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A B S T R A C T

The study of the behaviour of glass plates under dynamic loads presents difficulties due to the uncertainty of the
definition of load level, particularly in the case of human impact. The main differences from other impact tests
are the dimensions of the specimens and the support structures for the various configurations, especially when
tests are performed on a specific part of the building, for example, the facade. Even in tests performed under
controlled conditions, in accordance with the standards, it can be observed that the level of excitation of the
glass plate is clearly lower than expected if the initial height of the impactor is used. This has been observed in a
test campaign involving 240 impacts, undertaken in accordance with EN 12,600. The analysis of the data shows
that a percentage of energy (20%) does not deform the glass and is distributed among the remaining parts of the
configuration. An experimental model has been developed in regard to the energy dissipation in order to obtain a
more realistic level of excitation of the plate, using the effective impulse obtained from an accelerometer located
on the pendulum head.

1. Introduction

In regard to safety glass in buildings, there are regulatory standards
for sizing glass plates for various load scenarios [6,8]. After a detailed
review of these regulations, a clear definition has been formulated for
static loads, but there are only a few vague ideas in the case of dynamic
loads. The complexity of producing a definition for these cases is due to
the fragile nature of the glass. In fact, many studies have been per
formed on testing and modelling the strength capacity of glass for static
behaviour [15] and for complex dynamic loads, such as low velocity
soft impacts up to 3.3m/s [20], dynamic deflection of a glass panel
subject to point contact impact [17], laminated glass windows sub
jected to windborne wooden block impact [34] and stone impact re
sistance of a monolithic glass ply [31]. Complex dynamic loads also
include both explosions [14] and human impact [25]. In various
countries, the normative associated with these dynamic loads only
presents a general classification of glass plates based on test results with
respect to human impact [7], explosion pressure [9] and air blast
loadings [3]. In addition, in the case of human impact, these standards
do not cover the great variety of existing plate sizes and support con
figurations, which are present in the industry itself.

In the case of human impact, the area of load application generates
high stress in small zones of the plate with values that are higher than
those used for static sizing. As it is a fragile material, it is also well
known that the velocity of the load significantly affects the rupture

stress of the glass [19]. In regard to experimental verifications, it is
important to bear in mind the way to analyse the rupture of the glass
and the actual level of applied load.

While human impacts are characterized by their impacting element
and initial height, explosions are defined by their peak pressure and the
form of the pressure wave over time [18], and also in some cases, the
impulse applied by pressure impulse (PeI) diagrams [35,36].

A human impact can be classified as a type of soft impact due to its
typical duration of between 40 and 100ms. Since the end of the 20th
century, different regulations, which define tests, have been estab
lished. The main difference between these tests is the shape of the
impacting element. For example, in the USA [2,10] a bag containing
lead shot is used, while in Europe a metal cylinder with two tyres is
applied [7]. Both regulations establish drop heights of the pendulum in
order to define the level of impact applied to the glass plates. This is
insufficient for gaining more insight into the mechanical response of
glass breakage by impact and determining the optimum values for all
possible parameters [11].

Since 2013, the German Standard DIN 18008 [12] includes an ap
pendix regarding the aspect of the dynamic phenomenon during contact
with an impacting element. This standard sets forth several time his
tories of the acceleration of the pendulum head and deformations at the
centre of the glass plate. The cases studied by this standard are for two
energy levels associated with two initial drop heights and three glass
configurations. Monolithic tempered 10mm glass, which is used as a

⁎ Corresponding author.
E-mail address: jose.parra.hidalgo@alumnos.upm.es (J.A. Parra).















study.
The following are the main conclusions of this work:

1. The impulse from the pendulum acceleration corresponding to the
nominal value of the drop heights for the impacts, defined by the
standards, is obtained. For all the impacts recorded in the Reference
Campaign, they are lower. This difference does not correspond with
the energy dissipation, as this magnitude is controlled by the mea
sured initial and the final height of the pendulum.

2. The initial effective velocity has been obtained under the assump
tion that the energy dissipates during the contact stage.
Consequently, it becomes obvious that there is a distribution of the
pendulum energy (r) between the glass and the deformation of the
remaining elements of the system.

3. The hypothesis that the energy dissipation occurs mainly during the
contact stage is validated. The measured energy loss during the test
is compared with a mixed theatrical experimental estimation of the
damping. The differences between the estimated initial velocities
are less than 4%.

4. Therefore, a good model for characterising the impact may be de
fined by the impulse and the damping of the coupled behaviour.

5. The study shows that the energy used for the excitation of the glass
plate is between 67% and 76% of the initial global energy of the
pendulum measured by the initial drop height. This entails a relative
change of up to 22% of the initial velocities.

Finally, it is advisable to use an accelerometer located on the pen
dulum head to replace the drop height of the pendulum to achieve a
more accurate level of the impact on the glass.
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h0 [m] v0 [m/s] vefI [m/s] Rel.
change
[%]

vf [m/s] vefF [m/s] Rel.
change
[%]

T10-4S 0.21 2.01 1.71 17 1.81 1.47 19
0.46 3.01 2.63 15 2.71 2.27 16

T05-4S 0.20 2.00 1.68 19 1.83 1.47 20
0.46 3.01 2.60 16 2.71 2.25 17

L55-4S 0.20 1.97 1.61 22 1.73 1.31 24
0.46* 3.02 2.38 27 2.57 1.78 31

Table 7
Difference between global velocities and effective velocities.




