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Geun-Chun Lee, Jae-Yong Song, Ung-San Ahn, Yu-Chul Park and Kyoung-nam Jo, 2021, A study on the
vehicles and construction equipments vibration characteristics of Geomunoreum lava tube system, Jeju
Island. Journal of the Geological Society of Korea. v. 57, no. 2, p. 209-225

ABSTRACT: This study has been conducted to analyze the effect of vibration occurred by vehicles and construction
equipments in the area of Geomunoreum Lava Tube system, Jeju Island, South Korea, and to prepare the efficient
preservation and management measures for lava tubes. For this purpose, vibration tests with vehicles and
construction equipments were performed. Then, the effects of the distance from the vibration sources and velocity
changes of them were evaluated. Within the standard for continuous vibration of cultural properties (0.07 cm/sec),
the result of vehicle vibration tests shows that passenger vehicles with the weight of about 2 tons do not exceed
the influential radius of 1 m at the lower speed than 100 km/h. When the vehicle speed was set to 60 km/h, the
influential range of the bus and dump truck were 2.2 m and 2.8 m, respectively. When the vehicle speed was set
to 80 km/h, the influential range of the bus and dump truck were evaluated 3.0 m and 3.7 m. Considering that the
speed limit of roads surrounding to the Geomunoreum lava tube system is around 60 km/h, it can be concluded
that the stability of the cave (passages) in the Geomunoreum lava tube system has been secured against any types
of vehicle activities because most of cave passages have sitted below about 3 m at least from the surface.
Nevertheless, in the fact that many passages across directly beneath paved roads, long-term stabliity needs to be
considered. As a result of vibration tests on construction equipments, the influential distances of breaker and
compaction engineering works were evaluated as 10.9 m and 14.0 m, respectively. For the test result of the vibration
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velocity that satisfies the restriction standard through the interaction formula of vibration velocity (PPV) and
vibration level (dB(V)), the restriction standard was satisfied under 1.525 mmv/sec during the daytime and 0.904 mm/sec
during nighttime. Furthermore, within the standard of continuous vibration velocity (PPV) for cultural properties
(0.7 mm/sec), the maximum permissible vibration level in the lava tube caves was evaluated as 57.6 dB(V).

Key words: Geomunoreum lava tube system, vibration velocity (PPV), vibration level, vehicle, construction equipment
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Table 1. Types and weights of test vehicles.
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Type Van Bus (45 Passenger) Dump truck (25 ton)
Model CARNIBAL GRANDBIRD SCANIA
Weight 2.2 ton 15.0 ton 40.0 ton
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Table 2. Major specifications of the vibration-measuring equipment.

Measuring equipment

Equipment specification

* Human & Sismic Sound and Vibration Measurement

Neo Blast
(Sound & Vibration
Analyzer)

* Measurement : Sound Leq (Av, max, min) Vibration PPV (mm/sec), Max
* Level Range : Sound_35~130 dB, Vibration 254 mm/sec

* Frequency Range : Sound 20~8,000 Hz, Vibration_1~90 Hz

* Sampling frequency : Sound 24 KHz, Vibration 1 KHz

* Vibration Sample Rate : 1000 sps

* Leq (Equivalent Noise Level), PPV (Peak Particle Velocity).
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Fig. 2. A location of construction vibration tests and photographs of in-situ tests.
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Table 3. The results of vehicle vibration tests for a van.
Vehicle No. of Velocity ~ Distance PPV (mm/sec)
measurements (km/h) (m) Ist 2nd 3rd Average

M-1 1.0 0.16 0.14 0.23 0.18
M-2 40 2.5 - - - -
M-3 4.0 - - - -
M-1 1.0 0.24 0.28 0.35 0.29
M-2 50 2.5 - 0.13 0.18 0.16
M-3 4.0 - - - -
M-1 1.0 0.25 0.30 0.36 0.30
M-2 60 2.5 0.12 0.13 0.18 0.14
M-3 4.0 - - - -
M-1 1.0 0.35 0.61 0.31 0.42

Van M-2 70 2.5 0.15 0.16 0.23 0.18
M-3 4.0 0.14 0.15 0.15 0.15
M-1 1.0 0.57 0.41 0.49 0.49
M-2 80 2.5 0.19 0.19 0.17 0.18
M-3 4.0 0.17 0.17 0.14 0.16
M-1 1.0 0.68 0.79 0.68 0.72
M-2 90 2.5 0.20 0.18 0.19 0.19
M-3 4.0 0.17 0.16 0.17 0.17
M-1 1.0 0.46 0.75 0.77 0.66
M-2 100 2.5 0.24 0.22 0.20 0.22
M-3 4.0 0.20 0.16 0.16 0.17
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Table 4. The results of vehicle vibration tests for a bus and a dump truck.

Vehicle No. of Velocity ~ Distance PPV (mm/sec)
measurements (km/h) (m) 1st 2nd 3rd Average

M-1 1.0 0.26 0.26 0.23 0.25
M-2 20 2.5 - 0.11 0.12 0.12
M-3 4.0 - - 0.11 0.11
M-4 1.0 0.60 0.47 0.51 0.53
M-5 30 2.5 0.18 0.18 0.18 0.18
M-6 4.0 0.16 0.18 0.18 0.17
M-1 1.0 0.67 0.95 0.85 0.82
M-2 40 2.5 0.25 0.27 0.30 0.27
M-3 4.0 0.26 0.26 0.31 0.28
M-4 1.0 1.12 1.12 1.84 1.36
Bus M-5 50 2.5 0.33 0.38 0.38 0.36
M-6 4.0 0.31 0.28 0.35 0.31
M-1 1.0 1.80 1.57 1.52 1.63
M-2 60 2.5 0.45 0.50 0.46 0.47
M-3 4.0 043 0.49 0.49 0.47
M-4 1.0 2.25 2.13 2.05 2.14
M-5 70 2.5 0.72 0.62 0.70 0.68
M-6 4.0 0.70 0.62 0.74 0.69
M-1 1.0 2.14 1.79 2.00 1.98
M-2 80 2.5 0.66 0.63 0.54 0.61
M-3 4.0 0.79 0.67 0.63 0.70
M-1 1.0 0.35 043 0.34 0.37
M-2 20 2.5 0.14 0.21 0.11 0.15
M-3 4.0 0.13 0.19 - 0.16
M-4 1.0 0.72 0.76 0.64 0.71
M-5 30 2.5 0.22 0.26 0.26 0.25
M-6 4.0 0.14 0.26 0.18 0.19
M-1 1.0 1.02 1.08 1.55 1.22
M-2 40 2.5 0.30 0.34 0.33 0.32
M-3 4.0 0.22 0.28 0.27 0.26
M-4 1.0 1.48 1.87 2.16 1.84
l?r‘:lfc"lf M-5 50 25 0.54 0.48 0.60 0.54
M-6 4.0 043 0.38 0.48 0.43
M-1 1.0 2.20 2.32 2.16 2.23
M-2 60 2.5 0.67 0.70 0.67 0.68
M-3 4.0 0.41 0.81 0.64 0.62
M-4 1.0 2.60 2.14 2.68 2.47
M-5 70 2.5 0.96 0.72 0.86 0.85
M-6 4.0 0.76 0.63 0.75 0.71
M-1 1.0 1.99 2.53 1.64 2.05
M-2 80 2.5 0.88 1.11 1.05 1.01
M-3 4.0 0.72 1.08 0.69 0.83
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Table 5. The results of construction vibration tests for a breaker.
' PPV (mm/sec)
Work Mool Dl?ﬁ;‘ce Site 1 Site 2

Ist 2nd 3rd Ave. Ist 2nd 3rd Ave.
M-1 1.0 142.63 104.15 92.16 11298 40.70 40.67 40.23 40.53
M-2 2.0 38.44 3628 3438 36.37 23.56 23.60 2027 22.48
M-3 3.0 11.55  8.01 6.86 881 1844 2094 2094 20.11
M-4 4.0 4.00 3.90 3.80 390 18.76 18.64 18.02 1847
M-5 5.0 1.80 1.86 1.87 1.84 5.17 5.34 5.25 5.25
M-6 6.0 1.63 1.81 2.01 1.82 3.15 2.82 2.79 2.92
M-7 7.0 1.44 1.38 1.22 1.35 3.92 3.88 3.85 3.88
M-8 8.0 1.34 1.23 1.27 1.28 2.22 2.21 2.20 2.21
M-9 9.0 0.73 0.73 0.67 0.71 2.20 2.13 2.31 221
M-10 10.0 0.55 0.54 0.54 0.54 1.81 1.52 1.47 1.60
M-11 11.0 0.38 0.38 0.38 0.38 1.45 1.39 1.35 1.40
Breaker M-12 12.0 0.41 0.41 0.40 0.41 0.94 0.92 0.91 0.92
M-13 13.0 0.24 0.24 0.22 0.23 0.49 0.49 0.47 0.48
M-14 14.0 0.24 0.27 0.23 0.25 0.33 0.35 0.36 0.35
M-15 15.0 0.18 0.17 0.19 0.18 0.54 0.64 0.63 0.60
M-16 16.0 0.17 0.16 0.16 0.16 0.59 0.58 0.57 0.58
M-17 17.0 0.13 0.13 0.12 0.13 0.24 0.25 0.26 0.25
M-18 18.0 - - - - 0.25 0.27 0.27 0.26
M-19 19.0 0.11 0.11 - 0.11 0.35 0.29 0.28 0.31
M-20 20.0 - 0.11 - 0.11 0.20 0.22 0.19 0.20
M-21 21.0 - - - - 0.29 0.25 0.28 0.27
M-22 22.0 - - - - 0.32 0.21 0.19 0.24
M-23 23.0 - - - - 0.15 0.12 0.12 0.13

M-24 24.0 - - - - - - - -
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Table 6. The results of construction vibration tests for the compaction.

) PPV (mm/sec)
Work  No-of Dli:gg‘ce Site 1 Site 2

1st 2nd 3rd Ave. Ist 2nd 3rd Ave.
M-1 1.0 9240 9136 7940 87.72 2098 1842 18.19 19.20
M-2 2.0 2170 1847 2632 22.16 1022 12.84 10.26 11.11
M-3 3.0 5.94 5.05 7.48 6.16 8.24 859 10.04 8.96
M-4 4.0 4.99 4.95 4.77 490 14.10 1398 13.77 1395
M-5 5.0 3.51 3.75 3.35 3.54 5.88 4.34 5.57 5.26
M-6 6.0 3.56 3.87 3.69 3.71 4.43 4.54 3.65 4.21
M-7 7.0 3.82 3.81 3.37 3.67 3.35 3.16 3.09 3.20
M-8 8.0 2.11 2.50 2.53 2.38 2.11 2.04 2.16 2.10
M-9 9.0 2.49 2.66 2.59 2.58 2.50 2.97 3.00 2.82
M-10 10.0 2.03 2.03 1.94 2.00 2.38 2.25 2.25 2.29
M-11 11.0 1.73 1.71 1.63 1.69 1.68 1.75 1.66 1.70
M-12 12.0 2.00 1.98 2.00 1.99 1.02 1.03 1.01 1.02
M-13 13.0 0.85 0.81 0.75 0.80 1.08 1.03 1.02 1.04
M-14 14.0 0.59 0.58 0.52 0.56 0.68 0.63 0.68 0.66
M-15 15.0 0.50 - - 0.50 0.57 0.53 0.57 0.56
M-16 16.0 0.46 0.46 0.46 0.46 0.56 0.55 0.53 0.55
Compaction M-17 17.0 0.27 - 0.26 0.27 0.37 0.34 0.43 0.38
M-18 18.0 0.29 - - 0.29 0.55 0.53 0.47 0.52
M-19 19.0 0.27 0.26 0.26 0.26 0.63 0.60 0.56 0.60
M-20 20.0 0.23 0.23 0.24 0.23 0.64 0.61 0.56 0.60
M-21 21.0 0.21 0.20 0.19 0.20 0.63 0.57 0.52 0.57
M-22 22.0 0.27 0.26 0.24 0.26 0.35 0.32 0.30 0.32
M-23 23.0 0.23 0.25 0.24 0.24 0.38 0.27 0.29 0.31
M-24 24.0 0.27 0.27 0.25 0.26 0.20 0.21 0.21 0.21
M-25 25.0 0.22 0.22 0.21 0.22 0.44 0.44 0.43 0.44
M-26 26.0 0.12 0.11 0.14 0.12 0.44 0.47 0.43 0.45
M-27 27.0 0.13 0.11 0.11 0.12 0.19 0.19 0.19 0.19
M-28 28.0 0.14 0.14 0.14 0.14 0.26 0.23 0.23 0.24
M-29 29.0 0.12 0.14 0.14 0.13 0.13 0.12 0.15 0.13
M-30 30.0 0.14 0.15 0.15 0.15 0.18 0.18 0.20 0.19
M-31 31.0 - - - - 0.18 0.17 0.16 0.17
M-32 32.0 - - - - 0.16 0.14 0.12 0.14
M-33 33.0 - - - - 0.14 0.12 0.11 0.12

M-34 34.0 ; ; ; - - - - -
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Fig. 3. The relationships between PPJV and distance for a van with various velocities.
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Fig. 5. The relationships between PPV and distance for a dump truck with various velocities.
Table 7. The derivations of PPV on distance and velocity for each type of cars.
Velocity Relational expression
(km/h) Van Bus Dump truck
20 - PPV =0.2429 x D% PPV =0.3470 x D™
30 - PPV =0.4868 x D**¥ PPV =10.6782 x D%
40 - PPV =0.7501 x D% PPV =1.1222x D"
50 PPV =0.2865 x D% PPV=12271 x D"** PPV=1.7141 x D%
60 PPV =0.3000 x D% PPV =1.4829 x D" PPV =2.0772 x D"’
70 PPV =0.3909 x D7 PPV =1.9644 x D% PPV =2.3289 x D%
80 PPV =0.4609 x D% PPV =1.7727 x D"¥° PPV =1.9805 x D"
90 PPV =10.6603 x D'” - -
100 PPV =0.6147 x D" - -

* PPV is vibration velocity (mm/sec) and, D is a distance (m) between the vibration source and the measuring
equipment.

Table 8. The derivations of PPV on vehicle velocities for each type of cars.

Distance Relational expression
(m) Van Bus Dump truck
1 PPV =0.0061 x V PPV=0.0236 x V PPV=0.0321xV
2 PPV=0.0032 x V PPV =0.0127 xV PPV=0.0160 x V
3 PPV=0.0023 x V PPV=0.0088 x V PPV=0.0107xV
4 PPV=0.0017 x V PPV =10.0068 x V PPV =0.0081 x V
5 PPV=0.0014 x V PPV =0.0056 x V PPV =0.0065xV
6 PPV=0.0012 x V PPV=0.0048 x V PPV =0.0054 x V
7 PPV=0.0010 x V PPV=0.0041 xV PPV=0.0046 x V

* PPV is vibration velocity (mm/sec) and, V'is a vehicle velocity (km/h).
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Table 9. The relationship among PPV, distance and velocity for three types of vehicles.

Vehicle Relational expression
Van PPV=0.0061 x D" x 1
Bus PPV=0.0236 x D™** x

Dump truck PPV=0.032x D" x 1

* PPV is vibration velocity (mm/sec), D is a distance (m) from the source to the equipment, and V'is a vehicle
velocity (km/h).

Table 10. Acceptable references for the vehicle velocity to thethe distance based on the PPV criterion of 0.07 cm/sec
for the heritage site.

Allowable vehicle velocity (km/h)

Distance (m)

Van Bus Dump truck
1 114.8 29.7 21.9
2 217.0 55.2 43.6
3 315.0 79.3 65.2
4 410.3 102.6 86.8
5 503.6 125.2 108.3
10 952.3 232.9 215.7

Table 11. The derivations of PPVs on distance for breaker and compaction engineering works.

Work Relational expression
Breaker PPV =107.66 x D*'”
Compaction PPV=71.19 x D7

* PPV is vibration velocity (mm/sec) and, D is a distance (m) between the vibration source and the measuring
equipment.
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Table 12. The results of weights and the vibration-excess radius by various types of construction equipments.

Type Of Constant Radius Of
Equipment Power (HP) Situation of operation weight influence
Work
a b (m)
>175 No load 0.54 57.03 -0.243 1.0
75~140 No load 0.50 52.06 -0.243 0.7
Backhoe No load 0.60 62.94 -0.243 1.4
140~280
Work 0.59 62.01 -0.243 1.4
= 280 No load 0.51 53.77 -0.243 0.8
No load 0.58 60.45 -0.243 1.2
Bulldozer 50~240
Work 0.82 86.09 -0.243 52
) Loader = 104 Drive 0.56 58.90 -0.243 1.1
G‘;i‘ril‘(“sg Grader 120~170 Work 0.54 5688  -0.243 1.0
Tandem roller =175 Work 0.51 53.77 -0.243 0.8
L Vibrationless work ~ 0.54 56.10 -0.243 0.9
Vibration roller =175 - -
Vibration work 1.09 114.69 -0.243 17.1
Tire roller =175 Work 0.39 40.87 -0.243 0.2
. Vibrationless work  0.64 66.67 -0.243 1.8
Tamping roller =5 —
Vibration work 1.06 111.42 -0.243 15.2
No load 0.67 70.40 -0.243 2.3
Compactor 180
Work 0.99 103.34  -0.243 11.1
No load 0.68 71.33 -0.243 24
Earth auger - Work 091 94.95 -0.243 7.8
Pile driving 0.81 85.01 -0.243 5.0
Foundation Pile driver Work 1.10 114.84  -0.243 17.2
works Vibration pile driver Work 1.01 105.52 -0.243 12.1
Small size Boring machine Work 0.72 75.68 -0.243 3.1
. . No load 0.37 38.70 -0.243 0.2
Boring machine
Work 0.66 69.31 -0.243 2.1
Idle Running 0.39 40.72 -0.243 0.2
Concrete C"ncrf;‘;p“mp 305~340 No load 044 4647  -0243 0.4
works Work 0.49 51.75 -0.243 0.6
Concrete finisher Work 0.50 52.53 -0.243 0.7
No load 0.38 39.47 -0.243 0.2
Pavement Asphalt finisher
works Work 048 5066  -0.243 0.6
Destruction <500 kg Work 0.86 89.98 -0.243 6.3
anddemoliti Breaker No load 0.56 58.74 -0.243 1.1
on works = 500 kg
Work 1.01 106.30  -0.243 12.5
No load 0.40 42.27 -0.243 0.3
Etc. Crane -
Work 0.47 48.80 -0.243 0.5

* Relational expression : dB(V)=a x D
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dB(V) = 104.82 x D**¥ )

*dB(V) is vibration level and, D is a distance
(m) between the vibration source and the meas-

uring equipment.
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