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A Manufacture and Characteristics of the Heavy Section Steel Test Plate
with Mechanical Properties Gradient through Its Thickness

Takashi FUKUDA, Mikio KusunasHi, Komei SUZUKI, Masanobu SATO,
Yoshio URABE, Jiro SANO, Tatsuo KAWAKAMI and Yoshitsugu MISHIMA

Synopsis :

Nuclear Reactor Pressure Vessel (RPV) suffers the neutron irradiation during operation, which results
in preferential decrease of toughness in the internal side of RPV and generation of mechanical properties
gradient through its wall thickness. It is expected that even if a crack initiates at the internal surface of
such a RPV with gradient toughness under a hypothetical thermal transient, crack propagation will be
arrested in the external portion of RPV where the higher toughness is maintained.

In order to evaluate the crack arrest characteristics of RPV in laboratory scale, a steel plate with
toughness gradient is needed. A 190 mm thick laminated steel plate has been successfully manufactured
by hot roll bonding. As the results of mechanical tests on such a steel plate specimen, it is found that
this three layer steel plate, can be regarded as a single integral material with toughness gradient
through thickness and can be utilized satisfactorily as a testing material for evaluating crack arrest
characteristics of RPV. It is also confirmed through the fracture test of this laminated steel plate that a
running brittle crack is to be arrested at the layer with higher toughness.

Key words : nuclear reactor pressure vessel ; laminated steel plate; toughness gradient material ; hot roll
bonding ; fracture toughness ; crack arrest characteristics. :
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Fig. 1. Predicted fracture toughness
after irradiation.
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Fig. 2. Aimed fracture toughness value and yield
strength of the laminated steel plate.
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Fig. 4. Relationship between upper shelf energy
and sulpher content of A533 Gr. B Cl. 1 steels
(Transverse to rolling direction).

Table 1. Aimed range of chemical compositions for the laminated steel plate.

Chemical composition (wt% )
Layer -

C Si Mn P Ni Cr Mo Al Sn
1st 0.24/0.27  0.50/0.75 1.40/1.60 0.05/0.08 0.004/0.007 0.50/0.60 0.75/0.85  0.05/0.20 0.007/0.011 0.02/0.04
2nd 0.21/0.24 0.30/0.50 1.40/1.60 0.02/0.04 0.002/0.004 0.30/0.55 0.01/0.07  0.40/0.60 0.002/0.008 <0.005
3rd 0.16/0.20  0.10/0.20 1.40/1.60 <0.003 <0.002 0.65/0.80  0.10/0.30  0.40/0.60 0.015/0.023 <0.005
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Fig. 5. Relationship between FATT and 0.2%
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Table 2. Chemical composition of the laminated steel plate (Ladle analysis).
Chemical composition (wt% )
Layer
C Si Mn P Ni Cr Mo Al Sn
1st 0.25 0.60 1.48 0.060 0.005 0.55 0.80 0.15 0.010 0.030
2nd 0.23 0.42 1.55 0.030 0.003 0.42 0.07 0.49 0.005 0.003
3rd 0.18 0.14 1.54 0.003 0.001 0.71 0.15 0.49 0.018 0.003

Fatigue pre-crack —>'<-Fracture surface

1st >t

- m
and layer 0MM

(a)Compact tension test specimen
after fractured
(b)Microstructure of bonded zone

Photo. 1. Optical
structure of bonded zone
and compact tension test

micro-

o

specimen after fracture.
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Photo. 2. Fractured surface of crack arrest test specimen.
E 400} o 1st layer (0y =672MPa,FATT=196°C)
e 2nd layer (w=566MPa,FATT=96‘:)C)
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-300f N A
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o 2001 A o
£ o D
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o 100} ® 9
3 N $ 8 8 o
2 %200 -100 0 100 200 300
] Temperature (°C)
b .
Fig. 7. Static fracture toughness and yield strength of laminated steel plate.

BrRiL72b0THAE. 2EHE 3MEOERI,
IVEERNE 22 G BN C B D, A RO THE L v,
LA LGRS RS FH D0 widse o
SIS, FHRiA S R SR B s h, e hEE
BOLEINTHLIENGH D, INHDORIE, B
HTORRICTHOAY- HdBu L EZ SN, BN
TO XEER ORI D VIR T~ 03 < 8
D3EMAE Photo. 2 12 G A X ) & (BB
PN A

SO 3REM OB HHRER A RILL, %88 ORI
PR A SR L 72, 3 K8 GBI A A7 10 B 1 o) B BE A %
WEL LS, EBOBERBCHsOBSEE, &
W5 LT ST E R LT, T AU EIT IR & A
VIZBULEREE LS C, Mo ORI YL BB & E LT
fThh/ o bicksEr5N%,. Fig 7 2@ &EO
Kic, 0,% 500 FATT 45k, (1IZEEE B
Do o, BWESNRTEY, T/, FATT © Kic BRiR
L ARIIEHBIERII S B 2 A A. 18 H OB,
K;c (Upper shelf) 25+ @vwo T, RENFo 1EH
SOOI XHOFAEEHIETEL EFHMaND.
#BD Kie, K5O K, O FHRIEL 0T 58
Bz (1) e HeCRwe. ZhooRiReT Lo

71—

T Fig. 8 1237, Kie D TFVIRUHEBERME»S Xe %
ks e, 1WHIE Xo=230°C, 2EHIE X, =85°C,
3MHIX Xe=—21°C &b, £ELHIZIFHELS

DOBERNEESELRATHS, WThoBTL Ky
shelf fHI- BT 5 Ky BL O K, il Kje DF I &
DE e TWAD, T AUZENYEERTR S A5 ERRRIREH
BED@LARAEON NEEZONL. T BRI
BWT, Ky %500 K, 8 Ke B L 0 SR
CEBITLTB N, ZoOMIHERIRR S 29, ML
NEWIIEZORBITEIRKREC R TWAS, Lok -
T, 1BEXHE2MEH, 2BELNE3EHDIE) A
XRUAIRIE L MEREAY N & C e B ETAIBRIZ, o o ABR
L7z EROFIRADTREMEIZ NS (o T EFE RS
n5,

Bk U 3B BT, BT VIEESROKE
EHRESNANFEHRGE EEE L 20 AN RKEBEE T
oo ThbE, TEHERHPROFES 16.9 mm (2 BH
B384 % LA 2 a R & R P ) 1Ay
T AN K, ¥ 5 2 7. 3B 57 265°C 127 -
FEATIRBEMT 2GS L TAILIE S A, &5 IHM
WML 2 AR L, o K 23l L 72 K

— 122 —



-4 R 0 2 B U 5 ) B Ay B 0 B & MRS 437

350

300 -

N

(4]

o
T

Kic,Kid,Kia (MPa/m)

100 200 300
Temperature (°C)

Fig. 8. Lower bound fracture toughness transition curves of laminated steel plate.
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