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Development of a Virtual Reality-Based Blasting Vibration Simulator
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"Department of Future and Smart Construction Research, Korea Institute of Civil Engineering and
Building Technology
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Abstract The new subway project called "Great Train Express" is in progress. The vibration and noise
generated during the tunnel excavation in the city center are uncomfortable for nearby residents. The
construction company prepares for this situation by establishing a noise and vibration management plan
at the site from the construction planning stage through consultation with the residents of nearby areas
and establishing countermeasures for complaints raised. On the other hand, despite establishing a noise
and vibration management plan, civil complaints have not been fundamentally resolved due to the noise
and vibration occurring during construction. One of the best solutions is to provide noise and vibration
simulation technology with a high sense of reality and immersion for residents of nearby areas.
Therefore, this study developed a blast vibration simulator that can directly experience blast vibration
based on virtual reality, increasing the sense of reality and immersion. These results are expected to be
effective in establishing a tunnel excavation plan in the city center and responding to civil complaints

in the future.
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Table 1. Key Requirements

The Subject of
No Key Requirements . X ) .
investigation
Constructor,
Re.1 |Check the contents of the complaint
Owner
Re.2 Implement simulations for Constructor,
' experience scenarios Owner
Monitoring function that enables
Re.3 . Constructor
construction management
Re.4 Convenience and ease of Constructor,
' functionality User
Re.5 Ability to experience depending on Constructor,
' blasting point User
Setting feature to select on-site
Re.6 & X Constructor
attributes
Capability to analyze results in a
Re.7 P 4 X V! Constructor
variety of ways
Re8 Ground 3D modeling configuration Constructor,
| setting function around blasting Engineer
Experience based on measurement
Re.9 P . R . User, Engineer
point and viewpoint
Re.10 Optimized UI design process for Constructor,
’ ease of usability and accessibility Engineer, User
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Table 2. UI by key requirements

No Key Requirements
Re.l Main UI
Re.2 User Ul
Re.3 Blasting confirmation UI
Re.4 main Ul
Re.5 User UI
Re.6 User UI
Re.7 Result UI
Re.8 Blast point confirmation Ul, blast confirmation Ul
Re.9 User Ul
Re.10 Ul design process
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Fig. 2. UI design process
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Fig. 3. Blast Vibration Simulation UI
(a) Main UI (b) User option selection UI (d) UI in VR
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Fig. 4. Virtual Reality-Based Blasting Vibration
Simulator
(1) Main equipment (2) Vibration transmission
medium plate (3) Server case (4) Monitor (5)
HMD (6) VR controller (7) Base station
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(Eq D).
D
V=K(D(—)"") 0]
W
Where, V denotes ground vibration velocity

(mm/sec, cm/sec, Kine), D denotes distance from
the radiation source to the station object(m), W
K and

denote position constant determined by ground

denotes power factor(kg/Delays), -n

conditions and b denotes poer factor index(1/2
or 1/3 Square or Cube Root Scaled).
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Table 3. Overview of Blasting Data Measurement

Test
Contents
Site Mandeok-Centum underground highway
Measurement 1 Multiplex housing(J Village)
site 2 Mart(S Mart)
Date 2022.9.9. ~ 2022.9.30.
Mezlisuring HLS-01
equipment »
Number of 6
measurements
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Table 4. Overview of Qualitative Verification

Contents

3

Site Manager

Evaluator

5

(1) Similarity of Blasting Vibration Experience
(2) Similarities in Virtual Reality Space
(3) Overall evaluation

Resident

Evaluation
Items
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Table 5. Result of Blasting Data Measurement Test

measipe |Distance | Deptn {_Yalue Gun/sed) | S28ree o0
ment (m) (m) Site | Simulator %)
60 1.71 1.83 92.98
J Village 80 1.25 1.35 92.00
100 0 0.77 0.74 96.10
60 1.43 1.50 95.10
S Mart 80 1.30 1.41 91.54
100 0.70 0.68 97.14
5.2.2 HE™ 45 AN
B84 A% A= b= ZHTable 6).

Table 6. Result of Qualitative Verification

Items Values

Similarity of Blasting

Vibration Experience 24

Similarities in Virtual

Reality Space 41

Overall evaluation
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