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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(C, T, -y, €) 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.

Keywords — Stress Concentration Factor(SCF), Hot Spot Stress(HSS), Geometric Parameter, Jacket structure, K-joint
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AATZBE PO Z HAN 71 ZRT A 5 Shiel
Syl 5e t TESAS AAjslel 4B AATEE AgR
42 SEHFAR U A% B9 BAjekIA Fick

2. Gegde Aol @ SHASTAs I

A= AR 71518/ vi7Ha= Slof AR
23 2=A4(Stress Concentration Factor, ©]5F SCRE Ak
7ok At TR Aol sl EhdsiA X3 = AL et A
Y Aol A ARREl = AEIHRE AEO] 7otk P4 Al
+ Fig. 13} At}
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. Inclination of the Brace(s) with Chord axis
: 2L/D (L : Chord length, D : Chord diameter)
: d/D (d : Brace diameter, D : Chord diameter)
: g/D (g : Gap, D : Chord diameter)
: t/T (t : Brace thickness, T : Chord thickness)
: D2T (D : Chord diameter, T : Chord thickness)

R S )

Fig. 1. Geometric notaitons for a k-joint™
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2 FA 38521 Inner Breasting Dolphin F-ZAAE 118
siolrt. 7[ERdEE K3 AR 2234004 Chordet
Brace9] ol=Z%(0)7} thARI 6,=0, =45"F H-&3I3 0,
& 5 TE= A s B=0.46, £=0.073, £=0.67,
7=18.83(g=105mm, d= 660mm, D=1,435mm, t=25.4mm,
T=38.1mm)E A-&sI3tt. 181 38520 APHEE2] 7
5 FA uix|of w2k FA42] 27(d, D) E gap(g)e] BEHAl7]
20| o] Aol Al= Table 13} 22 vi7fH4E Aolar of
7ie< Hslo] W SCF H71E AAJeI 3tk

L

Y
=

|

o o
fllo

=

Table 1. Geometric parameters in previous and this study

Joint ref. I6; ¢ 7| v | 01,05 |Note

Previous study| 0.6 0.075 10.35| - |45°45°

Existing structure| 0.46 |0.072~0.088/ 0.67 |18.83| var.

This study

0.073 10.67|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 10.6718.83/45°,45°| main
0.146  10.67|18.83/45°,45°
0292 ]0.67|18.83/45°,45°
0.584 |0.67|18.83/45°45°
0.073  10.35|18.83/45°,45°
0.073  10.6718.83/45°,45°| main
0.073  10.80|18.83/45°,45°

M1-1]0.25
Model 1| M1-2|0.46
(var. B)|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. T)| M3-3]0.46

M3-4/046| 0.073 |1.00|18.83]45°,45°
Model 4. M4-1/046| 0.073 10.50(14.12/45°,45° ‘
(var. v) M4-21046 | 0.073 ]0.67|18.83/45°,45°| main

M4-31046 | 0.073 ]1.00/28.25/45°,45°
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Fig. 2. Model 1-1(symmetry, g=105mm, t=25.4mm))
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Fig. 4. Model 3-1(symmetry, g=105mm, t=13.5mm))

SIG-EFF TOP

6.77879e-002
6.16646e-002
5.55413e-002
4.94181le-002
4.32948e-002
3.71715e-002
3.10482e-002
2.49250e-002
1.88017e-002
1.26784e-002
6.55514e-003
4.31870e-004

Fig. 5. Effective stress distribution of the Model 1-2
(symmetry, g=105mm)

finegt AAE ARSR= 720l SiF=]o] hot spot 8 AFFe]l
AREER= 0.4t} 1.0t 23 HIXE o83 A% P9 Ak
Q1A (1) A-8s19itt. Fig. 6] FAE Aokl gt g &
ZZA0] A S HErASITE 4] (Dol s A8 hot spot &
& APgoto] Table 201 YeRHITE

%

T T T
M2-1(g=105mm, Brace)

— N 2-2(g=210mm, Brace) -
=== M2-1{g=105mm, Chrod)
=== M2-2(g=210mm, Chord) |

Stress (MPa)

o 20 40 60 80 100 120 140 160 180 200
Distance (mm)

Fig. 6. Effective stress distribution graph
(Brace and Chord, Model2-1, 2-2)

o, = 1.670(0.41) - 0.670(1.00) (1)

Table 2. Results of the hot-spot stress(o;,, )(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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QtollA] AlxFe Z+ ®dlO] hot spot -2-20] gt SCFEAPSa
Table 30 UERARITE o, o] oA A82t K3 olSi=
Brace7} Q1I3] 3lo] FEM a4 (shell &) 2 & Chord¥-9] &
582 APgsk= Zlo] of# 9, Fig. 63 o] -3 3Fol ot
SRR 7|5717F F4510] 92)4Ql SCF Ak&o] E715t
£ ALof| A= Brace©] thellARt H7st9it.

o:

gl

i

Efthymiou eqution - SCF of Brace
1+[SCF,,, (197 —1.573"%)7 “Msing
+ﬁ1.570.5751.22 Sinl.S (emax + emin)
[0.131 —0.084 arctan (14¢+4.23)]

X

Note : HSE, OFFSHORE TECHNOLOGY REPORT-OTH 354"

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

SCF
Table 3. Results of the stress concentraion factor(SCF) el s FEM Efthymiou LR
MI-1 4.27 3.59 247
SCF(Brace) (B=0.25) @ (0.84) (1.73)
CASE Note M1-2 3.59 3.19 3.12
Crown | Saddle Model 1| (3=0.46) @ (0.89) (1.15)
MI-1 (B=0.25) | 4.27 1.96 (var. B)| MI-3 2.54 2.70 3.26
M2 (B_ 46) 14 Mai (8=0.70) 1) (1.06) (0.78)
Model 1 2 (B=0.46) | 3.59 43 ain MlA 273 238 316
(var. B) | M1-3 (B=0.70) | 2.54 1.38 (3=0.85) 1) (1.07) 0.71)
MI1-4 (3=0.85) | 2.23 1.40 (@I\fgbln) 3(.15)9 ((3)'%3) (ﬂg)
M2-1 (£=0.073) | 3.59 1.43 Main o 378 335 290
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. ©) (5113-2392) 3(.17)1 ((3).4912) (%4512)
M2-4 (£=0.584) | 3.94 2.05 4 394 358 320
M3-1 (1=0.35) 2.64 1.25 (€=0.584) ) 0.91) (1.79)
Model 3 | M3-2 (1=0.67) | 3.59 1.43 Main (M%—%S) 2(.16)4 ((2).2491) ((3).21%)

— T=U. . .
(var. T) | M3-3 (1=0.80) | 3.77 1.53 32 350 390 3
M3-4 (1=1.00) | 3.83 1.84 Model 3| (1=0.67) 1) (0.89) (1.15)
Model 4 M4-1 (v=14.12) | 287 1.10 (var. )| M3-3 3.7 3.52 3.12
ar, ) | MA2 (r=1883) [ 359 143 | Main (%’EO) 3(18)3 (g-gg) g-g)
: M4-3 (y=28.25) | 4.63 217 (1=1.00) 0 1.03) 123)
M4-1 2.87 2.90 2.94
(y=14.12) 1) (1.01) (0.98)
_ - . Model 4| wM4-2 3.59 3.19 3.12
H A B|ypoky! - Al AlO.

2 Aqolld wlwstaAt sH= EfthymiouAlt LRAR (var. v) | (v=1883) | (1) 0.89) (1.15)
OFF-SHORE TECHNOLOGY REPORT-OTH 354"90f|A] M4-3 4.63 3.69 3.39
(v=28.25) 1) (0.80) (1.37)

Al&3k= K-Joints®] Balanced axial loadollx|2] SCF AFg4]
S AR5 Table 401 YeRH EfthymioudlE W, 3, v,
7, ¢, 098] BAIGol Wt SCE7HAPYHTt LRAIS] A9 &
SAGTE AT A2 FYSHY, thtdt Y] 23l 9f
3l 01259 Chord®} Braceo49] Saddle®¢} Crownt-9]
T+ YY9| SCF& 272t 7+ 4= Qitt. o] AollAl= LRARE &
Sk= A, AA FRo oA SEFo] WAok=
Crownsol| qisiAlst SCF, . D SCF, AL AF83s19Th

Table 4. Efthymiou and IR Equation for K-Joint(Balanced axial load)
LRA] - SCF of Brace

SCF =112 (13,81, p— T3,81 5  IF3 , ;) X (FL yor F2 ;)
SCF = 1.26 X< (14,82, — T4 2, , IF4 . ;)

166 Szt =2 AB0A A3E(E A1543) 201849 64

Table 19] 7|5}t 242 A-8&319] Efthymiou2¥ LRA
O 2HE SCFE APYol o™, Table 50 =2Akl0] olsf] Ak
J=]olzl SCFeE] AlolE Blwsttt. Efthymiouslo] o3t
SCFE= 72345247} oy 0.80 ™ 1.07 +&01%L0H, M4-3(r
=28.25)9] 495 AlQlekis +10%CIH 2AHS e
o}, §FH LRARS F-£5)A0 219 SCF TR 0.71 7 1.79% th
2 4157 £30%9 482 yehix ok wEhA,
Efthymiou?]o] K-Joints®] balanced axial load 27A1=
H| WA ekt SCFE AXIok= A 0= wkert

tha0 & 7 /dAS KR ola9] SCFoll PlAl= ¥k
FAFo7] fIolo], ZF F/JAIE w7 ISR slo] 11 FRke w4
Sioih &, Atollals R siA 0 =5 e H5E Brace ol o
ShATTE 11 = sl
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Fig. 7. Relationships between ((=d/D) and SCF
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Fig. 9. Relationships between 7(=t/T) and SCF
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Fig. 10. Relationships between ~(=D/2T) and SCF
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30 40 50 60 70 80
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Fig. 11. Relationships between 6 and SCF
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4) Chord®} Brace2] 27 Ao |7} 2&r5 127 = 30
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3. 8 +2EANA SRS A+7t
3.1 3 7222 718 9 754 2

o] AyoAe di FxELS A 85U Inner
Breasting Dolphin®& 320,000 D.W.TZ2] 241 H<to
AREE]T Q)t}. 38515 o2 A A5l gt SCFE AFYst
7] Slsto] 32+ ARfeAl S AAJsto] R APYRE & A
AJehA S-S A519I Fig. 12 tFERE0] Awiwel =d
5 UeRARI

(a) FEM Model(Frame)

(b) Detail Model(Shell)
Fig. 13. 3-D analysis model(frame) and detail model(shell)
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34+ frame HROA GBS AR AHRS AP}
Atk o] FE2 KT ol&H9k Ng o+
A, Lo} fiA0f Q7] e Jﬂrfﬂ % &olEoll et s

gelo] e] 2 Ao Hekelo] o] SO ARSI A
S Eo)A2] Q4= shell R4 o} Fom HAQA F7|=

10.0mm= S}3{c}. & o4 HdoflA] AR 10mmo] 84}

0]Z%= %7 38.1mm ¥ 25.4mmE 5P [TW! 52 71%
oA 88kl Q=853 EAS SRIMANIEE & U= A
o= Tt

£ AtollA] A3t ok52 712 Table 63} 2°] A%, o5,
e 9 3315 = 1ol on o2 9 S5k m=of JF
< Fe HEsEoE 1Eslo 8H A AABIAH. o714 =H
2 W F+2EY AA 249 H=8.14m, T=16.27sec,
12255.84me] A5 24 o}°ﬂ A Qe 0 2 o] Al
Morison Z412 283lo] njele Abgsioic), Thele 52 g
249210] 502 Lrofx]e] Table 9] 413} 2o] AFgaleich

9Jo] B350l tiigt AXa 9] AT Al )
AAZA0R Hglo] ABZAH R et R AT U
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Table 6. Load Condition

=

R.C. Steel

Dead Air Under water Air Under water

24.5 kKN/m' | 14.5 kN/m' |78.5 kN/m'|68.5 kN/m’
Breasting facility Deck facility
BD(2),

Live WP(1) MDG) Trestle Catwalk
Pipe:10kN/m’| 3.0 KN/m’ | Trestle : | 3.0 kN/m’
etc.:5kN/m’ DB-13.5

3 ] W
FY =g+ B = Gy AU | U
W 29
ave
+ C,— V—
ot
. WO(7) WN(8)
Wind 1.5 kKN/m' 3.0 KN/
Note : (1) WP (Working Platform), (2) BD (Breasting Dolphin),

(3) MD (Mooring Dolphin), (4) F (Wave force)
(5) Fp (Drag force), (6) Fi (Inertia force)

(7) Wo (Wind Operating Condition)

(8) Wy (Wind Non-Operating Condition)

A ol

HN
1z
o
Mo

3.3 7Z3)4

3.3.1 FEIA Aol

b 0 = A} 22 FEEoA = oV e R HE FA
O] FHES 7IEC R LS FHslo] sl ARG 11
el AA) 7ol gHe] AAPIEESDEP 15A.7)" oA
Brace7t9] 7H(gap)2 70~75mm= AlRtetal ik whAd
HAO] gt} ofof T2 Brace 7HA0] thet 1245 2AKH
7] §1ol g AR EE S VIR thae] 37 Az W
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Fig. 17. Results of the Detail Model (Model 1)

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

Max. Min. Stress

CASE stress(MPa) stress(MPa) range(MPa)
Detail Model 1 129.6 44.6 85.0
Detail Model 2 133.5 452 88.3
Detail Model 3 119.4 414 78.0

Note: Max.stress Load Case(Wind, Wave, Dead, Live Load)
Min.stress : Load Case(Dead, Live Load)
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Fig. 18. Stress Concentration Factor(Model 1, 2, 3)

Table 8. Results of the Hot Spot Stress and SCF
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Table 9. Combinations of the load for load direction

Brace |Hot-Spot Stress | Nominal stress | SCF | Efthy.Eq.
Modell 128.4 389 3.30
Model2 132.2 40.0 331 2.53
Model3 114.4 28.0 4.09
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Joint CASEIl |CASE2|CASE3 | CASE4
Vert.Brace -1.0 +1.0 | +1.0 | -1.0
N-Joint
Slop.Brace -1.0 | +1.0 | +1.0 | -1.0
Vert.Brace +1.0 | +1.0 | -1.0 -1.0
KT-Joint | Slop.Brace(up.) | +1.0 | +1.0 | -1.0 | -1.0
Slop.Brace(low.)| +1.0 | +1.0 | -1.0 -1.0
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Table 10. Analysis Result of FEM for load direction

T B2 Case 1 Case 2 Case 3 Case 4

Max.stress [ 138.9 MPa|202.4 MPa|135.6 MPa|109.0 MPa
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