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Ðàññìîòðåíà òðåõôàçíàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ÷àñòè÷íî íàñûùåííîé
ïîðèñòîé ñðåäû, îñíîâàííîé íà ìîäåëè Áèî, ñ ïÿòüþ áàçîâûìè ôóíêöèÿìè
îïèñàíèÿ âîëíîâîãî ïðîöåññà. Ïðåäñòàâëåí øàãîâûé ìåòîä ÷èñëåííîãî îáðà-
ùåíèÿ ïðåîáðàçîâàíèÿ Ëàïëàñà íà îñíîâå òåîðåìû îïåðàöèîííîãî èñ÷èñëå-
íèÿ îá èíòåãðèðîâàíèè îðèãèíàëà. Ïðåäëîæåíà ìîäèôèêàöèÿ øàãîâîãî ìåòî-
äà ÷èñëåííîãî îáðàùåíèÿ ïðåîáðàçîâàíèÿ Ëàïëàñà, è íà ïðèìåðå êóñî÷íî-
ëèíåéíîé ôóíêöèè ïðîâåäåíî èññëåäîâàíèå ýôôåêòèâíîñòè åå èñïîëüçîâàíèÿ.
Ìîäèôèêàöèÿ ïîçâîëèëà ñîêðàòèòü íåîáõîäèìîå ÷èñëî òî÷åê ðàçáèåíèÿ äëÿ
äîñòèæåíèÿ çàäàííîé òî÷íîñòè. Ðàññìîòðåíà çàäà÷à î äåéñòâèè íàãðóçêè íà
îäíîìåðíûé ÷àñòè÷íî íàñûùåííûé ïîðîóïðóãèé ñòåðæåíü. Ïðåäñòàâëåíû
äèíàìè÷åñêèå îòêëèêè ïåðåìåùåíèÿ è ïîðîâûõ äàâëåíèé ïðè ðàçëè÷íûõ çíà-
÷åíèÿõ êîýôôèöèåíòà íàñûùåííîñòè ìîäåëè ïîðîóïðóãîãî ìàòåðèàëà. Ïðî-
äåìîíñòðèðîâàí ýôôåêò âëèÿíèÿ êîýôôèöèåíòà íàñûùåííîñòè íà äèíàìè÷åñ-
êèå îòêëèêè ïåðåìåùåíèÿ è ïîðîâûõ äàâëåíèé. Äàíî ñðàâíåíèå c ðåçóëüòàòà-
ìè èññëåäîâàíèé äðóãèõ àâòîðîâ.

Êëþ÷åâûå ñëîâà: ïîðèñòàÿ ñðåäà, ìîäåëü Áèî, ïðåîáðàçîâàíèå Ëàïëàñà,
øàãîâàÿ ñõåìà, ïðèçìàòè÷åñêîå òåëî, àíàëèòè÷åñêîå ðåøåíèå.

Ââåäåíèå

Ïîðèñòûå ìàòåðèàëû øèðîêî ðàñïðîñòðàíåíû â ïðèðîäå è òåõíèêå. Ïðèìåðîì
ìîãóò ñëóæèòü âîäîíàñûùåííûå ãðóíòû, ãîðíûå ïîðîäû, áèîëîãè÷åñêèå òêàíè, ïåíî-
ìåòàëëû è ò.ä. Ìåõàíèêà ïîðèñòûõ ñðåä èìååò áîëüøîå çíà÷åíèå ïðè ðåøåíèè çà-
äà÷ ãåîòåõíèêè, ãåîìåõàíèêè, èíæåíåðíîé ãåîëîãèè, áèîìåõàíèêè, ìàøèíîñòðîåíèÿ
è ìàòåðèàëîâåäåíèÿ.

Íà÷àëî àêòèâíûì èññëåäîâàíèÿì âîëíîâûõ ïðîöåññîâ â íàñûùåííûõ ïîðèñ-
òûõ ñðåäàõ ïîëîæèëè ðàáîòû ß.È. Ôðåíêåëÿ [1] è Ì. Áèî [2, 3]. Ïðåäëîæåííûé
ïîäõîä â äàëüíåéøåì áûë ðàçâèò äðóãèìè àâòîðàìè äëÿ ñëó÷àÿ ÷àñòè÷íî íàñûùåí-
íûõ ïîðèñòûõ ñðåä, ñîäåðæàùèõ íåñêîëüêî òåêó÷èõ íàïîëíèòåëåé. Â ñòàòüÿõ Bes-
kos [4], Beskos, Providakis, Woo [5], Beskos, Vgenopoulou, Providakis [6] è Vgenopoulou,
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Beskos, Vardoulakis [7] ïðåäñòàâëåíà ìîäåëü, îïèñûâàþùàÿ äèíàìè÷åñêîå ïîâåäå-
íèå òðåõôàçíîé ïîðèñòîé ñðåäû. Ïóáëèêàöèè Garg, Nayfeh [8], Santos, Corberî′,
Douglas [9], Santos, Douglas, Corberî′, Lovera [10], Tuncay, Corapcioglu [11, 12], Wei,
Muraleetharan [13], Lo, Sposito, Majer [14], Lu, Hanyga, Jeng [15] ïî òåîðèè ïîðèñòûõ
ñðåä ñ äâóìÿ íàïîëíèòåëÿìè ïðèíàäëåæàò êîíöåïòóàëüíî ê îáùåìó ïîäõîäó, îòëè-
÷àÿñü â äåòàëÿõ ðåàëèçàöèè. Îáùàÿ ñèñòåìà óðàâíåíèé ìíîãîôàçíîé ïîðèñòîé ñðå-
äû ïðåäëîæåíà Â.Í. Íèêîëàåâñêèì â [16].

Ïðèìåíåíèå ìîäåëè íàñûùåííîãî æèäêîñòüþ ïîðèñòîãî ìàòåðèàëà ïðè ðàñ-
ñìîòðåíèè âîëíîâûõ ïðîöåññîâ äàæå ñ ó÷åòîì ñóùåñòâåííûõ óïðîùåíèé çíà÷è-
òåëüíî óñëîæíÿåò âû÷èñëèòåëüíóþ ñõåìó êðàåâîé çàäà÷è ïî ñðàâíåíèþ ñ óïðóãîé
èëè âÿçêîóïðóãîé ïîñòàíîâêàìè. Âêëàä äèíàìè÷åñêîãî ïîâåäåíèÿ íàïîëíèòåëÿ ïðèí-
öèïèàëüíî ìåíÿåò âèä âîëíîâûõ êàðòèí, ÷òî âîçìîæíî ïðîãíîçèðîâàòü òîëüêî ñ
ïîìîùüþ ðàçâèòûõ âû÷èñëèòåëüíûõ ìåòîäîâ. Òåì íå ìåíåå àíàëèòè÷åñêèå ðåøå-
íèÿ èìåþò áîëüøîå çíà÷åíèå, òàê êàê ïîçâîëÿþò âûÿâëÿòü ìåõàíèçìû âçàèìîäåé-
ñòâèÿ òâåðäîé è æèäêîé ôàç, ïðîâîäèòü àïîñòåðèîðíóþ îöåíêó ÷èñëåííûõ ðåçóëü-
òàòîâ, èññëåäîâàòü ïåðåõîäíûå ïðîöåññû â ïîðèñòîé ñðåäå, ïîäâåðãíóòîé äèíàìè-
÷åñêîé íàãðóçêå. Îáçîð äîñòóïíûõ àíàëèòè÷åñêèõ ðåøåíèé çàäà÷ î ðàñïðîñòðàíå-
íèè âîëí â íàñûùåííûõ ïîðèñòûõ ñðåäàõ ìîæíî íàéòè â ñòàòüå Schanz [17]. Â ñòà-
òüå Li, Schanz [18] ïðåäñòàâëåíî àíàëèòè÷åñêîå ðåøåíèå äëÿ îäíîìåðíîãî ÷àñòè÷-
íî íàñûùåííîãî ïîðîóïðóãîãî ñòåðæíÿ.

1. Ìîäåëü ïîðîóïðóãîé ñðåäû

Ðàññìàòðèâàåòñÿ ÷àñòè÷íî íàñûùåííûé ïîðèñòûé ìàòåðèàë, êîòîðûé ïðåäñòàâ-
ëÿåò ñîáîé óïðóãèé ñêåëåò ñ ïîðàìè, çàïîëíåííûìè æèäêîñòüþ è ãàçîì, ïðè ýòîì
èñêëþ÷àåòñÿ èñïàðåíèå æèäêîñòè è ðàñòâîðåíèå ãàçà [19]. Êðîìå òîãî, ïðåäïîëàãà-
åòñÿ, ÷òî âñå òðè ôàçû ÿâëÿþòñÿ ñæèìàåìûìè, èìåþò ïîñòîÿííóþ òåìïåðàòóðó, à
ëþáûå èçìåíåíèÿ òåìïåðàòóðû íå ó÷èòûâàþòñÿ.

Äëÿ ÷àñòè÷íî íàñûùåííîãî ïîðèñòîãî ìàòåðèàëà ïîðèñòîñòü îáîçíà÷àåòñÿ êàê
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Âåëè÷èíà pd îïðåäåëÿåò äàâëåíèå ãàçà, íåîáõîäèìîå äëÿ âûòåñíåíèÿ æèäêîñòè èç
ïîð. Êîýôôèöèåíò θ, õàðàêòåðèçóþùèé ðàñïðåäåëåíèå ðàçìåðà çåðåí ñêåëåòà, îáû÷-
íî ïðèíèìàåò çíà÷åíèÿ îò 0,2 äî 3. Ýôôåêòèâíàÿ âîäîíàñûùåííîñòü Se îïðåäåëÿåò-
ñÿ ñëåäóþùèì îáðàçîì [19]:
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ãäå Srw − îñòàòî÷íàÿ âîäîíàñûùåííîñòü, Sra − îñòàòî÷íàÿ ãàçîíàñûùåííîñòü.
Îïðåäåëÿþùèå ñîîòíîøåíèÿ äëÿ ñóììàðíîãî íàïðÿæåíèÿ âñëåä çà [20] ìîãóò
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Óðàâíåíèÿ áàëàíñà ìàññû äëÿ òâåðäîãî òåëà è íàïîëíèòåëåé èìåþò âèä
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Óðàâíåíèå (4) çàïèñàíî äëÿ ñêåëåòà, óðàâíåíèÿ (5), (6) − äëÿ æèäêîñòè è ãàçà
ñîîòâåòñòâåííî. Ââåäåíà îáúåìíàÿ ñèëà Fi è óñðåäíåííàÿ ïëîòíîñòü ρ = (1 − φ)ρs +
+ φSwρw + φSaρa. Ïåðåíîñ íàïîëíèòåëåé îïðåäåëÿåòñÿ çàêîíîì Äàðñè. Ñîîòâåòñòâó-
þùèå ôàçîâûå ïðîíèöàåìîñòè îïðåäåëÿþòñÿ êàê κw = Krwk/ηw è  κa = Kra k/ηa, ãäå
Krw  è Kra − îòíîñèòåëüíûå ôàçîâûå ïðîíèöàåìîñòè, k − âíóòðåííÿÿ ïðîíèöàåìîñòü
ìàòåðèàëà, ηw è ηa − âÿçêîñòè íàïîëíèòåëåé. Îòíîñèòåëüíàÿ ôàçîâàÿ ïðîíèöàåìîñòü
îïðåäåëÿåòñÿ êàê îòíîøåíèå ôàçîâîé ïðîíèöàåìîñòè ê àáñîëþòíîé. Èñïîëüçóåì
âñëåä çà [21] ñëåäóþùèå ýêñïåðèìåíòàëüíî óñòàíîâëåííûå çàâèñèìîñòè äëÿ îòíî-
ñèòåëüíûõ ïðîíèöàåìîñòåé â ñëó÷àå ãàçî-âîäÿíîé ñìåñè â ïîðàõ:

.][ /)2(2/)32( 1)1(, θθ+θθ+ −−== eeraerw SSKSK
Ñèñòåìà óðàâíåíèé (1)−(6) ïîëíîñòüþ îïèñûâàåò ïîâåäåíèå ÷àñòè÷íî íàñûùåííî-
ãî ïîðîóïðóãîãî êîíòèíóóìà. Âûáåðåì â êà÷åñòâå áàçîâûõ ôóíêöèé äàâëåíèå â ïî-
ðàõ pa è ïåðåìåùåíèå ñêåëåòà ui.

Äëÿ äàëüíåéøåãî èññëåäîâàíèÿ ïðèìåíÿåòñÿ èíòåãðàëüíîå ïðåîáðàçîâàíèå Ëà-
ïëàñà. Ïóñòü ôóíêöèÿ îò âðåìåíè f (t) = 0 äëÿ t < 0. Åå ïðåîáðàçîâàíèå ïî Ëàïëàñó è
îáðàùåíèå îïðåäåëåíû ñëåäóþùèì îáðàçîì:
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÷åì âåùåñòâåííûå ÷àñòè âñåõ îñîáåííîñòåé ).(ˆ sf  Ïðèìåíÿÿ ïðåîáðàçîâàíèå Ëàï-
ëàñà ê óðàâíåíèÿì (5), (6) è èñêëþ÷àÿ îòíîñèòåëüíûå ñìåùåíèÿ 
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Ïîäñòàíîâêà (7) â óðàâíåíèÿ (1)−(4) ïîçâîëÿåò ïîëó÷èòü ôîðìóëèðîâêó:
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2. Øàãîâàÿ ñõåìà ÷èñëåííîãî îáðàùåíèÿ ïðåîáðàçîâàíèÿ Ëàïëàñà

Ðàññìîòðèì ìåòîä, îïèðàþùèéñÿ íà òåîðåìó îá èíòåãðèðîâàíèè îðèãèíàëà, −
øàãîâûé ìåòîä ÷èñëåííîãî îáðàùåíèÿ ïðåîáðàçîâàíèÿ Ëàïëàñà.

Çàïèøåì èíòåãðàë:

.)()(
0
∫ ττ=
t

dfty (11)

Èíòåãðàë (11) ïîðîæäàåò çàäà÷ó Êîøè äëÿ îáûêíîâåííîãî äèôôåðåíöèàëüíîãî óðàâ-
íåíèÿ:

.0)0(,)()( =+⋅= xCtxstx
dt
d

Èíòåãðàë (11) çàìåíÿåòñÿ êâàäðàòóðíîé ñóììîé, âåñîâûå ìíîæèòåëè êîòîðîé
îïðåäåëÿþòñÿ ñ ïîìîùüþ èçîáðàæåíèÿ ïî Ëàïëàñó f̂  è ëèíåéíîãî ìíîãîøàãîâîãî
ìåòîäà [22−25]. Äàëüíåéøåå èçëîæåíèå èäåò ñ ó÷åòîì ðåçóëüòàòîâ ýòèõ ðàáîò. Òðà-
äèöèîííûé øàãîâûé ìåòîä èíòåãðèðîâàíèÿ îðèãèíàëà ñîñòîèò â òîì, ÷òî èíòåãðàë
(11) âû÷èñëÿåòñÿ ñ ïîìîùüþ ñîîòíîøåíèÿ:
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Δt − øàã ïî âðåìåíè; γ(z) = 3/2 − 2z + z2/2; Nn ,0=  − íîìåð øàãà ïî âðåìåíè; R −
ïàðàìåòð ìåòîäà.

Òðàäèöèîííûé ìåòîä èñïîëüçóåò ìåòîä òðàïåöèé ñ ïîñòîÿííûì øàãîì äëÿ âû-
÷èñëåíèÿ òàêîãî èíòåãðàëà. Ðàññìîòðèì ôîðìóëó ïîñòðîåíèÿ ωn íà îñíîâå ïåðå-
ìåííîãî øàãà:
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Âîçìîæíîñòè ïîñòðîåííûõ ìîäèôèêàöèé ìåòîäà êâàäðàòóð ñâåðòîê ïðîäåìîí-
ñòðèðîâàíû íà ÷èñëåííûõ ïðèìåðàõ. Íà ðèñ. 1 ïðåäñòàâëåíû îðèãèíàëû èñêîìûõ
ôóíêöèé äëÿ ñëåäóþùèõ ïàðàìåòðîâ ñõåìû: N = 500, Δt = 0,01 ñ, L = 501. Öèô-
ðîé 1 îáîçíà÷åíà êðèâàÿ, ïîñòðîåííàÿ ïî òðàäèöèîííîé ôîðìóëå ìåòîäà êâàäðà-
òóð ñâåðòîê, öèôðàìè 2 è 3 − êðèâûå, ïîñòðîåííûå ïî ðåçóëüòàòàì ïðèìåíåíèÿ
ìîäèôèêàöèè ìåòîäà ñ ëèíåéíûì è êâàäðàòè÷íûì èíòåðïîëèðîâàíèåì ôóíêöèè

.)( /)e(ˆ tRf i Δ⋅γ ϕ  Ïðèìåíåíèå ìåòîäà êâàäðàòóð ñâåðòîê ñ ïåðåìåííûì øàãîì ïðè
ëèíåéíîé èíòåðïîëÿöèè ïîäûíòåãðàëüíîé ôóíêöèè íå ïîçâîëÿåò ðåøèòü ïðîáëåìó
óñòîé÷èâîñòè ÷èñëåííîãî ïîñòðîåíèÿ èñêîìîé ôóíêöèè íà âûáðàííîì âðåìåííîì
èíòåðâàëå áåç èçìåëü÷åíèÿ ðàñ÷åòíîé ñåòêè. Íà ðèñ. 2 ïîêàçàíî âîçíèêíîâåíèå ÷èñ-
ëåííûõ îñöèëëÿöèé ïðè N = 500, Δt = 0,01 ñ è ðàâíîìåðíîì ðàçáèåíèè íà êàæäîì
èç èíòåðâàëîâ ϕ: [0, π/2], [π/2, 3π/2], [3π/2, 2π] ñîîòâåòñòâåííî ïðè L = 125, L = 21,
L = 125.

Ïðèìåíåíèå êîìáèíèðîâàííûõ ôîðìóë (12), (13) ïîçâîëÿåò ïîëó÷èòü èñêîìûé
ðåçóëüòàò ïðè òîì æå ðàçáèåíèè èíòåðâàëîâ (ãëàäêàÿ êðèâàÿ íà ðèñ. 2). Êðèâûå ïî
ôîðìóëàì (12) è (13) íåðàçëè÷èìû. Â ÷èñëåííûõ ýêñïåðèìåíòàõ ïîëàãàëîñü, ÷òî â
ôîðìóëå (12) w2 = 3, à â ôîðìóëå (13) w2 = 6.

Ïîñòðîåíèå ìîäèôèêàöèé ìåòîäà êâàäðàòóð ñâåðòîê íà îñíîâå êîìáèíèðîâàí-
íûõ ôîðìóë (12), (13) ïîçâîëèëî ïðåîäîëåòü òàêèå îãðàíè÷åíèÿ òðàäèöèîííîãî
ïîäõîäà, êàê âûáîð ÷èñëà øàãîâ N ïî âðåìåíè, ñîâïàäàþùåãî ñ ÷èñëîì óçëîâ L ïî
óãëó ϕ. Èñïîëüçîâàíèå ìîäèôèêàöèé ïîçâîëÿåò ñîêðàòèòü íåîáõîäèìîå ÷èñëî òî-
÷åê ðàçáèåíèÿ äëÿ äîñòèæåíèÿ çàäàííîé òî÷íîñòè. Â ðàññìîòðåííîì ïðèìåðå óäà-
ëîñü ïîíèçèòü ÷èñëî òî÷åê â 2 ðàçà, à ïðè óìåíüøåíèè øàãà ïî âðåìåíè ÷èñëî òî-
÷åê åùå áîëåå ñîêðàòèòñÿ, òàê êàê èíôîðìàòèâíàÿ ÷àñòü ôóíêöèè f̂  ïðè óìåíüøå-
íèè øàãà ïî âðåìåíè áóäåò óïëîòíÿòüñÿ ê òî÷êàì 0 è 2π (ïðèâåäåí ïðèìåð ñ óìåíü-
øåíèåì êîëè÷åñòâà òî÷åê â 3 ðàçà).
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3. Àíàëèòè÷åñêîå ðåøåíèå

Ðàññìîòðèì çàäà÷ó î äåéñòâèè íàãðóçêè â âèäå ôóíêöèè Õåâèñàéäà ïî âðåìåíè
íà îäíîìåðíûé ÷àñòè÷íî íàñûùåííûé ïîðîóïðóãèé ñòåðæåíü äëèíîé l. Ñõåìà çà-
äà÷è ïðåäñòàâëåíà íà ðèñ. 3.

Ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé îäíîìåðíîãî ðàñïðîñòðàíåíèÿ ïîðî-
óïðóãèõ âîëí â èçîáðàæåíèÿõ èìååò âèä:
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Ñèñòåìà óðàâíåíèé (14)−(16) äîïîëíÿåòñÿ ãðàíè÷íûìè óñëîâèÿìè, çàïèñàííû-
ìè â èçîáðàæåíèÿõ ïî Ëàïëàñó:
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Êîýôôèöèåíòû, âõîäÿùèå â ôîðìóëû (17)−(19), ïðèâåäåíû â ñòàòüå [18].
Ïðè ðàñ÷åòàõ èñïîëüçîâàíû ñëåäóþùèå çíà÷åíèÿ ïàðàìåòðîâ êðàåâîé çàäà÷è:

l = 10 ì, P0 = 1 Í/ì2. Â êà÷åñòâå ïîðèñòîãî ìàòåðèàëà ñòåðæíÿ âûáðàí âîäîíàñû-
ùåííûé ïåñîê c ïàðàìåòðàìè K = 1,02⋅109 Í/ì2, G = 1,44⋅109 Í/ì2, φ = 0,23, ρs =
= 2650 êã/ì3, ρw = 997 êã/ì3, ρa = 1,10 êã/ì3, Ks = 3,55⋅1010 Í/ì2, Kw = 2,25⋅109 Í/ì2,
Ka = 1,10⋅105 Í/ì2, κ = 2,5⋅10−12 ì2, ηw = 1,0⋅10−3 Í⋅ñ/ì2, ηa = 1,8⋅10−5 Í⋅ñ/ì2. Ðåøå-
íèå âî âðåìåíè ïîëó÷åíî ïðè çíà÷åíèÿõ Δt = 5⋅10−5 ñ, N = L = 2000, R = 0,997.

Ðèñ. 3Ù
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σy = −S0
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Íà ðèñ. 4−6 ïðåäñòàâëåíû äèíàìè÷åñêèå îòêëèêè ïåðåìåùåíèé íà ñâîáîäíîì
è ïîðîâûõ äàâëåíèé íà çàêðåïëåííîì êîíöàõ.

Ñ ðîñòîì êîýôôèöèåíòà íàñûùåííîñòè c 0,9 äî 0,9999 íàáëþäàåòñÿ óìåíüøå-
íèå àìïëèòóäû ïåðåìåùåíèé è óâåëè÷åíèå ñêîðîñòè ïðîäîëüíîé âîëíû (ñì. ðèñ. 4).
Íà äèíàìè÷åñêèõ îòêëèêàõ ïîðîâûõ äàâëåíèé, íàîáîðîò, íàáëþäàåòñÿ óâåëè÷åíèå
àìïëèòóäû (ñì. ðèñ. 5, 6). Ðåçóëüòàòû ðàñ÷åòîâ êà÷åñòâåííî ñîãëàñóþòñÿ ñ ðåçóëüòà-
òàìè, ïðåäñòàâëåííûìè â ðàáîòàõ [18, 26].

Çàêëþ÷åíèå

Ïðèâåäåíî àíàëèòè÷åñêîå ðåøåíèå çàäà÷è î äåéñòâèè äèíàìè÷åñêîé íàãðóçêè
íà îäíîìåðíûé ÷àñòè÷íî íàñûùåííûé ïîðîóïðóãèé ñòåðæåíü. Ïðåäñòàâëåíû ðå-
çóëüòàòû ðàñ÷åòîâ, ïîëó÷åííûå ñ ïðèìåíåíèåì øàãîâîãî ìåòîäà ÷èñëåííîãî îáðà-
ùåíèÿ ïðåîáðàçîâàíèÿ Ëàïëàñà. Ïðîäåìîíñòðèðîâàí ýôôåêò âëèÿíèÿ êîýôôèöèåí-
òà íàñûùåííîñòè íà äèíàìè÷åñêèå îòêëèêè ïåðåìåùåíèÿ è ïîðîâûõ äàâëåíèé. Äàíî
ñðàâíåíèå c ðåçóëüòàòàìè èññëåäîâàíèé äðóãèõ àâòîðîâ.
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THE STEPPED ANALYSIS OF THE EFFECT OF THE SATURATION COEFFICIENT
ON DYNAMIC PORE RESPONSES

Belov A.A., Igumnov L.A., Petrov A.N.

Research Institute of Mechanics University of Nizhni Novgorod,
Nizhni Novgorod, Russian Federation

A three-phase mathematical model of a partially saturated porous medium, based on Biot's model,
with five basic functions for describing wave processes is considered. Based on the theorem of
operational computation of integrating the original, a stepped method of numerical inversion of
Laplace transform is presented. A modification of the stepped method of numerical inversion of
Laplace transform is introduced, and its effectivity is analyzed, using the example of a piecewise-
linear function. The modification made it possible to reduce the number of points necessary for
achieving a required accuracy. The problem of a load acting on a one-dimensional partially saturated
poroelastic bar is analyzed. Dynamic responses of displacements and pore pressures for different
values of the saturation coefficient of the model of a poroelastic material are presented. The effect
of the saturation coefficient on the dynamic responses of displacement and pore pressures is
demonstrated. The results are compared with the data published by other authors.

Keywords: porous medium, Biot's model, Laplace transform, stepped scheme, prismatic body,
analytical solution.


