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AHHOTALUMNA

BBeaeHwue. [1py ocBOEHUN TEPPUTOPUIA, OONadatoLLMX OnpeaerneHHON NHXEeHEPHO-reonorMyeckon cneundukon, HepeLleH-
HbIM OCTaeTCs psif BONMPOCOB hyHAaMEHTOCTPoeHUs. Takas cneyuduka obycrnoBrneHa coueTaHMeM pasnnyHbIX pervoHasb-
HbIX MApaMeTpPoB paccMaTpUBaeMbiX TEPPUTOPUIA, YTO Bbi3blBAET HEOOXOAMMOCTb Pa3BUTUS CYLLECTBYHOLLUX METOAOB pac-
YyeTa U KOHCTPYMPOBaHNSA (DYHAAMEHTOB MHOMO3TaXHbIX Y BbICOTHBIX 34aHWNA.

MaTepuanbl 1 meToabl. ABTOpamy npoBedeHa pabota no 0006LLEHMIO NHXKEHEPHO-Teonornyeckmx ycnosun 6onee 100 cTpo-
UTENbHbIX MIOLLAZOK tora Poccui, KOTopble B COOTBETCTBUM C AEVCTBYIOLLMMU HOPMAaTMBaMM XapaKTepU3yHTCsl KaK CIIOXHble
(CIM47.13330.2016). YCTaHOBMNEHO, YTO CYLLECTBYHOLLASA KnaccudmKaums CIIOKHOCTU NHKEHEPHO-TEO0NOMMYECKNX YCIIOBUIA CTPO-
UTENbCTBA He BCEraa OTPaXKaeT peasibHble YCIOBMS OCBOEHUS NOAOGHBIX TEPPUTOPUIA U HYXKOAETCS B COBEPLUEHCTBOBAHUN.
Pesynbrathl. [peanoxkeHa KaTeropusi CNOXHOCTU MHXEHEPHO-TEONOIMYECcKMX YCroBuin — ocobo crioxHas. Mog katero-
puert ocobo cnoxHas NOHMMAaEeTCs codeTaHne Tpex U bonee hakTOpoB: BbICOKAsi pacyeTHasi CEMCMUYHOCTb CTPOUTENBHOW
nnowagkn; He3akoHOMEepHOe YepefoBaHNE CIOEB OCHOBaHWUSI NMPU MX 3HAYUTENbHOW HEOAHOPOOHOCTU MO MokasaTensim
CBOWCTB rPYHTOB B MriaHe 1 Mo rnybrHe; puck pa3BuTUS OMOM3HEBLIX 1 IPABUTALIMOHHBIX MPOLIECCOB; CYLLECTBEHHBI Nnepe-
naj OTMETOK pernbeda B Npeaenax CTpoUTENbHON NIOLWaAKU; YKIOHbI penbeda B ABYX HanpaBreHUsx.

BbiBogbl. C y4eToM NpeanoXeHHOW KaTeropum UHXEHEPHO-TeOSIOrMYecknX yCroBuin paspaboTaHa knaccudukaums me-
TOLOB pacyeTa M KOHCTPYMPOBaHUS (pyHOaMEHTOB MHOTOSTaXHbIX 34aHUA B 0CODO CIOXHBIX YCIOBUSIX CTPOUTENbCTBA
N NPeAcTaBrneHo UX npakTuyeckoe BHeapeHue. Ocobo CroxHas KaTeropusi MHXEeHEepHO-TeONOrMYEecKMX YCroBUIA CTPOU-
TENbCTBA MOXET pacCMaTpyBaTbCs Kak NepcrnekTUBHas ANsl BHECEHUS] B HOPMAaTUBHbIE [JOKYMEHTHI.

KIMKOYEBBIE CIIOBA: vHXeHepHO-reonornyeckne yCcrnoBus, KaTeropum CroXHOCTW, BbICOTHbIe 3[4aHWs, CBaviHble (yH-
OameHTbl, METOAbI pacyeTa, CeCMUYEeCcKne BO3AENCTBUS, NepeMeHHbIN penbed
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ABSTRACT

Introduction. When developing territories with certain engineering and geological specificity, a number of foundation con-
struction issues remain unresolved. Such specificity is caused by the combination of different regional parameters of the ter-
ritories under consideration, which necessitates the development of existing methods of calculation and design of founda-
tions for multi-storey and high-rise buildings.

Materials and methods. The authors carried out the work on generalization of engineering-geological conditions of more
than 100 construction sites in the south of Russia, which are characterized as complex according to the current regulations
(CP 47.13330.2016). It was found that the existing classification of complexity of engineering-geological conditions of con-
struction does not always reflect the real conditions of development of such areas and needs improvement.

Results. The category of complexity of engineering-geological conditions is proposed — especially complex. The category
of especially complex is understood as a combination of three or more factors: high design seismicity of the construction
site; irregular alternation of foundation layers with their significant heterogeneity in terms of soil properties in plan and depth;
risk of landslide and gravitational processes development; significant difference of relief marks within the construction site;
relief slopes in two directions.
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Conclusions. Taking into account the proposed category of engineering-geological conditions, the classification of methods
of calculation and design of foundations of multi-storey buildings in especially complex conditions of construction has been
developed and their practical implementation is presented. The particularly complex category of engineering-geological
conditions of construction can be considered as promising for introduction into the normative documents.
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BBEJIEHUE

BHenpenue B MpakTHKY CTPOMTEIbCTBA IEPEIO-
BBIX CIIOCOOOB BO3BEICHNUS MHOTOATaXKHBIX U BBICOTHBIX
37aHUH OTKPBUIO TIepe]] CIIEIHAINCTaMK BO3MOXKHOCTH
JUISL Peasn3alii CMEIIbIX apXUTEKTYPHO-CTPOUTEIb-
HbIX pemenuit [1-4]. IlocTosHHO pacTyiast 3TaXKHOCTh
3MaHUI B KPYITHBIX TOPOAAX CBSA3aHA C YKOHOMHYECKH-
MU acleKTaMH, a TaKKe ¢ JeGUIITOM HEe3aCTPOCHHBIX
Y4acTKOB (TeppHUTOpPHii), OOIBIINHCTBO M3 KOTOPBIX
XapaKTepU3YIOTCsl Kak 0c000 CIOKHBIE YCIOBHS CTPO-
utenscTBa [5—7]. KoMneHncupoBaTh BIMSHUE COBOKYTI-
HOCTH HEOJIATrONPUATHBIX (PaKTOPOB MOYKHO 32 CUET pa3-
pabOTKM HOBBIX M Pa3BUTHS CYLIECTBYIOLIMX METOJIOB
pacueTa M KOHCTPYHpPOBaHHSA (yHIaMEHTOB 3JIaHUH,
coopyxennii [8—11]. [Ipu BeIMOIHEHNN UCCIETOBAHUI
Takke HeoOXOIMMO pa3BUTHE KAaTETOPUI WH)KCHEPHO-

TEOJIOTUUECKUX YCIOBUI CTPOUTEICTBA, OTPAKAIOIIUX
peabHyIO CIOXKHOCTb pellaeMbIx 3a1ad [12].

MATEPHUAJIBI U METO/bI

B Ky0anckom rocynapcTBEHHOM arpapHOM YHHBEP-
curere umenn W.T. TpyOunnHa Ha kadeape ocHOBaHHN
1 (pyH/IaMEHTOB BEITYTCSI NCCIIEIOBAHUS IO 0000IIEHHIO
WH)KEHEPHO-TCOJIOTHYECKUX YCIOBHH CTPOMTEIBHBIX
IUIOLIAJIOK JJIsl TEpPUTOpHUI tora Poccun nop rpaxiaH-
CKOE CTPOUTENHCTBO. PaccMaTpuBaeMble UCCIIEIOBAaHUS
0a3zupyroTcst Ha pe3ysibTaTax COCTAaBICHUS CXeMaTHYHON
KapThl HOBEHINEH TEKTOHUKH JyIsl fora Poccum (aBTOpbI
JL.W. Typbun, H.B. Anekcannposa, 1978); marepuanax
HMH)KEHEPHO-TE0JIOTHUECKOTO pallOHMPOBaHUS TEPPHUTO-
pun Kpacnopapckoro xpast (aBropst O.I. BononbsiHoBa,
A H. Barypuna u ip., 2005); TaHHBIX HCCIIEIOBAHUIA OTTac-
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Puc. 1. Cxema xapTsI cknoHOB Ha Tepputopun bomsmioro Coun (PI'BY «I'mapocnerreonorns», 2016)
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Puc. 2. Cxema xaptsl ceiicmumanoctu Kpeivcko-CeBepokaBkasckoro peruona (B.W. Yimomos, 2015)

HBIX T'€OJIOTMYECKUX IPOLECCOB Ha TeppUTOpUH boiib- * TIPOLECCHI, CBA3aHHBIC C ITOJ3EMHBIMU BOIAMH
moro Coun (OAO «Poccrpoiinssickanus», 2004-2012;  [17, 18];

OAO «Kagrasrugporeonorus», 2007; ®I'BY «['mapo- * MPOLECCHI, CBA3aHHBIC C MTOBEPXHOCTHBIMU BO/IO-
crienreonorusy, 2016); marepuanax Muctutyra pusuku ~ TOKaMI;

3emmu um. O.1O. llImunara (aprop B.U. Ynomos u ap., * IPOLECCHI, CBSI3AHHBIC C OEPEroBOil 30HOH MO-
2015). peit' [19].

B x0/1€ U3y4eHus OIIACHBIX HHKEHEPHO-TEOIOrHYe- B mepuon ¢ 2004 . mo HacTosiiee Bpems aBTopa-

. M4 ObLI0 IIpoa”anu3upoBano 6oiee 100 crpouTenbHbIX
CKHUX IIPOIIECCOB M cOOpa CBeIeHM 00 UX pacmpocTpa- p p P

HEHUM Ha TeppuTOpuu tora Poccuu paccMOTpeHsI: ! Recommendations for the design, construction and control

of rigid inclusion ground improvements // ASIRI Project
* celicMuueckue BozaeiicTeus [15, 16]; National. 2012.

* IpaBHTAIMOHHBIE TIporieccsl [ 13, 14];
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Puc. 3. OcobeHHOCTH yCIOBHI CTPOUTENBECTBA MHOTOITaXKHOTO 31aHus B I. Coun 1o yi1. Ecaynenko (mprmep)
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Puc. 4. OcoOEHHOCTH YCIIOBHI CTPOUTEIBCTBA MHOTO3TXXHOTO 31aHus B I. Couwn 1o yi1. beitxa (mpumep)

Hpe;[naraeMaﬂ KaTeropus CJI0KHOCTU MHIKCHCPHO-T'COJIOTNYCCKUX YCJ'IOBI/Iﬁ CTPOUTCIILCTBA (00060 CJ'IO)KHa?[)

DaxTopsl

KaTel"OpI/ISI CJIO)KHOCTH
WHXCHECPHO-TCOJIOI'MYCCKUX yC.]'IOBI/Iﬁ CTPOUTEIIbCTBA

Oco00 ciaoxHas

Teomopdonorumyeckue ycioBus

B npenenax ruromnmaaku (y4acTka) CTPOUTENBCTBA BBIBICHO HECKOIBKO reoMOopdhoiIoru-
YEeCKHX SJIEMEHTOB pPA3HOTO TeHe3Wca. YIIbl HAKIIOHA ECTECTBEHHOTO penbeda Oornee
15 %. YxioHBI B Ipejenax IUIOMAAKH — B JIByX HarpasieHusix. [1oBepXHOCTh CHIIBHO
pacuiieHeHHast

T'eonoruueckue B cdhepe
B3aUMOJIEHCTBUSA
3JJaHUI ¥ COOPYKEHUI

C Te0JIOTHYECKOI cpenoit

Bonee msaTu crnoeB pa3HOW MOLIHOCTH. YTON YKIIOHa Bcex cioeB Oosiee 10°. ViIIOHBI
CJIOEB B JIByX HampaBieHHsiX. He3akoHOMepHOe 4epeloBaHHe CIIOEB CO 3HAUUTENILHOM
CTEIEHbI0 HEOJHOPOIHOCTH IO TTIOKA3aTEeNIsIM CBOMCTB TPYHTOB, N3MEHSIIOLINXCS B [UIAHE
W1 110 NtyOuHe. Hanudue nuH3, TeKTOHUMYEeCKUX HapylieHUi. CkallbHbIe (II0TyCKaJIbHbIE)
IPYHTBI CHJIBHO TPEIMHOBATHIC, PACWICHEHHBIE, BRIBETpEIIbIe (Yrol ITaieHH s CIIOeB boiee
30°). Illupokoe pacmpocTpaHCHHE CHEHU(PUICCKUX TPYHTOB B Mpeaeiax IUIOMIaIKH
Ha 1yOuHy Oosee 5 M

T'unporeonorunueckue

B c(epe B3anMOICHCTBHS
3/1aHUI U COOPYKEHUI

C T€0JIOTHUECKOM cpeioi

JlBa u Oosee BOJZOHOCHBIX TOPU30HTA, THIPABIMYECKH CBS3aHHBIX MEXIY COOOI
¢upTpannoHHBIME OKHaMU. KoahduuueHTs GuibTpanuy moa3eMHbBIX BOA MPEBBILIIAI0OT
50 wm/cyt. Ilog3zemHbBIE BOIBI OKa3bIBAIOT arpecCHBHOE BO3/eiicTBUE Ha OETOHHBIC
U METaJUINYECKUE KOHCTPYKIHMU. DaKTOPhl OKa3bIBAIOT PEIIAOIIee BIHAHUE Ha BHIOOD
MPOEKTHBIX PELICHHMIT, CTPOUTEIBCTBO M SKCILTYaTAIHI0 00BEKTOB

T'eonornueckue u MHKEHEPHO-
Te0JI0rMYECKHE MTPOLIECCHI,
OTPULATENIBHO BIUAIOIINE

HA YCJIOBUSI CTPOUTEIbCTBA

U DKCIUTyaTalluy 30aHUN

U COOPY>KCHUI

HwmeroT moBcemecTHOE pacnnpoCTpaHCHUE IMTPU OJHOBPEMEHHOM COUCTAHUHN ABYX U Ooee
IpOoLECCOB (CeﬁCMH‘leCKHX, OIIOJIBHEBLIX, I'PAaBUTAIIMOHHBIX, HOZ[TOHHCHI/ISI). (DaKTopI)I
OKa3bIBAKOT pCHIAIONIEE BJIUAHUEC Ha BI)I60p TIPOCKTHBIX peIHeHI/Iﬁ, CTPOUTECIBLCTBO
1 JKCITyaTalnuio 00BEKTOB

mromaaok st repputopuit Kpacnomapckoro kpas,
PecrryOmmkn Anpirest, CTaBpOIONbCKOTO Kpasi, YedeH-
ckoit Pecrryomukn, Pecriyommku Marymerns, Peciryomi-
ku Kpeim, KapagaeBo-Uepkecckoii Peciyomuku u 1p.
ITo uroram BBHINOTHEHHOH pabOTHI BEIJECTIEHBI (Ha KapTe
WHXCHEPHO-TEOIIOTUIECKOTO palOHUPOBAHUA) O1d20-
npusmHeie U CTPOUTEIHCTBA TWToanKH (10 20 % Tep-
PHUTOPHH), YCI06HO Oazonpusmuble JJisi CTPOUTEIBCTBA
(o 50 % teppuropun), Hebnazonpusmusie IS CTPOU-
TenbCeTBa IIomaaku (1o 30 % Ttepputopun).
CuCTeMHBIM aHAJIN30M TTOTYyYCHHBIX JaHHBIX yCTa-
HOBJICHO, YTO TIPOCTBIX HHKEHEPHO-TEOIOTNIECKUX YC-

60

JOBUH B IpeJeNaX paccMaTpUBAEMbIX CTPOUTEIBHBIX
IUIOMIA/IOK MTPAKTUIECKH HeT. [IpoCcThIMH NX MOXKHO Ha-
3BaTh B T€X CIIyJasix, KOT/a MPEABAPUTEIHHO BBITOIHSCT-
cst paboTa MO MHKEHEPHO! TTOTOTOBKE CTPOUTEINIHCTBA.
Heo0xoanMocTh BEITOTHEHNS Takoi paboTHI Ha CTPO-
UTENBHBIX IUIOIMAZKaX 00yclIOBIE€Ha OOBEKTHBHBIMU
WH)KEHEPHO-TEOJIOTHUYECKIMH (paKTOpaMH: KPYTBIMU
CKJIOHAaMH NTOBEPXHOCTU OCHOBAHUS, BBICOKOH celicMUY-
HOCTBIO CTPOUTEIIFHBIX TIIOIIA/I0K, PACIIPOCTPAaHEHHEM
crer(pUIecKuX BUIOB IPYHTOB, HATMINEM TTO3EMHBIX
BOJI Ha HE3HAYNTENFHON IIIyOWHE M UX arpeCcCHBHOCTHIO
TI0 OTHOIICHHUIO K JKeIE300€ TOHHBIM KOHCTPYKIIVSIM 1 JIP.
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B COCTaBE IPYIIIBI

Mertop pacuyera ¥ KOHCTPYUPOBaHHS (DYHIaMEHTOB HA OCHOBAaHUHM PE3yJIbTaTOB
HCCIIE0BAaHMs ITapaMeTPOB B3aHMOJICHCTBHS C TPYHTOM OJMHOYHBIX CBaif 1 cBaii

Meroz pacdeTa 1 KOHCTPYHPOBAHUS CBAWHBIX (DyHIaMEHTOB C IPHMEHEHHEM
MPOMEKYTOYHOTO PACTIPEAETUTENBHOIO CII0SI

Meron peryaupoBaHus HEpaBHOMEPHBIX 0CaJ0K (PyHIAMEHTOB IyTeM
MOBBIIICHUS UX IIPOCTPAHCTBEHHOH XKECTKOCTH

TIOBEPXHOCTH pernbeda

MeToz KOHCTPYHPOBaHUS (DYHIAMEHTOB C yYETOM HX aJaNTalllu K IIEPEeMEHHON

Mertox cTpouTtenbeTBa (PyHAAMEHTOB € yYETOM MOCIIEI0BATEIBHOCTH
BEITTOJTHEHNSI OCTOSHHBIX U BPEMEHHBIX JIe()OPMAIOHHEIX [IIBOB

Meron ycrpoiicTBa (yHIaMEHTOB € 3a1aHHOI MOCIIEI0BATEIbHOCTHIO
BKJIFOUEHHSI 3JIEMEHTOB B COBMECTHYIO paboTy

Puc. 5. Knaccudukaiys MeTo0oB pacyera 1 KOHCTPYHPOBaHUS (YHIAMEHTOB MHOTOITAaXHBIX 3/1aHUIl B 0CO00 CIOMKHBIX

YCIOBUAX CTPOUTECIIBCTBA

(puc. 1, 2). MHOTHE HHBECTHITMOHHO TIPHUBJICKATEIHHBIC
CTPOUTEIBHBIE TUIOIIA/IKH, KIacCH(PUIMpyeMble KaK He-
OraronpusTHBIC ISl CTPOUTEIIECTBA, BBI3BIBAIOT OIIpe/ie-
JICHHBIH HETaTUBHBIA TPOTHO3 /TS TPA0CTPOUTEIBHBIX
BJIOJKEHUII CO CTOPOHBI YACTHBIX MHBECTOPOB.

B Hacrosiee Bpems, COracHO AEHCTBYIOIEMY
CII 47.13330.2016 «MHkeHepHbIe U3BICKAHUS JUIS CTPO-
UTENIbCTBA», JUIsl CTPOUTENBHBIX IUIOIA/I0K (TEPPUTOPHIA)
0] BO3BEACHUE 3[aHuUil elicTByeT nonoxenue (00s3a-
tenbHOE o CII) 0 KaTeropusax CIOXKHOCTH HHXKEHEp-
HO-T€OJOTUYECKUX ycinoBui. [Ipu 3ToM ncnonHuTE M
IOJ yCTPOICTBO (PyHIAMEHTOB 3[aHUH IIpe/yIaraeTcs pac-
CMaTpUBATh TPH KAaTETOPUH MHKEHEPHO-T€OJIOTHUIECKUX

aromMpIc™ ="
A Rl w

n72-0 KunomempN

I'pysunckas Mam

YepHoe Mope

yCIoBHUi cTpouTenbeTBa: npocmas (1-5), cpeonssn (2-5)
u cnooicnast (3-51).

[IpoBeneHHbIE HCCIIEAOBAHNS MPUTOJHOCTH pac-
CMaTpUBaeMbIX IUIOLIAIOK ora Poccun mox crponTtens-
CTBO 3[aHUIl NIOKA3bIBAIOT, YTO OOJBLIIMHCTBO U3 HUX
COOTBETCTBYIOT TPEOOBaHHUSIM KaTETOPHH CIOKHOCTH
MH)KCHEPHO-TCOJOTHYECKUX YCIOBUIl CTPOUTENIBCTBA
(CIT 47.13330.2016). OnHako B MPaKTHKE CTPOUTEIb-
CTBa IPAXJIAHCKHX 3/1aHMH (B 0COOEHHOCTH MHOT03TaX-
HBIX W BBICOTHBIX 3[[aHUIT) UMEIOTCS CiIy4dau (puc. 3, 4),
KOTJIa MHYKCHEPHO-TEOJIOTHIECKHE YCIIoBHA (10 Tpebo-
Banusim CIT 47.13330.2016) He cOOTBETCTBYIOT 3-i Ka-
TETOPUH CIIOKHOCTH M CYIIECTBYIOIIAs KIIaCCH(DUKALHS
HY)K/IQ€TCSl B COBEPILICHCTBOBAHUH.

Puc. 6. Kapra-cxema r. Coun ¢ IpHBs3KOii pa3pabOTaHHBIX METOJOB CTPOUTEIHCTBA (DYHIAMEHTOB B 0CO00 CIIOKHBIX HHKEHEPHO-

TE€OJIOTUICCKUX YCIOBUAX (HpI/IMeHI/ITeJIBHO K p€ajIn30BaHHBIM MHOTO3TA>KHBIM U BBICOTHBIM 3,HaHI/IHM)
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PE3YJIBbTATBI

ABTOpamMHM MpeATIokeHa KaTeropys CI0KHOCTU HH-
KEHEPHO-TEOJIOTHIECKUX YCIOBHH — 0cob0 croxcnas
(Tabnura).

[Tox xareropueit 0co6o codcHas TOHUMACTCSI CO-
4yeraHue Tpex U Oosiee (haKTOPOB: BBICOKAs pacueTHast
CEMCMUYHOCTb CTPOUTEJIBHON IUIOLIAJKU; HE3aKOHO-
MEepHOE YepeZiOBaHHE CI0EB OCHOBAHMS MPHU UX 3Ha-
YUTEIBHON HEOJHOPOIHOCTH IO MOKa3aTelsIM CBOMCTB
TPYHTOB B IUIaHE U 10 TIIyOHWHE; PUCK Pa3BUTHS OIIOJ3-
HEBLIX 1 T'PaBUTAIIMOHHBIX TPOLECCOB; CyIJ.[eCTBeHHLIﬁ
nepernaj; OTMETOK pesibeda B Mpeienax CTPOUTEIbHOM
IUTOMIAIKU; YKJIOHBI peribedha B ABYX HAIPABICHUSIX.

ABTOpamMH MO PYKOBOJICTBOM JTOKTOPA TEXHIYECKUX
Hayk M.B. MapuniueBa ObliIa OATOTOBJICHA KiTacCu(u-
Kallysi METOZIOB pacyeTa ¥ KOHCTPYHpOBaHusl (hyHJaMeH-
TOB MHOI'O2Ta>KHbIX SHaHHﬁ B 00060 CJIOXKHBIX YCIIOBUAX
CTPOUTECIILCTBA, KOTr1a I[eﬁCTByIOT OJHOBPEMECHHO HE-
CKOJTbKO (hakTOpOB (OOBIUHO TPU U OOJIee), TPEIACTABIICH-
Hasi Ha puc. 5. B 3aBUCUMOCTH OT COBOKYITHOCTH BHELITHUX
BO3JIEUCTBUI U UCXOAHBIX MHKEHEPHO-T€OJIOTHYECKUX
YCIJIOBHII IIPH peasn3aliiy IPOEKTOB BHICOTHBIX WJIN YHU-
KaJbHBIX 37JaHUI BBIOMPAETCs OJJHO U3 pa3paboTaHHBIX
HAITPaBJICHUI CTPOUTENbCTBA (yHIaMeHTOB [20-22].

[To pe3ynbraTam NpOBEICHHBIX UCCIIEIOBAHUN CO-
CTaBJieHa CXeMa, IEeMOHCTPHUPYIOIasi BHEIPEHUE pa3-
pabOTaHHBIX METOIOB B IPAKTUKY yCTpoiicTBa (yH-
JIAMEHTOB MHOTO3TaXXHBIX 3laHUN B 0CO00 CIIOKHBIX
YCIOBUSX CTpouTenbeTBa B T. Coun (puc. 6).

3AKJIIOYEHHUE

IIpuBeneHbl pe3ynbTarhl UCCIIE0OBAHUI ONTACHBIX
WHKEHEPHO-T€OJIOrMYECKUX MPOIIECCOB M CBEICHHUS
00 UX pacnpocTpaHEeHHH Ha TeppuUTOpuH rora Poccun;
BBIMIOJIHEHO 00O0O0IICHIE MHIKEHEPHO-TCOJOTUYECKIX
U TUAPOTEOJIOTHYECKIX 0COOEHHOCTEH CTPOUTEIBHBIX
IUIOIAI0K tora Poccuu, XapakTepu3yemMblX Kak CIIOXK-
HBIC JIJI1 CTPOUTEIBCTBA MHOTOITAXKHBIX U BBICOTHBIX
3[aHKI; TPEAJIOKEHa 0C000 CIIOKHASI KaTeropus WH-
JKEHEPHO-TE0JIOTHYECKUX YCIOBUHU CTPOUTEIBCTBA
IPaXIAHCKHX 3/IaHU#, KOTOpPast MOXKET PacCMaTpPHUBaTh-
Csl KaK MePCIICKTUBHAS 11 BHECCHHS B HOPMATHUBHbBIC
JMOKyMeHTbI. C y4eTOM IMPeIOKEHHOW KaTeropuu UH-
JKEHEPHO-TEO0JIOrMYECKHUX YCIIOBHI pa3paboTaHa Kiiac-
cuduKalys METOZOB pacueTa U KOHCTPYHPOBaHUS (yH-
JIAMEHTOB MHOTO3TaXKHBIX 3lIaHUH B 0CO00 CIIOKHBIX
YCIIOBUSIX CTPOUTEIILCTBA M MPEICTABICHO UX IPAKTH-
4eCKOe BHEIPEHUE.
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INTRODUCTION

The introduction of advanced construction methods
for multi-storey and high-rise buildings has opened up
opportunities for specialists to realize bold architectural
and construction solutions [1-4]. The constantly growing
number of storeys in large cities is connected with eco-
nomic aspects, as well as with the shortage of undevel-

oped plots (territories), most of which are characterized
as particularly difficult construction conditions [5—7]. It is
possible to compensate the influence of the totality of un-
favourable factors by developing new and developing ex-
isting methods of calculation and design of foundations
of buildings, structures [8—11]. In the course of research,
it is also necessary to develop categories of engineering-
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Fig. 1. Scheme of the slope map in the territory of Greater Sochi (FGBU Gidrospetsgeologiya, 2016)
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Fig. 3. Peculiarities of the construction conditions of a multi-storey building in Sochi on Esaulenko St. (example)
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Fig. 4. Peculiarities of construction conditions of a multi-storey building in Sochi on Bytha St. (example)

Proposed category of complexity of engineering-geological conditions of construction (especially complex)

Factors

Difficulty category
engineering and geological conditions of construction

Particularly complex

Geomorphological conditions

Several geomorphological elements of different genesis have been identified within
the construction site (plot). Slope angles of natural relief are more than 15 %.
Slopes within the site are in two directions. The surface is highly dissected

Geological in the field of interaction
of buildings and structures with
the geological environment

More than five layers of different capacities. Slope angle of all layers is more than
10°. Slopes of layers in two directions. Irregular alternation of layers with a significant
degree of heterogeneity in terms of soil properties varying in plan or depth. Presence of
lenses, tectonic disturbances. Rocky (semi-rocky) soils are strongly fractured, dissected,
weathered (angle of incidence of layers is more than 30°). Widespread distribution of
specific soils within the site to a depth of more than 5 m

Hydrogeological in the field

of interaction of buildings

and structures with the geological
environment

Two or more aquifers hydraulically connected by filtration windows. Groundwater
filtration coefficients exceed 50 m/day. Groundwater has an aggressive effect on
concrete and metal structures. Factors have a decisive influence on the choice of
design solutions, construction and operation of facilities

Geological and engineering-geological
processes adversely affecting

the conditions of construction

and operation

of buildings and structures

They are widespread when two or more processes (seismic, landslide, gravity,
waterlogging)combinesimultaneously. Factorshavea decisiveinfluenceonthe choice
of design solutions, construction and operation of facilities
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geological conditions of construction, reflecting the real
complexity of the tasks to be solved [12].

MATERIALS AND METHODS

In Kuban State Agrarian University named after
L.T. Trubilin at the Department of Foundations and Foun-
dations the research on generalization of engineering-geo-
logical conditions of construction sites for the territories
of the south of Russia for civil construction is carried out.
The considered researches are based on the results of draw-
ing up a schematic map of the newest tectonics for the south
of Russia (authors L.I. Turbin, N.V. Aleksandrova, 1978);
materials of engineering-geological zoning of the territory
of Krasnodar region (authors O.G. Vodopyanova, A.N. Ba-
turina, etc., 2005); research data of hazardous geological
processes in the territory of Greater Sochi (JSC “Rosstroyiz-
vestnya”, 2004-2012; JSC “Kavgazgidrogeologiya”, 2007;
FGBU “Gidrospetsgeologiya”, 2016); materials of the In-
stitute of Physics of the Earth named after O.Y. Schmidt;
materials of the Institute of Physics of the Earth named after
0.Y. Schmidt. O.Yu. Schmidt Institute of Earth Physics (by
V.I. Ulomov et al., 2015).

During the study of dangerous engineering-geolog-
ical processes and collection of data on their distribution
in the south of Russia considered:

* gravitational processes [13, 14];

* seismic impacts [15, 16];

 groundwater-related processes [17, 18];

* processes associated with surface watercourses;

* processes associated with the coastal zone of the seas'
[19].

In the period from 2004 to the present time the au-
thors analyzed more than 100 construction sites for
the territories of Krasnodar Krai, Republic of Adygea,

' Recommendations for the design, construction and control
of rigid inclusion ground improvements // ASIRI Project
National. 2012.

Stavropol Krai, Chechen Republic, Republic of In-
gushetia, Republic of Crimea, Karachay-Cherkess Re-
public and others. Based on the results of the work
performed, the sites favourable for construction (up to
20 % of the territory), conditionally favourable for con-
struction (up to 50 % of the territory), unfavourable for
construction (up to 30 % of the territory) were identified
(on the map of engineering-geological zoning).

The system analysis of the obtained data has estab-
lished that there are practically no simple engineering-
geological conditions within the considered construction
sites. They can be called simple in those cases when pre-
liminary work on engineering preparation of construction
is carried out. The necessity of such work on construc-
tion sites is caused by objective engineering-geological
factors: steep slopes of the base surface, high seismici-
ty of construction sites, distribution of specific types
of soils, presence of underground water at a shallow
depth and its aggressiveness towards reinforced concrete
structures, etc. (Fig. 1, 2). Many investment-attractive
construction sites classified as unfavourable for construc-
tion cause a certain negative outlook for urban develop-
ment investments on the part of private investors.

Currently, according to the current CP 47.13330.2016
“Engineering Surveys for Construction”, for construc-
tion sites (territories) for the erection of buildings there
is a provision (mandatory under the CP) on the categories
of complexity of engineering-geological conditions. In this
case, the performers are offered to consider three catego-
ries of engineering-geological conditions for the construc-
tion of building foundations: simple (1st), medium (2nd)
and complex (3rd).

The conducted studies of the suitability of the con-
sidered sites in the south of Russia for the construction
of buildings show that most of them meet the require-
ments of the complexity categories of engineering-geo-
logical conditions of construction (SP 47.13330.2016).
However, in the practice of construction of civil buildings
(especially multi-storey and high-rise buildings) there are

Method of foundation calculation and design based on the results of the study
of interaction parameters with the soil of single piles and piles in a group

spreading layer

Method of calculation and design of pile foundations using an intermediate

spatial stiffness

Method of regulating uneven settlement of foundations by increasing their

terrain surface

A method of designing foundations with regard to their adaptation to variable

and temporary expansion joints

Method of foundation construction considering the sequence of permanent

D00 L
of elements in joint work

Method of foundation construction with a given sequence of inclusion

Fig. 5. Classification of methods for calculation and design of foundations of multi-storey buildings in particularly complex

construction conditions
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Fig. 6. Map-scheme of Sochi with reference to the developed methods of foundation construction in especially difficult engi-
neering and geological conditions (applied to the implemented multi-storey and high-rise buildings)

cases (Fig. 3, 4), when engineering-geological conditions
(according to the requirements of SP 47.13330.2016) do
not meet the 3rd category of complexity and the existing
classification needs to be improved.

RESULTS

The authors proposed the category of complexity
of engineering-geological conditions — especially com-
plex (Table).

The category of especially complex is understood
as a combination of three or more factors: high design
seismicity of the construction site; irregular alternation
of foundation layers with their significant heterogeneity
in terms of soil properties in plan and depth; risk of land-
slide and gravitational processes development; signifi-
cant difference of relief marks within the construction
site; relief slopes in two directions.

The authors, under the guidance of Doctor of Tech-
nical Sciences M.B. Marinichev, prepared a classifica-
tion of methods for calculation and design of foundations
of multi-storey buildings in particularly complex con-
struction conditions, when several factors (usually three
or more) act simultaneously, presented in Fig. 5. Depend-
ing on the set of external influences and initial engineering
and geological conditions, one of the developed directions

of foundation construction is chosen when implementing
projects of high-rise or unique buildings [20-22].

Based on the results of the conducted research,
a scheme demonstrating the implementation of the de-
veloped methods in the practice of foundation construc-
tion of multi-storey buildings in particularly difficult
construction conditions in Sochi was drawn up (Fig. 6).

CONCLUSION

The results of research of dangerous engineering-
geological processes and information about their distri-
bution in the south of Russia are given; generalization
of engineering-geological and hydrogeological pecu-
liarities of construction sites in the south of Russia, char-
acterized as difficult for the construction of multi-storey
and high-rise buildings, is carried out; a particularly dif-
ficult category of engineering-geological conditions for
the construction of civil buildings is proposed, which
can be regarded as promising for introduction into reg-
ulatory documents. Taking into account the proposed
category of engineering-geological conditions, the clas-
sification of methods of calculation and design of foun-
dations of multi-storey buildings in especially complex
construction conditions is developed and their practical
implementation is presented.
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