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A Comparative Study of the Fatigue Strength on Cruciform Joints by
Local Stress Methods

Park Dal Chi Yang™ and Jung Hyun Ahn"

School of Naval Architecture and Ocean Engineering, Ulsan University”
Abstract

The notch effects on the fatigue strength of welded joints are both stress concentration
and fatigue strength reduction. In the notch stress approach, the notch effects are usually
approximated by introducing weld—bead parameters for the local detailed weld joints. In this
paper, well-known notch stress approaches — critical distance method, area method and
fictitious rounding method are presented for the fatigue strength of cruciform joints. The
estimated results of the present methods are applied to the experiments performed in this
study and reported in the references. The results of the application show that the
fatigue—life scatterness of the experimental data expressed in the nominal stress is
significantly reduced by introducing the effective fatigue stress of the present study.
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Fig. 1 Geometry of the cruciform specimen

Table 1 Geometrical parameters of the non-load-carrying cruciforms, fatigue strength Aog

ranges at 5x10° cycles, and results of the notch stress analyses

Lazzarin et al.(1998)]

[experimental data from

) Geometrical data and endurance limit Fatigue notch factor, A
Series
t (mm) | h (mm) | L (mm) | Aoy, (MPa) CDM AM FNR

1 13 8 10 79.52 1.888 2.002 2.598
2 50 16 50 59.64 2.867 2.936 3.903
3 100 16 50 55.47 3.014 3.085 3.871
4 13 5 3 91.70 1.601 1.619 2.251
5 13 10 8 76.68 1.937 1.973 2.619
6 25 5 3 93.92 1.684 1.711 2.160
7 25 9 32 66.02 2.365 2.414 3.209
8 25 15 220 59.72 2.494 2.558 3.332
9 38 8 13 68.89 1.955 1.999 2.887
10 38 15 220 45.46 2.867 2.942 3.841
11 100 5 3 95.70 1.590 1.612 2.231
12 100 15 220 40.09 3.780 3.879 3.872
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Fig. 2 Fatigue strength of the experimental results in terms of nominal stress(o,) and

fatigue effective stress by CDM
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Fig. 3 Finite element meshes used for (left)
the critical distance method and (right) the
fictitious notch rounding method
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Table 2 The negative slope of S—-N curve
and scatterness of the results of the fatigue
strength by CDM, AM, and FNR for the
experiments(Lazzarin et al. 1998)

CDM AM FNR o,

K 3.145 | 3.150 | 3.143 3.338

T, o959 | 1.488 | 1.489 1.518 2.550

S20I LIEHARACEH Ak =X
(1OIM ZoIBr 24t 201 2t AF Al
ARl SEE0 S0l RELIZEH
UCH Fig. 20i= COMOI 2loi A4t
S0 1 AIE0 Uiet &8 8= LIEHH
gt 1S9 Ea=4el S-NRd 4=

Hu

ior>r|j_i

© 39 i & = i
()]

X B oo

X o
Il
[N}
[
s

Mo TE 0¥ O min nio 1o KR HU 4> 00 J= B
f!
[P
Y ¢
[

Hi==gt gt= 20l B0l SES
JlE 3.3382 22t 2 gt

22 COMI AMOI 1

1 FNRE2 1.5182 ¢
= A0IA 0B A" Al
Ol CHoll FNROI 2EHC=Z 2

I E@0Xle ¥ 2XI6keE 210ICHRadaj et
al. 2006).

2+ Al CHOl HIAHE S=XITIZ2H S
OZ2=90 Hjte RElsse AFY
2t olglE NIZS3(Fatigue class, FAT)2l S-N
2H&0 2ok OIFHEICE WA= FNRE OIS St
x388YsS HEol= 42 JI28J| k=3, Ll=Zst
T FAT2252 AIZ26tE= HICHsHA CHHobbacher
2005). COMt AMS| H=RE 0O REgE Hies

2 =

glelt 28 & 2829 UZ8t= 150MPa~



578

10

Average value of pr/Nf

2 : -

. 0O CDM(FAT160): 1.14
3 e AM (FAT160) : 1.06 A

ES 4 FNR(FAT225) : 1.33 &
2 v
§1oﬁ ! A D@e”’g -
2 Nonconservative @_( A
5 IS 1 P=23%
= PRI7.7% |s, o M® " g

2
10° R
//,@
Conservative

I105 leﬁ I”w’
Experimental life cycles, Nﬂ

Fig. 5 Comparisons of the fatigue life esti—

mation by the CDM, AM and FNR for the

cruciform specimens

170MPa2l HR9 gtz YHE Hi UACHBellet
et al. 2005, Yang and Park 2009). & H720{|A
= FNROI CHoiA= FAT225, COMt AMO CHAH
M= FAT1602 HEZ0I0 LIZ24+HE 4 Ch.
SEUIZSHS AIE0HH =S T2+
ol 28 mE Yol ZHE Fig. 500 £
-0 EAISH OIZ2 =Y 24HE2 Table 20

EtH 2f 2RO RelI2SEe 24 Z22 &

2 > 3R
O

10 4 ko

SR, FNROI 2lgt =& LiZ2=+F bH|<

g2 1.3322 2t ExH0|N @2 He=Z

A
_>j
=]
HU
>
2
10
>
I
N
B
10
5
2
=
=
=0
[
10
A M) MU oog o i o

FO o >

U o

>

>
& @
o e

ﬂ
mo olo

g

=

4l gﬂ -—
4%
J
s
ne
bl
n
4J
Yl
1y
o
10
U
oo
2 0y o 2

9o K00

Ol

>

=
gt

00
™
it
=]
HU
oy
H
z
0%
o
10
o
H
I
0(0
v
i
10
(=
EJ
i)
1

2= AEoHOF sttt 2 a7e] =XISEE 2
gt L2 &F Zite LZ2=Y 24201 1
2L T, =155 20 SESH00 dloi 41% 2
A% AE EALL E5 COM, AMZ2 FAT160S
AHEGHD FNR2 FAT22501 28t IZ2+d ME2
Ay ZQ HlwotH & LXIck= XS UEHHY
Ch. 2 HF0IA DHAS 30t =X 2%
Oldetel 8 HIES &€= ot ERFL F
ER0IA Ldct=s DLZZE0 222 = A= Y
Hes =il SHolaZEE e =40l
UioiA 2XHa 2E°] d<2= FNROI COM1t AM
Ol BIohAl =XIet2del Z2uz =840l 0t &
HEC=Z =elsh BHH &H BIE=&=S 128t 3
IE 2Eo AR0l= FNRS HEoh| 2SS
EHOIBHRIC

Bellet, D., Taylor, D., Marco, S., Mazzeo, E.,
Guillois, J. and Pircher, T., 2005, "The Fatigue
Behaviour of Three—dimensional Stress Con-—
centrations," International Journal of Fatigue,
Vol. 27 pp. 207-221.

Gurney T.R., 1991, "The Fatigue Strength of
Transverse Fillet Welded Joints," Abbington
Publishing, Abbington, Cambridge.

Hobbacher A., 1996, "Fatigue Design of Welded
Joints and Components," IIW Doc. XllI-
1539-97/XV-845-96, Abbington, Cambridge.
Kang, S.W., Kim, J.H., Kim, KS., Kang, J.K.,
Heo, J.H., and Kim, M.H., 2008, "An Experimental
Study for the Fatigue Strength Assessment of
Longi-web Connections," Journal of the Society
of Naval Architects of Korea, Vol. 45, No. 1,
pp. 87-92.

Kim, M.H., Kang, S.W., Kim, J.H., Kim, S.M.,
Kim, K.S., Kang, J.K. and Heo, J.H., 2008,
"The Application of Structural Stress Method for
the Fatigue Strength Aassessment of Longi—web
Connections," Journal of the Society of Naval
Architects of Korea, Vol. 45, No. 1, pp. 81-86.

(V]

CH

o

Zdsts =28 M472 M4z 20104 83

J



o], N E 579

» lazzarin, P. and Tovo, R., , 1998, "A Notch * Yang, P.D.C. and Park, C.M., 2009, "Notch
Intensity Factor Approach to the Stress Analysis Fatigue Analysis Based on the Actual Bead
of Welds," Fatigue and Fracture of Engineering Shape of Welded Joint," Journal of the Society
Materials and Structures, Vol. 21, pp. 1089— of Naval Architects of Korea, Vol. 46, No. 4,
1103. pp. 417-423.

* Maddox S.J., 1987, "The Effect of Plate
Thickness on the Fatigue Strength of Fillet
Welded Joints," Abbington Publishing, Abbington,
Cambridge.

* Radaj D., Sonsico, C.M., and Fricke, W., 2006,
"Fatigue Assessment of Welded Joints by Local
Approaches," second edition, Woodhead Publ.

* Taylor, D., Barrett, N. and Lucano, G., 2002,
"Some New Methods for Predicting Fatigue in
Welded Joints," International Journal of Fatigue,
Vol. 24, pp. 509-518.

Journal of SNAK, Vol. 47, No. 4, August 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


