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Let’s Go Back
In Time From
Today to the
GCambrian!
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430 Ma to 250 Ma
Protracted Plate Gollisions
Form the Appalachians




Merguerian’s Early
Field Work on
Manhattan
Isiand

In The Days
When He Was
Limber
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Manhattan Schist

F, Folds of S,
Central Park, NYC
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What Are the Geological Gontrols on
Effective Hard Rock TBM
Tunneling in Crystalline Terrains?

EXcessive Fines
Blocky Groundl
Unstable Headings and Sidewalls
Low Penetration Rates









Desirahle Kerf
Pattern in Hard Rocks



L ATsAR i
sShort Stand-up Times Statl0“153+30 |




Statlo, 140+60

" » n" 4 o . ’







S22

%.Im ,,.1._.’
rnul »
SEe

n“Dr |
— N



dict IBM




Finally, He's
Going to Talk
About
TBM
Tunneling
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Ilohluns 235 282 HP Hard Rock Main Beam TBM

Chesterfield, England - 1996




TYPICAL CUTTER
POSITIONS #:21-4:42

POSITANS %63-#50
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o TBM-Bored Tunnel
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 Published Maps and Reports
- Boring Analysis
Fractures -
Rock Types
. Rock Fabrics
‘Density Studies
Petrographic Studies
o Rock Fahric.Studies
Mineralogy and Texture
~Structure ‘
Orientation
Metamornmsm
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Avg. TBM Penetration Rate (ft/hr)

10.0 -

8.0 1

6.0 -

4.0 1

2.0

9.47 ft/hr

5.82 ft/hr

0.0

Anticipated Actual




Density Queens Tunnel (Mean = 2.87 g/cm®)
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, Finally, He's
Doc, You're sl Goiny to Talk

Nothing o ; Ahout Megya-
Without Me!



* Queens Water Tunnel

» Con Edison Steam Tunnel
- Manhattan Water Tunnel
- East Side Access Project B s Y
- Second Avenue Subway o™ l e N

East Rrver: 83 feet
deep below the

Brooklyn Bridge

‘63 Street

- - Tun'fga:{l

* IRT #1 Line Extension
I

* Ll Gross Sound Link Tunnel |




Construction of the Queens Tunnel
NYC Water Tunnel #3
0ct 1996 - 0ct 1999
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Gon Edison Steam Tunnel TBM

Robbins HP 219-237 Hard Rock Machine
Gapable of 9’ stroke




TBM at Con Ed
Tunnel

30 Street
and 15t Avenue

10 Oct 2002












CT3, Stage2
Manhattan
Water
Tunnel

shaft 268

10 0ct 2002
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Manhattan Tunnel TBM

Rebuilt Robbins HP 213-297 hard rock machine
(first used at Gon Ed Utility Tunnel on 15t Avenue)
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East Side
Access
LIRR/MTA
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Existing 63" Street Tunnel

Bttt Foripen

f

i . T




East Side Access Project Plans

Diverge

48tigstreet
49th street
54th street
55th street
56th street
57th street
58th street
59th street
60th street
61th street
62th street
63th street
64th street

Station
Approach

42th street
43th street
44th street
45th street

51th

52th

53th

Thl’Oat I . Madison Avenue
ree

Vent Plant

Grand Cen
Terminal

tral

) C - ( — Park Avenue

i — Lexington Avenue
Station
Caverns

3rd Avenue

~ “andavene
63rd Street
Tunnel
Single
Track
= ﬁ ) 1st Avenue

A. Schechter - NY









,
S
SN

e O
oo’
B




Will Take Place
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West Cavern

East-West passage
connecting caverns

Existing GCT

East Cavern

Smoke exhaust
return duct

- Supply alr

Upper platform
celling

Smoke exhaust
shaft

Upper Platform

Mezzanine
{

Stalrs, escalators
to upper platform

Lower Platform
HVAC pylon

Under-platform
ducts
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Magothy Formation: fine sand, | Assorted Pleistocene glacial Recent marine sediments
clayey sand, interbedded with depaosits

coarse sand & clay

Varved silt/clay/sand Bedrock Lloyd Sand: sand, gravel, sandy
clay silt and clay

Assorted Pleistocene Raritan Clay Gardiners Clay
sediments




Soft Ground TBMs



Geology

HERRENKNECHT TBM
ADVERTISEMENT

_Rock Does Not

Geology

Equal Rock

At Herrenknecht, maximum tunnelling performance and the

greatest possible safety are the ultimate goals for the

development of tunnelling machines. Expert analysis of the

geological conditions result in a “tailored hard rock machine”.

Whether it is solid rock, abrasive rock or rock
under high pressure, weathered transition
20nes with high ground water pressure or ca-
verns, the variety of the geological conditions
in a planned tunnel route is virtually unlimi-

ted. At Herrenknecht, the geological analysis

All Experts On One Team

The excavation process in hard rock takes
place in the peak state of the shear and com-
pression resistance as well as tensile strengths
of the rock. At the same time, the best possi-

ble tunnelling performance has to be achieved,

of the ground conditions is always taken into
consideration in the machine design. Cutters
and cutterhead are ideally adapted to the va-
tying degrees of hardness and abrasion in se-

dimentary, metamorphic of igneous rock

At Herrenknecht, a team of internal specialists
from the disciplines of rock mechanics, me-
chanical engineering and process technology
find the optimum project solution for develo-

ping the machine design.

Mechanical rock excovation is con-
fronted by rock with vorying degrees
of hordness, e.9. with extremely hard
gneiss (top left] and gronite (top right),
medium hard mica schist (center left),
breccia (center right) and claystone
(bottom left] os wc:ﬂ as limestone
(bottom right).

The formation of each mountain range
is unigue. Lotschberg in Switzerland con-
sists of o wide variety of rock formations
along the tunnel route, Herrenknecht
supplied two single gripper machines

(0 9.43 m), which enable mechanicol
rock stabilization as close as 4.2 m
behind the cutterheod.
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