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Numerical Study on Ground Vibration Reduction Performance of
Concrete Drainage Protection Facility

Seung-Won Jung, Jung-Gyu Kim, Jun-Ha Kim, Khaqan Baluch, Jong-Gwan Kim

Abstract In this study, a series of FEM numerical analyses was conducted to compare the resistance
performance of concrete drainage protection facility to blast vibration. Two different types of w=-shaped
protection facility, which are suggested in the study, were compared to the traditional t-shaped one. In
the analyses, the vibration resistances of the three protection facilities were evaluated under the varying
conditions of the standoff distance from the explosion and charge weight per delay. As a result, it was
found that the two proposed types of drainage protection facilities are superior to the traditional one in
the vibration reduction performance.
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Fig. 1. Overall construction site.



(a) A-A section

Fig. 2. Different sections of numerical analysis.
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Fig. 3. Normal and proposed protection shield types.
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(b) B-B section

(b) Suggestion 1(A type)

Measurement

(a) Model using normal protection type

Fig. 4. Example of shield models.

(¢) C-C section

(c) Suggestion 2(B type)
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Table 1. Ground and concrete properties((5%) who]tl2o}o]
E], 2015, ?1AZ 2], 2019)

Material Rock | Concrete
Model Mohr - Coulomb
Young’s modulus [KN/m?]| 65,000,000 29,600,000
Poisson’s ratio 0.24 0.25
Unit weight [kN/m’] 25 23
Cohesion[kN/m’] 300 7800
Friction angle[deg.] 35 47.5

Table 2. Separation distance(m) and charge weight per delay
(kg/delay) of TYPE I

Excavation Separation distance | Charge weight per
method [m] delay [kg/delay]

1 0.001

2 0.004

3 0.009

4 0.016

5 0.026
TYPE I 6 0.037

7 0.05

8 0.066

9 0.083

10 0.103

11 0.124

Table 3. Separation distance(m) and charge weight per delay
(kg/delay) of TYPEI

Excavation Separation distance | Charge weight per
method [m] delay [kg/delay]

12 0.148

13 0.174

14 0.202

15 0.231

16 0.263
TYPEII 17 0.297

18 0.333

19 0.371

20 0.411

21 0.454

22 0.498
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(a) Blast load wave pressure-time graph of TYPE I

Fig. 5. Blast load wave pressure-time graph of different types.

Table 4. Blast load input data and explosive types
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(b) Blast load wave pressure-time graph of TYPEII
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Excavation method TYPE I TYPEI
LoVEX NewMITE Plus
Explosive (032 mm, (¥32 mm,
0.09 kg/ea) 0.25 kg/ea)
Velocity [m/sec] 3,400 5,700
Density [g/cm’] 0.78 1.2
Charge weight per 0.124 0.498
delay [kg/delay]
Hole [mm] 51
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Fig. 6. Process of numerical analysis.
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Table 5. Results of numerical analysis for TYPE 1

A-A B-B C-C
section section section
Excavation method TYPE I
Separation distance [m] 11
PPV [mm/s] 9873 | 8961 | 9476

PPV[MM/SEC]

TIME(SEC)
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Fig. 7. PPV graph of A-A section.
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Fig. 9. PPV graph of C-C section.
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Table 6. Results of numerical analysis for TYPE I

A-A section B-B section
Excavation method TYPE I
Ch ight del
arge weight per delay 0.124
[kg/delay]
Separation distance [m] 11
. A B A B
Type of protection
type | type | type | type
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Fig. 10. Analysis results of PPV.
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Table 7. Results of numerical analysis for TYPE II

A-A section | B-B section
Excavation method TYPEI
Charge weight per delay 0.498
[kg/delay]
Separation distance [m] 22
PPV [mm/s] 9.897 8.998

PPV[MM/SEC]

TIME(SEC)

T

Fig. 11. PPV graph of A-A section.
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Fig. 13. Analysis results of PPV.
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Table 8. Results of numerical analysis for TYPE II

A-A section ‘ B-B section
Excavation method TYPEI
Ch: ight
arge weight per 0.498
delay [kg/delay]
S ti dist
eparation distance ”
[m]
Type of protection | A type | B type | A type | B type
PPV [mm/s] 9.338 | 9.458 | 8.509 | 8.619
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Table 9. Evaluation of separation distance(m) and charge per delay(kg/delay)

. . Conversion Conversion
Excavation method Section Type . . .
separation distance [m] charge weight per delay [kg/delay]
AA A 11.56(+0.56) 0.138 (+0.014)
B 11.45(+0.45) 0.135 (+0.011)
TYPE I
BB A 12.43(+1.43) 0.159 (+0.035)
B 12.31(+1.31) 0.156 (+0.032)
AA A 23.15(+1.15) 0.552 (+0.054)
B 22.93(+0.93) 0.542 (+0.044)
TYPEI
BB A 24.83(+2.83) 0.635 (+0.137)
B 24.59(+2.59) 0.623 (+0.125)
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