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ABSTRACT: Most ships and offshore structures are equipped with a variety of pipes, which inevitably contain curved portions. While it has been
a usual practice to conduct bending stress analyses of these curved pipes using the straight-beam theory, this paper adopts two different types of
finite elements, straight-beam elements and two-dimensional shell elements, for finite element analyses of a variety of curved pipes. It then compares
the analysis results for two different types of elements to determine correction factors, which can be used to transform the bending displacements
and bending stresses obtained by straight-beam elements to those obtainable by two-dimensional shell elements. The paper ends with a practical
suggestion on how to efficiently use these correction factors to estimate the combined axial and normal stresses in a curved portion of a pipe.
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Table 1 Geometrical and material properties of analyzed pipe
system (JIS, 1988; ABS, 2008)
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Table 2 Names of analysis models

Outer diameter dp Thickness Distance from N.A. ’ curvature 1do 15do 2do 3do 4do 5do
(mm) (mm) (mm) thickness(mm
34.0 34 19,940 1.13 (d, / t=30 ) Ml-1 Mi1-2 M1-3 Ml4 Ml-5 Ml-6
Young's modulus Shear modulus Yield stress ~ Allowable 1.70 (d,/t=20 ) M2-1 M2-2 M2-3 M2-4 M2-5 M2-6
(GPa) (GPa) (MPa)  stress (MPa) 40 (d,/t=10)  M3-1 M32 M33 M34 M35 M36
200 76.9 215 11944 680 (d,/t=5) M4l M42 M43 Md4 MA5 Mi-6
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Fig. 1 Modeling of a hydraulic oil pipe [unit: mm]

Fig. 2 Load and boundary conditions
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Fig. 3 Modeling | (937 elements)

Fig. 4 Modeling II (80x936=74880 elements)
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Table 3 Two different finite element models

Modeling |
Modeling I

Modeled with straight beam elements
Modeled with 2-D shell (QUAD4) elements
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Table 4 Maximum bending stresses in each segment for M3-1

(t=340mm, r=1d,)
Max. bending stress Disp. at
(0 1max:MPa) pt. F
BC CD DE FEF (mm)
FEM str. beam(1) 149.24 14924 14924 14924 1291
2-D shell(2) 150.78 362.39 15054 351.32 15.28
Rato  (2)/(1) 1010 2428 1009 2354 1.184

Table 5 Maximum bending stresses in each segment for M3-2

(t=3.40mm, r=1.5d)
Max. bending stress Disp. at
(0max:MPa) pt. F
BC CD DE EF (mm)
FEM str. beam (1) 14924 14924 14924 14924 14.35
2-D shell(2) 150.83 285.64 150.66 27551 16.44
Ratio /1) 1011 1914 1009 1846 1146
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Table 6 Maximum bending stresses in each segment for M3-3
(t=3.40mm, r=2d,)

Max. bending stress Disp. at
( max-* NJPa) pt F
BC CD DE FF (mm)
str. beam 4601 14904 14924 14924 1587

FEM @)
2-D shell (2) 15080 228.02 150.66 23214 17.68
Rato  (2)/(1) 1010 1528 1010 155 1114

Table 7 Maximum bending stresses in each segment for M34
(t=340mm, r=3d,)
Max. bending stress

Disp. at
( max* MPa) pt. F
BC CD DE EF  (mm)
str. beam 4900 14904 14924 14924 1915

FEM @
2D shell (2) 150.62 20602 15054 20607 20.69
Rato  (2/(1) 1009 1380 1.009 1381 1.080

Table 8 Maximum bending stresses in each segment for M3-5
(t=3.40mm, r=14d,)

Max. bending stress

Disp. at
( max - MPa) pt. F
BC CD DE FF (mm)
str. beam 1504 14904 14924 14924 2272

FEM @
2D shell (2) 15072 193.79 150.66 19382 24.09
Rato  (2)/(1) 1010 1298 1009 1299 1061

Table 9 Maximum bending stresses in each segment for M3-6
(t=340mm, r=>5d,)

Max. bending stress

Disp. at
(Um aX:MPa) pt. F
BC CD DE FF (mm)
str. beam 41604 14924 14924 14924 26,60

FEM )
2-D shell (2) 15059 18570 15054 185.75 27.86
Rato  (2)/(1) 1009 1244 1009 1245 1.047
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Table 10 Correction factors for maximum bending stress in corner

portions of the loop; Cb

curvature
tm\ ldo 15do 2do 3do 4do 5do

1.13 (dy/t=30) 171 209 242 243 213 184

1.70 (dy/t=20) 228 255 247 201 158 138
340 (dyt=10) 243 192 153 138 130 125
6.80 (dy/t= 5) 190 152 139 126 121 117

Table 11 Correction factors for maximum displacement of the

loop; Cd
curvature
tm\ 1do 15do 2do 3do 4do 5do
1.13 (dy/t=30) 1.89 181 174 159 147 138
1.70 (dy/t=20) 152 146 140 129 122 117
340 (dyt=10) 118 114 111 108 106 1.04
6.80 (dy/t= 5) 1.08 1.07 106 105 1.05 1.05
cb -&1.13mm
3.00 ~4-1.70mm
-&-3.40mm
250 - -8-6.8mm
200
150
1.00
0.50
0.00
1.0 15 20 3.0 4.0 50 r/d,

Fig. 6 Correction factors for maximum bending stress in corner

portions of the loop; Gy
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Fig. 7 Correction factors for maximum displacement of the loop;
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