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THE LITTLE SAILLMON RIVER VIADUCT
NATIONAI, TRANSCONTINENTAIL RAILWAY

By R. F. Uxiacke, M. Can. Soc, C.E

The Act of Parliament, authorizing the construction by (‘«!11-"
mission. of the Eastern Division of the National Transcontinen @i
Rallway, provides for a location from f{ts eastern terminus (Mone
ton) through the central part of the Province of New Brunswick,
and through the Province of Quebec by the shortest available route
to the city of Quebe« At the time of the inception of the Inter-
colonial Railway the Province of New Brunswick had been thor
oughly explored before the final location was adopted, and the con
troversy of the routes has been fought out over both these great
public undertakings. Three routes were located for the Intercolon
jal Railway, known at that time as the Frontier, the Central, and
the Baie des Chaleurs routes, and of these, on the recommendation
of the Chief Engineer, and owing to Imperial considerations, since
a subsidy aid had been granted by the Home Government, the Baile
des Chaleurs route was adopted

The Engineers of the Transcontinental Railway had located two
lines, one known as fhv River route, following the St. John River,
north from Fredericton, and the other the Central route; the latter
was adopted as fulfilling more closely the provisions of the Act
That a line of rallway has now been constructed along this route
having a ruling point four compensated grade, with a maximum
curvature of six degrees, {8 owing in a large measure to the ad
vance in modern bridge and high viaduct construction. The ﬂllv_\‘
of the Little S8almon River, 185 miles from Moncton, presented one
of the obstacles to be overcome, as the grade development showed
a crossing over 4,000 feet long, with a height of 200 feet above the




water line. The description of the design and construction of this

viaduct the writer his undertaken to present in this paper

The line approaches the west end of the structure with a six
degree curve through a rock cutting and crosses on a
bearing N. 10 27" W., the grade rising 0.40 ft

layout consists of twenty-four towers H8 9"

tangent
per hundred. The
centers and twenty-five
the end spans being 100’ 10§” center
of bent to outer end of steel; all the tower spans are alike and also
the intermediate spans, except that the masonry ends are extended to
glve the required bearing. The towers
as much as possible

Intermediate spans 100" 3” ¢, to «

and bracing are made alike
necessitating one set of templates only for the

spans and parts of towers which duplicate each other. A Through
girder system of construction was adopted, the girders being spaced
17 6" ¢. to ¢, while the floor beams with gussets were spaced 14 ft
¢. to ¢., along the plate girders. The east end

span is on a spiral
to a 6 degree curve and

in consequence the girders are deflected
at this abutment 1° 3" off the tangent to the

structure produced
There were several reasons which led

to the adoption of a Through

girder system. In high trestle construction where the use of false

work is out of the question, the most economical layout is that of an

intermediate span as long as could be handled with a well designed

as to reduce the number of high
towers, their pedestals and foundations. Spans of 60 ft. with 40
deck girders are used
ties resting on the top flanges. Ow
ing to the Through girder system having a spacing of girders 17’
6" ¢. to ., spans of 100 ft. are handled

traveller working from grade, so

ft. towers are generally employed where
spaced Y ft. ¢, to ¢, and bridge

since the bearings of the
traveller rest on the flanges, thus giving that much more base to
brace the traveller in handling loads. The stability of

the erection
outfit iz amply provided for

s0 that

in this case girders weighing
30 tops were placed in position It

certainly gives a feeling of
safety to see from the car window the

flanges of a heavy steel
girder, and that this is not

altogether sentiment is shown by the

fact that instances of derallment are recorded, in which the car

held to the roadway by the lateral resisting power of these girders

Substructure.— The approach at the
rock cutting, in order
and also to utilize the

cast end being through a
to avold building the steel work on a curve,
material in the cutting without waste
abutment of reinforced concrete placed on top of the rock fill was
decided on A burifed pier built from the original surface at this
point would have been over 100 ft. high, dificelt to design and

was avoided by the use of

an

build, and very costly This

a bank
was reinforced to prevent danger of cracks

and in order to give time for the bank
to settle, the- ends of the girders

abutment. The concrete
from settlement in the bank

were temporarily supported by a









Fig. 3.

100 ft. girder ready to place

Erection struts in position













crib-work of square 'Hnm.u before building the permanent abut
ment

In the design of the pedestals and west abutment, borings and
test pits were first made to determine the character of the soil
'his proved to be of compact sand, gravel and hard pan, so that
no piling was required, the footings being designed to distribute
the load at a pressure of from 2.5 to 4 tons per square foot, The
four pedestals near the water line at the banks of the river were
built with curved cutwaters, the axis of plers being parallel to the
direction of the current, forming suitable icebreakers. The anchor
bolts for pedestals consisted of two rods, two inches in diameter,
the lengths varying according to the up-lift to be resisted. These
rods were anchored at the bottom by spacers of 10” channels and
washers, the concrete being bullt around them In order to give
room for a little varfation in their position, eenical forms were set
around each bolt, a lip being left at the top extending beyond the
base plate of column through which these volds were filled with
grout after the steel was erected. The west abutment or buried pler
vas about 40 ft. in height above the footing course, and in order
to reduce the pressure on the sofl and allow the embankment to run
through and surround it, an arched void was left in a longitudinal
direction

o difficulty was experienced in building to this design
PDetails of pedestals and abutments are shown on Plate No. 2

In laying out the work no triangulation was required and an
ordinary steel tape was used, the writer's experience being that, as
provision is'made in the girders for expansion, a slight variation in

the position of the anchor bolts is permissible, providing the expan
sfon slots are made longer than the theoretical length requires
The chief dificulty consists in maintaining the anchors in a vertical
position and protecting them from rough usage from swinging
buckets of conerete and other causes

Concrete The materials used in the concrete were International
Portland Cement, manufactured in Hull, Que., at present by the
(‘anada Cement Company The sand and gravel were obtained on
the bank of the river near the bridge site In this locality good
sand I8 very difficult to obtain and, after a test of sand from several
pits. the local material was selected, the sieve test showing after the
gravel was screened out

Retained on 20 mesh sieve 64 per cent

20 “ “ 17 “




After treating the finer residue with a 20°

solution of sulphurie

acid, it was found to contain ¢ of soluble matter, which was

eliminated by thorough washing, and a mixture of one part cement
two parts sand, and four parts of gravel, varying from the size of a

pea to 3 inches was obtained. As the

sand was not of the best quality,
the use of 1-2

t mixture was ordered in shafts of pedestals, since they

have to sustain a high concentrated load on a comparatively small

volume of concrete. The concerete used in the buried pier and foun

dations was a 1-3-5 mixture In obtaining a proper facing mixture

the coarser material was kept away from the forms by the use of per
pushed down and drawn back while the

still plastic This method was found more

forated spades, mixture was
satisfactory than that of

attempting to bond a facing mixture into the body as required in

some specifications

Cement. The following description of the method

adopted for
sampling and testing the cement

used on all structures under con

truction on the Transcontinental Railway may be of interest

The cement specifications are standard and the governing tests

a for fineness, specific gravity oundness, time of setting, and
tensile strength. The cement shall not acquire its initial set in less
than 45 minutes and mu have acquired its final set within 10
hours, the briquettes being kept in a damp closet for 24 hours and
ifterwards immersed in water until time o7 breaking

Nampling It is the writer practice on receiving notice that a

onsignment of cement is to be shipped to a contractor to send an

mspector to the mills to draw

sample from the bags as they are
being loaded into the cars one bag in forty i ampled, both doors
of the car sealed with the N.T.R. lead seal and the sample cases for

warded to the cement testing laboratory in Ottawa, in charge of a
Chief Cement Inspecton t

attached to the Bridge Engineer's Office
I'he eal being intact on

arriving at the bridge site is a notice to
1he ield inspector that the car has been sampled by the Iridge
Department.  The preliminary tests for soundness are made at once

the mills are notified to hold the cars if these result appear doubt
ful. and the final record covering the full 28 days

ompleted and the cont
1)

tests is generally
ractor advised of the

acceptance soon after

e cars are on the work In mills where the records have bheen
continuously good., the contractor ha heen permitted to use the
cement on completion of the seven dayvs test, in some s where
work would be held up for want of can

but always at the con
twenty-eight davs tests
been allowed has the
ment A cement

tractor's risk and subject to the in no case
where this ha

result proved a mistake in
sampling record slip i

ample case giving all information
final test record are

judg
enclosed in the sealed

as to shipment Copies of the

furnished to the District Engineer as well as
to the mills for comparison with the

manutfacturer’'s test

S, and the




as
of
in

records are compiled in loose ieaf books for future reference By
means of these records and a system of reports from the field in
spectors of the arrival of cars, it is an easy matter to trace any car
and identify its contents after being piled in the cement:storage

house at the bridge site

Design.- The Dominion Government specifications were strictly
adhered to in the proportioning of the members The compression
members were figured for the pin ended formula of these specifica
tions In the tension members of the towers a limiting length of
|

200 was used to avoid sagging of members to make them
'

capable of resisting compression and to give initial stiffness. Atten

tion is called to the use of bulb angles in the sway bracing of towers
(Plate No. 4). which make a very stiff and economical section and

nwoid breakag in shipment, the great fanlt in box laced section

of light angle Traction and wind were figures as called for in the
specification

The posts viewed from the stress sheets do not appear to be
economical because of their relatively small radius of gyration when
compared with a built up channel section but the saving in weight

of details and simplicity in shop work fully compensates for the

extra main material. In the light of column tests it is reasonable to
expect that the reduction in unit stresses for the ihcrease of radii
length would not be justified by practical tests. The metal is used
mostly in directly resisting the primary stresses, as very little is
required for secondary purposes (viz., lattice tie plates, ete.), and in

this way a stronger column is obtained. The section used has also

the advantage of continuous webs in each direction, which are great

Iy superior to the easily bent lattice bars, and moreover the interior

of the column is muach more accessible to the paint brush for shop

and field coats The section is symmetrical on both axes, having
therefore its center of gravity in the center of the section, and no

ccecentric loading is induced from the girders. The small amount

of redundant metal means uniformity of stress in the columns, and

simplicity in the make up will decrease the cost of maintenance

Tenders In calling for tenders for the steel work our usnal
followed of furnishing bridge companies with a general

design and details of girders and towers

practice was

together with a printed
form of tender in which was filled in the estimated

weights of steel
and number of feet B. M. of timber in the floor With this

all bridge companies bid on the same basis

system

and are not required to

make a single drawing to submit with tender but merely to fill
In the unit prices for steel and timber erected in place. and to carry

out the amounts on the estimated quantities furnished vi

steel 14,000,000 1bs. timber 520300 ft. B\ After the tender is

awarded the bridge company submit stress sheets and details for ap

proval before ordering the material from the mills




o The rails were divectly  snpported by N x 127 x 1
bridge ties resting on the <teel stringers every fourth tie being 16
fr. long to support the plank tootway plhivced ontside the guard timber
for the convenicnee and satety of the section men.  An outside
guatd timber N7 x 07 dapped 17 over the ties, which
four inches anart in the clear, the ties were

were spaced

secured to the stringers
by 17 hook bolts and the guard timbers bolted through the tie with
one 2 bolt dn cvery fourth ti A <teel gaard rail 60 1hs to the yard
will be placed 1

<tde the gange line and eight inches therefrom in
“the clear, these guard rails coming together at the center of the

track one rail length bevond the end of the bridge and bheing pro

tected by i cast stecl point fitting the rail section and spiked to the

road-bed ties

e Lo Actual crection bezan Jdualy 27th, 1910;  the steel
all assembled and lese s

was
an o swung February Stheo 190 and all rivet
ing and painting ially completed by August 19th, 190 Material was
anloaded at o siding ot the west o end and handled by a itwo boom

derrick car in the storing vard A light locomotive standard gauge

with tovey cars handled the marerial trom the <storage vard to end of

<tee] The guain teature of the crection ont'it was the 20 ton two
boom: cvection dovvick. travelling on the top flanges of the girders
the trucks of the travellor tanning on VIS I erane rail, the base

of which rested on timber temmoravily <conred to the givder flanges
Fhis dervvick was self propelling by means of a chain and sprocket
connecting the trneks with the crecting engine. which consisted of
two 1o x 127 ovlinders two dvm b spool hoist The 1157 07

hoonis were hox section composced of 1207 x 3 web plates at center

section and taoerving at Lo end, connected with tonr 2L x 23 x4
angles, Thi= section was ftound to weigh actaally less than a latticed
stction and the combined anit stresse< fron compression and bend

g were very ameh redueed The writen

wis told that the men
workivg on the traveller. and

assembling . were very o enthusiastic
over the case o with which the hig machine handled its work.  The

wWind ot the deck ot the trestle was very strong. and v as generally
Dlowing at rvight anglos to the hradge: ot thie work was practically
never held npoon acconnt of too muach wind. The use of the erection

tros s shovo v the driow e crtare 1o and photosranh, (Fig, 20

alter o oy amd it e Were gesembled the erection struts
ceres e toved andd sod acain to <tidten phe tirst hent o of the next
cover until it oo was conn ored and sell sustaining The hook
bolt< tenporvariiv cornearinge the ends ol three strats with the
coluimns proved 1y oefficient

Another important featnre was the use ol rivetine hridges for

as=cmbline. viveting, and
paintine From a soneral deaving of "bese hreidees, (Plate No. 6)

coand s the method of hand

convenience  and satety aof the men in

and tvom the photovrap! e, 6
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Method of raising and moving riveting galleries







Riveting gallery in position at top of tows
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the inspecton The results of this test piece have to conform with
the requirement the specifications, that is to say, the tensile
strength has to within the limits, also the elongation and re
duction of area of the teel I'he inspection company n addition

to witnessing the pulling of these test picces previously selected by

their representative, also secures from the rolling mills a certificate
of the chemical analvsis which may be found in the steel so tested
Frequently the 1 equires drillings to be taken from the test
picces at the to check up the accuracy of the reports
presented o 1 ¢ rolling mill company Test picces and
material whi le represent are identified by melt numbers

As soon as surface inspection of the material has been made, and
the tests have proved satisfactory, the inspector then undertakes to
ee that the material is properly loaded in the cars ready for ship
ment to the bridge ork Full descriptive reports are then made
out by the inspection company howing the number of pieces and
the size and length of each piece so shipped from the steel works
together with the results of test These reports are then sent for
ward to the bridge engineer

Nhop Inspection A\ oon as the material has been received at
the bridg ork the same is then unloaded, and when work is
ready to commence, the various pieces of material which go to make
up a full sized member are brought into the shop. The representa
tive of the inspection company is present to see the laving off of the
material, the first tep in the preparation for punching The
punching is then witnes ¢ inspector to see that punches and
die of the correct ize ¢ S as required by the Dominion
Government ecification The inspector then further sees that the
material, oon as it is punched, is properly assembled, and that
a suwdicient number of bolts are used o as to insure perfect fit and

ching of all hole prior to tl ame being riveted The proce
of riveting is also supervised and, lastly, the finished member i
checked over to see that the casurements and clearances are col
rect, and that construction is in full accordance with the hop
drawings submitted the bridge company and approved by the
bridge «

I'he painting, whi F a very important part of the work, is
'tuﬁ‘ closely upervi that the temperature in which the
material is painted i uitable for such painting, also that the
material so painted is stored under cover until such paint ha
become thoroughly dry

After all these several stages of construction have been witnessed
and also the final checking up of material, full detail reports are
then made out showing what material has been constructed during
the week, also what other material is under course of construction,

and what material has been shipped, also commenting on any




errors that may have been discovered and how the same have beer

remedied, with a report in addition as to what future progress

vould be expected
Inasmuch as this material has been purchased on @ pound price
inspection company ha pecial representatives at each of the
bridge plants estimating the weights of all material entering into

the various bridge member 0 a check up against the actual

weights furnished | brid wtnal weights are
111 eXCes . s allowed Dominion Government peciti

ition I 1 It down to the ¢ Imated

inspection o« | ased on an allowance

Inspection of | ] oon as the bridge have

made hipment of their load nmate F rectior

bridge company hi ( i 1 bride: ite, on the

bridec enginee 1 1 ni tely despatehed

1 he ction compan) \ Upervise the erection

of the entire strue re from start to finish, seeing that the same i
carried out in ict accordance with the requirement f pecifi
cation As the work progresse inspector take t ast three
tl

vhotographs each ek howing the progre i been made

and also keeps an account of the labour expended connection

ection of the particular bridge on which he is engaged

with the e
'o show that the photographs are taken weekly, a special sign

I the name

furnished by the inspection company, on whi
tracture ppe together with the date or hich the ph
vas taken I'hi s canbodied in the photograph Weekly reports
ire furnishe ! e inspector, and the bridg gine is kept
advised a to all movement or delay that might occeur at the
crection sjte 1O ( itl ucl tructurt On completion of
the bridge, the | on company then ts th the work has
been carried on to the satisfaction of their inspector, and such
port is forwarded to the bridge engineer, who, himself, or his re
presentative, then makes final inspection of such bridge structure
ifren hich payment ) eocompleted v 1l I
trious department pection at the mill 1 bridge
and on ercction nly ¢ ho hawe had long eoand
ing in that particular ¢la of work are

Fhroughout all the various course construction a private

tamp is u e trade-mark of the inspection company
together with a number representing t pector wl | used this
particnlar stamp I'his serves as f identification o that
the inspector at the shop, and also at the field may see that the
material has been inspected and accepted By this means if any
faulty or defective workmanship should show itself. the inspector
who passed this particular piece of work can be easily located by the

number which he carried affixed to his stam,)
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Cost and FEstinates In the final estimates the actual amounts

and cost unde eral items are

hstruct

d $ (% e 0o
.04 ) i 11 00
i walti ! )
fene .l RS $ 6oL TYH
$HTIN.623.20
I’rogure ‘ (TH ' paid " " | perstiucture
| ordin 1 tl K ! hasl
[ 'nit Rate
Steel 1o b $ 1. 6N
Fimber in tloo \[LB.M 16 .00
Schedule for monthly estimate
Unit Rate
St I provided Ih 2 00)
inufact d 100
delivered at ite 10
a mbled 98
riveted 15
pall a inda fu nmip 1 )
$ 1.68
Fimber delivered 1.1\ $10.00
framed and placed 6.00
$46 .00
This basis of payvment was considered a fair and equitable distri
bution of cost throughout the different tages of manufacture It
is the result of experience on many bridges previously built by this

and other bridge companies on the described method of working

and specification and the writer believes may fairly be used in

other similar case as proportionate cost data
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ounts I'he work was carried out under the general direction of the
writer from the Bridge Engineer's Office in Ottawa, Mr. W. A
Duff Assistant Bridge Engineer, having charge of the general
design and detail I'he Dominion Bridge Co., Limited, Montreal

were the contractors for the steel, which was efficiently carried out

Mr. K Shearwood, C.E.. having charge of the design for the bridge

ampany
tion and the traveller were
tion of M es Finley uperintendent of
ponsible rot uccessful carrying out of the
W. Niche oreman on erection
1d erection insjg ion was satisfactorily carried
tion CCom v, Limited, Montreal

1 ompleted b S ¢ Powers &
Willard K | Fhe construction and
ned under the direction
Although the work wa

has been no accident on
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