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Variation of Surface Crack Shape in Pressure Vessel Materials
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Abstract

Cracks present in pressure vessels have been reported to be mostly semi-elliptic surface cracks.

The fatigue crack growth rates(FCGR) of surface cracks in the pressure vessel materials, API
5A-K55 and SPV 500, used in this study were showed to be different depending on the direction
of propagation of the surface crack. An equation for the prediction of the shape change of the

surface crack was obained by combining the Paris’ relations for each direction of surface crack

extension and agreed well with the experimental data. And also FGGR in both materials were

evaluated and prediction of the shape change of surface crack were made using averaged stress

intensity factor.
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Table 1 Summary of shape change equations

Authors | Ref. | Years Shape change equation
Hall et al. (1) | 1974 | da/dN = Ca(Kmax,a—Ken)™ (4AKa)"
dC/dN =Cc (Kmax,C‘th) "(4Kc)™®
Newman & (2) | 1979 | Ca=11"Cc
Raju £:< 4Kc )"
da 114K,
Jolles &| (3) | 1983 ﬂ:< UaFq )-"
Tortoriello dc UcFe
AKA,eff: Us AKa
AKcerr=Uc dKc
Wu () | 1985 | de _{(a)"s o z182( 4 )]}
da c t
a_ f(i, Lo —a—”—> Apporximate analytical solution
c t’ t’ co
Muller et al] (5) | 1986 | da/dN, dc/dN=C({4K)"
for local 4K and averaged 4K
da/dc=(Ya/Ye)"
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Fig. 3 Fracture appearance of surface crack with
beach mark
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Table 2 Chemical compositions(weight percentage)

, Components | |y | p S Si | Mo | Ni | V
Material .
API 5A-K55 0.3 14 0.04 0.06 — — — —
SPV 50Q 0.14 14 0.016 | 0.005 0.28 0.16 0.15 0.04
Table 3 Mechanical properties
Properties Grs oL S RA Charpy Impact (k] /m?)
Material (MPa) (MPa) (%) (%) T-direction | L-direction
API 5A-K55 304 431 449 67 693 1118
SPV 50Q 519 629 24.6 64.8 872 1254
Note) oys . Yield strength, our . Ultimate strength

¢ : Elongation,

RA . Reduction of area
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Table 4 Parameters of paris relation
Material n ¢ - -
a-direction c-direction
API 5A-K55 347 2.04x10°° 3.54x10°°
SPV 50Q 4.58 5.67 %10~ 9.02x10~1
Note) AK.; : MPam'?  dc/dN, da/dN : mm/cycle
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