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Abstract:- The impact of the blast load on the structure
due to the increase of terrorist activities is a serious
issue causing failure of the buildings and loss of life.
Depending upon the location of blast within or nearby
buildings the structure undergoes ravaging failure due
to explosion. In the present study, G+5 storeyed
building is subjected to 200, 400 and 600 kg charge
weight of the blast load with a standoff distance of 20,
40 and 60m. IS:4991 — 1968 is used to determine the
blast parameters. The time history analysis is carried
out using ETABS 2016 software. The response of the
structure is determined in terms of displacement v/s
time, velocity v/s time and acceleration v/s time, storey
drift, column forces and storey displacement.
Depending on the source of the blast load and the
charge weight of the explosive, response of the building
and safe standoff distance is found. To make the
building more resistible for blast load, various
structural systems like shear wall and steel bracings are
implemented.

Keywords:- Blast load; Standoff distance; Charge Weight,
ETABS 2016.

I INTRODUCTION

Due to the increase in terrorist and explosion
activities and even the natural activities, their effect on the
structure has become a serious issue which leads to damage
of the structures, death of people and economical loss as
well. An explosion is a chemical response that releases
large amount of energy and hot gases consisting of loud
sound and a bright flash. It occurs within a few seconds of
duration resulting in release of high temperature and
pressure. In many countries, considering blast effects in the
structural analysis and other techniques are initiated in
order to protect the structures and build environment. An
explosion, depending on the occurrence of blast i.e., near or
far from the structure, can cause ruinous damage to the
internal or external frames of the structure. Thus, special
care should be taken in designing the structures considering
the blast load effect.

» The classification of blast loads is done based on the
confinement of explosives as two types;

Confined Explosion and Unconfined Explosion. The
confined explosion is further classified into three types
depending on the area of confinement as Fully vented
explosion, Partially vented or confined explosion and Fully
confined explosion. There are three types of unconfined
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explosion based on the standoff distances as Air Blast, Free
Air Blast and Surface Air Blast.

M.T.R Jayasinghe et al. (2010) studied the non-linear
dynamic response of the tall buildings with and without
setbacks. The 20 storey buildings is considered for the
study which is designed for imposed load, dead load and
wind load. Time history analysis is carried out using SAP
2000 for the buildings with 500kg charge weight of the
blast. Storey drift, peak deflection, acceleration and
bending moments are obtained. Great variations are
observed in the response near the setback storey level due
to the blast load. Placement of the shear wall in the face of
the building effecting by the blast load improves the
strength of the building decreasing the damage of the
structure. Aditya C. Bhatt et al. (2013) have conducted a
comparative study of four storey building subjected to both
blast load and earthquake load using ETABS software.
Linear time history method is carried out for the analysis.
Displacement of the structure subjected to blast load is very
high due to high intensity of blast load compared to the
earthquake load and very high variation in different storeys.
In case of structures subjected to earthquake load,
displacement proportionally increases. Quantity of concrete
used for EQ resisting building is 40% less than blast
resisting building. Safe standoff distance and charge
explosive for earthquake resistant RC building is obtained
using trial and error method. Helen Santhi.M et al. (2013)
have investigated the dynamic response of the space
framed structure due to blast load. A type of fibre
reinforced concrete (FRC) with high fibre content is used
as an alternative of RCC which is SIFCON (Slurry
Infiltrated Fibre Reinforced Concrete) having high strength,
ductility and energy absorbing capacity. Using SAP2000
software the models are developed and time history
analysis is carried out for blast load. The displacement time
history response of the model with SIFCON and RCC was
compared and the capacity of the SIFCON frame was
observed to be better than RCC frame under blast load with
the reduction in displacement of about 25 to 30%. A.V.
Kulkarni and Sambireddy G, (2014) studied the response of
the high rise building subjected to blast load. SAP 2000
software was used for the modelling of the building and to
know the lateral stability of the building due to blast load.
Two different charge weights of around 400kg and 800kg
were considered with Sm and 10m standoff distances. Non-
linear modal analysis was carried out to know the response
of the building. The primary parameters obtained were total
drift and inter-storey drift. The standoff distance and blast
source point was the important parameter in the study. The
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building with irregular geometry showed maximum drift
than the regular infill frame building. Jiji Madonna et al.
(2016) have carried out the analysis of the high rise RCC
building subjected to blast load. Both regular and irregular
buildings are considered for the analysis with two different
standoff distances and charge weight. The blast parameters
are obtained using ATBlast software and the results are
compared by using ETABS software. It is observed that the
storey drift increases with the decrease in the standoff
distance. The effect of the blast load is more in the lower
storeys when compared to higher level storeys. The
response of regular buildings is better than the irregular
building against the blast load.

1l BLAST LOAD PHENOMENA AND

INTERACTION

When the blast occurs at a location there will be a
huge amount of hot gases released which is the compresses
the surrounding gases and travels away from the blast
source with higher velocity. The distance between the blast
source point and the structure is called as the standoff
distance. As the blast wave travels away from the blast
source the pressure or the intensity of the wave goes on
reducing and due to this the effect on the building with
higher standoff distance will be less and the time duration
required to reach the building is reduced. The Fig.1 shows
the blast wave propagation curves depending on the

International Journal of Innovative Science and Research Technology

pressure and distance from the explosion or the blast source.
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Fig. 1:- Blast Wave Propagation

A blast wave generated during an explosion spreads
through the surrounding air and due to which a shock front or
wave is created. This shock wave created surround the entire
building subjected to blast pressure.

The factors affecting the blast load are the material type,
weight of the explosive, amount of the energy released during
the blast, distance between the detonation point and the structure
called as standoff distance and intensity of the pressure released.
The Fig.2 below shows the interaction of blast wave with the
building.
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Fig. 2:- Interaction of blast wave with building

2.1 Typical Blast wave Pressure-Time history curve

Fig. 3 shows the typical blast wave pressure-time
history curve. Initially, when the explosion takes place
during the arrival time of the blast wave, the pressure
present in the surrounding is equivalent to the Ambient
pressure (Po) and then it suddenly rises to Peak pressure
(Pso) in the fraction of second which is in the time (tA)
when blast wave reaches the structure. To achieve the peak
pressure the time required is very small and thus it is taken
as zero during the design. This peak pressure is also called
as side-on overpressure and it decreases with the increase

IJISRT19JU555

Www.ijisrt.com

in the standoff distance from the blast source. And this
eventually becomes equal to the ambient pressure with time
duration (tA + to + to) which is called as negative phase
duration which is longer than the positive phase duration.
During this negative phase duration, the building or the
structure is subjected to suction forces which results in
failure of facade of the building such as glass segments or
windows lying outside the building. This negative phase of
the curve is neglected during the design as its effect on the
structure is less when compared to the positive phase of the
pressure time history.
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Fig. 3:- Pressure-Time History Curve
1. METHODOLOGY marginal error of 2.02% which is acceptable. Thus, the

In the present study, six storey RCC building is
considered and is subjected to surface blast of 200kg,
400kg and 600kg charge weight of explosive. The building
is having a plan dimension of 14 x 14 m with bottom storey
height as 3.5m and typical storey height of 3m each. It is
analyzed using ETABS software for different standoff
distances of 20m, 40m and 60m from the front face of the
building. The peak reflected overpressure obtained from
1S:4991-1968 is multiplied with the tributary area and this
blast load is applied as the joint load on the joints of the
front face of the building in the ‘x’ direction and time
history method is carried out. The safe standoff distance is
determined at which the effect of blast reduces by trial and
error method. The response of the building with blast
source of varying distances is determined by creating
different models to obtain efficient blast resistant system.

Model: X and Y direction = 4 bays, 2 bays spaced 4m and
other 2 spaced 3m
Material Properties: Density of concrete
Density of steel = 78.5 kN/m3
Grade of concrete = M30, Grade of rebar (steel) = Fe500
Sectional Properties: Beam = 300mm % 450mm, Column =
450mm x 450mm and Slab = 150mm
General loading: Live load (IS 875, part 2) = 3 kN/m2
(floor) and 1.5 kN/m2 (roof)

Floor finish load
proofing (roof) = 1.5 kN/m2

25 kN/m3,

1 kN/m2, Water

The validation of the ETABS software is been carried
by doing seismic analysis of the G+5 storey building taken
for the study. The storey shear and base shear obtained by
the end of the analysis in the software is compared with the
values obtained by manual calculation and table it is seen
that the ETABS software values of base shear and storey
shear agree with the theoretical values with a slight
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further work of the project is carried out using ETABS
2016 software.

Fig. 4 and 5 below shows the 3D view and plan
respectively of the building considered for the study.

Fig. 4:- 3D view of building
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Fig. 5:- Plan of building
WwWw.ijisrt.com 558


http://www.ijisrt.com/

Volume 4, Issue 6, June — 2019

International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

Joint | F.L |Z(om) |z (4om) |z eom) (2opm) ( 4opm) (6g’m) Amt | Feom) | 40Fm) F (60m)
1 32 | 684 | 1026 | 317 73 388 | 700 | 2219 511 | 2716
2&4 | GL | 349 | 687 | 1028 | 300 | 725 | 387 | 613 | 1839 | 4444 | 2372
3&5 362 | 694 | 1033 | 2718 | 7.3 | 385 | 263 | 7148 | 1875 | 1013
1 347 | 687 | 1028 | 305 | 725 | 387 | 130 | 3965 | 9425 | 503.1
2& 4| 1 354 | 689 | 1029 | 289 | 722 | 387 | 1138 | 32888 | 8216 | 4404
3&5 367 | 697 | 1035 | 264 | 708 | 385 | 48 | 12883 | 3455 | 187.9
1 360 | 693 | 1032 | 275 | 715 | 386 | 120 | 3300 858 | 463.2
2& 4| 2 366 | 696 | 1034 | 2656 | 71 385 | 105 | 27888 | 7455 | 4043
3&5 379 | 703 | 1038 | 245 | 69.8 | 384 | 450 | 11025 | 3141 | 1728
1 379 | 703 | 1038 | 245 | 69.8 | 384 | 120 | 2040 | 8376 | 46038
2&4 | 3 385 | 706 | 1041 | 2358 | 693 | 383 | 105 | 24759 | 7277 | 4022
3&5 397 | 713 | 1046 | 2207 | 681 | 381 | 450 | 99315 | 3065 | 1715
1 203 | 716 | 1048 | 2145 | 676 | 381 | 120 | 2574 | 8il2 | 4572
2&4 | 4 | 409 | 719 | 1050 | 2083 | 672 | 380 | 105 | 21872 | 7056 | 399
3&5 421 | 727 | 1055 | 1959 | 658 | 378 | 450 | 88155 | 2961 | 170.1
1 433 | 734 | 1059 | 1835 | 646 | 377 | 120 | 2202 | 7752 | 4524
2&4 | 5 | 438 | 737 | 1062 | 1784 | 641 | 376 | 105 | 18732 | 6731 | 3948
3&5 49 | 743 | 1066 | 167 | 631 | 375 | 450 | 7515 | 2840 | 168.8
1 466 | 754 | 1074 | 1553 | 614 | 372 | 600 | 9318 | 3684 | 2232
2&4 | 6 | 411 | 757 | 1076 | 152 | 610 | 371 | 525 798 | 3203 | 1948
3&5 481 | 763 | 1080 | 1454 | 602 | 37.0 | 225 | 3272 | 1355 | 833

Table 1:- Pressure and Joint load acting on the front face of the building due to explosive weight of 200kg at 20m, 40m and 60m

standoff distance

Joint | F.L |Z@om) |z om) |z (@0m) (2§m) ( 4g’m) (ﬁg’m) Am | F@om) | 40Fm) F (60m)
1 2714 | 543 | 8L4 | 573 | 1127 | 547 | 700 | 4011 | 7889 | 3829
2&4 | GL | 277 | 546 | 8l6 | 5434 | 1114 | 546 | 613 | 3331 | 6829 | 3347
3&5 288 | 551 | 820 | 4844 | 1092 | 543 | 263 | 1274 | 2872 | 1428
1 276 | 545 | 8L6 | 5488 | 1118 | 546 | 130 | 71344 | 1453 | 709.8
2&4 | 1 281 | 548 | 8L7 | 5219 | 1105 | 545 | 1138 | 59392 | 1257 | 6202
385 201 | 553 | 821 | 4683 | 1084 | 542 | 488 | 22853 | 5289 | 2645
1 289 | 550 | 820 | 479 | 1096 | 543 | 120 | 5748 | 1315 | 65L6
284 | 2 201 | 553 | 821 | 4683 | 1084 | 542 | 105 | 49172 | 1138 | 569.1
3&5 301 | 558 | 825 | 4175 | 1062 | 54 | 450 | 18788 | 4779 | 243
1 300 | 558 | 825 | 420 | 1062 | 54 | 120 | 5040 | 1274 | 648
2&4 | 3 305 | 561 | 826 | 4075 | 1049 | 539 | 105 | 42788 | 1101 | 5659
3&5 315 | 566 | 830 | 3825 | 1027 | 536 | 450 | 17213 | 4621 | 2412
1 320 | 569 | 832 | 370 | 1004 | 535 | 120 | 4440 | 1216 | 522
2&4 | 4 325 | 571 | 834 | 3575 | 1007 | 534 | 105 | 37538 | 1057 | 5607
3&5 334 | 577 | 837 | 3356 | 991 | 532 | 450 | 15102 | 4459 | 2394
1 343 | 582 | 841 | 3146 | 978 | 529 | 120 | 37752 | 1173 | 6348
2&4 | 5 348 | 585 | 843 | 303 97 527 | 105 | 31815 | 1018 | 5534
3&5 356 | 500 | 846 | 2843 | 956 | 524 | 450 | 12794 | 4302 | 2358
1 370 | 598 | 852 | 2593 | 935 | 518 | 600 | 15558 | 561 | 3108
2&4 | 6 374 | 601 | 854 | 253 | 927 | 516 | 525 | 13283 | 4866 | 2709
3&5 382 | 606 | 857 | 2405 | 914 | 513 | 225 | 5412 | 2056 | 1154

Table 2:- Pressure and Joint load acting on the front face of the building due to explosive weight of 400kg at 20m, 40m and 60m
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Similarly, Joint load, F acting on the building is
calculated for charge weight of 600kg with 20m, 40m and
60m standoff distances.

V. RESULTS AND DISCUSSION

The behavior of the building subjected to blast load
acting on the front face of the building with various charge
weight and standoff distances is discussed in this chapter.
The response of the building is obtained as storey
displacement, storey drift, joint displacement v/s time, joint
velocity v/s time, joint acceleration v/s time and column
forces. These results extracted are tabulated and discussed
as shown below.

From Fig. 6 it is observed that when the blast source
is nearer to the building the displacement is more. Thus, as
the blast source point or standoff distance decreases and
charge weight increases, the storey displacement in the
building also increases.

Fig. 7 of storey drift, it is seen that the drift increases
when blast source is closer to the building. Thus, it can be
said that the drift is inversely proportional to the standoff
distance and directly proportional to the charge weight of
the blast. And it is noticed that drift is greater in lower
storeys when compared to the higher storeys.

STOREY V/S DISPLACEMENT(mm)

—8—20m 200kg
& —8—40m 200kg
60m 200kg

—8—20m 400kg

STOREY
s

—8—40m 400kg

60m 400kg
-200 0 200 400 600 800 1000 —g—20m 600kg
DISPLACEMENT IN MM —8—40m 600kg

Fig. 6:- Displacement of the building along the storey

STOREY V/S DRIFT IN 10-3

—8—20m 200kg
b —a—40m 200kg

60m 200kg
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—o—20m 400kg

: ——20m 400kg
60m 400kg

0 10 P 3 o 50 60 —e—20m &00kg

DRIFT IN 10 —8—40m 600kg

Fig. 7:- Drift of the building along the storey in 10-3
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The response of the building in terms of joint
displacement, velocity and acceleration is obtained when
the building is subjected to the blast load of different
charge weight with varying standoff distances. The
following Figures 8, 9 and 10 represents the plot of joint
displacement (mm) verses time (sec), joint velocity (m/sec)
verses time (sec) and joint acceleration (m/sec?) verses time
(sec) respectively.

DISPLACEMENT(mm) V/S TIME(sec)

—20m 200kg
——40m 200kg
—60m 200kg
—20m 400kg

25 40m 400kg
60m 400kg
—20m 600kg
——40m 600kg
——60m 600kg

DISPLACEMEMNT IM hh

TIMEIN SEC

Fig. 8:- Joint Displacement(mm) v/s time(sec) plot
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Fig. 9:- Joint Velocity(m/s) v/s time(sec) plot
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Fig. 10:- Joint Acceleration(m/s2) v/s time(sec) plot

The following table 3 shows the comparison of the
above three graphs of joint displacement, velocity and
acceleration with respect to time.
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200kg 400kg 600kg
Response
20m 40m 60m 20m 40m 60m 20m 40m 60m
Displacement in mm 452.158 | 192.994 | 136.067 | 611.232 | 256.298 | 160.144 | 771.334 | 308.268 | 188.441
Velocity in m/s 3.94 1.75 1.24 5.47 2.32 1.46 6.9 2.78 1.71
Acceleration in m/s? 96.55 43.45 30.27 139.52 57.83 36.08 176.87 69.77 42.43

Table 3:- Comparison of joint displacement, velocity and acceleration of the building subjected to various charge weight and
standoff distances

In order to make the building as blast resisting
structure, various structural system such as shear wall and
steel bracings are provided at the corner periphery of the
building.

5
4

3

00
00
00
00
00
o bare frame building
200 ;
X steel bracing building
| m shear wall building
00 I I
00
. I -
0
7 6 5 4 3 2 1 0

STOREY

DISPLACEMENT IN mm

Fig. 11:- Storey displacement of bare frame building,
building with corner shear wall and steel bracings
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J
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_ I I wshear vl builing
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Fig. 12:- Storey Drift of bare frame building, building with
corner shear wall and steel bracings

From Fig.11 and 12, it is observed that the
displacement and drift in the building with shear wall and
steel bracings is less than conventional bare frame building.

The building with corner shear wall reduces the
displacement and drift by 53.51% and 30.04% respectively

when compared with bare frame building and the building
with corner X steel bracings reduces displacement and drift
by 23.6% and 13% respectively when compared with bare
frame building.

Thus, it can be concluded that implementation of
shear wall is more effective in the building against blast
load when compared with bare frame building and corner X
steel bracing building.

V. CONCLUSIONS

» From the results obtained of the buildings subjected to
blast load with various charge weight and standoff
distances, it shows that the storey displacement, storey
drift and column forces are high when blast source point
is at 20m distance from front face of the building.

» The response of the building in terms of displacement
and drift is more when standoff distance and charge
weight of blast is less. Thus, it can be said that the
response 1is inversely proportional to the standoff
distance and charge weight.

» The safe standoff distance for the building is chosen as
60m.

» Implementation of shear wall at the corner periphery of
the building reduces the storey displacement and drift
by 53.51% and 30.04% respectively compared to bare
frame building.

» Implementation of X steel bracings at the corner
periphery of the building reduces the storey
displacement and drift by 23.6% and 13% respectively
compared to bare frame building.

» Thus, the building is more resistible for the blast load
with shear wall and steel bracing implementation.
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