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ABSTRACT: Functionally Graded Materials (FGMs) are kinds of composite materials that due to the
continuity of mixture of constituent materials, have more effective mechanical properties which leads to
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eliminate the interlayer stress concentration. The most common usage of such materials is in thin-wall
structures, such as plates and shells. One of the most effective factors in behavior of such structures
especially in single-curved shells, thermal loads or Impact loads is caused by explosion. Also, due to
some executive needs, make opening in shells and their behavioral changes are important and suggesting

solution will be necessary. Therefore, in order to prevent large displacement and resistance improvement,
using shells made of FGM and suitable stiffeners, will be suggested. In this study, ABAQUS finite
element software has been used to survey the Effect of opening and stiffener on geometric nonlinear
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dynamical behavior of single-curved FGM shells under the blast loads. In order to do this, the effect of
volume fraction index, the effect of different openings and stiffeners has been studied. Results show that
by increasing the volume fraction index, the maximum amount of displacement of the shell decreased. ~ Opening, Stiffener
Making opening in the center of the shells, has better function in contrast with making opening
distribution in the level of shells. By increasing moment of inertia of longitudinal and circular stiffeners,
the maximum displacement has been decreased. Also, by utilizing opening distribution and longitudinal

stiffeners, the maximum amount of displacement can be reduced.

1. INTRODUCTION

Functionally Graded Materials (FGM) are kinds of
composite materials and due to the continuity of the mixture
of constituent materials, have more effective mechanical
properties which lead to eliminating the interlayer stress
concentration. The most common usage of such materials is
in thin-wall structures, such as plates and shells. By the usage
of mixing rule, FGM materials properties such as elastic
modulus, density, and Poisson’s ratio are changeable across
the thickness. This change in properties is defined according
to Table 1, Eq.s (1) and (2).

V@) +V () =1 (1)
P(z, T)=[P(T) = P(D)V.(2)+ P,(T) )

P(T) and V(z) respectively represent the properties of
mechanical materials related to temperature and volumetric
function of the constituent materials in the direction of
thickness; Also ¢ and m respectively show the ceramic and
metal phases of FGM shells [2, 3].

Blast is one of the most effective factors in behavioral
changes of thin-wall structures such as single-curved shells,
thermal and impact loads; which leads to their nonlinear
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dynamical behavior. In order to determine the characteristics
of each blast, it is necessary to survey different parameters by
using (3), (4), (5) relations [4].
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In these relations, P (t) is the amount of pressure in the
desired time, P is the amount of atmospheric pressure, P_
is the amount of peak overpressure, ¢ is the explosion time
duration, d decay is a constant amount and D, M and Z are
respectively the distance of the explosion center to the point
according to meter, mass of explosive material according to
kilograms and scaled distance.

In this research, after verifying the FGM shells modeling
method [5, 6], first the properties of each layer by the usage
of dominant relations in FGM materials calculated [7] and
then shells were modeled by utilizing multi-layer equivalent
method (Figure 1).
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Table 1. FGM mechanical properties [1]

Material i Elastic Modulus Density Poisson’s
aterials properties
prop (GPa) (kg/m) Ratio
Aluminium {Metal) 67 2702 0.33
Silicon carbide
- . 302 3100 0.17
(Ceramic)

Fig. 1. Geometry and Cartesian coordinates of FGM single-curves shells [8].
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Fig. 2. Maximum displacement without FGM central shells dimension with different openings

In order to evaluate the FGM materials which were used
in single-curved shells, volume fraction index effect with
a seven-volume fraction (n=0.0,0.2,0.5,1.0,2.0,5.0,
) have been analyzed. Observes show that by increasing
the volume fraction index, the amount of displacement of
the central shell has been decreased, so that the maximum
displacement in full-metal shells (n=0) and minimum
displacement in full-ceramic Shells (n=0) have occurred
and other shells response are located between maximum and
minimum conditions.

In order to analyze the nonlinear dynamical behavior
of FGM shells with different openings, single-curved shells
with focused and extensive opening have been studied. In
focused condition, Triangular, Square, Hexagonal, Octagonal,
Dodecagonal and Circular openings have been analyzed
and according to Figure 2, the circular opening has the
best opening level. The opening percent has been chosen
according to the opening area ratio to shell area (relation 6)

182

and the amounts of 0 to 30 percent.

opening

OR = x100

(6)

shell

In some cases, it is not possible to optimize the shell by
way of changing geometrical dimensions and the number
of layers. In this situation, a stiffener can be used in order to
strengthen the shell, so that the role and effect of changing
geometrical dimensions of stiffener on FGM cylindrical
shells under the blast loads can be studied. To do this, two
kinds of longitudinal and circular stiffeners have considered.
Longitudinal stiffener (Figure 3-a) is located entirely in the
shell length and circular stiffener (Figure 3-b) is located
radially. These stiffeners are metal and have been prepared for
executing in the inner level of shells.

According to the analyzes, by increasing the thickness
and height of stiffeners and the scaled area in FGM single-
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(b)
Fig. 3. Geometry the model of FGM cylindrical shells with longitudinal (a) and circular (b) stiffeners

curved shells with longitudinal and circular stiffeners,
lead to decreasing maximum displacement, so that scaled
area, height, thick-ness have the effect of high to low on
the maximum displacement of the shells, respectively. Also
in order to analyze the number and the type of stiffeners
arrangement on the FGM cylindrical shells, longitudinal and
circular stiffeners with the same area by the number of 1, 2, 3
and 4 have been studied with different types of arrangement.
Studies show that the central shells maximum displacement
in the case of utilizing longitudinal stiffeners have the least
amount of displacement. Also if the number of stiffeners
becomes more than one, in the case that one stiffener located
longitudinal and others circulars, the maximum displacement
will be less than other conditions.
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Table 1. Mechanical properties of FGM [28].
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Table 2. Mechanical properties of FGM shell [29].
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Fig. 5. Comparison between time history of center displacement of FGM shell by Abaqus and reference [29].
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Table 3. Comparison of modeling results with Abaqus and reference [29].
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Table 4. Comparison of modeling results with Abaqus and reference [30].
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Fig. 6. Comparison between the time history-displacement of the circular plate obtained from Abaqus and reference [30].
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Table 5. Geometric parameters and mass of TN'T material [30].
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Table 6. Comparison of modeling results with Abaqus and experiments, for three scale coefficients 1, 2 and 4 [30].
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Fig. 7. Time history of displacement of the center of FGM shells under the explosive load of 20 gr of TNT (d=500 mm).

FGM saiug sloay sloss s -Y-F
N) FGM  gatwgy Jolao gloay olowi opens shiion,
R/a=4 1, (v Js2) FGM saing sl 2l Sen Jodov iz
@anaSed ol e £ tulis N (oo Gl a3 Lo
Sl s o Al ea Ve () Jolos e b e oo YoxY
O gabal) &)goh JSabokS 00 (D)) sairian jLad aBlal L
DAL a8 5 aloul
P(x,y, )= RR(1)P (x ») ()
i oley 5 Ol sejem 5o bl b wak T e oS

! 039 (\Y) 9 (\ \) QSLQ"’"L”‘) "’)9"94"

T9A

el 51 AU L Jlesl (gogon Y=Y

Sl o 3 s (V JS2) FGM . gaingy iy 5 YL (sloas
o Felas) V0 sliswl b glimgy (o) 2 (! 5o 08l oo 518
6,8 )8 0 mite goolo 0,5 Vo Jobea il 5 36 b il oo
=1) S e Ol ale b atwss ca¥ Lz sl a5
W0 )5 adeie (Y JS8) b udow ol cwyp 5l e ool 009
ol oal Sy (Seeliw g, Bib I glmiil L a5 el
il &5 (o 4 S 5 g 9,8 os S FGM gaisgy
Al 50 gy onl el eag 0 S 0l (538 s, Bk
el 0033,5 Jlae] Sl pos stz By 31 oyl b o ol



YV 55 oo TR Lo ¥ o)l DY 0593 S yual lyos cwdiges il

-0.64 : : :

10 12 14 16

-0.66 -
-0.68 -
-0.7 -
-0.72 A
-0.74 +

-0.76 -

Maximum Dimensionless
Center Displacement, w/h

—e=— Abaqus

Number of Layers
FGM (5 awgy Jolro sla 4oV slosi cpuuni A S0
Fig. 8. Determine the number of layers equivalent to the FGM shell.
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Fig. 9. Comparison of component size in different meshes.
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Fig. 10. Geometry and meshing of FGM shell.
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Fig. 11. Time history-displacement of the center with different volume fraction index.
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Fig. 12. Maximum dimensionless displacement of the FGM shell center based on the different volume fraction index.
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Fig. 13. Display geometry and meshing of FGM shell with different openings (OR = 10%).
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Fig. 20. 10 openings 2%. Fig. 19. 8 openings 2.5%. Fig. 18. 6 openings 3.33%. Fig. 17. 4 openings 5%. Fig. 16. 2 openings 10%.
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Fig.25.11 openings 1.82%. Fig. 24. 9 openings 2.22%. Fig. 23. 7 openings 2.85%. Fig. 22. 5 openings 4%. Fig. 21. 3 openings 6.67%.
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Fig. 26. Shell displacement contours with 20% opening in the form of (a) single opening, (b) five openings and (c) four
openings.
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Fig. 30. Maximum displacement of FGM shell with longitudinal stiffener for stiffener height and scaled distance.
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Fig. 31. Time history of displacement FGM shell with longitudinal stiffener for different stiffener heights with Z = 2.
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Fig. 33. Maximum displacement of FGM shell with circular stiffener for stiffener thickness and scaled distance.
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Fig. 34. Time history of displacement FGM shell with circular stiffener for different stiffener heights with Z = 2.
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Table 7.. Maximum dimensionless displacement of the FGM shell with different number and arrangement of stiffener and

with Z = 2.
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