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Abstract— The use of Fiber Reinforced Polymer (FRP) is
among of the advanced and efficient technologies for structural
reinforcement of concrete elements in buildings. In this article
the performance of FRP laminate on the lateral facade to
strengthening the blast effect on the two storey building is
studied.

Concept and theory of nonlinear finite element software
ABAQUS is used. Explosion had taken place at two different
scale distances: Z= 0.32 [m/ (kg¥®)] and Z= 0.64 [m/ (kg'®)]. Blast
load is simulated by ConWep blast loading model and results are
used to comparison and evaluation the retrofitted structures
performance against blast loads.
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l. INTRODUCTION

Many researches and experiments have been done to
facilitate the understanding of the behavior of structural
components again blast loading. Despite all this, the response
of non-military structures components under explosion is
relatively new area of research in comparison of the response
of other forms of dynamic loading (e.g. wind and seismic);
which in many cases the experimental data are relatively
insufficient. So in this sense, the recent North American blast
resistant design standards (ASCE) (2011) and Canadian
standards association (CSA) (2012) have been focused on
developing detailing techniques for civilian structures designed
to withstand different combinations of blast load levels
generated by a range of explosive charges and standoff
distances.

The fact that existing structures are not designed to resist
explosion effect, recently reported research studies have mainly
focused on evaluating and improving the performance of
existing reinforced concrete (RC) and steel components under
blast loading Wang et al.(2012), Li et al.(2012), Nassr et
al.(2012) and Stoddart et al.(2014). Other recent studies have
focused on hardening (retrofit for blast) concrete components
using fiber-reinforced polymer (FRP).

Rodriguez-Nikl et al. (2012) and Coughlin et al. (2010).
There are many factors that have made the use of FRP
composite materials of external adhesion increase as cost-
effective and convenient materials for rehabilitation in case of:
deterioration caused by environmental effects, impact damage,
increasing of load demand due to more severe codes, especially
in the seismic field, changes in the use of structures, and
greater resistance and ductility to correct design or construction
errors.

II. EXPLOSION PHENOMENA

An explosion is defined as a very sudden energy release in
the form of light, heat, sound and shock waves, in which one
part of the energy is released as thermal radiation (flash) and
the other part is coupled into the air as air blast and into the soil
(ground) as ground shock, both as radials expanding shock
waves. The rapid expansion of hot gases resulting from the
detonation of an explosive charge gives rise to compression
wave called shock wave, which propagates through the air.
There is nearly instantaneous rise to the peak pressure, Pso, and
the rising time is under a microsecond. Behind the shock front,
the pressure collapses and ends up being lower than the
ambient temperature, later returning to ambient, Po. The area
of positive pressure is called the “positive phase” and the area
of negative pressure is called “negative phase”. Overexpansion
at the center of the explosion creates a vacuum in the source
region and results in a reversal of motion, Kinney and Graham
(1985) and causes the formation of the negative phase that
trails the positive phase, T. Ngo et al. (2007). In general, the
negative phase pressure is lower in magnitude than the positive
phase but longer in duration than the positive phase. The blast
wave instantaneously increases to a higher value of pressure
than the ambient atmospheric pressure. This is referred to as
the positive phase that decays as the shock wave expands
outward the explosion source. After a short time, the pressure
behind the front may drop under the ambient pressure (Fig.1).
Positive phase loads are more powerful and responsible for
most of the pressure damages than the negative phase loads.
During such negative phase, partial vacuum is created and air is
sucked in, which is also accompanied by high suction winds
that carry the debris to long distances away from the explosion
source.
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Figure 1. Blast wave propagation, T.Ngo (2007)

As the shock wave travels outside of the load, the pressure
in the front of the wave, called the peak pressure, steadily
decreases. At great distances from the load, the peak pressure is
infinitesimal and the wave can be treated as sound wave.
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I1l.  BLAST WAVE PRESSURE TIME HISTORY

The characteristics of air blast waves are affected by the
physical properties of the explosion source. Fig. 2 shows a
typical blast pressure time history. At the arrival time ta,
following the explosion, pressure at that position suddenly
increases to a peak value of overpressure, Py, over the ambient
pressure, Po. After, the pressure decays to ambient pressure at
time td, further to under pressure Ps,™ (creating partial vacuum)
before eventually returning to ambient conditions at time tq +
t . The Ps is usually referred to as the peak side-on
overpressure, incident peak overpressure or merely peak
overpressure.
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Figure 2. The time history of real blast wave in a specified position, T.Ngo
(2007)

IV. SCALING FACTOR OF BLAST LOAD

Blast parameters depend mainly on the amount of energy
released by the detonation in the form of an explosive wave
and the distance of the explosion. A universal normalized
description of the blast effects can be given by scaling distance
relative to (E/P0)1/3 and scaling pressure relative to Po, where
E is the energy release (kJ) and Po the ambient pressure
(10197kg/m2). The principle of the scaling law is used
extensively to determine blast-wave characteristics in most
design guidance such as TM5-1300(1990). It is based on the
conservation of momentum and geometric similarity. The
empirical relationship, formulated independently by Hopkinson
(1915) and Cranz (1926), is described as cube-root scaling law
and is defined as:

Z=R/WY3 (1)
Where,

Z is the scaled distance, with units (m/kg?)

R is the range from the center of the charge

W is the mass of spherical TNT charge (kg).

V. SIMULATING AN EXPLOSION EFFECT ON THE
AIR

To model the explosion effect, conventional weapon known
as ConWep model which is based on experimental results
obtained by Mourizt et al. (1994) and ABAQUS/Explicit
(2000) software have been used. The Conwep model which
assumed to be an open air explosion uses TNT equations, so, in
this work, the weight of explosive is replaced by the equivalent
TNT weight. In this method, the standoff distance and weight
of the explosive are determined then the history of blast wave
is calculated which and applied to the surface blast. The main

advantage of ConWep model is that it provides more realistic
situation with considering the more detail specification of blast
wave including positive and negative phases. So, there is no
need to model the fluid (air) to considering the reflection
effects.

According to ConWep model, the pressure exerted on a
surface caused by the blast wave is a function of incident
pressure Pincident (t), reflected pressure Preflect and Angle of
incidence 0. Pressure is defined by Mourizt as:

P(t) = Pinddem(t)[lJr cos @ —2cos® 0]+ P e (1) COS? 0,008 0 > 0
P(t) = Pincident(t)r ,COSH < O (2)

VI. DESCRIPTION OF THE MODEL

A building with 5 m of length, both in longitudinal and
transversal direction has been used for this study. The height of
each floor is 3m and the total height of the structure is 10m.
The view plan of the structure is shown in Fig. 3. The structural
system of the building consists of reinforced concrete frames
and infill walls. The dimension of the typical beam is 400x400
mm and the column is 400 x 400 mm. For the reinforcement of
the concrete, both beam and column a 2 ¢ 14 rebar is used. The
distances between columns in two directions (X direction and
Y direction) is 5 m and connected to the beams to support the
facade. The infill wall thickness is 250 mm. The @8 is used for
the reinforcement of the floor and its thickness is 150 mm.
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Figure 3. View plan of the structure

VIl. STRUCTURAL MODELING

For numerical modelling, nonlinear 3D Finite Element
Method (FEM) is utilized and the model is shown in the Fig. 4.
Geometry model consisted in masonry, reinforced concrete and
fiber reinforced polymer material. The masonry, which is
composed with mortar and concrete blocks elements, is
modelled as a homogeneous material. The whole model is
meshed by 3D solid eight node element (C3D8R). The FRP
material is meshed by S4R, the A 4-node doubly curved thin or
thick shell, which contribute to reduce the integration. For
modelling the connections between solid elements of the
structure the surface- based tie connection using master-slave
formulation have been used. Finally the connection between
the FRP and solid element surface-based shell-to-solid
coupling has been used.
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Figure. 4 Finite element model of the structure.

MATERIALS

VIII.

A. Masonry and concrete

To model the concrete and masonry, Brittle Cracking
Model has been used. The model assumes that the compressive
behavior of concrete is always linear elastic and it is most
accurate in applications where the brittle behavior dominates
such that the assumption that the material is always linear
elastic in compression is adequate. On the other hand the
Brittle Cracking Model allows the removal of elements based
on a brittle failure criterion (ABAQUS command: *BRITTLE
FAILURE) avoiding in theory large distortions of elements.
Parameters of the model used in this study are shown in
Table.1.

TABLE I. TABLE 1 PARAMETERS OF THE BRITTLE CRACKING

MODEL.

Brittle

Crack failure

Stress Strain Shear

3150000 0

2.081.789.971 | 0.000288922

1.705.996.394 | 0.000548379

0.001298183 | 6,49E+01

1.494.560.766 | 0.000800842

1.353.338.316 | 0.001050318

1.249.964.252 | 0.001298183

TABLE I1. TABLE 2. PLASTIC PARAMETERS OF STEEL.
Yield Stress Plastic Strain
240754285.7 0
261512062.5 0.004553484
282960789.6 0.0091713
305870280.5 0.017922092
331191532.1 0.032798756
360055984.8 0.055599363
393775650.7 0.087802179
433843429 0.130446533
481933467.5 0.184046602
509559655.6 0.214963298
524375122.6 0.231431766

C. TNT

The charge mass was 1m above the ground. It is customary
to refer the weight of explosives used in experimental tests to
an equivalent weight of TNT. According to TNT equivalence
calculator of the Institute of Makes Explosives (IME) [25], the
different values of TNT equivalent weights were calculated and
results are shown in the table 3.

TABLE IlI. PARAMETERS OF EXPLOSIVE MATERIAL
Charge mass, | TNT Equivalent Stand-off dsi;:ta:r?ge
Wi(kg) | Weight, Wryr (ko) | distance, | 5 4
R (m) [m/(kg"*)]

1.0 0.32

37.00 30.00
2.0 0.64
D. FRP

In many cases FRP and polymer materials have been used
to retrofit building components against blast loads, which
usually are composed of unidirectional fibers. Thus, assuming
isotropic case is far from reality. In other terms, the mechanical
properties of FRPs such as composites are different in various
directions. Must of the time the fibers as a multilayer with
epoxy resin glued to the structural member orthogonally, that’s
means in two perpendicular directions, mechanical properties
will be different. In this paper brittle fracture model is used to
simulate the behavior of FRP lamina, in which the behavior is
assumed to be linear up to reach the ultimate strain (). In this
study FRP sheets properties are intended as lamina materials,
which are presented in table 2.

TABLE IV. MECHANICAL PROPERTIES OF FRP MATERIALS.
B. Rebar
Density of Steel = 7850 Kg/m3; Young’s modulus of Steel Density | E1 E2 [ nu2 | c12 | o132 | o23
= 2.1x1011 N/m2; Poisson’s ratio of Steel = 0.3. Steel plastic (kg/im3) | (GPa) | (GPa)
model parameters are showing in the Table.2. 1000 50 1 150 01 01 01 01
Comp | Ten Comp Cross-
Ten Stress | Stress | Stress Shear Prod Stress
StressFiber | Fiber | Transv | Transv | Strength Term Limit
Dir (GPa) Dir Dir Dir (MPa) Coeff (GPa)
(Pa) | (GPa) | (MPa)
3 0.1 3 0.1 0.1 0 3
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IX.  RESULTS AND DISCUSSIONS

In this study, to determine the response of two storeys
building under blast effect, scaled distance parameter has been
taking in consideration. After detonation, respectively for the
scaled distance Z= 0.32 [m/ (kg1/3)] and Z= 0.64 [m/ (kg1/3)]
results are obtained and these are used for comparison and
evaluation of the retrofitted structure performance against
explosion loads.

e  Structure without retrofitting

As shown in Fig.5 a) and b), numerous cracks are produced
on the structure, particularly on the lateral facade which is
more exposed to the explosion where, the failure of some
components of the masonry wall is observed. The damage is
more considerable in the case of small scaled distance.
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Figure 5. Structure without retrofitting under blast load.

e  Strengthening structure with FRP

The performance of 2 mm thickness of FRP laminate on the
lateral front face of the structure to strengthening the blast
loading is studied. The mechanical properties of FRP for
geometry are presented in Table 4. Numerical modeling results
for strengthen facade against blast loading is illustrated in Fig.
6 a) and b). Results show in both cases of scale distances a
reduction of cracks and non-failure of structural components.
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Figure 6. Strength structure performance with laminate FRP under blast load.

Strain energy of the building without retrofitting in both
scaled distances is illustrated in Fig.7. For small value of scaled
distance or low distance of blast position to structure increases
the total energy, so that structure enters to the plastic area and
causes its failure.
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Figure 7. Strain Energy of the whole without retrofitting.

The strain energy of retrofitted facade with 2 mm lamina
FRP in scaled distance Z= 0.32 [m/ (kg1/3)] is shown in Fig.8.
Numerical simulation results demonstrated that the existence of
FRP on the facade, by absorbing the strain energy, improves
structure resistance to blast load.
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Figure 8. Strain Energy of the whole model Z= 0.32 [m/ (kg1/3)]

X. CONCLUSION

In this paper the nonlinear finite element method were
developed to evaluate the behavior of two storeys building
under blast load. Dynamic analysis was performed using
ABAQUS software. Two stand-off distances have been used.
According to the results of the simulated model, the strain
energy increases when the scale distance becomes smaller. The
effect on performance increasing, with the use of the FRP
plates with optional thickness improves structure resistance
against
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