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NIKITIN V.I., BACKIEL-BRZOZOWSKA BEATA Kinetics of destruction caused by cyclic freezing and thawing of specimens from ceramic

bricks

Proporties of the process of the compressive strength loss caused by cyclic freezing_and thawing of specimens from ceramic bricks were explained

based on experimental date. The ceramic bricks were formed from plastic clay in factory conditions, dried in laboratory condition and burned at the
temperature of 850 and 1050°C. After 20 cyclies of freezing and thawing specimens burned an 850°C were practically destroyed, while those burned at
1050°C preserved their compressive strength even up the 60t cyclic. The capillary propertes of specimens were also evaluated. Based on that the

difference between frost resistance of ceramic brick specimens from both series was explained.

YOK 624.15:725.4+539.3.01

Moutima I.C., LLleedoeckuti I1.B., Heeelikos A.H.

BJIMAHUE ECTECTBEHI:IOVI NMNOTHOCTU rPYHTOB HA XAPAKTEP UX
YNNOTHEHUA NPU YCTPOUCTBE BYPOHABUBHbLIX CBAU U3 BETOHOB HA
HAMNPArAOLWMUX LEMEHTAX

Beepenue. B 6ypoHabuBHbIx CBasiX, ycTpanBaembix 13 6ETOHOB Ha
HanpsraowWwmxX LieMeHTax, 3a cyeT passuTis 0ObeMHbIX AedopmaLiui,
CO30aeTCs AaBreHNe Ha rPyHT kak MUHUMYM Ha MOPSAOK BbIlLe, YeM M3
0bbIyHOro TsKenoro BeToHa. Mpu aTOM Hecyllas cnocobHOCTb Takux
CBaltHbIX (hyHAAMEHTOB, C TOUKW 3PEHMS 3HEPTO- W pecypcochepexeHus,
onpepensieTcs ONTUMM3aLMeid cocTaBa 6eToHa, ANMHOM 1 MecTopaco-
NOXEHNEM 30HbI YKNaaku HanpsiratoLero 6eToHa 1 auameTtpa ceau [1, 2].

OpHako paHee npuBefeHHble Hamu 1ccnefoBanus [2, 3] U nonyHa-
TYPHbIE UCMbITAHMS CBal B N1abOPaTOPHbIX MPOCTPAHCTBEHHBIX JOTKaX
roKas3blBatoT, YTO Kak Mo rnybuHe, Tak W B pagManbHOM HanpaBneHuu
XapaKkTepHa 3HauuTernbHas HepaBHOMEPHOCTb YMMOTHEHUSI PYHTOBOIO
maccuaa BOKpyr GypoHabuBHON cBaun. B necyaHbix rpyHTax ynmnoTHeHue
no rny6uHe (P) konebnetcs B npegenax ot 1,65 go 1,98 ricm3 y cTeHok
CKBaXWHbI U 10 1,85 r/cM3 B 30HE TPEX pauyCoB OT CTEHOK CKBAXWHbI, @
TMUHUCTBIX — COOTBETCTBEHHO ¢ 1,9 10 2,2 rlem3u 1,9 no 2,1 r/ems.

Takue pasnuums B hOPMUPOBAHWM 30H YNMOTHEHUS yKa3blBalOT Ha
cneunduKy NpoLeccoB, koTopasi MOXeT ObiTb CBf3aHa C MHOXECTBOM
(haKTOpoB, ~ OCHOBHbIMM M3 KOTOPbIX  SBASKOTCA  MHXKEHEpHO-
reonornyeckme ycroBmsa (CTPYKTypa rpyHTa, ero manyeckie xapakrepu-
CTWKI) CNOCOb YCTPOINCTBA CKBAXWHBI (MTHEBMATUYECKOE, MEXaHNYecKoe
W MHBEKLMOHHOE paclUMperIe) u cTeneHb obxaTis.

Kak n3BecTHo, hopmmpoBaHmMe CTPYKTYpbl M NMAOTHOCTW TPYHTOB B
OCHOBHOM OMpefensieTcs CTeNneHbio COXPaHeHUs NOCTOsHHOrO obbema 1
CTeneHblo KOHTaKTa MeXOy CTPYKTYPHbIMW SMeMeHTamu (Yactuuamu).
Otclopa, ToNbko NOCPEACTBOM aHanu3a ocobeHHOCTeN npoLecca ynnoT-
HEHMS| MOXHO BbISIBUTb OMTUMAsbHbIE 3HAYEHWS MCXOAHOM MNOTHOCTY
TPYHTOB CTpoinnoLiaaky, obecneunsatowme xenaemble gedopmaLoH-
HO-NPOYHOCTHbIE CBOWCTBA [4].

CnepyeT OTMETUTb, YTO KaK TPyHTbI, Tak 1 FPYHTOBbIE MacCcuBbl SiB-
NSTCA Knaccuyeckumm obpasLiamm CTOXaCTUYECKUX MPUPOSHBIX pak-
TanbHbIX 0OBEKTOB MOPVCTON CTPYKTYPbI, ANS KOTOPbIX XapakTepHa ofHa
NpUHUMNMansHas O0COBEHHOCTb — C POCTOM pasMepoB KX MMOTHOCTb
ybbIBaET N0 CTEMEHHOMY 3aKOHY [5].

MeTtoamnka uccnegoBaHuit. Mpolecc ynnoTHeHUs LienecoobpasHo
pa3nennTb Ha TPU CTaguu C pasnnyHbIMU MexaHM3Mami KOHCONMAaLMK.

[ins nepBoil CTaguu npoLecca YNnoTHEHUS XapakTepHa porb ynpy-
Toll pasrpy3ku M Harpyskv QucnepcHoit cuctembl. Mpu 3TOM Harpyska
OOHWX KOHTAKTOB COMPOBOXAAETCH MECTHON Pa3rpy3Koi Apyrix, cnocob-
CTBYIOLLE NOTepe KOHTaKTa MeXay 4actuuamu, T.e. BEpOSITHOCTb CO-
XpaHEeHWs! KOHTAKTOB MeHbLLE BEPOSTHOCTU X 0Bpa3oBaHms.

KonnuecTBeHHO 3T0 BblpaxaeTcs CeayioLLMM YCoBUEM

8
a=6°(A8/p,)", (1)
rhe O — KoHTakTHoe ceveHue u O = E / E, ; E - mogynb ynpyrocTv
TPYHTa, OTHECEHHBIN K HOMUHAMLHOWM MMOWAAN MONEpPeYHoro CeYeHus;

E. - Momynb yrpyroctv, OTHECEHHbI K KPUTMYECKOMY CeueHnio O
AB =8-0,; 6 - oTHocHTeNbHas KOHeUHast NNOTHOCTb; Bg — oTHOCK-

TernbHas HavarnbHas NnoTHOCTb; P, = 1- 90 ; 8 —NoKasaTenb CTeneHn

noTepb KOHTaKToB U 8 >1.

[LLnst BTOPOI CTafm YNNOTHEHWS! XapaKTepHa He3HauuTenbHas poslb
MECTHOW Ypyroii pasrpysku, NepepacnpefeneHe Harpysku pexe Hapy-
LaeT KOHTaKThI, MpY 3TOM BO3MOXHOCTb 00pa3oBaHusi, COXpaHEHUs U
MoTepU KOHTAKTOB PABHOBEPOSATHBI, T.6. 8 = 1.

Moiima Memp CmenaHoeuY, 00KMOP MEXHUYECKUX HayK, npogheccop kaghedpb! 260MEXHUKU U MPaHCNOPMHBIX KOMMYHUKaUUd, pekmop bpecmceko-

20 2ocy0apcmeeHHoeo MmexHU4eCKoe0o yHuesepcumema.

Llleedosckuti Mlemp Bnadumuposud, kaHOUOam mexHU4eckux Hayk, 3as. kaghedpoli eeomexHUKU U mpaHChOpmHbIX KOMMyHUKayuli bpecmckoeo

eocydapcmeeHHoeo mexHuU4ecKko2o yHusepcumema.

Heselikoe AnexcaHOp Hukonaesud, acnupaHm kaghedpbi 260MEXHUKU U MPaHCNOPMHbIX KOMMYHUKayuli bpecmckoao eocy0apcmeeHH020 mexHU-
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Puc. 1. Cxema npouecca nepeynnoTHeHUs YacTull @) HayanbHOe COCTOSIHME C OTHOCUTENbHOW mnoTHocThio 6 = 0,11-0,45 (1,4-1,75 rlemd);
6) © = 0,25-0,55 (1,8-2,00 r/cm3); 8) B = 0,55-0,85 (1,95-2,25 r/emd); 2) B = 0,65-0,95 (2,2-2,6 r/cm?)

Ha TpeTbelt cTaguu YNnoTHEeHUs BCe KOHTaKTbI (OUKCHPYHOTCS, HEOD-
patuMasi AedopMalns TEpseT NoKanbHbIA XapakTep U Nepexogut B

nnacTuyeckylo Bo BceM obbeme vactuu, AB/p, — 1, a 6 - 0,

T.€. BEPOSITHOCTb COXPaHEHUs KOHTAKTOB MPUBNIKAETCs K eAMHULE.

OTmMeTM, YTO COMMacHO OMUCAHMID MPOLECCA YNIOTHEHWUS HEOOHO-
POMHBIX AMCMEPCUOHHBIX CUCTEM Haubonee [OCTOBEPHO MOXHO OCyLLe-
CTBUTb, UCMOMb3ysl TEOPUO (DPAKTanoB, T.K. CTPYKTypa MOXeT ObiTb onpe-
[JeneHa ofHUM napameTpoM — dhpakTanbHoN pasMepHoCTbio [5]. Mpu aTom
MEXaHU3M YNNOTHEHNS TPyHTa MO3BONSIET OXBATUTL BCE TPU KOMMOHEHTa
AechopmaLym; YNpyryto, NnacTUHECKYH 1 CTPYKTYPHYHO MEXYACTUYHYH).

3a OCHOBY Hamu MPWHATHI CrieayloLLme BUAbl CTPYKTYP: AN MECKoB
(3epHucTas ¢ Kybuyeckon ynakoBKOM CHEpUHECKMX YacTuL, Mo cuUCTeEME
20x80); ona cynecei (cnoxHas no cucteme 40x80); cyrnuHKoB (COTOOB-
pasHas no cucteme 80x80); rmuHbI (xnonbeBuagHas no cucteme 100x100).

MpuHUMNnManbHas cxema npouecca YNoTHeHWs, C B3aMHbIM nepe-
pacnpegeneHemM 1 nepeOpPMMPOBaHNEM KOHTAKTOB MpeAcTaBneHa Ha
puc. 1.

[ns atux cTpykTyp Obimy OnpegeneHbl 3aBUCMMOCTYU (hpaKTanbHoM
pa3amepHocTW D rpyHTOBbIX MACCHBOB OT OTHOCUTENBHOM NMOTHOCTY A
pasnuyYHbIX BULOB MPYHTOB (pHC. 2).

3.2
1 - neckn
1 2-cynecu
4
3.0 + 3-cymnuHku
4 - MyHbI
T 2
3
28 T
T 1
26 T
24 T
; ; ; : 0
0.2 0.4 0.6 0.8

Puc. 2. 3aBucUMOCTb (ppakTanbHOM pa3MepHOCT OT OTHOCUTENbHOM
MAOTHOCTM TPYHTOB

Tak kak 0BHOPOAHas CTPYKTYpa SIBMSETCS NPEAENbHBIM COCTOSHUEM
YNNOTHAEMbIX IPYHTOB, TO ONKCAHWE NPOLIECCa YNNOTHEHUS! HEOBXOAMMO
6a3upoBaTb He Ha YPOBHE CPEAHUX 3HAYEHUI CTPYKTYPHbIX XapakTepu-
CTUK, @ Ha 3akOHaX WX pacrpefeneHns 1 B MepBYIo ovepesb Ha 3aKoHax
pacrnpefeneHns NNOTHOCTY 1 AaBNEHWUIA Ha TPYHT B 30HE YNOTHEHMWS!.

Bblgenum Ha pacCTOsHUK X OT TpaHULbl 30Hbl YNMOTHEHUS OZMH
CIIOil YaCTULL, KOTOPbII COBEPXKUT N YaCTULL, W Kakdas M3 HUX UMeeT Z;
KOHTaKTOB C COCEZHWMM YacTULaMu. XapakTepuaysi nnoLuaski KOHTaKToB
BEKTOPOM nnowyaan Sy, Mopynb KOTOPOro paBeH MIOLaAN KOHTaKTHOM
nroLyaKu, a HanpaereHue COBMAAAET C HANPaBNEHNEM NONOXUTENbHON
HOpManu K ee MNOCKOCTH, BenuuMHa oOLLEed nnoljaam MpoekLmuM Beex
KOHTaKTHbIX MNOLAZO0K ANS YOEPKMBAIOLMX KOHTAKTOB Ha MMOCKOCTb,

nepneHanKynapHyo K HanpasneHuo Cn AaBNeHUd, MOXeT ObITb Hailge-
Ha no 3aBNCUMOCTKU

n %
S(x) = Zzsij |]:08¢ij : )
i=1 j=1
YuuTbiBasi, YTo P UsMeHsietcs ot 0 4o TT/2, ocpeaHsist Mo opueHTa-
UMM NAOWaa0K MMeeMm:
S(x)=2nZE/n,
roe S — cpepHuii pasMep NMOWafkv KoHTakTa; Z — CpefHee 4ucro
OMOPHBIX KOHTAKTOB OAHOM YaCTULbI B PACYETHOM CMOE.
Uucno yacTu onpefenyM UCTonb3yst MHTErpanbHbIi 3aKOH pacnpe-
[eneHns OTHOCUTENBHOMN NOTHOCTW BO pakTanbHbIX KnacTtepax [5, 6, 7]

p(x) =x"", @3
rae D - cpaktanbHas pasmepHocTb knacTepa; d — Tononornyeckast
Pa3MepHOCTb MPOCTPAHCTBA €ro PACMONOXKEHNS.

Mepexoms K KOHEYHbIM PasHOCTAM M 0B03HAYMB pacyeTHbIi Crioi
uHaekcom K, umeem
n=S,(P X ~Ps Xep): )
Sy — HOMMHaMbHas NNOLLAAb CEYEHMs YNIIOTHIEMOTO MaccyBea.
B cooTBeTCTBUM C TeOpuen YMCNEHHBbIX METOAOB AMNS NOMyYeHus
(yHKUM P, MO X BTOPOro NOPAAKa TOYHOCTM UMeeM [5, 8]

n=S,(p, X —P, X,)/2. (5)

[Mepexoas OT KOHEYHbIX PasHOCTEMN K HEMpepbIBHOM (PYHKLWM U Mpo-
anddepeHLMPoBaB BbipaXeHUe B CkobKax, Nonyyum:

n=S,D-d+1)0p, (6)
1 COOTBETCTBEHHO AN NoKanbHON OTHOCUTENBHON NNOTHOCTY —
8(x)=(D-d)p. Y
OcyLuecTBnss COOTBETCTBYIOLLYIO MOACTAHOBKY, HAXOAUM
S(x) =2Z; F(x,D)/ m, 8)

me F(x,D)=S EE(D -d+1) @)] , YTO 11 ONpefenseT pacyeTHyIo
CPEOHIOK BENMYMHY NITOLLLE/KY KOHTAKTa

S =mnlii(x)/2Z; L5, F(x,D), 9)
e a(X) =S(X)/S, - KPUTUYECKOE KOHTAKTHOE CEYEHME 30HbI

YNIOTHEHNS.
JnemeHTapHOe MpupaLLeHne CPEAHEro pasmepa NNOLLaaKN KOHTaK-
Ta dS npu n3meHeHun fasneqns Ha dp paeHo

dS = (m/2Z,)d [ a(x)/F(x,D)]. (10)
Mpn aTOM BenuunHa aedhopmaumii rpyHTa, 06yCroBneHHas 0THOCK-

TEMNbHbIM COBUMOM KOHTAKTOB W UX HOpManbHOW AedopmaLmen, onpeae-
JINTCA 3aBUCUMOCTbIO

(1)
rie Ny — YACTIO CNOEB YacTUL MPU Pajuyce 30HbI YMIOTHEHUS X;
dw - BenuuuHa anemeHTapHbIX HOpMambHbIX Je(OpMaLyil KOHTaKTOB
yacTuy; du — BENMYMHA 3NMEMEHTAPHbLIX OTHOCUTENbHbIX CABUMOB KOH-

TaKTOB; T — yron mMexay HanpaBneHnem caBura U HanpasneHvem paau-
arnbHbIX YCUWUA OT CAMOHAaNPSKEHUS OeToHa.
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C y4eToM OCpefHEeHWs Mo yrnaMm W ApyruMm napameTpam CyMMUpo-
BaHUs MMeeM:

dx =-2n;(20+2du)/ . (12)

O6osHaus A =2du /dd c yyéTom, yto Ny =X /a, roe a -
pa3mep YacTuL, 3aBUCMMOCTb MOXET 6bITb NPEACTaBreHa B Buae

dx = -2(1+A) X 25/ att. (13)

Tak kak dO = B[S, T.e. npupalLeHne NNOLWAaKN KOHTaKTa npo-

MOPLMOHANBHO BENMYMHE CONMMXKEHMS YacTUL, MpK 3TOM KO3ULMEHT
MPOMOPLMOHANLHOCTY [3 paBeH CyMMe papuycoB KpPUBM3HLI MOBEPXHO-
CTeil YacTUL, B HAYambHOM TOYKe KOHTaKTa, TO MOXEM 3anncaTb

dS = —amldlx / 2L+ A) X . (14)

Pewwas coBmecTHO ypaBHeHust (13) 1 (14) ¢ ucnonb3oBaHMEM 3aMeHbl
nepeMeHHbIX, Nonyvaem cneayollee andepeHLmnanbHoe ypaBHeHue

d[a(x)/F(x,D)] =W (d-D)[de/e, (15)
e W =aZ, /B(1+A), onucbiBatoLume nokanbHblil AehOpMaLyoH-

HbIl MEXaHU3M YNIOTHEHWe rPYHTa B 30HE [ECTBIMA YCUNMIA OT CaMOHa-
npskeHust 6eTOHOB.
WHTerpupys ypasHeHue (15), umeem:

o/F=W(d-D)ino+C. (16)

W ¢ ydyeTom rpaHMuHbIX HauanbHbix ycrosuit 8 =8,, D =D,

O =d, >0 ypaBHeHWe [Msi MOCTOSIHHOTO WHTErpUpoBaHus Gynet
cnegpytowmm [9, 10] -

C=a,/F,-W(d-D)Iné,. (17

3 npeensHOro CoCTOAHISA YNNOTHAEMOTO TPYHTA CIeayeT, YTO Mpu

6=a=1, D=d n F=1 C=1. Torga COOTBETCTBEHHO Mpu

o, =0
a(x) = 92(x)[1—(d -0)InB(x)/(d -D,) IZ[hBO(X)] (18)

M cpeaHee 3Ha4YeHNe KPUTUYECKOro KOHTAKTHOroO ceYeHna

o =6[1-In6/In6, . (19)
Vicronb3ysi 3akoH COXpaHEHMs Macehbl FpyHTa, UMeem:
80h =6, th,, (20)
otkyaa h =h, B, / B 1 ¢ yuétom cooTHOLLEHNS —
h, =6y 1)
Ansi NoBOro MOMEHTa yNNOTHEH!S
D=d +1/[1+In(8, / h,)/InB]. (22)

Mo BbiLIENPUBEAEHHOMY anropuTMy Bbink OnpeaeneHbl 3aKoHOMEPHO-
CTV pacnpeneneHns KpUTUMECKMX KOHTAKTHBIX CEYeHHit (puc. 3a) 1 oTHoCH-
TenbHOM NOTHOCTY (pUC. 36) ANst ONpenenéHHbIX MOMEHTOB YITIOTHEHHS.

’ o(x)

0.8 | 6=08
0.6 + 920,6

- v
0.4 7 0=0,3

| A
0.2 71
| | | | X
0.2 0.4 0.6 0.8

6)

A(x)

X

1 1 1 1

02 04 06 038

Puc. 3. PacnpefeneHne KpUTUYECKMX KOHTaKTHBIX CEYEHW (a) 1 OTHOCK-
TeMbHON MMOTHOCTW TPYHTOBOTO MaccuBa Ha pasHbiX CTagusX
ynnotHenus npu 6 = 0,22

Takke Gblna BbisiBEHa U 3aBUCKMOCTb CpeAHero KpUTN4eckoro KoH-
TaKTHOTO CEYEeHMs] OT OTHOCWTEMNbHOM MIOTHOCTW W BRWSHWS HavarbHOM
OTHOCWTENBLHOM NOTHOCTY Ha pacnpeneneHne KpUTM4eCKoro KOHTaKTHOro

CEYeHMs 1A Cryyast OTHOCUTENbHOTO yrinotHeHnsa 6 = 0,5 , (puc. 4).

a)
a(x)

0.4

6)

Q|

0.6 T

0.4+

027

02 04

Puc. 4. Tpadukn BAMSHUS HayanbHOM OTHOCUTENBHOW MAOTHOCTM Ha
pacnpefeneHne KPUTUYECKOTO KOHTAKTHOTO —CeYeHust Mpu

0 =0,5 (a) 1 3aBMCUMOCTM CPEOHETO KPUTUYECKOTO KOHTAKT-

HOrO CeYeHNs OT OTHOCUTENbHON NNOTHOCTY (6)
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AHanu3 Bcex aTux rpachukoB NO3BOMSET CAenaTb CreaytoLLe BbIBOAb:
— Ha HayamnbHOM CTaAUW YNIOTHEHUS XapakTepHa 3HauuTenbHas Heop-
HOPOAHOCTb  (POPMUPYEMO  CTPYKTYPbI, CUMBbHO CKasblBaKOWAACH Ha
pacnpegeneHne KOHTaKTHOTO CEYeHNs;

— YBENWYEHWEe HavarbHOM OTHOCUTENbHO NNOTHOCTW obecneunBaeT
Bornee 0AHOPOAHYIO CTPYKTYPY IPYHTa, YTO CMOCOGCTBYET YMEHbLLEHUIO
KOHTaKTHOIO CeYeHNs;

— pelualoLLee 3Ha4eHWe Ha NPOLECC YNMNOTHEHUS! UMEET BNnsHWe hnyk-
TyaLuil CTPYKTYPbI M COOTBETCTBEHHO MIOTHOCTY.

YyeT chnykTyauuii nnoTHOCTW, OBycnaBnMBaOLWMX HepaBHOMeEp-
HOCTb B pacnpedeneHnn ynpyrux CBOWCTB NP HEOJHOPOAHOCTU CTPYK-
Typbl, MOXHO OCYL|ECTBUTb MCMONb3ys 3aKoH [yka, SBMSIOWMIACH MO
CTPYKTYpe Takke dpakTanom, B Buae

do =F(x)dx/x,. (23)
Tak Kak KpUTUYEeCKOe KOHTAKTHOe [aBneHue ynioTHeHus B gudde-
peHLmanbHol hopme MOXET BbiTb 3anncaHo B Buge
dp, =(1-pydo, (24)
rae M — KO3PULMEHT MEX4aCTUYHOrO TPEHMs, TO MpoBeas COOTBET-
CTBYIOLLME NOLCTaHOBKM U Npeobpa3oBaHus, nomnyyaem
dp, /p, =B(L-p) x(x) E(x) Ix / E,, X, (25)
roe B — koachduumeHT nponopumoHansHocTh; E,, — mogynb ynpyroctu
rpyHTa 6 =1.
VkTerpupys ypaBHerue (25) ¢ ywétom ycrosust P, = P/ O, nonyumm:

p(x) = Ca(x)exp| B(L- ) fa(x) EE(x) [x  E,, X, | . (26)

CoOTBETCTBEHHO /N KUTAYECKMX KDaeBbIX YCroBMiA Mpu P = P, ,
0=a, =1, E =E,_, nmeem:

p(x) = p,a(x)exp{e,(1-1)/ b, Th, [ () TEx ix ~E,, (X} (27)
OpHaKo Tak Kak MHTerpan Mog KCTIOHEHTON aHaNMTUYECKU He BbIYMC-
TM, TO pacnipenernexie MoaYNel YNpyYrocTy OnpenRereHo Mo ypaBHERUHO:
E, =E,, [@&(x), (28)
roe O(X) — KOHTaKTHOE CeyeHue U
a(x) = 6*(x) Eﬂl—(d -D)InB(x)/(d - DO)InGO(X)] , (29)

E,, —Moaynb ynpyroctit MUHepanbHbIX YacTuLl.

Mo nomy4eHHoMy anroputMy 6bin paccuuTaHs! TeopeTUYEeckue 3a-
BUMCMMOCTI MNOTHOCTM FPyHTa OT BennuvHbl Aasnenns 6 =f(p/p,,)

v mopyns ynpyroctv ot nnotHoetn E / E | =(8) (puc. 5).

He meHee cyliecTBeHHa u npobriema BbICHEHWS OCOBEHHOCTEN
(hOpPMUPOBaHNS MPOYHOCTW TPYHTA, YTO CBS3AHO C HEeOBXOAMMOCTbIO
yJeTa nepepacnpefeneHus HanpsikeHuit No CkeneTy cUCTeMbI. YcnoBue
PaBHOBECHOTO COCTOSIHUS CIIOSt YaCTUL, C KOOPAMHATON X NOA AeiCTBUEM
npenenbHoi paspyLualoLLel cunbl MoXHO 3anucatb B Buge [10, 11]

n Z
P(x)=) > o, [5,(cos¢; +u[tosT,), (30)
i=1 j=L
rge Oij — KOHTaKTHOe [fdaBneHue, b — KO3(*)¢)V|LW|EHT MeX4aCTU4Horo

Tperus.
OcpenHﬂﬂ N0 OpUEHTauMAM KOHTaKTHbIX MNowanok, Yncny KOHTak-
TOB W YacTul, nony4ymm
P,(x) =[2(1-p) (8,n,(X) Z,(x)/ | [B,(x), (31
roe S- nnowanib KOHTaKTa, N — 4ucno Yactuy B paC‘-IéTHOM cnoe, Z -
YMCNO KOHTAKTOB, O — KOHTAKTHOE HanpsixeHne.
YunTbiBass COOTHOLLEHWE ﬂﬂOLLla,D,el;] KOHTaKTHOro ceveHus B npe-
AeTbHOM U UCXOAHOM COCTOAHUN, T.€.
S,(X)/S(x) =(1-¢.)B(x) (32)
1 BBEAA npenen Npo4YHOCTU YNNOTHEHWA, Npu COOTBETCTBYIOLLEM BUAE
C034aHNAa oNONTHUTENbHOIO AaBneHnsd, UMeeM:
o(x) = o, [(x)B(x), (33)

me 0, =(1-p)1-¢.) o, (X).

Ha puc.6 npusedeHbl rpadmki 3aBMCMMOCTM OTHOCUTENBHOWM NPOY-
HOCTY rpyHTa OT hOPMUPYEMON MOTHOCTU N OTHOCUTENBHOTO AABIIEHMS.
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Puc. 5. [padmku 3aBUCUMOCTU MNOTHOCTU FPYHTA OT [aBrneHus (a) u
MOZY”Ns yNpyrocTut OT AaBneHus (6)
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Puc. 6. ['pachvkn 3aBUCUMOCTI OTHOCUTENBHOWM MPOYHOCTU rPyHTa OT
hopMUpyemMol  NAOTHOCTM 6 U OTHOCUTENBHOTO AABMEHWs

p/p,
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BecmHuk Bpecmckozo 2ocydapcmeeHH020 MexHU4YecKo20 yHueepcumema. 2011, Nel

3akntoyenue

1. Ha HayanbHbIX CTaansx YNNOTHEHUS MPOYHOCTL FPYHTa BO3pacTaeT
He3HauMTenbHO, 4TO OBYCMOBMEHO BOCMPUATUEM  MPEAErbHOM
HarpysKki B LIeIOM He BCEI CTPYKTYPOWd, @ TONMbKO CaMbIM ocnabneH-
HbIM KOHTaKTHbIM CEYEHNEM.

2. OnpegenstowmMy  hakTopami MpoLiecca YNNoTHEHUS SBMAKTCS
ONTUManbHas HayanbHasi NNOTHOCTb W PYKTYaLns CTPYKTYPbI.

3. OmHOpPOAHOCTb CTPYKTYPbI FPYHTa B 30HE YNNOTHEHWS MOXeT BbiTb
[OCTUrHYTa yBENMYeHeM Ha4yanbHo| (MCXOLHOM) NOTHOCTM!.

4. OnTumarbHast Ha4anbHas OTHOCUTENbHAs NNOTHOCTb, A4S COOTBET-
CTBYIOLLMX BWAOB CTPYKTYP, [OMKHA ObiTb B Creaytolwmx npegenax:

3epHuUcTas — 93 = 0,2+0,25; cnoxHas Gc = 0,3+0,41; cotoobpas-
Hast — O, =0,6+0,69; xnonbeBuaHas — 0, = 0,6+0,72, uto cooT-
BETCTBYET CMEAYIOLMM 3HAYEHMSM MIOTHOCTU TPYHTOB: P, =
1,69+1,76 rlem®, p, = 1,72+1,76 rlem3; P, = 1,95+2,08 rfcm;
P, =1,98+2,09 ricms.

CMUCOK LINTUPOBAHHbIX UCTOYHMUKOB

1. Toitta, M.C. OnTMMM3aLMS 30HBI WUCMOML30BAHWS HaMPSratoLLMX
GeToHOB B cBaltHbIx hyHaameHTax / M.C. MMoita, M.B. LBenosckui,
[O.H. Knebaniok, T.MN. LWanobbita // BectHuk BplTY. — 2010. —
Ne1(61): CTpoutenbcTBo M apxutekTypa. — C.116-119.

2. oirta, N.C. HanpsxeHHO-0ehopMMpOBaHHOE COCTOSIHWE FPYHTOBO-
ro maccvBa BOkpyr ctBona Oyposoit ceam / I1.C. Moita, T.M. Wano-
ObiTa, I1.B. LBenosckuii // Becthuk Bpl TY — Ne1: CtponTenscTeo 1
apxurekTypa. — 2008. - C. 26-28.

3. Moita, N.C. WccnegoBaHne 0COGEHHOCTEN YMMOTHEHWSI TPYHTOBOMO
Maccusa Mpu YCTPOWCTBE CBall, W3rOTaBMMBaeMblX B [PyHTe /
MN.C. MNoitta, A.H. Heseitkos, M.B. Llsenosckuit, T.M. LWano6bita //
BectHuk Bpl'TY — Ne1: Crpoutenbcto W apxutekTypa. — 2009. —
C.24-27.

4. [paHosckuin, A.H. MpepencHoe faBrneHne Ha CTEHKU LunuHapude-
CKOW CKBaXWHBI // OCHOBaHWS, PYHAAMEHTBI 1 MEXaHMKA rPYHTOB. —
M. —2009. — Ne 4 - C. 22-24.

5. Kynak, M.W. ®pakransHas mexaHuka matepuanos / M.A. Kynak. -
MH.: Bbiww. wk., 2002. - 304 c.

6. Nuwrean, W.A. OpaktanbHble CTPYKTYpbl TOpdsHbIX cuctem /
W.N. NMuwrsaH, B.A. boratos, M.W. Kynak // flokn. AH CCCP, 1991. -
T. 318, Ne2 - C. 426-430.

7. JwwreaH, .M. BnusHue cpaktanbHO HEOAHOPOAHOCTU CTPYKTYPbI
Ha AedOpMaLMOHHO-MPOYHOCTHbIE CBOWCTBA arperatoB TOPGSHbIX
cuctem / V. Nuwrsan, B.A. Boratos, M.W. Kynak // KonnougHblit
xypHan, 1998. — T. 54, Ne4 — C.107-111.

8. boratos, b.A. MogenvpoBaH1e 1 onTUMKU3aLMS NPOLIECCOB BpuKeT-
Horo npoussogcTsa. — M.: Hegpa, 1976. — 184 c.

9. Hosukos, B.B. K onpegenexuio achchekTUBHLIX MOoZyneit ynpyrocty
HeofHopoaHbIX MaTepuanos. / B.B. Hosukos // TTIMT®, 1985. — Neb —
C. 146-153.

10. Bepanuesckuit, B.J1. BapuaumoHHble MpUHLMMBbI MEXAHWKM CrOLL-
Hom cpepbl / B.J1.bepanuesckuit. — M.: Hayka, 1983 — 250 c.

11. XopowyH, J1.M. K Teopun n3otponHoro AedopMMpoBaHns ynpyrix
Ten co CryyanHbiMM HeoaHopoaHocTamu // MpuknagHas MexaHuka,
1967.-T.3., Bbin.9. = C. 14-19.

Mamepuan nocmynun e pedakyuro 11.12.10

POYTA P.S., SHVEDOVSKIY P.V., NEVEYKOV A.N. Influence of natural density ground on character of their condensation at the device

drillstuffed of piles from concrete on straining cements

In clause the mechanism of condensation ground and earth files from a position is considered, that they are classical samples stochastic natural

fractal of objects of porous structure.

Is revealed, that the determining factors of process of condensation are optimum initial density and fluctuation of structure, thus the uniformity of
structure of a ground in a zone of condensation can be achieved by increase of initial density.

Optimum initial relative density for their maximal condensation at the expense of development of volumetric deformations created by pressure of
concrete on straining cement, depending on a kind and structure ground, should be in limits from 0,2 up to 0,72 (1,69-2,09 g/sm3).

YK 624.15:624.131.29

Heeelikoe A.H., Mouma I1.C., LLleedoeckuli I1.B.

NMPOrPECCUBHbIE KOHCTPYKLMXN BYPOHABUBHbIX CBAM:
OCOBEHHOCTU PABOTbI, MTPUMEHEHUA, MPOEKTUPOBAHUA

BeepeHue. OrpaHnyeHHOCTb CBOBOAHON 3eMnv B YepTe ropoga
BbICOKast €e CTOMMOCTb BbIHYXAAloT ropog pacTil BBbICb M YNMOTHATH
3aCTpoiky. OTO NPUBOAWT K 3HAYMTENBHOMY POCTY Harpy3ok Ha dyHaa-
MEHTbI U OCHOBAHUS 3[aHUA U COOPYXeHUA. DHEKTUBHBIM pelleHnem
[aHHOM npobnembl SIBNSETCS MPUMEHEHWE TEXHONOTMIA, MakcMMarnbHO
MCMIONb3YIOLLMX BO3MOXHOCTW FPYHTOBOMO OCHOBaHMs. Haubonee akoHo-
MUYHBIMM 1151 9TOrO SBnAoTCH BypoHabuBHble cBau, M3roTaBnMBaeMble
6e3 3awmTbl 06cagHbIMM Tpy6amu 1 63 NpUMEHEHUs! TIMHMCTLIX pac-
TBOPOB (CBay, BbINONHsIEMbIE B 3aBUHUMBAEMbIX METaNMMYECKNX Tpybax
C CamopackpbIBAKOLLMMCS HYKHUM KOHLIOM W TepsieMOil NATOM, B packa-
TaHHbIX CKBaXWHAX M MO TEXHOMOTMI HENPEPBIBHOTO MPOXOAHOTO LUHEkKa,
koTopble BeToHMpyLoTCS NoA 6onbwmm fasnenvem v ap. [1-3]). Wupokoe
BHeApeHWe AaHHbIX TeXHOMOruin 0OBACHAETCS KECTKMMM 3KONMOrMYeCKM-
MM, LUYMOBBIMU M AUHAMUYECKUMU OTPaHNYEHNSIMM, BbICOKOM CKOPOCTbIO
BbINONHeHNs paboT. B npouecce ycTpoicTBa Takux CBail MpoMCXoauT
ynyylleHne U3MKO-MeXaHUYECKX CBOWCTB TPYHTOB W COOTBETCTBEHHO
MOBbILLIEHNE HECYLLei COCOBHOCTH.

B mupoBoit npakTike Byposble n bypoHabusHble cBau, yCTaHaBnu-
BaeMble HempepbIBHbIM MPOXOAHBIM LUHEKOM C MOCTOSHHBIM 3aMONTHEHM-
em (continuous flight auger pile — CFA pile), ycTpanBaemble B packaTaH-
HbIX ckaxmHax (drilling displacement pile) u BUHTOBLIE CBam (screw pile)

cocTaBnsitoT 50% MMpoBOro pbiHKa cBait [2, 3]. B benapycu xe, Hanbo-
nee pacnpocTpaHeHbl CBaW, NOTPyaemble B TPYHT B FOTOBOM Buae (3a-
6uBHble). O6beM CBali, M3rOTaBNMBAEMbIX HA CTPOUTENbLHOI NMowaakKe,
CpaBHUTENBHO HEBeNuK, U cocTaBnsieT He Gonee 15% ot obLero obbe-
Ma, npuyem GOMbLUMHCTBO BbIMOMHSETCS MO YCTapeBLUER TeXHOMoruu,
4To0 0OBACHAETCH OTCYTCTBMEM COBPEMEHHbBIX CBAMHBIX TEXHOMOIWH,
KOTOpble TONbKO HauWHaKT BHEAPATLCS [5, 6].

OC0G€eHHOCTH TEXHONOTUIA U3rOTOBNEHNUS OYPOHAaOMBHbLIX CBan.
O6wwumK onepaumsmu No ycTpoiCTBy 6YpPOHabUBHbIX 6UHMOBBIX
ceall (screw pile) sensioTcs:

*  BpallaTenbHoe MorpyxeHue GypoBOro MHCTPYMEHTa CO creuuanb-
HOW CeKUMei C TepsiemMbiM HaKOHEYHUKOM, BBITECHSIOLLENA TPYHT B
CTOPOHbI 6€3 13BNEYEHMS;

e ycTaHoOBKa B GYpOBOW WMHCTPYMEHT Kapkaca U OTaeneHue Gyposoro
HaKoOHeYHUKa;

e u3BneyeHve BypoBOTO WHCTPYMEHTA C OOHOBPEMEHHOW nopaveit
0eTOHHON cMecH;

e MorpyxeHue B CHOpMMPOBaHHYIO CBato (B Cryyae HeobBXoaMMOCTH)
[OMNOMNHUTENBHOMO KOPOTKOMO Kapkaca, Ans YCUIEHUs OrofioBKa CBaul.
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