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A Study on Vibration Analysis and Estimation of Vibration Damping
of Tricone-Bits Drilling Machine

ABSTRACT

Recently, with the development of construction machinery, low-vibration construction machine such as Tricone-Bits, which can drill
both soil and rock layers and minimize vibration, is being used frequently. However, although many studies have been conducted on
the prediction of vibration values for earth augers and pile drivers, the reality is that studies on the effects of vibration on low-vibration
drilling equipment are lacking. In this paper, ground vibration values for Tricone-Bits were measured, and a vibration distance damping
formula was proposed using this. In addition, after predicting the vibration of the earth auger and pile driver using the previously proposed
vibration distance damping formula, the degree of vibration damping for the Tricone-Bits was evaluated by comparing and analyzing
it. As a result, the Tricone-Bits showed a vibration reduction effect of 97% and 93% compared to these machine and It will help with
management and prediction of the ground vibration effects evaluation on the low-vibration equipment such as Tricone-Bits.
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e Vibration Frequency Range : 1 ~500Hz

e dB Measurement Range : 35~ 120dB

e Noise Measurement Range : 30~130 dBA

e Noise Frequency Range : 20Hz ~ 8KHz

® Dynamic Range : 90dB o]+

e Measurement Value : Instantaneous, Leq,
Lmax, Lmin
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Fig. 1. Blastmate Ill Function

Table 1. Vibration Level of the Earth Auger and Pile Driver

Fig. 2. Tricone-Bits Machine & Sensor Location

Vibration Level by Distance (dB(V))

Description Operation Status Classification 7.5 m(Log Distance) 15 m(Log Distance)

Range Mean Range Mean
No Load KVBa0102 459
Earth Auger Work KVBa0101 40.1/68.0 61.1 36.4/58.9 53.0
Hit KVBa0106 53.5/55.9 54.7 46.9/54.8 524
Pile Driving Work KVBb0106 70.1/76.0 73.9 68.7/70.3 69.6
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Table 2.Vibration Level of the Drilling Machine (Log Distance ro = 7.5m)

Description 10 m 15m 20 m 25m 30 m 313m Damping Constant
Min. (dB) 39.62 37.75 35.79 33.87 32.07 31.62 . .
Earth Auger Boring Machine: 1.8
Max. (dB) 67.52 65.69 63.69 61.77 59.97 59.52
. . Min. (dB) 65.89 61.97 59.55 57.80 56.43 56.11 ) .
Pile Driving Pile Driving: 0.75
Max. (dB) 71.79 67.87 65.45 63.70 62.33 62.01

Table 3. Prediction Value on Maximum-Minimum Vibration Level, Acceleration and Gravitational Acceleration of the Drilling Machine

Description VAL(dB) Acceleration, a(m/s”) Acceleration of Gravity (g)
Min. 31.62 0.00038 0.000039 g
Earth Auger
Max. 67.52 0.02377 0.002425 ¢
. » Min. 56.11 0.00639 0.000652 g
Pile Driving
Max. 71.79 0.03886 0.003965 g

Table 4. Reference Value on the Free Field Seismometer

Description Seismic Trigger OBE (Operation Basis Earthquake) | SSE (Safe Shutdown Earthquake)
Horizontal 0.01g 0.1g 02¢g
Vertical 0.0067 g 0.067 g 0.133 g
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Fig. 3. Vibration Measuring Point and Earth Retaining Picture
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Fig. 4. Vibration Measuring Graph of the Each Measurement Point

Table 5. Vibration Valve on Maximum, Minimum and 5 Minute Section of the Tricone-Bits

Pile N Distance Drilling Min. Max. Vibration Value per 5 Minutes (dB)
11€ INO. . .
(m) Time (min.) (dB) (dB) 0~5 5~10 10~15 15~20 20~25
36 Sm 49 55.28 64.48 60.83 61.74 62.41 61.19 58.30
31 10m 53 58.38 61.86 59.01 59.43 60.30 59.47 61.08
28 15m 26 53.65 67.02 57.63 55.28 55.15 55.44 54.84
23 20 m 40 47.45 61.04 52.35 52.13 59.04 58.49 57.13
19 25m 42 46.64 60.65 53.10 54.29 51.23 49.83 52.37
16 29 m 37 47.05 55.48 48.39 49.75 50.98 50.82 51.56
14 313m 41 45.87 60.55 54.71 49.70 48.79 50.48 50.71
Average 41 50.62 61.59 55.15 54.62 55.41 55.10 55.14
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50.00 I I I | ' | I
45,00 45.00
4000 I I I I 40,00
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(a) (b)

Fig. 5. Vibration Value Graph on Maximum, Minimum and 5 Minute Section of the Tricone-Bits Machine: (a) Max. and Min. Vibration Value,
(b) 5 Minute Section Vibration Valve
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Table 6. Average Vibration Value by Cumulative Time Section (Unit: dB)

Pile No. Distance 0~5 min. 0~10 min. 0~15 min. 0~20 min. Finsh~ -5 min. | Finsh~-10 min.
36 Sm 60.83 61.29 61.66 61.54 58.86 57.60
31 10m 59.01 59.22 59.58 59.56 60.72 60.83
28 15m 57.63 56.45 56.02 55.88 54.93 55.18
23 20 m 52.35 5224 54.51 55.50 51.95 55.39
19 25m 53.10 53.69 52.87 52.21 57.86 57.81
16 29m 48.39 49.07 49.71 49.99 51.28 51.08
14 313m 54.71 5221 51.07 50.92 52.51 53.07
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Fig. 6. Average Vibration Value Graph by Cumulative Time Section
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Fig. 7. Scatter Plot and Regression Graph of Linear and Logarithmic Distance: (a) Scatter Plot by 0-15 Minute Average, (b) Regression Graph
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Table 7. Result of Logarithmic Distance Regression Analysis

Tricone-Bits Ao 2% B4 9 2

Table 10. Vibration Standards by ISO Application

B SE Jii t p Continuous Precussion
B Region Time Vibration Vibration
Damping g
Constant 73.060 2.047 35.695 .000 . . (dB.rms) (dB)
VLdis | -14768 | 1641 | -971 | -9.001 | .000 Hospital operating , ,
B room 51(3.5 mm/s%) 54(5.0 mm/s”)
R?=.942, F=81.018 (p=.000) Area to be quiet
. Day | 57(7.0 mm/s®) 5
Tricone-Bits %13 2}gollx 2749 EX& A w} Hojds Residence Night | 54(5.0 mnvs’) 60(10.0 mmy/s”)
2 RA=0] ofgh] 7hasl= 4] FEIE 2kl Q) = Aezk) Office 63(14.1 mm/s?) | 66(19.9 mm/s?)
2] FAdl= ARGEE 95%9)4 therA =l (log dlstance) A8 3] Factory, Plant 69(28.2 mm/s?) | 72(39.8 mmy/s?)
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Table 8. Normality Verification
Kolmogorov-Smirnov Shapiro-Wilk
. Degrees of Significance . Degrees of Significance
Statistics Freedom Probability Statistics Freedom Probability
Vibration Level 135 7 200 957 7 791
Table 9. Comparing with Virbration Value of the Reference, Tricone-Bits and Drilling Machine
. . Reference Trincone-Bits (dB) Earth Auger (dB) Pile Driving (dB)
Pile No. | Distance
Valve Min. Max. Mean Min. Max. Com.(%) Min. Max. Com(%)
36 Sm 55.28 64.48 59.74 - - - - - -
31 10 m 58.38 61.86 60.35 39.62 67.52 91.6 65.89 71.79 86.2
28 15m 53.65 67.02 55.65 37.75 65.69 102.0 61.97 67.87 98.7
23 20 m 7(35;) 4745 61.04 56.12 35.79 63.69 95.8 59.55 65.45 93.3
19 25m 46.64 60.65 54.11 33.87 61.77 98.2 57.80 63.70 95.2
12 30m 47.05 55.48 50.54 32.07 59.97 92.5 56.43 62.33 89.0
14 313m 45.87 60.55 50.54 31.62 59.52 101.7 56.11 62.01 97.7
Mean 50.62 61.58 55.74 35.12 63.03 97.0 59.63 65.52 93.3
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