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The dynamic response of various plate structures subjected to blast loads is analyzed in
this paper in particular fully rigid supported orthotropic plates using the method of modal
superposition. The analysis procedure is used to quantify the linear transient response of such
plates subjected to localized blast loads. Many studies are currently available, in which the
blast load is considered to be spatially uniform across the plate with a temporal distribution
described by a Dirac delta function. The novel aspect considered here is the case for which the
blast load is modeled as a step triangular function and the orthotropic plate is fully fixed along
its edges. A Mathematica program is used to solve the values of the natural frequencies of the
system from the transcendental equations. The results presented here are collected from the
results of analyses performed on blast loaded plates for a variety of parameters important with
regard to the dynamic response. Conclusions are drawn concerning the influence of the various
parameters on the nature of the plate response.
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1. Introduction

The response of orthotropic plates to
localized blast loads had been the subject
of a great deal of research. In particular,
the behavior of plates under blast loads
was investigated in theoretical as well as
numerical studies (Bonorchis and Nurick
2009, Langdon et al, 2002, Kadid and
Abdelkrim, 2008, Alisjahbana and
Wangsadinata, 2012). Although this
research had some overlapping results,
the methods of analysis were quite dif-
ferent. Therefore the focus in this paper
will be on the response of orthotropic
plates subjected to localized blast loads.
The theoretical formulation of the ideal-
ized blast loads is either a zero period or
rectangular, uniformly distributed pressure
impulses, which may be accompanied
by simplified constitutive laws, as was
investigated by Bahei-El-Din and Dvorak
(2007). The theoretical formulations for
the response of rigid-plastic circular plates
with clamped supports were investigated
by Wang and Hopkins (1957) for a zero
period impulse and by Florence (1966) for

a rectangular impulse. In their work, bend-
ing kinematics were assumed to be linear
and membrane stretching was neglected.
Houlston and DesRochers (1987) compared
the numerical and experimental results of
uniformly blast loaded square and
quadrangular plates. Good numerical and
experimental agreement between the plate
and stiffener midpoint displacement histo-
ries was found. The study of blast loaded
stiffened orthotropic plates subjected to
localized blast loads modeled as a triangu-
lar blast load was intensively studied by
Alisjahabana and Wangsadinata (2012). In
this work the plate was stiffened by longi-
tudinal stiffeners and the effect of stiffeners
configurations on the dynamic responses
of the plate was studied intensively. The
aim of this paper is to investigate the effect
of introducing the time duration of the
step triangular blast load on the dynamic
responses of the stiffened orthotropic plate.
The inclusion of the effect of time duration
of the localized blast load is intended to
introduce the idealization of the condition
that might occur in practice.
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2. Vibration Analysis

In the first part of this paper the free vibra-
tion analysis of orthotropic stiffened plates
with fully fixed condition along its support
is studied first using the Levy’s solution. By
using the method of separation of variables
the free vibration response of the system
can be expressed as:

w(x,y,t) = W(x,y) sinwt 1)

where W(x,y) is a function of the posi-
tion coordinates only, and w is the circu-
lar frequency. The undamped free vibration
equation of motion of the system can be
expressed as:

*W(x,y)

Dy AT

*W(x,

+ Dy% — Pha®W(x,y) =0
where D, and Dy are the flexural rigidities
in the x and y direction respectively, B is the
torsional rigidity, p is the mass density of
the plate.

The boundary conditions of the ortho-
tropic stiffened plate for fully fixed condi-
tion along its support are as follow:

Alongx =0and x = a:

*W(x, y)
2B 202

@

W(x,y) = &;y_) =0 (3)
Along y =0and y = b:
Wy =Tet =0 g

The natural frequencies of the system
with the boundary conditions according to
Egs. (3) and (4) can be found from the solu-
tion of two auxiliary Levy’s type problems
that can be solved by using Mathematica
program as follow:

_m(prt P,
(wmn)? = S <D,F +2B 55 +Dy?b7)
)

where p and 4 are real numbers to be
solved from two transcendental equations
(Pevzner et al 2000).
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3. Dynamic Response

The orthotropic stiffened plate is assw
to be subjected to a normal blast 103din§
p(x,y,t) on the upper surface. By using ﬁae
modal participation method, the dynam
response of the system can be expressed in
the following form: :

AR s

m on

(Y )= 1 Y Xon(2)Youn (4) Ty 1)
m=1n=1 =

©

where Xpn(x), Yinn (y) are eigen functions,
and Tpn(t) is a function of time which myst
be determined through further analysis,

4. Idealization of Blast Loading

To determine of the exact blast loading is
almost unrealistic, considering the compliz
cated process of the interaction of the blast
wave with the target concerned (Bing Lj
et al., 2009). In order to reduce this com:
plex problem of blast loading to reasonable
terms, the localized blast load p(x,y, ) car
be expressed by the following equation:

P t) = POSlx ~xoldly —yo] (7

where J[.] is the Dirac delta function, z is
the position of the localized blast load in
the x direction and yj is the position of the
localized blast load in the y direction.

The blast loading P(t) as a stepped tri =
gular function can be expressed as: &

TS

=
£

S

P(t) = By (1—%) for 0 <t<t (8
3

P(t) ‘r

Po

P()=Po( 1-t/ty)

P(U)=Px(1-U1y)

Figure 1. Pressure time history for a stepped iri-
angular loading.



P(t)=Pz(1—é> for h<t<t, (9)
(10)

~ The general solution for the forced
response deflection of the orthotropic stiff-
ened plate to a stepped triangular load P(¢)
can be solved further by using the Duhamel
integration method as follows:

w(x,y,t) = i i Xnn (x) Ymn (y)

m=1n=1

[ P(x)0[x = xo) Ly —yo] |
L/ P O/Xm,. (x)dx

P(t)=0 for t > t,

e~ T@mn(t—7)

b
!ymn(y)dym Sin Wmn (t — T)dt
(11)

where Qpmy is the normalization factor of
the Eigen vector, and 7 is the damping
ratio. Once the response deflection has been
obtained, the internal forces of the plate
(moments and shear forces) can be com-
puted, using derivatives of those equations.

5. Numerical Results

An orthotropic rectangular damped con-
crete plate stiffened by longitudinal beams
along the x axes is considered. The data for
the plate and blast load are: a = 8 m, b =
475m,h =012 m, E, = 235 x 101 N/m2,
v =023 p = 2,400 kg/m?, t; =1.56 ms,
t =40ms, t3 = 3 ms, Py = 3 x 10* N/m2,
P, = 12 x 10* N/m?2. The boundary condi-
tions are fully fixed along the x and y edges
and the damping ratio (7) is varied from
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0% to 10%. In the following discussion the
position of the blast load is at xy = 1 m
and yo = 1 m. The absolute maximum
dynamic deflection at the mid plate sub-
jected to a stepped triangular blast load has
been calculated by using 5 modes in the x
direction (m = 1,2,...,5) and 5 modes in
the y direction (n = 1,2,...,5). By using
the Mathematica program the values of p
and q and the natural frequencies of the
orthotropic plate for three models, model
1 (without stiffeners), model 2 (1 stiffener)
and model 3 (2 stiffeners) are computed.

The absolute maximum dynamic deflec-
tion has been computed for 3 different stiff-
eners configurations. The introduction of
stiffeners decreases the mid-point displace-
ment significantly. The mid-point displace-
ment for model 1 is 12.27 mm, while for
model 2 and model 3 are 8.04 mm and
6.83 mm respectively, all computed for the
value of damping ratio of 2%. Thus, the
configurations of stiffeners can have an
important influence on the response of the
stiffened orthotropic plates as shown in
Table 1.

For model 2 with the value of damp-
ing ratio 2% increasing the time duration
of the step triangular load (t;) by a fac-
tor of 1.5 has resulted in a decrease in the
mid-point displacement by a factor of 1.51.
This has occurred due to the fact that the
response in the first region (0 < t <t;)
has already decreased before it is ampli-
fied by the response in the second region
(t; <t<ty). Therefore, the time duration of
the blast loading plays an important role
in determining the level of response of the
orthotropic plate.

Table 1. The absolute maximum dynamic deflection of damped orthotropic stiffened
plates subjected to a stepped triangular blast load.

Model 1 Model 2 Model 3
(without stiffener) (1 stiffener) (2 stiffeners)
Damping ratio Wmax (mm) Wmax (mm) Wmax (mm)
(1) ty =40 ms t) =40 ms t, =80 ms t; =40 ms
2% 12.27 8.04 3.82 6.83
5% 7.87 441 152 3.40
10% 443 211 0.61 1.79
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Figure 2. Time history of damped orthotropic plate for model 2 (1 stiffener) and model 3 (2 stiffeners)
subjected to a step triangular blast loading, 7 = 2%. :

t=0.005 s t=0.0055 s ' =0.006 s

Figure 3. The deformation of the damped orthotropic plate for model 3 with the value of damping ratio 2%
subjected to a stepped triangular load.
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Figure 4. M, and M, distribution along x axes and y axes for model 2 subjected to a stepped triangular

blast load, v = 2%.

6. Conclusions

It can be seen that stiffener configura-
tion has a significant effect on the over-
all dynamic response of the orthotropic
plate. A stiffener located along the mid
length of the plate (model 2) significantly
reduces the overall plate dynamic deflec-
tion. The time duration of the blast load
is one of the important parameter, since it
has an influence on other responses, such
as moment distribution, shear distribution
and the maximum dynamic deflection of
the system. '

References

Alisjahbana, S. W. and Wangsadinata, W., Blast
Loaded Stiffened Orthotropic  Plates, in
Advances in Computational ~ Mechanics
(ACOME), Ho Chi Minh City, Vietnam, 2012.

Bahei-El-Din, V. A., Wave Propagation and Dis-
persion in Sandwich Plates Subjected to Blast
Loads, Mechanics of Advanced Materials and
Structures, 14, 465-475, 2007.

Bonorchis, D. and Nurick, G. N., The Influence
of Boundary Conditions on the Loading of
Rectangular Plates Subjected to Localised Blast
Loading-Importance in Numerical Simulations,
International Journal of Impact Engineering, 36, 40—
52, 2009.

Florence, A. L., Clamped Circular Rigid-Plastic
Plates Under Blast Loading, ASME J. Appl.
Mech., 33, 256-260, 1966.

Houlston, R. and DesRochers, C. G., Nonlinear
Structural Response of Ship Panels Subjected to
Air Blast Loading, Comp. and Struc., 26, 1-15,
1987.

Kadid, A., Stiffened Plates Subjected to Uniform
Blast Loading, Journal of Civil Engineering and
Management, 14(3), 155-161, 2008.

Langdon, G. S, et al, The Response of Stiffened
Square Plates Subjected to Localised Blast Load-
ing,In:StructurasunderShockdempactLoading
(SUSI) V11, 3-12, Montreal, Canada, 2002.

Pevzner, et al, Further Modification of Bolotin
Method in Vibration Analysis of Rectan
Plates, AIAA Journal, 38(9), 1725-1729, 2000.

Wang, A. ], and Hopkins, H. G., On the Plastic
Deformation of Buil-in Circular Plates under
Impulsive Load, J. Mech. Phy. Solids, 3, 22-37,
1957.




With the current advanced stage of technology and globalisation, keeping
abreast with worldwide research, development, and practice is necessary for
progress. In addition, there is an increasing demand for career migration
regionally and internationally. It is therefore imperative to have a platform for
researchers and practitioners to learn from one another at an international
level to exchange ideas and network.

This book presents 184 peer-reviewed articles from 38 countries by 372
researchers and practitioners worldwide. The articles represent some of the
latest trends and developments in structural engineering and construction.
The topics included in this book are in the broad area of air and water,
architecture and architectural engineering, coastal engineering, construction.
construction safety, cost control, disaster management, energy, facilities and
asset management, geotechnical and foundation engineering, housing, [/
infrastructure, law and dispute resolution, materials. policies for national :
development, procurement, productivity, project management, quality, risk
analysis, structures, education, and sustainability.

The book is informative with recent developments and new trends among ‘
academics and industrial practitioners, which will inspire the structural |
engineering and construction community. ‘

ISBN 978-981-07-3677-4

I

www.rpsonline.com.sg 9I78981017367741 > &«




