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Relationship between Type IV Fracture and Microstructure on 9Cr—1Mo—V-Nb Steel Welded Joint
Creep-ruptured after Long Term

Takashi W ATANABE, Masayoshi Y AMAZAKI, Hiromichi HONGO, Masaaki TABUCH!I and Tatsuhiko TANABE

Synopsis : The long-term creep rupture testing was conducted on 9Cr-1Mo-V-Nb steel welded joint to obtain its creep rupture properties and mi-

crostructural changes during creep. From these data the relation between the microstructural change and the initiation and propagation of a

creep crack was examined. Creep rupture tests were done at three temperatures of 823K, 873K, and 923K, under the stress ranges of
160-230 MPa, 80-130 MPa, and 40-80 MPa, respectively. In order to investigate the stress and strain distribution of the welded joint speci-
men that showed the type IV fracture in the low loading stress range at 873K and 923K, finite element method (FEM) analysis was carried
out using the creep data of simulated HAZ specimen. The analysis revealed that the stress triaxiality is higher in the fine grained HAZ region

adjacent to the base metal than in the other parts. The analysis combined with the experimental results suggests that creep crack would initi-

ate at the fine grained HAZ region adjacent to the base metal at the location of transition in groove angle in the welded joint and would prop-

agate toward the upper part of the V groove along the V groove in the region.
Key words: 9Cr—1Mo—V-Nb steel; welded joint; microstructural; type IV fracture; HAZ; FEM analysis.
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Table 1. Chemical compositions of base metal and weld
metal. (mass%)

Material C | Si [Mn P S Cr|Mo| V | Nb N
Base metal| 0.08(0.34 [ 0.49 | 0.005| 0.004| 8.34] 0.89| 0.23| 0.07 [ 0.059
Weld metal| 0.08/0.20 [ 0.99 | 0.004| 0.004| 9.21( 0.94} 0.18] 0.04] 0.012
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Table 2. Procedure of gas tungsten arc welding.

A

Groove ) \i
Wire TGS-9CB

£ Welding current (Amp.) 200

£ Arc voltage (Volt.) 11

9 Welding speed (cm/min) 10
Preheating (K) 427-471
Interpass tmp. (K) 427-471
PWHT (K) 1016 x 8.5h

25mm

Fig. 1. Cross-sectional view of the welded joint.

Creep specimen
5mm width, 17.5 mm thickness , 100 mm gage length

=~

Rolling direction
>

Weld metal

Fig. 2. Sampling of test specimen from the welded joint.
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Fig. 3. Stress vs. rupture time curves for the welded joint
and base metal.
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Fractured

a) 823K, 160MPa, tr= 13748.5h
Fractured in weld metal

Fractured

b) 873K, 80MPa, te= 12414 8h
Fractured in heat-affected zone
Fractured

c) 923K, 40MPa, tr= 768_7h .

30mm

Fractured in heat-affected zone

Fig. 4. General views of the creep fractured of welded joint specimens.
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Fig. 5. Hardness variations in the base metal (BM), heat-
affected zone (HAZ) and weld metal (WM).
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Fig. 6. Microstructure of the type IV fractured specimen of the welded joint.
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Fig. 7. Transmission electron micrographs of the as-welded specimen and type IV fractured specimen of the welded joint.

U T O EISHAR £ Fig. 7IOR T, B EMIE
BERERB @BV OFRICEVWERNEE, I BRI D,
BRI IR U 72 HAZ T (b) DR % B 1T REM I B4
U7z HAZ B ()2 Hb @y, BEMICBEE U 72 HAZ L P
(©TiE, LT U447 2AMBIERI LY, B
@ TEMME~YLT VY4 b 2B L UENEEDS
Wi SER A NS, FRIIH L, Type IVIEEEL 7235
UF TREBREBRDOEBENERE ZBEEL IMOEES
B @I HANET LT 5, EHSBICHEL -HAZ®E
(NI K OB ICREE L - HAZERE (2B W T8, B

27

¥ I MOBEREIR IR L 72 HAZ B (b) 5 K O R 12 Bk
BUZHAZERE o) IC NI FEELAELIEKTLTY
5, FHMICEREE U 72 HAZ B (g) TIRRALI O M RAL 358
FEThHo, MEIREHEATHS, ZLT, BHMEO)T
BEEE FMOMEB@ICHHELZY LT A+ T
AR SN L KD IENEE LT LTS, &5
12, BA -2 754 PRREE T 72V A 2 OB
Blgrah b,

D LOBSER» S, 873K, 80MPa, 12414.8h T Type
IVIEE U 75 Bk F O MRS R ERE, BEESR

209 I



I 210

$k & 4H  Tetsu-to-Hagané Vol. 90 (2004) No. 4

Fractured

873K, 80MPa, tr= 12414.8h
Type IV fractured

HAZ

Ll ]
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Fig. 8. Profile and optical microstructures of the type IV fractured specimen of the welded joint.
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Fig. 9. 3D FE mesh of welded joint specimen.
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Fig. 11. Schematic of the crack growth of type IV frac-
tured specimen of welded joint.
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