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Equivalent Multi-Phase Similitude Law

An Equivalent Multi-Phase Similitude Law for Pseudodynamic Test
on Small-scale RC Models
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Small-scale models have been frequently used for experimental evaluation of seismic performance because of limited testing facilities and
economic reasons. However, there are not enough studies on similitude law for analogizing prototype structures accurately with small-scale
models, although conventional similitude law based on geometry is not well consistent in the inelastic seismic behavior.

When fabricating profotype and small-scale model of reinforced concrete structures by using the same material, added mass is demanded
from a volumetric change and scale factor could be limited due to size of aggregate. Therefore, it is desirable that different material is used for
small-scale models. Thus, a modified similifude law could be derived depending on geometiic scale factor and equivalent modulus ratfio. In this
study, compressive strength tests are conducted fo analyze equivalent modulus ratio of micro-concrete to normal-concrete. Equivalent modulus
ratios are divided into mulfi phases, which are based on ulfimate strain level. Therefore, an algorithm adoptable o the pseudodynamic test,
considering equivdlent multi-phase similifude law based on seismic damage levels, is developed. In addition, prior 1o the experiment, it is verified
numerically if the algorithm is applicable fo the pseudodynamic test,
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Table 2 Mixture ratios of normal-concrete

Type Mixture Ratio(C:W:S:G)
N1 1:048:194:279
N2 1:042:166:238
N3 10511207 1 299

Table 3 Mixture ratios of micro—concrete

Type Mixture Ratio (C:W:S)
M1 1:080: 350
M2 1:096 : 550
M3 1:124:730
M4 1:1.00: 400
M5 1:070 : 321
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Table 4 Cylinder test results after 28days

Specimens | Uttimate Strain{Millionthsl] Ultimate StressivMPal]
N1 2100 40.8
N2 2450 400
N3 1960 2.7
M1 2880 206
M2 2100 95
M4 2340 13.1
M5 2960 253
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Fig. 4 Secant moduli depending on strain level
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Table 5 Structural properties of prototype & 1/10 scale modst

Quantity Prototype Scaled Model

Concrete Type N1 M2

Yielding Straint &, 0.0019 0.0019

Steel
Yielding Stress(Mpal 400 400
Moment of Inertialmm’] 3.255%10" 3412 x10°

Heightimm] 4000 400

Stiffness[kN/mm] 37.980 1.0049
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Table 6 Secant moduli & equivalent modulus ratios

. ‘ Phase
Quantity -
first ‘ second
Normal-concrete Secant Modulus{GPa] | E,=24.9 } E =101
Micro-concrete Secant Modulus|GPal | E,,=6.28 | E,»=1.03
Equivalent Modulus Ratio E,=0252 | E,,=0.102
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Table 7 Structural properties of numerical examples

Quantity Prototype Scaled Model

Masslkg] m,=100.7 X103 M =253.9, m,,,=102.8
StiffnesslkN/mm} | £,=37.98, k,,=154" | k,3=1.005, &,3=0.160
Horizontal yielding
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