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Utah. These are for portions of the distributing
system from Carson River.

Bids were to be opened on June 13 for the
controlling works at the outlet of Lake Tahoe at
the head of Truckee River.

NEW MEXICO.—The Honde Dam and canalg
have been nearly completed under contracts
awarded to the Slinkard Construction Co., of Ros-
well, N. M., and the Taylor-Moore Construction
Co., of Hillsboro, Texas.

NORTH DAKCTA.—The Fort Buford Canal
contract was awarded from bids opened June 5,
1905.

SOUTH DAKOTA.—The PRelle Fourche Canal
is being built under contracts let in May, 1905, to
S. R. H. Robinson, St. Louis, Mo., and The Widell-
Finley Co., of Mankato, Minn.

WYOMING.—Bids will be advertised at an
early date for work in connection with the
stcrage works and canal on the Shoshone River.

In the states not mentioned above active opera-
tions have been carried on and every effort is be-
ing made toward early construction. There have
been, as was expected, many engineering difficul-
ties; but the largest source of delay has been in
acquiring necessary rights or titles. The Gov-
ernment in its acquisition of property is required
by law to be extremely cautious end can not as-
sume risks, as In the case of individuals. The
preliminary matters leading up to the purchase
are examined by suitable legal experts connected
with the Reclamation Service, several of these
beirg men who have hid engineering education
and experience and have later taken up the study
of law and been admitted to the bar. This train-
ing has been invaluable in adding to their eftec-
tiveness in this particular line of work.

The dutles of the Reclamation Service are not
merely those of surveying and construction, but
enter into all matters of policy in dealing with
individuals and communities. 1t is necessary not
merely to build great hydraulic works for storing
and distributing water; but more than this, the
land must be subdivided into tracts cr farm units
capable of sustaining a fam!ly and the people
must be organized, so that the works may be paid
for by the canal owners in ten annual instalments.
When thus paid for they are turned over to the
operation and control of the community. This
necessitates dealing with a large number of in-
dividuals and the gradual creation of a system
which 13 in many respects similar to the municipal
ownership of public utilities.

Moreover, not only must there be a tactful deal-
ing with people, but consideration must be given
to the capabilities of the soil and to the dangers of
its becoming reduced in value hy seepage or per-
colation of waters and by the development of
alkall. These matters of alkall and of drainage
are studied with other engineering features and
experts are designated to give their entire time
and attention to the laying out of the irrigation
system, with its related drainage works, to pre-
vent future disaster.

In brief, it may be sald that in the space of
three years an organization has been devised and
put in successful operation to cope with the en-
gineering and physical difficulties and to deal
with people and problems scattered throughout
the western half of the United States. The fu-
ture development and prosperity of many com-
munities is dependent upon the wise conduct of
this work, for the creation of thousands of homes
fn the arid and semi-arid parts of the United
States means not merely the prosperity of thesec
localities, but the stimulation of all industries
throughout the country. The farmers on Irri-
gated lands are, when firmly established, the
largest producers on limited areas. They practice
the most Intensive cultivation, raising two, three
or more crops each year. These communities of-
fer the best home markets and the transporta-
tion and manufacturing interegts of the country
find in them their strongest support.

It is therefore not to be wondered at that
President Roosevelt, with his broad knowledge of
the whole country, has given much personal
thought to irrigation and has put the strength of
his personality behind the passage of the law and
into its successful execution. The actual opera-
tions are in the hands of Secretary Hitchecock,
and he In turn has delegated the details to Di-

rector Walcott. Too much can not be said in
praise of the latter's executive abllity and the
sound judgment in handling the many problems
presented to him. 'Mr. Walcott while not a pro-
fesslonal engineer has built and brought to suc-
cessful termination many large enterprises, and
has rendered most effective services to the
Government of over a quarter of a century. All
of this has been done in addition to his scientific
investigations a1.d conduct of a great bureau.

A NOTABLE REDUCTION OF TYPHOID FEVER IN
CHICAGO, 1881 TO 1904,* INCLUSIVE.

Chlcago’s finally successful fight against typhoid fever
covers a period of less than a dozen years.

In 1891 it had the highest typhoid death rate of any
large city in the world—17.38 per 10,000 of its population.

In 1905 its typhoid rate is among the lowest—1.21 per
10,000 for the 147 elapsed days of the year, and a reduc-
tion of more than 93% from the rate of 1891.

The 1891 rate had a single obvious cause—a sanitary
blunder. The 1903 rate is the result of persistent, in-
telligent sanitary effort.

Typhold fever began to incregse materially with an
Increase in the number of lakeremptying sewers. At the

Reduction of Typhoid Fever in Chicago Death Rates
per 10,000 Population, 1881 to 1904, Inclusive.

close of 1888 there were but three sewers discharging
into the lake—those at Twelfth, Twenty-second and
Thirty-first streets. Subsequently these were increased to
11 south of the main river and to 18 north of Fullerton
Ave.

At the time when this monstrous sanitary crime was
committed the city’s water supply was taken from the
lake at distances varylng from 1,400 ft. to two miles

*From the Bulletin of the Health Department of Chi-

cago for the week ending May 27, 1905; Arthur R.
Reynolds, M. D., Commissioner of Health.

TYPHOID FEVER MORTALITY IN CHICAGO, 1881-
1004, INCLUSIVE.
J
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from shore. With the increase sewage in the shore
water typhoid increased, so that the 375 and the 453
typhoid deaths of 1888 and 1889, respectively, were
swollen to 1,008 in 1800, to 1,897 in 1891, and to 1,849
in 1892, .

The success of the World's Fair was threatened. Chi-
cago was advertised to the uttermost ends of the earth
as a plague-stricken city, to be shunned by all who
valued bealth and life. Herculean efforts were madé to
remedy tho conditions; tunnels were extended; shore in-
takes were abandoned; the completion of the Four-mile
tunnel was hastened, and the sewage-pumping works at
Bridgeport were pushed to the limit.

As a result the total typhoid deaths during 1893, the
World’'s Falr year, fell from a yearly average of 1,498,
immediately following the multiplication of the lake-
emptying sewers, to (i0—a decrease of more than one-
halt (55%).

Since that time there have been further tunnel exten-
tions and a new two-and-a-half-mile tunnel—the Carter
H. Harrison—has been constructed, so that at present
all intakes are beyond the zone of sewage pollution under
usual conditions.

Supplementing this work, In order of priority, came the
diversion of the Twelfth St. and the Twenty-second St.
sewers from the lake to the South branch—recommended
to the Mayor in a communication from the Department,
dated Oct. 9, 1807. This diversion was completed in the
autumn of 1808 and was followed in 1899 by a 60% Im-
provement in the sanitary quality of the Four-mile tunnel
supply—the supply chiefly affected by the discharge of
these sewers,

Next, the August, 1899, Bulletin announced that *‘Af-
ter three years’ effort the Department has succeeded In
prohibiting the deposit of river and harbor dredgings in
Lake Michigan within eight miles of the shore line—
except within the Inclosed space known as the Lake Front
Basin.””  This prohibition was secured only after re-
peated demonstrations of pollution of the Four-mile
tunnel supply by these deposits, even after the sewers’
diversion.

At midnight Jan. 17-18, 1900, the Drainage Channel
of the Sanitary District was put in operation, and during
the last year the South Side Intercepting-sewer system
was concluded from the lake south of Fullerton Ave.

The appended diagram and table are from the forth-
~oming report of the Dbpartment for the year 1904. To-
gether with the foregoing summary, from the same
source, they are commended to the study of the author
of a recent magaeine article on typhold fever in Chicago.
every line of which betrays the fine enthusiasm of youth
and the courage of its ignorance.

THE NEW WESTMINSTER BRIDGE OVER THE FRASER
RIVER, BRITISH COLUMBIA.

Substructure.

One of the notable bridges recently buiit on
Canadian sofl is the double-deck rallway and
highway structure crossing the Fraser River at
New Westminster, British Columbia. This bridge
fs shown in dlagram elevation by Fig. 1. The to-
tal length of the main steel structure is 1,780 ft.,
divided into eilght spans of the following lengths,
counting from the north end: 225-rt., 380-ft.,. 380-
ft. and five 159-ft. spans. The 225-ft. span is of
novel construction, in being 136 ft. wide at one
end and 19 ft. wide at the other end, and the sec-
ond 380-ft. span is a swing span. All the other
spans are flxed spans. The superstructure de-
scribed 18 carried on piers of stone masonry. It
provides for highway traffic on its upper deck,
and its lower deck carries a single line of rallway
track, which at Pier III. branches right and left
on 1214° curves, necessitating the peculiar form
of span noted above, which has heen dubbed s
spread span by the engineers. This span, the
erection of the bridge by floating the spans into
place, and the foundations, which are among the
deepest in the world, are the more notable fea-
tures of the work. The bridge was built for the
Department of Lands and Works, Province of
British Columbia, by Waddell & Hedrick, of Kan-
sas City, Mo., as engineers, and by Armstrong. .
Morrison & Balfour and the Dominion Bridge Co.
as contractors. Mr. Harry K. Seltzer was the
Res. Engr. in charge of th2 work. It was com-
pleted and opened for traffic on Oct. 1, 1904,

CHARACTERISTICS OF SITE.—The site of
the bridge Is 13 miles from the point where the
Fraser River enters the Strait of Georgia. At
this point the river at the water line is 2,100 ft.,
and as there is a tide difference of from 3 ft. to
T ft. iIn 24 hours, its waters have two currents
each way during most of the year. Under ordi-
nary conditions these currents have a velocity of
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from 2% to 3% miles per hour, but during the
Spring freshets a velocity of 7 miles per hour has
been observed. As indicated by Fig. 1 the north
bank of the river is high and the bed of the river
from this side drops off rapldly to a point between
- Plers IIL. and IV., where there is from 80 to 85 ft.
of water at ordinary stages of the river. And
this far the river bed consists of a very coarse
gravel, interspersed with large boulders, and cov-
ered with some 20 ft. of fine silt, containing logs.
The remaining portion of the river bed td the
south consists of silt, through which occur layers
of fine sand, clay and fine gravel.

GENERAL DESCRIPTION.—The substructure
consists of 17 plers, 11 pedestals and, 3 abutments,
All the pedestals and the two abutments on the
north shore are concrete. The main pler shafts
are of granite masonry backed with concrete,
The concrete used for the pedestals and north
shore abutments is a 1-3-5 broken stone mixture,
faced with 1% ins. of 1 cement and 2 sand mor-
tar. The pler foundations are of two kinds; Piers
L. to V., Inclusive, are open caisson or crib foun-
dations, and Piers VI. to XI., inclusive, are pile
crib foundations. The cribs in all the pler foun-
dations were filled with concrete of 1 cement, 2
sand and 3 %-in. broken stone. The pler shafts
are coursed ashlar.

ABUTMENTS AND PEDESTALS.—The con-
crete abutments and pedestals call for mention
only in respect to the forms used. These con-
sisted of 2 x 6-In. dressed and matched lagging
boards, supported by a rigid timber frame. The
facing was applied by blocking steel plates 114 ins,
from the frame, filling behind these plates with
concrete and between them and the lagging with
1-2 mortar, and then withdrawing the plates and
tamping the mortar and the concrete together to
a close bond. The surface finish secured by these
means was remarkably perfect. )

PIERS 1. AND II.—The foundation denoted ag
Pier 1. consists of three pairs of piers, which
carry the steel columns of the one highway and
two rallway approaches. Each of the six plers
consists of a crib 16 x 16 ft., 13 ft. high, sur-
mounted by a concrete shaft 16 ft. high. They
were constructed by building cofferdams and
sinking the cribs by excavation in the dry with
pick and shovel.

Pier II. supports the wide end of the spread
8pans and consists of two shafts and cribs spaced
136 ft. 6 ins. apart. Each crib is 16 ft. square
and 25 ft. high, and carries a masonry shaft 24 rt,
high and 10 ft. square under the coping. It was
planned to sink these cribs by open dredging in-
side, but the steep slope of the river bed and the
fact that it consisted of cemented gravel filled
with large boulders made it impossible to accom-
plish the task in this manner. A shelf or bench
was, therefore, dredged for each crib- by cutting
down the high side of the bank from 10 to 15 rt.
The cribs were seated on the prepared benches
and then filled with concrete in the usual manner;
their bottoms were protected by riprap.

PIERS III., 1V, AND V.—Piers IIL, IV. and V.
are all located in deep water, and consist of ma-
soury shafts founded on timber cribg and caissons
sunk by open excavation through central wells.
All three cribs were of similar construction, but
differed in dimensions and shape.  Those for Piers
IIT. and IV. were rectangular and had the fol-
lowing dimensions:

AT TN xYY A~
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F'G. 1.
Pler III.  Pler IV.

Lateral dimensjons of crib.......... 22x 40 ft. 22x 37 ft.
Height of crib 87 1t. 124 1t
Wells in crib (two)........ cieeeee. 8x8t. 8x8ft.

The crib for Pier V. was an octagon, 28 ft. in
diameter, with a central well 12 ft. square, and
was 115 ft. high. The shaft for this pier is a cyl-
inder 24 ft. in dlameter and 23 ft. 6 ins. high. The

shafts for Piers IIL. and IV. have the following
dimensions: Pier II1., base, 35 ft. 4 ins. x 13 ft.
b a* Sy
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10 ins.; height, 27 rt. 9 ins.; Pier IV., base, 11 ft.
0% Ins. x 32 rt, 6% ins.; height, 32 rt. 9 ins,
The construction of the cribs in detail is fairly

well indicated by Fig. 2, which gives the draw-
ings for Pier 1V. The cribs for Piers III., II. and

DIAGRAM ELEVATION OF BRIDGE ACROSS THE

I, were substantially the same in form and con-
struction, but differed, of course, in dimensions.
The octagonal crib had the same solid exterior
walls and solid timber cutting edges. In case of
these deep-water cribs it was important that the
walls should be Perfectly water-tight, since any
leakage into the dry comipartments prevehted
the dry filling with concrete that was desired, angd
also rendered possible the danger of foundering

K.........._.........ab'_....-..._....,l
Sectional End Elevation.

Center Cutting Edge.
(Enlarged.)

FIG. 2. DETAILS OF TIMBER CRIB FOR PIER
IV., FRASER RIVER BRIDGE.

It was found to be a simple matter to make the
walls tight by caulking the joints from the out-
side with oakum. To secure tightness in the
decks was a more difficult matter. The pressure
.of the water here was upward, and, as the caulk-
ing had to be done from the top, it forced the
oakum out of the joints. This difficulty was
successfully overcome by caulking the two top-
most courses of deck timbers and then filling all
Jjoints flush with hot pitch. Generally, all cribs
were constructed complete to a height of 14 ft.
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before launching, and when afloat their decks
were about 3 ft. above the water surface. Di-
rectly after launching the bottoms of the dry

.
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compartments were sealed with an 8-in. layer of
1-2-3 concrete, which was allowed to set several
days before sinking was begun.

The usual methods of open-caisson work were
pursued in sinking the foundation cribs; excava-
tion was carried on from the surface through the
central well and the crib was forced downward by
fllling the dry compartments with concrete. To
hold the cribs in position during the sinking pro-
cess, they were moored between guide piles within
pile docks, whose upstream faces consisted of
piles driven close to form a V-shaped breakwater.
These docks formed the supports of working plat-
forms. The crib for Pler 1V. was landed on the
bottom in 50 ft. of water, but during its sinking
thls depth was Increased to 5 ft. by scour. The
final depth reached by the bottom of the crib was
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FIG. 3. DETAILS OF EJECTOR FOR EXCAVATING INSIDE OF

FOUNDATION CRIBS.
135 ft. below ordinary water level. Excavation

was stopped in a bed of flne gravel, at a penetra- .
-+ tion of 70 ft.

The crib for Pier V. was sunk to
a depth of 125 ft. and landed in a bed of clay and
gravel, with a penetration of 90 ft. The original
depth of water was 35 ft.,, but this was increased
to- 50 ft. by scour. The basins formed around

of Floor;| E1.50. 449

the cribs of Plers IV. and V. by scour were filled
with riprap.
The crib for Pier III. was sunk in 80 ft. of

.32 3o
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It is

water and has a penetration of 40 ft.
founded in a bed of course gravel and boulders,
overlying which there is 20 ft. of fine sand and
silt. Owing to the sloping surface of the hard
material and the presence of logs in the over-
lying silt, this crib gave more trouble than any
of the others. When the crib landed on the bot-
tom the concrete in the chambers was 35 ft. below
water level. The filling was gradually carried up
as the penetration increased, but owing to the
great height of the crib and to the soft material
it was found advisable not to bring the concrete
nearer than 15 ft. to the water surface. Afte:
sinking 10 ft. into the soft material the crib
landed on several logs on its north side, and later
again landed on the hard material, which was 18
ins. higher on the north side than it was on the
south side. Both of these
circumstances caused the
crib to lean badly; its
’ total height at the
time was 1025 ft, and
it was 4 ft. out of plumb.
As any agitation due to
excavation in the wells
only caused the crib to lean
further, the condition was
rather gerious.

An examination showed
that the 1logs were of
considerable size and
sound; one of these ran
completely across the cais-
son and was 2 ft. in
diameter. It was decided
to remove these ob-
structions by blasting. An
augur with a 3-in. bit
and a shank 100 ft. long
was constructed; its
point was set by a diver
and it was turmed from
the top. After boring a
number of holes through

Casting,
Enlarged.

Fig. 5. Sketch of
‘‘Rose” Jet for
Driving Founda-
tion Piles.

the log a charge of dynamite was placed in each
and exploded. The logs being removed, the crib
was loaded on the high side with concrete and
stone, and a dredge was set at work taking away
the material on the outside of the north cutting
edge. This was a tedious task of several weeks’
duration, because the soft material overlying the

gravel ran so that a large basin had to be ex-
cavated. As soon, however, as the dredge began
to take away the coarse material the crib began
to right itself and gradually came to a verti-
cal position. Riprap was deposited around the
base of the crib to fill the basin formed by dredg-
ing and scour.

The sinking of the cribs for Piers IV. and V.
was straightforward work. All but about 5% of
the excavation was done with an ejector or hy-
draulic elevator of the construction shown by
Fig. 3. This device could handle material of any
size up to 2% ins., the diameter of the throat, and
was found to be quite as effective at great depths
as at smaller depths. The jet shown in the draw-
ing, In connection with the ejector, was used as
an agitator; when placed near the suction it
greatly increased the efficiency of the work.
When coarse gravel or other material was en-
countered which the elevator could not handle,
the apparatus was lifted clear of the bottom and
placed in one corner of the well, and a clam-shell
dredge was operated for a short time. It was

’
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Fig. 4. Bucket for Depositing Concrete Under
Water.

found that the ejector had a decided advantage
over the dredge in the point of maintaining the
cribs in position. With it, by placing the suction
close to the side of the well, the material .could
be drawn from the high side or the point that was
holding up, and by placing an extension on the-
intake, material could be drawn from directly
under the cutting edge. The rate of sinking de-
pended greatly on the material encountered; f{t
varied from 2 to 6 ft. in 24 hours.

The concreting of the cribs comprised two
operations; first, the fllling of the cutside com-
partments, and, second, the concreting of the
central well. In the cribs for Plers IV, and V., as
soon as a small amount of penetration had been
gained, the concrete in the side compartments was
brought above water level and all but the 2-in.
sheeting was omitted about the wells. In crib IIL,
owing to the difficulties previously mentioned, it
was never possible to bring the concrete to the
level of the water surface, and it was, therefore,
necessary to continue the solid well timbers to the
full height of the crib. The concreting of the
wells was done through water until the fllling had
reached a height at which the well could con-
veniently be pumped out. In crib V., 75 ft.,, and
in Plers III. and IV, 55 ft. and 65 ft., respec-
tively, were concreted dry. As soon as the wells
were laid dry the sheeting between them and the
side compartments was torn out so that the inside
and outside concrete would have all possible
chance to bond. The concrete was deposited
through water by means of the special bucket
shown by Fig. 4.

PIERS VI. TO XI.—The six piers carrying the
five 159-ft. spans, as shown by Fig. 1, are founded
on pile cribs. Each crib, with the exception of
No. XI., which is an end pier and contains 21
piles, has 32 piles arranged in four rows of eight
piles each. These piles were driven by a hy-
draulic jet of the pattern shown by the sketch
Fig. 5, and known as a rose jet. These jets were
developed as a result of unsatisfactory experience
with the ordinary single vent jets, which always
stuck fast after the pile had been driven, and had
to be loosened by sending down a third jet. The
rose jets solved this difficulty, and they also
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showed greater ability to loosen and penetrate the
gravel. Two of them were used on each pile.
They were operated with a water pressure of
from 150 to 200 lbs., supplied by a Worthington
duplex pump with 20 x 12-in. X 14-in. stroke cyl-
inders, 9-in. suction and 7-in. discharge, taking
steam at 100 lbs. pressure from two 50-HP. loco-
motive boilers. The same power plant was used
Lo operate the ejectors.

The cribs were made of 12 x 12-in. timbers
dressed on two sides, and lald up solid. They
were built to their full height about the piles and
loaded with stone. The excavation was done with
the ejector previously described. The penetration
given the cribs varied from 15 to 20 ft. below the
original level of the bottom, but the actual pene-
tration, when sinking was completed, was only a
few feet, owing to the scour and to the material

and several tugs and scows were utilized in trans-
porting materials. Work on the substructure was
begun in August, 1902, and was completed in
June, 1903.

RESULTS OF COMPARATIVE TESTS OF PLAIN AND
REINFORCED CONCRETE COLUMNS.

By E. J. McCaustland.*

In modern building construction much use is
made of the reinforced concrete column. The
types of reinforcing are usually easily reduced
to one of two general classes—a hooping in the
form of a continuous spiral, or a series of inde-
pendent hoops or loops. Longitudinal bars or
rods may be used with either class. The pitch
of the continuous spiral, and the spacing of the
independent hoops are matters more or less empi-
rical, and they must re-

tively light loads, it seems clear that the spiral
form of reinforcing is the least fitted to oppose
this action.

The effect of a series of steel hoops, spaced at a
distance apart of about two-thirds of the diame-
ter of the column they are designed to reinforce,
is to divide the column into a series of short blocks
and, thus, to develop a higher unit strength than
could be obtained without the aid of such rein-
forcement. Longitudinal bars or rods used for re-
inforcement of columns will increase the crushing
strength but slightly. Their main value is to pro-
vide an adequate resistance to any tensile stresses
which may be developed as a result of flexure in
the column. A very slight buckling of these lon-
gitudinal rods relieves them almost entirely of
stress and reduces the resisting power of the col-
umn.

The following record of tests of plain and rein-

main so for some time to forced concrete columns is offered as a slight con-
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CIAGRAMS SHOWING RESULTS OF COMPARATIVE TESTS OF PLAIN AND REINFORCED CONCRETE COLUMNS.

drawn in from the outside by the ejector. This
left the crib standing in a basin, which, in each
case, was filled with paving rock, giving the plers
a splendid protection below the original level or
the bottom. After the cribs were landed they
were sealed with from 5 to 10 ft. of rich concrete
(1-2-3 mixture), deposited about the piles by
steel plpe tremie. This concrete was allowed to
stand one week, when the crib was pumped out
and cleaned. The piles were then cut off 5 ft.
below low-water level, with their tops at slightly
irregular heights, after which the remainder of
the concrete was brought up in the dry to the
base of the cofferdam. The upper cross strute
were removed ahead of the concrete.

GENERAL REMARKS.—To carry out ths
work described, the contractors provided an al-
most mod«~l plant; the principal item was a ma-
chinery scow to which was located the boilers and
pumps previously described, an air compressor
and an electric light plant. Another scow car-
ried the concrete materials and the mixing plant,

In the field of experimentation, spiral hooping
has been perhaps, more commonly used than the
independent hoop. So far as the writer is aware,
no comparative tests have been made of the rela-
tive efficiencies of the spiral and the loop form of
hooping. It would appear from a casual consid-
eration _that the closed hoop should induce in the
specimen a higher ultimate strength and modu-
lus of elasticity than would the spiral form: First,
because in the case of the spiral hooping a short-
ening of the column in the direction of its axis
will lessen the pitch of the spiral and enlarge its
dlameter, thus allowing an earlier disintegration
of the material with consequent failure, and, sec-
ond, because this change in the form of the spiral
would allow a greater deformation of the mate-
rial with a consequent drop in the modulus of
elasticity of the column as a whole. Again, since
concrete either plain or reinforced, takes a meas-
urable amount of permanent set under compara-

‘Ahsv«lant Protessor of Mlning and Snrveylng. Cornelr
University, Ithaca, N. Y.

the behavior of concrete and steel in combination.

The columns tested were 40 ins. long and 10 ins.
in diameter. They were mixed in the proportions,
by volume, of 1 part Alpha Portland cement, 3
parts bank sand and 5 parts broken limestone,
using just sufficient water in the mixing to have
it flush to the top of the molds when the concrete
was tamped.

The mortar columns were made in the propor-
tions of one part of cement to three parts of sand.
Two kinds of reinforcement were used. In one
gset of three columns, eight hoops were used, each
1% x 2 ins. in section. These were spaced § ins.
c. to c., the centers of the end hoops being placed
21% ins. from the ends of the columns. Another
set was reinforced with four hoops of the same
sort, and eight longitudinal rods % X 1 in. in sec-
tion. These hoops were spaced 10 ins. c. to c. the
end of the column being 5 ins. from the first hoop.
The hoops were made with an outside diameter of
10 ins., and therefore were not embedded in the
concrete. This {8 not the manner in which col-

|




ENGINEERING NEWS

A JourNaL oF CiviL, MECHANICAL, MINING AND ELEcTRICAL ENGINEERING

Vol. LIII. No. 25.

220 Broadway, New York, June 22, 190s.

LEADING ARTICLES:

The New Westminster Bridge Over the Fraser River, British Columbia (illustrated) 0647
The Evolution of the Practice of American Bridge Building; C. C. S8chneider,

TABLE OF CONTENTS

Page

EDITORIAL .. itiiiiiiiieiiiiiieaieieiseetnesenoteeeeuassseconssnsssssssasssesssssssanes
Standards of Construction and Maintenance for the Philippine Government Rail-
ways—Ought the Philippine Raflway Franchise to be Perpetual ?

The Problem of Ventilating the New York Subway and 8imilar Tunnels............

President Am.80c.C. E............... RS ARE LI LS CLLIELERCLE 648 LETTERS TO THE EDITOR.—A Suggestion for Turning Hollow Reinforced Concrete
The Use of Superheated 8team on Locomotives (illustrated); H. H. Vaughan...... 652 Dams Into Power Houses; Howard W. Starr—Concerning the Calculation of
Standard Specifications for Locomotive FOrgIngs. .........ccuvve eenenenseeenennnnnns 859 Column and Girder Systems; Chas. R. Steiner—Method Adopted for Marking
Counterweights for Large Engines (illustrated); D. 8. Jacobus, M. Am. S8oc. M. E.. 659 (I}t:llwn'ye'l;leebl;Q‘:eenal:;d (:ll:u;:;nbeg) :Cw' JP."‘:;T:: lc:nnocuc:'A venu:
ncrete Arch Bridge at Washington, D. C.; Joseph Babiczky—Recording an
‘ The 8an Pedro, Los Angeles & Salt Lake Railway (illustrated)....................... 6862 Plotting Contours (illustrated); “ Enquirer "—An Early Design for a Conocrete
Henry S8turgis Drinker; The New President of Lehigh University (with Substructure for Railway Track; Jos. A. BRIDD.......ccivvrieetnrnrensnccecaness
1000 o123 L 665 ENGINEERING NEWS OF THE WEEK..
Reinforced Concrote S8lab Roofing for a 8mall Warehouse (illustrated).............. 665 PERSONALS.............. N esseesese esseoscessitscnne 669
660

Annual Convention of the American Railway Mastor Mechanics’ Association......

ENGINEERING BOCIETIES.......ccouueiuuiiiiiinnirnnniienncionceenns PN .. 870

THE NEW WESTMINSTER BRIDGE OVER THE FRASER
RIVER, BRITISH COLUMBIA.

Superstructure and Erection.

. The foundations for the new highway and rail-
way bridge over the Fraser River at New West-
minster, British Columbia, were described in de-
tail in Engineering News of June 15, 1905.
As noted in that description, these foundations,
because of their depth and the methods employed
m sinking them, place the structure among the
notable bridges of the world. So far as the su-
perstructure is concerned, the bridge is notable
chiefly for the special ‘spread’ span designed to
accommodate a Y-track and for the methods
adopted in erecting the several spans. A dia-
gram elevation of the bridge was given in the
previous article; here
only the details of the
“gpread” span and f{llus-
trations of the mode of
erection are presented.
The first page picture is
a view of the com-
pleted bridge.

GENERAL DESCRIP-
TION.—The location of
the bridge is in the
city of New Westiin-
ster, B. C., the bridge
tangent- being placed
about where a con-
tinuation of Dufferin
St. would strike the riv-
er bank and at about
right angles to the aver-
age direction of current.
It crosses overhead the
track of the Canadian Pa-
cific Ry. on the city side
of the river and that of
the Great Northern RYy.
on the opposite, both
tracks being close to the
river banks. The struc-
ture will carry wagon
traffic on an upper deck
and steam raflway and
motor traffic on the low-
‘er deck. At a point on the
lower deck about 300 ft. from the water’'s edge on
the New Westminster side, or directly over Pier
III, the railway track divides, turning to right
and left on 12° 30’ curves, thus forming a Y. On
this account, the shore span, while only 19 ft.
wide between centers of pedestals over Pier III,
is about 136 ft. wide between pedestals over Pler
II.

Beginning at Pier II and proceeding toward
the south bank of the river, there are the follow-
ing spans: One through fixed span of 225 ft.; one
through fixed span of 380 ft.; one through swing
span of 380 ft., and five through fixed spans of
159 ft. each. Next there is a wooden trestle
carrying separately highway, railway and motor
traffic, and extending across the Great Northern
Railway track. Beginning at Pler II and pro-
ceeding toward the north or New Westminster

bank of the river, there are the following spans:
East arm of Y: two deck plate girder skew spans
of 75 ft. each, one-half through skew span of 48
ft., and one deck plate girder skew span of GS ft.
West arm of Y: one deck plate girder skew span
of 75 ft., one similar span of 48 ft., one-half
through plate girder skew span of 2514 ft., and one
deck plate girder skew span of 40 ft. Highway
structure: one deck plate girder span of 96 ft.,
and two of 40 ft. each.

Steel bents are used to support all railway
spans that cross the rallroad track and for the
three highway spans at the north end of struc-
ture; otherwise all spans are supported on ma-
sonry or concrete piers and abutments. The clear
roadway for both the railway and the highway is
1G ft., thus making the perpendicular distance

BRIDGE ACROSS THE FRASER RIVER AT NEW WESTMINSTER, BRITISH COLUMBIA.

between central planes of trusses 19 ft. for the
380-ft. spans and 18 ft. for the 159-ft. spans. The
five 159-ft. spans carry the highway above the top
chords, while the three longer spans carry it
about mid-helght of trusses. The motor track
joins the railway track of the west arm of the
Y on the embankment, and runs over the railway
until the wooden trestle is reached, where it
diverges to the west and runs parallel to it until
the embankment is reached. The highway track
does not cover the railway track until just before
it reaches Pier III, and it leaves it again when
it comes to the wooden trestle; there it turns
to the east so as to parallel the railway an a
descending grade. It crosses the Great Northern
Ry. track overhead, and soon after reaches the
earth embankment. The railway and motor floors
consist of the ordinary timber ties and guards

carrying 75-1b. rails, all as shown on the draw-
ings. The highway floor consists of longitudinal
wooden joists carrying a tight double thickness of
plank flooring, the lower thickness running di-
agonally and the upper transversely of the span.
Of the main structure the 159-ft. spans have
riveted conrections; the others are all pin-con-
nected.

SPREAD SPAN.—The spread span between
piers II and III calls for some special notice. As
already stated, the trusses of this span are 19 ft.
apart at one end and 136 ft. apart at the other
end. Fig. 1is a detall of ore of the trusses show-
ing the strains in the various members and the
sections adopted to withstand them. Fig. 2 is a
half plar of the upper lateral bracing between
trusses and Fig. 3 is a similar plan of the upper
lateral bracing. These
drawings are complete
and call for no further
explanation. The floor
construction is shown by
the drawings of Fig. +.
As will be seen the bot-
toms of all vertical posts
are dropped below the
bottom chords in order to
receive the ends of the
cross-girders. These are
either plate or box gir-
ders and are of varying
depths according to their
lengths. Their exact di-
mensions are shown by
the drawings. The longi-
tudinal girders carry-
ing the tracks rivet into
the cross-girders and
the latter also carry
the bents which sup-
port the highway fioor.
The dJetalls of the brac-
ing between the track
girders are shown clear-
ly by the drawings. The
material used {in the
spread span and through-
out the bridge is medi-
um steel of from 60,000
1bs. to 70,000 1lbs. ulti-
mate strength, and the requirements for testing,
workmanship, etc., were those of Mr. J. A. L.
Waddell’s well-known specifications.

ERECTION.—The erection of the superstruc-
ture calls for particular mention In respect to the
spread span and the 380-ft. fixed span only.
These spans were floated into position from false-
works on which they had been erected complete,
The swing span and the five 159-ft. fixed spans
were erected on falseworks between the perma-
nent piers, but this method could not be readily
adopted. for the remaining two spans because of
the depth of water between piers II. and IV.

Considering first the 380-ft. fixed span, it will
be noted that it is of exactly the same length as
the swing span which it was designed to erect on
falseworks. This made it possible to erect both
spans on the same falseworks, erecting the fixed
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span first and then floating it off and to its per-
manent position to give room for the erection of
the swing span. To provide for floating off the
fixed span the falseworks were made with four
openings wide enough to admit four scows. These
scows were floated into position at low tide, G
a. m., Nov 11, 1903, and as soon as they were
placed, work was begun pumping out the water
that had been admitted to partially submerge
them. At 9:20 a. m. the span was lifted clear
of the falseworks and at 9:40 a. m. two
tugs started to tow It upstream. As soon

- . FIG. 1.

as the span had been towed clear of the
falsework it was gradually moved trans-.
versely across the stream until it was opposite
its permanent supports, plers III. and IV. It
was then dropped down stream between the plers.
At 10:20 a. m. the span stood over the plers, the
moving having consumed 40 minutes.® The fixed
end was first landed by admitting water into
the scows near that end, and then the roller end
was landed by a similar process with the other
two scows. The span was finally in position at
2:30 p. m.; the metal work of the span weighed
788 tons and the load carried by the scows was
825 tons, not including the supporting scows apd
bents. The view, Fig. 5, shows the spans being
floated into position and explains the arrangement
of the scows and of the trestle bents carrying the
span, )

As the current on the north side of the river,
under the position to be occupied by the spread
span, runs at from 4 to 5 miles per hour, and the
depth of water at this point is 80 ft., it was de-
cided that the span could not, with safety, be
erected on falsework In its final position. It
was therefore planned to erect the span on the
south side of river where the depth of water was
about 25 ft., and where it was possible to erect
substantial falseworks.

The first truss was erected on a line parallel to
one of the previously erected 159-ft. spans, on the
down-stream side and 12 ft. away. The steel for
the truss was brought out over the highway road-
way and then handled by a single mast derrick
having three booms. The heaviest piece handled
was a section of top chord weighing 13% tons.
The derrick when handling loads was held down
by cast steel anchor hooks catching under the
top chords of the 159-ft. spans,

‘When the first truss was coupled up, prepara-
tions were begun for moving it to temporary pile
plers which had teen driven to receive it. These
plers, together with a double intermediate bent,
were carefully located with reference to the line
upon which the truss had been erected. The in-
termediate bent was not onl¥ to support the truss,
but was built so wide that from it batter braces
were run to the top chord to hold the truss
against overturning. In addition to the braces
the truss was held upright by four sets of triple
blocks running from the hip points, two from
each side of truss, those from up-stream side
running to the steel work of the 159-ft. span, and
those from down-stream side runnlng to two pile
dolphins,

The two scows, each 30 x 90 x 8 ft., into which
2 ft. of water had been admitted, were
placed under the truss at low tide. As soon as
they were correctly set, eight diaphragm pumps,
four to each scow, were started and the water was
removed as quickly as possible. The scows were
placed under at 5.30 a. m. and the truss was
landed at 12 m. The landing was hastened by the
admission of water to the scows. The truss, as it
was floated, weighed 235 tons. The tension mem-
bers and substruts, which were subjected to a
compression stress due to the. position of scows

while fioating, were stiffened to take the load.

After floating the first truss, the second was
erected in the position formerly occupied by the
first one, and the two were connected by the
floor beams at the narrow end of the span and
by the top lateral bracing.

To float the erected span into place, three scows
were arranged under it in the positions shown by
Fig. 6. The detalls of the process are explained
by the following excerpt from the engineer’s
diary: :

March 19, 1904.—Moved spread span this morning. The
three scows were placed in position at 2 a. m., low tide
occurring shortly after that time. Three (8) feet of water
was admitted to each scow yesterday. The removal of this
water was begun as soon as the scows were in place.

There were five diaphragm pumps in each scow. At 5.15
a. m. the span was clear of its bearings. At 7.45 the mov-

. Center Line %
Half Plan of Upper
FIGS. 2 AND 3. UPPER AND LOWER

ing of the span was begun and at 9.40 a. m. the spin was
over its plers. At 11.50 a. m. the four shoes were landed.
The scows were removed later In the afternoon at low
tide. Water admitted into scows to hasten the landing.

The weight of the span as it was floated into
position was 500 tons. The appearance of the
span afloat is shown clearly by Fig. 6. The two
scows at the wide end were each 30 x 90 x 8 ft.,
and the scow at the narrow end was 30 x 1068 x 8
ft.

After the span had been seated on the piers,
there remained to be erected the heavy floor
girders and the stringers connecting them. The
view, Fig. 7, shows this work in progress, the

traveler shown being used to place the stringers

and lower laterals. Counting from the near end’
of the span the floor girders in order weigh 87

tons, 77 tons, 55 tons, and 31 tons, respectively.

They were all erected on falseworks of the type

shown in the view.

As stated in the previous article, the contractor
for the superstructure was the Dominion Bridge
Co., of Montreal, Canada. This company did the
erection work described. Mr. M. W.-Julien being
the foreman in direct charge. The engineers of
the bridge were Waddell & Hedrick, of Kansas

DETAILS OF SPREAD SPAN TRUSS, FRASER RIVER BRIDGE.

City, Mo. We are indebted to Harry K. Seltzer,
their Resident Engineer, for the information from
which this account of its construction has been
prepared.

THE EVOLUTION OF THE PRACTICE OF AMERICAN
BRIDGE BUILDING.*
By C. C. Schneider, President, Am. Soc. C. E.

In the time-honored custom of an address by the Presi-
dent at the Annual Conventlon of the American Society
of Civil Engineers, many of my pred s have select
ed topics with which they were most famillar. My lite
work naturally suggests to me the title of this address.

The magnificent stone bridges and aqueducts built by

- the Romans bear evidence that the art of bridge bullding

had reached a high degree of perfection among the an-
cients. Some of the early Roman structures were of
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LATERAL BRACING FOR SPREAD SPANS.

glgantic proportions, and have not been excelled by any
of those bullt in modern times. There are no records to
show that the ancients had any theoretical knowledge of
bridge construction; they built their bridges in accord-
ance with empirical rules developed by experience. These
monuments of engineering skill, which have lasted for
thousands of years appear marvelous to the modern
engineer, who has at his command, not only theo-
retical knowledge, but also mechanical appliances
and modern tools to assist him, which were not known
in ancient times. The progress, therefore, made in the
art of constructing bridges of stone In modern times ap-

*Presidential address before the American Socliety ot
Civil Engineers at the Annual Convention at Cleveland,
Objo, June 20, 1905.
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pears insignificant, and is practically confined to theo-
retical knowledge and improvements in machinery and
tools for handling material.

The development of the art of bridge conmstruction is
marked to a certain extent by periods coincident either
with the Introduction of new materials or with the neces-
sities arising for means of transportation. The mar-
velous progress made in bridge building in the 19th cen-
tury—the century of engineering, of the manufacture of
power, of the rallroad and the telegraph—really began
with the production of wrought iron in large quantities,
and has since kept pace with the development and prog-
ress made in the manufacture of those most useful and
precious of all metals, wrought iron and steel.

The various types of bridges which bave survived and
become the standard types of the present day are the
results of the evolution of a century, originating with the
wooden bridge, the wooden beam being the prototype of
the modern plate girder, and the framed wooden truss
that of the steel truss. Timber bridges, consisting of
hewed logs, supported by piers of piling or of stone, were

erected in the earliest times in all countries where tim-
ber was abundant, Caesar’'s bridge across the Rhine was
of this character. The wooden bridge consisting of
framed trusses is the product of more modern times.

In Europe, wooden truss bridges of small span, pat-
terned after existing roof trusses, have been bullt for
several centuries. In America, however, it was not until
the end of the 18th century that the movement began to
which the present type of bridges can be traced.

There appear to be no records of any wooden bridges in
America before 1785, when unusually gifted men like
Palmer, Burr, Wernwag and others commenced to build
some very remarkable wooden structures. The progress
made in bridge building in this country was very slow
until raflroad building commenced, which was in 1829,
when the construction of the Baltimore and Ohio Rall-
road was begun. The first wooden raliroad bridge was
built on that road in 1830 by Wernwag, at Monaguay.
The development of rallroads naturally created a demand
for bridges.

The difficulties and obstacles encountered in crossing
long and deep valleys were overcome by these pioneer
railroad builders by erecting temporary timber trestles
in place of expensive embankments or viaducts, to be
filled in or rebuilt by permanent structures at a later
period. The timber trestle, therefore, is a distinctly
American type of construction, and is the prototype of
the iron viaduct. Some of the first high wooden trestles
were bullt in 1840 on the Lake Schuylkill and Susque-
hanna Rallroad, now the Catawissa Branch of the Phila-
delphia and Reading Railroad. They were designed by
James F. Smith, and their heights varied from 60 to
130 ft.

The forms of timber trusses of different kinds, arches -

and combinations of two or more systems, have been very
numerous. A marked step toward bridge designs of the
modern truss form was the lattice bridge patented by
Towne in 1820, which became the prototype of the early
iron lattice bridge. The next important step in the de-
velopment of wooden bridges was made In 1840, when
Howe patented his truss, which became very popular and

the standard for wooden railroad bridges. In 1844, the
Pratt truss was patented, which afterward became the
favored type for iron bridges. Many other types of trusses
were invented, which have since been discarded.

The earliest wooden bridges were built by expert car-
penters. The work was done by contract, very much the
same as building work is done at the present day, except
that the builder was also the designer. The builder
would buy suitable timber or have it sawed to order at
conveniently located saw-mills, and any ironwork needed
in the construction of the bridge,.such as rods, bolts or
bars, he.would obtain at a local blacksmith shop, and
frame and erect the bridge in place, ready for trafic.
The same methods were also used in building the early
iron highway bridges. Each -of these builders had his
own type of bridge and his own special detafls. At that
time thére was generally but little competition, as very
few had any knowledge of bridge building, and each one
controlled a certain territory.

All the early railroad bridges were wooden structures

built by practical carpengers, In most cases employees of
the railroad company.

England is considered as the ploneer country of the iron
bridge, the first one, consisting of a nearly semicircular
cast-iron arch, having been bullt in 1776-79. In 1786,
Thomas Paine, the well-known author, designed and
made a model of a segmental arch. This model was set
up at Franklin’s house in Philadelphia, whence it was
taken to the State House, and, eventually, was sent to
Paris and exhibited at the Academy of Sclences. Paine
bad an experimental cast-iron bridge built in England
in 1790, and Rowland Burdon, in 1703 to 1796, bullt the
bridge at Wearmouth, of 240 ft. clear span, after this
model, which formed the basis of many cast-iron bridges
bulilt thereafter, and became the prototype of the modern
steel arch. Palne’'s device was also the basis of the
design of the Market Street Bridge and the first Fair-
mount Bridge, in Philadelphia, both being wooden arches.
The former was completed in 1800, and the latter in 1812.

Up to 1840, there were no iron bridges in this country,
except suspension bridges in which iron links were used

FIG. 4. DETAILS OF FLOOR SYSTEM FOR SPREAD SPAN.

in the cables and suspenders, the floor-system being of
wood. The first bridge in America consisting of iron
throughout was built in 1840 by Earl Trumbull over the
Erie Canal, in the Village of Frankfort, N. Y. In the
same year Squire Whipple, Hon. M. Am. Soc. C. B., also
built his first iron truss bridge.

Probably the first iron rallroad bridge was bullt on the
Philadelphia and Reading Rallroad at Manayunk by
Richard B. Osborne, Chief Engineer, in 1845. It was a
double-track through bridge, of 34 ft. clear span, of the
Howe truss type, with cast-iron top chord and web braces,
the bottom chord and vertical web members being of
wrought iron. This bridge was followed by several
others of the same type.

The earlier wooden and fron bridges were built very
much in the same manner as the ancient Roman bridges,
in accordance with empirical rules, by practical men who
had no accurate knowledge of the strains produced on
the various members of a structure by the exterior forces,
but who were men of unusual constructive ability and
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FIG. 5. VIEW SHOWING 380-FT. SPAN BEING FLOATED INTO PLACE ON BARGES.

sound judgment, who bhad to depend upon their own re-
sources and natural Instinct, experimenting with models
and profiting by previous fallures. Pratice always pre-
ceded the science, thus the structural systems were in-
vented before their theory was developed.

Until 1847, when Squire Whipple, the modest mathe-
matical instrument maker, who, without precedent or ex-
ample, evolved the scientific basis of bridge building in
America, correct methods of computing the strains in
framed structures were not known. A few years later,
in 1851, Herman Haupt published a book on the theory of
bridge construction.

About 1830, after the building of railroads had ad-
vanced, the educated engineer commenced to exert his in-
ﬂﬁence in the art of bridge building, and, from that time
forward, steady progress was made. The period from
1830 to 1860, therefore, may be regarded as an epoch in
the history of American bridge building; the time
when the bridges designed by Fink and Bollman first
came into use, and the earliest iron Whipple and Pratt
trusses were bullt.

When American engineers commenced to build iron
bridges, they pald little attention to the then existing
European models, but preferred to develop their own
systems independently, as they bad done previously with
wooden bridges, the first iron bridges being imitations of
the Towne lattice, and the Howe and Pratt trusses. All
the earlier bridges were built principally of cast firon,
wrought iron being used in tension members only. In
the first iron viaduct built by the Baltimore and Ohio
Railroad, in 1832, all parts were of cast iron, except the
tie-rods. The wroaght-iron tension members at that
time usually consisted of round bars with screw ends,
or elongated links made of square bars. Later, these
links developed into forged eye-bars, introduced by J.
H. Linville, M. Am. Soc C. E.,, in 1861.
have since become one of the distinctive features in
American bridge construction. Although flat eye-bars
were used in Europe at an earller period, in” chains of
suspension bridges and In some types of trusses, they did
not find favor there, and were soon discarded for struc-
tures with riveted connections.

The first bridges made entirely of wrought iron were
those of the riveted lattice type which Howard Carroll,
then Assistant to George E. Gray, Hon. M. Am. Soc. C. E,,
Chief Engineer of the New York Central Railroad, com-
menced to bulld in 1839; next came the plate-girder type,
the first of which was built by E. S. Philbrick, M. Am.
Soc. C. E., for the Boston and Albany Rallroad in 1860.

The bridge built by J. W. Murphy in 1863, over the
Lehigh River at Mauch Chunk, for the Lehigh Valley
Railroad, was the first pin-connected bridge constructed
entirely of wrought iron in Its main members; cast iron
being used only for joint boxes connecting the compres-
sion members. Many bridges of similar construction were
built after this, but it was not until after the failure of
the Ashtabula Bridge, in 1876, that cast iron was en-
tirely discarded as too unreliable a material to be used
in any parts of a raliroad bridge.

Prior to 1860, railroad bridges were generally designed
by the railroad companies’ englneers, the ironwork being
manufactured at the companies’ shops, and erected by
their own forces. Thus, men like Wendell Bollman, Al-
bert Fiuk. Past-President, Am. Boc. C. E.; C. Shaler
Smith, M. Am. Soc. C. E.,, and C. H. Latrobe, M. Am.
Soc. C. E., on the Baltimore and Ohlo Railroad; Richard
B. Osborn and Charles Macdonald, M. Am. Soc. C. E.,

These eye-bars

on the Philadelphia and Reading Rallroad; J. H. Linville,
on the Pennsylvania Railroad; E. 8. Philbrick, on the
Boston and Albany Ralilroad; George E. Gray, Howard
Carroll and Charles Hilton, on the New York Central
Rallroad; Willlard S. Pope, M. Am. Soc. C. E,, on the
Chicago and Northwestern Rallroad; Thomas C. Clarke,
Past-President, Am. Soc. C. E.,, on the Chicago, Bur-
lington and Quincy Railroad; S. S. Post, M. Am. Soc. C.

_E., on the Erie Ralilroad, were prominent rallroad en-

gineers who took a leading part in early bridge build-
ing.

Later, some of the men who had gained experience in
framing and erecting bridges, or In the comstruction of
the work at the shops, started in business for themselves,
and took contracts to bulld and erect bridges on designs
furnished by the railroad companies’ engineers. Most
of those early firms were contractors for building Howe
truss bridges, only a small shop being reqyired to manu-
facture the ironwork needed for structures of that class.

Some of the bridge engineers employed on railroads,
seeing that they could use their knowledge to better
advantage in the more profitable business of contract-
ing, associated themselves with the then existing bridge
building firms, or organized new ?:ompanles. These new
companies often made a speclalty of manufacturing con-
structions of a certain type, expressing the individuality
of the engineer at their head, and which were his own
inventions, in many cases controlled by patents. They
were able to furnish designs for bridges, as well as con-
struct and erect them. Most of those companies were
organized between 1860 and 1870, whl.ch period, therefore,
forms another epoch in the history of American bridge
building. -

Near the end of the 60's, when most of the early bridge
companies had been formed, there were, besides the en-

glneers interested in bridge building -firms, only a few
experienced bridge engineers in this country. The engin-
eers who were at that time connected with bridge com-
panies were mostly men who had gained their experience
in the employ of some railroad company, had worked out
their own type of construction, and had experience, not
only in designing, but also in superintending the con-
struction and erection of bridge work. Their theoretical
knowledge, measured with the present standard, was
limited to elementary methods, but their thorough prac-
tical training enabled them to combine theory and prac-
tice to the best advantage. They understood how to
make their designs conform to the methods of the work-
shop, as well as to facllitate erection. This was really
the beginning of the development of American bridge
bullding and of the distinctly American types of construc-
tlon which at that time differed so materially from those
of other countries.

The most distinguishing feature of the methods then
prevailing in this country, as compared with those of
other countries, the influence of which is felt to the pres-
ent day, is that at that time in America the bridges
were designed by experienced specialists, and the work
was constructed in shops built and equipped for that
special purpose by experienced mechanics trained in that
class of work. At first these companies controlled the
work in certain territorles, or the contracts were awarded
to them on account of the reputation of their engineer.
However, as competition became keener, raillroads desired
to purchase their bridges for the lowest price, and Invited
several firms or companies to submit tenders on the
bidders’ own designs, which started the competitive sys-
tem of designing and bidding on bridge work. .

Up to about 1872, specifications, as we now understand
the term, were not in general use. An invitation to bid
on bridge work would be accompanied by a survey plan,
giving the length of the spans, skews, etc., and a state-
ment of the live load the bridge was to carry, generally
a uniform load of 1 ton per linear foot, with a factor of
safety of 5. The design of the structure and the pro-
portioning of its members and their details and connec-
tions were left entirely to the judgment of the builder,
and accepted without question by the purchaser. These
builders, who at that time were about the only bridge.
experts In America, were considered authorities, and
would assume the responsibility for the design and the
strength of the bridge for the specified loading. In other
words, the bridges were accepted on faith and on the
strength of the reputation of the builder. ’

From 1864 to about 1874, the designing of bridges was
almost entlrely in the hands of the bridge-building firms,
only a few railroads, such as the Pennsylvania, and Bos-
ton & Albany, employing their own bridge engineers to
prepare the designs and to supervise the construction of
bridges and other structural work on their respective
roads. The contracts for bridges were then let on a
lump-sum price for the work erected In place. It was
therefore to the interest of the bridge builder to make
designs which would reduce the cost of shop work,, as
well as that of erection, and, as the price of wrought
iron was high, as compared with the price of steel at
the present time, the saving of material was one of the
most important considerations in the designing of bridges.

At that time railroad construction had commenced to
develop rapidly in all parts of the country, and many
wide and treacherous rivers had to be spanned with
bridges. The material for these bridges had to be tran-
sported to distant places, erected in unsettled locations,
and the ironwork manufactured and erected rapidly in
order to keep pace with the swift progress made in the
building of railroads. As the pin-connected type ful-

FIG. 6. SPREAD SPAN BEING FLOATED INTO PLACE ON BARGES.
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FIG. 7. VIEW SHOWING ERECTION OF FLOOR SYSTEM FOR SPREAD SPAN.

filled, more than any other, these requirements, viz.,
economy in weight and facility in manufacture and erec-
tion, thereby not only reducing the cost, but also the risks
and dangers of erection, it became the favorite type of
bridge, and has remained so for long spans to the present
day.

The first more comprehensive specifications were those
published by Clarke, Reeves & Co., in 1871.. In 1873,
George S. Morison, Past-President, Am. Soc. C. E., pre-
pared specifications for the Erie Rallroad, which were
probably the first printed specifications for iron bridges
adopted by any American railroad. In 1875, L. F. G.
Bouscaren, M. Am. Soc. C. BE., wrote specifications for
the Cincinnati Southern Ry., the first in which concen-
trated wheel loads were specified for the live load. Mr.
Morison established the practise, on the Erle Rallroad,
of requiring the successful bidder to submit strain sheets
and plans for approval before ordering material or com-
mencing work. These plans, before being approved by
the chief engineer, were examined by one of the assistant
engineers, and, later, the material and workmanship were
inspected by men in the employ of the railroad. The
same practice was also adopted by Mr. Bouscaren on the
Cincinnati Southern Ry.

The year 1873, therefore, may be considered as marking
the beginning of anothdr epoch, viz., that of the bridge
engineer as again acting in the interests of the rallroad
company, and also the beginning of the inspection of
structural fronwork. Before that date the St. Louis
Bridge was probably the only case on the construction of
which inspectors of material and workmanship were em-
ployed.

Many new bridge companies were established after
1874, some of which had a marked influence in the de-
velopment of American bridge construction, as well as in
the improvement of tools and machinery, resulting in a
higher grade of work. Some of the engineers who had
gained experience in the emnlioy of bridge companies ob-
tained positions on rallroads-as bridge engineers; others,
particularly the most competent, left the employ of bridge
companies for private practice, and devoted themselves to
the specialty of structural engineering, acting in the in.
terests of corporations and municipalities or other pur-
chasers of iron structures.

These corporations commenced to realize that it would
be to their advantage to have the services and advice of
competent specialists. Thus, in 1876, the existence of
the bridge engineer and structural expert, independent of
a bridge company, had become an established fact.

After iron railroad bridges had been in service for about
twenty years, engineers who had charge of their maln-
tenance noticed that weak points developed under traffic,
particularly in the details and connections. It also be-
came apparent that the bridges built, up to about 1875,
«ere deficlent in rigidity and lateral stability, and im-
provements were gradually made to remedy these defects,
producing more massive construction, fewer and heavier
parts, and a more extensive use of riveted connections.
The pin-connected type of truss for short spans was
gradually discarded, the plate girder and riveted truss
taking its place, and the limiting length of spans for
these types was gradually increased. Specifications for
ifron bridges were also revised and improved; those pre-
pared in 1877 by Charles Hilton for the Lake Shore
and Michigan Southern, and by C. Shaler Smith for the
Chicago, Milwaukee and St. Paul Railroad, and 1879 by
Theodore Cooper for the Erie Railroad, being steps in
that direction.

Steel, as a structural material was first used in a
portion of the St. Louls Bridge, completed in 1874, but
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the first bridge bullt entirely of steel was the Glasgow
Bridge, over the Missouri River, completed in 1879. The
extensive use of steel, however, did not commence until
1800. Before that time steel was used only in isolated
cases, or for heavy work, such as chords and eye-bars
for large spans.

About 1890, some railroads commenced to build also
smaller spans and plate girders of steel, and, for eye-
bars, steel was almost exclusively used. At that time
most of the rolling mills, which had formerly manu-
factured wrought iron, were equipped with steel fur-
naces, but continued for some time to make both kinds
of material, until they found it more profitable to con-
fine themselves to the manufacture of structural steel
only, and discontinued the manufacture of wrought iron.
In 1894, it was practically impossible to obtain wrought
iron shapes, and from that time forward steel entirely
superseded wrought iron as the modern structural ma-
terial. The year 1894, therefore, may be considered as
the commencement of the present epoch—the steel age.

The use of steel in the construdtion of modern bridges,
and the improvements made in its manufacture, there-
by reducing its cost and increasing its reliability, have
made it practicable to bulld structures of a mag-
nitude never attempted before. Its introduction as a
structural material had a marked Influence on the prog-
ress. and development of bridge building. Certain
types of construction aid detalls which have proved un-
satisfactory have been .discarded, and others which have
undergone a process of purification and improvement
have survived. Rational types of comstruction and de-
tails are now established, and haveé become the recog-
nized standards for ordinary bridges of moderate spans.
The present tendency is toward uniformity, and to-day
there is but little difference between the designs made
by competent engineers.

This tendency toward uniformity has also been ex-
tended to specifications for bridges and other
structures, relating to quality of material, workmanship
and unit strains. As late as filve years ago, the re-
quirements specified for the quality of steel were numer-
ous, almost every railroad or bridge engineer requiring
some different grade, and sometimes several different
kinds in different parts of the same structure. Erratic
specifications are now gradually disappearing, and engi-
neers at the present time are nearly all agreed on the
grade of steel best suited for structural work.

There is also at present more uniformity between the
designs made by American engineers and those by
European engineers. In the early days of iron bridge
building, Iin this country, there was little resemblance
between American and Europeen structures. Bach
country gradually adopted the good points of the other's
practice; we adopted their practice in the use of riveted
trusses for longer spans and & more extensive use of riv-
eted connections; while the European engineers are
adopting the more rational designs and detalls of plate-
girder and riveted-truss construction now used in Amer-
ica. At the present time, the designs of plate girders
and ordinary riveted-truss bridges, made in this country,
are almost identical with the designs made by the best
bridge engineers in Europe, so that no vital difference
now exists between American and European bridges of
moderate spans.

The steady Increase in the weights of locomotives and
rolling stock has been the cause of constant replacements
of iron and steel railroad bridges by heavier structures.
As the extreme limit of loads may not yet have been
reached, the probable future increase should be antici-
pated in designing new bridges which have to carry any

steel”

kind of rallroad trafic. While it is impracticable to pro-
vide for all possible emergencies, railroad bridges should
be designed to withstand the ordinary contingencies of
trafic, such as derailment, a broken axle or a collision
on the bridge. Structures designed in accordance with
good practice may be damaged by such accidents, but
should be able to stand up without collapsing. As
steel is practically an indestructible material, if kept
from corrosion, there is no good reason why properly
designed steel bridges, properly protected, should not
last at least as long as stone bridges in this climate.

About 1886, a new type of iron structure came into
existence, vis., the iron skeleton construction for build-
ings, which has opened a new fleld for the structural
engineer. The designing and construction of the struc-
tural part of these buildings has now become an im-
portant branch of engineering.

Any engineer who has followed the progress of Ameri-
can bridge bullding for the last 35 years must have
observed that, not only the designs, but also the methods
adopted for accomplishing results, have undergone a
vast transformation; while, abroad, the designs have
been improved, but the methods have changed very little,
it at all.

The practice of having the designs of bridges and other
structures made by engineers employed by the purchaser,
and letting the contract to § manufacturer on a pound-
price basis Is now becoming the standard practice of
the country. Most of the large railroads have their own
bridge and structural departments, or, for work of un-
usual magnitude, employ outside experts to design and
supervise construction. Only a few of the smallest rall-
roads adhere to the anclent practice of Inviting manu-
facturers to submit competitive designs accompanied by
a lump-sum bid.

The competitive system has bad its day and has served
a good purpose. It has been an important factor In
developing the art of bridge bullding in America. It
bas been productive of establishing rational types, prac-
tical details and sclentific proportions; it has united
theory and practice. However, at present, it is fast be-
coming a thing of the past. What is left of this prac-
tice is mostly confilned to bridges for electric ratlways
and light structural work. Many purchasers of struc-
tural work, who have had no experience themselves, do
not seek professional advice, as they would in other
cases where large expenditures of money are involved,
believing that they can save the money pald for profes-
sional services by inviting manufacturers to make com-
petitive designs accompanied by a lump-sum bid.

The fact is, however, that the manufacturer has to
pay for making the designs not only once, but many
times over, as only once in a number of cases he is the
successful bidder. The manufacturer will naturally add
this extra expense to the cost of the structure, yet the
designs are not made in the Interest of the purchaser,
but in tbat of the manufacturer. This practice has a
demoralizing influence, as it puts a premium on the
poorest design and tends to decrease the professional
standard of an important branch of engineering.

The standard practice to be recommended, as the only
fair and business-like method, is to let contracts for
structural steelwork on a pound-price basis, nn designz
and specifications furnished by an experienced engineer
employed by the purchaser. This method is iair to ihe
honest manufacturer, as all (ompetitors bid vn tue same
basis; it is an advantage to the purchaser, as he ¢m-
ploys the engineer who will protect his Intereats, study
the conditions and requirements, and design a stractvre
to suit the needs of his client. It will bénefit a number
of engineers, who are now compelled to waste tuei~ time
and energies in making speculative designs to suit the
commercial interests of a manufacturer, regarlless of
good practice, by elevating them to more independent
positions, thus enabling them to raise their professional
standards to the highest ideals of good practice.

Plans for bridges and other structures, on the safety
of which the lives of human beings depend, should be
designed and not manufactured; their design and the
supervision of their construction should be entrusted
only to competent engineers, who, besides the requisite
theoretical and practical knowledge, should, above all,
be endowed with common sense and good practical judg-
ment.

Most of the largest bridges and other steel structures
which have been built In later years have been designed
by engineers not connected with manufacturing estab-
lishments. The manufacturer should confine himself to
his legitimate fleld of manufacturing structural steel-
work at so much a pound. The line between engineers
and manufacturers will be even more marked In the
future, when the same distinction will prevail as now
exists between the architect and the contractor. The
manufacturers of structural work, in the future, will de-
vote their energies to improvements in their tools and
machinery and methods for handling material. Their en-
gineering force will consist of mechanical experts, shop
draftsmen and engineers, who, with a thorough knowl-
edge of shop-practice, are skilled in putting the engi-
neers’ designs Into convenlent shape for the workshop.

Patents on structural designs and details, as well as
on special shapes, have become unpopular. Designs of
important structures, or those with new features, are
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now generally published for the benefit of the profes-
sion, and each engineer endeavors to improve upon the
design of the other. Beneficial results are derived from
papers, submitted to this Society, illustrating and de-
scribing new structures, as they bring out valuable dis-
cussions and thereby advance engineering knowledge.

Highway Bridges.—Highway bridges in large cities are,
at the present time, generally designed by experienced
engineers, and the contracts are let in accordance with
legitimate practice, the material and workmanship re-
celving the same careful inspection and supervision as
railroad bridges. These structures, however, do not rep-
resent the general run of highway bridges throughout
the country. In 1852, Squire Whipple stated, in a
pamphlet published by him, entitled, ‘“The Canal Bridges,
a Specimen of the Manner of Awarding Coatracts by the
late Canal Board,” that the highway bridges over the
New York State canals were let to the highest bidders
and on the poorest designs submitted. The same condi-
tions exist to some extent at the present day.

These bridges are frequently designed by incompetent
or unscrupulous men, and the contracts are awarded by
ignorant county officials, without the advice of a com-
petent engineer. The merit of the design receives gen-
erally no consideration, and the contract is awarded in
many cases to the one offering the poorest design and
making & bid which is satisfactory to the officials, if not
to the taxpayers. This condition will probably continue
until, after repeated disasters, the public demands that
competent engineers design and supervise the construc-
tion of county highway bridges, and that the contracts
be let in accordance with legitimate practice.

Long-Span Bridges.—Long-span bridges have, of late,
not only become more numerous, but their length has
been gradually increased, until the long-span bridges of
former years are now considered spans of moderate size
only. The necessity for the great number of long-span
bridges in the United States arose from the fact that
many wide navigable rivers had to be bridged where the
interests of navigation demanded long.spans, or where
they were required on account of deep and expensive
foundations, or on account of other conditions determin-
ing the length of spans. There are now in existence in
America about fifty railroad bridges containing simple
spans of 400 ft. or more, eighteen of which exceed 500
ft., the longest one being the Ohio River Bridge at
Louisville, with a span of 516 ft.,, completed in 1804;
there are also a number of highway bridges exceeding
400 ft. span. The length of spans practicable for sim-
ple trusses has not yet been reached.

Suspension Bridges.—Suspension bridges were In use
in America before any other type of iron bridges. In
the earliest suspension bridges, wrought-iron links were
used for the cables, and a wooden floor system was sus-
pended from them by iron rods. The first of this kind
was built by Finley, in 1706, over Jacob’s Creek, on the
turnpike between Uniontown and Greensburg, Fayette
County, Pa. Many other bridges of the same type were
built by Finley after thls, the largest one being that over
the Schuylkilll River, at Philadelphia, Pa., of 306 ft. span
built in 1809. The first wire-cable suspension bridge,
was also built over the Schuylkill River, at the Falls
in Philadelphia, Pa., in 1816; the span was 408 ft. This
bridge had a wooden floor system and no stiffening
trusses. After this, the wire-cable suspension bridge
with auxiliary stiffening trusses became the favorite type
for longspan highway bridges, owing to the facllity of
its erection. Many famous long-span bridges have been
‘constructed of this type, such as: The bridge over the
Ohio River, at Wheeling, 1,010 ft. span, built in 18335.
The bridge over the Niagara River, at Lewiston, 1,040 ft.
span, completed in 1850. The bridge over the Niagara
River, carrying the Grand Trunk Rallway and the high-
way, 821 ft. span, completed in 1855. This bridge has
become famous as being the only wire-cable suspension
bridge carrying highway as well as railroad trafic.
The bridge over the Ohio River, at Cincinnati, 1,000
ft. span, completed in 1867. The bridge across the
Niagara River, below the Falls, at Clifton, 1,264 ft. span,
finished in 1867.

The most notable suspension bridges, however, are the
Brooklyn and Willlamsburg Bridges, across the East
River, New York City. The Brooklyn Bridge, 1,595 ft.
span, completed in 1883, was the first bridge of this
kind in which steel was used for the cables, suspenders,
stiffening trusses and floor system. The Williamsburg
Bridge, 1,600 ft. span, completed in 1904, is the latest
of the long-span suspension bridges. The proposed Man-
hattan Bridge, across the East River, New York City,
1,470 ft. span, is also of this type, a novel feature being
the hinged steel towers.

Suspension bridges with braced cables in place of aux-
illary stiffening trusses, the cables consisting of forged
eye-bars, have also been successfully used for long-span
bridges. The Point Bridge, over the Monongahela River,
at Pittsburg, of 800 ft. span, completed in 1876, is .3
bridge of this kind. In locations where the appearance
of the structure is one of the most important considera-
tions, this type eventually may take the place of the
cantllever for long-span railroad bridges.

Metal Arches.—Metal arches are particularly suitable
for long spans in certain places. The arch combines the
advantages of a graceful appearance with facility of

erection . without false work. Most of the earlier ones
were constructed of cast iron, an important example of
which is the Chestnut Street Bridge, in Philadelphia,
completed in 1863. The first impartant steel arch was he
St. Louls Bridge, over the Mississippi River, completed in
1874, consisting of three spans, the middie -owe,’ of 513
ft., belng the largest. The highway .bridge across the
Mississippi River, at Mlnneapo_ll‘sﬁ having two spans of
456 ft. each, was completed' in I1838. The Washington
Bridge, across the Harlem River, New York City, fin-
ished in 1889, consists of two spans, each of 510 ft.

A number of arches of various types followed, the
most noted of which are the two across the Niagara
River, one of which, of 550 ft. span,. carries the tracks
of the Grand Trunk Rallway and a highway, replacing
the Roebling suspension bridge. It was constructed in
1897. The other replaced the Niagara Falls and. Clifton
Suspension Bridge in 1898. It has a span of 84U ft., and
i8 the largest arch of any type in the world. ~ °

Cantilever Bridges.—Cantilever bridges are- generaliy
suitable for long spans only; where the length required
is too great for a simple truss, or where it becomes
necessary to erect without temporary supports, and the
conditions are not favorable for an arch. It, perhaps
more than any other kind,- has been erected in places
where simple trusses would have been more appropriate,
and freaks of this kind may be seen in various places.

As the cantilever bridge is not as economical as & eim-
ple truss, except for spans -of -great length, and as simple
trusses in many cases can be erected on the cantilever
principle, the simple truss is generally preferable to the
pure cantilever type. The Atbara Bridge, and the bridge
recently erected over the Ohio River on the line of
the Baltimore and Ohio Rallroad at Benwood, are ex-
amples of this kind of construction.

The first cantilever rallroad bridge was the Kentucky
River Bridge, of three spans, each of 373 ft., completed
in 1877, on the line of the Cincinnati & Southern Ry.

Many other cantilever bridges were built thereafter,
such as: The Niagara River Cantilever Bridge, on the
line of the Michigan Central Ralilroad, 470 ft.. span,
completed in 1883. The Frazer River Bridge, on the
Canadian Pacific Railway, in 1884, 315 ft. span, and the
St. Jobn's River Bridge, In 1885, 477 ft. span. The
Poughkeepsie Bridge, across the Hudson River, Includ-
ing a span of 523 ft., finished in 1889. The Colorado
River Bridge, at Red Rock, Colo., 660 ft. span, com-
pleted in 1880, and the Memphis Bridge, with a span of
790 ft., completed In 1892,

The latest and most conspicuous cantilever bridges
constructed are those over the Monongalela River, on the
line of the Wabash Rallroad, at Pittgburg, 812 ft. span,
and at Mingo Junction, 700 ft. span, completed in 1904;
also the Thebes Bridge, across the Mississippl, 671 ft.
span, completed in 1005. The bridge over the East River
at Blackwell’s Island, now under construction, has spans
of 984 and 1,182 ft., respectively. The longest cantilever
bridge is that across the St. Lawrence Rlver, at Quebec,
with a span of 1,800 ft., now being buillt. This will
make it the longest bridge in the world.

At the present rate of development of bridge building,
with the materials at our command, we may see even
longer spans in the near futur. It is entirely feasible to
build simple trusses of 800 ft., arches and cantilevers
ot 2,000 ft, and wire-cable suspension bridges of 3,00J
ft. spans.

Monumental Bridges.—Bridges of monumental nature
have generally not received the same careful attention
In this country as in Europe. There is really not much
difference between public bulldings and other public
works of like importance. While public buildings have
been designed for appearance as well as for permanency,
public bridges have been notoriously neglected in both
respects. Thus in large cities we see many bridges,
which are far from being ornamental or sightly in ap-
pearance, situated in prominent places and in public
parks In the midst of beautiful landscapes.

Such structures, which are in many cases the most
prominent objects in a city, should be monumental in
character, and designed on aesthetic as well as on engi-
neering principles. Fortunately, in later years, there has
been a manifest tendency toward Improvement in this
direction.

Any experienced bridge engineer is competent to decide
upon the proper design of a structure, wherein utility
and economy are the only considerations, but not if the
structure requires aesthetic treatment, as engineers are
generally deficient In aesthetic training. In the design
of a structure of monumental character, the engineer
should co-operate with a competent architect, who should
be a true artist and not merely a decorator. The best
results can only be obtained by a competition, such as is
the usual practice with other monumental structures, the
jury of selection to be composed of engineers and archi-
tects. This method was adopted in the selection of de-
signs for the proposed Memorial Bridge and the Red
Creek Bridge at Washington, and has proved very satis-
factory. The Washington Bridge, In New York City, and
the Cambridge Bridge, at Boston (nearly completed), are
good examples of monumental city bridges.

Erectlon.—The erection of structures has kept pace
with the rapid progress in structural engineering, requir-
ing the institution of new methods and the development

of new appliances demanding engineering skill. The in-
creased weight of members, consequent upon the de-
velopment of long spans and lofty viaducts and build-
ings, and the necessity of assembling the members
rapidly and economically, often over treacherous streams,
while carrying” safely, and without interruption, the con-
stant traffic of a railrogd, have made the erection one
of the most lmport_anﬁ':,opemtlons connected with the con-
struction of the varlous kinds of engineering structures,

The introduction of ‘the traveler was a marked advance

_.in the erection of structures, dispensing with a portion of

the temporary supports. Later, the traveler was de-
veloped to erect viaducts and bridges of the cantilever
type without the use of any temporary supports.

Until recent years the question of erection was left to
the skill and judgment of practical men who had gained
tueir knowledge and had become experts by long expe-
rience. The field operations in connectien with the erec-
tion of some of the structures of recent years were of

" such magnitude and complicated character that l* re-

quired a high order ol éngineertng skill and experience
to carry them out to a successful completion. Erection
of bridges and other structures has manifestly advanced
from being mere skilled labor, executed by men having
only practical training, to be an important branch of
engineering.

Nickel Steel.—Nickel steel has of late received special
attention, and has been investigated by engineers, in re-
lation to its usefulness as a structural material. For
many years, metallurgists have experimented on. the
effect of the addition of speclal metals to steel with a
view of increasing the ultimate strength and elastic limit
of the steel without proportionately decreasing its duc-
tility. So far, as a speclal structural steel, nickel steel is
the only one which has proved satisfactory.

Nickel steels of varying carbon and nickel have been
successfully used during the last fifteen years for marine
and stationary engine shalting, locomotive axles, piston
rods and crank pins, and a wide varlety of forgings and
castings ‘for parts of machinery. Its application for the
manufacture of armor plate, since 1890, is well known.
It has recently been adopted, especially in this country,
for gun forgings. It has been proposed for structural
work before, but is now actually used for bridge con-
struction in the eye-bars for the Blackwell’s Island Can-
tilever Bridge acrose the Bast River, New York City, and
may take an important place as a structural material for
long-span bridges. .

Concrete  construction.—Concrete  construction has
been In use for many years, but is used more exten-
slvely now than formerly for foundations, plers and abut-
ments, as well as for bridges. Marked progress was made
in concrete construction when the methods of reinforcing
concrete with steel were Introduced. Conorete arches
reinfored with steel ribs or bars, properly designed and
constructed, have proved eatisfactory for highway as well
as rallroad bridges, and are gradually superseding those
of masonry construction. - .

Reinforced concrete is now used successfully in the con-
struction of floors of bridges and buildings. It has also
proved satisfactory for fireproofing and as a protection, to
the steelwork of bridges over rallroad tracks, agalnst the
corroding influence of the gases from locomotives, and
will probably take a permanent place in structural work
in the future.

Contracting.—Contracting has undergone a marked
development to keep pace with the advances made in
bridge building and setructural engineering. Deep and
difficult foundations for bridge piers and bigh buildings
are more frequently required now than in former years,
and while the engineer furnishes the design, it devolves
upon the contractor to devise ways and means for doing
the work. Many of the problems the contractor has to
solve require engineering talent of the highest order, and
fome of the contractors’ engineers are men of exceptional
ability and of high standing in the profession.

THE USE OF SUPERHEATED STEAM ON LOCOMO-
TIVES.*
By H. H. Vaughan, M. Am. Soc. M. E.{

HISTORY.

The use of superheated steam has rather a peculiar hia-
tory: unlike the turbine, which lay neglected, with its
possibilities unknown, through the years in which the re-
ciprocating engine gradually attained its present state of
perfection, superheating was employed and proved its
value when the steam engine had already left the experi-
mental stage, when reliable operation had become estab-
lished, and economy was regarded as a matter of impor-
tance. After demonstrating the advantages that could be
galned by its use, it was gradually abandoned by the
large maljority of engineers, and not again resorted to
until successive stages of increasing pressure, ordinary
multiple compounding, jacketing and refined designing,
had been brought to their greatest perfection. When its
reintroduction took place, its progress was slow, ani

*Paper presented at the annual convention of the
American Rallway Master Mechanics’ Association, Man-
hattan Beach; New York, June 14-16, 1905.

tSuperintendent of Motive Power, Canadian Pacific Ralil-
way, Montreal, Canada.




