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Abstract. The materials that we use always have some defects. Under static, cycling or
dynamic load the materials as a function of the crack size and load environment can
initiate a fracture. The crack mechanism depends on several factors, like material
properties, crack type and the stress kind. The traditional fracture mechanics theories
suggest several solutions to predict the crack-grow and the fracture. The fracture
mechanism theories are well known in the case of the elastic-plastic behaviour materials
and also for the brittle materials under different strain like a high cycle and low cycle
fatigue load. These theories are supported by test results. Several researchers evaluated
different test methods for determining the fracture toughness on the base of crack-grow
behaviour by dynamic tests and determining dynamic fracture toughness. The paper
brings the results of the brick blast resistance under the blast load. Damage level was
detected as a function of the test setup parameters. The bricks were pre-cracked before the
test. The results show that the fracture can be guided by the pre-cracking and decrease the
blast affected damage.

Introduction
The material behaviour depends on the strain kind. The material properties are tested
traditionally by the static load, like the tensile test, hardness test or bending test. The
mechanical properties ductility and toughness also the formability depends on the material
testing rate. The simple tensile test result can show different yield strength and tensile
strength results in the case of different tensile rates. Materials show more brittle failure
mechanisms under a high rated load or shock effect. The high strain rates signiﬁcantly affect
the fracture behaviour of materials.
The fracture mechanics, the testing and modelling of the crack propagation beginning with
Griffith's equations [1-5] and research for the determination of the crack propagation. It was
followed by the theories of Orowan [2,5,6], Paris [7, 8], Erdogan [7, 9], Tada [8], Irwin [1012], Westergaard [13], Czoboly [14, 15], Gillemot [15, 16], and other important researches.
For dynamic loading well known the Charpy impact and drop weight impact tests are. The
Charpy impact test method is not suitable to use for the evaluation of dynamic fracture
toughness [17, 18]. The dynamic fracture mechanics theory and evaluation of the fracture
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toughness test, means the quasistatic fracture theory pioneered by Ireland and Server [19,
20]. The ASTM E24 dynamic fracture toughness testing standard was based on the research
work of Ireland and Server.
The fracture mechanics based on the assumption of quasi static conditions are not suitable
for understanding the high strain rates affected fracture phenomena. To study this
phenomenon it needs to understand the dynamic fracture theory. The dynamic fracture
mechanic focuses on two typical problems, one of the cracks under dynamic loading, and
another one of the rapid crack propagation. Basically of the theories the K-factors or the
energy release rate [21].
The basic law of linear elasticity is Hooke's law (1).
σ=Eε

(1)

Modified by the Lamé constants (λ and µ) for isotropic material, the equation can be rewritten
as follow (2):
σij = λ εkk δ + 2µεij

(2)

The modified linear elastodynamic basic elasticity law (2) is the Navier-Lamé equation (3)
[21-23]:
(λ+µ)uj,ji +µ ui,jj= ρ üi

(3)

Completed by the scalar and vector potential can earn the Helmholtz wave equation, where
c1 is the dilational (longitudinal) and c2 is the shear waves. In the case of the dynamic fracture
beside the dilational and shear waves, it needs to define the Rayleigh waves cR or surface
waves also. The defined wave speeds depend only on the material constants.
On the base of the fracture mechanics theories, it can find some experimental method the
determine the dynamic stress intensity factor (KId) and the crack propagation. The research
results on the basis of the experimental results determine that the crack propagation depends
on temperature, the crack tip and the dynamic fracture toughness which is a material
parameter [21].
The dynamic stress intensity factor, on the base of the static stress intensity factor, can be
determined by the equation (4) [17, 21].
KI(t) = ((3·S √a)/(2·B·W2))·Y·(a/W)·k·u(t)

(4)

Where force F(t) and the displacement u(t) need to be known and k were found by a
minimization process. The specimen geometry, three-point bend specimen and the normal
force are shown in Figure 1.

Fig. 1. Three-point bend specimen [21]
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To introduce the calculation of the stress intensity factor and the dynamic load affected crack
propagation it needs to distinguish between static and dynamic crack [22, 23]. For dynamic
crack, propagation testing understood the traditional Hopkinson bar technique [18, 24-27].
Several theories and test methods based on the Hopkinson bar experimental model to
determine the dynamic fracture toughness were done.

2 Experimental methods and materials
Several test methods and theories to understand the dynamic load affected crack propagation
and the dynamic fracture mechanic [18, 21, 24] were studied. On the basis of the studied
research [28-30] and the available test and explosive material, experimental method and test
setup was designed. It was found that the tested samples in the case of the rigid material had
pre-crack. The crack propagation was studied as a function of the dynamic load and the precrack size and geometry. For the dynamic tests, explosive material and the load calculated
from the explosive mass and TNT equivalent equation (5) [31]was used :
WTNT=(ΔHEXP/ΔHTNT) WEXP

(5)

where: WTNT (kg) is the TNT volume equivalent mass, ΔHEXP (MJ/kg) is the blasting energy,
ΔHTNT (MJ/kg) is the TNT blast energy and WEXP (kg) is the calculated explosive mass.
The blast load can determine by Hopkinson-Cranz law (6) where R (m) the distance of the
target from the object, the load of the explosion Z (mkg -(1/3)) determined from the W (kg)
explosive mass volume of TNT equivalent by (6) [31, 32, 33]:
Z = R/(3√ W)

(6)

The Mills equation for nascent gas pressure PSO (kPa) determination (7), where W is the
explosive mass in the TNT equivalent (kg), R is the explosive distance from the object (m)
[31, 32]:
PSO = R/Z3-R/Z2+R/Z

(7)

2.1 Experimented material
The used material and test sample was a regular concrete brick (usually used for building
constructions with the dimension of 600x200x50 mm). The used brick (Ytong) was made
from natural raw materials (quartz sand, lime, cement and water). This kind of brick has good
fire resistance, thermal insulation, sound insulation, it is lightweight construction material
and ecological durable. The test sample (brick) was prepared by pre-cracks as is shown in
Figure 2.
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Fig. 2. Test sample

2.2 Experimental method
For the tests the prepared bricks (shown in Figure 2.) were used and the used test loads were
earned from two kinds of explosive material. The used explosive materials were TNT and
SEMTEX. The used quantity in the case of all experiments was 400 g and the calculated TNT
equivalent is shown in Table 1. The experimental ground floor explosion setup is shown in
Figure 3.

Fig. 3. Ground floor explosion [31, 35]

The target bricks are also on the ground floor located from the target 1 m. The blast load (6)
and the explosion established nascent gas pressure is determined by (7).
Table 1. Calculated load and gas pressure.
Name of explosive
material

Load Z (mkg-(1/3))

Nascent gas pressure
PSO (kPa)

TNT

1.35

0.6

SEMTEX

1.2

0.72

The damage affected by the explosion is shown in Figure 4 and Figure 5. It can be seen that
the TNT explosion in the case of the same ground setup (1 m distance between the explosion
and the test sample) resulted in higher damage than the exploded SEMTEX.
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Fig. 4. Exploded by TNT

Fig. 5. Exploded by SEMTEX

3 Results and conclusion
On the basis of the test results, it can be concluded that the used TNT explosion affected
bigger damage than the SEMTEX explosion. It can also be noticed, that the calculated TNT
explosion established load was higher than the SEMTEX even though the nascent pressure
was reversed. About the damage level, the load value is relevant.
It needs to be concluded that the crack propagation followed the pre-cracks. The bricks did
not show breaking in another area. This reason is very important because the damage is
governable in the case of the bricks tested by the pre-crack.
The plan is to establish new tests to understand the pre-crack size and geometry effect in the
crack propagation. Also, it needs to do some other test methods to compare the results and
find a relationship between the material properties and the pre-crack damage effect. On the
basis of the test results, it can be suggested for the building designers that in the case of a
critical infrastructure building design make allowance for the crack locations.
The presented results are results from the initial experiments of a test series on the base of
the dynamic fracture mechanism theories and test models.
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