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Application of Local Stress Criterion Approach to Toughening Behavior
due to Nickel Addition in Low Carbon Steels

Tetsuya Tacawa, Syuji Ainara and Takashi Mivara

Synopsis : It is well known that nickel is one of the most effective alloy elements to improve the fracture toughness of low carbon

steels. Although several mechanisms of toughening due to nickel addition were proposed, influential and persuasive
mechanisms have not been established yet. In the present work, the fracture toughness of steels with nickel addition
from O to 4 mass % were investigated for two series of steels ; one for the steels subjected to the same heat treatment
and the other for the steels with the same bainitic microstructure. Improvement of the fracture toughness with nickel
addition was observed for the steels subjected to the same heat treatment. For the steels with same bainitic
microstructure, however, the fracture toughness did not improve with nickel addition.

The authors have previously formulated fracture toughness of low carbon steels in terms of tensile properties on the
basis of the statistical local fracture criterion. They showed in the previous work that fracture toughness of the steels
is expressed as a function of yield stress and cleavage fracture stress. The effect of nickel addition on fracture
toughness was analyzed through the change of yield stress and cleavage fracture stress. Decrease of the temperature
dependency on yield stress with nickel addition was observed for the both series of steels, indicating the tendency of -
toughening. Whether the fracture toughness was improved or not by nickel addition depends on the variation of the

cleavage fracture stress with nickel addition.

Key words : fracture toughness ; nickel addition ; local criterion approach ; cleavage fracture stress; yield stress.
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Table 1. Chemical composition of the steels tested.
(mass%)

C Si  Mn P S Al N Ti Ni

0.074 0.22 0.77 0.005 0.003 0.028 0.004 0.009
0.074 022 0.76 0.005 0.004 0.030 0.002 0.009
0.068 0.22 0.78 0.005 0.004 0.027 0.003 0.009
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Fig. 1. Thermal cycles subjected to the steels test-

ed.

Table 2. Materials code and mechanical properties.

Material code Oys (MPa) Outs (MPa) R.A. (%)

0%Ni-T1 373 508 81
2%Ni-T2 444 574 78
4%Ni-T3 449 602 72
0%Ni-T3 330 457 74
2%Ni-T3 394 536 76

Note; Outs: ultimate tensile strength, R.A.: reduction of area
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Fig. 2. Shapes of tensile specimens. (unit in rﬁm)
(a)Smooth round bar tensile specimen. )
(b)ImmR notched round bar tensile speci-

men.

e HEEA S LT, NI InE G & 6 T T3 208 L
72 (0%Ni-T3,29%Ni-T3,4%Ni-T3), Table 2 (= &ttt
DEETOFIEMEFMEZRT, LB, S OB
Table2 (293 b D LT 5,

B T U TIRBEER Y L RO B RBR 21T - 72,
Thbb, BRIEHCUTFos & FER) IXFig. 2 (@) ISR § g
BIEERER N 2 M, BEBRA BB isfr Lo 0T A
— Nz & Y RIE L7120.2%i00 2 v, £ DIREERA N 28
LT~ & BIBERIG 1 (LU o £ H8) I, Fig. 2 ()R
1 mmRHAAYIR & A5 IERER )T kiR ER T (—196
CO)THEES ¥, AMRERIEIC L 0 BE LICHERFFOUKR S
EEEDBRATIRIG S & L THE LI AHEEM L b 44

62

DRERITH 615 6 NICHEDTIMER 2 DB Do b U128
HRERIZRE1I0Mmm D 3 S EER A 2 v, ASTM E813
CHERL LTRSS & D EHE L T2, WU F ORI TR T R T %
KAB B L THC TV 5, $IERARRE 5 Bk
BAAA S TR L, IR T 2pk- THHET 2 & 5 BRAE
IR TR 24T - TV b, SR L b —80°Ch
6—196°COM D EIBETHE 1T, ERMKBRERD I,
BHEDFES L e 0 B2 T OFE M BT 5100
o, BEEEM R TSR, MR R, SEMIC & b BIE R AT
o 12. BERZE L T3S L & 400485 & 500{E D 5 —
MPRIZET S 5 & 5 C2MBCHEARE 2TV, EREN
2 & 0BT TES R RD f, BRI T, § T4
PRERBEMLL, 2 0ERPETMHEL Lic, ST
SAD 85 A—~& E LT, FHHE, MRS K CREEE
Y959 D HELRATIE L LTEE LR,

3. =EEER

3.1 SEMBEEESR

5 HEERM O e EHMERL B H # Fig. 3 o /”" T, Nilisn
BOBIMCECRENEE 2K T 3 &, F—M#k 20 - 7230
HOUHM (Fig. 3 (2),(b), (@) T, T bIHA—RATF
A MPREDIZIFEHEL O EHNA 4 MM E o> TV 5%,
—%, Rl—#S3E% L 12 3O HEM (Fig. 3 (@), (e),
(©) TN AN EDZE CIZ & b, NilmED
MRCIRERBEE7 254 bHELR->TH Y, 0%Ni-
TMTE 7 =54 D ERDOMEREE Lo T 5,

B OSEMBISETAED—Hl# Fig. 4 \oin ¥, SHEM
DETHMD £ IREHK, TILHEM T IXPLPLPHKOEEL R
LT3, BTADIREAE R ZOHEPLEL A XA b
ThastHELONDD, —HzBKR= VT F A b SFRE
LTV 2L35ThbB, tAVEXA MTlke A4 OEF|
N, Bk oA b (LLFM* EFER) TIIM*/ 7 =
SA MREOFNOD~ S HBEEORAA AL V155 L H
o, EEEEREL Y, oThd 2060 EYEREER
T e B B TR EMLEM L S EARHE L TM* DA E
TH % »HEIRD 555, SEMBED A H L TR,
M*ORXJPHETDH b, EMDO £ gtk &4 b
DB TH- 1210, 22T & 6 F —FRMIC T
#4712, Fig. 5 WA HAM OB _ME S i " T, H—
HEL % 0 - 7oA (Fig. 5 (a),(b), () 2B T, 4%
Ni-T3ZDAE"HHES DM ISHELHEY D Y, TIED
PSCETHOBEINS S B E LI, RO THKRR
BTAEPEL T 5, 2 OMEEILRHE—BLHE 2 L 7
#1 (Fig. 5 (d),(e),(c)) T b FFRT, 4%Ni-T3# T DF _4H
DM RALHTEHRE £ 72 5 T B, NiERIM K UF29% Nid st
oL TEREOME I L 28 M-k ®mT 5 &, T3
ALEEHE (Fig. 5 (d), (e)) i, T1, T2XL#44 (Fig. 5 (a), (b)) i=



{KFRFEM~ONIFRMIEC & 5 S A 661 I

Fig. 3. Microstructures of the steels tested.
(@)0%Ni-T1 (b)2%Ni-T2 (c)4%Ni-T3 (d)0%Ni-T3 (e)29%Ni-T3

Fig. 4. SEM micrographs showing precipitation of the second phase particles in the steels tested.
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Fig. 5. Size distributions of second phases particles for the steels tested.
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1800 Table 3. Experimental trends of toughness, yield
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