Jlexnusa Neb.

IIpoexkTUpOBaHNE HETEHANIPABICHHOI0 YIVIOTHEHHUS U 3aKpPeIJIeHH s JIeCCOBbIX IPYHTOB:
IloBepXHOCTHOE YIUIOTHEHHE

I'1ryOuHHOE yIIOTHEHHE

XuMHYecKoe 3aKperieHie MeT00M CHINKATH3ALNU

DKCIITyaTallMOHHYIO HaJIe)KHOCTH 3/JaHUH MOXHO CYIIIECTBEHHO MOBBICUTH, €CIIH JI0 Hadyajia uX
CTPOUTENBCTBA YCTPAHUTH ITPOCAJOYHBIE CBOMCTBA IPyHTA, TyTEM LEJIEHANPABICHHOTO UX YIIJIOTHEHUS WU
3aKpeIUICHNUS.

MerTo i1 TpeoOpazoBaHus CBOMCTB JIECCOBBIX TPYHTOB JIEJISIT HA TTOBEPXHOCTHBIC U ITyOnHHEIE. [Ipn
CTPOUTEIBCTBE HA IUIOMIAIKaX ¢ TPYHTOBBIMHU YCJIOBUSAMH | TUIA 0 IpOCagOYHOCTH TOBOJIBHO
3¢ EKTUBHBIM SIBJISIETCS] YCTPaHEHUE MPOCAJOYHBIX CBOMCTB YaCTHYHO MM Ha BCIO TIyOUHY
nedopMupyemMoi 30HbI. B cirydaB Bo3BeI€HNS 3JaHIH Ha TUTOIMIAAKaX C JIECCOBBIMH rpyHTamu [1 Tuma mo
MPOCATOYHOCTH YCTPAaHEHHE MX MIPOCAIOTYHBIX CBOWCTB B Ipezenax qeopMUpyeMoit 30HbI He JaeT
HEo0Xx01uMOoro 3QdeKTa, TaK KaK CyIIeCTBEHHbIC MPOCAIKH MOTYT POSIBUTHCS HA TITyOWHE OCHOBAHHUS OT
JecTBUS COOCTBEHHOTO Beca TpyHTa. B 3TOM citydae rpyHT YIUIOTHSIOT WU 3aKPEIUISIOT Ha BCIO TTyOUHY
MIPOCAIOYHBIX CIIOEB WIIH YCTPAHSIOT AeQOpMaliy IpOCaIki OT COOCTBEHHOTO Beca Ha TITyOWHE, a B
nehopMupyeMoii 30He - TOBEPXHOCTHBIMH METOJaMH (YIUTOTHEHHE TpaMOOBaHUEM, YCTPOUCTBO YKATAHHOH
IPYHTOBO# MOAYIIKH).

YcnenrHo uermomb3yIT METO/I YIUIOTHEHUSI TPYHTA TsDKEIBIMU TPaMOOBKaMH, ITO3BOJISIOIIUI
YCTPaHUTh NMPOCaJ0YHbIC CBOHCTBA HA TITyOuHY 70 3...3,5M. YCIEUIHO UCHIOB3YIOT IPYHTOBBIC MOAYIIKH U
TPYHTOBBIE CBau.

ITpu BEIOOPE MeTOa TpeoOpa3oBaHus TPYHTOB HEOOXOAMMO YUYUTHIBATE MX THII IO MTPOCATOYHOCTH,
perroHaAFHBIE 0COOCHHOCTH JIECCOBBIX TPYHTOB, KOHCTPYKTUBHOE PEIICHUE U [IEIeBOe Ha3HAUEHHUE 3/1aHus,
MIPOM3BOJICTBEHHBIE BOBMOXXHOCTH CTPOUTEIBHBIX OPraHU3alliii, CPOKHU MPOU3BOJICTBA Pa0OT U APYTrHE
¢akropsl. Beibop MeToa yeTpaHeHUsI IPOCaA0YHBIX AeopMamuii MPOU3BOAATh HA OCHOBE TEXHUKO-
SKOHOMHUYECKOr0 aHAIN3A.

Mertoabl peoOpa3oBaHUs JIECCOBBIX TPYHTOB Pa3ACisIIOT Ha JIBE PYIIIIHL:

1) MeTo/1bI, OCHOBaHHBIC HA KCIIOIb30BAHIH MEXaHUUECKOTO BO3ICHCTBHS IS YIUIOTHEHUSI TPYHTOB;
2) MeTO b (PU3UKO-XUMHUYECKOTO 3aKPEIUICHUS TPYHTOB.

[Ipu yImioTHEHUH TPYHTOB MOBBIIIAIOT WX TUIOTHOCTH, YTO OOYCIOBIIEHO COIMKEHUEM OTCIBHBIX
yacTull 1 arperatoB. CHIIbI MOJIEKYJISIPHOTO B3aUMOICHCTBHS YaCTHII TPYHTa BO3PACTAIOT M CITOCOOCTBYIOT
YBEJIMUYEHUIO €T0 MMPOYHOCTH U CHIDKEHUIO 1e(OpMHUPYEMOCTH.

[IpumeneHnne MeTo10B (GU3HKO - XHMHYECKOTO 3aKPEIUICHHS TPYHTa CIIOCOOCTBYET 00pa30BaHUIO
HOBBIX CTPYKTYPHBIX CBSI3€H U CYIIECTBEHHOMY YBEIMYEHHIO €T0 MTPOYHOCTH.

[ToBepxHOCTHBIE METO/BI YCTPAaHEHHS MPOCATOYHBIX JeOopMaIlHii JIECCOBOTO IPyHTA:

- VIUIOTHEHNE TPaMOOBaHUEM;
- YIJIOTHEHHUE MTyTEM BBITPaMOOBBIBAHHS KOTJIOBAaHOB WJIM TPAHIIIEH;
- 3aM€HAa IIPOCaZO0YHOr0 IPYHTA MIOCIONHO OTCHIITAHHOMN MOAYIIKONW WM YKaTaHHOW MOJYLIKOM U3
TJIMHUCTOIO TPYHTA;
- YIPOYHEHHE TPYHTOLIEMEHTOM IPH TIOMOIII MUKPOCBail.
['myOuHHBIE METOJIB YCTPAHEHHUS IPOCATOYHBIX JieOopMAaIHii JTIeCCOBOTO TPYHTA:

- 3aKPCIJICHUC JXUAKHUM CTCKIIOM (CI/IHI/IKaTI/IBaLII/I}I);

- YIpOYHEHHe BO3/AEHCTBHEM TEILIOBOTO MOTOKA (TepMOOOpaboTKa);

- YIULIOTHCHUE 'PYHTOBBIMU CBAsIMHU,

- YIUIOTHEHUE 3aMavynuBaHUEM U JIeHCTBHEM COOCTBEHHOTO BeCa TPYHTa;

- YIUIOTHEHUE 3aMauyMBaHUEM U AUHAMUYECKUM BO3AEHCTBUEM (THAPOB3PHIBHON METON);

- THBCKIIMOHHOC 3aKPCIVICHUC PA3JIMUHBIMU KOMIIOHCHTAMH (paCTBopaMI/I COJ'ICfI, KHUCIOT, CMOJ'IaMI/I).
6.1. IToBepxHOCTHOE YIIJIOTHEHUE IPYHTA TPaMOOBaHHeM

[ToBepXHOCTHOE YIIJIOTHEHHE JIECCOBOTO IPYHTA TpaMOOBaHHEM LI€JIECO00pa3HO MTPUMEHSTh
JUTSL yCTpaHEHUs IPOCaI0UHbIX JedopMaluii B BEPXHUX CIIOSIX TPYHTA, 3aJIeTaloluX M0/
noJ01IBOM (hyHJaMEHTa B Ipejienax aqegopmMupyemMoii 30061, Hanbosee a3 pekTHBHO HCIIONB30BaTh
METO/]I IIPU CTPOUTENBCTBE Ha IJIOIIAKaX C TPYHTOBBIMU yciaoBHsiMH | Thma mo npocagoynoctu. B
ycnoBusx I1 tTuna TpamOGoBaHue rpyHTa IPUMEHSIOT B COUETAHUHU C TITyOMHHBIMU METO/IaMHU
yCTpaHEHUs MPOCaOYHbIX Ae(opMaruii.



YiuiotHeHHEe TpaMOOBaHUEM OCYILIECTBIISIOT ITyTeM COPAChIBAHUS C BBICOTHI 5...9 M Ha MOBEPXHOCTH JHA KOTJIIOBaHA TPAMOOBKH
Maccoit 2,0...7,5 T. OOBIYHO 10 OHOMY CIISY MPOU3BOIAT 8...14 ynapoB TpaMOOBKH. YIUIOTHEHHE JIECCOBOTO IPYHTa TpaMOOBaHHUEM
CBSI3aHO CO CJIOYKHOW MPUPOIOH IPOSIBICHNS BHYTPEHHHUX CHJI IPH IBYX B3aHMHO IPOTHBOIIONOXKHBIX IIPOLIECCaX: Pa3pyICHHE eCTECTBEH-
HOI CTPYKTYpbI U (hOpMUPOBaHIE HOBOM. B mepBoM mporiecce HeT HapyllieHHe HanOoee CiiadbIxX CBs3el MK/ OTACIbHBIMU YaCTHUIIAMH
u arperatamu TpyHTa. OCTaBIIAECS YaCTHITBI U arperaThbl, UMEIOIHe Ooliee POYHEIE CBSI3H, (JOPMUPYIOT HOBYIO CTPYKTYpPY TPYHTA,
KOTOpast TIpH OJIArONPHUSITHBIX YCIOBHSAX MOYKET 00JIa/1aTh TIOBBIIICHHBIM COMPOTHBIICHUEM BHEIITHEMY BO3/ICHCTBHIO.

TpamOoBaHUE J1€CCOBOTO TPYHTA IPUMEHSIOT, €CITH CTEIICHb BIAXXHOCTH MPUPOTHOTO TPYHTA

Sr 1o 0,75, pu OoNbpIINX ee 3HAYEHHUSAX HET CYIIeCTBEHHOTo 3 deKkTa yIuloTHeHHs rpyHTa. [Ipn TpamboBKkax xaccoi 1o 7 T
ryOouHa yrinotHeHust rpyHTa 3,0...3,5 M. CYUTAIOT, YTO JIECCOBBIM IPYHT MPH IUIOTHOCTH B CYyXOM COCTOSTHUH 1,6 T/m° He
o0agaeT mpocaJoYHbIMU cBoiicTBaMH. HanbomnpImas mIoTHOCTh YIUIOTHEHHOTO TPYHTA y MOBEPXHOCTH. [IpMHUMAIOT, YTO HUKHEH
IPaHMIIEH yCTPaHEHHs IPOCaI0K OCHOBAHUS sBseTcs Dryouna, rae pd = 1,6 T/m%. B npezenax ymioTHeHHOro MaccuBa Pd 1osmkHa
65ITh He MeHee 1,65...1,7 T/M°.

ITocnenoBaTenbHOCTh MPOSKTUPOBAHUS YINIOTHEHHOT'O TPaMOOBaHUEM. 3a/1al0T TNIOTHOCTh CYXOT0
rpyHTa mnocie TpamooBanus, HaxoasT 1o CII pacueTHOE CONPOTUBIICHHE YILIOTHEHHOTO TPYHTA, B
3aBHUCHMOCTH OT KOTOPOTO MOJAOUPAIOT pa3Mephl MOOMBEI PyHAaMeHTa. 3aTeM, UCIONb3ys (popmysl (4.1),
(4.4) u (4.10), paccUnUTHIBAIOT CyMMapHbIe AehopMaIii OCHOBAHWS.

Y1ioTHeHHE TPaMOOBaHUEM TPYHTOBOTO OCHOBAHUS MTO3BOJISICT MTOJIHOCTHIO WJTM YACTUYHO HUCKITFOUUTh
nedopmanmro npocanku. Ocanka GyHaaMeHTa n3MeHsIeTcsl He3HAUUTENBHO, MPH €€ TIepecyeTe CIaeayeT
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B pesynbrare ynioTHeHus
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124 IpyHTaA OT COOCTBOHHOIO Beca

BO3MOJKHOTO 3aMadiBaHust ocHoBauus O = E2 / E1 (ta6u. 6.2).
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ObLT pa3paboTaH MOANGHUIIMPOBAHHBIM METO/ YIIIOTHEHUS JIECCOBBIX TPYHTOB, Ha3BaHHBIN CIIOCOOOM
MI0CJIEJ0BATENFHOIO MOBBIICHUS TUHaMUUecKuX KOHTakTHBIX AasieHui (I1ITKJI). CymHocTs criocoba
[IK/] B ucmonp30BaHUU TPeX TPaMOOBOK OJMHAKOBOM MacChl, HO Pa3JIMBIIUX IO AUAMETPY, 4TO
00yCIIOBIHMBAET HEOJMHAKOBbIE TUHAMIYECKNE KOHTAKTHBIC nasnenns. PEKOMEHIyeMast BRICOTa COpachIBaHUS
TpamMOOBKH cocTaBisier 6...8 M, a quameTpsl TpaMO0BOK Maccoit 50 kH HasHawaroT paBHbiMU 1,8; 1,6; 1,4 M,
a npu Bece 75 kH - coorBercTBenHOo 2,2; 20 1 1.8 M.

Ha nomagke crpoutensctBa Tpambosanue no criocoOy [IK/] mponBoasaT B Tpu sTana. KontakTHBIE
JUHAMHUUYECKHE IaBJICHNs HA IOBEPXHOCTH IPYHTa B KaX/I0M MOCJIEAYIOLEM dTane Bo3pacTaroT. Ha nepBoii
stane Tpam00BKy BecoM 50 (75) kH u auamerpom 1,8 (2,2) M cOpachIBalOT Ha HO KOTJIOBaHA JBAXIBI CO
cMenieHreM cienoB Ha 2/3...1/4 nnamerpa TpamoOoBku. Ha BropoM 3Tare TpaMOOBKaMH TOM jK€ MacChl, HO C
nuamerpoM 1,6 (2,0) M pou3BOAAT AajbHENIIee YIUIOTHEHHE TPYHTA B TP LIMKJIA 1O ABA yaapa KasKAbIH.
Ha 3aBepmaronieM TpeTbeM TaHE YIJIOTHEHUE HIET IO BCEW PacUETHOM MIIoLaay KOTJIOBaHa ¢

)



MCIIOJIb30BaHUEM TPaMOOBOK HEM3MEHHOM Macchl, HO CO3JAIOIIUX HAMOOIbIINE KOHTAKTHBIE JaBIICHHUS IPU
ynape. x muametp pasen 1,4 (1,8) m.

Pa3paboTtanbl caMoX0JHBIE YCTAaHOBKH, ITO3BOJISIOIINE cOpachiBaTh TpamMOoBku Maccoi 30..40 T ¢
BbICOTHI 30... 40 M. ¥ yHUKaNbHas YCTaHOBKa ISl YIUIOTHEHHS TpyHTa TpaMOoBKoii maccoit 200 T,
cOpackiBaeMoii ¢ BEICOTHI 23 M 1 MOBBIMIAIOINIEH €ro INIOTHOCTH Ha TiyOnHy 30 M.

6.2. XumMmnyeckoe 3akpenJjieHue JecCOBbIX TPYHTOB METOA0M CHJIMKATH3ALUU

[Mon cunukaTu3anyell MOHUMAIOT 3aKperieHHE TPYHTOB MPH MTOMOIIY BOAHOTO PACTBOPA CHIIMKATa
HATPUs, TPEACTABIAIONIET0 cO00I HEOPTAaHWYECKUH IMOIMMEP U UMEHYEMBII B TEXHUYECKOH .JIUTepaType
KUIKUM cTekioM. [IpoHnKkas B Menpyaiiiiye mopsl JIECCOBOTO I'PYHTA U B3aUMOJAEHCTBYSI C HUM, PacTBOP
CHIIMKaTa HaTpHs 00pa3yeT MpOoUYHbIe U BOJIO- HepacTBOpUMEIe coequHeHus. [Ipu cuiukatnzanuu Hapsiay o
yBETUYEHNEM POYHOCTH JIECCOBBIX TPYHTOB YCTPAHSIOT H UX MPOCaTOYHOCTD, YTO CIIOCOOCTBYET
3HAYUTEJILHOMY U HEOOPAaTUMOMY YJIyUIICHHUIO CTPOUTEIbHBIX CBOUCTB OCHOBAHUH (PyHIaMEHTOB.

Moandukanny 3aKperieHus TPYHTA KUIKAM CTEKJIOM:

- OJHOPACTBOPHAs CHJIMKATHU3ALMS,

- IBYXpacTBOPHAas CUIMKATH3aLHNs;

- QJIEKTPOCUIIMKATHU3ALIHS,

- Ta30Basi CUJIMKATU3AIHS

- a’pOCHIIMKATU3ALHS.

ITpu 0AHOPACTBOPHOM CHIIMKATH3aLMH B IPYHT Yepe3 ClelualbHbIe HHBEKTOPHI HATHETAIOT PACTBOP
CUJIMKaTa HaTpHsl, MHOTJa J00aBistoT 2...3 % xmopuctoro HaTpus. Ha KOHTaKTe yacTHIl JIECCOBOT'O TPYHTA U
pacTBopa MPOUCXOIAT CIOKHBIE PU3UKO-XUMHUYECKHE TPOIIECCHI, B Pe3yJIbTaTe 4ero oopa3yercs He-
pacTBopuMas TBepAas (a3a rHIAPOKCUAA KBS C CHIBHO Pa3BUTOH MOBEPXHOCTHIO, HA KOTOPOH
azcopOupyeTcst KpeMHEBasi KUCIOTA. 3aKpeIyIeHue IPyHTa METOJJOM CHJIMKATU3AIHH CBSI3aHO C
WHTEHCHBHOCTBIO IPOHUKAHUsI B TIOPHI TPYHTa pacTBOpa cuinkara Hatpusa. Hanbonee shdexkTuBeH 3TOT
croco6 mpu 3HaueHusIX kKodddummenta Gpunptpanuu He MeHee 0,2 M/cyT. CTeneHp BIaKHOCTH JIECCOBOTO
TPYHTa JODKHA He MpeBbImath 0,7, a eMKOCTh HOTJIOIICHHS COCTaBIIATh He MeHee 10 mmois/100 T rpyHTa.

[Tpu nByXpacTBOPHOH CHUIIMKATH3AIUHY — ITOCIIEI0BATEILHO HATHETAIOT PACTBOP CHJIMKATa HATPHUS
XJIOPUCTOTO KaJbIIHsl B TPYHTaxX ¢ Ko3d. GuibTp. 80...2 M/cyT.

DIIEKTPOCHIMKATH3AIIIIO PUM. TIpH Ko3(. dumpTpanmu Menee 0,1 M/cyT, B TIPH TTOBBITIICHHOM
BJI&KHOCTH OCHOBaHUs. B pe3ynbraTe 0JHOBPEMEHHOTO JCHCTBUS JaBICHHUS HA PACTBOP M MOCTOSIHHOTO
IEKTPHYECKOTO TOKA KHJIKOE CTEKIIO MHTEHCHBHO pacTeKaeTcs 10 IopaM TPyHTa, CIIOCOOCTBYS
BO3PACTaHUIO 00bEMa 3aKPEIIIEeMOTr0 MACCHBA.

["a3oBast cunrKaTU3alMs CBsI3aHa C IOTOJIHUTEIBHON 00padOTKON €CTECTBEHHOI'O IPyHTa
HarHeTaHUEeM YTJIEKHCIIOTo Ta3a. ['a3 BBITECHSIET U3 Op IPyHTa CBOOOIHYIO BOJY U BO3/YX, UTO
CIOCOOCTBYET CO3JIaHHIO CBOCOOPA3HOro BaKyyMa M3-3a IMOTJIOMIEHHUS KUIKUM CTEKIIOM YTOJIbHON KHUCIIOTHI.
B pesynbraTe Takoro KOMIUIEKCHOTO BO3/IE€HCTBUS CYILIECTBEHHO BO3PACTAET PalycC 3aKpEIUICHHUS
JIECCOBOT'0 MaCCHUBA.

Jiist momydeHust HanpaBlieHHBIX PaJAHATBHO OT MHBEKTOPA JIGHT 3aKPEIICHHOTO IPYHTa UCIOIb3YeT
a3pOCHWIINKATH3ALHUIO, IPH HA COBMECTHOM HAarHETAaHWH B OCHOBAHHUE JKUIKOT'O CTEKIJIa U CKATOro BO3/AyXa.
Meton ocobeHHO 3(h(eKTHBEH TP 3aKPETUICHHSI JIECCOBBIX MaCCHUBOB CIIOKHOW KOH(MUTYpaIin
(cTakaHHOTO THIIA, OTIOP-CTOJIOOB).

OO0b14HO A7151 3a0MBHBIX HMHBEKTOPOB IPUMEHSIOT CTAJIbHBIE TPYOBI C BHYTPEHHUM AuameTpoM 25...50
MM.. IHBEKTOp COCTOUT Ka KOJIOHHKI TPYO, HAOpaHHBIX U3 3BeHbeB AnuHOH 1,0...1,5 M,
nephopupoBanHoro 38eHa JiuHoH 0,5...1,0 M. Haraeranue >Kukoro crekiia B TpyHT IPOU3BO/IS Yepe3
OTBepCTasi TUaMETPOM 2... 3 MM B IepOpUPOBAHHOM 3BEHE, KOTOPBIE OOBIYHO PACIIONIAraloT B MIAXMaTHOM
nopsizake B koauuectsa 60...80 orBepctuii Ha [ M yiuH TpyOBI.

[Ipo4HOCTH 3aKPEIUIEHHOTO IPYHTA CYIIECTBEHHO MPEBBIIIAET MPOYHOCTH PUPOTHOTO MACCHBA U TIPH
OHOOCHOM cxkathH coctasisior 0,5 u 3,5 MIla.

J11s1 0o1HOPacTBOPHOM OJJHOKOMIOHEHTHOW CHIIMKATHU3ALMY IPUMEHSIOT PACcTBOP CHIIMKATa HATPHUs
w10THOCTBIO 1,13...1,20 r/cm®. JIjist IByXKOMIOHEHTHO# CHIIMKATH3ALUK [IIOTHOCTh PACTBOPA COCTABJISAET
1,10...1,17 r/cM®. PacTBOp HAarHETAIOT B IPYHT B KOJIMYECTBE, paBHOM 80 % 00beMa 1mop. YTJIeKHCIIbIi ra3
MOAAIOT B TPYHT B JBa pueMa. CHavaja Ha KaXJ0i KyOOMeTp rpyHTa pacxXoAyroT 2...3 KT rasa, 3aTeM, oclie
HarHeTaHWUs pacTBOpa CWJIMKaTa HaTpus BBOAAT ewe 3,0...4,5 Kr rasa.

D hekTHBHOCTD CHIIMKATH3AIIMHU BOJIOHACKHIIIEHHBIX TPYHTOB CYIIIeCTBEHHO HIke. [Ipu ckopocTn
JIBIDKEHUSI TPYHTOBBIX BOJI CBBIIIE 5 M/CYT UHBEKIIHOHHOE XMMUYECKOE 3aKpeTIeHnEe OObIYHO He
PEKOMEHIYIOT.

Jnst coctapiieHrs IPOEKTa 3aKPeTUIeHHUsI TPYHTOB METOJIOM CHUITHKATU3AIMH TIPOU3BOJIST HA HAYAJIBHOM JTare
OOBIYHBIE MH)XEHEPHO-TE€0JIOMMYECKUE U THIPOT €0JIOTNUECKHE N3BICKAHUSI C UCTIONB30BAHUEM ITPOEKTHBIX
MaTepualoB 1o o0bekTy. Ha mociemyromux sranax BhIIONHSIOT ClICHUAIbHBIE H3BICKAHHS U UCCIICI0BAHUS],



BKIIIOYAIOIIHE JTabOPAaTOPHBIE MCTIHITAHMS TPYHTOB, & PH 00beMe 3akperuienus cabiie 5000 M® - OnbITHBIE pabOTHI
B HaTypHBIX YCIIOBHSIX. B coCTaB crienirabHBIX TaO0PAaTOPHBIX HCCIIEIOBAHHI BXOIUT ONPE/EIICHHE eMKOCTH TI0-
[JIOLLIEHUS TPYHTOB, IPOOHOE 3aKPEILIEHHUE IPYHTOB € MOCIIETYIOIIUM OIPEASTICHUEM HX IIPOYHOCTH,
BOJIOCTOMKOCTH, MOPO30CTOMKOCTH 1 1ehOpMHUPYEMOCTH NPH PA3TMYHBIX YACTBHBIX PACXO/IaX CUIIMKATA HATPHSL.
HccnenoBanust TOIDKHBI BBISIBUTH ONITUMAIIBHBIN PACcXOJT CHIIMKATa HATPHS, M CIIEIATh BEIBOJ O IIEJIECO00Pa3HOCTH
1 3(h(EKTHBHOCTH MPUMEHEHHSI METOIA 3aKPEIJICHHS JIECCOBBIX TPYHTOB CHJIMKATH3AlMEH B KOHKPETHOM CITydae.
3akperuieHne TpyHTa N0 PyHIaMEHTOM MOXKET OBITh IO CIIEeAYIOMMM cxeMaM (puc. 6.4). s
3aKpeIuIeHHs] JIECCOBBIX MPOca 0uHbIX rpyHTOB | 1 I1 THa mo mpocagouHocTy o GpyHIaMeHTaMu 3MaHIH

TIPUMEHSIOT CXeMBI a 1 6. 0 MCIIOIB3YIOT IIPH IIIOIIAM OONIBH (hyHAaMenTa cBbire 10 M2 Jls
YMEHBIICHHUS Pacxo/a XHUAKOTO CTeKIa 3aKpeIIeHHOMY MacCHUBY IPHIAIOT GOpMY ITepeBEpPHYTOTO CTaKaHa.
Cxema 6.4, B peKOMEHIYIOT 7Sl 3aKpeIICHHS JIECCOBBIX IPyHTOB I1 THIa 10 MPOCagouyHOCTH C LETbIO
YCTpaHEHUsI UX MPOCAJOYHBIX: CBOHCTB OT BHEIIHEH HArpy3KH - B 1ehopMHUpyeMOli 30HE U Ha TUIyOHHE - OT
coOCTBEHHOTO Beca IpyHTa.

IIpu BoccTaHOBJIEHUU a 5 t+ 4
Je(hOpMUPOBAHHBIX 3IaHUHN HITU o 7
PEKOHCTPYKITUH MTPUMEHSIOT U Tsl 4
JIPYTHE CXEMBI 3aKpEeTICHHS TPy H- )
TOB METOAOM CHUJIMKAaTU3allUU. ad ’ o
= x
IIpoexTupoBanue / / B
TEXHOJIOTHYECKOTO rporiecca I,
CUJIMKATU3allu1 OCYILUECTBIISIIOT C t| & | £y s, ‘AN lt I i h
y4eTOM paguyca 3aKpervieHus, D TR __l | B & & 2
3aBHCAINETO OT KOd(duIreHTa . l_’ Bre i)
(upTparm TPYHTA. Jost
OPHUCHTUPOBOYHBIX pacyeToB

Prc. 6.4. Uxowmy 3aKpsONeHES IJYATOR B OCHOBAHEE (yHIANOHTOR:
pamuyc 3akperuienus rpyHTta I & - CIaomHos; 6 - B GOpMe N6PEBEDHYTOrO CTAIAHA;
MOYKHO TIPUHSTH 10 Ta0. 6.8 . B - ¢ PAa3pUBON 0O BHCOTE

O06BeM 3aKPEIUICHHOTO
TPYHTOBOT'O MacCUBa OT CIUMHUYHON UHBEKIIUU IIPUHUMAETCS B (DOPME YCIIOBHOIO IMIIMHpA paguycom I

u BeICOTOI |3, paBHOBemHKOI 00beMY (PaKTHUECKH 3aKPETJICHHOTO MAaCcCHBa B BUE JUIMIICA BPAIICHUS
(puc. 6.5). Panuyc nunuHIpa CYUTAIOT PagyCcoOM

3aKpEIUICHHUS, a €ro BBICOTY, CO- Tadaumna 6.8
OTBCTCTBYIONIYIO BEIHHIHE PanuyC SAKDENJSHHA JECCOEONG TPYHTA CRARKATWSATACH
nepemMenieHus nepHopupoBaHHON B BABACEMOOTE OTF Koo(isumenTa (EIHTDAIME
HacTH HHBCKTOPA BIOIIE Cro OCH OT Koaddmm 331‘ @rsTpanEs, Pajiyc 2aKpeiJieHEs
OJIHOM MHBEKLNU K JPYrOW, Ha3bIBAIOT M/CYT TIJHTG & .o "
saxozkoii |3. muny 052..+0,3 0,4...0,7
5 7e4:0,8

nephopuUpoBaHHAs YaCTH HHBEKTOPA 2 043:.40,5 04 (3'

>0,54442,0 0,8...1,0

niIn HH’BCKHI/IOHHOﬁ CKBa’>XHHBI I

NPUHUAMAIOT JUISl TPYHTOB pA HAMIVAR JAHHHEX OOJEBHX HCOHTAHMA O pPanRyca HHLSLMPONAHAT

x .
- Z,, pacyeTHNR DAINYC SAKDONASHHR MOXHO ONDONEIHTH 1O (OpMyXe
OTHOPOJHBIX paBHOII I M, He- # 2 PNIRY

omHOpOHEIX - 0,5 M. C yueTom 7= -%‘-L o (6.11)
3aKpEIUICHMS TPYHTAa 3a NpeleaMu 7

JJIMHBI NEP(POPUPOBAHHOMN YacTH e /f' - RosdlummenT ycxomm# padorTH, yYRTHBRAKMEA BO3MOEHOCTD
WHBEKTOpPA BEJINYMHY 3aXO0JIKU Olpe- CHEXGHEA HDOYHOCTH SAKDSIJMEHHOI'O I'DYHTA OPR YOOJIHYOHHEA

8T0 BAAEKHOCTE B NPOHSCCe 2RCIIYATAIME COO[YRoHRS. SHa-
YeHHA /5 oduyHe RoxedixreR nad spanud I 8 I xaacce
05r KanuTArsROCTH B mpemexax I,10...1,20 /5; 53; 56/.

pensior 1o popmyre (6.12): I3 =1 +



rae I' — pacueTHBIN paanycC 3aK-pPEIICHUs OT €AMHUYHON UHBECKIUH, M;




B 3aBucumocti OT TpeOyemoil TiiyOMHBI 3aKperyieHHs] HaxomsaT ducio 3axomok M3 . O6bem
3aKPETUICHHOTO TPYHTA OT €IMHIYHOI MHBEKINH B OJIHY 3aXOJIKy BBIYUCIISIOT 110 opmyte (6.15)

[IpoekTupoBanue GpyHIaMEeHTa 027 A (/i ‘ (6.15)
Ha CHJIMKaTHPOBAaHHOM JICCCOBOM
OCHOBaHNH BENYT € yICTOM a oounli 00%eM SAKPeNIAEMCI0 TPYHTA PACCYRTHBAETSA NO dopiyie
MIPUHSATON CUCTEMBI 3aKPEIUICHUS

TPYHTOB. Qe =T 2 €5 175, (6.16)

TlocnenoBaTeIbHOCTD 5
(0%au PARCTRODA CHRINKATA HATDRA & NpPH HoDOWHON SSUCNHEHNM HM

TPOCKTHPOBAHUS 3AKPCILICHIA [Op I'PyHETa NMOXHO HaAfTH B3 CIQIyOWErc PEROHOTAR

TpyHTa 1OJ4 OTACIIbHO CTOAIINM

(hyHIaMEHTOM. Y

<

7/
- 12y (6.17)

O

I. Onpenensror ycuims,

HeﬁCTByﬁTe Ha q)yH)laMeHT, B e /72 - PECYsTHAR [ODHCTOCTE IBKDONIAEMOrO I'DYHTA B NOJIEX SR~

HanOoJIee HEBLITOIHOM AN 5

/ %
COUYETaHWHU. Y CHIIHS @2, - xosPPMUAGRT BANOIHSHMS 0P, NPRABMASMEN 1A J8CCOBHX
BBIYHUCIISIFOTCS C YYETOM ToyEron passeM 0,7.

tpedoBanuii CII mist
npoektupoBaHus 1o I u I1 rpyHTaM npeaeabHbIX COCTOSHUM.
2. B nepBoM NpuOJIMKCHUN BBIYUCIISIOT ILJIOIIA b TIOONIBEI (DyHIaMEHTa

W : (6.19)

3Hast A 3aa10T COOTHOIICHHE CTOPOH MOIOMBE (PYHIAMEHTA M HAXOAT pazMepsl Gombieii | 1
menpei D CTOPOH, U OKPYIJIAIOT C YYETOM MOJAIBHBIX Pa3MEPOB.

3. PacueTHOe CONPOTHBIICHUE 3aKPETNICHHOTO METOIOM CHIIMKATH3AIMY TPYHTa YTOUHSIIOT 10 opMyIie
(2.2), B KOTOpYIO MOJACTABIISIOT 3HAUE€HUSI KO3()PHULIUEHTOB U XapaKTePUCTUK CHIIMKaTUPOBAHHOIO IPyHTA B
BOJIOHACBIIIIEHHOM COCTOsHUH (Tab. 6.10).

4. OnpenensaroT JaBJIeHue 110

pea A Tadarnga 6.10
noomBe GyHIaMeHTa s ;
HopMATHEHHO SHAYOHAA XADARTEDHCTHE 38KPONJCHEHX METOLOM

CHIMKATHIANMA J8CCOBHX IDYHTOB /56/

R——

IIPUHSATBIX PA3MEPOB lubu

CPaBHHUBAIOT CO 3HAYEHHEM J
ACYETHOTO COMPOTHBIICHHUS SRAY6eRHA XADAKTODACTHK, 3AKDENJSHHHX TDYHRTOB
P P 1 I e o 'ppap%g DPOYHOCTH %pe. M
3aKpeIieHHOro rpyHra R o ORasa
0,4 | 0,6 ] 0,6 | 0,7 | 0,8 | 1,0 | L2 | LS
dbopmyre (2.2).

’ Cynecn
Ipu 510M naBnenne nof kpasivn - B & | i 0,047 0,056 0,065 0,073 0,086 0,096 0,II 0,13
MOJOLIBBI (PyHJAMEHTA HE JOJDKHO | % ppay 24 20 28 28 T 0L 3§ 40n 45
npesbimathk 1,2 R B ciygae £, Mia 42 53 65 75 85 I00 I=20 IS0
v 0,35 0,30 0,30 0,30 0,25 0,25 0,20 0,20

nepeHanpspkeHus (oonee S5 %) nim
CyragnERaR,

HenoHanpsokenus (6oxee 10 %) ¢ '
, Mla 0,040 0,050 0,061 0,068 0,075 0,080 0,085 0,II

N3MCHAKOT pa3MepI>I IIOA0IIBBI (&
¥ , rpen o4 26 28 80 32 ' 3% 38 42
(bynnavenTa. £, Mia 38 5 6 70 8 95 IIS I45
% 0,35 0,30 0,30 0,25 0,256 0,20 0,20 0,20

5. HaznauatoT rabapuThl
CHJIMKaTHPOBAHHOTO MacCHBa
rpyHTa B rade. CobaroiaroT

Ipn BuwpcheHEr £ ° xoa(dumuenr 75, = 0,7, & SHAYGHNE KO-
LMBHTA f_z DpAHANAGTCH N0 Tadvmam CHalla /62/ xag nai muie-

MHUHAMATBHBIH BbiHOC [ ;
TO-IVIMHACTHX I'DYHTOB C [OKASATHJIOM KOHCHCTEHIMH 4 <0,5.

3aKPCIUICHUA 3a KOHTYPhI



¢yHaameHTa B 101X OT WHpHHEL (Taba. 6.11). B rpynToBEIX' yenoBusx I1 Tuna mo npocagouHOCTH pa3Mephl
3aKpEIICHHOTO MacCHBa B IJIaHE HE JTOJDKHEI OBITh MeHee 1/4 Hsl.

6. Pacuer ocanku ¢pyHIaMeHTa Ha
3aKPEIICHHOM METOJIOM
CHJIMKATH3aLUH OTACIBHO CTOSIIEM
MAaCCHBE BBIIOJIHSIOT C YYETOM THIIA

Tadanna 6,11

MumnmensRYll BHROO SaxpelieHns IDYHTS 34 ROHTYDH
noxomsn (ymnemenra %

T
o HagaisHoB Bunoe Z B JoXAX OT HMPHEHEH (PyENAMEHTA OpH

TPYHTOBBIX yCIOBUHU I10 IDOCAROTHOS | KeBXeHMR fon mopomso O, Mia

GHHE
IIPOCaZI0YHOCTH. : Mia [Zer ‘ 0,20 ] 05251 [ 0,30 I 0,35
B rpynToBBIX yenoBusix I Turma mo 0,05 0,20 0,25 0,30 0,35

MPOCAJOYHOCTH OCAKY ONPEIEISIIOT C YIETOM 0,10 0,15 0,15 0,20 0,30
pacdeTHO! CXeMbI B BH/E JINHEIHHO- 0,15 0,I0 0,15 0,20 0,25
ne(hOpMHUPYEMOTO MOJTYTIPOCTPAHCTBA 110 0,20 0,05 0,05 0,10 0,10
METO/Ly TMOCIIONHOTO CyMMHPOBAHHSI.
Pacripe/ienieHUst BEPTHKAIBHBIX HOPMAJIBHBIX
HAIPSKEHHUH M0 TTyOHHA OCHOBAHHSI IIPHHUMA-
0T COTJIACHO TPMBEIEHHBIM B IJIaBe 4 I
(dopmynam. HaxoaaT HIKHIOK TPaHHILy JHE SAXPIIAGHNODO. MAQDNEA
cxuMaeMoit Tommu (puc. 6.6), u mo Gopmyse
(4.4) paccuuThIBarOT ocaiuky. B ciydae /fg = 6)/ 72t ) s (6.20)
CIUTOIIHOTO 3aKPEIUICHHS TPYHTAa OCHOBAHHUS C
BBIHOCOM 32 KOHTYPbI (hyHIaMEHTa OCaJIKy i-ro
CIIOS1 BBIYHCIISIIOT C UCTIOIb30BaHUEM 3HaueHMs1 AJHEE
MOyJIst iehOpMALIHU 3aKPETUICHHOTO TPYHTa
1o 1a61. 6.10 B BOJOHACHIIEHHOM COCTOSIHHUH. /3 =E€+2.6 1. (6.21)

Ecmu amkass rpaHula C)KUMaeMOoK TOJIIH

PACIOJIOkKEHA HIDKE TTOJIOIIBE 3aKPEIICHHOr0 MaccuBa (prc. 6.6), IpH pacuete 0CaKu CI0eB BbICOTOH HC — h3 yunThIBaroT MOyJIh
JeopMaIy HeMpOCaJ0YHOTO TPYHTA PH MPOTHO3UPYEMOM BIaKHOCTH.

Pacuyer ocanxu dhyHIaMeHTa Ha OTACIBHO CTOSIIEM MAaCcCUBE 3aKperuieH-Horo rpyHTa I1 tun - o
MPOCAIOYHOCTH OCYIIECTBISIOT C YY€TOM HArpy’Kalolero TPEHwsI 10 OOKOBOW TOBEPXHOCTHA MACCHBA.

Brigenstor
MaccCHuBa,

qacCTb 3aKpCIIJIICHHOT' O
HCIIBITBIBAKOIICTO BOE},}Z[CI‘/IICTBI/IGl

cun Harpyxaromero Tperus T0 (puc. 6.7).f

s 3TOrOo, Kak M MpH NPOEKTHPOBAHUH
CBaiHBIX (YHAaMEHTOB B TPYHTOBBIX:
ycnousix Il Tuma mo mpocagodHOCTH,
CTPOSAT MHTETPajJbHBIA rpaduk M3MEHEHHS

no riayouHe gedopmaius MPOCAAKH OT
coGersenHoro Beca rpynra Sslg. Cuibr

HArpyKalollero TPeHus JeHCTBYIOT MO
OOKOBOH
CUJIMKAaTHPOBAHHOTO MAacCHUBa Ha y4acCTKE

BeIcOTOM hS| OT mogomBel GyHIAMEHTA 10|

rIyOuHBI, Ha KOTOpOW THpocaigka oOT

TOBEPXHOCTH &

6.6, CxeMa K pacys
QCHCRAHRY

Woooality QYHNAMERTA HA SaXDPAIICHHGY
FOVRTOBNX yonobBaax 1 tung
APOCAUOYHICTA

cobcrBenHoro Beca rpyHTta Sslg = 5 cm. Hune ry6unst hsl ocanxy 3akperieHHOTO MacCHBa CYMTAIOT KAk

YCJIOBHOTO (DyHIaMEHTA.

Ocajky 3aKkperieHHOTo MaccuBa J1o ryounsl hsl paccuuteiBaroT ceayromum oopasom. o hopmynam
(4.7), (4.8) HaxXOAT IOTIOJHUTEIBHOE IABJCHHE 110 MMOI0MIBe hyHIaMeHTa Po U A0NOJHUTEIbHBIC Ha-
npsokenns Gzp. B omimune ot pacuera ocaiku Ha €CTECTBEHHOM TPyHTE, onpeaenerne GZp npousBoIsT
o ¢opmyite (4.7) no rayounst hg , Ha KoTOpOI (6.22):



Gzpi - cpeaHee NOMOJHUTEIBHOC K MPHUPOJHOMY HANpsHKEHUE B | -M CII0O€ MAacCHBa, PaBHOEC
nosrycymMme HarmpsibkeHust GZp Ha ero BepXHel U HWKHEW IpaHHIax;
hi, Ei - cooTBeTCTBEHHO TONMIIMHA U MOYJIb Ae(pOPMALMK 3aKPEILIEHHOTO TPYHTA i -TO CIIOS.

JononuurensHoe HanpsbkeHne GZp B MacCHBE OT CHJI HATPYKAIOIIET0 TPEHHS Ha TITyOHHE OT MOIOIIBBI
(yHIaMEHTa ONPEAEIAIOT 10 hopMyIe



= o [ _ ‘
G, = fz‘q{d,: (700625-Kz 0,).  (6.24)

G060k 2., ~ NOPAMOTD TODMBORTANHHOTO CEYGHNA BAKDEMVIGHHOTO MAC-
CHBA TDYH?A, M;

CZ - napameTp, UPRHAMAGMER A% OTHEABHO CTOMUMX MACCHBOD
paBHEmU
i (6.25)

2
Zye
Z - CIAHRNE JIURHH, Mj
(3 - NDADONHOS HADDAXEHES OT COOCTBEHEOrO BoCA IDYHTE Ha
7 yayouse € #3 o ero NOBEPXHOCTH;
’{%" GespasmMepEull ROSGDHIIERT, NPAHMMASMEN JUIT OTHEIBENX
MACCHBOR B SARBKCHMOCTH OF NDEBONOHHOR IAySuEM /72
QX +Z) W CpONHEBIBEWEHHOTO 3HAYEHHA YIWIA BHYT-
DOHHETO TDSHAH Y7 HOMOHACHWEHHOTO TDYHTA 8CTOCT-
BOHRO# CTPYRTYPH 1o Tadx. II npurOXeHHs;

/0, - naeaerue, Mia, onpemengemos no @opmyas

= » (6.26)

B~ 70O
/7 =

e /:,- y (% =~ CPONHGBSBOWGHHHE 3HAYOHHA COOTBOTCTBOHHO YNOJBHO-
ro Beca TpyHTa, KH/M®, u cuenmemmsz, Mla, or or-
METKH NASHWDOBKH N0 TIYCHHH SQNOKGHHA YCJOBHOIC

(yanamenTa .

Ocanka yOJIOBHOI'O (iyHIA&MeHTA, HAYMHAAR C YDOBHA OJOCKOCTH (20 ,
sanucHT OT NONOJHATOIEHOIO NABNOHAA, HeHCTBYIOMIEIO M0 8ro
NIONOWBe J .

P = Ozp *Orp. (6.27)
152

Hwxe riry6unst d + hsl ocHoBaHue pa3nensioT Ha ¢iou rpyHTa ToamuHoi hj = 0,4by . 3xecs by -
rpHHA YCIIOBHOI'O (bsz[aMeHTa, HpUHAMAaeMasi, PaBHOI IIMPHHE 3aKPEILICHHOTo MaccuBa b3 .

JlonomHUTENbHOE HANIPSDKEHNE B OCHOBAHUH Ha TITyOMHE Z1 OT MOIOMIBEI YCIOBHOTO
(GyHmameHnTa paccunthiBatoT 1o popmyne: Gzpy = A Poy  (6.28)

Huxnrioro rpanuny C)KMMaeMOo# TOJIIIN HaXOAAT B 3aBUCHMOCTH OT COOTHOIIICHUS GZpy n GZg

o ¢opmye (4.3).
Ocanxy ycIoBHOTO (h)yHIaMeHTa BBIYKCISIOT 10 hopmyie:
Ocazka (yHmaMeHTa 31aHust W < .3 }f”-’ Gipy o 5155
\ = ’ . he
COOpPYKEHHS Ha 3aKPETLICHHOM METO- €5 7 5 £ /‘

JAO0M CUJIMKATU3aluu JICCCOBOM I'PYHTC
I1 Tuma mo mpocagoYHOCTH B CiIydae

P a y \Tne /72 - YACAO CQJI06B, HA KCTODPOE DASHBJSHA CEAMAasmans ToJma nop
€T0 3aMavYuBaHus ONPECACITIACTCA 110 | nonompoll yCJIOBHOI'G m}muema;

dopmyue: ‘r (9, - CpemHes ROMOMHHTONBHOS K NDHDONHOMY HANDAXSHEE B 4 -M
‘ v CJI08, DABHOE NONycywmMa HanpaxeHil O;/,y HA 6T0 BopXHEl
Snl= Sp+Sc (6.30) ! B HEmHed IpanMuax;

fé’—, 2 § - COOTBETCTEOHHO TOMIMAHA M MORY/E AEQOLMALRM SAKpEn-—

VYcnoBue pacuera pyHaaMeHTa Ha AGHHOTO B ODA oro TpyHTa / 0 CAOM.

3aKpPEIUICHHOM OCHOBAHUH CUUTAIOT
YZIOBJICTBOPEHHBIM IIPH COOMIOCHUN
TpeboBanuii cornacHo Gopmyie (6.2). B ciydae nux HecOOMIOACHUsI BHOCAT COOTBETCTBYIOIHE KOPPEKTHBBI B IPOCKT.



