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Science, Inc., nor the persons presenting the material, make any
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specific project, circumstance or condition. Applicable and current
laws, codes, regulations, standards and policies, as well as project
and site-specific conditions, procedures and circumstances must
always be considered when applying the information, details,
techniques, practices and procedures described in this material.

RDIH

Copyright © 2025 by RDH Building Science Inc. except as noted



Agenda

A bunch of random case My <P B

studies related to T LR AT g
fenestration Yo | FAE g g

| = = &
| = ,

For High-Perfarmance Glazing in Windows and

Curtain Walls




Fenestration
Fundamentals 101



Interstory Drift Imparts Movement on the Facade

Why do we care? Facades must go along for the ride...
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Building Interstory Drift

1. Elastic/service
interstory drift 10
mm to 25 mm

2. Inelastic interstory
seismic drift (The
Big One) 50 mm to
75 mm
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Typically expressed as % = B

of story height
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Don’t Forget About Differential Vertical Movement

The facade needs to be able to move with its slab,
and clearances at each joint.
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Typically up to 15-30mm
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Unitized Curtain Wall vs. Window Wall

— Hung Unit

Curtain Wall

I

: 1 Hung
‘1 From
i ' exterior

__ Bottom
Bearing
Unit

Window Wall

Placed
From
interior



Three Types of Facade Movement

Racking Rotating Translating
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What IGU Standards/Labels are required by Code ?

—>Standards for Insulating Glass Units

— Can/CGSB-12.8 Insulating Glass Units or ASTM E2190 Standard Specification for Insulating Glass Unit
Performance and Evaluation

- Certification for IGU’s — Ensures compliance with code requirements
- IGMAC
- IGCC

—>Glass Associations
— GANA

- Labelling Requirements
— Code: Manufactures Name and year of Manufacture
— IGCC/IGMAC: Manufactures Name, IGCC®/IGMA®, Date

— Label often means that manufacturer is certified to make IGU’s but need to check to see if they are
certified to make your specific IGU’s



Specification

Clear Monolithic Annealed
Laminated — Heat Strengthened
Glass Ultra Clear PVB Fullv T ] ]
ully Tempered Double Glazed Unit (DGU)  Triple Glazed Unit (TGU)
, Laminated —
Architectural SGP Chem. Tempered a1 e &3 sa #1 Tz # p4#5#
. B R
| . 1|1 I -
Cavity {1 'y I
Argon - i N
Gas il b Il
Krypton : | Lol +_E M
f 1| I |
Aluminum *g 1 k§ fif S itk
SE ) ]
Stainless Steel O : : g i g I
' W = 1 :
Spacer Foam il 1118 Il
s AL | |
Thermoplastic & Hybrid “Warm Edge Spacer” | ' i il
|
| iff|r (f
FRP Primary Seal —\_ : | .I I. ! I
Passive low-e ~ sesssssss . szcerl ] S |
Coating Selective low-e —_—— - seonaRy e \E | Dimension '
Interior low-e —_— - g g -
_____ Passive Low-e - — — — - Passive Low-e
#2 (LOW SHGC) —  — Selective Low-e —  — Selective Low-e
#3 (ngh SHGC) —'7 7 Interior Low-e —-— -- Interior Low-e
Position #2 & #4 (Low SHGC)
#3 & #5 (High SHGC) : .
+ #4 or #6 (Interior low-e) > 5,000,000 COmbI natIOnS



IGMA |GCC IGMAC Certification

* Need to verify label on line

* https://igcc.org/certified-products.aspx
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Administrative Maagement Systems, Inc. = — 4 LEG EN D
205 West Main Street, PO Box 730 Y
Sackets Harbor, NY 13685 v
Sni‘,fe; (aa1 g; 646-2234 A Ns '
Fax: (315) 646-2297 ‘ U Uncoated
E-mail: staff@amscert.com ACCREDITED 4
#0961 /)
ACKNOWLEDGEMENT OF CERTIFICATION | _socmss
THIS IS TO ACKNOWLEDGE THAT AS OF THIS DATE A C2 Sputter Coated Edge Deleted (SOft)
Oldcastle BuildingEnvelope® : ’
Langley, BC
IS A CURRENT LICENSEE AND HAS MET ALL GUIDELINES AND REQUIREMENTS FOR THE IGCC®/IGMA® CERTIFICATION K . .. .
PROGRAM AND AS SUCH IS ELIGIBLE TO LABEL THE BELOW INDICATED PRODUCT(S) AS IGCC®/IGMA® CERTIFIED. THE 2 MA Mill Fin IS h A|um Inum

FOLLOWING ARE IN COMPLIANCE WITH ASTM E2190 FOR SEAL DURABILITY OF INSULATING GLASS UNITS AND
PASSING GAS CONTENT INITIAL AND AFTER WEATHERING (GCIA) CERTIFICATION REQUIREMENTS AS INDICATED.

4256 u/c2/u MA/MA MC4/PLK/C LF/LF PIB/S2 Yes :
3740 u/c2 PHSS MC4/PLK/NC LF PIB/S2 Yes
5229 u/c2/u PHSS/PHSS  MCA4/PLK/IC LF/LF PIB/S2 Yes

Plastic Hybrid Stainless Steel
MC4 Mechanical Comers x4
LF Loose-fill Desiccant

PIB Polyisobutylene

THIS IGCC®/IGMA® PROGRAM CERTIFICATION IS CURRENT AND IN FULL EFFECT AS OF THIS ISSUE DATE. b il
CERTIFICATION IN THE IGCC®IGMA® PROGRAM IS SUBJECT TO SEMI-ANNUAL RENEWAL. PLEASE CHECK THE i sz TWO Com po nent SII icone
CURRENT CERTIFIED PRODUCTS DIRECTORY OR THIS OFFICE FOR MOST CURRENT INFORMATION.

riday, October 18, ebruary 1, 2 - January 31, 202 A A H — - H
e A et B }L ' %éz{ GCIA  Measured initial value >=90%, >=80% after weathering

DATE OF ISSUE // ADMINISTRATIVE MANAGER

Yes:
gl 1D-14 Last Revised By: TDS 3/28/19 Last Approved By: KS 32819 ~ -
& ) 3 : v < ; . L
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The Biggest Challenge with Exposed Mass Timber,
N —

At joints between 4x12
hemlock beams

At joints between

blocking

At deflection joint above
curtain-wall frames

Exterior Interior




Wood Facades - “Time of
| wetness” Matters
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There are no indutry
standard facade tests for B
\ time of wetness.
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Wood Facades
“Time of wetness” |
Matters Pg

There are no |
industry standard
A\ facade tests for time & &
of wetness. |







Case Study — Spontaneous Glass Breakage

* Several high-rise residential buildings between 2 and 8 years old.

* Higher buildings with larger tempered glass.

* Between 4 and 40 glazing units on each building have spontaneously broken to
date.

* Inone case, the occupant was showered with broken glass while he was
sleeping. In other cases, broken glass has fallen out of the building onto the
street below.

e Mitigation measures deployed (Varies):
* Hoarding of public spaces below
* Dailyvisualinspections of all glazing and rapid replacement program
* Replacement of high risk glazing above public spaces.






Case Study — Spontaneous Glass Breakage




NIS Myths

> Under 8 breaks in 1000 is OK — No it is not

> Tempered Low-Iron Glass is similar risk to Tempered Heat Soak
Tested glass — Not in my experience..

> Glass etched as heat soak tested has been — Not Always

> 2hr soak time is enough for all sources of glass — Not Always

> Offshore glass has more inclusions ?

> Glass with high % recycled content tends to have more inclusions ?



Heat Soak Chamber

Heat Soak Testing of Tempered Glass

Suggested for larger quantities of glass, high risk glass, structural glass.
European Norm EN 14179 2h.

Eliminates 99% of critical inclusions

Without Heat Soaking: Risk of NiS breakage 1/10 tons (or 5,000 ft2 of 5/16”)
With Heat Soaking: Risk of NiS breakage 1/1400 tons (or 200,000 ft? of 5/16”)

BL HEOF WOH o) JO 0o

HEAT SOAK TEST checkmarker'pen

R330unBBaRe) S0P BIaMYOY,

https://www.hegla-boraident.com/en/products/hst-checkmarker/
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U-VALUE;WINTER[BTU) : 0.24
SUMMER(ETU) : 0.23

SHGC : 0.35

VISION GLASS

(W-01 CURVED)

OUTSIDE

26MM DOUBLE GLAZING UNIT (DGU) CONGAVE

CURVED GLASS

COMPRISING OF:

= BMM LOW IRON CLER
LOW-E #2 HSGL

— 12MM AIRSPACE WTH 90% ARGON FILLED
& BLACK WARM EDGE SPACER(TGI)

- GMM LOW IRON CLEAR HSTGL

WIR) 67
u-vm;mm{mu} £ 140

SUMMER(BTU] : 1.32
SHGE : 037
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Dirt Burns
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Repaired?
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Finite Element Modelling
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Sensor Installation

TR LT




As-Built




Diffusion Film
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Edge Seal

¢ <1mm :

S l

PIB>3m § 06260 , |
m O~0 >1mm :
|

1

» Metallic Low-E coatings sensitive to corrosion if not protected from high humidity
= Primary seal (PIB) is the vapor/humidity seal and needs to protect the edge of the coating

= Silicone (secondary seal) very water vapor permeable

Recommended:

Primary Seal (PIB): Minimum width 1/8” (3mm)

Edge Deletion: Straightness of edge deletion +3/64 inch
(1mm)

Butyl-Glass Contact: Minimum Coating Free Glass Contact: 3/64” (1mm)
Maximum

Clear Line: 3/64” (1Tmm)



Signs and Symptoms — Failed IGU Seals




Signs and Symptoms — Failed IGU Seals
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IGU Fabrication QA/QC




Frost Point Testing




IGU Fabrication QA/QC - Toggle Adapter Installed Manually

. Fixlighting X




Low-E Corrosion & Delamination

EPD

<




Sealant/Gasket/Setting Block Incompatibility




Compatibility Testing




PIB Migration




Spandrel Panel and Shadow Box Performance and Durability
ASTM 2190 — Standard IGU Durability Test (Vision)

ASTM E 2188 / E 2190 (HIGS) Weather Cycle Test e,
~ —
160
140 + Air Temperature /-_‘- \5 ASTME 2188 — —
_ 120 + Max 60C // \\ = Ultraviolet ———
S 7/ N, o
§i 80 o . . ,’3, . . =N 6 Exposure S e
= 60 AN 2 /3 ) 5 Fog or Mist
g- 40 Spray ——— a0
A /
Expose Six IGU ) e
0 Air Temperature = Specimens for 252 Cycles =
-20 - in - | (63 Days). Eachcycle:6h
2 Min -29C (e Dy | —
Final Dew Point Shall be -
Time (Hours) 40 deg F or colder. — —

» ltis suggested that ASTM E2190 applies in the order of 10 years of weathering to
the test samples ? In reality, every building is different.



Spandrel Panel and Shadow Box Performance and Durability

THERMAL PERFORMANCE OF SPANDREL ASSEMBLIES IN GLAZING SYSTEMS
RESEARCH (Charles Pankow Foundation)

PIB Temperature — ceecceeee T Limit Lower: 70°C eceeeeeee T Limit Upper: 80°C
- - Surrrise: 5:41AM = = = Sunset: 7:59 PM ~
100.0 | HDM: Heating D
105 , Minm.e eating Degree
! 8200
90.0 | B HDM70
— | (area
80.0 | under
_ ' : 55 Hours (at > ?gi‘g’))
8 70.0 Nrmredenantinini ettt ——————————— Rz + 7 14 £+ 1+ s a e n 2 = v s s s nanans
o |
5 | 8.7 Hours (at
'§ 60.0 1 > 70°C)
Q |
o
S 500 | I
= | FASTER
' ) l SLOWER

7.5

Time (hours)
20

[°C]

8.75 10 11.25 125 13.75 15 16.25 17.5 1875

20



IGU Fabrication QA/QC
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Unsealed/Poorly Sealed/Mangled Capillary Tubes




Case Study — Do You Need To Seal Capillary Tubes?
YES!




Unsealed/Poorly

Sealed/Mangled Capillary
Tubes

* Avoid using capillary or breather tubes
whenever possible.

* |f you must use them, make sure all vent
tubes and capillary tubes are sealed.

e Make sure manufacturer is certified for
and has tested IGU’s to ASTM2190 with

breather tubes and proposed sealing
method.




Systemic Highrise IGU Glazing Failure

Glazed Aluminum Unitized CW

10-yrs old — Due Diligence Inspection

Low-e failure | Multiple / Progressing Failures
No Reported Water Intrusion

OLE

ope 02t

pge Ope

L 08¢




Case Study: Corrosion of Low-E
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Case Study: Anisotropy Optical Distortion and Haze

Anlsotropy. ) VISIbIIIty Direction of Sky Polarization
Rayleigh Sky Model

Low Sky polarization

High Sky polarization

0O 02 04 06 08 1.0 Highest Potential for Visibility of

. Anisotropy on building
Degree of Polarization (DOP) SvErfems faei ety

polarized portions of the Sky
Dome




What we see...




What we do not want
to see...

Regular patterning is inevitable.
Stripes,

Blotches,

Change of Direction,
excessive Retardation
..should be avoided.




Supplier X Sheet Review

No filter A Bl Polarizing filter

~w




Influencing Factors

Wide angle of sun Shallow viewing Reflective Specular surface
exposure angle surfaces materials

+ thick glass substrates, multiple glass layers, coating selection, complex shapes, larger glass



Example

Polarization Through Reflectiif







Anisotropy — Control
polarizing filter

|

|

o s d
mm  150L 100M 150T
(mD) (mD)

First Shift
T

OTAL
Measured
Queality OK
Quallly OK o — o

0.00 mm 0.00 mm | OverlayOn
£ cue e B GaeSenty= Osprey

ViewSonic

Not DIN SPEC 18198
Glass N
hick MNoticeable ASTM C1901
Thickness (sedak) | Class A |Class B [Class C
smm AQ 70 70-95 =05
120
amm 50 80 80-120 | =120
10mm 60 o5 05-140 | =140
250
12mm a0 115 115-165| =165
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Case’ Study:’Vacuum Insulated Hybrids
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VIG Hybrids

surface 2
= 20 o o
e R-18 o R-21 o o
Enthermal™ Enthermal Plus™ m u m
z Z
0.056 COG u-Factor (BTU/h f12 F) 0.05 COG u-Factor (BTU/h f2 F)
S e s x \ <
[ DOWNLOAD ENTHERMAL DATA SHEET } { DOWNLOAD ENTHERMAL+ DATA SHEET }
https:/www.luxwall.com/
R-Value U-Value (BTU/hr*f2*F) Standard vacuum insulated glass
(resistance to heat transfer) (ease of heat transfer)
T n Guardian Hybrid Vacuum IG m Coating on
SNX 62/27 surface 2 & 4 su rface 4
w
o ) ) and/or 2
E Guardian Hybrid Vacuum IG 0.07
s SNX 62/27 surface 2 3 x
[~
E o o
] Guardian Vacuum IG " (@) (@]
a SNX 62/27 surface 2 i o =
2 z z
= Triple-Pane IG x 2
[ 0.17 w
g SNX 62/27 surface 2 i 5 -
z ‘
Double-Pane IG p
SNX 62/27 surface 2

https:/iwww.guardianglass.com/us/en/our-glass/glass-types/vacuum-insulated-glass

Hybrid vacuum insulated glass



Before — Single Glazed
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After — Triple Hybrid VIG in

After — Triple Hybrid VIG out
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758"
193]
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CGl-GO14

861-003

[FO1]
[SE01]
[SE01]
[Fo2]
[FO2]

PRIMARY SEAL LINE

" CAP 5-1/4" VERTICAL
‘ERMEDIATE DETAIL

CL

DLO

DLO

Climatic
Loads lvlvvvvivllvi‘vvvv‘vvlv

Glass

Edge Seal

Clamp '

Force ¢ -
Total

Deflection




Table 3: Airspace Cavity Thickness Measurements with Glass-Chek ELITE 3200 - IGU
Measured In-Situ Vertically Installed in Curtain Wall, dimension 65 7/16" x 90 11/16"

Distance (inches/mm) from 3" 12-16" 32" 63"
left vertical mullion (Femm) (305-406mm) | (B13mm) {1600mm)
Location Immediately | Location of Center of | Immediately
adjacent to optical IGU adjacent to
left vertical distortion right vertical
mullion mullion
Airspace thickness measured 12.6mm 9.5mm 11.8mm 14.2mm

{mm)

Total
Deflection

Table 4. Airspace Cavity Thickness Measurements with Glass-Chek ELITE 3200 - IGU
Measured horizontally after de-glaze, dimension 65 7/16"x 30 11/16"

Airspace thickness {(mm)

Distance (inches) from left 3" 12-16" 32" B3
vertical mullion {(76mm) (305-406mm)} | (813mm) (1600mm)
Location Immediately Location of Center of Immaediately
adjacent to optical distortion Gy adjacent to
laft vertical right vertical
mullicn mullicn
13.4dmm 11.1mm 14.2mm 14.2mm




Roller wave
oscillation

detected

horizontally
) & -

\»'.
)\
», ,__\,/ "

No roller wave
oscillation
detected
vertically
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— Sunny Day Breaks

Case Study




Case Study — Thermal Stress Breakage

N;A*MWD Glass Technical Document | TD-109

)

\ . _': M m Thermal Stress Update
> \/

[ \L FIGURE 3
CLEAH A [ N Outdoor Shading Patterns and Associated Approximate Thermal Stress Factors for Insulating Glass Units
VERTICAL HORIZONTAL DIAGONAL
GLASS TYPE GLASS COATING OUTDOOR SHADING
PATTERNS 5%
SHADED 0.6 07 06
FACTOR
VARIES
FROM

‘\{

06
0
o) 25% 35 17 28
SHADED

INDOOR SHADING HEATING VENTS FRAMING SYSTEMS
PATTERNS

https:/www.vitroglazings.com/




Case Study — Thermal Stress Breakage

> Breakage always occurred on sunny days on elevations with solar shades.
> Annealed glass was specified and installed.

> Breaks always intersect at 90 degrees to edge.

- Installation of glazing units conformed to IGMA guidelines.

> Conclusion: Thermal stress breakage

> A 28 Degree Celsius difference in glass temperature is often sufficient to cause
breakage of annealed glass. Solar shading allows part of the glass to be exposed to the
sun while shading other parts of the same lite causing a significant temperature
difference. Reflective coatings and solar selective low-e coating compound this effect.

> Heat strengthened glass should always be used on projects with solar shading
devices or when using reflective or heat absorbing glass products.
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Case Study
Climatic Load Deflection

p




Climatic Load Deflection




Climatic Load Deflection
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Pressure




Climatic Load Deflection
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Pressure




Climatic Load Deflection

WINTER SUMMER

mm o SR S 1 SR Srioty e mm DWW i nde R R Shows

0,00 0,00¢0,0} 0,00(1,0) T 1';; 0,00 0,00¢0,0) 0,00(1,0)
+ -

+1.48
+1,40
+1,32
+1.24
+1,15
+1,07
+0,99
+0,91

+0,82
+0,74
+0,66
+0,58
+0,49
+0,41
+0,33
+0,25
+0.16
+0,08
-0,00

Asymmetric Build-Up

Summer Production Winter




Recommendations:

Select a glass fabricator plant that is at a similar altitude as the site
Engineer glass thickness in IGU assembly
Some manufacturers offer pre-pressurization for final elevation

Site crimped/sealed capillary tubes not recommended



Thank you!
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Brian Hubbs, P.Eng | Founder, Principal, Senior Specialist
Senior Building Science Specialist
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