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VERY LOW CYCLE FATIGUE TESTS OF STEEL ANGLES

By Satoshi Iwai, Yeon-Soo Park, Taijiro Nonaxa and Hiroyuki Kamepa

Synopsis

An experimental study is made of very low cycle fatigue failure of steel angle
specimens under repeated loading. The primary objective is to extract decisive
factors causing cracks and the ultimate failure in the course of loading repetitions of
the order of a few to twenty cycles. The test specimen was subjected to axial
loading repeatedly after undergoing inelastic buckling. The experimental
investigation reveals that, regardiess of loading patterns and deflection modes, visible
cracks were initiated on the concave side of bending deformation when it was
stretching. There is not a simple relationship between the state of fatigue failure
and energy absorption capacity, but the energy absorption process of each member
depends on the loading pattern and the deflection mode. The initiation of cracking
due to the very low cycle fatigue is found to be related closely to the cumulative
strain of the order of 25% ~ 40% , regardless of the loading patterns, the deflection
modes, and width-to-thickness ratios.
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Fig. 1. Test specimen (length in mm).
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Fig. 2. Loading patterns.
(a) Increased displacement amplitude loading.
(b} Constant displacement amplitude loading.
Tablel. Testing parameters and results
Specimen Mode of Extreme Strain
L(m) | bCm) | t(mm) | b/t | (A/L) X100 P.(kN)
Name |[No. Deflection tens. | comp.
-0.5—0 (4)
-1.0—0 O
—20—0 @ _ —
L3IN 4 301 { 404 | 2.55 | 158 —4.0—0 (3 N 58.02
—8.0—0 @
-12.0—0 @
L3CP 6 300 | 40.3 | 2.55 | 15.8 | —8.0—0016) P 62.92 | 27.5% | —29%
L3CN 5 301 | 405 | 2.47 | 16.4 | —8.0—0(30) 68.31 | 25% —41%
—-0.5—0 (4
-0.9—0 4
ISP | 9 | 318 | 392 | 456 | 86 | "L2TO0OWE oy 100.65 | 35% | —35%
) ) ) -38—0 & ’
-76—0 @)
-113—0 @
—05—0 @
-1.0—0 @
—-2.0—0 (@ ) ~300,
L5IN 7 300 | 39.2 | 4.58 8.6 —4.0—0 (4 N 119.07 | 25% 30%
—-8.0—0 (4
—120—0 4)
L5CPa 8 317 | 39.3 | 4.55 86 | —7.6—0019 P 95.55 | 32.5% | —35%
L5CPb | 10 | 317 | 39.2 | 4.55 86 | —7.6—009 P 106.33 | 30% |—32.5%
[Note] 1: Increasing amplitude, C: Constant amplitude
P Positive deflection, N': Negative deflection
b: Width of angle leg, t: Thickness of angle leg
A : Relative axial displacement, ( ): No. of cycles
L: Specimen length between pin-supports

P..: Buckling load
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Fig. 3. Deflection modes and cracking patterns.
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Over-all testing apparatus.

Valve
Valve Control System o0 Qi1
Source
Stroke Signal
Load Signal Load Cell
Axial Deflecti
e d b oo e oo = = Displace E ST e
P Strain
Gages
—
— Specimen
I
Controller | | Static
Monitor 1 Bridge Box Strain Meter
Oynamic ! | ]
Strain |
Meter |
e N —
GP-1B ; GP-18
o i
Sub-Control CRT | CRT
s , A~
1
[ Printer 1 Computer 1 }-.-_EE_ESEE_q.{ Computer 2 Printer 2

[CONTROL SYSTEM]

| MERSUREMENT SYSTEM |
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Fig. 6. Specimen supporting system. Photo 2. Specimen supporting system.
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Fig.7. Column curve and observed strength.
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(a) (b)
Photo 3. Deflection modes.
(a) Positive deflection mode (L5IP).
(b) Negative deflection mode (L3CN).

Photo4. Cracking patterns.
(a) Positive deflection mode (LL6CPb).
(b) Negative deflection mode (L3CN).
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Fig.8. Load-axial displacement relations.
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Fig. 8(continued). Load-axial displacement relations.
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Fig.9. Load-deflection relations.
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Fig.10. Comparison of cumulative energy absorption as function of loading
cycles.

(a) Increased displacement amplitude loading.
(b} Constant displacement amplitude loading.
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Fig.1l. Local strain distribution of positive deflection mode in angle test.
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Fig.12. Local strain distribution of negative deflection mode in angle test.
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Fig.13. Distribution of local strain in material test.
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