
S required ; the powder actually amounting to less than 
ne-quarter that required in heading work. The blasting 

n the break-ups is done with time fuses which are ignited 
ectrically. Thus it will be seen that the break-up exca- 

ra !°n requires but little labor and explosive, being both 
h P!f 3nd economical. With four break-ups and one 
exc ln^‘ Wor^*n& at the back of the mountain the average 
m Cavation was about 500 cubic yards of place measure- 
inent oaily, all of which goes out through the west head- 

& to the main crusher plant.
driv’^ v?ry important advantage of this method of tunnel 
teri 18 *"hat where bad ground is encountered no ma- 
grp3 's exPerienced. The bottom heading pro-
CarS|e® °n through the bad material, which is treated 
the6 i* -y at ^e*sure later on. This saves much time in 
Co a tlmate completing, and much money and risk in the 
heavractaon' Some bad ground in break-ups where 
side ^,I.ntei^nai stresses developed in the roof, require 
reinfo 6 This will be all concreted in with a
So t,rced sjngfle arch before the steam shovel reaches it,

- a): neither time nor money will have been lost. 
v0iv , connection with the physical risk in- 
not 6 , *is method it is interesting to 
bend- h3t Within r5 months since the tunnel 
m;c, ln&s Were started and with nearly a 
ther»atJ^ 3 ^a^ °f break-ups completed 
accidentaS beCn °nly one fatal tunnel

circumferentially, are, set up in place by means of a 
hydraulic erector. When this tier of blocks is in place, 
the jacks are put in motion, jamming the new blocks 
hard against the last tier erected and forcing' the shield 
slowly ahead, as fast as the ground is excavated in front 
of it. The excavated material, like that in the break-ups, 
is dropped directly into cars in the heading below. As 
soon as this shield has made a shove of 27 in. the process 
is repeated.

Where boulders are encountered the shield will be 
retarded and the steel poling boards advanced along the 
rest of the shield face for the 27-in. shove, when the 
boulder will have been removed in part or wholly.

Where special rectangular sections are built, a steel 
structure will be erected and steel sheeting used over and 
around it. This steel sheeting will be advanced by jacks, 
the structural steel and enclosing concrete being placed 
under the sheeting as it advances.

By this method the roof is never exposed ; the men 
are never endangered by falling material, and if water 
is encountered the face

con-

be protected by poling andIn can

, ench Excavation.—The side benches, 
tak°W *eve^ °f the jumbo timbers, 
has^ °Ut’ after the break-up excavation 
<>De °een completed, by a steam shovel 
the tCd *3y compressed air. By this method 
In ,enches may be drilled and blasted well 
the^1 Vance an<f hy a special loading device 

asual delay in spotting cars is avoided, 
m^- no time will be lost by the shovel, 
rapi,]'1^ *18 excavation very cheap and

bç ^1 Peaces where a steam shovel cannot 
struct^ because of timbering, special con- 

h *°j’ °r shield work, the benches will 
load:and]ed hy hand and a belt conveyer 

into the tunnel cars.
ver hleId Work.—At the city end where 
oiost^0^ ^eavy ground is encountered under 
shield Ua*Vorable conditions, a steel roof 
Overly- haS been adopted. This avoids settlement of 
ing /ln? rnaterial, reduces the drainage of the surround- 
tiitihp-°Und’ and eliminates the very heavy and expensive 

^ work that would otherwise be 
form .lls shield consists of a cutting edge, shaped to 
forms °fK G outIine °f the tunnel roof cross-section, which 
platf0 e fron1 °f a steel envelope extending over the 
to ]a m,s °n which th men work and back far enough 
erected°V^r t^le *ast ‘ ring” or section of tunnel lining 
Win b Steel poling boards, semi-attached tp the shield 
in g ae,Llsed’ especially in the boulder clay, thus produc- 
>hPr„ cutting edge that may be advanced in sections 

ere desired.
the ce f shield is supported on steel columns forming 
r°ck n yre .wall and on side walls which rest on the solid 

Ur t is forced ahead by hydraulic jacks, 
re of about 5,000 pds. per sq. in. 
gainst the tunnel lining as it is erected, 
e proc ure is as follows :— 

au fl-ter a 
ahead
axis

are

and

ho

Fig. 3.—Heading Excavation Using Muck Handling Drill Carriage.

breast boards with small pneumatic guns, or jacks, so 
that very little water or ground can escape.

The blocks used are very massive and so designed 
that each block locks firmly into the two adjoining 
of the preceding ring, by oval shaped tenons. They 
thus self-supporting and require no forms such 
usually necessary for concrete work.

necessary. onescon- are
as are

Since they are 
moulded many weeks in advance, before being brought 
into the tunnel, when they are erected under the shield 
they are sufficiently hard to withstand the thrusts of the 
jacks without injury. The blocks are also so designed 
that the extrados of the arch is continuous, but the joints 
in the intrados are about 1 % inches wide. These joints 

held to shape primarily by 3 part wedges or separators 
and later filled with mortar by means of a cement gun 
and grouting.

Crusher Plant.—All the rock excavated in the tunnel 
is being crushed for road materai and concrete stone. 
All that is not used by the company or railway is sold for 
local consumption about Montreal. The main crusher 
plant at the west portal consists of two No. 7 Kennedy 
gyratory crushers with Stephens-Adamson elevators

are

Pfess
Push

-, i-e., a move of the shield, 27 in. 
of arin^ concrete ocks, 27 in. wide, along the

e tunnel, by 24 . thick and about 5 ft. long con-
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