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Abstract

The present work was carried out to estimate the fracture toughness of two types of Al,O; fibers (85A1,03—15510,, Altex® (Sumitomo Chemical
Co., Ltd) and a-AL, O3, Almax® (Mitsui Mining Co., Ltd)) and to elucidate the transition from the intrinsic defects-induced fracture to introduced
notch-induced one. With an application of the focused-ion (Ga*)-beam micromachining method, a mode I type straight-fronted edge notch with a
notch-tip radius around 25 nm was introduced in fiber specimen. The fracture toughness K). was estimated for each fiber specimen based on the
fracture mechanical approach in which the measured values of notch depth, fiber diameter, fracture strength and calculated correction factor were
substituted. The fracture toughness values of the 85A1,05;-15Si0, and a-Al,O; fibers were estimated to be 1.86 £ 0.24 and 2.05 +0.13 MPa m'?,
respectively. The fracture toughness value was almost independent of the fiber diameter and notch depth in both fibers tested. From the obtained
fracture toughness value and the measured fracture strength of the original fiber, the notch depth at the transition from intrinsic defects-induced
fracture to notch-induced one, corresponding to the equivalent size of the intrinsic defects that determines the strength of the original fiber, were

estimated to be 0.3 and 0.8 wm for 85A1,03;—-15Si0, and a-Al, O3 fibers, respectively.

© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

The small diameter fibers such as AlyO3, SiC and C (carbon)
fibers are used as reinforcements for composite materials. For
estimation of fracture toughness value of these fibers, the diffi-
culty arises from the small physical dimensions, due to which
proper method to introduce small notches is limited. In addi-
tion, the fiber diameter is not unique, being different among the
test fiber specimens (it has been reported that the diameters of
SiC, C and Al,Os3 fibers are distributed in the range of around
7.5-14,15 5.1-11%7 and 8-17 pwm,>3-10 respectively.) Thus,
the influence of the fiber diameter on fracture strength shall be
incorporated in estimation of fracture toughness for each fiber
test specimen.

* Corresponding author. Tel.: +81 75 753 4834; fax: +81 75 753 4841.
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Due to the difficulties mentioned above, the fracture tough-
ness has been estimated with the indentation fracture method or
the empirical method (hereafter noted simply as mirror zone size
method), which uses the relation between the fracture toughness
and size of the mirror zone in fracture surface. However, con-
cerning the indentation fracture method, it has been shown that
indentation-induced subthreshold flaws on fused silica fibers in
an inert environment behave differently from the post-threshold
ones, due to which consistent result cannot be obtained for the
specimens with different flaw size.!!"!?> The mirror zone size
method can be applied only to amorphous or amorphous-like
fibers that exhibit mirror, mist and hackle zones in fracture
surface, but not to crystalline fibers that do not show such
zones.

Thus there is a need to develop a method to introduce a sharp
artificial notch directly in the small diameter crystalline fibers
for estimation of fracture toughness. In our preceding work, 3 it
was attempted to introduce a sharp artificial notch in small diam-
eter fiber with a focused-ion-beam (FIB). With this method, a
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Fig. 1. Fracture surface of the unnotched (a) 85A1,03-15Si0; and (b) a-Al,O3 fiber specimens, together with the appearance of the side surface of (')

85A1,03-15Si0; and (b’) a-Al, O3 fibers.

sharp straight-fronted edge notch with a notch-tip radius around
25 nm could be introduced in the polycrystalline (Tyranno-SA®,
grade 3, Ube Industries) and amorphous (Tyranno-ZMI®, Ube
Industries) SiC fibers. In the present work, as the method to
introduce a notch, the FIB method was applied to two types
of the alumina fibers (85A1,03-15Si0, fiber, Altex®, Sum-
itomo Chemical Co., Ltd., where the figure of 85 for Al,O3
and that of 15 for SiO;, refer to the chemical composition
in wt %, and a-Al,O3 fiber, Almax®, Mitsui Mmining Co.,
Ltd.).

Fig. 1 shows the fracture surface and side surface of the
85A1,03-15Si0, and «a-Al,O3 fibers. The 85A1,03-15Si0;
fiber showed mirror, mist and hackle zones in fracture surface
but not the a-Al» O3 fiber. This means that the mirror zone size
method could be applied to the estimation of fracture tough-
ness value of the 85A1,03-15Si0, fiber but not to that of

the crystalline fiber (a-Al,O3). To reveal the fracture tough-
ness values of both fibers, it is needed to apply the common
method to both fibers other than the mirror zone size method.
The present approach using the FIB-introduced notch makes it
possible to estimate the fracture toughness values comprehen-
sively.

The main aims of the present work were (i) to reveal the frac-
ture toughness values of these fibers, (ii) to examine whether
the fracture toughness value is dependent on the fiber diam-
eter and notch depth or not, and (iii), based on the obtained
fracture toughness values and the strengths of original fibers
without notch, to reveal the critical notch depth at the transi-
tion from intrinsic defects-induced fracture to notch-induced
one, which corresponds to the equivalent size of the intrinsic
defects that determine the strength of the original fiber without
notch.
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Fig. 2. Procedure (a—c) to introduce an artificial straight-fronted edge notch in fiber specimen and (d and e) to measure the tensile fracture strength.

2. Experimental procedure

2.1. Samples

Two types of the alumina fibers (85Al,03-15SiO; fiber,
Altex®, Sumitomo Chemical Co., Ltd., and a-Al,O3 fiber,
Almax®, Mitsui Mining Co., Ltd) were used for test.

The microstructure of the 85A1,03—-15Si0O; fiber consists of
small y-alumina grains of a few tens of nanometers intimately
dispersed in the 15 wt% amorphous SiO» phase.!>® The density
has been reported to be 3.2 g/cm® and Young’s modulus to be
210 GPa.!>® The average diameter was 17 um. The fracture
surface showed the mirror, mist and hackle zones, as has been
shown in (Fig. 1(a)). The side surface was smooth (Fig. 1(a")).
The average strength of the original fiber without notch for a
gage length 10 mm was 1.84 GPa, as shown later.

The polycrystalline a-Al, O3 fiber used in this work has been
known to be composed of almost pure a-alumina.>%19 The
grain size has been reported to be around 0.5 wm. > The diame-
ter of this fiber is small (around 10 p.m), which allows to produce
woven cloth from the fiber.">%10 The young’s modulus has
been reported to be 344 GPa.l:>%10 This fiber has lower den-
sity of 3.60 g/cm® compared to the fully dense a-Al,O3 fiber
with density 3.92 g/cm?, and has intragranular porosities.'->°
Actually, in the fracture surface observed in this work, many
micro-porosities were found (Fig. 1(b)). The side surface was
rather rough (Fig. 1(b")). The micro-porosities and surface irreg-
ularities are considered to act as stress concentration sources,
leading to relatively low strength. The average strength of the
original fiber without notch for gage length 10 mm was 1.34 GPa,
as shown later.

2.2. Introduction of straight-fronted edge notch in fiber test
specimens and tensile test

A mode I type straight-fronted edge notch was introduced in
each fiber specimen with a FIB-micromachining-method, devel-
oped in our preceding work.!? The outline of the procedure is
presented in Fig. 2. First, the fiber was pasted onto a thin alu-
minum foil with a thickness of 11 wm, as shown in Fig. 2(a).
The fiber gage length for tensile testing was 10 mm. The fiber-
pasted aluminum foil was placed onto a 0.3 mm thick aluminum
plate. The aluminum plate was used as the beam attenuator in
the later notch-forming process, and also as the protector from
deformation and fracture of fiber specimens in the handling and
as the sample carrier. The fiber-pasted aluminum foil and the
aluminum plate were wrapped with specimen holders of alu-
minum, as shown in Fig. 2(b). The assembly was then placed in
the FIB apparatus (JFIB-2300, JEOL, Tokyo, Japan). A straight-
fronted edge notch (Fig. 2(c)) was introduced in the fiber by the
focused Ga™-ion beam with a 55 nm spot size, at an acceleration
voltage of 30 kV and probe current of 80 pA. The fiber diameter
D and notch depth a of each test specimen were measured with
a scanning ion microscope (SIM) attached to the FIB apparatus.

In preparation for the subsequent tensile testing, a 100 pm
thick paper tab was glued to the fiber-ends-area with epoxy resin
(High Super 30, Cemedine Co., Ltd., Tokyo, Japan) (Fig. 2(d))
in order to realize higher stress transfer efficiency to the fiber
than with the aluminum foil alone. Then, the specimen holder
and aluminum plate were removed, and the test specimen shown
in Fig. 2(d) was obtained. After placing the test specimen in the
tensile machine, the aluminum foil frame was cut so that the
applied load was directly applied to the fiber (Fig. 2(e)).
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Fig. 3. (a) Fracture surface of the amorphous SiC fiber with a straight-forwarded
edge notch introduce with focused-ion-beam, and (b) schematic representation
of the fractured fiber cross section. a and D refer to the notch depth and fiber
diameter, respectively. The configuration of the mirror, mist and hackle zones in
(a) demonstrates that the fiber fracture was caused at A in (b) by the introduced
notch and the stress singularity along A—A’ plays a deterministic role in fracture.

Tensile test for the notched and unnotched fiber specimens
with a gage length 10 mm was carried out at a crosshead speed
of 8.3 x 107° m/s at room temperature with a universal tensile
testing machine (MMT-10N-2, Shimadzu Co., Kyoto, Japan).
The load was monitored with a 2.5 N load cell. In the test, the
fiber specimen was wrapped with paraffin papers, in which glyc-
erin was filled in order to prevent the segmentation of the fiber
upon fracture, as shown in Fig. 2(e). Thus, the original fracture
surface could be obtained for observation. The fracture surface
of fibers was observed with a field emission — scanning electron
microscope (FE-SEM) (X-500, Toshiba Co., Tokyo, Japan).
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2.3. Estimation of fracture toughness value

Fig. 3(a) shows the fracture surface of the amorphous SiC
fiber (Tyranno-ZMI®, Ube Industries) with a straight-fronted
edge notch introduced with the FIB method, and (b) schematic
representation of the fractured fiber cross section, in which the
notch depth a and the fiber diameter D are indicated for refer-
ence.

The configuration of the mirror, mist and hackle zones in
(a) demonstrates that (i) the fiber fracture was caused at A
in (b) by the introduced notch and (ii) the stress singularity
along A—A’ plays a deterministic role in fracture. (As will be
shown later in Section 3.1, the same feature was reconfirmed
also from the fracture surface of notched 85Al,03-15S10; fiber
specimen (Fig. 5) which showed the mirror, mist and hack-
les zones similarly to the amorphous SiC fiber). The fracture
toughness (Kj.) value was obtained by the following proce-
dure.

The notched strength (the macroscopic fracture stress of the
fiber given by the ratio of the fracture force to the fiber cross
section) (opN), notch depth (a) and fiber diameter (D) were
measured for each notched fiber test specimen. According to
the fracture mechanics, the fracture toughness K. is expressed
byl4

Kie = ¥ [ 5] ornra)'? (M

where Y[a/D] is the correction factor for the straight-fronted
edge notch in fiber, which is dependent on the relative notch
depth a/D. Based on the features (i) and (ii) of fracture mor-
phology mentioned above and the reported result that the Y[a/D]
calculated from the stress singularity along A—A’ in Fig. 3(b) for
straight-fronted edge crack in around bar is close to that obtained
from the experimental compliance method, !’ the Y[a/D] for the
present fiber was calculated also from the stress singularity along
A-A’ with a finite element analysis (MARC2001, MSC. Soft-
ware Corp., USA). The details of the calculation procedure and
boundary condition have been shown in our preceding work, '3
in which the Y[a/D] was obtained for SiC fibers. As the elas-
tic properties of the present Al,O3 fibers are different from
those of SiC ones, the following values were used in the present
calculation. The Young’s modulus and the Poisson’s ratio of
the 85A1,03-15Si0; fiber were taken from the reported values
of 210GPa'?® and 0.20,'¢ respectively. The Young’s modu-
lus of the a-Al,O3 fiber was taken from the reported value
344 GPa'->%10 and the Poisson’s ratio from the value of bulk
polycrystalline a-Al,O3, 0.25.17 The Y(a/D) for each Al,O3
fiber was expressed by

@

The difference in Y[a/D] between the 85A1,03-15S10; and
a-Al, O3 fibers stems from the difference in Poisson’s ratio.
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Fig. 4. Appearance of the introduced notch observed from the side surface in (a) the 85A1,03—-15Si0; and (b) a-Al, O3 fiber specimens, observed with SIM, showing

the sharp notch front.

Substituting the notched strength (opy), notch depth (a) and
fiber diameter (D) measured for each fiber test specimen into
Eq. (2) and then Eq. (1), we had the fracture toughness value K.
for each fiber specimen.

3. Results

3.1. Appearance of the introduced notch and fracture
surface

Fig. 4 shows the appearance of the introduced notch observed
from the side surface in (a) 85Al,03-15Si0; and (b) a-
Al,O3 fiber specimens, observed with SIM. In both fiber
specimens, the notch front is sharp. The notch root radius

2um

was around 25nm, as similarly as that observed for amor-
phous and crystalline SiC fibers.!> The stress state ahead of
the introduced notch is close to that of the cracked case
and the finite element calculations in Section 2.3 can be
used.

In the fiber surface close to the notch, a wavy pattern was
found. Though the reason for this was unknown, it was specu-
lated that the fiber surface close to the notch was etched slightly
due to Ga* ions. The irregularities caused by the surface etch-
ing were, however, far small in comparison with the size of
the introduced notch (0.3-2 wm for 85A1,03-15Si0; fiber and
0.7-2 pm for a-Al,O3 fiber), and the fiber fracture was surely
caused by the introduced notch, as shown later in Sections 3.1
and 3.2. In the present work, the influence of the etching of the

(b

Fig. 5. Fracture surface of the notched (a) 85A1,03—15Si0; and (b) a-Al,O3 fiber specimens.
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Table 1
Measured values of diameter (D), notch depth (a) and fracture strength (<TF), and estimated values of the fracture toughness (Kc) of 85Ai,03-15Si0, and a-Al, O3
fiber specimens.

Sample no. Diameter D (pum) Notch depth a (fim) Fracture strength opn (GPa) Fracture toughness Kj. (MPa m'/2)
85A1,03-15S8i0; fiber
1 16.7 1.96 0.88 2.15
2 18.4 1.63 0.84 1.87
3 18.7 1.03 0.95 1.66
4 16.2 1.29 0.73 1.44
5 16.4 1.55 1.06 2.29
6 17.1 0.69 1.19 1.70
7 16.3 0.64 1.21 1.67
8 16.6 0.78 1.36 2.07
9 16.7 0.93 1.13 1.88
10 16.4 0.73 1.23 1.82
11 17.4 0.46 1.58 1.85
12 16.9 0.36 1.67 1.73
13 17.5 0.66 1.56 2.18
14 17.5 1.15 0.96 1.78
«-Al O3 fiber
1 10.3 1.25 1.01 1.98
2 9.9 1.19 1.02 1.95
3 10.3 1.85 0.88 2.27
4 11.2 1.24 1.06 2.06
5 9.7 1.51 0.98 2.19
6 8.7 1.80 0.72 1.89
7 9.2 0.86 1.35 2.15
8 10.4 1.70 0.86 2.06
9 9.3 0.77 1.25 1.88
10 8.9 0.97 1.21 2.08

fiber surface was neglected in estimation of fracture toughness

of the fiber.
Fig. 5 shows the fracture surface of the notched (a) 2000
85A1,03-15S810; and (b) a-Al, O3 fiber specimens. The notched ' " ' '
. . X ) £ (a) 85A1,0,-15Si0
85A1,03-15Si10; fiber specimen (Fig. 5(a)) showed the mirror, =) 273 2 (@]
. .. . S —~ 1500 L 0 4
mist and hackles zones similarly to the amorphous SiC fiber B o
(Fig. 3(a)). The fracture of the notch-introduced fiber was caused $ =
at the center of the notch front (A in Fig. 3(b)). The configura- 3z 1000 & © [
tion of the zones indicates that the fracture is determined by the g D'E' o)
stress singularity ahead of the fracture initiation point (along E & S00} A K 1
A-A’ in Fig. 3(b)). In this way, it was reconfirmed that the frac- = x
ture mechanical approach is applicable to the extension of the =) 0 I I I I
notch introduced by the FIB method. As shown in Fig. 5(b), the 0 200 400_1 " 600_1 n 800 1000
crystalline a-Al,O3 did not show the amorphous-like fracture (ma) ™, (m™)
patterns, leading it impossible to estimate the fracture toughness 2000
value by the mirror zone size method. The introduction of the s 5 ;’-\I o 1 1 1
notch by the present FIB method made it possible to estimate the g 8 enn ()Rl 0,
fracture toughness value for the crystalline fiber. Accordingly, 2 & i 1
the fracture toughness of both Al,O3 fibers could be estimated o < (o
comprehensively by this method. 2 bE 1000 - 1
ED
38 A
. [ e r © 1
3.2. Fracture toughness values and their dependence on = >
fiber diameter and notch depth 5 0
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In the test, the fracture surfaces of all notched specimens were (ra)"2, (m"2)

observed and it was checked either of the introduced notch or the
intrinsic defects caused the fracture. Only the test results of the ~ Fig. 6. Unified notch-fracture strength Y[a/Dl]orx plotted against (ra)~'"2.
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Fig. 7. Estimated fracture toughness (Kj.) values plotted against fiber diameter
D for (a) 85A1,03-15Si0; and (b) a-Al, O3 fiber specimens.

fiber specimens that were fractured by the introduced notch were
used for estimation of the fracture toughness. The measured val-
ues of the diameter (D), notch depth (a), fracture strength opn
and the estimated fracture toughness (K.) of the fiber speci-
mens that were fractured by the introduced notch are tabulated in
Table 1. The fracture toughness values of the 85A1,03-15Si0,
with diameter 16.2 —18.7 um and a-Al,O3 fibers with diam-
eter 8.9-11.2 um were 1.86+0.24 and 2.05 £ 0.13 MPam!/?,
respectively.

If the fiber diameter is unique, Y[a/D] given by Eq. (2) can
be expressed as a function only of a. However, it was not the
present case. Thus even for a given a-value, the Kjc-value given
in Eq. (1) becomes different for different diameter. In the present
work, we took Y[a/D]ogy as a unifying fracture strength param-
eter, which is expressed by Y[a/D]opn = Kic (ra)~ 2 from Eq.
(1). In this expression, Y[a/D]ogn is linearly proportional to
(ra)~Y? with a slope Kic. In order to examine whether such a
fracture mechanical relation is held or not in the present result,
the unifying fracture strength parameter Y[a/D]ogn, obtained for
each fiber test specimen, was plotted against (wa)~"/2. The result
is presented in Fig. 6. The experimental result of Y[a/D]ogpn
increases linearly with increasing (a)~!/?, indicating that frac-
ture mechanical relation is held for the present notched fiber
specimens. The slope corresponds to the fracture toughness
value (Kic = 1.86 and 2.05 MPam!/2 for 85A1,03—15Si0; and
a-Al, O3 fibers, respectively).

In order to examine whether the toughness values obtained
in the present work is affected by the fiber diameter or not,
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Fig. 8. Estimated fracture toughness (K]) values plotted against notch depth a
for (a) 85A1,03-15Si0; and (b) a-Al> O3 fiber specimens.

the obtained Kj. values were plotted against the fiber diam-
eter D, as shown in Fig. 7. The present fracture toughness
values were almost independent on the fiber diameter for both
85A1,03-15S10; and a-Al, O3 fibers. In the indentation frac-
ture test, the case where the toughness value is dependent on the
flaw size' 12 has been reported. In order to examine whether
the toughness values obtained in the present work is affected
by the notch size or not, the estimated Kj. values were plotted
against the notch depth a, as shown in Fig. 8. The present frac-
ture toughness values are almost independent of the notch depth,
indicating that the FIB-introduced notch is appropriate for frac-
ture toughness estimation and the obtained toughness value can
be used as the material property.

3.3. Change of fracture strength with increasing notch
depth, and estimation of critical defect size at transition
from the intrinsic defect-induced fracture to artificial
notch-induced one

The fracture strengths o'pg of the original fibers without arti-
ficial notch, tested for a gage length 10 mm, were 1.84 £ 0.40
and 1.34 £ 0.42 GPa for 85A1,03-15Si0; and a-Al,O3 fibers,
respectively.
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Fig. 9. Measured fracture strength (o) values plotted against the notch depth a
for (a) 85A1,03-15Si0; and (b) a-Al, O3 fibers. The broken line Ag—A(’ shows
the original strength ogy and the solid curve a—a’ shows the change of the notched
strength opn with notch depth a, calculated by Eq. (1). A is the critical point
at which opg = opy is satisfied. The practical fracture strength of, given by the
lower value between ogo and opN, varies with the notch depth a along Ag—A.—a’.
The notch depth a at A, ac (=0.3 and 0.8 pwm for 85A1,03-15Si0, and o-
Al O3 fibers, respectively), refers to the critical notch depth at the transition
from the intrinsic defect-induced fracture to the notch-induced one and also to
the equivalent size of the intrinsic defects determining the original fiber strength
OFQ.

The fracture of the original fiber without notch is caused by
the intrinsic defects. In this sub-section, the fracture strength
determined by the intrinsic defects is noted as oo in order to
distinguish from the notched strength opn determined by the
extension of the notch. As shown below, even a notch is intro-
duced, if the notch depth a is smaller than a critical value ac,
the fracture of the fiber is caused by the intrinsic defects and the
practical fracture strength o is given by opg. When the notch
depth ais larger than a., the fracture is caused by the notch exten-
sion and the practical fracture strength of is given by opn. In
this sub-section, using the fracture toughness values obtained in
Section 3.2 and the original fiber strength oy mentioned above,
we revealed the critical notch depth a. at the transition from
the intrinsic defect-induced fracture to artificial notch-induced
one and the variation of the fracture strength o with increasing
notch depth a for both Al,O3 fibers, as follows.

Fig. 9 shows the measured fracture strength (op) values
(op=o0pp for original fibers and op=o0pN for the notch-

fractured fiber specimens) plotted against notch depth a for (a)
85A1,03-15S5i0; and (b) a-Al> O3 fiber specimens. The varia-
tion of fracture strength op with notch depth a is described as
follows. The broken line Ag—Ao’ shows the original strength
level (opp=1.84 and 1.34 GPa for 85A1,03-15Si0; and «-
Al,Os fibers, respectively). The solid curve a—a’ shows the
variation of the notched strength opny with notch depth a,
calculated by Eq. (1) with the measured average values of
Kic=1.86 MPam'2 and D=17.1 pum for 85A1,03-15Si0 fiber
and K. =2.05MPam!2 and D=9.79 pm for a-Al, O3 fiber. The
oFo is lower than ogn up to the notch depth a =a. at the cross-
point A, of the orp—a and opn—a relations, at which oy is equal
to opn. Within the range of 0 <a < ac, the fiber is fractured by
the intrinsic defects in advance of the extension of the introduced
notch, and therefore, the fiber strength is kept to be oo. 18-20 O
the other hand, in the range of a; <a, opn is lower than opg.
Accordingly, the fiber is fractured by the introduced notch and
its strength is given by op. 820 In this way, the fracture strength
oF is given by the lower value between opg and 0N, and the o
varies with a along Ag—A.—a’.

The A. shows the critical point at deviation from the intrin-
sic defect-induced fracture to the notch-induced one. The
corresponding notch depth a. was calculated to be 0.3 and
0.8 wm for 85A1,03-15S10, and a-Al,O3 fibers, respectively,
by org =0opn with the Kj. and D values mentioned above. As
OFo = OFN 1s satisfied at a=ac, the a. corresponds to the equiv-
alent size of the intrinsic defects that cause the fracture of the
original fibers. This means that the average size of the orig-
inal strength-determining defects was to be around 0.3 and
0.8 wm, respectively. These results suggest that the existent
micro-porosities (Fig. 1(b)) and surface irregularities (Fig. 1(b"))
in the a-Al,O3 fiber act to reduce the original strength, and
due to the reduction in original strength, the notch depth a at
the transition from intrinsic defect-fracture to notch-fracture is
enhanced.

4. Conclusions

(1) The mode 1 fracture toughness values of the
85A1,03-15S10; (Altex®, Sumitomo Chemical Co.,
Ltd) and a-AlLO3 (Almax®, Mitsui Mining Co., Ltd)
fibers were estimated to be 1.86 and 2.05MPam!?2,
respectively, by introducing an artificial straight-
fronted edge notch into each test fiber specimen with
a focused-ion(Ga™)-beam-based micromachining method.

(2) The fracture toughness value was almost independent of the
fiber diameter and notch depth in both fibers.

(3) From the obtained fracture toughness values and the mea-
sured strength of the original fibers without notch, the
variation of the average fracture strength with notch depth
was revealed. The sizes of the intrinsic defects that deter-
mine the strength of the original fiber, corresponding to the
transition notch depth from intrinsic defects-induced frac-
ture to notch-induced one, were estimated to be 0.3 and
0.8 wm for 85A1,03-15S5i0;, and a-Al,O3 fibers, respec-
tively.
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