Design Evolution:
Reconstructed Timber Swing Bridges
on the Rideau Canal

Robert W. Passfield

When Parks Canada acquired the Rideau Canal in 1972 under a mandate to
conserve its historic structures, there were five reconstructed timber swing
bridges extant on the canal that were considered to be replicas of an early
19th-century design prototype. Otherwise, little was known about them. Gener-
ally speaking, in researching historic timber bridges the available information
sources are not comprehensive and complete enough to date and document the
design and construction of a historic structure, as well as its subsequent modifi-
cations and upgrades. However, this was not the case for the historic Rideau
Canal swing bridges. When research commenced it was found that there was an
amazingly complete collection of federal government archival records—historic
drawings, contract specifications, maintenance records, and engineering corres-
pondence—that enabled a detailed history of the design evolution of these par-
ticular structures to be written. Thus, this article records and documents the
provenance, original design, and structural evolution of the reconstructed tim-
ber swing bridges on the Rideau Canal from the introduction of the centre-
bearing swing bridge design prototype in 1866 through to 1972 when Parks
Canada acquired the canal. It also identifies the information sources used to re-
cord and document the evolving form of the reconstructed timber swing
bridges, and provides insights into the art of empirical engineering as it was
practised in the 19th century.

Introduction

The Rideau Canal was built in 1826-1832 as a military canal by the British
Army Ordnance Department, employing Canadian contractors under the su-
pervision of officers of the Corps of Royal Engineers commanded by Lieuten-
ant-Colonel John By, the chief engineer on the canal construction project. To
construct the canal, two rivers were canalized—the Rideau River, a tributary of
the Ottawa River, and the Cataraqui River, which flowed into Lake Ontario at
Kingston. Joined at their Rideau Lake summit level, the canalized rivers formed
a 123-mile-long slackwater navigation with numerous stone masonry dams and
waste weirs, and 47 stone masonry locks. The canal was intended to form part
of a secure interior water communication by which troops, heavy guns, muni-
tions and supplies could be forwarded inland in wartime from the ocean port of
Montreal, via the Ottawa River and the Rideau Canal, to Kingston on Lake On-
tario for transshipment into lake steamboats, thereby avoiding the more ex-
posed St. Lawrence River route that ran along the American frontier.'

When the historic Rideau Canal was transferred in 1972 from the Depart-
ment of Transport to the Parks Canada program under a heritage conservation
and recreational development mandate, the stone masonry canal locks, dams,
and the cultural landscape of the Rideau Canal corridor were amazingly well pre-
served.” In addition, there were five reconstructed timber swing bridges extant of
the canal, which were purportedly replicas of an historic prototype. (Figure 1)
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Figure 1. Regional Map, Rideau Canal, showing the locations of the five reconstructed
timber swing bridges extant on the waterway in 1972. (Ken Watson, 2006)

Initially little was known about the reconstructed timber swing bridges ex-
tant at Jones’ Falls, Lower Brewer’s, Brass Point, Kilmarnock, and Upper
Nicholson’s on the Rideau Canal. A site study, undertaken by Parks Canada at
the Jones’ Falls lockstation in 1973, assessed these bridges as follows:

The historic interest of this structure is not that it is the original bridge on
the site, but that it is a replica in lineal descent from that original. ... the
Jones Falls bridge, and four others like it remaining at other stations, is of a
type contemporary with the construction of the canal itself, ca. 1830-1840,
and would appear to be unique to the Rideau waterway, so far as Canada is
concerned.’ (Figure 2)

Subsequently historical research was undertaken to identify and date the
various types of historic bridges along the Rideau waterway, and the existing
bridges were photo recorded. Government records and historic drawings on de-
posit at the Public Archives of Canada (now Library and Archives Canada) were
consulted, as well as published departmental annual reports pertaining to the
operation of the canal. At Parks Canada, the bridge maintenance files and engi-
neering drawings inherited from the Department of Transport were also exam-
ined and analysed.

Through historical research in government archival records, the design pro-
totype for the extant timber swing bridges was discovered, and its introduction
to the Rideau Canal dated. Two historic engineering drawings of the design
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Figure 2. Jones’ Falls Swing Bridge, a historic unequal arm, centre-bearing Rideau Ca-
nal type of timber swing bridge, reconstructed in 1960. (Photo by author, July 1974)

prototype were found, dating from June 1866 and August 1871, as well as a list
of materials for the swing bridge from 1866, and a complete set of specifica-
tions, dated September 1872. Moreover, historic engineering drawings were
found for two other types of swing bridges that were erected on the Rideau Ca-
nal in the decades prior to the introduction of the existing swing bridge design.
These documents enabled the extant timber swing bridges to be placed within
an historical and technological context.

Design Prototype, 1866

The timber swing bridges extant when Parks Canada acquired the Rideau Ca-
nal in 1972 were of an unequal-arm, centre-bearing pivot type that was intro-
duced on the canal during the summer of 1866 when the design prototype was
erected on a new crossing of the canal channel at Mutchmore’s Cut on an ex-
tension of Bank Street in Ottawa.’

The new swing bridge was developed to replace two earlier timber swing
bridge design prototypes on the Rideau Canal that were similar to the new
structure in appearance, in their unequal-arm configuration, and in some of
their structural components, but differed significantly from the new structure
in their basic design principle. The earlier swing bridges comprised a conven-
tional rim-bearing timber swing bridge, first constructed on the Rideau Canal
in 1843, and an off-set pivot swing bridge, of much heavier construction and
load carrying capacity, introduced in 1851. As of the early 1860s both types of
swing bridge were in service on the Rideau Canal, with the offset pivot struc-
ture being gradually introduced as the lighter rim-bearing swing bridges re-
quired renewal. It was recorded, however, that the existing swing bridges were
difficult to swing, requiring the exertions of two men and a crab (windlass) to
open and close the swing span.®
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The new type of swing bridge differed from the earlier swing bridges in
that it was balanced to rotate on a central pivot that bore the whole weight of
the bridge structure when swung. It had six truck wheels that ran on a circular
iron track, centred around the pivot assembly, but they were employed simply
to prevent the swing span from tipping when swung off the abutments. The
truck wheels did not carry any of the dead weight of the bridge structure when
closed on the abutments. The superstructure of the swing bridge was of an un-
equal arm, or bobtail configuration with a long arm, that swung out over the
canal channel, and a short heel span of heavier construction that counterbal-
anced the superstructure over the central pivot. The design intent was that the
swing span, in being finely balanced on a central pivot, could be readily swung
by one man.

In the terminology of the day, the superstructure of the new swing bridge
comprised a “mainframe” consisting of two heavy “main stringers” or girders,
framed together with transverse “beams” and a “heel beam” and “toe beam” at
either end, and a “corbel frame,” or underframe, that provide additional sup-
port for the mainframe for half its length. The weight of the superstructure was
transferred to the central pivot, on which it was balanced, by means of a “pivot

beam,” a transverse loading beam, 9" deep by 18" wide and 13'-6" long, that ran
over beneath the corbel frame of the superstructure over the central pivot. The
new centre-bearing swing bridge was approximately 69' long and 12' wide (cen-
tre to centre girders), and provided a 37' clear span between the pivot pier and
the abutment of the long arm—the span needed to cross the 33' width of a
Rideau Canal lock chamber.

The pivot consisted of a cast-iron cone, or pintle, of 7" in diameter, which
was fixed to the bottom of the pivot beam, and rotated in a cast-iron socket that
was anchored at the centre of the pivot pier turntable. The pintle surface was
faced with steel to make the span swing more easily, and to reduce wear. The six
cast-iron trucks, each with a 17" diameter spoked iron wheel, were bolted to the
underside of the corbel frame of the bridge superstructure in a concentric circle
about the pivot. These so-called “balance wheels” had a flat, 3%4"-wide running
face and ran on a circular track of 12' diameter that was centred on the pivot
and anchored to a timber framework on the pivot pier.

The turntable track was constructed of six cast-iron rail segments. For ease
of opening and closing, small cast-iron rollers were mounted at both ends of the
swing span, at the heel and toe beams under each corner of the structure. On
the swingspan closing, the end rollers ran onto a cast-iron stop, anchored on
the abutment, which raised the balance wheels 3/16" clear of the track. By sup-
porting the ends of the swing span in its closed position, the end stops served to
maintain the bridge deck level, longitudinally and transversely, and relieved the
balance wheels from having to support any of the dead load when closed, or the
live load during the passage of road traffic over the bridge.

In the centre-bearing swing-bridge design, the weight of the long arm of the
unequal arm structure was counterbalanced through increasing the weight of
the short arm, or heel section, in three different ways: by tapering one side and
the underside of the two 69-long girders from 18" x 12" (depth to width) at the
heel to 9" x 6" (depth to width) at the toe; by the weight of the corbel frame on
the heel section of the span; and by placing heavier floor beams in the heel sec-
tion of the swing span than on the long arm.
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The girders were to be constructed of a single stick of large-dimensioned
white oak, 69' long, hewn with squaring axe and adze to the required tapers. In
the mainframe over the pivot pier, there were three heavy, 12" x 12", transverse
floor beams—a centre beam positioned in line with the pivot beam below, and a
beam positioned 6' to either side of the centre beam over the arc of the turnta-
ble rail. In addition, there was a fourth lighter 12" x 6" (depth to width) trans-
verse floor beam in the outer heel section of the mainframe. The heel beam was
a massive timber, 18" x 20" (depth to width). In contrast, on the long arm of the
mainframe there were three lighter, 12" x 6" (depth to width) transverse floor
beams, and a 6" x 10" (depth to width) toe beam, and the joinery details dif-
fered. The floor beams in the heel section were framed inside the two girders
with mortise and tenon joints, and pinned with trenails (trunnels); whereas the
floor beams on the long arm were bolted up, with a slightly bevelled half-lap
joint, against the underside of the tapered girders. At the outer ends of the
mainframe, the ends of the girders were framed and pinned into the toe and
heel beams with mortise-and-tenon connections.

Over the pivot pier, the heavy transverse floor beams on either side of the
centre beam were reinforced with 12" x 12" diagonal corner braces, framed and
bolted into the corners of the mainframe directly over the radius arc of the turn-
table rail below. The mainframe was further strengthened by corner braces
bolted at the junction of the girders with the heel and toe beam—a large tama-
rack knee in the heel beam corners, and a lighter brace of wrought iron in the
toe beam corners. In addition, two transverse tie rods of wrought iron, 14" in
diameter and 13'-6" long, were carried through the two girders on the long arm
to tighten the framework laterally.

At Mutchmore’s Cut, where stone masonry abutments were to be con-
structed, the outer edge of the toe and heel beams of the mainframe were cut on
the turning radius of the long arm and heel section, respectively, to facilitate the
swinging of the bridge clear of the abutments. Likewise, the stone masonry
abutments were constructed with a concave face on slightly larger radii, to pro-
vide clearance while keeping the roadway gap to a minimum.

The corbel frame provided structural support for the mainframe, as well as
additional weight in the heel section of the superstructure. It was 36' long—just
over half the length of the swing span—and was composed entirely of 12" x 12"
oak beams and corner braces. They were positioned to match the layout and
spacing of the heavy transverse floor beams and the interior corner braces in
the mainframe, directly above. In addition, large tamarack knees were bolted
into the corners of the corbel frame at the heel beam, as in the mainframe
above. The corbel beams were bolted to the girders of the mainframe with 14"
diameter wrought-iron bolts, spaced five feet apart for their full length of con-
tact; and the trucks of the six balance wheels were lagged to the underside of the
corbel frame on the four diagonal braces and the two transverse beams posi-
tioned directly over the turntable track.® (Figure 3)

No specifications were provided for the framing of the connections of the
mainframe and corbel frame other than the stipulation, found in the extant
1872 specifications, that “all framing of the bridge to be housed in with double
tenon joints in the most careful manner.” This lack of detail in the specifica-
tions is not surprising as at that time, joinery details did not need to be speci-
fied. Carpentry trade practice governed the dimensions, layout, and type of
joinery to be used in framing heavy timbers, which was determined by the size
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Figure 3. Plan, Elevation & Cross-sections of the Rideau Canal centre-bearing timber
swing bridge design prototype of 1866. (Library & Archives Canada, detail of “Rideau
Canal, Design for Swing”, NMC # 43043, June 18, 1866)

of the timbers being framed, the particular type of member being framed, and
the location of the joint.'

In the mainframe, the “joisting,” or floor joists, were of white pine, and ran
in a longitudinal direction in three rows. On the long arm, each 4" x 9" joist was
asingle piece, 38’ long, and ran across the top of all the underslung floor beams
on the long arm, with the outer ends of the joists notched down into the toe
beam and centre beam of the mainframe. On the heel section, the joists were
heavier, 6" x 9" and of a much shorter length. They crossed only one floor panel
width, and were notched down into the heavy transverse floor beams to provide
a level surface for the deck planking. The swing span was floored with 3" x 12"
pine planks spiked to the two girders and the floor joists with 6" iron spikes.

The railings mounted on the girders were almost four feet high, and of a
heavy construction. They had 6" x 6" end posts and 4" x 4" intermediate posts,
supporting a 3" x 6" top rail, with a single 2" x 12" guard rail at mid-height. The
posts were framed into the top rail and the girder with a single-tenon mor-
tise-and-tenon connection, and were pinned with a trenail. To provide lateral
stability for the heavy railing, they were supported by a small tamarack knee—
24" vertical arm and 18" horizontal arm—bolted to the inside of each post and
lagged to the floor planking.

The new centre-bearing swing span incorporated a supporting truss system
that prevented the outer end of the long arm from sagging when the swing
span was swung off its abutments. The truss was mounted on each side of the
structure, directly in line with the centre line of the bridge girder. Each truss
comprised a “mainpost,” positioned on the girder directly over one end of the
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transverse pivot beam, and three stay rods that radiated downwards from a “cap
beam” on top of the mainpost, to the girder below. The cap beam strengthened
the mainposts laterally by joining them together in the form of a gallows frame.
The trusses rendered the beam structure more rigid when supported solely on
the pivot assembly on being swung off the abutments.

The gallows frame was built of oak timbers, 12" x 12", that were framed with
mortise-and-tenon joints. The transverse cap beam, 15' long, was mortised to
the top of the mainposts, which were 14' high. Each mainpost was mortised into
the girder beneath, and was supported at its base by a trussed side brace on each
side, and an interior tamarack knee. Each side brace consisted of a 10" x 6" an-
gle brace (depth to width), about 8'-6" long, framed into the mainpost and the
girder at a 45-degree angle, and strengthened with a 6" x 6" strut, framed be-
tween the mid-point of the inclined brace and the base of the mainpost. Trans-
versely, each mainpost was strengthened by a large tamarack knee—6" thick,
with a 6' vertical arm and 2' horizontal arm—bolted to the inside of the main-
post and the centre beam of the mainframe.

The wrought-iron stay rods were referred to as “suspension rods” or “adjust-
ing rods,” which indicated their intended function. Two of the rods were an-
chored to the long arm of the swing span, and the third rod to the short arm:
one near the toe of the long arm; one at mid-span on the long arm; and one
near the outer end of the short arm. The stay rod on the short arm was of 14"
diameter, and the two long arm rods were lighter, of 178" diameter. Each of the
rods was equipped with an “adjusting swivel” (turnbuckle) for tightening to
eliminate any sag at the outer end of the long arm of the swing span. This sup-
port was necessary to ensure that the rollers on the outer end of the long arm
would remain aligned horizontally with the elevation of the stops on the abut-
ment, to avoid difficulties in closing the swing span.

In the initial design of the truss system, the lower end of each stay rod was
bolted to the side of the bridge girder. On the long arm, each stay rod was an-
chored to the end of a transverse tie rod where it passed thorough the girder;
whereas on the heel section, the stay rod was anchored to a horizontal bolt pass-
ing through the side of the girder. Small flat iron reinforcing plates were coun-
tersunk and lagged to both sides of the girder, around the head of the tie rod or
bolt at each anchorage point to prevent the tensioned stay rod from crushing
the wood.

The upper ends of the stay rods were pinned to a cast iron saddle, called a
“regulator,” that was anchored to the top of the cap beam directly over each
mainpost. It housed an “adjusting crank,” which was free to rotate within the
saddle casting. The castiron crank was shaped like an inverted triangle with
rounded points. The lower point was bored and pin-connected to the saddle,
and both points of the upper arms of the inverted triangle were bored. One of
the upper crank arms was pin-connected to the stay rod radiating to the heel of
the span; the other upper crank arm was connected, with a single pin, to the
two stay rods radiating down to the long arm of the swing span. (Figure 4)

It would appear by its design features, and original name, that the regulator
was intended to serve as an indicator to enable the carpentry crew to maintain
an equilibrium of tension in the truss system. When tightening the suspension
rods on the long arm to eliminate any sagging in the outer end of the long arm
of the span when swung open, the position of the crank would indicate the ex-
tent to which the heel rod had to be tightened as well to maintain the truss system
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Figure 4. Ironwork and Machinery of the Rideau Canal centre-bearing tim-
ber swing bridge design prototype of 1866. (Library & Archives Canada, de-
tail of “Rideau Canal, Design for Swing,” NMC #43043, June 18, 1866)

in an equilibrium. In that manner the compression forces in the truss system
could be maintained directly over the saddle, thereby minimizing any bending
stresses acting on the mainpost. Moreover, if there was any deformation of a
girder on the long arm due to a heavily loaded wagon passing over the swing
span, the crank could rotate slightly in that direction to relieve the stress on
the loaded stay rods. This was possible because any downward deflection of a
girder on the long arm would tend to raise the heel of the span on the oppo-
site side of the pivot, thereby producing slack in the heel stay rod. Thus the
crank would rotate to relieve the stress on the loaded stay rods, and potentially
keep them from snapping. Such deformations of the girders under a moving
load would not have greatly stressed the pivot assembly as the rounded pintle
was free to lift and rotate away from the vertical, to some degree, in its cast-
iron socket seat.

The function of the regulator crank indicates clearly that the swing span was
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simply a beam bridge rather than a truss bridge when closed, and that the stay
rods system was not designed to carry any of the dead or live load. More precisely,
when closed the swing span was a continuous beam structure, supported on
two abutments and the central transverse pivot beam.

The new centre-bearing swing bridge was a strictly utilitarian structure, with
practically no architectural adornment, although attention was paid to appear-
ance and finish. The corbel beams were tapered beyond the pivot pier and
rounded up at their outer ends; the ends of the heel and toe beams were
rounded off; the ends of the cap beam and the pivot beam were rounded up;
and the top rail was rounded with a slight crown along the top of the railing. A
drawing detail from a swing bridge plan of June 1866 shows the mainposts were
to be finished with trim segments forming a capital at the top, and with the
mainpost immediately below rounded down to a 9%2" diameter column. Appar-
ently this was the architectural embellishment given the mainposts on the cen-
tre-bearing swing bridges on the St. Lawrence Canals, from which these drawing
details were taken by DPW. However, if the mainposts were finished in that
manner, it was but a temporary adornment.

The cross-section view of the gallows frame in the same June 1866 drawing
shows that the mainposts were only to be chamfered on the corners; and the
surviving specifications dating from September 1872, shortly after the introduc-
tion of the centre-bearing swing bridge to the Rideau Canal, calls only for the
timbers “to be dressed neatly and chamferred.”"" Moreover, architectural orna-
mentation was not as important on the Rideau Canal as on the St. Lawrence
Canals. On the Lachine Canal, for example, the earlier DPW centre-bearing
swing bridges were erected in populated areas, or on busy city street crossings of
the canal, in the City of Montréal—at that time Canada’s leading port and com-
mercial-industrial centre, as well as the hub of its canal and railway transporta-
tion systems. In contrast, most of the Rideau Canal swing bridges would be
erected over the canal at isolated lock sites, at small villages, or in sparsely popu-
lated rural areas along the waterway. Hence, the finishing of the new Rideau
Canal swing bridge was guided simply by the prevailing carpentry standards of
good workmanship in the framing of heavy timber structures, rather than by
any need for architectural ornamentation.

To conserve the swing span the cast-iron components were to be heated to a
blue heat, and immersed in a heated mixture of linseed oil and mineral tar, and
all of the ironwork and the timber joints were to be “bedded in a thick Coat of
White Lead and o0il.” Mineral tar—a ship carpenters’ varnish—was to be applied
to seal all wood joints, and two coats of mineral tar applied to the girders and
the transverse beams. All of the exterior woodwork was to be painted a white
color with three coats of a linseed oil-white lead paint, the last of a stone color,
and the ironwork painted black. In the 19th century, carpenters were acutely
aware of the need to use wellseasoned wood, and to ensure that all joints and
knots were well sealed against water penetration. Otherwise the painting of the
structure was counterproductive as the paint would merely seal in the moisture,
facilitating decay."

The composition of the white lead and oil sealant was not recorded. How-
ever, it was probably a commonly used sealant for bedding heavy framing tim-
bers as exactly the same specifications were in force for the timber lock gates on
the Rideau Canal. In the contemporary buildingtrades practice, a common
putty was made by beating “whiting” (powdered white lead) with linseed oil to
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form a thick, strong adhesive or cement. It was also widely used in shipbuilding
for bedding timbers, and as a facing on caulked planking joints. A mixture of
50% white lead and 50% linseed oil yielded a very plastic or pliable sealant that
would not crack with the expansion and contraction of a ship’s planking. For
thicker joints, powdered chalk was sometimes mixed with the linseed oil com-
ponent. Either mixture, with or without the chalk thickener, would have made
an excellent sealant for the timber joints of a swing bridge subject to changing
stresses under live loads and when swung off the abutments."

The fine balancing and leveling of the bridge was done just before the plank
decking was spiked on. It consisted of adding stone to a small ballast box in the
heel section to balance the unequal arm structure. Shims were placed under the
pivot assembly and/or the abutment stops to level the bridge, so that it would
seat properly on the abutments for ease of opening and closing. Then the deck
planking was placed on and the balance further fine-tuned, before the stay rods
were given a final tightening to equalize the tension in each truss system and
eliminate any slack in the rods. The deck planks were not painted, as traffic
would have worn off the upper surface paint. The swing spans were designed to
be swung open and closed manually by one man pushing and pulling, respec-
tively, on the heel of the swing span, although a simple push bar was added at
the heel of the swing span at an early date.

The turntable consisted of a timber framework anchored to either a ma-
sonry platform at the coping of a lock wall, or to the top of cutstone masonry
pivot pier constructed adjacent to a canal cut, as at Mutchmore’s Cut, or in wa-
ter adjacent to the navigation channel of a canalized river section of the Rideau
Canal. The turntable rail consisted of cast-iron rail segments—cast with a curva-
ture matching the radius arc of a 12’ diameter circle—that were anchored in turn
to the timber turntable.

One significant difference between the new centre-bearing swing bridge and
the earlier rim-bearing structure was in the materials of construction. For the
rim-bearing type of swing bridge introduced to the Rideau Canal in 1843 from
the Grenville Canal on the Ottawa River navigation, all of the heavy timbers
were of white oak, as well as the deck planks.™ Just over two decades later, the
Bill of Materials for the Mutchmore’s Cut Bridge, the first of the new cen-
tre-bearing type of swing bridge on the Rideau Canal, indicates that pine was to
be used for the lesser-stressed components. All of the heavy timbers of the main
frame and the corbel frame, with the exception of the tamarack knees, were still
to be constructed of white oak, but the three floor beams and the joists on the
long arm were to be of white pine, as well as the transverse cap beam, the cap
beam braces, the railings, and the deck planking."” These changes were driven
by major increases in the cost of oak timber, but soon other substitutions had to
be made because of the scarcity of a structural timbers of the required long
lengths and large dimensions. Although the specifications continued to call for

All the timber used to be of the best quality—straight grained and free from
defects or blemishes, and of the full size and dimensions given; ...

that was no longer always possible.'®

When the Mutchmore’s Cut swing bridge was let to contract in June 1866,
the contractor was unable to procure the large-dimensioned white oak timber
required for the two bridge girders. Hence, he was permitted to substitute white
pine, but with an added stipulation that each girder was to be hewn out of a sin-
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gle stick of pine, rather than two pieces spliced together."” By the mid-1860s
white oak was becoming difficult to obtain in the long lengths and large dimen-
sions required for the two girders. Apparently the contractor had already been
given the option of splicing two oak sticks together to form a single girder 69'
long — as indicated by a scarf joint splice shown on the heel section in the
Mutchmore’s Cut Swing Bridge contract plan. However, even the shorter
lengths of large-dimensioned structural timbers in white oak proved unobtain-
able.” On the other hand, white pine timber was still procurable in the large
dimensioned long lengths required for the two swing bridge girders. There was
no need to resort to splicing two sticks of pine to form a girder.

Origin of the Design Prototype

Although the centre-bearing type of swing bridge introduced on the Rideau Ca-
nal at Mutchmore’s Cut in 1866 was unique in some of its design features, it was
based on a well-known design principle. Moreover, it was a revised version of a
standard centre-bearing timber swing bridge design that the Department of Pub-
lic Works (DPW) had already introduced elsewhere on Canada’s canals system.

The evolution of the Rideau Canal swing bridge prototype began during the
winter of 1864-1865 when the superintending engineer on the Rideau Canal,
James D. Slater, decided to design a new type of swing bridge to replace the ex-
isting swing spans, which were difficult to operate. The new design would be
similar to what he had seen on another DPW canal—the Welland Canal, a
27-milelong canal that connected Lake Ontario and Lake Erie, and enabled
Great Lakes’ schooners to be towed over the Niagara Peninsula past Niagara
Falls. Slater explained to the Chief Engineer’s Office, DPW, that his new design
differed from the existing swing bridges on the Rideau Canal in that “it is pro-
posed to support the whole weight of the bridge (while being swung) on the cen-
ter pivot, which will be 7%" to 8" in diameter, the truck wheels are intended
only to keep the bridge from tipping.”" (Figure 5)

Subsequently, in February 1865, Slater had forwarded a plan and specifica-
tions for a centre-bearing swing bridge at a proposed new crossing of the Rideau
Canal at Manotick on Long Island.”® After comparing Slater’s plan to existing
departmental swing-bridge plans, the department sent

a plan and specifications for a centre-bearing swing
bridge of a somewhat different design that DPW had
introduced earlier on the St. Lawrence Canals—the
Lachine, Beauharnois, Cornwall, and Williamsburg
canals on the St. Lawrence River. The DPW centre-
bearing swing bridge was working well on the St. Law-
rence Canals, and Slater was instructed to adopt the
same bridge for the Rideau Canal.”!

Slater adopted the approved swing bridge design, as
instructed, but responded that he would “like the
bridge beams to be stronger” and would endeavour to
“make minor improvements” in the approved design.”

Figure 5. James Dyson Slater (1813-1876), the designer of
the Rideau Canal centre-bearing swing bridge introduced in
1866. (Association of the Land Surveyors of Ontario, An-
nual Report, 1921, p. 130)
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Initially, he had strengthened the castiron pivot of the DPW-approved centre-
bearing swing bridge plan by increasing the pintle from 4" to 7" in diameter, and
made the swing span easier to swing by specifying that the rounded end of the
pintle be faced with steel. Otherwise, the approved design was followed in pre-
paring a new plan and specifications for the proposed Manotick bridge.”> How-
ever, when a dispute arose between two adjacent counties over whether the
Long Island bridge should be located at the newly established mill village of
Manotick or two miles downstream at the Long Island lock station, the bridge
contract tendering was postponed. Slater took that opportunity to re-work the
approved swing bridge design.**

In the approved St. Lawrence Canals swing-bridge design forwarded to
James Slater, the swing span was an unequal arm, centre-bearing, Howe pony-
truss type, with light lower chords of 10" x 9", tapering to 9" x 9" at the toe of the
span, and the Howe pony truss was reinforced with a secondary truss that pro-
vided additional support to keep the long arm from sagging when swung off its
abutment. The secondary truss system consisted of a vertical mainpost, posi-
tioned in line with the pivot beam over the pivot pier, with wrought-iron stay-
rod arms that radiated down from the top of the mainpost to the lower chord of
the Howe truss—two rods to the long arm, and one rod to the short arm in each
truss. A cap beam joined the tops of the two mainposts, which were braced in
the manner of a gallows frame, to provide lateral stability for the two stay rod
trusses.”’ (Figure 6)
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Figure 6. Lachine Canal Timber Swing Bridge, showing the evolved form of the mid-19th
century Howe pony truss type of centre-bearing swing bridge designed by the Department of
Public Works. (Library & Archives Canada, “Bridge at Lachine above Lock No. 5,”
C081815, June 1903)

In preparing the Rideau Canal design prototype of 1866, Slater discarded
the Howe pony-truss design, and installed the much heavier 18" x 12" girders ta-
pering to 9" x 6" at the toe, with non-structural railings placed along each side of
the swing span. This modification changed more than just the appearance of
the swing bridge span, it was highly significant structurally. It converted the
DPW structure from a Howe pony-truss swing span to a simple beam swing
bridge structure similar to the rim-bearing and offset pivot swing spans erected
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on the Rideau Canal in previous decades. Some additional changes also were
made in the spacing of the floor beams in the interior of the mainframe.
Through introducing changes in the approved DPW plan, Slater developed
the design prototype erected at Mutchmore’s Cut in 1866—a centre-bearing type
of unequal arm swing bridge that was unique to the Rideau Canal—but that re-
tained the function, balance, and basic design principle of the St. Lawrence Ca-
nals Howe pony-truss centre-bearing type of swing bridge. Over the next few
years, James Slater continued to refine some of the features of the new Rideau
Canal design prototype. By the time of his retirement in October 1872, he had
produced the final refinement of his swing bridge design—the prototype would
be widely constructed on the Rideau Canal during the following decades.?® The
improvements made by Slater can be readily identified by comparing the June
1866 plan of the Mutchmore’s Cut swing bridge—the original design prototype
—with an August 1871 plan for a Rideau Canal swing bridge, and the specifica-
tions prepared for a swing bridge that was erected at Lower Brewer’s lock station

in the fall of 1872.
The Refined Design Prototype, 1872

As indicated in the plan and specification for the Lower Brewer’s swing bridge,
it is clear that Slater’s main concerns were to strengthen the long arm of the
swing bridge at the toe of the structure, to lighten the swing span, and to
strengthen and increase the weight of the corbel frame.

To strengthen the swing span, the taper on the two 18" x 12" girders was re-
duced to 9" x 9" at the outer end, rather than 9" x 6" (depth to width); the di-
mensions of the toe beam were increased from 9" x 9" to 9" x 12" (depth to
width); and the depth of the pivot beam, which supported the superstructure,
was increased with a 12" x 18" beam replacing the former 9" x 18" beam (depth
to width). The rigidity and strength of the mainframe was further strengthened
by framing the floor beams on the long arm up inside the girders, rather than
bolted beneath them as previously. The railings along the sides of the swing
span also were strengthened by replacing the light 3" x 6" top rail and the 4" x 4"
interior posts with heavier 5" x 6" pieces, and replacing the 6" x 6" endposts with
6" x 8" posts. Otherwise, the railings remained the same with the posts on the
same spacing, and a single 2" x 12" guard rail at the mid-height of the railing.

To lighten the structure, Slater introduced a number of design modifica-
tions. In the mainframe on the long arm, he eliminated one of the transverse
floor beams, decreasing their number from three to two, and reduced their size
from 12" x 6" to 9" x 6" (depth to width). On the heel section, he decreased the
dimensions of the heel beam from 18" x 20" to 18" x 12" (depth to width); re-
placed the tamarack knees reinforcing the heel beam corner joints with lighter
wrought-iron braces; and removed the single 6" x 12" floor beam in the outer
heel section. He also eliminated the heavy 12" x 12" diagonal timber corner
braces on the transverse floor beams of the mainframe over the pivot pier, and
replaced them with lighter Tamarack knee braces—6" thick, with arms 4' and 2'
in length—bolted on the opposite side of the transverse floor beams to further
strengthen the mainframe on both the heel section and the long arm.

On the long arm, the placing of the floor beams up between the bridge gird-
ers, rather than bolted beneath them, necessitated another change. The three
rows of 4" x 9" longitudinal floor joists were retained on the same spacing, but
single joists no longer ran along the tops of the floor beams for the full 38'
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length of the long arm. The joists now spanned only a single floor panel, and
their ends were notched down, presumably with halflap joints, into the trans-
verse floor beams and the toe beam. Likewise, on the heel section, the joists
were notched down into a transverse floor beam and the heel beam. The toe
and heel beams were also framed inside the girders, rather than being framed
across the ends of the girders; and the shape of the toe and heel beams was also
simplified. In keeping with a contemporary decision to save costs by erecting
timber crib abutments on new bridge crossings rather than stone masonry abut-
ments, the toe and heel beams were no longer cut on their respective turning ra-
dii at the ends of the swing span. They were simply cut on a bev