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Porous (composite) materials are increasingly used in different fields of modern technology [1-3].
Porous materials have relatively high rigidity and strength, and, at the same time, they are light. In addition,
due to the presence of internal pores these materials can be used in the construction of sewage treatment
plants, the creation of machines and mechanisms through which gases or liquids flow.

Fig.1 — The cross section of the porous medium

Often there is not necessary to use complex solutions of elasticity theory for calculating real
structural elements. Sufficient precision results can be achieved on the basis of hypotheses, which are usually
taken in strength of materials. For example, in determining the integral characteristics such as load, moment
and displacement is no need to take into account the microstructure of composite materials and composite
can be considered homogeneous but anisotropic.

Let us consider a solid matrix with hollow pores (Fig.1) and find the value of elastic constants
provided pores filling liquid or gas.

To take into account the porosity of the material, we introduce the factor 77 =V, /V ', which will be

called the continuity coefficient. Here V. and V' are the volume of solid phase (matrix) and full layer

volume, including pores.
We assume the rigidity of pores equal zero. We write shear modules for longitudinal shear

G,=G,=G—1— )

and for transverse shear

G23:1+(3—4v)-(1—;7)' @
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Here G = , and v are shear modulus and Poisson's coefficient of the matrix material; E

2(1+v)
- elastic modulus of the matrix material.
Based on these assumptions elastic modulus in the longitudinal and transverse directions can be
represented as follows:

E =nE 3)
L:L:1{1+(1—V)-(3—277)} @
E, E, nlE 2G

and Poisson's coefficients as
Vo =Vy =V

s L it ®

Assume that for a porous material are known relations of anisotropic medium between stress and
deformations and also consider that between mechanical characteristics there are a relationships

Ev,=E,v,, E,v,, =E,v,,, E;v,, = E\v,;. Then we obtain the following formulas for stresses:

B, +B,

(6 + 52 )},

o,=E {511 -

E 1
Oy = B —B, {— 611V+m[51231 +éuB, _V2(522 t &5 )]}’

E* 1
O3 = B, - B, {ﬂW"‘m[gzsz +é3B, +V2(833 &y )]}’

E*
O, = €12s
20+v)-2-n)

E*
O3 = €135
20+v)-2-n)

E'B,
O' =
221+ v)

€3 (6)

Here
B, = (1—1/2)-(3—277)+v2,

B, = (1+v)(1-v)-n(i-2v)],
B, =4(1-v)-n(3-4v),

E"=En. (7)

For convenience of further computations present (6) in a different way - through deformations:

1
&y :E[O'u _V(O'zz +O—33)]=
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Ep = i [_ vo,, + B0y, —320'33],
1
33 = I [_ vo,, —B,o,, "‘310'33]’
2(1+v)B,
23 :T 235
2l+v)-(2 -
&3 = ( ng*( 77)0_13 ,
21 (2-
& = +V£)7,'*( 77) Oy 3

We emphasize that in the case of a continuous medium (77 = 1) we obtain the known expressions

of three-dimensional elasticity theory of isotropic body from (6) and (8).
Let us consider the effect of the coefficient 7 on the physic-mechanical properties of the porous

material. We represent the parameters that we are studying, in a dimensionless form:

£, _ n
E v +(-v?)-(3-2p)
G12:G13: n
G G 2-7n’
G, n

G 1+(1-n)B-4y)
(1+v)-[1+2n+B-4v)-(1-27)] -4
v +(1-v?)-(3-219)| '

)

Vy =

It is seen (Fig. 2) that the transverse modulus of elasticity £, is only slightly dependent on the
Poisson’s coefficient. Within the possible values of continuity coefficient 0<7 <1 ratio E, / E varying
nonlinearly increases significantly slower than 77.

For real values 0.2<n<1 E,/E, >0.1, so we can conclude that when create the solves

equations for a layered porous medium we can use the approximation of technical theory and the Kirchhoff
hypotheses.

The transverse shear modulus G,; more strongly depends on the Poisson’s coefficient of the matrix
(Fig.2b). Its value at v =0.5 corresponds to the value of longitudinal shear modulus G,, and G,
which depend only on the coefficient 77. It follows that for values v, close to 0.5, longitudinal and

transverse shear modulus are almost identical. This, to some extent, can lead to a simplification of the
solutions.

Poisson’s and continuity coefficients also significantly change the value v,; (Fig.2c). Moreover,
the influence increases for the extreme values v, and for the average v =0.3—v,, almost does not
depend on 77.

Thus, obviously, the presence of pores must be considered when 77 < 0.9 . For the most complete

description of the construction work it should be split into layers that can not take into account the specific
form pores. Thus for each layer we must take its own value 77.
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Fig.2. - Influence of continuity coefficient on the:
a) transverse elastic modulus and b) transverse shear modulus, ¢) the value v,,

It must be emphasized that for any other (not only porous) composite material the approach to
construction of resolving equations does not change. The difference is only in the coefficients of equation of
medium state.
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PE®EPAT

Mickyno B.I'., [diagmuenko [.M. JlochmifkeHHST XapaKTEPUCTHK KOMIIO3UTHOTO IOPHCTOTO
cepenosuina. /Bagum ['eopritioBuy IlickyHos, Ipuna Muxainieaa Jliqudenko // Bicauk HTY. — K.: HTY —
2012. — Bum.26.

B crarTi 3anmpomoHOBaHO MiAXiA IO A0 MOOYJOBM PO3PaxXyHKOBUX PIBHSAHB JAJsI KOMIIO3UTHOTO
MOPHUCTOTO CepeIOBHIIA.

OO0’ €T HOCIIHKEHHS — KOMIIO3UTHI MTOPUCTI MaTepiay.

Meta po0OOTM — BHBYEHHS BIUIUBY IIOPHUCTOCTI Marepiady Ha Horo Qi3uKo-MexaHidyHi
XapaKTePUCTUKH.

Merton TOCHIDKEHHS — aHAJITUYHWI.

[Ipu po3paxyHKax peaqbHHX €JIEMEHTIB KOHCTPYKLIH HEpiaKko HeMae HeoOXiTHOCTI B 3aCTOCYBaHHI
CKIaJHUX pilleHb Teopii mpykHocTi. Hampuknan, B Aeskux BHUMaAKax HeMae HEOOXiZHOCTI BpaxyBaHHS
MIKPOCTPYKTYpH MaTepiaiiB i KOMIO3UT MOKHA PO3TISLIATH OJHOPITHUM, ajie aHi30TPOITHHM.

Jist BpaxyBaHHS IOPUCTOCTI MaTepiany BBelleHO KoedilieHT cyninbHocTi 77 . OTpriMano Gopmymu
PIBHSHHS CTaHy IJIi KOMIIO3MTHOTO IIOPUCTOTO CEpelOBHINA. BpaxoBaHO MOKIMBICTH MO3A0BXHBOTO 1
MIOTIEPEYHOTO 3CyBY. JlOCHiKeHO BILTUB Koe(imieHTa CyIFHOCTI Ha (hi3MKO-MEXaHIYHI XapaKTEePUCTUKU
MIOPHUCTOTO cepefoBHIa. Bu3HaueHO yMOBH, IPH IKUX HEOOXiTHO BPaXOBYBAaTH HasIBHICTH I10D.

Pesynprat crarri MOXyTh OyTH YNpPOBAUKEHI NPH PO3paxyHKaxX KOHCTPYKLIH 3 TOPHUCTUX

MaTepiaiiB, yepe3 sKi MPOXOoIATh Ta3u a0 PiTuHM.
KJIFOUOBI CJIOBA: KOMIIO3UTH, TIOPUCTI MATEPIAJIM, IIOB3JOBXHIM I
TIOIEPEYHMIA 3CYB, MOJIYJIb ITPYXHOCTI, KOE®ILIEHT [TYACCOHA
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ABSTRACT

Piskunov V.G., Didychenko .M. Investigation of characteristics of composite porous medium.
/Vadim Piskunov, Iryna Didychenko // Visnuk NTU. — K.: NTU. —2012. — Vol.26.

The paper proposes approach to construction of resolving equations for composite porous medium.

The object of research - composite porous materials.

The purpose - to study the influence of porosity of the material on its physic-mechanical properties.

Methods of investigation - analytical.

Often there is not necessary to use complex solutions of elasticity theory for calculating real
structural elements. For example, sometimes is no need to take into account the microstructure of composite
materials and composite can be considered homogeneous but anisotropic.

To take into account the porosity of the material, we introduce the continuity coefficient 77. The

equation of the state for composite porous medium are obtained. The possibility of longitudinal and
transversal shear is taken into account. The influence of the continuity coefficient on the physic-mechanical
properties of composite porous medium is investigated. The conditions when it’s necessary to take into
account the presence of pores are defined.

The results of the article can be used in the calculation of structures with porous material through
which gases or liquids flow.

KEYWORDS: COMPOSITE, POROUS MATERIALS, LONGITUDINAL AND TRANSVERSAL
SHEAR, ELASTIC MODULUS, POISSON’S COEFFICIENT

PE®EPAT

ITuckynos B.I'., Junsraenko .M. UccnenoBanne XapakTepUCTHK KOMIIO3UTHON TTOPUCTOM Cpenbl. /
Bamum I'eopruesnu ITuckyHoB, Mpuna MuxaiinoBna [luneraenko //Bectank HTY. — K.: HTY — 2012. —
Bpim.26.

B cratpe mpemnokeH MOAXOA K MOCTPOEHHUIO pa3pellaioliuX YpaBHEHMH M KOMIIO3UTHON
TIOPUCTOM Cpebl.

OOBeKT uccieoBaHus - KOMIIO3UTHEIE IOPUCTHIC MaTEPHAITBI.

Henp paboThl - H3y4YeHHE BIMSHHUA IOPUCTOCTH MaTepuana Ha ero (U3HKO-MeXaHHYECKHE
XapaKTePUCTUKU.

Meron nccnenoBaHus - aHATUTHYECKHM.

[Ipu pacderax peasbHBIX JIEMEHTOB KOHCTPYKIMHA HEPEIKO HET HEeOOXOAMMOCTH B NMPUMEHEHUU
CIIOKHBIX PEUICHWH TeopHH ympyrocTu. Hampumep, B HEKOTOPBIX Cly4asx HET HEOOXOAWMOCTH ydeTa
MHUKPOCTPYKTYpPbI MaTEpPHAIOB U KOMIIO3UT MOXKHO pacCMaTpUBaTh OJHOPOIHBIM, HO aHU30TPOITHBIM.

Jns ydera mopucTocTH MaTepuana BBeleH koddduuuent nenoctHoctu 77. [omydeHsl Gpopmynsl

YPaBHEHHUS COCTOSIHMA ISl KOMIIO3UTHOHW IOPUCTOM Cpelpl. Y4YTeHa BO3MOYKHOCTB IPOJOIBHOIO U
MOMEepeYHoro casura. lcciemoBaHo BiusiHHE KOd(PQUIMEHTa IETOCTHOCTH Ha (PU3HKO-MEXaHUYECKHUE
XapaKTepUCTUKU TOPUCTOM cpeabl. OmpeieneHbl yCIOoBHs, MIPH KOTOPBIX HEOOXOIUMO yUUTHIBATh HAJTUYHE
Top.

PesynpTatel cTaThy MOTYT OBITH BHEAPEHBI IIPU pacueTax KOHCTPYKLUMH U3 MOPUCTBIX MAaTEpUaJIOB,
yepe3 KOTOpbIE MPOXOJAAT T'a3bl WU KUKOCTH.

KJIFOUEBBIE CJIOBA: KOMIIO3UThI, IIOPUCTBIE MATEPHAIJIBI, ITPOJOJIBHBII U
[IOITEPEYHbIN CJIBUT', MOAYJIb YIIPYTOCTH, KOD®DUIIUEHT [TYACCOHA
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