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Abstract

This research examines how Vickers indentation-induced flaws affect the strength and failure probability of
Mediterranean float glass (MFG), specifically under biaxial flexural testing in distilled water. In total, fifteen
square samples (50 × 50 mm2 each) were subjected to a constant loading rate of 0.3 mm/min. Controlled de-
fects were introduced using loads of 1 and 10 N at three distinct distances from the high-stress contact point (2,
10 and 18 mm) of the ring-on-ring bending device. The Weibull statistical distribution was utilized to capture
the relationship between defect characteristics and the glass’s mechanical behaviour. Key findings indicate that
higher indentation loads (10 N) produce more severe flaws, which consistently lower both the mean time to fail-
ure (MTTF) and the Weibull scale parameter (η), regardless of flaw position. Defects placed closer to the region
of maximum stress, i.e. near the contact area, create stronger stress concentrations and thus a notable reduc-
tion in fracture resistance. The presence of water further aggravates these effects by accelerating crack growth,
increasing stress concentrations and ultimately undermining the mechanical integrity of the glass. Analysis of
the Weibull parameters revealed that the shape parameter (β) decreases as flaws approach the high-stress re-
gion, suggesting greater heterogeneity and criticality of defects. The scale parameter (η) also varies with both
indentation load and defect location, underlining the inherent variability in glass strength depending on these
factors. These results emphasize the need to account for both flaw geometry and environmental influences such
as humidity when designing and applying float glass materials.
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I. Introduction

Despite its widespread use in architectural, automo-

tive and industrial applications, the mechanical perfor-

mance of float glass remains highly sensitive to surface

defects and environmental conditions. Surface defects

in float glass are a major concern for quality control

and safety. Various methods have been developed to de-

tect and characterize these defects. Thus, Fourier pty-

chographic microscopy and microfractographic analy-

sis enable glass surface defects to be detected, counted

and measured, providing quantitative data on parame-

ters such as length, width, orientation and depth [1,2].

The fringe projection digital profilometer offers an on-

line defect detection method for float glass, using phase

∗Corresponding author: +213771024448

e-mail: walid_opt04@yahoo.fr

information to identify and reconstruct surface defects,

thus achieving high detection accuracy of optical distor-

tion defects [3].

Numerous studies have highlighted the crucial role of

defects such as microcracks, surface flaws and abrasions

in determining the strength and fracture behaviour of

glass elements under different loading conditions. The

presence, size, orientation and distribution of defects,

such as microcracks, have been linked to the macro-

scopic strength of float glass, influencing its fracture

toughness [4,5]. In addition, the influence of defect

characteristics, such as size and shape, on glass strength

has been assessed by means of biaxial testing, provid-

ing information on fracture mechanics and structural

strength assessment [6].

Defects in glass and glass-ceramic materials have a

significant impact on the Weibull parameters, which are
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essential for understanding the variability of material

strength [7,8]. The presence of microcracks, edge defects

and internal flaws leads to scattered test results, necessi-

tating the use of probabilistic failure criteria such as the

Weibull distribution [9]. Recent advances in fracture me-

chanics have highlighted the importance of considering

stress concentration effects and environmental factors in

the assessment of brittle material failure [10,11].

Water has a significant impact on the mechanical

properties of glass-based materials. Studies have shown

that water absorption affects the mechanical properties

of composites, such as tensile and flexural strengths, by

modifying their water-ageing behaviour [12]. The pres-

ence of water molecules on glass surfaces can influence

various properties such as adhesion, stress corrosion, in-

dentation, scratching, and wear behaviour, ultimately af-

fecting the mechanical and mechanochemical properties

of glass [13]. Furthermore, it has been shown that the

ageing of fibre-reinforced polymer composites in dif-

ferent types of water (tap, sea, rain) reduces the tensile

and flexural strengths of glass fibre-epoxy composites,

with some recovery in strength observed after re-drying

the samples [14]. The Weibull parameters of glass and

ceramics are also affected by environmental conditions,

showing variations in microhardness values depending

on the liquid used [15].

Richardson et al. [16] showed that the presence of

water in float glass has an impact on the Weibull param-

eters, in particular the Weibull modulus. They demon-

strated that the kinetic brittleness of soda-lime-silica

glasses decreases with hydration, even if water dissolves

in the glasses in the form of OH groups, which could de-

polymerize the network.

However, despite these studies, there is a lack of

comprehensive research on how Vickers indentation-

induced defects affect the biaxial flexural strength of

float glass in wet environments. Most existing studies

focus on general defect characterization or the effects of

water on mechanical properties without considering the

specific interaction between indentation-generated de-

fects and the mechanical response of glass under humid

conditions. This gap in the literature highlights the need

for a more targeted study to address the following ques-

tion: How do indentation-induced defects influence the

biaxial flexural strength of float glass in the presence of

water?

The aim of this study is to evaluate the resistance of

samples to biaxial ring-on-ring bending in the presence

of water, by studying the defects caused by Vickers in-

dentation at various distances from the contact point.

The main objective is to understand the reaction of sam-

ples to fracture or deformation under specific loads,

considering the effect of the aqueous environment. The

study also aims to analyse the distribution of defects us-

ing the statistical Weibull distribution, to model how the

probability of failure evolves as a function of distance

from the contact point, applied load, and the presence

of water.

II. Experimental

2.1. Weibull analysis

The Weibull distribution is a powerful tool widely

used in reliability engineering and materials science. It

provides information on product reliability, failure rates

and lifetime predictions [17,18]. Mathematical models

of the distribution, such as Weibull mixtures, are essen-

tial for understanding complex data sets with distinct

fault distributions and failure mechanisms [19]. Deriva-

tion of the Weibull parameters from mechanical strength

measurements is essential for predicting the service life

of stressed materials, enabling maintenance and replace-

ment intervals to be optimized [20].

Statistical distributions of fracture-related mechani-

cal properties, such as fracture stress, elongation, frac-

ture toughness and fatigue life, can be related to the

distribution of defects. Statistically, this implies that the

worst (largest) defect is the one that determines the me-

chanical properties related to the fracture, thus constitut-

ing the “weakest link”. Based on the “weakest link” the-

ory, Weibull [21] introduced an empirical distribution

that has since been widely used for ceramics and met-

als. The cumulative probability function of the Weibull

distribution is expressed as [22]:

P = 1 − exp
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where P is the probability of failure at a given stress

σ or below. The threshold value σT is the value below

which no sample is likely to fail. The term η is the scal-

ing parameter, and β is the shape parameter, also known

as the Weibull modulus. One of the most commonly

used methods for presenting Weibull fits to data is the

Weibull probability plot. After rearrangement, Eq. 1 can

be written as [23]:

ln[− ln(1 − P)] = β ln(σ − σT ) − β ln(η) (2)

Note that Eq. 2 has a linear form when the left-hand

side of the equation is plotted as a function of ln(σ−σT )

with a slope of β and a y-intercept of −β · ln(η). This

method of presentation gives a linear relationship only

when σT = 0.

The Weibull modulus β is a material parameter that

characterizes defect dispersion, and it characterizes the

width or range of the defect size distribution. A high

value of β corresponds to a population of defects with

uniform sizes, while a low value indicates greater vari-

ability in defect characteristics. The probability Pi is de-

fined by [24]:

Pi =
i

N + 1
(3)

where i represents the rank of each measured value after

ordering all values in ascending order and N represents

the total number of measurements in the sample under

test [25].
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In this study, Weibull parameters were estimated us-

ing the linear regression method applied to Eq. 2, which

is equivalent to the least squares method on the Weibull

probability plot. The goodness of fit was assessed us-

ing the coefficient of determination (R2), with all fits

yielding R2 > 0.95, indicating excellent agreement be-

tween the experimental data and the Weibull model. It

is important to acknowledge that the relatively limited

sample size (15–30 specimens per condition) may affect

the precision of Weibull parameter estimation. However,

previous studies have demonstrated that sample sizes in

this range can yield sufficiently reliable estimations of

the Weibull parameters under conditions of high data

quality and rigorously controlled experimental proce-

dures [26,27].

2.2. Investigated glass

The glass material examined in our study comes from

Mediterranean float glass (MFG) and is obtained by lo-

cal float glass manufacturing method with a thickness

of 3 mm and dimension of 50 × 50 mm2. The charac-

teristics and specifications of this material are the fol-

lowing: Poisson’s coefficient is 0.22, Young’s modu-

lus is 72 GPa, breaking stress is 88 MPa, Vickers hard-

ness is 4.7 GPa, fracture toughness is 0.74 MPa·m0.5

and density 2.51 g/cm3. Chemical composition data are

obtained using the X-ray fluorescence (XRF) method

and mass fractions of components are the follow-

ing: 70.1 wt.% of SiO2, 14.4 wt.% of Na2O, 9.12 wt.%

of CaO, 0.826 wt.% of MgO, 0.515 wt.% of Al2O3,

0.156 wt.% of K2O and 0.075 wt.% of SO3.

2.3. Flexural strength testing

An instrumented indentation device, model M30, de-

signed by QNESS and equipped with TX2 software,

was used to make indentations. Two separate loads, of

1 and 10 N, were applied to test specimens for 15 s

each. These tests involved varying the distance from

the centre of the specimen, ranging from 8 to 16 mm

from the centre of the specimen, whose dimensions are

50 × 50 mm2, as shown in Fig. 1. The choice of inden-

tation loads (1 and 10 N) was based on previous studies

on Vickers indentation of soda-lime silicate glass, where

these forces are known to simulate typical surface flaws

such as micro-scratches and lateral cracks, respectively

[28,29]. The selected distances (8–16 mm from the cen-

tre) correspond to different stress regions under the ring-

on-ring bending configuration, allowing for the evalua-

tion of defect sensitivity in relation to maximum tensile

stress zones. This range also reflects potential variations

in defect positions that may occur during real world han-

dling and installation of float glass panes.

Strength characterization was carried out by concen-

tric biaxial bending tests in a humid environment in the

presence of distilled water, as illustrated in Fig. 2. This

method offers a significant advantage over three- and

four-point devices, as it essentially avoids edge imper-

fections, thus facilitating the determination of intrinsic

strength. For these tests, sets of 30 samples of identi-

cal size (50 × 50 mm2) were used. It is acknowledged

that while the sample size of 15–30 specimens per con-

dition is consistent with previous glass testing studies,

larger sample sizes would provide more robust statisti-

cal estimates of the Weibull parameters. Nevertheless,

rigorous experimental control and high data quality en-

sure that the obtained parameters provide meaningful

insights into the failure behaviour of indented glass un-

der wet conditions.

Figure 2. Schematic of concentric biaxial bending test setup:
a) cross-sectional view and b) top view showing sample

dimensions

Figure 1. Schematic showing different positions of indentations in relation to the upper ring limit
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The device used in this study consists of inner and

outer rings with diameters of 16 and 36 mm, respec-

tively. Defects were introduced on the underside, as

shown in Fig. 2b. The loading rate was kept constant

at 0.3 mm/min for all tests. Stresses at failure (σ) were

evaluated according to the relationship [30]:

σ =
3FR

2πh2
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In this equation, the following variables were used: FR

represents the breaking force and ν is the Poisson’s ra-

tio of the glass, set at 0.22. The value of h corresponds

to the thickness of the sample, which was set at 3 mm.

With regard to the rings radii, R0 denotes the radius of

the inner ring, measured at 8 mm, and R1 is the radius

of the outer ring, measured at 18 mm. The length of

the side of the square sample was 50 mm, which cor-

responds to a value of 2L, and R2 was:

R2 =
L(1 +

√
2)

2
≈ 1.21L (5)

III. Results

Using two distinct loads (1 and 10 N) placed at three

different distances (18, 10 and 2 mm) from the point

of contact with the lower ring, Vickers indentation was

used to create controlled defects in ring-on-ring bend-

ing tests conducted on float glass plates submerged in

distilled water. The obtained results are shown in Fig. 3

and Table 1.

The findings revealed that defects made with the

highest load (10 N) had significantly lower mean time

to failure (MTTF is 30.55 h) and lower scale factor (η =

31.25 MPa) for the furthest defects (18 mm), while de-

fects made with 1 N load had η of 58.03 MPa and MTTF

of 53.11 h. In both cases, the shape factor (β) was 4.0.

For the closest defects (2 mm), those made with 10 N

produced higher MTTF (78.91 h) and η (88.14 MPa)

compared to 1 N defects (MTTF was 66.80 h, η =

74.48 MPa). In these circumstances, the β factor was

3.0. The trend was similar for defects at intermediate

distance (10 mm), with β factor of 3.0.

Figure 4 presents the median values observed for dif-

ferent test configurations in the ring-on-ring bending

test. For a load of 1 N at a distance of 18 mm from the

contact point, the median value was 51.81 MPa (Fig. 4).

When the load increased to 10 N at the same distance,

the median value decreased significantly to 30.56 MPa

(−40.9%). The median value increased substantially to

74.41 MPa when the distance was reduced to 2 mm with

a load of 10 N (+43.6% relative to baseline). The me-

dian value decreased slightly to 63.27 MPa when the

distance remained at 2 mm but the load was reduced to

1 N (+22.1% relative to baseline). With a load of 10 N

at 10 mm distance, the median value was 45.02 MPa

(−13.1%), while at 1 N and 10 mm, it increased slightly

to 55.57 MPa (+7.2%).

Figure 3. Log-normal distribution for different distances and applied loads (n = 25 samples per configuration), where error
bars represent 95% confidence intervals

Table 1. Summary of Weibull parameters (β and η) and mean time to failure (MTTF) for different test configurations

Distance [mm] Load [N] β (shape) η (scale) [MPa] MTTF [h] R2

18 1 4.0 58.03 53.11 0.985

18 10 4.0 31.25 30.55 0.982

10 1 3.0 63.63 57.65 0.978

10 10 3.0 52.86 47.45 0.980

2 1 3.0 74.48 66.80 0.976

2 10 3.0 88.14 78.91 0.979
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Figure 4. Median values for different parameters (distance d and load P), where error bars represent standard error (n = 25)

Figure 5. Evolution of median values as a function of
indentation defect distance and applied load in ring-on-ring
bending tests, blue and red lines correspond to 1 N and 10 N

loads, respectively (n = 25 per data point)

Changes of the median value with the distance of the

defect caused by Vickers indentation for two different

loads, 1 and 10 N, are also shown in Fig. 5. The observed

trends show that, in general, when the load goes up,

the median value decreases. This does not happen only

when the distance is close to the contact point, when

the median values go up a lot. The results presented in

Fig. 5 show that load and distance have a complicated

effect on how glass sheets behave when they are pushed

down on, with load having the most effect but with big

changes depending on where the defects are in relation

to the contact point.

Figure 6 shows the cumulative probability of failure

as a function of time for ring-on-ring bending tests per-

formed on glass sheets in a water-filled environment.

The presence of water can have a significant effect on

mechanical behaviour through processes such as stress

corrosion cracking. The cumulative probability curves

of failure illustrate how the probability of failure evolves

over time with different loads (1 and 10 N) and distances

from the contact point of the lower ring. Thus, the re-

sults in Fig. 6 demonstrate that the increased load gener-

ally accelerates crack propagation, which increases the

probability of failure rapidly. However, reducing the dis-

tance from the contact point significantly improves the

resistance to failure, as evidenced by the longer median

times for configurations at 2 mm compared to those at

18 mm. This trend demonstrates the importance of test

geometry in mitigating the detrimental effects of high

loads. Although a higher load consistently accelerates

failure, the effect of distance becomes more pronounced

at lower loads. It should be added that water can mod-

ify the mechanical behaviour of glass by affecting hy-

dration processes, defect stability and crack propagation

kinetics.
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Figure 6. Cumulative probability of failure as a function of
load and distance from contact point in water environment

Figure 7 shows a detailed analysis of the results of

ring-on-ring bending tests on glass sheets with different

loads (1 or 10 N) and distances from the contact point

of the lower ring. These tests were done in water, which

can change how the material behaves mechanically be-

cause of things like hydration, potential corrosion, or in-

teraction with defects caused by indentation. Figure 7 is

split into three main parts, each of which gives different

information about the mean time to failure.

The first part shows the mean time to failure (MTTF)

for different situations. These values were calculated

from the experimental failure data and demonstrate

clear trends where MTTF decreases with increasing

load and increases as the defect distance from the con-

tact point decreases. The results show that the theoreti-

cal values of MTTF change a lot depending on the dis-

tance and load. In general, the MTTF goes down when

the load goes up and rises when the distance from the

contact point goes down. The experimental values (Ta-

ble 1) are generally close to the theoretical values, which

demonstrate that the used model is correct. However, the

presence of water may have changed these results a lit-

tle by adding effects related to humidity, such as cracks

spreading faster or changes in the properties of the ma-

terials in the area.

The second part shows the median fracture strength

values for each experimental configuration tested in

water. These values are shown as red bars, with the

numbers shown directly above each bar. The results

demonstrate that median stress values increase as de-

fect distance decreases and vary with applied load.

Specifically, at 18 mm distance, the median values are

51.81 MPa (1 N load) and 30.56 MPa (10 N load). At

10 mm distance, median values are 55.57 MPa (1 N)

and 45.02 MPa (10 N). At the closest distance of 2 mm,

median values reach 63.27 MPa (1 N) and 74.41 MPa

(10 N), representing the highest strength values ob-

served. The median values show a similar pattern to

the mean times to failure: they go up when the distance

from the contact point goes down and decreases when

the load goes up. However, the median values are usu-

ally lower than the mean times to failure. Because the

data is not evenly distributed, the presence of water may

have changed these results by speeding up the spread of

cracks or changing the properties of the materials in the

area.

Figure 7. Analysis of mean time to failure (MTTF) and median values for ring-on-ring bending tests under various load and
distance conditions
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The third section uses a scatter plot to show the con-

nection between MTTF and median values. Each point

on the plot stands for a different experimental condition.

The results show that there is monotonically increasing

relationship between MTTF and median values, but this

relationship is not strictly linear. When MTTF goes up,

the median values for conditions with 1 N tend to be

higher. However, the 10 N condition has a higher me-

dian value than expected for its MTTF. This could be

because of specific effects related to the higher load and

the water, which could make some mechanical weak-

nesses worse.

Figure 8 shows a comparison between medians that

were measured in experiments and those that were cal-

culated using a theoretical model. The different colours

on the graph show the different experimental conditions,

which are based on diameter (2, 10 and 18 mm) and ap-

plied force (1 and 10 N). Trends show that as the diam-

eter gets bigger, the observed and theoretical medians

also get bigger. This means that these two variables are

positively correlated. The median also changes when the

applied force goes up, but this effect is not linear for

smaller diameters. For example, with a 2 mm diameter,

a higher force (10 N) leads to a lower observed median

than a lower force (1 N).

Figure 8. Comparison of observed experimental median
values versus theoretical median values predicted by Weibull

model, showing linear regression (R2
= 0.998)

The linear regression line, which has a very high co-

efficient of determination (R2 = 0.998), shows that there

is a strong relationship between the observed and theo-

retical values. This shows how accurate the used theo-

retical model is. The differences between the observed

and theoretical medians are usually less than 3 MPa in

absolute terms and less than 10% in percentage terms,

which shows that the model is reliable.

IV. Discussion

The ring-on-ring (ROR) test is a widely used tech-

nique for determining the equi-biaxial strength of glass

materials [31]. The tests demonstrated that the severity

of the flaws and their location with respect to the loading

zone are the two main factors affecting the fracture re-

sistance of float glass submerged in distilled water. Re-

gardless of the distance considered (18 mm, 10 mm, or

2 mm), the results indicate that a higher Vickers inden-

tation load (10 N) produces more critical defects, which

results in lower MTTF values when compared to defects

created with a lower load (1 N), except for defects lo-

cated very close to the contact point (2 mm). This is be-

cause larger lateral cracks, which serve as potent stress

concentrators, are more likely to form under higher in-

dentation loads and accelerate the propagation of de-

fects to failure [32,33].
Defect placement with respect to the zone of max-

imum stress also has a significant impact. In general,

the closer the defect is to this point, the more severe

the stress concentration is. However, a notable excep-

tion occurs at the 2 mm distance under high load (10 N),

where both η and MTTF values are surprisingly ele-

vated despite the proximity to the maximum stress re-

gion. This counter-intuitive result can be explained con-

sidering several mechanical phenomena.
At very close distances to the contact point, the stress

field is highly localized and predominantly compressive

on the upper surface, with maximum tensile stress oc-

curring slightly below the surface. Defects located at

2 mm from the centre may be positioned in a region

where the tensile stress component is reduced compared

to locations at intermediate distances (10 mm), where

the stress distribution transitions from predominantly

compressive to tensile [34,35].
At such close proximity, multiple stress fields from

the indentation defect and the applied load may interact

in a complex manner. Under certain geometric config-

urations, this interaction can result in stress shielding

effects that reduce the effective stress intensity factor at

the crack tip, thereby increasing the apparent strength

[36,37].
The proximity to the loading point imposes geomet-

ric constraints that can alter crack propagation paths and

reduce crack driving forces. Recent studies on indented

ceramics and glasses have shown similar phenomena

where defects very close to loading points exhibit en-

hanced resistance due to the multiaxial stress states that

inhibit mode I crack opening [10,11]
Additionally, the β shape factor varies, indicating

different statistical stress-rupture distributions, ranging

from 4 for defects at 18 mm to 3 for those at 10 mm

and 2 mm. This variation in the β factor suggests differ-

ent levels of defect homogeneity or severity. A higher β

value (4) indicates more uniform defect characteristics

and less variability in failure stress, while lower β val-

ues (3) suggest greater heterogeneity in the defect pop-

ulation and failure mechanisms.
Water in the environment is important because it can

affect glass through chemical reactions such as stress

corrosion cracking. When tensile stresses are present,

water can facilitate microcrack propagation, which
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could eventually weaken the material [38]. Water-

induced weakening, which varies with stress distribu-

tion patterns brought on by load and distance adjust-

ments, is partially responsible for the observed changes

in median values.

Higher loads cause cracks to propagate more quickly

and increase the likelihood of failure [39,40]. On the

other hand, the glass’ resistance to failure is influenced

by the distance from the contact point in a complex

manner [41]. In particular, the median time to failure

increases from 53.11 h at 18 mm to 66.80 h at 2 mm at a

lower load of 1 N. The median time to failure increases

from 30.55 h at 18 mm to 78.91 h at 2 mm at a higher

load of 10 N. This illustrates how proximity to the con-

tact point can mitigate the impact of an increased load

through the mechanisms described above.

By altering hydration processes, stabilizing flaws,

and influencing crack propagation, water can modify

the mechanical behaviour of glass. According to stud-

ies, crack length and propagation velocity increase with

increasing relative humidity [42,43].

The underlying statistical distribution of failure times

has a significant impact on the relationship between

MTTF (the mean of failure times) and the median (the

central value that divides the dataset in half). The re-

lationship between MTTF and the median is constant

when these times have an exponential distribution. Sig-

nificant differences between MTTF and the median,

however, may occur when the distribution is skewed, as

is frequently the case with reliability data, such as in

log-normal or Weibull distributions [44,45]. Since the

median is a more robust indicator of central tendency,

this phenomenon can be explained by the MTTF’s sen-

sitivity to extreme values. A skewed distribution of fail-

ure times is thus suggested by the non-linear pattern

observed in the correlation between MTTF and median

values.

The findings unequivocally demonstrate that raising

the applied load generally lowers the median and MTTF,

suggesting that increased mechanical stress accelerates

the failure process. Increased stress shortens the lifespan

of materials by stimulating premature fatigue. Further-

more, local stress concentration is influenced by the dis-

tance from the load application point in a complex, non-

monotonic manner due to the factors discussed above

[46,47].

The rates of crack initiation and propagation deter-

mine the mean time to failure (MTTF) of glass materi-

als under aqueous corrosion [48]. The MTTF is reduced

by factors that accelerate either of these processes [49].

Shorter MTTF values are associated with higher tem-

peratures, more aggressive chemical environments, and

higher stress levels [50]. A power law relationship is fre-

quently used to describe the relationship between stress

and MTTF, showing that MTTF decreases exponentially

with increasing stress.

The reliability of theoretical Weibull models in fore-

casting mechanical behaviour under a range of experi-

mental conditions is demonstrated by the study’s strong

correlation between the observed and theoretical medi-

ans (R2 = 0.998). For smaller distances, the observed

non-linear mechanical responses (e.g. increase in me-

dian values with increased force at 2 mm distance) are

consistent with recent findings in fracture mechanics of

brittle materials, where stress field redistribution and

constraint effects produce distance-dependent and het-

erogeneous mechanical behaviours [10–12].

V. Conclusions

This investigation explored how Vickers indentation-

induced flaws influence the biaxial flexural strength

of Mediterranean float glass (MFG), particularly under

wet conditions. The researchers used Weibull statistical

analysis to model how these micro-defects impact glass

reliability. Thirty square MFG samples (50 × 50 mm2)

were prepared and subjected to two different indenta-

tion loads of 1 N (gentle) and 10 N (more severe) at three

set distances from the primary loading point (2, 10 and

18 mm). These samples underwent ring-on-ring flexural

testing, all while immersed in distilled water, to simu-

late humid or damp service environments.

Key mechanical parameters such as mean time to

failure (MTTF), scale factor (η), shape factor (β) and

median failure values were analysed to determine how

the size and location of the defects influenced mechani-

cal performance. The findings showed that indentation-

induced defects had a pronounced negative impact on

the strength of the glass, most notably when those flaws

were located near regions of maximum applied stress.

Higher indentation loads (10 N) produced more severe

flaws, which consistently led to lower MTTF and η val-

ues, regardless of their proximity to the load. Defects

closer to the loading area also created greater stress con-

centrations, reducing resistance to fracture. The pres-

ence of water further exacerbated these effects by ac-

celerating crack growth and amplifying stress concen-

tration, undermining the structural integrity of the glass.

The Weibull parameters provided insight into the sta-

tistical distribution of failure events. β values decreased

as defects approached the high-stress zone, indicating

increased variability and criticality of flaw-induced frac-

tures. Similarly, η values reflected the compounded in-

fluence of defect position and indentation load, high-

lighting the intrinsic variability of glass strength under

different conditions.

Practically speaking, these results underscore the im-

portance of minimizing surface defects especially near

high-stress regions when designing float glass for hu-

mid environments. The use of Weibull analysis offers a

robust, quantitative framework for predicting and opti-

mizing glass performance based on defect characteris-

tics and environmental exposure.

The methodology applied in this research is repro-

ducible and adaptable for other glass types or brittle

materials, making it a strong candidate for standard-
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ized mechanical testing and quality assurance. Future

research could further clarify the mechanisms by which

water accelerates crack growth and glass degradation,

and also investigate mitigation strategies, like surface

treatments or chemical modifications, to enhance resis-

tance to moisture-related damage. These efforts will be

critical for developing glass materials suitable for more

challenging applications and climates.
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