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Abstract - A spiral steel pipe has been more used widely as a structural member as well
as transport pipeline because the pipe can be manufactured continuously, consequently more
economical than the conventional UOE pipe. As improved pipe manufacture technology makes
spiral pipes to have high strength and to have larger diameters, the spiral pipes have been
recently used as long distance transport pipeline with a large diameter and strain-based design
is thus required to keep structural integrity and cost effectiveness of the spiral pipe. However,
design codes of spiral pipe have not been completely established yet, and structural behaviors
of a spiral pipe are not clearly understood for strain-based design. In this paper, the effects
of residual stresses due to the spiral pipe manufacture process are investigated on the flexural
behavior of the spiral pipe. Finite element analyses were conducted to estimate residual stress-
es due to the manufacturing process for the pipes which have different forming angle, thick-
ness, and strength, respectively. After that, the results were used as initial conditions for flexu-
ral analysis of the pipe to numerically investigate its flexural behaviors.
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Fig. 1. Manufacture process of spiral pipe.
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Table 1. Boundary condition of rollers[15]

Step
Constraints
Simply bending Rolling
Dx Fixed
Dy 80mm
Upper Dz Fixed
roller Rx Fixed
Ry Fixed
Rz Free 0.23 rad/s
Dx
Dy Fixed
Lower Dz
roller Rx Fixed
Ry Fixed
Rz Free
Table 2. Material properties
Material Parameter
Type E K gy eu
(GPa) (GPa) (MPa) | (m/m)
X65 453
X70 214 1.85 483 0.095
X80 552
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Fig. 2. Model for spiral pipe manufacture.
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a : droplet radius [mm]

E : linear elastic modulus [GPa]

Ep : equivalent linear elastic modulus to
plane strain condition [GPa]

K : hardening modulus [GPa]

y : distance from neutral axis [m]

ro : initial radius of curvature [m]

r’ : radius of curvature after springback [m]

M : bending moment at the midspan of pipe
[N'm]

M, : nominal full plastic bending moment
of pipe (linear isotropic hardening) [N-m]

My : initial bending moment [N-m]

M’ : bending moment after springback [N-m]

b : width of plate [m]
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t : thickness of plate [m]
Do : initial diameter [m]
D, : mean diameter [m]

J2|A X

€y : ultimate strain [m/m]

© : manufacturing angle of spiral pipe [°]

Ax : curvature increment to springback of pipe
[1/m]

ke : reference curvature, t/Dp’ [1/m]

Oy : stress after plastic hardening [MPa]

Oyo : yield strength [MPa]
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