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Finite Element Formulation Based on Enhanced First-order Shear
Deformation Theory for Thermo-mechanical Analysis of
Laminated Composite Structures

Jun-Sik Kim*, Dae-Hyeon Na**, Jang-Woo Han**'

ABSTRACT: This paper proposes a new finite element formulation based on enhanced first-order shear deformation
theory including the transverse normal strain effect via the mixed formulation (EFSDTM-TN) for the effective
thermo-mechanical analysis of laminated composite structures. The main objective of the EFSDTM-TN is to provide
an accurate and efficient solution in describing the thermo-mechanical behavior of laminated composite structures by
systematically establishing the relationship between two independent fields (displacement and transverse stress fields)
via the mixed formulation. Another key feature is to consider the thermal strain effect without additional unknown
variables by introducing a refined transverse displacement field. In the finite element formulation, an eight-node
isoparametric plate element is newly developed to implement the advantage of the EFSDTM-TN. Numerical solutions
for the thermo-mechanical behavior of laminated composite structures are compared with those available in the open
literature to demonstrate the numerical performance of the proposed finite element model.

82 SR AL R 43 FRES GO ASE RO 5T 4 e 8AY ¢ AT

A 71 Aol S T 2 Wel melg A S Aol £8 Mg S

skg FAson, BYHoR s MY 9 S Aolo] Eal 4o0hd AL wEomA o
s

o=
93t o} A4t 7H4 o) BRI Ao FAA 7| A STk Ea g WelAe] AL Ba)
T WY adoe SR, ULl 45 Tagel 94 A% oS B0l Aeie
37} Sk A AR B-71A HES Wi 22 B 4 3

TR BE THsT S4 Auele] vla, AEE Ea AetE &

Y O oL ix X (T b
i)
]
lo

Key Words: 2¢t4-7)] %] &% oH(Laminated composite plates), 73+ 4 3]|4] (Finite element analysis), &-7| A4 7%
(Thermo-mechanical behavior), %4} 4=2Z] 3 (Transverse normal strain)

Received 4 March 2023, received in revised form 24 March 2023, accepted 16 April 2023

*Department of Mechanical System Engineering, Kumoh National Institute of Technology
**Department of Mechanical Design Engineering, Kumoh National Institute of Technology
Corresponding author (E-mail: uddan@kumoh.ac.kr)



118 Jun-Sik Kim, Dae-Hyeon Na, Jang-Woo Han

1M B
T Eof FEWT Ik R B4 olsE R
oNA EE PHS AT VAT AF PR BEEI

ol
2
=)
i)
o
Lot
o
Jo

ha
P
N
oj
i)
L
flo
4

74 olage] A
2 HH sk
P71 oher

A 4% 7

U
N i)
A
I ox
v njo
29N
ol rr
)
D o
$0,
(o
o I
r2 do o
o ok
8o
I
oo

| NS

yisd
o K
H 3o not

lo

=
dm m
ox O
o
oo
o o
m?ll _]I.E

ol
T

(

e

f
jo o
K
-
N
N
N
N

=2
Ir
_\:‘_l‘

o o ot
30 o
b

lo ki
ol

o
o
B
o
N
An 2 fo ol

ox, _Il~>‘

U A

BN
BN
oX,
Az
il
u
o
=o£

b
2
-
EN
i

Y

=
=
o
o _|>,
oo ot

N
o=
N
L
R
d
=

r

ol
oft
o

iy o
{
M xo
ol
& T
iy
flo
Y
ofp
-1
N
s
o,
fuj
o
Y

_l
¥
2
[o ofv gt tr .

Zi OlN'
T
it

)

)7

o

2
o
N

o
o2
o g
)

12 o
|
N

g,
e

)

2,
=2
X

i)
ok |

o
£

grojt}[1-12].

olof whe} HgtaA
= A=A dl535h7] Q1 6l
wr)o] ¢k A2 T & o] Z(FSDT: First-order Shear
Deformation Theory) 2! 17X} ZtHeH & 0] 2 (HSDT: Higher-
order Shear Deformation Theory) 50| x40 2 7=l
S H[12], Yop7} S BA A EHEA o2 Wt
A AL ALS Ao e B 45 F2EY
P 58 AEse ok A5 A5 4 ole 2
%] 112}o] Z(EHOPT: Efficient Higher Order Plate Theory)
©] Cho®} Parmertero] 2J3jj 7= Ich3]. A&2] 112}o]
2o 4z 7280 AF A3 BYoIA B Ao £
AS& AlEsA|RE, ANSYS 9 ABAQUS 53} -2 7]& A&
SIW=3 A3 s8ho] o B¢ f-3ta 4 F A% 1ol &
TE= ARl Ak A7) EAof gk s ®eko 2
TPHRoES R e U S sHAR
7Hg5te, Mol 9 384 Abe] o] BlERl ok A4
=32 o oA Aute] Aol AL o aeds
FAlOl A 4= Qi A AR o] & (EFSDTM:
Enhanced First-order Shear Deformation Theory via Mixed
formulation)o] Kim¥} Chool| &]a}] A|¢t=]ich4]. 74 &
AT o] F2 A8 SIW B4 2P ol A 8= AL Sl
AT A o] 2} A7 A4t & 85| w2
HE8 0 SHA gkt Ade 7

SHH, Bt FxEo] et A8 AbY ok 53
o2 ol wpet AA B oA Kot ohekgt o F g+
oA & E = BdaA F2EY =4 As A5l
a3t gspolnt. £3] 12/thg 5 22 o g o
Ae BdaA F2E9 A AskE FEchs € Wyl
e 4 Q7] g2 EdAE A5 F2E0 24 AF

2
ofN
-

A
(il
10

ol

L

o
oo
1%

2
s

d

A7} Kapuria®} Acharyol|
ofs A UTHS]. A7 duE B 45 259

Ho|2& veko g gk 41 Wgo] nHE MAE o
XA T & o] 2(EFSDTM-TN: Enhanced First-order Shear
Deformation Theory including the Transverse Normal
strain effect via Mixed formulation)2 7JFSIATH9]. ek
A HYgo] I fAHE dAATGHG o) 2L o 3}
3kl W 9ol ZelsjEozn Al
NE oz Bgtad 45 PaE
Ao R 53 4= glon, olof ulet G2
P et a s A8 A o A A8 SIWS
o= FHES 7

H
9

o
o
zo Mo
£ ae ) ol

r2 ot & K1 ox 4
Y
N o ﬂirg
o

= 2
AN o]

_}lﬂ
o
315

0%
N
)

=y
o
2
=
FNIH'

do K
o i 2
o
%
br o S
S
4o oft

o W,

o
}'>' >~ ﬂllm rE

(g,
Eh)
o\

w
= oox X

B oo o
o
=2
R

>,
Lot
=
oX o
flo
ko
B
i
kl
<
2
o
o
4
=t
fo

o

MATLAB(MATLAB R2020b, Mathworks,
USA)Z E3) TR Aok fatas 4 e 5
YH 02 AR E L WgT S8 Aol of Bt 45}
4 AN G 22N EO2A A Aol Fotmol A4
| 9EA1 2 glou], Ao B
| B4 A FRE] 97 7
2 o Z3taA sheleh 3 of A=A
2249 B AF T2 B BE DTAH AT o5
2 sastgon, AME 29 34 was W Fay
Aol A Bg 7P s AnkE v, YEFORA A
QHE ek S 7l As-e BEskaa sgeH1,9,13].

lo o of
o(krln =

= A EA X (monoclinic material
property)E 7HA= 22b B A5 ByE APl



Finite Element Formulation Based on Enhanced First-order Shear Deformation Theory for Thermo-mechanical... 11

(-]

L X308-1)

X3a1)

N|>>u\..\

*
S

Fig. 1. Geometry and coordinate of laminated composite plate
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Loading case P,#0 T,#0
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Solution 16 by 16 element | 2.19839 | 0.010965
32 by 32 element 2.19845 0.010965
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