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Applicability of Monkman-Grant Relationships
to Type 316L(N) Stainless Steel
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Abstract

Creep tests for type 316L(N) stainless steel were carried out using constant-load creep machines at
550°C, 575°C and 600°C. Material constants necessary to predict creep rupture time were obtained from the
experimental creep data. And the applicability of Monkman-Grant(M-G) and modified M-G relationships was
discussed. The log-log plot of M-G relationship between the rupture time(s) and the minimum creep rate
( &,) was dependent on test temperatures. The slope of m was 1,05 at 550°C and m was 1.30 at 600°C.

On the other hand, the log-log plot of modified M-G relationship between £,/e, and ¢, was independent

on stresses and temperatures. That is, the slope of m’ was approximately 1.35 in all the data. Thus,
modified M-G relationship for creep life prediction could be utilized more reasonably than that of M-G
relationship for type 316L(N) stainless steel. It was analyzed that the constant slopes regardless of
temperatures or applied stresses in the modified relationship were due to an intergranular fracture grown by
wedge-type cavities.
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Table 1 Chemical compositions of type 316L(N)
stainless steel(wt.%)

Elements C o | Ni
Heats

PO 0.019(0. 17.25[12.4112.

PL 0.018 17.22(12.44 2.

PH 0.019 17.26112.35} 2.

signal direction
——-» control direction

Fig. 1 Block diagram of creep data acquisition
system
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Fig. 2 Schematic representation of a creep rupture
curve representing M-G relationship
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Fig. 3 Minimum creep rate vs. applied stress at
each temperature and phosphorus content
for type 316L(N) stainless steel
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Fig. 4 Applied stress vs. time to rupture at each
temperature and phosphorus content
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Fig. 5 Rupture time vs. applied stress at each
temperature and phosphorus content
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Fig. 6 Time to rupture vs. minimum creep rate
for type 316L(N) stainless steel
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Fig. 7 Dependence of ratio of rupture time to
creep rupture elongation on minimum
creep rate for 316L(N) stainless steel
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Fig. 8 Relation between minimum creep rate and
rupture elongation for type 316L(N)
stainless steel
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300MPa-65hr 270MPa-202hr 260MPa-270hr
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Fig. 9 Typical SEM fractographs observed on the crept PH specimens under various stresses
at 600°C of type 316L(N) stainless steel.
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Fig. 10 Typical SEM fractographs and cavities observed on the crept three specimens
under 260MPa and 600°C of type 316L(N) stainless steel.
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Fig. 11 W-type cavities observed from the
ruptured specimens under 340MPa
and 600°C(x1000)
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