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VIIK 624.15

OCHOBHBIE ITPUHIIUIIBI EBPOKOJA 7
«EOTEXHUYECKOE ITPOEKTUPOBAHHUE»

Posice @pank, npogheccop, suye-npezudenm MedxcoyHapooro2o oduecmsa
mexanuku epynmos u ceomexuuxu — ISSMGE

BBenenue

Cucrema cTpouTenbHBIX EBPOKOIOB BKIIIOUAET IECATH TPYIIN CTaHAAPTOB!

EN 1990EBpokoa: OCHOBBI CTPOUTEIHBHOTO TPOCKTUPOBAHUS,

EN 1991EBpokon 1: Bo3aelcTBus Ha KOHCTPYKIMHK (HAIPY3KUL M BIHSIHHS);

EN 1992EBpokon 2: [IpoekTupoBanre 6€TOHHBIX KOHCTPYKITHUI,

EN 1993EBpokon 3: [IpoekTupoBaHue CTaNbHBIX KOHCTPYKIIUMN;

EN 1994EBpokon 4: [IpoexktupoBanue cTane0eTOHHbIXKQHCTPYKIIUH;

EN 1995EBpokoz 5: [IpoektupoBanue nepeBsiHHBIX KOHCTPYKIIHIA;

EN 1996EBpokoa 6: [IpoekTupoBaHne KaMEHHBIX KOHCTPYKIIHIA,

EN 1997EBpokon 7:T'eoTexunueckoe mpoEKTUPOBAHMUE;

EN 1998EBpokon 8: IIpoektrpoBanre ceHCMOCTONKUX KOHCTPYKIIHIA;

EN 1999EBpokon 9: IlpoexkTrpoBanre aTtOMUHAEBBIX KOHCTPYKIIUH.

CrpowutenbHabie EBpOKOMBI SBISIOTCS HOPMAMH MPOSKTUPOBAHUS JTIOOBIX 3TaHHMA
U coopyxkeHuil. OHu 6a3UPYIOTCS HA MOAXOJAaX pacyeTa Mo MPeAeIbHBIM COCTOSIHUSIM
(PTIC) coBMECTHO ¢ METOZIOM YaCTHBIX KO3 MUITHEHTOB.

3a uckmouenueM EN 1990Bce EBpOkofibI moapasaensitoTcss Ha HECKOJIbKO dac-
teii: EBpokoasl 2, 3, 4, 5, 61 9. EBpekon 7 (['eoTexHHUYECKOE MPOCKTUPOBAHUE) U
EBpoxon 8 (CeiicMOCTONKOCTH) KagatoTCsl BCEX THIIOB KOHCTPYKIIMIA, HE3aBUCUMO OT
MaTepuana.

EBpoxon 7 coctout u3 aAByx dacreit: EN 1997-1 &eorexnuueckoe npoeKTUpoBa-
Hue — Yactp 1. O0mue npasuia» [9] u EN 1997-2 keorexHuueckoe MpoeKTHUPOBa-
Hue —Yacte 2. UccaenoBanvisi u uctbiTanus rpynTos» [10].

Pa3pabotka EBpoxofia 7 Obuia TecHO cBsizaHa ¢ pa3paboTtkoit EN 1990EBpokon
«OCHOBBI CTPONUTEILHOTO MPOESKTUPOBAHUS», B YACTHOCTH, ero paszaena 6 «Iposepka
METOJIOM YacTHbIX Kod(hduuuentoB» u gonoiHeHuit Al u A2 ([Ipumenenue as
3MaHUA W MOCTOB COOTBETCTBEHHO), C IIEJBbIO MPOBEPKH B3aMMOJCHCTBHUS CHUCTEMBI
CTPYHT=KOHCTPYKITUS», IPUTOTHOTO JIJISI BCEX CITy4aeB.

HUctopus co3nanus u BHeaApenust EBpoxona 7/

[IepBas rpymnmna cnenuanucToB, KOTOPOM OBLJIO MOPYUYEHO COCTABJICHUE €BPOIIEH-
CKOTO CTaHAapTa MO T€OTEXHUYECKOMY MPOCKTUPOBaHMIO, ObuTa co3gaHa B 1981r.
Omna cocTosna U3 NpeACTaBUTENEH HAlMOHAIBHBIX TexHu4Yeckux obmectB 10 crpan,
KOTOpbIe BXOAWIH B TO BpeMmsi B EBpocoro3. Ilepsriit Bapuant EN, B yactu o0mux
MpaBUJI TEOTEXHUYECKOTo MPOeKTHpOBaHHs (coorBeTcTBYeT dacTu 1 EBpokonma 7),
obL1 onyoukoBad B 1990r. [11].



B 1990r. 3amanue Ha cocTaBieHHE MPOEKTa HOPM ISl 3[aHUNA M COOPY>KEHUH
obu10 Iepenano EBpomneiickoit komuccuu no cranaaptuzanuu (CEN)u CEN/TC 250
(Texuuueckuii komuteT 250), OTBETCTBEHHBIM 3a BCE CO3/IaBACMbIC CTPOUTEIILHBIC
HopMbI. B wactHocTH, nmogkomuteT 7 (SC 7)otBeuan 3a EBpokon 7 <« eoTexHuue-
cKoe npoekTupoBanue». 3ametuM, uto CEN chopmupoBan u3 HanmoHandbHBIX Opra-
HOB I10 CTaHJAPTHU3AIMH BCEX EBPOMNEHCKUX CTPaH.

B 1993. SC 7 yrBepaun nepryro pemakuuro ENV 1997-1 &'eorexHumueckoe
npoektupoBanne —Yacts 1: O0mme npaBuna» [5].

Pa6ora nan npepamennem ENV 1997-18 EN1997-1 &'eorexHHuecKoe MPOEK-
tupoBanne — Yactp 1. O6mue npaBmwia» npopoauiack ¢ 1997 rmo 2003 1. dop-
ManbHOE Mo3uTuBHOE ronocoBanue wieHoB CEN coctosmocs B Hauane 2004 r. u
CEN onyomukosai Espokos 7 —yacts 1 (EN 1997-1% nosiope 2004r. [9].

EBpokon 7 BHawasne cocTosl U3 IBYX 4yacteid: YacTh 2, MOCBSIIEHHAS T€OTeXHUYE-
CKOMY MPOEKTHPOBAHUIO C TIOMOIIBIO JaOOpaTOPHBIX UCHBITaHUM) M YacTh 3, MOCBSI-
[ICHHAsl TEOTEXHUYECKOMY MPOEKTHUPOBAHUIO C MOMOIIBIO TOJCBBIX UCHBITAHUMN, a B
2001r. unenst CEN mporosyiocoBaiu 3a ux npespariieuie B EBporteiickre HopMmai [10].

Beenenne B pencresue 3ToM yactu EBpokoaa KakIbIM HAallHOHAJIBHBIM LIEHTPOM
cranfaptu3anuu ¢ HanmoHanesHbIM npritoskeHreM (Ha o(UITHATBHOM SI3BIKE KaXKIOU
CTpaHbl) ObLIA BBITIOJHEHA HA MPOTSHKCHUU NBYX Jiet rmocie nmyonukammu CEN. Ponb
HanmonanbHOro mpusioKeHusl — yka3aTh PEIICHUs, KOTOpbIE OTBEUalOT TaK Ha3bIBae-
MBIM <«HAIIMOHAIBLHO 00ycioBieHHbIM mapametpam (NDPs)». HanmonansHoe mpu-
JIO’KEHUE MOXKET TaKKe MPHUAaBaTh CTATyC OTJAEIHFHOTO HOPMATHBA OJHOMY HIIM He-
CKOJIbKUM <«UH(POPMAIIMOHHBIM JIOTIOTHEHWSIM», T. €. oH (oHHu) Oyzaer (OymyT) o0si3a-
TEJIbHBIMU B COOTBETCTBYIOIIEH CTpaHE.

Kaxmast crpana mmena mpaBo AOIMOJHATH oOmue mpaBuiia EBpokoma 7 Hammo-
HAJIbHBIMU JIOTIOJIHUTEIBHBIMU CTAHAAPTAMHU, YTOOBI YCTAHOBUTH PACUETHBIE MOJIEIH
MPOEKTUPOBAHMS JJI1 MCIOJIL30BAaHUS B CTpaHe. B To e Bpemsi HX coiepxaHHe
JOJHKHO OTBEUYaTh BCeM npuHHMnamMmEBpokona 7.

Coaep:xxaHnue 10KyMEHTOB

Yacmo 1. Obwue npasuad

EBpoxon 7 —Yaczpl siBasieTcs ckopee oOIuM TOKYMEHTOM U JTaéT TOIBKO MPUH-
IIUTIBI JJI TE€OTEXHNYECKOTO MPOEKTUPOBAHUS, B COOTBETCTBUU C OOIIMMU TIPUHITH-
namu PIIC. DTW HPHHUATIEI TPUMEHSIOTCS B pacueTax re0TeXHUYECKUX BO3EHCTBUN
Ha KOHCTPYKHUH (3M@HMsI U COOPY)KEHHS) U B MPOSKTUPOBAHUU CAMUX CTPOUTEIbHBIX
AJICMEHTOBsByKOHTAKTE C TPYHTOM (OCHOBaHUs, CBad, (PyHIaMEHTHBIC CTCHBI H T. II.).
JleTabHble AIpa@BUIIa MPOCKTUPOBAHUS WUIIM PACUETHBIE MOJEIIH, T. €. TOUHbIE PopMy-
JBEWINA TPAGUKU TPUBOAATCS TOJBKO B MH(DOPMAIMOHHBIX MpUiIoxkeHusx. Kak 6110
yHOMSHYTO, OCHOBHAS! IPUYMHA TAKOTO TIOJIX0/1a 3aKIFOYAETCS B TOM, YTO PACUETHHIE
METOMbl B O0JIACTH T'€OTEXHUKH B Pa3HbIX CTpPaHaX PA3IMYHbl U HEJIb3sl JOCTHYb
€MHCTBA, 0COOEHHO KOTI'/la MHOTO M3 3TUX METOJIOB €le He0OX0AUMO pa3padoTaTh U
agantupoBath k noaxonam PIIC.

EBpokosa 7 —Yactb 1 comepkut caeayrorire pasaensl [9]:

e Paznen 1 —OO0Omiast yacteb,

* Paznen 2 —OCHOBBI T€OTEXHUYECKOTO TPOSKTUPOBAHMS;

e Paznen 3 —['eoTexHnueckue TaHHbBIE,



* Paznen 4 —Hanzop npu CTpOUTENBCTBE, MOHUTOPUHTE U IKCILTyaTalINH;

 Paznen 5 —Hacklenue u oTBeIeHUE BOJIbI, YIYUIIIEHHE U apMUPOBAHUE TPYHTA,

* Paznen 6 — @yHmaMeHTHl MENKOTO 3ajoxeHus (pacrpenenurenbHble (yHma-
MEHTBHI);

* Paznen 7 —Caiinbie GyHIaMEHTHI,

* Paznen 8 — AnkepoBaHue,

* Paznen 9 —IloanopHblie KOHCTPYKIUY;

* Paznen 10 —['uapasnudeckoe pa3pylieHue;

* Paznen 11 —OO61mas ycTOHYHBOCTS;

e Paznen 12 —Hacpiu.

Pa3znen 8 mo ankepoBanuto, pasaen 10 mo rugpaBIndecKoMy Pa3pylICHHIO U pa3-
nen 11 mo ycToMuMBOCTH TUIJIOIIAJOK SIBJSIOTCS HOBBIMHU pa3fieilaMd OTHOCHUTEIBHO
nepBuaHoro crangapra (EN 1997-1) [5].

B Yacte 1 BKiIIOYEHBI HECKOJIBKO MpHiIokeHUH. OHU BC€ MHGOPMAIIMOHHbIE, 3a
UCKJTFOYEHUEM TPUJIOKEHHS A, KOTOpOE SIBISETCS HOPMATHUBHBIM (T. €. 00s3aTelb-
HbeIM). [Tepedens npunoxennii EN 1997-1rakos:

o [Ipunoxenne A (obOs3arenpHoe) — YacTHbie KOAPQUIMEHTHI ISl TTPEISITBHBIX
COCTOSIHUM,

 [Ipunoxenne B — OOocHOBaHMe YacTHBIX KO3(P(GUIIMEHTOB IS MPOEKTHHIX
moaxoaos 1, 2u 3.

* [Ipunoxxenue C —Ilopsaok Ha3HAUEHUS MPSACTBHBIX 3HAYCHUN TaBICHHSI TPYHTA
Ha BEPTUKAJIbHBIE CTCHBI,

e [Ipunoxenue D — AHanutudeckuii METOMA, pacueTa npeaeabHOr0 COMPOTHBICHHUS;

* [Ipunoxenue E — I[lomy>amMnupuyeCKkuid METO ONpeAesieHUs MPEeAeIbHOIO CO-
MIPOTHUBJICHUS,

o [Tpunoxxenne F —MeTtoabl pacueras (OlleHKH) 0CaIOK;

* [Ipunoxenne G —MeToA ONEHKH MPOTHO3UPYEMOTO COMPOTUBICHUS i (DyH-
JaMEHTOB MEJIKOTO 3aJI0KCHUs, Ha CKaJIbHBIX TPYHTAX;

* [Ipunoxenne H — Orpanudenue nepemenieHuid GyHIaMEeHTOB U jaedhopmaluii
KOHCTPYKLUH;

* [Ipunoxxenne J —[1paBuna Haa30pa 1 MOHUTOPUHTA BBIMOJIHEHUS.

[Tpunoxxenne A Ba’KHOE, TOCKOJIbKY JTa€T YaCTHbIE KOAPPUIIUESHTHI I MPEAeIb-
HBIX COCTOSIHUMAIIPY, IIOCTOSIHHBIX U BPEMEHHBIX MPOEKTHBIX CUTYalHsIX (<OCHOBHBIC
COYETaHUS» )@ TAKIKE TePEXOIHBIC KOAPPHUIIMESHTHI 1JI1 HOPMATUBHBIX 3HAYCHUHN He-
cylei crnoeeOHocTH cBaid. [loaToMy YHClIeHHbIE 3HAUEHUS! YACTHBIX WJIM MEepexo-
HBIX KO3(PHUIIHEHTOB, KOTOphIE MpuBeacHBI B [IpunoxkeHnn A, SBISIOTCS PEKOMEH-
IyeMbIMU 3Ha9eHUsAMU. TOUYHBbIE 3HAUEHUS MOKa3aTesied MOTyT OBbIThb MPUHATHI MPU
M3MEHEHNHU Ka)KbIM HAIIMOHAIBHBIM OPTaHOM IO cTaHaapTuzanuu B HanmonansHoM
npuiIgKeHnu. Bee octanbHble MPUIOKEHHUS — MHQOPMAIMOHHBIE (T. €. HeoOsI3aTelb-
HbIC B HOPMAaTHBHOM OTHOIICHWH). HeKoTOpbie M3 HUX COJEpXk AT MOJe3HbIE Mare-
puasbl, KOTOPHIE MOTYT ObITh HPUHSITHI OOJBITUHCTBOM CTpPAH.

OTcroa HallMOHAJIBHBIE JAOMOJHUTENbHBIE CTAHIAPTHI, KOTOPbIE YCTaHABIUBAIOT
pacyeTHbIe MOJIETIM U MpaBUIIa TPOCSKTUPOBAHUS ISl IPUMEHEHUS B KaXKIOM CTpaHe,
OyAyT 3aBHUCETh OT BHIOOpPA, CACNAHHOTO OTHOCUTENBHO HCMOJIb30BaHUS HH(OpMa-
IIMOHHBIX MpuIokeHut EBpokona 7.



Yacmo 2. Hccnedosanus u ucnvlmanus 2pyHmos

Ponb 3T0i1 yactu EBpokoga 7, mOCBsIIEHHOM TaOOPaTOPHBIM U TMOJIEBBIM HCIIBI-
TaHUSAM, — JaTh HE0OX0IUMbIE TPeOOBAHUS K 000PYIOBAHUIO U METOJIaM HCIIBITAHUMH,
aHAIN3y U MOJYYEHHUIO PE3YJIbTATOB, MX TPAKTOBKE M, B KOHEYHOM HTOTE, OTIpe/Iee-
HUIO 3HAYCHUI TeOTEXHUUECKUX MapaMeTpoOB I MpoeKTupoBaHus. OHA JOMOITHIET
TpeboBanus Yactu 1 ¢ 1enbto odecrneueHrs HaJIeKHOTO U SKOHOMUYHOTO HPOEKTHU-
pOBaHUS.

JTa 4acTh YCTaHABIMBAET CBSI3b MEXKY F€OTEXHUUECKUMHU TpeOoBaHusmu,Yactu 1,
oco0eHHO pazzena 3 « '€0TeXHUYECKHUE JTaHHbIE», U Pe3yJIbTaTaMH Ja00paTOPHBIX U
MoJIeBBIX MCTbITaHui. COOCTBEHHO OHAa HE PACIPOCTPAHSICTCS HA' CTAHAAPTHU3AIUIO
Ir€0TEeXHUYECKUX UCTTBITAHUM.

Yacts 2 EBpokona 7 BKitouaeT cieayromue pasaeist [10]:

e Pasznier 1 —OOmas gacrs,

e Paznen 2 —IlnanupoBanue ucciieI0BaHUM TPYHTA,;

* Paznen 3 — Ot0op 00pa3iioB MUCHEPCHBIX U CKaJbHBIX FPYHTOB M HU3MEPEHHUS
TPYHTOBBIX BOJ;

* Paznen 4 —IloneBble UCTIBITAHUS B IUCTIEPCHBIX U CKAJIBHBIX TPYHTAX;

* Paznen 5 —JlabopaTtopHble UCTIBITAHKS B JUCHEPCHBIX U CKAIBHBIX TPYHTAX;

* Paznen 6 —OT14eT 00 M3BICKAHUSIX TPYHTOB

Paznen 4 «dloneBble UCTIBITAHUS B IUCTIEPEHBIX M CKATbHBIX TPYHTAX» BKIIOYAET
TaKue BOTIPOCHI:

* 30HUpoBaHue rpyHTOB KoHycom CPT. (U);

* peccuoMeTpudecKkre UCbITaHus PMT;

* HCNBITaHUS CKAJIbHBIX TPyHTOBAMIaTOMeTpoM RDT;

* CTaHJapTHBIC MIeHeTpalMoHHble SPT;

* IMHAMUYECKUE NIeHeTpaluOHHbIe UCTIbITaHus DP;

e ucnbitTanus Becom WST;

* 0JIEBBIC UCTIBITAHUS KpblibuaTKo FVT;

* [UIOCKHE JUIaTOMETpUIECKre nctbiTanust DMT;

* UCTIBITAHUA 3arpy304HON rmTon PLT.

Paznen 5 «JlaGoparopAbie HCHBITAHUS B JUCHEPCHBIX U CKAJIbHBIX TPYHTaX»
KacaeTcs:

* IOJIrOTOBKI ©OPA3110B I'pyHTA JJIs1 UCTILITAaHUH,

* IOJIFOTOBKM 00Pa31[0B CKAJIbHBIX IPYHTOB JJISl UCTIBITAHUH;

* UCTIBITAHUN TSl KiaccuUKaWY, UASHTA(DUKAIIUN U OTIMCAHKS TPYHTOB;

* XUMHUYECKOT0 aHaJIM3a TPYHTOB U TPYHTOBBIX BOJ;

* OHpeCIICHNs TOKa3aTeIei MPOYHOCTH TPYHTOB,

* ICTIBITAHUW TPYHTOB Ha TIPOYHOCTB;

* UCHBITAHUN TPYHTOB Ha CKMMAEMOCTh U Jiehopmanuio;

* HCTIBITAHUN HA YTUIOTHSIEMOCTh TPYHTOB,

* UCTIBITAHUN HA BOJONPOHUIIAEMOCTh TPYHTOB;

* UCTIBITAHUM JUIs KJIacCU(UKAIIMKU CKaJIbHBIX TPYHTOB,;

* UCTIBITAHUN HAa HA0yXaHNUE CKATbHBIX TPYHTOB;

* UCTIBITAHUN HA TPOYHOCTH CKAJbHBIX TPYHTOB.



B pazmene naHpl ykazaHuWs, Kak OINpPENEIUTh M WCIOJIH30BATh TaK HAa3bIBAEMbIC
«UCXOIHbIE BEIMYUHBI» MO pe3yjIbTaTaM UCHbITaHUN. HekoTopbie U3 3THX MOJoXKe-
HUI SBJISIOTCS PYKOBOJACTBOM IPU UCIOJIB30BAHUM PACUETHBIX MOJENEH B MpHIoKe-
Husix K Yactu 1. Yacte 2 Takke BKIIOYAET CBSA3b MH(GOPMAIIMOHHBIX MPUIOKEHUHN C
TOYHBIMU 3HAUEHHUSIMU NIEPEXOJHBIX BEJIMYUH T€OMETPUUYECKUX MapaMeTpoB U KOdd-
¢dunrenTaMu, KOTOpbIE OOBIYHO UCIIONB3YIOTCS MTPH MPOEKTUPOBAHHH.

Kak u B Yactu 1, OONBIIMHCTBO MCXOAHBIX JAHHBIX WM PACYETHBIX MOJesei
SIBIISTIOTCS. MH(QOPMAIIMOHHBIMU, HO JOCTUTHYTa JOTOBOPEHHOCTh 00 00s3aTEIbHOM
ucrnosp3oBannu ux B EBpokone B Oyaymem. B nro6om cioyuae, oHu yeTko oTooOpa-
KAIOT CYIIECTBYIOIINE IMOAXObI HA KOHTHHEHTE OTHOCUTEIILHO HCTIONB30BAHHS pe-
3yJIETATOB JIAOOPATOPHBIX U TMOJIEBBIX UCIBITAHUN MPH MPOSKTHPOBAHUU PEOTEXHU-
YECKUX KOHCTPYKLIHM.

Hexotopsle acnexkTsl EBpokoaa 7. 'eoTexHuka npoeKTUPOBAHNS

IIpoyedypel nposepku u ceomexnuyeckKue Kame2opuu

Jluckyccuu mo mpoBepKe re0TEXHUYECKOTo MPOSKTUPOBAHMA OOBIYHO 0a3HpYIOT-
Csl Ha MOAXO0AaX, KOTOPbIE BBITOIHSIOT € MOMOIIbIO pacueToB: [loaTomMmy HeoOXxoaruMo
MOYEPKHYTh, YTO PACUETHI SABJSIOTCS JIMIIb CTIOCOOOM KOHTPOJS TOTO, YTO OCHOB-
HbIE TPEOOBAHUS BBITIOTHSIIOTCS.

Yacte 1 EBpokonma HeHCTBUTENHHO JaeT ‘pasHble Bo3MoxxkHocTH (paszmen 2.1
EN 1997-1):

«(4) TlpenenbHbIE COCTOSHUS JIOJDKHBI OBITH TPOBEPEHBI OJHUM WIIA TPYIIION
CJIEIYIOITUX METOIOB!

* HCMOJIb30BaHUE PACUYETOB,;

* IPUMEHEHHE MEp MO YKa3aHUAM,

* SKCIIEPUMEHTAIbHBIC MOJICJIM W,3arPY30UHbIE UCTIBITAHNUS;

* METO/] HAOJIIOICHUIT.

OpaHako MoJie3HO MOMHUTE,CIIEIYIONIEE:

* HCIIOJB30BaHME MEP M0 YKA3aHUSAM O3HAYAET, UTO MPU HEKOTOPBIX OOCTOSITEIb-
CTBax MOYKHO M30€KaTh PacderoB, KOTOPHIE MOTYT OBITh JUIUTEILHBIMU U TPOMO3/I-
KHMH B CPABHEHUU C peIfaeMoil mpoOIeMou;

* IpUMEHEHNE HKCTEPUMEHTAIBHBIX MOJIENIEH W 3arpy304YHBIX MCTBITAHUNA O3HA-
9aeT, YTO OCHOBOW TEOTEXHUYECKOTO MPOCKTUPOBAHUS M MIPABUII PACUETOB SIBIISICTCS
MOHUTOPHYHT JTOBSACHUS PEAThbHBIX KOHCTPYKIIUN, C UCIIOIH30BaHUEM, TPU HEOOXO-
JTUMOCTH, TIOTHOMACIIITA0OHBIX UCITBITAHUH,

* METOJ HAQIIIOCHUIA SBIISETCS OJHUM W3 HAMPABIEHUN COBPEMEHHOTO Te0TeX-
HUYECKOTO HPOCKTHUPOBAHUH (B IMOJIHOM COOTBETCTBHH C YIOMSIHYTHIMHU BBIIIIE OCHO-
BaMHU )

OtHOocuTeNnbHO MeToAa HaOmoaenuid EBpokon 7 momomusier, uto (pasgen 2.7
EN 1997-1). L) Ilepeo nauanom cmpoumenvbcmea 00aX4CHbL OblMb 6bINOJIHEHbL Clle-
oyrouue mpebosaHus.

* YCMAaHO08IeHbl 00Ny CMUMble SPAHUYBL NOBEOEHUL,

* He0OX0OUMO OYEHUMb OUANAZ0H BO3ZMOICHOCIIU NOBEOCHUsL U YCMAHOBUMb, YMO
obecneuusaemcs npuemMiemMdas eposmMHOCMb Mo20, YMo peanlvHas paboma o6ydem
00NYCMUMbIX 2PAHUYAX,



* 00J191CeH Oblmb NPOOYMAH NIAAH MOHUMOPUH2A, KOMOPbIU NOKANHCEM — HAX0OUM-
Csl U peanvhoe nogeodenue 8 0ONYCmuMuvlx epanuyax. Monumopune 0ondicen deaamo
9MO YemKO, Ha PAHHUX IMANAX U 8 OOCMAMOYHO KOPOMKUe CPOKU, 4modwvl npedy-
cMompeHHble 0elcmausi ObLIU YCHEUHO 0CYUleCmeneHbl,

* gpems pabomul 060PYO008aAHUS U GbINOIHEHUE NPOYedyp AHANU3A Pe3)bmamos
00J124CHO OBIMb OOCMAMOYHO MANLIM 8 CPABHEHUU CO 8DEMEHEM BO3MONCHBIX. UIMEHe-
HUL cucmembl,

* Qondicer Obimb NPOOYMAHHBIU NIAH HeNPeO8UOEHHbIX OeliCMBULL, KOMQPbLe MOV
ObIMb NPUHAMBL, €CU MOHUMOPUHE BbIABUN NOBEOEHUE GHE )CMAHOBNICHHbIX CDARUL .

OtmeTtuM, uto eciu B EBpokone myHKT 0003HaueH OYKBOW «3%,BTO O3HAYaeT,
9TO OH NPHUHIMIHAIBHBIA, TO €CTh SBISETCS (yHIaAMEHTATBHBIM TPEOOBaAHUEM.
[TyHKTBI 6€3 3TOM OYKBBI — TOJIBKO «ITpaBUjIa UCTIOIb30BAHUS .

UToOBI yCTAaHOBUTH MPOCKTHBIE TPEOOBAHMSI W YPOBHU, KOTOPHIC HEOOXOIMMBI
JUTSI TEOJIOTUYECKUX HcclieqoBanui, EBpokoa 7 mpenycMaTpiBaeT Tpu reoTexHUYe-
ckue kateropuu (pazmen 2.1 EN 1997-1)3T0 ToabKo €110CO0 MX HAMMEHOBaHUS, a
MO’KHO HCIIOJIb30BaTh 3/1eCh TEPMHUH «ypOBEeHb OTBercTBeHHOCTH» ([Ipmioxenue B
EN 1990) [8].

['eorexnuueckass kareropust 1 COOTBETCTBYET MPOCTOM KOHCTPYKIIMH, KOTOpAs
MOXET OBITh 3aIPOCKTUPOBAHA U BHITIOJIHCHA 0€3 PUCKA TOJHKO Ha OCHOBE OIBITA H
Ka4eCTBEHHBIX TE€OTEXHUYECKUX MCCIICTOBAHNN.{CIOIa MOKHO BKITFOUUTD MOANOPHBIC
CTEHBI CPEIHEH BBICOTHI MJIM MIPOCThIE (PYHIAaMEHTHI MHINBUTYyaIbHBIX JOMOB B IPO-
CTBIX T€OTEXHUYECKUX YCIOBUSIX.

['eoTexHuveckas Kareropusi 2 OXBaThIBAaET OObIYHbIE T€OTEXHUYECKUE KOHCTPYK-
1K 06e3 0co0oro pucka (T. €. 0e3 CII0KHBIX TEOTEXHUYECKUX YCIOBUN WM 3arpyiKe-
Huii). TpeboBanus EBpokoa 7, KOTOPBIC KACAIOTCS PacueTOB M MCCIICIOBAHHIA TPYH-
TOB, TIOJHOCTBIO PACHpPOCTPAHSIOTCS HAa 2 KaTeropuio KoHCTpykmwi (paszmen 2.1
EN 1997-1):

«(18) IIpoexmbi KOHCMPYKYUI BPU 2eOMEXHUYECKOU Kame2opuu 2 O0JHCHbL, KAK
npasuio, 6KIIOYAMb KOAUYECTNBEHHbIE 2e0meXHUYecKue OaHHble U aHaau3 07 2a-
PaHmuu, Ymo OCHO8Hble MpPedoB8aHUsl BbINOJHEHDL.

(19) Hnsa npoexmog 2 eeomexuuueckou kameeopuu Mo2ym Oblmb UCHONb308AHbL
00b1uHbIE NPOYEOYPBI(0ObIUNBLIL NOPSOOK) NONEBbIX U TADOPAMOPHBIX UCCIEO08AHUIL,
NPOEKMUPOB8aHUsL U BbINOIHEHUSL.

Ipumeuanue’, npumepamu 0ObIYHLIX KOHCMPYKYUL ULU Yacmel KOHCMPYKYUlL,
KOmMopble OMHOCAMES KO 2-ii 2e0MeXHUYeCKOU Kame2opuu, AGIAI0MCSL.

* hyHOaMEHMbL MENKO20 3AN0NCEHUS,

* cniowHble pyHOameHmul,

* ceatiHvle (hyHoamenmol;

* CMmenbl U UHble KOHCMPYKYUU, KOMOpble YOepI’CUBAIOM UIU NOOOePHCUBAIOM
SPYHIMWIU 800Y;

* KOMJIOBAHYL,

* ceau MOCMO8 U ONopbl,

* HACLINU U 3EMJISIHbIE COOPYHCEHUS,

* 2DYHMOBbIE AHKEPLl U UHbIE CUCTNEMbL KDENTIeHUS,

* MOHHENU 8 NPOUHBIX, HEHAPYUIEHHBIX CKAIbHBIX NOpPOOax, Ha KOmopule He Oell-
cmagyem 0coboe dagieHue 800bl UNU UHbIE 8030CUCBUS.
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Kareropus 3 BKJIIOYAaeT BCE N€OTEXHUYECKHE KOHCTPYKIHUU CO CBEPXHOPMATHB-
HBIM PHCKOM, K KOTOpBIM TpeboBaHus EBpokoga 7 HeJoCTaTOUHBI i 00eCreYeHUs
MPUHSTOTO YPOBHS 0€30MacHOCTH. PUCKM MOTYT BO3HUKHYTh OT COCTOSIHUS TPyHTa
WK yclioBuit 3arpyskenus. EBpokona 7 (pasmen 2.1 EN 1997-1¥)eTko ycraHaBIuBaeT,
9TO:!

«(21) I'eomexnuueckas kamezopusi 3, KAk npasuio, OOJNCHA BKIIOUAMb,Albmep-
HAMuBHble NOI0NCeHUs. U mpebosanust 0 npasun smozo cmanoapma [EN 1997-1]».

B cucteme EBpoko/10B, Kak OBLIO YIIOMSHYTO paHbIIE, TPHHITHIM METOAOM pac-
yeta siBisierca metoa PI'C, ucnosibp3yeMblii COBMECTHO ¢ METOIOM YaCTHBIX KOIPPu-
1ueHToB. [Ipo6iemMbl, KOTOpBIE BCTPEYAIOIINECS MPU TEOTEXHHUECKOM TPOSKTUPOBA-
HUH, 9aCTO BO3HHUKAIOT 110 IPUYUHAM, KOTOPBIE HE CBSI3aHBI C IPOSKTHHIMEA pacueTa-
mu. J{ns reotexHnueckoi npaktuku EBpokon 7 —Yacte 1 Hanomunaet (pasagen 2.4.1
EN 1997-1:

«(2) Heobxo0umo yuumwvleams, umo 3HaHUe 2pPYHMOSbIX VCAQSUL 3A6UCUN OM
obvema u Kauecmea 2e0mexHu4ecKux uccieoosanuii. Taxue 3HaHus U KOHMPOIb Ka-
yecmea A6aAmMca Oojiee 3HAYUMbIMU NPU BbINOJIHEHUU OCHOBHLIX,MPeDOBAHUUL, YeM
MOYHOCMb PACUEMHbIX MOOelel U KOIDDUYUEHmMOo8» .

«(7) [...] onpedensiowum napamempom sienisemcst, KaKk npasuilo, cpeonee 3Haye-
HUue ouana3ona 3sHavenuli, KOmopbvle NOKPbIBAIOM OOALULYIO NOBEPXHOCHb UL 00beM
epynma. Xapaxkmepucmuueckoe 3HAYeHue Modcem. O0blmb OCMOPONCHOU OYEHKOLUL
cpeoHell GeUUUHbBLY.

Otu nyHkThl EBpokoga 7 —Yacte 1 oTOGpaxkatoT TOT (hakT, 4TO BO3MOXKHO HC-
MOJIb30BaTh 3HAYCHUS TEOMETPUYECKUX MMapaMeTPOB, KOTOPHIE TPAAUIIMOHHO WC-
HOJIB3YIOTCs (ONpe/IelIeHUe KOTOPBIX HE CTAHAAPTU3UPOBAHO, T. €. OHM YacTO 3aBUCST
OT JIMYHOTO MHCHHS WHXKEHEPA).

[ToaTomMy HEOOXOaUMO CAENaTh ABaBZaMeuaHus Mo 3ToMy noBoay. C ogHOH CTO-
POHBI, TOJDKHA OBITH BBEICHA KOHIEIIINS «TIE€PEMEHHON BETNYNHBI» T€0TEXHUIECKO-
ro mapameTpa (MpeaBapUTSBHOE HAa3HAYCHUE XapaKTePUCTHUECKOTO 3HAUCHUS).
C npyroil CTOPOHBI, €CTHMETKAsi CChLJIKA Ha JaHHOE MPEACbHOE COCTOsIHHUE (YTO
MOXET BBITJISACTh OUYSBUAHBIM, HO SIBIIICTCS B KAKOM-JIHOO CIydae MyTeM YBS3bIBa-
HUS TPAJUIIMOHHON I'€OTEXHUKA W HOBBIX TOJXOJOB METOJAA MPEACTbHBIX COCTOS-
HUH) U OIICHKY CPEIHEr0 3Ha4YeHMs (2 HE MECTHOTO 3HAYCHHsS, 3TO MOXET IMPOSIB-
JATHCS Kak crienupuieckas 0COOCHHOCTh T€OTEXHHUECKOTO MPOSKTUPOBAHUS, KOTO-
poe TIpaBa0NEI00HE. 3aXBaThIBACT «OOJIBIITHE» TUIOIAN UIIH MAaCChl TPYHTA).

CTaTUCTHUYCCKHNE METO/Ibl YIIOMHHAIOTCS TOJIBKO KaK BO3MOYKHOCTb.

«(10) Ecrtutucnonvzyiomes cmamucmudeckue memoost [...|, mo maxue memoovl
OOJDICHBL PASANUAMb TOKANbHBLUL U PESUOHATbHBIL 0MOOp 00pazyos |...]».

«(X1) Ecau ucnonvzyromes cmamucmuieckue mMemoobsl, mo Xapakmepucmudeckas
BeUUUHA D0NNCHA ObIMb NOIYYEHA MAK, YMOoObl PACHemHAs 8ePOSIMHOCHb HAUXYOule-
20 3HA4eHus, KOmopoe 8bl3bleaem 0aHHoe npedesibHoe cocmosanue, He npegviuiana S%.

Ilpumeuanue: ¢ 5mou MouKU 3PeHUs OCMOPOICHOU OYEHKOU CPeOHe20 3HAUeHUs.
A67151eMCsl 8b100p CpeOHe20 3HAYEHUS 02PAHUYEHHOU 8bl100PKU 3HAYEHUL 2e0mexXHUYe-
CcK0o20 napamempa c ypogHem obecneuennocmu 95%; mam, 20e deno kacaemcs me-
CMHO20 NOBPENCOEHUS — OCHOPONCHOU OYEHKOU HUJICHe20 3HayeHus sasnsemcs 9%
K8AHMUJISY .



OO1mIelt MBICITBIO SIBIISIETCS TO, YTO XapaKTePUCTHUESCKAs BEIIMYMHA T'€OMETpHYE-
CKOTO TIapaMeTpa He MOXKET CHIILHO OTJIMYAThCS OT TPATUIIMOHHO MCIIOIL3YeMOU Be-
auauHbl. OOBIYHO TSI OOJIBIIMHCTBA MPOSKTOB MPU T€OTEXHUUECKUX UCCIICIOBAHUAX
cephE3Has craTucTuyeckas oOpaboTka pe3yabTaTOB HE MOXKET OBITh OCYIIECTBJICHA.
CTaTUCTHYECKHE METOJbI, 0€3YCIIOBHO, SIBJSIOTCS IMOJIC3HBIMH JIJISI OYCHDb KPYITHBIX
MPOEKTOB, TJIc 00BEM JITAHHBIX OTPABIBIBAET UX UCIIOJIb30BAHHE.

lIpoussoonvie 3nauenus

MHOro reoTeXHUYECKUX MCCIIEIOBAaHUM, B OCOOEHHOCTH TOJIEBBIX HE MO3BOJISIOT
OTIPENENATh MPSMO OCHOBHBIC TEOTEXHUYECKUE MapaMeTphl Wiin KoahduimeHTsl, Ha-
npuMep, MPOYHOCTh U Aedopman. BMecto 3Toro, 3HaueHus! TAKUX NMapaMeTPOB U
KO3 (DUIIMEHTOB JOJKHBI ObITh BBIBEIECHBI C HUCIOJIb30BAHUEM TEOPETUUECKUX WU
AMITUPUIECKUX COOTHOIICHUH.

Konnenius «pou3BoAHbIX 3HaueHUi» Obuta BBeaeHa B ENV,.1997-3 [7],uTo0BbI
MPUAATh CTATYC MCTOJIB3YEMbIM COOTHOIICHUSIM M MOJEISIM W IMOAYYUTh U3 PE3YIlb-
TaTOB TOJICBBIX U JJAOOPATOPHBIX MCCIICIOBAHNN TeQTCXHHYECKHE, TapaMeTphl U KO-
3¢ PULIEHTBI, KOTOPBIE BBOJSATCS HEMOCPEACTBEHHO B MpOoeKTUpoBaHue. X ucnomns-
30BaHME MPEAHA3HAYAIOCh CHAYaIa JJIsi CBAWHBIX U (DYHIAMEHTOB MEJIKOTO 3aJI0XKe-
HUS, KaK yka3zaHo B npuioxenusx D u G Espokona 7,—Yactsl.

B EBpoxone 7 —YacTh 2 1aHo clieayroniee oupeleieHue NpoOu3BOIHBIX 3HaYe-
HUI. «1pou3so0Hble 3HaAUeHUs 2eomexHudeckuxsnapamempos u luiu xosgguyuen-
MO8 8b18005IM U3 PE3YIbMAMO8 UCCIe008aH U, MeOpemuyecKUMU, KOPPerIayUOHHbIMU
UNU IMAUPUYECKUMU MEMOOAMU .

['eoTexHUYECKHME MapaMeTphl, TIOJYYEHHBIC TIO pe3yJbTaTaM IOJIEBBIX HCIIBITA-
HUM, clayXaT Ju00 HadalbHOU MH(OpMaLMed s aHATUTHYECKON WM HEempsiMou
Mozend, 00 KO3 GUIHEHTOM AT MCHOIBE30BaHUS B TTOTYIMITUPUICCKON WITH TIPS-
MOU MOJIeTTH TIPH MPOCKTUPOBAHNH. HyHTAMEHTA.

[IpousBoaHbIE 3HAUEHUS PEOTEXHUYECKUX IMAPAMETPOB 3aTEM MCHOJB3YIOTCS B
KadeCcTBe Ha4YaJIbHON MHGOPMAITIY IS OIEHKH XapaKTePUCTUIECKOTO 3HAUCHHUSI ITO-
ro nmapamerpa B cMmbicie EBpokoga 7 —Yactel (. 2.4.5.2 EN 1997-1%01¢e Toro,
€ro pacyeTHbIM 3HAYCHUCM TPU UCIOJIB30BAHUU YacTHOrO Kod(hduimeHTa vy, («ko-
a¢dunment Matepuana», i. 2.4.6.2).

Ponb, KOTOPYIO MEPAIOT MPOU3BOJHBIE 3HAYEHUS N€OTEXHUUYECKHX MMapaMeTpoB,
MO>KHO MOHSATH C MMOMOIIBIO prcyHKa 1, B3siTtoro u3 EBpokona 7 —yacts 2. Ha pucyn-
ke 1 nmokazama pasrpanmuutenbHas auHus Mexxay Yactero 1 (EN 1997-1y Yacteio 2
(EN 1997-2) MosxHO BHIETh, 4TO TPeOOBaHMsI, KACAIOLIUECS H3MEPEHUH IreOTeXHUYEC-
CKHX CBOWCTB, a TaK)X€ WX MPOW3BOJHBIX 3HAUEHUH, oxBaThiBatoTCs Yacteio 2 «c-
CII€IOBAHUS U WCTIBITAHUS TPYHTOB», B TO BpEeMs KaK TpeOOBaHUs, KOTOPBIE KAacaroT-
Csl HA3HAYEHUS XapaKTEPUCTUUECKUX BEITMYMH U PACUETHBIX BEJIMYMH, OXBATHIBAIOT-
cs Yactero 1 «O01mume npasuia».

IIposepra npedenvubix cocmosanuii

Pacuernsie nmpenensubie cocrosiust (PIIC-ULS), koTopbie JOKHBI TPOBEPSTHCA,
HazHavarotcst EBpokogom 7 —Yacte 1 coBmecTtHO ¢ EBpokomom «OCHOBBI CTPOH-
TEJBHOIO MPOEKTUPOBaHMs» [7] Takum obpazom (. 2.4.7.1 EN 1997-1):

10



«(1)P Ilpu meobxooumocmu credyem npogepumv, Ymo He NpPesblularomcs ce-
oyrouue npeoeiibHvle COCMOAHUSL.

* nomepu pasrHo8ecuUst KOHCMPYKYUU UL 2PYHMA, PACCMAMPUBAEMBIX KAK JHceCm-
KOe meno, 8 KOMOpoM NPOYHOCMU CIMPOUMENbHLIX MAMEPUANO8 U SPYHMA Hecyuje-
cmeennwl 0711 obecneuenus conpomusienus (EQU);

TN UCNBITaHKHA:
F — NONEeB&IE; F1 F2 o) L2

L — naBopaTopHble
C1 C2
KoppensuMOHHbIE 33BMCUMOCTH WMHdopmalma
Al Ay T
. { i 3 \’I‘
PE3YNETATEI MCMBITaHUA *‘:;i’:g‘;:f:
M PACHETHLIE 3HAYEHMA 1 2 3 4 PR Sy
CKAankbHBIX
EN 1QO? 2 W HeCK anbHBIX
T e s i, et e
Hnonp I
EN 1897-1 -

OCcTOpMKHEIA Beibon

[(e0TEXHMYECKEA MOJENE HREPNBKTEDACTHHECKHE
3Ha4YeHWA NPOTEeXHAYEBL KX ML aMeTpoe

[HMEHERKE
HaCTHEK
KO3 QUUMEHTOR

PacyeTHEIe 2HaMEHKA
Te0TEXHUUBCKKMY NapaMeTROs

F — moneBwie ucnibiTanus, L — mabopaTopHbie UCIIBITAHNUS,
1...4 — pe3ynbTaThl UCTIBITAHUH U MIPOU3BOIHEIC 3HAUCHUS

Pucynox 1'= Oowan cxema 011 66100pa npou3600HbIX, XAPAKMEPUCMUYECKUX
U pacuemnuvix éeauyun zeomexnuueckux ceoucme [10]

s@HympenHee papyulenue uil 4pesmepHast 0eqpopmayust 30aHus Ui KOHCMpPYK-
MUBHBIX INEMEHMO8, SKIIOUASI OCHOBAHUL, C8AU, CMEHbl NOO8ALA U MaK oajee, npu
KOMOPbIX NPOHHOCHb CIPOUMEIbHbIX MAMEPUATLO8 CYUeCmEeHHa OJisl 00ecneveHus.
conpomuenenus (STR);

* paspyuienue uu YpesmepHas oeopmayus SpyHma, npu KOmopvix HPOuYHOCHb
SPYHMA WU CKAIbHOU NOPOObL CYWEeCmEenHa Ol 0becnedenuss COnpomueieHus
(GEOY),

* nomepsi pagHOBeCUsi KOHCIMPYKYUU WU SPYHMA 34 CYen NOBbIUEHUs. 0A6/LeHUs]
60001 (636euusanue) uiu uHvlx sepmuxanrvhvlx sozoeticmeutl (UPL);
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* 2uUOpasIUuecKull 8blNOpP, GHYMPEHHAS 3po3us U cyggosus 6 spynme, 00ycios-
nennvle cuopasiuveckumu epaouenmamu (HYD);

Ipumeuanue: Ilpedenvrnoe cocmosinue GEOuacmo aensemcsa kpumuueckum npu
HA3HA4YeHUUu pamepos CMpOUMENbHLIX IeMEeHMO8, UCHONb3YeMbIX 8 (DYHOaAMeHmax
UIU YOepIHCUBAIOWUX KOHCIMPYKYUAX, U UHO20a NpU obecneyeHuu npoYHOCmU djle-
MEHMO8 KOHCMPYKYULI» .

PacueTHbie npenenbHble COCTOSIHUS TOJKHBI OBITh TPOBEPEHBI sl 00beAUHEHUS
JCHCTBHIH, OTBCUAIOIINX CASAYIONIMM mpoekTHbIM cutyanusM (EN 199078]):

* MIOCTOSIHHBIC U BPEMEHHBIE (COOTBETCTBYIOIIUE COYETAHMs HA3BIBAKOTCS. 2 OC-
HOBHBIMI), IaJiee /Ui y100CTBa 3TH MPOCKTHBIC CUTYAI[MH HA3bIBAIOTCIKP&LAS»;

* CIIly4YalHbIC;

* CEICMUYECKHUE.

[IpoekTHbIC 3HAYEHMSI BO3JACHCTBUNA W COYETAHUS BO3JCHCTBUM) ONPEICICHBI B
EN 1990 flactubiec ko3hdUIIMEHTHI Y U BO3AeHCTBUILM Moka3aTenn ¥ mis comyT-
CTBYIOIIUX ITEPEMEHHBIX BO3JICHCTBUI).

Cnop o ¢opmaty mpoBepku npenenbHbix coctostaut GEO u STR Ob11 BakeH
JUTSI TIOCTOSTHHBIX M BPEMEHHBIX MPOEKTHBIX CUTYaIHii. DTQT CIIOp BHITEKaeT u3 (op-
mynupoBanus ENV 1997-1 [5]koTopoe npuaumaer,Bo BHuManue, uro PI'C mpu mo-
CTOSIHHOM W BPEMEHHOW MPOEKTHON CUTYaIMH ‘MOMKET OBITh BBIMIOJHEHO IS JIBYX
(dhopmaToB coueTaHUs BO3JACUCTBUH, T. €. s ciydaeB B u C, kak oHU ObUTH Ha3BaHBI
B TO BpeMs ciy4ail «B» wmMmen menpro ydeTa HEONmpeaeeHHOCTH HarpyXKeHus,
a «C» — HeoIlpeIeIEeHHOCTH CONMPOTUBIEHUS TPYHTA.

KoHceHcyC, TOCTUTHYTBIN MeXAy MHKEHEpaMU-CTPOUTEISIMU U T'€OTEXHUKAMH,
OTKPBLI IyTh [T TPeX pas3Hbix [IpoekTHbIX oaxom0B (I111-1, TTI1-2 u [1I1-3). Bei6op
nojaxoa ocraercs 3a HanimoHansHbIM pellieHueM, T. €. KaXaas CTpaHa JI0JbKHA Oyet
o0ocHOBaTh B cBoeM HarmonanbHOM mpuiioxkeHuu [IpoekTHbIE MOAXObI, KOTOPHIE
JIOJDKHBI MCTIOJIB30BAThCS JUISIZKAXIOTO BHUIa T€OTEXHUYECKON KOHCTpykimu (yH-
JAMEHTBHI MEJIKOTO 3aJI0KEHHUs, CBallHbIe (YHIAMEHTBI, YJIEpPKUBAIOIME KOHCTPYK-
I[MH, YCTOMYUBOCTh OTKOCOB).

Boo01ie roBopsi, s BeimoiaHenns ULS-p&tdss EN 1990BBeneHo Tpu Ipymibl
JaCTHBIX KOA(D(PHUIIMECHTOB KacaTeIbHO XapaKTePUCTUICCKUX BETMYHH BO3JACHCTBUN —
rpynnsl A, B uC:

e rpymnma ‘A UCTIOJIBL3YeTCs NIl pacdyeTa CTaTUYECKOTO0 PAaBHOBECHUSI KOHCTPYKIIHH
(EQU);

o sipyniia B wucmonb3yeTcs il TMPOSKTHPOBAHUS CTPOUTEITHHBIX AJIEMEHTOB
(STR),na KOTOpbIE HE BO3ICHCTBYIOT IT€OTEXHUICCKUE BIIMSHUS,

o.rpynmbl B u C ucnons3yroTes 11t TPOSKTUPOBAHUS CTPOUTEIBHBIX JIIEMEHTOB,
Ha KOTOpHIC BO3JCUCTBYIOT T€OTECXHHUYECKHE BIIUSHHUS W COMPOTUBIEHUS TPyHTA
(STR/GEO).

Tabmumer 1, 2u 3 comepxkaT YIPOIIEHHO PEKOMEHOBAaHHBIC 3HAYCHHS 3TUX KO-
sa¢dunmenToB s 3aanmii rpynn A, B u C, B3saTeie n3 tabmun Al.2(A), A1.2B) u
A1.2(C) EN 1990 [8].PekoMeHI0BaHHBIE 3HAYCHHSI MOTYT OBITh U3MEHEHBI HAIIHO-
HaJILHBIM PEIICHUEM.
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Tabnuna 1 — Pexomenayembie 3HaYeHUS KO3()PHUIIMEHTOB AJIsi BO3ACHCTBUIA
(rpymma A) mo EN 1990 [8]nns PTIIC-ULS B p&tds

Bo3neiicTBus CumMBoI 3HaueHue
[TocrosinHBIE:
— HeOJaronpusTHhIC YG, sep 1,10%
— GJIaroNpHsATHBIE YG, inf 0,90*
Bpemennsbie:
— HeOIaronpusTHhIC 1Q 1,50
— OnaronpusITHBIC 0

Tabnuna 2 — PekomeHnyembie 3HaueHUs1 KOO PUITMEHTOB 7151 BO3ACUCTBUIMA
(rpyrnmna B) mo EN 1990 [8]nis PIIC-ULS B p&tds

BosneficTsis CuMBon 3HaueHHs B YPABHCHUSX
(6.10) (6.10) (6.10Db)

[TocrosinHbIE:

— HeOaronpusTHeIE® YG, sep 1,35 1,35 1,15
— GaronpuATHBIE® YG, inf 1,00 1,00 1,00
[Tepemenneie:

— HeOJIaronpusTHhIE TQ 1,50 1,50 1,50
— GIArONPHUSATHEIE 0 0 0

Tabnuna 3 — Pexomenayembie 3HaueHUS KO3()PULIMEHTOB AJIsi BO3ACHCTBHIA
(rpymma C) mo EN 1990 [8]nns PIIC-ULS® p&tds

Bo3nelictBus CumBoOI 3HaueHue
[TocrosinHbIE:
— HeOJIaronpusTHhIC YG, sep 1,00
— GIaronpHUsATHBIE Yo, inf 1,00
Bpemennnbie:
— HeOIaronpusTHhIE TQ 1,30
— OnaronpusITHBIC 0

Tabmuna 4 — STR/GEO'— ULSs p&tds. Hactabie ko3ddummentsr mist EN 1990
u EN 1997-1

IIpoexTHbI Bo3neiictBus Ha/oT I'eorexHuyeckue
IOAXO0 KOHCTPYKLIHIO BO3JICUCTBUS CONPOTHUBIICHUS
1 B BuMl M1uR1
C CuM2 M2 uR1
nmu M1 u R4*
2 B BuM1l M1 uR2
3 B Cu M2 M2 u R3

Jis STR/GEO ULSnpu p&tds tpemst ITpoeKTHBIME [TOAXO0AaMHU SIBJISIOTCS ClIe-
nyromue (m. A.1.3.1 EN 1990):

«(5) Ilpoexmuposanue snemenmos xowcmpykyuu (onop, ceaii, cmen nooeanos
u op.) (STR)c yuemom celicmuueckux 6030elicmeuti u CONPOMUBLIECHUS 2PYHMA
(GEO) ooncno dvims npogepeno ¢ ucnonb308anuem 00HO20 U3 CLeOVIOUUX mpex

Nn00X0008, NPUMEHEHHBIX OJIsl 2eOMEXHUUECKUX B030eUCMEULl U CONPOMUBIEHUL CO-
enacrno ¢ EN 1997:
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Ilooxoo 1. Hcnonvsosanue 6 omoenbuvbiX pacuemax pAcyemHblX 3HAYEeHUl U3
mabauysl A.1.2(C) u mabauyor A.1.2(B) ons ceomexnuueckux 6o30eticmsuil, a max-
Jrce uMbx 8030elicmeuti Halom koHcmpykyuio. B obwem cnyuae, naznauenue pasme-
po6 (hynoamenmos peanamenmupyemces maobauyeu A.1.2(B);

Ilo0x00 2: Hcnonvzosanue pacuemnulx 3nauvenuil uz maoauyvt A.1.2 B) ons eeo-
MEXHUYECKUX 8030€UCMBULL, A& MAKJce UHBIX 8030eticmeutl Halom KoncmpyKyuu,

Ilooxo0 3: Hcnonvzosanue pacwemnvix 3uavenuit uz mabauysvt A.1.2(C) 0ra eeo-
MEeXHUYeCKUx B8030eticmeuti U, 0OHOBPEMEHHO, UCHONb308AHUE YACHHBLY KOI(D-
Puyuenmos uz mabauyvt A.1.2(B) ons unvix 6o30eiicmsuti Halom KonempyKyuio.

Wuwsivu cioBamu, [IpoexTrbiii moaxon 1 (((II1-1) siasieTcst ABOMHOM, IIpoLIe Iy poit
koHTposts, ucxost u3 ENV 1997-1 B+C nposepka), a [Ipoextabié moxxomsy 2 ([111-2)
u 3 ([II1-3) sBisrOTCS MpOoleaypaMu, KOTOPbIC UCTOJB3YIOT MPOCTON dopmar coue-
tanusi BozaencTBuid. [1I1-2 pa3pabotan ¢ «korddumeHTaMI_CONPOTUBICHUS» IS
rpyara (RFA), B To Bpems kak I[1I1-3 ucnonb3yeT «ko3phUIHeHTE MaTepraia» 1is
rpynta (MFA).

HeoOxoaumo caenath ABa CyIIECTBEHHBIX 3aMeualus 10 STOMY. [TOBOY:

* OTHOCHUTENIBHO BbIOOpa Mexay BblpakeHueM 6.10mmu/BoipakenusimMu 6.1y u
6.10b EN 19901@6smna 2 nis rpynmsl B), EBpokoa 7 TOJBKO YITIOMHHAET PEKOMEH-
JOBaHHBIC 3HA4YCHUS KOX(PQPUIIMEHTOB, BBOANMEBIX B BbIpaxkeHne 6.10 (Fabmuima
A.3(1)P A EN 1997-1).9t10 BbITEKaeT M3 TOrO (haKkTa, YTO PEKOMEHIOBAHHBIC I'€O0-
TEXHUUYECKHE 3HAUEHUS MPOUCXOIAT U3 HEAOCTATOYHO TOYHBIX HUCIIBITAHWN, BBITOJ-
HEHHBIX C UCTOJb30BaHUEM BbIpaxkeHHs 6.10,a ¢ mpyroi cTopoHBI, HET OMbBITA UC-
M0JIb30BaHMUS B Te€OTeXHUKE BhIpaskeHnid 6.1G 1 6.10Db;

o nust [T1-2 u T1I1-3 EBpokos 7 JOMYEKaeT MCIOIb30BaHNE YaCTHBIX K03 hUIiu-
€HTOB WJIM I BO3JCHCTBUH, IMOQ AJIS pE3YIHTaTOB BO3IEHCTBHIA. (OHM 0003HaYa-
IOTCS Vg ¥ Yg COOTBETCTBEHHO). DTOQTHOCUTCS K Kodddurmentam rpymm B u C (He-
ONaronpusITHBIE IIEPEMEHHBIC BO3HACUCTBUS).

Tabnuna 4 nokaspiBaeT €Bs3b Mexay rpynnamMu B m C ¥ cOOTBETCTBYIOIIMMHU
rpynnamMu Ko3pQGUITMEHTOB, IS 'TEOTEXHUYECKUX BO3JCUCTBUNA M COMPOTHUBICHUIA:
rpyrmmnamMu M1 u M2 < mis eBoiicTB marepuana (Hampumep c¢', @', Cy U T. 1. — CO
IITPUXOM 3HAUCHUS _IApaMETPOB MPOYHOCTU NMPH IPPEKTUBHBIX HAMPSHKCHUSAX) U
rpymmamu R1, R2, R3u R4 — nns obmero conporuBieHus (Hampumep, HeCyIe
CIOCOOHOCTH M. [Tv). TH IPYIIIbI BhIICICHBI B ipuiioxenun A vactu 1 EBpokona 7.
Kak ynmomsiHyTO BBIille, MPUIOKEHHE A a€T PEeKOMEHIOBAHHbIC 3HAYEHUS YaCTHBIX
KO3 GUITUEHTOR;, OTH 3HAYCHHsI MOTYT OBITh YKa3aHbl MO-pa3HOMY B HarmonaapHOM
npuiokeHnd. OQTMeTUM, YTO PEKOMEHI0BaHHbIEC 3HAYEHHS YaCTHBIX KOA(PPUIIUECHTOB
YmAJs €BOMEeTB Matepuania B rpymnmne M1 o0bruno pasusl 1,0.

B HII-1 nepserit popmar (coueranue 1, mpeapiaymuii ciydait B) obecneunBaer
Ha/ICKHOCTh, B OCHOBHOM, Ha BO3ICHCTBHSI, B TO BpeMs KaK IMOKa3aTelId COMPOTHB-
JICHUS WMEIOT PEeKOMEHJIOBaHHbIe 3HadeHUs, paBHble 1,0 (pynmer M1 u R1) unm
noutd 1,0 (pymna R1 mis cCOOCHO Harpy:KeHHBIX CBaii M aHKEPOB), IPH JIPYroM
dopmare, cornacuo I1I1-1 (coueranus 2, mpenpiaymimii cirydaii C), 9acTHBIE CBOKCT-
Ba rpyHTa (IapamMeTpsl CABHUIra) BCErJa YCTAHABIMBAIOTCS I pacdyera CONpPOTHBIIC-
Hus (rpymnma M2); asi COOCHO Harpy>K€HHBIX CBall M aHKEPOB 00IIee COMPOTHBIICHHE
yCTaHaBIMBAETCS MPSIMBIM HCTIOIh30BaHUEM Ipymiibl R4.
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Qa=Yo  Q=1.50- Q Qu=Yo- Qu=1.30- Q¢

Gi=%Ys- G = 1.35- Gy

[ SN C
—%-10

Yor =

Ga= Yo - Gy = 1.00- Gy
Ga = Yo - a — 1.30- g«

tan® g = tanQ /Y, = tang /1.25
ca=ci/Ye=ck /1.25
Eoua = Eo(®’s, ¢4, qa)

Pry = @Iy, Crqg= Crg
Eoa=Eo(® a, ¢4 qa)
la—"
/E(; a= Yo E(}(‘P,d- c’'a)=1.35 - Ec(®'k. ¢c'v)

Eca=Ys " Ea(®'a, ¢'a) = 1.00 - Eg(@ 4, )
Vo= ZVgat+tZVoua

Va=ZVaa+ZVoua

A A

Ria = R, (Vy4, Ha, @14, CTe)/ Yre

5 CIy)/
=R, (Va, Hy. @rv. cn)/1.0 Ria = Ry (Va. Ha, @ra, €1a)/Yre

= R (Vg, Hy, @14, c14)/1.0

a) II1-1: couemanue 1 YAIII-1: couemanue
IIpumeuanue: 01 ynpowjenus paccmampusaemcs moabKo 6epmuKaibHOe
pasHogecue u NOKA3anvl MOIbKO HeO1a2onpusmHtvle 6030elCmausl.
Pucynox 2 —ULS ¢ p&tds. IIpoexmnutitnodxoo 1 — esedenueuacmusvix ko3gppuuuenmos
(pexomenoosannbvie 3nauenus) 6 pacuem Hecyujeil CnocooHocmu_ocnosanus [13)

Qs =Yo - Q=150 Qx

Gu=vs- Gy = 1.35 -Gy

! |<1d:YQ‘QL:1-50'qk
I 00
@Iy = PIy, CIyq= CTi
/Eq,u =Eo(®p4. 4. qa)

A/E

gk

Yo= Y= 1.0
@Iq = @Iy, CIq= CIy
Eox= Eq(@r cry, qx)

Eauw = Ea(@r cry)

Ga= Yo Ec(@'a,¢’a) =135 - Eg(px. i)
Va= Yo ZVex + Yo - ZVax
= 1.35 - ZVai + 1.50 - EVou

Vi = ZVia+ZVoud

h A

R, a= R, (Vq, Hy, @14, cra)/ YR Ry.a= Ru(Vi, Hy, @ri, cri)/ Yev
= R, (Vg4, Hg, @ry. c1y) /1.40 = R(Vy, Hy, @ry, cr)/ 1.40

a) onpeoenenue sozoetcmauii ([TT1-2); 6 onpedenenue ozdevicmeuti ([111-2*)
Tpumeyanue: 015 ynpowenus pacemampugaemcs moibKo 6epmMuKAIbHOE PAGHOBECUe
U NOKA3aHbL MQALKO HEOIA2ONPUIMHbLE 8030CUCMBUSL.
Pucynok 3 —ULS ¢ p&tds. Ilpoexmuutitnodxoo 2 — ésedenueuacmusvix Ko3gpuuuenmos
(pexomenoosannvie 3nauenus) 6 pacuem Hecyujeit Cnocoonocmu ocnosanusn [13)

Qd:YQ' Qk: 150 Qk
Gy=Hg - Gy =135 - Gy
qQa=— ’\/Q-qk = 1.30 - qx

E [ tan g = tan® /Yo = tanp/1.25

cly= C’k/Yc = C'k/ 1.25
/EQd =Eol¢p’s, ¢4, qa)
/ Eca= Yo Ea(®a. ¢’a) = 1.00 - Ec(®a, ¢'¢)

Vd = ZVG‘d +ZVQ_d

_—

3

R.q4= Ry (Vs Ha, @1y, Cral Yav
=R, (Vd, Hyg, QQryg, crd)/l .0

IIpumeuanue: o1 ynpowjenus paccmampusaemcs moabKo 6epmMuKaibHOe
pasHogecue u NOKA3anvl MOIbKO HeONa2onpusmHtvle 6030eUCmausl.
Pucynox 4 —ULS ¢ p&tds. IIpoexkmnutitnodxoo 3 — ésedenueuacmusvix Ko3gpuuuenmos
(pexomenoosannvle 3nauenus) 6 pacuem Hecyuyeit cnocoonocmu ochosanus [13]
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B I1I1-2 HapeXHOCTh pacmpocTpaHseTcsl U Ha Bo3neictBus (rpymnma B), u Ha 00-
1Iee conpoTHBIIeHne rpyHTa (rpymmna R2).

B I1I1-3 Hage:)xHOCTh pacipocTpaHseTcs U Ha Bo3aeicTBus (rpymma B s Bo3zien-
CTBHI, KOTOpbI€ BO3HMKAIOT OT KOHCTPYKIMH, M Tpyrnna M2 ajisi 4yaCTHBIX CBOMCTB
IPYyHTa, KOTOPBIN IEHCTBYET HA KOHCTPYKIIHIO, T. €. JJIsl TCOTEXHUUSCKUX BO3JCHCTBHI),
M Ha FeOTeXHUYECKUe onopbl (rpyrmna M2 ajisi 4aCTHBIX CBOKMCTB; PEKOMEHIOBAHHBIC
3Ha4YeHus Ui rpymnnbl R3 npu reoTeXHUYeCKOM CONpOTUBIIeHUU Beeraa paBHbl 1,0 3a
UCKITIOYEHHEM CBai NP BBIICPIUBAHUN U @HKEPOB, IS KOTOPBIX OHHU PaBHbil,l).

JletanpHee 00 ucnonp30BaHnu Tpex [IpoeKTHBIX MOAX0/I0B CKa3aHO, HapUMeEp, B
pabote P. ®panka u ap. [13].

OTHOCHUTENIBHO MPOEKTHBIX 3HAYEHUH JIJIs aBapUHBIX cUTyalluii EBpokoy 7/ KOH-
crarupyer (cratbs 2.4.7.1 EN 1997-1)}7o0:

«(3) Bce 3HaueHUs yacmmuvlx KOdIGGuyuenmos 0is 6030eUcmeuil Uiy pesyivma-
Mo 8030eUCmBULL NPU ABAPULIHBIX CUMYAYUSAX OOIHCHBL ObIMb NPUHAMbL, KAK NPASUIO,
pasnvimu 1,0. Bce 3nauenus yacmuulx kod¢duyuenmog 0iisi CORpOmueieHUst O0JINCHbL
ObIMb BLIOPAHBL CO2NIACHO CHEYUDUUECKUM YCTIOBUAM A8APULHBIX CUMYAYULL.

llpumeuanue: 3naueHus yacmuvix KOIPouyuenmos mo2ym O6vimb YCMaAHOBNEHb]
Hayuonanvuvim npunoscenuem».

IIposepxa npedenvHoco cocmosiHus no IKCHAYAMmaynortou npueoonocmu (SLS)

OcHoBHasi qucKyccusi BO Bpemsi pa3paboTku EBpokona 7 O6suta o gopmare mis
nposepku PIIC npu nocTtossHHON U BpeMeHHOM chTyauuu. [loaTomy nmpoBepka npe-
JCBHOTO COCTOSIHHSI IO 3KCIUTyaTannoHHou mnpurogHoctu (SLS) sBisercs mpo-
O11eMOli OOBEKTUBHO BaXKHOW NMPU COBPEMEHHOM IMPOCKTUPOBAHHUH. JTa MpobdiieMa
MOJIHOCTBIO OXBaueHa EBpoko10oM /7, KOTOPBI OOBIYHO YacTO CCHIJIAETCS HA pacye-
ThI TEepeMenIeHUu (YHIaMEHTOB ), yISPKUBAIOIIUX KOHCTPYKIUN, XOTs OOBIYHAS
reoTeXHUYeCcKas MPaKTUKa JO/CUX MOp MINET MyTH KaK YIpaBiIsATh dKCIUTyaTalllioH-
HOW TIPUTOAHOCTHIO, OTPAHUUKMBAs HECYIIYIO CIIOCOOHOCTh WJIM OTPaHUYHBAsS MPOY-
HOCTh TPYHTA Ha Cpe3 10 HIKHUX 3HAYCHUI.

[lpoBepka SLS B embicie, npemnaracmMoM EBpokomom 7 (mporHo3mpoBaHHe
nepeMeneHnii GyHaIaMeHTOB), 0€3yCII0BHO, CTAHET BAYKHOU B OJIMOKaIIeM OyayIeM.
B macTosiee BpeMsi OHa — acrekT, KOTOPBIM 4acTo MPEeHeOperaoT B 001ei reorex-
HAYECKOMN IPAKTUKE.

Yacts 1 EBpokona 7 mosropsiet popmymupoBky EN 1990 f1. 2.4.8 EN 1997-1):

«(1) P LIposepka npedenvhoco cocmosnus no 3KCHIyamayuoHHOU NPueoOHOCMU 8
epynme, 8 djlemMeHme KOHCMPYKYUU Ul coeOuHeHuu 00X CHA mpebosams, ymoobl
Ed.< Cd unudonocna 6uime svinonnena no memooy, npusedenrnomy 6 2.4.8(4).

(2)(Bnauenus wacmmuvix K03ppuyuenmos 01 npeodeibHo20 COCMOSIHUS NO IKC-
NIy AmMAayuoOHHOU NPU2OOHOCU O0JIHCHBL Obimb npursamol pasuvimu 1,0.

Ipumeuanue. 3Hauenus wacmuvlx nokazameneu Mocym OblmMb YCMAHOGIEHbI
HayuonanvHolm npunosicenuem.

B 10 xe Bpemsi, EBpokon 7 0THOBpeMEHHO MpeIycCMaTprBaeT BO3MOKHOCTh COXpa-
HEHHS TPAJUITHOHHOTO T0IX0/1a, yIoMsiHyToro Boie (. 2.4.8EN 1997-1):

«(4) Moosicem OvImb ycmanosneno, 4mo O00B0IbHO MANAS HACMb HPOYHOCTU
2PYHmMA MOOUIUZYemCst, YmooObl yoepaicusams oegpopmayuu 8 HeoOX0OUMbIX npede-
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JIaxX 9KCNILYAmayuoHHOU NpUc0OHOCMU, NPU YCIO8UU, YMO IMOM YAPOUWEHHbIN NOO-
X00 02paHuUyU8aemcs 8 pacuemHou cumyayuu, 20e:

* 3HaueHus dehopmayuu He HYIHCHbL OJis1 NPOBEPKU IKCHILYAMAYUOHHOU NPULOO-
HOoCmU,;

* UMeem Mecmo YCMAHOBNIEHHbI CPAGHUMENbHBIU ONbIM 6 NOOOOHOM 2pyHme,
KOHCIMPYKYUAX U Memooe UCNOIb308AHUS.

Ota cTaThs A0HKHA OBITH YBSA3aHA CO CTAaThEH, KOTOpasi KacaeTcs METOJIOB pacye-
Ta pyHIaMEeHTOB Melkoro 3aioxenus (m. 6.4(5P EN 1997-1:

«(S)P [[ns (pynoamenmos meako2o 3an024cenust O0INCeH Oblmb UCROIb308AH, 00UH
U 3 C1e0YIOWUX NPOEKMHBIX MEMOO08.

* NPAMOU Memoo, NPU KOMOPOM BbINOJIHAECMCS OMOENbHbIU paciem Ons Kaicoo2o
npedenvrHozo cocmoanus. Ilpu npoeepke npedenvno2o coCmEAHUA NO HPOYHOCHU
pacuem 00JICeH MOOeIuposams Hauboiee 00CMOBEPHbIM 00PA30M OAHHbIUL Mexa-
Huzm paspyuienus. Ilpu npoeepke npedenbHo20 coCmosaHUs NE-IKCRAyamayuu ciedy-
em UCNOIb308aMb PAcyuem 0CaooK,

* HeNnpPAMOLL Memoo, KOMOPbLU UCNOIb3Yem CPAGHUMETbHBIU ORI U Pe3)IbmMambl
NOJe8bIX UU 1AOOPAMOPHBIX UCTBIMAHUL UIU 0OCIE008AHUL, U BBLOPAHHDIL NO Npe-
0eIbHOMY COCMOSAHUIO IKCHIAYAMAYUOHHOU NPUSOOHOCMU, MMOoObL Y0081emEopsamy
mpeboBaAHUAM 8CeX NPEOebHbIX COCTNOSHULL,

* MemooO YKa3aHuil, npu KOMopoM UCNOb3YEeMEA0ICUOAEMAsT HeCYwas cnocoo-
Hocmb (cm. 2.5»).

JIeiCTBUTENHHO, HEMPSMOW METOJ, «BBIOPAHHBIN MO MPEACIHHOMY COCTOSTHHIO
AKCIUTYaTaI[MOHHON TPUTOTHOCTH», TPUBOJUT K HCIOJIB30BaHUIO TPAJAUIIMOHHOTO
METO/Ia pacueTa Hecylel crocoOHOCTH (PyHAAMEHTOB MENIKOTO 3aJ0KEHus, T. €. Mpo-
CTOTO pacueTa, KOTOPBIM MPUPABHUBACT HMPHIOKEHHBIC HATPY3KU K MPEIEITHHOMY CO-
CTOSTHUIO TI0 DKCIUTyaTaIMOHHOW MPUTOAHOCTU TPH TPEACTHhHOM HArpy>XEHHH, JCIICH-
HOM Ha JIOCTATOYHO BBICOKUI OOHIMH KO3(M(MUIMEHT HAJCKHOCTH (OOBIYHO OKOJIO 3).
OObIYHO, Kak ykazaHo B EBpokene 7, ’TO MOXET OBITh IOMYCTUMO TOJIEKO B TOM
cilydae, KOrjia HeT He0OXOIUMOCTH» OIIEHUBATh OCAJIKH (PyHIAMEHTAa M €CIIM NMEIOT
MEeCTO OOBIYHBIE KOHCTPYKIIMHU HPH XOPOIIIO U3BECTHBIX TPYHTOBBIX YCIOBUSX.

I1. 2.4.8(2)Yactu LEBpoKona 7, MUTHPYEMBIid BBIIIE, TIOKA3bIBAET, YTO YACTHBIC
KodpumueHTsl it SLS,koTOophle 00BIMHO TpHHUMAIOTCS paBHbIMH 1,0 (HBIMU
CJIOBaMH — pacyeTHBIe, 3HAUCHHS PA3HBIX MapaMeTPOB PaBHBI MX XapaKTEepHCTHUYE-
CKUM 3HAYCHUSIM), HCIIOJB3YIOTCS JIJIsl BO3ICUCTBUI, MOBTOPSEMBIX MM KBa3HIIOCTO-
SHHBIX COYCTAHWSIX, @ TaKKe I Ha3HAYCHUS T€OTEXHUYECKHX CBOWMCTB, TAKUX KaK
Moaynb nedopmarmu. Heo0XoauMo OTMETHTB, YTO JUIsl OMpENeTIeHUs, HampuMep,
HEPaBHOMEPHOU OCAJIKH MOTYT OBITh BHIOpPAHBI TPYIITHl HU3KUX M BHICOKHUX XapakKTe-
PUCTHYECKUX 3HAUCHUM, 9TOOBI YIECTh OTJINYNE CBOWCTB ITPYHTA.

Yrto kacaeTcs MCIOJb30BaHUA coueraHuii Bo3xerctBui miagd SLS, To EN 1990

naex (B penakIMOHHBIX IPUMEYAHUSIX) HEKOTOPBIE YKa3aHHs, 0000IEHHBIE B Ta0JIH-
e 5 (@ 6.5.3 EN 1990).

Tabnuua 5 — PekomeHyemble cOUeTaHus BO3JCHCTBUM I pacdeTa MpeelbHOro
COCTOSIHHUS T10 AKCIUTYaTallMOHHOW MPUTOAHOCTH SLS

CoueTaHusi BO3AEUCTBUI Hcnons3oBanue cormacHo EN 199(
XapaKTepUCTUUECKUE HeoOpatumplie npeaenbHbIe COCTOSTHUS
[ToBTOpHBIE OO6patumbie peeTbHBIE COCTOSTHUS
KBazunocrosausie JlonrocpouHslil pe3ynbTaT U NPOSBICHUE
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Ecnu ncnone3yercs ypauenue 2.10m. 2.4.8(1pP , To 3TO moOKa3bIBaeT, 4TO JTOJIK-
HBI OBITh PEKOMEHIyeMbIC MOBTOPHBIC WM KBA3UIIOCTOSHHBIE COUYETAHUS, C IPYTOM
CTOPOHBI, B ClIy4ae aJbTePHATHBHOIO METO/a, pa3pemeHHoro 1. 2.4.8(4),umeetcs B
BHJy, YTO HEOOXOIUMO HCIIOJIh30BaTh XapaKTEPUCTHUSCKHUE («HCKIIOYMTEIHLHBIC)
COUYETaHHUs, MOCKOJIbKY OIbIT, MOJTYYEHHBIN paHee, ObLI TOYHEE ISl HarpyKeHHH,
OJIM3KUX K ’TOMY BUJLy COYETAHUM.

[Tocneqnuii oOmmit maparpad EBpokomga 7 —Yacte 1 mis SLS cHoBa Kacaetcs
«Imoaxo/1a K nepemerneHusm». OH ycranasiusaeT (. 2.4.8 EN 1997-1)ro:

«(5)P I[Ipedenvhvim 3nauenuem 0 0moenbHol 0ehopmayuu s6IAemcst 6eIudUnda,
npu KOmopou npeoeibHoe COCMOosAHUe N0 IKCHAYAMAYUOHHOU NPUSOOHOCMU, MAKOe
KaK HeOOnycmumvle pacmpecKuéanue ulu 3aKIuHU8anue o08epeti, CUumaemcs 3d
oonycmumoe 6 Hecyujeu KOHCMpYKyuu. Ima npeoenvHas 8eiuduna moxcem Ovimy
YCMAaHo8IeHa npu pacieme Hecyueu KOHCMPYKYUU».

Hcnonp3oBanue 3tux oOmmx crtarei yrounsercs B, EBpoxone 7 —Yacte 1 mus
KaXJIOM MeOTEXHUYECKON KOHCTPYKIMH (B pasnenax mis QyHTIaMCHTOB MEIIKOTO 3a-
JIO’KEHUS, CBaHBIX (PYHIAMEHTOB, yAEPKUBAIOIINX KOHCTPYKIINM, 001Iel ycToiun-
BOCTHU W Hachlnei). THTEepEeCHO OTMETUTh, YTO JOKYMEHT HECKOJIbKO pa3 yTBEPKIaeT
O TPYIHOCTHU MPOTHO3a MEPEMEIICHUI ¢ TPeOYyEeMO TOYHOCTHIO.

IIpeoenvHvie 3Hauenus nepemeweruii hyHOAMeHmoas

3HaHHe MPEACIIEHO AOMYCTHMBIX TIEpEeMEIIeHu (PyHIaMEHTOB SIBIISICTCS TIpeIMe-
TOM TI€PBOI BaXKHOCTH, AK€ €CIM OHO.HE YacTO YIMOMHHAETCS. DTH MpeelibHbIC
3HAYEHUS 3aBUCAT, OOBIYHO, OT MPHUPQABI YACPKUBAEMON KOHCTPYKIIMH, HO TaKXKe
JUTUTEIILHOE BPEMS BbI3BIBAIOT NHTEPEE. B TEOTEXHUKE (CBOIHBIC JAaHHBIC, COOpAHHBIC
JUTS 3IaHUH ¥ MOCTOB, TIpUBEICHBI B padote P. dpanka [12]).

[IpenenpHbIe 3HAYCHUS TepeMeEniednii (yHIAMEHTOB SBISIOTCS, B YaCTHOCTH,
npenMeroMm 1. 2.4.9,a Taxxe nHPpopMarmonHoro npuinoxkenus H EBpokona 7 —Yac-
™ 1. OT™meueno, uto . 2.4.9conepxut 4 crporux npuHnumna, T. €. m. (1)P...(4)P.
ITepBbIil U3 HUX CBUACTEIBCTBYET:

«(1)P Ilpu pacueme QOmCHBL ObIMb YCMAHOBIEHbI NPedebHble 3HAYeHUs nepe-
MeweHull hyHOAMeHMos.

Ipumeuanue: Honycmumvimu nepemeweHus GyHoameHmos mocym ovims ycma-
HosleHHble HaylonansHbim npuiodcenuem» .

Boinee Toro;, BuHO, 4TO 3/1€Ch paccMarpuBaercs He Toiabko SLS,Ho u ULS (mo-
CKOJIbKY mepemerneHus: (GyHIaMeHTOB MOTYT HHUIIMUPOBAThH MOSBICHUE TPECIbHBIX
COCTOSTHUH B YACPKUBAEMBIX KOHCTPYKITUSX).

EBpokon 7 maer mepeuncieHue psaa (pakTopoB, KOTOpbIE MOTYT OBITh YYTECHBI
NP YCTAHOBJICHUH TPEICIbHBIX BEIIMYMH MepeMeIeHui. BaxkHo, 94TO 3TH Ipeneib-
HbIC BEAMYUHBI YCTAHABIMBAIOTCS HA PeasIbHOM OCHOBE, MPU TECHOM COTPYAHHYECT-
BE TCOTEXHHUKOB M CTpouTelel. Eciiu 3TH 3HaYeHUS OYCHB <OKECTKHE», TO OHH IPH-
BOJIAT K HEOKOHOMUYHOMY TPOEKTUPOBAHUIO.

PucyHok 5 mosicHsieT mapameTpsl, HCIIOJIb3yeMbIe JIJIsl Ha3HAUSHHUSI IEPEMEIIICHHIA 1
naedopmanuii KOHCTPYKIUi. DTOT pUCYHOK, co3aannbiid J.D. Burlandi C. P.Wroth?2],
BOcnpou3BoAuTcs B npuiioxkeHun H EBpokona 7 —Yacts 1.
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Pucynok 5 — Obo3nauenusn nepemewienuit pynoamenma u degpopmayuii koncmpyxuuii [2)

CnpaBouHOe npuiiokeHre H ycTaHaBIuBaeT Cieayronue rpaHuis [1]:

* IS OTKPBITHIX 'KAPKACHBIX KOHCTPYKIIMH, 3aIOTHEHHBIX KapKacoB U HECYIIUX
KaMEHHBIX CTEH JIJISI ICKITIOUCHHS TTOSBICHUST SLSB KOHCTPYKIIMK TPUMEHSIOTCST MaK-
CHUMaJIbHBIE OPHOCHTEIILHBIC TIOBOPOTHI, KOTOpBIEe HaxoaaTcs Mexay 1/2000u 1/300;

* 151 OONBITMHCTBA KOHCTPYKIIUA TPUHUMAETCS MaKCUMaIbHBIM OTHOCHUTEIBHBIN
neBopoT B = 1/500 mist pacueToB MO SKCIUTyaTal[AOHHON MPHUTOJAHOCTH SLS m
B =/150 —nns pacuera no nmpoynoctr ULS; 11t 0OBIYHBIX KOHCTPYKIIMIA C OT/IEb-
HO CTOSIHIMMHU (DyHIaMEHTaMH JOIMYCTUMBIMU SIBIISIOTCS 001IHe ocaaku 10 S0 mm.

DTH 3HAYEHUS MOTYT CIYXHUTh B Ka4€CTBE PYKOBOJCTBA MPH OTCYTCTBUHM WHBIX
YKa3aHUU O MPEeAENbHBIX 3HAYCHUIX U1 AeopManuil KOHCTPYKIIHIA.

Crnemyer OTMETHTh, YTO B TpaHULIAX CUCTeMbl EBpOneicKMX HOpPM CYILECTBYET,
O0OBIYHO, MHOTO CBSI3€M MEXIy pa3IMyHbIMU CTaHJIAPTaMU WM UX YacTsimu. EBpokon 7
10 T€OTEXHUYECKOMY MPOEKTUPOBAHUIO CBSI3aH C TAKUMH U3 HUX, KaK:
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« EN 1990: ©cHOBBI CTPOUTENBHOTO MPOCKTHUPOBAHUSI», KOTOPHIA Ha3zHAYaeT
pa3nuyHbIe TpeAeTbHbIE COCTOSHUS W MPOEKTHBIE CUTYalluH, MOJJIeXKaIlie MpoBep-

Ke, U JaeT OOIIMe MpaBuja JJIs ydeTa B3auMOJCHCTBUN HA/OT KOHCTPYKIMHA M Teo-
TEXHUUYECKUX BO3JICUCTBUM,

« EN 1889-5: &IpoekTupoBaHue CEMCMOCTOMKMX KOHCTPYKIMM. DYyHIaMEHTHI,
yIeP)KUBAIOIINE KOHCTPYKIIUU U TEOTEXHUYECKUE aCTICeKThI»;

« CEN/TC 341 &eoTeXHHYECKHE HCCIICIOBAHMS M HUCIBITAHUSI», YIOMSIHYTBIH
paHbIIIE,

* CEN/TC 288 BrimonHenne reoTeXHHYECKUX padoT»;
* CEN/TC 189 &eoTeKkcTHIb M COMMYTCTBYIOIINE MPOAYKTHD?;
* CEN/TC 227 doposxHbie MaTepraibD».

3akJIroueHue

Jlst Bcell cTpouTenbHOM MHIYCTPUM BaXKHO YTBepxkaeHHe cTaryca EBpokona 7 B
pPa3HBIX CTpaHax. DTO O3HAYAET, YTO MOSABISETCA UHCTPYMEHT, KOTOPBIM MOMOKET
EBponenckuM reorexHuKam pasroBapuBaTh OJHUM TEXHUYECKHUM SI3bIKOM, a TAKKE

HEOOXOUMBIA MHCTPYMEHT ISl Juajora MeXIy TeOTEXHUKaMH M HHXKEHepamu-
CTPOUTEISIMM.

EBpokoj 7 moMoraeT pa3BuBaTh UcciaeAoBaHUA. (OUEBUIHO, OH CTUMYJUPYET BO-
MPOCHI B 00JIACTH T€OTEXHUYECKON MPAKTUKH, OF UCCAEIOBAHUS TPyHTA 0 pacyer-
HBIX MOJIEJIEN.

EcTb yBepeHHOCTb, UTO OH OyJIeT TaK)Ke HOJE3€H MHOTMM T'€OTEXHUKAM U MHXKe-
HEpaM-CTPOUTENSIM BO BCEM MUPE, a HE TOJIBKO B EBpore.
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VJIK 624.15

OCOBEHHOCTHU HAIITMOHAJIbHBIX TPEGOBAHUI
B OBJIACTU TEOTEXHHUKHU KAK ITPHJIOKEHUE K EBPOKOJAM

Huxumenko M. U., 0.m.u., npogeccop, npeoceoamenv TKC-02 «Ocnosanus u
@yHoamenmol, urdicenepHvie usvickanus» npu PYIT «Cmpotimexnopm» Munucmepcmesa
apxumexmypul u cmpoumenvscmea Pecnyonuxu benapycw, npedceoamens. benopycckozo
00WeCmBeHH020 00beOUHEHUS CReYUAUCTNO8 2e0MEXHUKOS.

BBenenue

Cucrema NeHCTBYIOIIMX B Hacrosiiiee Bpemsi Ha TepputopunPecnyonuku bena-
pycs THITA B obGsactu apXuTEKTYphl U CTPOUTENIHCTBA MO YaCTH O '« TpOUTEIbHbIC
KOHCTPYKIMU U U3ACNIHS» BKIIIOYAET OTHOCSIIUNACS K T@OTEXHUYECKOMY MPOEKTHPO-
BaHMIO 070K 5.1 «OcHOBaHMs U yHIaMEHTBI 3aHUAM coopy keHuit» [1]. B Hem co-
JCPKUTCS TIepedeHb TeXHUYECKUX KoJeKcoB ycraHoBuBieHcs mnpaktuku (TKII),
BKItouast BBeeHHbIN eBponeiickuii (TKIT EN —EBpokon 7yaactu 1 u 2), [Tocobuii k
crpoutenbHbiM HOpMaM (I1 k CHB), MmexxrocyaapETBeHHBIE CTPOUTEIBHBIE HOPMBI U
npasmia (CHull), rocymapcrBennbie cranmaptel Pecnyomuku bemapycs (CTB),
eBporneiickue u MexayHapoaasie cranaaptel (ETH EN, CTh 1SO, CTb EN ISO)u
mexrocynapcerBenubie cranaapthl (COCT)n OnHaKo OTHOCSAIIMECS K MHXCHEPHO-
reosornyeckuM usbickanusiM TKII u CHB, 3necy Obuin otHecens! k 61oky 1.02
«[IpennpoekTHeie U MpoekTHble paboTh» B Yactu 1 «OpraHn3aunoHHO-METOAU-
4ecKoe 00eCredeHNE CTPOUTEINHCTBAY.

bazoit ns naunonaneHoU cuetemMbl THITA nociyxunu neiicTBOBaBILIUE paHEE BO
BCEX COIO3HBIX pecnmyOimkax A0pMaTHBHBIE TOKyMEHThl. OJHAKO Na)ke B HHUX IpH-
MEHUTEJIbHO K T€OTEXHHKe |CTaal OTpakaTh CBOMCTBA TPYHTOB C OTJIMYHUSMHU OT
CpeIHUX AJii BechbMa OOMMPHOW TEPPUTOPUU CTPAHBI, YUUTHIBAJIH PETHOHAJIBLHBIC
0COOCHHOCTH KIMMATHHECKUX, T€OJOTHUYECKUX U TUIPOre0IOrHuecKuX ycioBui. Ta-
KHE OTJINYMS MOBIVSUIM HA MPUHITUIIEI pacueTa B HarmoHanbHbIX THITA mpu reorex-
HUYECKOM MpoeKThpoBanuu. [Ipu 3ToM octanuck 0€3 U3MEHEHUN METO/Ibl UHKEHEP-
HO-T€O0JIOTMYECKUX U3BICKAaHUI U UCIIBITAHUIA TPYHTOB JIJIsl ONPEACIICHUS] UX CBOWCTB
B cooTBeTcTBUK ¢ CHB 1.02.01-96 WHxeHepHbIe N3BICKAHUS 111 CTPOUTEILCTBAY.

Ot Hayama co3naHus HaloHanbHas cuctema THITA B ctpouTenscTBe mnperepre-
BaJjia HECKOIBKO ATANloOB MpeoOpa3oBaHus, a B HACTOSIIEE BPEMS, C yUE€TOM BHEJpe-
HUS B CTpOUTENbHYIO MpakTuky PecnyOnuku bemapych EBpornelickux cranmapTos,
NPenyCcMaTpUBAETCS HOBOE €€ COBEPIICHCTBOBAHUE.

Caegyer 3aMeTUTh, YTO NPHU TE€OTEXHUUYECKOM IMPOCKTUPOBAHUM OT BBEIICHUS
TKII EN 1997-1u 1997-2B03H1MKI]Ia HEONPEACICHHOCTh B CBSI3M C HEBEPHBIM MTOHU-
MaHUEM OCHOBHOW KOHLICTIIMM 3TUX IOKYMEHTOB MPHU MOMBITKE €€ OTOXKIECTBICHUS
¢ npyrumu EBpokojamu 1o npoeKTUpOBaHUIO KOHCTPYKIIMM U3 UHBIX CTPOUTENIbHBIX
maTtepuanoB. Ocob0 CKa3bIBa€TCs HECOOTBETCTBUE METOOB MCCIIEIOBAHUN U OTCYT-
CTBHE HEOOXOAMMOTO JIJIsl ITOr0 000pYyAOBaHMs Y U3blckaTenel benapycu.
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YcTpaHeHnto BO3HUKIINX MPOTUBOPEUUi OyIeT CiocOOCTBOBATH COAECpkKAHHE 3a-
CJIyIIMBAEMbIX Ha JAHHOM CEMMHApe JOKJIaJOB HAIIMX 3apyOe’KHBIX KOJUIET, KOTO-
pblI€ SABISIOTCS OCHOBHBIMU pa3zpaboTunkamu EBpoxona 7 u EBpokoza 8.

KparTkuii ucropudeckuii ouepk cosnanusi B Pecnyoimke benapycs Hanumo-
HaJabHOH cucteMbl THITIA B cTpouTenbcTBe

C monydyenueM He3aBUCUMOCTH Pecnybnukoi bemapych BO3HUK BOMPOC O HEOO-
XOJUMOCTH Ppa3pabOTKH HAIIMOHAJIbHBIX HOPMATHUBHBIX JOKYMEHTOB I1Q CTPOUTEIb-
cTBy. Tako# mpotiecc emie panee ObUT HAYaT ¢ pa3padoTKu PecnyOnMKaHCKUX CTPOU-
tenbHBIX HOpM (PCH) B crucreme mmeBmierocst toraa ['occtposi peenyOivku. locie
JMKBUAALMY 3TOTO OpraHa IMpoLecc HOPMOTBOPUYECTBA MPOJOIKEH MUHUCTEPCTBOM
apXUTEKTYpbl U cTpouTenscTBa PecnyOnuku bemapych, KOTOPbIM ObLT yUpeXJIEHO
PVII «CtpoifTexHOpM» ¢ cO31aHHBIMU Mpu HeM B 1995r011y TEXHUYECKUM KOMUTE-
tamu (TKII), koTopeie PyHKIIMOHUPYIOT 10 CUX TOp. [Ipr STOMWIOKIA UMK BCE ITO
BpeMs sBisieTcs npeacenareneM TKC-02 «OcHoBanust w GyHAAMEHThI, HHKEHEPHBIE
U3bICKAHUS», @ B €r0 COCTaB BKJIKOYEHbI BEAYIUE YMEHBIESTEOTEXHUKU C KBaIU(H-
OUPOBAHHBIMA II0 TE€OTEXHUKE CHELUATIMCTaMU M3bICKATECIAbCKUX, IPOEKTHBIX H
CTPOUTEIbHBIX OpraHU3aLHM.

[Ipu pa3paboTke HayalnbHOM CTPYKTYpHOU 'CXE€Mbl HAI[MOHAJIHHOW CHCTEMBI
THIIA B cTtpouTenscTBe OBbLT HCIONB30BAH TaKOH OCHOBOMOJATAIOIIMNA TMOIXO.
B oOmmx pams npoekTupoBaHusi BceX (YHAAMEHTOB CTPOUTENBHBIX HOpMax
CHbB 5.01.01-99 ®QcHoBanust u HyHAAMEHTBL 31aHUN U COOPY>KEHUI» periiaMeHTH-
pPOBAIIUCH 00sA3amenbhble TPeOOBAHUS M0 QOCCIICUCHNIO UX HAJEKHOCTH U IKOHO-
MHUYHOCTH, a B [locoOusix kK 3TOMy JOKYMEHTY H3JIarajluch peKomenoyemule JJisl Co-
OJIFOJIeHUs] TaKUX TpeOOBaHUM METOAbI HPOEKTUPOBAHMS M YCTPOWCTBA BCEX KOHCT-
pykuuii pyngamentoB. [Tpeanucanus [1ocoouit k CHB 5.01.01-9%ornu umets ansb-
TEPHATUBHBIE MOAXOMbI C JOOPOBOJIBHBIM MX BBIOOPOM M CTAHOBHWJIUCH 0053aTElb-
HBIMU TIPHU CCBUIKE HA HUX B HPOCKTHOW JTOKYMEHTALlMH WJIM IO JKEJIAHUIO 3aKa3yu-
KOB. XOTs Ha CEH CUET CYLIECTBOBAJIM IPOTUBOPEUYMBHIE MHEHMsI, HO TaKOM J1OCTa-
TOYHO TMOKUH M IEMOKPATHYHBIN MMOAXO0/ HE IPOTUBOPEUYHII MUPOBOI MpPAaKTUKE HA
npumepe EBpokona 7.

Obs13aTenbHoe [co0moaenue TpedboBanuii cranaaptoB CThb u I'OCT mpexycmar-
PHUBAIOCH JJIs1 BEEX YYACTHUKOB MPOLECCA CTPOUTEICTBA.

Haunnas ¢ 2004rona, B PecriyOnuke benapyce cucrema THIIA B cTpoutenscTBe
MOIBEPTIIach ITPe00pa30oBaHIo B BUE HOBOM Kinaccudukamnuu ¢ 3amenoit CHbB u Ilo-
coOmif kK HUM Ha Konekchl ycranoBuBineics npaktuku (TKII) mpu HeweTkoit ux Hy-
mepaiiny. Takoe HanMeHOBaHUE TOKyMEHTa OblI0 yTBEpKAeHO CoBeToM MUHKCTPOB
Pecniy0nuku benapyce o npeanoxenuto I'occranapra pecniy0ianku 6e3 yuera MHe-
Hus mpencenarenel u wieHoB TKC kak cnenuanucToB B 00JaCTH CTPOUTENIBLCTBA.
Ero Heb3sd cuuTaTh yAauHBIM KaK HE OTPaKAKOLIUM CYLIHOCTb JOKYMEHTA, a IPUH-
UMl «YCTAaHOBUBIIEWCS TMPAKTUKW» CACPKUBAET MPUMEHEHHE HOBBIX HAy4YHO-
TEXHUYECKUX pa3pabOTOK.

JlanHoe npeoOpa3oBaHKUE CBEIOCH JHIIb K M30BITOYHBIM 3aTpaTaM Ha mnepepadort-
Ky THIIA 0e3 cymecTBEHHOTO M MPUHUUIIMAIBHOTO M3MEHEHHUsS UX OCHOBOIOJA-
ralolIuX MPEANUCaHuM, MPUUYEM IOCPEICTBOM 3aMEHbl MIH(POB, CTPYKTYpHI IO-
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cTpoeHus U medatHoro mpudta. OnHaKO OHO yCYryOMIIO MOAXOMbI K 00s13aTeNIbHO-
ctu TpeboBanuit ocHoBHOTO TKII 45-5.01-254 -2012cHoBanust 1 (PyHIaMEHTBI
3n1aHui U coopyxeHud. OcHOBHBIE MOJ0KEeHHs. CTpOUTENbHBIE HOPMBI TPOEKTHUPO-
BaHUS» U JOOPOBOJIBHOCTH COOJIIOICHUS TPEIITUCAHUA COMYTCTBYIOIIUX UM JIPYTHX
TKII u coxpanennsix [Tocoouii.

[Ipu oOsi3aTenbHOM COOMIOJEHUN TPEANUCAHUN YKAa3aHHOTO JOKYMEHTAa W
TKII EN 1997-1u 1997-2B03H1KIIa HEONPEACICHHOCTh B T€OTEXHUYECKOM, [IPOCK-
TUPOBAHUU 34 CYET HEBEPHOTO TIOHWMAaHHWs OCHOBHOW KoHIenmu EBpokeaa 7 [2, 3]
IpU TOMNBITKE €€ OTOXKIECTBIEHUS C ApyruMu EBpokomamu Mo mpoOeKTHUPOBAHUIO
KOHCTPYKITUW U3 UHBIX CTPOUTEIILHBIX MaTePUAJIOB.

B Hacrosiiee Bpemsi HamevaeTcsi HoBoe npeoOpa3zoBanue cucrembl THITA.

CoBpeMeHHOE COCTOSIHME HAIIMOHAJIBbHON CHCTEMbI TEXHUYECKOI0
HOPMHPOBAHUS B CTPOUTEIbHOI 0TPACIH M OCHOBHBbIE MPO0GJIeMbI

Ananu3 cymiectBytonieil cuctembl THITA PecnyOmukn, besapycs B oOnactu
CTPOUTENLCTBA C TMO3HIMK TPeOOBAHWN TEXHUYECKOIO PEFIIaMEHTa <«3IaHus U CO-
OpYXXCHHSI, CTPOUTEIIbHBIC MaTepuaibl 1 u3neius. besomacuocts» (TP 2009/013/BY)
B II€JIOM CBHUETEIHCTBYET O HATMYMUU COOTBETCTBUS OOIIAM TIPUHITUTIAM U TIOIX0/1aM
K oO0ecrieyeHuto0 0€30MacHOCTH M JAOJTOBEUHOCTH BIaHUN, SHEPTOCOEPEKEHUsI, KOM-
dbopTHOTO TIPEOBIBAHMS JIIOJICH, a TAKKE TEXHUYECKUM TPEOOBAHHSIM M METOaM HC-
NBITAHUN CTPOUTEIBHBIX KOHCTPYKLNM, MATEPHAIOB M U3ETUM.

[Tpu Hazpesie ceitvac Heooxoaumoctu Munapxctpoem Pecrry6imku benmapycs pas-
pabdotaHa «KoHuenmuusi coBepuIeHCTBOBAHNUSA CHCTEMbl TEXHHYECKOr0 HOPMHMPOBA-
HUSl HAITUOHAJILHOTO KoMilekca THITA B ctpoutenbere» na 2017 — 2018r.

Ee 0cHOBHOM 1eJIBIO SBIISETCS ATOBBILIEHNE MTPOGECCUOHANIBHOIO YPOBHS HOpMa-
TUBHOM TeXHUYECKOU 0a3bl, cokpamienne koianuectBa THIIA u oOs3aTenbHBIX Tpe-
O0oBaHMIl Ha 06a3e HOBBIX MPUHUUIOB U MOJIXO0/I0B B MPOEKTUPOBAHUN, MUHUMU3ALIMS
TEXHUYECKUX 0aphepOB B CTPOUTENBCTBE, MPUBEICHNE CUCTEMbBI TEXHUYECKOTO HOP-
MHUPOBaHUSI B COOTBETCTBUE' C '‘€OMIAIEHUAMU rocyaapcTB-yyacTHukoB EADC 00
YCTPAaHCHUH TEXHUYECKHX OaphepoB B TOPTOBJIE W CO3JaHUE YCIOBUU JJIsl MHTETpa-
MY B PETMOHAJIbHYIO B MUPOBYIO SKOHOMHUUYECKYIO CUCTEMY.

OCHOBHBIMM HAMpPaBIEHUSIMU PA3BUTUS HAIMOHAJIBLHON CHUCTEMbI TEXHHUYECKOIO
HOPMHUPOBAHUA B CTPOUTEIILCTBE Ha3BaHbI TAKOBBI:

— mepecMoTp 00BEKTOB HOPMHUPOBAHMSI, COCTABA U MPUHITUIIOB Pa3pabOTKu HOP-
MAaTHBHBIX JIOKYMEHTOB,;

— YTOYHEHUE CTPYKTYPHBIX CXEM M0 OJIOKaM HAIIMOHAJIBLHOTO KOMILIEKCA,;

< cokpauenue kommuectBa THITA, B Tom umcie, 00s3aTelIbHBIX TpPeOOBaHUMN
0€30MaCHOCTH, YCTAHOBJIICHHBIX TEXHUYECKUMH PErIaMeHTaMH;

— IIO3TAlHBIM MNEPEXO0J] OT MPEANHUCHIBAIOLIETO K IMAPAMETPUUECKOMY METOIY
HOPMHUPOBAHUs, IPUHATOMY B SKOHOMHYECKH PA3BUTBIX CTPAHAX, B TOM YHUCIE €BPO-
MENCKOU CUCTEME;

— NpUOpPUTETHAs pa3pab0TKa HOPMATHMBHBIX TEXHUUYECKUX OKYMEHTOB, CTUMY-
JUPYIOLUX MPUMEHEHNE MHHOBALIMOHHBIX TEXHOJOTHI M MaTEpUajoB HA BCEX 3Ta-
Max )KM3HEHHOTO [IUKJIA 3JJaHUI U COOPYKEHU;

— pa3paboTKa METOJIMYECKUX U CIIPABOYHBIX JTOKYMEHTOB JJISl MPOEKTUPOBIINKOB;
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lloka dce npoyecc Hopmomeopuecmea cOepHCU8aemcs Omcymcmeuem mpeoye-
M0O20 QQuUHAHCUPOBAHUSL, NOIMOMY OCMAIOMCA 00HU Ollazue HamepeHus..

B npoekte HOBOM KOHUEIILNH AEeKJIAPUPYETCH, YTO B PE3YJIbTATE €€ PEaTU3auu
MOSIBUTCS BO3MOXKHOCTh MHTETPUPOBaThcs B pernonanbHyo (EADC), eBpormeiickyro
U MUPOBYIO cucTeMbl. [Ipu 3TOM ucKirouaTcs xecTkue oos3atenbpHbie y Bcex THITA
TpeOOBaHMS B MPOCKTUPOBAHUU M CTPOUTEIHCTBE, IPOMU3BOJICTBE CTPOUTEIBHBIX Ma-
TEpPUAJIOB U U3JIEJINH, MOSABUTCS MPABO BbIOOpA MpU COOIOIEHUH OJHOTO YCIOBUS —
0€30macHOCTH. 3a CUYET COKPAIICHHS KOJTUYECTBA TEXHUICCKUX 0aphepOB TOBBICUTCS
YpOBEHb KauecTBa U O€30MaCHOCTH CTPOUTENbHON MPOAYKIIMU U OOLIEH KyJIbTYphI
CTPOUTEIIbCTBA.

[ToguepkuBaeTcs, 4TO pa3pabOTaHHBIN U yTBEPKACHHBIN B Pecryonuke benapych
perimament TP 2009/013/BY [locranoBnenue Coera Munuctpos ot 31.12.2010
Nel748) Bkirovaer MOAXOZ, KOTOPBIM IOJHOCTBIO HIACHTHYEH. TEHCTBYIOIIEMY B
ctpanax EC u 3akperuieH JeiCTBYIOIIMM B CTPAHE 3aKOHOIATENbCTBOM. OTMeuaeTcs,
yto ¢ 2010roxa B benapycu siko0bl B 1OJIHOM 00beMe BBEAEHBI B JeiicTBre EBpoko-
JIbI, BKJIIOUAsi OTHOCSIIUNCS K T'€O0TEXHUYECKUM KOHCTpyKuusiM EBpokon 7, 4To He
MIOBJICKJIO 3a c000¥ oTMeHy HanmoHa bHbIX THITA (B mepexoHbIi IEpUO/T).

HNuTepnpernpysa coaepxkanue npoekra Konlieluuyu, cieayer 3amMeTUTh, 4TO €€
TEKCT HOCHUT JICKJIapAaTUBHBIA XapakTep U Mpu OQIbIIOM 00beMe N300MITyeT OO0IIMMHU
bpazamu 6€3 TEXHUYECKONW KOHKPETUKH CTPOUTEIBHON OTpaciau, 0COOCHHO MpH Crie-
U(pUKE TEOTEXHUYECKOTO MPOESKTUPOBAHUS, OTPAKEHHON yOeIuTebHO B MyOJIMKa-
musix npod. P. dpanka [2, 3]. MHOro B TeKCTe KeIacMOro BBIAACTCS 3a JICHCTBU-
TEJIbHOE B BHJI€ JIO3yHTOB. CKJIaJbIBAGTICS BIIEUATIEHUE, YTO K cocTaBiieHHI0 KoH-
LEMIUU U €€ 00CYXICHHUIO HE ObUTH TIPUBJIEYEHBI CTICIIMAIUCTHI-MPO(HECCUOHABI.

[Ipuxoautcsa 3ametruts, 4to diepeBod EBpokoga 7 B 2009 T. Obln BBHINOJIHEH B
Ype3BbIYANHO CKAaThle CPOKH, AIPUYEM JTOCTATOUHO KAYECTBEHHO YacTU 2 MPU MOMO-
M poheCCUOHATIOB-TEOTEXHUKOB, HO C CYIIECTBEHHBIMU HCKKEHUSMH CMBICITA
1-it yacTu nepeBOUMKAMUA-JTUHIBUCTAMU O€3 BJIaJICHUS TEXHUUYECKOW TEPMUHOJIOTH-
eil. Ha takoe o0cTosTeABCcTBO OoOpaiiaeT BHUMaHue 1-p urxkeHep Poman ["aiioBHUK
u3 MHCTUTYyTa CTpOUTENBHOM TEXHUKH T'. Bapiassl B cBoeil cTathe «lIponecc nepexo-
na PecnyOnuku Ilonbima Ha EBponeiickie HOpMBI IPOEKTHUPOBAHUS» C aKIIEHTOM Ha
EBpokon 6 kacarenbHO/KaMEeHHOW KiIaaku. B Hel ckazaHo, «umo HeoguuyuanvHble,
max Hazvleaemvle padouue nepeeoovr» 0€3 3HAHUS MHOCTPAHHBIX SI3BIKOB <MOZYM
3HAUUMENbHO OMAUYAMBCA MeHcOY co0oil (He 2060ps Yice 0 NPABUILHOCHIU nepe-
6004a), YHLO MOMHCEM NPUGOOUMb K OUIUOOYHBIM UHMEPNPEMAayuam», a 3TO CPeIu
NoJbCKUX (KakK 1 OEJIOPYCCKHX) MOJIb30BATENCH BhI3BIBAIO CEPhE3HBIC 3aMCUYAHNS.

3ascuet takoro nomnoxkeHus: B Tekct TKIT EN 1997 -1-20091punuioch BHOCUTB
MHOT'O}B&KHBIX CMBICIIOBBIX U3MEHEHUN B 00beME OIM3KOM K M3IaHHOMY O(pUIHaTb-
HO JIOKYMEHTY, KOTOPBIH CJIEIOBAJI0 MOBTOPHO M3/IaTh IMOJIHOCTHIO B HOBOM OoJee
COBEPUIEHHOM IEPEBOJE JJISI aIEKBATHOTO BOCHPUATHSA €ro cmbicia. Q6 amom 6
mexcme Konuenuyuu ymanuueaemcsn. IIpouecc BBoa B AEUCTBHE 3TOI0 BaXKHOTO
JTOKyMEHTa TpHOoOpest YucTo (popManbHbIM Xapaktep. K ToMy ke Hamm WHXCHEpHI-
IPOECKTUPOBIIMKHN U CTPOUTEIN €r0 HE W3Y4YWJIM, 4 IPOLIECC O3HAKOMIIEHUS C COJEep-

’KaHHWEM CBEJICS JHIIb K IPOBEJICHNIO Pa3HOTO pPOJa CEMHUHAPOB.
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IlepeyeHb NelCTBYOIIUX ¢ Hacmoauiee gpemsa Ha teppuropun PecmyOiauku
Bbeaapycs THIIA no reorexHuke

[Tockonbky B oOHOBIIeHHOM cTpykType THIIA 1m0 reorexHu4eckoMy MpOEKTHUPOBa-
HUIO HE MPEyCMOTPEHO U3MEHEHHI KOJIMYECTBA M U3MEHEHUS COAePKaHUS CTaHJapTOB
CTB, CTB EN, CTB ISO, CTB EN ISO u mexrocyaapcreentbix I'OCT (npu ux
obieM KoimuuecTBe 46), HuKe U3 MPHUBEACHHOro B [1] mepeuHs mpuBeeM B. TaOJIHIIC
tosibko TKII, TKIT EN, CHB, noco6us Il x uum u1 CHull B yactu TpeboBaHuii mo
YCTPOWCTBY 3eMJISTHBIX COOPYKEHUI aBTOMOOMIIBHBIX JOPOT, OIIOP MOCTOBWEPYO.

Ne O06o03Hauenne
HaunmeHnoBanue nokymeHTa
n/n JIOKYMEHTa
1 2 3

BJIOK 1.02«IIpeanpoexkTHbIE H MPOEKTHbIE PA6OTHI» B YacTH 1
«Opranu3animoOHHO-MeTOoANYecKoe o0ecneyeHne CTPOUTENbCTBA»
Texnuueckue kooekcol ycmanosusweica npakmuxu (TKII)

1 |TKII 45-1.02-23%- |MHxeHepHble U3bICKaHUS ISl 0OOBEKTOB JOPOAKHOIO CTPOUTEINIHCTBA.
2011 (02250)
2 |TKII 45-1.02-25%- |MIH)X€HEepHO-T€03KOJIOIrMYECKUE N3BICKAHUS ISl CTPOUTENBCTBA.
2012 (02250) IIpaBuia npoBecHMS.

Cmpoumensuwie Hopmsl Pecnyonuxu Benapyce (CHB)

3 |CHB 1.02.0-96  |VmkeHepHbIe H3BICKAHUS /I CTPOMTEIHCTBA.
BJIOK 5.01 OcHoBanusiu pyHaaMeHThl 31aHUH U COOPYKEeHHU I
Texnuueckue kooekcol ycmanosusweica npakmuxu, (TKIT)

1 |TKII 45-5.01-15—-
2005 (02250)

[IpouHocTHEIC U NehopMallMOHHBIE XapAaKTEPUCTUKH TPYHTOB
0 IaHHBIM CTaTUYECKOTO 30HANPOBAHUS 1 IEHETPALIIOHHOTO KapoTaxa.
ITpaBuia onpeaeAeHus.

2 |TKII 45-5.03-17—
2006 (02250)

[IpounocTHBIC# HeHOPMALIMOHHBIE XapAKTEPUCTUKH TPYHTOB
10 JaHHBIM JTMHAMHAYECKOTO 30HAMpoBaHus. [IpaBuia onpeneacHusl.

3 |TKII 4&-5.01-39-
2006 (02250)

dyHaaMeHThI 1ieieBbie. [[paBuia NpoeKTUPOBAHUS U YCTPOIMCTBA.

4 |TKII 45-5.01-45-
2006 (02250)

OyHIaMEHTHI ¥ TIOA3EMHBIE COOPYKEHHS, BO3BOJIMMBIE C HCIIOIb30BAHIEM
CTpyHHON EexHosoruu. [IpaBuna npoekTHpoBaHUs U YCTPONCTBA.

5 |TKII 45-5.03-65—
2007 (02250)

QHopBI cBaifHbIE 1101 TPYOOIPOBOABI TETIJIOBBIX CETEH.
[IpaBuna npoeKTUPOBAHMUS.

6 |TKII 45-5.01-66~
2007 (02250)

OyH/IaMEHTBI 3JaHUI U COOPYKEHUN Ha YIIJIOTHEHHBIX I1€CYaHO-
IpaBUMHBIX noaymkax. [IpaBuia npoeKTupoBaHusl.

7 |TKII 45-5.02:67=
2007 (02250)

@yHnamMeHTsl IIUTHBIE. [IpaBuia npoeKTupoBaHUs.

8 |TKII 45-5.04-76—
2007 (02250)

OcHoBanus ¥ pyHIAMEHTHI 31aHUI U COOPY>KEHHUI Ha TTOHMEHHO-
HaMBbIBHBIX TeppUTOpHsX. [IpaBuiia MpoOeKTUPOBAaHUS U YCTPOMCTBA.

9 |TKIT455.03-107-
812008 (02250)

I'pyHTOBBIE OCHOBAHUS, YIUIOTHEHHBIE TSDKEJIBIMH TPAMOOBKAMHU.
[IpaBuia MpOEKTUPOBAHUS U YCTPOUCTBA.

10,/ TKII 45-5.01-235-
9 [2011 (02250)

OcHoBaHus ¥ (PyHIAMEHTHI 31aHUI U COOPY>KEHHI.
I'eorexHnueckas pexkoHcTpykuus. IIpaBuna nposeneHus.

11 |TKTI 45-5.01-237-
10 [2011 (02250)

OcHoBaHus ¥ (PyHIAMEHTHI 31aHUI U COOPY>KEHHI.
[TonmopHbIE CTEHBI M KPEIJICHUS KOTJIOBAHOB.

12 |TKII 45-5.01-254-
11 [2012 (02250)

OcHoBanus ¥ QpyHIaMEHTHI 31aHUI U coopykeHuil. OCHOBHBIE
nosioxkeHus1. CTpOUTENbHBIE HOPMBI IPOEKTUPOBAHUS.

13 |TKII 45-5.01-255-
12 [2012 (02250)

OcHoBaHus ¥ (PyHIAMEHTHI 31aHUI U COOPYKEHUH. 3amuTa
HOJ3EMHBIX COOPYKEHUIN OT BO3AEHCTBHSI TOI3EMHBIX BOJI.
ITpaBuia mpoeKTUPOBAHUS U YCTPOMCTBA.
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[Tponomkenne TabaUITbI

1 2 3
14 |TKII 45-5.01-256 - |OcHoBanus ¥ GyHIAMEHTHI 3JaHUI U COOPYKEHUI.
2012 (02250) 3abuBHbBIe cBan. [IpaBuiia MPOEKTUPOBAHHS M YCTPOHCTBA.
15 |TKII 45-5.01-264 - |OcHoBanus u GyHIAMEHTHI 31aHUI U coopykeHul. OyHIaMEHThI
2012 (02250) pyu BUOPOIMHAMUYECKUX BO3/IeHCcTBUsX. [IpaBuia mpoeKTupoBaHusl.
16 |TKII 45-5.01-268 - |OcHoBaHMS U COOPY>KEHUS U3 ApMUPOBAHHOTO IPyHTA.
2012 (02250) [TpaBusa mpoeKTUPOBAHUS U YCTPOMCTBA.
17 |TKII 45-5.01-276 - |OcHoBaHus ¥ pyHIaMEHTHI 34aHUI U COOpYKeHUI. PerbcoBblc IyTH

2013 (02250)

OameHHbIX KpaHOB. HOpMBI MPOEKTUPOBaHMSI M TIPaBUJIa YCTPOUCTBA.

Esponeiickue cmanoapmol, 66e0eHHble 8 KAUECHEE MEXHUUECKUX KOOEKCO8
cmanosuswelica npakmuxu (TKII EN)

18
17

TKI EN 1997-12009
(02250) unam.
NMPUJIOKEHHE

EBpokop 7. I'eorexunueckoe npoekrupoBanue. Yacts 1.
Oo6mue npaBuna. Buecena: Ilonpaexa, onyonuxkesanHas
e UV THIIA Ne 4. —2010 2., ¢ 17.

19
18

TKI EN 1997-12009
(02250) unam.
NMPUJIOKEHHE

EBpoxon 7. I'eoTrexnuueckoe npoektuporanue. Yacts 2.
NccenenoBanus U UCHIBITaHUS TPYHTOB.

Ilocobus k cmpoumenvuvim nopmam Pecnyonuxu Benapyce (IT'k CHB)

20
19

I12-2000 k
CHB 5.01.01-99

[TpoexTHpoBaHue 3a0MBHBIX U HAOMBHBIX CBail 1O pe3yabTaTaM
30HIUPOBAHUS TPYHTOB. Buecéna. Ilonpaska, onyboaukosannas
6 UbE Ne 12. -2001 o.

21
20

I13-2000 k
CHB 5.01.01-99

ABTOMaTH3UPOBAHHBIE CUCTEMBI IPOCKTUPOBAHUS ONITUMATTBLHBIX
pa3MepoB MoAomB GyHIaMEHTOB METTKOTO 3aJI0KEHUS
Ha YIJIOTHEHHOM OCHOBAHHUU.

22
21

I15-2000 k
CHB 5.01.01-99

[IpoekTupoBaHue M YCTPOMCTBO OCHOBAHUM U3 HACBHIITHBIX,
MaJIONPOYHBIX U CHAOBIX TPYHTOB, YIIJIOTHEHHBIX
BUOPOIMHAMITYCCKIM METOOM.

23 |116-2000 k [IpoexTupoBaHue U yCTPOMCTBO TEXHOINEHHBIX T€OMACCHUBOB

22 |CHB 5.01.01-99 13 MeCYaHO-TPAaBUMHBIX U 11I€0€HOYHBIX CBail.

24 |119-2000 k [IpoekTupoBaHue ocHOBaHU U (PyHIAMEHTOB

23 |CHB 5.01.01-99 B MMYYMHUCTHIX MPU IPOMEP3aHUH TPYHTaX.

25 |I113-01 k [IpoeKkTupoBaHue 1 yCTPOMCTBO OYpOHAOMBHBIX CBail.

24 |CHB 5.01.01-99 Bue cena: nonpasxa, onyonuxosannas e U5 Ne 1 2005 2. ¢ 81.

26 I114-01 k [IpoexTrupoBaHue 1 yCTPOMCTBO CBAHBIX U TPAHILIEUHBIX CTEH.

25 |CHB 5.01.01-99

27 I15-01 k ABTOMaTH3UPOBAHHOE MPOEKTUPOBAHNE OCHOBAHMI U ()yH/ITaMEHTOB
26 |CHB 5.0101-99 C YYETOM M3MEHEHHUS (PU3MKO-MEXaHUUYECKUX XapaKTePUCTUK TPYHTOB

B IIPOIIECCE BO3BEJCHHUS 3IaHUN U COOPYKEHUI.

28 |I116-03 k 3emiisiHble coopykeHus. OcHOBaHUS PyHIAMEHTOB.

27 |€HB'5.01.01-99 [Tpou3BocTBO padoT.

291118-04 x [IpoekTupoBaHue 1 yCTPOMCTBO OYPOUHBEKIIMOHHBIX aHKEPOB U CBail.
28,|CHB 5.01.01-99

30 [T119-04 x [TpoexTHpoBaHue U YCTPOUCTBO (PyHIaMEHTOB U3 CBaii

29 |CHB 5.01.01-99 HAOMBHBIX C YIJIOTHEHHBIM OCHOBAHHUEM.

CrponTtesbHble HOpMbI 1 nipaBuiia (CHull)

31 |CHull 2.02.01-83  |OcHoBaHus 31aHHUI ¥ COOPYKEHUHT (B yacTh TpeOOBaHMIA
30 110 IPOCKTUPOBAHUIO OMIOP MOCTOB H TPYO).
32 |CHull 3.02.01-87  |3emusiHBIC COOpY)KEHHS, OCHOBAaHHS M (yHIaMEHTHI (B 4acTh

31

TpeOOBaHUI MO YCTPOMCTBY 3€MIISIHBIX COOPYKEHHUN
ABTOMOOWJIBHBIX JIOPOT, OTIOP MOCTOB H TPYO).
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Ilpepsiaraemoe usMeHeHHe CTPYKTYpPbI HaluoHaNbHBIX THITA
10 re0TEXHUYECKOMY NMpoeKTUpPoBaHuio B Pecnydiuke beaapycn

[Tpu xoppektupoBke cTpyKTyphl Takux THIIA mpennokeHo cOKpaTUTh UX KOJu-
4yecTBO ¢ 00s13arenbHbIMU npeanucanusiMu TKII u 1oOpoBOIbHBIM UCIIOTHEHUEM pe-
KOMEHIyeMbIX B NepepadOTaHHBIX MOCOOUSIX 3a CUET OOBbEIUHEHMS CYIIECTBYIOUIUX
CJIeIyIouuM 00pazoM:

1. TKII 45-5.01-254-2012 @cHoBaHusi ¥ (pyHAAMEHTHI 31aHUIl U COOPYIKe-
HHii. OcHOBHBIE TOJI0KeHHsA. CTpouTeIbHbIe HOPMbBI NMPOEKTHPOBAHMS (C CO-
XpaHeHueM mudpa ¥ HANMESHOBAHUS M YTOYHECHUEM COJICPKAHHMS).

2. TKII «MHxeHepHble U3BICKAHUS Il CTPOUTEIBCTBA» —depepadboTaTh Co-
nepxanue B3ameHn: CHB 1.02.01-96Gc Tem ke HaMMEHOBAaHUEM )/

3. Hocobue «MHKeHePHO-Te0J0rHYecKre U THAPOreoJ 0rndecKie U3bICKAHNS
NI MeJIMOPATHBHOTO M BOJAOXO3MCTBEHHOI0 CTpPoOUTEILCTBAa» B3ameH: I11-03
k CHB 1.02.01-96 € Tem ske HauMEHOBaHHEM).

4. TKII 45-1.02-233-2011WHkeHepHble U3bICKAHUS /I 00bEKTOB 10POK-
HOTO cTpouTeJbcTBa (0€3 N3MCHEHHS).

5. TKII 45-1.02-253-2012NH:keHepHO-T€0IKOJIOTHYECKHEe H3bICKAHUA 151
cTpouteabceTBa. [IpaBuia npoBenenust (0e3 n3IMeHECHHS).

6. Ilocodue «OcHoBaHMA M (PYHIAMEHTHI 31aHNIA U coopy:keHuil. ['eoTexHu-
yeckue pexkoHcTpykuuu. [IpaBuna nposenenusi» Bzamen: TKII 45-5.01-235-2011
(c TeM ke HAMMEHOBAaHHEM U M3MCHEHUEM IPEAITUCAHMIA).

7. Ilocodue «IIpoekTpoBaHHMe W YECTPOHMCTBO CBAHHBIX (PyHIaMEHTOB» B3a-
men THITA: (29,14, 24, 19, 28, 5) pasnera CHull 2.02.02-85 @cHoBanust ruj-
POTEXHUYECKUX COOPYKEHUIN».

8. Ilocobue «IIpoekTpoBaHne U YCTPOHCTBO CBAHMHBIX M TPAHIIEHHBIX CTEH»
B3amen THITA: (25, 3, 10).

9. llocodue «IIpoekTUPOBAHNE M YCTPOHCTBO UCKYCCTBEHHBIX OCHOBAHUM U
dynnamentoB» B3amen THITA: (27, 20, 26, 22, 6, 8. 16, 4).

10.Ilocobue «IIpoekTHpPOBaHHE U YCTPOHCTBO MJIMTHBIX (pyHIAMEHTOB» B3a-
men THITA: (7, 17).

11. ITocoOue MO-MPOEKTUPOBAHUIO OCHOBAHUI M (yHAaMEHTOB NpH BHOPO-
ATHHAMHYECKHUX Bo3aecTBusix B3ameHn THITA: (15).

12. Mocodoue «OnpenesieHue MPOYHOCTHBIX U JeOPMAIMOHHBIX XapaKTePHu-
CTHUK TPYHTOB MO NAHHBIM JHHAMUYECKOr0 U CTATHYECKOTO0 30HJIMPOBAHMUA U
MeHeTPAMONHOT0 KapoTaxka» B3amen THITA: (1, 2).

Ipumeyanue: 3nech B ckoOkax ykazanbl Homepa THIIA, npuBeneHHbIE BhIIIE B
tabnuie, npudeM u3 HuX Ne 30u Ne3lnpennoxkeHo nepedantv 00POHCHUKAM.

OcuoBHbIe oTiinuns npeamucannii TKIT EN 1997-1, 2 -2009T HanuoHaIbLHBIX
THITA

OO0 ocHoBHbIX mpuHIUNax EBpokoma 7 moapoOHO H310XEHO B padboTax mpod.
P. ®panka [2, 3]u B ero nokiane Ha TaHHOM CEMUHApE.

3ameuy, YTO IPU 3aMEHE OJHOTO JOKyMEHTa Ha APYroil Hem30eKHbI y MOTpeOu-
TEJIEd BOIIPOCHI IICUXOJIOTUYECKON HAIIPABICHHOCTH. TakK, B CBOE BpEMs 3aMEHa Tpa-
JULMOHHBIX pazMepHocTeil Ha cucteMy CH morpeboBana MHOTO BpeMEHM AJisl BOC-
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MPUSTUS HOBBIX €IWHUII, TIOPTOMY NPHUMEHSIN 00a TUTAa pa3MEpHOCTEH, MOKa CIie-
IIAAJTUCTHI HE TIPUBBIKJIA K MEPEX0y Ha HOBbIE. AHAJIOTUYHO MPOUCXOIUIO TIPH OT-
Ka3e OT CTapblX HOPMATUBHBIX JOKYMEHTOB. OCHOBHOM BOIPOC Yy HAILIMX MHKEHEPOB
3aKITI0YAJICSl B 11€JIeCO00Pa3HOCTH 3TOTO B CHIJIY IPUBBIUKH K cTapoil cucreme («yc-
TAHOBUBIIICHCS NPAKTHKE», €€ IpUMeHeHus). OHAKO aBTOp 3TOTO JOKJIaga CMOTPE
Ha JaHHBIA BOMPOC MO/ IPYTUM YTIIOM 3pEHUS MOCJe aHaIu3a CTapblX U OCTABIIMXCSA
B Poccun 6e3 m3menenuit npunnunoB CHull [4, 5]. B wactHocTH, B [4] npuMenu-
TEJBHO K TUIMTHBIM (PYHJIAMEHTAaM MEJKOTO 3aJI0KEHUS COAepKaTCs TaOMMUHbIC 3HA-
YEHUS YCI08HLIX PACUETHBIX CONMPOTHUBIICHUM /JI pa3HbIX TPYHTOB, dHAaYEHUs KOTO-
PBIX OBUTH OCPETHEHHBIMH IS OOIMTUPHON TEPPUTOPUHU CTPAHBI, HECMOTPS HA IIUPO-
KU Arana3oH U3MEHYMBOCTH. Takol MoaxoJ 3a CYET MOAKYMHaloel MpoCTOThl YCT-
pauBajl MHOTHX CIELUATMCTOB, OCOOCHHO H3bICKAaTENeH M 3aKa3uMKOB, KOTOpbIE
CTPEMIUTUCHh M30eraTh JOPOTOCTOSIINX M CIOXKHBIX MPSAMBIX OHPEAEICHU MEXaHU-
YECKUX XapaKTEPUCTHK TpyHTOB. Mcmonb3oBaHHAs ylOBKa, B BUAE KoddduimeHta
HAJC)KHOCTH C YIETOM METO/Ia ONpeACIICHUs TakuxX xapakTeprueenk (1,0 mpu npsMbIx
uctpiTaHusax ¥ 1,1 mpu KOCBEHHOM IO (PU3MYCCKIAM. CBOWCTBAM) B 3HAMCHATEIC
IPOOHOTO MHOXHUTENS (POPMYJIBI PACUETHOTO CONPOTUBIEHMS IPYHTA B OCHOBAHHHU
dbynmamenTa R He cracana mojoKeHus, a ero yeyryossuia. B gacTHOCTH, MOpEHHBIE
[JIMHUCTBIE TPYHTHI TBEPJOM KOHCHUCTEHIIMK ObIBAIOT HperMyIllecTBeHHO B benapycu
MOPEHHBIMHU TPU MaJIbIX KOAPGUIIMEHTaX TOPUCTOCTH U OOJBIINX 3HAUYCHUAX MPOY-
HOCTHBIX XapaKTePUCTUK (OCpeIHEHHbIC 3aHIKCHBI), a B cOCeqHEH YKpauHe — Jiec-
COBBIMHM MaKpOIIOPUCTBHIMH CO 3HAYUTEIBHO. MEHBITMMH (OCPETHCHHBIC 3aBBIIIATINCH
HamMHOro Oojiee ueM B 1,1 pasa). Takoi Maibiii K0O3(PPHUIMEHT HAAECIKHOCTH CIIOCO0-
CTBOBAJI HA3HAYEHUIO JJIS1 BOCTIPHUATHSKOHKPETHBIX CUJIOBBIX BO3/ICHCTBHIA pa3MepOB
(yHIaMEHTOB C MEHbIIEH CTENEHbI0 UX SKCIUTyaTallMOHHOW HAJEKHOCTH M YK-
pauHbl B CPAaBHEHUHU C WJICHTUYHBIMI HAarpy3KkaMu B benmapycu, rjae TpaTuiau W3JIHIIl-
HUE MaTepHUAJIbl U CpeCTBa (HU3KAs SKOHOMUYHOCTH) Ha PyHIaMeHTHI. JIJIs ucrpas-
JeHusl Takoro mnepekoca pazpaboranssiii B benapycu CHB 1.02.01-96pernamenTu-
pyer mius 3qaHui 10 1,270, KJIacCOB OTBETCTBEHHOCTH MPSIMOE OTpeIeNieHnEe MeXa-
HUYECKUX (IPOYHOCTHBIX M AC(POPMALMOHHBIX) XapaKTEPUCTUK IPYHTOB.

Bosiee sipkuii npuMep=HECOBEPIICHCTBA XapakTepeH poccuiickomy CHull [5] ¢
OIMMUOOYHBIMU COTIPOTHBIICHUSIMU TJIIMHUCTBHIX TPYHTOB TOJ] HIDKHUMH KOHIIAMU Ha-
OMBHBIX CBail B Ta0JI.7, KOTOpbIE MO0 CPAaBHEHUIO C 3a0MBHBIMU B Ta0Jd. 1 Ha Tex ke
rIyOrMHax otTimuaroTcs B 8-5pas. Takoe abcypaHoe oTaumdue 00yCIOBICHO HEA0CTO-
BEPHBIMU/CTATUCTUYECKU OCPETHEHHBIMH PE3yIbTaTaMU UCIIBITAHUH MIJITaMa B 3a005X
CKB@KMH sl cBail. B To xe Bpems [Jisi CONPOTHUBJIEHUM MECKOB MOJ TOpLAMHU Ha-
OHMBHBIX CBaH B [5] mpuBeneHa aHaMTHYECKas 3aBHCHMOCTh Tipod. B. B. bepesaniie-
Ba C/HEJOCTOBEPHBIM JIMHEHHBIM HapacTaHUEM IO TIyOWHE, YTO JAaeT 3aHWIKEHHBIC
(HePKOHOMHYHBIC) pE3yNbTaThl 10 TNIyOMH 6-7 M npu 3aBbilicHHH (HEHaACKHbIC/
aBapuiiHbIe TIOCIeNCTBHs) TIyOxke. Takylo «ycmanosuswyroca npakmuky» B bena-
pyCH TIPUILIOCH OTBEPrHyTh M OTpa3uth B THIIA coOCTBeHHBIN HallMOHAIBHBIN
OTIBIT, KaK 3TO ¥ MPEyCMaTPUBAETCs B eBporerickom moaxoze [1, 2].

B Hamieii nmyOnukaimu [6] nmpoaHain3upoBaHbl OCHOBHBIC MPUHIIAITBI T€OTEXHHU-
gyeckoro npoektupoBanus corsacHo TKIT EN 1997w ux otnuuus oT HaIlmOHAIBHBIX

28



THIIA Ha npumepe onpeaesaeHusl paCYeTHBIX CONPOTUBIICHUN TMECUYAHBIX U TJIUHHU-
CTBIX TPYHTOB B OCHOBAaHWU TUIUTHBIX (YHIAMEHTOB COTJIACHO HAIMOHATHHBIM
THMA u Hecyieit ciocOOHOCTH ITHX K€ TPYHTOB MO €BpOIercKuM HopMmaM. Huxe
MPUBEJEM MX COOTHOIICHMS, COTJIACHO MPUBEACHHBIM B Tabs. 5 3Tol myOnmukamuu
JaHHBIMH, JIJIS1 4YEThIpeX (PyHIaMEHTOB B Pa3HbIX IPYHTAX, KOTOPbIE COCTABUIIM:

Cootnomenus nonydeHHbIX 10 TKIT EN 1997 3nauenmniinecymux crocoOHOCTEH
K pacueTHbIM corpotuBieHusM rpyHToB o TKII 45-5.01-67 — 2007QHB 5.01,01-99)
B OCHOBaHMSIX ()yHIAMEHTOB

@1 | ®3 D2 | D4
B TIECKE CPEIHEM IIPU CPEIHEN MPOYHOCTH B CYI'JIMHKC ITOJIYTBEPAOM
2,90 | 3,45 0,65 P! 0,73

Kak Buayum, B mec4aHOM IpyHTE CPEIHEN MPOYHOCTH E€BPONECHEKNE HOPMBI JAIOT
NPEBBIIICHUE 3HAYECHUN HECYIIel CTOCOOHOCTH OCHOBAHUS, d B CYIIMHKE TOJyTBEP-
JI0M — axe 3aHmkeHue. Ho B TaHHOM cilydae COMOCTaBNAIOTES pa3Hble MapaMeTphl,
OTHOCAIIMECS COOTBETCTBEHHO B MEPBOM Cily4ae K{IIpEHAEAbHOMY COCTOSHUIO 2-i
TPYIIIBI, @ BO BTOPOM — 141, I KOTOPBIX TOHKHBI MPUMEHSATHCS OTIMYAIOIINECS KO-
¢ PUIIMEHTHI HaJIEeKHOCTH, MpUYeM corjlacHo HaimoHaibHbiM THIIA u pa3nbie Be-
JUYUHBI MPOYHOCTHBIX XaPAKTEPUCTUK I KAKIOM M3 TPYII MPEIeTbHBIX COCTOS-
HUM, B TO BpEMs KaK IIPU BBIYMCICHUSIX 3TH XapaKTEPUCTUKU YUUTHIBAJIMCH B pacye-
TaxX OJMHAKOBBIE.

B eBponeiickux n HarmmonanbHbix THIIA ‘@TnnuaroTcst pacyeTHbie cxeMbl PyHa-
MeHTOB U ux ocHoaHuii. Hanpumep, B TKIL EN 1997ucnons3yembie ¢popmyisl 6a-
3upyrotcs Ha paborax [Ipantns, Tepuarm,Metieproga, Jlebepa, brroncmana, Besnua
c 00IIel pacueTHOW CXeMOU BbITIOpa (BBITCCHEHUMSI) KPUBOJMHEWHBIX TUIACTHYECKUX
30H TPYHTa C JIByX CTOPOH (pyHAaMEeHTa MpHU HAJIMYUU TOJ HUM YIPYTroro KiIMHA U3
nepeyroraenHoro rpynra. THITA B Poccuu u benapycu ¢opmyna pacuerHoro co-
MPOTUBJICHUS TPYHTa B OCHOBaHUU (hyHIaMeHTa 0a3upyeTcsl Ha TEOPETUUECKOM pe-
menun npod. H. I1. [1y3bIpeBCKOro mo Teopuu YNpyrocTd Mpu OTPaHUYECHHUH IIja-
CTHYECKHMX 30H MOJ KpasiMu, OJ0MBH Ha riyouHy no 0,25 ee mmpuHbl B KauecTBe
KpUTEPHUS TPUMEHUMOCTH. OJTHOOCHOTO CXKATHUsl TPyHTa MPH JIMHEWHON 3aBUCUMOCTH
0CaJIOK OT JaBJICHUA.

B cBere cka3aHHOTrO TpeOyeTcs COBEpPLICHCTBOBAHME TEOPETHUECKOW 0a3bl Kak
€BPOIEHCKUX HOPM, TaK M HAI[MOHAJIbHBIX MPUIIOKEHUH K HUM B COCTaBE OTEUECT-
BeHHBIX THITA. Jlsist aTOro Heo6xoauMo oobeIMHEHNE YCUIUM yueHbIX EBporeiicko-
ro Coer3sa# Pecnybnuku bemapych mpu cooTBETCTBYIOIIEM (PMHAHCUPOBAHWUU HC-
CJIEIOBAHUI M 3aTpaT Ha HOPMOTBOPYECTBO, a TAK)KE HA peaNM3allyio Mep, CBs3aH-
HBIX\¢ peanu3annei Hopor KoHnenunu.

bonee cioxen Bonpoc cobmoaenus npeanucanuii yvactu 2 TKIT EN 19978 cBs-
31 C pa3InYMeM METOAMK OMpPEEICHHs] CBONCTB TPYHTOB MPU OTCYTCTBHH Y HAIIUX
u3bIcKaTesel TpeOyeMbIX Ui UccleAoBaHU 00opyAoBaHUs U MpuOopoB. OAHAKO C
ydeToM npencrosiiei nepepadbotku ycrapepimero CHB 1.02.01-96opu rapmonu3sa-
nuu TpedoBaHuil HoBoro nqokymenrta co 2-i yacthio TKII EN 1997 Bo3uukaroriue
po0JIeMbl MOTYT OBITh Pa3peIlCHBI.
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TeMm He MeHee, Jake B CaMOM €BPOIEHCKOM HOPMAaTUBHOM JIOKYMEHTE, a TaKKe U
B HAI[MOHAJILHBIX €r0 MPHJIOKEHUAX TpeOyeTcsi 0TKa3aThCs OT YTPATHUBIIUX aKTyaslb-
HOCTb U HEIOCTOBEPHBIX METOAOB OMNpeiesieHUus: AePOPMATUBHBIX XapaKTEPUCTUK
rpyHTOB (MOyser nedopmaiiuu, KodPPHUIMEHTOB OOKOBBIX JTABJICHUS U PACIIAPCHUS
IPYHTOB) MyTeM KOMIIPECCHOHHOTO CXKATHsl, OTPAXKAIOIIETO TOJBKO CIPECCOBBIBAHUEC
00pa310B MaJIO TOJNIUHBI U HE COOTBETCTBYIOLIETO pealbHOMY MOBEJICHUIO FPYHTA.

CHuCOK NUTHPYEMbIX HCTOYHUKOB

1. [lepeueHb TEXHHUYECKOW HOPMATHBHBIX MPABOBBIX aKTOB B OOJIACTH apXUTEKTYPHI M CTPOU-
TENbCTBA, ACUCTBYIONMX Ha Tepputopuu PecnyOnmku bemapycs. — Munck: Munapxctpoit Pb. —
2018. - C5, 6, 83-90.

2. Frank, R. General presentation of Eurocode 7 on “Geotechnical deskynigénsui komHcT-
pykitii: MiBiZOMYHI HayKOBO-TEXHIYHHN 30IpHUK HayKoOBHX mpails (OymiBHuITBO)/ MexaHika
IpyHTIB, TeoTexHiKa Ta GyHIamMeHToOymyBaHHs. - Bun.83: B 2-x kH.; Kuura 1.=Kuwuis, JIIT H/IIBK,
2016.—C. 3 - 27.

3. ®pank, P. OcnoBHi npunimnu EBpokony 7 “I'eoexniune npoexTyBaHHs» // CBT reoTexXHIKu. —
2008. — No2. — C7-16 fepeBon ¢ anrnuiickoro B. M. Cenaroposa).

4. OcnoBanus 31anuitl u coopyxxennit: CHull 2.02.01-83*. =M Crpoituznar, 1985.

5. Caaiinbie pyngamentsl: CHull 2.02.03-85. — M Crpoitnznar;, 1986.

6. Huxutenko, M.M. OcHOBHBIE MPUHITUTIBI TEOTEXHUUIGCKOTO IPOSKTUPOBAHMSI U UCCIICIOBAHHMS
cBoiicTB TpyHTOB B coorBeTcTBUU ¢ TKII EN 1997.Ommuns fipu NpOeKTUPOBAHUU TUTUTHBIX (PyH-
namentoB / M. U. Hukutenko, C. B. Urnaros // Bonpeck! iepexo/ia Ha eBpOMeicKre HOpMbI TIPOEK-

TUPOBAHUS CTPOMTENIFHBIX KOHCTPYKIMU: Marep. PecmyOin. Hay4yHO-TEXHHYECKOrO CEMHUHapa. —
Munck, BHTY, 2010. — C82-94.

VIIK 624.15
DESIGN OF GEOTECHNICAL STRUCTURES FOLLOWING EUROCODE 8

Pedro S. Séco e PRintd,aboratério Nacional de Engenharia Civil, Lisbon,
Portugal

1. INTRODUCTION

Following Rart,5-EC8 “An evaluation of the liquefaction susceptibility shall be
made whenthe‘foundations soils include extended layers or thick lenses of loose
sand, with_or without silt/clay fines, beneath the water level, and when such level is
close to/the ground surface”. The magnitude correction factors in EC8 follow the
proposal of Ambraseys (1988) based in field tests that are different of the values pro-
posed by Seed and Idriss (1982) and from the values proposed by NCEER (1997)
based in laboratory tests. For liquefaction evaluation EC8 recommends the use of
SPT tests and CPT tests.

In general for the Soil-Structure Interaction (SSI) the design engineers ignore the
kinematic component, considering a fixed base analysis of the structure. The Euro-
code 8 states:’Bending moments developing due to kinematic interaction shall be
computed only when two or more of the following conditions occur simultaneously:
(i) the subsoil profile is of class D; $r S, and contains consecutive layers with
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sharply differing stiffness;(ii) the zone is of moderate or high seismac#§,10;(iii)
the supported structure is of important category | or Il.
Some future trends are pointed out. A summary of conclusions is presented.

2. POTENTIALLY LIQUEFIABLE SOILS

2.1 Introduction

Following 4.1.3. (2)-Part5-EC8 “An evaluation of the liquefactiontsusceptibility
shall be made when the foundations soils include extended layers or thick lenses of
loose sand, with or without silt/clay fines, beneath the water level,“and when such
level is close to the ground surface”.

The seismic shear stregscan be estimated from the simplified expression:

Te = 0,6504Y: SOy (1)

whereay, is the design ground acceleration raftas the importance factor, S is the

soil parameter and,, is the total overburden pressure. This expression should not be
applied for depths larger than 20 m. The shear level should be multiplied by a safety
factor of[1.29.

The magnitude correction factors in EC8 follow the proposal of Ambraseys
(1988) and are different from the NCEER (1997), factors. A comparison between the
different proposals is shown in Table 1.

Table 1- Magnitude scaling factors

Magnitude N Seed & Idris (1982 Idriss NCEEF (1997 Ambrasey: (1988
5.E 1.4 2.2C 2.8¢
6.C 1.32 1.7¢€ 2.2C
6.5 1.1¢ 1.4 1.6¢
7.C 1.0¢ 1.1¢ 1.3C
7.5 1.0C 1.0C 1.0C
8.C 0.9/ 0.84 0.67
8.5 0.8¢ 0.72 0.44

A new proposal with“a summary of different authors presented by Seed et al.
(2001) is shown in Figure,1.

Empirical liuefaction/charts are given with seismic shear wave velocities versus
SPT values to assess liguefaction. A comparison between NCEER (1997) and ECS8
proposal for pre-standard is shown in Figure 2. It is important to refer that the pro-
posal for EC8 is based on the results of Roberston et al.(1992) and the proposal of
NCEER(1997) incorporates very recent results.

However the EC8 standard version considers that these correlations are still under
development and need the assistance of a specialist.

The importance of this topic has increased and the assessment of liquefaction re-
sistance from shear wave crosshole tomography was proposed by Furuta and Yama-
moto (2000).

A new proposal presented by Cetin et al. (2001) is shown in Figure 3 considered
advanced in relation with the previous ones, as integrates: (i) data of recent earth-
guakes; (ii) corrections due the existence of fines; (iii) experience related a better in-
terpretation of SPT test; (iv) local effects; (v) cases histories related more than
200 earthquakes; (v) Baysiana theory.
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Figure 1 —Recommendations for correlations with magnitude (after Seed et. al., 2001)

Bray et al. (2004) have shown that the chinese criteria proposed by Seed and
Idriss (1982) was not reliable for the analysis of'silty sands liquefaction and have
proposed the plasticity index.

Alba (2004) has proposed Bingham model, based in triaxial tests of large samples,
to simulate residual strength of liquefiedisands.

For liquefaction evaluation of sandy materials two methods are used, namely,
based in laboratory tests or fieldstests The following laboratory tests are used:(i) cyc-
lic triaxial tests; (ii) cyclic simple shesr tests; (iii) cyclic torsional shear tests. Due the
difficulties to obtain undisturbed samples of high quality in general field tests are
used: SPT tests, CPT tests, seismic cone tests, flat dilatometer tests and tests to asses
electrical properties (Séco ‘e Pinto et. al, 1997).

For liquefaction assessment by shear wave velocities two methodologies are used:
(i) methods combining.the shear wave velocities by laboratoty tests on undisturbed
samples obtainedsby,tube samplers or by frozen samples (Tokimatsu et al., 1991); (ii)
methods measuring shear wave velocities and its correlation with liquefaction as-
sessment by field observations (Stokoe et al., 1999).

EC8 uses,corrective factors proposed by Ambraseys (1988), based in field tests
that are different of the values proposed by Seed and Idriss (1982) and from the val-
ues_proposed by NCEER (1997) based in laboratory tests. All the values are summa-
rized in Table 2.

Table 2— Corrective values for magnitude

Magnitude M Seed et Idriss (198 NCEER(1997 Ambraseys (198

5E 1,42 2,2C 2,8€
6,C 1,32 1,7¢ 2,2

= 1,1¢€ 1,44 1,6¢
7,C 1,0¢ 1,1¢ 1,3C
7,5 1,0C 1,0 1,0C
8,C 0,94 0,84 0,67
8,5 0,8¢ 0,72 0,44
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Figure 3 —Probabilisticiapproach for liquefaction analysis (after Cetin et al., 2001)

Bray et al. (2004), have shown that the chinese criteria proposed by Seed and
Idriss (1982) wasynot reliable for the analysis of silty sands liquefaction and have
proposed the plasticity index.

Due the difficulties in performing CPT and SPT tests in soils with gravels some
proposals 10 evaluate the susceptibility of liquefaction of these materials based in
seismic tests'with measurement of shear waves velocities Vs were proposed (Andrus
etal, 1999; Stokoe et al, 1999).

A probabilistic method considering the unknowns in liquefaction was proposed by
Todorovsha and Trifunac (1999).

The liquefaction assessment of silty sands materials with different contents of sil-
ty and confining pressures were investigated by Amini and Qi (2000).

The post-liquefaction strength of silty materials is less than sandy materials, but
superficial silty materials with moderate density are dilatant and with high strength

than clean sands (Youd and Gilstrap, 1999).
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The authors have concluded that loose soils with IP<12 and w&\W85 are sus-
ceptible to liquefy and loose soils with 12< IP<20 and wa/®.85 have higher
strength to liquefy and soils with IP>20 are no liquefiable.

It is important to refer that Eurocode 8 (1998)-Part 5 considers no risk of liquefaction
when the ground acceleration is less than 0.15 in addition with one of the following con-
ditions: (i) sands with a clay content higher than 20 % and a plasticity index > 10;
(i) sands with silt content higher than 10% andd8)>20; and (iii) clean sands with
com Ny(60)>25.

The VELAC (Verification of Liquefaction Analyses by Centrifuge Tests) pro-
gram has the purposes to calibrate the results of numerical models with the centrifuge
tests involving 8 universities in USA and UK (Arulanandan e Scott (1993, 1994).
Also CANLEX (Cooperation Canadian Liquefaction Experiments) program has
benefited of the synergies of industry, consultants, universities and sampling of high
guality in sandy materials (Roberston et al., 1995)

2.2 Post Liquefaction Strength

The topic related with the assessment of post liguefaction,strength is not treated in
EC8, but it seems that the following variables are important: fabric or type of com-
paction, direction of loading, void ratio andinitial effective confining stress (Byrne
and Beaty, 1999).

A relationship between SPT N value and residual strength was proposed by Seed
and Harder (1990) from direct testing and field experience (Figure 4).

Ishihara et al.(1990) have proposed arelation of normalized residual strength and
SPT tests, based on laboratory tests compared with data from back-analysis of actual
failure cases (Figure 5). Also Ishihara,et al. (1990) by assembling records of earth-
guake caused failures in embankments, tailings dams, and river dykes have proposed
the relation of Figure 6, in termsef‘the normalized residual strength plotted versus
CPT value.

Alba (2004) has proposed. Bingham model, based in triaxial tests of large samples,
to simulate residual strength of liquefied sands.

2000
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Figure 4 —Relationship between (N1) 60 and residual strength (after Seed and Harder, 1989)
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Figure 5 —Relation of normalized residual strength and SPT tests (after Ishihara et al., 1990)

2.3. Settlements Assessment

The susceptibility of foundations soils to densification and to excessive settle-
ments is referred in ECS8, but the assessment of expected liquefaction - induced de-
formation deserves more consideration.

By combination of cyclic shear stress ratio and normalized SPT N-values Toki-
matsu and Seed (1987) have proposed relationships with shear strain (Figure 7).

To assess the settlement of the ground due to the liquefaction of sand deposits
based on the knowledge of the safety factor against liquefaction and the relative den-
sity converted to the value of N1 a.chart(Figure 8) was proposed by Ishihara (1993).

Shamoto et. al, 1998) have propasedrFigure 9 for computation of shear deforma-
tions for sandy soils

a : Mochikoshi '
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»
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Figure 6 —Relation of normalized residual strength and CPT tests (after Ishihara et al., 1990)

2.4. Remedial Measures

Following EC8 ground improvement against liquefaction should compact the soll
or use drainage to reduce the pore water pressure. The use of pile foundations should
be considered with caution due the large forces induced in the piles.
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Figure 7 —Correlation between volumetric strain
and SPT (after Tokimatsuand Seed, 1987)

The remedial measures against liquefaction can be classified in two categories
(TC4 ISSMGE, 2001; INA, 2001): (i)=thewprevention of liquefaction; and (ii) the
reduction of damage to facilities due to liquefaction.

Factor of safety for liquefaction, F;

D,= .
o2k ( 50 * ] |
Q= 209'9?1('-"“z
A 1. 1 1 A AL
0 1.0 2.0 30 40 50

Post-liquefaction volumetric strain, €, (%)

Figure 8 —Post cyclic liquefaction volumetric strain curves using CPT
and SPT results (after Ishihara, 1993)
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Figure 9 —Shear deformations for sandy seils (after Shamoto et. al, 1998)

The measures to prevent of occurrence ofliquefaction include the improvement of
soil properties or improvement of conditions for stress, deformation and pore water
pressure. In practice a combination‘of these two methods is adopted.

The measures to reduce liquefaction induced damage to facilities include (1) to
maintain stability by reinforcing 'structure: reinforcement of pile foundation and rein-
forcement of soil deformation with"sheet pile and underground wall; (2) to relieve ex-
ternal force by softening er modifying structure: adjusting of bulk unit weight, an-
chorage of buried structures,flattering embankments.

In NEMISREF Project the following criteria for selection was used (Evers, 2005):
(i) Potential efficiency;«(ii), Technical feasibility; (iii) Impact on structure and envi-
ronmental; (iv) Cost-effectiveness; (v) Innovation.

Two methods were selected: (i) Soil grouting using calcifying bacteria; (ii) con-
finement walls

Related with calcifying bacteria the objective of soil consolidation is to create a
cementation between the grains of soil skeleton increasing the cohesion.

With confinement wall even if partial liquefaction could occur the final deforma-
tions will be controlled.

The improvement of soil properties, to prevent soil liquefaction, by soil cementa-
tion and solidification is performed by deep mix method (Port Harbour Research In-
stitute, 1997), so within this framework the use of bacteria technique is innovative.

The structural strengthening is performed by pile foundation and sheet pile (INA,
2001) and so the confining wall can be considered innovative.

The proposed methods of remediation have an additional advantage minimizing
the effects on existing structures during soil improvement.
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Comments: From the analyses of this section it seems that the following items
deserve more clarification (Séco e Pinto, 1999b):

) It is important to quantify the values of extended layers or thick lenses of loose sand;

i) What is the meaning of “......when such level is close to the ground surface”?
What depth? What is the maximum depth liquefaction can occur?

i) No recommendation is presented to compute seismic shearitfesslepths
larger than 20 m;

Iv) The use of Becker hammer and geophysical tests to assesssthe liquefaction of
gravely materials should be stressed;

v) The recommended multiplied factor CM for earthquake magnitudes different
from 7.5 deserves more explanation. It is important to refer that the'well known cor-
relation proposed by Seed et al (1983) for cyclic stress ratio veid® N0 assess
liguefaction and adopted in Annex B of EC8 — Part 5 use, different correction factor
for earthquake magnitudes different from 7.5;

vi) No reference is given for the residual strength of soil.

3. EARTH RETAINING STRUCTURES

The methods of analyses of an earth-retaining structure shall incorporate: (i) the
non-linear behaviour of the soil; (ii) the inertia effects associated with the masses of
the soail; (iil) the hydrodynamic effects generated with by the presence; (iv) the com-
patibility between deformations of the soil,'wall and the tiebacks.

For the pseudo—static analysis of rotating structures the seismic coefficients can
be taken as:

Kn = Ogi S/ 9. (1)
kv =% 0,5 k when the ratiodyy/0g/Is greater than 0.6 (2)
ky =+ 0,33 k otherwise (3)

Whereaqy, is the reference peak ground acceleration for class A ground, S is the soll
parametery; is the importance factor of the structure and the factor r takes the values
listed in Table 3.

For saturated cohesionless soils susceptible to develop high pore pressure the
r factor should not'be taken larger than 1.0, and the safety factor against liquefaction
should not be lessithan 2.

The point ofyapplication of the force due to dynamic earth pressure shall be as-
sumed to lie at midheight of the wall and for walls which are free to rotate about their
toe it is appropriate to consider the dynamic force acting at the same point as the stat-
ic force.

Table 3— Factor affecting the horizontal seismic coefficient

Type of retaining structure r
Free gravity walls that can accept a displacemenB0a S(mm) 2

As above with g< 200a S(mm) 15
Flexural r.c. walls, anchored or braced walls, r.c. walls founded on vertical piles,

restrained basement walls and bridge abutments. 1.0
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For a soil permeability coefficient less than 5%1f/s the pore pressure is not
free to move and the soil will behave as an undrained situation, during the occurrence
of seismic action.

The earth pressure coefficient can be computed from the Mononobe and Okabe
formula.

The point of application of the force due to the hydrodynamic water pressure lies at a
depth below the top of the saturated layer equal to 60% of the height of such layer.

The pressure distributions on the wall due to the static and the dynamic action
shall be assumed to act with an inclination with respect to the normal to the wall not
greater than (2/3p for the active state and equal to zero for the passive state.

The stability of soil foundation shall be assessed for the following conditions: (i)
overall stability; and (ii) local soil failure.

The anchoring system (tiebacks and anchors) provided behind walls and bulk-
heads shall have enough strength to assure equilibrium of the critical soil wedge un-
der seismic conditions, as well as a sufficient capacity to,adapt to the seismic defor-
mations of the soil.

The ECS8 does not refer to the behavior of reinforced walls. The behavior of these
structures during recent earthquakes suggests that these types of structures are wel
suited for seismically active regions (Sitar et al., 1997).

The ECS8 only refers the condition of walls'to slide, but it is important to stress the
rocking of large concrete gravity walls under earthquake loading (Séco e Pinto,
1995).

For an embedded retaining structure characterized by a ductile behavior, it can be
anticipated that the equivalent value of the acceleration to use in a pseudo-static cal-
culation, as if it were constant in time; should be significant smaller than the expected
peak acceleration (Anastassapoulos; 2004).

The authors have performed numerical analyses and the obtained results were in
good agreement with the'behavior observed during Northridge, Kobe, Parnitha and
Kocaeli esrthquekes .

Comments From/the.analyses of this section it seems that the following items
deserve additional consideration:

(i) Design methods for the computation of permanent displacements that allow the
couple computation of rotation and translation movements should be referred;

(i) For retaining walls of medium heights (greater than 6 m) the computed dis-
placements,are larger than the values listed by EC 8 (Wu and Prakash, 2001);

(i) Thepermanent displacements should be related with the height of the wall;

(iv) Thesgood behaviour of geogrid — reinforced soil retaining walls in compari-
son_with reinforced concrete cantilever retaining walls, during the occurrence of
earthquakes, should be stressed.

The lessons related the behavior of retaining structures during the occurrence of
earthquakes have appointed the importance of the following factors: (i) increasing of
seismic pressures; (ii) variation of hydrodynamic pressures; (iii) decreasing of stable
forces due the weigth of the structure; (iv) increasing of pore pressures and
consequently reduction of effective pressures; and (v) liquefaction of backfill and
foundations materials.
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Due the restrictions of pseudo-static methods in predicting seismic displacements
new methods for predicting displacements were proposed by Richard and Elms (1979)
and Siddhartan et al. (1991) that allow the design of more economic structures

A comparison between the results of shaking table and numerical methods based
in Zarrabi model was presented by Simonelli et. al. (2000).

The numerical methods and particularly the finite element method allow the
analysis of variable geometries and complex constitutive laws incorporating soll
hysteretic non linear behavior (Siddharthan e Norris, 1991) and. elastoplastic non
linear behavior with pore pressures generation (Allampalli e Elgamal, 1991).

4. SOIL-STRUCTURE INTERACTION

In general for the Soil-Structure Interaction (SSI) the design engineers ignore the
kinematic component, considering a fixed base analysis ofithe structure, due the fol-
lowing reasons: (i) in some cases the kinematic interactionnmay be neglected;(ii)
aseismic building codes, with a few exceptions e.g. Eurocode 8 do not refer it; (iii)
kinematic interaction effects are more difficult to_ assess than inertial forces (Séco e
Pinto, 2003).

There is strong evidence that slender tall structures, structures founded in very
soft soils and structures with deep foundations:;the SSI plays and important role.

The Eurocode 8 states:"Bending moments developing due to kinematic interac-
tion shall be computed only when two or more of the following conditions occur si-
multaneously: (i) the subsoll profile is of class [3,06 S, and contains consecutive
layers with sharply differing stiffness;(ii) the zone is of moderate or high seismicity,
0>0.10;(iii) the supported structure is of important category | or Il.

The stability of footings for the ultimate state limit design criteria shall be ana-
lysed against failure by sliding and against bearing capacity failure.

For shallow foundations under,seismic loads failure can not be defined for situa-
tions when safety factor becomes less than 1, but is related with permanent irrecover-
able displacements.

The seismic codes reecommend to check the following inequality:

Si<Ry, (4)
where G is the seisSmic design action angltRe system design resistance.

In the inequality«(4) partial safety factors shall be included following the recom-
mendations«f Eurecode 8.

Theoretical ‘and experimental studies to provide bearing capacity solutions to in-
clude the effect of soil inertia forces led to the inequality (Pecker, 1997):

@N,V,M,F)<0 (5)
whereg = 0 defines the equation of the bounding surface (Figure 10).

The combination of the loading lying the outside the surface corresponds to an
unstable situation and the combination lying inside the bounding surface corresponds
to a potentially stable situation.

Piles and piers shall be designed to resist the following action effects: (i) inertia
forces from the superstructure; and (ii) kinematic forces resulting from the deforma-
tion of the surrounding soil due the propagation of seismic waves.
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The complete solution is a 3D analysis very time demanding and it is not adequate
for design purposes. The decomposition of the problem in steps is shown in Figure 11
and implies (Gazetas and Mylonakis, 1998): i) the kinematic interaction involving the
response of the base acceleration of the system considering the mass of superstructur
equal to zero; (ii) the inertial interaction that involves the computation of the dynamic
iImpedances at the foundation level and the dynamic response of the superstructure.

For the computation of internal forces along the pile, as well as the deflection and
rotation at the pile head, both discrete (based in Winkler Spring medel) or continuum
models can be used (Finn and Fujita, 2004).

The lateral resistance of soil layers susceptible to liquefaction'shall be neglected.

In general the linear behavior is assumed for the soil.

The nonlinear systems are more general and the termynon linearities include the
geometric and material nonlinearities (Pecker and Pender,;.2000).

The engineering approach considers two sub-domains (Figure 12):

i) a far field domain where the non linearities are negligible;

i) a near field domain in the neighbouring of the/oundation where the effects of
the geometrical and material linearities are concentrated.

The following effects shall be included: (i)flexural stiffness of the pile; (ii) soil
reactions along the pile; (iii) pile—group effects; and (iv) the connection between pile
and structure.

The use of inclined piles is not recommended to absorb the lateral loads of the soils.
If inclined piles are used they must be designed to support axial as well bending loads.

Piles shall be designed to remain elastic, if this is not possible potential plastic
hinging shall be considered for: (i)+a.region of depth 2 d (d-diameter of the pile) from
the pile cap; (ii) a region af 2 d from any interface between two layers with differ-
ent shear stiffness (ratio of shear moduli > 6).

Evidence has shown that soil confinement increases pile ductibility capacity and
increases pile plastic hinge length. Piles have shown the capability to retain much of
their axial and lateral.eapacity even after cracking and experienced ductibility levels
up to 2.5 (Gerolymos and Gazetas, 2006).

The investigationumethods for pile foundation damage are: direct visual inspec-
tion, the use of borehole camera inspection and pile integrity test. The ground defor-
mation can be investigated by visual survey and GPS survey (Matsui et al. 1997).

The stability of footings for the ultimate state limit design criteria shall be ana-
lysed against failure by sliding and against bearing capacity failure.

For, shallow foundations under seismic loads failure can not be defined for situa-
tions when safety factor becomes less than 1, but is related with permanent irrecover-
abledisplacements

The combination of the loading lying the outside the surface corresponds to an
unstable situation and the combination lying inside the bounding surface corresponds
to a potentially stable situation.

Piles and piers shall be designed to resist the following action effects: (i) inertia
forces from the superstructure; and (ii) kinematic forces resulting from the deforma-
tion of the surrounding soil due the propagation of seismic waves (Mineiro, 2000).
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Comments The following topics deserve more consideration:

1) The influence of pile cap;

i) The moment rotation capacity of pile footing;

iii) The incorporation of the non linear behaviour of the materials in the methods
of analysis;

Iv) The instrumentation of the piles for design purposes;

v) Some guidelines about group effects, as there are significant different opinions
on the influence of group effects related with the number of piles;.spacing, direction
of loads, soil types and construction methods of piles.
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Figure 10 —Bounding surface for cohesive soils (after Pecker, 1997)

For the evaluation of mitigation methods a‘preliminary analysis of the following
solutions was performed (Evers, 2005): (1) Stiffening solutions - hard layer, rein-
forced concrete walls, soil stiffening_at,foundation level and inclined piles; (ii) Soft
material barriers - soft layer, expanded polystyrene (EPS) walls, air-water balloons
and soft caisson; (iii) oscillators.

For the criteria of selection the following factors were used: Potential efficiency,
technical feasibility, impact on structure and environment, cost-effectiveness and in-
novation.

From this analysis the' following two mitigation methods: i) soil stiffening (in-
clined micro-piles) and ii).deformable soft barriers (soft caisson) were selected.

A 3D analysis cansidering non linear behavior for soil was done by Oliveira et
al.(1996).

For the computation of pile inertia forces as well for the lateral displacement of
pile and headetatien discrete models can be used (based on Winkler model ) or con-
tinuous model.

The lateral strength of layers susceptible to liquefaction should be neglected.

5. FUTURE DEVELOPMENTS
The following topics deserve more consideration:

Liguefaction

1) The use of Becker hammer and geophysical tests to assess the liquefaction of
gravely materials should be stressed;

i) Determination of residual strength of soill;

i) Evaluation of liquefaction consequences;

Iv) Mitigation methods.
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Soll —structure interaction

1) The influence of pile cap;

i) The incorporation of the non linear behaviour of the materials in the methods
of analysis;

i) The instrumentation of the piles for design purposes;

Iv) Analysis of piles group.

®)
Inertial Interaction

Superstructure
Inertial Response

Figure 11 —Decomposition of the problem

43



Figure 12 —Conceptual subdomains for dynamic soil structure analyses
(after Pecker and Pender, 2000)

5. CONCLUSIONS

Earthquakes are very complex and dangerous matural phenomena, which occurs
primary in known seismic zones, although severeearthquakes have also occurred
outside these zones in areas considered being geologically stable. As a result,
regulatory agencies became more stringent.in their requirements for demonstration of
adequate seismic stability and design engineers responded by developing new and
more convincing design approaches than had previously used. Thus the past years
have seen a major change in interest.and attitude towards this aspect of design..

The lessons learned from recent earthquakes such as: Northridge (1994), Kobe
(1995), Umbria-Marche (1997), Kecaeli<(1999), Athens (1999), Chi-Chi (1999) and
Bhuj (2001) have provided important observational data related with the seismic
behavior of geotechnical structures:

The work performed by the'Commission of the European Communities (CEC) in
preparing the “Structural Eurecodes” in order to establish a set of harmonised technical
rules is impressive. However we feel that some topics deserve more consideration.

The need of cost/effective methods to upgrade buildings by developing new spe-
cific foundations techniques is a major problem. So the objective of reducing the
earthquake motion transferred to the structure through the foundation by developing
innovative construetive techniques for soil improvement and soil reinforcement is
getting increase attention.

One very important question to be discussed is: (i) how detailed a seismic code
must.be; (i) what is the time consuming to establish a set of harmonised technical
rules for the"design and construction works? (iii)) How to improve the relations be-
tween the users: relevant authorities, clients and designers? and (iv) how to imple-
mentiin practice that codes may not cover in detail every possible design situation
and it may require specialised engineering judgement and experience? It is hoped that
the contributions to be presented by CEN members, in the next years, will help to cla-
rify several questions that still remain without answer.

From the analysis of past incidents and accidents occurred during the earthquakes
it can be noticed that all the lessons have not deserved total consideration, in order to
avoid repeating the same mistakes.
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It is important to stress that a better understanding of geotechnical structures dur-
ing the occurrence of earthquakes can only be achieved by a continuous and perma-
nent effort.

In dealing with this subject we should always have in mind:

There's a fount about to stress
There's a light about to beam,
There's a flower about to blow,
There's a warmth about to glow;
There's a midnight darkness changing
Into grey,

Men of thought and men of action,
Clear the way”
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GENERAL PRESENTATION OF EUROCODE 8 —
‘DESIGN OF STRUCTURES FOR EARTHQUAKE RESISTANCE”

Pedro S. Séco e Pint@onsulting Engineer, Lisbon, Portugal

2. INTRODUCTION

The Eurocode 8 (EC8) “Design of Structures for Earthquake Resistant” deals with
the design and construction of buildings and civil engineering works in seismic re-
gions is divided in six Parts.

The Part 1 is divided in 10 sections:

Section 1- contains general information;

Section 2- contains the basis requirements ands,compliance criteria applicable to
buildings and civil engineering works in seismic regions;

Section 3- gives the rules for the representation of seismic actions and their
combination with other actions;

Section 4- contains general design rules relevant specifically to buildings;

Section 5- presents specific rules for concrete buildings;

Section 6- gives specific rules for steel buildings;

Section 7- contains specific rules for. steel-concrete composite buildings;

Section 8- presents specific rules for timber buildings;

Section 9- gives specific rulessfor. masonry buildings;

Section 10- contains fundamental requirements and other relevant aspects for the
design and safety related tobase isolation.

Further Parts include the following:

Part 2 contains relevant previsions to bridges.

Part 3 presents provisions for the seismic strengthening and repair of existing
buildings.

Part 4 gives specific provisions relevant to tanks, silos and pipelines.

Part 5 contains specific provisions relevant to foundations, retaining structures
and geotechnicahaspects.

Part 6 presents specific provisions relevant to towers, masts and chimneys.

lasparticular the Part 5 of EC8 establishes the requirements, criteria, and rules for
siting and foundation soil and complements the rules of Eurocode 7, which do not
cover the special requirements of seismic design.

Thetopics covered by Part 1- Section 1 namely: seismic action, ground conditions
and soil investigations, importance categories, importance factors and geotechnical
categories are discussed.

The definition of seismic action by Eurocode 8-Part 1 based in elastic response
spectrum, ground acceleration time-histories and related quantities (velocity and dis-
placement), and artificial accelerograms is addressed.
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The characterization of dynamic properties by laboratory and field tests and clas-
sification of deposits is presented.

The site effects, the neotectonic conditions, the directivity effects, the frequency
and pulses effects, the attenuation laws, the shape of valley, the topographic effects
and importance categories are referred.

Also a comparison is done between Eurocode 8 and the geotechnical seismic codes
adopted in different regions, in order to highlight the similitude and differences.

The education on earthquake geotechnical engineering, the role of Seismic Re-
search Centres are discussed.

2. SEISMIC ACTION

The definition of the actions (with the exception of seismic actions) and their
combinations is treated in Eurocode 1 “Action on Structures”.

In general the national territories are divided by the National Authorities into
seismic zones, depending on the local hazard.

In EC 8, in general, the hazard is described in terms of a single parameter, i.e. the
value g of the effective peak ground acceleration in rock orfirm soil called “design
ground acceleration”(Figure 1) expressed in termsof: a) the reference seismic action
associated with a probability of exceedingd® of 10 %in 50 years; or b) a refer-
ence return period (Er)= 475.

These recommended values may be changed by the National Annex of each coun-
try (e.g. in UBC (1997) the annual probability of exceedance is 2% in 50 years, or an
annual probability of 1/2475).

where:

Se (T) elastic response spectrum,

T vibration period of a linear single-degree-of-freedom system,

04 design ground acceleration,

Tg, Tc limits of the constant spectral acceleration branch,

Tpvalue defining the beginning of the constant displacement response range of
the spectrum,

S soil parameter with reference value 1.0 for subsoil class A,

n damping correction‘factor with reference value 1.0 for 5 % viscous damping.

The earthquake motion EC 8 is represented by the elastic response spectrum de-
fined by 3 companents.

It is recommended the use of two types of spectra: type 1 if the earthquake has a
surface wave,magnitude Ms greater than 5.5 and type 2 in other cases.

The seismic'motion may also be represented by ground acceleration time-histories
and_related quantities (velocity and displacement). Artificial accelerograms shall
match the “elastic response spectrum. The number of the accelerograms to be usec
shall give a stable statistical measure (mean and variance) and a minimum of 3 acce-
lerograms should be used and also some others requirements should be satisfied.

For the computation of permanent ground deformations the use of accelerograms
recorded on soil sites in real earthquakes or simulated accelerograms is allowed pro-
vided that the samples used are adequately qualified with regard to the seismogenic
features of the sources.

For structures with special characteristics spatial models of the seismic action
shall be used based on the principles of the elastic response spectra.
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3. GEOTECHNICAL CHARACTERIZATION

The geotechnical parameters obtained from laboratory and field tests for design
purposes are summarized in Tables 1 and 2 (Séco e Pinto, 1997). The symbols have
the following meaning:

V. = transverse wave velocity E = elasticity modulus
V,, = longitudinal wave velocity Si=.undrained strength
Gmax = maximum shear modulus 3 = damping ratio
Table 1- Field tests
Tests Parameters
Vp Ve Gmas
Refraction X X X
Uphole X X X
Downhole X X X
Crosshole X X X
Seismic cone X X X
Table 2— Laboratory tests
Tests Parameters
G E 3 Gma»
Resonant Column X X X X
Cyclic:Triaxial X X X
Cyclic simple shear X X X
Cyclie torsional shear X X X

The variation of shear modulus and damping ratio with shear strain related gravel
materials (GW), sandy soils (SW), clay soils of low plasticity (CL) and high plasticity
(CH)are presented in Fig. 2 (Stokoe et al. 2004).

4. GROUND CONDITIONS

For the ground conditions five subsoil classes A, B, C, D and E are considered:

Subsaoil class A — rock or other geological formation, including at most 5 m of weak-
er material at the surface characterised by a shear wave velgoftat\feast 800 m/s;

Subsoil class B — deposits of very dense sand, gravel or very stiff clay, at least
several tens of m in thickness, characterised by a gradual increase of mechanics prop-
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erties with depth shear wave velocity between 360-800 myszbBD blows and
c,>250 kPa.

Subsoil class C — deep deposits of dense or medium dense sand, gravel or stiff
clays with thickness from several tens to many hundreds of meters characterised by a
shear wave velocity from 160 m/s to 360 m/gp-Nfrom 15-50 blows and,érom 70
to 250 kPa.

Subsoil class D — deposits to loose to medium cohesionless soil (with or without
some soft cohesive layers), or of predominantly soft to firm cohesive soil characterised
by a shear wave velocity less than 180 m{s;Ness than 15 and lessthan 70 kPa.

Subsoil class E — a soil profile consisting of a surface alluvium layer with Vs,
30 values of type C or D and thickness varying between about 5mand 20m, underlain
by stiffer material with Vs,30>800m/s.

Subsoil $ — deposits consisting - or containing a layer atieast 10 m thick - of soft
clays/silts with high plasticity index (P1>40) and high water,content characterised by
a shear wave velocity less than 100 m/s gnidetween. 10<20 kPa.

Subsoil $ — deposits of liquefiable soils, of sensitive clays, or any other soil pro-
file not included in types A-E or,S

For the five ground types the recommended values for the parameteysTg, T
Tp, for Type 1 and Type 2 are given in Tables 1 and 2.

The recommended Type 1 and Type 2 elasticiresponse spectra for ground types A
to E are shown in Figures 3 and 4.
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Table 3- Values of the parameters describing the Type 1 elastic response spectrum
Ground Type S Ts(S) Tc(S) To(s)
A 1.0 0.15 04 2.0
B 1.2 0.15 0.5 2.0
C 1.15 0.20 0.6 2.0
D 1.35 0.20 0.8 2.0
E 1.4 0.15 0.5 2.0
Table 4: Values of the parameters describing the Type 2 elastic response spectrum
Ground Type S T5(S) Tc(s) To(s)
A 1.0 0.05 0.25 1.2
B 1.35 0.05 0.25 1.2
C 1.5 0:10 0.25 1.2
D 1.8 0.10 0.30 1.2
E 16 0.05 0.25 1.2

The recommended values,of the parameters for the five ground types A, B, C, D
and E for the vertical.spectra are shown in Table 5. These values are not applied for
ground types S1 and S2.

Table 5- Recommended values of the parameters for the five ground types A, B,
C,Dand E

Spectrum Olyg/Og Tg(S) Tc(s) To(s)
Typel 0.9 0.05 0.15 1.0
Type 2 0.45 0.05 0.15 1.0

The actual ground classification of EC8 follows a classification based on shear
wave velocity, on SPT values and on undrained shear strength, similar to UBC (1997)
that is shown in Table 6.

Based on the available strong-motion database on equivalent linear and fully non-
linear analyses of response to varying levels and characteristics of excitation Seed et
al. (1997) have proposed for site depending seismic response the Figure 5 yvhere A
A and AB are hard to soft rocks, B are deep or medium depth cohesionless or cohe-
sive soils, C, D soft soils and E soft soils, high plasticity soils.
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Table 6— Ground profile types (after UBC, 1997)

Ground Ground Shear wavt SPT test Undrained shee
profile type descriptiol velacity Vs(m/s’ strength (kP¢
Sa Hard rock 1500 T B S
Sp Rock 76C-150( e

Very dense so|
Sc and soft roc 360-760 >50 >100
Sp Stiff soil 18C-36C 15-5C 5C-10C
Se Soft soi <18C <1t <5C
Sk Special sall
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Figure 5 —Response spectra (after Seed et al., 1997)

5. IMPORTANCE CATEGORIES, IMPORTANCE FACTORS AND
GEOTECHNICAL CATEGORIES

The structures following EC 8 (Part 1.2) are classified in 4 importance categories
related with its size, value and importance for the public safety and on the possibility
of human losses in case of a collapse.
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To each importance category an important fagtas assigned. The important
factory, = 1,0 is associated with a design seismic event having a reference return pe-
riod of [479 years. The importance categories varying | to IV (with the decreasing of
the importance and complexity of the structures) are related with the importance fac-
tory, assuming the valu¢%,4], [1,2, [1,0] and[0,8], respectively.

To establish geotechnical design requirements three Geotechnical Categories 1, 2
and 3 were introduced in EC 7 with the highest category related with ‘unusual struc-
tures involving abnormal risks, or unusual or exceptionally diffieult ground or load-
ing conditions and structures in highly seismic areas.

Also it is important to refer that buildings of importance categ¢tidg, I11] shall
generally not be erected in the immediate vicinity of tectonic faults recognised as
seismically active in official documents issued by competent national authorities.

Absence of movement in late Quaternary should bé used to identify non active
faults for most structures.

It seems that this restriction is not only very difficult to follow for structures such
as bridges, tunnels and embankments but conservative due the difficult to identify
with reability the surface outbreak of a fault.

Anastapoulos and Gazetas (2006) have,propesed a methodology to design struc-
tures against major fault ruptures validated,through successful Class A predictions of
centrifuge model tests and have recommended some changes to ECS8 - Part 5.

Comments The following comments are presented: (i) no reference is made for
the influence of strong motion data,with.the near fault factor (confined to distances of
less than 10 km from the fault rupture surface) with the increases of the seismic de-
sign requirements to be includedwin building codes; (ii) also no reference is estab-
lished between the ground motion and the type of the fault such as reverse faulting,
strike slip faulting and normal,faulting; (iii)

ECS8 refers to the_spatial variation of ground motion but does not present any
guidance; (iv) basin edge and other 2D and 3D effects were not incorporated in ECS8.
The importance of ‘shapes of the boundaries of sedimentary valleys as well as of
deeper geologic ‘structures in determining site response was shown from the analysis
of records inANorthridge and Kobe earthquakes.

6. LOCAL EFFECTS

6.1. Amplification

The influence of local soils conditions on site response following Seed and Idriss
(1982). proposal is presented in Figure 6.

Based on records of earthquakes Idriss (1990) has shown that peak accelerations
on soft soils have been observed to be larger than on rock sites (Figure 7). The high
guality records from very recent earthquakes Northridge (1994), Hyogo-ken-Nambu
(1995), Kocaeli (1999), Chi-Chi (1999) and Tottoriken (2000) have confirmed the
Idriss (1990) proposal
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Based in strong motions records obtained during Hyogoken-Nanbu earthquake in
four vertical arrays sites and using and inverse analysis Kokusho and Matsumuto
(1997) have plotted in Figure 8 the.maximum horizontal acceleration ratio against
maximum base acceleration and preposed the regression equation:

Accsurface/Accbase=2.0 exp(=1:/ Acc/980) (1)
0.6
? 0.5 Rarge &-:_.dm — __
F -
204
S
L =
3 0.3 =
= ‘ﬂccommndod
|~ Adectiary Redabory
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3 1989 L Priecs
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Figure 7 —Influence of local soil conditions on site response (after Idriss, 1990)

Surface acceleration / Base acceleration = 2.0 exp (-1.7 Acc/980) (1)

It is important to stress that the following factors play an important role on site ef-
fects: (i) earthquake frequency; (ii) duration of earthquakes; (iii) ressonance effects;
(iv) basin effects; (v) directivity effects ; e (vi) non linear behaviour.
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6.2. NEOTECTONICS
The tectonic conditions should include tectonic mechanisms, location and descrip-

tion of faults (normal, stryke and reverse) and estimation of fault activity (average
slip rate, slip per event, time interval/between large earthquake, length, directivity ef-
fects, etc), these factors are important to assess the involved risk.

Determination of neotectonic/activity.iumplies first the qualitative geomorphologic
analysis of air photos and topographic maps. The GPS system is another powerful
means of monitoring the crustal mobility.

The following classification for slip rates: extremely low to low for 0.001 mm/year
to 0.01 mm/year, medium to" high 0.1 mm/year to 1 mm/year and very high to

extremely high 10 mm/yearto 100 mm/year.
The most dangerous manifestation concerning the landfill stability and integrity is

the surface fault breaking, intersecting the landfill site.

The currentipractice is the deterministic approach in which the seismic evaluation
parameters were ascertained by identifying the critical active faults which show evi-
dence of maovements in Quaternary time.

Fellowing (ICOLD, 1989) an active fault is a fault, reasonably identified and
located, known to have produced historical fault movements or showing geologic
evidence of Holocene (11 000years) displacements and which, because of its present
tectonie sitting, can undergo movements during the anticipated life of man-made
structures.

To assess if there is the potential for a significant amount of surface dis-
placement beneath the dam several backhoe trenches are excavated with 3 to 4
meters deep and 30 to 50 meters long and should be inspected and log the expo-

sures geologic features.
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Recently a fault investigation method other than trenching has been developed,
called the long Geo-slicer method in which long iron sheet piles with a flat U-shaped
cross section are driven into an unconsolidated bed, iron plate shutters are inserted to
face these iron sheet piles and the piles and shutters are pulled out to take undisturbec
samples of strata of a certain width. This method is advantageous in regard to the
ease of securing land for conducting investigations compared with trenching and the
ease of bringing the strata samples back to the laboratory for detailed observations
(Tamura et.al, 2000).

When active faults are covered with alluvium geophysicaléexplorations such as
seismic reflection method, sonic prospecting, electric prospecting, electromagnetic
prospecting, gravity prospecting and radioactive prospecting can be used (Takahashi
et al., 1997). Of these the seismic reflection method can‘locate faults if geological
conditions are favourable, and confirm the accumulation.ef.fault displacements based
on the amount of displacements in strata that increases with strata age.

The tectonic conditions should include tectonie'mechanisms, location and descrip-
tion of faults (normal, stryke and reverse) and estimation of fault activity (average
slip rate, slip per event, time interval between large earthquake, length, directivity ef-
fects, etc), these factors are important to assess.the involved risk.

Determination of neotectonic activity implies first the qualitative geomorphologic
analysis of air photos and topographic maps. The GPS system is another powerful
means of monitoring the crustal mobility.

Cluff et al.(1982) have proposed the, following classification for slip rates: ex-
tremely low to low for 0.001 mm/year.to 0.01 mm/year, medium to high 0.1 mm/year
to 1 mm/year and very high to extremely:high 10 mm/year to 100 mm/year.

6.3. Attenuation Relations

Attenuation relations can beudivided into 3 main tectonics classification shallow
crustal earthquakes in active,tectonics regions, regions subduction earthquakes and
shallow crustal earthquakes in stable continental regions.

The following attenuation relations were proposed: Idriss model (1995) and Sa-
digh et al. model/(1997)"have only horizontal component and Abrahamson and Silva
(1977) relation.have been used for vertical component.

Sommerville'et al. (1977) have shown that directivity has a significant effect on
long-period greund motions for sites in the near-fault region

The attenuation relationships for estimating earthquake ground motions rely on
recorded data and should incorporate ground motion parameters. The values of mean
peak acceleration were presented by Trifunac and Brady and compared with recorded
data'in Figure 9, has shown that the range of the recorded data is about a factor of 4
and the range of calculated mean values is closer to a factor of 10.

6.4. Topographic Amplification Factors

For the stability verification of ground slopes EC8 recommends simplified ampli-
fication factors for the seismic action to incorporate the topographic effects. Such fac-
tors should be applied for slopes with height greater than 30 m.

57



] L]

. AERAGE OF PEAX ACCELERATIONS
FoR 0" ANG I BITE CLASEIFICATIONS
AND FOR W=8.0 {THIZ ETUDYI*

e BCHNAREL & IEED® (1973 W -s.a
Ta G.I!.-_-:. ——,

.'-"""..!"

2 Tyeoul > KANA™ {1064) o= .5 -
T 1,8 = y /
s = -
e = L . ILHE & m:z_n:gn'l" t inow)
. D HOUSNER™ {1960] Ms6.S
P R ESTEVA®™ (1970) M=u.3
, e e cLoun & FEaezt Ty
b __ : -
; \ DONOVAN" (m7E)
LUME® (mas) M8 - Mo 8.8

BUTENSERD B RICHTER
imssl wM-%8

LOG {PEAK ACCELERATION - CM/SEC/SEC}

-‘3'
"
MAJORITY OF AVAILABLE DATA et
POINTS FOR M= 6.4 9 0.8 e
k- 4" L,
RN .
T,
L
ole * uses cISTAMCE TO cAUSATIVE FAULT & % : -
' = USES MYPOCENTRAL DISTANGE \
* USES EPICENTRAL DISTANGE
oo B 4 e MOW W oA am W9 e AR L o |
2y Mismotors =~ 8 T Gis & o 0 0o et
< i R ' 3

LOG [(DISTANCE - KM)

Figure 9 — Attenuation relationships (after Trifunac and Brady)

The following recommendations are given:

() for slopes angles less than°1Be topography effects can be neglected;

(i) for isolated cliffs and slopes a value 0£$1,2] should be used;

(ii) for slopes-angles > 30a value of S [1,4] should be used and51,2 for
smaller slope angles;

(iv). in the presence of a looser surface layer more fthlam thick, the smallest
value givenin (ii) and (iii) shall be used increased by at [@884].

No reference is made for 2 D models or 3 D models and for the frequency range
amplifiecations observed in 2 D and 3 D models.

However Paolucci (2005) have pointed that amplification factors for 2D analyses
are of the same range of ECS8, but for 3D analyses the values are 25% higher.

To assess the topographic amplification is important to separate from the site am-
plification. Also topographic amplification varies with the frequency content of the
earthquake (Pitilakis et al., 2001).
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One recent example is related with the topographic amplification occurred in the
coastal bluffs of the Pacific Palisades during the January 17, 1994 Northridge earth-
guake. The slopes with 40 to 60 m height and steep between 45 to 60 degrees failure.

Parametric studies conducted by Idriss (1968) on 27 and 45 degrees clay slopes using
finite element method have shown that the magnitude of peak surface acceleration was
greater at the crest surface of the slope than at points lower on the slope, but comparing
the peak ground acceleration at the crest to that at some distance behind the crest in som
cases the acceleration at the crest was much greater, in other case cases there was litt
difference. The natural period of the soil column behind the crest of a slope was respon-
sible for much more amplification of the input motion than the slope.geometry.

Ashford et al (1997) concluded that topographic effects’can be normalized as a
function of the ratio of the slope height and wave length of the motion and the trend
Is shown in Figure 10.
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Figure 10 — Amplification effeets ofisteep slopes (after Ashford et al, 1997)

7. CODES and STANDARDS

The International Association for Earthquake Engineering (1992) compiled in the
last version of Earthquake\Resistant Regulations — “A World List” seismic codes of
37 countries.

The actual tendeney isyto prepare unified codes for different regions but keeping
the freedom for each country to choose the safety level defined in each National
Document of Application. The global safety of factor was substituted by the partial
safety factors applied to actions and to the strength of materials.

For the oceasion of the Second International Conference on Earthquake
Geotechnical,Engineering, held in Lisbon, 21-25 June, 1999, a Session on Codes
Standards™ and“Safety evaluation took place with the purpose to review and to
highlight the similitude and differences of the geotechnical seismic codes adopted in
different regions.

The different adopted codes are summarized in Table 7.

Life safety was the motivating factor in the development of standards controlling
the design of structures (Finn, 1999).

The codes are important but that they need to be used with caution. Pecker (1999)
said “Although the safety of a construction does not rely only upon codes and
standards which are used for its design and construction, those documents help
significantly to minimize the most commonly encountered causes of deficiencies and
fallacies in seismic areas”.
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Also the lessons learned from the seismic behavior of geotechnical structures are
important for the revision of existing design codes.

Table 7- Codes
Code! Covered Topic Reference
Pecker (199¢
Cuellar(1999)
Séco e Pint(1999b

Finn(1999)
Seed and Moss (1999)

Ground motions, liquefaction, slope stability,

(o)
Eurocode n°8 retaining structures, soil-structure interactior

Ground motions, ligefaction,
North America Codes soil-structure interaction, foundations,
embankment dams, waste land
Ground motions, liquefaction, tank
foundations, lifelines, tailing dams, hark
Ground motions, liquefactiol
foundations, retaining structu

Asian Countries Codes Yasuda (1999)

New Zealand Codes Pender (1999)

8. EducaTION IN EARTHQUAKE ENGINEERING

T. K. Mimoto, e T. Hayakawa. Present state of applications of geophysical me-
thods to characterization of active faults. Journal of Japan, Society of Engineering
Geology, 38, pp.118-129, 1997.

Tamura, C., S. Kanyo, T. Uesaka, |. Nagayama e Y. Wakizaka. Survey and
evaluation of active faults on dam constru¢tion in Japan. Paper n° 2498/QPE,
Auckland, New Zealand, 2000.

TC4 (ISSMGE) (1993). Manual for Zonation on Seismic Geotechnical Hazards,
published by the Japanese Society of Seil Mechanics and Foundation Engineering,
Tokyo.

UBC (Uniform Building Code) International Conference of Building Officials”,
Whittier, California, Vol. I, 1997

Yasuda, S. Seismic design cades for liquefaction in Asia. Proc. of the Second In-
ternational Conference on/Earthquake Geotechnical Engineering, Lisbon, Vol. 3,
pp.1117 - 1121. Edited by{Pedro'Séco e Pinto. Published by A.Balkema, 1999.

Earthquakes are veryscomplex and dangerous natural phenomena, which occur
primarily in known seismic zones, although severe earthquakes have also occurred
outside these zones.in areas considered be geologically stable. As a result, regulatory
agencies became more stringent in their requirements for demonstration of adequate
seismic stability. and design engineers responded by developing new and more
convincing designyapproaches than had previously been used. Thus the past years
have seensaymajor change in interest and attitude towards this aspect of design.

Text 'books that cover soil dynamics and earthquake engineering are useful
instruments~for the lecturers and students and the most popular are: Clough and
Penzien (1975), Prakash (1981), Das (1983), Wolf (1985), Humar (1990), Lay and
Wallaee (1995), Kramer (1995), Ishihara (1996), and Bolt (1999).

Due to the lessons learned from recent earthquakes (Séco e Pinto, 1996) much
progress has been made in the past years in developing and improving understanding
of the seismic behavior of geotechnical structures. Due to this circumstance the text-
books do not cover adequately the recent developments and need to be supplementec
with class notes. This situation obliges to a continuous effort for the lecturers in order
to be up-to-date with the last developments in earthquake engineering.
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Also it is important to narrow the gap between the university education and the
professional practice. As one lecturer can not be a specialist in all topics some
lectures should be given by outstanding practice professionals.

It is also important to stress the activities of EERI (Earthquake Engineering Research
Institute), founded in 1948 that include investigations of destructive earthquakes,
technical workshops, and coordination of research problems in earthquake engineering.
EERI produces a wide variety of publications including technical’. monographs,
earthquake reports, conference proceedings, and seminar notes, as well as multimedic
slide sets, videotapes and CD-ROMs. A monthly Newsletter and.a quarterly journal are
published for members. The EERI web site is a valuable resource.

Videotapes and slide sets from Kobe earthquake (1995); Northidge (1994), Loma
Prieta (1989), Armenia (1988) earthquakes were prepared. Also there are available
slide sets from Umbria-Marche (1997), Erzincan (1993), Costa Rica (1991),
Philippines (1990), Iran (1990) and Mexico (1985) earthquakes.

A lecture series on soil and structure responsesto earthquakes delivered by some
“gurus” of earthquake engineering are available in videotapes:

Lecturel: “Understanding and Predicting Soil Behavior” by Prof. H.Bolton Seed;

Lecture 2: “ Introduction to Structural Dynamics” by/Prof. A. K. Chopra;

Lecture 3:* Understanding and Predicting Structural Behavior” by Prof.
P.C. Jennings;

Lecture 4:* Soil-Structure Interaction” by,Prof. A.S. Veletsos.

Also other institutes such as National Center of Earthquake Engineering Research
(NCEER) established in 1986, Federal Earthquake Management Agency (FEMA),
United States Geological Services (USGS), National Geophysical Design Cen-
ter(NGDC), Earthquake Engineeéring Research Center(EERC), the Disaster Research
Center (DRC) have published several reports, journals and also organized data base
of earthquakes and tsunamis, and social behaviours during accidents.

9. CONCLUSIONS

Earthquakes are very'ecomplex and dangerous natural phenomena, which occurs
primary in known seismiec zones, although severe earthquakes have also occurred
outside these zonmes in“areas considered being geologically stable. As a result,
regulatory agencies became more stringent in their requirements for demonstration of
adequate seismic stability and design engineers responded by developing new and
more convineing design approaches than had previously used. Thus the past years
have seen"amajor change in interest and attitude towards this aspect of design..

The lessons learned from recent earthquakes such as: Northridge (1994), Kobe
(1995), Umbria-Marche (1997), Kocaeli (1999), Athens (1999), Chi-Chi (1999) and
Bhuj(2001) have provided important observational data related with the seismic
behavior of geotechnical structures.

The work performed by the Commission of the European Communities (CEC) in
preparing the “Structural Eurocodes” in order to establish a set of harmonised technical
rules is impressive. However we feel that some topics deserve more consideration.

The need of cost effective methods to upgrade buildings by developing new spe-
cific foundations techniques is a major problem. So the objective of reducing the
earthquake motion transferred to the structure through the foundation by developing
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innovative constructive techniques for soil improvement and soil reinforcement is
getting increase attention.

One very important question to be discussed is: (i) how detailed a seismic code
must be; (ii) what is the time consuming to establish a set of harmonised technical
rules for the design and construction works? (iii) How to improve the relations be-
tween the users: relevant authorities, clients and designers? and (iv) how to imple-
ment in practice that codes may not cover in detail every possible design situation
and it may require specialised engineering judgement and experience? It is hoped that
the contributions to be presented by CEN members, in the nextyears, will help to cla-
rify several questions that still remain without answer.

From the analysis of past incidents and accidents occurred during the earthquakes
it can be noticed that all the lessons have not deserved total consideration, in order to
avoid repeating the same mistakes.

It is important to stress that a better understanding of geotechnical structures dur-
ing the occurrence of earthquakes can only be achievedi\by a continuous and perma-
nent effort.

In dealing with this subject we should always havein mind:

“There’s a fount about to stress
There's a light about to beam,
There's a flower about to blow,
There's a warmth about to glow;
There's a midnight darkness changing
Into grey,

Men of thought and men of action,
Clear the way”
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PECULIARITIES OF DESIGNING PILED-RAET FOUNDATIONS
FOR MULTI-STOREY AND HIGH-RISE BUILDINGS

Vjacheslav Sernov

ABSTRACT: Currently in Multi-Storey and High-rise building to avoid intolera-
ble relative settlement of separate constructions raft foundations are used. In connec-
tion with excessive loads base settlement often exceeds assumed value. In that case
pile foundations are used. Often pilefoundations are applied in comparative favora-
ble ground conditions at the surface of the base. In such cases increase the bearing
capacity of foundations and reduce construction cost are questions of first-rate impor-
tance for designers. One of the ‘'ways to increase the bearing capacity of a piled foun-
dation is taking into account soil resistance in the base of the raft. Raft is similar to
shallow foundation and can transfer significant part of the load into the base. It allows
reducing number of pile in the foundation or shortening their length. As a result
building terms and foundation costs reduce considerably. However, nowadays in Be-
larus there is no reliable and suitable in design practice methods of calculation of
piled-raft foundations. In"order to devise such methods we have analyzed the results
of piled foundation tests fulfilled by various authors up to date and have carried out
series of field and laboratory investigations in Minsk. The most important results of
the investigations are provided in the article.

Introduction

Of/late years pile foundations are used extensively in connection with increase
number of storeys and load increment on the soil. Often pile foundations are applied
in comparative favorable ground conditions at the surface of the base. In such cases
increase the bearing capacity of foundations and reduce construction cost are ques-
tions of first-rate importance for designers. One of the ways to increase the bearing
capacity of a piled foundation is taking into account soil resistance in the base of the
raft. Piled raft is similar to shallow foundation and can transfer significant part of the
load into the base. It allows reducing number of pile in the foundation or shortening
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their length. As a result building terms and foundation cost are reduced considerably.
However nowadays there is no reliable and suitable in design practice methods of
calculation pile foundations with bearing rafts. In order to devise such methods we
have analyzed the results of piled foundation tests fulfilled by various authors up to
date and have carried out series of laboratory and field investigations.

Long before the constitution of the first piled-raft foundations in the Soviet Union
there were attempts to consider soil resistance in the basis of isolated and strip gril-
lages. Such bases can be considered as separate fragments of«the piled-raft founda
tion. Prof. A. A. Bartolomey had tested more than 70 pile foundation of natural size
in different ground conditions. The length of piles was 3 .m{Z2]. The observed
results show that the raft carries about 10 ... 12% of the total load applied when
length of piles was overn® and space between pilas3d. Bearing capacity of the
raft is about 35 ... 40% when lenth of piles is 5 .m8&8nda=6d. Prof. Golubkov has
tested 2 prismatic piles (cross section: 0,35x%,35=-3,8m) and 2 pyramidal piles
(cross section: head — 0,6xh6foot — 0,1x0,in, L=3m). Oneof'the piles was tested
with a raft and the other without a raft. Significant.influence of the raft on total bear-
ing capacity was determined, the more settlement,theé more influence of the raft.
Bearing capacity of the raft was 27,5% in foundation with prismatic pile and 42%
with pyramidal pile [2].

Laboratory researches of soil stress conditions in the base of piled-raft founda-
tions were executed by Kozachok [3]. The'researches show that distribution of vertic-
al stress in the base of a raft is similarto a foundation plate on the natural basis.
Stress diagram of different groups of piles with high and low rafts are given in fig. 1.
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Figure 1 — Soil stress conditions in the base of piled and piled-raft foundations
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The quantity of piles in group varied. At interaction of a raft with the base the part
of loading is transferred to the top layers of the soil and the bearing capacity of the
base is used more fully. Stress of the soil between piles is determined by friction
forces along their side surfaces and the raft pressure upon soil. Friction forces in-
crease with depth, stress from a raft, on the contrary, dissipates. As a result the saddle
diagram with the minimum value in a point of equal tension from friction forces
along side surfaces of piles and resistance of a ratft.

Model and field tests

The part of the load that the raft carries grows up when the pile length i1s reduced and
the space between piles is increased. Some test results carried out by different authors
confirm it aim of the model tests was to determine the main factors of pile-raft-soil inte-
raction. Model investigations were divided into small-scale and large-scale tests.

The object of the small-scale tests is to research the soilhdeformations under the
raft in pile space. Models of driving piles (cross section 20n@nd length 15&m
and 300nm) were tested in the sand-filled test rig with transparent front wall. The soill
was laid in the tray with layerwise compaction. Indicative strips were made of chalk
through 5nm The load was applied with leverage and weights.

Deformations of the soil in the base were fixed persistent by means of photofixa-
tion in the time of pile driving and loading of the'groups. Significant surface warp of
indicative strips was detected in process of pile driving.

After driving the pile tops were combined with the raft. Pile groups were sub-
jected to static load. In the first place the high-raft pile foundation (without contact
between the raft bed and the soil) were tested. Observational results show slipping of
the lateral surface of the piles relative to surrounding ground. Additional minor dis-
placements of the soil were found out enly in the immediate vicinity of piles and
away from the lateral surfaces'were not occurred [4].

In the case of testing of«he,pile foundations with load-bearing raft the significant
additional displacements of'the soil in the pile space were observed. The settlement of
the ground layers are diminished with depth similarly to shallow foundation (Fig. 2).

The results of research show that the soil under the raft in the pile space does not
settle side by side with a high-raft pile group and can resist a considerable part of the
external load.

The aim of,the large-scale tests is to estimate efficiency of the raft consist of
bored piles in sandy soil. Investigations have been performed on the Test Site of Geo-
technics of.Belorussian National Technical University. The single piles, raft, groups
of piles and'piled-raft foundations were tested with static load.

The raft.was made as rigid square metal stamp,bm). Pile foundations consist
of 1, 4,6 and 9 bored piles with length ofrh,@nd 2,0n and diameter of 0,06 were
tested both with deep and high rafts. The results of pile foundation tests represented
in figures 3 and 4.

The large-scale model test results confirm high efficiency of raft-soil interaction
in full band of size-shape factors of pile foundation. In case of deep-raft pile founda-
tion (or piled raft foundation) bearing capacity is significantly increased. The major
bearing factors influencing the raft interaction are pile length, pile space and settle-
ment on the foundation.
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Figure 2 — Ground deformation in the base of pile foundation
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Figure 3 — The results of large-scale model tests of high-raft and deep-raft piled
foundations consist of bored piles with length of 2000mm

The load-settlement diagrams presented in fig. 3 and 4 show that minimal incre-
ment of bearing capacity of the foundation take place in case of 9 piles with length of

2000nm(by 18%). In other cases bearing

capacity increases with pile length shorten-

ing, pile space extension and settlement rising.
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Figure 4 — The results of large-scale model tests of high-raft and deep-raft piled
foundations consist of bored piles with length of 2000mm

Building sites of Minsks.are ¢haracterized by complicated geological conditions.
Quite often the firm soils are located at the surface but at a depth oh &-50ft
ground layers occur. Frequently filled-up ground is located at the surface. In these
cases conventional long-driven piles are used to transmit the load at deep-laid firm
soil. The length ofssuch.piles could ben2&nd more. The alternative foundation in
such ground conditions consist of tapered piles with bearing raft. The sloping surfac-
es of tapered piles'eompact ground between piles and around the foundation. Bearing
capacity of raft and lateral surface of piles considerably increase. Bearing capacity of
raft with tapered piles much more than bearing capacity of raft with uniform cross-
section piles. Stresses in the base of the foundation with tapered piles are dissipated
inthe top slices and do not reach soft ground layer at depth.

The results of tests prove efficiency of vibrostamped cast-in-situ tapered piles
with ‘bearing rafts when thick layer of filled-up ground is located at the surface.
Strength characteristics of filled-up ground considerably improved due to consolida-
tion. Sloping lateral pile faces eliminate negative friction. Compacted filled-up soil
becomes the bearing layer both for piles and for rafts.

To estimate efficiency of piled foundations with bearing rafts static tests of single
piles and couples of pile with the raft were carried out in different sites of Minsk in
various ground conditions [5].
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At the site in Belsky street 148 in Minsk firm loam soils were located at the sur-
face but at a depth of fdand more a soft loam soils with peat layers occurs. There
were two alternate versions of foundation. The first was long driven prismatic piles
with length of more than 12 to transmit the load at deep-laid firm soil. The second
alternate was short vibrostamped cast-in-situ tapered phiE34m) with rammed
dry concrete mix at the pile foot and bearing rafts to transmit the load at the surface
layer of firm soil. Technical and economic assessment shows that'the cost of the
second alternate is far less. Bearing capacity of vibrostamped tapered piles was in-
creased by 80% by means of ramming dry concrete mix at the pile foots and then by
30% by means of bearing raft. Raft ratiaXK,/F,= bearing capaeity of piled-raft
foundation/ bearing capacity of piled foundation) in such Bas#.30.

The subsoil in the site in Pritytzky Street consists of lgessial loam, fine sand and
peat layers. The first alternate versions of foundation was driven prismatic piles with
length up to 2. The second was vibrostamped cast-in-place tapered piles with wi-
dening at the pile feet (the length of the piles is 3,anddlameter at the pile top
0.5m, diameter at the pile foot n§.
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Figure 5 —The results of tests of single piles and 2 piles with raft in residential
guarter of Burdeinogo Street and Jakubovskogo Street

Single tapered piles and two fragments of foundation were tested with static load.
Load-settlement diagrai@ = f(N) shows that the raft interacting with subsoil increase
bearing capacity of the foundation by 30-103%&1.30+2.03). The magnitude of raft ra-
tio' K, depends on raft area and ground conditions in the base of the piles and the raft [5].

The similar results were obtained in the site in residential quarter of Burdeinogo
Street'and Jakubovskogo Street. The two single bored piles and the same piles with a
raft fragment were tested with static load (fig. 5).

Load-settlement diagra® = f(N) shows that the bearing capacity of the founda-
tion was increased by 95% ..95).

Methods of analysis of piled-raft foundations

Analysis of model and field tests carried out in the Laboratory and Test Site of Geo-

technics of Belorussian National Technical University as well as various building areas
69



in Minsk and other cities allows to detect the basic factors which affecting the raft-soil
interaction and to determine range of application of pile foundations with load-bearing
rafts. Design methods of ultimate vertical load and settlement of piled-raft foundations
were developed [6]. The results of theoretical and experimental researches performed by
various authors were taken into consideration in development of the methods.

It has been found experimentally that the soil under the raft in the pile space does
not settle with a pile group and in spite of traditional design approaches can resist a
considerable part of the external load. Experimental total vertical stress diagrams in
the base of various deep-raft pile foundations were carried out by Kazachok in the
1970s [3]. Contrastive analysis of experimental data and estimated stress diagrams
received with linearly elastic semispace theory show that the experimental curves are
similar to theoretical diagrams. Calculating error is not more than 5%. On basis of re-
sults of our investigations we can draw a conclusion that stress and depth of com-
pressed layer of the soil in the base of a raft and shallowsfoundation are similar and
can be described with similar methods.

The ultimate vertical load carried by pile foundations with bearing raft is calculated:

N=N-+Npy [1]
N=Gr pr A [2]

WereN; = ultimate vertical load carried by pileixgrodyy; = ultimate vertical load
carried by the raft, pr = average contact, pressure under the raft bed depends on
ground conditions and the assumed settlement of pile giup raft area without
total cross-sectional area of the underlying pidgss= factor depends on ground sur-
face preparation under the raft bed:

der =1.0 for compacted stone bed,

der =0.9 for compacted sandy soll,

ger =0.8 for compacted clay’soil,
The settlement of pile foundations with bearing raft is calculated:

Si=Sp*Sadd [3]

S = settlement of pile'group under the ld4¢S,qq = additional settlement of pile
group arise from additional vertical stress under the pile feet in caddg-bf(H, =
compressed layer.of.the sdil- pile length).

Detailed description of computing methods of pile foundations with bearing rafts,
range of application;test and control methods are given in the article [6].

The experience of use vibrostamped tapered piles was adopted in the site of
Orthodox.Chureh in Sukharevo district in Minsk.

Ground<conditions under the raft:

1) - dust-clay sandeE18MPa, h=4m);

2)+ soft sandy clayH=6MPa, h=2m);

3) = sandy clay with organic residu€s=(OMPa, h=1,5m);

4) - peat E=3MPa, h=2,5m);

5) - firm sand E=25MPa).

The first alternate was foundation consist of 480 driven prismatic piles with
length of 14n and cross sections M30.3mand 0.351x0.35m.

The most reasonable decision in such ground conditions is load transfer onto rela-
tively firm upper layers of base. Calculation of the foundation according to [3] has
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shown that the raft transmits 40% of the load onto the base and the rest part of the
load is transmitted by vibrostamped tapered piles with length of 3m, top diameter
0.5m and foot diameter Om® The foundation consists of 285 tapered piles and 32
driven prismatic piles made before.

The cost foundation was reduced almost in two times by means of use short
vibrostamped tapered piles with bearing raft.

Conclusions

1. The pile-pile interaction in sand significantly increases bearing capacity of the
pile in a group.

2. The raft has significant influence on mode of deformation’of.the base. The large
volume of the soil take part in the work and increase bearing/apacity. of the base about
10 — 100% depending on size and shape of foundation and‘ground conditions of the site.
The large reserve of bearing capacity of the base has not investigated sufficiently.

3. When load is increased the settlement of piled-raftfoundation take place more
uniformly than piled foundation. On the graphical, cA@f(N) there is no pro-
nounced critical point and sudden loss of bearing.€apacity-

4. The basic factors which affect the work of the'raft in foundation are ground condi-
tions, quality and consolidation of soil under the raft, size and shape of the foundation
(type of piles, pile length and space, width of theraft); load on the foundation.

5. Application of short vibrostamped tapered piles with widening at the pile foots
and bearing rafts is more effective than eonventional foundations consist of driven
prismatic piles. Compressing stress transmits, into ground along the whole length of
lateral pile faces without negative frictiontand by the raft. Upper layers of filled-up
soil are compacted by means of sloping lateral pile faces and bearing capacity of this
soil increasing considerably.

6. Application of our investigation results in construction practice shows that tak-
ing into account soil-raft interaction.can reduce the cost of pile foundation in certain
cases in 30-50%.
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OCOBEHHOCTH IPOEKTUPOBAHUA ®YHIAMEHTOB
MHOTI'O3TAKHBIX U BBICOTHbBIX 3JAHHUH B CJI0OKHBIX
IF'EOTEXHUYECKHUX YCJIOBUAX

Houma Il. C., 0.m.u., npogheccop,
Kneoanrox /. H., macucmp mexHuueckux Hayx,
IHlgeoosckuii I1. B., k.m.u., npogheccop

Beenenue

MaccoBoe CTpOMTENBCTBO MHOTO3TAXKHBIX M BBICOTHBIX 3faHUN HAa HEOAHOPOI-
HBIX OCHOBAHUSX, CIIOKEHHBIX CIA0BIMA TPYHTAMH, TPYHTAMHU €y HEPAaBHOMEPHOM
C)KMMAEMOCTBIO M B CTECHEHHBIX YCIIOBHUSX, 00YCIOBIMBAET, HEOOXOAMMOCTh MTOUCKA
U Tepexojia OT TPATUIIMOHHBIX IUIUTHBIX K Oojee 3(hPEKTHBHBIM KOHCTPYKTUBHBIM
penrenusM GyHaamMeHToB [1].

Kak nmokasbiBaeT npakTuka, mintHbie pyHaamentsl ([1dD)Ha ecTecTBEHHOM OCHO-
BaHUU 3()PEKTUBHBI TOJBKO HA TPYHTAX CpeaHEM COKUMAEMOCTH, C JIOKAIM30BaHHbI-
MU B IUTaHE HEOJHOPOJHOCTSIMH, TaK KaK OHHM CIIOCOOHBI, U3-32 COOCTBEHHOM >KeCT-
KOCTH, MIepepaclpeeisaTh HA OCHOBAHUS 3HAUUTENbHBIC BEPTUKAJIBHBIE HATPY3KH.

OnHaKo OT KECTKOCTH (PYHIAMEHTOB HE 3aBUCUT (HOpMHpOBaHHE HHU OOILIeiH
OCaJiki, HM OOIIEro KpeHa, KOTOpble 0YEHb BAXKHBI C TOUKH 3PEHUSI HOPMAJIbHON JKC-
MJTyaTalli MHOTOATA)XHBIX U BBICOTHBIX 3/T@HWH, YTO W O0YCIOBIMBAET HEOOXOIH-
MOCTh IepexoJia K IJIUTHBIM (pyHIaMEeHTaM/ Ha CBaifHOM OCHOBAaHHH, T. €. IUIUTHO-
cBaitabpM ([IC®), y KOTOPBIX CBaW SIBISIIOTES] JIEMEHTAMHU TOBBIMICHHS YKECTKOCTH
OCHOBAHHUS.

[Tpu »Ttom crtenenp 3gdekTuBHOCTH npumeHeHus [ICO Oyner ompenensiTbes
COBMECTHOCTHIO paOOTHI INIATHOW N CBAWHOW COCTABJISIIONINX, 3aBUCUMBIX OT 3 yC-
JIOBUM:

— HENOCPEACTBEHHBIM OINPAHUEM TUITUTHI POCTBEPKA HA TPYHT;

— OIpPEAECICHHON JIOAATIIMBOCTRIO CBAld, MO3BOJISIONIECH AaBaTh OCAJIKYy CBaid MOJ
Harpy3Kou;

— HAJIMYMEM yYACTKOB, TOCTATOYHO YNAJIEHHBIX OT CBaM, B 30HE PACIOJIOKEHUS
KOTOPBIX (OPMUPYIOTCSI «OCATOUHBIE BOPOHKI.

DKCIepuMEHTAIbHAs YaCTh

Hanbosee ontuManbHBIM, HCXO/AS M3 BBIIIICOTMEUCHHBIX YCIOBHH, OyAeT pa3me-
eHNe CBai'B ONOPHBIX 30HAX HECYIIMX KOJIOHH U cTeH (pucyHok 1), yTo mpuypouu-
BA€T PabOTy MIUTHOW KOMIIOHEHTHI K MPOJIETHBIM, @ HE K MEKCBAWHBIM y4acTKaM H
COOTBETCTBEHHO HE OIPAHMYMBAET JOJIKO HArpy3Kd, BOCIIPUHUMAEMOM TUIMTON POCT-
Bepka [2].

Orcrona, pacuetsl [ICO nomxHbl 1poBOAUTHCA Kak [ID Ha HEOOHOPOIHOM IO
C)KUMAEMOCTH OCHOBAaHUM C MCKYCCTBEHHO CO37aBaeMOi (IOJIE3HOW) HEOTHOPOIHO-
cthio [1]. I1pu 3TOM KOJIMYECTBO CBall U MX MapaMeTPhl JOJHKHBI ONPECIIATHCS YCIIO-
BHEM BOCIIPUATHS Harpy3ku (@;), KOTOPYIO HEOOXOAMMO MepepacipeesuThb ¢ TUIUT-
HOM COCTABJISAIOLIEH Ha CBAHYIO, U COOTBETCTBEHHO
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@ =N (1_ K, 8, / §) ;} (1)

@7 =N, -K, B[R

rae @' — Harpys3ka, oOecleurBaromias OrpaHWYCHHE BEJIUYHMHBI OOIIEH OCaIKH,
a @° — MaBJICHHS IO TOJOIIBE TUIUTHI; N; — MOJTHAsi HArpy3Ka Ha PAaCYCTHOM Y4acTKe;

Aj — mmomanp ydactka; Sy v S — COOTBETCTBEHHO NpeAesbHO JOomycKaemas U cpe/l-
HsIsl pacueTHas ocaaku; Ky, —Kod(pPUIIUEHT YMEHBIIICHUS OMTOPHOM TUIOMIAIN TIITUTHI.

a)

0)

N1 N2 N3
y v b4 |

SO

30Ha HEPAaBHOMEPHO CKMMAEMBIX TPYHTOB 30Ha €Aa00CKIMMAEMBIX

IPYHTOB

N1 N2 N3

y VLl A ¢
A7

N1‘ Nz‘ N3‘
AR

|1
by

a — IUINTHBIA, O — INIMTHBIA Ha CBAMHOM II0OJIE, B — [JINTHO-CBAMHBIN
1 —osnropa ocadox; 2 — nosepxnocms pasHotl Hecyueli CnocoOHOCmU,

_—

3 — nosepxHocmo ¢ Hecyujeli cCnOCOOHOCMbIO, obecnedusaujeli pagHOMepPHYI0 0CAOKY

Pucynok 1 — Ocobennocmupaoomot II® u [ICD na neoOHOpoOHbIX ZDYHIOGBIX OCHOBAHUAX
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Anamu3 cxembl pabotsl [1®D Ha caiiHoMm mosie (pucyHok 10) mo3BosieT oTMme-
TUTh, YTO TAKUM OOPa3OM B HEKOTOPOW Mepe pemraeTcs mpodiema I0MmycKaeMou
OCaJKu, HO TIpo0JieMa BbIpAaBHUBAHUS HEPABHOMEPHBIX OCAJO0K IUIMThHI HE pellaeT-
csa BooOmie. [loaToMy BMecTO CBaWHBIX MOJEH IEIecO00pa3HO MPOEKTHUPOBATH
CUCTEMY MOJKPEIUIIIONIMX CBail ¢ MapaMeTpaMu M CXeMOHW pacrojiokeHus (pucy-
HOK 1B), oOecrneunBaroIieil yI0BJICTBOPEHUE TPEOOBAHUSAM 10 HEPABHOMEPHOCTH
nedopmarui.

[Ipu 3TOM NOAKPEIUISIOMINE CBaU JOJIKHBI PACCUMTHIBATHCA HA HATPY3KY.

AN =N - Nired’ (2)

rae N; — mosHas Harpy3ka Ha pacueTHbIH y4acTok; N — cyMMapHbIi OTHOp rpyHTa
O] O/IOIIBOM IJIUTHI HA PACYETHOM Y4YacTKE U

Nred = Ka |:Bl.a |:q:z.i ’ (3)

rae S,— nomyckaemas (kemaemas ocazka); C,,— Ko3(Q@HUIMEHT HOCTEIH eCTeCTBEH-
HOT'O OCHOBAHUSI PACYETHOTO y4aCTKaA.

OTtcroga cinefyer, 4YTO OJHHUM M3 ONPEACTSIOIIMX 3TaloB B IPOECKTUPOBAHHM
[IC® saBnsiercs onpeaeaeHrne MECTOMOIOKEHUS MOBEPXHOCTH PaBHOM HECYIEH CITO-
coOHOCTH (pUCYHOK 1B), T. €. TNIyOUHBI IOTPY>KESHUS TTOICPIKUBAIOIINX CBA.

EnvHCTBEHHON OCHOBOW ISl OMpENEICHUSA WIJIYOUHBI MOTPYKEHUS TMOAIECPKH-
BAaIOUIMX CBall SIBIIOTCS JAHHBIE MHKEHEPHO-TEOJOTHMYECKUX HU3BICKAHUM, NArOIIUe
OTHOCHUTENBHO JIOCTOBEPHBIE CBEJICHUSL TOJBKO B T€X TOYKAX, IJI€ MPOU3BOJMUIICS OT-
00p npod UM METOJIaMU 30HIUPOBAHM OIIPEACIISITUCH PACUETHBIE XapaKTEPUCTUKU
IpyHTOB. BO BceX OCTalbHBIX TOUKAaX) IPYHTOBOrO IOJYIPOCTPAHCTBA CBOWCTBA
IPYHTOB OOBIYHO YCTAaHABIMBAKOTCS, UHTYUTUBHO WJIM METOJaMHU MaTeMaTUYECKOU
VMHTEPIPETALH.

Ortcrona, perieHre mpoodaemMbl TPeOyeT MOHUMAaHMSI, YTO HE TOJIBKO HEOJHOPOIHOE,
HO M 000€ JIpyroe rpyHTOBOE 'OCHOBaHHE OOBEKTHBHO SBISETCS CTOXACTHUECKOM
CpPenoH, T. €. IPOCTPAHCTBEHHAs] HEOMHOPOIHOCTh U CTOXACTHYECKas MPUPOJA — ITO
(dyHIaMeHTaIbHOE CBOMCTBO JIF0O0M TPYHTOBOM Cpe/ibl U IS aJeKBATHOTO OMHUCAHUS
pacnpenenieHus: ero (U3MKO-MEXaHMUYECKUX CBOMCTB HEOOXOAMMO MPUMEHEHUE Be-
POSITHOCTHBIX METOMOB; MO3BOJISIIONINX pa3paboTaTh BEPOSATHOCTHYIO MOJENb I'PYH-
TOBOTO OCHOBAHUS,,a/IEKBATHO OTPAKAIOIIYI0 €r0 HEOJHOPOIHOCTh U CIIOCOOHYIO
KOMITEHCUPOBATE,HEMOJIHOTY WHXKEHEPHO-TE0JIOrMYeCKO HH(POpMaLUU.

B OCHOBY BEpOSTHOCTHOI MOJEIH B COOTBETCTBHU C [4, 5 ,6]110710KEHBI MOHSTHS
TIPENSITCTBUEY U «HECYIIUi cioi». [IpensTcTBuEM MOKET ObITh Jit00asi TOUKa BHYTPH
IPYHTOBOIO MacCHBa, HUKE KOTOPOH MOrpy>KEHUE CBa KOHCTPYKTHBHO HEIEJIeC000-
Pa3HO,TaK KaK B HEW BBIMOIHAIOTCA BCe TPEOOBaHMSI 110 HECYIEH CIIOCOOHOCTH CBau U
ocanke. dusnyeckas NpUpoaa MPEIATCTBUSA MPHU STOM HE MMEET 3HA4YEHUs, TaK KaK
OOIIMM y HUX SIBJISIETCS paCUETHBIN OTKA3 CBau MU JOCTHXKEHUU TPETISITCTBHS.

OCHOBHBIMHU BHAaMHU MPEMATCTBUNA MOTYT OBITH JIIOObIE TOUKH B TPYHTOBOMW TOJ-
11e, NPU JOCTHKEHUH KOTOPBIX MTyOHHA MOTPY>KEHUS CBail OTBEYAEeT BCEM YCIOBHSIM
pacueroB. DEHOMEHONIOTNYECKAss MOJENb PACHPENCIICHUS TNPEMSATCTBUM B TPYHTE
uMeeT BUJI (DUCYHOK 2).
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KonnuecTBeHHOW Mepol MPensTCTBUS SABISETCS TNTyOHWHA €ro pacroyioKEeHHs B
IPYHTOBOM MAacCHBE OT €CTECTBEHHOW MOBEPXHOCTU WJIM OT JII0OOH JIpyroi mosepx-
HOCTH, ABJISIFOLIECICS HAa4aJIOM KOOPJAMHAT, HAIIPUMED IIJIaHUPOBOYHOU OTMETKH.

DL (NL)

z|1n

1 — ceau; 2 — npenssmcemeus ciyuaiino pacapedesiennvie 8 Hecyuem cloe;
3 — sepxnss epanuya necywezo cnos (kpoeis); &= nudichss epanuya Hecyue2o
cnost (nodowsa); 5 — peanusayus eyuaunou gynxyuu Z(i)
Pucynok 2 — @enomenonozuneckasmooeib CMoXacmuueckozo ZpyHmoeoz0 0CHOGAHUA

Hecymum cioem siBisieTcs ClIoW TPYHTA, B KOTOPOM PacCIpeNesICHbl PENATCTBUS
U €T0 IIOJIOXKEHUE ONPEIEISIETCS pacIONOKEHNEM B TPYHTOBOM MaCCHUBE €r0 BEPXHEU
U HIWKHEW rpaHull. [Ipyu 3TOM BEpXHAS [PaHHIA — 3TO IUIOCKOCTh, MapalIesIbHAS 10~
BEPXHOCTH U MPOXOsliasi HaAMPENnsITCTBUEM, UMEIOIIMM HaUMEHBIIYIO TIIyOHHY 3a-
JIO’KEHHUSI, & HWKHSSA — TOPU30HTAIBHAS IIOCKOCTh, IMPOXOAAIIAs IO IIPEIATCTBUEM
C HauOOJIbIIEH TITyOMHOMN 3a7I0KEHUSI.

CrenyeT OTMETUTH, MTO B\COBPEMEHHOM MPaKTUKe (PyHIAMEHTOCTPOCHHS O He-
CYIIUM CJIOEM ITOHMUMAIOT MHXKEHEepHO-reosiornyeckuii amemenT (UI'D), B koTOpHIi
norpyxaercsi cBasiHa wrybuny (2-3)d. Omxnako npaktudecku Bceraa Hecymmii UT'D
HE UMEIOT YETKUX TpaHull pazznena. M naxe B ciayyasx, koraa MI'D pasaeneHsl 4eTko
ONPENENIIEMOU TOBEPXHOCTBIO, OCTAIOTCSI HEOINPEIEICHHBIMA KPUBU3HA M IOJIOXKE-
HUE TOW ITOBEPXHOCTHU B IIPOCTPAHCTBE MEXKY TOUKAMHU U3bICKAaHUM.

[IpundATOE OIpesneIeHre HECYLIETO CI0sl MPUHLIMIMAIBHO OTJINYAETCS OT Tpaju-
LIUOHHOI' 0, TaK KaK OH OIpeAessieT TOT MHTEpBal INIyOUH, B KOTOPOM BCE CBau J10C-
TUTal0T TpeOyeMOM Hecyllel COCOOHOCTH, U IIPU 3TOM HAIpPSIMYIO HE IPUBSI3aH K
BeII€NeHHBIM UT'D.

B 1eérepMuUHUPOBAHHON ITOCTAaHOBKE 3a/Jayedl NPOEKTHPOBIIUKA SIBIIAECTCS OIpe-
JieJIeHUE TIyOMHBI MECTOPACIIOIOKEHUS MPEMATCTBUN B KaX/I0M TOUKE MOIPYKEHUs
CBau, YTO MPAKTUYECKH HEPEATBHO.

B BeposATHOCTHOI k€ MOCTAaHOBKE 3ajada MOXET ObITh c(hOopMylIHpoBaHa cClie-
AYIOIUM 00pa3oM: YCTaHOBUTH BEPOSITHOCTHOE pacIpenesieHue NpPensaTCTBUN B
IPYHTOBOM MacCHBE U BbIIEIUTh IPaHULIBI HECYILIETO CIIOS.
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Kak BugHO M3 pucyHKa 2, TyOMHA MOTPYXEHUS CBall MO BCTPEUU C MEPBBIM
IPEMNSITCTBUEM SIBJISIETCS ClydailHOW BenuuunHoM. JlomaHas, mpoBeacHHas dYepes
HIDKHHUE KOHIIBI CBal, MPEJCTaBIsET COO0M OJIHY M3 pean3aiuil caydaiiHon (yHK-
MU TyOUHBI TIOTPY>KEHUSI CBall B CTOXAaCTUYECKOE HEOJHOPOJHOE OCHOBaHHUE. 3a
Hayasja0 KOOPJAWHAT JJis 3TOW (PYHKUHMH yIOOHO NMPUHSATH BEPXHIOK T'PAHMILY HECY-
mero ciost (oce Z), aTa QyHKIMs onpeaeneHa Ha orpeske i [1, ... NJ, nmuHa KoTo-
pPOTO YMCIIEHHO paBHA YKCIIY CBall B (PyHIaMEHTE, MO3TOMY €ro JJIMHA BCETa sIBJIs-
etcs uensiM yuciaoM "N", paBHbIM unciy cBail B pyHaamente. Texkymiee.3HaueHNe
apryMeHTa | Bcerja IEeNOYHCICHHOe, PaBHOE HOMEpY cBah. TO €CTh MHOMXKECTBO
3HAYEHUH apryMeHTa SIBJSETCS] KOHEUHBIM MHOKECTBOM LiesibiX yuceaoT 1 1o N, a
MHOYECTBO 3HAYCHUI (YHKIIMU SBISCTCS HENpepbiBHBIM Ha ofpeske Z[0+Db]. Ilpu
ATOM ISl JaHHOM MOJIENIA HE UMEET 3HAYEHHS HU MOPAIOK HyMEpalMy CBail, HU UX
pacCIOJIOKEeHHE Ha TUlaHe, TaK Kak MX U3MEHEHHE NMPUBOAUT.TOMBKO K (DHUKcaluu
APYTUX peanu3anuid ciydainoi ¢pyHkiuu Z(i), 6e3 u3MEeHeHH!s BEPOSTHOCTHBIX Xa-
PAKTEPUCTUK CaMOU PYHKIIHUH.

['myOuHBI 3a0KeHUsI BEpXHEH U HIDKHEN TpaHHIl HECYIIICTO CHOsI BHIOMPAIOTCS C
Y4ETOM BBIIIOJIHEHHS CIEAYIOIINX YCIOBUMA

S<S mpH hzh | (4)
R[R= R] MPH h+Z <h<fy, (5)

rae Su Sn—pacuetHas v MPEAETbHO TONYCTHMAsl BEIMYMHBI 0CaI0K CBaiftHOTO (hyH-
JlAMEHTa; R[R= R| — BEPOSTHOCTH TOrQ{ YTOIPH MOTPY)KCHUH B HECYILUH CIIOU CBas

JOCTUTHET PacueTHON HECYIIeH CIOCOOHOCTH.

Yciorue (4) uckirodyaer onupaHue CBau Ha TOHKHUE MPOCIONKHU MITH JIMH3BI TUIOT-
HOTO TPYHTA, Jiexalue BolleMAecyniero cinosi. OHo Tpedyer, 4ToObl Bce 0€3 UCKITIO-
YeHUs! cBau ObUIM MOTPYKEHBE HE MEHEE, YeM JI0 BEpXHEH rpaHUllbl HECYIIETO CIOS.
[IpomexxyTOUHbIE TUIOTHBIE. MPOCIONKH U JIMH3bI, IIPU JOCTUKEHUU KOTOPBIX COMPO-
TUBJICHHE CBal MOXET JIaxe MPEB30MTH pacyeTHOE 3HaYCHHE HeCYyIlel CIOCOOHOCTH,
B NPUHATON MOJENH HE OTHOCATCS K MNPEmATCTBUAM. [IpensTcTBUAMH SBISIOTCS
TOJIBKO T€ TOYKH, KOTOPBIE HAXOJATCA B IPAHMUIIAX HECYILErO CJIOSI U B KOTOPBIX CO-
MIPOTHUBJICHUE CBAW HE MEHEE PACUETHOM HECYIIeH ClTOCOOHOCTH.

CooTBeTCTBEHHO TONIIMHA Hecymero cios b=h-h , rne h, — HaunGonpiias
riyOMHa DOFPYKEHUS CBail, IPU KOTOPOH BEIMONHSETCs ycioBue (5), a h, — Ham-
MEHbpHIas  IyOMHA, HW)KE KOTOPOM BEpPOSITHOCTh OOHAPYKEHUS MPEMSITCTBUA
R[R> R] .

KonuuecTBenHoil xe Mepoil pacnpeneiaeHus NpensiTCTBUs B TPYHTOBOM MAaCCHBE,
a 3HAYMT €ro HEOJIHOPOJHOCTH, SIBJIIETCS MHTEHCUBHOCTD paCIpeiesIeHUsl IPEnsTCT-
Buid. [IpyUHSAB 3a UHTEHCUBHOCTH pACTPEACIICHHs NPEMSITCTBUN B BEPTUKAIHLHOM Ha-
IpaBJICHUH Cpe/IHEE KOJUYECTBO MPEMSATCTBUN HA €IUHUYHOM OTPE3KE BETUYMHA UH-
TEHCUBHOCTH MOXKET OBIThH ONKCaHa CJIEAYIOIIEN 3aBUCUMOCTBIO

A(2) :%Zlﬂ , (6)
1
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rne A(Z) — MHTEHCUBHOCTDL NPENSTCTBUI 110 HAIPABIEHHIO Z; K — KOJIMYECTBO OTPE3-
KOB; |; — UTMHA OTPE3KOB; N; — KOJIMYECTBO MPEMATCTBUI Ha i-M oTpeske; 1=1, 2, ...k —
HOMEp OTpe3Ka.

CeroHsi OCHOBHBIM IMPAKTUYCCKHUM METOJIOM OOHAPYKCHHS MPETSITCTBHIA SBJIS-
eTCSl CTaTUYECKOE W JIMHAMHYECKoe 30HaupoBanre. OHAKO OHU CIIOCOOHBI YCTaHO-
BUTH NIyOWHY 3aJIeTaHus TOJIbKO CaMOTO BEpXHETo npersTcTBus. [loaToMy B hopmy-
ne (6) BemuumHa Nj=1, 1 OHA IPUHUMAET BU]T

MD=2Y (7)

rne Zi — royOuHa I-ro TPensTCTBHS, OTCUUTHIBAEMAasi OT KPOBIHM HECYIIETO CIIOS
(pucyHOK 2).

OnHako omnpeneneHHasi TakuM 00pa3oM MHTEHCUBHOCTb PACTIPEAEIICHUS MIPETISITCT-
BU SIBJISICTCSI IIOCTOSIHHOM BEJIMYMHOW TOJIBKO B Mpeneilax HeCywero cios. B peaisb-
HBIX K€ WH)KCHEPHO-T€OJIOTMYECKUX YCIOBUAX OHA HAXOAMUTCS B 3aBUCHMOCTH OT IIIy-
OMHBI TOTPYXEHUSI B HECYIui cioil. Micnonp3ys npoueaypy pa30rueHus TONIUHbI He-
CYILEro CJIOsl Ha MHTEPBAJbl C YYETOM TOrO, YTO Ha MHTepBaje AZ; oOHapyXEHO He-

CKOJIbKO HpeHHTCTBI/Iﬁ cpeansd BEJIMYMHA MHTCHCUBHOCTHU HA MHTCPBAJIC 6yz[eT paBHa

Az)==32 (8)

Iepexons k mpeneny | — ®; AZ — 0% MoxHO moyunTs criaxeHHyro QyHK-
o A(Z) .

I[Ipoananusupyem crocodsl noucka Gynximu A(Z) nns IICD ¢ N yucnom caail.
OxugaemMoe Yucio CBail, BCTPETUBILMX MPENITCTBUE HA r1yOuHe Z

N, (Z)=\NR(2) (9)
a 0’HMIaeMO€ YMCIIO CBaMy HS'BCTPETUBIINX MPEIATCTBUE 10 TITyOUHBI Z,
N,(Z)= Nj1-R(2)] . (10)

YacToTy, C KOTOpOH CBan OYyAyT MOCTUTATh MPEMSITCTBUS, onpenenum quddepen-
[IAPOBAaHUEM
an,(2)

Tsz(Z)’ (11)

riae g ( Z) — (yHKIIUS TTIOTHOCTH BEPOSITHOCTH.

OTHoeIIEHNE YacTOThl BCTPEUYU CBail C MPEMATCTBUAMHU K OXUJAEMOMY YHUCITY
CBall, HE BCTPETUBIINX MPENATCTBUSI, PABHO HHTCHCUBHOCTH PACIIPEACICHUS PEIAT-
CTBUU

A(z)zﬂ , (12)
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OTcro1a UHTEHCUBHOCTh PACHpPEICIICHUS MPEMSITCTBUI MOXET ObITh OMpeeeHa
KaK yCJIOBHAsl IJIOTHOCTb BEPOSITHOCTU BCTPEUM CBaW C MPEMSTCTBUEM Ha riryouHe Z
M YCIOBUH, YTO A0 IiyOuHbl (Z—-dZ) Berpeun He mpousouuio. [lpu stom dyHK-

musi A(Z) sBAsSeTCS CTAaTUCTHMYECKUM IOKa3aTeleM HEOJAHOPOJHOCTH BCEM IPYHTO-
BOM TOJIILM, & HE TOJIBKO B MPEENIAaX HECYILEro ciosd. Bece 3To Mo3BoJIAET pU MPOEK-
TUPOBAaHUU YEPE3 MPEISTCTBUE OINPENEIUTh B3aUMOJECHCTBHE CBaW C TI'PYHTOBOM
TONIeH, GOPMUPYIOIICH €€ HECYIIYI CIIOCOOHOCTh, a Yepe3 HeCyIIHid CIOW M WH-
TEHCHUBHOCTb — CTENIEHb M XapaKTep HEOJHOPOJHOCTH 3TOr0 B3aUMOJCHCTBHUS B Ipe-
JieJIaxX BCEN CTPOUTEIIBHOM TIJIOIIAIKH.

OTcrona, OCHOBHOH 3a7jauell MHKEHEPHO-TEOJOTHYECKUX W3BICKaHUM, OyIeT sB-
JATBCA HE TOJBKO ONPEEICHUE KOOPAUHAT IKCTPEMAIbHBIX{ TOUYEK MOBEPXHOCTH
paBHOU HecyIlel cnocOOHOCTH B IJIaHE U 0 IIyOrHEe, HO ¥ TOBEPXHOCTH C HECYIIeH
CIIOCOOHOCTHI0, 00€CIIeUnBAIOIIEH pABHOMEPHYIO OCAJIKY.

B cootBeTcTBHM € Teopuel BEpOSITHOCTH ONPEACTUTh MECTOMOJNIOKEHUE ITUX TO-
YeK M3 OECKOHEYHOIO0 MHOXKECTBA, MPU OTHOCUTENILHO OTCPaHUYEHHOM YHUCIE TOYEK
U3bICKAHUH, OJM3KO K HYJIO, T. €. BBISIBUTh MX MPAKTUYECKH HEBO3MOXKHO. A TakK Kak
CEroIHsI OCHOBHBIM METOJIOM ONpEEICHUs CONMPOTUBIICHNS/CBAll HA PA3IUYHbIX TIIY-
OMHax SBISIETCS CTATUYECKOE WM JUHAMUYECKOE 30HIMPOBAHUE TPYHTOB, JaHHBIE IO
KOTOPBIM HAWIYYIIUM 00pa3oM KOPPEIUPYIOTCS'C PEe3YsbTaTaMi CTaTHYECKUX UCTIbI-
TaHWI CBaii, TO MpoOieMa ONTHUMHU3ALMU KOJIMYECTBA TOUEK 30HIMPOBAHUSA U BBHIOOD
UX MECTOPACIIOJIOKECHUS SIBIISTIOTCSI CYIIECTBEHHBIMU U aKTyalbHBIMH [6, 7].

beccriopHo, uTO 117151 MOMy4YeHUs PEeACTaBUTENIbHOM BRIOOPKH 3HAUEHUHN TITyOUHBI
3aJieraHds 3TUX TOBEPXHOCTEH HEOOXOIMMO, YTOOBI TOUKH 30HAMPOBAHUS OBLIH
PacIoJioKeHbl PABHOMEPHO 10 BCEH TIAOLIAAN 00BEKTA.

[Tpu pa3buBKe MIOLMIAAKY U3bICKAHUW Ha KOHEUHOE YUCJIO YYaCTKOB BEPOSITHOCTD
OnpeeeHHs] y4acTKa ¢ SKCTPEMaIbHOM TOUKOM OyJeT paBHa

1
B )= 13)
rae P(h )— BEpOATHOCTH BBIABJIEHHS yUacTKa, COAEPHKANIETO TOYKY TOBEPXHOCTH C
MUHUMAJIGHON TITYOWHOI=3aJI0KEHHS, COOTBETCTBYIOIIEH KpPOBJE HECYIIETO CIIOS
(h.); P(h,) —To ke mnst yuacTka, comepiKaIero To9Ky ¢ MaKCHMMaIbHON TITyOMHOM
3aJI0KEeHHs], COOTBETCTBYIONIEN MooIIBe Hecymero cinos (h,); N — KomuuecTBO yua-

CTKOB, Ha KOTOPOE pa30uTa MOBEPXHOCTD.

Tounoets onpenenenus h, u hy 3aBUCHT OT KOJIMYECTBA UCIIBITAHHIA N, UX PABHO-
BOBMOXHOCTH M HE3aBHUCUMOCTH, T. €. TOUKH UCIBITAHUI JOJHKHBI PACHoJiaraThCs B
y3Jax peryJsipHOi MPsSIMO- WJIK TPEYTOJIbHOM CETKH IO BCel TIOIIAIKE.

Takykak GopMa ATUX MOBEPXHOCTEH HEM3BECTHA, TO LIETECOOOPA3HO HCIOIbH30-
BaTh TOCJICIOBATEIBHYIO TIPOIICypYy HMCIbITaHuil [7, 8], mpuHSIB Ha HYJIEBOM Iare,

IIpH IMapaMeTpe HEOTHOPOIHOCTH a—=1, TITyOHMHY MOTPY)KEHHUS CBai
Ro=h+2, (14)

riae b —morHocTh Hecyiero ciost u b= h, - h,.
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OTH 3HAYEHUs COOTBETCTBYIOT PABHOMEPHOMY paCHpEACICHUIO BEPOSTHOCTH
BCTPEYM C MOBEPXHOCTHIO, B BHJIE HAKIOHHOW TJIOCKOCTH, U HECYIIEH CIIOCOOHOCTHIO,
obecrnieurBaroIell pAaBHOMEPHYIO OCaJIKy, B AMana3oHe riyoun h < h<h, (pucyHok 2).

VYuuteiBas, 4TO mapameTp HEOJAHOPOAHOCTH ( OINpENeNsieT pa3Max HHTEpBaja
MU3MEHEHHUS TIIyOUHBI 3JI0KEHUS €0 CEPEUHBI, TO €CTECTBEHHO MPEANOI0XKUTD, YTO
YeM BBIIIE €ro BEJIMYMHA, TEM OOJIblLIE AMANa30H U3MEHEHHUs JUJIMH TMOrpyKaeMbIX
CBaii B Mpejiesiax CTPOUTEIbHOM MIIOIIAIKH.

[Ipu 5TOM Yem MeHbIlle OTHOCUTENbHBIA AUana3oH U3MEHEHUs JTMHBI ‘CBall, TeM
ciabee OTpa3UTCs MOBBIIIEHUE TOYHOCTU ONPEIETICHUSI BEPOSITHOCTHBIX MapaMeTpOB
Z,hu d Ha pacyeTHOE 3HaYeHHE 0OBEMa CBAHBIX PabOT U CTOMMOCTH (hyHIaMEHTa.

OTkoHEHHE HCTHHHOTO 3HAYCHUS ﬁ OT UMCIOIICTOCS Ha HYJICBOM HIAre I’_lo HaxXoauT-
Cs B IIpEaciiax

_ b - -~ b
-—<hsh+-. 15
h-Dshsh+d (15)

B 6OHCC 06HICM BHJC 3TO HCPABCHCTBO MOXKHO 3aITUCATh TAK
h-fb<h< h+&lb (16)

OTKJIOHCHHE UCTUHHOW BEJIMYMHBI CPEeTHEH RIyOUHBI TOTPYKEHUs CBaii OT h
h-h=¢m (17)
U COOTBETCTBEHHO MaKCHMAJIbHBIHM JTUaasoH W3MeHeHus Kodddunuenta &, kak cie-
1 1
ayet u3 (17) 3 <é&< - TIPH CpeniHeM SHageHhH -0,25s £ <+0,25

UYeM MeHblIE BEIMYUHA CTENEHW HEOJHOPOJHOCTH, TEM MEHBIINK BKJIAJ] B OOLIYIO
BEJIMYUHY CpeHEH TTyOMHBI IOTPYXKEHUs CBail jaeT yrouHeHnue h. Tak mpu d, pas-
oM 0,1, OTKJIOHEHHE HCTHHHOIO 3HAYEHHs TIyOHHBI OT hy, MOJy4EHHON Ha HYJIEBOM
mare, coctaBut 2,5%,T. €,pe3yabTar, OJy4EHHbIH HAa HYJIEBOM IIare, BIIOJIHE y/10B-
netBopuTesieH. [lpu TOMIHE HECYIIEro CJI0si CPaBHUMOM ¢ h (b= ﬁ)) - a =1,
a d=25% ot h,.

Kak noxas3pIBa€T aHan3, rPaHUYHBIM 3HAYEHUEM JOCTOBEPHOCTH IS HYJIEBOTO
mrara siBJsIeTcsa IrapaMeTp HEOJHOPOJHOCTH B IIpEIeIax (a > 025).

CoBceM no=apyromy 3Ty npo0iieMy HEOOXOIMMO peliaTh MPHU BBICOKOW CTEIIEHU
HEOJHOPOQIHOCTH TPYHTOB (a>0,25) YToObl BBIYMCIUTH CpelHEe 3HaueHHue (yHK-
LIUH, KOTOPOM SBIAECTCS IOBEPXHOCTb MNPEMSATCTBUM OTHOCHUTEIBHO ITOBEPXHOCTH
IPYHTA, HY)KHO TOYKH 30HAUPOBAHUS pa3MeElLlaTb PaBHOMEPHO I10 BCEH ILIOLIAAKE
TaKKM, 00pa3oM, 4ToObI KakI0My 3HaYeHHIO GYHKIUH P(X, y) MOKHO ObLIO MPHUITH-
caTh PAaBHYIO IUIOIIAIb IOBEPXHOCTU. TOr1a COOTBETCTBEHHO

_ 1 n
h—m(m+m+2; yij, (18)
rae 1=1,2,... N— KOIMYEeCTBO MPOMEKYTOUYHBIX TOUYECK 30HIUpoBaHus; h, — rmyOuna
3ajieraHusl IJIOCKOCTEH B i-1 TOYKE 30HIUPOBAHHS.
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B cooTBeTCTBUU C pacdyeTamMH JOCTAaTOYHO JOCTOBEPHO 3HAUCHHUE CPEAHCH TTy-
OWHBI 3aJIeTaHUs IIOCKOCTEH MOYKHO UMETh NP MUHUMH3AIUN TOYCK 30HIUPOBAHUS
ot 5 o 9, BKIIFOYas MOJIyYCHHBIC HA HYJEBOM Iare. bosbliee 4uciio 30HIUPOBOY-
HBIX TOYEK IPUBOJWUT K YBEIUYEHHUIO BEIMYMHLI h He Oonee, yeM Ha 3-5%,4T0 He-
CYIIIECTBEHHO C MIPAKTUYECKON TOUKH 3PCHHUS.

3AK/IIOYEHUE

Kak moka3bIBaeT mpakTHKa, yCTPOUCTBO IUIUTHBIX (YyHIAMEHTOB MPHUBOIUT TOJb-
KO K YMEHBIIECHUIO a0CONIOTHBIX BETUYHMH OCAJIOK 3[aHHM, YTO OJHAKO HE O3HAYaeT
YMEHBILIEHUS UX HEPABHOMEPHOCTHU WJIN N30€KaHNs BO3MOXKHBIX KPEHOB, 3JaHUS.

Pacuer ocamok MHOTOATaXXKHBIX M BBICOTHBIX 3/IaHUW JTOJDKEH BBINOJNBATHCA HA
OCHOBE HEJIMHEWHBIX MOJENEH MEXaHUKHU IPYHTOB, UCIONb3Ys CTOXAaCTUYECKYIO MO-
JIeJIb TPYHTOBOI'O MAacCUBa, aJCKBATHO OTPAXKAIOILIEIO0 €ro HEOAHOPOIHOCTh U CIIO-
COOHYIO KOMIIEHCUPOBATh HEMOJIHOTY HH)XEHEPHO-T€0JI0TrMU€CKON MH(POPMAIUH.

D¢ pexTUBHBIM pelIeHHEM IUTUTHO-CBAWHBIX (PYyHIAMEHTOB SMBIAETCS YCTPOHCTBO
BMECTO CBAaMHOTO MOJIA MOAKPEIUIAIONINX CBAl, pa3MEIaéMbIX B ONIOPHBIX 30HAX He-
CYUIMX KOJIOHH M CT€H, C IIyOMHOW HUX MOTPYXKEHHs JONMIOBEPXHOCTH C HECyIlen
CIIOCOOHOCTBIO, 00ECIEUMBAIOLIEH PABHOMEPHYIOH,0CAaAKy W HEIOIMYIICHHE KpeHa
3/1aHHUs.
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VJIK 624.012.3

HPEJABAPUTEJIBHOE HAIIPAXKEHHUE
KEJIESOBETOHA B CbOPHBIX CIIEIIMAJIBHBIX
POPTUDOPUKAIINMOHHBIX COOPYKEHUAX

Kypnanoe /l. B., k.m.n., ooyenm,
Janwun I'. A., k.m.u., ooyenm BUUT) BA MTO 2.Cankm-Ilemepbype

Beenenne. Coopubie GopTU(DUKALIMOHHBIE COOPYKEHUS LIMPOKO TPUMEHSOTCA B
IPAKTUKE WHXEHEPHOro OOOpYyHOBaHUS MO3ULUNA U MPU CO3MAaHUM CTAWMMOHAPHBIX
3aIUIIEHHBIX O0BEKTOB.

COopHbIE KOHCTPYKLIHMH OOJaAar0T PAAOM CYIIECTBEHHBIX JIOCTOMHCTB IO CpPaB-
HEHUIO C MOHOJHUTHBIMHU U COOPHO-MOHOJIUTHBIMH. JTO B MEPBYIO,0Udepeb OOobIIast
CKOPOCTh BO3BEJICHUS COOPYKEHHH, 3a CUET MepeHoca M3TOTOBICHUS KOHCTPYKIUHN B
3aBOJICKHE YCIIOBHS, TJ€ MPOU3BOIUTEILHOCTh TPYHA@ 3HAYUTEIBHO BBINIE, YEM Ha
cTpouTenbHOM 1iomanke. s GpopTuukanruoHHBIX COOpY)KEeHUN COOpHBIE KOHCT-
PYKIIMH OCTarOTCs Oe3abTePHATUBHBIMHU.

Ho Hapsiny ¢ nocTromHcTBaMu, COOpHBIE COOPYKEHUs Oosee T0porue, no cpaBHe-
HUIO C MOHOJIUTHBIMH, U UMEIOT OOJIBIIIOE KOJIMYECTBO IIBOB U CTHIKOB, UTO OTPaHU-
yuBaeT 00JacTh UX MPUMEHEHU. 13 cCOOpHBIX KOHCTPYKILUH 11€eCO00pa3Ho J1enaTh
COOPY’KEHMSI TOJIBKO PYIIbl MHANBUAYAIbHOU 3alinuThl. CoenHeHus: COOPHBIX 3Je-
MEHTOB B CIELUAIbHBIX (POPTUPUKAUOHHBIX COOPYXKEHUSX MPH BO3AECUCTBUU CO-
BPEMEHHBIX CPEACTB MOPaXEHUsI HE Q0ECIEYNBAIOT FapaHTUPOBAHHO HOPMHUPYEMOH
TE€pPMETUYHOCTH.

OpHuM U3 BO3MOXKHBIX CHOEOOOB. HOBBIIICHUS KECTKOCTU (POPTUPUKALNOHHBIX
COOPYKEHHI MOXKET CITY)KUTh AIPEABAPUTEIBHOE HAMPSHKEHNE COOPYKEHHUS B LIEIOM.

Crnioco® mpenBapUTEIbHOTQ, HATSDKEHUST apMaTypbl NMPUMEHSIOT Kak B COOPHBIX,
TaKk ¥ B MOHOJHMTHBIX KOHCTPYKIUSAX U COOPYKEHHUSIX. B MOHOJIMTHOM HMCIIOTHEHHUH C
MPEIBApUTEIBbHBIM HATSDKEHHEM apMaTypbl OCTOHHPYIOT MPOJIETHBIE CTPOEHHUS MOC-
TOB, OOJBIIETIPOICTHBIC OAJIKU U IJIUTHI MEPEKPHITHI, KOHTYPHBIE 3JIEMEHTHI 000JI0-
4eK U KyNOJOB, pe3epBYyapbl, BHICOTHBIE COOPYKEHUSI U MHOTUE IPYTHe KOHCTPYKLIUU.

[IpenBapuTeNbHO, HATIPSHKEHHBIH JKeJIe300€TOH - 3TO jKene300eToH (KOHCTPYKIUS,
Kapkac), B KOTOpPOM, JI0 TPWJIOKEHHs BHEUIHEH HArpy3Kd HCKYCCTBEHHO CO3JArOT
BHYTPEHHUEHANPSKEHMsI, Yallle BCEro, MPOTUBOIOIOKHBIE TI0 3HAKy TEM HaIpsixKe-
HUSIM, KOTOpPbIE Oy1yT BO3HUKATh IpU ACHCTBUM BHELIHEN Harpy3KH.

[MpeumymiecTBa npeHaNpsHKEHHOTO JKelle300eToHa (KeIe300eTOHHOTO KapKaca)
epe O0BIUHBIM — ATO, IIPEXKIE BCETO, €r0 BHICOKAs TPELIMHOCTOMKOCTh KOHCTPYK-
1[1H, TIOBBIIICHHAS KECTKOCTh KOHCTPYKIIMI M COOPYKEHHUS B LIEJIOM, a TaKXkKe JTyd-
IIee CONMPOTHUBIICHUE TUHAMUYECKHUM Harpy3kam, KOPpPO3HMOHHAsh CTOMKOCTh, JOJTO-
BEYHOCTh U OMPECICHHBIM 3KOHOMHYECKHH 3()eKT, ToCTHUraeMplii MPUMEHEHHEM
BBICOKOIIPOYHOM apMaTyphl.

B m3rubaemMbix s1eMeHTax CHEelHalbHBIX (POPTHUPHUKATMOHHBIX COOPYKEHUN Ha-
NpsDKEHHBIN 0€TOH OyAeT MPEeANOI0KUTEIbHO YMEHbBIIATh OTKOJBHOE SIBICHUE MPH
BO3/EMCTBUM OOBIUHBIX CPEACTB MOpa)xeHHs. Tak ke BCIEACTBUE YMEHBIICHUS Je-
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(OpPMaTUBHOCTH KOHCTPYKIIMM YMEHBITUTCS YPOBEHb 3BYKOBOT'O JaBJICHUS, BO3HH-
KAIOIIWA MPpH KOJeOaHUSIX KOHCTPYKIMUA TMPU BO3CHCTBUU COBPEMEHHBIX CPEICTB
nopaxkeHus. [y onpesieneHusi KOHKPETHBIX PE3yJIbTaTOB BIMSHUS MTPEIBAPUTEIBHO-
ro o0katusi OETOHA Ha BBINICTPUBEICHHBIC MMTAPAMETPhl HY)KHO MPOBOAMTH JIOTIOJIHU-
TEJIbHBIC UCCIICIOBAHUSI.

Co3maHue mpeBapuTeIbHOTO HANPSDKEHHUS OCTOHA JIOCTUraeTCs IByMsl €rocoda-
MH. HaTSDKCHHE apMaTypbl Ha YIOPbI U HATSHKCHHUE apMaTypbl Ha TOTOBBIM, OCTOH.
M3BeCcTHO, YTO HATSHKEHHUE Ha YIOPHI SIBJISIETCS 00JIee HHTyCTPUATBHBIM'CHOCOOOM |
HAXOJUT MPUMEHEHUE B 3aBOJCKOM MPOM3BOJACTBE. HaTskeHre Ha OETOH MpUMEHS-
€TCsl TJIABHBIM 00pa3oM JUIsl KPYITHOPa3MEPHBIX KOHCTPYKITUH, CO37aBAcMbIX HEIIO-
CPEICTBEHHO Ha MECTE WX BO3BEICHUSA. 3a MOCJCAHUE TOABl BICTpaHaX EBPOIBI U
CIIIA Bce Gomplliee pa3BHTHE ITOJIyYaeT HCIIOJIb30BAHHE MPEABAPUTEIIHHOTO HAIPS-
KCHHsSI C HaTsDKCHHEeM Ha OeToH (IMOCTHANpPSsOKCHHS ), Mo3BoJIgromee 3(dekTuBHO
HpEAHANPAraTh MOHOJMTHBIC KOHCTPYKIMU. [laHHAS TEXHOIOTHS HOJy4YHia Pacipo-
CTpaHCHHE TIPU CTPOUTEIHCTBE MOHOJUTHBIX MyTEMPOBOJIOB HyMOCTOB, B CICIHAITb-
HOM € CTPOUTEIILCTBE MPUMEHSICTCS KpaiiHe penko. OT4acTi 9 TO'CBA3aHHO C OTCYT-
CTBHEM HOPM M PEKOMEHAIMU O PacyeTy M KOHCTPYHPOBAHHUIO MOJOOHBIX KOHCT-
PYKUHHN U COOPYKEHUM.

Kak npaBujio, B IPOMBIILICHHO-TPAYKIAHCKOM CTPOUTEILCTBE TPUMEHSICTCS CHC-
TeMa MPEIBAPUTEIBHOIO HANPSDKEHUS C UCIOJb30BaHUEM KaHaTHO# apmartypsbl. Cy-
IIECTBYIOT JIBE MPUHITUITHAIBHBIE CXEMBbl CHCTEM,ITPSTHANIPSHKCHHS . CUCTEMa TIPe/I-
BapHUTEIBHOIO HAIPSKCHHS CO CIEIUIeHHEM (CHCTEMa ¢ «BOCCTaHOBIICHHBIM CIIETLIC-
HUEM») HalpsIraeMoi apMaTypbl ¢ OSTOHOM M CHCTEeMa IpeIHANPsDKeHUs 0e3 cIien-
JICHUS HampsATracMoi apMaTypsl ¢ OeTOHOM: Kaxk1ast 13 CHCTEM UMEET CBOM JIOCTOWH-
CTBa W HEJIOCTATKH, KOTOPHIC OMPEICIIIIOT JHama3oH 3(QPEKTUBHOTO MPUMECHECHUS
JTON CUCTEMBI.

OIHUM U3 KCHOJIb3yEeMbIX BAPHAHTOB HATSKCHUS HAa OCTOH C BOCCTAHOBJICHUEM
CLCTIJICHUS SIBJIACTCSI BApUAHT '€, MCIIOJIb30BAaHMEM METAJIMUECKUX rodp B KauecTBe
KaHai000pasoBaTtesneil (pucyHok 1).

M,

S = -_L - ™ [
= W },\\\\_\MNW.

ey,
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Pucynok 1 — Kananooopazoeamens

B mpomiecce apmaTypHBIX pabOT B KOHCTPYKITMU YKIIAJIBIBAETCS KaHAI000pa3oBa-
Tenb U3 roppupoBanHoi ctanmu tonmuaon 0,2...0,3MM nuamMeTpom, HEOOXOIUMBIM
UIA pa3MeleHus: TpeOyeMoro kojudecTBa kaHaToB. KanamooOpaszoBatenu — 3TO
repMeTU4ecKre roprupOBaHHbBIE CTajJbHBIC TPYOBI, H3TOTaBIMBACMbIC U3 CTAIBLHOU
MOJIOCHI METOJIOM BaJBIIOBKU. ['0GpBI M3rOTOBIEHBI B BUJE IBYX3aXOIHON Pe3bOHI,
YTO MO3BOJISIET COEAMHATH KaHajaooOpazoBaTenu mydramu. Cekuumu KaHaaooOpaso-
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Bateneit coequusoT Myptamu 300MM U3 OTPE3KOB CIEAYIOIIETo U3 psaa AUAMETpA.
[Tocne ycTaHOBKHM KaHAIO00pa3oBaTeNiel MPOU3BOASIT MPOTATKUBAHUE B HUX KaHATOB.
[Tocne MOTHOTO MOHTaKa KOHCTPYKITUI TIPOU3BOIAT HATSDKEHUE KAaHATHOM apMaTyphl,
Hanpumep aomkparom-HaTsokuTeneM «EVOLUTION», ¢ naBnennem 70MIla (pucy-
HOK 2) M1 MHBEKTHPOBAHUEM — 3aIOJITHEHUEM KaHAJIOB [IEMEHTHBIM PaCIIUPSFOIIUMCS
pactBopoM oA nasieHueM 0,8 MITa.

Ar-HK1525IM150/1E

Pucynok 2 = Jlomxkpam-namancumeno <EVOLUTION» apmamypnozo kanama
¢ oasnenuem 10Mlla unacocnan cmanyus

Cucrema ¢ <«BOCCTaHOBJICHHBIM\CUEIUICHUEM» B MPOMBIIUICHHO-TPAXKIAHCKOM
CTPOHUTENLCTBE MOKET MOJyYHTh ©OJIbIlIee PacIpOCTPaHEHHE, €CIH B Ka4eCTBE pac-
TBOpa JJIs 3alOJIHEHHsI KaHAIOB JJIS apMaTypbl (KaHATOB) OyAyT HCIIOJIB30BAThCS
CMeCH XMMHUYECKHX aHKepOB, Hampumep ¢upmel Hilti. B atom ciaydae koHCTpyKIms
Oynet padoTaTh Kak eIfHOE, I1e10e.

Cucrema mpenBapUTEILHOTO HANPSDKEHUsST 0€3 CLETIICHHsI apMaTyphl ¢ OETOHOM
MoJipa3yMeBaeT OTCYTCTBUE CIEIUICHUS HAIpsTaeMoOi apMaTypbl ¢ OETOHOM B Teue-
HUE BCETO CPOKAKCHAyaTani. Kak mpaBuiio, UCMOIB3YIOTCS KaHATHI TUaMETPOM OT
12 no 15,7mm, rae Kaxapli KaHAT UMEET UHANBUIYATbHYIO TJIACTUKOBYIO 000JI0UKY
CO cMa3KoMw/laHHas cxeMa KaHaTa IMOJIyYrJia Ha3BaHUE «MOHOCTpeHI». llepemaua
OCEBBIX yCW/NMW Ha OETOH OCYIIECTBIISIETCS 3a CUET YCTAaHOBKM Ha TOpIAX OTpe3Ka
KaHaTa aHKePHBIX YCTPOWCTB. 3a CUET HAJIWYHUS CMA30YHOTO COCTaBa JTOCTUTACTCS
MHUHUMATbHBIN KO((ULIUEHT TPeHHs KaHaTa O CTEHKU O0OJIOUYKH U COOTBETCTBEHHO
MUHUMAJIbHbBIE TIOTEPU OT TpeHus. Takke 3a cueT MIACTUKOBOM 0OOJIOUYKU U CMa3KH
HampsiraeMasi apMaTypa HaJeKHO 3alllMIIeHa OT KOPPO3MH Ha MPOTSHKEHUH BCETO
CpOKa HKCIUTyaTallii KOHCTPYKIIUH.

Kanartel, BbITIOJIHEHHBIE 110 MOHOCTPEH0OBON TEXHOJIOTMH, CaMU IO ce0e SBISIOT-
Csl METAJUTOKOHCTPYKUIUAMU. OCHOBY CTpEHJIa COCTAaBIISIIOT BBICOKOTIPOYHBIE rajibBa-
HU3UPOBAHHBIE MTPOBOJIOKH JUAMETPOM 5 MM Kaxkaas. KaHaTel BKIIOUaroT B ce0s He-

CKOJIbKO TIpsiiel (CTpeHmoB). PacueTHOe COMPOTHUBIICHHUE MPOBOJIOK MOXKET COCTaB-
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nsath 101860 MIla. 3ammTHass 000I09Ka CTPEHA BBHIMOJHEHA M3 BBICOKOIUIOTHOTO
HOJUATUIIEHA U 00J1a1a€T CTOMKOCTBIO K BO3JICHCTBUIO YJIbTPA(PHUOIETOBBIX JTydeil u
OKpY>KaroIllel Cpeibl.

JlokazaHo, 4yTO KaHaThl 6€3 000J0YKU MPEANOUYTUTEIBHO MPUMEHSITH B 3aBOJICKUX
YCIOBUSIX MPU HATSDKEHHH Ha YHOpPBI (C MPSIMOJIMHEWHBIM HATSHKCHUEM KaHATOB).
Crioco0 HaTsKEeHHs ITHUX KaHATOB HAa OETOH IeIecO000pa3HO MPUMEHSThH B IIOCTPOEY-
HBIX YCIIOBUSIX, ISl apMUPOBAHUs JUIMHHOMEPHBIX KOHCTPYKUMM M KapkacoB. Hau-
0oJiee BBITOJHBIM BapHAHTOM CJEAYET CUMTATh CIIOCOO HATSKEHHs] KaHATOB B 000-
JIOYKE Ha OETOH, YTO YMEHbBILAET IPOru0 U MO3BOJIAET IPUMEHATh UX/B MOCTPOCHUHBIX
YCIIOBHSIX JUISl ITMHHOMEPHBIX KOHCTPYKLIMI U KapKacoB.

PacnpocTpaHeHne KaHAaTOB 3alUIIEHHBIX U B 000JIOUKE €1leHE MOTyIMWIN LUPO-
koro npumeHenus B Poccun. [loka He nMeeTcst o0menpu3HaHHBIX TOCYJapCTBEHHBIX
CTaHJIapTOB U CTPOUTEIBHBIX HOPM U MPaBUJI B ATOW 00JIaCTH, HO, TEM HE MEHEE, UC-
MOJIb30BAHME 3TUX KaHATOB JUIS MPEIBAPUTEIHLHOTO HANPAKEHUS NMeeT OOJbIINe
IPEUMYILECTBA, HAIPUMEp IS JUINHHOMEPHBIX U HEPa3pEe3HbIX, KOHCTPYKIUM U Kap-
KacoOB 3/IaHUU U COOPYKECHUM.

ITpu co3pganuu cnenuaibHbIX (GOPTUPUKALNOHHBIX COOPYKEHUI HYKHO OTAATh
IOPEIIOYTEHUE CUCTEME C «BOcCTaHOBIeHHEM ¢uerieHus». COC npu pacuére Ha
oOmiee BO3AEUCTBUE CIEIHUANBHBIX CPEACTB, OOCHPHUNAcOB OOBEMHOTO B3pHIBA,
OOBIUHBIX CPEACTB MOPAKEHUS 3arpy, aeTcsl [I0JHOCThIO, U KaHAThl 0€3 CLEIICHUS C
apMaTypoil HayMHAIOT paboTaTh, HE pa3pylIasich N0 3aJaHHOTO MPEAEIBHOTO CO-
crosgHusd. COC npu MECTHOM BO3JECHCTBUU WOOBIYHBIX CPEJICTB MOPAXKEHUS MOTYT
pa3pyuiaThCsi TOJIBKO B JOKAJIBbHOM 001dcTH. B 3TOM cilydyae BO3MOXEH pa3phbiB KaHa-
Ta, U BCA CUCTEMA «PACCHINACTCI» YACPHUBAACH TOIBKO Ha CIETUICHUH CBS3YIOLIUX
pacTBOpPOB U OETOHOB.

[Toaromy ns opTUUKAUMOHHBIX COOPYXEHUI HEOOXOAMMO HCIONIb30BaTh
CUCTEMY C «BOCCTAHOBJIEHHEM CHEIUIEHUS». B 3alOJHEHHBIX KaHAJIax pacTBOpaMu C
pacIIMpPSIOLIMMCS IEMEHTOM, ‘€OCTaBOM Il XMMUUYECKHUX aHKEPOB BO3HUKAET MOHO-
JUTHOE CLEIJIEHUE, KOTOPOE MOXHO MOCUUTATh TaK K€ KaK aHKEPOBKY apMaTypHBIX
CTEpXKHENl B OeToHE /IS CcOBMECTHOM paboThl. OaHAaKO B MIpolecce MPOU3BOJICTBA
cOOpHBIX MaHeJel Ha 3aBOJE KEJIe300€TOHHBIX KOHCTPYKLUUN KaHAJbI JJIsl KaHATOB,
M3rOTOBJIEHHBIE METO/JO0M ILTOKA, HEOOXOAMMO MPOTPYHTOBaTh. JTa Onepaunus Mo-
KET ObITh COBMEIIEHA € TPYHTOBKON HapyKHOW MOBEPXHOCTH COOPHBIX 3JIEMEHTOB
pu €€ TUAPOU30IIALNH.

Ha kadeapax, BU(UT) Benércs Mouck parmoHAILHBIX KOHCTPYKTHBHO-KOMIIOHO-
BOYHBIX CXEM CHELHUAIBbHBIX (POPTUPUKAIMOHHBIX COOPYKEHUHN ISl pa3MeILEeHus Co-
BPEMEHHON BOCHHOI TEXHUKHU U BOOpYkeHMs. OTHUM U3 HaIllpaBJI€HUI 3TOro MOKCKa
ABIIETCS CO3JlaHUE OBICTPOBO3BOAUMBIX XKese300eToHHbIX CDC ¢ mpenBapuTesb-
HBIM HapsLKEHHEM apMaTypbl KapKaca.

B xagectBe npumMepa crenuanbHOro GOpTUPUKAUOHHOTO COOPYKEHUS U3 cOOop-
HBIX JKEJIE300€TOHHBIX 3JIEMEHTOB MIAXTHOTO THMA (BEPTHKAIBHOE PACIIOJIOKEHUE
3IIEMEHTOB) MOXHO TIPUBECTH pa3pabOTaHHOE COOPYKEHHE KOMAaHTHOTO MyHKTa (pu-
cyHok 3). CoopyskeHnue CoOOMUpaeTcs U3 KOJIeIl, MOJyKOJIEI] ¥ INTOCKUX (PyHIaMEHTHBIX
IUIAT U TUIMT TNOKpbITHsL. HanpsbkeHue apmaTypsl OCYILECTBISETCS BJIOJIb CTBOJIA CO-
OpY’KEHHUH.
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I
Hampasienue TpeHanpsKeHus

Pucynok 3 —Coopnoe COC waxmmnozomuna ¢ npeosapumenbHbim
Hanpax)cenuem apmamypul Hd 6enoH 80016 CMeEo1a

ITpu HaTsKeHUM apMaTypbl Ha OETOH COOPHBIE JKEIE300€TOHHBIE IEMEHTHI U3T0-
TOBJIAIOTCS Ha 3aBojie. lIpenBapurenpbHOe HaNpsHKEHUE B IIPOJOJIEHOM HaIlPaBICHUU
OCYILECTBIISIETCS MIOCJIE MOHTaXKa BCEX YKEJIE300€TOHHBIX JIEMEHTOB HAa CTPOUTEIb-
HOM IUIONIAJIKE.

Hamnpsiraemyro apmatypy paenofiarafoT B CHELMAIBHO YCTPAMBAEMBIX KaHalaX B
coopubIX d1emMenTax. Kananprmeror nuamerp Ha 5...15 MM Oonbie nuamerpa ap-
MaTyphbl. BBITONHAIOT UX MpH OETOHNPOBAHUH 3JIEMEHTA Ha 3aBOJIE JKeJIe300€ TOHHBIX
KOHCTPYKIIUU MyTeM YKJIAAKW rOQPUPOBAHHBIX CTAIBHBIX TPYOOK (0000Y€K) Wi ¢
MOMOIIBIO MTyCTOTOOOPA30BaTENCH (CTATBHBIX CIHPATICH U METAJUIMYSCKUX IITOKOB,
TPYOOK M3 KPOBEIILHOM CTaJIM, PE3MHOBBIX IIUIAHTOB U T. [I.), U3BIEKAEMBIX H3 CBEKeE-
yJoxeHHoro 6etoda. [Ipy HaTskeHnHn apmaTypa He UMEET CLEIUIEHHs ¢ 0ETOHOM KO-
Jell, HO KaHajbl, il 00ecreueHuss COBMECTHOM pabOThl KOJIEL U IIPEIBAPUTEIILHO
HanpsKEHHOW apMaTypbl, MOTYT IOTOM OBITh 3alOJHEHBI pacTBOpoM. OOxartue Oe-
TOHA IPOUEXOIUT B IIPOLIECCE HATSHKEHUS apMaTypbl. HanpsbkeHus B apMatype KOH-
TPOJIUPYHTAI0CIE OKOHUaHUS 00xkaTusi 6eToHa. OJIMH KOHEL apMaTypHOTO CTEPKHS,
nydKa Wik KaHaTa, CHa0>)KEHHBII aHKEpOM, HAllpUMEpP KJIMHOBBIM CTAKaHHOI'O THIIA,
3aKPEHNAIOT Ha (YHIaMEHTHOM IUIMTE U HaTAruBaroT. [Ipu sToM nmpoucxoaur obxa-
tue 0eroHa. Ilocie HaTsXKEHUS apMaTypbl A0 33JaHHOTO HANPSHKEHUS €€ aHKEPYIOT
CO CTOPOHBI PACIIOJIOKEHUS JOMKpaTa, B BEPXHEM 3JIEMEHTE COOPYKEHHUS.

Jlyig mpeBapUTENbHO HANPSKEHHBIX Kene300eToHHbIX KOHCTpyKiuil COC u co-
OpY)KEHHUSI B LIEJIOM CJEIyeT MpeaycMaTpuBaThb OETOHBI CIEAYIOIIUX KJIACCOB IO
npounocTH Ha cxkatue: B25; B30; B35; B40; B45; B5S0; B55; B60.

B kadecTBe mpoJOJIBHON HAaNpsAraeMod apMaTypbl palMOHAIBHO MCIIOJb30BaTh
rOpsYeKaTaHyl0 M TEPMOMEXAHUYECKU YMPOUHEHHYIO MEPUOAUYECKOTO MPOPUIIS
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kiaaccoB A600 (A-1V), A800 (A-V) u A1000 A-VI), xonoaHoaehopMHUpPOBAHHYIO
nepuoandeckoro npoduis kiaaccos ot Bpl200 10 Bp1500 Bp-Il) u kanatuyio 7- u
1911poBonounyto knacco K1400,K1500 K-7,K-19).

Bce sneMeHTHI coopyKeHHs HW3TOTaBIMBAIOTCA HA 3aBOJIC C HAHECCHWEM Ha
BHEIIHIOIO MOBEPXHOCTh MPOEKTHOW THUAPOHU30JsALUU. [Ipu MOHTaXXe CTHIKM MOTYT
3aIOJIHATHCS, HApUMED, paciupsromeics cMecbio Baiitmuke HST ¢ ncmonp3oBa-
HUEM TUIPO(UIBLHOTO PE3WHOBOrO MpOo(uis Ajisi TepMETH3allMu IIBOB U CTHIKOB
I'unpotaiit (hydrotite cj).Ha3BanHble MaTepuabl sl TUAPOU3OJISIMHA AMEIOT BBICO-
KyI0 CKOPOCTh TBEpJEHUS, 3HAUUTEIbHbIE MPOYHOCTHBIE XAPAKTEPUCTHKU HOCIE
TBEPACHHUS, BHICOKYIO THIPOU3OJISIIMOHHYIO CIIOCOOHOCTH, BEICOKOE 3HAUCHHUE KO-
dunueHTa IMHEWHOTO pacHIMPEHUs MPHU TBEPACHUHU, KaK B BO3AyXe, TaK'M B BOJE.
B HacTosiimee BpeMsi €CThb MHOTO THAPOM3OJSIIMOHHBIX MATEPHUAalioB ISl CTHIKOB,
CHOCOOHBIX B YCIIOBHUSIX HU3KHX TeMIeparyp oOecrnedynBaTh T€PMETU3ALNIO COOPY-
xenus ([Tenetpon, Dramon, Waterplastu ap.).

ApouHbIe COOpY>KEHUs, MaCCOBO MOCTpoeHHbIE B 60-80-€ ToABI MPOILIOTro BeKa B
kadectBe COC pa3nmuyHOro Ha3HAYCHHS, MOTJIM OBl ObITh MpeTHANPSIKCHBI B IPO-
JOJILHOM HANpaBJICHUH C BOCCTAHOBJICHHUEM CLIETIIICHUS € IIEHbI0 YBEIMYCHUS TepMe-
TUYHOCTHU ¥ TUAPOU3OJISAIIMOHHBIX CBOHCTB.

B xauecTBe mpumepa crienuaibHOro GopTHPUKANHOHHOTO COOPYKEHUS U3 cOOp-
HBIX JKEJIC300€TOHHBIX JJIEMEHTOB FOPH30HTAJILHO, THIA (Ha3eMHOE OOCHIITHOE) MOXK-
HO MPHUBECTH pa3padbaTbIBaEMOE CIEeIYIOIINM BApUAHT COOPYKEHUS.

CoopyKeHre BBIMOJIHEHO M3 COOPHBIX JKENE300E€TOHHBIX paM mposieToM 4,5 M, yc-
TaHABJIMBAEMBIX BEPTUKAIbHO HAa OETOHHYIO HOAroTOBKY. Ha ’xene300eToHHBIE paMbl
Ha 3aBOJIc HAHECEHA MPOEKTHAs HapYKHAsi THIPOM30JIALINS, HA CTHIKM HaKJICeH Haly-
xaouwii npoduibs U3 ruapodmibHON pesuHsl «l maporaiit Cullxei». s 3amenku
CTBIKOB BO3MOKHO TMPUMEHEHHE LMECH 3a0JTHEHUS THIPOU30JIIMOHHON PaCIIHPSIIO-
mielicst cmechio «Baittmuke HST», koTopast moctarouHO OBICTPO 3aTBEPAEBACT U MPH
ATOM 3a CUET MPOCTPAHCTBEHHOFO PACIIMPEHUS MTOTHOCTHIO 3aMOJHSIET COOO0M CTHIK.

Pambl mociie MOHTaKAMHIPEIBAPUTEIbHO HAINPSTAlOTCS HAa KOHCTPYKIUH (Ha Oe-
TOH) METaUNIMYECKUMU/KAHATAMH B TIPOJIOJIbHOM HATPABJICHUU.

Hanpsiraembie KaHATHI MPOMYCKAIOT Yepe3 CIEeIHUAIbHO YCTpanBacMble KaHaJbl B
pamax. [lpu HaTspKeHNH apMaTypa HE UMeEeT cleruieHus ¢ 6etonom pam. Hamo Boc-
CTaHOBUTH CIICWICHHE € apMmarypoil. s obecrieueHus COBMECTHON pabOThI paM U
MpeBapUTENIBHO HaIllpsHKEHHON apMaTyphl KaHalbl JOJDKHBI OBITH 3allOJIHEHBI pac-
TBOpoM. OGkKaTe OeTOHA MPOUCXOIUT B MPOIIECCe HATSHKEHUS apMmaTyphl. Hamps-
KEHHsI B @pMaType KOHTPOJIUPYIOT MOCIe OKOHYaHUs 00katusi OetoHa. OMH KOHEIl
apMaTypPHOTQ-CTEP>KHs, MMydKa WIM KaHaTa, CHAOKECHHBI aHKepOM, HampuMep KIu-
HOBBIM CTaKaHHOTO THIIA, 3aKPEIUIAIOT HA TOPLEBOM CTEHE W HATATUBaIOT. [Ipu 3TOM
IpOUCXOANT oOkatue 6eToHa. [locme HaTsHKeHHsI apMaTyphl 10 33JaHHOTO HarpsiKe-
HUS €€ AHKEPYIOT CO CTOPOHBI PACHOJIOKEHHUs JOMKpaTa, B IPYroi TOPILEBOM CTEHE.

[Tocne BoccTaHOBIIGHUs CIETUICHUSI apMaTypbl U O€TOHAa COOpYy)KEHUE paboTaeT
KaK eIMHOE 1IeJI0€, KaK MOHOJIUTHAs! KOHCTPYKITHSI.

3AKJIIOYEHUE

B pesynbrare mpeaBapuTEIbHOTO HAMPSKEHHs KOHCTPYKIUN COOpHBIX (HopTH-
(UKAMOHHBIX COOPY)KCHHI YBEIMUMBAETCS WX CTOWKOCTh K BO3JIEHCTBHIO COBpE-
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MCHHBIX CPCACTB IIOPAKCHUS, ITOBBINIACTCS TpCHIPIHOCTOﬁKOCTB KOHCTpYKIIPIﬁ, rep-
MCTHYHOCTL U THUAPOU3OJIALIMOHHBIC CBOMCTBA COOpY)KCHI/If/'I, YIydimaroTCs 3KCIIya-
TAIUOHHBIC IMAPAMCTPBI TCPMETU3AINHN U 3aIUTBI COOPYKCHHUA OT 06BOI[H€HI/I$I.
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OCOBEHHOCTHU IPUMEHEHUA ITPOI'PAMMHOI'O
KOMIIVIEKCA «KOHCTPYKTOP 3JJAHUSA>» JJISTHPOEKTUPOBAHMUSA
OBBEKTOB C UCITIOJIb30OBAHUEM BIM- TEXHOJIOT A

Cnueka /l. H., oupexmop OO HIIII «bpécmKAL»

OO HIII «bpectKAJ[» Gonee Tpuamary JET 3aHUMAETCS YCIEIIHON pa3paboT-
KON U BHEJPEHUEM MPOrPaMMHOTO 0O€cieueHus B 00nactu crpoutenbcTBa. Ha nan-
HbIII MOMEHT ocHoBHas 3agada OJJO HIITT — pa3paboTka COBpEMEHHOIO MPOrpamMmm-
HOT0 00€ecreyeH s sl BCEM CTPOUTENbHOM OTpaciiy peciyOIuKy.

Cnenyetr oTMETUTb, 4TO Nporecc POPMUPOBAHUS PaCUETHON MOJAEIH OOBEKTOB Tpe-
OyeT mepexosa OT peaabHON KOHCTPYKIIMU K UCaTHM3UPOBAHHON PAcUeTHOM cXeme, KO-
TOpasi OTpakaeT (PaKTHUECKYHO PadO0Ty IJIEMEHTOB OOBEKTa TOJBKO C OMpPEICIICHHON
7051el NPUOIKEHNUS, YTO U OHpeesieT HeOOXOAMMOCTh MMOMCKA HOBBIX MOAXO0B.

Tem Oonee OypHOE pasBUTHE HHPOPMAIIMOHHBIX TEXHOJIOTUNA 00YCIOBUIIO MOSIB-
JIEHUE NPUHIUIINAJIBHO HOBOTO NOJXO0/a B CTPOUTEIBHOM IIPOCKTUPOBAHNUM, 3aKIIIO-
YarolleMcsl B CO3/l@HUU KOMIIBIOTEPHON MOJIENM 00bEKTa, HeCylllel B cebe BCce CBe-
JEHMSI 0 HEM, T4 €, MH(POPMALIMOHHOI'O MOJIETIUPOBAHUS OOBEKTOB.

[Toaxon K HPOEKTMPOBAHUIO OOBEKTOB Yepe3 MX MH(POPMALMIOHHOE MOAEINPOBAHUE
MPETOIAFAET IIPEK/IE BCETO COOpP U KOMIUIEKCHYIO 00pabOTKy B IMPOLIECCEe MPOEKTUPO-
BaHUs. BCEU APXUTEKTYPHO-KOHCTPYKTOPCKOW, TEXHOJIOTMYECKOM, JKOHOMHUYECKON H
MHON MH(OPMALIMK CO BCEMH €€ B3aUMOCBSI3IMH M 3aBUCUMOCTSAMH, KOTJIa IPOEKTHpYe-
MBIt 00BEKT U BCE, YTO UMEET K HEMY OTHOIIIEHHE, PACCMATPUBAIOTCS €AUHBIM LIEJIBIM.

['maBHOE OTVIMUME HOBOTO NOJAXO0JA OT MPEKHUX METOJOB IIPOCKTUPOBAHMS 3a-
KJIIOYaeTCsl B TOM, YTO BO3HUKAIOIIUNA 00bEM 3TOM TEXHUUYECKOM padOThl, BBIIOJHSE-
MO KOMITBIOTEPOM, HOCUT INPUHLUIIAAIBHO MHOM XapakKTep, U YEJIOBEKY CAMOMY C
HUM YK€ HE CIIPAaBUTHCA.

Tako# moaxo/ K MPOSKTUPOBAHUIO 0OBEKTOB MONTy4mT Ha3Banue Nudopmarmon-
HO€ MOJICTIMPOBAHUE 3[IaHUH, WK cokpameHHo BIM (ot mpuHsTOrO B aHrmMicKOM
s3pike TepmuHa Building Information Modeling).
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[TonsiTie MHPOPMAIIMOHHON MOJIeNH O0BEKTa ObLIO BIEPBBIE MPEIIOKEHO MPO-
deccopom Texnonornyeckoro uacruryta Jxopmxun Yakom Mcrmanom B 1975rony.
Ecnu nepeiiTu Kk BHYTpEHHEMY COJEP>KaHUIO TEPMHUHA, TO CETOJHS CYIIECTBYET
HECKOJIbKO €ro Onpe/esieHui, KOTOphle B OCHOBHOM CBOEH CMBICIIOBOM YacTH COBIMa-
JAI0T, IPU 3TOM OTJIMYAsACh HIOAHCAMHU.
3T0, 0YEBUIHO, BBI3BAHO B MEPBYIO TEM, YTO Pa3HbIEe CIIELUATUCTHI TPUXOIUIIH K
KOHIEMUIKUK UHGOPMAILIMOHHOTO MOJIETUPOBAHUS 3IaHUM Pa3HbIMU MMYyTSAMHU, TIOITOMY
oJiHU oHUMaroT nojl BIM Monens kak mpoayKT, AJid IPYTUX —3TO MPOLECC MOJIETH-
poBanusi. HekoTopele onpenenstor U paccMarpuBaroT BIM ¢ Touku 3peHus mpaktu-
YECKOM peasm3alii Wik BOOOIe ONPeestoT ATO MOHATHE Yepe3 eF0 OTpUlIaHue.
Chopmynupyem omnpeneneHue, KOTOpoe B OOJIbIIEH CTENEeHH COOTBEICTBYET Ce-
rogasHeMy noaxoay k BIM xomnanum Autodeska nameit Todke 3peHwHs.
Nudopmanmonnas moaens (BIM) — 3To Xxopoiro ckoOpAMHAPOBAHHAS, COTJIACO-
BaHHAs W B3aMMOCBSI3aHHAsI, MTOJIAIOIIASICSl pacyeTaM U aHaJIM3Vy, UMEIoIIasi TeoOMeT-
PUYECKYIO MPUBSI3KY, IPUTOAHAS K KOMIBIOTEPHOMY HCHOJIB30BaHUIO, JOITyCKAtOIas
HeoOXouMble OOHOBJICHUSI YUCIIOBask HHGOpPMAIUs O HPOESKEUPYEMOM OOBEKTE.
[TonmydyenHnass uHpOpMAIUS MOXKET HMCHOJIb30BATHCS, M. NPUHATUS KOHKPETHBIX
NPOEKTHBIX PEHICHHUH, CO3[IaHUSl BBICOKOKAUYECTBEHHOM MPOEKTHON JAOKYMEHTAIUH,
MpeaCKa3aHus HKCIUTyaTallMOHHBIX Ka4eCTB OOBEKTA, COCTABICHUS CMET U CTPOUTEIb-
HBIX IJIAHOB, 3aKa3a W M3TOTOBJICHUS MaTepHajoB M 000pyIOBaHMs, YIPAaBICHHUS BO3-
BEJICHUEM 3/aHMs, YIPABICHUS U AKCIUTyaTallid CaMoro 3/1aHusl U CPEJICTB TEXHUYE-
CKOTO OCHAIIICHUS B TEUEHUE BCErO KU3HEHHOTO MUKIIA, MPOCKTUPOBAHUS U yIIpaBJe-
HUSI PEKOHCTPYKLIMEH MM PEMOHTOM 371aHMsI, HHbIX CBS3aHHBIX CO 3JaHUEM IIeNeil.
Cxematndecku uHdopmaius, otHocsamascs Kk BIM, mocrymaromnas B mMonens u
noJjiyyaemasi U3 MoJiesid, IpuBeeHa Ha pueyHke 1.

M awenar "
MowenaHua n
POEKTHBIE pellEeHKA
: 3aKEa3YMKE KoHuTpone cobOcTEEHHUKOM
| T MpegckazaxHwe
Dﬁu’u""e e EOBEH vA IKcNnyarTalnoHHBIX

|
I
I
| K MIPOEKTHPYEMBIM I KauecTs
oGnexTaM WHpopmaunoHHas
| | FPabouan
| Buewnue yvenoeus | #*] MOAENDb 3AAHUA |#| aokymenTaums
| I
HMHcbopmauma o (BIM) Jakas uagenuin
I Mg I
| CTPOMTENEHEX | W KOHCTRYKLIMA
I H3gQenAx, I l
marepuanax | 3axaa obopyaoBaHKuA
HOHCTD YRLMAX
| IKOHOMUKE NPOEKTUPOBAHKA OpraHK3aLms
| Vudbopmayws o | CTPOWTENLCTEE
| cpencTeax | SKOHOMUWKA CTROWTENLCTEA
| nHHEHEpHOTD | 4 , YnpagneHue
I OCHaLEHKA I KOHOMUWKa 3KCnnyaTaund SKkCnnyaTalne
| I 30aHuA
| JononHuTenbHasA | WHthopmaLpms
| HHpopMaLMA ONA WHBX LUenesi

Pucynok 1 — Hnugpopmayuonnaa cxema BIM

[Tpumenenne nHHOPMAITMOHHONW MOIEH 00BEKTa CYIIECTBEHHO 00Jerdaer padoty
U FIMEET MacCy MPEUMYIIECTB Mepel NPEKHUMHU (GOpMaMH TPOSKTUPOBAHHS.
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[Ipexxne Bcero, OHO TMO3BOJIIET B BUPTYyAJIbHOM PEXHME COOpaTh BOCIWHO, TIO-
no0paTh MO MpeAHa3HAYEHUIO, PACCUMUTATh, COCTHIKOBATh U COTJIACOBATh CO3/1aBae-
MBbI€ Pa3HBIMU CHEIUATNCTAMHU U OPTaHU3ANMSIMU KOMIIOHEHTBI I CUCTEMBI OyayIIie-
r0 COOPYKCHHsI, «Ha KOHUYMKE Iepa» 3apaHee MPOBEPUTh HX >KU3HECITOCOOHOCTH,
(YHKIMOHATBHYIO TPUTOJAHOCTh M AKCILTyaTallMOHHBIE KAYECTBa, a TakKe U30eKaTh
CaMOT0 HEMPHUATHOTO IS IPOSKTUPOBIIHUKOB - BHYTPECHHUX HECTHIKOBOK (KOJIIM3UH).

B oTimume OT TpaAMIIMOHHBIX CHUCTEM KOMIBIOTEPHOTO MPOCKTUPOBAHMS, CO3-
JAIOLUX TeOMETpUuYecKre o0pasbl, pe3yabTaTOM HH()OPMAMOHHOTO MOIEIMPOBA-
HUS 37aHUSI OOBIYHO SIBIIAETCS 0OBEKTHO-OPUEHTHPOBAHHAS IUGPOBas MOAENb, KaK
BCETo 00BEKTA, TaK U MPOIIeCcca er0 CTPOUTENILCTBA.

Yame Bcero pabora Mo CO3/aHUI0 MHPOPMALMOHHON MOJEIH 00BEeKTa BEIETCS
Kak Obl B JBa dtama. CHavayma pa3pabarbiBaroTcsi 010KH (CeMeiCTBa) — ITEPBUYHBIC
AJIIEMEHTBI MPOEKTUPOBAHUS, COOTBETCTBYIOIINE KaK CTPOUTEITHLHBIM U3JICTUSIM, TaK U
AJIEeMEHTaM, YTO UMEET HEMOCPEICTBEHHOE OTHOIICHUE K 3aHUIO, HO TPOU3BOJAUTCS
BHE PaMOK CTPOWILIONIAIKY U ITPU BO3BEICHUH OOHEKTA HE ICITUTCS HA YACTH.

Bropoii sTan — MoziennpoBaHuE TOro, YTO CO3AACTCA HA CTPOUMIIOmaIKe: PyH-
JAMEHTBI, CT€HBI, KPbIIH, (pacajbl U T. 1.

Taxkum oOpa3om, JoruKa WHOOPMAITMOHHOTO MOJICTUPOBAHMSI OOBEKTOB CETOJIHS
BOIIPEKN OMACEHUSM CKENTUKOB YIIUIAa W3 HEMOHSATHOW HJISi MPOCKTHUPOBIIUKOB H
CTpouTesiell 00J1acTh MPOrpaMMHUPOBAHUSA U COOTBETCTBYET OOBIYHOMY MOHUMAHUIO
peanu3anyy MPoeKTa Ha MPAKTHKE.

[Toctpoennass nH(popMaMOHHAS MOJIETh TPOCKTUPYEMOTO OOBEKTa CTAHOBUTCS
OCHOBOI M aKTUBHO MCIOJb3YETCA JIJIsl CO3IaHUs paboyeil TOKyMEeHTAllMU BCEX BUJIOB,
pa3paboOTKX M U3TOTOBJIEHUSI CTPOUTEIbHBIX, KOHCTPYKIMI U JeTalieil, KOMIIEKTalluu
00BeKTa, 3aKa3a U MOHTaKa TEXHOJIOTHYECKOTO 000pyI0BaHUs, IKOHOMUYECKUX pac-
YeTOB, OpPraHU3alliyd BO3BEACHHS CaMOFO 3HAHUs, a TAKXKE PEIICHUS TEeXHUYECKUX U
OpraHU3aI[MOHHO-XO035MCTBEHHBIX BOMPOCOB MOCIEAYIONIEH IKCIUTyaTal|H.

Takoit moax0a B MPOSKTUPOBAHNU*KOT/Ia OOBEKT pacCMaTPUBACTCS HE TOJIBKO B
IPOCTPAHCTBE, HO U BO BPEMEHH, W0 ecTh «3D miroc Bpemsi», yacTo HasbiBaioT 4D,
a «4D mmoc nadopmannio» TPUHATO 0003HauYaTh yxke 5D. XoTs, ¢ Apyroit CTOPOHHI,
B psne nmyonukanwmii moa 4D Moryt nornmats «3D mumtoc crienudukanum.

[Ipu sToM oOmIenpA3HAHHBIMU (OpMaMH BBIBOJAA U MEpeadyu CoAeprKalleiics B
BIM undopmaiiuu 06 00beKTe OTHOCATCS: yepTexkHas 2D pabouas JOKyMEHTalus 1
yeprexkabie 3D-Bunbl moneneit; miockue 2D-(paitner u o6bemubie 3D-Momenu s
UCIIO0JIb30BaHus, B ‘pa3imuHbix CAD-nporpammax; TaOauIbl, BEJOMOCTH, crenudu-
Kauuu; Qailnipl 1% MCIIOIb30BaHUs B UHTEpHETE; (haliIbl ¢ MHKEHEPHBIMU 3a/1aHMSI-
MU Ha U3TOTOBJICHHE BXOASIINX B MOJENb M3ICIUA U KOHCTPYKIUHN; (pailyibI-3aKa3sl
Ha MOCTaBKY.000PYy/I0BaHUS 1 MAaTEPUAIIOB; PE3yJIbTaThl CHEIIMAIBHBIX PACUETOB; BU-
JICOMATEPUAIbl, OTpAXKAIOLIUE MOJCIUPYEMBIE MPOLECChl; (allyibl C JaHHBIMH IS
pacyeToOB B IPYrux mporpammax; (aiiibl Mpe3eHTalMOHHON BU3yaIn3allii U aHUMa-
LMW, MOJIEH; BUABI OOBEMHBIX Pa3pe30B M JIPYrUX IMOJHBIX WU HE MOJHBIX (ppar-
MEHTOB,IPOEKTUPYEMOTO 00BEKTa; (DAMIIbI 111 TPEXMEPHOU IeyaTH; JIIo0ble Apyrue
BUJIbI TIPEIOCTABICHHS HH(POPMAIIHH, KOTOPhIE TOTPEOYIOTCS IPH MPOSKTUPOBAHUH,
CTPOUTEIBCTBE U IKCILTyaTallMU O0BEKTA.

Bce aTo MHOrooOpasue (gopm BbIBOAUMON MHGOPMAIMU 00€CIIeUnBaAET YHUBEP-
caibHOCTh M 3P pekTuBHOCTH BIM Kkak HOBOTro mojaxoja B MPOEKTUPOBAHUH OOBEK-
TOB W TapaHTUPYET €My OIPEACIISIONIee IMOJOKEHNE B CTPOUTEIHLHON OTpaciv B
OymKaiiiem OyyIem.
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Texnonorus BIM yxe ceiiyac mokazana BO3MOXHOCTb JIOCTHKEHHUSI BBICOKOM
CKOpPOCTH, 00beMa M KauecTBa CTPOUTENIbCTBA, & TAKXKE 3HAUUTEIIbHYI0 YKOHOMHUIO
OromxeTHBIX cpeacTB. [loBcemectHoe BHenpeHue TexHonorun BIM B mpoekTHyro
MPAKTUKY B HACTOSIIIIEE BpEMsI HAXOJUTCS HA CBOEH HAYaJIbHOW CTaJuH, TaK KakK eIle
HE BBIPA0OTaH €AMHBIA CTaHAAPT s (DAIOB MPOTPAMMHBIX CHCTEM, CO3AOIINX
uH(pOPMAIMOHHBIE MO/IENI 0OBEKTOB, UJIM OOMEHA JTAaHHBIMU MEXI1Yy HUMHU.

O4eBUIHO, JOJKHO MPOUTH €lle KaKoe-TO BpeMsi, 4TOObl COOOIIECTBO MPOEKTH-
POBIIMKOB BBIPaOOTAIO OOIIENpH3HAHHbIC «1a0IoHe» Mg BIM, yHUGHUHpYFOIHE
npaBuiIa nepesavyu, XpaHeHUs! U UCIO0JIb30BaHUs HH(GOpMAIIUH.

Bo3moskHO, pemenne 3Toro Borpoca Heo0XoauMo uckarh mo afamnoruu ¢‘CAD-
CUCTEMaMH.

Paspabomannviii namu npoepammuuvii koMiuieke «KOHCTPYKTOp 3IaHUs» Mpe-
JIOCTABJISIET BO3MOXKHOCTH MOJICIIMPOBAHUS U pacueTra OOBEKTOB; HAauYWHAs OT KOH-
LEMNIUU U 3aKaH4YMBAasi BEITYCKOM pabounx uyeprexei u cnerudukarinii.

Tak kak COBpeMEHHOE MPOEKTUPOBAHKE 3/1aHUI U COOPYKCHUI HE MOKET OOOUTHUCH
0€e3 pacueToB Ha MPOYHOCTh U JEPOPMATUBHOCTD OT/IEABHBIXBJIEMEHTOB MM BCEW KOH-
CTPYKIIMH, TO TAKUE 33aJ]aud PEIIAIOTCS MPOrpaMMamMu, HCHOIb3YIOIUMHU METO KOHEU-
HBIX DJIEMEHTOB. B CBSI3U ¢ ATMM BO3HMKAET HEOOXOAUMOCTBABYXCTOPOHHEH CBSI3H MO-
TIeTTH, C KOTOPOU paboTaeT apXUTEKTOP, C MOJICABIO HHKEHEPA-KOHCTPYKTOPA, MCIIOJb-
3YIOIMX Pa3HbIE€ IPOrPaMMHBIE KOMIUIEKCHI JUIsl PEIIEHHSI CBOUX 3aj7a4. B mepByto oue-
penpb Takasl CBS3b IMO3BOJISIET YMEHBIIUTH 3aTPAThl BPEMEHH U M30€KaTh BO3MOKHBIX
OLIMOOK IMpH MepeHoce MH(POpPMALIMK B pacdeTHBIC MPOrpaMMbl. Tak e COKpalaeTcs
BpeMs Ha M3MEHEHHUE AHAIUTUYECKONM MOMAEHHN B Cilydyae M3MEHEHUS T'€OMETPUUECKUX
Wi GU3NYECKHUX MTapaMETPOB U XapaKTEPUCTUK HECYIIMX DJIEMEHTOB KOHCTPYKIIUH.

OOMeH JTaHHBIMH MEXIy aHATUTAYeCKHMHU MOJETSIMU OOBEKTOB M MOJIENSMH, HC-
MOJIb3yEMBIMHU B TIPOTPAMMHBIX KOMIUIEKCAX, SBIISICTCS] BAYKHOM MTPOOJIEMOM TTPOSKTUPO-
BaHUS 3AHUN U COOPYXEHUM. B pacueTHbiil KoMIUIEKC «KOHCTPYKTOp 3/1aHUs» TIEpeia-
eTCS aHATMTUICCKAst MOJICITh 3MAHNSJ0pa0aThIBACTCSI TMOO KOPPEKTUPYETCS TaM (B CIIy-
Yyae HEOOXOJMMOCTH), TIOCIIE YT, TCHEPUPYETCsl KOHSYHO-3JICMEHTHAsI CETKA, BBITTOJTHS-
IOTCSI BCE HEOOXOAMMBIE pacdeThl C MOCIIEAYIOICH BbIIauel YepTerken 1 CrielUpUKAIIA.

[lenpro mporpaMMHOTQ KeMIniekca «KOHCTPYKTOP 3MaHUS» SBISICTCS TPEIOCTaBIIe-
HHE BO3MOXKHOCTH PENAKTHPOBAHUS aHAIMTHUYECKOM MOJIENH, CO3JaHHOM B MPOTrpaMMax
Revit, AutoCaD , Renga ap. — a/1s JaJbHEHIIIEr0 UMIIOPTUPOBAHUS €€ B PaCUCTHBIC
KOMITTEKCHI, ucHomnb3yronme MKDO (Stark ES, Lira Soft, SCAD, SOFiSTiK)ppadoTka
pE3yIBTATOB PACUETOB, KOHCTPYUPOBAHUE U BBIITYCK TOTOBOM MPOEKTHOU JOKYMEHTAIUH.

DTH nporpaMMHbBIE pa3padoTKu UMEIOT cepTudukar coorsercTBusi PO (c 1992rona),
peaTU3yIOT AIPUHITUITE TIPOSKTUPOBAHUS B COOTBETCTBHH ¢ TpeOoBanusmu THIIA PB,
P® u EBpoHOpM.

Hemonb30BaHnEe COBPEMEHHOT0 MporpaMMHoro obecrneuenus U BIM-Ttexnonoruii
no3BoisieT OO0 «bpecTKAJIMpoekT» BBINOIHATH MPOEKTHI OBICTPO, C ONTUMATILHBIM
pPacxoJI0M MaTEpUaJIOB U BBHICOKMM KaueCTBOM, B MOJHOW MEpE YUUTHIBAThH MOXKeJia-
HUSI UHBECTOPOB U MOPSITYUKOB.

BrinonHenue npoekToB — otenib «Hampton by Hiltonss r. Bpecte; 16-5TaxHbIX
MOHOJIUTHBIX Kene300eTOHHBIX 10MOB FO3MP-3; paboThl, BEIIOIHIEMBIS IS 3aKa3-
yukoB U3 [lonbmm u Yexuu — noka3pIiBaeT NpaBUILHOCTh BHIOPAHHOTO MYTH B peaju-
3alMM MPOIECca MAaKCUMAJIbHON aBTOMATU3AIMK MPOEKTHBIX padoT.

90



YK 624.15+624.131.1

OCOBEHHOCTH YCTPOMCTBA HAMBIBHBIX OCHOBAHUM
(HA IIPUMEPE 3AIIAJTHOI'O PETHOHA PECITYBJIMKHA BEJAPYCDH)

Houma Il. C., 0.m.1., npogeccop,
Illgedoeckuii I1. B., k.m.1., npogheccop

AHanu3 6alaHCOB 3eMellb MHOTUX TopooB benapycu, BBIOMHEHHBIHN e1ie mpod.
BunokypoBbiM E. ®. [1], moka3an, 9To Ui HUX XapaKTEPHO HATUYHE OTPOMHBIX
MONMEHHBIX TeppUTOpUid, cocTaBisromux mopoit 40% Bceil TOPOACKOM \IIIOMATH,
KOTOpPBIE MAaji0 HCHOJIb30BAIUCh JJIsi 3aCTPOMKM BBHAY CIOXHBIX HWHKEHEPHO-
re0JOTMYECKUX YCJIOBHM, a C JAPYrol CTOPOHBI, OHM HE MPEACTABISIN OOJbIION
CEJIbCKOXO03SUCTBEHHOW IIeHHOCTH (Tabmma 1).

Tabnuua 1 —CooTHollieHre TOMMEHHBIX TEPPUTOPUN B DasiaHCE TOPOICKHUX 3eMeb
HEKOTOpbIX ropoaos PecnyOnuku benapych

Teppuropus, ra OTHoIIEeHNE TOMMEHHON

I'opon vy

obman OMMEL TeppuUTOpUU K 001IeH, %
T'omens 8 200 2'300 27,0
MorwuieB 6 500 1300 20,0
ITuuck 3200 1320 42,0
Bob6pytick 6 040 1150 19,0
Bpecr 3530 850 24,0

JI1st TakuX TeppUTOPUN XapaKTepHA 3HAYUTENIbHASI N3MEHYMBOCTh MOIIIHOCTHU OT-
JENbHBIX CJIOEB I'PYHTA, JMH3000pa3Hoe 3ajeranue, Haimuue topda u 3aroppoBaH-
HBIX CJIOEB, WINCTbiXyIpyHTOB. BecbMa BBICOKOMW SIBIISIETCS M3MEHUMBOCTH (DU3HUKO-
MEXaHUYECKUX CBOMCTB I'PYHTOBOW TOJIIM KaK B LIEJIOM, TaK U B Mpejaesiax OTIeib-
HBIX CJOEB, a TAKHYKE BHAUNTEIbHAS HEOJHOPOIHOCTh M BOJIOHACKIIIEHHOCTh TOPO/.

Bce 3t hakTopsl yCIoKHSAIOT BEIOOP ONTUMAIbHBIX TUIIOB OCHOBAHUN U MIpUMe-
HEHUE OOBITHBIX THUIIOB (DYH/IaMEHTOB.

Uenonb30BaHne TakuX TEPPUTOPUN MO CTPOUTEIHCTBO 3AAHUI U COOPYKEHHM
BOBMOXHO TOJBKO IOCJI€ MPOBEACHUS MEPOIPHUSATUN MO MHKEHEPHOM MOJTOTOBKE.
Bo ‘mHorux ciydasx tpeOyercs oTchinka rpyHTta MoiHocThio ot 3,0 1o 10,0 m.
[IpakTHKOI OTEYECTBEHHOTO U 3apyOEKHOr0 OMbITA JOKA3aHO, YTO B TAKUX CIIydasix
BecbMa 3(PGEKTHUBHBIM SIBIISIETCS MCIOJIb30BAaHUE THUIPOMEXAHU3UPOBAHHOW WHIKE-
HEPHOW TOJTOTOBKH TEPPUTOPHH, MO3BOJSIONIEH O0BEAMHUTH MPOIECC Pa3paboTKu
IPYHTa B Kapbepe, ero TPaHCIIOPTUPOBKY M YKIJIAJKy Ha KapTe HambiBa [1].

CxeMa pacmosoKeHUs MPEATNOoIaraéMbIX KapbepoB, TAK)KE MPOCKTUPYEMBIX MHUK-
popaitoHoB B T. bpecTte nmoka3aHna Ha pucyHke 1.
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[-VIl — npoexTupyeMble MUKpPOpaHOHBI
Pucynox 1 — Cxema IOscno2opaiiona 2. bpecma

CocTaB KapbepHOI'O TPyHTa SIBJISETCSL.OCHOBHOMN MPEANOCHIIKOM BBICOKOTO Kade-
CTBa HAMBIBHOTO TpyHTa. KpuBbIC rpaHylTOMETPHYECKOT0 COCTaBa U (PH3NKO-MEXaHH-
YECKHUE XapaKTEPUCTUKH KApbEePHBIXuIPYHEOB IPHUBEACHBI COOTBETCTBCHHO Ha PH-
CyHKe 2 U B Tabjule 2.

Tabnuma 2 —Pu3uKO-MeXaHUUECKNE XapaKTEPUCTUKH KAPbEPHBIX TPYHTOB

S S
5 < <| Z|ES
= S g IS :3 g = = a;ﬁ
Haunmenosanue O o | R - T = | o o
w«sgmgéz;ogJ < = 5 B H| 8y
IPYHTOB A\EZ\H £=19F g:mg S| o™ gﬁ* %EE»Q%
ce 2825585208 B 2E 2985|2828
mm:maggmegmuosﬁumgﬁgmémp
SEEE2EE:TE 525880 5562|538 5¢
EEC FIEE RSB eFElEe|aesE|S8KE
Hecok 15 08| 2.66| 22.0| 1,70| 0,56| - _ - 390 - |560 -
FpaBeJII/ICTBII/I
Hecok«pynnsiii | 2,06| 2,66| 21,0 1,70| 0,56 - - - 38,0 - 48,01 -
Hecok cpeancit | 5, 4,1 5 661240/ 1,65/ 0,61] - ; - | 34,000,001 44,0 -
KpYITHOCTH
Tlecok menkuii | 1,97| 2.66| 27.0] 1.55| 0.72 - ; ~ 130,0[0,002/230] -
Hecox |9 941 266|29.0| 1,50 0.77| - ; - | 28,0/0,004| 17,0 -
ITIBIJICBATHIN
Cyrieck 2.01]| 2,67| 21,0/ 1,66/ 0,61] 22,0] 40 | 0,75| 23,0 0,005 13,0| 18,0
Cyrmunox | 1,96] 2,70 21,0] 1,62] 0,67 | 31,0| 12,0] 0,167 22,0 0,27 | 17,0 19,0
[inHa 1,93] 2,72 26,0/ 1,53] 0,78| 44,0/ 20,0| 0,1 | 19.0/ 0,045| 18.0| 24,0
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1 — necok epasenucmeiil; 2 — necox Kpynuwiil, 3 — necoxk cpedrell Kpyniocmu, 4 — necox menxuil,
5 — necox noinesamuwiii; 6 — cynecw, 1, 8 — nunuu, o2panuyuearwueodIACMb NPUMEHEHUS.
Kapbepos 015 HamMbl8a MepPUmMoputl O HCUTUWHO20 CIMPOUMENbCMEA
Pucynok 2 — Kpuevlezpanyiomempuueckozo cocmasa KapbepHovlxX 2PYHM 06

AHanu3 MoJIy4eHHBIX Pe3yJbTAaTOB IIOKa3al, YTO COACpKaHUE B KAPhEPHBIX TPYH-
Tax TJIWHUCTHIX U TMbUIEBAThIX (Ppakumii muamerpoM menee 0,05 MM cocraBisieT He
6osee 10%, yTo namo OCHOBaHWE/CUUTATH Kapbephbl NMPUTOAHBIMHU JJIS pa3pabOTKH
IpU HAMbIBE IUIOMIAACH W TPUMEHSATh/HanOoJiee MPOCThIE CXEMbI 0€33CTaKaTHOTO
MIHOHEPHOTo crocoba [2].

[TokazaTensiMi CBOWMCTB TPyHTA, HA OCHOBE KOTOPBIX MOXXHO OIIEHHUTH KadueCTBO
HAMBIBA, MPUHATO CUUTATBAIIOTHOCTD CIIOKEHUS, CTENIEHh HEOTHOPOJIHOCTH M Tpa-
HYJIOMETpUYECKUil cocTaB.CHenyeT OTMETUTh, YTO UCCIEIOBAaHUS TPAHyIOMETpUYe-
CKOTO COCTaBa HaMBIBHBIX LPYHTOB, UX IJIOTHOCTH, BIQXXHOCTH, GPAKIIMOHUPOBAHHUS,
OKaTaHHOCTH YaCTHII, MEXaHMYECKHX MOKa3aTeeil TPyHTOB U UX U3MEHEHHE BO Bpe-
MEHU B OOJBLIOM '@0BEME BBINIOJHEHBI COTPYIHUKAMH Ka(eapbl T€OTEXHUKH H
TpaHCOPTHHIX KommyHuKauii bpI ' TY (pucynku 3, 4, 5;rabmmna 3).

Tabmuna 3 — Pu3nKo-MeXaHUYECKHE XapaKTEPUCTUKH HAMBIBHBIX TPYHTOB

[InoTHOCTH Monyns nedhopmanuu, Mlla
[TnotHOCTH
HaumenoBanue OVHTA cyxoro |Bnaxuocts,| Koaddurment | E,, Eg, E..E.,
FpyHTa p 7H 3 IpyHTa, % nopuctoctu | (0,1- | (0,2- : E
riem /e’ 0,2) | 0,4) op
ITecok cpenneii| 1,83...2,161,69...1,.8217,3...22,1 0,45...0,57 157 | 256 30.,0...42.5
KPYITHOCTH 2,03 1,75 19,9 0,53 ' ' 35,0
ITecok cpenneii| 1,68...1,891,59...1,671 2,8...8,3 | 0,60...0,70 101 | 170 15,7...26.,6
KPYITHOCTH 1,85 1,62 5,0 0,67 ' ' 22,2
.11,71...2,031,61...1,77 48...16,1| 0,62...0,70
Ilecox menkuit 1.89 1.70 10.2 0.64 12,7 14,4 —
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MnoTHOCTE CYXOro rpyHTa, T/iM’ BnaxHocTts, %
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| \

= 0,50 \ = 0,50 \
& S
G G
e 2
S 1,00 © 1,00
5 \ o
| I
= =
5 g \
w 1,50 a 1,50
T =
= =
o o
= =
= =

2,00 : / 2,00

2,50 / 2,50 \

Pucynok 4 — Usmenenue niomHocmu cyxozo Pucynok 5 — Hzmenenue enaxcnocmu
2PYHmMa no 21y0une HAMbIGHO20 C0A 2PYHmMa no 21y0uHe HAMbIGHO20 C10

beun Takxe IPOBCACHBI HATYPHBIC HCIILITAHUS q)YHIIaMeHTOB MCJIKOI'O 3aJI0XKE-
HHUS U CBAMHBIX HA ONBITHBIX IJromaaxKax BpCCTa u I'omens u p33pa60TaHBI pacydeT-
HBIC CXCMbI PACHJIICHCHUA MOMMEHHO-HAMBIBHBIX OCHOBAHHM B 3aBUCHUMOCTH OT HH-
JKCHCPHO-TCOJIOTUICCKUX YCJIOBI/Iﬁ KOHKPCTHBIX INIOIMIAA0K, YTO IMO3BOJIMIIO IIPEAJIO-
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KUTh YHU(UKAIMIO KOHCTPYKTUBHBIX pelIeHUN (PyHAaMEHTOB, B OCHOBY KOTOPOIA
II0JIO’KEHBI HanboJiee pallOHAIbHbBIE CIIOCOOBI NMPOU3BOJCTBA padOT C YYETOM BO3-
MO’KHOCTEW CTPOUTEIBHON 0a3bl, TAK U SKOHOMHUYECKHE COOOPaKEHUS, BEIPAKEHHbBIE
B YKPYIHEHHBIX CTOUMOCTHBIX IIOKA3aTEIsX.

Crnenyer OTMETHTH, YTO HamOOJbIIEEC PACIPOCTPAHEHHE HMMEIOT HHKEHEPHO-
re0JOrM4eCKHe pa3pes3bl, XapaKTepU3YIOLINECsS HATMYUEM B OTJIOKEHHUAX CIHEBHOM
MOBEPXHOCTU PA3IMYHBIX BUJIOB MMECYAHBIX TPYHTOB C HE3HAUUTEIHHONW MOIHOCTHIO
PacTUTEIBHOTO CJIOA.

CTtpouTenbHbIE CBOICTBA TPYHTOB 3TOTO THIA pa3pe3a MO3BOJSIOT OCYIIECTBIATD
CTPOMTENILCTBO 3/1aHMM Kak Ha (yHJaMEHTaxX MEJKOro 3aJI0KEeHus, Tak U Ha CBail-
HBIX. B TO ke Bpems1, ¢ yueToM (pU3NYECKUX MPOLECCOB, MPOUCXOASIINX TpU 3a01B-
K€ CBail B IeCYaHbl€ TPYHTHI, IPUMEHEHUE TaKUX (PyHAAMEHTOB AOJDKHO OBITH AOCTA-
TOYHO 0OOCHOBAHHBIM, TAaK KaK MCCIICIOBAaHUAMU psiga aBTopoB,[1,72, 3]ycranose-
HO, YTO HAaMbIBHbIE€ TIPYHTbl C TE€YEHHEM BpPEMEHU YBEAMUYUBAIOT IPOYHOCTh HU
YMEHBIIAIT ehopMupyemMocThb. B cooTBercTBUY ¢ [1f 2, 3]cTabUnm3npoBaHHOE CO-
CTOSIHWE HaMBIBHBIX 'PYHTOB Hactynaet nocie 4, 5Saern. Kak ormerun /lenucos H. 4.
[4], B HAMBIBHBIX TPYHTaX MOCJE CTAOWIM3AIMH YIUIOTHEHHS MPOJOJDKAIOT Hapac-
TaTh BOJAHO-KOJUIOMIHBIE U KPUCTAJUIM3ALMOHHBIC €TPYKTYpPHBIE CBSI3H, KOTOPhIE ObI-
JIM HAa3BaHBI «CIIETIJICHUEM YIPOUHEHUS».

B nacrosimiee Bpemst HambITasi Tepputopus B.T. bpecre, miomaneto 6onee 130ra,
INPAKTUYECKU 3aCTPOEHA MOJHOCTHIO 3/IaHUSAMHU PA3IMYHON STa)KHOCTH. B kauecTBe
(GbyHIaMEHTOB HMCIIOJIb30BaHbI, KaK IPAaBUIT0;,3a0MBHbIC jKe1€300€TOHHbIE CBAH.

OueBHIHO, MOTPYKEHHUE CBall Ha MONMEHHO-HAaMBIBHBIX TEPPUTOPUSX B psie
CIIy4aeB OKAa3aJOCh 3aTPYJHUTENbHBIM;, W HX 3HAYUTEIbHYIO0 YacTh MPHUXOAMUIIOCH
cpyObIBaTh (pHCYHOK 6). B OTHENBHBIX €iydasx MOrpyKeHHEe cBail ObLIO BO3MOYKHO
TOJIBKO C TIPUMEHEHHUEM MoAMBIBa. ECTECTBEHHO, BOSHHKAET 3aKOHOMEPHBIN BOMPOC:
«YeMm OOBSICHUTH BO3HUKILNE,IPOOIEMBI NIPU TOTPYKEHUH 3a0UBHBIX CBall B MHXe-
HEPHO-TEOJIOTMYECKUX YCAOBUSIX),TIOMMEHHO-HAMBIBHBIX T€ppUTOpUi p. MyxaBen?».
OCHOBHOM NMPUYMHON BO3ZHUKUIMX MPOOJIEM NpU MOTIPYKEHUU 3a0MBHBIX CBail, Ha
HAIll B3MJIAJ, SIBISIETCS HE COOMIOIEHNE TEXHOJIOTHMH MHXKEHEPHON MOJATOTOBKHU IMOii-
MEHHBIX TEPPUTOPHUH.

B cooTBeTcTBHUW. C MPOEKTOM, pa3paboTaHHBIM YKprumpoperrpanicom (Ykpawu-
Ha), Tepell HaqaJloM HaMbIBa HEOOXOJMMO OBLIO TPOHM3BECTH YAAJICHHE PACTUTEIb-
HOTO cJos1, uMeroriero MomuHocTh oT 10 cm 1o 70 cM, 1 B MecTax HaJIM4us 3aTop-
(OBaHHBIX IPYHTOB U TOPHOB 005A3aTENbHO IMpEIycMaTpUBaIach IOJHAs 3aMEHa
Ca0bIX IPYHTOB.

OpHako, BBUIY 3a00JOYEHHOCTH OCBAMBAEMBIX TEPPUTOPHM, 3TU PabOTHl HE
OBLIIM \BBITTOJIHEHBl M YKJIQJJKa HAMBIBHOTO TPYHTa OCYIIECTBISAIAcCh Ha T'yMYCHPO-
BaHHBIN cioil. bonee mpoGnemMHbIM QakTopoM ObUIO Hamuyue Topda, TOCTUTIIErO
MOIIHOCTH 70 5,0 M, ¥ IpaKTUYECKU HE OBLIO MPETYCMOTPEHO KAKOT0-JIN0O TEXHU-
YECKOTO PELICHUs MO YAAJICHUIO CIAa0BIX CHIBHOCKHUMAEMBIX TPYHTOB. YKIajakKa
HaMBIBHOT'O TPYHTa OCYIIECTBIISUIACHh Ha clladble 3aTOp(OBaHHBIE U TOP(PSIHBIE CIIOU.
MOIIIHOCTF HAaMBIBHOTO TPyHTa COCTaBisia B OCHOBHOM 10 3,0 M, B OTAENbHBIX
ciaydasx 10 5,0M.
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Pucynok 6 — Oougue 6uovt ceéainbix noaellna CHpoumenbHovixX na10uaoKax
6 3acmpausaemvlx Muxkpopaitonax 2. bpecma

BropsiM (akTopom, MOBIMSABIIMM Ha BBIOOp BapHaHTa CBallHBIX (PYHIAMEHTOB,
SBUJIMCh OLIMOKM CTPOMUTENEH NpU ONPENCNCHWH YpPOBHS MOBEPXHOCTH HAMBITOM
TeppuTOpuu. B CBsA3M ¢ 3TUM Obl1 TOMYMICH MEPEMBbIB HA BCEW TEPPUTOPUHU Ha
1,5...2,0m. JIunrHuil rpyHT ObULYNAICH B pe3yIbTaTe OTPHIBKU TTTyOOKUX TPAHILIEH C
MOMOIIBIO0 3KCKABAaTOPOB THUIIA' APArJIaiiH, C MOCIEAYIOMICH MX YACTUYHOM 3aCHIIKOU
Pa3JIMYHBIM MYCOPOM, B TOMIUUCJIE U CTPOUTENBHBIM, U OKOHYATEIbHON 3aChIIKON
HaMbIBHBIM TPYHTOM, MOIHHOCTHIO /10 1,5M.

SAKJIFOYEHUE

[Ipu HambIBe OOJBIINX MUIOIIAAEH JUISl KUJIMIIHOTO CTPOMUTENbCTBA HamboJjee
3 PEeKTUBHOMN SIBISIETCS, «KMO3aUYHAsI CXEMa», IMO3BOJISAIONIAs CYIIECTBEHHO CHU3HUTh
HEOJHOPOJHOCTh MPAaHYJIOMETPUUECKOTO COCTABA MO IUIOMIAJAN U CEYEHHUSIM, OJHAKO
IpUBOAIIAS K 00Pa30BAHUIO MOHM)KEHHBIX YYaCTKOB Ha IUISHKE HAMBIBA, TJE OCaXK-
JAIOTCST MEJAKWE,\UacTULbl. B CBS3M € 3TUM OYE€Hb BAXKHOE 3HAYEHUE MMEIOT MECTa
BBIITYCKa ITyJIbIIbl TOCJIEAYIOIMX SIPYCOB, KOTOPHIE TOJKHBI HA3HAYATHCS B 3aBUCH-
MOETH OT COCTABA KapbEPHOT'O IPYHTA, YTO TAKIKE JAJIEKO HE BCET1A BBINOJIHSIIOCH.

[Tp# mepenadye TUHAMUYECKUX BO3JICHCTBHII HAa HAMBIBHBIC TPYHTHI (3a0MBKa
CBaif) IPOUCXOUT Pa3pylleHHE CTPYKTYPHBIX CBSI3€H, YTO BEJET K CHUKCHUIO MPOY-
HOCTH U TOBBIIIEHUIO AeHOPMUPYMOCTH OCHOBaHUN. DTOT MOMEHT OYE€Hb Ba)KHO
YUHUTBIBATH NPU CTPOUTETHCTBE (PYHIAMEHTOB MEIKOTO 3aJI0KEHHUS.

Takum 00pa3om, OMYIIEHHbIE HAPYIIEHUS B MPOU3BOACTBE padOT MO HMHXKEHEP-
HOH MOJTOTOBKE MOMMEHHO-HAMBIBHBIX TEPPUTOPHIL, a TAKKE HE YUeT 0COOECHHOCTEN
HaMbIBHBIX TPYHTOB IPUBOJAUT K BECbMa CYIIECTBEHHBIM HM3JIEpKKaM IPHU CTPOU-
TeNbCTBE (DYHJIAMEHTOR 3/IaHUM M COOPYKEHUH.
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