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/ ABSTRACT /

A conventional lumped-mass stick model is based on the tributary area method to determine the masses lumped at each node and used
in earthquake engineering due to its simplicity in the modeling of structures. However the natural frequencies of the conventional model are
normally not identical to those of the actual structure. To solve this problem, recently an updated lumped-mass stick model is developed
to provide the natural frequencies identical to actual structure. The present study is to investigate the seismic response accuracy of the
updated lumped-mass stick model, comparing with the response results of the shaking table test. For the test, a small size four-story steel
frame structure is prepared and tested on shaking table applying five earthquake ground motions. From the comparison with shaking table
test results, the updated model shows an average error of 3.65% in the peak displacement response and 9.68% in the peak acceleration
response. On the other hand, the conventional model shows an average error of 5.15% and 27.41% for each response.
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Fig. 1. Flowchart of frequency adaptive LMS model
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Table 1. Specifications of accelerometer and displacement meter

Wireless accelerometer

Laser displacement meter

Range 179 Distance standard value 500 mm
Sampling rate 50 ~ 800 Hz Range +200 mm, (300 ~ 700 mm)
Sensitivity 1 mg at 60 Hz Sampling rate 1.25 kHz
Distance 1.2km Resolution 10 um
Resolution 16 Bit Repeatability 30 um
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C
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g Z.0.05
° g
g <
<
1.2
—— 0 J A e
0 5 10 15 20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Time (sec) 0 20 40 60 80 100
Frequency (Hz)
(a) impact hammer testing scene  (b) acceleration response at third story (Acc3) (c) FFT result
Fig. 4. Response of impact-hammer test and FFT results
Table 2. Information of selected ground motions
Scaled PGA
EQ code Description Magnitude Distance (km) | Scale factor Duration (s) PGA (g’s) (g’s) for the
study
LAO3 | Imperial Valley, 1979, Array #05 6.5 4.1 1.01 39.39 0.39
LA06 | Imperial Valley, 1979, Array #06 6.5 1.2 0.84 39.09 0.23
LAO8 Landers, 1992, Barstow 7.3 36.0 3.20 80.00 043 0.1
LA43 Imperial Valley, 1979 6.5 1.2 0.40 39.09 0.14
LA44 Imperial Valley, 1979 6.5 1.2 0.40 39.09 0.1
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Table 3. Comparison of natural frequencies

Mode Test result Conventional Frequency adaptive
(H2) LMS (Hz) LMS (Hz)
1 1.862 1.571 1.862
2 10.35 9.93 10.35
3 27.86 27.80 27.86
4 48.83 49.87 48.83
Frequency Adaptive
LMS model
+ 5 @ m4=4.8274kg
£
S
I @ m3=5.9467kg
g
Conventional é
LMS model g
2 T 2=8.2252k
+ = @ mi=7.286%g & ®n &
g E
S &
o
+ 1=10.7359%
+ @ m3=8.0284kg ®m ¢
g 5
S &
o
g i
E + @ m2=8.0284kg
- g ﬂD(z): (@I, 'u,
T @ mi=8.0284kg u, =90I.Dt)
—1
; e e
&
N @EFG Updated LMS model
Fig. 9. Updated lumped-mass stick model
10.7359
o 8.2252
M, = 5.0467 (kg) (17)
4.8274
0.0951 —0.5346 — 0.9498 —0.6936
~10.3336 —0.9646  0.0207 1
1 = 10.6514 —0.3652 1 —0.9893 (18)
1 1 —0.6539 0.3969
—1.5019
-~ 0.6943
L= 0.3029 19
0.1627

Egs. (15)¢} (16), Egs. (18)Z} (19)& o83} Correction matrix,
(@), (@,1;)" ", & AXISHA 4] (20) 2} 2k

1.1395—0.2610 0.1665 —0.0450
—1_|0.0810 1.0395—0.1895 0.0690
@F)C@fpf = 0.0269 0.1218 0.8717 —0.0204 20

0.0134 0.0494 0.1244 0.8128
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Fig. 11. Comparison of seismic responses at the fourth story due to LAO3 ground motion

Table 4. Maximum differences of displacement response in time

phase
2nd story 4th story
Conventional| Updated |Conventional| Updated

LAO3 3.18% 0.77% 4.78% 0.53%

LAOB 3.17% 1.67% 3.43% 0.98%

LAO8 3.52% 1.17% 4.73% 0.56%

LA43 3.65% 1.52% 5.80% 0.71%

LA44 2.27% 1.13% 3.39% 0.53%
Average 3.16% 1.25% 4.43% 0.66%
Overall Conventional LMS Model=3.79%

Updated LMS Model=0.96%
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Table 5. Errors of peak responses of LMS models in overall time

Displacement error (%)| Acceleration error (%)
?;?/Z Conventional | Updated | Conventional | Updated
2nd 4.95 3.01 14.29 7.14
LAO3
4th 14.34 2.94 38.71 6.45
2nd 213 473 4211 15.79
LAO6
4th 6.01 451 51.02 6.12
2nd 2.36 3.68 12.50 18.75
LAO8
4th 6.80 2.51 13.51 5.41
2nd 2.72 3.98 5.56 11.11
LA43
4th 1.64 3.82 2.27 2.27
2nd 2.78 442 4211 15.79
LA44
4th 7.81 2.86 52.00 8.00
2nd 2.99 3.96 23.31 13.72
Average
4th 7.32 3.33 31.50 5.65
Overall 515 3.65 27.41 9.68
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