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Fatigue Study of K-Joints for Offshore Structures
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ABSTRACT: The paper describes a test program on welded K-joints fabricated from circular hollow section brace members and chords

made with APl 2W 50 grade steel produced by POSCO. The K-joints were tested for three loading conditions at RIST. The

specimens were fested in reaction frame that allowed vertical uniform loading to the structure. From the test, the crack initiation and

development were observed and the fatigue failure could be predicted. The results were also compared with the provided S-N curves

by DnV.
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Table 1. &3 4 Y
AWS Trade |Dimension|Heat Input| Interpass
Spec. |Designation| (mm) | (K/mm) | Terp(T)
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d : outside brace diameter

D : outside chord diameter

t : brace wall thickness

T : chord wall thickness
Fig 1. K-Joint 249

e : eccentricity
g : gap distance
La @ chord length

Table 2. 8 ¥4
a B ¥ T ¢ e/D 8

1967 | 0.75 | 11.29 | 0.71 0.13 0.11 45°
a=2La/D : chord length slenderness

B=d/D  : brace-to-chord diameter ratio

y=D/2T : chord slenderness

=t/T : brace-to-chord wall thickness ratio
{=g/D : normalized gap parameter

e/D : normalized eccentricity

6 : brace angle
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Strain gages?] YA Fig 3¢ BAF:, Joint 99
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(International Institute of Welding, 1999)] ¢l8}e] Table 3}
2ol AAHATE 28t Chord jointi-EollA gageso] #2
3ol Y239 chordFE7 §HFEHE 10mm Bmm,
35mme] Aol gages& H-A3te] FAHA

o

Ln/4 Lan/4 Len/4 La/4
Fig 3. Strain gages $JX]
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Table 4. 43d 31539

3 3 ¥ 9
K-1 +358 ~ +358  (+343KN ~ 343KN)
K-2 +4E ~ +0E (+392KN ~ 392KN)
K-3 +458 ~ 58 (+4.1KN ~ 41KN)
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N=2, 788 400 cycles

N-2,574 600 cycles
Fig 6. K-1 (343KN)
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Fig 8. K-3 (441KN)
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Fig 9. Determination of Hot Spot Stress at Weld Toe
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Fig 10. ASu-N Design Curves for Tubular K-joints Based on N3

| Stress range (MPa) Fatigue life cycles _

! Specimen Calculated Measured N3 2 N4 ¥

3 Left side Right side | Left chord | Right side | Left chord | Right side

I K1Y A915 £965 £100.8 2,549,600 2,788,400 3,798,900 | 4,154,700V

| K27 £104.6 21091 £108.7 1,333,900 1,549,900 1,987,500Y | 2,309,350"
K37 21176 £127.8 21196 967,000 11,325,290” | 1,440,830 I

1) Hot spot stress range

4) calculated

5) no through-crack

) 2) # of cycles to through-thickness cracking of fatigue damaged member (N4/N3=1.49, van Wingerde)
3) # of cycles to complete loss of static joint strength
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Fig 11. AS,-N Design Curves for Tubular K-joints Based on N4
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