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lingsworth as general superintendent and W.
Naugle, R. E. Mosier and W. B. Converse as
assistants on the various operations.

Inspection.
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line was to work
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pipe
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exercise very reasonable precaution in

to

its

manufacture and preparation for shipment as

Inspecting, Coating and Testing Steel

Pipe for 112 Mile High-Pressure
Gas Line from Taft to Los
Angeles, Calif.
The construction of a 112 mile high-pressure steel pipe natural gas line from Taft to
Los Angeles, Calif., was completed in the
fall of 1912.
The following notes on the mill
inspection of the pine and the field coating
and testing of the pipe line are taken from an
article by W. E. Barrett in a recent issue of
the American Gas Light Journal.
The pipe line was designed to work at an
initial pressure of 4-50 lbs., and a terminal
pressure of 60 lbs., which w-ould ^ive a delivery capacity of 2(5,000 million cubic feet per
The pipe ordered was plain-end steel
day.
tubing. 12% ins. outside diameter, weighing
nominally 33 lbs. per lineal foot. About 75
miles of this pipe was of double length, ranging from 34 ft. to 40 ft. in length the balance
was standard, 18 ft. to 2o ft. lengths. By
using the double lengths of pipe, in the valleys on the north and south ends of the line,
a saving of appro.ximately $31,000 in the cost
of couplings alone was effected for the benefit
of the client, as tlie work was carried on under
Engineering Corporation
the J. G. White
standard method of "Cost plus a fee.'"
;

Design and Construction Features of
the Tunkhannock Creek Viaduct
on the D., L. & W. R. R.

The
well as in the construction of the line.
G. White Engineering Corporation furJ.
nished its own retained inspectors at the mills
The cerof the contractor tube company.
tificates of chemical composition of the ingots
from which the skelp was made were at the
The ininspectors' disposal, upon request.
spectors' principal duties were to observe the
size by the ring test, the alignment of the tube,
the length, weight and hydrostatic 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 prepared protective material, allowed to dry, then
shipped.
Coating. On account of the large percentage
of ground salts (strongly alkaline in composition) 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 prepared, neutralized coating was used, which
had for its base a clean coal tar not a tar produced at a low temperature of say 1,000° F.,
to 1,800° F., but one produced at a temperature
of about 2.400° to 2.000° F. There is a considerable 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

—

The deeper piers have a section
below the ground surface, and all
piers are 36 ft. 6 ins. by 43 ft. 6 ins. to a
point 17 ft. 6 ins. below the springing line of
drel arches.
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the arches.

at Nicholson, Pa.
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The Delaware, Lackawanna & Western Railroad Co. is constructing some grade improvement 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 is about 1% miles,
but for the greater part of the distance the
The
lines are only a few hundred feet apart.
new line does, however, greatly reduce the
grades and eliminates the sharp sags and peaks
The maximum grade has
in the grade line.
been reduced from 1.23 to 0.682 per cent, and
a very long 0.40 per cent grade has been reduced to a 0.237 per cent grade. The principal
structures along the new line are the Nicholson Tunnel, a double-track bore 3,630 ft. long;
the Martins Creek Viaduct, a three-track concrete structure having a maximum height of
150 ft. and a length of 1,600 ft. and the Tunkhannock Creek Viaduct, a double-track structure having a maximum height of 240 ft. and
The quantities of maa length of 2,375 ft.
terials involved in the construction of the new
line are 7,647,000 cu. yds. of rock, 5,525,000 cu.
yds. of earth, 146,000 cu. yds. of tunnel excavation, 370,000 cu. yds. of concrete, and 2,360
The total cost of
tons of reinforcing steel.
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
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Tunkhannock Creek Viaduct
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FEATURES.
is

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

ft. from the bottom of the foundation to the
highest point of the masonry.
100-ft. span is located at each end of
This is termed an "abutment
the structure.
span," as it will be entirely buried by the approach embankment. Each of these spans is
composed of two ribs 5 ft. 6 ins. thick at the

A

XLI.

No.

13.

coated, then the entire length given two, three
or four coats, as the analysis of the soil dictated.
These analyses were made in the laboratory of the University of Southern California.
Testing. After the line was completed and
only one
the pressure tests were applied,
length was found defective, and in this length
The line was
the seam ripped at 368 lbs.
tested to 470 lbs., for the first 43 miles from
the Taft terminal; 370 lbs., for the next 39;
miles and 250 lbs. for the balance of the distance to the Los Angeles terminal, and, after
tightening some of the asbestos joints, with
which the first 10 miles of the line from the
Taft terminal was laid, to the small whisperleaks, which only developed after the line had
been raised in pressure to 368 lbs., then
dropped to zero, when the blowout occured,
and again raising the pressure to 470 lbs., careThese
ful inspection showed the small leaks.
leaks were apparently caused by the lack of
sufficient resiliency in the gaskets to recover
their original position after the high internal'
However, when
pressure had been applied.
these were once made tight under pressure
they remained permanently so. The line when
second*!
finally tested proved bottle tight.
test was applied, about May 20, 1913. after the
A pressure
line had laid over the wet season.
of 170 lbs. was then applied, from end-to-end,
and it w^as still perfectly tight, holding this
pressure 7% hours without any drop in the
.Ml the gages were carefully proven
gages.
*

—

j

'

;

,

A

on two dead-weight
perfect agreement.

test sets,

and adjusted to

crown and 12 ft. wide. These ribs are 22 ft.
on centers, thus leaving a 10- ft. space between

The two ribs are tied together by
four reinforced concrete struts. They support
reinforced transverse walls on wdiich rests a
reinforced floor slab varying from 1 ft. 9 ins.
to 2 ft. 6 ins. in thickness. The floor slab extends 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 completed these "abutment spans" will have the appearance of "U" abutments.
Each 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
Each nb is
a 6-ft. opening between them.
reinforced with fourteen 1-in. square steel
rods in both the intrados and the extrados
the ribs.

(see Fig.

;

The Tunkhannock Creek Viaduct, which

Vol.

2,

b

and

c).

These

ribs cari-y rein-

forced transverse spandrel walls varying from
3 ft. 2 ins. to 4 ft. 6 ins. in thickness (see Fig.
The spandrel walls are arched
2, a and b).
over the space between the ribs and carry a
floor system composed of 13-ft. 0-in. semicircular spandrel arches having a thickness of
The spandrel walls
1 ft. 9 ins. at the crown.
carry a 6-in. belt course 1 ft. 6 ins. below the
springing line of spandrel arches, thus providing 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
The parapet wall, which extends the
piers.
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
given a 6-in. slope from the crown of
is
each spandrel arch to the center of the adjacent spandrel wall, and the water is carried
down through the center of the %yall through a
6-in. opening and is discharged into the space
between the main arch ribs. The floor oyer
each span is provided with four expansion
joints, one over each main pier and one over
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the

work was progressing on

Fig.

houses and

third spandrel wall from the pier (see
2, b).
This viaduct requires 47,000 cu, yds. of
foundation e.xcavation, 165,000 cu. yds. of concrete and 1,200 tons of reinforcing steel. Three

the

shops,

store-

office buildings.

the

narrow-gauge

XLI.

No.

13.'

in, and excavation was started early
July at pier No. 4.
On July 16 a "Model 40" Marion steam
shovel, having a 1-cu. yd. dipper, was brought
in and started digging its way through the

brought
in

FOUNDATION EXCAVATION.
After

Vol.

tracks

had

been

C3>

5

ToScranton--

E&C
Fig.

3.

Layout

of

Contractors'

of concrete were used, designated as
"Class A," "Class B," and "Cyclopean.'' Class
.\ concrete is a 1 :'2 :4 mixture and is used only
for the reinforced floor slab over the "abutment spans"; Class B is a 1:3:5 mixture, and
is used for all other work above the springing
"Cyclopean" is the same as Class B,
line
with "derrick" stone embedded in the concrete, and is used in the piers below the springclasses

Plant for

Construction of Tunkhannock Creek Viaduct.

graded and laid from the location of mixing
plant No. 1 to pier No. 4, embracing a small

ridge

connecting

ground

pier
at the hospital.

No. 6 with the high

The

material excavat-

;

ing line.

contractor's plant and general procedure.
The contract for the construction of the
viaduct was formally executfed 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 is
shown in Fig. 3. The present tracks of the
railroad company are on an embankment which
on a small ridge, so that they are about
higher than the creek bed and about 35
ft. 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
rests
(iO

ft.

the general level of the valley. The general
office and the hospital are located on higher

ground.

\ narrow ridge extending westward from
the west end of the blacksmith shop connects
the above mentioned knoll with the ridge on
which the railroad company's tracks are located.
The general material derrick is located
on this ridge.
similar ridge extends from
pier No. 6 to the high ground at the hospital.
Piers Nos. 5 and G are located on the east
slope of the knoll so that the ground surface
at the west side of the excavations is about
30 ft. higher than on the east side. Piers Nos.
3, 4 and 7 are located on the low ground and
pier No. 8 lies on a slope, so that the ground
surface at the south side of the excavation is
40 ft. lower than on the north side.
The first operation of the contractors was
the widening of the railroad company's enihankmcnt and the laying of the track marked
"Track for Empties and "Room for 16 Loads"
(sec Fig. 3). This work was started May '24,
191_', and on June 12 the track was completed
and a track piledriver started to construct the
The general material dermaterial trestles.
rick was erected in June, during which time

A

'

Fig.

4.

Wooden Centering and Support

for 100-Ft.

End Arches

of

Tunkhannock Creek

Viaduct.
cut through the above mentioned ridge, derricks were erected, steel sheet piling was

ed was loaded on 4-cu. yd., 3-ft. gauge Western dump cars, and was utilized in grading for
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the narrow-gauge tracks and for leveling the
ground surface around the mixing plants. This
shovel excavated pier No. U to a level 2U 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 'So ft. 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

The material from these
to the same level.
excavations was utilized in 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 witli the surface graded around the
mixing plants and providing a satisfactory location for the saw mill and for the storage of
reinforcing bars, lumber and other materials.
From pier No. 8 the shovel was taken successively to piers Nos. 10, 9 and 2. in each case
excavating the material to bedrock, which was
above the level of ground 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 its 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 completed

its

work

in

December.

1912, after

having

excavated about 50,000 cu. yds., 15,000 cu. yds.
of which was "pay material."
In excavating piers Nos. 3, 4 and 7 and in
continuing the excavation of piers Nos. 5, 6
and 8 the contractor used Lackawanna interlocking steel sheet piling in lengths of 30 ft.
This piling was braced with 12xl2-in. timbers,
and was driven with a three-ton Warrington
steam hammer. As these piers required sheeting for depths of from -50 to 70 ft, it was necessary to use two lengths of sheeting, and in
two cases short lengths were driven on top
of the upper 30-ft. lengths.
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 Williams 1%-cu. yd.
clam-shell buckets, operated in the bays be-

peated until the top of the sheeting was down
to the ground surface. Another set of sheeting
was then erected about (J ft. 6 ins. outside the
first
was driven as deep as was
set, and
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 bracmg
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
of the second set. The contractor has been
able to recover almost all of the sheeting, so
that sufficient sheeting for two complete foundations has sufficed for the entire work. Some
of the sheeting has been used four times. All
of the 30-ft. sheeting w-as purchased new for
this work, but the shorter lengths had been
previously used on other work. The sheeting
was pulled by means of an ".\" frame, constructed of 12xl2-in. timbers about 16 ft. long,
resting on the top of the completed pier footing and carrying a triple block-and-fall rove
with a %-in. steel cable. Tliis fall was attached
to the sheet piling by means of a bolt through
the web. and a rasp clamp. The derrick fall,
which is a double block, was made fast to the
%-in. cable, and in this v.-ay a pull of about HO
tons could be exerted on the pile.
The material excavated from pier No. 4 was
utilized to grade the track shown by dotted
lines in Fig. 3, and a trestle was constructed
across the creek, thus giving trackage facilities to pier No. 3, the excavation of which was
started early in September. The excavations
for the abutments and the piers near the ends
of the viaduct were shallow, and the work was
accomplished w-ithout the use of derricks or
sheeting. The only excavation which gave any
serious trouble was for pier No. 4. .^bout 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 surface outside the sheeting to settle

385

parallel with the west side of the pier and
about one-third of the width of the excavation
from it. 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

6.
Erection of 180-Ft. Steel Centers for
Intermediate Spans by Means of Cableway, Tunkhannock Creek Viaduct.

Fig.

of 30 ft. .All timber bracing was left in place,
thus making any further distortion of the
west one-third almost impossible. A row of
3-in. timber sheeting was then driven on an
east-and-west line across the remaining onethird 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 middle of July, 1913. All
of the foundation excavation is now completed, with the exception of that required for
pier No. 5, which is about 30 ft. above bedrock.

CONXRETE PLANT.
Prior to January, 1913, the cement shed,
which has a capacity of 3.000 bbls., had been

completed and filled, mixing plant No. 1 had
Ijeen completed (for location see Fig. 3), and a
large amount of sand and stone had been
placed in the storage piles. The sand and
stone are placed on the contractors' side track
in boltom-ilump hopper cars by the railroad
company. The cars are spotted on the materi.il
trestle, which is about .30 ft. high, by a 30-toT
standard-gage locomotive and their contentdumped into the storage piles. Each mixinu
plant is served by two derricks which operati
ft. Meade-Morrison clam-shell buckets
the cement is ordinaril\
At mixing plant No.
loaded directly from the cars into the derrick
bucket, and is landed on the hopper floor v
the mixer. At plant No. 2 the cement is un
loaded from the cars into chutes which conve,

4'1-cu.

1

by gravity to the hopper floor of the mixei
is taken from the cement house onl\
when shipments arc delayed and when there i-

it

(."cmcnt

Plfl-

5.

Steel

Centering

for

—

Arches View Also
Process of Construction.

180-Ft.

twecn timber braces which were so spaced as
to 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 farther, and the operation was re-

Shows Weat

100-Ft.

Arch

in

much as 10 ft. When the excavation, had
reached a depth of 50 ft. below the surface and
was about 12 ft. above bedrock it was found
that very little progress was being made, the
bracing being so badly distorted as to be in
grave danger of failure. At this point it was
decided to drive a line of 3-in. plank sheeting
as

no cement available in cars. The mixer dcr
ricks convey the saud and stone from the stor
piles to small bins over the mixers. From
these bins the materials pass by gravity into .i
measuring hopper where the cement is added
From the measuring hopper the materials pasby gravity into a Carlin cube mixer of 2 cu
yds. capacity, which dumps directly into 2-cu
yd. Lockwood doulilc-linc bottom-dump buckets

age

on

3-

ft.

gage

arc used

to

flat cars.

haul

Twelve-ton locomotives
of three cars (one

trains

6
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and as tlic winter uf 11)13-11 was very mild
concreting has been carried on almost continuously up to the middle of February, l!tl4.
The total amount of concrete placed during
this time was about iH),00(J cu. yds., the largest
amount being placed during the montli of June,
l!)ll, when 14,00U cu. yds. were put in place,

to receive the empty bucket from the
derrick or cablcway) to the point of disposition or to the point of transfer to the cable-

empty

way.

The

contractors are required to turn the
mixer for not less than two minutes, and, although adhering to this requirement, each

\"ul.

XLI.

No.

October

47.4
49.3

November
December
Januar.v.

13.

50.

1914

52.6
53.9

February

FORMS FOR PIERS AND ARCHES.

The design

of this bridge

is

such

tliat

sec-

forms can be used with great economy
and the contractors are taking advantage of
this feature to an unusual extent.
With fewexceptions the forms are built on the ground,
in sections, and are raised to the required
position by ilie derrick or cableway. As aa
illustration of the utility and construction -of
these sections, the forms used for the maia
tional

pier shafts will be described
tail.

somewhat in deThese forms are of two sizes, one of

which is 15 ft. 8 ins. long by 17 ft.
and the other, 18 ft. 3 ins. long by

'J

17

ins. high,
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 l(i ft.
These ten sections constitute one set, and
four 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 is being retained for completing piers Nos.
5 and tj, and the other sections are now being
used with little or no alteration for other parts
of the work. Each section is made by nailing
two layers of lx8-in. tongue-and-groove
l)oards to 8.xl0-in. horizontal studs spaced 2 ft.
•J
ins. 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 lOxlO-in. verticals, spaced so 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 planking. The form is faced with No. 20 galvanized
sheet-iron, the larger section weigliing about
7,000 lbs. 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 arc prevented
from moving inward by 12xl2-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 provided with a sleeve attachment so that the
portion extending beyond the concrete face cai>
be removed. Six carpenters witli the aid of
the derrick or cableway can remove and reerect one set of forms in two days. A minimum cycle of operation frequently attained is
as follows
Two days for concreting, three
days for concrete to set, and two days for removing and re-erecting forms.
;

Fig.

7.

West Spans of Tunkhannock Creek Viaduct, Showing Centering and Forms
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 foreman, 2 derrick operators, 1 mixer runner, 1
fireman, and 11 laborers are required to operate
one mixing plant
while 1 foreman and 8
laborers, in addition to the engineman 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
supplies used on the work. Two trains are
used to transport the concrete from the mixer
to the derrick or cableway. It requires 2 men
to hook the buckets, 2 operators for the derrick or cablcway, and 2 signal men to place the
concrete in the forms where it is spread by 1
foreman with from 8 to 10 men. In the massive concrete work below the springing line of
the main arches, this organization handles
about 35 cu. yds. of concrete per hour.
;

— One

about i',000 cu. yds. being placed in forms. The
percentage of the work completed at the end
of each month from January, i;il3, to February, 1914,

was

as follows:

Pereentase
Date.

completed.

January. 1913
Febriiaiv

March

:

5.0
8.4
11.1

A

bag room, built as a part of the mixing
plant, is provided. The floor of this room is
about 8 ft. lower than the hopper floor, and
as soon as the cement bags are emptied into
the hopper they are thrown into this room.

One man

carefully shakes the cement from
these bags, and ties them into bundles ready
for shipment back to the mills, so that when
the mixer stops at the end of a day's work the
bags used that day are all ready to return. The
contractors state that the loss of bags is less
than 2 per cent, and that of this loss a considerable portion has been used for legitimate
purposes on the work. Although more than
ordinary care is taken to empty thoroughly the
bags into the material hopper, test mcasuremenls of the amount of cement regained on
the bag-room floor show that this saving more
than pays for all the expense connected with
the handling and shipping of the empty bags.
The first concrete was placed on Jan. 6, 1913,

Fig. 8.

—

Present Progress of Construction of Tunkhannock Creek Viaduct View Shows
Two of the Three Towers and Cableway for Erecting Spans.

April

May
.Tune
.Tulv

.\iigust

September

IS.n
19.2
27.5
34.7
39.3
45.1

In constructing the arch rings the concrete
being placed so as to form large voussoirs
separated by small keyed openings. The voussoirs arc all run and allowed to set for seven'
is

A<

\pril

1.

Engineering and Contracting

If 14.

Fig. 7
lays before the keys are concreted.
ihows some of the centers in place and a porlion of the arch ring concreted. The forms for
jiny voussoir are entirely independent of those
fOT the adjacent blocks, so that any block can
pe concreted independently of any other. Separate forms are provided for closing the key
Openings, so that the voussoir forms can be
used for concreting on one arch while the
keys are being filled on another span. Two
complete sets of arch forms have been constructed; they will suffice for the entire 20
main arch ribs.
The contractors' saw mill is equipped with
circular and band saws, a planer, and an air
compressor for the air-boring tools. The blacksmith and machine shop is equipped with
forges, a planer, a lathe, a thread machine, and
drill

press.

.\RCH CENTERS.

Wooden

centers are used for the construction 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 cenThe view also
ters for the 180-ft. arches.
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 -l-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 G-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 is termed the
"umbrella." The lower quarters are lifted into
position, the bottom pin is driven, and the top
of the section is anchored to the top of the
umbrella by bolts which pass through the concrete. One of the remaining quarters is then
raised to position and bolted to the section already in place. The last quarter is now raised
into position, bolted to its adjacent lower quarter, and the crown pin driven. For striking the
centers, the first panel on each side of the
crown pin is 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 is shortened 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.
timbers were shipped to the
rough condition, and were dressed,
framed and fitted by the contractors. Castings
were made in commercial foundries from patterns owned by the contractors, and other fittings were made in the machine shop. The
derrick

All

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,
8^4xl2-in. Mundy hoisting engines with swinging gear attachment. In a few cases the derricks have been placed on timber pedestals
about 25 ft. high, but in 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 operate as four independent units.
The towers
are of timber, and the type of construction is
indicated in 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 mawas furnished by the
Lidgerwood Manufacturing Co. The contractors for the viaduct built the towers and erect-

terial,

except

timber,

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
chief engineer, Mr. F. L. Wheaton is engineer of construction, Mr. A. B. Cohen is concrete engineer, and the writer is resident engineer in charge of the viaduct. The construction work is being carried out by Flickwir &
Bush, Inc., for whom Mr. F. M. Talbot is geneneral manager, and Mr. W. C. Ritner is general superintendent.
is

CABLEWAY AND DERRICKS.

work

387

in a

.©cacll© caKica,
Methods
for

Making Surveys and Plans
Trunk Line Highways

of

in Michigan.

Under

the Trunk Line Highway Law, which
went into effect July 1, 1913, it became the
duty of the Michigan State Highway Department to make the surveys and plans for the
roads designated in the law.
paper describing some of the more important and interesting features of the field and office work involved and the way in which various difficulties encountered in the work were overcome
was presented at the recent annual meeting of
the Michigan Fngincering Society
by Mr.
Harry L. Brightman of the Michigan State

A

HiRhway Department. The information given
the paper is practical and of value to engineers who have road surveys and plans to
make.
Some of the methods are also useful
for railroad surveying, especially for interurban railway surveys.
reprint the major
portion of the paper as follows:
in

We

—

and Mapping Methods. A set of
room standards was written and blueprinted in book form, which covers pretty well
the details of the drawing.
The plan shows a
plat of the road with topography and drainage
Worked out. I'rojectcd below this is the accompanying profile showing the center line
and ditch lints of the present ground together
with two lines of hubs, one on each side of
the roadway.
There are three grades laid
Office
(Irnwinif

the center line and each ditch.
fiRurcs arc given showing the

Five sets of

distance the
center line grade is 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.
.Ml this is put on a sheet of
tr.ncing 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 lOn ft. horizontal and 10 ft.
vertical to the inch for the profile, and gives
a sheet to c.nch half mile of road.
There are

two cross sections of the road shown
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 is 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 advantageously 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 compared with the groimd and
the
drainage
checked up. The prints are then returned to
the office together with the report of the inspecting engineer. The plans are altered to
meet the suggestions in the report, and finished.
They are blueprinted and sent to the
township or county officials.
usually

on

We

the grade to ti per cent for those
lie north of the line drawn from
Hay City to Cirand Rapids and to 1 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 -1 per
cent grade.
The rolling grade is thought by
us to he the best.
use vertical curves for
all changes of grade of 2 per cent or over.
This enables ns to fit the gromid much better
and to produce a grade which, when constructed, is both pleasing to the eye and easy
for traffic.
For the purpose of making curves easier
ri<ling we give them a super-elevation in the
following ni.Timcr:
Curves with a radius of
66 ft. to 2'.0 ft. at a rate of 1 in. per foot;
curves with a radius of 250 ft. to 6(10 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;
limit

roads which

We

%

%

curves with a radius greater than 800

ft.

re-

ceive no super-elevation. The radius of curvature for a 7° curve is 819.02 ft. This is somewhat like the practice followed by the highway engineers of the state of New' York. \Ve
differ from them, however, in that we believe
the road should receive a crown when superelevated as well as when there is no superelevation.

Field (Fori-.— The field work consists of the
reconnaisance, the location survey and the inspection of the road during construction and
upon completion. The location survey comprises running the center line, taking "the topography, drainage, soil and material notes
and running the necessary levels. This work
is usually done by a party made up of a man
sent out from this office who has charge of
the party and keeps the notes, a local engineer and local men for chainmen. rodmen,
etc.
By this means we keep the surveys uniform in character and obtain the notes we
want.

We
field

encountered more difficulty with the
work than with the office work. The

many of the essential things and
the field was not conducted as it
should have been at the start. This was due,
no doubt, to the lack of written instructions.
It is difficult for a man to listen for an hour
to a set of oral instructions and to go out in
the field and carry them out in detail. To remove this difficulty a set of "Instructions to
I'ield Men" were
prepared.
These instructions cover in a general way the work we
want done in the field, and leave to the man's
judgment the detail procedure for special
cases.
Some errors, and the most of these
notes lacked
the

work

in

were made by local men, seem to be inexcusable, unless one can be excused for carelessness.

M;iny

little,

out, such as

yet important, things

names of small

were

left

villages, streams,
etc.. the date of the work, the names of townships and section numbers, the description of
the point of beginning, etc.
Under the head-
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