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SYNOPSIS

The peculiar construction of the Seciotoville Bridge has been the subject of
frequent inquiries, and the following detailed, although somewhat belated,
description will serve as a permanent record, useful for similar bridge con-
struction elsewhere.

The distinguishing features of the design are four: Continuous trusses
over two long spans; floor-beams, acting as inverted arches and braced against
tractive forces; erection with the minimum of falsework and without extra
material in the trusses; and riveted connections to the limit of the largest

rolling mill and shop facilities. The subject-matter is presented herewith under
the following heads:

1.—General Conditions and Selection of Design.

2.—History and Characteristies of Continuous Truss Bridges.
- 3.—Substructure.

4 —Steel Superstructure.
5—Fabrication and Erection of Steelwork.

1.—GENERAL CONDITIONS AND 'SELECTION OF DESIGN

Location and Grades—When it was decided by the Chesapeake and Ohio
Northern Railway Company to bridge the Ohio River and connect with the

* Presented at the meeting of April 5th, 1922.
T Cons. Engr., New York City.
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main line of the Chesapeake and Ohio Railway, on the Kentucky side (the
southern or left bank) of the Ohio River, the crossing was selected so as to
form a direct route from the junction to Columbus, Ohio, along the valleys of
the Little Scioto and the Scioto Rivers, with exceptionally favorable grades
for the heavy coal transportation to the Great Lakes wia the Hocking Valley
Railway. Going north, the grades are 0.29 and, going south, 0.3%, and are
compensated on curves. The line has a single track for the present, but the
Ohio River Bridge and the masonry piers of the approach viaducts are built for
two tracks. With the coal traffic steadily growing, two tracks for the entire
line will be necessary before long. The double-track bridge was built at a period
of low prices, thus enhancing its economic advantage in the development and
crowth of that important traffic. |

River Conditions.—At the site of the bridge, the Ohio River has a width
of about 1600 ft. between embankments and forms a sharp bend. The river
channel is near the inner or Kentucky shore, but at high-water stages, the
traffic shifts toward the Ohio shore, along which also, at times, considerable
ice and drift are carried.

The river channel is 5 ft. deep at low water and 72 ft. deep at high water.
The bottom which is practically bare rock, with 'a slight slope from the Ohio
toward the Kentucky shore, afforded a solid foundation for the piers. |

The requirements of the War Department called for a minimum -clear
height under the bridge of 90 ft. above low water and 40 ft. above high
water. The navigation interests demanded large openings, owing to the danger
by obstructing piers to the descending coal tows some of which are 150 ft.
wide and 700 ft. long and (at this sharp bend of the river, at the head of the
shoals of the Little Scioto River) are difficult to control, particularly on
account of the dense smoke and fog prevalent in this locality. On the
Kentucky side, it was also necessary to keep the river channel open for naviga-
tion during the erection of the bridge.

Selection of Design.—After several layouts with dlﬂ"erent span lengths, 1t
appeared that with two spans of 750 ft. each in the clear and a pier in the
middle of the river, the requirements of the navigation interests and of the
War Department would be satisfied. > This made possible a symmetrical and
sightly structure with two spans 775 ft., center to center, of bearings. (Fig. 1.)

The rock foundations were favorable to a continuous truss bridge, which
also offered the advantage of erection with a minimum of falsework. Two
simple truss spans of 775 ft. each, would have been from 15 to 209, more
expensive for metal and erection.

The span of 775 ft. exceeds in length the longest existing simple span
bridge, namely, the 720-ft. span of the Ohio River Bridge, at Metropolis, Ill.,
built in 1917.

It will thus be seen, that the selection of continuous trusses was primarily

indicated in this case by reasons of economy in metal and by facilities of
erection.

2.—Hi1sSTORY AND CHARACTERISTICS OF CoNTINUOUS TRUSS DBRIDGES

In view of the fact that this bridge has the longest spans of the eontinuous
truss type, and thus comes into competition, for long spans, particularly with
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the simple span and the cantilever type, it appears appropriate to review.
briefly its history and some of i1ts characteristics not generally appreciated by
American bridge engineers.

History.~—~The Britannia Bridge in England, built by Stephenson 1n 1848
marks a milestone in bridge construction, not only because it was the first
important iron bridge of the beam type, but also because it was the first repre-
sentative of the continuous girder type. It i1s a tubular plate girder bridge.
of four spans, two of which are 230 ft. and two of 460 ft. The girders were
proportioned as simple beams, but the designer, realizing that continuity
increased the carrying capacity, regarded this feature as an additional safety.
To gain more information, he made tests with a model, and thus found the
points of contraflexure of the elastic line, which he regarded as ‘fixed”
and as dividing the span into two “cantilevers” and a “central beam”. This
laid the foundation for the later development of the modern cantilever bridge
by the introduction of hinges at the points of contrafiexure.

Too much credit cannot be given to that galaxy of early English brldge-
engineers of nearly one hundred years ago—Stephenson, Fairbairn, Telford,
T1erney Clark—for the originality and daring of their plans and construc-
tions. They did their own thinking; they did not wait for precedents, but
created them. Theirs was the genius that originates as distinguished from
routine which merely imitates.

The Britannia Bridge was followed by several similar bridges, among
which may be mentioned the Torksey Bridge, built in 1849, over the Trent, with
two spans of 130 ft., and the Bryne Bridge, built in 1855, with a central span'

of 267 ft. and two side spans of 141 ft. each.

In the latter part of the Nineteenth Century, continuous truss bridges were
extensively built on the Continent, principally in France, and were usually
of the lattice truss type with parallel chords, with from three to five spans.
The Fades Viaduct over the Sioule River, in France, built from 1905 to 1908,
with a central span of 472 ft., was the longest continuous span prewous to the
building of the Sciotoville Brldge

The Lachine Bridge, built in 1888, by the late C. Shaler Smith, M. Am Soc.
C. E., over the St. Lawrence River, near Montreal, Que., Canada, with two
side spans of 269 ft., and two middle spans of 408 ft., was, for 29 years, the
only continuous bridge in America. It was built as a cantilever and then con-
verted into a continuous truss for the live load. It was replaced in 1910 by a
simple span bridge.

There has been always more or less prejudice against continuous trusses,
because cantilever trusses offer the allegzed more accurate computation of
stresses on purely statical principles. No continuous girder as far as known
has ever failed in the trusses, whereas the largest and most discreditable bridge
failure belongs to the supposedly accurate cantilever type.

- It appears now, however, as if the continuous truss would again come into
1ts own, for not only was it adopted for the Sciotoville Bridge, but also for the
bridge of the Bessemer and Lake Erie Railroad built in 1918 over the
Allegheny River near Pittsburgh, Pa., with spans of from 272 ft. to 520 ft., and
for the bridge of the Hudson Bay Railway, across the Nelson River, built in
1918, with spans of 300 ft. and 400 ft. | ok
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Characteristics of Continuwous Bridges—The continuous truss type has
nowhere met with more indiscriminate and unqualified condemnation than
by engineers in the United States, who have alleged three principal objections
against 1t, none of which 1s novel or decisive:

1st.—That 1t 1s statically indeterminate, that 1s, i1ts reactions and stresses
are dependent on the elasticity of 1ts members;

2d.—That it 1s subject to stresses from unequal settlements of its supports;
and,

3d.—That 1t 1s affected by temperature changes.

Although these characteristics may be objectionable in certain cases, 1t
can be readily shown that they are entirely unobjectionable in others, and they
will be briefly discussed.

Static Indeterminateness

The argument that the stress computations are complicated can be readily
dismissed. For preliminary and comparative designs, the simplifying assump-
tion of constant moment of 1nertia of the vertical section through the girder
or truss and the neglect of the elastic deformation of the web members, furnish
sufficiently accurate and quick results. IFor the final design, the shight addi-
tional time and labor involved in the accurate calculation 18 of no account
as continuous bridges will never be a common type.

The stress calculation, of course, 1s the more complicated the greater the
number of spans, but, for other reasons, it 1s not advisable to have more than
three or four spans in a continuous bridge. |
- The fact that the stresses are, to a certain extent, dependent on the elastic
deformation of the members, is characteristic of all statically indeterminate
structures, but 1n a properly designed continuous bridge the effect of even
large variations in the elastic behavior is insignificant when compared with
other uncertain stresses, such as secondary stresses, ete., which exist also 1n
statically determinate structures.

Variation between the actual and the calculated elastic deformation may be
due, first, to a difference between the assumed and the actual modulus of
elasticity ; and, second, to the influence of the details, such as gussets, splice
and tie-plates, rivets, ete., which can only be roughly estimated.

A proportional change in the modulus of elasticity or in the sectional area
of all members due to allowance for details has no influence on the reactions
and stresses, but only on the deflections which change in the same propor-
tion with the moduli.

The efftect of non-proportional changes 1s well illustrated by a comparison
of two sets of calculations made for the Sciotoville Bridge. It was planned
that, during the various stages of erection, the trusses would pass successively
through static conditions of a beam on two, three, four, and five supports (see
Plate X11). The calculation of the reactions, for the purpose of determining
the necessary jacking forces at the temporary supports, and of the deflections,
for determining the jacking heights, were made, first, on the basis of the gross
area of the main section of the members without allowance for details and,



916 SCIOTOVILLE BRIDGE OVER THE OHIO RIVER

second, on the basis of gross area of the main section plus the area of a section
equivalent to 759 of the weight of the details. This additional area, due ‘to
details, varies for different members from 5 to 259, and averages about 209, of
the gross area of the main section. For these two extreme assumptions, certain
deflections differ by 25 to 609, whereas the reactions differ by not more than
0.29, in the two-span condition, 465 ft.-775 ft., 109, 1n the three-span condition,
155 ft.-465 £t.-775 ft., 609, in the four-span condition, 155 ft.-155 ft.-465 £t.-775 ft.,
119, 1n the three-span condition, 310 ft.-465 ft -T75 ft., and 0.79, 1n the final
two-span condition, 775 1t.-775 ft. ' '

The large dlﬁ'erences in the reactions in the three and four-span condi-
tions are due principally to the great variation in the length of the spans and to
the comparatively great height of the short spans. Continuous trusses of great
~ height and greatly different span lengths are, therefore, rightly objectionable,
the more so, because they are also sensitive to settlements of the supports and
to temperature changes. During erection, such a condition 1s of no conse-
quence, because the reactions can be measured and the height of the bearings
promptly adjusted 1t necessary. Where the spans are more nearly equal,
and the trusses not unusually high in comparison with the span length, the
effect on the reactions and stresses from a variation in the elasticity of the
trusses 1s practically insignificant.

As a precaution, and to obviate any uncertainty of stress action, from dead
load at least, 1t i1s always possible and advisable, as was done in the case of
the Sciotoville Bridge, to measure certain reactions, and, if necessary, to adjust
the height of the bearings until the reactions are correect.

In no case should the variation in span length in a continuous truss be
so great that the live load on any span will cause a reversal of ‘the dead
load reactions of the adjoining span. For all these reasons, continuous trusses
over several spans and on metallic towers, or on steel arches, should preferably

be shallow 1n depth, a rule first practiced by French engineers.

It 1s 1interesting to note that the actual deflections of the Sciotoville trusses,
as observed in the field, were nearly midway between the values computed
under the two previously mentioned assumptions; in other words, an average
addition of about 109, to the gross areas of the sections, to allow for details,
should be made when calculating elastic deformations.

Effect of Settlements or Compressibility of Supports

Where considerable settlements of the foundations are to be anticipated,
or where the supports are high elastic towers, the continuous type of bridge
18 not advisable, unless care 1s taken to eliminate the effect of inconstant
levels by means of adjustable bearings.

The stresses caused by the ordinary compressibility of the supports can
be computed and, if they are not unduly large, can be neglected or provision
can be made in the sections.

Settlements of the foundations are less objectionable the longer the spans,
as already mentioned. For similar continuous trusses with equal pro-
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portion of height to span length, the same settlement of a support causes
stresses approximately in inverse proportion to the span length. As settle-
ments may be assumed as proportional to the foundation pressure and as
the latter i1s about the same for long and short spans, under the same soil
conditions, it follows that, in general, the danger of excessive stresses due to
settlements 1s less the greater the span lengths. In special cases, it may be
advisable to design the permanent details of the truss bearings on the piers
and abutments so that they may be raised or lowered by hydraulic jacks at
any time, as needed to maintain the original levels.

In the case of the Sciotoville Bridge, a settlement of 2 in. in one of the end
piers, 1f 1t was possible, or a settlement of 1 in. in the middle pier, the others
remaining undisturbed, would change the reactions by only 0.6 per cent. It is
evident that even a considerably greater settlement, which would seriously
disturb the vertical alignment of the track, would not objectionably affect the
stress condition in the trusses. When the Kentucky end of the bridge was
raised to 1ts final position, after erection had been completed, difference i1n the
jacking force for the last 3 1n. of jacking was noticeable. This shows that
for spans of this length continuous trusses are unobjectionable, even 1f the
foundations do not rest on solid rock.

As already mentioned, the first continuous trusses had solid webs (Britannia
Tunnel Bridge) and on the Continent small mesh lattice webs. The sec-
ondary stresses in the web are of no importance 1n the first type and, in the
latter type, they may be considered rather beneficial, since they contribute to
stiffness and absorb some of the bending stresses on the trusses, proven by the
fact that the lattice can bear some load when the chords are cut away, only
the chord sections over the bearings may need reinforcement against bending.
In some instances, the continuous small mesh web girders over several spans
were erected on falsework with a camber of .1, to 1, of the entire length
of ' bridge and then let down on the pier bearings, to produce 1n the
trusses i1nitial bending stresses opposite those from live load. Such was the
procedure of erection of the continuous truss viaduect of five spans on high
iron towers over the Thur at Ossingen, Switzerland, in 1873. The writer
was on the Engineering Staff for that structure, for which the statical com-
putations were considered quite a feat at that time.

Temperature Effects

Temperature stresses in continuous trusses may be caused, first, by the
expansion or contraction of intermediate supports, particularly high steel
towers, and, second, by unequal temperature changes in different parts of the
trusses -themselves (uniform temperature changes in all members cause no
stresses).

The first effect 1s similar to that of settlement of the piers and is greater,
the higher the intermediate supports and the shorter the spans. In some
existing bridges, it amounts to as much as 259 of the stresses from dead .
and live load. It is, however, insignificant and negligible in the case of long
spans resting on shallow piers. As the stresses can be calculated, 1t 1s easy
to make the necessary provision in the sections.
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The second effect 1s neglected, as a rule, although in a case where the
bottom chords are protected from the direct rays of the sun by a solid floor,
the temperatures in the top and bottom chords may differ considerably. The
effect of such a difference is similar to that of a variation in the elasticity
of the truss members and may be serious in a case where the lengths of
spans vary considerably. e

In the case of the Sciotoville Bridge an average difference in temperature
of 10° Fahr., between the top and bottom chord (the effect of the web mem-
bers 1s insignificant), would change the end reactions by only 1.59, which
1s negligible.

Summing up, one arrives at the well established conclusion that con-
tinuous trusses are generally unobjectionable under the following conditions:

1st—Where the lengths of the spans do not vary greatly, and the trusses
are not unusually high as compared with the span length.

9d.—Where the foundations rest on fairly solid ground, compressibility
of the soil being less objeetionable the longer the spans.

3d.—Where the intermediate supports are not excessively high in com-
parison with the span length.

In every continuous truss there are a few members, such as the chords
near the points of contraflexure, or web members near points of maximum
moment, which are most sensitive to the effects enumerated, because their
sections, as required by the dead and live load stresses, are comparatively small.
Such members, as a rule, will require for fabrication or erection purposes
a section somewhat in excess of that required by the stresses, to provide a
certain margin for possible variation. It is advisable always to investigate
such 'members and proportion them so that they are strong enough wunder
reasonably extreme assumptions. |

Advantages of Continuous Trusses.—Against the disadvantages mentioned,
as far as they can be classed as such in any given case, must be weighed the
advantages which the continuous type possesses over the simple span or the
cantilever.

As regards economy, it is not feasible to make a general comparison:
between the continuous bridee and the cantilever since that depends largely
on the arrangement of the spans, which is usually ooverned by local condi-
tions and of necessity must be different for the two types, owing to their
different character. In comparison with a series of simple spans of the same
length, however, the continuous truss shows a decided economy which is
oreater the longer the spans and, up to a certain limit, greater the number
of spans. For long spans, the saving in cost may be as much as 25 per cent.
For short spans, the economy over simple spans is not important, but greater
rigidity under passing loads 1s an advantage.

In point of rigidity, as measured by the deflections, the continuous truss
compares favorably with the simple span and shows a decided advantage over
the cantilever. TIts deflections and amplitude of vibrations are smaller, and
the elastic line smoother and devoid of local kinks such as occur at the
hinges of cantilevers. Both rigidity and economy gain from the fact that
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truss members subject to reversion of stress (tension and compression) can be

riveted members proportioned only for the larger stress.
As 1s characteristic of all statically indeterminate structures, the con-

tinuous truss has the advantage in that when a member is seriously weakened,
as may happen in the case of the derailment of a train and collision with the
trusses, the probability of failure of the whole bridge is less than in the
case of the statically determinate simple span or a cantilever. This greater
safety 1s still more pronounced when the truss webs consist of small mesh
lattice.

The continuous bridge presents no greater difficulties in erection than the
cantilever, but 1t offers the advantage over the simple span in that it can be
erected on the cantilever principle without, or with little, additional material.
This was one of the governing factors in the case of the Sciotoville Bridge.

From the esthetic point of view, the continuous bridge can well compete
with the simple span or cantilever, if properly designed, but not with the

more artistic arch or suspension bridge.

3.—SUBSTRUCTURE

Foundations.—All the piers rest on solid shale rock which has nearly
vertical stratification. The maximum foundation pressure is 9.5 tons per
sq. ft. from vertical loads only and 12.5 tons per sq. ft., with longitudinal
force acting.

The foundations presented no unusual problems, except that the center
pier required a very heavy coffer-dam to obviate the danger of the coffer-dam
being washed away by flood, as 1t had to rest on bare rock bottom.

Piers—The piers are of concrete, reinforced with steel rods to prevent
shrinkage and temperature cracks. Both the up and down-stream ends of
the piers are semi-circular. The tops are marked by octagonally shaped massive
copings which give a neat appearance at no additional expense.

The surfaces are plain, having been wetted and rubbed to a smooth finish
with concrete bricks immediately after the forms were removed. The top
surfaces were troweled to a smooth finish before the concrete had set and,
after hardening, received two coats of cement filler.

The center pier which resists the longitudinal force from the entire bridge
and carries a vertical load of 16 400 tons, is 18 by 63 ft. under the coping
and has a batter all around of 1:10. The shore piers which carry only vertical
loads of 5100 tons, are 12 by 57 ft. under the coping and are battered 1: 20.

The concrete 1s mixed in the proportion of 1 part Lehigh Portland cement,
2 parts sand, and 4 parts gravel. Sand and gravel of excellent quality were
obtained from a river bank a few miles below the bridge site. The rein-
forcement consists of 1-in. square steel rods, arranged as shown on Fig. 2. The
copings are reinforced longitudinally by 20-in. by 80-1b. beams, spaced 2 ft.
apart, and running the full length of the pier. They serve also to distribute
the load from the bearings.

The pier on the Ohio shore intersects the ground surface at mid-height of
the embankment, about 30 ft. above low-water level. The foundation was
placed during low water by dry, open excavation through about 10 ft. of clay
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and 8 ft. of loose disintegrated shale rock. This pier was started in Novem-
ber, 1914, and completed in March, 1915.

The pier on the Kentucky shore is near the bottom of the embankment,
where the ground surface is only about 15 ft. above low-water level and the
soil is mostly sand. These conditions made it desirable to sink the pier as
a concrete caisson with a steel cutting edge, a working chamber 6 ft. high,
and four shafts 7 ft. 3 in. in diameter. It was not necessary, however, to
resort to air pressure. All excavation down to the solid rock, about 15 ft.
below low water, was done by open dredging with orange-peel buckets while
the caisson was flooded. About 2 ft. of disintegrated rock was removed by
hand, for which purpose the caisson was kept dry by pumping, having been
carefully sealed with empty cement bags rolled up behind the cutting edge.
As there was considerable seepage through the rock bottom, drain sumps
were provided from which the water was pumped during the concreting of
the working chamber. These sumps were finally filled by forcing cement
orout down through pipes by compressed air. The cutting edge was set on
June 22d, and the pier completed on September 14th, 1915.

At the middle or river pier, the rock surface is practically level and barely
exposed at low water. The rock was excavated to a depth of 10 ft. to give
the pier a firm hold against dislocation under possible ice pressure. This
depth also proved necessary for the removal of all disintegrated and seamy
rock.

Excavation and concreting were carried on within a wooden coffer-dam
set on the rock bottom. This coffer-dam was 16 ft. high, 81 ft. wide, and 129
ft. long, and had double walls 10 ft. apart. The space between the walls was
filled with dirt dredged from the river channel. The top was capped with
2-in. planking to prevent the washing out of the fill. Beams 8 ft. high were
placed outside and inside, along the dam. Although submerged for four
months during the high-water season, the coffer-dam remained intact.

Construction of the coffer-dam was started in November, 1914, and the
pier was completed in May, 1915, after an interruption of four months in
the foundation work during high water.

The three piers contain approximately 15000 cu. yd. of concrete and 250
tons of steel reinforcement and cost $165 000, or $11 per cu. yd. They were
built on contract by the Dravo Contracting Company, of Pittsburgh, Pa.,
with an average daily force of 105 men.

4.—STEEL SUPERSTRUCTURE

Rigidity was one of the main considerations in working out the design of
the steel superstructure. With a few modifications, the rules of design were
the same as those for the Hell Gate Arch Bridge and Approaches, and are
contained in detail, with explanatory remarks, in the paper by O. H. Ammann,
M. Am. Soc. C. E., on that bridge.* They are, therefore, only briefly quoted
here insofar as they apply specifically to the Sciotoville Bridge.

* Transactions, Am. Soc. C. E., Vol. LXXXII (1918), p. 852.

|
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Loads and Stresses.—All stresses except those from wind and lateral forees
were computed by the accurate theory of elasticity, considering the elastie
deformation of all members after their section had been determined. The
stresses from the wind and lateral force were computed by assuming a constant
moment of inertia of the lateral truss. The assumed loads were as follows:

The dead load (D) was carefully calculated for each panel point after
the general details had been fully worked out. A re-calculation of the weight
from the shop drawings showed the assumed weight to be 8% 1n excess and,
therefore, no re-calculation was made. The average dead load 1s 18 200 lb.
per lin. ft. of bridge, which includes 1400 lb. per lin. ft. assumed for the
two tracks.

The live load (L) on each track was as shown on Fig. 3 (Cooper’s E-60
loading).
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DIAGRAM OF SPECIFIED LIVE LOAD
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In cases where the live load had to be separated, in order to produce
maximum stress, the engine load was placed on the stretch producing the

greater portion of the stress and a uniform load of 6 000 lb. per ft. of track
on the stretch contributing the smaller portion.

The impact (/) was calculated according to the writer’s formula, as follows:

1200 + —
T L it n
D 4 L 600 + 4 a
in which,
D — dead load stress, in pounds.
L, — live load stress, 1n pounds.
a = length of train behind locomotive tender for position of maximum
stress, 1n feet.
n — number of tracks loaded for maximum stress.

The lateral force (Lat.) from trains was 109, of the live load on one track,
or Cooper’s E-6 loading acting horizontally 5 ft. above the rail.

The wind pressure (W) was 800 lb. per lin. ft., stationary along the top
chord, 700 lb. per lin. ft., stationary along the bottom chord, and 500 lb. per
lin. ft., moving 7 ft. above the rail.

The longitudinal force (Br.) from braking or traction on one track only
was 60 000 1b. on a wheel-base of 15 ft. for each locomotive, or 1000 lb. per
lin. ft. of track for the whole train.

The total stress was as follows: Members with dead and live load stress
were proportioned for a total stress of D -+ L 4+ I 4+ Lat. + Excess, in which
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Excess = (W and Br.) — 209, (D + L + I + Lat.). Members free from
dead or live load stress were proportioned for a total stress of W -+ Br. + Lat.
The permissible unit stresses, in pounds per square inch, were as follows:

R Y T Ok A T CIT M b el s o by e s T ke B I e s o Lt s o g 20 000
R BTS2 U B0 LLOT SR POt /500 Wi T, e 8Tere a6 % 's -0 's x5 0. 8.6 o 68503 20 000

[
(Gross section, 20 000 — 100 \f?‘ — 20) rounded up to the nearest

500 1b., in which | = the length and r — the radius of gyration
of the Whole section.

[
For latticed members, a further deduction of 100 ( Tl - 20) was
1

made, in which [/, = the leno'th and r, = the radius of gyration

of the unsupported portion of the sectlon between lattice con-

nections.
Bending on rolled shapes, girders, and steel castings, net section. 20 000
BRI O PR o5 o e ol T s e Y s sl a Bt e GOR)
BheRnnE o owehs. Bhop-'TINets. and- DS il s o . b.6.0 s g b sbis daia 15 000
IEA LI QI BT TIVEGS AT DOIEBY . . i & aiteia'e s » o 5 p jola Sbnen » s am.n 12 000
Ry A 1 A I B TR R e e s o b s o a0s os 50 w'e Boe s olb 25 000
Bearing on field rivets, turning-bolts and pins................. 20 000
Lressiireconi econexete masemry oiil. . susizaly aliod ooy badae. 919¥. 600

The specification for proportioning compression members differs somewhat
from that used in the Hell Gate Bridge. The specified compression stress is
applied to the gross instead of the net area of the section with the provision,
however, that the stress applied to the net area shall not exceed 20 000 lb. per
sq. in. The net area usually governed for members with e less than 50.

Further, instead of different sets of unit stresses for different types of
sections (closed section and sections with one or two open sides), the same
basic stress. was used for all sections, subject, however, to the previously stated
deduction for latticed members.

General Proportions—The steel superstructure, as built, 1s a double-track,
two-span, continuous bridge, with a total length of 1550 ft. between centers
of end piers, or two equal spans of 775 ft. and two clear openings of 750 ft.

at low-water level.

To obtain ample lateral rigidity, the width between centers of trusses was
made 38 ft. 9 in., or one-twentieth of the span length, although at first a
somewhat smaller width was considered sufficient, in view of the continuity
of the lateral truss. The height at the middle of each span is 103 ft. 4 in.
between centers of chords. To fix this height, the portion of the span between
the end pier and the point of contraflexure was considered as a simple span.
This portion varies from three-fourths of the span length for uniform load on
both spans to seven-eighths of the span length for uniform load on one span
only and averages 630 ft. in length. The height of the truss was chosen
approximately one-sixth of this length. (13 | ABES

Fhe height over the center pier is 129 ft. 2 in., or one-sixth of the span
length; this is the proper height for a simple span of the same length, which
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has the same maximum moment at the center as the two-span continuous
bridge over the middle support. |

The height at the end was made 77 ft. 6 in., or equal to a double panel,
in order to give the end posts an inclination of not less than 45 degrees.
These heights also secured a pleasing outline for the top chord. The web
system is of the Warren type, with subdivided panels of a uniform length of
38 ft. 9 1n., which was found to be the most economical.

T'russ Members and Connections.—Two preliminary designs of the trusses
were made, one with tension members built up of pin-connected, 16-in. eye-
bars and one with riveted members and riveted connections throughout. In
the first design, all riveted members had riveted connections as most of them
had to be designed for reversal of stress and no pin connections were allowed
for such members. This design was unusual, in that the eye-bars in the
heavier tension members were arranged in two chains, one above the other,

each consisting of two sets of bars corresponding to the two webs or gussets
of the riveted members.

The principal panel points were carefully detailed for both designs, and
1t was found that they were feasible, although requiring unusual connections
and gussets of the largest practicable sizes.

Bids were asked on both designs. The eye-bar design, although about 200
tons lighter, proved to be only slightly cheaper, according to the lowest bid.
The riveted truss design was finally adopted, in view of its superior rigidity,
durability, and safety. The Sciotoville Bridge is, therefore, the largest truss
bridge with completely riveted connections.

The advantages of pin-connected bridges, namely, cheaper fabrication and
quicker erection, are not as important to-day as they were formerly. With
the present improved facilities for punching, drilling, riveting, ete., the cost
of manufacture and erection of riveted work has been greatly decreased, and
the time of erection 1s a less important factor than in the pioneer days of rapl‘d
railroad construction. "

Typical sections of the truss members are shown on the stress sheet (Plate
X1I). All members have double webs and all chords and main diagonals have
inside and outside flange angles. Both top and bottom chords and the
inclined end posts have one solid cover-plate on top. The bottom flange angles
of the same web are connected by a flange plate which distributes the stress
from the latticing to both angles. The inclined posts at the center pier have
a solid cover, top and bottom, and thus form completely closed boxes.

All the open sides of the members have exceptionally strong latticing, rang-
ing from 3 by 23-in. by 2-in. angles, with two rivets, to 12-in. by 30-lb. echannels
with six rivets. For compression members, the latticing has been proportioned
for a transverse shearing force, in pounds, equal to three hundred times the
oross area of the member, in square inches. The members are stiffened
against distortion by transverse diaphragms about 15 ft. apart. .

The gusset-plates are in the plane of the web-plates of the members, the
latter being cut at the edge of and spliced to the gussets in such a manner

that the rivets are in ‘double shear. The flange angles extend in all cases
over the gussets.
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SCIOTOVILLE BRIDGE OVER THE OHIO RIVER
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The gusset-plates at the main panel points are 1§ in. thick, except at
s and L,, where they have a maximum thickness of 31 in.
The gussets at the secondary panel points are & in. thick. Correspondingly,

panel points, U

| 243 .
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~p X o 2
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STE D,
i /4 Bottom Chord LoL4
// 1 Cover Pl.48"x %
| 4 Web Pls. 48°x 134,
D]iﬂpllra Zms Diaphragm 2 Flange Pls.14"x %"
4x4x % 0w 8Ls 8x 6'x 13"
X % Ls 4x 4x W'Ls x6.x A |,
Webs ¥ — Web Pls. " Lacing Channel 12-25 Ib,
R & il : L S | o ‘ r-—— s
=| . _1 L3 SOAHASM A SN [
< JOI 7 S TV
7 l - B R R BT R SN h{br - T
= ' —:.u_—"'- .___._____._LL[_ll e
4 L f ,* L : o
Bottom Chord L Lo Field Splice ‘l
1 Cover Pl1.43"x 34"

Splice l:"ls.48"x'?i/1;>i5’0" 7. DETAILS OF PANEL POINT

S 4

2 Flan"ge l’:ls. !4‘_x % 2 16 x 1-?:4; X 9'8%"
SLs8x an 1%5 2 ot 14'5{ %ux 5!0: L
4 Webs 48" 134" 1 ‘¢ 4 19%"x %"x 310 2
Lacing Channel 12-25 Ib, 1 14"x % "x 4'1084"
2 Side Pls 16'x 137 1 s ' 14'x %"x 10705¢" |

1 TiePl. 42x %"x9'71"

8 Splice Ls 7%¢x 53{zx 1"x 111"

2 Gusset Pls. 90'x 1%; X 9’7%"

2 Slice Pls.  32x 1345’ x 71"

2 o« 46x Vigx211%"

1 o, o 194 x'%'x 2’11}5"

2Ls 6 x 3% x 5% x13 9"

2LsTx34% x% x13 9

F1G. 5.

the webs of the main members are 1%, 1%, and 31 in. thick, all being made
up of individual plates, 1% in. thick. This uniformity greatly facilitated the
detailing of the econnections and the avoiding of fillers.
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As the full thickness of the gussets was not required for the full size, at
some of the largest connections the gussets were split into two to four plates,
18 in. thick, of variable size, in order to save weight. The largest gusset-plates
used are 135 in. by 1% in. by 14 ft. 9 in., and 140 in. by 1% in. by 18 ft. 2 in.

4Ls 6 x 3!*}"1 :"ﬁ"_

2 Web Pls. 27 x /4
Double Lacing Ls 3'x 2% x 3% Top & Bott.
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L e .
E < ol >
o 2 /\H‘%
| Q
e 0 A, 4 NN
I Q __IEF / o
| "'\E’ g = ' ? ~
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-
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2 Diaphragms
1 Web Pl 40x %"
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—
BOttOEﬂ Q_horq ng L20 \———_——I‘ =
6Ls S.X 6 x 116 4 Gusset Plates 129 x Vg x 11’65'
2Ls 8% 8x Vg g “ 129%x Wg » 16'3%"
4 Web Pls. 43:1 1_:‘}/]5 4 ¢* Ee 61‘%'}: WK x 25’9%-1
4 Side « 32x 1% 8 Splice  + 46X 4" x 80"
4 « “« 46x 'Ag 4Ls8x 6 x 3{" x 26 234" : > !
1 Cover P1.48 x %" 21Ls8x 8% ¥" x911" . 5&&{?&’?5'5 R
4 « Pls. 16 %" 2Ls 5% x 4'x % *x 11 6% 51 i 4%
1 L ?%'!x 5%"x % x 11 6% !‘< [\ L'j'f."_ ,-1 I
' _ A ‘\5_1 l\\ ;
DETAILS OF PANEL POINT SEsTa
L OO0
20 ! [ 3“‘* | ]
>\ <
1% Grout— e - : — —
Top of Masonwﬁ/jj/;z/’; I/, A ’:’TZ’;/”;;{%// 7/;/2
Masonry Pl. 84 x1 x 14 0
FiGg. 6.

All chords are fully spliced. In the Ohio span, which was erected on false-
work, the splices are arranged at every second panel point, and on the Ken-
tucky side at every panel point for convenience in the cantilever erection.
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All shop and field rivets of the main truss members are 1 in. in diameter,
except at panel point, U,, and L,,, where they are 11 in. in diameter and
up to 78 in. long between heads. The secondary members have %-in. shop

and 1-in. field rivets. Figs. 4, 5, 6, 7, and 8 show typical connections and
splices.

2 Web Pls. 24"x 33
4L86x3% x 3"

DETAILS OF PANEL POINT

St we sewie- = dealosiare e Uaralars kees o FT 1
. A
: = = — — o— —
= e s L _||

2 Pl.24 x 3
dLsdxdx3 |
Single Latt. L8 3'x 2% x 3%

~ N

tbﬁ

(N |

EE:*H

i 5

/// A ol

7/ L

i T et =
Q/,// = 422%
/// ] 258

&
-
P,
-]

Bracing.—There is a lateral system along the bottom chords forming with

the latter a two-span continuous truss. The laterals pass under and are con-
nected to the bottom flange of the stringers. |
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FiG. 11.—STEEL CASTING ON CENTER PIER, SCIOTOVILLE BRIDGE.
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There is also a lateral system between the top chords from end to end.
The portions between panel points, U, and U,, are assumed to act as simple
spans, transmitting the end shears at these points to the portals between the
inclined posts. The laterals and struts of this system are of the full depth of
the top chord (Fig. 9).

The portals between the end posts and between the inclined posts at the
center pier are very rigid. The upper part consists of rigid single inter-
section braces and the lower one of a solid plate-girder arch (Fig. 10).

Sway-frames between the other web members have been purposely omitted
as being unnecessary and as they would have had to be made very strong to
resist unequal deflections of the trusses. Instead, there is a lattice frame at
every panel point which acts as a lateral brace for the long web members and,
at the same time, as a strut between the upper ends of the U-shaped floor-
beam, the latter acting as an inverted arch, as deseribed later.

The longitudinal struts which brace the long verticals at mid-height,
extend over two panels for better appearance. They were also useful in the
cantilever erection of the Kentucky span. After erection, the connection at
one end was loosened so as to allow it to slide and thus prevent the introduec-
tion of indeterminate stresses.

Bearings.—All bearings are of cast steel. The bearings at the center pier
are fixed; those at the ends are movable. The longitudinal force from braking
and traction is thus transmitted to the center pier which carries about 609
of the vertical load of the entire bridge, the longitudinal expansion of the
bridge being divided between the two end bearings.

The center bearing of each truss carries a total vertical load of 16 406 000
Ib., inclusive of impact, and it transmits, further, a longitudinal force of
2 520 000 1b. It consists of the shoe-casting (Fig. 11), bolted to the truss, and a
pedestal made up of three individual castings arranged in two tiers. The
truss transmits its reactions to the shoe in direct bearing by the gussets which,
for this purpose, are extended somewhat below the bottom chord. The upper
surface of the shoe-casting is planed slightly convex parallel to the truss to
prevent dangerous edge pressure, although the casting has been proportioned
by assuming the load as distributed uniformly over its full length.

To concentrate the reactions and permit the truss to deflect freely, the

lower surface of the shoe-casting was planed to a cylindrical surface with
a radius of 1150 1n., whereas the top sui'face_ of the pedestal was finished to
a perfect plane. Under maximum load, the contact area is about 8% in.
wide, and the greatest pressure along the center line of this area is 29 900 lb.
per sq. in., the average being 23 300 1b.

The reactlons of the bottom lateral truss are transmitted from the lateral
cussets through diaphragms to a lateral extension of the shoe-casting in order
to relieve the gussets of the main trusses of transverse bending. The longi-
tudinal force is transmitted from the main gussets to vertical lugs of the
shoe-casting by means of turned bolts 23 in. in diameter. To prevent hori-
zontal motion, the shoe-casting is secured to the pedestal by four steel dowels

6 1n. 1n diameter.
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The complete bearing weighs 75 tons and the heaviest individual casting,
21 tons. The end bearings are much lighter and are of the ordinary type with
a pin, 6 in. In diameter, and a nest of rockers, 16 in. high. Each end bearing
welghs, complete, 20 tons.

Floor System.—The tracks are carried by four lines of stringers of the
usual plate-girder type, which are framed into the floor-beams.

The floor-beams, however, are of exceptional design. They form U-shaped
frames (I1g. 12), extending up to the bottom of the overhead struts. The
available height of the floor was too shallow for an economical and stiff floor-
beam of the ordinary type computed as a simple span between centers of
trusses. There was, however, sufficient room available outside the train-
clearance line for wide, deep brackets. By making the latter continuous with
the floor-beam proper, it became admissible to compute the stresses by assum-
ing the frame as an inverted two-hinged arch. This reduced the bending
moments in the horizontal portion considerably and effected a substantial
saving 1n weight. The overhead strut takes up the horizontal thrust of the
inverted arch. The whole arrangement 1s contributive to stiffness and re-
sistance to vibration, and the bridge behaves most satisfactorily in that
regard under heavy trains.

Y

1L 3% x 3% "x 3% each ~

BRAKING TRUSS

_ (one in _each Panel)
(in Plane of Bottom Flange of Stringers)

Fig. 13.

Braking Trusses—In large brideges, traction or braking trusses are neces-
sary to avoid excessive horizontal bending of the floor-beams by the longitudinal
forces. In the Sciotoville Bridge, this has been solved 1n a novel way by

providing such a truss in every panel in the plane of the bottom laterals
(Fig. 13). In this manner, the stresses in the stringers from the longitudinal
force are reduced to a negligible minimum and the horizontal bending of the
floor-beams from that force and from the deformation (changes in length from
tension and compression) of the bottom chords, 1s avoided.

- No expansion joints are provided in the floor. This feature introduces
high longitudinal stresses in the stringers from the deformation (extension
and compression) of the bottom chords. To reduce these stresses to the
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eftect of the live load, the length of the stringers was made to correspond with
the length of the bottom chords under full dead load. '

The stringer connections were not riveted until the spans had been
swung. KEven so, 1t was found necessary to increase the number of rivets in
the stringer connections above that required for the vertical shear, by about
209, or rather the diameter was increased from % in. to 1 in. To avoid
these high stresses 1n the stringer connections altogether, provision for an
expansion joint in each panel was considered, but it was found that the addi-
tional expense for the expansion seats for the stringers would have been con-
siderable and, moreover, the rigidity of the floor would have been greatly
impaired. '

An arrangement with only four expansion joints, eight panel lengths, or
310 ft., apart, with a braking truss in the middle between two joints, was
also considered. Its advantage was a slight saving in weight of braking
trusses and comparatively small stresses in the stringers and floor-beams, both
from the longitudinal forces and the deformation of the bottom chords. In
this case, however, it was not proper to connect the floor laterals rigidly to
the stringers, because the deformation of the chords would be transmitted
to the stringers through the laterals, and thus severely strain the latter and
their connections to the stringers. To omit these connections would increase
the weight and decrease the rigidity of the lateral system, which together
with the undesirability of expansion joints, finally decided in favor of the
adopted scheme.

Deflections, Camber, and Secondary Stresses—The greatest live load deflec-
tions of the trusses are 3 in. from full load covering both spans and 43 in., or
about 1 : 2 000 of the span length, from full load covering only one span (Iig.
14). This is about the same as the deflection of a corresponding simple span
having a height between one-sixth and one-seventh ot the span length.

As was expected, the deflection polygon showed a rather sharp upward
kink at the middle support and indicated high secondary stresses in the
vicinity of this support. This was corroborated by a calculation of these
stresses, which was made both for full load on one span only and for full load
on both spans.

Without provision for reducing them, the largest secondary stresses would
be 13 300 lb. per sq. in. from dead load, and 8 100 1b. per sq. in. from live
load, or a total of 21 400 lb. per sq. in. in the bottom chord next to the center
bearing, and 5 500 lb. per sq. in. from dead load, and 3 800 1lb. per sq. in. from
live load, or a total of 8 800 lb. per sq. in. in the inclined posts at the center
pier. In view of this, and on account of the rigid truss connections,
1t was considered advisable to reduce the secondary stresses as far as possible,
not only near the center support, but throughout the truss, in the chords as
well as in the web members. This was done by cambering the trusses for full

dead load plus one-half the live load, covering both spans, but assembling and
erecting them so that the angles between the members and the bevels of the

joints would correspond to the geometrie form of truss. In other words, under
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1
the load (d =+ g l) , the trusses are calculated to assume their true geometric

form and the members to become straight and free of secondary stresses.

The secondary stresses from dead load are thus eliminated and those from
live load are halved or, more properly expressed, the secondary stresses under
dead load only are equal, but of opposite sign, to those under full live load
covering both spans, and, in absolute value, equal to one-half of those which
would be produced by full live load if the angles between the members would
correspond to the cambered form of truss. The largest secondary stresses,
previously mentioned, are thus reduced to 4 000 lb. per sq. in. in the bottom
chord and to 1650 lb. per sq. in. in the inclined posts, which stresses are
fully covered by the margin of safety of the direct stresses.

In order to secure the greatest safety during erection, and because no
reliance was placed on the turning of the ends of the truss members as the
erection proceeded, it was decided to follow the erection of the members with
the riveting as soon as practicable and before the members would take any
appreciable stress. This meant initial bending of all truss members for making
their connections, which was accomplished partly by drifting and partly by
special jacking operations.

This is the first bridge, in which this method of reducing secondary stresses
in all members has been used. It is a great improvement on previous practice,
in which secondary stresses were assumed to take care of themselves, at the
risk of overstressing the metal at the connections.

Steel Weights—The entire bridge of two continuous spans, each 775 ft.
long, contains 13 240 tons of steelwork, as follows:

Total weight, We