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TORSIONAL VIBRATION TEST OF STEEL FRAME STRUCTURES

By Minoru WAKABAYASHI, Teizo FUNIWARA, 7 akeshi NAKAMURA
and Skinicki ToMiTA

Synopsis

Failure process of one-storied steel frame structures with eccentric mass subjected to a modified
waveform of NS component of 1940 El Centro record is experimentally studied, by using electro-
magnetic type shaking table. Model structures are composed of four columns, both ends of which
are fixed to a rigid roof and a rigid base. Experimental results are compared with a dynamic analysis
in which the restoring force characteristics are represented as Ramberg-Osgood type hysteresis
considering the interaction effect of two directional bending moments and axial force.
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10 Table 2. Measured dimension of test
I specimens
O O O PECIM
9 SPECEN | Wimm) | D(mm) | £(mm)
0 0 0 — T
FOOE 9.94‘ 9,99 | 150.01
FOSE 10.03 | 9.98 | 150,10
F10E 9, 95’ 9.99 | 149.97
3 FI5E 9.915 9.97 | 149.98
- % 17, D and H mean the width, depth and
height of the column.
o O O
3
O O O

Table 3. Fundamental properties of model
structure.

Fig. 1. Test specimen.

SPECIMEN FIOE
T o NAME || FOOE | FOSE ipop| FISE
e e picel properties © sy 0,066 [0.087 [0.108 0,129
/Ny 10,066 |0.045 [0. 024 10003
Yield Stress 3. 64t/cm? 4 0. 21540, 1847/0. 158800, 1375
Yield Strain 0. 00186 Iy(em) 0. 21540, 27140, 28200, 2794
Strain Hardening Strain 0.0051 ot 0. 486 10. 416 |0. 356 |0. 306
Ultimate Strength 5, 12t/cm? ¥(ton) o, 486 (0. 450 |0.396 (0. 345
Ultimate Strain 0,217 #(H2) 402 [3.98 [3.88 [3.73
Young’s Modulus 1. 96t/cm? Jo 7.73 |7.80 (8.00 [8.32
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Fig. 4. Power spectrum of external force.
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Table 4. Frequency and damping ratio of
model structure.

SPECIMEN FOOEiFOSE F10E FI5E

" NAME F10ET
——|3.96) 381365
f(Hz) 6.83'i7.17 7.37 | 7.33
——10.50 | 0.65 | 1.00
#%) 0.65 t 0.50 | 0.45 | 0.60

0 Hz -

Fig. 5. Resonance curve.
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EXPERIMENT ANALYSIS

Fig. 6. Response of symmetric model (FOOE) subjected to 1/2 El Centro.
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Fig. 7. Response of 5cm eccentric model (FOSE) subjected to 1/2 El Centro.
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Fig. 8. Response of 10cm eccentric model (FI0E) subjected to 1/2 El Centro.
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Fig. 9. Response of 15cm eccentric model (FISE) subjected to 1/2 El Centro.
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Fig. 10. East column response of 15cm eccentric model (FI5E). subjected
to 1/2 El Centro

Table 5. Maximum response of vibration test.

FOOE FOSE F10E FI5E | FIOET

INPUT ACC. (g) | 0.453 | —0.508 | —0.461 | —0,401 | —0.394
CENTER ACC. (g) | —0.665 | —0.678 | —0,717 | —0.734 | —0,659
EAST ACC. (g) | —0.668 | —0.719 | —0.644 | —0.671 | —0.639
WEST ACC. (g) | —0.662 | —0,746 | —0.809 | —0,862 | ~0.767
NORTH ACC. (g) | — | —0.077 | —0.088 | —0.108 | —0.089
SOUTH ACC. (g) | —0.060 | +0.080 | 0.082 | 0.089 0.081

EAST DISP. (mm) | —7.272 | —7.585 | —7.283 | —6.469 | —6.623
WEST DISP. (mm) | —7.525 | —7.919 = —8.051 | —7.048  —6.855
SOUTH DISP. (mm) | —0.317 1012 —1.260 2.193 2,223
NORTH DISP. (mm) | —0.293 | —0.926 | —1,517 | —1,807 | —2.221

MOMENT (tecm) | —0.206 4,641 8,061 9. 225 8. 602
ROTATION (rad) | —— 0. 006 0.010 0.013 0.015
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