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A Experimental Study on the Fatigue Strength Evaluation of Load-Carrying
Weldments with Lack of Penetration
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Abstract In this study, constant amplitude fatigue tests on load-carrying fillet welded specimen carried
out, and fatigue strengths were evaluated. Also, an attempt is made to develop a new analytical model

with more accuracy to predict the fatigue crack propagation life of fillet welded cruciform joints of
SWS 490B steels containing lack of penetration defects. From the result of this study, fatigue crack
growth characteristics of load-carrying fillet welded cruciform joints, containing lack of penetration
defects are found to be affected by the weld geometry and the number of weld pass.
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Table 1 Dimensions of specimens (Unit:mm)

ty(mm) t2(mm) L(mm) b(mm) D(mm)
10 12 260 25 85
15 12 260 25 85
20 12 260 25 85
Table 2 Chemical compositions of the base metal
wt.(%)
Material | C | Si {Mn| P | S [Cu | Ni | Cr
SwWS
490B 0.14(0.36{1.55/0.14{0.02 (0.22 (0.21 | 0.02
Table 3 Mechanical compositions of the base metal
Material Yield Tensile Elongation
atera strength strength (%)
SWS 490B 400(MPa) 572(MPa) 26
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Table 4 Welding conditions

Thickness Number of| Welding | Voltage
(mm) LOP(mm) pass  |current(A)| (V)
- 1 180 24

2a=0 2 140 20

~ 1 190 20

—10 2724 2 140 20
' rumd g 1 180 24
' 2 140 20

~ 1 170 23

22712 P 140 20

~ 1 190 26

2270 2 170 20

~ 1 190 26

1s 2724 2 170 20
‘ ramd g 1 190 26
' 2 170 20

_ 1 190 25

2712 2 170 20

1 190 25

2a=0 2 190 25

3 160 21

1 190 25

2a=2.4 2 180 23

_ 3 170 21
1=20 1 170 26
2a=4.8 2 180 23

3 170 21

1 190 25

22=7.2 2 170 20

3 170 20

Weld
profile

Fig. 1 Configuration of cruciform joints

a) Root failure b) Mixed failure ¢) Toe failure

Fig. 2 Fatigue failure modes of load-carrying
cruciform joints
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Fig. 3 Fatigue test results of LOP(2a=7.2mm)

specimens
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Fig. 4 Fatigue test results of full penetration

specimens
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Fig. 5 Typical root crack growth curves of

cruciform weld specimens
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Fig. 6 Root crack growth rate curves of cruciform
weld specimens

-262-



A48 AAE A FERGA A

2oy digk #E4% dolo #
Fig. sol Yehdiddth Fig. s& @ 54
15mm, FEJ Z7|#¢E 72mmd  Arejo A
90MPa~195MPa2] YA THUYZ AHF A
ojm, o] TN VEZFIL vIF A
Hog A7l

Fig. 62 37}A] & Ao dlgt YAANE 3=
A AAzRE, FERY J27E8H E4S
HAAgGH oz Frhek FEAASE Y F)
A 19 #FAE JeEhNG T 9riA, ¢Sy
ATs A(1)E AE3td AR, AL
HALASHE A48 #5574 10mme} 15mm
Ql 2pass &3l B3, 3pass BFE VFA
20mm¢ AMEHe AU} Pz FEAn
S57t Zaste HA2dd AdHYgol 519
th oA 8AHISFY FUlo) A AN
o] F7tHv tdFEP Jgoz wog

4. &8 B

1) SHZATHLOPIE Ze= AFHEAAN BFA7)
10mm$t 15mm¢ A$E U529 Fddgest
FERAAN Fdo] JAH HFRGH 9d,

£443Lope ZE #F4 20mmgl
A EUAE AFHLS ESRA fgRre
HAG

2) J2EY AHE SNUER H7139 27 RE
FolA sgg FAeRd ESRA gud A
F7t 9ERE Aol 53U £, Y%
FER gAgdQME 3passEHE 54 20mm
A7t 2passEAE #HFA 10mm, 15mme] 7
SHY 5% J2ZAYEL L Yey

3) FERY FA2gddn E4E Fygyo
2 YIS do/dN-4K AENHE 2pass® 3 3
vl 8te] 3passERe FEARLEI FAF
AL, 23359 S daA QAo &
HE 05839 9oz ggdy

e ol

e

HAREE
1. D. Radaj,
assessment of

“Review of fatigue strength
nonwelded and  welded

structures based on local parameters,” Int. J.

Fatigue v 18, n 3, 1996, pp. 153~170

2. 48, 2A4Y, fYY, HAY "a 840

=9 AEFde] di G 1@ fFe

ety A, Al 14, Al 1%, 1983, pp. 37~46

3. J. M. Ferreira, C. M. Branco, “Influence of
weld and plate geometry on the fatigue
strength of cruciform joints,” Theo Appl Frac
Mech, 1988, pp. 23~32

4. V. Balasubramanian and B. Guha, “Influence
of weld fatigue
characteristics of flux

Size crack growth
welded

Science and

cored arc
cruciform  joints,” Materials
Engineering A265, 1999, pp. 7~17
5. ANSI/AWS, 1986, “Structural Welding
Code~Steel,” DI. 1-86

6. K. H. Frank, J. W. Fisher, “Fatigue strength
of Fillet Welded Cruciform Joints,” J. Struct.

.div., ASCE, 105, 1979, pp. 1727~1740

7. S. D. Pathak, V. M. Radhakrishnam and B.
Guha, “fatigue crack growth in cruciform
welded joints,” Joining and Materials 1988

~263 -



