COI.'OR.ADQS,CH‘Or QLQFM INEY

COI.'OR.ADQS,CH‘Or QLQFM INEY




() COLORADOSCHOOL OFMINES




TBM

Tunneling | |

Rock TBMs

Stable Wall/Face
Open TBM

Possibly Weak Wall

Shielded

‘Wall Can be Gripped
Double Shield TBM
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Stable Face, Low G-water
Open Mode Single Shield

Open Face, Digger
Shield, above GW

‘Weak Wall, Gripper Sinks
Single Shield

L ble / Face,

Soft Ground
/Soil Shield

Hybrid EPB —
Slurry Machines

Earth Pressure Balance
(EPB)

Slurry / Hydro Shield

~Soil Machines
Using Scrapers

High G-water Pressure

Pressurized Face Shields

1

EPB or Slurry Shields with
Disc Cutters for Rock
Cutting
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BORING

Time spent

excavating

material at
the face

EQUIPMENT
DOWNTIMES

Cutter changes
Stroke / restroke
unscheduled
maintenance

(unexpected
breakage)
scheduled

maintenance

System delays

Suveying delays
Water inflow delays
Grout curtain delays

Back-up mucking

system delays
Utilities delays

(extending cables.

etc.)

Temporary support

delays
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NON-EQUIPMENT DELAYS

Labor delays
Lunches,
shift
changes,
etc.
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Machine Thrust Back Up System Production

Ground Support,
Torque, and Power Transportation, and Cost

Requirements e, Estimates
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Brazilian
Tensile
Sample

Spacing

— Penetration

Crushed
Zone

S NS
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(Project Report 1-94, Hard Rock Tunnel Boring, University of Trondheim
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CUTTER
PENETRATION
CYLINDER

CUTTER
ROTATION

ROLLING .
FORCE

FORCE
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Class 0-l, >160 cm Spacing
— = = Class |, >80 cm Spacing
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30 40 50 60
Angle With Tunnel Axis (deg)

(Project Report I-94, Hard Rock Tunnel Boring, University of Trondheim)
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HP HOUR PER TON.

MEAN PARTICLE SIZE
Blast Hole Drilling  Boring Machines
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Total Hardness (Hy = Hg
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COLORAROSCHOO O

Specific Rocks ond Their
Average Hordness Values

Rock Types and Their Known Range of Hardness
tgnaows Rocks | Metomorphic Recks | Sedimentory Rocks
T

—Boroboo Guortzite

sof—
g ke (Nve)
Pegmat

INYC)
anite Bosalt

F— Manhotton Schist (NYC)
| wissohickon Schist
(Philadelphio )
Hockensock Siltstone
=L (Naw Jersey |

[ 0olomitic Ls (Chicogo,11)

I~ Lewis Shole (South Central,
Colo., North Centrol N.M.)

Nocimiento Fm. (Sandstone
[——ond Shale, Farmington, NM.)

Andesites, and Diabases

Quortaites

Orthoquart zike

/

7/
/< Averoge Volue for
Rock Type
—— Common Range
=== Uncomemon Range.

Pegmatite

Mica Sehists
Indurated Sondstonss

Competent_Sondsiores
SmegLinere
24 L3 ard Dolomites of 11

Limestone and Dalamile
Shole ond Siltstone

Weided Tutfs
B AL

Frioble Sandslones
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i Lowa S Soaes F (kN)
Raynales Limestone FPI =

Maplewood Shais -
Grimsby Sandstone-All Tasts F enetration.(mm /| rev)
Grimaby Sandstons- Widdle of Unit

Rome Membar

Markgrat Mombar

Wpasin. | KNjmm

t2s

Beat Linear Fit to Data

wobrpx+Xeo

FIELD PENETRATION INDEX, R,

— 5% Confidence Limits
=— 85 Pragiction Uimits

£ &

TOTAL HARDNESS, Hy
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Intact Rock Strength (MPa
Rock Mass Boreability Prediction Chart Strong Very Strong
100150 150:200

Class B-1

BLOCKY: Wellinterlocked 40<FPI <70

undisturbed rock mass consisting
of cubical blocks formed by three:
intersecting discontinuity sets

75<RQD <90 | %0 <RQ0 <100

Class B-]
25<FPI< 40

VERY BLOCKY: Inter locked,

50 <RQD <75

lass B-IIT
1S <FPI<2§

BLOCKY/DISTURBED/SEAMY:

folded with angular blocks formed

by many intersecting discontinuty
S sets. Persistence of bedding
fplanes or schistosity.

25 <RQO <50

Jointing Condition and Rock Mass Structure

DISINTIGRATED: Poorly
interlocked, heawily broken rock
mass with mixture of angular and
rounded rock pieces

Rock Strength (4Pa)

4 LAMINATED/SHEARED: Lack of Stab)
blockiness due to close spacing of
weak schistosity of shear planes

1) Very Foliated shales, slates and schistose graphite schists of Ghomrood project;
2 i project;

of shale layers.
3) Tuffs, tuffites and sandstone layers of Karaj project;
4) Carbonate rocks in Zagross and Ghomrood projects;
5) Thick quartzite veins in Ghomrood project;
6) ivei 3

) ig rocks in
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Rock Strength (MPa)

Vicker's Hardness Number (VHNR)

200

<&

400

600 800 1000

Rock Quality Designation (RQD, %)

(MPa)

Poin Load Index, |

RQD ('%)

Poor
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Fr=F~v.RC = Fn.Tan
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8.0 9.0
TBM diameter, m
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Cutter Design Bearing Average Cutter Load
Diameter Capacity/Max Load For TBM Thrust
mm (in) Ton (Ibs) Ton (Ibs)
-
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80 9.0

TBM diameter, m
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ROP (m/hr), Power (100 kW)
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—« - Cutterload
—&— Thrust

Cutterload (ton)
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20

100 150
Uiaxial Compressive Strength (MPa)
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TION

Grouting & Cleaning

2%
ly used

pea Gravel
1%
Maintenance
%
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Machine Type Ground Conditions Suggested Utilization Rates

SimPIe / Consistent or Train
Uniform

Contentious /
Conveyor

Complex / Faults Train
Contentious /
Conveyor

Single Shield SimPIe/Consistent or Train
Uniform

Contentious /
Conveyor

Complex / Faults Train
Contentious /
Conveyor
Double Shield SimPIe/Consistent or Train
Uniform Contentious /
Conveyor
Complex / Faults Train
Contentious /
Conveyor

35-40%
40-45%

15-20%

20-25%
20-25%

25-30%
15-20%

20-25%
25-30%

30-35%
20-25%

25-30%

COL‘OR‘ADOSCH‘O‘OLC‘JFMINE
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Category Suggested formulas
No | Name Definition
1 TBM . Ttbm | TBM breakdowns times See Figure 2
2 BU. Tim. Back-Up breakdowns times See Figure 2
3 Cutter, T, Cutter check/change time See Figure 2
4 Support, T, | Support installation time (planned) | See Figure 3
5 Regrip. T Resetting times of TBM after each _ Lon0 s, " 400000
excavation stroke TG0, R
Lsis stroke length (m), t; is regripping time (min)
per stroke (2 to 6 min), and R 1s radius of curves
().
6 Transport, Times related to muck Condition  Tfg. Comment
e transportation and unloading (bg/km)
Very <50 Tunnel conveyor belt prone to no
Good or very low breakdowns
Good 50 Belt or Train, low breakdowns
Normal 150 Belt or Train, normal breakdowns
Poor 150 High breakdowns (especially in
long tunnels)
VeryPoor 500  Trains, very high breakdowns
(e.g. simultaneous breakdowns
for locos, wagons, and switches]
7 Routine mai of cutter Based on ground conditions, I
o T head, TBM, and Back-Up * Good, Massive soft to medium rock : 50-100 hekm
+ Normal, Massive hard rock:100-200 bg/km
» Poor: TBM prone to high clogging and high water
inflow in poor ions, presence of expansi
clay, very high rock strength for TBM: 300 hy'km
8 Ground, Downtimes related to unfavorable See Figure 3
Ta.Tw ground conditions, which needs
additional or support or dewatering
9 Probe, T Probing times for ground Should be estimated based on field conditions
exploration
10 | Utility, Ta Line extension times Tu= 1.3x6 (hr/km)
where 6 tunnel slope in degree
11 | Survey, T, | Times for changing surveying Ty =192000/Rz (hr/km)
stations and checking tfunnel R = tunnel turning radius (m)
direction
12 | Other, T, Unclassified times Up to 200 he/km for crew with low experience.
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Quarts Cobtent = 30.50%

.

UCLOMEa

UCS<H00MPR

Whucking with Traie

Muckng with Tunnct Conveyor Sek

3
PR {(m/hr)

Ll 2 3 4
PR (m/hr)

Figure 2. Hard Rock TBM Downtime Components (Left to right, Te, Ty, and Tiy).

Water condlition code:

1: Almost dry

2: Water inflow at tunnel affect the
tunnel excavation time (or water
inflow/tunnel diameter=1-3,}

3: High water inflow at face (or
water inflow/tunnel diameter=3-4)
4: Water inflow at tunnel face may
stop the tunnel excavation
(Extreme Mining Area, or water
inflow/Tunnel >>4, or Digm>10)
Note: water inflow in liter/sec and
tunnel diameter in m.
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| Train travers.
ToTEM

Load wrain
with SUpply

Train arrives at
‘dump station

Unload muck
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Conduct
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Yes
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var Mawn D W
=== Orevain 1353 03351 100

jae
] S ienam

[ 1%
Penetration Rate (m/hr)

COLORADOSCHCOLOFMINE

[ One a0 2004 002518 100
[ Twe W023T1 002786 100

TBM Utilization

Varste
{9 One . 2023 1538 100
= Twousr 9812 3215 100

Two Trains

Tunnel length excavated (m)

COLORADOSCHO0L OFMINE

Impacting Utilization
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