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Stiffness Characterization of Subgrade using Crosshole-Type Dynamic
Cone Penetrometer
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Abstract

In order to support the load of the train with enough stiffness, a study on an effective method for the characterization
of the stiffness of the compacted subgrade is required. In this study, the crosshole-type dynamic cone penetrometer
(CDCP) is used for the stiffness characterization of the subgrade along the depth. For the application of the CDCP
test, three points of compacted subgrades are selected as the study sites. For the study sites, CDCP test, in-situ density
test, and light falling weight deflectometer (LFWD) test are conducted. As the results of CDCP tests, shear wave velocity
profiles are obtained by using the travel times and the travel distances of the shear waves along the depth. In addition,
maximum shear modulus (Gmax) profiles are estimated by using the density of the subgrades and the shear wave velocity
profiles. The averaged maximum shear moduli at each testing point are highly correlated with the dynamic deflection
moduli (Eyq) determined by LFWD tests. Therefore, a reliable stiffness characterization of the subgrade can be conducted
by using CDCP tests. In addition, because CDCP characterizes the stiffness of the subgrade along the depth rather than

a representative value, CDCP test may be effectively used for the stiffness characterization of the subgrade.
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Table 1. Index properties of the subgrades at Site-1 and Site-2

Site—1 Site—2
Property
Point—1 | Point—2 | Point—3
Specific gravity, Gs () 2.663 2.637
Median diameter, Dsy (mm) 0.595 9.828
Coefficient of uniformity, Cy ()| 8.5 16.0
Coefficient of curvature, Co ()| 1.3 2.3
Soil type by USCS SW-SM GW
Maximum density, prac (9/cm’) | 2.09 2.12
In—situ density, p (g/em®) | 2.01 | 211 [ 2.03
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Table 2. Averaged maximum shear modulus and dynamic deflection modulus

Point—1 Point—2 Point—3
Depth CDCP, LFWD, CDCP, LFWD, CDCP, LFWD,
Gimax [MPa] Eva [MPa] Gimax [MPa] Evq [MPa] Gimax [MPa] Evg [MPa]
100 mm 57.05 43.94 31.51
200 mm 76.45 85.26 52.40
300 mm 78.68 87.92 75.93
471 42.4 40.4
400 mm 86.86 78.69 86.02
500 mm 93.78 73.72 94.09
600 mm 107.09 87.58 96.64
Average 83.32 471 76.18 42.4 72.76 40.4
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