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A Study on the Structural Analysis of Curved Portions
of Pipe Loops Used in Ships
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*School of Naval Architecture And Ocean Engineering, University of Ulsan, Ulsan, Korea
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ABSTRACT: Many pipes that are arranged longitudinally in ships have loops at intervals to prevent the failure of the pipes as they absorb large
portions of the axial load caused by the bending of the hull girder and/or thermal loads when the pipes are carrying very hot fluids. Since the loops
are curved at corners, an efficient method for conducting the structural analyses of these curved portions is required. In this paper, a pipe loop was
analyzed by an analytical method and by the finite-element method in four different ways, ie., based on straight-beam elements, curved-beam
elements, 2-D shell elements, and 3-D solid elements. The results of the five analyses were compared to check the validity of the current
curved-beam theory. The paper includes some suggestions on how to analyze the pipe loops efficiently.
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Table 2 Geometrical and material properties of analyzed pipe
system (JIS, 1988; ABS, 2008)

Outer diameter d, Thickness Distance from
(mm) (mm) N.A. (mm)
34.0 34 19,940
Young's Shear Yield stress  Allowable
modulus (GPa) modulus (GPa) (MPa) stress (MPa)
200 76.9 215 119.44
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Fig. 1 Modeling of a hydraulic oil pipe [unit: mm]
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Fig. 2 Load and boundary conditions
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Table 3 Four different finite element models

Entirely modeled with straight beam
elements

Straight portions modeled with straight
Modeling II  beam elements, curved portions modeled
with curved beam elements

Entirely modeled with 2-D shell (QUAD4)
elements

Modeling IV Entirely modeled with 3-D solid elements

Modeling 1

Modeling III

Fig. 5 Modeling IV (3 x 94 x 943 = 265,926 elements)
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Fig. 6 Deformed shape of the models - case I
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Fig. 7 Deformed shape of the models - case II
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Table 4 Maximum principal stresses in each segment (casel, 7 =

3d,)

Max. bending stress (Gu: MPa)

BC (D DE EF

Analytical ~ Straight beam 14924 14924 14924 14924
method  Curved beam 14924 16578 14924 165.78
Straight beam (1) 14924 14924 14924 149.24

Curved beam (2) 14924 16602 14924 166.69

2-D shell 3) 15062 20602 150.54 206.07

3-D solid (4) 14954 20393 14947 20532

/() 1000 1112 1.000 1117

Ratios ©3)/() 1009 1380 1.009 1.381
/(1) 1002 1366 1002 137

Table 5 Maximum principal stresses in the middle of each

segment and the displacement at pt. F (case I, r =3d,)
Max. bending stress Disp. at

(Ot MPa) pt. F

BC (D DE FF (mm)

Straight beam (1) 149.24 14924 14924 14924 20.33
Curved beam (2) 14924 16576 14924 16485 20.23
2-D shell 3) 150.62 197.03 15054 199.63 21.92
3D solid (4) 14954 19476 14947 19769 21.69
/@) 1000 1111 1.000 1.105 099
Ratios 3)/@) 1009 1320 1009 1338 1.078
@/@Q) 1002 1306 1.002 1325 1.067

Table 6 Maximum principal stresses in the middle of each

segment and the displacement at pt. F (case II, » =3d,)

Max. bending stress Disp. at

(Gt MPa) pt. F

BC (D DE FEF (mm)

Straight beam (1) 310.33 29650 153.14 1415 32.32

Curved beam (2) 31033 32849 15314 1310 3225

2-D shell (3) 31316 39093 15481 1375 35.12

3D solid (4) 31094 38670 153.36 14.08 34.74

/@) 1.000 1.108 1.000 0.926 0.998

Ratios 3)/(1) 1009 1318 1011 0972 1.087

@/(1) 1002 1304 1001 099 1075
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Table 7 Maximum principal stresses in the middle of each

segment and the displacement at pt. F (case I, r =d,)

Max. bending stress Disp. at

(Gax: MPa) pt. F

BC CD DE EF (mm)

Straight beam (1) 149.24 14924 14924 14924 1321
Curved beam (2) 149.24 22213 14924 22195 13.14

2-D shell (3) 150.77 36239 15055 35132 15.59

3-D solid (4) 149.69 34651 14947 37457 1535

/@) 1.000 1488 1.000 1487 09%

Ratios 3)/@) 1.010 2428 1.009 2354 1.180
@/@Q 1.003 2322 1002 2510 1.162

eyl

Table 8 Maximum principal stresses in the middle of each
segment and the displacement at pt. F (case I, r =5d,)

Max. bending stress Disp. at

(Gax: MPa) pt. F

BC CD DE FEF (mm)

Straight beam (1) 149.24 149.24 14924 14924 2921
Curved beam (2) 14924 159.66 14924 160.06 29.19

2-D shell (3) 15059 185.70 15054 18575 30.58

3-D solid (4) 14951 183.83 14947 18452 3030

/@) 1.000 1.070 1.000 1.073 0.999

Ratios (3)/@) 1009 1244 1.009 1245 1.047
@/(1) 1002 1232 1002 1236 1.037
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