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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 W 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(U, G, G, U) 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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: 2L/D (L : Chord length, D : Chord diameter)
1 d/D (d : Brace diameter, D : Chord diameter)
: 0/D (g : Gap, D : Chord diameter)
: /T (t : Brace thickness, T : Chord thickness)
: DI2T (D : Chord diameter, T : Chord thickness)
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Table 1. Geometric parameters in previous and this study

Joint ref. 0 0 6 | 0 | UyUg|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

0.073 |0.67|18.83/45°,45°
0.073 |0.67|18.83/45°,45° main
0.073 ]0.67|18.83/45°,45°
0.073 ]0.67|18.83/45°,45°
0.073 |0.67/18.83/45°,45° | main
0.146 |0.67|18.83/45°,45°
0.292 |0.67|18.83/45°,45°
0.584 |0.67|18.83/45°,45°
0.073 |0.35|18.83/45°,45°
0.073 |0.67/18.83/45°,45° | main
0.073 |0.80|18.83/45°,45°

M1-1|0.25
Model 1] M1-2 | 0.46
(var. ) M1-3/0.70
M1-4 | 0.85
M2-1| 0.46
Model 2 M2-2 | 0.46
(var. )| M2-3]0.46
M2-4 | 0.46
M3-1] 0.46
Model 3 M3-2 | 0.46
(var. )| M3-3]0.46

M3-4/0.46| 0.073 |1.00/18.83|45°,45°
Model 4 M4-1]10.46| 0.073 ]0.50|14.12|45°,45° '
(var. ) M4-210.46 | 0.073 |0.67|18.83|45°,45°| main

M4-3]10.46| 0.073 ]1.00]28.25|45°,45°
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Fig. 6. Effective stress distribution graph
(Brace and Chord, Model2-1, 2-2)

i S R ggo = 1.679(0.4t) - 0.67g(1.0t) (1)

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

TkN TkN

Note : Position of the Crown and Saddle make reference to Fig. 1.

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

Efthymiou eqution - SCF of Brace

Table 3 o K 0 DAL fy5 200G 2 QOGO 62 W0y WGy
Brace FEM  (shell )  Chord rQwguegZatly, @z r_, 2
, Fig. 6 MGEDZ VAr et e Z2aCh FOd) 28
SCF Note : HSE, OFFSHORE TECHNOLOGY REPORT-OTH 3541
Brace )
Table 5. The SCF of Efthymiou and LR Eq.(Brace_Crown)
B C SCF
Table 3. Results of the stress concentraion factor(SCF) face LIown FEM Efthymiou LR
M1-1 4.27 3.59 2.47
SCF(Brace) (_=0.25) @) (0.84) (1.73)
CASE Note M1-2 3.59 3.19 3.12
Crown | Saddle Model 1| ( =0.46) @) (0.89) (1.15)
- = var. M1-3 2.54 2.70 3.26
M1-1 ( _0.25) 4.27 1.96 _ ( ) ( 6.70) ) (06) 0]
Model 1 | M1-2 ( =0.46) | 359 | 143 | Main M4 593 5738 316
(var. ) | M1-3 ( =0.70) 2.54 1.38 (_=0.85) 1) (1.07) (0.71)
M1-4 ( =0.85) | 2.23 1.40 ('\—/Igbln) 3(-15)9 (8'51;3) (ﬁé)
M2-1 ( =0.073) 3.59 1.43 Main M2.-2 378 3:35 2:90
Model 2 | M2-2 ( =0.146) 3.78 1.56 Model 2| ( =0.146) 1) (0.89) (1.30)
(var. ) | M2-3 ( =0.292) | 3.71 1.79 (var. ) (l\_/lg-2392) 3(-17)1 (8.32) (%Zg)
M2-4 ( =0584) | 394 | 205 M2-4 3.94 3.58 2.20
M3-1 ( =0.35) 2.64 1.25 ( =0.584) 1) (0.91) (1.79)
Model 3 | M3-2 ( =0.67) 3.59 1.43 Main (l\/l%—%s) 2(.16)4 (S.gg) (géé)
(var. ) | M3-3 ( =0.80) 3.77 1.53 M3-'2 3E9 390 312
M3-4 ( =1.00) 3.83 1.84 Model 3| ( =0.67) @) (0.89) (1.15)
Model 4 M4-1 ( =14.12) 2.87 1.10 (var. ) M3-3 3.77 3.52 3.12
M4-2 ( =18.83) | 359 | 143 | Main (=080)| (1) (0.93) (1.21)
(var. ) M3-4 3.83 3.96 3.12
M4-3 ( =28.25) 4.63 2.17 ( =1.00) 1) (1.03) (1.23)
M4-1 2.87 2.90 2.94
( =14.12) [ (1.01) (0.98)
. Model 4| p4-2 3.59 3.19 3.12
Efthymiou LR (var, ) (=1883) (1) (0.89) (1.15)
OFF-SHORE TECHNOLOGY REPORT-OTH 35419 M4-3 4.63 3.69 3.39
_ _ ( =28.25) @) (0.80) (1.37)
K-Joints Balanced axial load SCF
. Table 4 Efthymiou , 0,0,
SCF , Table 5
Chord Brace Saddle Crown SCF - Efthymiou
SCE _ LR SCF 0.80 1.07 , M4-3(6
=28.25) “T10%
Crown nil;,, nil, LR SCF 0.71 1.79
715 T30% . ,
. . . . Efthymiou K-Joints balanced axial load
Table 4. Efthymiou and LR Equation for K-Joint(Balanced axial load) SCF
LR - SCF of B
of Brace K SCF
LY, Z 000= 21T, My, Z 12, 0, L A 21 00, 0 JO, 2 ,
nL e, 2 @W+22010,, 2 1910, , L0, 2 Brace
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Fig. 11. Relationships between U and SCF
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MIDAS/CIVIL 2016 . 3 frame
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Fig. 13
3 frame
KT N (ESDEP 15A.7)*
Brace (gap) 70~75mm
' Brace
hell 3
she
hot spot
10.0mm . 10mm
38.1mm  25.4mm it
1) (gap=70mm)
2) (gap=70mm)
3) ( , gap=36~143mm)
3.2 1) 1( gap=70mm, : )
Table 6 , , (Brace , Brace gap 70mm
)
. 1 Brace
H=8.14m, T=16.27sec, 70mm Fig. 14(b)
L=255.84m Fig. 14(a)
Morison . ( )
Table 6 ) ( )
< |
\\
Table 6. Load Condition \
R.C. Steel I\
Dead Air Under water Air Under water /
245 kN/ 145 kN/ |78.5 KN/ |68.5 kN/ \
Breasting facility Deck facility 2 \\
BD(2), \
. WP(1) Trestle Catwalk
Live o MIE(?? | — (a) Frame Model (b) Detail Model
Pipe:10 3.0 kN Trestle : | 3.0 kN . .
etc.:5KN/ DB-13.5 Fig. 14. Analysis Model 1
100 5 glir e gt 5 o O
I 217V 17 2 L+ grkneene 2 2 gap=70mm, : )
Wave
- An 2 1 Brace 70mm
r’.
~ 5 L8 Fig. 15(b)
Wind WO(7) WN(®) Fig. 15
15 KN/ 3.0 kN/ ig. 15(a)
Note : (1) WP (Working Platform), (2) BD (Breasting Dolphin), ( )
(3) MD (Mooring Dolphin), (4) F (Wave force) ( )
(5) Fo (Drag force), (6) Fi (Inertia force)
(7) Wo (Wind Operating Condition) 1 2 Brace 70mm

(8) Wn (Wind Non-Operating Condition)
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Fg. 17. Results of the Detail Model (Model 1)

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

) CASE Max. Min. Stress
?2C 166>« <lw$de 1? S2W18U8? ?[a lil+ &S80&#c 1e0?7?/c stress(MP: stress(MP: | range(MPe
E 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, Loasl)
Min.stress : Load Case(Dead, Live Load)
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Fig. 16. Analysis Model 3
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