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Foliation Planes

Chipping mechanism when TBM advancing
perpendicular to foliation (Case A)



Ilzoliation Planes Orthogonal
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Chipping mechanism when TBM advancing
parallel to foliation (Case B)







Queens Tunnel TB
422 HP Electric
Water Cooled,
Three Phase Moto

10 Motors Total
Usually 8 Online
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What Are the Geological Causes ¢
Intrinsic and Episodic;Hard Rock TE
Effects in Crystalline Terrains?

Excessive FInes
Blocky Ground
Unstable Headings and Sidewalls
Stress Popping
\Water Inflows
Cutter Damage/.Cutter Wear

= Poor Penetration/Utilization
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Damage to Horizontal Conveyor
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NYC TBM Projects (32010)

West Side Interceptor

63'd Street Tunnel
Brooklyn Water Tunnel
Queens Water Tunnel

Con Edison Steam Tunnel
Manhattan Water Funnel
East Side Access Project
Croton Water Tunnel/Plant
No. 7 .Line IRT

Second Avenue Subway




NYC TBM Projects ¢
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East Rrver: 83 feet
deep below the

West Side Interceptor
AFirst TBM Tunnel in NYC =
ATwo 9,000 Tunnels - mﬂ
AS=116 / N=8.
A~Jul 1974Jul 1973
Adarva Mark 12200
ALast 1 Mihedlihd
Inwood Marble
AHartland Formation (S) a
Manhattan Schist (N)
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NYC TBM Projeci:

63'd Street Tunnels
ATwin Tunnels4 Tracks §
ARobbins 202205 TBM
ADi amet er s
AFeb 1980May 1980 @5 ®.%
Aimmersed Tube First T etse B
ALower Level for LIRR Hi e
AFordham Gneiss and
Hartland Formation
APenetratio




AOpen Beam TBM from 2N = ,} &KL . 743 ..;"V
63 Street Tunnel Job 1\"}3\: "‘"‘:{ ;
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AVariable Penetration  :
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Through Zones A, B, ¢ fiem
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CITY TUNNEL NO.3, STAGE 2
LOCALITY MAP - CONTRACT 5438
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NYC TBM Projects

Queens Water Tunnel
AOpen Beam HP TB
AOct 1996 Oct 1999 |
AL96 Cutt e nRia Bs
AGarnet Zones (10%) E'ii’.i;\/._‘;; SO
ADike Swarm ..'gﬁéii'r
ANNE Fault System 5= == E
Alntersecting Faults
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NYC TBM Projects

Con Edison Steam Tunnel

Al2.506 Open25B@BEmM HP 215
AM706 Cutters; Length 0. 76
AOct 2002 Feb 2003
AHartland Formation
APenetrat.
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