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ABSTRACT:

The use of composite materials is widespread in various civil applications, especially in the
construction of large billboards. However, when exposed to pressure loads and temperature
variations, these materials can experience sagging, deformation, and a reduction in mechanical
properties. This study employs the finite element method to analyze these properties and
calculate the sag of composite panels under the influence of mechanical loads and temperature
changes. The panel elements are constructed using a four-node isoparametric element, each with
five degrees of freedom. The numerical results are compared for different scenarios and show
that for composite panels with symmetrical structures under uniformly distributed loads, the
deformation components of the symmetrical layers are identical. In panels with any structure, the
sag on the average plane of the panel in the z-direction is the largest, while the sag in the x and y
directions and the rotation angle around the x and y axes are minimal. Additionally, the study
finds that as temperature increases, sag decreases, while an increase in the applied load leads to
increased sag. Moreover, an increase in the number of layers in the plate decreases the deflection
in the z-direction, and a higher fiber product factor results in greater deflection. This analysis is
applied to a practical problem involving a billboard measuring 2440 mm x 4880 mm at three
locations: the corner, middle edge, and center of the plate. The results are compared with
previous studies to validate the reliability of the algorithm and program.

Keywords: composite material, composite panel, pressure load, temperature variations, finite
element method, deflection.

1. Introduction

Composite materials are created by combining
two or more different materials to produce new
materials with unique properties. A material
mixture consists of two phases: a continuous phase
and an intermittent phase. The intermittent phase,
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known as the core, bears force, while the continuous
phase, known as the background, provides support,
protection, and transmission of the center of gravity
[1]. Due to their numerous advantages, composite
materials are extensively utilized in various
industries such as aviation, aerospace, shipbuilding,
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automobiles, mechanical engineering, and civil
construction, as well as in everyday use.

When composite panels are subjected to loads
in varying temperature environments, they tend to
sag, deform, and their mechanical properties
reduce [2,3]. To address this issue, the location of
cracks and the mechanical behavior of layered
composite panel details and structures need to be
accurately determined in order to predict the
structure's current working capacity and find
solutions to prevent potential damage. Among the
new methods being researched and applied today,
the Finite Element Method (FEM) [4-7] is proving
to be effective in solving these problems. This
article utilizes the finite element method and
applies plate theory based on Mindlin's first-order
displacement model to analyze the displacement of
composite  plates under changing thermal
environments, applied loads, and sheet material
parameters, as well as varying number of layers.

2. Theoretical basis

a. Elastic theory

In general, stress and strain on objects consist of
six components (see figure 1).

For stress, o, o, 0, 17, 7, T, corresponds to
normal stress in the x, y, z directions and
subsequent stress in the z, x, y directions. For
deformation, &, &, &, ¥y, 7y Y corresponds to
normal tensile deformation in the X, y, z directions
and shear deformation in the z, x, y directions [5].

Figure 1: Application components and variables

* Stress - strain - temperature relationship
For isotropic and elastic materials

£, VVE -v/E 0 ||o, £
g, =|-v/IE UE 0 |30, 1+ty&,0 ¢ (1)
y.t:u 0 0 1 / G T_x.:v ;/ 0

Write in matrix form

(e} =[El" {o}+{e)) )

In Which {¢ } is the initial deformation vector;
[E] is the elastic coefficient matrix (or behavior
matrix); E is the elastic modulus; v is Poisson's
coefficient; G is the slip modulus.

With: E

G =30 v) 3)

We can express the stress components in terms

of strain by solving equation (1).

o, 1 v 0 £, €0

o, = Slv 1 0 £ r—v&, @)
3 I ) 3

T.w 0 0 (1 B V) / 2 ;/ xy 7 20

or {o}=[El{¢}+{op} (5)

{op } = —[E]{g} represents the initial stress
The initial strain is determined {g,} by the
temperature.

£, aAT
£, =0AT (6)
£ 0

In which, o is the thermal expansion coefficient
and AT temperature change

b. Plate theory

A plate is a structure that is bounded by two
parallel planes and separated by a distance h, which
is known as the plate thickness. When a thin plate is
subjected to bending due to forces acting
perpendicular to the plate plane, the Oxyz
coordinate system is selected such that the Oxy
plane aligns with the middle surface of the plate,
and the z-axis is perpendicular to the plate plane
(see Figure 2)

Let's consider a plate structure (see Figure 2)
that is being subjected to a surface load p(x, y)
acting perpendicular to the middle plane. The
distribution of p(x, y) is arbitrary at this point, and
no specific dimensions or boundary conditions are
provided. Now, let's cut out an infinitesimal section
element with dimensions dx and dy from the plate
and analyze the local equilibrium conditions. At the
negative sectional edges, we have the applied
moment flows M’ M’ M’,, and transverse
shear force flows Q,, Qy. At the positive sections,
we have the respective infinitesimal increments of
these quantities [9]
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OMP° oMP°
M, + axxx dx, My, +_ayXL dy,
oM° oM°
Moxy + #’_ dx, M"xy + a_ny dy,
0 0
0, + a% dx and Q, +_any_ dy,

are applied. The sum of transverse forces is
obtained from this

o, + %dx dx
X

dy + Qy+%2 dy

-Q,dy - dex + pdxdy =0 (7)
or after divison by da = dxdy:

00y + 90y +p=0
ox oy

Figure 2: Local equilibrium at an infinitesimal
section element

In the same way, the shear force components
0, O, are determined.

e, . oMy _
i oy Qv
aw,, | e, _ ®)
i Y

¢. Reissner — Mindlin plate theory

If the plate thickness is not small, the Reissner-
Mindlin plate theory is applied. This theory
calculates the angular deflection of the cross
section [9]:

Yee 0,7, # 0 9

This implies that the lines that are at right
angles to the middle plane stay straight when the
material deforms, but they are no longer at right
angles to the middle plane. The total rotation
angle of the section is made up of two parts: the
first part is due to the bending of the plate when
the lines are still at right angles to the middle
plane; the second part is due to the average shear
deformation (see figure 3)
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Figure 3: Rotational angle of normals and
shear deformation of cross-section

o0 o«
P4 7 y ax 4 7 x ay
| i
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ox oy

The average shear strains, denoted as 7., , 7.,
for the corresponding cross-section Xy, are
calculated.

?’xz:%—Qy; yyz=7y — Ox (10)

In the thin plate problem, the shear strains
approach zero and then:

0, — ow/0y and Gy — OW/0x.

The relationship between shear stress (7, , Tyz)
and shear strain (y) according to Hooke's Law is as
follows.

e A B
Ty 20+w)| 0 1|7,

The average shear strain (y,., , ) is assumed to
be constant across the thickness of the plate. As a
result, the combined effect of these shear stresses
on the curved surface of the section produces the
shear force (Q,, Qy), which is associated with the
shear strain in the following manner:

Q.|  Eha [1 0]|7.
AR P G B

or {Q } =ha[D]{y} (13)

In there:

AR

x is the matrix that represents the material's

response to shear. (14)

o represents the slip correction factor (shear
correction factor).

d. 4-node quadrilateral element

Take a general quadrilateral element shown in
Figure 4. The element has four nodes [3,4]
numbered 1, 2, 3, and 4 in a counterclockwise
direction. Each node has 2 degrees of freedom, and

ow
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their coordinates are represented by (xi, yi). The
nodal displacement vector of the element is
denoted by:
g=1{4q; 92 - g3}’ (15)
The displacement of any point M(X, y) in the
element is represented by the variable u.

w=[u(x, y), v(x, )] (16)

Figure 4: 4-node quadrilateral element
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3. Applied problem

The composite panel has the dimensions shown
in Figure 5: panel length (L) = 0.8m, panel width
(W) = 0.8m; each layer thickness (h) is 0.005m. It
has a symmetrical configuration and is subjected to
an evenly distributed load (q) on the entire panel
surface with q = 875000 N/m”2. The panel is
clamped on all four sides.

Consider the force acting in one direction on the
entire panel, with the position of the force being at
the center of the panel. The mechanical properties
of the layers are as follows: elastic modulus E1 =
150 GPa; E2 =9.65 GPa; E3 =E2; G12 =4.14 GPa;
G13 = 4.14 GPa; G23 = 3.45 GPa; Poisson's ratio
v =0.3; material density p = 1600 kg/m"3.

Average Linear Expansion Coefficient o (°C)’!
in direction 1 (0X): oty =0.3 x 106 (°C)!

Average Linear Expansion Coefficient o(°C)!
in direction 2 (0Y): oy = 0.5 x 106 (°C)!

The calculation is performed for the case
W/L=1 with the fiber arrangement of (90 degrees/0
degrees/0 degrees/90 degrees). Vf=0.5; Vm =0.5.

In our analysis, we use a 2 x 2 Gaussian point
numerical integration for the bending stiffness
matrix and a 1 Gaussian point numerical integration
for the shear stiffness matrix. The boundary
conditions are as follows:

- At the nodes located on the boundary edges

parallel to the x-axis: u, w, and Ox are all zero.
- At the nodes located on the boundary edges
parallel to the y-axis: v, w, and Oy are all zero.
Based on the problem model, the author
calculates the nodal displacement of the element in
the plate.

Figure 5: a) Schematic diagram of the flexural

composite plate; b) 10 x 10 element mesh on
the composite plate
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3.1. Case 1: Calculate the deflection of the
composite plate in three different scenarios, then
compare the results with the article [10)].

- Scenario 1: The plate is under uniform load
with no temperature change (AT = 0°C).

- Scenario 2: The plate is under uniform load
and subjected to a temperature change of 100
degrees C (AT = 100°C).

- Scenario 3: The plate is under a uniform load
with no temperature change (AT = 0°C) and when
subjected to a temperature change of 100°C.

Hypothesis 1: The plate is evenly loaded when
there is no heat.

Deflection

The maximum deflection is w = 0.45 x10"-3 m

Compare the results of the thesis with the results
in the paper [10] with the same data (same model).

The results in the reference paper w =0.00045 m
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Figure 6: Element mesh of composite panel

Figure 7: Composite panels sag under non-
thermal loads

Dovong W theo phuong Z

The results of the thesis w =0.00045 m

Then the author maintained the applied load
while altering the material parameter V' and
comparing the thesis results with those of the
article [10].

Table 1: Deflection with AT = 0°C and different
material parameters

AT =0°C
\%4 Deflection (mm)
ref Thesis
Vi=0,50 0.450 0.450
Vi=0,55 0.453 0.455
Vi=0,60 0.498 0.499
Vi=0,65 0.534 0.540
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Graph 1: Relationship between coefficient Vf
and deflection W with AT = 0°C

Deflection W (mm)
AT =0°C
0.6
0.5 .__/
0.4
0.3
0.2
0.1
G Coefficient V£
Vf=0,50 V£=0,55 Vf=0,60 V£=0,65

Hypothesis 2: A uniform load-bearing plate is
subjected to a temperature change (AT) of 100°C.

Table 2: Deflection with AT=100°C and different
material parameters

AT =100°C
\'A Deflection (mm)
ref Thesis
Vi=0,50 0.400 0.401
Vi=0,55 0.443 0.447
Vi=0,60 0.485 0.488
Vi=0,65 0.528 0.531

Graph 2: Relationship between coefficient Vf
and deflection W with AT = 100°C

Deflection W (mm)
AT = 100°C
0.6
y /
0.4
0.3
0.2
0.1
g Coefficient V£
V{=0,50 V{=0,55 V{=0,60 Vi=0,65

Hypothesis 3: The load plate changes when
there is no heat (AT = 0°C) and when subjected to a
temperature change of AT = 100°C.
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Table 3: Deflection values with different

applied loads.
el AT =0°C AT =100°C.
effect Deflection (mm) | Deflection (mm)
N/m? ref | Thesis | ref | Thesis
P=875000| 0.450 | 0.450 | 0.398 | 0.401
Px2 0.896 | 0.900 | 0.800 | 0.801
Px3 1.348 | 1.350 | 1.203 | 1.204
Px4 1.798 | 1.800 | 1.597 | 1.600

Gaph 3: Effect of applied load on deflection W

Deflection W [mm]
2
1.8
1.6
14 AT =100°C
1.2
1
0.8
0.6
0.4
0.2
0
875000

AT =0°C

Load effect [N/m?]

1750000 2625000 3500000

3.2. Case 2: The author changes the temperature
in some cases AT = [30°C, 50°C, 100°C, 200°C,
300°C] (Table 4, Graph 4)

3.3. Case 3: The author increases the number of
layers n to (4, 8, 12, 16, 32) respectively. The test
temperature is AT=300°C. The fiber arrangement is
[900090]s. (Table 5, Graph 5)

4. Application problem

Composite panels, particularly advertising
panels, are widely used across various fields. The
figure 8 shows the boundary conditions of 4-sided
clamps (bones). The author conducted a survey in
Ho Chi Minh City, considering the acting force to
be the wind force with an average speed of 6 m/s,
equivalent to 220 N/m?2 The analysis temperature
is under normal conditions, ranging from 19°C to
40°C, with the maximum surveyed temperature
being 40°C. External influences such as humidity
are disregarded by the author.

The panel parameters are as follows:

- Panel length (L): 4.880m

- Panel width (W): 2.440m

Table 4: Deflection value with temperature

change
Temperature AT Deflection W [mm)]
30°C 0.0354
50°C 0.0293
100°C 0.0231
200°C 0.0092
300°C 0.0062

Graph 4: Effect of temperature on deflection W

Deflection W [mm]
0.04

0.035
0.03
0.025
0.02
0.015
0.01

0.005 Temperature AT [°C]

(] 50 100 150 200 250 300 350

Table 5: Deflection values with varying
number of layers

The number of layersn | Deflection W [mm]
4 0.00616
8 0.00493
12 0.0037
16 0.00216
32 0.00109

Graph 5: Effect of temperature on deflection W.

Deflection W [mm]
0.007
0.006
0.005
0.004
0.003
0.002

0.001
The number of layers n

0 5 10 15 20 25 30 35
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- Each layer thickness (hy): 0.006m

- Total panel thickness (h): 0.048m

- The panel has 8 layers, with a symmetrical
configuration, and the load is evenly distributed
over the entire panel surface.

The mechanical properties of the layers are as
follows:

- Elastic modulus (E1): 150 GPa

- Elastic modulus (E2): 9.65 GPa

- Elastic modulus (E3): E2

- Shear modulus (G12): 4.14 GPa

- Shear modulus (G13): G12

- Shear modulus (G23): 3.45 GPa

- Poisson's ratio (v): 0.3

Average Linear Expansion Coefficient o(°C)!
indirection 1 (OX): o; =0.3 x 10¢ (°C)!

Average Linear Expansion Coefficient a(°C)™!
indirection 2 (0Y): o, =0.5 x 106 (°C)!

The calculation is performed on the case of the
fiber arrangement being (900/00/00/900). Vi =0.5;
Vm = 0.5. The author analyzes the displacement of
the plate at 3 positions: Position 1 at the corner of
the plate. Position 2 at the middle edge of the plate.
Position 3 is the center of the plate

Figure 8: Application of composite panels in
practice

4.1. Data analysis

When analyzing the problem data, the following
information was gathered:

- Number of elements in the x direction: 10

- Number of elements in the y direction: 10

- Total number of elements = 100

- Number of nodes on 1 element =4

- Total number of nodes in the whole system =
(100+1)*2 =121
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- Number of degrees of freedom (BTDs) on 1
node =5

- Number of BTDs on 1 element = 4x5 =20

- Total number of BTDs in the whole system =
5x121 =605

The author then analyzed the displacement of
the plate at 3 specific locations. Each location cell
has the following dimensions: length = 0.488m,
width =0.244m.

Figure 9: Schematic diagram of 8-layer
composite plate subjected fo bending

Tllllqll

sy .

Figure 10: 10x10 element mesh on 8-layer
composite plate
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1L=4,880

4.2. Calculation results in MATLAB

Mesh model with 100 elements:

% Position 1 at the corner of the plate

- Deflection

- The maximum deflection is w = 4.99x10-4m.
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Figure 11: Element mesh of composite panel
at panel corner

Figure 13: Element mesh of composite panel

at the middle boundary of the panel.

Figure 12: Composite panel sagging at the
corner of the panel

Figure 14: Composite panel with deflection at
the middle edge of the panel

Do vong W theo phuong 2

Profile of UZ/w on plate

+2.69E-14
-2.17E-05
-4.34E-05
-6.51E-05
-8.68E-05
-1.08E-04
4-1.30E-04
4-1.52E-04
+4-1.74E-04
+4-1.95E-04
~-217E-04
1-2.39E-04
+-2.60E-04
1-2.82E-04
4-3.04E-04
4-3.25E-04
<4-3.47E-04

-3.90E-04
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Profile of UZ/w on plate

+2.94E-14
-2.37E-05
-4.73E-05
-7.10E-05
-9.46E-05
~4-1.18E-04
-1.42E-04
-1.66E-04
-1.89E-04
-2.13E-04
-2.37E-04
-2.60E-04
-2.84E-04
-3.08E-04
-3.31E-04
-3.55E-04
-3.79E-04
-4.02E-04
-4.26E-04
-4.50E-04
-4.73E-04
-4.97E-04
-5.21E-04
-5.44E-04

% Position 2 at the middle edge of the plate

- Deflection

- The maximum deflection is w = 5.44x10-4m.
% Position 3 is the center of the plate

- Deflection

- The maximum deflection is w = 9.07x10-4m.
4.3. Summary of analysis results

(Figure 17, Table 6, Graph 6)
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Figure 15: Element mesh of composite plate Figure 17: Element mesh of composite plate
at the center of the plate at 3 positions of the plate

Figure 16: Composite panel sagging at the Table 6: Deflection values with changing
center of the panel analysis position
Dovong W theo phuong Z g Position Deflection W [mm)]
fgfgggj 1(Corner) 0.000499
ﬁgﬂ 2(Middle border) 0.000544
HE 3(Central) 0.000907
47
o
: gigﬂ Graph 6: Effect of changing analysis location

-_1§Eﬂ on deflection W
)

:gﬁgg Deflection W [mm]

Profle of UZw on plate 0.001
+4,90E-14 G000
-3.04E-05 0.0008
-7.89E-05 0.0007
-1.18E-04 0.0006
-1.58E-04 0.0005
0.0004
0.0003
0.0002
0.0001
0

1(Corner) 2(Middle border) 3(Central)

5. Conclusion
When analyzing a composite plate in a

thermal environment, the author used the finite

element method and the Matlab programming

language to find the displacement of element

nodes. It was concluded that for a plate with a
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symmetrical structure, subjected to evenly
distributed forces, the deformation components of
the symmetrical layers are equal, so the author
only calculates on the average surface of the
plate. For a plate with any structure, the
deflection on the average surface of the plate in
the z direction is the largest, while the deflection
in the x and y directions is very small. The
rotation angle around x and y is also very small.
When the temperature increases, the deflection

decreases. Additionally, the deflection increases
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AP DUNG PHUONG PHAP PHAN TU HUU HAN
TRONG PHAN TiCH UNG XU CUA HE TUONG TAC TAM
SUDUNG VAT LIEU COMPOSITE
TRONG MOI TRUONG NHIET

® PHAM HONG THAO!
@ LE VAN THOAI'
'Khoa Ky thudt - Coéng nghé
Trudng Dai hoc Nguyén Tat Thanh

TOM TAT:

Vit liéu composite dudc st dung rong rii trong nhiéu linh vuc dan dung, dién hinh 12 trong
cdc tAm bién quang cdo cd 16n. Khi vat liéu nay hoat dong trong mdi trudng chiu tai trong dp
sudt va nhiét do thay ddi, né c6 xu hudng bi vong, bién dang va gidm cd tinh. Nghién cttu nay
phén tich cdc dic tinh trén dua vao phudng phap phan t¥ hitu han dé tinh todn d6 vong cia
tAm composite dudi tic dong clia tii trong cd hoc va nhiét d6. Phan tir ddng tham sd bon niit,
mdi niit c6 nim bac ty do, duge st dung d€ xay dung phan tif tim. Cac két qua s6 duge khdo
sdt cho cdc trudng hop khdc nhau va so sdnh cho thdy, d6i v6i tim composite c6 két cau doi
xttng chiu lyc phan bd déu, cdc thanh phan bi€n dang clia cdc 16p ddi xing 12 nhu nhau. Vé6i
tAm composite c6 ciu tric ba't ky, d6 vong trén mit phing trung binh cla tAm theo phuong z
12 16n nhat, trong khi do6 vong theo phuong x va y rit nhd, va géc xoay quanh truc x va y ciing
rat nhé. Khi nhiét do ting, do vong gidm, nhung khi tdi trong tdc dung ting, dd vong lai ting.
Khi s6 16p trong tAim ting, dd vong theo phuong z gidm, va hé s6 tich sgi cang I6n thi dd vong
cang ting. Phan tich d6 vong nay dudc 4p dung vio bai todn thuc t&€ 12 tAm bién quing cdo c6
kich thudc 2440 mm x 4880 mm tai ba vi tri: Vi trf 112 géc tAm, vi tri 2 1a canh giita tAm, va vi
tri 312 tAm tAm. Cac k&t qud dugc so sdnh v6i cdc nghién citu truGe d6 cho thdy do tin ciy cla
thudt todn va chuong trinh.

Tt khéa: vat liéu composite, tim composite, tdi nhiét, phan ti hitu han, dd vong.
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