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CHAPTER I 

INTRODUCTION 

Although underground tunnelling dates far back into 

history, much of the progress in tunnelling has been made 

during the past decade. A new era is blossoming out for 

tunnelling and an exciting new technology is emerging. 

Underground tunnelling is playing a historic role in the 

advance of civilization. For example, subsurface trans

portation is helping to solve many urbanization problems. 

Development of tunnelling technology enhances the scope of 

expansion of the mining industry. World mineral consumption 

will increase fivefold by the year 2000. To meet this re

quirement, new underground mines will have to be opened, 

. . . • • 1 * 

thus necessitating modern tunnelling techniques 

Research has been under way on the other uses of 

underground tunnels, such as laying cables for power trans

mission, power distribution, and telephone service. As a 

result of this research improved devices for laying power 

or telephone lines under ground have been developed. The 

intention of this thesis is to develop a suitable tunnelling 

device for use in intricate situations where the existing 

devices are not feasible. 

* All numerical superscripts refer to the Bibliography. 
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CHAPTER II 

STATEMENT OF THE PROBLEM AND PLAN OF ATTACK 

Statement of the Problem 

An economical device, capable of drilling a long, 

small-diameter tunnel, would be advantageous for tunnelling 

under metropolitan areas, thus saving the cost of repairing 

the damaged streets, sidewalks and other paved surfaces. 

It, therefore, seems desirable to have a device which could 

economically tunnel a horizontal bore of small diameter (say 

less than six inches), between manholes 200 feet or more 

apart with reasonable accuracy (say within six inches of the 

mark in 200 feet). Economical tunnelling will also require 

a reasonable speed of operation, at relatively low initial 

and maintenance costs. The development of such a Long, Small 

-diameter Tunnelling' Device (LSTD) would be of tremendous 

help to many industries. Power companies pay a huge amount 

of money for breaking open and repaving the ground after lay-

•35-

ing utility lines. 

With the increasing extent of modernization telephone 

companies find it astronomically difficult to cope with the 

overhead telephone lines. 

* The pr^lem is; based onmaterial obtained from Mr.; Gleni P. 
Robinson!, Chairman of Board, Scientific Atlanta, Incorporated 
Atlanta. 
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Plan of Approach 
• M M n W M p k ^ B ^ I I I I M M p a ^ - v r t M a f f M H i t a M B V n ^ 

The research is to be conducted in the following 

steps: 

First, a thorough survey of existing models and their 

specifications is to be conducted. 

Second, an extensive patent search is to be performed. 

Third, performance specifications which represent a 

substantial improvement are to be determined, based on the 

preceding steps, 

Finally, a device which meets these specifications is 

to be designed. 
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CHAPTER III 

LITERATURE AND PATENT SURVEY 

Advantages of Underground Lines 

Underground lines are less subject to storms and 

accidents than are oyerhead lines and, being hidden, they 

do not detractifrom the landscaped. They also ensure improv-

:edveci reliability of service and less maintenance. In large 

cities, as demand for telephone service grows, overhead lines 

become impractical. They have, therefore, been largely re

placed by cables in protective underground ducts. However, 

with today's technology, constructing ducts in very densely 

populated areas is extremely costly . 

In some cases it is virtually impossible to bury trans-

mi;ssi£>hori linesbby the conventional methods of digging a 

trench or plowing the cable into the ground. These methods 

become impractical in heavily populated areas as they re

quire breaking u]d streets or pavements and disrupting traf

fic. The only alternative, then, is to tunnel underneath the 

obstructions because this: 

1. minimises restoration costs, 

2. lowers the amount of security bond to be posted 

with the road repair authorities, 

3; avoids legal restrieti<)ris on cutting through 
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major roads, 

4-. creates only a minimum of traffic disturbance, 

and 5» increases public safety. 

The great difference in unit costs of underground and 

overhead transmission lines narrows as right-of-way costs for 

overhead transmission lines in congested areas increase. 

Improved methods of underground emplacement will certainly 

reduce this difference in costs and even further favor under

ground lines. Also, in the future, overhead transmission 

lines probably will hot be permitted by metropolitan authori

ties in highly built-up areas. A few states and many munici

palities have already passed ordinances that require all 

. . 3 
utilities to be buried •. 

Tunnelling Methods and Devices 

Many methods have been employed for underground 

tunnelling for power lines. Each of them will be explained 

briefly in Chapter IV. None of these devices can tunnel be

tween manholes like the proposed LSTD. They all necessitate 

a long trench for installation and operation. 

A thorough search of patents on the existing devices 

has been conducted. As far back as 196l, there were not any 

devices similar to the proposed LSTD. The patent numbers of 

the related devices are included in the Appendix, 
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CHAPTER IV 

PRESENT TUNNELLING DEVICES 

:_Piifr̂  Pushing . —i ~. 

This method consists of forcing sections of pipe 

through the soil either by mechanical leverage or by hydrau

lic ram. The hydraulic system of a back-hoe (a small power 

showel) or a separate engine-pump supplies the power. Al

though Pipe Pushing is fairly reliable it is slow and re

quires extensive preparation. A1large pit must be dug so 

that the Pipe Pusher can be lowered in and levelled. Then 

the rear wall of the pit must be lined with heavy bracing ) 

blocks to resist the pushing reaction. After one pipe sec

tion has been driven into the earth the ram is retracted so 

that an additional section can be added. Pipe Pushing can 

be used in most soils although soils containing large rocks 

or boulders or close packed sandy soils may present problems 

with this methodAFig.1-a) 

A high degree of accuracy can be achieved by this m 

method with two feet or larger diameter pipes that have been 

carefully aligned and deviations of one foot or less in 100 

feet bores are not uncommon. Penetration rates are aifunction 

2 
of soil} thickness of pipe wall and the available power unit. 
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Equipment 

A hydraulic pump powered by a gasoline engine generally 

supplies the pushing force. The hydraulic cylinders supplied 

by these pumps can be arranged singly or in groups and often 
I 

provide forces in excess of 800 tons. 

Spoil Augering 

The system is essentially a three component unit used 

to bore holes in soil or weak rock. An auger consists of a 

drag bit (which cuts the earth and conveys it back), an 

attached spiral conveyor and a power source. The drag bit, 

pushed and rotated simultaneously, penetrates the soil while 

the spirals convey the cuttings to a discard point. An air 

motor, gasoline engine or hydraulic motor supplies torque 

and a hydraulic ram or manually operated lever supplies for

ward thrust. Sections of auger shaft must be added as the 

bit progresses. Reactions are resisted by either the floor 
2 

or rear wall of the pit. (Fig. 1-b) 

Equipment 

A typical small auger unit is powered by a 9.2 HP 

engine which can bore and case a 2.75 inch hole about 120 

feet long. 

A larger auger unit is powered by a 63 HP engine for a 

k2 inch diameter hole, 300-4-00 feet long.2 

Water Boring 

Another form of spiral augering makes use of water to 



remove soil. The water is supplied'through a hollow shaft 

connected to a short fish tail bit. As the rotating bit 

drills through the earth the water flushes the crumbled 

soil out through the tunnel. An air motor usually supplies 

the torque. Forward thrust, supplied by working a system 

of levers or by pushing on the air motor handle, requires 

considerable labor. Because, the bit tends to wander off 

course, access holes must be dug about every 35 feet so that 
. 2 / x ' 

the shafts can be realigned. (Fig. 1-c) 

Impact Penetrating 

This method uses some form of rapidly oscillating 

piston enclosed in a pointed cylinder. The piston alterna

tely bounces against an air cushion at the rear of the cyl

inder and strikes a steel anvil at the front. The sharp 

steel to steel impact drives the cylinder through the ground, 

A pneumatic hammer working on high pressure air can also be 

employed in this principle (Pneuma Gopher). Air for the ham

mer is supplied by a trailing air hose connected to an air 

compressor, out side of the hole. As the hammer rapidly im

pacts against the anvil, the tool is driven forward. It can 
o 

bore 3«75 inch diameter hole up to 100 feet long. (Fig. 1-d) 

Equipment 

The mechanical mole uses 4-5-50 cfm of air at 90 psi„ 

The mole is ̂ 5 inches long, its diameter is 3.75 inches and 

weighs 64 lbs. 
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Compacting Augering 

This process is similar to turning of a screw through 

wood. As the auger bit rotates spiral threads along its co

nical surface react against soil forcing the auger forward. 

Thus compacting lauger requires no external thrust. It com-

presses the soil into the tunnel wall. The auger bit is 

turned by a seri|es of connected steel shafts. These are 

flexible enough sp that the auger can be aimed horizontally 

from the bottom of a narrow trench three or four feet deep. 

A hydraulic motor* gasoline engine or air motor mounted on 

a cart that rolls along the ground supplies torque. As the 

auger bit progresses through the earth additional shaft 

sections are connected quickly"(Fig.1-e) 

Equipment 

The auger is: rotated by a mechanical or hydraulic 

drive unit which i|s usually powered by a small gasoline 

engine with control equipment consisting of a sighting 

guide and positioning stakes. The power unit and auger 

drive unit can be1 ibounted as a complete package on a small 

two wheeled cart. ; 

Viiratory Conduit Driving' 

The vibratory method of driving rigid metal conduit 

through the soil utilizes the random motion response of 

soils to forced vibrations and the corresponding decrease 

in the soil resistance which these vibrations induce. The 

vibrations are set up in the pipe to be emplaced by a vari-
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able frequency mechanical exciter operating at frequen

cies ranging from 0-200 cps, with a power range up to 1000 

H.P. These waves are reinforced and amplified in the pipe 

by the resonance effect and so much energy becomes avail

able for reducing the resistance. The force necessary is 

therefore, reduced as much as, 98 %, The penetration rate 

by this method is one foot per second} 

Equipment 

Resonant vibrator, 500 HwP gasoline engine.' 

The bore specifications and cost of drilling for 

various existing devices described above, are compared 

in Figure 2, 

The rate and accuracy of drilling for these systems 

are as given in Figure 3. 
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Figure 2. Bore Speci f ica t ions and Cost of Dr i l l i ng 
(After •Yardley') 



Method 
Material 

liorcd 

Maximum 
Hole 

Length, 
Ft 

Range of 
Hole 

Diameter, 
In. Accuracy 

Penetration 
Rates, 
Fpm 

Spoil 
angering 

Soils, 
soft rock 

570 2 to 84 Not specified Vi to 6 

Compacting 
angering 

Soils 200 1 Y* to 4 
(reamed to 8 
in.) 

About 1° error 2 to 8 

Mechanical 
mole 

Soils 100 3% to 57s Not specified 1 to 4 

Pipe 
pushing 

Soils 200 1 to 108 Error about 1 % 
of hole length 
for large diam
eter holes 

0.1 to 0.2 and 
over 

Cost, $ per Ft of Hole 

Overburden Any material 
drilling soils and/or 

Vibratory 
(sonic) 

Machine 
tunneling 

Soils 

Soils 

100 

240 

Error about 1% 0.44 in 
of hole length broken rock 

and gravel 

For 12-in. or greater diameter: 
$1 to $4 per in. of pipe diameter 

$0.10 to 0.20 (direct drilling 
cost estimate) 

Not specified 

(3 to4-in.-diam)$1.90 
(12 to 30-in.-diam lined) $1.50 
to $4 per in. of hole diameter 

Not specified 

Up to 18 

Unlimited 66 to 450* Fxcollent 

Less than \% 
error in some 
cases 

60 

lJp-to44-or 
more 

Not specified 

Costs-variable 

•Present information shows that 50-ft-diam tunneling machines are in the design stage. 

Figure 3. Rate and Accuracy of Boring 
(After "Yardley'.) 
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CHAPTER V 

DETERMINATION OF PERFORMANCE SPECIFICATIONS 

The major criterion in determining the bore speci

fications is the practical purpose for which the tunnel is 

going to be used. Laying power transmission cables or tele

phone cables or gas pipes requires different size tunnels. 

Keeping these points in view; the bore diameter is specified 

to be less than six inches. 

If the length of the tunnel is too small, it necessi

tates too many manholes. On the other hand if the tunnel is 

too long the driving mechanism becomes bulky and a bigger 

manhole may be required. From this point of view, the tunnel 

length is specified to be 200; feet. 

The speed and accuracy of operation should be compar

able to those of the existing devices. The speed and accu

racy of various existing devices are compared in Figs.2 and 

3. The speed of operation of;the proposed LSTD is specified 

to be five feet per minute and accuracy to be six inches in 

200 feet. 

Specifications 

Diameter of tunnel less than 6 in. 

Length of tunnel 200 ft. 

Speed of tunnelling 5 fpm. 

Accuracy 6 in. in 200 ft. 
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CHAPTER VI 

PRELIMINARY PROPOSAL OF THE DEVICE 

The proposed LSTD utilizes the principle of drill

ing through ground from one manhole to the next, each of 

about five feet diameter and 200 ft. apart. It should 

consist of: 

1. .. Hollow Drive Shaft 

2. Drill Bit 

3. Liner (Casing) 

*K Motor 

5. Gear Box and Clutch 

6. Air Blower 

7. Hydraulic Ram 

Operation 

The drill bit is fixed to the leading end of the 

hollow drive shaft. The electric motor drives the shaft 

through gear box provided for varying the torque during the 

operation. The shaft rotates inside the casing. There is 

an annular clearance between the liner casing and the drive 

shaft. As the shaft rotates, the drill bit cuts the earth, 

and the removed earth falls in to the hollow of the shaft 

in the form of small particles. High velocity air is blown 

through the annular space between the liner and the shaft to 
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carry away the debris through the hollow shaft. As the dril

ling progresses, more and more sections are added. The 

thrust to push the casing and the shaft is provided by the 

hydraulic ram. 

Description of Parts 

Shaft ~: 

The shaft transmits the torque to the drill bit. In 

the case of cased tunnels it serves as an exit passage for 

the earth particles. In the case of caseless tunnels it 

also serves as the housing for the inlet air hose. The 

size of the shaft in the latter case has to be greater than 

in the former base because the hollowness of the shaft has to 

serve the dual purpose of entrance and exit. 

When there is no guide easing, the shaft has to be 

rigid enough to serve as a self guiding system to prevent 

wandering off course during drilling. 

The various forces acting on the shaft are: 

1. Torque: 

a) To shear the earth 

b) To overcome friction while rotating 

in the casing (ground if no casing) 

2. Thrust: 

a) To create adequate normal stress in 

the ground to induce shear failure 

Of the ground, 
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b) To overcome friction to the axial 

motion. 

3. Bending Moment: 

a) Due to the resistance of the earth 

which could be axial or inclined if 

the earth is formed of inclined strata, 

b) Due to the uniformly distributed ground 

load, 

d) Due to the self weight. 

Design Considerations:-

a) The deflection of the end of the shaft 

b) Fatigue Considerations 

c) Maximum;Principal Stress Theory of Failure 

The material selected for the shaft is wrought iron, 

G 1020, in annealed condition. Itlis cheaper than:steel, 

easy to manufacture as tubes, ductile,; corrosion resistant. 

It is made jSiP twojfeet long sections joined by thread connec

tion. Flanges are provided at the joints to increase bend

ing rigidity (Fig.! *0 . (E of the material = 30 x jlO psi) 

Drill Bit 

The 4ee_tn of the drill bit first penetrate into the 

soil and then shear the earth off in the form of small grains 
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The sheared off earth particles fall into the hollow of the 

shaft and receive adequate kinetic energy from the air cu

rrent to travel the length of the shaft., 

The tooth size and the rate of progress of the shaft 

are interdependent. Because, the size of the tooth deter

mines the extent of earth removed per revolution and conse

quently the progress of the drill bit or shaft. 

The teeth are made of a hard, abrasion resistant 

metal (such as Tungsten Carbide) and are arranged in heli

cal:: sows with alternate rows of holes. The helical array 

causes axial motion of the sheared earth particles directly 

into the holes. 

There is a pointed compacting auger attached to the 

leading tip of the bit. This initially creates a pilot hole 

by compacting the laterally. The teeth on the surface of 

the bit then ream this pilot hole. 

Forces acting on the drill bit are: 

a) axial or inclined earth resistance 

b) -torque 

c) bending moment 

Liner (Casing) 

The liner serves to 

1. prevent collapsing of the tunnel wall, 

2. increase the rigidity of shaft, 

3. act as inlet passage to air. 
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It is composed of two feet sections. It is pushed 

in simultaneously with the shaft by means of the hydraulic 

ram. When casing is not used, the shaft hollowness acts 

both as inlet and exit. A flexible air hose may be used 

to carry air in through the hollow. The earth particles 

and exit air come out through the remaining space surround

ing the air hose. 

Differencest- a) The joint between sections of the 

shaft can not have collars as before. 

b) The shaft wall thickness may have to be greater. 

c) Frictional torque will be greater than in the former 

case, because the shaft has to rotate in the ground. In 

the former case the shaft has to rotate in the liner cas

ing and lubrication minimises friction. 

Motor t Qear Box«aa,nd Clutch 

An electric motor developing 10 HP at 330 rpm is 

used as the power source. tThe natural frequency of the 

shaft is found to be about 60 cpm. Hence,.the speed of ro-

tatibn can not be any integer multiple (1,2,3 etc. ) of 60. 

At 230 rpm the rate of drriliing is 5*5 fpm which is compa

rable with other existing systems. 

For harder soils, higher torques at lower speeds are 

obtained by means of the gear box. 

A hydraulic coupling can be employed to connect the 

shaft with the gear box. It is a fluid clutch in which 

there is 100:.$> slip as long as the motor is running and the 
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shaft is still. As soon as the gear is engaged, the shaft 

starts rotating. A mechanical clutch may also be used in

stead. 

Blower 

The purpose of the blower is to blow in high velocity 

air into the hollow shaft. 

Hydraulic Ram > 

The purpose of the hydraulic ram is to push the shaft 

and the casing axially into the tunnel. A maximum thrust of 

5^00 lbs is required. 
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CHAPTER VII 

MATHEMATICAL MODEL 

a) Mathematical Model 

The proposed mathematical model is a, "one end fixed, 

one end free, and elastically supported beam-column" as 

x JI IQ-shown belows a &/* 

A 
** / V \r 4 I  

r > /^ \, ± - ̂  —~~j j:—y^—T ^ 

I 4 j V 
-^t JL-Jk 1—4-

F̂ f7"f—TTf 
a 

x̂ -̂ "Z!̂ !̂ *h 
Figure 6. Mathematical Model 

K = Modulus of the ground("500 psi)i?y = Deflection 

w = Uniformly distributed load 

P,Q = Components of earth's resistance 

b) i. Solution of the Mathematical Model for Deflection 

Summing up the moments acting on the section X-X, the 

following integro-differential equation of the model is ob-,. 
'• 4 5 

tained ' „ 

wx. '.-*-

El ^1 - * /*'<**'̂  f*yx'<**' + Pfr-yj + q(?-xJ (i) 

In order to avoid the complicated integro-differential 

* The formation of the mathematical model -is as a result of 
discussions held with Dr. George J. Simitses. 
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equation,:, differentiation's performed. The first differen

tiation yields:' . 
its-x-

£7 *?2L + f'JXs - fay<*^ = to (*-£)-<£ (2) 

d^c3 4-x c 

Differentiating;again, the following fourth order 

linear, ordinary differential equation is obtained: 

£7 ±1 + P il + KJ « 06 (3) 

Particular Solution ,i 

Rearranging (3) ,! < V > ^ * + Z3 V3{. = r 

r̂ a= z ;i A"- * ; y -- —-r J 
L EI :; & Jx ' " -J 

o = //-'• '••• ) Z ^ f i * 
i / 3 * 

/$*• ~K~ 

Complementary Solution 

The auxiliary equation is: I> ~/- ̂  p -*- /3 =• o 

L \ 
NMBN o^ 4^ ^(t -* (p ^L. (+ K £ i) **/ 

There are two solutions corresponding to whether the 

discriminant is positive or negative. As the latter case is 

the one encountered in practice (since P has an upper limit; 

unlike in the former case^see.jp..29^ -solution 'for this, case; 

only! Is found. D - A •+ 6 t 
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-L. 
V .4- A 2 -

A = - 4 > s - i-(*<*-•< J 

2. 

re 

C<5§© 

d o ^ _ , 

2-

S ^ 8 

2-

7t £ GoS © - t ^ S^> 6 ~) 

-4- 4-

erf>(8-f-2KiT ) f - -_£< 

^o , *-£ 

'- (ZJLzjtj* 
y- * T ^ 

2: /^ 

. / a 

>c-o, / 

- ( ^ ; 

2- . _L 
2-

rh* s> ^ -aiiir? C co5 £+**J ± i s ~ 2±±H2T J) 

+ -1 
— 2-

j2^-ol^± l yflfT+C? 

i K, -±- i K^ . 

Thus, the auxiliary equation has complex, conjugate roots, 

for which case the form of solution is: 

^ ^ ( c ^ K ^ + x j ^ ^ - f -e ( A ^ M t f t S w , K w 

^ene¥a^#63litiefe 

yt i- ?. 
- K i -3? 

y ~ !* -f- e ^ ^ M ^ K i X + ^ s ^ K i x j - f t (c^K^-rDS^***^) 

Boundary Conditions are;obvious from (l), (2), and (3) as 

-JC -- U > £ I « ^ 4 P ^ ' - f 
d^3 <**-
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^ JL h-r^~~ p 
*- >/ </ a ex 
J_ T v / ^ ^ r - P -n^-r ^ ^ r - P -y 

L g-j J 

_ 2 . 

K 2 
J_ r V ^ K E I -h p ~r 

*V = Ki <e* ( A crt K** 4- 6 5 ^ ^ * ) + K ^ ' V ^ ^ ^ x + 6 c ^ ^ 

j y f i^C . . . 2, 2. *>,*-

« £ . * 2 K, Kz e (- Pi A*v,Kzx f-/3 QAK^IL) •*- (*• -K*)*. 
CATL _ ^ x . 

(ft c&Kz* -h ft A**, * i \ ) — ZK.K^T* ' (-C^ZixA-bcdLKiX-) 

-/- CK^-K^)^ ' ^ C ec»5 X^* -* 2>yU^^%7c) 

5 ^ * 2 * ) + XiC Kt^-K^) e ' (ft cz&X^K -+&^ K2 x) -h 

Kii^-H?') e ' '{-"/tA^fiX. -h& ceiKxx) -+ zx,^*-""*'*~(-c^Azx 

•f- D C&-*ZH) + 2 A / « i ' c ^ c c ^ A ^ ^ D ^ ***,) -p/StC*,*1*?) 

<#/ (CCc&KxK -hJ>A+» *iX) •+ Kz CKI -K£)t. ' £-cA^k* Z>CC6K2X1 

Substituting the Boundary Conditions, 

° " £ + A + ° :.'•,- ; (s) 
O . =: k i A + Ka.6 T K, c - f ACa D ,£, \ 

0 , " » * ^ k l V - * ^ * a £ + * ^ ^ + ( * W ^ * ' & W 

(tf-Kt) -e~*'Tc Gtf xz£ + j>64^7«i.t) (^) 
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(3 f^K^K^cSK^l —• 2- K i K i ^ f ^ c ^ e r - t JL^*' (*a 00**2/ + K,Av* K21) 

-y~ 

Simplifying, 

ut 

KI ^ K i O H- C « CK»C o^K2^-^2^*v» /<2X,) + X> -e- * 

(«ts6*~>X2e + K%cc*/<zl ) J (8;) 

From (2) A *• "" ^ ~" C 

Subs t i tu t ing for A in (6;), 

o =. f -06 _ c . ) K , H- Kj,6 - K , C + K 2 D 

• & - ^£l! -»- *5« C - » 
K K j Ka 

Subs t i tu t ing for A and then for B .in .$$), 

£ jV KN KH - K ' ^ * 2 1 - KK^'k, Kit - 2<£eK'̂ , ̂  r | ^ 

e 
r~~ * • ^ » * ' „ /» ^ s 2. , *~ \ K i t . j K j t . , 

| 4 K , e e a S K 2 . t + £fi_ ( K . - K ^ J - e ^ ^ , K z i - ^ ^ ^ ^ K^-e ,4w,fc*l — 

(itf-Hx)^ CfiSK^i + a K . K i ^ ' > i ^ K i t -+ ( j ^ - K i J - e * ' c**>Kz.k ( + 

J ^ r L z K i K i ^ * c ^ ^ - l - ( x ^ - K j ^ - e * ' ^ K i t - £K,K2_ <fk,Lccj*Kai-V-

(*i*-Ki^ e * ' ^ K t ^ J (9b) 

Substituting for A and then for B in {&>), 

vpCET K t- X 2 • -' 



e F-e ' (** A^Kil + 3*, cufiKi I - z*j_ sS^Kg. I ) + -e 

(Ki GtAK^t — * 2 -**~* ^2-6 )^j -/-

E l i m i n a t i n g D from (9) and ( 1 0 ) , 

i — i 

r a - — «"' ^Kz./*^*** + 3 " . c*Kt« —2.<t A^K2l * 

t^ K _̂ ^ J -. 
17 2KiKo C O S K 2 J L H - _E < £ w K 2 * ) « ' — (*K,Kxc«AM-».p ^ * z ( ) < L ' I 
UT 2 £ I T' * * * 

^^(Ki^Ka^^'Vcc*^*+£i /^Kt^pi x 

e = 

K^^KlL)^yf^ZKlKzC*&«2.L -hi ^«^KJ~ -̂e*'>- (ZK,K2-

CtAKil •+JL ^*2l)<f*'*J—rfe«,%-«5a*«2£+^J^ 

Ji,t + t2K,<t^Ktl-2 C&K%l) * "XJ X £*?'%, **>**(> 

= - 0.008+0.25 e~Kl 

Then the other values are calculated as, 

D = 0.712 e"Kl1-0.008 

B = -0.215 e"1^1 

A = -0.25 e~Kl1 

Substituting these values in the general solution the def

lection of the free end is calculated as, 

yx=1 = O.33 in. (approx.) 



29 

ii. Buckling 

The condition for buckling is obtained by setting 

the determinant of the coefficients of the four arbitrary 

constants in the four simultaneous equations (after substi

tuting zero for 'w1 and 'Q') to zero. The determinant is 

as follows: 

/\ 6 e r> 

I O I ' o 

K| Kau — K i K ^ 

-S.KiKzt^'^Kil iKiKa.^S»5K1l 2K,H2.̂ *'!fc*;KiA+ -^K.Ki-fT*'e^/^. 

h C ^ O * ^ ^ * ^ ( K ^ K i ) ^ ' ^ ^ ( K ^ K ^ H ^ K ^ J H ^ - C ^ ^ i ^ U 

-KiU-Kxl*'1 «i&6«*ilL*>C *iG&KzL •£?'*- H,A^HlK^K 

- H, &fi*ii c' _ KfA^Kit -e ' - / c ^ / O ^ f̂ '̂  ^Ki.«rf/(r7^ 

Simplifying this determinants 

^ p ^ ^ ^ - P ^ '^*K*JG -4(4-K*i- ̂  ctfi-K,! 

(>*•'-•. ^J ; 3 "" ^ o 

Solving this transcendental equation for P after sub

stituting the values for k, EI, and 1,by means of computer, 

pcr = 173.200 lb. 

: 1 

i i i . Dynamic S t a b i l i t y 

For. the, s^s^tew/to be: % n a A c a l l y sta%le- i t should beV 
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free from resonance. The naturaT frequency of the shaft can 

be found out by equating the kinetic energy during vibration 

to the total potential energy stored in the syste nf.1 

12 
The total potential energy is given by, 

P • E = X S(£T g| _ Py)4S dx .+ K j y\t* 
o «* dot* 2 ~., 

Neglecting the effect of pre-stress, since it is only 

about one % of the buckling load, the total potential energy 

is given by, 
i ^ i 

*•* * i WM^T I*' 
i:.:,; 12 

The kinetic energy i$:given by, 

dx 

K'E ~ J-£ co f Vd^ 

Equating both, 

t l i 
V- a-';w- - w&*"S/'"1 

Solving for w , 
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CO -
X£1%f^ +f«v**~ 

Jffdx 

i 
2- *-" / * 

EI(i?)d* " BI J [**'**•**'*(-**"K2-*~t 6 c*Ki.X) 

2- a- % X / af 

2_ i ~ K , X 

i 
/ 3. » - K , X "J 

- h C K . - ^ ^ ^ e £co5 K2^c + D / S ^ Xix^/cUt 

o 

- e ' C~e. **r>Ki*. +& O&<>XZH) - & "fat. L~ 4 •&** Kx* + 

SctfKzz) (—& sU^XiZ -hD CVSKIA)~1 dX 

ZK,l 

&mste££&. C«ez*'*sU~;*Xz.x.dx. « ^ f ^ ' T - f f i f f L f - ^ ^i 

_ - 2 <, ( — i 

K, 1 

„A*~J2J<I( 

CKsn J 2k 7L A' ^^ ' 

€ > ' . ^ 2 ^ , ? dX = — ^ p^ZXzJL^ K± 
K/ +X2 i— 2 / < 7 $>v2 

* • e 

* 2 2 ^ 

(c&tKzt-^) 

;2-

EL/dyjdx ~ 
1 ^ t / : 

E I 4 M i A 'ti 
2- Z K , 

Ki -e SW> 2K a 
K.N-Ki1- a Kj. 

i l l 
2.KZ 

(cfiz*zl-*
z«1)) + 

4 *i —I 

Hh 
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z. *• *- F - L K^e**' J ^*> 2 * ^ r. K, 

-z*,(.. 
/c '^zK^i - -e j V 

4 K ) - 1 

t I 4- Ki K2 L
2 - 2 - ^ ( 1 

-i- ( 

*_ -2*.t r 
-L ^ -e 

4-K , _J 

•f-BT^ K . K ^ C 

2 K : 2 * 2 , 

a. a- a-
I 4 K . ^ D P i K> -e 

* - a K . N - K J 

-2K,C 

>*~)Z'<zt ^ Ki_ ( OrS eKaX - « Z * ' ^ 1 - e * - / ' 
2/<2_ 2.K2 - * K : 

— £ X 4 * i^KiT <2 JD F -I * 2 
2 K,VKJ: 

_ Kt yii^sKxi i 
_ — 

2.*z * 

T *̂ifU -+ VK,t) — 4 KN^TA c ( i -^^x^ ) 

- (AJ>+ scQ( ^ ^ ^ M ^ g ^ f ^ ^ q 
^ * 2 . e K j . _ ] 

/ 3 3 ' 5 



i 
c * l 

<J J y ^ = * frts. «*,„ ~h 

^ , x / c <=•<* «*x + j> ^ KxX 

^ c6 

a. 

L 
(£K - * 2Af,t 2- r ... a- Ztf, 

J At e 
YzXSSw? 

/*i 2. A'^'t 
+ * i C<*?*2| - e ^ 

•f-

4 ^ i 
+ & 

| , ^ 2 ^ 1 

2- . a . x . f^rz ^ HJL <r<ss2«2f->e -2*>( 

SLK^ 

2* ,£ 

^ * , 

2 < ^ 

•-A6: <i - 2 ^ 
^ 2 * , ( . 

*?"+ *,£ 
lL ^ v*zt _ cp***?l^e 

2 **_ 

~^( 

2K 

W ^ K , - f 

X, 

K^yd 

£SL & j -^H**'* ( * ^ M - ctfM + e?'j ) }-+ 
/ K, -t- Kv V ^ ^ *2- ' J 

^f C C /VW9K2 ( P CedtrJ *" ~* 

K 1 KY K~ 

x ^ ' i [ ^ J M ^ ] c 5oox,3& 

K 

2 L L l l * ?J± 
JL J { 32-2.X ' 2 , 

32-2-X/2. 

^ 3.^8-/- '4 x 500 = 435 

* 1 33 .5+"V35 

• eor T ^ ^ ^ . 2 x 12 
= 63r0(£ - > 

f = 63100*72 x 3.1.4 

^0' c p s . 
4 f T , / ft^/d^z 
Natural" frequency' = '|fcCpS.» 

Hegc.e f o r t h e - | y | | | k - ^ • 6 e ; f t . e r ^ l .00 
»^i"'j . ' ' • " ' xree irom resonance , the ohaf t 
speed should be o the r than 40 r p s . 
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Discussion of the Mathematical Model 

One end of the shaft is considered as rigidly fixed 

in the frame and the other is free to deflect. The shaft is 

resting on the inside of the liner which in turn is being 

elastically supported by the ground. There is lateral load 

uniformly distributed throughout the length due to any earth 

that might have collapsed on the lining during tunnelling. 

There is an axial loading on the shaft because of the resis

tance of the earth to the applied thrust. In view of all 

these factors, "an elastically supported beam-column with one 

end fixed and the other free" is considered as the mathematical 

model. 

The axial load P and the lateral load Q are components 

of resistance of ground due to the applied thrust. The resis

tance is inclined if the earth is formed of inclined strata. 

The deflection due to the uniformly distributed lateral load 

3?seadde.dr wheiSitheir inclined ground resistance is directed down

wards. As this is the worst case, it is conjsisdered in the 

mathematical model. If the resistance is inclined upwards, 

it tends to reduce the downward deflection. When the ground 

is formed of vertical strata, the resistance is purely axial, 

i.e. Q vanishes^ 
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J Due to the lateral deflection of the leading end, 

the ground resistance continuously changes direction. How

ever, the vertical component of this resistance acts like a 

correcting force, tending to reduce the deflection. 

In any situation if y1 is less than y£, the model 

safely represents the final configuration. 
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CHAPTERS VIII 

STRENGTH ANALYSIS OF THE DESIGN 

The following two analyses are performed to show that 

the system meets the strength requirements; 

1, Stress Analysis 

2. Fatigue Analysis 

(a) Thrust Required 

To force the cone into s.##l to embed the teeth, analyze 

as a bearing capacity problem. If q0 is the bearing capacity 

of deep foundation, force required is given by 

qo x Projected Area 

q0 = b/2'N + cNc
 + <lNq where N , Ne, Nq are bearing 

capacity factors for weight, cohesion, and surcharge respecti

vely, b is width of foundation, c is cohesion of soil, and q 

is surcharge. For an internal friction angle of 20 degrees 
13 the bearing capacity factors are as follows: J 

W.-

N = 5; Nc = 17; Nq = 7; c=1000psf-i q=100 x lo';b=3.6 

Therefore qo = 100/2 (3.6/12)5 + 1000(17) + 100(10)7 

= 24,000 psf 

Force Q0 _ 24,000 x 3.14 x 3.62/ (4x144) 

= 1700 lbs 

This is the force required to just force the cone thro-

ough the soil, without rotating it. Since the cutter in the 

LSTD rotates this force must be adequate conservatively. 
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b) Stress Analysis 

The design is an integral process in which many para

meters are unknown to begin with and so have to be assumed. 

When calculations are carried out with these assumed para

meters, they should be compatible with each other i.e. there 

should not be any incoherence between the assumed values. 

It is a tedious trial and error procedure. 

First, depending the nature of loading (mild shock 

loading), a safe design factor (about ^ based on yield 

strength) is assumed. Based on the bore specifications fix

ed earlier, the outer diameter and inner diameter of the 

shaft are arbitrarily assumed. Knowing the thrust and torque 

during operation, then, the principal stresses and hence the 

design stress ase found out. A suitable material is then 

selected to withstand the design stress. While determining 

the design stress, Stress concentration factor and fatigue 

factor (and surface factor) are taken into account. 

Weight of Shaft and Lining 

1. Inner diameter of shaft 

Outer diameter =1.9 in. (trial and error procedure) 

Moment of inertia of the weakest section (for shaft 

c/s alone i.e. without considering the casing) = 0.5 in*(trial 

and error) 

Therefore I = 3.14 il.^-D^) / 64 

i.e. £>in • = 1.2 in. 



38 

2. Weight of the shaft 

L x A X T = 200 x 12 x 3.14 (2.12- 1.22)/4 x 0.3 

= 1000 lb. 

3. Weight of lining 

= 200 x 12 x 3.14 (3.52-32>A x 0.27 

= 1600 lb. 

Let the weight of the collapsed ground be assumed as 

two pounds per inch which acts on the lining. The total 

weight due to this earth 

= 200 x 12 x 2 

= 4800 lb. 

j».:,;Total load 

= 1000 + 1600 + 4800 

= 7400 lb. 

5. Frictional force 

= 7400 x 0.5 

= 3700 lb. 

The maximum thrust to overcome friction when the full 

length of the shaft is in the tunnel is 37oo lb. 

Minimum thrust required for the earth !<£> be sheared 

off by the drill bit is 218 lb. 

Maximum thrust required for harder soils 1700 lb. 

Therefore maximum possible thrust on the shaft in the 

worst case is = 3700 + 1700 

= 5400 lb. 
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Torque Requirements 

Let the applied shear stress = 2GQ0;:psf. 

= 14 psi. 

Torque t o shea r t h e e a r t h Tj -ziZxTTxr d r 

1 
At 

1 
0 

dn -4x 

f 

frictional Torque:-

Weight of the shaft 

Frictional torque T£ 

ARE* - zirn dn 

= l4x27T(r 3 /3 ) 0 ' 

= 1 4 X 2 7 T 1 . 8 3 / 3 

= l ? l l b . i n . 

= 980 l b . 

= 980x0.5x1.5 

= 7?5 lb.in. 

Total. Iwcpair ? - To/fcal, torque is* the* sum of the torque 

to„shear the earth and the fractional torque. 

T = Ti+ T2 

= 171+775 

= 9̂-6 lb.in. 

Horse power of motor to supply this torque at 33© rpin j 

= 2x77x330x9^6/33; 00 Oxi 2 

= 5 

With an overi-load factor of two the motor H.P is 10. 
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•efc-x-' 5 L * O 

' ; • II; r i f i i 'mMMMMi ons 
= 0V7 x 10 * 

7Tk> = fforyyt^X. C / T 

= O'7xio+i Xl-OiT/o-S" 

= ±i44 ps i . 

Axial Thrust = 3700 + 1700 

= 5400 lb. 

c/s Area = rr/4 (2.1 - 1.2% 3.5 - 3 ) 

= 3.46 - 1.13 + 9.6 - 7.06 

= 4.86 in2 

Direct Stress = - 5400/4.86 

= - 1100 lb./in2 

Maximum Stress = - 1100 - 144 

= -1244 psi. 

Minimum Stress = -1100 + 144 

= - 956 psi. 

Torsional 

Stress = T.r/J 

Torque = 1000 lb.in. 

Polar M.I = 71732 (1.9^- 1.2^) 

=1.0 in 

Outer Radius = 1.9/2 

= 0.95 in 

Max. Torsional 

Stress = 1000 x 0.95/1.0 

= 1000 psi. 

Hi 

I, 
1 If 
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Max. Pr inc ipa l St ress? = - / * 4 * / 2 . - y/O^+Mt+iooo* 

= -622-- 1180 

= -1802 psi. 

Stress Concentration 

Factor Kf = 1 + q(Kt- 1) where q=l, Kt= Kf 

=1.38 from p-p 117 

to 119 Faires. 

For minor shock loading the design factor should be four 

based on yield strength. 

Size Factor6 = 0-§5 

Surface Factor =0.90 (for machined surface) 

From Table 2, p 3*4-, Design of Machine Elements, by Faires, 

C 1020 (annealed wrought iron) gives a tensile ultimate 

strength of 57,000^psi. 

Therefor£Compressive Yield Strength 

=4dS8^x 57,000 

=33*600 psi. 

From the same table Endurance Limit 

= 57>Q00/2 

= 28,500; psi. 

Design factor based on Endurance Strength 

r=5q.9x2)8i:500x0.85/l.38x1800 

-=- 4.0 

Angular Twist : - Txi/NxJ = 9^6x2^00/11.5x10 xl 

= 0.197^ rad. 

= 11.3 deg. 
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CHAPTER IX 

DETAILED DESIGN OF THE DRILL BIT 

i. Bit Penetration 

Consider the penetration of the flat surface of a 

homogeneous, elastic^plastic material by a sharp two- dimen

sional chisel bit. The pattern of stress and strain generat

ed beneath the bit depends only on the properties of the 

material, angle of the chisel, being similar for all depths 

of operation. It follows from this similitude that the force 

of penetration P, is proportional to the area of contact 

between the bit and the material and hence is linearly relat

ed to the depth of penetration D, as shown in the figure 

below. 

P 

Let the tooth size = 0.2 in. 

In one rotation earth sheared = 3.14-xD2A*0.2 in^, where 

3.l4xD /^ is the projected area of the drill bit. 
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When the teeth are uniform all around, the bit removes a 

uniform layer of 0.2 inch thickness all around. Hence the 

minimum extent of progress of the shaft so as to maintain 

contact with earth is 0.2 inch per revolution. 

Bending moment on the drill bit may be neglected 

since it is small in length and located near the end of the 

shaft (x=l, M=0), and it is elastieally supported. 

Tip .*-

Let the area at the nose be one square inch* 

Maximum thrust that -might be applied on the bit 

= 1700 lb. 

Direct compressive stress =1700/1.0 

= 1700 psi. 

Maximum torque applied to the bit 

= 171 lb.in. 

Polar-Moment of inertia =77x1.13/32 

= 0.16 in^ 

Maximum twisting stress = T.r/J 

=171x1.13/0.16x2 

= 604 p s i . 

Maximum pr inc ipa l s t r e s s = 

= -850-1042 

= -1892 p s i . 

For C 1020 (annealed wrought iron) compressive yield 

strength = 33,600 psi. 



Design fac tor =33,600x0.9x0.9/1892 
= 14.3 

End of the Bit 

Outer diameter = 3«6 in. 

Thickness =0.6 in. 

Inner diameter = 2.4 in. 

2 C/s area = 5«58 in • 

Let the effective area (since there are holes) be 

= 0.5x5.58 

= 2.79 in2. 
4 Polar M.I. = 13.22 in . 

4 Polar M.I. of holes = 11.75 in . 

4 Effective polar M.I. = 1.47 in . 

Twisting stress = 171x3.6/1.47x2 

= 209 psi. 

Direct compressive stress 

= 1700/2.79 

= 610 psi. 

Maximum principal stress 

Design factor 

= -675 psi. 

= 33.600x0.9x0.9/675 

= ;40.4 

ii. Cutter Profile 

While evaluating the cutting torque as 171 lb.in 
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shape of drill bit is assumed to be a straight cone. 

However, with this shape the torque on the surface of the 

drill bit is not uniform- it increases with the radius of 

the cutter. Hence, the wear on the cutter at the bigger 

end is more than at the leading end. In order to have a 

uniform torque, and thus a uniform wear the profile may be 

determined as follows. 

Torque on any elemental section = r.2nr.dl.T 

Here r and 1 should vary such that the torque is constant, 

27rr̂ c.dl =1171 

r2.dl = 171/27T.14 

= 2 

dl = 2/r2 

1 = -2/r +k 

To evaluate k, substitute r=0.5, 1=0 

Therefore k "= 2/0.5 

= 4 

1 = -2/r.+4 

r = 2/(^-1) 

The cutter profile is determined by the above expression. 

ii.i. Determination oftfthe' speed of tunnelling 

The speed of rotation and rate of axial motion are 

inter-related. Rotating at a given speed, the drill res07 

moves only a certain quantity of earth and the axial move

ment of the drill should cope with this. If it is moved at 
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a greater rate than this the drill may stall due to ineroa 
creased resistance. If it is rotated at a lesser rate 

there will not be any contact between the bit and earth 

and no drilling will be performed. 

If the drill bit has teeth of 0.2 in. all around, in 

one revolution its axial movement can1 be figured out to be 

0.2 in. per revolution. 

Hence, for N rpm the rate of progress = 0.2N in./min. 

Rate of drilling at 210 rpm = 42 ipia. 

*•'.' = 3*5 fpm. 

at 330 rpm = 5>5 fpm. 

at 570 rpm = 9-5 fpm. 

a) Flow Analysis of Air and Earth 

Rate of earth removal at 210 rpm. 
2„ 

= 3.5X12XTTX3.6 /4 
3 

= 426 in . 

3 This is in loosened form, so let it occupy 3x^26 in • 

= 0.2464 ft^./min. 

= 0.2618 lb./sec. 

Minimum average velocity required 

= 3x426/irx 1.52A 

= 1.005 ft./sec. 

Therefore let the average velocity be 

= 5 f pm 
Initial velocity = 10 fpm 
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Final velocity ; f ° 
%, - -

Let the weight rate of air be f lb./sec. at avveloeity V 
ft • 2/o Kinetic Energy of the air ;; = WV /Zg 

Kinetic Energy of the mixture ejf air and earth 

=(0.26l8+W)102/2g 

Equating bothf 
O L 

JL wv/ 
a. g 

- <0.26»?H- \rf)iOO /*% 

LOr V 

W * 2< = « S L £ . ) # 

Flow rate of air = 26.18/21 

= 1.246 lb./sec. 

= 997.2 ft^/min. 

Pneumatic Action When the Shaft is Clogged 

In the worst case let the earth fill all the 200 ft. 

length of the tube. 

Weight of earth - 200x12x xd2x80/4x3 

Frictional force between this earth and tube wall 

= 0.5x200xl2x Xd2x80/4x3 

To remove this the air pressure required is given by 

= 0.5x200xl2x xd2x80/4x3x12^ 

= 18.5 psl. 

Frictional'Head Loss in Annular Air Passage 

To Find the Hydraulic Diametert-

G/s area of flow for the air-in =1.9? in • 

Wetted perimeter = 11.85 in. 
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F ig . y . . Friction. factors for flow in pipes. 

(After 'Shames') 
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Figure 8 -v'-Pi-pe Roughness Factors 

(After •Shames1) 



Hydraulic diameter H = 4x1.97/11.85 

= 0.666 in. 

Velocity = 11 fps. 

At 100*F kinematic viscosity = 2xl0~ ft /sec 

Reynold's No. = Ilx0.666/2xl0"/+ 

= 3.66x10^ 

From Moody diagram (Fig. 10.22 (b) p300 Shames) for wrought 

iron pipes of 1 inch diameter the relative roughness is 

e/D = 0.0018 

From Moody diagram (Fig. 10.22 (a) p299 Shames) friction 

factor, f =0.027 
2 

Frictional Head = O.o27x200xl2xll /0.666x2 

= 5860 ft.lb./slug 

fy* \*A 
O-015 

58Co 

"~ 322. 

=^5860x0;075/144x32.2 

= 0.0949 psi. 

Ps"Pf = 18.5 psi. 

Ps = 18.4 psi. 

When the pneumatic action is not required the blower can 

supply the air at < Slightly above atmospheric pressure, 

say one psig. Then, the blower H.P.is 

H.P = 1.246x144x2/0.8x550x0.075 

= 11 

With overload capacity H.P =15 

When pneumatic action is required the compressor H.P.is 40. 
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Minimum 3000 
Capacity. 

(ftVmin) 
2000 , 

1000 

18 39 78 

Final Pressure (psi) 

Figure 9. Turbo Compressor Minimum Capacity 

at_̂ 3iPRlX £^M3MVM,. 

From the graph above, the minimum capacity of the 

compressor at'24 psi, is about 1^00 cubic,feet per minute. 

But the required flow is only 1000 cubic feet per minute, at 

22.4, psi and 11 feet per^second velocity ('i thus making a 

total head of about 24 psi ); This means that a turo blower 

if used, supplies more than the required flow, thus increas

ing the cost of operation, Hence, a positive displacement 

type compressor has to be used. 

Turbo Blowers and Compressors- p.7, By W.J.Kearton. 



ts) Design of the Thread Joint.5 

The c/s taking the total 

thrust is as shown "beside. Its 

area is summed as follows.1 ^* 

Area = ( 2.89-1.13 )+1.96 

('#46-2.83 ) 

= 1^76+1.96+1.63 

= 5.35 in2. 

C/s &£ea at the joint 

Design stress 

= 5.35 in2 

= 5^00/5.35 

= 1010 psi. 

Compressive yield strength of the material 

= 33t600 psi. 

Design factor = 33,600/1010 

= 33.3 

Length of the Threaded Portion 
2 

Shear area at thread section =TTX1.9X1 in 

Torque 

Therefore, shear force-

Design shear stress 

Shear yield strength 

Fora design factor of four, 

= 9̂ 6 lb.in. 

= 946/1.9/2 

= 1000 

= 1000/ xl.9xl 

= 42,000x0.5 

= 21,000 psi. 



53 

21,000/4 = 1000/ xl.9xl 

Length of the joint, 1 = 0.0325 in. 

Therefore, let the length be taken as 

= .1 in. 

Bearing Strength of the Flange?: 

Bearijng; force = Se (area of flange) 

= Sc x 1.06 

=1.6x11.2x1000x1.06 

= 19,000 lb. 

Shearing Ŝ reng.-fc11 of the Flange 

Let the width of the flange = w in. 

Shear area 

Shear force 

Therefore 

Therefore; let the width be taken as two inches. 

= w x xl.9/8 

= O.745 w 

= S s (0.?45 w) 

5400/4 = Sg (0.745 W) 

w = 0.0863 in. 
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CHAPTER X 

.CONCLUSION 

Description of the Set-ut> 

The various components can be arranged as shown in 

Fig. 10. The hydraulic unit and compressor (or air blower) 

unit are established outside the manhole. The motor, gear 

box, clutch, hydraulic ram, and other gears are conveniently 

fixed in a framed structure which can be introduced into the 

manhole as a single unit. There is a telescope attached to 

the top of the frame which is useful for initial alignment. 

The clutch -flywheel unit drives a splined shaft (or 

a long gear) which inturn drives the thrust plate. The 

thrust plate is a thick metallic disc with gears around its 

perphery. The hydraulic ram pushes the thrust plate fixed 

to the hollow Whaft and resting against the liner. Thus 

the thrust plate not only drives the shaft but also pushes 

it axially, as it slides along the splined shaft while being 

driven by it. 

The in-let air hose is connected to the hole in the 

liner right behind the thrust plate as shown in the figure. 

The out-let air along with debris is drawn out through a hose 

connected to the hole in the middle of the thrust plate. 
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Conclusions 

The overall impression is that the device satisfacto

rily performs in homogeneous soft soils. The accuracy of 

tunnelling depends on the rigidity if the shaft which is made 

up of two feet sections. By minimizing the mechanical imper

fections while machining the joints, the rigidity and hence 

the accuracy can be maintained. 

Water might be substituted for air for the purpose of 

removing the debris from the tunnel. However, handling water 

might be more troublesome. 



/ / / / / / 

Hydraulic Unit 

Fluid Connec
tion to Ram 

Motor 

Gear Box 

Hydraulic Ram 

Air Out-let 

Telescope 

Compressor or Blowe: 

-Air Inlet Hose 

Figure 10. Set-up of J h e 
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Drill Bit 

y /// // 
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Hollow 
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APPENDIX 

V PATENT SEARCH 

From Index to Classification:-

Class 6l, 

Sub-class 84 " Tunnels-Devices" 

Class 175 "Boring or Penetrating Earth" 

Sub-class 19, "Boring without earth removal" 

20, "Combined with earth removal" 

21, "Fluid passage to outside of drive point" 

22, "Drive point detached from shaft to form 

cased boring or with installation of 

casing" 

23, "Drive point retracted through shaft or 

casing" 

..., Each class has patent numbers listed in the Gazette. 

Listing the individual patent numbers is avoided due to space 

limitation. 
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