ONPEAEJEHUE JE®OPMAIIMOHHBIX XAPAKTEPUCTUK T'PYHTOB B
IHOJIEBBIX 1 TIABOPATOPHBIX YCJIOBUAX
bonneipes I'.T'., l'opneer A.B., Apedres /1.B.
(OO0 «HIIII I'eotex»)

1. O0wmmue nosnoxxeHust

Cornacuo CIT 50-100-2004 [1] (1m.5.3.6) nmist cOOpy’>Ke€HHMH MEpBOro M BTOPOrO YpPOBHS
OTBETCTBEHHOCTH 3HAYEHUS MOAYJs AedopMaluu OINpeaesieHHbIE 10 JIAOOPAaTOPHBIM JTaHHBIM
JIOJIKHBI YTOUHSITHCS HA OCHOBE MX COIOCTaBJIEHUS C pe3yJbTaTaMU MapajuieIbHO MPOBOJIUMBIX
UCTIBITAHNUH TOTO K€ TPyHTA LITaMIIaMH.

Kak mnpaBwio, B OOJBIIMHCTBE CIIydyaeB, IpU MPOBEAECHUH HHKEHEPHO-T€OJIOTHYECKUX
U3BICKAaHUH MOIYyNb Ae(opManui TPyHTOB ONpEAEseTcs B JIAOOPATOPUH C HCIIOJIb30BAaHHEM
KOMIIPECCUOHHBIX MpHOOpoB. OnuH U3 Takux npudopos (puc. 1 a) B cocTaBe U3MEPUTEIHHO-
BeluncnurenbHoro komiviekca ACHUC Beimyckaercs OOO «HIIIT T'eorex» [2]. Meroauka
OTpesieIeHns] KOMIIPECCUOHHOTO Mozayis nepopmanuu mnpuseneHa B [OCT 12248-96 [3],

XOpOLLIO U3BECTHA U UCIIOJIB3YETCS HA IIPAKTUKE B TeueHue He MeHee 40 ier.

(a) (©) ()

Puc. 1. Ipubopsr nis ucneiTanuss oOpasnoB rpyHta, KoHCcTpykumu OOO «[eotex»: a —
KOMITPECCUOHHBIN MpuOOp; 0 — MpUOOp TPEXOCHOTO CKATUA, TUI A; B — MPUOOP TPEXOCHOTO
cKatus TvIIL, b

N3BecTHO Takke [4], 4TO 3HAUEHUST KOMIIPECCUOHHOTO MOAYJS JaedopMaIiuu, OKa3bIBAIOTCS
HIDKE MOYJIS 1e(OpMaIii, OTPEACISIEMOTO B TOJIEBBIX YCIOBHSIX ITyTEM Harpy>KEHHUs MacCHBa
IpyHTa ECTKMM KpYyIJIBIM WM KBaJpaTHbIM IITaMnamMu. B cBsa3u ¢ Tem, uTo mpH
NPOEKTUPOBAHUU (PYHAAMEHTOB, B YAaCTHOCTU MpPH pacyeTe OCaAKH C HCIOJIb30BaHHEM
pacueTHOM CXeMbl B BHUJE JIMHEHHO-Ie(OpMUpPYyEeMOTo MoaynpocTpaHcTBa [1], mcmonb3yercs

IITAMIOBBIA MOIYJh AepOpMaIii, TO pEKOMEHAYEeTCs [5] 3HaYeHUsT KOMIIPECCHOHHOTO MOIYJIS
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nehopMaIy IPUBECTH K PACUETHOMY, HCHOJB3YS Pe3y/IbTaThl IITAMIIOBBIX HCIbITaHUH. J{is
3TOT0 HCTIONB3YeTCs CIeAYIONee BhIpaKeHHUE:

E=mE,,, (1)
rne m, =E,, /E,, - KoO3bQUIHEHT nepexoja ONpeleseMblil U3 CONOCTABUTEIbHBIX OIBITOB;
E . - 3HaUECHHE IITaMIIOBOrO Moy aedopmanuy; E, , - 3HAUCHUE KOMIPECCHOHHOTO MOJYJIS

nedopMmaruu, onpenensieMoro B uatepsaine aainenuit 0,1 — 0,2 MITa.
B pabote [4] moka3zaHo, 4TO JUIsl YETBEPTUUHBIX CyNecel, CyTJIMHKOB U TJIMH IIPU IOKa3aTelie

tekyuectd I, < 0,75 3HaueHue kodd¢uimeHTa nepexojaa (KOppeKTHUPYOMEro Ko3puireHTa)
m, U3MEHsAETCs OT 2 110 6.

B nocnennue BpeMs, B 0COOEHHOCTH 3a pyOeX oM, HCIBITaHUS 00pa3LioB TPYHTA BBIOIHIIOT
HE TOJIKO B YCJIOBHSIX KOMIIPECCHOHHOTO CXaTus (0qHOMepHas aedopmariusi), HO U B YCIOBHUSX
TPEXOCHOTO CcxKaThs (ocecuMmeTpuuHas aedopmarus). s 3Tol e UCroab3yrTCs MPUOOPHI
TPEXOCHOTO CKaTus, Ha3biBaeMble B Poccum crabumomerpamu. [lomoOHBIN THI TpuOOpPOB
TpexocHoro cxkaTtus Belityckaercs OOO «HIIII I'eotex» (puc. 1 6,8). MeToa MCTIBITaHUS TaKXkKe
npuseneH B [OCT 12248-96 [3].

HecMoTpss Ha Ooubllloe KOJMYECTBO MCIBITAHUM, KOTOpPHIE BBHIINOJHEHBI B YCIOBHSIX
TPEXOCHOTO CXKATus, KaK 3a pyOexoM, Tak U B Poccuu 10 cuX MOp HET OJJHO3HAYHOT'O MHEHHUS O
COITOCTAaBUMOCTH 3HAUEHHUH CTaOUIOMETPUUECKOr0 MOAYJI Ae(OopMaliuy U MITAMIOBOTO MOAYJIS
nepopmanuu. OAHO3HAYHO TO, YTO CTAaOWIOMETpHUUECKUH Monayls Jedopmanuu Oomee
KOMITPECCHOHHOTO MOZYJIsI teopMany 1 OJMKe K MITaMITOBBIM 3HaueHusIM. B cepenune 60 rr.
nponuioro crojetuss B CCCP mpoBOAMINCH UCTIBITAHUS C LEIBIO ONPEIEICHHUS] COOTHOLIECHUS
MEXJy IITAaMIOBBIM M CTAOMJIOMETPUYECKMM MOAYIsIMU Jedopmarmu. OAHAKO, MO psAdy
IPUYMH, HCIIOJIB30BATh PE3YJIbTAaThl ITHX HCHBITAHUI HEBO3MOXHO KaK BBUAY HUX MAajoro
o0beMa, Tak M OTCYTCTBUS JIOCTyma K myoOnukamusiM. B omnoit u3 pabor E.M.Menkosa [6]
IIPUBEICHBI PE3yJbTaThl CPABHUTEIBHBIX HCIBITAHWM, MOKa3aHHble Ha puc. 2. Kak BumHO u3
NPUBEJCHHOTO pPUC. 2 3HAYEHUS CTAaOMIOMETPUUYECKOro MOy AedopManuu HpaKTHYEeCKU
COBIAJIAIOT C MOJYJIeM AedopMaIiu, KOTOPBIN ONpeaeNeH U3 MTaMIIOBBIX HcTbITaHuil. 13 puc.
2 TakkKe BHUAHO, UYTO C BO3pacTaHUeM KOd((UIIMEHTa TOPUCTOCTH 3HAYCHUS MOJYJIS
nepopmanuy, onpeAeaeHHbIe Pa3INYHBIMU METOAAMHU COMIKAOTCSL.

VYuuThiBas  HEOJHO3HAYHOCTh JAHHOTO  Bompoca B Jjaboparopusix  I[leHzeHckoro
rOCyAapCTBEHHOTO yHUBEpcUTeTa apxUTeKTypel U ctpoutensctBa (III'VAC) m OO0 «HIIII
I'eoTex» OBUIM TPOBEICHBI CPAaBHUTEIBHBIC OIBITHI O OIPEIEICHUI0 MOIYJs aedopMarim

MECYAHOIo rpyHTa pa3jindyHbIMU METOJaMH.
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Puc. 2. ComocraBieHue pe3yJbTaTOB OIpENEeTeHUusT MOIyJs nedopMmanuu Ja00paTOPHBIMH H
HOJIEBBIMHA METOJaMH: | — TOJIEBbIE OMBITHI MO ATHIIEBY; 2 — KOMIIPECCHOHHBIEC OIBITHI IO
ArHIeBy; Kpy>KOYKaMH — TPEXOCHBIE UCTIBITAHUS IO MeIKOBY

OnbITH MPOBOAMIUCH B JBa dTana. Ha mepBoM »Tare ObUIH BBIMOJIHEHBI UCTIBITAHUS B JIOTKE

eCKka mrTaMIioM, a 3aT€éM, Ha BTOPOM IJTallc HCCJ’ICI[OBZlHI/IfI, ObLJIM BBIMOJHEHBI HCHBITAHUS

JaHHOT'O IMECKa B YCIIOBUAX KOMIIPECCHUOHHOI'O U TPEXOCHOI'O CXKATHA.

2. UcnbiTaHMS MECYAHOTO IPYHTA
HcnbiTanus necka mraMnom
JlanHble WcTBITAaHUS OBUIM TIPOBEACHBI B JIOTKE pazMepoMm 3x3x2,5 M B mabopaTopuu
kadenpsl «OcHoBanus u pynaaments» [II'YAC. OOmuii BUa 10TKa U MOJENH IITaMIla MOKa3aH
Ha puc. 3. Ilmockuit mramn pasmepom B 30x40 cM ycTaHaBIMBaJICS Ha OCHOBAaHHE M3
MEJIKO3EPHHCTOTrO TMBLICBATOTO TeCKa ¢ IUIOTHOCTEIO 1,6 T/cm’. TIeCOK YIIOTHSIICS MOCIOMHO
PYUYHBIMH TpaMOOBKaMH C KOHTPOJIEM IIJIOTHOCTH KaXKJIOTO cji0si. MOLTHOCTh Mecka paBHa 2,5 M.
B mpouiecce crymeHuaToro Harpy)KeHUS THIPABIMYECKAM JIOMKPATOM HU3MEPSUIUCh OCallKa

mTaMiia 1 ;[e(bopMaumI MOBCPXHOCTHU MICCYAHOT'O OCHOBAHUA. I[JISI 9TOM e MNpUMCHAIINCH



Puc. 3. Jlotok mis ucneitanus Mojaeneid GyHIaMEHTOB (a) M TUIOCKHM IITaMIT Ha TIOBEPXHOCTH
MeCcYaHoro ocHoBaHus (0)

HpOTI/I6OMCpI>I U UHAUKATOPBI 9aCOBOI'0 THIIA. P €3yJIbTAaThl HCIBITAHUH B BUAC 3aBUCHUMOCTH

«OCaaKa — Harpys3ka» InokKa3aHbl Ha pHC. 4,

NaBnexue P, MMa
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Puc. 4. 3aBUCUMOCTD OCaJKH IITAMIIA OT JaBJICHUS

Bripaxkenue g onpenenenuss mMoxyis nedopmaruu, npuseneHo B 'OCT 20276-85 [7] nns
KpyTJoii B miaHe (popmbl mrammna. ITO pelieHne sIBISETCS YaCTHBIM CIIy4aeM PEIICHUS TeOpUuun
ynpyroctu (®@.11neiixep), koropoe mmeeT Oosiee 0O BU:

apb(1-u*)
=g (2)



5
rae @ - kodpdunreHt Gopmbl MIOMAAN MOJOMIBEI U KECTKOCTH (yHIAMEHTA, OINpeaAeseMblii
no ta6n. V.2 [8] Kak u 8 TOCT 20276-85 B 3T0i1 Tabnuiie s Kpyrioro mramma ko3ddumueHt
0=0 =0,79, nna xBaapatHoro mramia, paBeH 0,88, a /isi TPIMOYTOJIBHOTO 3aBUCUT OT

const
OTHOIIIEHHUS €r0 CTOPOH U PaBeH B JaHHOM ciydae 1,05.
Hcrnionb3yst BeIpakeHHE (2) ompenerneHo 3HaYeHHE Moayis aedopMmarivd B HWHTEpBaje

nasnenus 50 — 175 klla, koropoe pasno 10,0 MI]a.

HcnbiTaHus necka B KOMIIPECCHOHHOM Npudope
Ucnpitanus o0pas3iioB mecka ¢ IUIOTHOCTBIO 1,6 r/em’ MPOBOJAWINCHh B KOMIIPECCUOHHOM
npubdope o meroxy ['OCT 12248-96. PesynpTaThl HCTIBITAHUN TOKa3aHbI HA pucC. 5. 3HAYCHUS

KOMIIPECCUOHHOTO MOAYJIS Jie(opMaliuy pUBeIeHb! B Ta0I. 1.
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Puc. 5. 3aBucumocTts n3MeHeHUs1 K03 puLmeHTa HoOpruCcTOCTH OT HOPMAIBHOTO JIaBICHUS

Tabn. 1. 3nauenus moayneii nedopmarun

KOMHpeCCI/IOHHBIe HUCIIBITAHUA TpeXOCHBIe HUCIIbITAHUA
o ,Mlla £ E, . Mlla e o,=0;,Mlla | E_, . Mlla| o ,Mlla
0 0,661 0,1 16,68 0,45
0,05 0,005 7,72 0,652 0,2 34,5 0,93
0,1 0,008 13,85 0,647 0,3 42,46 1,38
0,2 0,012 23,92 0,641
0,3 0,014 3491 0,638

HcnbiTanus necka B crabuiaomerpe
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OTu ucnblTaHusl OBUIM MPOBEAEHBI C O0pa3llaMM IMecKa TOH K€ MJIOTHOCTHU, HO B Mpudope
TPEXOCHOTO CXKATHA MPU pa3IudyHOM OokoBoM maBieHuu, paBHoM 100, 200 u 300 xIla. Cxema
UCTIBITAHUN KOHCOJTUAMPOBAHHO-APEHUPOBAHHAS C HCIOJB30BAaHUEM TPACKTOPUHM CHKATHS.
Meroauka ucnbitanuid mo 'OCT 12248-96. Pe3ynbTaThl UCHOBITAHMIM TMOKa3aHbl Ha puc. 6, a

3HAYCHUS MOYJIS AeOopMaIiy MPUBEIACHBI B Ta0M. 2.

1,600
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——G=02Ma
0.800 1 ——G=0,1MMa
6=0,3MMa

0,600
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0,000 \ \ \ \ \ \ \ \
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OTHOCUTENbHaA BepTMKanbHasa aedopmauma obpasua el

Puc. 6. 3aBUCHMOCTH OTHOCHTENBHOW BEPTUKAJIBHOH jaedopMamyu OT BEPTHKAIBHOTO
HaANPSDKEHUS TIPU MTOCTOSSHHOM 00KOBOM HampsikeHuu, paBHoM 100, 200 u 300 I1a

2.4. ConocraBjieHHe pe3y1bTATOB HCIIBITAHUI

Komnpeccuonssiii Moxayne aedopManuu omnpeneisercs B ONpPEIeNCHHOM HMHTEpBaje
naByieHus oA mramnoM (pyHaameHToM). OOBIYHO, YUUTHIBAS TO, YTO JAAaBJICHHUE MO/ MTOIOIIBOM
¢ynnamenTa 5-10 staxknbix 3qaHuil He npesbimaeT 200 klla pekomenayeTcss HAXOIUTh MOAYJIb
nedopmaiuu U3 pe3yJbTaToOB KOMIIPECCUOHHBIX MCTIBITAHWN B MHTepBasie aasienus 100 — 200
k[la. M3 Tabn. 1 Haxoaum 3HaueHue Moayis Aedopmaiuu, pasHoe 23,92 Mlla.

CrabuinoMeTpuueckuii MoIyib JedopMalUy ONpelenseTcs U3 OTHouleHus Ao, /Ag,
ydacTKa MNpsIMOJIMHEHHONW 3aBUCUMOCTH «BEpTUKalbHas JAedopManuss — BEpTUKAIbHOE

HaMpsDKEHUE» U 3aBHCUT OT BEJIMYMHBI OOKOBBIX (0, = 05 ) HAIPSDKEHUH, YTO HATJISAHO BUHO

n3 Taou. 2.
Takum o0pazom, Mo pe3ylbTaTaM HUCHBITAHUHN TONYYEHBI CIEIyIONINe 3HAYCHHS MOJyJen
nedopManuu: mraMnoBeiii Moayinb — 10,0 Mlla; kommnpeccuoHHblid Momynbs — 23,92 Mlla;

crabmioMerpudeckue moayiu — 16,7; 34,5 u 42,5 Mlla. OTu 3Ha4eHUs1 HE TOJIBKO OTIUYAOTCS
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npyr ot npyra B 1,5 — 4 pasa, HO u 6onee mrammnoBoro moaynis. [locmennee mpoOTUBOPEUUT
OOIIETIPUHSATON TIPAKTHKE.

OO6cyxnast TaHHBIE PE3YNbTAThI CIIEAYeT UMETh BBHU]Y, UTO CTAOMIOMETPUUYECKUE UCTIBITAHUS
IMPpOBOJATCA B ABa 3Tarlla. Ha NEPBOM JTAIIC BBIINOJHACTCA KOHCOJIUAALUA 06pa3u013 rpyHTa
YPOBHEM OBITOBBIX HAIPSKEHHUH, KOTOPBIE OHM MCTBITHIBAIH 10 0TOOpa MOHOIMTOB. Ha BTOpom
JTane TMPHUKIAIBIBACTCS ACBHATOpP HANPSHKEHHS BIUIOTH JO paspylleHUs o0Opas3ia TpyHTa.
BbITOBBIC HANPSDKEHHS OMPEICIISIOTCS KaK MPOU3BEICHHE YACIBHOTO Beca IPyHTa Ha IIyOUHY

oTOOpa MOHOJIMTA, T.. O, =y -z . Hanpumep, npu G6oxoBom napnenuu B 100 xlla mna

MECYaHOTO OCHOBAHHS B HAIllEeM Cllydae OBITOBBbIC HANPSHKEHUS TOJKHBI ObITh paBHbI 100 =
16x6,25, roe 6,25 M riiyOWHA, Ha KOTOpPOH BBIMIOJIHACTCS YCIOBHE pPaBEHCTBA OOKOBBIX
HaIpsKEHUW B CTAOMJIOMETpE HAIpPSDKEHUSM OT COOCTBEHHOrO Beca TpyHTa B MacCHBE. JTO
BO3MOJKHO, €CJIM IITaMIl OyAeT 3arIyOJieH B OMbITax TakKe Ha TiIyOuHy 6,25 M WM BOKPYT
[ITaMIla, YCTAaHOBIEHHOTO Ha TMOBEpXHOCTH, Oyaer co3maHa mpurpyska B 100 xlla. /lanHbie
YCIIOBUS B IITAMIOBBIX OMBITax coOMoAeHbI He ObUTH. [lITamm ycTaHaBmMBaCs Ha MOBEPXHOCTh
MEeCYaHOTO OCHOBAHUS, MPUTPY3Ka OTCYTCTBOBasa. M3 W3II0KEHHOTO CJEAyeT, YTO YCIOBUS
WCIIBITAHUHM ITAMIIOM W B CTAaOWJIOMETpE B JaHHOM cCiydae He ajekBaTHbL. HeoOxommmo

YCIIOBHSI HATPY>KEHHS B CTAOMIIOMETpe MPUOIHU3UTE K
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= onbIT2

onbIT1
0,060

—&— CpejHee 3HayeHune

-l I

0,040

BepTukanbHoe HanpsikeHue s1, MMa

0,020 -

0,000 T T T T T T T
0,000 0,020 0,040 0,060 0,080 0,100 0,120 0,140 0,160

OTHOCUTENbHaA BepTMKanbHas aedopmauma obpasua el

Puc. 7. 3aBUCHUMOCTH OTHOCHTENBHOW BEPTUKAIBHOH jaedopMamyu OT BEPTHKAIBHOTO
HaNpsHKEHUs P MOCTOSHHOM O0KOBOM HampspkeHud, papHoMm 30 klla
HITAMIIOBBIM, @ 3TO BO3MOXKHO TOJIBKO IPH PE3KOM YMEHbILIEHUU OOKOBBIX HampspkeHui. C aTol

1IeJIbI0 OBLITU MPOBEICHBI UCTIBITAHUS TIeCKa B cTabmiomerpe npu 6okoBoM gasiernu B 30 klla,
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Pe3yNIBTAThl KOTOPHIX MMOKa3aHbl Ha puc. 7. 3HadeHue B 30 k[la mpUHATO MCXOJ U3 TEXHUUICCKOM
BO3MOKHOCTH CO3/IaHHsI MUHUMaJILHOTO OOKOBOTO JaBJjeHUs B pabodeil kamepe crabuimomeTpa.
B pesynbrate wcnbITaHW MONyd4eHO 3HaueHuWe Monyis aedopmanuu, pasHoe 10,2 Mlla, yto
COBMANaeT C BEIMYMHOM IITaMIOBOTO MoOAyds Jnedopmanuu. OgHAKo, BeIUYHUHA
KOMIIPECCUOHHOTO MOyl Aedopmanuu B uHTepBaie nasienuit 100 — 200 kIla, moutu B 2,3
paza Oosiee 3TuUX 3HayeHWH. [ TIMHUCTBIX TPYHTOB, HA0OOPOT, KOMIPECCHOHHBI MOIYIb

,I[e(l)OpMaI_II/II/I BCCraa MCHECC IITAMIIOBOT'O M1 CTa6I/IJ'IOMeTpI/I‘IeCKOl"O MOAYJIA I[e(bOpMaLII/II/I.

BriBoabI:

1. CpaBHeHuEe pe3yJbTaTOB UITAMIOBBIX U CTAOMWJIIOMETPHUYECKUX HUCHBITAHUA MOYKHO
BBIMOJIHATh TOJIBKO B TOM Cllyyae, €CJIM HCHbITAHUS B CTAaOMJIOMETPE BBIMOJHEHBl MNpU
KOHCONUZAUU OOpa3loB TI'PyHTA, BCECTOPOHHUM JAaBJICHHEM pPaBHBIM BEJIWYHHE MPUTPY3KU
0TBeca rpyHTa BOKPYT IITAMIIA.

2. BennuuHa npurpy3ku J10JKHa ObITh paBHA OBITOBOMY JAaBJICHUIO Ha INIyOWHE 3a10KEHUS
HITamima.

3. BcecroponHee naBieHHE B CTA0MIOMETPE MPU UCHBITAHUM 00pPa3lioB IPyHTA JOJKHO OBITh

pPaBHO OBITOBOMY JIABJICHHUIO WJIH JIABJIICHUIO MIPUTPY3KHU BOKPYT IIITAMIIA.
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