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The Prediction of Allowable Limit Distance about Human Body
by Vibration Regulation

Jeong-Un Song* - Woong-Ki Hong** - Seung-Kon Kim*
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Abstract

The shock vibration such as machine vibration, blasting vibration etc. has effect on nearby
structure as well as human body. The purpose of this study is to predict allowable limit
distance of vibration about human body. First of all, vibration velocity such as PPV, PVS was
measured by shock vibration experiment, and vibration level was calculated by conversion
formula of vibration velocity. And then, allowable limit distance was analyzed by converted
vibration level. The results are as follows : Firstly, the correlation coefficient of converted
vibration level was over R=0.94, and vibration level caused by PVS was usually represented to
high curve line. Secondly, the cross point of vibration level between ground and concrete
condition was represented to 66.68dB(V), and allowable limit distance was represented to
difference over three times when vibration regulation was raised from 65dB(V) to 80dB(V).

Keywords : vibration level, vibration regulation, allowable limit distance, conversion formula
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Table 1. Results of vibration velocity obtained by shock vibration Table 1. Contiuned
test . Ground Condition Concrete Condition
Disanch Mass |Dxp Ground Condition Concrete Condition Dlati;lc IEE;)S g&p Tran, | Vett. | Long | PVS | Tran. | Vert. | Long. | PVS
(m) | (g) [Nan| Ten. | Vet | Long | PVS | Tran. | Ver. | long. | PVS (mny/s)|(mnys)|(mn/s)| (mm/s)| (mm/s) (manys) (min/s) (min/s)
() (na ) () (ona) en) (o) ) (o) 1103020365 | 0810 | 0826 | 0.191 | 0.603 | 0476 | 0.746
1| 10202030 2030 | 2740 | 1140 2160 | 2290 | 2980 2/{ 0333 | 0413|0873 | 0:889 | 0206 | 0.587 | 0460 | 0.762
2 | 1020 2410 | 2410 | 3050 | 1140 | 2160 ) 2290 | 3,020 022 | 3 [ 03810445 | 0905 | 0957 | 0.206 | 0.667 | 0492 | 0826
022 [ 3 [1.020]2290] 2410 | 3220 [ 1.270 [ 2290 ] 2540 | 3160 1 036 [0 [ 089 0921|0191 | 0635 [ 0308 [ 0762
411020 {2290 | 2410 | 3220 | 1.140 | 2290 | 2290 | 3.110 510365 | 0413 | 0.873 | 0905 | 0.222 | 0.603 | 0.492 | 0.794
5 |L140] 2290|2540 3050 | 1.270 | 2290 | 2410 | 3040 1] 0476|0524 | 1110 | 1160 | 0254 | 0810 | 0572 | 1.000
1| L1401 2670 3300 3860 | 1.270 | 2920 | 2920 | 3880 2 0476|0340 | 1130 1.160 | 0302 | 0826 | 0.619 | 1.000
2 | 1270] 2790 | 3170 | 380 | 1.270 | 2790 | 3300 | 3860 028 | 3 | 0476|0572 | 1080 | 1130 | 0.270 | 0.794 | 0619 | 0.984
028 | 3 | 1.270] 2670] 3430 | 3740 | 1400 | 2790 3050 | 3900 4 10460 0524 ] 1060 | 1.100 | 0.302 | 0:841 | 0603 | 1.020
4 [1270] 2670] 3.170 | 3580 | 1.400 [ 2790] 3300 | 3740 ) 5 0308 [ 0556 | L0 | 1190 | 0354 | 0794 | 0572 0984
0500 > | 1270 2670 | 3430 | 3770 | 1400 | 2670 | 3170 | 3600 o 1 [ 0619 [0778] 1440 | 1510 | 0397 | 1160 [ 0810] 1370
1| 1520|3680 | 4440 5120 | 1650 | 3940 | 4320 | 5320 2 {0714 0762 | 1490 | 1570 [ 0460 | 1140 | 0794 | 1.380
2 | 1650 3430 | 4570 ) 5170 | 1650 | 3680 | 4440 | 5.250 044 | 3 06990762 | 1570] 1660 | 0.429 | 1130 0794 | 1330
044 [ 3 [1520]3680] 4570 5360 | 1.780 | 3810 | 4440 [ 5320 1 065 10699 | 1400 | 1460 | 0:460 | L1160 | 0794 | 1370
4 [1520)3300| 4320 | 4950 ) 1650 | 3810 | 4440 | 5390 5 10699 0810] 159 | 1670 | 0.460 | 1.140 [ 0810 1350
5| 1780 | 3.680 | 4830 | 5.640 | 1.650 | 4.000 | 4190 | 5.380 1| 09841250 | 2400 | 2520|0953 | 1910 | 1330 | 2.250
1| 19006220 7.110 9490 | 2030 | 6730 | 6.980 | 9700 2 1110|1290 [ 2320 | 2480 [ 0953 | 1950 | 1370 | 2330
2 | 21606220 7370 | 9810 | 2160 | 7110 | 6730 | 9790 088 | 3 | 1140 1300 | 2430 | 2570 | 0.984 | 2060 | 1400 2460
088 | 3 2030 6.480] 7.620 [10.100] 2030 | 6.600 | 6350 | 9.160 T 1140 1300 | 2400 | 2560 0984 | 2000 | 1380 | 2400
4 | 21606480 7870 [10.300) 2290 | 6:600 | 6350 | 9080 5 11140 1300 [ 2370 | 2540 | 1000 | 2080 | 1400] 2440
5 12290 [ 6860{ 7750 10.500] 2290 | 6730 [ 6220 | 9.170
1 [0222]0730| 1020] 1110 0270 [ 0841 [ 0540 | 0953
2 0286 [0762] 1080 ] 1140 [ 0.238 | 0:826 [ 0508 | 0.968 2. TS 2
022 [ 3 [o317]0758] 1100 | 1170 [ 0.254 ] 0905 [ 0572 [ 1.030 AELTE A=z 3k} 9ot A7} 7
Tl o el g geldgc Sidos
1| 0413 097 1300 | 1460 [ 0302 | 1100 [ 0651 | 1210 SRR AU ALY, Fjima ®gH,
2 [0397 | 1030] 1350 | 1510 0.333 | 1110 ] 0.683 | 1300 Venmarche 40| F2 0|85l gledl, 3t
028 | 3 | 0445 [ 0.984 | 1380 ] 1460 0286 | 1140 | 0.714 | 1.250 201D A5 sy} gk or fhEE o
41039710968 { 1.250 | 1.440 | 0.349 | 1140 | 0.714 { 1.290 Z A=W v 25l Venmarche 2ol 23t A
O o SR R
DIVANS E yA .42 | k ./ - -
2 | 0619 | 1290 | 1830 | 1980 | 0308 | 1510 0957 | 1680 A HEE A5 SIS, Vanmarcke 42
044 | 3 0587 | 1330] 1890 | 1980 [ 0476 [ 1510 [ 0953 [ 10 T AEE AeHER Bakshed] AAA A8
4 105561320 1780 [ 1950 [ 0524 | 1570 [ 0968 | 1730 24 9len) A (D3} 2ol vepd 4= itk
5 10635 | 1400 | 1.950 2.1?0 0572 1590 | 0.937 | 1.700 VL=20 - log(Vyq) + 10 - log(l—e_Td/O'63)+85 M
1 [0857]1910] 2910] 3050 | 1190 | 2170 [ 1330 2620
2 11030 1910 ] 2870 3.020 | 1240 | 2220 | 1290 ] 2680 01714, VL& ZEEH(dBV)), Ve R
088 [ 3 [ 1020] 1830] 3,000 | 3110 | 1250 | 2350 | 1320 | 2710 2% (em/sec), Td= AE0E 2] 7]2:A]7Hsecond)
a1 LEAE AaAs g 8 4
olgf AF&£w=o TAE(Transverse), VAE
7z
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Table 2. Effects of Vibration on human health

F j\/'/\/"’\f‘\/‘w
05

15

Peak Particle Velocity (mm/s)
o

0 0.03 0.06 0.09 0.12 0.15

Time (second)

Figure 2. Description of experimental Vibration waveform
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UERYl= PPV(Peak Particle Velocity)2} Al
Fo] A wlE gl PVS(Peak Vector Sum)Z
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3. ZiSaIEe| A7 IE
1990L4 89 1Y WA &z - s AN
(B, 1990)e #este] AAE olF HT &
A

o 7% BeYoR AYET BRI
o AT Y ABTFH 202 AT Bestel
AB2S - AEY FAIES AN Yy, T

AP A 9] 7Aoo b5 S RE A
A7zl ZFHE]o] Qlar, bl gl A A7
Ao +5dB(V)~+10dB(V)& EAsHA o i},
%, SAPFolA el HAEE AEe] A=

H Q)= 65dB(V)~80dB(V)Z & 4= it E3h A
5o] A vl P AeFel et Az
A2l 845 5 4 Sk AEAel HolA o AES

Ao

MAAQD Aot 7)ol A= At EE
A vepdt), Al o2 A7 22
=9 AeE dHARE o) WAl WA 2 &gt
7] 9 AEAA, HEEA SOl 9% € 5 3
oo, w9 AR 5 G AL 71E

ATHREFAH R, 1992). sHARE 2H47] 2H4AE 5 2
A 7IAAE ARAHCR mEHol Ye A9E
Alelshd ARk Ql Agol Al mAE FFE

79| ¢itkal 8 4= Qlt}. Table 2= 4 % 1417}
B W A5 4aS e Aolth 65dB(V) 9
Agead uf oFzke} 4= w7k glaz, 80dB(V)

Vibration Level(dB(V)) Effects on human health
05 some difficulty in sleep
75 hard difficulty in sleep
80 unpleasant feeling
90 harmful physiological defect

Source: Data for parliamentary inspection (Japan, 1993)
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o] MEel s vwstelct, A5k e o
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S5 Uetdrh webA, ARE A wis LR
PPV} PVSE Hlualqlll, F32E AHd e
VAES] PPVe} PVSE vt} Figure 3<
AeE e wf iAol whE A BAR
HE AEE PPVE} PVS 41 yebd Aot g
AbAR gho] Zobdas PVSY zlsdHol b‘—ﬂl
urebstar, kA ghol AZSE PPVY ZEd
Hol| =7 Uetsith, ol sYg 450 ZWJ
of 285 of ZAT A= PVSY HEHdo] =
A Ve, dAgel A= PPVE zlEHEo] =
A vehdths Ae uieith, Figure 4= &2
E Y o kAol w2 A gARE
Bl AFEE PPVOL PVS 341 UEhd Zlojo}, wid
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Figure 3. Relation between PPV and PVS on Ground-Ground Figure 4. Relation between PPV and PVS on Ground-Concrete
condition condition
Table 3. Conversion formula of Vibration Level
Condition Vibration Level (dB(V))
PPV PVS
Ground VI =53.66(sD) "1 R =094 VL=5393(sD) "V, R = 0.96
Concrete vL=51.22(5D) ", B = 0.96 VL= 52.60SD) ", B = 0.96
Table 4. Results of Vibration Level converted by Vibration Velocity
Distan Mass Vibration Velocity Vibration Level Deviation Dominant
Condition \(;1) e (;;)‘ (cm/s) (dB(V)) (ZB?V)O) Frequency
PPV PVS PPV PVS (Hz)
0.22 0.110 0.117 55.41 55.95 0.54
10 0.28 0.138 0.152 57.38 58.22 0.84 98~137
0.44 0.195 0.213 60.38 61.15 0.77
0.88 0.300 0.316 64.13 64.58 0.45
Ground
0.22 0.091 0.094 53.72 54.02 0.30
. -
15 0.28 0.114 0.119 55.72 56.09 0.37 83~126
0.44 0.159 0.167 58.61 59.04 0.43
0.88 0.243 0.257 62.30 62.78 0.48
0.22 0.091 0.103 53.72 54.84 1.12
10 0.28 0.114 0.130 55.72 56.86 1.14 75112
0.44 0.160 0.173 58.67 59.34 0.67
0.88 0.240 0.271 62.19 63.24 1.05
Concrete
0.22 0.067 0.083 51.07 52.92 1.85
15 0.28 0.084 0.102 53.08 54.75 1.67 72~103
0.44 0.116 0.138 55.87 57.38 151
0.88 0.208 0.246 60.94 62.40 1.46
2 Ui, Table 4% 2 Wilol A olZ72o] 2| Aol ) PPVl PVSS] A B} A

wjel PPVEF PVSO Huizhe shilet AEdae  dbgoR 37 vehgth E3 Ak A o]
YERRIL ok, A9 AEjet 2a8E A vy FFRE 2 83~13THz, 22 E FHY 19
PPVELE PVSO AgdHo] A ey, 23 FFEI4LWIS T2~112Hz ¥MAS el



294  EEYEEIL H21H M 25

Ground Condition
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Dominant Frequency (H2)

Figure 5. Comparison of Dominant Frequency on Ground
condition

Concrete Condition

Amplitude

Dominant Frequency (H2)

Figure 6. Comparison of Dominant Frequency on Concrete
condition
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Figure 7. Comparison of Ground-Ground curve and
Ground-Concrete curve
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Table 5. Results of Allowable Limit Distance by Vibration Level

Energy Allowable Limit Distance (m)
Goules) 65 dB(V) m]qk 65 dB(V) 70 dB(V) 75 dB(V) 80 dB(V) 80 dB(V) =1}
Ground | Concrete | Ground | Concrete | Ground | Concrete | Ground | Concrete | Ground | Concrete | Ground | Concrete
1x10° >(0.33 >(0.33 0.33 0.33 0.22 0.22 0.14 0.15 0.10 0.11 <0.10 <0.11
1x 10! >1.05 >1.04 1.05 1.04 0.68 0.70 0.45 0.49 0.31 0.35 <0.31 <0.35
1x10? >3.33 >3.28 3.33 3.28 2.16 2.22 1.44 1.55 0.98 1.10 <0.98 <1.10
1x10° >10.54 | >10.38 10.54 10.38 6.82 7.03 4.54 4.89 3.11 3.48 <3.11 <3.48
1x10* >3335| >32.82 33.35 32.82 21.56 22.22 14.37 15.46 9.83 11.00| <9.83| <11.00
1x10° |>105.45[>103.79| 105.45| 103.79 68.19 70.27 45.44 48.87 31.09 3480 | <31.09| <34.80
1x10° | >333.46|>32822| 333.46| 32822 215.64| 22222| 143.70| 154.55 08.31| 110.04 | <98.31 |<110.04
- e A, ZF oA FAR SO R AR XE oy
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Figure 8. Relation between Distance and Vibration Energy
on Ground-Ground condition
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Figure 9. Relation between Distance and Vibration Energy
on Ground-Concrete condition
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