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Mechanical Properties at Elevated Temperature
of Cr-Mo Steel Subjected to Creep Damage
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(Received September 1, 1997)

The accumulation of microstructural damage in materials subjected to quasi-static long-term loading at
elevated temperature occasionally affects the service life of the structures, e.g. reactor vessels. This damage,
for example, brings lower ductility and toughness of a material than in its initial condition as well as lower
creep strength so that the risk of fracture of the structures increases during its shutdown and subscquent
loading. Cr-Mo steel has excellent properties at elevated temperatures as steel for several kinds of reactor
vessels. It has, as is well known, poor strength, ductility and toughness after long use at elevated tempera-
tures.

Examinations have been conducted on tensile test results of damaged material: creep-prestrained and
long-term aged 2'/,Cr-1Mo steels. Round bar specimens were extracted from the 2!/, Cr-1Mo steels subjected
to creep-prestrain at 827K under 90MPa stress level, and tensile tests at several temperatures have been car-
ried out. Several mechanical properties, e.g. ultimate tensile strength et al., of damaged material were ob-
tained. Ultimate tensile strength and 0.2% proof stress of damaged material are lower than virgin material.
Uniform elongation and elongation of damaged material are larger than virgin material. Effect of prestrain on
elongation is negligible, effect of long-term elevated temperature holding, on the other hand, is high. Strain
hardening exponent of 8% prestrained material is smaller than the other.
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21 HEMH EHBRR OERES

REBRCTEMERASM & LT, KE 25mm @ 21/, Cr-1Mo 5 (ASTM A387 GR22) & Alw7z. D
{L2ERLS % Table 1 (2787,

Fig.1l(a) (2R T &9 HEE 8Smm OXEREBRF 27 )~ T OTHAEEAL, £ORERR 25 Fig. |
(b) D & ) RELE 6mm OIIES RAERF AR U/, REEN RS 32mm B TOMUAT
ETEH L) ITEEIRRT THA. Fig 2 (THEMOAMET R 2R . PATEEECIE AT g
EFiglb) DIV —TFOTAEEANLBERLLEEBR EECHLETHAS.

IRAE 873K, BMILS) 90MPa O TF T/ 1) — T ERZ TV, V) T FOT ARG HHLU
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2% FOTADEEIZIE 350 B, 8% FOTADHEITIL 750 M§H Likw L7,

R 873K I EBOMAIRE LD &S, 2% F O A TEHEEY CHREIZUIFIEMMN
TRAVTAFHWRERI ) =T LNV E LT, 8% FOTRIE—RLIIIE Y U — TORIGIZT N LN
W& LTREAT.

B, EREBR O ) - TOTARE ) - THEOLOIEL DS 2005, AR L
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HEE R ERBRIIABE 245kN DA — b7 I 72 TH 272, SIRTORBITEL % v,
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EEAHCC, ABRFRELHCRED L3CTOMPEAICHE L 5 12Kl L 7.

PE R BERE 32mm B E ALK 1 DT ORI 7AEE) b 5 0 AKX O AT L o TEH
L, 2200 FHEPOOMNE LT ERkH, 74, MEL T~ NV TEHllL, 5BRK
B XY LI — FIOE - U HERLER L, O NZIL - OFAMBASIEEM S, 0.2%
M), RAMEHFO BB, HRHY, SEHY, 2L COTAELERE KD,

BB TOFIERBHERIIOTAEEOEELZITRTWI L2 EZEL, JISCGO567 IZBE ST
VB O AREBERIRIIE S T, EAEEEED 0T AEREET ) F T 0.3%/min, W 7EE7 8%/min |2
B EHIIHIBE L CTERETo 7.

Table 1 Chemical composition of Cr-Mo steel used.

Chemical composition (mass%)
C Si Mn P S Cr Mo
0.14 0.07 046 0.07 0.003 2.38 1.04
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Detail of A Unit: mm
(a)  Specimen for creep-prestraining or aging (b)  Round bar tensile specimen

Fig.1 Specimen for creep-prestraining or aging and tensile specimen extracted from specimen subjected pre-treatment
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Fig.2 Round bar tensile specimen extracted from virgin steel
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Fig.3 Temperature dependency of ultimate tensile strength
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Fig.4 Temperature dependency of 0.2% proof stress
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