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EXPERIMENTAL STUDIES ON THE BEHAVIOR OF STEEL
BARS UNDER REPEATED AXIAL LOADING-PART 1,
RECTANGULAR CROSS-SECTION

By Minoru WakaBAyasHI, Taijro NoNAKA, Takeshi NAKAMURA,
Shosuke Morino, and Nozomu YOSHIDA

Synopsis

An experimental study is carried out in order to investigate hysteretic behavior of a steel
bar subjected to repeated axial tension and compression. In the test program, all specimens of
SS41 mild steel bar simply supported at both ends have an identical cross section with dimensions
15 mm X 15 mm, and their slenderness ratio varies from about 40 to 160. The repeated axial load
is applied centrically or eccentrically on the specimen through the loading apparatus which assures
free rotation at both ends of the specimen, under the loading program that controls the relative axial
displacement amplitude at a fixed value until the hysteresis loop stabilizes after a few cysles of load-
ing. The loop stabilization, effects of slenderness ratio on the shape of the loop and effects of re-
sidual deformation on the load carrying capacity of a bar are discussed based on the experimental
results.
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Fig. 1 Test specimen.
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Table 1 Dimensions of test specimen.

Specimen Length Width l Depth Slenderness Buckling
name {cm) (mm) (mm) ratio Load (t)
RRC—40 1950 15.06 15.08 44.80 623
RRC-40R 19.35 14.96 15.09 44.43 5.25
RRC-60 2799 1499 15.03 64.51 5.94
RRC-80 36.65 15.05 14.95 85.43 5.49
RRC-100 45.32 15.01 15.06 ' 104.26 3.60
RRC-100R 45.29 15.01 15.04 104.31 2.60
RRC-120 54.05 14.99 15.02 124.65 3.72
RRC-160 71.33 15.01 15.03 164.39 2.32
RRE-40 19.29 14.98 1506 4438 5.29
RRE-80 36.67 15.01 15.03 84.51 3.81
RRE-120 54.01 14.99 15.08 124.48 2.58
RMC-40 19.37 14.97 15.01 44.70 5.82
© RMC-80 3678 15.01 15.05 84.67 5.22
RMC-120 5401 14.97 15.03 124.48 3.17
RMC-160 7139 14.95 15.02 164.64 1.93
RME—40 19.39 14.97 15.04 44.65 5.10
RME-80 3670 15.00 15.05 8447 3.67

RME-120 54.01 15.00 15.03 124.48 2.29

Table 2 Mechanical properties of material.

Stress
4f Grem®)
Young’s Modulus | 2.18 x 10° t/cm?
- | 3
Yield Stress { 2.55 tfem?
Ultimate strength ‘ 4.35 tfem? 2
Strain-hardening strain ‘ 1.39%, 1
Extensibility ‘ 31.89, L
.. 0 Q05 a 015 Q2 Strain
Strength of Rupture l 3.15 t/em?

Fig. 2 Stress-strain relation.
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Fig. 4 Deformation measurement.
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Photo. 1  Test set-up Fig. 5 Schematic N-a and N-V relations.
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Fig. 6 Test results for RRC 40.
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Fig. 9 Test results for RRC 100.
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Y. RRC120

Fig. 10 Test results for RRC 120.
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Fig. 11 Test results for RRC 160.
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Fig. 12 Test results for RRE 40.

Fig. 13 Test results for RRE 80.
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Fig. 14 Test results for RRE 120.
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RRC 40R
Fig. 15 Test results for RRC 40R. N|(ton)
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Fig. 16 (a) Loading Program.

Photo. 2 Deformed specimens after test
(RRC 120, RRE 120 from the
above)

(b) Test results for RRC 100R.
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