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To all whom it may concern:

_ . Patented Jan, 1,1907.
-Appiicatiorrﬁlgd Decenib_e_i* 26,1906, Serial No, 293,482, . - |

| tion, so far as interference of the work of one

90

- Be1t known that I, PATrick Forp, a citi- | crew with that of another is concerned.
~ zen of “the United States, and a resident of | It is also an object of my invention to pro-
- the city of Chicago, county of Cook, and | vide an improved method for blasting out 6o
5 dState of Ilinois, have invented certain new | and constructing an under heading at the
~and useful Improvements in' Methods for | bottom of the tunnel, whereby the maximum
~ Tunneling Through Rocks; and Ido hereby | efficiency of each shot is secured. =~ =
~ declare that the following is a full, clear, and The invention consistsin the matters here- -
exact description of the same, reference be- | inafter described, and more fully pointed out 5z
to g had to the accompanying drawings, and |-and defined in the appended ciaims.: N
. to the letters of reference marked thereon,| - In the drawings, Figure 1 is.a longitudinal -
- which form a part of this specification. - | central section’ ﬁlus‘tmting the construction .
~ Heretofore in tunneling through rock the | of a tunnel by my improved method. Fig.2 -~
. operators have constructed a heading in the | is a similar view of the opposite end of the 7o
15 top of the tunnel, and then blasted out’and | tunnel. Fig. 3 1s a transverse section of the
~ removed the material in successive benches, | tunnel under construction and illustrates a -
thus working from the top downwardly. | convenient arrangement of the drill-holes to -
- The material must thus all be lifted against | secure maximum efficiency at each shot..
- gravity,and bothin blasting and inremoving | Fig. 4 is an enlarged longitudinal section 75-
20 the ““‘muck” the work is necessarily slow and | thereof, showing -the forward inclination of =
dangerous, inasmuch as the operators are | the drill-holes in the roof. Fig. 5 is a front
-forced to work in a confined space, usually | elevation or fragmentary section, showing in
- with insufficient ventilation. Kurthermore, | front elevation the arrangement of the drill-
in tunnels constructed in this manner it has | holes in- blasting out the under heading. 8o
25 been 1mpossible to operate the crews to the | Fig. 6 is-a section taken on line 6 6 of Fig. 5. ~
best advantage, as the muckers or those work- | Fig. 7 is a section taken on line 7 7 of Fig. 5. =
ing $o0 remove the material loosened by the | . As'shown in said drawings, A indicates the
previous blasts cannot work during blasting | rock to be excavated at the heading, and B -
~ and cannot resume work yntil the breast or | the material to be cast down from the roof 85
30 heading has been cleared of smoke and gas. | after the heading is completed.  In the con- k
~ In this way one crew is always in the way of | struction of the tunnel an under heading is
~.another, and the best that can be accom- | first constructed with its bottom or floor
plished is either to work the crews altér- | slightly below the grade of the tunnel and
nately in shifts or to work the drillers and | usually for the entire length and width of the
35 powder-men at night and thg muckers or | tunnel and for a height sufficient to enable
- those removing material by day, and as | the workmen to work to an advantage to
- crews of both kinds cannot be worked  si- ‘complete the tunnel. "Usually theheiﬁ tof
multaneously and night and day the con- | the under heading is about nine feet, though
- struetion is slow and necessarily expensive. | this of course may vary. Y
40 The object of my improved method is to | In constructing the heading the rock is ~
‘enable rock tunnels to be constructed very | drilled to the desired depth, as follows: Usu- =
- rapidly and icheaply and in such a manner | ally three holes (dependent on the nature of
- that the work of one crew can never inter- | the rock) and indicated by C ¢/ C2 (8 ¢+ (5
- Tfere with that of another, thus enabling the | are drilled on each side of the center and, as roo
45 dribng and blasting and the removal of the | shown, approximately one-half the distance
. ¢ebris or muck to continue night and day | between the center and the rib or side of the .
- without interruption. ' | tunnel and one above the other. The holes .
- It 1s a further object of my invention to so | C to C%, inclusive, as shown in dotted lines,
- construct the tunnel as to utilize the force of | all conver%e inwardly and incline down- ros
50. gravity as far as possible in economizing the | wardly at their inner ends or, in other words,
- labor in all respects and the explosives em-~ | are wet holes, and the lowermost holes CC°
- ployed and to atford ultimately a natural | at the inner ends somewhat.below the grade
draft, whereby the tunnel is ‘at all times | of the tunnel. Between the drill-holes thus .
- rendered clear from smoke and gas, enabling | formed are drilled other holes approximately
55 the operations of drilling, blasting, and re- | half the distance between the same and the

- moving the muck to continue without cessa~ | rib or wall of the_tmir;’jei;_mid"the_se also con-
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verge inwardly, though at a much less anglc
than the holes before deseribed, as shown 1n
Fig. 6, and said holes (indicated by D to D?,
inclusive) are arranged staggering with the
holes C to C?, inclusive. Eight holes, four on
each side, are next drilled along the ribs or

sides of the tunnel, indicated by K to 1£7.) All

of these holes, as shown, extend inwardly par-
allel with and approximately at the rib-line of
the tunnel, and, asshown, the three lower holes

on each side of the tunnel are wet holes or 1n-
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65 the roof-line. These holes are placed longi- | though at all times able to communicate 130

clined downwardly, as shown in Iig. 7 and 1n

dotted lines in Fig. 5, the lowermost dipping
below the grade-line, while the upper holes—
namely, 2 Bft—are dry holes and mechine up-
wardly at their inner ends approximately to
or above the roof-line of the Eeadiug.

At the top of the heading and, as shown;

arranged staggering with the holes at the

ribs and those intermediate the rib and the
center are four dry roof-holes F to 2, which

incline upwatdly above the rool-line of the

heading.

Of course the number of holes required 1n
cach set of holes may vary somewhat with
‘the nature of the rock, as will also the blast-

ing charge.

%n blasting the shots are first fired simul-
taneously in the central holes C to (P, inclu-
sive, thus drawing forward and outwardly

- the Wedge-sha?ed mass included between

said holes, which of course is completely shat-
tered by the discharge. The holes D to D,
inclusive, are next shot, then the rib-holes E
to E7, inclusive, after which the roof 1s shot
down. Inasmuch as the holes K and K7, C
and C° incline downwardly below the grade-

line, the heading 1s always construeted with
its bottom slightly below grade, and owing to’

the converging and downward arrangement
of the central intermediate and rib holes the
outward downward force of the powder acts
to break the rock into small pieces.

After constructing the heading for the en-
tire length of the tunnel or to an air-shaft

and slightly below the grade the work of re-
-moving the material above the heading,

which constitutes the major porticn of the
material to be handled, is commenced, préf-
erably, at both ends of the tunnel, and for
this purpose, referring to Figs. 1 to 4, inclu-
sive, the drill-columns X are arranged on the
floor of the heading to provide drill-holes
which incline forwardly at the top or toward
the completed portion of the tunnel at an
angle usually about twenty-two and one-half
del'grees and which, as shown, are arranged
relatively of each other, as indicated in Fig.
3—namely, a line of drill-holes G and G’ are
provided on each side of the center and ap-
proximately at their lower end half the dis-

tance between the center of the ribs or walls

and converge upwardly until the inner ends
thereof are close together and slightly above
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| tudinally of the tunnel, a distance apart de-
' pending upon the nature of the material to

be operated upon and the condition and na-
ture of the rock. Between said central holes
and the ribs are provided intermediate holes

- I1 H’, which also converge toward the center,

but at a much less angle of inclination than
the central holes G and G’ and also incline
forwardly at their inner ends and extend
slightly above the line of the top of the tun-
nel when completed.  Along each rib of the
tunnel are provided also forwardly-inclined
drill-holes 1 I’ and extended usually about
one foot above the roof of the tunnel when
completed. All of said holes are arranged 2
distance apart longitudinally of the tunnel,
dependent on the nature of the rock, usually
about nine feet in lime-rock or sandstone.

In blastin: the first two holes G G are first
simultaneously shot, and owing to the inclhina-
tion of said holes the lar,_e central mass 1s
thrown down from the roof. The mterme-

“diate holes II and H’ are next shot, simulta-

neously breakin;: awey the intermediate por-
tions of the roof to the top of the tunnel, and
this is followed by the shots in the holes ]
and I’, which break thie material out above
the roof-line, as shown in Fiz. 3. The mass
of material thus thrown down at one round of
char.es 1s very great, and the muck-heap
thus formed extends nearly to the top of the
tunnel, and being shattered by the explosion
and the fall can be rapidly removed by &
steam-shovel Y Y’, suitably constructed for
the purpose. _

The operation is as follows: This muck-
heap, extending to near the roof, affords ade-
quate protection for the shovel-operators and
pit-men at all succeeding blasts and enables
the shovel to be continuously operated at the
muck-heap independent.of either the drilling
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or the blasting within the tunnel, and the °

same is true at the opposite end of the tunnel,
‘each muck-heap ¥ 3’ affording a shield to the

operators at "the shovel during blasting.
Furthermore, as the heading extends the en-
tire len_th of the tunnel a natural draft of air
is afforded therethrough independent of the
forced draft ordinarily provided in such
cases, and in consequence the smoke of the
blast curls upwardly over the muck-heap at
each end and escapes from the tunnelljing
along the roof and does not reach the shovel-
operators at all. Furthermore, as but a ver

small amount of the explosive 1s require(K
gravity doing much of the work ordinarly
done by the blast, but little smoke or ¢as as
compared with bench-tunneling 1s formed.
Owing to the heading being opened at each
end, the drillers at each end thereof work in-
dependently of the conditions at the other

end of the tunnel, and the drilling continues

independently and well ahead of the blast-
ing. The crew at each end of the tunnel, al-
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freely through the heading, work independ-
~ ently of each other, and the individual crews
- at each end perform their work continuously
without reference to the work of the other

840,307

crew at-the same end of the tunnel. Thus

none ot the time of the men is wasted, thou.h

heretofore at least half of the time of e;a,Eh

“crew ‘was wasted while the otaer crews re-

LO
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paired the work, the muck-men waiting for
the drillers and the drillers waiting for the

muck-men, and all waiting for the blast. In

consequence, by the described method the
work 1s accomplished much more rapidly and

cheaply than heretofore by the older methods
and gravity is utilized to the.fullest extent

possible in economizing the explosive. Fur-

- thermore, there is much less dan;er to the op-

z20

~ Instance, cracks or fractures in the rock may
- render some holes unnecessary, and of course
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“erators than by other methods, as.no crew
can endanger another, thougha ¢iven work be

accomplished in léss time and at a mere frac-
tion of the expense heretofore deemed neces-

sary for constructions of this nature.
- While I have described my method with | -

reference to certain arrangements of drill-
“holes, it is to be understood that the number
~and arrangement of these drill-holes may be.

varied to suit the conditions present—as, for

at times several lines of holes may be shot
simultaneously—as, for instance, the rib-

holes and the roof-holes in forming the head-

ing. 1t is, of course, to be understood: that

the conditions present must determine the

number and within reasonble limits arrange-

- ment and position and the amount of the
charges and the order in which the same |

- should be discharged or shot; but I do not
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purpose limiting this application for patent
otherwise than necessitated by the prior art,"
~as obviously there are many details capable of
. .vanation without d |

eparting from the princi-

ples of my invention. =
I claim as my invention—

- 1. The method of excavating rocktunnels

- comprising first constructing an under head-
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ing for thelengthof the tunnel and then throw-

ing down the material from the roof of said
tunnel, into said heading and operating simul-

taneously at either or both ends of the tunnel. |

2. The method of excavating rock tunnels |
- comprising first constructing an under head-
ing having its bottom slightly below grade

for the Jength of the tunnel and then throw-

ing down the material from the roof of said

tunnel into said heading and operating simul-

tancously at either or both ends of the tunnel.

3. The method of constructing rock tun-

nels embracing first, constructing a heading
of the width and length of the proposed tun-
- nel and of a height convenient for the opera-

tion, of the workmen then casting down the

‘material from the top of the tunnel to the
- roof-line and removing the same by means of S aiso
7 " lholesin line and paralle

ste'am-shcwe]s.- B

“muck.

diate holes also conver%ing ,inward}g,
S

4. The method of constructiﬁg '_mclc tun-

8

nels embracing first constructing a heading

of the width and length of the proposed tunnel
and of a height convenient for the operation
of the workmen and having its bottom

slightly below grade, then casting down the

| material to the roof-line from the top of the
-tunnel and removing the 'same by means. of
steam-shovels. .= ST

5. The method of constructing.rock fun-
nels, embracing first constructing a heading

75

for the entire length and width of the tunnel
and of a height convenient for the operation

of workmen then operating from one or both
“enas of the tunnel and throwing down into
‘the heading by successive shots the super-
posed material to the roof-line and forminga

muck-pile and utilizing the muck—_*;pile thus

formed as a guard for the muck-men thereby

enabling them to work continuously and in-

‘dependent of the operation of driilling and -

blasting crews. -

the tunnel and with its bottom slightly below

ac,
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6. The method of constructing rock tun--
nels, embracing first the constructing of a

| headingof the desired widthand the length of 9o |

grade-line, then drilling the superposed mate- -

rial approximately in one plane transversely
‘with the drill-holes inclined forwardly at the
top and the central drill-holes converging in-
-wardly, then shooting the blasc.to throw the |

95

material forwardly and downwardly forming ~

muck-men and  shovels

nels consisting in first' blasting a heading
open at both ends and having the bottom
thereof sightly below grade and wherein suc-

“cessive shots are arranged to throw themate-

rial outwardlyaffording cleanor true rib-walls

a muck-pile and utilizing the muck-
pile as a shield to protect the mucking-crew

‘a muck-pile thus affording a shield for the -
uring successive
shots and whereby the drillers at-all times
are unimpeded by the accumulation of muck;
7.. The method of constructing rock tun-

106 -

- | and roof, next beginning at each end .of said
| heading at the extremities of the tunnel-and
~drilling the superposed rock to slightly above
‘the roof-line, said holes inclining forwardly
‘and the central holes converging at their in-
| ner ends and then blasting and removing the

»~super"[l)‘osed rock. .

- & The method of constructing rock tun=
nels comprising first constructing an-under
‘heading open at both ends, then throwing .
‘down the.remainder to the roof-line thereby
“forming

110
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and utilizing steam-shovels to remove the

9. The method of qdnstrutjting rock tun-

nels by first constructing a heading with its
-bottom below grade and for the length of the
tunnel and drilling therefor several converg-
1ng wet holes on each side of the center, the -

lower of ‘which extend below grade, interme-

with the ribs and

rib-

125
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dry roof-holes and shooting the same, the
central holes first then the intermecdiate next
the rib, then the roof-holes and later after
completing the heading for the entire length
blasting down to the tunnel-roof line in suc-
cessive charges each charge including all ma-
terial from the heading to the tunnel-roof.
10. The method of construecting rock tun-
nels comprising first constructing an under
heading the length and width of the tunnel,
then drilling the roof from the heading to
slightly above the tunnel-roof hne to afford
central converging holes, intermediate holes

~of less convergence extending above the roof

L5
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and non-converging rib-holes, all of said holes
inclining forwardly at their tops and-a dis-
tance from the front of the mass dependent
on the nature of the rock, shooting said holes
in the order before named, and removing the
muck by means of steam-shovels.

11. The method of constructing tunnels
comprising constructing an under heading on
a level with the bottom of the tunnel, drilling
a plurality of forwardly and inwardly in-
clined holes in the superposed material and
shooting the charge in said holes thereby

throwing the material down to form a muck-

pile between the drillers and the mouth of the

tunnel. - .
12. The method of constructing tunnels

comprising forming an under head for the

340,307

drillers then throwing down the superposed
material and forming a muck-pile between
the drillers and the muck-men.

13. The method of constructing tunnels

- comprising forming an under heading drilling

the superposed rock from the mouth of the
tunnel inwardly then blasting to throw down
the superposed material between the drillers
and the mouth of the tunnel and forwardly of
the muck-men.

14. The method of tunneling comprising
forming an under heading for the drillers, and
blasting down the superposed rock to form a
muck-pile between the drillers and the muck-
men. _ |

15. The method of tunneling through rock

wardly to air and approximately the width of
the tunnel and to bottom grade then utilizing
oravity by drilling the superposed material
to cast the same down and forwardly in
blasting, thereby économizing in labor and
explosives.

n testimony whereof I have hereunto sub- :

scribed my name in the presence of two sub-

seribing witnesses.

PATRICK FORD.

Witnesses: |
C. W. Hirws,

WM. C. SMITH.
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| comprising first forming an under heading in-
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