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CJKI1MAEMOCTb fJII1Hl1CTOfO fPYHTA HEHAPYIIIEHHOfO 11 
HAPYIIIEHHOfO CJIOJKEHI1H 

A. A.ltHKOiutC 

1. BBC)J.CIIHC 

fpYJIT COCTOIIT 113 TBCp)J.hiX 'IaCTUU II HOp, Ko

TOpbiC nOJIIIOCTI>IO IUIII 'laCTIPUIO JaUOJIJICIIbl BO)J.Ofl 

liJill BOJ,U}'XOM. llccl>opl\laUllll 'IaCTIIU, BO]lbl II raJa, 

BOJHHKaiOlllliC IIJ-Ja HC60JiblllliX nanpiDKCHllfl 

C:lK<ITlUI n ocnonammx J,Uanm\ npn pclllcmtn 

lUDKencpiii>IX Ja;~a·r nc Y'IlrrunaroTCH. ITpnmrMa

crcsr, 'll'O IIJMCIICIIIIC o6DCMa fPYJITa llpll C:lK£1TliH 

IIpOliCXO,UliT 113-Ja IIJMCIICHIUI 06bCMa nop OT 

YJI.IIOTHCHIUI. 

B npoucccc o6pa3onamm rJIIIHIICTbiX rpYJrron 

MC)K)J.y 'laCTIIUaMII BOJHliiGill BO,UHO-KOJIJIOII)J.HbiC II 

.upymc cnn:Jn, npn.u.aromnc rpyrrry .uonoJIHHTCJib

nyro npo•mocTI>, HaJunaeMyro crpyrcrypnoil npo•r

nocTbiO rpyrrra cr c mp . 

ITpn .uan.rrcmm, He npcnumaromcM crpyrcryp-

noii 11p0'1110CTil ( cr < cr cmp ), YJI.IIOTHCHIIC HC 

Ilp011CXO,UliT, TaK KaK ,UaBJICIIIIC BOCnpiiHIIMaCTCSI 

no.uuo-KOJIJIOII)J.HblMll II KPIICTaJimnaUIIOHHbiMII 

cnn:Jsrl\m. Yrmorncniie rpyrrra rrpoucxo.u1rr nocJic 

pa3pYlllCIIlUI CBSIJCJf. 

CrpyKrypiiyro npo•mocTb rpYJrra MO:lKIIO 

onpc.ucmrrr. no pcJym,TaTaM ucnbiTamrn rpyrna n 

o.aoMcTpax (no H.AUbiTomPry}, n npu6opax rpcx

ocnoro C)KaTmr (no E.H.Mc.uKony), npn B)lan.nn

namm HrraMIIa n HaTypnhiX yc.rmmmx JaJicramrn 

rpyrrra wm )lpynll\m cnoco6a11m. 

llc<f)Qpllmumr ymroTHcmm l'JIIIHIICToro rpyrrra 

CCTCCTBCIIIIOfO CJIO:lKCiiiHI 11 C HapylllCHllbiMII 

CTpyKrypllhiMil CllHJSII\111 HpOIICXO,USIT no-pa3IIOI\Iy. 

KaK noKaJr.maroT 3KcncpuMclrra.rrhHbiC ncc.ric.uona

mm JIIll\IIIOI'JlaiUtaJihiiiUX r;mu n KOMIIpcccnonnrux 

1Ip1160pax, ll"\ C:lKJIMHCMOCTh paJ.'lii'IaCTCSI B ,L{Ba 

paJa u 6o:1cc [ 1]. 

Hcc.1c;lonammMn :m;o.momannaJibllhiX rmm [I) 

ycTaHOBJICilO, 'ITO IIpll OJUHIHKOBOM JIIH'ICIIUII 

na•Ia,1biiOfU K03<l><PUiliiCUTa 110p1ICTOCTII CCTCCT-

IlCHIIOfO II IIllPYlliCIUIOl'O CJIO)KCJIIISI e0 yriJIOTHCHIIC 

rpyrrra IlpOUCXO,!UIT no-pa3HOMY II npu O)J.UllaKo

BOM ,UaBJICHIIII JJia'ICHIUI napaMCTpOB C:lKUMaCMOCTII 

oKaJbiBaiOTCH pa3Hbll\lll. Eciiu C:lKJIMHCMOCTh mrc

mrrh K03<pcl>HUIICHTOM OTJIOCJITCJlbHOll C:lKJIMa

CMOCTII, TO )J.JIH rpyrrra napyrUCHHOfO CJIO)KCHIUI 

npii TOfl )I(C Harpy3KC OH 60.1hlllC, 'ICM )lllH rpYJITa 

HCHapYlllCHHOfO CJIO)KCIIIUI. 

B crpoHTCJihnoil npaKTnKc BOJHitKacr npo-

6JicMa C)KJIMaCMOCTII rpyrrra IICIIapYlllCHHOfO II 

HapYlllCHHOfO CJIO)I(Cllll.ll npll B01HIIKlllHX nepe6o

pax rpYJITa, llpii BOJBC,UCHIIII KOTJIOBallOB )J.JIH 

J,UaHitfl II TpaHlllCH nO,UJCMIIhiX KOMMYJIIIKaUllll . 

lleHCTBOBaBllliiC paHCC C'fPOifl'CJlhllbiC IIOpMbl II 

npanlllla CHull III-E.l-62 [2) no ll36C:lK£1HIIC 

ncpannoMcpnhiX oce.uamnur rpc6onaJIII CJIY'Iailnuc 

rrcpe6opbl npii JCMJIHHhiX pa6orax JanomrnTh TCM 

:lKC fPYJITOM II yruiOTlrnTb ero ,UO CCTCCTBCHIIOH 

llJIOTHOCTII. 

PeJyJihTaTbl 3KcncpiiMCJITaJibiihiX IICCJICJlona

nnil II CTpOJITCJfhHaH npaKTJIKa nOKaJaJIJI, 'ITO 

fPYJIT napYlllCHHOfO CJIO)I(Clli1H, KOTOphiM JanoJI

HHIOTCH rrepc6opbl npii 3CMJI.IIIIhiX pa6oTaX, XOTH II 

YJI.IIOTHCH ,UO llJIOTHOCTII CCTCCTBCHHOfO rpYJITa, 

.UCci>OpMupyCTCSI 60JihlllC, 'ICM CCTCCTBCHllbiH rpYJIT. 

)lcflCTBYIOllliiC B HaCTOSill{CC BpCMH HOpMbl II 

npanlllla CHull (3] ocropo)I(Jrec no.uxoJ{nr K 

ynrrorncnmo rpYJITa n c;ry<miluhiX ncpc6opax npu 

JCMJIHIIhiX pa6orax. B nux coxpamrnocb rpe6ona

nnc BOCnOJIIHITh ncpc6ophl B MCCTax' ycTpOHCTBa 

ci>yrmaMCIITOB II yrma){KJI Tpy6onpOBO)J.Oil MCCTHhiM 

fPYJITOM C YJI.IIOTHCJIIICJ\f cro ){0 IIJ£0TIIOCTU rpyrrra 

CCTCCTBCHHOfO CJIO)KCHIIH OCHOBamm. 0J{HaKO npH 

my6nnc ncpc6opon, npcm,rmaiOHlcii 50 eM, cnoco6 

JanoJincmur JIOJI)I(CH 6nrrb comaconan c npocKTnofr 

opraimJaiUlcfr. 
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,ll.Jrn: OllpC)lCJICHlUl CTCHCHll YIUIOTHCIIJUI rpYJHa 

HapymeHHOfO CJIO:lKCHIDI, 1103BOJUIIOIUCfO IIOJIY'IIITb 

C:>KHMaCMOCTb IIO.ll uarpy3KOH, paBHOl'f C:lK11Mae

MOCTH rpYJna ueuapymeuuoro cJIO:lKCHIDI, ueo6xo

.lli1MO llpOBCCTif CllCIJ,llaJibllhiC IICCJIC)lOBaiUUI TOfO 

:JKe rpYJHa uenapymennoii. u Hapyrneuuor1 cTpYK

Typhi. 

Teopenr<ICCKIIC n 3KcnepnMCIHaJihHhle nccJie

.noBamrn IIOKaJaJIU, 'ITO MO)I(liO llOJI)"'lHh JaBIICU

MOCTb .llilll onpe.neJiemrn naqaJibHoro Ko3¢¢mui

e~na llOpliCTOCTH rpYJITa napYJIICHHOfO CJIO:lKCHIUI, 

llpll KOTOpOM C:lK11MaCMOCTb )lml 3a)laJIHOfO )laBJic

HlUI 6y.ncT npn6JIJl3IHCJibiiO TaKOH :lKC, 'ITO II )lJUI 

rpYJHa neuapymeiinoro CJIO:JKcmrn. 

2. Teopent'ICCKOC onpCJ\CJICHHe Jua'leUHJI ua'laJibUOro 

K03cixllHUHCHTa UOpHCTOCTH 

KoMnpeccnonnMI 3aBUCUMOCTh B nonyJiora

pn¢MnqecKoH cncTcMe Koop.nnuaT ua yqacTKe BC 

(puc. 1) 6y.neT llpHMOH JIUUIICrl. 
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Puc. 1. Ko~mpeccuouuaH KptmaH rmmucToro rpYJna, 
06Jia.UaiOll\ero CTpY!'-"TYPiiOli IIpO'l.HOCThlO, B 
IIOJIYJIOfapncp~m'l.eCKOii CIICTCMe KOOp.utUiaT 

Fig 1. Compression curves of structurally rigid clay soils in 
a semi-logarithmic scale 

CTpYKTYPHYJO rrpo•mocTh no TaKori KoMrr-

peccnounoii. Kplmoil MO:lKIIO npn6miJJHCJII>IIO 

onpe.neJIIHh no nepecc•IemiJO npo.noJI:JKcHiui npa

MOJ1 BC c ropH3mrraJibiioil: Jimme11 AB, cooTBeT

CTBYJOIUdl 3Ua'IC1lll10 na•IaJihllOfO K03¢¢1lll11Clffa 

rropncTOCTU e0 [4). ToT :JKC rpYJH napYJucnuoro 

CJIO:lKCIIlUI (TIIJ,aTCJihHO IICpCMHTblrl) HC 6yJlCT 

o6Jia.naTh cTpYK'fypuori rrpo•mocTbJO. O.nnaKo 

11CJib3H Y'fBCp)K,llaTb, 'ITO npn llCpCMHTHif fJIHHHC

TOID rpyma noJmocThJO liC'l.e:laJOT CTPYKTYPHhle 

CBH311. l..JacTh CTPYKTYPHIJX CBR:3cii ocTaeTcH u 

COCTaBJUICT JIC60Jihrny10 JlOJIIO OT IICpBOUa'l.aJihlfOH 

cTpYK'fypnoi'l upoqnocTn. ripn KOMnpeccuounoM 

C:JKaTHll IICpCMHTOfO rJilfllliCTOfO rpyirra Ha 

naqaJibliOM yqacTKC KOMrtpCCCllOIIliOJi. KpliBOH B 

IIOJIYJIOrapn¢MnqCCKOH CUCTCMC KOOp)lUUaT IIOHB

JUICTCH ue6oJihmoi'l ropu3oiHaJihiihlit Y'tacTOK AB 

(pUC. 2). Do cpaBUCHlliO CO Jlla'ICIIllCM CTpYK

TypnoJ1 IIpO'l.HOCTJl l'JlllllllCTOfO rpynTa CCTCCT

BCIIIIOfO CJIO:JKemrn ocTamnaaca cTpYK'fypnaH 

IIpO'IIIOCTb HOCJIC rrepeMJITIUI rpyHTa COCTaBJUICT 

BCChMa ne6oiihlliYJO JtOJIJO [ 5]. 

e 

0.4eo 

0 /g (}mop /g (}I /g (Jo 4 /g (} 

Puc. 2. KoMnpeccuoHHhte KpHBhte rmmucroro rpYJHa, 
06Jia_uaiOll\ero CTpYKTypHoii npo'I.HOCThiO: 
1 - ecrecTBelilihiH rpynT; 2, 3, 4 - TOT :IKe rpyuT 
uapyrneliliOH CTpYKTYPhl (nepeMHThtii) 

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

Oo3TOMY rrpu pememm mt:JKcuepnhiX Ja.naq 

MO:JKUO rrpHHHTh, 'ITO KOMrtpcccnouuaa KpnBaR: 

rpYJHa napymemmro cJio:JKeJma B nmryJiorapn¢-

Mlf'ICCKOH CllCTCMC 

TO'l.KU A (puc. 2). 
Koop.nunaT na•mnaeTCH oT 

Opn .naBJtcmm cr < cr cmp, 

MCUblliCM, 'l.CM CTpYK'fypnaR: IIpO'IIIOCTb rpYJITa, 

uarpyJKa BOCIIpllllUMaCTCH BO)lHO-KOJL'IOll)lHJJMH II 

KpllCTaJL11133ll,IIOUHhiM11 CBHJR:MII, U )lCf~OpMaiJ,UH 

yiiJIOTHemrn npaKTif'IccKJr ne paJnunaJOTCH (puc. 2, 
1 KplfBaR:). rlocJie pa3pYJLICHIHI 3TIL"X CBH3CH 11p11 

cr > cr cmp nponcxomn YJillOTIIeJme rpy1rra. Hnaqc 
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Be,neT ce6.11 rpYJIT rrpu era napymennoil CTp)'KType: 

OH .uecl>Opl\lUpyeTC.II rrpaKTJf'IeCKII OT naqaJia 

rrpiDio:x<ennH rrepBoii cTyrrenn narpYJKII (puc. 2, 3 

JIUHJI.II) . 

Ta](l{M o6pa30M, mnnncThlfl rpYJIT nenapy

rnennoil n napyrncnnoil CTp)'KTYPhl yrrJIOTHHeTCH 

I10-pa3HOMy, HO TeopeTJf'leC](l{, B KOlleqJIOM 

pe3yJIDTaTe, rrpu 6oJiblllOM .uaBJiemnl B o6oHX 

C~a.IIX yrrJIOTHeHJie O.llJIHaKOBO, KOI'.lla e=O. 

11ccJie.llOBaHll.ll rpYJITOB nenapyrnennoil 11 napy

rnennoil CTp)'KTypbl CBJI.lleTeJibCTB)'IOT 0 TOM, qTO 

KOMITpeCCJIOHHble KpliBble TaKIIX I'pYJITOB B ITOJIY

JIOrapM<l>MJf'leCKOH CJICTeMe KOOp.llUllaT COI1pMKa

CaJOTC.II o.una c .upyroil rrpM 0,4e0 [5), 0,42eo [6) JIJIII 

I1pll e MUH (7), II .llaJihllefllUee yrrJIOTHeHJie I'pYJITa 

I1pOTeKaeT rrpaKT]fqCC](l{ O.llUHaKOBO. 

Ilpll O.llllllaKOBOM .UaBJiemm l'JllfliUCTblH rpYJIT 

nenapyrnennoro u napyrnennora cJio:x<emm 6y.ueT 

JIMeTh pa3llhle 3HaqeliJI.II I10Ka3aTeJieH C)KJIMae

MOCTU, HarrpnMep, BeJilf'llllfY OTHOCJITeJihHOH C:x<U

MaeMOCTJI. Ecm1 rpYJIT napyrnennora cJio:x<emrn 

.llOI10JimiTeJThliO yrrJIOTHJITh, T. e. C03.llaTh ITJIOT

HOCTh, naqaJIDllbl11 Ko3<l><l>nuueHT rropucrocru e0P 

KOTOpora Mellbllle, qeM naqaJihllhlii K03<l><l>11UUeHT 

rropucrocru rpynTa nenapyrnennora cJio:x<eHll.ll e0 

(puc. 2, illfHJI.II 4), TO I1pH .llaJibHeHrneM )'BeJili

qeHIIII Harp)'J](l{ ITOeyqMM TaKOe .UaBJieHUe, rrpll 

XOTOpOM 3HaqeliJI.II OTHOCHTeJihHOH C)I{JfMaeMOCTH 

rrpaJcruqec](l{ O.lllfllaKOBbl. 

[Lml rrpaJcruqCCKIIX UeJieii: 3a.llaqa MO:x<eT 6blTh 

ccl>opMyJillpOBalla TaK: KaKIIM .llOJI)KJlO 6blTh 3Ha

qenue na•raJII>nora xo3<l><l>11uneHTa rropMCTOCT11 

rpYJITa napyrncnnora cJio:x<emrn, qT06bl rrpn cooT

BeTCTBYJOlll.efl narpy3Ke na I'pYJIT ITOJIY'IHTh O.llli

HaKOBYJO oca.uKY CJIOH rpynTa napyrnennora u 

nenapyrnennora cJro:x<emm. IlpMHUMaH, qTO B 

JIJ06oM c~ae KOMrrpeccnonnhle KpnBhle rmmuc

Tora rpYJITa c napyrnennoil n nenapyrnennof1 

CTp)'KTypofi corrpnKacaJOTCH rrpn 0,4e0 (5), 1\W:x<eM 

3ai1UCaTh ypaBirenue OCa.llK.ll CJIO.II I'pYJITa C 

nenapyrnennoil cTp)'KTypofi [8). 

S = H -
1

Cc {Iga 1 -Igacmp)• 
+eo 

(1) 

l'J{e S - OCa.llKa CJIO.II rpynTa eCTeCTBennora 

CJIO)I{emm; Jl - TOJliiUllfa CJIO.II rpynTa; Cc -
K03<l><l>nuneHT KoMrrpeccnn; e0 - naqaJII>Hhlll 

K03<l><l>HUHCHT I10pHCTOCTll; 0) - .llaBJieHUe Ha 
rpYJIT; a cmp- CTp)'KTypHaH rrpoqnocTb rpynTa. 

TaKara :x<e Bll.lla 3aBUCMMOCTI> MO)I{HO 3arr11caTh 

11 .UJUI pacqeTa oca.u](l{ cJioH rpYJITa napyrnennoil 

CTpyKTypbl (puc. 2). 

C I 
S I = HI _l_c_lga 1 ' 

+eap 
(2) 

r.ue S; oca.uKa CJIOH rpynTa napyrnennoil 

CTp)'KTyphl; H;- TOJl1Ulflla CJIO.II rpynTa; c/ -
xo3<l><l>HUHeHT xoMrrpeccnM; e0P - naqaJIDllblH 

X03<l><l>11UUeHT I10p11CTOCT11; u1 - .UaBJieHUe Ha 

rpYJIT. 

f1p11H11MaeM, qT0 TOJIJUUHa CJIO.II I'pYJITa 

nenapyrnennora cJio:x<emrn H paBna TOJI1ll.lflle CJIOH 

rpynTa napyrnennora cJio:x<eHll.ll H;. 
[Lml OITpe.UeJieHJI.II .llaBJiellll.ll, I1pll XOTOpOM 

oca.u](l{ cJIOH rpYJITa TOJl1UlfliOH H .llJl.ll napy

rnennora 11 nenapyrnennora cJio:x<eHll.ll 6y.uyT 

O.llliHaXOBblM11, cpaBHMBaeM <l>opMyJlbl (1) 11 (2) 11 

rro~aeM Bblpa:x<eime: 

H cc (I ) c/ -1-- ga1-Igacmp =H;-1--Iga1. 
+eo +eap 

(3) 

TaK KaK H= H;, cJle.uyeT 

Cc {I ) C/ -1-- ga 1 -Iga cmp = -1--Iga1. 
+e0 +e~ 

(4) 

Bhlpa:x<erme ( 4) HBJIHeTcH ypaBnenMeM .llJl.ll 

pacqeTa e op . 

IlocJie rrpeo6pa30BaHHH 

ITO~aeM HeCKOJibKO pa3UblX Bll.llOB Bblpa:x<CHJI.II 

(4). 

C c Iga 1 - Cciga cmp C/ Iga 1 
1+e0 1+e

0
P -, 

Cciga1 -Ccigacmp +Ccigaleop -Ccigacmpeop 

= C/Iga 1 +C/Iga 1e0 • 

(5) 

(7) 

Ko3<l><l>nuMeirr KoMrrpeccmt rpYJrra nenapy

rnennora cJio:x<emm Cc KaK rrocTOHHHYJO BCJilf'IlfliY 

orrpe.ueAAeM no rrpHMoMy yqacTK)' KOMrrpeccn

onnoil KpUBOH B ITOJIYJiorapncl>Mlf'ICCKOll CJICTCMC 

Koop.uunaT (puc. 1). 

e· -e·+l C = I I 

c lgcr i+l -lgcr i . 
(8) 
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KoMnpeccnn rpyrrra c 

napyrnennoil: CTpYJCfypolt: onpe.ueJUieM no 

KOMnpeCCIIOHHOMY rpaq>UKY 4, puc. 2, B 

nOJIYJIOI'apH!pMII'IeCKOll CUCTeMe KOOp,UIIH3T. 

c' = eop- eo.4 
c lgcr 0,4 

(9) 

r.ue e0P - na'laJibHhlll Ko3<f><f>nuneHT nopncTocTn 

rpyrrra napyrnennoil: CTpYJCfyphi; e0,4 - Ko3<f>-

<f>11Ulfeirr TIOpHCTOCTlf, COOTBeTCTBYJOIUHli 
e0 x0,4; lgcr 0,4 - Jiorapn<f>M .uaBJieHJUI, coOT-

BeTCTBYJOIUUil: K03<f><f>nuneiiTY TIOpliCTOCTII 

eo,4 · 

)laJibneil:mee npeo6paJoBanne <f>opMYJihi (7) 

npOBO.UliM, nO.UCT3BJUUI B nee Bhlpa)KeHHe C/ UJ 

(9), a C, OCT3BJUieM npe)KJIJIM, T3K KaK B 

Bhlpa)KeiiJm: (8) BCe BeJIJI'IliHhi JIJBeCTHhi U JierKO 

onpe.ueJIJIMhi no KOMnpeccnonnoil: KpnBoil: B 

TIOJIYJIOrapn<f>MII'IeCKOll CUCTeMe KOOp,UIIII3T. 

f10.UCT3BJUUI JHa'leHJUI C/, TIO.rryqliM 

Cclgcr 1 -Cclgcrcmp +Cciga 1e0P -Ccigacmpeop 

eop - eo,4 eop - eo,4 (lO) 
-'~-.:...._ lgcr 1 + 

1 
lgcr 1 e0 , 

lgcr 0,4 gcr 0,4 

C clgcr 1 - Cc lgcr cmp + C c lgcr 1 e0P - Cc lgcr cmpeop 

lgcr 1 e 0P -iga 1e 0,4 + lgcr 1 e 0 e0 P - lgcr 1 e 0 e0,4 (11) 

lgcr 0,4 lgcr 0,4 

C c lgcr 1Igcr 0,4 - C c lgcr c mp lgcr o. 4 + 

+Cclgcr 1e0Plgcr 0•4 -Ccigacmpeopiga 0,4 = (12) 

= lgcr 1 e0P - lgcr 1 e0,4 + lgcr 1 e0 e0P - lgcr 1 e0 e0,4 , 

C c lgcr 1lgcr 0.4 - C c lgcr c mp lgcr 0•4 + lgcr 1 e0•4 + 
+ lgcr 1 e0 e0•4 = lgcr 1 e0P + lgcr 1 e0 e0P -

-C c lgcr 1 e0P lgcr 0•4 + C c lgcr c mpeop lgcr 0•4 , 

C c lgcr 11gcr 0.4 - C c lgcr c mp lgcr 0.4 + lgcr 1 e 0,4 + 
+ lgcr 1 e0 e0,4 = e0P (lgcr 1 + lgcr 1 e0 -

-C c lgcr 1 igcr 0•4 + C c lgcr c mp lgcr 0,4 ), 

(13) 

(14) 

Cc lgcr 1Igcr 0,4 - C c lgcr cmp lgcr 0.4 + lgcr 1 e0,4 + lgcr 1 e0 e0.4 

lgcr 1 + lgcr 1 e0 - Cc lgcr 1lgcr o. 4 + C c lgcr cmp lgcr 0.4 

(15) 

-64-

Ko3<f><f>nuneJIT KoMnpeccuu C, nenapyrnen

noro rpyirra TaKXe MO)KJIO nafrrn 113 Bhlpa)KeJIIDI 

eo -eo4 c = . 
c lgcr 0,4 -lgcr c mp 

(17) 

r.ue e0 - na'laJibHhlii Ko3¢<f>muteirr nopnCToCTn; 

e0,4 - K03<f><f>HUlleJrr TIOpUCTOCTll, COOTBeTcT-

BYJO:rn;nil: TO'IKe nepcceqemrn KOMnpeccnon

HhiX KpHBhiX nenapyrnennoro n napyrnennoro 

CJIO)KeJDUI B no.rryJiorapu<f>MII'ICCKOll CHCTeMe 
KOOp,UHH3T, eo,4 =e0 x0,4; a 0,4 - ,UaBJieHne, 

COOTBeTCTBYJOIUee K03<f>clmUUClffY UOpUCTOCTH 

eo,4; cr cmp - CTpYJCfypHaH npo'IHOCTb rpyrrra. 

Ilo.uCTaBnB B Bhlpa)KeHne ( 17) Jnaqerme C,, 

naft:.uennoe no <J>opMyJie (8), MO)KeM 1anncaTb: 

Cc(Igcr 0•4 -Igcrcmp)=e0 -e0,4 , (18) 

(19) 

OTKY.U3 

TeopeTII'IecKJte pemeHHH ,UJUI onpe.ueJieHIDl 

Ha'laJibHoro Ko3<f><f>nuneirra nopnCTocTn rpyrrra 

napyrnennoil: CTpYJCfyphi, npn KOTopoM oca.uKH 

CJIOH rpyrrra napyrnennoil: n nenapyrnennoii: C'fPYK

Typhi 6!>1JIH npn6JIHJHTeJibHO O,UIIH3KOBhiMH, 

npoBepHJIHCb 3KCnepUMeJITaJibHO no pe3yJibT3T3M 

KOMnpeCCHOHHhiX HCCJie,UOBaHHll JllfMJIOfJiaUUaJib

HOll fJIHHhi nenapyrnennoro n napymennoro 

CJIO)KeHJUI. 

3. 3KcnepHMCHTllJlbHbiC H p&C'IeTHbiC 3118'1CIIHJI 

K03cJxl»ttUICHTOB nopHCTOCTII 

3KcnepHMeJITaJibHO-TeopeTII'ICCKHe pellleiiiDl 

npoBepHJIJICb Ha JIUMHOfJI3Uli3JlbHOii fJIUIIe KaK 

IIOpMaJibHO yiUIOTJieHHOM B npHpO.UllhiX YCJIOBJUIX 

JaJieranJrn rpyirre. 

JbtMIIOfJI3UH3JlbHhiX fJIIIHIICTI>IX OTJIO)KeJm:ft: 

HCOIVICllCTOUeHOBOfO B03pacTa Ha TeppHTOpiiH 

JlHTBhi .UOBOJibliO 1\UIOfO (OKO.'lO 10% BCCll llJIOIUa

.UU) [9]. Oco6YJO poJib B C)KJtMaeMocTn 3TJIX rJIUH 

llrpalOT CTpYJCfypUhle CBH3ll, KOTOphle IIpli,UalOT 

TIOpO,Ue .UOIIO.'lHJITeJibHYJO MCX3lllfliCCKYJO npoq

IIOCTh. AHa;ronf:lmoe HBJiemte MO)KJIO JaMenrro npn 

ncnhlTamm na C)K3TJte o6pa3UOB nopo.u c 



nenapymennhiM u napyweunhl.M CJIO)I(eJmeM. B 

CJI)"'aC fJIUHUCThiX ITOpO,ll napymenne COOTBCTCTBy

lOilULX CB$l3Cll MC)I()ly 'IaCTUUaMU MO)I(CT 11p11BCCTII 

K llOTepe 11pO'IHOCT11 ll K JUa'IIITCJlbllOMY pocTy 

C)I(JfMaeMOCTII 110p0Jl IIO)l narpy3KOJt 

CTpYK'fypm:.~c cn.H:Jn mtMnornaunaJII>nnLx rmm 

)lOJDKlihl paccMa·rpnnaTbC.H: KaK o6mee cpnJIPICcKoe 

COCTO.H:HllC, KOTopoe JaBUCIIT OT MIIHCpaJibJIOI'O 

cocTana nnm, co.uep~'lHllli ::->JieKTpomrron n nonnoii 

cpe.ue, npeMemi cTpYK'fypoo6paJonamrn, cpnJnKo

Mexann'lecKIIX rrpoucccon, .apyrnx KOMrroneirron II 

cpopMIIpyeTC.H: B pC3YJibTaTC BJaUMO)lCJicTBilli 3TUX 

KOl\moncnTon c onpe.acncnnoro nma cn.H:J.H:l\111 

Mc)l()ly Hlll\111. 3To o6ycnanmmacT nco6xo.anMoCTb 

IUITCrpaJibHOii OllCHKII clJ113lf'ICCKOro COCTO.H:Hli.H: 

fJIIUIUCTOH IIOpO,llhl, KOTOpa.H: llOJDKlla OTpa)l(aTb 

CYJ\IMapHDIH lfl'Of BHCWHUX II BnyTpCHHUX rrpouec

COB, onpe.acJUliOilULX ee cpopMnponanne. Hccne.uo

naHillil\IH ycnonuii o6pa3onamu1 JIIIMHomaunani>

UhiX OTJIO)I(CJIJ[l[ ycTaHOBJICll CMCWaliHHil xapaKTCp 

CTpYK'fypnhiX CB.H:Jeif, T.e. nap.H:,lly C KOaryJUIIlUOllliO 

-TllKCOTp01111hiM1l CB.H:3.H:MU (KOTOpbiC 11pll)l<l10T 

mnnaM orrpc.aeJrennYJO CTPYKTYPH)'IO rrpo•mocTh) c 

caMoro Ha•rana npouecca oca.aKoo6paJonamrn n 

3TUX OTJIO)I(CillUlX B03HllKalOT II KOll)lCHCaUUOHHO

KpliCTaJIJIU3aUUOIIHbiC (no n . .H. Pc6HH)lepy) CB.H:311. 

On.tc•m.H: cpanuuTCJII>Ho Jna•nneJibHYJO cTe

rrcui> InMcnemrn rmmncThiX rropo.u rrpn oca.aKo

o6paJonanJm, Ba)I(JIO 110)l'ICpKicyTb, 'ITO )laJICKO HC 

BCC 01111 llOCTllfalOT 60JiblliOli ITJIOTHOCTII II 

I1p0'11IOCTU. 3To o6b.H:C1UlCTC.H: TCM, 'ITO CTpyJCryp

llbiC cmnn upn.aaiOT nopo.aaM Tc mm Ill!I>IC 

CBOlic'rna, TO IIJIII IfHOC Cpll3li'ICCKOC COCTO.H:IIIIC. 

l{;m lUY'ICllliH BJIIIHlllUI CJIO)I(CIIII.H: (napymen

IIOro 11 ucnapymemroro) ua .uecpopMai{liOlllJhle 

CBOiiCTBa JIIIMIIOI'.Tial{llaJibllhiX fJIJIII JlnTBI>l HaMil 

6I>IJIJI llpOBCJlCIIhl CllCUI!aJihllhlC KOMIIpCCCIIOIIHblC 

Olli>ITI>I C l\IIIKpOCJIOIICThiMJI o6pa3l{aMU. 

06pa3Hhl uapymcnnoro cJIO)I(Cllllli rronroTan

_TJnnaJmch Tll(aTc.TJI>III>IM ucpel\urnteM rropo.a npn 

coxpancmm ccTccTncmioii BJia)l(liOCTn. H1 70 

KoMnpcccnOJlllhLX OIIhiTOB napymcunoro 11 neHa

pymcnnoro c;ro)I(ClllHI 6hvrn Bhl.llCJICHhl oTnem.HI>rc 

rpynnr.I c na•ra.rir.nhnr K03cpcpnturcirroM nopuc

Tocm e0 = 1,00-0,950, e0 = 0,950-0,900, 

e0 = 0,900-0,850 n e0 = 0,800-0,750. 

CpannenU.H: liJMenemnl K03cpcpuuueHTa nopu

CTOCTU C pOCTOM HarpyJKif llOKaJaJill JaBUCUMOCTb 

BJIU.H:Hilli UapymeHUH CCTCCTBCHHOI'O CJIO)I(ClUlli Ha 

C)I(JJMaCMOCTh OT naqaJihllOTO K03cpcpUUllCHTa 

rropUCTOCTlf. C pOCTOM 3113'ICIIUH na•raJibHOro 

KO::->cpcpnuuema nopiicTocTn ynemPinnaeTc.H: paJ

liillla MC)I()ly K03cpcpi1UlfCIITaM11 nopiiCTOCTil Hapy

llJCHIIOI"O If llCHapymeHJIOro CJIO)I(CIIIUI, XOT.H: 

nanncnue ynempmnaeTC.H: onnnaKono. 

3TOT BhiBOJl IIOllTBCp)l()laCTC.H: II npn all<lJIIIJC 

3Ua'ICH11H OTHOClHCJihHOro C)KaTIUI II K03cpcp11UII

eura C)I(JJMaCMOCTU B JaBUCIIMOCTU OT 113'IallhHOf0 

K03ci>cplll{UCHTa IIOpUCTOCTII o6pa3UOB Uapymen

IIOfO n ncuapymeuuoro CJIO)I(CIIIUI. 

PaJ.liPIIIa.H: C)l(ltMacMocTh rmm napymeunoro n 

nenapymennoro CJIO)I(Clllrn npu o6wmo npmurrhiX 

B CTpOUTCJibliOll npaKTUKC narpyJKaX 06b.H:CilliCTCH 

napYJIICHliCM npnpOllllhiX CB.H:JCH, a JaMC'ICIIIIOC 

YJ\ICllhllJCllllC pa31111I{I>l B C)I(Jfl\laCMOCTII C YJ\ICHb

llJCllliCM nenwmnhl naqaJihnoro Ko3cpcpnuneina 

nopncTocnr YKaJJ,macT na YJ\ICHhmenne •zyncrnn

TCJII>Hocnr C ynemf'ICIIIICM IIJIOTHOCTII. 

Anamn JanncnMoCTII oruocnTCJihnoro C)l(aTll.H: 

oT naqanr:,uoro Ko:>cpcpurureirra nopncTocTn ( e0) 

npn nepniKaJihnoM nanncmm 0,2 Mna noKaJaJI, 

'ITO paJUUUa MC)I()ly OTIIOCIITCJihlii>IM C)l(aTllCM 

o6pa1uon rmnnu napymcunoro n ncnapymcnnoro 

CJIO)I(CHilli yneJilf'llfB3CTCH C ynCJIJI'lCHIICM JIIa<JCllllH 

na•IaJibuoro K03cpcl>nuneirra nopncTocnt. 

HJ peJyJihTaTon rrpone.aemn:.~x KOMnpeccnon

UhiX IICllhlTaHUil !lliMIIOrJial{UaJibiiOII riilfHI>l napy

UICIIHOI'O II IICHapymemiOrO CJIO)I(Cllllli 6I:JJIII 

Bbl)lCJIClihi rpyiiiihl no Ha•Ja.'IbHOMy K03cpcpiHUICUTY 

rropucTocTn rpytna uapymcn11oro 11 nenapymcn

noro CJIO)I(Cifllli, IIMClOil{IIC OJUIIIaKOlll>lll K03Cpc1Ju

l{IICHT C)l(aTUH npu nanJienun 0,2 Mna. OoJiy<Ien

nhle peJyJII>TaThl npencTaBJICIIhl n Ta6n. 1. 

C lfCI10Jlb30B3ll11CM pC3YJII>TaTOB KOMnpeccu

Olllli>IX ncrn,rrannii JIHl\niOrJiaiUiaJIMlOll I'JIIIIIhl 

nenapymennoro cJIO)I(Clllrn no cpopMyJre (15) 6wm 

pacc•mranhl Ko3cpc1Jnuneirrhl nopncTOCTII num 

napymen11oro CJIO)I(Cifii.H: e
0
P. C)I(JtMael\WCTh naJ-

namn:.~x r;mn npn naBJ1Ctlllll 0,2 Mria Ta )I(C, 'ITO n 

y rpy1rra uenapymcuuoro c:IO)I(CIIIHI. PcJym,raTbi 

paC'ICTa Hpl!BC){Cllhl R Ta6Jl. 2. 
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Ta6nuua I. Ha•JaJibllhiC K03cpcpltUl1CHThi IIOpl1cTocn1 I!pl1 owmaKOB0!\1 oTJIOCJ1TCJibiiOM utcaTJ111 11 naBJICIIHI1 0,2 
Mila 

Table 1. The initial porosity factors to obtain equivalent relative compression under the loading of 0.2 MPa 

3H3'1CIIl151 !la'!aJibllbiX K03cpCp11UiteHTOB 110p11CTOCTI1 

HeHapyrneiiiiOc 

cJIO)J(CIIJIC rpy1rra, eo 1,000 0,')00 0,800 0,750 0,700 0,650 0,600 

HapyrneiiHOe 

CJIO)J(eHite rpyirra, eo/ 0,780 0,750 0,700 0,650 0,620 O,t100 0,577 

Ta6nuua 2. 3Ha'ICHI151 K03cP¢11UIICHTOB nopl!cTocnt 11 K03cpcpi1UIICHTOB KOMnpcccmt (IIPII nanncmm 0,2 MITa) 

Table 2. Assessment of porosity and compression factors under the loading of 0,2 MPa 

Ha•IaJibHbiii Ha•IaJibHblll 

K03cpcPIIUI1eliT K03cpcp11UIICHT 

llOp11CTOCTl1 llOpiiCTOCTII 

HeHapyrneHHO!'O uapyrneuHoro 

cJio)J(eHl151, eo CJIO)J(CIIl151, eop 

0,975 0,782 

0,975 0,766 

0,875 0,711 

0,775 0,620 

0,688 0,566 

B Ta6;r. 2 rrpnBeneHo pac'leTnoe Jna•remre 

Ha'laJII>Horo K03cpcpnuucJrra nopncTocTn e.,. .uo 

KOTOporo H3.ll0 yTIJIOTIUITb JIJIMHOI'JI3UU3JibllblH 

fPYJIT napYJUCHIIOfO CJIO)J(CHJHI, 'IT06bl IIOJI)"Hrrb 

o.unHaKOBYJO ocanKY CJI0$1 rpytrra neuapYJllcmiOro 

c.lo)J(emm npn .uaBJiemm 0,2 Mna .llJl$1 cooT

BcTCTBYJOJUCro 3H3'ICIIIHI ll3'laJibll0fO K03cpcp11UU

CJITa rropncTOCTII rpYJrra ueuapymenHoro cJio)J(e

mm. 

B Ta6JI. 2 TaK)J(e rrpime.ueur,I Tc )J(C Jna•Iemm 

K03<}><}>UUIICllTOB llOpiiCTOCTII, 'ITO 11 IIpll JICCJICJ10-

Bamm JIIIMHor:IannaJII>uoii rmnnu B KOMnpcccnon

HJ>L'\ npn6opax. Cpanncnnc :>KcnepnMcJrram.III>IX u 

Ko'lcpqmiUICIIT Ko3cpcpmutc!IT 

KOMllpCCC1111 KOMllpCCCllll c,;c/ 
IICHapyrnCHHOrO !lapyrneHIIO!D 

CJlO)J(eHl151, C, CJIO)J(elll151, C/ 

0,0872 0,0577 1,5 

0,076 0,0512 1,48 

0,125 0,0843 1,48 

0,036 0,0238 1,5 

0,114 0,0786 1,44 

paC'lCTHhiX JHa•ICllliH ua•Ia.flbllluX KO'J<}>cpUUHCIITOB 

IIOpUCTOCTII fPYJIT3 liCUapYJUCIIIIOfO ll HapYJUCH

HOfO C•lO)J(C HI HI, IIpll KOTOpbiX II }laBJICIIIIH 0, 2 

Mna IIOJIYllae.M oJUmaKoBblC .uc<popMaium, nplme

.uenbl B Ta6,1. 3. 

Cpannenne pac•ICTllhiX 11 3KcncpnMetrraJII>llbiX 

Jli3'lCHUli 113'l3JibllhiX K03<p<plllUICIITOD HOpHCTOCTU 

fPYJIT3 HapylllcUHOfO CJIO)J(CHII$1, llpU KOTOpbiX 

IIOJI)"IaCM O.ll11113KODI>IC .uecpopMauun rpy1rra 

napymemwro n HeHapymeunoro CJIO)J(CIIIHI, 

IIOK33hlDacT (Ta6JI. 3), 'ITO paJIIIUI.a MC)J(Jly 1111MJI 

KOJic6JICTC$1 B HC60JII.Illl1X llpCJ(CJ!aX - }lJI51 J(aBJIClllf.R 

0,2 Mna oT 2 ;ro 10%. 

TaCimma 3. Pac•JCT!IhiC 11 'JKCI1Cp11~1CHTa;JbllhiC 1lla'ICIIIUI KO'JcJ.lcplli(IICIITOB IIClp!ICTOCTll eop 

Table 3. Calculated and experimentally obtained assessment of porosity factors eop 

3!ia'ICHII51 lla'IaJlbHbiX KO'.lcpcpllll!ICHTOB IIOpliCTOCTll eo II eop 

Ha'!aJihHbiii K03cp<p11UIICIIT nopiiCTOCTJt 

rpyuTa IICI!apymciii!OID CJ10)I(CIII151 eo 0,975 0,875 0,775 0,688 

Pac•IeTHbiii ua•JaJlbllbiii K03cpcp11UIICHT 

110pl1CTOCTII rpynra HapylliCIIHOro 0,782 
CJIO)J(e!lll51 eap 

0,711 0,620 0,566 

3Kcnep!1MCHT3Jlbllblll Ha'!aJlhllhlll 

K03cpcjllll{l1CIIT flOp!ICTOCTII rpYJITa 0,765 0,725 0,675 0,610 
HapYJlleiiiiOI'O CJ!O)J(CIIIIH e0p 
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PeJyJihTaThl, npnBe.uennhle B Ta6JI. II 2, 

llOKa3biBaiOT, 'ITO c YMCHblliCHIICM 3Ha'ICIIJIR 

na'laJihHOro Ko3¢cp11IJ.IICIITa nopncTocTn ~ICHbiiia

CTCR pa3HJIU.a MC)I(Jly Ha'laJibllbiMJI 3Ha'ICIIIffiMif 

K03¢¢HIJ.JICIITa llOpliCTOCTII CCTCCTBCHHOI"O ll 

napYIIICHIIOI"O CJIO)I{Clllffi, T.C. MC)I(Jly 3IIa'ICIIlffiMII 

eo n e0P . 3-ra pa3IlliU.a MCHhiiiC .llJlR 3KcnepnMen-

TaJibllbiX pC3YJibTaTOB II 60JiblliC ,UJIR paC'ICTHbiX. 

Jl;rn 3KCIICpHMCHTaJibHbiX pe3yJibTaTOB Olla 

MCHRCTCR B ,UIIana30HC Ha'laJibHOI"O K03cpcp11U.HCHTa 

llOpliCTOCTJI rpyma CCTCCTBCIIIIOI"O CJIO)KCHiffi OT 

1,000 .UO 0,700 COOTBCTCTBCHHO OT 0,220 ,UO 0,080, a 

,UJIR paC'ICTIIbiX pC3YJibTaTOB B ,UUaiia30UC 

na'laJihnoro Ko3¢cpnu.ueJITa nopncTocni oT 0,975 

.UO 0,688 COOTBCTCTBCIIIIO OT 0,193 .UO 0,122. 

YMeHbiiienne pa3UHU.hl CBRJano c YMCHbiiienueM 

qyBCTBJITCJibHOCTU rpyma K napYIIICHUIO 

CTpYKJ'ypHbiX CBR3CH c YBCJIJlqCIIUCM llJIOTHOCTJI. 

Ha'laJibHhle Ko3¢¢nu.neHThl IIOpiiCTOCTII 

HCHapYIIICHHOI"O II HapYIIICHHOI"O CJIO)I{Clllffi, IIpll 

KOTopbiX n .uaBJieimn 0,2 Mila noJI)"'aeM o.unna

KOBble OTHOCJITCJibiibiC OCa,UKJI JillMHOrJiaiJ.UaJibiiOll 

rJIJIHhl, rpa¢uqecKJI npe.ucTaBJICIIhi na puc. 3. 

0.800 

0.700 

0.600 

0.600 0. 700 0.800 0.900 1.000 eo 

Puc. 3. 3aBHCHMOCTh e0P OT eo npu .uaBJICIIlll1 0,2 

MTia: 1 - np11 ltCflhiTamm B o.uoMcTpax; 2 -
paC'ICTHbiC 

Fig 3. eop dependence upon e0 under the loading of 0,2 

MPa 

Ilpc,UCTaBJICIIHaR IIa puc. 3 33BliCIIMOCTb 

npiiMCllltMa TOJIJ,KO npn .uaBJicmm 0,2 Mila. Ilpn 

.UPYfliX .llaBJICIIIffiX IIOJiy<ICI!hl .llPYfliC Jl!a'JCJ!IUI 

oTnocirrcJri>noii C)I{IIMae.MocTn. KaK noKaJaJin 

IlpOBC.llCHllbiC pac•JeTJ>I, O.UUUaKOBOC 1113'1CUUe 

OTUOCIITCJibUOll C)KJIMaCMOCTif rpynTa IICIIapYIIICH

UOI"O If napYIIICIIHOI"O CJIO)I{ClllfR llOJIY'IHM TOJibKO 

IIpll TOM ,UaBJICHllll, .UJIR KOTOporo 110 <}>opMyJIC (15) 

paCC'IJITaH Ha'laJibHblll K03(lJ<}>UIJ.IICJIT IIOpllCTOCTll. 

lJTofibl IIOJIY'IliTb O,UJUiaKOBOC JJia'ICHUe OTHOCU

TCJlbllOll C)l{llMaCMOCTU rpyma UCHapYIIICHHOI"O ll 

napYIIICIIHOI"O CJIO)I{Clilffi llpll .upyroM ,UaBJICIIIIJI, 

CJIC.llYCT paCC'IJITaTb COOTBCTCTBCUUO ll .llpyroH 

Ha'JaJibHhlll K03cpcpllll.JICIIT IIOpiiCTOCTll ,UJIR rpyma 

napYIIIennoro cJIO)KeUUR. HanpnMep, 'IT06bl 

IIOJIY'IIITb O.lllfHaKOBOC 3Ua'ICUifC OTHOCJITCJibliOH 

C)KJIMaeMocTn npnl(aBJicHnn 0,2 Mila .llJlR JIHMno

mau.naJihnoil rJIHHbl HCHapymcHHOI"O CJIO)KCJIUR C 

lla'laJibHbiM K03<}><}>UIJ.HCJITOM IIOpiiCTOCTII e0 =0,925, 

CJIC.UYCT IIMCTb JHa'JeHIIC na•IaJibiiOI"O K03<}><}>Ull.JI

CIITa llOpliCTOCTll fJIIIHbl napYIIICJUIOI"O CJIO)KCHIIR 

e0P = 0,766, a npn .uaBJicunn 0,3 Mila - e0P = 

0,853 ll COOTBCTCTBCHHO IIpll .UaBJICI!llll 0,4 Mila -

e0P = 0,881 n .uaBJiemm 0,5 Mila- e0P = 0,888. 

CJIC.llOBaTCJibHO, 'ICM 60JiblliC .ll3BJICHHC, TCM 

BbiiiiC 3Ua'ICHIIC uaqaJibUoro Ko3¢¢nu.neiiTa 

IIOpliCTOCTll rpyma HapyiiiCHHOI"O CJIO)I{ClllfR, npn 

KOTOpOM llOJI)"'aCM O.UHHaKOBYJO OTHOCJITCJibiiYJO 

C)KJIMaCMOCTb. 3-ro MO)I{IIO ofioRCHJITb TCM, 'ITO C 

YBCJIII'IenneM .uaBJiemrn 6oJibiiie napYIIIaiOTcR 

CTpYKJ'ypHbiC CBR3JI rJIUHHCTOI"O I'pYJffa HCHapy-

IIICIIHOI"O CJIO)KCIIUR If IIO CTCIICllll H3PYIIICIIIIR 

npn6JIJI)K310TCJI K rpynTy HapYIIICHIIOI"O CJIO)KCIIUR. 

3naqennR K03cpcpuu.nciiTa KOMnpeccnu C, ,UJIR 

I'pYJITa napyiiiCIIIIOI"O CJIO)I{Clllffi MClffilOTCR B 

JaBHCHMOCTll OT JHa'ICIIIU! H3'laJlbiiOfO K03cpcpn

ll.liCHTa IIOpllCTOCTif, COOTBCTCTBCllllO MClffiCTCJI ll 

Jlla'ICIIUC COOTHOIIICHiffi K03cp(piiiJ.IlCiffa KOMIIpec

Cifll rpYJrra HCIIapYIIICIIIIOfO ll napYJUCIIHOI"O 

CJIO)KCHIIH. HaiipnMep, .UJm JIIIMnomau.naJibHOll 

rJIHIIhl C K03<}>cpUHHCIITOM 110p11CTOCTII e0 = 0,925 

COOTUOIIICUile KOMnpeccnH 

UCHapYIIICIIIIOI"O II napylllCIIJIOI"O CJIO)I{CIIlffi np11 

JlaBJicmm 0,2 Mila- 1,48, upn 0,3 Mila- 1,2, npu 

0.4 Mila - 1,15 11 npu 0,5 Mila - 1,13. A11amn 

noKa3hiBacT, 'ITO c yBcmPiemtcM .uaBJrcmrn, npu 

KOTOpOM .llOCTUfaiOTCH O.llllli3KOBJ>IC OTUOCIITCJibllhiC 

JlCcpOpMaUIUI I'pYJITa UCI!apYJUCIIIIOfO II napYIIICH

HOI"O CJIO)KCHlffi, rpacpUKll JaBHCIIMOCTII K03cpcpn

IUICHTa IIOpiiCTOCTII OT )(aBJICUIIH B IIOJIYJIOrapucp

MII'ICCKOll CUCTCMC KOOp.lliUiaT c6JIU)K310TCJI. 
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4. 3&KJIIO'ICHHC 

lle<}>opM3UlUI yruiOTHCliiUI rJIJIHUCTOI'O rpYJITa 

CCTCCTBCHHOI'O U uapylliCJIHOI'O CJIO:lKCHIUI npoxo

).UIT rro-pa3HOMy. Ha xapaXTep C:lKliMaeMocTn 

OJGl3lliBaiOT BJIJUIHJIC CTpYJITypHbiC CBH3ll, IIX 

npOTfliOCTb II CTCIICllb napyiTICJIIUI :nUX CRH3cl'J B 

naqaJibnoil: cTannn npnno:lKemiH narpy3KU. KaK 

JIOJGl3lliB3IOT KOMllpCCCUOIIIHdC IICJilliT3HIIH JllfM

HOrJiaUlfaJibHHX rmrn uenapymennoro u napymen

uoro CIIO:lKCHJUI ua Teppuropuu flnTBH, IIX 

C:lKUM3CMOCTb pa3JIJfq3CTCH B nBa pa3a II 60JICC. 

J1CCIIenOBaHIDIMH yCTaHOBJICJIO, qro K03<}><}>UUIICHT 

OTHOClfTCJibHOH C:lKUM3CMOCTII ,UJIH rJIJIHIICTOI'O 

rpYJITa HapyniCHHOfO CJIO:lKCJIHH 6oJII>IUC JIO 

CpaBHCHJIIO C rpYJITOM CCTCCTBCHHOI'O CJIO:lKCHIUI 

npu TOH :lKe uarpy3Ke. 

TeopeTuqecKUe n 3KcnepnMeHTaJII>lll>lC llccne

noBaHUH JIOJGl3aJIH, qro MO:lKHO ITOJIY'IIITI> 3aBU

ClfMOCTb ,UJIH onpeneJICHUH na•IaJII>HOI'O K03<}><}>u

UHCHTa JIOpUCTOCTH riilfHlfCTOI'O rpYJITa Hapymen

HOfO CJIO:lKCHHH, JipH KOTOpOM nAA 3anannoro 

naBJICHlfH OTHOClfTCJibHaH C:lKlfMaCMOCTI> 6yneT 

npU6JIU3lfTCJibHO T3KOH :lKC, KaK If ,UJIH l'PYJITa 

HCHapyniCHHOfO CJIO:lKCHUH. 

Dpu K03<}><}>nuneJrre nopucTOCTll, onpeneneu

noM ITO <}>opMyJie (15), OTHOClfTCJibHaH C:lKJIMae

MOCTb riilfHHCTOfO rpYJITa CCTCCTBCHHOI'O If 

napyniCHHOI'O CJIO:lKCHlfH IIpH COOTBCTCTBYIOIUCH 

Harpy3KC 6yneT llpH6JIH3liTCJibHO onnHaKOBOi'J. 

TionyqeHHaH 3aBlfCJIMOCTI> (15) naeT B03MO:lKHOCTb 

onpeneiilfTb K03<}><}>HUIICHT JIOpliCTOCTlf, no KOTO

poro CJIC,UyCT yruiOTHJITb rpYJIT UapYJIICHHOI'O 

CJIO:lKCHHH, qro6H Jipll COOTBCTCTBYJOIUCM 3Haqemm 

naBIICHHH rronyqUTI> TY :lKe OTHOCJITCIIbHYJO 

C:lKUM3CMOCTb rpYJITa CCTCCTBCHHOI'O CJIO:lKCHHH. 

3KCJICpliMCHTaJibHHC UCCJienoBalllUI JIHMHO

rJiaUHaJibHOH rJIHHH B KoMnpeccnonnlliX npn6opax 

JIOKa3aJIH, qro npn npiUIHTOM B CTpOHTCJibliOH 

npaXTHKe naBIIeiUIH na I'PYJIT B 0,2 Mna pa3HIIlla 

MC.lK.llY OTHOClfl'CJlbllhlM C:lKaTIICM o6pa3JJ.OB napy

IUCHHOI'O If IICHapyniCHIIOI'O CJIO)I{CHIUI YfiCJilNUBa

CTCH C YfiCJIJfqCJIUCM Jlla'ICHllii na•IaJihJIOI'O 

Ko3<}><}>nuneHTa nopncTocTn. 

PeJyiihTaTH paccqJrranni>IX no <}>opMyJie (15) u 

3KCJICpiiMCHTaJihlihlX Jlla'ICJIIIH K03cpcp11IUICHTOB 

JIOpUCTOCTlf rpYJITa HapYJIICIIIIOI'O CJIO)KCJIIIH, llpll 

KOTOpldX ne<}>opMaUJ1ll llplt Ja}laJIUOM naBJICHlflf 0,2 

Mila TC )I{C, qro If JlJUI rpYJITa CCTCCTUCIUIOfO 

CJIO:lKCillUI, JIOKa3hlBaiOT, 'ITO paJIIIIUa MC)I(Jly 

UliMH COCTaBJIHCT OT 2 no 10%. C YMCllhiiiCHIICM 

3H3'1CIIlUI na•IaJihHOro K03$<}>1UUICHTa JIOpUCTOCTll 

yMCUhiUaeTcH paJnmta MC)((JlY naqaJibHhiMlf 

K03<}><}>HUIICIITaMII JIOpiiCTOCTII CCTCCTBCUUOI'O If 

napymennoro CJIO)KCHHH. YMeJibiUenne 3TOH 

pa3UifUbl CBH3aHO C YMCIIhiiiCJiliCM 'JYBCTBJITCJib

IIOCTII rpYJITa K napyliiCUIIIO CTpYJCI"ypllldX CBHJCH C 

YfiCJllf'ICHIICM JIJIOTHOCTII. 0Jl]HfaKOBhlC JuaqeHUH 

OTHOCIITCJibHOH C:lKJIMaCMOCTU rpYJITa HCHapymeu

IIOfO lf napyniCHHOI'O CJIO:lKCHHH ITOJIY'ICHld TOJihKO 

npn TOM naBIICHlflf, ,UJIH KOTOporo IIO <}>opMyJIC (15) 

6lliJio onpeneneno Jnaqenue naqaJibnoro 

K03<}><}>IIUHCHTa JIOpliCTOCTII. ~lT06hl IIOJcyqJITb 

onHHaKOBlliC JHaqemUI OTIIOCIITCJihHOH C:lKJIMae

MOCTH l'PYJIT3 CCTCCTBCHHOI"O II Hapymennoro 

CJIO:lKCHIUI npn npyroM naBJICHHII, CJICJlYCT 

onpeneJIHTh COOTBCTCTBCHUO uaqaJibHHH K03<}><}>n

UUCHT JIOpUCTOCTII rpyHTa napyniCIIHOI'O CJIO:lKCJUUI 

npH 3TOM naaBJICHHH. qCM 60JihlliC naBJICHHC, TCM 

6oJihiUC 3uaqeJme uaqaJihnoro K03<}><}>1U(lfeHTa 

nopnCToCTn rpYJrra uapymennoro CJIO:lKCHUH, rrpn 

KOTOpOM CI'O OTHOCHTCJibHaH C:lKJIM3CMOCTb Ta :lKC, 

qro U ,UJIH CCTCCTBCJIHOI'O rpYJfTa. 
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NESUARDYfOS IR SUARDYfOS SANDAROS 
MOLINGOJO GRUNTO SUSPAUDZIAMUMAS 

A. Alikonis 

Santrauka 

Molingieji gruntai del jt! geologini4 susiklostymo 
S!!lyglj turi struktiirinius rysiUs. Suardzius grunto 
struktiirinius rysius padideja suspaudziamumas. Suardytos 
sandaros gruntas, nors ir sutankintas iki tankumo, 
prilygstancio natiiralaus grunto tankumui, veikiant 
apkrovai deforrnuojasi skirtingai. Statybose pasitaiko 
atvejlj, kai reikia tureti vienod11 susispaudziamum11 esant 
grunto suardytai ir natiiraliai sandarai. 

Naudojant molingojo grunto su struktiiriniu stiprumu 
kompresines poringumo koeficiento priklausomybes nuo 
apkrovos pusiau logaritminiame mastelyje, straipsnyje 
pateikta matematine priklausomybe (15) apskaiciuoti 
suardytos sandaros grunto poringumo koeficientui, kuriam 
esant santykines deformacijos esant tam tikrai apkrovai 
prilygsta natiiralaus grunto santykinems deformacijoms. 

Eksperimentiniai Lietuvos limnoglacialinil! molil! 
tyrimai parade, kad suspaudziamumo skirtumas tarp 
suardytos ir nesuardytos sandaros grunto dideja, didejant 
pradinio poringumo koeficiento vertei. 

Eksperimentinil! tyrim4 ir apskaiCiuoti pagal (15) 
formulcr rezultatai rodo, kad, pavyzdziui, esant 0,2 MPa 
apkrovai skirtumas tarp suardytos sandaros pradinil! porin
gumo koeficiento verci4, duodanci4 vienodas deformacijas, 
kaip ir natiiralaus grunto, mazeja mazejant pradinei 
poringumo koeficiento vertei. Skirtumas, gautas sugretinus 
eksperimento ir skaiciavimo rezultatus, yra nuo 2 iki 10%. 
Skirtumo mazejimas rodo, kad didejant grunto tankumui 
ma:zeja jautrumas natiiralios struktiiros suardymui. 

Apskaiciuotas pagal (15) formulcr suardytos sandaros 
grunto pradinis poringumo koeficientas, kuriam esant 
turesime tokias pat, kaip natiiralaus grunto, deformacijas, 
yra skirtas apkrovai, naudotai ( 15) formu!eje. Keiciantis 
apkrovai keisis ir apskaiciuota pagal (15) formulcr pradinio 
poringumo koeficiento verte. Didejant apkrovai dideja ir 
pradines poringumo koeficiento vertes, apskaiciuotos pagal 
(15) formulcr. Tai rodo, kad didejant apkrovai didcja 
natiiralaus grunto struktiirinil! rysi4 suardymo laipsnis, ir jo 
suspaudziamumo pobiidis panasus i suardytos sandaros 
grunto suspaudziamum11. 

COMPRESSION OF THE CLAY SOll..S OF NON
DESTRUCTED AND DESTRUCTED STRUCTURE 

A. Alikonis 

Summary 

Clay soils have their structural links according to their 
geological conditions. Compression increases when the soil 
structural lines are destructed. Even if the density of the 
soils of distructed structure reaches the density of natural 
soils, though they get deformed differently under loading. 
Sometimes it is necessary to have equivalent compression 
of the soils of destructed and natural structure m 
construction. 

The article presents mathematical dependency on 
how to count a porosity factor of the soils of destructed 
structure, with its help relative deformations under a given 

loading come up with relative deformation of natural soils, 
using dependency of compression porosity factor of 
structurally rigid soils upon loading in a semi-logarithmic 
scale. Experimental research into Lithuanian limnoglacial 
clay soils has showed that increase in the assessment of the 
initial porosity factor is followed by an increase in 
difference between the compression of non-destructed and 
destructed soils. Experimentally obtained and calculated 
(according to formula 15) results show that, for example, 
under the loading of 0,2 MPa, decrease in the assessment 
of the initial porosity factor is followed by a decrease in 
difference between the assessments of the initial porosity 
factor of destructed structure, giving deformations 
equivalent to those of natural soils. The difference which 
occured after experimentally obtained and calculated 
results were compared-from 2% to 10%. 

The decrease in difference shows that an increase in 
soil density is followed by a decrease in sensitivity of 
destructure of its natural structure. The initial porosity 
factor of the soils of destructed structure, calculated 
according to formula (15), enables us to have deformations 
equivalent to those of natural soils and it is provided for 
the loading used in formula (15). Changes in loading will 
be followed by changes in the assessment of the initial 
porosity factor calculated according to formula (15). 

The increase in loading is followed by an increase in 
the initial assessment of the porosity factor. It shows that 
an increase in loading is followed by an increase in the 
degree of destruction of structural links of natural soils and 
its nature of compression comes up with the compression 
of the soils of destructed structure. Structural rigidity of 
soil can be determined by intersection of lines AC and CD 
(Fig 1). 

After the natural structure of clay soils has been 
destructed, part of its structural rigidity remains. 
Experimental research shows that there is a short interval 
AB a small pitch (Fig 2) in a compression curve of 
limnoglacial kneaded up clay indicating the remaining 
structural links. According to experimental research, in 
comparison to natural soils, structural rigidity of the clay 
soils of destructed structure (kneaded up clay soils) forms a 
very small part. Therefore when working out engineering 
tasks connected with construction, we shoned accept that 
the compression curve of the clay soils of destructed 
(kneaded up) structure in a semi-logarithmic scale is a line, 
with its beginning at point A (Fig 2). It indicates that 
deformation of destructed soils begins with the initial 
loading (Fig 1, line 3), whereas considrrable deformation 
of natural soils begins under the loading higher than the 
structural rigidity of the soil. 
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