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TESTS ON VERY LOW-CYCLE FATIGUE FAILURE OF
STEEL MEMBERS SUBJECTED TO REVERSED
DISPLACEMENT LOADING

By Satoshi Iwar, Yeon-Soo Park, Kyoji Isose
Tatjiro Nonaka and Hiroyuki KAMEDA

Synopsis

An experimental study is carried out to elicit important factors causing cracks and rupture of
steel members under imposed large repeated deformations, and to investigate the quantitative rela-
tionships among the important physical factors leading to failure. Eight angle specimens were sub-
jected to repeated axial load after undergoing inelastic buckling. Particular attention was paid to
the effect of elongation of the specimen on the very low-cycle fatigue behavior under load repetitions
of the order of a few to twenty. The experimental results show that energy dissipation capacity
depends heavily on the entire history of loading and the deflection mode, but no simple quantitative
relations are observed between the initiation of the visible cracks or rupture and the energy dissipa-
tion capacity. The maximum value of residual “net” strains ranges from 30% to 35%), independent
of test parameters.
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Fig. 1. Loading system.
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Fig. 2. Loading patterns.
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Table 1. Material properties

Upper Lower Ultimate
yield stress yield stress  strength  Elongation
(N/mm2)  (N/mm?)  (N/mm2) (%)
339 331 447 36.7

Table 2. Specimen sizes and test parameters

Width-to-

Specimen  Length Width Thickness Slenderness thickness Loading Deflection
name I(mm) b(mm) ¢ (mm) ratio A ratio b/t  pattern mode
T3M 316 39.7 2.97 40.4 13.4 ™ -
T3CP, 315 396 298 40.3 13.3 TC P
T3CPy 316 397 2.97 40.4 13.4 TC P
T3CN 318 396 2.97 40.7 13.3 TC N
A3CP 316 397 2.99 40.4 13.3 AC P
A3CN 315 39.6 2.97 40.3 13.3 AC N
A3IP 316 39.7 2.98 404 13.3 Al P
A3IN 315 395 2.96 40.3 13.3 Al N
L3CPpy 318 39.6 2.83 40.5 14.0 cc P
L3CN 301 405 2.47 374 16.4 cc N
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Photo. 1. Testing system.
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(a) Positive deflection [P] mode (b) Negative deflection [N] mode
Photo. 2. Specimens after buckling.
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Fig. 4. Deflection modes and cracking patterns.
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Table 3. Test results

— Numberofloadcycles _____ Dissipated _Strain at cracked portion
Specimen Buckling load Crack Crack Crack Rupture  energy Tens. Comp.
name Per (kN) feav fvex  Jfpen Jrup EIE, Erens (%) Ecomp (%)

M .- - - - 1 466 [115] * --
T3CP, - 4 7 8 17 267 30 -30
T3CPy -- 4 8 8 17 259 35 -30
T3CN - 6 8 8 - 293 -- -30
A3CP 75.0 4 7 8 17 190 35 -30
A3CN 67.1 4 7 7 20 198 35 -30
A3IP 70.6 8 11 11 13 179 [65] * -35
A3IN 74.8 12 13 13 14 215 [65] * -35
L3CPy 66.8 5 8 8 23 115 30 -32.5
L3CN 69.0 7 8 8 -- 220 -- -41

* [ ] means local strain due to tensile rupture.
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(a) Positive deflection [P] mode (b) Negative deflection [N] mode
Photo. 3. Outbreak of cracks during test.
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Fig. 5. Load-axial displacement relations.
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Fig. 5 (Continued). Load-axial displacement relations.
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Fig. 6. Column curve and observed strength.
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Fig. 7. Energy dissipation with increasing number of cycles.
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(c) T3CPb specimen

(d) T3CN specimen
Fig. 8 (Continued). Distribution of local strain.
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Fig. 8 (Continued). Distribution of local strain.
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