
TURRET OF THE BATTLESHIP IIASSACHU8E1:'IS Ul'UIER 
FIRE. 

An experimental turret, representing similar struc­
tures on the United States battleship Massachusetts, was 
tested last spring under conditions such as will obtain 
in an actual sea fight, and we are now enablf'Ll to pre­
sent our readers with photographic reproductions 
which show how it stood the ordeal. 

The ballistic tests which are con­
tinually being made upon armor plate 
furnish very complete information re­
garding its ability to keep out projec­
tiles. There is not a battleship in any 
of the na\'ies of the wodd regarding 
which a naval expert could not tell us 
the powers of resistance posAessed by 
its armor, There are other questions, 
howe\-er, to be considered in addition 
to that of the mere resistance of armor 
to penetl'ation. The plate would afford 
but little protection unless it were well 
sUPPol'ted or .. backed" by the fram­
ing of the ship itself. Even if a shell 
should fail to get through, there is a 
possibility that it will drive the plates 
hodily within the structure 01 the 
ship, racking and distorting the skele­
ton fl'amework to which the anuor is 
bolted. Our readers will remelllber the 
test made late last yeal' of a structure 
representing the sides of the battleship 
Iowa, which was illustrated in the SCI­
ENTIFIC AMERICAN of November 9. 
The results showed that the frallling 
had ample strength to hold the plate 
up against the heaviest shells. 
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Interior girders, similar to those used for carrying the of impact above mentioned. A piece of the plate 
gun, were built in place, and 180 tons of pig iron were so above the point of impact, 33 inches wide, was carried 
disposed within the turret as to represent the actual away, and the roof plates of the turret were wrenched 
weights of the gun and gear. The weight of the com- upward to a height of 1 inch. The armor bolts were 
plete structure was 450 tons, and it was carried on uninjured and there was no movement of the plates on 
twenty cylindrical rollers of steel, which were prevented the turret. The whole turret was moved backward on 
from transverse movement by means of wrought iron its rollers for a distance of 1% inches. 

.. 

The second shell struck the turret 
at an angle of 7�o from the normal. 
This projectile penetrated 11� inches 
and broke up, the head remaining 
welded to the plate. The plate was 
craekf'd diagonally through the last 
shot holt' and through one of the old 
points of illlpact to the bottolll of the 
plate. One armor bolt was broken 
and driven into the turret. The ad­
joining east iron plate to the right 
wa, :slight ly displaced. The horizontal 
channel irons of the framewOl'k were 
buekled to thE' extE'nt of one inch. The 
splinter bulkhead to the left was buck· 
led to the extent of 3 inches. The tur­
ret itself was carried to the rear a dis­
tance of 7� inches, and was also turn­
ed about its axis slightly. There was 
no distortion of the structure considm'­
ed as a whole. 

It was fel t by the Bureau of Ord­
nance, however, that the experiments 
would not be complete until a test had 
been made of the armored turrets of 
Ollr battleships. The fact that the 
framework of the ship itself could 
stand the impact of heavy projectiles 
was no proof that the revolving tur­
rets, which carry the big guns, would 

INTERNAL VIEW OF SHOT HOLE SHOWING DESTRUCTION OF BACKING, 

The third shot was a Johnson fluid 
compressed steel armor piercing shot, 
silllilar to that shown in our last week's 
issue, but 12 inches in diallleter. It 
carried a soft steel eap and weighed 851 
pounds. It struck the plate at an 
angle of 210 from the normal, at a 
pomt about 3 feet from the left edge 
and 3 feet from the top of the plate. 
It will be noticed that the angle of 
impact was vm'y large, and when the 
shot struck the plate, instead of f(lllow­
ing- the line of fire, it turned sharp­
ly to the right and passeLi entirely 
through the plate on a line nearly 
normal to its surface. 

be equally secure. A slight deformation of the plates 
and beams of the backing, which would be of but 
little consequence. in the fixed sides of the ship, 
might interfere with the working of a huge turret, ro­
tating as it does on a circle of steel rollers, and having 
clearances of. only a few inches between itself and the 
walls of the barbette. Even if the structure of the tur­
ret itself were not distorted, it was possible that it 
might be moved bodily upon its supports, in which 
event the elaborate gear, hydraulic or otherwise, for 
turning the turret would be disabled, and the whole 
mass, with its two big guns, constituting one-half the 
main fighting power of the ship, become wedged in its 
seat and rendered all but uSE'less. 

It was determined to llIake a test of an experimental 
turret w h i c h  

FRAMEWORK, AND COVERING PLATES. 

wedges. The experimental steel plate was one which 
had already been used in experimental tests, and had 
successful ly resisted two heavy armor piercing shells, 
the points of which were embedded within it. In the 
present experiment three rounds were fired, as per the 
accompanying table: 

Gun ......... . 
Projectile • . . .  

Velocity .. _ . .  

Energy _ _ _ _  .. 

Round 1. 
10 inch. 

500 pounds. 

1,683 foot sees. 
9,829 foot tons. 

Round 2. Round 3. 
12 inch. 12 Inch. 

850 pounds. 851 pounds. 
1,701 foot sees. 2,000 foot sees. 

17,069 foot tons. 23,626 foot tons. 

The first shell, a 10 inch Wheeler-Sterling, broke 
upon the plate with a penetration of 972 inches. The 
point of impact was 14� inches from the top of the 
plate and 2 feet to the left of the second of the points 

The shot broke up in forcing its 
way through, the largm' pieces going through the 
covering plate on the rear side of the turret, piercing 
the backing, smashing off a large portion of the rear 
cast iron plate, and finally going into the woods behind 
the target. 

The destructive effect of the shot is shown very 
graphically in the accompanying illmtrations. 'fhe 
back of the ballistic armor plate was broken out for a 
diameter of two feet around the hole; pieces of the 
steel being driven through the turret and scattering in 
all directions. The backing was carried away and 
splintered; the plating behind the backing being fold­
ed back and wrecked over an area of 3� feet square. 
Rivets were sheared and flew all over the turret, leav­
ing their llIarks on the iutel'iol·. The channel beam at 

the rear of the 
should be prac­
tically, at least 
for the p u r -

r-------------�------------------------------------------------------��---------------------------------------, shot hole was 

p o s e s  of the 
test, a facsim-
ile of the turret 
of the battle­
ship Massachu­
setts. A solid 
foundation of 
piling covered 
w i t h hea v y  
t imb e r  w a s  
built, and upon 
this was laid a 
circular track 
01 wro u g h t 
iron p I a t e  s ,  
answering t o  
the roller track 
01 the Massa­
chusetts. The 
e x p e  r i mental 
t u r re t  w as 
about 27 feet 
interior dIam­
eter and 11 teet 
h I g h. 1 t 8 

f r a m e w o r k ,  
co n b IS ting ot 
vertical angle 
fr a III e s a n d 
h o rIZo n t a l  
channel irons, 
carried ten cast 
iron plates, 15 
Inches t h i c k ,  
and one steel 
test plate repre­
senting the tur­
ret arlllor of the 
Massach usetts. 

EXP.I!:JUJILENTAL TU.KRET OF THE BATTLESHIP .MASSACHUSETTS-EXTERNAL VIEW, SHOWING COIIPLETE 
111 INCH HARVEYIZED NICKEL STEEL PLATE. 
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ripped off and 
thrown across 
the turret. A 
Jagged hole, 7 
inches in diam­
eter, was torn 
through an ad­
jo i n i  ng deck 
b e a m .  T h e  
interior verti­
cal c o v e r i n g  
plates on the 
opposite s i d  e 
of the t u r r e t  
w eI' e pierced 
with eighteen 
h o l e s  a n d  
s h o w e d  nu­
merous d e e p  
g o u g e s  and 
scars caused by 
t h e  fly i n g  
fragments. The 
turret struct­
ure over an 
area of4square 
feet whel'e the 
shot struck was 

badly wreckpd. 
T II I' backmg 
on the rear Side 
w a s  wrfecked 
and splintered 
anrlthe15 inch 
ca�t Iron plate 
badly cracked, 
t wo l a r ge 
pieces of the 
latter b e i n g 
thrown to the 
rear, Ipaving 
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a triangular hole 4 feet high and 4 foot wide. All six 
of the armor bolts holding these plates were broken, 
and the plate itself was forced to the rear 9 inches 
on one edge and 2 inches on t,he other. This impact 
moved the turret 9 inches to the rear in a airection 
making an angle of nearly 8° with the line of the 
movement in the two previous impacts. It also re­
volved around its center to the left 
through an angle of 2°. The result of 
the test proves that the framing of the 
turret has ample strength to resist 
the heaviest strains that could come 
upon it under fire. The fact that the 
turret as a w hole moved as much as 
9 inches under the energy of the shot 
rai"flS t.he qUeIOt.ion of the -sufficiency 
of the means adopted to hold the­
turrets of our battleships in place. As 
at present constructed, the tendency 
to translation of the turret is resisted 
by the flanges of the steel rollers up­
on which it revolves, IIml it is esti­
mated by Commodore W. T. Sampson 
that these flanges present an ample 
margin of strength to resist the shear­
ing action to which they al'e subjected. 
When the 33,000 foot torn; of energy 
of a 13 inch shot is'communicated to 
the turret, a part of it is expended in 
piercing' or breaking up the plate and 
part of it causes the whole turret to 
move until the roller flanges take hold 
of the edges of the roller track. Ac­
cording to the last authority, the 
pressure of a 13 inch gun against its 
recoil cylinders when it is fired brings 
a strain upon the roller bearings far 
greater than they can ever experience 
under/the momentum of a heavy shot. 
Altogether this very interesting test 
establishes the excellence of the system 
of turret construction as carried out 
in our new battleships. 

J titutifit )mtritJu. 
early days when everything had to be determined by 
experiment, thus showing what to avoid. 

In London, Dr. P. L. Sclater, the executive head of 
the London Zoological Society, gave all the information 
and facilities for photographing that were desired in 
the society's gardens, and Mr. Clarence Bartlett, Assist­
ant Superintendent, explained the entire working ma-

At Hanover, Dr. Ernest Schat! fully explained the 
plan of foundation and management of his zoological 
forest, and supplied a plan. of the new and admirably 
constructed antelope house. At Berlin was found an­
other royal establishment, with the larger mammalia 
housed in ornat.e and costly buildings. The garden oc­
cupies Dart of the imperial grounds and it is one of which 

the citizens of Berlin may well be 
proud. Dr. Ludwig Heck, its director, 
became much interested in the New 
York plan, and his co-operation was 
heartily extended. At Hamburg an­
other very flne garden was inspected, 
in which all the shade is the result of 
ar.tificial planting. It thus affords a 
fine opportunity to observe what can 
be accomplished if sufficient time is 
allowed. The shade trees are now very 
beautiful, and at once impress the 
expert visitor as being remarkably 
well distributed to serve their purpose 
of shading both the outdoor animals 
and the walks. Two days were spent 
with Herr Carl Hagenbeck, who has at 
Hamburg a Thierpark of his own, 
quite as large as the Central Park 
Menagerie of New York. Probably no 
man living has given more study to the 
problems of zoological garden con­
struction and t,he care of animals in 
captivit.y, and Mr. Hornaday found 
him not only willing but eager to ex­

'plain the mistakes to avoid, as well 
as the latest developments in the care 
of animals. 

Referring again to the photographs 
showing the destruction wrought in 
t.he interior of the turret by the flyillg 

IlfTl!!BlfAL VIEW BHOWIRG PEIfETBATIOR AND DEBTBUCTIOR or BEAB WALL 
01' TUBRET BY lLYllfG I'BAG.EIfTB OF THE SHOT AND ABIlOB. 

The director of the very interestiug 
garden at Cologne, Dr. Wunderlich, 
was quite as ready with helpful in­
formation as his colleagues of other 
cities, anel some of the features of his 
establishment were found to possess 
exceptional interest. The Frankfort 
garden contains much that is new and 
admirable. Prof. Milne Ed wards, di­
rectoI' of the Paris Jardin des Plantes, 
also extended every facility for study 

fragments of the successful shot, it is evident that 
had the turret been occupied by actual guns and 
gun Cl'ew, the gun itself and the larger part of the crew 
would have been disabled. It is also noteworthy that 
successful penetration was effected in spite of the f8.(lt 
that the shot struck at a high angle of incidence, and 
there is no doubt but what it was largely due to the ac­
tion of the soft steel cap, as explained in our last issue. 

....... 

Plane for tbe Propoeed Zooloc1ca1 Park In 

New York. 

Last spring the plans of the New York Zoological So­
ciety reached a point where it became necessary to take 
up the many questions involved in the design and oon­
struction of buildings and other inclosures for animals, 
and also their arrangement in the pt'oposed Zoological 
Park. The executive committee realized the necessity 
of a thorough examination and study of the best zoo­
logical gardens of Europe. 

Accordingly, says Science, Mr. William T. Hornaday, 

chinery of this trulY'magnificent zoological institution .. and examination of this the oldest garden of Europe. 
At Antwerp the visitor is fairly amazed at the perlec- Regarding the status of a garden which, like this, is 
tion of all the larger buildings fot· animals aDd the-ex- free to the entire public, the experiences and ob­
treme beauty and attractiveness of nearly evet·y feature servations of Prof. Milne Edwards were both inter­
of that scientific esta,blishlllent. Dit·eC,tot· L'hoest and esting and valuable. He expressed the opinion that 
his assistant, M. J. De Winter, were untiring in their no zoological garden should be kept open every day 
willingness to afford all the infot'mation desired, and to in the week, principally because it is not best for 
show everything not open to general view. Only two the collections. 
and one-half hours distant is lound the beautIful gar- The store of photographs, sketches, notes and' plans 
d�n at Rotterdam, known to but few Americans, where collected during this tour are now being utilized in the 
Dr. Von Bemmelin pointed out with pardonable pride prelimin!l.ry plans for the New York park. It is pro­
the newest lion house in Europe, and the first great posed to determine the location and general design of 
flying cage ever constructed for the larger wading birds. every building and inclosure before the project is fin­
An equally short distance farther on, at AlDSterdam, is ally submitted to the city authorities in January, 
found a very rich collection, installed amId charming 1897. 
surroundings, in which the health and" condition" of The site selected by the society is the southern portion 
every bird and quadruped seems absolutely perfect. In of Bronx Park, about a quarter of a mile south of the 
the absence of Director Kerbert, Inspector Castens de- Botanical Garden. According to the charter granted 
voted hours of time to answering tlte question, .. How to the society by the New York Legislature In 1895, thp 
do you keep everything in such fine condition?" approval of this selection rests with the mayor and 

COlllllllssioners of the sink­
ing fund. 

I •• 

A. New Material for 

PJoo .... 

According to a French 
exchange, the name of 
" papyrolith " has been 
given to a· novelty in the 
way of a flooring material 
recently invented by Mr. 
Otto· Kraner, of Chemnitz. 
The artIcle is a speCIal 
preparation of paper pulp 
In the form of a dry pow­
der. This, when mixed 
with water, may be spread 
like mortar over stone, 
cement, or wood, where It 
drIes qUIckly and may be 
smoothly planed; besides 
which, it may be tinted 
almost any color, so as to 
adapt It fot· parqueting 
WIth variegated borders, 
or lor panels and mosaics. 
Among the ad\'antages 
claimed by the Inventor 
are freedom from crevices, 
non-conductivity of heat, 
elast.icity, and remarkable 
durability. 

...... 

the director, was instructed 
to visit all the large gar­
dens of Europe, examine 
them carefully, and bring 
back photographs and de­
signs of their most valua­
ble and interesting fea­
tures. He left New York 
In June, and visited the 
zoological gardern; of the 
following cities, in the or­
der named: London, Ant­
werp, .Rotterdam, T h e  
Hague, Amsterdam, Hano­
ver, Hamburg, He r l i n, 
Dresden, Leipsic, Frank­
fort, Cologne, and Paris. 
Altogether fifteen gardens 
were inspected, and their 
best features were photo­
graphed, sketched and 
studIed throughout. With­
out an exception, the di­
r e c t 0 j' s, supenntendents 
and inspectors of the gar­
dens visited were vel'y cor­
dial. Every fact asked for 
was cheerfully furnished, 
without the slightest heSI­
tation or reservation. Not 
only were good features 
pointed out as b e i n g  
worthy of special atten­
tion, but some officers very 
kindly indicated the mis­
takes that had been maOfl 
in their gardtllllS in the 

EXTBBlfA.L VIEW 01' BEAB WALL, SHOWIlfG DESTBUCTION 01' 16 IlfCII P LATE BY n&&IIBlIT 01' 

IN Germany asparagus 
is peeled before being can­
ned, by the aid of a spt-cia.l 
machine. SHOT WBICII PA88BD TBBOUGH TUBRET. 11 INCH GUll mOWR IN TKE DlaTOCl!!; 
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