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Development of YP460 Class Steel Plate with Excellent Brittle Crack Arrestability
for Large Container Ships
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This paper presents the development of heavy thickness steel plate with both high arrestability and high tensile properties
by means of the texture-controlled Thermo-Mechanical Control Process (TMCP) with optimization of the chemical compo-
sition. The developed YP460 (EH47 grade) heavy thickness steel plate has an excellent arrestability of over 15,000 N/mm3/2,
which is more than double the guidelines on the brittle crack arrest design issued by some classification societies. A charac-
teristic of the plate is a highly oriented transformation texture for the prevention of brittle crack propagation in addition to
excellent Charpy impact toughness. The alloy design of the developed steel is relatively high carbon equivalent but low car-
bon content in order to satisfy the required tensile properties for every thickness portion. The developed steel also exhibits
low cold cracking susceptibility equal to that of conventional YP390 steel plates due to its alloy design and consequently
good weldability.

INTRODUCTION

Recently, the size of container ships has been rapidly increasing
over 10,000 TEU (Twenty-Foot Equivalent Unit) to improve trans-
portation efficiency. Therefore, the steel plate especially applied
to the upper hull structure is getting thicker in order to ensure the
required structural integrity due to its large cargo opening struc-
ture. However, since an extreme enlargement of the plate thick-
ness disturbs the welding operation, steel plates with both higher
strength and appropriately large thickness are desired to be used.

On the other hand, several issues have been raised for the appli-
cation of thicker steel plates to large-sized container ships, espe-
cially for the effectiveness of thicker steel plates to arrest the prop-
agation of a brittle crack possibly initiated on the hatch coaming
or upper deck (Inoue at al., 2006). Since a brittle fracture occur-
ring in the hull structure of a large-sized container ship has the
possibility to cause catastrophic damage, the structural integrity
should be ensured by preventing the initiation of a brittle crack
and/or preventing brittle crack propagation.

In response to the issues, a joint research project on develop-
ing the brittle crack arrest design was organized by Nippon Kaiji
Kyokai (ClassNK) from 2007 to 2008, which conducted a large
number of brittle fracture tests at large and full scale. The test
results of the research project were summarized in Guidelines on
Brittle Crack Arrest Design (Nippon Kaiji Kyokai, 2009). In the
guidelines, the minimum required brittle crack arrest toughness
value (the Kca of arrestability) is to be 6,000 N/mm3/2, accord-
ing to the actual experimental results for the plate thickness up to
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75 mm. The guidelines also clarified the structural discontinuity
effect on the connection between the hatch coaming and upper
deck. It was implied that the block joint should be shifted more
than 300 mm in order to increase the liability against brittle crack
propagation and increase the application of the steel plates with
high arrestability.

As a result of such detailed discussion, IACS UR S33, Require-
ments for Use of Extremely Thick Steel Plates, was issued in Jan-
uary 2013. In this requirement, the concept of the brittle crack
arrest design of the upper hull structure is circumstantially repre-
sented for use with the heavy thickness plate with over 50 mm
thickness. In addition, the requirement also includes the defini-
tion of the brittle crack arrest steel plate, which is defined as a
steel plate with measured crack arrest properties and a Kca value
at −10�C greater than or equal to 6,000 N/mm3/2, which is the
same criterion as that in the ClassNK guidelines. The steel grades
of the prescribed steel plates are YP355, YP390, and YP460 class
steels. Among these high tensile steel plates, the requirement for
the YP460 class steel plate was particularly defined in terms of
IACS UR W31, Application of YP47 Steel Plates, in January
2013. These unified requirements are to be applied to ships con-
tracted for construction on or after January 1, 2014.

From the aforementioned background, it is assumed that the
higher strength steel plates with heavy thickness and excellent
brittle crack arrestability should be developed in terms of the
enlargement of the ship size and the liability against catastrophic
brittle fracture. Furthermore, the prevention of the deterioration of
weldability is also recommended in order not to reduce construc-
tion efficiency in the shipbuilding yard.

In this paper, the effect of texture on the brittle crack arresta-
bility of thick steel plates was investigated with respect to the
YP460 (EH47 grade) steel plate with 70 mm thickness. Follow-
ing laboratory investigations of mechanical properties, standard
ESSO tests were performed to assess the Kca value of the manu-
factured plate. The procedures and validity of the tests are stan-
dardized by IACS UR S33 (2013), Annex 2. In addition to the


