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ABSTRACT: Many longitudinally arranged pipes in ships are subject to considerable displacement loads caused by the hull girder bending of
ships and/or thermal loads in some special pipes through which fluids with highly abnormal temperatures are conveyed. As these loads may cause
failure in the pipes or their supporting structures, loops have been widely adopted as a measure to prevent such failure, with the idea that they can
lower the stress level in a pipe by absorbing some portion of these loads. But since such loops have some negative effects, such as causing extra
manufacturing cost and occupying extra space, the number and dimensions of the loops need to be minimized. This research developed design
formulas for pipe loops, modeling them as a spring element, for which the axial stiffness is calculated based on the beam theory, incorporating the
effects of the curvature of loop corners and the flexibility of the straight portion of the pipe. The accuracy of the proposed design formulas was
verified by comparing two results respectively obtained by the proposed formulas and MSC/NASTRAN. The paper ends with a sample application
of the proposed formulas showing their efficiency.
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Fig. 1 Shape and dimensions of a unit loop
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Table 1 s for various number of supports of the pipe between
two adjacent loops except two end supports
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Table 2 Geometrical and material properties of analyzed pipe
system (JIS, 1988; ABS, 2008)

Outer diameter Thickness Distance from
(mm) (mm) neutral axis (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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7
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Fig. 7 Modeling of a hydraulic oil pipe [unit: mm]
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Table 3 Comparison of ko, for two methods; Eq. (41) and
NASTRAN [unit: N/mm]

I Eq. (41) NASTRAN  Eq. (41)/NASTRAN
[mm] =0 =120 r=0 r=120 +=0 r=120
300 89.60 10085 8893 10065  1.008 1.002
400 4988 5575 4962 5577  1.005 1.000
500 3120 3466 31.07 3470  1.004 0.999
600 21.08 2330 21.01 2334  1.003 0.998
700 1504 1655 1501 1658  1.002 0.998
800 1119 1226 1116 1228  1.003 0.998
90 859 938 857 939  1.002 0.999
1000 676 736 675 737 1001 0.999

Table 4 Comparison of o for two methods; Eq. (49) and
NASTRAN [unit: MPa]

h Eq. (49) NASTRAN  Eq. (49)/NASTRAN
[mm] »=0 =120 r=0 r=120 r=0 r=120
300 26630 35955 26545 36021  1.003 0.998
400 19688 26035 19646 26113  1.002 0.997
500 153.80 199.71 15356 20037  1.002 0.997
600 12478 15947 12462 15999  1.001 0.997
700 10403 13111 10392 13152  1.001 0.997
800 8853 11021 8844 11053  1.001 0.997
900 7655 9426 7649 9452  1.001 0.997
1000 67.05 8176 6700 8196 1.001 0.998

Table 5 Comparison of o for two methods; Eq. (50) and
NASTRAN [unit: MPa]

h Eq. (50) NASTRAN  Eq. (50)/NASTRAN
[mm] r=0 r=120 r=0 r=120 r=0 r=120
300 31251 29194 309.07 290.02 1.011 1.007
400 22800 21453 22623 21390  1.008 1.003
500 17613 16683 17509 166.63  1.006 1.001
600 14152 13487 14085 13482 1.005 1.000
700 11700 11210 11655 11212  1.004 1.000
800 9884 9515 9851 9519 1.003 1.000
900 8492 8208 8468 8213 1.003 0.99
1000 7396 7174 7377 7179  1.003 0.99
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Table 6 Comparison of ko for two cases; r=0 and 102 mm
[unit: N/mm]

h [mm] r=0 mm: (A) r=102 mm: (B) (A)/(B)
300 89.60 100.85 0.888
400 49.88 55.75 0.895
500 31.20 34.66 0.900
600 21.08 23.30 0.905
700 15.04 16.55 0.909
800 11.19 12.26 0913
900 8.59 9.38 0.916

1000 6.76 7.36 0.918

Table 7 Comparison of oy for two cases; r=0 and 102 mm

[unit: MPa]

h [mm] r=0 mm: (A) r=102 mm: (B) (A)/(B)
300 266.30 359.55 0.741
400 196.88 260.35 0.756
500 153.80 199.71 0.770
600 124.78 159.47 0.782
700 104.03 131.11 0.793
800 88.53 110.21 0.803
900 76.55 94.26 0.812

1000 67.05 81.76 0.820

wh-g mpolx 2 A4 st 97
Table 8 Comparison of oy for two cases; r=0 and 102 mm
[unit: MPa]

h [mm] r=0mm: (4) r=102 mm: (B) (A)/(B)

300 31251 291.94 1.070

400 228.00 214.53 1.063

500 176.13 166.83 1.056

600 141.52 134.87 1.049

700 117.00 112.10 1.044

800 98.84 95.15 1.039

900 84.92 82.08 1.035

1000 73.96 71.74 1.031

Table 9 Comparison of G for two cases; r=0 and 102 mm

[unit: MPa]
h [mm] r=0 mm: (A) r=102 mm: (B) (A)/(B)
300 312,51 359.55 0.869
400 228.00 260.35 0.876
500 176.13 199.71 0.882
600 141.52 159.47 0.887
700 117.00 131.11 0.892
800 98.84 110.21 0.897
900 84.92 94.26 0.901
1000 73.96 81.76 0.905
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Table 10 Comparison of FE analysis results for straight beam
and curved beam elements

et (8)cloment @ /0

O [mm] 33.91 33.84 1.002

osc [MPa] 310.33 310.33 1.000

ocp [MPa] 296.27 330.14 0.897

obe [MPa] 153.63 153.63 1.000

oer [MPa] 15.32 14.19 1.080
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Table 11 Loop heights to meet the allowable stress 119.44MPa of

the pipe
n a b @mm) h (mm) i1 (MPa) o (MPa)
1 0.289 900 1252 119.40 106.48
2 028 900 753 119.30 102.54
3 028 900 550 119.19 100.20
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