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DETERMINATION OF DYNAMIC CRACK INITIATION TOUGHNESS
BY THE INSTRUMENTED PRECRACKED CHARPY TEST

H. BLUMENAUER AND R. ORTMANN™

The application of the precracked instru-
mented Charpy test for the determination
of the dynamic R-curve and the fracture
initiation toughness Jdi in the upper
shelf region of structural steels was
studied. Different methods of the multiple
specimen technique were compared with
stretch zone measurements and a proposal
was made to define dynamic fracture initi-
ation toughness as a technical value Jd0.1‘

INTRODUCTION

Fracture of ductile materials or during loading in the
upper shelf region of ferritic steels is initiated by
crack tip blunting with subsequent gstable crack growth.
In this case the application of the elastic-plastic
R-curve methodology is required and the initiation
toughness values Ji or 6& are determined as charac-
teristic fracture parameters. For static loading,
these parameters can be found by
(a) plotting an R-curve (in terms of J or &, respec-
tively) by a multiple or single specimen method,
and definition of the crack initiation toughness
parameter close to the physical crack initiation

= VNagdeburg University of Technology, G.D.Re.

441



FRACTURE CONTROL OF ENGINEERING STRUCTURES — ECF 6

point.

(b) direct monitoring of crack initiation during load-
ing by a highly sensitive detection method (poten-
tial drop, acoustic emission).

More difficult, however, is the determination of crack
initiation toughness for impact loading. The most com-
mon test technique to estimate dynamic fracture tough-
ness parameters is the instrumented precracked Charpy
(IPC) test (1 - 4). Presently, this test is preferably
used to determine KId_ or Kdeff-values according to
the LEFM-concept (5, 6), although there are some dif-
ficulties both in analytical and experimental aspects.

In connection with the application of high-tough-
ness steels (for instance for high pressure vessels)
it is necessary to expand this test technique in the
upper shelf region, this means the determination of
elastic-plastic fracture toughness parameters, espe-
cially the dynamric R-curve and crack initiation tough-
ness Jdi (Table 1). Following methods are under dis-
cussion:

- multiple specimen methods (stop block (7) or low
blow (8, 9))

- single specimen methods (side-grooved specimen (10),
key-curve (11), potential drop (12), optical COD
measuring (13))

- stretch zone measurement (14).

The objective of this paper is to compare different
methods and work out a technical designation for the
determination of dynamic crack initiation toughness

Jdi.
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TEST PROCEDURE

The tests were carried out on three microalloyed mild
steels (Table 2) using Charpy specimens, prefatigued
to an a/W-ratio of 0.5. The fatigue cracks were pro-
duced by an apparatus working as a mechanical oscil-
lator (15). The resonance vibration period is influ-
enced by the compliance of the specimen. Since the
period can be measured with a high accuracy, small
variations in crack length are detectable. In this way,
it is also possible to produce fatigue cracks with a
sharp crack tip and small plastic zones. It could be
shown, that for a plastic zone radius between 45 and
365/um no significant influence on the dynamic R-curve
exists (16).

For impact testing an instrumented pendulum was
used, equipped with a strain gauge on the tup, and an
optical deflection measuring system. The load versus
time or deflection signals were stored by an oscillo-
scope. By using different drop heights or mass pieces
the pendulum energy could be varied, and thus dif-
ferent amounts of crack tip blunting and stable crack
growth were produced on each specimen (low blow meth-
od). A special stop block device was used to limit
specimen deflection.

From the load-deflection records the J-integral was
calculated by

5 - 2 Ai 1)
= J0(10-a)
Ay = integrated area
a = notch (2 mm) plus fatigue crack length

Because the low blow method consumes the stored poten-
tial energy of the pendulum for crack initiation and
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limited stable crack growth, a good agreement between
the values Ai by integrating the load-deflection curve
and by dial reading was reached., This offers a simple
way of determing a dynamic blunting line and R-curve
without an instrumented pendulum.

All tests were performed at room temperature.
After impact loading the unbroken specimens were
marked by heat tinting and finally broken into liquid
nitrogen. Then the fracture surfaces were examined by
a scanning microscope to estimate the stretch zone
width. The maximum stretch zone width (SZW)c was de-
fined as the SZW above which stable crack growth
occurs. The stable crack growth was evaluated by mea-
suring the fracture surfaces at 9 equally spaced
points along the crack front.

TEST RESULTS

The dynamic R-curve for steel A is shown in Figure 1.

It can be seen that the results from different methods
are within one scatterband. The experimental blunting

line rising factor

p = J/G’fld e Na (2)
R
0r1q = %Red“ + R—:;) (3)

is 3.3 to 4.4 (Table 3).

The R-curves (power law fit) of the 3 steels tested
are given in Figure 2. Following possibilities to
determine a Jdi-value were examined (Table 3):

- intersection between R-curve (straigbt line fit)
and blunting line (I)
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- point on the R-curve (power law fit) for Aa =
0.1 mm (IT)

- point on the R-curve corresponding to (SZW)c (I11).

Since the Jdi-values from SZ measurement correspond to
physical crack initiation, a technical dynamic initia-
tion toughness JdO.1 can be proposed as the point on
the R-curve for Aa = 0.1 mm,

The examination of the influence of the specimen geome-
try was performed with varied specimen width and
thickness from 7.5, 10 and 15 mm. A significant dif-
ference in the Jdi-values was not provable, By side-
grooving up to 32 % the R-curves tend to be flatter
because of the change of constraint, but the influence
on initiation toughness is very small.

However, it seems to be necessary to make a restric-
tion in stable crack growth to Aa < 0.1 (W-2a) =

0.5 mm avoiding a violation of the conditions for J-
controlled crack growth in the IPC test. Investiga-
tions for the application of the key-curve or other
single specimen methods have not been finished.

SYMBOLS USED

Ai = energy for stable crack growth initiation

a = crack length

CVN = Charpy-V-notch toughness

J = J-integral

Jdi = dynamic J-integral for physical crack
initiation

J30.1 = dynamic J-integral for Aa = 0.1 mm
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= upper yield strength
= dynamic yield gtrength
- tensile strength

stretch zone width

(SZW)C= critical stretch zone width

= specimen width

blunting line rising factor

- rate of stable crack growth

Grfld = dynamic flow stress

(1)

(2)

(3)

(4)
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TABLE 2 - Chemical composition and mechanical

properties of the steels tested

o
steel C Mn ReH R, CVN(+20°C)
in % in MPa in Jcm'2
A 0.09 1.54 0.02 Nb 384 504 221
B 0.16 1.36 0.04 Al 354 531 105
C 0.12 1.58 0.13 V 502 616 96
0.62 Ni
TABLE 3 - Test Results
J.. in Nmm™
di
determined by method p (SZW)c
steel I 1T IIT in/um
A 220 205 165 4.4 73
B 210 200 165 4.4 70
c 295 165 160 3 3 96
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700

Nmm steel A ——
stee/ B ———-

dynamic J - integral

O physical initiation point

J T! b 02 03 mm 05
( ‘ stable crack growth oa
(SZW):BA C

Figure 2 Dynamic R-curves of tested steels
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