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bstract

he Newman and Raju formula for the stress intensity factor of a semi-elliptical surface crack loaded in uniaxial tension or in bending has been
eveloped about 30 years ago using an FE-analysis for several geometric parameters and fitting an empirical equation to the data points. The
oisson’s ratio analyzed was 0.3.
In this paper a reassessment of the Newman and Raju formula is made, where all relevant geometric parameters of crack and specimen and the

oisson’s ratio are considered. The deviations of the old formula from the new results are up to 21%, if the full range of Poisson’s ratio is taken

nto account. Furthermore the influence of the crack-surface intersection angle is discussed.

The results of this work are important for more precise fracture toughness measurements in brittle materials and give a practical guidance for
ppropriate specimen preparation for fracture toughness measurements, which is also considered here.

 2012 Elsevier Ltd. All rights reserved.

ractu

g
t
m
t
s

i
m
t
d
f

eywords: Semi elliptical surface crack; Stress intensity factor; SCF method; F

.  Introduction

The majority of standardized fracture toughness testing meth-
ds for ceramics use bending beams, containing a crack as sharp
s possible and a well-defined geometry. The fracture tough-
ess Kc is determined by application of the Griffith/Irwin failure
riterion:

Ic ≥  K  =  σY
√

aπ  (1)

Ic is the mode I fracture toughness, K  is the stress intensity

actor (SIF), σ is a representative stress in the uncracked spec-
men (e.g. stress at the outer fibre at fracture), a  the size of the
rack and Y  is a geometric factor, which is determined by the
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eometry of the specimen, the crack shape and the course of
he stress field. For details see standard text books on fracture

echanics or on mechanical properties of ceramics.1–3 Informa-
ion on geometric factors for typical loading cases and standard
pecimen geometries can be found in literature.4

The Newman and Raju formula (NRF) is commonly used
n the “Surface Crack in Flexure” (SCF)-method to deter-

ine fracture toughness in brittle materials. For materials with
he Poisson’s ratio ν =  0.3, Newman and Raju (NR) 5 have
eveloped a parameterized and generalized solution (i.e. fitting
unction) of the geometric factor Y  = Y  (a,c,t,b,φ) of a semi-
lliptical surface crack in the stress field of a uniaxial tensile
oaded or bended bar (thickness t and width 2b). Therefore, Y
epends on the geometry of the crack (crack width 2c, crack
epth a), the bar’s cross-section and on the position at the crack
ront given by the crack angle φ, see Fig. 1.

Of course, fracture is initiated at the position the largest

IF along the crack front. But there exists some shortcomings
hich may conflict the exact determination of SIF and fracture

oughness: Thirty years ago computer capacity was very limited
hich made a relatively coarse mesh necessary. Therefore the
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Fig. 1. (a) Schematic of a pre-cracked beam (loaded by normal force F or
moment M) and (b) detail of the semi-elliptical crack assumed for the NRF.
The crack width 2c at the surface and the crack depth a are indicated as well as
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tion. Eq. (2) shows that for the crack shape ratio with the highest
he points A (φ = 0◦) and C (φ = 90◦), where the geometric factor Y can reach a
aximum in the NRF.

recision of the analysis was not very high. (NR) specified their
E accuracy with ±3% compared to the analytical solution in

erms of a completely embedded circular crack.6,7

In addition, to keep the fitting function simple, it cannot be
ery precise for all possible values of geometric parameters. NR
laim that their provided fitting function has a maximum error
f ±5% (related to the maximum of Y  along the crack front)
ccording to their FE results.5

Secondly, the analysis was only made for materials having
he Poisson’s ratio v  = 0.3 which is the typical value of steels.
his is also a good approximation for many engineering material
lasses. However, there are also many other materials – e.g.
eramics for structural applications or hard coatings – with a
ignificant deviation regarding this value.2,8–10: Diamond (0.07),
itanium diboride (0.1), zirconium diboride (0.14), glass and
ilicon carbide (0.16), hard metal and alumina (0.2), titan (0.36)
r PMMA (0.4). Because even structural ceramics can deviate
ubstantially, the Poisson’s ratio should be considered in the data

valuation. In the literature, some calculations for an individual
et of parameters can be found, e.g. by Isida et al. 4,11 in 1983,
here for a special crack geometry data for several different

a
s
f

ramic Society 32 (2012) 1491–1501

oisson’s ratios are tabulated. But there is no general solution
vailable.

Finally, the geometry of surface cracks used for fracture
oughness measurements is – in general – not semi elliptical
the crack-surface intersection angle differs from 90◦) which
ay result in additional uncertainties. This topic is treated in

2–15 in detail and addressed in.16,17 A specific example has been
tudied by Fett.18 For a crack, with the shape of circle segment,
he differences to the semi-elliptical crack in the geometric fac-
ors are less than: ±7% in point A and less than ±2% in point

 (see Fig. 1) for cracks having the same aspect ratio a/c. These
esults also are made for a specific case and their accuracy is
nknown. The influence of crack-surface intersection angle will
e investigated in detail in this work.

For these reasons, a reassessment of the NRF and a new fitting
quation for the SIF is made in this paper. Semi elliptical cracks
nd cracks having a geometry, which is more relevant for fracture
oughness testing of brittle materials, are considered. All results
nd the new fitting equation for the SIF are given at our home
age (www.isfk.at/de/1006/) as an interactive WebMathematica
ool. It is shown that – for realistic testing geometries – the NRF
ay result in huge deviations of the correct value in point A (up

o 40% for v  = 0.3).
Another aspect in SCF testing arises from the fact that –

epending on the crack geometry and the Poisson’s ratio – frac-
ure can start at the deepest position of the crack (point A) or at
ts intersection with the specimen’s surface (point C). The SCF
nalysis is valid for experiments with fracture origins at point
, while experiments with origins at point C are invalid for sev-

ral reasons. In the last part of this paper parameter regimes are
efined, where valid SCF-tests with origins at point A can be
uarantied.

. Methodology  –  FE  model  and  parameters

The geometric factor Y  for a surface crack having the geom-
try of an ellipse segment was determined in a parametric study
or tension and bending loading (each 3125 FE runs). The results
ere used to define an interpolation function for Y. The consid-

red parameter intervals are given in Table 1.
Characteristic parameters in our model are the crack depth

 and its length at the surface c. Note that the crack intersects
he surface with the angle χ  (see Fig. 2), since the crack has the
hape of a segment. The midpoint of the (truncated) ellipse is
t ahead of the surface. It holds:

0 = a(a  cos(−χ) +  c sin(−χ))

2a  cos(−χ) +  c  sin(−χ)
(2)

nd

t  =  a0 −  a  (3)

The other semi-axis c0 can be derived using the ellipse equa-
nalyzed axis ratio (a/c  =  1.2) the intersection angle of the
emi-ellipse segment is χ  ≥  70◦. This determines the lower limit
or the parametric FE-study. Lower angles, which were possibly

http://www.isfk.at/de/1006/
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Table 1
Parameter and considered parameter intervals for the realized FE study. For each parameter five equidistant design points have been used. For a/t the values 0.01,
0.05, 0.1, 0.3 and 0.5 have been chosen.

Dimensionless parameter name Symbol Lower limit Upper limit

Rel. crack depth a/t 0.01 0.5
Crack aspect ratio a/c 0.4 1.2
Rel. crack width c/b 0.1 0.5
Poisson’s ratio ν 0 0.4
Crack-surface intersection angle χ 70◦ 110◦

Fig. 2. Geometry of a surface crack (depth a, width 2c) having the shape of an
ellipse segment. Also the intersection angle χ is defined. The semi axes of the
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Fig. 3. Three examples of crack geometries and meshing details near the crack
front. (a) a/c = 1 and χ = 90◦, (b) a/c = 0.5 and χ = 50◦, (c) a/c = 1.2 and
χ = 110◦.
llipse are: a0, c0.

eeded, have been extrapolated and checked by some specific
E runs.

The computation of stress distribution in the specimen was
erformed in ANSYS Mechanical APDL Version 13.0. The
uarter-model of the bar includes about 16,000 to 60,000 brick-
lements (i.e. SOLID186).

The J-Integral method19,20 – with quarter node collapsed
rack tip elements (CTE) – was used to calculate the SIF.
his well-implemented state-of-the-art method provides accu-

ate results (the error is less than 0.01% compared to the
nalytical solution in the case of a fully embedded circular crack
n pure tension).19 Due to the CTE and the resulting ansatz
unctions, the crack tip singularity exponent is given with −0.5.
enerally, this exponent deviates from this value if there is some

nfluence of boundaries (e.g. at the free surface or near inter-
aces). So the SIF results are the “best fit” of the actual stress
eld with K  as (FE internal) fit coefficient.

For all crack sizes, 30 elements along the crack front have
een used and their alignment around the crack tip was equal.
his was realized with an all hexahedron-meshed parallelepiped.
rack mesh details for different crack geometries are pointed out

n Fig. 3, where three special cases are given exemplarily. The
IF was evaluated at all 61 nodes (including mid nodes) along

he crack front.
In every case, singularity elements (CTE) along the crack

ront and a plain strain assumption (effective Young’s mod-
lus E∗ =  E/(1 −  ν2)) were deployed for the determination
f the stress intensity, more precisely with the formulation

 = √
E∗ · J .

19,21
This approach is commonly accepted (e.g. see ), although
enerally plain stress state should occur at the surface. However,
úñiga et al. 22 claim that the stress distribution at the surface can
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ignificantly deviate from the plain stress assumption in a 3D-
eometry with crack. In addition, since the resulting K-values
re always higher for plain strain, the calculation of the SIF
t the region very close to the surface is a good approxima-
ion regarding safety aspects (e.g. for fatigue or proof of safety
alculations).

Correlated to Eq. (1) the geometric factor along the crack
ront can be expressed with the related K, the nominal crack
pening stress σ (i.e. 1 MPa) and the crack depth a (Note: Y

lways refers to the crack depth a, what means that a  is taken as
he typical defect size).

.  Results

The FE results and their tendencies behave, of course, similar
o the generalized solution of NR.5 For this reason this work has

 focus on the main differences to the NRF and on the influence
f the Poisson’s ratio and the crack-surface interaction angle on
he geometric factor. Since these effects are more pronounced
or bending than for uniaxial tension loading all further results
re plotted for χ  =  90◦, c/b=0.1 and the bending case, if not
pecified else wise.

In Fig. 4 the current FE results (lines) are shown as a function
f φ  (the ratio a/t  is parameter of the curves) for a semi-circular
rack and are compared with the fitting solution of NR (plotted
s points). The values of a/t  = 0 are extrapolated (the last design
oint is at 0.01) and represent an infinitesimal small crack. This
lso eases the comparison with other publications, e.g. NR.

As expected, both results are nearly identical for ν  = 0.3
Fig. 4a). Obvious deviations just occur for higher relative crack
izes as well as around φ  �  85◦. The last observation results
rom the facts, that the free surface influences the SIF (see also
ection 4.3) and that there was no design point (i.e. node) in the
alculation of NR. In other words their mesh was too coarse for
uch a detailed analysis.6,7 For φ  = 90◦ the agreement is good,
ince a design point for NR is there.

For ν  = 0 (see Fig. 4b) the results consequently shift com-
ared to the NRF. This indicates that the Poisson’s ratio has a
ignificant influence on SIF. On the other hand there is no change
n course of Y  in the vicinity of φ  = 90◦. The effect of the free
urface is reduced since the Poisson’s ratio decreases to zero.

In Fig. 4 two “exact” reference data points of Y  for ν =  0
nd 0.3 published by Isida et al. 11 are marked. They showed
hat their method has an error less than 0.1%, which can also
e shown with the method by Fett23. The results are tabled for
n infinite plate (pure tension loading). Their obtained values of
.659 and 0.036, respectively, are in excellent agreement with
he present work: for ν  =  0.3 (see Fig. 4a) the extrapolated val-
es of the interpolation function are 0.660 (tension) and 0.659
bending). For ν  =  0 (see Fig. 4b) they are 0.635 (tension) and
.636 (bending). Of course both loading cases should be equal
n an infinite plate.

For shallow cracks (a/c  = 0.4) an analogue comparison is

llustrated in Fig. 5. The results in point A and C match the
RF quite good for ν = 0.3 (Fig. 5a). Large deviations arise

ust in between these points, especially for small relative crack
izes (max. 12% at φ  ≈  60◦). The results obtained for ν  = 0

d
r
t
u

ramic Society 32 (2012) 1491–1501

Fig. 5b) confirm the same down-shifting trend as for semi-
ircular cracks. This results in high average deviations.

In the following, the influence of the Poisson’s ratio is
nvestigated in more detail. As anticipated, the curves respect-
ng semi-circles and ν = 0.3 correlate well with the fit of NR
Fig. 6a). Inside the specimen the geometric factor increases
much stronger than linear) with increasing Poisson’s ratio, but
ear the surface the effect is contrary; Y  declines for higher
oisson’s ratios. The same non linear trends can be observed for
mall crack shape ratios a/c, see Fig. 6b.

The influence of the crack-surface intersection angle χ  on the
IF is very pronounced (along the whole crack front; see Fig. 7).
n both cases, semicircular and shallow crack, χ  influences the
IF even at the deepest point of the crack (A), although the char-
cteristic crack parameters a  and c  (only these both are normally
sed to characterise the crack) are kept constant and the crack
ront has almost the same curvature in point A. Here the SIF
nd Y, respectively, decline with decreasing χ. In point C the
nfluence of χ  is very strong compared with point A. The mag-
itude of this effect has to be observed skeptically. For instance,
he J-Integral evaluation is valid for such a vertex point with
n acute angle if there is no material perpendicular to the crack
ront. This will not be discussed in detail here.

In the case of a/c=1 (Fig. 7a), the value for Y (χ  =  90◦) differs
rom Y (χ  =  70◦) in point A by about 10%, which is a notice-
ble effect and has also a direct impact on fracture toughness
easurements. For a/c  = 0.4 (see Fig. 7b), this influence is sig-

ificantly lower with deviations of about 1.5% than for narrow
rack (the same trend can be found in the uncertainty analysis
n 17).

. Data  fitting  and  discussion

To determine a generalized solution for Y  =
(a/c, a/t,  c/b,  φ,  ν,  χ) all its six parameters
ave to be regarded. Additionally, a fitting function derived
rom the data interpolation has to be accurate and easy to
andle at the same time. NR fitted their results by a mainly
ngineering ansatz function and an empirical approach and the
tting formula is “easy to apply in practice”. To begin with, the
RF is analyzed in terms of accuracy and expandability for the
ew parameters ν  and χ.

.1. Comparison  of  the  results  with  the  NRF

NR claim that their provided fitting function has a maximum
rror of ±5% 5 according to their FE results and their indicated
tting error always is related to the maximum along the crack
ront. In addition they specified their FE accuracy with ±3%
ompared to the analytical solution in terms of a completely
mbedded circular crack.6,7 Because they used a relative coarse
esh, especially along the crack front, some detail got lost near

he free surface. Due to this point and considering the error by

ata fitting – it is clear why their solution deviates from the
esults in this work. The maximum fitting error with respect
o the current position along the crack front probably increases
p to 10%. By adding other terms to fit two more parameters
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Fig. 4. Our FE results (lines) compared with the NRF (points) in the case of a semi-circular crack (a/c=1) along the crack front. Parameter in the curves is the relative
crack depth a/t. (a) ν = 0.3 and (b) ν = 0.
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Fig. 5. Our FE results (lines) compared with the NRF (points) in the case of a shallow semi-elliptical crack (a/c = 0.4) along the crack front. Parameter in the curves
is the relative crack depth a/t. (a) ν = 0.3 and (b) ν = 0.
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ig. 6. Influence on Y of the Poisson’s ratio ν plotted as parameter against φ (a/t =
rom ν. (a) a/c = 1 and (b) a/c = 0.4.

ould further increase the error and let the dimension of the
tting function blow up.

To determine the accuracy of the given NRF two examples

or bending with ν  = 0.3, c/b  = 0.1 and χ  = 90◦ are illustrated
n Fig. 8. The NR solution within the intersecting parame-
er intervals fits the actual FE results quite good in point A

2
A
a

he lines represent the actual FE study; the solution of NR (points) is independent

deviation maximum: 7.7%, average: 1.5%) and in point C
deviation maximum: 8.2%, average: 2.4%). But between those
oints, the maximum deviation rises up to about 13% (mean:

.6%) – this worst (and relevant) case is given in Fig. 8a.
ssuming other relative crack depths (see Fig. 8b) the general

greement is better, but the deviation is also for point A about
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Fig. 7. Influence of the crack-surface interaction angle χ plotted as parame

0% (a/c  = 1.2 and φ  = 0◦). For tension the deviations are about
he half of the bending case.

Because of these differences in Y, a new fitting function
as created instead of additional (correction) term for NRF for

 /=  0.3 and χ  /=  90◦.

.2. Practical  aspects  in  terms  of  fracture  toughness
valuation  with  the  SCF-method

The surface crack in flexure (SCF) method is frequently used
o determine the fracture toughness of ceramics.5,24,25 A Knoop
ardness indent is made on the tensile loaded side of a rectan-
ular bending bar. The indent causes some plastic deformation
round the intended zone, which also causes unknown inter-
al stresses. They are relaxed by removing the plastic deformed
aterial by grinding-off the surface layer of the specimen’s sur-

ace which contains the plastically deformed zone. Thus, a crack
ith the shape of an ellipse section is introduced in the sur-

ace (Fig. 2). Size and geometry of the surface crack has to
e determined by fractographic means (which may need some

ractographic experience).

A representative example of a crack after grinding – used for
he SCF-method – is illustrated in Fig. 9 for a silicon carbide
eramic. The crack is made visible using fluorescent penetration

k
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he crack shape a/c. a) a/t=0 and b) a/t=0.5.
ainst φ with a/t = 0 and ν = 0. Subfigure (a) shows a/c = 1 and (b) a/c = 0.4.

ye. All needed parameters (a,  c and χ) can easily be determined
ith a commercial light microscope. Note that – in the actual

ase – the crack surface interaction angle χ  is about 70◦.
All assumed parameter intervals for this analysis (see Table 1)

re realistic in terms of the practical feasibility of the SCF-
ethod. The limits of the crack geometry parameter are mainly

esignated through a qualified indentation load (i.e. HK10) and
oncerning commercial structural ceramics.

The intersection angle χ  was chosen as an input parameter
instead of the grinding depth �t) because it is much easier to
etermine than �t. Concerning that the SCF-method will be an
mportant application area of the SIF of such type of surface
racks the approaches for fitting are focusing on pure bending
s the main loading case.

.3.  Simplified  approach  for  data  fitting

In general, the stress singularity at the free surface (at point C)
s not proportional to r−1/2 (with r as the distance from the crack
ip) according to Fett,18 Hutar 26–28 and deMatos.21 Strictly spo-

en, the K-concept is therefore not valid at point C and it can only
e used as a rough approximation at the vertex point. This is even
ore important including the effect of the Poisson’s ratio and

he results also depend on the crack-surface intersection angle χ.
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The value of the geometric function YA in the case of bend-
ng can be approximated by the fitting function in Eq. (4). The
aximum fitting error is less than 2.7% and the average fitting

rror is about 0.4% (standard deviation: 0.3%). The geometric
actor is:
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Additional terms to approximate the geometric factor along
he whole crack front are given in Appendix A. The solution for
he case of pure tension is treated in Appendix B.

To quantify the importance of consideration of the new
arameters, the NRF (ν  = 0.3 and χ  = 90◦) and the new fit accord-
ng to Eq. (4) is compared with the results of the actual FE
tudy (interpolation) within the parameter range (0 ≤  ν  ≤  0.4 and
0◦ ≤  χ  = 90◦) in the case of pure bending, see Table 2. For all
ther parameters the intersecting intervals have been chosen.

At this point it should clearly be said that the NRF was made
or χ  = 90◦ and ν  = 0.3. But even for ν = 0.3 and χ  = 90◦ the devi-
tion rises up to 11% for both points A and C. In the worst case
he deviations are about 50% which occur at ν  = 0 and χ = 70◦

n both points. These extremely high deviations regarding the
ctual FE results are minor relevant for the SCF-method because
hey occur in point A only for almost semi-circular cracks for
hich YA is the minimum along the whole crack front.
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Table 2
Maximum fitting error of the NRF and the fit according to Eq. (4) regarding the FE results (interpolation).

Point A Point C Complete crack front

max. mean max. mean max. mean

NRF
70◦ ≤ χ ≤ 90◦ 0 ≤ ν ≤ 0.4 47.8% 7.7% 50.5% 14.8% 50.5% 5.0%
70◦ ≤ χ ≤ 90◦ ν = 0.3 39.5% 5.4% 41.2% 15.8% 41.2% 4.4%
χ = 90◦ 0 ≤ ν ≤ 0.4 18.9% 4.2% 11.7% 4.4% 20.7% 4.0%
χ = 90◦ ν = 0.3 11.4% 1.6% 10.9% 2.8% 13.8% 2.7%

Actual fit Eq. (4)
70◦ ≤ χ ≤ 90◦ 0 ≤ ν ≤ 0.4 2.7% 0.4% 38.6% 11.1% 38.6% 4.0%

◦ ◦
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The actual formula, given in Eq. (4), has a good agreement
max. 2.7% and 0.4% averaged) in point A in the complete field
f the parameters which was the main purpose of this fit. With
he assumption of χ  = 90◦ the geometric factor can be calculated
ith a maximum deviation of 6.9% (mean: 1%) that is a tolerable
tting error. It is about the half compared to the NRF.

Considering Table 2 makes obvious that the new fitting func-
ion provides in every case a higher accuracy than the NRF even
ur equation is of similar length.

.4. Evaluation  of  the  minimum  grinding  depth

To get a valid KIc value also the ASTM standard for the SCF-
ethod 24 instructs to use shallow crack shapes with YA>  YC, i.e.

he maximum of Y  should be positioned at point A. In practice,
he easiest way to realize this, is to increase the grinding depth
t. But where is the critical grinding depth? It is not satisfying

nd a waste of time to see after testing and data evaluation that
his sample has to be rejected. So what do one know about the
pecimen after indentation (before grinding): the original crack
idth 2c0 at the surface, the original thickness t0 of the bar and

n idea of the original crack shape a0/c0 (maybe approximated
ith a0/c0 =  1, from literature or determined in a pretest for the
iven material).
As can be seen from the results, YA as well as the maximum
long the crack front YMax depend on the χ  and �. The Poisson’s
atio is given for a specific material and χ  is predetermined by the
rinding depth, if you do serial sectioning to find the equilibrium p
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epth, since YA=YMax. With this in mind one can calculate the
ritical grinding depth �t  related to c0 with the FE results under
ension and bending, that is illustrated in Fig. 10.

For ease of use, the relative grinding depth �t/c0 can be
pproximated for bending Eq. (9) and tension Eq. (10). The
aximum fitting error for both solutions is less than 1.35% of

0. This approximation takes also the Poisson’s ratio as well
s the initial crack shapes in the range 0.8 ≤  a0/c0 ≤  1.2 into
ccount:
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To illustrate the significance of these findings a short exam-
le is presented. As material with a very low Poisson’s ratio a
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ommercial silicon carbide was chosen with ν  =  0.16. A stan-
ard 4-point bending beam (3 × 4 × 50 mm3) was produced to
arry out a fracture toughness test with the SCF-method with an
ndenter load of 4 kg (Knoop). After indentation, a surface layer
f about 75 �m was removed (60 �m are suggested by Eq. (9)
or a0/c0 =  1) to initiate the fracture at the deepest point of the
rack. The specimen used for testing had the following geome-
ry: t  =  2.853 mm, b  =  2.001 mm, a  =  57 μm, c  =  91 μm and

 =  65◦. For this specimen the NRF results in geometric factors
f YA =  0.808 and YC =  0.716. The actual interpolation function
rovides the values YA =  0.737 and YC =  0.526, respectively. In
oth cases point A has the highest value of Y  along the whole
rack front; however, the results of the formulas differ signifi-
antly. Considering the influence of the Poisson’s ratio and the
rack-surface intersection angle allows a difference of YA of
bout 8.8% to be obtained. Furthermore, the supported fitting
ormula provides in point A YA =  0.730 instead of 0.737 which
ncompasses a fitting error of about 1%.

. Concluding  remarks

The geometry factor Y  was calculated within a practical range
f crack and specimen geometries by FEA. These results are
ompared with the Newman and Raju formula.

The developed interpolation function of the new results takes
lso the Poisson’s ratio and the crack-surface interaction angle
nto account, which has a significant influence on the geometric
actor. If the crack aspect ratio a/c is low enough, the deepest
oint of the crack gets critical; this is a well-defined situation in
racture mechanics. Hence, fitting functions for the geometric
actor Y  in tension and bending have been developed for this
pecific case considering the new parameters.
The influence of the surface-crack interaction angle on YA is
igh for almost semi-circular cracks but decrease with decreas-
ng crack shape ratios a/c.
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The implications for fracture toughness measurements using
CF-methods are discussed. The above argument indicates to
im shallow cracks for fracture toughness measurement with the
CF-method. Also the critical grinding depth Δt  was calculated

o guarantee that YA becomes the maximum. An approximate
ormula for the grinding depth is given regarding pre-known
uantities. This simplifies, among other things, the practical
sage of the standardized SCF-method for a (scientific) deter-
ination of the fracture toughness.
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ppendix  A.  Fit  function  for  Y along  the  crack  front
nder bending  load

The results of the FEM-calculations for Y  along the complete
rack front in the case of bending can be approximated by Eq.
A.1) with a maximum fitting error of 6.7% and an average fitting
rror of 0.9% (standard deviation: 1%). The only restriction for
his fit along the crack front is χ=90◦. Note that fφ reduces to 1
n the case φ=0◦ (i.e. in point A).(a
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21. de Matos PFP, Nowell D. The influence of the Poisson’s ratio and corner
point singularities in three-dimensional plasticity-induced fatigue crack clo-
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ppendix  B.  Fit  function  for  Y  along  the  crack  front  in
ure tension

The numerical values of the geometric factor Y  in the case
f tension can be approximated by Eq. (B.1). This equation fits
he FE results within a maximum error of 1% (average: 0.21%)
or point A. Along the whole crack front – with the restriction
=90◦– the maximum fitting error is 2.6% (average: 0.36%).
ote that fφ,T reduces to 1 in the case φ=0◦ (i.e. in point A).(a
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