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Causes of 
Glass Breakage
 External Impact Force

 Bad Glazing Practice

 Edge Damage

 Thermal Stress Breakage

 Spontaneous Breakage
in Tempered Glass
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Thermal stress breakage [Saragossi, 2000]



Spontaneous Breakage
in Tempered Glass
Breakage caused by 
Nickel Sulphide (NiS)

What is NiS?

 Residual inclusion during manufacturing.

 Expand at room temperature and cause 
spontaneous breakage.

 The smallest theoretical inclusion that could cause a 
fracture in tempered glass is 50m in diameter.
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Nickel Sulphide (NiS)
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Microscopic view of 
NiS inclusion

Microscopic Cross-sectional Image of NiS

NiS inclusion > 50m dia. 
may cause spontaneous breakage



Spontaneous Breakage
in Tempered Glass
Where Nickel Sulphide comes from?

 The Sulphur in the Nickel Sulphide is added to the glass 
as a fining agent in the form of sodium sulphate.

 There are three possible sources how nickel is 
introduced.

 Raw material contamination

 Contamination of materials used in storage/handling 
of the raw materials

 Contamination in the furnace via fire bricks or gas 
burners
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Spontaneous Breakage
in Tempered Glass
Transformation of NiS from  phase to  phase?
 When temperature ranges between  260°C ~ 320°C, 

Nickel Sulphide is stable in the -phase (low temperature) form,
the volume is 2% to 4% larger than -phase (high temperature) 
form).

 Beyond 320°C, NiS is stable in the -phase form (smaller volume).  

 -NiS is not stable around 260°C, tends to transform to -NiS.

 During manufacturing of tempered glass, the glass was heated at 
around 620°C followed by rapid cooling on the surface of heated 
glass.  

 NiS inclusion would be in -phase form.  Upon rapid cooling, -NiS
does not have enough time to transform to -NiS.

 Therefore, -NiS was “trapped” inside the glass panel.
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Spontaneous Breakage
in Tempered Glass
Cause of spontaneous breakage
 The “trapped” -NiS will transform to -NiS at the room temperature. 

However, this transformation takes from months to years to 
complete. 

 Due to the fact that the volume of NiS from -phase to -phase 
increases by 2% to 4%, this will exert localized expansion stress 
around the NiS.

 In compression zones, the stress is not a concern due to its extreme 
localization. 

 However, in the core tension zone of the glass, the stress can cause 
micro-crack at the glass-NiS interaction surface. These micro-cracks 
are propagated by stress concentrations at the tip of the crack until 
the structure of the glass is undermined completely.

 Causes spontaneous breakage.
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Spontaneous Breakage
in Tempered Glass
Preventive Measure to reduce the risk spontaneous 
breakage:

 Controlling of NiS in manufacturing process
 It is costly and not practical to eliminate the NiS inclusion in the 

manufacturing process.

 Reduce the use of tempered glass
 In term of strength, breakage characteristic, post-failure 

behaviour and safety, laminated glass is a good alternative to 
tempered glass.  However, this may be expensive to the owner. 

 Heat Soak Process
 Up-to-now, the most effective and efficient way to minimize the 

risk spontaneous breakage.
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Quality Control of 
Tempered Glass

Heat Soak Process
BS EN 14179-1: 2016

Heat Soak Process
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Heat Soak Process
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280C - 300C, 320C 250C - 270C, 290C
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Heat Soak Oven



Heating Phase
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• Conclude when last glass surface temperature reach 250C.
• Maximum heating rate is 3C per minute.

Heating Phase
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8.2(a) to 8.2(c) were incorporated in PNAP APP37 May 2012.
8.2(d) is a recommendation which not stipulated in BS EN 14179-1: 2005 and PNAP 
APP37.



Heating Phase
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Research Finding: Nickel Sulphide phase transformation around 260C

Heat Phase
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Allowed, but should minimize the period 
of temperature exceed 270C

Glass heated by convection, 
i.e. air circulation



Holding Phase
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• Start when all glass surface temperature reached 250C.
• Min. duration 2 hours
• 260C  10C

Cooling Phase
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• Conclude when air temperature in the oven reaches 70C



Glass Support & Spacing

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Same requirement in both 2005 and 2016 versions.

Glass Separation
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Same requirement in both 2005 and 2016 versions.
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Glass Separation –
Spacer
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Glass Support & Spacer



Thermocouple –
Good Practice
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TC simply installed TC installed with 
insulation pad

Oven Calibration
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Clause 6.5 is same in both 2005 and 2016 versions.

But the calibration method is updated.
From “100% Load” & “10% Load”   to one “Full Load”.



Oven Calibration 
– BS EN 14179-1: 2005
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Calibration to BS EN 14179-1

Selection from Heating Phase

but not Holding Phase 


Thermocouples
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Thermocouples Locations
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Oven Calibration 
– BS EN 14179-1: 2016
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Calibration to BS EN 14179-1

Selection from Heating Phase

but not Holding Phase 


8 monitoring thermocouples to be selected 
in “Full Load” calibration:
- 4 highest & 4 lowest during heating phase



University of Central Lancashire 

Quality Control of 
Tempered Glass

Residual Risk

Level of Residual Risk
 As stated in Clause 3.2 of BS EN 14179-1: 2005: 

“The risk of spontaneous breakage of heat soaked 
thermally toughened soda lime silicate safety glass, on a 
statistical basis, due to the presence of critical Nickel 
Sulphide inclusions, is no more than one breakage per 
400 tonnes of heat soaked thermally toughened soda 
lime silicate safety glass.”

 Since spontaneous glass breakage in tempered glass 
cannot be eliminated, an effective and trust-worthy 
heat soak process should be able to screen out glass 
containing NiS inclusion.
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Same Level of Residual Risk in 2016 version

To reduce, not to eliminate!!



Level of Residual Risk
 One breakage per 400,000 kg of heat soaked glass.

 Same thickness? Same batch? Traceable?
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Thickness Equivalent surface area of 400,000 kg

6 mm 26,667 m2

8 mm 20,000 m2 (4,000 nos. of 5m2)

10 mm 16,000 m2 (3,200 nos. of 5m2)

12 mm 13,333 m2

15 mm 10,667 m2

19 mm 8,421 m2

22 mm 7,273 m2

Level of Residual Risk
 Heat soak test at Viracon (US) 

since 1984.

 With two hours holding time, Viracon is 
confident that to minimize the potential 
spontaneous breakage to its lowest level.

 Viracon offers heat soaked tempered glass 
warranty for spontaneous breakage 
5 Lites per 1000 (i.e. 0.5%).

 Example:
For a project used 40,000 glass panels, 
it may occur 200 spontaneous breakage incidents.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Breakage Frequency and 
Timeline
 Many factors influence the fracture rate of tempered glass with 

NiS inclusion.

 The time to fracture is dependent on numerous factors:
 Glass panel size – membrane stress developed in the glass panel

 Location of the inclusion within the tensile zone of the tempered glass

 Environmental conditions – temperature and wind pressure

 Magnitude of the tensile stress within the tempered glass

 Purity of the inclusion

Diameter > 50m energy dispersive spectroscopic

Level of Residual Risk 
– Probability without Replacement
 Assume screen out 99.5% in heat soak process.

 Assume 5 possible cases in 1000 tempered glass panes
 1st breakage in 2nd year = 5/1000

 2nd breakage in 2nd year = 4/999

 3rd breakage in 3rd year = 3/998

 Is there 4th or 5th breakage? may be…

 What if replacement of all glass panes
after 3 nos. of breakage?

 Suffer the spontaneous breakage
(Re-count the risk from 1st) again.
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Breakage Frequency and 
Timeline
 The overwhelming trend is that most panels break in 

the first 2 to 7 years, after which the number of 
breakages tapers off with what is commonly considered 
a logarithmic decay.

Leon Jacob, 2001

University of Central Lancashire 

Quality Control of 
Tempered Glass

BD PNAP APP-37



Heat Strengthened and 
Tempered Glass
 Surface compressive stress:

> 69 MPa for Tempered glass
24-52 MPa for Heat Strengthened glass

0 MPa for Annealed glass

 Non-destructive photoelastic measurement of 
surface stresses in flat glass to ASTM C1279 & C1048 
should be conducted.
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Local Requirements –
Practice Note
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 It is widely recognized that heat soak process 
accelerates the expulsion of the Nickel Sulphide 
inclusions in tempered glass and that heat soak process 
is the most effective means of eliminating tempered 
glass with Nickel Sulphide.

 Therefore, in the absence of other recognized quality 
control methods, heat soaking conforming to 
BS EN 14179-1: 2005 or other equivalent international 
standards should be carried out as it is part of the quality 
control measures for tempered glass used in curtain 
wall, window and window wall works.



Development of Tempered Glass 
Heat Soak Requirements
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Version Requirements

1999 PNAP 106 • No heat soak requirement was imposed to Curtain Wall 

2000 PNAP 239 • Heat soak test (min. One hour holding time)
• Tempered glass used in Window and Window Wall

2006 PNAP 106 • Heat soak test (min. Two hour holding time)
• ALL tempered glass used in Curtain Wall, Window and 

Window Wall Systems.

2009 PNAP 106 • Heat soak test (min. Two hour holding time)
• Comply with BS EN 14179-1: 2005
• ALL tempered glass used in Curtain Wall, Window and 

Window Wall Systems.

2010 PNAP APP-37 • Same as PNAP 106 – 2009

2012 PNAP APP-37 • Additional Quality Assurance Scheme

Upcoming practice… • Temperatures in line with BS EN 14179-1: 2016

Temperature Control
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Temperature Control

BS EN
14179‐1

During the calibration, the oven temperature (air temp.) 
was co‐related to the glass surface temperature. 
During normal usage of the oven, this ‘air temp.’ will be use 
as a reference to determine the ‘holding phase’.
2005: The longer of the two times t2,1 (100% load) or 

t2,2 (10% load) shall be used for regular production.

2016: The time t2 shall be used for regular production.

PNAP
APP‐37

8 monitoring thermocouples (glass surface temp.) were 
required by the APP‐37 to determine the ‘holding phase’. 
The locations of these thermocouple were determined 
during the calibration of the oven.



Calibration

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Calibration Period

BS EN
14179‐1

Calibration period is not specified.

PNAP
APP‐37

The oven(s) are calibrated at one‐year intervals.
The thermocouple are calibrated at six‐month intervals.

Third Party Inspection
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Third Party Inspection

BS EN
14179‐1

Not required.

PNAP
APP‐37

RC: QC supervisor(s) to provide full time continuous 
supervision of the heat soak process of all tempered glass. 
RC: Have to provide his own data logger to record the surface 
temperature of the glass panel.

RSE: QC supervisor(s) should cover at least 30% of the 
tempered glass used in the project. 

Both have Legal Liability 
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Quality Control of 
Tempered Glass

Quality Assurance 
Supervision

PNAP APP-37 (2012)
- Quality Assurance Scheme
16. The Quality Assurance Scheme should include the following items:

(a) Heat soak process to all tempered glass panes;

(b) Calibration of heat soak oven and laboratory equipment for
quality control tests;

(c) Residual surface compressive stress measurement of glass1;

(d) Testing procedures and requirements; and

(e) Frequency and extent of inspection and audit by in-house
staff of the manufacturer, and independent parties.
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PNAP APP-37 (2012)
- Quality Assurance Scheme
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PNAP APP-37 (2012)
- Quality Assurance Scheme
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Good Example



PNAP APP-37 (2012)
- Quality Assurance Scheme

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Project info.

Approx. Area

Glass
Manufacturer

PNAP APP-37 (2012)
- Quality Assurance Scheme
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PNAP APP-37 (2012)
- Quality Assurance Scheme
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PNAP APP-37 (2012)
- Quality Assurance Scheme
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PNAP APP-37
(2012)
Heat Soak Process
17. All tempered glass panes should be heat soak treated. It is widely
recognized that heat soak process2 accelerates the expulsion of the nickel
sulphide inclusions in tempered glass and that heat soak process is the most
effective means of eliminating tempered glass with nickel sulphide. It is
therefore required that heat soak process conforming to BS EN 14179-1:2005
or other equivalent international standards should be carried out to all tempered
glass panes, as one of the quality control measures for tempered glass used in
curtain wall, window and window wall works.
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PNAP APP-37
(2012)
Compliance Report for Heat Soak Process

18. Under Regulation 10 of the B(A)R, a requirement will be imposed,
when giving approval of plans, to require the compliance reports for heat soak
process issued by the glass manufacturers and endorsed by the RSE to be
submitted prior to the application for occupation permit. The compliance report
should contain the following information:

(a) Name of the tempered glass manufacturer;

(b) Name of the project using the manufacturer’s tempered glass;

(c) Total number and surface area of tempered glass panes used 
in the project;

(d) Location and identity number of the ovens, in which the heat soak
process of the glass panes in (c) was conducted;

(e) Calibration report3 of the ovens in accordance with 
BS EN 14179-1:2005 or equivalent;
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PNAP APP-37
(2012)

(f) Quantity and configuration of thermocouples used to measure 
the glass surface temperatures in the oven.  A minimum of 
8 thermocouples4 shall be used.  The location of these
thermocouples shall be determined from the calibration report 
of the oven; 

(g) Recorded temperature versus time graphs for each of the 
8 thermocouples during heating phase, holding phase and 
cooling phase of the heat soak process;

(h) Quantity, dimensions and thickness of the tempered glass panes
conforming to BS EN 14179-1:2005 or other equivalent
international standards, and the record of breakages of panes 
in each heat soak process with corresponding oven number; and

(i) Date of carrying out the heat soak process.
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PNAP APP-37
(2012)
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 Fastest  Highest
 Select from Heating Phase not Holding Phase



PNAP APP-37
(2012)
Quality Supervision

20. Under item 6 in Section 17(1) of the BO, a condition will be imposed,
when giving approval of plans, to require the submission of a quality
supervision plan by the RSE and the RC for the quality supervision of
manufacturer’s heat soak process of the tempered glass to be used in the
works shown in the approved plans.

21. The RSE should assign a quality control supervisor to supervise a
certain number of tempered glass panes undergoing the heat soak process.
The RSE should determine the necessary frequency of supervision, which
should cover at least 30% of the tempered glass panes used in the project.
The minimum qualifications and experience of the quality control supervisor are
to be the same as grade T3 technically competent person (TCP) under the
RSE’s stream, as stipulated in the Code of Practice for Site Supervision.
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PNAP APP-37
(2012)
22. The RC should assign a quality control supervisor to provide full time
continuous supervision of the heat soak process of all tempered glass panes
in the factory. The minimum qualifications and experience of the quality control
supervisor are to be the same as grade T1 – TCP under the RC’s stream, as
stipulated in the Code of Practice for Site Supervision 2009. To ensure the
heat soak process is properly conducted by the glass manufacturer, the quality
control supervisor should measure the glass surface temperature
independently by using his/her own data logger. The information recorded
by the data logger should be set at one-minute intervals and kept in the factory.

23. The names and qualifications of the quality control supervisors of the
RSE and the RC respectively should be recorded in an inspection log book.
The details of heat soak process for tempered glass panes should be recorded
in the log book and kept in the factory.
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Quality Control of 
Tempered Glass

Tempered Glass
is Safety Glass

BD PNAP APP-110
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Safety Glass
 Tempered glass is classified as “Safety Glass” 

because of its higher ultimate bending strength and 
its fracture pattern.

 The high stresses in the tempered glass lead it to 
fracture into small, relatively smooth cube-like pieces
(referred to as fracture dice) upon breaking which 
reduce the risk of injury.

 For protective barriers, glass should comply with the 
impact test requirements (Class A) as stipulated in 
BS 6206: “Impact performance requirements for flat 
safety glass and safety plastics for use in buildings”. 
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Impact Test to 
BS 6206: 1981
 With the specimen mounted 

vertically.

 Raise the soft body impactor
(45 kg) to a drop height of 305 mm 
and hold it at that position.

 Release the impactor so that it 
swings in a pendulum arc and strike 
onto the specimen.

 Inspect the test piece after impact. 

 Repeat the test with a drop height of 
457 mm and 1219 mm.
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BS 6206:1981 may likely be replaced by BS EN 12600:2002



Test Reports submitted 
in Quality Assurance Scheme
 Impact test reports and Surface Stress Measurement 

reports are commonly included in the Quality Assurance 
Scheme for consent application.

 Is it HOKLAS endorsed test report?

 or just a Reference Report?

 or just a Witness Report!!!

 One report cover all glass thicknesses?  (and tested 
on same date) !!!

 Is the glass batch for your project?
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BS 6206
Classification
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[Extracted from BS 6206: 1981]

Min. 10mm tempered glass >> No Breakage
6mm or 8mm tempered glass >> Break Safety
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Quality Control of 
Tempered Glass

Notes to 
T1 & T3 Inspection

T1 & T3 Inspection
Basic Check List
1. The oven has been calibrated (within calibration period).

2. The total weight of glass panels is within the oven capacity 
(< 100% load of the calibration).

3. The sizes of panels are less than those used in the calibration.

4. Check spacing of glass panel > 20 mm.

5. Refer to the eight monitoring thermocouples selected from the 
calibration report (4 from 100% load and 4 from 10% load).

6. Check the glass surface temperature within the range 
(280C - 300C) during holding phase.

7. The working thermocouples should be either internal or external 
calibrated.  For internal calibration, the comparison shall be 
against a reference thermocouple (external calibrated).

8. The use of a checking thermocouple with data-logger at 
1-minute interval.
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Data Logger
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Unit Price HK$770
http://hongkong01.rs-online.com/web/p/data-loggers/6668160/

University of Central Lancashire 

Quality Control of 
Tempered Glass

Heat Soak - FAQ



FAQ:
Glass thickness
 Somebody suggests include all different glass 

thicknesses in oven calibration?

 Some calibration reports include all thickness range in 
calibration and measure different thickness 
(eg. 8mm, 10mm, … 22mm) !?
>> Disturb the temperature data (Max. & Min.) to 280C

 Recommend to use two consecutive glass thicknesses 
(eg. 6mm & 8mm  or  8mm & 10mm) in calibration.
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FAQ:
100% & 10% Loading
 Somebody comments glass weight in 10% loading must 

be exactly 0.1 x glass weight of 100% loading?!

 100% load (Full load) = Full capacity of the Oven??
 Should be max. loading in daily operation

 10% load = 0.1 x 100% load ??
 Should be min. loading in daily operation
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
???





FAQ: (BS EN 14179-1: 2016)
Only Maximum Load
 Maximum Load (Full load)

 Maximum loading in daily operation

 Eg. Oven capacity is 10 tons, but calibrated to 8.5 tons 
for daily operation.

 Controlling parameters in daily operation:
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Daily Operation Calibration

Total glass weight  Max. capacity (Full load)

Largest glass panel size
(Glass height in oven)

 Largest glass panel size
(relative Height in the oven)

Thicker glass pane, 
longer heating time

 Thickest glass pane in oven

FAQ: Selection of 
8 Monitoring Thermocouples
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Calibration report to 
BS EN 14179-1

Location of thermocouples 
determined from 
calibration report.

Calibration to BS EN 14179-1
A.5 Interpretation of the 
calibration test
 Selection of t2 for regular 
production

Somebody wrongly interprets 
selection from holding phase!



FAQ: Selection of  8 TC
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Calibration to BS EN 14179-1

Selection from 

Heating Phase

but not Holding Phase 


FAQ:
Why so many TC?
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 3 nos. TC on same panel 
refer to Location #16 ?
 Glass Manufacturer (#1)

 Sub-Contractor (#2)

 Main Contractor (#3)

 Spare (#4) from Glass
Manufacturer ??

 Another 4 nos. TC 
put on another monitoring 
TC Location#.

3

2

1

4



FAQ:
T1’s Thermocouple
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 Can the T1’s TC put on other glass 
panel, that is not on the same panel 
with the 8 monitoring TC?

 NO!

 T1’s TC is used to counter check / 
monitor the 8 monitoring TC
by glass manufacturer.

 Different glass panel, different measured temperature.

 Recommend T1/T3 put their TC to the pre-arranged 
thickest and largest glass panel that with 
the monitoring thermocouple in regular/daily operation.
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FAQ:
T1’s Thermocouple

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

 Somebody interprets the 
8 thermocouples is a must 
without technical consideration!!

 Failure of any one of the 
8 thermocouples is not allowed???

 Disengagement of adhesive tape
 Disconnect due to poor workmanship?!

 How about spontaneous breakage happened on 
measuring glass panel during heat soak?
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FAQ:
Temperature Fluctuation 

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Technical Judgment:
- Disconnect or 
- Glass broken

FAQ:
Failure of Thermocouple

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

The highest or the lowest thermocouple failure
Need to Reject Technically !!
Because can’t identify heating phase & 

holding phase



FAQ:
Is it necessary?

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

 Failure of one temperature data (not the highest / lowest) 
due to spontaneous breakage during heat soak process, 
but “Somebody” rejected the whole completed heat 
soak process !? 

 Because of only remaining 7 temperature data!  OMG!

FAQ:
T1’s Thermocouple

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

 The spare TC #4 on the next glass 
pane which refer to same Location 16?

 It is the 9th TC and/or 10th TC 
provided by the Glass Manufacturer.

 Glass Manufacturer tries to provide 
additional temperature data in case of anyone of the 
8 monitoring TC failure during heat soak process.

 With reference to this arrangement, spare TC #4 can be 
used for the replacement of TC #1 in case of TC #1 
failure.  How about T1’s TC, i.e. #2 as shown in Figure?
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FAQ:
How many T1’s TC?

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

 Recommend T1 to use at least 
2 nos. of TC next to the GM’s TC.

Recommended locations:

 1 @ the highest temperature 
1 @ the lowest temperature 
of the 8 monitoring TC selected from calibration.

 If the thickest and largest glass pane is arranged with 
monitoring thermocouple in regular/daily operation, 
then T1’s TC is recommended to put on this pane.
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FAQ:
Heating Phase
 Somebody comments the heating phase cannot 

exceed 300C???

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
Heating Phase (2016)
 Will Somebody comments the heating phase cannot 

exceed 270C???

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Heating Rate?
 Somebody says the heating rate cannot faster than 

3C/minute.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
Heating Rate (2016)
 In future, the heating rate ≤ 3C/minute.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Holding Phase 290C±10C
 How if Glass Manufacturer’s temperature (GM) not 

satisfy the Holding Phase requirement?

 Holding Phase 290C±10C
 You should reject it, if GM’s T < 280C or T > 300C

 But not applicable in Heating Phase.
Not mentioned this in both BS EN 14179-1: 2005 and 
PNAP APP-37.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
Cooling Phase
 Somebody claims the cooling phase stop when 

“glass surface temperature” less than 70C??

 It should be oven air temperature but not 
glass surface temperature.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Oven Air Temperature?
 If calibration to BS EN 14179-1, oven air temperature is 

monitored which used for future operation.

 PNAP APP-37 introduced additional requirement for 
daily operation which monitoring the glass surface 
temperature instead of oven air temperature.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
Oven Calibration to…
 If oven calibration to BS EN 14179-1…

 For new type heat soak oven, the heating time can be 
controlled by the monitoring thermocouple.

 So recently, the oven is calibrated to “BS EN 14179-1 
and fulfilling PNAP APP-37 requirement”.

 But not calibrated to PNAP APP-37.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Heat Soak to HS Glass?
 Somebody requests sub-contractor to carry heat soak 

process to heat strengthen glass?!

 Tempered Glass

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
Oven Calibration by…
 PNAP APP-37 para. 18 (e):

 Require HOKLAS accredited laboratory or calibration laboratory ?

 With this scope in HKAS accreditation or calibration ?

 Most common before 2012:   JAS and RED

 Newly jointed:                        CASTCO and Leading Edge

 may be more in future…

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Compliance Report by GM

 Compliance reports should be prepared and issued by 
the glass manufacturer and endorsed by RSE.

 Therefore, the temperature records should be referred to 
GM’s TC for compliance of the heat soak process.

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



FAQ:
T3 - 30% Frequency

 30% in quantity?    30% in area?   30% in weight?

 30% of total Heat Soak Process?

 Recommend RSE to assign T3 heat soak inspection 
regularly and evenly distributed.   (Review the 
planning of glass production and Agree the 
acceptable criteria prior to mass production)

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

FAQ:
Full time inspection

 Somebody requests T1/T3 to provide full time 
continuous supervision.

 i.e. Stay next to the HS oven and need to have lunch box 
next to oven.

 How about go to toilet ?

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



University of Central Lancashire 

Quality Control of 
Tempered Glass

Quality Control

Testing and Measurement
 Structural Test (HOKLAS)

 Safety Test – PNAP APP37

 Bending Test – BS EN 1288-3

 Testing and Measurement
 Thickness Measurement – ASTM C1036 & C1048

 Flatness & Roller Wave Measurement – ASTM C1036 & C1048

 Surface Compressive Stress – ASTM C1279 & C1048

 Impact Test – BS 6206, ANZI Z97.1, BS EN 12600

 Fragmentation test – BS 6206, BS EN 14179-1

 Heat Soak Process – BS EN 14179-1

 Boil Test – ANSI Z97.1

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016



Thickness Measurement
Digital Meter

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

8+12A+10

6+12A+6

8+1.52PVB+8

Flatness and Roller Wave 
Measurement
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Visual Inspection

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Visual Inspection:
Parallel image from
Zebra Boards

Marks to identify 
glass orientation

Visual Inspection

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Parallel image
from
Zebra Boards?



Flatness Measurement

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Flatness:
Overall Bow < 0.1% of 
glass shortest dimension

Roller Wave Measurement

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Roller Wave
Measurement
to ASTM C1651



Roller Wave Measurement

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Peak to Trough < 0.15mm
Different between adjacent wave < 0.08mm

Roller Wave Measurement
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Surface Stress Measurement

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Surface Stress:
HS: 24~52 MPa
TG: >69 MPa

Laser GASP reading 
64° ≈ 86 MPa

Grazing Angle Surface Polarimeter (GASP)

Grazing Angle Surface 
Polarimeter (GASP)
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How the GASP® 
Polarimeter Works

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016





LCD-GASP
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Surface Stress Measurement

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

HS: 24~52MPa   30    51
TP: > 69MPa         59

Fragmentation test –
BS EN 14179-1
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Fragmentation test –
BS EN 14179-1

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Fragmentation test –
BS EN 14179-1

20170523 ICWCI - Latest Heat Soak Requirement to BS EN 14179-1: 2016

Special Impactor of radius 0.2mm0.05mm



Particle Count
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Particle Count
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Particle Count
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University of Central Lancashire 

THANK  YOU !!
Ir Dr. YU Wai-Kin, Dominic

BEng(Civil), MSc(Fire), PhD(Str.), MHKIE, MHKISC, MHKICA

Principal – Structural Fire and Façade
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Alpha Consulting Limited

Email: dominic@alpha-c.com.hk


