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Collapse Simulations of High-Rise RC Building Using ELS Software
and Application of Explosive Demolition Methods to Transition Process
Analysis from Local Damage to Progressive Collapse

Hyon—Soo Kim, Hoon Park, Seung—Kon Kim, Yeon—Gyu Lee and Sang—Ho Cho

Abstract Progressive collapse analyses of high-rise buildings subjected to abnormal loading such as fires, impacts,
earthquakes, typhoon, bomb blasts etc. are intended. However it is difficult to perform collapse experiments of the
real scale building to determine the capacity of the structure under an extreme loading events. In this study, collapse
behavior of a 15 story RC structure building loaded by external explosion pressures were simulated using Extreme
Loading Structures (ELS) software. The standoff distance between the RC building and explosives of 1500 kg was
1, 2, 5, 10, and 15 meters. The explosive demolition analysis techniques based on removal of partial support
structures following blast scenario was adapted to investigate the transition process of progressive collapse-local
damage.
Key words External explosion, Progressive collapse, Extreme Loading Structures (ELS), High-rise RC building, Load
alternated path
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Fig. 1. Element connectivity springs representing volumes.

Table 1. Degree of freedom (DOF) for different types of analysis

Case Sample

Active DOF

2-D Analysis in X-Z 2-D Multi strory frame

Ux, Uz, Ry

Grid in X-Y Floor, slab or Raft

Uz, Rx, Ry

General 3-D problem 3D multistory structure

Ux, Uy, Uz,
Rx, Ry, Rz
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(b) Bird-eye view of RC building

and 3D model of 15 story RC building(unit: m).

Property Concrete Reinforcement Brick

Young's modulusb (MPa) 2.46x10" 2.04x10° 2.0x10*

Shear modulus (MPa) 9.84x10° 8.15x10* 8.0x10°
Tensile strength (MPa) 3 3.6x10 1
Compressive strength (MPa) 40 3.6%10 10

Specific Weight (kg/m3) 2,500 7,840 1,800

Table 3. Rebar properties of analysis models

Bar Bar Diameter | Area | Weight per unit
Number | Number (mm) (mmz) (ke/m)
(USA) | (KOR) &

#3 D10 9.5 71 0.56

#4 D13 12.7 129 1.00

#5 D16 159 199 1.56
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Table 4. External explosive location and calculated explosion pressures
CASE Distance Arrival time Duration Explosive Peak pressure
(m) (s) (s) weight (kg) (MPa)
1 1 0.000091 0.002434 1500 6.66x10"
2 2 0.000254 0.002434 1,500 3.22x10"
3 5 0.001068 0.003108 1,500 7.00x10°
4 10 0.003574 0.01190 1,500 1.51x10°
2 5 15 0.007638 0.026479 1,500 5.17x10°
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Fig. 9. Failed elements on the 1st floor (Case 1).
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Model No.

Bird-eye view of 1st floor

Partial reinforcement

Case 1 model

None

Model 1 Increasing strength of both side walls
Model 2 Increasing thickness of column as 2 times
Model 3 Increasing slab thickness

as 2 times
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Fig. 10. Simulated demolition results (snapshots after 3sec calculation).
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