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SPECIMEN SIZE EFFECT ON J- INTEGRAL FRACTURE TOUGHNESS

D. Sunamoto, M. Satoh, T. Funada and M. Tomimatsu*

INTRODUCTION

In order to analyze quantitatively the safety of a structure against
brittle fracture, current engineering level requires to measure the plane
Strain fracture toughness Kic of the structural steel and to analyze con-
servatively with linear elastic fracture mechanics. This Kic needs to
satisfy ASTM E399 and requires very thick specimens. Kic at room temper-
ature, sometimes, requires a ten-inch thick specimen. Therefore it is
not allowed to be taken as a routine work to measure a Ky~ by ASTM E399.
This specimen size requirement is a bottleneck in fracture safe analysis.

Today, J-integral developed by Rice is extended to elastic-plastic region
and admitted as an acceptable measure of fracture analysis. With J-integral
method, relatively small specimen can result in valid Kyc which, by ASTM
E399, can be measured from very large specimens. There are many researches
on J-integral test analysis (typical method listed in Table 1). The

authors studied specimen size effect on J-integral fracture toughness Ky
(fracture toughness measured by J-integral method) and defined valid
specimen size experimentally.

TEST

240 mm thick A533 Gr.BCR.1 steel was used. Chemical compositions and
mechanical properties were shown in Table 2. Plane strain fracture
toughness K C of the test material which met ASTM E399 requirements were
shown in Figure 1. They used a 240 mm thick compact tension specimen to
get valid Krc at -20°C and 4TCT specimen at -50°C.

First, they applied J-integral method to valid Kic test data. They used
Rice (1) method shown in Table 1. In plane strain fracture toughness test,
notch root displacement was measured. They converted notch root displace-
ment to load point displacement and measured J. and J-integral fracture
toughness Ky as shown in Figure 3 and equation (1).

Ky = /EJC/(I-\)Z) (1)

Where, E is Young's modulus, v is Poisson's ratio, J. is critical J-integral
value. In Figure 3 rotational factor r of 1/3 was used considering the
reports by Ingham [1] and Liebowitz [2]. As shown in Figure 3, Kj were
almost equal to K;~ in elastic region and ASTM E399 requirements were
satisfactory to J-integral method.
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Next, they used 1/2TCT, 1TCT and 2TCT specimens with various crack length
ratios shown in Figure 3 and conducted fracture test at -20°C and -50°C.
They recorded load-displacement curves on a X-Y recorder and applied

4 J-integral methods shown in Table 1. At this time also notch root dis-
placement was converted to load point displacement as before. Typical
load-displacement curves at -20°C were shown in Figure 4. As shown in
Figure 4, load-displacement curve of 1/2TCT specimen was not linear and
indicated large plastic deformation. But the nonlinearity decreased as
specimen size increased. The load-displacement curve of 2TCT specimen was
almost linear and the curve of 240 mm specimen was linear.

Almost all specimens suffered from fibrous crack. Photograph 1 showed

an example of fibrous crack and stretched zone of a ITCT specimen (X 300).
But this time, they didn't discuss on these micro-behaviour at crack tip.
These matter will be reported at other chance.

Test results were listed in Table 4. Example of the comparison between

4 J-integral methods was shown in Figure 5. It was known that 4 methods
gave almost same Ky.

The relation between Ky and specimen thickness was shown in Figure 6.

Ky from 1/2TCT specimen varied very large. K; data of 1TCT specimen varied
less than 1/2TCT specimen and many of 1TCT specimens and all of 2TCT speci-
mens, which number was limited, were almost
also, Ky estimated by another method were shown, such as Equivalent
Energy (EE) method and COD. Fracture toughness by COD were greater than
Kic and those by EE method gave almost same value as Ky.

Considering the matter described above, they inquired the specimen size
by which valid Kic could be obtained. Necessary specimen size parameter
a was shown in Figure 7. a was calculated by equation (2)

® = min (a, B, W—a)-E'oy-/(l—\)z)°KJ2 : (2)

Contrary to Begley's [7] and Griffis's [8] reports that required a to be

greater than S0 and 100 respectively, o needed to be greater than 40 in
order to get Ky as Kic.

Figure 8 showed crack length ratio dependence of Ky, and it is known that
crack length ratio should be greater than 0.4,

CONCLUSION

The authors conducted fracture test to a steel which plane strain fracture

toughness was known and applied J-integral analysis. They obtained the
following results.

L) No significant difference was recognized between J-integral methods.
2) Specimen size parameter o was to be greater than 40.

equal to Kyc value. 1In Figure 6
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