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Effects of Grain-and Grain Boundary-Strengths on the Notch
Rupture Properties of an Austenitic Heat Resisting Steel

Masaru YamamoTto, Ohmi MivaGawa

Mitsuyuki KoBayasui, and Dai FujisHIRO

Synopsis:

‘The notch effect on both the rupture strength and the fracture behavior was investigated in 20-11 P
austenitic heat resisting steel whose hardness and configuration of grain boundaries were widely changed
by heat treatments.

The notch rupture life under constant stress reached the maximum value at some critical hardness value
depending on the configuration of grain boundaries. As compared with the result of smooth speimen, the
critical hardness for the notched specimen was shified to the value lower than that of the smooth one.
This resulted in the notch strengthening in lower hardness region and the notch weakening in higher hard-
ness region,

The analysis of fracture behavior suggested that stress concentration in notch root would cause the notch
weakening in higher hardness region by the accelerated nucleation and propagation of grain boundary crack-
ing, while the constraint of plastic deformation around notch root could cause the notch strengthening
in lower hardness region where the ductile fracture occurred and the rupture life would be determined
by strain rate. It was also shown that notch weakening of strengthening was strongly dependent on the
ductility.
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Fig. 1. Notched rupture specimens, Stress con-
centration factor is 2.42.
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Table 1. Variation in hardness with heat treatment.

Solution Cooling Aging Vickers hardness
temperature procedure treatment number (Hv : 20 kg)
Water quenching (WQ) 750°C x 6h 355
1 200°C Air cooling (AC) 7 363
Two step cooling (F A) 4 347
wQ 750°C % 6h 316
1150°C AC 4 333
F A ” 305
wQ 750°C % 50h 268
1 100°C AC 4 288
FA v 265
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Fig. 6. Effect of solution temperature and cooling
procedures on the notch rupture strength
ratio and the rupture elongation of smooth
specimens tested at 700°C.
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Fig. 7. Effect of hardness and cooling procedures
on the time to rupture of notched speci-
mens tested at 700°C under 30 kg/ mm?2.
The fine lines indicate the results of
smooth specimens heat-treated and tested
at the identical conditions.
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Fig. 8. Effects of hardness and cooling procedures
on the time to rupture of notched speci-
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Fig. 9. Effects of hardness and cooling procedures
on the time to rupture of notched specimens
tested at 700°C under 30 kg/mm2. The
fine lines indicated the results of smooth
specimens tested at the identical conditions.
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Photo. 1. Appearance of grain bonudary cracks at the unruptured notch roots of the double
notched specimens tested at 700°C under 30 kg/ mm?.

The stress axis is horizontal.

— 82

«



F—ARFFA FBBOGR 7 Y — TR~ ORI X R FREORE

1865

AR RO RIMEIIA (FREE) wik{KFLT
WB Z LI FIEMOEE L RRICRN LN REEOTS
IR L BECEELTWAZEERLTYVS. £
2T 2 TYVRAER R & V- TRENT Uis o> D e YRR 7
NG EEAFE L. CoERIBRMENOSRES
z 5N 5. Photo. | i ZHOBROB S 1150°C
AL DRI O 2 YRR T O RBEHTER O TIREIC
Lbhd EROHEZRT. MRA T Photo. 1 X5
7 RANE s X BUMEIER X s, 1200°C iR Lo tERA
TRESRENRKE W & &, BH{RERIEFIT/IS W
Ll DD EAET L SRR ESrORY, BE
BEVESICIIEMRL LN N T EBEV.

X, Photo. 1 TEHOBKEHAD L, KEMET
R ERTH B, 2EHEIMTIIR e EER S
BMBHE LTS, BEBMEWESE I PIREMTIZT
KD EURL LS, WThOHEEbLORTYHIR
R =HMBREGEL, VbW AREERELOTY
5. T Fig 12 ciixs@oks | tRAOES 1B

1200
2 L
=
5 800
[
KT L
~ o]
S 400 o~ o
] o
- oL

0

30 T T T
3 | 150°C ST 700°C - 30 kg/mm?
- N |
£ 20 9
=) o '
o N
L
x o FA
9 10 —
<] wQ
o o I 1
| B DO o
i o

0 1" ~—0o-
& 100 B
[ :
2 8o

O

g 60 3 FA
5 o /
° 40 < b 0 — wa
8_ o
2 20 n\% —d | —
o 0 J x.o—
= 180 200 250 . 300, 350 400

Vickers - hcwdneéé"number (20kg)

Fig. 12. Change 'in the maximum length, the

maximum height and the number of
cracks as a function of hardness.
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