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Abstract

In this study, the possibility of evaluating the peculiar fracture strength of weldment in high
stength steels was investigated by means of a small punch(SP) test.

In order to obtain the ductile-brittle transition temperature(DBTT) of SP energy by which the
fracture strength of weldment in structural steels such as SS41 and SM53B steels had been
evaluated in our preceding publication, the effects of notches and loading rates on SP energy were
discussed.

It was found that the correspondence of SP energy to critical COD at test temperature -196C
showed a linear relation with some deviation.

The empirical correlation with scatter band, Esp/(Esp)p=1.67[d./(Jc)p]-0.55, was developed
between the SP energy ratio and critical COD ratio of each weld structure compared with parent
material at test temperature -196°C.

In addition, there did not appear to be a significant effect of test materials and specimen size etc.
on the correlation.
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Table 1 Chemical composition, mechanical properties and welding condition of steels used
chemical composition

Steel C Si Mn P S Cu Ni V.  Sol-Al  Cr Mo Nb
HT 80 0.11 0.27 0.7 0.003 0.003 0.22 0.79 0.48 0.39
NV-NEH36 0.12 0.31 143  0.019 0.002 0.01 0.05 0.026  0.03 0.01

HT 50 0.15 0.44 142 0.009 0.001 019 0.27

SM50YB 0.17 0.34 12 0.016  0.008 0.048  0.042 0.032
SM 58Q 0.17 0.48 144 0021 0.006 0.014 0.017 0.017  0.007

mechanical properties

Steel yield strength(MPa) tensile strength(MPa) elongation(%)
HT 80 794 834 30.0
NV-NEH36 420 530 28.5
HT 50 392 539 27.0
SM50YB 447 567 25.0
SM58Q 408 561 38.0

welding condition

heat input preheating current voltage welding wire dia
Steel speed © electrod fl
e (KJ/em)  (C) A) V) (C;p/‘“;l‘im) (mm) ~ CECHO%E x

HT 80 30 150 550 30 33 4.0 KW-103B KB-80C
NV-NEH36 36 150 600 30 30 4.8 US 36  PFHS55LT
HT50 50.6 750 36 32 4.8 Y-E NF-310
SM50YB 33 150 550 35 35 4.0 USW-588 MF38
SM58Q 45 750 32 32 4.0 US 49 MF38
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Fig. 4 SEM fractographs of toe HAZ showed lower
SP energy at -196C
(a) macroscopic fractured appearance
(b) fractograph showing initiation position
of quasicleavage
(c) magnified fractograph of the region
indicated by arrow(P) in fig.(b)
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Fig. 5 SP energy versus test temperature obtained
from various structures of weldment
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Fig. 7 Load-central deflection curves obtained
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-196°C and RT, where notches were prepared
by 0.14mm-thick cut-off wheel
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Fig. 8 Load-central deflection curves obtained
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-196C and RT, where notches were prepared
by indentation of vickers hardness tester
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KBEEEEE PT7E 4% 1989F 128



64

Lok - REEDL - Wl SiHtE

10
£
B
€3]
5 05
5
5

0

- HT80:0.25t

aweld mti(B)
e Parent

oHAZ (B)

!
10 ,
critical COD, dc(x10mm)
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Table 2 The values of SP energy and critical COD at -196C

Steel NV-NEH36 HT 80 SM50YB SM58Q
Esp Esp Esp
Esp(N-m) dc 8¢ d é§
Structure 2 (N-m) 2 (N-m) oS (N-m) Sl
0.5mm 0, 25mm [(1072mm) 0. 25mm | (10~*mm) 3 5mm (10~*mm) 0 5mm (10~2mm)
2.79 1.06 0.92 0.75
Parent 2.80 0.91 11.3 0.95 12.9 0.77 6.15 1.60 22
1.13
3.49 1.41 0.75
HAZ(B) 3.56 1.02 115 0.76 10.4
1.14
3.11 1.05 10.4 0.73 10.8 0.4 11,8
Toe HAZ 2.80 1.07 7.7 0.79 10.4 0.35 4.1 0.53 12.8
3.09 0.80 9.9
2.85 0.93 10.8 0.91 12.9
Weld metal(B) 2.92 10.4 1.01 14
1.05 15
2.43 0.85 10.4 0.64 7.7 0.78 6.0 1.1
Weld metal(A) 2.76 0.88 9.0 0.78 8.7 0.06 0.9 13
0.88 0.71 8.2
(1) a :NwNeH36 (0.25t) 4 % =
i b : NV-NEH3s (0.5t)
_ (2) ; HT 80 (0.25t), (3);SMSOYB(0.5t)
A2 (4) ; SM58Q(0.5t) BRI Bt o e 7t =18 gialo
a4 % SPARMHE 4847 49 oo 42
E‘ (aﬂb (21 31 {4&) QA oich,
SR S - tgg“me@((ég D) ERNMES B Y HEIESS SPolu o)
me .
g | o5 s HAZ(E) AW RIS Heolx skokel. = SPA
a [ ] HA - N
% °e * S ol 9lol Al oflvi=| o] ret-Hitt BB ER A
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3 | ac-mec 2) HT80el Sloi4l SPAIRH w1} chora
3 SRS SPoluIx| o] bol] Ao odske
’é F7) ehgkeh,
S | 3) B KBRS 2zl 9lejd] 4gex
5 -196°C 2] SPoil 11 %] o} B & £ 5488 rg of of o
g %r S8 7o) RABIES w3
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w b #REo)  SPollvix] ol  FR M ZUR s H o)
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Ratio of critical COD compared with
{8¢/{dc)pl

Fig. 12 Relation between SP energy ratio and
critical COD ratio of each weld structure
compared with parent material for various
steels at -196°C
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