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MICROSCOPIC
DESTRUCTION OF

A STRUCTURAL
HOMOGENEOUS BAR
OF A FINITE LENGTH

Y oawniii pooomi xapaxmepucmuunum memo-
dom Oocnidiceno PpYUHYSAHHS CMPYKMYPHO20
He00HOPIOH020 CIMPUINCHSL, AKUU niddanuil yoapy 6 1020
NBOMY KIHUL 8 HANPAMKY 1020 OCI, i HUCETLHUM WS-
XOM 3HA0EeNT 3ANeHCHOCTE NePUUX | NOGHUX MOMEHMIE
PYUHYBAHHA NICAA PIBHUX MEXAHIMHUX XapaKmepu-
cmux. 3HAxX00MCeHHA AHANIMUUHO20 DIMEHHS, U0
xapaxmepu3sye oamne 00CAL0NHCEHHS, BeTbMU CKAAOHO,
i momy 3adaua eupiwmena npubdausno. Pesyaomamu
noKasyoms , w0 6NAUE NPONOPUIL MEXAHIUHUX XaAPAK-
MePUCMUK YACMUH CIEPICHA HA NPOUEC PYUHYBAHHS €
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B oOannoit pabome xapaxmepucmumeckum memo-
00M uccnedo8ano paspyuienue CmpyKxmypHozo Heoo-
HOPOOHO020 CMEPIHCHSL, KOMOPbLIL nod8epeHym yoapy 6
€20 J1e6OM KOHUe 6 HANPAGLEHUU €20 OCU, U HUCJLeH-
HbIM NYMEM HAI0eHbL 3A6UCUMOCIU NEPBHLX U NOJIHBLX
MOMEHMO8 PaA3pyuenus Nnocjie PasiudHbX MexXauu-
yeckux xapaxmepucmux. Haxoxcoenue ananumuue-
CK020 pewenus, xapaxmepusyiowezo 0anHoe uccie-
dosanue, 6ecobMa CAOICHO, U NOIMOMY 3A0a1A Peulena
npubausumenvro. Pesyavmamot noxasviearom, umo
GAUAHUE NPONOPUUTL MEXAHUMECKUX XAPAKMEPUCTIUK
yacmeii cmepICcHA HA NPOUECC PA3PYULEHUS ACAAIOMCS
3HauumebHbIMU
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1. Introduction process of restoration of defects are studied. For this case,

viscosity and damaging operators are taken in a singular

The structures in most of constructions produced and
used in modern technology are exposed to impact loadings.
Nowadays wide use of structures made of polymers and
composite materials requires studying of lasting firmness
and destruction problems of such materials while they are
exposed to an impact. In [1] the results show that the spread-
ing of a non-linear hereditary-elastic wave in a semi-infinite
bar remains unchangeable, and for this case it is made use of
the non-linear hereditary dependence with weak-singular
cores. In [2, 3] a mutual connection of processes of deforma-
tion and accumulation of damages are pointed out and it has
been grounded on the fact that the damaging operator must
enter not only the general determinant dependence but also
the destruction criterion too. According to these facts in the
mentioned works a one-dimensional model of damaging of
a hereditary-elastic material is given. In [4] a deformation
model of a hereditary medium is used by entering the heredi-
tary operators characterizing the accumulation process of
damages. The results in [4] are obtained for regular viscosity
and damaging operators. In [5] the spreading process of a
one-dimensional non-linear hereditary-elastic wave in a ho-
mogeneous bar and a pieces-wise homogeneous bar, and the

form. Woks [6 — 8] are the one-dimensional research works
which consider the influence of viscosity on the spreading of
lengthwise wave. The research works of last year’s [5,9 — 13]
are devoted to the destruction problem and they have been
provided in more of high level and quality in comparison
with the previous works.

In this article the process of a scattering destruction in a
piece-wise homogeneous bar of a finite length being exposed
to an one-stage small velocity impact, is investigated. What
is news in this work is that for the first time the problem
is considered in the complex form in distinction from the
previous research works provided in this subject area, i.e.
the processes of viscosity, formation and accumulation of
damages, restoration of defects, hereditary deformability of
material, as wells as the factors of changing of mechanical
quality (the instantaneous Young’s modulus) of material
of the destructed domain, pliancy of the obstacle (soil), are
all taken into account what allows us to get the more real
solution of the problem. For the description of viscosity and
damaging processes in polymer and composite materials the
singular type hereditary cores found by the experiment are
used in the this study.




2. The problem of destruction of structures

In the problem the considered bar is given having two
pieces and the material of one piece of the bar is linear-elastic
while the material the other one is damaging non-linear
hereditary-elastic. On the left end the bar is exposed to
a lengthwise impact, and its right end has contact with a
pliant obstacle. A certain quantity which the piece of the
bar possesses is marked at the down index of the quantity
with a corresponding figure. In the contact of the different
homogeneous pieces the rigid sticking condition, continuity
condition of speed and forces are accepted as
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here o is stress, v is speed, t is a time variable, I, is a
length of the first piece of the bar.
The initial conditions are zero in

0,(x,0)=06,(x,0)=¢£.(x,0)=0, i=12 . 1)
The boundary conditions are given as
v,(0,t)=v,-H(t.-t), o,(, t)=k-u,(l,t) , )

here x is a space variable, u is displacement, € is deforma-
tion, v, is a stable velocity characterizing the impact, t. is
a stable points to the time interval of the impact loading, k
is a bed coefficient of soil, 1 is a length of the bar and H is
Heavyside function.

The investigation for the second piece of the bar is done
on the base of Suvorova’s one-dimensional model for the
damaging solid body [2, 3]. The general determinant relation
isasin [2]:

¢i(8i):0i+L*iGi+M?Gi ,i=1,2, (3)

here ¢ - the non-linear instantaneous deformation function,
so that

Ee, if g <eg,
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L and M’ - the hereditary type integral operators charac-
terizing accordingly the processes of viscosity and damag-
ing, so that

Lo, = jL(t -1)o,(t)dt,

X(t:), lf te(t; ) t.l_”)’
Mo (t)= t
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® is a function of restoration of defects, so that

0, if g,(t)<e;,
1, ife,(t))>e;,
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L and M are however weak-singular Abel cores, so that
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A, x=const>0, 0<o,B=const<1,

L(t-1)=

’

where E is an instantaneous Young’s modulus, y is a non-
linearity parameter of material, €, is an elastic deformation
limit and & is a deformation limit determining the restora-
tion of the defects. The scattering destruction criteria are in
the following form [4]:

lo,+Mo|=0, ,i=12, 4)

here ¢~ - lengthwise firmness limit.
The measureless quantities are included in the following
form:

X — u — tec, — v, —
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here E, - the instantaneous Young’s modulus appropriate to
the non-destructed domains of the bar, p is density and c,
is a spreading speed of the elastic wave, so that
E, .
= [0 i=12.
Pi

Co;

A relative quantity is included in the following form:

1, if |(Si+M*(5i |<<s;‘,
ni:E': . I — — l=1,2
0i ni,if|ci+Mci|20i,

The motion and correspondingly combinatorial relations are

v 99 98 Vo i 75 5)
dt, ox at, ox
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After the passage into the measureless quantities in the
general determinant relations and differentiating them by
time and applying the combinatorial equations in the later
obtained relations, it is found in [11]:
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here ¢ (g) - the spreading speed of the non-linear hereditary-

elastic wave, so that E(E):%. Relations (6) found as a
€

system of the quasi-linear hyperbolic type partial integral-

differential equations of first-order.

Deformation is described in the following form in [1]:

g =V,(z), z,=0,+Lc,+M/o, ,i=12.

here, y is the inverse function of ¢ .



3. Solution of the mathematical problem

The entering of the integral operator relations (1) makes
the analytical solution of the problem difficult. Therefore, the
problem is solved numerically by the characteristic method
with the first-order evident finite differences scheme in the
rectangular Lagrange netting fulfilling the Courant-Rees-
Isacson’s stability condition for the evident scheme [14]. The
approximate relations are calculated with help of computer.
The influences of the proportions of the elastic deformation
limits of the pieces of the bar and of the spreading speeds of
the elastic wave in them at the t; - first respectively the t, -
complete destruction moments of the damaging piece of the
bar are studied. When the computation has been done, the
values of the number of the quantities have been accepted, in
general case, in the following form:

Ax=At, =At,=0,042, t.=0,3, E,, /E,=0,5,
1,/1,=1, (I=const), X=£=0,9, a=p=0,8,
y=0,5, k=1, £,=0,02, 6,=3, 6,=5, 1. =m,=0,01.

here Ax and At are the steps of the rectangular netting ap-
propriate to the numerical axes x and t .
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Fig. 1. Dependences of the Q - first and the E - complete
destruction moments of the damaging piece of the bar upon:

€ . . . .
a-the =L - proportion of the elastic deformation limits
02 _ c
of its pieces when v, =6,0; b - the 0701 - proportion of the
02
spreading speeds of the elastic wave in its pieces when 7,0

4. Conclusions

The following results have been obtained.

1. The increase of the proportion of elastic deformation
limits of the pieces of the bar makes that the occurring of
the first scattering destruction of its damaging piece is rapid
until the value of this proportion is equal to 1 and after
this point it delays weakly; the occurring of the complete
scattering destruction is rapid. When this proportion is
equal to 1, namely when g, =€, , the first destruction occurs
more rapidly (Fig.1, a).

2. Theincrease of the proportion of the spreading speeds of
elastic wave in the pieces of the bar makes that the occurring

of both the first and complete scattering destructions of its
damaging piece is rapid until the definite moment of time
and after this it delays. When this proportion is equal to
unit, namely ¢, =c,, , the first and complete destructions
occur most rapidly (Fig.1,b).
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Pozensdaemvcs 3adaua npo
gicecumempuuni KONUBAHHSA NPYICHOL
monxocminnoi cepuunoi obononxu, axa
3anoeénena piouHO0, WO CMUCKYEMBCA.
IIpu yvomy pieuanns pyxy nodyoosai 6
PaoianvHux nepemMiueHax i 3 GUKopucman-
HAM CheuianibHozo nomenuiany. 3adaua
3600umvcsa 00 0ocaioxceHns 00HOPiOHOL
cucmemu 060x pieHAHbL W000 PAdianvHOZ0
nepemiujenns i 3eadanozo nomenuiany.
Ymoea ne mpusianvnocmi pimenns cucme-
MU Npu3600uUmMv 00 MPAHCUEHOEHMHO20
PiBHAHHA

Knwouosi canosa: xonuseanus, xeuns,
yacmoma, wiiabHiCMb, 000JI0HKA, MUCKY,

nomenuian
T ]

Paccmampusaemcs 3adana 06 ocecum-
Mempureckux Cc60000HbIX KoJaebanusax
YNpye0u MoHKOCMEHHOU Chepuneckou 060-
JIOUKU, 3aNOJHEHHOU CHCUMACMOU IHCUOKO-
cmoto. Ilpu smom ypasnenus o0euscenus
nocCmpoeHvl 6 PacuaibHbIX NePEeMeUCHUSIX
U C UCNOTIL3I0BAHUEM CNEUUATIBHOZ0 NOMEH-
uuana. 3adaua c600uUmMCs K UCCAE08AHUIO
00HOPOOHOU cucmemovl 08YX YpasHeHUl
OMHOCUMENbHO PAOUATILHOZ0 nepeMmeue-
HUS U YROMAHYMO20 nomenyuala. Yciosue
HEMPUBUATTLHOCIMU  PEUEHUS CUCTEeMbL
npueodum K mpancueHoeHmHoMY YpasHe-
HU0

Kmouesvte caosa: xonebanus, onna,
yacmoma, naommocms, 06oso0uxa, daé.ne-
HUs, nomeHyual

=,

1. Beenenne

OnHoli 13 BasKHENNX 3aja4 Ha CTaAUK POEKTUPOBa-
HUSI TOHKOCTEHHBIX 060JI0YEUHbIX KOHCTPYKIIUIA, TITPOKO
MIPUMEHSIEMBbIX B aBUAIIMOHHOU, PaKeTHO-KOCMUYECKOUN
TEXHUKE U PA3JIUUHBIX 0OJACTSIX TTPOMBITIICHHOCTH, SIB-
JsieTcst [UHAMUYecKUil pacuer. HeoOXoAMMbIM 3iieMeH-
TOM HCCJIEZIOBAHNS AUHAMUKH 000JI0UEK SBJISIETCST OTpe-
fiesieHne co6CTBEHHBIX YacTOT 1 (hOPM MasIbiX KoseGaHui,
npudyeM HaubOIBINNI WHTEpPEC A TIPUIOKEHUH TIpe-
CTaBJIAIOT YaCTOTHI U3 HUIKHETO criekTpa [1].

Baknoe mecTo cpeu IMHAMUYECKNX KOHTAKTHBIX 3a-
Jlav Teoprr 060JI0U€EK 3AHUMATOT 3a/[a4U O CBOOOHBIX KO-
JebaHuaAX YIPYruX TOHKUX 000J104eK, KOHTAKTHPY IOTHX
C YIIPYTOil TBEPAO Cpe/ioi U KUKOCTDIO.

B pa6orax [2, 3, 6 — 10] mccreayioTcs 4acToThl u
dbopmbl cBOOOAHBIX KojebaHuii chepuueckoil u MUAnH-
APUUECKOil 000JI04eK, KOHTAKTUPYIOUUX C YHPYrod u
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JKUJIKOW cpefioil, B YaCTHOCTU aCUMITOTUYECKUMU METO-
JaMU TI0JIYYeHbl IIPUOIUKEHHBIE TIPOCThIe POPMYJIbI A
BBIYMCJICHUA YaCTOTHI ¥ Onpeaesennsa GopMbl KoaebaHui
PACCMOTPEHHBIX CHCTEM, a 9TO OTPAHNYMBAET UCIIOIb30-
BaHMe [OJYYEeHHbIX PE3Y/IbTaTOB, UCKJIIOUAs B Psjle BaXK-
HbBIX CJIy4a€B BO3MOJKHOCTb IIpoBEe/ICHUA Ka4€CTBEHHOTO
aHaJIN3a UCCIEAYEMbIX POLECCOB.

Kpowme Toro, B paboTe [4] paccMoTperbl cBOGOIHbBIE OCE-
CUMMeTpUYecKre KoebaHus TOHKOCTEHHOH GeCKOHeYHOi
UAMHAPUYECKOH 060JI0YKH, copepKalleil CKUMAeMYIo
KUAKOCTH. [I0CKOIBKY HaX0oKeHne cOOCTBEHHBIX YaCTOT
CBS3AHO C pelIeHreM TPaHCIeHIeHTHBIX YPaBHEeHU, 31eCh
yacToTa Kosebanuii 060JI0UKH, He COAEPKALIEH KUIKOCTD,
BbIpa’keHa 4epe3 4acToTy KoJeOaHWil CUCTEMBI B SIBHOM
BHU/lE€, UYTO IIO3BOJIAET KaK aHAaJUTHUYECKH, TaK U Fpaq)I/I‘{e-
CKHU UCCJIEI0BATH CIIEKTPBI YaCTOT CUCTEMBI.

B namnnoii pabore ucciuenyercs csoboanoe Kojebanue
chepnueckoit 060JI0YKH € KUIKOCTHIO.




