International Journal of Research in Advent Technology, Vol.4, No.8, August 2016
E-1SSN: 2321-9637
Available online at www.ijrat.org

Response of Blast Loading on R.C structures

Jay Krishnia Eldhose Cheriydn
"Mtech student , Sree Narayana Gurukulam College of Engineering
Assitant Professor, Sree Narayana Gurukulam College of Engineering
Email: jaykrishna6790@gmail.com

Abstract- The increase in the number of terrorist attackhénlast few years had shown that the effect astbl
loads on buildings is a severe matter that shoelthken into consideration in the design procekstBoads are
actually dynamic loads that need to be judiciousliculated just like earthquake and wind loadghinpresent
study, it is focused to know, the response of catecframes subjected to self-weight and lateradtbtzads for
three bay-ten storey structure for charge weigl#58fOkg TNT of 10m range. Five different typesaffies like
bare frame, frame with infill walls of 0.115m an®8m thick and frame with infill walls of 0.115m @®.23m
thick with central openings. ETABS was used to nh@dacrete frame.
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1. INTRODUCTION

Damage to the assets, loss of life and social pamdc 1.2.2 Air burst explosion

factors that have to be minimized if the threat of, explosion which is located at a distance frord an

terrorist actlotr; (;alrlmogl be stppped Desgnlng th§bove the protective structure so that the ground
structures to be fully blast resistant is not aista  efection of the initial wave occur prior to therigal

and economical option, however current engineering v« plast wave at the protective structure
and architectural knowledge can enhance the new and '

existing buildings to mitigate the effects of an

explosion.[3] . Incident
wk \‘)f’ wave
\ Q\“ \ _Reflected
1.1 Blast ANE L"‘.\ \(’\‘/ wave
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An explosion is a rapid release of potential energy Y3 "‘.\\ \ Mot
. . P Y | = ach stem
characterized by eruption energy to the atmosplfere. 2 ) ) | K| e
part of energy is converted to thermal energy taatia / ;,;\ \Y — |
H H — N . fl
and a part is coupled as air blast and shock waves _// /S N Building

. . 7 / /
which expand rapidly.[4] .l 7//7//447//// 7

Ground surface

1.2 Blast loading categories

Blast load on structures can be divided into twanma Fig 1: Air burst explosion

groups based on the confinement of the explosive
charge: 1.2.3 Surface burst explosion
i. Unconfined explosion

a) Free air burst explosion A surface burst explosion will occur when the

b) Air burst explosion detonation is amplifi_ed at the point of detonatihre
c) Surface burst explosion to the ground reflections.
ii. Confined explosion \’/ chﬁ)égigd
a) Fully vented explosion
b) Partially confined explosion \ \ \ Mwsmn
c) Fully confined explosion \\ —
\

1.2.1 Free air burst explosion Building
An explosion, which occurs in free air, produces an ’/// /W/ //7///////////7/ 2
initial output whose shock waves, propagates away Ground surface

from the center of the detonation, striking the ) )
protective structure without intermediate amplifica Fig 2: Surface burst explosion
of its wave.
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1.2.3 Fully vented explosion

A fully vented explosion will be produced within or
immediately adjacent to a barrier or cubicle type
structure with one or more surfaces open to the
atmosphere. The initial wave which is amplified by
the nonfrangible portions of the structure and the
products of the detonation are totally vented te th
atmosphere forming a shock wave which propagates
away from the structure.

TN
772300
T

-’IJ.' "l.-' of

2.

of

Fig 3: Fully vented explosion 3
1.2.4 Partially vented explosion '

A partially confined explosion will be produced it
in a barrier or cubicle type structure with limitsize

openings and/or frangible structures. The initiavey

which is amplified by the frangible and nonfrangibl
portion of the structure and the products of defona
are vented to the atmosphere after a finite peabd 3.
time. The confinement of the detonation products,
which consists of the accumulation of high

temperatures and gaseous products, is associatied wj
a buildup of quasi-static pressure. This pressaseéh
long duration in comparison to that of the shock
pressure. >

N
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Fig 4: Fully vented explosion

1.2.5 Fully confined explosion

Fully confinement of the explosion is associatethwi
either total or near total containment of the esgflo

by a barrier structure. Internal blast loads wilhsist

of unvented shock loads and very long duration gas
pressure which are function of the degree of

containment. The magnitude of the leakage pressures

will usually be small and will only affect those
facilities immediately outside the containment2
structure[2]. '
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Fig 5: Fully confined explosion
OBJECTIVE OF THE STUDY
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The main objective of the paper is to study the
response of five different concrete frames of three
bay-ten storey i.e bare frame, frames with infilll\s

0.115m and 0.23m thick & frames with central

opening in infill walls. Also comparing displacenten

each frame with other frames.

SCOPE OF THE STUDY

1. The study is restricted to three bay - ten stovith

charge weight of 2500kg TNT at range of 10m.

. Computation of the blast pressure on the fraone f

surface blast only as this type of blast occur

normally to structure.

Generally the charge wave shape is spherical but
due to surface blast hemispherical wave

considered.

4. Hemispherical charge wave shape is considened fo

the calculation of blast parameters.

. Only positive phase of the blast load curveaieh

for the study as negative phase had no major
influence on the structures.

. The bay dimension is maintained as 4m and the

height of each storey is 3m.

The selected dimension is normally seen in
structure but dimension of bay and storey height
does not have any influence on structures.

.METHODOLOGY

Calculation of blast pressures and forces &treift

levels for charge weight of 2500kg at 10m range.

Modeling of five different three bay-ten storey

structure in ETABS for charge weight of 2500kg

TNT. The following frames were considered:

a) Bare frame

b) Frame with 0.115m thick infill walls

¢) Frame with 0.23m thick infill walls

d) Frame with central opening of 2 x 1m in 0.115m
thick in-fill walls

Frame with central opening of 2 x 1m in 0.23m

thick in-fill walls

Only the self-weight and the lateral blast loeas

considered.
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. The blast force applied in ETABS as time-history Table 1:Pressures, time of arrivals and time of

fictitious positive phase pressure duration aloeig/ht
of structure for 2500kg TNT

subjected to blast load of 2500kg TNT at 10m ta +
range. Height | Pressurg Pressurg ta tof tof
m Mpa kN ms ms ms
0 19.32 | 1688.57 3.3 1.69 5.07
5.ESTIMATION OF BLAST LOAD 3 18.63 | 1628.2 3.3 1.69 5.07
The main factors to be considered for the estimatio 6 11.39 995.05/ 399 263 6.58
blast loading on the structures are the shape andg 7.18 627.18] 564 4.88 1052
magn|tu<_:ie of e_xplos_|on, location of explosion, 15 4.69 21008 751 587 13.88
ggometrlcal configuration of thg structure and t 15 247 21559] 1038 665 1698
e il Wil respect o Moo | 057 | mads| 1215 107s 2o
Pro, reflected impulse i, time of arrival ta and 21 0.73 63.32) 1409 10.02 2411
Positive phase time duration tof are estimated 24 0.59 °1.26 | 18.79 11.27 30.06
Distribution graphs are prepared throughout thgHtei 27 0.5 4342 | 2254 1096 335
of the structure for the charge weights of 500,050 30 0.39 3392 | 2818 10.85 39.03
and 2500kg TNT. Pressure-time curves are prepared
as shown in fig 6. For finding the blast loadsrstfy
find free- blast wave parameters such as peakip®sit ;3
incident pressure Pso , time of arrival ta , uoisipve 27
impulse is and positive phase pressure duration t & 24
with the help of TM5-1300. Finally find peak refted & i;
pressure with the help of reflected pressure atefit = 15
Cra and convert this pressure into load. Table 1 shov % 12
tabulated values for 2500 kg TNT.[1] = 2
3
0
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Fig 5. Idealized free-field pressure-time variatiivi
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Fig 7. Model and displacement in mm of bare frame
for 2500 kg TNT
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Table 1. Displacement at different stories Table 2. Displacement at different stories
Maximum Story Displacement Maximuam Story Displacement
Story10 Story 10
Story9 StoryS
Storys Storyd
StoryT Stary T
Storys Storys
Storys StoryS
Story4 Storyrd
Story3 Story3
Story2 Story2
Story1 Story1
Base 5§ T T T T T T T T T 1 Base T T T T T T T T T 1
o S0 100 150 200 250 300 350 400 450 500 o0 &0 120180 240 300 3650 42048 0 54 .0 60.0
Displacement, mm Displacement, mm

I o 200 20 220 120 350 0 wo S IR €55 0 5 00

Fig 8. Model and displacement in mm of frame with ~ Fig 9. Model and displacement in mm of frame with
0.23m thick infill wall for 2500 kg TNT 0.115 m thick infill wall for 2500 kg TNT

112



International Journal of Research in Advent Technology, Vol.4, No.8, August 2016
E-1SSN: 2321-9637
Available online at www.ijrat.org

Table 3. Displacement at different stories Table 4. Displacement at different stories

Maximum Story Displacement Maximum Story Displacement
Story10 4 Story30

Storyg = Story27
Storys = Story24
Story7 = Story21
Storys Story18

Story5 4 Story 15

Storyd 4 Story12
Story3 o StoryS
Story2 o Storys
Story1 Story3
Base T T T T T T T T T 1 EireE T T T T T T T T T 1
o 10 20 30 40 S0 &0 7¥O 80 90 100 o0 50 120180 240 30.0 3650 420 450 540 60.0
Displacement, mm Displacement, mm
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Fig 10. Model and displacement in mm of frame with Fig 11. Model and displacement in mm of frame with
0.23 m thick infill wall with opening for 2500 kgNIT 0.115 m thick infill wall with opening for 2500 kg
TNT
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Table 3. Displacement at different stories 7.4 Comparsion of framewith 0.23m thick wall with

Maximum Story Displacement and without opening

Story30

From the above comparison, there is reduction in
Story27 displacement. Bare frame subjected to blast load
causes large displacement than frame with 0.115 m
infill walls at 30m level. Therefore frame with @3
Story21 m infill wall reduces displacement by 70-80%. Thus,
frame with 0.115m wall is stiffer than bare frame

Story24

Story18

Story15 7.5 Comparsion of frame with 0.115m thick wall with

and without opening

Story12
From above comparison, wall with opening provide
very small increase in displacement than wall witho

Storys opening. But wall without opening provide more
stiffness than wall with opening because opening
provide passage to blast waves through it.

Story9

Story3

Base & T T T T T

o 1 20 30 40 so 0 70 80 S0 100 ~ONCLUS ON

Displacement, mm

While considering three bay ten storey frame
subjected to 500, 1500 and 2500kg TNT at 10m range
for five different frames (bare frame, frames wiith
fill wall of 0.115m & 0.23m thick and frames with-i
fill wall of 0.115m & 0.23m thick having central
thick wall opening), the following are the conclusions attdine

) ) ) e |t is observed that, 80-89% reduction of
From the above comparison, there is reduction in  gisplacement in case of bare frame with infill sall
displacement. Bare frame subjected to blast load (0.23m thick) when compared to bare frames at
causes large displacement than frame with 0.23 m 30m level. It is noticed that the maximum
infill walls at 30m level. Therefore frame with @.2n deflection occurs in the case of bare frame only.
infill wall reduces displacement by 80-90%. Thus® From comparing it is seen that, 69-82% reductio

frame with 0.23m wall is stiffer than bare frame. of displacement in case of bare frame with infill
walls (0.115 m thick) when compared to bare

frames at 30 m level. It is noticed that the
maximum deflection occurs in the case of bare
0.115m thick wall frame only.

F he ab . h . duction it It is seen that , 35- 40% reduction of disptaeat
rom the above comparison, there Is reduction In i, cage of bare frame with infill wall (0.23 m tk)c

displacement. Bare frame subjected to blast load \hen compared to bare frames with infill wall

causes large displacement than frame with 0.115 m (0.115m thick) at 30 m level. It is noticed thae th
infill walls at 30m level. Therefore frame with Q& maximum deflection occurs in the case of bare
m infill wall reduces displacement by 70-80%. Thus, frame with 0.115m infill wall.

frame with 0.115m wall is stiffer than bare frame. ~ * From comparing it is seen that, slight increase
displacement in case of frame with infill walls
) _ (0.115 m thick) with opening when compared to
7.3 Comparison of frame with 0.23 mand 0.115m frames with infill walls (0.115 m thick) without
infill wall opening at 30 m level.
» There is slight increase of displacement irecafs
From above comparison, frame with 0.115 m infill  frame with infill walls (0.23 m thick) with opening
wall deflect more than frame with 0.23 m infill Wwal when compared to frames with infill walls (0.23 m
Therefore frame with 0.23 m infill wall reduces thick) without opening at 30 m level.

displacement by 35-40%. Thus 0.23 m wall is stiffe® From the study it is concluded that instead of
than 0.115m infill wall considering the bare frame only, consider the

frame with infill walls. Since, the displacement

7.RESULTS

7.1 Comparison of Bare frame and frame with 0.23m

7.2 Comparison of Bare frame and frame with
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with respect to storey height is very less for the
frames with infill walls.
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