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Abstract : The earthquakes are the natural disasters that can cause the most serious damage to civil structures. Therefore, various studies are being
conducted to secure the safety of structures against earthquakes. Most studies on the safety or mechanism of civil structures during earthquakes

are being conducted based on lab scale test, because real structure tests are
factor proposed by Iai is mainly cited, but when applying the scaling factor

impossible when considering the scale of civil structures. The scaling
proposed by Iai, there are many difficulties in selecting the structural

members necessary for the production of the lab scale model. This is because when applying the scaling factor proposed by Iai, the scaling factor
must be applied to the elastic modulus, which is the material property of the structure. Therefore, a new method based on Iai’s ’s similarity law
for determining scale factor is applied in this study where the material property of real structure is same as that of lab-scale model. Through the
results of this study, it is considered that the characteristics of the structure calculated through the lab scale model test can more accurately reflect

the characteristics of the real structure.
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Real Model Analysis * * : lai's Similarity Law is not applied to Elastic Modulus.

Fig. 1 Flow Chart

(b) Scaled Structure

(¢) Scaled Structure of FE Model

Fig. 2 Real and Scaled Structurel
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Table 1 Iai's Similarity Law

Scaling Factors (Prototype/model)

frem Standard ~ The Ist Form (A, = 1) The 2nd Form (A, = A*?, A\, =1)  The3rd Form (A, = 1, A, = 1)

Length A A A A
Density A, 1 1 1

Time ()% (M) A0 05
Acceleration 1 1 1 1

Velocity (M) ()" 2075 &
Displacement AN, AN, ALS A\
Modulus of Elastic AN ﬂ/ A M, \05 A\
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Table 2 Similarity Law applied to the Real Structure

Item Equation Scaling Factor ()
Length A 6
Time A 6
Acceleration 1 1
Velocity A 6
Displacement A\? 36
Modulus of Elastic 1 1

Mass2(150x150x50)
:4.255kg

Mass1(150x150x20)
:2kg

* V-Plate(150x6)
* H-Plate2(50x6)

Fig. 3 Shaking Table Test Setup
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Fig. 4 Time-Displacement History of Chalfant Valley Earthquake

Table 3 Material Properties

Column  Cross Beam Connection
Material SS275 SS275 SS275
Modulus of Elastic (MPa) 210,000 210,000 210,000
Poisson’s Ratio 0.30 0.30 0.30
Weigh Density (kN/m°) 78.50 78.50 78.50
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Fig. 5 Comparison of Experiment and Validation Analysis

Table 4 Comparison of Natural Frequency between Experiment
and Validation Analysis

Mode Test (Hz) Analysis (Hz) Error (%)
Ist 3.457 3.721 -7.627
2nd 14.004 13.594 2.929
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Table 5 RMS Error between Experiment and Validation Analysis

Table 6 Iai’s Similarity Law applied to the Real Structure

Displacement (%)  Velocity (%)  Acceleration (%) Item A =A% , =1 Scaling Factor ()
Floor 1 1.144 11.250 9.278 Length A 6
Floor 2 1223 7.689 5427 Time AOT5 3.834
Acceleration 1 1
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Table 8 RMS Error between Experiment and Analysis for Real 3000.00

Structure applied to lai's Similarity Law 000,00
g

- - - £ 100000
Displacement (%)  Velocity (%)  Acceleration (%) £

g 000
Floor 1 1.487 13.962 12.103 :

€ -1000.00

Floor 2 1.786 10.630 8.388 B 200000

-3000.00
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Fig. 8 Time-Displacement History of Chalfant Valley Earthquake
based on Proposed Similarity Law
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Table 9 Comparison of Natural Frequency between Experiment and
Analysis for Real Structure applied to Proposed Similarity Law

Mode Scaled Real Structure based on Error
Model (Hz) Proposed Method (Hz) (%)

Ist 3.457 3.653 5.361

2nd 14.004 13.073 -7.117

Table 10 RMS Error between Experiment and Analysis for Real
Structure applied to Applied Similarity Law

Displacement (%)  Velocity (%) Acceleration (%)

Floor 1 1.580 14.880 13.156

Floor 2 1.945 11.635 9.483
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