea

Architect: Kohn Pederson Fox/Heerim
Contractor: Daewoo/POSCO E&C
Owner: Gale International
Completion: 2014

LEED CS Silver

Pour and debridge,
single cavity

O
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World’s first “Smart City” built with technology in mind,
A S35 billion Master Plan setting new benchmarks for
sustainable urban development.
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