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bstract

he main objective of this paper is to verify the activated defect localization under various loading rates for Modified Brazilian Disk (MBD) compared
ith spherical glass specimen frequently used in the literature. The geometry of specimen can considerably influence the mechanical response of
aterial specially, the brittle materials which are very sensitive to the defects activations and finally corresponding Weibull statistic problematic for

hese materials. The high and low loading rates have been investigated using universal Instron machine compression and Compressive Hopkinson
ressures Bars (CHPB) on MBD lead glass specimen and then the experimental results have been compared via the Weibull’s distribution for
catter strength variation. Finally, we observed the contact problem leading to the activated defects in this area on spherical glass specimen under

tatic and dynamic loading not MBD specimen under both loading rates. Consequently, the probabilistic approach should be taken into account
ncluding the specimen geometry and also ‘Type’ of loading application due to the activated defect position arising from the sever contact problem
or the brittle materials.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

The brittle materials, especially the glass materials, show
he perfect elastic behavior until the failure occurs and present

substantial scatter resistance value under applied loadings
ontrary to the ductile ones. The absence of crystal network
nd pre-existing micro defects provide the sensitivity concept
ased on stress concentration around the defects.1 It shows less
esistance value than the theoretical atomic cohesion and also
npredictable strength value. Hence, a randomly defect distri-
ution and its corresponding activation mechanism by applied
tress can determine the resistance of the brittle materials and
ts intrinsic mechanical characteristic. Because of those reasons,
he probabilistic approach as Weibull’s distribution including
wo parameters has become a practical method to assess the

ariation of resistance for the brittle materials.2,3 According to
he Freudental’s proposition,3 the probability of occurrence of
critical defect decreases at small volume while it can increase
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t the large volume as follows:

(V ) = 1 − exp

[
−
(

V

V0

)]
(1)

here V0 is the mean volume occupied by a defect, V is the vol-
me and F(V) is the probability of an occurrence of critical defect
n the volume. The Griffith’s experimental tests of strength of

aterial for glass fiber diameter effect can be explained by the
bove relationship (Eq. (1)). Due to the aforementioned prob-
bilistic idea, the concept of volume and the consideration of
he quantity of defect have also become as an essential point of
iew to consider the probabilistic approach. Considering Eq. (1),
eibull proposed the probability of failure replacing the applied

tress in the volume occupied by a defect:

r(σ) = 1 − exp

(
−V

(
σ

σ0

)β
)

(2)
here Pr (σ) is the failure probability, σ0 is called a scale param-
ter which is proportional to the mean stress and β is Weibull’s
odulus which deals with the divergence in outcomes. The

olume size effect on probability of failure in the Weibull’s
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istribution should be taken into account. The above relationship
ndicates a two-parameter of the Weibull’s distribution, which
s frequently used. Many studies show that the brittle materi-
ls, especially glass materials present more random strength for
hich the Weibull’s modulus β is about 54 than the ceramic’s
nes for which the β is placed between 10 and 20.5 The Weibull’s
odulus for dynamic loading application is frequently utilized

s well. Recently, the study concerning the strength of the brittle
aterials under high loading rate has become an important sub-

ect regarding to several industrial applications as foreign object
mpact and thermal shock problem. It is well known that the
rittle materials exhibit the strength increase under high load-
ng applications.6–12 A progressed research was carried out to
emonstrate more strength variation sensitivity reason under the
igh loading application for the brittle materials than the ductile
aterials via Weibull’s modulus.9 The dynamic fracture on the

rittle materials leads to the particular failure mechanism like
multi-activation of the defects and the failure of the whole of
aterial not simple fracture from a critical defect. These fracture
echanisms have been interpreted as a damage phenomenon in

he literature.4,11 Some works show that the mentioned dynamic
rittle fracture mechanism provides less scatter value than the
tatic’s one and so, the deterministic approach was proposed
n Ref.6 According to their works, the brittle materials exhibits
one” strength value if it is subjected to the high loading rate.
owever, other studies indicate that the scatter value for high
elocity loading is greater than the static ones for the brittle
aterials.7,8 Considering these controversial results which have

een reported in the literature, which include probabilistic and/or
eterministic approaches according to the various loading rates,
n this paper it is attempted to clarify and simplify this diverge
henomenon by means of the fracture pattern mechanism anal-
sis due to the activated defects position, contact problem on the
pecimen geometry and the loading type on the brittle materi-
ls. For these reasons, the application of the quasi-static and high
oading rates on lead glass material is performed and the exper-
mental results are analyzed via the Weibull’s distribution and
ocalization of the activated defects on the specimen geometry
nd loading type. In the next section, the utilization of Coeffi-
ient of Variation (CV) will be presented to show its validation in
ractical application. It is able to simplify the complicate prob-
bility function and also allows us to investigate and explore the
xperimental results of the other studies in literature herein.

. Weibull’s modulus β and its simplified form of
Coefficient of Variation (CV)13”

The Weibull’s modulus β of Eq. (2) for this distribution can be
xtracted using simple rank regression analysis from the density
unction as follows:

n

[
Ln

(
1

1 − Pr

)]
= βLn(σ) + βLn

(
1

β

)
(3)
nd

r = i

n + 1
(4)

o
s
s

ean Ceramic Society 26 (2006) 3621–3629

here i is the number of specimens and n is the amount of
pecimen. The method of Coefficient of Variation (CV) for the
tatistical distribution of material properties including the ulti-
ate strength is a very feasible statistical way. The CV method

an be defined as the ratio of the standard deviation to the mean
alue as below:

V = σs

µs
(5)

here σs and µs are standard deviation and mean values, respec-
ively. The complicated function may be transformed into a
imple form by using the concept of Coefficient of Variation.
t greatly simplifies the calculation of statistical parameters and
he obtained results are very close to the original functional
elationship. The CV can be determined for the most common
istribution as exponential, log-normal and Weibull’s distribu-
ion. In this paper, two parameters Weibull’s distribution and
V concept are employed. The probability of Weibull’s density

unction can be written as:

(σ) = β

σ0

(
σ

σ0

)β−1

exp

[
−
(

σ

σ0

)β
]

(6)

rom the definition of the mean and the standard deviation values
or each probability density function, we can deduce the mean
nd the standard deviation value of the Weibull’s distribution as
ollows:

s = σ0Γ

(
1 + 1

β

)
(7)

s = σ0

{
Γ

(
1 + 2

β

)
−
[
Γ

(
1 + 1

β

)]2
}

(8)

V =
[

Γ (1 + (2/β))

Γ (1 + (1/β))2 − 1

]0.5

≈ β−0.93

or 1 ≤ β ≤ 50 (9)

here Γ is gamma function. The above relationship Eq. (9)
llows evaluating the Weibull’s modulus value using the Coef-
cient of Variation.

. Quasi-static strength of the glass material depending
hape specimen

Firstly, the quasi-static case is considered. The experiments
n lead glass material disk under lateral compression are per-
ormed to investigate the position of crack initiation and the
catter in maximum failure loads based on the Weibull’s dis-
ribution. The obtained values will be compared with the ones
rom a spherical glass specimen under compressive loading.

.1. Experiments
The uni-axial compression Brazilian test is commonly used
n the brittle materials to apply the compression at top of the disk
pecimen. This loading condition can provide the indirect ten-
ile strength in direction of the median plane. In the experiment,
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Table 2
Statistical tensile strength results for MBD glass materials

Tensile strength (MPa) Mean value (MPa) Standard deviation (MPa)
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stress with spherical glass specimen form in the literature that
failure occurred on the surface contact zone15 (Fig. 3a and b). A
photograph of the fragmentation after test is shown in Fig. 3a. In
general, all MBD lead glass specimens are split into six pieces
ig. 1. Modified Brazilian Disk specimen configuration including lateral com-
ression test setup; D = 20 mm, a = 2 mm, L = 6 mm.

he Brazilian Disk consists of one small central hole (a = 2 mm
iameter) on the outer disk of which diameter and thickness are
0 mm (=D) and 6 mm (=L), respectively (Fig. 1). That geometry
s taken to induce the stress concentration around the notch tip.
ence, this Modified Brazilian Disk (MBD) lead glass material
ill be broken using the notch tip crack concept. All specimens
ave been manufactured by the molding technique of inject-
ng the hot crystal liquid (more than 800 ◦C) in prepared shape.
his method makes it possible to avoid some undesirable defects
n the surface of specimen during manufacturing process. The
pplied lead glass specimen in the experiment has the mechan-
cal properties in Table 1.

The compressed MBD lead glass is placed between two semi-
ylinder aluminum anvils having adjustable specimen form
Fig. 1). This configuration of anvils prevents the maximum pres-
ure presence at the contact point during the compression appli-
ation process. The compression tests were performed using
nstron 4505 servo-hydraulic testing machine. The stroke veloc-
ty was controlled to have 10−5 mm displacement per minute.

hen a failure occurs, the load is instantaneously reduced and
he test is stopped. The ultimate strength corresponds to the max-
mum load recorded during the test.

.2. Tensile strength of MBD lead glass and probabilistic
nalysis

When the failure occurs, the ultimate load is recorded and the

aximum stress can be calculated:

r = 2KtP

LDπ
(10)

able 1
echanical properties of applied lead glass material

oung’s modulus (E) 59 GPa
oisson’s ratio (ν) 0.218
ensity (ρ) 4350 kg/m3

F
E
c

ead glass 46.70 8.60
oda-lime glass11 96.30 13.66

here σr, Kt, P, L and D are the maximum stress, stress
oncentration factor, failure load, thickness and diameter,
espectively.14 The stress concentration factor for illustrated

BD specimen (Fig. 1) is equal to 2. The main result is sum-
arized and compared with the soda-lime glass of which test is

erformed on the same MBD specimen and the same configu-
ation (Table 2).

The static strength experimental outcomes are displayed
sing rank regression analysis to determine the Weibull’s mod-
lus β (Fig. 2). The value of Weibull’s modulus β can be also
alculated by means of Coefficient of Variation (CV, Eqs. (5) and
9)) and the value of 6.1679 is obtained. This value demonstrates

very good approximation with numerical results including
% mistake. It is due to the coefficient of correlation value.
herefore, the utilization of CV can be usually variable on the
rittle materials if the mean and the standard deviation values
re known.

.3. Fracture mechanism analysis based on the finite
lements method

Many researches have been carried out several compression
ests on the spherical glass specimen to determinate the defects
nitiation and the strength of material. In the experiment of this
aper, the MBD commercial lead glass specimen was carried out
nd this specimen geometry allows us to compare the role of the
efects on the surface under inducing indirect and compressive
ig. 2. Rank regression analysis for MBD lead glass: the line corresponds to the
q. (4) and tangent, β represents the scatter value (5.7964) including correlation
oefficient (R2 = 0.975).
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Fig. 3. (a) General mechanism of fragmentation for MBD lead glass specimen subje
start localization on the soda-lime glass sphere specimen15.

Fig. 4. Mesh configuration and corresponding boundary conditions.
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Fig. 5. (a) One half symmetric FEM model indicating stress in y-direc
cted to the lateral compression including quasi-static loading and (b) fracture

t the small hole (ring appeared in Fig. 3a) and the cracks very
apidly propagate (not visible by naked eye) toward both direc-
ion of top and bottom of the specimen (straight and dashed lines
n Fig. 3a). The fragmentation provokes crash failure.

This mechanism of fragmentation is entirely different and
ompared with the spherical glass specimen which is commin-
ted and reduced into very thin powder. The stress distribution
f MBD specimen and high stress concentration which might
e a cause of failure near the central hole are needed to be
nvestigated via numerical simulation methods and correspond-
ng results provide more comprehensive understanding of the

acro level fracture mechanism view. The mesh is made only in
half of MBD specimen because of the symmetric assumptions.
he bottom of geometry is completely fixed and the concentrated

orce equivalent to failure’s one is applied at the top of specimen
Fig. 4).
The simulation result using the finite element implies that
he indirect tensile stress or opening stress is distributed on the
ertical direction toward the applied static loading and the stress
n y-direction (σyy) is located near the center of hole which attains

tion (in Pa); (b) localisation of the fracture start point by SEM.
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ore than 41 MPa under an average compressive failure force
1.25 kN) (Fig. 5).

Consequently, the cracks propagate on the vertical direction
rom the central hole. This primarily results in a fracture of
pecimen in median plane. The second crack is placed in 45◦
irection (diagonal direction) and it propagates toward the top
f specimen and creates a second fracture. The FEM results
ake it feasible to explain the mentioned mechanism of fracture

n MBD specimen (Fig. 3a). The high compressive stress near
ottom and top of MBD specimen can be observed. The afore-
entioned positions represent the compressive stress more than

60 MPa based on FEM results. The FEM analysis agrees with
ertzian cone crack (ring and dashed line in Fig. 5a) morphol-
gy. In spite of the fact that the contact zones are locally damaged
uring the quasi-static test process, the emphasized zones never
hange the failure mechanism and mechanical resistance due
o critical defect inactivation. Moreover, it is attempted to find
ut the origin of fracture for MBD specimen by means of scan-
ing electric microscope (SEM) around the small center hole at
hich the maximum tensile stress happens (Fig. 5b). The failure
echanism of MBD specimen is very different compared with

he spherical glass specimen which is broken into the fine pow-
er. In fact, the failure occurs near the maximum tensile stress
oint and it is possible to detect a small piece which is lost due
o the contact pressure problem just under the point of loading
pplication. This point does not cause the specimen failure. The
imilar compressive test for MBD soda-lime glass specimen has
een carried out with different thickness for 5 mm diameter.11

he experiment using such a configuration of specimen showed
hat more fragile fractures happened with greater diameters. This
ffect of the strength decrease due to larger specimen size has
een observed by several authors16,17 and it is also predicted by
ertain statistical approaches (Eqs. (1) and (2)).

. Discussion

Brajer et al.15 performed the compressive test on the spher-
cal glass specimen with various diameters from 2 to 8 mm in
rder to obtain the relationship between the maximum loading
nd different diameter. The spherical glass specimen has been
ompressed between two steel planar anvils and aluminum shim
nsertion. They have measured the variable strength including
tandard deviation and means values of spherical glass specimen
ccording to the increasing volume but not the Weibull’s modu-
us value β. Firstly, their results are shown as solid line in Fig. 6,
here it can be observed that larger sphere diameters tend to
ave greater mean load value. This is contrary to the expressed
elations in Eqs. (1) and (2) (Freudental-Weibull’s failure prob-
bility approach) which present asymptotic variation of failure
robability versus volume augmentation. Furthermore, the alu-
inum shim insertion under the steel plate anvil considerably

ncreases the strength. However, there was no explanation for
he reason of the above results.
The validation of CV, which is a practical method, is checked
n Section 3.2. Using the CV, the Weibull’s modulus value β can
e calculated in this paper and also presented as two dashed lines
n Fig. 6. Moreover, the parameters, β, critical stress and affected

a
r
t
i

ig. 6. Mean failure loading values and Weibull’s modulus as a function of
iameters of spherical glass specimen with and without aluminum shim inser-
ion.

olume are more sensitive without aluminum shim insertion.
his means that added aluminum shim at the bottom and top
f tested specimen can reduce the contact problem severity. It
s also found that the failure takes place just under the contact
urface (Fig. 3b). The evaluation demonstrates that the spherical
lass specimens of small diameter provide less random behav-
or (β > 15) and low mechanical resistance. To understand and
esolve these controversial results, we investigate the contact
roblem nature in considered spherical specimens which have
een commonly ignored.

.1. Analysis of contact problem on spherical specimen
nder compressive loading

In Fig. 7, the selected spherical glass specimens with dif-
erent diameters including contact considerations are presented
or the identical loadings (880 N). The results of finite element
ethod in median plane are focused on using 8-node struc-

ural brick element of ABAQUS code. The tensile stress and
ompressive stress are exhibited under contact condition. The
omparison between compressive and tensile zones shows that
he contact weight has influence on mechanical resistance of cho-
en specimens. As a matter of fact, low spherical glass specimen
iameter yields severe contact effects and the current effects dis-
urb mechanical resistance nature, i.e. the mechanical resistance
f material explicitly depends on induced contact state in spec-
men. In fact, the spherical experiments are not an appropriate
est method to evaluate the mechanical resistance of the brittle

aterials due to highly contact-dependent intrinsic characteris-
ics.

According to the experimental results reported in Ref.15, our
valuation for β value and FEM results (Fig. 7) indicates that the
ontact area is increased with the sphere diameter and aluminum
him insertion of which Young’s modulus value is smaller than
teel’s one. Consequently, the pressure amplitude on contact

rea decreases, i.e. the contact pressure has an effect on the
eal strength of material and its corresponding intrinsic parame-
er as Weibull’s modulus β. From the above facts, the following
nformation can be drawn in this paper:
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on-impact’ test. In Table 3, there are the measured mean max-
imum strength and standard deviation values. The experiments
demonstrate that the MBD lead glass specimen was broken into
several fragmentations on regular fracture pattern without high

Table 3
ig. 7. Contact severity variations for spherical glass specimen with different
xial force (880 N) and one-fourth symmetry assumption.

the geometry of specimen can influence both the strength of
material and the scatter value.
the condition of loading and the relative contact problem can
manipulate the strength of the brittle materials.

urthermore, the activated defects are not localized near the con-
act area at the maximum tensile stress point for MBD specimen.
onetheless, different mechanical behaviors have been observed

or the spherical glass specimen in which the fracture always
ccurs near the contact zone.15 This inducing contact problem
ue to the loading type condition and the specimen geometry
an be verified for the dynamic loading application as ‘edge-
n-impact’ or ballistic test. In the next section, an experiment
f the dynamic loading application via Compressive Split Hop-
inson Pressure Bars (CSHPB) for MBD lead glass specimen
s explained and its result is compared with the edge-on-impact
eported in the literature.

. Dynamic loading via Compressive Split Hopkinson
ressure Bars (CSHPB)

In the previous section, it was demonstrated that the crack
nitiation is located adjacent to the central hole, where the max-
mum tensile stress is applied to MBD specimen, instead of the
ontact zone. A similar experiment for dynamic condition via
SHPB is presented in this section. Additionally, the cracking
attern will be examined under this condition test and compared
ith the edge on impact or ballistic test in which the contact
ressure zone is still available as the spherical glass specimen
nder static loading.

.1. Experiments and results

It is well known that the strength of the brittle materials can

ncrease up to two times greater than the static’s one under the
ynamic loading condition. In addition, this high loading rate
ields a damage phenomenon in these materials inducing the
ifferent crack pattern relative to the static’s one. The Compres-

S

T

D

ters using stress distribution in loading direction (in MPa) including identical

ive Split Pressure Hopkinson Bars test is employed to apply
dynamic loading to MBD specimen. As a matter of fact, the
BD specimen is placed between two bars which are called

ncident and Output bars whose lengths are 1100 and 900 mm,
espectively (Fig. 8). A striker bar of 500 mm is launched to
pply a perfect impact to the incident bar. Two mounted gauges
n Output and Incident bars are used to record the electric signals
hich represent the compressive strain and tensile strength of

he specimen, respectively. The mismatch of acoustic impedance
etween the metal bars and the lead glass specimen causes that
he elastic compressive longitudinal wave partially transmits into
he specimen and arrived on the Output bar. Assuming non dis-
ersive one dimensional wave propagation theory, the applied
elocity of deformation corresponds to 275/s in this paper. The
btained stress amplitude due to this applied velocity of defor-
ation assures the dynamic equilibrium theoretical approach

hat the dynamic fracture time of material must not be less than
hree times of celerity in this material.18

It has been found that the strength of lead glass material under
he dynamic loading instead of static’s one increases from 46.7
o 93 MPa. The various scatter levels for two loading condi-
ions are compared using Weibull’s distribution in Fig. 9. The

eibull’s modulus has been calculated (β = 3.60) and this value
s smaller than the static’s one (β = 5.79). The above values
ave the same range as soda-lime glass whose range is mostly
bout 5.

Fig. 10 shows a typical dynamic fracture result of MBD lead
lass by CSHP and dynamic fracture of glass material by ‘edge-
tatistical results of MBD Lead glass tensile strength

ensile strength (MPa) Mean value (MPa) Standard deviation (MPa)

ynamic test 93.0 21.0
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Fig. 8. Compressive Split Hopkinson Pr
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ig. 9. Weibull’s modulus presentation including the static and dynamic load-
ngs.

ompressive zone which can be found for the contact problem
Fig. 5a).

The current dynamic fracture can be elucidated by the simul-
aneous activation of majority of flaws by compressive pulse

tress propagation in specimen body. The fracture mechanism
esults lead to the augmentation of the strength of material
nder dynamic loading based on the energy intensity equality
escribed by the area of applied stress and fracture time.4 Con-

v
s
t
(

Fig. 10. Dynamic fracture of MBD lead glass specim
essure bars general configuration.

equently, the fragmentation including damage is proportional
o the applied energy intensity. It is supposed that the above
ragmentation pattern of MBD specimen can be initiated on a
arge amount of fragments to be detached along the tensile stress
oncentration which can be obtained by finite element method
Fig. 5) during a very short time (the average of failure time is
bout 50 �s for all specimens). Fig. 11 illustrates steps of the
ssumed fragmentation. Firstly, the compressive wave propaga-
ion provokes the activation of a large number of micro-crack in
he meridian plane (Fig. 11a) and then, the diagonal direction
Fig. 11b). Finally, the micro-cracks appear in the whole speci-
en (Fig. 11c) and failure happens. Consequently, the fracture

attern is regular around the small hole and propagates on the
hole material. The contact Hertzian problem in these failure

ypes cannot be detected and the fracture is due to the defects
ot on a surface but in volume entity.

.2. Discussions

Our experimental results show that the dynamic failure mech-
nism by regular crack pattern in volume results in a damage
henomenon as fragmentation and also more random strength

alue. The edge-on-impact test or ballistic test represents the
ame damage mechanism that can be detected via CSHPB condi-
ion. Fig. 12 presents an impact zone (dark zone) by a lead bullet
Fig. 12a) and a steel one (Fig. 12b) on soda-lime glass subjected

en by CSHP and one’s by edge-on impact test6.
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Fig. 11. Schematics of the main configuration of failure for MBD specimen at high velocity impact.
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Fig. 12. (a) Cracking pattern 10 �s after im

o the ballistic test.15 From the results reported in Ref.15, the
ark zones correspond to the damage ones and this zone in the
icinity of the impact is totally comminuted. The second area
llustrates a high density of radial and orthoradial cracks and the
ropagation of long radial cracks appears in the third zone.

The above fracture mechanism is a typical fracture pattern
or all applied specimens under impact loading. The obtained
amage severity makes more important fragmentation for the
oda-lime glass material subjected to the impact condition and
t depends on the velocity of impact.4,6,15 Hence, Brajer et al.15

ndicated that the soft bullet (lead bullet) provokes a large dam-
ge zone (Fig. 12a) compared with the hard bullet (Fig. 12b).

It should be recalled that the soft bullet was launched with
ess velocity (430 m/s) than the hard bullet (steel bullet, 820 m/s).
he authors observed a Rayleigh’s surface wave on the contact
one by the soft bullet and concluded that the activated defects
nder the impact are positioned on the surface of specimen not
n volume like the spherical glass specimen under the static. In
nother work,6 a deterministic approach for the mentioned con-
ition loading was proposed to supersede the probabilistic one
ased on the obtained deterministic strength value under high
oading rate. Accordingly, we conclude that the brittle materi-

ls, especially the glass material, subjected to impact condition
hould not be considered as a ‘simple’ dynamic problem due
o the very high sensitivity contact zone and corresponding
efect activations regarding to impact and CSHPB. For these rea-

c
s
h
i

f glass by soft bullet and (b) hard bullet 10.

ons, the brittle material (MBD lead glass in this paper) shows
reater scatter strength value, whereas under the impact load-
ng condition, it can have less scatter strength value. It is also
equired to remind that the impact problem needs the determinis-
ic approach.6 Consequently, the application of dynamic loading
n the brittle materials must be thoughtfully distinguished as the
ongitudinal elastic compressive wave propagation by means of
SHPB without contact zone and the same wave application
ith damaged contact zone by impact. Furthermore, the choice
etween the probabilistic approach and the deterministic one
ust be made based upon the dynamic loading type.

. Conclusions

The compressive tests on MBD lead glass specimen under
uasi-static and dynamic loadings have been performed. The
tatic experimental results have been successively compared
ith the spherical glass specimen. According to the results,

he failure initiation is located at the maximum tensile zone
ear the small hole to which the maximum tensile stress is
pplied, but not at the damaged contact zone, whereas the spher-
cal glass specimen provokes failure by activated defects on the

ontact zone under the static condition. Hence, the contact pres-
ure manipulates the behavior of the brittle materials due to the
igh defect sensitivities on surface. The MBD lead glass spec-
men is broken into multi-fragmentation under CSHPB and the
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ompressive wave has provoked the defects not on surface but
n volume. Therefore, the MBD lead glass specimen highlights
reater strength and scatter data level compared with the static’s
ne under dynamic loading. It is different from the results in
he literature,6,15 i.e. the activated defects located on damaged
ontact area via impact loading condition exhibit less scatter
trength. Consequently, the contact problem has an effect on
he scatter strength value under impact. Finally, the utilization
f probabilistic method like Weibull’s distribution is no longer
alid if the materials behave under a rigorous contact problem.

. Perspective

For the next work, it should be examined the validation of
eibull’s distribution Eq. (2) on the brittle materials as:

s = f

[
Vd

V

]
(11)

here Ps represents the severity of contact problem which
epend on the ratio between the damaged volume by several
ondition test setup and the geometry specimen configuration
d and the initial specimen volume V. The obtained numerical
alue Ps can be changed from 0 to 1; 0 is corresponding to the
alidation of Weibull’s distribution and 1 for the no more valid
robabilistic approach. The damaged volume Vd can be obtained
y the finites elements method. The proposed relationship Eq.
11) can thereafter be integrated in the Weibull’s distribution.
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