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Temperature Dependence of J,¢ Fracture Toughness Values in the
Structural Steels and Evaluation of the Testing Method

Haruhiko Fujita, Manabu TANAKA, and Osemu Kamiva

Synopsis:

The fracture toughness of four kinds of structural steels with relatively high elongation at room
temperature has been evaluated by the electrical potential method and by other methods between at

room and liquid nitrogen temperature.

The results obtained are summarized as follows:

(1) At room temperature, (Jic)g value by the electrical potential method was very close to (Jic)r

value by the R curve method.

(Jic)s value by the SZW method was 159 higher than (Ji¢c)g value.

(2) At room temperature, the crack initiation detected by the inflection of the electrical potential
corresponded to the stage where the formation of type ][ dimple and the internal necking occurred.
Before the crack initiation, voids were already formed in front of the stretched zone.

(3) Jic value increased with decreasing the testing temperature because of an increase in the yield
strength, while it decreased drastically when cleavage fracture occurred at the precrack tip.

(4) Jic value, CTOD(8) and Kic were related with each other as follows:

ch=l.79 0'y'6
Kic=0.81v ] E
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Table 1. Chemical composition and mechanical properties of steels used.

Steels C Si Mn P S Ni Cr Vv Mo Cu
HT80 0.13 0.25 0.82 0.009 0.005 0.85 0.48 0.04 G¢.48 0.22
HT60 0.15 0.25 1.28 0.017 6.005 0.01 0.02 0.05 — —
SM50 0.15 0.34 1.40 — — — — — — —
S541 0.18 0.21 0.88 C.05 0.05 — — — — —

Steels Yield stress Tensile strength Elongation

( kgf/ mm?) ( kgf/ mm?) (%)

HT80 84 90 32

HT60 | 51 - 64 30 o

sM50 | 37 53 34

SS41 27 44 36
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Fig. 3. The load, the electrical potential and
SZW versus the crack opening displace-
ment of HT60 steel at room temperature.
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Fig. 5. The load, the electrical potential and
SZW versus the crack opening displace-
ment of SM50 steel at room temperature.
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Photo. 1. Scanning electron fractographs of precrack tip before and after the
inflection of electrical potential at @ in Fig. 3.
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Photo. 2. Scanning electron fractographs, showing type I dimples near the crack tip
(- - - - crack tip, — direction of crack propagation).
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Fig. 7. Jic values of the steels by the R curve
method at room temperature.
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Table 2. Comparison between Jic values by
electrical potential method and by
other method at room temperature.

(kgf- mm/ mm?)

HT80 HT60 SM 50 SS541
(Jic)g 11.6 14.3 11.7 10.7
(J1c)r 7.0 15.3 12.1 10.8
(Jio)s — 16.8 13.6 —

E : electrical potential method
R : R curve method
S : SZW method
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—FHLTED, LB OWVTIHEEC L5 &%
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Fig. 8. Jic values of HT60 and SM50 steels by
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Fig. 9. Effect of temperature on Jic value and
SZW of the steels.

3.3 Jic QOEEKEM

Fig. 9w 4 OB ERM OB A OBAE TE 1 (Jid)e
ClEZOMTIE (Jicde  Jic &Vv5) OEER &
Y SZIW OFbL & Hwm L. RBEENME
T35 & SZW 333 —ETHBRAN ER T2 720,
Jic R—ELERTOAIBRBENMET 5 &, EME
D DEWEREA~EEER LT T 0T Jic 1A
MB35, HFo Jic OBKEY (Jic)mx & L,
(Jic)max /2 LIc BRERFEERHCT Jic ERERES L8
ZEWTA. KB Bv-ic HT 80, HT 60 pEiE
FIENIFEEL R IT S 230 b3, SM 50, SS 41 1@
R L TEBEEIEL, (Jic)me XA\, Fio,
(Jic)mx DREVEEIRE Jic BREEMTTD Jic
BOEKTFHEWTHS.

SZW DX EIMEC L >TRL DD, Jic BBE
HELIDVETRERCODE VLT Jic EBEEFR
BRI LTWD Z Epvbhhn. 1, Jic ER
REFED SZW 0B iz Jic OB b X sHE LT
I, EROMEDNLLEL UERKERITS Jic L
SZW ¥ X OBRRIG D ORI 55 D EBR e BHE S
H3DEHREINDD, SHEIDICHFMCBRFYEL X
5.

Photo. 3 &= HT 60 kit 5 Jic BREEDOHEKD
BE%R L. HT 60 © Jic BBEEL —121°C T
&%. Photo. 3(a) 12 —91°C kT HA LTV
— VB OWE TH B2, FHEMCILT 4 v I A2
AR TEY, SZW DORERE OHEM X W OEEE,

~ 163 —



388 % & 0

Fatigue
precrack

-

Dimple region Brittle

fracture

.

T
Stretched zone

>1

ity
Br

precrack

ittle
fracture

(a) —91°C

(b) -156°C

Photo. 3. Scanning electron fractographs of the HT 60 steel specimen fractured

at low temperatures.
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BIh, EHEEORE LIRS RIET 5.

(3) ZERT, BAECHEBIND 3 R4 LR
W, AFVyF—vogiFie, HT 80 &+ HT 60 <
tr MnS WIRET5 44 FpS, SM 50 & SS 41 ¢y
— 54 VERETHERAER IS, R DI XZE
Jo 200~500 ym BEOCHH T CIEEIR, kb
PEEZE SR AT, HT 80, HT 60, SM 50, SS 41
DIECK X< 755, ‘

(4) {EREB &, SZW pUSIT—FED ¥ TR
DEATHID Jic BN, »B5RETEAEY &
D, TOBECHEMICEWUNRRETS I 505 L8
CHATE. BEh & Lwrs vord Ff%o HT 80 &
BEH E LA 74 FAGED HT 60137 =51 + - 2—
Z 4 MEEED SM 50, SS 41 B LT, KREREEMN

o
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390 s &

s 67 & (1981) %22

B b bd Jic EREL Jie EREEXID
EETHS.

(5) Jic fE& CTOD {§ & DBAREIL Jic=1.79046
Eleh, ERTECERS LitdborovwTid Kie=
0.8IVJic-E &) ERANB LR

REBCHREXED D HI, ERFESCOXHIE
HE BB O KB AZF TEROKKEFEE, T alBA
H, ABBETCHIIRCERE, BEEEREE R
UV HEARESE, BB CHERYETS.
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