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Development of Miniature Cone and Characteristics of Cone Tip
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ABSTRACT

The standard CPT(Cone Penetration Test), which can be easily performed to investigate in-situ soil engineering properties, has been
widely used. CPT are also widely being utilized in centrifuge model tests. In this study, a miniature cone with 10mm diameter was
developed and its applicability in the centrifuge was evaluated. The developed miniature cone was equipped with a four
degree-of-freedom in-flight robot. A series of cone penetration tests was performed under four centrifuge acceleration levels. As results,
the cone resistances measured at the same confining stress within shallow penetration depth were affected by the centrifugal
accelerations. The critical depth was proportional to the cone diameter and relative density. Cone resistances results below the critical
depth and soil parameters obtained from the laboratory tests were compared with those by previously proposed empirical relations.
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Fig. 1. Failure mechanisms with the different phases of cone
penetration (Puech and Foray, 2002)
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Fig. 2. Failure mechanism of the subsoil with cone penetration
(Biarez and Gresillon, 1972)
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Fig. 3. Miniature cone penetrometer
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Fig. 4. Load-cell calibration system
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Fig. 5. Calibration of miniature cone : relation of load with output
voltage(input voltage: 1V)
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Fig. 6. 4 degree-of-freedom in-flight robot

Table 1. Specification of four DOF in-flight robot

Specifications
Item
X Y Z 0.
Stroke 0.8m 0.6m 0.5m +175°
Maximum speed | 50mmy/s | S0mmy/s | 50mm/s | 5°s
Loading capacity | +1kN +1kN +5kN +5Nm
Accuracy +1.0mm | +1.0mm | +1.0mm | +0.5°
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Fig. 7. Particle size distribution of Saemangeum sand

Table 2. Basic properties of Saemangeum sand

Items Properties
Fine contents (passing #200) 47%
Max. dry density*('r/m3) 1.65
Min. dry density**(t/m3) 1.20
D1p=0.045
Grain size(mm) Dsy=0.080
Dgp=0.095
Uniformity coefficient, C, 2.11
Specific gravity, Gs 2.67

* Head(2006), ASTM D 1557, KS F 2312

** ASTM D 4254
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Fig. 9. Locations of cone penetration with g-level (three penetration tests were performed at each g-level stage)
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Table 3. Test conditions
Test No.| Relative Density(Dy) | Internal friction angle*(°) | G-level
10
T-1 43% 304
20
50
T-2 60% 319
70
*ASTM D3080(04)
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