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Abstract In this study, stress concentration factors of welded joints were analyzed.�The stress concentration factor calculated from 

the hot spot stress equation suggested by IIW was compared with the existing equations. As a result, the stress concentration factor 

was confirmed to be similar to the Efthymiou proposed equation. and, the stress concetration factor is increased as the geometric 

parameter(Ǚ , Ǧ, ǖ, Ǜ ) increased. And the fatigue life is considered to be affected by the geometric parameter of the joint, the 

connection of the neutral point of the joint and the load direction of the member.
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  Fig. 1 . 

Ǜ  : Inclination of the Brace(s) with Chord axis
ǔ : 2L/D (L : Chord length, D : Chord diameter)
Ǖ  : d/D (d : Brace diameter, D : Chord diameter)
Ǚ : g/D (g : Gap, D : Chord diameter)
Ǧ : t/T (t : Brace thickness, T : Chord thickness)
ǖ  : D/2T (D : Chord diameter, T : Chord thickness)

Fig. 1. Geometric notaitons for a k-joint[8]
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     =0.46, =0.073, =0.67, ò ö ă

=18.83(g=105mm, d= 660mm, D=1,435mm, t=25.4mm, ó

    T=38.1mm) . 

       , (d, D) gap(g)

       Table 1

    SCF .

Table 1. Geometric parameters in previous and this study

Joint ref. Ǖ Ǚ Ǧ ǖ Ǜū ,ǛŬ Note

Previous study 0.6 0.075 0.35 - 45°,45°

Existing structure 0.46 0.072 0.088 0.67 18.83 var.

This study

Model 1

(var. )

M1-1 0.25 0.073 0.67 18.83 45°,45°

M1-2 0.46 0.073 0.67 18.83 45°,45° main

M1-3 0.70 0.073 0.67 18.83 45°,45°

M1-4 0.85 0.073 0.67 18.83 45°,45°

Model 2

(var. )

M2-1 0.46 0.073 0.67 18.83 45°,45° main

M2-2 0.46 0.146 0.67 18.83 45°,45°

M2-3 0.46 0.292 0.67 18.83 45°,45°

M2-4 0.46 0.584 0.67 18.83 45°,45°

Model 3

(var. )

M3-1 0.46 0.073 0.35 18.83 45°,45°

M3-2 0.46 0.073 0.67 18.83 45°,45° main

M3-3 0.46 0.073 0.80 18.83 45°,45°

M3-4 0.46 0.073 1.00 18.83 45°,45°

Model 4

(var. )

M4-1 0.46 0.073 0.50 14.12 45°,45°

M4-2 0.46 0.073 0.67 18.83 45°,45° main

M4-3 0.46 0.073 1.00 28.25 45°,45°
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     3 4-node shell

     K . 

(Lee, 1999)[8]       K

       , 

    . Brace 1kN , 

      

(IIW)[9]      1.0t 10mm

. 

       Chord 1,435mm, 

  38.1mm, API Spec 2H Gr.50 , Brace

    660mm, 25.4mm, ASTM A36

       . Fig. 2 Fig. 5 

 .

Fig. 2. Model 1-1(symmetry, g=105mm, t=25.4mm))

Fig. 3. Model 2-3(symmetry, g=402mm, t=25.4mm))

Fig. 4. Model 3-1(symmetry, g=105mm, t=13.5mm))

Fig. 5. Effective stress distribution of the Model 1-2

           (symmetry, g=105mm)

     Chord Brace hot 

  spot . Hot spot IIW[9]   

        fine hot spot 

       0.4t 1.0t 

       (1) . Fig. 6

      . (1) hot spot 

   Table 2 .

Fig. 6. Effective stress distribution graph

       (Brace and Chord, Model2-1, 2-2)

ǥȣȮ  = 1.67ǥ(0.4t) - 0.67ǥ(1.0t)      (1)

Table 2. Results of the hot-spot stress(ǥȣȮ)(MPa)

CASE Brace_Crown Brace_Saddle Chord

Model 1 (M1-1) 0.16354 0.07142 0.11754

Model 2 (M2-1) 0.07122 0.02671 0.05814

Model 3 (M3-1) 0.09861 0.04630 0.05179

Model 4 (M4-1) 0.05681 0.02060 0.03173

Note : Position of the Crown and Saddle make reference to Fig. 1.
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Table 3. Results of the stress concentraion factor(SCF)

CASE
SCF(Brace)

Note
Crown Saddle

Model 1

(var. )

M1-1 ( =0.25) 4.27 1.96

M1-2 ( =0.46) 3.59 1.43 Main

M1-3 ( =0.70) 2.54 1.38

M1-4 ( =0.85) 2.23 1.40

Model 2

(var. )

M2-1 ( =0.073) 3.59 1.43 Main

M2-2 ( =0.146) 3.78 1.56

M2-3 ( =0.292) 3.71 1.79

M2-4 ( =0.584) 3.94 2.05

Model 3

(var. )

M3-1 ( =0.35) 2.64 1.25

M3-2 ( =0.67) 3.59 1.43 Main

M3-3 ( =0.80) 3.77 1.53

M3-4 ( =1.00) 3.83 1.84

Model 4

(var. )

M4-1 ( =14.12) 2.87 1.10

M4-2 ( =18.83) 3.59 1.43 Main

M4-3 ( =28.25) 4.63 2.17

      Efthymiou LR

OFF-SHORE TECHNOLOGY REPORT-OTH 354[10]  

   K-Joints Balanced axial load SCF 

    . Table 4 Efthymiou , Ǖ, ǖ, 

Ǧ, Ǚ, Ǜ       SCF . LR

      , 

      Chord Brace Saddle Crown

         SCF . LR

      , 

  Crown ŉĹļĹĹ   ŉĹļĸĹ  .

Table 4. Efthymiou and LR Equation for K-Joint(Balanced axial load)

 LR - SCF of Brace

ŉĹļĸŉ ž ūƊūŬ÷ŻŊŭķŉūķĸ ŽŊŭĸŉūĸķĿļŭķĸ ż÷Żļūķ¡¤ļŬķ ż

ŉĹļĸĹ ž ūƊŬŰ÷ŻŊŮķŉŬķĸ ŽŊŮĸŉŬĸķĿļŮķĸ ż

Efthymiou eqution - SCF of Brace

ūſƀŉĹļȞȣȪȭȟƁŻūƊųűŽūƊůűǕŴƊŬůżǦŽŴƊūŮ¥z ŴƊűǛ~rª

ſǕūƊůǖŴƊůǦŽūƊŬŬ¥z ūƊŲ ŻǛ~rª ſǛ~z ż

ƀŴƊūŭūŽŴƊŴŲŮr¤t¦r ŻūŮǙſŮƊŬǕżƁ

Note : HSE, OFFSHORE TECHNOLOGY REPORT-OTH 354[10]

Table 5. The SCF of Efthymiou and LR Eq.(Brace_Crown)

Brace Crown
SCF

FEM Efthymiou LR

Model 1

(var. )

M1-1
( =0.25)

4.27 3.59 2.47
(1) (0.84) (1.73)

M1-2
 ( =0.46)

3.59 3.19 3.12
(1) (0.89) (1.15)

M1-3
 ( =0.70)

2.54 2.70 3.26
(1) (1.06) (0.78)

M1-4
 ( =0.85)

2.23 2.38 3.16
(1) (1.07) (0.71)

Model 2

(var. )

M2-1
 ( =0.073)

3.59 3.19 3.12
(1) (0.89) (1.15)

M2-2
 ( =0.146)

3.78 3.35 2.90
(1) (0.89) (1.30)

M2-3
 ( =0.292)

3.71 3.49 2.56
(1) (0.94) (1.45)

M2-4
 ( =0.584)

3.94 3.58 2.20
(1) (0.91) (1.79)

Model 3

(var. )

M3-1
 ( =0.35)

2.64 2.34 3.12
(1) (0.89) (0.85)

M3-2
 ( =0.67)

3.59 3.20 3.12
(1) (0.89) (1.15)

M3-3
 ( =0.80)

3.77 3.52 3.12
(1) (0.93) (1.21)

M3-4
 ( =1.00)

3.83 3.96 3.12
(1) (1.03) (1.23)

Model 4

(var. )

M4-1
( =14.12)

2.87 2.90 2.94
(1) (1.01) (0.98)

M4-2
( =18.83)

3.59 3.19 3.12
(1) (0.89) (1.15)

M4-3
( =28.25)

4.63 3.69 3.39
(1) (0.80) (1.37)

      Table 1 Efthymiou LR

     SCF , Table 5

     SCF . Efthymiou

   SCF 0.80 1.07 , M4-3(ó

     =28.25) ¨10%

      . LR SCF 0.71 1.79

    ¨15 ¨30% . , 

   Efthymiou K-Joints balanced axial load 

     SCF .

        K SCF

       , 

    . , Brace

   .
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1) Ǖ  

 Ǖ      Fig. 7 . 

       Efthymiou , 

   Brace Ǖ     SCF

     . SCF 2.2 4.3

   Ǖ       SCF

 .

Fig. 7. Relationships between Ǖ(=d/D) and SCF

2) Ǚ  

 Ǚ      Fig. 8 . 

       Efthymiou , 

        Brace SCF 3.0 3.5

           SCF

. 

Fig. 8. Relationships between Ǚ(=g/D) and SCF

3) Ǧ  

 Ǧ      Fig. 9 . 

       Efthymiou , 

    Efthymiou Ǧ    SCF

    . , Brace

 Ǧ      SCF , 

   Brace Ǧ      SCF

     . SCF 2.6 3.8

  Ǧ        SCF

.

Fig. 9. Relationships between Ǧ(=t/T) and SCF

4) ǖ  

 - ǖ    Fig. 10 . Efthymiou

        LR , 

     Efthymiou

     . Brace SCF 2.6 3.7

  - ǖ        SCF

    .

5) Ǜ  

  Brace Ǜ     Fig. 11 . 

      Brace SCF 2.3 5.2

  Ǜ         SCF

.
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Fig. 10. Relationships between ǖ(=D/2T) and SCF

Fig. 11. Relationships between Ǜ and SCF

       Fig. 7 Fig. 11 g

  Ǧ, ǖ       Chord Brace SCF

      , Ǧ        

   . Ǖ  , Ǖ      1

        SCF

  .

        SCF 

.

1) (Ǚ, Ǧ, ǖ, Ǜ    ) SCF .

        2) Chord Brace

 .(Ǧ   )

       3) 

 .(g )

       4) Chord Brace

.(Ǖ   )

  3. 

     3.1 

      Inner 

    Breasting Dolphin 320,000 D.W.T

       . SCF

        3

    . Fig. 12 

 .

Fig. 12. Jacket structure(Inner Breasting Dolphin)

(a) FEM Model(Frame) (b) Detail Model(Shell)

Fig. 13. 3-D analysis model(frame) and detail model(shell)

      SCF

      3
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   MIDAS/CIVIL 2016 . 3 frame 

     shell , 

  Fig. 13 .

     3 frame 

       . KT N

        , 

       . 

      shell 

      10.0mm . 10mm

     38.1mm 25.4mm IIW[11]  

         

 .

3.2 

      Table 6 , , 

         

      . 

     H=8.14m, T=16.27sec, 

       L=255.84m

      Morison . 

       Table 6 .

        

     

.

Table 6. Load Condition

Dead

R.C. Steel

Air Under water Air Under water

24.5 kN/ 14.5 kN/ 78.5 kN/ 68.5 kN/

Live

Breasting facility Deck facility

WP(1)
BD(2), 

MD(3)
Trestle Catwalk

Pipe:10kN/

etc.:5kN/

3.0 kN/ Trestle : 

DB-13.5

3.0 kN/

Wave

ļ ŻŮż ž ļĺ
ŻůżſļĿ

ŻŰż ž Ĺȟ ÷ƤŬȢ

ō
ķŋæŋæ   

                   ſ ĹȨƤȢ

ō
ŌƤǻȯ

ǻŋ
 

Wind
WO(7) WN(8)

1.5 kN/ 3.0 kN/

Note : (1) WP (Working Platform), (2) BD (Breasting Dolphin),

      (3) MD (Mooring Dolphin), (4) F (Wave force)

      (5) FD (Drag force), (6) FI (Inertia force)

      (7) Wo (Wind Operating Condition)

      (8) WN (Wind Non-Operating Condition)

3.3 

 3.3.1 

      

      . 

   (ESDEP 15A.7)[12]  

     Brace (gap) 70~75mm . 

       Brace 

         3

    hot spot .

    1) (gap=70mm)

   2) (gap=70mm)

   3) ( , gap=36~143mm)

    1) 1( gap=70mm, : )

         (Brace , Brace gap 70mm

)

     1 Brace

        70mm Fig. 14(b)

       Fig. 14(a)

       ( )

    ( ) . 

(a) Frame Model (b) Detail Model

Fig. 14. Analysis Model 1

    2) 2( gap=70mm, : )

       2 1 Brace 70mm

       Fig. 15(b)

        Fig. 15(a)

       ( )

     ( ) . 

       1 2 Brace 70mm 
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Fig. 16. Analysis Model 3
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Fig. 17. Results of the Detail Model (Model 1)

Table 7. Results of the Detail Model(Max., Min. stress)

CASE
Max.

stress(MPa)
Min.

stress(MPa)
Stress 

range(MPa)

Detail Model 1 129.6 44.6 85.0

Detail Model 2 133.5 45.2 88.3

Detail Model 3 119.4 41.4 78.0

Note: Max.stress Load Case(Wind, Wave, Dead, Live Load) 

          Min.stress : Load Case(Dead, Live Load)
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