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Numerical Analysis of Intemal Ring-stiffened
Tubular K-joints with Axially Loaded Braces

Dong-Joo Lim

Department of Ocean Engineering, The Graduate School,
Pukyong National University

ABSTRACT

In order, to increase the capability of load resistance, the tubular joint
1s usually reinforced with lots of structural system. A reinforcement
method with internal ring stiffener is effectually used of the steel
tubular joint in large offshore structures. The effect of internal ring
stiffener are numerically” evaluated for reinforcement of tubular K-joints.
Finite element analysis are performed to compute maximum stress of
unstiffened and-ring=stiffened K-joints subjected.-to . axial-loading.

The effect of loading condition and ‘geometrical parameter of ring
stiffener of joint behavior is-assessed to determine the installation effect
of single and double ring stiffeners. The arrangement effects of ring
stiffener are evaluated using quantitive analysis compared single ring
with double ring stiffener. Base on the numerical results, practical size

of ring stiffener is proposed for stiffener design of tubular K-Joints.
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Fig. 2.1 Single and double ring-stiffened tubular K-joints.



Table 2.1 Definition of non-dimensional parameters

Symbol Definition
d . . .
0 D (Ratio of brace diameter to chord diameter)
D . . .
v T (Ratio of radius to thickness of chord)
T iT (Ratio of brace thickness to chord thickness)
¢ % (ratio of gap between brace to chord-diameter)
n 523 (Ratio.of chord diameter to ring-stiffener height)
I3 —— (Ratio of ring-stiffener thickness to chord thickness)
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Fig. 3.1 Shape of single and double ring-stiffened K-joint.
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Fig. 3.4 Loading condition(C-C, T-T, C-T).
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Fig. 4.1 Stress contour of unstiffened K-joint(C-C).

Fig. 4.2 Stress contour of lunstiffened K-joint(C-T).
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Table 4.2 Stress ratio of single ring-stiffened K-joint(T,.=16mm, C-C,

T-T)
Stress ratio(R;)
H, T,
(mm) K (mm) ¢
Saddle Crown
0 0 0 0 1.000 0.555
50 0.08 16.0 1.60 0.558 0.747
100 0.17 16.0 1.60 0.419 0.936
150 0.25 16:0 1.60 0.404 0.966
200 0.33 16.0 1.60 0.402 0.972
a Compression-Compression
i
15
== Rf at saddle
@mg==Rf at crown
1.0
0.5 3
=] |
0.0 L L] L] 1
0 0.08 0.17 0.25 0.33
H,/D

Fig. 4.3 Stress ratio of single ring-stiffened K—joint with various ring

height(C-C).
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Fig. 4.4 Stress contour of single ring-stiffened K-joint

(H,=100mm, T,.=16mm, C-C).
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Table 4.3 Stress ratio of single ring-stiffened K-joint(7T,=16mm, C-T)

" T Stress ratio(R;)
(mm) K (mm) ¢
Saddle Crown

0 0 0 0 0.888 1.000
50 0.08 16.0 1.60 0.882 1.025
100 0.17 16.0 1.60 0.880 1.038
150 0.25 16.0 1.60 0.879 1.042
200 0.33 16.0 1.60 0.879 1.043
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Fig. 4.5 Stress ratio of single ring-stiffened K-joint with various ring

height(C-T).

Fig. 4.6 Stress contour of single ring-stiffened K—joint

(H,=100mm, T,.=16mm, C-T).
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Table 4.4 Stress ratio of single ring-stiffened K-joint(H,.=100mm, C-C,

T} N
H T Stress- ratio(R;)
(mm) < (mm) 5 Saddle Crown

0 0 0 0 1.000 0.555
100 0.17 50 0.50 0.476 0.866
100 0.17 10.0 1.00 0.436 0915
100 0.17 15.0 1.50 0.421 0.934
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Fig. 4.7 Stress ratio of single ring—stiffened K-joint~with various ring

thickness(C-C).
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Table 4.5 Stress! ratio-of single ring-stiffened K=joint(H,=100mm,

=1L
o T Stress ratio(R;)
(mm) ! (mm) ¢ Saddle Crown

0 0 0 0 0.888 1.000
100 0.17 5.0 0.50 0.887 1.002
100 0.17 10.0 1.00 0.884 1.015
100 0.17 15.0 1.50 0.881 1.034
100 0.17 20.0 2.00 0.877 1.051
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Fig. 4.11 Stress contour of double ring-stiffened K-joint(in between,
C-T).
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Table 4.6 Maximum value and location of hot spot stress

Max. stress(MPa) Location of max. stress
Location of
ring stiffeners
Cc-C C-T c-C C-T
Unstiffened 9.202 27.745 Saddle Crown
Crown toe 7.035 21.067 Crown Crown
In between 7.300 20.669 Crown Saddle
Saddle 6.737 21.182 Crown Saddle
f/fu
1.200
1.000
0.800
HC-C
0.600 —
C-T
0.400 i, [
0.200 —
0.000
Unstiffened  Crown toe Inbetween Saddle

Fig. 4.12 Stress ratio of unstiffened joint to ring stiffened joint.
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Table 4.7 Stress ratio-of double ring-stiffened K-joint(T,.=8mm, C-C,

T-T)
Stress ratio(R;)
(mm) 7 (mm) S
Saddle Crown

0 0 0 0 1.000 0.555
50 0.08 8.0 0.80 0.719 0.630
100 0.17 8.0 0.80 0:449 0.703
150 0.25 3:0 0.80 0.443 0.713
200 0.33 8.0 0.80 0.450 0.715
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Fig. 4.13 Stress ratio of double ring-stiffened K—joint with various ring

height(C-C).

Fig. 4.14 Stress contour of double ring-stiffened K-joint
(H,=100mm, T.=5mm, C-C).
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Ry Compression-Tension

1.5
i /./.
K I

0.5
w=fil= Rf at saddle
=== Rf at crown
0.0
0 0.08 0.17 0.25 0.33

H,/D

Fig. 4.15 Stress ratio of double ring-stiffened K-joint. with various ring

height(C-T).

Fig. 4.16 Stress contour of double ring-stiffened K-joint
(H,=100mm, T,=bmm, C-T).
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Table 4.9 Stress ratio of double ring-stiffened K-joint(H,=100mm,

CiCNINE)
Stress ratio(R;)
(mm) . (mm) ¢
Saddle Crown
0 0 0 0 1.000 0.555
100 0.17 29 0.25 0.648 0.669
100 0.17 5.0 0.50 0476 0.691
100 0.17 s 0.75 0.453 0.701
100 0.17 10.0 1.00 0.439 0.707
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0.5
0.0
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Fig. 4.17 Stress ratio of double ring-stiffened K-joint. with various ring

thickness(C-C).

F AFAZE 44 dFe s AT e e 49k oS drd

o
Agat, FRFA (FE 100mm= AASty, 72t FRFAH FAES

=)
7bzt gt2E Il od S ms 73% "7[“—‘?—7“19]' B A o] FAu(E)e] W st
2] Table 4.10% Fig. 4189 2t}
C-T 3% &9 olw F07 Bdol it FHRAGEAANY FAN ¢
o] grol S+ F AN S A= BT 5] ¢9] Fhol 0.04 7
e w B EIsE JERAEE, o=l B dn kA AA S F A A AT
A et gornz FAGc 939, 9 Fhol 0.75 FtolA] WK
7 #olere] HLH Hl3 36% AE =AW HosE w9l
Ao Mo SHo] oF 25% HE HAadATh

- 28 -



Table 4.10 Stress ratio of double ring-stiffened K-joint( H,=100mm,

C-T)
Stress ratio(R;)
(mm) K (mm) ¢
Saddle Crown

0 0 0 0 0.888 1.000
100 0.17 25 0.25 1.492 0.810
100 0.17 5.0 0.50 1.206 0.770
100 0.17 75 0.75 1.036 0.748
100 0.17 10.0 1.00 1.144 0.735

Ry
15

0.5

0.0

Compression-Tension

/\'\k_.

1.0 N

———a

*

wiil= Rf at saddle
=== Rf at crown

0.25

0.5
T/T

0.75

Fig. 4.18 Stress ratio of double ring-stiffened K-joint with various ring

thickness(C-T).
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Table 4.11 Stress along attached line between chord and brace(C-C)

Angle von Mises Stress (MPa) k
(Rad) Unstiffened 1 Ring 2 Ring Remarks
0.000 3.861 6.515 4.891 Crown toe
0.087 3.869 6.487 4.897

0.175 3.893 6.409 4918

0.262 3.935 6.287 4.949

0.349 3.995 6.119 4.977

0.436 4.083 5.923 5.001

0.524 4.203 5.705 5.007

0.611 4.361 5.467 4,986

0.698 4551 5.204 4,922

0.785 4.763 4917 4.808

0.873 5.015 4.560 4.619

0.960 8.813 5.701 6.443

1.047 9.109 5.324 6.120

1.134 9.202 4.839 5.656

1.222 9.084 4410 5.077

1.309 8.768 3.911 4.420

1.396 8.284 3.591 3.752

1.484 7.667 3.259 3.349

1.571 6.961 2.921 3.130 Saddle
1.653 5.989 2.512 2.304

1.745 4991 2.462 2.216

1.833 4.296 2.493 2.271

1.920 3.837 2.590 2.383

2.007 3:469 2.729 2.520

2.094 3.239 2.892 2.671

2.182 3.173 3.058 2.822

2.269 3.267 3.214 2.958

2.356 3.458 3.333 3.053

2.443 3.681 3.428 3.128

2.531 3.834 3.445 3.129

2.618 4.005 3.463 3.131

2.705 4.150 3.442 3.094

2.793 4.225 3.378 3.018

2.880 4.258 3.289 2.920

2.967 4251 3.191 2.813

3.054 4.235 3.114 2.729

3.142 4.210 3.078 2.691 Crown heel
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Fig. 4.20 Stress wvariation along attached:line between chord and

brace(C-T).
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Table 4.12 Stress along attached line between chord and brace(C-T)

Angle

von Mises Stress (MPa)

(Rad) | Unstiffened | 1 Ring 2 Ring Remarks
0.000 22.109 22.945 16483 Crown toe
0.087 20.258 20.774 14.669

0.175 20.185 20.637 14611

0.262 20.049 20.408 14,508

0.349 19.815 20.066 14.342

0.436 19.504 19.647 14.130

0524 19.123 19.171 13.865

0.611 18,689 18,663 13554

0.693 18210 18.134 13.186

0.785 17,755 17.647 12.791

0.873 17.169 17.043 12.240

0.960 922,008 21.859 15.358

1.047 N1 21,550 14.832

1134 21.422 21,251 14.265

1.229 21.130 20.948 13744

1.309 20.342 20.655 13392

1.396 20.490 20.303 13.658

1.484 20.085 19.902 13.906

1571 19.627 19.452 18318 Saddle
1.658 13958 18799 14911

1.745 18.199 18.059 12.231

1.833 17.363 17.246 11.170

1.920 16,459 16.365 10.910

2.007 15.488 15419 10716

2.094 14.450 14407 10526

2182 13.342 13.324 10.305

2.269 12.160 12.167 10.041

2.356 10.879 10.909 9.687

2.443 9.805 9.853 9.343

2531 8731 8794 8.974

2618 7.490 7567 8.423

2705 6.254 6.343 7.806

2793 1973 5.069 7.063

2,830 3.649 3748 6.152

2.967 2427 25% 5.219

3.054 2.049 2.004 4,406

3.142 2.093 2.059 4057 Crown heel

- 33 -




G A F= 00141 250mm7AA] S0mm A SR FIAT]AL, S A

of BAAS FAE Hab AAhAFoEZH, TGl FHRAA] AAE 0.005

Table 4.13 Numerical result of single ring-stiffened K-joint(C-C, T-T)

von Mises Stress(MPa)
H, T
(mm) ! { ;
mm L Saddle Crown
0 0 0 0 9.202 5.181
50 0.08 28.95 2.90 5.728 5943
100 0.17 15.92 1.59 4,889 8.675
150 0.25 11.80 1.18 4782 8912
200 0.33 9.95 1.00 4768 8.980
250 0.42 9.10 091 4770 9.002
MEAHANAY S8 dd IARAAE HEsozH FF3| AT
A4 =



T AT 7794 gko] 0.17 Mwtd A$ wAFgIrt £ov 017 oA AH$-
A 7lgist7] A&

R Compression-Compression
1.5
wiif Rf at saddle
=== Rf at crown
1.0
0.5
————— 0 a
0.0 -
0.0 0.08 0.17 0.25 0.33 0.42
H,/D

Fig. 421 Stress ratio of single ring-stiffened K-joint(C-C, T-T).

Fig. 422+
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Table 4.14 Numerical result of single ring-stiffened K-joint(C-T)

H T von Mises Stress(MPa)
(mm) ! (mm) ¢

Saddle Crown
0 0 0 0 21.423 27.745
50 0.08 28.95 2.90 21.186 28.828
100 0.17 15.92 1.59 21.251 28.494
150 0.25 11.80 1.18 21.310 28.239
200 0.33 9.95 1.00 21.343 28.097
250 042 9.10 091 21.357 28.035
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Table 4.15 Numerical result of double ring-stiffened K=joint(C-C, T-T)

H 7 von Mises Stress(MPa)
(mm) ! & 3
mim . Saddle Crown
0 0 0 0 9.202 5.18
50 0.08 14.48 1.45 6.237 6.256
100 0.17 7.96 0.80 5.656 6.737
150 0.25 5.90 0.59 5554 6.812
200 0.33 498 0.50 5.527 6.827
250 0.42 455 0.45 5519 6.831
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0.5
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Fig. 4.23 Stress-tatio of double ring-stiffened K-joint(C-C, T-T).
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Table 4.16 Numerical result of double ring—stiffened K—joint(C-T)

H T von Mises Stress(MPa)
(mm) ! (mm) :

Saddle Crown
0 0 0 0 19.627 27.745
50 0.08 14.48 1.45 20.140 24.149
100 0.17 7.96 0.80 23.400 21.182
150 0.25 5.90 0.59 27.430 20.008
200 0.33 4.98 0.50 30.211 19.594
250 042 455 0.45 31.666 19.442
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Fig. 425 Arrangement effectrof internal ring-—stiffener.
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Cc-C

H./D < 008
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H./D < 015
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