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Idealized Structural Unit Method for Tubular Members with Crack Damage
under Combined Tension and Bending
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Summary

An Idealized Structural Unit is developed for predicting the elastoplastic behavior of tubular
members with crack damage under combined tension and bending. This method can be easily applied
to the elastoplastic analysis of frame structures containing through-thickness cracks. Ductile crack
growth is considered using CTOD and CTOA as fracture parameters which rule the initiation and
continuation of the crack growth, respectively.

The tangential stiffness matrix of a cracked member before reaching the ultimate strength of the
cracked section is evaluated by introducing the crack spring element having the compliance of cracked
section into the node of beam-column elements. The stiffness formulation after the ultimate strength
of the cracked section is based on the plastic node method. The elasto-perfectly plastic material is
assumed and the values of CTOD and CTOA are evaluated based on the Sanders’ semi-membrane shell
theory.

The results are compared with those of the finite elemet shell analysis, and the rationality and
effectiveness of the proposed method are demonstrated.
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(a) Tubular member with through-thickness crack

(b) Axial displacement and rotational angle of
cracked member

Fig.1 Cracked tubular member under combined ten-
sion and bending
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Fig.2 Idealization of cracked tubular member in
stiffness evaluation
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Fig.3 Crack profiles
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Yielded zone at crack tip

Yielded zone in compression

Fig. 4 Yielded zone of cracked section
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Fig. 10 Finite element representation of cracked tubu-
lar member
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Fig.11 Behavior of cracked tubular member under
axial tension

BT CIER IR > L2 R L T3, KEEITETE
5N A BRKEEEE OB (22 0BIEREARL
2 (26) DEHH ST OBEIEKEL T3, 3.18
XU3.208E» s, KRB FORYMIERSNIZL
Exoh3, Zhcxl, R(26)ix, HTFLLEBEOEN
DEEANL & FEEEM O 2 EREICE L T2 WL ATEEH 235
b, ZOHRIEDWTEHBE SR T2LEND S,

3.4 BAEEIARAMNR

BIRIBIED LT E— A Y N S HBIRCER T 2358

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

522 BAEMESHRXE E1N0S
!:—__ R 0.6 ~
1—{p/2  PJ2 1_., P
=— ,_____._Tr.:_ — ~P—P No crack growth
| L
A* 13 “'—"Js éﬁ
0.4
1.0
L = 1300 mm oy = 45 kgf/mm? S?:r = 0.25 mm
PPy 1 =312.5 mm Pp = 20%toy/1 L= 0.12 rad
o.8L D= 9% mm 6, = 0.25 m
t = 1 mm wep = 0-12 rad 0.2
E = 21000 kgf/mm2
0.6 //‘ e ag=1/6
/ N 1 )
/ by 0 0.2 0.4 0.6
0.4k (7N M
"p
ag=n/4 >~
N Fig.14 Ultimate strength interaction relationship
0.2 —— : FEM ~ <
\\\
——=—: Present method ~
1 1 ] 1 |
0 4.0 6.0 8.0 0.0  12.0 2, Fig. 14 THHITHBHEMC 513 ERKEEICNT 5
§ (mm)

Fig.12 Behavior of cracked tubular member under
pure bending

L = 600 mm
D= 96 mm
0.6 t= 1mm
P/Pp £ = 21000 kgf/mn2
oy = 45 kgf/mm?2
s . =0.25 mm
cr
0.4 | ag=n/6 wep = 0.12 rad
Pp = WDthY
L 4 e =0/4
7N
1/~ S,
0.2 b /, N ag=n/4
/ AN
\\ S
~YN
—— : FEM ~
\\\\
— ——: Present method
1 1 ]
0 1.0 2.0 3.0
u (mm)

Fig.13 Behavior of cracked tubular member under
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