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Statistical Analysis of the Scatterings in Charpy Impact Values of
the Heat Affected Zone of a Welded Low Carbon Steel

Shoichi MATSUDA, Shoichi SExIGUCHI, and Hideaki KaceEvyama

Synopsis:

In relation to clarifying the cause of the scattering of energy absorbed in Charpy transition temperature

range, a study was made of finding the cleavage crack initiation site.

Main results were as follows.

1) The cleavage crack always initiated at the pearlitic second phase independently of the energy level
absorbed in Charpy test. Heterogeneity such as inclusions and so on did not contribute to the cleavage

crack initiation.

2) The cleavage microcracks initiating at the effective grain larger than mean size could grow to final
fracture, while the microcracks initiating at the smaller effective grains could not propagate.

3) Frequency of cleavage microcrack initiation was very small.

It was one or two cracks per area of

0.4 mm? of ductile fracture surface. On the basis of experimental results described above, statistical analysis

was made.
scattering cf energy absorbed in Charpy test.
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Table 1. Chemical compositions of a steel
used.
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Fig. 1. Notch position of Charpy specimen.

Frequency

O T
o 3 6 9 12 15 18 21 24 27

vE_g5 (kgm)

Fig. 2. Histogram showing scatterings of energy
absorbed in Charpy test.
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Photo. 1. Microstructures of specimens showing
different energy absorbed in Charpy
test.

a. yE_5 = 21 kg-m
b. vE_s5 = 3.5kg-m
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Photo. 2. A cleavage crack originating from a pearlitic second phase.

a. Cleavage crack initiation site on fracture surface. The area enclosed with /
dotted line shows the size of propagating crack

b. Enlarged fractograph of circled area in (a)

c. Cleavage crack initiation site just before polishing

d. Pearlitic second phase observed at the cleavage crack initiation site by
optical microscope.

e. Electron micrograph of structure at the circled area in Photo. 2 (d) 4
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Photo. 3. A cleavage crack originating from a pealitic second phase.

a.
b.
c.

d.

Cleavage crack initiation site on fracture surface

Enlarged fractograph of circled area in (a)

Pearlitic type second phase observed at the cleavage crack initiation site
Electron micrograph of structure at the circled area in Photo. 3 (¢)
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Fig. 3. Relation between energy absorbed in Charpy
test and crack length of ductile fracture.
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Fig. 4. Histogram showing effective grain size.
Arrows at the upper side indicate the size
of arresting and propagating cracks.
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Photo. 4. Arresting cracks observed in ductile fracture area.
a. Arresting crack just beneath the notch root
b. Enlarged fractograph of circled area in (a)
c. Arresting crack in transition area from ductile to brittle
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Fig. 5. Schematic drawing which shows the
elemental processes of brittle fracture.
a. Propagating crack initiates in the area of w=1
b. Propagating crack initiates in the area of w=2
c. Propagating crark initiates in the area of w=3
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Fig. 6. Schematic drawing which shows the ratio
of the number propagating cracks to that
of arresting cracks. Crack nucleated at the
boundary of effective grain larger than 0.25
mm in length can propagate, while cracks
smaller than 0.25mm can not propagate.
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Fig. 7. Probability of propagating crack initiation.
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Fig. 8. Histogram showing the comparison between
theoretical and experimental scatterings of
energy absorbed in charpy test.
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