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Concerning new challenges in structural integrity assessment, the
identification of relaxation and service life extension of structural steels by
qualitative and quantitative determination of dynamic fracture mechanics
parameters is highly significant. Problems in experimental research are in
connection with precise determination of resistance to fracture in
conditions of dynamic loading of structures, where standard procedures in
the case of precracked Charpy specimens are yet to be defined.

Instrumented Charpy testing is performed by magnetic emission (ME)
technique for determining critical crack initiation properties in a steel of
dominant ductile properties. The equivalent brittle, ductile, and mixed
fracture behaviour is simulated by the choice of test temperature and
impact velocity. Analysis of acquired ME and integrated ME signals, both
employed in deriving the critical J integral, has been successful in

interpreting the results for unstable or stable crack propagation.
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1.INTRODUCTION

Steel structures made of structural low-alloyed steel
usually undergo cleavage fracture when ambient tem-
peratures fall below nil ductility temperature. Certain
microalloyed steel compositions may prevent this, par-
ticularly if they retain high ductility at lower tempera-
tures. The dynamic mode of loading is more critical for
a structure than the static, and determination of dynamic
fracture mechanics properties of structural steels is
necessary. Various types of fracture are evident from
force-time records of instrumented impact tests. A high
strength low alloyed steel (HSLA) is tested by applying
dynamic loads at very—low, low, and room temperatures
so that all three regions of characteristic temperature
behaviour are included (ductile, mixed, and brittle). The
nil ductility temperature range for most HSLA steels is
between —50°C and —70°C. Impact rates are defined by
choosing potential energy levels of 300J and 62,5,
enabling impact loading rates v, = 5,5 and 2,6 m/s, in
respect. The fatigue cracks produced on standard Char-
py specimens that also influence the fracture toughness
are inside the range: a/W = 0,47...0,57, enabling the
assessment of dynamic fracture mechanics parameters.

One of the most widely used techniques for this
purpose is the instrumented impact test. In this case the
instrumentation consists of magnetic emission (ME)
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technique (Winkler, 1988; Winkler 1990; Lenkey and
Winkler, 1997; Lenkey 1997). This technique is used to
determine crack initiation and propagation in brittle and
ductile steels under dynamic loading.

Unstable crack initiation, usually evident in brittle
fracture, is directly indicated by the ME signal. Stable
crack initiation, in case of ductile or mixed mode frac-
ture, is usually difficult to identify from the ME signal,
so instead, it may be depicted from the characteristic
change in the integrated ME signal (sometimes desig-
nated by MF, as it is proportional to the magnetic field).
The ME signal is integrated in the time domain and
early results have been compared to conventional R—
curve and stretch zone assessment methods (Lenkey and
Winkler, 1997).

The most useful specific parameter in calculating the
critical data is the crack initiation time, ¢,. Failure in the
case of ductile material behaviour may be expressed by
both stable and unstable crack propagation. This paper
shows examples of numerous tests carried out on the
same material, showing varying indications of crack
initiation time, or time-to-fracture (z7), intentionally
caused by directing the material behaviour from brittle
to ductile and vice versa, all in the scope of searching
for objectives based on this experience.

2. THEORETICAL FRAMEWORK

In general, ferritic steels have the characteristic
fracture toughness change with temperature as depicted
in Fig. 1 (Rintamaa, 1996; Lenkey, 1997).

The lower shelf region (I) is characterised by cleav-
age fracture, while the upper shelf region (III) by ductile
dimple fracture mechanism. Region (II) is a mixed
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mode fracture, where both cleavage and ductile
fracturing mechanisms may occur. The lack of dynamic
testing standards for pre-cracked Charpy specimens has
demanded the use of standard linear elastic fracture me-
chanics quasi-static tests (ASTM E 399), or elastic-
plastic fracture mechanics tests (ASTM E 813), in-
tended for determining the critical stress intensity factor,
K., and the J integral, respectively.

Depending on the fracture behaviour of the speci-
men, different load—time responses are observed, Fig. 2.
The initial oscillations in the loading signal, at the start
of impact, originate from mechanical oscillations in the
specimen—striker system. If these oscillations should fall
substantially to the value of the characteristic load used
in calculations, the loading process may be treated as
quasi-static. This condition is formulated according to
“3t7criterion (Kalthoff, 1985), which states that at least
3 oscillations must precede the fracture of specimen. If
this criterion is fulfilled, the derived expressions for
static fracture mechanics testing conditions may be
applied for determining dynamic fracture mechanics pa-
rameters, according to original ASTM standards (ASTM
E-399; ASTM E 813-89) , and their newer combinations
(ASTM E 1152; ASTM E 1737; ASTM E 1820-01).

In case of linear elastic behaviour (the curve to point
B in Fig. 2, and also regions I and II in Fig. 1), the
dynamic fracture toughness, K;;, may be determined in a
similar way as in static tests, but under the condition
that the “3t”criterion is fulfilled. The parameter is calcu-
lated from eqn. (1), where the characteristic load is the
force at the moment of unstable crack initiation, F (e.g.
at instances B, C, and D on Fig. 2), and for geometry
conditions, L/W =4,

__Ah (a_)
Kq BW1/2Y W (1)

where: L (mm)-anvil span; F; (N)—force at the onset of
unstable crack initiation (only for case B in Fig. 2);
B (mm)-specimen thickness; W (mm)-specimen width;
a, (mm)—initial crack length; Y(a,/WW)—geometry constant.
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Figure 1. The ductile-brittle fracture toughness transition
curve with ranges of application: I-impact response curves
(Kalthoff, 1985); II-ASTM/EPRI procedure, (Ireland, 1980;
Server et al., 1975); and Ill with newer methods as dynamic
R-curve or the ductile crack initiation detection.
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Figure 2. Typical load-time diagram from dynamic instru-
mented testing.

When conditions for the “3t”criterion are not ful-
filled, the impact response curve concept may be ap-
plied for determining K;; (Kalthoff, 1985). This proce-
dure does not require load instrumentation, but only instru-
mentation necessary for measuring time—to—fracture,
(Kalthoff, Winkler, 1983). A few methods satisty this
requirement, e.g. specimens instrumented with strain
gauges, or, by magnetic emission technique. Measured
time—to—fracture, ¢, enables determination of fracture
toughness according to the relationship

Ky = Rv,t" )

where: v,—impact speed; " = f¢'), ¢ = g(f)-modified time
parameters, t—measured physical time, f and g—func-
tions account for  dynamic corrections and
variations of crack length, respectively; R =
301k GN/m>* with the first-order correction factor
k=1,276/(1+0,276C,,/8,1x10° m/N) (Kalthoff, 1985).
Accounting for test device stiffness and machine
compliance, Cy,; = 2,335%107® m/N, the correction factor
1s calculated, £ =0,711.

In case of linear elastic—plastic behaviour with consid-
erable plastic deformation, and possibility of stable crack
growth preceding unstable growth (position C in Fig. 2
and region II in Fig. 1), the J integral value for unstable
crack initiation represents the material fracture resis-
tance characteristic. According to the original ASTM Stan-
dard E 813-89 (1996), this parameter may be evaluated
from the load—displacement curve in the following way

Jig =Jer +Jpi (3)

where J,; and J,,; are the elastic and plastic component of
J, in respect, and are evaluated from

sz 1- V2
el = - (E ) (for plane strain) 4)

and

20,

Jpi =m (5)

where: U,—plastic work, evaluated from the surface area
under the load—displacement curve, up to the onset of
unstable fracture, or to the unloading point. In the upper
relation, K, 1s the critical dynamic stress intensity fac-
tor at unstable crack initiation, due to critical load, Fj,
and may be evaluated according to eqn. (1).
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The load—displacement curve is determined by inte-
grating twice the load—time curve. Striker speed changes
according to

t
v(t):vo—i [ F(t)dt (6)
M =0

where: m (kg), is the striker mass; v, (m/s)-impact speed;
F(t) (N)—function of load vs. time.
The displacement—time function is calculated from

t
s(t)= [ v(t)dt (7)
t=0

The third special case occurs at completely stable
crack growth, or when crack development is mostly
stable (shown by examples of behaviour E and D,
respectively, on the load—time diagram, Fig. 2, and by
region Ill-ductile type behaviour, Fig.1). In this
particular case, material behaviour can be characterised
by the critical J integral value at the onset of ductile
crack initiation, usually interpreted in two different
ways: by critical J integral at initiation of crack growth;
or from the J integral value at stable crack extension,
Aa = 0,2 mm, derived by the dynamic resistance curve,
or R-curve method.

3. MATERIAL AND EXPERIMENTS

The tested material 1s a high strength steel in nor-
malised condition, treated by mechanical hot controlled
rolling and rapidly cooled, produced by US Steel Serbia,
Smederevo, 1995. It is delivered in the shape of 12 mm
thick plates, contains 0,075% C, and is microalloyed
with Nb and Ti. Yield strength is 0, = 411 MPa. The
tested steel is very ductile at low temperatures, with a
temperature transition region from —40°C to —60°C.

Charpy V specimens were cut, with notch radius » =
0,25...0,3 mm. The specimen geometry and sizes are
shown altogether with two selected orientations, a total
of 78 specimens of the L-S, and 63 specimens of the T—
S orientation were tested (see Figs. 3 and 4).

[

'
]
..‘_Lu;r_y.l 2 mm 10 mm - 025 mm &
] %-_—El}/ _..1x_.
M EEme _‘.I 1I.'.I'r;|-|m A‘E'A
Bmm R

centre of

ae = 2

siriking — 0.95 mm R

edae \\ 11'. m:m Epecinen aF = o
i i

) siribke
c SPCCIMCT M
| i . ¥ :
A ,EE‘_ ~ ‘,l B anvil —7 specimen
centne + L i
strikie B = & el Stppant
40 mm anvil

Figure 3. Standard Charpy V-notch specimens and the
striker-anvil arrangement (according to ASTM E-399).

All specimens were pre-cracked by high cycle fatigue
according to a previously generated fatigue programme
that ensured no visible plastic strains around the crack

FME Transaction

tip and length/width ratios within limits a/W = 0,35...0,65.
These values are equally distributed around the standard
fracture mechanics value of 0,5. Specimens are divided
into three groups: A (long pre-cracks, a/W = 0,55...0,65);
B (intermediate, a/W = 0,45...0,55); and C (shorter pre-
cracks, a/W=0,35...0,45), (Radakovi¢, 2004).
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Figure 4. Notched specimen orientation in plated material.

3.1. Temperature and impact speed effects

Test conditions with varying temperature and impact
speed dictate the behaviour of ductile steel as such that
these parameters may often have an opposite effect.
Figure 5 shows that the yield stress in dynamic tests
may also decrease with the rise in strain rate (Lenkey,
2003). It i1s obvious that brittle material behaviour
appears at conditions of higher loading rates and/or
lower temperatures.

brittle fracture ductile fracture

fracture

/" stress

Stress
/

yield

/ stress

AN plastic deformation
prior to fracture

Temperature ———»
-~+——— [oading rate

Figure 5. Effect of loading rate and temperature on the
material behaviour in the impact test, (Lenkey, 2003).

Three characteristic temperatures are chosen for
testing (—70°C, —30°C, and +20°C), since it is known
that the HSLA steel is brittle at —70°C, and very ductile
at +20°C, while at —30°C it has a mixed fracture behav-
iour, 1.e. mixed ductile-brittle fracture mode in the tran-
sition region. The choice of temperatures enabled the
requirement for at least three or more procedures in
assessing the behaviour of the material, as if three
materials with different modes fracture were tested
instead of one.

The temperature influence on the energy for fracture
in ferritic steels is closely connected to the acting micro-
scopic mechanism of fracture: cleavage at lower— and
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void coalescence at higher temperatures. The occur-
rence of cleavage and brittle behaviour in ferritic steels
are closely connected (particularly in low strength
steels), thus terms “cleavage” and “brittleness” have
been frequently used as synonyms in literature. This is
erroneous in the general case, because brittleness is
defined at low energy levels of fracture, or by limited
plasticity at the crack tip, while cleavage is used to
describe the micro-mechanism for fracture. The
confusion appears in many instances, since brittle
behaviour may manifest without cleavage, as is the case
of fracture in high strength aluminium alloys. In
contrast, elongation of 4% (corresponding to mean
absorption energy) can appear in specimens of W—Re
alloys, which still fracture by cleavage. It is known that
there is not always a direct connection between the
given fracturing mechanism and the energy value for
fracture, so these terms should be treated separately.

3.2. Charpy instrumentation

Recording of the load signals as a function of real
time in the process of fracture is possible with the in-
strumented Charpy machine. The data acquisitioning
and storing system forms the additional instrumentation
in the magnetic emission system. The instrumentation
scheme is shown in Fig. 6.

Loads (forces) are measured by strain gauges, glued
on both sides of the striker (position 3, Fig. 6). The
magnetic and electric emission probes (5) are located
inside the striker box profile. The optical triggering
device (6) activates the data acquisitioning system. Two
optical signals are released at a time interval measured
by the digital clock, and the true impact speed is calcu-
lated. The digital four-channel PC compatible oscillo-
scope (10) has a T-trigger and 200 Hz frequency capac-
ity, making it possible to record up to 100 MS/s.

All recorded data are processed by spreadsheet analy-
sis consisting of algorithms specifically incorporated for
this matter (Radakovi¢, 2004).
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Figure 6. Charpy instrumentation scheme and data acqui-
sitioning system. 1-angle measurement; 2-pendulum controls;
3-tup; 4-strain gauge; 5-magnetic probe; 6-trigger device;
7-triggering flags; 8-power supply and amplifiers; 9-LED
clock; 10-oscilloscope; 11-PC; 12-GPIB interface; 13-printer

4. RESAULTS AND DISCUSION

An example of a force—time—magnetic emission (F—
t—ME) and of a force—time—integrated magnetic emis-
sion (F-t-MF) diagram are shown in Figs. 7a, b for a
single specimen tested at —70° with impact speed v, =
5,5 m/s, and in Figs. 8a, b for a single specimen tested at
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+20°C and v, = 2,59 m/s. Both specimens are produced
with similar pre-crack lengths of a,= 4,27 mm and
4,44 mm, respectively.

The difference in the MF curves of the two tested
specimens is noticeable. The MF curve of the second
specimen, in Fig. 8b, spreads in a much wider time
interval which results in longer time-to-fracture, #z.
Actually, this quantity is = 90 us and 160 us, for the
shown specimens U019 and U087, respectively. A later
onset of ductile crack initiation is indicated in the latter
specimen. This is an example of stable crack propaga-
tion initiating at 0.767 ms (Fig. 8b), while the case of
brittle fracture is evident in the former specimen, where
unstable crack propagation initiates at 0,364 ms (Fig. 7b).

As a rule, the F—+MF diagram analyses require
good knowledge of the studied magnetic phenomena in
the ferro-magnetic material, whereas this might impli-
cate complex fracture behaviour, sometimes changing
from stable to unstable, and vice versa. Most often,
analysis is required for both diagrams F—-ME and F——
MF, and for the force—time diagrams (F—¢) as well.

L

--------- 03

- 0.2

- 0.1

ME, V

FORCE F, kN

TIME t, ms

Figure 7a. Force-time-ME diagram, specimen U019 (E, =
300 J, T=-70°C, and pre-crack a, = 4,27 mm).
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Figure 7b. Force-time—-MF diagram (specimen U019).
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Figure 8a. Force—-time-ME diagram, specimen U087 (E,=
62 J; T=+20°C; a, = 4,44 mm).
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Figure 8b. Force-time—-MF diagram (specimen U087).

The analysis of several hundred diagrams of the 141
tested specimens has led to some of the results shown in
Figs. 9-12 that represent diagrams of characteristic dy-
namic fracture mechanics parameters: critical dynamic J
integral evaluated from ME measurements (J,,,"); dyna-
mic fracture toughness for mode I (crack opening type)
fracture (K;;). This parameter is evaluated according to
the response curve method (for low and intermediate
temperatures). Parameter K); is the critical stress inten-
sity factor evaluated from the critical dynamic J..¢ inte-
gral, according to ME measurements. The parameter K.
is the critical stress intensity factor derived from both
elastic-plastic fracture mechanics analysis (Tada, Paris,
Irwin, 1973) and ASTM/EPRI procedures.

The J integral parameters are shown as a function of
initial pre-crack length, a,, and specimen orientation.
The fracture toughness, or critical stress intensity factor
parameters are shown as a function of temperature, 7,
for both of the tested specimen orientations.

Figure 9 shows a mild indicated drop in the dynamic
J integral with respect to pre-crack length, Jo—a,, for
specimen orientations L—-S and T-S (designated by U

FME Transaction

and P). The curves for the two specimen orientations are
very close and equidistant, with expected lower J inte-
gral values for the T—S orientation.
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Figure 9. J integral vs. pre-crack length for specimen orien-
tations Uand P, (v, =5,5 m/s, E,=300J, T=-70°C).

Figure 10 shows results of the S —a, dependence
for both specimen orientations, where the testing condi-
tions are totally different from those shown in Fig. 9.
Compared to the prior case, the J integral value is lesser
sensitive to pre-crack length because of lower impact
speed, and the effect of specimen orientation is such that
the curves U and P intersect, indicating very little or no
influence of the texture orientation for longer pre-crack
lengths.
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100

50
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Figure 10. J.,"-a, dependence for specimen orientations U
and P, (v, =2,59 m/s, E, =62 J, T=+20°C).

According to the procedures explained (see the Theo-
retical Framework), the following parameters are calcu-
lated: dynamic fracture toughness K;,, and critical stress
intensity factors K;. and Kj;, as a function of testing
temperature, 7. From figures 11 and 12 it 1s evident that
the applied temperatures of —70°C and —30°C have
enveloped the transitional region of the mixed brittle—
ductile fracture behaviour of the tested steel.

The fracture toughness dependence on the testing
temperature is shown in Figs. 11 and 12, for specimen
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orientations U and P, respectively. Fracture toughness
calculations strictly depend on the testing conditions,
and particularly on the applied temperature. The value
K, 1s the dynamic fracture toughness, determined from
linear-elastic conditions (when the 3t criterion is
fulfilled); the value Kj; is the dynamic fracture
toughness determined from the critical J integral value
according to the procedure for assessing the onset of
stable crack initiation; Kj. i1s the fracture toughness
calculated according to standard ASTM and EPRI
procedures (Electric Power Research Institute, Palo
Alto, CA, USA), or by linear-elastic analysis (Tada,
Paris, Irwin, 1973).

Methods based on linear elastic material behaviour
were applied in calculating the fracture toughness at
lower temperatures, since cleavage is the dominant frac-
ture mechanism. The applied relations of linear elastic
fracture mechanics, based on quasi-static testing condi-
tions (ASTM, EPRI, Tada et al.), give lower values for
fracture toughness compared to the values derived from
the impact response curve concept (see Fig. 11). At
intermediate testing temperatures, close to the upper
shelf fracture toughness region, the experimental proce-
dure from the applied magnetic emission technique, for
determining the onset of stable crack initiation, was
applied. The determination of the characteristic time-to-
fracture and the plastic component of absorbed energy
have enabled the evaluation of the parameters J..2 and

K. The large scattering of results is expected since
other testing parameters are varied (pre-crack length, a,,
and impact speed, v,).

Similarly to the results in Fig. 11, the fracture tough-
ness vs. testing temperature dependence for P orienta-
tion specimens is shown in Fig. 12. As in the former
case, the application of standard relations of linear-
elastic fracture mechanics for quasi-static testing condi-
tions has also resulted in lower fracture toughness
values, compared to the values obtained from the impact
response curve concept. Higher values for the dynamic
fracture toughness are obtained at lower testing tem-
peratures when determined by using the method for
detecting stable (or unstable) crack initiation (as for
ductile behaviour). Owing to this, it is assumed that
values of dynamic fracture mechanics parameters of the
tested high strength micro-alloyed steel should be
higher than values obtained from previous and numer-
ous static tests found in literature.

Analysis of the force—time, ME—-time, and MF—time
curves shows diverse fracture behaviour, from very brit-
tle to very ductile. The material fracture toughness is
largely influenced by impact speed, and in the case of
ductile behaviour, the fracturing mechanism is condi-
tioned by the strain field. The fracture toughness, as a
material property, may decrease or increase, depending
on the impact speed (Grabulov, 1995; Yoon et al.,
1999).
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Figure 11. Fracture toughness by cleavage, ductile tearing, or by mixed mode in the transition temperature region of the tested

specimens with L-S orientation (U).
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Figure 12. Fracture toughness by cleavage, ductile tearing, or by mixed mode in the transition temperature region of the tested

specimens with T-S orientation (P).
5. CONCLUSIONS

The applied magnetic emission technique was suc-
cessful in determining stable and unstable crack initia-
tion. The tested material showed high ductility behav-
iour, consistent even at lower temperatures. Brittle
behaviour at low temperatures is characterised by elastic
material properties driven by mechanism of cleavage
fracture. At room temperature conditions, the material
underwent ductile tearing by mechanism of micro-void
coalescence. It is very well known that all engineering
materials and alloys, and particularly micro-alloyed
steels contain inclusions and second-phase particles, to a
greater or lesser extent (subsequent visual and micro-
scopic examination of the fractured surfaces of many of
the tested specimens revealed a relatively high concen-
tration of inclusions). On the account of these irregulari-
ties, the material subjected to impact should experience
microvoid nucleation and growth, which may be termi-
nated at a very early stage during, e.g. tension testing
(qausi-static test), by localised internal necking of the
intervoid matrix across a sheet of microvoids (Thoma-
son, 1990). Clearer understanding of the physical mecha-
nisms of ductile fracture will be obtained from
scanning-electron microscope (SEM) studies of the
plastic flow and fracture.

Anyhow, in these situations, methods of elastic-plas-
tic fracture mechanics are applied. The region of transi-
tion temperature was characterised by mixed fracture
behaviour, both brittle and ductile. This allowed for
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application of specific methods of determining dynamic
fracture mechanics parameters, described by existing
standards (elastic-plastic fracture mechanics, ASTM/
EPRI), and also in new non-standard experimental pro-
cedures for determining these quantities (the magnetic
emission technique).

The dynamic fracture mechanics properties of the
tested material have been determined as a function of
pre-crack length and temperature. The orientation of the
texture had little influence on the critical dynamic frac-
ture mechanics parameters for longer cracks.

Successful application of the magnetic emission
technique in the instrumented Charpy testing, despite
the large number of tested specimens made of the
ferritic-pearlitic high strength micro-alloyed steel, may
still not be considered statistical, because of the large
number of factors that influence dynamic fracture. The
advantages of the magnetic emission technique have
been carefully exploited, enabling the determination of
unstable and stable fracture development. Pure magnetic
emission (ME) signal analysis proved to be sufficient
for unstable crack growth, as a characteristic of the
cleavage fracturing mechanism. In cases of ductile frac-
ture, characterised by stable crack growth, analysis of
the integrated magnetic emission signal (MF) was addi-
tionally needed, as well as the applied load (F). The
procedure for analyzing the MF signal is of newer date
and its physical interpretation is adopted as the quantity
proportional to the intensity of external magnetic field
of the tested material, in the vicinity of the developing
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crack. Three testing temperatures were chosen (—70°C,
-30°C, and +20°C).

At lower temperature (—70°C) and higher impact
speed (5,5 m/s), the result is a very slow drop in the J
integral as a function of pre-crack length, a,. The J
integral drops even slower for specimens with transver-
sal (T-S) orientation of texture. Small values for critical
dynamic J integral (Jcmd), at unstable crack initiation,
appear due to brittle fracture behaviour. At lower impact
speeds (2,59 m/s) the J integral value also drops very
slowly as a function of pre-crack length, but with a
greater difference when considering texture orientation
which is a logical result when lower impact speed is
applied, since the orientation of texture has even greater
influence at lower impact speeds. Slower rate of J inte-
gral drop for specimens of the T—S orientation confirms
lesser susceptibility of pre-crack length to this orienta-
tion of texture.

At lower temperatures just prior to dominating
transition effects (—30°C) and at higher impact speeds
(5,5 m/s), the resulting dependence should be taken with
precaution. The ductile steel shows mixed fracture be-
haviour, and thus large scattering of the results. Direct
evaluation of J,,” by magnetic emission technique is
very uncertain and so other dynamic fracture mechanics
parameters are evaluated instead (K, K,., Kj;), accord-
ing to other evaluating procedures (ASTM and EPRI, or
by impact response curve method, and from the dyna-
mic resistance curve). Higher J integral values are ob-
served for specimens of the longitudinal orientation
(L-S) at lower impact speeds (2,59 m/s), if the J value
for a/W = 0,5 1s considered as the referent.

At room temperature (+20°C) and at higher impact
speed (5,5 m/s) the drop rate of J integral vs. pre-crack
length is even more pronounced, and the curves of
texture orientation converge as a function of pre-crack
length. Texture orientation seems not to influence the
critical J value for larger crack lengths. Owing to the
upper shelf of fracture toughness, characterised by duc-
tile fracture, values for J,,? are much higher than in the
previous cases at —70°C and —30°C. In contrast to the
previous case, the J value decreases at a lower rate at
lower impact speed (2,59 m/s), whilst the curves for
both texture orientations converge. Also in this case,
longer pre-crack lengths do not influence the critical J
integral value, and the dynamic parameter J,,’ is less
susceptible to pre-crack length for specimens with trans-
versal orientation of texture (T-S).

In the region of lower testing temperatures, the frac-
ture toughness is derived from methods based on linear
elastic material behaviour. Values for fracture toughness
are smaller when derived from relations of linear elastic
fracture mechanics, based on quasi-static testing condi-
tions (ASTM, EPRI, Tada et al.), than the values result-
ing from the concept of impact response curves. At
higher testing temperature, values for J,,,* and also for
K are determined from characteristic time-to-fracture
and the plastic component of absorbed impact energy.
The applied technique has shown to be very precise for
evaluating dynamic parameters. A relatively high scatter
is expected and influenced from other testing parame-
ters (pre-crack length, a,, and impact speed, v,).
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A newer version of the older ASTM Standard E 813
and ASTM Standard E 1152 has been replaced by a
combination of the older ASTM E 399 and the newer
ASTM E 1737. These versions have been also replaced
by the most recent version ASTM E 1820-01, but still
these standards lack in a procedure that would be widely
accepted for determining dynamic fracture mechanics
parameters by testing on standard fatigue pre-cracked
Charpy specimens.

Future tests will show possibilities for applying the
ME technique in evaluating material resistance curves
on single specimens, as is already the case with other
modern techniques (e.g. the potential drop method, Gra-
bulov, 1995).
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TEXHUKA MAT'HETHE EMUCHUJE Y
INPOHEHU JTUHAMHUYKHUX ITAPAMETAPA
MEXAHMUKE JIOMA JYKTUJHOI YEJIUKA

3opan Pagakosuh

HoBu n3a30BU y TpOIEHNW WHTErpUTETa KOHCTPYK-
1Mja, YKJbydyjyhu uaeHTuuKanujy omyimrama U Mpo-
OyXKETaK PaJHOT BeKa KOHCTPYKIIMOHUX YEIUKa IyTeM
KBAJIMTATUBHOT M KBAaHTHUTATHBHOT oOjpehuBama IUHA-
MHUYKHX IapamMeTapa MEXaHHWKE JIOMa, MMajy BEIIMKH
3Hauaj. [IpobnemaTuka eKCriepUMEHTAIHUX UCTPaKUBa-
Ba y BE3U je ca Mperu3HuM opehuBameM OTIIOPHOCTH
Ha JIOM Yy YyCIIOBUMa JWHAMHUYKH omnrepeheHux KoH-
CTPYKIIHja, TC jOII YBEK HUCY Ae(UHHMCAHE CTaHIapIHE
npoueaype y ciaydajy Illapnu enpysera ca 3aMOpHOM
HPCIMHOM.

UzBeneno je mncrpymentupano Illapnu ucnurusa-
Be ynorpeboM texnuke maruetne emucuje (ME) paau
onpehuBama 0coOMHA KPUTUYHE MHUIIMjAIHje MPCIUHE
KOJ 4eNTUKa Ca U3Pa3uTHUM JYKTHIHUM CBOjCTBUMA.
EXBHBaJICHTHO KPTO, TYKTHJIHO U MEIIOBUTO MTOHAIIIAE
Joma T00HjeHO je n300pOoM TeMIlepaType HCTIMTUBAA U
Op3uHe ynapa. YCHENHO je CIpOBEIEHA aHauu3a H
onroapajyha mnrepnpetaiuja cHumbennx ME curna-
na u unrerpucannx ME curnana, koju cy ynorpeospeHu
3a M3pavyyHaBambEe KPUTHYHOT TUHAMUYKOT J MHTETpaia
y CTy4ajy HECTaOMITHOT WM CTa0MITHOT pa3Boja MPCIIHE.
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