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A Study of Correlation between SPT N—value and Exerted Electrical Energy
Required for Ground Drilling | : Basic Study (Laboratory Soil Box Test)
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ABSTRACT

Ground drilling is a common method to conduct site investigation, soil improvement, and pile installation. In the point
of construction ground drilling requires electrical energy to drill a hole in ground in which the energy exerts into the motor
located on the head of auger and generates rotational power. In this paper it is verified that the exerted electrical energy
is closely related to the strength characteristics of ground. Measurement sensors, recording system, and drilling system were
developed to obtain exerted motor current and drilling depth and laboratory soil box tests were carried out. The measured
motor current and boring depth were applied to predict SPT N-value and the prediction results were compared to SPT
N-value of laboratory tests. The test results show that the exerted electrical energy to bore ground be a good index to

estimate SPT N-value.
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Table 1. Soil properties of laboratory drilling tests
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Soil Properties

Percent Passing . .
No. 200 Sieve (%) D50 (mm) OMC (%) edmax (g/cm’) USCS
2 03 20 M

(b) Compaction

(c) Density evaluation

Fig. 1. Specimen preparation for drilling tests
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(a) Schematic diagram (b) Picture
Fig. 2. Schematic diagram and picture of drilling test equipment
Table 2. Specifications of electric motor and reduction gear
DC motor specification
Model Manufacture Output Voltage Frequency Rated load Speed (RPM)
39D90ch (OC99) SPG Co,, Ltd 90 Watts 90 volt 60 Hz 0.165 N-m 2910
Reduction gear specification
Model Manufacture Gear ratio
S9KHI0B SPG Co,, Ltd 1:150
Table 3. Motor current data acquisition system for drilling equipment
Current to Voltage Convertor
Number of channels Operating range Output voltage Tolerance Power
2 Ch, + 4A + 4v DC 1% FS 220V AC
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(a) DAQ system

(b) Drilling auger

Fig. 3. DAQ system and drilling auger

Table 4. Specification of NlI-compact DAQ

National Instrument compactDAQ

compactRIO cRI0O-9215 NI 9237
Number of channels 4 Ch, Number of channels 4 Ch,
Operating voltage range + 10V Frequency 12.8 MHz
Master
Calibrated type ;
(25" C+5° O 0.02% fime base Accuracy +100 ppm mex
Error
Uncalibrated type o ) -~
(25° C+5° ) 0.6% Nominal full-scale range +25 mv/Vv
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Table 5. Affecting factors for laboratory drilling test

Influence Factor considered in this test
Thrust Force (fT) 45, 75, 105 kgf

Auger Diameter 60 mm
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Table 6. Minimum spacing between adjacent pile foundation (Lee and Yi, 1989)

Minimum spacing between adjacent pile foundation

Proposed by Tip resisting pile Friction pile
BOCA, 1984 2d or 1.756H=24 inch 2d or 1.75H = 30 inch
NBC, 1976 2d or 1.75H=24 inch 2d or 1.75H = 30 inch
Chicago, 1987 id or 1.75H = 30 inch
Sweden manual 3d or 34B L{10m 4d or 45B L{10m
4d or 45B 10¢L{24m 5d or 45B 10¢L{25m
5d or 56B Ly25m 6d or 6.8B L{25m
Any condition »0.8m Any condition »0.8m
BS CP 8004 2d nd or 3d
DIN 3d=1m+d 3d=1m+d
Norway manual 3d L{12m Sand 3d, Clay 4d L{12m
4d 12{L{24m Sand 4d, Clay 5d 12({L{24m
5d Ly24m Sand 5d, Clay 6d L{24m

In here, d=pile diameter, B=side length of square pile, H=diagonal length of H—pile

(a) Flighted Auger Kit manufactured by AMS (b) SPT test

Fig. 4. SPT equipment and testing in soil box
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Fig. 5. Drilling current and energy with different thrust force:
(a) depth vs, motor current and (b) depth vs, drilling
energy
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