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In the case of gas carriers and oil tankers, pipes are installed on the upper deck as a moving passage to load LPG, LNG, crude
ail, etc, Pipes used for loading or unloading liquid cargo in cargo holds are connected to the hull through support structures,
However, many cases of hull damage have been reported where the various equipment and support structures are installed on
the upper deck, It is assumed that not only the structural discontinuity where the hull and the pipe support structure meet, but
also action due to the pipe loads and the hull girder bending moment are simultaneously affected, This paper deals with the
design and strength evaluation of the support structure of pipes and cables installed on the upper deck of commercial ships and
offshore structures, For these supporting structures, design conditions and working loads were defined, The design procedure
was established through the structure analysis on the method of determining the member dimensions, A series of finite element
analysis was performed on the factors to be considered in the design and the effects were discussed, The accuracy and design
periods of the strength evaluation was improved and reduced by application of the automation program in the finite element
analysis, It is also expected that the design reliability of the shipyard is improved,

Keywords : Pipe support structure(It0 | X|X|FLZ), Hull reinforcement(AX| E2), Strength evaluation(Z= &7, Structural design and
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(b) Support structure on deck of oil carrier
Fig. 4 Pipe support and catwalk at upper deck of ship
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Fig. 11 Stress concentration near the double plate and hole
under in—plane tension
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Fig. 12 von—Mises equivalent stress distribution near the
connection part of the support and upper deck
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(d) Combined force(11.7 kN in the x—dir., 11.7 kN in the
y—dir. and =78 kN in the z—dir.)
Fig. 14 von—-Mises equivalent stress in case of double
plate thickness 8mm and 64mm
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2PLIL}
 3EI(L+2L,)°

v

L
for L, < —
or L, 2
where,

E : Young's modulus
I : 2nd moment of area
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For simply supported

M _ (PLL/L) 21

O'simplrz = 7 4
where,
Z . section modulus
M : moment

For fixed ends
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O—fifl;ed = 7 (2_2)
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- e 7 ’ 7 ’ 7
Sk MERSE AlME Al ()22 At
P/2
Tsimple = Tfized = ( 1{1 ) (3)
where,

A : sectional area

teot 7Hel IR 2= S WAIsh| 9Ig B2 (tripping) AA

where,
D, : depth of web
t, - thickness of web
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(b) Snipped ends and intermittent
(d) Welded ends and intermittent

(a) Snipped ends and conmtinous
(c) Welded ends and continuous

Fig. 20 Carling arrangement and connection with longitudinal stiffener
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Fig. 22 Comparison of the deflection between theoretical
calculation and FEA results
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Fig. 23 Comparison of the bending stress between
theoretical calculation and FEA results
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Fig. 24 Theoretical calculation for structures supported by
the stiffener and carling
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Pad P’ , , "
0, = WEL and 6, = BEL for simple—simple: condition
Pad’ P , _ "
6, = 925 1 and 6, = BEL for simple—fixed condition
P a’ P’ o "
5, = STA and 6, = STYWA for fixedfixed condition (6)
where,

E,, E, : Young's modulus for each structure member
L, L, 2" moment of area for each structure member
a, b . length for each structure member
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Table 1 Example of selected allowable stress for ULS

Allowable stress according to mesh size

, , Fine mesh size
Nominal size
50x50mm | 100x100mm
Normal or equivalent | Shear | Equivalent | Equivalent
0.85*03,,;6,(1 0.6 1.36 1.18

Oyicla - Material yield stress

@ @ ® @ ®
(b) bending stress
® ® ® O] ®
method theory FEA FEA theory FEA
deck plate| w/o w/o w/o w/ w/
boundary ideal ideal real ideal real

Fig. 26 Comparison of the deflection between theoretical
calculation and FEA results
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Fig. 27 Non—-dimensional applied stress according to the
change of No. of carlings
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o,, - normal design stress perpendicular to the throat

7., - shear design stress(in plane of the throat) perpendicular
to the axis of the weld

7,, - shear design stress(in plane of the throat) parallel to
the axis of the weld

f, - nominal lowest ultimate tensile strength of the weaker
part joined

B, - appropriate correlation factor

e - Material factor for welds

Steel grade| f, By | Yame Throat section

NV NS 400 | 0.83

NV 32 440 | 0.86 | 1.3

NV 36 490 | 0.89
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