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FEM ANALYSIS FOR ASSESSMENT OF CRACK INITIATION AND
DAMAGE OF STEEL MEMBERS UNDER VERY LOW-CYCLE LOADING

By Satoshi IWAL Yeon-Soo PARK, Hiroyuki KAMEDA and Taijiro NONAKA

Synopsis

This study deals with damage process of steel structural members up to an ulti-
mate cracking state caused by local buckling that occurs under large deformations due
to very low-cycle loading. Very low-cycle loading implies load repetitions of the order
of a few to twenty cycles including large plastic deformations. To simulate the ex-
perimental behavior of steel angles, previously done by the authors, and to make clear
the local stress-strain history at the member’s critical part, the nonlinear numerical
analysis of steel angles under very low-cycle loading was performed by using the FEM
program, MSC/NASTRAN. From the results of the numerical study, the significance of
finite element method has been established in the description of local behavior and the
step-by-step tracing of deformation for steel members under severe cyclic deformations
in the post-buckling range. On this basis, a concept is proposed that cumulative plastic
strain of critical parts of the steel members subjected to large repeated deformations
can be a key index of failure.
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Fig. 4 Loading patterns.

(a) Positive deflection mode [P mode] (b) Negative deflection mode [N mode]

Fig. 5 Deflection modes and cracking patterns.
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Fig. 6 Models for preliminary analysis.
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Fig. 7 Deformed shapes according to stepwise prescribed displacement loading.
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Fig. 8 Load-axial displacement relations.
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Fig. 9 Longitudinal distribution of strain atA/I=—0.08.
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Fig. 10 Deformed shapes under stepwise enforced displacement loading.



Gt - A - B - B WM OBEN 1 7 V) E LB L 2RREL LBREOFMO 0 OEREERT 79

fVAb

PINy
0.75 75
0.50 50
0.25
-0.08 , al -0.08 Al

— 0 0
N -0.25 -0.25

-0.50 -0.50
-0.75 -0.75
BUCKL ING~——__ BUCKL ING—
+-1.00 1-1.00
(a) Analysis (b) Experiment

Fig. 11 Load-axial displacement relations (L3CP model).
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Fig. 12 Load-axial displacement relations (L5CP model).
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Fig. 13 Load-axial displacement relations (A3IP model).
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Fig. 14 Load-axial displacement relations (A3CP model).
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Fig. 15 Load-axial displacement relations (T3CP model).
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Fig. 16 Load-axial displacement relations (T3CN model).
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Fig. 17 Comparison of strain distributions (L5CP model).



A - b B - Bp L WM OBEY A 2 VYK UL A BREL LRBOFMHOOOEREEFN 83

COMP . at—t——=TENS,
-30 0 307

TENSILE STRAIN
% COMPRESSIVE STRAIN

_Outer
Inner surface
- surface’ - P
r ) Y X Y o
/| E — | [ a— ] [V -
4 38—+ 4 1——38—1 W 138t

t , "%%

(a) A/1==—0.08(1st cycle) (b) A/1=0.0(1st cycle) (c) A/1=—0.08 5th cycle)

———a0——— 40—

(1)L3CP model

b

(a) A/1=—0.04(1st cycle) (b) A/1=0.04(1st cycle) (¢c) A/1=~0.04(4th cycle)
(2) A3CP model

40

T AT P

e

0 )

—r

(a) A/1=0.08(1st cycle) (b) A/1=0.0(1st cycle) (c) A/1=0.0(8th cycle)
(3) T3CP model

Fig. 18 Logitudinal distribution of strain under prescribed displacement loading
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Fig. 19 Stress-strain hysteresis.
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Fig. 19 (Continued) Stress-strain hysteresis.
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Fig. 20 Cumulative plastic strain with increasing number of cycles.
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