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Pernia ®OMUHA

HOBEMLLIE TEXHONOTUW
A1 PUMCKOUN NOA3EMKW

Bo Bpems ogHoro u3 eu3nTos B Pum MHe yaanocsk nobbiBate B 0pHUce U3BECTHOI rocyAapCcTBeHHOM
komnaxuy Roma metropolitane n BcTpeTuTses € ee pykoBoacTBoM. B xoge GpuduHra, opraHn3oBaH-
HOro crieyuanbHo Ans XypHana «[1og3eMHble rOPU3OHTbI», C MPE3EHTALUSIMMU BbICTYMAIN NPEe3NLEHT
KoMnaHWu 1 ee reHepansHeiii gupextop Maono Omogeo Cane, TexHuyeckuii gupexTop Jlyngaxu
Hanonu, pykosogurens npoexta «/lnnns C» Anapea CkoTTH, AenernpoBaHHbIiA ynpasasiowmii

W TeXHUYeCKuii gupekTop komnaHuu «<Metpo C» @abuo Dxanenny.
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" 0f1b3yACk CNYYaEM, A NOMPocKna clHbopa Maono Omo-
neo Cane OTBETUTb Ha BONPOCH! HALLEro N3HaHNS.

— Cunbop Cane, npegcTaBbTe, NoXanyiicra, komna-
HWIO, KOTOPYIO Bbl BO3rnaensete. Kakue dyHkuuu ova
BbINONHAET?

— Roma metropolitane — 310 rocynapcTeeHHas
KOMMaHWs-3aKka34qnk MyHuLmMnanuTeTa PuMa, OCHOBHLIMK
bYHKUMAMK KOTOPO# ABNAETCA NPOEKTUPOBAHUE W CTPOM-
TE/bCTBO HOBLIX NIUMHWIA PUMCKOrO METPO U TEXHUYECKOE
oBCnyKMBaHMe YKe CYLLECTBYIOWMX. Ha ceroaHawHuii neHb
KOMNaHWsa HacuuTbieaeT 170 COTPYAHWKOB.

O6Luwit BroxkeT, KOTOPLIM pacnopsxaercs Roma
metropolitane, coctaensiet okono 9 mnpg eepo. 3 Mipa, U3
370ro B10IXeTa pacxoayeTcs Ha CTPOMTENLCTBO TPEThEI
BETKW PUMCKOr0 METPO — NuHMM C, KOTOPAS YACTUYHO
YX€ HaxoauTcA B aKChNyaTauum (noeasna Kypeupyor ot
KOHEYHO# OCTaHOBKW HA BOCTOKE ropo/a [o uexTpa). [na
TOro 4T06bI NONHOCTLIO BBECTM B CTROM AMHMIO C, HaM no-
HapobsTCA ewe okono 1-1,5 Mipa, @Bpo Ha NPOEKTHLIE 1
CTpouTENbHLIE PaBOTLI. TOYHOE KONMYECTBO GPUHAHCOBLIX

BJIOXEHUIA OyEeT ONpeaeneHo TOMLKO NOCNE 3aBepLUEHIs
NPOEKTHON cTagmn. CTPOMTENLCTBO OCYLLECTBASETCA
rPYNNONA KOMNaHWiA, B KOTOPYIO BXOOMT, B TOM YKUCHE,

Takas KpynHaa koprnopauus, kak Astaldi. lMomumo Hee, ong
peanuaaLum cTpouTenbHsIX NpoexkTos Roma metropolitane
B3aMMOLEHCTBYET eLLe C LensIM paaoM noapsaHbix opra-
H13aLWiA.

YrpaBneHue xe [BMKEHWEM NOE3A0B, B TOM YUCNE KOM-
Mepyeckas AEATENbHOCTh, He BXOAWT B HaLllk 0683aHHOCTK.
Bce ynpaBneHve ropofckum TpaHcnopToM PUMa ocyLLecT-
BnsieT komnaxua ATAC.

Ecnv rosopuTe 0 IHMK C, GmHaHCMPOBAHWE NpoekTa
noAeneHo Mexay Tpems Brofxeramu: pecnybnMKaHCKUM
—70%, pervoHansHeIM (pervot Jlaumo) — 12% u ropog-
ckum — 18%. O4esmaHO, yTo camasn Gonbluas HacTb pac-
XOO0B NErna Ha MUHUCTEPCTBO TPAHCNOPTA U MHGPACTPYK-
Typbl, TO €CTb HA NPABUTENLCTEO.

Takum oBpazom, Ctonuua Pum (agMUHUCTPATUBHOE Ha-
3BaHue Puma — Roma Capitale. — Mpum. pen.), akkymy-
nupyeT y cebs eHeXHbIE CPEACTBA U3 TPeX BI0LKETOB 1
HanpasnseT WX Ha puHaHcUpoBaHue Roma metropolitane,

MOA3EMHBLIE TOPU30HTBI Ne9. UioHs/2016

TO €CTb CBOEN COBCTBEHHOI KOMMAHUK, KOTOPas AN Bbi- Puc. 1. Cxema pumcioro

nonHeHWs paGoT HaHMMAET NOLAPANYMKOB. VX COBMECTHAS METROTIOIMTENA & YR ENAM
[IeATENLHOCTS KOOPAUHUPYETCS U YNIPABNSIETCS FeHEpab- CTPORILPXCS W NEPCREKTHE-
HbIX CTaHL MK

HbIM noapaa4vkom Metro C S.c.p.A., Kyna BXOOAT NATh
KpynHedwmx gupm: Astaldi S.p.A, Vianini Lavori S.p.A.,
Ansaldo STS (a Hitachi Group company), CMB (Cooperativa
Muratori e Braccianti di Carpi), CCC (Consorzio Cooperative
Costruzioni). B dyHKUMM reHepanbHoro Noapsa4MKka BXOAMT
paapaboTka paBoyero NpoeKTa 1 reHePanbHoro Nnaxa, ux
peanv3aums v KOHTPONb Haf nposeaeHuemM pabot. 06w
Haf30p 3a CTPOUTENLCTBOM BhiNonHaeT Roma Metropolitane,

Mocne coayum B skcnnyataumio 06bekT nepeiiaeT 8 cob-
CTBEHHOCTb aAMWHICTPALLMM ropoaa v ByaeT nepesaH B
ynpasnenve ATAC.

— Kak pacnpegensiorcs foxogel 0T aKCnayarauum
MeTpononureHa?

— lNpopaxa buneTos Ha paae BUAOB OBLLECTBEHHOTO
TPaHCNOpPTa — NMHWAX METPO, B aBToBycax W Ha ropof-

MOA3EMHBIE FOPU30HTHI Ne9. UioHb/2016

* === Under construction
— Projects

CKMX Xene3Hblx Aoporax — HaxopuTcs B BeaeHun ATAC,

Ha MPUropoaHbIX aBToBYCax 3Ty GYHKLMIO OCYLLECTBNRET
COTRAL, Ha pervioHanbHeIx xenesHsix joporax — FS. Bee
OHW VHTErpUPOBaHLI B eauHyio cucTemy Metrebus. loxons!
oT npopaxu bunetos noctynatot B ATAC, a 3atem pacnpe-
NensTcA Cpeay ynpasnsiowmx NPeanpusTia B COOTBET-
CTBME C 3apaHee YCTaHOBNEHHLIMW NapaMeTpamu,

— KakoBbl 0c06eHHOCTH CTPOUTENLCTEA METPO B
Pume?

— Pum, npexae Bcero, — 370 ropog, Heapa KoToporo
CKPLIBAIOT BENMYAILLEE apXeonornieckoe Hacheaue. Ha
NPOTSXEHWW BYX ThICAY NIET, HAYWHAA C CAMOr0 3apOX-
JieHnsa PUMCKoiA umnepuim 1 1o 06pa3oBanmns pecnybnmku,
aTa 3emnq 6bina rycTo 3aceneHa. Ha TeppuTopum aHTUy-
HbIX FOPOAOR, PYWUHLI KOTOPLIX PACMONAralTCsA O4HU Nog,
JPYrvMIA B PasHBIX KYNbTYPHbIX CROSX, NPOXWBAN0 0Kono
1,5 MnH YenoBek. M ecnu npoknagaka TOHHENs BEAETCH HUXE
3a/1eraHus KyNbTYPHbIX GNOEB, TO NPK COOPYXEHUM LIaxT




MUPOBOW OMbIT

N3BEXaT NEPECEYEHIS IPYHTOB, KOTOPbIE XpaHAT ocTaTky  FHe- 4. Tonaentbie xogb,
[APEBHIX LIMBUNN3ALINIA, HEBOMOXHO. B XOZIE MHXEHEpHBIX  NPoPeIMtie B0 BpEMEHa
M3bICKAHMIA CTPOUTENLCTBA Mbl BLINONHAEM NOCI0AHOE PO e
peHTreHonoruyeckoe uccnesoeaque (stratigrafia), kotopoe
No3BONAET HaM 0BHapyxmMBaTh Bce apTedakTsl. Kaxaas
apXeonoruyeckas Haxoaka npuBoaMT K 0CTaHoBKe paboyero
npotecca. B aToil CBA3M ONpefennTh TOYHYIO AaTY OKOHYa-
HWS CTPOWUTENbCTBA HE MPefCTaBINETCS BOAMOXHEIM,
QOuesmaHo, uTo Hawwm paBoTsl NPOBOAATCS B 0COGON, He-
CTaHAAPTHOM 0BCTAHOBKE. [TOMUMO 3TOrO, Mbl BIHYKIEHbI
pa3Bopa4KBaTh CTPOMNOWAAKM B HEMMOBEPHO NYCTOHACE-
NEHHbIX M OXMBNEHHbIX YacTsx ropoga. Hanpumep, korpa ma-
LnHa Ha cTaHumK «Can [xoBaHHU» coopyxana auadparmbl
B FPYHTE, KPIOK KPaHa NoBVCan HACTONBLKO BNM3KO K 30aHMI0,
410 € H2NKOHa A0 HEro MOXHO BbINO JOTAHYTLCA PYKOIA.

Puc. 3. ApredpakTul, HaZEHHbIE NPI NPOBEAEHUM APXEONOrHYECKMX PACKONOK

[pyrast 0COBGEHHOCTb — 3TO PUMCKME MPYHTLI, KOTO-
pbie COCTOAT U3 04eHb HEOJHOPOAHbIX CNOER, 0CAN0HHLIX
3anexeil. 310 copaet MHoro npobnem npy NpoBeAEHUM
3eMnaHbIX pabor.

Henb3as He ynoMsHyTb 1 ele 06 0gHON 0COBEHHOCTH.
[leno B TOM, 4TO NOA3EMHOE NPOCTPAHCTBO ropoaa U3pe3sa-
HO MHOTOYUCEHHBIMM CETAMI NOA3EMHbIX X008, KOTOpbIE
ObINV NPOPbITH B IpeBHEM Pume.

— Kak Mmensinuchk nogxoabl K CTPOMTENLCTBY METPO C
Te4YeHUueM BpemMeHu?

— B 1950-€ rogbl, koraa Benock CTPOUTENLCTBO NEPBLIX
CTaHUMIA METPONONMUTEHA, TEXHONOMWS ELLE HE NO3BONsNa
NPOKNaaBIBaTL TOHHENW B FAYBOKKMX CNOSX rPYHTa BBUAY Ero
cnabocTi 1 06BOAHEHHOCTH, W MX NPOKNAALIBANN 04EHb
613K K NOBEPXHOCTM 38MNN C OIHOBPEMEHHBLIM YKpenne-
HWEM 30aHUI U COOPYXEHWIA, COCTABNAIOLLMX apxeonoruye-
ckoe Hacnepye. B 1970-1980-e rr. npoxonka Benacs yxe
C UCMOAL30BaHWEM TOHHENENPOX0AYECKOro kommnekca. B
1990-x roiax TOHHENENPOXOAYECKME LMTHI CTaHOBATCS 60-

Jiee COBpeMeHHbIMI, NOSBUNCH MAPOLLMT C FﬂyﬁMHOMETpOM.

Cnepyet 0TMETUTH, YTO CO BPEMEHEM 3HAYUTENBHO
MOMEHANOCK W OTHOLLEHUE K BOMPOCY OXpaHbi apxeono-
TMHECKMX LIEHHOCTEA. B HacToALLee BpeMs CreunanbHbe
BEIOMCTBA NPEANUCLIBAIOT BECTH NPOKNAAKY TOHHENEH
Ha rnybuHe He Beillie 24 M, TO CTb HUXE KYNIbTYPHO-
“cTopuyeckoro cnosi. OfHaKo CTPOUTENLGCTBO CTaHLMIA
TpebyeT ycTpoiicTBa WaXT, M 130exXaTh NPOHUKHOBEHNS
B KYTIbTYPHO-MCTOPUHECKMIA GO HEBO3MOXHO. PaHblue,
MpU CTPOUTENLCTBE JIMHWKW A, PABIMNA OXPaHbI KYNbTYPHO-
ro Hacneaus No3BOMSNN BHEAPATLCS B aPXE0NOrMYecKuil
Ccnoit v yBupaTtb 0TTyA BCE LieHHbIE Haxonku. Mx doTorpa-

MOA3EMHLIE FOPU30HTBI Ne9. UioHs/2016

¢uposani, 4tobbl 3adUKCUPOBATH BCE IETANM, CHUMANW

Ha KMHOMNEHKY, 4T0BkI MOXHO 66110 NOTOM BOCCO3MATh
KapTUHY, MOCAE Yero HaxoaK1 NOABEPraNiCh YHUHTOXEHNIO,
a BbIpaboTKa rpyHTa B 3TOM 30HE Npoaokanace. Tenepb
TaKoe HeBO3MOXHO. PaboTbl OCTaHABNMBAIOT, aPXE0NOr
TILATENBHO U3YYAIOT apPXe0orvyeckve Haxoaku, nocne
Yero Ux KOHCEPBUPYIOT.

Kak 13BECTHO, NCTOPUYECKII LEHTP Pyuma BXOaUT B
cnucok 06bekToB BcemmpHoro Hacneans IOHECKO. Hrobel
13Y41Th BIMAHWE HA MCTOPUYECKWE 3 aHNA 1 COOPYXEHUS
MPOWCXOAALLMX B FPYHTE B XOAE CTPOUTENLCTBA METPS MPO-
LLecCOoB, Bl OCHOBAH HAYYHO-TEXHW4ECKMiA kommuTeT. OH
NPOBOAWT MCCNEN0BaHKS B PasnnyHbIx 06nacTsx: reonorys,
MOHWUTOPWHT, TEOTEXHIKA, MHXEHepHA 1 apyrve. Tak, Bbinu
BLINOMHEHbI NPEABAPUTENLHLIE FEONOr MYECKIE UCCTE-
[0BaH1A pAaom ¢ Konnaeem v ApyrumMu MCTOPUYECKUMU
nocTpoiikamu. Takxe NpoBeaeHs! Tonorpaduyeckue ucene-
[0BAHWA, UCCNEN0BAHWA TEKYLLLEro COCTOAHWSA CTRYKTYPHbIX
XapaKTepucTUK MaTepuanos. MpoBeaeH 1 YMCNOBON aHan3
JAHHbIX.

— Kaxoii 06nem pa6ot Ha iuHuu C yxe BeinonHeH?
B yem ee oTAMyMe OT NuANii Au B?

— B 2014 ropy, HayMHas ¢ KOHEYHOI cTaHumK [NaHTaHo,
Mbl OTKPBUTK Nepeble 13,5 kv nHvm C ¢ NATHaAUATbIo
craHumamu. B 2015-M caanu B 3KCNyaTaumo Chefyiowmi
Y4aCTOK, U Ceifyac B CTaguM CTPONTENLCTBA HAXOANUTCA
TPeTWiA, UEHTPaNbHBIMA, yHacTok T3, NpoXoaALLWiA Yepes
MCTOPUYECKMI LIBHTP. STO CNIOXHEHLLMA OTPE30K PUMGKONA
MOMA3EMKM, 4YTO HeYAVBMTENEHO — IPYHT 3AEeCh ByKBankHO
HaLLMNUTOBaH apXeonornyeckuMM LIEHHOCTAMM 1 apTedak-
TaMu.

NOASEMHBIE FOPU30HTBI Ne9. Uionb/2016
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Jlnnus C cTpouTcs B COOTBETCTBMM C CAMBIMUW COBpE-
MEHHBIMU CTAHAAPTaMM, C NPUMEHEHWEM NEPE0BbIX
TexHonoruii. Ee npoTAXeHHOCTL B COBOKYNHOCTM OT KOHEY-
HOW CTaHLum «TaHTaHo» [O KOHEYHOI cTaHuMn «Knayamo
MauumHn» coctasaget 25,5 kM, BeTka umeeT 39 cTaHumi
1 06CNYXMBAETCA TPUALATBIO Noe3namu. [1inHa noesnos
—no 108 m, oW MOryT nepesoauts Ao 1200 yenosek.
TpOXOAMMOCTb NIMHUKM COCTABNSIET 24 ThIC. NacCaXMpoB B
4yac B KaXA0M HanpaBneHnu.

Nunms C NONHOCTBIO 8BTOMATH3KMPOBAHA, MMEET ELVHBIIA
LLeHTp ynpaeneHus. [eppoH oTAeNeH OT MyTH CrefoBaHus
MOE3[0B CTEHKOM C pa3iBMXHEIMU aBTOMATUYECKUMM
[ABEPbMI, MOE3[1a TOXE OCHALLEHbI BBTOMATUKON 1 0CY-
LIECTBASIOT ABMXEHNE 63 MALLMHMCTA.

Mpe/aycMOTPeHHas YacToTa ABMXEeHWs Noesfos — 3
MUHYTBI, XOTS CUCTEMA MOXET 3a[aBaTb U 60ee KOPOTKWiA
uHTepsar, 1o 90 cexkyHa. B cTaauv npoekTMpoBaHks Ha-
XOOMTCA CNeaylowmia ysactok — T2.

|A3-3a HeonpeaeneHHoCTH ¢ GUHAHCMPOBAHUEM Mbl 10
HACTOALLEr0 BPEMEHM HE MMEEM HeTKO 0603HaYEHHOr0
3aKa3a CO CTOPOHbI FOCYAAPCTBA: CKOMbKO CTaHLmii — 3, 5
nan 7 — Mbl LUE LOMKHbI NOCTPOWTL Ha 9TOM 3Tane...

OT cTaHUWMM K CTaHUMUN

B HacTofLLee Bpems BeeTcs akTuHas pabora no coopy-
XEHWIo cTaHumu nepecaaku «CaH [kosaHHN», KoTOpas
coeauHuT niHuu A C. IMeHHo aTa cTaHuums BypeT cne-
DYIOLLEN 13 TeX, KOTOPbIE NPEACTOUT OTKPbITS.

CTpouTenscTao ctaHummn «CaH [kosaHHW», a TaKXe
cTaHumin <Mimneparopckuil Gopym», «<BeHeLms» 1 ApYrx,
PacnoNOXeHHbIX B UCTOPMYECKOM LieHTPpe ropoAa, iBUIoCk
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Puc. 6. 3amMopaxuBanue rpyHTa

FABBRICATI;

VIA DEL P'!G‘r NETO

JET-GROUTING

MPUHHOI NPOBENEHKA CaMbIX KPYTMHbIX B MCTOPUM PMa
APXEONOrMYECKIX MCCNEA0BaHWIA. B 3TOM CBA3M K NPOBEaE-
HUIO MHXEHEPHBIX N3bICKaHWUi Bbin NoakmoueH u Hatwmo-
HambHbIA apXeonorryeckuin komuteT. Beck apxeonornye-
CKMIA CNOW PACcKanbIBagTCH B TECHOM B3aMMOEHCTBIN C
apxeonoramu. Takum 06pa3om, Ha HECKOIbKUX KBaAPaTHbIX
MeTpax 3emnu paboTaeT Luenas rpynna nioaei, paboTsl Bbl-
NONHSFIOTCA BPYHHYIO MW C NPUMEHEHWEM MUHW-TEXHUKI.
KoHeuHo, 370 cepbe3H0 3amMensieT NPOLECE, B TO BpeMS
kaK 0GbEM PAcKOMOK KONOCCANEH: OHWM MPOBOLATCS Ha BCE
nnowaau 6yayLumMx CTaHLMA, HA NOMHYIO FYBMHY KyNbTyp-
HOr0 €108, KOTOPast B HEKOTOPbIX MecTax gocturaet 20 M. B
LIensAX MaKCUMankHOW COXPaHHOCTH KYNETYPHOTO CNos BCE
BHEOPEHWS B HEMO JOMKHbI NMPOV3BOAVTLCS B HANPaBeHWM
CHI3Y BBEPX, TO ECTb U3 TOHHENEH.

CraHpapTHbIE MEPONPUATIAA M0 YKPENNEHWIO PYHTOB
(Jet Grouting) Henb3s NPUMEHATL Ha Y4aCTKax, Coaepxa-

Puc. 7. TexHuuecxue peweHns,

NPeAoXpaHAIoLL1e apXeonornye-

CKWe MAMATHUKM OT Pa3pyLLeHus

wwix BOnbLLIOE KONUYECTBO apTedaxkTos, NO3TOMY NPOEKTH-
POBLLMKY MPEL/IOXUNN aNbTEPHATUBHBIE TEXHONOTUK. Ha
craHumm «Can [xoBaHHW» Bbin NPUMEHEH METOS, «CTEHA

B rpyHTE». Packonku Gbiin BLINOAHEHbI MO NEPUMETPY Xe-
Ne30BETOHHBIX CTEHOK, YTOM/IEHHLIX B rPYHT. BosBeseHue
«CTEHbI B FPYHTE» MPOMCXOAMNO B [BYX (a3ax, BKMIOHABLUINX
B cebs paapaBoTky TpaHLLeW NOA 3aLMToi BEHTOHKUTO-
BOrO PACTBOPA M 3aMEeHY NOCNEAHEro Ha XeNne306eToH.
Mpu sToM cnonb3oeanocs o6opynoearue BAUER Trench
Cutter, nossongioiee JocTiys BonbLuux rayouH bes sep-
TMKaNLHOro OTKINOHEHKs. Hanpumep, Ha cTaHumu «ThaHo»
rnybuHa TpaHweu foxopuna Ao 60 m.

TOHHENM 3AECH NPONOXEHBI C NOMOLLbID MEXaHW3Mpo-
BAHHOTO TOHHENENPOXoaYeckoro komnnekca Herrenknecht
OuameTpom 6,71 M, OMH NoBEepPX ApYroro.

[pyraa TexHonorus, UCrons308aHHanA CTPOUTENAMU
METPONONNUTEHA — METO[, 3aMOpaXvBanmns rpyHTa (Ground
Freezing). Kpome atoro, npyMeHanach KOMNeHcauMoHHas
uemenTauma (Compensation Grouting) ans H1uBenmpo-
BaHWS BOZMOXHBIX 0Ca0K N0 XoAy npogsikeHus TIMK:
MNOCKUA LOMKPAT YCTaHABNMBANCA B MPOCTPAHCTEE MEXy
3aMOPOXEHHBIM FPYHTOM U CYLLECTBYIOLLMM 3A3HUEM, YTO
MO3BONAN0 NPUNOAHUMATE IPYHT M HArHETATb LIEMEHTHBINA
pacTeOp B 06pas0BaBLLINECs NONOCTY,

B HekoTOpbIX GNy4asx BHYTPEHHEE NPOCTPAHCTBO CTaH-
Luu 0BpasyeTcs nyTem pacluMpeHis ToHHenei, [nd ero
YCTPOIRCTBA UCTONB3YIOTCS TPAANLIMOHHBIE NONYMEXaHN3un-
poBaHHbIE METOAbI, 683 NpUMeHeHNns WwuTa. Tak, Hanpu-
Mep, cTaHuws «Mmnepatopekuii hopym» GyaeT nocTpoeHa
MMEHHO TaknM cnocobom.

B cBA3VW C TEM, YTO B HENOCPELACTBEHHON 6AM30CTH
oT Konuses npeacTouT NpoNoXUTh ABa TOHHENS, Bbin

NOASEMHBIE TOPU30HTBI Ne9. MioHb/2016
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Puc. 8. YkpenneHue HCTOPUYECKUX NAMATHAKOR

NPOBELEH CTPYKTYPHbIMA aHaNW3 MaTepPKaos, KOTOPRLIA Mo-
3BONWJ BRIABKTL MOCNEAYIOLLEe BIMAHWE paboT Ha 0B BEKTbI
KyNbTYPHO-UCTOPUHECKOr0 HAacneaus.

Ha 0CHOBaHWK ATWUX MCCNEN0BaHNI oNs LeNoro paaa
nocTpoek Hbina ycraHosneHa HeobxoaMMOCTs NPOBEAEHNA
MeponpUATKIA NO 3alyuTe OT paspywenus. OfHK U3 npea-
NOXEHHbIX MEpP — BPEMEHHbIE, APYTVE — NOCTOAHHbIE.
Psn KOHCTPYKUMIA, NOAAEPXMBAIOLLMX 3AaHUA 11 COOPY-
XeHua, By[eT LeMOHTUPOBAH NOCNE OKOHYaHWA CTPOK-
TenbHbIx paboT. Hanpumep, Ha puc. 9 nokasaHo, kak
CTPOMTENN YKPENUIY BPEMEHHLIMY NOANOPKaMU [PEBHI0
Bazunuky MakceHums.

Bce 3aaHus W MCTOPUYECKME NAMSATHUKK MOJBEPratoTes
EXEeMUHYTHOMY MOHWMTOPWHTY. [laHHbIE C [AT4KKOB No-
CTYNAIOT B E[MHYI0 CUCTEMY, KOTOPAs B PEXUME PEANbHOro
BPEMEHI OCYLLLECTBAAET KOHTPONb Haf, COCTORHNEM 00b-
©KTOB W BO3MOXHbIMUW BO3AEACTBUAMM HA HUX.

CeropHs Ha LieHTpanbHOM yyacTke T3 BeleTCA TONbKO
CTPOMTENLCTBO CTAHLMIA, NPOKNALKA Xe TOHHENel Ha4HeTcA
B koHue 2017 ropa.

Jkckypcua Ha nuHUIo C

B xopne BcTpeun 8 Roma metropolitane g noayyuna npu-
rNalleHne NOCETUTL OHY U3 CTPOSLLMXCA CTaHLMIA METPO
— «CaH JlxoBaHHu», [yTb 40 CTPONNOLLEAKM HEJONMWIA,
BCEr0 HECKO/LKO MUHYT HA MALUKMHE, U — BOT § yXe obnava-
I0Ch B COOTBETCTBYIOLLYIO CNy4at0 3KUMMPOBKY, U Mbl BMECTE
¢ uHxeHepom Pabuo JxaHennv v ABYMA NPeACcTaBUTENSMN
cnyx6bl 3aKa34NKa, TEXHUYECKM AyipekTopom Jynmkn Ha-
nonu 1 pykosoauTenem npoekta «/luHus C» Angpea CkotTy,
CMycKaemcs no y3KON BPEMEHHOW NECTHULE

NOA3EMHBIE FTOPU30HTBI Ne9. Uiowb/2016

Puc. 10. MoHuTOpUHT WCTOPMYECKHX 0GBeXTOB
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Ha 18-meTpoByio rnyBuHy. Bce NpocTpaHCTBO CTaHLmMK
OKPYXEHO BETOHHLIMK CTEHAMM, YEPE3 LWaxTy Nporngasea-
eT Hebo.

CnyTHWKM 06PALLAIOT MOE BHUMAHME HA YCTAHOBKY A9
3aMOpaXMBaHNA CHU3Y, C CUCTEMOI NOAAYM Nbaa. 3a-
MOPO3Ka rPYHTA YXe 3aKoH4eHa, NoaTomy obopynoBaHve
pasobpaHo. B cTeHe Bee elle BUOHbLI Cnefbl 0T BypeHus
OTBEPCTMIA [LN% NOZa4M 3aMOpaxuUBatoLLel cMech. «Mepep,
TEM KaK 3aMOPO3WTh IPYHT, Mbl YKPEMWIY Er0 LEMEHTOM.
370 coenaHo ang Toro, YyTobbl M3BexaTh HexenartenbHbIX
NOCNeACTBUIA B CYYae BOZMOXHOMN M3OLITOYHON 3aMOPO3-
ku», — noscHsaeT Pabuo DxaHennu.

Cnow rpyHTa, KOTOpbIE PACMONaralnTCs NoJ TOHHENEM —
Kamepoi, 06pasyloLLgit NpoCTPaHCTBO cTaHLmMKu, — Bonee
00BOAHEHbI, YeM BCE OCTaNbHLIE, 8 3HAYUT, OHU Npej-
cTaensioT 6onbLue npobnem Ans 3emnsHbix paboT. MMeHHo

Puc. 11. Crpourenscrao
cTaHumu «Mmneparopckuii

hopym»

Puc. 12. AeToma-
THYECKKe JBEpH
Ha CTaHUWK1
nuumn C

Puc. 13. B xope
TEXHUYECKO#H

AKCKYPCHM

NO3TOMY OCHOBHAA 3aMOPO3Ka rpyHTa BbINOMHANACH
cHuay. OHa NpoM3BOAUAACH C MOMOLLbIO XMAKOrO a30Ta 1
W3BECTKOBO-CONAHOMO PACcTBOPA, a NOAAEPXMBANACE TEM-
nepaTypa pacTBOPOM CONMM U XNOPUCTOTO KabLWS.

BOKpyr TOHHENst CTROUTENN AOMKHBI HAMOPO3UTE IPYHT B
BMIE NPUNErAIOLLWX APYT K APYTOMY LWANWHAPOB AUEMETPOM
Im.

[NoMuUMO akTUBHOW 3aMOPO3KK, ANF YAYHLLIEHUA MMOPO-
M30NALMY NPUMEHSIETCA ELLE U reoMemBpaHa, NPONOXKEH-
Has NOZ, HUXKHUM CBOAOM 3TOTQ TOHHENs.

Ceit4ac BHINONHABTCA YKPENNEHWE CBOAA W NEPEeaHei
yacti nba 3abos. Takum 06paszom cozaaeTes CRoeobpasHblii
TaMMoH, Hekoe Noao6ue npobku, NPENATCTBYIOWE Npo-
HWKHOBEHWIO Baril BHYTPb. [lanee aToT TOHHENL COEAMHWTCA
CO BTOPLIM, MyTeM BBOAA OLHOrO B Apyroi. Koraa mMatumHa
Microtunnelling LOCTUrHET CTEHLI B rpyHTE, OHa ByaeT pa3o-
BpaHa, a TOHHeb PACLUMPAT 40 NPOEKTHBIX XapaKTEPUCTHK.

Ha cTaHuumu npuHATO pelleHne oprasn3osars Hebonb-
LUYIO BLICTABOYHYIO 30HY, 3KCNOHATAMMW KOTOPOIA CTaHYT
apTedakTbl, HallAeHHble B X0fe CTpoMTenscTea. Bo
BpeMs packonok 3aech Takxe Bbino obHapyxeHo camoe
BonbLUOE BOLOXPAHWMLLE BpeMEH PUMCKOI uMnepun —
NOCTPOEHHLIA pabaMu OrpoMHEIA pe3epsyap Ans BOAs.
OH X0pOLLO COXPaHUNCA A0 HALIWX AHER NOJ, pyuHamu
nocneayowmx uueuanaaumnii, OTaenbHBIN ANEMEHT 3TOr0

[IPEBHELLIErO COOPYXeHWA Takxke OyaeT npeacTaBneH B
BbICTABOYHOIA 30He.

[anee Mbl creflyem Ha KOHEYHYH CTaHLMIO 4eACTBYIOLLE-
ro y4acTka K C, 1 MHe NpefoCTaBNNeTCA BO3MOXHOCTL
NPOMYATLCA MO ABYXNYTHOMY TOHHEMIO HOBOWA BETKM,
OLIEHWTb TOYHOCTb M Y8TKOCTb PABOTHI aBTOMATUKM.
Korpa-to apec pabotany Ba TOHHENENPOXOAYECKUX
KOMM/IeKca, NOTOM UX AEMOHTUPOBAIM U C NOMOLLbIO
MOALEMHOrO KpaHa W3BNeKNM Ha NOBEPXHOCTL. Camoi
BonbLuoii npobneMoit okazanack nepesoaka yactei TNK ¢
aTOr0 MECTa Ha APYTyio CTPOIAKY, TaK Kak OHW UMESM 04EHb
HonbLwoit Bec. OTaeNbHbIE AOPOTY, N0 KOTOPLIM NEPEBO3K-
nm TTK, UMeIoT eLLe ApeBHee OCHOBaHWE, NMO3TOMY WUTbI

Obin1 pasoBpaHbl Ha Camble MENKUE COCTABHbIE YacTy.
Ceityac 311 800-TOHHLIE MaXWHbI B pa3obpaHHOM Buae
HaXOOATCA Ha APYroil CTPOMOLAAKE U XLYT CBOEro Yaca.
Mocne HeoGxoaUMON PEBU3NK X CHOBA COBEpYT As
NPOKIAAKM APYrix TOHHENEH. HO 3T0 Cry4nTes ToNbKO B
2017 ropy...m
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LATEST TECHNOLOGIES USED IN ROME ME

CONSTRUCTION

Regina Fomina

Taking this opportunity, | asked Mr. Paolo Omodeo Salé to
answer some questions for our title.

Mr. Salé, can you please introduce the company that
you are managing? What functions does it perform?

“Roma Metropolitane” is a public company, the customer
of Rome's municipality whose main function is design and
construction of new lines of Rome's Mefro and maintenance
of the existing ones. Today the company staff totals 170.

The total budget managed by “Roma Metropolitane”
amounts to 9 billion euros. Three billion from this budget are
spent for the construction of the third line of Rome’s metro —
the line C, already in operation from the eastern terminus to
the center. To complete the construction of the Line C and to
put the entire line into operation we will need another 1-1.5
billion euros to be spent for design and construction works.
The exact amount will be determined only after completion
of the design stage. The construction is carried out by a
group of companies with one of its members being a major
construction corporation, Astaldi. Apart from this, in order to
implement construction projects the “‘Roma Metropolitane”

MOA3EMHBIE FOPU3OHTHI Ne9. Uioks/2016
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During one of my trips to Rome | had the
opportunity to visit the office of a well-known
municipal company “Roma Metropolitane” and
to meet the company’s management. During

the briefing given for the review “Underground
Horizons” presentations were made by President
of the company and its CEO Mr. Paolo Omodeo
Sale, Technical Director Mr. Luigi Napoli, Head
of the project "Line C" Mr. Andrea Sciotti and
appointed managing and technical director of the
private company "Metro C" Mr. Fabio Giannelli.

RO

interacts with a variety of external companies, As far as it
concerns frain operation, here included also commercial
activities, it does not come within our responsibilities. All
public transportation in Rome is centrally managed by urban
transport company ATAC.

In regards to the line C, the project funding is divided
between the three budgets — 70% of financing comes from
Italian budget, 12% account for the regional share (Lazio
province) and the remaining 18% are allocated by the city of
Rome. It is evident that the biggest part of the cost fall on the
shoulders of Ministry of Transport and Infrastructure, or in
other words it will be borne by the government.

Thus, the capital of Rome (the official name of Rome
is Roma Capitale, — ed.), accumulates funds of the
three budgets and transfers them for financing of “Roma
Metropolitane”, that is, for its own company which employs
the General Contractor "Metro C S.c.p.A." to carry out
works. Metro C includes five major companies: Astaldi
S.p.A., Vianini Lavori S.p.A., Ansaldo STS (a Hitachi Group
company), CMB (Cooperativa Muratori e Braccianti di
Carpi), CCC (Consorzio Cooperative Costruzioni), that have
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Fig. 1. Roma Metropolitane’s
activities

signed contracts for implementation of this project. General
Contractor’s activities include development of the detailed
design and master plan as well as implementation of them
two, and control over performance of works. The General
Supervision of the works is up to Roma Metropolitane.
After the facility is commissioned it will be owned by the
city administration and then transferred under the ATAC
management.

How does the revenue from Rome metro operation get
split?

There is a rather sophisticated revenue management
system developed for this purpose. The tickets of several
public transport services — metro lines, bus service and
urban railways managed by ATAC, suburban bus services
managed by COTRAL, regional railways managed by
FS — are integrated in a single system called "Metrebus”.
All operations regarding the proceeds from the sale of
tickets are managed by ATAC, then the collected funds are
distributed among all operators in accordance with pre-
established parameters.

Light rail Anagnina-Torre Angela

Realized

= === Under construction
— Projects

What are particular characteristics of Rome metro
construction?

Rome above all is a city whose subsurface conceal
greatest archaeological heritage. For more than two
thousand years, since the dawn of the Roman Empire and
up to the rise of the ltalian Republic, these lands were
densely populated and continuously occupied. About 1.5
million people inhabited ancient cities the ruins of which are
located one above other laying in different superimposed
cultural strata. This means that if the tunnel shall run
beneath the cultural strata then it would be impossible
to avoid intersection of soils that hold remains of ancient
civilizations when driving shafts for the tunnels. Accurate
field surveys preceding the tunnel construction are always
accompanied by archaeological x-ray stratigraphic analysis
which allows us to detect all artifacts. Each archaeological
discovery entails the work stoppage. In view of these

circumstances, it is not possible to specify the exact
construction completion date.

It is clear that our works have to be carried out in a very
special, non-standard environment. In addition, we have to
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Fig. 3. Archeological finds in the time of the construction of the Line C
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arrange construction sites in an incredibly crowded and lively Fig. 4. Historical and
parts of the city. As an example, when we constructed a
diaphragm wall at the station “San Giovanni”, the crane hook the protection
hung so close over a balcony that we could reach it with a
stretch of the arm.
Another peculiarity are Roman soils which are formed by
highly non-homogeneous mixture of sedimentary deposits.
This makes tunnel excavation a very challenging task.
One should not forget also another particularity of Rome.
The fact is that the underground space of the city is indented
by numerous networks of underground tunnels that were dug
in days of Ancient Rome.

In which way metro construction techniques have
evolved over time?

In the 1950s, in times when first metro stations were buil,
the existing technology did not allow to excavate tunnels in
deeper layers of the ground because of their weakness and
water saturation; so the tunnels were constructed very close
to the surface. In parallel to tunnel excavation, buildings and
structures of archaeological heritage were reinforced.

In 1970-1980 the tunneling was carried out with a newly
introduced technology, i.e. with tunnel boring machines
(TBM).

In the 1990s the TBM machines became more modern.
These years marked the advance of hydro shield equipped
with depth meter.

It should be noted that over time the attitude to protection
of archaeological freasures has changed significantly.
Nowadays special authorities require to construct tunnels at
a depth not less than 24 meters, that is, below the strata of

monumental structures:

a1 mgszn
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cultural and historical significance. However, construction

of stations cannot be fulfilled without shafts, which means
that we can't avoid penetration in these strata. Previously,

in times when we constructed the line A, the regulations
regarding protection of cultural heritage allowed to penetrate
an archaeological stratum and remove all valuable finds from
it. The procedure required taking photos in order to capture
all the details; everything was filmed so that later the original
picture could be built up; then the finds were destroyed,

and excavation continued, but now it's impossible! Works
are stopped, archaeologists carefully study archaeological
findings, after which these findings are preserved.

As is known, the historic center of Rome is on UNESCQ
World Heritage List. To study the impact of tunneling on
historic buildings and structures, a special research and
technical committee was established. This committee
conducts research in a variety of areas: geology, monitoring,
geotechnical engineering and others. Thus, there was a
series of preliminary geological studies conducted in the
area of Colosseum and other historical buildings. In the
same way a number of topographical surveys were carried
out, as well as the study of the current state of structural
parameters of the materials. They were followed by analysis
of numerical data.

What amount of work has been already completed on
the line C? In which way does it differ from the lines A
and B?

In 2014, starting from the terminal station Pantano, we
opened first 13.5 kilometers of the line C consisting of fifteen
stations. In 2015 we put into operation the next stretch, and
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currently the third section is under construction; this third
section called T3 passes through historic center of Rome. It |
is the most complicated segment of the Rome metro, and it
is not surprising — the ground here is literally packed with
archaeological treasures and artifacts.

The Line C is being constructed to the highest modern
professional standards, with the use of advanced
technologies. Its total length starting from terminal station
Pantano and up to other terminal station Claudio Mazzini
amounts to 25.5 kilometers; it has 39 stations and is served
by 30 trains. The length of the trains is 108 meters, and they
can carry up to 1,200 people. The line capacity is 24,000
passengers per hour per direction.

The line C is a fully automated line having a single control
center. The platform is separated from the track by sliding
automatic doors, the trains are also equipped with automatic
train operation system and are driverless. The envisaged

MWPOBOW ONbIT

inter-trains interval is 3 minutes, although the system can
be set differently and specify a shorter interval, down to 90
seconds.
The next line section T2 is also under the design stage.
Due to the uncertainty of funding, we until now do not
have a clearly defined government order that would state the
exact number stations — 3, 5 or 7 that we will have to build
at this stage...

From station to station

Currently an active work on construction of the
interchange station "San Giovanni" is underway; this station
will connect the lines A and C. Exactly this station is next to
be put in operation.

Construction of the "San Giovanni" station, as well as
of stations "Fori Imperiali", "Venezia" and others located in
the historic center of the city, gave rise to archaeological
research, the largest in the history of Rome. For this
reason National Archaeological Committee was involved in
engineering survey. Each excavated archaeological layer
is dug in close cooperation with archaeologists, and so
on a few square meters of land an entire team of people
is operating, the work is performed manually or using
mini technique. Of course, this slows down the process
considerably, while the volume of excavation is enormous:
the works are carried throughout the whole area of future
stations to the full depth of the cultural layer, which in some
areas is as thick as 20 meters.

Since the standard massive interventions of consolidation
of the soil from the ground level (Jet Grouting) are not
executable in the archaeologically rich areas, the designers
put forward alternative methods. For stations like San
Giovanni the excavation is done inside the perimeter
bounded by very deep diaphragm walls of reinforced
concrete, driven into the “natural soil”. The construction of
diaphragm walls using BAUER Trench Cutter system (in
two phases: excavation under bentonite slurry fo stabilize
the trench, then replacement of the slurry with reinforced
concrete) allows to reach great depths without vertical
deviations. For example, in Teano station the diaphragm
walls were built to a depth of 60 m.

The tunnels here are built by mechanized Tunnel Boring
Machine (TBM) Herrenknecht, diameter 6.71 m.
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Fig. 6. City of Rome —
Impact of the works

Fig. 5.The reinforcen
of Basilica of Maxenti

Another technique used by metro builders is the Ground
Freezing Method, thanks to which the ground around the
tunnel is stabilized.

In addition, Compensation Grouting is used to
compensate the possible ground settiements during the
advancement of the TBMs: a device called flat jack is
installed into the space between the frozen ground and the
existing building on the surface. This device is similar to a
well-known jack, and it allows to lift the ground and to fill
cavities formed by tunnel excavation with cement mortar.

In some cases the inner space of a station is formed by
enlarging the excavated tunnel. It can be made by semi-
mechanized traditional methods, without tunnel boring
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machines. As an example, the station "Fori Imperiali” will be
built with this technology.

Considering that the two twin tunnels will have to be built
in the immediate vicinity of Colosseum, a structural analysis
of materials was carried out which allowed to evaluate
a possible impact of tunnel excavation on cultural and
historical heritage.

Based on these studies, a number of buildings were
marked as structures needed to be protected from
destruction. Some of the proposed measures are of
temporary nature, so that the supporting structures will be
dismantled after completion of construction works, while
other reinforcing structures are permanent. As an example,
the Fig.5 shows how builders have reinforced ancient
Cathedral Basilica Maxentius with temporary props.

All buildings and historical monuments are monitored on
a continuous basis; the data received from sensors are fed
into a single unified system that supports real-time control
over the state of monitored items and over possible impact
on them.

Currently on the T3 central stretch only metro stations are
being built; the tunneling works will start only at the end of
2017.

A tour to the line C

In the course of the meeting in the “Roma Metropolitane”
office | received an invitation to visit one of metro stations
currently under construction, and namely, the station San
Giovanni. The way to the construction site is rather short,
it only takes a few minutes to get there by car, so | do not
waste any time and put on an appropriate clothing suitable

Fig.7. Technical

~ Director of the

company “Roma

o Metropolitane”

Mr.Luigi Napoli, Head
of the project “Line

C” Mr. Andrea Sciofti
| and editor-in-chief of

the magazine Regina
Fomina

for this case, and so — here we are, and together with Metro
C Engineer Mr. Fabio Giannelli, two representatives of the
ATAC Customer service, Roma Metropolitane Technical
Director Mr. Luigi Napeli and Head of the Project “Line C”
Mr. Andrea Sciotti — we are descending a narrow staircase
to a depth of 18 meters. All station space is surrounded by
concrete walls, the sky is grinning through the shaft. My
companions draw my attention to a ground freezing plant
that freezes the soil from the bottom up and is equipped with
ice delivery system. At the moment the ground freezing is
already completed, so the equipment is dismantled. The wall
still retains fraces of holes drilled for supplying the freezing
mixture. “Before freezing the ground, we have consolidated
it with mortar. This is done with the aim to avoid negative
consequences in case of possible excessive freezing”, —
explains Mr. Fabio Giannelli.

The soil underlying the tunnel — or the chamber forming
the station space — contains more water than all other
layers, which means that it provides an even bigger concern
for excavation. Exactly for this reason the main ground
freezing was performed from below. It was made by using
liquid nitrogen freezant and circulating brine, a strong saline
solution used to maintain the temperature.

Apart from active freezing techniques, better insulation
performance can be achieved by laying a waterproofing
geomembrane under the tunnel invert.

The builders must arrange around the tunnel a series of
frozen cylinders with a diameter of 3 meters and adjacent to
each other.

At this stage the works are carried out on reinforcing the
tunnel arch from the inside and on consolidating the ground
around its outer perimeter. The aim of these operations is
to create a kind of a swamp or plug that prevents moisture
penetration inside the tunnel. Later this tunnel will be
connected with the other one by inserting one tunnel into the
other. When microtunnelling machine reaches the diagram
wall, it will be dismantled, and the tunnel enlarged to the
design dimensions.

One creative solution was to build a miniature exhibition
space inside the mefro station. Many artifacts uncovered
during the excavation are destined to be displayed there.
Metro builders have unearthed the largest water reservoir
of time of the Roman Empire built by Ancient Rome
slaves. It is well preserved up to now under the rubble of
subsequent civilizations. Some elements of this most ancient
construction will also be displayed in the exhibition area.

Then we proceed toward the terminal station of the line C
operating section, and | gain the opportunity to shoot down a
new double-track tunnel and to access the accuracy and
clarity of the automation system. Some time ago two tunnel
boring machines were working here, then they were
dismantled and brought to the surface by a lifting crane. The
biggest challenge was to carry the parts of the TBM from this
place to another construction site, as they are very heavy.
Some roads on which the TBM had to be transported, are
built on ancient foundation, so the machines had to be
dismantled to their smallest components. Now these 800-ton
jumbos lie unassembled on another construction site waiting
in the wings. After necessary verification they will be
assembled again for construction of other tunnels. But this
will only happen in 2017... m
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Bce anA NnpoeKTNPOBaHNA, CTPONTENIbCTBA
W 3KCnnyaTauum TPaHCNOPTHbIX 06beKToB

TEMATUYECKUE PA3EJIbI:

- [POEKTNPOBAHNE N CTPOWUTENBLCTBO AOPOT, MOCTOB U TOHHENen

- O6opyaoBaHue, Matepuarbl U KOHCTPYKLN AR CTPOUTENbCTBA TPAHCMOPTHbIX 0O6beKToB
- O60pyAOBaHME 1 TEXHONOMN NPOKIAZAKN KOMMYHUKaLUWI, NHXeHepHoe obecneyeHune

- TexHuueckue cpeacTea obecneyeHna 6e30nacHOCTN AOPOXKHOIO ABMKEHNA

« IHTenneKkTyanbHble TPaHCNOPTHbIE CUCTEMDI

- CneymanbHble MaTepuans 1 060pyaoBaHUe ANA COAEPKaHUA U PEMOHTa AOpOr

« InarHocT1Ka, KOHTPOsb KayecTsa 1 6@30NacHOCTb JOPOXKHbIX paboT

« MporpammHoe obecneyeHne 1 CBA3b
« IHBECTULIMI, CTPAXOBaHMWE W NN3UHT OOBEKTOB CTPOUTENLCTBA, TEXHUKKU, 06opyAoBaHMA

CNEUPA3AENDI:
Komno3umHsle, noumMepHole U 2e0CUHMemu4eckue mamepuarsisl 8 00POKHOM CMpPoUMesnsCmee

,ﬂopom—to—cmpoumeanaﬂ U KOMMYHAJIbHAA MexHuka

B pamkax genosow nporpammbi: Xl MexxayHapoaHbin ®opym «Mup Moctos».

BbicTaBKa Bnepsble npoxoauT B BK «JleHakcno» napannenbHO € MeX4yHapOoaHbIM
dopymom «BbezonacHOCTb Ha foporax paamn 6e30NacHOCTY XU3HNY.
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