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»TBM" MawinHe koje he ce KOPpUCTUTKU 3a U3rpaamy nNpee IMHUje
beorpaackor meTpoa

»,TBM" (Tunnel Boring Machine) je cneuunjanusoBaHa MallMHa HaMeH-EHA UCK/bYYMBO 3a
n3rpagmy noAseMHux TyHena. HbeHa npMMeHa uma Tpaauuujy AyXy o4 jeaHor Beka v aaHac
npeacTas/ba jefHy o4 HajcaBpeMeHMjuX TeXHoornja y 061actu TyHenorpaame.

TBM MawuHe koje he ce KOpPUCTUTK Ha NMHMjM 1 Beorpaackor MeTpoa UMajy NpeYHnK nckona
o4 9,7 MeTapa, YKynHy Ay>XuHy og npmbnuxHo 110 meTapa n TexuHy og oko 1.500 ToHa. Mako
Jenyjy Kao jeAMHCTBEHa KOHCTPYKUMja, CBaka MallMHa Ce CacToju oA CTOTUHA nojeanHauyHuX
[enoBa Koju ce TpaHCnopTyjy OABOjEeHO M CKlanajy Ha rpaguavwTy npe noyeTka UcKonasamba.
Mo 3aBpLIeTKy pafoBa MallMHa ce MOHOBO AEMOHTUPA M TPaHCMopTYje ca fokauuje.

Kao jegHa op HajbesbenHMjux caBpeMeHnx TeXHOMornja 3a u3rpagmy TyHena,

~TBM" oMoryhaBa KOHTMHYyMpaHO McKonaeare, Apobrbere MaTepujana, TPaHCNOPT NCKONaHe
3eM/be U UCTOBPEMEHY yrpaaty 6eToHcke obnore TyHena. Y ogHOCY Ha TpaauMuMoHasHe
METoAe MCKOoMaBakba MUHUPAHEM M ByllereM, OBa TEXHOJIOMMja 3Ha4YajHO CMakbyje
AedopMaumje Tna, cnerakbe NOBpLUMHE N PU3MK Of YpyLlaBaha, McToBpemMeHo nosehasajyhu
6e36eaHOCT pagoBa 1 edMKACHOCT U3rpagte.

Pa3Boj , TBM" TexHonoruje

Pa3Boj ,TBM" MawwuHa Tpaje suwe oa 200 roanHa u MOXe ce noaennTn y YeTrpu 3HadvajHe
¢daze.

1. NMoyeum TyHenckux wrutosa (1820-1850)

MpBK KOpak Ka MexaHWM30BaHOj U3rpaamu TyHena HauumeH je 1825. roavHe, kaaa je
paHuycko-6putaHckm nHxerep Mapk U3ambap bpyHen KOHCTpyMcao NpBu TYHENCKU LWTUT 33
n3rpagry TyHena ucrop peke Temse y JIOHAOHY.

WHcnupucaH MOpckMM LpBOM Koju 6ylumn ApBo, BpyHen je 0CMUCAMO MeTanHKU WTUT Koju je
omoryhasao nckonasarbe y HecTabunHOM 3emM/bULITY 6e3 onacHOCTM o4 ypyLuasarba. Mako
HWje Mao MexaHM3aM 3@ ayTOMaTCKO Konare, 0Baj M3yM NOCTaBUO je TeMerbe CaBpeEMEHMUX
,TBM" MalunHa.

lNoanHe 1864., nnxxersepu bapnoy u 'pejTxen yHanpehyjy oBaj KOHUENT yBOHeHeM KpyXXHOr
WTHUTA U XMAPayNMYHUX NOTUCKMBAYA, WUTO NPeACTaB/ba AMPEKTHOr NPeTX0AHMKA AaHallHNX
WTUTHUX ,TBM" MalluHa.

2. Mps# nokywaju MexaHM30BaHOI UCKOMaBatbha cTteHa (1850—-1940)

Jow 1856. rognHe TokoM mnarpagre TyHena Xycak y CjeanreHum AMepuykum [ip>xaBama
ncnpobaHa je npea MallinHa ca potTupajyhoM pe3HoM rnaBoM 3a UCKOMaBare CTeHa.
MehyTuM, orpaHmyeHe MOryhHOCT Tagallke MeTanypruje n KOHCTpyKumje gosene cy Ao
6pojHMX KBapoBa M BeOMa Masnor HanpeTka, 36or yera je HapeaHWUX roToBO CTO FOAWHA
MUHUparEe 0CTaNo0 AOMUHAHTAH HauMH U3rpaaHe TyHena.

3. Pa3Boj caBpemeHunx ,TBM" mawmHa (1950-1990)



MpaBy peBonyuujy Nnpeacrasbana je 1956. roavnHa, kaga je amepuykm nHxerbep Llejmc Pobuxc
pa3BMO pe3Hy rMaBy Ca AMCK pe3aynma koju apobe CTeHy noja BUCOKMM MPUTUCKOM YMECTO
Knacu4Hor cTpyrama.
Osaj npuHumn omoryhuno je 3HayajHo Bpxxe U EKOHOMUYHU]E NCKOMaBake M 03HAYMO NOYeTaK
caBpeMeHe ,TBM" nnayctpuje.
TOKOM HapeaHuX AeueHunja pa3BujeHe cy pasnnymTe BpCTe MalvHa:

e “Slurry Shield” cucrem 3a pag y Bogo3acMheHoM 3eM/buLTy,

e “EPB” (Earth Pressure Balance) cucrem 3a ypbaHa noapyuija,

e ABowTUTHE ,TBM" MalLuMHe 3a CIOXKEHE reonoLKe yCoBe.
WcToBpemeHo cy MalinHe nocTtajane cse Behe, a pa3BujeH je n MoaynapH1 NpUHUMN
TpaHCnopTa U MOHTaxe, Koju ce npumersyje u kog ,TBM™ MalumMHa HaMerbeHWX U3rpashu
beorpaackor mMetpoa.
4. CaBpeMeHa U MHTeJIMreHTHa reHepaumja , TBM" mawmHa (2000 — gaHac)
Op nouetka 21. Beka ,TBM" TexHonoruja 6enexu nsysetHo 6p3 pa3soj, HapounTo y Kunu,
EBponu n 3eM/baMa jyronctoyHe Esporie.
HajBaxkHuje KapaKTepuUCTUKE CaBpEMEHMX MalLUHa Cy:

e npunarohaBarbe pasnMUMTUM FeonoLWKUM YCnoBuMa 6e3 3amMeHe MalunHe;

e MpeYHMK 1ckora Ao ckopo 18 meTtapa;

e TexuHa Beha oa 1.500 ToHa;

e MHTEerpucaHu cucteMu 3a npaheme paga, CeEH30pu, ayToMaTn3oBaHa yrpagra obnore

N UHTENUIFEHTHU CUCTEMU 3@ MPEAMKTUBHO OApXaBakbe;
e  MUHMManaH yTuuaj Ha NOBPLUMHY TepeHa, HM3aK HMBO Byke 1 BMCOK CTeneH
6e36eaHOCTL.

360r 0BMX KapaKTepUCTKKa, ,TBM" TexHonoruja gaHac npeacTaB/ba CTaHAApA 3a M3rpagtkby
METPO CMUCTEMA Y BENNKUM rpajoBuMa LUMPOM CBETA.
Mocne Buwe oa 170 rogMHa TEXHONOLWKOr pa3soja, ,TBM" je oa ekcnepuMmeHTanHe mMalumHe
nocrana BUCOKO codumcTMLMpaHa NokpeTHa noalemMHa dabpvika v jeaHo oa HajbesbeaHujux,
HajedmKacHMjUX N Hajnoy3daHWjuX peLlerba 3a M3rpagHy CaBpeMeHMX MeTpo cucTema.
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The TBM used for Line 1 of the Belgrade Metro

TBM, short for Tunnel Boring Machine, is special-purpose equipment exclusively designed for
underground tunnel excavation, with a long application history spanning over a century.

The TBM deployed for Line 1 of the Belgrade Metro features an excavation diameter of 9.7
meters, an overall length of approximately 110 meters, and a total weight of around 1,500 tons.
Although a TBM looks extremely bulky, it is assembled from hundreds of individual components.
It needs to be fully assembled on-site before excavation work commences. Once the tunneling
task is completed, the machine will be disassembled into separate units for transportation off
the construction site.

As one of the safest tunnel excavation technologies available today, the TBM construction
method realizes continuous integrated tunneling, rock cutting, muck removal and lining
installation. Compared with traditional blasting and drilling excavation, it effectively minimizes
ground deformation, surface settlement and risks of collapse, while delivering higher
construction efficiency and better working safety in underground projects.

The Development History of Tunnel Boring Machine (TBM)

The evolution of TBM stretches back more than 200 years, divided into four key phases: the
origin of tunnelling shields, early mechanical tunnelling attempts, breakthrough of modern rock
TBMs, and diversified intelligent TBM technology today.

1. Origin of Tunnelling Shields (1820s—-1850s)

The theoretical prototype of mechanized tunnelling emerged in 1825, when French-British
engineer Marc Isambard Brunel invented the world’s first tunnelling shield to build the Thames
Tunnel under London’s River Thames. Inspired by wood-boring marine worms, the iron frame
shield supported unstable soft soil to prevent collapse, while workers dug manually inside.
Though it lacked automatic cutting functions, this shield laid the core logic of modern TBM's
front supporting structure.

In 1864, engineers Barlow and Greathead upgraded the design into a circular shield equipped
with hydraulic jacks for forward propulsion, which became the direct ancestor of today’s
soft-ground shield TBM.

2. Failed Early Hard Rock TBM Trials (1850s—1940s)

As early as 1856, the U.S. Hoosac Tunnel project tested the first full-face rotary rock excavator
with cutters, grippers and muck conveyors, yet poor metallurgy and structural flaws limited its
advance to merely several meters. Over the next century, dozens of rock-cutting machines
were patented across Europe and North America, but drag picks wore out rapidly against hard
rock, leading to low efficiency and frequent breakdowns. For nearly 100 years,
drill-and-blasting remained the mainstream rock tunnelling method, and mechanized rock
boring made little practical progress.

3. Birth & Popularization of Modern TBM (1950s-1990s)

A landmark breakthrough arrived in 1956, when James Robbins replaced drag picks with rolling
disc cutters. This design crushes rock via concentrated pressure instead of scraping, drastically



boosting cutting efficiency on soft and medium-hard rock at a Toronto sewer project, proving
TBM'’s economic value for the first time. This machine marked the official launch of the modern
hard-rock TBM industry.

1960s—1970s: European and Japanese manufacturers developed two major soft-ground
systems: Slurry Shield and Earth Pressure Balance (EPB) Shield, suitable for water-rich sand,
silt and urban soil layers.

1970s-1990s: Double-shield hard-rock TBMs were invented to adapt to fractured, mixed
ground. Equipment diameters expanded, and complete assembly/disassembly modular designs
took shape-giant machines could be split into hundreds of components for transportation and
reassembled underground, matching the logistics mode of the Belgrade Metro Line 1 TBM.
Major brands including Herrenknecht, Robbins and Mitsubishi formed a mature global supply
chain.

4. Diversified & Intelligent Era (2000s—Present)

Since the 21st century, TBM technology has developed rapidly worldwide, especially with
large-scale applications in China, Europe and Southeast Europe.

Full-geology adaptability: Composite TBMs can switch between rock and soft soil without
machine replacement, coping with complex strata in metro, railway and hydropower tunnels.
Ultra-large & ultra-long specifications: Tunnel boring diameters now reach nearly 18 meters,
while single TBM weights exceed 1,500 tons, identical to the 9.7m-diameter machine used for
Belgrade Metro Line 1.

Intelligent upgrading: Built-in monitoring sensors, Al predictive maintenance and automatic
lining installation systems reduce manual intervention, further lifting safety and construction
speed.

Global infrastructure application: TBMs have become the preferred solution for urban metro
tunnels due to minimal ground settlement, low noise and high safety, replacing traditional
excavation in densely built cities like Belgrade.

Today, after over 170 years of technological iteration, TBM has evolved from a clumsy
experimental device into an integrated underground mobile factory, recognized as one of the
safest and most efficient tunnel construction methods globally.
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