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Geotechnika 

KOHCOllHAAQ~fllHHHCTOfOfPYHTAECTECTBEHHOH 
H HAPYIIIEHHp:tf CTPYKTYPhl H HEPABHOMEPHhiE 
OCA,D;KJ1 OCHOBAHHH 3MHHH H COOPY)KEHHH 

A ArrHKOHHC 

1. BBe,u:eHHe 

Ha pe3yJihTaTbi pac<reTa HepaBHOMepHbiX oca

.U:OK, KpOMe ,u:pyrn:x QlaKTOpOB, 3Ha•niTeJibHOe BJIJHI

HHe OKa3biBaeT pOCT Harpy3KH, 'ITO Ha6mo,u:aeTC.SI 

IIpH COBpeMeHHOM CTpOHTeJibCTBe 3,U:aHHM H coopy

)KeHHH 6hiCTpbiMH TeMIIaMH [ 1). fipH pac<reTe KOHc

Tp)'ICUHH Ha ,U:eQlOpMHpyeMOM OCHOBaHHH HapacTa

HHe OCa.D:OK BO BpeMeHH 06hr<IHO He y<rHTbiBaeTC.SI. 

O,u:HaKo, KaK OTMe<raeTc.SI B [2], B p.SI.D:e CJiy<raeB 

pe3yJihTaThi pac<reTa 6e3 y<reTa QlaKTOpa BpeMeHH 

MOryT IIpHBO,U:HTb K C)'I.UeCTBeHHbiM KOJIH'IeCTBeH

HbiM H Ka<reCTBeHHbiM OIIIH6KaM. 

HepaBHOMepHbie oca,u:KH, Moryrn:He 6MTh cne.u:

CTBHeM pa3HbiX CKOpOCTeM pa3BHTH.SI OCa.D:OK OT,U:eJib

HbiX OIIOp KOHCTPYKTHBHbiX ::meMeHTOB 3,U:aHH.SI, 

MOryT IIpHBeCTH K nepeHanpiDKeHHIO ,U:aHHOfO 3Jie

MeHTa. Ha 3To .SIBJieHHe OKa3hlBaeT BJIJHIHHe He 

CTOJibKO pa3HHU:a B OCa,u:Kax pa3HhlX TO'IeK OCHO

BaHH.SI, CKOJibKO OTHOCHTeJibHa.SI Pa3HOCTb OCa.D:OK 

sl -s2 
!ls =--

u L ' (1) 

r,u:e /ls u - ,U:OIIYCTHMa.SI OTHOCHTeJibHa.SI pa3HOCTh 

OCa.D:OK OT,U:eJibHbiX TO'IeK OCHOBaHH.SI; s1 H s2 -

OCa.D:KH OT,U:eJibHbiX TO'IeK OCHOBaHH.SI; L - paCCTO.SI

HHe Me)K.ll:y TO'IKaMH. 

Pa3HHUa oca,u:oK s1 H s2 (1), npH KOTopo:H 

OTHOCHTeJibHa.SI pa3HOCTb OCa.D:OK CTaHeT He,U:ony

CTHMOM, MO)KeT IIO.SIBHThC$1 BO BpeM.SI CTpOHTeJibCTBa 

3,U:aHH.SI H3-3a TOfO, 'ITO O,U:Ha H3 3THX OCa.D:OK 6y,u:eT 

IIpOHCXO)lHTh C 60JibiiieM CKOpOCThiO, <reM ,u:pyraH. 

Cne,u:oBaTeJibHO, <reM 6oJibiiie cKopocTh pa3BHTH.SI 

HepaBHOMepHbiX OCa.D:OK OCHOBaHH.SI, TeM peaJibHee 

B03MO)I(HOCTh pacKpbiTH.SI TpeiUHH B KOHCTPYKTHB

HbiX 3JieMeHTax 3.U:aHH.SI. TeXHonorn•recme Mephi 
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Be,U:eHH.SI CTpOHTeJibHhiX pa60T C U:eJibiO OfPaHWieHH.SI 

06IUeM CKOpOCTH OCa.D:KH OCHOBaHH.SI He 3Ql$eiCmB

Hhl 6e3 O,U:HOBpeMeHHOfO OfPaHWieHH.SI CKOpOCTH 

pa3BHTH.SI HepaBHOMepHhiX OCa.D:OK. 113 BhliiieH3JIO

)KeHHOfO BH.ll:HO, 'ITO IIpH OCHOBaHHHX H3 fJIHHHc

TOfO rpyma HapYIIIeHHo:H H HeHapYIIIeHHo:H cTpYK

Typhi HJIH H3 rpyma HapYIIIeHHOM CTPYKTYPM, HO 

pa3HOM TOJIIUHHhl, 'ITO 6MBaeT IIpH CTPOHTeJibCTBe 

Ha ynJIOTHeHHOM fJIHHHCTOM OCHOBaHHH, CJie.u:yeT 

IIpOBeCTH aHaJIH3 H3MeHeHHM CKOpOCTeM pa3BHTH.SI 

oca,u:OK BO BpeMeHH. 

Bonpoc aHaJIH3a pa3BHTH.SI cKopocre:H HepaBHo

MepHMX OCa.D:OK .SIBJI.SieTC$1 aKTYaJibHbiM, TaK KaK 

HH)KeHepHo-reonorn<~ecKHe ycJIOBH.SI 3eMeJibHhlX 

y<raCTKOB .ll:JI.SI crpoHTeJihCTBa He Bcer.u:a 6hlBaiOT 

xopoiiiHMH. 

CooTBeTCTBYIOIUHM y<reT B03MO)I(HOCTe:H HepaB

HOMepHMX CKOpOCTeM pa3BHTH.SI OCa.D:OK OCHOBaHHM 

H HX OU:eHKa IIpH IIpOeKTHpOBaHHH IIOMOryT H36e

)KaTb IIOCJieiiOCTpOe'IHOfO peMOHTa 3,U:aHHM. 

.[(mi IIPOlli03HpOBaHH.SI BeJIWIHHhl CKOpOCTH 

HepaBHoMepHOM oca,u:KH cne.u:yeT y<rHTMBaTh oco6ew 

HOCTH $HJibTPaii:HOHHhlX CBOMCTB rpyma, BJIJHIHHe 

CTPYKTYPHOM IIpO'IHOCTH H 60JibiiiOM IIPHPO.D:HOM 

ynJIOTHeHHOCTH Ha BeJIWIHHY Ha'IaJibHOfO rpa,u:HeHTa 

Haiiopa, IIpH KOTOpOM IIpO.SIBJIHeTC.$1 $HJibTPaii:lfOH

HaH KOHCOJIH.ll:aii:H.SI rpyHTa OCHOBaHH.SI. 

2. BJIH.SIHHe CTPYKTYPHOM npo'IHOCTH Ha Ha'laJIO 

QlHJibTPan:HOHHOM KOHCOJIHJJ:an:HH fJIHHHCTOfO rpYfi

Ta HeHapyiiienno:H H Hapyiiienno:H CTPYKTYPLI H Ha 

HepaBHoMepHOCTh oca,u:oK J.D:aHHM H coopyxeHH:H 

Ha'laJibHaH HJIH MmoBeHHaH oca.u:Ka rJIHHHc

Toro rpyma HeHapYIIIeHHo:H CTPYKTYPLI IIPOHCXO.D:HT 

cpa3y IIOCJie 3arpyxeHH.SI rpyma. fipH BO,U:OHacM-



W:eHHhiX rpYJITax BO BpeMH Haqa.JibHOH OCa,[]JGI BO,Ua 

H3 IIOp He BhDKHMaeTC5I, .Ue<lJopMaUHH 5IBllillOTC5I 

ynpymMH ,UO TeX IIOp, IIOKa Harpy3Ka He IIpeBbiCHT 

CTpyKTypHOH npoqHOCTM. 3Ta OCa,UKa HeBeJIMKa, H 

ee npeHe6peraJOT [3]. BeJmqMHY Haqa.rrhHOH oca.uKH 

MO)I(HO 3aqmKCHpOBaTh npM IIOJieBhiX UITaMnOBhiX 

HCnhiTaHM5IX fPYHTa. 

HaJIHqHe Ha~ra.rrhHOro rpa.uHeHTa Hanopa npw 

BO,UMT K TOMy, 'ITO <lJMJibTpaUH5I B fJIHHHCThiX fPYH

Tax He BCer,Ua no.u~IMH5IeTC5I 3aKOHY )lapCM [4, 5). 

BeJIM~mHa Ha~ra.rrbHoro rpa.uHeHTa 3aBHCMT OT nnoT

HOCTM fPYHTOB, CO,Uep)l{aHM5I fJIMHMCTOH <lJpaKUHM, 

ee XHMHKO-MHHepa.rromqecKOfO COCTaBa, KOHUeH

TpaUMH 3JieKTpOJIMTOB M TeMIIepaTyphi BO,Uhl [ 4). 

TaK KaK BenwmHa HaqaJihHoro rpa.uMema 

3aBMCHT OT MHOfHX <lJaKTopOB, 3HaqeHH5I nocJie,UHHX 

Kone6JIJOTCH B 6oJihUIMX npe.uenax: ,UJI5I u-=32,5-27%, 

/,r=17-31 [4], a B [6] npMBOJJ:5ITC.H o6o6meHHhie 

3HatieHM5I /,r=12-8. 

JIBJieHMe Ha'la.JihHOfO rpa,UMeHTa <lJMJlbTpauHH 

H3yqa.JIOCh (7) Ha o6pa3Uax fJIMH HapYJlieHHOH H 

HeHapYJlieHHOH CTpyKTyPhi, B pa3JIMqHbiX ,UMaiia30-

Hax ,UaBJieHHH 06)1{HMa C MCIIOJlb30BaHMeM IIpeCHOH 

BO,Uhl. llonyqeHHble ,UaHHbie CBM,UeTeJlbCTBOBaJIH 0 

Ha.JIWIMM B rJIMHax <lJMJlbTpauMOHHhiX aHOMa.JIMH, 

3aKJIIO~IaJOlllHXC.H B np05IBJieHMM Ha'!a.JihHOfO rpa,UH

eHTa H HapYJlieHHH JIMHeHHOH 3aBHCHMOCTM Me)K)zy 

CKOpOCTh!O <lJMJlbTpauMM M rpa,UMeHTOM Hanopa. 

YcTaHOBJieHo, ~no c ysenMqeHMeM .UaBJieHMH oT 0,1 

.uo 0,6 Mlla 3HaqeHM5I In B03pacraroT OT 2 .uo 37. 

Cpe.UHMe 3HaqeHM5I CTPYKTYPHOH npoqHoCTM 

JIHMHOrJiauMaJihHhiX fJIMH Jl:HTBbi B 3aBMCMMOCTM OT 

BJia)I(HOCTM nonyqeHhi paBHhiMM oT 0,1 .uo 0,03 Mlla 

[8]. 3HatiHT, nopoBoe .uaBneHMe no.HBJI5IeTC5I JlMUih 

npH Harpy3Kax, npeBhiUiaiOil(MX YKa3aHHhie 3Haqe

HM5I. Haqa.rro no5IBJieHM5I nopoBoro .uaBJieHMH npM 

Harpy3Kax, npeBbiUiaJOil(MX CTPYKTYPHYJO npoqHoCTh 

rpYJITa, OTMe~IeHO M ,UpymMM MCCJie,UOBaTeJI5IMM (9). 

)lJI5I MCCJie.UOBaHM5I <lJMJlbTPauHOHHOH KOHCOJIM

.UauMM fJIMHHCTOro fPYHTa IIpOBO,UHJIMCh KOMIIpec

CMOHHbie MCnhiTaHM5I JIMMHOrJiauHaJihHOH fJIMHhi 

JlHTBbi M pacc~IMThiBaJIMCh K03<lJ<lJMUMeHTbi <lJMJlb

TPauMH [10] rpYJITa HapyUieHHOH M HeHapYJlieHHOH 

CTPYKTYPhi npM pa3HhiX .uasneHM5IX M pa3HhiX 

3HaqeHH5IX Ha~IaJihHOfO K03<lJ<lJMUMeHTa nopMCTOCTH. 
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3HaqeHM5I K03<lJ<lJMUMeHTa <lJMJlbTpauMM JIMMHo

rJiaUHaJihHOH fJIMHhi HapYJlieHHOH M HeHapYJlieHHOH 

CTPYKTYPhi, onpe.ueneHHhle no pe3yJlbTaTaM KoM

npeccHOHHhiX HCIIbiTaHMH, IIpMBe,UeHbi B Ta6JIMUe. 

MeTO.U pacqeTa Ko3<P<l>MUHemoB <l>MJlbTPauMM no 

OnhiTaM, npoBe,UeHHhiM C KOMIIpeCCMOHHhiMM npH-

6opaMH (10), He 5IBJI5IeTC5I TOqHhiM, HO ,lilli[ cpaBHH

TeJihHOfO aHa.JIM3a <lJMJlbTPaUMOHHhiX 5IBJieHMH B 

fJIHHHCTOM fPYHTe HapYJlieHHOH M HeHapYJlieHHOH 

CTPYKTYPhi OH MO)I{eT 6hiTh IIPMMeHeH. 

3HaqeHM5I K03<lJ<lJMUMeHTa <lJMJlbTpauMM, pac

c~mTaHHhie no pe3yJlbTaTaM KOMIIpeCCMOHHhiX 

HCnhiTaHMH (eM. Ta6JIMuy), CBM,UeTeJlbCTBYJOT 0 TOM, 

'ITO '!eTKOH 3aBMCMMOCTM OT ,UeHCTBYJOil(efO ,UaBJie

HH5I H Ha'!aJihHOro K03<lJ<lJHUMeHTa IIOpMCTOCTM He 

Bhi.HBJieHo. TaKoii: 3aBMCMMOCTM HeT He TOJlbKO ,UJI5I 

HCCJie,UOBaHHhiX o6pa3UOB JIMMHOrJiaumUihHOH rJIM

Hhl ecTeCTBeHHOfO CJIO)I(eHM5I, HO H ,lilli[ o6pa3UOB 

HapYJlieHHOH CTpyKTyPhl. 

Hccne.uoBaHHhle riiMHHcrhle rpYJ!Thi 6hiJIH 

BO,UOHaChlll(eHhi ( s, =0.8+1), n03TOMY ,Ue<lJopMauHM 

OT npMJIOXeHHOH Harpy3KH 6hiJIH B03MO)I{Hbl JIMllih 

npM oTXaTMM BO.Uhl M3 nop rpYJITa. Ha C)I{HMae

MOCTh fJIMHMCTOfO rpYJ!Ta eCTeCTBeHHOfO CJIOXeHM5I 

OKa3biBaeT BJIM5IHMe CTpyKTypHa.H npoqHOCTh. )lJI5I 

HCCJie,UOBaHHhiX fJIMHMCThiX fPYJITOB CTpYKTYPHa.H 

npO'IHOCTh, onpe,UeJI5IeMa5I no MeTO,UMKe (11), COCTa

BMJia oT 0,1 .uo 0,03 Mlla [12]. HapYJlieHMe CTPYK

TYPHhiX CB5I3eH npM pa3HhiX HarpYJKax IIPOMCXOWIT 

HeO,UHHaKOBO. llpM yseJIMqeHMM Harpy3KM OHM pa3-

PYJ1Ia!OTC5I nocTeiieHHo. B CB5I3M c 3TMM, noKa 

Harpy3Ka He npeBbnnaeT CTPYKTYPHOH npo~ocTM, 

.ue<tJopMau:H5I fPYJITa 6y.D;eT IIpMCXO,[UITb TOJlbKO 3a 

c~reT ynpyroro cxaTMH rpYJITa. CxaTMe BO.UOHacbi

w:eHHoro rpYJITa IIpOMCXOWIT, Kor.ua pa3pYJ1IaiOTC5I 

CTPYKTYPHhle CBH3M Me)K)zy qacTMUaMM M C03,UaeTC5I 

Hanop, IIPM KOTOpOM B03MO)I(Ha <lJMJlbTPauM5l BO,Uhl 

H3 rpYJITa (13). l103TOMY H IIpH KOMIIpeCCMOHHhiX 

HCnhiTaHH5IX Harpy3Ka Haqa.rra HHTeHCMBHOfO cxa

TM5I npMMepHo cooTBeTCTByeT npoqHoCTM CTPYKTYP

HhiX CBH3eH. 

B [16] npeAJiaraeTCH CTpYKTYIJHYIO npoq

HoCTh rJIMHHCToro rp)IHTa oueHHBaTb npM 

ITOMOIUH HaqanbHOfO K03<l><l>HUHeHTa nopOBOfO 

.D;aBJieHMH MJIH BeJIM'!HHOH IIOpOBOfO .IJ;aBJieHM5I 

npM nepBbiX CTyneiDIX Harpy3KM. 



Ko3<P<Pnru~:eHThr <PIDihTpaunn JIMMHomaUMaJihHOH rJIMHhi HapynreHHOH n HeHapyrneHHOH cTpyrcryphl 

Coefficient of permeability of limnoglacial clay with disturbed and undisturbed structure 

HeHapynreHHIDI cTpyrcrypa 

Harpy3Ka cr, Ha'laJihHhiH Ko3<P<PnuneHT 
Mila Ko3<P<PnuneHT <i>IDihTpaUMM, 

IIOpHCTOCTM, e CMjCeK 

0.05 1.000-0.900 -
0.900-0.800 -

0.800-0.700 -
0.700-0.600 -

0.600-0.500 -

0.1 1.000-0.900 lx10.8-2x1o·9 

0.900-0.800 2x1o·s 

0.800-0.700 1x10.8-7x10-8 

0.700-0.600 7x1 o·K -1xlQ·? 

0.2 1.000-0.900 1x10.8-1x1o·s 

0.900-0.800 2xl0·8 

0.800-0.700 8xl0·8 

0.700-0.600 2x1 o·? -7X1 o·K 

0.600-0.500 -
0.3 1.000-0.900 3xlo·9 

0.900-0.800 3x1o·s 

0.4 1. 000-0.900 5x10.9 

0.900-0.800 3x10.9 

(2) 

r.ne a - BeJIHliHHa .ne:il:cTB)'IOIUeM Harpy3KH; 13 0 -

K03$<l>HUHeHT rropoBoro .naBJieHIDI. 

13o =.!:!._= a-crcmp. 
cr cr 

(3) 

J-b $opMyJI (2) H (3) BHJ(HO, 'ITO IIOKa 

J(eMCTB)'IOIUrui Harpy3Ka He rrpeBhiiiiaeT CTPYK'fYPHOM 

rrpo'IHOCTH rpYHTa, BeJIHliHHa rropoBoro J(aBJieHIDI 

6JIH3Ka K HYJIJO. 
J-b BhiiiieH3JIOXeHHOf0 CJieJ(yeT, ~ITO OTCyTCTBHe 

.UaHHhlX pac'leTa K03<l><l>mmema $HJihrparum no 

pe3yJihTaTaM KOMIIpeCCHOHHhlX HCIIhlTaHHH fJIHHHc

TOfO fPYHTa IIPH MaJihiX Harpy3Kax (0.05 H 0.1 Mila, 

CM. Ta6JIHuy) CB.si3aHO CO CTpyKTypHOH IIpO'IHOCThiO 

rpYHTa H OTCyTCTBHeM Harropa, Bhl3hi.BaiOIUefO 

$HJihTpauHIO BOJ(hl H3 IIOp BOJ(OHaChi.IUeHHOfO 

rpyma. 
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HapyrneHHIDI cTpyrcrypa 

Harpy3Ka Ha'laJihHhiH Ko3<P<PnuneHT 
cr, Mila Ko3<P<PnuweHT <i>IDihTpaUMM, 

IIOpMCTOCTM, e CM/CeK 

0.05 1.000-0.900 -
0.900-0.800 1xl0·8-2x10-7 

0.800-0.700 5xl0·8 

0.700-0.600 -

0.600 0.500 3xl0·8 

0.1 1.000-0.900 -
0.900-0.800 1xl0.7-4x10-8 

0.800-0.700 4x10·9 -6x10·9 

0.700-0.600 -
0.600 0.500 4xl0·8 

0.2 1.000-0.900 -

0.900-0.800 5xl0·8-6x10-8 

0.800-0.700 6x10-9 

0.700-0.600 -

0.600 0.500 5x10-8 

Ilo-.npyroMY IIpOHCXOJ(HT cxaTHe fJIHHHCTOfO 

rpyma HapymeHHOM crpYKTYJ)hl.. B 3TOM cnyqae 

IIepBrui CryiieHh Harpy3KH IIO'ITH He BCrpe'IaeT 

COIIpOTHBJieHH.si CO CTOpOHhl CTpYK'fYPHOM IIpO'IHO

CTH H J(aBJieHHe rrepe.naerc.si Ha cKeneT H rropoByro 

BOJ(y rpyma. 

EcJIH uarpy3Ka co3.naer Harrop, rrpH KOTOpoM 

Ha'IHHaeTC.si $HJihrpauiDI BOJ(hl, IIpOHCXOJ(HT cxaTHe 

rpyma. ITo J(aHHhiM 3KcrrepHMeHTaJihHhlX Hccne.no

BaHHM JIHMHOrJiauHaJihHhlX rJIHH HapymeHHo:il: 

CTpyKTyPhl. yxe IIpH HarpY3Ke 0.05 Mila B o6pa3u;ax, 

HCIIhlTaHHhlX B KOMIIpeCCHOHHOM IIpH6ope, 

C03J(aBaJIHCh HaiiOphl., Bh13hiBaiOIUHe $HJihTPauHIO 

IIOpOBOH BOJ(hl (eM. Ta6JIHIJ;y). 

Ha pHc. 1 rroKa3aH xapaKTep pacrrpe.neneHIDI 

IIpM6JIH3HTeJihHhlX ocpeJ(HeHHhlX 3Ha'leHHM K03$

<l>HUHeHTOB <l>HJihTPauHM 03epHOJieJ(HHKOBOM fJIHHhl 

HapymeHHoii H ueHapymeHHOM crpynyphl., rrony-



'IeHHbiX ITO pe3yJibTaTaM KOMIIpeCClfOHHbiX HCIIbiTa

HHH B 3aBHCHMOCTH OT Ha'IaJibHOfO K03<lJ<lJHUHeHTa 

IIOpHCTOCTH H Harpy3KH. 3KCIIepHMeHTbl IIpOBO,!(H

JIHCb c JIHMHOfJiaUHaJibHOH fJIHHOH MHKpOCJIOHCTOH 

TeKCTypbi, BJI3.)KHOCTb KOTOpOH COCTaBlliiJia OT 18 ,!(0 

36%, K03<lJ<lJHUHeHT IIOpHCTOCTH - OT 0.560 ,!(0 

1.010, K03<lJ<lJHUHeHT BO).(OHaCbiiUeHHOCTHS, =0.8-1. 

Ih aHaJIH3a .uaHHbiX Ta6JIHUbi H puc. 1 cne.uyeT, 

<rTo rJIHHHCTbiH rpyHT HapyrneHHOH cTpyrcrypbi 

,!(e<lJopMHpyeTCJI C MOMeHTa IIpHJIO:lKeHmi Harpy3KH, 

MeHbiiieii <reM CTPYKTYPHaJI rrpo'IHOCTb rpyHTa, a 

,!(e<lJopManHH B OCHOBHOM HOCJIT xapaKTep 

<lJHJibTpaUHOHHOH KOHCOJIH).(aUHH. J1ccJie,!(OBaHHbiH 

JIHMHOfJiaiiHaJibHbiH fJIHHHCTbiH rpyHT HeHapyrnew 

HOM CTPYKTYPhi rrpu Harpy3Kax, He rrpeBhliiiaiOIIIHX 

CTPYKTYPHOH rrpo'IHOCTH, C:lKHMaeTCJI 3a c<reT 

yrrpyrnx .IJ:e<lJopMaUHH cKeJieTa, a rrpu Harpy3Kax, 

rrpeBbiiiiaiOIIIHX CTPYKTYPHYIO rrpo<rHOCTb, Ha'IHHa

IOTCJI ,!(e<lJopMaiiHH <lJHJibTpanHOHHOH KOHCOJIH).(a

UHH. .ne<lJopMaiiHH 3a c•IeT IIOJI3y<IeCTH CKeJieTa 

rpyHTa COCTaBJIJIIOT He60JibiiiYI0 ,!(OJIIO OT 06IUeH 

.IJ:e<lJopMaUHH. Cne.uyeT rrpe.IJ:rronaraTh, <rTo rrpH 

cxaTHH rJIHHHCToro rpyHTa HapyrneHHOH CTPYKTYPhl 
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rrepBaJI CTyrreHb Harpy3KH COOTBeTCTByeT Ha<rany 

<lJHJibTpaUHOHHOH KOHCOJIH).(aUHH. 0Ha C03).(aeT 

Harrop B IIOpOBOH BO,!(e, KOTOphlH COOTBeTCTByeT 

Ha<raJibHOMY rpa.uHeHry. 

B rJIHHHCTOM fPYHTe HeHapYIIIeHHOH cTpyKTY

pbi Ha'IaJibHhlH fPa).(HeHT ).(OCTHraeTCJI IIOCJie 

IIOCTerreHHOfO HapyrneHHJI CTPYKTYPHbiX CBJI3eH 

Me:lK).(y 'IaCTHUaMH H arperaTaMH fPYHTa. 

AHaJIH3Hpya KOMIIpecCHOHHYIO C:lKHMaeMOCTb 

JIHMHOfJiaiiHaJibHbiX fJIHH HapYIIIeHHOH H HeHapy

IIIeHHOH CTPYKTYPhi [15] H pe3yJibTaTbi <lJHIIbrpanw 

OHHbiX pac<reTOB (CM. Ta6JIHuy, pHC. 1), MO:lKHO 

3aMeTHTb, 'ITO JIHMHOfJiaiiHaJibHhlH fJIHHHCThlH 

rpyHT HapYIIIeHHOH CTPYKTYPhi B ocHoBaHHJIX 

3,!(aHHH H coopyxeHHH 6y.ueT .ue<lJopMHpOBaTbCJI 

ropa3.!(0 60Jibllle H 6biCTpee BO BpeMeHH ITO 

cpaBHeHHIO c rpyHTOM HeHapYIIIeHHOH CTPYKTYPhi. B 

CJiy<Iae 3aJieraHHJI B OCHOBaHHH 3).(aHHJI fJIHHHCTOfO 

HeHapyrneHHOH HapyrneHHOH 

CTPYKTYPhi, XOTJI H yrrnoTHeHHoro .IJ:O ecTeCTBeHHOH 

IIJIOTHOCTH, MOryT IIOJIBJIJITbCJI HepaBHOMepHbie 

OCa).(KH CTpOJIIIIHXCJI 3,!(aHHH. 

X 

• • 

5. 6. 7. 8. 9. 
10-~ 10-" 10-~ 10-" 10-" 

[cm/cek] 

PHc. 1. IlpH6JIH3HTeJihHhie ocpe.lnleHHhle 3Ha<IeHHH Ko34J<lJHUHeHTOB <lJHJILTpaUHH JIHMHo

mal{HaJihHOH rJIHHhl. HeHapyrrreHHaH cTpYK'fYPa: + - cr=O.l Mila, • - cr=0.2 Mila. 

HapyrrreHHM cTpYK'fYPa: .&-cr=0.05Mna, 00- cr=O.l Mila, x-cr=0.2 Mila. 

Fig 1. Mean values of coefficient of permeability of limnoglacial clay. Undisturbed 

structure: + - cr=O.l MPa, • - cr=0.2 MPa. Disturbed structure: .& - cr=0.05Mpa, 

l:lSl- cr=O.l MPa, x - cr=0.2 MPa 
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0J(HOH 113 rrpi1~II1H HepaBHOMepHblX OCa,[(OK 

51BllileTC.H pa3HOe BpeM51 rrpoTeKaHIUI OCa,[(OK fPYJITa 

Bo BpeMeHI1. B rrpaKTI1Ke cTp011TeJihCTBa 3TO 

CJIY'IaeTC.H, KOf,[(a, Haiipi1Mep, 0,[(11H Q)YJI)J.aMeHT 

OII11paeTC.H Ha fJII1HI1CThiH fPYJIT HeHapyrneHHOH 

cTp)'KTyphi, a npyrot\- Ha cJio:H rJI11HI1CToro rpYJITa 

HapyrneHHOH CTp)'KTyphi, XOT.H 11 yru:IOTHeHHOfO ,[(0 

ecTecTBeHHOH IIJIOTHOCTI1. OcanKa <i>YHJl.aMeHTa Ha 

eCTeCTBeHHOM fPYJITe 6y,[(eT IIp011CX0,[(11Th Me,[(JieH

HO, a rrp11 6oJihiiiOH cTp)'KTypHo:H rrpo~mocTI1 ,[(IDKe 

HeKOTOpoe BpeM.H IIpl1 COOTBeTCTBYJOIIIeH Harpy3Ke 

OCa,[(KH MOryT 11 OTCyTCTBOBaTh. B TO )l(e BpeM.H 

OCa,[(Ka Q)YJI)J.aMeHTa Ha fJII1HI1CTOM rpYJITe Hapy

IIIeHHOH cTp)'KTyphl 6yneT rrpo11cXO,[(I1Th c MOMeHTa 

rrpi1JIO)I(eH1151 Harpy3KH 11 C 60JihiiiOH CKOpOCThiO. 

B 3TOM CJIY'Iae MO)I(eT HacTyrrHTh TaKOH 

MOMeHT BpeMeHI1, KOf,[(a OTHOCI1TeJihHa.H Pa3HOCTh 

OCa,[(OK rrpeBhiC11T rrpe,[(eJihHO ,[(OIIYCTI1MYJO ,[(llil 

,[(aHHOH KOHCTPYKUI111 3,[(aHI1.H. Ilo.HB.HTC.H TPe11111Hhi, 

XOTH rrporH0311pyeMhie CTa611JII1311pOBaHHhie 0Ca,[(KI1 

11 OTHOCHTeJihHa.H pa3HOCTh CTa611JII1311p0BaHHhiX 

OCa,[(~K He rrpeBhiiiiaiOT ,[(OrryCTI1MhlX 3HaqeHI1H. 

3. ToJIIIIHHa C)I(J1MaeMo:H 30Hhl rpYJITa 11 CKopocTI1 

rrpoTeKaH1151 OCa,[(KH OCHOBaHJ1j{ 3,[(aH1151 BO BpeMeHH 

BpeMH rrpoTeKaHI1.H oca,[(KH, KpoMe BhliiieYKa-

3aHHhiX Q)aKTOpOB, 3aB11CI1T TaK)I(e OT TOJIIIIHHhl 

30Hhl ,[(eQ)opM11pyeMOCTI1 B OCHOBaHI111 3,[(aHI1H 11 

COOp~eHI1H. B 3aBI1CI1MOCTI1 OT COOTHOIIIeHI1.H 

HaJipjJ)I(eHHOfO COCTOHHI1H fpYJITa ( <J z ), BeJI11~II1Hbl 

CTp)'KTypHOH rrpo~IHOCTI1 ( <J c mp ) H ,[(aBJieHHH, OIIpe

,[(eJijJIOIIIefO HaqaJio Q)I1JihTPaii1111 ( <J JH ), B OCHOBa

HHH 3,[(aH1151 11JIH COOp~eHI1H Q)opMHpYJOTCH 30Hbl 

neQ;>opMamm. P. 3. )J;aiiiKo H A A KoraH [13) 

Bhl,[(eJij{IOT qeThipe BapHaHTa B03HHKHOBeHHH 30H 

,[(eQ)opMaiiHH B 3aBI1CHMOCTH OT COOTHOIIIeH1151 <J z , 

<Jcmp H <J IH: 

1. a z > a c mp > a IH . B 3TOM c~Iae B rrepBo:H 

30He yru:IOTHeHHe IIpOHCXO,[(H T 3a C'IeT Q)HJ!hTpa

:U:HOHHOH H IIOJI3yqe:lf KOHCOJIH,[(aiiHI1, a B TpeTheH 

(HH)I(HeH) - TOJihKO 3a cqeT yrrpyroro C)l(aTI1.H. 

2. a z > a IH > a c mp . B 3TOM c~me B rrepBo:H 

(BepXHe:H) 30He yiiJIOTHeHHe IIpOHCXO,[(HT aHaJiornq

HO rrepBOMY CJIY'IaiO. Bo BTOpOH (cpe,[(He:lf) 30He, f):(e 

<J z < () JH > <J c mp , yru:IOTHeHHe IIpOHCXO,[(HT TOJihKO 
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3a cqeT IIOJI3yqeCTH, a B TpeTheH (HH)I(He:lf) 30He 

( Gz < a c mp ) 6yneT yrrpyroe C)l(aTI1e. 

3. a z = a IH > a c mp . B 3TOM CJIY'Iae OTCyTCT

ByeT 30Ha Q)HJ!hTPaiiHOHHoro ynrroTHeHI1.H. B 

TpeTheH 30He IIpH <J z < <J c mp OTMeqaeTCH 30Ha 

yrrpyroro C)l(aTHj{ fPYJITa. 

4. a z < a c mp . B 3TOM CJIY'Iae yru:roTHeHI1.H 

rpYJITa He IIpOHCXO,[(HT, 6y,[(eT TOJihKO yrrpyroe 

C)KaTHe. 

EcJIH rrpeHe6pe% ynrromeHHeM rpYJITa yrrpy

roro xapaKTepa, qTo MO)I(HO c,[(eJiaTh B HaqaJihHOH 

CTa,[(I1H C)l(aT1151 [ 3, 14), Ha pacqeT CKOpOCTI1 pa3BH

THH OCa,[(OK BO BpeMeHH B OCHOBHOM 6y,[(eT 

OKa3hiBaTh BJIHj{HHe TOJihKO Q)11JihTpaiiHOHHa.H 

KOHCOJIH,[(aiiHj{. 

PaccMoTpeHHhie Bhliiie oco6eHHOCTH .n:eQ;>op

MHpoBaHHH fJII1HHCThlX fPYJITOB ,[(aiOT B03MO)I(HOCTh 

cocTaBHTh pacqeTHhie cxeMhi .ll:llil orrpeneJieHI1.H 

C)KHMaeMOH 30Hhl OCHOBaH1151 .ll:llil fJIHHI1CTOfO 

rpYJITa HeHapyrneHHOH H HapyrneHHOH CTPYKTYPhl. 

IlpHHHMa.H, qTQ fJIHHHCThiH rpYJIT HapyrneHHOH 

cTpYKTYPhi He HMeeT CTPYKTYPHOH rrpomocTH, a 

IIpi1JIO)I(eHHa.H Harpy3Ka IIpeBhliiiaeT HaqaJihHhiH 

rpa,[(HeHT Q)H1IhTpaiiHOHHOfO yiiJIOTHeHI1.H, qTo 

xapaKTepHO ,[(llil HCCJie,[(OBaHHOH JIHMHOfJiaiiHaJ!hHOH 

fJII1Hhl (eM. Ta6JIH:u;y), IIOJiyqHM pacqeTHYJO CXeMY 

30Hhl Q)HJ!hTPaiiHOHHOH KOHCOJIH,[(aiiHI1, rrpe,n:cTaB

JieHHOH Ha pHC. 2. 

(j 

h 

z 

PHc. 2. 3oHa <l>IDihTpauHoHHOil: KoHcommauHH rni1HI1c
Toro rp~ HapyrneHHOH CTpYJ<TYPbi B OCHOBaHHH 3,l(aH1151 

Fig 2. Depth of consolidation zone under the foundation 

B rJIHHHCTOM rpYJITe HeHapyrneHHOH CTpYKTY

Phi rrpH Harpy3Kax, He rrpeBhliiiaiOIUHX CTPYKTYPHOH 

rrpoqHoCTH, He 6y,n:eT Q;>opMHpoBaThcH 30Ha <J>H1Ih

TPaiiHOHHOH KOHCOJIH,[(aiiHH B OCHOBaHHI1 3.UaH1151, 



cr 
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PRe. 3. Pac'leTHaH cxeMa C:lKI1MaeMoi1 30Hhi rJIRHRCToro 
rpyiiTa HeHapyrneHHOH CTpy:KTyph! B OCHOBaHRR 3,UaHRH 

npR a z < a c mp 

Fig 3. Compression zone of undisturbed clay under 

stress a z < a s 

'ITO 3aMe'leHO B RCCJie,UOBaHHOH JIHMHOrJiauHaJihHOH 

rJIHHe (eM. Ta6nwu:y). 

PactieTHaJI cxeMa C)IGIMaeMo:H 30Hhi .umr mw 

HHCTOfO rpYJfTa HeHapyrneHHOH crpyrcryphl IIpH 

Harpy3Ke, He rrpeBhiiiiaiOme:H: crpyrcrypHo:tl: rrpoq

HOCTH rpYJfTa, rrpe.D;CTaBJieHa Ha pHC. 3. 
yl3 pHC. 3 BH,UHO, ~ITO IIpH a z <a cmp yrrJIOT

HeHIDI rpYJfTa He npoH3o:H.uer. EcJIH B IIJiaHe 3.uamu1 

OCHOBaJIHe COCTOHT H3 fJlliHHCTOfO TPYHTa Hapy

IIIeHHOH H HeHapYIIIeHHOH CTpyKTyphi, TO npH 

Harpy3Kax, He npeBhiiiiaiOIIlHX CTpyKTypHOH npoq

HOCTH eCTeCTBeHHOTO fPYJfTa, B03HHKHYT pa3Hhle 

CKOpOCTH OCa,UKH, npHBO.UHUUHe K HepaBHOMepHhiM 

OCa,UKaM H He.UonycTHMOH OTHOCHTeJihHOH pa3HOCTH 

OCa,UOK OCHOBaliHH. HanpHMep, ,UJIH HCCJie,UoBaHHOH 

JIHMHomauHaJibHOH rJJHHhl HapYIIIeHHOH CTPYKTYPbi 

(t11=1,000-0,900) npw Harpy3Ke 0.1 Mila, pa3Mepax 

<l>YH,UaMeHTa bx1=2x2 M, K=0.24 CMjrO,U, v=0.4 no 

MeTo.UHKe H. A l.J;hiTOBwra [14] no~IHM cne.uyro

IUHe .UaHHhre ,UJIH nocrpoeHIDI KPHBOH 3aTyxaHHH 

OCa.LlOK OCHOBaHHH BO BpeMeHH: .5im=2. 7 CM, .5iJ.s=2.8 

CM, s1=3.2 CM, .ss=5.6 CM, .s=6.3 CM. KpHBaJI 1, 
nocrpoeHHaJI no 3THM .uaHHhiM, noKa3aHa Ha pwc. 4. 

A.l!aJIH3 3aBHCHMOCTeH OCa,UKH OT BpeMeHH 

(pHC. 4) nOKa3hiBaeT, 'ITO ec;rn pH,UOM Ha paCCTOH

HHH 6 M HaxO.UHTCH <l>YH.UaMeHT Ha ecTeCTBeHHOM 

fJIHHHCTOM rvYHTe H ,UaBJieHHe p=0.1 Mila Ha Hero 

He npeBhiiiiaer CTPYKTYPHOH npo'IHOCTH, TO oH 

6y,UeT HMeTh He,UonyCTHMYJO ,UJIH COOTBeTCTBYJOIUHX 

3,UaliHH [16) OTHOCHTeJibHYIO pa3HHU:Y OCa.LlOK 
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t, ner 

3 

2 

S,cm 

PRe. 4. KpRBhre JaryxaHHH ocanoK ocHOBaHHH, cnoxeH
Horo R3 fJIRHhl HapyrneHHOH R HeHapyrneHHOH CTpy:KTy
phi, BO BpeMeHR: 1 - HapyrneHHaH CTp}'KTYPa p=O.l Mlla; 
2 - TO xe p=0.2 Mlla; 3 - HeHapyrneHHaH CTpyrcrypa 
JF0.2 Mlla. 

Fig 4. Time-settlement relationships of clays with 
disturbed and undisturbed structure; 1 - disturbed 
structure, p==O.l MPa; 2 - disturbed structure, p==0.2 
MPa; 3 - undisturbed structure, p==0.2 MPa 

t:.sj L=0.004-0.01. He.n;orrycTMMaJI OTHOCHTeJibHaR 

pa3HOCTb OCa.D;OK HaCryiiHT He Cpa3y IIOCJie 

rrpHJIO)I(eHIDI Harpy3KH, a crrycnr KaKoe-ro BpeMH, 

HarrpHMep, rrpH t= 1 ro.u M/ L=0.006. 

TaKo:H cnyqaH: MO)I(eT HMeTh MeCTo Ha Ha'laJib

Ho:H CTa.LlHH Be,UeHHH CTpOHTeJihHhiX pa60T. IJpH 

YBeJIW~eHHH Harpy3KH no JJHHe:tl:Ho:H: 3aBHCHMOCTH 

,UO npoeKTHOH CKOpOCTH 3aTyxaHHH OCa.LlOK OCHo

BaHHH H3 TJIHHhi HapYIIIeHHOH H HeHapYIIIeHHOH 

CTPYKTYPhi 6ynYT pa3HhiMH. Ec;rn, HanpHMep, orHo

cwrellhHaJI pa3HOCTb OCa.LlOK, nonyqeHHaJI H3 

pac'leTa CTa6HJIH3HpOBaHHhiX OCa.LlOK <l>YH,UaMeHTOB, 

He npeBhiiiiaer .uorrycrnMoro 3Ha'leHIHI, To H3-3a 

pa3HOH CKOpOCTH pa3BHTHH OCa.JlOK BO BpeMeHH rrpH 

npe,Uhi,UyiUHX Harpy3Kax MO)I(eT HMeTh MeCTO 

MOMeHT, KOr,Ua OTHOCHTeJihHaJI pa3HOCTb OCa.LlOK 

6y,UeT 60Jihiiie npe,UeJihHO ,UOrryCTHMOH, H B KOHC

TpyKIIHHX 3.UaHH.H no.HBHTCH rperu:HHhl. Oca.uKH 

TJIHHHCTOTO OCHOBaHIUI HeHapYIIIeHHOH CTpYKTYPhl 

6y,UYT pa3BHBaThC.H Me,UJieHHee no cpaBHeHHIO c 

rJIHHo:tl: HapYIIIeHHo:H CTPYKTYPhl, TaK KaK HYXHaJI 
BeJJH'IHHa Ha'laJibHoro rpa.uHema Hanopa 6y.uer 

.uocTHfHYTa He cpa3y, a no Mepe npeo.uoneHIHI 

CTpYK'fypHOH npo'IHOCTH rpyma. 

ITo MeTO.UHKe pacqera 3KBHBaneHTHoro cno.H 

rpYJfTa H. A l.J;hiTOBH'la [14] c yqeroM ou;eHKH 

CTPYKTYPHOH npo'IHOCTH rpyma (pHC. 5) OCa.n:Ka 

<l>YH,UaMeHTa bx1=2x2 M npH m.=0,022, v=0,4, 



k=0,24 cM/ro.u, p=0,2 Mila (t11=I,000-0,900) 

COCTaBJUieT 6,8 CM, a ,llJUI OCHOBaHIDI HapyrneHHOH 

CTPYK'fYPhl npH mv=0,036, v=0,4, k=0,24 CM/ro.U -

II eM. 0THOCHTeJibHaH pa3HOCTh oca.uoK cocTaBmreT 

!::is/ .&:0,006, ~no He npeBhiiiiaeT npe.ueJibHO .uonyc

THMoro 3Ha'leHHJI [I6] ,llJUI COOTBeTCTBYIOIUHX 

3,llaHHH. 

KpHBbie 3aTyxaHIDI OCa,llOK OCHOBaHHJI HeHapy

IIIeHHOH H HapyrneHHOH CTpYK'fYPbl, nocTpoeHHble 

no MeTO,llHKe [I4], IIOKa3aHbl Ha pHC. 4. l13 npe.u

CTaB.JieHHbiX Ha pHC. 4 KpHBbiX 3aTyxaHIDI OCa,llOK 

OCHOBaHIDI BO BpeMeHH BH,llHM, ~no OTHOCHTeJihHaH 

pa3HOCTb OCa,llOK ,llOCTHraeT HaH60Jibiiiero 3Ha'leHHJI 

CIIYCTJI HeKOTOpoe BpeMJI nOCJie llpHJIOXeHIDI 

Harpy3KH Ha OCHOBaHHe. 

HepaBHOMepHbie OCa,llKH OCHOBaHHH BO BpeMe

HH MOryT Ha6JIIO,llaThCJI H npH CTpOHTeJibCTBe Ha 

yrrJIOTHeHHOM fJIHHHCTOM IPYHTe HapyrneHHOH 

CTPYKTYPhl pa3HOH TOJIIUHHhi. B TaKOM CJIY'lae 

pactJeT HapacTaHHJI oca.uoK BO BpeMeHH y.uo6Hee 

BeCTH 110 3KBHBaJieHTHOMY MeTO,lly pac~IeTa OCa,llOK 

.llJUI cnowcToro ocHoBaHHJI H. A QhiTOBH'la [I7] c 

ytJeToM oueHKH cTpYKTYIJHOH npo'IHOCTH ecTecTBew 

Horo rJIHHHCToro rpyHTa. 

4. ITporno3 cKopocTH oca.uKH rmrnncToro IPYHTa 

HapyrneHHo:H CTPYKTYPhl B ocHOBaHHH 3.llaHIDI no 

KOMUpeccnoHHo:H KpHBo:H Toro xe rpYHTa HeHapy

rneHHo:H CTPYK'fYPhl 

,[(Jui pac~IeTa pa3BHTHJI OCa,llKH OCHOBaHIDI BO 

BpeMeHH COfJiaCHO TeopHH <}lHJibTP3UHOHHOH 

KOHCOJIH,ll3UHH (Tepuarw-fepceBaHOBa-q)JIOpHHa H 

.up.) Tpe6yeTCJI ollpe.ueJIHTh BcnoMoraTeJibHhie 

IIOKa3aTeJIH Cv H N . 

(4) 

(5) 

r.ue k - K03<}l<}lHUHeHT <}lHJibTPauHH BO,llOHaCbiiUeH

HOro rpYHTa IIPH Bbl.llaBJIHBaHHH BHeiiiHe:H 

Harpy3KOH BO,llbl H3 ero nop; y w - y,lleJibHbiH Bee 

nopoBo:H BO.llhl (10 KH/M
3
}; mv - Ko3<}lq:muneHT 

OTHOCHTeJibHOH C)I(HMaeMOCTH l'pyHTa; h - my6HHa 

aKTHBHOH 30Hbl C)l(aTIDI no,ll <}lYH,llaMeHTOM; t -

MOMeHT BpeMeHH OT Ha'laJia 3arpyxeHHJI l'pyHTa. 
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Pnc. 5. PacqeTHrui cxeMa C)I(RMaeMoti: 30Hhi rJIRHRCToro 

rpYJITa HeHapyrneHHOH CTPYK'fYPhi IIPR <J z > <J c mp 

Fig 5. Compression zone of undisturbed clay under 
stress <J z > <J s 

Ko3<}l<}lwuneHTbi <}lHJibTpaunn 110 pe3yJibTaTaM 

KOMIIpeCCHOHHbiX HCCJie,llOBaHHH, HallpHMep, JIHM

HOfJI3UHaJibHOH rJIHHbl JlHTBbl ( CM. Ta6JIHuy) Hapy

IIIeHHOH H HeHapyrneHHOH CTPYKTYIJhl pe3KO He 

pa3JIH'laiOTCJI. ITo3TOMY npw npe.uBapHTeJibHbiX 

pactJeTaX 11pOrH03HpOBaHIDI npoTeKaHIDI BO BpeMe

HH OCa,llKH OCHOBaHIDI HapyrneHHOH H HeHapyrneH

HOH CTPYKTYPhi MOXHO npiDUITb O.llHHaKOBoe 3HatJe

HHe K03<}l<}lHUHeHTa <}lHJibTp3UHH. 

fny6HHa aKTHBHOH 30Hbl CxaTIDI h (5) no.u 

<PYH.llaMeHToM .llJUI IPYHTa HapyrneHHOH CTPYKTYPhi 

npH pactJeTe npOTeKaHIDI OCa,llOK BO BpeMeHH no 

MeTO.UY pac'leTa 3KBHBaJieHTHoro CJIOJI H. A QhiTo

BH'la [I4, I7] onpe.ueJUieTcJI no <PoPMYJie: 

h=2h'3, (6) 

r.ue h3 - MOIUHOCTh 3KBHBaJieHTHoro cJioJI IPYHTa 

[I4, I7]. 

fny6HHa aKTHBHOH 30Hbl C)l(aTIDI h (5) nO,ll 

<PYH.llaMeHTOM .llJUI rpYHTa HeHapyrneHHOH CTpyxry

pbi npH pactJeTe npOTeKaHIDI OCa,llOK BO BpeMeHH no 

MeTo.uy 3KBHBaJieHTHoro CJIOH H. A QhiTOBH'la [14, 

I7] onpe.ueJUieTCH no <PoPMYJie: 

ha=2hAP-Ps)lp, (7) 

r.ue p - .uasneHHe no no.uoiiiBe <PYH.llaMeHTa; p s -

CTPYKTYPHaH npo'IHOCTh IPYHTa. 

CTa6HJIH3HpoBaHHaH oca.uKa c ytJeToM CTPyK

TypHo:H npo'IHOCTH IPYHTa no MeTo.uy 3KBHBa

JieHTHoro CJIOH Bbi'IHCJUieTCH no <}lopMYJie: 



(8) 

r,ue mv - K03<l><l>HUHeHT OTHOCHTeJihHOM C)KHMae-

MOCTH rpYJITa. 

,L(;UI paC'IeTa npOTeKaHHH OCa,uKH OCHOBaHHH 

HapyrneHHOM CTpYJ<TYPbl BO BpeMeHH MO.xrno 

npHHHTh yrrJIOTHHIOIUee LJ:aBJieHHe, y6hmaromee c 

my6HHOM no 3aKOHY TpeYTOJihHHKa, 'ITO COOTBeTc

TByeT 60JihiiiOMY 'IUCJIY cnyqaeB yrrJIOTHeHHH rpYJITa 

nOLJ: LJ:eMCTBHeM Harpy3KH OT <i>YHLJ:aMeHTOB coopy

)KeHHM. 

TaKHM o6pa3oM, rrpn OLJ:HOCTopoHHeM <l>HJih

Tpaunn BOLJ:hi (BBepx) LJ:JIH JII06oro BpeMeHH t oca,n:Ka 

<PYHLJ:aMema 6yLJ:eT: 

IIocJie MaTeMaTH'IecKHX rrpeo6pa3oBaHHM nony-

'IHM 

s1 =h3mvp[J-l.62(0.363e-N +il.2J2e-
9N)J. (10) 

,L(;UI npH6JIH)KeHHOfO paC'IeTa MO)IQ{O orpaHn

'IHThCH rrepBhiM •meHoM pHLJ:a B KPYTJihiX cKo6Kax 

[14]: 

IlpH6JIH3HTeJihHaH oca,n:Ka OLJ:HOpOLJ:HOfO rpyma 

OCHOBaHHH 

Ilo <t>opMyJiaM (11) H (12) rronyqnM: 

s1 = s[J-1.62(0.363e-N )] . 

(12) 

(13) 

113 <t>opMyJI (4), (5), (12), (13) BHLJ:HM, 'ITO LJ:J1H 

JII060f0 BpeMeHH t OT Ha'IaJia IlpHJIO)KeHHH Harpy3KH 

OCa,uKa rpyma OCHOBaHHH, KpoMe LJ:PyrHX <t>aKTopoB, 

B OCHOBHOM 3aBHCHT OT K03<l><l>HUHeHTa OTHOCH

TeJihHOM C)KHMaeMOCTH rpyma mv. 

KaK npaBHJIO, npn HH)KeHepHo-reoJiofH'!ecKHX 

UCCJieLJ:OBaHHHX UCnhiTaHHIO IIOLJ:BepraeTCH rpym 

HeHapyrneHHOM CTPYJ<TYPbl. EcJIH B rrpeLJ:eJiax IIJiaHa 

3LJ:aHHH rrpeLJ:YCMOTpeHO UCIIOJih30BaTb fJIHHHCThiM 

rpym HapyrneHHOM CTPYKTYPhl (3anOJIHeHHe nepe-

6opoB U LJ:p.), TO LJ:J1H npofH03UpOBaHUH IlpOTeKaHHH 
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BO BpeMeHU HepaBHOMepHbiX OCa,uOK 3LJ:aHHH CJieLJ:YeT 

3HaTh K03<l><l>uuueHT OTHOCHTeJihHOM C)KHMaeMOCTU 

mv rpyma HapyrneHHOM CTPYKTYPhl. 

,L(;UI 3TOM UeJIH MO)KHO BOCnOJih30BaTbCH 

KOMnpeCCUOHHOM KpUBOM B IIOJIYJIOfapu<t>MH'IeCKOM 

CUCTeMe KOOpLJ:UHaT (puc. 6). 

e 

0 

PRe. 6. KoMnpeccROHHIDI KpHBIDI rJIHHHCToro rp}'HTll, 
o6na,uaromero CTPYK'fYPHOH npoqHoCThiO B no.rrynorapH$
MH'IeCKOH CHCTeMe KOOp)UiHaT: 1 - eCTeCTBeHHbtil: rpYJIT; 
2, 3, 4- TOT )l(e fPYJIT HapymeHHOH CTpYK'fYPhl (nepeMHT) 

Fig 6. Compression curve of clay in semilogarithmic 
scale; 1 - with undisturbed structure; 2, 3, 4 - with 
disturbed structure 

Ha puc. 6 rrpuHHTo, 'ITO rpym HapyrneHHOM 

cTpYJ<TYPhl TepHeT CTPYKTYPHYIO rrpotiHOCTh, TaK KaK 

oHa (JIHHHH AB) no cpaBHeHHIO c ecTeCTBeHHhiM 

rpymoM O'leHh MaJia, a rpa<t>HKH 3aBUCHMOCTH 

e = j(lgcr) conpuKaCaiOTCH IlpH LJ:OCTH)KeHHH TO'IKH 

e = 0.4e0 [18]. 

Ilo KOMIIpeCCUOHHhiM KpHBhiM (puc. 6) 

orrpeLJ:eJIHeM Ko3<P<Puuuemhl KOMrrpeccHH C c rpYJI

Ta HeHapyrneHHOM u Hapyrnennou CTPYKTYPhi C ~ . 

(14) 

C' =eo -eo.4 
c lg cro.4 ' 

(15) 

r,ue e0 - Ha'laJihHhiM K03<l><l>HUHeHT IIOpUCTOCTH. 

l 
Cclgcrcrp+eo-eo.4 

gcro.4 = C 
c 

(16) 



nolTh3YHCh KOMnpeCCHH 

rpyJITa HapyrneHHOll CTPYKTYPhl c~' onpe.ueiDieM 

npomo3HpyeMYIO oca.uKY cnoH rp)'Hra H [ 18] or 

Harpy3KH 0" I : 

(17) 

K03cPcPHUHeHT OTHOCHTeJThHOll C)KJ{MaeMOCTH 

rp)'Hra HapyrneHHOH crp)'KTYPhl onpe.ueiDieM no 

<;PopMyne: 

(18) 

Pac~IeT K03cPcPHUHeHTa OTHOCHTeJibHOH C)I(H

MaeMOCTH mv no cPOPMYJiaM (17) H (18) MO)KHO 

npoBecrH, npHHHMM TOJIIUHHY cnoH H = 1. 

no .IJ:aHHhiM pacqera OTHOCHTeJibHOll C)I(HMa

eMOCTH mv .IJ:llil .IJ:aHHOll BeJIH'IHHbl HanpiDKeHHH B 

IIJIOCKOCTH OCHOBaHHH cPYH.IJ:aMeHTa 0" I onpe.ueiDieM 

BCnOMOfaTeJThHbie nOKa3aTeJIH (4) H (5) H no <t>op

MyJie ( 13) nonyqHM OCa.IJ:KY OCHOBaHHH cPYH.IJ:aMeHTa 

.IJ:llil JII06oro BpeMeHH t OT MOMeHTa npHJIO)I(eHHH 

.uaHHOH Harpy3KH. 

Bhiiiie)'Ka3aHHM MeTO.IJ:HKa .IJ:mi onpe.ueneHHH 

OTHOCHTeJThHOro K03cPcPHUHeHTa C)I(HMaeMOCTH fJIH

HHCTOfO rp)'Hra HapyrneHHOH crp)'KTyphi no KoM

npeccHOHHOH KPHBOH roro )l(e rpyHTa HeHapyrnew 

Hoil crp)'KTYPhi npoBepAAach no pe3yJihTaTaM 

KOMnpeCCHOHHhiX HCnhiTaHHH JIHMHOfJiaQHaJThHOH 

fJIHHbl [12]. 

mv 

0.025 
r 0.02 I 

0.015 l 0.01 I 

0.005 l 0 

0.6 

• • • 
• • • 

0.8 1 

e 

1.2 

PH c. 7. Ko3ci>ci>HUHeHThr OTHOcHTeJibHOH C:lKHMaeMOCTH 

rrpH cr=0.2 Mila. • - rnHHa HapynreHHOH cTpyrcryphr; • -
fJIHHa HeHapynreHHOH CTpyrcryphi 

Fig 7. Values of the coefficient of volume compatibility 

under vertical stress cr=0.2 MPa. • - clay with disturbed 

structure; • -clay with undisturbed structure 
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Pe3yJihraThi cpaBHeHHH 3KcnepHMeHTaJibHhiX H 

paC'IeTHhiX 3Ha'leHHll mv npe.IJ:CTaBJieHbi Ha pHC. 7. 

CpaBHeHHe 3KcnepHMeHTaJibHhiX H pac'leTHhiX 

pe3yJihraroB (pHc. 7) noKa3aJIO y.uoBnerBopHTelThH)'IO 

.IJ:JIH nporH03HpOBaHHH nporeKaHHH OCa.IJ:KH BO 

BpeMeHH CXO.IJ:HMOCTh 3KcnepHMeHTaJibHhiX H pac

'leTHhiX 3Ha~reHHll K03cPcPHUHeHTa OTHOCHTelThHOH 

C)I(HMaeMOCTH. 

B roM cnyqae, Kor.ua KOHTPOlTh YIIJIOTHeHHH 

rJIHHHcroro rp)'HTa HapyrneHHOH crp)'KTyphl npoBo

.IJ:HTCH CTaTH'IeCKHM 30H.IJ:HpOBaHHeM, K03cPcPHUHeHT 

OTHOCHTeJibHOll C)KJ{MaeMOCTH mv MO)KHO onpe.ue

JIHTh KOCBeHHhiM cnoco6oM, qepe3 MO.li:YJTh .uecl>op

MaUHH: 

(19) 

r.ue a - K03cPcPHUHeHr nepexo.ua; q c - conporHB

neHHe norp)')l(eHHIO KOH)'Ca. 

TaK KaK MO.IJ:YJih .ue<t>opMaQHH 

(20) 

f.IJ:e P - K03cPcPHUHeHT, 3aBHCHIUHll OT K03cPcPHUH

eHTa nonepe'IHOH .ue¢opMaUHH rpyHTa, MO)KHO 

paCC'IHTaTb K03cPcPHUHeHT OTHOCHTeJThHOll C)I(HMae

MOCTH: 

(21) 

LJ:ocroBepHoCTh 

OTHOCHTeJibHOH C)KJ{MaeMOCTH, rronyqeHHhiX no 

pe3yJThTaTaM CTaTH'IeCKOfO 30H.IJ:HpOBaHHH, BO MHO

fOM 3aBHCHT OT TO~IHOCTH 3MnHpWieCKOro K03cPcPH

UHeHTa a (19) nepexo.ua or conpoTHBJieHHH fPYHTa 

nOrp)')l(eHHIO KOH)'Ca K MO.IJ:YJIIO .IJ:e<;PopMaQHH . 

5. 3aKJIIO'IeHHe 

CKOpOCTh nporeKaHHH OCa.IJ:KH OCHOBaHHH 3.IJ:a

HHH BO BpeMeHH BJIHHeT Ha pa3BHTHe ero HepaBHo

MepHbiX OCa.IJ:OK. 3KcnepHMeHTaJibHble H reoperH

<reCKHe HCCJie.IJ:OBaHHH nOKa3biBaiOT, 'ITO npH O.IJ:HHa

KOBOH Harpy3Ke 6biCTpee BO BpeMeHH npoTeKaiOT 

oca.uKH rp)'Hra HapYIIIeHHoil CTPYKTYPhi no cpaBHe

HHIO c fPYHTOM HeHapyrneHHOll CTPYKTYPhi. no 

3TOH npWIHHe npH HapaCTaHHH Harpy3KH Ha OCHO

BaHHe, CJIO)I(eHHoe H3 rpyHTa HapYIIIeHHOll H HeHa

pyrneHHOll CTP)'KTyphi, MO)I(eT HaCryiiHTh MOMeHT, 



KOr~a OTHOCHTenbHaH pa3HOCTh OC~OK CTaHeT 

60Jihiiie ~orrycTHMOH H B KOHCTPYJ<UHHX 3~aHH.SI 

n0$1B.SITC.SI TpeiUHHhi. 

,QJrn npOrH03HpOBaHH.SI B03MO)I{HhlX HepaBHo

MepHhiX OC~OK H CKOpOCTH 11X npoTeKaHH.SI BO Bpe

MeHI1 MO)I{HO HCnOJih30BaTh KOMnpeCCHOHHhle 3aBH

CI1MOCTH K03cPcPHU11eHTa nopi1CTOCTI1 OT Harpy3KH. 

I1pi1HI1Ma.SI, 'ITO rJII1HI1CThiH rpyuT HapyrneHHOH 

CTPYKTYPhl Tep.SieT CTPYKTYPHYIO npo'IHOCTh, no 

KOMnpeCCHOHHOH Kp11BOH ecTeCTBeHHOro rpyuTa B 

nonyJiorap11cPMH'IeCKOH CHCTeMe KOOp~HHaT MO)I{HO 

onpe~eJII1Th ~aHHhie ~JI.SI npi16JIH311TeJihHOro pac<JeTa 

oc~ BO BpeMeHH rpyuTa uapyrneuuo:fi CTPYKTYPhi. 

Heo~I1HaKOBa.SI cKopocTh cPHJihTpau11oHHo:fi Kouco

JI~aul111 rJIHHHCToro rpyuTa uapyrneuuo:fi CTPYKTY

phr pa3HOH TOJIIUHHhi B npe~eJiax ITJiaHa 3~aHH.SI 

TaiOKe MOXeT npi1BeCTH K HepaBHOMepHhiM OC~KaM 

3~aHI15I 11 no.SIBJieHHIO Tperu11u B KOHCTPYKUIDIX 

3~aHI15I eme BO BpeM5I CTp011TeJihCTBa. 

,LlaHHhle C)KHMaeMOCTI1 rpyHTa, He06XO~HMhie 

~ pac•reTa CKOpOCTH OC~KH cPHJihTpaUHOHHOH 

KOHCOJI~aUHH, MO)I{HO nOJIY'II1Th KOCBeHHhiM 

cnoco6oM no pe3yJihTaTaM 11CCJie~oBaHH5I rpyuTa 

CTaTWieCKHM 30M11POBaHHeM. 
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SUARDITOS IR NESUARDITOS STRUKTUROS 
MOLINIO GRUNTO KONSOLIDACUA IR PASTATI,J 
PAGRINDl) NEVIENODI NUOSEDZIAI 

A. Alikonis 

Santrauka 

Del pastatq pagrindq nevienodq nuosedziq pastato 
konstrukcijose atsiranda plysiq. TaCiau pasitaiko, kad plysiai 
pastato konstrukcijose atsiranda del nevienodq nuosedziq 
greiCiq. Didziausi nuosedziq greiCiai biina vykstant pagrindo 
grunto filtracinei konsolidacijai. Jie ir turetq biiti pirmiausia 
jvertinti apskaiciuojant galimus nevienodus pastato atskirq 
daliq nuosedzius. 

Eksperimentiniai ir teoriniai tyrimai rodo, kad pastato 
pagrindo is suardytos sandaros molinio grunto nuosed:Ziq 
greitis yra didesnis uz pagrindo is nesuardytos sandaros 
grunto. Nuosedziq greiciai suardytos sandaros grunte yra 
didesni todel, kad struktiiriniai ry5iai nesipriesina apkrovai, 
atsiranda porinis slegis ir prasideda gruntq filtracine 
konsolidacija. Nesuardytos struktiiros moliniuose gruntuose 
filtracine konsolidacija prasideda po to, kai jtempimai 
grunte suardo struktiirinius ry5ius, t. y. kai apkrova i grunt'! 
virsija jo struktiirini stiprum'l. Struktiiriniai rysiai suyra 
pamazu, todel del filtracines konsolidacijos atsirandantys 
pagrindo nuosed:Ziai turi maZ<l greitj. 

Jeigu pastato plano ribose yra suardytos struktiiros 
molinis gruntas, nors ir sutankintas iki natiiralaus to paties 
grunto tankumo, del skirtingq nuosed:Ziq greiciq, kaip rodo 
tyrimai, gali pasitaikyti neleistinas santykinis nuosedziq 
skirtumas. 

Suardytos struktiiros molinio grunto filtracines konso
lidacijos nuosedziq greiciui prognozuoti reikalingus rodik
lius galima apskaiciuoti pagal nesuardytos struktiiros to 
paties grunto kompresinC( kreiVC( pusiaulogaritminiu maste-



liu. Tai daroma laikant, kad suardytos sandaros molinis 
gruntas yra be struktiiriniq rysiq tarp atskirq daleliq. 

Kaip rodo atlikti tyrimai, mineta metodika gali biiti 
taikoma apytiksliam pastatq pagrindq filtracines konsoli
dacijos nuosedziq prognozavimui. 

CONSOLIDATION OF DISTURBED AND 
UNDISTURBED CLAY AND DIFFERENTIAL 
SE'ITLEMENT OF BUILDINGS 

A. Alikonis 

Summary 

Differential settlement of foundations stimulates the 
development of cracks in structures. However different rate 
of settlements could be the reason of cracks. The highest 
rate of settlement takes place during the consolidation 
period. Theoretical calculations and experimental data 
showed that rate of settlement of disturbed soil is higher in 
comparison with undisturbed soil. During the loading of 
undisturbed soil with structural links displacement of 
particles and pore pressure dissipation are slower. Pore 
pressure dissipation begins only after the structural links are 
broken, ie after the additional stress becomes higher than 
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preconsolidation pressure. The process of disintegration of 
structural links is slow, therefore the rate of consolidation 
settlement is also slow. If there are zones of disturbed clay 
within the layout of building, differential settlement of 
building can occur. Parameters which are necessary for 
estimation of the primary consolidation rate of disturbed 
soil could be calculated using compression curve of the 
same soil drawn in the semi-logarithmic scale. According to 
the results of investigations the method described above 
could be used to predict the rate of primary consolidation of 
foundations. 
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