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Supplementary heat soak test (HST) breakage data completing those recently published are in good agreement with the latter. The
overall evaluation of the whole data set for one type of HST oven with a big number of recorded break events shows that a holding
time of 2 h at (290 ± 10) °C is enough to ensure sufficient reliability of the test.

Nickelsulfid: Ergänzende aktuelle Bruchdaten des Heißlagerungstests

Zusätzliche, neu gewonnene Daten des Heißlagerungstests (HST) bestätigen die bereits veröffentlichten stadstischen Berechnungen.
Die gemeinsame Auswertung aller in einem Ofentyp erhaltenen Bruchdaten zeigt, daß eine Haltezeit von zwei Stunden bei konstanter
Temperatur von (290 ± 10) °C genügt, um eine hinreichende Zuvedässigkeit des HST sicherzustellen.

1. Introduction

T h e spon t aneous cracking of thermal ly toughened
safety glass sheets due to small nickel sulphide (NiS)
s tones has been k n o w n as a p rob lem in respect of quality
a n d repu ta t ion since the late fifties. I t seems that the
format ion of these inclusions du r ing the industrial melt-
ing process of soda-lime-silica glass c a n n o t be avoided
unt i l today. The prob lem concerns the whole building
glass p roduc ing indus t ry because the image of tempered
glass as a facade mater ia l is considerably damaged and
its use may be restricted by local or even national con-
s t ruc t ion authori t ies .

In our working g roup we have aga in been engaged
in the theme since 1994 after an in termiss ion of about
twenty years. Α s u m m a r y of the results of ou r work was
recently publ ished in this Journa l [1]. T h e a im of the pre
sent communica t ion is t o comple te the Statistical da ta
given in the previous publ ica t ion a n d to evaluate bo th
da t a sets together.

Today, in Germany , like in m o s t o ther European
countr ies , the comple te n u m b e r of glass sheets bearing a 
security risk have to be tested by the so-called "Hea t
Soak Test  (HST) , pubhshed in D I N 18516 [2], prescrib-
ing a cons tan t test t empera tu re of (290 ± 10) C dur ing
8 h. This test was developed al ready in the seventies to
destroy every glass sheet con ta in ing a dangerous NiS
stone. It consists of three steps: hea t ing u p to the test
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temperature interval, holding this temperature during
8 h, and cooling down to room temperature again. The
procedure seems to be simple but, looking at the details,
it becomes very complicated because it is necessary not
to heat up the oven's air but the real glass.

It I S impor tan t to accurately control every individual
H S T oven. N o t only the oven's construct ion (which is
comparatively simple) is impor tan t for a good Perform
ance of the test. It is even more impor tan t to lay down
exactly the way the glass is put up inside the heating
Chamber. The al ignment of the glass Stack towards the
heating air flow direction (parallel!) and the distance be-
tween the Single sheets i n the Stack (minimum about
2 cm) are the most impor tan t parameters decisively de
termining the quality of the test. Therefore they must be
established for the functional test of the oven and kept
for every run. Also the long-term behaviour of the oven
has to be proven by adapted quali ty assurance methods.

Years ago, when measur ing the temperature distri-
but ion in different test ovens, we found that in some
cases the glass was heated up very slowly in several
points, in a way that it did not even reach 250 C after
8 h of "ho ld ing" ü m e ^ \ Such poor tests are not able to
assure suffieient reliability" of at least 98.5 % of break-
age risk (for explanation refer to [1]). It is therefore also
very impor tan t to test each oven with different loads and

Holding time in these cases (years ago) was still defined to
begin when the air temperature reached 290 °C.
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Table 1. Breakage frequency in HST. The new overall mean
value is one break in 6.5 t of glass.

tested glass breaks t glass per break
in t 

Α 2987 292 10.2
B93 1725 372 4.6
B95 2043 300 6.8
B96 2080 275 7.6
B97 2419 383 6.3
B98 2484 344 7.2
B99 2891 588 4.9
Cl 118 19 6.2
C2 693 103 6.7

total 17440 total 2676 mean value 6.5

glass dimensions, measuring the temperature distri-
but ion on or in the glass and its relation to the process-
controll ing thermocouple. The beginning of the holding
time must be fixed to the momen t when all of the glass
has reached the lower limit of the test temperature inter-
val, i.e. 280 °C.

In recent times the awareness of the European build-
ing glass producers towards the above problem has been
increased, and they are Willing to solve it together.
Consequently they have proposed to the European Com-
mittee for Standardisat ion (CEN) a new European
Standard (EN), having presently the Status of an "In-
tended p r E N . The new Standard will be called "Glass
in building  Heat soaked thermally toughened soda
lime Silicate safety glass". In the normat ive annex Α of
this Standard, the heat soak process system calibration
test is described in detail. The Standard will impose a 
testing temperature of (290 ± 10) C (measured on the
glass) and a minimum holding time of 2 h in this tem-
perature interval.

2 . Experimental results

In our previous publication [1] we showed that the evalu-
ation of Statistical data obtained from H S T by recording
the sound of breaking sheets with  a microphone is pos-
sible with the Weibull staüstical distr ibution. Fur ther-
more, we showed that what we call the "sufficient re-
liability" of the test is a break probabili ty of 98.5 Vo. Wei-
bull statistics are able to assure this level of probability
only to a certain level of confidence, the latter depending
on the number of results (i.e. breaks) counted for the
Statistical evaluation.

It is also impor tan t to remember that we defined the
zero point of the time scale to be the time when the oven
is reaching constant temperature. Breaks happening be-
fore have negative time values; breaks with positive time
happen at constant temperature. Da ta must be arranged
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Figure 1. Weibull plot (in logarithmic scales) corresponding to
data set no. 5 of table 2. The number of observed breaks was
319. The data are well represented by the 50 %-confidence
straight line, the correlation coefficient being 0.996. 5 % and
95 % confidence level Hnes are largely including every point of
the data set.

in this way because  a higher loaded oven n o r m a l l y needs
m o r e t ime to heat up , but we are only interested in fmd-
ing ou t how long the hold ing t ime must be, indepen-
dent ly of the heat ing up time.

In the present communica t ion we will eva lua te stat
istically only the da ta Coming ou t of one type of H S T
oven, i.e. two equal ovens equipped with mic rophones .
Th is is necessary because o ther types of ovens will cer-
tainly have different Statistical proper t ies tha t shall n o t
be confused. Table 1 is a comple t ion of the a l ready p u b -
lished table of breakage frequency of n o r m a l float glass
[1]. It can be seen that the new da ta agree wi th those of
the former years, even if the break rate is somewha t
higher.

In figure 1, we show as ano the r example the Weibull
p lo t of the 1999 results of one of the two ovens. It can
be seen that the breaks are well al igned to the 50 % con-
fidence line (corresponding also cum g r a n o salis to the
best fit line). The 5 to 95 % confidence interval largely
encloses the measured points in the critical end ränge of
the curve.

F igure  2 shows the linear plot of the overall evalu-
a t ion of all the breaks we observed in the t w o equal ly-
cons t ruc ted ovens. It can be seen that we o b t a i n e d a 
h o m o g e n e o u s curve with only some very little devi-
at ions. Because of the high number of b reaks (1252) Sin-
gle po in t s fade into  a con t inuous curve, a n d also the
5 to 95 % confidence interval comes next to the curve.
Nevertheless , in the Weibull plot , every po in t lies wi th in
this interval . 1006 of the breaks (80.4 %) h a p p e n d u r i n g
the heat ing phase. T h e comparat ively high figure is also
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Figure 2. Overall evaluadon of one type of HST oven (data set nos. 1 to 5 of table 2). Back transformation of the corresponding
Weibull plot into linear scales. 5 % and 95 % confidence level curves are including every point and the best fit line in a reasonable way.
The double arrow line represents the sufficient reliability" (98.5 %) of the HST to be reached to fulfil the demands of DIN 18 516.

Table 2. Overview of times to reach 98.5 % reliability in the HST with 50 and 95 % confidence, from data sets of only one HST
oven type. Constant temperature in HST was (290 ± 10) C. The overall evaluation shows clearly that for an increasing number of
breaks the 95 % level comes next to the 50 % level. It can also be seen that the 50 % confidence level results are much closer to each
other than the 95 % confidence level results because they are much less depending on the number of breaks.

method

data set Weibull 50 % confidence
time at constant temperature

Weibull 95 % confidence
time at constant temperature observadons and remarks

no. 1 2 h 19 min 3 h 06 min 193 breaks, R  0.996
no. 2 1 h 54 min 3 h 08 min 108 breaks,  R 0.995
no. 3 2 h 10 min 2 h 36 min 499 breaks, R  0.996
no. 4 2 h 18 min 3 h 28 min 133 breaks,  R 0.995
no. 5 1 h 50 min 2 h 24 min 319 breaks, R  0.996
nos. 1 to 5 2 h Ol min 2 h 16 min 1252 breaks,  R 0.996

Note:  R S t a n d s for correlation coefficient.

a qual i ty a rgument for this oven's Per formance: it shows
tha t the glass sheets are heated u p in a mostly h o m o -
geneous way.

Table 2 gives an overview of a l ready published and
newly achieved breakage da ta for this type of oven. In
the last line the result of the overall evaluadon is
shown. C o m p a r i n g the results, it is clearly seen that
the 50 % confidence result does no t change mueh, in
dependent ly of the n u m b e r of b reaks of the data set.
It can be concluded tha t this figure is (within the
frame of Statistical Va r ia t i on ) character is t ic of the oven

(and the way it is operated). On the o ther hand, the
95 % confidence figure are much more subjeet to Varia-
t ion. They do not only depend on the oven's proper
ties, but also on the number of breaks of the new data
set strongly interferes.

3. Conclusion

The recently obta ined H S T results fit well with those
already published. The overall evaluation of the data of
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one H S T oven type in which already 1252 break times
were measured during the last four years shows that a 
holding time of 2 h is enough to ensure sufficient re-
hability of the test.

Again the author would like to thank Mr. J. Grindatto and
the Company Temperit AG, Hinwil (Switzerland), for making
available authentic test data.
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