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A Study on the Behavior of Blasting Demolition for a Reinforced Concrete

Structure Using Scaled Model Test and Particle Flow Analysis
Hee Moon Chae and Seokwon Jeon

ABSTRACT. In this study, a comparison was made between the resulting behaviors of scaled model test and particle flow
analysis for blasting demolition of a reinforced concrete structure. For the test and analysis, a progressive failure of a
five-story structure was considered. The dimension analysis was carried out to properly scale down the real structure into
the laboratory size. The test model was made of the mixture of gypsum, sand and water along with soldering lead to
analogy reinforcing steel bars. The ratio of mixing components was chosen to best represent the scaled down strength and
deformation modulus. The columns and girders of the structure were precasted in the laboratory and assembled right before
the blasting test. The numerical analysis of the blasting demolition was camried out using PFC2D (Particle Flow Analysis
2-Dimension by Itasca). The results of the blasting of concrete lahmen structure showed roughly identical demolition
behavior between scaled model test and numerical test. For the blasting of the reinforced concrete structure, the results were
more identical and closer to the real demolition behavior, since the demolition behavior was better represented in this case
due to the increased tensile strength of the component.
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Table 1. Scale factor for concrete model.

Physical Property Dimension Real model Scaled mode] Scale
Length [L] beam length : 4 m [beam length : 0.4 m 1/10
Mass [M] 1/1440
Time 1] 1/3.16
Density ML?] 24 g/om’® 1.72 glem’ 1/1.4
Young's modulus [ML"TZ] 25,097 MPa 1,743 MPa 1/144
Uniaxial )
compressive strength ML'T? 243 MPa 1.69 MPa 1/14.4
Acceleration LT 1
Poisson's ratio 1
Table 2. Scale factor for reinforcing bar model.
Physical Property Dimension Real model Scaled model Scale
Length L] diameter: 20 mm diameter: 2 mm 1/10
Mass M] 1/930
Time {1 1/3.16
Density ML?] 7.85 glem’ 84 glem’ 1/0.93
Young's modulus ML'T?] 208,163 MPa 22,359 MPa 1/9.31
Yield stress ML'T?) 428 MPa 46 MPa 1/9.31
Acceleration LT 1
Poisson's ratio 1
Table 3. Material properties for the scaled model test.
Composition Compressive strength | Tensile strength | Young's modulus| Density
(%) (MPa) (MPa) (MPa) (g/em3)
Concrete  [S(37) P(30) W(33) 1.64 0.31 253 1.72
Steel bar Pb(37) Sn(63) - 49 40,000 8.40
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(a) Model #1 (b) Model #2  (c) Model #3
Fig. 1. Sections of beam (40x26) and column
(40%40) for 3 types of test models (unit: mm).
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(b) Plane view
Fig. 2. Front and plane view of scaled model

structure (unit: mmj.
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(@) Joint intersections of beams and columns in
the model #1
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(b) Joint intersections of beams and columns
with slab in the model #2
Fig. 3. Detailed drawing of joints for scaled

model structure (unit: mm).
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Table 4. Material properties used in PFC2D model #1 test.
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Mechanical properties Scaled modell Input parameters PFC2D model |(B-A/)Ax100
Prop properties (A) for PFC2D analysis | properties (B) (%)
Compressive strength (MPa) 1.63 N bond = 66 (N) 1.59 -2.45
- S bond = 21.12 (N)
Tensile strength (MPa) 0.31 Kn = 1.01x107 (N/m) 0.25 -194
Beam )
Young's modulus (GPa) 0.25 Ks = 0.99x106 (N/m) 0.24 4.00
Friction = 0.5
Density (kg/m’) 1,720 Density = 1,992 (kg/m’) 1,720 -
Compressive strength (MPa) 251 N_bond = 97 (N) 2.38 +1.28
) S_bond = 31.04 (N)
Tensile strength (MPa) 0.48 Kn = 1.72x107 (N/m) 0.40 -24.5
Column )
Young's modulus (GPa) 0.39 Ks = 1.69x106 (N/m) 0.40 +2.56
Density = 3,066 (kg/m’)
Density (kg/m") 2,724 Friction = 0.5 2,724 -

Table 5. Reinforced concrete properties used in PFC2D model test.

Model N_bond (N) S bond (N) | Kn (N/m) | Ks (N/m) | Friction | Density (kg/m)
Model #1 66 21.12 1.01x107 | 0.99x106 0.5 1,992
Model #2 251.3 138.2 0.3x107 | 0.165x107 0.5 1,992
Model #3 308.5 169.7 0.48x107 | 0.264x107 0.5 1,992
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Table 6. Blasting results of scaled model #1.

Scaled |[Numerical
model model
Interval 250 ms ) 250 ms
Number of blasted columns
Sr75(Isr 78
Total number of columns

Time for complete explosion | 500 ms | 500 ms
Time for camplete collapse ,
“w ® 1,800 m%2,480 ms
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Fig. 4. Sequence of blasting demolition for scaled model #1.
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(a) Blasting process in the scaled model #1
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= 1500 ms t = 1800 ms
(b) Blasting process in the numerical model #1

Fig. 5. Process of blasting demolition for model #1.
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Fig. 6. Result of blasting demolition for scaled
model #1.
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Fig. 7. Sequence of blasting demolition for scaled model #2.
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(a) Blasting process in the scaled model #2 (b) Blasting process in the numerical model #2

Fig. 8. Process of blasting demolition for model #2.
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