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GATUN LAKE IS DOUBLE THE ESTIMATED SIZE.

It will be remembered that the estimated area of
the great storage lake, which is to be formed by the
construction of the Gatun dam, was 110 square miles.
This calculation was based upon the preliminary re-
connaissances of the area to be flooded, and was under-
stood to be only approximate. The detailed surveys
of the Isthmus, which have now been completed, show
that the area of the lake will be more than double the
original estimate, or 225 square miles. The larger lake
represents some very material advantages in favor of
the 85-foot high level canal as now being constructed,
advantages which will be felt both in the wet and the
dry season. In the first place, the lake will have suf-
ficient capacity to receive and retain all the flood
waters, even those of such heavy floods as occurred in
December of last year; and secondly, it will be pos-
sible to handle this water with considerably less fluc-
tuation in the canal level. It is estimated that the in-
creased lake area will double the amount of water that
will be impounded in the lake at the commencement
of the dry season. The statistics of past years show
that, even in years of extremely small rainfall, the run-
off from the area draining into the lake amounts, dur-
ing the rainy season, to 7,200 cubic feet per second;
and this will be sufficient to raise the level of the lake
the 4 feet which it will be lowered during the dry sea-
son: It is true that because of the increased area of
the lake, the evaporation will be double what it would
have been from a lake of only 110 square miles area;
but since the total supply impounded will also be
doubled, it is estimated that, after deducting the loss
by evaporation, there will be sufficient water available
for fifty-six lockages a day, instead of twenty-six, which
was the number estimated as available with the smaller
lake.

- el 4 O~ P -
SAN FRANCISCO EARTHQUAKE AND ENGINEERING
CONSTRUCTION.

In view of the important lessons which could be gath-
ered from a professional study of the San Francisco
earthquake, the American Society of Civil Engineers
arranged for an investigation by the local association
of its members. The report of this committee, as read
at a recent meeting of the Society, is one of the most
valuable documents of its kind ever presented. Al-
though it deals with every branch of construction af-
fected by the earthquake that comes within the prov-
ince of the engineer, the most important section of the
report is that which concerns the construction of build-
ings.

The report opens with the statement that the stresses
set up in a building shaken by an earthquake are
similar to those which are occasioned in a truss by
the action of a live load. Since the intensity of the
shock is not known, the amount of stress cannot be
determined, or predicted. The shock may range from
a mere tremor to one of sufficient violence to entirely
wreck any building. Moreover, should the earth-slip
take place immediately below a building, it would
necessarily be wrecked. It is reassuring, however, to
learn that the committee are of the opinion that any
building, designed with a system of bracing sufficient
to withstand a wind pressure of 30 pounds per square
foot, which is the standard unit of pressure adopted to-
day for tall buildings, roofs, bridges, and similar framed
structures, will resist the stresses caused by a shock
of an intensity equal to that of the recent San Fran-
cisco earthquake. To meet these stresses the prime
requisite of the structure is elasticity, or the ability to
return to its original form after distortion. This elas-
ticity allows the building to receive and absorb the
motion of the earth by the compression or extension,
as the case may be, of its steel frame, where a more
rigid structure, such as one built entirely of masonry,
wovld be ruptured. A building with a timber or steel
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frame meets the requirement satisfactorily, as does
also, with exceptions in certain details, a building of
reinforced concrete. But buildings of stone, brick, or
block construction, with horizontal mortar joints, fail
entirely to meet this prime requisite of elasticity.

The exception noted above in the case of concrete-
and-steel buildings relates to the lack of steel reinforce-
ment in the upper flange of concrete girders and floor
beams, and to the absence, or inadequacy, of knee-
bracing at the junction of girders with vertical col-
umns. Diagonal bracing cannot be used in modern of-
fice buildings to any large extent because of its inter-
ference with window space. Its place is taken by gus-
set-plate knee-braces and portal braces in the steel
frame. These, however, induce heavy bending mo-
ments in the columns and girders. But since in many
cases, the bending stresses will be in the reverse of
those produced by the floor load, they call for extra
material in the top flanges. Now the concrete floor
beams as a rule, have no steel reinforcement near the
plane of the upper face; and it was shown in the recent
earthquake that failure occurred on this account. Fur-
thermore, great stresses occur at points where the gir-
ders join the columns, especially in the lower floors of
tall buildings; and here, also, reinforced concrete con-
struction, as now designed, is weak. These deficiencies
can, however, be overcome by proper design. The
committee is of the opinion that the steel frame build-
ing offers the best solution of the problem; but that
the reinforced concrete building, if proper modifications
be introduced, is a satisfactory form of construction;
and that a well-built timber frame building is also
proof against destruction by earthquake.

—— et er——
FLUID COMPRESSION FOR STEEL RAILS.

According to the testimony of some of the railroads
which have been most troubled with broken rails dur-
ing the past winter, the principal cause of fracture has
been the existence in the rail of pipes, or cavities car-
ried over from the ingot during the process of manu-
facture. The piping is due chiefly to the contraction
of the metal from the center to the sides of the ingot
during cooling. Other harmful effects of cooling are
crystallization and segregation. One of the most ef-
fective methods of preventing or reducing these evils
is to subject the metal, while it is cooling in the mold,
to heavy pressure by what is known as the Whitworth
system. The latest application of this principle has
been made at the steel works of St. Etienne, France,
where a new method, called the Harmet process, has
been tried with remarkable resuits. An iilustrated
description of the plant will be found in the current
issue of the SurrLEMENT. Briefly stated, it consists
in compressing the ingot during solidification by wire-
drawing. TUse is made of a tapered ingot mold, smaller
at the top than at the bottom, into which a hydraulic
plunger which forms the bottom of the mold is forced
upward, compressing the steel, as it solidifies, into the
contracted tapered portion forming the upper three-
fourths of the mold.

So successful has fluid compression proved that prac-
tically all of the highest grades of steel that are made
in large quantities, such as those used for armor-
plate, guns, and marine shafting, are made by this pro-
cess. Generally speaking, fluid compression is used
in connection with the open-hearth process, the Besse-
mer process being reserved for the manufacture of
the cheaper grades of steel in which the highest quali-
ties are not supposed to be so necessary. To this
grade, unfortunately, steel rails are supposed to be-
long, although the experience had this winter with
the use of Bessemer rails has proved that the present
methods of manufacture are unequal to the production
of rails that will stand up to their work. There is no
question that ultimately rails will have to be made by
the open-hearth process; but for some years to come
the demand will be so much greater than the capacity
of the open-hearth furnaces, that Bessemer rails must
continue to be made on a very large, though gradually
diminishing scale.

There is no question, however, that the quality of
the Bessemer rails could be greatly improved by the
introduction of some form of fluid compression; for by
its use it would be possible to get rid of much of the
segregation and all of the piping, the latter being, as
we have observed above, the most frequent cause of
rail failure. The Harmet process, as developed at St.
BEtienne, is designed to forestall the development of
defects in the ingot during cooling. The formation of
the pipe is due to the fact that the shrinkage of the
central mass toward the outer shell of the ingot leaves
hollows in the center. The wire-drawing effect in-
duced #y forcing the cooling metal up into the tapered
portion of the mold, has the effect of closing the al-
ready cooled external shell of the ingot, inward upon
the central mass, and causing it to close in at a rate
somewhat quicker than that at which the volume of
the metal diminishes. The process has already en-
gaged the attention of the Ordnarfce Department of
the United States army, and we believe that its intro-
duction into the rail mills of this country would go a
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long way toward the solution of the present problem
of broken rails,

SIR BENJAMIN BAKER.

The recent death of Sir Benjamin Baker has attract-
ed attention which is as widespread as the fame of
the great engineering works with which he was con-
nected. Everyone who has heard of the Forth bridge
and the Assouan dam is more or less familiar with the
name of this distinguished engineer, for, although his
professional work covered an exceedingly wide field
in bgth civil and mechanical engineering, it is with
the two sreat structures above mentioned that his
name will be most honorably identified.

As an engineer, Mr. Baker exhibited a happy com-
bination of the theoretical and the experimental, with a.
leaning, both by instinct and practice, toward the lat-
ter. His pre-eminently successful life proves that
there is no necessary antagonism between the highly
specialized finesse of the academician and the experi-
mental and practical methods of the man in the field.
His knowledge of the theory of his profession was
ample, as is shown by the fact that he was responsible
for the skeleton design, the strain-sheet calculations,
and the elaborate investigations of wind-pressure of the
great Forth bridge. He was gifted with an uncommon
share of that originality of method and independence of
tradition which enter into the make-up of the world’s
great engineers. He was prolific in experiments—ex-
periments, many of which were curiously crude and
humble in comparison of the majestic scale to which
the results were to be subsequently applied. Thus,
our esteeemecd contemporary, the Engineer, of Lon-
don, relates a characteristic incident in connection
with the discussion on the strength of dams, which
was started by the publication of the theories of Pear-
son and Atcherley, a year or two since. The story runs
that, after going into the whole theory very carefully
with Prof. Pearson, Mr. Baker went home, made a
mold, and having commandeered sufficient domestic
jelly, modeled a section of the Assouan dam, and sub-
mitting his model to water pressure in a trough, he
was able to study, broadly, the deformation on a
greatly magnified scale.

The merit of the Forth bridge lies in the comparative
novelty of the type and the magnitude of the scale
upon which it was applied. To bridge the two main
channels of the Firth of Forth, each wider than the
Bast River at the Brooklyn bridge, it was necessary
to devise some method of building the structure with-
out the use of falsework or scaffolding, and the canti-
lever, of course, was the type of bridge that lent itself
most readily to these conditions. The least dimen-
sions, however, which could be adopted for the two
spans, was 1,710 feet, which was more than twice the
span of the only large existing cantilever, the Sukkur
bridge, in India, and was 115 feet longer than the
Brooklyn bridge, at that time the longest suspension
bridge in existence. The problem, however, was enor-
mously complicated by the fact that the recent col-
lapse of the Tay bridge had resulted in the passing of
a law by the British government, demanding that a
unit pressure of not less than 56 pounds per square
foot be employed in estimating the wind pressure, and
determining the size of the members of future railway
bridges in Great Britain. That was twenty-five years
ago, and bridge engineers are well aware to-day that
56 pounds is just about twice as much as is necessary
in large bridges of this character. Sir Benjamin
Baker, however, was confronted by the requirement,
and it can be readily understood that the wind stresses,
figured on this basis, became the most important ele-
ments of stress in the whole structure, and rendered it
extremely heavy and costly. The work was taken in.
hand, and pushed through to completion without a
single hitch in seven years’ time and at a cost of about
twelve and a half million dollars. During the progress
of the work Mr. Baker carried out a series of experi-
ments to determine the nature and amount of wind
pressure encountered by long-span bridges, and his
results have been widely accepted and have formed the
basis of later wind calculations.

Mr. Baker was engaged on that other great engineer-
ing work, the Assouan dam, built for the irrigation
water supply of Egypt, as consulting engineer. Like
the Forth bridse, this is the largest structure of its
kind, the masonry dam being a mile and a quarter in
length, and the lake, which extends back 143 miles up
the Nile Valley, impounding 1,165,000,000 cubic meters
of water. Five years were allowed for the completion
of the work, but as the result of that harmonious col-
laboration of engineer and contractor which is common
in British works, it was pushed through with such
speed, that it was completed in one year less than the
contract time.

Outside of these two works, Mr. Baker was associ-
ated with the Blackwall tunnel and the Tower bridge,
London. He was intimately connected with many im-
portant railway works; he was one of the lay members
of the Ordnance Committee; one of the original mem-
bers of the Engineering Standards Committee of the
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