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steel armor in France. The efficiency of these two types was 
about equal. The former had greater resisting power, but the 
tendency of the steel face to flake off over considerable areas 
made it unsatisfactory. However, the two about held their own 
until 1889 when the introduction of nickel into steel materially 
increased its toughness and power of resistance, so that homo­
geneous riickel steel plates showed marked superiority over the 
compound type. Almost immediately thereafter, in 1890, the 
Harvey process was developed in the United States. The suc­
cess of this process marked the greatest advance in the history 
of armor, and it was soon adopted by all the naval powers. The 
Krupp process, which followed in 1895, effected an improvement 
over Harvey, though the principle of resistance remained the 
same. 

During all this time numerous experiments vvere made in 
the effort to produce novel types that would effect a saving in 
weight and cost of armor. Target structures of almost every 
conceivable description were made and subjected to ballistic 
test. There were homogeneous cast iron and wrought iron 
plates, and built up targets of every description, including sheets 
of metal bolted together and presented flat or edgewise; alter­
nating layers of metal and wood; of metal and rubber disposed 
in various ways, and of springs behind solid plates and between 
the laminations of built up plates. The targets were fired at 
vertically, and inclined at various angles. 

These experiments demonstrated the following general prin­
ciples: 

1. That, to be efficient, armor must be homogeneous as to 
mass, so as to concentrate the resistance. 

2. That armor should be rigidly attached to the structure, 
and that devices such as springs or rubber cushions do not acid 
to its resisting qualities, but are in reality a source of weakness. 

3. That inclined armor, designed to deflect the projectile upon 
impact, is more efficient for purposes of protection (when the 
angle of inclination is greater than the biting angle of the pro­
jectile) than vertical armor of equal weight, but when the angle 
of inclination is not greater than the biting angle, vertical armor 
of equal weight is more efficient. The introduction of the cap 
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has not altered this principle. Considering the plate as opposed 
to capped projectile, the biting angle is reduced to about 20°. 

2. Resistance of Face-hardened Armor.-Modern hard-faced 
supercarbonized armor is the logical development of the prin­
ciples of compound armor. With the advent of the modern 
armor-piercing projectile it was recognized that to be defeated 
the projectile must be made to expend its energy upon itself. 
In other words, the resistance must be so concentrated as to 
greatly reduce the velocity of the projectile in a short space. 
The ideal armor plate, therefore, would be composed of a metal 
homogeneously hardened so as to make it as hard, if not harder, 
than the projectile itself, and at the same time so tough as not 
to be shattered upon impact of the projectile. But this was 
then, as it is now, metallurgically impossible of attainment. 
Thus the idea of compound armor was evolved, which consisted 
essentially of a high-carbon steel face and a wrought-iron back. 
It was manufactured by casting steel upon wrought iron, the 
latter being heated and otherwise prepared to make as intimate 
a union as possible. This was a distinct advance upon the homo­
geneous wrought-iron armor, and compound armor was imme­
diately adopted by nearly all the leading powers. The limita­
tions of manufacture, however, made it practically impossible to 
obtain an intimate union between the two metals and so prevent 
flaking off of the steel plates, and caused the compound type to 
be superseded by homogeneous steel and homogeneous nickel­
steel plates in the latter part of the 80'S. Advance in the art of 
manufacture of steel enabled the manufacturers to produce steel 
of what was then considered a very superior quality. 

The application by Mr. Harvey of the well-known process of 
cementation to homogeneous steel plates quickly followed, and 
the result was the perfection of the compound armor principle, 
namely, an integral plate supercarbonized to a considerable depth, 
gi'uing an extremely hard, elastic face, bound together and sup­
ported by a tough back, having a minimum tendency to crack. The 
action is as follows: when the point of the projectile strikes the 
face of the plate, the hard inextensible surface does not imme­
diately give way, but there occurs an elastic or diaphragmatic dish­
ing, in diameter equal to about three times the calibre of the pro-
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jectile. The stress of impact is thus distributed over a consider­
able area, and the concentrated resistance works to suddenly 
stop the projectile and causes it to break up through its own in­
ertia. Krupp armor has exactly the same ballistic characteris­
tics as that produced by the Harvey process. Its superiority is 
due to its composition, which makes it susceptible to treatment 
that improves the ballistic qualities. For example, Krupp armor 
has a greater affinity for carbon than the manganese nickel-steel 
used in the Harvey process, so that although the cementation 
may be accomplished in exactly the same way, carbon will be 
absorbed to a greater depth in Krupp than in Harvey plates, 
giving a greater depth of hard face in the former and thus in­
creasing its resisting powers accordingly. Another point of 
~uperiority is a less tendency to crack in Krupp plates. 

In both Krupp and Harvey processes it is impossible to regu­
late the depth to which carbon is introduced or to increase that 
depth beyond a certain point. The reason of this is that the 
carbon is absorbed decrementally-that is, it begins to shade 
away from the surface, the carbon in each successive layer being 
absorbed from that immediately preceding it, so that the limit 
in the surface layer being fixed to retain the characteristics of 
steel, the depth to which carbon is introduced is determined by 
that limit. 

Theory of the Cap.-The introduction of the cap which is 
now fitted to all armor-piercing projectiles materially reduced 
the resisting power of hard-faced armor. For so simple a device, 
its effect is marvelous. It is efficient only against hard-faced 
armor, and it is a question whether its action has been satisfac­
torily explained. The 1110st plausible theory is as follows: When 
the mass, consisting of projectile and cap, meets the hard face 
of the plate, the latter is elastically dished and the resistance 
concentrated. The cap is strong enough to transmit the stress 
of impact, and at the same time the projectile proper is not 
stopped suddenly as is the case with an uncapped projectile; it 
continues to advance through the cap, its passage through the 
latter being comparatively easy, and when the point reaches 
the plate it finds the latter already dished, perhaps, to its elastic 
limit. The resistance then becomes purely local, and the effect 
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is similar to the impact of an uncapped projectile against a 
homogeneous plate, save the flow of displaced metal to the 
front which occurs in the latter. 

3. General Discussion.-The prime function of armor as 
applied to vessels of war is to keep out shell, and the qualities 
sought to be obtained are first, resistance to penetration, and 
second, a minimum tendency to crack. \Vith modern methods 
of securing armor the importance of the latter is not so great 
as formerly. It is, however, an element of weakness in that 
it makes the plate more vulnerable to the ,next hit, so far as 
resistance to perforation goes. 

The question of racking effect on the structure of the ship 
and on the machinery, main and auxiliary of the vessel is not 
now considered. Proving Ground experiments have shown that 
the shock of impact is dissipated by work on the projectile, or 
is absorbed by the armor plate and its supports. 

4. Method of Securing.-Wood backing is used for the 
purpose of insuring a good fit and to provide a sufficient length 
of armor bolt. It is being gradually reduced in thickness, and 
the tendency is to discard it altogether. In battleships of the 
Virginia class, and in subsequent designs, it has been given up 
for barbettes. It is not used for conning tower armor, signal 
tower, interior armor, or gun positions outside the casemate, 
except turrets. The four-inch side and casemate armor of the 
St. Louis class is being fitted without backing, the plates being 
disposed vertically, 8 feet wide and about 17 feet long, extending 
from the armor shelf to the port sill. 

5. Armor Bolts.-The following table shows the size of bolt 
for each thickness of armor: 

Size of bolt. 

1.5 inches 
2.0 inches 
2.4 inches 

'l'hicl>ness of armor. 

To and including 5 inches. 
From 5 inches to 9 inches. 
From 9 inches to 13 inches. 

Armor bolts are so spaced as to provide one bolt for every five 
square feet of surface, so far as the framing behind armor will 
permit, except in the case of 3-inch armor for which one bolt for 
about six square feet of surface is used. 




