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main  line- between Heetor and
Field in the Rocky Mountains.

~Between these two points the mnx_:
trolling gradient has heen 45 or

414 i’% of rise in every o This o
.___;mu'.i |

has been a great {’imw‘bm’:i\ in the

: ~ handhing of traffic, for in order
f“iﬁ‘ Lﬁi&ﬁ‘ a passenger. train over 'Lhi*s hill it
' has been necessary to attach two or three

fhmx{y Jocomotives. With freight
tooy 1t
than ha}f a dozen loaded cars with a single~
' locomotive, adding great delays and a h&'«:w*%*
cost to the shipping of goods. During - ‘the
| past few years traffic’ over this line’ has
- grown. tremerzdmus&y,

. the company’s {:ngmeez;s

imiﬁﬁ; .

‘have been looking

. means of making
. point. - A number - of  surveys
_;»ma{ie all with this m%g&ct in view.
~ The only way in
. be iessenad 18 by lenﬂtlimmg the line be-
. tween Hector :am:i ¥ i&lﬁi and this'is a most
difficult and ‘expensive. proposition.

for operations of tHid
narrow and (
In order to get- the mqmmﬁe lengthe of line,
two loops w ;H he built, the wilway doub-
ling back on itself. rht?:re 8

turn they will ‘he cut in the
the mountains.
5,880 and 3,400 ft.
g total tuﬁnel of ¢

V'idditmnﬂ distance

0,280 ft.

92.1-5 ft. 1o every 100
gection will be hegun at once,
}}mh‘ib}y take a couple of years to complete.
.. &~companying plans show

Pl;:ms ha‘sm heﬁn A’g;prmei& fﬁr - Wee
dhe gmde revision on the C.P.R. izz‘l
B W
o
-'*i}m

::5:5,&;

has been m;pt}%mb%e to handle more
w’*&g

and for the last year "'-"(}L

 over the grtmnd in an endeavor to find some . 3'§ H

the grade lighter at this
have, bf:en

which the f’mﬁsent can

With
Mount 5&13&11‘1. ‘on ome side and the hmkm@; :
~ Horse river on the=other, there is little room
 sort, for the pass 15
cmﬁi&d “up to. the. summif.

no. room to
make the loops i the open and'to get-the
sold rock of
The two tunnels will be
long. rgspm:tweiv, gxwrzg L
in Jength. The =
gained will permzt the

company to reduce t’m:' gradient to a9 0.
The work on this

though it will

the loca-
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by the comparative statement in fig. 1.

“'he construction of this tunnel was through =

very difficult material, mostly wet blue clay,

with small quantities of sand, gravel, hatd .
pan and other materials, as indicated i Mo

fig. 2. 3The method of excavation, illus-
trated /by successive stages, is shown in
fig. 3 First two parallel headings were

driven on the grade of the wall platds, and

next a crown drift for the placing of the "

crown bars, After thisthe material be-

tween the side and crown drifts was re-

moved, and the remaining crown bars placed.
in position. After placing the arch tunbers

the core -between the side drifts was exca-

vated, and then post treriches were exca-

vated Lo gm{ie_aanﬁjﬂ;e- posts, placed i

moval of the bench completed the work of

#

excavation. Logs 30 to 40 i, long were

used as crown bars and 8 by 10 in, timbers

for wall plates. Ordinary cordwood was

the timbering are made clear in fig. 3. This

work had to be done under heavy pressure

of the superincumbent material, making

it necessary to follow the timbering closely
with the lining, which consists gf concrete

reinforced with bars, as illustrated in fig. 4.

Generally it is 4 ft. thick at the springing
line and 2 ft. thick at the erown. At the
 base of the side walls the thickness is 4 ft.
 dins.,andthe bottom of thet unnelisaninvert.

~_ The proportion of the conerete mixture

-

~ was varied to suit conditions at different

points. At the east portal the wing walls
are built of 1:3:6 plain concrete, faced with
. ins, of cement mortar. For a short gdis-
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podition  under the wall "pldtes. The re- 0
! _ ] :

ar

at
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‘used for lagging” Other details regarding o«

tance from this end the tunnel arch and walls
are not reinforced, the lining being 3 ft.

thick and side walls 2 ft, thick. In other

parts of the tunnel thie areh was anade of
- 12+ and 1:217:5 concrele, as - conditions

varied. The work of construction-was be-

aun in Oct,, 19015, and the tunmel was com =
pleted July 81, 1906, —Railway and En- -

- gineering R%z@:iéw,
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. has been necessary to attach two or three '
heavy locomotives. With freight trains,

_RECTOR

 than half a dozen loaded ¢

 Jocomotive, ddding great delays and a heavy
cost to the shippimg of ':g“{:s't'}asfg_f';_i?ufing_ the
grown tremel Y _ :
the company’s engineers thave been looking
~ gver the ground in an endeavor to find dome.

- difficult and exp

.M AIN LINE BET WEER HECTOR AND 'F’iELDi-'E;Q«

i

+ e

~ Plans have
the grade revision on the PR
main line between Hector an
Field in the Rocky Mountain:

trolling gradient ‘has been. 4
417 ft; of risein every 100

)

to take a passenger train over:this hill it

ke

means of making the grade lighter at this

point. A number of surveys have been
‘made, all with this object Wiview.

The only way in which the gradient can

be lessened is by lengthening the line bBe-
 tween Hector and Field, and s is a most 4.

#

Horse river ofithe other, there is little room
for operations 0 “this sort, for the pass 15 -

Narrow and crooked up to. the summit,

built, the railway d

two loops "_Wﬁi_ b

1In order to get the requisite lengthe of imf -

s e

_ling hack on itself. There 15 719 room to
‘make the loops in the open an
- turn they will be cut in the

the mountains. The two tunnels will

5,880 and 3,400 ft. long respectively, gl
a taial 'f!iﬂﬁﬁi;mfi?f %%’?Qfg 11“;}@3’1gth

. - C.P.R. Grade Revisiom ————
in the Rockies.

Between these two -_'pt:simg‘ﬁg?ié% con- *

~ has been a -'g_r&ai':ﬁfgy?iﬁﬁtiéi mﬂm :
~ handling of traffic, Yfor in order

too, it has been impossible to handle more
d cars with a single

raffic over this line has
sly, and for the last year

ensive proposition. With
A salkirk on one side and the Kicking

4 to get the |
g ool ol

cen approved for' .o
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peduction of the Kicking Horse Pass an

ﬁm@ammﬁﬁ'ﬁ s ol
By J. E- Schuitzer, Assistant C hief En- Br
~ gineer C.P.R. Western Lines. e
~ ywo great engineering ‘triumphs have « 3

{o., In the reduction of the steep grade &
in the RoCKY Mountains, and the con- T
gruction of a huge viaduct on its Crow’s  dd¢
est Pass branch.. Both are works of ty
onsiderable magnitude, and both have 4,
heen successfully completed In &
remarkably short time. Although
‘only separated DY less than 200
_miles as the crow flies, these en-
gineering feats are essentially dif-
ferent in every aspect, even in their
_mrroundings and conditions, the

one being located in mountain Te-

the other on the broad
’ m‘:mhi;rg and grain-

" The original C.B:R. {ine between
Field and ‘Hector, was const cted
or aboui 41 miles with
de, which '~ was the h

_ revision at this potnt, ma
f iﬁié owing to the large amo

assenger traffic and ‘the danger O
. gperating this 4.5% g_ra;;_i;e-;?a?’iiﬁ@f;;gk

AP WA




B TO DARUD WS TONS. AL vuEssce
»d in operating over the old

ide are what are known as 180%

ginag, hsxmg a total tractive

«ce of 48,900 lbs,, the weight on

drivers being 173, 700 ibs., the

ﬁl weight of the engine and ten-

r joaded being 15t tons.

The amount saved on aemunt of
ducing this grade at the time the
timate was prepared was not in

wif sufacisnt to warrant the ex-
mditure; but, taking into gtmnnt
e guestion of handling passenger

affic so muth more safely, as well

. allowing Jlonger trains. to be
yerated, besides doing away with
& terminal at Laggan, the ter-
inal of the Western division being
oved to Field, it was ﬁ%ﬂi@ﬁﬁa m
3 on with the work.

The work was started on this
revision' in September, 1907, and
finished in August, 1W¥, The

m the tunnels was started from
nds, the eﬂnt?&emr at first using

-style Jumbo, but steam-shovels
afer substit gﬁ__ix;_ these tunnels,

s work g&mgmm& a little quicker.
agt {iiiﬁﬁu}tv ‘was ﬁs*@;ge:‘ien@g& in

el work, as it is thr&mg__ med-
: a‘iwzzi;

ird limestone, with a dip
po B 1arge qu:sm_;ty af ti

4 in hoth the large tunmefs on
t.of striking slides iny'-im mk,
ﬁmﬁi

a iimﬁ ‘trouble “was experie
Wman }mt fhis wmﬁ i;@




gt@ﬂgﬁ p&mi}ﬁk Jellt: LWU e~ L

wnnels met on May 22, the levels check-
‘g in tunnel 1 within two-hundredths
of a foot, and tunnel 2 w.i*thm gmsa-fhunw ';

dredih of a foot.

The qzmﬁﬁﬁz; of vemﬁaﬁan was xnw

%&‘?ﬁg&i&ﬁg but it - - wWas  not mrxmﬁeréﬂ

that any would be required in either of
these tunnels until the traffic:increases to

such a degree that it will he nee

o double track {mmiﬁ& the pre&ﬁeat rtzz- ’
mzh On aeea’ﬁ,nt s::f ‘the tunnels being’

a spiral, and the gﬁria}s being in such
' smsa ;}r&mmity‘ to aar:h chﬁt‘, there will
practically be the same atmaspheme
conditions at the pﬁrta}s of each of the
mnnels, and the mnnﬁi should h&ve a
complete change mf air in ai}mxt ‘»‘1;2
minutes.

On account of the namre of. t‘he m»ek

which appears to slack after being ex-

poged 10 %:he air for Eﬁm& dittle txm@,'
the greater part of the tunnels were .

taken oui, so that they might be lined
with mmmte when that may be neces-
sary. This will give a maximum grade
L pF29% through the mountains, of which
there will be 127 miles east %ﬁﬁnﬁ anﬁ
: a‘i miles west bound.

AR ® &ﬂm@mimn ?}gztwa@ﬁ 02&&% mm-
nels it may ﬁm @ia’teﬁ that the present
~ tunnels have an m‘ea &f 3769 sq. fL of

gection thm‘ngh the iﬁng«aa‘i mm«eé thg

~ actual grade being 1.6%.
- Elkhorn tur
- ern Rd., 3,000 ft. it;ang} with an area of
35 sq. I, and a grade of 2 and 14%.
It was found necessary to mm‘:ai a4 ven-
tilating pla:nt m this tunnel, &ﬁ the traln

_ mm*emﬁnt& were. a‘i}am 100 per 24 hours.
P T T S eaa wnet Northern

;nnel, on Norfolk and We%% _

O’

|10
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 control at the upper ends with twao maﬁ .

steam-pumps, The two headings in the

tunnels met on May 22, the levels check-
‘mg in tunnel 1 within two-hundredths
_ of a foot, and tunnel 2 wrthin ﬂnﬁ-h‘ﬁm‘

}'{irgéih of a fﬁaﬂt :

The question of ventxiatiﬁn was m«»"'-

. Lestigated, but it - was not considered

that any waui& be xmuir@&_in aaithve»r frf»-”

 these tunnels until the traffi ';111531‘&&&&3 to
- such & degree that it will be necessary
 to double tme}i autsiﬁe the pws&m

nels. On account of the tunnels being’

. on a spiral, and the portals being in such
. rlose proximity to each other, there will
. practically be the same atmospheric
- conditions at the portals of each of the
 tunnels, and the tunnel should have a
~ complete change of air In ahﬁux "3‘%@
- minutes. .
= O acfec:sum of the zzatnré ﬁ% the. rmzi«,

which appears to slack after being ex-

. posed to the air for sgme Ei!:tiﬂ tima; :
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Tﬁi&ph&:m ai*nd Qanmﬁtum_

e atm ‘Hi? alwm mu W&Wi&l B FREREE WE GG § SIS S STy e e

iiieking ﬂﬁrs& ?asﬁ and &ash hne retgmmd mwmg g;a:z'—a Ty
m the ﬂi’.R, allel to the bed of the e
“several pmnts in order to &
ig?‘ ﬁsmm% Ckzef Eﬂw gradient; this would* require the ra%"lwayf'
B We‘siem Lines. and the river te be carried through the
lmaring griumphg have Same cuis, and on account of the danger
\is year by the C.E.HR. "= of ice blocking the river, besides being
tion of the steep gra,{ia a very® expensive project to divert ‘the
;‘mﬁt&ins and the con- river, this line was atmnﬂ@neﬁ and the
gav “yiaduct on its Crow's  dotted line a&m;}t&{i ag B genem} iooa-
h.. Both are ‘works of tion. After having further survevs made,
Kﬁiiﬁﬂi‘ and both have ang in order 1o save length of tunnel,
¢ completed in a
b -tima.  Although




s 8 e e < - it e

; sevemi saw;'wsliﬁea ’i:a caﬁteﬂﬁ with,
. which Wﬁﬁiﬁ %mﬁ&ng&r the Qg}emtiﬁa of

| the line., It was decided by the magﬁ-%. =

f ment to mﬁlemke this work in 1907, the

contract belng let to MeDonnel ami"_ =

Gzowski for the Q&I‘iﬂ’i?ﬁ{ﬁiﬂﬁ% work.

!

t  There was no work of any pwﬁ&nlm

*  interest outside of the ordinary mﬁmg[ -
}  except the tunnels. The tunnel known

- as mo. 1 Is 3,255 ft. long, on a reverse

L oopuTYe: tunnai no. 2, .,,ﬁ‘}l ft. long, being

, partly on a 10 deg. curve radius YR N

and pzarti} on a mngam. Each of
these curves ha’ve 300 ft. of spiral
at each end. The grade is 2.2%,

compensated at 0.04 per degree- of
curvature throughout, except in .
the tunnel, where 0.06 is used, and

on the mngenm in the mnnals an

s]igper’y rails.
As already stated, the maximum
gra&% on the original line was 44 %

85 to 4%. On the old line it re-
hile it is estimated tha‘t on the

able to haul 982 tons. The engines

: {ier ﬁ:mﬁaﬁ being 154 1ons.

e i A e wmmn‘:x“? mf

allowance of 0.02 wa,s ‘made f&r'

for = distance of 3.71 miles, and
the balance of 0.2 mile varies from

_quired four+=engines to hanﬁie a
train of T00 tonms over this grade,

new line with two eng‘ims of the
same class the company will be

nsed in operating over the old
grade are what are known as 1&}% _
engines, having a total tractive
torce of 46,800 Ibs, the weight on
the drivers being 173, 700 1bs., the
total welght of the angme :m%i mnmf |

[ <=/705
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- popirel at'the Upper ends with fwo small
~ siemm-pumps.  The two headings in the
tunnels met, on May 22, the levels check-
“ing in tunmel 1 within two~hundredths
gt 2 foot, and tunnel 2 wnhin one-hun-
Cgredth of @ f{}ot.
 the guestion of ventilation was in-
" cestizmated, but it . was not considered
mat any-would be required in either of
. these tunnels until the traffigiincreases to
such o degrée that it will be necessary
1o double track outside the present tun-
nels. On account of ‘the tunnels being"
. osona qmm} and the portals being in such
| ciose proximity to each other, there will
practically be the same atmospherie
eonditions at-the portals of each of the
.qunnels, and the tunnel should have a
. complete change of air in about 214
minutes. .

On aceount of the nature of the rock,
which appears ‘to slack after being £x-
posed t0 the air for some little time,
the greater part of the tunnels were
jaken out, se that they might be lined
with concrete when that may be neces-
sarv, This will give a maximum grade
‘of 22% through the mountains, of which
there will ‘be 12,7 miles east bound and
41 miles west bound, .

As a comparison between other tun-
nels it may be stated that the present
‘unnels ‘have an area of 876.9 sq. ft. of
section through the: longest tunnel, the
actual grade being 1.6%. :

Eixhorn tunnel, on Norfolk and ‘West-
. ern Rd., s 8,000 ft. long, with an area of

235 sq. ., Bnd a grade of 2 and 1.4%.
It was found necessary {0 Instal a ven-
E tlating plznt in this tunnel, as the train
i movements were sbhout 100 per 24 hours.
E -~ Cuscade tupnel, on Great Northern
By Length, 13.280 ft.; grade, L74%.
Thers has been no ventilating plﬁ.ﬂl used
. at this paint, and it is proposed to oper-
§.ate this by electricity, the installation

for which ‘was to be completed about the
end of Juna. of the present year.

b Rd~—D,344 tt long.; area, 3337 sq Ity
- prade, 0.74% far 5,000 ft., then 02% o
ceast portal, ("Dmpiﬂi&d J%‘K No ven-
Glating, &
Beulder tunnel,
CBY~—5,139 £t long:

on Montana Central
drea 33) s, At

in T
u.x 0}?&& L!NE

Stampede tunnel, gn Northern Facific. found to

grade, L% ascending from .east pof §
thence 0.02% descending 1o west por
Busk tunnel,
—3,400 ft. long; area, 275 sq. ft.; grade,
L41%.  Bufit 1884, XNo ventilation.
‘Hoozac tunnel, en Boston and Maine
Rd.—Double track, 1.7 miles long: area,
G72 sq, Tt grade 0.G3% from each end
to rengre, at which peint there s a
shaft, This was operated without rne-
chanical vemliation 11 1898, though in
1890 it was considered to have reached
fts limit with 63 trains a day .without

mechanical ventilation,

Fig. 2.

g TR
! PR

AQCK BALLAST

v L3 L
PR RO SECTRS Sty L RERL

2 I-
TUMNEL SECTION.

Big Bend tunnel, Chesapedke and Ohlo
Ra—H6500 fr, long; arvea, 280 sq. It
grade ascending, 04% for 4300 fu,
thence, descending, 0.08% for balance.
It was divided in three sections of about
2000 ft. by two .shafts.  These were
pe insuficlent fer proper ven-
tilation when trafic reached 4% trains a
day. ; ¥

8t Clair turm&‘ ‘giraad Trunk Ry—
Puilt 1001; 6,000 fr long; grades 2%, de-
-greniing, each way te centre of ‘section
6t 200 T, which 13 on 1% grade. Ares,

on Colorado Mildanl R}."

Fgrs - F

% - X ;;.

s -3 2
IS IBEIE IEREIE

300 =q. ft.. No venu;atlng plant mta‘zlgﬁ

till at Jeast 1804, when train movément

became S$6 neavy thal It Was necessary
to install electzit, locomotives. . [These
were  placed -
EpIToR.}

Arlverg tunnel, on Aﬂb&rg Ry wCQm--
pleted 188%; 6.4 mlles long: area, 4426
st ft; double track; grade, 0.2% for Z.6
miles, ascending from east end, thence
1.5% descending to west end. Owing to
increased trafiic it began to give i?mlb}e :
in 1883, when the company began to use
coke. In 1883 the traffic increased 1o 81
two-engine irains per 24 hHeurs, but ne
abnormal effects were noticed till Sept.,
1580, when some workmen were over-.
come by gases, bui recovered on removal -
to alr. In 1894 started to use petroleum
for fuel, and In 1898 all locomotives were
squipped to burn petroleum, which has
been satisfactory ever since: :

St. Gothard tunne!, St. Gothard Ry-—

0% miles long: construction comp!eteﬂ' Lo

1882; grade practically level, being enly
sufficiznt to provige drainage. The ven-
tilation was natural till about 1899, when
Saccardo svstem was installed. At this
time the trafiic was 61" tralns per day.
The approaches to the St Gothard has
seven spiral tunnels of the following
lengthy SE000 ft, 3670 ft, 3600 11,
5,100 £, 5,019 ft, 000 ft., and 5,010 1.
with grades of 2_5 %, with natural ventiia-

tion only; beﬂdes a stralght mnnez mf
5,150 ft.
Tangevard tumlel on Bergeu a,n,d

Christianla Ry-—Length about 5 miles;
no ventilation; grade; about 1.5%.

Khojak tunmel, India~—Double track,
8 miles longs. Was originally dlvided
inte three sections by two shafts, but on:

account of these shafts it was found that &

thers was a dead section between the
two shafts. These were then closed up,
and i 1900 it was not found negesﬂary
to ventilute same. 7

{The half-tone ilustration on page d{"s j
gises
the }{}éking ng% Wa_,iiay and the old. -
and new CUP/R. lines. ‘The old lins 18
shawn by the barred white line, and that
~which has taken its place by the smg’i .
card longer line. Enu‘ﬂ&]

: Pﬂﬂﬂl_‘ ﬁF ;J?CE ’ﬂ“

in operation in 1905— Lo

chat Is reaily a bird's eve view of .




