Sl FE s A A27d A25, pp 13-18, 20131 49 / ISSN(print) 1225-0767 / I1SSN(online) 2287-6715

Journal of Ocean Engineering and Technology 27(2), 13-18, April, 2013
http:/ /dx.doi.org/10.5574/KSOE.2013.27.2.013

CAESAR-IIZ ©] &3} glo]iz Fxo] Lz A% EA] AF

Study on Structural Behavior of Pipe Loops Using CAESAR-I
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ABSTRACT: Most ships and offshore structures are equipped with a variety of pipes, which inevitably contain curved portions. The structural
design of these pipes mostly relies on the commercial code, CAESAR-1I, which was especially developed for the structural analysis of pipes. This
study conducted stress analyses of the same pipe unit, including loops, using both CAESAR-1I and MSC/NASTRAN, and compared the results to
investigate the characteristics of CAESAR-1I. A parametric study was then conducted of the various design variables of pipe loops using CAESAR-
Il to draw some useful information about the structural characteristics of the loops.
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Table 1 Geometrical and material properties of analyzed pipe sys-
tem (JIS, 1988; ABS, 2008)

Outer Thi Young’s  Shear Yield Allowable
. ckness
diameter (mmm) modulus modulus  stress stress
do (mm) (GPa) (GPa) (MPa) (MPa)
34.0 34 200 769 215 119.44
7 Om 1250 r=102
Z QB' <_1 ﬂs) o | —p
ﬁ S S o bg’disp.
/" 10000 900

20000 900 10000

Fig. 1 Modeling of a hydraulic oil pipe with loops (unit: mm)
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Table 2 Four different methods of stress analysis

Analysis 1 Analyzed by CAESAR-II
Analyzed by MSC/NASTRAN with straight
beam elements
Analyzed by MSC/NASTRAN with curved
beam elements
Analyzed by MSC/NASTRAN with 2-D
shell (QUAD4) elements

Analysis 11
Analysis 111

Analysis IV

/\

L

Fig. 3 Modeling of Analysis II and III: 937 elements

Fig. 4 Modeling of Analysis IV: 80 (circumferential) x 936 (longi-
tudinal)=74880 elements
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Table 3 Maximum bending stress in the corner of the loop

Curvature
Methods 1d, 15d, 1.7d, 24, 3d, 4d, 5d,
Analysis I~ 214.97 164.05 150.91 149.25 149.25 149.25 149.25
Analysis 1T  149.24 149.24 149.24 149.24 149.24 149.24 149.24
Analysis 1II  222.13 189.14 183.71 175.64 165.76 160.84 159.66
Analysis IV 362.39 285.64 258.79 228.02 206.02 193.79 185.70
~ 400
s —+—CAESAR-II
§ 350 N —&—NASTRAN/s Iraight-beam
§ —a—NASTRAN/curved-beam
+ 300 \ ——NASTRAN/2-D shell
250
000 \\
e —
150

100

1.d, 1.5d, 1.7d, 2d, 3d, 4d, 5d,
radius of curvature

Fig. 5 Maximum bending stress in the corner of the loop
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Table 4 Loop-corner stresses for different radii of curvature of
the loop corner

Radius of

curvature 054, 1d, 2d, 3d, 4d, 5d,
Stress(MPa)

Axial 186 197 219 245 259 268
Bending 212.07 140.32 106.73 119.28 128.14 133.68
Combined 213.94 142.29 108.92 121.72 130.73 136.35

250

200 \
\ —— Combined stress

—+— Axial stress

-#- Bending stress

stress(MPa)

100

50

0.5d, 1d, 2d, 3d, 4d, 5d,
radius of curvature
Fig. 6 Loop-corner stresses for different radii of curvature of the

loop corner
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Table 5 Loop-corner stresses for different loop heights

Height Position

(mm) (upper 300 600 900 1200 1500
or lower

stress(MPa)\_ corner)
. Upper 1348 312 126 065 0.38
Axial 22431
Lower 1348 312 134 076 049
. Upper 296.17 136.34 82.39 56.43 41.55
Bending
Lower 300.02 134.31 80.85 55.59 40.96
. Upper 309.65 139.46 83.65 57.08 41.93
Combined 22431
Lower 313.50 13743 8218 56.35 41.45
350
d? A =+~ Axial Stress
= 300
4 -=- Bending Stress
g 250 ( //\\ —— Combined Stress
200 N/ T
AVAREEAN
50 \\b‘ — ]
0 1 I " <
0 300 o 600 900 1200 1500

height (mm)
Fig. 7 Loop-corner stresses for different loop heights
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Table 6 Loop-corner stresses for different loop breadths

Breadth Position

(mm) (upper o 550 1000 1500 2000 2500

or lower
Stress(MPa)\_ corner)
. Upper 312 234 201 164 151
Axial 22431
Lower 312 234 201 164 151
. Upper 173.77110.62 81.26 6842 57.62
Bending
Lower 131.06114.88 108.42 102.03 100.41
i Upper 176.89112.96 83.25 70.06 59.13
Combined 22431
Lower 134.19117.22110.43 103.67 101.92
= 250
= Axial Stress
=
%T 200 \X -=-Bending Stress
i 355 \ —+Combined Stress
100
50
0
0 500 1000 1500 2000 2500
breadth (mm)
Fig. 8 Loop-corner stresses for different loop breadths
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Table 7 Loop-corner stresses for different support spaces within

a straight pipe zone

SupportPosition
space (upper
mm) or 500 750 1000 1250 1750 2000 2500
Stress lower
(MPa) corner)

Upper 335 295 266 245 228 215 204

oo T2 AT 54 47 17

3 o3 3 T T 3 oy T Jg»
Type 1: No loop
& Krm B
=4 F o = H

Type 2: Twin loops

900

[ . ms; [ 9‘ ﬁ ) ;mw

Type 3: Single loop

/ 5
&
4 Jisg
£ 5 91 F % £ HA
Type 5: Single two-step loop(equal size)
y §
&
= 20450 - 51/ P & 20450 # Q“F»
Type 6: Single two-step loop(long-short)
2
. 8
) . - [ 41 r} 2 . 2 Q&

Type 7: Single two-step loop(short-long)
Fig. 10 Seven different types of pipe units

Table 8 Loop-corner stresses for different types of pipe unit

Axial Type Position
Lower 498 353 281 245 228 215 204 (upper
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g S ~ U 214 175 164
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Combined
60 Lower 119.39236.30 96.54 110.25 120.45 102.28
40
20
0 ; Zh= 9 29, Type 32 Type 2014 = s 24 #3t
500 750 1000 1250 1500 1750 2000

breadth (mm)
Fig. 9 Loop-corner stresses for different support spaces
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Fig. 11 Loop-corner stresses for different types of pipe unit
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