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Abstract

Three phase composite materials are widely used in the shipbuilding industry. When reinforced with fiber and particle, the
physical and mechanical properties of polymer composite materials are improved. This paper presents the bending analysis of
a three phase composite plate with an epoxy matrix, reinforced glass fiber and titanium oxide particles including creep effect
when shear stress is taken into account. The obtained results indicate that creep strains lead to compression in the composite
material. Introducing reinforced fibers and particles reduces the plate’s deflection, when increasing the stretch coefficient
allows the calculation of creep deflection during a long loading period.
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1. Introduction

When a structure is loaded by periodic constant loads or
thermal loads, it will experience elastic strain as well as creep
strain.

The creep phenomenon was first considered in the 1920s
during the analysis of metal under high thermal loads.
Since then, creep phenomenon has undergone extensive
research from the 1950s-1960s until present-day. In addition
to theoretical results, experimental evidence has proven
the existence of creep strain and its effect on material strain
(Iliushin and Ogibalov, 1966; Iliushin and Pobedrya, 1970;
Malmeiter et al., 1980; Rabotnov, 1966, 1998; Rjanhixin,
1968). In creep research, function of time is often used. If we
consider v(7), in which 7&(-,#] is a physical and mechanical
process, then creep is considered as a function of v(z). The

expressions for of viscoelasticity and elastoplasticity are as
follow (Iliushin and Ogibalov, 1966; Iliushin and Pobedrya,
1970; Malmeiter et al., 1980; Rabotnov, 1966, 1998; Rjanhixin,
1968):

u(t)=v(0)+ 2 | Kl oWl s (1)

v(f) is a periodic function; in other words, in order for v(7)
to be a periodic function K of variable (#-7), the following
condition must be satisfied (Iliushin and Ogibalov, 1966;
Iliushin and Pobedrya, 1970; Malmeiter etal., 1980; Rabotnov,
1966, 1998; Rjanhixin, 1968):

K(t,r):K(t—z') @

In Eq. (1), the lower limit of the integral is -, but in fact,
any history of F starts from a certain point: the beginning of
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materials manufacturing, or the beginning of the loading
process. Thus, Eq. (1) can be rewritten as:

u=v+ ﬁj[K(t — (e )dr (©)]

In the simplest case (one dimension), the nonlinear stress-
strain relationship can be expressed as (Grin and Adkinc,
1985):

(t) IJ 11 t T)G 7)d7+CzI_[K?2 U Z-I ‘= TZ)o- )G(TZ)dz.ldTZ +
00

4)
+ C3IJ_[K33(I —1,t—1,,t = 1,)0 (7, oz, Jo (e, Jdrdr,dr, +...
In the tensor form (Grin and Adkinc, 1985):
&y (t): C,,k/jKu(t - T)o-u (T)dT +Cuklopj.j‘K22 (t —T,l-7T, )O-A[(TI )O-np (Tz )dz',drz +
, o ()

]A/a,mJ:[j.Ku t Tl =Tyt = T"s)o-kl(z-! )J(p(TZ)UV'Y(TJ)dTldTZdT3 +.
000

The multiple term in Eq. (5) has the following form (Grin
and Adkinc, 1985; Malmeiter et al., 1980):

Km(t =Tl —Typest —z'n)= K;n(t —TI)K;"(t —12)....K;(t —r") 6)

For anisotropic materials, the general stress-strain
relationship is as follow (Iliushin and Ogibalov, 1966; Iliushin
and Pobedrya, 1970; Malmeiter et al., 1980; Rabotnov, 1966,
1998; Rjanhixin, 1968):

‘
&y (t) =oyB;, + Jo-kl Uu( T)dr (7)
0
Eq. (7) is Hooke’s law for viscoelastic materials. Here the
B, and K, (#-1) are obtained from experiments.

Consider a plate made of a 3-phase composite Fig. 1.

Experimental results indicate that creep strain is notable
only under the action of shear stress (Malmeiter et al., 1980),
then Eq. (7) can be written in the following form:

o, =4,&,+ 4,8,

o, =4,¢6, +4,¢, (8)
()() 12 .[A()() Ell(e)dg
Fig. 1. Three phase composite plate.
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he function Ag(t-6) signifies the creep property of the
material and can be determined from experiments. It is
normally expressed as (Malmeiter et al., 1980):

-0
~ 1 * R
A (t—0)=— A e " ©)

Here Ay, and n are obtained from experimental tests; n is
the stretch coefficient of the material.

2. Bending Equation Considering Creep
Effect

2.1 Analytical research

The research of the effect of each phase (fiber, particle)
on the bending of a 3-phase composite plate was conducted
by Dinh and Pham (2009a). Nguyen and Dinh (2010)
investigates the bending of a 3-phase composite plate when
the shear effect is taken into account.

In the making of the bending equation, the plate’s bending
moment was determined by Malmeiter et al. (1980):

2 2
MY=—DvaV Dlaw;
T ox oy’
2 2
M, =D ¥ yp LY
: oy Ox

Creep appears within the twist moment:

0,5h 0,5h [
H= IZO'lde= I ‘:Assglz —J.Aﬁﬁ(l‘—a)é“z(a)}zdz
0,5k 0,5k 0 (1 0)
2 3 3¢ N 2
YA ’LjA“(t—a)—a " a0
axoy12 124 ooy
Where:
n 3 W s
D, =§All§ D, =EAI2; D} EAzz vy EA(,(,
- EII . _ Ezz
! L=vvy 2 1=v,vy ()
A, = E\vy _ Epvy ; A66 = G12
1- Vi2Vas 1- VioVa3
In Eq. (11), the elastic modules of the 3-phase composite
were completely determined as in Dinh and Pham (2009b).
By introducing Egs. (10) and (11) into the equilibrium
equation:
oM, O°M, LOH _
o ot oxy T
we obtain the plate’s deflection equation when creep
strain is taken into account:
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Fig. 2. Rectangular plate, free boundary condition bearing constant

bending load.
o'w o'w o'w
DZF DT +2(D, +D, )6x2®, ZBJ.A«,t 0) ’ayz 2 _d6=q
(12)

3
Here: B=—
ere 12

3

Here: B I

12

We considered a square three-phase plate of size axb
consisting of fibers reinforced along the x axis. The plate had
thickness to aspect ratio #/a=1/20and was simply supported
on all edges. Moreover, the plate was subjected to a transverse
load distributed on the surface, as shown in Fig. 2.

q=q, sin 2 sin 2 (13)
a b
The root of Eq. (12) is:

w(t)=c(t)sin % sin % (14)

From the boundary conditions:

x=0,w=0;,y=0,w=0; 15
x=a;,w=0;,y=>b;w=0 (19)
Considering the following relationship:
o w(t Y o*wlt )
ax( ). —(;j w(t) 6)/2( ) = —(gj wit)
o'w(t) (”T o*w(t) [ﬁj4
== == 16
ox a ek ot b wle) (16)
o*w(t) ¢
o'y’ @b’ 0

By introducing Egs. (14-16) into (12), we obtain the
equation for the deflection c(t) of the plate’s central point,
which is a function of time t:

p[Zdben (2] 1A 0} 2287 [Ai-oMoo=g, (17

ZbZ

In abbreviate form, Eq. (17) becomes:
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D <o)~ D[ A,le-0Klokio =g, i

with (19

a*b?
To solve Eq. (18) we need to know of A (t-6). Substituing
Eqg. (10) into Eq. (19) we get:
-6

A 1 e e

0

D- c(t) (9)d€ =4, (20)

Notice that the term under integral in Eq. (20) has the
form:
-6 1 t -0

je " c(0)d0=——[e " c(0)d0+c(r) @1)

%

D)+ DA, [ 7 oo Bal)=o 2)

From Eq. (20) and Eq. (22) we have:

nD(t)+ (D - DA, () - g, =0 (23)

The condition for initial elasticity:

i DY(%):D}(%IM(D +D,) 2;2 (24)

—i=0)=% L

¢, =c =

The root of Eq. (23) can be expressed as:

_D-Dt
d)=— L i ool o (25)
D—DA{,() D D-D4,
2.2 Numerical research

Consider a 3-phase composite plate having the following
properties:

Polymer epoxy matrix En=2.75 GPa V»=0.35
Glass fiber E.=72.38 GPa Vi=0.2
Titanium dioxide particle E. = 147 GP, Ve =0.21

The deflection ¢(?) is expressed in Eq. (25) corresponding
to each of the following cases:

Case 1 Case 2

Titanium dioxide volume ratio &, 0.2 0.3

0.1 0.2 0.3 0.4 0.1 0.2 0.3 04
1,000, 5,000, 10,000, 50,000,
100,000 hours

Glass fiber volume ratio &,

Considering time ¢
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Table 1. Creep displacement (mm) of a 2-phase polymer composite (without added particle)

&=0

t=1,000 t = 5,000 t=10,000 t = 50,000 t = 100,000
&=0 - 1.4968 - 1.4911 -1.4839 -1.4277 -1.3604
& =0,1 - 0.0363 - 0.0362 - 0.0360 - 0.0346 - 0.0329
£=02 -0.0013 -0.0013 -0.0013 - 0.0012 - 0.0012
£%=03 - 2.0680e-5 - 2.0597e-5 - 2.0494e-5 -1.9691e-5 -1.8731e-5
&H=04 - 4.2996e-5 - 4.2824e-5 - 4.2610e-5 - 4.0940e-5 - 3.8944e-5
Table 2. Creep displacement (mm) of a 2-phase polymer composite (particle volume ratio is 5%)
& =0.05,n=10°

t=1,000 t = 5,000 t=10,000 t = 50,000 t = 100,000
£=0 -1.2400 -1.2352 -1.2292 -1.1825 -1.1266
&=0,1 - 0.0476 -0.0474 -0.0471 - 0.0453 - 0.0431
£=02 - 0.0044 -0.0043 -0.0043 - 0.0042 - 0.004
£%=03 - 8.5271e-004 - 8.4931e-004 - 8.4508e-004 - 8.12E-04 - 7.72E-04
&H=04 - 6.5369e-00 - 6.5108e-004 - 6.4784e-004 - 6.22E-04 - 5.92E-04
Table 3. Creep displacement (mm) of a 3-phase polymer composite (particle volume ratio is 10%)
&=0,1

t=1,000 t = 5,000 T=10,000 t=50,000 t = 100,000
&=0 -1.0293 -1.0253 -1.0203 -0.9814 - 0.9349
&=0,1 - 0.0577 -0.0574 -0.0572 - 0.0549 - 0.0523
£=02 - 0.0085 - 0.0084 - 0.0084 - 0.0081 - 0.0077
£&%=03 - 0.0026 -0.0026 - 0.0026 - 0.0025 - 0.0024
&H=04 -0.0018 -0.0018 -0.0018 -0.0017 - 0.0016
Table 4. Creep displacement (mm) of a 3-phase polymer composite (particle volume ratio is 15%)
&=0.15n=10°

t=1,000 t=5,000 t=10,000 t=150,000 T=100,000
&=0 -0.8553 -0.852 -0.8478 -0.8154 -0.7767
&=0,1 -0.0663 -0.066 -0.0657 -0.0631 -0.0601
£=02 -0.0131 -0.013 -0.013 -0.0125 -0.0118
£=03 -0.0049 -0.0049 -0.0049 -0.0047 -0.0045
&=04 -0.0033 -0.0033 -0.0033 -0.0032 -0.003
Table 5. Creep displacement (mm) of a 3-phase polymer composite (particle volume ratio is 20%)
&=0,2

t=1,000 t = 5,000 t=10,000 t =50,000 t = 100,000
&=0 -0.7109 - 0.7081 - 0.7047 -0.6777 - 0.6454
&=0,1 -0.0732 -0.0729 -0.0725 - 0.0697 - 0.0663
&%=02 -0.0178 -0.0178 -0.0177 -0.0170 -0.0162
&%=03 -0.0076 -0.0076 -0.0075 -0.0072 - 0.0069
£=04 -0.0051 - 0.0051 - 0.0050 -0.0048 - 0.0046
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A’ss and n are given the values 200 and 105, respectively.

The results for the plate’s deflection caused by creep with
various volume ratios of particles and fibers are provided in
Tables 1-7.

Creep displacement of a 3-phase polymer composite
depend on particle volume ratio and time (1,000 hour, 5,000

hour, 10,000 hour, 50,000 hour, 100,000 hour) presented in
Figs. 3-7.

Table 6. Creep displacement (mm) of a 3-phase polymer composite (particle volume ratio is 25%)

&=0.25;n=10°

t=1000 t = 5000 t = 10000 t = 50000 t = 100000
&=0 - 0.5905 - 0.5882 - 0.5853 - 0.5628 - 0.536
&=0,1 -0.0783 -0.078 -0.0776 -0.0746 -0.0709
&=02 - 0.0225 - 0.0224 - 0.0223 -0.0214 - 0.0204
&%=03 -0.0105 -0.0104 -0.0104 - 0.01 - 0.0095
&H=04 - 0.0069 - 0.0069 - 0.0069 - 0.0066 - 0.0063
Table 7. Creep displacement (mm) of a 3-phase polymer composite (particle volume ratio is 30%)
&=03
t=1,000 t=5,000 t=10,000 t = 50,000 t=100,000
&L=0 -0.4898 -0.4878 - 0.4855 -0.4668 - 0.4445
&=0,1 - 0.0816 -0.0813 -0.0808 -0.0777 - 0.0739
&=02 - 0.0268 - 0.0267 - 0.0266 - 0.0256 -0.0243
&=03 -0.0133 -0.0133 -0.0132 -0.0127 -0.0121
&=04 - 0.0089 - 0.0088 - 0.0088 - 0.0085 - 0.0080
Titaniutm dloxide volume ratio & Titanium dioxzide vohime ratio &
04— 5 . 03— « ‘
024 0.05 01 015 02 025 03 035 2l 0.05 0.1 015 02 025 03 035
’é -04 4 /g 044
g 061 £ 061
g £
FRCER 5 08
g -14 'i‘% 4
5 127 g 124
147 144
16
-1.6 -
—— La=0  —=—pa=01 ga=10.2 La=03 ——ra=n4
—— Ba=0 = ra=q] Ea=10.2 La=03 ——ga=04
Fig. 3. The creep displacement variation at t = 1,000 hour.
Fig. 5. The creep displacement variation at t = 10,000 hour.
Titanium dioxide volume ratio &
0 — - = ! Titanium dioxide volume ratio &
024 0.05 01 015 02 0325 03 035 0 ,
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144
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Fig. 4. The creep displacement variation at t = 5,000 hour.
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Fig. 6. The creep displacement variation at t = 50,000 hour.
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Titanium dioxide volume ratio &

1
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Creep displacement (mm)

124
149
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—— fa=0  —m—pa=p Ea=0.2 £a=03 —e— Ea=04

Fig. 7. The creep displacement variation at t = 100,000 hour.

3. Conclusions

In this paper, we researched the bending of a 3-phase
composite plate in which creep was taken into account.
The deflection equation was obtained for a composite plate
possessing the creep effect.

From the analysis of the 3-phase composite plate
consisting of a polymer matrix, glass fiber and titanium
dioxide, the following conclusions were produced:

- The creep strain of the 3-phase composite plate
considered in this research is not significant.

- The creep strain causes the plate to shrink, indicating
that the plate’s bending deflection was reduced.

- Changes in the volume ratios of the fiber and particle
components can lead to changes in the creep strain of the
plate in bending. The creep strain of plate will reduce if
the volume ratios of the fiber component in composite
increases.
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