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ABSTRACT

The biomechanical analysis of the impact static loading on dental resin composites (DRC) using homotopy perturba-
tion method is here presented. The DRC are commonly used to restore damaged teeth due to their aesthetic of appeal
and biocompatibility. However, their strain rate dependent response under different loading conditions still remains
a subject of interest and research. Consequently, the present study provides analytical solutions to the developed
predictive nonlinear ordinary differential equation mathematical model for the strain rate viscoelastic deformation
behaviors of DRC under impact static loading. The solution of the developed governing model was obtained by ap-
plying the Homotopy Perturbation Method (HPM). The obtained analytical solution was validated with the Runge-
Kutta Order four (RK4) numerical method and good agreement was established between them. The effects of material
applied stress, viscosity, stiffness, and initial strain on the model were investigated. It is observed from the study that
when an applied impact static stress was applied on the material model, there was no conventional decrease in strain
before the progressive increase until it reaches relaxation. Secondly, as the stiffness parameter increases, the time to
reach relaxation also increases. In addition, as the viscosity increases, the material resistance to deformation also in-
creases. And as the initial strain increases, there was increase in the time to reach the relaxation point and increase in
the relaxation values. This study provides a guide for the development of improved dental composites and restora-
tion techniques. The study also provides an insight for advancements in restorative dentistry and lead to enhanced
clinical outcomes for patients. It is envisaged that this present study will serve as yardstick for subsequent works in
the research area.
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1. INTRODUCTION

The application of composites and polymers in several areas of use has advanced appreciably over past decades.
However, despite their better properties, their application in crucial load carrying members is still restricted. A very
important reason out of many considered to be responsible for the limited application of the materials is the chal-
lenges with developing reliable predictive models for the material deformation [1]. Majority of the polymer-based
biomaterials exhibits time dependent linear deformation, but at elevated temperature and stress, and continuous
loading, the deformation can no longer be described with the linear deformation model. The formation of polymeric
composites is a heterogeneous structure with distinct constituent and geometric properties. This heterogeneous
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structure of the composites which is motivated by the dissimilar properties of the compositions and different types
of the arrangements of the microstructure creates the complexity in the prediction of the time-dependent defor-
mation of the material [2,3].

(d) (e) ()

Figure 1: (@) Normal tooth, (b) Decay tooth, (c) Process of decay tooth restoration, (d) Dental resin composite Curing
light, (e) Restored tooth with dental resin composite, (f) Schematic of cured dental resin composite

The dental resins composites materials have wide applications in restorative dentistry. The composites can be applied
to the denture without taking out the healthy tissues of the tooth. The bonding ability of the dental resin composites
has also made it useful for adjustment of the occlusion, repairs of injured or diseased anterior and posterior teeth,
bonding of brackets for orthodontics, application and cementation of the restorative material (Figure 1(a)-(f)), and
the total transformation of aesthetic teeth. For this reason, the application of the material has increased in conserva-
tive and modern dentistry [4]. In a recent study of the deformation behavior of a human dentin under uniaxial com-
pression loading with size and rate effects, it is shown that the dentin is an elastic and mechanically isotropic strong
hard tissue, which exhibits plasticity and crack growth suppress ability [5,6].

Quite a number of studies have been done to investigate the deformation of the biomaterials used for the denture
and some of them have been done for the mathematical models of these deformation behavior. But only a few studies
have been carried out in the past recent studies on the mathematical models for the description of the dental resin
composites deformation behavior. One of such models is the viscohypoelastic used for describing the shrinkage be-
havior in the dental resin composite [7]. In the study, a viscoelastic time continuous function in the Maxwell model
and the Young’s modulus were used in the governing model. In another study, the viscoplastic model with an appli-
cation of the Finite Element Method was applied for the shrinkage deformation from the curing of dental resin com-
posites [8]. The COMSOL Multiphysics software was applied for implementing a cure-temperature-time model for a
viscoelastic model [9]. In order to implement the base equations in the software, they were modified. The deformation
of DRC as a result of curing shrinkage has been shown to be nonlinear and time dependent [10]. Therefore, the visco-
elastic model can be used to predict the deformation behavior of the DRC.

Studies have shown that the polymeric biomaterials have high inclination towards nonlinear behavior [11], which
have been represented by linear models [12, 13]. These linear models have not adequately captured the observed
the time-dependent deformation in DRC biomaterials [14]. Attempts have been made to capture the nonlinearities
and model them appropriately [11, 15]. The effects of chemical properties such as acids, water, etc., have also been
considered on biomaterials [16], even though this effect seemed insignificant because of small quantity of chemicals
used in the biomaterial under study. This means that the effects depend on the percentage of the chemical compo-
sitions. The viscoelastic model is a function of the material elasticity, viscosity, and Young's modulus, and it is time
and path dependent [17,18]. It is evident that the biomaterial deformation behavior depends majorly on its mechan-
ical properties [19]. Such properties include ductility, softness, (or hardness), stiffness, which are considered while
developing predictive models for the deformation behavior of a material [20]. The loading conditions of these bio-
materials also affects the deformation behavior or their strain rate dependent response which remain a subject of
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interest and research. Consequently, in the present study, a predictive nonlinear ordinary differential equation math-
ematical model for the strain rate viscoelastic deformation behaviors of DRC under impact static loading has been
developed.

The developed governing model in the present study a nonlinear differential equation with solutions that cannot be
obtained with the existing traditional analytical methods. A special analytical method for strongly nonlinear ordinary
differential equation known as the Homotopy Perturbation Method is applied in this present study. The technique
was originally developed by Ji-Huan He [21] for providing solutions for linear and nonlinear integral and differential
equations. The method is a powerful analytical technique which needs no approximation. The effectiveness of the
method has been demonstrated in some few recent studies. One of such is its comparison with the results obtained
with the Adomian Decomposition Method (ADM) for solving nonlinear problems. [22]. The HPM has been applied to
obtain solutions for nonlinear oscillators [23] and high level of accuracy was observed. The study has notably shown
how effective and accurate it can be over the ADM. The HPM and the Homotopy Analysis Method (HAM) have been
applied to solve the generalized Zakharov equations [24] and the absolute errors are very minimal. The technique
was also applied in the study of heat transfer in longitudinal fins where its effectiveness was demonstrated [25]. The
HPM has been applied to solve hyperbolic partial differential equation [26], and the results show good accuracy and
effectiveness. The HPM and the Collocation method (CM) were applied to study the thermal performance of porous
fin with temperature-dependent heat generation [27] and the accuracy of the HPM was established. The HPM has
also been combined with Laplace method to solve the Lane — Emden type of differential equations [28]. In the study
of heat transfer analysis of non-Newtonian natural convective fluid flow, the results obtained with HPM was compared
with that of the Daftardar-Gejiji and Jafari methods [29] and the HPM was again shown to be effective in its application
and also when further compared with the RK4 Numerical method.

Hence, the main objective of this current study is to develop a nonlinear ordinary differential equation governing
model for the impact static loading of dental resin composite implants and to determine the analytical solutions with
the Homotopy Perturbation Method. In order to validate the obtained solutions of the problem by the HPM, the
Runge-Kutta Order four (RK4) method are applied to solve the same problem. The solutions are also compared with
obtained results from past studies. The effects of material applied stress, viscosity, stiffness, and initial strain on the
governing model are then investigated.

2. MODEL FORMULATION FOR IMPLANT DEFORMATION UNDER IMPACT STATIC LOADING

Consider the schematic of a specimen of dental composite carrying static load as depicted in Figure 2.
Compression

stamp

Specimen

Fixed plate

Fixture

The compressive strength of the dental specimen may be calculated from:

= 1
S A M

Since the cross section of the specimen under investigation is idealized to be circular, then:

D?
A= 2 )

Substituting Eq. (2) into Eq. (1), the compressive strength of the dental composite under static loading is obtained as;

5o 4P2
D

3)
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Similarly, the strain incurred to get to the magnitude may be obtained from;

d_ 4P
L ExD?

(4)

The unidirectional thermal stress due to the change in temperature experienced by this dental specimen during static
loading may be obtained by comparing its elastic property with its flexural property. The change in dimension expe-
rienced due to change in temperature is:

o=alAb (5)
Also, from Eq. (4),
4PL  PL L
5: 2:—:0’9(—} (6)
ExD* AE E
Equating Eq. (5) and Eq. (6),
o=alA8=c, (%j (7)
Which on simplifying gives the thermal stress as:
o, =EaAO ®)
de(t)
+—£,(t)=0 9
o) ©
t
c
E(t)=——|¢,(t)dt 10
()= [e(t)d (10)
a(t):EAig,(r) (1)

3. MODEL FORMULATION FOR CREEP STRAIN IN DENTAL COMPOSITE

Consider the schematic creep deformation and correction as depicted in Figure (3.3). Using Bauer’s theory (1984),
loading force function ¢ () can be expressed as:

2
g'd_¢+g2d_¢j+£gd_¢+i¢:£ (12)
de o€ ¢ de ¢ c
The model uses a logarithmic force law given as;
£
¢(e)=log, (80 ——] (13)
80
Using Eq. (13) in Eq. (12), we have:
élel—¢e)+é : 0 Free
—C ( : ) —=b 28 +a|oge[eo—£]:0'{ . ) (14)
(e2-é) (e:-¢) £, o Static loading

This equation will be used to obtain the creep deformation of the composite under impact static loading.

To establish the novelty of the work, it is important to state that previous studies considered similar model with the
applied stress, 6= 0. This present study will consider the case of 60 and obtain the creep deformation for the dental
composite under impact static loading.

Analytical method will also be used to obtain the deformation of the system and for model validation. Consequently,
recall the evolution deformation equation as:

2 22 .
—cg(go g)tg -b 28 +a|oge(€0—£]=a (15)
(e2-¢) (& -¢) &
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To obtain the dynamic behaviour of the dental composite, a strain-displacement function using variable change was
introduced as:

2

g-¢

ef="0 -
80

Where

b
0, =—
c

,7»=£, oc=£, and x=|n(€o—£] (17)
c c £

Simplifying Equation (15) and substituting Equation (16) gives the following nonlinear model;

X+(@, - x+xx*+x(A-a)—-a=0 (18)

4. METHOD OF SOLUTION: HOMOTOPY PERTURBATION METHOD (HPM)

Equation (18) is a nonlinear differential equation which is to be solved using HPM. To apply HPM, consider a given
arbitrary function f(r)

Lw)+N@)=f(r), re Q (19)
With the following boundary conditions:
B(u,a—uJ:O, rel’ (20)
on

Where f(r) is a known analytical function, L(u)and N(u) are linear and nonlinear operators respectively, and T is a
boundary in a domain Q.

The Homotopy Perturbation Method proposed by Ji-Huan He [11], is expressed as:
H(u, p)= (1= p)IL(u) - L(uy)1+ plL(u) + N(u) - f(r)]=0 (21)
Where p is an embedding parameter and u, is an initial approximation of Eqn (18).

The solution can be obtained as:

X=X, +PX,+P°X, + P’ X, +p* X, + P X, (22)

d’x d’x, d’x dx dx(dx
Hx,p)=(1-p)| — ——=2 |+ p| —+ (0, =) —+— —j +(A-a)x—a |=0 23
P p(dtz dtzj [dt2 ° Tt dt(dt J 23

Substitute equation (22) into (23)

(1—p)[d2 PR +pSX5)J+P{dZ (X0 +P'X, +P° X, +P’x; +p*x, + p°X, )J

dt’ dt’
d(xo +p'x, +p’x, + P x, +pix, +pxg ) a’(x0 +p'x, +pix, +p’x, +ptx, +p5x5)
+w, =1) +
dt dt (24)

[d(x0 +p'X, +p°x, +p’x, +pix, +p° X,

2
” )] +(/1—05)(x0 +p'X, +P’X, + PP X, +pX, +P5Xs)_0‘=°

When the coefficients of p°, p!, p?, p3, p* and p° are equated to zero, the solutions for x,, x4, X5, X3, X4, and x5 are
then obtained. Expanding and resolving Eqn. (24) the coefficients of p°, p*, p?, p3, p*, and p® are obtained as:

d2
p{ d:}}:o (25)
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| d*x

dx, dx, dx
— L+ (w,-N)—2+—2—"2x +(1l-a)x,—a|=0 26
pdtZ(O)dt dtdt"( )"} (26)
2
d );2 +(w, _1)dx1 N dx, dx, X+ dx, dx, X,
2| dt dt dt dt dt dt _
e d =0 (27)
X, dx
+—"Lx, +(A-x)x
T o t(Ama)x,
2
d ):3 (w, _1)%_’_dx0 dx, %, +dxo dx, X
p? dt dt dt dt dt dt

[
o

~

&

+dx1 dx, X+ dx, dx, X, + dx, dx, X, dx, dx, Xo +(A—-a)x,
dt dt dt dt dt dt ~ dt dt

[ 42
d )24 +(w, _1)%_’_ dx, dx, X, + dx, dx, X, + dx, dx, 1 dx, dx, %,

dt dt dt dt dt dt dt dt dt dt

p* +dx1 dx, 4 dx, dx, . dx, dx, N dx, dx,

2 1 0 it o, dx, Xo =0 (29)
dt dt dt dt dt dt dt dt dt dt
dx, dx,
+—=—2x,+(A-a)x
i dt dt 0 ( ) 3 |
[ d*x, (w _1)dx4 N dx, dx, ‘ot dx, dx, ‘it dx, dx, N dx, dx, . 1
dt’ ® Jdt dt dt ' dt dt 7 dt dt "’ dt dt
+d)(0 dx, X, + dx, dx, X, + dx, dx, : dx, dx, + dx, dx, X+ dx, dx, X,
P’ dt dt dt dt dt dt dt dt dt dt dt dt -0 (30)
dx, dx, dx, dx, dx, dx, dx, dx, dx, dx, dx, dx,
+ X, + X, + X, + 0 X, + X,
dt dt dt dt dt dt dt dt dt dt dt dt
dx, dx,
——1x, +(A-o)x
dt dt° (A-a)x, |

With the following initial conditions;

Using Egns. (25-30), and the initial conditions in (31), the solutions for x,, x4, x5, X3, x4, and xs are obtained

x[t]= Log{fo -i} (32)
60
x[t]—1 Pa+t’alog| -+, |-t*Alog| -2+ (33)
=3 9 - % 9 - %
X, [t] :iﬁ (4-40, + ta—tl)(a+aLog{—§—1+fo}—lLog{—;i+60 D (34)

X, [t] =%{a+ aLog{—?+fo } - ﬂ,Log{—:—Ur 6, D

[

30t* —60t*w, +30t'w,* +12t°a - 12w, + t°a* =120 A+12t° 0, A -2t aA +t° 4% —

2 2
6Ot4aLog{—i+fu } - 60t4aLog{—i+ fo} + 60t4/1Log[—i+ fo}
€,

o 60 o
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1
40320

x,[t]= a+aLog{—i+fo}—ﬂLog[—i+fo}
€,

o o

336t° —1008t°w, +1008t°w,* —336t°w,* +168t°0.+336t°m, o
168t°w, 0. —672t°0 +24t7 0 — 24t @, 0+t —168t°A +336t°w A
—168t°w,* L — 48t" ok + 48t" w, oA — 3t oA + 24t A — 24t ® A

+3t% ol —t°A° — 26881‘70cLog{—i +e, } + 2688t5w0(xLog[_i +e, }
€

o o

2
36
-1 904t6(x2Log{—i+ fo} +1 904t60L7LLog{—i+fo } - 2688t5(xLog{—i+ fo} (36)

€, €

o o 0

2 2 2
+2688t50300cLog{—i+50} —1232t60c2Log{—i+50} +2688t5Mog{—i+50}
9 €, &,

60

2 2
+2688t5mouog[—i+ fo} + 2464t6oc7uLog{—i+fo}

60

€,

o

2
-1 232t6k2Log{—i+ 6D:|

1 € €
X, [t]= ——| a+alog| ——+¢, |- Alog| ——+¢
s[1] 3628800[ g{ ¢ F"} g{ e FD

o o

5040t° —20160t°w, +30240t°®,” —20160t°w,’ +5040t°w,* + 2880t o
-8640t" o, 0. + 8640t” ® >0 — 2880t” @’ o — 66240t” o* +540t%a’ +66240t” ®, 0’
-1080t°, 0> + 540t 0,2 0® —14580t°0’ + 40t° 0> — 40t° 0,0 + 1'%’ — 28807 A
+8640t" @, A —8640t" w,*A +2880t" w *A —1080t° 0k + 2160t° @, oA —1080t° @, > oA
+14580t°0* L —120t° 0’ A +120t° w, 0 ° A — 4t o’ A + 540t°A° —1080t° , A
+540t°®,°A* +120t°ad’ —120t° @, )’ + 6t"° 0’ A> —40t°A° +40t° 0, A° — 4t oA’

€o €o

HOAY -1 10880t6aLog{—i‘+fo}+221760t6m0aLog{—i+fo}
€ €,
6, 2 3] 7 €
-110880t°w, ocLog{——+5o}f17424Ot o Log{——h%}

€, €,

+1 74240t7w°(x2Log{—i+ e, } 73294Ot8(x3L0g[—i+ e, }
€, 13

o o

o o

+1 74240t7(x7uLog{7i+ e, } -1 74240r7u)aoc7uLog[fi+ e, }
€, €,
+65880t8a27»L0g[—i+ e, } —32940t8akzLog[—i+ c, }
€, €,

o o

2 2
-1 10880t6aLog{—i+ e, } +221 760t6woakLog{—i+ e, }
€y €,
2 2
-1 10880t"u)02(xLog[—i‘+ e, } + 80640t"’cx2Log[_i‘+ e, }

€, €,

2
-1 osoooﬂoﬁLog[f—Ur e, } +108000t’m, 0’ Log| - +¢
€,

o

€, €,

2 2
-1 8360t8a2Log{—i‘+ e, } +1 10880t6kLog{—i+ e, }

€

2
—221 760t6muXLog{—i+ e, } +11880t°w,ALog| - +¢

2 2
+21 6000t7akLog{fi+ e, } -21 6000r7w0akLog[fi+ e, }
€, €

o o

2 2
+55080t80c2?»Log{—6—‘+ e, } —108000t7k2Log{_i+ e, }

€, e,

o

2 2
+1 08000t7muX2Log{—i+ €, :| —55080t%0A’Log {_i_'_ P }
€ €

o o
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2 3
+1 8360t8k3Log{—6—1+ ‘, } +161 280t60c2Log{—6—1+ ‘, }

60 60

3 4
161 280t60L7»Log{—6—1+ Eo:| + 80640t60L2Log{—6—‘+ ¢, }
€ €

o o

4 4
~161 280t60c7LLog{—6—1+ fo} + 80640t6K2Log{—6—1+ fo}
€ €

o o

X[t]=xo[t]+x[t]+x, [t]+x[t]+x, [t]+ x [t]

The strain equation £(t) can be expressed from Eqn. (16) as

Using &=1,

e(t)=¢g; —¢g,e”

e(t)y=1-¢"

And substituting Egn. (38) into (40), the strain equation is expressed as

e(t)=1-Exp[ X(t)]

5. RESULTS AND DISCUSSION

Vol.3+(2024) - No. 3

The results obtained from applying Homotopy Perturbation Method for the biomechanical analysis of the problem
of impact loading of dental resin composites are presented in Table 1. The Runge-Kutta Order four (RK4) is then ap-
plied to obtain solutions to the problem of impact loading of dental resin composites in order to validate the same
results obtained with the HPM. Both results from the HPM and RK4 are presented and compared in Table 1. From the
results, minimal errors of less than 5% are observed in the obtained solutions and good agreement is achieved be-

tween the HPM analytical method and the RK4 numerical method.

Table 1. Comparison of HPM and Numerical Method results

The results of HPM, DTM and Numerical methods for (t) for
&=16§=091=2,w,=050=0

t HPM DTM NUM Error o HPM Error of DTM
0.00 0.90000 0.90000 0.90000 0.00000 0.00000
0.05 0.89979 0.89993 0.89986 -0.00007 0.00007
0.10 0.89918 0.89973 0.89946 -0.00029 0.00027
0.15 0.89814 0.89941 0.89882 -0.00068 0.00059
0.20 0.89668 0.89898 0.89795 -0.00127 0.00103
0.25 0.89479 0.89845 0.89687 -0.00208 0.00158
0.30 0.89244 0.89783 0.89559 -0.00315 0.00224
0.35 0.88964 0.89712 0.89412 -0.00448 0.00299
0.40 0.88636 0.89633 0.89248 -0.00612 0.00385
0.45 0.88262 0.89546 0.89066 -0.00804 0.00481
0.50 0.87841 0.89453 0.88867 -0.01026 0.00587
0.55 0.87376 0.89355 0.88652 -0.01276 0.00703
0.60 0.86873 0.89251 0.88422 -0.01549 0.00830
0.65 0.86339 0.89145 0.88176 -0.01837 0.00969
0.70 0.85786 0.89037 0.87915 -0.02129 0.01122
0.75 0.85231 0.88931 0.87641 -0.02410 0.01291
0.80 0.84698 0.88830 0.87352 -0.02654 0.01478
0.85 0.84215 0.88739 0.87049 -0.02835 0.01690
0.90 0.83818 0.88663 0.86733 -0.02915 0.01930
0.95 0.83552 0.88612 0.86404 -0.02852 0.02208
1.00 0.83463 0.88594 0.86062 -0.02600 0.02531

60
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The response of the material to an initial strain 0.9 is shown in Fig. 4. The material model is such that the material
increases in strain rate at applied strain of 0.9. When the applied strain is more than &2, there is an increase in the
material deformation. Otherwise, the initial strain should be kept lower or made equal with £2. The decrease in the
ratio of the material viscosity 4 results in increase in the inertial which shows an increase in resistance to deformation.
But when the material viscosity is increased, the inertial property decreases. Similarly, when the material stiffness w,
is increased, there is a decrease in the inertial property of the material and a decrease in the material stiffness results

in an increase in the inertial.

1.00 |

0.98

0.96 -

Straine)

£

—0— €9=1,61=0.9,A=2,a=10,wp=2,0¢=eK

0.92 |

0.00 0.02 0.04 0.06 0.08
Time (s)

Figure 4: Deformation behavior of material with specified
material parameterse; =1, = 09,4 =2, =10, wy = 2

The absence and the presence of the impact static loading g, = 0 and ¢; = €K are shown in Figure 5. In the absence
of the impact static loading where g, = 0, the deformation of the material reduces to a minimum point from the initial
strain before it gradually picks up until it reaches the relaxation point. But in the presence of the impact static loading,
the material does not exhibit any decrease in deformation before it increases and shows relaxation. The effects of
material viscosity on the material response when the stiffness w, = 2 to w, = 8 is shown in Fig. 6.

1.00 ] 1.00 o
0.98
0.95
— — 0.96
% —o— of =0 = —o— Wy =2
= o =K = Wo =4
5 0.90 Lo @ 0,94 Wp <6
—— Wp =8
0.92
0.85
0.90 | -
0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08
Time (s) Time (s)
Figure 5: Comparison between the absence Figure 6: Effects of varying stiffness
and presence of impact static loading on material response g, =1, = 0.9, = 10,4 = 2

&=1=091=2,a=10,w, =2

It is observed that at different values of the stiffness parameter, there is no much difference in the rate at which the
material reaches the relaxation point. The material reaches relaxation at the lowest value of the stiffness parameter
faster than at the highest value of the stiffness parameter. It also shows that the material stiffness increases with in-
crease in time. The response of the material at varying viscosity is presented in Fig. 7. Material viscosity generally
influences its resistance to deformation and this is observed in the results in Fig. 7.

From the results, it is observed that when the viscosity increases, the material resistance to deformation increases.
And when the viscosity decreases, there is a resulting decrease in material resistance to deformation. The material
exhibits slight increase in strain for a short period before the relaxation sage. Furthermore, a increase in the viscosity
results in an increase in strain and in the time period before it reaches the relaxation point.

In the investigation of the effects of varying initial strain in Figure 8, it is observed that the relaxation point is reached
faster at lower initial strains than at higher initial strains and secondly the relaxation point is not constant as observed
in other parameters, but varies. As the initial strain increases, a corresponding increase is observed in the relaxation
values. The time in the relaxation region last longer with varying initial strain ,. When the applied strain is ¢; is farther
from the initial strain &;, the deformation in the material reduces.
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1.00 0.98 —o— ¢0=0.99
€0=0.98
0.98 -
0.96 €0=0.97
—x— €0=0.96
3 0.96 < —— €9=0.95
= =
E 'E 0.94
@ 0.94 7
0.92
092 /ol
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The deformation behavior and strains as a result of applied stress is shown in Figure 9. The results shows that the
material response is faster and reaches relaxation at high strains. At lower strains, the material takes longer time takes
longer time before it reaches its relaxation point. Another observation is that the material does not reach the maxi-
mum relaxation value of 1 when the strain is lower than 0.85. this shows that the strain has great influence on the
relaxation of the material deformation behavior.
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Figure 9: Effects of varying strain on material response ¢y =1, @ = 10, wy = 2,1 = 2

6. CONCLUSION

In this study, the biomechanical analysis of the impact static loading on dental resin composites (DRC) using ho-
motopy perturbation method has been presented. The solutions of the developed nonlinear ordinary differential
equation mathematical model for the strain rate viscoelastic deformation behaviors of DRC under impact static load-
ing has been obtained using the homotopy perturbation method and validated with the numerical Runge-Kutta
method of fourth order. From the study, it is observed that when an applied impact static stress was applied on the
material model, there was no conventional decrease in strain before the progressive increase until it reaches relaxa-
tion. Secondly, as the stiffness parameter increases, the time to reach relaxation also increases. In addition, as the
viscosity increases, the material resistance to deformation also increases. And as the initial strain increases, there was
increase in the time to reach the relaxation point and increase in the relaxation values. This study provides a guide for
the development of improved dental composites and restoration techniques. The study also provides an insight for
advancements in restorative dentistry and lead to enhanced clinical outcomes for patients.
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