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ABSTRACT

This paper presents the transient response analysis conducted for sandwich plates subjected to blast

load. These plates are made of two isotropic face sheets and a porous core composed of closed-cell

foam. The core with functionally graded pore distribution through the thickness direction is uniformly

reinforced using graphene nanoplatelets. Three different porosity distributions are considered, namely,

two functionally graded symmetric types and a uniform type. In the analytical method of investigat-

ing the transient response of sandwich plates,

Reddy’s third order shear deformation theory is

employed. To verify the reliability of the presented analytical method, the transient responses are

compared to those obtained using the ANSYS software. The influences of the weight fraction, geom-

etry of the graphene nanoplatelet, porosity distribution and porosity coefficient on the transient re-

sponse are examined using a few examples.

1.4 B

HE FE M= 729 FojE AR e
AE 9 7 dve Aded B s v
Aek 2EY g ARdA 71Ee] EAE 729
RS A Q7] el BEE FAsHEA
Aol FraEE As wAEkE AL - T a8ttt
B v FHO HlE He ZuAs Ze agd
=3 graphene nanoplatelet, GNP)> &4 2
& SRS BAAR A A S W &

Y

Corresponding Author ; Member, Department of Mechanical Design
Engineering, Chonnam National University, Professor
E-mail : wannkim@jnu.ac.kr

S d= T glow, ZIAARe &7 GNP 5t

< U FP R BAS 8 VA des

T T, w3 GNP W AT
_'g_

e, AUzl

r 1
F

]

R omy &

FZEo| zq%‘L 2 9

GNP X7}
T7F A&E 3 gtk Kitipornchai 52% GNP EJJ
o Hol disf) WE 2 F= A& sH3ith Zhou

Recommended by Editor Nam Keun Kim

i
(© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 33(2) : 149~155, 2023 | 149


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2023.33.2.149&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Young-Wann Kim ; Transient Response of Sandwich Plates with Graphene Nanoplatelet-reinforced Porous Core Subject ...

.
B
dlo
b
o

i
tlo

)

Ir
o,

= 94538 gdel 8] A
ZoE EAS A48t Ansari SWE o] ¥
5 EAS AAEE

roh o
=)
=

-
o
2

A
2

A=z Fof| tiaf F= A4S, Twinkle 5
|

O @ o rlo U b ox wE ol
BN
K-y
=
&14
>
b
ofN o

o
= o oX,

o
~
>
r\l
ot
2
i)
o
i
Rl
2 o o irz
N
2 R A e Hu o He oo rlo

ol
=

o Sk
o,
L
L
i)

7= 2

o
O

e
N
fu

n)

rE o

i (B oZ oo N & orlr
r o

oX, off ol O Mo K1

s fo o 1x 9

(O8]

By

ral

e,
~ 5

ofh

e

r

o)

7

<

fz

oY

o

o >

o 0,

T
x 8 S

2
il
L
I
2
1
2 o
>
o & lo
ol Mo K
ox, offt i

tlo ox
tio
4
2&,
N

- do
:(,)\::
(E
A
o
)

2

¥ o o% ol

B 1o ok o

ofN 1>

of
o
b1
of
o
2
o
2
2
¢
o
£
il
oL

fo ok ol

7] 918l ANSYSE o] &3 #3

o oY o of
o
X
tjo

_0|£
-
5
i3
)
[rt
=
g
o
fm
2&,
¥2 9
&
15
=
2
fr fo
X,

=

d
o,
o2

g
)
ol
1o
1
=
o
ofk

=
ofrt M
o
::I‘
b
olo
E,V_‘, oH
dlm
2
=
=
F_\l':
of
ot
tlo
Sh
2,
o
$4%
S ogh

(3
17
=

r

k= GNP B7 U84
s 3128ttt Fig. 1(a)

Z 92 AL, b} hie
Frolty. GNPEZ} Fol:= 7]3-0]
A Weo s A&Hoz Waleles® FAE oS-

150 | Trans. Korean Soc. Noise Vib. Eng., 33(2) : 149~155, 2023

o ToE
7z 5 5
AT
< gkl
Al Eok
9 A=
T
LR
LA

2

F8 2gARE AFSc Tl

b

shA wEA], T912 A%

2 39 FPHAN BHS 1 5
} 2= 0]

Halpin-Tsai Z@el we} 7]3-0] §l= GNP
FA=e FE BHATE), FobE Hl(n)

(p)E THeF} i),

_3 1+&m Ve il_‘—gﬁTVG
L8 1o Ve 8 1mggVe

M

v = VGVG+VTIL(1 - VG) (2)

P1 :pGVG+pm(1_ VG) (3)

/I | | Face sheet

Ei(p1)

(e Ei(p)

Ei1(p1) Ex2(p2)

PD-0

(b) Diagram of porosity distribution

F(t)1

Fy

positive phase

negative phase

fo —= time
(c) Blast load

Fig. 1 Sandwich plate with GNP-reinforced porous core
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Table 1 Material properties and geometric parameters

Material | Elastic modulus | Poisson’s ratio Density
GNP 1010 GPa 0.186 1062.5 kg/m®
Copper 130 GPa 0.34 8960 kg/m®

Geometric parameter of GNP:
a,=2.5mm, b,=15m, t,=1.5nm

Geometric parameter of sandwich plate:
a/b=1, a/h=20, h,=0.9h
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Table 2 Dimensionless natural frequencies of sandwich

plates (e, =0.5, w,=1%)
Mode PD-U PD-X PD-O
Analytic| ANSYS |Analytic| ANSYS | Analytic| ANSYS
Ist | 0.1590 | 0.1589 | 0.1713 | 0.1712 | 0.1488 | 0.1487
2nd | 0.3923 | 0.3921 | 0.4214 | 0.4210 | 0.3681 | 0.3677
3rd | 0.6199 | 0.6193 | 0.6641 | 0.6630 | 0.5829 | 0.5821
4th | 0.7686 | 0.7678 | 0.8219 | 0.8204 | 0.7238 | 0.7225
5th | 0.9875 | 0.9861 | 1.0534 | 1.0482 | 0.9318 | 0.9297
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