
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tcem20

Statyba

ISSN: 1392-1525 (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tcem19

INFLUENCE OF CHANGE OF COMPACTED SAND
STRUCTURE ON THE DESIGN STRENGTH OF
SUBSOIL

A. Alikonis

To cite this article: A. Alikonis (1998) INFLUENCE OF CHANGE OF COMPACTED SAND
STRUCTURE ON THE DESIGN STRENGTH OF SUBSOIL, Statyba, 4:4, 283-291, DOI:
10.1080/13921525.1998.10531419

To link to this article:  https://doi.org/10.1080/13921525.1998.10531419

Published online: 26 Jul 2012.

Submit your article to this journal 

Article views: 60

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tcem20
https://www.tandfonline.com/loi/tcem19
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13921525.1998.10531419
https://doi.org/10.1080/13921525.1998.10531419
https://www.tandfonline.com/action/authorSubmission?journalCode=tcem20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tcem20&show=instructions
https://www.tandfonline.com/doi/citedby/10.1080/13921525.1998.10531419#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/13921525.1998.10531419#tabModule


ISSN 1392-1525. STATYBA- CIVIL ENGINEERING -1998, IV tomas, Nr. 4 

Geotechnika 

BJIHHHHE U:3MEHEHHH CTPYKTYPbl IIECliAHOfO fPYHTA IIPH EfO 
YIIJIOTHEHU:H HA PAClJETHOE COIIPOTHBJIEHHE OCHOBAHHH 3~HH 

A. AlmKOHHC 

l. Bae,n;eHHe 

H3MeHemJ:e cTpyKTyphi necqaHoro rpyma npn 

ero ynnoTHeHHH 3aMeTHO BlllHieT Ha ero ,n;ecpopMa

UHOHHhle CBOHCTBa. YnJIOTHeHHhle ,n;o BhiCOKOH 

CTeneHH llJIOTHOCTH phiXJihle HJlll cpe,n;HeH llJIOT

HOCTH necqaHhie rpymhl, qTo o6~HO HMeeT MeCTO 

npH ycTpOHCTBe cpYH,ZJ;aMeHTOB B BhiTpaM60BaHHhlX 

KOTJIOBaHax (1, 2, 3, 4] HJlll npH llJiaHOMepHO B03-

Be,n;eHHhiX Hachmmc H necqaHhiX no.n;yrnKax no,n; 

cpYH,ZJ;aMeHTaMH (5], ynyqiiiaiOT ,n;ecpopMaiiHOHHhie 

CBOHCTBa. llpH YnJIOTHeHHH necqaHOfO fPYHTa 

c6JIIDKaiOTCH ero qacTHI.'(hl, cpopMHpYIQTCH HOBbie 

KOHTaKTHhie CB513H MC)K,lzy HHMH. CTeneHh c6JIH

)KeHHH qacTHU fPYHTa 3aBHCHT OT COCTOHHMH fPYHTa 

H ero BH.n;a, xapaKTepa MexaHnqecKoro B03,n;e:HcTBMH 

Ha rpym. Cnoco6HOCTh ecTecTBeHHoro necqaHoro 

rpYHTa ynnoTHHThCH, oco6eHHO npn YCTPOHCTBe 

cpYH,ZJ;aMeHTOB B BhiTpaM60BaHHhlX KOTJIOBaHax, 

MO)K}fO oueHHTh no pe3y1IhTaTaM cTaTnqecKoro 

30H,n;HpOBaHMH (6, 7]. 

Heo6xo.n;HMM cTeneHh ynnoTHeHHH fPYHTa B 

HachmHX H nec~IaHhiX no.n;yrnKax no,n; cpYH,ZJ;aMeHTaMH 

3a,n;aeTCH B npoeKTax coopyxeHHH c o6H3aTeJihHhiM 

yKa3aHHeM 3HaqeHHH llJIOTHOCTH cyxoro rpyma. 

KoHTPOIIh KaqecTBa pa60T no YKJia.ZJ;Ke H ynnoT

HeHHIO fPYHTa Be,n;eTCH CHCTeMaTnqecKH npe,n;cTaBH

TeJIHMH TemnqecKoro Ha,n;3opa. KaqecTBO ynnoTHe

HHH H CTeneHh BJiaxHOCTH rpyma nepHO,ZJ;JiqecKH 

npoBepHIOTCH H COnOCTaBJIHIOTCH C npoeKTOM H 

TeXHwieCKHMH ycnoBHHMH. HHor.n;a no pe3yJihTaTaM 

KOHTpOIIH KaqeCTBa YnJIOTHeHMH KoppeKTHpyeTCH H 

YTOqHHeTcH pac~IeTHoe conpoTHBJieHHe fPYHTa KaK 

OCHOBaHHH npOCKTHpyeMOfO 3,lJ;aHMH. 

B pe3yJihTaTe ynnoTHeHHH necqaHoro fPYHTa 

pa3pyrnaiOTCH npHpO.ZJ;Hhie CTpyKTypHhie CBH3H MC)K

,n;y OT,ZJ;eJihHhlMH ~IaCTHI.'(aMH H arperaTaMH, O,ZJ;HaKO 

YBeJIWIHBaeTCH nnoTHOCTh, yron BHYTPCHHero Tpe

HHH H MO.ZJ;yJih ,n;ecpopMaUHH no cpaBHeHHIO C 

npHpO.ZJ;HhiMH 3HaqeHHHMH. 

YnnoTHCHHM 30Ha, B KOTopo:H H3MeHeHa ec

TecTBeHHM CTpyKTypa rpyma, C03,ZJ;aeTCH B KOTJIO

BaHax, nonyqeHHhlX cnoco6oM TpaM6oBaHHH. PacqeT 

OCHOBaHHH cpYH,ZJ;aMeHTOB B BbiTPaM60BaHHhiX KOT

JIOBaHax C YnJIOTHCHHOH 30HOH no ,n;ecpopMaiiHHM 

npoH3BO.n;HT C yqeTOM llJIOTHOCTH H npo~OCTHhlX 

xapaKTepHCTHK ynnornennoro cJIOH, ero TOJIIUHHhl, 

a TaKXe BeJIHqHHhl pacqeTHoro ,n;aBJiemrn rpyma, 

3aneraiOmero HH)Ke ynnoTHeHHoro cnoH [8, 9]. 

3a pacqeTHOe conpOTHBJieHHe OCHOBaHMH cl>YH

,ZJ;aMeHTa B BhiTpaM60BaHHOM KOTJIOBaHe npHmJ:MaiOT 

MHHHMaJihHOe 3HaqeHHe ,ZJ;aBJieHHH, KOTOpOe nony

qaiOT H3 CJie,ZJ;YIOmHX ycJIOBHH ( 1 0]: 
1) pacqeTHoe conpoTHBJieHHe ocHOBaHMH Ha 

ynnorneHHhlH fPYHT R1 (no CHnll 2.02.01-83 [11] 
H C HCnOJih30BaHHeM npoqHOCTHhlX XapaKTepHCTHK 

({J;;H C); 
2) pacqeTHoe conpoTHBJieHHe ocHOBaHHH R2, 

onpe,n;eJIHeMoe, ncxo,n;H H3 ,n;aBJieHHH Ha no,n;cTHJia

IOmHH ynJIOTHeHHYIO 30HY fPYHT ecTeCTBeHHOfO 

CJIO)KeHMH HJIH ,n;pyro:H CJIOH fPYHTa. 

Oca.n;KH cpYH.ZJ;aMeHToB B BhiTPaM60BaHHhlX 

KOTJIOBaHax C ynJIOTHeHHOH 30HOH onpe,n;eJIHIOT no 

CXCMe ,n;ByxCJIOHHOfO OCHOBaHHH, COCTOHII.'(ero H3 

YnJIOTHeHHOfO CJIOH, B KOTOpOM fPYHT HMeeT Hapy

IIICHHOe cJIO)KeHne, H no,n;cTHJiaiOmero ecrecrneH

Horo fPYHTa. 

llpH pacqeTe OCHOBaHHH cpYH,ZJ;aMeHTOB B 

BhiTpaM60BaHHhiX KOTJIOBaHax no BhliiiC npHBe

,ZJ;CHHOH MCTO,n;HKe CTaJIKHBaeMCH C 60JihiiiHMH 

Tpy,n;HOCTHMH: 3apaHee HeH3BeCTHhi xapaKTepHCTHKH 

6y,n;ymero YnJIOTHCHHOfO fPYHTa H ero llJIOTHOCTh. 

OHM onpe,n;eJIHIOTCH no onhiTHhiM pa6oTaM no 

BhiTpaM6oBaHHIO KOTJIOBaHOB HJIH npHmJ:MaiOTCH no 

peKOMeH,n;aiiHHM (8]. 
llpome on:eHHTh H3MeHeHHe CTPYJCTYPhl necqa

Horo fPYHTa B OCHOBaHHIDC cpYH,ZJ;aMeHTOB B Bhl

TpaM60BaHHhlX KOTJIOBaHax H ero BJIHHHHe Ha 

pacqeTHOe conpOTHBJieHHe rpyma MO)K}fO no 3aBH-
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CHMOCTHM Me)JQ!y CBOHCTBaMH yruiOTHeHHOfO fPYJITa 

H pe3yJihTanlMH CTaTWieCKOfO 30H,UHpOBaHIDI nec

'laHOfO fPYHTa ecTeCTBeHHOfO CJIO)KeHHH Ha MeCTe 

6y,eyme:H: CTpOHTeJihHOH IIJIOIUa.D:KH. ,L(JIH no~reHIUI 

H aHaJIH3a yrrOMHHYThiX 3aBHCHMOCTeH npOBO,UHJlliCh 

3KcnepHMeHTaJihHhre Hccne.uoBaHIDI pa6oThl <l>YJI.IJ:a

MeHTOB B BhlTpaM6oBaHHhiX KOTJIOBaHaX B neC'IaHhiX 

rpYJITax H Jia6opaTOpHhle HCCJie,UOBaHIDI <lJH3HKo

MeXaHWieCKHX CBOHCTB, HCCJie,UOBaHIDI CTaTWieCKHM 

30H,UHpOBaHHeM B HaTypaJihHhlX ycJIOBHHX 3aJieraHHH 

rpYJITa, a TaK)Ke o6o6IUaJICH OnhiT CTpOHTeJihCTBa B 

JlHTBe. 

2. H3MeneHHe Ko3«Jl«JluuueHTa nopucrocTH npu 
yruiOTHeHHH nec'laaoro rpynTa u ero oueHKa 

CTaTU'IeCKHM 30H,1UtpOBaHUeM 

OT 3Ha'leHHH nopHCTOCTH 3aBHCHT C)KHMae

MOCTh, BO,UOnpOHHUaeMOCTh H HeKOTOpbie ,UpyrHe 

CBOHCTBa fPYHTOB. qHCJieHHhie 3Ha'leHIDI K03<i>qm

UHeHTa nopHCTOCTH HCnOJih3yroT npH onpe,UeJieHHH 

C)KHMaeMOCTH fPYHTOB, ycJIOBHhiX pac'leTHhlX ,.UaB

JieHHH Ha OCHOBaHHH, CTeneHH yruiOTHHeMOCTH H 

.up. B 3aBHCHMOCTH oT 3Ha~reHHH K03<l><l>HUHeHTa 

nopHCTOCTH e MO)KHO OUeHHTh IIJIOTHOCTh CJIO)KeHH5I 

neCKOB [12]. 

Ko3<l><l>HUHeHT nopHcToCTH B 3aBHCHMOCTH OT 

3Ha'leHHH IIJIOTHOCTH 'laCTHU p,, H IIJIOTHOCTH cyxoro 

fPYHTa Pd Bhi'IHCJIHIOT no <PopMyne: 

P.1· I e=--. 
Pd 

(1) 

B pa60Te [ 13] .UJIH onpe.ueneHHH nJIOTHOCTH 

cyxoro rpYHTa npH YIIJIOTHeHHH npe.unaraeTCH 

<PopMyna: 

Ps(l-O,OI v) 
Pdynn = ' I+p5 w0 0,01 

(2) 

r.ue p s - IIJIOTHOCTh qacnru rp)'liTa; 

Wo - OnTHMaJihHaH BJia)KHOCTh B %; 

V - o6oeM B03,Uyxa B fPYHTe npH onTHMaJihHOH 

BJia)KHOCTH B %. 

O.uHaKo npHMeHeHHe <PopMyJihr (2) .IJ:JIH pacqeTa 

IIJIOTHOCTH cyxoro fPYHTa npH ero yrrJIOTHeHHH ,UJI5I 

necqaHoro rpYHTa 3aTpy,.UHHeTCH H3-3a HeTO'IHOfO 

onpe.ueneHHH KOJIH~recTBa BOJ.Uyxa B ero nopax. 

PYKOBO.UCTBO no npoeKTHpoBaHHIO H ycTpoil:cT

BY <lJYH.UaMeHTOB B BhiTpaM60BaHHhiX KOTJIOBaHax (8] 

peKOMeH,UyeT cpe,UHee 3Ha'leHHe IIJIOTHOCTH cyxoro 

rpYJITa B npe,.ueJiax ynrroTHHeMoH: 30Hhl orrpe.ueJIHTh 

no <PoPMYJie: 

P -.!.(p + SrPsPw ) dynn- d ' 
2 SrPw + WPs 

(3) 

r.ue p d - cpe.uHee 3Ha'leHHe IIJIOTHOCTH cyxoro 

fpYJITa ecTeCTBeHHOfO CJIO)KeHIDI B npe,.UeJiax CJIOH 

OT OTMeTKH BhlTpaM60BaHIDI .UO H}I)I(HeH fPaHHUhl 

yruiOTHHeMOH 30Hhl; 

Sr - CTeneHh BJia)KHOCTH yruiOTHeHHOfO fPYH

Ta, npHHHMaH ee paBHOH 0,9; 

W - BJia)KHOCTh rpYJITa B .UOJIHX e,UHHHUhl; 

Pw -IIJioTHOCTh BO.Uhi, npHHHMaeMaH paBHOH 1. 

llpHHHMaH Sr =1 H no,UCTaBJIHH B <i>OPMYJIY (2), 

I ( Ps ) Pdynn =- Pd + · 
2 1 + wp 5 

(4) 

AHaJIH3 pac'leTHhiX 3Ha'leHHil: IIJIOTHOCTH cyxoro 

fPYHTa no <i>OPMYJiaM (2) H (3) H 3KcnepHMeHTaJih

HhiX pe3yJihTaTOB, onpe,UeJieHIDI IIJIOTHOCTH cyxoro 

fPYHTa B Jia6opaTopHhiX YCJIOBHHX nOKa3aJI, 'ITO ,UJIH 

CyxHX H MaJIOBJia)I(HhiX fPYJITOB OHH ,UaiOT npH6JIH

)KeHHbie pe3yJihTaThl. llo3TOMY .IJ:JIH onpe.ueJieHIDI 

B03MO)KHOH IIJIOTHOCTH cyxoro rpYJITa npH ynrroT

HeHHH YCTaHOBHTh ee MaKCHMaJihHOe 3Ha'leHHe 

CJie,UyeT no Jia6opaTOpHhlM HCCJie,UOBaHHHM, npHHH

MaH K03<i><i>HUHeHT yruiOTHeHIDI, paBHhlM e,UHHHUe. 

llo,UCTaBJI5IH 3Ha'leHHe IIJIOTHOCTH cyxoro 

rpYJITa Pdynn B <l>oPMYJIY (1), nonyqaeM Bhipa)KeHHe 

.UJIH pac'leTa K03<i><i>HUHeHTa nopHCTOCTH YIIJIOTHeH

HOfO rpYHTa: 

(5) 

B 
nopHCTOCTH no pe3yJihTaTaM CTaTWieCKOfO 30H,UH

poBaHIDI necqaHhiX fPYHTOB npe.unaraeTCH CJie.uyro

ruaH <PopMyna: 

e = 2,8yh!lnqc, (6) 

r.ue y - y.ueJihHhiH Bee fPYHTa; 

h - rny6HHa 30H,UHpOBaHHH; 

qc - conpoTHBJieHHe norp~eHHIO KOHYCa. 

CpaBHeHHe 3Ha'leHHH: K03<l><l>HUHeHTa nopHc

Tocm, nonyqeHHhiX no <i>OPMYJie (6) H B pe3yJihTaTe 

3KCnepHMeHTaJihHhlX HCCJie,UOBaHHH, nOKa3aJIO, 'ITO 
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)J)Ul f.Jiy6HHhl 30HJJ:HpOB1llflffi )10 1,5 M (3TO COOT

BeTCTByeT f.Jiy6HHe 3aJIOXCeHIDI HCIIbiTaHHbiX HaMH 

<l:>YHJJ:aMeHTOB B BbiTpaM60BaHHhiX KOTJIOBaHax) 3Ta 

<t>opMyJia )laeT He COBCeM TO'IHble pe3yJihTaTbl. 

Y )IOBJieTBOpHTeJThHbie pe3yJThTaTbl IIOJIY'IaiOTCH IIO 

<l:>opMyJie (6) ,liJIH He60JihlliOH f.Jiy6HHbl 30HJJ:HpO

BaHIDI, O)IHaKO 6e3 y<IeTa y,lleJThHOfO Beca fPYHTa H 

my6HHbl 30H,liHpOBaHHH. 

KaK rroKa3aJIH HaiiiH HCCJie,lloBaHHH, xopoiiio 

COBIIa)laiOIIJHe C 3KCIIepHMeHTaJibHbiMH ,llaHHhiMH B 

COOTBeTCTBYIQIIIHX rrpe,lleJiax pe3yJThTaTbl IIOJIY'IaeM 

IIpH pacqeTe K03<l:><l:>HUHeHTa IIOpHCTOCTH OT COIIpO

THBJieHHH IIOfpyxceHHIO KOHyca IIpH CTaTH<IeCKOM 

30HJJ:HPOBaHHH )IJIH rrectiaHbiX fPYHTOB IIO <l:>opMy

Jie [15]: 

e = 0,765- 0,185/g(qs I qf ), 

r,11e q.~ - 1 Mlla. 

(7) 

Puc. 1. 3aBHCI1MOCTb Ko3<P<PHU11eHTa nopHCTOCTH ynrroT
HeHHoro MeJIKoro necKa eyrrn OT Ko3<P<Pm.IHeHTa nopHc-

TOCTH ecTeCTBeHHOfO CJIO)I(eHH.H e. • - no.rryqeHa B 
pe3yJihTaTe 3KcrrepHMeHTOB; x - no pac'!eTy (<PopMyJia (5)) 

Fig 1. Corelation between void ratio natural fine sand and 
void ratio compacted fine sand. + - experimental; x -
calculated 

11CIIOJTh3Y5! pe3yJihTaTbl HCCJie,liOBaHH5! <l:>H3H

HeCKHX CBOHCTB rrec<JaHOfO fPYHTa ecTeCTBeHHOfO 

CJIO)KeHHH IIO <t>opMyJiaM (1) H (5), MO)KHO paCC'IH

TaTh K03<l:><l:>HUHeHThl IIOpHCTOCTH ecTeCTBeHHOfO H 

yrrJIOTHeHHOfO IIeC'IaHOfO fPYHTa, rrpHHHMaH 

Ps = 2,65 r/cM
3

. 

Ha pHc. 1 rroKa3aHa 3aBHCHMOCTh K03cp<l:>HUH

eHTa IIOpHCTOCTH yrrJIOTHeHHOfO MeJIKOfO IIeCKa, 

OIIpe,lleJieHHOfO IIO cpopMyJie (5), OT K03cpcpHUHeHTa 

IIOpHCTOCTH TOfO )Ke rrecKa ecTeCTBeHHOfO 

CJIO)KeHH5!, HCCJie,liOBaHHH KOTOpOfO IIpOBO,liHJIHCb B 

Jia6opaTOpHH H B HarypaJibHbiX ycJIOBHHX 3aJiefaHHH 

fpYHTa CTaTHlJeCKHM 30H,liHpOBaHHeM. 

113 pHc. 1 BH)IHO, no Ko3<l:><l:>HUHeHTbl rropHc

TOCTH yrrJIOTHeHHOfO MeJIKOfO IIeCKa, paCClJHTaHHble 

B 3aBHCHMOCTH OT 3HalJeHHH IIJIOTHOCTH cyxoro 

fPYHTa, orrpe,lleJieHHbiX IIO <l:>OPMYJie (3), He COBIIa

)laiOT C K03<l:><l:>HUHeHTaMH IIOpHCTOCTH, IIOJIY'IeH

HhiMH IIO pe3yJThTaTaM 3KCIIepHMeHTaJibHbiX HCCJie

,liOBaHHH IIJIOTHOCTH cyxoro fPYHTa B HarypaJibHbiX 

ycJIOBHHX 3aJieraHHH YIIJIOTHennoro rpyxiTa. Qqe

BH)IHO, 'ITO ,liJIH IIp0fH03HpOBaHHH IIJIOTHOCTH 

rrecqaHOfO fPYHTa IIOCJie ero yrrJIOTHeHIDI, KaK yxce 

fOBOpHJIOCb Bblllle, CJie,llyeT IIOJTh30BaThCH B03MO)K

Hb1MH MaKCHMaJibHbiMH 3HatieHHHMH IIJIOTHOCTH 

cyxoro rpYHTa, orrpe,lleJieHHhiMH Jia6opaTopHhiMH 

HCCJie)IOBaHHHMH ecTeCTBeHHOfO fPYHTa IIpH K03<l:>

cpHUHeHTe yrrJIOTHeHIDI, paBHOM e,liHHHUe. 

llo K03cp<l:>HUHeHry IIOpHCTOCTH yrrJIOTHeHHOfO 

rrectiaHOfO fPYHTa MO)KHO IIpH6JIH)l(eHHO IIp0fH03H

poBaTb, KaK H3MeHHTCH IIJIOTHOCTh rpYJITa ecTeCT

BeHHOfO CJIO)KeHHH IIpH yrrJIOTHeHHH. 

c:I>opMyJia (6) )IJIH pactieTa Ko3<l:><l:>Hn:Hema 

IIOpHCTOCTH rrecqaHOfO fPYHTa IIO pe3yJThTaTaM 

CTaTH'!eCKOfO 30H,liHpOBaHHH MO)KeT 6b1Th HCIIOJTh-

30BaH3 ,liM orrpe,lleJieHHH corrpoTHBJieHIDI rrorpyxce

HHIO KOHyca 30H,lla IIpH COOTBeTCTBYJOIIJeM 

3Ha~IeHHH K03<l:><l:>HU:HeHTa IIOpHCTOCTH 6e3 yqeTa 

IIJIOTHOCTH fPYHT3 H f.Jiy6HHhl 30H,liHpOBaHIDI 

lnqc=2.8je. (8) 

Ha pHc. 2 rroKa3aHa 3aBHCHMOCTh corrpoTHBJie

HHH rrorpyxceHHIO KOHYCa IIpH CTaTH'IeCKOM 30H,liH

poBaHHH OT K03cpcpHU:HeHTa IIOpHCTOCTH rrecKa. 

Puc. 2. 3aBHCI1MOCTb conpoTHBJieHH.H norp~eHmo KOHYCa 
OT K03<P<P11U11eHTa nop11CTOCTI1: • - 3KCIIepHMeHTaJib
Hb!e )lJI.H MeJIKoro necKa; + - no <PopMyJie (7), x -
pacc<mTaHHhrx no <PopMyJie (8) 

Fig 2. Correlation between tip resistance CPT and void 
ratio. x- calculated according to (8); • -experimental; + -
calculated according to (7) 
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Jb pHC. 2 BH,UHO, 'ITO 3KCnepHMeHTa.JibHO 

onpeneJieHHhle 3Ha'-leHIUI 3aBHCHMOCTH conpOTHB

JieHIUI norpyxeHHIO KOHyca OT K03ci>ci>HUHeHTa 

nopHCTOCTH nO'ITH COBnanaiOT C paCC'-IHTaHHbiMH no 

cpopMyJiaM (7) H (8). 

B pa6oTe [16] npencTaBJieHbi rpaci>HKH ,U.JUI 

onpeneJieHHH pac'-leTHOfO conpoTHBJieHHH OCHOBa

HHH 6ypoHa6HBHbiX ci>YHJl:aMeHTOB B 3aBHCHMOCTH OT 

conpoTHBJieHHH norpyxeHHIO KOHyca npH CTaTH

'-IeCKOM 30HJl:HpOBaHHH nec<JaHbiX fPYHTOB. 

3a pac'-leTHOe conpOTHBJieHHe OCHOBaHHH npH

HHTO naBJieHHe Ha fPYHT no,n nO}:(OlliBOH ci>YHJl:a

MeHTa, Bbi3biBaiOIUee ocanKY B 0.5, 1, 2 HJIH 3% oT 

Jl:HaMeTpa cl>YH.naMema [16]. KaKo:if npouem oT ,nH

aMeTpa ci>YHJl:aMeHTa }:(OJDKHa COCTaBHTb OCa}:(Ka, 

onpeneJIHeT cneUHaJIHCT, npoeKTHPYJOIUHH 3Jl:aHHe 

HJIH COOp)')KeHHe. IlpH OTCyTCTBHH rpaci>HKOB pac

'-IeTHOe conpOTHBJieHHe OCHOBaHHH 6ypo6eTOHHOfO 

cl>YHJl:aMema npe,nJiaraeTCH pacc'-IHTbiBaTb no 

cpopMyJie: 

s 
n = 100-, 

D 

rne s - ocanKa «l>YHnaMeHTa; 

D - Jl:HaMeTp cl>YHnaMeHTa. 

(9) 

(10) 

Pa6oTa cl>YH.naMeHTOB B BbiTpaM6oBaHHbiX KOTJioBa

Hax UHJIHHJl:pH'IeCKOH cpopMbl OTJIH'-IaeTCH OT pa6o

Tbl B 6ypoHa6HBHbiX ci>YHJl:aMeHTax TeM, '-ITO nepBbie 

HMeiOT OCHOBaHHe H3 rpYHTa HapyllieHHOfO CJIO)Ke

HHH H yrrJIOTHeHHOfO npH BbiTpaM60BaHHH KOTJIO

BaHa, a 6ypoHa6HBHhle HMeiOT OCHOBaHHe H3 

ecTeCTBeHHOfO fPYHTa. IlpHHHMM pac<JeTHOe conpo

THBJieHHe OCHOBaHHH ci>YHJl:aMeHTa B Bb1TpaM60BaH

HOM KOTJIOBaHe aHaJIOfH'-IHO conpOTHBJieHHIO 

6ypoHa6HBHOfO ci>YHJl:aMeHTa [16), T. e. }:(aBJieHHe Ha 

fPYHT non no}:(OlliBOH ci>YHJl:aMeHTa, Bbi3biBaiOIUee 

n-npoueHTHYJO OCa.IlKY, npH6JIH3HTeJibHO pac'-JeT

HOe conpOTHBJieHHe OCHOBaHHH MO)KHO onpe}:(eJIHTb 

no rpaci>HKaM [16] HJIH no cpopMyJie (9). 
C 3TOH UeJibiO conpOTHBJieHHe norpyxeHHIO 

KOHYCa npH CTaTH'-IeCKOM 30HJl:HPOBaHHH yrrJIOTHeH

HOfO OCHOBaHHH ci>YHJl:aMeHTa B BbiTpaM60BaHHOM 

KOTJIOBaHe onpe,neJIHeM, HCXO,L(H H3 3aBHCHMOCTeH 

(5), (7) HJIH (8) . 

ITo npoamlJIH3HpoBaHHOH Bhillle MeTO.L(HKe 

MO)KHO npH6JIH3HTeJibHO onpe}:(eJIHTb pac<JeTHOe 

conpoTHBJieHHe yiiJIOTHeHHOfO neC'-IaHOfO OCHOBa

HH51 WYHJl:aMeHTa B BbiTpaM60BaHHOM KOTJIOBaHe 

UHJIHHJl:PH'-IeCKO:if cpopMbi. Pa60Ta ci>YH.naMema B 

BhlTpaM60BaHHOM B cpopMe yce'-leHHOH IIHpaMH,Uhl 

KOTJIOBaHe OTJIH'-IaeTCH OT TaKOBOH B KOTJIOBaHe 

UHJIHH.L(pH'-IeCKOH cpopMhl. 

3. 3KcnepHMeJITaJibHbie HCCJie)J.OBaHIUI pa60TLI yn

JIOTHeHHoro OCHOBaHHH «<JYJI)J.aMeiiTOB B KOTJIOBaHax, 

Bb1TpaM60BaHHbiX B BH)J.e yce'leHHOH DHpaMH)J.bl 

CToJI6'-IaThle ci>YHJl:aMeHThl, B03Benermhle B KOT

JIOBaHax, nOJIY'-IeHHhlX BhlTpaM60BaHHeM, HMeiOT 

nOBhlUieHHYJO HeCYJ.UYIO cnoco6HOCTb no cpaBHe

HHIO C B03Be}:(eHHbiMH B BhiKOnaHHhiX KOTJIOBaHax. 

KpoMe Toro, npH 3TOM nocTHraeTCH 3KOHOMHH 

MaTepHaJibHbiX H 3HepreTH'-IeCKHX pecypCOB, TaK KaK 

OTCyTCTByeT pa3pa60TKa rpyma 3KCKaBaTOpOM, 

TpaHcnopTHpOBKa rpyma, o6paTHM 3aCbiiiKa KOT

JIOBaHOB, onany60'-1Hble pa6oTbl npH 6eTOHHpOBaHHH 

ci>YH.naMeHTOB. IJpaKTHKa CTpOHTeJibCTBa noKa3hl

BaeT, 'ITO MeTO,L( B03Be}:(eHHH ci>YHJl:aMeHTOB B 

BbiTpaM60BaHHhlX KOTJIOBaHax MOXeT ycnelliHO 

npHMeHHTbCH Ha fPYHTax MHOrHX BH,UOB [1, 16). 

C ueJibro onpeneJieHHH BJIHHHHH yrrJIOTHenno:if 

30Hbl neC'-IaHOfO fPYHTa no,n ci>YH.naMeHTOM B 

BbiTpaM60BaHHbiX KOTJIOBaHax Ha paC'-IeTHOe conpo

THBJieHHe OCHOBaHHH npoBO}:(HJiaCb cepHH OnbiTOB. 

JfcnbiTaHHIO no,nBepraJIHCb ci>YHJl:aMeHThl B BhlTpaM-

6oBaHHbiX KOTJIOBaHax H ci>YH.naMeHThl TeX )Ke 

pa3MepOB B KOTJIOBaHax, BhlpbiTbiX BPYlJHYJO [17, 18, 

19]. OcHoBaHHeM cl>YHJl:aMeHTOB CJI)')KHJIH phlXJihle H 

cpe}:(He:if IIJIOTHOCTH MeJIK03epHHCTbie neCKH B 

HaTypaJibHbiX YCJIOBHHX 3aJiefaHHH. 

<l>YH.L(aMeHTbl HMeJIH ci>OPMY yce'-leHHOH IIHpa

MH,Uhl pa3MepOM no nO}:(OlliBe 0,6x0,6 M H no Bepxy 

0,7x0,7 M, BbiCOTO:if 1,2 M. BmpaM60BaHHe npoH3-

BO.L(HJIOCh TpaM60BKOH-IIITaMnOM MaCCOH 1,2 T, 

c6paCbiBaeMbiM C BbiCOTbl 3,0 M. ,UJrn o6pa30BaHHH 

KOTJIOBaHOB noTpe60BaJIOCb npOH3BeCTH 17-30 

ynapOB B OJl:HO MeCTO (20]. 

Pe3yJibTaTbl HCnbiTaHHH nOKa3hlBaiOT (pHC. 3 H 

4), '-ITO pa60Ta ci>YHJl:aMeHTOB B BhlTPaM60BaHHbiX 

KOTJIOBaHax pe3KO OTJIH'-IaeTCH OT pa60Thl ci>YHJl:a

MeHTOB B BblphlThlX KOTJIOBaHax. fpaci>HKH Harpy3Ka 

-oca,nKa COBna}:(aiOT JIHlllb B Ha'-la.JibHOH CTa}:(HH 

HarpyxeHHH (25-300 kN). ,D;aJiee c YBeJIH'-IeHHeM 

Harpy3KH OCa}:(Ka ci>YHJl:aMeHTOB B BbiTpaM60BaHHhlX 

KOTJIOBaHax OKa3biBaeTC51 B npHMOJIHHeHHOH 3aBH

CHMOCTH OT Harpy3KH, a OCa,L(Ka ci>YHJl:aMeHTOB, 

B03Be,L(eHHbiX B ecTeCTBeHHOM fPYHTe, - B KpHBO

JIHHeHHOH 3aBHCHMOCTH. 
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Puc. 3. 3aBHCHMOCTb OCa)lKH OT Harpy3KH tPYHJlaMeHTOB B 

BbiTpaMfiOBaHHbiX KOTJIOBaHax 

Fig 3. Dependence between the loads and settlements of the 

foundations in tampered pits 
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~ 60 

"' 
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100 

Puc. 4. 3aBHCHMOCTh ocat:~KH OT HarpyJKH <t>YHJlaMeHTOB B 

BblKOIIaHHhiX KOTJIOBaHaX 

Fig 4. Dependence between the loads and settlements of the 

foundations in dug pits 

EcJIM HarpyJrcy, Bhi3BaBiny:IO oca.urcy Be.JIWIMHOH 

0,1 D (D - IllMpMHa <PYH.UaMeHTa), rrpMHHTh 3a 

rrpe,UeJihHy:IO, IIO~IMM, 'ITO Hecym:rur CIIOC06HOCTh 

cpyH,UaMeHTa B BhiTpaM60BaHHOM KOTJIOBaHe IIO'ITM B 

L(Ba pa3a 60Jihllie, •reM TaKOBaH cpYJI,UaMeHTOB, B03-

Be,UeHHhiX Ha ecTeCTBeHHOM OCHOBaHMM. Ilpe,UeJih

HaH Hecym:aH CIIOC06HOCTh ¢YH.UaMeHTOB B 

BhiTpaM60BaHHhiX KOTJIOBaHaX COCTaBMJia 900-1100 

KH, a <PYH.UaMeHTOB Ha ecTeCTBeHHOM ocHoBaHMM 

- 500-600 KH. 

,[(JIH MCCJie,UOBaHMH pacrrpe,UeJieHMH Harpy3KM IIO 

IIOL(OIIIBe M fiOKOBhiM IIOBepXHOCTHM cpYHL(aMeHTa 

Ha L(HO KOTJIOBaHa IIepe,U 6eTOHMpOBaHMeM YKJia,Uhi

BaJIM MeTaJIJIWieCKYJO IIJIMTY pa3MepoM 60x60x2 CM, 

Ha KOTOpOH ycTaHaBJIMBaJIM TpM TeHJOMeTpa 

LJ:3,[(BY-20. CBepxy YKJia,UhiBaJIM MeTaJIJIM'IeCKYJO 

IIJIMTy TOJIIIIMHOH 1 CM M 6eTOHMpOBaJIM cpYHL(a

MeHT. 

Pe3yJihTaThi MCCJie,UoBaHMH [21, 22] rroKaJaJIM, 

'ITO cpYHL(aMeHT B BhiTpaM60BaHHOM KOTJIOBaHe L(O 

Harpy3KM 300 KH rrepe.uaer 3TY Harpy3rcy qepe3 

IIO,UOIIIBY Ha OCHOBaHMe M Ha rpym IIO 60KOBOH 

rroBepXHOCTM. B MHTepBanax Harpy3oK 300-700 KH 

Harpy3rcy rrpMHMMaeT IIOL(OillBa cpyH,UaMeHTa, a rrpM 

Harpy3Ke 700 KH YBeJIM'IMBaeTCH .UOJIH HarpYJKM Ha 

6oKOBYJO rroBepXHOCTh cpyH,UaMema M YMeHhiiiaeTCH 

Ha IIOL(OillBy. 

3KCIIepMMeHTaJihHhie MCCJie,UOBaHMH M3MeHeHMH 

IIJIOTHOCTM IIeC'IaHOfO rpyma BOKpyr cpYHL(aMeHTa B 

BhiTpaMfiOBaHHOM KOTJIOBaHe (23) IIOKa3aJIM, 'ITO, 

KpoMe YIIJIOTHeHHOH 30Hhi, KOTOpaJI 3acpMKCMpOBaHa 

M B ,UpyrMX pa6oTax (8, 9, 24), 3aMe'leHhi 30Hhl 

rpYHTa, pa3phiXJieHHOro L(O my6MHhi 0,3 M OT 

IIOBepXHOCTM. 

qaCTh Harpy3KM Ha cpyH,UaMeHT B cpopMe yce

<JeHHOH IIMpaMM,Uhi B BhiTpaM60BaHHOM KOTJIOBaHe 

rrepe,UaeTCH Ha fPYHT IIO 60KOBOH IIOBepXHOCTM. ,[(JIH 

orrpe.ueneHMH 3TOH Harpy3KM rrpeL(JiaraeTCH Hec

KOJihKO MeTOL(OB. 

AHaJIM3 3KcrrepMMeHTaJihHhiX M pacqeTHhiX 

pe3yJihTaTOB (20, 21) IIOKa3aJI, 'ITO L(JIH pac'leTa 

Harpy3KM, rrepe,Uai~aeMOM Ha rpym IIO 60KOBOH 

IIOBepXHOCTM, L(JIH MCCJie,UOBaHHhiX IIeC'IaHhiX fPYH

TOB HaM6onee rrpMeMJieMa MeTo,UMKa, peKoMeH,Uo

BaHHaJI B (22, 25). 

IlpMHMMaH 3a pacqeTHOe COIIpOTMBJieHMe OCHO

BaHMH Harpy3rcy, Bhi3hiBaiOIIIYIO OCa,Ur<:y cpYHL(aMeHTa 

B 0,02 D (D - ,UMaMeTp MJIM cTopoHa cpYHL(aMema), 

no pe3yJihTaTaM 3KCIIepMMeHTaJihHhiX MCCJie,UOBaHMH 

L(JIH cpYHL(aMeHTa B BhiTpaM60BaHHOM KOTJIOBaHe B 

BM,Ue yce'leHHOH rrMpaMM,Uhl, rronyqaeM 

Rsz =0,09qc, (11) 

r.ue q c - corrponmneHMe rrorp}')KeHMIO KOHYCa rrpM 

CTaTM'IeCKOM 30H,UMpOBaHMM ecTeCTBeHHOfO rpyma. 

CooTBeTCTBeHHO rronyqaeM 3MIIMpM'IecKMe 

Bhlpa)I(eHMH L(JIH IIpM6JIIDKeHHOfO OIIpe,UeJieHMH 

pac•reTHOfO COIIpOTMBJieHMH OCHOBaHMH IIpM 

s=0,01D: 

(12) 

rrpM n=0,03D 

(13) 

<l>YH,UaMeHThl B BM,Ue yce'leHHOH IIMpaMM,Uhl B 

BhiTpaMfiOBaHHhiX KOTJIOBaHax Harpy3rcy Ha OCHOBa

HMe nepe,UaiOT qepe3 IIOL(OIIIBY M 60KOBy:IO llOBepx-
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HOCTh. lJpH COOTBeTCTBYJOII.(eH Harpy3Ke ,UO.IDI 

HarpYJKH Ha 60KOBYJO 110BepXHOCTh YBe.JIHqlfBaeTCH 

110 cpaBHeHHIO C Harpy3KOH Ha 110,UOIIIBY (21]. 

Ilo3TOMY 11pH C.JIY'IaHHhiX 110Bpe)l{):(eHHHX rpYHTa B 

6oKOBOM 11POCTpaHCTBe <t>YH.z:r:aMeHTa pe3KO YMeHh

IIIaeTCH ero HeCYIIIM Cl1oco6HOCTh. MeHee ~IYBCT

BHTeJihHhi K TaKoMy 110Bpe)l{):(eHHIO ¢lYH.z:r:aMeHTbi 

UHJIHH,UpH<reCKOH ¢lopMhl B BbiTpaM60BaHHbiX KOT

JIOBaHax. 

CTpowTeJIH JlHTBhi OTJJ.aiOT rrpeJJ.I1o~rreHwe 

¢lYH.z:r:aMeHTaM UHJIHHJJ.pWieCKOH ¢lopMhi B BhiTpaM-

6oBaHHhiX KOTJIOBaHax. B OCHOBaHHH 3THX <PYH

naMeHTOB 11o-npyrOMY ¢lopMHpyiOTCH yrrJIOTHeHHbie 

30Hhl, HeT pac11opa fPYHTa IIO 60KOBhiM 110Bepx

HOCTHM. 

4. 3KcnepHMeHTa.JILHOe HCCJie.UOBaHHe pa60TLI ynJIOT

HeHHOfO OCHOBaHHSI «Jlyn.uaMeHTOB IIHJIHH,npuqecKOH 

«JlopMbl B BbiTpaM60BaHHLIX KOTJIOBaHaX 

.[Ln:H HCCJie):(OBaHHH pa60Thl yrrJIOTHeHHOfO 

BbiTpaM60BaHHeM KOTJIOBaHOB OCHOBaHHH ¢lYH.z:r:a

MeHTOB UHJIHH.npH<reCKOH ¢lopMbi 6billH HCI1hiTaHbi 

CTaTWieCKOH Harpy3KOH IUeCTh ¢lYHJJ.aMeHTOB: )J.Ba 

<PYHJJ.aMeHTa B 11ecKe cpe;::r:Heii KpyrrHOCTH c col1po

THBJieHHeM 110fpYJKeHHIO KOHYCa 11pH CTaTmeCKOM 

30H,UHpOBaHHH B 4Mfla (011biT 1 H 2) H <reTbipe 

<PYHJJ.aMeHTa B MeJIK03epHHCTOM 11ecKe c col1po

THBJieHHeM 110fpYJKeHHIO KOHyca 11pH CTaTWieCKOM 

30H;::r:HpoBaHHH B 4, 5, 8 H 8 Mfla (onhiThi 3, 4, 5, 

6). <J>yH,UaMeHThl 6biJIH MOHOJIHTHhiMH, ,UHaMeTp 

KOTOpbiX 1 M H my6HHa 3aJieraHHH 2 M [26]. 

flpH o6pa60TKe pe3yJihTaTOB HCCJie)J.OBaHHH 

OT)J.eJihHO IIO MeTO,UHKe (16] OIIpe)J.eJIHJiaCb Harpy3Ka, 

11epe,UaBaeMaH 110 6oKOBOH 110BepXHOCTH. 0CTaJihHaH 

~raCTh Harpy3KH 11epe)J.aBaJiaCb OCHOBaHHIO <repe3 

IIO,UOIIIBY ¢lYH.z:r:aMeHTa. flo 3aBHCHMOCTH OCaJJ.KH 

¢lYHJJ.aMeHTa OT Harpy3KH HaxO,UHM 3Ha<reHHH 

HanpiDKeHHH 0", 11pH KOTOpbiX OTHOIIIeHHe OCaJJ.KH S 

K JJ.HaMeTpy D cocTaB.IDieT 0,5, 1, 2 H 3%, <rTo 

COOTBeTCTByeT IIO ¢lopMyJie (10) n = 0,5, 1, 2, 3. 

BenH~mHa Hal1piDKeHHH B IIJIOCKOCTH 110.UOIIIBhi 

<PYHJJ.aMeHTa, Bhi3hiBaiOII.(HX n-rrpoueHTHYJO ocanKY 

¢lYHJJ.aMeHTa, KOTOpyiO 11pHHHMaeM 3a pac<reTHOe 

COI1pOTHBJieHHe OCHOBaHHH, 011pe,rr:e.IDieTCH IIO 

¢>opMyne [2]: 

w l-v 2 (Jn = ( )nqc, (14) 

rne a - K03¢l<PwuHeHT rrporropUHOHaJihHOCTH rrpH 

011peneneHHH MOJJ.Y.IDI ;::r:e¢>opMauHH rpyma 110 

3Ha<reHHIO co11pOTHBJieHHH rpyma 110rpYJKeHHIO 

KOHYCa 11PH cTaTmecKoM 30H;::r:HpOBaHHH; 

W - K03¢l¢lHUHeHT ¢lopMhl cpyH,naMeHTa, 

11pHHHMaeMhiH ,U.IDI Kpyrnoro <t>YH.z:r:aMeHTa paBHhiM 

0,67; 

v - K03¢>¢lHUHeHT 11011epe<rHoii .ue<t>opMaUHH, 

11pHHHMaeMbiH ,U.ID1 11eCKOB paBHhiM 0,3; 

q - co11pOTHBJieHHe ecTecTBeHHoro rpyma 110-

rp)l)KeHHIO KOHYCa 11pw cTaTmecKOM 30H,UHpOBaHHH. 

<l>opMYJia (14) IIOKa3biBaeT, <rTO 11pH 3aJJ.aHHOM 

TIPOIIeHTHOM OTHOIIIeHHH OCaJJ.KH K )J.HaMeTpy Me)l{):(y 

Hal1piDKeHHHMH, Bhi3hiBaiOII.(HMH n-11poueHTHYJO 

OTHOCHTeJihHYJO OCaJJ.KY, H C011pOTHBJieHHeM rpyma 

110rp)l)KeHHIO KOHYCa 11pH CTaTmeCKOM 30H,UHpO

BaHHH Cyll(eCTByeT 11pHMOJIHHeHHaH 3aBHCHMOCTh. 

flo IIOny<reHHOH 3aBHCHMOCTH (14) COCTaBJIHJIHCh 

rpa!PHKH H paCC<rHThiBaJIHCh 11apaMeTpbl ypaBHeHHH 

perpeCCHH 3aBHCHMOCTH Me)l{):(y HaiipiDKeHHHMH H 

COIIpOTHBJieHHeM rpyma 110rpYJKeHHIO KOHYCa 11pH 

cTaTH<reCKOM 30H.nHPOBaHHH. XopoUIHe pe3yJihTaThl 

110ny<raiOTCH 11pH HCI10Jih30BaHHH CJienyroll(efO 

BbipiDKeHHH: 

crn = (0,231qc +0,342n)th(0,585n). (15) 

06o3Ha<reHHH B ¢lOPMYJie (15) Te xe, <rTO H B 

<t>OPMYJie (14). Ha11piDKeHHe cr n ' pacc<rHTaHHOe 110 

¢>opMyne (15), 11PHHHMaeTcH 3a pac<reTHOe col1po

THBJieHHe OCHOBaHHH R sn IIpH COOTBeTCTBYJOII.(eH n. 

B 3aBHCHMOCTH oT pac<reTHoro co11pOTHBJieHHH 

yiiJIOTHeHHoro ocHOBaHHH R sn H col1pOTHBJieHHH 

IIOrp)l)KeHHIO KOHYCa 11pH CTaTH<reCKOM 30H,UHpO

BaHHH ecTeCTBeHHOfO fPYHTa MO)KHO paCC<rHTaTb 

K03<P¢lHUHeHThi 11epexona a ,U.IDI pac<reTa R sn OT 

q c rrpH 3aJJ.aHHOM n. Pe3yJihTaThi pac<reTa 11pe.ncTaB

JieHhi B Ta6JIHIIe. 

Ilo )J.aHHhiM Ta6JIHUhl 110JIY<rHM yrrpoll(eHHyro 

¢>opMyny .U.IDI 11pe;::r:BapHTeJihHoro o11pe;::r:eneHHH pac

<reTHoro C011pOTHBJieHHH yrrJIOTHeHHOfO OCHOBaHHH 

¢lYHJJ.aMeHTa B BbiTpaM60BaHHOM KOTJIOBaHe 110 

COIIpOTHBJieHHIO 110rpYJKeHHIO KOHYCa 11pH CTaTH

<reCKOM 30H,UHpoBaHHH ecTeCTBeHHOfO 11ec<raHOfO 

rpYHTa: 

R.m = 0,16nqc. (16) 

Pac<reTHoe co11pOTHBJieHHe OCHOBaHHH <PYH.z:r:aMeH

TOB IIHJIHH,UpmecKOH ¢lopMhl Ha ecTeCTBeHHOM 

nec<JaHOM fPYHTe 11pH6JIH3HTeJihHO 011pe;::r:e.IDieTCH 
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Ko3$qnnJ;HeHTbi a JlJUI pac<reTa R.m no qc (no 4JopMyne 
(15)) 

Factor a values for Rm calculated according to formula 

(15) 

n a=R.m lqc Cpe.uHee Rsn =anqc 
JHa<reHHe a 

1 0.21 

0.16 0.16 Rm = 0,16nqc 
0.15 

0.14 

2 0.47 

0.33 0.33 R,n = 0,16nqc 
0.28 

0.26 

3 0.70 

0.46 0.46 Rm = 0,15nqc 
0.38 

0.33 

rropMYJie (9). CpaBHemre <jlopMYJI (16) 11 (9) 

rroKa3biBaer, qro 113MeHeHMe crpyKTyphi rrecqa

Horo rpYHTa np11 ero yrriTOTHeHI111 TpaM60BaHI1CM 

KOTJIOBaHOB U11JII11-I,lJ:pl1qecKoil: <jlopMhi YBC.JIWIHBaer 

pacqerHoe conpoTHBJieHI1e ocHoBaHHH R.m npH-

6JII1311TCJihHO B nHTh pa3. ITo <jlopMyJiaM (15) 11 (16) 

MO)KHO onpe.ueni1Th pacqerHoe conpoTI1BJICHI1e 

yrriTOTHCHHOfO OCHOBaHHH ITO pe3yJihTaTaM CTaTH

'ICCKOfO 30ii,l:J:I1poBaHHH ecrecrBeHHoro necqaHoro 

rpYHTa. 

4. 3aKJIJO'Ienue 

l13MeHeHI1e CTPYKTYPhi necqaHoro rpyHra npH 

ero yrrnorHeHI111 YBCJIWmBaer 3HaqeHHH MOJJ:YAA 

ne<PopMaU11H, llJIOTHOCTH H npoqHOCTHhiX CBOHCTB. 

CreneHh YBCJII1qeHI1H 3aBI1C11T or BJiruKHOCTH, 

rpaHyJIOMeTpMqecKOfO COCTaBa 11 ,npyrMX CBOHCTB 

rpyHTa 11, KOHC'IHO, or xapaKrepa MexaHwrecKoro 

B03JJ:CHCTBI15l Ha rpyHT. 

YnnorHeHHaH 30Ha, B Koropo:H 113MeHHeTCH 

ecrecTBeHHaH CTPYKTypa rpyHra, <PopMI1pyeTcH B 

KOTJIOBaHax, nOJiy<ICHHbiX cnoco6oM TpaM60BaHI15l. 

BruKHo nporH0311poBaTh ITJIOTHOCTh 6y.uymero 

yrriTOTHCHHOfO rpyHTa no ,UaHHhiM 11CCJICJJ:OBaHI151 

ecrecrBeHHoro rpyHTa. 

C ::no:H uenhiO cne.uyer onpe.ueJIHTh MaKCI1-

MaJibHOe 3Ha'ICHHC nJIOTHOCTI1 cyxoro rpyHTa, 

paccqi1TbiBaTb K03tPtP11U11CHT nopi1CTOCTI1 6y.zzyiUero 

yrrJIOTHCHHOfO rpYHTa. IlJIOTHOCTh qaCTHU necqaHo

ro rpyHTa 113MeHHeTCH B He6oJihlliHX rrpe.uenax, 

n03TOMY JJ:JIH 11IDKeHepHbiX pacqeroB cne.uyer 

npi1HI1MaTh cpe,UHee ee 3HaqeHHe. ConpOTHBJieHHe 

nOrp)l)KCHHIO KOflYCa npH CTaTH'ICCKOM 301-I,lJ:HpO

BaH!1H MO)KHO onpe,UCJIHTb ITO 3aBHCHMOCTH OT 

K03tPtPHUHCHTa nop11CTOCTH. ,iJ;aHHble 0 conpOTHB

JICHHH norp)l)KeHHIO KOflYCa IIpH CTaTH'ICCKOM 

301-I,lJ:I1poBaHI111 npe,UOCTaBJI5liOT B03MO)KHOCTb OUC

HI1Tb yrriTOTHCHHOe OCHOBaHHe IIp11 npoeKT11pO

BaHI111 OCHOBaHI1H tPyli,l:J:aMCHTOB 3JJ:aHHH 11 coopy

)!(CHI1H. ITpHHHMaH 3a pacqerHoe corrpoTHBJieHHe 

OCHOBaHHH tPYllJJ:aMCHTa B BbiTpaM60BaHHOM KOTJIO

BaHe HaiipH)!(CHMH B llJIOCKOCTH IIOJJ:OIIIBbl <jlyli,l:J:a

MCHTa, Bhl3b1BaiOIUHC n-npOUCHTHYIO OT ,UHaMerpa 

tPyli,l:J:aMeHTa OCaJJ:KY, 11 aHaJII13HpyH 3KCnepHMeH

TaJibHbie pe3yJibTaTbl, nonyqHJIH 3aBI1CHMOCTI1 

paC'ICTHOfO conpOTI1BJICHMH OT conpOTHBJICHMH 

norp)l)KCHHIO KOHyCa np11 CTaTH'ICCKOM 301-I,lJ:I1pO

BaHI111 ecrecrBeHHoro rpyHTa. Cne.uyer no,nqepK

HYTb, 'ITO 3HaqeHI1H npHHHToro HaMI1 pacqerHoro 

conpOTI1BJICHI151 OCHOBaHMH tPyli,l:J:aMeHTa B BbiTpaM-

6oBaHHOM KOTJIOBaHe UHJII1I-I,lJ:pHqecKOH tPOpMbl Ha 

necqaHOM rpYHTe OTJIWiaiOTCH OT TaKOBbiX JJ:JIH 

cpyli,l:J:aMCHTOB B BHJJ:e yceqeHHOil: ITHPaMHJJ:bi. 

,lJ;JIH 11CnbiTaHHbiX HaMH cpyli,l:J:aMCHTOB B BH,Ue 

yceqeHHoil: n11paMH,Uhi B cpe.uHeM pacqerHoe conpo

THBJieHHe OCHOBaHI151 6y,neT CJICJJ:YIOIUHM: 

(17) 

)J,JIH tPyHJJ:aMeHTOB UHJII11-I,lJ:pHqecKOH tPOPMbl 

K03cptP11UHCHT nepexo,na a=0,16 (<iJOPMYJia (16)). 

Pa3HHUa B K03cpcp11U11eHTax nepexo.ua nony

qaercH 113-3a roro, qro cpyli,l:J:aMeHTbi nl1paMHJJ:aJib

Hoil: tPOPMbl 60JibrnyiO Harpy3KY npi1HHMaiOT no 

60KOBOM noBepXHOCTI1 no CpaBHCHHIO C <jlyli,l:J:a

MCHTaM11 UHJII1H,UpH'IeCKOH cpopMbi. ,iJ;JIH onpe,ne-

JICHI1H pacqeTHOfO COrrpOTHBJICHI151 OCHOBaHMH 

cPyH.UaMCHTa B BbiTpaM60BaHHOM KOTJIOBaHe 

UHJI11H,UpH'IeCKOM cpopMbl MO)KHO BOCnOJib30BaTbCH 

Bblpa)!(CHI1CM (15), a JJ:JIH npi16JI113HTeJibHOfO pacqera 

- <PopMynoil: (16). 

l13MeHeHI1e CTPYKTYPhi necqaHoro rpyHra np11 

ero yriJIOTHCHI111 Ha npi1Mepe 11CnhlTaHHbiX 

cpyH,UaMCHTOB B BbiTpaM60BaHHbiX KOTJIOBaHax 

YBCJI11qi1BaeT pacqeTHOe conpOTHBJICHHe OCHOBaHHH 

npi1MCpHO B nHTh pa3. 
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lteikta 1998 04 28 

SUTANKINTO SMELINIO GRUNTO STRUKTUROS 
PASIKEITIMO :p'AKA PASTATO PAGRINDO 
PROJEKTINIAM STIPRUMUI 

A. Alikonis 

Santrauka 

Smelinio grunto struktiiros pakeitimas ii tankinant 
padidina deformacijq modulio, tankio ir stiprum~ reikS~e.s. 
Jlj padidejimas priklauso nuo dregnio, granuhometnnes 
sudeties ir kitq savybiq bei nuo mechaninio poveikio 
gruntui. Sutankinta zona, kurioje pasikeicia natiirali grunto 
struktiira, formuojasi ir ispliikiant pamatq duobes. Svarbu 
prognozuoti biisimo sutankinto grunto tanki pagal n~t?
ralaus grunto fizikines ir mechanines savybes. Tam rerkia 
nustatyti galim~ maksimali~ sauso grunto tankio reikSmy ir 
apskaiciuoti biisimo sutankinto grunto poringumo koefici
ent~. Smelinio grunto daleliq tankio kitimo ribos nedideles, 
todei inzineriniams apskaiCiavimams galima naudoti jo 
vidutiny reiksmy. 
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Grunto kiigini stiprumq statiskai zonduojant smdinius 
gruntus galima apskaiciuoti pagal kiiginio stiprumo 
priklausomyb(( nuo poringumo koeficiento (7), (8). Turint 
grunto kiigini stiprumq, gautq statiskai zonduojant gruntq, 
galima jvertinti sutankintq pagrindq ir projektuoti pastatq 
bei statiniq pagrindus ir pamatus. 

Laikydami, kad pamato ispliiktoje duobeje pagrindo 
projektinis stiprumas yra jtempimai, kuriems esant pamatas 
nuseda nuo 1 iki 3% pamato skersmens, ir analizuodami 
natiiraliq pamatq bandymq rezultatus, gavome pamato 
pagrindo projektinio stiprumo priklausomyb(( nuo natiira
laus grunto kiiginio stiprumo. 

Miisq taikyto pamatq ispliiktose duobese projektinio 
pagrindo stiprumo reikSmes skiriasi esant piramidiniam ir 
cilindriniam pamatui. 

Piramidinio pamato pagrindo projektinis stiprumas 
pagal eksperimentinius natiiraliq pamat4 tyrimus ir 
natiiralaus grunto kiiginj stiprumq statiskai zonduojant yra: 

R 1n = 0,04nqC' 

Cilindrinio pamato pagrindo projektinis stiprumas 
pagal pamatq bandymo rezultatus ir natiiralaus grunto 
kiiginj stiprumq statiskai zonduojant yra: 

R.m = 0,16nqc. 

Tai rodo, kad projektinis pagrindo stiprumas, esant 
cilindriniams pamatams ispliiktose duobese smdiniame 
grunte, yra daug didesnis uz piramidiniq pamatq pagrindo 
projektinj stiprumq. Taip yra todd, kad piramidiniai 
pamatai didesn(( apkrovos dalj perima sonais, palyginti su 
cilindriniais pamatais. 

Pagal gautas priklausomybes (formules (15), (16), 
( 17)) galima apskaiCiuoti pamatq ispliiktose duobese 
pagrindo projektinj stiprumq. 

Smdinio grunto struktiiros pakeitimas tankinant jj 
pliikiant pamatq duobes, padidina projektinj pagrindo 
stiprumq iki penkiq kartq. 

INFLUENCE OF CHANGE OF COMPACTED SAND 
STRUCTURE ON THE DESIGN STRENGTH OF 
SUBSOIL 

A. Alikonis 

Summary 

The values of deformation modulus and strength 
properties of subsoil increases during compaction. The 
increase depends on the content, grading of the soil, 
mechanical influence on the soil and other properties. The 
influenced space with changed soil properties may be 
formed by tamping the pits for the foundation. It is very 
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important by using physical and mechanical properties of 
natural soil to forecast the density of compacted soil. For 
this purpose we have to determine the maximum density 
value of dry soil and calculate the void ratio of the 
compacted soil. Change of sand soil density is low. Thus its 
mean value is commonly used in engineering calculations. 

The tip resistance CPT of sand can be calculated 
according to correlation between tip resistance CPT and 
void ratio (7), (8). When tip resistance CPT is obtained, it is 
possible to calculate the bearing capacity of the compacted 
subsoil and to design the foundation. 

The assumption is made, that the design bearing 
capacity of foundation installed in the tampered pits is equal 
to the stresses in the subsoil when the settlement of the 
foundation is equal to 1...3% of the foundation diameter. 
According to the tests, the correlation between tip 
resistance CPT and the bearing capacity of subsoil was 
made. It should be pointed out that the design bearing 
capacity of the foundations in the tampered pits are 
different depending on the shape of foundation. 

Design bearing capacity of the pyramidal foundations 
according to the tests results: 

Rsn = 0,04nqc. 

Design bearing capacity of the cylindrical foundations 
according to the tests results: 

R.m = 0,16nqc. 

It is obvious that bearing capacity of the cylindrical 
shape foundation installed in tampered pits of sandy soil is 
bigger than the pyramidal one. The reason is that the main 
part of the bearing capacity of pyramidal shape foundation 
is realised by the foundation side bearing capacity. The 
foundation side bearing capacity of the cylindrical shape 
foundation is smaller. 

Design bearing capacity of the foundation in tampered 
pits may be calculated according to the equations (15), (16), 
(18). The value of the bearing capacity of the sandy subsoil 
may be increased up to five times by tampering the pits. 
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