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FRACTOGRAPHIC AND MICROSTRUCTURAL ANALYSIS OF
FATIGUE SPECIMENS OF A302 GRADE B STEEL
TESTED IN Air AT ROOM TEMPERATURE

INTRODUCTION

The studies of fatigue crack propagation (FCP) behavior in ferritic steels for
pressure vessel applications are of primary importance to light water reactor
safety. One of many objectives of current FCP studies is to test the validity of
ASME Code Section XI curve for materials in nuclear environments. In addition,
these studies are aimed at understanding the complex mechanisms of fatigue
failure as a function of the significant variables which include material condition
and environment.

The light water reactor safety programs involving the ferritic steels are of
interest to many countries. In Italy, a research program in this field is sponsored
by The Italian Eleetric Power Company (ENEL) and is being carried out at the
Centro Informazioni Studi Esperienze (CISE) Research Laboratory in Milan, Italy.
At the CISE laboratory an autoclave system for conducting fatigue tests at
elevated temperatures in pressurized water environment will soon be operational.
In support of the planned CISE research program for ENEL, preliminary FCP tests
in air at room temperature were performed on low-shelf A3)2-B steel procured by
the Naval Research Laboratory (NRL) to characterize early production nuclear
pressure vessels. In connection with fatigue and fracture studies on the ferritic
steels for pressure vessel applications, a cooperative research program has been
established between NRL and CISE. The results reported are part of this
cooperative program which is sanctioned and encouraged by the U. S. Nueclear
Regulatory Commission (NRC).

Since the rolling procedure used in steel making is known to affect the
mierostructure of A302-B steel (1], preliminary tests were designed to investigate
the effect of rolling direction on the FCP behavior of this ferritic steel. The FCP
tests included in the present study were conducted at the CISE laboratory; the
fractographie, metallographie and X-ray microanalysis studies on the failed speci-
mens have been earried out at NRL.

In the present study, the fractographic and mierostructural observations are
correlated to the corresponding mechanical data in order to characterize the
failure processes and to gain additional insight into the mechanisms of fatigue
failure of this ferritic steel.

Note: Manuscript submitted July 11, 1979.






TABLE 1

Chemical Carposition of AJ02-B Steel

Elements Content (wt-%)

C 0.210
Mn i.460
P 0.010
S 0.021
Si 0.240
Ni 0.230
Or 0.060
Mo 0.540
v 0.312
Cu 0,059
As .004
.009
.034
.008
012
.020
.001
.004
.007

I'i
Co
Ta
B
Pb
b
Fe
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ig Fatigue crack profile close to the ecrack tip of VAB2, L-T specimen.

Arrow show direction of macroscopic crack propagation. As in the case of the

specimen cut inu T-L direction, series of SEM micrographs show extensive miero

branching along the main crack path.




Fig. 6 Fracture surface of A302-B ferritic stee! specimen cut along T-L
direction (VADAI tested in air at room temperature with higher starting £ K value.

\rrow shows direction of macroscopic crack propagation. SEM micrographs clearly
show inclusion bands in the fracture surface that run parallel to the macroscopic

rection.




Fracture surface A 302 ferritic steel ¢imen cut along T-L
direction (VABI), tested in air at r e mper I with the lower starting 2 K

value. Arrow shows directior { macr ) rack propagation. Series of SEM
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