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GLASS HOUSES

SHOULDN'T THROW STONES.
(ENGLISH PROVERB)




Common misconceptions regarding glass breakage

Two case studies .
Summer of 2011- Sky Fall(ing) spontaneous breakage

Spandrel breakage

ITIS THE FATE OF GLASS TO BREAK
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BREAK ON PURPOSE FRAGMENTATION AEST



H =- =
.EF‘EM)

W . e

12:54 Pu}
JAN. 13,2004,




e ——

GLASS SUPPORTED ON FOUR SIDES EACH DATA POINT REPRESENTS TESTS TO
| FAILURE OF 25 SPECIMENS
Uncom Luus, e THIS GRAPH IS THE RESULT OF 650 TESTS

18 @0 E500 4@ RGEE mp

Tiris] Prissousa, kP
34 010 18 FoRsdE GO RERG RE

: N | - N B /
) L ] E- ] I.I l.:| W w ;|-.- = F: '.'.
Urdigem ‘,:.ll_q‘,“ N L . H 43 R B S
Baalmern Gids Anea vo. Teak Progous T Piedgas. pridl
Fig. 1 Fig. Z

HOW OFTEN SHOULD GLASS BREAK®

i
E]
o
£
.
[
2

CA RS TR
MeTa'E G Sk




4 edge support, annealed glass
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TABLE A

PROBABILITY FUNCTIONS
NORMAL PROBABILITY FUNCTION—VALUES OF . IN TERMS OF P{.) AND Of:)
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For Qjx)> 0.007, linear interpedation yields an error of one unit in the third decimal place; five-point Interpolation is necessary lo
obtain full accuracy.
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Compiled fram T. L. Kelley, The Kelley Statistical Tables, Harvard Univ. Press, Cambridge, Mags., 1948 (with permizsion).
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It is worth noting that the published glass strength information is
based on glass subjected to uniform one (1) minute loading and
not subjected to other factors that might affect its performance.
Factors that can affect a glass’s ability to perform in an architec-
tural application, such as surface and edge damage, mechanical
stresses, and thermal stresses, are discussed in detail in Section
6. This published information is also based on a design factor of
2.5 or a breakage probability of 8/1000. The design factor of 2.5
is not a recommendation, but rather the design factor commonly
used by designers when selecting glass for buildings. If the
design professional wishes to use a design factor greater than
2.5, the equations presented in Section 3 can be used. If a
design factor of less than 2.5 is being considered, the glass
manufacturer should be consulted.

OLD DISCLAIMER

B3.

B3.1

B3.1.1

CALCULATION OF RESISTANCE TO NORMAL
PRESSURE

Risk of Failure — Calibration Procedure — In the
past it has been the practice to define a probability of
failure in terms of the breakage rate per thousand
lights. This practice has not been continued in the
standard because it includes no reflection of the
reliability of the model predicting the capacity of the
glass, or the statistical character of the loading.

Instead, a second moment reliability model has been
used (Canadian Standards Association 1981) to assess
the level of safety provided. Lind (1987) suggests an
optimum reliability index of 3.0 for a nominal lifetime
of 50 years. A preliminary assessment of several
designs based on Table 2 of this standard suggests,
however, that the nominal lifetime for a reliability index
of 3.0 may be closer to 10 years on average (or
expressed another way, for a nominal life of 50 years,
the reliability index is somewhat lower than 3.0).

Reference Factored Resistance — Table 2 and
Figures 1 to 9 = This is the resistance of in-service
annealed single rectangular glass plates simply
supported and free to slip in plane, to the one-minute
equivalent pressure at which 0.8% of the units tested
are expected to fail, multiplied by a resistance factor of
one.

URNNNS
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a) thermal failure

f) uniform lateral load, 2-edge
support, low load intensity
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BREAKAGE PATTERN S/ WA N\
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support, high load intensity support, low load intensity support, high load intensity

Figure 8.4: Schematic representation of typical glass failures [265].
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BREAKAGE BEHAVIOR FT GLASS
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BREAKAGE BEHAVIOUR OF FT GLASS /
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Glass edges

Glass thickness

Surface compression
> ation test

>

GLASS EXAMINATION




Use of brokers, global supply
Domestic
North American/Europe

>

GLASS SUPPLY




RAILING INVESTIGATIONS
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Pilkington —rare
Guardian —rare, extremely rare
aint Gobain — very rare
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HOW RARE IS RARE



Pilkington — rare

Guardian —rare, extremely rare
Saint Gobain — very rare
PPG — very rare, extremely rare

HOW RARE IS RARE



SB 13 Ontario
CSA A500 Building Guards
Recognifion of post breakage behavior

> 1d case

>

LEGISLATIVE CHANGES - FAR ENOUGH?®
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EVOLUTION OF GLASS
SPANDRELS — CASE 2
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SPANDREL GLASS — FULL









Heat strengthened with low e #2
Alr space
- Hec engthened with ceramic frit #4

SPANDREL GLASS




BREAKAGE OF SPANDRELS




THERMAL BREAKAGE OF SPANDRELS



CBD-60. Characteristics of Window Glass

Originally published December 1964.

CBD-129. Potential for Thermal Breakage of ¢k Garden

Although it was known before 2,000 B.C., glass found little use as a window material until

Sealed Double-GlaZingUnitS Roman time. By the tenth century there was fairly high production of window glass in northern
Europe, probably encouraged by the dictates of the climate. Through modern glass technology it

Originally published September 1970. is now used extensively in buildings for cladding and windows, not to mention a myriad of other
applications.

J.R. Sasaki

Sealed double-glazing units with low shading coefficients and low U-values (CBD 101) have
been in use for some time (Table I). Unfortunately, designers often overlook the fact that sealed
units with superior thermal performance experience greater thermally induced stresses than do
ordinary sealed double-glazing units. These stresses, by themselves, will not cause good quality
glass to break, but when they are added to other stress in the glass they can result in breakage.
This Digest discusses the causes of thermally induced stresses and indicates how they can be

Glass is most vulnerable at its edges, with surface imperfections from cutting and handling
adding to the risk of failure. The grinding and polishing of plate glass affects the surface
condition of the glass, so that its usable strength is considerably less than that for firepolished
sheet glass. Because the effect of stress raisers is indeterminate the allowable tensile strength of
glass is determined statistically and a sizable safety factor included. By using the value thus
established breakage can be reduced to an insignificant level but not eliminated.

Glass can be greatly strengthened by development of a "stressed skin" sandwich, where both
surfaces are in compression and the middle is in tension. This can be accomplished by heating
0 near its melting pomt and rapidly cooling both surfaces. The contraction of the
he sheet develops the desired stress on final cooling. Safety
e resistant to failure by bendmg,

THERMAL STRESS



GLASS TYPE GLASS COATING OUTDOOR SHADING
PATTERNS

EXPOSURE



THERMAL STRESS
ANALYSIS
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PPG Thermal Stress Analysis

Project Information PPG Product Information
Project: Outdoor Lite: 0.25 N Solarban 60 on Cear(2)
UXBRIDGE Alrspace: OSSN (127 MM)
Location: g&:‘é’f Indoor L ite: 025 M Clear
Architect: Glass Sue: G0 IN x 80 IN (1524 MM x 2032 M)
Customen: Mark Brook Glass Area: NINSOFT(3.0060 SOM)
Edge Area: 70.00 SQ IN (42666 67 SO MM
Form 72654G - Thermal Stress Factors From Table TG
Instaliation Conditions Description Outdoor Glass Indoor Glass
Outdoor Wall Yes - Not Spandrebs 0os 10
Insulating Glass Unat With 0.5 IN Arspace 18 02
F ramung Tubuler AumySteel Thin 0s 02
Outdoor Glazing Stops Dark Colors 0.2 01
Heating Register Roomsde of ndoor shading - heat Grected away from glass 00 00
Winter Temperature -10Fl0 10F 15 0s
ARtitude (atmosphere) Below 5,000 Feet 01 01
Adjacent Reflecting Surfaces Medum (mix of dark/wihde colors) 0s 03
QOutdoor Shading Ll
8l 50%
Indoor Shading Drapes - Light Open Vibave  (Veoslated Space Between, = § inches)
Adjacent Indoor Pocket None
Factor Totals

Expected Edge Stress
Outdoor Glass: 7T2x470s 3384 pu

THERMAL STRESS  [fEEs
Recommendation
Outdoor Glass: Heal Strengthened

ANALYSIS et

Estimated Probability of Glass Breakage

Outdoor Lite Indoor Lite
Annealed 18 per 1000 less han 1 per 1000
Heat Strengthened less than | per 1000 less than 1 per 1000




Vary with construction

ACTUAL CAVITY TEMPERATURES 7’('””099 M



Thermal simulation using field data as
correlation

Temperature gradient generates edge tensile
stress

Balloon with elastic band
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THERMAL STRESSES
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Interiee Lite

Exterior Lite
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Impact on heat treating process

Beam sample testing 60 — 70% as strong as
non-fritted

Consistent with international standards — not in

Jonada eh.

EFFECT OF FRIT




Heat Strengthened Fully Tempered

3-Second Equivalent Stress (psi) 3-Second Equivalent Siress (psi)
8000 10000 12000 14000 12000 14000 18000 18000 20000 22000 24000 26000 28000
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EFFECT OF FRIT



Extreme temperatures and temperature
gradients by design

Manufacturing variances

>

PERFECT STORM



Revise architectural design to lessen stress
Fully femper inboard lite — heat soak
Consider non-ceramic frit coating*

> ' eramic coating application

>

SOLUTIONS
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Fully femper inboard lite — heat soak
Consider non-ceramic frit coating*

> ' eramic coating application

>

SOLUTIONS



It is the fate of glass to break.
ass doesn’t just break — it breaks for a reason

THANK YOU
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