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THE NEW GRAND CENTRAL STArION, NEW YORK. 
In the editorial columns of this issue will be found 

a discussion of the fundamental principles laid down 
by the architects of the new Grand Central Station, for 
their guidance in determining both the internal ar­
rangements and the general architectural appearance 
of this great structure. The station building proper, 
together with the general offices of the company and 
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ing determined in every case by the structural engi­
neering necessities of the station. The southerly 
fa!)ade will stretch for 300 feet on Forty-second Street, 
and the westerly fa!)ade will reach for 680 feet on 
Vanderbilt Avenue. The building will extend 625 feet 
on Forty-fifth Street, 400 feet on Lexington Avenue, 
275 feet on Forty-fourth Street, and 260 feet on Depew 
Place. The southerly half of the building incloses the 
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height. On entering, the passenger will find himself 
in a vast ticket lobby, 90 feet in width by 300 feet in 
length. In the center of this building will be a long, 
oval structure, containing the ticket offices. To the 
right of this, and forming part of the main lobby, will 
be the outgoing baggage room. On the opposite side of 
the lobby the passengers will leave the ticket lobby 
through three main arches, corresponding to the en-

Frontage on 42d Street, 300 feet; on Vanderbiit Avenue, 680 feet. Height to cornice, 75 feet. Warren & "Tetmore and 
Reed & Stem, Architects. 

The New Station as it Will Appear from the Cornel' of Forty-Second Street and Vanderbilt Avenue. 

Restaurant. Ticket Lobby, 90 x 300 feet. 

Suburban Loop. Waiting Rooms. 
Grand Concourse, 160 x 470 feet. 150 feet high. 

Suburban Concour.e. 

Express Tracks. 
Suburban Tracks. 

LONGITUDINAL SECTION THROUGH THE NEW GRAND CENTRAL STATION, NEW YORK; SHOWING THE TWO TIERS OF TRACKS. 

the post office and. express buildings, will cover the 
blocks lying between Vanderbilt and Lexington Ave­
nues from Forty-fifth to Forty-third Street, inclusive, 
and the block fronting on Forty-second Street be­
tween Vanderbilt Avenue and Depew Place. The main 
architeqtural features are governed strictly by the 
ground plan, the dominant architectural elements be-

station proper, this portion extending as far north as 
the northerly side of the great arched roof, seen in 
the perspective view. The northerly part of the build­
ing is given up to the offices of the company. 

The imposing main entrance to the station on Forty­
second Street is composed architecturally of :hree 
massive arches. each 33 feet wide and 60 ["et in 

trance "arches, and enter a broad gallery, which runs 
around three sides of the grand concourse. The ticket 
lobby and this gallery, it should be understood, are 
at street level. From the gallery, passengers will de­
scend by fgur broad staircases, each 25 feet in width, 
to th e floor of the grand concourse, which, by the way; 
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boldness of the plan upon which it was so successfully 
carried through. In the first place, it is notable as 
l!ieing the �nlY double-track tunnel thus far built in 
America. The tunnels under the Hudson River and 
under the St. Clair River, and those now under con­
struction beneath the East River, in connection with 
the Brooklyn Rapid Transit lines, being single-track 
tunnels and of considerably less sectional area. The 
width of the tunnel under the harbor where it is lined 
with ribbed tile is 23 feet, and in the upper part of 
State Street and Court Street it is 23.67 feet wide. 
The height of the tunne.l from the top of the rail to 
the roof in the upper part of State Street and Court 
Street is 14.17 feet, and in the lower part of State 
Street, and under the harbor, the height is 17.3 feet. 
The excavation was done partly in open cut, this 
method being used where the tunnel lay near the sur­
face, and there were no physical or other difficulties to 
prevent its use, and partly by means of shields and 
compressed air, the latter system being used in the 
construction of about 4,900 feet of the tunnel. It is the 
latter part of the construction that is most interesting, 
because it was carried through by an entirely new and 
exceedingly bold method which, as far as we know, 
has never been attempted under similar conditions. 

When the b�rings for the proposed tunnel were made, 
it was found that it would pass through a stratum of 
exceeding I), fine bowlder clay; of a consistency much 
firmer and more reliable than is usually found in sub­
aqueous tunneling of this kind. Hitherto in such tun­
nels, where the shield has been used, among which 
might be mentioned the Blackwall tunnel under the 
Thames, London, and the tunnels under the St. Clair 
and Hudson rivers in this country, it has been cus­
tomary to use a completely circular shield, which is 
pushed forward by hydraulic pressure, the tunnel as it 
is excavated being lined with a heavy segmental cast­
iron lining, which is bolted together and grouted to 
render it perfectly water-tight. For a double-track 
road like this, however, the use of a circular tunn'el 
would have involved much more excavation than was 
really necessary to accommodate two lines of trolley 
cars, .. _ther.e being a considerable amount of waste 
space in such a tunnel both above and below the cars. 
The engineer, therefore, determined to take advantage 
of the firm nature of the material, and build the tunnel 
with a semicircular roof, perpendicular side walls, and 
a fiat invert. The irregular section that this method 
necessitated, made it impossible to use a shield in the 
ordinary way. Consequently, a semicircular half­
shield was used for the construction of the upper half 
of the tunnel, and the lower half was built by means 
of drifting, in the manner now to be described. 

Two bulkheads were constructed, one at each end 
of the central portion of the tunnel extending below 
tli� river, and these were provided with the usual air 
locks. The next step was to drift out two small tun­
nels, one in - the line of each side wall, and large 
enough to permit these walls to be built therein. The 
walls were built of concrete and carried up to the 
springing of the semicircular arch. On the top of the 
walls was laid a heavy trackway, upon which rested 
the ends of the semicircular shield. The shield was 
tjlen advanced by hydraulic pressure in the cus­
tomary way, the clay being dug out, passed back 
through the central openings, and removed through the 
air locks. The concrete roof, three feet in thickness, 
was then rammed in place, being temporarily sup­
ported on falsework, in the customary manner. The 
material lying between the side walls was then exca­
vated down to grade and the concrete invert was built 
in place. Except for a blowout, and one or two minor 
accidents, this very bold and original method of exca­
vation was carried through successfully. The' pneu­
matic pressure served to hold the clay in place until 
the concrete side walls, arch, and invert had been built 
in place and given sufficient time to harden. The bold­
ness of this scheme will be appreciated when we re­
member that at extreme high water, the bottom of 
the excavation was exposed to a head of about 100 feet 
of water, and that until the concrete shell had been 
built in and had set there was nothing to prevent in­
ward collapse, except the natural tenacity of the clay, 
assisted by the pneumatic pressure. 

The work presented many features of engineering 
interest, arising in some cases from the cramped loca­
tion, and in others from the fact that lofty buildings 
abutted on the tunnel and care had to be taken to 
provide against lateral displacement. To relieve the 
lateral thrust due to the weight of the concrete arch, 
�nd its superimposed load, a series of cross-tie rods 
with turnbuckles was let into the arch near the crown. 
These were so arranged that when the concrete had 
set, the rods could be removed. In some portions of 
the tunnel near the high levels, the structure was built 
with a fiat roof," the necessary bending strength being 
secured by (lmbedding twisted steel rods in the con­
c'r-ete-a method of construction known as reinforced 
concrete. 

In order to secure proper ventilation, an air duct 
was formed at the crown of the arch, extending from 
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Webster Street, East Boston, to and under the Ilarbor 
to the Atlantic Avenue station. It has a cross section 
of about 48 square feet, and is formed of a diaphragm 
one inch in thickness, made of metal and inclosed in 
cement mortar. This diaphragm is attached to the 
tunnel walls by steel rods and plates which are then 
'incased in concrete. At the center of the duct, midway 
between the two ends, is a partition which divides it 
into two approximately equal portions. On each side 
of the partition there are fourteen openings, each 4 
feet long and 1 foot 5 inches wide, formed in the fiat 
portion of the ducts; and at intervals of about 550 feet 
there are other groups of openings diminishing in 
number as they approach the chambers above the sur­
face in which the fans are located. These openings 
are fitted with doors which can be opened or closed 
from the tunnel below. Fresh air enters the tunnel 
from the portal at East Boston and through the station 
near Atlantic Avenue. This air moves to near the 
middle of the tunnel and then passes up through the 
openings into the duct, through which it is drawn back 
to the east and to the west, and leaves the tunnel 
through the ventilating fans located near each end 
of the tunneL 

Work on ,the tunnel was commenced May 5, 1900, 
so that the work has taken about four and a half years 
to complete. Its approximate cost is $3,300,000. 
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THE NEW GRAND CENTRAL STATION, NEW YORK. 
(Continued tram page 40.) 

is considerably the largest of its kind in the world. 
Its width is 160 feet, its length 470 feet, and the 
height from the floor to the top of the domed roof 
is 150 feet. The noble arched and domed roof of the 
concourse will extend entirely across the full width 
of the station building, a distance of 300 feet, or from 
Vanderbilt Avenue to Depew Place; but the concourse 
floor will be carried westerly under Vanderbilt Ave­
nue for a distance of 170 feet. Back of the concourse, 
and located under the ticket lobby, will be the main 
waiting room, which will have twice the area of the 
waifing room of the present station. Surrounding it 
will be several retiring rooms, telephone and tele­
graph booths, and the variolls utp.er_ cal! veIliliIlces of a 

modern station. Back of the waiting room will be a 
large restaurant, located beneath the broad approach 
to the station. Across the northerly end of the con­
course will extend the customary line of gates ad­
mitting to the express platforms. Beyond the gates 
will be located no less than thirty-four stub tracks, 
with broad platforms between them, the average width 
being about 16 feet, extra space being provided, in 
order to avoid

' 
the crowding which is such a trouble­

some feature under existing conditions. Of these 
thirty-four tracks, the westerly eight or ten will be 
reserved preferably for incoming trains, and the arriv­
ing passenger, on passing through the gates onto the 
concourse, will find himself opposite a large cab stand, 
and with conveniences right at hand for securing his 
trunk and driving away with it with as little delay 
as possible. In addition to leaving directly by cab, 
he has the choice of four other means of exit from 
the station; for he may pass by a covered walk directly 
to the Subway, or by a 25-foot stairway to the concourse 
gallery and so into the main ticket lobby, or he can 
pass out to Madison Avenue and Forty-third Street by 
a covered subway, or crossing the concourse, he may 
leave by another covered subway to Lexington Avenue. 
It will be understood, of course, that the thirty-four 
tracks extend the full width of the concourse, the most 
easterly track abutting on Depew Place and the most 
westerly on Vanderbilt Avenue, and this, of course, 
necessitated some careful engineer'ing work in. sup� 
porting above these tracks the immense weight of the 
northerly half of the station building, containing the 
company's offices. Care has been taken to so arrange 
the supporting columns that none of them shall inter­
fere with the passenger platforms. To recapitulate, 
it should be explained that the ticket lobby and the 
gallery are at street level, and the express tracks, the 
main concourse, the express waiting rooms, and the 
restaurant are at a level 15 feet lower than that of the 
street: 

The plans for tlie new station involved, as an 
absolute prerequisite to success, that the suburban 
travel should be entirely separated from the express; 
and it was considered that the best way to insure this 
was to place the suburban tracks below the express 
tracks and provide a suburban concourse, waiti:].: 
rooms, and other conveniences on this lower level. 
Moreover, it was decided that, with a view to further 
separating the two classes of travel, separate entrances 
and exits should be provided, so that the suburban pas­
sengers could enter or leave the lower level from the 
street or the Subway without meeting the long-dis­
tance travel. Access to the suburban tracks and sta­
tion is obtained by gradually depressing the two out­
side tracks in the entrance tunnel below Park Ave­
nue until ,they. reach the lower level. In the rush 
hours the suburban trains will pass into the 'ltation 
anG. around a loop which will extend beneath the res-
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taurant on the express level, the trains passing out 
again without breaking bulk. Toward the close of 
the 'rush hours, alternate trains will discharge their 
passengers from the series of seven stub tracks, which 
occupy the train space within the loop and in front of 
the suburban concourse. Trains will be stored here 
and ,in the station yard until the evening rush hour, 
wh,en they will be switched out into service again. 
Provision is made at the inner end of the loop for 
connection direct to the tracks of the Rapid Transit 
Subway below Fourth Avenue; and it is a fortunate 
circumstance that Mr. Parsons, the Chief Engineer of 
the Subway, by moving the two tunnels below Park 
Avenue over toward the curb line, made provision for 
this connection with the New York Central system, 
although, at that time, the New York Central Company 
was not disposed to consider any such connection. 

The suburban station is provided with a broad con­
course and with the necessary waiting room and other 
conveniences, all arranged on the lower level, and with 
separate exits both to the Subway and to the street. 
This station is, to all intents and purposes, absolutely 
independent of the express station above; although 
provision is made by means of staircases for com­
munication direct from the ticket lobby and .the main 
concourse to the suburban station. 

In conclusion, it should be mentioned that the ca­
pacity of the Park Avenue tunnel has been increased 
at least one hundred per cent by the great enlargement 
of the station yard. One of the most serious obstacles 
to a further increase in the number of passenger trains 
under existing conditions, is the fact that the storage 
yard for express trains is at present located at Mott 
Haven, and every express train that enters New York 
has to make the trip through the tunnel four times, 
twice in entering and leaving the station with passen­
gers, and twice in making the round trip to the yard 
for cleaning purposes. With the enlarged area of 
yard provided in the new arrangement, the storage of 
express trains will take place at Forty-second Street, 
and the tunnel will be relieved proportionately. 

The whole of the station yard will be operated elec­
trically, as will also the suburban trains on the 
New York Central, the Harlem, and the New Haven 
Railrdads: Suburban' trains 'will' be operated on the 
multiple-unit control system with motors on the 
car axles, and shorter trains will be run at more fre­
quent intervals. The long-distance expresses will be 
hauled as far as Croton on the main line, White Plains 
on the Harlem Division, and Portchester on the New 
Haven Road, by electric locomotives. It is expected 
that the local service will be in operation in frol}J. 
two to three years' time, and that the whole scheme 
will be completed about a year later. 
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The Cu .... ent Supplement. 

The current SUPPLEMENT, No. 1516, opens with a con­
tinuation of our correspondent's review of the Paris 
Automobile Show. His two articles, taken in connec­
tion with the Automobile Number of the SCIENTIFIC 
AMERICAN, which is to bear date January 28, will give 
the reader a most excellent review

' 
of automobile prog­

ress in Europe and America. Mr. Ambrose Swasey 
writes on "Some Refinements of Mechanical Science." 
Dr. O. F. Herz discusses at length the great frczen 
Siberian mammoth which he unearthed in 1901, in an 
almost perfect state of preservation. Splendid pic­
tures accompany the text. Prof. William Bateson's 
article on breeding and heredity is continued. Prof. 
G. W. Ritchey presents' another chapter on the "Mod­
ern Refiecting Telescope, and the Making and Testing 
of QIJtical Mirrors." In this .il1stallment he discusses 
silvering. Arthur Gulston's splendid discussion of ice­
breakers and their services is concluded. 

.... � .. 

Next Week'" Speciallt.utolDobile Issue. 

This is the season of the year when the prospec­
tive automobile buyer casts about him for a machine 
that suits his taste and purse. For several years the 
SCIENTIFIC AMERICAN has come to his assistance by pub­
lishing special automobile issues, in which the very 
latest types of cars, big and little, costly and cheap, 
have been described with a fullness of detail and a 
wealth of illustration that have been of immenE8 assist­
ance in such a selection. This year the SCIENTIFIC 

AMERICAN will outdo anything it ever before attempt­
ed in this direction. Next week's Special Automobile 
issue will contain forty-four pages, and will be larger 
than any of its predecessors. The subject of the col­
ored cover is a wild automobile ride through a blind­
ing snowstorm. 

Naturally, the issue will be devoted largely to the 
products of American manufacturers; but the foreign 
maker has by no means been forgotten. Commercial 
vehicles, novelties of the Autormobile Show, motor bi­

cycles, racing cars, automobile accessories, are also 
discussed. For the general reader extra pages have 

. been -incorporated in the issue, which pages are de­
voted, not to automobiles, but to the usual subjects 
described and illustrated in these columns. 
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