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A Numerical Study on the Static Strength of Tubular X-Joints
With an Internal Ring Stiffener
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Abstract

The objective of this paper is to numerically assess the behavior of tubular 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. Numerical and experimental results are in good agreement for tubular
X-joints. The chord lengths of simple and ring-stiffened X-joints are suggested to reduce chord end effect. And, internal ring
stiffener is found to be efficient in improving static strength of tubular X-joints. Maximum strength ratios are calculated as 1.5~
3.5. Regression analyses are performed considering practical size of ring stiffener and strength estimation formulae for tubular
X-joints with an internal ring stiffener are proposed.

keywords  tubular X-joint, tubular member, static strength, finite element method, ring stiffener,
reinforcement effect.
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18l 2 Dimension of ring-stiffened tubular X-joint. 32l 3 Finite element mesh for tubular X-joint.
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I 2 Nominal Dimensions of simple X-joint models

Nominal dimension
Model
D(mm) T(mm) d(mm) t(mm)
X1 800 24 240 24
X2 800 24 400 24
X3 800 24 560 24
X4 800 24 800 24
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I 1 Experimental and numerical result of tubular X-joints

Model Main member Branch member Result
D(mm) T(mm) L(mm) d(mm) t(mm) Fy(MPa) | Fy ol kN)| F(kN) |F,/F, 1o
X-EXP1 408.0 10.20 2440 245.0 10.20 331 430 440 1.02
X-EXP2 169.5 7.30 1700 88.5 5.45 340 221 239 1.08
X-EXP3 101.6 2.97 800 48.6 2.30 318 33 31 0.94
X-EXP4 101.6 3.29 800 48.6 3.50 380 49 43 0.88
X-EXP5 101.6 4.18 800 48.6 3.50 400 79 69 0.87
X-EXP6 101.6 4.11 800 48.6 3.50 438 82 72 0.88
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E 3 Static strength of simple X-joint models with
variable chord lengths
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¥ 4 Static strength of ring-stiffened X-joint modeis
with variable chord lengths
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o 7l os 0.5 0.7 1.0 N Al o3 0.5 0.7 1.0
4 5.67 7.23 9.84 35.42 13.20 16.65 21.77 52.76
8 7.75 10.56 13.53 36.36 8 14.81 19.42 24.89 54.18
10 7.80 10.71 13.71 36.47 10 14.88 19.50 25.00 54.27
12 7.91 10.99 14.04 36.66 12 15.02 19.70 25.24 54.48
14 8.02 11.30 14.41 36.83 14 15.17 19.92 25.53 54.72
16 8.09 11.55 14.73 36.96 16 15.27 20.09 25.78 54.89
18 8.13 11.69 14.94 37.03 20 15.36 20.25 26.01 55.06
20 8.15 11.77 15.05 37.06 24 15.37 20.28 26.06 55.08
25 8.15 11.81 15.12 37.08 26 15.37 20.28 26.07 55.08

E b Research program of axially loaded simple X-
joints

7=0.5

8 12.5 [16.67| 20.0 | 25.0 | 12.5 |16.67| 20.0 | 25.0

0.3 |X1-1[X1-2|X1-3|X1-4 X1-5] X1-6 [ X1-7 | X1-8

0.5 | X2-1|X2-2 | X2-3 | X2-4 | X2-5 | X2-6 | X2-7 | X2-8

0.7 |X3-1|X3-2|X3-3 | X3-4 | X3-5| X3-6 | X3-7 | X3-8

1.0 [X4-1|X4-2 [ X4-3 | X4-4 - - - -

5. ANZzol A

5.1 @& X¥ #o|379 A=

2= &
T =
el F=FAe] HMEg Agtsle] duHoz FHEA G A FTFEEAA Bol AMSEE HTolSHe
37 A4 YehtE Aoz A"t 718t 544 skl 74E ol (AAT, 1996)
i 6 Numerical results of simple X-joints
Models X1-1 X1-2 X1-3 X1-4 X1-5 X1-6 X1-7 X1-8
F(f,xTH 7.84 8.08 8.18 8.26 7.39 7.74 7.89 7.98
Models X2-1 X2-2 X2-3 X2-4 X2-5 X2-6 X2-7 X2-8
F,/(f,xT% 10.94 11.54 11.83 12.09 10.68 11.39 11.66 12.01
Models X3-1 X3-2 X3-3 X3-4 X3-5 X3-6 X3-7 X3-8
F{f,xT% 14.03 14.73 15.08 15.42 14.00 14.80 15.16 15.49
Models X4-1 X4-2 X4-3 X4-4
F . (fxT 33.11 36.96 39.55 42.87
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# 7 Internal ring stiffeners of tubular X-joints.
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H 8 Maximum strength ratio of ring-stiffened X-joints
. £=0.3 (X1R) £=0.5 (X2R) £=0.7 (X3R) £=1.0 (X4R)
Y O ..
case-A case-B case-A case-B case-A case-B case-A case-B
1.0 12.5 2.360 1.937 2.521 1.796 2.609 1.785 1.730 1.485
16.67 2.670 2.165 2.764 1.965 2.891 1.952 1.907 1.586
20.0 2.916 2.337 2.935 2.095 3.118 2.084 2.205 1.655
25.0 3.158 2.588 3.202 2.289 3.468 2.275 2.242 1.803
0.5 12.5 1.458 1.485 1.761 1.731 1.876 1.734 - -
16.67 1.926 1.912 2.173 1.910 2.228 1.923 - -
20.0 2.223 2.214 2.414 2.063 2.451 2.056 - -
25.0 2.490 2.371 2.654 2.2417 2.746 2.248 - -
Case-A :0.05<n<0.375, 0.25<%<2.0 Case-B~ : 0.05<n<0.02, 0.25<%<1.0
4
X 1R models w— 1 0 X3R models
7=0.5
3]
mé 2 ;zg
v w2
] L =
16.67 20 25
¥ (=D/2T) v(=D/2T)
.-
X2R models X4R models
— =] .0 -— 1=1.0
=0.5
3]
mé 2 Mé
v w
1
0 - 4 I I
16.67 125 16.67 20 25
v(=D/2T) v(=D/2T)

% 5 Maximum Strength ratios of ring stiffened X-joints.
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H 9 Regression analyses for ring-stiffened X-joint

Regression coefficients R?
B T

ay a; as ay (%)
0.3{1.0{0.9675 |-0.0001| 0.5899 | 0.2243 [99.37
0.3[0.5|0.9773 | 0.0010 | 0.5946 | 0.2221 | 99.01
0.5 (1.0 0.9450 {-0.0096 | 0.6607 | 0.1772 | 97.74
0.510.5|0.9541 [-0.0238| 0.6193 | 0.1843 {98.38
0.711.010.9313 [ 0.0153 [ 0.7193 | 0.1768 [97.61
0.710.5|0.9399 | 0.0011 | 0.6708 | 0.1801 [98.06
1.0 1.0{ 1.0140 | 0.0284 | 0.0937 | 0.1319 }98.56

E 9dM R*E FAREY Ad: HEE A H H
= AAA S (coefficient of determination)elth. 3|HF
Mol FoA SRR Fo] FRAYA] FART of
o8 o AuFEQd s8adde] EAREHAYT, R?0] 97.6%
ol AitEo] 4 (8)9] FARF] APttt AHHIUTH

2) BUG| g7t Waolgiol ¥
W we oo deda, A
2As) AR ol BeolgRe FSolE T4 4
29l g, aug gt e
W hepge
3) B8 o g¥ol gloiAl, HAAS Fv)s FANA A
452 FuEHe FeAT, Judle IRad A

Lo ED
===
_|>~ ‘|N
o
C 2
: N
> O
@ of
= o
2 o

272 sRFATREBEIE| =2& AM18H X35 (2005.9)

AEHE 2abelx @i o] LR Wz Aywve
ARl BREA AH 2

Ak 2 A3, Bu7 o

o Sleh A5 1.5~3.59 Sriock & A2 1
q Aol the 7% Hs) BAET

Ak,

anztiel 244 2712 meslel HARNL sAF
A3 FEARAL L3 o] AT, AFE E 9
of AASAT,

4

~

SR = ay + alg + asN, + a3§ILY

E dA7dze UE 387 X3 Bold
9l BHRAC G wE BAEHRE
2ARRE 8o Jhssitia Ardd

e
X,
o
N
P

£ 20018 % BAYmEAs AR A9
of St A7E Ror, AAE AW o] FAEH

AAE(1996) AT 957 A2ye] F2AEd o)
@ 438 97 wAAdsE sudta

& E
Aqt, {4
=
2

BN

. AAE(2000) X3 HolSHf B

i Yy, AT TS el R

d, =T EFeE, pp.230~237.

, F9A(20024) #EZ TY BolHe Zrit
AT RT3 steutEgs] =FE7 323
383 15(2), pp.533~540.

Ak, FAH(2002B) X3 #Tol&
Aol 4, HAERL S shedR3] MR,
£83], pp.301~304.

American Petroleum Institute(1993) Recomm-
ended Practice for Planning, Designing and
Constructing Fixed Offshore Platforms, API
RP2A.

ANSYS(2002) ANSYS-User Manual, Swanson Anal-~
ysis System Inc., Houston, USA.

Architectural Institute of Japan(2002) Recom-
mendation for the Design and Fabrication of
Tubular Truss Structures in Steel(in Japanese),
AlJ, Japan.

Cho, H. M., Ryu, Y. S.(2002) Effect of Internal

U

i 2
\‘QL'_!

23

B By
r t
) N :12', )
I
T

N



Ultimate Strength of
of the 2nd

Advances in

Ring Stiffener on the
Tubular X-joints, Proceeding
International Conference on
Structural Engineering and Mechanics, ASEM,
pp.18.

Kang, C. T., Moffat D. G., Mistry, J.(1998)
Strength of DT Tubular Joints with Brace and
Chord Compression, Journal of Structural
Engineering, ASCE, 124(7) No. 7, pp.775~783.

Karamonos, S.A.., Romenjin, A., War-denier, J.
(2000) On the Fatigue Design of K-Joint Tubular
Girders, International Journal of Offshore and
Polar Engineering, 10(1), pp.50~56.

Marshall, P. W.(1992) Design of Welded Tubular

and Use of AWS Code
Provision, Elsevier Science Publishers.

Moffat, D. G., et. al.(1994) Strength of T and
DT Tubular Joints in Offshore Structure, Rep.
No. A/169, Univ. of Liverpool, Liverpool, UK.

Connections, Basis

5 & #2522 0|55 2zH He

ZEL - FAAM

Packer, J. A., Henderson, J. E.(1997) Hollow
Structural Section Connections and Trusses(A
Design Guide), Canadian Institute of Steel Con-
struction, Toronto, Canada.

Rhee, H. C.(1992) Comparison of Finite ele-
ment Stress Solutions of Multi-Plane Tubular
Joint With and Without Ring and Longitudinal
Stiffeners, OTC Paper 6942.

Thandavamoorthy, T. S., et al.(1999) Behavior
of Internally Ring-stiffened Joints of Offshore
Platforms, Journal of Structural Engineering,
ASCE, 125(11), pp.1348~1352.

Togo, T.(1967) Experimental Study on Mechanical
Behavior of Tubular Joints, Doctoral disser-
tation, Osaka University, Japan.

Vegte, G. J.(1995) Static Strength of Uniplanar
and Multiplanar Tubular T-and X-joints, Doctoral
dissertation, Delft Univ.
Netherlands, p.378.

of Technology, The

26
1 X1R-1 models
241 =03

2.2 4

SR

n(=h/D)
(1.a) X1R-1 models

—e— £=2.0
O E=1.5
—v- E=1.25
—v— E=1.0
—= - £=0.75
—o— £=0.625
—e— E=0.5
—o— E=0.375
Y £=0.25

301 XI1R-3 models
284 B=03

SR

(=h/D)
(1.¢) X1R-3 models

261 X1R-2models R —— £=20
B=0.3 I <0 E=1.§
241 y=16.67 B A= —v- £=1.25
] =10 o/ : . —v— E=1.0
22 R — .
- 7 - - £=0.75
20 N . . —
I~ e P —o— £=0.625
@ Ls L /. /’/D —* —e— E=0.5
18 R A d Pug P
e S ,-//'I/ —o— E=0.375
el gy-a A B
v’o/./:/._/,/ s £=0.25
1.4 o M ir:/ A
-4 > . A
1.2 4 A Lo
2 e G
o
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
n(=h,/D)

—— £=2.0
<0 E=lL§
—v-- E=1.25
—v= E=1.0
~& - £=0.75
—a— £=0.625
—— =05
—o— £=0375
A §=0.25

327 X1R-4 models
304 B=0.3
¥=25.0

SR

n(=h/D)
(1.d) X1R-1 models

3% A1 Strength ratio of ring-stiffened X-joints(X1R)

sEAMATARDSE =2E M18H M35(2005.9) 273



gu7} X3 PolS5 HAARE B £XH AT
28 3.0
]
261 X2R-1 models —e—£=20 284 X2R-2 models —e— £=2.0
p=0.5 o B4LS ,q | B=03 R o E215
249 =125 ~v-- E=1.25 71 r=16.67 O —v - £=1.25
224 1=10 —— E=1.0 244 1=1.0 o //v/ e ~—v— E=1.0
—= - £=0.75 22 4 r /'/ - —= - £=0.75
o 20 —o— E0625 | o , | o - - - —a— £=0.625
RERTE ~—¢— £=0.5 “ o At - C.» —e— £=0.5
—o— £=0.375 181 o _a e e | | o E=031s
1.6 4 . — e
& E=0.25 164 oL X /‘/ =g . oA E=0,25
| . /V/ = e
14 1.4 4 (A e B
/w’- o - A
12 124 R < -
vvvvv . %
10 10 - . . . .
0.00 0.05 Q.10 0.15 0.20 0.25 0.30 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
1(=h,/D) n(=h/D)
(2.a) X2R-1 models (2.b) X2R-2 models
3.0 34
281 X2R-3 models —e— £=2.0 32 X2R-4 models —e— £=2.0
B=0.5 o E=1.5 304 B=0.5 o E=15
26 -
v=20.0 e s —v- &=1.25 20 { 1=25.0 ) —v-- £=1.25
244 1=1.0 - P —— E=1.0 264 =1.0 L —v - E=1.0
22 —= - £=0.75 244 — - £=0.75
& 0l ~—0— E=0625 | x ,,. —a— £=0.625
«“ - —e— E=0.5 A ~—e— E=0.5
1.8 4 —o— E=0.375 . —0— £=0.375
16 A E=0.25 e oA E=025
- 1 1.6 4
1.4
1.4 4
1.2 124
1.0 4 . . : . : — 10 @
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
n(=h/D) n(=h/D)
(2.¢) X2R-3 models (2.d) X2R-4 models
%7 A2 Strength ratio of ring-stiffened X-joints(X2R)
28 30
26 1 X3R-1 models ——&=20 28 X3R-2models
p=0.7 ~o E=1.5 25 $=0.7
2491 y=12.5 —v- £=1.25 ’ 1=16.67 e
224 =10 —o— E=1.0 244 1=1.0
—= - £=0.75 22 4
I 201 —0— £=0.625 Ty
[72] _— wl g
1.8 4 —&— E£=0.5
—o— £=0.375 81
1.6
! A E=0.25 16
1.4 A 14 4
1.2 J """""""" 124 WA R ST LT
109 1.0 #
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040
n(=h/D) n(=h/D)
(3.a) X3R-1 models (3.b) X3R-2 models
32 38
304 X3R-3 models 36 1 X3R-4 models
28 { B=0.7 841 p=0.7
26 =20.0 327 y=25.0
T =10 301 1=1.0
2.4 28
26
~ 2.2 4 ~ 24
n 20 1 n 22
1.8 4 2.0
1.6 5 18
16
14
....... s
12 12
10 # T 1.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
n(=h/D) n(=h/D)
(3.¢) X3R-3 models (3.d) X3R-4 models
a7 A3 Strength ratio of ring-stiffened X-joints(X3R)
274 sEFATRIEE =27 A18H H35(2005.9)



by
2
2

u
e
=

18 20
X4R-1 models RIS o ke e £=2.0 X4R-2 models e— £=2.0
B=1.0 R o Eells s B=10 w0 1§
6] =125 S e —v- E=]1.25 ®1 y=16.67 —v- E=1.25
t=1.0 Ry Wt . —v — E=1.0 —v— £=1.0
o )v//.v/ - —= - £=0.75 16 4 —= - £=0.75
2 1] B e N e R o —o— £=0.625
@ o o AT _ =T e —¢— E=0.5 @ —&— £=0.5
o{'/'/./v/ T e —o— £=0.375 il —o— £=0.375
o /V./. /i/* A E20.25 oA £20.25
1.2 ( /'/Z/D’i:/ a
o//V o e . A 124
/v g=y o D N 7 - =) S o G
LA
1.0 — T v T 1.0 T
000 005 010 015 020 025 030 035 040 000 005 010 045 020 025 030 035 040
n(=h/D) n(=h,/D)
(4.a) X4R-1 models (4.b) X4R-2 models
22 2.4
X4R-3 models —e— £=2.0 X4R-4 models —e— =20
o E=1.5 224 B=1.0 TR o E=1.5
—v- E=1.25 ¥=25.0 o T —v- £=1.25
—— £=1.0 204 1=1.0 o //v/ /V_/ —v— E=1.0
—= - £=0.75 oo - — — - £=0.75
1.8 R v -
—o— £=0.625 | o T s —o— £=0.625
——t0s | 7] loml T AT e TS
—o— E=0.375 A - —o— £=0.375
e A — e
A E=0~25 144 _vo//v ./;/ e e §=0‘25
P & Lt A | ]
2R N a
124 / d KA P A |
SRR
1.0 — , T
000 005 010 045 020 025 030 035  0.40 000 005 010 035 020 025 030 035 040
n(=h,/D) n(=h/D)

(4.c) X4R-3 models

(4.d) X4R-4 models

8l A4 Strength ratio of ring-stiffened X-joints(X4R)

TREHE =2

I

HM18H ®M3%5(2005.9) 275



