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a) Tubular X-joints in a jacket
structure during the fabrication

d) Stiffened X-joint with external stiffening ring

b) Un-stiffened X-joint

D: Chord diameter ﬁ
T: Chord thickness H
L: Chord length Brace

Chord

Weld (between
chord and brace)

d: Brace diameter
t: Brace thickness

I: Brace length &

I

External stiffener
(Ring)

a: 2L/D, p: d/D
7 DR2T w2 /T |
i 2wyiD, 1y 6T L)

[e—g

B ‘
WT”

c¢) External stiffener (Ring)

()

w,.: Ring width
t,: Ring thickness

Fig. 1. Geometrical notation for a X-joint stiffened with outer ring.

e s R el Lasl g e Gl
sl 0 03Uzl SOLID186 (stssacs Olal 3l (oS Eens
e O ol (e 5 Cpllas CASTL e sk o
o= ek a4 Jlal i = (6l 3Y Obej 5 Dlilons
ld o e Bl ok e A 5 e (o
o J58 X gy Jlasl sl sbi g e ol
Sl ol 0 o33 0L (1) IS 3 S (slaail L o
ol ae el s ST Dl s (5 Ll s sl
Gileddle 15 4 copimman [S] ol sdd 4 § ks sl
OB mshe g5 OB e R el 2ias
el sl Jles!

AR

vl b Se n KuK @ gl glas! oVl

Do s 5 15,8 Ssea ad S hils s
G Ew 05 A0 L e [l JelS 358 L )L
dwds (oo Jldaes gl dle b 5 O O g
DA 3 S g sl (e s eSS e
JoB sz sl 5 L a sl o s 5 0 RS sy A
LG [9] (AWS) (S ol s aslippml Jaslgs 51 eslizal L
Lo pmae bl o B e de jsbay ol s
() IS 40 aS AWS Lilps Golle Jlyngs asly @ ey
oslazal 3550 gode (iledde 3 5 dsloee il S

sl a3 S 3


http://dx.doi.org/10.22034/22.4.13
https://mcej.modares.ac.ir/article-16-60148-en.html

P IS S VPP JUos R o b eddcse S8 X o¥lasl Skl s,

2D View: 3D View:
F
i ©-90"
Weld Type: Complete Joint F=0.5t(1- ?)
Penetration (CTP) @: Local Dihedral Angel

Profile Type: Standard Flat Crown Position = ¢ = 90"

~ Profile Saddle Position - ¢ = 180 — cos™'8
(According to Figure 3.8 of AWS D1.1) (According to Table 3.6 of AWS DI.1)

External
Stiffener

Fig. 2. Details of the modeled weld.
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a) Brace
(Sweep meshing)

V% strengthened X-connection
with external stiffening ring

External stiffener
(Sweep meshing) ©)| External stiffener (Ring)
3D view: 2D view:

\\

Fig. 3. The mesh generated using the sub-zone method for a tubular X-joint stiffened with outer ring.

Mesh refining

Chord
(Free meshing)
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Fig. 4. Mesh sensitivity analysis.
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Fig. 5. Comparison numerical and experimental load—
displacement curves.
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Wr tr

Specimen (mm) (mm) (mm) p y T
X1 300 - - 025 19.35 0.76
X2 300 - - 050 18.50 1.08
X3 300 - - 073 18.87 1.06
X4 300 50.0 7.70 0.25 18.74 0.76
X5 300 49.8 7.93 0.51 18.67 1.02
X6 300 49.8 7.85 0.73 17.88 1.02

Table 1. Geometrical parameters of experimental tests.

AL 5 sde bk e s 4l Y Jod>

Joint tensile capacity (kN)

Specimen - FE/Exp
Experimental FE
X1 188.2 177.51 0.94
X2 265.3 286.83 1.08
X3 399.12 442.38 1.11
X4 331.1 299.95 0.90
X5 438.8 440.65 1.00
X6 830.2 772.79 0.93

Table 2. Comparison between numerical and experimental
results.

WSSl anlan 5 eslinalsyge ey o sl il sl ¥ J g

Parameter Expression Values

/s d/D 0.2,04,0.5,0.6,0.8
y D/2T 12, 16, 20, 24, 28

T T 0.5, 0.6,0.75,09, 1.0
br 2w,/D 0.2,0.6,1.0

T t/T 0.5,1.0,1.5,2.0

Table 3. Value of non-dimensional parameters for the
parametric study.
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Fig. 6. The effect of the  on the initial stiffness and ultimate strength.
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Fig. 7. The effect of the /£ on the ultimate strength values and ultimate strength ratios.
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Fig. 8. The effect of the 5 on the on the equivalent plastic strain.
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Fig. 9. The effect of the y on the ultimate strength values and ultimate strength ratios.
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Fig. 10. The effect of the y on the failure mechanism.

ol Ceaslie alis g5, T il LT N UK

Ultimate load (kN)

J

I,
S OO

Ultimate load (kN)
=)
2

440
220 =710
0.6
0 4 ﬂr‘
0 (Un)

Fig. 11. The effect of the 7 on the ultimate strength.
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Fig. 13. a) Yield volume in stiffened and un stiffened joints, b)
Calculation scheme to derive the relationship between the ratio
of the ultimate strength of the stiffened joint to the ultimate
strength of the corresponding unstiffened joint.
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Abstract

Tubular members, due to their convenient equipment installation and high-strength performance, are widely
applied in the support system of offshore platforms such as jack-ups and jackets. In most steel tubular
structures; the circular hollow section (CHS) members are mainly joined using welding. Commonly, one or
more braces are welded directly onto the surface of a chord member to form that so named welded connection.
So far, some techniques to improve the performance of tubular connections have been proposed. Most of these
methods (e.g., internal ring, doubler plate) can only be used for structures during the design, but there are only
a few techniques (e.g., outer ring, FRP) which can be applied during both fabrication and service. This paper
studies the static strength of CHS X-joints reinforced with external ring subjected to axially tensile load. The
SOLID186 in ANSYS version 21 was used to establish the finite element (FE) models of the tubular X-joints.
Validation of the FE model with experimental data showed that the present FE model can accurately predict
the static behavior of the external-ring stiffened and un-stiffened tubular X-joints under tension. Afterwards,
143 FE models were generated and analyzed to investigate the effect of the joint geometry and the external
ring size on the ultimate strength, failure mechanisms, and initial stiffness through a parametric study. In these
models, both geometric and material non-linearity were considered. Moreover, the welds joining the chord and
brace members were modeled. Results indicated that the ultimate strength of the ring stiffened X-joints under
brace tension can be up to 289% that of the ultimate strength of the corresponding un-stiffened joint. Also, the
increase of the S (the ratio of the brace diameter to chord diameter) results in the increase of the ultimate
strength and initial stiffens (in a fixed chord diameter). Because, the increase of the f leads to the increase of
the brace diameter. The increase of this member results in the increase of the joints stiffness. In addition, the
decrease of the y (the ratio of the chord radius to chord thickness) leads to the remarkable increase of the
ultimate strength. Also, the increase of the 7 (the ratio of the brace to chord thickness) leads to the increase of
the ultimate strength (in a fixed chord thickness). However, it is not remarkable. Moreover, the comparison
between failure modes of reinforced and un-reinforced joints showed that the ring can significantly improve
the failure mechanisms. Also, the ring can remarkably increase the initial stiffness. Despite this significant
difference between the ultimate strength, failure mode, and initial stiffness of unreinforced and ring reinforced
X-joints under brace tension, the investigations on this type of the reinforced joints have been limited to only
three X-joint tests. Also, no design equation is available to determine the ultimate strength of X-joints
reinforced with the external ring. Therefore, the geometrically parametric study was followed by the nonlinear
regression analysis to develop an ultimate strength parametric formula for the static design of ring stiffened
X-joints subjected to brace tension. The proposed formula was evaluated based on the UK DoE acceptance
standard.

Keywords: Tubular X-connection; tensile load; outer ring; ultimate strength; theoretical design equation.
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