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Abstract

A very large shell-structure built in shipyards like ship hulls or offshore structures are joined by welding
through full process. As the welding contains a high thermal cycle at a local area, the welded structures
should be distorted unavoidably. Because a distorted ship block should be revised to the designed value
before the next stage, the ability to predict and to control the weld distortion is an accuracy level of the

yard itself. Despite the ship block size,

several present thermal distortion methodologies can deal those

sizes, but it is a different story to deal full ship size model. Even a fully constructed ship hull not re-
maining any welding can have an accuracy issue like outfitting installation problems. Any present thermal
distortion methodology cannot accept this size for its recommended element size and the number. The ordi-
nary welding breadth at erection stage is about 20~40 mm. It can hardly be a good choice to make finite
element model of these sizes considering human effort and computational environment.

The finite element model for structure analysis of a ship hull is prepared at front-end engineering design
stage which is the first process of the project. The element size of the model is as fine as the longi-
tudinal space, and it is not proper to obtain a weld distortion at the erection stage. In this study, a meth-
odology is suggested that a weldment can be shrunk at original place instead of using structural finite ele-
ment model. We cut the original shell elements at erection weld-line and put truss elements between the
edges of cut elements for weld shrinkage. Additional truss elements are used to facsimile transverse weld
shrinkage which cannot be from the weld-line truss element shrink. They attach to weld-line truss element
like twigs from barks. The capacity of developed elements is verified through an accuracy check of erec-
tion process of a container vessel at the apt. hull. It can be a useful tool for verifying a centering accu-
racy after renew and for block-separating planning considering accuracy.
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Fig. 2 An example of block division of an ultra offshore
structure
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The larger model
is, the more
elements we
need,

The longer
length makes the
worse quality of
solution

Fig. 3 Mesh Problems relating with weldment at large FE
structural modeling

seam

Fig. 4 The basic concept of stitch element

HM9lE tzggo] Ael @olth old] ¥ AFE o
v TS A8l 2hve] 448 RdYd U4
%% AR 9% 149 Fele) 248 Aldehe of
otiolg TR 845 F1E Adte] WY T
289 $4EUYL AN W, JE P FERe
247 YU U FARD SASAT F74)
gafel, 1 AN SR V= BRFS 2 149

&S o o gomidx E3hE Zh(shell) 849 7
(edge) & wet, W A (edge) 2 JT5S BT}
T Bltruss) 825 F7kel] &xl7zwe] WS
A Zlojt} Fig. 49 ¢34 HHAor Ay =
uke} o] 94w AP (Remeshing) 21 2 H71
He o] A9 gle 5 AT 7t 2 A
Fag 74 ¥v Wiol HES g Ao B A7 ¥
Aloltt. o] kY] £52 wdshy] st AdE
845 2EX|(stitch) 248k F27|2 gt}

o2 (&7 gddn. BdaM e HEE AR olA
739l 4 AR AHeE= 73 E (inherent
strain) 2 = $HAE} SHF-FAFEL A3

Faolr,

£ ApolA] AAG Stitch 240% 142 91 3
7 QUAZE AR olof dth eSE 371K A
Z o= @ /Hwte R 2HE F glou JMEERE
B TN SHead diE TRl glenm dd
a2 155 Fojshks Zlo] fjHolth aiMYE
(A (D) 94 AR IR AMska, A7 A4
A T QS 2= AHESkE Aol HuA
of. oAl W2 AL ane] "ot FFEHE K

&afoF

S
>
ol
o,
N
Ho
o
b

0 o
et
o)
fo
[
rr
>,
2
2
N
=2
)
ol

H A s 3 =Nl
ghol EAsA] gorma E Ao AER 849
GHA S FrEe BEA4S AAle dYusz 2t
AT Stitch 849 @A & AFE B3 A
W EC] o3t 53 7]E9 shell elementel <&
FEEFo] LS #ho] ders AAste HAolA &
Z9h (Fig. 5) ©] W], Shell 840l wigkol] &
SHv A ES Aol gl A9 FHeolB
2, guigEe] a2 ALHr). wE dHde] ©
ZHol:, Stitch 849 F/3F50 T 485
© AFHAEES ofd AFH e ot

Journal of Welding and Joining, Vol. 33, No. 3, 2015



65

Suggested Methodology
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Fig. 5 Calculation of section area for a stitch (truss) element
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Forst = Eweld +H weld '(Kran'o + 1) (1)
where,

e*long - longitudinal inherent strain

Oy wela - yield stress at weld (Pa)

Hyed : Hardening coefficient (Pa)

™™+ thermal strain at cooling

Kiatio  stiffness ratio of weld and its

adjacent region

Evwea : Elastic modulus (Pa)
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Fig. 9 An example of block division at aft. hull and
centering location
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Fig. 10 Thermal distortion analysis of erection stage butt
welding using stitch element

®—® | Analysis by stitch element
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