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A Study on the Ultimate Strength Analysis of Damaged Tubular Members
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Abstract

In this paper, the formulation of a new simplified finite element is made to analyze the ultimate
strength of damaged tubular members subjected 10 combined axial force and end moment, A
damaged tubular member that has the bending deformation and the local dent is modeled by
beam elements. Tangent elastic stiffness matrix of a beam element which contains the effect of
the geometric nonlinearity is derived by using the updated Lagrangian approach. Here the
contribution of the stiffness in the dented area is neglected since its resistance against the
external loads is considered to be small, A fully plastic interaction curve of the element under
combined loads taking account of the local dent effect is selected as a yielding criterion at each
nodal point. Also tangent elasto-plastic stiffness matrix of the element is formulated by plastic
node method.

Comparison with the present solution and the existing experimental results is made showing

that the present method gives quite an accurate solution,
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Fig. 1 A kind of damage existed in offshore
tubular members
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Fig. 3 Nodal forces and nodal displacements of the present beam clement
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Table 1 Comparison of ultimate strength for damaged tubular members subjected to pure axial compression

specimen og.ter thick- | length | Young’s | yield ‘ néi}é dent | dent dent wultxmate/ strength
11)&. rtxess L modulus StI;ESS ' deform depth ! length |position P./Py
No. {mm) | {mm] | Cmm) [kg/mm ke /‘;nmz] wo/L | Da/D (‘aségr/nlédj ,*LP/L exp. E.‘%J‘ t(lgigr)y
TAl 125.15 2.04 v 3,500 19,184 20.82 | 0.00078| @ 050 0.1° 0.625{ 0.667 (0. 659
1AL 125.13 2.04 . 3,500 20,000 | 21.53 | 0.00183 0.101 0.1 0.625] 0.519 0.542
IBI 125.14 2.50 1 3,500 21,5631 ' 25.51 | 0.00054! 0.050 0.1 0.625 1 0.638 0.671
I1B1 125.19 2.51 ¢ 3,500 20, 204 ‘ 23.47 | 0.00151] 0.100 0.1 0.625 | 0.528 0.544
IC1 125.11 3.07 © 3,500 20,510 © 29.59 | 0.00057° 0.050 0.1 0.625| 0.656 0.673
[CI 125.14 3.10 ' 3,500 20,204 | 33.47 | 0.00206] 0.098 0.1 0.625 % 0.505: 0.479
I1Al 160. 20 2.563 . 3,500 20,408  35.82 | 0.00023; 0.030 0.1, 0.625| 0. 683 0.726
TATX 160.16 2.52 1 3,500 20,102 . 40.00 | 0. 00166( 0.100 0.1 L 0.625 | 0.437 0.569
FAD 160. 17 2.53 ‘ 3,500 19,796 ; 33.27 | 0.00106] 0.020 0.1 0.625] 0.704 0.730
1BI1 160. 16 3.06 3,500 19,796 ‘ 34.59 | 0.001200 0.049 0.1 0.625 0.527 0.671
1BI 160. 14 3.08 - 3,500 19,796 1 22.76 | 0.00194 0.100 0.1 ! 0.625| 0.575 0.563
I1BH 160.09 3.07 3,500 19,796  26.33 | 0.00051] 0.020 0.1 0.625 | 0.796 0.769
IC1 160.11 4.07 . 3,500 20,000  47.96 | 0.00091] 0.054 0.1 0.625 | 0.607 0.654
I1C1 160. 23 4,10~ 3,500 20,510 : 46.63 | 0. 00’)17i 0. 100 0.1 0.625 | 0.478 0.5633
icn 160. 07 4.07 3,500 19,592 © 39.18 0.000771 0.020 0.1 0.625} 0.791 0.746
BAI 250. 26 4.23 3,500 20,612 ; 52.04 0.00060 0.050 0.1 0.625 | 0.583 0.725
HAIX 250.23 4.27 3,500 20,612 ' 51.22 | 0.00100: 0Q.102 0.1 0.625| 0.463 0.597
EB1 250. 25 5.20 | 3,500 20,408 | 47.96 0.000101 0.054 0.1: 0.625 | 0.714 ’ 0.730
EBI 250. 26 5.21 1 3,500 20,102 t 44,18 | 0. 002001 0.104 0.1  0.625 | 0.533 0.598
BCI 250. 37 6.02 | 3,500 20,204 . 48.16 | 0. 00087 0.050 | 0.1 0.625| 0.734 0.691
WO | 250.46| 6.0 3,500 | 20,612 47.45 0.00183 0.100 | 0.1 0.62 | 0.55 | 0.595
* Dent length Ld is assude to be about 10" of the overall member lcngth in the pubLnt anly sis.
1.5 L - e :
0.9 !1-:;;,;“1.%:']‘:\lyliwt‘t,:’;l.;:\:']r. e o O
o8 b sl XL s 'k e .
THEGRY ¢ PREGLINT AN

=0k b/ ooib Lysis

o] =

~ 0.t b L4 SR ]

élu:—,b L% {‘. :‘“J L

o // .o.
0.4 s Ry
0.3 b v b Y el
o.2 b R e i - // ()
v.1 T
o 1 1 1.1 1 L i i I E— I E S A brmoerd

¢t R £ ¢ - Coe 1 wLE D D 0.n 1

Fig. 7 Comparison of ultimate strength obtained
by experiment and present analysis for
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Table 2 Compdrlsun of ultimate strength for damaged tubular member subjected to pure end moment

specimen ou_ter | thick- | length | Young's yield ‘ max \ dent dent dent | ultimate strength
dia. ness modulus | stress , deform ; depth length | position /M,

No- D | ! L E wy/L J Da/ L4/L | L,/L exp(20] | theory

. me] [m{nj ”[mmJ Itkg/mm?®) ![kg/mm2] 1 77(assumed)p* I (pre.)
B 1 113.80 2,971 2,167 22,000 | 31.88 | 0.0009 | 0.000 0.1 0.5 0.932 [ 0.944
B2 113.95 2.74 2,167 . 22,000 | 31.88 | 0.0001 0.075 0.1 0.5 0.862 0.846
B 3 114.20 2,93 2,167 1 22,000 31.88 | 0.0011 ¢ 0.124 0.1 0.5 | 0.768 0.722
B 4 114.30 2.73 2,167 22,000 31.88 | 0.0001 0.176 0.1 0.5 0. 687 0.633
B 5 114 30 2.93 2,167 22,000 31.88 | 0.0004 | 0.074 0.1 0.5 |—0.977%% —0. 969
B 6 114 00 2.73 2,167 22,000 | 31.88 ] 0.0002 | 0.123' 0.1 0.5 |—0.930 } —0.954
* Dent Iength Ld is assumed to be about of 10%

o000 000!

cCO0Oo0000CO00 |

of the overall member length in the present analysis
“ Negative sign (—) denotes that the end moment is applied in the negative direction

Table 3 Comparison of ultimate strength for damaged tubular members subjected to combined axial

compmslon and end moment

specimen

No.

o —

I E= T BN T Y 2 RCNR

Specimen

No.

L N =

[S2 =N

~ <

v

angle of outer dla thickness length Young's yield stress | max. bend.
com, modulus deform.
o D t L E oy wo/L
[deg) {mm) (mm]) [(mm] {kg/mm?]} ‘ (kg/mm?}
25 113.80 2.75 2,166 22,000 31.88 0.0002
45 113.80 2.73 2,167 22,000 31.88 0.0002
75 113.90 2.75 2,167 22,000 ‘ 31.88 0.0002
135 114.00 2.77 2,167 22,000 | 31.88 0.0002
25 114.30 2.73 2,167 22,000 31.88 0.0008
45 114.05 2.72 1 2,167 22,000 31.88 0.0011
75 113.80 2.76 i 2,167 22,000 ;‘ 31.88 0.0005
115 113.90 2.75 2,167 22,000 y 31.88 0.0002
17’;5 i 113.80 2.73 2,167 22,000 31.88 i 0.0003
dcnt dopth dent lenvth dent ultlmate strength
Du/D 1L poLs:}ll?n P./P, ] M./M,
(assumod) ik cxp[r’O] theory | exp[20] theory
0.075 ! 0.1 0.5 0.251 0.271 0.545 0.581
0.072 0.1 0.5 0.407 0.413 0.388 0.408
0.075 0.1 0.5 0.625 0. 660 | 0.167 0.176
0.075 0.1 0.5 0.483 0.470 “ —0. 45G%** —0.470
0.121 i 0.1 0.5 0.23 0.238 ‘ 0. 464 0.510
0.121 | 0.1 0.5 0.353 I 0.337 ‘ 0.333 0.337
0.121 ’ 0.1 0.5 0.538 0.525 ‘ 0.138 0. 140
0.121 | 0.1 0.5 0.789 0. 590 —0.212 —0.158
0.120 i 0.1 0.5 0. 454 0.444 —0. 457 —0. 444

* Hltan WP/M» M /P,,)

** Dent length Ls is assumed
*#% Negative sign (—) denotes

to be about 10%
that the end moment is applied in the negative direction
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Fig. 9 Comparison of ultimate strength obtained by
experiment and present analysis for damaged
tubular members subjected to combined axial
compression and end moment
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