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CHAPTER XXXII
CONSTRUCTION OF THE TUNKHANNOCK CREEK VIADUCT

The Tunkhannock Creek viaduct at Nicholson, Pa., on the Delaware,
Lackawanna and Western Railroad’s re-location between Scranton, Pa.
and Binghamton, N. Y., the largest structure of its kind in the world
and but recently completed, is representative of the most advanced
methods of design and construction of concrete arch bridges. On ac-
count of the magnitude of the work and the difficulties attendant
therewith, the methods of construction used in various parts of the work
are especially interesting and valuable, representing as they do the best
modern practice in high-class bridge construction. The quantities of
material involved in its construction—namely, 165,000 cu. yd. of con-
crete and 1200 tons of reinforcing steel—give some idea of the unprece-
dented size of the bridge.

Construction plant and methods which are suitable and economical
for work of this character would of course be entirely too costly for
small work, but a glance at the historical record of concrete-bridge
building will show that within the past two decades there has been a
very steady increase in the span and general dimensions of concrete
bridges. It is not at all illogical, therefore, to assume that methods
which now seem uncommon and unusual, will in a few years become
commonplace and be treated as accepted practice.

139. General Design.—The Tunkhannock Creek viaduct is a double-
track structure 2375 ft. long, 34 ft. wide over all, and has a maximum
height above ground of 240 ft. with a maximum total height of 304 ft.
from bottom of deepest pier to top of highest masonry of the parapet.
The bridge is composed of ten full-centered or semicircular ribbed
arches of transverse-arch spandrel construction with 180-ft. clear span
and two 100-ft. arches of the same type at the ends acting as ‘““abutment
arches” and completely buried in the approach fill. (See Figs. 428, 440,
441, 442, 444, and 446.) These arches spring from solid concrete piers
founded on bed rock.

Piers.—The deeper piers have a section 40 ft. X 46 ft. below the
surface of the ground and all piers are 36 ft. 6 in. X 43 ft. 6 in. in section
to a point 17 ft. 6 in. below the springing line of arches. At this point
a ledge 4 ft. 3 in. wide is formed in the piers to act as a seat for arch
centering. This ledge was later filled out with a receding corbel to
conform to that used on the ends of piers. (See Fig. 427.) The deepest
pier extends about 98 ft. below the surface of the ground. The faces
) 548



CONSTRUCTION OF TUNKHANNOCK VIADUCT 549

of all piers are vertical and the portions above ground have horizontal
coursing marks 4 ft. apart.

Main Arch Spans.—The main or 180-ft. arch spans, the details of
which are shown in Fig. 427, are composed of two ribs 14 ft. wide (8 ft.
thick at the crown and 17 ft. thick measured radially at the skewback),
spaced 20 ft. on centers, with a 6-ft. opening between ribs. The rein-
forcement of these arch ribs consists of fourteen 1-in. square bars,
following both intradosal and extradosal lines, to provide for contraction
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Fia. 427.—Tunkhannock viaduct. Details of 180-ft. arch spans.

and temperature stresses only. The arch ribs were proportioned so as
to have the resistance line approximate very closely the arch axis and
it does not, for any condition of loading, approach the outer line of the
“middle third” of the ribs, thus insuring purely compressive stresses.
The bridge was designed for the maximum stresses resulting either from
two Mikado-type engines, each weighing 233 tons, followed by a train
load of 6000 1b. per foot of track, or from two Mallet compound
locomotives, each weighing 300.5 tons, followed by a train load of



550 REINFORCED CONCRETE CONSTRUCTION

6000 1b. per foot of track, both tracks carrying maximum load at
the same time.

Spandrel and Deck Details.—On the arch ribs are placed transverse
spandrel walls of reinforced concrete varying in thickness from 3 ft.
2 in. to 4 ft. 6 in., as indicated in Fig. 427. These spandrel walls are
arched over the open space between ribs (Fig. 444) and are connected
at the top by 13 ft. 6 in. semicircular spandrel arches 1 ft. 9 in. thick at
the crown. In order to form a seat for the spandrel-arch centering, a
6-in. projecting belt course was placed on the spandrel walls 1 ft. 6 in.
below the springing line of the arches. The floor formed by spandrel
//’,'Bars 7'croe
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Abutment Span
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Fia. 428.—Tunkhannock viaduct. Details of 100-ft. arch span.

arches is given a 6-in. slope from crown of each spandrel arch to the
center of adjacent spandrel wall for drainage, the water being carried
down through a 6-in. hole in the middle of spandrel wall, discharging
into the open space between rihs.

The two transverse spandrel walls over the piers are connected
at each side of the bridge by a reinforced-concrete pilaster, 3 ft. thick and
about 22 ft. wide, to give longitudinal stiffness to the spandrel system
and to give the appearance of a solid pier.

The parapet walls of solid reinforced concrete extend the full length
of the viaduet, and are 7 ft. 3 in. high above crown of spandrel arches,
except at piers where the pilasters are 3 ft. higher.
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Four expansion joints are provided in each span, as shown in Fig.
427. These joints consist of a }-in. open space covered by a copper
plate bent to project a short distance into the joint and having its edges
turned down into grooves parallel with the joint, where it is held in place
by a mastic filling. The waterproofing consisted of a 3-ply cloth and
asphalt membrane protected by a 14-in. layer of torpedo gravel mixed
in an asphaltic binder. The waterproofing membrane is separated
from the protecting coat by one thickness of asbestos felt.

Abutment Spans.—The abutment spans (see Fig. 428) are composed
of two reinforced-concrete ribs 5 ft. 6 in. thick at the crown and 12 ft.
wide, spaced 22 ft. centers, thus leaving a space 10 ft. wide between
ribs. These ribs are tied together at four points by reinforced-concrete
struts. A reinforced-concrete floor slab supported on five transverse
walls extends over a little more than half of the span next to the first
large arch, the tracks being carried on fill over the arch beyond this point.
This floor varies in thickness from 1 ft. 9 in. to 2 ft. 6 in. The space
between the floor slab and the arch ribs is closed by a longitudinal span-
drel or curtain wall 18 in. thick along each outside face, thus giving the
appearance of a U-abutment when the approach fill is completed, as
shown in Fig. 446.

Materials.—*“Class A’ concrete, a 1:2:4 mixture, was used only in
the reinforced-concrete floor slab over abutment spans. ‘Class B”
concrete, a 1 :3 : 5 mixture, was used for all other work above the spring-
ing line. “Cyclopean” concrete was used for all piers below springing
and was of the same mixture as “Class B” concrete with derrick stone
embedded in it. ‘

140. Construction Methods.—Methods of Locating Lines and Piers.—
A glance at Fig. 437 shows the nature of the bridge site which at once
conveys the idea that the establishment of lines and the location of
piers was no easy matter. The center line of the viaduct was established
by the railroad engineers, by punch-marks on pieces of steel rail set
vertically in the ground between piers. The pier centers were then lo-
cated by careful measurements from these points at each side of each
pier. A reference line of stakes was run parallel to the bridge center-
line and 25 ft. to one side of it to provide a basis for checking measure-
ments on the main base line or to re-establish such points as might be-
come misplaced during construction.

Points were also established 3 ft. beyond either face of pier by the
measurement of longitudinal distances, and transverse reference lines
were then run through these points and marked at both ends by rail
monuments. These lines provided means of locating piers and also for
plumbing them by offsets from the face of masonry to the vertical planes
determined by the transverse reference lines as located by transit set
on the line.

Contractor’s Plant.—The contractor began work on the structure
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May 24, 1912. The first operations were the widening of the railroad
company’s embankment on the present main line nearly parallel to and
about 460 ft. away from the new bridge, and the laying of the material
tracks, marked ‘“track for empties’”’ and ‘“room for 16 loads” in Fig.
429. After these tracks were laid, the pile trestles for material tracks
were constructed. The material trestle was 30 ft. high and provided
storage space for 15,000 cu, yd. of sand and crushed stone dumped
directly from cars.

The general layout of the contractor’s plant is shown in Fig. 429.
The loop formed by the narrow-gauge track enclosed a knoll about 30 ft.
higher than the general level of the valley. The general material der-
rick was erected on a narrow ridge connecting the knoll just mentioned
with the ridge on which the present main line is located. A similar
ridge extends from pier No. 6 to the high ground at the hospital. Piers
Nos. 5 and 6, being located on the east slope of the knoll, necessitated
about 30 ft. more of excavation on the west side of the piers than on the
east. Pier No. 8 lies on a similar slope which necessitated about 40 ft.
more of excavation on the north side than on the south. Piers Nos. 3,
4, and 7 are located on low ground.

CONSTRUCTION OF SUBSTRUCTURE

141. General Excavation.—Early in July, 1912, after the narrow-gauge
tracks had been laid from mixing plant No. 1 to pier No. 4, derricks were
erected, steel sheet piling was brought in, and the excavation and build-
ing of cofferdam for pier No. 4 were started.

About the middle of July a 40-ton Marion steam shovel, with a 1-cu.
yd. dipper was run from the siding down into the valley on a temporary
track. Work was started at pier No. 6 where the excavation was
carried down 20 ft. below the ground level on the high side, the material
being hauled away in 4-yd. narrow-gauge dump cars and used for grading
up construction tracks and leveling up the mixer plant sites. The
shovel was then moved to pier No. 5 and, after the excavation was car-
ried down 35 ft. below ground level on the high side or down to ground
water level, the shovel moved back to pier No. 6 and carried the excava-
tion down to the same level. The next operation was to excavate pier
No. 8 to the same depth. The excavated material was used to raise
the grade east of piers Nos. 7 and 8 about 12 ft., or to the level of the
grade east of piers Nos. 7 and 8 about 12 ft., or to the level of the grade
at mixing plant. On this fill, a saw mill, storage piles of reinforcing
bars, lumber, and other materials were conveniently located.

After completing its work at pier No. 8 the shovel excavated the mate-
rial down to bedrock at piers Nos. 10, 9, and 2 successively, the rock
in these excavations being found above the level of ground water and
only a few feet below ground line at the lower sides of pier. In these
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excavations the material, a clay and sand mixture, was allowed to take
its natural slope, the excavation being extended back far enough to
provide for natural raveling of the banks before completion of excava~
tion of the construction of the piers. The steam shovel work was com-
pleted in December, 1912, about 50,000 cu. yd. of material having been
moved.

For the end abutments and the piers adjacent to them—Nos. 1 and
2—open excavations were made down to rock (which on the hillsides
was only a few feet below the surface) without the use of sheeting or

F1a. 430.—Tunkhannock viaduct. Steel sheet piling (partly driven) for
inner cofferdam of piers, showing timber guide forms.

derricks, the excavated material being spread out around the edge of the
excavation.

142, Cofferdam Excavation.—The entire excavation for piers Nos.
3, 4, and 7 was done in open cofferdams of steel sheet pilings, as was the
remaining excavation of piers Nos. 5, 6, and 8. Lackawanna stecl
sheet piling 12 in. wide weighing 45 Ib. per linear foot was used in lengths
of 30 ft., with some additional piling of shorter length driven on top
of the upper 30-ft. lengths where the excavated depth was about 70 ft.

When starting the cofferdams, a 46 X 52-ft. rectangle made of 12 X
12-in. horizontal timbers spliced together was assembled. A second
rectangle was then assembled on posts 16 ft. long which rested on the
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first rectangle. These rectangles formed the inner waling for the piling.
A similar set of waling was then built 6 in. outside of the first set to act
as the outer walings and as forms for sheet piling. (See Fig. 430.) By
means of two guyed derricks at each pier, the steel sheet piling was
assembled between the walings and driven with a 3-ton Warrington
steam hammer operating in 30-ft. leads suspended from the derrick
boom, as shown in Fig. 431. The piling was driven in stages of 2 or 3
ft. penetration, the hammer working around the cofferdam until a total
penetration of about 10 or 15 ft. had been reached. Excavation was
then begun with 1}-cu. yd. Williams’ clam-shell buckets and sets of
horizontal-timber bracing were placed in the cofferdam at vertical
intervals as the excavation procceded (see Fig. 431), the bracing being

Courtesy of Mr. C. W. Simpson, Res. Eng'r.
Fi. 431L.—Tunkhannock viaduct. Cofferdam for pier No. 5, steam ham-
mer driving inner sheeting.

so arranged as to allow the operation of the bucket in the bays between
braces. When the excavation had proceeded to about the bottom of
piling, the latter were again driven down and the operations repeated
until the top of sheeting reached the surface of the ground.

The bracing consisted of 12 X 12-in. yellow-pine timbers arranged
in horizontal panels approximately 7 X 10 ft. and spaced from 3% ft.
to 5 ft. apart vertically, being supported at intersections by 12 X 12-in.
vertical posts. The braces, which were of necessity in short sections,
were cut to approximate length on the ground, lowered into place by
derrick with splice planks nailed to them, fitted, drilled, and bolted in
position with #-in. bolts. The outer bays of horizontal braces were
further stiffened by diagonal bracing, as shown in Fig. 432.

After the first set of sheeting had been driven down complete, a
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second rectangular cofferdam was erected about 6 ft. 6 in. outside the
first and driven down part way. The material between the two sets
of sheeting was then excavated with the clam-shell bucket, the space
between the two sets braced, the first set of sheeting driven down, and
then excavation resumed in the main pit—the upper set of sheeting
being braced in the manner just described. (See Figs.432 and 433.) As
the inner cofferdam was driven down, the top bracing was removed and
placed at the bottom. These operations were repeated until the inner
cofferdam reached rock.

Practically all the steel sheet piling was used four or five times so that
only a little more than enough for two complete foundations was re-
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Fig. 432.—Tunkhannock viaduct. Details of cofferdam sheeting and
bracing.

quired. The piling was pulled (after the concrete had been placed) by
an “A” frame of 12 X 12-in. timbers 16 ft. long resting on top of the
pier footing and equipped with a triple block and fall rove with a -in.
steel cable. The fall was attached to the tops of the sheet piling by
passing a bolt through a hole in the web and through a rasp clamp.
By fastening the cable to the double block on the derrick, a pull of
about 60 tons could be exerted on the pile, which was sufficient in prac-
tically all cases to pull the piling.

The deep piers, with the exception of piers Nos. 4 and 5 which gave
some added difficulties on account of quicksand, were excavated mainly
with clam-shell buckets operated by derricks. In corners the excavation
was done by hand, and boulders which were encountered under or near

. the sheeting were dislodged by hand or with the aid of dynamite, and
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were rolled down into the deeper excavation made by the buckets.
Water entered the cofferdams mainly from the bottom, but in some cases
it came through the piling joints until such time as they were puddled
or filled with sand. This water was at first removed by means of two
8-in. centrifugal pumps and two 10-in. Emerson plunger pumps, but
after once a cofferdam was fairly free of water two of the pumps could
in general keep the water down so as to allow hand excavation in the
corners which were kept higher than the central portion of the pit.
The material excavated was usually placed in spoil banks near piers or

Courtesy of Mr C. W. Simpson, Res. Eng'r.
Fia. 433.—Tunkhannock viaduct. View of cofferdam at junction of outer
and inner sheetings, lower ends of outer sheeting visible.

used to build construction-track embankments, and to bring certain
parts cf the bridge site to a more or less uniform grade.

The use of open cofferdams of such unprecedented size (the largest
ever used) is a remarkable engineering feat and one which proves be-
yond doubt the value of steel sheet piling. Steel sheet piling has been
used very extensively in all kinds of bridge work and for the most part
has entirely replaced timber sheet piling, the driving of the latter being
difficult in hard ground or where boulders are present. The present
example shows that the limit of applicability of steel sheet piling has
not yet been reached.
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143. Special Methods of Pier Excavation.—After carrying the ex-
cavation in pier No. 4 down to a point about 40 ft. below the surface
a large pocket of fine flowing sand was struck along the west side and
around the southeast corner of the pier. This sand exerted such heavy
pressure on the sheeting as to distort the timber bracing and break
through the bottom of the pit, causing the ground outside the sheeting
to settle as much as 10 ft. At one time the cofferdam was moved bodily
about 15 in. transversely by the pressure of the wet sand. The coffer-
dam was brought back into line by additional excavation both inside
and out and by the use of jacks and additional bracing, but when the
work had been carried down about 10 ft. into the sand—or to a point 12
ft. above rock—the bracing was in danger of failure and a new scheme
had to be adopted in order to facilitate the work which was progressing
very slowly. The cofferdams were accordingly” divided by driving a
line of 3-in. plank sheeting parallel to the west side of the pier and about
16 ft. therefrom. Excavation was then made to rock to the east of
this row of sheeting and concrete placed to a height of 30 ft., braces being
left in place in order to prevent any further distortion of the material
on the west side of the sheet piling. This west portion was then divided
by a transverse wall of 3-in. plank sheeting, and the northwest corner
excavated and concreted to a height of 10 ft. After this was done the
remainder of the excavation was made and the concrete placed.

To take care of the water entering the pit, a 4-ft. 8-in. pumpwell was
left in the large portion that was first concreted and the water conducted
to it by wooden drains laid close to the steel sheeting. This well after
fulfilling its purpose was filled with concrete. Four pumps with a
combined capacity of 200,000 gallons per hour were required to keep the
excavation dry.

In excavating for pier No. 5 the usual methods were pursued until
a point was reached about 75 ft. below the surface and about 17 ft. above
rock, where a stratum of quicksand extending over the entire excavation
was encountered. An attempt was first made to go through this quick-
sand by dividing the cofferdam into twenty-four compartments each of
which was to be finished separately. Four compartments were started,
but the sheeting was so badly bent and displaced in driving by boul-
ders overlying the rock that the scheme had to be abandoned. It
was then decided to use a pneumatic caisson on which to sink the pier to
rock. The caisson (constructed in the usual manner with 12 X 12-in.
timber) was divided into two working chambers each provided with
one “material-lock,” and was constructed with a heavy metal cut-
ting edge 27 ft. above rock. A one ‘“man-lock” served for both cham-
bers since a “manway’’ was provided in the bulkhead. Upon this
caisson the pier concrete was placed, the weight sinking the caisson
as the material was excavated from under the cutting edge. The
maximum air pressure required in the working chambers to keep the
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water from entering was only 24 lb. per square inch as the head of water
was kept as low as possible by pumping above the caisson. The
material was excavated by hand and removed in buckets operating
through one of the air locks in each chamber. After rock was reached
and the surface cleaned off, the working chambers were filled with
concrete, the air locks removed, the shafts leading to them concreted,
and the procedure from that point on the same as for other piers.

The air was turned on in the caisson December 13, 1914, and on the
21st a depth of 10 ft. had been reached. The excavation was completed
on Feb. 4, 1915, 7 months after all other piers had been completed
up to the skewbacks of the umbrella sections.

144. Concrete Plant.—While the excavation for the piers was in
progress the concrete mixing plants were completed at the locations
shown in Fig. 429. The cement storehouse near mixing plant No. 1
had a capacity of 3000 bbls., the cement being unloaded from cars into
four inclined chutes with forked ends which delivered it to any part of
the building by means of switches in the chutes. Cement was taken
from this storehouse only when shipments were delayed and when no
cars of cement were at hand. Ordinarily the cement at mixing plant
No. 1 was loaded directly from cars into a derrick bucket, and swung
to the hopper floor of the mixer, each mixing plant being served by
two derricks operating 40-cu. ft. Mead Morrison clam-shell buckets.
At plant No. 2 the cement was conveyed by gravity in chutes from the
cars to the hopper floor of the mixer. (In Fig. 437 the stock piles and
mixing plant No. 2 appear in the middle ground.)

The sand and stone were lifted from the stock piles into small bins
over the mixers, from whence they passed by gravity into a measuring
hopper, at which point the cement was added and the materials dropped
into a 2-yd. cube mixer. After mixing each batch for at least 2 min-
utes, the concrete was dumped into 2-cu. yd. bottom-dump buckets on
flat cars of 3-ft. gauge and hauled by 12-ton locomotives in three-car
trains to the derrick or cableway which placed the concrete in the forms.
One car of the train was empty to receive the empty bucket from the
derrick or cableway, the train starting back as soon as the last bucket
of concrete was raised. (See Fig. 436.) Two concrete trains were used
and for the mass work in piers an output of 35 cu. yd. per hour per
plant was attained. The first concrete was poured on Jan. 6, 1913, and
concrete work was carried on almost continuously for over a year, the
mass work in piers being little affected by the comparatively mild winter
weather.

146. Derricks and Cableway.—The derricks were equipped with
masts from 85 to 90 ft. long and had hooms from 80 to 85 ft. long.
Three-drum hoisting engines with swinging gear attachment were used
to operate the derricks. In order to give a greater height to some of
the derricks, they were placed on timber pedestals, but in general they
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were erected at ground level and all work which could not be reached
with them was done by the cableway.

The construction of the cableway was started shortly after the ex-
cavation was commenced and in about 6 months the cableway was
put in operation. The cableway consisted of two lines of 2}-in. main
cables spaced 20 ft. apart, concentric with the center line of arch ribs.
These cables were supported by end towers 3028 ft. apart and 150 and
165 ft. high, also by a halfway tower 260 ft. high. The center tower
divided the cableway into four independent units each about 1510 ft.
long and each operated by an iadependent engine. The cables and
carriages had a normal capacity of 7 tons. An occasional load of 10
tons, however, was allowable—such loads being imposed while erecting
the steel centers, as described later.

The towers were built entirely of timber resting on concrete piers
and guyed with heavy cast-steel guy ropes. The end towers, located
at some distance beyond the abutment arches, were wedge shaped, con-
sisting of eight lines of battered posts with the two inner pairs inter-
secting, as shown in Fig. 440. The central tower consisted of nine
12 X 12-in. main batter posts in three longitudinal bents, as shown in
.Fig. 436. The posts of this tower were so arranged as to clear the arch
ribs and by the removal of a few secondary braces the arch ribs were
constructed without obstruction through the tower. This tower was
later raised to a height of 300 ft. by adding a 40-ft. extension at the top
and raising one line of cable at a time, meanwhile keeping the other in
operation.

146. Pier Construction.—In the deep piers, concrete was placed to a
height of 30 ft. (or to the neatwork line) without forms. The cofferdam
was entirely filled with concrete, the bracing being removed as the con-
creting progressed. To prevent the concrete from sticking to and enter-
ing the joints of the steel sheet piling which would prevent the pulling
of the piling, tar paper nailed to vertical wooden strips was used. The
concrete work up to the neatwork line was frequently carried on con-
tinuously day and night. In one case, for a period of 7 days, 2400
cu. yd. of concrete were placed during freezing weather without pro-
tracted interruption; frequent delays of 4 to 5 hours, however,
being necessitated while the bracing timber was being removed.

Above the tops of the lower cofferdams, the concrete below the surface
of the ground was usually placed in forms made of rough plank braced
back to the steel sheeting. (See Fig.434.) For the remainder of the pier
shaft, sectional self-supporting forms were used.

One distinct and important feature of this structure is that the design
is such as to permit the extensive use of sectional forms on all parts of
the work. Wherever possible the designers duplicated parts so as to
allow the use of the same formwork many times, sometimes even on
entirely different parts of the work. This indicates very forcibly how
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the designing engineer who is alert to methods and costs of construction
can materially lessen the cost of a structure without decreasing its
strength or esthetic beauty in the least.

The sectional forms used for the construction of pier shafts above
ground are good examples of the utility and construction of the general
type of formwork used wherever possible. These forms were made in
two sizes, one 15 ft. 8 in. long by 17 ft. 9 in. high, and the other 18 ft.
3 in. long and of the same height as the shorter one. Two of the long
sections formed the shorter sides, or ends of piers, and three of the shorter

Courlesy of Lackawanna Steel Co.

F1a. 434.—Tunkhannock viaduct. Pier concreted up to ground level inside
of cofferdam. Note large stone embedded in the concrete.

sections made up the form for the long side of pier. A total of ten
sections therefore composed a form, providing for the concreting of a
net height of 16 ft. of pier—the lower 104 in. of the forms extending
down over the concrete previously poured and no concrete being poured
against the upper 104 in. (See Fig.435.) These precautions were taken
to prevent, as far as possible, the formation of lips or fins at the junction
of sections and to insure the plumbness of the finished work. A total
of four complete sets of these sectional forms sufficed for the construc-
tion of piers and, after completion of same, the forms were used with
little or no alteration on other parts of the work.

The sections were built up of two layers of 1 X 8-in. tongue-and-
47
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grooved boards nailed at right angles to each other and diagonally to
8 X 10-in. horizontal timbers, or studs, spaced 2 ft. 5 in. on centers.
Vertical timbers 10 X 10 in. in section and 20 ft. long were bolted to
these studs at the ends and middle of the sections—the end verticals
being half on one section and half on the adjacent one, as shown in Fig.
435. The inside face of the forms was covered with sheets of No. 24
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Fiu. 435.—Tunkhannock viaduct. Details of sectional forms for main
piers, showing methods of holding forms in line and place.

galvanized iron s0 as to give a smooth surface against which to spade
the concrete. The weight of the larger sections was about 7000 1b.
The forms were held in line and position by diagonal ties consisting
of steel angles and 12 X 12-in. horizontal struts wedged against the
opposite verticals. The former held the forms from moving out and
the latter from pushing in at the top as the concrete was placed in the
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bottom portion. Diagonal bolts with nut bearings on exterior beveled
washers were connected by means of turnbuckles with the long diagonals
which remained in the concrete. (See Fig. 435.) These diagonals had
their lower ends bent and punched to engage permanent vertical anchor
bolts built into each course of concrete. The turnbuckle permitted
the tightening and plumbing of the forms and, after the section was
concreted, the upper portion of the stay (which was set in a pipe sleeve)
was removed by unscrewing the bolt from the turnbuckle. The hole
was then grouted up.

F1c. 436.—Tunkhannock viaduct. Concreting picr shafts in sectional
forms. View also shows general plant layout and two of the cableway
towers.

At first concrete was placed in these forms in four courses, each 4 ft.
thick and containing about 235 cu. yd., poured continuously in about
6 hours. Later two of the 4-ft. courses were placed in one continuous
run of 11 hours’ duration. In the lower portions the concrete was
placed with the derricks, while the upper portion was placed by means
of the cableway, the buckets being lifted from the concrete train and
dumped (while suspended over the forms) by a special attachment de-
vised by the contractor for dumping with the cableway. (In Fig. 436
the pier forms are in place and the concrete is being dumped into same by
the cableway.) At the joints between the sections, V-shaped strips



564 REINFORCED CONCRETE CONSTRUCTION

were nailed to the forms and the concrete stopped at the inner edge of
the same; the construction joints are thus inconspicuous and the scorings
relieve the monotony of the plain surface. After the top course was
from 3 to 7 days old, depending on the weather, the upper ends
of the diagonal rods were removed and the panels lifted by derricks or
cableway to a new position and re-erected. A force of six carpenters
was able to do this in 2 days, which is exceedingly rapid work when
one considers the height above ground at which some of this work was
done, and it shows how well the type of forms used were adapted to the
conditions. That the method of holding the forms in line was a good
one is witnessed by the fact that none of the pier shafts were even } in.
out of plumb.

The piers were carried up in these forms until a point 17 ft. 6 in. below

Courtesy of Mr. C. W. Stmpson, Rcs. Eng'r. .
Fi6. 437.—Tunkhannock viaduct. General construction view, some of the
piers completed.

the springing line of arches was reached. Here a temporary ledge 4 ft.
3 in. wide was formed on both sides to act as a seat for the arch centers.
The portion above this seat to the skewback of arches (a total height of
54 ft. 6 in.) was carried up monolithic with the rest of the pier. These
umbrella sections, though in reality a portion of the arch ribs, were
concreted in special wooden forms of similar construction to those just
described. These scctions projected about 7 ft. beyond the springing
line of the arches, as it was more economical to construct them as part
of the piers due to the fact that the departure from the vertical is very
slight.

The arch-rib reinforcement in this portion was placed in short sec-
tions for each lift of forms and the upper surface of the concrete at the
skewbacks of arches was finished off in a radial plane with rectangular
recesses or key slots to key the umbrella sections to the arch rib vous-
soirs placed on them later. Two inclined anchor bars 14 in. in diameter
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were concreted in the umbrella sections of each rib to aid in erecting
and securing the centering trusses against wind pressure, as described
later. In Fig. 437, which gives a general view of the bridge, the pier
shafts are shown in various stages, while in Fig. 440 pier shafts are
shown completed up to the skewbacks of the arches.

As previously stated, the concrete used in each pier shaft up to the
springing lines was of a 1:3:5 mixture with a maximum of about 11 per
cent of Cyclopean stones of a size which could be conveniently handled
by derricks. These stones were carefully embedded in the concrete
and some were set so as to project into the course, thus binding the
different courses together. (See Fig. 434.)

In very cold weather adequate precautions were taken to prevent
the freezing of concrete before setting took place. The aggregates and
water were accordingly heated with live steam so as to have the con-
crete go into the forms at a temperature of 50 or 60° F. The con-
crete, after being placed in the forms, was protected by packing hay
between the vertical sides of the forms with strips nailed over the hay
to keep it in place, and at night tarpaulins were placed over the top
surface of the concrete.

CONSTRUCTION OF SUPERSTRUCTURE

147. Details of Arch Rib Centers.—The centers for 100-ft. arch spans
were composed of timber trusses, one set under each rib resting on a
timber tower at the center. At the ends, ledges were left on the um-
brella sections to receive short wood struts braced top and bottom to
the central tower by inclined struts upon which the ends of the trusses
rested. Upon these centers 4-in. lagging was laid for the arch-rib forms
with sectional timber side forms.

The centers for the main or 180-ft. arch ribs consisted of four pin-
connected arch trusses for each rib, spaced 3 ft. 10 in. centers and braced
with top- and bottom-chord laterals and radial sway-bracing frames.
After completing one arch rib of the span, the entire centering was
moved transversely on rollers for a distance of 20 ft. and the second rib
poured. Five complete sets of centering were used, so that each set
was erected twice and moved transversely the same number of times.

In Fig. 438 the sizes of the various members of the centering trusses
as well as the loads coming upon them are indicated. It will be noted
that the top chords were composed of two channels and a cover plate,
while two latticed channels made up the bottom chords. The former
were designed for local bending between panel points, due to the weight
of fresh concrete. The web members consisted of latticed channels or
angles. The trusses were shipped in four sections, the connections near
crown and at the lower ends being made by pins while the others were
bolted.
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The top and bottom chords converged at the crown pin, and a rigid
triangular frame at either side of crown resting on the top chords, sup-
ported the lagging over the crown panels. The space between these
frames was filled with an oak block about 2 ft. long resting on bracket
angles.
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Fia. 438.—Tunkhannock viaduct. Make-up of members and loads on
centering trusses, 180-ft. arch span.

The horizontal thrust due to dead load on each truss was 18,900 lb.
When the trusses were being shifted to position concentric with the
second rib, this thrust was taken up by two horizontal rods 1 in. in
diameter connecting the base pins at each end. The horizontal wind
pressure acting on the half trusses was resisted by two 13-in. vertical
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anchor bolts through the pedestal at cach end, and the inclined anchor
bolts 14 in. in diameter anchored into the umbrella sections. As a
further safeguard against excessive wind pressures, the trusses were
guyed laterally in both directions at the crown and quarter points by
wire cables attached to anchors buried in the ground.

The lower ends of the trusses rested on, and were spaced by, built-up

Pedestal for Falsework Trusses Details ot Lagging

F1a. 439.—Tunkhannock viaduct. Details of adjustable panels of centers
Pedestal and lagging details.

pedestals, the details of which are shown in Fig. 439. The base plate
of the pedestal had a 2} X }-in. guide rib riveted to it, which engaged
the shoulders of a set of six 6-in. rollers under each truss, to facilitate
shifting of the centers. These rollers operated on an I-beam grillage
consisting of four 8-in. beams 35 ft. 6 in. long resting on the pier ledge.

In order to adjust the height of the centers at the crown, the first
web member beyond the crown normal to the top chord was built in
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two pieces, connected by a right- and left-thread screw operated by a
ratchet and lever to allow of easy adjustment. Since the three panel
points on each side of the crown were pin connected, this adjustable
member acted as a toggle to increase or diminish the chord length of the
arched trusses and thereby lower or raise the crown. (See Fig. 439.) A
platform was hung from U-bolts over lower-chord pins near the crown
to give a working space for the adjustment of the centers.

148. Erection of Centering.—The erection of the arch-truss centering
was accomplished entirely with the use of the cableway. The trusses
were assembled on the ground nearby in four sections each. The
pedestals were first set in place and then the lower sections were hoisted
into position by the cableway and connected by anchor pins to the
pedestal. After the lower sections of the four independent trusses were

Fig. 440.—Tunkhannock viaduct. Erecting segment of arch centering by
means of double cableway. Centers for one rib in adjacent span erected.

erected and temporarily held in place with the aid of the cableway, the
bracing was bolted up and yoke beams were attached to the inclined
anchor bolts passing through the umbrella sections to engage the top
chords of the sections of the semi-trusses at a point about 52 ft. above the
base pins. (See Fig. 438.) This yoke beam held the sections securely
and made the segments act as cantilever trusses. When the lower or
cantilever sections of each group of semi-trusses on opposite piers had
been erected, the upper halves were hoisted into position and bolted up
to the first segments, as shown in Fig. 440. Until all the upper sections
were erected and the crown pins driven, each half of the center acted
as a cantilever truss, fulcrumed about the base pin and held by the yoke
beams anchored to the umbrella sections, without any other external

support.
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By the operation of the inclined bolts through the umbrella sections,
the semi-trusses were raised or lowered slightly until the pin holes regis-
tered and the pins could be driven. The yoke beams holding the lower
portions to the umbrella sections were then released from bearing on
the top chords of the trusses, and the entire centering made to act as a
three-hinged braced arch; the yoke beams, however, were not drawn
so far from the top chords as not to be able to act as anchorage against
wind pressures. A completed arch center ready to receive lagging is
shown in Fig. 441.

The 4-in. lagging of the arch ribs was laid on plank ribs cut to fit the

Courtesy of Engineering and Contracting. . .

Fra. 441.—Tunkhannock viaduct. Near view of completed arch truss
center for one arch rib of 180-ft. span. Completed arch ribs for 100-ft.
abutment span are also shown.

curve of the arch intrados and placed in pairs directly over the channels
making up the top-chord members of the centering trusses. These
ribs were anchored to the channels by $-in. bolts (about 18 in. on centers)
with wood spreaders and transverse bolts to hold them securely in pairs.
(See Fig. 439.)

The centers were erected for arch ribs on alternate sides in adjacent
spans, as shown in Fig. 442, to allow the use of both cableways simul-
taneously for the delivery of materials. When one rib of each span was
completed, the arch centers were lowered by lengthening the adjustable
members at the crown, and the entire centering was jacked over on the
rollers under the pedestals for a distance of 20 ft. to a position under the
second rib. After completing the second rib and allowing the proper
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time for hardening, the centers were again slacked down and rolled back
to a position directly under the opening between arch ribs where the
lagging was removed and the trusses dismantled in sections, then lifted
up through the opening and transported to the next arch to be connected
by means of the cableway. - After the removal of centers, the ledge on
piers serving as a seat for centers was filled in with concrete in receding
steps, as shown in Fig. 427, to conform to the architectural treatment
of the remainder of the pier.

149. Constructing Arch Ribs.—The steel arch centering having been
erected and the lagging for arch-rib soffit placed, the side forms for the
large voussoir blocks were erected with the aid of the cableway, as
shown in Fig. 442. Each arch rib was divided for construction purposes
into eleven voussoirs or blocks separated from each other by compara-
tively narrow keyways, as indicated in Fig. 443. The forms for the
voussoir sides were built in units of similar construction to those used
on the piers, hoisted into place, and held in position with diagonal
braces, rod ties and timber separators connecting the forms on either
side. End forms for the voussoirs were next built, forming an entirely
independent form for each block so that any voussoir could be concreted
entirely independent of any other. On the lower end of each voussoir
form, a triangular extension was built as a side form for pedestals or
seats for transverse spandrel walls so as to provide a horizontal bearing
for the latter.
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The arch-rib reinforcement, in lengths of about 30 ft., was placed in
position before the transverse voussoir forms were built. All rein-
forcing bars were lapped 40 diameters. The bottom bars were held in
the proper position above the lagging by the transverse rods, while the
upper bars were secured by and rested on transverse rods or wires fast-
ened to the side forms.

The concreting of voussoirs was done with the aid of the cableway,
the order of concreting being as indicated numerically in Fig. 443. It
will be noted that the first pair of voussoirs placed were those at the
skewbacks, then the pair midway between crown and skewback, and
next those adjacent to the crown voussoir. This order of placement
was used so that the loading of the centers would be as balanced as
possible, and would thereby prevent any undue deformation of the
centers caused by unequal or improperly distributed loads. The section

F1G. 443.—Tunkhannock viaduct. Diagram showing schedule of pouring
voussoirs and keyways of arches.

at the crown was the last one to be poured. The concreting of the key-
ways was then begun, starting with the lower ones and working up to
the crown. In every case, however, a period of at least 7 days was
allowed to elapse between the concreting of the voussoirs and the ad-
joining keyways.

The forms for the keyways were in no way dependent upon the vous-
soir forms for support and the latter were therefore removed as soon
as allowable and put into use on another arch. With this arrangement
it was possible to construct the twenty 180-ft. arch ribs with two com-
plete sets of arch forms. (The keyway forms are shown in position on
the main-arch rib to the right in Fig. 442.) The arch centers were not
struck until at least 4 weeks after the last keyway had been concreted.

160. Special Methods Used in Constructing Arch No. 6.—As pre-
viously stated the central cableway tower was located at the center of
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the arch span between piers Nos. 5 and 6, and was so placed as to locate
the central bent between the arch ribs and the outside bents entirely
clear of these ribs. This necessitated some changes from those cited
above in the operations of concreting and erecting centers. On account
of the difficulties encountered in the construction of pier No. 5, the
arches 5 and 6 were the last to be constructed. Instead of building one
rib at a time, as with the other spans, the centers for these arches were
erected so that both ribs of each span were concreted at the same time—
all other arch ribs being completed and enough centers being made
available to so carry out the work.

The lower sections of centers for arch No. 6 did not interfere with
the cableway tower and were erected complete for both ribs in the usual
manner. For the erection of the middle sections of centering trusses,
one panel of cross-bracing on each face of tower was removed tempo-
rarily and then replaced after the centers were completed and properly
adjusted. The formwork for arch-rib voussoirs and keyways was then
placed in the usual manner, the cross-bracing in the panel above that
through which the centering trusses passed being removed to allow the
arch-rib concrete to be poured.

After the arch centers for this span were set no hoistways remained
through which the concrete could be hoisted by the cableways. This
necessitated the use of four derricks (two derricks on the top of pier No.
4 and two on the top of pier No. 6) to hoist the concrete buckets from
the ground below to the bridge deck where they were transferred to the
cableways and placed where desired. The portion of arch No. 6,
enclosed by the cableway tower, was concreted by spouting from hoppers
at the faces of the tower into which the buckets were dumped from the
cableway. The economy of the cableway in handling concrete is
illustrated very forcibly by the fact that the hoisting of the buckets
of concrete to the bridge deck with the derricks required 90 seconds, or
three times as long as with the cableway.

The central cableway tower also interfered with two of the transverse
spandrel walls and, in order to erect forms for and to concrete these walls,
the cross-bracing was removed in one panel on each side of the three
center posts of the center bent transverse to the viaduct between the
arch ribs. The tower did not interfere with the pouring of the viaduct
floor except where the three posts above mentioned passed through it.
Here small square holes were bulkheaded off around the posts and filled
in with concrete after the tower was removed.

161. Spandrel Construction.—The construction of the deck over the
arch ribs was not commenced until the main arch centers had been
struck. The transverse spandrel walls supporting the spandrel arches
were concreted in sections of varying height in self-supporting sectional
forms (see Fig. 444) lined with galvanized iron. The concrete was
delivered to a dumping platform by the cableway and was then
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shoveled into the forms, the width of the same not being great enough
to allow dumping directly. Just below the springing line of the span-
drel arches a heavy projecting coping was placed on the walls to support
the ends of the arch centers.

The spandrel arch centers were bmlt in sections 10 ft. 4 in. long, four
sections for each arch, consisting of 2-in. lagging nailed to 3 X 12-in.
bow-ribs spaced 2 ft. 4 in. centers, as shown in detail in Fig. 445. These
sections were made adjustable to facilitate erection and removal. The
bottom chords of the ribs had a 4-in. opening at the middle, covered
by 2-in. fish-plates bolted on each side to allow the striking of centers.
Above the second bottom chord from each end a rod and turnbuckle

Fie. 444.—Tunkhannock viaduct. Completed arch ribs for two 180-ft.
spans. g‘ransverse spandrel walls, pier pilasters, and spandrel arches being
concrete

were placed which, when all the fish-plates were removed, were tightened
up to slack the centers away from the concrete and allow their removal
after the wedges were drawn. A total number of 80 sections sufficed
for the construction of the spandrel arches for the entire bridge.

At the time the spandrel arches were poured, the parapet wall, up to
the first offset of the coping, was also concreted in order to avoid an
unsightly construction joint at the floor level. The forms for this por-
tion of the parapet were built in sections extending from the crown of
one arch to the crown of the one adjacent, as shown in Fig. 444. The
reinforcement for spandrel arches and parapet was placed complete
before any concreting was done. As soon as the forms for spandrel
arches were removed, the wooden forms for the parapet copings were
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erected, reinforcement placed, and the concreting done in the same
manner as for transverse spandrel walls.

The cableway could not be readily used for removing the spandrel
arch centers on account of the eccentric loading which would of necessity
come upon it during such a procedure, and a stiff-leg derrick was there-

.
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Fi1i. 445.—Tunkhannock viaduct. Details of spandrel arch centers.

fore erected on the finished floor to handle these centers, and moved along
as the work progressed.

During cold weather the freshly poured sections of floor were covered
with tarpaulins and a steam pipe run under same to keep the concrete
warm until it had set. In hot weather newly constructed sections of the

F1g. 446.—Tunkhannock viaduct. Progress photograph, June 26, 1915.

floor were dammed up at the ends and flooded with water until the
concrete had set. After completing the floor the waterproofing was
laid, the track ballast placed, and the track laid. Fig. 446, a progress
photograph of the viaduct, shows the status of the work on June 26,
1915. The entire bridge has since been completed (Nov. 7, 1915).



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://google.com/books?id=wME_AQAAIAAJ

AMERICAN
CONCRETE INSTITUTE

PROCEEDINGS

OF THE

TWELFTH ANNUAL CONVENTION

Held at Chicago, Ill.,
February 14, 15, 16, 17, 1916

Vorume XII

EDITED BY THE SECRETARY
AND

JOHN M. GOODELL

PUBLISHED BY THE INSTITUTE
1916

™



CONSTRUCTION METHODS ON THE TUNHANNOCK
AND MARTIN’S CREEK VIADUCTS,
LACKAWANNA RAILROAD.

By C. W. SiMpson.*

Two large concrete structures, known as the Tunkhannock and Martin's
Creek Viaducts, have recently been completed by the Delaware, Lackawanna
and Western Railroad Company, in connection with a grade improvement
between Clark’s Summit and Hallstead, Pa. As the design and structural
features of these viaducts have been extensively described in the technical
press, this paper will be limited to a brief outline of the structures and to
pointing out a few of the more essential features of the planning and carrying
out of the work of construction.

Martin’s Creek Viaduct.—The Martin's Creek Viaduct is a three-track
bridge having a maximum height above stream-bed of 150 ft., and a length of
1600 ft. It has two 50-ft. and two 100-ft. semi-circular arches, and seven 150 x
59-ft. three-centered arches. The larger arches are 6 ft. thick at the crown and
are divided into two ribs, 17 ft. 6 in. wide, spaced 29 ft. 6 in. center to center,
which carry transverse spandrel walls supporting an arched floor system. This
structure required about 26,000 cu. yd. of foundation excavation, 77,000 cu.
yd. of concrete and 1,600,000 Ib. of reinforcing steel. The completed bridge
is shown in Fig. 1.

Tunkhannock Viaduct.—The Tunkhannock Viaduct is a two-track
bridge composed of ten 180-ft. and two 100-ft. semi-circular arches springing
from solid piers and supporting transverse spandrel walls, upon which rests
a floor system composed of 13-ft. 6-in. semi-circular spandrel arches. The
deeper piers have a section 40 x 46 ft. below the ground surface and all piers
are 36 ft. 6 in. by 43 ft. 6 in. to a point 17 ft. below the springing line of the
main arches. At this elevation a 4-ft. 3-in. offset provides a seat for the
temporary steel centering. The deepest pier extends 103 ft. below the orig-
inal ground surface, and at this pier it is 309 ft. from the bottom of the founda-
tion to the highest point of the masonry. Each main arch is composed of
two ribs, 8 ft. thick at the crown and 14 ft. wide. About 163,000 cu. yd. of
concrete, 2,500,000 lb. of reinforcing bars, and 48,000 cu. yd. of foundation
excavation were required. All piers were carried to solid rock, the depth of
which had.been determined by borings. The completed bridge is shown
in Fig. 2.

The natural conditidns at the site of each of these structures and the
method of carrying out the construction work (with one exception) were so
nearly identical that a description of the Tunkhannock Viaduct will apply
equally as well to the Martin’s Creek. The exception noted is that the

* Resident Engineer, Delaware, Lackawanna and Western Railroad, Columbia, N. J.
(100)
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Martin’s Creek bridge was constructed entirely with derricks, while at the
Tunkhannock Bridge both derricks and a cableway were used. The reason
for the use of a cableway at the latter structure was its height and the length
of the spans.

GENERAL PLAN OF PROCEDURE.

The contract for this work was let in June, 1913, and the time set for
completion was July 1, 1916.

In planning the work no detailed schedule was laid out, but the follow-
ing general plan of procedure was determined upon.

Of the thirteen foundations, six were more than 40 ft. deep, and steel
sheeting was adopted for these six excavations. At three of these and at
three of the other foundations, the configuration of the ground was such that
a portion of the excavation could be accomplished with a steam shovel. Of
the other three deep foundations, two were partly in the bed of the stream and
were considered to be the most difficult. It was decided to provide sufficient
sheeting for these two piers; to start them at the earliest possible date; and
to re-use this sheeting at the other four deep excavations. In the meantime
the steam shovel excavation was to be carried out and the other shallow
piers excavated.

In planning the concrete schedule it was necessary to consider that the
mixing plants would be on low ground while five of the shallow excavations
were in much higher ground and could be reached economically only by the
use of the cableway. For this reason no large amount of concrete could be
placed until either the cableway or some of the deep foundations were com-
pleted. It was estimated that of the excavations accessible without the
cableway, four (two shallow and two deep) could be completed on or before
January 1, 1913, and the concrete schedule was made out from that date, as
the cableway could not be ready for use before February.

These conditions made it necessary to contemplate the placing of 163,000
cu. yd. of concrete in 30 months. It was, of course, recognized that con-
creting could be carried on much more rapidly and continuously while work-
ing on the foundations and on the main pier shafts than would be the case
when working on the arch rings and spandrel system. About half the con-
crete, or 80,000 cu. yd., is below the springing line of the main arches, and it
was decided that this quantity must be placed during the first ten months,
or at the rate of 8,000 cu. yd. per month. This made the rate for the remain-
ing twenty months 4,200 cu. yd. per month.

It must not be understood from this that it was the intention to com-
plete all the work below the springing line before proceeding with the super-
structure. On the contrary, it was desired to combine work on the super-
structure with the part below the springing line as much as possible; but it
was realized that the pier work must predominate during the first third of the
allowed time. Also, it was not expected to maintain a uniform monthly rate.
The schedule was simply a general guide as to the sufficiency of the plant and
fortzes engaged.
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FIG. 1.—MARTINS CREEK VIADUCT, LACKAWANNA RAILROAD.
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The organization of forces was as follows:

A general manager was in complete control. To him reported a super-
intendent and an office manager. A timekeeper and a material clerk reported
to the office manager regarding office matters and to the superintendent
regarding field matters. The superintendent’s assistants were as follows:
master mechanic, general carpenter foreman, foreman rigger, foremen of
concrete gangs, foremen of excavation gangs, mixer foremen, foreman of
material gang and foreman of steel gang. The master mechanic was in charge
of all machinists, enginemen, hoist runners, cableway runners, steam shovel
men, pumpmen, drill runners, blacksmiths, signal men and electricians. The
carpenter foreman had under his direction sub-foremen, mill-men, carpenters
and helpers. The rigger foreman was responsible for the condition of the
cableway and derricks. The duties of the other foremen are evident from
their designation. Laborers and sometimes foremen were shifted from one
class of work to another as occasion demanded, but all men were kept at the
same work so far as possible.

GENERAL Layour.

Before the completion of the improvement the main tracks of the Dela-
ware, Lackawanna and Western Railroad were approximately parallel with
and about 450 ft. distant from the viaduct. This is shown in Fig. 3 (Plate
I), which shows the general plant layout. (It will be noted that this plant is
to scale between piers 3 and 8 only, the abutments and piers 1, 2, 9, 10 and 11
being omitted, as no plant was located between the piers shown and the end
cableway towers.) The railroad company’s tracks were on an embankment,
so that they were about 60 ft. higher than the creek bed and about 35 ft.
higher than the ground level at the mixing plants. The loop formed by the
narrow gage track encloses a knoll about 30 ft. higher than the general level
of the valley. On this knoll are located the machine and blacksmith shops,
superintendent’s office and water tower. The general office and hospital are
located on ground at about the same elevation as the knoll above mentioned.
The general material derrick is located on a narrow ridge which connects the
railroad embankment with the knoll at the blacksmith shop. A similar ridge
extends from pier 6 to the high ground at the hospital. Cuts were made
through these ridges to permit the laying of the 3-ft. gage tracks.

The first operation was the widening of the railroad company’s embank-
ments and the laying of the track marked ““Track for Empties” and “Room
for 16 Loads.” This track was completed on June 12; a track pile-driver
immediately started to construct the material trestles; the general material
derrick was erected; work was commenced on the shops, storehouses and
office building; and a narrow gage track was laid from the material derrick
to pier 4. During July a steam shovel started foundation excavation, and
sheet piling was being driven at pier 4. During August the erection of the
cableway was started; a trestle carrying a narrow gage track was built across
the creek to give access to pier 3, and a large amount of plant and supplies
were delivered on the ground.
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FounpaTION ExcavaTION.

A steam shovel having a 1-cu. yd. dipper excavated piers 5, 6 and 8 down
to ground-water level and piers 2, 9 and 10 down to rock. The material was
allowed to take its natural slope, and the excavations were made sufficiently
large to take care of the raveling of the banks prior to the completion of the
piers. The shovel loaded the material into 4-cu. yd. cars, and it was utilized
in grading for the narrow gage tracks and in bringing all low ground between
the creek and the railroad up to 4 level with the mixing plants. All the ground
around the sawmill, laying-out platform, steel rack, boiler house, and mixer
2 was ‘“made”’ in this way. This “leveling up,” amounting to as much as
12 ft. in some places, was done at practically no extra cost and proved a very
great benefit in handling the work. The shovel completed its portion of the
excavation in December, 1912, having excavated about 50,000 cu. yd., 15,000
cu. yd. of which was pay material.

In excavating below water level, interlocking steel sheet piling in lengths
of 30 ft. were used. The sheeting was driven with a 3-ton steam hammer and
was braced with 12 x 12-in. timber. Sheeting was required for depths of from
50 to 75 ft., necessitating the use of two and three lengths of sheeting.

The method of procedure with the excavation was to erect one set of
sheeting on lines about 3 ft. outside of the required foundation area, and to
drive the sheeting as far as convenient. The excavation was then carried
down to the bottom of the sheeting by means of 1}-cu. yd. clam-shell buckets,
operated in the bays between the timber braces, which were so spaced as to
admit the operation of the bucket. The bracing was put in on about 5-ft.
centers, vertically, as the excavation proceeded.

After the excavation had been carried down to the temporary bottom of
the sheeting, the latter was driven farther, and the operation was repeated
until the top of the sheeting was down to the ground surface. Another set of
sheeting was then erected about 6 ft. 6 in. outside the first set, and was driven
as deep as was thought advisable. The material between the two sets of
sheeting was excavated with the clam-shell bucket; the first sheeting was
then driven farther; and the excavation was resumed. As the inside set of
sheeting was driven down, the upper set of timber bracing was removed and
placed at the bottom. The process was continued until bedrock was reached.
Almost all of the sheeting was recovered, some of it being used four times.

Two of the piers gave serious trouble on account of quicksand. The
difficulty was overcome in one of these by dividing the last 12 ft. of the exca-
vation (the total depth was 62 ft.) into three pockets and taking each pocket
down separately. A somewhat similar plan was tried in the other excavation
but was not successful, and it was necessary to resort to compressed air. A
caisson was baiilt inside the sheeting with its cutting edge 45 ft. below the top
of the excavation and 32 ft. above bedrock. The two lower sets of bracing
timbers were built into the caisson and were carried down with it. Concrete
was placed on top of the caisson as it sank in the usual manner. Had it not
been for the difficulties that had to be overcome in excavating for this pier,
the work would have been completed well within the contract time. This
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excavation was not completed until February, 1915, and yet the entire bridge
was completed in September, less than three months later than the contract
time. '

CONCRETE PLANT.

Sand and stone were delivered on the material trestles in bottom-dump
hopper cars and dumped into the storage piles. Each mixing plant was
served by two derricks which operated clam-shell buckets of 40-cu. ft. capacity.
These derricks conveyed the sand and stone from the storage piles to small
bins over the mixers. From these bins the material passed by gravity into
a measuring hopper where the cement was added. From the measuring
hopper the material passed by gravity into a 2-cu. yd. mixer which dumped
directly into double-line bottom-dump buckets on flat cars. Twelve-ton
locomotives hauled trains of three flat cars, one car being empty to receive the
empty bucket from derrick or cableway. At mixer 1 the cement was con-
veyed from the original cars on the material trestle to the hopper floor of the
mixer by the sand derrick. At mixer 2 the cement was unloaded from the
cars into chutes, which conveyed it to the hopper floor. All cement was
shipped in cloth. A cement house (see Fig. 3) of 3000 bbl. capacity was built
and filled, but no cement was used from this source except when shipments
were delayed and no cement was available in cars.

The mixing requirements made it necessary to turn each batch from 2 to
24 minutes and limited the mixer output to an average of 17 batches per hour.
Each mixer gang consisted of one foreman, two derrick operators, one mixer
runner, one fireman and eleven laborers. Two trains, each requiring one
engineman and one laborer, served each mixer. One foreman with from
eight to sixteen laborers spread the concrete in the forms. The above organ-
ization, with the addition of cableway runners and signal men, averaged about
30 cu. yd. of concrete per hour. .

The following table gives the cubic yards of concrete placed during each
month. It is interesting to compare this with the original schedule.

1913 1914 1915
January................... ... 8410 3400 2000
February................ ... ... 5740 2260 5130
March......................... 4520 1460 5620
April... ... ... 6630 5090 4010
May..........cooiiiiiinann. 7190 3270 3200
June....... ..o, 13890 4010 3400
July..............o ..... 12150 4770 4000
August........................ 8810 4450 1800
September..................... 3820 4910 .
November..................... 3270 4310
December...................... 2160 4000

About 8900 car loads of sand, stone and cement were handled on the
material trestles and 1200 car loads of other material were handled by the
general material derrick.
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FIG. 4.—CABLEWAY TOWERS, ETC.
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The cableway consisted of two lines of 24-in. main cables, spaced 20 ft.
apart and supported by end towers about 160 ft. high and an intermediate
tower 300 ft. high. The end towers were 3028 ft. apart and the intermediate
tower divided this distance into two spans of about equal length. Four
engines and carriages operated as four independent units. The towers were
of timber and the intermediate tower was so located and designed that the
arch rings and all the floor system except a narrow slot could be constructed
through it and thus utilize the cableway to the fullest extent. The type of
tower construction is shown in Figs. 4 and 5.

The last centers to be erected were those passing through the center
tower. The adjacent piers were carried up to the top of the floor before

FIG. 7.—CENTERING WITH TIMBER TOWER.

these centers were erccted and two stiff-leg derricks were located on each
pier. After these last centers were erected, all material was raised above them
by the derricks and then transferred to the cableway for transportation to its
destination.

ArcH CENTERS.

Five sets of three-hinged steel arch centers were used in constructing the
180-ft. spans. Each set was composed of four ribs weighing 47 tons per rib,
spaced 3 ft. 10 in. center to center, and provided support for one of the two
concrete ribs composing each span. A 4-ft. 3-in. ledge or offset, 17 ft. 6 in.
below the springing line of main arches, was provided to support the centers.
On this offset rested an I-beam grillage extending the full width of the pier
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and carrying 6-in. rollers on which the pedestals of the centers rested. For
erection purposes each steel rib was built in four sections.

Before the centers were erected the adjacent piers were constructed to
an elevation about 37 ft. above the springing line, forming what is termed the
“umbrella.” The procedure of erection was as follows: After the I-beam
grillage, rollers and pedestals were in place, the lower quarters of the ribs were
raised to position, the bottom pins driven and the top of the sections anchored
to the “umbrella’” tops by bolts passing through the concrete. One of the
upper quarters was next raised to position and bolted to the quarter already
in place. The other upper quarter was then put in position, bolted to its
lower section and the crown pin driven. The ribs were so designed that the
half rib would support itself as a cantilever. Fig. 6 shows two sets of centers
in place and the lower quarters of another set erected. Fig. 5 shows the
upper quarters being erected through the center tower.

To provide for striking the centers or adjusting the crown elevation, the
first panel on each side of the crown pin was constructed with pin connections,
and the web member at right angles to the chords consisted of two parts con-
nected by a right-and-left thread screw operated by a lever and ratchet. By
lengthening or shortening this member the distance between the crown and
end pins was decreased or increased, thus lowering or raising the crown.

After serving their purpose under one rib of a span, the centers were
slacked off and jacked over to their position under the twin rib. When the
span was completed, the centers were rolled back under the opening between
the concrete ribs and transported to their next point of service. In con-
structing the last two spans, centers were erected under both ribs simultane-
ously in order to hasten the completion. Timber centers resting on a timber
tower were used for the 100-ft. spans. The type of construction of these
centers is shown in Fig. 7, which also shows the placing of lagging on a set of
steel centers. ‘

Forus.

With very few exceptions the forms were built on the ground in sections
and hoisted to position by cableway or derrick. These sections were re-used
a great many times, some of the first ones built being still in service at the
end of the work. To illustrate the construction and utility of this type of
form, a description of the forms used for the main pier shafts will be given in
some detail. These sections were of two sizes, one being 18 ft. 3 in. and the
other 15 ft. 8 in. long, and both were 17 ft. 9 in. high. The larger section
weighed about 7000 Ib. Four of the larger and six of the smaller sections
were required to surround oné pier and were termed a set. Four sets sufficed
to construct all the piers up to the centering ledge without in any way retard-
ing the progress of the work and, with slight alterations, these same sections
were used up to the tops of the piers and also as spandrel wall forms. These
forms are shown in Figs. 4 and 5.

Each section is made by nailing two layers of 1 x 8-in. tongue-and-groove
boards to 8 x 10-in. horizontal studs spaced 2 ft. 5 in. on centers, one layer
being at right angles to the other and both layers at 45 deg. with the studs.
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The studs were bolted to 10 x 10-in. verticals which extended about 2 ft.
above the planking. All forms were faced with No. 26 galvanized sheet iron
and, in some cases, paper was laid between the layers of boards as an aid in
protecting the concrete during freezing weather. The forms were kept in
position by rods running down at an angle of 45 deg. from the vertical posts
to anchors in the concrete and by 12 x 12-in. timbers resting on the top edge
of the planking and wedged against the verticals. The rods were provided
with a threaded sleeve joint so that the projecting end could be removed from
the concrete.

Six carpenters with two cables or one derrick would remove and re-erect
one set of forms in somewhat less than two days. On two occasions when the
plant was available and it was desired to move the forms with as much speed
as possible, 16 carpenters, with the aid of two derricks and two cables, removed
and re-erected a set of these forms in seven hours.

The forms for the arch rings were very similar in construction to the
pier forms, and two sets, that is, forms sufficient to cover two complete ribs,
sufficed for the entire work.

The main arches were constructed with large blocks or vouissoirs sepa-
rated by small keys. The block forms were made entirely separate from the
key forms. Fig. 6 shows the key forms in place on one span and the block
forms being erected on the adjacent span.

These structures were designed and built under the directior of Mr. G.
J. Ray, Chief Engineer, and Mr. F. L. Wheaton, Engineer of Construction.
Mr. A. B. Cohen was in charge of the design and the writer was Resident
Engineer in charge of the construction of the Tunkhannock Viaduct.

The contractors were Flickwir & Bush, Inc., for whom Mr. F. M. Talbot
was General Manager and Mr. W. C. Ritner, Superintendent.
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Progress on Summit Cut-Off of the Lackawanna

A Description of the Present Stage of Construction of
World’s Largest Concrete Bridge and a 3,630-ft. Tunnel

It is expected that the new three-track line of the Delaware,
Lackawanna & Western between Clark’s Summit, Pa., and Hall-
stead, on which some unusually heavy work has been under way
for the last three seasons, will be ready for operation by De-
cember 1 of this year. This cut-off of 39.6 miles is being built
at a cost of about $12,000,000 to reduce the distance 3.6 miles,
the maximum grade eastbound from 1.23 per cent uncompensated
to 0.68 per cent compensated and westbound from 0.52 per
cent uncompensated to 0.237 per cent compensated; and the
maximum degree of curvature from 6 deg. 22 min. to 3 deg,, to
eliminate 327 ft. of rise and fall and 2,440 deg. of central angle,

This double track viaduct consists of ten 180-ft. and two 100-ft.
arches with a total length of 2,375 ft.,.and a height of 242 ft.
from stream bed to top of coping. These dimensions with the
concrete yardage of 167,000 make it the largest structure of
its type in the world.

The method of sinking the piers to rock at a depth of 10 ft.
to 95 ft. below the ground line and the censtruction of these
piers above the ground to the top of the umbrella section 37
ft. above the springing line were described in the Railway Age
Gasgette of December 5, 1913, At present all of the sub-
structure has been finished except pier 5, which has been de-

A General View of Martin’s Creek Viaduct Which Is Now Completed

to add a third track and to abolish all grade crossings. As
the maximum train loading is fixed by the grades on the re-
mainder of the engine district, no increased tonnage will be
made possible by the improvement, -but an important saving in
mileage of helper engines and in running time over this por-
tion of the line will be effected.” The reasons for this work
were fully covered in the Railway Age Gasette of April 25,
1913, and November 14, 1913.

GENERAL

The construction of this line required the excavation of 13,-
318,000 cu. yd. of material. The interesting methods of han-

layed by serious difficulty with quicksand. A comparatively
slight delay was caused by a pocket of quicksand at one corner
of pier 4, but as the material at the other end was solid, it
was possible to divide the area, finish one end and then brace
against the concrete to hold back the pressure of the soft
material. ’

In pier 5, a stratum of quicksand extending over the whole
area of the cofferdam was encountered about 75 ft. below the
surface and 20 ft. above the rock. An attempt was made to
drive sheeting inside the caisson to divide the area into 24
parts, each of which could be finished separately, but this
sheeting was bent and displaced by boulders overlying the rock,

A General View of the Tunkhannock Creek Viaduct Under Construction

dling this heavy grading work were described in the second
article referred to above. The grading is now about 85 per
cent completed and about 25 per cent of the track has been
laid.

The small bridge work is practically completed, and the last
concrete in the Martin’s creek viaduct, one of the two large
structures, was poured on November 14. The 12-span concrete
arch bridge over Tunkhannock creek, which is the largest struc-
ture on the line, will probably be the last work completed.

making this method impracticable. It then became necessary
to use a pneumatic caisson which was built in two chambers
with two locks in each. The caisson was constructed with the
cutting edge 27 ft. above rock; air was turned on December 13,
and the caisson had been sunk 10 ft. on December 21.

DESIGN OF CONCRETE ARCH VIADUCTS

As stated in the previous article, the substructure in reality
includes the piers and the umbrella tops forming the skew-
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backs for the arch rings. The superstructure differs somewhat
in the 100-ft. and the 180-ft. arches. The former are located
at the ends of the structure and are termed abutment spans,
as they are completely buried by the approach fill. In these
spans the two arch ribs are 5 ft. 6 in. thick at the crown and
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2 in. to 4 ft. 6 in,, which span the center opening. These walls
are connected at the top by spandrel arches of 6 ft. 9 in. radius
with a crown thickness of 1 ft. 9 in. Belt courses on the walls
1 ft. 6 in. below the springing line of the spandrel arches pro-
vide seats for the centers used in building these arches. The

[0-180" Ser-circhar Arches.

Outline Elevation of Tunkhannock Creek Viaduct Showing Progress up to January 1, 1915

12 ft. wide. They are spaced 22 ft. center to center leaving a
10-ft. opening between the ribs and are tied together by four
reinforced concrete struts. The ribs support reinforced trans-
verse walls on which is carried a floor slab from 1 ft. 9 in.
to 2 ft. 6 in. thick. An 18-in. curtain wall along each outside

two walls over each pier are connected at the ends by pilasters
3 ft. thick, which stiffen the spandrel system and give the ap-
pearance of a solid pier.

The floor is pitched 6 in. to the center of the transverse
walls, the drainage being carried down through 6-in. pipes in

The General Elevation and Cross Section of the Tunkhannock Creek Viaduct

face closes the opening between the arch ring and the floor
slab.

1n the 180-ft. spans the arch ribs are 8 ft. thick at the crown
and 14 ft. wide, the intrados being semi-circular; the extrados
is segmental with a radius of 111 ft. The arch ribs are spaced
20 ft. center to center, leaving a 6 ft. opening between them.
They support transverse walls varying in thickness from 3 ft.

these walls and discharged in the space between the arch ribs.
The minimum depth of ballast is 12 in. over the expansion joints
of which there are four on each span, two at the piers and one
over the third transverse wall from each pier. These joints
consist of a ¥4-in. open space covered by a copper plate bent to
project down into the joint slightly and with its edges turned
down into grooves parallel with the joint, where it is held in
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place by a mastic filling. The waterproofing is carried con-
tinuously over this plate. A parapet wall with an overall width
of 3 ft. 4 in. extends 7 ft. 3 in. above the floor at the crown of
the spandrel arches and the pilasters extend 3 ft. above the top
of the parapet.

The general design of the Martin’s creek viaduct is similar
to the Tunkhannock creek bridge, except that it will carry
three tracks and that seven of the eleven are 150 ft., three-
centered arches, consisting of two ribs 17 ft. 6 in. wide with an
open space of 12 ft. between ribs. The spandrel arches are
flattened to conform with the appearance of the main arches.
The total length of this structure is 1,600 ft.,, the base of rail
is 150 ft. above the stream and 78,000 cu. yd. of concrete were
required in its construction. e

CONSTRUCTION OF CONCRETE ARCH VIADUCTS :

The contractor’'s methods adopted in building the super-
structures of the two large viaducts were practically the same,
so that a description of the work on the Tunkhannock bridge
will apply in general to the Martin's creek structure as well.
As mentioned in the article on the substructures referred to
above, all form material and concrete at Martin’s creek were
handled by derricks, while at Tunkhannock a combination of
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maximum horizontal reaction at the lower skew back pins of
261,100 1b. During the lateral movement of the centers the
thrust resulting from the weight of the trusses and lagging-is
taken by two 1 in. rods connecting these pins. The wind load
on the forms is taken by four 134-in. anchor bolts extending
into the concrete bench on each side of the pedestals. As an
added precaution, the contractor used two 34-in. steel cable
guy lines from the crown of the centers. )
The four arch trusses in each set are supported by a ped-
estal 16 ft. 7 in. long. In order to provide for the side move-
ment from one arch rib to the other, the base plate under this
pedestal is provided with a guide rib %5 in. by 2}% in. which en-
gages the shoulders of 6-in. rollers running on a bottom grill-
age. This grillage is 35 ft. 6 in. long, consisting of four &iﬂ.
I-beams with top and bottom cover plates, the former having
a guide plate to engage the rollers similar to the one on"the
pedestal. ' )
The 3%-in. lagging is carried on planks set on edge over each
rib with their outer edges curved to conform to the intradosal
line. As the top pin is 6 ft. below the crowd of the arch, the
lagging for one panel length on each side of the crown is car-
ried on a rigid triangular frame above the top chord sections.
The adjacent members of these frames over the pin are about

The Abutment Span.Before Completion and the .Two Short End Spans of the Martin’s Creek Bridge

derricks and a double cableway is being used. The center
tower of this cableway was 260 ft. high for the early stages of
the work and was later raised by a 40-ft. addition in accordance
with its design. Two duplicate concrete mixing plants at
Tunkhannock and one at Martin’s creek, each with a capacity
of about 40 cu. yd. per hour, were provided.

With the exception of the abutment spans in both structures,
for which wooden centers supported on wooden towers were
used, the arch rings were built on self-supporting steel arch

. centers. These were seated on benches on the sides of the
piers, which in the Tunkhannock bridge are 4 ft. 3 in. wide and
17 ft. 6 in. below the springing line. The spandrel arch centers
and all forms are of wood. Five sets of arch centers are used,
each of which supports a single main arch rib. After the con-
struction of one rib in a span the centers are moved over under
the other rib in the same span and used again without disman-
tling. In order to utilize both material cables at the same
time, the centers are erected on alternate sides in adjacent
spans.

Each set of steel centers consists of four three-hinged arches
spaced 3 ft. 10 in. center to center and thoroughly braced. The
assumed loading on these centers, including the weight of the
trusses, lagging and forms, is 1,370,000 Ib.. which produces a

2 ft. apart at the crown, an oak block being supported in this
space by bracket angles to carry the lagging over the joint.

The adjustment of the height of the centers necessary to
strike them before removal is accomplished by changing the
length of the diagonal members of the two panels adjacent to
the crown. Pin connections are used in these panels to make
this possible and the diagonals are each made in two pieces
connected by bolts with left and right handed threads.

The centers, which have a total weight of about 200 tons,
are erected by the cableway, each rib being handled in four
pieces. The lower half of each semi-truss is erected first and
held in position on the skewback pins by two temporary bolts
through gas pipe sleeves in the concrete of the umbrella tops
which bear on washer plates at the upper ends of the pipes and
support a short T-beam yoke under the upper chords of 'the

“trusses. The upper halves are then erected and bolted to the

lower sections, the entire semi-trusses being supported as
cantilevers from the piers until the crown connections are
made, converting them into three-hinged arches.

After the completion of the first rib, the centers are struck
and are then jacked over on the grillage, a distance of 20 ft,
to bring them under the second rib. After this rib i5 concreted
and set, the centers are again struck and rolled- into the space
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between ribs where the segments can be removed one at a time
by the cableway for erection in another span.

~ Each arch rib consists of 11 vouissoirs and the necessary
connecting key sections. The corresponding vouissoirs on op-
posite sides of the arch aré concreted simultaneously, and after
the last one is placed a set of seven days is allowed before the
keys are put in. Separate forms are provided for the vouis-
soir blocks and the key sections allowing the former to be re-
moved for use on another span while the keys are being placed.

.

The End Span of the Tunkhannock Viaduct Showing the Pilasters
at the Piers and the Spandrel Arches Partially Completed

All the concrete is handled in bottom dump buckets by the
‘cableway from cars pulled by dinkey engines from the mixing
plant. In most cases these buckets are dumped directly into
the forms, but in the case of the spandrel walls for example,
:where the width of forms is not great enough to permit this,
-dumping platforms are used. A stiff-leg derrick was erected
on the finished floor as soon as one section was completed and
is moved out as the work progresses to handle the spandrel

Erection of the Steel Centers for One Span at Martin’s Creek in
Progress Showing Details of Crown Connection and Adjust-
able Members in the Top Panel of Each Semi-Truss

“arch forms from under the completed floor at the sides of the
bridge, thus obviating the necessity for using the cableway for
cccentric loads. In hot weather each floor section is kept
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flooded until it has set, and in cold weather a tarpaulin cover is
provided and a steam pipe run in to heat the surface. The
lower section of the parapet walls up to the first offset on the

A Construction View at Tunkhannock Creek Showing Forms in
Place for Spandrel Walls, Arches and Pilaster

outer surface is cast with the floor in order to avoid the ap-
pearance of a construction joint.

THE NICHOLSON TUNNEL

The excavation in the double track tunnel 3,630 ft. long
near Nicholson, amounting to 146,000 cu. yd. was completed
about the first of November, and work is now in progress on
the lining of this bore, 1,600 lineal ft. of lining having been

Two Spans of the Tunkhannock Viaduct in Each of Which One
" Rib Has Been Finished and the Centers Are Now
in Place Under the Second Rib

completed. As mentioned in one of the previous articles, two
shafts were driven at the third points in order to advance the
work before the completion of the portal cuts, which are about
100 ft. deep, and one of which contains over 1,000,000 cu. yd.
of material.

Center top headings 9 ft. by 12 ft. were driven in both di-
rections from each shaft and also in from the west portal as
soon as the cut at that end had progressed far enough to
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make this possible. These headings were later widened to
allow the placing of the wall plates and the 12 in. by 12 in. roof
timbers, which were spaced 4 ft. center to center. The re-
mainder of the section was excavated by a single pass of a 40-
ton Marion shovel operated by compressed air. The material
was shot down ahead of the shovel in two benches, the upper
having a face of about 6 ft. and the lower about 12 ft. The
shovel loaded the material into 6-yd. cars operated in trains
of 10 by dinkey engines burning hard coal.

Two tracks were provided in the tunnel for this narrow
gage equipment with a switch about 200 to 300 ft. from the
working face. A train of empty cars would be pushed up to
this switch on one of the tracks and the loaded cars collected
by another engine on the other track. The first engine would
push in ‘two empty cars to the shovel, run back of the switch,
the second engine would come up and pull out the two cars
as soon as loaded, and the first engine would then set in two
more. By the time the loaded train was ready to leave, an-

other train of empty cars would arrive and the process be con-
tinued, always having two engines at the shovel to switch the
cars. The haul varied from ¥4 mile to one mile from the portal.
The shovel completed the excavation in 350 days elapsed time,

L

,"\n;v-\, ¥ ’S \/ ".
Half Section in Soff Ground Half Section in Rock.
Typical Cross Section in Earth and Rock of the Nicholson Double

Track Tunnel

making a progress of about 12 ft. per day of actual working
time.

Three compressors located in a plant at the west end supplied
air for the shovel and drills, the 10-in. air main being carried
for a maximum distance of about one mile. A generator located
in the compressor plant furnished electricity for lighting the
tunnel during the placing of the lining, although large carbide
torches and individual gasolene lights were used until the com-
pletion of the excavation.

The tunnel is being lined with vitrified brick which has been
shown in extensive tests to have a high compressive strength
and resistance to corrosion. The estimates showed that a con-
crete lining could be placed for about 60 per cent less per cubic
yard than the brick, but the yardage is decreased by using the
brick so that the comparison of the total costs does not show as
great a difference. The proximity of unusually good supplies of
brick was a factor considered in this case. The side bricks are
obtained in Corning, N. Y., and the arch bricks in Scranton, Pa.
The bricks are of two sizes, those in the side walls being 24 in.
by 4 in. by 834 in., and those in the arch 234 in. by 4 in. by 8 in.
The lining is four courses thick, except in the short section of
carth near the cast end, where a fifth course is added.
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The brick lining is carried on a concrete footing which is
extended toward the tracks to form an open drain 18 in. wide
and 12 in. deep. The thrust of the arch is taken by 18 in.
square thrust blocks of brick at the springing line, spaced 4 ft.
center to center. The space above the ring and behind the
side walls is back-filled with selected rock, and 6 in. by 6 in.
drains through the concrete footings at intervals of 10 ft. af-
ford an outlet for any water collecting behind the lining. In
the east approach cut where the grade is descending toward the
tunnel, a vitrified pipe line for drainage will be laid with a
grade sloping away from the tunnel. So far no difficulty has
been encountered with water, and none is anticipated. .

The concrete footings are built in 15-ft. form sections, the
concrete being mixed at the top of one of the shafts and low-
ered by a derrick. A crusher was installed here to supply
crushed stone for this concrete, using the rock removed from
the tunnel. The output of the crusher was also used for the
concrete in a small culvert near by. .

The brick arch is being built on four 32-ft. sections of center-
ing which are moved forward on wheels. Bricks are laid in
1:2 cement mortar mixed by an electrically operated Ransome
mixer in the tunnel. A motor-driven conveyor is also used to
glevate the bricks and the mortar to the working platform of
the centering. The mason gang employed at present on this
work can average 1,500 to 2,000 bricks per man in an eight-
hour day.

The plans for this cut-off line and the construction work
have been handled under the supervision of G. J. Ray, chief
engineer. The designs for the large concrete arch viaducts
were made by A. B. Cohen, concrete engineer. All field con-
struction work is directed by F. L.. Wheaton, engineer of
construction, the residency including the Tunkhannock viaduct,
the Nicholson tunnel being in charge of C. W. Simpson, resi-
dent engineer. .

LAFAYETTE YOUNG ON GOVERNMENT
OWNERSHIP

[From the Des Moines Capital]

The railroads are out of politics. In a political sense they are
boycotted. Prove that a man is subservient to railroad influence
and his defeat is certain. The conditions are much better be-
cause these achievements have been had.

Therefore, we cannot agree with Dr. Frank Crane in his de-
sire to put all the corporations into politics. He wants the
railroads, tramways, telephone and telegraph lines, and all other
systems of transportation; all water-ways, all electricity, gas
and the like put under the ownership of the government.

The editor of The Capital has been in nearly every country
in the world, and we can say truthfully that the telegraph and
telephone lines, also the railway lines, are better managed -in
the United States, and give better service than in any country in
the world where government ownership prevails. The charges
in the United States are not excessive. :

In a republic where the majority rules, and the majority are
in the government employ, what are the other people going ‘to
do? We very much fear that under universal government
ownership American politics would become so corrupt that the
government itself would go down under the weight. . -

Government ownership is justifiable only when private owner-
ship everlastingly fails. Some arguments could be put up for
government slaughter and packing houses; even for flouring
mills. But when the transportation business is well managed,
why put millions into it? ' ‘

We venture the statement that very few businesses in America
have been destroyed by transportation charges.

Dr. Crane points to higher conditions morally, and anticipates
an appreciation of responsibility upon the part of everybody,
which is not at present warranted by the facts..
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The big saving will come not so much from the short-
ening of track as from the reduction of curvature and
grades. Sharp curves and grades reduce speed and the
former add immensely to the cost of maintenance of
rolling stock. The illustration showing a stretch of the
present tracks and the excavation for the new line of
track which will replace it graphically indicates what
the change will mean. The present tracks curve grace-
fully and repeatedly to a point in the distance which

MOODY'’S MAGAZINE.

(OCTOBER

(3) Cost of operation and maintenance per train
riile; that is, Item 1, divided by Item 2—$1.67.

(4) Average yearly increased cost of operation and
maintenance per train mile from 1900 to 1910, 4.4%.

(5) Average yearly increase in net tons of freight
handled, 1900 to 1910—7.425%.

(6) Average yearly increase in passengers carried,
1900 to 1910—8.2%.

(7) Total net tons manifest freight, moved over the

THE ForMIDABLE PiErRs oF THE TUNKHANNOCK CREEK VIADUCT.
The lines showing at the top, resembling wires, are substantial steel rods which bind the cement.

the new tracks will reach in an absolutely straight line.

To determine the amount of saving the new work
will bring about the engineering department has studied
every possible phase, getting down to so fine a point as
to consider the waste employed in engine maintenance.
The items considered were:

(1) The total cost of operation and maintenance for
the vear 1910.

(2) Total train miles for 1910, exclusive of work
train mileage.

territory in question, 1910. East, 1,324,907 ; West, 592,-
713.

(8) Total net tons of all classes of freight moved
over the territory in question, 1910: East, 3,134,688;
West, 6,967,267.

(9) Total number of freight cars moved over the
territory in question, 1910: East, 188,237 loads; West,
143.279 loads: East, 122919 empties; West, 123,146
empties: total tons East, 8306,003; total tons West,

12,066.973. (Continued on page 192.)
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LACKAWANNA'S BIG VIADUOT.

On November 7 the Delaware, Lackawanna & West-
ern opened for traffic its cut-off between Clark’s Sum-
mit and Halistead, Pa., 39.6 miles, reducing the distance
between New York and Buffalo only 3.6 miles.

The engineering features of this cut-off are interest-
ing and were costly to the company ; the cost is approx-
imately $12,000,000. Some very heavy fills were re-
quired, a number of big cuts, a tunnel (double track)
3,630 feet long and a concrete viaduct over the Tunk-
hannock valley are among the heavy pieces of work

December, 1915.

dinary view from train windows. All of the foundations
were carried to solid rock. Two of the piers required
an excavation of g5 feet in depth, while the excavation
for the piers in the bottom of the valley was carried
through sand, gravel and boulders to a depth of 60 feet
below the water level.

By this cut-off the maximum grade is reduced from
1.23% to .68% ; formerly the total curvature was 3970
degrees; it is now reduced to 1570 degrees.

At Martin's Creek another viaduct was built which
is 150 feet high and 1600 feet long, containing 11 spans,

TUNKIIANNOCK VIADUCT, DELAWARE, LACKAWANNA & WESTERN RAILWAY!

necessary. The tunnel with its approach cuts aggre-
gated 27,000,000 cubic feet of excavation.

The accompanying illustrations show the Tunkhan-
nock concrete viaduct, which is 240 feet high at lowest
part of the valley, is half a mile long, and is claimed to
be the largest concrete railroad viaduct in the world.
The viaduct proper consists of ten spans of 180 feet
each and two spans of 100 feet each. It contains ap-
proximately 4,509,0co cubic feet of concrete, and 2,280,-
000 pounds of re-enforcing steel. The railroad tracks
are enclosed between massive parapet walls 3-feet thick
and rising above the track to a heighth of 4 feet, thus
insuring safety without interfering with the extraor-

7 of which are each 150 feet long, 2 are 100 feet and 2
are 50 feet each. In this viaduct 2,092,500 cubic feet
of concrete were used and 1,600,000 pounds of rein-
forcing steel. The entire work of building this cut-off
was planned and executed by George J. Ray. F. L.
Wheaton was chief engineer of construction :in im-
mediate charge of the work. The Tunkhannock viaduct
was built under the personal supervision of F. M. Talbot.

The I. C. Commission has ruled that railroads are
justified in charging two train fares for drawing rooms
and one and a half train fares for compartments on
sleeping cars, exclusive of Pullman charges.
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TRAFTIC AND FINANCE.

The Baltimore & Ohio has secret agents taking snap
shots of its employes if caught drinking intoxicating
liquors.

Plans are being formulated for the reorganization of
the Frisco System along an assessment plan about $50 per
share.

Though there has been no serious shortage of freight
cars on western and southern roads, they are all show-
ing big gains in freight earnings.

J. W. Kendrick, special examiner of the Rock Island
property, estimates that $35,000,000 should be expended
on that system in the next five years.

Banker Jacob H. Schiff, of New York, says: “Pros-
perity has come and prosperity is going to stay. It is not
going to cease with the end of the war.”

RATLWAY
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pany. Several new companies are gettmg into that field
as the result of the Pacific Mail Co.’s action.

The Wall Street Journal says that a “federal statute
conferring upon some federal body, say the Interstate
Commerce Commission, the power to pass upon any
proposed railway reorganization, is greatly needed and
should be enacted by Congress at the coming session.”

The Luckenbach Steamship Company has announced
that it will be compelled to abandon its San Francisco-
New York service and sell its ships or transfer them to
foreign registry unless the Panama Railroad freight rates
set forth in the latest schedule are modified. On account
of the frequent slides in the Panama Canal, steamship:
lines operating through it have to also figure on cost of
transfer across the isthmus in the event the waterway
is not open, which seems to be most of the time.

TUNKHANNOCK VALLEY, SHOWING VIADUCT.

According to Garrett Fort, general passenger agent
of the Union Pacific, the rallroads of the United States
expend about $10,000,000 per year on advertising.

The Great Northern Pacific S. S. Co. announces that,
effective November 26, it inaugurated service between
?_Ian Francisco and Honolulu, touching at San Pedro and

ilo.

The U. S. Supreme Court holds that a railroad com-
pany has a right to confiscate a ticket or mileage book
if presented for transportation by anyone other than the
original purchaser.

J. J. Hill states that the Great Northern should carry
about 185,000,000 bushels of grain this year as against
112,000,000 last year. He estimates the November earn-
ings this year to exceed those of November in 1914 by
$2,000,000 or more.

Transporting hunting and -pet canines was a source
of $10,000 revenue to the Baltimore & Ohio Railroad
last year, according to reports of the baggage depart-
ment; at a charge of twenty-five cents each, 40,000 dogs
were handled without a claim for loss or injury.

The Pacific Mail S. S. Co. has discontinued its
agency at Acapulco, Mexico, after fifty years’ service at
that point. This has been the chief port of call between
San Francisco and Panama for steamers of this com-

Vice President Thompson of the Baltimore & Ohio
says that that road is handlmg the biggest business in the
history of the road. “The increase in business has neces-
sitated our taking several locomotives out of storage,
but the Baltimore & Ohio has a sufficient number in re-
serve to move business during cold weather. When cold
weather prevails the hauling capacity of locomotives is
lessened; in fact, as soon as the temperature falls below
45 degrees the loading must either be decreased or extra
engines put in service. It is calculated that with a drop
of every 10 degrees below 35 degrees from 70 to go extra
locomotives are required to move our same business.
With the engines in good repair and a number of them
field in reserve for cold weather, the Baltimore & Ohio
will enter upon its winter business better than in previ-
ous years.”

Dr. Joseph F. Tearney, chief medical examiner of
the Baltimore & Ohio, has placed a ban on alcoholic
liquors as a medicine or stimulant.

The United States government has begun actual con-
struction work on the Alaskan railway, with a force of
1,400 men. ‘An appropriation of $35,000,000 has been
made for this road, a sum about five times as great as
the purchase price of Alaska less than 5o years ago.
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EXPANSION AND CONSTRUCTION JOINTS IN
REINFORCED CONCRETE VIADUCTS
By A. B. CoHEN, 'o5*

Sy is: Are ! Joint, y and on what types of con-
crete construction?
What has been the experience of the D. L. & W. Ry. with expansion
Joints on the menl lu:e vhdlwu recently constructed on their system?
These and pertaining to the detalls of expansion and
construction joints, Mr. Cohen answers in this article.

Second only in importance to the determination of the
most economical sections in reinforced concrete design of
any magnitude, is the detail of expansion joints and follow-
ing this consideration closely, is the location of the construc-
tion joints. These details are so important that it sometimes
becomes necessary to waive economic considerations in order
to properly provide for stresses due to temperature changes;
to proportion sections for construction consistent with the
daily capacity of the plant thus precluding the possibility of
stopping work at a critical point that would impair the
strength of an important member.

Expansion joints are unnecessary in bridges of about
one hundred feet in length. The slight movement due to
temperature changes is taken up by the elasticity of the
structure. For greater lengths, the movement due to these
changes becomes appreciable and owing to the low tensile
strength of concrete, expansion joints dividing the structure
into smaller units are necessary to prevent dangerous and
unsightly cracks.

There is, however, a type of reinforced concrete con-
struction known as the flat slab system which has been used
for viaducts of great length without resorting to expansion
joints. Eighteen and one-half acres of ground were cov-
ered by this type of design in the construction of the “Soo
Line” Terminal at Chicago. The Delaware, Lackawanna &
Western Railroad has just completed a combination viaduct
and station of similar design, in eliminating the grade cross-
ings by track elevation through South Orange, New Jersey.
This system has also been adopted for an elevated structure
supporting seven tracks in the Lackawanna Terminal im-
provements now under way at Buffalo, New York. The
structure will be 150 feet in width and 1,000 feet in length.

The flat slab system consists of a slab of uniform cross-

*Engineer of Concrete Design, Delaware, Lackawanna and Western
Ry., Hoboken, N. J
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section, supported on columns forming panels 20 to 30 feet
square. There are no beams or girders and the loads are
carried from the slab directly to the columns. Because of
the uniform cross-section, the slab can be effectively rein-
forced for changes in length due to temperature variations,
by inserting steel bars to maintain a constant tensile strength
throughout and particularly across the construction joints.
Since steel and concrete have approximately equal rates of
expansion, no amount of steel would pgevent cracks result-
" ing from the temperature changes. The steel, however, pre-
vents cumulative action of the stress at any particular sec-
tion and distributes the strain uniformly, resulting in an
infinite number of minute cracks. Our experience with this
type of construction does not extend over a sufficient length
of time to ascertain definitely what effect the repeated action
due to temperature changes will eventually have on the
strength of the structure. Very close observations of exist-
ing structures of flat slab construction without expansion
joints have disclosed no deleterious effect due to these
causes.

In concrete viaducts consisting of a series of arches,
surmounted by transverse spandrel walls supporting a floor
system, or in viaducts of the column, beam and slab design,
the temperature changes are of more vital consequence. In
the case of the beam and slab design, the constituent mem-
bers have different sections and therefore offer varying de-
grees of tensile resistance. There arises the difficulty of
transferring the movement due to temperature from the
larger through the smaller members, as from the deep beams
through the thin slabs. In the arch type, the very appreci-
able vertical movement of the heavy arch ring, for a rise
and fall of temperature, is transferred to the comparatively
light floor system, which must also resist its own movement
in a horizontal plane. These movements cannot be resisted
by the addition of any amount of steel, and expansion joints
must therefore be provided.

In 1911, the Delaware, Lackawanna & Western Rail-
road completed two large concrete structures known as the
Delaware River and Paulins Kill viaducts (see plate 1) on
a 28-mile revision of the main line across the western part
of New Jersey. In connection with the design of these
structures, after an extended investigation had been made
of existing structures of similar type, it was decided to con-
struct the viaducts without expansion joints in the floor
system. No precise data could be obtained at that time
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concerning the extent of the seemingly small rise and fall
of the existing arches. It was thought that most of the
cracks, attributed to temperature changes, were due to
shrinkage of the concrete in the first few months of con-
struction and that if the viaducts with foundations carried
to rock were built in such a manner as to minimize this
action, the expansion joints could be eliminated.

The plan and sequence of construction were outlined in
the following manner: the main arch rings were built in
voussoir blocks about ten feet in length measured along the
axis of the arch ring and spaced two feet apart. The blocks
were allowed to set seven days before the two foot openings
or keys were poured and twenty-eight days after the last
key was poured the arch center was removed. This elimin-
ated an undue settlement of the arch ring due to shrinkage
and the theoretical crown elevation for which the arch was
designed was further insured by cambering the arch center
for its deflection under the ring load. No part of the floor
system was built until the arch centers had been removed.
The floor was built in alternate sections, but the reinforcing.
steel in the slab was continuous for the full length of the
viaduct, which, in conjunction with the elasticity of the
superstructure, was deemed adequate to resist the rise and
fall of the arch ring without the formation of large cracks.
It was expected that a number of small cracks would result
from this movement, but these were not considered so objec-
tionable as the leaky expansion joints that were in evidence
on most of the structures inspected.

An examination of the Delaware River and Paulins Kill
viaducts, after they had been in service for some time, dis-
closed the fact that large transverse cracks had formed at
the crown of each of the two spandrel arches adjacent to
every pier of the viaduct. This indicated that there had
been a drop of the main arch rings due to fall in tempera-
ture. (See Plate IT). Over the crown, the spandrel arches
were in compression and no cracks developed while those
adjacent to the pier were in tension. It may be here noted
that the floor system was built during the summer months
and therefore the movement in the main arch ring due to
rise in temperature, would bring the floor system back to its
normal position, or, if there were a movement beyond this
it would be so slight as to make its effect on the floor system
directly over the crown negligible, as compared with the
effect of a fall in temperature on the floor adjacent to the
piers.
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In view of the above observations, it was decided in de-
signing the Tunkhannock and Martins Creek viaducts, re-
cently completed on another revision of the main line west
of Scranton, Pa., that expansion joints were necessary in
the floor system at the piers and quarter points of every
span. The quarter points of the span are approximately the
points of contraflexure in the arch ring. For a fall in tem-
perature the extrados of the arch ring between the points
of contraflexure is in compression, beyond these points in
tension and vice versa for a rise in temperature. The ex-
pansion joints divide the superstructure into three parts,
separated at the points of contraflexure, each section acting
in compression or tension as the case may be. This arrange-
ment has proved successful for both viaducts, which have
been exposed to the entire range of temperature.

In the detail of the expansion joints, it is imperative
that a minimum amount of sliding surface be provided,
otherwise the frictional resistance becomes greater than the
tensile strength of the floor, which would cause cracks to
develop adjacent to the so-called expansion joints. The
sliding surfaces of the expansion joints of the big viaducts
were lubricated by an asphaltic membrane. The drainage is
prevented from percolating through the joints by dykes
built across the floor.

As previously stated, the construction joints should be
given careful consideration. It is a necessary precaution,
in concrete design, to indicate the construction joints on
the plans, in order to guide the foreman or super-
intendent who is frequently unfamiliar with the theory of
design. Otherwise, a joint might be placed, for example,
at a point of maximum shear, or at the junction of the stem
and flange of a T beam. The massive solid piers of the
Tunkhannock Creek viaduct were scored horizontally by
nailing strips of moulding to the inside of the forms. These
strips mark the construction joints four feet apart. Each of
these sections contains 234 cubic yards, which is approxi-
mately the eight-hour capacity of a two-yard mixer. For
the reinforced sections of the viaduct, the length of the re-
inforcing rods was so fixed that only the required lap
projected beyond the construction joints, obviating the neces-
sity of supporting dangling rods above the forms.

The precautions that were taken, to minimize the set-
tlement due to shrinkage in the construction of the arch ring
of the Delaware River and Paulins Kill viaducts, were re-
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peated in the construction of the Tunkhannock and Martins
Creek viaducts. Each main arch of these structures was
built in two separate ribs. It is an interesting fact, that
after the arch centers were struck, there was the slight set-
tlement of one-quarter of an inch in one, one-eighth of an
inch in three and no settlement in the other sixteen ribs.

Civil Engineering Building, Purdue University
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THREE MILLIONS
a MILE

By Charles Frederick Carter

T the close of a recent conven-
tion of the American Society
of Civil Engineers, the society

adjourned to look at a half-

completed job on the Lack-
awanna Railroad in order to see why
that company had made up its mind
to spend twelve million dollars on
a piece of engineering work that was
to cut off but three and six-tenths
miles between two little towns on its
route. They advanced, a force of four
hundred, on a naked viaduct stretching
out over a valley at a tremendous height,
and soon they saw.

416

The Lackawanna was not attempt-
ing to shorten the time between two
big cities when it undertook this mon-
ster work; the three and six-tenths
miles of cut-off were a minor consid-
eration. The grades through this par-
ticular district of the Alleghany Moun-
tains, one hundred and fifty-two miles
west of New York, are steep and long;
the curves are sharp and frequent, and
the saving in power which is to accrue
by reason of the removal of these two
handicaps will be tremendous. Figures
show that the expenditure of the twelve
million dollars is thoroughly justified.



THREE MILLIONS A MILE

The Lackawanna Railroad was orig-
inally a one-horse affair, intended
solely as a means of getting hard coal
to market. The engineers who built it
did the best they could with the
meager means at their disposal; and
their best must have been wondrous
good, when it is remembered that this
railroad joke of sixty years ago has
developed into a great trunk line
whose average earnings per mile are
exceeded by only one other American
railroad.

At last the time came when the
traffic could no longer be handled sat-
isfactorily, although the two tracks
were crowded all the time with trains
hauled by two, three, four, and some-
times even five locomotives. A third
track through the mountains west of
Scranton, the principal collecting point
for coal traffic, had to be provided.
Also, there were some twenty-seven
highway crossings at grade to be abol-
ished. Extra tracks and the abolition
of grade crossings cost money. The
first proposition then, was for the engi-
neers to see if they could not make the
investment in these improvements
earn more by adding to it.

In other words, would it not pay to
relocate the line through the moun-
tains?

Part of it could not be changed be-
cause Scranton, an important point,
lies down in a valley, and the railroad
simply had to climb down into that
valley and out again. But west of the
Summit, where the country is rough
and broken like a choppy sea, with no
natural, easy grades, was the place
where improvement might be made.
From the Summit to Hallstead, half
the line was on curves, many of which
were from four degrees to more than
six degrees—rather sharp for heavy
traffic; while the grades ranged from
thirty to sixty-five feet per mile, call-
ing for a good deal of pusher service.

The problem was to eliminate all
pusher grades west bound from Clark’s
Summit and reduce the grades east
bound, so that a locomotive of any size
could handle, with the aid of one
pusher, as big a train as it could haul
into Hallstead from the west. This
had to be done at a cost which would
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be less than the saving in expense of
operation and maintenance, capitalized
at five per cent.

To ascertain what this saving would
be, required some elaborate computa-
tions covering a period of ten years,
and it was found that to insure a profit
would require some clever work. The
engineers laid aside their pencils and
took up their surveying instruments
to see what they could find in the way
of a route. No Geological Survey
maps being available, they had to go
out to the hills and do real locating
work.

Three years were required for the
task, for the country was so rough that
any line following a fair grade with a
minimum of cutting would be impos-
sible on account of the curves, while
a decently straight line demanded
mammoth earthwork, with very long
tunnels. Ultimately the choice sim-
mered down to four possibilities. One
of these would have saved twenty-one
miles in distance, but the cost of con-
struction would have been heavy and
the new line would have missed Bing-
hamton and Owego, with the Syracuse,
Utica, and Ithaca connections. The
latter consideration eliminated this
possibility. Another route gave much
more satisfactory grades and align-
ment, but would require a tunnel seven
thousand feet long through bed rock.

The route finally selected runs par-
allel to the old line for a mile west of
Clark’s Summit; then it strikes across
country through a succession of heavy
cuts and fills for ten miles, returns to

‘the old route and follows it, within a

few hundred feet, all the way to Hall-
stead, but at a higher level. All the
saving in distance and all the spectacu-
lar engineering is done in the first ten
miles.

With field notes complete, the engi-
neers returned to the office for another
session with lead pencils. The new
line reduced the maximum curve from
six degrees twenty-two minutes to
three degrees, reduced the total rise
and fall by three hundred and twenty-
seven feet, and the total curvature by
twenty-four hundred degrees. The net
result was the doubling of the haul-
ing capacity of all locomotives. This
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achievement, it was found, would
justify the expenditure of twelve million
dollars.

After all the computations had been
verified by outside engineers, working
independently, the work was author-
ized. The whole line was placed under
contract in August, 1912, and by
February, 1914, the work was half
finished.

The feature which won the especial
admiration of the party from the
American Society of Civil Engineers
was the Tunkhannock viaduct at
Nicholson, twenty-two miles west of
Scranton. The viaduct, which is in
plain sight of passing trains on the old
tracks, 1s two thousand three hundred
and seventy-five feet long, two hundred
and forty feet high, and consists of ten
arches. It is of reinforced concrete, and
is the largest concrete structure in the
world. When the concrete is set, this
great viaduct will be as solid as if carved

TECHNICAL WORLD MAGAZINE

out of a single piece of rock. It will be
stronger than a steel bridge and less ex-
pensive to maintain.

Methods of construction are on a
scale commensurate with the magni-
tude of the work. Big clamshell buck-
ets operated by a steam engine dig the
holes down to bedrock, sixty feet be-
low the surface, for the pier founda-
tions. Cement and sand are delivered
in carload lots on a special side track
to a warehouse, and hoisted by steam
to huge mixers operated by steam.
After mixing, the concrete runs by
gravity into buckets holding six tons
each, set on narrow gage cars. A
small locomotive runs a train of these
cars out under a double cable way the
whole length of the viaduct and twenty
feet above its top and from these cars
the buckets are hoisted and conveyed
to the place where their contents are
needed. The great arches are molded
in forms of heavy steel framework with

THE CIVIL ENGINEERS LOOK
The bigrest concrete bridge in the world was to them one of the greatest pieces ot work of this concrete age. There
are ten arches likc these three. The railroad steps across the valley as a giant would over a ditch, as the trains
thunder on over their new short cut.



over again.

The weight of the
little mountain which
makes the biggest fill
will be so enormous that the foundations
for the double-barreled culvert, each bar-
rel of which is twenty-four feet in diame-
ter, will have to be carried down to bed
rock. And as bed rock in the bottom
of the valley lies deep, the engineers
have moved the creek to a new loca-
tion up on the side hill where the rock
lies near the surface.

Practically everything is done by
machinery, all of which is of gigantic
proportions. In boring holes for blast-
ing, large well drills are chiefly used
instead of ordinary steam drills. From
thirty to forty steam shovels are busy
the year round loading rock as well as
earth into cars which are drawn by
locomotives to places where they are
needed. Several of the big fills are made
from movable suspension bridges; the
smaller fills are made in the ordinary
way from trestles.

If all goes well trains will be run-
ning over the new line by June, 1915.
But this depends more on the courts
than on the engineers, and courts were
never known to hurry. As soon as the

FIXING A GRADE CROSSING

Railroads arc accustomed to eliminating them in the big cities but out in the
country it is usually a diffcrent story.

new line was located, the land at once
became immensely valuable. The real
estate department of the railroad,
being experienced in such matters, had
counted on this swift rise in values,
and had consequently estimated that
an average of two hundred and twenty-
five dollars an acre, or two hundred
and eighty thousand dollars for the one
thousand two hundred and fifty acres
needed, would suffice to swing the
deal. This merely shows how much
mistaken even a seasoned railroad real
estate man can sometimes be, for the
estimate was far off.

Whenever such a settlement is
thrown into the courts, the owner of
the land usually receives a higher
price. For instance, where an enterpris-
ing citizen, seeing a chance for a specu-
lation, bought a plot of four acres of
this land for four thousand dollars,
as soon as the line had been located
through it. Then he took a spade and
devoted half a day to opening a “gravel
pit”. Although the gravel was forty
miles from the nearest market for such

9
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stuff and therefore valueless, since an
abundance of such material was ob-
tainable much nearer, he demanded,
and was awarded, eight thousand dol-
lars for the sand and gravel of which
the railroad deprived him. When the
contractors wanted to use this gravel
for making concrete, the experts who
tested it found it worthless for the pur-
pose and forbade its use.

This exploit is only equaled by that
of a native who in an earlier day
scooped out a hole, lined it with clay,
let it fill with rain water and then sold
it for two thousand five hundred dollars
cash to the Erie Railroad as a “spring”.
The Erie spent another two thousand
five hundred dollars piping the
“spring” to a water tank. By the time
the hole ran dry the railroad discov-
ered that the land was mortgaged.

TECHNICAL WORLD MAGAZINE

Other enterprising citizens did fairly
well by laying out “town lots” on the
right of way, after the line had been
located, although there has never been
anything more than the usual dismal
way station every few miles and no
reason exists why there ever should be
anything else.

Still others have resorted to the
primitive methods of the New York
gun man to get their share of the rail-
road’s money. One particularly obstreper-
ous farmer, threw the steam drills and
other movable apparatus over a cliff
at night; then on a later occasion filled
up the drill holes and finally assaulted
a superintendent and an engineer with
a shovel. However, in spite of all these
obstacles the great project is going
through successfully and the Lacka-
wanna will have its cut-off.

SNAP-SHOTS AT NIGHT

By
A. J. MANSON

VEN in the daytime it is very
difficult to obtain a clean-cut
photograph of a golf ball just
after it has left the driver of
a professional golfer, and it is

almost impossible to get such a photo-
graph by flash light at night.

Yet this feat was recently accom-
plished with a high-speed flash-light
outfit. The photograph, showing the
golf ball just over the “hazard”, was
taken at nine o’clock in the evening,
with an exposure of only one-two-
thousandths of a second. Three flash
lights, located at different points so as
to give the proper light diffusion and
intensity, were fired simultaneously.

In photographing moving objects by
daylight, it is only necessary to have
the shutter speed of the camera such
that a clear-cut image will be obtained,
for the daylight is of constant intensity
during the period of exposure. It is,
however, an entirely different problem,
when photographing at night with

flash-light powder. It is not only neces-
sary to adjust the shutter, but it is
also necessary to time the shutter with
the flash light; otherwise sufficient
illumination will not be obtained for
the photograph. The flash-light powder
is a variable quantity. The length of
duration of the flash varies between
one-tenth and one-fifteenth of a second,
and, moreover, varies greatly in in-
tensity, so that some reliable means
must be obtained to operate the shut-
ter of the camera at the maximum
intensity of the flash.

We are all familiar with the every-
day method of flash-light photography
where the object is at rest, and the
plate or film is exposed during the
whole period of the flash; but this
method is limited in rapidity to one-
fifteenth of a second and can not be
used for moving objects.

To catch moving objects it is neces-
sary to have the shutter of the camera
set for high speed, open at or just prior
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PROGRESS AND DEVELOPMENT OF CONCRETE
WORK ON THE DELAWARE, LACKAWANNA
AND WESTERN RAILROAD.

By A. B. CoHEN.*

A brief review of a few historical facts concerning the road
itself is essential to a better understanding of the progress and
development of concrete work on the Delaware, Lackawanna
and Western Railroad.

The Lackawanna Railroad at its inception was built to trans-
port coal from the anthracite region around Scranton, Pa., to the
seaboard. A line was projected eastward as early as 1850. Like
the few other roads of that day, it lacked financial strength, and
since the country through which it necessarily extended was at
best exceedingly rugged and mountainous, the management was
compelled to follow the line of least resistance rather than the
direct route toward the coast. The road was built in a south-
easterly direction from Scranton over the Pocono Mountains and
through the Delaware Water Gap to Portland, Pa., a point on the
river a few miles below the Gap, by the parent company and
from this point to Hampton, N. J., by a leasing line, the Warren
Railroad Company. These lines were 61 and 21 miles in length
respectively.

At Hampton the greater part of the coal was delivered to
the Central Railroad of New Jersey for transportation to tide-
water, and at Washington, N. J., a portion was transferred to the
Morris Canal, then in the height of its activity, for transportation
to Paterson, Newark and other towns along its route.

At Washington, the Warren Railroad crossed the line of the
old Morris and Essex Railroad extending from Hoboken to Phillips-
burg on the Delaware River. In 1860 this road was leased by the
Delaware, Lackawanna and Western Railroad, and in this way
the latter company obtained a through line from the coal fields
of Pennsylvania to tide-water at New York.

* Assistant Engineer in Charge Concrete Design, The Delaware, Lackawanna and
Western Railroad, Hoboken, N. J.
(239)



240 CoHEN ON CoNcrReTE WoRkK oN LackawaNnNa R. R.

Previous to this, however, about 1852, the line was extended
westward from Scranton to a point near Binghamton, N. Y.,
where connection with the Erie Railroad made possible western
shipments. In 1869, by the purchase of the controlling interest
of stock of the Syracuse, Binghamton and New York Railroad,
operating between Binghamton and Oswego on Lake Erie, the
Delaware, Lackawanna and Western Railroad obtained an open-
ing to the Great Lakes. This line, in 1881, gave way to the Buffalo
extension from Binghamton as the main line.

The combination of these various lines, built independently
of each other in the early days of railroad construction, necessarily
resulted in some very heavy grades and many detours.

With the advent of an entire new management in 1889 under
* the direction of President Truesdale, it was soon determined
that extensive improvements at a number of points were neces-
sary for a more economic operation. Traffic had increased far
beyond the expectations of the original builders, which might be
said of all the earlier railroads. While the motive power and
equipment followed in a measure the advancement of the day,
nevertheless the heavy grades and roundabout routes made
operating very expensive. Gradually improvements were made
which resulted in a highly developed system embodying the best
practice of railroad construction and equipment. Concrete has
played a very important part in this development by reason of
the facility and the rapidity with which it can be placed; these
have so expedited the construction of structures necessary in
improvements of the magnitude of those made by the Lackawanna
Railroad, that it can be safely asserted that the use of concrete
has made possible these economic changes. This can readily be
understood by description of these various improvements and the
uses that have been made of conerete showing its progress and
development.

NEWARK TRACK ELEVATION AND DEPRESSION.

The first improvement of importance made by the new
management was the elimination of grade crossings and reduction
of grades through Newark, N. J., in 1903 to 1905. This line
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through Newark had long since given way to the Boonton Branch
through Paterson as the main line, but it tapped the highly devel-
oped New Jersey suburban district. A maximum grade of 138 ft.
per mile made operation of even suburban trains very difficult.
By restoring to part track elevation and part depression, this
grade was reduced to 60 ft. per mile. All the bridges were built
of structural steel, but concrete was used extensively for the first
time by the Delaware, Lackawanna and Western Railroad in the
construction of the retaining walls (see Fig. 6).

About the time of completion of this work, the Hoboken
Terminal and several docks burned down. In the reconstruction,
concrete was used to great advantage in the docks carrying engine
loading. This work consisted of a grillage of piles driven over
the entire area carrying a solid floor of 12 by 12 in. at mean low
water. A cinder fill over this floor, suppporting track laid in
the usual manner, was retained by massive concrete bulkhead
walls. Practically the first reinforced concrete was used in roof
and flvor construction of the railroad shop built at Kingsland in
1903, but the most extensive use of reinforced concrete in build-
ing construction was made in 1906-1908 when the Scranton shops
were built. Brick was used for the walls of all the buildings, but
the frame work of a numlser of them was constructed of concrete
and it was used in subway construction of great length, in storage
bins and large foundry casting platforms.

New JErRseYy ('UT-OFF.

Starting from the castern terminal, the main line crossed
the State of New Jersey by a very circuitous route. It was 85
miles by rail, while the air line distance is but 58 miles. A ruling
gradient of 1.14 per cent uncompensated over the western half
of the state necessitated the use of pusher engines for heavy
traffic. The heavy grade, together with the roundabout route,
made operation very expensive. To improve this condition, a
cut-off line was located, in 1905, between Hopatcong and the
Water Gap. By resorting to very heavy construction, crossing
the drainage of the country at right angles, it was possible to
establish a ruling compensated grade of 0.55 per cent, or 29 ft.
per mile. The following table, showing the physical character-
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istics of the old and new lines, will give an idea of the character
of the work:

OLp LINE. New LINE. SAVING.
Distance, miles............. 39.57 28.15 11.12
Maximum grade, ft. per mile 68 29 39
Number of curves........... 57 15 42
Maximum grade............ 6 deg. 54 min. 3 deg. 36 min. 3 deg. 18 min.
Total degrees............... 2,000 440 560
Rise and fall, ft........ ... .. 248 11 237

The saving of this new line, based on the actual cost of
operation, maintenance of roadway, structure, repairs, ete., war-

FIG. 1.—SIGNAL TOWER AT HOPATCONG, N. J.

ranted the expenditure of $11,000,000, the cost of the improve-
ment. The cost per mile is $387,000. This work gave the real
impetus to concrete construction on the Delaware, Lackawanna
and Western Railroad. With one exception, all of the 70 bridges
were built of concrete, which required 260,000 cu. yd. The largest
structures are the Paulins Kill and the Delaware River Viaducts.

S1GNAL TOWER.

The first structure on the cut-off line is the concrete signal
tower (Fig. 1) at Hopatcong, the junction of new and old lines.
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The walls are paneled and bush-hammered to relieve the other-
wise plain surfaces. The roof is glazed tile. This tower was
built by company forces and is of the type adopted as a standard.

RAILROAD BRIDGES.

All:the highways crossing the cut-off line have been carried
either under or over the tracks by arches or reinforced flat-top
bridges. The Hopatcong Road arch, shown in Fig. 2, represents
the best type of this construction. Some attention was given its
appearance, since it spans a much-traveled county turnpike.
The semi-circular arch, however, of 20, 24 and 30 ft. spans, was

FIG. 2.—HOPATCONG ROADWAY ARCH, MUSCONETCONG FILL.

the general type used on the new line. These arches were built
under varying conditions—on piles, carth and rock foundations,
under fills to depth of 110 ft.; on steep highway grades, and
there were many skew arches, some of which were built on an
angle of 45 deg. with the center line of track. Similar conditions
prevailed for culverts carrying water courses.

CoMBINATION HiGHwAY ARcH AND CULVERT.

The greater height of fills made it cconomical to divert streams
for comparatively long distances to highway arches so that one
structure would carry both highway and stream. The road is
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carried over the strecam on a reinforced conercte slab, the abut-
ments of the arch serving as side walls for the culvert. The
culvert has a reinforced-concrete invert built simultancously with
the arch abutments, thus preventing the undermining of the abut-
ments by the scouring action of the stream. The box formed
between the abutments furnishes a brace should Qettlement oceur
which might tend to collapse the arch.

FrAT-SLAB BRIDGES.

Where the vertical clearances were limited, flat-slab bridges
were built in spans of 20 and 24 ft. The problem in designing

FI1G. 3.—GREENSVILLE STATION.

these bridges on a skew was solved by reinforeing the slab on the
right span and the parapet wall to act as a girder carrying the
triangular or skew portion of the floor. The slab and parapet
girders were built in continuous operation.

OvERHEAD HIGHWAY ARCHES.

The highways are carried overhead on reinforced-conerete
arches of the elliptical type. The span for arches normal to the
track was made 56 ft., giving clearance for four tracks; rise 12 ft.
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6 in.; crown thickness 1 ft. 6 in. The Greensville arch shown in
Fig. 3 has a skew angle of 45 deg. It was designed for a skew
span and constructed in lamine parallel with the center line of
the highway. To eliminate any tendency of the ring to slide,
the abutment skewback was formed in offsetted inclined planes
normal to the pressure line of the arch.

STATIONS.

Previous to the cut-off work a number of stations were suc-
cessfully built of concrete; it was therefore decided to construct
the three stations on the new line in similar manner, adopting
the pleasing effect obtained with signal tower design resulting
from the combination of bush-hammered concrete and glazed tile
roof. The Greensville Station is shown in Fig. 3.

PeQUEST RIVER DoUBLE-BARREL ArcH BuiLt oN GRAVEL
FounpatioN UNDER 110-Fr. FILL.

The line crosses Pequest Valley on a fill 3 miles long, aver-
aging 75 ft. in height and containing 6,625,000 cu. yd. of earth.
The maximum height of the fill is 110 ft. Next in importance to
the Delaware River and Paulins Kill viaducts, is the Pequest
River arch through which the river flows under the deepest part
of this embankment.

Soundings at the site showed a 30 ft. stratum of gravel with
varying amounts of clay and fine sand. At intervals large boulders
were encountered, making the driving of piles impossible. A 40-ft.
arch was proposed, but under the heavy fill the maximum pressure
on the foundation was found to be far in excess of the safe carry-
ing capacity of the soil. This being impracticable, the alternative
was a 20-ft. twin arch. Even with this construction, very large
abutments would be necessary to keep the maximum toe pressure
under 6 tons per sq. ft. Further investigation showed a heavily
reinforced invert or mat foundation to be not only more stable
but less expensive. By reason of this design the base of the
foundation could be placed just below the surface of the gravel,
with no possibility of it being undermined by the water, as might
be expected if the abutments were independent of each other.
The length of the arch is 309 ft. In determining the dead load on
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the arch, no allowance was made for any arching action of the
fill. The weight of the total fill above the top of the arch was
taken at 100 lb. per cu. ft.

To keep the same working stresses for the steel and concrete
and to obtain as nearly as possible a uniform pressure on the
foundation, the ring, abutments and inverts were decreased in
four sections from the middle to the face of the barrel. The
middle section was designed for the maximum fill of 90 ft. over
the crown, and the remaining sections were designed for the ver-

FIG. 4.—PAULINS KILL VIADUCT, HAINESBURG, N. J.

tical fill over cach as determined by a slope of 12 to 1. The total
load transferred to the pier and each abutment was approximately
equal, making the pressure on the base about uniform. On the
middle section this amounted to 5.6 tons per sq. ft. and the slab
for the invert was designed to resist this pressure. The structure
contains 10,950 cu. yd. of concrete and 520,000 Ib. of reinforcing
steel.
Pavuins KL Viabucr.

The second largest structure on the cut-off line is the Paulins
Kill viaduct at Hainesburg, N. J. It is a double-track bridge
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100 ft. long, 34 ft. wide and 117 ft. above the water, consisting
of five 126- and two 100-ft. full centered arches with crown thick-
nesses of 6 ft. and 5 ft. respectively. All the piers are carried
to rock, the depth of which varies from a few feet below the sur-
face at the abutments to a maximum of 30 ft. at the center pier.

For construction a mixing plant was located close to the via-
duct site, from which concrete was hauled in one-yard buckets on
narrow-gage trains to the various derricks for distribution. The
first position of the derricks was on the ground near each pier,
where they remained until the piers were completed to the spring-
ing line. Next they were raised to their second position upon
steel I-beam towers erected upon each pier. From this position
all the concrete in the ring was poured. The ring was cast in
blocks and keys placed in position to uniformly load the timber
centering. At least 7 days were required to elapse between the
pouring of any block and the adjacent key, and 28 days after the
last key was completed the centering was lowered.  This method
was used so that the shrinkage might have little effect upon the
finished ring. The derricks were finally placed upon the top of
the two center spandrel arches which were poured from the second
position. From this final position the remainder of the floor
system was completed. Fig. 4 shows the various stages of
comstruction together with a view of the completed structure.

The abutments are of the “U"” type with three longitudinal
reinforced-concrete walls supporting a reinforced slab to carry
the roadway. The embankment was allowed to take its natural
slope between the walls, tied together with reinforced-concrete
struts, as was the case on the outside of themn.

Surmounted on the main arches, the superstructure consists
of a series .of transverse spandrel walls and arches. The true
arch action was here destroyed by pouring the top of the arches
to a level surface to form the floor on which the track was laid
over 3 ft. of rock ballast. The floor is waterproofed by a
membrane composed of four layers of felt and five layers of
asphaltic compound. This is protected by a layer of brick,
grouted and covered with the compound.

In the construction of the viaduct there was used 43,200
cu. yd. of concrete and 735 tons of reinforcing steel.
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DELAWARE RIVER Viabucr.

The largest structure on the cut-off line is the Delaware
River viaduct at Slateford, Pa. (Fig. 5). It is a double-track
bridge 1,450 ft. long and 64 ft. above the river. It consists of
five 150-ft. and two 120-ft. elliptical arches, rise 40 ft. with crown
thicknesses of 6 ft. 0 in. and 5 ft. 4 in. respectively; also two
33-ft. full centered arches. The two smaller arches and one
120-ft. arch on the west end are on a 3 deg. 36 min. curve and
this, together with a skew angle of 25 deg. for the remainder of

FIG. 5.—DELAWARE RIVER VIADUCT, SLATEFORD, PA.

the structure, made the construction more difficult than that of
the Paulins Kill viaduet.

The rock stratum is comparatively level, but because of the
uncvenness of the ground the depth ranged from 25 to 53 ft.
The construction was carried on by means of a traveling cable-
way suspended over the center line of the viaduet, and supported
from timber towers on cither bank, approximately 2,400 ft. apart.
Midway between these towers an A-frame mounted upon two
large temporary piers furnished the intermediate support and
divided the cableway into two working units. (See Fig. 5.)
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A mixing plant was established on each side of the river
direcctly beneath the cableway. With the longest haul each plant
had a capacity of 250 cu. yd. per 10-hour day. Little difficulty
was experienced in driving ordinary timber sheet piling. The
material excavated for piers was gravel and boulders. Contrary
to expectations, the gravel formed an almost impervious obstruc-
tion to the water. One pump was able to take care of the leakage
into the pier excavation.

Steel centering wes used in the construction of the 150-ft.
arches. This centering was composed of ten separate 3-hinged
arches spaced 4 ft. centers and braced laterally to form a rigid
unit. The ribs were supported by short structural steel columns
placed upon an I-beam grillage which rested upon an offset of
the pier foundation. The centering was lowered by means of a
double toggle joint at the crown penel, by which the two vertical
members were lengthened or shortened for lowering or adjusting
the centering. Similar to the construction of other skew arches,
the skew backs of the piers were formed in six offsetted inclined
planes normal to the pressure line of the arch ring.

The U-shaped retaining walls of the east abutment are a
feature of the design. They consist of two heavily reinforced
walls 3 ft. thick at the top and increasing on a uniform batter to
1 ft. 5 in. at an elevation which is approximately one-third of
the height of the walls. At this point of resultant earth pressure,
reinforced struts 1 ft. 10 in. x 3 ft. 0 in. spaced 5-ft. centers con-
nect the two walls with sufficient steel to resist the horizontal
thrust. Above the struts the walls were reinforced for cantilever
action. The footing course is continuous under both walls. Total
height of wall is 57 ft. The combined weight of the U walls (on
earth foundation) and fill resists the horizontal thrust from the
adjacent 120-ft. arch. The vertical load of the arch is carried
to rock on two 9 x 40-ft. caissons.

The floor of the viaduct was waterproofed with two layers
of an asphaltic compound applied hot and bound by two layers
of very light cloth fabric. This coating, about %-in., was pro-
tected by 2 in. of concrete. There are no expansion joints in the
floors of the Paulins Kill and Delaware River viaducts, the
longitudinal reinforcing steel being continuous.

The Delaware River viaduct contains 51,400 cu. yd. of con-
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crete and 627 tons of reinforcing steel. The work was begun
August, 1908, and was completed three years later.

. MONTCLAIR IMPROVEMENT.

Another improvement is the complete revision of the Mont-
clair Branch, 4 miles in length, extending from Newark to Mont-
clair. The line, which for the most part was a single track, has
been double tracked, and all the grade crossings have been
eliminated. New stations have been built at Watsessing and
Bloomfield, sundry improvements at Glen Ridge and the Mont- -
clair Terminal has been reconstructed.

FIG. 6.—WATSESSING AVENUE STATION, BLOOMFIELD, N. J.

This line takes care of a very large suburban traffic to and
from New York City, which is 15 miles fromn Montclair. In addi-
tion the branch also handles a very large milk and ice business
and serves a large number of industries.

Because of limited right of way through Watsessing, the
reconstruction followed along the old line. In making the
depression a trench was excavated in which the retaining walls
on one side were constructed without removing the tracks or
delaying the traffic. After its completion, the tracks were shifted
over beyond the walls, the depression was then made and the
other wall built. These retaining walls are of gravity type built
on rock in alternate sections of 20 ft. in length without any hori-
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zontal joints. The drainage beyond the walls is taken care of
by blind drains of loosely piled stone, placed at each construction
joint and extending from the base to the full height of the wall.
Weep holes were placed at the lower ground line for each drain.

Watsessing Avenue Station, shown in Fig. 6, was built directly
over the tracks. The building faces the avenue which is carried
over the railroad on an elliptical arch. The station is supported
on four reinforced-concrete arch girders with intradosal curves
similar to the arch carrying the roadway. A 4-in. concrete ceiling
was built between the girders to give the appearance of a con-

L )

FIG. 7.—-STA1‘ION, BLOGMFIELD, N. J.

tinuous arch. The canopy is also reinforced concrete. The
brackets are cantilevered from the retaining wall, the base of
which is widened to take the increased overturning moment.
The new Bloomfield Station (Fig. 7) was built of concrete
bush-hammered and decorated with green tile. Here also the
canopies are of reinforced concrete, but instead of being supported
from retaining walls they are carried on columns of an elevated
platform. The fill was made to the top of the platform beams,
after which the concrete slab was built without forms. Clearance
requirements necessitated the use of structural steel through girder
bridges for two crossings. enwood Avenue and Washington
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Street adjacent to the Bloomfield station. These were entirely
encased in concrete to conform with the architectural features
of the station; Glenwood Avenue bridge is shown in Fig. 8.
Montelair with a population of about 25,000 is the terminus
of this branch. It is situated on the slopes of the Orange Moun-
tains and this location, together with its close proximity to New
York City, makes it a very attractive residential section. Many
influential people are numbered among the inhabitants. The
old station was served by one track and a turn-table. To accom-
modate the heavy daily morning traffic to New York City it was
necessary to store the passenger®cars over night at the terminal,
and this storage room was crowded on three stub tracks over

FIG. S.—GLENWOGD AVENUE BRIDGE, BLOOMEFIELD, N. J.

which the freight and milk business was also handled. The new
layout provided for six tracks, and the area formerly occupied by
both freight and passenger facilities is now entirely devoted to
the passenger terminal shown in Fig. 9. The new station is
built of tapestry brick trimmed with artificial stone made of
conerete which is faced with terazza chips exposed by a wash
finish. The structural steel umbrella shed has a concrete roof
slab covered with flat tile laid in asphalt. In the background
can be seen Grove Street. viaduet (reproduced in insert), which is
of the T-beam design with spans of 36 and 38 ft. Reinforced-
concrete stairways lead from the bridge to the platform and’
station grounds. The kiosks, pilons and balustrade are all of
conerete.
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Several retail coal trestles were displaced by this layout.
The coal business was centralized in one large pocket shown in
Fig. 10. This is of cantilever type built of reinforced concrete.
The partition walls, the lower portign of which form the canti-
levers, divide the coal pocket into twelve bins.

The cross-section of the bin floor is similar to the letter W.
Coal can be drawn simultaneously from three gates of each bin,
from two under the cantilever portion and from one over the
driveway between the columns.  The capacity of the pocket is

F1G. 9.—STATION, MONTCLAIR, N. J.

3,000 tons. It is fed from the two tracks and is sheltered by a
timber and corrugated metal shed. The approach to the pocket
is on a concrete trestle.

CLARK’s SuMMIT-HALLSTEAD CUT-OFF.

Going back to the main line, it is found that there is but
one point where a railroad cast of Scranton can pass the barrier
imposed by the rugged range of the Kittatinny Mountains, and
that is at the Delaware Water Gap where, in ages past, the Dela-
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ware River cut its way through the range. It is impossible to
shorten the line between Scranton and the Water Gap. Secranton
is located in a deep valley with rising grades on all sides, and the
reduction of the grade on this section would require excessive
length and curvature.

The improvement known as the Clark’s Summit-Hallstead
Cut-Off, which involves some of the heaviest railroad grading
and concrete bridge work ever undertaken, extends from Clark’s
Summit, 7 miles west of Scranton, to Hallstead, Pa., about 14
miles east of Binghamton, N. Y. In the 39.6 miles of the new

F1G. 10.—COAL POCKETS, MONTCLAIR, N. J.

line the excavation quantities are 5,525,000 cu. yd. of ecarth,
7,647,000 cu. yd. of rock and 146,000 cu. yd. tunnel excavation.

PuysicaL CHARACTERISTICS OF THE OLp AND NEW LINE.

OLp LINE. New Line. SaviNG.
Distance, miles............. 43.2 39.6 3.6
Maximum grade EB, per cent 1.23* 0.68 0.55
Maximumn grade WB, per cent 0.52* 0.23 0.28
Maximum curve............ 6 deg. 22 min. 3 deg. 00 min. 3 deg. 22 min.
Total degrees. . ............ 3,970 1,570 2,400
Degrees permile. .. ........ 91.2 37.9 53.3

Rise and fall, feet........... 553.0 226.0 . 327.0

* Uncompensated.



CoHEN ON CoNCRETE WoRk ON Lackawanna R. R. 255

Approximately 300,000 cu. yd. of concrete will be used in
the comstructien of the two large viaduets and in eighty minor
structures. Some of the minor structures are being built under
extraordinary conditions: an arch is being erected over a highway
on a 15-per-cent, grade; an overhead highway arch springs about
midway down the sides of an 80-ft. rock cut; the south branch
of the Tunkhannock Creek will be carried through an embank-
ment 145 ft. high, 480 ft. wide at the base. This is the largest
fill on the line and will contain 1,600,000 cu. yd. At the original
location of the creek the rock was 50 ft. below the surface. To
obtain suitable foundations for the culvert the creek was diverted
by a considerable amount of excavation farther up the hillside,
where the rock at the elevation of the flow line of the creek was
close to the surface. The structure has two 24-ft. openings and
will be 470 ft. long.

TuNKHANNOCK CREEK VIADUCT.

The two largest structures on this work are the Tunkhannock
and Martin’s Creek viaducts, which, when completed, will be the
largest concrete structures of their kind.

The Tunkhannock viaduet, the larger of the two, is being
built at Nicholson, Pa., 22 miles west of Scranton. It is a double-
track bridge 2,375 ft. long and 240 ft. high above the creek, con-
sisting of ten 180-ft. and two 100-ft. full-centered arches. All
piers are carried down to rock, which is reached at a depth of
from 10 to 95 ft. below the ground surface, making a difference
of 300 ft. in elevation between bed rock and top of parapet at
the deepest pier.

The piers are 36.5 x 43.5 ft. above and 40 x 46 ft. below the
ground. The foundation for six piers was excavated, three to
the ground-water line and three to rock, by a one-yard steam
shovel. The shovel dug its way through the sand and gravel
from pier to pier and the material excavated was used for the
bed of a narrow-gage construction track. The other piers were
built in open excavation sheeted with interlocking steel piling
driven by a steam hammer.

The deepest foundation required two lengths of 30 ft. sheet-
ing. First, an enclosure was driven for the full length of the
piling about the outside of the lower diameters of the pier and
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the excavation was carried down with the driving. Next, another
enclosure was started about 5 ft. outside of the first, after which
both were carried down together as the driving progressed. The
bracing for the upper or outer enclosure was entirely above the
lower, so there would be no interference between the two sets of
bracing. During the placing of concrete in the pier the water
was collected and carried by drains to a sump in which pumps
were located. In this manner, no concrete was placed under
water. The pipe line from the pumps can be scen in the far
right-hand corner. The footings carried to the bottom of the
neat work were placed without forms. Tar paper was placed
against the steel sheeting and the entire cofferdam, excepting the
sump, was then filled with concrete. The sump was next concreted.
The piling was drawn with an cight-part tackle hung from an A
frame. The force applied was 40 tons.

Figure 11 shows bird’s-eye view of viaduct in construction.
The contractors’ material siding off the present main line can be
seen in the left-hand corner. The material is being handled by
derricks from storage piles to the mixing plant located alongside
and from the mixing plant to points beneath the cableway over
the center line of the viaduct on the narrow-gage construction
tracks previously mentioned. The end towers supporting the
cableway are 150 and 165 ft. high and 3,028 ft. apart. The
intermediate tower is 260 ft. high and 40 x 60 ft. at the basc.
On account of the long distance between the engine houses
(located at the end towers) and the points of loading and unload-
ing along the cableway, a complete telephone system was installed.
The operators, provided with head sets, received directly all the
signals from the men at the dumping points.

The pier forms are built in sections 17 ft. 9 in. high and four
lifts of concrete are laid before raising them. The framing of the
forms is of 8 x 10-in. and 6 x 8-in. timbers with two opposite
diagonal layers of 1-in. sheeting faced with galvanized sheet iron.
On the inner faces of the forms, strips of molding are placed at
4-ft. intervals to form the construction joints and the horizontal
scorings around the pier. A 4-ft. lift contains 235 cu. yd. of
concrete which must be run in one operation. The forms arc
braced by a system of 3.5 x 2 5-in. angles set in the concrete after
every 4-ft. lift. The connection with the forms is made by turn-
buckles.
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A dectail drawing of 180-ft. arch and 100-ft. abutment span
is shown in Fig. 12. The secction at the right is through the crown
of the main arch. This arch is divided into two ribs 14 ft. wide
and 6 ft. apart. The crown thickness is 8 ft. The centering is
steel similar to that used in construction of the Delaware River
viaduct. The width of the pier at the springing line is 28 ft.;
17.5 ft. below the springing line the width of the pier is increased
4 ft. 3 in. on each side. The centering is supported on this ledge.
The panels and steps shown on pier to the left covering the center-
ing ledge will be built on sides of the pier after the centering has
been removed. The 6-ft. openings between the ribs facilitate
the moving of the centering by cableway to the next span. The
superstructure on the main arch is composed of eleven 13 ft. 6-in.
transverse spandrel arches. The floor is ramped from the crown
of each arch to the center of the spandrel walls through which
the drainage will be carried in 6-in. cast iron pipes to the opening -
between ribs.

An examination of the Delaware River and Paulins Kill
viaducts, after they had been in service for some time, disclosed
the fact that transverse cracks had formed at the erown of each
of the two spandrel arches adjacent to each pier of the viaduct.
This indicated that there had been a drop of the main arch rings
due to fall in temperature. Over the crown the spandrel arches
were in compression and no cracks developed while those adjacent
to the pier were in tension. It may be here noted that the floor
system was built during the summer months and therefore the
movement in the main arch ring due to rise in temperature would
bring the floor system back to its normal position, or, if there were
a movement beyond this it would be so slight as to make its effect
on the floor system directly over the crown negligible compared
with the effect of a fall in temperature on the floor adjacent to
the piers. :

In view of the above obsefvation it was decided in designing
the Tunkhannock and Martin’s Creek viaduets to place expansion
joints at the pilaster and quarter points of each span. A floor
system similar to that of the main arches will be continued to the
center of the abutment span. The fill covers the other half and
slopes through the hollow superstructure, completely concealing
the abutment arch. The heavy approach fill will not come upon
the back of the last main arch.
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In construction the rings are carried up 43 ft. above the spring-
ing line with sectional timber forms before the erection of the steel
centering. The centering is erected by bolting the upger and lower
sections together, and until the placing of the opposite half are
held in cantilever by bolts through the top of the umbrella pier
assisted by cable guys anchored to the adjacent pier. The
heaviest section weighs about 14 tons; capacity of each cable
is 10 tons. The frecautions that were taken by building the
arch rings of the Paulins Kill viaduct in block and keys to load
the centering uniformly and minimize settlement due to shrink-
age will be repeated in the construction of the Tunkhannock and
Martin’s Creek viaducts.

During the rrocess of preliminary design, when study was

F1G. 13.—MODEL OF THE TUNKHANNOCK CREEK VIADUCT.

being made of the relative merits of structural steel versus con-
crete construction for this viaduct, the writer with his assistants
undertook the making of a wooden model of the concrete design
on a scale of 1 to 240, to better study the proportions of the
structure. A photograph of the model is shown in Fig. 13. The
result of this work was to dispel all doubt concerning unbalanced
proportions and reduce the study to structural and economic
considerations.

When completed the Tunkhannock viaduet will contain
167,000 cu. yd. of concrete, which is classified in three grades
known as “A,” “B” and “Cyeclonean.” Class “A”isal:2:4
mixture used in the reinforced superstructure of abutment spans.
Class “B” is a 1 : 3 : 5 mixture and used in rings and superstruc-
ture of main spans. “Cyclopean” is the same mixture as “B”
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14.—MARTIN'S CREEK VIADUCT, KINGSLEY, PA.

11G.
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with large size derrick stone bedded in the concrete and is used
in all the work; below the springing line of main arches 2,300,000 Ib.
of reinforcing steel will be used. The earth (to the sheeting lines)
and the rock excavation will amount to 40,000 and 3,500 cu. yd.
respectively. The contract calls for the completion of the viaduet
in 3 years. It was begun August, 1911.

MARTIN’S CREEK VIADUCT.

The bridge over Martin’s Creek is 1,500 ft. long and is being
built for three tracks. The top of parapet of the new structure
is 150 ft. above the bed of the stream and 88 ft. above the pres-
ent main tracks which are bridged by the viaduct. It is com-
posed of two 50-ft. and two 100-ft. semi-circular arches, and
seven 150 x 59 ft. three-center arches. The structure is similar
in general design to the Tunkhannock viaduct and the method of
construction by derricks (shown in part view Fig. 14) is similar
to that used for Paulins Kill viaduct. The main piers are solid
for 17 ft. below the springing line and below that elevation they
are divided into two legs 23 x 28 ft. separated by a 12-ft. opening.
All piers are built on solid rock, which is reached at an elevation
varying from 10 to 60 ft. below the ground surface, requiring
27,000 cu. yd. of excavation. "The viaduct will contain 78,000
cu. yd. of concrete and 500 tons of reinforcing steel.

This viaduct is second in size to the Tunkhannock Creek
viaduet, but, like the Delaware River and Paulins Kill viaduets,
it is somewhat dwarfed by comparison. This comparison is shown
in Fig. 15 where the four viaducts are drawn to same scale.

With the completion of the cut-off line, the Delaware, Lacka-
wanna and Western Railroad will have placed 2,000,000 cu. yd.
of concrete since 1900, having placed only 26,000 cu. yd. that
year and 50,000 cu. yd. the following year. The average yearly
placement is 130,000 cu. yd. and the maximum 226,000 cu. yd. in
1913. About two-fifths has been placed by company forces and
the remainder under contract. The company has been very
fortunate in its selection of contractors who have taken an unusual
pride in obtaining the very best results. This, together with the
selection and placing of material under rigid specifications and
inspection, has given a quality to the work that impresses even
the casual observer with its apparent permanence.
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The New Jersey Cut-Off was started under the direction of
Mr. Lincoln Bush, chief engineer (resigned), and completed by
his successor, Mr. G. J. Ray, under whose direction the design
and supervision of construction of all the subsequent improve-
ments was performed by company engineers. The stations were
designed under the direction of Mr. F. J. Nies, company archi-
tect. Mr. B. H. Davis, assistant engincer, whom the writer
succeeded, was in charge of the design of the Paulins Kill and
Delaware River viaducts. Mr. F. L. Wheaton was engineer of
construction on both cut-off lines and was assisted by Messrs.
C. W. Simpson and W. L. Lozier, resident engineers during the
construction of the Tunkhannock and Martin’s Creek viaducts
respectively.  The construction of the Montelair improvements,
also design of coal-handling plants, was supervised by Mr. G. T.
Hand, division engineer, assisted in the former by Mr. W. H.
Spiers, resident engineer, and in the latter by Mr. C. Healy,
assistant engineer.
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“SEVENTH. That the borough of Miners Mills pay 1% of the total
cost, including the damages awarded to-the owners of adjacent prop-
erty;

“EIGHTH. That each of the parties interested, assessed with a por-
tion of the cost of said improvement, shall pay its proportion-of the
amounts ascertained and determined by the Commission, or by the
proper authorities on appeal, as damages for property taken, injured or
destroyed, to the parties entitled thereto, and the balance of the total
cost to the Wilkes-Barre Connecting Railroad Company, in conformity
with any contracts of the said railroad company providing for said con-
struction and upon monthly estimates furnished by the engineer of the
‘Wilkes-Barre Connecting Railroad Company and approved by the Chief
of the Bureau of Engineering of the Public Service Commission.

“NINTH. That the existing grade crossings of the Wilkes-Barre Rail-
way Company and of Mill Street over the tracks and facilities of the
Central Railway Company of New Jersey and the Wilkes-Barre Connect-
ing Railroad Company shall be abolished at such time during the con-
struction of the above mentioned improvement as shall seem best for the
safety of the public, in the opinion of the Public Service Commission.

“BY THE COMMISSION:

‘“(Signed) Sam'l W. Pennypacker,

“Chairman.”
Attest:

A. B. Millar,
Secretary.
(Seal)

DELAWARE, LACKAWANNA AND WESTERN RAILROAD.

Clarks Summit to Hallstead.

Clarks Summit borough until recently was a village in South Abington
ownship, Lackawanna County, on the main line of the Delaware, Lacka-
‘anna and Western Railroad, about 12 miles west from the city of Scranton.
he city of Scranton is located in the valley of the Lackawanna River. Clarks
ummit is so called because it is located at the summit of the range of hills
rrming the western boundary of the Lackawanna Valley and hence it is the
ummit in the grade of the railréad. The population of South Abington Town-
hip including the then village of Clarks Summit was 1,987 only. Since then
1e village has experienced a rapid growth due partly tb the construction of a
rolley line connecting with Scranton.

Hallstead borough, population 1,538 in 1910, is in Susquehanna County on
he Susquehanna River 2.5 miles south of the State line between New York
nd Pennsylvania. It is also on the main line of the Delaware, Lackawanna
nd Western Railroad.

The distance by railroad between Clarks Summit and Hallstead by the line
hat existed before the changes described in this report were undertaken, was
2.6 miles.
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The old line extended northwesterly from Clarks Summit down the vally
of Ackerly Creek to the south branch of Tunkhannock Creek at LaPlume anf
thence across country to Tunkhannock Creek at Nicholson and thence upa
tributary known as Martins Creek to near New Milford and thence down the
valley of Salt Lick Creek to Hallstead. In this distance there were maintaind
11 passenger stations and the line passed through 9 boroughs, 8 townshipe and
also served one adjoining borough and four adjoining townships, having al
told a total population in 1910, of 16,361. The location of the stations ard
the said boroughs and townships and the population of each is shown in th
following table:

From Hallstead west the maximum grade is 12 feet per mile into Binghar
ton, N. Y.

Lo uticn of Railroad.
1 ' g g Population in adjols
Passenger Station. | E E ing to
Borcug! "é Township. "g'
S
! & &
' t
Lackawanna County I | So. Abington. ... 1.987!
1—Clarks Snmmit, .. Clarks Summit,. | H
2—G1enburn, ..oeeenerenn Glenburn, ...... | 39 i Waverly B., ... ]
3—Dalton, ............... Dalton, ......... | 767 | !17 AAll’)linztton. .8
{ N. ngton, ..
4 LaPlume, ............. LaPlume, ...... ! 2'78 | |
6—Factoryville, ......... Factoryville, ... | 759 | | Benton, ........ ®
l 1
Wyoming County. { !
yow'ne | | clnton, ....... - i
6—Nicholson ............ ‘Nicholson, ..... | 82 {:Ho{son. } } 720
cholson
Susquehanna County. I |
T—Fo8ter, .....coocevvun-s Hopbottom .... | 364 {Eag:rop. ..... } i 614
athrap, .....
! Lenox, i
S_K{?’*’sje" | igarfor:} . } 11,230 | Brooklyn, ......
9—Alford, . | arfo: e b
10—New Milford, New Milford. .. | ' l:Ilew :llin}:o:g.} | 1,110
ew ord, .
: | ‘Great Bena, .. l 815
11—Hallstead, ........... Hallstead, ..... ! 1,588 | | — .
S 5511 ! {8,000 u
LOrough POPUIALION,  «evenunenreseeenencneneneaeneneneneneneneieaaaeens caees e eeeeane eaeanees 58
Township population, .......cevviiiiiiiiiieiiiiiiiiiiiii e iiiiatiiiiicieeaeenanaas g‘g
s
. -
Total population, in 1910, .......eieeirriiiieiierienenneiniinnnns e reeeeeeeeeriaee e ]

It may be well to note the elevations along the line of this old railroad loc®
tion. At the city of Scranton over the Lackawanna River the elevation of tht
railroad was 736.1 feet above sea level. At Clarks Summit 1,242 feet or &
ascent of 506 feet. The elévation of the tracks over the south branch o
Tunkhannock Creek at LaPlume ‘was 885.5 feet, or a descent of 353 fee.
equivalent to 74 feet per mile. The ascending grade to Clarks Summit fro?
Scranton was equivalent to 75 feet per mile. In crossing the country to Nichok
son, the elevation of the summit reached was equivalent to an ascent of 30 {e
per mile and the descending grade into Nicholson to 74 feet per mile. The
elevation of the tracks at Tunkhannock Creek in Nicholson was 754.5 feet

Passing up Martins Creek Valley to the summit near New Milford, an ele®
tion was obtained of 1,166.8 feet or an ascent of 412. feet equivalent to %
feet per mile. From this summit near New Milford down Salt Lick Cresk
valley to Hallstead, a descent of 295 feet was made to elevation 872 at Hal
stead, equivalent to a grade of 60 feet per mile.
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When the railroad was originally built, the line was selected and built along
a route cheapest to construct and hence little attention was paid to grades
and curves. The traffic at that time was light and did not warrant the larger
expenditure required to build a perfect railroad. This was between the years
1850 and 1853. It was known then as the Leggits Gap Railroad because the
route from Scranton westerly was up Leggits Run Valley and through Leggits
Gap between Scranton and Clarks Summit.

In the year 1911, when the through passenger and freight traffic on this
main line between Buffalo and New York City, and particularly between
Binghampton, N. Y. and Scranton, Pa., had become so enormous as to make
necessary, from a standpoint of economy, a reduction in the grades and in
the curves between Binghampton and Scranton, there were on this part of
the railroad, 14 grade crossings in Lackawanna County, 6 in Wyoming County
and 17 in Susquehanna County, from Clark’s Summit to Hallstead inclusive.
Their location is shown in the following tabular statement:

Grade Crossing on Old Line.—1911.

County. Maunicipality. No. of Grade Croszings.
LACKAWANNA, ..... S. Abington Township. ............... 4| (Now in Clarks Summit Boro.)
Glenbrrn. Borough, .. . 3
Dalton Borough, ... . 3
lume Borough, . 2

WYOMING, ........... Factoryville Borough, ................ 2

Clinion Township, .................... 2
Nic'wlson Township, ................. 1
Nichclson Borough, ... ............... 1

SUSQUBHANNA, ....| Lathrup Township, . ...
Hopbottom Borough. ...
Lenox Township, ... .
Harford Township .-
New Milford Township,
New Milford Borough,
Great Bend Township, .
Hallsred Borough, ....................

17

fotal grade crossings, ........... _—
...... 37

Besides these crossings at grade of public highways of which 20 were within
borough limits in 1911, there was a highway crossing beneath the railroad in
LaPlume borough, in Factoryville borough, in Nicholson borough and in
Harford Township and a highway over the railroad tracks in Clinton Town-
ship at the tunnel, making in all 42 highway crossings.

Early in the year 1911, the railroad company undertook the solution of one
of the most expensive engineering projects consummated in the eastern section
of the country, involved in the obviating of heavy grade, the elimination of
sharp and reverse curves and the avoidance of grade crossings. Most of the
distance between Clarks Summit and Hallstead where the contemplated changes
were to be made is a mountainous district presenting natural difficulties to
‘the construction of a railroad, the surmounting of which meant excessive
expenditures of money, warranted only by the heavy through traffic and for
this reason only. It can be readily seen that a total population of 16,000
people in 1910, tributary to the railroad from Clarks Summit to Hallstead,
would not afford a revenue from its patronage sufficient to warrant any change
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in the old railroad. In fact, the traffic there supported two local trains daily
between these two stations; but the through passenger traffic and express and
freight traffic between New York City and Buffalo and between Scranton and
Buffalo and other important intermediate points did warrant the undertaking.
It is also apparent that to straighten the line and to obviate heavy grades,
the new route through a mountainous district must involve a departure from
the valleys of the creek and the construction of numerous bridges -and high
viaducts and possibly the construction of tunnels, and consequently the new
route would be expected to alter and materially change some of the existing
faci)ities which have since 1850 affected the growth and development of the
villages and towns along the old line, such for example as existing freight
depots and passenger stations and siding facilities, more particularly if the
project involved the abandonment of the old line of railroad and the old depots
and stations after the new line was completed and put in operation. Hence
this phase of the project is peculiarly interesting, and it may be stated, that
where the 42.6 miles of railroad under discussion, a highway of traffic through
a populous district that the attempt to abandon the old line might entirely fail
of having been successful.

The said railroad company, by due and proper corporate action, under and
by virtue of the laws of the Commonwealth of Pennsylvania, declared the
necessity for a widening, strzightening, enlarging and otherwise improving
of the line extending between a point in the township of South Abington,
Lackawanna County, near Clark’s Summit, to a point in the township of
Great Bend, Susquehanna County, near Hallstead. This action, as to that
portion between Clarks Summit and New Milford, was taken in the year 1912,
and between New Milford and Hallstead in the year 1913. The said company
had acquired by purchase or condemnation most of the right of way necessary
for the said improvement and had engaged in the construction work to a con
siderable extent, prior to the creation of the Public Service Commission. At
that time, July 26th, 1913, the work of constructing the road bed for the said
improvements had so far progressed that some of the tracks were being laid
and it was necessary for the railroad company to ascertain and decide upon
the location of its signals, sidings, depot and terminal facilities. There were,
however, a number of crossings that required the approval of the Public
Service Commission.

The Improvements.

Beginning at Clarks Summit borough where the tracks are straightened and
the grade is lowered some 30 feet, the new route lies to the east of the old
route and passes into Glenburn borough where at the new Glenburn station the
tracks are about 2,000 feet east of the old tracks and about 100 feet higher;
thence through a portion of Dalton borough, where at the new station the
tracks are about 2,500 feet east of the old tracks and about 100 feet higher;
thence through a portion of North Abington Township into the extreme edge
of LaPlume borough, where at the new station the tracks are about 4,000 feet
east of the old track and about 115 feet higher; thence through the western
edge of Benton Township into Clinton Township at the extreme eastern edge,
where at the new station the tracks are 8,300 feet distant from the old track
and about 150 feet higher; thence into Nicholson Township, through the
tunnel and over the Tunkhannock viaduct into Nicholson borough, where at
the new station the tracks are 1,000 feet east of the old track and 193 feet
higher; thence through a narrow strip of Nicholson Township and a small
stretch of Lenox Township into Lathrop Township to Foster Station in Hop
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bottom borough, where at the new station the tracks are 1,200 feet distant
from the old track and about 125 feet higher; thence through a small portion of
Lathrop and Lenox townships and Harford township into Brooklyn Township
to the new Kingsley station, where the new tracks are about 2,300 feet west of
the old tracks and about 75 feet higher, the crossing over the valley of Martins
Creek from the east to the west sides being by means of the Martins Creek
viaduct; thence continuing through Brooklyn Township to the new Alford sta-
tion where the tracks are 800 feet west of the old tracks and about 50 feet
higher; thence through Brooklyn Township and New Milford Township to New
Milford borough, where at the old station, which is to remain, the new and the
old routes come together, but the new tracks are two feet higher; thence
through the New Milford and Great Bend townships, where the new tracks lie
west of the old ones, and where the old tracks will be used for west bound traf-
fic, to Hallstead borough at the new station, whose location is about the same
as the old, but the new tracks are 20 feet higher.

This new route between Clarks Summit and Hallstead is 3.6 miles shorter
than the old line, and the running time of trains will be cut between 20 and
30 minutes between each point. .

The summit of the depressed tracks through Clarks Summit borough have an
elevation of 1,212.5 feet above sea level; thence the grade will descend at the
rate of 36.27 feet per mile to the tunnel near Nicholson and at the Tunk-
hannock viaduct in Nicholson borough the elevation is 947 feet or 240 feet
above the creek beneath; thence the grade ascends at the rate of 12.5 feet per
mile to the New Milford summit at elevation 1,140.3; and thence the grade
descends into Hallstead borough at the rate of 32.15 feet per mile. The maxi-
mum grade on the old line was 1.23%, whereas on the new line it is but
0.68%. The total curvature on the old line was 3,970 degrees, whereas on the
new line it is 1,570 degrees only. The maximum degree of curvature on the
old line was 7 degrees, whereas on the new line it is 3 degrees and compen-
sated. The grade from Clarks Summit to New Milford summit has been re-
duced from 71 feet in a mile to 36 and 12.5 feet in a mile, and from New Mil-
ford summit to Hallstead it has been reduced from 60 feet in a mile to 32
feet in a mile.
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The location of the new stations, the distance between the new and the old
tracks and the difference in location is shown in the following tabular state

ment:

Passenger Stations.

Passenger Stations. New Location of Rallroad, etc.
B ok
g cH
2,0 %y
Name. | Neworoud. | o84 Sas Location.
g 3 8 3"
g2 8 E
83% L3
a&°"| &
| |
Lackawanna Jounty. | Feet. Feet. !
1 Clarks Summit, ' 014 station,. 301 lower,... Clarks Summit Borough.
2—Glenbuin, . | New station, | 2,000 | 100 higher,.. . Glenburn Borough.
3—Dalton, .......ccoieeenll. | New station, | 2,600 | 100 higher,.. , Qaltt!)ln ll?;?;gtnxh.’ro nt
f ! North A on Township.
4—LaPlume, ........... .... ! New station, | 4,000 | 115 higher,.. | LaPlume Borough.
Wyoning Comnty. i | Benton Township.
yo.ning Con, | i
5—Factoryville, ............ | New station, | 8,300 | 160 higher, .. glil&toln qu!vnshlm
olson Township.
6—Nichoisen, ...ooeeeenn.. | New station, | 1,000 | 193 higher,.. ! Nicholson Borough.
, h | . Nicholson Township.
Susqu2"anna County. |
| Lenox To'Emshl}:i
athrop Township.
T—Foster, .....ccoevveeennns New statton. | 1,200 | 125 higher,.. Hopbottom Borough.
| Lathrop Township.
| Lem;x "il‘owns.h.h:bl
Harford Township.
8—Kinguicy., . | New station, | 2,300 | 75 higher,.. ‘Brooklyn Township.
9—Alford. ... New station, 800 | 50 higher,. Brmkhliil;t Tgwns']‘ohip -
| - . New or 'wnship.
10—New Mliford ., Ol11 station,. 0 2 higher,.. | New Milford Borough.
| gew tlglf:drdTTown::ﬂp.
| rea e ‘'ownship.
11—Hallstead, .............. | New station, o1l 2 hlgher... | Hallstead Borough.
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Along the new route 42 public highways are crossed, at 19 of which the high-
way is bridged over the railroad, and at 22 of which the highway is carried
under the railroad, and at one place an old grade crossing is maintained on the
old line as a grade crossing because it is impracticable to avoid it. This is
in New Milford township about a mile north of New Milford borough where
the two new tracks are laid a few hundred feet west of and paralleling the
two old tracks. The new tracks are elevated sufficiently so that the township
road which crosses the old tracks at grade is carried underneath the new
tracks. To separate the grades of the old tracks and the township road, on
account of drainage, would make it necessary to build a viaduct of great
length over Salt Lick Creek and the old track and estimated to cost at cur-
rent prices about $50,000. The township road is travelled on an average by
6 or 8 teams per day. The 41 crossings where the grades are separated are
about equally divided, 20 of them being in the townships and 21 of them being
in the borough. In the following table the location of these crossings is shown:

Highway. Location.
County.
over. | under. Borough. Township.
| |- —
! |
Lackawanna County. '
4 ; Clarks Summit.
1 | 2 | Glenburn.
1 3 | Dalton.
| 1! e North Abington.
1! 1 LaPlume.
2l i ............................ Benton.
1
|
Wyoming County. | i
| D PN Clinton.
2| (attunmel) ' .........oocieiiiiiiiiinann. Nicholson.
1! 1, Nicholson.
| .
Susquehanna County.
% } ............................ Lathrup,
| Harford.
1 4 Brooklyn.
i),. 2 New Milford.
1 1 Great Bend.
| 2 | Hallstead.
—_
19 2

The improvement has eliminated 36 grade crossings and in their place sub-
stituted 41 overhead and underneath crossings. The cost for the masonry
work at these new crossings including the steel work amounted to $681,000
and the cost for constructing the approaches including incidental damages
amounted to about $419,000, making a total cost of approximately $900,000.
Two of the crossing are carried over a tunnel, and two of them are spanned

by a viaduct, so that the average cost for the remaining 37 separated crossings
is $24,300.

Types of Bridges.

Tunkhannock Viaduct—The Tunkhannock viaduct, so called because it is
built across the valley and over Tunkhannock Creek in the borough of Nichol-
son, Wyoming County, is the largest re-inforced concrete bridge in the world.
It is a two track structure, 2,375 feet long and stands 240 feet wbove the
creek bed and 300 feet above bed-rock foundations. The accompanying photo-
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graph, shows the massive proporticns, particularly when one discerns the
railroad train shown on the viaduct. The bridge consists of 10 spans of 180 feet
each and two spans of 100 feet each. The large arches are surmounted by small
superimposed lateral arches upon which the solid concrete surface of the via-
duct is carried. In its construction, 167,000 cubic yards of concrete and 1,140
tons of re-inforcing steel were used. The cost of the structure was approxi-
mately $1,500,000. The work was begun in the spring of 1911, and completed
early in the year 1916.

Martins Creek Viaduct—Martins Creek viaduct is located partly in Harford
Township and partly in Brooklyn Township, Susquehanna County, about one
mile south of Kingsley Station. The bridge is a three track structure, 1,60
feet long and 150 feet above the bed of the creek. It consists of 11 re-inforced
concrete spans, 7 of which are 150 feet in length, 2 of 100 feet in length, and
2 of 50 feet length. In its construction, 77,500 cubic yards of concrete were
used, and 1,600,000 lbs. of re-inforcing steel. The cost was about $800,000.
Its pleasing architecture may be noted by reference to the accompanying
photograph.

Railroad Bridges—The accompanying photograph of the Waverly Road arch
at Dalton is typical of the under highway arched crossings, the spans of which
range from 24 to 34 feet. This Dalton arch is a 34 foot semi-circular span.

The accompanying photograph of the Creamery Road bridge New Milford,
shows a railroad bridge over a highway similar to numerous other flat top
under crossings, some of which are of slab and others of beam construction.
The span of the structure shown in the photograph is 20 feet and has a vertl
cal clearance of 12 feet only. The borough council consented to these dimen-
sions. The Public Service Commission did not then have jurisdiction. The
span of all other structures of this kind along the line is 24 feet with a vertical
clearance of 14 feet. Within one half a mile of this New Milford underpass,
and also within said borough, there is a highway over crossing. The reason
that a vertical clearance of 12 feet was agreed to was on account of drainage.
300 feet distant and at a slightly lower level is Salt Lick Creek.

The accompanying photograph of the Church Street bridge in Hallstead
Borough shows another form of slab construction for a railroad bridge over a
highway. <Church Street is a borough highway. The total width of the bridge
or street between the abutments is 50 feet. The sidewalks are 8.5 feet in the
clear and the two roadways on both sides of the centre piers are 14 feet in
the clear and the vertical clearance is 14 feet.

Highway Bridges—The accompanying photograph ef ihie Gilmore Road
bridge in Benton Township, showing the Crissman Road arch in the back
ground is typical of some of the overhead highway arches along the new line.
The 60 foot span provides for a 4 track roadway and the width of the bridge
for highway traffic is 24 feet in the clear as are all of the highway bridges along
the route. The floor is of slab construction and the wearing surface is maca-
damized.

The accompanying photograph of the Alford Road bridge in Brooklyn Town-
ship is typical of some other overhead highway arches along the new line. The
span of 60 feet provides for a 4 track roadway. The arch is elliptical and has
10 foot 9 inch rise and 1 foot 6 inch crown thickness.

The Tunnel.

The tunnel is located in Nicholson Township, Wyoming County about one
mile south of the Tunkhannock viaduct. It is a two track structure built in
rock, faced with concrete and lined with brick, 3,200 feet long with two air



Marting Creek Viaduct, Tooking North up Stream.
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New Milford, Creamery Road Bridge, Looking West.
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Jenton Township, Gilmore Road Bridge, Tlooking North. Crissman Road Arch in the waowmnom_na.w
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Clarks Summit, Main Street Bridge, Looking North.
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(larks Summit, State Highway Bridge, Tooking North.
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Hop Bottom, Glenwood Road Bridge and Foster Station, I.ooking North.
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shafts. It is 30 feet wide at the track level, the arch is semi-circular, 15
feet radius, the springing line being 8 feet 8 inches above the level of the base
of the rails. The tracks are laid on 13 foot centres, the centre line of each
track being 8 feet 6 inches distant from the nearest side wall. This provides
a vertical clearance of 20 feet above the top of the outside rail of each track.

Total Cost of Improvements:

The amount of earth removed in making the improvements reached a total
of 5,525,000 cubic yards, the rock excavation reached a total of 7,647,000
cubic yards, and 300,000 cubic yards of concrete were used in the bridges,
viaducts and culverts, also 4,720,000 pounds of re-inforcing steel. The
total cost of the project, including stations and equipment, damages and legal
expenses, was approximately $12,500,000, for 39 miles of new railroad, equiva-
lent to a cost of $320,513 per mile.

Crossings Considered by the Commission.

In Clarks Summit—This borough although a small community now has
great expectations of growth. The railroad company by agreement with the
town council erected three highway bridges over its new right of way and
tracks. They are shown in the accompanying photographs. The first photo-
graph is a view looking north of the Main Street bridge and the old passenger
station roof may be seen in the background at the left at the elevation where
it is to remain. A platform on the level of the tracks 30 feet below is now
constructed and steps lead up to the station. The baggage is taken up on an
incline plane operated electrically. It will be noted that the bridge is a steel
girder, deck type, supported on steel columns with its ends resting on concrete
abutments. In the back ground, the Depot Street bridge may be seen.

The second photograph sows the Depot Street bridge, a thru steel girder
structure of the type used where spans and clearances prohibit the use of
concrete. The I-beam floor is encased in concrete. The vertical clearance of
all bridges over the railroads is nowhere near less than 22 feet above the top
of the rail. In the back ground may be seen the city highway bridge.

The third photograph shows the state highway bridge over the railroad. Be-
cause of the length of the span due to the oblique crossing, the thru steel
girder, with I-beams encased in concrete were supported by steel columns
as shown in the photograph.

In spite of the fact that these three bridges are not far apart, the borough
petitioned the Public Service Commission for the construction of a fourth
highway bridge. The population now is about 1,700. Owing to proximity to
Scranton, a very much larger population is anticipated within a few years and
hence the local authorities have deemed it inexpedient to sanction the closing
up of any highway laid out and used across the right of way and track of the
railroad company. Knapp Road distant a few hundred feet south from Main
street is alleged by the petitioners to be such a highway. At the close of the
year, covered by this report, a conclusion had not been reached by the Com-
mission.

In Hopbottom—Nearly all of the borough of Hopbottom is shown in the first
of the two accompanying photographs. The first photograph looking north
shows the new tracks high above the town and the old tracks, and it also shows
the Glenwood Road arch highway bridge over the new tracks. This bridge and
the approach to it was made the subject of a petition to the Public Service Com-
mission. The borough of Hopbottom complained that it would be irretrievably

20
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damaged for all time by reason of the abandonment of the old road station and
freight depot which were on a level and in the heart of the village and about
which the community had settled and the substitution therefor of the new
tracks and station high above the town and that as part compensation for such
damages the railroad company should widen, straighten and otherwise improve
the public highway by relocating the same so as to provide 2 minimum grade
on the approach to the new station and bridge over the tracks and pay all of
the costs and expenses incident thereto. This the railroad company declined to
do, but it has constructed a switch-back connection, starting from the new
tracks between Nicholson and Foster and descending along the slope of the hill-
side to connect with the old tracks at the lower level into Hopbottom. By
means of this connection the company purposes to maintain and use the exist-
ing freight depot at its old level in Hopbottom and thence via the old tracks
or track at the old level transport freight in and out of Nicholson as well as
Hopbottom. The distance between these towns is about 5.4 miles, and along
this length of the old road including the boroughs there are 6 grade crossings.

The second photograph shows the Glenwood Road bridge and in the back
ground the new Foster station at Hopbottom constructed in conformity with
the plans approved by the Public Service Commission.

Clinton :

In Benton Township—The Gilmore Road crossing in Benton Township il
lustrated by an accompanying photograph was considered by the Public Service
Commission and approved.

In Clinton Township—The vacation of one highway and the construction of
a highway beneath the railroad at the new Factoryville station in Clinton
Township, and particularly the matter of the location of the new station a mile
and a half distant from the old station and the borough of Factoryville was
made the subject of a complaint to the Commission. The underpass was con-
structed, also the new station, and the company at the end of the year
- covered by this report was considering the feasibility of building a siding for
freight to connect with the borough and the old station.

In Nicholson Township—The matter of vacating one highway and of sub-
stituting therefore a re-located highway over the tunnel in Nicholson township
came before the Public Service Commission. The matter was adjusted and at
the expense of the railroad company.

In Lathrup Township—The construction of a township highway over the
new tracks in Lathrop Township came before the Commission and received
favorable action.

In New Milford Township—A very material relocztion of the state high-
way and the construction of the new highway over the west bound tracks,
being the old line, came before the Public Service Commission for approval.
The accompanying photograph shows the new bridge as constructed in con-
formity with the plans approved.

In Great Bend Township—The abandonment of the so-called McKinney and
Florence highway crossings in this township and the substitution therefor of
a re-located state highway and bridge over the railroad came before the Public
Service Commission and was the subject of protracted hearings and an order
dated April 9, 1915.
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linesworth as general superintendent and W.
Naugle, R. E. Mosier and W. B. Converse as
assistants on the various operations.

Inspecting, Coating and Testing Steel
Pipe for 112 Mile High-Pressure
Gas Line from Taft to Los
Angeles, Calif.

The construction of a 112 mule high-pres-
sure steel pipe natural gas line from Talt to
LLos Angeles, Calif., was completed in the
fall of 1912. The following notes on the mill
inspection of the pipe and the field coating
and testing of the pipe line are taken trom an
article by W. E. Barrett in a recent 1ssue of
the American Gas Light Journal.

The pipe line was designed to work at an
mitial pressure of 450 lbs, and a terminal
pressure of 50 lbs., which would give a de-
livery capacity of 26,000 million cubic feet per
day. The pipe ordered was plain-end steel
tubing, 12% ins. outside diameter, weighing
nominally 33 1bs: per lineal foot. About 75
miles of this pipe was of double length, rang-
ing from 34 ft. to 40 ft. in length; the balance
was standard, 18 ft. to 20 ft. lengths. By
usineg the double lengths of pipe, in the val-
leys on the north and south ends of the line,
a saving of approximately $31,000 in the cost
of couplings alone was effected for the benefit
of the client, as the work was carried on under
the J. G. White Engineering Corporation
standard method of “Cost plus a fee.”

Design and Construction Features of
the Tunkhannock Creek Viaduct
on the D. 1. & W. RIR.

at Nicholson, Pa.
Contributed by C. W. Simpson, Resident
neer D. L. & W. R. R., in Charge of
Construction.

The Delaware, Lackawanna & Western Rail-
road Co. is constructing some grade improve-
ment work of large magnitude between Clark’s
Summit and Hallstead, Pa., the improvement
consisting of a new three-track line about forty
miles long. The new line does not deviate
widely from the present one, as can be seen
by an inspection of the map shown in Fig. 1.
The greatest divergence 1s about 1% miles,
but for the greater part of the distance the
lines are only a few hundred feet apart. The
new line does, however, greatly reduce the
grades and eliminates the sharp sags and peaks
in the grade line. The maximum grade has
been reduced from 1.23 to 0.682 per cent, and
a very long 0.40 per cent grade has been re-
duced to a 0.237 per cent grade. The principal
structures along the new line are the Nichol-
son Tunnel, a double-track bore 3,630 {t. long;
the Martins Creelk Viaduct, a three-track con-
crete structure having a maximum height of
150 ft. and a length of 1,600 ft.: and the Tunk-
hannock Creek Viaduct, a double-track struc-
ture having a maximum height of 240 it. and
a length of 2375 ft. The quantities of ma-
terials involved in the construction of the new
line are 7,647,000 cu, vds, ot rock, 9,525,000 cu.

T "

yds. of earth, 146,000 cu. yds. ot tunnel excava-
tion, <¢0,000 cu. yds. of concrete, and 2,560
tons of reinforcing steel. The total cost of

the improvement will be about $12,000,000.
This article will treat only of that part of

the improvement known as the Tunkhannock

Creek Viaduct, the construction features of

this viaduct being explained in detail,
DESIGN FEATURES.
The Tunkhannock Creek Viaduct., which 1s

said to be the largest concrete railroad bridge
in the world, 1s composed of ten 180-ft. and
two 100-ft. semi-circular arch spans springing
from solid piers founded on bedrock, support-
ing transverse spandrel walls, upon which rests
a floor system composed of semi-circular span-

Engineering and Contracting

Inspection—As this pipe line was to work
under heavy pressure, it was deemed advisable
to exercise very reasonable precaution in 1ts
manufacture and preparation for shipment as
well as in the construction of the line. The
J. G. White Engineering Corporation fur-
nished its own retained inspectors at the mills
of the contractor tube company. The cer-
tificates of chemical composition of the ingots
from which the skelp was made were at the
inspectors’ disposal, upon request. The in-
spectors’ principal duties were to observe the
size by the ring test, the alignment of the tube,
the length, weight and hyvdrostatic pressure
test ; this latter was required at 700 lbs. While
the pipe was at a temperature of practically
100° F., brushed free from all mill scale, it
was given a shipping coat of specially pre-
pared protective material, allowed to dry, then
shipped.

Coating—On account of the large percentage
of ground salts (strongly alkaline in composi-
tion) present along the proposed route, the
protection of the pipe from the destructive
effects of these salts was a very necessary
precaution. For this purpose, a carefully pre-
pared, neutralized coating was used, which
had for its base a clean coal tar not a tar pro-
duced at a low temperature of say 1,600° F.,
to 1,800° F., but one produced at a temperature
of about 2,400° to 2,600° F. There 1s a con-
siderable difference even in coal tar, outside
of the fact that it is black. After the pipe was
received and distributed, any abrasions of the
shipping coat were carefully cleaned and all
dust or dirt brushed off. The spots were first

coated, then the entire length given two, three
or four coats, as the analysis of the soil die- |
tated. These analyses were made in the lab-
oratory of the University of Southern Caliﬁ.
fornia. : |

Testing—After the line was completed and |
the pressure tests were applied, only one:
length was found defective, and in this lengtg
the seam ripped at 368 lbs. The line was !
tested to 470 lbs., for the first 43 miles fr f
the Taft terminal; 370 lbs., for the next 39
miles: and 250 lbs. for the balance of the dis- |
tance to the Los Angeles terminal, and, aftefé*i
tightening some of the asbestos joints, with
which the first 10 miles of the line from the |
Taft terminal was laid, to the small whisper-
leaks, which only developed after the line had
been raised 1n pressure to 368 lbs., then |
dropped to zero, when the blowout occured, ¢
and again raising the pressure to 470 lbs., care-
ful inspection showed the small leaks. These
leaks were apparently caused by the lack of |
sufficient resiliency in the gaskets to recover |
their original position after the high internal
pressure had been applied. However, when |
these were once made tight under pressure
they remained permanently so. The line when

finally tested proved bottle tight. A second

|

test was applied, about May 20, 1913, after the |
line had laid over the wet season. A pressure |
of 170 1bs. was then applied, from end-to-end, |
and it was still perfectly tight, holding this |
pressure 7% hours without any drop in the |
gages. All the gages were caretully proven |
on two dead-weight test sets, and adjusted to |
perfect agreement. g

Bridges

drel arches. The deeper piers have a section
40x46 ft. below the ground surface, and all
piers are 36 ft. 6 ins. by 43 ft. 6 1ns. to a
point 17 ft. 6 ins. below the springing line of
the arches.
set provides a seat for the temporary steel cen-
tering. The deepest pier extends 98 ft. below
the ground surface, and at this pier it is 304

At this elevation a 4-ft. 3-in. oftf-
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Fig. 1. Map of Region in Vicinity of New
Line of D.,, L. & W. R. R., of Which
Tunkhannock Creek Viaduct Is a Part.

ft from the bottom of the foundation to the
highest point of the masonry.

A 100-ft. span is located at each end of
the structure. This i1s termed an “abutment
span,” as it will be entirely buried by the ap-
nroach embankment. Each of these spans 1s
composed of two ribs 5 ft. 6 ins. thick at the

1l Scal/e of Miles o
) 4 E&C
W— — — — _ﬂ

crown and 12 ft. wide. These ribs are 22 ft. |
on centers, thus leaving a 10-ft. space between |
the ribs. The two ribs are tied together by |
four reinforced concrete struts. They support |
reinforced transverse walls on which rests a |
reinforced floor slab varying from 1 ft. 9 ins. |
to 2 ft. 6 ins. in thickness. The floor slab ex- |
tends a few feet beyond the crown of the arch,
and the space between the arch ring and the
floor slab is closed with an 18-in. longitudinal
curtain wall along each outside face, so that
when the approach embankments are complet-
ed these “abutment spans” will have the ap-
pearance of “U” abutments.

FEach 180-ft. span, a design drawing of which
is shown in Fig. 2, is composed of two ribs !
8 ft. thick at the crown and 14 ft. wide. These !
ribs are spaced 20 ft. on centers, thus leaving
a 6-ft. opening between them. Each rib 1s !
reinforced with fourteen 1-in. square steel |
rods in both the intrados and the extrados |
(see Fig. 2, b and ¢). These ribs carry rein= |
forced transverse spandrel walls varying from
3 ft. 2 ins. to 4 ft. 6 ins. in thickness (see Fig. |
9 a and b). The spandrel walls are arched |
over the space between the ribs and carry a
floor system composed of 13-ft. 6-in. semi-
circular spandrel arches having a thickness of
1 ft. 9 ins. at the crown. The spandrel walls ¥
carry a 6-in. belt course 1 ft. 6 ins. below the I8
springing line of spandrel arches, thus pro- |
viding a seat for the temporary arch centers.

Directly over the piers the span opening
which is left between the segments of the arch
is closed by means of a pilaster 3 ft. thick and
about 22 ft. wide, bonded to the spandrel walls
to give longitudinal stiffness to the spandrel
system and an appearance of solidity to the
piers. The parapet wall, which extends the
entire length of the viaduct, rises 7 ft. 3 ins.
above the viaduct floor (see Fig. 2, b and c).
The pilasters at the piers extend 3 ft. above
the top of the parapet wall (see Fig. 2, b and
d). To provide drainage the top of the floor
is given a 6-in. slope from the crown of
each spandrel arch to the center of the adja-
cent spandrel wall, and the water is carried
down through the center of the wall through a |
6-in. opening and is discharged into the space
between the main arch ribs. The floor over
each span is provided with four expansion
joints, one over each main pier and one over
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the third spandrel wall from the pier (see
X E A e )

This viaduct requires 47,000 cu. yds. of
foundation excavation, 165,000 cu. yds. of con-
crete and 1,200 tons of reinforcing steel. Three

Engineering and Contracting

work was progressing on the shops, store-
houses and oftice buildings.
FOUNDATION EXCAVATION.
After the narrow-gauge tracks had been

4

Viols 25sie

brought in, and excavation was started early
in July at pier No. 4.

On July 16 a “Model 407 Marion steam

shovel, having a 1-cu. yd. dipper, was brought

tform onnwhich the

Note.
Temporory Tracks and

rFig. 3.

classes of concrete were used, designated as
“Class A,” "Class F " and “Cyclopean.” Class
A concrete 1s a 1:2:4 mixture and 1s used only
for the remfr.)rcecl floor slab over the “abut-
ment spans”: Class B is a 1:3:5 mixture, and
is used for all other work above the springing
line: “Cyclopean” is the same as Class b,
with “derrick” stone embedded 1n the con-
crete, and i1s used in the piers below the spring-
ing line.

CONTRACTOR'S PLANT AND GENERAL PROCEDURE.

The contract for the construction of the
viaduct was formally executed in June, 1912,
but the successful bidder was notified about
the middle of May and started work on May
24, 1912.

The general layout of contractor's plant 1s
shown in Fig. 3. The present tracks of the
railroad company are on an embankment which
rests on a small ridge, so that they are about
60 ft. higher than the creek bed and about 35
't. higher than the ground level at the mixing
plants. The loop formed by the narrow-gauge
tracks encloses a knoll about 30 ft. higher than
the general level of the valley. The general
office and the hospital are located on higher
ground,

A narrow westward from

ridge extending

the west end of the blacksmith shop connects
the above mentioned knoll with the ridge on
which the railroad rump:m}";ﬁ tracks are locat-

ed. The general material derrick 1s located
on this ridge. A similar ridge extends from
pier No. 6 to the high ground at the hospital.

Piers Nos. 5 and 6 are located on the east
slope of the knoll so that the ground surtace
1t the west side of the excavations 1s about
30 11&_1’..:11!.:!‘ than on the east side, Piers Nos.
3. 4 and 7 are located on the low ground and
DICT No. 8 lies on a ﬁll’:]H', s0 that the F.II'HHIH!
surface at the south side of the excavation 1s
{() ft. lower than on the north side.

The first operation of the contractors was
the widening of the railroad company's em-

and the laving of the track marked
“T'rack for I :m-m-;‘ ;mfl “Room for 16 L.oads"”
(see Fig. 3). This work was started May 24,
1912, and on June 1’ the track was completed
and a track [:tlulrlur started to construct the
material trestles. The general material der-

rick was erected June, during which time
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graded and laid from the location of mixing
plant No. 1 to pier No. 4, embracing a small

Layout of Contractors’ Plant for Construction of Tunkhannock Creek Viaduct.

ridge connecting pier

No. 6 with the high
ground at the hospital.

The material excavat-
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Fig. 4. Wooden Centering and Support for 100-Ft. End Arches of Tunkhannock Creek
Viaduct,
cut through the above mentioned ridge, der- ed was loaded on 4-cu. yd., 3-ft. gauge West-

ricks were erected, steel sheet piling was

ern dump cars, and was utilized in grading for

in and started digging 1ts way through the
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April 1, 1914

the narrow-gauge tracks and for leveling the
ground surface around the mixing plants. "This
shovel excavated pier No. 6 to a level 20 ft.
below the ground surface on the high side,
then moved to pier No. 5 and excavated this
pier down to the level of ground water, which
was about 35 it. below the ground level on the
high side. From pier No. 5 the shovel moved
back to pier No. 6, and after excavating this
pier to the same level as No. 5 moved on to
pier No. 8 where the excavation was carried
to the same level. The material from these
excavations was utilized 1n raising the entire
ground surface east of piers Nos. 7 and 8 a
distance of about 12 ft., thus bringing it up to
a level with the surface graded around the
mixing plants and providing a satisfactory lo-
cation for the saw mill and for the storage ot
reinforcing bars, lumber and other matenals.
From pier No. 8 the shovel was taken succes-
sively to piers Nos. 10, 9 and 2, in each case
excavating the material to bedrock, which was
above the level of eround water and was only
a few feet below the surface at the lower sides
of the piers. In making these excavations the
material, which was a mixture of clay, gravel
and sand, was allowed to take i1ts natural slope,
and the excavation was extended far enough
beyond the sheeting lines to provide for the
natural raveling of the banks prior to the
completion of the excavation. The shovel com-
pleted its work in December, 1912, after having
excavated about 50,000 cu. yds., 15,000 cu. yds.
of which was “pav material.”

In excavating piers Nos. 3, 4 and 7 and 1n
continuing the excavation of piers Nos. 5, 6
and 8 the contractor used Lackawanna inter-
locking steel sheet piling in lengths of 30 ftt.
This piling was braced with 12x12-1n. timbers,
and was driven with a three-ton Warrington
steam hammer. As these piers required sheet-
ing for depths of from 50 to 70 ft, it was nec-
essary to use two lengths of sheeting, and 1n
two cases short lengths were driven on top
of the upper 30-ft. lcngths. The method of
procedure with the excavation was to erect
one set of sheeting on lines about 3 ft. outside
of the required foundation area, and to drive
the sheeting as far as convenient. The excava-
tion was then carried down to the bottom of
the sheeting by means of Williams 1%-cu. yd.
clam-shell buckets, operated in the bays be-

Engineering and Contracting

peated until the top of the sheeting was down
to the ground surface. Another set of sheeting
was then erected about 6 ft. 6 1ns. outside the
hrst set, and was driven as deep as was
thought advisable. The material between the
two sets of sheeting was excavated with the
clam-shell bucket, the first sheeting was then
driven farther, and the excavation was re-
sumed. As the inside set ot sheeting was
driven down, the upper set of timber bracing
was removed and placed at the bottom. The
process was continued until bedrock was
reached. In two cases the two 30-ft. lengths
of sheeting were not sufficient and short
lengths of sheeting was driven directly on top
ot the second set. The contractor has been
able to recover almost all ot the sheeting, so
that suthcient sheeting for two complete foun-
dations has sufhced for the entire work. Some
of the sheeting has been used four times. All
of the 30-ft. sheeting was purchased new for
this work, but the shorter lengths had been
previously used on other work. The sheeting
was pulled by means of an “A” frame, con-
structed ot 12x12-1n. timbers about 16 ft. long,
resting on the top ot the completed pier foot-
ing and carrying a triple block-and-fall rove
with a % -in. steel cable. This fall was attached
to the sheet piling by means ot a bolt through
the web, and a rasp clamp. The derrick tall,
which 1s a double block, was made tast to the
% -1n. cable, and 1n this way a pull of about 60
tons could be exerted on the pile.

The material excavated from pier No. 4 was
utilized to grade the track shown by dotted
lines 1n Fig. 3, and a trestle was constructed
across the creek, thus giving trackage facili-
ties to pier No. 3, the excavation of which was
started early in September. The excavations
tor the abutments and the piers near the ends
of the viaduct were shallow, and the work was
accomplished without the use of derricks or
sheeting. The only excavation which gave any
serious trouble was for pier No. 4. About 40
ft. below the surface there was encountered
a large pocket of fine flowing sand along the
west side and around the southwest corner of
the pier. This sand exerted a very heavy
pressure on the sheeting, distorting the timber
bracing and several times breaking up through
the bottom of the excavation and causing the
ground surtace outside the sheeting to settle
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ﬂﬂ'. 5. Steel Centering for 180-Ft. Arches—View Also Shows West 100-Ft. Arch in

Process of Construction.

tween timber braces which were so spaced as
10 admit the operation of the bucket. The
bracing was then put in on about 5-ft. centers,
vertically, as the excavation proceeded. After
the excavation has been carried down to the
temporary bottom of the sheeting, the latter
was driven tarther, and the operation was re-

as much as 10 ft. When the excavation had
reached a depth ot 50 tt. below the surtace and
was about 12 tt. above hedrock 1 tound
that very little PrOEress was being made, the
bracing being so badly distorted as to be n
grave danger fallure. At this point 1t was
decided to drive a line of 3-1n. ]r:.L‘HL shet LUNK

‘h"n ;JI. ",

V(] ] r-."u‘r'r~l1f
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parallel with the west side of the pier and
about one-third of the width of the excavation
trom 1t. The portion of the excavation to the
east of this sheeting was then carried down to
rock, and was filled with concrete to a depth

Erection of 180-Ft. Steel Centers for
Intermediate Spans by Means of Cable-
way, Tunkhannock Creek Viaduct.

Fig. 6.

of 30 ft. All timber bracing was left in place,
thus making any {further distortion of the
west one-third almost impossible. A row ot
3-1n. timber sheeting was then driven on an
east-and-west line across the remaining one-
third of the excavation. The northwest corner
was then excavated, and concrete was placed
to a depth of 10 ft. The southwest corner was
now excavated and concreted without serious
trouble, The excavation of this pier was not
completed until the muddle of July, 1913. All
of the foundation excavation 1S now com-
pleted, with the exception of that required for
pier No. o2, which 1s about 30 ft. above bedrock.
CONCRETE PLANT.

January, 1913, the cement shed,
which has a capacity ot 3,000 bbls., had been
completed and hlled, mixing plant No. 1 had
been completed (for location see Fig. 3), and a
large amount ot sand and stone had been
placed in the storage piles. The sand and
stone are placed on the contractors’ side track
in bottom-dump hopper cars by the railroad
company. 1he cars are spotted on the material
trestle, which 1s about 30 ft. hgh, by a 30-ton
standard-gage locomotive and their contents
dumped into the storage piles. Each mixing
I'j.tTH 1S served ]". two derricks which operatc
{O0-cu, ft. Meade-Morrison clam-shell buckets.
At mixing plant No. 1 the cement 1s ordinarily
loaded directly from the cars into the derrick

Prior to

bucket, and 1s landed on the hopper Hoor of
the mixer., At plant No. 2 the cement 1S un-
loaded from the cars into chutes which convey

by gravity to the hopper floor ot the mixer.
taken from the cement house only
when shipments are delayed and when there 1s

\ ';-3?1.-7',':_ I S

no cemenit .1‘,..1:".13]1' i‘ll Cdrls ThL‘ Illi‘;l‘r Jrr-
ricks convey the sand and stone from the stor-
age piles to small bins over the mixers. From
these b the materials pass Ii}' j.':l':'n'il}' into a
Mecasurii }a-*; Per where the cement 1s added.
i  the measuring hopper the materials pass

by gravity into a Carlin cube mixer of 2 cu.
vds. capacity, which dumps directly into 2-cu.
ble-line bottom-dump buckets
ft. gage flat cars. Twelve-ton locomotives

| to haul trains ot three cars (one
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empty to receive the empty bucket from the
derrick or cableway) to the pomnt of disposi-
tion or to the poimnt ot transfer to the cable-
way.

The contractors are required to turn the
mixer for not less than two minutes, and, al-
though adhering to this requirement, each

Enginéering and Contracting

and as the winter of 1913-14 was very mild
concreting has been carried on almost con-
tinuously up to the middle of February, 1914.
The total amount of concrete placed during
this time was about 90,000 cu. yds., the largest
amount being placed during the month of June,
1914, when 14,000 cu. yds. were put in place,

—— = = - - —

Figs /-

West Spans of Tunkhannock Creek Viaduct, Showing Centering and Frorms—One

Rib Ready for Running Keys—Abutment Span Partially Buried.

mixing plant has a regular working capacity
of 18 batches of 2 cu. yds. per hour, about one
minute being consumed in charging, starting,
stopping and dumping the mixer. One fore-
man, 2 derrick operators, 1 mixer runner, I
fireman, and 11 laborers are required to operate
one miximg plant; while 1 foreman and 8
laborers, 1in addition to the engimeman and
helper, are employed to unload all cement,
sand, and stone for both mixing plants. These
gangs, with the aid of the material derricks,
also unload practically all other materials and
supphes used on the work. Two trains are
to transport the concrete from the mixer
to the derrick or cableway. It requires 2 men
to hook the buckets, 2 operators for the der-
rick or cableway, and 2 signal men to place the
concrete 1in the torms where 1t 15 spread by 1
toreman with from & to 16 men. In the mas

sive concrete work below the springing line of

1nsed

the main arches, this orgamization handles
about 35 cu, yds. ot concrete per hour

A bag room, built as a part of the mixing
plant, 1s provided. The Hoor of this ‘room 1s
about 8 it. lower than the hopper floor, and
A s00n as the ement bags are +-Hi]-’f'r-.-[ Into
the hopper they are thrown into this room
(ne man caretull hakes the cement from
these bags, and ties them into bundles read,

r shipment back to the |} | when

Ixer stops at the end of a ':..1}+~ work the
; ed tl d 11l ready to return. T hi
".: I ] *'

11 r ; ! ~ 10 1
1] i CIl | tor legitimate
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about 9,000 cu. yds. being placed in forms. The
percentage ot the work completed at the end
ot each month trom January, 1913, to Feb-
ruary, 1914, was as follows:

FPercentage

Date, completed,
JA U TV L L S e o o i ¢ R v e 0.0
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FORMS FOR PIERS AND ARCHES.

The design of this bridge is such that sec-
tional forms can be used with great economy
and the contractors are taking advantage of
this feature to an unusual extent. With few
exceptions the forms are built on the ground,
in sections, and are raised to the required
position by the derrick or cableway. As an
tllustration of the utility and construction *of
these sections, the forms used for the main
prer shafts will be described somewhat in de-
taill. These forms are of two sizes, one of
which is 15 ft. 8 ins. long by 17 ft. 9 ins. high,
and the other, 18 ft. 3 ins. long by 17 ft. 9 ins.
high. Two of the longer sections form the
shorter sides of the pier, and three of the
shorter ones form the long sides. Ten sections
are required to surround one pier, and they
provide for concreting a net height of 16 ft.
These ten sections constitute one set, and
tour sets have sufficed for concreting all of the
piers up to the centering ledge, without in any
way retarding the progress of the work. One
set 1s being retained for completing piers Nos.
o and 6, and the other sections are now being
used with little or no alteration for other parts
ot the work. Each section is made by nailing
two layers of I1x8-in. tongue-and-groove

boards to 8x10-in. horizontal studs spaced 2 ft.

5 1ms. on centers, one layer being placed at
right angles to the other, both layers being
placed at 45° with the studs. These studs are
bolted to 10x10-in. verticals, spaced su that a
vertical will be halved at each joint and one
in the center of each section. The verticals
extend about 2 ft. above the top of the plank-
ing. The form is faced with No. 26 galvanized
sheet-1ron, the larger section weighing about
1,000 1bs. The forms are kept from moving
outward by rods which run down at an angle
of 45° from the vertical posts to anchor bolts
placed in the concrete; they are prevented
from moving imward by 12x12-in. horizontal
struts which rest on the top edge of the form
and are wedged against the opposite verticals.
The rods are left in the concrete, and are pro-
vided with a sleeve attachment so that the

portion extending beyond the concrete face can

be removed. Six carpenters with the aid of
the derrick or cableway can remove and re-
erect one set of forms in two days. A mini-
mum cycle of operation frequently attained is
as follows: Two days for concreting, three
days for concrete to set, and two days for re-
moving and re-erecting forms.

In constructing the arch rings the concrete
1s being placed so as to torm large voussoirs
separated by small keyved openings. The vous-

Fig. 8. Present Progress of Construction of Tunkhannock Creek Viaduct—View Shows
Two of the Three Towers and Cableway for Erecting Spans.
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ays before the keys are concreted. Fig. 7
hows some of the centers in place and a por-
n of the arch ring concreted. The forms for
y voussoir are entirely independent of those
or the adjacent blocks, so that any block can
concreted independently of any other. Sepa-
e forms are provided for closing the key
enings, so that the voussoir forms can be
sed for concreting on one arch while the
s are being filled on another span. Two
mplete sets of arch forms have been con-
tructed ;: they will suffice for the entire 20
ain arch ribs.

The contractors’ saw mill 1s equipped with
circular and band saws, a planer, and an air
compressor for the air-boring tools. The black-
smith and machine shop is equipped with
forges, a planer, a lathe, a thread machine, and

drill press.
ARCH CENTERS.

Wooden centers are used for the construc-
tion of the two end 100-ft. arches, the centers
being supported on a wooden tower. Fig. 4
shows a view of one of the end 100-ft. spans
with the centers and arch forms in place.

Five sets of three-hinged steel arch centers
will be used in constructing the main arches,
each set being composed of four ribs weighing
47 tons per rib, spaced 3 ft. 10 ins. center to
center. Figure 5 shows a view of the steel cen-
ters for the 180-ft. arches. The view also
shows the west 100-ft. span. Figure 6 shows a
view of an intermediate pier with part of the
steel centering for the adjacent spans in place.
The view also shows the manner in which the
steel centers are erected by the use of carriers
supported on a cableway. Figure 7 shows some
of the centers and forms at the west and of the
viaduct, and indicates the order of constructing
various parts of the work. These centers are
supported on 4-ft. 3-in. ledges located 17 ft.
6 ins. below the springing line of the main
arches. An I-beam grillage, resting on this

ledge and extending the full width of the pier,
supports roller nests of 6-in. rollers on which
the pedestals of the centers rest. For erection
purposes each rib of the centers was built in
four sections. The centers are so designed that
the half rib will support itself as a cantilever.

Before the centers are erected the piers are
constructed up to a point about 37 ft. above
the springing line, forming what 1s termed the
“umbrella.” The lower quarters are lifted into
position, the bottom pin 1s driven, and the top
of the section 1s anchored to the top of the
umbrella by bolts which pass through the con-
crete. One of the remaining quarters is then
raised to position and bolted to the section al-
ready 1n place. The last quarter 1s now raised
into position, bolted to its adjacent lower quar-
ter, and the crown pin driven. For striking the
centers, the first panel on each side of the
crown pin 1s constructed with pin connections,
and the web member at right angles to the
chords consists of two parts connected by a
right and left thread screw operated by a lever
and ratchet. By lengthening this member the
distance between crown and end pins 1s short-
ened and the centers are thus lowered.

After one of the main arch ribs has been
completed the centers are slacked down and are
rolled over to their position under the twin rib.
When both ribs are competed the centers are
rolled back under the opening between the
ribs and are taken up through this opening and
transported to their next point of service.

The centers were built by the Fort Pitt
Bridge Works.

CABLEWAY AND DERRICKS.

All derrick timbers were shipped to the
work in a rough condition, and were dressed,
framed and fitted by the contractors. Castings
were made 1in commercial foundries from pat-
terns owned by the contractors, and other fit-
tings were made in the machine shop. The
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masts are from &85 to 90 ft. long, and the booms
are from 80 to 85 ft. long.
All derricks are operated by three-drum,

8%x12-in. Mundy hoisting engines with swing-

ing gear attachment. In a few cases the der-
ricks have been placed on timber pedestals
about 25 it. high, but 1n most cases they have
been erected at the ground level, and all work
above the reach of the derricks is carried on
by means of a cableway.

The erection of the cableway was started in
August, 1912, and it was put in operation in
February, 1913. There are two lines of 2%-in.
main cables spaced 20 ft. apart on centers and
supported by end towers 150 and 165 ft. high
and by a center tower 260 ft. high. The head
blocks of the end towers are 3,028 ft. apart,
and the included distance is divided by the
intermediate tower into two spans of about
equal length. Four engines and carriages op-
erate as four independent units. The towers
are of timber, and the type of construction is
indicated 1in Fig. 8 The view also shows a
part of the cableway and indicates the present
state of construction of the viaduct.

The cableway was designed by and all ma-
terial, except timber, was furnished by the
LLidgerwood Manufacturing Co. The contrac-
tors for the viaduct built the towers and erect-
ed the cableway.

PERSONNEL.

The bridge was designed and is being con-
structed under the direction of the Engineering
Department of the Delaware, Lackawanna &
Western Railroad Co., of which Mr. G. J. Ray
1s chief engineer, Mr. F. L. Wheaton is engi-
neer of construction, Mr. A. B. Cohen is con-
crete engineer, and the writer is resident engi-
neer in charge of the viaduct. The construc-
tion work 1s being carried out by Flickwir &
Bush, Inc., for whom Mr. F. M. Talbot is gen-
eneral manager, and Mr. W. C. Ritner is gen-
eral superintendent.
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Methods of Making Surveys and Plans
| for Trunk Line Highways
in Michigan.

Under the Trunk Line Highway Law, which
went into effect July 1, 1913, it became the
duty of the Michigan State Highway Depart-
ment to make the surveys and plans for the
roads designated in the law. A paper describ-
!I:lg some of the more important and interest-
mq features of the field and office work in-
volved and the way in which various difficul-
ties encountered in the work were overcome
was presented at the recent annual meeting of
the Michigan Engineering Society by Mr.
| IL.. Brightman of the Michigan State
Highway Department. The information given
ﬁ the paper is practical and of value to engi-
neers who have road surveys and plans to
-ﬂke. Some of the methods are also useful
tor railroad surveying, especially for inter-
urban railway surveys. We reprint the major
portion of the paper as follows:

- Office and Mapping Methods—A set of
ﬂr_awing room standards was written and blue-
'mnted in book form, which covers pretty well
the details of the drawing. The plan shows a
th of the road with topography and drainage
worked out. Projected below this is the ac-
companying profile showing the center line
and ditch lines of the present ground together
with two lines of hubs, one on each side of
the roadway. There are three grades laid—
the center line and each ditch. Five sets of
figures are given showing the distance the
genter line grade i1s above or below the hubs
and the actual cut or fill at center line from
the present surface to the top of the finished
metal surface. All this is put on a sheet of
tracing cloth 36 ins. long by 20 ins. in width
with 10x10 cross sections printed on it. This
allows a scale of 100 ft. to the inch, natural,
for the plans and 100 ft. horizontal and 10 ft.
wvertical to the inch for the profile, and gives
L sheet to each half mile of road. There are

usually two cross sections of the road shown
on each sheet with suitable title and what
detail information appears necessary.

The plan shows the curves to scale and the
center line of the road i1s put always 2 ins.
below and parallel to the top of the sheet.
This necessitates breaking the plan, which is
done without making a disconnected profile.
For laying grades we have a long table which
allows five sheets to be laid end to end and
gives a continuous profile 2% miles long on
which we can lay a grade much more advan-
tageously than on a single sheet at a time.

From the notes we lay as good a grade as
we can in the office, figure the center line cuts
and fills and blueprint the work. The prints
are taken into the field, the grades are com-
pared with the ground and the drainage
checked up. The prints are then returned to
the office together with the report of the in-
spectirig engineer. The plans are altered to
meet the suggestions in the report, and fin-
ished. They are blueprinted and sent to the
township or county officials,

We limit the grade to 6 per cent for those
roads which lie north of the line drawn froni
Bay City to Grand Rapids and to 4 per cent
on roads south of that line except in a few
special cases where it would entail a hardship
on the county or township to cut to a 4 per
cent grade. The rolling grade is thought by
us to be the best. We use vertical curves for
all changes of grade of 2 per cent or over.
This enables us to fit the ground much better
and to produce a grade which, when con-
structed, 1s both pleasing to the eye and easy
for traffic.

For the purpose of making curves easier
riding we give them a super-elevation in the
following manner: Curves with a radius of
66 ft. to 250 ft. at a rate of 1 in. per foot;
curves with a radius of 250 ft. to 600 ft. at a
rate of % in. per foot: curves with a radius
of 600 ft. to 800 ft. at a rate of % in. per foot;
curves with a radius greater than R00 ft. re-
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ceive no super-elevation. The radius of curva-
ture for a 7° curve is 819.02 ft. This is some-
what like the practice followed by the high-
way engineers of the state of New York. We
differ from them, however, in that we believe
the road should receive a crown when super-
clevated as well as when there is no super-
elevation.

Field Work.—The field work consists of the
reconnaisance, the location survey and the in-
spection of the road during construction and
upon completion. The location survey com-
prises running the center line, taking the to-
pography, drainage, soil and material notes
and running the necessary levels. This work
1s usually done by a party made up of a man
sent out from this ofice who has charge of
the party and keeps the notes, a local engi-
neer and local men for chainmen, rodmen,
etc. By this means we keep the surveys uni-
form in character and obtain the notes we
want,

We encountered more difhiculty with the
held work than with the office work. The
notes lacked many of the essential things and
the work 1n the held was not conducted as it
should have been at the start. This was due,
no doubt, to the lack of written instructions.
[t 1s difhicult for a man to listen for an hour
to a set of oral instructions and to go out in
the held and carry them out in detail. To re-
move this difhculty a set of “Instructions to
Field Men"” were prepared. These instruc-
tions cover mn a general way the work we
want done 1n the field, and leave to the man’s
indgment the detail procedure for special
Some errors, and the most of these
were made by local men, seem to be inexcusa-
ble, unless one can be excused for careless-
ness,

Many hittle, vet important, things were left
out, such as names of small villages, streams,
etc.. the date of the work, the names of town-
ships and section numbers, the description of
the point of beginning, etc. Under the head-
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Tunkhannock Viaduct Near-
ing Completion

Last Steps Include Concreting Arch Ribs and Span-
drel Walls Through Upper Panels of Central
Cableway Tower

the Tunkhannock viaduct, which have
just been concreted, were built through two
bavs of the central double cableway tower
without stopping operation of the cableway.
This tower rises more than 320 ft. above
the creek bed, and supports four cableways,
two on each side. The wviaduct, 2375 ft.
long and 240 ft. high from the creek level to
the parapet, is now nearing completion,
only 6000 of its 162,000 cu. yd. of concrete
masonry remaining to be placed. It con-
sists of ten 180-ft. and two 100-ft. arch
spans, and is the largest structure of its
kind in existence. The viaduct is part of
the 43-mile Nicholson cut-off of the Dela-
ware, Lackawanna & Western Railroad in
northeastern Pennsyvlvania. Its construc-
tion, including special features of the foun-
dation work, the arch centering and the
twin double-span cableways, erected for
handling centering and concrete, have been
described in the issues of the Engineering
Record of May 3, 1913, page 484, and Now.
=29, 1913, page 594.

The central cableway tower is of timber
on concrete pedestals midway between piers

o and 6. The timber tower consists of

(I‘ HE MAIN RIBS for the center arch of

~

three bents, parallel to the bridge, of three
posts each. The faces of the tower perpen-
dicular to the bridge are battered, while
those parallel to the bridge are vertical.
The central bent is located between the
main arch ribs, which are in pairs for each
span, while the outside bents are entirely
clear of the concrete construction.

CENTERING FOR LAST ARCH SPAN SET

As will be remembered from the former
articles, each arch center is in four sec-
tions. The four sections next to the piers
for the two sets of centering are entirely
clear of the tower, and were set first. The
four middle sections were then erected by
temporarily removing one panel of X-brac-
ing on each face of the tower and replacing
it through the framework of the centering
after the latter had been set. The X-brac-
ing in the panel above was then removed to
allow the rib concrete to be poured.

Between each of the batter faces of the
tower and the three center posts on a line
at right angles to the viaduct comes a span-
drel wall. To concrete these two walls the
X-bracing is removed in one panel between
the three posts of the bent between the arch
ribs. In concreting the floor of the viaduct
three small square holes will be left for the
three posts of the center bent. The con-
crete clears the cableway tower at all other
points.

This construction was all planned at
the time the cableway was designed.
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When the last arch centers had been set,
the last remaining clear hoistways through
which the cableways could reach the ground
were blocked. Provision had to be made,
therefore, for raising concrete buckets from
the tracks on the floor of the valley to the
bridge deck and transferring them to the
cableways. This is done by four derricks,
two on top of pier 6 and two on pier 4.
Pier 5 was not used, as it was not quite fin-
ished at the time the last arch centers were
set. Because of the smaller hoists used, it
takes 90 seconds to hoist a bucket with a
derrick as against 30 seconds with the
cableway. Buckets can be handled right to

~the face of the tower, and dumped into

hoppers, the concrete being spouted the
short distance remaining to the center of
the arch. Two yards has been the stand-
ard concrete unit handled on the job, and
30 cu. yd. per hour, or better, have been

. placed for each cableway span in service.

The cableway tower construction was
planned by Lincoln Bush and engineers of
the Lidgerwood Manufacturing Company.
Flickwir & Bush are the contractors for
the viaduct, and F. M. Talbot is general
manager of the company. The design and
construction of the viaduct has been under
the direction of G. J. Ray, chief engineer
of the Delaware, Lackawanna & Western
Railroad. F. L. Wheaton is engineer of
construction in charge of the entire cut-off
work, and A. B. Cohen, concrete engineer,
handled the design of the viaduect.
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WULIVE PROPORTIONS OF STRUCTURE AND GIVES AN IDEA OF ITS MAGNITUDE
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TUNKHANNOCK CREEK VIADUCT ON LACKAWANNA RAILROAD ENTERS LAST STAGE OF CONSTRUCTION

level. this structure is conceded to be the most remarkable concrete viaduct in the world.
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With its length of 2375 ft. and its height of 240 ft.
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