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Strength of New-Type Steel Plate Having Surface Layers
with Ultra Fine Grain Microstructure

YAJIMA Hiroshi, SATOH Susumu, KHO Yunbo,
NisHIKAWA Kazuto, ISHIKAWA Tadashi and YAMAMOTO Motomichi

Recently, a new-type steel plate having SUF (Surface layers with Ultra Fine grain micro-
structure) has been developed by the further improvement of the TMCP (Thermo Mechanical
Control Process) technology. The SUF provides various advantages: for example, SUF improves

dramatically crack arresting toughness against unstable brittle crack propagation, so that

application of SUF steel plates to large scale steel structures in emergency cases is valuable.

In this paper, the advantages of using new-type steel plate with SUF are discussed from the

viewpoints of the strength properties (crack arresting toughness against unstable brittle crack

propagation, fracture toughness, fatigue strength and buckling strength).
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Table 2 Example of mechanical properties of
SUF steel plate (50mm think plate)
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Fig. 5 Results of temperature gradient type
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Fig. 6 Ultrawide plate duplex type ESSO test of

SUF steel plate and fracture surface of
test specimen
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Fig. 7 Shape of ultrawide plate duplex cruci-
form type ESSO test specimen

Table 3 Results of ultrawide plate duplex cruci-
form type ESSO tests

Test
Test Plate Temperature Result
SUF -50°C Arrest
EH36 -50°C Go

SHERFE R O3 %, Table 3 38 & O Fig. 8 &R
37, Fig. 8 13, BIEMEIC & D 10%BHEE 5
LT, 0°CTHRERLI-FEROBMEZRLIzS D

(b) EH36 plate (10% PS) tested at 0°C

Fig. 8 Fracture surfaces of ultrawide plate duplex
cruciform type ESSO test specimens
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Fig. 9 Results of sub-sized Charpy V-notch
impact tests (Surface layer)
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Fig. 10 Results of sub-sized Charpy V-notch
impact tests (Mid-section)

Table 4 vTrg, vTrs of surface layer and mid-

section
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Surface L -167 —
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Sub-sized : 5mmx10mmx55mm
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Fig. 12 Relation between Kc and temperature
(Results of center-notched tensile tests)
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Fig. 13 Fracture surfaces and crack path of full thickness center-notched wide plate tensile test
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Fig. 14 Relation between Kc and prestrain
(Results of center-fatigue-crack-notched
tension tests)
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Fig. 21 Inner surfaces of corrosion pits in Fig. 20




ESERE i i AL HEE S R 303

RT3 BEMEIERHRBAATEK (727
VYY) BRAWE, ALHEKOERY AT A%
Fig. 18 IR 79,

REH « AW RS R 2, Fig. 1912
RY Ve REHTH ATHEATTH, FEERIZ T
ERC AN TIRE IR Z ERHS L TH B, 77,
AT¥gARP OBEFER T, HP BRI D & 57
BENHE - ERL, WICE STz, Fosg
DR T REIGENERZ R LIz bDEFHEZ 55,

ANTLHK R OB CEZ s hiz, EE
HK140~50mD/N & ZFARE v b DR EH D SEM
BH% Fig. 2012, Zho6DEEY Y W%k
KUIEE%, Fig. 21 IZ5R~1,

FRORERHEAR IR T, RIFUSRMBEITL T
ERADEFWOENE IS ILTE Y PBEKEL,

Table 5 Chemical composition of SUF steel

plate (Wt%)
. «| Ceq
C Si Mn P S | Ceq (WES)

0.12 ] 0.19 | 1.27 |0.0090.003| 0.33 | 0.34

Ceq" =C + Mn/6 + (Cu+Ni)/15 + (Cr+Mo+V)/5
Ceq(WES) = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Table 6 Mechanical properties of SUF steel
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Position Direction (N/mm?)| (Nfmm?)| (%)
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Mid-section 389 499 32
JIS 5 (t = 3.5 mm)
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Distance from Surface of Steel Plate (mm)

Fig. 22 Hardness distribution in cross section of
SUF steel plate
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Fig. 23 Column buckling test specimen
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