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Derivation of Dynamic Characteristic Values for Multi-degree-of-freedom Frame
Structures based on Frequency Response Function(FRF)

So-Yeon Kim', Min-Young Kim', Seung-Jae Lee’, Kyoung-Kyu Choi®®

Abstract: In the seismic design of structures, seismic forces are calculated based on structural models and analysis. In order to accurately address the
dynamic characteristics of the actual structure in the structural model, calibration based on actual measurements is required. In this study, a 4-story
frame test specimen was manufactured to simulate frame building, accelerometers were attached at each floor, and 1-axis shaking table test was
performed. The natural period of the specimen was similar to that of the actual 4 story frame building, and the columns were designed to behave with
double-curvature having the infinite stiffness of the horizontal members. To investigate the effects seismic waves characteristics, historical and artificial
excitations with various frequencies and acceleration magnitudes were applied. The natural frequencies, damping ratios, and mode shapes were obtained
using frequency response functions obtained from dynamic response signals, and the mode vector deviations according to the input seismic waves were
verified using the Mode assurance criterion (MAC). In addition, the damping ratios obtained from the vibration tests were applied to the structural
model, and the method with refined dynamic characteristics was validated by comparing the analysis results with the experimental data.
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(c) Details of column-slab connections of specimen

Fig. 1 Details of 4-DOF frame specimen

Table 1 Details of shaking table

Specification Unit Values
Size mm 2000 x 2000
Maximum usable weight tonf 2
Maximum acceleration g 10
Maximum displacement mm 400
Frequency range kHz 0--20
Amplitude non-linearity % FSO +1




Fig. 2 Shaking table test set up

Table 2 Details of accelerometers

Specification Unit Values
Acceleration range g +5
Acceleration limit gpk +500
Normalized threshold grms 0.0004
Sensitivity, £10% mV/g 1000
Normalized Resonant frequency mounted kHz 27
Frequency response, +5% Hz 1---6000
Amplitude non-linearity % FSO +1
Normalized time constant s 0.5
Normalized transverse sensitivity % 1.5

Table 3 Details of historical excitations and scale factors

Response spectrum (sec)

(a) Historical seismic excitations
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(b) Artificial excitations

Fig. 3 Response spectrum for each excitation
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Excitation names Seismic observatory location Peak ground acceleration (PGA) Scale factors
Chichi (1999) CHYO012 0.60g 0.067
Morgan hill (1984) Halls Valley 0.60g 0.22
El Centro (1940) Array Station 9 0.35g 0.34

Table 4 Details of input excitations

Excitation names Peak ground acceleration Loading period Natural frequency Period Seismic waves
(PGA) (sec) (Hz) (sec)

CH 0.04g 135 0.3 3.29 Chichi (1999)
A-A 0.05g 43 1-50 0.02-1 Artificial excitation
EL 0.12¢g 48.37 1.62 0.62 El Centro (1940)
A-B 0.106g 46 1-50 0.02-1 Artificial excitation
MO 0.13g 40 2.1 0.48 Morgan hill (1984)
A-C 0.15¢ 68 1-50 0.02-1 Artificial excitation
A-D 0.05¢g 298 0.1-0.5 2-10 Artificial excitation
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Fig. 4 Ratio of PRA and PGA for each excitation

Table 5 Peak response acceleration of test specimen

Peak response acceleration (g)

Excitation names

1%Story 2" Story 3™Story 4" Story
CH 0.010 0.013 0.015 0.017
A-A 0.010 0.012 0.013 0.015
EL 0.051 0.052 0.071 0.071
A-B 0.028 0.033 0.036 0.042
MO 0.079 0.081 0.091 0.099
A-C 0.033 0.037 0.041 0.047
A-D 0.014 0.013 0.015 0.021
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Table 6 Natural frequency acquired from test results of each excitation

o Natural frequency (Hz)
Excitation names
1"Mode 2"Mode 3“Mode 4™ Mode
CH 1.9 6.1 9.5 12.5
A-A 1.9 6.0 9.3 12.5
EL 1.8 6.0 9.4 12.3
A-B 1.9 6.0 9.4 12.5
MO 1.9 6.0 9.5 12.4
A-C 1.9 6.1 9.5 12.4
A-D 1.8 5.9 9.4 12.4
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Fig. 6 Half-power bandwidth
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Table 7 Damping ratio of excitations CH and A-C

Excitation . Damping ratio of each mode
names Stories " o e m

1 0.051 0.017 0.012 0.008

2 0.051 0.017 0.012 0.008

CH 3 0.051 0.017 0.012 0.008
4 0.052 0.017 0.012 0.008

average  0.051 0.017 0.012 0.008

1 0.065 0.021 0.014 0.010

2 0.065 0.021 0.015 0.010

A-C 3 0.065 0.020 0.015 0.010
4 0.065 0.021 0.015 0.010

average 0.065 0.021 0.015 0.010
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Fig. 7 Mode shape of test specimen for each excitation

Table 8 MAC values of excitations A-A and MO

Mode vector for A-A
MAC
Mode 1 2 3 4
1 1.000  0.003  0.005  0.002
Mode vector 2 0.004  1.000 0075  0.106
for MO 3 0.005  0.067  1.000  0.004
4 0016 0036 0001  0.979
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Table 9 Designed values according to 4-DOF modeling

Parameters Unit Values
M,® kg 11.64
MO ke 11.86
MO ke 11.86
A kg 11.55

ky ~ k, kN/m 16.9

M measured separately

Table 10 Natural frequency of shaking table test results and analysis
results

Mode Shaking table test results Analysis results

1 1.9 Hz 2.1 Hz

2 6.0 Hz 6.1 Hz

3 9.4 Hz 9.3 Hz

12.4 Hz 11.3 Hz
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Table 11 MAC values of shaking table test results and analysis results

Mode vector obtained from analysis results
Mode 1 2 3 4
Mode vector 0.999 0.001 0.006 0.005
obtained from 2 0.003 0972  0.060  0.005
shaking table test 3 0.000  0.067 0.941  0.004
results 0.000  0.044 0008  0.970
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Table Al Details of column member
Parameters Values
Width of column , b (mm) 50
Depth of column, d (mm) 3
Length of column , Z (mm) 388
Modulus of elasticity, £ (N/mm?) 200,000
Moment of interia, 7 (mm®) 112.5
Section modulus, Z(mm?®) 75
Stiffness of column, k& (N/mm) 4.62
Mass of column, m, (kg) 0.76
Mass of slab, m, (kg) 7.6
Mass of floor, m, (kg) 11.6
Yield strength, f, (N/mm?) 275
Tensile strength, £, (N/mm?) 410
Number of shear faces, V, 1
Number of boits, n, 2
Nominal cross-sectional area of bolt, 4, (mm?) 78.5
Table A2 Design parameters of column member
Design parameters Values
Buckling load, 2, (N) 368.8
Load on the lowest column, P, (N) 98.8
Yield moment, 44 (N-mm) 20,625
End moment, A7(N-mm) 16,141.5
Design shear strength of high tensile bolts, 2, (N) 12,874
Lateral force of column, 2 (N) 41.6
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