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Geotechnika 

OU:EHKA BJIIDIHIDI rJIIIHHCTOrO rPYHTA HAPYIIIEHHOH CTPYKTYPLI DPH 
OllPE~JIEHHII K03CI>CI>HIJ:HEHTA )I(ECTKOCTH HEO,LUIOPO,li;HOrO OCHOBAHIDI 

A.AnHKOHHC 

l. Boe.z.enue 

fpyiiT Hapymenno:H npHpOJUIOH CTpyKTyphl B 

OCHOBaHIDIX 3.U:aHHH H coopyxeHH:H BCTpeqaeTC51 

npH CTpoHTeJibCTBe Ha HaCbiiiHhiX rp}'HTax HJIH npH 

yiiJIOTHeHHH rpyHTOB ecTeCTBeHHOI'O CJIO)I{eHH51 H B 

.n;pyrnx }'CJIOBHIDC. 

HapymeHHe npHpoJUIOH CTPYK'fYPhl BJIH51eT Ha 

npo'IHocTb CTPYKTYPHhiX cB513e:H Mex.u:y or.n;eJibHhiMH 

lJaCTHUaMH rp}'HTa, IIJIOTHOCTh, nopHCTOCTh, npoq

HOCTHble H .n;e<!JopMauHOHHble xapaKTepHCTHKH. 

YIIJioTHeHHe nec'laHhiX H rpaBeJIHcThiX rp}'HTOB 

npHBO.u;HT K nOBbiiiieHHIO IIJIOTHOCTH, }'BeJIH'IeHHIO 

3HalJeHHH yrJia BHyrpeHHero TpeHH51 H MO.li:YJI51 

.u:e<!JopMauH:H, HHor.u;a .u:o 3Ha'leHH:H, npeBhiiiiaiOIUHX 

npHpo.u;Hhle. flo3TOM}' yiiJIOTHelllible neC'IaHble H 

ecrecTBennoro rp}'HTa [3, 4], pa3HOit TOJIIIlHHhl 

HaChlnHOfO fJIHHHCTOfO rp}'HTa B OCHOBaHHH H 

CBOHCTB fP}'HTOB, JaJiefaiOIUHX HH)I{e HaChiiiHOfO 

rp}'HTa, H H3MeHeHH51 HX CBOHCTB npH }'IIJIOTHeHHH 

Jie)l{amero Ha HeM HachiiiHoro rp}'HTa. 

flpH pacqere KOHcrp}'KUHH J.U:aHHit H coopy

)l{eHH:H Ha HepaBHOMepHO C)I{HMaeMOM OCHOBaHHH 

onpe.n;eJI51eTC51 creneHb H3MeH'IHBOCTH C)I{HMaeMOCTH 

OCHOBaHH51, a B KalJeCTBe pacqeTHOH MO.U:eJIH OCHO

BaHH51 npHHHMaeTC51 MO.U:eJib nepeMeHHOfO Ko3<IJ<IJH

UHeHTa )l{eCTKOCTH [5, 6, 7, 8]. 

2. OuenKa uepaouoMepnoii C3i:HMaeMOCTH ocuooannH 

HepaBHOMepHOCTh C)I{HMaeMoCTH ocHoBaHH51 

OUeHHBaeTC51 K03<IJ<IJHUHeHTOM H3MeH'IHBOCTH C)I{H-

rpaBeJIHCTble rpymhl, HeCMOTp51 Ha HapymeHHe MaeMOCTH 

npHpo)UIOH CTp}'KT}'phl, MaJIO OTJIH'IaiOTC51 OT TaKHX 

rp}'HTOB eCTeCTBeHHOfO CJIO)I{eHH51. 

YIIJioTHeHHe rJIHHHCThiX HaChiiiHhiX H rp}'HTOB 

ecrecraennoro CJIO)I{eHH51 yxy.u;IIIaeT npo'IHOCTHhle H 

.u;e<IJopMauHOHHhle xapaKTepHCTHKH no cpaBHeHHIO c 

HX 3HalJeHH51MH B npHpo)UIOM 3aJieraHHH. 3TO npo

HCXO.u;HT nOTOM}', 'ITO npH HapymeHHH npHpO)UIOH 

crp}'KT}'Phl rJIHHHcroro rpyma }'MeHblnaerc51 KaK 

UeMeHTauHOHHOe, TaK H MOJieK}'JI51pHOe cuenJieHHe. 

MoneK}'JI51pHoe cuenneHHe aoccTaHaBJIHBaerc51 3a 

C'leT MOJieK}'JI51pHOfO B3aHMO,lleHCTBH51 BJiarH C qac

THUaMH rp}'HTa [1], a ueMeHTauHonnoe cueiiJieHHe 

He BOCCTaHaBJIHBaeTC51. C }'MeHbiiieHHeM CUeiiJieHH51 

npOHCXO.u;HT }'MeHbiiieHHe MO.li:YJI51 .n;e<!JopMauHH rJIH

HHCTOfO rpyHTa npH HapymeHHH ero CTp}'KT}'phl (2]. 

HepaBHOMepHa51 C)I{HMaeMOCTh ocHoBaHH:H, 

cno:x<:elllihiX H3 ecrecTBeHHbiX H HachlnHhiX rJIH

HHCThiX rp}'HTOB B npe.n;eJiax nJiaHa 3.U:aHH51, 3aBHCHT 

OT pa3HOH C)I{HMaeMOCTH ecTeCTBeHHOfO H Hacbln

HOfO rp}'HTa, XOT51 H yiiJIOTHeHHOfO .U:O IIJIOTHOCTH 

(1) 

r.u:e EMaxc - HaH60Jibiiiee 3Ha'leHHe MO.li:YJI51 .u;e<!Jop

MauHH rp}'HTa ocHoBaHH51 B npe.u;enax IIJiaHa 

3.U:aHH5I; EMHH - HaHMeHbiiiee 3HalJeHHe MOeyAA 

.n;e<!JopMauHH rp}'HTa OCHOBaHH51 B npe,llCJiax IIJiaHa 

3.U:aHH51. 

Cpe)UIH:H MO.li:YJib ,lle<!JopMauHH OCHOBaHH51 

onpe.n;eJI51eTC51 no <!JopM}'Jie: 

EM = O,S(EMaxc + EMHH} (2) 

r~e EMaxc H EMJtJJI -TO xe, 'ITO H B <!JopM}'Jie (1). 

3Ha'leHH51 EMaxc H EMHH onpe.n;eJI5110TcH no 

pe3}'JibTaTaM KOMIIpeCCHOlllihiX HCIIhiTaHHH B Jia6o

paTOpHhiX }'CJIOBHIDC. flpH HCIIhiTaHH51X B na6opa

TOpHhiX }'CJIOBHIDC He OUeHHBaiOTCH <!JaKTOphl, 

BJIH5110IUHe Ha C:x<:HMaeMOCTh BCeA TOJIIUHHhl rp}'HTa, 

II03TOM}' TOlJHee 3HalJeHH51 C)I{HMaeMOCTH onpe.n;eJI51-

IOTCH HCnhiTaHHeM IIITaMIIaMH HJIH 30H,llHpOBaHHeM 

B IIOJieBhiX }'CJIOBHIDC. 
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Puc. 1. Heo.l(Hopo.znme OCHOBaHHe: a - reoJiofHtlecKHit 
pll3pe3; 1 - r.JIHHHCThiA rp}'HT HapymeHHoH: C'fPYKTYPhl; 2 -
ecrecTBeHHhlH: r.JIHHHcThm rp}'HT; 6 - oca;:J;KH nosepXHoCTH 
OCHOBiliiiDI; 8 - 3UIOpa K03cjJcjJHUHeHTa XeCTKOCTH 

Fig 1. Heterogeneous subsoil: a - geological cut; 1 - clay 
with disturbed structure; 2 - clay with natural structure; b -
settlement of the top level of the subsoil; c - curve diagram 
of the modulus of stiffness 

fJIHIDICThlH fpYJIT HapymeHHOH CTpYKTYPhl B 

BH,Ue HaChliJHOfO rpYJITa B OCHOBa.HIDIX MO:lKeT 6b1Tb 

B O.u;HOH H3 CTOpOH (pHC. 1), HJlll B o6eHX CTOpOHax, 

HJlll rrocepe;urne ocHOBamrn 3.n;amrn. Or Mecra 

Haxox.n:emrn HaCbiiiHOfO f.JlliiDICTOfO fPYHTa C 

MeHbiiiHM 3Ha1J:eiDieM MO.LJY.IDI .n:e<t>opMaiUIH B IUiaHe 

3.n;amrn 3aBHCHT xaprucrep .n:e<PopMHpoBamm KOHc

rpYKJll'lli 3.D:aHIDI. 

IlpH 60.JlbiiiOH TOJIIIUrne JillH3hl HaChliiHOfO 

rpYJITa rrpH rrpoeKTHpOBaHHH 3.n;aHH:H H coopyxeHH:H 

C yqeTOM HX .D:JIHTe.JlbHOH 3KCIIJIYaTaiJ,HH H3MeHtiH

BOCTh OCHOBaHHH peKOMeH.n:yeTCH [5] OIJ;eiDIBaTh B 

3aBHCHMOCTH OT C06CTBeHHOfO Beca, BJIHHIDIH BH6-

PaiJ.HH or pa6orarorn:ero reXHoJiorHqecKoro o6opy

.n:oBaHIDI, ropo.n:cKoro H rrpoMhllliJieHHoro TpaHcrrop

ra, H3MeHeHIDI ypoBIDI fPYJITOBhlX BO.D:, HepaBHo

MepHOro yru10memrn rro.n:crHJiaiOrn:HX rpYJITOB H 

H3MeHeHIDI TOJIIIUllihl HaCbiiiHOfO fPYHTa. 

Ko3<P<l>Hn;HeHT H3MeHtiHBOCTH C:lKHMaeMOCTH 

HaChliiHhlX rpYJITOB rrpe.n:craBJUier co6o:H He TO.JlbKO 

COOTHOIIIeiDie MaKCHMa.JlbHhlX H MHIDIMa.JlbHhlX 3Ha

qeHH:H MO.LJYJieH .n:e<PopMaiJ,HH (1), HO H COOTHOIIIe

HHe MaKCHMa.JlbHhlX H MHIDIMa.JlbHbiX 3Ha1J:eHHH 

.lJ:PyrHX XaprucrepHCTHK C:lKHMaeMOCTH: 

a= mOMaKc I moMHH = mVMaKC I mVMHH, (3) 

r.n;e mOMaKC - MaKCHMa.JlbHOe 3Ha1J:eHHe K03Cl>$HD;H

eHTa C:lKHMaeMOCTH rpYJITa OCHOBaHIDI B npe.n;eJiax 

IUiaHa 3.n;amrn; m 0MHH - MHHHMa.JlbHoe 3Ha1J:eHHe 

K03<l><PHD;HeHTa C:lKHMaeMOCTH rpYJITa OCHOBaHIDI B 

rrpe.n:eJiax IUiaHa 3.D:aHIDI; mVMaKc - MaKCHMa.JlbHoe 

3Ha1J:eHHe OTHOCHTe.JlbHOfO C:lKaTIDI rpYJITa OCHOBa-

HIDI B rrpe.n:eJiax IUiaHa 3.n;amrn; mVMHH 

MHHHMa.JlbHOe 3Ha1J:eHHe OTHOCHTe.JlbHOfO C:lKaTIDI 

rpYJITa OCHOBaHIDI B npe.n;eJiax IUiaHa 3.lJ:aHIDI. 

,lJ,orrycKaercH onpe.n;e.JUITh Ko3<P<t>HD;HeHThl 

H3MeH1J:HBOCTH C:lKHMaeMOCTH OCHOBaHIDI no K03<P

<l>Hn;HeHTaM C:lKHMaeMOCTH mo H OTHOCHTe.JlbHI>IM 

cxaTHHM m v, noJiyqeHHhlM B Jia6oparopHhlX ycJio

BHHX, TO.JlbKO .n:JUI O.u;HOpo.u;HhlX no COCTaBy HaChlll

HhlX rpYJITOB [5]. 

,lJ,OCTOBepHhle 3Ha1J:eHIDI <l>H3HKO-MeXaHH1J:eCKHX 

xaprucrepHCTHK rJIHHHcroro rpyHTa HapymeHHo:H H 

HeHapymeHHo:H crpYKTYPhl B Kaqecrne ocHosaHHH 

3.lJ:aHHH H coopyxeHH:H MOryT 6b1Th noJiyqeHhl 

TO.JlbKO Ha OCHOBe .n;eTa.JlbHhlX HCCJie.n;oBaHHA 3THX 

rpYJITOB Ha MeCTe CTpOHTe.JlbCTBa. 

CocraB HHXeHepHo-reoJiorHqecKHX H3hlcKa

Te.JlbcKHX pa6or .n:JUI onpe.n:enemrn oco6eHHocre:H H 

xaprucrepHCTHK fJIHHHCTOfO rpyHTa HapymeHHOH H 

HeHapymeHHOH CTpYKTYPhl B npe.n;eJiax O.u;HO:H 

CTpOHTe.JlbHOH IUIOIIJ:a.n;KH ycraHaBJIHBaeTCH C y<IeTOM 

CTeiieHH H3y<IeHHOCTH CTpoHTC.JlbHO:ti IUIOIIJ:a.n;KH, 

KOHCTpYKIJ;HH npoeKTHpyeMOfO 3.D:aHIDI, MeCTHOfO 

orrma CTpOHTe.JlbCTBa H HaH6onee BepoHT.rnhlX 

BapHaHTOB OCHOBaHHA H <l>YH.lJ:aMCHTOB .n:JUI 

rrpoeKTHpyeMbiX 3.D:aHHH [9]. 

HaH6oJiee y.n:o6HI>IM Mero.n:oM HccJie.n;oBaHIDI 

<l>H3HKO-MCXaHH1J:eCKHX CBO:tiCTB fJIHHHCTOfO rpYJITa 

HapymeHHOH H HeHapymeHHOH CTpYKTYPhl B ycJio-

BHHX CCTCCTBeHHOfO 3aJICfaHIDI rpyHTa HBJUieTCH 

craTH'IJ:ecKoe 30H.D:HpoBaHHe. 3oH.D:HpoBaHHe HBJUier

cH KOCBeHHbiM MeTO.lJ:OM OIIpe.n;eJieHIUI IIJIOTHOCTH H 

cXHMaeMOCTH rpYJITOB. HarrpHMep, MO.LJY.IIb .n:e<Pop

Man;HH ryroiiJiacTH"'HhhX 03epHo-ne.u;HHKOBbiX rmrn 

nHTBhl 110 .ll:aHHbiM CTaTH'IJ:eCKOfO 30H.D:HpoBaHIDI 

[10, ll, 12] MO:lKHO llpHHHMaTh 

(4) 

r.n:e q c - corrpoTHBJieHHe rpyHTa KOHYCY 30Jma . 

3aBHCHMOCTh MO.LJY.IDI .n;e<l>opMan;HH OT COIIpo

THBJICHIDI rpYJITa KOHYCY 30Jma rrpH craTH'IJ:eCKOM 

30H.n;HpoBaHHH (4) IIOKa3biBaeT, 'ITO .n:JUI O.u;HOpo.n;-
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HbiX rp)'HTOB K03li>li>HD;HeHT H3MeHtrnBOCTII C:xrn:Mae

MOCTH MOlKHO Ollpe,UeJISITh 110 pe3y.JibTaTaM CTarn

lJeCKOfO 30H,UHpoBaHIDI: 

(5) 

f)l;e qCMaKC- MaKCHMa.JlbHOe 3Ha1JeHHe COIIpoTHB

JieHIDI rpYJITa KOHYCY 30H,Ua; q cMHH -- MHHHMa.JlbHoe 

3Ha1JeHHe collpOTHBJieHH51 rpYHTa KOHYCY 30H,Ua. 

Ko3.Pil>Hn;HeHT H3MeHtrnsocrn c:xrn:MaeMOCTH 

CJIY:xrn:T ,UJI5I pa3,UeJieHH51 OCHOBaHHH B 3aBHCHMOCTII 

oT 3Ha1JeHHit a [13] Ha cJie.uyroiUHe: 1 - llpaKTH

qecKH o,UHopO,UHbie (a :;:;1,5); 2 - HeoJJ:Hopo,l(Hl>le 

(1,5< a :;:;2,5); 3- KpaiiHe HeOJJ:HOpoJJ:Hhle (a >2,5). 

Pa3,UeJieHHe OCHOBaHHH B 3aBHCHMOCTH OT 

K03li>li>HUHeHTa H3MeHtrnBOCTH C:xrn:MaeMOCTII HMeeT 

3Ha1JeHHe IIPH paclJeTe KOHCTPYKIUIH 3,UaHHH H 

coopyxeHHH. 

3. 0QeHICa CTpytcrypHOH npO'IHOCTH rJIHHHCTOfO 

rpyuTa npu onpe.ueJieHHH K03tjlcjmnueuTa 

IlpH paclJeTe KOHCTpYKD;HH 3,UaHHH Ha HepaB

HOMepHbie OCa,UKH B KalJeCTBe paclJeTHOH MO,UeJIH 

OCHOBaHH51 llpHHHMaeTC51 MO,Ue.Jlb rrepeMeHHOfO 

KO~Ii>HilHeHTa xeCTKOCTH [5), MeXaHH'IeCKHe CBOH

CTBa KOTOpoH XapaKTepH3yroTC51 cpe,UHHM K03li>li>H

D;HeHTOM xeCTKOCTH OCHOBaHH51 C, OIIpe,UeAAeMbiM 

110 O)J{H,UaeMbiM ,UecpopMaD;H5IM OCHOBaHH51: 

(6) 

r.ue p - cpeJJ:H5I51 pac1JeTHa51 paBHOMepHo pacllpe

JJ:eJieHHa51 Harpy3Ka Ha OCHOBaHHe OT 1 M ,UJIHHhl 

3,UaHH5I; S m - CpeJJ:H5I51 OCaJ];Ka 3,UaHH51. 

Ko3cp.PHn;HeHT xecTKocrn B i-ii TO'IKe rro.u 

IIO,UOIIIBOH cpyH,UaMeHTa Ollpe,UeJI5IeTC51 110 li>opMyJie: 

(7) 

r.ue p - cpe,UHee paBHOMepHo pacllpe,UeJieHHoe 

,UaBJieHHe IIO,U IIO,UOIIIBOH li>YHJI:aMeHTa; S i - OCaJ];Ka 

OCHOBaHH51 B j-i{ TO'IKe (pHC. 1). 

H3 cTpOHTe.JibHOH llpaKTHKH H3BeCTHhl CJIYlfaH, 

KOf,Ua lJaCTb OCHOBaHH51 3J];aHH51 CJIOXeHa fJIHHHC

ThiM rp)'HTOM ecTeCTBeHHOro CJIOXeHIDI, a ,Upyrag 

lJaCTh- rp)'HTOM HapyrneHHOH CTpyKTyPhl (pHC. 1). 

KaK 11paBHJIO, HaCbiiiHOH rpYJIT, T. e. rpYJIT c 

HapyrneHHOH CTPYKTYPOH, yiiJIOTH5IeTcH. ,[(ecpopMa

D;HOHHhle xapaKTepHcTHKH ynJioTHeHHoro rp)'HTa, 

KaK yxe OTMelJaJIOCb, HMeiOT MeHbiiiHe 3Ha1JeHIDI. 

,[(onycTHM, lJTO HaCbiiiHOH fJIHHHCTbiH rp)'HT ynJIOT

HeH .uo IIJIOTHOCTII eCTeCTBeHHoro fPYHTa. AHaJIH3 

KOMIIpeCCHOHHOH C:xrn:MaeMOCTII fJIHHHCTOro fPYHTa 

HapyrneHHOH H HeHapyrneHHOH CTpyKTyPbi IIOKa3bi

BaeT, lJTo llpH HecymecTBeHHbiX .uorrymeHH5IX Mox

Ho Ollpe,UeJIHTb IIOKa3aTeJIH C:xrn:MaeMOCTII rpYJITa 

HapyrneHHOH CTpyKTyPbi 110 KOMIIpeCCHOHHOH KpH

BOH TOro xe rp)'HTa eCTeCTBeHHOro CJIOXeHIDI (14, 

15]. IlpHHHMaeM, lJTO HaCbiiiHOH fJIHHHCTbiH rp)'HT 

llpH yiiJIOTHeHHH Tep5IeT CTpYKTYPHyro llpolJHOCTh, a 

IIJIOTHOCTh paBHa IIJIOTHOCTH eCTeCTBeHHOro rpYJITa 

(2 pHC.). 

0 lg (J CTp lg O"t lg 0"0,4 lg (J 

Puc. 2. KoMIIpeccnoHHa51 KpHBag rmumcToro rpYJIDl, 
o6mmarorn:ero CTpYJ<TYPHOil npolJHOCThiO B noJIYJiorapn~
MH'lecKoil CHCTeMe KOOp,nHHaT: 1 - ecrecrneHHI>IA rp)'HT; 
2, 3, 4 - TOT xe rp)'HT HapymeHHoil CTpYJ<TYPhi (nepeMHr) 

Fig 2. Compression curves of structurally rigid clay soils: 1 -
natural soils; 2, 3, 4 - soils of destructed structure 

O,UHaKo HeJib351 yrnepx.uaTh, 'ITO npH yiiJioT

HeHHH fJIHHHCTOro rp)'HTa IIOJIHOCThiO HC1Je3aiOT 

CTPyKTyPHble CB513H Me)J{,Uy lJacrnu;aMH rpYJITa. 

qaCTb CTpyKTyPHbiX CB513eH OCTaeTC51, lJaCTh BOCCTa

HaBJIHBaeTC51, OJJ:HaKO COCTaBAAeT JIHIIIb He60.Jibiiiyro 

JJ:OJIIO OT nepBH'IHOH CTPyKTyPHo:A: llpolJHOCTII. 

IlpH KOMIIpeCCHOHHOM C)J{aTHH fJIHHHCTOro 

rp)'HTa HapyrneHHOH CTpyKTyPhl Ha Ha'la.JlbHOM 

yqaCTKe KOMIIpeCCHOHHOH KpHBOH B IIOJIYJIOrapHcp

MH'IeCKOH CHCTeMe KOOp,UHHaT II05IBJI5IeTC51 He6o.JII,

IIIOH ropH30HTa.JlbHblii yqaCToK AB (pHc. 2). ITo 

cpaBHeHHIO co 3Ha'leHHeM CTPyKTyPHOH 11po1JHOCTII 
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fJIHHHCTOro rpy:HTa ecTeCTBeHHOro CJIO:>KeHHH OCTilB

IIIaHCH CTp)'KTYpHaH IIpo1JHOCTh COCTaBJIHeT BeCI>Ma 

He60JIDIII)IIO ,ll;OJIIO [16) OT HaqaJIDHOH IIpo1JHOCTH. 

)Vm 3anaca MO:>KHO IIpMIDI'I'l> CaMOe MHHHMaJIDHOe 

HJIH paBHoe HYJIIO 3HaqeHHe CTp)lKTYpHOH rrpo1JHoc

rn fJIHHHCTOfO rpy:HTa HapynieHHOfO CJIO:>KeHHH. 

YIIJIOTHeHHe ecTeCTBennoro rJIHHHcToro rpy:HTa 

UpoHCXO.n;HT IIOCJie pa3pynieHHH CTp)lKTYp:m.IX CBH-

3eH (pHC. 2, 1 KpHBaH). J1Haqe Be.n;eT ce6H rpy:HT 

HapynieHHOH CTp)'KTYpbi: OH .n;e«}>opMHpyeTCH npaK

rnqecKH C MOMeHTa Haqana IIpHJIO:>KeHHH nepBOH 

CTYfieHH Harpy3KH (puc. 2, JIHHHH 3). TaKHM 

o6pa30M, f.JlliHHCThiH rpy:HT HeHapynieHHOH H Hapy

IIIeHHOM CTp)lKTYphl ynJIOTHHeTCH no-pa3HOMY, HO 

Teope~eCKH, B KOHe1JHOM pe3yJIDTaTe, UpH 6oJID

IIIOM .n:aBJieHHH .n:ocrnraeTcH B o6oHX cnyqaHX o.f(H

HaKOBoe YIIJIOTHeHHe, Kor.n:a e =0. YlccJie.D:OBaHHH 

rpy:HTOB HeHapynieHHOH H HapynieHHOH CTp)'KTYphl 

UOKa3hlBaiOT, UO KOMIIpeCCHOHHhle KpHBhle TaKHX 

rpYHTOB B IIOJIYJIOrapH«}>M~eCKOM CHCTeMe KOOp.f(H

HaT COUpHKaCaiOTCH O.f(Ha C .f(pyro:H UpH 0,4e0 [16) 

HJIH IIpH eMHH (17) H .f(aJIDHeHIIIee YIIJIOTHeHHe 

rpy:HTa npoTeKaeT npaKTuqecKH O.f(HHaKoBo. 

IlpH O.f(HHaKOBOM .f(aBJieHHH fJIHHHCTMH fPYHT 

HeHapynieHHoro H HapynieHHoro cJio:>KeHHH 6y.n:eT 

HMeTb pa3Hhle 3HaqeHHH IIOKa3aTeJieH C:>KHMae

MOCTH, HaiipHMep, BeJIH~ OTHOCHTeJIDHOH c:>KH

MaeMOCTH, K03«}>«}>~~qHeHThl KOMIIpeCCHH, MO.f(yJIH 

.n:e«}>opMaJUIH. 

Ko3«}>«}>HnHeHT KOMIIpeCCHH rpy:HTa HeHapy

IIIeHHoro CJIO:>KeHHH Cc KaK IIOCTOHHHaH BeJIHqHHa 

orrpe.n:eJIHeTcH no rrpHMOMY yqacTKY KOMIIpeccuow 

HOM KpHBOH B IIOJIYJIOrapH«}>MHqecKOH CHCTeMe 

KOOp.f(HHaT (pHC. 2): 

C - e; -ei+I 
c-

lgcri+l -lgcr; 
(8) 

Ko3«}>«}>~~qHeHT KOMUpeCCHH rpy:HTa HapynieH

HOH CTPYKTYPM onpe.n;eJIHeTcH no 3aBHCHMocrn 

K03«}>«}>~~qHeHTa UOpHCTOCTH OT JiorapH«}>Ma .f(aBJie

HHH (pHC. 2, JIHHHH 3): 

eo -eo4 C'- , 
c- lgcro,4 , (9) 

f.f(e eo - HaqaJIDHhl:H K03«}>«}>HqHeHT IIOpHCTOCTH 

rpy:HTa HapynieHHOH CTp)'KTYphl; eo,4 - K03«}>«}>H

QHeHT nopHCTOCTH, COOTBeTCTBYJOmHH e0 x0,4; 
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fg CJ o,4 - JiorapH«}>M .n;aBJieHHH, COOTBeTCTBYJOmHH 

K03«}>«}>HnHemy nopHCTOCTH e0,4 . 

Ko3«}>«}>~~qHeHT KOMnpeccHH C c HeHapymeH-

Horo rpy:HTa TaK:>Ke MO:>KHO HaHrn H3 Bhlpa:>KeHHH: 

eo -eo4 c- , c-
lg (1 0,4 - lg (1 CTp 

(10) 

r.n:e e0 - HaqaJIDHhl:H K03«P«l>HnHeHT nopucrocrn; 

e0,4 - K03«P«l>HnHeHT nopHCTOCTH, COOTBeTCTBYJO

IUHH TOqKe conpHKOCHOBeHHH KOMIIpeCCHOH:m.IX 

KpHBhlX HeHapynieHHoro H Hapymennoro cJioxeHHH 

B nonyJiorapH«}>M~eCKOH CHCTeMe KOOp.n;HHaT, 

e0,4=e0 x0,4; lgcr0,4 JiorapH«}>M .n;aBJieHHH, 

COOTBeTCTBYJOIUero K03«P«l>HnHemy nopHCTOCTH 

eo,4 ; lg 0" crp - JIOrapH«}>M CTp)lKTYpHOH npo1JHOCTII 

rpy:HTa. 

CTp)'KTYpHaH npo1JHOCTh rpy:HTa onpe.n:eJIHeTCH 

no MeTo.D:HKe, npe.f(JlaraeMo:H B JIHTepazype [18]. 

CpaBHHBaH 3aBHCHMocrn (8) H (10), nonyqaeM 

«}>opMYJIY .n;JIH pacqeTa lg cr o,4 : 

e; - ei+l eo- eo,4 
--'--~-=--=--_.:.:..:.,___ 
}g (ji+l -Jg CJ j Jg 0"0,4 -Jg (j CTp , 

(11) 

(12) 

lgao,4 k - ei+I )=eo lgai+I -eo lga; - eo,4lgai+I + 

+ eo,4 lg cr i + e; Ig <i cTp - ei+I lg a cTp' 

lg a0,4 (e; - ei+l )= e0 (lg O"i+l -lg 0'; )-

- e0,4 (lgai+I -lg <i; )+ lga crp (e; - ei+I} 

lg <i 0,4 = l(lg <i i+l - lg <i Jeo - eo,4 )+ 
+ lg <i crp (e; - ei+d]t(e; - ei+l) 

(14) 

(16) 

Ilo.n:CTaBHB B BhlpaxeHHe (10) 3HaqeHHe Cc, 

Hail.n:ennoe no BhlpaxeHHIO (8), Mo:>KHo TaK:>Ke 

nonyqHTI> «l>oPMYJIY .n;JIH onpe.n:eJieHHH lga0,4 : 

Cc (Iga0,4 -lgO"crp )= e0 - e0,4 , (17) 



(18) 

Cc lg<Ycrp +eo -eo,4 
lg<ro,4 = c 

c 
(19) 

Tio.n:cTaBHB 3Ha'!eHHe lgcr0 4 B BbipruKeHHe (9), 
' 

IIO.rrytiHM K03<l><l>HUHeHT KOMIIpeCCHH fJIHHHCTOfO 

rpyHTa HapymeHHOit CTpYK'fYPbl. 

flo 3H8'leHIDIM K03<l><l>HUHeHTOB KOMIIpeCCHH 

ecTeCTBeHHOro fJIHHHCTOfO rpyHTa Cc H Hapy

rneHHoit CTpYK'fYPbl C ~ paCC'IHTbiBaeM K03<l><l>HIIH

eHT H3MeH'!HBOCTH C)l(HMaeMOCTH: 

cc a=z;-· 
c 

(20) 

.urnr pac'!eTa K03<l><l>HUHeHTa iKeCTKOCTH OCHO

BaHIDI H3 rpyHTa Hapymenno:H CTPYKTYPhl Heo6xo

miMO 3HaTb BeJIHlJHHY OCa,li;KH rpyHTa OCHOBaHIDI B 

paCCMaTpHBaeMOit TO'!Ke (pHC. 1, TO'!Ka 1) . .urnr 
3TOit UeJIH OIIpe,ll;eJI.SieTCSI OTHOCHTeJibHaSI OCa,li;Ka, 

T. e. oca,li;Ka emiHHI.lhl TOJIII.lHHhl rpyHTa HapymeH

Hoit CTpYK'fYpbl: 

C' 
S = H __ c -lg cr 1, 

1+e0 
(21) 

r.n:e S - oca,li;Ka cnoSI rpyHTa Hapymennoit CTpYK

zyphl; H - TOJIII.lHHa cJIOSI rpyHTa (rrpH pacqeTe 

OCa,li;KH npHHHMaeM H =1); C~ - K03<l><l>HIIHeHT 

KOMIIpeCCHH; e0 - Ha'laJibHblit K03<l><l>HUHeHT 

nopHcrocTH; lgcr1 - norapH<l>M .n:aBJieHIDI Ha rpyHT. 

fpyHT MOiKHO C'!HTaTb JIHHeHHO .n:e<l>opMHpye

MbiM TeJIOM, no3TOMY ,ll;llil pac'!eTa MOlzyllil .n:e<l>op

MauHH fJIHHHCTOfO I'pyHTa HapymeHHOit CTpYK'fYpbl 

onpe,ll;eJI.SieTCSI K03<l><l>HI.lHeHT OTHOCHTeJibHOit C)l(H

MaeMOCTH: 

(22) 

f,ll;e S i - OCa,li;Ka rpyHTa npH H3MeHeHHH ,ll;aBJieHIDI 

OT o .n:o cr i ; H - TOJIII.lHHa cJioSI rpyHTa 

(npHHHMaeTCSI paBHOit 1); C1 i - ,ll;aBJieHHe. 

Pe3yJibTaTbl pacqeTa Ko3<l><PHUHeHTa ornocw 

TeJibHOit CiKHMaeMOCTH m, no3BOJI.SIIOT onpe,ll;eJIHTb 

MO,ll;yJib .n:e<l>opMauHH no <l>OPMYJie: 

~ E0 =-, (23) 
mv 

r.n:e ~ - K03<l><l>HUHeHT, onpeneneiiHLiit no cPoPMYJie: 

2v 2 
~=1--, 

1-v 
(24) 

rne v - K03<l><l>HUHeHT 60KOBOro paCIIIHpeHIDI 

rpyHTa, npHHHMaeMblit ,li;JI.SI rJIHHbl paBHbiM 0,42. 

Ko3<l><l>HUHeHT ornocHTeJibHo:A CiKHMaeMoCTH 

fJIHHHCTOro rpyHTa HapymeHHoit CTpYK'fYPbl MOiKHO 

TaKiKe onpe,ll;eJIHTb, HCXO,li;SI H3 paC'!eTa K03<l><l>H

I.lHeHTa C)l(HMaeMOCTH: 

(25) 

(26) 

r.n:e e1 - Ko3<l><l>HUHeHT nopHCTOCTH rpyma npH 

,ll;aBJieHHH cr 1 ; C~ - K03<l><l>HUHeHT KOMIIpeCCHH; 

C1 I - ,ll;aBJieHHe Ha noBepXHOCTH rpyHTa. 

l13BeCTHo, 'ITO K03<l><l>HIIHeHT OTHOCHTeJibHOit 

cXHMaeMOCTH onpe.n:eJI.SieTcSI no Bblpaxe:mno: 

mo 
mv=--, 

l+e0 
(27) 

r.n:e m0 - K03<l><l>HUHeHT C)l(HMaeMocTH; eo -
Ha'laJibHhlH K03<l><l>HUHeHT nopHCTOCTH. 

flo,li;CTaBJISISI B Bblp!UKeHHe (27) 3Ha'leHHe 

K03<l><PHI.lHeHTa cXHMaeMOCTH (25), nonyqaeM 

(28) 

Ko3<l><l>HIIHeHT xecTKoCTH JIHHe:HHo ne<l>opMH

pyeMoro OCHOBaHIDI, B npe,ll;eJiax KOTOporo HMeiOTCSI 

rpyHTbl Hapymennoit H HeHapymenno:A CTpYK'fYPhl, 

npeMaraeTcSI onpeneJI.SITb [7] no crpoHTeJibHhlM 

HOpMaM H npaBHllaM (19]. B COOTBeTCTBHH CO 

CTpOHTeJibHbiMH HOpMaMH H npaBHJiaMH [19] npH 

onpe,ll;eJieHHH K03<l><l>HIIHeHTa iKeCTKOCTH OCa,li;Ky 

OCHOBaHIDI Tpe6yeTCSI onpe,ll;elliiTb MeTO,li;OM IIOCJIO:A

HOro CYMMHpoBaHIDI no <l>OPMYJie: 

n 

So=~L 
i=I 

cr zi hi --, 
Eoi 

(29) 

r.n:e n - '!Hello cnoeB, Ha KOTOpble pa3.n:eneHa 

CiKHMaeMaSI TOJIII.lHHa; hi - TOJIII.lHH8 i-ro CJIOSI 

rpyHTa; E Oi - MO,ll;yJib ne<PopMauHH rpyHTa i-ro 

cnoSI; cr zi - cpe,li;Hee ,ll;aBJieHHe B i-M cnoe rpyma. 
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TipH pacqeTe oca,zurn: ocHoBamm no <l>oPMYJie 

(29) 3HaqeHIDI MOJzy.IDI .ne«t>opMauHH onpe.ne.mnorcH 

no pe3y.llbTaTaM noJieBI:.IX HCIIblTaHHH fPYHTa 

IIITaMnaMH. B CJIY':Iae KOMnpecCHOlllihiX HCIIblTaHHH 

o6pa3UOB rpymoB 3HaqeHHe MOJzy.IDI .ne«t>opM8llHH 

onpe.neiDieTcH c yqeroM Ko34>4>H1UfeHTa nepexo.na or 

KOMIIpeCCHOHHOfO MOJzy.IDI K IIITaMITOBOM}' MOJzyJIIO. 

flo3TOM}' 3HaqeHHe MOJzyiDI .ne«t>opMauHH .1J;IDI 

rpyma ecrecrBeHHo:H crpytcryphl, no.JIY':IeHHoe no 

«t>opM}'Jie (23), npH pacqere oca,zurn: no Mero.zzy CYM

MHpoBaHIDI (29) )(OJDKHO YMHOxaThCH Ha KOppeK

THPYJOIUHH K034>4>H1UfeHT nepexo.na. Ko::~«t>«t>HUHeHT 

nepeXO)(a OT KOMIIpeCCHOHHI:.IX MOJzyJieH K IDTaMITO

BhiM .1J;.ID1 03epHo-Jie)(HHKOBhiX fJIHH JlHTBhi 3aBHCHT 

OT K034>4>HUHeHTa nopHCTOCTH. ,[(Jrn HHTepBaJia 

K034>4>Hll:HeHTa nopHCTOCTH e =0,601-0, 700 K03f}l-

4>Hll:HeHT nepexo.na paBeH 1,4, npH e=0,701-0,800 H 

e =0, 801-0,900 COOTBeTCTBeHHO K034><PHUHeHT 

nepexo.na paBeH 1,3 H 1,2 [20]. 

EBpone:Hcme HopMhi [21] npe.zzycMarpHBaiOT 

npoBepKY reoreXHHqecKHX CBOHCTB rpyma OCHO

BaHHH H BO BpeMH CTpOHTe.llbCTBa, T. e. nOCJie 

OTphiBKH KOTJIOBaHa. ~ onpe)(eJieHHH IIJIOTHOCTH 

HaChii1HOfO rpyHTa, KpoMe .ll;pymx MeTO.ll;OB, peKo

MeH,UOBaH Mero.n 30H)(HpOBaHIDI. Tio::~TOMY CBOHCTBa 

rpyma .1J;IDI onpe)(eJieHIDI pacqerHoro 3HaqeHIDI 

K03<P<PHll:HeHTa )l{eCTKOCTH OCHOBaHHH, CJIO)l{eHHOfO 

H3 fJIHHHCTOfO fPYHTa HapymeHHOfO H HeHapy

meHHOfO CJIOXeHHH )(OJI)l{Hhl npoBepHTbCH H B Hary

pa.llbHhiX ycnoBHHX 3aJieraHHH rpyma. 

3. 3aKJiroqeuue 

C)l{HMaeMOCTn rJIHHHcroro rpyma HapymeHHo:H 

CTpytcrypbi MO)l{HO OUeHHBaTh no KOMnpeCCHOHHOH 

KpHBOH TOfO )l{e fPYHTa ecrecTBeHHOfO CJIO)KeHHH. 

,[(Jrn 3TOH UeJIH HCnOJib3YeTCH KOMnpeCCHOHHaH 

KpHBaH ecrecTBeHHOro fJIHHHCTOfO fPYHTa B nony

JIOrapH«i>M~eCKOH CHCTeMe Koop)(HHaT. B ro:H )l{e 

CHCTeMe KOOp)(HHaT CTpoHTCH KOMnpecCHOHHaH 

KpHBaH fJIHHHCTOfO rpyma HapymeHHOH CTpytcryphi. 

,[(orrycKaeM, qro HaqaJibHhiH Ko::~<P<PHUHeHT nopHc

TOCTH rpyma HapymeHHOH crpytcryphl H3BecreH. OH 

MO)l{eT 6hiTh ycTaHOBJieH 011hiTHhiM ITyTeM B 38BH

CHMOCTH OT OIITHMa.llbHOH BJia)l{HOCTH yrrJIOTHeHHH 

H IIJIOTHOCTH cyxoro rpyHTa HJIH npeJzyCMOTpeH 

npoeKTOM. ,[(orrycKaeM, qro crpyKTYpHhle CBH3H 

H8Chii1HOfO fJIHHHCTOfO rpyma HapymeHhl, KOMII

peCCHOHHaH KpHBaH B nonyJiorapH«i>~eCKOA CHC

TeMe KOOp)(HHaT HMeeT BH.!J; npHMOH H conpH

KacaeTCH C KOMnpeCCHOHHOH KpHBOA: ecreCTBeHHOfO 

rpyma npH Ko::~<P<PHUHeHTe nopHCTOCTH e=0,4eo. 

Bo3MO)l{HOe co BpeMeHeM BoccraHoBJieHHe crpYK

rypHo:H npoquoCTH rpyma )(aCT 3arrac npoquocTH 

OCHOB8HHH npH 3KCITJIY8T8UHH 3)(aHHH, a B crpoH

Te.llbHhiH H nocnenocrpoe~ nepHO)(hl 6y.ner 

YMeHDmeHa BepoHTHOCTD HepaBHOMepHhiX )(e$op

M8JlHH. 
flo KOMnpeCCHOHHhiM KpHBhiM fJIHHHCTOfO 

rpyma HeHapymeHHOH H HapymeHHOH CTpytcryphi 

onpe.ne.mnorcH noKa3aTeJIH C)l{HMaeMoCTH, TaKHe, 

KaK K03<il<PHUHeHT KOMIIpeCCHH C c , K03<P«t>HUHeHT 

OTHOCHTeJIDHOH C)l{HM8eMOCTH mv H MOJzy.llb 

)(e<PopMauHH E . 3TH noKa3areJIH HcnoJib3yroTCH 

.!J;.IDI onpe.neJieHHH K034><ilHUHeHTa H3Meuql~BOCTH 

ocHoBaHHH, pacqera oca.zurn: 3)(aHHH B Mecrax c 

rpyHTOM HapymeHHOH H HeHapymeHHOA: crpytcryphl, 

onpe.neneHHH K034>4>HUHeHTa )l{eCTKOCTH OCHOBaHIDI 

H pacqera cpe.nuero 3HaqeRHH Ko::~<P«t>HUHeHTa 

)l{eCTKOCTH HeO.ll;HOpo)(HOfO OCHOBaHIDI. 

flpH yiiJIOTHeHHH OCHOBaHIDI H3 fJIHHHCTOfO 

rpyma HapymeHHOfO CJIO)l{eHHH 6y.nyr MeHHThCH 

CBOHCTBa no)(CTHJiaiOIUefO rpyma. ,[(e$opMaUHOH

Hhle CBOHCTBa nO.!J;CTHJI8IOIUefO rpyma MO)l{HO oue

HHBaTn no pe3y.llbTaTaM craTHqecKoro 30H)(Hpo

BaHHH. 

113JIO)l{eHHaH Mero.!J;HKa oueHKH .ne$opMaUHoH

HhiX CBOHCTB fJIHHHCTOfO rpyma HapymeHHo:A 

CTpyKTYphi no KOMIIpeCCHOHHOH KpHBOH eCTeCTBeH

HOfO CJIO)l{eHHH B nOJIYJIOrapH<P~eCKO:A: CHCTeMe 

KOOp)(HHaT n03BO.IDieT no 3a.ll;aHHO:A: IIJIOTHOCTH rJIH

HHCTOfO rpyHTa HapymeHHoit crpytcryphl B npe)(enax 

IIJiaHa 3.1J;aHHH onpe.ll;e.IDITh K03<il<PHUHeHT )l{eCTKOCTH 

HeO.ll;HOpo.ll;HOfO OCHOBaHHH. flpH pemeHHH BOllpOCa 

0 npHMeHeHHH THITOBOfO npoeKTa 3.1J;aHIDI .llJISI Heo)(

HOpO)(HOfO OCHOBaHHH, CJIO)l{eHHOfO B l1JiaHe 

3.1l;aHHH H3 rpyma HapymeHHOH H HeHapymeHHO:A: 

CTpyKTYphi, MO)l{HO onpe)(eJIHTh KO~HJ.U{eHT 

nopHcroCTH, ,uo Koroporo cne.zzyer yrrnoTIUITb rpym 

HapymeHHo:H crpytcryphl, qro6hl nonyqHTD xenae

MhiH Ko::~«t>«l>HUHeHT )l{eCTKoCTH Heo.nuopo)(Horo 

OCHOBaHHH. 
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MOLINIO GRUNTO SUARDYI'OS STRlJK'ffiROS 
:{VERTINIMAS NUSTATANT NEVIENALYCIO 
PAGRINDO STANDUMO MODUL{ 

A. Alikonis 

Santrauka 

Grunto struktiiriniq rysiq suardymas turi jtakos jo 
tankumui, stiprumo ir deformacinems savybems. Be kitq 
biidq, grunto struktiira suardoma jj sutankinant. Sutanki
nant supilt~ smelj ar Zvyrlt jo deformacines savybes galime 
pagerinti, o molinio grunto, atvirkSciai, pabloginti, palyginti 
su natiiraliuoju gruntu. Nevienodi pastato nuosedZiai, kai jo 
pagrind~ sudaro natfiralusis ir supiltinis sutankintasis 
molinis gruntas, priklauso nuo siq gruntq skirtingq 
deformaciniq savybiq. ApskaiCiuojant pastatq konstrukcijas, 
kai yra nevienodos pagrindo deformacijos, yra apskaiciuo
jamas pagrindo spiidumo kaitos laipsnis ir taikomas 
kintamojo standumo koeficiento pagrindo modelis. 

Pagrindo spiidumo nevienodumas jvertinamas spiidu
mo kaitos koeficientu (1). Jis apskaiciuojamas pagal maksi
mali~ ir minimali~ pagrindo grunto deformacijq modulio 
reikSmes arba pagal maksimalias ir minimalias santykinio 
spiidumo koeficiento reikSmes (3). Tiriant grunto savybes 
natiiraliomis sliigsojimo Sltlygomis statiniu zondavimu 
pagrindo spiidumo kaitos koeficientlt galima apskaiciuoti 
pagal maksimalq ir minimalq grunto kiigini stiprumlt (5). 
Pagal pagrindo spiidumo kaitos koeficientlt nustatome, ar 
pagrindas vienodas, nevienodas ar labai nevienodas. Tai turi 
reiksml( apskaiciuojant pastato konstrukcijas. 

Kintamo standumo koeficiento pagrindo modelio me
chanines savybes vertinamos pagrindo standumo moduliu, 
apskaiciuojamu pagal numatomus pagrindo nuosedZius (6). 

Pasitaiko atvejq, kai pastato pagrindas yra is natiira
liqjq ir supiltiniq sutankintqjq moliniq gruntq. Turint natii
raliojo molinio grunto kompresinl( kreivl( ir Zinant supiltinio 
sutankintojo to paties grunto poringumo koeficientlt galima 
sudaryti jo kompresin~ kreiv~ pusiau logaritmineje koordi
naciq sistemoje. Taip galima nustatyti spiidumo cbarakteris
tikas tam paciam moliniam gruntui natiiralaus ir suardytos 
sandaros biivio. Pagal gautas spiidumo cbarakteristikas 
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nustatomas pagrindo spiidumo kaitos koeficientas, apskai
ciuojamas maksimalus ir minimalus nuosedziai ir pagrindo 
standumo modulis. 

INFLUENCE OF CLAYEY SOIL STRUCTURE ON ITS 
MODULUS OF STIFFNESS 

A. Alikonis 

Summary 

Disturbance of soil structure influences its density, 
strength and deformation properties. Among other cases 
soil structure could be disturbed by compacting it. It is 
possible to increase deformation properties of sand or 
gravel by compacting them. However, for clay soils 
deformation properties may increase if they are compacted. 
Differences of settlements of a building depends on the 
different deformation properties of the artificially placed 
and compacted soils beneath the foundations. Different 
values of stiffness modulus are used for the structural design 
of the buildings which are constructed on the soils with 
different compressibility. 

Coefficient of changeability of soil comptession ( 1) 
was used. It may be calculated as a ratio of maximum and 
minimum values of deformation modulus, or according to 
the maximum and minimum values of coefficient of relative 
compressibility (3). Coefficient of the relative compressi
bility of soil can be calculated depending on the maximum 
and minimum values of tip resistence from CPT test (5). 

According to the coefficient of the relative compressi
bility we could estimate whether the soil is uniform, non
uniform or extremely non-uniform. It is important for the 
design of civil engineering structures. 

Mechanical properties of soils may be back-calculated 
using theoretical values of settlements and loads. Most 
frequently within the building layout area soils are natural 
and artificially compacted. 

For a compacted soil it is possible to draw compression 
curve in semi-logarithmic scale using compression curve of 
the same natural soil and the void ratio of the artificially 
placed and compacted soil. Thus we can determine 
compressibility of the soil with disturbed or undisturbed 
structure. Using parameters of soil compressibility, we can 
determine the coefficient of the relative compressibility, 
maximum and minimum values of settlement and modulus 
of stiffness. 
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