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2D Analytical Model to Evaluate Behavior of Pipeline in Lowering Phase
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To ensure the safety of the pipeline against large deformation of the pipeline during lowering construction, the analysis for pipeline
becomes emphasized. The FE analysis has a lower efficiency at calculating time, while it could be obtained high accuracy. In this paper,
a reasonable analytical model for analysis of pipeline is proposed during lowering-in. This analytical model is partitioned considering the
geometrical characteristics and modeled as two parameters Beam On Elastic Foundation and Euler-Bernoulli beam considering the
boundary condition. This takes into account the pipeline-soil interaction and the axial forces acting on the pipeline. Previous model can
only be applied to standardized conditions, whereas the proposed model defined as Segmented Pipeline Model can be considered for
the majority of construction conditions occurred during lowering-in. In addition, minimized assumptions and segmented elements lead
to improve the convenience and applicability of modeling. Nevertheless, the model shows accurate results compared to the FE model.
Accordingly, it is expected that it will be used efficiently for configuration management as well as safety assessment of pipeline during
lowering-in.
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Fig. 2. Schematic diagram divided into vertical and horizontal planes
for modeling a 3D deformed pipeline in vertical plane
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Table 1. Boundary conditions for calculation of integral constants and unknown parameter in vertical direction plane

Connectivity Boundary condition Connectivity Boundary condition Connectivity Boundary condition
Vg (lFG) =, (0)
v,(0) =, (0) 0,(0) =0, +h 05 (L) = 0-(0)
A {M 0)=0 D {95 (lep) =0,(0) G M (lpg) =0
V,(0) = 7, (0) M(1op) = M, (0) M.(0)=0
Vi llp) = 17(0)
v, (Ly5) =0 —
0,(0)=0 v;(0)=0,+h ZBE?)_)}ie(o)
B 0,(1,,)=0,(0) E {94(ZDE) =0,(0) H ]lT[ (?H : ;%(0)
M, (lw) =M, (0) M, (lDE) =M (0) P _
V(1,5 = V,(0) V; (gy) = V5(0)
v, (ZBC) =1,(0)
0, (Ipc) = 05(0) v (0) =0, +h vs () =1
C My(ly.) =0 F {9 (L) = 64(0) I M(ly,) =0
4,(0) =0 M (1) = 4,(0) V, () = Vi i)
Vy(Upe) = V,(0)
CA (»61) = Cgff"'rl S (ZAB7ZBC7ZC'D) =l lp—lge—lep—lpe

v (2,) = %+q¢1 (@1)+ 6@, (2,) + ¢y (2,) +¢,D, ()

q177
U ("En) = 27:+C4n -3 +C4n 2Ty (3)

+¢,,_,sinh(Az, ) +¢,, cosh(Az,, )

Ug (955 )= %Jr Gy (Is) +¢5P, (Is)
+ey Py (758) teg

4, n=2,3,--,6,70|t4, v, (z,) 1} v, (xg) = Tt 59
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D, (z,)2 6749 Q) FH 2
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Table 3. Case examples of the segmental pipeline model

LP1 LP2 LP3
e Location | Displacement | Location| Displacement | Location | Displacement
1| 380 1.5 400 1.8 - -
2| 365 24 385 25 400 2.4
3 45 0.0 65 0.5 80 0.4
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Fig. 6. Analysis result for case 1, 2 and 3
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