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A Study on the Fatigue Life of Large-Scale Tubular K-joints

SUNG-WOO IM* AND IN-HWA CHANG*
*Research Industrial Science and Technology, Gyunggi, Korea
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ABSTRACT: Large-scale tests of welded tubular K-joint sunder balanced in-plane bending braces were carried out to observe the fatique
behavior of the API 2W Gr.60 steel plate produced by POSCO. Toe grinding and weld profiling were used to improve the fatigue life of a
tubular K-joint. The effects of the steel grade and chord wall thickness on the fatique life were also investigated. The present results were

compared with the UK DEn design curve,
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Fig. 7 Fatigue crack initiation at left chord heel of
as-welded specimen

250

External
200 Surface Crack

—
o
[=]

100 -

Stress Range {(MPa)

A 3 Internal
Surface Crack
&Y =100mm

-50

0.0 2.0e+5 4 De+5 6.0e+d 8.0e45 1.0e+6 1.2e+6

Number of Cycles

Fig. 8 Fatigue crack initiation at right chord heel of
as-welded specimen
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Table 1 Fatigue life

Fatigue life @ Hot spot stress range of 219.85MPa

Specimen N; Dy T}mo%gll;lg-c&'\ack N/ Smfalgcr ck VE
Left side Right side Left side Right side Left side Right side

Cycle 210,000 222,400 305,000 305,000 312,900 331,376
A mm 50 100 400 720

Cycle 992,000 964,000 1,071,000 1,071,000 1,478,080 1,436,360
16 mm 20 20 420 490

Cycle 610,000 522,000 610,000 610,000 908,900 777,780
e mm 10 30 65 600 - -

1) # of cycles to through-thickness cracking of fatigue damaged member
2) # of cycles to termination of test

3) # of cycles to complete loss of static joint strength (Ny/N; = 149, van Wingerde)

1DDD IS - SO H il
TTETY —— Mean-2s
Pl =—— Mean
—_ :
E &  AsWelded :
= & Toe Grinding [}
= 7  Weld Profile |
(@)
c
]
m E LoL Lt
2 10—
m L i
| -
(6]
g
2]
o]
I
1U 1 M R I 1 M A A 1 fodo L 1 M A
TeH 1e+h Te+b le+? Te+8

Number of Cycles

Fig. 17 Effect of weld improvements on the fatigue life
based on N; of API 2W GR60 steel plate

Chord wall 7|7} 15.9mm¢! Ae] A2 T r7t $-43F AXE
Holv} o|Ae FA &xel| 7|13k Aol

4.2 E

B =Foixe APIA] HE ©lg785 3l U= Tubular joint
o] |24 v]X= Weld improvement &30l thajA] 23
A H7LE FH3AT 53] Weld improvement= A 2}5-F 9
2t &3] zolrt g = U7} Wil JointFe &3
Weld improvement= ZW AAMA  FREHTE 59
POSCONA < /WEgk APT 2W GR60 FAE AR 24
T4+ ZAE Tubular jointol]l 28T 3¢ SEI AEZAEE
HAskal A FAstaw 1 B v 2

(1) APl 2W GR60 2712 A< Tubular joint £78 AT
E Weld improvementdt ths FHZAFHE 3+ A3, Weld
improvementE & WAAHA IS |AH 42 A

1000 [

B 5 [u— PRI

&  As-Welded (GR B0
A Toe Grinding (GR60)
¥ Weld Profile (GRED)
As-Welded (GR5D)

o
(o B
=
e
L]
(o)
c
1]
@ 100 o g
Q
|
n
A e S L b et S R
Q  hiahidddddidee bbbl R
Q_ i H
©
I T P R Y PP R Sy
10 L P W 1 I T W B A 1 I i T T I
Te+ le+h 1e+b e+ 1e+8

Number of Cycles

Fig. 18 Effect of steel plates on the fatigue life based on N;
of 27.0 mm thickness plate

il e Mean-2s, 27mm

vt —— Mean-2s, 15.9mm |
T e 27.0mm '
B 15.9mm

Hot Spot Stress Range (MPa)

10 A S NS A AR SR b iiidi
e 1e+d 1e45 1e+7 1e+3

Number of Cycles

Fig. 19 Effect of chord wall thicknesses on the fatigue life
based on N; of API 2W GR60 steel plate



64 DS -

P

Lol 2 IS HAA stk H2ad TYAHES V)
= As-welded A|EAS] ¥ E7t%+= UK DEn Mean-2s =
TrEslal g1tk Weld improvementE & 7399l Mean
curveE 43]3t3 T

(2) APL 2W GR50 2 APl 2W GR60 ZAIZ AZE As
welded Al@A|S] A 7FEol FH3HA 3273 == UK DEn
design curveE Y&l QT

(3) Chord wall 77} 270mm<! 7%} 159mmS! As-
welded Al@AQ] 2= Chord wall FHd) F@3}HA)
UK DEn design curve® ¥HE3}al QT

o |0 4

==
o
al

FS L

A0
o

AT, AUsl, =33, 9kEt (2005). “APL 2W GR50 Al
°]&3t W& Tubular Joint H2Z5H7}V, =8l d5 53]
A, A194, A3Z, pp 54-58.

AN9%, A3} (2006). “API 2W GR60 thd T2E mzA%
H7}”, RIST 2005A218.

Agerskov, H., Pertersen, RI. and Martinez, L.L. (1998). “An
Investigation on Fatigue in High-Strength Steel Offshore
Structures”, Welding in the World, pp 328-342.

Amiot, P., Radenkovic, D., Sanz, G. and Willm, P. (1982).
“Life Prediction for Tubular Joints in Offshore
Structures”, 4" International Symposium of Japan
Welding Society, pp 339-344.

BS 7448 Part (1997). Fracture Mechanics Toughness, pp22.

Guanghai, W. and Bozhen, C. (1992). “Fatigue Behaviour of
Tubular Joints Made of China_made Platform Steel”,
China Ocean Engineering, Vol 6, No 1, pp 103-110.

Kato, T. (1974). “Design Strength of Tubular Joints”, Nippon
Steel Technical Report, No 6, pp 61-74.

18}

Kirhope, KJ.,, Bell, R, Caron, L, Basu, RI. and Ma, KT.
(1999). “Weld Detail Fatigue Life Improvement Techni
ques”, Marine Structure, pp 447-474.

Marshall, PW., Bucknell, J. and Mohr, W.C. (2005). Backgro
und to New API Fatigue Provisions, OTC 17295.

Ohta, T., Onogi, H., Ishikawa, K., Kataoka, F., Yamauchi, H.
and Toyofuku, M. (1987). “Fatigue Strength of Welded
Tubular Joints of Offshore Structures”, Nippon Kokan
Technical Report, No 48, pp 85-94.

Sonsino, CM. and Umbach, R. (2003). “Hybrid Design
Concept Using High-Strength Cast Steel Inserts for
Tubular Joints of Offshore Structures”, Fatigue, Vol 2,
pp 1225-1230.

Takizawa, S., Yamamoto, N., Mihara, ]J. and Okata, S. (1979).
“Full Scale Experiments of Tee and Cross Type Tubular
Joints under Static and Cyclic Loadings”, Kawasaki Steel
Technical Report, Vol 11, No 2, pp 115-125.

Wingerde, N.F., Puthli RS, Wardenier, J.,, Dutta, D. and
Packer, J.A. (1992). “Design Recommendations and
Commentary Regarding the Fatigue Behaviour of
Hollow Section Joints", Proceedings of the 2" d
International Offshore and Polar Engineering Conference,
Sam Francisco, USA, 14-19, pp 288-295.

Zhao, X.L., Herion, S., Packer, J.A., Puthli, RS., Sedlack, G,
Wardenier, ], Weynand, K., van Wingerde, AM. and
Yeomans, N.F. (2000), "Design Guide for Circular and
Rectangular Hollow Section Welded Joints under Fatigue
Loading"', CIDET, TUEV-Verlag GmbH

200743 11€ 209 Qv AS
20089 39 269 HFE FAHE A



