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MICROSTRUCTURE AND PROCESS ZONE IN HSLA STEEL

J. Doj¥dk, L. Parilék’

Study presents the basic knowledge of influ-
ence of HSLA steel microstructure on the
temperature dependence of shape and size of
stretch or process zone. Methods of fracto-
graphic eanalysis demonstrate the transition
character immediately linked up to the de-
fined mechanisms of failure. Defined are
two initial transition temperatures of
stretch zone development and discussed is
{he microstructural influence on their va-
ues.

INTRODUCTION

Full understanding of quantitative evaluation of indi-
vidual parameters of fracture toughness requires the
more detailed knowledge of influence of microstructure
and chemical composition on the development of fractu-
re processes. The most sensible demonstration of their
influence is observed at the formation of process and
plastic zones in front of the crack tip during the frac-
ture toughness test. Study (1,2) examines in detail the
methodic problems of evaluation of the shape and size

of stretch or process zone, Fig.1, and the analysis of
individual micromechenisms of failure. This contribu-
tion presents the first information about the influence
of microstructure on the shape and formation of the pro-
cess zone, taking into consideration the testing tempe-
rature influence. These analysis are presented on three
states of steels, microalloyed with V,Nb - state A, or
Ti - states B,C, with their basic mechanical properties
and microstructural parameters shown in Tab. 1.
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TABLE 1 - Basic Mechanical Properties and Microstruc-
tura arameters.

=

state Syg O n 4R grain T, T, 5
e/ S1Z€ 6 9 0%

/MPa/ /MPa/ d /un/ /°Cc/ /°C/

A 360 492 0,167 40 5,6 -140 =70
B 559 673 0,120 300 6,6 - 40 +20
C 207 357 0,195 86 45 -120 0

Analysis of results

The shape and size of the stretch zone depends on
the temperature of fracture toughness test (3). Changes
of its parameters Wgz 8g,, & with the temperature are
demonstrated on the staete A, Fig.2 (1). Basic parame-
ters indicate a transient character. Given material
shows some blunting of failure crack 3ip of disconti-
nual character (1) already at T=-196 "C. Increasing
temperature results in the slight growth (subtransition
part) of the stretch zone parameters and in the case
when Wy, parameter reaches the one-to two-multiple of
the ferrite grain size d,intensive growth its value
(transition part) is observed up to the certain tempe-
rature T , over which the Wg, dimension remains un-
changed ¥8Eove—transition part%. Similar behaviour is
observed also for the ag, value, which is smaller than
Wg, over the whole temperature interval. This is reflec—
teé in the reverse transition relationship of the ver-
tex angle ©. The raising temperature results in the en-
largement of the stretch zone with systematical "shar-
pening" (tunnel effect) of its front part. Fig.3 shows
the basic stretch zone parameters of the state B. Sta-
tes A and B display approximately the same contribution
of grain hardening Rz (4),but state B shows significan-
tly higher contribution of embrittlement hardening s R.
This is unambiguously reflected in different stretch
zone temperature parameters of A and B states. As a re-
sult of higher aR value the first blunting of the fai-
1ureocrack tip of the state B is observed already at
-0 “C. Maximal value of W p and a parameters above
the Ty temperature is su%stantiaify lower in the sta-
te B, Qgich is related to the different deformational
ability expressed by exponent of deformation hardening
n. Fig.4 shows the temperature dependence of stretch
zone parameters of the state C. Compared to the state
A this state has insignificantly higher aR value, but
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as a result of a coarse ferrite grain it has substan-
tially lower R, value. This results agein in the chan-
ges of temperature dependence of the stretch zone of
these states, Fig.2,4. Stre&ch zone of the statg C is
formed at temperature -140 "C (state A at -196 “C),but
on the other hand more intensive development of the
stretch zone above the Tx p temperature is obtained,
which is in direct relat18nship with the n-values. Pa-
rallel to the stretch zone parameters we evaluated also
the shapeable crack growth, expressed by the length x,
Fig.2 to 4. The temperature at which the first measur-
able ductile crack growth haé been observed was termed
Ty,s see Tab.!. This implies that during the fracture
stgength test performed below this temperature blunting
of the failure crack is followed by the sudden brittle
failure of the test specimen, type I (2,3). Comparison
of A and B states indicates that the different aR va-
lues regult in T, = values which are as a matter of fact
by 100 “C higher fn the state B compared to the state
A. Negative influence of grain coarsering is manifes-
ted at comparison between the A and B states,Fig.2,4.

SYMBOLS USED

L = width of stretch zone (um)

_ . = depth of stretch zone (um)
x, = ductile crack growth (um)

&) = vertex angle ()

Tx = transi'd%n temperature of ductile crack growth

o start (°C)

Ty p = transition temperature over which the guctile

o fracture is the mechanism of failure (°C)

R = embrittlement hardening (MPa), (4)

n = exponent of deformation uardening
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Figure 1 Basic parameters
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Figure 2 Temperature depen-
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