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Study on Unstable Brittle Crack Arrest Toughness of Newly Developed Steel with Surface Layers
with Ultra Fine Grain Microstructure
——Improvement of Arrest Toughness by Enhanced Shear-lips Formation——
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Summary

Unstable running crack behaviour is strongly affected by side-ligaments (shearlips), which is formed
in the surface layers of steel plate after an unstable crack has propagated in the mid-thickness of the
plate. Since extensive plastic deformation takes place during the formation of shear-lips, enhanced
shearlips formation can improve the crack arrestability. Therefore, a new type of steel plate has been
developed by controlling the microstructure, especially in the surface layer of the plate. The surface
layer of the steel plate has an ultra fine grain ferrite microstructure, which possesses excellent fracture

toughness even at a cryogenic temperature.

Fracture mechanics investigations confirm that shear-lips can be formed in the surface layers with
this microstructure whenever a brittle crack propagates in the developed steel plate at an actual service
temperature for ships. Furthermore, the brittle fracture propagation models also confirm that crack
arrestability is improved by enhanced shear-lip formation.
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Table 1 Chemical composition (mas%)

C Si Mn P S Al | Ceq
0.13 | 0.20 | 1.27 | 0.007 |0.002 }0.027 [0.34

Table 2 Tensile properties

Thickness YP TS EL
431 MPa | 526 MPa |23 %

25mm
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Fig.1 Macro-structure and microstructures of surface
layer and mid-section.
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Fig.3 Location dependence of average ferrite grain
sizes in cross-section.
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Fig.2 Microstructure observed by SEM and grain size
distribution in surface layer.
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Fig.4 Sub-size Charpy impact test results for surface

layer and mid-section.
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Fig.5 Temperature gradient type ESSO test results.
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Fig. 6 Examples of fracture surfaces of ESSO test
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NI | -El ectronic Library Service



The Society of Naval Architects of Japan

| 3
(a)fractured at -120C

(b)fractured at -170°C

RGO N = BRI (200 1) 263
125 125
A4l
S f
8 EnmdcE ’
v %"_,-,_ _: A m time
AN GD gauge tain gauge
H T
= Strain gauge |
i CD gauge Remarks
(a)
-
E 200}
=~ 10
©
o3 =
S
- 100
< o
< B K
2 w
- S0 TTIILAAN
3 At \CD gauge
S .
- L 1 1 L 1 N
0
0 200 400 600

Fig.7 SEM fractography of surface layers region of
ESSO test specimen.
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Fig.8 Dynamic measurement for crack propagation
behaviour in ESSO test for ‘SUF’ plate.
(a) gauge locations (b) results
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Fig.9 Example of temperature dependence of shear- .\_‘4-’
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Fig. 10 Predicted Kca values by Krafft’s model and by
Mimura’s model.
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Fig. 11 Schematic fracture surface for crack
propagation model.
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Fig.12 Two dimensional model for crack propagation
with shear-lips.
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Fig.13 Simulation results.
(a) Nominal K value vs. dynamic K value.
(b) Nominal K value vs. crack side ligament
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(¢) Nominal K value vs. crack speed.
(d) Crack speed vs. shape of crack front.
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