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Strength Evaluation Formulae for Ring-Stiffened Tubular X-Joints
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ABSTRACT

Tubular members have been applied in a wide range of frame structures including offshore structures.
For the efficient load flow in tubular-member structures, the joints of tubular members are usually
reinforced using internal ring stiffener for the steel tubular joint having a large diameter. The objective
of this paper is to numerically assess the behavior of X-joints with an internal ring stiffener, and to
evaluate the reinforcement effect of a ring stiffener, and to establish the strength formulae. Nonlinear
finite element analysis is used to compute the static strength of axially loaded tubular joints.

From the numerical results, internal ring stiffener is found to be efficient in improving static strength
of tubular X-joints. Maximum strength ratios are calculated as 1.5~35, and the effective dimensions of
ring stiffener are found. Regression analyses are performed considering practical size of ring stiffener and

strength estimation formulae are proposed.
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Fig. 1 Dimensions of ring-stiffened tubular X-joint.
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Table 1 Research program of axially loaded simple X-joints
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Fig. 3 Load-displacement curves of X1 models.

Table 2 Numerical results of simple X-joints

Models X1-1 | X1-2 | X1-3 | X1-4 | X1-5 | X1-6 | X1-7 | X1-8
FJlUxT) | 784 | 808 | 818 | 826 | 739 | 774 | 789 | 798
Models X2-1 | X2-2 | X2-3 | X2-4 | X2-5 | X2-6 | X2-7 | X2-8
FJ(f,xTD | 1094 | 1154 | 11.83 | 12.09 | 1068 | 11.39 | 1166 | 1201
Models X3-1 | X3-2 | X3-3 | X3-4 | X3-5 | X3-6 | X3-7 | X3-8
Ful(f,xT) | 1403 | 1473 | 1508 | 1542 | 1400 | 1480 | 1516 | 1549
Models X4-1 | X4-2 | X4-3 | X4-4
F.l(f,xT® | 3311 | 3696 | 3955 | 42.87
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Fig. 4 Variation of static strengths according to non-dimensional geometric parameters.
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Table 3 Internal ring stiffeners of tubular X-joints

case 1 | case 2 | case 3 | case 4 | case D | case 6 | case 7 | case 8 | case 9
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0375 05 0.625 0.75 1.0 1.25 15 2.0
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Fig. 5 Strength ratio of ring-stiffened X2-2 and X2-6 models.
Table 4 Maximum strength ratio of ring-stiffened X-joints
. ’ £=0.3 (XIR) 8=05 (X2R) £=0.7 (X3R) £=10 (X4R)
case-A" | case-B” | case-A | case-B | case-A | case-B | case-A | case-B
1.0 125 2.360 1.937 2521 1.7% 2609 1.785 1.730 1.485
16.67 2670 2.165 2.764 1.965 2.391 1952 1907 1.586
20.0 2916 2.337 293 2.0% 3118 2.084 2.206 1.655
2.0 3158 2588 3.202 2.289 3.468 2.215 2.242 1.803
05 125 1.458 148 1.761 1.731 1.876 1734 - -
16.67 1926 1912 2173 1910 2228 1923 - -
20.0 2.223 2.214 2414 2.063 2.451 2.056 - -
2.0 2490 2371 2654 2.247 2.746 2.248 - -
case-A" :0.05<7<0.375, 0.25<£<2.0, case-B”: <0.02 , £<1.0
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Fig. 6 Effect of Bon ring-stiffened X-joints.
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Table 5 Regression analyses for ring-stiffened X-joint

2 No. of - Regression coefficients 20
d data points ay a as a, R(%6)
0.3 1.0 145 0.9675 -(0.0001 0.5899 0.2243 99.37
0.3 05 145 09773 0.0010 0.5946 0.2221 99.01
05 1.0 145 0.9450 -0.0096 0.6607 0.1772 97.74
05 05 145 0.9541 -0.0238 0.6193 0.1843 98.38
0.7 10 145 009313 0.0153 0.7193 0.1768 9761
0.7 05 145 0.9399 0.0011 0.6708 0.1801 98.06
10 1.0 145 1.0140 0.0284 0.0937 0.1319 98.56
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