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Static Strength of Internally Ring-Stiffened Tubular T-Joints
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ABSTRACT: In order to increase the load carrying capacity of tubular structures, the joints of tubular members are usually reinforced with various
reinforcement system. A stiffening method with internal ring stiffeners is effectively used for the steel tubular joint with a large diameter. In this study, the
behavior of internally ring-stiffened tubular T-joints subjected to axial loading is assessed. For the parametric study, nonlinear finite element analyses are
used to compute the static strength on non-stiffened and ring-stiffened T-joints. Based on the numerical results, an internal ring stiffener is found to be
efficient in improving the static strength. The influence of geometric parameters has been determined, and the reinforcement effect are evaluated. Based on the
FE results, regression analises are performed considering the practical size of ring stiffener. Finally strength estimation formulas for ring-stiffened tubular

T-joints are proposed.
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Fig. 1 Tubular T-joint loaded by axial force
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Fig. 2 Dimensions of ring-stiffened tubular T-joint
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Table 1 Test and numerical results of tubular T-joint
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Table 2 Numerical cases of axially loaded simple T-oints

=1.0 =0.5
3 Y1 125 | 1667 | 20.0 | 250 | 125 |16.67 | 200 | 25.0
03 (T1-1|T1-2 | T1-3 | T14 | T1-5 | T1-6 | T1-7 | T1-8
05 [T2-1| 122123 | T24 | T2-5 | T2-6 | T2-7 | T2-8
0.7 [T31)| 7132|7133 T34 |T35| 136|137 | T38
10 [T4-1 | T4-2 | T4-3 | T44 - - - -
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Main member Branch member Ring-stiffener Result
Model D T L 7 d t 7y h, ¢, 7y F o test Fy F |F
(mm) | (mm) | (mm) | (MPa) | (mm) | (mm) | (MPa) | (mm) | (mm) | (MPa) () | T e
T-EXP1 165.2 | 4.85 800 419 | 1143 45 419 - - - 156 166 1.06
T-EXP2 | 1652 | 4.85 800 419 | 1398 | 485 419 - - - 215 220 1.02
T-EXP3 1652 | 485 800 419 165.2 4.85 419 - - - 256 284 111
TR-EXP1 | 7112 | 944 3600 393 3185 6.89 357 100 8.3 338 806 794 0.99
TR-EXP2 | 711.2 | 993 | 3600 | 388 | 3185 | 7.06 411 80 821 439 888 824 0.93
TR-EXP3 | 7112 | 1038 | 3600 | 362 | 3185 | 7.06 411 100 821 439 875 936 1.07
TR-EXP4 | 7112 | 1027 | 3600 | 368 | 3185 | 7.06 411 100 | 1016 | 273 901 838 0.93
TR-EXP5 | 7112 | 1006 | 3600 | 386 | 3185 | 7.06 411 100 59 257 667 682 1.02
TR-EXP6 | 711.2 | 10.06 | 3600 386 3185 7.06 411 120 8.21 439 962 1026 1.07
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Fig. 4 Load-displacement curves of simple T-oint.

Table 3 Numerical results of axially loaded simple T-joints

Models T1-1|Tt-2|T1-3|Ti4 | T1-5| T1-6 | T1-7 | T1-8

FJ(f,xT%H| 682743779819 648|713 | 751 | 7.89

Models | T2-1|T2-2|T2-3 |T24 |T2-5|T2-6 | T2-7 | T2-8

FJ(f,xT?|9.55 [10.8511.63|12.47| 9.27 {10.60]{11.39|12.24

Models | T3-1{T3-2|T3-3 (T34 |T3-5|T3-6 | T3-7 | T3-8

F,J(f,<T? |11.76|14.25|15.55|16.90|11.58 | 14.02 1533 16.75

Models T4-1|T4-2 | T4-3 | T44

F,/(f,xT? |12.74]|17.03|20.38|25.25
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Table 4 Internal ring stiffeners of tubular T-joints
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Table 5 Maximum strength ratio of ring-stiffened T-joints

$=03 (TIR)[p=05 (T2R)|B=0.7 (I3R) [p=1.0 (T4R)

Eq.(5) | Eq.(6) |Eq.(5) | Eq.(6) | Eq.(5) | Eq.(6) |Eq.(5)| Eq.(6)
1.0 [ 125 [1.784| 1.777 |1.29911.298 | 1.072 | 1.071 |1.014|1.014
16.67|2.140 | 2.115 |1.529|1.527 | 1.184 | 1.183 | 1.014| 1.014
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Table 6 Regression analysis for ring-stiffened tubular T-joints
loaded by axial force

I\gzt;f Regression coefficients oo
s ¢ points 2y 2! 2 a3 R (é)
03 ] 10| 101 | 09719 | -0.0278 | 04773 | 0.2644 | 99.52
03 ] 05| 101 | 09668 | 0.0092 | 0.6698 | 0.2372 | 99.21
05| 1.0 | 101 | 1.0166 | -0.0587 | 0.0713 | 0.1861 | 9842
05 | 05| 101 | 1.0086 |-0.0239 | 0.2260 | 0.1659 | 98.44
07 | 1.0 | 101 | 1.0629 | -0.0951 | -0.3536 | 0.1293 | 81.68
07 | 05| 101 | 1.0589 | -0.0796 | -0.0289 | 0.1213 | 82.19
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