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Abstract

The problem identified by research is the effects of blast loading on RCC structures. A comprehensive parametric study was conducted on RCC
structure using the 3-D element model. In the analysis and design methodologies structures are subjected to blast loads with the understanding
of blast phenomena and the dynamic response of various structural elements. This gives an parametric overview of the effects of blast effects on
structures. Here in this paper, we are dealing with the blast force and its impact on the RCC structures. The blast pressures i.e. reflected blast
pressure and overpressure have been evaluated. From this values blast forces have been evaluated. The values coming after displacement shows
that as the floor height increases, deflection caused due to blast effect decreases. The result also shows relevant bending moment, shear force,
axial forces. Deflection, axial force values of blast forces for charge 1500 kg at standoff distance 30 m is greater. Hence it has been concluded.
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Introduction

The blast effects of an explosion are in the form of a shock wave composed

of a high intensity shock front which expands outward from the surface of the
explosive into the adjoining air. As the wave expands, it decays in strength,
lengthens in duration and decreases in velocity. This phenomenon is causedby
spherical divergence as well as by the fact that the chemical behaviour of
Reinforced Concrete Framed Structure Subjected to Blast Loading reactionis
completed, except for some afterburning associated with the hot explosion
products mixing with the surrounding atmosphere [1-4]. The one-third portionof
the chemical energy available in most high explosives is discharged during the
ignition process. The residual two-third portion is discharged slowly as the
detonation products combine with air and burn. This afterburning developmenthas
slight effect on the initial blast wave because it happens much slower than the
original detonation process [5-9]. On the other hand, the next stages of the blast
wave can affect by the afterburning, especially for blasts in confined spaces. As
the shock wave spreads out, pressures reduce quickly owingto geometric
divergence and the consumption of energy in heating the air. Pressures also
decrease rapidly over time and have a very short period ofsurvival, calculated
in milli-seconds. An explosion can be envisaged as a sphere of extremely
compressed air that attains balance after expansion.

Explosive events mainly originate from terrorist attacks targeting civilian or
commercial structures. However accidental events such as explosions in
storage facilities or gas explosions also occur from time to time at the oil refineries,
petrochemical plants, gas gathering plants etc. Hence, it is essentialto estimate and
predict the effects of explosions and provide designs to protect structures against the
potential explosive events. Explosions generated using the redistribution of
subatomic particles is considered as nuclear explosions [10-15]. Basically there are
two types of nuclear reactions namely “fission” and “fusion”. Fission is the splitting of
heavy atoms and Fusion is the joining of small & lightweight atoms that were used
for nuclear explosions. The magnitude of energy released from a nuclear explosion
is several orders of magnitude higher than the energy released from a physical
explosion. Therefore, a small nuclear explosion can be much more devastating
than an industrial level physical
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explosion. Creating a nuclear explosion requires highly skilled personnel and
technology hence, it is quite rare for these to be used to target civilian and
commercial structures [15-19].

Research Methodology

The development of an RCC framed model is detailed first and then the
verified model is used an analysis tool to investigate the performance of
building against explosion. The RCC Structure is also then analyzed forseismic
load with zone V. The blast loading assessment is done by Time history
analysis. The values of force and time are calculated from code UFC 3-340-02
(Figure 1).

Model Description Number of storey = G+6 Storey, floor to floor height
being @ 3.00 meters.

Number of spans in x Direction = 5 (3.00 meters each), Number of spansin Z
direction = 7 (3.00 meters each), Slab thickness being 125 mm.

Grade Concrete = M25.
Steel for reinforcement = Fe 415.

Steel for reinforcement Blast charge = 500 kg, 1000 kg and 1500 kg. The
values of the different blast charges were calculated and are listed in Tables 1-3,
these values are calculated for a span of 3.00 m.

Computation of blast loading for a seven storied framed
structure

The study has been taken for the seven storied structures. Computationof
blast loading for a five storeyed RCC structure has been carried out for the
three cases of blast loading. Four categories of structure are considered
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Figure 1. Plan of the 7 storeyed RCC structure.
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Table 1. Blast parameters for W = 500 kg with different values of stand-off distance “R”.

R (m) 1(ft/Ib1/?) Pr (psi) Pso (psi)
20m 5.97 92 30
30m 8.96 31 13
40m 11.95 21 8.5

Table 2. Blast parameters for W = 1000 kg with different values of stand-off distance “R”.

R (m) Z(ft/Ib1/3) Pr (psi) Pso (psi)
20m 4.74 190 50
30m 7.11 60 20
40m 9.48 28 10.10

Table 3. Blast parameters for W = 1500 kg with different values of stand-off distance “R".

R (m) Z(ft/Ib1/3) Pr (psi) Pso (psi)
20m 414 300 70
30m 6.21 90 30
40m 8.28 39 15

as per IS code 4991:1968 for blast resistant designing purposes. In the first
case the equivalent TNT charge weight W has been taken as 500 Kg and the actual
effective distance from explosion ie., “R” is taken as 20 m, 30 m, and 40 m. In the
second case W has been taken as 1000 Kg and “R” as 20 m, 30m, 40 m, in the
third case charge weight W has been taken as 1500 Kg and“R” is again varied
as 20 m, 30 m, and 40 m. Height of building is 21.00 m.The plan and elevation of
the building is shown below: Then the analysis is done. The results are discussed
along with the comparative studies between blasting and seismic. Conclusion of
the study has also been discussed (Table1 and Figures 2-4).

Load combination for design in compliance with IS: 4991
- 1968

Wind or earthquake forces shall not be assumed to occur simultaneously with
blast effects. Effects of temperature and shrinkage shall be neglected.

Live load on floors shall be considered as per IS: 875 - 1987 depending
upon the class of building. No live load shall be considered on roof at the time of
blast (Tables 2 and 3).

Load combination = 1.5 DL + 1.5 LL + 1.5 Blast Load.
Blast pressure parameters as per UFC 3 - 340 - 02
Computations

W =500 kg or 1102.3 Ibs.

Standoff distance at ground = 20.00 m or 65.61 ft. W” =1.2X 1102.30 Ibs
=1322.76 Ibs.

Scaled Distance, Z = R/NW =5.976 ft/NIb Values of Pr, Pso, ta:

Peak Reflected Overpressure, Pr =92 psi Peak Static Pressure, Pso = 30 psi
ta/NW=1.7

Arrival time, ta = 18.66 milli-sec. to/NW = 1.7

Duration of Positive Blast Wave, to = 18.66 milli-sec. Z at 3.00 m height
=6.042 ft /NIb.

PeakReflected Overpressure, Pr=90 psi, Peat Static Pressure, Pso =28 psi,
ta/NW=1.8,
Arrival time, ta = 19.75 milli-sec, to/NW = 1.9, Duration

of Positive Blast wave, to = 20.85 milli-sec

Results

Variation of blast pressures and their displacement is described in Figures
5-7.
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Figure 2. Elevation of the 7 storeyed RCC structure.
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Figure 4. STAAD Pro model showing blast forces acting on the nodes.
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Figure 5. Displacement in mm at each floor for charge 500 kg.
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