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The New Bridge Crossing the Mmusnppl
River at Clinton, la.; Chicago & North-
western Ry.

By F. H. BAINBRIDGE.*

One of the important rallway bridges crossing
the Mississippi River is that of the Chicago &
Northwestern Ry. between Fulton, Ill., and Clin-
ton, Ia. The first bridge at this point was com-
pleted in 1864, and after having its spans
strengthened and renewed at different times it
has been superseded by an entirely new struc-
ture parallel with it. This bridge is now com-
pleted, with the exception of the draw span. The
bridge is on the main line of the Chicago &
Northwestern Ry. between Chicago and Omaha.
It is used also by the Chicago, Rock Island &
Pacific Ry. for freight transfer, and by the
Chicago, Burlington & Quincy Ry. for its lines
from Clinton, Ia., to Mendota, Ill, and to
Savanna, Ill.

The design and construction of the new bridge
have been under the direction of Mr. E. C. Carter,

M. Am. Soc. C. E., Chief Engineer of the
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Chicago & Northwestern Ry.; Mr. W. H. Finley,
M. Am Soc C. E., Assistant Chief Engineer, and
Mr. I. F. Stern, Engineer of Bridges. Mr. H. M.
Spahr is assistant engineer on the work. The
writer is Resident Engineer in charge of the con-
struction of the bridge.

HISTORICAL REVIEW.—The Chicago &
Galena Union Ry., the nucleus about which the
present great Chicago & Northwestern Ry. sys-
tem has been built, was finished as far as Fulton,
I1l. (opposite Lyons, Ia.), on the Mississippi
River, in 1855. In 1858, the Chicago. Iowa &
Nebraska Ry. was laid from Clinton, Ia. (about
21, miles downstream from Lyons) westward
to Lisbon, Ia., a distance of 66 miles. It was the
intention of the management of the Chicago &
Galena Union Ry. at that time to build a high-
level bridge across the Mississippi River between
Lyons, Ia., and Fulton, Ill, or about 2%‘ miles
up-stream from the site of the present structure.
Difficulties in securing right of way in the town
of Lyons delayed the matter, and finally (with
other causes mentioned below) caused the aban-
donment of this project. This was unfortunate,
as the Lyons site is far better than the one
chosen.

*Resident Englneer, Chicago & Northwestern Ry., Clin-
ton, Iowa.
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In 1858 the management of the Chicago, Iowa
& Nebraska Ry., being interested In the develop-
ment of the present town of Clinton, Ia., started
the construction of a bridge at Clinton from the
left or east bank of the river. This was finished
in 1859, as far as Little Rock island (an outcrop
of rock well above high water in the river and
forming the eastern boundary of the west chan-
nel at the crossing). It connected with the Chi-
cago & Galena Union Ry. by a line along the east
bank of the river to Fulton, Ill. Between Little
Rock island and the Iowa shore a car-ferry was
operated by the Chicago, Iowa & Nebraska Ry.
This railway was leased to the Chicago & Galena
Union Ry. in 1862. In 1864 the west channel was
bridged, completing not only the second bridge
across the Mississippi River, but also one of the
most important bridges of its day.

It is of interest to note that Mr. W. D. Walden.
Foreman of Carpenter Work on the first con-
struction in the east channel in 1858-59, and on
the west channel in 1864, is still in active work
for the Chicago & Northwestern Ry., as super-
Intendent having in charge the maintenance of
the Clinton Bridge.
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The crossing at Lyons, at first contemplated
(as noted above), was over a single channel 1,450
ft. iIn width. This had high bluffs on each side,
and a rock foundation not far below low water,
and was an {deal location for a high level bridge.
This site is now occupied by a highway bridge
between Fulton and Lyons, built in 1891.

The Clinton crossing has a total length of
4,200 ft., and i{s broken by two islands; Little
Rock island (above high water), over which the
track is carried on an earth embankment; and
Willow island (below high water), which is
spanned with trusses.

The profile and elevation (A) in Fig. 1 repre-
sents the first bridge, as built from 1858 to 1864.
The east channel spans were McCallum trusses
built entirely of wood, except for bolts and for
diagonal rods in the third and fourth panels at
each end of each truss. The fixed spans in the
west channel were Howe truss spans. The draw
span was of the Bollman pattern. The top
chords were composed of two 12-in. channels
with 12%-in. cover plates top and bottom. The
bottom chords had two 6-in. channels with 12-in.
cover plates top and bottom. The center posts,
turntable and end posts were of cast iron.

- This bridge was designed for a moving load of
2,500 1bs. per lin. ft. At the time of the building
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of the east channel spans, the heaviest engine in
service on the Chicago & Galena Union Ry.
welghed (with tender) 28 tons. The heaviest en-
gines operated over the present bridge weigh
(with tender) 140 tons. The new bridge is
designed for Cooper’s E-50 loading, the engines
for which weigh (with tender) 177.5 tons.

All the east channel piers were of cut stone
masonry on a foundation of piling capped with
9 wooden grillage. The west channel abutments
and piers were all of cut stone masonry, and
are still standing in good condition. The abut-
ments were founded on rock. The center pier and
the two rest plers of the draw were founded on
wooden cribs loaded with stone and sunk to the
river bed.* The remaining west channel pler was
on piling capped with a wooden grillage.

The McCallum trusses were the first to require
renewal. The easterly McCallum truss span
wags rebuilt as a 200-ft. pin-connected Pratt truss
in 1869, and this in turn was replaced by heavier
Pratt pin-connected spans in 1881 and 1898.
The remaining McCallum spans were renewed
with pin-connected Pratt spans 150 ft. in length
in 1870. These latter were replaced with heavier
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spans of the same type from 1882 to 1886. The
Pratt truss spans were in service until the open-
ing of the new east channel spans in August
1908.

The draw span was renewed in 1887. The
Howe trusses of the west channel were replaced
first with pin-connected Pratt trusses in 1875,
and again with heavier spans of the same type
in 1898. The upper and lower treads of the turn- .
table of the draw span, and also the end lift
mechanism, were replaced in 1901. Many minor
repairs for strengthening the floor system and
connections became necessary, both in the east
and west channel spans built prior to 1898, ow-
ing to a traffic constantly increasing in fre-
quency and in concentration of weight.

The draw span was replaced in a novel man-
ner. The new span was erected (In the up and
downstream position) on the protection pier, the
new turntable being put in and connected to the
old span. The new span was coupled up to the
center tower of the old span and when every-
thing was in readiness to transfer traffic, the
star-shaped combination of the new and old spans

*Pieces of old iron strap rails were used for the iron-
work required in the construction of this cribbing, In
1863. Some of these pleces were recovered in 1908 and
showed no signs of deterioration. This was noted in our
issue of Aug. 6, 1908.—Ed. Bng. News.
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was turned through one-fourth of a revolution.
This brought the old span into the open position,
and the old span was then taken down while sup-
ported by the protection pier. This work was
done by Mr. E. C. Carter (now Chief Engineer of
the Chicago & Northwestern Ry.), representing
the Detroit Bridge & Iron Works.

At (B) in Fig. 1 is shown the old bridge as it
exists at the present time. The intention is to
remove both spans and plers in the west chan-
nel and to retain the east channel spans in
service as a third track, the center line of the
new bridge being parallel to and 40 ft. down-
stream from that of the old structure. (See
Fig. 8.

The New Bridge.

A constantly increasing traffic amounting at
times to 150 or more train movements per 24
hours, as well as the condition of the old struc-
ture requiring a reduction in train speed, brought
about the consideration of a rebullding of the
bridge as early as the year 1900. Surveys and
borings for a new double-track structure were
made in 1901. An act of Congress approved
Feb. 6, 1907, authorized the reconstruction of
the bridge, and plans were approved by the
Secretary of War on May 4, 1907. A formal
order authorizing the necessary expenditures
was issued by the Vice-President in charge of
Construction, Chicago & Northwestern Ry,
March 21, 1907.

The contract for the construction of the en-
tire substructure was entered into with the
Foundation Co., of New York, on May 18, 1907.
The contract for furnishing and erecting the
east channel and slough spans was entered into
with the Wisconsin Bridge & Iron Co., of Mil-
waukee, Wis.,, May 21, 1907. The contract for
furnishing and erecting the west channel spans
was made with the Pennsylvania Steel Co., of
Steelton, Pa., on Feb. 3, 1908. This company
sub-let the work of erection to the Missouri Val-
ley Bridge & Iron Co., of Leavenworth, Kan.

The map, Fig. 3, shows the relative positions
of the old and new structures and the adjoining
highway bridge. The profile and elevation
(C) in Fig. 1 show the outline of this bridge. In
the following description the piers and spans
will be designated by the numbers shown on the
cut. The elevations shown on the plans are re-
ferred to the U. S. Engineers’ datum plane; the
extreme observed low water elevation is 0.7 ft.
above this plane, and extreme high water eleva-
tion 21 ft. above this plane. For the purposes
of description the crossing naturally divides it-
self into filve parts from east to west, as fol-

piles averaged about 28 ft. long and were driven
to an average elevation of —1.3. The average
elevation of the bottom of the cylinders is about
—10.67, and that of the concrete in the cylinders
—3.67. The cylinders are 8 ft. in diameter and
are constructed of %-in. plates. Each is capped
with an 18-in. coping of Ablemans (Wis.) white
sandstone. (See Fig. 9.)

The bed of the slough at the surface {s muck
a few feet In depth, below which is sand of un-
known depth. There is little or no flow in the
slough below a water stage of —10, and the sit-

the embankment was 18 ft. and the total amount
of fill 40,700 cu. yds.

The embankment across Little Rock
was made in a similar manner,
about 10,100 cu. yds.

The East Channel Spans.

SUBSTRUCTURE.—AIll the plers and abut-
ments are built of dimension stone masonry.
The abutments (Nos. 13 and 23) are of red-rock
sandstone from Ablemans, Wis. Piers Nos. 20,
21 and 22 are of Kettle River sandstone, and

island
and contains

FIG. 2.
THE MISSISSIPPI

uation is such that neither ice nor drift can be
carried through it, owing to the protection of
standing timber at the head of slough. On the
old bridge, a pile trestle has been maintalned
here for 50 years.

To facilitate construction, a temporary pile
trestle of 16-ft. spans, four piles to a bent, was
built on the center line of the bridge. The piles
in the cylinder piers were driven from leads sus-
pended from a derrick car. The cylinders were
forced down by loading them and by jetting with
water around the edges.

Work on the temporary trestle was started
July 10, 1907, and the cylinder piers were fin-
ithed complete by Jan. 28, 1908. The super-
structure of plate girders and cross girders was
erected with a derrick car. This latter work
started June 5, 1908, and riveting was finished
July 20, 1908. The quantities in this section of
the work are as follows: Piles, 633; cut stone,
1,109 cu. yds.; concrete, 1,335 cu. yds.; steel in

Coming Ed £1:37307, ™
Bothom of Concrete £1-3805 T

] fouting Eapu E1-5676 =
-60
Ene. -0
NEwe
-m'

0 ' 00’ 50’
FIG. 3. PROFILE AND ELEVATION OF THE

W WO N0 30T A0 450

T 800" 8%0°  900° 950
WEST CHANNEL PORTION OF THE NEW CLIN-

TON BRIDGE; CHICAGO & NORTHWESTERN RY.

lows: (1) the slough spans; (2) the easterly em-
bankment; (3) the east channel spans; (4) the
Little Rock island embankment; (3) the west
channel spans.

THE SLOUGH SPANS.—The total 1length be-
tween the backwalls of the abutments is 550 ft.,
divided into 11 double-track plate-girder deck
spans of about 30 ft. each. The abutments, Nos.
1 and 12, are of dimension stone (red rock sand
stone from Ablemans, Wis.) laid on concrete
footings supported directly by piles. Piers Nos.
2 to 11, inclusive, are pairs of Cushing cylinder
piers with 15 to 18 piles to each cylinder. The

cylinder pilers, 162.35 tons;
" structure, 569.4 tons.

THE RIVER EMBANKMENTS.—Between the
east channel and the slough is alluvial ground
averaging about 10 ft. above low water, and
well covered with brush and full grown timber.
The old bridge crossed this by a pile trestle. For
the new bridge, abutments were built at the
west end of the slough span (No. 12), and the
east end of the east channel span (No. 13), and
the intervening space was covered with a sand
embankment made by a hydraulic dredge work-
ing in the east channel. The average height of

weight of super-

MAP SHOWING THE POSITION AND CONNECTIONS OF THE CLINTON BRIDGE OVER

RIVER; CHICAGO & NORTHWESTERN RY.

the balance of the piers are of Ablemans white
rock sandstone. The last is an extremely hard
siliceous sandstone, nearly pure white in color,
and is probably as tough and durable a stone as
can be found anywhere.

All these piers and abutments are on piling,
except No. 23, which was carried to rock. The

profile, Fig. 3, is somewhat misleading as to
ground line, that shown being the center line
profile. The new piers were in all cases bulilt

opposite, or nearly opposite the old piers. As a
consequence the ground level due to the rip-rap
piled about the old piers, was above low water at
the upstream end of the new piers, while at the
downstream end the depth of water was in many
cases 20 ft. or more. Where the ground surface
over the area of the footing was within a reason-
able distance the concrete footing was laid di-
rectly on the piling. Where the water was deep on
the downstream side, the piers were rip-rapped in-
side and outside the piling and the masonry
was laid on a wooden grillage. Plers Nos. 13,
14, 16, 18 and 19 were built with a concrete foot-
ing, laid directly upon the piles. The other
piers in this section have the concrete footing
laid upon a wooden grillage.

Considerable difficulty was experienced during
the building of the new piers by the settlement
of the adjoining piers of the old bridge. As f{t
was absolutely essential that traflc should be
uninterrupted, the methods followed in rebuild-
ing the new plers were such as it was believed
would disturb the old piers as little as possible.
All these piers except No. 17 were bullt in open
cofferdams. Some years ago, an iron span from
the adjoining highway bridge was blown over in
a heavy wind storm, falling on the site upon
which this pier was built. As it was impossible
to drive steel sheet piling without removing the
old highway span, timber piles were cut off un-
der water with a rotary saw, and an open calis-
son was landed on them.

Single lines of Wakefield sheet piling were
used in the cofferdams of Nos. 13 and 18; single
rows of steel sheet piling (United States pat-
tern) in Nos. 19 and 23, and double rows of the
same steel sheet piling in the balance of the
plers. ,Where the ground level was above the
water line, or where it could be brought above
with filling, single rows of sheeting were used.
Where the water was deep, double rows were
put in, with a puddled filling between them.

In constructing Pier No. 16. the adjoining
pier of the old bridge settled to such an extent
that extreme precautions were necessary. In
consequence, piles were cut off with the rotary
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saw at 11 ft. below low water and part of the
concrete footing was deposited through the wa-
ter before pumping out the cofferdam. This
avolded the danger of an inflow of material from
around the adjoining pier.

The quantities in this section of the work are
as follows: Plles, 1,750; grillage, 140,700 ft. B.
M.; concrete, 2,200 cu. yds.; cut stone masonry,
4,400 cu. yds.; rip-rap, 1,500 cu. yds.

ly damaged. The movement was confined al-
most entirely to the west channel, so that the
falsework escaped serious injury. The weight of
the superstructure of this section of the bridge
is 3,214 tons.

The West Channel Spans.

This channel is much the more Iimportant.
Though only 600 ft. wide at low water and 850

FIG. 4. THE EAST CHANNEL PORTION OF THE NEW CLINTON BRIDGE; CHICAGO & NORTH-
WESTERN RY.

(The view is l‘ooking east.

A temporary pile trestle with 16-ft. spans and
carrying two tracks, was built with its center
line on the center line of the permanent bridge
for handling material. It had flve piles to a
bent, and caps 28 ft. long. A stiff-leg derrick
was set up on piling at each pler, but much of
the material was handled with a Brown hoist
crane or a derrick car.

Work on this section of the substructure was
started July 3, 1907, and finished March 14,
1908.

SUPERSTRUCTURE. — As previously inti-
mated, the lengths of the spans were fixed by
the positions of the old piers. Beginning at the
east end and running west, they are as follows:
74-ft. deck plate girder; through riveted Pratt
truss span, 202 ft. 3% ins.; through riveted lat-
tice truss span, 115 ft. 7% ins.; and seven through
riveted lattice truss spans of 146 ft. 5% ins.
There were no unusual features in these spans
except that the Pratt truss is longer than is
customary practice for a riveted span. Fig. 4
is a general view of the east channel spans,
showing the riveted lattice trusses. At the left
Is the old single-track bridge. Fig. b shows the
Pratt truss span (202 ft. 3% ins.) over the “raft
channel.” Fig. 6 is an end view, and gives a
good idea of the massive construction of the
trusses. It shows also the deck construction.
which is described later. This view is looking
west. On the right is the old single-track rail-
way bridge, while on the left is the high-level
highway bridge. _

The method of erection was unusual. The
falsework put in for constructing the substruc-
ture was used for the erecticn of the superstruc-
ture without change. The stringers on the false-
work were at the proper level, so that the floor-
beams and stringers of the iron span could be
blocked on them at their proper elevation.
Floorbeams and stringers were first laid com-
plete for a span on the falsework. As this false-
work was not of sufficient width to support the
trusses directly, they were erected in position
supported by the floorbeams. All slcel was
handled with a derrick car, no traveler being
used. Opposite members in the two trusses
were put up consecutively, so as to keep the
trusses nearly balanced In weight at all times.

The work of erection started Jan. 27, 1908,
and was finished and falsework removed July
14, 1908. Ice broke up in the river at this point
on March 7, 1908, and the falsework was slight-

On the left is the old single-track bridge.
spans and a Pratt truss span.)

There are eight riveted lattice truss

ft. wide at high water, it is much the deeper of
the two channels and carries the principal thal-
weg of the stream. Owing to the strong set of
the current from the left towards the right
vank at high stages of water, the east channel
(span 14-15) is used for passing timber and log
rafts at high stages of water. Steamers use the
west channel exclusively, and rafts use it at low
stages of water.

The draw span protection piler is a wooden
crib filled with rip-rap. Upstream and in line
with this extends a flou!ing sheer-boom to a

FIG. 5. PRATT TRUSS SPAN OVER THE RAFT CHANNEL

(having foundations as previously described),
it was decided to found the new piers on rock
or other firm strata below the reach of scour,
thus providing the best possible waterway and
one least liable to bring about a serious Iice
gorge. .

It should be noted that conditions at the pres-
ent time are essentially different from those at
the time when the old west channel piers were
built. In 1891, dams of rip-rap and brush ex-
tending from 2 ft. to 3 ft. above low water
were built by the U. S. Engineers between the
heads of Little Rock and Willow islands. This
was with a view to increasing the flow in the
west channel and scouring away bars formed be-
low the contracted channel at the crossing, causcd
by the interposition of the two islands and the
consequent divided flow which obtained below
the islands. At the present time, therefore, therc
is far greater probability of scour around the
plers than previous to the construction of these
dams.

SUBSTRUCTURE.—Borings made with a churn
drill in 1901 located a supposed rock line as
shown by the dotted line in the profile of thce
west channel Fig. 3. Experience with the flrst
caisson sunk showed the ledge rock to be far
below what was supposed, and a correct rock line
was located by a new set of borings made in
April and May, 1908. These borings were de-

. sciibed by the writer in ‘“Mine and Quarry” for

October,
News.] .

Piers Nos. 24, 28 and 29 are founded on 2
soft, porous buff limestone belonging to the
Gower stage of the Niagara series of rocks.
Piers Nos. 25 and 27 are founded in a hard
compact, white limestone belonging to the Dela-
ware stage of the Niagara series. Pier. No. 26
is founded in a peculiar strata consisting of
sand and clay well indurated. This deposit
(though recent) is pre-glacial. It can be traced
to a period during which the carboniferous rocks,
which formerly covered this section, were de-
graded. At that time the Mississippi River at
this point was a lake of many miles in width
and of great depth, similar to the existing Lake
Pepin. The high ground to the west of Clinton
shows evidence of having been an island in this
ldke. The clay is a water deposit due to the

1908. [See end of article—Ed. Eng.

IN THE EAST CHANNEL PORTION

OF THE CLINTON BRIDGE (SPAN, 202 FT. 3 14 INS.).

point on the right bank about 1,000 ft. above the
bridge. This boom is removed to a safe position
at the close of navigation. A similar construc-
tion wiil be used for the new bridge.
Although no difficulty had been experienced
with the west channel piers of the old bridge,

degradation of the carboniferous shales and the
sand is wind blown from the neighboring car-
boniférous sandstones. The coloring matter in
the upper strata of the clay is black (from de-
graded coal measures), and in the lower strata
red (from degraded iron ore beds.)
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Piers Nos. 24, 28 and 29 were built in open
cofferdams made with single rows of the United
States steel sheet piling.

Plers Nos. 25, 26 and 27 were put down by the
pneumatic process. The greatest air pressure
used was 34 lbs, in pler No. 26. The power-
house was located on Little Rock island, just
south of the crossing and the air was led by
pipes over the temporary trestle built as a con-
struction trestle for the piers and as falsework
for the superstructure. After a number of un-
successful attempts to maintain an air pipe on
the bottom of the river, air was carried to pier
No. 27 by a pipe laid over the adjoining high-
way bridge, which is a high level crossing. This
furnished an uninterrupted connection. )

Pler No. 25 was sunk during January-April,
1908. Pier No. 27, being the one most protected
from the river current at high water, was put
down in May to August. Pler No. 26, being the
most exposed to the current during the low water
period, was put down during September-Novem-
ber.

The caissons were constructed on ways on the
west river bank, launched in the water and

FIG. 6.

all coarse material excavated; this was used also
for the ingress and egress of the men and the
placing of concrete for sealing.

The abutments (Nos. 24 and 29) were built of
cut stone masonry from the Ablemans (Wis.)
red-rock quarry. All the other piers in this
section above the crib line were of dimension
stone from the Ablemans white-rock quarry.
The quantities were as follows: Timber in cribs
and caissons, 520,000 ft. B. M.; concrete, 5,850
cu. yds.; dimension stone masonry, 3,328 cu.
yds. Material was all brought to the site over
the temporary wooden pile trestle and handled
with two stiff-leg derricks (supported on piling)
at each pler. ’

SUPERSTRUCTURE.—The four spans in this
section are from east to west as follows: One
through riveted lattice span, 146 ft. 514 Ins.;
one through riveted Pratt truss span, 182 ft.
5% ins.; one through pin-connected swing span,
460 ft. c. to c. of end floorbeams, and one deck
plate-girder span of 52 ft. 7% ins.

By Dec. 12, 1908, the center of the draw span
was all in and riveted, and the west arm erected
complete. Piles were all driven in the falsework

END VIEW OF THE EAST CHANNEL SPANS (LOOKING WEST); SHOWING THE DECK

CONSTRUCTION.

(On the right is the old single-track bridge.

towed to place. At pier No. 26, as the new pier
was put down on one side through the rip-
rap of the old pier, considerable dredging was
necessary to level the river bed. As the east
side of the new pier No. 27 was sunk through
the crib of the old protection pler, the west side
of the new pier was supported on pillars made
of bags filled with sand, to allow sufficient weight
to be added to overcome the effect of the neces-
sary air pressure and to carry on sinking.
Previous to sinking plers Nos. 25 and 26, con-
siderable apprehension was felt as to the safety
of the old piers during the sinking of the ad-
joining new plers. To obviate any trouble, single
rows of United States interlocking steel sheet
piling were driven in elliptical form around these
plers to elgvatjons believed to be 20 ft. below the
bottom of the piling in pier No. 25 and 20 ft. be-
low the crib in pler No. 26. The actual settle-
ment experienced was slight, about 2 ins. at the
south end of No. 25 and %-in. at the south end of
NO. 26. . . . - - . -
The caissons were of the usual type of wooden
deck caissons. Fig. 7 shows the details of the
masonry and caisson for pier No. 26. Fig. 8
shows the same for the center pier, No. 27. Two
blow pipes, one each near the upstream and
downstream ends of the caisson, were uSed for
forcing out all fine material. One Moran lock,
located near the center of the caisson, handled

On the left is the high-level highway bridge.)

of the fixed spans and for a few bents of the
east arm of the draw. River navigation closed
for the season Nov. 15, 1908. Falsework in the
east arm of the draw was started soon after, but
was partly carried out on Dec. 3.

The draw span is being erected by means of a
three-bent double-rail traveler, but it is the in-
tention to put up the fixed spans with dérrick
cars. The estimated weight of the draw span is
2,225 tons; and of the entire west channel super-
structure, 3,107 tons.

The draw will be operated by two 43-HP. elec-
tric motors operating the turning mechanism,
and two 20-HP. motors (one at each end of the
draw) operating the end lifts. Power will be
furnished from a power-house located on the
west bank. The prime movers will be two 50-
HP. two-cylinder vertical Otto gasoline engines,
working either directly through electric gene-
rators, or through the latter and a Westinghouse
stoarge battery.’

It is the Intention to  have the spans entirely
finished, traffic turned over, and the old west
channel spans removed before the opening of
navigation in the spring of 1909. Trafic was
turned over the new east channel and slough
spans on Aug. 4, 1908, the turnout from the east
channel spans of the new bridge to the west
channel spans of the old bridge being on Little
Rock Island, )

. on two tracks.

. a uniform thickness of 73 ins.

Notes on the Design of the Steel Superstruc-
tare. -
SPECIFICATIONS.—The moving load as-

sumed throughout for each track Is Cooper’s
E-50,

consisting of two 177.5-ton con-
solidation engines coupled, followed by a
uniform load of 5,000 lbs. per lin. ft. The as-

sumed weight of the deck is 550 lbs. per ft. of
track. Impact i{s added to the moving load
stresses in accordance with the Prichard for-
mulas: (A) for stresses resulting from load on
one track; (B) for stresses resulting from load .
In these formulas L = live-load
stress; D = dead-load stress; I = impact.
L . L
BYI=%1L .
L+D L+D

The unit stresses used are substantially those
proposed by Mr. C. C. Schneider, and as adopted
by the American Bridge Co.

The trusses are spaced 32 ft. c. to c., which
is wider than ordinary. This is in order to al-
low derailed cars to reach the guard timbers
without striklpg the trusses. The minimum lateral
clearance for trains is 8 ft. from the center lines
of the tracks. The minimum vertical clearance
Is 22 ft. 6 Ins. from the base of rail, with the
usual allowance for brackets at the corners of
the clearance rectangle. The tracks are 13 ft.
c. to c, and stringers and girders are spaced 3
ft. 3 ins. from the center lines of their respective
tracks.

The requirements as to quality of material and
workmanship vary but little from common prac-
tice. The bronze used in the turning mechanism

(A)I=1L

. and end lifts of the swing span is required to

be made of new metals, and to show the fol-
llowlng analysis: copper, 86%; tin, 13%; zinc,

%a- ’

Reaming is covered by the following clause in
the specifications:

In structural steel, wherever used in temsion members,
in top and bottom flanges, end connections and splices
of floor beams and stringers of girders and beams, built
or rolled, and in the web members of all riveted trusses,
all punched holes shall be reamed with a twist drill un.
less otherwise marked. In reamed work, the diameter of
the punched hole on the die side shall be at least 3/16-in.
less than the diameter of the finished hole after reaming.

DECK OR FLOOR CONSTRUCTION.—The
deck construction is of the type ‘which is stand-
ard for important steel structures on the Chicago
& Northwestern Ry. It is shown In Fig. 6. The
ties are of long-leaf pine, 8 x 8 ins., surfaced to
They are 12 ft.
long. An outer guard timber 10 x 12 ins., laid
on edge and dapped 1 in. over the ties, is placed
at each end of the ties. This is fastened to each
tle with %-in. bolts. Outside of each rail and
at a distance of 4 ins. from the inside flange, is
a plank 4 x 10 ins., laid flat and spiked to each
tie. Inside the rail is a similar plank, with the
nearest edge 9% ins. from the inner flange of
the rail. ) ] .

Backed up to the latter plank (and between it
and the, rall) {s an angle 6 x 4 x % ins., with the
6-in. leg bearing on. the tles. These angles are
attached to the innmer planks with %-in. screws
4 ins. long; they are fastened to every fourth tie
with a track spfke having the head lapping the
edge of the angle. This deck system is con-
tinuous from backwall to backwall, except for
%-In. expansion joints at the ends of each span.
At each end of the bridge (and for the track
approaching the bridge at that end), 60-1b. rails
continuous with the angle guard rails are spiked
to the embankment ties. These rails meet at a
frog point 150 ft. from the backwall.

The theory of this plan of deck is that in cases
of derailment the flanges of the derafled wheels
on the inside of the track will be carried by the
guard angle, and the treads of the deralled
wheels outside the track rail will be carried by
the plank, and so prevent cutting of the tles.
This deck is the design of Mr. E. C. Carter, Chief
Engineer of the Chicago & Northwestern Ry.
In two cases in which it has been called into
service it has performed its work perfectly. It
has now been in use on this railway for 18 years.

Fig. 6 glves a good idea of the appearance of
the deck. Particular attention is called to this

deck constructfon on account of the 'gt.gtement
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made by the writer of an article on “Some
Historic British Bridges’” in Engineering News,
Sept. 17, 1908. At the close of this article is the
following:

Compared with it [the bridge-guard system] our Ameri-
can way of sending a train at 60 miles an hour across
yawning chasms with nothing but the track rails to guard
it from destruction is at least a contrast.

This is correct with two exceptions: (1) It is
not customary on American railways to send
trains across high viaducts or trestles at 60

]

deep bear on cast bed plates located on the caps

of the cylinder
spans alternate.

plers. Fixed and expansion
The fixed spans are riveted at

both ends to the cross girders. The expansion
spans are riveted at one end to the cross girder
and at the other end bear on a casting carried by
a suspension bracket, as shown in Fig. 9.

Fig. 9 shows also the arrangement of the sec-
tion in the flange of the stringers, the idea being
to provide a perfectly flat surface unobstructed
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FIG. 7. CAISSON, COFFERDAM AND MASONRY

miles per hour; and this probably never hap-
pened .except as a result of an accident, the
speeds being usually limited to 20 miles per
hour or. less; (2) it is not customary to depend
entirely on the track rail for protection, most
railways providing innmer and outer guards of
more or less efficlency.

DETAILS OF THE STEEL SUPERSTRUC-
TURE.—In the girder spans across the slough,
the cylinders are in pairs, those in each pair
being 19 ft. 6 ins. c. to ¢. Cross girders 66 ins.

.Base of Rail, E/.304

. Bush-hammered

Of the east channel spans, span No. 12-15 (gen-
erally known as the “raft span’”), 202 ft. 314
ins. long c. to c. of end pins, is the longest
riveted fixed span on the Chicago & North-
western Ry. The weight exclusive of deck is
565 tons. This span is shown in Fig. 5. It is
32 ft. wide c. to c. of trusses, 32 ft. deep c. to c.
of chords at the hip suspender, and 42 ft. deep
c. to c. of chords at the center. All connections
are riveted, except the end connections with the
shoes. Expansion joints
are provided for the
track stringers at one
of the panel points ad-
Jacent to the center of
the span. There are
seven panels of 28 ft.
1034 ins. each.

The expansion joints
are simllar in construc-
tion to that shown in Fig.
9. Expansion joints
in the stringers are pro-
vided to reduce lateral
bending in the flanges
ot the floor beams, and
also to reduce longitudi-
nal stress in the stringers
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and their riveted con-
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tensometer experiments*®
that these stresses at
times reach alarming
proportions in spans of
moderate length, when
not provided against.

Fig. 10 shows the end
floor beam and connec-
tion of the expansion
shoe and rollers. At-
tention is called to the
teeth provided at the
: ends of the rollers to
prevent the latter from
creeping. This device is
believed to have origi-
nated in the engineering
department of the Chi-
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cago & Northwestern
Ry. It was first -used
eight years ago and has
given uniform satisfac-
tion. Since that time
many other companies
have adapted it.

Span 24-25 in the west
channel, 182 ft. 514 ins.
c. to c. of end pins, is
similar in design to the

202-ft. span above noted.
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FOR PIER NO. 26 (WEST CHANNEL) OF THE NEW CLINTON BRIDGE.

by rivets or cover plates for the bearing of the
track ties. As the ties are not dapped over the
flanges of the girders this arrangement allows
any defective tie to be removed without disturb-
ing the track rail. This design is due to Mr. W.
H. Finley, Assistant Chief Engineer, and was
used first by him when Engineer of Bridges of
this railway about 15 years ago. It has since
"been used in all deck girders requiring greater
sections than two angles can furnish, and it is
rapidly growing in general favor.

York Central Ry. in 1859,
as the work of Mr. Ilow-
ard Carroll. For a great
number of years it
has been the accepted
type of iron or steel
truss on the Chicago &
Northwestern Ry. for spans of 150 ft. and under.
The bridges have given very satisfactory ser-
vice, although in the older designs the floor
beams were badly constructed.

This type is somewhat heavier than riveted
Pratt spans proportioned for the same specifica-
tions where there is ample distance between the
base of rail and the required under clearance
for through spans. It does not appear to pos-

EnG.
Section of News.
Side Wall.
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‘Joumr!:;l of the Western Sonclety of Engineers, Decem-
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sess any advantages over the latter system under
such conditions. But where the clearance is
limited, necessitating short panels and shallow
stringers and floor beams, the riveted lattice
spans are both economical and satisfactory. This
is a fact which most designers have overlooked.
The end connections with the shoes of these
spans are pin bearings and the design of the
roller bearings is similar to that shown in Fig. 10.

Fig. 4 shows the riveted lattice spans over the
east channel. Span 24-25, in the west channel,
is identical In design and construction with the
east channel spans of the same length. The last
span of the west channel i{s a plate-girder span
of 52 ft. 10 ins., and is similar in construction
to the plate girders of the slough spans, described
above.

Sectional

Elevation.

girders of the drum are arranged in the form of
a square, with additional girders in the inner
corners of the square so as to form an octagon.
A circular tread is bolted to these outer girders.
To the longitudinal outer girders of the drum are
riveted a pair of cross girders bearing on a cen-
ter which turns upon a lenticular bronze disk.
Upon the completion of the span, half of the en-
tire dead weight will be transferred to this cen-
ter by means of hydraulic jacks, the weight
transferred being measured by gages on the
Jacks. The remaining load will be carried by a
live ring of wheels.

Test Borings for Foundations.
For the test borings at this bridge, a Sullivan

more serviceable. The tripod consisted of three pleces
of Douglas fir 5 x 8 ins. and 32 ft. long. An 8-in.
wrought-iron pipe, near the center of the scow, and bolted
with a pipe flange to the bottom of the scow, made a
well for passing the 4l%-in. standpipe and the 3-in.
casing.

The materials encountered were in order as follows:
Recent alluvial sands; glacial drift of gravel, sand and
boulders; a shale consisting of sand with a clay matrix,
and finally limestone bed rock. The upper stratum of bed
rock was identified by fossils and general appearance as
belonging to the Gower stage of the Niagara series of
silurian rocks. This overlaid rock conformably of the
Delaware stage of the same series. In the middle of the
river the Gower rock and nearly 50 ft. of the Delaware
rock had been entirely eroded.

Great care was taken to ascertain the possible exist-
ence of subterranean pockets or overhanging cliffs in

diamond drill with 2-in. core bits was used. This the rock. Only two of these pockets werz found (both
rvnivee v VOSCR ,
Enlarged.
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DRAW SPAN.—The design of the swing span
(460 ft. c. to c. of end floor beams) is governed
by the limited clearance between the elevation of
the high water line and that of the base of rail.
This clearance is 9.4 ft., and it limited by three
conditions: (1) a grade crossing with the Chi-
cago, Milwaukee & St. Paul Ry., about 400 ft.
west of the bridge; (2) connections with the
Chicago, Burlington & Quincy Ry., in Clinton,
adjacent to the west end of the bridge, and (3)
a grade crossing of 2d St. in Clinton.

To avoid the questionable expedients of deouble
drums, or an entire center bearing, the weight of
each truss is carried to the drum by four posts
arranged in pairs, as shown in Fig. 3. The

Half Plan Showing Deck Timber Courses.

FIG. 8. CAISSON, COFFERDAM AND MASONRY FOR THE CENTER PIER OF THE DRAW SPAN
BRIDGE; CHICAGO & NORTHWESTERN RY.

worked in a 4%-in. standpipe and 3-in. casing,
both of which had flush joints. This equipment
had been used previously at the Missouri River
bridge of the Chicago & Northwestern  Ry. at
Plerre, So. Dak. From the article by Mr. Bain-
bridge, and mentioned above, in his reference to
this part of the work we take the following par-
ticulars.

The same apparatus, tools, piping, etc., wcre used as at
Plierre, but the manner of working and the materials en-
countered were essentlally different. These borings were
started in April, 1908, and it became necessary to mount
the drill on a scow. The scow was 15 ft. wide, 32 ft.
long on the bottom and 37 ft. long on top. Experlence
in rough water showed that a scow 10 ft. longer on top
with somewhat more rake to the ends would have been

Quarter Section C-D.
showing Bracing under Deck.

Quarter Section A'B.
showing Caisson Bracing above Deck.

(WEST CHANNEL) OF THE NEW CLINTON

in the' same boring), and these were only 1 in. and 6
fus. In depth. Both were filled with sand consisting
of abaut equal parts of quartz and dolomite sand. Some
of the borings w re carried down 30 to 40 ft. into the
bed rock to detcrmine thz possible existence of these
subterranean pockets.

All the boulders encounter:d were such as could easily
be broken with the chopping bit and no dynamite was
found necessary. To determine the consistency of the
shale, cores were taken out with saw tooth bits work-
fng dry, showing perfectly the consistency of the ma-
terial. The saw tooth bit or the chopping bit working
with the pump gave no idea of what this material was,
and without the expedient of the dry core an excellent
foundation would have been overlooked and a founda-
tion sought 30 ft. lower.

Borings in the l!lmestone were made with & bortz
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bit when the water was still and with the- chopping
bit, taking occasional cores with the saw tooth bits.
Fully 85% of the boring in the limestone was made with
the borts bit.

The work of mounting the drill was started April 2,

1908, and the first hole started April 7, 1908. The work
was finished June 6, 1908, working one 10-hour shift
per day.
The aggregate length of casing put down was 602 ft.
The aggregate length of casing driven through hard ma-
K198 o Gerter of Gtside Girchess ]
.'" "‘5'55‘*‘*“'"'6'5""">i &
_— Base of fo]__

low smeared into the top of the space between
plug and box, and a wrapping of canvas over
the joint, secured around the box and around the
plug by lashings. This finish was successful in
keeping the moisture even in the worst cases.
The sand holes were threaded and closed by
greased screws locked by a seal wire passing
through a hole in the head of each screw.
When the ship was ready for lowering upon
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BRIDGE (WITH DETAILS OF THE EXPANSION BEARINGS).

terial was 406.5 ft. The aggregate length of borings in
shale was 88 ft. The aggregate length of borings in
limestone was 2268 ft. The cost was as follows: Labor,
$406.16; coal, $124.41; depreciation of bortz (estimated),
$200; scow, $287.24; depreciation on tools, pipe, etc.,
$200; total, $1,267.81.

Two Innovations in Launching Methods.

In launching the German cruiser ‘“Bliicher’ at
Kiel, last April, the engineers of the navy-yard
introduced two new detalils, both of them fully
successful. Naval Constructor Bock of the Kiel
Navy-Yard describes these two novelties briefly
in the “Zeitschrift des Vereines Deutscher
Ingenieure” of Nov. 28, 1908.

SAND-BOXES.—Instead of wedging the ship
up to transfer its weight from the blocking to
the launching ways, the blocking was lowered
away by means of sand-boxes. Sand bags have
been used previously in a few instances, as in
the launching of the U. S. battleship ‘“Connecti-
cut” (see “Recent Practice in Launching War
Ships in the United States” Eng. News, Dec. 22,
1904, p. 563), but this is probably the first thor-
oughgoing application of the sand-jack prin-
ciple to the support of ships in construction. It
proved successful in every way; the whole trans-
fer of weight was accomplished and the bleck-
ing cleared in 83 mins.,, and the ghip settled
uniformly, without any perceptible localized
strain,

The launching weight of the ship was about
6,000 tons (6,160 tons moving weight). Some 130
sand-boxes were used to support the blocking,
so that their average load just before launching
was not far from 45 tons. It was important that
they should lower away freely, without sticking,
and to make sure of this they were tried In a
testing machine before finally deciding their
shape and details. The boxes used were rect-
angular cast-iron pots, 16 x 22 ins. in horizontal
dimensions and 16 ins. high, in which fitted an
oak plug with a clearance of about 34-in. on all
sides. The boxes were filled a little over half
full with burned molding sand. The plug, when
set on the sand, projected 6 to 8 ins. above the
pot. There were four sand holes through the
walls of the pot, near the bottom. At first these
were located in the corners, but in this condition
the boxes were unable to lower a test load of
60 tons safely; the sand ran freely from the cor-
ners but bridged along the side walls, producing
such high pressures that the pot showed signs
of failure. After this test, the location of the
sand holes was changed to the middle of the
sides, and this arrangement proved satisfactory,
the sand-boxes being able to lower a load of 80
tons without trouble.

For thelr stay under the blocking, the boxes
were sealed agalnst water and weather by tal-

the ways, the wrappings and seal wires were
removed, the screws turned back to the last
thread, and then, on a signal, all screws taken
out simultaneously. The sand flowed freely, ex-
cept where it caught and piled up on the bed
timbers so as to rise to the level of the holes,
which iInterfered with the free flow; workmen
stationed to watch the action of the sand-boxes
had to keep these piles cleared away in order to
avoid all chance of sticking.

The designers were so well satisfled with the
performance of the sand-boxes that they expect
them to become a regular feature of ship-build-
ing.

HINGED FORE-POPPET BEARING. — In
place of the ordinary solid fore-poppets, the de-
signers used two-part bearings fitted with hinge
pins, each of the two
bearings being exactly
similar to the pin end-
shoe of a bridge. When
the rear of a ship enters
the water and begins
to lift off, it pivots on
the fore-poppets. By this
action the load on the
fore-poppets is increased
and the pressure is con- °
centrated at their for-
ward edge. At the Union
Iron Works shipyard,
San Francisco, the de-
vice of using crushing
strips  between cradle
and. sliding ways has
been used successfully
to reduce the concen-
tration of pressure (see

the article already
cited). In the case
of - the ‘Bliicher” re-

course was had to a
hinge bearing for the

same purpose.

The bearing (one on
each side of the ship) con-
sisted of upper and low-
er shoes of built steel
construction with cast-
steel boxes, embracing an
8-in. pin. 40 ins. long. The lower shoe rested on
an oak slipper 48 ins. wide by 20 ft. long (to carry
650 tons at point of pivoting). The upper

WESTERN RY.

. shoe bore against a set of steel brackets riveted

to the side of the ship and was tied longitudinally
to the skin plating by horizontal gusset con-
nections. The ends of the shoes embraced the
pin, in order to carry the lower shoe when the
ship floated. The slipper under the fore-poppet
was connected to the main sliding ways under
the cradle by steel plates set vertically in the,

Side Elevation.

slippers and bolted through each, to make a
slightly flexible connection.

This novel form of support worked to the full
satisfaction of the engineers. No trace of burn-
ing or smoking appeared at the ways.

The launch of the “Bliicher” took place on
April 11, 1908. The ways, laild on a slope of
1:14, were lubricated with about 1 1b. lubricant
per square foot. They carried an average load
of 2.34 tons per sq. ft.,, and a maximum load on
fore-poppets (at pivoting) of 9 tons per sq. ft.
The least friction coefficient calculated from the
observations at launching was 0.0249.

A SUBWAY SYSTEM FOR CHICAGO has been dis-
cussed by W. John Ericson, City Engineer, in a report
which will form a part of the general report of the
council committee on transportation. The suggested
design would have four tracks, two for street railway
cars and two for elevated trains. The platforms would
be at the basement level of builldings. The subway
would be owned by the city, and a rental charged for
its use.

e
g

THE PRODUCTION OF COPPER in the United States
during the year 1908 is given tentatively in a bulletin
recently issued by the U. S§. Geological Survey. The
production of blister and Lake copper from ores mined
in this country will exceed by about 6%, or 50,000,000
1bs., that of 1907, which was 868,996,481 1bs. Of the
three principal copper producing states, Arizona and
Montana show large galns while Michigan’s production
is about the same as in 1907. These preliminary esti-
mates are based on the latest exact flgures of the vari-
ous companies, for eleven months in most cascs, with
estimates of their production for the remainder of the
year.

o

THE PRODUCTION OF SPELTER AND REFINED
lead in the United States for the year 1908 has been esti-
mated by Mr. C. E. Liebenthal, of the U. 8. Geological
Survey, as follows. For convenlence of reference, the
productions for previous years are also given:

PRODUCTION IN SHORT TONS.
1905. 1908. 1907.

Primary spelter... 203,840 224,770 249,860 208,000
Refined zinc...... . ... 404,746 414,180 891,000

The value of the output of spelter {n 1908, at the
average price, was $19,656,000. The imports of spelter
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FIG. 10. DETAILS OF THE EXPANSION BEARING OF 202-FT. TRUSS
SPAN OF THE NEW CLINTON BRIDGE;

CHICAGO & NORTH-

in 1908 amounted to 890 tons, showing a decrease of
50% from the Iimports of 1907. Nearly five times as
much spelter was exported in 1908 as in 1907, the fig-
ures for the two years being 2,500 tons and 563 tons, re-
spectively. The estimated value of the refined lead
produced in 1908, at the average price, 18 $32,844,000.
The imports of refined lead decreased from 9,277 tomns
in 19807 to about 3,000 tons in 1908, and the exports of
lead from foreign mines smelted or refined in the United
States increased from 51,424 tons in 1907 to 75,000 tons
in 1908. Kansas leads in the production of spelter and
Missour] retains first place among lead producing states
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