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Fragility Analysis of A Scaled Model of Reinforced Concrete Column in
Accordance with Similitude Law
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/ ABSTRACT /

Many studies are conducted in several fields for fragility analysis of structures or elements which is a probabilistic seismic safety analysis
in consideration with uncertainty of seismic loading. It is hard to directly conduct fragility analysis for an infrastructure with social
importance due to its size. Therefore, a fragility analysis for an infrastructure mainly conducted in element level or conducted with scaled
model built in accordance with similarity law. In this article, fragility analysis for prototype and scaled model of reinforced concrete column
was conducted with numerical models which had been updated by the results of shaking table test and pseudo dynamic test. As a resullt,
response stress from the numerical analysis result of prototype model was higher than that from scaled model due to different stiffness
ratios between steel and concrete. However, the probability of failure for scaled model was higher than that for prototype model because
failure criteria for scaled model was down due to similarity law. Also it was evaluated that probability of failure by using log normal standard
deviation of response stresses by spectrum matched accelerograms was more reliable than probability of failure by using existing
coefficient of variation normally used.

Key words: Fragility analysis, Scaled model, Reinforced concrete column, Spectrum matched accelerograms, Similitude law
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Fig. 1. Prototype rectangular reinforced concrete column
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Table 1. Similitude law

Scale Factor
Quantity | Dimension |  Method | Method I ( Al\giTgritlitn
(Mass Based) | (Time Based) Based)
Length L s S S
Mass M s’ S g
Time T S ! s
Stress ML'T? 1 ! !
Velocity LT’ 1 S s
Acceleration | LT? 1S S !
Force MLT? s & s
Stiffness MT? S S S
Damping MT1 82 S 33/4
Frequency T’ 118 ! s”

(a) Prototype test (b) Scaled model test

Fig. 2. Shaking table test

(b) Scaled model test

(a) Prototype test
Fig. 3. Pseudo dynamic test
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Fig. 4. Comparison of test result for cyclic pushover test of
prototype with analysis result by finite element model
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Fig. 6. Comparison of test result for shaking table test of prototype
with analysis result by finite element model
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Fig. 7. Comparison of test result with for shaking table test of model
with analysis result by finite element model
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Table 2. Material properties of prototype and model

Reinforcement

Properties Prototype Model
Yield strength (MPa) 520 425
Elastic Modulus (MPa) 200,000 200,000
Concrete
Prototype Model
Compressive strength (MPa) 37.3 232
0.00294

Properties

Compressive strain 0.0023
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Table 3. Coefficient of variation

Symbol Related uncertainty Value
B Input motion 0.49
By Material property 0.3
By Modeling 0.15
By Analysis method 0.15
By Energy absolving 0.14
By Damage concentration 0.1
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