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1. Introduction

Much recent work in the field of elastic-plastic
fracture mechanics has been directed to developing a
mechanics-based relationship between the onset of
cleavage fracture in structural components and that of
Charpy V-notch specimens. The assessing processes of
the cracks located in the reactor pressure vessel (RPV)

is described in the ASME code Sec. 111, App. G and Sec.

XI, App. A. The RTypr obtained from the impact test
using standard Charpy V-notch (CVN) specimens is
used as a reference temperature to assess the integrity of
RPV materials [1].

The initial RTypr, for the Linde 80 weld, was
determined by the 67.8)J Charpy impact energy instead
of drop weight test. Generally, Linde 80 weld has low
upper-shelf energy. The initial RTypr obtained from the
Charpy impact energy curve has been considered overly
conservative.

Recently, master curve method has been investigated
to assess the integrity of RPV materials directly. The
initial RTry obtained from the master curve method is
considered more realistic than the initial RTypr
obtained from impact test for low upper-shelf fracture
toughness RPV materials [2].

In this research, the correlation of transition regions
between the master curves and the Charpy impact
energy curves was investigated using the dynamic
fracture toughness curve and the impact energy curve
obtained from the impact test of pre-cracked Charpy
(PCC) specimens. For the low toughness RPV material
the ductile-to-brittle transition corresponding to the
static master curve was anticipated using the invested
correlation.

2. Master Curves

The basis of the master curve method is a Weibull
model to define the relationship between Kj. and the
cumulative probability for failure in materials. The
Kjemedy curve, which is the fracture toughness for 50 %
cumulative probability for failure, is used to calculate
the reference temperature of Ty at Kjcmeq) of 100 MPa-
m'? by Eq (1) [1].

K s meay =30+ 70exp(0.019(T - T,)) (1)

The instrumented impact test using PCC specimens is
considered more effective than using the CVN
specimens in fracture mechanics. From that test, the
dynamic fracture toughness and the impact energy

curve can be obtained simultaneously. The dynamic
fracture toughness Kpe can be calculated using
measured data obtained from the instrumented test
facilities. The Kpc; can be calculated by Eq (2) using the
impact energy to the maximum load point [3];

Kpe = [26‘#]”2 2)
B(A—-v))W —a)

where E,, is the energy to maximum load, E the
Young’s modulus, B the thickness, W the width, S the
span, P the maximum load, and v the Poisson’s ratio
of the specimen. The Kpc; has been reported as a proper
tool to describe the dynamic fracture toughness in the
non-linear fracture mechanics. If the Kpc; values are
assumed to satisfy the Weibull probability function, the
Kpcimed) also can be defined as the same process of
Kjje(med) in master curve method.
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Figure 1. The master curves plotted using K;. data and Kpcjdata
obtained from SA508-3 steel [3].

The shift of T, of the master curve by rapid loading
rate can be calculated as Eq (3) [2];

Toyro =Ty +5.33In(R2/ R1) (3)

where Tq is the Ty of the dynamic master curve, R2 the
dynamic loading rate, and R1 the static loading rate.
The shift of reference temperature T, seen in Fig.1 can
be explained by Eq (3).

3. Impact Energy Curves

Figure 2 shows the impact energy curves obtained
from the impact test of the CVN and the PCC



specimens. The two impact energy curves are fit by the
hyperbolic tangent functions, respectively.
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Figure 2. Charpy impact energy curves of standard V-notch
specimens and pre-cracked specimens for SA508 Steel.

The curve 4 is the impact energy curve of the CVN
specimens, and the curve B is that of PCC specimens.
When considering the threshold points of upper-shelf
energy in Fig. 2, the transition regions of the curve 4
and B are thought to be similar. The impact energy
curves obtained from the CVN specimens and the PCC
specimens may imply the same dynamic transition
properties.

The transition region of the dynamic fracture
toughness master curve of Kpcymeq) can be thought to be
corresponding to that of the impact energy curve of
PCC specimens, because two kinds of values are
obtained from the same rapid loading rates and same
shapes of specimens.

Although the shift value of A Tyin the master curve
is reported almost same with A T4y in the impact
energy curve, the transition region of the static fracture
toughness is, of course, not same as that of the impact
energy curve [2]. The virtual impact energy curve C,
which is corresponding to the transition of the static
fracture toughness master curve, can be anticipated by
shifting the 4 curve by T4-T at the reference of Tyy;.

The curve 4 in Fig. 3 shows the impact energy curve
which is obtained from generic Linde 80 weld material.
Using the above suggested method, the impact energy
curve B corresponding to the master curve for the
Linde 80 materials is anticipated as shown in Fig. 3 by
shifting the curve A4 by Ty-To, 69 °C, which is
calculated by Eq (3).

The generic initial RTy, and initial RTypr of Linde
80 weld materials are -59.8 °C and -20.6 °C,
respectively [2]. As shown on Fig. 3, the energy value
at the temperature of initial RTypr is the value on the
region of the upper-shelf energy level of the anticipated
curve B. We may expect that the initial RTypr obtained
from CVN impact test is overly conservative. This
phenomenon is due to the low upper-shelf energy level
as shown in Fig. 3. Due to the overly conservative

initial RTypr, some RPV having the Linde 80 weld may
not have satisfied the screening value of RTprs.
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Figure 3. Charpy impact energy curves of standard V-notch
specimens and pre-cracked specimens for generic Linde 80
weld materials.

4. Conclusion

The impact energy curves of the SA508 steel obtained
from the CVN specimens and the PCC specimens are
considered to have implied the dynamic same transition
properties. The virtual impact energy curve, which is
corresponding to the transition of the static fracture
toughness master curve, is anticipated by shifting the
CVN energy curve by Ty-To. When using the
suggested method, the initial RTypr of the generic
Linde 80 weld material obtained from the CVN impact
energy curve may be expected overly conservative.
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