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"The Mechanical and Cutting Properties of Rocks related to the
Application of Tunnel Borings Machines,'

The testing procedures used to determine the mechanical
and physical properties of rock materials covering a broad spectrum

- of strength and abrasivity are described and critically examined

in the first part of the worke Statistical analysis is used to
determine the inter-relationship between these properties, in

order to establish the validity and interpretation of the test
methods employede

| Laboratory based tests are described, which were developed
to assess the cutability and abrasivity of rock materials, which

are used in conjunction with the physical and mechanical properties
of these rocks {0 determine their suitability for the application

of tunnelling mechines.

The majority of the samples studied were obtained from strata
to be excavated during the construction of the proposed Tyne-Tees

Aqueduct Turmels and for drivages in commection with the Tyneside
Metro System.

The data obtained is used to provide information on the
suitability of application for a range of tunnel boring mechines.
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Chapter 1

Introduction

Tunnelling for what ever purpose, has occupied mankind since the
beginning of time, Tunnels for protection, tunnels for secret access to
forbidden places, tunnels for the extraction of mincrals and tunnels for
speedier transportation have been gouged through every form of strata.

For centuries the task of boring below ground was performed by
rudimentary tools, and it was not until a scant 110 years ago that the
first-:successful attempt was made at mechanising the process (1).

It is recognised (2) that machine tunnelling has several advan-
tages over the conventional drilling and blasting method as :-

. Greater safety

. Less overbreak

Less labour required

Continuous excavation and muck removal
No blasting damage to nearby structures
. Potentially faster rate of excavation.

NAUTLALE NN -

However, much more research and development work is needed to
make the tunnelling machine more versatile, reliable, and economical
than they are today. The research should toncentrate cn’the following
problems:-

Capital cost is high

Boring in harder rocks

Dust control

Cutter wear

Muck removal

Tunnelling in zones of high water flow
Tunnelling in zones of defective rock
Prediction of*mach1ne perfbrmance in advance 6f construction
Bearing wear 3 C S
10 Alignment ‘of bore - ¢ S

11. 'Change of diameter.- A

» *

mmuc\mnuwu

In this work the pred1ct1on of’mach1ne performance in advance of
construction was carried out, using the standard rock cutting test as
a primary factor and thec other rock properties as the relevant. factors.
These tests wcre <c9nductedl using the core samples obtained from the
preliminary boreholes along the two proposcd tunnelling projects,namely
tbe Tyne -Tees aqueduct tunnel and the Tyneside Rapid Transit tunnels.



Chapter 2
Review of Tunnelling Machine and Appiication

2.1 Introduction

Some of the major contributions towards improving tunnclling
technology were black powder for blasting in the second quarter of the
17 th century; mechanical drills, dynamite, and long-distance ventila-
tion (from one opening) in the third quarter of the 19 th century;
mechanical rock loaders in the first quarter of this century; and con-
tinuous full-face boring machines in the present quarter of this century.
To illustrate the impact of improved technology, the estimated linear
advance., _ ratc of tunnels was less than 0.5 m per week (*) in the first
century; about 1 m per week up to the 17 th century before black powder
was used for blasting; bctween 2 and 5 m per week up to the middle of
the 19 th century while using black powder but prior to the introduction
of mechanical drilling and high explosives; between 10 and 40 m per week
in the second half of the 19 th century after the introduction of mecha-
nical drilling and high explosives; and between 25 and 190 m per week by
drilling-and-blasting methods and between 60 and 320 m per week by boring
machines in this century (1).

Since their introduction, performance of boring machines has
steadily improved in soft to medium hard rock. There is widespread
confidence that it is only a matter of time and effort before their
applicability is extended to harder rocks. It is possible that exotic
or novel methods of breaking rock, now being investigated, may be incor-
porated into a continuous boring machine.

2.2 Rock éutting mechanics

It is recognised that there are four established techniques for
rock excavation by machine, all of them having the common feature of
wedge penetration. These are:- |

2 2.1 Drag EleS (fig. 1 !

Tools which are commonly of 31mp1e chisel: fbrm (although more
complex shapes are known) and which are assembled in array on the peri-
pheral surface of a rotating cylindrical drum or face plate of a boring
machlne. This tool is widely used in coal mining industry.

2.,2.2 Disc cutters (Fig. 1B)

A solid stecel disc with a pointed circumferential edge. The disc
operates as a free rolling wheel, in which a high thrust forces the
sharpened circumference to penetrate the rock face. A.superlmposed
translatory motion causes the disc to roll, gouging a furrow in the rock

in much the same way as a heavily loaded wheel rolling over yielding
ground.

e »
&
1}__:_ L,

, (*) All linear advance  rates refer to the rate in one heading only.
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2.2.3 Roller cutters (Fig.1C)

Similar in concept and design to the disc cutter. In this case,
however, the circumference of the cutter is equipped with teeth, thus
having an appearance very similar to that of a simple gear wheel. As
each tooth engages the rock durlng.rotat1on of the wheel, a rock frag-
ment is chipped away. The tool is ~gommonly used in the oil industry
for cutting large diameter boreholesxto grecat depth.

2.2,4 Button cutters (Flg.lD)

This is very much a grinding tool. It usually takes the form of
a free rolling cylinder or frustrum of a cone, the surface of which is
studded with tungsten carbide buttons. It is operated in similar fashion
to the disc and roller cutter. A high penetrating force into the rock
surface, supplemented by a translatory motion to the tool, causes rock
degradation by grinding and pulverisation.

-

2.2.5 Limit of aEEIicatioh

It 1s well accepted that there is a limit of application of the
cutters with the type of rock materials. The table below, after Muirhead
and Glossop (3), illustrates the general area of application of each
type of tool

| Rock | |

Cutters Hardness CS (MN/ml) Typical Rocks
Picks,Discs,  Soft 40 (max.) Shale, Clay
‘Gear Rollers * *
Picks, Discs, - Medium 40 - 80 Dolomite, Sandstone, Q@Eﬂﬂgr
Gear Rollers | o
Buttons, Medium 80 - 170 Limestonc, Gneiss, Granite
Discs Hard S
Button @ Hard 170 + Diorite, Quartzite,
Cutters , : | Hornblende | .

From this it is seen that Picks, Discs and Gear cutters might
be suitable for soft rock mater1als and Button cutters for hard rock
materials..

2.3 Types of tunnclling and heading nﬁchines

The type of tunnclllng machine being used depends on the gecolo-
g1cal conditions of rock it is encountered. The de51gn of each maching
is suitable for a limit range of conditions, and it is usual for a

machine to be built specifically for a particular tunnelling project.
The machine, however, can be divided into two categories:-

1) the shicld machines, which are used for driving through soil
and loose rock, and



K.M. Tunnelling Machine

Figure 2




2) the hard rock machines, which are used for driving through
rock which has self supporting tendencies.

2.3.1 Shield machines

Shield-type tunnelling machines consist of a more or less conven-
tional shield with thrust rams and an erector system. The cutterhead

and cutterhcad support are containcd within the shield in place of the
work platforms and breast-board supports.

Shield machines are usually used in soil formations and soft
ground where the compressive strength is less than 20 MN/m2(4). This
may be a competent, cohesive, relatively self-supporting soil like the
clays in Chicago, Detroit, and London, or it may be cohesionless
running material like the sand and gravel found in Milan.

More than 25 different companies around the world are building
this type of tunnelling machine.

2.3.2 Hard rock machines

It is considered that hard rock is the rock which would normally
required drilling and blasting methods for removal. Hard rock machines

can themselves be divided into two groups according to the types of
cutters used:- | f -

1) machines ﬁéing,roller cutfers, called full-face borers, and,
2) machines using drag picks usually with carbide cutting cdges.

Tt

2.3.2.A Full-face borers (5-12 incl.)

The principal type of hard rock tunnelling machines is the
full-face borer. This method of boring the tunnel has been
~ developed from techniques used in oil-well dri;ling. |

The full-face borers use either one or a combination of
basically three different types of cutters or rollers (gears-
discs-, and button-) attached to the cutters by the machine
either anchoring itself to the sides of the tunnel and pushing
the cutterhead forward from this anchorage, or by drilling a
hole ahead of itself and then using the hole as an anchorage
to pull itself forward. The thrust applied to the cutters causes
them to penetrate the rock by a small amount, setting up high
and complex stresses in the rock, resulting in rock chipping and
spalling from the face. Sharp teeth or cutting edges-can be used
for the softer formations, whereas gemispherical 'tungsten carbide
inserts are required for the very hard formations.

During early trials with these machines in the 1950's, it
- was found that simple single drag bits were unsuccessful for
cutting the hard rock due to high abrasion, which causes excessive
‘wear. and impact shock, resulting in tool breakage. The next
development was the tricone type bit which pulverises. the rock
rather than cuts it, Although these showed a marked improvement
in cutting on the single bit, cutter costs and power consumption
were high. A significant improvement came with the development



auLyoey DuL|lauuny 320y pJ4eH pue paey-wnLpay Sulqqoy

4

?
{




Use
o !

e
| -
ot

d by

Fer Machin

=
.

- \F ™S
el ve

DR A2




--_.LxL+L ﬂ‘:rUUﬂ.__rL,_r ) x-LL\: J __LLr "/ 4 ¥ !

® ‘2U02S3WL] ‘Quolspues pappaguaaluU] a40g 03 epeue) JO °"0) UOLJE m:.om Aq pasn aulLyoey 497 e Lg w O € SU LqQ0Y




t:-;ll"-:l'%*illj'.‘i -I III -\..

LA 11" i T
&a 1 e g 5
Lisha) | LN *.

' -l'iql'l I ‘

e

il frfiin B el il
} S ril I & =0 -r; L] =i
I e SR DR FETYRE EREY i BENTRTE e
*._-'h" E“: 3 ."!:-l'-l’:' i1, 10 [¥+ 9y e H""H'
! - RRERSER LR LR L

i i1

L

DR THLE]
; e ORI | g

i 313 - Y /

s T 3 SU; S IV e b R R L -
'-_ II;?'..:?.?y _"r' "_..:I |I|'1I1'I |'L TP 1'.|'-"-|.-' i H..'!.'-F : 5 I7 #¥ge - ﬁ'L .'|_L. A .
i = el TRETT *" ¥ H‘ﬂ ' - : " . : grl) e et T !

] ; w iJ EILLL . W i e +a T et " i

:I A4 11 L, |.r.1r! ]
i = ] || .
.‘L' JIr

¥ ad i B !
1] T V05 i 1 1y 1 T
PR iy G : '

'
--__,'
£ oyt It i !.. " ha ¥ ] ':f I ¥ 1 4 i Ir|. .lq .. AR TS (e I
i, ‘_Hﬁu-' ‘.l-. TR TR i ; e a1 ™1 e e L SR H

& E = X0 FIErH
== i L o= | 2 :

- L 1 .r
1 <1 PR e e 1] Rian ™ i i
T e Il '
AR |

W NE R




i

— 1 - m - L] - W ] g — i —_— F [ ] F N i & B L d ‘ F .-.__ _ h
u J _ || L " e ! ; h L’ i - u_ L Lh e ‘ - .|k.. = & = = 1 [ == T
. _ _ _ _ ﬁ | h —. ‘.H ‘ L 4 _ L ¢ |
m —_ B h 4 . l.‘.u.lw | |.. _. « 1.r L T _— s d L] —

LR T

, 1
-
LB |
3 i -

i _._..rl..-il_..-
1.-_.._-_.1 -

-
m
"

il ﬂmu_u,_ﬂ T

o L R
SATLE
A



HOW THE LAWRENCE TUNNELLING MACHINE WORKS .

1. Pilot bit drills into tunnel face 2. Pilot anchor and rib jacks

as rib jacks support tunneller. advance .

3. Pilot anchor locks into pilot hole 4. Pilot anchor and rib jacks

and rib jacks support cutterhead | advance dgain; cycle ready
shaft. Pilot bit and cutterhead - to ‘*repéat.

bore simultaneously.

FI1G. 9
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HOW THE JARVA TUNNELLING MACHINE WORKS

——
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Step1:sStart of boring cycle.

Machine clamped, rear
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support legs retracted.
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Step 3 Start ot reset cycle.
Machine unclamped,

reat support legs

extended.

Step 2:End of boring cycle.

Machine clamped, head

extended, rear support

legs retracted.

He
),
R
;

L
=

Step 4 End ot reset cycle.

Machine unclamped,

head retractied .Machine
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now ready for clamping

beginning another

boring cycle.

FIG 11
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Caldweld's Oscillating Cutterhead Machine

Figure 172



€T a4nbL

SA933Nn) buljeloy YjLM auLyoel DuLaOg [duun] XI0J4pJRH p|laMp[e)




of the disc cutter, materially reducing the cutter costs per cubic
metre of material mined. The disc cutters tended to burst the rock
from the face and the material broke away in pieces about the size
of one's hand. Machines fitted with disc cutters usually have a
single tricone bit mounted on the axis of the head. One advantage
of the tricone type bit is that it will cut very much harder rock
than the disc cutter so far developed, but the economics of the
tricone are debatable when applied to tunnel boring machines used
in competitive contracting. Button cutters are also suitable for
cutting very hard rock, having been used on raise borers, to cut
chloritoid shale with a compressive strength of‘370MN/mé ‘These
button cutters are, however, expensive being two or three times
the price of the disc cutters.

The full-face borers compare very favourably with the con-
ventional methods of tunnelling since some impressive rates of
advance have been achieved under ideal conditions, However machines

are now being employed in tunncls where the conditions are less
favourable and the rock is much stronger. With this wider
experience the opportunities for the use of tunnelling machines
with their inherent advantages over conventional methods can only
increase.

With most innovations, however, disadvantages soon make |
themselves apparent and handicap progress. There appear to be five
main areas where research and development must be applied to |
improve design and thus increase opportunities for tunnel  borers.

1. Capital cost - the initial cost of a tunnelling machine
is high, being aboutx700/kW. As there is no standardization on
the size of tunnels each machine is usually written off for each
tunnel. It is obvious that such a large investment would need to
be amortized over several thousand metres of tunnel to be an
economical investment. This minimum length varies with diameter
being approximately 4,500 metres for.a 2.1 metre ‘diameter tunnel
down to 1,500 metres fbr a 10 metre diameter tunnel (3).

2, Inability to bore hard rock -:a few machines are capable
of drilling hard rock above 170 MN/mé, but the cost of such
- project have been prohibitive. The key. to progress 1n this area
lies in increased cutter life. .. . . . TR RN

* wr i

3. Lack of experience with difficult condittons.]

4 Assemblz and d1sassemblz time - a. borer normallyareqnires
" one to two weeks for assembly and disassembly underground. This
is a significant disadvantage on short tunnels.

. 8. Curved tunnel bottom - machlneS'produce a circular
tunnel, and, especially in*mining, operations become more com-
_plicated

' For tunnelling*machines to be econom1cally justifiable in
shorter length of tunnel and in hard and abrasive rocks, capital



and cutter costs will have to be considerably reduced. Cuttersfor
boring machines of 6-10 metre diameter cost around£250 each and
a machine requires between six and ten cutters for each metre of
tunnel bored. These have to be replaced periodically and cutter
cost account for a high proportion of running costs. A more effi-
cient and much cheaper type of rock cutter is the drag pick.

2.3.2.B Machines using picks

According to the method of attacking the tunnel- face,tunnel-
ling machines using picks can be further subdivided into two
groups:-

1. Machines that work the full-face at any one moment, while
being continuously advanced.

2. Machines with a cutterhead that is substantially'smaller
than the tunnel cross-section and which can only work the face in-
sweeping movements. Feed in longitudinal direction is descontinuous.

2.3.2.B.1 Full-face pick machines

The main feature of the full-face pick machine ‘is the under-
cutting method, for which Atlas Copco holds all patents and -
manufacturing rights. This method was first invented by the
Austrian engineer Wohlmeyer and further deveIOped by the Swiss
firm Habegger Ltd., Thun. The method is unique in its appli-

cations on a tunnelling machine and can be explained as
follows:- “

A number of cutterheads equipped with tungsten carbide tipped‘
cutter shanks are mounted on a revolving drum in such a way
that axis is off angled slightly from the drum axis. This
permits the face to be worked in multiple helical planes,
with the cutters acting laterally, not frontally

As the cutterheads operate. at high speed in one direction and

the drum revolves in the opposite direction at low rpm, the .

machine actually.cuts a.multistart internal thread in the
~ Tock, destroying the thread profile as it is being formed.

. By this arrangement a number of advantages are gained -

1. The rock can be~undercut so that only one-third to’ one- .
fourth of the total rock volume is: actually cut by the tung-
. sten carbide tips, leaving the intermediate ridges to be |
| sheared off ‘This me¢ans reduced tool costs. |

2, By the same corkscrew action,: the machine more or less -
‘pulls itself into the face. This means that 1055 thrust
values are required.

L |
1 “ . .

3. The undercutting technique also results in a comparatively
coarse fragmentation of the yock which poses less problems

t
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Atlas Copco Tunnelling Machine



for transport, especially when operating in tunnels with
large inflows of water.

2.3.2.B.2 Shearer and selective heading type machines

In this type the cutterhead of tunnelling machine is sub-
stantially smaller than the tunnel cross section and can be
subdivided into three sub-groups:-

1) Ripping machines (13-15 incl.)

The ripping machine was designed, in 1958, to mechanised the
ripping lip in coal mines in Great Britain. The Mark 1 machine
was the test rig while the Mark 2-4 were the production
versions,.built by Joy Sullivan Ltd., Meco, and Richard Sut-
cliffe Ltd. respectively. The Mark 2 consisted of three shearer
type drums which mounted on the traversing arm and can take

a mininun web of 0.3 metres and a 0.6 metres advance obtained
before the machine is advanced. The Mark 3 used the vertical
drum which fitted to the traversing arm and different roadway
size can be cut by fitting extension drums. The heavy-duty
picks were used in order to reduce the number of‘picks on the
cutting drum. The Mark 4 machine consisted of a cutting arm
fitted with four milling discs, which can arc through 196°

Each disc was fitted with 2-4 heavy-duty picks to build more
power into each pick and so cut the harder strata.

However, the ripp1ng'mach1ne is,‘at present, 11tt1e used in -
mining industry. | =

2) Selective headingﬁmachiaes (16,17)

The select1ve headlng machines, the socalled roadheaders, ~
incorporate a moving telesc0pic boom terminating in a conical
cutting head to make the sumping operation independent of the =
movement of the crawler tracks. The advantages of -the selectlve
heading machine are that power can be concentrated in:the ..
single cutting head and optimum cutting efficiency can be
. achieved. The machine can cut a roadway in any shape or size
"~ within a certain limits. Where strong inclusions are -incorpo- .

- rated in the face, the softer material can be selectively
removed before the heading profile is completed. The 1limi-
tations with the heading machine is that the reaction thrust
is normally taken up solely by the machine so there is definite
~ limitation to the cutting pressure possible. This had resulted

- in the use of this type of machine being restricted to med1um
- soft and soft strata, and coal seams. .

| 3) hearer tme drum machines (18-16 incl. )

One machine that overcomes a number of dlsadvantages assoc1ated
with a full-face tunnelling machine is the Greenside tunneller
- (18-25 incl.) . Its cutterhead consists of one or two

TOMARSETY o

cuttlng drums, laced with a battery of tungsten carbide-

L
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Eickhoff Heading Machine
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tipped picks, which can traverse aleng an arm rotating about
the central axis of the machine. It'has'been.de51gned to cut
a circular shape or horseshoe shape tunnel profile. The
machine was successfully cutting a 4 metre diameter in lime-
stone having the compressive strength of about 225 MN/m? (26).

The full-face tunnelling machine requires very high thrust
on the cutterhead and when working in variable strata, the
problems of providing.anchorage are obvious. As the Greenside |
tunneller is not a full-face machine, it needs only exert

a thrust of 10 tonnes to sump the cutting drum into the
face, then all subsequent breakout of the rock is radially
from the axis, thus utilizing the second free face. The
tunneller can machine rock selectively and can sump in
where the strata is softest. Other advantages thls'machlne
has over tunnel borers are:-

- o

1. a third of time 1s required for assembly and diséssembly,

2. with this unique method of cutting it is possible to have
a btasic machine able to cut a range of sizes of tunnel with
85 per cent of basic equipment rcmaining the same, ﬂ

" Vi

3, access to the cutting head is easy for 1nspect1on and |
chang1ng of the drag picks, and

4, pr1nc1pa11y, the low capital cost of the machine, being .
‘less thah half that of a full-face borer of equivalent
wattage, makes the drivage of. tunnels of shorter length
than previously thought econom1ca11y1p0551b1e.

’2.4;Tunnelllng mach1ne'manufacturcrs

. 4

. "

. There are more than 20 companies manufacturc tunnelllng machinec.
The following table describes the name of some manufacturers and tunnolllng
mach1ne types they built. * =
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| 2:5 ﬁpgiication of tunnelling'machineé

In machine tunnelling the major factor that affects the choice of
* i the type of'machine is the strength of rock formation, however
“the abra51V1ty is a150'vita1. -

;-
T % v

In soft formation two types of machine can be chosen, either
shieldtmachine or selective heading machine, The prOJect in this typc of
formation which is worthyto mention, at present, is the Channel tunnel
where the tunnel will be bored byashield machine throush the lower chalk
formation, At the University of Newcastle an jnvestigation into the
mechanical cutting characteristics of the lower chalk was undertaken to

~provide . information on the type of cutter, the cutting array on the

cutterhead and the power supply to the cutterhead. The cutter recomrended
is the dlSC cutter. NN | e e
. . - a.. \ \ . i ; ;” o R

Do The selectlve headinp machine is able to boregtunnel to any shape
within the. .range of size, however the machine is restricted to soft .
formations.There are more than ten companies manufacturtr@this type of /
machine, In British coal minesit is.very common to see the Dosco road-

' header in operation.

Tunnelling in.unstable ground or very poor condition81s a problem,

wil

- Nuttal and Priestley have designed the "Bentonite tunnelling machine" to be

usedin this condition, This machine did well in a trial:and.is:converti-

ble. The same machine.could be converted to digging.rock by changing:to

.. the right sort Of cutting head .. This machine is.now under dBV”lpp-
*ment' Lo T S SR S e X T RS LI S A I

'

2
PO it

L v,

R i'in“;“*; &

wd, ’-
s{{i“-f-i_ r -‘H.,_

”'r***i ‘In hard formation ‘the. button cutterhead'machlnesare . ,
*used but ‘when the strength of:.rock is too high and also the abra51V1ty
’the pro;ect'might be uneconomical. The ilot hole, using the conventional
- drill-and-blast method, has to be boredihead of the machine and using

- the machine as a reamer to make the tuﬂnel to the full tunnel diamcter, ji

One company,” the Lawrence Manufacturingb.,has invented .a fullfacer. which
employs a pilot hole principal.. This machine-has successfully bored -
through rock with compressive strength-up:to about 350 MN/m?,

* Tunnelling intmixed face is a .difficult. job, Jarva'Inc. -has::%+.
.announced a new.type of tunnelling machine that has the capabilitics of
boring ‘through either hard rock or soils in either supparted or un= s
supported conditions. The cutterhead has;the-ability to undercut or ovcr-

cut .the.shield .diameter:dcpending .on the type. of formations.ffhe cutter-

head is designed:to use drag.picks; disc .cutters,; or carbide: insert N
cutters as condition require, Gop et e L p ey oo Loewt :

—
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Chanter 3.

Previous Research in Rock Cutting

. Research into rock cutting, that has been undertaken to improve
the performance of machine tunnelling techniques will be reviewed under
the following headings:

1. Exotic and novel methods of rock cutting,

2. Metallurgical considerations in cutting tool design.
3. Instrumented cutting experiments.

4. Rock property testing.

'3.1 Exotic or novel methods of rock cutting

The "exotlc"'methods of rock cutting are those which do not use

‘conventional picks or cutters to attack rock. They remove rock by four

basic mechanisms:
- . 1, Mechanically induced stresses
. 2, Thermally induced stresses
3. Fusion and vaporization and

‘}4‘ Chemical action.

3. 1 1 Mechanicallz induced stresses (27 - 36;1nc1)

| There are five principle mechan1ca1'methods namely a) erosion
by water jets, b) erosion by steel pellets, c¢) implosion, d) shock wave
" produced breakage, and e) ultrasonic-drilling methods. These methods
are considered as being unlikely to attain commercial importance in the
foreseeable future, except in the case of specialised application.
Mowever, high speed water jets are under investigation to be used
“together with tunnelling machine cutters (34 - 36).

3.1.2 Thermallz induced stresses. (37)

The drills in this typen}destroy rock by tiermal action heat the

surface of the rock to 400°- 600°C, producing stresses which break the.

rock by causing the.surface layer to spall, . -

The drills of this type of mechanism are a) Jet—plerclng drill .H‘

'and b) Forced flame drill. n ‘{1 o i

| E However the application of thermal spalllng drills is lim1ted
because many rocks will not spall and more energy is required-to heat

rocks to a 'spalling temperature of 400°- 600°C than is required to

- Tremove. them'by rotary bits and.also of high operating cost.

.-

3 1 3 Fu51on and vaporisation 538 - 40 incl. ) L et

This method of rock breakage is based on: the concept of‘heating
the rocks above their'melting o vaporising temperatures. | :
Examples of such drills are: a) nuclear dr111 'b) fu51on drill
c)electric arc drill, e) plasma drill, f) electron beam.drill and
g) laser drill. These drills, however, are used for drilling rocks on-
a small scale and only the latter two have any present commercial
application. ' - |
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. In USA, engineers at the United Aircraft Research Laboratories

| have published (40) a de51gn concept for a laser-powered heat assisted
tunnelling machine, which is basically feasible, though the design of
such a machine obviously presents some problems,

' 3,1.4 Chemical drills(41,42)

The drill uses a high reactive chemical, such as fluorine, to
remove the rock. On application the fluorine would be blown against
the rock by compressed gas in the form of high velocity jets to dis- :
solve the rock, Obvious difficutties are the frequent recharging -

‘necessary, high chemical costs and the problem in handling large voiumes
of’highly reactive chemicals, . = ah

“

{

In.conc1u51on, the exotic methods of rock cutting, at present, is
.still under the developing stage in order to use it in conjunction with
- the machine tunnelling cutters. The most promising method might be: the -

‘erosion by water jets, however much research and development remains -
“to be done before suitable applications can be found., . "~ o0

?La ’.
-

o . 3. 2 Metallurgical considerations in cutt1ng tool de51gn

’*t"--»;- L %
o >
vy

L ™ v

T With' respect to the cost involveu in a tunnelllng prOJect, 1t is-
Finvariably found that cutter cost are the largest single variable: factor.Ir
‘With proprietary cutters (drag picks, disc or button: cutters)-it is . .
found that tool life is affected by the conditions under which they '
operate. It is reported (43) that one of the main factors influencing
the wear rate of the cutters is the abrasivity of the -rock in which
they operate. The effect of bluntness‘is to increase the forces.on the
“tool for a given depth of cut. Thus’ for a machine of.given axial thrust,
as wear progresses, penetration will become less, and . therefore the -
cutting process less efficient. It ‘is," therefore, necessary to study
ithe'mechanisms of-wear. ST e - A
R Rt O T AU AT U S B *‘géf,_; e B

3 2 lfMechanisms Of weap & . L © ey ot eaeiet

r
F ! 1
- -, - gy
ey 4 4 o . W .. -; R 4 o, a S d . : b 1 4 -

Ly . " ' . ™ 1 - |' e 1.*-- .

. " Wear has‘been defined (44) as the gradual deterioration of . at
least one of two contacting surfaces by mechanical dislocation of par-=***
ticles from the surface or surfaces.

The maJority of work considered for the mechanism<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>