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Abstract

In this paper, we consider a Kirchhoff-type viscoelastic equation with degenerate damping term have
initial and Dirichlet boundary conditions. We obtain the blow up and exponential growth of solutions
with negative initial energy.
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1. Introduction

We deal with the following nonlinear Kirchhoff-type viscoelastic problem:

t
uy — M (HWHQ) Au+ [g(t—s)Au(s)ds+ |ul 85 (ue) = [u]" " u in Q x (0,+00)
0

u(z,0) =up (z), u(x,0) =uy (z) on z € (), (1)

u(z,t)=0 on x € 01,
here 07 (s) denotes the sub-differential j (s) [1], 2 is a bounded domain in R™ with a smooth boundary 09Q. M («) is
a nonnegative C'! function for o > 0 satisfying
M (o) =1+0a", k>0.

The Kirchhoff type equations orginated from the nonlinear vibration of an elastic string and was firstly considered
by Kirchhoff for f =g=0=0:

Pu  du du Eh [F(ou\? | 8%u
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where0 <z < L,t > 0.

Now, we focus on a chronological literature overview. Eq. (1.2) with f = g = 0 was investigated by Nishihara
and Yamada [2]. The author studied the global solvability of solution for non-analytic initial data. In [3], Ikehata and
Matsuyama investigated Eq.(1.2) with § = 0, g = 6 |us|"~" u; and f = |u|""" u, and employed the global solvability
and the energy decay of solution. Moreover, Ono [4] studied Eq. (1.2) with g = 0, the author employed the local and
the global existence, decay properties of solutions for degenerate and non-degenerate equations with a dissipative
term. Also, the author studied the blow up of solution with nonpositive and positive initial energy. The other work
related to Kirchhoff type equations is Taniguchis’s work. Taniguchi [5] considered the existence of local solution,
also discuss the global existence and exponential asymptotic behaviour of solutions for weakly damped Eq. (1.2).

In case of M = 1, the problem (1.1) discussed by Han and Wang [6] and the authors proved the global existence
of generalized solutions, weak solutions. Moreover, they studied finite time blow-up of solutions with negative
initial energy.

Furthermore, in case of M = 1 and g = 0, the problem (1.1) becomes the following form

g — Au+ |ul” 85 (ug) = |u\7ﬁ_1 u,

has been studied by some authors see [7-11].
In [12], Ekinci and Pigkin studied following equation:

ey + A2 — M (||Vu||2) Au+ [uf’ 85 (ug) = |u" ", (1.3)

with initial and boundary conditions. They studied blow up of solutions with arbitrary positive initial energy by
constructing a energy perturbation function.
In the work [13], Piskin investigated the following equation:

wep + A2 — M (\|vu||2) A+ [P g = Jul (1.4)

and proved the existence, decay and blow up of the solution. Then, Piskin and Irkil [14] investigated the same
problem treated in [13] and studied blow up results for positive initial energy. In 2018, Pigkin and Yiiksekkaya [15]
considered problem (1.4) in case p = 1 and proved the blow up of solutions with positive and negative initial energy.
Furthermore, Periera et al. [16] discussed problem (1.4) in case p = 1 and studied existence of the global solutions
via the Faedo-Galerkin method. The authors also obtained the asymptotic behavior via the Nakao method. Then, in
2021, Periera et al. [17] investigated the existence and the energy decay estimate of global solutions for problem
(1.4) in case p > 1.

The hyperbolic models with degenerate damping also are of much interest in material science and physics.
It particularly appears in physics when the friction is modulated by the strains. There are a lot of studies have
Kirchhoff-type viscoelastic problem with degenerate damping term. But, most of these studies are system problem.
For instance, Piskin and Ekinci [18] investigated the following system

{ upy — M(|Vull)Au + [ g1(t — s)Au(s)ds + (\ul’“ + \ull) el e = fi (u,v), 15)

vie = M(|Vol*) A0 + [ ga(t — $)Av(s)ds + ([v]” + [u|®) v "™ v = fo (w,0),
0

in Q x (0,T) . The authors discussed global existence, general decay and blow up results of solutions. Recently,
Piskin and Ekinci [19] considered same problem and proved local existence result. In [20], the author studied blow
up of solutions with positive initial energy for problem (1.5) without viscoelastic term. In addition, they gave some
estimates for lower bound of the blow up time. On the other hand, the other some studies with degenerate damping
terms are see (see [21-29]).

The equation (1.5) in case M = 1, Piskin et al. [29] studied local existence and uniqueness of the solution by
using the Faedo-Galerkin method. Furthermore, they proved the blow up of weak solutions.

To the best of our knowledge too many system problems with Kirchhoff type and degenerate damping terms.
But there are a few studies as single equation with degenerate damping and Kirchhoff type. Motivated by previous
works, we prove several results concerning the blow up and exponential growth of solution for the problem (1.1).

To analyze the blow up and growth of solution for problem (1.1), we are interested in effect caused by the source

term |u|""" u, memory fg g(t — s)Au(s) ds and degenerate damping |u|"9j(u;). In our problem is that the source
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term of type |u|"~'u overcomes the stabilizing mechanisms, memory fot g(t — s)Au(s) ds and degenerate damping
|u|?0j(uy), thus causing a destabilization of the model with the blow up of the solution at a finite time [30].

The remaining part of this paper is organized as follows: In the next section, we introduce some assumptions,
notations and present a lemma needed in the proof of our results. In Section 3, we prove the blow up of solution
with negative initial energy. In Section 4, we prove the exponential growth of solution with negative initial energy.

2. Preliminaries

Now, we present some preliminary material which will be helpful in the proof of our results. Throughout this
paper, we denote the standart L? (Q2) norm by ||.| = [l 2 () and L (©2) norm |||, = [|[| a(q) -
(Al)v,p>0,7> 1L v < A5, r+1< % if n > 3. There exists positive constants c, cg, ¢; such that for all
s,k € Rj(s): R — Rbea C* convex real function satisfies
ojs) =cls/,
e ;' (s) is single valued and |’ (s)| < co |s|”,
o (j' () =3 (k) (s — k) = ex |s — k"
(A2) ug (z) € H} (), u1 (z) € L? ().
(A3) Assume g (1) : RT — R satisfies

forallT € Rt and

(A4) [y g(s)ds < I

We use the following notations

(g06) (1) = /Otg(t =) [ 100 =0 (7)]dear
Lemma 2.1. Suppose that (A1), (A2) and (A3) hold. Let wu be a solution of (1.1). Then, E (t) is nonincreasing, namely,
E'(t) <o0.
Proof. A multiplication of Eq.(1.1) by u; and integration over €2 give
B0= 30 @IVl + 50 e 0~ [ [ s ) () aaar <0, @)

where

E ) =§DWW+Q—AE@M)Nwﬂ

} L 2(k+1) 7# r+1
+3 [/-H—l [Vl + (9o Vu) ()] = - lull; (2.2)

Thus, we have
E(t) < E(0). (2.3)
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3. Blow up

In this section, we shall prove the blow up of solutions for problem (1.1).

Theorem 3.1. Let (A1)-(A4) hold. w be a any solution to (1.1) on the interval [0, T . Assume further that r > v + p,

E(0) <0and
¢ K
> .
/0 g(s)ds > p

Then T is necessarily finite, i.e. u can’t be continued for all t > 0.

Proof. Set
H(t)=-E(t). (3.1)
By using (2.1), we have
H (t) = —FE(t)
1 1
= 59 [Vul?— 5 (9" Vu) /\u V7 () g
> /|u VY J (ur) uede
> o / ot (O] e+ e (32)
Q
Thus, we arrive at
0<H(0)<H(t)< —H i1, t=o0. (33)

Now, we define

L(t)=H""(t)+ E/ uugde,
Q

where p = min { e } and ¢ is a positive constant.

p(r+1)? 2(r+1)
By derivating L(t) and using Eq.(1.1), we obtain

L'(t) = (1—p)H P @A) H (1) +elul® - |Vu|® - e ||Vul*"HV
—l—E/O g(t—s)/QVu (s) Vu (t) dzxds
e /Q ot (O] w (£) 85 (ue) (8) dx + e [Juf 1+
= (=) H P () H (£) + g |* — 2| V]
—e ||V 2T — t s)ds | Vul®
[V / 9(5)ds [Vl
te /0 g(t—s) /Q Y (t) (Vu (s) — Vu (£)) dads

e / ot (O] w (£) 05 (ue) (8) dx + ¢ [Ju] 7L (3.4)
Q

By applying Young’s inequality to estimate the fifth term of (3.4) as follows

/) g(t—s) /Q Vu (t) (Vu(s) — Vu (t)) dzds

C

< /Og(s)ds||w||2+§<g<>vu><t>.
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From (A3), since 0 < I < 1. Then it follows from the definition of H (¢) that

2 1 1
SIul® = 2@ el + 7 (0 Tu) (1)
1 2(k41) 2 r+1
— . 3.5
Combining (3.4)-(3.5), we obtain
1
FO z a-pH OO+ (1+7) lul?
P 11 1 2n 1)
SH(t Sl t -
tey ()+€<l 4>(g<>Vu)()+€(l(H+1) )||Vu|
v - 2 r+1
e [ 0P 000 () o+ < (1= 72 ) Tl 66)
By condition [} g (s)ds < = Tt wehave 1 — ;225 > 0.

In order to estimate fifth term in (3.6), since r > v + p, from assumption (A1) and thanks to Holder’s inequality
and Young’s inequality, we get

IN

/ ot (O] w (£) 85 (ue) () e
Q

vtp+1 vtp41
T o e ) do

pil prI
co(/ () Jug (¢ |p+1dx) (/ |u(t)”+p+1dx)
Q
il vtp+t1
= ([ o as) ™ ol 7

8(H () Ju )17
B0 H 0+ 5. 37)

IN

IN

Co | 751"

IN

IN

where constant § > 0 is specified later and 8 = CoC; 7' |Q)| AT
Hence, (3.6) becomes

L) = |(1=p)H " (t) =86+ | H' (1
+e (1 + }) el + ¢ (l(nlﬂ) - 1) |V 2D
+E%H (t)+¢ (} - i) (goVu) (1)

. 2 r+17 v+p+1
re (1= gy ) Il - so T 68)

The choice of § (i.e. 0=7% (% - l(r%l)) Hu||;rl’_p) , then

. 1 .
88 a7 = (5 - o ) Il
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Furthermore, since ||ul|, ., > [(r + 1) H (O)]ﬁll by (33)andv+p—r+p(r+1)p <0, then

(1—p) H™" () —epo
= H*(t) [1 — p—eBS T HP (t)}

—p | 141 (1 1 o i
2 HPW1=p=eB7 (- ogy) Dl
> HF 1 1+1 (1 1 v B
2 t)|[1—p—eB ™7 5 m (r+1) v (0),
> H (1) [1-p—=B""0x], (3.9)

r—uv—

(r+1)"" 7050 H (0)! 7777 Now, we choose ¢ to be sufficiently small such that

1 —p—sBH%X > 0.
Then (3.9) and (3.8) yield
L (t) > =C [H (8) + Jun ()] + [ull} 1} + (g0 Vu) (8)] (3.10)

where C' > 0 is a constant that does not depended on ¢. Especially, (3.10) means that L (t) is increasing on [0, T),
with

L (t) = Hl_p (t) + 5/ uutdx > Hl_p (0) + 5/ Uouldl‘.

Q Q
We also select ¢ to be sufficiently small such that L (0) > 0, thus L (¢t) > L (0) > 0 for ¢ > 0.
Letn = fp. Since 0 < p < 1, itis evident that 2 > 1) > 1. By using the following inequality

oty <2770 (]! + [y|") for > 1,
applying Young's inequality, we get
Lr(t) < 27N (H () +ellu @ lu @)

¢ (H (8) + llue (B + fJu (2)] f{f) : (3.11)

IN

1

By the choice of p, we have % —P>

. Now applying the inequality

1
a“<<1+b>(b+a), a>0, 0<o<1, b>0,

and taking a = [[u (t)[|\1], n = m < 1,and b = H (0), we obtain

i 1 r+1
ROIE < (14 75) (FO+ o)
< C (H (t) + [Ju (t)lliﬁ) : 3.12)
Combining (3.11) and (3.12) gives the inequality

L@ < C(HEO+ lu @+ @)

< C(H® + lu OIF + lu @l + (g0 Vu) (1) (3.13)

Thus, (3.10) and (3.13) arrive at
L'(t)>CL"(t), tel0,T]. (3.14)
In the end, from (3.14) and 7 = =, > 1, we see that L (t) = H'~* (t) + ¢ [, uuyda blow up in finite time. This

completes the proof. O
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4. Exponential growth

In this section, we aim to indicate that the energy grow up as an exponential function as time as goes to infinity.
Theorem 4.1. Let (A1)-(A3) hold. u be a any solution to (1.1). Suppose further that r > v + p and E (0) < 0 and
K K
ds > ———
Then, the solution to (1.1) grows exponentially.
Proof. We define

Ft)=H(t)+ 5/ uude, 4.1)
Q

where H (t) = —E (t) and choose 0 < ¢ < 1 in this interval to obtain small perturbation of E(t) and we will indicate
that F (t) grows exponentialy, namely F'(t) satisfies a differential inequality of the form

dF (t)
>
I >TF (t)
By derivating (4.1) and using Eq.(1.1), we have
Fi(t) = H’(t)+€llut|\ — e | Vul* — || Vul

+e gt—s/Vu ) Vu (t) deds

(=)

5/|u o (8) 95 (ue) (1) der + ¢ Juf)

= H'(t) +¢lue|® — | Vul®

2

+€/g ) ds | Vau|® = e ||V 25D

(=)

¢
+6/ g(t—s /Vu (Vu (s) — Vu(t)) dzds
0

— [ @ w005 (u) () do <l 3 42)

)

Terms in (4.2) is estimated as follows:

/ g(t—s) / Vu (t) (Vu(s) — Vu(t)) dzds

/ s)ds [Vul® + 2 (g o Vu) (1)

N —
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F'(t)

%

1 t
0 +elul® = (15 [Lg)as) 17’
0

1
—e IVl — &3 (g0 V) (1)

— [ O w005 (w) (@) da + el 3
Q

1—1(tg(s)ds
() e flul* — e (2{09()>ZHVUH2
1—[,9(s)ds

1
—< IVl — &3 (g0 V) (1)

e / o (O] w (£) B (u) (£) e+ ]2
H' (t) + & fJurl? — €l [V

1
e[Vl — &5 (g 0 V) (1)

\Y
T

v

—6/ Ju (8)]" w (8) D5 (ur) () dae + € [l (4.3)
Q

1—% fof g(s)ds
l—fJ g(s)ds °
By using the assumption (A3) and the definition H (t) , wehave 0 <! < 1and

where ¢ =

+1

e (g— ;) (go V) () + (1 - ) el

+2eCH (1) —e/ﬂ|u(t)\vu(t) 9j (un) (t) da.

Fr) > H’<t>+e<1+<>||ut||2+g(rf_1) Va2t

By using (3.7), we get
F'(t) = [1-e85 3| H (0) +&(1+ Q) uil)
5<4 —1) VP

k+1
F2eCH (t) + & (g - 1) (9o V) (£)

(1— ) lll7HE — B8 flu (6) 2+ (4.4)

The choice of § (i.e. §=7% (% - m) ||u||:+1f_p> , then
v 1 s
8 lu T = (5 - o ) i

Furthermore, since ||ul| [(r+ 1) H(0)] T by (3.3) and assumption v + p — r < 0, then

1 2
1—eB6~
2 1=t (1 - C) e 1) H(0) T
2 r+1
> 1-eB'TIK,

where K = (% — Til ) 7 (r+1)" o H (0),. “’*” . Now, we choose ¢ to be sufficiently small such that

1- eﬁH%K > 0.
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Thus,
F/(t) 2 =C [H (0) + Jue (0 + Jull 751 + (90 Vo) (1) 5)

where C > 0 is a constant that does not depended on ¢.
Now, applying Young’s inequality, and Sobolev Poincare inequality we have

F@) < H(@#)+elullllull
< C(H® + ful + llul?).
Now, in order the estimate [|u||* term we apply the inequality a' < (a +1) < (1 + $)(a+b) fora = ||uH7Tj: ,
l=2/r+1<1,b= H(0), we have
ll® < Clully,
= c(llf) ™
1 r+1
< _—
< (14 ) (it + 20)
< (il +H®). (4.6)
Thus,
F(t) < C [H () + llue ()] + [ull} 1] + (g0 Vu) (8)] (47)
Therefore, (4.5) and (4.7) arrive at
F'(t)y>¢F(t), t>0
This completes the proof. O

5. Conclusion

As far as we know, there is not any blow up and exponential growth results in the literature known for
viscoelastic Kirchhoff type equation with degenerate damping term. Our work extends the works for some
viscoelastic Kirchhoff type equations treated in the literature to the viscoelastic Kirchhoff equations with degenerate
damping terms.
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