Hexzdsts =8

M40 H2& 2003¢ 43

ol

B2 XA 2200 OE

A4

H e (

ol
M

Hexd

)

Journal of the Society of Naval Architects of Korea

Vol. 40, No. 2, pp. 63-68, April 2003

U-bolt 222 S8 o4
=7
ST e

Stress Analysis for U-bolt Atructure by Pipe Supporting Condition

Sang-1l Kim" and Joong-Kyoo Kang”

Ship & Marine Structure R&D Team, Daewoo Shipbuilding & Marine Engineering Co., Ltd.”

Abstract

With the trend of large—sized ship in Korea, recently several hundreds of thousands of
U-bolts for a year have been used as a pipe fastener. In this paper, we have evaluated
the strength for present U-bolt structure by pipe supporting conditions(deck, ceiling and
wall mounting type). For this purpose, the equivalent and bending stresses have been
calculated by linear elastic analysis using the finite element program ABAQUS. At the same
time, a variety of load conditions such as design pressure, weight effect and acceleration

are also considered.
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{a) deck mounting type

(c) wall mounting type
Photo. 1 Shape of pipe supports

Table 1 Mechanical properties of material

Mechanical
roperties Yield Tensile
Strength Strength
(kaf/mn) | (kgf/mnr?)
Material Quality
STPY400 03 a1
Pipe (#40 & #80)
STPG370 o0 38
(#160)
Support 53400 25 41
U-bolt S3400 25 41

Aae, 2ER

Table 2 Load conditions

Design 0.15 kgf/mm?
Pressure
Weight Pipe, Support, U~bolt, Fluid
Effect
@ ship :
VLCC(L.xBxT=320%58x%20.8m,
V=16.2 knots)
® (a)me=3690 mm/sec”(DNV Rule)
Acceleration : CL - Port
® (26095 mm/sec’(ABS Rule JIZ)
* BL — Deck
@ (82)mac=1490 mm/sec(DNV Rule JIF)
AP - FP

= Table 20 ZHE I:IPSP 20|
LR =A™, 24 222 22 2 & ¢
ME= 2 WeoZo| JIELE LT Dottt
(ANSI/ASME 1998). GIDIA JIsEEe 2 A39
rule(DnV 1998, ABS 1996)2 HIEtC=Z 10789 &
E +ZT(28 & 204 S0t 19 20 =E)0A
HetEl goll, 2t galoz: Zain)s= Jhso)
ZIHES 2=t SEXNOZ ANY Mo aaoz
N EYEEO] E|HZI0l SAI0 ZMINE %CH,
OOl Mt 2+ Yeke] JIBEE 2 2{ot0l ol
&8 = WUEs oS0l IS CH
BHAXAHCZE= pipe AlI/FEHELL support 5HR0
U= ZE BIFE0N 2HFAZTAS 206”7,
pipe= U-bolt/supportet A6t2 DN HE
Ol 2Jof 3t=0l MELHBZ 0l A0 &B&X
HE S2EHACH

Table 32 ol P XA L HE2 XX X

2 20 =10 U2H, Fig. 1= EHé Qd =
H 350A pipeE H= R KEIRATLS
01 =1 UCh
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Journal of SNAK, Vol. 40, No. 2, April 2003



B2 XX =200 E U-bolt ?£2 &3 dHA

Table 3 Dimension of analysis models and pipe supporting conditions
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DETAILD1

DETAILO1
SUPPORTO1
U-BOLTO1
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Fig. 1 Finite element model
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Fig. 2 Deformed shape for Model-D2
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Pipe Support U—-bolt
Normal i
Model .orma Length | Thickness | Height | Breadth | Angle Size | Space | Diameter Suppo.rpng
Diameter Condition
(mm) {mm) {mm) {mm) {mm) {mm) (mm)
{mm)
D2 350 | 20000 | 12.7(#80) | 500 550 | 100x100x10 | 5000 (M2'4) Deck
D3 35.7(#160) Mounting
21.9
D4 400 | 22000 | 12.7(#80) | 500 550 | 100x100%10 | 5500 (o) Type
Cl 9.5 Ceiling
c2 350 | 20000 12.7 500 550 | 100x100x10 | 5000 | 21.9 .
Mounting
c3 35.7
c4 400 | 22000 12.7 500 550 | 100x100x10 | 5500 | 21.9 Type
Wi 9.5 Wall
W2 350 | 20000 12.7 500 550 | 100x100x10 | 5000 | 21.9 |, .
W3 357 9
W4 400 | 22000 12.7 500 550 | 100x100x10 | 5500 | 21.9 Type
s Fig. 2= U5 S|XHel 2 2t 20| 29}
seoe 28 = M= 2 BEIOR9 ST SAI
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S | g A 20l F A, y-2H229 A
Q= —0.224mmE LIENGOO, DETAILSOIA &
\ MEls  x-mEomo| A Hel= 2
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S8 ZE U-BOLTRUIANS =ZEs8s 22X

20 =1 UOCH, Table 4= Model-D series
S ASRUAM LdgE= 2 SoES"E Y
ga8%o AJE =B F1 YU=d, deck
mounting type2l B2 XXl ZHUHME pipet
support®] = XIENAM HlnE 2 S2H0| L
/0, Model-D4(#80 400A pipe)2l U-bolt0ll Al
£ 2.83kgf/mm22) Z&!S20| [FLTXIL, O S
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1.77 kgffmm?

0.83 kgi/mm?

{a) DETAILO1 {b) DETAILO2
Fig. 3 Distribution of equivalent stress for
Model-D2

L=
(a) inside plane (b) outside plane

Fig. 4 Distribution of bending stress for
Model-D2 : U-BOLTO1

P \‘
o |
Lo =

(a) inside plane (b) outside plane
Fig. 5 Distribution of bending stress for
Model-D2 : U-BOLTO02

Table 4 Maximum equivalent and bending
stresses for Model-D series

Maximum von-Mises Maximum Bending Stress

Stress (kgt/mmb) {kgt/mm?)

Model U-BOLTO1 | U-BOLTO2

SUPPORTO1 | SUPPORT02 | Inner | Quter | Inner | Outer
Plane | Plane | Plane | Plane

D1 1.83 0.98 229 13.07(1.19[230
D2 1.77 0.83 226 | 273 [ 1.06 | 1.79
03 2.02 0.73 271 1229 [ 1.17 1 0.97
D4 219 1.43 244 1283 1123 | 2.02

DETAILO1

,{ X: 1.090 mm

DETAIL02

Fig. 6 Deformed shape for Model-W2

i 7.06 kgtfmm? z

0.67 kgfimm?

(a) DETAILOT (b) DETAILO2
Fig. 7 Distribution of equivalent stress for
Model-W2

(a) inside plane {b) outside plane
Fig. 8 Distribution of bending stress for
Model-W2 : U-BOLTO1

/ ) - I

(b) outside plane

(a) inside plane
Fig. 9 Distribution of bending stress for
Model-W2 : U-BOLT02
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Taple 5 Maximum equivalent and bending
stresses for Model-W series

Maximum von-Mises Maximum Bending
Stresstkgf/mn?) Stress(kgf/mm?)
Model U-BOLTO1 | U-BOLT02
SUPPORTO1 | SUPPORTO02 [Inner| Outer | Inner | Outer
Plane | Plane |Plane|Plane
Wi 6.33 0.83 8.03 |12.32(0.90 | 2.44
W2 7.06 0.67 8.92 | 14.17(1.53 | 2.59
W3 10.58 0.46 13.29(21.8312.58|3.49
W4 10.60 3.54 9.69 | 14.91[1.46 | 2.54
Ustzdeszl=2& HM403 H2s 20033 43
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Table 6 Safety factors of analysis models

Safety Factor of
Safety Factor of U-bolt Fitiing
Model|  Yield | C2UA o atea| OO
Stress Equivalent Safety : M.oonng
(kgt/mr?) SHeSS | gtor qulpmgnt
{kgf/mm?) Guide Line
D1 25 3.07 8.1
D2 25 2.73 9.2
D3 25 2.71 9.2
D4 25 2.83 8.8
C1 25 3.98 6.3
c2 25 4.57 5.5 | 5
C3 25 7.95 3.1 ’
C4 25 5.06 4.9
Wi 25 12.32 2.0
w2 25 1417 1.8
W3 25 21.83 1.1
w4 25 14.91 1.7
3.2 &
HH2t | | ZAH0 8 U-bolt #E2 2EE
11 OIS 22 =2 282 &0
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