#% & 3R Vol. 83 (1997) No.5

&R FMAESEETONMHRICSIT2TERTRR

BRI

Bt - HE

A

The Load Drop Phenomenon at the Fracture Toughness Test
: of the Heat Affected Zone of a Low Carbon Steel

Kew’ichi Yokovama and Michihtko Nacumo

Synopsis : The load drop or pop-in phenomenon at the fracture toughness test of the heat affected zone (HAZ) of a low carbon
steel has been investigated. Microstructural features such as the size of the bainitic ferrite were varied with the thermal
cycles simulating a double pass welding. It is revealed that the initiation of the load drop is not dependent on test
temperatures, whereas the arrest of the load drop decreases with the decrease of the test temperature, thus increasing
the amount of the load drop. Fractographic examination has revealed that the amount of the load drop scales with the
crack length formed by the local brittle fracture. Also, the size and density of cleavage facets increases with the load
drop. It is discussed that the temperature dependent amount of a load drop is determined by the ductile linking of

cleavage facets produced at bainitic ferrite grains.

Key words : load drop ; pop-in ; fracture toughness ; heat affected zone ; low carbon steel ; bainitic ferrite.
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Table 1. Chemical composition of the steel(mass%).

C Si_ Mn P S

Cu_ Ni

Nb Al Ti N 9]

0.090 0.08 1.52 0.004 0.003 0.56 0.55 0.012 0.037 0.013 0.0031 0.0019
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Fig. 1. Example of load-load point displacement
curve on three point bending test.

Fig. 2. SEM micrograph of fracture surface.
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Fig. 3. Schematic illustration of the fractographic
analysis.
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Fig. 5. Optical micrographs of (a)A-series and-(b)B
-series specimens.
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Fig..6. Size distributions of a3z’ in A-series and B-
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Fig. 4. SEM micrographs of the shear dimple area.
The arrow indicates the correspondence of
the two pictures. (a)0°, (b)30°
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series specimens.

Table 2. Areal fraction of ag’° with width of more
than 20xm perpendicular to the lath direc-
tion. Areal fraction of M-A constituent is

also shown.
Series  Areal fraction of ap Areal fraction of Aspect ratio of
(Pct)  M-A constituent (Pct) M-A constituent
A 37.6 13.86 3.77
12.03 3.17
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Fig. 7. Temperature dependence of the J-integral
at fracture.
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Fig. 8. Temperature dependence of the load drop
ratio.
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Fig. 9. Relationships between the J-integral and
the stable crack length Aa.

NUMBER OF FACETS

Fig. 10. Fractographic analysis of the facet distri-
butions for crack length and test tempera-
ture for A-series and B-series specimens.
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11. Histogram of the shear dimple area at
various test temperatures.
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Fig. 12. (a) SEM micrograph of quasi-cleavage.
Test temperature —60°C. (b) SEM micro-
graph of quasi-cleavage+dimple. Test
temperature —20°C.
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Fig. 13. Replot of Fig.8 in terms of (P,—P,)/A.
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