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10. Influence of Specimen Size on Fracture Toughness
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The purpose of éhis work is to give some additional information

of the effect of specimen size on plane strain fracture mechanics D"Al
The tests were carried out on a high-strength structural steel

Fe E 460 with 0.17 % C; 0.31 % Si; 1.48 % Mn; 0.021 % P; 0.013 % S;
0.66 % Ni, and 0.20 % V in a temperature range from -196 OC (77 K)

to room temperature (293 K). In this region the fracture mechanism

changes from cleavage to dimple.

The dimensions of the tested compact tension specimens according
to the ASTM-designation [5] are listed in fig. 1. Specimens are
used with thickness from 3 to 38,5 mm and widths from 26 to 150 mm.
In the linear elastic range the fracture toughness, the critical
crack opening displacement calculated by the linear extrapolation,
and the critical value of the J-integral (6] were calculated
from the maximum values of the linear load displacement curves.
With growing temperature and plasticity, these parameters are cal-
culated for 3 particular points:

a) at the 5 % deviation from linearity,

b) at the maximum load, and

c) - at room temperature - at the beginning of stable crack growth.

The beginning of stable crack growth was detected by ultrasonics.

Fig. 2 shows the fracture toughness and the yield strength as a
function of temperature for specimens 9 and 13 mm thick and a width
of 50 mm.
In fig. 2 and the following pictures certain temperatures are indicated:
I.) The temperature up to which the ASTM-plane strain size cri-
terion is valid: K 2
- (&
B = 2.3 (ReL)
II.) the temperature up to which the load displacement-curve is
linear,

I1I.) the beginning of stable crack growth.
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The 13 mm thick specimens have a plane strain fracture toughness

up to -120 ©C (153 K) and the load displacement-curves are linear
up to -100 ©C (173 K). Above -80 O (193 K) the deviation from
linearity is more than 5 % and K, can be calculated. At temperatures
above -25 °C(248 K) and a fracture toughness of about 100 M-3/2 stable

crack growth is observed on the fractured surfaces. With increasing
temperature KQ and Ki remain constant.

Fig. 3 shows the fracture toughness from maximum load as a function
of temperature for specimens with different thicknesses and a con-
stant width of 50 mm. So the 25 mm thick specimens are equal to

the 1 inch standard specimens. In the figure 3 different temperature
ranges can be distinguished:

1. From the lowest temperatures up to -150 ©Cc (123 K) no influence
of thickness can be detected. The data for all specimen thick-
nesses are in a common scatterband. It can be seen that the
required thickness by ASTM (numeral I) is too conservative

and can be reduced.

2. The first deviation from the common scatterband is noticed
at -150 °C (123 K). From this temperature up to -20 9¢
(253 K) the K -T-curves differ according to the theory in
the range of transition. The relatively larqger plastic zone
due to the less constraint situation in the thinner specimens
results in larger Kc—values. This effect is seen with the 3

and 6 mm thick specimens.

3. After the rise the individual KC-T-curves reach their maximums
at the same plateau, but at different temperatures. Numeral
III indicates the beginning of stable crack growth. Remark-
able is that stable crack growth can be observed independent
of specimen thickness, if a certain value of fracture tough-

ness 1s achieved.

Fig. 4 shows the different criteriors fracture toughness, crack open-—
ing displacement and K from the J-integral in the same manner as
the last picture. All tested criterions show the same thickness

dependence. No one criterion is any better in this regard.
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The influence of specimen width on the fracture toughness from
maximum load is shown in fig. 5 for the 13 mm thick specimens. Above
the transition temperature according to the ASTM requirements with
regard to specimen width, smaller fracture toughness values result
from decreasing width. Reason for this is the lack of elastic domain

around the plastic zone and so the loss of linear elastic behaviour.

A three dimensional figure of the influence of specimen width and
thickness on the fracture toughness from maximum load is shown in
fig. 6. In the different temperature surfaces the validity of the
ASTM size requirements are marked on:

1. with regard to thickness and width,

2. only to width, and

3. the specimen dimensions fulfil neither the requirements to

thickness nor to width.

It can be seen that a value below the required thickness does not
immediately effect an increase of the toughness, but a value below
the required width results in a decrease of the toughness. Along
the right side of the temperature surfaces there are the ASTM stan-
dard specimens with a width to thickness proportion of 2. In these
specimens the influence of width dominates the influence of thickness.
With decreasing specimen size there always results a decrease of the

fracture mechanic values at maximum load.

For the observed high-strength structural steels the size require-
ments of ASTM recommendation to thickness are found to be too con-
sérvative. On the other hand, the result with regard to the width
correlatesvery well with ASTM specifications.

As an effect of stress state and thus of geometry, in the transition
temperature region both fracture mechanism - the ductile as well as
the cleavage - occur at the same temperatures - f.i. at -80 °C

(193 K) ductile fracture in the specimens 3 mm thick and cleavage

in the thicker ones. All criterions show the same geometry dependence

in this region.
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Fig. 4: Temperature dependence of the critical COD calculated by
linear extrapolation, the K-value calculated from the cri-
tical J-Inteqgral and the fracture toughness from maximum
load for different specimen thicknesses



