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Fatigue Behavior of Large Scale Tubular Joint for

API 2W Gr. 50 Steel
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ABSTRACT: Large-scale tnodel tests of welded tubular K-joints were carried out to observe the fatigue behavior of API 2W Gr.50 steel
produced by POSCO. The fatigue crack behaviors for various loading conditions were measured and investigated around the critical joint
sections. The experimental results have been verified with numerical approaches and were also compared with the IIW, DnV RP-C203 and API
RP 2A-WSD design curves. The hot-spot stress method was applied in the study. The SCF factor for tubular Kjoint was also obtaine.
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JointZ o] 17] wj&ol, Tubular Jointo] thah Frle s
Fa2g Ak T2 shiolth

AFZE A7]9] Tubular Jointe] #AYME F245 O
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AP 2W Gr50 ZAZE Agsigdot B dA7d= API 2W
Gr50 ZAz JdFxE :7)9] K Type Tubular JointE =)z}
3} Balanced in-plane Bending &}elA]g] mzAde 23
3tk W Z 49 d3= Hot Spot 338 nlgto g W, DnV
RP-C2003, API RP 2A-WSD®] ASy-N AHx¢} B mapgct.
Eg dFdAE f3ha s saFdHe vlm Hrlsbgoh

2. 48 Uy

2.1 NEA A=

W FFEAPE AR FFreE 2 Algre 3L
Fetste] Fig. 17 o] K JointE AZatqet. o) Al =
7] Kuang et al(1975)% DnV RP-C20039] Non-dimensional
Parameter 31 API RP 2A-WSD(2002)¢] Design Specification2-
SEske] 24ATkFg. 2).
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S48Ath 8- Table 17 2t}
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Fig. 1 K joint test specimen
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Fig, 2 Detail of Tubular K joint

Table 1 Welding condition

AWS Trade  |Dimension|Heat Input | Interpass Note
Spec. |Designation| (mm) | (/mm) |Temp,(T)
‘ Dual Shied )
FCAW BSITIR2| i 1o | 12mm | 164 | 156 | Joint
SAW |FAsTHA|STBHY| 40 | 193 - | Pipe
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Fig. 3 Test specimen Setting
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Boundary condition Calculation resuits (MPa)

Crown toe Crown heel

Brace | Chord | Brace | Chord

Top -148 | 387 90.3 107

Bottom | -13.5 58.1 -81.4 18.1

Bottom surface

Fig. 4 Nominal stress distribution under 392kN concenirated load
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Fig. 59 /¢ 35 H(Dye Penetrant)S o]-&3jA 2G|
AR E YeERTE 8 84 ddolA &3 RAXHY
A 3A-3Ho] #&3h= Chord Heelo|X 327 Eo] TAY
&5 ¢ 4 Utk 22y ©]A= Balanced Axial Loadg W
AlgAe] 7 Chord ToedlA 2ol FAgE A+
A3 {Udomworarat et al,2002)¢}= Aulte] Adlo|c).

Balanced Axial Load®] 73-9- Brace9] 4~3Hlgo g 3}520]
21-8-3t7] W&ol Brace Atele] Gap =719} Zt= ol s
Chord toe #of] $o] WAYsEA|T, Balanced in-plane
bending®] 7-¢-oll= 88 FFo] Chord heele]] TA=]7] o7
o o]2% A¥r} U2 Aoz Atk

Specimen K1 K2 K3

Anticipated Chord heel Chord heel Chord heel

Devetoped Chord heel Chord heel

Chord heel

Crack
feature

Crack initiation site

Note Max. nominal tensile stress at chord heel

Fig. 5 Fatigue failure

K3 specimen
N=2,788,400 cycles

Fig. 6 Fatigue crack propagation
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Fig. 6& Chord Heelo|l X 23 S22 3 Q9] A3l E 1
ehdith. K3 A|@A1e A% 9% Chord Heelolx A 323
do| MAEQT, 11 F Q8% Chord Heelo|X% IEFE0]
ATk 1542000 cycesolde 2E% Chord Heel$)
Chord Saddle F7lolA 2R & gEEc] TSNS,
1,979,500 cyclesell o)A =W e FIESY FAIE o]Fof
Ao FZFGLe oS AgsiA 2549600 cyclesoll UF
ChordE #E3}1, 2788400 cyclesolXE Q8% ChordE
AESIYE B3] F2FYo] ChordE #E3A =H Fusion
Lineg wa} 98 Eagde] Avpafo] Chord Aokl
FHoz Waldr K1 A9 K2 AlgAe) s2add A=
K3 A @A} fA18 A% BYvh o, KL AIgHe] B¢
1,325290 cydesol = 28% Chord HeeldlA] L% H23
do] ¢ ol AL 3R ekotr AL FEIHTL

Fig. 7& Chordol] A% #AFTEY <l vehdth ol
AZFEL Chord HH o] ohd A oz A
skar ok

Fig. 7 Through crack

Fig. 82 Cyce =0 w2 ZHTAZol%e #AE vehdth
SRR BAIG X7t BT Ee]l 24T Aot ojd #
g9 #PA7E Chord H-Z A JFAo] Fehpes

F7tez Relsidch ERTGLe} oF 200mmrt Sd BF
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=
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slck
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o @ K3 - left chord heel
‘| —#&— K3 - right chord heel |
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Fig. 8 Crack length vs Number of cycles
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3.3 Hot Spot Stress

Tubular Joint®] AS-N A& Tl Q3 Hot Spot
Yol Y Y FTHEAQ e 3R @€,
Jointe] A7} St dElt a2 S8 oJugic}. Hot Spot
L P YHOEE Weld Toe 204 AYA Weld Toe
7HA Strain gage & #3 94 sjoz 73 SHL 94t
A EA K Zhao et al,2000), 7]E2] Parametric Equation
< AHEEA 7T Tubular Jointe] LHAZASGCHE 7
3l AR 7]#9] Parametric Equations]| A= Balanced
in-plane Bendingol] di3|Ax] HAE 31X Eala 947]) @R,
£ I7oXE Strain gage B /3 84 FHoz 73 3L
o]-&38|A Hot Spot $&E& T4t} ojuf Aite] ALeH
$EL AWSSL APIIA ALE38l= Weld Toeo)] =23 232
go|tWingerde et al,1992).

Table 201 K Joint®] 88 FJF A+E FPstdt 7|4
calculated$} measured= 7z} 53 24 8|47 Strain Gage
AE o 2HE 7T L vk Balanced in-plane

(=} offl

34 #2794

Fig. 9% Balanced in-plane Bending 3}%& %= K Joint9]
ASheN; Azolth 93 Symbole #3 o4 oz T3
Folal, 217k Symbol Strain GageZHE] A|&3t 3o 2HE)
T% Feolth ®E grEo] IIW, DnV RP-C2003, API RP
2A-WSDE] AS-N XxE wE3tn ok a#el APL RP
2A-WSD ASi-N A& NoE o] 8384 AHojE Ao]a, IwWe}
DnV RP-C20039] ASw-N AEE N2 o] 834 Aeold Aolch
4714 Now BEHEo] BRE W74A9 cycde 0], Ny
AEA7L JointZA]&] 7)5E EHEA B W7 cycledr
oty wehi] APl 2W Gr50 ZAle] IzA%e IIW, Dnv
RP-C2003, API RP 2A-WSD9] AS-N A% tjH] £835] obg3
4& & 4 Urh Table 39 A2 HIAHAE k39T

1000
Bendlng 3| Z‘% = K ]Omtg’] %a ;1(:]%_ 7:"_}[:‘1\5‘ 285?:]% ?‘:}_— APl RP 2AWSD X
T 3tk S B DnV RP-C208
. ———— IW27.0mm
S ® calculated (N3)
Table 2 Stress concentration factor (SCF) X v measured (N3)
- . ™.
R N
“d Hok spok stress (WPa) SCF — N
g Cadaudind § Ny
Spacy ' n Measured r;:: Measured ‘; 100 %\g
| Coloulated (Mg | Celculated %) \\\,
: Letsice | Rightsice ltse | Agtsde| U~
= N
W7 W3 | 14 | /7 28 0 2@ | 27 T~
1162 1211 128 43 268 287 284
e w7 1079 1120 379 268 2% 2% Ol — il el T
1ed 1645 1e+6 Te+7 1e+8
Nurmber of cydes, N
Fig. 9 AS-N; curve
Table 3 Fatigue testing results
Hot Stress range (MPa) Fatigue life cycles -
.Specimen Measured N3 " N4 2
Calculated
Left side Right side | Left chord | Right side | Leftchord | Right side
K1 A117.6 A127.8 A119.6 967,000 1,325,2904 | 1,440,830 -
- K2 A104.6 A109.1 A108.7 1,333,900 1,549,900 1,987,500 2,309,350 3
K3 A91.5 A96.5 A100.8 2,549,600 2,788,400 3,798,900 4,154,700 ¥

1) # of cycles to through-thickness cracking of fatigue damaged member (N,/N,=1.49, van Wingerde)
2) # of cycles to complete loss of static joint strength

3) calculated

4) no through-crack
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Fig. 102 YS 355MPad A9 ASw-N; HojZo)
APl 2W Gr50 ZAE AzF Symbol, API 5L GrX52& 9%
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Number of cycles, N
Fig. 10 AS-N; curve of YS 355MPa steel materials
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