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MECHANICAL RESPONSE OF A SEMI-INFINITE POROELASTIC
CUBOID TO AN EXTERNAL LOAD

The novelty of the proposed work lies in obtaining an exact analytical solution of
the three-dimensional poroelasticity problem for a semi-infinite cuboid. During the
solving three-dimensional poroelasticity problems arise mathematical difficulties
due to the dimension of the system of differential equations that must be solved.
Traditionally, such solutions are mainly obtained with the help of different nume-
rical approaches. The proposed problem is formulated as a three-dimensional bo-
undary value problem in terms of Biot’s model, which considers the fully coupled
behavior of a homogenized solid phase based on the structural skeleton, and a ho-
mogenized fluid phase, describing the interpenetrating fluid. The analytical me-
thod of integral transforms is applied to derive the solution. This made it possible
to obtain explicit expressions describing the stress in the skeleton and fluid pres-
sure in the pores. The study of these characteristics is carried out depending on
various poroelastic properties of the material and types of applied load. The obta-
ined numerical results can be used in engineering simulation of poroelastic struc-
tures, as well as an etalon one in the development of new numerical methods for
solving problems of three-dimensional poroelasticity.

Key words: poroelastic semi-infinite cuboid, integral transform, matrix differential
calculus, exact solution.

MEXAHIYHMA NOPOMPYXHUH BIATYK HAMIBHECKIHYEHHOIO KYBOIOA
HA 30BHILLIHE HABAHTAXXEHHA

Hosusna 3anpononosanoi pobomu moased€ 8 OMPUMAHHI MOUHO20 AHANIMUUHOZO PO3-
8’A3KY MPUusuMIpHol 3a0aui NOPONPYICHOCMI 0as HANiBHeCKIHUeHHO020 KYy6oida. Pose’s-
3YBAHHA MPUBUMIPHUX 3A0AY NOPONPYHHOCTNI 3YMOBAIOE ZHAUHT MAMEMAMULHT MPYO-
HOWL uepe3 PO3MIPHICML cucmemu OUPePeHYyiaAbHUX PIBHAHDb, AKY NOMPIOHO PO3E8’s-
samu. Tpaduyitino maxi pPo3e’ A3KuU OMPUMYIOMDb NePesarcHo 3a 00NoM02010 PIZHUX HUC-
a08ux ni0xro0ie. 3anpononosany 3adauy cHoPMYALOBAHO K MPUBUMIPHY KPatosy 3ada-
uy 8 mepminax modeai Bio, wo poseasdae nosricmio 36’ 13aHYy NOBEOTHKY 20.M02eHI308a-
HOT hasu meepdozo mina, wo 6A3YEMbCA HA CMPYKMYPHOMY KAPKACT, MA 20M0O2eH13080a-
HOT pa3u PlOUHU, WO ONUCYE 83AEMONPOHUKHY PIOUNY. [Jas ompumanns po3s’ss3ky 3a-
CMOCOBAHO AHAAIMUUHUL MeMO0 THMEZPALLHUX nepemeopeHs. Lle 0o3soauao ompuma-
mu A68HI 8UPA3U, WO ONUCYIOMDb HANPYNUCEHHA Y meeplomy KAPKACT Ma Muck PiOUHU Y
nopax. IIpogedeno OocaiddceHHA 3AAEHHOCNE YUX XAPaAKMepucmux 610 PIi3HUX MOPo-
NPYICHUX 8aacIUBOCTNEL MAMEPIALY MaA MUNY npuriaderozo Hasanmadxcenrns. Ompu-
MAHT YUCA08T PE3YALMAMU MOKYMb OYMU BUKOPUCMAHT 8 THIHCEHEPHOMY MO0eAt08AHHT
NOPONPYHCHUX CMPYKMYP, 4 MAKOHI AK emaLOHHT NPU PO3POOYL HOBUX UUCL08UX Me-
mo0ie Po3s’a3aHHA 3a0ay MPUBUMIPHOL NOPONPYHCHOCTMA.

Karouoei caoesa: noponpyxrcHull HanieHeckiHueHHUU KYy00i0, tHMmezpasvHe nepemeopeH-
HA, mampuure ougepeHyiarbHe YUCAeHHL, MOYHUL PO36’ A30K.
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