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ABSTRACT: Ship structures are subject to severe enwvironmental loads causing appreciable hull girder bending, which in turn affects the
piping system attached to the main hull in the form of a displacement load. While this load may cause failure in the pipes, loops haw
been widely adopted as a means of preventing this failure, with the idea that they may lower the stress level in a pipe by absorbing
some portionof the displacement load. But since such loops also have some negative effects, such as causing extra manufacturing cost
deteriorating the function of the pipe, and occupying extra space, the number and dimensions of the loops adopted need to
minimized. This research developed design formulas for pipe loops, modeling them as frames composed of beam elements, where not only
bending but also shear deflection is taken into account. The accuracy of the proposed design formulas was verified by comparing tu
results respectively obtained by the proposed formulas and MSC/NASTRAN. The paper concludes with a sample example showing th

efficiency of the proposed formulas.
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Fig. 1 Deformation of a unit loop
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Fig. 2 Corrective moment for the boundary condition
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Fig. 3 Bending moment diagram(BMD) for the loop
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Fig. 4 Typical section of 8,200 TEU container carrier

Table 1 Geometrical and material properties of analyzed
pipe system(JIS, 1988; ABS, 2008)

Outer .0 Distance from Young's Allowable
diameter (rcnn'gss neutral axis  modulus stress
(mm) (mm) (GPa) (MPa)
89.1 7.6 10,800 200 119
A
500
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?/é/ /{ | i | \ |5
3900 %0 | 500 o0 ’\3900 |

Fig. 5 Modeling of a steam pipe
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Table 2 Comparison of three methods for k; with h fixed

=23 -

Table 5 Comparison of ¢ for two methods; eq. (29) and

h = 500 [mm], unit: N/mm NAS [unit: MPal
b eq(20)  Without ~NASTRAN ./ p/c Ji(mm) eq (29) NASTRAN  eq.(29)/NASTRAN
[mm] (A) Shear (B) ©
500 84.18 83.10 1.013
500 7086.14 7822.53 7018.44 1.01 1.11
600 670645 736238 663444 101 111 600 69.04 68.49 1.008
700 6403.69 6999.11 6327.70 1.01 1.11 700 57.60 57.26 1.006
800 615663 670503 607686 1.01 110 800 1883 1861 1.004
900 5951.20 6462.09 5867.77 1.01 1.10
900 41.98 41.86 1.003
1000 5777.69 6258.03 5690.69 1.02 1.10
1000 36.53 36.45 1.002
Table 3 Comparison of three methods for k; with b fixed

b = 500 [mm)], unit: N/mm
h eq (200 Without NASTRAN

[mm]  {(A)  Shear (B) © A/C B/C
500 708614 782253 701844 101 111
600 446732 480986 444001 101  1.08
700 3007.92  3186.16 299538 100  1.06
800 212735 222810 212100 1.00  1.05
900  1563.01  1623.69 155054 100  1.04

1000 1183.83 122227 118182 1.00  1.03

Table 4 Comparison of k,,, for two methods; Eq. (23) and

com

MSC/NASTRAN [unit: N/mm]
[rrilm] eq'(A()2 ) svﬁfég;o?fst) NAS%“N - oA/C B/C
500 270282 291193 266836 1013 1.091
600 175219 185586 173755 1008  1.068
700 119950 125552 119257 1006 1053
800 857.97 89044 85440 1004 1042
900 63580 @574 638 1008 1035

1000 48499 19782 48383 1002 1029
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Table 6 Variation of the stresses in the steam pipe (80A)
according to the change of loop height [unit: MPa]
Axial stress : Ist

h{mm) term of eq. (29) oy oeq. (27) oy eq. (29)
0 114.80 0 114.80
100 91.05 440.30 135.08
200 55.85 502.75 147.26
300 30.62 390.88 128.34
400 17.34 28211 14.14
500 10.53 206.25 84.19
600 6.83 155.54 69.04
700 4.68 12098 57.60
800 3.35 96.67 48.84
900 248 79.02 41.99
1000 1.89 65.82 36.53
0 [MPa]
BOC
208 1 --+- Axial stress
—_— O'H
400 —— Oy

300

200

100

0 100 200 300 400 500 G600 70O 800 900 1000
h[mm)]

Fig. 6 Variation of maximum stress of steam pipe (80A)
according to the change of the loop height
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Table 7 Minimum requirement for loop heights to meet
the allowable stress of the pipe (119MPa)

n Ji(mm) oy (MPa) 1 (MPa)

1 1050 118.90 67.30
707 119.00 56.91
560 118.79 51.08
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