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DYNAMIC FRACTURE TOUGHNESS DETERMINATION OF DUCTILE
STEELS BY THE INSTRUMENTZED CHARPY TiST

H. Blumenauer, R. Ortmann®

A comparison between different methods to
determine the resistance curve Jd—Aa and
the crack initiation toughness Jdi by the
instrumented Charpy test has been made. It
can be concluded, that this rapid and in-
expensive test is a suitable alternetive
to the standard practice using statically
loaded specimens, especially in quality
control, surveillance and failure analysis.

INTRODUCTION

Recently the R-curve (J-Aa) approach has been widely
used to characterize the resistance to crack initia-
tion and crack growth of ductile materials in the up-
per shelf region (1). The evaluation of a dynamic R-
curve by the instrumented precracked Charpy test (2-4)
requires the correlation bhetween Jd’ calculated from
the load-deflection diagram, and the stable crack
srowth Aa, measured on the fracture surface. To detect
the crack initiation point single or multiple speci-
mens techniques are possible. The comparison between

several proposals for determining the R-curve and
* P ; : : _
Department of iaterial Enzineering, lMagdeburg

Technical University "Otto von Guericke"/G.D.R.

625



FAILURE ANALYSIS - THEORY AND PRACTICE - ECF7

crack initiation toughness Jdi is essential for the
standardigation of this wmethod as an elastic-plastic
fracture mechanics test.

TEST REQUIREMTHTS AND MATERTALS

Tests were carried out on specimens of two HSLA-steels
in L-T- and T-L-orientation. The steel St460 was used
on two different upper shelf toucghness levels (Table 1),

TARBLE 1 - llechanical Properties (T-L-Orientation)
R R A A Kgov2 P DT X

- el m 5 i34 Id

steel ypy wpa % % Jem?2  oF  o¢ Pam’ é2
(207C) (-1007C)

St355 405 523 33 T4 150 =90 -65 32

St?6? 154 715 22 47 70 =40 =30 41

1
St4560 502 616 28 63 100 -20 -60 46

(2)

The V-notch Charpy specimens have been precracked to
an a/W-ratio =¥ 0.5; after that some specimens were
side-grooved. FPatigue precrackinzg was made according
to AST-E 399 by a resonance vibration system Dynacomp
(5) on a low stress intensity level Kemax = 14 MPam1/2,
resulting in a small plastic zone and an accurate
sharp fatigue cracik tio.

The block diagram of the computer-aided instrumented
impact tester is showa in Migure 1. Load and deflec-
tion data were stored by an Shit-transient recorder

and analyzed by a microcomputer.

Two methods, both with reduced impact velocity,
have been used for determining different stable crack

extension Aa:
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1. Low blow by variation of the drop angles
(pendulum velocity vy = 0.1.001 ms—1)

2. Stop block (vO = 2 ms'1) using a special device
(Fizure 2)

Tests were performed in the blunting region (pendu-
lum stopped in the deflection range from general yield
to crack initiation) and up to different amounts of
stable crack growth. Specimens were heated for colour
tinting and finally broken at liquid nitrogen tempera-
ture, The fatigue crack length a, and the stable crack
growth Aa were estimated by a microscope according to
ASTH-E 813-81; stretch zone width SZW was also meas-
ured by a scanning microscope.

The energy integral Jg has been calculated from the
absorbed energy obtained by graphical or numerical
integration of the load-deflection curve by the equa-
tion

2
)2

2 a
2Ap1 Ps Y(W (1-v7) W—a1 ()
— 2 . “J o a'o .

B W E ;

The R-curve could be evaluated by a power law approxi-
mation. From the condition Aa___ £ 0.1 (W-a ) the up-
per limit of stable crack growth in the Jq-fa-curve
must be fixed at AamaX = 0.5 mm. To obtain the crack
initiation load, which exists prior to the maximum in
the load-deflection curve, several single and multiple

specimens methods were compared.
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EXPERIMENTAL RESULTS AND DISCUSSIONS

The influence of the upper shelf toughness and gpeci-
men orientation on the Jd-Aa—curves of the tested
steels and a comparison with a static R-curve of the
steel St52-3 (6) are seen in Figure 3. Only in a small
blunting region the curves are linear; the experimental
rising factor for these steels is greater than 4. Be-
cause of the formation of many voids and microcracks at
the MnS-inclusions in crack tip vicinity the curves are
declining before (SZW)i is reached. As "physically de-
fined" crack initiation toughness Jdi the point on the
R-curve for the critical stretch zone width (SZW)i can
be proposed, because at this moment the crack extends
over the whole fatigue crack tip (7). These Jqi-values
obtained from the stop block and the low blow method
differ between 178 to 215 Nmm™ ] because of the reduced
potential energy of the pendulum at low blow.

Based on this reference scatter band the obtained
values from several single specimens methods can be
compared (Figure 4):

a) potential drop (8)

b) key curve (9)

c) step in the logF-logf-plot (10)

d) optical (COD)i by Rintamaa1) (11)

e) based on (SZW)i by Cornec et al (12)

f) dynamic compliance changing rate by Kobayashi (13)
g) Fi = Fm using side-grooved specimen (14)

h) Fi

Fm without side grooves

1)

Authors wish to thank Dr. Rintamaa for
conducting this investigation
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The validity of the methods a) to g) within the scat-
ter band resulting from the multiple specimens low
blow and stop block techniques can be confirmed, but
for practical applications it is to be taken into con-
sideration, that the methods a) and 4) require an ad-
ditional instrumentation, method b) based on a numeri-
cal analysis and method f) can be carried out only in
a computer-aided way.

In Table 2 the values Jdi and Tg (aa = 0.5 mm) are
listed. Under the condition that (SZW)i is nearby
0.1 mm, an "engineering" crack initiation toughness

J can be used.,

do.1

TABLE 2 - Crack Initiation Toughness and
Tearing lModulus

: 7
J31(52W) ;5 Jg49.1 Tq

steel Nmm™ Nmm™ (Aa = 0.5 mm)
St355 L-T 230 215 777
-1 215 235 - 320
S$460(1) L-T 210 235 432
T-L 125 170 170
St460(2) L-T 269 235 440
T-L 178 235 142

St52-3Casi

10T 20%sg 280 177 794

(from (6))
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CONCLUSION

The instrumented precracked Charpy test is well estab-
lished as a rapid and inexpensive test for the evalua-
tion of crack resistance curves and crack initiation
toughness using small specimens. Combined with stretch
zone measurements a physically defined Jdi-value can
be estimated by the multiple specimen technique as
well as by more or less sophisticated single specimen
methods. The test can be useful in quality control and
for the investigation of damaged materials, especially
for nuclear reactor materials surveillance.

SYMBOLS USED

Ay = plastic deformation energy (Nmm)

a, = notch depth + fatigue crack length (mm)
a, = actual crack length (mm)

Aa =a, - a, stable crack growth (mm)

B = specimen thickness (mm)

Fy = crack initiation load (N)

Fm = maximum load (W)

FS = stop load (N)

Jq = dynamic energy integral (Imm™ )

Ja1 = dynamic crack initiation toushness (Nmm_1)
W = specimen width (mm)

Y(%) = geometry correction function
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