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test of malleable iron castings, but the conditions ob
taining are so entirely different from anything in serv
ice that in my personal opinion it is a test which should
not be made. Any manufacturer of draft rigging is
perfectly ready and willing and only too glad to manu
facture the strongest rigging that can be put on a car,
but there are very few railroad companies that are ready
to pay for it. The coupler situation, I think, illustrates
that pretty thoroughly.
Mr. J. F. Deems-It is interesting to know if the
lips turned on these straps in the tests were turned and
put on the drawbar in the same manner that they usual
ly are in the blacksmith shop, because I know from ex
perience that in a blacksmith shop the lips do not touch
the bar ; that is, they do not touch the shoulders on the
bar, and they cannot be of any great value in that
shape.
Mr. C. F. Street - These lips when they were first
brought up to the testing machine at Topeka stool
away from the shoulder, but were carefully wedged in
so that they had a solid bearing. Even after this was
done the yoke turned back, and the yoke bent to the
first rivet hole and turned up, the lip going away from
the coupler and the rivet.
Mr. J. F. Deems-- That is just the care they do
not get in the ordinary work ; they do not have wedges
driven in to make up this solid bearing.
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original viaduct, a complete account of which , with de
tails of construction was published in the Railroad Ga
zette on Dec. 15, 1882 .
The height of the base of the rail above the water level
of the stream in the bottom of the valley was and is 301
ft ., and the total length of the viaduct is 2,053 ft. 1 in.
The columns composing the towers of the original struc
ture were of the Phænix type and were built in sections
30 ft . long. When placed in position these sections were
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The increase in the weights of trains, as already inti
mated , has called for a stronger structure and about a year
and a half ago it was decided to replace the old one,
and the new viaduct was opened for traffic on Sept.
24, though there was still, at that time, some field rivet
ing to be done as well as the guard rails, hand rails and
sidewalks to be put in position.
The new structure was built under the regular Erie
Railroad bridge specifications of 1900. The unit stresses

The Kinzua Viaduct.
One of the most notable examples of the advancement
that has been made in the traffic requirements of the
American railroad during the past 20 years is shown in
the rebuilding of the Kinzua Viaduct on the Bradford
Division of the Erie Railroad. At the time of its con
struction in 1882 this viaduct was one of the notable
structures of the world, exceeding both in height and
length anything of its kind that had , up to that time, been
built. It was designed to carry the heaviest engines and
cars that were in use and was admirably adapted to the
purposes for which it was intended , this purpose being
carrying the soft coal traffic of a section of Northwestern
Pennsylvania to the connection of the Bradford Division
with the main line of the Erie at Carrolton . But the in
crease of car capacity brought about by the introduction
of the steel car coupled to the engines of enormous power
that are now used to haul them , has added stresses that
the structure was incapable of sustaining. The result
has been that the viaduct built 18 years ago, and which
had suffered no appreciable deterioration has been torn
down to its foundations and a new one, capable of carry
ing modern traffic has been built.

Rebuilding the Kinzua Viaduct-New Structure on the Right; oid Structure on the Left .
connected together by wrought iron sleeve joints placed
inside the columns and firmly bolted, thus dispensing
with the flanges generally used to fasten column sections
together, and giving to the column, when finished , the ap
pearance of a continuous post.
The whole structure was designed to withstand a max
imum tension at the base of the highest windward column

N

Rebuilding the Kinzua Viaduct — The Two Old Middle Towers Still in Place.
In 1882 the consolidation locomotives used in the coal
traffic weighed 103,400 lbs. , of which 88,700 lbs. were on
the driving wheels, 48 in . in diam ., having a rigid wheel
base of 14 ft. 9 in. and a total of 22 ft. 10 in. The boilers
carried a pressure of 125 lbs. per sq . in. and the cylinders
were 20 in . in diam. with a piston stroke of 24 in. The
cars that these engines were hauling averaged a capacity
of 40,000 lbs. with a leaven of a few of 50,000 lbs. ca
pacity and with those of 60,000 lbs. just common enough
not to excite undue attention. This traffic the viaduct has
carried for many years ; but the new conditions imposed
are that cars of 100,000 lbs. capacity shall be run in
trains hauled by engines of the consolidation type weigh
ing 190,000 lbs., of which 170,000 lbs. is on the driving
wheels of 57 and 64 in. in diam., with a rigid wheel base
of 15 ft. 9 in , and 17 ft., and a total wheel base of 24 ft.
and 25 ft. 3 in. The boilers carry a steam pressure of
200 lbs. per sq. in. and the cylinders are 21 in . in diam.,
with a piston stroke of 28 in .
Speaking roughly the car capacities have increased
from 100 to 150 per cent., engine weights have gone up
8334 per cent. and the cylinder capacity of the modern
engine is 18 per cent. greater than that of the heaviest
engines of two decades ago , so that in the combination
of steam pressure and cylinder capacity the motive power
has been increased between 75 and 80 per cent.
The importance of the structure as an example of en
gineering work will warrant a brief description of the

of 12,000 lbs. which was resisted by a pair of 114 in .
round anchor bolts built into the masonry having a
weight of 20 tons. This viaduct was capable of sustain
ing a moving load of consolidation engines, like those de
scribed above, covering it from end to end. It was
erected in 1882 between the dates of May 10 and Aug. 29.

were allowed to be increased 25 per cent, and the whole of
the angles of the girder spans were counted as flange sec
tion . The webs were spliced for flange stress, but were
not considered in the section . The wind load was taken
as 30 lbs. per sq . ft . on the plate girder spans and train,
and as 100 lbs. per vertical foot of bent. In addition to
this the stresses in the unloaded structures were investi
gated under a wind load of 50 lbs. per sq . ft. on the
girders and 160 lbs. per vertical ft. of bent.
Before entering upon the work of designing the new
viaduct a careful examination was made of the old founda
tions and they were found to be ample, both in size and
solidity, to carry the new viaduct. While the new columns
required a larger footing than the old Phoenix construc
tion the foundations had been made large enough to
meet the new demands.
It will be seen by a reference to the half-tone reproduc
tion of the photograph showing the viaduct in course of
reconstruction, that there were six foundation piers for
each tower. The four forming the outer corners of the
rectangle carried the main columns, while the two at the
center supported a vertical column used to carry the old
cross bracing. In resurveying the line these central piers
were used for the location of the center line. This center
line was offset 1 ft. from the true line so as to clear the
posts and give an unobstructed line of sight. At towers
6, 12 and 18 cross lines were marked at right angles to
the center lines with stations up and down the valley,
and these were used for the proper squaring of the towers
on their foundations.
As will be seen from Fig. 1, which as a side elevation
of the new viaduct in outline, the latter is formed of 20
towers, with intermediate spans of 61 ft., while the tower
spans themselves are 38 ft. 6 in. long. There are also
two end spans of 62 ft. 12 in. each.
In order to utilize the old foundations and at the same
time maintain a constant batter for all of the columns,
it was necessary to use the same watter that was ein
ployed on the original structure. Fig. 1 shows the sharp

Traveller - Kinzua Viaduct.
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Fig. 1. - General Elevation New Kinzua Viaduct.
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slope of the sides of the valley down to the creek, whence
it is evident that the location of the several foundations
must necessarily have fixed the batter to be used.
Fig. 2 illustrates in side and end elevation the four
bents forming the two highest towers at eitle : side of
the creek . The towers are given in somewhat greater
detail in Figs. 3 and 4.
Fig. 3 shows in detail the bottom section of the column
and clearly illustrates the type of construction used for
all. They are built up of two 12 in . cover plates 24 in .
wide to the edges of which there are riveted two 6-in. X
4-in, angles and held together by diagonal lattice bracing
formed of 5-in . x 3-in. angles.
Fig. 4 represents an end elevation of one of the bents on
an enlarged scale and with the details more fully shown .
At the foot the north leg is firmly bolted to the founda
tion by the two 144 - in . foundation bolts that were used

222220 19

in the original structure. The south leg rests upon a
nest of rollers whose arrangement will be referred to
later. The stiffness of the towers is insured by the depth
and strength of the sway braces that are spaced 62 ft.
1014 in . apart measured along the inclined leg of the
tower. There is one of these braces at the bottom and,
in the highest towers, four intermediates having a depth
of 8 ft. , 7 ft., 6 ft., and 4 ft. respectively . The bottom
brace seems exceedingly light in comparison as it has a
depth of but 3 ft. But it will be noticed that it is sup
ported at its center by the old central foundation that car
ried the vertical columns of the original structure. It was
decided to utilize these foundations to carry these foot
braces and thus save metal, although had the foundations
been built for the present viaduct they would not have
been put down .
The upper struts are formed of four 8-in . channels

weighing 1394 lbs. per foot set with their webs vertical.
The diagonal bracing in the vertical plane is formed of
3 in . x 212 in . angles and that in the horizontal plane by
4 in . x 38 bars, riveted to the webs and flanges of the
channels respectively.
It is difficult to realize the stiffness added to the towers
by these cross struts from any purely mathematical cal
culation. It is, however, very clearly demonstrated by a
model in which the cross struts are light and flexible
and which permit of excessive buckling of the columns
when a cross stress is applied at the top ; a buckling that
entirely disappears under the same stress as soon as a
stiffening action is applied to the struts. The brackets in
the corners between the columns and the cross struts are
built up of a web with connecting angles measuring 3 in.
x 3 in . and an arch of 5 in. x 3 in .
The form of rollers used for carrying the east legs of
-7'8 ".
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the towers is shown in Fig. 6. The next consists of four
rollers 3 ft. 54 in. long, 16, 1 ft. 394 in. long each, and four
having a length of 334 in., all of a diameter of 318 in.
They are arranged in nests held by side plates and guided
by a plate fastened to the bed plates that fit the grooves
turned in the rollers. They are placed so that there is a
free opening for the passage of the foundation bolts as
shown to allow for the free movement of the foot under
the influences of expansion and contraction .
The construction at the top of the towers is shown
by Figs. 4 and 7. The former showing the girders
in section and the latter in side elevation: The
girders are of such depth as to have but one cover
plate, thereby allowing the tie framing to be the same
throughout and are formed of a central web 3g in. thick
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traffic while the work was progressing. Accordingly
trains were sent around on a detour over the tracks of the
Buffalo , Rochester & Pittsburgh Railroad, and there was
nothing to impede the rapid and continuous execution
of the work.
The method employed was as simple as it was effective.
Two wooden travelers built with Howe trusses were used.
The general form of their construction may be clearly
seen in the half-tone engraving in which they are shown
in position and at work. The length of these travelers
was such that they could rest on two towers and spanning
the space between them be used for the demolition and
erection of an intermediate third . Each was supplied
with an efficient hoisting engine, and was fitted with an
overhead track upon which two lorries traveled, that were

3 in. x 38 in. angles and the horizontals of 342 in. 242
in . x 5 in. angles, of which there are two at the top
and bottom .
The tower girders are riveted at each end to the vertical
angles at the tops. The longitudinal expansion of the
main girders is provided for by the use of rollers held in
a bracket as shown in Fig. 7.
The diagonal longitudinal bracing of the towers is
clearly shown in Fig. 7 and is formed of 8 - in . channels
riveted together at the center by means of 3-in, tie
plates and held at the ends by 30- in . gussets that are
themselves riveted to the towers by means of two 5 -in .
x 3-in. x 38 -in . angles. At each such connection point
there are two stiffening angle diaphragms in the column.
The ties are laid directly upon the upper cover plates
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used for handling the material. At the ends there were
also jib cranes that were available for loading and un
loading materials from the cars.
The method of procedure was to work outward from
each end. The outer end of the traveler was run out
upon the second tower from the abutments and the girders
and first tower removed. The new tower was then put
into position and the girder running to the stone abut
ment placed. The traveler was then moved out, so that
its shore end rested upon the new tower while the outer
end was carried by the third tower from the end, when the
second tower and third girder were removed. When the

of the girders and the rails are spiked to them. Outside
the rails there is a footpath protected by a substantial
handrail .
In profile the surface of the bridge is level from the
east end out to bent No. 36, forming the west side of
tower No. 18, from which point there is a sharp rise to
the west abutment .
In the erection of the new viaduct the problem was a
comparatively simple one, though requiring the exercise
of great care from the start to finish . Owing to the height
at which a large portion of the work had to be done it
was decided to be quite out of the question to carry on

stiffened at both the top and bottom by two 6 in . x 6 in .
by 5/8 in. angles with cover plates 9-16 in. thick, the main
girders, while the tower girders have the same thickness
and size of angles except that the latter are 7-16 in . thick
and have cover plates 38 in. thick. Vertical angles meas
uring 4 in. x 3 in. x 38 in. are riveted outside the top
and bottom angles with fillers 5g in, thick between them
and the web to compensate for the thickness of the angles.
The diagonal bracing of the girders consists of 3 in . x
3 in, x 36 in. angles, for the tower girders, and 342 in . x
312 in. x 12 in. for the intermediate spans. The cross
frames are shown in Fig. 8. The diagonals are of 3 in . x

15 /
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Stress Sheet for a 285 - foot Tower - Kinzua Viaduct.
The computation of stresses from the braking of trains assumes the point of contraflexure at half the height of the towers.
The computation of wind stresses assumes the point of contraflexure at the middle of the column sections, portals and headers,
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second tower and the girder leading to it had been placed
the traveler was moved on to the next and so on. This
was continued until the two travelers met at the center .
When this had been accomplished there was a gap
between the central towers and the adjoining ones on

Smey BroceCann .
90
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thrown to the ground . They were not tipped bodily over,
but, owing to the peculiarity of the construction of the
columns, it was an easy matter to lift off section after
section and as soon as each was clear of its fellow below ,
to drop it to the ground. This method served to very
materially expedite the work, but strewed the ground be
neath with the debris of the old structure. After the
new work had been put into place a derrick car was run
out upon the tracks and the old material hoisted to the
top and loaded upon the cars for removal.
This method entirely avoided the use of falsework by
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Fig. 8. - A Cross Frame of Main Girder.

Fig. 6. - A Set of Rollers.

either side. The travelers were not, however, designed to
sustain their own weight under cantilever stresses while
being moved over one of these openings. In order to meet
this contingency two of the old girders were sent to the
shop and cut off so as to fit the space between the old
central tower and one of the new towers adjacent thereto.
When these were put in position one of the travelers
was backed off and removed from the structure, while the
other was run ahead and used for the demolition and re
erection of the last tower.
In the execution of this work the girders were lifted
out of their position and, on being run back were loaded
on flat cars and hauled away. The towers were merely

making the old structure serve that purpose. Scaffolding
was, of course, used for the riveters, but this was hung
from the new work as it progressed . Comparatively little
field riveting was done, and was limited to the placing
of the tie plates and the uniting of cross braces with the
columns, the fastening of girders and similar work that
could not possibly be done in the shop.
The erection of the towers was carefully watched and
their truly vertical alignment secured by observations
made at a distance up and down the valley from stations
at right angles to the center line of the viaduct. During
the whole of the work of erection there were no accidents
and so carefully and thoroughly had the surveys been
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made that no errors crept in and no changes were found
to be needed in any of the work as it came from the shop.
The reader will aiready have grasped the fact that
existing conditions controlled the design pretty closely
in some particulars, and we need not go farther into that
aspect of the work . The type of the new structure was
determined by and the work was executed under the direc
tion of Mr. C. W. Buchholz, Chief Engineer of the Erie
Railroad Co., whose assistant, Mr. M. R. Strong, Bridge
Engineer, was in immediate charge of the work . The resi
dent engineer representing the railroad, and by
whom the surveys were made was Mr. F. A. Howard . The
contractor for the metal work was the Elmira Bridge Co.,
by whom the detailed plans were made . These plans
were submitted for approval in pencil form in accordance
with the usual practice of Mr. Buchholz ' office .
The stresses are limited by the bridge specifications
already referred to as follows :
Shearing stress for rivets and bolts .
6,000
Bearing stress for rivets and bolts and members con
nected thereto
12,000
7,500
Shearing stress for pins
15,000
Bending stress for pins ..
Shearing stress for web plates .
4,000
Pressure on masonry .....
250
300 lbs. X diameter
Pressure per lineal inch on rollers .
For other members of the structure the permissible
working stress per square inch of section was determined
by the following formulæ :
For pieces subjected to one kind of stress only ( all
compression or all tension ) :
min . stress in member
8,000 lbs. ( 1+
max. stress in member:) .
For pieces subject to stresses in opposite directions :
max . stress of lesser kind
8,000 lbs. ( 1– 2. max. stressofgreater kind
a)
The new viaduct therefore, stands ready to carry the
modern train load with an ample factor of safety to allow
for such increase of weight of load as the future may
bring forth. It stands in sharp contrast , in the substan
tial character of its appearance, to the slight and slender
framework of its predecessor as prominently set forth by
the engravings showing it in course of erection, and it will
be a curious commentary upon modern foresight if this,
too, should become a thing of the past within a quarter
of a century, because the then traffic offered shall have
exceeded the limits of its strength just as the loads
which it is intended to carry would be too much for the
sustaining power of the original viaduct.

New 100,000 - lb . Hopper Bottom Coal Cars — Norfolk &
Western Railway.
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The Norfolk & Western will shortly build some new
hopper bottom coal cars of 100,000 lbs. capacity at the
Roanoke shops, which will differ somewhat from those
now in use and shown in our issue of July 28 , 1899. The
principal change is in substituting steel truss side fram
ing for wooden stakes and stake pockets, the frames
being similar to those used with the 80,000-1b. gondola
cars illustrated June 15 last. With some minor changes,
it is expected to make a hopper car weighing about 37,
500 lbs., or about 2,000 lbs, less than the weight of the
present hopper bottom coal cars of the Norfolk &
Western .
The length of the new cars over end sills is 33 ft. 42
in ., over buffer blocks 34 ft. 6 in ., and the length inside
is 30 ft. 9 in . The inside width is 8 ft. 942 in., and the
width over sides is 9 ft. 2 in. The distance from the
bottom of the hopper to the top of the sides is 7 ft. 11 in .
Referring to the engravings, it will be seen that this
car, in addition to the metal side frames, has a steel un
derframe consisting of two 15-in . 33-1b . channels for
center sills and side sills of 8 -in ., 1144 lb. channels. In
the former design, all the sills were 15 in. deep . The
longitudinal sills are joined to 5s -in . end plates by vertical
angles, and diagonal angle braces extend from the ends of
the center sills to the body bolsters. These bolsters con
sist of steel plates and malleable iron fillers riveted in
such a way as to secure the necessary rigidity with light
weight, being similar to the bolsters of the 80,000-1b.
cars. The center plates are cast steel. The side sills
are tied together by a rod back of each body bolster .
The side trusses are formed of 5 -in . channels with
riveted plate connections. There is a 2 x 242 x 38-in. cop
ing angle at the top, and at the bottom , the truss mem
bers are riveted directly to the webs of the side sills.
There are three 4 x 4 in. wooden posts at either end.
Three sets of hopper doors are used , giving a discharge
opening of 6 ft. 8 in. All chains for handling the doors
are on the outside and the doors can be operated from
either side of the car , the chain sheaves being mounted
on heavy shafts extending across the car. These shafts
are protected by 242 -in . pipes which also serve as cross
ties for the hopper. The cross pieces to which the doors
are attached also assist as bottom ties. The top ties are
1 - in . rods with wooden thrust timbers, all protected by
angle irons. The hopper side boards are 21/4 in ., the
end boards 134 in . and the hopper bottoms are 14 in.
thick. In the first hopper cars, heavier planks were
used for the sides and ends.
The draft gear acts directly on the center sills and
tandem springs are used, so arranged that both sets of
springs act together in pulling and butong. The stand
ard diamond frame truck of the road, having a steel
holster, will be used under these cars .
We are indebted to Mr. W. H. Lewis , Superintendent
of Motive Power for drawings and information .

