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Effect of Distance and Restraint Degree between Fillet and Butt Weldment
on Residual Stress Redistribution at each Weldment
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Abstract

The purpose of this study is to identify the principal factor controlling transverse residual stress at the
weldment for joining unit hull blocks. In order to do it, the comprehensive FE analyses were carried out
to evaluate the effect of distance between fillet and butt weldments, stiffener span and in-plane restraint
degree on the amount and distribution of transverse residual stress in way of the weldments between unit
hull blocks. In accordance with FEA results, principal factor controlling the amount of transverse residual
stress at the weldments was identified as in-plane restraint degree of butt weldment for unit blocks. The
effect of other variables on the transverse residual stress was very small relatively.
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Table 1 Variables used for FEA
Distance Span of stiffener KO (MPa/mm)
(S, mm) (L, mm)
25, 50, 75 750, 850, 900 50, 125, 200
Table 2 Chemical compositions(wt%) and mechanical
properties of mild steel
C Si Mn P S
Max. 0.23 | 0.50 |Min. 2.5 x C| 0.035 0.035
Yield strength Tensile strength Elongation
(MPa) (MPa) (%)
Min. 235 Min. 400 Min. 22
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Fig. 2 Schematic configuration of FE analysis model
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Table 3 Welding conditions

Parameters
Weldment
D Current | Voltage Speed Remark
(A) (V) (mm/min)
1 280 30 380 Fillet
2 260 28 180
Butt
3-4 300 32 190

Fig. 3 Mesh design and welding sequences used
for FEA
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Fig. 7 Temperature histories at fillet weld toe
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Fig. 8 Max. temperature at fillet weld toe with
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tlo

FPsltt. Fig. 72 €45 114 2
4 850mme] 7%, H3l §3F Ef(toe) oA
wolgE YERd Zlolth. Fig. 73 o] BAA
HEe Efox B9 &4 dAste H 2
° ol Table 39 €3
57 834 el 35 EfelA @
2, A 259 723T

rlo

M o= N f1 oo o 3 %
B o Yl =
o by )
D) tlo
8o ro ME
S
= o N
N0 v oo
- 1 = ot
e i = ol
® a ar
IR N
8 e p
2k
o
o
g

o

i)
do g [y £y
£ 1o u®

Y .

o] B 9]l

K
n 2 o
nlg\m rju o
=)
M
o
i)
o, oo ofo

k1
>
ok
s,
£
ofo —E
=
0)¢}
(0/e]
=)
m

o
N
N
ok
=2
Y
- ofo

T AN B
TR
r
™
o
[
2

¥ ofo
30,
v

ol
-

©
N

ooy

b b

r o g
o o

olo A

o [‘Ir ol)‘l
B

=
rlo

2N

o
(o]
=
-
-
o
fru
o=
oo
ol
rir
oY
o
o,
[
ofo
Y
o
lo,
9

2
e
lo,
ﬁ%
dly _i—ﬁ
A

L

290

T45 125MPa/mmel 745 tis ERCIES
< 31} Fig. 9ol el 843 ESoA 23
AAAA ] STl zel wet Wslele AFSE T
FeHE VRIS A WAl 24 23 8 = o
o] gHBo] AFgdE EE FuE JehhA

H v
(25 o] +y WA $HHR Frje
of Aol o] WAL AR S Z4H
Ao A WA &4 3

kel
x
WFo F ¥ Be ¥gel

A SR qE B 7] 8 5
7 AN Agole] Brl £HY B9 AR SE
de & = 7IXA Feth v sl ol
HA &4 F, &HHY ko] -y ko wislHW
A oldits RHR e 945, Shrole Aol
Wse] 4R ARGY SRS Phs v &
759 e Fee] AFH0R Fig. 99 @} 2
[H
- ff——
15.0 | ®§:_' ‘CE)'—
- @
_ ;"‘/
g 100 d
E
o L
.2
5
S s0f
L
i n}
i}
0.0 - 3
T
[ g p— % F %0
-50 0 50 100 150 200

Transverse residual stress (MPa)

Fig. 9 Distribution of transverse residual stress
according to welding sequences

Journal of KWJS, Vol. 28, No. 3, June, 2010



G317} gh)y] 845 7o 144 9 &R mE R AEE 5 At AT 63
140
(1) C H M ax stress
% FIIIEt - —.— fillet toe (1)
T E 120l —E—butttoe 2)
=
2 I 2 I
utt @ g 100 .\./-
c 2
g -
: s e
(&) it g r
9 L
o}
% 6ol
g 1 2
4 - - ﬂ
40 1 1 | .: 1
25 50 75
Fig. 10 Schematic of deformation shapes according Distance between both weldments (mm)
to welding sequences Fig. 12 Variation of the maximum transverse
residual stress with distance between
o AEge Bys JehlA "ot both weldments
3.2.2 - 7o) w2 ARy By ole F &3 1o A st wet 33 84 2ol
g)7] SRR M TEEs} 125MPa/mmel 7 % AFeEe Al X g3 A= g2r] fee
£, $1% e e AR BE gug se  wEEH
7] el 2R 3H4 850mm Rl oiel &34 3t
& o Edstel B3l R do] gy g SO WS SR S5 Sl 89
S $ Wgow £4F Ao Agepe gy 10 S0mm TS 200MPa/mmsl B, 2
Aaodo HFS Ve, Fig. 125 52 94| 73 7re] 7¥40] 750mm, 850mm, 900mm= w3}
Aol A AFSY $EE e Releh. Fig. 11a  © W A EHTE Eeld ) e ss fxjel]
2ol FWel 2 gy LAY E90re] AF B g W AR-eEel H 3 A AFSHFES Fig
SRS SUY 07 wash R Agl gasgn, 13T vERHER
Z:]m Aoy szo Fig. 129} 7]—01 o;l(j Zl_z]_lo] Fig. 13"’149’]' 7]—0] 7"1]- ‘CHX]O]]/\—1 ﬂ’%‘%ag X\j_‘ﬂ'zjl
Byl 1 S o7
Z71gel ek ot B7RSAR, 1 Aol ey, S FES S 2B s e AR S
160 -
120 — M ean stress
M ean. stress B —.— fillet toe (1)
L —.— S:Zt::: ((21)) 140 1 —e— butt toe (2)

100
80

87‘29

60

Transverse residual stress (MPa)

40 1 1 1 L |
25 50 75

Distance between both weldments (mm)

Fig. 11 Variation of the mean transverse residual
stress with distance between both weldments

REEH: - A5t 5284 3%, 20104 61

120

100

80

r 1

Transverse residual stress (MPa)

60

2
AN

850

. 1
900

| ! | !
750 800

Distance between both stiffeners (mm)

Variation of the mean transverse residual
stress with distance between both stiffeners

Fig. 13

291



64

180 —

M ax stress

L —.— fillet toe (1)
—E— butt toe (2)

160 [~

140 | .\.//.

120 L

1201

1 2

Transverse residual stress (MPa)

1001~

I ) ] ! . |
750 800 850 900

Distance between both stiffeners (mm)

Fig. 14 Variation of the maximum transverse
residual stress with distance between
both stiffeners

jirod

o) elvlshl Zeka Qlomi, el Ryl A
Akl el kgl me SRl wyske
Jgol Zeky] Moz puEn

i

(& Ay
ot o N
O

3.2.4 BfFEEl oE HRE B

AUFEE Hsh 4588 Exo 7A e 9%
Hrkel) fletd BEAFAe 24 (Ls)e] 850mm, EA
A E8 T E5 sy 855 1]
25mm¢l Edd disf HulFERe] Wl e AR
8 A% 54 Hrketn a1 Z3E Fig. 159 =4

sl AL EsE 50, 125, 200 MPa/mmz &

—@— Mean—fillet toe (1)
—O— Mean—butt toe (2)
r + Max.—fillet toe (1)
% Max.—butt toe (2)

,_.

o

S
I

,_

o

S
I

80 —

60 —

40 1~

Transverse residual stress (MPa)

20 I ! I 1 |
50 125 200

In—plane restraint degree (MPa/mm)

Fig. 15 Variation of the mean and maximum
transverse residual stress with in-plane
restraint degree

292

il w7t gRe medN W L Ao W
8o Ao HEAow HEsl] Zrlai}. o|ae] 2
B BEt 834 8% % 54e gud
7] SeiM e 28 AR 2 IS A= 9
AR WTEE FEel U@ Bt Agsloler

=
iliA
Bl
)
ofo
i)
>
T
ol
gé
o
—
(@)
>
e,
Pt
o
2
-z
L

o]
oA gRel oFFetd B

ikl
Kl
Mo
ok

1. S.W.Kang, Y.W.Kim, W.S.Kim and D.H.Kim : Re-
distribution of welding residual stress due to tensile
pre-load and its effect on fatigue strength in padding
plate weldment, Journal of the society of naval
architects of Korea, 88-4, 75-82 (2001), (in Korean)

2. S.B. Shin, J.G. Yoon : Analysis of angular distortion
of the fillet weldment caused by FCAW at the stiffened
panel structure, Proceedings of the 1998 Autumn
Annual Meeting of KWJS, 2, 274-277 (in Korean)

3. Commission of design analyses and structural
strength of welded structures : Standardization for
temperature distribution prediction of the arc weld
using FEA, Journal of KWS, 238-6, 497-503 (2008),
(in Korean)

4. D.J. Lee, S.B. Shin, K.K. Kim : A study on the
distortion of the I butt SA weldment, Proceedings of
the 2003 Autumn Annual Meeting of KWJS, 41,
213-215 (in Korean)

5. K. Masubuchi : Analysis of Welded Structures, Pergamon
press, 1980, 562-563

Journal of KWJS, Vol. 28, No. 3, June, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




