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ARimClE TLow and Extremely Low Cycle Fatigue Performances of Various Structural Steels]
LETHE 4 EORL TS, R L CIIHINEREY 2K T A REESHCT L — R 7 EOME
FOMIC I T B R IO RIS e LEIMEERN AT D2 EICEB L, KREEBAE SO EE L
UL TOWIRY A 7 v LMK A 7 Vs tse (BLE% LCF MERE & RFrT25) OEEFEER &
L, REMHEKOERZ AIHEL T2RBTOMR, BLOBEMEICHW O 5 KL O LCF MERRIC
SN TIwm L TW5,

% 1 & [Motivation and objective of the research] TiX. WD E LT, ML ~LTO
REMKZ S LHEBRIFTIC OV TRELZITV., KRHEBICE W THM OFM L-LTlE %L LD ENE
THAREMERDHDIZE PN LT, UL EDOEE G E Ui LA ER S+ 51T b T e
T FEKREEETO LCF HEXHLNIC/R> TV RN EEEHLTWDS, L EOFERNS, K
EHEOFERE AR L T AR AR OBE, BLOEM L VLBV TEEMEICHW LN S A
BT O LCF MEREDRZ B E 5 2 £ 2T 5,

% 2 3 [Determination of optimal round specimens under small and large tensile and compressive
strains] CTiX, KREMIKZ &R LM HEREZ R TORBABREZPALNCT A0, FUE
ENTIZ K DT &2 1T > T b, REBEAIZERE D 2H 35—k Exg L L, 2oRBXEE
Bt L. & BRIEE IS T AEEH~OIRIZED 7 4 by NOYR R &2 /N7 A —5 & U TEIEMRENTIC
L DRFEAIT - T B, BEMANTRE RS B/ DAY 0. 75 R TIIEMEE FT7 4 Ly MEICHimm o2k
MAELDZ &, E£72 L/DH 1.0 Kl TR Y ARBRXFESMI RS Z L EZW NI LTV D, Ffkilc
X L/DISKREVE IR LT W E AR T 5 & & bic, BEOERIIEE X ORITERIZB W THE
M FIRE Cdo o 7o B L R A IR ORRZ BT 5 Z LI L v, B O i & F28 v hE
RERAAERE L TV D,

% 3% [Low and extremely low cycle fatigue performances of structural steels with different
strengths| Tid, BEMEICHW LN DKM O LCF MEREEZ IR T A 720, 2 EOMFT L v 572
AR AR IS < HI B8 L~ CTOMR Lilifaf EER A2 1T > T\ 5, EERCIX, fifE, ERIE, &
WIBHAA T ) 2 RN T A — X L LT D, RETITET SS400 $i4F D LCF HEBE 2 AW & T oMK LA
B EBRIEORRE UTHEB L, £2%~ 129D FFHICIIT 2 AREROFMERIL, £3. 5% TERGE L
TeBEE FEBROAE R & ikt ol I TELWEE AR T 2 b, KRERT — X OZYUMEEZHEEL TV
%, FTHHFEDEMTOUNT, SMA90A $iiAt & SA440C SiAF DIRIT £ TOZEMEREDS SS400 SiAF & %5 L
Z xR L, WATBRG T RIS 7y N DEWEE O, = 10% K SRIEMEK F TR — 19 72 B 2 7T EE
ThHDHZEEZHLMNILTND, SOIZHEM~OmH % AR, BRH D WVITKR Y OFA % KRNIk
RELEFR L., LRINEFE TOMIR LR N, 2 W TZFt 7 E et U, S S RIRBICE S £
TOMOK UETEMEREITEIRIE S L TE2%~+12%F TORMBATM T cE 2 2 &, L0
ALIENE 2 52 1 CTRFIRBEICE 2 £ COMuR LERMEREICK LT A F—RlIc S BEBEEIC L -
T TEL Z L2 HEMI LTV D,

% 4 2 [Conclusions and future study] TiX. FETEHONTZMREZHRIE L. ABFERIZEIT D5
e T DL EbIT, SEM OWW THIASOREFER EESHZOBEE LTERRL TS,

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,
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The structural steel material that governs the structural member performance undergoes large
plastic strain during a major earthquake. However, conducting cyclic tests on the steel
materials under large plastic strain to better understand their seismic performances and
suitability for high strain applications presents numerous challenges. This dissertation
investigates the specimen shape that enables large strain cyclic loadings and the low cycle
fatigue (LCF) performances including large strain of various structural steels used in building
structures.

First, optimal range of specimen shape for large strain cyclic loadings was proposed based on
the numerical studies. Then, the optimal range was validated using different specimen shapes
employed in the tests of previous and current studies. Using the appropriate specimen shape
examined earlier, cyclic tests were conducted in the LCF regime, including very large plastic
strain (Extremely LCF) on various structural steels. The test parameters were steel materials
(SS400, SM490A, SA440C), strain amplitude (2%—12%), and initial loading direction. The
LCF performance of SS400 steel was compared with the previous study, and their LCF
performances showed good correspondence. This signified the study’s data is validated. The
LCF performance under large strain was investigated further. As a result, the LCF and ELCF
performances of the considered structural steels and loading conditions can be evaluated in a
unified manner up to about 10% strain. In addition to N, the deformation capacity to the
ultimate point Ngi was also considered. By defining the damage initiation (onset of crack or
neck) as the ultimate point, the deformation capacity to ultimate point of the considered
structural steels and loading conditions can be evaluated using one Ngi equation from 2% to
12% strains. Moreover, the application of Ngi equation under the seismic loads, which are
typically the loading patterns consisting of multiple amplitudes, was also confirmed using the
variable amplitude cyclic tests.
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