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INCORPORATED 1887.

ADVANCE PnOOF-iSuhject to revisioni.

\ N.B.—This Socie y, a" a boiJy, docn not liold itself resiwnsible fi* the

eUteinfOts and opinions it'lvaici-tl in any of it>« publtcationsA

CONS^Rt'CTION OF THE ONTARIO AND UBRRl STRKBT SUB-
WAYS, BROCK STREJPT TINNEL. AND NOTRE Ofit^IE

\ VSTREET VIADUCT. \_
^y Stuabt Howard, M. Can. Soc. C. E.

* To be^resd Thursday, February 16tb, 1900.

The writer, In defeo-lblng in u general way the conBtriKalon of th*

several works in thls^aper, wishes ty state that the Ktru«tiires df)[-

fer very little from worka^ built for the same puriwse. but li^es that

the drawings and contem^ted and final completed costs may 1M
of some use to his brother Etiglneers. The writer, who wus fortun-

at& enough to have charge of the designing and superintendence- of

the above mentioned works, wishe.s to thank Mr. P. W. St. George,

M. Can. Soc. C.ti., under whos^ supervfllon they were carried out. tor

his courtesy in allowing hint to write tjiis paper.

Concrete was used very extensively in all the foundations below
ground, the masonry being all'rock-faced Aahlar Ip regular courses,

the backing being made up of large stones and concrete, well-bonded
to the face stones; thecem^t was the best to be had in the market.'

and was .mixed in the proportion of 1 of cement to 2 of coanM
sand, foj/the Ashlar work «nd backing, and for tft^ bridge seats

and coping 1 to 1

.

r

: . ONTARIO STREET SUBWAY. .\

This subway was constructed to permit pf a roadway being built

under the C. P; R.* tracks at Hochelaga, which at this point num-
bered ten in all. The masonry retaining walls extend upon th(^
outh side, from the east side of the street in front of the Stotk'

Yards hotel to the west side of Moreau street, and on the north

side, from Moreau street to a poipt about 22 feet west of the west
end of the subway proiier, the w^ls being for a considerable dis-

tance on solid rock. The descending grade at each end is 1 in 20.

The bridge carrying the tracks being 166 feet in length, by 40 feet

in width, with a clear headway, of 12 feet, it was impossible to give

aay more height, as the lower portion of the subway^ould not have

< /
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.. li^nS *''r''*""' «»U8 per details-
Rock excavation.. "*!? *=»b.-J:f- at 29H cent.= | j^'s
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= ip.476.00 •

2 . \ f88.667.»9

V



si^lt^-r/ .

!

';

%
" The cost of the subway proper under the tracks, Including excava-

tion, masonry, temporary bridge, bridge and floor system, amounted

to 138,000.00; the cubic contents measured to the outside of the

masonry walls ' were 169,000 cubic feet, equalling "22% cents per

, cubic foot; i24ioo i>Br lineal foot of subway, or $4.50 per square

foot of area. I., . •

The contractofs for the <4ronworli were the Domioion Bridge Co.,

iind for all the o^her items JAfesiirs. Laurier, Rheaume ft Desormeau.

,

" ' .^TBROCK 9TREET TUNNEIL. . .

this tunnel' was constructed, to open up a roadway from Craig

street to the wharf, and is situated at Beaudry street, about elght-

l^/tei^ths of a mile east of the Post Olffc^, and a third of a mile east of

' t^ Herri street subway, and has alrWdy proved Its great use, the

tart«r8 being able to take double the lo&d they were fo^riiierly able to,

the approach from the wharf being so heavy and the descending

, grade so steep by the ri^imps to Notre Dame street and down again

to Craig street. Thei total length of the tunnel and approaches Is

"
906 feet, measured If^m the south 'side bt Craig street to the south-

erly limit of thetJana;|lai^ Paclflc Railway's ^rlbwork on the wharf;

the tunnel itself from'^rtal to portal has a length of W6Vfc feet with

a grade of,l in 48.

The approach/ at the Craig street end Is 200 ft long and 40 ft wide,

with a 10 Ipot/Sidewalk ofi the west side, leaving ^ cledr roftdway of

30 feet U^nl the east side of this Approach la a mueuT 'recailifiig

wail, which sustains an upper roadway leading from Craig street

to Notre Dame", of a width of 86 feet Thte i^dwaj has-a kradf d

'

1 In 14%, thr height at the north portal being 21 feet above the tun-

nel floor. 1 he coping of this wall is stepped to suit the grade of the

iipper street, with ap iron pipe fence similar In connruction t^ that'

at the Ontario street subway.

The portals of the tunnel are of masonry, and extend a lengih of

8 feet, the arch atonies being toothed so that the courses of bi^<Jk-

work are built Into them exactly. The akh Is k semi-circle witli a

radius of 15 feet, and. springs from the floor of the tunnel, thereby

giving a clear headway at the key stone of IS feet. The briekwo^Jt

at the haunches immediately above the masonry springing course is

4 feet 3 inches wide, and is stepped up until at the key it is 1 foot

6 Inches in depth.

The intrados of the arch is of Are brick, 9 inches in. thickness,

the backing being of hard red bricks, the whole being laid in cement

mortar. 1 of cement Jo 2 of sand; this brickwork has been meet care-

" fully laid, and thoroughly bonded, and all the courses kept perfectly

straight throughout. On the top of the brickwork, and extending

nearly to the. haunches, is a thickness of 9 inchee of concrete, com-

. 8 4
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done, the timbering being put In m toon aa euh tectlon nu
««J][-

Bted, until the whole area required waa complete TIm upp«r roo^

longttudlnalH as alao the roof boarding were left In. When the

masonry haunches were completed, the centering for the brickwork

proper was put In, and the upright timbers cut out one by one as

the work progressed, the roof timbers being supported from the

brickwork. After the concrete over.therfrch -was done, the corrug-

ated Iron was put 10 position and the space above filled In *rlth,

large 'Bleed broken stone. > ^ --»

The tunnel was built from both ends, and wheu th« walli met. no

difference was found either In alignment or level. The key of the

arch l8 of stone. When the walls met In working from e^ch end, a

Hhaft was sunk from the street above, and the brickwork completed,

an InspriptlQH stone containing the city archives, coins of the realm,

photographs, and plans In a copper box being placed In the side

wall. In the tunnel there were used approximately 860,000 lire

bricks. 1.300.000 hard red bricks, 1,450 cubic yards of mrtoni^. 1,110

cubic yards of concrete, 60,000 pounds of corrugated Iron, 8,«00 cubic

yards of stone fllllng. and 16.000 cubic yards of excavation. The

north approach has been paved with scoria blocks, the tunnel and

south approach with porphyry blocks. The roadway li 2B •"^g
width wljh a 6 foot elevated sidewalk on the west aide ooly.pWi

tected by an Iron pipe railing.

"Engineerg' E$timate of OoatJ

M
«

Excavation for walld anJ pjyn built tunB^eLc ys.

Fining ov^r tflnnel (open cut) J.....

Maflonry in retaining wJIb *

do in north and nvkjh portals .......

Ciit ftone copines, walls and portal

ExcHvation for Can. Pao. Ry. bridge;.;...

PullinK down and rebuilding oldoramp

wall

Stone behind walls

Temporarv C.P.R. bridge.........

Op»n bnilt tnnnel

Tuttnel drifted (per lin. foot)

6.750 atSOc. _J3;»75
2,200 •• 26c
900 " f9J
390 <• $12.
80 "

1,660
"

- 146 " 5.00 726
«• 250 " 2.50 626

1600

L. ft. 96 X $126.00 = $12,096

• • •••••• CVB.
(I

in.
(C

Excavation
Key otone ..••

Maranry foutidation

Fire brickd

Red do
Concrete eye.

CorrufEated,4ron .... |w.
Sione behind wa11..cy9.

Tile pipe, 6* 1 ft.

Centre* and heading" "

Filling over arch . . .cysi

Extras

27 at $ 1.^0

,066 " 12.00

1.64 "

600"
2,000 "

2 "
85 «•

1.7. •«

\ 2 *'

1 •«

4.26 "

10.00

40.00
24.00

9.00
10.00
».00

4) .36

9.00

.1.00

650
1.100 00

i,-680

1

,120
1.6601

$17i6 00 X 667 fleet -^ 98,032 00

\;

\

\

The oontraetors' final estimate for this workimounted to $131,69< 67.

I

1 <J

# «

'

A M
1

* «
*" -•'

• --.2'

^^*'-

—^v^ ^ ^ i'JT"



.,sir"i".';/'

» noodgate. .t^south Portal
• •- ^•»»«'^

# Porphyry PaTinc In Tunnel ' iou'a" 1.
"

»
^""••'*'

8ldew*lk InTunne,
• ^-WJ .q. yd., at »4.60= "8,m«.oo

Curb In Tunnel.. Z ,.' '\ '^'^ ~ '•OS«.'X»

Curb at North End " '
««? "«>• feetat 70c. ^4 4«7.(MI

Scoria Block Paving.

.

, f, ", " »10«= 200.00
Drain, and Macadamlilng

»'»»2 «1- yds. at 3.60^. X82^.oo
Engineering and Contingencies '

" = 4.200.00

i
' " "

• • • • —^ 17,000.0*}

142,626.00

wherean the to^r^t When c^mnu^i
""'"' '^"•« 1176.078.00;

roally covered »«^ llUle uT/wifh'''"
*"*'"^-^- ^•>" '"»°»"

The contractor, for Z i .
" ''"^ unforeseen.

I-fonUlneTumorne.tnrrJ jT't.?
''*' ""^"^ '^ ^--

Dominion Bridge Co.
'^'''*'' ''*" P"t "» by the

BBRRI STREET 'SUB^At. '^

thf^ir^rtrsrj:;;;-;^^- ^«^^ -- •>--
was completed. This subway w^ hI J

"ception of the paving,
from Craig to CommlssioIeiTr^T S*^. ? *''^" " ""'^ *PP''°«^»'

being widened, and a Jew sTre^tT^ ^"^ ^"*' °'" ^••™'^'' 't-^^
Notre Dame streete ThI IZ "^""^ "" •^*''**° «*• ^«'- and
Mar. street to^eCaJad.anrcL''^^^
distance of 430 feet The innr^ k , ""'' ^'«'** '"»«'• * *«>**>

^ a defending Kr^e o!^iin7^'XlT.P'"'T'' ^' """^ ^^--^^ »>-
a dtatance df 180 fert lhl^lL

*"'*""''*•' '*<»*'» »*°>« rtreet

approach from Icommi?™"!^^^^^
dl.tance of 260

,'^^""«"°°«" «t««t being practically level for a

feet, and u^n the ^rnHde el„T' ?'"~'' '""' * '^'^^ <»' 20

\
ml^ioners- street, a .rmnarupwfr^^J"*" .!J°'"

^-^^ *° ««""-
retaining wall, are bulTt to nnZ^^ IZ'^'''

°' '' '*** "««^y

,
JHR .tepp«, to .ult the giidroTthe .^nir* *'* *""'"«* ^«-
Iron pipe fence slmllw to the otww ?' """ """"ownted by an

k>

"1 •
...

• >
'

!
.

•v:'- ; '/

^^j^_; _;;..; V- \

,

"''', a"

'^_..^ > . '':

.-^^ / ^'
'^



•y

^fmlMioQ could not be obuined from the Hoaplce '8t. Charles to

l.ulld tlie north wviitorly retaining wall upon their property, but, at

a later period after nearly all the ar<;h atones bad beeni^, and the,

(intres made, permission by the HosplUi authorities "Was granted

tind the span widened to 52 feet. Any, engineer now viewing this

urch would naturally say, what an extraordinary structtire, an arch

at one end with the abutment carried forward to carry «n Iron

viaduct. Why was it not all carried out in Iron? When the Berrl

Street Subway was designed, no plans had been made, nor ^as the

idea broached of any extension of the Canadian Pacific Railway In-

to the present Place Vlger Station. but„when the work was well un-

der construction, thft scheme matured In time to prevent the build-

ing of the north westerly retaining wall. '^

The arch centering was made very strong, the lagging only being

carried down to the top of the third course above the sprlngtng;

many centres are made so weak that the Weight of the arch stonea,

causes the haunches tt» settlie. and the crowl! to spring up. Care,

was also taken to build the arch evenly from both sides, so as to

distribute the weights carefully; all the stones being used were alsp "

loaded upon the centering, keeping It In place.

The change (n the span of the arch necessitated a great deal of

e:|tra work; new centres had to l)e made, and about 8 feet In height

of the northerly abutment torn down, and moved forward t feet.

By referring to the drawing of the arch, you will see that

it Is formed by radii from seven centers, which were ar-

ranged so that the curve might conform as nearly as

possible to a true Ellipse. In order to utlllM as many as

possible of the old arch stones, only' a few had to b^e thrown

out, the same radii ^^Ag ^H®pt,'and a new central one of a

larger radius or 46 feetMHfieB inserted, raising the key stone, only

S Inches. The arch stoKt were cu^ very truly to the radii, and the

whole structure built most carefully, and when the centres were re-

moved no settlement whatever could be measured. The section of
' the arch shows clearly the* top crown line, which was formed of

masonry whenever depth would allow, and concrete In the shallow

portions, the whole being covered with a 3 Inch thickness of asphalt,

allowing any water to drop Into the back stone lIlllnK. and out

through the weepholes. The retaining walls were built according

to the section shown, with a face batter of 1 In 12. the coping being

laid on a perfectly straight line, and with an iron pipe fence on top..

I'he old retaining wall on Barrack street which the writer^ had the

pleasure of building some years formerly was demolished, the stone

as far a» possible being used In the new work, and the south end
of the Dalhovsle Square depot was underpinned, and reconstructed

to correspond with the other faces of the building. An Iron stalr--'
7
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CM« WM bum oppMlto St Paul street, for pwiMtrittu to aMc«nd
to the lower level pr subway. The writer has given sections of tw6
elliptical arches, one with a rise of l-3rd of the span, the other rise
being I-4th of the span, together with a table showing, by letters.
the spans, radii and dimensions, which he hopes will be of some
practical uae.

.cub.yda. 26.000 at

900
"

Kui/iHnrn' KuthnHlu, fur Submin irlth fi foof tpuu

' Bzcavailon ., ..

Filling oTer arch.. .;

Masonry In old wall torn down
and rebuilt..

MMoniTln arch abutmenta.. ..

Maao^'ry In arch stones and copings
Masonry In reUlnlng walls..\ cub. yds.
A^phajt on arch \|Ki.yds.
Stone behind walls.. ^ .. ;.cilb>yds.

jCuttlng down wall at depot...
Paying In RorlaT. r , ^ , , . . . .sq. yds.
Bnglneering and contlngencies^T .. .*.

650
"^

2«7

3.410

400

. 860

360

3,637

45c=
SOo.—

:

15.00=
9.00:;=

14.09=
».00=
2.60=
2.60==

4.60=
8.60=

Arch.

511.260.00

270.00

4.8UO.0O

6.960.00

8,755.00

30.690.00

l.OOO.UO

1,626.00

1,440.00

12,730.00

10.6UU.00

Deduct north-west wall, 928 cubic yiird» at 55.00..

Ad^ additional cost^of altering to 62' span..

v

583.993.00

8,298.00

576,VI>5.UU

2.000.00

,

577,696.00

The 46 foot span according td th^ figures w^iild amount to 5280
per f<*t In depth of arch, and for a 52 foot*span 5310 per foot In
deptli of arch. The cost of the arch proper, according to contractors' ^

figures amounted to 5281 per foot in depth. The total cost of the
contractors' work, including paving, amounted to 567.000 and the

HHrJT'^l^
""" contingencies the sum of, 510.255. making a total of

577.266. The contractors for the arch, pavlnr and walls were
Messrs. Madore and Frechette.

e
NOTRE DAME STREET VIADUCT.

This viaduct ha8,been built on the lines of Notre Dame street, be-
tween the Berrl street subway arch and the East side of Lacroix
street, for tl^ accommodation of the Canadian Pacific Railway their
tracks leading to the new Viger Sqjiare Hotel Depot, passing be-
neath the structure. The northerly abutment of the Berri street

I- , o > 1

^m-
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•rch had to be widened, not altogether for Its additional strength;

but In order to ault the apana of Mie bridge itself.

'
In addition to the two abutment*, the northerly one of which wa«

( arried down Lacrolx 'street on a curve, there are 21 {tedeatals with

copings 3Vi feet x 12 feet, and Z2^ with copings 3% feet square. The

pedestals as far as the north ^nd of the old Dalhousie Squirt PMf*

enger dejtot are at right angles to the axis of the bridge, the re-

malndir as far as the dorth ajbutment being placed at an angle of
'

540 41/ 80". so as to suit the i:urves of the tracks approa6hing the

depot' at VIger square the noijth abutment being parallel to them.

The total length of the bridge proper between the abutmentJM-idse

seats being on the we«t side, «7' 3"; on the centre line, 452' !()*,

and on the east aide, 488' 6". The width of the bridge between the

outside plates is 62' 3", the flvfe lines of columns being placed 11 feet

centre t6 centre. The^ columns are composed of 2 channel Irons,

and one-eye beam, resting u^fo^'toeker bases, having also rockers at

the tpp. to allow for the contPB^Ion and expansion of the steel.

I'pbn these columns which are. thoroughly braced transversely are

placed the longitudinal plate girders. The spans of these glrdera'

are, 4 clear spans of 38' 3", 2 of «y 2J<* one of 40' 2^* ami one

of 59' 6", and one 54' 15^*,, Ih^UIih the tower spans. The columns

on the long pedestals are placed 7' 9^" centre to centre, which

constitute the towers, the depth of the girders being 4' 3" deep for

the short 38' 3" spans, and 6' 3" for the longer ones.

On the top these girders and at right angles ^ them are placed

Mfe Iron rtoor beams^ icomposed. of 10%" eye-beams, extending the

whole width- of tfee-^rldge. and at 4 feet centres: upon these eye-

boams, wht^ are bolted to the girders, are placed the .1-16 inch

Uuckled plates, the l)uckled portions being 4 ft. sq.. and made In long

lengths; these pl^es^lSrti. riveted to tj^e eye-beams and strengthened

longitudinally by '^ , bars. The roadway Is composed of concrete and

wooden block paving, with a stone curb, and flrimlte sidewalk of a

width of 8' IW upon each side, leaving a clear roadway be-

tween the curbs of 36 feet, a double electric car system of tracks

being placed In the centre, the trolley poles which, ard of iron belhg

bolted to the outside plates ahd bracketted to the columns. The

buckled plates before the concrete was laid werie painted with hot

asphalt, which has had the desired effect of making the bridge al-

most perfectly water tight. The fence posts were of cast-iron 3

Inches In diameter, with bosses; they were placed every 8 feet. and.

bolted to the olitside plates; there are 4 lines of VA Inch gas-pipes

passing through them, the top bar being 3' 4"t abo^e the sidewalk

level at,the outside of the bridge. The triangular portion' of the

fridge down I^crolx street has a length of curved ^Abutment of 140

feet And on the south side one o61umn and 2-60' girder spans of
""
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buckled piates and scoHa block StlnrwUh on? .°" ^"""^ '""^

constructioH of the brid«, « H S * -
concrete. During the

tr«8tlework west of Jhl !?«. / ^""^ ''^'"''' ^'^ »*«'« «Pon
'Interfered ;uhthi 1»L kT "'' "^ *'**^ *•»« *"^»« ^"^ not much
When Yhe rnLuo^rweret^adTatl'''^ T' •°'^ °"'^ «*°-^''

along the east Bide of nS^*^^ ** *?« norttf end. The old wall

c^nslucted^^hfcai.?! P^r»*"^*' ^»»'«»» the writer also

a great Qua^ of^he^ oL h"
'^"^*^' •'*'^ ^° '^ t°™ ''own.

and pedestals
"^ ^ ''*'°« ""^ "» ^he bridge abutments

water, and the stbnea' m.hw*«^
Yemeni were warmed^ as also the

- ^^off any snow ori^aTiTly. h
'*" ^"' to, thort,ughly clear-

wall apart, sho^ng co"'58?verth^^^^^^^
""*^""^ '^>"'W^ this

*
> Engineers' Esttnwtc of Cost

'

.

Excavatjon., -«
..

'""-'

Tearing down oid walls
"

" ••'^"^- r.'^^-^J'JOO I 0.65 |18.200.00

Temporary bridge and grading"
'^ ^•^" ''^°^-^

road

Masonry in abutments
'

1.'•. \. 3,000.00

Paving and sldewIJks
""''?• ^'^^ »»« 1^.««00«

Masonry .n pedelSs! :•..••.;• '^'1^'
''lu .i""

'''''''
Cutstone on peAfestais and bridge

^^'^ *'^*^-^
abutments .,

. Removal, etc.. of wkter-pipes
"' "" "'^ 2.520.00

Stone-flHing behind walls.. cub yd« ia«
^'^^'^

SiliHjrlntendence and contingency *"* *"«»«
' 16.000.00

:

.

''»« f^Kfratnirtiire. " ?69.'830.00

J°j;°'r« 110,000 lbs. '

;?.?*5i*".-
460.000^."

™ "** ''*** * T beams 250,000 "
. - -

Floor beams leg^oo "

• -!s°"«.-''rr-.or •co:."r,.oSr ;^«"'-'»..»

7

Rf^i •»*



-^.s;__

u
w

Domlnion^Jl^idge Co.. |35.505.00; for blecka tor roadway altera-
tion ot yater pipes, superintendence and smaU eontingencies. $24,-
1W,000/ or a tfital of 1102.966.00; the amount of iron in the Bridge
Co.'B/ender was 1.090.000 pounds.
T^ Lacroix street i^rtlon was estimated at 126.000.00; and the

•mounts paid were to the contractors. Madore A Frechette, fit*
621.00; to the Dominioii Bridge Co.. 16.668.00. and for superintend-
ence. $1,600.00, a sum total of $24,689.00. '

..1?*^*"* ®"' *•** ***"" ^^ '•*« •'f*'^® proper, namely, pedestals,
teftlwork and flooring, the structure being to back of bridge seats.

J."J!*^°L*f
'*?*''*" *•''«**'' "A^ «' 82 '««*• «^d *» avera«l»

depth of 80 feet, the cubic conteliFwould be 717.600 cubic feet, at

%T.*.
•*®'*25®»5 <>« 5«3 cents per cubic foot. $88.00 p<^r iineal footor bridge, or $1.70 per square foot of a^ea. The columns are 22 feet

Tlf' "L^ "^ ®*'™ ^*P**» **° *»" alWwed up to 30 foot columns hy
Adding $1.26 per cubic foot to the above cost.
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