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ABSTRACT: Through the idealized finite element modeling and simulation calculation, four point bending stress loading
method was used to obtain the maximum equivalent stress and the change of pitting pit geometry in 304L stainless steel sheet
under different elastic tensile stress conditions, and the axial tensile stress loading method was used to obtain the change law of
maximum equivalent stress with the change of shape and size in the pitting pit on 304L stainless steel pipe under different elastic
tensile stress conditions, . The models of 304L stainless steel sheet and pipe with hemispherical, cone or cylinder pitting defects
are constructed by using finite element method. The stress distribution in pitting pits of 304L stainless steel sheet and pipe model
under different elastic tensile stress is systematically studied by using finite element simulation method, and the change of
maximum equivalent stress in pitting pit is obtained by simulation calculation in order to analyze the growth and propagation
mechanism of pitting under the influence of mechanics. With the increase of elastic tensile stress, the maximum equivalent stress
in the hemispherical pit of 304L stainless steel model increases from 68.508 MPa to 328 MPa, that in the cone pit increases from
115.960 MPa to 554.610 MPa, and that in the cylinder pit increases from 97.244 MPa to 466.200 MPa. The maximum
equivalent stress growth slopes of the hemisphere, cone and cylinder are 2.01, 3.40 and 2.86, respectively. Moreover, with the
increase of the elastic tensile stress, the pitting pits on the surface of 304L stainless steel gradually extend from the stress
concentration area, resulting in the shape change. In addition, under the condition of similar pit size, the maximum equivalent
stress of the hemisphere and cone of 304L stainless steel pipe model is 26.421 MPa and 49.029 MPa without axial elastic tensile
stress, and 135.920 MPa and 300.850 MPa under the action of axial elastic tensile stress. However, with the increase of pit size,
the maximum equivalent stress of cone pit decreases from 49.029 MPa to 36.355 MPa without axial elastic tensile stress, and
decreases from 212.140 MPa to 135.920 MPa under the action of axial elastic tensile stress. It can be concluded that with the
increase of elastic tensile stress, the maximum equivalent stress in the pitting pits of hemisphere, cone and cylinder on 304L
stainless steel sheet model increases gradually, with the highest in the cone pit. Moreover, with the increase of elastic tensile
stress, the pitting pit shape on the surface of 304L stainless steel gradually changes from the round hole to the strip under the
influence of stress concentration. Under different elastic tensile stress conditions, the stress concentration and maximum
equivalent stress of the cone pitting on 304L stainless steel pipe model are higher than that of the hemispherical pitting.
However, the maximum equivalent stress in the pit decreases with the increase of the pit size.

KEY WORDS: finite element; elastic tensile stress; 304L stainless steel; pitting; stress concentration; maximum equivalent stress
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Tab.1 Chemical composition of 304L stainless steel
wt.%

C Si Mn Cr Ni S P Fe
0.03 1.00 2.00 18.00 8.00 0.03 0.035 Bal.

£2 304L MMBERHFHESK (20 T)
Tab.2 Basic mechanical property requirements of 304L
steel (20 C)B*H

Parameters Numerical value
Tensile strength/MPa 520
Yield strength/MPa 205
Young modulus/MPa 1.95x10°
Poisson ratio 0.3

Density/(kg-m™) 7930
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Fig.1 Schematic diagram of four point bending stress experi-
ment
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Fig.2 Morphology of several typical pitting germination stages obtained in the experiment: a) hemisphere pitting, b) cone pitting,

¢) cylinder pitting
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Fig.3 Macroscopic corrosion morphology may be originated from several typical pitting shapes: a) originated from hemisphere or
cone (Halfaya Oilfield tubing), b) originated from cylinder (Northwest Oilfield gathering pipeline)
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Fig.4 Idealized 3D model of pitting pits with different shapes:

a) hemisphere, b) cone, c) cylinder
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Tab.3 Parameters of idealized pitting pit model for 304L
stainless steel sheet in four point bending corrosion test

Pitting model Size
Hemisphere Radius: 25 pm
Cone Bottom radius: 30 um
Height: 30 um
Cylinder Bottom radius: 35 pm

Height: 45 um
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Tab.4 ldealized pitting size parameters of 304L stainless
steel pipeline

Pitting model Size

Hemisphere Radius: 1 mm

Bottom radius: 1 mm, 2 mm, 4 mm
Cone )
Height: 1 mm, 2 mm, 4 mm
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Tab.5 Dimension parameters of laboratory 304L stainless
steel sheet

mm
Parameters Numerical value
Length 300
Width 150
Thickness 1.5

%6 BOGHEHNANOBLZFTERTSH
Tab.6 Size parameters of inlet pipeline of BOG booster

mm
Parameters Numerical value
Diameter 273
Wall thickness 5.10
Length 1000
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Fig.5 Finite element model of 304L stainless steel: a) thin
plate model, b) pipeline model
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Tab.7 Numerical parameters of elastic tensile stress on
304L stainless steel sheet and pipe

MPa
Model Elastic tensile stress
Stainless steel sheet 34, 96, 130, 163
Stainless steel pipe 0, 82
F F
F F
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Fig.6 Four point bending stress loading model (a) and pipe
stress loading model (b) of 304L stainless steel sheet
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Fig.7 Stress nephogram of hemispherical pitting pits on a 304L stainless steel sheet model under different elastic tensile stresses
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Fig.8 Stress nephogram of cone pitting pits on a 304L stainless steel sheet model under different elastic tensile stresses
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Tab.8 Maximum equivalent stress in pitting pit of 304L
stainless steel sheet model under different elastic stresses

MPa
Pitting
34MPa 96 MPa 130 MPa 163 MPa
morphology
Hemisphere ~ 68.508  193.430  261.940  328.430
Cone 115.960  326.640 442330 554.610
Cylinder 97.244 274570  371.810  466.200
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Fig.9 Stress nephogram of cylinder pitting pits on a 304L stainless steel sheet model under different elastic tensile stresses
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Fig.11 Pitting morpholo%y of 304L stainless steel under different elastic tensile stresses after potentiodynamic polarization test in

3.5wt.%NaCl solution°
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Fig.12 Effects of stress, shape and size on the stress distribution nephogram of pitting pits on 304L stainless steel pipeline: (a) and
(b) are hemispherical pitting pits with a radius of 1 mm; (c) and (d) are pits with a radius of 1 mm and a height of 1 mm; (e) and
(f) are pits with a radius of 2 mm and a height of 2 mm; (g) and (h) are pits with a radius of 4 mm and a height of 4 mm
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Tab.9 Maximum equivalent stress of hemispherical and
cone pitting pits on the 304L stainless steel pipe under
different elastic stresses

MPa

Pitting type and size 0 MPa 82 MPa
Hemisphere (Radius:1 mm) 26.421 135.920
Cone (Bottom radius: 1 mm,
Height: 1 mm) 49.029 300.850
Cone (Bottom radius: 2 mm,
Height: 2 mm) 42.899 235.750
Cone (Bottom radius: 4 mm, 36.355 212.140

Height: 4 mm)
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