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A CONSIDERATION ON FAILURE PROCESS OF STRUCTURAL
STEEL UNDER REPEATED FLEXURAL LOADS

By Hisao Goro, Hiroyuki KAMEDA, Zakeshi KOIKE, Rywuji 1zuNAaMI,
Kazushi WAKITA and Ywlaka SUGIHARA

Synopsis

This paper presents the results of cyclic loading tests on H-section SS-41 steel bars subjected to
flexural deformation in elasto-plastic range.

The results of constant amplitude tests and varying amplitude tests have been discussed in
relation to the load amplitude, dissipated energy, and elastic stiffness.

Discussions have also been made on the test results concerning the cumulative damage and
Miner’s law of low cycle fatigue failure.
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Fig. 1. Variation of reaction around rupture.
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Photo. 2 Plastic bending type. Photo. 3 Buckling type.
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Fig. 3 Monotonic loading test. Fig. 4 Deterioration of stiffness with
increasing displacement.
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Fig. 7 Variation of dissipated energy

Fig. 8 Variation of stiffness.
per cycle.
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Fig. 9 Relation of reaction, stiffness and
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m|Ny TROIN, BER

; Di=§_‘.(ns/1\/i)=l .......................................................................................... 4)

Wt ERETEEEZLBDTH 5,

C ORI, BHEERICBT 2&BMROBBOMBEIEEL TE { ORFIAVITEONTE D, AHET
SR ELTWAHEHICE T 2 KIRBOBH T OMBEIC DO TIZER I BRDIEnE > TH 2, Miner @
HANEERIG AT R ORISR EHIAT 2 e DICRHI N DD TH 58, AMEILTLHIEATH B0
Eiiiod o, UTAFEQREREFROFERMEEICONT, Miner OEAOBEAMERIT 5,

AR T 2 ZBEMIRIESRBROMEES Table 3 (TR L7, ARIBWVT, o RPMRIRE, ~NIiZEL
PRIEERBR CHNTT 2 2 TORMOE, » ITERRIEARICE T 28MEE, 2 3R@Wick 2 8EEL %
bl, BFEL2R, #hz2n1BH, 2BEOHEED
ERS N

REICE, FSRLBEE SD0=D1+D2, 2D O
5 D LEHERE op RLI. CRLDREENLDME
Lo, BinRERBROMEA No. 13-18 Tid 1D 1T
Y3 1.002, FEEEEZE0.065C, Miner DA O B
BB TRILL TV A C Edbh b, ThICHLT, B
DIRERBREITIE - 7tk No. 1~12 ek TR, 22
DI 178TH Y, BHEREEH0.02TH L L% %
BN, S pick (4) 3R L TOI0 & & THEEE
No.1~12 {2 DW\WT D1 & D2 QERERIR LD Fig. damase o
1455, 2RGERI DD #»55s Lise Miner © Fig. 14 Cumulative damage in decreasing
BRHIC U723 5 B AR, EBRER IO A, BA s two-stage amplitude test.
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Table 3

Ductility Factor _m _n —
No. P s Nl Nz n1 D1~N71 72 Dz~ﬁ2 ZD—DZJFDZ
1 215 0.21 1.12 _

average D

2 320 | 0.91 226 0.22 L13 |4
3 287 0.28 1.09 |standard
4 148 0.14 0.93 |deviation
5 280 | 0.79 | 478 | 0.46 1.25 |0of2D
6 329 0.32 1.11 | D=1178

2.25 | 1.5 | 3531033 —0.092
7 654 0.63 1.22 (9P=Y
8 210 | 0.59 624 0. 60 1.19
9 665 0.64 1.23
10 920 0.89 1.23
11 120 | 0.34 925 0.90 1.24
12 996 0.96 1.30
13 87 0.25 1.02
14 800 | 0.77 113 0.32 1.09 | D=1.002
15 85 0.24 1.01 |op=0.065

—— 1.5 | 2.25|1033| 353 55

16 B | o028 0.88
17 620 | 0.60 155 0.44 1.04
18 129 0.37 0.97

B (CD=1) iCENEZRTIRTTH L4, LROFEENMS, EREIRZCOBERP ST DETINTV S,
4, R@ oV

z:. (”W:)“zl ...................................................................................................... (5)

AL RA LY, BPN2EECL-TeiEDH 5L, a=151 HAHERNE SN, Fig.14 thph
BRCOBREERLZHBOTHY, EREREEBENI CHBEL TV S,

WHFRPI FORE Lvics 3 2 ENHRBRICENTHE, BHEIRBRTO SO BBAROERTO XD X
DARELRBCEBREINTNEHO, KHOHBRB EROL I 2N ERBFOEAERL TS, T
12, MEMPEYRBO—DOOBHMERTODOLEELGN D, LT, KBERE I SICHMICRET S Lic

- KT, ZOENITBBEERT 5.

3.3 RAOEH

BniRERRICE T 2 ROOEFHOIREL Fig. 15 {C
RUTco ARIOERIE, WHERREL a=1.5,2.25 it
BEEMIRIBRBROR B TS 2. /b, S|
BB TORBEER LTS, AR, »=800,620 ®

5,%2.25 constant anplitude

d8ef " 8 ¥

71,50 constant anpl itude

o R G N & B OBINRIBRBRIERD S bEhTh 119 D9R
Fig. 15 Relation between damage and T2,
reaction in increasing two-stage 1BROBWERBICBVLTR, ROFHEEYRoC Ll
amplitude test. 25 a=15 QEENMIRIBRBROBRICGEEL, 2RED
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B L > T, 2=2.25 OEEMRRAROBERERZL TG LICBITT 2, 20K, REBE(LOBERICIE
DFHELEHONDER DN RS20, 20HGRERIO I BEETHY, MkEBifickd 3
EEMIOEOR D LR ERBETHIETOTHEETH 2, £ L TRENICRIRBEMEOR I ¢=2.25 OE
ENREABRERICH - TELL, Tabled TITTICRALD ICEBE D BT 1 IKE -7 & S ICMiT 5.
PDEmSbnrz kdic, BNRERRICBOTIE, BEREEL LT Miner OFRISKIL T2 DA T, B
WicEZ T TORIEHDOEMD, KEEICEST ZRIEBIC
MiaLt, EEMERAROFBRELCARTSbDEE
PR (W

—%, BORBRRICE T 2 KA HE RO FH#ETR

RUTcDDs Fig. 16 TH 3, 1 BREOHEETIL, ¢=2.25
DEEMBROBREAROR ML ERTH, 2BED L = =
Wit e=15 OEZMNFIEREBOBE L DBV Fig. 16 Relation between damage and
ZRT AL, WIRIERRE B 2. 3 - HIRIERRIC reaction in decreasing two-stage
BOTHSN:, BEEREOK A b0 R amplitude test.
b, BORBERBTRIBHINI D 70 RIBELKR, BEMRERROBALVENRKIEER T E
EEMICHER L, Table 3 DERLMELT, D>1 K2 REECHHETHHT LTS, cOXS i, BAR
IERBICBOTRIEELBROR ESEEMIRESROMREELEC LT, TOBAIC Miner DAL
SCFHINBIVEGNELRACEEBETEIHEDEEZ NS, CORITOVTL, BRICISIELLR
B,

3.4 1YL INLHODOERTRIVF—

HINRIERRE LUOBOREBERRICET 2 144 2 v 4D OEBL A VvE—OHEBA, BIEELERICE -
T Fig. 17, 18 R L7z, HPDFE#IZ Figs. 15, 16 S F#EIC, a=1.5,2.25 OEEMREZROBRTH
%, Figs. 17,18 o b2 k51T, WNRIBARICENTS, BAOREBRBRICENTS, HET A V¥,
ST 2 RIETOERMREBRBOBEIGENMESE & 2, B, BORBRBRICEO TR, 2BEORMICS
F BRI, Fig. 16 TH: X5 CEEMRERROBEIVENVEE L >T0ER5, 134 704D DM
BIANVEF-DPHRRTELONC LR, BAORBRARICET 2 2 BB OB (e=1.5) Kiclt, =15 DEZE
BRERROES X D HEEPOBHAARIEL B > T3 dDEEZI ONE, TDZ &R, BEAMETO
Bkt Y OORRENEL I CELABKRTIH0THD, HHEMOBAOREEBEEL TRIETHUMO
B2 EiICT B,

o2 : s
022 25 constant smotiRute CRIE Y

|
ra

“ 2,71 50 constant ampl ituse

0000 50}
© Y

o o o 19 [ [ Damge

Fig. 17 Relation between damage and Fig. 18 Relation between damage and

dissipated energy per cycle in dissipated energy per cycle in
increasing two-stage amplitude decreasing two-stage amplitude
test. test.
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3.5 BfEe U LBHERITEREGOBRICONT

AMHCBN TR, “RIRIEABROBREL MRS U/#EE, HERSM 0B FErpgicks o Til, Binik
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BEETERL, 2hickk-THe v VOEBSIEAIN S, Fig. 15 (cB 0T, EEELGRICKIDODT
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W, BOBIBRBROES, B UDICMHRER 2=2.25 0 b LT, Chicaihd sttt v JERMBTR
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