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Abstract: This paper describes the determination
of the blast loading based on the Unified Facilities
Criteria (UFC) and provides a numerical example of
a fictive structure under this blast load. The
objective of the paper is to introduce the readers to
be familiar with the blast loadings calculated based
on the UFC. The blast load was, then, determined
using the time-pressure history analysis as well as
the structure was numericallly modeled using
ABAQUS computer software. The results obtained
show that the conventional computer software can
be used to simulate explosion effects and possibly
give an initial assessment of the structure damages.
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Tom tat: Bai bao nay trinh bay céch xéc dinh tai
trong né theo tiéu chudn UFC (My) va dwa ra vi du
bang sé vé tinh toén tai trong né. Muc dich dé lam
quen VG6i tai trong né theo tiéu chudn UFC (My).
Theo dé tai trong né duoc xac dinh bang phuong
phép phén tich thay déi theo thoi gian va mé hinh
sé cua két cdu duoc xay dung trén phdn mém
ABAQUS. Két qud nhan duoc xac dinh cé thé st
dung phdn mém dé mé phdng vu né va dwa ra danh
gia so b vé sw phé hoai cua két cau.

Tw khéa: tai né, phdn mém ABAQUS, lich str 4p
Iure-thoi gian, vu né.

1. Introduction

The terrorist activities and threats have become
a growing problem all over the world and protection
of the citizens against terrorist acts
prediction, prevention and mitigation of such events.
In the case of structures an effective mitigation may
also be thought in the terms of structural resistance
and physical integrity. If the structures are properly
designed for these abnormal loads damage can be
contained. Additionally, in order to ensure safety of

involves
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existing structures against such events, an
evaluation procedure for their inspection and
eventual retrofit is needed.

Within the Eurocodes these types of loads are
not dealt with (EN 1991-1-7) and they need further
elaboration as the engineers have no guidelines on
how to design or evaluate structures for the blast
phenomenon for which a detailed understanding is
required as well as that of the dynamic response of
various structural elements. There are no guidelines
on such topics. On the other hand, this topic is the
interesting one in military circles and important data
derived from the experience and tests have been
restricted to army use. Nevertheless, a number of
publications are available in the public domain and
published by the US agencies. Analysis of
structures under blast load requires a good
understanding of the blast phenomenon and a
dynamic response of structural elements. The
analysis consists of several steps: (a) estimate of
the risk; (b) determination of the computational load
according to the estimated hazard; (c) analysis of
the structural behaviour; (d) selection of the
structural system and (e) evaluation of the structural
behaviour.

In this paper we have explored the available
literature on blast loads, explained special problems
in defining these loads and explored the possibility
of vulnerability assessment and risk mitigation of
structures with standard structural analysis software
with limited non-linear capabilities. It is shown that,
with the present knowledge and common software,
it is possible to perform the analysis of structures
exposed to blast loads and to evaluate their
response.

2. Basic parameters of the explosion

Explosive is widely used for demolition purposes
in: military applications, construction or development

17


https://doi.org/10.59382/j-ibst.2023.vi.vol

KET CAU - CONG NGHE XAY DUNG

works, demolitions, etc. It is, also, a very common
terrorist weapon as it is available, easy to produce,
compact and with a great power to cause structural
damage and injuries. In order to be able to use
explosives they have to be inert and stable, which
means that the explosion is a triggered, rather than
a spontaneous reaction. The explosion is a
phenomenon of rapid and abrupt release of energy.
Speed of the reaction determines the usefulness of
explosive materials that can be condensed, solid or
liquid. When they detonate they disintegrate emitting
the heat and producing gas. Most of the explosives

A

Pressure

detonate by a sufficient excitation and convert into a
very hot, dense gas under high pressure that
presents a source of strong explosive wave. Only
about one third of the total chemical energy is
released by detonation. The remaining two thirds
are released slowly in the blasts as the explosive
products mix with the surrounding air and burn.

The explosion effects are presented in a wave of
high intensity that spreads outward from the source
to the surrounding air. As the wave propagates, it
decreases in strength and speed (Fig. 1).

Shock velocity

-

Distance from explosion

Figure 1. Variation of blast pressure with distance

Explosion wave front speed equation, Us, and
themaximum dynamic pressure, gs, are defined as:

6p,+7p,
U, =4, /S— 1)
7P,
5p?
qs:—s’ (2)
2(p, +7py)

where:
ps — peak static wave front overpressure, bar;

po — ambient air pressure (atmospheric
pressure), bar;
0,975 1,455 5,85
Ps = T3 3
Z Z Z
where
) R
Z — scaled distance, Z = (5)

3/W !
R — distance from the centre of a spherical
charge, m;

W - charge mass expressed in kilograms of
TNT.
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0,019, bar; 0,1 < p, <10bar

ao — speed of sound in the air, m/s.

There are various proposals for the calculation
of the main explosion parameters. Brode [1] gives
the following values for the peak static overpressure
for near (when the ps is greater than 10 bar) and for
medium to far away (when the ps is between 0,1 and
10 bar):

P, :62—Z+1, bar; p, >10bar @)

4)

Newmark and Hansen [2] proposed the use of
the following values:

W fW
P, = 6784E+93 e bar

(6)
Mills [3] proposed the following:
108 114 1772
Po=—t—zt—3 -0,019,kPa @
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Other important parameters include: to - duration
of the positive phase during which the pressure is
greater than the pressure of the surrounding air and
is - the specific wave impulse that is equal to the
area under the pressure-time curve from the
moment of arrival, ta , to the end of the positive
phase and is given by expression:

pi)
Pressure

Max. |
ressure - p
p P,

Min. |
pressure - g
B Arrival

time

ta+ty
= | Pt ©
ta
The typical pressure profile of the explosion
wave in time for the explosion in the air is given in
Fig. 2.

Positive phase - #, Negative phase - 1;
|- —r—

Time

Figure 2. Pressure-time profile of the explosion wave

Where p is the maximum value of negative
pressure (pressure below ambient pressure) in the
negative phase of the blast. Brode [1] proposed the
following value for p:

_ 0,35

p :—T,bar;Z>1,6 9)

And the corresponding specific impulse at this
stage, is’, is given by:

. . 1

o=l |1-— 10

s s( sz (10)
3. Explosion as aloading

In most instances simplifications lead to
conservative constructions. However, unknown
factors may lead to the overestimation of the

structural capacity to blast loadings. Unexpected
shock wave refraction, design methods, quality of
construction and materials, interaction with
ground, are different for each particular structure.
In order to overcome these uncertainties it is
recommended that the mass of TNT equivalent is
increased by 20%. This increased value of the
charge weight is called the "effective charge
weight".

3.1 Loading categories

Explosion loadings can be divided into two main
groups according to the confinement of an explosive

charge: confined and unconfined. Tab. 1 shows an
overview of possible loading categories.

Table 1. Explosion load categories

Charge confinement

Categories

The explosion in the free air

Unconfined The explosion in the air
The explosion near the ground
Full ventilation
Confined Partially confined

Fully confined

3.1.1 Unconfined explosions

The open air explosion causes a wave that
spreads from the source of detonation to the
structure ithout any wave amplification. These
explosions are situated at a given distance and
height away from the structure and there is a wave
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increase due to the reflection of the ground before it
contacts the tructure. The height limitations of these
explosions are two to three times of the height of a
one-story or two-storey structure. The explosion
near the ground is an explosion occurring near or on
the ground and the initial pressure is immediately
increased as a result of refraction on the ground.
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3.1.2 Confined explosions

If the explosion occurs inside the structure, the
peak pressures associated with the initial wave
fronts are extremely high. They are enhanced by the
refraction within the structure. In addition to this,
depending on the degree of confinement, high
temperatures and the accumulation of gaseous
products of chemical reactions in the blast would
produce more pressure and increase the load
duration within the structure. The combined effects
of these pressures can lead to the collapse of the
structure, if the structure is not designed to
withstand internal pressure. Appropriate ventilation
reduces strength and duration of pressure so the
effect of pressure is different in structures with
openings and structures without openings.

3.2 Structure — explosion interaction

As the wave propagates through the air, the
wave front encircles the structure and all its surfaces
so that the whole structure is exposed to the blast
pressure. The magnitude and distribution of the

structural loading depends on the following factors:
a) the characteristics of explosives that depend

on the type of explosive material, released energy

(size of detonation) and weight of explosive.

relative to the

b) the detonation location

structure.

¢) intensity and magnification of pressure in the
interaction with the ground or the structure itself.

Time record of the explosion pressure wave is
usually described as an exponential function in the

Initial wave front
-

Side surface|

Front surface

Side surface|

form of Friendlander's equation [4], in which the b is
the parameter of the waveform:

t bt
p(t) = ps (th_jexl:{_t_] (11)
0 0

For the various purposes approximations are
satisfactory. This change in pressure over time is
shown in Fig. 2.

Rankine and Huguenot [4] derived an equation
for refracted overpressure py:

P =2p, + (7 +1aq; (12)
Substituting (2) into the equation (12):
p, = 2 P, [Mj (13)
7P+ P

If the rectangular structure is exposed to an
explosion, it will be exposed to pressures on all
itssurfaces. Each surface suffers two concurrent
components of the load. Diffraction of explosion
around the structure will enclose a target and cause
a normal force to any exposed surfaces (Fig. 3).
Structure is pushed to the right if the left side is
loaded while simultaneously pushed slightly to the
left as the diffraction ends. Drag force pushes the
structure from the left side and that is followed by
the suction force on the right when the dynamic
pressure crosses (blast wind) over and around the
structure.

As the shock front expands in surrounding
volume of the air, the peak initial pressure is
reduced and the duration of the pressure increases.

Wave front Wave front
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Figure 3. Behaviour of the wave during its pass around the structure

Wave front comes to a particular location at the
time ta, and after the increase to a maximum value
of pso, the peak pressure decreases to the value of
atmospheric pressure at the time to what represents
a positive phase. This is followed by a negative

20

phase with duration t, which is usually much longer
than the positive phase and it is characterized by a
negative pressure (below atmospheric) with a
maximum value of p,, and
particles. Impulse associated with the shock wave is

reverse flow of
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the surface below pressure-time curve and is
indicated with is for the positive phase and i, for a
negative phase (Fig. 2).

3.2.1 The explosion in the air

The explosion in the air is a phenomenon that
occurs by detonation of explosives above ground
level at some distance from the structure so that the
blast wave that travels toward the structure is
refracted of the ground. The refracted wave is the
result of the initial wave amplification by refraction of
the ground. Through the front height are occurring
variations in pressure, but for the analysis they are
ignored, and are regarded as a plane wave across
the front height. The parameters are calculated as

Spherical charge

for an explosion on the ground. Peak refracted
pressure p,, is determined using Figs. 2 + 9, from
[5] using the scaled charge height above the ground
H./WY3 and the wave angle a. A similar procedure
is applied to determine the impulse i,,, .

3.2.2 The explosion near the ground

If the charge is located very close to the ground
or on the ground the explosion is termed near the
ground. Refracted wave arises as the initial blast
wave is refracted and increased by reflection of the
ground. Unlike an explosion in the air, the refracted
wave is merged with the initial wave in the detonation
point, and they form a single wave (Fig. 4).

Wave refracted from ground

: Assumed planar wavefront
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Figure 4. Refracted wave of the explosion near the ground
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Figure 5. Parameters of the positive phase blast wave near the ground [5]
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Figure 6. Parameters of the negative phase blast wave near the ground [5]

For an explosion near the ground, the load
acting on the structure is calculated as for the
explosion in the air, except that the initial pressure

and other parameters for the positive phase are
determined as explained in Fig. 5 and the theoretical
parameters of the negative phase as in Fig. 6.
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Figure 7. Pressure time history

The reduction speed of the initial and dynamic
pressure, after the passing of the wave front, is a
function of the peak pressure and the magnitude of
detonation. For the analysis purposes, the actual
reduction of the initial pressure can be assumed as
a triangular pressure impulse. The actual duration of
the positive phase is replaced by a fictitious duration
and is expressed as a function of the total positive
impulse and the peak pressure:

_a
p

This expression can be used for the initial and
for the refracted pressure by taking the values of
refracted impulse pressure and peak refracted
pressure, respectively. A similar procedure applies
for the values of the negative phase:

t (14)

of

22

G2
of pf

As the fictitious duration of the positive phase is
shorter than the actual duration, a difference
between the fictitious phase and the beginning of
the negative phase is created. This difference,
shown in Fig. 7, should be retained in the analysis
because of the retention order of the different stages

of loading.

(15)

3.2.3 The average pressure on the front facade

The variation of the pressure on the front
structural facade, for a rectangular structure with
sides parallel to the wave front above the ground, in
the area of low pressure is shown in Fig. 8.
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Figure 8. The load on the front surface of the structure

The peak pressure on the front structural facade
in time of the explosion's arrival, ta, will be the peak
refracted overpressure pr , which is a function of the
initial pressure (Fig. 5). This pressure then
decreases in time interval [t', ta] due to the passage
of waves above and around the structure, which is
less than pr (peak overpressure over and around the
structure will be ps). The overpressure on the front
surface of the structure continues to decrease until
the pressure is equalized with the pressure of the
surrounding air. Clearing time (passing time), ft,
needed that the refracted pressure drops to the level
of the initial pressure can be expressed as:

(.48
" @+R)C,’

where:

(16)

S - length of the "clearing”, is equal to the
height of the structure, H or a half-width of the
structure, W/2, whichever is less (Fig. 8), R — ratio
S/G, where G is the height of the structure, H or

half-width of the structure, W/2, whichever is less, C;
— speed of sound in refracted area (Figs. 2 + 192,
[5]). Pressure that acts on the front surface after the
time t¢ is the algebraic sum of the initial pressure ps
and drag dependent pressure, Cp-Q:

P=1D +CD'q’ (17)
Drag coefficient Cp connects the dynamic
pressure and total translational pressure in the
direction of the wind-induced dynamic pressure and
varies with Mach number (or Reynolds number in
the area of low pressure), and depends on the
geometry of the structure. It can be taken as = 1,0
for the front facade, while for the side, rear and roof
surfaces it can be taken < 1,0 (Tab.2). The fictitious
length of the refracted wave front, t , is calculated
according to the formula:
— 2|r
P

Where: pr is the refracted peak pressure.

t, (18)

Table 2. Drag coefficients

Loaded surface Co
Front 0,8+1,6
Rear 0,25+0,5
Side and roof (depending pressure, kN/m?)
0+172 -0/4
172 + 345 -0,3
345 + 896 -0,2

3.2.4 The average pressure on the roof and side
surfaces

As the wave encloses the structure the pressure
on the top and sides of the structure is equal to the
initial pressure and then decreases to a negative
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pressure due to the drag (Fig. 9). The structural part
that is loaded depends on the magnitude of the
initial pressure wave front, the location of the wave
front and the wavelength of the positive and
negative phases.
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Py,

The initial peak pressure on the roof surface is
reduced and the wavelength increases when the
wave encloses the structure. The equivalent uniform
pressure increases linearly from the wave-arrival
time tr (point F on the element) to the time ta when
the wave reaches the peak value and gets to the
point D. At the point B the equivalent uniform
pressure is reduced to zero. The load coefficient Ce
, increase time and duration of an equivalent
uniform pressure is determined as explained in Figs.
2 + 196 and 2 + 197 from [5]. It is a ratio of the
wavelength and range, Lw/L. The peak pressure
that acts on the roof, pr , is the sum of the
equivalent uniform pressure and the drag pressure:

Pr = CE Por + Cqu’ (19)
where are:

psof — the initial pressure at the point F;

go — a dynamic pressure corresponding to
Ce-Psof .

The value of the negative pressure that acts on
the roof surface, pg, is equal to Cc.p,; where

Cc is the negative value and the equivalent

negative pressure tor is determined from Figs 2 +
198, [5]. Time increase of the negative phase is
equal to 0,25tr.

Wave front
attime ¢

:
ettty

tet,+0,25¢5
Figure 9. The load on the roof and side surfaces of the structure

3.2.5. The average pressure on the rear surface

As the wave passes over the ends of the roof
and side surfaces, pressures are spreading thus
creating a secondary wave that continues to spread
across the rear surfaces of the structure. The
secondary waves that enclose the rear surface, in
the case of long structures, are the result of a wave
"overflow" from the roof and side surfaces. They are
amplified due to the refraction of the structural
surfaces. The increase of the waves from the roof is
caused by the refraction of the ground at the bottom
of the rear surface, and the increase of the waves
"overflowed" from the side surface is caused by their
mutual collisions in half the length of the surface, or
collision with a wave "overflowed" from the roof.

For the
equivalent to

loading analysis the procedure

the procedure for the loading
determination on the roof and side surfaces (Fig. 10)
can be used. The peak pressure for pressure-time
history is determined using the peak pressure on the
extreme edge of the roof surface, psob. Dynamic
drag pressure corresponds to the pressure Ceg-Psob,
while the preferred drag coefficients are equal to

those for the roof and the side surfaces.

Wave front /
» r B C

Hg

CEpsb + %qb

|.0.25 fer |

Figure 10. The load on the rear surface of the structure
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4. Calculation of the blast loading
For calculating the blast loading on the structural
surfaces the following steps are necessary:

Step 1: Determine the weight of the charge, W,
charge distance of the structure, R , charge height,
Hc (for explosions in air) and structural dimensions.

Step 2: Apply safety factor of 20%.

Step 3: Select several points on the structure (front
facade, roof, side and rear surface) and determine
the explosion parameters for each selected point.

For the explosion near the ground:

a) Determine the scaled charge distance:
R

_ %G
EYVIER
W

ZG

b) Determine the explosion's parameters using Fig.
5 for the calculated scaled distance Zg and read:

— peak initial positive overpressure pso;

— wave front speed U;

— scaled initial positive impulse is/WY3;

— scaled length of the positive phase to/W'3,;

— scaled value of the wave arrival ta/W?3,

Multiply the scaled value with the value of W¥3in
order to obtain the absolute values.

Step 4: For the front facade:

a) Calculate the peak positive refracted pressure
pro= Cra Pso and read the coefficient Ci.. for pso from

Figs 2 + 193, from [5].

b) Read the value of scaled positive refracted
impulse ir/W3from Figs. 2 +194 (b), from [5] for pso
and a. Multiply the scaled value with the value of
W2 in order to obtain the absolute value.

Step 5: Determine the positive phase of the load on
the front facade:

a) Determine the speed of sound in the area of
refracted overpressure Cr using Figs. 2 + 192, from
[5] for the peak overpressure pso.

b) Calculate the "clearing" time tc

(oS

" (@+R)C,’
c) Calculate the fictitious length of the positive
phase tot
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_ 2
psO

d) Determine the peak dynamic pressure go from
Figs. 2+ 3, from [5] for pso.

t

of

e) Determine pso + Cp-go. Co from Tab. 2.

f) Calculate the fictitious length tr of the refracted
pressure

g) Define the pressure-time history curve for the
positive phase. The real load is smaller than the
value of impulse pressure due to the refracted
pressure (area under the curve) or the purified
refracted ressure

impulse of the initial pressure.

Step 6: Determine the negative loading phase on
the facade. Read the value of Z from Fig. 5 for pr«
according to Step 4a) and i/WY? according to Step
4b).

a) Determine p and i /W"® from Fig. 5 for the
value of Z according to Step 6a). Multiply the scaled
value of the negative impulse with W3 in order to
obtain an absolute value.

b) Calculate the fictitious duration of negative
refracted pressure

o
trf =—=.
Pro

c) Calculate the negative phase time increase by
multiplying the t; with 0,25.

d) Define the pressure-time history curve for the
negative phase of the load.

Step 7: Determine the positive loading phase on the
side surfaces:

a) Determine the ratio of the wavelength and the
range of Lws /L.

b) Read the values of Ce , ta/W'3, to/ W from Figs.
2 + 196, 2 + 193 and 2 + 194(b), from [5] (peak
incident overpressure x 0,0689 bar).

c) Read pr, tr, to.
d) Determine the dynamic pressure go from Figs. 2 +

3 from [5] using pso.
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e) Calculate pr = Ce-psof + Cp-go and determine the
coefficient Cp according to Tab.2.

f) Define the pressure-time history curve for the
positive loading phase.

Step 8: Determine the negative loading phase:

a) Determine the values of C. and t; /WY for
the value of Lw/L according to Step 7a) from Figs. 2
+ 196 and 2 + 198, from [5].

b) Calculate pr = Ce-psof i tof.

c) Calculate the negative phase time increase by
multiplying the tor with 0,25.

d) Define the pressure-time history curve for the
negative loading phase.

Step 9: Determine the load on the roof surface by
applying the Steps for the side surfaces.

Didmnd 533 (0,750,0)
Bidmnds62 (0,500,0)
Bidmnd 56 1 (0,250,0)_

Step 10: Determine the load on the rear surface by
applying the procedure given for the side surfaces
and by assuming that the rear surface is rotated to a
horizontal position.

5. The numerical example

Research on the destruction and interaction of
reinforced concrete slabs under the effect of
explosive loads using ABAQUS software. The plate
has dimensions of 4x6x0.15m and is reinforced with
2 layer ®8a150 steel reinforcement with a protective
thickness (concrete cover) of 0.015m (15 mm). The
plate subjected to an explosive load with a mass of
10 kg was investigated in 3 separate cases,
corresponding to explosion points No. 1, No. 2, and

No. 3 as shown in Figure 11.

Figure 11. Geometric model of the plate under explosions

Concrete slabs are described as block elements
while bar elements are applie to reinforcing steel
bars. The connection between the elements of the
concrete block and the steel bar is assumed to be a
rigid connection. The concrete mesh is finely divided
with a size of 10 mm. The finely divided steel mesh
is smaller with a size of 5 mm. Concrete structures
are modeled using the Lagrange mesh method. The
concrete slab block is assumed to be rigidly

attached on all four sides.
5.1 Material model Concrete

Using the Holmquist - Johnson - Cook material
model, the type of concrete used in this study is B25
concrete (grade B25), experiments were carried out
at the laboratory of Institute of Techniques for
Special Engineering to provide parameters of the
HJC model for B25 concrete (table 3):

Table 3. HIC model parameters for B25 concrete

o (kg/m?) G (Pa) A B C N €¢ min T (Pa) fc (Pa) Smax
2406 11.292x10° 0.79 1.405 0.007 1.085 0.0016 3.24x10% | 41.305x108 | 7

Pcrush (Pa) Herush Piock (Pa) Hhock D: D> K1 (Pa) K2 (Pa) Ks (Pa)

13,768x10° 0.0007 1x10° 0.08 0.04 1.0 85x10° -171x10° 208x10°

Reinforcement: Using the damage model proposed by Johnson-Cook, the parameters of the equation of
state, durability model, and damage model of the reinforcement are taken from [6, 7] specifically as follows

as table 4:

26
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Table 4. Steel material model parameters

E (MPa) v A (MPa) B (MPa) n Trmett (K) Th (K)

200000 0.3 263 130 0.0915 1800 293.2 1

p (kghd C D Dy D, Ds D4 Ds
7850 0.017 1 0.05 3.44 2.12 0.002 0.61

Explosives: In the CONWEP model, shock wave
pressure in air is calculated according to UFC 3-
340-2 standard [5]. The value of the explosive mass
is the equivalent of a TNT explosion with a mass of
10 kg, the distance from the explosion center to the
surface of the reinforced concrete slab is 250, 500
and 750mm.

5.2 Numerical simulation results

Based on the parameters of the 10 kg blast
volume and blast distance, the CONWEP module
was used in ABAQUS to calculate the propagating
blast wave load.

Figures 12, 13 and 14 show the maximum
pressures of the incident wave in time steps 2x10%,
1x103, 2x103, 4x1073s, corresponding to 3 explosion
cases. The pressure value unit is MPa.
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Figure 12. Wave pressure reaching the plate surface in case the explosion center is 250mm away
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Figure 13. Wave pressure reaching the plate surface in case the explosion center is 500mm away
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Figure 14. Wave pressure reaching the plate surface in case the explosion center is 750mm away
In figure 15 shows the destruction state of the front and back of the plate after 0.02s explosion.
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Figure 15. Damage of front and back panels in case of explosion distance at 250, 500 and 750 mm after explosion 0.02s

6. Conclusion

The explosions on or close to the structure can
cause catastrophic damages to the structure
formation of fragments, destruction of life-support
systems (air conditioning, sprinklers). Injuries and
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deaths can be caused by exposure to explosion
wave front, collapse of the structure, impact of parts,
fire and smoke. Secondary effects of the explosion
can hinder or even prevent the evacuation of people
from the structure causing additional injuries and
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deaths.

Blast load for close explosion was determined
and simulated on a model reinforced concrete
structure using ABAQUS, the conventional software
for the static/dynamic analysis of structures. Loading
was defined as a record of pressure over time
(pressure-time  history) with the parameters
calculated by the available literature. Since the
model structure was close to the source of
detonation, it was not necessary to determine the
loading on the structural surfaces, the structure is
piecewise loaded. It was necessary to analyze the
loading for each point. The aim of the analysis of the
structure elements exposed to blast load is to check
their demanded ductility and compare it to the
available ones. This means that non-linear analysis
is necessary and simple plastic hinge behaviour
may be satisfactory. Deformation history of
particular points of interest was calculated and
checked against the deformation limits in order to
estimate the post-blast state of the element. For the
structures exposed to a certaint distant (to the
structure) explosions, conventional reinforcements
may be provided with sufficient ductility, while for
close explosions (very near to the structure)
additional reinforcements to be required.

This paper also investigated the destruction of
reinforced concrete slabs subjected to a nearby
(very close) explosion, thereby helping to visualize
the damage mechanism of reinforced concrete
subjected to explosions.
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