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VERY-LOW-CYCLE FATIGUE TESTS OF STEEL ANGLES (PART 2)

By Satoshi Iwar, Yeon—-Soo Parxk, Taijiro NoNAKA and Hiroyuki KAMEDA

Synopsis

An experimental investigation has been performed on very-low-cycle fatigue of
steel angles, which were subjected to repeated axial load after undergoing inelastic
buckling. The objective of this study is to extract decisive factors causing cracks
and rupture in the course of loading repetitions of the order of a few to twenty
cycles. The experimental results show that the number of load cycles at rupture
decreases as the width-to-thickness ratio becomes smaller and the slenderness ratio
becomes larger. Energy absorption capacities depend heavily on the entire history
of loading, failure mode, slenderness ratio and width-to~thickness ratio. The
maximum values of residual “net” strains, excluding contributions from crack
opening, of all the specimens are of the order of 25—40% and they do not depend on
loading pattern, failure mode, slenderness ratio or width-to-thickness ratio.
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Tablel. Mechanical properties of materials

Cross- Lower Upper Ultimate
Type Angle  sectional area yield stress yield stress  strength Elongation
A (mf) (N/ud) (N/mi) (N/md) (%)
I  L-40x40x3 216 3711 396 465 31.2
oI L-40x40%3 200 336 351 449 29.7
I 1-40x40X%5 337 339 356 469 27.1
COMP.,
- -
CRACK
- -

(a) Positive deflection [P] mode.

(b) Negative deflection [N] mode.

Fig.3. Deflection modes and cracking patterns.
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Table 2. Specimen sizes, test parameters and test results

Width-to-

Specimen Material Length Width Thickness Slenderness Loading Deflection

. thick
Name No. type [(m) & (am) t (um) ratio A ralt(;onzjf pattern  mode
L3P 13 I 318 39.6 2.80 40.7 14.1 I P
L3IN 4 1§ 301 40.4 2.85 37.6 15.8 1 N
L3CP, 6 Il 300 40.3 2.55 37.5 15.8 C P
L3Cp, 18 I 318 39.6 2.83 40.7 14.0 C P
L3CN b I 301 40.5 2.47 37.6 16.4 C N
L3GP 16 I 318 39.5 2.80 40.7 14.1 G P
L3sp 17 1 318 39.5 2.82 40.7 14.0 S P
L3GN 14 I 318 39.5 2.78 40.7 14.2 G N
L3SN 15 I 318 39.6 2.79 40.7 14.2 S N
L5IP 9 I 318 39.2 4,56 41.9 8.6 I P
L5IN 7 I 300 39.2 4.58 39.5 8.6 I N
L5CP, 8 il 317 39.3 4.55 41.8 8.6 C P
L5CP, 10 I 317 39.2 4,55 41.8 8.6 C P
L5CN 1 m 318 39.2 4,55 41.9 8.6 C N
H3IP 19 I 618 40.3 2.49 77.2 16.2 [ P
HIIIN 21 I 618 40.2 2.50 71.2 16.1 I N
H3CP 20 I 618 40.3 2.50 77.2 16.1 C P
H3CN 22 I 618 40.4 2.50 71.2 16.2 C N
H3GP 23 I 618 40.2 2.51 77.2 16.0 G P
H3SP 24 il 618 40.4 2.49 77.2 16.2 S P
Specimen identification
L 3 ! P
Length of Thickness Loading Deflection
tested part (mm) of legs (mm) pattern mode
[L ;318 (or 300) [3 I : Increased amplitude [P . Positive
H : 618 5 C : Constantamplitude | N : Negative
G : Vared amplitude
from large to small
S : Varied amplitude
from small to large
3. ERHERLEE

3.1 BYUELYA IV EETHE - EREH

ERERO—E% Table 21087, TTWRRLE P, BEBAE, fu RiEbadE— FOREERES
ZVIEBHIDAE - FOKERIC X 2 PR OMUEEIC BV TR AR THRREHE L 2
KDY A I NVE, oo QEIL K BITERORA THIRBERE LIS 1 7 VB, fon 13F N 5D
BEREERICRELEICRENEE L B0V 1 2 VB, fa., ZBEEY A 2 V8, ERERETERICE
o BEERIN T X V¥ - DRER, E,=0,’Al/QE,) GRBELEICDO: - TEABIRABED T4
TRNVFE =, Eins, €oomp ZSBRFEERICEB T 2515EA, FHAZNZThOBHOTET, EXHMEORKD
bDTH%, TTICARBKMER E, 3V /HRETE=26kN/m?E L,
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Table 2. (Continued)

Buckling Number of load cycles Dimension- Strain at cracked portion Speci
load  Crack Crack Crack Rupture less energy Tens. Comp. pecimen

Po &N)  fur  fox S fw E/Eq Eom (%) €ump () TETC
71.4 17 18 18 - 131 — — L3IP
58.9 20 21 21 — 235 — - L3IN
64.2 9 10 10 — 133 21.5 -29 L3CP.
66.8 5 8 8 23 115 30 —32.5 L3CP,
69.0 7 8 8 — 220 - —41 L3CN
66.0 5 9 10 25 112 27.5 —35 L3GP
69.7 8 12 12 27 122 30 —32.5 L3SP
72.8 6 — 7 — 170 - -30 L3GN
76.3 10 - 11 - 221 — —35 L3SN
105.2 21 23 23 — 236 35 =35 L5IP
120.7 22 - 22 — 410 — —-30 L5IN
96.7 9 12 12 19 211 32.5 —35 L5CP,
109.2 9 12 12 19 214 30 —32.5 L5CP,
107.5 9 13 13 21 378 35 —35 L5CN
68.4 18 21 21 - 78 35 —35 H3IP
59.9 18 — 22 — 117 — =35 H3IN
49.1 5 8 9 17 66 32.5 —35 H3CP
58.3 5 — 8 - 104 - —35 H3CN
48.6 6 9 11 22 75 30 —35 H3GP
62.7 9 12 12 22 83 35 —35 H3SP

LRBRAOERKTROBANL 5> ViclEHOER% Photos 1, 2iCRT, SEHRSFROENIEL
baE—-F, HRELHOIE— FORBRATEEHTEYD, Photo 1 & Photo 2 i3 ZThZFhig—DHAER
%, HEAZELTHRELALOTHBEE TV 3, ERKRTHROBBIFEROEE% Photo 3 IZ/RT,

(1) IRELOXE

HE L7 4 7 VB, BPEEAHRIE (1 B 2444 70, ELELHRIE (C G, S] B3044 24T,
FELIYA 7 VEBUNTHENR LD, 98 TH5, ElcbsrE— FOBAR, EBRIOHERED
WRPTEHAHRT LA L3CPa2RVT, C G, SEOEREHETO DTN THMICE -2, Bk
AN frp=1T~21Th B, BHEbBE—FTIZ, LECNLIEDIBHEML, fr=21 TH 3, Wil
biE—FEb, BERERSA 7 VHEBELICLZENEZ 0BV, R REEEROTHY A 7
DD VBRI S 2, UL LT 4 7 AL LAREL.D/NS WABDIZV, BhbdE-F
DL3CNIZ0EHERVELTHHMLISh o LRUEE5,)

Bl-bHE— FTIE, BREITXTHENCEERAMICEN (Photo 3), BBFEANELL2EEET
BHBELVWENEERES T skt LiL, Eleba®e— FTR, mRHOBMER L 24K
B ZIEERCE L 308, BEFEERLT L SMDRICELTHRY, BRIIESHEERER TR OEE
OREFVHBICAEL, BELOKEY WENhD) BE, MEEESFLOMDICEN (Photo 4),
INIIEEREER L, RNEFAE > CHETHEFRIcTh B TR T Ltk b,

(2) MEoE

Ftrba®— FOBA, MELOEEIEMY 4 7 VEICEEHN, MELKO LD IIHNY 1 2
WNEDREE XY — v T3~64 A4 7 VD LTz, U LBREEROT M 7 VIR X 250F
REEDETDAONKED, FHHEROKRZVIBESIHORN ZHEHE LY (Photos 3, 4), ERIC
&3 &, TCTHVWARMEEOSHRAIZE CHETE b o 1LEH T IIEHER I & 52 EHREOL
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Photol.  Specimens alter testing Pholo 2.  Specimens after testing
(front view). (side view).
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(b) 1.5 series

H3IN

(¢) 113 series

Photo 3. Cracked and ruptured portions after testing (front view).
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(a) L3CPb specimen (b) L5IP specimen (¢) H3IP specimen

Photo 4. Specimens after buckling.
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CRACK(FIRST CYCLE AT
STH AMPLITUDE LEVEL)
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(a) L3IP specimen
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(e) L3GN specimen
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an
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(b) L3CPb specimen
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(27TH CYCLE) 0.28
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-0.75
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-1.00

(d) L3SP specimen
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-0.25

-0.50

-0.75

-1.00

(f) L3SN specimen

Fig. 6. Load-axial displacement relations.
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Fig. 6.
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(1) H3SP specimen

(Continued).
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(m) L5CN specimen

Fig. 6. (Continued).
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Fig. 7. Change in P— 4 hysteresis loop [L5CPa specimen].
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Fig.8. Comparison of energy absorption in the course of increasing number of
cycles.
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Distribution of residual strain.
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Fig.9. (Continued).
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