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Abstract: Hypergravity centrifuge model testing serves as an effective method for simulating prototype explosion effects, whose

successful application relies on soil simulants capable of replicating the dynamic response of in-situ soil. To address the challenges
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of particle size effects and material similarity in centrifuge modeling of explosions in sandy gravel, this study aims to establish a
systematic methodology for the preparation and validation of such simulants. Through theoretical analysis, the key soil parameters
governing ground shock effects under explosions were identified as density and wave velocity (wave impedance), which are
fundamentally controlled by the soil's gradation characteristics. Based on this premise, twelve types of simulants with varying
maximum particle sizes were systematically prepared using four scaling methods: the removal method, equal quantity
replacement method, similar gradation method, and hybrid method. All samples were prepared at a consistent relative density (D,
= 0.83) matching that of the undisturbed prototype soil to ensure equivalent compaction states. The experimental program
comprised two main phases: physical characterization through void ratio tests to determine maximum and minimum densities,
and dynamic characterization through bender element testing under a sequence of effective confining pressures (25, 50, 100, 200,
300, and 600 kPa). Shear wave and compression wave velocities were measured using the first arriyal,time method for P-waves
and the peak-to-peak method for S-waves respectively. The small-strain shear modulus (G,,.x) ahd eonstrained modulus (M)
were subsequently calculated from the measured wave velocities and densities. Through yoid Tatie, tésts and bender element
testing under effective confining pressure, quantitative relationships were revealed between-the extreme void ratios of sandy
gravel and its fines content and mean particle size. Based on this, an empirical predictivésmodel for the small-strain elastic
modulus was established.By comparing the model-predicted wave velocities with ‘in-sitti measured data, the results indicate that
the coefficient of uniformity, fines content, and mean particle size are the key contrellinguindices for achieving dynamic similarity
in sandy gravel under explosion loading. Among these, the simulant prepated\by.the equal quantity replacement method, with a
maximum particle size of 10 mm, demonstrated the closest equivalence to/the~in-situ soil in terms of the aforementioned
indices.Hypergravity centrifuge explosion tests using this equivalent’ simulant further verified that the attenuation law of
normalized peak accelerations within the source plane correspondsihiglily consistently with the in-situ data. This research
confirms that by controlling key gradation indices and employing ‘the equal quantity replacement method, it is possible to
successfully prepare simulants that are equivalent to in-sititsaridy’ gravel in their dynamic response to explosions. This provides
a practical and effective technical pathway for centrifuge model testing in related fields.

Key words: gravel soil; explosion effect; wave impedance; analogue soil material; void ratio; elastic modulus; elastic wave

velocity; centrifuge model test
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Table/1 Parameters of undisturbed soil and similar soil

}?D )ﬁﬁ# dmax %*ﬁ@ ‘Pmax Pmin dSO Z:ig/\;‘] Hﬂ%% *ﬁxﬂ‘% fﬁu#% e e e
52 %% (mm) % FC (glem®)” (g/em?) (mm) gﬁ C, ﬁ C. fg D, )§(g/cm3) max 'min 0

1 YS-40 40 A750%\"2.224 1485 245 2353 1.40 0.83 205 0865 0246 0.351
2 T-20 20 50.00%, 2236 1.563 2 20.40 1.33 083 2084 0772 0239 0329
3 D-20 20 47.50% 2226 1.560 225 @ 23.53 1.40 0.83 2075 0.776 0.244 0.335
4 X-20 20y 62170% 2.22 1.552 1.13 2347 1.34 0.83 2069 0.784 0.248 0.339
5 T-10 10, 56.30% 2.233 1.549 1.56 15.27 1.19 083 2.077 0.788 0.240 0.334
6 D-10 107 47.50% 2228 1.562 22 22.07 1.46 0.83 2077 0.774 0243 0.333
7 X-10 10 7850% 2202 1448 056  24.17 1.41 0.83 2.023 0913 0258 0.369
8 H-10 10 62.70% 2245 1.515 1.12 2347 1.34 0.83 2075 0828 0.234 0.335
9 T-5 5 70.00% 2.213  1.491 1.05 19.33  2.03 0.83 2045 0.858 0.252 0.355
10 D-5 5 61.50% 2.230 1.532 1.48 1280 222 0.83 2.070 0.808 0.242 0.338
11 X-5 5 91.10% 2.11 1.331 028 2750 1.72 0.83 1.919 1.082 0313 0444
12 H1-5 5 65.00% 2.213  1.493 1.1 22.13 1.42 0.83 2.045 0855 0252 0354
13 H2-5 5 67.60% 2218 1.497 1 20.00 1.35 0.83 2.050 0.850 0.249 0.351
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