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Abstract - In this study, the existing design formula for K-joint, the stress concentration factor (SCF) of Efthymiou equation were
compared to validate the FEA model for the tubular point. The characteristics of the stress concentration factor (SCF) of the joint
by finite element analysis were analyzed in the jacket truss structure where the actual load conditions of the existing design were
applied. The structural analysis was performed on existing jacket structures considering the effects of corrosion according to the
serviced time, and the tendency of hot spot stress and stress concentration factor (SCF) was analyzed.
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Fig. 1. Platforms installed and removed!
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Fig. 2. Geometric notations for a K-joint

Fig. 29] 7|38 7|02 f=0.46, { = 0.073, 7 = 0.67,
y=18.83,0, =6, =45F A-g3}3lon, Z=o] AH, 7/

2 A2 73R 1,435 mm, 38.1 mm&} API Spec 2H Gr.50,
Bajo] A9 A%, FA D AR A= 660 mm, 25.4 mme}t
ASTM A360]t},
T2 Y3t 32k YA F29 22 MIDAS
FEA % CIVILZ ARESto] 24 HE 51t of
g L= TN M ] plate 4-0] 29MdS HESH ] $15tH9]
ABAQUSY] shell 849}9] s ATE | walo] AEs}
At 29 Q 4 9] 7 7)== International Institute of Welding
(ITW)PIo)| A A A1EHT Q)= 0.4 t2 2-2510] 10 mmE @%
stolom, AAZRAL A E9 FS ARo=31A], 5



Folle XPAES 28 121, sk o e e 2
Z Hjo] o] QIAIRFO 2 1 kN, 9-SH Hlo] Ao &1
FO=Z 1 kKN 28510 sjAst3it.

Fig. 3] 27}2] @4x0] vt s)414 2] 82 contour X
Fig. 40 8 & F7o| g & REE HeEhfiIth Fig. 4 2
0]5}9] figureo]| A19] xZ9] distance’= HFo]A LHH X
o 2 RE O] He|o] ARk £0] 7| 2] S e Fig. 4]
plate 849} shell 24:2] ST} FABHA HEfLHE =
MIDAS CIVILS] plate 84~= #HFA o] 3H9] WS
FASS A=A A B7Hd & 2 A o= dehEn.

(a) Plate element (MIDAS CIVIL)

(b) Shell element (ABAQUS)
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Fig. 5. Stress distribution by size of elements

Table 1. Structural SCF by size of elements
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Fig. 4. Stress distribution according to kind of finite elements
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Fig. 9. Stress distribution at the K-joint
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Table 2. Hot-spot stress calculated based on frame analysis
(a) ®) © ) SF.
Load case Nominal stress (MPa) SCF HSS HSS (safety factor)
(frame analysis) (plate analysis) ((a) x (b)) (plate analysis) ((c)/ (d))
Axial load 0.0198 2.66 0.053 0.053 1.00
Bending moment 0.0129 2.73 0.035 0.028 1.25
Table 3. Hot-spot stress calculated based on frame analysis and formular
@ (b) (© (d S.F.
Load case Nominal stress (MPa) SCF HSS HSS (safety factor)
(frame analysis)  |(Efthymiou equation) ((@) x (b)) (plate analysis) ((©)/ (d)
Axial load 0.0198 3.14 0.062 0.053 1.17
Bending moment 0.0129 3.23 0.041 0.028 1.46
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Table 4. Hot-spot stress calculated based on frame analysis

(a) (b) © (d) SF.

Joint Load case Nominal stress SCF HSS HSS (safety factor)

(MPa) (Efthymiou ((a) x (b)) (plate analysis) ((©)/ (d))
(frame analysis) equation)
KT-joint Under operation 5.849 3.22 18.834 15.490 1.22
mid. Under a storm 5.840 3.18 18.571 17.071 1.09
N-joint Under operation 7.683 2.37 18.209 17.466 1.04
lower Under a storm 18.334 2.66 48.768 48.710 1.00
Table 5. Efthymiou equation for K, KT-joint
- Brace

K-joint
(Balanced axail load)

SCFg =1+ [SCF, 04| (1.97 = 1.57%%) 7 5in%7 0, .,
+ 4190371 225in 180 +6,,)[0.131 — 0.084 arctan(14¢ + 4.2)]

K-joint
(Balanced in-plane bending)

- Brace
SCFpe =1+ 0.658,70% (10907760 in©06r-1160) g

KJ-joint
(Balanced in-plane bending)

- Central brace (Brace B)
in@ 0.3 0.3
SCFe = 1%°7%5(0.67 = % + 1.166,) sin 0, [Smﬂ] [@]
sin emin ﬂmin
(—0.38)
x [1.64 +0.2965%% ATA N(SCAC)]

SCFy =1+ [SCF,|(1.97 — 1.5755% )z} ¥ 5in®7

- Central brace (Brace A, C)

Max(sin 6, ,sin 6,-)] %3 M. s 0.3
SCFC—T§9y°5(0.67—ﬁ§+1.16/;A)sin0A[ ax(sinfy 51 C)] ax(P ﬂC)]

Min(sin @, ,sin 0) Min(B4, Bc)
x [1.64 +0.2965 Y ATAN (8¢ Ac)]

SCFp =1+ [SCFc|(1.97 - 1.5765%) 2, * ¥ sin®7 0,

B
where, & 4c = {ap + {pe + ——— (ATAN in radius)
sinfp
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Table 6. SCF by Efthymiou equation and detailed analysis
(a) (b) (c) (d S.F.
Joint Load Nominal stress SCF HSS HSS (safety factor)
om oac case (MPa) (Efthymiou (@) x (b)) | (plate analysis) ((©)/ (d))
(frame analysis) equation)
KT-joint Under operation 5.849 3936 18.927 15.490 1.22
mid. Under a storm 5.840 ' 18.898 17.071 1.11
N-joint Under operation 7.683 3905 24.624 17.466 1.41
lower Under a storm 18.334 ' 58.760 48.710 1.21
Table 7. Thickness loss resulting from corrosion of an steel structure in seawater
Position SRl Splash zone Immersed zone Mud zone
sea exposure
Thickness reduction <0.1 mm/y < 0.3 mm/y <0.1 mm/y - 0.2mm/y <0.03 mm/y
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(a) Just after construction (b) After 30 years

Fig. 15. Results of frame analysis
according to serviced time

(a) Just after construction

(b) After 30 years

Fig. 16. Results of frame analysis for a joint
according to serviced time
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(b) After 30 years

(a) Just after construction

Fig. 17. Stress distribution of plate model
just after construction, after 30 years
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Table 8. Efficient stress of members according to serviced time (Unit: MPa)
Chord KT-joint N-joint
Year

Upper Lower Upper Middle Lower Middle Lower
-7.6 -13.0 -11.2 8.0 -10.9 -20.1 20.7

0 (1.000) (1.000) (1.000) (1.000) (1.000) (1.000) (1.000)
-8.0 -13.5 -11.5 8.2 -10.9 -21.8 21.7

10 (1.053) (1.038) (1.027) (1.025) (1.000) (1.085) (1.048)
-8.5 -14.0 -11.9 8.4 -10.9 -24.0 229

20 (1.118) (1.077) (1.063) (1.050) (1.000) (1.194) (1.106)
-9.3 -14.7 -12.5 8.8 -10.9 -27.2 244

30 (1.224) (1.131) (1.116) (1.100) (1.000) (1.353) (1.179)

() : Stress ratio from the initial stress

S0 = A 32 Al 2(EE A 1643 202019 29 63



A EBA F2E SAolE T 7150l HES

EE )

Table 9. Hot-spot stress calculated based on frame analysis

(a) (b) (© (d) S.F.

Serviced Load case Nominal stress SCF HSS HSS (safety factor)

time (MPa) (detailed analysis) ((a) x (b)) (plate analysis) ((©)/ (d))
(frame analysis)
Just after Under operation 7.683 2.37 18.209 17.466 1.04
construction Under a storm 18.334 2.66 48.768 48.710 1.00
After Under operation 8.551 2.66 22.746 21.430 1.06
10 years Under a storm 20.269 2.28 46213 55.584 0.83
After Under operation 8.660 2.73 23.642 23.105 1.02
20 years Under a storm 21.488 2.31 49.637 63.880 0.78
After Under operation 8.796 2.76 24.277 25.182 0.96
30 years Under a storm 22.981 2.31 53.086 74.499 0.71
Table 10. Hot-spot stress calculated based on Efthymiou equation

(a) (b) (© (d) S.F.

Serviced Load case Nominal stress SCF HSS HSS (safety factor)

time (MPa) (Efthymiou ((@) x (b)) (plate analysis) ((c)/ (d))
(frame analysis) equation)
Just after Under operation 7.683 3932 24.831 17.466 1.42
construction Under a storm 18.334 ' 59.255 48.710 1.22
After Under operation 8.551 3239 27.697 21.430 1.29
10 years Under a storm 20.269 ' 65.651 55.584 1.18
After Under operation 8.660 3233 27.998 23.105 1.21
20 years Under a storm 21.488 ' 69.471 63.880 1.09
After Under operation 8.796 3206 28.200 25.182 1.12
30 years Under a storm 22.981 ' 73.677 74.499 1.00
5.2 8 St A3 YER 912 H, Efthymiou B4, frame
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