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Effect of Reinforcement Type on Ultimate Strength of Tubular X-Joints
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ABSTRACT

Tubular joints of jacket structures are usually reinforced using thicker can section, internally
ring stiffeners, diaphragm, or externally gusset plates to increase load carry capacity. In this
paper, the effect of reinforcement type and geometric parameters of stiffener on the ultimate
strength of tubular X-joints subjected to brace compression have been studied numerically.
Three reinforcement methods were considered; (1)can reinforcement (2)internally ring stiffener
(internally longitudinal diaphragm. The ANSYS software was used nonlinear strength
analysis. It was found that there is significant strength enhancement for reinforced joints.
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Fig. 1 Dimensions of tubular X-joints. Fig. 2 Criteria of failure.

22 TtB|e| 7|F(Criteria of failure)

Bo| S5 AHYE(static strength)= W& Al 7HA 7I& F FUE Yehdoh A7 S8 WasH
(ultimate bearing capacity, Fig. 29} D)olx, ¥ A7} W& 7|&(deformation criteria, Fig. 29| B) 183,
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Fig. 3 Dimensions of internally Fig. 4 Dimensions of longitudinal diaphragm
ring stiffened tubular X-joint. stiffened tubular X-joint.
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Table 1 Nominal dimensions and non-dimensional geometric parameters
of Vegte’'s tubular X-joint model

Member |Outer diameter|{ Thickness Length a B Y T

Chord D408 mm | T {102 mm| L {2440 mm
Brace d |26 mm)| t [102mm| | {1225 mm

1196 | 06 80 1.0
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Deformation{m) &0
Fig. 5 Numerical load-displacement curves of Fig. 6 Non-dimensional load-displacement
X-joint{Vegte’'s model). curves of X-joint(Vegte's model).
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a3tk o2 1600mmelA 10000mmE Walsted XA AAE Fig 73 2L o (=2L/D)% 3%
ZEste] BAE T 4+ AUk o7t BolddME ZEge] A dHA vedE ¢ & Atk WA
718Rde FR ot a7l 162 6400mmE HAFL) Fig. 8& X #olgH9 fdaawe] Hidolt

Table 2 Geometric properties of simple joint

Non-dimensional
Joint Chord (mm) Brace (mm) parameters
D| T L dft ] 1 a A y

X800 | 800 | 24 | 6400 (1600710000) | 400 | 12 | 2500 | 16(4™25) | 05 | 1667

33 22E X¥ molggel 2

Table 20 BAE 1E2AXE00 2Dol (DA, @QUF 9, @ehololzdos uRd Bolgrg 242
4Rt B-n7e A9ole A Aok YFaA a3, Aol $AE wels, F-u3 Fole
23 548 27 WAL, telelz -2 Feolt BYAY Bolst FAS Yelsed 2de T
o).
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Fig. 7 Non-dimensional ultimate strength Fig. 8 Finite element mesh for
as function of «. tubular X-joint.
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Table 3 Geometric properties of can-reinforced tubular X-joints

Joint XC1 XC2 XC3
Thickness of can (mm) 36 (=15T) 48 (=2.0T) 60 (=2.5T)

332 39 27

P-827 ojg¥e nde 7|BEdY FRA9} ARAY naFRe 8§ WHE A} (Fig. 2), ¥ F
3 F7AE galstd dAsHch Table 4% o] & E3%e X(4,)¢ FHAY AAY Vil /47
H3latel XREDS THEJILXRA, XBB, XRC, XRD, XRE), g o £5%9] Fol7t D10 %%l
(XRBER) F7(t)E FHAY T 125 27k4 3o 5709 XRBEDE HA3ATHXRBL,
XRB2, XRB3, XRB4, XRB5).

Table 4 Geometric properties of internally ring-stiffened tubular X-joints

Joint h {mm) t,(mm) Joint h,{mm) t,(mm)
XRA 73 | D/11 24 XRB1 80 12
XRB 80 | D/10 24 XRB2 80 18
XRC 100§ D/8 24 XRB3 80 24
XRD 133 | D/6 24 XRB4 80 36
XRE 200 | D/A4 24 XRB5 80 48
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Table 59 2-& XDA~EEZ 93} XDBl~529 & TAsA)

Table 5 Geometric properties of diaphragm-stiffened tubular X-joints

Joint {y (mm) f; (mm) Joint {; (mm) ts (mm)
XDA 73 0.5d 12 XDB1 80 12
XDB 80 1d 18 XDB2 80 18
XDC 100 1.5d 24 XDB3 &0 24
XDD 133 2d 36 XDB4 80 36
XDE 200 2.5d 48 XDB5 80 48

4. FEHRLHY AR % 2

Z1ends nprde] ot dne Jehd 33 % E Table 6~8 & 2o}, Fig. 9~14¢ 2 24
9] §5-¥y TAHL vehd Aot} -
Table 6 Numerical results of can-reinforced tubular X-joints

Joint F, kN | F,/(f,x T% Ratio*
X800 (simple joint) 1923 11.51 1
XC1 2503 17.38 1.51
XC2 3720 22.27 1.93
XC3 4190 25.08 2.18

Table 7 Numerical results of ring~stiffened tubular X-joints

Joint | F, &N) | F,/(f,xT%| Ratic | Joint | F, &N) | F,/(f,x T%)| Ratio
XRA 2749 16.46 143 | XRB1 | 2447 14.66 1.27
XRB 2873 17.20 149 | XRB2 | 2667 1597 1.39
XRC 3234 19.36 168 | XRB3| 2873 17.20 150
XRD 3688 22.08 191 | XRB4| 3189 19.09 1.66
XRE 3982 23.84 204 | XRB5 | 3420 20.48 178

Table 8 Numerical results of diaphragm-stiffened tubular X-joints

Joint | F, &N) | F,/(f,xT®| Ratic | Joint | F, (kN) | F,/(f,x T%)| Ratio

XDA 2868 17.17 149 XDB1 2996 17.93 1.56
XDB 2971 17.78 154 XDB2 2980 17.85 155
XDC 3080 18.44 1.60 XDB3 2971 17.78 1.54
XDD 3224 19.30 1.68 XDB4 2968 17.77 1.54
XDE 3335 19.96 1.73 XDB5 2968 17.77 1.54
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Fig. 9 Numerical load-displacement curves
of X800 model(simple joint).

Fig. 11 Numerical load-displacement curves
of XRA"E model.
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Fig. 13 Numerical load-displacement curves
of XDA™C model.
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Fig. 10 Numerical load-displacement curves
of XCA™C model.
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Fig. 12 Numerical load-displacement curves
of XRB1™5 model.
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Fig. 14 Numerical load-displacement curves
of XDBI175 model.
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