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IlopoBoe naBjieHUe NPH YIVIOTHEHUH ABYX(A3HOT0 TPYHTA

AHHoOTauusl. B COBpeMEHHBIX YCJIOBHUAX IO OTHOLICHHIO K 001IeMy 00BbeMy HAKOIJICHHBIX
npodecCHOHANBHBIX 3HAHUH O00BbEM AaKTUBHBIX HH(QOPMAIMOHHBIX PECYpCOB TOBBIIIAETCSA, U
CTpPOMUTENIbHASL IPAKTUKAa IOCTOSSHHO 000ram@aeTcsi HOBBIMU 3KCIEPUMEHTAIbHO-TEOPETUUYECKU
00OCHOBaHHBIMH TOYHBIMHM 3HAaHUAMU. HecMOTps Ha TO, YTO COBPEMEHHBIE YHCIEHHBIE METOIbI
MO3BOJIAIOT peIlaTh 3aJaydl JI00O0M CI0XKHOCTH, CIEAYEeT OTMETUTh, UYTO SKCIIEPUMEHTAJIbHBIE U
AQHAJIUTUYECKUE METO/IbI O-TIPEKHEMY OCTAIOTCS AKTYaJIbHBIMH.

B 3agauax mexaHuku JeopMHpyeEMOro TBEPAOIrO Tejla IIMPOKO HCIHOJB3YIOTCS METOJbI
MOJIETUPOBAHUS IEUCTBUS OOBEMHBIX CHII. ABTOpaMH MIPEICTABICHBI TEOPETUYECKUE OCHOBBI METOIA
YIIPYTOM aHAJIOTHH I MOJIEJIMPOBAHMS BO3IEHCTBUSA IOPOBOTrO JaBjieHus Ha TpyHT. IIpu nocranoBke
BOIIPOCAa NPUHUMAETCA CIEAYIOLIEE MOMNYIIEHUE, YTO JKUIKOCTb, 3aIlOJHAIOLIAs IOpbl I'PYHTA,
nedopMaluu clIBUra He BocHpuHHMMaroT. KacaTenbHble HampsKeHHsT BOCHPUHMMAIOTCSI TOJIBKO
CKeJIeTOM TIpyHTa. Boza, 3amoiHsAOImas MOpbI, HE CONPOTUBIAETCA KACATEIBHBIM HAIPSKCHUAM.
Jlepopmanuu ckejeTa TpyHTa OT JEHCTBHUS TMIPOCTATHUYECKOrO JABJIEHHSI BOJbI MPECTAaBISIOT
o0beMHas Jeopmanusi, a COCTABIISAIOLINE IAPOBOr0 TEH30pa HANpSKEHUH, PaBHAIOTCS OPOBOMY
JABJICHHUIO.

B cratee paccMmaTpuBaeTCs HCHOJIb30BaHUE TEOPHM OOBEMHBIX CHJI IPU MOAEIMPOBAHUU
BO3JICHCTBUSl TOPOBOTO JaBJIEHHUS B TpoOlecce YMJIOTHEHUH JByX(paszHoro rpyHrta. [Ipum sTOM
paccMaTpuBaeTCs OAHOMEpHas 3ajaya Juid ciaydas JedopMHpoBaHus (YIUIOTHEHHUS) JIBYX(a3HOro
IPYHTa TOJIIMHON cJ10si h Tipu JecTBUM paclpee/ieHHOW HArpy3KH MOCTOSHHOW HHTCHCUBHOCTBIO
g. Cuuraem, YTO KOHCOMUAUPYEMBIN CIIOH JIEKUT HA CKAIUCTOM HeJle(hOPMUPYEMOM OCHOBAHHH.
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ABTOpamH B paboTe pacCMaTPUBAIOTCS pa3InYHbIE YCIOBUS APEHUPOBAHUSA 151 TOBEPXHOCTEH
KOHCOJIMJUPYEMOTO CIIOS.

[TpuBeneHbI BBIpaKE€HUS U1 ONPEIEICHNS HATPSHKEHUH U OCaJKU C YUETOM IOJI3YUYECTH, IS
MIHOBEHHOTO  HalpsKEHHO-I€(OPMUPOBAHHOTO  COCTOSIHMSI M KOHEYHOIO  HANpsKEHHO-
1e(pOpPMHUPOBAHHOTO COCTOSIHUSI.

KuroueBble ciioBa: MopoBo€ JaBJ€HHE; IPYHTOBOE OCHOBaHUE; Ae(opmaliiy; HalpsHKeHUS;
O0KOBOE JaBleHHE; ABYX(a3HbII 'PYHT; CKEJIEeT IpyHTa

[lpn pemeHny 3ajady MEXaHUKU IIUPOKO HMCIIONB3YIOTCS Pa3iIM4YHbIC aHAJIOTHH. Borpocsl,
CBSI3aHHBIC C MOJICTUPOBAHUEM PACCMOTPEHBI B padboTax [1-4].

B pabore paccmarpuBaeTcss BO3MOKHOCTh OLIEHKU BIIMSIHHUS IOPOBOIO JIABJICHUS HA CKEJET
IpyHTa ¢ IPUMEHEHUEM TEOPUU OOBEMHBIX CHUIIL.

Pazpemaronias cucrema AJisi OLIEHKH BIMSIHUS TOPOBOTO JIaBJIEHHS Ha CKelleT (TBEpIble
MUHEpaJIbHbIE YaCTHIIbl) TPYHTA JUIsl YIIPYTOMTHOBEHHOM 3a/1auM BKJIIOYAIOT CJIEAYIONINE YPaBHEHUS

[5]:
c{vzui (t)+lae(t)}+ K Fe(t)} _1op(t)

3 ai 3| ai | B a
(i=xy,12) (1)
) _op, (1)

cvV pw(t)_ ot )

BripakeHue aiis onpeieneHus pe3yabTUPYIOMIUX (TTOJIHBIX) HANPSXKEHUH UMeeT clie Iy oIni
BUT

o(0)-26] 5,08, %5 48,5 e(0-5, 2,0 @

PaccmatpuBaetrcs ogHOMepHas 3amada ans  choydas  jaedopmupoBaHus  (YIIIOTHEHUS)
nByx(a3zHoro rpyHTa ToImHOM cirost h. [Tpeanoaoxum, 94To ciioi AByX(a3Horo rpyHTa TOIIIHHON h
3arpy’KeH paclpeeIeHHON Harpy3Kou MOCTOSHHOW MHTEHCUBHOCTBIO (|, @ KOHCOJIMIUPYEMBIN CII0M
JISKUT HA CKAJIMCTOM Hele(opMHpPyEeMOM OCHOBAaHUH.

PaCCMOTpI/IM CJICAYIOIUC YCIIOBUA JPCHUPOBAHUSA:

a) HOBEPXHOCTU KOHCOMMAUPyeMOro ciiost (Z2=0; z=h) BogonpoHULIaeMbI
pw|z:0:O; pw|z:h:O; (3)
0) MOBEPXHOCTH KOHCOMUIUPYeMOro ciosi Z =0 BOMONPOHMIAEMA, a IIOBEPXHOCTh
KOHCOJIUJUPYEMOTI'O CJIos Z = h BOJOHCTIpOHUIIaCMa
P,
pw|z=0=O- oz |Z:h=0 (4)

VY4uTHIBasI, 4TO B ypaBHEHHH (2) KOMIIOHEHTHI JAedopMmariuii
Exx (t) = Syy (t) =0; gxy (t) =&q (t) = 8Zy (t) =0 y a G(z;’) (t) =—q , HMEEM

0 _92G 8
ot (-0 () -2 22 ©
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O ou,(t) 1
(n) )= — :4G+K z 1 t
oz ()=-a="—5——2 5Pl )’ (6)
oy ()=} (t) =0, (t) =0 (7

(n)

Jlnst HanpsKEHUH O x« (t) us (5) u (6) momyuum

()
W e | KY 26 66 1
ox (t)= oy (t)_{4e+ KO G KO B 0 ®)

au, (t) 3 {1

oz =4G+K(y) Epw(t)_q:| (9)

[Tocne nHTerprpoBanus Beipaxenus (9) nmeem

3 17
u, (t):m{—quﬁgpw(t)dz}cl (10)

C y4eToM, 94TO KOHCOJIUANPYEMBIH CJIOM JIEKHUT Ha CKATMCTOM Hee(hOpMHUPYyEMOM OCHOBAHHH,
T. e U (1), =0 TIOJTyYHM

3 17
C=m{qh—BJ‘ pw(t)dz} (11)

B pesynbrare s ocagku ocHoBanus Y, (.0=5 ¢ yuetom (10) u (11) nonydaem cienyroiiee
BBIpaKEHHE

s(t):m{qh—%l pw(t)dz] (12)

OxoHyaTeabpHOE (HOJ'IHOC) peuieHuce paCCManHBaCMOﬁ 3aa4u CMOKEM IIOJIYYUTh, HaMs
IOpOBOC NABJICHUC Pu (t)

I[J'I}I OHpe,Z[eJ'IeHI/I}I HOpOBOFO JABJICHUA pw (t) I/ICHOJ‘IBByeM IIOCJICAHEC (‘IeTBepTOG) ypaBHeHI/Ie
2
VZ= 0

T2
cucrembl (1). T. k. MBI paccMaTpuBaeM OJHOMEPHYIO 3aJady [ oz

J, YpaBHEHHE IIPUHUMAET
CIEAYIOIINN BUL:

2
c 0 pwz(t) _ op.. (1) (13)
oz ot .
Perraem ypasHenue (12) ucnions3ys meton @ypse [6; 7], cuntas Pu (2t)=2(2)T(t). Torna us
BeipakeHus (13), mpumeHsis pa3nesicHue MePeMEHHBIX, HIMEEM
T/ B Z" B )

B pesynbrarte nonyuaem [8; 9] T (t)=C exp(—afct) u Z(2)=Asin(o,z)+Bcos(a,z) |
rae A, B u C mpousBoabHbIE TOCTOSTHHBIE.

U yactHoe pemenue (13) moayvaem B Buie
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p, (z,t)=[ Asin(a;z)+Bcos(a,z) |Cexp(—ofct) (15)
i-m
o, =—

[pu ycnoBusix Ha noBepxHocTH (3) umMeem B=0 u h ,rne i —maro0oe 1enoe Yuco.

Tak kak ypaBHenue (13) iuHeliHOE, BEIpaKCHHE

i=o0
p. (z.t) =Y C exp(—alct)sin(a,z) (16)
i=0
TAKOKE SBIIETCS perieHrueM ypaBHeHus (13), mpu 3aaHHBIX YCIOBHUSIX Ha MOBEpXHOCTH (3),
rne 4; voxer Gois OMYIIEHA M3-3a TIPOU3BOJILHOCTH BETNYNHBI Ci.

Ci ONpeNeIMM M3 YCJIOBHS, YTO B MOMEHT BpeMeHH t=0 MopoBoe IaBicHUE P (21) g
COOTBETCTBUH C [5] paBHO:

q
pW(Z,O)Z 0) :Bbq
1., 46+K" (17)
B o, ,
rae
°- '41@ K]
n, + 18
o6+ K] (18
o

[ToryurB 3HaueHHE (QYHKIMH Pu(2:t) B Moment Bpemern t=0 u moxacraBmsis ero B (17)
I0JTy4aeM

i=0 . q
Csin(a.z)= =Bb
Zo: sin(e:2) 1 aGeK0 P

p " o«

w ’

U TPUPABHHUBAS COOTBETCTBYIOMIUE KOI(DPUIIMCHTH YpaBHCHHS B MPABOW W JICBOW YACTSX,
npeaBapuTensHo pasnoxus BPY B psaa mo curycam [10] Haxoaum

4Bbg 1
C =1
T (19)
Tac i=l, 3, 5,
C yuerom (16), nonydaem
pw(z,t)_4Bbq 3 %exp(—Caft)sin(aiz) (20)
T a3, .

[oncranss (20) B (8) u (12), nomyunm KOHEYHOM BUJIE CIIEIYIOIINE PACYETHBIC POPMYJIBI IS
OTIPEJICIICHHSI:

OOKOBOI'O JaBIICHUS
1-2v 4bg i 1 .
Zexo(—colt _
+ iexp( co; )sm(oc,z)] (21)

n n M
Gix)(t)zc(w)(t):_ 1_Vq 1-v 453

1 QyHKIIMH OOKOBOTO pacropa
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D) oW(t) 1-2vdb &1
o v v i
1t = XX = W = — N o Zt i
n(Z ) G(z;l) t) G(z;’) (t) 1—V+ 1-v = i=1,3,...iexp( . )Sm(aIZ), )
ocajIKu

(L+v)(1-2v) [ 8b & 1 :

s(t)="————5-ah|1-— 2, exp(-cot
( ) (l—V)E('V) q TC2 i:%,,.z p( al ) . (23)

[Ipu nmocrossHHOM BO BpemeHu kodddumuente I[lyaccona, Ha OCHOBaHUM yIPYTOW aHAJIOTHH

[11], BeIpaxenus mia onpeneneHus HanpsoKeHui i ®) u ocanku S (1), YUUTHIBAIOIINE MOJI3yYECTh
HMMEIOT CJIETYIOLIUN BU;

o;®=0,"(t) (24)
s"(t) = s(t) + [ s()L(t-7)dr (25)

IMpuHMMas SIIPO TOJI3YYECTH CKEJIETa B BUJIE
L(t—1) =dexp[-3,(t—1)] (26)
u st ocanku u3 (23) u (25) moyuaem

cr (1+V)(1-2v)
SO

X- i:w %{exp(—caft) - _scaz [exp(~calt)- exp(—slt)ﬂ}

o 8b
gh {1+ 6—1[1— exp(-3;t) |- =

(27)

B ciiydau onpejie/ieHUst MTHOBEHHOTO HaPsOKEHHO-Ie(popMupoBanHoro coctosiaus, 1 =0, ¢
Y4ETOM 4TO

=1 7 =1 e
ST 5 Lin(ug)-"
s 1”8 pidz. i 4 (mpm 0<z<h) [12; 13] 3aBucumoctu (20)—(22), (23) nmn
(27) npuHUMAIOT CJICIYIOLIHI BU
4B8bg &1 .
p,(2,0)= Bnq-=13 ?sm(aiz):ﬁbq (28)
0 (0) = 6% (0) = - Y q+ 122409 57 L, :_(L 1-2v, j
%x (0)=0,/(0) L—v 1-v = I:13“ism(m'z) l—vq+ 1-v f , (29)
v 1-2vidb & 1. v  1-2v
0 - —_— - . = b
T]( ) 1—\/+ 1-v nizé;miSIn( 'Z) l—vJr 1-v | (30)
. _(1+v)(1-2v) 8b ‘& 1) (1+v)(1-2v)
s (0)—5(0)——(1_V)E(y) -7 2 e ah(1-b) (31)

B cnyuyan omnpezneneHuss KOHEYHOTO HampsHKEHHO-AS(POPMUPOBAHHOIO COCTOSIHUS, HpPHU
t — o0, 3aBucumoctu (20)—(22), (23) wnu (27) npUHUMAIOT CIICAYIOIHMIA BU/T

pW(z,oo):O1 (32)
o} ()=o) () ==~ a (33)
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n(z,0)= 1 (34)
. (1+v)(1-2v) S
s (0)=————2qh|1+—

B ciyyae HecxMMaeMOCTH TOPOBOI KUIKOCTH (o, > ),

kB[ 4G +K"]
T gy b=1

w ’

c (36)
o - in

[Ipy BbIMONHEHMH yCIOoBUM (4) B MONyYEHHBIX pEIIEHUSX MeHsercs O u  2h
i=1 35, ...

BrIBOIBL:

CoBnaJicHUE OJTYYCHHBIX PE3YJIbTATOB C aHAJIOTUYHBIMU PE3yIbTaTaMu [5], CBHIETEIBCTBYET
0 JIOCTOBEPHOCTH PEIICHHOH 3a1auu.

PeanuzoBan wmeton ynpyroi asamoruu. llosmydeHsl BBIpaXEHHS I ONpPEAENICHUS
HaIpPsDKEHUN U OCAJIKU C YUYETOM TOJI3YUYECTH.

[TpuBeneHb! BbIpaXKeHUs JJII MTHOBEHHOI'O HANPSKEHHO-IE(OPMHPOBAHHOTO COCTOSIHUS U
KOHEYHOI'0 HalpsKeHHO-1e()OpMUPOBAHHOTO COCTOSTHUSL.
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Pore pressure when compacting two-phase soil

Abstract. In modern conditions, in relation to the total amount of accumulated professional
knowledge, the volume of active information resources increases, and construction practice is
constantly enriched with new experimentally-theoretically based accurate knowledge. Therefore,
various programs are widely used when solving problems in ground bases. Despite the fact that modern
numerical methods allow solving problems of any complexity, it should be noted that experimental
and analytical methods are still relevant, and it is an effective combination of methods that leads to the
development of mechanics, an organic combination of experimental research methods with the
enormous computational capabilities of modern supercomputers.

Methods for modeling the action of bulk forces are widely used in problems of deformable
solid mechanics. Many known solutions have limitations and are given for special cases. The authors
present the theoretical foundations of the elastic analogy method for modeling the effect of pore
pressure on the soil. When posing the question, the following assumption is made that the liquid filling
the pores of the soil does not perceive shear deformation. Tangential stresses that occur in the ground
are only perceived by the ground skeleton. The water that fills the pores does not resist tangential
stresses. In this case, the deformation of the soil skeleton from the action of hydrostatic water pressure,
respectively, is a volumetric deformation. In this case, the components of the ball stress tensor are
equal to the pore pressure.

The article considers the use of the theory of volume forces in modeling the effect of pore
pressure in the process of compaction of two-phase soil. In this case, we consider a one-dimensional
problem for the case of deformation (compaction) of a two-phase soil layer thickness under the action
of a distributed load of constant intensity. We believe that the consolidated layer lies on a rocky
undeformable base.

The authors consider various drainage conditions for the surfaces of the consolidated layer.

Expressions are given for determining stresses and precipitation with creep, for the
instantaneous stress-strain state and the final stress-strain state.

Keywords: pore pressure; soil base; deformations; stresses; lateral pressure; two-phase soil;
soil skeleton
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