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Determination of Density of Saturated Sand Considering Particle-fluid
Interaction During Earthquake
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Abstract

The mass density of the medium (p) used to calculate the maximum shear modulus (Gmax) of the saturated ground
based on the shear wave velocity is unclear. Therefore, to determine the mass density, a verification formula and five
scenarios were established. Laboratory tests were conducted, and the obtained results were compared. The mass density
of the medium was assumed to be saturated (psa), wet (py), dry (pary), and submerged conditions (psw), and the Vi ratios
of saturated to dry condition were obtained from each case. Assuming the saturated density (ps), the Vs ratio was consistent
with the value from the resonant column test (RCT) results, and the value from the bender element test results was
consistent with the wet density assumption (p;). Considering the frequency range of earthquakes, it is concluded that

applying the saturated density (psa) is reasonable as in the RCT results.
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Table 2. Physical properties of toyoura sand (Kim et al., 2005)

Grain shape Gs Dso (mm) Emax
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Shear wave velocity (m/s)
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(b) Modulus reduction (G/Gmax) and damping ratio (€) curves

Fig. 1. Shear wave velocity profile and resonant column test results
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Fig. 2. Site response analysis results by each mass density assumption
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(a) Effective vertical stress in dry condition

Fig. 4. Effective vertical stress at same depth under dry and saturated conditions
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Table 3. Ratio of shear wave velocity of dry and saturated ground by each test method

Test Dry condition Saturated condition Ratio of Vas/Vas
sm (kPa) Vs (m/s) sm (kPa) Vs (m/s)
400 360.5 2491 285.1 0.79
RCT 200 317.0 1245 240.0 0.76 (A"gr;ge)
100 271.2 62.3 208.2 0.77
400 357.9 2491 316.8 0.89
BET 200 3158 1245 264.0 0.84 (Av(fgi,)ge)
100 270.8 62.3 228.4 0.84
Table 4. Comparison of Vsg)/Vsn) ratio between the results based on each assumption and test results
] ) Vs@)/Vsa) from test results
No. of scenario Calculated Vsg)/Vsa) based on each assumption
RCT BET
1 1.13
2 1.00
3 0.89 (Avgr;a?ge) (A\ggzge)
4 0.84
5 0.79
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