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Dynamic Response of RC Panel with and

Without Openings Subjected to Blast Loading
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Abstract: The dynamic response of reinforced concrete (RC)
panels without and with different configuration of opening under
blast load scenario is investigated in the present study. The
numerical simulations were carried out using finite element
method with ABAQUS application. The concrete behavior under
blast loading was modelled using Concrete damaged plasticity
model. The material parameters for concrete damaged plasticity
model were determined using methodology proposed by [14]. The
parametric study was carried out using variation in blast load due
to different charge weight. It was observed that the peak
displacement increases with increase in blast load. It was also
observed that at lower blast load, failure of reinforced concrete
panel was initiated by cracking at rear face of panel but as the
blast load increases the RC panel was failed by combination of
crushing of front face of panel along with cracking of rear face. It
was observed that for the given blast load, the RC panel without
opening is less affected by crushing failure as compared to RC
panel with opening configuration studied. It was also observed
that the RC panel with circular opening at center is stiffer than
other opening configuration and observed to have stable
structural performance against the blast load studied.

Keywords: blast phenomenon, numerical simulation, concrete
damaged plasticity model, damage variables

I. INTRODUCTION

It is observed that majority of terrorist attacks are targeted to
civilians, military buildings or commercial structures. Hence,
it is necessary to have proper design guidelines for blast
resistant design of such critical infrastructure facilities. Such
structures may be designed for conventional loading i.e. dead
loads, wind load, earthquake load, but may not be designed
for blast loading. In term of sequence of response, the blast
first impinges the exterior walls of the building and may
cause wall failure. The RC walls or column type elements
may be provided with openings for architectural requirement
or other functional requirement. It is observed that most of
the experimental works [1, 2] use solid concrete panels but
experiments on the reinforced concrete panels with different
configuration of the openings are not studied extensively.
The present study highlights the behaviour of RC panel with
and without opening configuration, under blast loading.

Manuscript published on 30 August 2019.

*Correspondence Author(s)

Palak J Shukla, Applied Mechanics Department, Shri K J Polytechnic,
Bharuch, India.

Atul K Desai, Applied Mechanics Department, Sardar Vallabhbhai National
Institute of Technology, Surat, India.

Chetankumar D Modhera, Applied Mechanics Department, Sardar
Vallabhbhai National Institute of Technology, Surat, India.

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number: J12520881019/19©BEIESP
DOI: 10.35940/ijitee.J1252.0881019
Journal Website: www.ijitee.org

2535 © Copyright: All rights reserved.

Check for
updates

Most of the researchers [3-5] used field test for experimental
study of dynamic response of reinforced concrete panel
subjected to blast loading.[6] and [7] used shock tube for
laboratory test for experimental study of blast effects on
reinforced concrete panel. Both methods of experimental
study are expensive and sometimes beyond affordability, so
numerical simulation are convenient tool to study the
behaviour of reinforced concrete panel under blast load
action.

In present study dynamic response of RC panel with and
without opening were studied by finite element method using
Abaqus application. The experimental work carried out by
[8] was first validated by Abaqus to demonstrate its
suitability. The results of response of reinforced concrete
panel subjected to blast loading were represented in form of
central deflection ¢ and normalized peak deflection 6/h. The
thicknesses h of the slabs are 30 mm, 40 mm and 50 mm.The
behaviour of concrete was simulated using concrete damaged
plasticity model while plastic kinematic model used for
simulation of steel. Subsequently, a parametric study on RC
panel, with and without openings, are studied for the typical
blast load scenarios. The response under the action of applied
blast load were presented in form of displacement time
history, distribution of compressive damage variable and
distribution of tensile damage variable

Il. VALIDATION EXERCISE

[8] has carried out experiments to study the behavior of three
similar slabs having different scale down factors subjected to
blast loading. The dimensions and the experimental setup is
shown in Fig. 1. The details of experimental cases used for
the validation and the results of the numerical simulations
(using ABAQUS) carried out in the present study are
compared with the results observed by [8] are presented in
Table 1. It can be seen from the validation exercise that the
blast load scenario can be reasonably simulated using
CONWEP model in ABAQUS.

I11. NUMERICAL MODELING OF RC PANEL

A. Model Geometry

The details of the model used for the numerical modeling is
presented Table 2 and Fig. 2. The reinforcements were
modelled considering 6 mm diameter bar meshing at a
distance of 75 mm both ways. The parametric studies were
carried out for the reinforced concrete panel with the different
configuration of openings for the same percentage of the
opening area (2.56 percent of the total area i.e 200mmx 200
mm; Fig. 3a) as shown in Fig. 3.
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The parametric studies were also conducted for effect of  of the wall. The RC panel was considered to be supported on
different charge weight i.e. 0.13 kg of TNT, 0.39 kg of TNT,  the steel frame on two opposite sides.
0.52 kg of TNT att500 mm standoff distance from the center
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Fig. 1 Geometry of slab [8]

1250 |
| mm it

6 mm diameter bars

Fig. 2 Typical Reinforced Concrete Panel Subjected To Blast Loading

Table | Comparison Of The Results: Experimental With Numerical Modelling

Slab Dimension (mm) Scale Distance Central Deflection & Normalized peak deflection (/h) Difference (%)
(Ixbxh) m/(kg“®) (mm)
Experimental Simulation Experimental Simulation
A 750 x 750x30 0.518 26 24.81 0.87 0.83 4.59
B 1000x1000x40 0.591 15 13.73 0.375 0.343 8.53
C 1000x1000x40 0.518 35 37.6 0.875 0.94 7.44
D 1250 x1250x50 0.591 19 19.46 0.38 0.389 2.42
E 1250x1250x 50 0.518 40 42.5 0.8 0.85 6.25

.

(a) opening configuration 1  (b) opening configuration 2  (c) opening configuration 3  (d) opening configuration 4

Fig. 3 RC Panel With The Different Configuration Of Opening
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Table 11 Geometric Details Of The Model Used For

Numerical Simulations
Sr. Description Detail
No.
1 Width of model (mm) 1250
2 Length of model (mm) 1250
3 Thickness (mm) 50
4 Charge weight (blast 0.13,0.39 and 0.52
load) kg of TNT
(parametric study)
5 Standoff distance (mm) | 500
6 Grade of Concrete M40 (40 N/mm?)
7 Reinforcements 6mm diameter rebar
(600 MPa)
8 Material Model Concrete Damage
Plasticity Model
9 Opening details 2.56 % (refer Fig. 3)
10 Opening variation Square and circular
opening

B. Modeling Blast load

During an explosion, air forms a highly compressed gas mass
which interacts with the surrounding air. This will further
generate shock wave propagating outward. The equivalent
load effects due to explosion can be defined either by air blast
or by surface blast using empirical data provided by the
CONWEP model. Fig. 4 highlights a typical pressure history
of such blast wave. Based on the distance of loading surface
from the source of explosion, CONWEP model uses a scaled
distance and the amount of explosive detonated for
characterizing the blast load.

For a given scaled distance, model provides the following
empirical data the maximum overpressure, the arrival time,
the positive phase duration and the exponential decay
coefficient for both the incident pressure and reflected
pressure

Total pressure P(t) is defined as :

P(t) = Pincident (t) [1+COS 9 - ZCOS 29] + Preflect (t) CcoSs 26 (l)
for cos 0 >0;

P(t) = Pincident (t) for cosf <0 @)

Where Pincident (t) is incident pressure, Prefiect (t) is the reflected
pressure and the 0 is angle of incidence which is defined as
the angle between the normal of the loading surface and the
vector that points from the surface to the explosion source

Pressure
Pma)-c .
Exponential docay
Pasitive phasa
Pa1m
| \“:}":T_ Time
Timea al Timiz of Magafive phase
detonation  arrival

Fig. 4 Pressure History Of Blast Wave
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C. Material modeling for concrete

Many researchers has studied blast loading scenarios using
many computer applications such as LS-DYNA [1, 3, 9],
AUTODYNA [2], ABAQUS [10] or using single degree of
freedom method of analysis [7,11]. It is observed that for
numerical simulations of blast loading studies, the concrete
behaviour can be better described with damage models
whereas the steel behaviour can be represented by plasticity
models. The concrete damaged plasticity model provides
general capability for modelling concrete subjected to
monatonic, cyclic and dynamic loading [12]. [13] proposed a
plastic damage model for concrete which is based on an
internal variable-formulation of plasticity theory for the
non-linear analysis of concrete.

1) Details about concrete damaged plasticity model

The concrete damaged plasticity model in ABAQUS assumes
main two failure mechanisms i.e. the tensile cracking and
compressive crushing of the concrete material [12]. Various
parameters used to model the concrete using concrete
damaged plasticity model, are calculated using the
methodology proposed by [14] which considers the
compressive and tensile damage variable (dc and d;
respectively) as the portion of normalized energy dissipated
by damage

cft
1% , 3)
d, = — g, de;"
H:Jp
1 e _
df’ = — Hf dEtrh.
Ge o
In 3) @, and = are uniaxial compressive and uniaxial

tensile stress respectively, 5* and £% are crushing and
cracking strains respectively. Normalization coefficients gc
and g: represent the energies per unit volume dissipated by
damage along entire deterioration process:

- 4)
g = J‘ ¢ dErrh
i)

8 = J‘ Gt I5!35{;‘

o
(Equation 3) and (Equation 4) shows that dcand d; ranges
between 0 and 1.

The energies per unit area and per unit volume are related by
Oc = Gen / legand gc = Gr/ leq ; Gen and Gg are material
parameters defined as crushing and fracture energies and leq is
characteristic length of element.

Relation between compressive and tensile stress and
respectively crushing and cracking strain is established
according to [13] as (5) and (6)

. L ®
e = f;n [{1 + a‘r:] EJCp{—EJrEfr":] - & gx?{_zhrb-rm:]

) . (6)
o = fio[(1 + @) exp(—b,ef®) — aeexp (—2b,2f")
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The proposed compressive and tensile damage functions are
defined by (7) and (8)

7
L1 O]
=TT 2+

. [2014 o )exp(—b=) — g_exp(—2b_£7%]

®)

d =1—

[2014 o Jexp(—be") — a_exp(—2b.27]
2+ a,

Where the dimensionless coefficients ac at b nd by can be
determined using (9) to (11)

®

I
=2 )12 () ()
(10)

a, =2 [ﬁ_.-l'l}::u} —1+2 .i[ﬁ_."lllﬁ:h}z - [ﬁ_.";.:llrﬂ}
-'\!

In (9 and 10) fi; and fi; are the compressive and tensile
stresses that correspond to zero crushing and to
commencement of cracking respectively while f.., and fo
are maximum compressive and tensile stress respectively.

an

H

1.97(f, +8)
- ( Gn": ]{eq

0.453 7%
e (B2,

The model uses the the yield function of [13], along with the
modification proposed by [15] to consider different evolution
of strength under tension and compression (12).

(12)
= 1-— al‘ﬁ_ﬂ e ':B:'[I:I'____t] _T[_':r—.;:]::' —a.=10
With
|T.|r-E‘|]._."_ ;'—i
a= —gm A— 02a<05,
ER N o

B==(1-a)- U +a),

Ye

a1-x.)
K. -1
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Here ¢ is the hydrostatic pressure stress, g is the Von
Mises-equivalent effective stress , ﬁ”-‘f o is the ratio of the
G

initial biaxial compressive yield stress to initial uniaxial
compressive yield stress the default value is 1.16 , K is the
ratio of the second stress invariant on the tensile meridian
q(TM) to that on compressive meridian g(CM) at initial yield
for any given value of the invariant p such that the maximum
principal stress is negative it must satisfy the condition
00K, =1,a Iis the effective compressive cohesion
stress, &; is the effective tensile cohesion stress.

The model considers flow potential G, the Drucker-Prager
hyperbolic function as per (13)

(13)

G = leoptany)® + g2 —ptany

In (13) oy is the uniaxial tensile stress at failure, £ is the
eccentricity of plastic potential surface and 3 is the dilatancy
angle measured in p-q deviatory plan at high confining
pressure. Table 111 describes values of these parameters used
in present study.

Table I11 Parameters of Concrete Damage Plasticity Model

Ke Y () fho/feo €
0.7 31 1.16 0.1
Fig. 5 indicates the concrete uniaxial stress-strain

relationship used in the present study. Fig. 5 (a) and 5(b)
represents the uniaxial behavior of concrete in compression
and tension respectively. Fig. 6 and Fig. 7 represent the plots
that constitute major inputs for the concrete damaged
plasticity model in ABAQUS calculated as per above
describe methodology. Fig. 6(a) represents the plot of
compressive stress vs. crushing strain while Fig. 6 (b)
represents the plot of tensile stress vs. cracking strain. Fig. 7
(a) represents the plot of compressive damage variable vs.
crushing strain while Fig. 7 (b) represents the plot of tensile
damage variable vs. cracking strain

D. Modeling reinforcement

The reinforcement properties was model using ABAQUS
Plastic Kinematic hardening keywords as indicated in Table
4. The linear kinematic model approximates the hardening
behaviour with constant rate of hardening. Two data pairs are
required to define the behaviour: the yield stress oo , at zero
plastic strain and a yield stress o at a finite plastic stain value
&?'. The linear kinematic hardening modulus C, is determined
form the relation

] LY (14)

gpl

Under dynamic loading, the strength properties of rebars are
known to increase by up to 60% for strain rate for up to 10 s,
and up to 100% for strain rates around 225 s The ratio of
the dynamic to static value generally known as Dynamic
Increase Factor, is normally described as function of strain
rate.
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For the design and analysis of the structures for explosive
safety, knowledge of the DIF is of significant importance.
The dynamic increase factor (DIF) for steel can be expressed
as follow [16]

. (15)

DIF ( i J
RS TR
Where for the yield stress, o is expressed as follows:

- (16)
&= 0.074 - 0.040  7/414)

Where the strain rate is in s and oy is the yield stress in MPa.
(16) is valid with the yield stress between 290 and 710 MPa
and for stain rates between 10 s* and 225 s™.

Table 1V Material properties for steel reinforcement

Parameter Value
Density (tonnes/mm?) 7.89E -9
Young’s Modulus E(MPa) 2x10°
Poisson ratio 0.3
yield stress o|o ( at zero plastic strain) 290
(MPa)
yield stress ¢ (MPa) 710
Maximum strain 0.3

IV. RESULTS AND OBSERVATIONS

The center node of the RC panel was selected to monitor the
displacement time history for the RC panel without opening,
the RC panel with opening configuration 2 and 4. For other
cases with configuration 1 and 3, the suitable node at the
periphery of the opening was selected to monitor the
displacement time history.

A. Displacement time history

Fig. 8 indicates the displacement time history for the RC
panel without opening. It can be observed from the graph that
the maximum displacement 94.91 mm was observed in case

50

/I

20

Compressive stress (MPa)

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Total strain

(a) Compression
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of the blast load with 0.52 kg charge weight while minimum
displacement 3.7 mm was observed in case of blast load due
to 0.13 kg charge weight. The displacement time histories for
the RC panel with opening Configuration 1 are indicated in
Fig. 9 for different blast load. It can be observed from the
graph that the maximum displacement 156.37 mm was
observed in case of blast load due to 0.52 kg charge weight
while minimum displacement 3.02 mm was observed in case
of blast load of 0.13 kg charge weight. The displacement time
histories for RC panel with opening configuration 2 are
indicated in Fig. 10 for different blast load. It can be observed
from the graph that the blast load due to 0.52 kg of TNT
charge weight gives maximum displacement i.e. 135.56 mm
while the blast load due to 0.13 kg of TNT charge weight
gives minimum displacement i.e. 3.46 mm. Fig. 11 indicates
the displacement time history for RC panel with opening
configuration 3. It can be observed from the graph that the
maximum displacement 161.19 mm was observed in case of
blast load due to 0.52 kg charge weight while minimum
displacement 3.34 mm was observed in case of blast load due
to 0.13 kg charge weight. The displacement time histories for
RC panel with opening configuration 4 are indicated in Fig.
12 for different blast load. It can be observed from the graph
that the maximum displacement 134.5 mm was observed in
case of blast load due to 0.52 kg charge weight while
minimum displacement 3.43 mm was observed in case of
blast load due to 0.13 kg charge weight

B. Results of damage prediction

The damage of the RC panel acting as a wall was predicted by
the phenomenon of cracking under tensile damage and
crushing under compressive damage. The values of tensile
damage variable or compressive damage variable nearer to
one indicate the failure of the RC panel by cracking or by
crushing respectively. Table 5 indicates the damage variables
for different configurations of the RC panel and different
blast load. It can be observed from the Table 5 that in all the
cases i.e. the RC panel without opening and the RC panel
with different opening configuration, the response of the RC
panel subjected to blast load of 0.52 kg of TNT charge weight
was critical

Tensile stress (MPa)

™~

\\

0
0.000 0.001 0.002 0.003 0.004 0.005 0.006

Total tensile strain

(b) Tension

Fig. 5 Uniaxial Model Of Concrete Behavior
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(a) Compressive stress vs. crushing strain
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Compressive stress (MPa)

(a) Compressive damage variable vs. crushing strain

40

0.02

0.03 0.04 0.05
Crushing strain

Tensile stress (MPa)

\

e

0
0.000 0.001 0.002 0.003

Cracking strain

0.004 0.005

(b) Tensile stress vs. cracking strain

Fig. 6 Stress-Strain Parameters For Concrete Damaged Plasticity Model In ABAQUS
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(b) Tensile damage variable vs. cracking strain

Fig. 7 Damage Parameters For Concrete Damaged Plasticity Model In ABAQUS
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Fig. 10 Displacement Time History For The RC Panel

With Opening Configuration 2
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Fig. 12 Displacement Time History For The RC Panel
With Opening Configuration 4

Fig. 13 indicates the distribution of tensile damage variable
on back side of RC panel with different configuration of
opening subjected to blast load with 0.13 kg of TNT. The red
cells indicate maximum value of tensile damage variable. It
can be observed from distribution of tensile damage variable
(Fig. 13 (a)) for RC panel without opening that the damage of
the RC panel was localized along the strip parallel to support
but less affect the center of RC panel. The distribution of
tensile damage variable for RC panel with opening
configuration 1 and 3 indicates (Fig. 13 (b) and (d)), the
localized damage along the strip parallel to support at center
of RC panel and near the support. Fig. 13(c) and (e) indicates
the localized failure along the strip parallel to support at
centre of panel and the area covered between four openings is
also affected. As the RC panel is acting as wall and supported
on two sides the compression failure occurs on the front face
of panel. Fig. 14 indicates the distribution of compressive
damage variable on front side of RC panel with different
opening configuration subjected to blast load due to 0.13 kg
of TNT charge weight. The red cells indicate maximum value
of compressive damage variables but it does not reach nearer
to one which means that the RC panel is not fail by crushing.
It can be observed that the distribution of compressive
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Fig. 11 Displacement Time History For The RC
Panel With Opening Configuration 3

damage variable is concentrated around center of the RC
panel in all cases.

The distribution of tensile damage variable on back side of
RC panel with different configuration subjected to blast load
with0.39 kg of TNT charge weight is shown in Fig. 15. It can
be observed from distribution of tensile damage variable
(Fig. 15 (a)) for RC panel without opening that the damage of
the RC panel was localized along the strip parallel to support
and more concentrated near center of the RC panel. The
distribution of tensile damage variable for RC panel with
opening configuration 1 and 3 indicates (Fig. 15 (b) and 15
(d)), the localized damage along the strip parallel to support
at center of RC panel and around the opening. Fig. 15 (c) and
(e) indicates the localized damage of RC panel with opening
configuration 2 and 3 along the strip parallel to support at
center of panel. Fig. 16 indicates the distribution of
compressive damage variable on front side of RC panel with
different opening configuration subjected to blast load due to
0.39 kg of TNT. The red cells indicate maximum value of
compressive damage variables. The distribution of tensile
damage variable on the back side of the RC panel, with
different configuration subjected to blast load with 0.52 kg of
TNT charge weight is shown in Fig. 17(a) to Fig. 17(e). The
red cells indicate maximum value of tensile damage variable.
It can be observed from the distribution of tensile damage
variable, the RC panel without any opening indicates the
localized damage along the strip parallel to support but the
RC panel with opening configuration 2 and 4 indicate the
large damage area for the same blast load case. It is also
observed that the RC panel with opening configuration 1 and
3 indicate the localized damage along the strip parallel to
support at the center of the panel and near the support. Fig.
18(a) to Fig. 18 (e) indicates the distribution of compressive
damage variable on the front side of the RC panel i.e. acting
as the wall with different configuration. The red cells indicate
maximum value of compressive damage variables. It can be
observed that the distribution of compressive damage
variable is concentrated around the center of the RC panel in
all cases.
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Table V Damage Variables For Different Configurations Of The RC Panel And Different Blast Load

Sr. No Blast load case Maximum Displacement at Maximum Displacement at
Tensile maximum dt Compressive maximum dc
damage (mm) damage variable (mm)
variable (d) (de)
RC panel without opening

1. 0.13 kg of TNT 0.491 2.878 0.006 3.70

2. 0.39 kg of TNT 0.988 9.970 0.017 9.96

3. 0.52 kg of TNT 0.994 23.19 0.896 94.72

RC panel with opening configuration 1

1. 0.13 kg of TNT 0.959 3.01 0.00427 3.01
2 0.39 kg of TNT 0.994 11.95 0.0315 11.95
3 0.52 kg of TNT 0.994 27.49 0.987 152.06

RC panel with opening configuration 2

1 0.13 kg of TNT 0.910 3.08 0.0056 3.01
2 0.39 kg of TNT 0.994 10.34 0.055 12.27
3 0.52 kg of TNT 0.994 26.75 0.987 131.18

RC panel with opening configuration 3

1 0.13 kg of TNT 0.949 3.08 0.013 3.09
2 0.39 kg of TNT 0.992 9.3 0.069 11.53
3 0.52 kg of TNT 0.994 24.34 0.987 114.74

RC panel with opening configuration 4

1 0.13 kg of TNT 0.693 3.09 0.0055 3.09
2 0.39 kg of TNT 0.994 10.33 0.987 118.58
3 0.52 kg of TNT 0.994 29.61 0.987 130.43
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(a)RC Panel without opening
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Fig. 13 Distribution Of Tensile Damage Variable With 0.13 Kg Of TNT Blast Load
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(b)RC Panel with opening configuration 1
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(d)RC Panel with opening configuration 3
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(e) RC Panel with opening configuration 4

Fig. 14 Distribution of Compressive damage variable with 0.13 kg of TNT blast load
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(e) RC Panel with opening configuration 4

Fig. 15 Distribution of Tensile damage variable with 0.39 kg of TNT blast load
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(e) RC Panel with opening configuration 4

Fig. 16 Distribution of Compressive damage variable with 0.39 kg of TNT blast load
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(e) RC Panel with opening configuration 4

Fig. 17 Distribution of Tensile damage variable with 0.52 kg of TNT blast load
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(c) RC Panel with opening configuration 2 (d)RC Panel with opening configuration 3

(e) RC Panel with opening configuration 4

Fig. 18 Distribution of Compressive damage variable with 0.52 kg of TNT blast load
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V. CONCLUSIONS

The RC panel was subjected to different charge weights as
blast loading scenarios at 500 mm standoff distance. The
parametric study was carried out considering different charge
weight i.e. 0.13 kg of TNT, 0.39 kg of TNT, 0.52 kg of TNT
blast load and with different configuration of openings for the
same percentage area of opening (2.56 percentage of total
area of RC panel). The concrete was modeled using concrete
damaged plasticity model. The transient response of RC
panel was monitored in terms of displacement, tensile
damage variable, compressive damage variables etc.

Based on the present study it was observed that the
displacement of RC panel subjected to blast load increases
with increase in charge weight for same standoff distance. It
is also observed that The failure of panel is governed by
cracking at rear face (i.e. tension face) of panel for blast load
due to 0.39 kg of TNT but as the blast load increases, the
failure of RC panel is governed by cracking at the rear face of
panel mainly due to tension accumulation and crushing at
front face of panel due to compressive force mobilization.
For the typical blast load case the RC panel without opening
is less affected by crushing failure as compared to RC panel
with other opening configuration. For single opening in
center (square/ circular opening) the damage distribution is
lower and largely concentrated to strip parallel to support
where as for the RC panel with distributed opening (i.e. four
opening of square/circular shape) the damage is distributed in
almost entire area. On the close observation of tensile
damage distribution for RC panel with square opening at
center and RC panel with circular opening at center, it is
observed that RC panel with circular opening has
comparatively less damage distribution. Based on these
observations, it is observed that RC panels with openings
perform weaker as compared to solid panels under the blast
loading. However, RC panel with single circular opening is
structurally more stable & stiff compared to square opening
in center and distribute openings are not preferred for blast
resistance performances.
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