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Introduction

Numerous methods are currently in use to measure
the fracture toughness of ceramic materials.
However, methods based on widely accepted
theories are often difficult to realise, unreliable, or
expensive. A simple and cost-saving method, the

single-edge-V-notched beam (SEVNB) method, was
recently reintroduced. With this method, a saw cut
is tapered by hand or with a simple machine (Fig.1)
to a sharp V-notch (Fig.2) using a razor blade
sprinkled with diamond paste. In an international

round robin, the fracture toughness was measured
with the SEVNB method (Fig.3) on five ceramic
materials.

Experimental procedure

In the round robin, five ceramic materials with
varying fracture toughness measurability were used.
Each participant was required to test a coarse-
grained alumina-998 and a gas-pressures sintered
silicon nitride (GPSSN). Optional were a fine-grained
alumina-999, a silicon carbide (SSiC) and a
submicron-grained yttria-stabilised tetragonal
zirconia (Y-TZP). Participants who volunteered
received additional specimens to measure the
fracture toughness using their preferred method,
e.g. chevron notch.

Fig. 1: Simple machine to polish V-notches

Fig. 2: V-notch tip on a silicon nitride bend bar (insert)
Fig. 3: SEVNB test with notched bend bar (marked black for better visibility)

Results and discussion

Consistent to very consistent results were obtaine
for the alumina-999, the GPSSN, the SSiC, and the
alumina-998 (Fig.4). As predicted, less consistent
results were obtained for the Y-TZP due to its grain
size in the submicron range. The round robin
showed that the repeatability and reproducibility of
the SEVNB method was very good (Table 1) and that
the results compared well with results from other
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Fig. 4: Master result graph for alumina-998.

methods (Fig.5). Further, the method proved to be
forgiving and robust with respect to notch prepara-
tion (Fig.6) for ceramics having a major microstruc-
tural feature greater than about 1 pm in size. Most
participants had no difficulties conducting the
measurements and rated the SEVNB method as
user-friendly, easy and cheap to conduct, reliable,
accurate, and worthwhile for standardisation.
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Fig. 5: Comparison of SEVNB fracture toughness values with values
measured with other methods.

Material Participants / G.P.Avg. Repeatability Reproducibility
specimens  + Std.Dev.  Std.Dev. cv Std.Dev. CV
MPa ym MPa ym % MPa ym %
3.57+£0.22 0.17 4.6 0.22 6.1
3.74+040 0.23 6.2 0.40 10.7

alumina-998 28/ 135
alumina-999 21/102

GPSSN 277129 536+034 028 53 0.34 6.3
SSic 12 /56 2.61+0.18 0.12 4.5 0.18 6.8
Y-TZP 7735 534+065 033 6.2 0.68 12.7

Table 1: Grand population average with standard deviation, repeatability

(within-lab), and reproducibility (between-lab)
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Fig. 6: Influence of V-notch depth ratio a/W on fracture toughness

Conclusions

With the SEVNB method very consistent fracture
toughness results can be obtained. Repeatability and
reproducibility of the method are equal or better
than those of other methods. Participants unfamiliar

with the SEVNB method in general had no difficulty
performing the measurements. An ESIS/ VAMAS
recommended practice has been written which
serves as basis for a new CEN standard.
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