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Out of responsibility to providing members of the public 
with clear guidelines concerning safety glass and in order to adopt 

a truly international standard, the glass industry and members 
of various standards associations must come together to discuss

impact levels and safe breakage criteria. This paper discusses 
different safety glasses in terms of their performance characteristics,

compares various national safety glass impact standards and looks
towards ways of achieving international uniformity. 

Dr. Leon Jacob
JACOB & ASSOCIATES PTY LTD.
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NTRODUCTION
The selection and use of glass must be

made after considering its nature not
only before fracture, but also after failure.
There are over 97 Codes and Standards containing
test methods relating to Safety Glazing. A fur-
ther check of these documents revealed that
there are 34 different test procedures. Twenty-
two of the 34 tests described are impact tests.

It has been universally accepted that when
glass fails there is a risk to human injury. The
use of tempered and laminated glasses is an
attempt to minimize this risk. The fracture
characteristics of these two types of “Safety
Glass” will be discussed.

It is not the responsibility of any standard
to specify when, where or how a safety glass
ought to be used in a building. This responsi-
bility rests with the relevant authorities and leg-
islators. In Australia, the safety glass stan-
dard has provided application guidelines for the
consumer. It is a prescriptive standard.

We in the glass industry have a moral respon-
sibility to correctly quantify the key factors relat-
ing to the performance and characteristics of
glass in the standards we prepare, so to assist
our legislators and various authorities to  make
the correct decisions on the specifications for
use by the community.

DEFINITION OF SAFETY GLASS
It is important that we review what is meant

by safety. The concept “safe” is defined in sec-
tion 9 (4), CSA, UK Consumer Safety Act 1978.

“Safe means such as to prevent or ade-
quately reduce any risk of death and any risk
of personal injury from the goods in question
or from circumstances in which the goods
might be used or kept....”

The concept of “foreseeable misuse” is
reviewed in Chapter V1, Section 3.3  “General
Product Safety Obligation” in the context of sev-
eral European national precedents. 

The requirement for safety glass as per the
CPD, Construction Products Directive is:

“The construction work must be designed and
built in such a way that it does not present unac-
ceptable risks of accidents in service or in
operation such as slipping, falling collision etc.”1

From the CPSC we see that “Safety Per-

formance characteristics are designed to reduce
or eliminate unreasonable risks of death or
serious injury when glazing material is broken
by accidental human contact.”

This means that all glazed products must be
capable of resisting the impact or break safe-
ly. Consequently, the aim of the impact test
should be to assess the fracture characteristics
of a safety glazing material which has been bro-
ken at some predetermined minimum impact
energy level. This is dependant upon the
intended application for the material. If the safe-
ty glazing material does not fracture at this min-
imum energy level, it must be retested at a high-
er energy level, until it is fractured. This is
required so as to determine the fracture char-
acteristics of the failure.2

FRACTURE CHARACTERISTICS OF GLASS
Glass always exhibits brittle fracture; this

type of fracture follows a cleavage process and
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produces fracture surfaces that are usually
smooth and glistening, often silvery in appear-
ance. The energy dissipated in brittle frac-
ture is usually lower, by a factor of 5 to 10, than
the energy of ductile fracture. This means that
the driving energy to keep a brittle fracture mov-
ing can often be obtained merely from the
strain energy release of the fractured structure.
The crack is thus unstable and may propa-
gate at high velocity through large regions of
a structure, causing a total collapse or break-
down of the structure.

Loads on installed glass panels as a result
of accidental contact by humans can cause
fracture in the glass dependant on the magni-
tude of the load, its duration, the contact area
of the impact, the panel size and glass thick-
ness. Once fracture occurs in ordinary annealed
glass, it is generally violent and crack growth
occurs at a very high velocity resulting in the
total failure of the glass panel and potential-
ly serious injury to the person. 

The fracture characteristics of different
glass types vary significantly. For example, tem-
pered glass will disintegrate and potentially fall
out of the test frame, while laminated glass will
stay in position even
though it is signifi-
cantly weaker and
could develop a hole at
the point of impact.

TEMPERED GLASS
All tempered glass is

pre-stressed, to give it
its additional strength.
When fracture occurs,
all the stored energy
in the glass is released.
The released energy is
utilized to create new
fracture surfaces. This
results in the large num-
ber of particles devel-
oped. The number of
particles per 50 mm x
50 mm counted at a
prescribed location rel-
ative to the fracture
origin is a measure of

the level of surface compression induced in
the glass during the toughening process. There
is a direct correlation between the number of par-
ticles and the pre-existing stress in the glass.3

No international standards prescribe any
upper limit for the permissible level of surface
compression in tempered glass. Consequent-
ly, most tempered glass manufacturers endeav-
our to attain a level of surface compression of
approximately 100 MPa. In some instances
tempered glass was found to have a surface com-
pression in excess of 140 MPa. These high lev-
els of surface compression will significantly
increase the capacity of the tempered glass to
resist higher loads. The down side to this is that
the glass is generally at a higher risk of spon-
taneous failure if it suffers either edge or sur-
face damage.

Another factor is the number of particles gen-
erated in the event of glass fracture. When
the number of particles are significantly high-
er than the recommended value, then they
generally have a tendency to lock on to one
another, thereby preventing its disintegration
after fracture has occurred. Consequently there
will be a tendency for the tempered glass to
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remain in large “clusters” after fracture. These
clusters will disintegrate only after the glass
has fallen to the floor. These clusters of frac-
tured particles could be a source of serious injury.

Because of the intrinsic strength of the tem-
pered glass the impactor will have no signifi-
cant influence on the outcome of the test. This

is especially true for all tempered glass, espe-
cially glass of 6.0 mm and greater in thickness.

However, it must be remembered that the
fracture of tempered glass will depend on
the level of surface compression induced in
the glass during the tempering process. The
higher the level of compression the more dif-
ficult it is for the fractured glass to natural-
ly disintegrate. The particles will tend to lock
together and require a small external force to
cause the well-documented dicing effect.
Highly stressed tempered glass will tend to
remain in large clusters that could cause seri-
ous injury in the event of falling against parts
of the human anatomy. There have been
numerous cases of this occurrence.

LAMINATED GLASS
The presence of the PVB interlayer in the

laminated glass generally tends to hold the frac-
tured glass panels together after failure. When
the impact force is large, the PVB can tear and
allow penetration of the impactor. In Aus-
tralia 0.38 mm thick PVB is used for almost
all laminated safety glass, and in Europe 0.38
mm thick PVB interlayer is also extensively
used. However, in the USA almost all lami-
nated glass for safety glass applications con-
tains 0.76 mm PVB to comply with the USA
Federal Safety Glass Regulations CPSC 16 CFR
Part 1201.

While the vast majority of laminated glass
is made using conventional PVB interlayers,
liquid pour laminated glasses are sometimes
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97used for safety glazing applications. Their
performances are a function of the adhesive qual-
ities of the resins used. Because of its reliance
on the chemicals used in the formulation and
the quality of mixing, the performance of liq-
uid pour laminations will require additional
weatherability and performance testing.

TEST CRITERIA
The CEN Committee TC 129 Working Group

13 has developed and proposed for ISO a dou-
ble tyre impactor as an alternative to the shot
bag impactor. This change to the impactor is
causing considerable debate as to its rele-
vance to all the countries that have adopted the
shot bag. The reason for the development of the
new impactor was the difference in the results
between the taped and the un-taped
shot bag.4

Unfortunately, even though signifi-
cant studies have been undertaken in
Europe to evaluate the characteristics of
the double tyre relative to the shot bag,
none of this data has, to date, been
made available to the other countries like
the USA, Japan and Australia for infor-
mation and evaluation. This has made
participation by other countries rather
difficult. In addition, there is only one
type of tyre specified and it is only
available from one source. This limits
the ability to conduct local tests to
evaluate its suitability.

The shot bag test has been used suc-
cessfully for many years in most coun-
tries. This does not mean that a change
is not good. It would be far more ben-
eficial for the relevant test data cur-
rently available to specific organizations
in Europe to be made available for a
rational evaluation and debate before the
new test regime can be accepted inter-
nationally.

IMPACT ENERGY LEVELS
The original criteria were developed

in the United States and implemented in
the ANSI Standard Z 97.1- 1966 (un-
taped shot bag) and revised in 1972 as
a taped shot bag.

Most countries have accepted the recom-
mended energy levels. In Australia we have even
used a lower impact energy level for glazing
applications where it was perceived that the spec-
ified energy level could not be developed.
For example, in a shower recess it was believed
that 100 ft-lb of energy could not be developed
due to the lack of space. Whether this is cor-
rect or not is debatable. In the US, regula-
tions for bathroom glazing require the 400 ft-
lb energy level criterion to be met.

Various studies have been undertaken to
determine the appropriate drop height for the
impact test. A 300 mm minimum drop height
has been used in Australia, for Grade A Safe-
ty Glass, since 1978 and still exists in the
ANSI Z 97.11(1984) American National Stan-
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dard. In recent times there has been debate in
the USA as to whether the minimum ANSI Z
97.1 drop height should be increased from 300
mm to 450 mm. Although a 1981 study in
Japan has indicated that a drop height of 450
mm might better represent the expected ener-
gy of accidental impact by critical age children,
the Japanese standard for laminated glass J1S
R 3205 -1989 retains a minimum drop height
of 300 mm.5

The human body behaves in an inelastic man-
ner during an impact. The contact area is crit-
ical in quantifying the stresses developed in
the glass panel. We have no valid data on the
coefficient of restitution of the human body and
this makes any theoretical analysis difficult.

Toakley6 in his paper makes some valu-
able assumptions for his energy analysis. He
indicates that a larger panel will be exposed
to lower stresses in comparison with smaller
panels for the same impact energy. 

This is not the case, however, in real impact
situations. If the duration of the impact is
identified, then the applied force can be cal-
culated. With this force the stress in the glass
can easily be determined. Using convention-
al finite element/finite difference techniques
it can be readily demonstrated that larger
glass panels will develop higher stresses for
the same impact force than smaller panels.

The problem for our society is to define an
appropriate impact energy level. That is the min-
imum drop height when using the standard
impact test rig - shot bag or double tyre.

DISCUSSION
The type of impactor, the impact energy

(drop height) and the type of safety glass are
the fundamental factors that require both qual-
ification and quantification before any truly inter-
national standard can be developed and accept-
ed globally.

The impactor will define the contact area dur-
ing the test; the larger the contact area, the low-
er the maximum stress developed in the glass
test sample.

The coefficient of restitution of the impactor
will also quantify the contact area during the
test. The additional drop height increments
will assist in the determination of the fracture
pattern for the safety glass. For tempered glass
a drop height of 1,500 mm will possibly result
in fracture. This will demonstrate the clus-
tering effect of the fractured glass particles.

For laminated glass: when the contact area
is large the glass will be able to distribute the
stresses more uniformly and thus prevent the
development of a hole through which a 75
mm diameter sphere could freely pass.

Using the existing shot bag test regime with
a taped bag and a drop height of 1,219 mm on
6.0 mm nominal thickness laminated glass
will give a pass for the laminated glass with 0.76
mm thick PVB and a fail for the laminated glass
that uses 0.38 mm thick PVB. There is a sig-
nificant cost difference between 6.38 mm
thick and 6.76 mm thick laminated glass.

The 75 mm hole is an arbitrary criterion, how-
ever. If the requirement were to prevent a 100
mm diameter hole from being developed, then
in all probability the 6.38 mm thick laminat-
ed glass would pass the test.

In the UK, 6.38 mm thick laminated glass meets
Class C & B as a safety glazing material.

The cost penalty for the thicker interlayer
was recognized when the USA CPSC regula-
tion was initially formulated and the US reg-
ulators commented that the consumer would
have to bear the extra cost.7 This cost differ-
ence probably explains why laminated glass
has a very minor share of the US safety glass
market while in Australia, by contrast, lami-
nated glass is by far the most prevalent type
of safety glass used.8

For tempered glass: the impact resistance is

COMPARISON OF NATIONAL SAFETY
GLASS IMPACT STANDARDS

COUNTRY STANDARD CLASSIFICATION IMPACT HEIGHT

Australia AS/NZS Grade A 300 mm
2208 Grade B 200 mm

Japan JIS Class 111 300 mm

UK BS 6206 Class C 305 mm
Class B 305 & 457
Class A 305, 457 & 1219

USA CPSC Cat 1 457 mm
Cat 2 1219 mm
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significantly different. Even
with 4.0 mm thick fully tem-
pered glass in the standard test
frame, there is a possibility
that it will resist the impact
energy from a drop height
of 1,219 mm.

In Australia no impact test
is done for any tempered
safety glass. Only a particle
count is carried out on spe-
cially manufactured samples
for the safety classification of
the tempered glass.

The prEN documents also
recommend a particle count
to quantify the tempered
glass. This particle count test
does not illustrate the clus-
tering effect of highly stressed
tempered glass. These clus-
ters will require some addi-
tional force to cause disin-
tegration. There have been numerous examples
of falling tempered glass causing serious injury
after failure.

It should be considered that, for tempered
glass, no failure should occur when it is test-
ed at a drop height of 1,219 mm. However, a
further impact from 1,500 mm should be car-
ried out to determine the fracture characteristics.
Should failure not occur at this drop height then
the tempered glass can be classified as a safe-
ty product.

NEW MODEL
The role of the standard in qualifying any

glass as a Safety Glazing material is well
understood. The test criteria are meant to
ensure that safety glasses from all countries are
equivalent in their performance characteristics.

The impact level, i.e. drop height, the type
of impactor and the test frame conditions, all
have an influence on the test results.

The use of safety glass is increasing dramat-
ically all around the world. We from the glass
industry have a responsibility to provide guide-
lines for our legislators and designers on the
design criteria that has to be used in the selection
of glass for the myriad of applications where human

contact can be made with the installed glass.
Using the tests for safety glass, the con-

tact time of the impactor for particular impact
energy can be easily measured. In addition, the
contact area can be determined. Using this
time and the mass of the impactor we can eas-
ily determine the force from the impactor.
Then, using finite element/difference methods,
the stress in the glass can be readily comput-
ed. This will facilitate uniformity in glass
selection internationally.

Alternatively, basic formulae from Roark9

can be used to calculate the glass thickness for
a particular design criterion.

CONCLUSION AND RECOMMENDATIONS
We as the representatives of the glass indus-

try have a responsibility to: 
• qualify the different safety glasses in terms

of their performance characteristics;
• define the appropriate levels of safety for dif-

ferent applications;
• provide the community with the relevant

design guidelines for the correct selection
of safety glass.
It is essential that we as an industry and

members of various standards associations
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come to an agreement on the impact lev-
els and safe breakage criteria that have
to be used to qualify safety glass. It is
strongly recommended that an upper lim-
it on the surface compression be deter-
mined for safe breakage of tempered
glass and a realistic pass criterion iden-
tified for laminated glass.

Australia currently permits the use
of safety glass that only needs to pass
a drop height of 200 mm, while the rest
of the US, UK and Europe require a
higher level of safety for use in show-
er recesses. Who is correct?

Unless we as a group are prepared
to share our knowledge and under-
standing in a positive and open man-
ner, we will never be able to develop
a truly international and suitable stan-
dard for use in our society. The real
question is what type of safety glass
would you, as an industry expert, use
in your own home?
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