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Disclaimer
This material is intended to be used for reference,
continuing education, and training purposes only.
Neither RDH Building Science, Inc., nor the
R 'I* BUILDING persons presenting the material, make any
SCIENCE representation or warranty of any kind, express or
© RDH Building Sci Inc. 2021 implied, with regard to whether the material is
ullding >cience, Inc. appropriate for, or applies to, any specific project,
All rights reserved. No part of this presentation may be Icwcumstdance or clon.dltlon. Apé)llcdable an Ic.u.rrent
reproduced or transmitted in any form by any means, aws, codes, rggu atlon§, stan ar s an .p.o icies,
electronic, mechanical, photocopy, recording, or other as well as project and site-specific conditions,
without prior written permission. procedures and circumstances must always be
considered when applying the information,
For permissions to use this content, email details, techniques, practices and procedures
onlinelearning@rdh.com. described in this material.
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Learning Goals

Identify key performance requirements
and standards for glass selection.

Recognize which components of
insulated glass units affect their
performance and how these interact.
Understand the design process and when
critical decisions must be made around
glass and glazing.

Apply a framework to compare options
for insulated glass units across multiple
requirements.

ROH

7/15/2021
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Glass Skyscraper,
Ludwig Mies van der Rohe
1921
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Type of Construction
" Energy Goals
Erojectton s Local Regulations n
Visual Design Intent m
wn
# Cavities, fill type, 7,
Thermal Performance Type of IGU ¥ contings
Solar + Visual + Privacy Coating + Substrate R VI 0. m_
+Size T m
PN Frit + other -t
Design, Bird Safety el SHGC, VLT, R1, R2 6'
Acoustic “
—
Controlled through o
X fagade specification,
Structural Tll:cklness N unless minimum E
IIREES thicknesses are specified A
Safety/Security/Fire )
Specification :
Color Consistency
ke Hand Samples
Production Samples
Production Quality
and Defects ap/ac
Site Reviews
RDOH
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ROH

Project Goals

Thermal Performance

Solar + Visual + Privacy
+ Size

Design, Bird Safety

Acoustic

Structural

Safety/Security/Fire

Coating + Substrate

Type of Construction
Energy Goals

Local Regulations
Visual Design Intent

# Cavities, fill type,

Type of IGU # coatings

SHGC, VLT, R1, R2

T3 G SHGC, VLT, R1, R2
Treatments
Controlled through
facade specification,
Thickness + unless minimum
Laminates thicknesses are specified

Specification

aseyd ubisag - Meysmoj4

Thermal Performance

<«
T

OUTDOORS

Ref: NFRC Simulatiun Marual.

ROH

Losses

— Double-glazed
window

INDOORS

Convection
% e and

conduction

| < | ————

— .~

Thermal
radiation

e e S e g
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Which U-value?
What Matters Specified, labeled, Determined by
and modelled IGU build-up
/,/’r TR R w7 1
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Primary Seal —~
Seconcon Senl
—
Building U-value Product Total U-value Center-of-Glass
(Uy) Uy
g9
RDH
9
Value of High Performance Windows
Impact of Window to Wall Ratio on Overall Wall R-value
18
& e==|\linimum ASHRAE Compliant U-0.55
I 16 |—— i _ e===Minimum EEA U-0.45 i
3 Good Aluminum Double U-0.39
E 14 ====Non-Condutive Double U-0.27 ~
2
2 wm=Non-Conductive Triple U-0.17
_§ 12
£
E 10
£
€ 8
S
o6
3 .
< Compliant
N~ I T T T T LT
o
& Non-Compliant
g 1 T T — -
0 | | | | I | |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Window to Wall Ratio
RDH 10
10
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Value of High Performance Windows

Impact of Window to Wall Ratio on Overall Wall R-value

18
= winimum ASHRAE Compliant U-0.55
a Compliant -
. 16 ] I I ] =—=Minimum EEA U-0.45
E Good Aluminum Double U-0.39
- 14 e NoON-Condutive Double U-0.27
=
b === Non-Conductive Triple U-0.17
312
o
&
H
210 e g e e T e e e e e e e e e e s
o
£
E 8
S
]
3 6
] Non-Compliant
x 4 i
2
g2
&
0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Window to Wall Ratio

ROH 1

11

Value of High Performance Windows

Impact of Window to Wall Ratio on Overall Wall R-value

@ |\linimum ASHRAE Compliant U-0.55
16 | Compliant ——Minimum EEA U-0.45 J
Good Aluminum Double U-0.39
e===Non-Condutive Double U-0.27 —

14

«===Non-Conductive Triple U-0.17

12

10

Non-Compliant

Effective R-value of Combined Windows and Walls - IP

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ASHRAE, Maximum 40% Glazing Area Window to Wall Ratio

ROH 12
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Value of High Performance Windows

Impact of Window to Wall Ratio on Overall Wall R-value

=
0w

e \inimum ASHRAE Compliant U-0.55
Compliant | ——Minimum EEA U-0.45
Good Aluminum Double U-0.39
===Non-Condutive Double U-0.27

=
o

=
-

== Non-Conductive Triple U-0.17

[
~

=
o

Non-Compliant

Effective R-value of Combined Windows and Walls - IP

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ASHRAE, Maximum 40% Glazing Area Window to Wall Ratio

ROH 12
13
U-values
Double Glazed Unit Gas Low-e Ug ((19) Ug (SI)
" o No coating 0.48 2.73
£ % llowe 0.30 1.70
5 2 low-e 0.24 1.36
= s No coating 0.45 2.56
3 o 1 low-e 0.24 1.36
I =) <

e 2 low-e 0.20 1.14
No coating 0.31 1.76
+  One Coating 0.22 1.22
g < Two Coatings 0.25 1.42

N
‘G“ Three Coatings 0.14 0.79
w No coating 0.29 1.65

Qo
= S  One Coating 0.18 1.02

= jo)]

< Two Coatings 0.12 0.70
Three Coatings 0.10 0.57

Watch-it: Coatings facing each other do not increase performance!

ROH

Note: For 2" (12.7 mm air spaces).

14
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U-values
Double Glazed Unit Gas Low-e Ug (lP) Ug (Sl)
w o No coating 0.48 2.73
£ Z 1lowe 0.30 1.70
3]
(G
<
S 5
3 o 1lowe 0.24 1.36
o <
2 low-e 0.20 1.14
o i
c
N
> f
3 O
5 9]
3 =
= S One Coating 0.18 1.02
o
<  Two Coatings 0.12 0.70
Three Coatings 0.10 0.57
Watch-it: Coatings facing each other do not increase performance!
RDH
Note: For 4" (12.7 mm air spaces).
15
Thermal performance of IGU edge spacers
Thermally improved spacers decrease the window U-value and
raise internal surface temperature
49 °F 53°F 55°F
(9.4°C) (11.7 °C) (12.8°C)
Standard Aluminum ,:’I Stainless-steel ,/I '
7'! X N
‘ | ‘\ ‘ ]
U,, 0.157 Btu/(hr -ft2-F) U,, 0.146 Btu/(hr -ft2F) U, 0.140 Btu/(hr -ft>-F)
(-7%) (-11%)
R J I"I Source: PHI Berthold Kaufmann
16
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Building Science Live - Untangling Glass
¢ Type of Construction -
Project Goals * Energy Goals' o
* Local Regulations E
¢ Visual Design Intent (@)
>
ey <))
¢ # Cavities, fill type, -
Thermal Performance Type of IGU # coatings =)
O
a
Solar + V|su‘al + Privacy Coating + Substrate SHGC, VLT, R1, R2 —_—
+ Size Q
=
Frit + other
i i SHGC, VLT, R1, R2
Design, Bird Safety Treatments , VLT, R1,
Acoustic
Controlled through
facade specification,
structural Thickness + unless minimum
uctu Laminates thicknesses are specified
Safety/Security/Fire
Specification
ROH
17
Solar Spectrum & Energy Flows
Gains Spectrum of Solar Radiation
25 :
UViVisil)l; Infrared »
37 |
i ‘/\ 3 Sunlight without atmospheric absorption
5]
=
\G-Jl 5778K blackbody
o
% Sunlight at sea level
Reflection Transmission '—é‘ Ho  >M S
Atmospheri
Solar Control, T E abisoration bands
aTrﬁ) ion HO cq
0350 500 750 1000 1250 1500 1750 2000 2350 2500
Wavelength (nm)
Ref: NFRC. 2017, THERM 7/WINDOW 7 NFRC Simulation Manual.
RDH
18
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Solar Spectrum & Energy Flows

Visible Light Transmittance | ... =7 .. . E Reflectance (Outdoor)
The amount of visible light w & The amount of radiation in the
e visible light or solar spectrum

- \ F
transmitted though the glass ﬁ
S Reficction reflected to the exterior instead
of being transmitted or absorbed

*Also consider indoor reflectance
for nighttime conditions

Solar Heat Gain Coefficient
The amount of inward flowing
solar radiation directly
transmitted through and
absorbed by the glass or IGU.

Light to Solar Gain Ratio
Also known as the selectivity, the
LSG is the ratio of VLT to SHGC.

* Low: LSG< 1.5
e Mid: 1.5<LSG<2.0
» High: 2.0 < LSG

ROH

19

Visible Light Transmission

Low Daylight Autonomy

Typ. Office
Glare on a sunny day

Glare on a cloudy day

h.,”.g:ﬁ VETE0" FVLET70 'VLTe0 VL '50° WIT40 VLT30 VLT25 VLT20 VLT15 VLT10 VLTS

Very Clear

70% 55% 40%

ROH

Image Ref: https://www.apexfilms.ca/about-visual-light-transmission-or-vit.

7/15/2021
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Visible Light Transmittance

85% VLT 70% VLT 60% VLT 50% VLT

40% VLT

30% VLT

3x1/2” low iron glass SILVERSTAR COMBI N 70/40 SILVERSTAR SUPERSELEKT Interpane Ipasol 50/25 Viracon VE2-48 Viracon VRE26-59
Apple Store Union Square, SF Mediatheque de Troyes, Paris 60727 _Universita Luiss, Rom Empire Riverside Hotel, 100 van Ness, Davita World Headquarters
, ' San Francisco Denver CO
SHGC 0.75 HGC 0.40 SHGC 0.27 Hamburg
¢ sHec SHGC 0.25 SHGC 0.23 SHGC 0.15
1200 A
1000 primer
silver
A
800 251050 nm
g —‘/ RUer primer
& silver i
N\E 600 2.0103.5nm silver
> / primer

400 30 10 80 nm S X TS T~
2003% 44% 3% 8to15nm

P g

71 I;a);e; Silvér

/

200 380 600 780 1000 1400 1800 2200 nm
< D — >
UV | Visible ' IR

= PYROLYTIC COATING

== MSVD - SINGLE SILVER COATING
——— MSVD - DOUBLE SILVER COATING
= MSVD - TRIPLE SILVER COATING

ROH

primer
silver

I

2 Layer Silver

primer
silver

iy

3 Laver Silver

22
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Low-e Coatings

3
£
P S
08 | é—; @@
Very Clear £
0.7
06
» / /
[
-l 05 }
>
Dark
0.4
Darkest
0.3
0.2
0.1
0 "
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
1.00
Clear Glass
0.90 } Highly Selective Dark
Clear IGU | dA
it . "
0.80 . 59.\""\ + Highly Selective Darker
Very Clear # Selective Very Clear
0.70
Selective Clear
0.60
- Cleay Selective Dark
= 050
> # Selective Darker
Dark
0.40 O Low Selective Very Clear
Darkest Low-e #2
0.30 Low Selective Clear
0.20 Low Selective Dark
o
o O Low Selective Darker
0.10
0.00 =
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

ROH

SHGC

24
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1.00 >
'd
& 7\’&/ i i
090 A & Highly Selective Clear
) & e ; '
B <, i Highly Selective Dark
080 | & > 96 e
Very Clear \és . 0 g @ N + Highly Selective Darker
Pl
0.70 3 o )
P se\ec # Selective Very Clear
060 F(ioar , - \S Selective Clear
s
': [ 7’ Selective Dark
0.50
~
> d
Dark # Selective Darker
040 F £ ‘5
Darkest + 4 o @ Low-e #2 O Low Selective Very Clear
k rd
030 ‘6 Low Selective Clear
O
020 | e © Low Selective Dark
o
010 | ’ s © O Low Selective Darker
i z
Z
0.00 L " . L L L L L L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1.00
3
090 Ng“ + Highly Selective Very Clear
& AS
-§ ot Highly Selective Clear
0.80 |- & e
N Highly Selective Dark
3
Very Clear S Y
0.70 + + Highly Selective Darker
. N # Selective Very Clear
080 I Clear o
g elective Clear
- - Selective Cl
= L ’
> 050 2 Selective Dark
Dark 4
0.40 © # Selective Darker
Darkest
Low-e #2 O Low Selective Very Clear
030
Low Selective Clear
0.20 Low Selective Dark
010 O Low Selective Darker
0.00 L " . n n n n n n
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

26
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Low-e Coatings

Color Zone
1.00
090 | + Highly Selective Very Clear
RS
c‘.\\\'\’d Highly Selective Clear
0.80 se\e
Highly Selective Dark
Very Clear
0.70 + Highly Selective Darker
060 | # Selective Very Clear
Clear
': Selective Clear
050 "
> Selective Dark
Dark
0.40 # Selective Darker
Darkest
arkes Low-e #2 © Low Selective Very Clear
030
Low Selective Clear
020 | Low Selective Dark
0.10 O Low Selective Darker
0.00 : . . . . . . .
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
1.00
0.90
o
«‘;e\ec Rl <
F N
0.80 \O \e™
Very Clear
070
080 I Clear
Soso | Guardian SNezZéd6smms e’
> 3 4
Dark y s
040 | »° o
+ ®
Darkest 298 o
030
020 | ©
o
010 + /.°
7,
(2
0.00 . n " n n n n n n
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

ROH
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Selective Clear

1.00
0.90 54
N
S NL\'
N i
0.80 o W'
\S e\é"
Very Clear
070
080 I clear

0.50 0.60 0.70 0.80 0.90

1.00

[ Gudidian SN 68

Highly Selective Clear

ROH

1.00
0.90 7
o
A "d"&
0.80 o <
Very Clear
070
080 I Clear
=
=doso |
>
Dark
0.40
Darkest
030
0.20 ©
[¢]
010 + /.°
£/
(2
0.00 . . " N N N
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

SHGC

30
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Highly Selective Dark, Reflective

SHGC

1.00
0.90
0.80
Very Clear
0.70
080 I clear
[
=lo.50
>
Dark
040
Darkest
0.30
0.20
v
ow0 | /.7
7,
(2
0.00 . A . L R R
0.00 0.10 0.20 0.30 0.40 0.50 0.60

["Guardian S

Highly Selective Dark

Very Clear

Clear

Dark

Darkest

SHGC

0.00 0.10 0.20 0.30 0.40 0.50 0.60

ROH

32
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Selective Dark

1.00
090
X
fy
0.80 | o it
\S e
Very Clear
070
060 T Clear
[
=doso
>
Dark
0.40
Darkest
030
020
itko Solarban R100
o .-
010
0.00 . n " L L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 1.00
RJI" Viracon VRE1-38
1.00
090 ==e==Dynamic
: 4%
. ud‘ + Highly Selective Very Clear
&
0.80 | e . )
S + Highly Selective Clear
0.70 Very Clear 7\’ Highly Selective Dark
+ Highly Selective Darker
060 T Clear  Selective Very Clear
': 050 F @ Selective Clear
> Dark Selective Dark
0.40 :
@ Selective Darker
Darkest Low-e #2
030 Dynamic Glass O Low Selective Very Clear
O Low Selective Clear
L o
020 o Low Selective Dark
010 | O Low Selective Darker
0.00 A " . n n n n n n
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

ROH
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1.00

0.80

0.70

-
= 050
>

ROH

Double-glazed w/ Low Selective Low-e #2

Very Clear

Clear

Dark

Darkest

Low-e #2

0.30 0.40

0.50

SHGC

0.60

O Low Selective Very Clear
Low Selective Clear
Low Selective Dark

O Low Selective Darker

35

0.9

0.8

0.7

0.6

0.5

VLT

0.4

03

ROH

Double-glazed w/ Low-e on #3

Very Clear

Clear

Dark

Darkest

Low-e on #3 vs.
#2 increases

SHGC

Low-e #3

0.30 0.40

0.50

SHGC

0.60

0.70

O Low Selective Very Clear
Low Selective Clear
Low Selective Dark

O Low Selective Darker

36
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0.9

0.8

0.6

0.5

VLT

0.4

ROH

Triple Glazed w/ Low-e on #2 and #4

Highly Selective Clear
Highly Selective Dark

+ Highly Selective Darker

Selective Clear

Selective Dark
Low Selective Clear
Low Selective Dark

O Low Selective Darker

7
o ,
§ - ,
[ 99 7 'd‘x
S 7 £
I & , =
& 7
Very Clear N ’ 7
7
.'.. 4
. ’
| Clear ¥y #
L AT
o pd
Dark 5
R

Darkest ﬁ»_-TS g 6 & ()

L i 0
A g
I 2nd low-e lowers
L VLT and SHGC
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
SHGC

37

Low-e #2

Blue

ROH

Reflected Color vs. Low-e Position (#2)

Outdoor Reflected Color

15
10 q
5 )
+
+
0 . T A r r
€ A
"~ L
-5
4
v
-10 1
A
+
A A
+
-15
-15 -10 5 5 10 15
Green a Red

+ Highly Selective Very Clear
Highly Selective Clear
Highly Selective Dark

+ Highly Selective Darker

A Selective Very Clear
Selective Clear
Selective Dark

A Selective Darker
Low Selective Very Clear
Low Selective Clear
Low Selective Dark

Low Selective Darker

[ETEEN undetectable
[EEEY Detectable
I z0de | Similar
- 10-49dE  Glance
[NNNGEEEN opposite

38
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Outdoor Reflected Color

5

+ Highly Selective Very Clear + Highly Selective Clear

+ Highly Selective Darker A Selective Very Clear
Selective Dark A Selective Darker
Low Selective Clear Low Selective Dark

5

0 PN

SG78/65 (#2) o
0 -5
(]
=210
@ SN40/23 (#2)
[ ]
-15
-15 -10 -5 0
Green a Red

Highly Selective Dark

A Selective Clear
Low Selective Very Clear
Low Selective Darker

i

40
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Outside Reflection
0.50
4 o
k= 045 | A
S A
L A
< 2 ‘QT 040 -+ Highly Selective Very Clear
> o -
% .‘l_, c % 035 | i ‘V\‘/VRE 54 -+ Highly Selective Clear
— o — . . .
T é) .‘3 2, N A A “+ Highly Selective Dark
g g e 030 | & A + Highly Selective Darker
<] = o o i
E 8 .'3 + “—‘ A Selective Very Clear
= 025 | + o4 °
E “5 g o ° AA A Selective Clear
— (4 Q + t
e 2 € g5 | 36 A Selective Dark
] = Tt o
- 8 ﬁ ;‘*' A + A o A Selective Darker
R+
Tois ¢ N *ﬁi + + © 0 g ° O Low Selective Very Clear
8 t&ﬁﬂt Jﬁﬁgﬁ % @ © Low Selective Clear
010 + -
Ao , © Low Selective Dark
o
0.05 © O Low Selective Darker
0.00 L L L L L L L L L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
RDH SHec

Highly Reflective Glass..?
VRE1-54: LR1 = 32% SHGC = 0.31

535 Missio/,San Francisco
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Light Transmission - Color Rendering Index A— —
- 100.0
Best: Museums (restoration)
o
° O o
. . - Aa &
Good: Tasks involving 0o | o "#4,{ NS > st ver
P P 2 +
Color Differentiation Yo s ey seleive ey Hear
- i  Highly Selective Clear
=5
A&i i Highly Selective Dark
90.0 o 2 + Highly Selective Darker
Typical: E ®e A Selective Very Clear
H|gh Level Office o A A Selective Clear
85.0 : Selective Dark
A Selective Darker
O Low Selective Very Clear
© Low Selective Clear
800 +
o Low Selective Dark
O Low Selective Darker
75.0 . . . . . . . . .
000 010 020 030 040 050 060 070 080 090  1.00
RDH
SHGC
43
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Type of Construction -
Project Goals Energy Goals. o
Local Regulations E
Visual Design Intent 'a)
>
e Q
¢ # Cavities, fill type, -
Thermal Performance Type of IGU # coatings ~
@)
a
Solar + V|su§l + Privacy Coating + Substrate SHGC, VLT, R1, R2 —_—
+ Size Q
=
D .
Design, Bird Safety ecorative SHGC, VLT, R1, R2
Treatments
Acoustic
Controlled through
fagade specification,
structural Thickness + unless minimum
Laminates thicknesses are specified
Safety/Security/Fire
Specification
ROH
45

46
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Selection
Bird Safing Glazing Options
Ceramic Frit Acid Etch Transparent Coatings
T = | — =
-
ey e
—
.
High Availability Low Availability Low Availability
Low cost (~3-5 $/ft2) for frit, more for Medium cost (~15 $/ft2) High cost (~20-40 $/ft2)
the lamination
Surface 1 typical Surface 1 or 2, depending on product
Surface 2 typical
Note: Limited supply (Walker) may lead
Note: Not all suppliers allow frit and to extensive shipping and extended
coating on same face, but laminated lead times
light instead
RJH See also https://abcbirds.org/glass-collisions/products-database
47
e Type of Construction -
Project Goals * Energy Goals. o
e Local Regulations E
e Visual Design Intent la)
=3
- . j+))
# Cavities, fill type, -
Thermal Performance Type of IGU # coatings p=i
O
a
Solar + Vlsu‘al + Privacy Coating + Substrate SHGC, VLT, R1, R2 _—
+ Size Q
=
. . Frit + other
Design, Bird Safety Treatments SHGC, VLT, R1, R2
Acoustic
Controlled through
fagade specification,
Structural Thickness + unless minimum
Laminates thicknesses are specified
Safety/Security/Fire
RJ'-I Specification
48
(c) RDH Building Science except as noted 24
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Acoustic

varying wavelengths

higher or lower degrees

range of interest:

STC - Sound Transmission Class

ROH

Similar to light, sound is generated at

Glass will reduce the transmission of
specific wavelengths into a space to

Often reported/specified by a single
point metric depending on the frequency

OITC - Outdoor/Indoor Transmission Class

49

= ;‘_l. i

B«A—I

- el
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Acoustic

The variables that impact sound
transmission through glass include:

Glass thickness
Air space depth
Gas fill

Laminations

Typical IGU Make-ups

Edge Damping

STC

30 -35

34 - 41

32-40

Glass Size

OoITC

24 - 30

29 - 36

25 - 31

Construction (balanced vs.
unbalanced)

ROH

Triple glazing performs no better than double glazing if glass
weight and total section depth remains the same

Ref: AAMA TIR-A1-2015. Sound Control for Fenestration Products
Ref: Guardian Glass Analytics

50
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Acoustic

Air Leakage Effect on Sound Transmission Loss of a
Single Hung Wi with ing Glass
Additional variables that °
impact STC/OITC ©
performance include: @
% 35
Window frame £
5 1
Edge Seals i 5 ,,-n.,k\ =S4
RN
Air leakage 5 i
3
10
5 | —s—As Received - OITC = 24, STC = 26
—s— Completely Sealed - OITC = 27, STC = 32
10 100 1000 10000
Frequency, Hz.

FIGURE 19: Air Leakage Effect on Sound Transmission Loss

Ref: AAMA TIR-A1-2015. Sound Control for Fenestration Products

ROH
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e Type of Construction

-
Project Goals Energy Goals, (@)
e Local Regulations E
e Visual Design Intent la)
=3
P )
# Cavities, fill type, -
Thermal Performance Type of IGU # coatings p=
O
m
Solar + Vlsu‘al + Privacy Coating + Substrate SHGC, VLT, R1, R2 2,
+ Size Q
=
Design, Bird Safet Frit + other SHGC, VLT, R1, R2
ElY ¥ Treatments o
Acoustic
Controlled through
fagade specification,
Structural Thickness + unless minimum
Laminates thicknesses are specified

Safety/Security/Fire

RJI'I Specification

52
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Ay E1300 - 16
Long Dimension (in.)
St ru ct u ral Mﬂﬂ - '::‘“/:UMJ GI:S 80 100 120 EIS;‘H(] 160 180 200
Nn"ﬁ"d‘::;ilrl;:\ivus(:;:intd { {
“” 71%3”;“23995. wo Maximum Capacity of tall IGU
f “ e i 2x6mm 2x1/4”
1 % e s 1.0kPa @ 1.60m  20psf @ 61"
Pl o : - 1.5kPa @ 1.10m  30psf @ 42"
wf (pressure for short dimension)
0 0
Long Dimension (mm)
Al E1300 - 16
Long Dimension (in.)
O oractored Looa (152) o7 2
120 E::T;SLS‘ES:?:\S:W SUDDﬂHEd] 2 4 : it ‘ b : o0
£ woppromomosten - A I 555 N Maximum Capacity of tall IGU
" pecn -
| o Ll e f 200 g 2x8mm 2x5/16”
19 SScosans \g\i’ 1.5kPa @ 1.50m  30psf @ 60"
40 2 =} 1000 @
o = 2.0kPa @ 1.20m  40psf @ 50”
e L (pressure for short dimension)
Long Dimension (mm)
RDH
53
« Type of Construction -
Project Goals * Energy Goals o
» Local Regulations s
» Visual Design Intent o)
=
h | Perf T f1G # Cavities, fill type, 2
Thermal Performance ype o U # coatings -
O
m
Solar + Visugl + Privacy Coating + SHGC, VLT, R1, R2 w
+ Size Substrate «Q
=
. . it +
Design, Bird Safety S 4 o SHGC, VLT, R1, R2
Treatments
Acoustic
Controlled through
facade specification,
Structural Thickness + unless minimum
Laminates thicknesses are
specified
Safety/Security/Fire
Specification
54
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Safety ‘\

Sloped Overhead » Laminatew “m

Blast » Laminated

Fall Protection » Laminated Hurricane » Laminated

| | U

= |

Injury Prevention » Fully Tempered
Burglary » Laminated

ROH

55

¢ Type of Construction

-

Project Goals o B Goals. o

¢ Local Regulations E

¢ Visual Design Intent A
=3

e )

# Cavities, fill type, -

Thermal Performance Type of IGU # coatings pm
O

m

Solar + Vlsu‘al + Privacy Coating + Substrate SHGC, VLT, R1, R2 2.
+ Size Q

=

it +
Design, Bird Safety ARG SHGC, VLT, R1, R2
Treatments
Acoustic
Controlled through
fagade specification,
Structural Thickness + unless minimum
Laminates thicknesses are specified

Safety/Security/Fire

RJI" Specification
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Glass

Cavity
Gas

Spacer

Coating

Position

ROH

Specification

Clear

Ultra Clear PVB

Architectural SGP

Air

Argon
Krypton
Aluminum
Stainless Steel

Foam

Thermoplastic & Hybrid

FRP

Passive low-e
Selective low-e
Interior low-e

#2 (Low SHGC)
#3 (High SHGC)
#2 & #4 (Low SHGQ)
#3 & #5 (High SHGC)

+ #4 or #6 (Interior low-e)

Monolithic

Laminated -

Annealed

Heat Strengthened

Fully Tempered

Laminated -

Chem. Tempered

“Warm Edge Spacer’

Primary Seal
Spacer

secondary Seal —___ |

Double Glazed Unit (DGU)

#1  #2 #3 #4

Cavity

§

M

Sightline
Dimension

Passive Low-e

- — Selective Low-e

Interior Low-e

Triple Glazed Unit (TGU)

#1 #2

Outer Cavity

¥
#*
&
#*
&

Inner Cavity

3
1
1
1
1
1
1
1
l
1
l
1
1
1
1
1
1
1
1
1
1

Passive Low-e
Selective Low-e
Interior Low-e

> 5,000,000 Combinations

57

ROH

Specification

Document design
choices

Identify unique
applications

Performance based
specification allows
for competitive
tenders

(Basis of Design)

Glass Type Name GL-, GL-I* GL-L.A, GL-IA* GL-I, GL-1I* GL-ILA, GL-II A* GL-IV
. LOBBY + ATRIUM WALL|LOBBY + ATRIUM WALL
Location GLASS GLASS - ACOUSTIC ICU Glass ACU Glass BALUSTRADE GLASS
Sketch
s = = z z
Glass Color Low Iron Low Iron Float Float Low Iron
Glass Strength HS, FT where Safety HS, FT where Safety [Varies (see Glass Build-|Varies (see Glass Build- Heat Strengthened
Glass Glass Up below) Up below)
Glass Panel Shape Flat Flat Flat Flat Flat
Coating (Basis of TBC TBC TBC TBC N/A
Design)
Overall Unit I Overall Unit " Overall Unit " Overall Unit| " Overall Unit
[Thickness: [Thickness: [Thickness: [Thickness: [Thickness: 1"
Glass Build-Up [Outdoor " lOutdoor " Outdoor " Outdoor "
(ndicative) [ite: }72' Lite: }72' Lite: ! ;‘2‘ Lite: }72' Lite: 3/8" / SGP
Interspace Al Interspace Al nterspace Al nterspace Al /3/8"
Content: ]/'4'.. [Content: 1/8"+|;/8" (Content: ]/'4'.. Content: l/8"+|;/8"
ndoor Lite: [Indoor Lite: ndoor Lite: Indoor Lite:

Spacer Type Aluminum Aluminum Aluminum Aluminum N/A
Interlayer Type N/A PVB N/A PVB lonoplast
Interlayer Color N/A Clear N/A Clear Clear

Interlayer N/A 0.03" (0.76mm) N/A 0.03" (0.76mm) 0.035" (0.9mm)
Thickness N N : N N :
Ce'a'“c'glg:’a“”g * Mid Grey Frit * with Etch Frit * with Etch Frit * with Etch Frit Etch Frit
Ceramic Coating | * with Bird Protection | * with Bird Protection | * with Bird Protection | * with Bird Protection |Bird Protection Pattern,
Pattern Pattern, tbc Pattern, tbc Pattern, thc Pattern, tbc thc
U-Value (W/m’K)
(Basis of Design) <14 <14 <14 <14 N/A
Solar Heat Gain
Coefficient (SHGC) <28% <28% <28% <28% <28%
(Basis of Design)
Visual Light
Transmittance (%) >65% >65% >65% >65% >65%
(Basis of Design)
Outdoor Visible
Reflectance <12% <12% <12% <12% <5%
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Selection
A
g
N
Specification g
-
—_
N
Color Consistency I (@)
through Buildups EIe) ST a
=
-
c
Production Samples 2
(]
Production Quality and =
Defects QA/QC
Site Reviews
Lessons Learned
ROH
59
| K
I mE
Rl ]
HEH
| RSN I I I -]
RDH
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Visual Mock-ups

Recommendations for effective
VMUs

- Full sized

- Multiple lighting conditions &
viewing angles

-~ Natural daylight

- Representative backdrop color

~ White backdrop will emphasize
transmitted color

~ Dark backdrop will emphasize
reflected color

ROH

61

Visual Mock-ups

Recommendations for effective

VMUs Perfo\rm :

-~ Full sized

-~ Multiple lighting conditions &
viewing angles

- Natural daylight

- Representative backdrop color

-~ White backdrop will emphasize
transmitted color

— Dark backdrop will emphasize
reflected color

ROH
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Selection
-
g
N
Specification >
P Y
-
—*
Color Consistency I (@)
through Buildups BN SEIRNES a
Py
=
. <
Production Samples (o]
(=
(©)
Production Quality and =
Defects aa/ac
Site Reviews
Lessons Learned
Rollerwave, Edge Dip, Warp
Rollerwave direction: horizontal (parallel to width)
(as long as width is < 126”, and height is > 13”)
Rollerwave: 0.15 mm/300 mm (0.006") for glass thickness < 6 mm (1/4")
0.08 mm/300 mm (0.003") for glass thickness > 8 mm (5/16")
Edge dip: 0.25 mm/300 mm (0.008”) for glass thickness < 6 mm (1/4")
0.20 mm/300 mm (0.01") for glass thickness > 8 mm (5/16")
General warp: 0.2% of edge length (2 mm/1000 mm)
64
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Anisotropy

~

surface < 50nm

~ = Scan only for single sheet,
glass assemblies still to be
approved through review.

~ ASTM C1901-21 Measurement

Retardation on 95% of Glass

ANISOTROPY - VIA POLARIZED LENSE | 10}

65

Type of Construction
Energy Goals

Local Regulations
Visual Design Intent

Project Goals

Thermal Performance Type of IGU

Solar + Visual + Privacy Coating + Substrate

+Size

i i Frit + other
Design, Bird Safety. it other
Acoustic
Structural Thickness +
Laminates
Safety/Security/Fire
Color Consistency
for Buildups

Production Quality
and Defects

ROH

# Cavities, fill type,
# coatings

SHGC, VLT, R1, R2

SHGC, VLT, R1, R2

Controlled through
facade specification,
unless minimum
thicknesses are specified

Specification

Hand Samples

Production Samples

QA/QC

Site Reviews

Lessons Learned

11BYDMO|{ UOIIII|3S SSe|nH
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Selection

Learn More

RDH Technical Library

Building enclosure articles,
conference papers,
presentations, research
reports, quick guides +
technical bulletins

rdh.com/technical-library

7/15/2021

Learn Building Science

Live events, guides, courses
+ more!

learnbuildingscience.com

ROH

Thank you

fweber@rdh.com, dhaaland@rdh.com

Learn more at

rdh.com

m RDH Building Science

%Y @RDHBuildings
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