Sl (15

St SAREHE=, Qo (N33R)'T eprAT
@0 T¥, T YT GA-rewF 03¢ .

Don’t Panic

Stop, Drop, Cover
And Hold On
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Spontaneous crack of fully-tempered (FT) glass
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Spontaneous crack of fully-tempered (FT) glass
Engr. A H Md. Matiur Rahman PEng. F/02013

Summary : Spontaneous crack of tempered
glass is a phenomenon mainly associated with
inclusion of Nickel Sulphide (NiS) in the
manufacturing process of annealed glass apart
from other reasons like damaged glass edge,
frame contact with glass etc. The phenomenon
was first acknowledged in 1940 but the first
documentation happened in 1961. Since then,
there has been extensive research by many
companies, institutions and scientists to identify,
prevent and resolve the issue. But still now, NiS
could not be removed altogether. NiS has
different high and low temperature crystalline
structures, namely the Alpha phase and Beta
phase. In the fast cooling process used to convert
annealed glass into tempered glass, there is
insufficient time to complete the phase transition
of NiS from alpha to beta. The inclusion,
therefore, are trapped in the glass in their high
temperature alpha-phase. Over long period of
service, an increases in volume by 2 -4 percent
takes place during transition from alpha phase to
beta phase. The expansion due to beta phase

creates very high localized tensile stress at the
glass-NiS interaction surface, which ultimately
leads to fracture. As tempered glass is
considered as safety glass, International
Building Code (IBC) and other codes define
specific areas where safety glazing is required
such as doors, windows, glass railing, point
fixing glass and other glass panes that are
susceptible to human impact. Alternately, if
tempered glass is used anywhere or everywhere,
one should be prepared for occurrences of NiS
induced glass failures and replacing broken
glass.

Key words: Glass, fracture, fully-tempered,
heat-strengthen, spontaneous, Nickel Sulphide,
inclusions, alpha phase, beta phase

1.1 What is fully-tempered glass?

Float glass or annealed glass is essentially a
super smooth, distortion-free glass that is used
for making other glass items such as laminated
glass, heat-strengthened glass, fully-tempered
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glass, insulated glass unit and so on. Annealed
glass when broken gives large fragments with
sharp edges, so it is usually not classified as a
safety glass.

Out of many types of processed glasses, there
are two types of heat-treated glass as per
ASTM C 1048:

* Kind HS — Heat-strengthened glass shall be flat
glass, either transparent or patterned, in
accordance with the applicable requirements of
the standard (ASTM C 1036), is further
processed to conform with the requirements of
heat-strengthened glass.(4)

* Kind FT — Fully-tempered glass shall be flat
glass, either transparent or patterned, in
accordance with the applicable requirements of
the standard (ASTM C 1036), is further
processed to conform with the requirements of
fully-tempered glass.(4)

While they share some similarities in how they
are made, there are a few key differences the
user should be aware of. The production process
for heat-strengthened and fully-tempered glass
is largely the same. Glass sheets are heated to
around 650° C (1200° F) and then rapidly cooled
to strengthen the glass. The difference between
heat strengthened and fully tempered glass is the
speed at which they are cooled, which results in
different surface compression and therefore,
different overall glass strength and properties.
Heating time for both types is 40 -50 seconds per
millimeter. Cooling time of tempered glass is
very short, lasting only few seconds. Cooling
time of heat strengthened glass is higher than
tempered glass.

Table 1.1 Comparative properties of
Fully-tempered and Heat-strengthened glass (1)
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1.2 Types of glass cracks

Different types of glass (annealed, tempered,
laminated) have different breaking patterns.
Annealed glass, when broken, typically fractures
into large, jagged shards rather than shattering
into small pieces. The crack pattern in annealed
glass often reveals the point of impact and the
direction of force. The crack pattern can provide
indication about the cause of breakage. For
example, cracks due to impact often radiate
outward from the point of impact, similar to a
spider web. Fractured annealed glass pieces
have generally sharp edges which may cause cut
or injury.

1.2.1 Possible causes of tempered glass
breakage

Broadly there are four types of causes for
tempered glass breakage:

* Impact : A strong impact can shatter the glass,
leading to the characteristic diced pattern.

* Edge damage: Damage to the glass edge can
initiate a crack that propagate and cause the glass
to break.

* Inclusion: Impurities within the glass (like
Nickel Sulphide) can create stress points,
leading to spontaneous breakage.

» Thermal stress: Rapid temperature change can
cause uneven expansion and contraction,
potentially leading to breakage.

Apart from these, poor glazing, glass to glass
contact, glass to metal contact, very hard setting
block can be causes for glass breakage.

Improper or uneven tempering can also cause a
post installation breakage. This will happen only
if the stress differences on the same pane of glass
are very large and this can be easily identified
from such breakage. The breakage pattern will
be highly non-uniform with some large islands
of non-fragmented glass, enclosed or surrounded
by much smaller fragments. There are
approximately 50 different types of dirt or other
inclusions recognized in glass manufacturing,
but almost all of them are completely harmless.
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Nickel Sulphide is the only exception, and it is a
problem in tempered glass only.

In this article, we shall limit our discussion only
on NiS-induced spontaneous breakage of
tempered glass, because all float glass (including

annealed,  heat-strengthened [HT], and
fully-tempered [FT]) may contain NiS
impurities. However, NiS-induced fracture

occurs only in fully-tempered [FT] glass.

1.3 Spontaneous fracture of tempered glass

Spontaneous fracture is a term generally applied
to the sudden breakage of fully tempered glass
without any external stress. If fully tempered
glass does crack spontaneously at a certain point,
the residual tension built into the glass core
drives cracks throughout the plate, producing a
diced fracture pattern. Most of the times, a
monolithic fully tempered glass will disintegrate
and fall out of fixing, but if the fragments do not
leave the opening after breakage, as in the case
of tempered laminated glass which will almost
always stay in place after breakage, one can see
a series of primary cracks radiating from the
point of origin, in what is commonly called a
“starburst” pattern. This pattern is a common
result of the glass’s inherent stresses being
released due to a fracture.

Looking at the broken glass will give an initial
impression of glass being hit by a sharp object
and the point of origin of breakage will be
obvious. On closer examination, at the origin,
there will be at least two fragments in the shape
of wings of the butterfly (Fig. 1.1) in case of
spontaneous crack. This is often called

“Butterfly pattern” or “Double D pattern” or
“cat eye pattern”.

In such cases, the origin of breakage is generally
away from the edge of glass.

While the monolithic glass may still appear to be
somewhat intact in some case, a ‘“starburst
crack” significantly weakens the glass and its
ability to withstand further stress. Most common
reason for such type of glass fracture is the
inclusion of NiS impurity in the glass.

1.4 Inclusion of impurities like Nickel
Sulphide (NiS)

There are many types of inclusions in float glass
like bubbles (gaseous inclusions most
commonly referred as seeds or bubbles), stones
(solid, crystalline inclusions that did not melt
properly during the float process), Nickel
sulphide (NiS). Nickel Sulphide inclusions are
microscopic impurities that can form during the
manufacturing process of glass.

There is debate as to exactly how nickel is
introduced into the mix, but commonly known
causes include:

* Nickel can enter glass production through
various sources, primarily as an impurity in raw
materials, it can be present in silica sand, soda
ash, or recycled glass (cullet)

* It can also be introduced from wear and tear of
Nickel- containing materials used in production
equipment like heating element or conveyer
system.
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While glass is thermally toughened, small nickel
contaminants react with Sulphur to produce
Nickel Sulphide (NiS). In glass manufacturing,
primary source of Sulphur is sodium sulphate
(Na2S04) which is a common and inexpensive
ingredient used as a fining agent to remove
bubbles from the molten glass.

Most of the impurities available in raw materials
are benign, but nickel Sulphide (NiS) can be
problematic.

Fig. 1.2 Microscopic NiS particle causing crack
in tempered glass (1)

1.5 Cracking process due to Nickel Sulphide
(NiS)

NiS inclusions are very small, spherical shape,
opaque solids, typically 0.1 to 0.5 mm dia.
(0.005” to 0.020”) (3). NiS is an unusual
compound because it has different high and low
temperature crystalline structures, namely the
Alpha phase (i.e. high temperature, greater
density, smaller volume, and less stable
crystalline structure) and Beta phase (i.e. low
temperature, less dense, larger volume and more
stable crystalline structure). When the glass is
tempered a NiS stone inclusion actually shrinks
more than the surrounding glass during quench
cooling. This would have no effect on glass
whatsoever were it not for the fact that when NiS
changes from alpha-phase to beta-phase, it
increases in volume by 2 - 4 percent. The sudden
quench catches the inclusion in its smaller, hot,

TSR

Alpha phase, not giving it time to make its usual
transition to the slightly larger cold, beta phase.

At temperature below 380 0 C, (7160 F) NiS is
stable in the beta-phase form. Above this
temperature, it is stable in the alpha phase. As
glass is typically manufactured at temperatures
ranging 1,500°C to 1,700°C (2,732°F to
3,092°F) and fully-tempered glass requires a
temperature of 620°C to 700°C (1148°F to
1292°F) for quenching, it is overwhelmingly
likely that any NiS inclusion will be in the
alpha-phase. In typical annealed glass, the slow
cooling process provided by the annealing lehr
(furnace used for annealing of glass) allows the
NiS ample time to transform from alpha-phase
to its beta-phase as the glass cools. In the fast
cooling process used in the tempered glass, there
is insufficient time to complete the phase
transition of NiS from alpha to beta. The
inclusion, therefore, are trapped in the glass in
their high temperature alpha-phase. Once the
glass cools past the phase change temperature,
the NiS inclusion seeks to re-enter its lower
energy beta-phase. For “trapped” inclusions, this
process takes anywhere between months to
years. The expansion due to beta phase creates
very high localized tensile stress at the glass-NiS
interaction surface. The magnitude of this stress
drops off sharply, away from the face of NiS but
is sufficient at the face to cause micro-cracking.

1.6 Breakage period and frequency

Tempered glass with NiS inclusions can crack at
any point from days to decades after installation,
with the most frequent failures occurs within the
first few years. While some studies suggest a
decay in breaking rate over time, other shows
continued breakage even after several years,
highlighting the unpredictable nature of NiS —
induced failures. While NiS- related tempered
glass breakage is most common in the first few
years after installation, it is crucial to understand
that it can happen at any time, and there is no
guarantee of a cessation of breakage over time.

NiS stone with potential to cause spontaneous
breakage in FT glass exits once in every 4 to 12
tons of glass, on a global average. Half of any

Sfefmifae Foe-3s



TSR

such breakage can be expected in the first 800
days (26 months) or so after tempering.(3)

1.7 Preventive measures

It might seem the simplest solution is to nip the
problem at its origin by ensuring that there is no
nickel or its alloys entering the glass melting
furnace. Responsible float glass manufacturers
are supposed to take every precaution to control
the inclusion of NiS but it is very difficult to
prevent it all together and in spite of best efforts,
small amount of nickel will find its way through
inclusion in raw materials itself or their
handling/storage equipment etc.

The most logical solution to the problem is by
avoiding the use of tempered glass where other
options are available.

* Use heat-strengthened glass instead of
tempered glass where technically feasible.

* Heat strengthened laminated glass is the best
option for most applications, except for point
fixed glazing. (Point-fixed glazing, also known
as spider glazing, is a structural glazing
technique that uses discreet point supports to
hold glass panels in position, creating a visually
seamless and transparent facade).

* In applications, where tempered glass cannot
be avoided due to load considerations or code
requirements, it is advised to get it Heat Soak
Test (HST), a quality control process applied to
tempered glass to reduce the risk of spontaneous
breakage.

* Avoid using tempered glass in areas other than
those prescribed by International Building Code
(IBC) or other codes where specific areas have
been identified where tempered glass should be
used as safety glass.

* Alternately, if tempered glass is used anywhere
or everywhere, one should be prepared for such
occurrences and for replacing NiS-induced
broken glass.

1.8 Conclusion

Although the percentage of buildings
experiencing NiS - induced breakage of fully
tempered glass is low, if a batch of glass is

contaminated, the incidence of breakage on a
particular building can be quite high. Fully
tempered glass as the exterior lite of a gas -filled
Insulated Glass Unit (IGU) installed in a
high-rise building as all-glass curtain wall in a
heavily populated downtown environment with
active sidewalk below- is this risk the design and
construction team is willing to take? Since the
likelihood of spontaneous fracture of fully
tempered glass is unpredictable, the issue needs
to be addressed on all buildings for which
tempered glass is being considered. Owners do
not expect the glass on their building to fracture
spontaneously, inviting injury and damage, nor
should they. While selecting glass, alternatives
should be explored for different areas like
heat-strengthened glass. All parties of the design
and construction team need to have frank, early
discussion about these inherent risks before
arriving at a decision on type of glass to be used
in the building.
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Sub-Centre, IEB

Pabna Sub- Centre

Engr. Sudhangshu Kumar Sarker, F/14212
Chairman

Engr. Md. Hafizur Rahman, F/10469
Vice-Chairman

Engr. Md. Monirul Islam, M/20618
Secretary

Kustia Sub- Centre

Engr. Md. Rabiul Islam, F/13500
Chairman

Engr. Zaman-E-Shabnam, M/17637
Vice-Chairman

Engr. Md. Rashidur Rahman, M/48591
Secretary

Patuakhali Sub- Centre

Engr. Mohammad Shahidul Islam, F/15948
Chairman

Engr. Md. Hossain Ali Mir,F/15493
Vice-Chairman

Engr. Md. Golam Rabbani, M/36693
Secretary

Cox’S Bazar Sub- Centre

Engr. Md. Zahangir Alam, M/22184
Chairman

Engr. Romel Barua, M/25365
Vice-Chairman

Engr. A. S. M. Mayen Uddin Khan, M/34502
Secretary

Feni Sub- Centre

Engr. Kazi Abul Hashem, F/14290
Chairman

Engr. Mohammad Aktarojjaman, M/19898
Vice-Chairman

Engr. Mohammad Shohidul Islam, F/14791
Secretary

Noakhali Sub-Centre

Engr. Jamal Hossain, F/8028

Chairman

Engr. Shaikh Firoj Kabir, F/7380
Vice-Chairman

Engr. Sheikh Mahfuzul Hossain, M/23084
Secretary

Brammanbaria Sub- Centre
Engr. Md. Faruque Hossain, F/9232
Chairman

Engr. M.K. Masuk, F/8324
Vice-Chairman

Engr. Md. Rafiqul Islam, F/12746
Secretary

Chapai Nawabgonj Sub-Centre

Engr. Md. Anwar Hussain, F/14106
Chairman

Engr. Md. Al Mamunur Rashid, M/25317
Vice-Chairman

Engr. Md. Mostafizur Rahman, F/14045
Secretary

Natore Sub-Centre

Engr. Md. Rezaur Rahman, M/20269
Chairman

Engr. Amit Kumar Dev, F/15465
Vice-Chairman

Engr. Md. Kamrul Hasan Sarkar, F/15320
Secretary

Overseas Chapter, [EB

Dubai Overseas Chapter

Engr. Mohammed Abdus Salam Khan, F/08344
Chairman

Engr. Kazi Abdul Bari, F/04529
Vice-Chairman

Engr. Md. Abdur Rashid, F/14149

Secretary

Qatar Overseas Chapter

Engr. Md. Arif Uddoula Pahlowan, F/ 13428
Chairman

Engr. Mohammed Habib Ullah, F/10690
Vice-Chairman

Engr. Md. Azizar Rahman, F/14402
Secretary

Oman Overseas Chapter

Engr. Md. Aminur Islam, F/ 14002
Chairman

Engr. Sharif Khan, F/14398
Vice-Chairman

Engr. Md. Jubair Ali, M/ 27630
Secretary

Australia Overseas Chapter

Engr. Md. Abdus Sukur Khan, F/ 14152
Chairman

Engr. Md. Zayedur Rahman, F/14148
Vice-Chairman

Engr. Md. Moshiur Rahaman, F/15631
Secretary




Engineering Staff College, Bangladesh (ESCB)

IEB HQ, Ramna, Dhaka-1000.
Tel: 880-2-223354144

E-mail: info@esc-bd.org, escb@esc-bd.org; web: www.esc-bd.org (for more detail)

Training on Engineering, Technology and Management Related Subjects

S1 No. Course Title Hours/Batch
1 |Training Course on Subsoil Investigation 15
2 |Introduction to Building Construction Regulations and Bangladesh National Building Code 15

(BNBC)
3 |Training Course on Managing Project using Microsoft Project 2016 21
4 |Training course on Operation, Maintenance & Trouble Shooting of Electrical Machines 15
5 |Training Course on Electrical Services for Buildings and Industries 12
6 |Training Course on Computer Aided Analysis and Design of Buildings & Foundation and 36
Slab using ETABS and SAFE software together
7 |Training Course on Fire Fighting System (FFS), Fire Detection System (FDS) & Fire Safety 12
Assessment (FSA)
8 |Training Course on Fire Safety in Building 9
9 |Training Course on Heating, Ventilation and Air Conditioning (HVAC) Systems 24
10 |Industrial Instrumentation and Control Engineering 24
11 |Training Course on [oT & Embedded System 30
12 |Occupational Safety, Health & Environment Management (OHEM) 18
13 |Pile Foundation : Design and Construction 15
14 |Training Course on Programming of PLC for Industrial Automation, Maintenance and 50
Troubleshooting of PLC System
15 |[Training Course on Plumbing Technology 12
16 [Managing Projects Using PRIMAVERA P6 (Latest Version) 24
17 |Training Course on Advanced PLC Course (Siemens S7 — 300 PLC) 24
18 [Training Course on Computer Aided Analysis and Design of Civil Engineering Structures 30
using STAAD.Pro Software
19 [Training Course onCaptive Power Generation 15
20 |Training Course on Seismic Design and Construction of RC Structures (Design and 12
Construction of Earthquake Resistant Structures)
21 |Training Course on Rajuk Imarat Nirman Bidhimala and FAR Calculation 9
22 |FIDIC Training on Construction and Design-build (WB, ADB & JICA editions) and EPCT 12
Contract
Training on Computer and IT Related Subjects

SI No. Course Title Hours/Batch
1 |Hardware Maintenance &Network Essentials (Module-I) 60
2 |Networking & Windows 2008 Server (Module-II) 60
3 [Redhat Certification and Linux (Friday) (Module-III) 80
4 |Computer Fundamentals (Evening) 48
5 [Tekly Software for Civil Engineers 40
6 |AutoCAD (2D) & (3D) 40+24
7 |3D Studio MAX + Photoshop 70
8 |RDBMS Programming with Oracle (Friday) 70
9  [Photoshop+Illustrator 36
10 |REVID Architecture 63
11 |Computer Ethical Haking 40
12 |Forensic Investgation of Computer Hacking 50
13 |Geographic Information System (GIS) 48
14 |Website Design and Development (Module-A) 60
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