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CHAPTER 1.

troduction.—1 Land Fortification, —2, Siege Artillery.—3. The Defence, —
4. The Attack.—5. Design of Works.—6. Continuous Lines.—7. Tem-
porary Works of the Defence.—8. Character of the Works as affected by
the Contour of the Ground.—9. Disposition of Works under various cir.
; .—10. Caleulation of Garrisons.—11, Determi of
. the
Armament of a Fortress. £

INTRODUCTION.

s

H s.ho:.rk is written to save Engineer Officers trouble.

This, it is hoped, it may do in two ways; directly, by forming a
ok of reference for details to those stationed where
Tse of construction; and indirectly,
Paration of the projects which have
¢ War Office, who would be much helped by their being drawn up

eement with the principles and practice gnized there.
© Decessity for a work of this nature was impressed on me years
B0 when first employed on the designs of forts. There was no
B
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information to be got from books of many details which must have
been used over and over again, and consequently much time had to
be spent in devising them afresh. ~ With the multiplicity of oceupa-
tions in the Corps of Royal Engineers it must constantly happen
that an officer passes years without having anything to do with
Permanent’ Fortification, and therefore without being able to keep
up his information at first-hand ; and yet considering the number of
our coast fortresses, of which there are over 40 already armed with
heavy guns and more in prospect, it would be strange if anyone
were to go through his service without being employed on one of
them.  Or again, an officer employed at one place on defences of a
certain class might be moved to another where he would have to
carry out works of quite a different character. In such cases the
means of acquiring the necessary information would be found

here.

one, and to this end several things had to be kept in mind.

The first was always to put down, as far as possible, how things =
actually are done, and not how they might conceivably be done &
better. Criticism is often tempting, and would probably, whether &
right or wrong, make the book lighter reading, but it is not of much
help to a man who has to build a battery, and who wants to knot:

such things as how thick an arch must be made to be shell-proof, ol

how to set his racers. For this reason references are often made to

War Office circulars.
The second was not to give long deseriptions of such things

modes of mounting guns which are not generally used, or which

involve much machinery, as, for instance, Dover turret or the 10
ton gun emplacements. The general principles on which such batteri
are laid out and adapted to the ground are those common to a
Their details must be worked out in connection with the designer
the machinery, and no one can have to erect them in a hurr

without opportunities of getting information. s

The endeavour has been made that this book should be a practical

3

Metz or Verdun. The fleet is the dominating factor in English
e = e

defence. This is spread over the whole world, and the defeat of a

portion of it will not render it possible to neglect the rest. The

. certainty of its interference within a short time, renders it

]ndls}.)ellsable for an ;Trmy which may have attempted an invasion
of this country to strike a rapid blow. This is incompatible with

" the slow operations of a regular siege. Our outlying fortresses
~are similarly sheltered by the power of the fleet. Malta and Gibraltar

might be considered exceptions, but there are local peculiarities
about them which render it \nnecessary to make great preparations
against a land attack. Of our three land frontiers, the Cape is

© practically not in contact with a civilized power. The Canadian

frontier is not fortified, as no army exists on the other side to attack
If a large organised force were to be maintained in the United
tates, it would undoubtedly be necessary to fortify it on the Con-
ental scale.  On the N.W. Frontier of India our only possible
itagonist would have too long a line of communication to bring up
flege material, in addition to men and stores. It will be long before
xfegcssary to make the works on this frontier stronger than
e in the rest of the Empire. The land works, therefore, which
e ‘here described, are considered to be suited to English use. We
nob.io!lowed the Continental engineers into the lavish employ-
of‘ iron Annd concrete, but have kept as yet to earthworks and
ile guns, ‘which appear to me at present to be sufficient for our
Trements ; and in the coast works, too, very heavy armaments are
ntemplated.
gl flt Tu“4 be pointed out that although events do move
¢ In fortification, yet, that this book will not necessarily become
3 )az;ejven for a long time, entirely obsolete, Many of the
escribed are of old standing, Many pages are transferred
Pe Lec.cures on Permanent Fortification, published in the
pers in 1882, requiring but slight alterations, if any at all,
Jears to come it will contain much information which will
tf_' X.n:my officers, and will at an y rate enable them to start
#nquiries from a later date than would have otherwise been

B2
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This sentence, from Colonel Hume’s Prsis of Tuctics, cleirly indi-
cates how we should study the general principles of L‘ortiﬁmtiou-
that is, as a branch of Tactics; and one which, like the Tuctic;
of an army in the field, requires change with each change in th‘e‘
. power of the weapons in use, and with each new application made of
them. ~ b
Deﬁnilinn of Fortification.—In fact, Fortification is the careful pre-
" paration of ground in such a manner that the defenders may use
- their weapons with the greatest possible effect, and with the least
terruption from the enemy. All the changes made in fortification
@we been the consequences of the improvements that have been
made in weapons.
It is the greatest importance always to bear in mind these princi-
ples.  Most of the errors of Engineers arise from their exaggerating

SEPARATION OF SUBJECT MATTER.

In arranging the subject matter of this book it has been thought
advisable to separate the consideration of Land and of Coast
Defences; for besides the difference in the character of the buildings
which necessarily follows from the difference of situation and of
ordnance used, there is an essential distinction in the principles of
their use and construction.

The permanent land works are only a portion of the general
scheme of defence of a place ; they are one of the means prepared to
assist the troops in holding a position; and they are usually
sist a variety of means of attack, directed with great

intended to
care on the exact point which the enemy may think is the most -

advantageous for gaining his ends. h jonial ba R %

advantageous for g 2 his e T 1 3 6 constructional part of fortification, while those of officers of other
Coast defences are carefully prepared positions in which to mount 28 ms come from their looking on it as an art somehow distinct fi

5 . - . > .ol e . 5 i stinct from

the guns, with which, together with submarine mines and locomotive & he tactics to which they are aceustomed. Fortification is a branch

torpedoes, the naval attack must be resisted. ~These guns and * tactics. D
torpedoes are the only means by which the attack of ships can be | Zarly Fortification.—Tn the earlier days of fire-arms, when their

met from the shore, and everything must be arranged to permit of & B o the e ot
their most efficient action. : in of the attack, by bnstiin‘:e:{)z (:lnsr:vvelx: R I;rge part of the

With land forts, on' the contrary, the defence may be complete glacis and covered way. elins, horn-works and
without any guns actually mounted on them firing a single shot, for : flective range of the S.B, musket limited the length of the

0 defence in the old bastioned systems.

tlzct of the Introduction of Rifled Weapons.—When rifled arms
mtroduced the terrain of the attack immediately developed
; the old system of outworks covered but a minute part
- Was at once felt that the advantages of extending the
the front were gone ; it mattered little being 100 yn:’ls or

in a siege it is desirable that the forts should remain quite silent,
the artillery fire being delivered from detached batteries. 2
Against coast defences a careful direction of the enemy’s fire
produce a breach is hardly possible, although the blows of individual}
projectiles may be terrific, much worse than anything that will b

;u?c with in a lau?d at‘mfck. Moreover a C(.)D.St work cannot be nmc‘ the enemy, when he could ruin all the works at 1,500 yard
by formal approaches ; capture by surprise, escalade, or storm, e d by the old outworks was no lon re;- 1 }dA L
possible, but it cannot be sapped up to. ? they Were, therefore, diminished or omittcéc’i :m;ﬂ nl:‘g
ts were introduced to meet the altered c(;ndition of

r_ development of the power of weapons has recently
~ ;uloth; Iun'm direction, and similar results must follow.
- T htiz aying th enemy by me:ms.of a material obstacle,
K e, P him under fire, no longer exists to such an extent
8 Y, since the accuracy and rate of fire have so much in-
Consequenhly ditches and escarps are now of lessered im-

branch of the art.
1.—LAND FORTIFICATION.

PRELIMINARY REMARKS.

same basis as tactics—arms and contour of ground.”



T

6

] n contact a great part of the effect would be lost.
* Aguinst steep parapets of the old pattern, delay-action fuzes would
be most effective, as the shells would enter without glancing,
Against casemate roofs covered with earth delay-action fuzes \vaul:a
be used, but if the concrete roofs bhe exposed rapid fuzes must by
employed in order to burst in contact. In this case the s‘he]ls 'm :
_ be strong enough not to break up on striking, . i
v It is said that the effect of high ex[)losi?cs is very great against
c'upol:xs for medium guns which are being used on tl;’e Conuig: t,
nding in and breaking the plates. b=
+ Accuracy.—In order to give some idea of the power and accurac
the? ordnance likely to be most commonly used in a siege, tabl, :
given below of the ballistic effects of ‘the 5-inch B. LB ‘of t}fs
inch M.L. howitzer with three different charges, of the t‘N—-ﬂ)ounnl B
M L., and of the 15 cm. and 21 em. rifled msrturs. The la’tter a::
extracted fl:om Qeneral Brialmont’s hook, Influence du Tir Plongéant
la erhﬁwlwn,. 1888. The 5-inch compares fairly withy the
.sfun, b;w Sldnch ‘Vif.l:l the 21 cm. howitzer (though the latter
_!5 ::wgu:;t : :x;ﬁ;ibc:j:mc), and the 64 pounder resembles the

We see, therefore, that before deciding on the proper mode of
constructing fortifications, it is necessary to have some knowledge
of the weapons and modes of attack in use, and of their possible
developments.

2.—SIEGE ARTILLERY.

Siege Artillery.—Siege trains consist usually of guns of about 6inches
calibre and under, of rifled howitzers of about 8} inches calibre
and under, and, in foreign armies, of rifled mortars of the same
calibres as the howitzers. The use of larger guns and mortars has
been advocated, and they would, no doubt, be used under some cir-
cumstances, but their employment would be limited to cases of real
necessity, owing to the difficulty of moving them, and, more
especially, of keeping them supplied with ammunition. The first
obstacle to their use might be got over by carrying them in pieces,
to be screwed together when wanted ; but the latter is the most
serious drawback. ; : : '

The guns are used for direct fire against opposing artillery, against
exposed masonry and iron protection, and with shrapnel against &
troops. >

The howitzers are used with indirect or curved fire, i.c., fire with
reduced charges up to 15 degrees elevation, against earthworks an
concealed masonry, and with shrapnel against troops behind para
_pets. When there are no mortars they would also have to be used
against casemate roofs. * 7 Z

The rifled mortars would be used with high angle fire, i.c., fire at’

B.L., Charge 1611 s., Projectile 500bs., Muz-le Pelocity 1,746 f.s.

| 5050 rounds should tall within.
Elevs Angle of A,
i Veloatr. 7o
elocity, Le.

Length., | Breadth. | Height. ¢

angles over 15 degrees elevation, against casemate roofs and mag e .
zines ; and, the smaller weapons more especially, with shrapnel® 0° 51 1y 220 4 -
against troops behind parapets. 1° 08 ) JA4l

All these weapons can fire shells charged with high explosives: } o 27 65 ‘79 1,204
either wet guncotton, pyrolixine, or melenite. The mortars in pa LRI F 233 90 194 L7
ticular use what the French call obus-torpilles, i.c., shell of about i i e S i % L
calibres in length charged with a high explosive. The use of sol o 1:36 1,073
high explosive in shells must in future he assumed as a matter 53 282 &
course. % o 3240

Projectiles can act in two ways—either by penetration or b e
burst; and in the latter case they can be combined either wit . %0

3 10°38' | 405

rapid or with delay-action fuz 3

Penetration would be used against vertical iron armour. - Th
burst would be used against sloping parapets, but with a rapid
fuze, since with a slow fuze the shell would ricochet before explodings

12°36' | 460
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8-inch R.M.L. Howilzer, T0cwt., Charge 114bs. R.L.G2, Projectile
1802bs., Muzzle Velocity 956 f.s.

A s 50 p.c. of rounds should fall within.
Siy | men. | 285 i R

Length. Breadth. Height.

B 17 138 32 79 880

445 512 201 52 184 858

6° 30" 16’ 261 2 336 829

8°16' 942 3211 98 550 804

10° 12 12° 24/ 380 133 843 779

12° 24/ 15° 26 « 435 175 12:00 759

14° 48 19° 0" 48'6 245 | 1680 739

17° 22 23° 2 529 340 — 720

20° 18" 27° 36/ 569 465 = 709

23° 44/ 33° 24 609 600 = 704

27° 42 40° 12" 644 740 = 707

8-inch R.M.L. Howilzer, Tewt., Charge T4lbs. R.L.G.% Muzzle Velocity :
770 fs. 3
50 p.c. of rounds should fall within.
Bt | piovtion. | 4788t T e vasmaning
Length, ‘ Breadth. Height.
1,000 5°12' 5° 54/ 111 49 114 728
1,500 87196 93 162 f . 79 240 700
2,000 | 11°8' 12° 30" a2 | 12 472 678
2500 | 1018 | 1628 249 J 151 763 657
3,000 | 182 20° 42 292 204 11°40 637
3,500 | 20°24' | 25°36° 340 270 1640 620
4,000 [ 212 | 34 380 360 — | a0

9

inch RM.L Hovitzr, T0cut, Churge 4blbs. R.L.G2 Musde

Velocity 556 f.s.

—

| 50 Pp.c. of rounds should fall within.
| Yards,

naty | e, | Aot | SRR
Leagth. | Breadth, Height.
‘

500 4° 36" I 4".70_ 41 34 337
1,000 10° 12 7"9() 83 142 522
1,500 16° 54" 114 126 345
2,000 25° 0 149 171 698
2,400 28° 56' 33° 12 175 207 11°50 486

64-Pounder R.M.L. of 64cuwt., Charge 12lbs., Projectile  901bs.

60 p.c. of m\ln‘d{!.:lculd fall within,
Rauge, - Angle of s ini
yarda, | Elevation. | GOEC S oo A
Length. Breadth. | Height.
|
|
500 - = - - - =
1,000 1° 36’ 15| 63 A7 2 =
1,500 4 | 7 109 7 ' 70 -
2,000 330 £42 | 174 112 | 1436 =
2500 | 56 636 | 2% 151 } 310 L
3,000 630 | 857 | 379 195 ‘ 588 —
3,500 85 123 | 517 257 1017 -
4000 | 1003 16°50° | 667 351 I 1610 AL

With the 21 cm.
fall within—

At 1,000 metres, 4ft. 8in. wide and 13 yards long.
52,000 12t - 27
» 3,000 21ft. 7 41

(8:24 inch) mortar, 50 per cent. of shots will

noo»
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fore be counted on. Its defects are likely to be want of penetration
and excessive spread, but there are possible improvements in the
shell which will tend to counteract these,

Penelration into 4, rmour.—Against wrought iron armour the follow-

ing rule of thumb is nearly accurate. A shot requires 1,000 feet
- velocity for every calibre of thickness that it has to perforate,
~ Thus an 8-inch shot must have over 1,000 feet velocity to perforate
an 8-inch plate, 1,500 feet to perforate a 12-inch W.L plate, and so
on.. Steel or steel-faced armour should have one-third added to its
kness to arrive at the equivalent thickness of W.I. armour. Thus
12-inch steel-faced (compound) plate will resist as much as a
16-inch W.I. plate.
' It is, however, very unlikely that it will he possible in a land
nzf.'m# to get a divect blow on armour. The cupolas used on the
Conhmem, are of such a curvature that projectiles from guns must
glance on striking them. They will have to be attacked E\vith high
- explosive: £

With the 15 cm. (5-87 inches) mortar, 50 per cent. of shots will
fall within—

At 1,000 metres, Tft. wide and 10 yards long.
» 2,000, 14ft. Gin. ,, T
,» 3,000, 29ft 6in. SE

The accuracy tables for B.L. guns must be applied with a certain
amount of discrimination. Against anything that stands up visibly
to be shot at, and which offers opportunity for correcting the aim
by seeing the results, the full accuracy may be counted on. But a
great many things interfere with good shooting, such as the weather,
the powder, and the nerves of the man who lays the gun. Conse-
quently it may be considered useless to fire at any small object, such
as a magazine, unless there be some means of judging of the effect
produced. Conversely it is very desirable to avoid marked outlines
and visible points in a work, and in every way to disguise its con-
struction, in order to put difficulties in the way of the enemy s
artillery.

The use of high explosives in common shell reduces the accuracy
necessary for firing against troops, for the shells are broken into
smaller fragments and these are projected with a higher velocity to
a greater distance than is the case when they are charged with gun-
powder.

Shrapnel.—The accuracy of shrapnel shell is of course the same
as that of other natures of projectile up to the moment of burst ;
after this the fragments follow trajectories of their own which are
more highly curved than that of the complete shell.  The angle of

opening may be calculated from the formula tan—1 97 where v is

enetration into Concrete.—The following formula has been found to
x 3

@ very fair results with heavy guns: P= where P = depth

’}'xmefmtiun in fe?t, .E= energy of shot on impact in ft.-tons, and
;hl;r’e of shot in inches. E may be found from the formula

There is a want of ‘data to g0 upon in the case of light

4

edium gu}:xs, but from a round with a 6-inch B.L. in 1880 it
appear that the constant instead of being -3 must be -2
tration was 12ft. 6in, " gphork5-
u]ts obtained at the same time with @ 6:6-inch M.L. gun fiving
00lb. shot at 145 yards range with 1,555 ft.-tons striking energ: n
Ittfau;x;g & maximum penetration of 8t. 5in., would give a v:sn1
of -25.

netrations into brickwork would be about the same as into

the velocity of the shell at the moment of burst.

There is a point concerning the accuracy of shrapnel which is
worth noting. It is that howitzer shrapnel is more difficult to burst
in the proper place for taking effect than that from a gun or from a |
mortar. The reason of this is that after the burst the bullets go on

with a different velocity to that of the entire shell and are subject to Gl
eal depends on the hardness of the surface
; ce presented to

different retarding effect. It follows from this that the laying ho Judging by analogy from the effects f h jectil
3 g, ¢ elfects of heavy projectiles, -

has to be different in firing shrapnel from what it is in firing common
shell. This difference is, however, small with a gun, because the high &
velocity carries on the bullets nearly in the same line, and is small®
with the mortar, because both projectile and bullets are m: nly unde;
the influence of gravity, but is large with a howitzer where neithe:
of these conditions operate. The use of mortar shrapnel must there-

etration into a wall built of hard stone masonry would be

“Or even less of what it would be into concrete as experi-

*¢ pon, and therefore the surface of concrete exposed to be
8hould he as hard as possible.

e n;biWIy moving pr(ojectilus of mortars and howitzers do not
- Y great penetration into conerete surfaces,

S —
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At Eastbourne in 1876 a common shell fired from a 10-inch rified
howitzer, weight 3551bs., range 3,000 yards, charge 111bs., elevation
32°, attained a penetration of 12 inches into a concrete roof.

The penetration of shells fired at angles of elevation between 40°
and 60° are nearly double those at 30 owing to the increased falling
velocity.

Penetration into Earth.—The distance to which the projectiles of

. medium guns will penetrate into earth is not a matter of much con-
sequence, since shells must be used to obtain any real effects, but pro-
jectiles of about 6 inches calibre may be expected to penetrate from
10 to 20 feet into steep parapets; the least into pure sand and the
most into clay.

The penetration of mortars and howitzers is of importance, as they
may have to act against casemate roofs covered with earth. The
shell from the 8-inch R. howitzer with an angle of descent of 33° 12
and a striking velocity of 486 ft.-sec. will penetrate from 15 to 20
feet of clay. “These distances would be decreased in sand. The
same ‘howitzer shell with a striking velocity of 921 ft.-sec. has pene-
trated 13 feet in sand on an average of several rounds. Against
clay the average was 19ft. 5in.

Very long shells (obus-torpilles) fired from the 21 cm. (8-24-inch)
mortar at an angle of 60° and a range of 3,000 metres penetrated
into sandy earth to the depth of from 13 to 17 feet.

.On the whole it appears probable that 20 feet represents the limit
of penetration of howitzer shells into earth.

Bursting effect of Shells.—The chief effect of shells which penetrate
into concrete is to shake and crack the surrounding mass. The
actual crater made by common shell of about 6-inch calibre is not
large as a rule, being usually from 18 inches to 2 feet deep and
about 4 feet across. The crater does not start from the bottom of the
tunnel made by the projectile, but forms a eonical expansion of its
outer end.

Shells fired from howitzers with low velocities, or at considerable
angles with the face of a wall, act against it entirely by burst, and tear
off portions of the surface. ‘As the wall begins to be roughened the
shells penetrate more and increase the size of their craters. The
larger and heavier the shell the greater the effect. It is probable

that high explosives will add greatly to the efficiency of this form of |

attack. -
Against earth the effect of the burst of shells is very variable, de-
pending on the nature of the material, whether clay or sand, and on

13

the angle of incidence, as well as on the bursting charge. A 6-inch
shell bursting in a clay parapet with a steep exterior slope has dis-
placed as much as 22 cubic yards of soil, whilst against a flat slope
of pure sand it wil! not move more than one-tenth of this amount.
An average of several rounds from a 6-inch B.L. gun gives a depth
of crater of 3 feet with a radius of 6 feet. The effect varies in pro-
portion to the bursting charge.  With an " 8-inch howitzer the

perimental parapet of clay 30 feet thick has been cut through to a
depth of 4 ft. 6 in. by the 8-inch howitzer in 13 hits, while a similar
parapet in sand required 21 hits from the same piece to produce
‘the same effect. The burst of a single 8-inch shell in the middle
. of the top of a traverse of 20 feet thick will not affect the side
~ slopes.
. From this it appears that individual shells will not do much harm
to an ordinary parapet, but that if the fire be fairly accurate. any
particular gun emplacement, the position of which is known, can be
pidly cut into, and the gun consequently put out of action.
Effect of Shells on Casemate Roofs—The effect on casemate roofs is
e to a combination of penetration and burst, and is of particular
terest at the present time owing to the introduction of high ex-
plosives. Formerly an arch three feet thick was proof against the
Lordinary projectiles employed in a siege. Now, such an arch covered
with 10 feet of sand has been penetrated by an 8-inch projectile filled
ith high explosive, and it appears that even an arch 6t. Gin. thick is
not sufficiently strong to prevent fragments being detached from its
“inner surface. Numerous experiments have been carried out on this
bject on the Continent, and some information on it may be found
General Brialmont’s work, Influence du Tir Plongéant sur lo. Forti-
tion, 1888,
. There are two ways of meeting the difficulty. One, which it is
nnderstood has been largely adopted on the Continent for
rengthening old works, is to construct over the casemate arch, and
arated from it by about 3 feet of earth, another layer of hard
onerete from 3 to 5 feet thick, this again thinly covered with earth.
he effect is to burst the shell on the-first layer and thus to diminish
aix:tensity of the effect on the arch, so that the latter is able to
st.  Experiments on a construction of this nature, with a 3-foot
- ?PPer layer of concrete covered with 3 feet of earth, have been tried
in this country with good results. It would probably be better to
ake the carth covering only 2 feet thick, as it hinders the shells
“ from glancing,

average crater will be 4 feet deep, with a radius of & feet. -An ex- -
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Another method which has given good results here is a roof of
railway bars, with 2 feet of concrete and 7 feet of earth over it—
the “ Twydale ” section. This resisted an 8-inch shell charged with
high explosive. Some of the bars were slightly bent, but nothing
fell inside. The shell was of ordinary dimensions fired from a
howitzer, so it must not be assumed that the roof would resist an
obus-torpille fired from a rifled mortar. The result was encouraging,
but on a further trial a breach was made. It is probable that with
3 or 4 feet 'of concrete it would have had sufficient strength. A
trial has also been made of “steel-decking,” covered with concrete.
The decking is practically corrugated steel on a large scale, the
corrugations being made of various depths from 24 inches to 74
inches and of various thicknesses, according to requirements. It acts
like a series of trough girders side by side, and is very adaptable to
circumstances. It was not so successful as the railway bar construc-
tion, more massiveness being apparently required in the ironwork.
It may, however, be taken for granted that an iron lining to an arch
is a good thing, and so also is a hard layer above an arch separated
from it by a soft one ; the best proportions desirable are at present
somewhat uncertain, but a thickness of 3 feet for each layer would
not be far wrong. i

The effect of the common shell of field guns against earthworks is
s0 slight as not to be worth giving particulars about. The projectile
for these guns is shrapnel, except against buildings. Field howitzers
will be used to supplement them where deficient. -

Rifle and Machine Gun Fire.—These are classed together as they
fire the same bullet, but against fixed objects machine guns will give
better results thun rifles at the same range. Consequently, the
machine gun is well adapted for firing at high angles into a fort,
though as a half-inch board will resist the bullet at 2,500 yards it is
not very formidable to the defenders. Such fire would, however, he
worth while resorting to before an attack.  Another use for which

the machine gun is well suited is that of keeping down the fire of an

individual gun by being laid permanently on it and opening when-
ever it shows signs of activity. #

Effective Ranges.—An effectual bombarding fire can be delivered
from a range of about 7,000 yards, which may be increased with
some loss of accuracy up to 10,000 yards; shrapnel fire may with
skill and care, and with good time fuzes, be used at a range of 4,000
yards; breaching can be effectively done at between 2,500 and 3,000
yards; high angle musketry fire becomes possible within a range of
3,500 yards ; machine gun fire is effective at 1,500 yards.
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3.—THE DEFENCE.

Object of Fortification.—Before treating of the mode of attack we
will proceed to consider how the object of fortification—which is to
aid in protecting a certain area of ground from the projectiles and
© presence of an enemy—can be attained, putting the detailed con-
struction of the works aside for the present.

Evidently the area must be surrounded by a harrier, which he
cannot pass without the expenditure of time and labour in breaking
through it, and this may be either a natural obstacle, such as a
precipice, or an artificial one, such as a ditch ; or it may be formed by
ensuring that such a heavy fire may be brought to bear on him that
he shall be unable to support it. Also it must be protected against
he long-range bombarding fire, and this can be done in three

1 r ol

. ing and b g a portion of the area
closed, which can only be completely done when it is of a limited
extent, as in the case of a fort.

ing the objects to be protected, the enemy may be forced to ex-
d an excessive quantity of ammunition with uncertain results if

. By extending the radius of the line of works, so that the
y's projectiles from outside them shall not be able to reach the

nd in all cases by bringing such a heavy fire to bear, that the
enemy’s batteries shall be entirely or partially silenced.
. It will be observed that the three modes of protection come into
y in the case of a large fortress : distance protects the nucleus of
_p]ace; the field force, which is necessary for the defence and
rhich must be kept near the front, is dispersed and concealed by the
ound ; the individual forts have bombproof cover.
ccupation of Ground.—We now come to the important question :
W should the ground be oceupied by the works, assuming that we
pable of constructing works that will effectually oppose the
ous modes of attack in use ?
e case of a small place is simple enough: a material barrier,
bly armed, may extend all round it. Medium sized places
Ty In treatment, and may be best 'discussed after considering
“k;:ﬁ fortress, the requirements of which may be more clearly
e

Worles of a Large Fortress.—The first point to take into consideration
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" silence.  From that hj] i g
thousands of yards; some yell l:r:ﬁ:lctt:f r:aur:su::l 1”\": I',lf g
 force him to take it before advancing un\'afurther » O'\ lthm.e '
B hould say : “That gap of 4,000 or :"),Oob yards in‘cw A')m cnilcr
need not l)(.z filled up with Permanent fo, .Lian’s 3 i H.l." Wl
re that \V{ll take days to silence, giving me I. 'tl'b e i
frengthen it with fild works;” ors «Tt Joads g horpa 12
‘ 3 ads ching ;

ey:y “oulhll?(v)t be .hettered if he got there, for he \vou;:ingx;dtha
or;;ok{o: and would be compelled to go back again.” %
e ino: .,m:gg:mil are varied.—It will be seen that the works re-
ol I;'Drtmss are of a varied character, as they have
! diner mnok;]e((,:ts: some being intended to provide for direct
B b na:.aome for.close, some for long range fire -
g o b lalmue obs_zructxuns which need give no ﬁrz at a]lf
iaring 10ld out against the attacks of the enemy to f,h,
'y last ; some not likely to be subjected to a close atmuk}at all :

is that the fortifications of a large fortress must be pushed out to a
distance of some 7,000 yards from the town or arsenal it contains;
that is to say, if it is an inland fortress the circumference to be de-
fended will be something over 25 miles, and the problem is how to
strengthen this line, so as to assist the garrison in holding it.

Now a continuous line of ditch and parapet carried round, while
being costly and often difficult to construct, would usually be too
strong in some parts and too weak in others, and would also require
retrenching, so that passing it at one point should not at once in-
volve the loss of the whole. Moreover, this arrangement does not
take enough into account the power of the weapons of the defence,
which are sufficient in themselves to prevent the enemy moving over
any ground open to a fire which cannot be silenced.

The works, therefore, need not be continuous, and they should de-
pend for their efficiency, mainly, on the fire which can be delivered

from them.
A Siegeis a Battle Prolonged.—Now a siege is just a battle pro- &

longed to weeks and months instead of hours, and the ground is a
carefully prepared battle field. ~For the operations are similar: the
preliminary artillery attack to break down the defence, the approach
of the infantry from their first position-to that of the enemy, and the
final attack, are all reproduced in a siege, with the differences of i
creased time, of more careful arrangements on both sides, of more: tefences that j;
powerful pons, and of a few additional ones, such as mines. ) advance losf :l):: :,:?ﬁlllizely fn elc ogsary, '1"here are usually
How then is a defensive battle field to be taken up ? = Not with a ould much retard the en, =l efence, which, if held for a
continuous line of men in equal numbers all along the front, but With a strong garrison emg S operations, but this can only
with men most concentrated on the points from whence they can! for other dt;i;iencies horh‘y & nblfa commander, who can
best deliver their fire, or on those which it is easiest for the enemy ith a numerous garrison, c‘]‘; i skill.
to attack ; the keys of the position strengthened by field works ;¢ e l'mpm'tance, as the Fie‘ld ; Ha{‘kmg ﬁ.re of o works ia of
positions found from which the artillery can act with effect, and ¢ interyals between the fo, :O:“—rﬂmt 2 e the troops which
batteries thrown up there for the guns; obstructions placed where With the assistance of teu: = l')ll]d be well able to protect
they will not interfere with the movement of the troops of the d 8Ing of this kind must hay P]m‘l") “’O‘I‘ks_ Probably some
fence ; and the ground cleared for firing over. 3 orks with hardly an ﬂe ke‘ the Germans to build long
All this has to be reproduced in a fortress in a permanent for irect, fire, 7 Hanks. . They are only suited for

and with that added strength that can be given to permanent struc

f:;ncslr:; of indifferent quality, the works require to be
B wemt,o,g:e.tbcr, SO as to give more mutual support,
b first clu‘ss troops, and obstructions may be

k will be thrown on the field force.
iy fe] ardly necessary to observe that
Hety s uif te» are never likely to be numerous,
) ¢ troops ikely i
og: 1s not likely to be at all homo-

tures. r
One should look at the ground with the eye of a General, so-

speak, and say : “This is the key of the position, and here must ]
my strongest work which the enemy will be forced to attempt
capture. There is the point from which my heaviest guns shoul
fire at his batteries, and I must build a battery there which he

L
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us, but made up of Regulars, Militia, Volunteers, and Reserve

geneo
fighting qualities of

men, and though there is no doubt about the
any of them, yet it would not be safe to trust much to a field force
of such composition until it had time to get organized.

This would be the condition of the home fortresses; the large
places abroad would probably be worse off in the way of numbers,
Dbetter off in the quality of the troops; small places everywhere may
be deficient in both.

Luckily the defence of a detached fort is a job which is suited to
the English characteristics; it is something like commanding a ship,

and the isolation of works, which other uations look on as one of the -

defects of modern fortification, is likely to bring out the best
qualities of our men.

Nature of English Forts—We are thus brought to the conclusion . ]

that English forts should be well provided with flauking fire ; that each
should be strong in itself, not dependent on external aid, and that
they should be somewhat more numerous than theory would de-
mand, considering the power of the weapons only.

Number of Works required for a Place.—Tt is obviously impossible |
to lay down the number of works required for a place of given cir- |
cumference, as it depends entirely on the conformation of the ground ; 3
but the minimum number required in any given case is determined
Dy the consideration that they should be sufficient, in conjunction 3
with any Field Force allotted to the place and likely to be found -
there on the outbreak of hostilities, but without any intermediate !
temporary works, to prevent the enemy marching into the place

without having to silence any of them.

This for a fortress is the equivalent to the making a fort secure
sgainst escalade; it ensures that the enemy shall not capture it |
before there has been time to prepare for him, and we thus arrive
at a principle on which the minimum number of works necessary’
to be constructed in a permanent form for the defence of a p]nce

may be determined.

Any works in addition to the number required for this plu-poet;

form a preparation for resisting a siege.

With a given sum of money with which to fortify a place, the
fewer forts there are the stronger each can be made, and it is a saying
that still holds good that a *small fort is a weak fort,” so a multi-]

plication of works is to be avoided.

The works built in the first place will naturally be the key forts |
and the flanking forts ; that is, the forts which occupy points which
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;n; tactically important, and the retention
: !;iu,c:;.;:d- th.e fort§ which, by their position enabling them to

g portions of the line, can sweep them with an eli'“a' d

thus prevent the enemy passing. a ke

In addition to these thy .
ere may be points well sui

. i .. . ol i

'l.;m:m:}dhor saliency for delivering a fire on the enemy'; afrom ‘i‘lf’"

ul ‘:;tuf could hardly be occupied in a t;mpomry ;Iﬂ":a“ o

account of a heavy fire that could be brought to bear on :l: o

: em.

by permanent works, designed so that

silenced.  Such positions are not

of which is vital to the

.tthe \;se of howitzers for curved fire gives ¢
of sites for them. Permanent batteries wi
e~ o Shen eries will, however, be built in
s m the enemy, and the guns directed by observa-
Occasiona
g mnc::;:o::elly,'to;, places are found over which it is most desirabl
o my should not pass, but which are not suited for ﬁx'ina
g ;I)ermnnent o'bstacles may be formed. These four fo ]
ane,‘%l:llu;e”th'e various permanent works that should be bﬁi,
el Ia eries.—But a great deal of the work of the defenc .
A5 g):x ar siege must be done from temporary batteri 3
ucerspots as may become suitable during its progr::s
permanent but strong and, if possible, concealed wor]:
; Just try to realize th iti ;
> c e condi
y Ir::sf:l;:)fd r,hx_a type in vogue up to the present tin::‘::te‘;ft;:
kb ed his breaching and counter batteries and opened
onditis i
ion. of @ Fort under Fire.—Tn the first Place you cannot see
They are a mile or -twi
y 0
w.oods, or hill-sides; all that can bs“:i“it
light cloud of smoke every now and then
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the parade from a machine gun somewhere in the trenches, firing
at a long range and high angle. . 3

As to the fort itself, one can see from the caponier that the escarp
is beginning to get knocked about with the fire of the heuvy L before.
howitzer shells, and the roof of the caponier itself has had a 'Hl.l! hit
or two. The face of the parapet is decidedly out of shape, especially §
where a howitzer battery has begun cutting a way into one of the §
gun emplacements ; that must be stopped, if possible, and the Ly |

up at night.
ﬁ“Iex;lsidl;, the l[;mmde is all holes and heaps of rubbish from exploding
shells, and all favourable slopes have been taken advantage of by the
garrison to build bomb-proof shelters. )

Now, is there any good in attempting to work guns in such a place$]
if it can possibly be avoided ?

At a later time in the siege, when the attack has got much closer;
up, it may be necessary for the fort to fire occasionally with light! !
guns at the approaches, as it may have some cm..nmnud over them
which the ground outside has not ; but in the mllddle period of thelf}
attack, when the enemy’s works are still some distance off; there sl
no good to be got from working the guns ?'n the very hott'es |
place of all when they will be equally effective if removed.from it

Intermediate Batleries.—The besieged, therefore, should dls_pose thet]
guns for resisting an attack in batterics thrown up in the interva
between the forts.

patterns, or will

A further advantage thus gained is that, in addition to the breachs$ ,ﬁis not necessary here to do more than recall to min

ing and counter-batteries for firing on the forts, the enemy x\:ill ha ¢
to provide counter-batteries to subdue the fire of the f){xtly}ng bate
teries of the defence, and to expend additional ammunition in do
it, thus increasing his transport requirements. Ay

Also, the difficulties of doing this will be added to by his ignorance
to begin with, of the exact position of' th? temporary batteri
and by the power of changing their position if he does get th('-: -

nge.
mr\%e see, therefore, that while the guns in the forts may be used
the first period of the attack if there are no others moun
and in the last period of the attack because the fort may then he
best place to fire from, yet in the middle period the guns should}
as far as possible outside. A

This, of course, does not apply to works which are constructed
places which are eminently adapted for guns for direct fire,
where the position of the battery is necessarily defined and must

lockade,—Tn o
ces, but wi]]
on. «

known. In such a case a permanent work, with

it that can give security to the guns, should be built, and the guns
worked in it. This is the third class
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all the devices in

of permanent work mentioned

. The intermediate temporary batteries will either be of the usual
siege type, armed with guns m

ounted on siege carriages of various
be arranged to snit guns worked on railway trucks.

Disposition of Armaments.—In our large fortresses the armaments
have been arranged in accordance with these principles.

The flank guns will all be mounted, and also some of the guns on
the faces, as a “ready ” armament to meet any attempt at an assault,

nd to hinder the operations of the investment,

* The remainder of the guns and all the rifled howitzers will be
ept in the fortress, with their siege carriages and platforms of various
Ppatterns, ready to be moved out to the intermediate batteries when
the place is prepared to stand a siege.

4—THE ATTACK.

he Altack.—The methods of the attack have not been materially
anged by the introduction of rifled guns, although the area
ered by it has been enlarged according to the power of the
pons, in the same manner in which the fortresses have been en-

d the general

tures of the operations of a besieger, as, for instance, they are
ibed in Major Fraser's R.E. Prize Essay for 1878 on the
of Forlresses, and in the writings of the numerous authors
m he quotes,
posed in order to meet the improvements in weapons. Then, in
de!’ing the designs of permanent works, all the forms of attack
ich they may have to meet can be provided against.
odes of Alfack,—Thero are five modes of attack—

and to mention some of the modifications since

1. Blockade.

2. Surprise.

3. Assault by open force.

4. Bombardment.

5. Regular siege.

blockade the besieger will not meddle with the
keep out of range of the guns and entrench his
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If any attempt is made to delay the investment or to break the
line from within, it must be done by whatever force may be avail-
able when a sufficient gurrison has been left to secure the works
against assault.

In a fortress occupying a positi
the power of moving out should, a:
cautions must be taken against bl
chance of breaking it. The works
command the country a long way i
communication about the interior of
and it should be so arranged that the
interior cannot be seen from the outside.

Surprise and Open Assault.—Surprise and open assault are those
forms of attack agai
in security ; it is the great advan
whose ditches are seldom of much use as obstacles,
entirely from open parapets.

An assault would most likely be undertaken after the place had
been invested, and some siege works
so that the besieged might be occupie
fortress ; also, that the assaulting party mig]
advance at a very long distance ; and that,
might still be in a position to check the enemy,
the operations of a regular siege.

Probably a preliminary fire of artillery would
injure the works, more especially their flanking defences.

Open assault has been advocated
attack, to be made at the earliest possible opportunity ; that is to sa,

the attack should be made on a

oceupying a position in the field.

succeed against small places, which woul
which they could not adequately reply,
sufficient garrisons,

against a siege. This ‘might very well be the case with some of o

fortresses.

free,” and when uninjured, capab)

on of strategical importance, where
s far as possible, be retained, pre-
ockade, or there will not be much
should be so placed that they can
n advance, there should be free
i the fortress and to the front,

le of defence by a small garrison.

These modes of attack are notlikely to be adopted against a strong |
garrison ; nevertheless, the works should be prepared to resist them3

and surprise must be continually guarded against.
Bombardment.—Bombardment is a mo
undertaken hurriedly, and while the investmen!

e movements of troops in the 4

nst which permanent works should always be -
tage they possess over field works, |
and whose fire is

and intrenchments constructed, §
d along the whole cireuit of the =
oht not have to begin its
if repulsed, the besieger §
and to proceed with |

be employed so as to!
lately as a preferable means of
fortified place as against troops |
1t is very possible that this might 3
1d be enveloped by a fire 108
and against places with in

or those which had not prepared themselves

Tt is essential that their main works should be «storms

de of attack that can b
t is still incomplete

* but it is one which i§ not lik

ut ' ely to have much effe
cm'-[hpo;:ld:mon, who may be frightened by it in:ﬂ‘wt’ e
onI e Commandant to surrender, £ LRI D
t might be met either b rtie i

t ¥ a sortie, if i
able, or by returning the fire from the lell-te::sqhooem;’u'gh br?ops i
cover and letting the besi waste thei e
they like. S e e
Regular Siege.—A re; i
E gular siege is the f

=i i g e form of attack whi,

:ﬁ:: w?zkis a.ll;e designed to resist as long :1,5;:n‘:-f;jl;)ewmc?1 "'bﬁ

- gubi'ected sl;.s lowever, one to which our works are m?to Sﬁibllﬂ
B ,pm]:n pointed out in the introductory section of t;'y
B i th"‘n;.'xiryr opt;mtmns might be carried out, but :i

oy :

ey pproaches would get beyond the first artillery

Jnvestment.—The o i
i = perations
commenced with cavalry and li;;:)tulﬁl.ln

4

.hegin by the investment,
illery, and completed by all

as possible by the occupation of

ts some distance in advance of the live of works, and thus to

the cos i
»wulzgx:r:fz:.?t ofbthe siege works. These points would hav
g en, but a very determined resistance is ]
Hmbegen he x)l]ofenders’ side it would be a sort ofnnt .
ion, vhich the troops are Ve i,
1 Tb:h;specas:‘ without im:lu'n'nl;s too ;ﬁ:sic:ggs pramad R

rations of the invest: b
oo ment, however, be und 4
S orfs::g:mke some of their advanced posts :;);&ﬂowd»
g ::guac J:zsty_ assa]zlt, and to require pounding ::i:l‘:
5 n, in which i
or]:;é t,}“}lmmn o defenc: case they may be considered
Y, though, the defend ok
¢ ers will be dri i

under the protection of their heav; ;unnvse::)ﬁ(w‘:in o ‘hﬁy
on the

tks, when their ot
the place, Posts may be as far as 1,000 to 1,500 yards

¢ of Investment.—’

; The attack wil
g will now form the i inves
e :nll be entrenched with outposts in f: e e
Tho oxc, nearer than 3,000 yards to the works prLai
Mo t}ms;zon' will depend upon the nccident‘s of the
¢ guns of a fortress have an unrestricted ﬁe,lﬁ-r Of“hr‘ld
eld of fire




24 25

it now, before the fire of the forts has much diminished, and
while a good deal of ground in front of them is still held by the
defence.

It has been pointed out that a great advantage would accrue to
the attack if fire were opened from the guns of the first artillery
_ position, immediately after the completion of the investment. To do
80 would require careful organisation and a good deal of work to get
the siege train up to the front, but it would probably catch the
defence unprepared, and might render dismounting many of his guns
being mounted. It should

up to the limit of their effective range ; there is “]"’f"‘t u'lwuys some
features of the country within that range \vhi911 will give cover to
the assailants, and from which the real attack will commence. This
should be well known to the defenders, andlthcy may be nb‘lg to
annoy the besiegers, and, perhaps, to delay their operations, by firing
at points where they are likely to have men con.centmted, or where
the communications may necessarily come into view. )
Preparalion of the Siege Works—At this stage of the proceed_mgs
there is likely to be a cessation of the fonyard movement fuf- a time,
while the besiegers are strengthening their position, preparing their
plan of attack, and bringing up their siege guns and matériel. They
also have to provide shelter for the troops, to comp]ete‘ the com-
munications round the place, and to arrange the artillery and
engineer parks.
mﬁ‘l}:lieisl;.he time at which an assault is likely to be attempted, if
made at all. If successful, a great deal of ?bis lahour would be
saved, and the defences are not likely to be in such good order as 2
they would be a little later ; for the bq{sleged should profit by this -
lull in the operations, and improve their works, and construct any
fresh ones that they think desirable. Any b?mbunlment pre.hfm
nary to an assault would have to be made with ﬁe.ld and position
guns ; the use of such guns for that purpose would give the besieged
a hint as to what might be expected. s
At this period of the siege both sides would be reconnoitring, =
and field observatories and captive balloons Wl)lll(% be used. b
There is no doubt that the use of captive halloons will b.e much.
resorted to in future sieges. Works of the modern type, thl? long ]
flat slopes, will be very visible from a balloon, a!though admirably
adapted to concealment from points nearly at their own level.
First Artillery Positin.—If an assault be 1_1(3& ma@e, or be unsuc- =
cessful, the batteries of the first artillery position will now be con- -
structed. These may be about 3,000 or 4,000 yards from the place, |
and will be first used to bombard the defences, so as as toredur':e the:
amount of their fire. As these batteries will generally be hidden }
from the defenders during their construction, they can be camfu].!y
built ; and it will be worth while doing this, as many of them wﬂl b
Temain in use to the end of the siege. 3
It is not improbable that a sortie in force would he n.mde_ from .the
place at this time. The destruction of the completed siege !)ahtenes.
and rendering useless their armament, would be an o‘)lect \w:ell
worth attempting, and there would be un advantage in domg

' Driving in the Outposts of the Besizged —Under cover of these
batteries of the first artillery position, the attack will push back the
defenders to within effective musketry range of their works, say to
om 800 to 1,000 yards, the troops establishing themselves in shelter
trenches, or behind any cover that they can find, which would not be
meh if the ground has been properly cleared.
It is probable that a sort of rude system of approaches and
llels will grow up during this advance ; trenches would be thrown
p along the most exposed parts of the communications, and the
elter trenches and rifle-pits oceupied by the outposts will form a
lerably continnous ring. .
* The light artillery of the defence will probably find opportunities
usefulness during this period, principally in firing at the enemy’s
00ps when uncovered or but slightly protected. It would avoid
jury from his heavy artillery by its mobility. It would not, as a
e, be used within the forts, as they at this time are made the
8pecial objects of the enemy’s fire, with a view to silencing them.
At this stage the further details of the advance can be settled, and
“ must now be definitely directed against those forts which it is
sired to capture,
" Asarule, in attacking a chain of forts, it will be necessary to take
and to silence the two that flank them, in order to make a gap
Sulliciently Jarge for Penetrating to the attack of any interior works,
Vith forts at large intervals it may be only necessary to take a

Against, the forts which it is intended to take, a system of parallels
approaches must now be directed, which will be continuous or

according to the nature of the ground.

_Ftrst Parallel, —The first parallel will be about at the limit of

med musketry fire from the works, suy hetween 700 and 1,500
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yards off. If the defenders have been able to hold any works
pushed out in front of the forts, they will force the pmj‘xllcl to })e
opened by so much further off from the latter ; but the besiegers will,
of course, endeavour to deprive them of this ad\'uut:}gc by atF:z.cks
on the outposts, and by artillery fire from the first artillery position.
Still it will be difficult to drive troops out of musketry trenches made
only 200 or 300 yards in front of the forts“

The first parallel will be made by flying sap for the sake of
rapidity, for the besieger will conceal both the time and the place of
its construction ; the time, by attacks on the pickets of cln'a defence
on several nights previous ; the plu{:e, by these attacks being made -
at various points besides the one decided on for .the approaches.

The defenders will find it very difficult to discover thest? opera-
tions, but as they must have some idea of when tlle are likely to
come off, they will then redouble their efforts to find out'\vb:n: is
going on in the enemy’s lines, by scouts, by spies, u.xd by illumina-
ting the ground by various means at nxghb, The discovery of the
parallel actvally in course of construction would ‘enable !:hem to &
inflict great loss on the beseigers’ covering and working parties, and |
might even necessitate a change in the plan _of m:tack.A :

The construction of the first parallel will be facilitated by the 4
shelter-trenches and rifle-pits, which must have been made by the

ts.
0“%:: parallel having been made, it will be connected by proper

aches with the rear. 3
apg:)par protection must also be provided for the guard of the
trenches, and a good deal of it must be bombproofs or covered
trex:hszs«;n as all this is completed, it will be almost hopeless for any
sorties to be successfully made against the frontAof the}l parallel, but
they might be directed against the flanks, which will have to be

crease of range would be valuable. It will he necessary to mount
 the guns on some form of disappearing carriage, if indeed they can
. be brought up into this position at ull.

The besieged will probably endeavour to meet this fire with light
Pand QF. guns, brought out for a short time from under cover; and
with curved howitzer fire from some retired batteries.

The latter will have to be searched out, and réplied to, by howitzer
fire from the first artillery position.

In conducting an attack against one of the Continental fortresses,
argely provided with cupolas to protect the guns, it will be a matter
f great importance to minimize the size of the works to be executed
front of the first parallel. Tt will probably be difficult to silence
e guns within the cupolas, but their value to the defence can be
duced by giving them little to fire at. The armour piercing
er necessary for the guns of the attack must be obtained by
sing heavier weapons at the longer ranges, rather than by bringing
hter guns up closer.
gainst our present works there would be no necessity for a
nd artillery position at all.
¢ ddvance from the First Parallel.—The besiegers must now en-
bvour, as soon as the enemy’s fire is sufficiently subdued, to carry
ir- approack up to the p of the work they are
ng, 80 as to be able to bring up the men in safety to the
ult of the breach.
is will be done by parallels and zigzags, executed as far as

by common or flying sap, and afterwards by regular

Ahe most advanced approaches will be either ordinary double saps
ort zigzags, 5o that progress may be as direct and, consequently,
Tapid as possible. T -

© excavation will have to be deep to get cover against the
ts from wall pieces and curved fire from distant batteries, and
Y even be necessary to resort to mining, >

ill be necessury to blind portions of the trenches, so as to
overhead protection, and to obtain sufficient traverses for
mainder.  Steel sap shields and such devices will have to be

retired in echelon. 3 :

Second Artillery Position.—When the first parallel ha’s been made
as complete as is wished, the batteries in the second artillery position
may be taken in hand. They would be about 1,500 yards from the
fortress, and most probably covered by the first Parallel. They:
must be few in number, for the difficulty of protecting the' guns at
such a short distance will be very great, and, besnles,. most if not all
their work can be done from the longer ranges.  Still for countes
battering parapets, and destroying the gun emplacements and bomb-
proofs on them, the increased penetrative power to be got by a de-

the difficulty of this part of the work will be greatly increased

£ Use of high explosives in shells, against which hasty works
. be made proof with difficulty.

Vanl bea great thing for the besieged at this time if they can

E—————
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get a light gun into action, as it must stop the sapping. It is pro-
bable that some of the Q.F. guns will in future be employed under
these circumstances. The rapidity of their fire, the ease with which
they are worked, and the small number of men they require, make
them particularly suitable weapons.

Similar weapons will be used by the attack to keep down the fire
of the defenders.

Crowning the Counterscarp.—If there be no countermines, the crown-
ing of the counterscarp will be completed by sapping the escarp

breached by artillery fire from a distance, and the ditch approached
either by galleries down to and through the counterscarp, or by a =

ramp formed by blowing in the latter with a large charge. If there
be no revetted ditch, but instead a broad band of obstacles, they will
have to be removed by some means before assaulting. It might be
simpler to envelope the work and to storm the gorge.

War of Mines.—If there be countermines, which there most

probably would be, the trenches must stop short of the defender’s
~ galleries and the war of mines will commence.
The besiegers will either fire very large charges to destroy the

_“forming a hasty lodgment over them and firing charges at the
bottom of shafts sunk from it.

Whatever method be adopted, the war of mines is nearly certain 2

to end in favour of the besieger, though it may be much prolonged
by a skilful defence.

Destruction of the Flanking Defences of the Ditch.—On arriving at =
the counterscarp it will be necessary to deal with the flanking de- 8
fences of the ditch ; if these be counterscarp galleries they will be 3
mined into from the back ; if a caponier, and it has not already ¢
been breached, it may either be blown up by a gallery carried undeér §
the ditch ; or smothered, by having the counterscarp blown in upon

it ; or may have the end wall blown in. This may be done cithe

by carrying a blinded gallery across the ditch to it, and thus placing
a charge, or by means of guncotton laid against it in the open, as

soon as the ditch is accessible to the besieger.

If it consist of turrets for Q.F. guns, their foundations might be
laid bare and cut into by howitzer shells from a distance. 3
No form of diteh defence can last long if the besieger can break

through the counterscarp close toit.

‘countermirnes, and to form lodgments from which to make a further
advance, or they will attempt to cut off the defender’s galleries, by

—Before the works for crossing the diteh are completed, §
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ne or two breaches should be formed in the escarp if one exists.
They should be from 30 feet to 60 feet wide.

- With good rifled howitzers and careful firing they could be made
either from the first or second artillery position, but the first allows
of larger charges being used and enables higher terminal velocities to
" be obtained with the projectiles, and is also more secure.

* Assault.—The breaches having beén made, the descent into the
ditch completed, and the flanking defences destroyed, the assault
must be delivered, preceded by a heavy fire from all the guns to
clear the heads of the breaches.

Further Operations—The work having been taken will, if a de-
tached fort, become a base of operations for a further attack against
the enceinte, which, if the latter be strongly constructed, will have
to be carried out in a similar form to that already described.

5.—DESIGNS OF WORKS.

: Before discussing any further the disposition of the fortifications
tround a place under various circumstances, it is advisable to con-
gider in some detail the nature of the works that would be built; and
a fort in a key position should combine in itself all the possible
qualities tl{nt a fort can possess—since it must be secure against
n assault; must be able to use any guns it possesses effectively,
h at lon.g.nnd short ranges, both to the front and to the flank;
in ﬂdmun, must contain secure accommodation for its garrison,
unition, and stores—the design, therefore, of a good key fort
st exemplify all the requirements of the other classes of permanent
ks, and in describing one most of the details necessary for all
Il be described at the same time.

g

DESIGN FOR A PERMANENT WORK.

b hﬂﬂ been stated in the introduction that the intention in this
18 to describe such works as are actually constructed, in order
the information given may be of practical use. Unfortunately,
the case of permanent land forts, it is necessary to abandon this
e, as t_here is not that conseusus of opinion on the best form to
thhllch there is in the case of coast batteries. This is due to
f‘ having been so little construction of land forts in England of
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late, while a great deal has been done in the way of coast works.
Continental practice has not helped us much, as the works there are
intended to meet a kind of attack different to that to which ours are
likely to be subjected. In many cases iron has been largely used in
a manner which all are agreed is unsuited to our requirements.
Having, therefore, no examples to go to, I designed a work which |
might serve as a type of the most powerful class of fort that we might |
require. This was submitted to the criticism of various officers whose
opinions on the subject carried weight. Their views, however, were |
generally so unfavourable to many of its details that it was perfectly
clear that it would not do as a model of what would be acceptable in
a design. Still, there was nothing to take its place, and as I held to %
my own views as to several of the points in dispute, it was doubtful %
what was the best course to pursue.
Finally I decided to reproduce a drawing and a short description
of a certain infantry redoubt, which is a work that everyone admits
is the starting point of all our modern designs.
Then to give my own design, with notes on the points in dispute.
It will serve for a warning, if for nothing else, but I am sanguine
enough to think that in some cases my opinion may eventually pre-
vail. Tt will at any rate serve as a collection of drawings of details
of fortification out of which bits may be picked to compose into othe;
designs.
Lastly, I propose to give a drawing of a fort for the same site,
which will represent to the best of my ability the views of my critics. 2
Conditions Governing Design.—It is considered that the following'
conditions govern the design of English land works : — 3
1. A fortress should be looked upon as a series of positions for
troops, strengthened by works, surrounding an area to be defended. ®
It should not be considered as consisting of a ring of forts, though it =
will often assume that shape. The former conception puts the be at about 5,000 yards interval, an effective fire of
troops in their proper place as the primary factors of the defence, d of shrapnel up to about 2,500 yz’u‘ds from them w0 u]l:ln;)s.
and it gives greater freedom of design. o3 nt, but it is desirable that tht’ay should be able to fi h‘t’ b:
2. The points of tactical importance should be occupied with: E ranges. At the Voginning of  sioge, moreover, the % m“p
works strong enough to secure them against any attack likely to be y works in existence, and they sl’lould tber’efor (;7 et
made. What this attack may be varies according to the locality, efending the fortress as well as ther;xselves inex:li ?dm}l)lw
and, consequently, the works should vary in strength. ; S86assault. The forts should, therefore, contain artill i
3. The four forms of attack on a fort besides blockade are sur- 1o the fron, ' 3 AT
rise, assault, bombardment, and regular siege. I8 stron ly denied ¢ e i i
F Against surprise the safeguards are watchfulness, a material § ® should neg;er be anybgu’:: I:X thIeth:rfsn :i]zl: T:d bsylt,llmm th}? S
obstacle, and the power of resistance with a small garrison. and that a]] artillery x:im at all stages of ;hepat&(;:xsh};t:;:l tb:

A' Against assault the same ; together with the power of developing
" a heavy fire over the near ground. This, at the present day, me:m:
the power of utilizing a large number of rifles and machine :71’ms.
Against bombardment secure bombproofs, and forms of sonstm@
tion not Liable to be injured in a manner which may be difficult to
Fepui. o s
3 Aga_u..:st regular siege the same; together with the power-of resist-
actively the various stages of the attack by sorties, artillery,
sketry, and mines. Only the two latter means are esscmiall};
ected with the fort itself.
regu]n.r siege, carried out with heavy guns and all other
liances, is most unlikely to take place against an English fortress.
: The faarher stages might, however, be entered upon with the aid
position artillery, field howitzers, and mortars, in order to test the
ower of the defence. The attack would, of course, be pushed home
he !:wter proved weak, and it appeared likely that the affair could
pidly concluded. 3
The guns a.‘nd howitzers intended to oppose the batteries estab-
ed as a preliminary either to a bombardment or a regular siege
be plnced in the intervals between the forts. iy
unhzfas from ten to twenty times the length of front that
L be available if they were put into the forts ; enables the guns
‘par?ly, and the howitzers completely, concealed ; and reduces
: aimed at the forts. Directing the fire, however, becomes
difficult, afld as the forts will oceupy ralient and commanding
ns, and will be the objects of the attack, this directing shou]r:i
@ from them, and means should be provided for carrying this out.
b is useless for a fort to occupy a position tactically of impor-
_the defence, unless it can make its influence felt over the.
fINg country against troops in the open. Assuming that the
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delivered from the intervals. Though I do not agree to this, it m?: #
be seen from paragraph 4 that I should move them out at an early =5

i siege. f 1
pc%ﬁe(:t‘uh::j cbhe desirability of putting the guns'in the forts_, these &
conditions would be very generally agreed to. Itis not certain tha‘c
the first would be accepted by everyone, but I am convinced that it ;
i ight way of looking at the matter. )

: g'lzh:igt}ll:smn)ding this :grecment on the main prin‘ciples mvol\:efd, k.
it seems, at present, impossiblf, to design a work .Whlch shall satisfy

everybody. Consequently it is proposed, as said be_afm;e,' t,fo rf}x]ve f
three designs, which will at any rate form a basis for further

V' Se e
de‘]zlj:zi!;;nltiadwbt. —_First for the infantry rc(lgubt. The }Iescr;p- 3
tion of this is extracted from the paper on Sc'mz-Pm‘mam;nt vn{m;{ rIy 3
Redoubts, by Major G. R. Walker, R.E., which appeared in Vol. XI5
of the Professional Papers, in 1885. 3 ) 3

«The conditions to be fulfilled were considered to be :— -

¢(a). The’ greatest possible development of Fmskeu:y (inclus bx :
machine guns) fire from the redoubts, combined with the ey
possible obstacle to assault, efficient cover fo.r the defenders, and the
minimum exposure of the work to distant view and fire. -

% (). The maximum amount of protection for the ba'.t.cnes..o.u
side, both by musketry fire from the redoubts, and by the provisiol
of an obstacle sufficient to protect them from assault.

«The fulfilment of condition (a) was sought for by :— ;

«1. Tracing the redoubt in the form of a long and narrow oblo
with the corners rounded off; ch? length, in any particular case,
be adapted to the proposed garrison ; the whole of the mpe
unencumbered with guns, being. available for musketry fire; tb :
width so designed as to afford, in pln‘mj as small a mark as possi]
to the enemy’s fire, while allowing sufficient space ff)r the' bomlbproo
required to shelter the g:u-rison.' The section given in Pafte ;
shows the least depth that is considered suitable. The cover 'O‘;x-j]

rrison, constructed as shown bel}e:\th‘the pm'ru,dos, is prim: ‘

intended for the shelter of the men in acuon., but it also affords cov .
from the inclemency of the weather. In winter t}u} cnsemat:isl 11‘1)? v
be temporarily closed in rear with any materials which are availal ‘
and stoves might be added ; but no attempt ly\s been mudc.t-(;l[;;)t\;x le
permanent barracks fitted with all the requirements ‘of civ 5 e
The troops would, as a rule, live in tents, or otherwise, outside ,
work, in rear, and the work need only be fully manned when attac!

* was anticipated ; and as, for such a position, an outer reserve would
 be indispensable, this arrangement would present no difficulty.

* 9, The profile is arranged so as to get rid of all dead spaces in
he ditch, and to bring the material obstacle to assault under direct
fire from the parapet, while effectually covering it from the enemy’s
Lartillery fire. The section will show that this is done by prolonging
superior slope of one-sixth to the front (in the form of a glacis),
until it reaches a depth of about 10 feet below the natural level of
ground, and by placing in the ditch thus formed an iron palisade,
ving the counterscarp at the natural slope of the earth, and con-
ucting a small glacis to increase the cover for the palisade. Inside
work there is a good shelter behind the front parapet. The
ados, which is of the same height as the crest, and has a gentle
in front, affords cover to the bombproofs, which are protected
inst high angle fire with iron rails, two feet of concrete, and about
five feet of earth; the rear parapet is kept as low as is consistent
gith its obtaining a view of the ground in rear, in order to make the
it of the protection afforded by the parados.

e command of the whole work is reduced to the minimum,
tent with the defence of the ground in front by musketry fire,
the object of rendering it as inconspicuous as possible.

e fulfilment of condition (b) includes :—

. The protection of the batteries by the fire of the redoubt. On
li8 point it is only necessary to say that their defence, supposing
imum development of musketry fire from the redoubt to be

, depends solely on the full exposure to fire from the redoubt

batteries themselves, and of the approaches to them, and is,

re, simply a case of judicious adaptation to the ground for a

ite.

The protection of the batteries, by means of an efficient
against sudden assault, seems to be of sufficient importance
d, not only the preparation of field obstacles, as far as
possible, when the necessity for defence arises, but also the
on in front of the batteries of the iron palisade proposed for
ubts, and this more especially in positions where natural
es do not exist, and the means of creating abatis, etc., are
it hand.”
complete scheme for oceupying the position where this redoubt
d includes the use of two of them, each about 300 feet long
lly, placed 1,350 feet apart from crest line to crest line, with
nken battery for guns and howitzers between them. In this
; D
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form the defence is strong as the ground lends itself to the arrange- &
ment, but it is undoubtedly a defect to have to divide the garrison &
of the position into three separate parts.

The weak part of the design is the absence of any protection for the
men at the parapet against high angle shrapnel fire from howitzers
or rifled mortars. Light traverses, which would check the disper-
sion of fragments from shells filled with high explosive, could be
easily added.

If the redoubt be used as an independent work it is defici
length of parapet as compared with its exterior perimeter. It would
seem quite possible to push an attack to the crest of the counterscarpy
in the same way as against any field position, keeping down the fires
of the defence by the superior quantity of that of the attack. On
arriving at that point some could descend into the ditch and clear$
away the railing while the fire was kept up over their heads. It

s.azi,;f_\-iug these requirements results in o *“unit of pa i
3 ”f“g thc.se units together so as to command the uece»‘s’ ‘”é’(’lti “."d
tillery fire results in the main parapet shown in the‘ Iu§ i
As much mllsl{gtr}' parapet as possible is added L\l)) Ll:: “units,”
d a small cartridge store and a shelter for men and stores plag s,l
ow. The centre section of the Pparapet amd the shoulders, :'c)el
left, are devoted to musketry and machine guns e
€ main parapet acts on the ground outsiade L’he crest of the

mb:y s;en t,h;t Emn;; variations of the organization of the

a ¢ made by changes in the conditi,

sétion and slope of the ramp, op i b ot

c amp, or the dimensions of the trav

: L ] X erse.
x:vler to have a parapet inconspicuous, and difficult to injure b
tiles, the external slopes are made very flat. - 4

er Parapel.—In front of the main parapet, below its line of fire,

1 pa s

certainly necessary to have additional obstacles on the glacis. ust above the crest of the gl s
i i i i 1 h - e gla e cetry

shallow ditch with }o; w1}t|le band of bz\lflbed wx}:e entan:i,llement ence of the ditch, The s]ou ‘F”f is the “}“bl\ﬂtl} Pparapet for
beel'l advocated. This, owever, woul not. e so well protects Bottom of the ditsh i 'pe in front of it runs evenly down
against ;hell fire, and might be crossed without being actuall entanglement, withiy i Tlff’t““’d by an iron palisade with

destroyed. 7 b ' 1s parapet allows of
7t disignad forDortamd il Nexs! vomes wy o il o etn!t) :fcx:l:xs:m:ry and machine gun fire in case ofa z:: ;};::Jﬁ

s Flen 66 » 3o} 5 ¥ . ni i =

a fort, and as I dislike “type” forts, which are suited to no plact > e brdor f:) agl:n i:sofb:}l:;gp II;“;:H]::;IO edw;n 3: lche end of
ng defended by a small

particular, T have adapted a design to the ground at Darland Hi Bt
gt o Mgt e e o B R ; ! added’ nThor other Teasons, six 6-pounder Q.F. Nordenfelt
varied contour, thus introducing several conditions to be met. : Aiso thz: gh‘ms w‘l“ﬁﬁre i e wile
il i, U . shrapnel fire is effective up to 2,500 yard:
s I¥, V. o VL Sl i esnnec Sl 'I:Jizha?;ord & means of commanding the groux’xd be{weesr:
requiring a development of flank five, the work is deeper from front the glacis, efs?nflﬂl Wb g Aoy
to rear than would be desirable were it forming part of a li ’a;":d:? Wi ; P E“fﬁﬂie’;’uy
achine i
A guns from the main Pparapet, and they
ound, 3
i:m!:;eguns are shown mounted in small steel  tourelles,”
Norden? ]nnd about one foot, six inches high, designed l;y
- e ﬂ:et ?L?mpun‘y'. Being so small, they can :msily be
e fsaul to be proof against field guns.  “Dis.
e 1 or the 6-pounder QF. guns were originally
e Sim;sllgn, bl(;t the others have been substituted for
er,
. s and also can use a longer and, therefore,

flatter curvature. :
Main Parapet—The form of the fort is mainly governed b
organization of the main rampart for artillery. It is arran
four 5-inch B.L. guns on 6-feet parapet lattice-girder siege carriag
These guns would be, preferably, mounted on HP. siege ca
they are introduced into the service. Each gun is provid
space for a double-decked platform giving 90° training, with
traverse on its outer flank, and with a ramp at 1 in 7.l
straight from the pivot to the mouth of a casemate made for il

The height of the parapet is such that a man in the ct

geul gun,
5 nsider thut 5 satisfactory

awithout “tourelles ”
e 6-pounder QF.

strong modern fort can be

ception.
of some pattern for guns of about

of the road in rear of the rampart is protected from shot
straight over the crest at a drop of 1 in 4.
D2
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-~ regular siege or a determined assault.  There is room for about 750
riffemen on the banquettes, but it is not supposed that all the
parapets would be manned at once,
Armament.—The armament would consist of :—
Four 5-inch B.L. guns on lattice girder or on H.P. carriages.
Six 6-pounder Q.F. guns in “ towrelles.” =
Twelve Maxim machine 8uns on parapet mountings.
Objections to this Fort.—The objections made to this fort were
\numerous. Among them were the following :—
. That it is too strong.  As one of my critics remarks :—« This
ign is fund 1y wrong in ‘ption, since it does not take
e British Navy into account,” Tt was certainly intended to be as
. strong a fort as we are ever likely to want, perhaps more so than is
actually required at Darland Hill, but it would have been made
" much stronger if it were not for the British Navy.
That no gun should be in the fort except, perhaps, in the
nks. This has been already discussed. This opinion is not
ersally held. I have seen a recent design for a fort with more
in it than I should like to put there. Y
That, anyhow, the guns are too heavy, This point is certainly
to discussion. Heavy guns were chosen in order to overpower
) enemy with superior weight of metal ; but lighter ones would be
ore mobile, and would” probably fire faster. The introduction of
ege disnppenring carriages would be in favour of the heavier guns,
t. That a considerable length of parapet, about one-fourth of the
Rhiole, is lost in the traverses necessitated by the heavy guns. The
is true, but there is plenty left, and when the guns are taken

The communications with the “tourélles” form bombproof shelters
for the men allotted to the defence of the lower parapet. Lo B
Diich.—A revetted escarp is not used, nor a demched' w; 9 :t F |
their place is taken by a railing and enmnglemex!t. .It is t&'-Ju'f %
that the value of masonry is not commensurate with its hiZos 3 xm
easily injured, and if flanked requires special works ﬁ;: t! A]'purp e
only. The ditch is a shallow one, intended to cover the Tmlmtg,gn ;
to form a way of communication for guards and pickets, ;n( 0 te a
starting point for mines if reti’uire(L Ths c:nt:: part of the counter-
i helter for men and stores. :
SCC;‘;P clz\:x:;":;la;s i: sx::u-ried round the crest of tl‘xe glncis. T}u's
would serve as a patrol path, and as a shooting line 1?’ wxsh:dl.‘ fltrx:
not intended that this should be manned by the garrison of fc etoué
but by a detachment from th_e ﬁe!d force. Their line of retre
Woﬁl‘i‘}) e.:;s:: Oa.fn:ll vt ‘"05 mwr::l:ghb be ad ly used on
the glacis. A ) . ekl
k- .—Revertin, in to the main parapet, loo ;
plnlt‘:lt;os]L :f: gzﬁ?ded on eithir aﬂg:nk, so that the fort may discharge
an important duty in directing the fire of the_ defenc?‘. A
The look-out place should be armoured like che' tourelles,” ai ]
be provided with a map properly preparev'l for npl]i]’;[ asceri:mmﬁ ]
ranges, such as is now in use by the a:rullcry in :‘1 wo;-1 - 53
should be connected by speaking t.uhe w“:h the t;h‘xjee lwure. es
its own flank, and by telephone with th.e iate ! ;

- The Gorge.—The gorge of the fort is closed with a row of caltse-
mates. Over them is a light parapet protecu?d bya hea\lriy p:;ra( :l)lse
This parados, being higher tha{l the.crest, gives a a].cy(1 ne for t. u 3
front parapet. This last f\mcno_n mlghlt,Ahowever, beh ontla( a.lsf wec =
by bushes, and does not necessitate raising the earthworl not
Ml:“:f:r;le%ru;:;ie helps to localise the effect of shells; and con?aina 3
a pnszaue running from the entrance to the from.. parapet. .On e'l}f;her ;
side M: bombproof quarters for officers. Below isa n]:]agfxzme, “dj::‘
a supply of ammunition can be kept for the guns of the interme 1
Dbatteries.

S g
sketry Parapet could easily be extended, Besides, the traverses

help the infantry, and it is not clear why they should be refused
additional protection, 5
That the two tiers of fire are undesirable. This, again, is an
Lon not universally held. In this €ase one tier fires on the
5, the other on the ditch ; one cannot hit the other. I should
troduce the second as a matter of course. The nature of the
= affects the question. If the glacis were steep it wonld bo
s 3 Y to bring the crest line near to the counterscarp, so that
tore rooms and atrines ' : P
Under the countersearp of the gorge are s X lated 3 18 would be no room for a double tier.
There is no drawbridge, but the approach is obstructed by pla 4 . That the “tourelles” are untried and are weakly armed. Practical
and bar-icon gafes; ) forwhom are, no flouht, necessary, but something of this nature is,
Dorta M‘_lTho fole::‘;,::‘liol:le h;}ir:yw:})g?tb;?g:s‘ij:zﬁie drlu‘ing i Ve, required in the days of high angle shrapnel fire and high
there is ample acco e -
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explosives. 1t is admitted that some overhead cover must e devised
A great advantage to be derived from

for the men at the parapet.
them is that they render possible a defence with small numbers of

- gzers and mortars. Against this it de " y .
.ﬁre and :hg ifmccumcy of that of t}i): l:i}e:l:lythe l:]c]cl:ulq,c& of its own
is enough in important situations. It is fOo' ”“Gﬂt.;\ % 2 ““‘bhmk
Sy o i s by S i o oy
;mmux{ltlou, ulnrl to endeavour to possess himself of so e tllem.smry
or.coalmg station by a bombardment and a ruslt It hme ockyard
e e 1o b o i s, o Be mady

men.

7. That the ditch is weakly defended. This is based, first, on the
opinion that the 6-pounder case shot is bad, which is a matter for
experiment. If necessary a somewhat heavier gun must be used, such
as the 8-pounder that was tried as a field gun. Secondly, that it
would be difficult to man both parapets sufficiently in case of an

assault. Some organization and drill would certainly be required to 5
case with most military

make full use of the garrison, but this is the
operations.

8. That the ¢ tourelles ” should be either lower down, to be con-
cealed, or bigher up, to act on the glacis. They were put low down
s0 as to be seen with difficulty, and the fire over the glacis was sacri-
ficed to this. If they stand projectiles better than has been assumed,
they might, with advantage, be put higher up. Experiments are
wanted. Possibly we shall get our information from foreign sources, 8
as these « tourelles » are to be largely used on the Continent.

Modified Design of Fort.—In Plate VIL, T have endeavoured o
embody the ideas of my critics as to the sort of fort they would 2
prefer for Darland Hill. Tt will be understood that this is my4
interpretation of their views, and in no way binds any of them.

Keeping the counterscarp ‘the same and the slope of the parapet at?
1 in 7, the crest is thrown forward and the perimeter therehy in=
creased. No guns are mounted on the front faces, so the width of*
the rampart is diminished.

Provision is made for field guns on the flanks of the work. Where:
the ground admits of it, it would be desirable to lower the parapet
at which these guns are mounted, so as to give them additional covi
against enfilade fire.

The traverses are omitted and the *tourelles » also. The parad

and casemates are 10t re-designed. Their arrangements are not
primary importance and are susceptible of many variations.
observation stations have been retained, as some means must be pro:
vided for controlling the fire from the intermediate batteries. Itsho 1
be noted that the ditch might have been made shallower withou$s
reducing the cover for the railing too much, but it has been left th
same as in the other fort for more easy comparison.

This work is, of course, not intended to resist a regular siege.

is strong against other forms of attack except against fire from ThowltsE

6.—CONTINUOUS LINES.

tmﬁzr;t:nﬁuls LuImL—_Ib is occasionally desirable to construct con
,‘mimb]e tol:;.bm t wlll]éhtherefore, be useful to consider the (letail;
em, and the cir 4 i :
_@ployud, ) reumstances under which they should be
A cf)n(tllllu({}ls' line, if intended to resist an attack in form, must t
1sed d ere
rga:" bu:‘s‘:\,; were the parapet of a large fort ; the gun’cmplau):
i muég b:s, '"a'rmxses, bomb-proofs, magazines, and communi
similarly arran E i .
O:ged s mm,y ged, and the ditch defences con-
disati
¢ rz ':uurlén: 'ﬁfd”w Rampart.—The details of the organisation of
t w;};&mou;; ofe'p’:nltl 1l)l_;])on the curvature of the line and the coz
its liability to enfilade and rev i .
y erse fire ; if this i
isza;ﬁ;; nnq tAmvexses must be freely used, and the’ besthcl::nl:I
s et possible under'the circumstances made between th :
e 2 fe inceh ; as there is more parapet space in a contin :
e ort, there is 2 jecti i
7 than # not the ing i
: n:memus iy same objection to cutting it up
the f i
e Hc::::[;z;ew;)lfl :hf blme be slight, the organisation will be
ot be wanted, and i ¢ i
case 05 the front faces of adetuch:ad ior:nly Pk
v Defence.—' i :
mrfetl;:;.t Tfhe ditch defence of a continnous line will be
e o bes a ldet:ﬁched fort. There are, however, two
it borne in mind : one is, that owing to the nece’ssar
el P p; ﬂm will be pos.sible for the defenders to devolo}:
0 mpplemm:s.ta::d mfluhml? guns as to render it unnecesl-
iy impom] y q;ll;k-ﬁﬂllg guns in “tourelles,” unless it
nce to keep the numbe &
o il ers of the garrison
S high cOllxle o,thfar is that the whole being, so to sg:eak a f:; t
nterscarp revetment can be used if special sec’uriz) l“
y be

ired agaj
assault, as the ¢ e
emy’s fire, e countersearp will be secure against the
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direct attack on one or two of the forts, Of course, if the latter
‘were badly built and the garrison weak, their guns might be
silenced at once and the field force crushed, and the ohsmcleas to an
‘attack on the inmost works thus removed 3 but a badly-built place,
weakly garrisoned, must easily fall, whatever its design. When
place is in fair order an enemy cannot completely penetrate
tween the forts, and since a partial success iit doing so would not
imuch harm the besieged, so a i line is not sary for

It might in some cases be both practicable and economical of men
to flank long sections of ditch with caponiers or counterscarp
galleries.

Strengthening of a Particular Point.—If it be wished to strengthen
any particular part of the line against a front attack, it may either
be retrenched, or a lunette constructed in advance. The latter will -
be really a detached fort, but being closely supported should have |
only a light gorge, and need not contain many casemates.

Covered Way.—A continuous line should have a covered way ;| e outer ring of works.
the communications with it should be numerous, and the entrances | Continuous Lines for Plofeaus.—The rule here laid down governs
into the interior secure. ke her case in which continuous lines have been used, %}mt is,

Entrances.—An entrance should be defended from some Pposition S n they have been constructed along the edge of a I’ate’m :
quite separated from it, so that in the case of a surprise, or of an | e crest of a ridge. In these cases unless the work wfns ‘]- :;
assault.,l the defence may be conducted coolly and undisturbed by ! this particular position, the front yslopas of the hill could g;c be
retreating troops. and it is con: v

Strcny;}’z to bpa Varied.—The strength of different parts of a con- it. SR e e b e
tinuous line should be proportioned to the nature of the attack they 21 Continuous Lines in a Defile.—Continuous lines are also e
are likely to be called on to resist. The profile may vary, taking‘ ucted across defiles and ridges at points where they are narr =
care, though, that the line is in all cases secure against assault for the reason for them is not quite the same. It is, of col g
its whole length, or the advantage of using it is lost. able to stop the enemy at a point where a 'few men can d‘:;rsiz:
though this might be done by a fort in the middle of the defile,

concinl.xous line in such a position is usually no more costl}:
1 a fort ; it gives a larger front to oppose the enemy from, perhaps
aout a greater length of escarp ; and the difficulty of securing the
 satisfactorily is avoided. s
Sons against Continuous Lines.—The reasons against using
ous lines generally in the place of detached forts are the

TrE USk oF CONTINUOUS LINES.

When Continuous Lines should be used.—The rule appears to be
this :—When it is necessary or very desirable to stop an enemy, !
absolutely at a certain fixed line, u continuous line of fortificati
must be used ; when this necessity does not exist, detached forts
be employed.

Continuous Lines for Enceintes.—Thus continuous lines are us
for the enceintes of fortresses, because if this last line of defence be.
passed at any point, the enemy is actually in the very place that it is
desired to guard. the range of fir it i 3 :

Detached Forts for Outer Lines—On the outer lines of defencel nore lmfd. Alt;?;g}sx ‘:’:8 h]ae:sbtel;?sl::i‘;s :ho:::' :::tzi:mous 1[;"“
detached works may be used, because if the enemy were to pass b be as cheap, or nearly so, as detached forts, et, “0": ﬁes
tween them for a short distance he could do but little harm to the Are not so under ordinary co’nditions It ma y}J{;re Pm; % 13”
besieged, as he would not be near his objective, and if the place were? ned that I have made designs anc’l estim:xt};s ior’ = alim’ .
properly laid out, should not be able to take up any good posi Of continuous line, R
He would find himself between two fires with an opposing force if ue careful gnardine v S
front; the lateral batteries in the forts he can neither silence n nched, pnssiné thl::xl;n:t ::;} p:ie;ltm;:. asi’m":ﬁ? sstl:hcl), e
take in a hurry ; he would, therefore, have to retire and to make i Y © the loss of the

’ﬂl: increased cost necessary both to make them and to keep
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ison of a besieged place, and which play such a large part in the
ence. They will be of the character of siege works, but may he
more solidly constructed, as when once made they will seldom be
bandoned for others, but will remain in use duriné the whole siege.
~* They will fall under two categories : first, those whose object itais'
advance the defence beyond the existing line marked out by the
s ; and, second, those intended <to strefgthen that or the
)mncad line.  Brilliant results have often followed the first-men-
fioned application. It is, nevertheless, one that presupposes that the
tress was originally badly laid out, or that it has become more or
b.solete. It obviously means the construction of a new fortress
r in whole or in part, in a more or less hurried manner, and
fore, not so strongly as if built with deliberation. It can cm.\I
uently only be used by a skilful commander provided with an
adequate number of troops and stores. The main works will be of
visional type and will be made as strong as circumstances will
t, as they will have to fulfil the functions of permanent works,
ntermediate works will be the same as those required to fill ir;
permanent forts and will, in fact, be examples of those fall-
fier the second category.
ous classes of Works.—The intermediate works will consist of
bts, trenches, and batteries.
bts—The redoubts will have to be made with very solid
and numerous traverses, as they will not be retired from
t, but will be u p in fighting line with the forts,
Y. may contaifl some light guns, but should not use them
st the fenemy’a siege works if it can be helped, or they will draw
They will be required at the last period of the siege. They
d be dependent either on the forts or on works consttr"ucted in
supporb‘ them. The enemy should not be able to gain a firm
0g in the line of defence by capturing one of them.
ey must contain bombproofs for the garrison, and some maga-
but the main magazine accommodation will either be in g:e
$8.0r in the town, ¢
psonal Advanced WWorks.—The scale on which these works are
t, and the nature of the design to which they are built, will
on the time likely to be available for their complv;bion
t;‘e on all the othe_r conditions which affect the problem:
alommm of the sclI: In hasty works it is impossible to use
éxtensises which are desirable in permanent forts, on account of
© movements of earth which they necessitate. Con-

3. The obstacle they present to the free movement of the defend-
ing troops. =
Over some portions of ground these reasons may not apply ; if it
is very rugged, for instance, and the works would have to be very
close, it may be advisable to run them together into one line. Here
the enemy would not be likely to attack, and the ground would not
be favourable. for moving the defenders over it. )
This case really comes under the original rule, that it is very de- 3
sirable to stop the enemy on a certain line, and therefore a continuous
line should be used.
Retrenchments to Conti Lines.—Conti lines should alway:
be retrenched, so that their great defect, namely, their liability to be
completely lost if pierced at any point, may be neutralised. In the
case of lines close round a town, this precaution may be some-
what difficult to take; and, perhaps, there is less necessity for it 58]
than in the case of more extended works, for the garrison being &
crowded together, and being reduced to their last chance, the enemy
is not likely to force an entrance at any point, except at the onej
which he may deliberately attack. The retrenchments would be o
the nature of small forts ; they need not see the ground outside the:
the lines, and should not be exposed to serious injury from thes
enemy’s fire from thence. This last condition can usually be fulfilled
only by giving them thick parapets, and by not allowing them to]
draw the enemy’s fire by using their guns in the earlier part of the'
siege. On the other hand, they may sometimes be combined with#
the batteries for distant fire, but this is not desirable. i
The best position for a retrenchment is on some spot in rear of the
line, from which the latter can be seen, and at some little distan
from it.  Occasionally, a portion of the line forms part of the
trenchment, and in such a case this portion should be made excep-s
tionally strong, so that the enemy may not be induced to attack
directly; salients, especially, require strengthening if used in this wa;
Some lines of detached forts may be considered as the salien
and retrenchments of a continuous line on a field trace, but not allj
many modern works should be treated as the nuclei and importar
portions of groups of works which would be completed by fiel
works.

7.—LAND WORKS. TEMPORARY WORKS OF THE "»‘)‘

The T emporary Works of the Defence.—It is desirable to say a few
words on the temporary works that have to be executed by the

T Er e
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sequently such works will be much more liable to have their slopes
injured and their communications blocked from the effects of shell
fire. They will, in our service, be unable to make use of armoured |
protection for any of their guns, but in foreign works it is quite
possible that this will not be the case, as there is no special difficulty &
in keeping turrets for the smaller natures of Q.F. guns in store and
setting them up in a short time. The obstructions will be much the
same as in permanent forts. The bombproofs can hardly be so good,
but a great deal can be done with rails and concrete, particularly if
the latter be made with a large proportion of cement. 3
The main redoubts and batteries for all fortresses should be:
designed during peace time, and all the necessary calculations made;
of the men, time and matériel required to construct them, the designs
being revised periodically to ensure their being in accordance with ¥
the latest ideas. The work should, in addition, be laid out on the
ground, profiles being set up for a short time, so that their exact
position may be fixed and a setting-out plan prepared. This should &
be connected with well defined natural marks on the ground, such a
trees or rocks, or, if necessary, with stones set in convenient positios
Bench marks should also be made to which the heights of the pro-
posed work should be referred.  If these precautions be taken,
would be possible to begin the earthwork of the redoubts a fer
hours after receiving the order to put the place in a state of defence
Even further preparations than these might be made by buyin
land, forming roads, building secure magazines and bombproofs 3 1
creating obstfnctions, and collecting stores near at hand. b f:l;z:usov;:si::) :’;ﬂge;, they can also be moved out to
Trenches——The trenches will be. partly communications, laid. The whole of ‘Zher: the lines are not, or, perhaps,
shooting lines ; a few bombproofs might be constructed in the latter: ailable for batteries, Th e ground of the defence would then
The communications would, if possible, be the existing road: ment, if it can be. : .u; % the. o8k ge“_‘?fﬂﬂy advantageous
sheltered from view by earthworks. This it is very desirable to s, either for th L:‘m?ks out without going to inconvenjent
in peace time, if money can be spared for it. All new roads thal Bun can be g B'"m:l or for the covering Pparapet.
may be constructed for the service of the works should be laid ¢ tely in the resxane to be fired off the truck, either
80 as to be covered from view as far as possible by the ground, a ine of the rails or approximately at right
the possible necessity of still further protecting them at some fuf cases, firing can only take place where the
time should be kept in mind, so that they may not be placed,’ prepared for it. In the first method, the
instance, on the side of a steep hill sloping towards the ene: o Eght uptoss deﬁ"ife point for firing,
where it would be impossible to make a covering parapet. & hat it can by x,nov dt e only advantage gained by the use of
Buatteries.—The batteries will be of a siege type, and will mo nif it were o elmor»e easily from one of these points to
guns either on travelling carriages, traversing platforms, stand second method l:hl SI.O“" Wheels. .
carriages, or HP. siege carriages, or will mount rifled howitzers of it can be’ = e m; can be carried in rear of a parapet,
mortars, according to the amount of their exposure to fire, and th i 5 short distal; ::)nil;e ”fzrr;":"?" The guns can, therefore,
5 re be severe or the parapet

ork they have to do. The hatteries containing the guns for firing
‘on the suemy'a“ first artillery position may be almostbor albo"ezhenr
dden fr(?l’ll view by being placed on the rear slopes of’zhiﬂs
¢ fire being d{rectcd by reverse laying, to carry out which some;
ell marked object at a distance from the guns must be visible
m them ; but, as a rule, tjhe batterius_of the defence will behless

subject to variation.
ionally the guns might be blinded wi %

b ith advantage ; if, for
ance, t,h_ey were mounted in the interior of a fort to give ,cur"ved

dat this is an improbable position for them, except in an iso]ated;
Alternative emplagepents should be made for important guns, and
0se .V{hose position is by any means liable to be dete;ted.
6 positions need not be very distant from the original ones, but
ough to throw out the enemy’s aim,
o.: Riaxlwal/ Tmcl-_s.—It is probable that in future the maximum
'y for the heavier guns and howitzers of the defence will be
n a manner that they can be fired
1x;allwzxy trucks. It would be then possible to move them
L left at very short notice, [If they can be carried on the
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The magazines and bombproofs are in the forts, and the temporary
works should not be far from them. The forts shoul‘j be zecu)
 from :ssn'n]b, and the advanced works will be well gnarded lf them
are seen into at a short range. Any permanent n:rungcmerxts fo}xl‘

injured, or they can be massed together, or moved to a distant spot.
This is evidently the best arrangement.

It is to be observed that advantage would be gained by the use &
even of a short isolated bit of line, if the ground will not admit of %
more, although, of course, freedom of movement is increased by & % mounting artillery will be in or behind the line of the f
having the railway continuous. This distance should be such as to enable the. he 6 _0"5-

It is possible that our fortresses will, eventually, be provided in &8 ‘permanent works to fire with offect over the ad\';ncn;y 'a'“k"f of the
the intervals between the forts with railway lines behind parapets, S8 ermit of the easy bringing up of men At = ‘"’lr s, and to
over which the guns will fire. These lines should be additional to & f withdrawing them, if necessary ; tha Bathasi L 1":"‘ guns, and
any railway intended for purposes of supply or transport of troops, within close musketry range, and th;s be well su o :lmld el
although it would be desirable that the two systems should be con: For these reasons it may be concluded that sor‘nl:pz;t:hé tempo;
nected. A orks may be in adva Tary

It will seldom be possible to construct many of the batteries o bout 500yyn.rds fromdlzg:lli)r:‘: S? T;]: f::ti’ BRI Ban e
the defence beforehand, as their positions and objects depend on th t must be remembered that the picke};s will be i
nature of the attack, and, moreover, it is most undesirable to allow; e batteries, and that thus a strip of about 7 ]],; ﬂd\:ance‘of
their positions to be known. Nevertheless, by a careful inspection ay be added to the area of the fortress, which ]‘:;] SRe
of the country round a fortress, the mosf;l advu.r:itageous sites for th more for the garrison to defend, = will be so much
orks of an attack may be discovered and noted, and if batteries b the attack progresses s
hrown up to command these points as a preparation for putting the he advanceg bﬁtte::; ::)eog':le: ?:ic:wn'llm?y . Wlthdr?wn
lace in astate of defence, it is pretty certain that the labour wil been constructed further back, e;'ther be::]ve;:\"tlthefmemmm'e’
ot be thrown away. ¥ of them, according to the ground, for the fort. - e olrts or in
* Position of the Temporary Works—The question may be now as e brunt of the attack in its ln’sb stages. Th eﬁmse SR TNG
whet! or the supplementary works should be in line with the pe: er, will by that time have done theirgwc;rk i rSt,b”‘ne”esy
nent forts, or behind, or before them. enemy. Care must be taken that their ren, i asing de}f‘y

Looking to the fact that one object of constructing these works i my’s trenches. ir remains do not assist
to prevent the enemy’s fire from being directed exclusively on Position for the temp, A . .
for{’s, it appears advisable in the beginning of a siege to build som@ to mo«lif‘icatiun,e r:i%:{.{.: :;kabg;mn:::vad ?t ‘l’:, of course,
of them in advance, if the ground admits of it. * this is, in Ppractice, the P!‘i;cipal e inretho dc e gg-om?d 3

This position has also the great advantage of either forcing the Problem, and the distance named of 500 ve ECe'rmmnt.mn
enemy to begin his approaches at a greater distance than he would except in very open and level yards will seldom
otherwise do, or of enabling a heavier fire to be directed on him,’ Yeasons for adopting it should hw'“mrf
the character of t,h: ground be such as to fix the point at which hi and the temptation t; 80 to the ;pl:: dei;e;u:ilggzs\v:? Ikep t in
will open his trenches. seem i d ich, some-

Ne}n comes the point of deciding at what distance from the isted. slftoy?:izdl?oﬁ;:ni: ﬁfm? I:’“’i (z):i W°rk_5r Sh(’“} i _ba
these works should be placed. ne of forts in front’of e ilr w; one into bu}ldm.g

This may be best settled by a consideration of the advantag F.the way to make the best S le Y existing, which is
gained by permanently fortifying a place, as these advantages shou 18 a case though in \-vhich thi lf atter. 8
of course, if possible, be retained, or otherwise the enemy may. er from the broken epies thels m;t may Pe _exceex!ed; it
met on inferior terms. They are: a Powerful artiller_y, sect @ forts so that they shall comma:;‘:g Ty, it is impossible to

i safe bombp 1 and  security from b: Limit of the effective Tange of tbeeiréﬂ:l‘xln"srl a;nﬂg{ne“ﬂy
. Possible, by constructing works on a :idge‘ in ndva:c:,ﬂ::

assault.
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force the enemy to open his trenches at a much greater distance
than he would otherwise do. There must, however, be a strong
garrison to venture on doing this, and, properly, such a case should 3
have been met beforehand, by the construction of permanent works
on the ridge in advance of that actually occupied, as well as on the
latter. &
Expense may, however, be prohibitive of this, and, of course, even

a single line of works should secure the place against assault. 1

uring the course of a siege, and it may a i ssi
B broad iron 0 th lst stags of the atta » ebe i, 0
gherefore, be paid to the mounting of the guns and to the det {';I:Sﬁ,
‘the defences of the ditch. If the peak be of rock, as is mo:tal -‘;f
h escarps can be formed in it without dung(—’}r of their lll)SL'mr:
ed c:xsxly:' The things to avoid in such a work are using o
opes and forming shell traps, . = e
work in such a situation will probably dj i y
the examples given ?'n preceding secltions. yWigf rnc‘;lgs‘:ge::? fml;
bombproofs, it may be counted on to hold its own Ifr‘i)tar;)
stended to operate powerfully on the surrounding coun;:ry it ma‘3
necessary to put some of the guns in cupolas, but the use ‘of sie; 4
pearing carriages, and of howitzers that can be fired from =
5 ed;x;;x“;nons&‘mll probably be sufficient. M
L Rudge.—To prevent the advance of g a i
b)gcdibch is the best obstacle. If ;i):;bjze::}; ‘;’t)oz:gs;:u(llﬁei):
d at some point where the ridge wid i
long:er front than its ussai]:ut in e;]:eo;:;t S:eg'];; l:f H:Z}'
If it can be made in the form of a horn work, with che
thrown forws'trd, and the centre of the face retired, ,it will be
red strong against a front attack, but, of course, it m’u t :
}e to operate against the flanks, d e
dgg may be held by a fort with lines on either flank dependent

8. —CHARACTER OF WORKS AS AFFECTED BY THE CONTOUR
OF THE GROUND.

The principal forts round a place are those which hold positions
whose occupation by an enemy would be of special importance, either 3
because they command other works, or because their capture would.
open an easy road for a further advance. In these cases the defence®
of the near ground requires the most careful consideration, in order,
that the enemy may be forced to attack in form and go through all:
the operations of a siege, and, consequently, as there must be no:
dead ground near to facilitate the construction of approaches, thes
form of the work is very dependent on the contours of the surfac

Level Ground.—On level, or on gently undulating ground,
requirement is least exacting, and the work then should be of a fi
size, proportioned to the importance of the fortress, and should,
possible, not have any special saliency on the side on which
final approaches are most likely to be made. %

Steep Ground.—When, however, the slopes of the ground are stee]
the design must conform more to local conditions, and less to anj
preconceived theory.

The various cases of steeply sloping ground may be classe
follows : —

1. A single peak. g

2. A straight ridge perpendicular to the general lines of

defences.

‘,n_dgde, tho or three lines of works can often be constructed,
: fin :nng over those in front. In such a case the functium;
l::y le different ; ch? front lines may be organized entirely
ﬁr; ::;e attack, while those in rear may mount guns for
s may i
ments. ay sometimes become merely a group of gun
P 5;11‘- WIl_h Radiafing Ridges.—The defence of a peak with ridges
g m‘“_‘;v requires a group of works, namely, a central work
I'Zil:xg :::]}{ ing ones on the ridges, their relative strength
3. A peak with radiating ridges and valleys. Which they “:"Ihil;m“ce apart, and the character of the
4." A rounded hill. mes the central wl) 5 i :
- 5 i 3 3 rk may be 11 §
5. A plateau with steep sides. 4 R 3 ying ones hecome mers }; dm]nncetl [E‘;Slﬁcﬁ the. chief, and
1. A Peak—1In the first case, the work occupying the peak ma) This is th ettes, perhaps even
be absolutely limited in size and in outline, and it may be impossib ol and ;hc““_ when the central work can
to find room for many guns, or to alter the positions of thos in fact, when the fadiats ? f;sees nearly all the ground
which may be mounted by modifying the parapet in any W ng ridges are not very strongly
E



continuous line. Dueira Lines, in Malta, is an instance of a case

At other times one or two of the outlying works may be so much
“where it was necessary to adopt the latter alternative,

exposed to attack, and may have such a command over the field of
an enemy’s approach, that they may require the principal amount of |
attention, and the central work may dwindle down to a small post
on the highest: ground, intended to prevent the enemy capturing by |

surprise f dominating position. > B f’m"’s“m" OF WORKS UNDER VARIOUS CIRCUMsTANCES,

There are many fortified positions which really fall into this
class, though they do not appear to at first sight ; they are those in
which either the central point or one of the ridges is of decidedly
superior importance to all the others, and is fortified in consequence,’
while the others are left untouched, to be occupied by field works
in war time. 3

In designing a work for ground of this character, the requirements!
of these future additions should not be overlooked, and the fort,
should be provided with accommodation for the men, ammunition
and guns necessary for them.

Sometimes it is possible to develop the glacis and covered way
of the main work, so as to include one or more of the subordinate
positions ; this has been done in some of the works at Malta. 7

When a covered way is made of such importance as this, it
parapet will require organizing for defence almost as carefully
that of the main work. A

When a group of works is constructed in a fortress, it becomes!
necessity a small fortress in itself, and it may be convenient to treal
it as the citadel of the whole place. 7

4. A Rounded Hill.—A rounded hill of a size too large to
included in one work, and of which the sides for some distance
steeper as they descend, is about the most difficult ground there

lhe manner in which the works should be ?h'sposed is the first
tion to decide on in connection with the defence of any particuI:r
The num})ex: and variety of the conditions bearing on this
lem render it impossible to lay down any general m?a for its
tion, but an examination of several particular cases will afr :
@ suggestive as to some ways of approaching it. i
, :Z[oa'n‘ni F«{rh'ess. —The typical modern fortress may be de-
1 wn, dockyard, or arsenal, surrounded by a prepared fight-
| on, having the points of main tactical importance occuo"d
] letached forts, and the artillery disposed in a ring of b: -
- b g of batteries
1 ;;ﬂ'c;x;ezna:ezﬂi sf:om t’ile fieﬁnition written a few years ago
d s having an interior enceinte and
“Ting of detached forts, Th: difference has been it
Al t bro
J:{etlfl:rlgxpx ;;embints In weapons, which have driven the ;f::
e o - he batteries for these guns, with their communica-
bt various redoubts and trenches thrown up by the Field
e 0:; grentt extent supersede the enceinte, by increasing
b Dpene x'atm.g the intervals between the forts, and a:
me rendering it more necessary to prevent tht; enemy

.1:3“1;‘0?:;;1 thacﬂcliils definition brings fortification almost
4 nary field tactics. There i
b 18 no longer an
emm?'z;nzt;b:;ween I(:lhem.] The details of fomgﬁcatio:x},,
2 110ns and ravelins, fausse-braies and caponi
ioﬂv:m thz:j v:hsposition of the troops. Instead thf‘:::rss'
. pomltns }:v(;stll:mn 5 this is strengthened by provid’.ing cemﬁ)
cover and obstacles against assaul
4 t,
ghl!’):.t:)enez for the artillery. The number of’ :1:: ;,V
© reduced, while at the same ti it ot
- e 2 ime the securit;
e en:lxicreged. The basis of the whole and the main b}', :
e Soration is the Field Force, o
nr:?:f Il;e Jmagi.ned from this that the functions of the
R ‘:s{il:ertl xm};ortance. Itis the increased complexity
s to solve tha
0 solve cl};.;c has brought about this change,

to occupy.
It can only be done in one of three ways; either by cuttin;

away, so that the sides may be seen from a work on the top, w
is a method likely to be costly in land and labour ; or by build
outworks along the top of the steepest slope, which is what mu
usually be done, though the communications will be exposed,
the works very prominent from the high relief necessarily gives
them ; or by occupying the top of the hill only, and defending*
steep slopes by the fire of collateral works.

5. A Steep-Sided Plateau.—The edge of a steep-sided plateau is 8
part of it that must of necessity be held, and it depends on
exact conformation of the ground in any particular case, wheth
is best to do this by means of separate works on the salicnts or B
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and made it less possible to give rules to assist him in solving them.
The works must be placed with more thorough adaptation to the
features of the ground, the casemates must be secured against more
powerful projectiles than of old, and the arrangement of the obstacles
must be such as to utilize the fire of more efficient weapons. -4
There are many modifications of the typical plan, and by mention-
ing these we may arrive at some conclusions as to the nature of the
works which should be constructed in different cases.
The Detached Forts—The detached forts round a place may be dis..
posed in one of two ways; either they may be numerous and di
signed to see every fold of the ground, or they may be fewer i
number, placed on points where they cannot be neglected by thel
enemy, and the defence of the ground in its details completed by
field works supported by the forts. :
The first method prevailed when detached forts first came into,

something between 1,500 and 4,000
3 d 4, yards bably ; 1,5

enables the ground between to he welly comm}:);[:l:tiﬂ%’ I;:Ol(l)
m fire ; 4,000 yards may be considered the limit at whichy‘:or‘ll{
ould aﬁ"ordl one :mcher mutual support by artillery ; but each :
imust be decided on its merits, ! T
\Chaice of Sites for Forts.—In the choic i
[ ¥ ice of sites for forts th i
[vanced v’vorks sl‘.nou.ld occupy good tactical positions co:nm:nzmn

gnb:nfxys lzfsf:) lmekof approach to the town defenr;ei He wx;lgl
be force make regular siege w i it wil
B e gh:mA ge works against them, as it will
e of the forts may be construety i

° ed mainly t i i
or ﬁ;nklnlg fi;;e, but these are subsidiary ot
0. Works. Inthose cases in which they i
is dictated by the form of the grouan) e s
hen the good lines of approac v
pproach to a fortress are f

ent wt?rks need be made, but an inner line ofe:, e i fef"
0L a necessity. e
g of Forts sometimes not Suitable, —Occasi
% 0 ; ~—Occasionally a rin, i
' 218 to the.ground, which may be best ta.kyen up gb(;'f fO:: ]:

ommanding the approaches ; these should be kept ngr cou}:»

z’f:_lb-le’ as their garrisons will be isolated and unable to aid

from the forts alone, as it had been from the continuous works
earlier days. The latter is, however, the one that should now b
followed ; it enables the forts to be made large and strong, it redu
the number of vital points, and by not forcing the design to be
much influenced by the aceidents of the ground, gives greater
dom of choice for the sites of the works.

Even if, as is sometimes the case, the ground is unsuited for e T
employment of field works, and numerous permanent .worl‘(s m 5 1t exists inen(;if; ‘;:Jl r::cembe is required in a'zddition to the
be built, the spirit of this latter method should be kept in mind, i b, varying from 3 ling a“fse:;; It may be of different, degrees
the defences should be grouped and not form a mere line of scattel the encein ; of A.nt\verpo , cts ;no:t powerful construction,

G > Intended to resist all ]
eiielr to 't]?[a very last, down to nothing, - he efforts
'possible to follow the typical
% 3 plan and to pl.
the if:x:hs. an enceinte should be constructed, "}‘)“,;ﬂc'igthi: il;n:
s
1S 1ot part of the permanent works of the fortress,

units.
Distance apart of the Detached Forts.—The distance apart of

forts depends on the ground and the nature of the defending &
attacking troops, and may vary from 500 yards to 5 miles, or mor
The former might be the distance, either in the case of some yer
uneven ground which it was, nevertheless, necessary to defend
detail, or to the smallness of the garrison, or to the nearness of since it wil
works to the place to be defended. 1t will be no longer of any use for the enemy to
The latter might be the distance, either in the case of there
very few lines of approach to a fortress, or in the case of !
fortress being of great importance and very large size, and,
fore, with a numerous garrison ; then, key positions only need

permanently fortified, the necessary filling in being easily done 18 of such importance that it j
at it is necessary to hold it

field works. longest, tim, i :
The ordinary distance apart would naturally be something bet! to stand alone, © possible, then an encinte must be built as

: P_‘l:cerZy a coup de main, as one or two of the forts must
B l(:)er :fr to esftal}:llsh batteries against the enceinte.

: s ore, of the enceint i ic

14 y 0 e required for an

- eP‘?l.ld on such considerations as the following}jﬂamcular
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In any other case it does not appear advisable to expend very

much upon it, but instead to strengthen the outer line, for a weak

enceinte is sufficient for most purposes, until a formal attack can be

made upon it, and it can be improvised by the labour of the civil
population while the siege is going on.

If the garrison is likely to be small it is especially desirable to

Therefore, since all the aror
. since 4 ground cannot be commanded, ; c
.houldlbe IJ: possible; how this can be done must .1e;(e},f o:l:}:lc:
m‘céd Iiuan:;}:] :Ln‘a necessary to construct works in rear of the
: a pporting it.  This resouree sh,
ly used, as these works will absorb a part,_of ?::Js‘l ber:' o ol
g’;mg;ﬂ;nps, never affect the result of the siege, piiu
5 S
$ cvor‘;lzﬁed Place:s.—The greatest variations from approved
. e oceur, in small fortified places, such as those desi
pro‘tect our minor coaling stations, e
11: wo;xld 10t be right to spend much mone,
lock u i i
PeX up large garrisons in them, they cannot be given a theoretical

have an enceinte.
If from the nature of the ground, or of the buildings of the town, -
there is likely to be a difficulty in improvising an enceinte, some-
thing might be done towards constructing it in a permanent form
without executing the whole. The salients might be built, or some
small detached forts made in places where they would support a
future line of field works.
A Citadel.—If there be one dominating point near the town, and
a strong citadel be constructed on it, considerable support will be
afforded to any improvised enceinte.
Inner Line of Detached Fortsz.—An inner line of detached worl
sometimes takes the place of the enceinte, when old fortresses ha
been enlarged. It would be advisable to connect them by field-work
Town with Few Lines of Approach.—It sometimes happens that
there are only a very few lines of approach to a town that can
be made use of by an army, and that these are blocked by d
tached forts. It is then particularly necessary that the to
should be provided with an enceinte to keep off the smaller bo
of men that could pass over the ground between the intervals of
forts.
This is a case that varies so much from the typical form as t
require different treatment altogether. i
Distance between Detached Forts and Enceinte.—The distance whig
should separate the detached forts from an enceinte cannot he exactl
laid down, although it is no doubt desirable that they should con
mand all the ground between them. The observance of this coi
tion would limit the distance to about 5,000 yards, and would al
demand open ground, which can rarely be got.
There are other conditions of greater practical importance to
fulfilled. The detached forts must be sufficiently far in advanc
prevent a bombardment, and they should be on ground favoural
for their action to the front. The enceinte, too, must be on favouk
able ground, and not too much extended.
As a consequence the forts can often see but a short way to
rear, and are commonly at a long distance from the enceinte.

out for long without being relieved.
‘1]?: m]:)rmui{ arrangement for a small place of this kind
P;’oo?) t,:: :nO;% bernd. citadel with a ring of detached workl:az’é
0 »/U0 yards, or even less, from th e

{; s(\)rel ;o;}lsxdemhla Protection against bomeb::g(;vx:;antnﬁ r!l;:g
n uid be compelled to fige at. ran, i § o
: : n ges which require v

g, while, the perimeter bein, I 5 il

g less, th i i

uch smallexi than for a first-class pfnce. ,sz 8;::’1;:1" :{:
garrison to hold out for som, ti
“h:merks mny.have fallen, and should be so sibia:::]e ::tter
= thze&n{ using the pl-’fce for his purposes ; therefore, i:
fi e etence of a coaling station, it is desirable thnh’tha
: command the harbour with some heavy guns or
me ;:;2 fortresses it is never probable that there will be
pe e ;ns,. and, therefore, the works should he arranged
s 1]Imtm to the command of the ground near th:m

e i .
b onstructed so that the garrisons may be secure

are eti
rinl:?;;yfo‘::e“‘i; of form in small fortresses ; among
Without an enceinte, and an encei i
i ) ¢ 3 einte with-
et p(m,s dainnﬁ of forts with one or two far outlying
e etending the roads of approach, and a fortified
e ;ht:nbihxiefended ; the last arrangement is only to
; T i ground around the place is very un-
choice eti
e bev:}\lvlein the varieties depends mainly on the form
> Which has even more influence on the design of a

R .
han on thag of large one.
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10.—CALCULATION OF GARRISONS.
It is necessary to caleulate the garrisons of works when designing
them, in order to be able to arrange for the proper amount of
accommodation and storage, and also, if the number of men available
be limited, to see that the works are not projected on such an ex-§
tensive scale as absolutely to require larger garrisons than can be
allotted to them. 2 E
Garrison for a Single Fort.—The caleulation for a single work is
made as follows :—
Take the number of men required to work the maximum number}
of guns in the fort that can be in action at once, and the guard
required for the entrances, for the parapet, for the flanks ol
caponiers, and for the covered way, if any, and multiply by three
for reliefs. To these add cooks and cooks’ mates, storekecpers, per-
manent magazine men, orderlies, telegraphists, officers’ servants, an
officers. The sum of these gives the full garrison required for
fort exposed to a regular siege. A fort not liable to an attack o
long duration need not have three reliefs for its gun detachments.

Numbers required to man the Parapet.—No special addition
necessary for manning the parapet, unless the work is unusuall
large, or unless it be a continuous line. In the latter case Sir Johi
Jones’s formula, as applied to the Lines of Torres Verdras, may be
taken as a guide. [t was, “two men per yard running for all fre
lines, and one man per yard for all rear lines, deducting for
spaces occupied by the artillery ; an addition to, or deduction fi
these numbers being made by the commanding engineer in all
where deemed expedient from local causes.” This gave enough mi
to man the parapet thoroughly, and to have a reserve to replace
casualties and to strengthen the defence when needed. &

This calculation was for strongly made field works. For pel
manent works and with modern weapons one man per yard wo
probably be enough in all cases, with the addition or deduction
as suggested by Sir John Jones.

Whole Garvison not to be always in a Fort.—It does not foll
that the number of men calculated as required for a fort sho
always be in it. There should be a permanent garrison for
work, who should always be there, who would know the way abott
and take charge of the stores, but the reliefs for working the gun
had much better be out of the fort when they are not actually
wanted, and with a fort which is one of a line, this can be arranged
In isolated works, of course, the full garrison must he kept.

Number of Men for a Gun—In caleulating a garrvison, reference
n be made to the Manual of Artillery Exercises for the number of'
en reqlu'!"ed for the various natures of guns that may be mounted.
‘or » medium gun such as the 64-pr. R.M.L., or for a field gun, bhé
etachment consists of nine men, of whom two are magazine ’men
who may not be required for every gun in a work. N i
q d Force.—In addition to the garrisons of the forts, a Field Force
o uired for many duties ; firstly, to watch, and secondly, to guard
x.nbsrvals between the forts ; thirdly, to make sorties, and fourthly,
r-a}‘)proaches. It would also, fifthly, strengthen its positioz;
f throwing up field redoubts and shelter trenches, and would,
ly, wor.k some of the guns of the batteries intermediate to Lhé
in which the artillery of the defence would be mainly placed
ng .che second period of the siege. While the guns of the forts
; silent, part of their garrisons would be available for use
ide thefn, and they would be told off to some of the interme-
batbgrles, the remainder being worked by men of the field force.
culation of the Field Force.—Guards and Pickeis.—The Field Forc«;
calculated, ﬁmtly, by allowing sufficient men to form a ring of
and pickets all round the fortress. This can only be done
tely on t‘he actual ground, but for a uniform site, 33 men
d req'uu'ed for every 100 yards in order to provide main
ds, with pickets at 300 yards intervals, and with double sentries
d to the front. In a coast fortress, guards and pickets will
red to watch the shore and the landing places.
a ; foa;ne':h—Secondly, by adding a sufficient force to resist
at € enemy to penetrate betw: $ i
85t fortress to resist a Iindinpg. i
amount of the necessary force will de}‘;end on a variety of
nces, and it can be arrived at only by answering in each
case, the question : “ What has the enemy to getbby pene-
Ween the works, and with what force might he try to do

¢ of an Open Attack against a Fortress in Good Condition.—
hl caref\.x]]y designed fortress in good repair, with an interior
enclosmg' t'he vital parts, and outlying forts occupying all
rtant Positions, nothing could be done by an attempt at an
n of L!ns description ; without. the possibility of taking up
3 'hi:cncal position, and almost always exposed to fire tf’mm
ex cannot bF captured, the attacking force would be able

5 © nothing decisive, and must suffer great loss.
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ended by an army can hardly be called a fortress at all. The
ription just given, however, applied fairly to some of the German
tresses, as reconstructed after 1871, except that they usually have
‘& nucleus of old works, and stand in open country. The Germans,
‘however, can start with the assumption that there are plenty of
ops available, and consequently have probably not troubled much
0 do away with the necessity for using them. 'They have only had
make the positions strong against a frontal attack, in which they
&, no doubt, succeeded. It is far otherwise with us, and we must
copy their example, but endeavour to make our works serve the
ace of men as far as is possible.
It is eviflent that the proportion of the field force required to
the intervals between the forts, cannot be laid down in a
I manner applicable to all fortresses; it must be determined
ly for each case; and the determination requires a good
ledge of t!xc ground, and of the capabilities of the workbs of
I.'he importance of a careful preparation of the design of
rks is, however, impressed on one by the considemtionathat
ding as they are well or ill arranged, there may be made a
nce of perhaps 25,000 men in the garrison necessary for the
y of a large inland fortress,
—But a field force is also required to make sorties, and
mes to construct counter-approaches against the enemy. It
possible to base any calculation as to numbers on these re-
ell;ﬂ;,o ;t‘m;; the r:ecesfsity of having men available for them,
e sorties, i idi
il pi;k:t:r.nshes another reason for providing a
s sorties, a small body of cavalry and of horse artillery is

Small Field Force then only required.—In this case, therefore, no
“addition need be made to the pickets to enable them to resista
powerful attack, though there must he some troops to keep off small
bodies of the enemy, who might try to slip in and do mischief.

Possibly the pickets and main guards will be enough for this ; at
any rate, troops will have to be added for other purposes who counld
undertake this duty. e

It may be said that the forts might be so knocked about in the
course of a siege, as to be no longer capable of opposing the
enemy’s advance ; this, however, is not likely to be the case. They!
should be so built that to injure them seriously, it should be neces
sary for the enemy to establish regular breaching and counter:
batteries, and it will be a sufficiently extensive operation for him S8
to do this on the principal front of attack. But when the attack ¥
had been once localised in this mauner, defences against it can be
increased by mounting guns and constrncting field works, and by
bringing men from other parts of the fortress, so that an attack in’
force should become a desperate undertaking. The forts might have:
their artillery silenced, but their musketry can never be quite sub
dued, and they still hold the principal points of the position, needin,
to be carried by storm before the enemy can make good his footi

Open Attack against an Imperfect Fortress—The case in which
enemy is most likely to make an attempt to penetrate between
forts is when the ground is such that it can be easily moved over,
when the forts are far apart, without much flanking fire, and

situated that they command the ground in rear for a short distan
only ; and when there is no iuterior enceinte, supporting work,
citadel. In such a case the forts have become merely batteries t
cannot be easily silenced or taken, but they can have very little
influence on the general defence, and the ground would have to b8
occupied nearly as strongly as if it were an open battle-field ; a cares
fully prepared one, no doubt, and one in which the defenders hawi
the advantage of powerful artillery, and cannot be outflanked,
still, in reality, nothing but an open battle-field.

Large Field Force then required—It would probably be necessary.
this case to allow three men per yard over the whole portion’ th
can be attacked at unce, which might be, say, half the fortress.
total number of men that this would necessitate, would, of cours
depend on the possible extent of the attack, and on the facilitié
that might exist for moving the reserves from one part to another.

It will probably be thought that a place which requires to

$ necessary for hrowing up Intermediate Works.—The num-
essary for throwing up works intermediate to the forts is also
to calculate, :
:tlyt ::n assumption sufficiently near the truth would be to
3 © men per yard over the front liable to be attacked 5
210 Most cases, the front covered by three forts. This number
d at through the following considerations.
b'; :fl::m per yafrd on an average, would give a sufficiently
2 ‘:oxlls relief on Phe various works required.  Some
Ly ould be batteries requiring more than a man a
e them ; some trenches requiring about that number,
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ble to avail themselves of the services of the civil population of the
ortress for many things which the besiegers will have to do for
hemselves.

Summary of Caleulations for a Garrison.—To sum up shortly the
culations for the garrison of a large fortress we have :—

For the Forts—To take the number of meg required for guards
for working the guns, and to mﬁ]ciply it by three; to this to
| the numbers required for miscellaneous duties, and where there

some shelter trenches not requiring so much, but that would seem |
to give a fair average ; a little over the mark, if anything.

2nd.  That men enough for two reliefs per day will be sufficient,
as most of the work will be done once for all, and continuous labour |
will not be required, as in the case of the besieging troops.

This number may be taken as a maximum, and as only necessary
when a siege is expected, or at its commencement. In the former
case civilian labour can be utilized, and a material reduction made &
in the garrison. v

For the construction of works in a second line, the assistance of. e

" the civilian population of the place can be counted on. : B about the rats of 2 man per yard.

Number of Men required to work the Guns in the Intermediate Batteries,
—TFor the sixth requirement, men to work the guns, and to guard
the batteries intermediate to the forts, as well as to guard any S
redoubts that may have been thrown up, the calculation depends on &}
the number of guns to be used, and on the character of the works,
which again depends on local circumstances. i

It would, however, seem a fair assumption to allow a man per yard
to the fronts liable to be attacked, which, added to the workin; neous duties. This calculation will be found” to give ab
parties just calculated, will bring up the number to three men & men per 100 yards of circumference of ha fortre(;sgm; ?hm}c
per yard for the fronts liable to be attacked. The men for these : ducible to about 75 men per 100 yards if the place is wi ll, i
duties may be fairly called on to do the sorties and counte: of & Full Garrison not bein g oblainadle —Ii the for:w prepared.
approaches, as they will not otherwise be constantly required. endeavoured to arrive at a mode ;f caleulatin. tbhomg b

Amount of Moveable Force.—This number is that which, as we have rtress, according to what appears to be its real 8 ke gnttion
seen before, it is necessary to allow for the fronts of an impe the English ser‘?ica it is very doubtful if axf‘:lll req:rliremefms;
fortress, liable to an open attack. : [ uld ever be obtained, and, therefore, the cof:idei:l:' 01‘?

‘We have, therefore, arrived at this conclusion, that in addition °0 we can do without is an i’Z“POrtam, ‘art - [
the garrisons of the forts and to the pickets, a force caleulated ¢ of Dudies.—Fcon, oy of Tnen mudh bepobtain:im].) enqh‘f’fn,es'
the rate of three men per yard is required for the whole numbe out from one duty to another ace sording to th S g
of fronts that may be liable to a simultaneous attack, whatever on. g o the exigencies of
nature of that attack may be, whether an open one, or carried on bj the Investment.—Before the place is invested small be

siege works. This number is a maximum, and can be reduced d be kept in the forts : all the remainder wit.[:lthu"m o
building well arranged works, and providing sufficient stores in t; cfome guards and picket’s, being employed’ in clear‘;neﬂx c:]fe-
of peace. the front, and ;i : =
Orderlies.—The Sick.—An addition must be made to the numbers may be ’req::i:‘:dc;): stthr:ci';::ivr:glizte\sv;:dtlﬁlzld s
of any force thus found to be requisite to allow for orderlies.and At this period, civilian labour should be em, lop c:{mmz;:c
men on such duties, and for the sick. the forts shoul Pprepare them for the siege b pco{,est;,u e °
Additions to be made for the above.—For the hesieging force and covered communications, and, rEa syb e
addition would be taken at y%;ths of the whole ; for the besieged them ; for af the beginning o; a si’ep: thepf:)rty 11;10“;“;128
might reduce it to {sth; for they will be stationary, and will b8 peak decidedly ; later on ;hese gunsg ool b: :alS:n ou:

100 yards of outpost lines all round the place; for the main
at the rate of three men per yard over the fronts liable to be
ed, either openly or with siege works, as a maximum. To
@ to add a small proportion of cavalry and field artillery depen-
lent on the nature of the country and on the possibilitics of making
&f]d to the whole field force to add Toth, that is th of thg
er just arrived at, to allow for sick and for men on various




62 63
After the Investment.—When the place is invested, all the forts
should be pretty strongly garrisoned, as they constitute the main-
stay of the defence at this period. The pickets and sentries would
be all posted. The remainder of the troops, forming the field force,
would probably be kept in hand in such positions as would give
them freedom of movement towards any threatened point. ¢

During a Regular Attack.—As the attack develops, the garrisons of
the forts and batteries against which it is more particularly directed
must be reinforced up to their full strength, if it he possible, as W
the men will have plenty of work to do, while the number of reliefs
for the remaining works can be reduced. ~The field force will now,
throw up counter-batteries, and some of the guns of the forts will be
removed to them. So that, first, the working parties must be at their}
greatest strength ; afterwards, the garrisons of the forts generally
and, finally, the troops employed about the point of attack. 3

batteries, was, from any cause, much limited in area, while that of
defence was more extended.
In ordinary cases it will be sufficient to provide artillery to arm
Il the batteries that could be constructed in favowrable positions,
llowing for the guns that will be removed from the forts for this’
any guns permanently mounted in the forts would be of the
vier class of medium guns, the deficiency is likely to be in the
of ]ighb guns and rifled howitzers, and attention should be given

vnll be fa}md that by satisfying the requirements of the works,

n will be provided with more than the proportion of Lhree’
uns per 1,000 men, which is usually considered the normal amount
an army in the field. i

11L.—DETERMINATION OF THE ARMAMENT OF A FORTRESS.

It is impossible to lay down general rules for this determination
which depends for its solution on so many varying elements, such a
the nature of the works, the configuration of the ground, and th
numbers of the garrisons. It must, nevertheless, be made in all cas
and a few observations on the subject may give assistance.

In the first place the armament of each fort should be suffi
and suited in character to the work it has to do; that is, in ‘m
cases, to oppose the first efforts of a besieger, to protect itself agai
the last stages of an attack, and to help in closing the interv
between the works. The description of the forts in this chapter
be of some guidance in deciding on this. :

The armament of the works permamently built for direct
would be settled by the form of the ground. 3

The number of field guns to be used in sorties would depend ¢
the strength of that part of the garrison likely to be available
such purposes. ) A

It remains to be decided how many guns should be added to thos
determined on as above, for arming intermediate batteries. = Th
must be done for each fortress separately. The object which
would be desirable to obtain, would be to establish a superiority |
fire over the besieger. This can rarely be done, but it might
possible in cases where the ground on which he could establish h
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& ground platform of wood, stone, or con-

feet, and with a slope of 2. The gun mounted

two feet three inches high, )
Uns are 1ot to he mounted on garrison
cghouk carriages, on account of the recoil,
i have a slope of 43 0or 1 in 127, and should

3 : 3
t long. . e
CHAPTER II 7 f‘.ey'soodenas]ide, 16 feet long, with slkh.ng carriage,
. e ting for medium rified guns, and is used in a
» on lind and coast works, both on flanks and
= o .

2 either “casemate ” or “dwarf,” according to the
4« : Y cks attached to i,
DETAILS OF PERMANEN T FORTIFICATI - . e
CoMMON 7 LAND anp CoAsT WORK; e positions by the two patterns of
% e ich are described further on, ! .
N 3 2 £ g],:hcn ::.vrﬂl fire over a height of sill of 4 feet 3 inches,
i A o & T & gun in a barbette emplacement,
1. Modes of Mounting Cuns—Medium 40q Light Guns; gig,, Hoyi :
S.B. Guns and Morf-ars; Q.F. Guns ; Machine Guns; Rifleg
3. Accommodution for Garrisong, —4.

Passages ang
5. Escarps g,

d Countersearp, o Fences, ;.

i Ga.ﬂeries,—!l. Dra
on Design, 1) Hints o
againgt Attack,

i articularly
o ng used to be the best for guns, par
S : it - it is still fairly efficient for the
Ates and Keyg 1
Whridges,

posed to a close attack, but it
Design—1o. longer be used for land wo, ks a_t all. Tt g, hm.viveri
describe its emplacements hexl'e, m‘torder to understand
4 2 i the new designs haseg on it, X
1—MODEs op MOUNTING GUNs, . e The :adii of the racers for these slides,
ishi tters, are given below. See also the
The modes of Mounting the Various Datures of 8Uns and howitgam g i lows :—
on land wopkg are rathey Mmeroys, 5¢ they haye in late Years Rapir or Racens,
Increased by severa] ney, Patterns of Carriages apq slides, 2
‘heir nature, anq ¢, emplacement, needed for gyep, . ¢ Front, fear
described, l)e;:innmg With the medium guns, 5 Convenient fyt som i ft. in
What inuccnmne term, includine the RMT, ifle guns, wej )
about three tons up ¢, five tons, such g4 the 64»pouuders and 8- 16 ¢
Pounders RML, 3ng Tin. R B, - and thep 8oing o g4 the BLS 12 10
&uns, the riffgq howitzer-s, and the sma]jey Weapons,
Garrisoy Smmling Cm'rz‘a/zc.‘Possibly there ape some gy ill -
Mounted o Cartiages of thig nature, 1y might he used for ounting
SUDS 10t ingeneq 0 be placeq on the fropg faces of fort, bus to
be employed fo. curved fiye, S

e——
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This carriage requires a ground platform of wood, stone, or con-
erete, 18 feet by 12 feet, and with o slope of . The gun mounted
on it will fire over a sill two feet three inches high.
64~Pollll'10r RM.L. guns are not to be mounted on garrison
ding but on rear chock carriages, on account of the recoil.
heir platform should have a slope of 43° ord in 127

s of 43 27, and should
be less than 13 feet long, ) h
ide, 16:]00L~A wctoden slide, 16 feet long, with sliding carriage,
onlmztr_y‘mountmg for mediwm rified guns, and is used in a
ety of positions on land and coast works, both on flanks and

CHAPTER IL

slide may be either “ casemate » or 2 i
b Y S dwarf,” aceording t th
‘of the trucks attached to it, B

often supersv.dcd in these positions by the two patterns of
e ds which are described further on.

wn:if, t?]e f,;lun will fire over a height of sill of 4 feet 3 inches,
nting is thus suited for a gun in a barbette empls :
through an embrasure, U
b.r.bette mounbingl used t0 be the best for guns, particularly
In coast batteries, and it is still fairly efficient for the

L. Modes of Mounting Guns—Medium and Light Guns: Rifled Howitzers
S.B. Guns and Mortars ; Q.F. Guns ; Machine Guns ; Rifles.—2. Mines.
3. Accommodation for Garrisons.—4. Passages and Communications:
5. Escarps and Counterscarps,—6. Fences.—7. Gates and Keys.

Caponiers and Flanking Galleries.—9. Drawbridges.—10. Effect s = "
Nature of Soil on Design.—11. Hints on Design.—12. Preparations o lonyor [ itions not exposed to a closo attack, but it

210 longer be used for land works at all. It is, however
1 ’

against Attack. BIY to describe i
Sy 0 describe its emplacements here, in order to understand
dilications and the new designs hased on it
J d;fifaot'Sl'zdex.—The radii of the racers for these slidas,
I nguishing letters, are given below. See also the
follows ;—

1.—MODES OF MOUNTING GUNS.

The modes of mounting the various natures of guns and howita
on land works are rather numerous, as they have in late years b
increased by several new patterns of carriages and slides.

Their nature, and the emplacement needed for each, will be sho

Rapir oF Rackrs.

described, beginning with the medium guns, a convenient but & Front. Renr.
what inaccurate term, including the R.M.L. rifled guns, weighing . i
about three tons up to five tons, such as the 64-pounders and. g -, n.
pounders R.M.L., and 7-in. R.B.L, and then going on to the 5 0 16 ¢
guns, the rifled howitzers, and the smaller weapons. & 110 12 10
Gurrison Standing Carriage.—Possibly there are some guns 6 1
mounted on carriages of this nature. It might be used for mo 9 0 o 4
guns not intended to be placed on the front faces uf.n fort, 10 8 3
2 2

be employed for curved fire. 12 10
F
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Casemate slides are not used with other than A pivot racers,
Dwarf slides can be suited to all, but B pivots are not mnch
gsed now, and E and F pivots are specially adapted for the tops of

[Martello towers, and are not laid elsewhere,
pivot racers are suitable with embrasures : (¢ pivot for barbette

placements with less than 140° of lateral Yraining ; D pivot for

mrbettes with a larger amount.

0 pivot emplacements should be used when practicable, as they
smaller, cheaper, and safer than D pivot, and they impose no

olute limit to the angle of training of the gun as is the case with
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DIAGRAM OF RACERS FOR MEDIUM GUNS.

"

NA N
YN\
of.
ya i / racers are flanged ; the flange is 6 inches wide and § inch
/4 / / 4 and the rib, which is 2§ inches wide, rises 14 inches above it.
/ // 4
3 \
s/ SECTION oF RACER For MEDIUM Guxs.
s-25,
e 60" N7
)

of the flange should be lid level with the top of the racer
the concrete floor of. the emplacement,

small bed-plates, one inch thick, ander the joints of the
a few intermediate positions, which aid in keeping it

- They are fixed to the racer by screws through the

drawings of these racers see LG.F.’s Circular, No,

26th September, 1876,

Jor Racers Iy many situntinng it is inconvenient to
for racer blocks, In such a case, flanged racers may be
chairs, bedded in concrete. The chairs are of wrought
Pe of an inverted U; they are three inches wide
Ldomts of the racers, where they are six inches wide,
B8 inch thick and one foor, deep over all. The racers are
by screws anq nuts ; the screws are similar to those
Plates when the Tacers are set in stone, but they have

T.  Racers can he supplied either with bed-plates

-ndcd.

P2
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table shows the number of chairs required for |
¢ table shows

¥
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C Prvor Empraces

! i
The followi g 81 . - a
: s of racers for medinm guns : From the pivot to the front 7 6
varions deseriptions of racer N ¢ A o 9§
sl it D Prvor EmpraceMeNTS
Letter of ety
Bacer. || I From the pivot to the front 10 0
- | =
| 70 Frout the radius of the path of Fbe muzzle of a (M.‘pr. 71 Cwt. con-
& } Rea fted in a C pivot emplacement is about 10 feet 6 inches, it follows
| il '@t is just possible to use the C pivot for this gun when 180°
| Total ng are required, but the tail of the slide must be traversed
Total of the parapet before running the gun up.
c Coumplete Circle foot Parapet Sli An improvement in the 16-foot slide has
b | 180° Front es much more security to the gun detach-
Toar ssessed ; it is commonl] called the
3 Vg
| okt ﬁxAz,tly, in blocking up the slide,
‘ < ing the parapet to be raised to a greater height above
o 260° Front racers, and thereby giving the detachment protection against
i T e not having a falling trajectory ; and secondly, in altering
ing gear so that the gun can be loaded under cover ap
Total The dwarf platform is raised by an additional 1 foot
i e S e ] this enables the gun

: gun to be fired over a parapet 5 feet
ving over o Height of + feet Sy high abovo tho )«

of the racer, and, therefore, 6 feet
vot racers

. The gun is loaded at an angle of depression of
of a jointed rammer ; the sponging being done with
ed sponge. The pivot block used is a « high” one,
designed for use with another mounting, whose top is
above the top of the racer. It has to be bushed to
Pivot plug, and since the pivot plate of the platform is
hes above the top surface of the racer, the difference
and 1 foot 6-375 inches, namely, 1:625 inches, has to
bya flange on the top of the bushing.
Gmaverled RM.L. gun, firing 20 P., can be fired from off
Without any jump of the slide.
O¥ement, can |)e applied to all emplacements, whatever

the Ppivot may be. With a'C pivot, the radius of th
should e 9 g i 5

Pivot Block for Medium Guns, Fi A gk
All medium guns mounted on C, D, E,
e e vhich a steel
""’“‘i‘l b Oot? consists of a cast iron block, m:o \vl‘n;:,hI aphw :

e e i sing rough a pla
ph’xr u‘th[:“ce inches in diameter, fits, |)z\z:)ni ;,;u; Dfeen ploe B
Y f i y pivot C. 5 = +
or side of the slide. The pis oo Foean
"{"‘“Sl'l-l buse, and 2 feet 10§ inches in tgm‘l)fhth; b 48
dl‘l“m‘fh: L‘np i v)} inches above the top S?“\- luleeml R
: “IE()I a detailed drawing see Iuspecv.:l-bex
S v 1878,
Ci No. 275, dated 13th May, 1878.
siveular, No. 275, dates L ey
- S[}tt(‘k“l'ﬂquir'wi by 16-foot blulL.—"I‘h‘e spaces
clear for a 16-foot slide are as follows :

required to

A IiI\'OT EMPLACEMENT.

o . 9 at top, and the parapet may have an
> %58 ®inches, n!] this pivot, also, a small sunken way, three
From the front racer to the front 20 0% BI04y be carrieq round outside of the racer blocks,

S0
pivot to the rear
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The m.zii ofhbhc‘r:wcrs is unchanged. The length of the slide is
12 feet 6 inches, but it projects more in 2
s proj e in front of the front racer than
. The drawing of a Haxo casemate to take this mounting is repro-
\ duced (Plafe X.). It may be useful in some situations i:r interior
dimensions, but, as drawn, it would be weak against modern fire,
& Sizfot Parapet Slide (Plate VIIL)'—The 6-foot parapet slide was
fespecially designed for nse in coast batteries, and for this purpose
nitiated a mode of mounting that was a great improvement on former
terns. It is ldescrihed in this place in order to keep all the
es of mounting medium guns together. It was of novel con-
l.‘ﬁonl and mode of working. The material is wrought iron.
e carriage is mounted on live rollers, so that no trippi;z laver;
e wanted ; at the same time the carriage will hardly run up of
If, as t‘he slope of the slide has been reduced from 4° to 3°; Shis
owever, is considered rather an advantage, as the gun can be ,easil ;
and gently run up by using the running back gear. In the on'gina}I
ttern the recoil is checked by a circular hydraulic buffer, a device
h., though not found to be suitable for heavy guns, is éucceasfu]
n this scale, but being very expensive has been nsed'in very few
instances. It would take some time to describe the circular buffer
fietml, but it is cireular in form, very compact, and is worked b
k fixed Tl;]ndelr_ dche carriage.—See List of Changes, 1st May, 1881y
s.—The slide is 13 feet 2 i g i :
e igd 16_fo§: 2 :lches long, and is mounted on the
Bluck.fThe pivot block is, however, 18:375 inches high
of 12} inches. It takes a pivot plug four inches in dizmetgar
d of three inches, which the low one requires. These pivot
ocks cannot, therefore, be made interchangeable simply by sart)tinv
n at a different height above the racer. ? ;
consequence of the carriage being on live rollers it is possible
‘ull:mdi{ of mognting to be used in a C pivot emplacement,
ound fire ; for there being no tripping levers, it is not

as to gain a little additional cover. The depth of three inches should
not be exceeded, or the loading becomes inconvenient.

New Patterns of Slide.—Patterns of slide which are being sub
stituted in some cases for the old 16-foot one, are the shortened
13-foot and the shortened 11-foot. b

Shortened Slide, 13-foot.—The shortened slide, 13-foot, is adapted &
for use with the converted 64-pounder and 80-pounder guns, and with &
the 7-inch R.B.L. It is the old 16-foot slide with three feet cut off
from the end, and provided with a hydraulic buffer; and with =
the wooden sliding carriage replaced by a wrought iron one.

The use of the hydraulic buffer enables the recoil to be resisted
in a space of 4 feet 6 inches, instead of 6 feet 6 inches. 5

Height of Sill for New Casemates.—The gun will fire over 4 feet 3 &5
inches, or over 3 feet 6 inches ; the latter is an improved dimension
for a casemate, and all new casemates for medium guns should be
built with this height of sill, instead of 2 feet 3 inches.

Rucers—The slide works on the same racers as the old 16 foot.

The advantages gained by reducing the length of the slide. are:
that with the casemate slide, less room is taken up, and thus, if %
wished, the size of the chamber in which it works can be reduced;
and that with the dwarf slide, it can, when on a C pivot racer,
work all round the circle, so that with the shortened 13-foot slide
the D pivot is no longer necessary. y

Shortened Slide, 11-foot.—The shortened slide, 11-foot, was intended
to take the 7-inch R.B.L. gun, and was designed to provide a mod
of mounting for this gun, which would admit of its being easil
blinded when used in the flanks of works. The dimensions a
therefore as small as possible. This mode of mounting was only fo
use in Gireat Britain, as the 7-inch R.B.L. gun is being withdrawn
from all foreign stations, but it has proved possible to work 8
64-pounder R.M.L. gun on it, and it can, therefore, be used generally
The space in the front of the muzzle is, however, cramped, and

ded

§

employment with a 64-pounder is not r
Racers.—The gun will fire over a sill 3 feet 6 inches high. : to provide space for their use.
racers are of the same section as the others for medium guns, buk e gun, with 5° depression, can ﬁ’re S et
P s ig] six fee

 the racer. Loading is effected by the muzzle being de-

are only A pivot, and are of special radii, 5 feet and 14 feet.
at an angle of 22° and the charge being rammed home

Blocked-up 11-foot Slide.—This slide can be treated like the 16

- slide, and blocked up so as to allow the gun to fire over a six f behind the parapet, with a jointed ramm T
parapet. This has been done in a few cases. k. fired at a depression qu 299 49" without cuu:irl:. he‘ 8un hsa
It has been decided to utilize for this mounting in some situations earriage. In addition to the six feet of cover gb:::y ;;'Jl‘)‘rvy to
the carriages and slides of the T-inch 63-ton guns from the Navy: Tiage and slide, the racer blocks can be set about 8} i;xnches th?a
b 2 e

N
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a D pivot emplacement has to be used, otherwise there would

the general level of the floor of the emplacement. The numbers &
mot be room enough in rear of the slide to work the tripping

working the gun are therefore in perfect security from everything i
except vertical fire, the only operations requiring a man to show
himself being laying, serving the vent, and priming. The gun is of §
course exposed and must take its chance, but a large amount of =
security is obtained without having the complications of the dis- &
appearing systems. :

The guns to be mounted on this system were the wrought iron :
64-pounder of 64 cwt., and the 80-pounder converted, firing a 20 Ibs.
charge.

Slide, 6-foot Parapet for T-inch R.M.L., 6}-ton Gun.—After &
the 64-pounder mounting was designed it was decided to construct, i
a similar carriage for the 7-inch R.M.L. of 64 tons, and to mount &
the latter in places approved for the wrought iron 64-pounder, and =
this gun and mounting has Deen very generally used for the
auxiliary armament in coast batteries.

The radius of the C pivot emplacement, which should always be &
used with this mounting, should be 9 feet at top, and it may have an
overhang of six inches. E

Ring bolts for traversing tackle should be fixed at a height
1 foot 8 inches above the top of the racer.

The loading is done with a sponge having a wire rope stave, and_
a jointed rammer. The length of the rammer when folded up is: 343
inches ; it is to have four joints, one 2 feet 7} inches long, the other
2 feet 7 inches long. 'The recoil for loading would be from 5 feet
6 inches to 6 feet. The recoil and the length of the ramme
govern the size of the emplacement. 3

Inan empl of the di ions given above, there is sp
for any of the medium R.M.L. guns to be mounted, and the o
lap of the muzzle will be sufficient even for the shortest of th
64-pounders.

Culonial Carviage.—Several carriages and slides for 64-pounds
guns have been constructed and used in the defence of our Coloniz
harhours, on which the gun fires over a height of 5 feet 6 inche
above the racer. The gun is loaded from behind the parapet at
angle of depression of 16°, a small loading way, 10 inches deep,
being carried round hetween the front racer blocks and the parapet;
the men actually engaged in loading have therefore 6 feet 4 inc
of cover.

The carriage and slide are of iron, but the carriage is not alive;
consequently when the gun is required to fire over a large horizo!

ers.
_ The radii of the C pivot emplacement are 8 feet at top and 8 feet
inches at bottom; those of the D pivot are 11 feet and 11 feet
inches.
& The high pivot block is used; the racers aré’the same as for the
r 64-pounder slides.
The design for this mounting was made before that for the 6-foot.
pet: slide, and it will not be repeated, but it is described here as
are a good many guns mounted in this manner. It is now
oposed to bring them to England, and to mount them here.
lides for Siege Batteries.—In siege batteries, and in the counter-
eries of a similar nature thrown up by the defence, some of the
might be mounted on carriages and slides. In this case, as
y would not be required to fire over large arcs, small pieces of
er would be used which could be spiked on to a wooden frame-
rork. Spare pieces of A pivot racers should be kept in fortresses
¢ this purpose.
 Disappearing Carriages.—The disappearing carriages at present in
for M.L. guns are two in number, the counterweight carriage and
hydro-pneumatic siege carriage. There are no new ones coming
and the place of the counterweight carriage has to a great
it been taken by the “blocked up” slide. °
i veight Carriage.—The counterweight carriage of Major
criefs invention is used for the converted 64-pounder R.M.L.,
b the 7-inch R.B.L. guns.
Ak consists mainly of two parts, the platform and the elevator.
he lat'ter serves the part of a carriage, and also contains a
erweight, by giving motion to which the force of recoil is
Morbed, and which, hy its preponderance, brings the gun back
nto firing position. The gun when up can fire at 5° depres-
over a parapet 9 feet 4 inches high (Plate IX.); when down its
I8 about 4 feet 9 inches above the ground in a convenient
on for loading. i
p Plates—The platform traverses on cast iron sweep plates,
hes in breadth. The radii are for the front sweep plate 8 feet
iches, and for the rear, 4 feet 83 inches. There is a zinc gradu-
o arc let into one of them. ) B
11 ,M'*Thg emplacement is a pit with overhanging con-
% and may he either a complete cirele for all round five,
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(though this is very undesirable) or open in rear for arcs under 180°,
the proportions being slightly different in the two cases.

The drawing (Plate IX.) shows the plan and section of an open
counterweight pit, of which the radius at top is 8 feet 6 inches, and
that at bottom 12 feet; the amount of overhang being thus 3 feet
6 inches.

The all-round pit is 9 feet 3 inches radius at top, and 11 feeé
8 inches at bottom. i

The sides should be made from 5 to 10 feet thick, and as far up -
as the beginning of the overhang may be built in brick or stone ot
any other convenient material, but the overhang is best built i
Portland cement concrete, so as to form a monolith more difficult
break away. E

The strength of this construction was considerable against old
guns, but is not of much account against the new ones or against.
new explosives. ¢

No more pits for guns on counterweight carriages are likely to b‘;
built, for the carriage is heavy and cumbrous when compared with:
the gun it carries, and it is not suited to resist present modes
attack on land. These emplacements are, nevertheless, deseribed,
they illustrate a type of construction—the concrete pit with
overhanging wall—which has been somewhat largely used.

Hydro-pnenmatic Si.eye I?isappem'iny Casz-iage far.64vpauuder R.M.L— areover, the carriage does nob abearh the f e
The _hydx ¥ siege ‘ ppearing carriage when appro in which the counterweight carria; edorce - recml.m the
was intended to be mounted in permanent emplacements in several rage, the strain on whichb\vould b e 'lmt i
of our forts, but difficulties. oceurred in connection with their desi, were led from the axle of the carri : [PitninEhe a_nchoring
whichih;ve not been overcome, and the few carriages made fo h the horizontal, though it is cons?a:rz; a:llc:i:ﬂf] oiosideg“ws
part of the siege train. ages, o ke 5 able ave two

It was designed to take the wrought-ron 4-pounder R.ML E m:rﬁv;;;{‘ ien\:rln)::t.:tr;?; ;;yot’}‘ﬁr i:z’l;m};f' iT_h‘s anchorage can
gun, firing 121bs. of powder, but 251b. charges have been fired from parapet over them, but it is ng,t s: i tlml?er and heaping
the gun mounted on the experimental carriage without doing rk where the pump;t i (on:“gy to make in a permanent
harm, and it is now approved for use with the 66" R.M.L e height of the parapet for tyhe ed_
gun, firing a 1001b. shell, and 251bs. of P powder. An 8-inch rifl  feet 24 inches. gun depressed at an angle of 4°
howitzer has also been fired off it. Tt seems to absorb strains in th
most wonderful way, and, moreover, from the easy nature of the
first motion of the recoil it increases the accuracy of the fire of th
gun mounted on it in a noticeable manner.

The carriage is somewhat similar in appearance to an ordil
travelling carriage, though much more strongly constructed.
gun, however, is carried at the ends of two long arms, which 8
pivoted on the same axle as the wheels. The upper ends of the
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arms are .colmectc(l with the rod of a piston, which works in a
- gopper eylinder attached to the trail ; the cylinder is nearly \‘c.:rti- l
£ put is capable of motion about trunnions to enable it to acco’mn\o{;":‘t’
Jjtself to the varying positions of the piston. Internally, the cyli ok
js divided into two portions by means of an inner u’nnu‘m;- the

npressed air.
“ When the gun is fired the arms on which it is carried rotate
about the axle, driving home the piston, and forcing the water inu(:
outer space olf the cylinder, thus still further compressing the
The expansive force of the air is thus rendered sufficient to
back the piston and raise the gun again into the firing
on. When the gun is down it can be retained in that ositio;
to load. The carriage cannot be easily moved about, or t};w g
e any\vhere to fire without preparation. It is hca’vy wei hbinl:
A w]chonc the gun, and, I believe, mechanical A]wpl}anccgs o
‘vequired in order to limber up. &
m the need there is of leaving a space between the parapet
f:he wheels, to enable the men to get round to load, it is ‘necl’e
¥, in o}rder to get sufficient overlap of the muzzle ovc;r the cre Z:
the interior face of the parapet should be vertical or ha.ve :
ht overhang ; that is to say, it must be revetted. =

Ligar Rivep R.M.L. AND R.B.L. Guns.

‘K Iﬁﬂzi Guns.—The light rifled guns used in fortresses, are
nnl:io“n ers R.M.L. and R.B.L., the 25-pounder RM.LY the
e;}fLB.L, and the various field guns. i
e "e ~lll0-pounder R.M.L. has been mounted in casemates on
and carriage. It was a good gun for mounting in the flanks
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t is mounted on a lattice-girder steel overbank travelling carriage to
" fire over a 6-foot parapet, and is provided with a hy:lnuﬁic buffer for
he purpose of checking the recoil.

The carriage works on the *Davies ” platform, which is a double-
‘decked platform fitted with a combined wheel guide and attachment
for the hydraulic buffer. This consists of two steel castings, resem-

of works, in cases when it was probable that men and not earth-
works would have to be fired at ; for it is sufficiently powerful at a
short range and is easy to work.

Tt would now be superseded by the lighter Q.F. guns.

Travelling Carriage and Overbank Carriage.—All the light rifled
guns are mounted on travelling carriages. The 40-pounder and
25-pounder R.M.L. and the 40-pounder R.B.L., can fire overbank i s, whi ler wi
Many of the latter guns have had their breech mechanism altered s e ‘:llzl: el;’nv.rl:c:r 2)‘:/0};0}::;;:0?:::: Tfe‘:zlnthf 5 I’l]i\tfm'm St
that it is now “side closing,” and more convenient to handle than i platform. One end of the hvdr;'nulic bufter i:o-r::mtc)l?ef: mthl')f -
he other end to the trail of the carriage. Steel p?ank]; ‘;.rm;
ided for the wheels and trail to rest on. The distance from the
vot to the point where the trail touches the ground is 7 feet
inches, and the length of recoil allowed by the b;draulic buffer is
foet. It results from these dimensions that an angle of trn\’ers;a
6° can be got without the trail leaving the plntfnr;, and that by
widening the platform three feet on each side, or making it Ié feet
in all, an angle of traverse of 90° is obtainable. N
ith .t,ln's angle of traverse also, the wheels will not touch the
et if the gun be mounted behind a straight face.
3 L‘)B',:ﬁ;3 ?i:,sc };V.B?Ii cwt.—This gun is mounted in a similar
b may he.conveniently noted here that a casemate or shed 20
wxlll accommodate all guns and howitzers mounted on
lling carriages, with their limbers run over the trail, shafts out-
Fifteen feet is sufficient for the 8-inch R.How. :l.ml for the
er gun.
pearing Carriage for 6-inch B.L. guns—A hydro-pneumatic
g, d§slgned'by Sir W. Armstrong, Mitche]l., and Co,, has
led with a 6-inch 3-ton B.L. gun for siege purposes. It s’ome-
‘ : 8t resembles that for the 6-6-inch M.L. gun before described. It

edhon an “ A piece” as it is called, which is a timber frame-

(]: e form of an A, at the point of which is the pivot.  This
ely anchored df)\vn. It only allows of a small angle of train-
f: mcbf)mge is partly under the parapet; it is not con-
= 10T Use in a permanent work.
.' ng C’a.rm'ny/cs Jor Jeinch and 5.inch B.L. guns.—Tt may be
= &?en}?m that mov?ble H.P. disappearing mountings for

inch B.L. guns will be introduced into the service, re-
m@:;:ﬂs;:ﬁn; ‘:o(ri tl}e 6:6-inch M.L. They will probably be
b d;ame[:l:ii’fs:‘m with a pivot, or on some modi-

the original form.

On the travelling carriage the guns would fire over a height of
feet 3 inches, and with the added bracket, which converts th
carriage into an overbank one, they would fire over a height of 5 fe
6 inches.

The R.M.L. guns mounted overhank are depressed 20” to load.
4-pounder on an overbank carriage has been fired at a depression
20° without doing any harm. They would be fired off the doubl
decked platform, which is formed of two layers of 3 inch plank, wit
4 oxtra pieces underneath. The size of the platform is 18 feet by I
feet.
These modes of mounting would be used for the guns intende
for the batteries thrown up between the forts, which would be
the nature of siege batteries, and the overbank carriage could ali
be used on the faces of the fort themselves.

The travelling carriage has the following advantages : it is sim)
requires no great preparation to form an emplacement, can
brought when wanted to the point where it is to be used and remoy
again under cover, and with the overbank bracket fixed gives bet!
protection than any other mode of mounting except the disappes i

The light guns can be used either in the batteries intermd
between the forts or in the forts themselves.

It is probable that towards the end of a siege the light guns
can be run up on to the rampart for a few rounds, and then ta
away again into security, will be the only ones left serviceable.
fortress should therefore be provided with some, of a calibre !
weight suited to the local circumstances.

B.L. Guxs.

inch B.L. gun of 36 cwi.—This gun, a long breechloader fi
501bs. projectile, has superseded the 40-pounder for the siege
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place by increasing the number, power, and mobility of the arma-
nent.

Sufficient security can be obtained for howitzers by concealment,
ad for guns by rapidity of fire and mobility, which will leave them
posed to injury only for short periods of time, and the advantage
large offensive power in crushing an enemy’s attack is obvious.
any rate, whatever may be required on the Continent, this is the
t policy for England, none of whose works are likely to have to
d a regular siege.

Mountings on Railway Trucks.—A further step in advance that is
likely to be taken for fortress guns is to arrange these mountings to *
be carried and the guns fired on railway trucks. L

By this means the maximum mobility and power of concealment
is attained, the gun heing either moved laterally on the rails or®
taken away from them to any favourable situation in the neighbour-:
hood to which they are not laid. 45 ]

The rails would be the ordinary 4 foot 84 inch gauge, so that the™
truck could be run on to any line of railway. It would not b
possible to fire anywhere on the line, but at selected points pre)
tions must be made to resist the shock of recoil. For instance,
might be done by anchoring a third rail parallel to the track, to an
point of which the truck could be attached. Thus all sections of
parapet in favourable situations could be made available for ﬁn'ng%‘
from along their whole length. The gun would probably fire ove
a height of about nine feet above the rails. 5

The carriage must be capable of traversing through a small
when being fired off a truck. This may necessitate a wider ti
than is permissible on a railway, in which case it would carry
turntable, which must be pivoted round on arriving at the firin
point, and which would probably require supporting at the ends
of the rails. These trucks might also carry howitzers, which mig]
thus be moved rapidly from one concealed position to another.

Various combinations of carriage and truck have been desi;
In one by Messrs. Easton and Anderson, the two form one moun
ing, and the gun is always fired approximately in the line of the
rails. This lessens the mechanical difficnlties, but does not
such an adaptable fighting machine as when the two are separat
and the fire delivered at or about at a right angle to the lines.

In France there is a mounting which satisfies the latter condi
but in which still the carriage and truck are combined into
This is deficient in adaptability to irregular ground.

Turrets for Land Works—Turrets for guns of about 6.
calibre are being extensively used on the Continent, in works
structed under the direction of General Brialmont.

Two forms will be found figured in the Nuval Annual for 1
by Lord Brassey. There is no likelihood of their being introd
into the English service. I believe it to be a mistake to put som
money as this system requires into passive protection, which?
always liable to be overpowered by a new weapon. It would!
better to expend the sum in developing the offensive strength of %

RirLep Howrrzegs,

‘Rified Howitzers.—The old pattern short 8-inch howitzer of 46 ewt.,
the 63-inch howitzer, are mounted either on a travelling carriage
6 the 40-pounder carriage, or on a special bed and platform. The
tform is 10 feet long and 5 feet 4 inches wide. Both these are
® mountings, and there is no form of permanent mounting for a
howitzer. (! quently all the preparation to be made for
consists in forming a level surface of earth behind the parapet
a good foundation to take a wooden platform.

parapet should admit of the howitzers being fired with as
tle as 5° elevation, when on a travelling carriage.
8 tx;ave[ling carriage the axis of the S-inch 46-cwt. howitzer,
horizontal, is 3 feet 3 inches above the ground.
ﬁm special bed the axis is 2 feet 3 inches from the ground ;
180 mounted the howitzer should not be fired at a less angle of
ation than 20°, i

the howitzer beds have been removed from the siege train
fotted to permanent works,

&-inch howitzer of 70-cwt., which will form part of the arma-
most of our fortresses, is mounted on a travelling carriage
ank, .and has in addition an hydraulic buffer fixed under-
1€ carriage to be connected with a pivot to check the recoil.
6-inch howitzer will also be mounted on a similar travelling

h?thzers will both be fired off a “Davies” double-decked
like that for the 5-inch B.L. This platform is 18 feet by
dormed of two layers of 3-inch planks, with four additional
2 ernegth. At three feet from the front is a wheel-guide
O combined, to which is attached the hydraulic buffer of the
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A few instances may be found of a pivot fixed in concrete for the’ SMOOTH-BORE GUN,

8-inch 70-cwt. howitzer. The pivot being between the wheels, the
piece can be traversed through a complete circle. The axis of the &
buffer in this design is one foot above the ground, and the top of the &
pivos block to which it is to be attached is four inches above the
ground. Tt should be capable of taking a 4-inch pivot plug, and is &
sunk three feet in a mass of concrete six or seven feet in diameter,

The following are some of the leading dimensions :—

s Gatis —S 5
Smth—_f?me n{n.:.—&monthrh)vc guns, carronades, and howitzers,
y possibly be still used for flanks and places where only a limitcxi

. All the muzzle loading guns are mounted on standing i

“on sliding carriages and slides, similar to those ihirdnflglcs’
bed for the 64-pounder R.M.L., but they do not rer‘uir: -y- ('ei
ots, and various old patterns of racer are somczimus{ usc(f L\f‘l‘t‘i\

Amount of recoil...

4
Length of axle of wheels ... . 4 irty two-pounder S.B. o |
ik TR |  tuopounier 5.B. B.L—A pattern of S.B. B.L. gun has been
2

3 nc.ed for flanking purposes. It is a converted 32-pounder S.B.
h an interrupted screw breech-closing arrangement. It will h,
hot only, and uses fixed ammunition, . 3
n mldx?}:mlmudll: to the muzzle of the gun has had the effect of
sing the lateral spread of the balls from
the case shot conside
s0 that they will cover 42 feet i ; oot froms
2 at a distance of 120 feet f;
sl , 2 rom
Pzzle, while leaving the vertical spread unchanged or perhaps

Distance from pivot to point of trail.
front of buffer
% 5 muzzle of 8-in. rifled howitzer ... 5

A wooden platform must be laid for it, and this must evidentl
extend for a distance of 13 feet 10 inches in rear of the pivot;=
in addition a space must be left for the use of the traversing han
spike.

A steel plate 6 feet by 1 foot & inches by }-inch is placed und
each wheel and under the trail to protect the platform.

The distance from the pivot to the muzzle of the howitzer be
less than that from the pivot to the point of the trail, the empl
ment cannot be adapted to angle of traver of more than abou
130°, except in situations where it is immaterial whether or not
howitzer is elose up to the parapet. "

B.L. Howitzers.—Six-inch, 7-inch, and 8-inch B.L. rifled howitze
are under trial for use with the siege train. The 7-inch will nof
repeated as it introduces another calibre.

They are weapons of greater power than the M.L. howitze
similar calibres, and consequently cannot be fired off the “Davi
platform. It is necessary that they should have an anchorage bu
some seven feet in the ground, to which the hydraulic buffe
attached by iron rods. Their accuracy is greater than that of

M.L. weapons.

Rifled Mortars.—On the Continent rifled mortars of various
are in use. These differ from howitzers in being lighter and fi
smaller charge, always at high angles. Their accuracy is, of ¢
not so great, but they can fire shells of the same size whose P
tration into roofs is considerable, and whose searching powerj
maximum, while they are more easily transported. They &
weapons that have a distinet place in siege warfare. i

» »

u‘:llionnte«l ona platform admitting only of a small amount of
. owﬂ::rm;;:lh:lg t!.xe gun to run up immediately after firing. Tt
h he ]mck: e sbeaz:nie‘llghc;;t:e gun u:m:l;efheld at recoil, 1 foot
‘held there. If there be a \vc‘ S ‘"Ches.iﬂ i
duvenient for bringing the uluznz‘lio::itll?il:};s. b
latform is 6 feet 7 inches long, and 2 feet 3 inches wide. It
gn.;d -to w?rk on A pivot racers of 1 foot 6 inches :n;d 6
cbe: radii, the rear trucks being close to the cnvi of the
t:)x h:h:;spwml uf‘ the balls is sufficient to enable the
) b]oc‘igei':i:o;;l:,};: ce;rheléﬂ.atform will consequently
20lt, 2 inches in diameter, :5 1;3 5111:[:;(-:[:11.(?1‘:(1:;1(1 ‘:th ki
B0 reccive it cither a pivot bar built into the wq umf“ery' i
Pivot block fixed to the floor. The heig h’L i
block should be 10} inches aboveethee‘éﬁob ol
‘ or. The pro-
. ts':oull?luzbz;e .’be;yond th.e pivot is 4 feet. The hei‘r)'rl:c
o 10‘“ leen 41_1» inches above the floor, and :he
Vi, e.e} ion and !5’ depression.
ik };im’;n lseou[mnrfly required in rear of the guns for
o emx;)]x:)(;ceﬁfwng this amount of room, no donht,
G
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dius of 6 feet from the pivot is necessary for working it, and this
tspace should extend 2 feet to the right and left of t;e n’xis ab ex-
treme lines of fire.
The gun can be mounted to fire through an are of 160°, but not
‘eonveniently more, as the distance from the pivot to the l’nuzz]c is
6 feet, which is just the same as the' radius of the space required
p work in, and the muzzle at larger angles of training would there
e come inside the parapet. * [
: pounder Q.F. Embrasure Mounting.—It has been found desir-
in some cases to mount 6-pounder Q.F. guns on saddles attached
- the sills of the embrasures in iron forts. The mountine devised
this purpose by Mr. Nordenfelt admits of 4 inches rec:il while
ill allowing the use of a shoulder-piece for aiming, and of .; pistol
ip for the_ trigger, two great conveniences whe?x firing rapidly.
mounting is so satisfactory that it is likely to be us:(I in cor;‘ll
t.vxonc \\ntl'x the “e}IaTIbir; frame ” mounting, so that a certain and
ficient resistance sha 7i il wi i
ey e given to the recoil without any risk of
Wew Quick-Firing Guns.—There can be little doubt that within a
' years :}Imost all artillery will be quick-firing, up to and includ-
uns firing projectiles of about 100lbs. weight, and that possibly
of fhe older patterns will be converted to quick-firing, e
dity of fire alone is of great value at almost all cix:;;s for the
& ‘for coast rlc{cnces, and will very often be found useful
eld, siege, and garrison work, but, besides this, the manipulation
n becomes easier, and much smaller detachments are re-
“A fsmol.(elefs powder is certainly required, in order that the
Hae of quick-firing weapons may be secured, but progress is
made with this also, and it is-mot likely that it will form any
€ to the introduction of the guns. =
wsually the case when there is a new departure, there are
-75:“;”5 of guns and mcunltings put forward for adoption.
: ch Q.F. gun has been introduced into the service for
. a number have been ordered, and only a few minor
oy i:;oe.ihi sez(tiled. Itg projec?i]e weighs 45 Ibs., and it
se;am:e];un s per minute. The projectile and charge
g
‘:‘;i.};‘n S :sn ;VBO-po.u{nller and was accf:mp:mietl by a
Al practically dgfunct, having been super-
B s[cr:l‘l:\crsez](.SII;’ ,lg;un. Tl'us gan would fire the same
ch B.L., which is a great: ndvnnmgc for

G2

The detachment consists of five men, exclusive of any at the car-
tridge store, but three men are sufficient at the sacrifice of a little -
rapidity. =

The gun will fire three rounds a minute, and is simple and not
likely to get out of order, in fact, just the thing for a flanking gun.
Tts effective range may he taken at 350 yards. &

S.B. Mortars.—S.B. mortars, if any are still retained as porti
armaments, will he mounted as of old on stone or wooden platforms,
6 feet 6 inches by 9 feet 6 inches, or 12 feet square for 13-ind
mortars. 3

It should be remembered that as mortars always fire at hi
angles, there is no need for exposing them to the enemy’s fire b
mounting them on the ramparts of a work; they should always
on the parade, or in gorge batteries, or outside the fort altogether
if they can be so placed without danger of capture.

The casemated mortar batteries, such as were constructed in th
Portsdown Hill works, are not now used ; they would not be secu
against the curved fire of guns and rifled howitzers. 3

ons of

QUICK-FIRING GGUNS.

The quick-firing guns at present in the English land service
the 3-pounder and 6-pounder. Both the Nordenfelt and Hotchl
guns are used, as they fire the same ammunition. *-

Three-pounder Q.F. Travelling Carriage. —The 3-pounder Q.F. gun]
mounted on a light travelling carriage, designed by Mr. Norden
to fire over a 3-foot 10-inch parapet. It is provided with a liml
and could probably be transported by a couple of horses.

Sic-pounder Q.F. Elastic Frame Mounting.—The 6-pounder
gun has too violent a recoil for a light travelling carriage to
without moving, and thus rendering it necessary to relay the g
each round. It is, therefore, mounted on a fixed conical framey
called an “‘elastic frame” mounting, because the spring of the me
utilized so as to avoid the necessity of having a carriage with
buffers. The spring of the metal alone is not, however, sufficient
this, and, for land-works, the frame is therefore bolted to a ¥
platform (Plate XIL), which yields at each discharge.

The *elastic frame ” was originally a naval mounting, when it X
assisted by the elasticity of the deck. A

The gun fires over a height of 3 feet; a clear space withid
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It seems -lm[bﬂssi])l\: at present: to apply the principle to the
2-pounder field gun, but as this gun has fired four aimed rounds a
‘minute in its present form, the question is not a very pressi

supply. The gun under trial is expected to give a muzzle velocity &
of 2,400 feet a second, and to fire eight rounds a minute. The shot
and cartridge would be separate on account of the weight, which
renders a combined charge difficult to handle, and seems to mak
this the limit of quick-firing guns worked by hand.

T will not venture to prophecy as to what may be done by the
application of power to the lighter classes of armour-piereing guns, %

It has been suggested that a 14-pounder and a 40-pounder were
the right quick-firing guns to use afloat.

The 40-pounder has been forestalled by the 4°7-inch gun, but there
is a field for the 14-pounder, and it was proposed for the land service &
for flanking lines of mines where the ranges were too long for the &
6-pounder Q.F. It is loaded with a combined cartridge and pro-
jectile like the 6-pounder. It is used in the Colonies. g

At the Royal Arsenal a 12-pounder R.B.L., the old Armstrong
field gun, was tried as converted into a Q.F. gun primarily for the
defence of mine fields. %

Mr. Maxim has ¢ ic” firing 3-pounders and 6-f
and he meditates extending this principle to higher calibres.
gun goes on firing itself until it is stopped. A rate of 36 aimed sh
a minute from the 3-pounder is expected. :

Efforts have been made to adapt the 4-inch 25-pounder, the 5
50-pounder, and the 6-inch 100-pounder B.L. guns for quick-fire,
can be done, but new carriages are necessary to obtain the full val
of the principle.

For field guns the quick-firing principle has not been looked up
with so much favour as for others, and this for two reasons. One
that shrapnel is the projectile for field guns, and it requires a i
fuze to be set for every round. The time necessarily taken
this would, it is urged, nullify the rapidity of fire, and this wor
no doubt, be the case in firing at small detachments on the march,
would not be so against large bodies of troops or against men inZ
position. In these cases several fuzes can be bored to the
length, and several rounds fired in rapid succession.

The other objection is the difficulty of keeping the ca
motionless after each discharge, which must be done, since &
movement wonld render relaying necessary. =

Mr. Nordenfelt has proposed an 8-pounder Q.F. gun as the hea’
that in his opinion can be used without encountering this difficulfs
It has been tried, but has not been sufficiently successful to he ado]

The Hotehkiss Company have proposed a 9-pounder.

o
g

ne.
Proposed J[mq:liny.f Jor Q.F. Guns.—Of these there are several.
Naval .Muunlmy for 4T-inch Q.F. Guns.—One for the 4T-inch
ns is in the service for the navy. A ‘dra\ving of it will
fou'nd in the Naval Annual for 1887, by Lord I‘imsseyA The
“mounting works on a combined pivot and clip racer, called a pivot-
pl w,”abopt bh_rce feet in diameter. The gun is placed on a rocking
lide, which pivots on lrunui.on bearings, the gun only moving b;wl:
ds x.nd-forwzlrds on Lht_), slide, which includes the hydraulic buffer.
alevalnou and depression are given by rotating the slide round
trunnions by means of a shoulder piece attached to it, or by a
d wheel afnd gearing.  The trunnions of the “rocking slide " fi
ito a revol_vmg bracket, curried on the pivot plate, which can be
ed horizontally by means of the shoulder piece or by gearing.
-us;ﬁf the shoulder piece enables the gun to be fired likcca sm:ll
e mounting is partly protected by a 3-inch pl .
t plate and part],

al_)l{llez proof hood, all revolving with it. The gun is ﬁrleld b{
fectricity, so as to avoid the danger of havin; i i
ol g g percussion caps in

. mounted in this way on land the gun would fire over a 3-foot
‘;p:tin nnd.w?\dd require a clear radius of 8 feet from the pivot

] t in. i it i

e (:f‘ in. Very solid foundations would be required for the
6-inch %Ofrpoundcr Q.F. gun would also be provided with a
mounting. It would require a radius of 9 feet to be kept

£

antmy:—"l‘he' pr'in.cip[e of this mounting is the right one
d. guns, and it is likely to be considerably developed. It has
lopted ly.y the Australian Governments for 12-pounder Q.F.
It consists of a movable cylinder sliding in a fixed \'erti:’:ai
top ‘of t‘he latter being flush with the ground. The movable
. ;;‘:xoh is couutevrpoised, carries the gun with its elevating
& ledmg hgeadr When the mov'able cylinder is down the gn;
poaitign_e ind the parapet. When up, it is raised into the
e llll;;):ntlnff .is suitt:,d to the conditions of a Q.F. gun, which
] b :g)te‘al from view l).en.\vecn. each shot without losing its
: ; aracteristic of rapidity of fire.



o 87

For a 6-pr. Q.F. gun the fixed cylinder is 6 feet long and 3 feet
6 inches in greatest external diameter. This admits of a rise
and fall of 2 feet 6 inches. The lower cylinder must be solidly =
imbedded in concrete. The counterpoise arrangement is contained

‘in the interior. .

These dimensions result in a parapet 4 feet 8 inches high above
the top of the fixed cylinder. This is enough to cover the guns, but
the gunners must step down to a lower level on ceasing fire. is.
lower level would also be convenient for the ammunition service.

This mounting has been actually applied to the 6 and 12 pounde:
and to the +7-nch QF. gun. The emplacement for the latter
will probably be circular, eight feet in interior diameter and with &
parapet six feet high. The firing number will stand on & movable
stage running on rails round the mounting,

Tourelles—The “tourelle,” or small turret for a Q.F. gun such
the 6-pounder, is in my opinion almost a necessity as part of a stro
land fort. :

There is more than one pattern in existence, as they are used byt
(3encral Brialmont in his works on the Meuse and elsewhere,
they are not yet introduced into our service.

The first described here is a fourelle & eclipse, ot disappearing
designed by Mr. Nordenfelt to contain one of his 6-pounder
guns.

It consists of a cylinder of steel 10 feet high and 10 feet.
interior diameter, curving inwards at the top, where there is an op
ing about 6 feet 6 inches across. This cylinder is embedded in

crete, with its top opening flush with the surface of the ground.
top opening is closed by a steel domed lid, with a rim aboub
feet deep projecting from it below, in shape like the lid of
earthenware teapot. Connected with this lid is the 6-pounder QES8
gun, with its elevating and traversing gear and a counterpoise. J
the gun is not in use, the lid closes the cylinder compl
When it is wished to open fire, the counterpoise is lowered an
lid with the gun raised about 15 inches. ~ The gun is then ru
ward and can then be fired through a small port in the rim of !
lid at from 6° depression to 15° elevation. In traversing la
the gun, lid, and counterpoise are all moved together.

The lid is six inches thick, the cylinder isnine inches thick
upper end where it curves in, but only two inches thick
bottom. Aeccess is obtained from below, where also the ammiE

T“:ﬂ !nfn can \an'k the gun.  Nearly perfect security is obtain ed
by this system against bullets, and it is said to have stood a b i
from ficld guns. It forms a very small mark to 4Lin; at. R
. The chief dlsn_(lv:mtage of this mounting is that it limits th,
¢ lngth, and therefore the power, of the gun, .
.A simple tm{relle, ?lso designed by Mr. Nordenfelt, which does not
sappear, alnlvmds this. Its dimensions are generally that of th
e;:oure. e when up. It is so small that it is easily concenle:lﬂ
d being snnp}]e{, cheaper, more casily worked, and with .
erful gun, it is to be preferred. ' e
. sl:z::lu(i tr;:;tdadvoc:;tc Sn;‘plcying this system for guns heavier
han -pounder Q.F., althongh it is  bei
a v + althe eing largely used
ConnnerlltA for guns up to six inches calibre. i Inam'y 0] iniozln
y.gnn;.w hich are intended to he used against troops in t;héJ 0 )er;
:xredt rs] amount of protection, and its upplication should vjon
q r 3 o i N
:nzyhru, hmttud to the smallest weapon which can give an
nt shrapnel fire, which at present seems to be the G»pnounder

WaLL Preces.

Ul Pizces,—Experiments hav 3 ith a vi

‘p?z:e?h?cfhwa)&!:i:ce fgrbfg:ir;: :‘t]et:eml]:e’?u‘l’:egf O;E?;:Z

e oz ‘f::mwz l:-igcplitolgécc,:ﬁu:u;;: 1‘:5}:'31?":;21 ;:nji?t’illtc;lm:az
an essarily

e : bie:o?x; lfxotbhbeen very u:::f;f:;:;)lg liz:xrr.get:f e::b]ecfhl:

‘"wh e 3,)1,70u3d‘:: for this purpos: of the smaller QF.

MACHINE GUNs.
Guns.— i
W’fhe earlier f'orlms of machine gun, such as the old
L Te not sufhclenf.ly trustworthy in their action
e Thsen0u§ consideration in deciding on the armament
,mwm“e }lesxgu and construction of machine guns has,
S — 1yt mproved of late years, and there is now morc’
| g (li-l]':ltnt be depended upon to deliver a continuous
‘ > ot liable to get out of ;@ vhich ¢ i
is stored. ta it it does, - order; and which can be eusily
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©  The improved Gatling has got rid of this defect, und is better than
¢ the old one in other ways as well They both have ten barrels
which are rotated and fired by turning a crank on the right huuli
side. The feed cases are placed on top of the gun. o

In the Nordenfelt guns the barrels are placed side by side and
.~ the firing is done by the backward and forward motion of a lever on
the right hand side of the gun. The.feed cases are on top of the

Consequently, machine guns are coming into general use as a por-
tion of the armament of works, and it is to be hoped that their em-
ployment will be greatly extended.

Gardner Guns.—The Gardner gun, which has been adopted into |
the service, is in three forms, a one-harrel, a two-barrel, and a five- o
barrel. The latter is for use by the navy, who want to fire large
volleys ; it is of different design to the other two. They fire the =
Martini bullet with a solid cartridge case. 3

The one-barrel is called a rifle of position ; it weighs about 55Ibs.
without its mounting, and is intended to be used in places where
portability is of the first importance. It will fire 160 rounds a
minute easily, and can be pressed up to 200 rounds. 4 navy on “ elastic frames ” like the Q.F. guns.

The two-barrel is practically a duplication of the one barrel; i The field carriages vary in details, but all resemble light wun
weighs about twice as much and fires twice as fast. ¥ carriages with trail and limber. The guns fire over a l::i"h: of

The guns are both actuated by turning a crank on the right han 3 feet 3 inches. None of these mountings are suited for use i;cusc.
side.  They pivot, both vertically and horizontally, about a poinc%v
which is 30 inches from the muzzle, and about 20 inches from the rear
end of the mechanism. The total width of the two-barrel, includ-4
ing the crank handle, is under 12 inches. The feed guide rises 2:
inches above the axis of the barrel, and about 12 inches xmi_
space above it is required for entering the cartridges. The
mechanism is very simple, but it is not necessary to describe
here. Two men are required to work the gun rapidly, one to point
and fire and the other to feed. The above data will give some i
of the space the gun will require in a work.

Mazim Gun.—The Maxim rifle-calibre machine gun, which
also been introduced, has a single barrel and a breech mecha
which when put into action acts automatically, entering, firing
extracting cartridges by means of the force of recoil. The feed
from below, the cartridges being carried in loops on a band like
elongated bandoleer. The band is stored in a box which is pl
under the gun for use.

One man is required to lay the gun and to commence and
firing. The gun will fire 600 rounds a minute.

Other Machine Guns.—Other machine guns that may be met ¥
are the old Gatling, the improved Gatling, and Nordenfelt guns
from 2 to 10 barrels. ?

The old Gatling, with 10 barrels arranged round a
spindle, is an untrustworthy weapon, unless a great deal of car
attention be devoted to it. It cannot be relied on in a eri
situation. ;

Mountings for Mackine Guns.—The Gardner gun is mounted cither
on a field carriage ora “parapet” mounting. The Maxim probably the
same. The Gatlings and Nordenfelts on field carriages, or in the

The parapet mounting for the 2-barrel Gardner and the Maxim
gun consists of a steel bar, with wheels at one extremity and L Cross-
iece gmling in claws at the other. A bracket vu.rrg-iug the gun,
ith its traversing and elevating gear, slides on the bar. Whe; ir:
eiﬁnng position, the cross piece rests on the top of the parapet,
lm':h may be of any height used for musketry. The gun bracket
shd'up to the top of the bar and clamped there. The wheels
also slide up a short distance, so that the end of the bar may rest on
the ground.

- For travelling the gun bracket is slid down and clamped, and the
T0SS pieces serve as a handle for wheeling the gun about.

This mounting is six feet long. It can be nsed at any ordinary
usketry parapet with a banquette. The gun can be traversed
hrough 180°,

THE RIFLE.

Ililjlc.—The last weapon to mention is the rifle carried by the
er.

E 'He, as ‘f."UIev fives over a height of 4 feet 6 inches, sometimes 4 feet
,'fl!l:‘he§, if the superior slope of the parapet be very flat, but a less
e tif he has to fire downwards.

« Lhe .banquetze on which he stands should be 3 feet wide for
PBVenicnce, but can be reduced in width if it be necessary. It is
Pproached either by a ramp or by roughly made steps.
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With a thicker wall this interval cannot he retained, and the hest
- mode of treatment is to form arched recesses, so as to obtain thinner
¢ walls in which to make the loopholes.
~ In order to prevent the enemy firing into the loophole, or in any
§ way injuring the man behind it, the opening should be as small as
it can be conveniently made, its shape shonld be such that bullets
Ceannot glance in, and the sides shoyld be so. formed, and of such
terials, that they may not be liable to give off splinters.
A convenient way of making the neck of the loophole is to cut
opening out of a piece of half-inch iron plate, which can be
into the wall. The opening may be 12 inches by 3 inches
an ordinary straight loophole for firing down a ditch. This
ger than is absolutely necessary for the rifle, but it is well not
) hinder a man more than can be helped from seeing what he has
fire at; besides, it allows for men of different hei';hts using the
me loophole conveniently. v
‘The use of the iron plate for loopholes may be recommended in
4 feet or 3 feet 6 inches thick ; in 3-foot or thinner walls the
?f the loop can be placed close to the onter face of the wall, and
simpler to construct the whole in brick or masonry, or whatever

The breast wall of the parapet may be vertical or inclined as much
as 4 to 1, according to its construction; or it may be vertica]
for part of its height, and finished off with a slope. It may be
revetted with sods, sun-dried bricks, gabions, fascines, or sandbags,
or Willesden cax‘llm:ml secured by pickets, or anything else that .
does not splinters or, for part of its height only, with brick or
rubble. The revetment should have no special foundations, as any
settlement is quite immaterial.

The crest of the parapet should not be straight, but should be'
finished off with a series of hummocks about 3 feet long and 9.
inches high. These will give additional security to the men firing, ?
both by concealment and by actual protection against bullets. =

This is its barbette mounting, so to speak, when it is fired over the:
top of a parapet. 3

Loopholes.—In its casemate mounting it is fired through a loop- "
hole, which requires a careful description. It was the impossibility,
of finding any useful information about loopholes that originated th
idea of this book.

loophole are, that the man using it should be able to fire from
easily, and in the required direction ; that it should not weaken eoeral material used may be.
wall more than can possibly be avoided ; and that it should not order to prevent spliu;ers being broken off the front of the
easy for the enemy to fire into. F ! and finding their way in, the materials used should not
fracture when struck by bullets, and should not have sharp
tAelmost anything may be used so long as it does not flake
T.
event hullets glancing in, it is advisable to step the exterior
. wall is over 3 feet 6 inches thick. A brick loophole
of course, be built in rectangular steps (Plate XIV.); a stone or
@ one can be sloped off in the manner shown in the drawings
), the slope being directed towards the outer edge of t}:e
thus precluding the possibility of a bullet glancing in, and
e angles more obtuse, rendering them less liable to

occupy, it is not possible to give a recipe for their construction;
only the general principles which it is necessary to observe.

In the first place, 3 feet of wall space is required for each
at a loophole, and this is, therefore, the minimum distance from ce;
to centre at which they should be spaced. 1t must be remembe;
that as a man fires from his right shoulder, he requires more ro
on the left of the line of fire than on the right, therefore, whe
loophole is next to a wall,.the wall must be at least one foot
the side of it if on the right, and two feet if on the left of the
hole.

For a man armed with the infantry rifle, the neck, or narro
part of the loophole, should be at most 2 feet 6 inches from the
face of the wall. If providing for a work to be defended by
with carbines, it must be one foot less.

It will be found that a 4-feet wall is about the thickest th
which it is advantageous to make loopholes at 3-feet intervals,
the splay is very slight.

1 possible, of course, for a bullet to glance in off the sides of

 which are perpendicular to the iron plaie, but it would
ed very much from one side to do s0, and then would

th a high velocity.

to get the maximum of effect from a loopholed gallery,

a{xoL}]tl be designed for the position they occupy, so zhu;.

limited arc of fire may he thrown away ; thus the loops
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at the ends of a set firing down a ditch would be skewed inwards,
while the centre ones would be straight.

Loops with extreme depression are sometimes required
In designing these, care must be taken not to
facilitate the enem, ing up them (Plate XIIL).

Horizontal or Vertical Loopholes.—A choice must be made between
horizontal and vertical loopholes according to the purpose to be

~ equality ngmr},ufter the fire of the defence has been silenced, though
~ the attack \Vl].] have the advantage of being able to e.‘(plm{e Iar"D
1 charges, forlmmg craters, while the defenders must be caref la:r
- produce as httl_e surface effect as possible. i
- Defensive Mines.—Preparations in a permanent form for mine
2 defenlze ne{:d }?nli‘:lbe applied to such forts as are liable to a close
attack, and should be simple, as the exact matur f
P el nature of the defence
It does not appear advisable to attempt to build all the mine
chambers that might be reqlxired, or even all the galleries, hut
m]yt,? cgnstmct those main galleries which will form me:t’ns f
munication, and convenient starting points for mines, what, : '0
may be the direction of the attack. ) i
. ‘Pnncq‘)le.»' of Construction of Countermines.—The galleries should 1
Jaid out in accordance with the following general ;rinciplcs — =
. The chambers may be advantageously placed in one plane at
: »depch below the surface of from 12 to 18 feet. i
r’g:l:e nl:irgast‘elunrges ‘l:'hich it appears generally advisable to use
i ve mines are those for common mines, na;
ke : mely, those w)
K rs Tl:}.:,‘e a (?mmeter equal to twice the line’of Jea.si’resism::::):i
e ese will :lf:stx:oy galleries directly under them, at distances
g :quf,[ to ch(eu- lines of least resistance, The hesieger, there
not pass in safety under them with iy A
th of more than from 24 to 36 feet, e
he(iinllane; should present their ends rather than their sides to
:fder;,h ecause they are then less liable to be destroyed by his
; € portion uninjured remains availabl,
perations.  Moreover, a gall st
0 gallery parallel to the place, if cs
L S place, if captured b
ght be blown up and converted into ; Y
u(s}m} bioyiyiodipdind: nto an open trench,
i::] letl;eg whfch are intended to be preserved when common
ik é;ll' nexghhuu'rhoml are exploded, should be at a distan
o of double their lines of least Tesistance. DL
- bzl;l‘iz ::n:bld not 'ble, S0 far apart as to admit of the besieger
em without heing heard f) i
Friie | g heard from one side or ¢
2 luuu? :‘J,.:s;u?ce :t v:}llgh work may be heard, when carried :xf
1al way, is abou feet ; when th ko
i U oe ¢ workmen endeavour to
i 15¢ as possible, it will not be heard for more than

1 to see

into dead angles.

served.

For the flank of a ditch, where only a limited lateral range is
required, and where it is desirable to be able to strike any part of
the counterscarp or escarp, vertical loopholes are most suitable.

For a gorge wall, where it is required to fire over the ground §
outside a fort, but not at a long range, a horizontal loophole is best. -

The height of the latter should be from three to four inches, just -
enough to allow of aim being taken. The length will depend on the
amount of lateral range required. :

It may be of use to remember that the diameter of the front part
of the stock of a rifle is about 1} inches, and the diameter of an
ordinary lead pencil is }-inch, therefore, in drawing loopholes to
scale of 1th, the pencil may be made to represent the rifle, and by
laying it in different positions on the paper, it can be sgen if there
will be room enough to use the weapon conveniently. 5

2.—MINES. >

Minvs.—Mining forms a mode of attack and of defence that h
been less modified by recent improvements in war materiel than am
other. Rifled guns do not affect it at all. High explosives, su
as guncotton, can only be used in it to a limited extent ; their sudd
action is not so well suited to displacing earth as that of gunpowds
and no satisfactory mining machinery for use in the field has as ye&
been invented. Even if snch machinery were designed, it would on
have the effect of increasing the area of the ground over which min I
operations took place, but would not modify the principles on whi
they are carried out. e

Mining will be resorted to both by the attack and by the defent
the former in order to blow in the counterscarp, and descend int0:
the diteh, the latter in order to delay the approach of the enemy
forcing him to stop his trenches and to adopt slower methods

: No gallery
| 'y should extend mo; 5 .
To a considerable extent it puts both sides on ¥ re than 40 or 45 yards without

€ross
ssed by some other gallery, as beyond that distance it be-

advaneing. .
s dilicult ¢, ventilate.
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The galleries should be built with sufficient stre i
: Jong continued pressure of the ‘l:x‘-t:“:ﬁ‘utt;itrm:iﬁ;l; - ;C‘Et t!w
_aﬁ.uerwxae‘gmluully close them up; and this may haj ’me' S
. being nutllced ‘nnd repaired, for mines are not much lo:)il 31" f“'“h’ﬁ\l"
E, 1:}[:”.; %[ Mf/u’ —lAu;nr:w plans of the mine gullcrie-&c w‘i‘l ltxe;z'n'els
e galleries and of the gro above, g s ol
ou]d l:e kept corrected up :T)l ?I::(:] e e e
,Pooih'f/rw nf Mines.—With regard to the positions of mi i
nnection with works, they should be placed in front of l:}:l?? =
and shoulders 'ofA forts and before the salients of continuous l"‘ e
A fn r:sv:a (‘)lf] buunlni:; dowﬁ the ditch would form a considerable olf:i:cle
. e galleries for ther i i
progress of the siege. The en;nm;lgn}:)cullt)ie cce(;';fit:lu Ctl‘?;] 'li“dﬂ"g
ne th'xv.t they ave there, even if they do not e‘(istyas eh' .
8 more likely to demoralize the storming party t.imn)the I;g:tr"::gf

Plan of Countermines.—Following these principles, it appears that
if the mines do not extend to a distance of over 40 yards from the
place, they may consist of galleries parallel or radiating, independent
of each other, and with branches from them at intervals, whose
direction should be inclined to the front. The branches should also
be inclined upwards, so that the mines may be placed at a convenient
depth, 12 to 18 feet, while the main galleries may be kept at a =
lower level, where they are less likely to be injured. 9%

If the system of mines is to be more extensive than this, the
main galleries must form in plan a series of lozenges or hexagons,
or portions of such, with acute angles pointed away from the place,
and from these galleries would issue the branches as before.

The most convenient starting point for a system of mines is & ¥
gallery parallel to the ditch. :

This may be either an ordinary counterscarp gallery, or what is
better, as giving the besieger less facilities for blowing in the | nines. They should be pla K N
counterscarp at the end of the war of mines, it may be at some = if there be oz’w, and m';ed;l:ciilf:el;"oazll(b' f;etbm drontlonte (8D,
distance in front. The ends of this gallery must be convenientl, to clear a breach by their explosion ow the bottom of the ditch, so
and safely accessible from the interior of the work. e harges might advant; ageou‘sly be :u ki r

Sometimes the mines may be started from the ditch, the countel the galleries and connected by ‘Vire: {"hthe glacis in advance
scarp being formed by a counterarched revetment. ‘these would induce the besieger to‘m the fort. The firing

In laying out a system of mines, the distance apart of the branch fes extended further out thar, th suppose that the mine
depends on the radii of effect of the charges which it is intended & a large amount of additional la bey rgn]ly . d.‘d: “ndi"“’“]'l put
use, as the defender should not, by the explosion of one of his rftines abour in mining against them.

and Mines—Small mines containi g ;
injure any part of the rest of his system, while at the same time ontaining 6 to 8 Ibs. of high ex-
there should be no gap in the disposition of the defences throught

E : ?:Z:g beu& mn'of;lucie(l into the service. They are fitted with
, and are i o %

which the mines of the attack may penetrate. ? atus or by pulling f:(mﬂ[;t:;:; pnyi:;:.ulm_g' lfn an electro-contact

Charges of Mines—The actual distances depend on the line 0 in the glacis of a fort in udv:‘mue of}' U;l{, t be advantageously
least resistance of the mines. Common mines are usnally employe be taken that they are not exposed a line o'i obstacles. Care
in the defence. The charge in ordinary soil is iz LLR the posed to any violent concussion,
horizontal radius of rupture is & LLR., and the vertical is § LLR-J

When designing mine galleries for any particular locality, a £
charges should be fired in the same or similar soil to find the proj
proportion of the LLR.? that should be used. :

Construction of Galleries.—The galleries should be six feet highd
three feet wide, and chambers should be made at their intersectio
to serve as depots of stores and materials. Grooves should be P
vided in the walls, eight or nine inches wide and deep, to faci
tamping, and strong loopholed doors should be hung at the imp
ant intersections of galleries.

Provision should always be made for draining the mines, of
will never get inspected.

FOR GA

‘bfiz g)ﬂs:v[;zzztes.—Dyel]ing‘ casemates should conform as far

o ! e relcti)gmzcd dimensions for barrack rooms, and

usual barrack fittings, for which Syopsi

racks. Those for the men shoul B0 ok o et
e should be 20 i i

:lxlde,]:;nd 12 feet high in the centre, &

0 3
1l not be more than 45 feet long, or they are difficult to

¢ and becom calthy : 35 3
o men, unhealthy ; 35 feet is a good length to accom-
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If the face of the casemates be turned at all towards the enemy,
they are liable to he struck by eurved or high angle fire, and no
Jonger g give absolute security.

It may be impracticable to place them in any other position, and
the only certain means of protection left is to carry an arched

TLong casemates should have a passage separating the ends frop)
the carth at the back ; this helps to keep them dry, and to ventilat|
them, and also forms a secure communication in war time.

Besides the large casemates for the men, it will be convenient if 3
certain number of small ones, say of 14 feet span, are pmﬂdexl
officers, staff-sergeants, ete.

Accessory Buildings.—The accessory buildings, such as cookhous
may either be bombproof, or be of light construction. On the o

3 passage n]un" the front.

. This may be made large and wide, but it neunsmly cuts off
firect light, and tends to make the casemates damp and dranghty.
These discomforts may be endured cheerfully during a siege when
| perfect security is gained by it, but men cannot be subjected to
hem in peace time without risk of disease.

80 It therefore often becomes necessary to consider, in designing a
what casemates shall be for peace use, and what for war only.
here is usually one face of a fort that is safe against enfilade and
verse fire. In that can be put the casemates for the peace garrison,
hich will, of course, be less than the full one, and the remainder
ust be considered as intended for war use only, and protected

dation as possible in a fort, and of course cooking will have to by
carried on during a siege; on the other hand, a light building
cheaper to build, and is often pleasanter to use, and more conveni
in peace time. ‘

Each case must be decided on its merits, but the necessity
cooking in war time must not e overlooked.

Latrines—With regard to latrines, we used to be taught
Woolwich that a fortress once surrendered on account of these hein
all destroyed by the enemy’s fire, and the inconvenience being )
great that the garrison would not stand it. There must have be
a deficiency of crockery in that fortress, or else the garrison co
not have been very anxious to prolong the siege.

The example hardly proves the necessity of having bombpro
latrines, although it shows the desirability of protecting them whe
possible.

The sanitary requirements of peace time are too lmpomnt to
sacrificed, and latrines should not be placed in f
or in passages near dwelling rooms, where they are liable to bec
dangerous nuisances. ¥

If they can be placed in small bombproofs by themselves, it
well to arrange them so.

The connterscarp of the ditch of a retrenchment is an exam)
of a position where they were secure and handy to the men’s roor
while at the same time they were not liable to become unheal
The veverse slopes of the rampart would often supply a si
them.

ning a sort of narrow street. In peace time this space between
! is left uncovered, but in war time it is intended to be
Ofed over with beams or girders and earth. This is suitable for
“barrier ” forts liable to be attacked on all sides.

.—While designing a fort, it is advisable to settle in your
8 mind which casemate shall be allotted in war time as a hospital
wounded. It should be safe, light, airy, and as quiet as
Although not appropriated as a hospital in peace time,
fit ior the purpose, it will doubtless be taken during war.
pation. of Galleries and Caponiers.—Besides oceupying the
es intended for them, men can be put up in the galleries,
emates, flanks, and caponiers.
l-llber. indeed the flanks and caponiers, must always be
d in war time by o gnard, or at least by a sentry, so that they
d be made as comfoxmlyle as circumstances will permit ; there
H

only.
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should not be a stream of water running through them, for instance,

as in a caponier in one of our works. z
%

. The tanks shonld be hombproof, or shells may drop into them
and burst and destroy the rendering of the sides, 5o as to let off the

Some of the old large caponiers are fitted up as married quarters; =
this is going to the other extreme. The bottom of a ditch is not a &
good place for a quarter, and a caponier should be a building
entirely for warlike purposes. The caponiers of the present day
will, however, be too small for such a use.

A loopholed gallery running along the gorge of a work, about s
feet wide, and covered with earth to the front, will often be found a
convenient way of combining security for the work, with accommon;
dation for the garrison, at a small cost. It is of course not suited f
permanent habitation.

Hammocks.—1If it be necessary to pack the men very close, or i
it be nndesirable to fill the space up with beds, hammocks must be
used, and arrangements made for hanging them. A hammocl
requires nine feet between the points of support, and a space two
feet wide for cach hammock is ample. It should be hung about four

or five feet from the floor level. 3
On land, where there is no motion as in a ship, the two hammock: leries of Communication.—Galleries of communication are of

cords need not be of the same length, but if they are not so the sup ng width, from 3 feet to 20 feet; the dimensions adopted
porting hooks must be at different heights ; their proper positio depend on the use which is to be made of the gnllerv. -
: _ 7 3-foot passage may be used where the traffic is s;n;mll when
Storage of Provisions.—Connected with the question of occupa tio gto a secure place, and where it is not required to move ystore 5
is the supply of provisions and water. In war time a secure an Jfor instance to a ine, where the ition is int,roduccsi
dry place would have to be allotted to the storage of provisions, a lift, and the passage is only required for r,hl
amount varying with the number of the garrison, and the possil L
of its being isolated.
In an ordinary detached fort one of the casemates might be
off for this purpose : in a work which is intended to stand alo

ter.

If the tank he filled with rain water, great care must be taken in

- choo ing the .cmchwnter area that it be thoroughly clean, and, if
possible, that it be so placed that it, may remaih clean during a siege.

| Passages and Galleries.—-Passages and galleries form very impor-
bant parts of a fort, and it is very necessary to have them secure and
enough for the offices they have to fulfil, at the same time not
lowing them to cost more than is necessary.

i Lamp Passages—Lamp passages are, as a rule, the narrowest of
as they are only required to admit the lamp-man with a
wtkmps, which are easily carried ; 2 feet 6 inches is sufficient

€ communication to a caponier, or from one exposed portion
work'to a'nother, should be at least 4 feet wide, and always
SS:::,E'Q feet wide, on acconnt of the diffieulty of moving
I In a narrower space, as that is about the least width

special arrangements must be made. thi
hich two men could assist a wounded comrade, one on each

Water Supply.—The water supply requires more careful prepara
A fort should never run short of water; it must therefore ei
contain a well, or else tanks of such a capacity that they can
counted on never to run dry. s
Their size obviously depends on the number of the garrison, M
allowance per man, and the frequency with which they can 18 to be armed with guns, 5 feet is width enough to i
filled. 2 guns being taken down it, and also their ca:ﬁﬂges an‘d
Ten gallons per head per day is a sufficient quantity in peace I s

urns should not, too s i €]
be arp, to i
: ‘t § . harp, to admit of a stretcher b ing

the case of the m. tion to a caponier or fla g galle
- €0
munication ier or flanking gal Ty

onstructing galleries, it is often desirable to allow for their

agis . :
s places for stores, or even for men in war-time; the

a civil population in ordinary times. Would of course he hombproof, and wonld form a secure
H2
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shelter from projectiles, of which there is never likely to be too much “by which the outworks were reached
: e £ reached are carefully 3
ing of what impertance they were consideved. (T e
It s'}:ouhlfh]e possible to cireulate all round a fort in security, and
to ve sately ar arti i i : " thi
arrive safely near any particular point in the parapet. For this
purpose at least one covered passage from the re; R
sually necessary.
_Some of the stairs u, : i
E s up to the terreplein might i
o e 1ssue E Vi
o ‘bom-bpror)fa i there would be others in the ;;e air g
onvenience. e
The ram| adi
o ossefgr' gml:]s leading up to the terreplein can seldom he
d Twise than by traverses ; but then the guns s
being moved by them, B
::::;r s.ec:m}r;y Is required for them, the easiest way to attai
' Sty e S siest wa attain
n 15 to have an opening in the floor of a boml f, |
0ist the guns up vertically, Tk
should be remembered ; i
e in laying o icati
B e B ;\nnlxa tnuh u)xi’lmlmlcul.mns that men
k v V) can, and steps and paths sh
e 8 ; s paths should be pre
ncerd.lg%]}, or the slopes will get cut up and s[miledpi‘;
. eps ma C i . :
. pe may be cheaply made with wood or rough stone.
o1 B 2

in a work. 3
Seven feet of width would give room enough for a row of men to
sleep without interrupting the communication, and with 10 feet they -

might lie side by side.
Galleries or arched passages, down which guns or any vehicles
have to be moved, had better be 10 feet wide, or 12 feet if they are
very long; 8 feet 6 inches is just wide enough to admit all milita
vehicles, but demands nice driving.
More than 10 feet is seldom required, although as an example
a larger one may be mentioned a long gallery 20 feet wide, intro-
duced into the design for a work which was intended as a suppo
to a number of advanced batteries ; it was proposed that this gallery;
besides forming a communication between the parts of the fort,
shonld always serve as a store for the field and position guns which:
were to be used in the advanced batteries. The guns, with their
carriages and limbers, could be ranged along the sides of th
passage, and the entrances at each end were so arranged that
horses could ke taken in and harnessed, and the guns taken strai;
out of the fort, without its being necessary to shift them by ha
at all.
Archways over roads should not be less than 10 feet high.
Ramps.—Wherever it is possible, ramps should be ueed in gall
and not steps, for facility in moving stores. Slopes of from } t0 5
will do. If it be necessary to use some steps in a communical i
part of which is formed in a ramp, the steps should be placed af
upper end o as to be in the daylight. E:
Ramps shonld always be made as flat as possible, and the lo
they are the flatter they should be. The steepest ramp used
work is that leading up to the banquette, which is often at a sl
1 in 2, but if this be longer than 7 feet, it is desirable to make it
or to introduce a secondary level; that is, a sort of addif
banquette about 7 feet below the crest. g
The ramps leading to the rampart, up which guns have to be
should be 1 in 10, or 1 in 12 if possible; for short distancess

ar to the front is

for additional

most diffi a gn
. icult part of an arched communication to design is a
3!

exit on the side next th
ke, ¢ enemy. It should not be possible

should be taken that an
88 to lead the effect of
18 & magazine,

arched communication he not so
any explosion that may oceur in it

i
0 far as ini

! dotil:sfnz::;rkc.tmmng }mlls, ‘bhey are built according to

B (;eue,.:l O’;‘,CWBI Eingmeex"ing, such as R:mki:e's,
P;a,[,'w - Umm/,’.,“ w::y s book on Sorme Applications of
vetmens.—. el i
) m"(;::::‘{ Sir C. Pasley’s rules (which are good
gy sfare ?hm. they should be counter-
e it fOI]l»g‘o_ five in one, and should have accord-
s ving mean tl’{lclmess —
G wmnt».. one-fourth their height.
o Y.)r ]‘OHP berms, three-tenths their height,

> Ot demi revetments, with berms equ:;'xl to one-

height, 17
ight, 17 times their height

may be 1in 7.

Arrangement of Communications.—The communic:
ave, perhaps, the most difficult things about it to arrange
, at the same time, on them depends more than an)
In the deserl!

and flights

ations of

torily, and,
else the convenience and security of the work.
tems of fortification, all the pas

of the old s
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Counterforts, rectangular, and having a counterslope of five in one.
Length, one-fifth the height of the wall. = Thickness, 2 feet 6 inches
for a wall 10 feet high, and increased 1} inches for every additional
foot in height. Distance from centre to centre, four times their &

; .g,ht ]he ’u:jed, The al'Fhes should certainly be bombproof or they
might be br eu]ulhw:] by high angle howitzer fire, There should bsi
n screen wall filling up the intervals 1 :
i between the piers, so as t
ure proper flanking, and by piercing t} i L
) @ g the latter with openi
searp gallery can be easily arranged ifbwished e
n a counterscarp, a counterarched revi e
] 0 =3 evetment is ¢ i
ing the mine galleries from. S
1 b::{]t;;]‘:\t‘:]};e]s l?; l:l:f, 1lxsed, a simple solid revetment is, perhaps,
e bui ake a greu i Vie
s g it will take a great deal of pounding to bring

thickness.

Colonel Wray.—Colonel Wray recommends that revetments be
given a slight batter on the face, not more than six in one, and
points out that they should be as thin as possible at the top to use
a given quantity of material with the greatest economy.

Special Treatment of Revetments.—There is a necessary difference of
treatment between revetments and ordinary retaining walls, pro 5
duced by the fact that they have usually to resist other ca ork about a fort, s| S 8
tending to their injury besides the simple pressure of the earth, and o resisting I,U‘JC,EOl’l;[:;:e:;:.l;if f:;;zn:er‘xt, as it adds materially to
on this a few remarks may be made. _ : pven to the walls without foar (;f‘ ‘hes :‘n{ dc.su?ed‘ form can be

Solidity.—In the place a certain amount of solidity is required top of the counterscarp be roun:l d \v;:n_ er Injuring .thUmA If
everywhere, irrespective of the pressures the wall has to sustain, in at the head of a scaling ladd, ,: P L\ ere will be a difficulty in
order that a chance blow from a projectile or the explosion of a sh s a good thing; it px‘zv‘;m;. 3 .‘[' cordon on .hhe face of an
in the parapet may not do much harm. With this view it is a st the wall, and F:mlcx-s s a sc.x dlng lnd(}ex- from lying flat
rule that no part of an escarp or counterscarp wall shall be less e weight of the men on it - arllgly ‘]‘" more llﬂljle.to be broken
3 feet 6 inches thick. This will not apply to the facing which it bthe top of the ladder up into 880 renders it impossible to
sometimes necessary to build over such a rock as chalk to preve it be possible to give :{n esculr)oe-mfoni
it disintegrating under the infl of the weather, and which d € it wonld increase the diffin lh" “f“’"s of hard stone, such as

not add to its strength against artillery. " s would not bite on it ensilu ¥ of commencing a breach, as
General Furm—In the second place a form should be chose 8 been suggested that i u)’~ 3
those parts of the revetments which are exposed to attack, whe of iron bars bonded intoint i;‘ ‘
from projectiles or mines, which will best enable them to 8 would stick out of the porti elll: when it was breached, the
inj From this point of view a counterarched revetment the fallen fragments wmlxldl Jbou" oft st'd“d”‘g on either side,
arches running a long way back appears to be best. chevauz dy ﬁ?ixz' rendering ristle with them 0 4 to form
£ it be concealed from sight it is difficult to strike the ends of Y Prove serviceablo ing an assault very difficult. The
piers or arches by fire directed perpendicularly to the line of Scarps.—An c;cm 104 L
escarp, and the shot which do not strike are wasted. K- alade. Tt shou];l h«;pt ieet h’gh 13 supposed to be secure

Fire which is divected at an inclination to the general line of than that men could he[n et high to necessitate ladders ;
ment will of course have a better chance of striking the pie  Minimum thay shoul:le] o ““Ozher up.  Fifteen feet is
then the number of shots will be spread over a greater len 0 this or men wi]| ijl,)i{::‘s:;Lth LD““}‘;’SC“YI)S should he
face. Walls—Det, e em without injury.

Until the arch is completely destroyed it will form an interru] no hmleitr:l:he)ﬁl:v‘ul; should be angular at top, so that
in the slope of the breach, which will increase the difficulties S place there for men»toksmml on to pull

thick, so as not to be

uction and Sectional Form.—All revetments, and indeed all
5 d a

arp were built with large

Ey may be three or four feet

yx:[ fsamce s!lell, and may be loopholed. There
teriory i o v;-i:x' \lxguuh.mny be traversed, if the traverses
| R nking m'c: One of the advantages of a
; 1ts fall does not involve that of any pa; of the

assault.

There will be less filling up of the ditch from debris than
other kind of revetment.

As to dimensions, three feet of thickness for both piers and
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© as to stand independently of the rest, Probably the best way to
dn it would be to connect the verticals by a horizontal piece !;1;1>
he ground level, and to bed this in a mass of conerete. o
& It would b_c advisable to strut the ra ng at intervals, though
these struts will t.o a small extent interfere with the ﬂankian fir -
! ‘1."5153 Tron Palisade (Plate XV.).—An excellent fence is f;rm:l f
rtical angle irons connected | 3 i
il ang cted by horizontal bars at the top and
n :\ [m;n_wlfuch Im_s been extensively used, the hars are alternately
e a.]njt /c }eet 8 inches long, of 14 inch by 14 inch by } inch L
sgrh at the upper ends to form spikes, and about seven inches
i thq; u:e cm!nelctcd by stronger angle irons rivetted to them
s ¢ bottom and at about one f
old rampart be breached. : hey are made up in lengths of 9Lf§Z:n fase g
Breast TWall.—Any wall which is constructed merely as a breast s fhe end uprights, which are T, LL ' i
wall for firing over should be as thin as possible, consistent with ediate ones, are prolonged for _""5% e
resisting bullets, say nine inches thick. Any increase of thickness es three inches long 'u':‘ri\'lotr ";("":; i “sm"ml»
beyond this will not enable it to keep out heavier projectiles, af 0 the upper hol'izoutaalA membi St b
will only add to the number of splinters if it be struck, and to e ruiling round a fort should lfc ord \‘
difficulty of repairing it. and lengths required, so that :l::ri( t:or o o
et O, 2 arious portions may bhe
. Otherwise ill hav n
e T p : se they will have to be taken to
e bo;rls“—"; g(::odlform of fence can be made with 1{-inch
= steel anele-i P 5 11 1
" Sk "w“ndma'r.h- irons 12 feet 6 inches long. These
% g six inches apart, and projecting about

parapet ; in order to secure this advantage the prolongation of the ¢
exterior slope of the parapet should not fall outside the intersection
of the bottom of the ditch with the exterior of the wall 3

When the wall is brought in as close as it can be, consistently %
with this condition, the level of the chemin des rondes behind is raised
above the bottom of the ditch.

Detached walls are more easily breached than retaining walls,
holes may be knocked in them through which an entrance may
made. Consequently they should, if possible, be flanked on both

sides.

An old front of fortification can sometimes be improved by br
ing a detached wall in the ditch, close up to the counterscarp, whe
it will be difficult to strike, thus providing an obstucle in case the =

6.—FENCES.

A Ruiling as an’ Escarp.—A strong iron railing would fo
efficient obstacle as a substitute for an escarp, and one whi
would be difficult to breach by artillery fire, but several precaut
must be observed in designing and constructir.g it. L e connect,

S 5 o5 ed at () . "

Tt should be made of l-inch bars of iron or §-inch bars at le 3 feet 6 inches helow }tl}(: bto"m:" i _thL ground level, and at
these should not he more than six inches apart, otherwise th "i lted or rivatted ty “:ﬂ op by horizontal pieces of the same
may be bent sufficiently to admit of an entrance being mad ~—When ground has t;)’:" Jear
putting a loop of rope round two of them and twisting it tigh g divided up again into ﬁ:lnlt m;cd round a fort, it often

L D6 made. 11 thoos o s ; at any rate a boundary fence
1 these cases Morton’s wire fencing is used, formed

stick inserted into it.
The horizontal bars which are necessary to give stifiness shor vanized jp . S
E i On wire with iron uprights,
0 0] i 9 - =
time natural causes will, if not checked, pro
, pro-

at least 5 feet apart, so as not to offer any facilities for climbir

On the top horizontal bar spikes may be fixed between the hedge where the wire 2

bars to prevent men standing on it._ ) ] £ Drotection. This w:fle nt(«;:t:ehxg b)_' the growth of bushes
The tops of the bars should be finished with a sharp pointe and can he easily cleared h( oweyer, form a very solid

projecting downwards and outwards cared away if it has been permitted to

and one or two spik
the top like a barbed arrow would render the fence much

difficult to climb over.
Each of the vertical bars should be securely fixed in the

fences forn
1 sort of reserve stoy ire for
rve store of wire entane]
ire for entangle-

lent i
material for military 3
al for military fences is barbed wire, as it is so
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To close them, in addition to barrel bolts at top and hott F
g bar should be pmvided similar to that used ft;r shell :)el:](;:
?i::lllii;%mcd with a padlock : it might be made of 3-inch
}yicjyt Gate.—All large gates should contain o small wicket in
u,aA le,q.ves. This gives increased convenience and security, OI“:
ndering it unnecessary to open them so often as would ubhe;':vi;;s
the case. '[the wicket may be small, say four feet high by
et 3 inches wide, it must not weaken the gates, and musn.-f- 3 :)
It .shonld have a lock and key for onﬁnar}; use. S
o:;:\;lszh.litohplulce any gate that forms part of the defences
% s]::”.u a bombproof arch, so that it may not be injured hy
s, not b/'luf'/n‘ir(y/ws, lo be used inside a work—For closing an
T communication, the im.en'uption of which at the. \v:un‘:
might cause great inconvenience, it is hest not to use a nlra.wzj
'but., instead, to have two gates separated by an il]tl;l'\"ll of
eight feet, bhc inner one heing plated and I\DO}.JIIOISI} the n;utor
g made of iron hars, forming an open framing throyuﬂh which
ders can fire. It may be made of l-inch Xz)r }inzh round
5, ;mh flat iron horizontal crosspieces four feet apart,
n: Ll:et\veeu‘ Lh.em. It would be almost impossible m;
A shu“mg:gnw in u.u:‘e of the loopholes of the inner one.
ey e unldel a ]ul)mhpmof archway, and the bar gate
n::-aghz t,Ofi chelmg rapidly closed and secnrely f:mtenes in
e ;:a}xxxoz be opened from without. There are
Bk, ,; fm;g lthxs 3 t!m exact method adopted must
§ a:ﬁ L-{e particular case.
g m.:w.uae«l is as follows :—An ivon bar js hinged
e o e,..x.nd _nb the other e_nd is formed into a hook.
g;c:s 011; a bar ﬁxed along one side of the entrance passage
i i:e:;ixs made in the fixed bar in such a pos u:n
8 sed the hook of the sliding bar falls into it,

efficient as an obstacle. It consists of two twisted steel wires ho ding
a group of four barbs } inch long at every three or four feet.

A single or double row of wire fencing might be used in somg
cases in jon with entangl as a substitute for irop |
palisading. It would offer less obstruction to projectiles fired 4\,‘
through it by defenders against the enemy.

Wire Entanglements.—Entanglements are likely to be very e
tensively used in connection with the sloping sections now so mu
employed.

There are two kinds ; one consists of stout stakes driven into
ground from four to seven feet apart in rows arranged chequerw
and with their heads connected by strong wires crossing diagonally,
twisted round the heads of the stakes about one foot or 18 inch

above the ground.
In another kind the stakes are four feet above the ground, and th

head of each stake is connected with the foot of that diagonall
opposite it by a stout wire. These diagonal wires are again co
nected by thinner horizontal wires.

The difficulty of crossing an entanglement is increased by the
of barbed wire, particularly in the second form.

7.—GATES AND KEYS.

physical obstacle, should be constructed so as to resist any at
at storming them, even though they may be behind a drawb
as the latter may chance not to be raised at the critical m
(Plate XVL).
Construction.—They should be strongly made,
of being firmly closed, bullet-proof, and loopholed.
Bullet-proof.—To make them bullet-proof, they should be
with steel } inch thick at least, and it would probably be advi
to anticipate improvements in small arms, and to make the
% inch thick.
If iron be used it will have to be about twice as thick.
Framing, ete.—Gates may be framed either in wood or il o
in the former they should be solid, say three inches thick, but®
4 inch steel plates it would be best not to have any wood. 3
hinges should be used with bolts through the door, nutted

well hung, capat

ate, if 'slal.nmed to, fastens itself securely,
ikl om the interior of the work. y
3 .

Y8 form an important part of the communications
® of war, e

inside. 3 .
Y and unimpeded uccess to the various parts
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of the works would be of the yreatest importance to the defenders)
and at the same time, it would be even more necessary than iy
peace time to lock out unauthorised intruders. The waut of system_
shown in having an independent key for each gate would become
an intolerable nuisance. All fortresses should have their locks
arranged in the manner which is carried out, for example, at Malj
or at Aden. Each gate should have a lock or padlock with its oy ch works are, therefore, of service only
key. Sub-master keys govern groups of locks, such as those of : 4
single fort or of an artillery district, and these can be given to person
employed only within these limits. A general master key will open
any of the communication locks in the place, and anyone in po
sion of one of those master keys can make his way over the whe
fortress without any hindrance from locked gates.
Of course these keys have to be carefully accounted for. They
are given out only against a written receipt, and must be shown
periodically, as if one fell into improper hands it would entail
alteration or renewal of all the locks that it governs.
The same principle is applied to the Artillery magazine ang
locks, and to the Ordnance Store Department magazine locks.
In order to apply this system it is only necessary to classify t
locks of a place either as “ Communication,” « Artillery,” or
nance Store,” and also to settle what sub-groups, if any, are req
Sub-groups will not be required in a small place, nor for
ordnance store locks. Sometimes sub-master keys are rendered
necessary by making all the communication locks of each fort:
same. In ordering locks, which should be done from a large mak
such as Hobbs, Hart & Co,, it is only necessary to specify the taken by the  tourelle ” for :
and group, and each lock will be made to fit into its proper pl ﬂsefulnesls}t ello” for a Q.F. gun, which has a larger
this system. The keys and locks should be stamped « A,” “ G, N of Masonry Caponier.—To obtain the maximu o i
“0,” and, if all different, should he numbered. tild be a5 long as possible; therefore the loophole acu:]h e At
Locks.—It may be convenient here to give the rule for determil ould just see down the face of the ascm'pl and th-).te ]nmt,l}fr
whether a lock is right or left handed. Suppose yourself stan d down the face of the counterscarp. 'Ilhe "alle.t la b ?
outside the door and looking at it. There if the lock is to 9pholed wall must therefore be carried at loast g’ i f""
right, it is right-handed, if to your left, it is left-handed. e line of the escarp, and beyond that of the t‘VD .eet
case of latches it must be stated whether the door opens outwa My loopholes as possible should be placed bet\vecec:“:‘hee:c“:g)'
or inwards. M centre to centre not being less than 3 feet, i

§— GAPONTERS AND FLANEING GALIRATRE eb:s used, thhe centre of its embrasure should be about 5
i 1 pr earp ; this gives room for a loopho] it 4
As these will still be used in places where vertical escarps = phole between it and

been construeted, a few notes on the various forms they assume
be useful.

As no ditch defence of this nature, uniess of very elaborate con-
uction, can be expected to hold out after the enemy has effected a
dgment on the counterscarp near it, it is of no use f)l\illlinrr it with
iew to resist the crossing of a ditch in force, Neithe?' should
.k or stone capouiers be employed where they are subject to an

inst an assault or

] eylgnl;:]y be I;egitimately used in the case of an isolated coast
ery liable to be attacked by a party landed from shi
“hardly ever in land defences. i
: ru{e, riﬂf:s al_one will be required in a caponier. A few
gazine nﬂ‘cs will give an amply sufficient fire down the confined
.of a djtcfl. Machine guns should never be used in such a
ation. Their useful field of effect is so much larger vhat they
ould be on ch«? parapet, where they would very likely prevent the
gmy approaching the ditch at all. i

18 guns are not required to be mounted for the purpose of des-
fing covered communications across the ditch, they should be
gly used. Tlhey will be required only for long/ditches, where
'_111 take effect simultaneously on a larger number of an
hx;% partylzhuu rifles will.  The gun to be employed would
>-pounder S.B. B.L., which is cheap, h: iv
ey ap, handy, effective, and
gascn}?uon of an iron caponier such as was formerly proposed
attillery fire will be found in this book.  Its place in land

Il:h*je. should not be less than 1 foot 6 inches above the
g Wheditch, or their view js easily blocked. Tt is hest to have
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Lifting.—Lifting bridges are those which, being hinged

d, have the other end raise i e

5 Sl d raised, usually by chains attached to it.
ling. —Rolling bridges are not hinged, but are moved in and

t with the roadway remaining horizontal. I

tquhlnmuu—quulihrium bridges are such as have no counter

E a i C r-

the floor of the gallery level with the bottom of the ditch. As the =
ground immediately outside the gallery should be 7 feet below |
the loopholes, it is usnally necessary to provide a drop ditch ahoug
10 feet wide. y

The gallery may he as narrow as 2 feet 6 inches, but is best made
4 or 5 feet wide. : Sodl

.?thwipgl;nder S.B. B.L. gun requires a length of 10 feet for " mb:ib ;':x]l\'ci}':ly‘;eovc;mil:, Ial),mgotl(')iﬂl):lgle Ili:: ‘4“{:1"3 T}:lm;)m? iﬂm e
width of 8 feet. - Reontly. is i it 2ONas ey e bridge, con-

The face of a caponier should })3 flanked by 2 or 3 lof:pholes. B;';h_:“l':):3"1;ﬂ.lil‘ll)t:x:l;nt;;v?ry }K: OSX.LI"’“"

The end of a caponier may either be made square, in which e e & 10se that are pivoted about a vertical
it should be provided with one or two horizontal loopholes for its
own defence ; or it may be made pointed so as to be flanked from:
another gallery; or it may be buried in the counterscarp if th
latter is a high one. The first arrangement is usually the best.

In the case of a “single ” caponier, i.c. one that fires one way onl
it is desirable to provide for fire over its roof. i

In the case of a large double caponier, which fires both way
the end may be given an indented form. 3

In the case of a double caponier at an angle, it is advisable
rule, to make two horns of it, so to speak, and not to make a
gallery with loopholes on both sides. Injury to one half will
not silence the other, and the head can be properly defended.

The widening of the ditch round the head of a caponier shor
done as far as possible without lowering the crest of the glacis,
without making the ditch at that point so narrow as to fac

escalade. These objects may, in many cases, be combi Nse : it N ©
increasing the height of the counterscarp revetment there. < : o to Adescribe them all;
A connterscarp gallery is like a single caponier. The commu of this class
tion to it will be longer, as it must pass under the ditch. & i , which was
Small Caponier.—With the introduction of magazine rifles 1t ifti,
he sufficient, in most cases, to use caponiers of the smallest

sions ; say for two loopholes flanking a wall. The head then B

only project internally five or six feet beyond the face of the Wi Dra $d s .

Caponiers are susceptible of a considerable variety of wbnd_r,g;;ge 9‘;:{"" dm\vhndg'e, as it has been
and a good deal more might be written about them ; but 168 oo e \}m in old ,Wcrks.’ is a lifting bridge,
unnecessary in view of the fact that they have of late Project over the bm’]{ "‘V‘l’l 0111}11{5 with two beams over-

a subordinate position as means of defence. € onds of the beamms Zie‘v;oi::ecl;oit\\;m :

- - sed nearly up
bndge, and on pulling down the count‘:rpgi: :;1):

. g Ils’n{l_qr.\-.—zldmntagz\:—A lifting bridge is one of the
canz simplest fom}s of military hridge.  As it will work
hou ve:y accurate fitting, and does not require much ironwork
construction, it can easily be set up i
b i s P in ont-of-the-way places :
echanism required to move it 1 i e
may be simple and easily ot

i : 2ot at,

y be \\mfkul at a distance from the bridge, if wishe}da T:If;
when raised, covers the entrance. 4 ) ‘
;:Iz:fag:.-.The o}{jections to it are that a long span is not
¢ ; that it requires a counterpoise to enable it to he easily
2 lfnr a s';qupnrt. for the pulleys over which

: impossible to apply this bridge except ;

P S Xceept ir
3 nf;:nl:al] w'all, and that the square sinking i: the fafe 0;
e bridge when raised, with the two holes in it for

p at Fort Benjemma, Ma

° and worked easily,

n . - .

it tf; br:nlftj. should }JE cO}l{ltﬂl"pOlscd, 50 that friction only
e, vercome in raising it, and all the variations lie

- % Arranging the counterpoise,

9.—DRAWBRIDGES.

Drawbridges.—Drawbridges may be divided into four: 3
« Lifting,” “ Rolling,” “ Equilibrium,” and © Swing " bridges. 88 betve,

e is usnally i
= zhusu.t]ly majle by prolonging the beams, and
em a barrier with a postern gate in it ; and
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each side to one-quarter of the weight of the bridge resolved along
them.
The length of the counterpoise is half that of the part of the
ting chain between the outer end of the bridge and the wheel
bove the inner end that it pa over, that is, half the length of
ghat part of the chain which is visible outside the escarp ; also the
er ends of the eounterpoises are fixed to thewall,
It will be seen that as the bridge is raised by the lifting chain
g hauled in, the top of the counterpoise descends, but the lower
d being fastened to the wall, it forms a loop, the weight on the
g chain being gradually reduced till, when the bridge is in and
i8 no strain on it at all, the counterpoise is hanging vertically
W1 from the wall, and is no longer supported by the lifting chain,
{1t will be observed that the weight of the lifting chains is
bglected ; they might be counterpoised, but it would involve an
ditional arrangement which it is not worth while to introduce.
action of their weight is rather beneficial, as they tend to
p the bridge out when it is out, and in when it is in,
khe chain counterpoises can be made in a variety of ways, and
more or less attention to appearances. The neatest form of
that made of heavy flat links pinned together, of which there
example at Fort Staddon, Plymouth, among other places,
bridge is described here which was put up at Fort Benjemma,
which works satisfactoril y, and the parts of which can be
i places where there are no labour-saving appliances or
Hne tools, for even the hinges of the Benjemma bridge were
ed, but hammered into a cylindrical form,
s of the iron-work used in its construction are given,
may be found nsefy] (Plate XVIL).
movable part of the bridge is 10 feet long and 10 fees,
broad, and it Spans an opening 8 feet 9 inches wide, I
of six Joists, each 7 inches by 4 inches, framed at one
& piece 9 inches by 7 inches, and at the other into a piece
:Z 5% inches. The outside joists are further secured by

the pivot is so placed that whc'n the bridge is \I[: :ur}l lche .‘:o:};:},:
poise down there shall be snﬂicxcun‘s.p:\ce het\v.(?e,r'n n,}\;n 1\t ich
men may move about ; this gives mlxlmunz?l security }t]o t] c;en rance,
The whole affair is much exposed to \'w\v.from t‘e“cx ml[ir: al}!:l
takes up a good deal of room. ]?es!(lcs this thcl %‘m’ﬁ“n ,1: ! o
defect that the movements of the bridge and Clum!tel‘p?:sef :}woﬁf‘?rr
equally, but the bridge preponderates at the' )uigl-m‘mlxalof hel t,,,s
and the counterpoise at the end. Th}e pmcnc‘a. 1.et=|‘| t l’qun,s, n “
when raising the bridge, after s'trugg]mg to start i ZJTN ! .,th: b:id
deal of force, the motion rapidly becomc.s en;llexi d!‘lll‘ hid
invariably comes up with a bang, throwing all the dir m
i the lifting party. )
mﬁ:‘l’:’;‘rlr:; c;ﬁllgl/’&—sil:u! bridges are made t\\‘)c(? 33. lo;Lg as
width of the ditch which they cross, and are balanced in the cenf

ion is roken. :
t;‘:cno:wtroc:?l l’ises and the inner end falls, require L hulllow1 sce
be left behind the escarp for the end of the bridge t.o be tnh(spb
into. This weakens the escarp, and also prevents access to the bri
S is raised. Those which tilt down avoid these objections.
WhI(;n é:c;:er casu' the end of the bridge which duscend's .has
secured by bolts, which must be depended upon to‘ kc‘ep it u:l:;x
when it is in use. It may happen that these ho:cls r.u'fa r::io)pﬂl
which case the first person that comes on the bridge is tip
th‘:l‘ﬂ::c:; not a form to be recnmmcr?ded, but it is nob.u:c:}:I::)
Chain Counterpoise.—If a lifting bridge be x'zlunlle'hayxu:,he o
over which the lifting v:]min‘sl pusshpl;we«l veiit:g"l‘lhi ?S:n: the hing
which the bridge turns, and at t e same dista ehon 1 o
ints of attachment for these chains to the_ outer end of idg
{’l?:n“‘ito will be found, oul resol\'lingl the \:]?;glc\]t] ;fl)th;;] ‘ll)cn;}lgee I
irecti g the bridge and along ain),
i;l ifl';;o?lia(iu:()izain all posizions exactly 1)1'0})0111({{1‘;;1' L? zohfs :e
the chain between the wheel cmfl ic end of t}}e bxlll f”?’ c;;, . qt
a counterpoise that will diminish proporuunab {dis
hauled in will exactly balance the wel;_'ht of the o ?e. i
This result is attained by the chain counterpoise, which

ts are covered with boards 9 inches by 2 inches laid acrosy,

3gin by others 9 inches by 1 inch laid longitudinally,
810 screwed 2.inel,

15 s

1 simplest counterpoise for a lifting bridge. The inner ed"e]{y £ m(.:.h”smpatoft u'[ug v l:{ro:e;&ﬂfhe

best and simplest ¢ e o A Sineh po o, 048e is speciully pro ected by a hinged flap.
It is arranged in the following ma . omeh by 51inch Cross-piece are fixed the attachments

X R 2
is attached to the end of each of the Ilftm;D ch.u’ns. of t:nt' ;
; i sion i ese chains, %

the weight being equal to the tension in these , thaty

Mting chain,

, and to the 9-inch by 7-inch cross-piece are
I
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bolted the hinges. The somewhat irregnlar shape of these ig

& side, of a dozen hollow cylinders of cast.iron. 51 ;
rendered necessary by the fact that the bridge must turn about its B cylinders of cast.iron, 5} inches in exterior

and 11} inches long. T

f eylinders pass rods, carried at c:ch Pij["'":‘é’:‘(ﬂ:i’ﬁ) cfe‘rlitres‘ oy
Howest link is attached to eyebolts fixed in the wall, 1[.;,:\-5. i
feounterpoise a small well is formed for it to sink in;o ) e
In order to prevent the bridge being raised hy :m)" unauthorised
son, a hinged bar is so fixed that it can be laid :;c “’mﬁ‘
d padlocked at the other side, thus lll'e\'ex::)iS:f' tit,:

3

inner top corner.
The pivots of the hinges rest in little cast iron blocks, lined with

and with an iron top screwed on ; the bearings of all the parts

brass,
of the bridge are similar to these.
The lifting chains pass over cast iron wheels one foot in diameter,
set in slits made in the spandrils of the entrance arch. I have
note as to how these are fixed. They may rest on bearings set
stone like those of the bridge itself, or may be enclosed in ca
iron boxes, which could be slid into position from the outside co
plete ; whichever it is is not of great importance ; the point to
in mind is that it should be possible to get at the bearings of
wheels to oil them, and to be able, if necessary, to remove the whee
without damaging the stonework. They may either be got at fro
behind, or a cross-shaped slit may be cut in the face of the span
like a mediwval arrow slit, so that they may be reached from outsi
From these wheels the chains continue to the lifting gear, w
they pass over two similar wheels, and are attached to the counte
poise. The axles of these wheels on one side rest on bearings setin
the wall similar to the others, and on the other side they rest o
iron bar three inches deep, supported by the walls of the recess]
which the gear is placed, and they are prolonged to meet one anota
over the roadway. In other words, a 2-inch square iron bar,
ciently long to cross the roadway, and rest in bearings in the
either end, is made cylindrical for about one foot at each end ;.
at each end first rests in a bearing, next carries the wheel over
the chain passes, then bears on an iron bar, and then carri
sprocket wheel, to which a rope is fixed by which to work the
The advantage of this connection between the gear on both.
of the bridge is, that the bridge, when lifted, rises evenly wit
any twisting ; consequently the framing is not s ained, the pive
work truly, with a minimum of friction, and the bridge ¢
worked from one side only. As a matter of fact, one man
it perfectly.
The sprocket wheels are 3 feet 5 inches in diameter; th
furnished with V shaped clips to prevent the rope slipping
The rope takes one complete turn round.
The power is communicated to the lifting chain by the
between it and the wheel, which is found to be sufficient.
The counterpoise remains to be described. This consists, ©

nt.
e advantage of the kind of counterpoise adopted, besides sim.
aSy 14 i ¥ #
Yy ‘m-l easy mm.uf:wmrc, is that it can be adjusted to th
per weight by variations in the leneth i 5
8 dinmeter of the cylinders havi § Ozly 10f i
o aving been fixed and the length
ry"}:o.,‘;nc the proper weight calenlated approximately, sall
wro'ltlb 1; urlm wo}rk can be made, and on the completion of’the
ge itself, when the weights are aceurately k
o e ghts are ; y known, the counter-
cy[md«.m can be rapidly cast with the prope;‘ longitudi
g1 gitudinal
0 S s
I‘;JI e:;/ j;ndyf.l‘;hfls not safe to estimate the weight of a bridge
a weight of materials ; there are too
x for one to be right in this \vniv except by accid::]atny ?I'nl‘::e:nff
,hlecd cotl:ec?ly is to !mve every part of the bridge weiﬂheg
oy s1 te& all the iron work as it is completed ; alll= the
0 planed ; all the nails and serew: ;
: L ; s; everything; it i
l ne ;r; the w.arl\shops, and from these waig’rhbs b};‘u posait,i(m o‘;
® of gravity and the tension on the lifting chains can

‘be :,:,t:'i (;‘i;mlly t}mc the archway, which this bridge closed
::inging, eet wide, 10 feet high in the centre, and 7 feet
dge fitted into a recess 1 foot
; n deep ; 3 feet hehind it w

a postlern in them,_ and 10 feet back was the lifting “::::
‘B’idso as to leave its full width to the roadway. ¥ i
Pridge—The next form of bridge to be described is a

; 0 :{f ns t}:)lun:; put across a d%f,ch and pulled back when
i dmwb[:-i % [;: communication, this was probably the
: L;;Ihlgf’:]ao%r::; ::i;:{nt.agc in not iz_:terfering with the
not pass through a ‘::gtyicill) ::t?atrm c:"'ses ‘Vhe’? &

k] p wall there is no
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choice hut to nse some form of rolling bridge or a swing bridge,

also independent of the work above the roadway, but is Fort Regent Rolling Bridge (Plate XVILL, )-—This form of hridge will

" usually be found rather troublesome, but as it possesses the ady:

tage abuvg rlemed of not interfering with the escarp, r/he d,.;“.i;‘j
tand description of the rolling bridge at Fort Rc"cn,c ‘Jcrs‘e\' -las
reproduced from the paper by Lieut. Denison, 1’]: Yin ‘lo!“’l”‘\fe
. Professional. Papers, First or Quarto Serice, o
Fig. 1. sho\'\'s the plan of the underside of the bridge: aa a

eams Of‘ African oak, 12 inches square, forming the m;in‘ tvimb;:

A portion of the surface of the roadway forming the bridge i ﬁ;bnﬂgﬁ]; o the underside of these beams are spiked the irog
supported on a framework, which is provided with trucks, ang ed, " ;c hresz Ypon the_ rollers gg fixed to the masonry upon
moves on ten rails laid at the bottom of the ditch, so that it can be™ b gbe of the escarp; ¢z is a rack bolted to the iron bearers dd,
pulled back under the archway. lich, being fixed to the two outside beams of the bric b

A space is provided forit to come into by carrying part of the =
roadway there on trucks in a similar manner, with the rails laid so
that it can be hauled sideways into a recess, out of the way of the
front portion.

One result of this arrangement is that there is either no escar)
only a thin one at this point, but with a powerfully flanked
ditch, this is of no i\ and the simplicity and strength
the contrivance are of great value in a case such as this, where 1
main road has to be carried across the ditch. 3

It is easily moved by four men. 2

Rolling Bridge moved by a rack and pinion.—Another form of
ing bridge is one which is moved in and out by means of a pini
acting on a rack fixed underneath the bridge, the latter being ke
horizontal by a counterpoise at the inner end. s

Adrantage.—Tt has the advantage of not requiring any partie
form of escarp, either above or below it, so that it can be appli
batteries with sloping escarps, such as those with wet ditches. =

Disadvantages.—The objections to it are, firstly, that it is "
to be slow to work ; secondly, that as it has to be rolled ka\ X

the roadway, a somewhat abrupt change of level is necessary 3
it goes underneath; thirdly, that the outer end of the
being entirely unsupported while being run out, is liable to
not to arrive high enough to rest in its proper position @
counterscarp. This evil would be minimized by using wrol
girders and not wood for the bridge.

Cams may be used to lift the outer end of the bridge
arrives at the countersearp, so as to give it a good bearing,
addition of mechanism is objectionable. :

which is
not in all Ways convenient.

Disadvantages vary with the particular form used.—The forms of -
rolling bridge are rather numerous, and while this advantage i
common to them all, the disadvantages vary with the types. 3

Rolling Bridges ai Anfwerp.—There are fine rolling bridges at the’
main entrances into Antwerp, very simple in idea but apparentl
only suited to large constructions and wet ditches. ¥

same Fime to connect and steady the whole iramilr%fr,‘se:e‘e .
s let into the two outside beams of the bridge at the i:;zer e:;e-
e are shown on a larger scale in Figs. 4 and 3, where it will <b"
that the same framing which carries the tmc’k supports als :
on roller f, whichI acting against the sides of the ripenin(v (])ef::
3 ;:;n;om}l to receive the bridge, serves to keep it in its ;lnce,
render its motion more easy. The hand-rail moves with thy

fge, its motion beil.]g rendered easy by the rollers in the smn‘-:
;'y 5 w:?n the bridge is withdrawn, the brow z (Fig. 2), which
;p;r; s1en%es, fa;ls L_lown over the opening in the escarp,
: ction showing i !
- 3is an end vie(:: lo"fbtth]:c‘:e ;;[:Ijt:em;: — e

/ 8¢, showing the machinery by

it is worked.
4 »
g to 17 show, on a larger scale, the various parts of this

lf‘iitghe l;: :;Llef(lltch.ls 17 feet 6 inches, and the whole length
& che‘ ;Eft 9 inches. The. length from the inner end to
& :em?( ge of the escarp is 14 feet 6 inches; and to
e 2ol tt;lncy of the additional weight of the roadway of
o ! e end Ahe]uw the rebate in the counterscarp (a
o mnds?m‘e‘mmes oceurs even now after rain, when
i \:)a..y is satumtgl with water), 400Ibs. of serap-
St t(:lm‘s at the. inner end as a counterpoise.
Kouk e bridge is 9 feet 2 inches; it is covered
2 planks,
ode = .
i e".ic‘}:'o:!rnz']; the bridge m very simple; the pinion 4
5 the axis of this pinion, of 2}-inch iron, is
of casemates for the defence of the

“ AN
/ &:honc of the hombpro
A0d there, 0 in Fi i
18 shown in Fig. 16, carries a toothed wheel. which




118 119

is acted upon by another piuion ; the force of one man acting upon jth which it is moved, one man being sufficient to do it, and the
the handle or winch of this pinion is quite sufficient to move the fact that it interferes with nothing above the level of the roadway,
bridg 1 thus rendering it independent of the construction of the gateway,

Total weight of bridge, 6 tons 15 cwt. 3 qrs. 10 Ibs. nd of any walling above that level. It can also be run in and out

Guthrie’s Bridge (Plate XIX.).—The rolling bridge which is left to ith the gate closed. Where any architectural effect is required it
the last of that class is, taking it all together, the best of all forms" the best bridge to use. 3 -
of drawbridge. It is that invented by Mr. C. T. Guthrie. It, to g isadvantage.—The disadvantage is that it requires very careful
certain extent, partakes of the characteristics of an equilibrium bri ction and fitting, so that at many stations it would be im-
as during the first part of the action of drawing it assumes va le to make it.
positions, the centre of gravity still moving in a horizontal line, bu ithographed Details of Guthrie’s Bridge.—A lithographed sheet of
at the end the bridge is simply rolled in along the roadway. tails of Guthrie’s bridge for 14 feet span has been issued with

The description is extracted from Mr. Guthrie’s paper in Volf orof Works’ Memorandum, No. 172, dated 18th January, 1870,
XIIL of the R.E. Professional Papers, Second Series. h a specification, which renders it unnecessary here to describe the

“The bridge is formed of two rolled or built wrought iron gird ge in detail. It should, however, be observed that care must be
covered with planking, and supported at their centres by cast m_, m to the construction of the roadway on each side of this bridge,
struts ; these are suspended by links in such a manner that while ere is a considerable thrust from its outer end, and a consider-
the upper ends of the struts accompany the bridge in its motio ress on the ties that support the centre of the struts.
the lower ends travel nearly vertically against the escarp librium Bridges.—The third, or equilibrium, type of drawbridge
Thus their centres of suspension, which are also their centres at in which the bridge itself is so moved that while its incli-
gravity, descend in circular arcs, while their upper ends wh 1 varies, its centre of gravity moves in a horizontal line. Tt
support the bridge ascend in arcs of a certain curve. The we from this that when the bridge is drawn in the centre of
of the struts is thus opposed to the weight of the bridge, and Wity will be a little below the road level, and if the bridge be of
position of their points of suspension, their angle of inclina construction, half of it will be above the roadway and half
and weight, and the form of the racers against which their lower “Thus a bridge twice as long as an ordinary lifting bridge
ends travel, are such that they balance the weight of the brid;
every possible position. It follows from this that the force requ
to move the bridge is exceedingly small, being due only
friction on the axles.

“The proper curve for the racers on which the lower ends of
struts move, and which are fixed against the escarp, can be fol
by drawing the bridge in various positions, and arranging
curve so that the relative vertical motions of the centres
bridge and of the struts may be inversely proportional to
weights.

“The most convenient proportion to make the several parts
bridge of this description, which may vary in length from I
to 40 feet, is, perhaps, to give the struts an inclination of
make them half the weight of the bridge, and to cause their,
of gravity to descend, as the bridge is rolled back, twice the
the bridge itself has to ascend.”

Adrantages—The principal advantages of this bridge are

s Bridge (Plate XX.)—A description of a drawbridge of
proposed by Lient. Ardagh, R.E., will be found in Vol.
the R.E. Professional Papers, Second Series.
nciple of Ardagh's bridge is very simple; the bridge, of
L8qual to twice the height of the gateway, which it will cover
8 supported at its outer end on a ledge, as usual, and is
ded from a point intermediate between the centre of
d the inner end by rods fixed to the escarp above. The
% When in position, is secured by bolts so as not to drop
A& Weight comes on it, and when in motion is constrained to
oper position by a curve cut in the escarp.
and position of the suspending rod are determined by
¥ for the bridge to he horizontal when down, and vertical
and for the corresponding positions of the centre of
‘® In the same horizontal line.
it follows that the length of the rod should be equal to
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the height above the roadway of the point of attachment of the rod &4
to the escarp, added to the distance of the centre of gravity of the
bridge from the point of attachment of the rod to the bridge.

This condition permits of a certain amount of latitude in the
choice of dimensions. The simplest arrangement, perhaps, is when
the point of attachment of the rod to the escarp is at the level o
the end of the bridge when drawn in.

The curve on the escarp would be best found graphically.  Th
bridge is drawn by pulling at the handrail, which is attached to
in a snitable manner. It has the advantage over an ordinary liftin
bridge, that it requires no counterpoise, and that it can be
veniently made twice the span of a lifting bridge in a si
position ; otherwise it has the defects of a lifting bridge. A

A small bridge of this description has been set up at Newhaven
Fort, and others elsewhere.

In Vol. XXL of the R.E. Professional Papers, Second Series, »
be found a description of a variation on this plan, by which
outer end of a bridge is made to drop instead of the-inner
the suspending chains going to the outer end, and the guiding cun
being cut in the wall above the roadway. It was designed for use.
in a retrenchment inside a fort, with the intention that the en
should not be able to prevent its being drawn in. It is refer
here on the chance that a drawbridge with such a motion migh
some case be found desirable, though drawbridges should na
used in the interior of works.

Swing Bridges—Swing bridges, though mechanically capab
use for long spans, are not suitable for large military brid
account of the space they take up, and the way in which they
necessarily exposed.

Adrantages—They are, however, sometimes convenient,
do not interfere with the escarp above or below the roadwa]
with more than a small length of the roadway itself. ’

They can thus be used in cases where a rolling bridge
on account of the form of the entrance, and also for spans 00
for an ordinary lifting bridge; thus they appear suitable
cases for foot bridges, when considerations of strength do not.®

! tate intermediate piers of support.

A very neat form of swing bridge, for foot p
designed and put up at one of the batteries at Inchkeith
Firth of Forth, by Major Locock, R.E., to whom I am indeb
the loun of the drawings.

Tuchieith o’zri/’z{/.llf'i'/_l/r (Plate XXT.).—It is four feet wide with a
ear span of 15 feet, :1_:1(1 Is calculated to carry safely 6 cwt, per
oot run, so that projectiles for 10-ich guns can be taken

he nature of the construetion will he seen from the drawine.

e.wtnl length of the bridge is&2 feet 74 inches, 'xn:I it L:w rk
8 pivotand racer, the pivot heing 5 fees 11 inches !fll"om the i;x)xlxes
d, and c}m \vmghb_ of the longer end being balanced by a cast-ir ;
rwelght. It is strengthened on each side by a vertical str i
wo tie md§. The bridge is swung to and fro winhou: a‘rllt:
hanism, but s'lmp]y by pushing. When it is in position acro)
ditch, the weight of the outer end is taken by an eccentrie lrss
d by a couple of lc\jers, These levers when up form slmndur:;:
which, when hooked on to them, prevent their

fittings are mostly of cas iron, which can easily be procured
8 country, though not in some of our foreizn s[utill)ni‘ th

arrangements of the bridge could, hm\'evcr? be prcserlv;d i;i
tenals.\vere used. It is a very convenient form of small
dge, easily set up and worked. s
h:n:ly cazu.uc he pl‘D-tccbetlI from projectiles fired directly at
an be used, as here, in retired places not exposed to shot.

CT OF THE NATURE OF SoIL ON DESIGN.

ft;oxr\ét:;zlre (lll/J’ Evl/'l!L or Lock on Design.—The details of the
e }:}eu . I;e mﬂuefme'd by the nature of the ground
. bwinniu(l't,huml it is necessary to inspect the site
E0re e rla the p.l:ms. Every different earth or rock
") ;nmgh and disadvantages—except the clay calied
3 i‘; ich has no advantages that I am aware of—and
i :‘:‘;nnl;’rz?zmenb; it is pluin,v for instance, that a hill
ﬂlerafore < t1h much more easily than a hill of hard
b o :b :u'tter C:'ll,se, one must be much more

—If the site be iruol:;] tltnl:ag - thf) e i
B e e rst thing to do is to see
e 0 the surface, as it is usually covered with
it ]_:‘,p‘t l1“ It will lbe advisable to remove this soil,
R Vnot be dxst_urberl during the progress of
may be used for covering the parapets and
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glacis, with a view to encourage vegetation and to prevent the
splinters flying when struck by shot or shell. g

The rock should be carefully examined, and the opinions of
people who know the local stone taken, as to whether it is fit fop
ashlar, rubble, or concrete, or whether it is useless for all thess
purposes, as it would be if, for instance, it were very light and

m ;hlc cli"eq};zs ;){ weather. Here the casemates, &e., must be made
the local building material, whatever tha if it i
c t may be, s suffi-
oty 3, if it is suffi
Sites on Em'//lr.—Eur'ch may be either gravelly, sandy, or clayey.
g:;m —If gnfvellf\l'll? will provide material for conerete. If used
e parapet it will be necessary to cover the para vith loa
B & vt o ) ae parapet with loam
d and Clay. flllll and clay are useless for building purposes
g the latter is of a quality which will- admit of burning into
. As these materials will not stand permanently at ucstcep
easy slopes should be used in the work; not more than
4 for clay, and 1‘ in 2 for sand. It must not be forgotten that
is the }.’ESL material for parapets, while clay is the worst. The
material may, p:{rhups, be used for the hearting of a parapet,
om three to five feet of the exterior should be san hti
im as may be procurable.
fec ,y' the Soil on the Design.—Besides affecting the details of
Fxorz, the nature of the ground will affect the design of the
or instance, in a hard rock it i E i
S, gh; e is best Po get all the material
e litch ; it will cost very little more than quarry-
ewhere on Lh.e site, and the strength of the work will be added
an earth site every increase to the depth of the ditch in-

Ashlar.—If the stone be fit for ashlar, cut stone may be made g
of about the casemate fronts, entrances, and bombproofs, and i -
any other places where it may not be exposed to injury, and |
opportunity may be taken to give the work a little more finish th
is usug

Rubble.—If it must he used as rubble, a different style must,
course, be adopted. Rubble masonry looks very well in a fort ;'
appears to harmonize with the character of the work more than an
other stylegf construction, and there is of course economy in usi

d, or as lig]
use stone as rubble for the greater part of the worlk, even if it
capable of being dressed as ashlar. ?

A certain amount of brick or ashlar will be required for use where
fine work is necessary. :

Conerete.—Most hard rocks can be used as concrete, and
perhaps the most generally serviceable material for use in for
tion. Its quality can be varied to suit different circumstances,
if carefully mixed it can be applied to almost any purpase, el
places which will get such hard wear as steps. It is not, ho
advisable to try any but simple forms with it, or the expense
moulds becomes too great to make it worth while. It is diffic
give buildings made of it a good appearance, but a solid and
style of construction is the best.

It may be mentioned here that a good effect has been ob
with some casemates built at Chatham, which are faced with,
crete made with pounded granite. By scrubbing the s
coating of cement has been removed, and the glitter of the
made visible.

Arches in concrete may be made with polygonal soff
simplifying the centering and making it easier to m
groining.

Poor Rock—If the rock is useless for building purpt
may save some trouble in the way of revetments, as, for i
the case of chalk, where the escarps only want facing to sect

2 :]:ehe bl;sed, and more earth moved in order to get them
2 1ey be not actually increased in height. In such a case,
t is best to settle on a good form of ditch, and to get Eron;

® any earth that may be required to complete the

h :':ell.ends itself to the modern form of work, with long
€as on rock it would

e usually be best to adhere to

fi site where _mining is not likely to be used by the

hterscarp galleries may be used to flank the ditches,

2 to take such pains to conceal a natural rock

2 5
on a rocky
T8 the stuff i
'd! Ll;s one on a sandy or clayey soil.
uds on a soft rock which can easily be cut and yet

itself, ere, i
. ini‘ underground galleries of communication may be
S easy to make them, ~

;me where the interior slopes can be revetted,
: s
| stand at a steep angle, need not cover quite
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11.—HINTS ON DESIGN. ive i

; i relative importance and the

neral qualities of the works to be built will also have becom

Sapparent, being decided by tactical co iderations, ¢

Nature of Wor _—Ic will be possible to decide whether a fort

ust be self-contained and able to resist the enemy without much

help .{mmAcoH‘:uemI \_vorks. or whether it shall be a mere satellite to
ome domumbu?g position ; - whether it shall be most powerful for
ot or ﬂalnk hr;z; whether it is likely to have an attack carried on

ainst it through all its stages. ether it wi

oy dgsmnce,a ges, or whether it will only be shelled

In Inctdlt wﬂ‘l be possible' roughly to design the works in one’s own
an ;oslt[now leplproxnnubely their sizes and positions

vey of Sites—This is a necessary prelude ;

1) . . %

ich is to get the sites surveyed. ; o

of Survey.—40

The following pages contain some hints on how to set about.
designing a fort. They must necessarily be rather desultory, as of
course there are all sorts of variations in the circumstances under
which the work is done, and moreover nearly every one has his own
way of setting to work and will not follow mine. Still a fey
remarks may be useful even if they only serve to call to mind the
things that have to be attended to.

Nature of Map Available—It may be assumed that the officer
making the design is possessed of a general map of the count
like the one inch to a mile ordnance survey sheets, but ¢
more doubtful authority. Out of England such will be the usual
basis.

Charts—For a coast fortress, such as ours almost invariably are
a chart must of course be used in ovder to lay out the coast defence,
and it may also be useful for the landworks, but the hill shading on
an Admiralty chart must never be trusted ; it does not aim at gi
an exact representation of the ground, but only at indicating is
appearance from the sea. The views on Admiralty charts are, how:
ever, always correct as far as I have been able to judge. E

Study of the Map.—After walking, riding, or driving about
country till one has learnt its features, one will know the qualiti
the map and how far it is to be depended on, whether its roads
right, whether there are any peculiarities in its hill shading
have to be r bered in order to und 1 what sort of gro
is signified by it, whether its coast line is right, and so on;al

whether many changes have been made since it was printed.”
short, one must learn to read the map and to know where it s
correct or wanting, for without it it would be almost impossibl
assign the proper relative value to the various works and
works. The attack and defence cover such large areas no
that it is only with the aid of a map, on not too large a scale, 8
is possible to bring before the mind simultancously all the
bearing on the selection of the sites for works.

Choice of Sites.—Having chosen the positions for the worl
the map, go out on to the ground again and examine these P&
with more minuteness, so as to decide the sites as far as can be 68
at this stage. Sometimes it is necessary to wait for a more
survey before it is possible to settle the claims of two or three
hill tops, but usnally most of the sites will reveal themselves at ]

& Jeet 101 inch.—Now as to 4 i
l.sto be done, I have found practically that 2“:::;:130;”18"‘}‘02
inch, co)ntq(lrexl at 5 feet intervals, is the most convenient ?E
eral (.leslgn of a work, and the one to which the plan of (;;
und_ hkely to be covered by the fort and its glacispshould Ell)
e. It is sufficiently large to get aceuracy for such things as cas :
es and gun empl:meulmnts. and the slopes of parapets, \ghile it ?s-
i ::;)l;igh.z to drive one ir}to showing details which are not
TN feegr:o sltﬁ::}s] of : (}es;gv} SOII.IE officers prefer using a
ey , Which, being a little larger, is more con-
:lx‘;;')or.mn?e 1ot to use too small a scale, or one is liable to
£ lﬂi(_ul‘nes at a later stage of affairs. Two or three little
;}t)e:r,l ‘f.ixghts' of steps, or something of thas sort, which
Beeer e e“r'y nicely on the small scale, will often prove to be
oS as expected wher} expanded to a size sufficient to
;i of u‘ll‘thmr P parts, so that they
i z;]:s.(mce ongumlly_ul]ptted to them, but make a
o sommuessugy. And it is surprising how small an
vk imm“mes affect t_he design of a whole fort
mng.\zinc‘g;?i may dshlfc a set of casemates, which may
o the i ofch o, P
i hﬁ”?;l?s—.An.Other advantage of the scale of 40 feet to
S ?).xs_\ if.o reduce to'it details drawn on the scales

of Goners b r of 4 feet to 1 inch.
ey o55.—Besides the 40 feet to 1 inch scal

cale of

; widening
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any f[ycc1:|l :u[‘m;fxgement will have to be made for water supply, for
: m,ﬂ;h o.;i s, orfthe supply and storage of materials for s}{c‘ltcx
ing the workmen, for an office, and n, n o b g
g t ; s umers i i
st st on boing stteio = rous other points which
blul:uu time during the progress of these prelimi operations i
be necessary to make arrangements for the purchase of tk pad
s e of the land
V.
0 more need be said ahoug th.
: ) e at, than t s v
\ 'm.'""l 40 fPe‘ to 1 inch, are sufficient for the 4 of the sort of work that is about ]hac Wi g i
design, for although of course it will be found necessary to draw mough land may he included t e e
e staliah o.n!er to get exact .ln_ne‘nsions, yet approaches. If land is uhc:zp—if‘I);mc:l"m'un'lty e i s
s a plan sufficiently large for deciding on the Fovernment—it is advisable to hold a "E‘ 91‘ ;5 AL
i i good deal round the work, in
e being blocked up hy buildings.
& 21 ) Cork, 4 - o
9} Design of the TWork.—The actual designing of the work
ly a matter of trial and error : sev, ek legts
bt f. error ; several rough sketches will haye
il lu, fort gets into shape, and indeed it may he
'nhi, djm;,s;'o‘, mw:]ggs to scale, in order to settle various ])éixlts
¢ 1s. Do not be afrai 3
o D be afraid of making plenty of draw-
er to alter plans than to alter o fort once

the immediate site of the work, this and some of the gronnd aroung
should be done to the scale of 5455, contoured at 10 feet intervals,
A plan on this scale is the best for making the first rongh sketch of
the design on. It should include the ground between the works and
for some little distance in front and in rear of them, so as to embrace
the positions for the auxiliary batteries of the defence and the near
It is a convenient scale for showing the

approaches of the enemy.
in their relation to one another.

some details on a la:
40 feet to 1 inch g
merits of the project.
Seale for approved designs, soon as the de-
sign has been approved and is to be carried out, drawings on u large
scale become neces —10 feet to 1 inch for general plans, and 4
feet to 1 inch for details, will be found convenient. It is well worth
while drawing the whole fort, as it is laid out, on the scale of 10 feet -
to 1 inch and to contour it at one foot intervals, for on that scale
every intersection of slopes and every turn in the whole plan can be
shown, and the drawing forms a capital check on all sul

e t/t]a l);fsi_//n iif @ Land JVork.— Position of Crest Line.—In
a land work it will be found th: irst: thing to
i< A, ll at the first thing to do
o tth;gx}lr.nl‘ml tl_:e position of the crest line of the p:mpet

i w‘]{“ slopes of the hill may he conveniently swept, Th‘,
o lheil(l;:mllly be {rom 10 to 15 feet above the Ievcl‘ of th‘cs
epa ma. t A epending partly on the nature of the rampart,
(o casemated, [')az‘tly on the amount of coyer desil'ed’

Sl 'j‘ope down which it is necessary to fire. '

T :h:b.r:hc pnl)smon of th crest line determined thus, will
i ljnea ﬂll‘lgi .?houhl be in whole or in part taken up'with

it “c. 'h is Fhe case, for instance, in Malta, where it
R I:,:l;i;: Duelnm. Hill with a continuous line nearly o
no singie positi il fr ich the

:Z;he Rl sezn position on the hill from which the

on of Superior S i ineli
. f . 'l‘pej;[nu Slope.—The inclination of the superior slope,
- dm:'t»]le ttﬂ partly dcpend on the form of the ground l)nc,
e steeper than 1 if it can be avoided, i i
nt 2 :
A "‘{“siluI Then settle the arrangement and
S hmd .;he il;my ire mounted in the fort they will take

3 i plan must be made to suit their o

and their security, R

Wwo 2
In fact the fort should be laid out on the ground, and on the plan
of 10 feet to 1 inch at the same time ; one can then be sure that as
the drawing is finished, so the fort can be.

Permanent marks for laying oni.—This plan will also enable one to
see where permanent marks can be fixed, showing the main laying
out lines, so that they shall not be lost by being dug up or covered
over, and so that reference can be made to them in the progress d

the work, and in making the record drawings. ]
Study of the Gronnd during the Survey—While the survey is going
on there will be an opportunity of examining the ground, so as
know its form thoroughly, and also of finding out the quality of the
soil, whether clay, sand, or anything else, the depth to the rock il
there be any, its quality, and so on, so that the designs of the ne¥
fort may be properly suited to the character of the material
which it will be built. Also, of finding out what classes of workme® 3
are obtainable, unskilled or skilled, and of the latter, whether manf
and in what trades ; also, whether it will pay to employ machines¥
as all this has an influence on the design. b
Tt will also be possible to find out whether,

Guns.

Service, res of fire,

, before beginning work.
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The guns ina fort may not be often used, but when they arg
used almost everything depends on them ; at the beginning of 3
siege nothing besides artillery fire can touch the enemy, and there
may be no other guns mounted but those in the forts; at the end
of a siege the enemy’s approaches can hardly be stopped by any.
thing bue artillery, and the guns in the fort attacked must be

gverse fire, and all that can he done i i
at ca ne is g
o one is to introduce large traverses
Casemates can either he
protected by parados or caj
: oo = y parados an have arc
'hkagmn,z the backs of the casemates ; if the latter, care mf;ii
e taken not to exclude the light too much, and nos to yimpetle t};
vement‘or. air, or the blast of the guns mayscause inj .
semate fittings. Nt
If it can be mana
: :tm:n" Or::m;g;(ll, gun casemates should be so arranged that a
g ac), 0 fe.pui;hs would not be able to enfilade a line of
ns ance of its happening is
. ; ening is perhaps not great, and it i
1 W"Yil?ﬂssxblle to guard against it ; luckily, the vl?ns n;nke g l?
e emsel v a ls 4 '
ok M::“\e:.th In a Ll‘rge casemated battery the beet,é:::\'
ge the guns in groups, with lar: b il
i S groups, with large masses of earth
immunition Service.—In ary i
i 2 arranging the a iti i
han s to mor o Arranging the ammunition service the
ol beommmhrl\ positions for the lifts or issue hatches where
e o m 08! conven}x}eu: for the service of the guns, and then
arrange the magazines m in th
gico g: 50 as to i
3 S, Or as near to them as possible. b h o
| the ammuniti i ;i
mdu:;zu;: s;:ores c};le Iifts should be situated conveniently
T from the store from whi
pealn m which the ammunition i
e winch should bhe placed on that side w it

worked.
Filling in Details.—Having settled the position of the guns, th
nature of the fort is approximately determined, and then co:g“’
the business of fitting in the the icati
magazines, the ammunition service, and the flanks to the ditches;
with regard to which I can give no hints ; it is a matter of packi
and arranging ; a good many alterations are certain to he require
After this the glacis should be drawn. &
Design of a Coast Battery.—In order to keep the subject of desi@i
together, I here anticipate some details treated of in the following
sectiops of this book. With a const work the mounting of the guns
is the raison d'étre of the whole matter, and their lines of fire m 8t
be carefully considered. §
Not too much consideration to be given to the ground.—And inf
case it is well not to be too much influenced by the coniormaﬁg
of the ground around the site of the work in deciding on the positio
and lines of fire of the guns. '
Some consideration must, of course, be given to it, so that
instance, the fort proposed may not be too large for the site W
it is to occupy ; but while bearing in mind the general natur
the position, the number of guns available, and the most suif Bes th
mode of mounting, still the best way of beginning the design ¥ b e Ple cage n 5he foot of the lift. =y
lay down on the chart the ares of fire which it would he most Fbottery ,‘L'"“ 9 a Coast Battery.—TIn making the e
tageous to gt ; then skoteh out the sort of battery that wo e 1t will be found best to begin hyi’ laying dowgﬂﬂf:r
required, and then see if it can be applied to the site. If it can en b;-""‘_“sv and( to refer all points on the (:m fl Sl
it may be possible by throwing one part back, or another foryl e point ing obtained the exact positions of the lifts, g ]:o
by altering the intervals between the guns, or by changing the Th's of reference for the ammunition stor i
of mounting, to attain the desired result. g 18 will ensure the agreement of the 1 a lm =
Arrangement of the various parts—Working out the desig bper and under
coast battery is to a great extent a matter of packing, owil
AR i 2 ¢ laceme y
t}}lxzrshibe?r;%\i;:s l:::tytngiego are conceuln‘l‘z‘s’r‘x’: ;l::le viev: bh: ) —Returning to land g
e Y be omittod sy g oL the last things to do, which
ance of exposure to enfilade or reverse fire, and conveniel ‘"“Ppmxim’ tclra, to calculate the deblai and remblai,
4 Tite), OXimate estimate of the cost, ¢
filad work, °ult"'::i:¢ii both these can be done in sufficient detail in
and R‘”‘I‘/‘Li<l—r"ll‘)1:'e]1k:;‘lly coAbe the case at the first attempt.
;"““S of the deblai and remblaj

hich is away
P ot 8 service, rking it m
ay of those hringing up the ammunition ;Baml tzi

g the sections th
! ¢ top surface of the racer i
the heights about the work must confor;er Hep

ammunition service.
It is often difficult to protect a barbette battery from en
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should he done approximately as the design progr by mljuszinx
the height of the crest above the natural ground. This is a matter of
judgment, but at the best can hardly be quite right except, h,'
accident. A calculation must be finally made ; it need not be very
minute as there are many disturbing causes in practice, but it will
require repeating once or twice with altered levels till the co

12.—PREPARATIONS AGAINST ATTACK.

qmnlufmx against Atlack.—The opportunity may here he taken
ying nf ew won_ls on the desirability, indeed almost the necessity,
e is of :\:mngmﬁ ;]n peace time for the execution of le;(;
in a fortress which would have to be carri
arried out -
ke : i on the out
"de'slgll and construction of the temporary redoubts and
es is only a small part of the work to be done,
les “11{“" it must be decided what is required to put the per-
[,w;)r s 1lnto a state of prep_\:tmnion for use, such as buildine
oofs and traverses, mounting guns, and arranging for Lh:
imodation and supply of the gurrison. N
esides cll:m again, there will be camping grounds to prepare,
to make, ground to clear, hospital buildings and stowhouse;

one is found.

It must be remembered that an increase of size takes place in
turbed soil, vaying from 7 in sand to } in hard rock, and the prop
allowance to be made must be ascertained before caleulating ¢
deblai and remblai for any particular work.

While it is always desirable to balance the deblai and rembla

economical reasons, yet defensive qualities should not be sacrifi
this. It may be found necessary in some cases to remove p
the deblai from the site in order that the work may not be un
raised and conspicuous. 3

Approvimate Estimale.—The approximate estimate, which may.
made by cubing out the earthworks, excavations, buildings, etes}
allowing sums for tanks, entrances, roads of approach, prepari
ground, etc., is also very necessary. The cube prices used
course vary with the locality. o

Without heing absolutely accurate it should give an idea of 1
cost of the work, so that it may be seen if it is in proportio
value of the position in which it is to be placed, and it ¥
reveal any extravagances in the design, or injudicious mod
struction, so that they may be amended.

This is the finish of making a design for a work; then
after its approval is the practical construction.

Construction of the Work.—No Lump-sum Contract—And with!
to that, one or two points may be mentioned specially ap)
to fortification. One is, never make a lump-sum cnntml(l:t
be helped. The art of fortification will be advancing while .
is being built, and it is not good to be hindered by a b rable that all should. proceed as rapidly as possiblo,
contract from making improvements. G with which T to lay down the requirements of a

Way for bringingin the Guns.—The other refers more ol was connected, so that the necessary
coast batteries, and is that a way should be left for
heavy guns into the fort. It is usually convenient to lea
the parapet, and part of the ditch unexcavated till the
inside. It would, of course, be convenient to get the guns
the work is finished, but this can rarely be managed. It
arrange on the supposition that the guns will not come till
is practically finished.

of cﬁe materials required, such as can be got in the neigh-
should be prepared, and it should be known where thbey
ocured and how to get them to the spots where they are

rs re(llm'red for the working parties should be settled
nmuelr:;pf?;‘ri of labour should be consulted with as tc:
Be Tememhc'red that, besides the Engineer work that
::L::]:mm-nllery lwill be n)oyizfg guns and ammunition ;
4 s le::;ts"ge}tltmg and shxftm.g stores ; and the civil
her .nc the place or making preparations to en-
2 orts and dangers that may be before them. Un-
: ‘th:frm:ir::“]sf the various departments are settled
e ‘.meous xlemu'nds for men, materials, and
Akely to lead to a block in everything just at the time

18 Last possible del

ay., Th imi; % A
o ki V. is preliminary statement

of print. Tt would certainly tak:

be‘f:]m the whole matter could be completedﬁ‘ Thiz

puttix{o?;‘ydc?se"bm in many the work would be
7 5 s

3 5 di;ster, mg it to the Jast minute is a likely way

K2
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Instrnetions have now heen issued to guucrnl. n?'hfci; 1 ]:;ﬂ\:lln:;::']lng
for drawing up schemes of defence !or' forrrcs.aesd \:IO 1"?" themxi':lm
prepare complete projects of all that is reql?;m ) ,l,leted i 2
state of veadiness against attack. lese. ‘t hen L}Ol‘l(\ s t.o (hem
(uire constant revision in their _n]efauls 0 keep‘ ~t]‘L:\~ey}]mu] 5 I g
quirements of the day, and periodically a gcnc:ml e

em will be necessary to meet the introduction of new

CHAPTER IIL

whole s ¢ ]
weapons or large changes in tactics. ) . . - .

M]u.ny useful hints on this matter will be found in 1/{; f{rga(:u.t:_
of the Awailiary Services in a Besieged Fortres, by »h(l;?:- v,ent al
Von Kamptz, of the Prussian :\rti]lery,‘nf which an }‘ rf(ﬁ,m(;; MB 3
Capt. Gore Booth, It 5., will be found in the Journal of the
Service Institution, Vol. XXIIL, 1879.

THE STORAGE OF AMMUNITION.

ines: Barrels; Cases and Cylinders ; Skidding and other Fittings. —

tivg Lobby.—3. Lighting.—4. Shell Stores,—5. Lifts,—6, Re.

7. Shell and Caxtridge Filling Rooms.~-8. Adjuncts to Store
N and Lettering,.—10. [

zines.—11. Lightning Conductors,

Damp in Maga-

1.—MAGAZINES.

ions.—The word “magazine” besides being the general
for any place where ammunition is stored, is also more par-
¥ applied to a place where sunpowder is kept loose in harrels

The place where it is stored made up into cartridges, is
& “Cartridge Store,” and, owing to the much increased pro-
B of ammunition that is now kept in a made-up form, the
Exyeuse Cartridge Store ” has entively superseded “ Expense

largest reserve magazines in a work are called either * Main
£~ or “Main ( rtridge Stoves,” according to the nature of
tents ; the former usually in land works, the latter in coast
Where all the cartriges are kept “made np” and all the
Teady )] ed, and where there is, therefore, no powder in
cartridge and shell stores ure combined together
s they are collectively spoken of as “ Ammunition

Mastazine

g ave for reserve gunpowder, whether in barrels,
Up inty .

es.




ind

The ammunition for qui
dimensions and capacity
For Hotchkiss n

firing guns i
g guns is packed in 1
e as follows :— S
pounder Q.F. guf ini
Q.F. gun, containing 16 r
Length over all o

Their

in

Store Magazines.—Main Mugazin Cartridyr  Stores fpense

.vs,—For convenience of consideration, magd may
Azines, Ml magazines i
jes, and expense cart-

Curtridge Stor
he divided into four classes : store M
t hatterh

forts, large cartridge stor

ridwe stores. There are all sorts of intermediate sizes, but these > ) i

YT\L‘R' I)L t‘x‘l‘:eu as b :w't\ It : o luseul first to describe the general Width ] 3 oo 1475 inches.

! BP0 bk = Height ... E o
2275

the question of how to keep

Weight, filled, about .. .. 1251
vee sion 29 lbs,

‘or Hotehkiss 6-pound
er (.F. gun, containi
Length over all Bun, containing 11 rounde—

arrangement: and aiterwards to disew
magazines dry, which is very important.
There ave three things to consider

in the arrangements of a
\ce with the shifting
471

16-25 inches.

magazine : the magazine chamber, the en
accommodation, and the lighting. Width
Height ... 99
21:15

& Ttis to be no

. ted that these hox :

B iher on one ! se hoxes must always be store .

2 o |‘311f1. or on their broadest side, u.il:l \: htmul i,
By the R. ﬂall 0!)0 handles are fixed on the narro: = ll HOROV alde
¢ Regulations, they are Pl

X , they are to be stor .
n four tiers high, . 3 stored on their ends,
e f‘:,lh,".}mlnd with 2-inch battens under LhLL,HI(:Y ot
g g S s lowest tie

e c‘.;:- -LhA-mch. ‘\"_P. gun is made up‘ ::‘ttlt'br‘

B et i inchi n(.l't e projectile is separate. Each -]1 ! th.e
bes long, but the di iumeter over the hase Hange, and L s o
Wfllrt“her o imensions are not finally Set\:lci‘ and about 15

oo & y ed.
he barrels \rll ";‘::‘((’L'l‘lfe" ;hﬂ b s
i al-lined  case: i
nof “g o y cases are | o
of “skidding,” which is o ng re both stored on the sam
Shich they ) name given to th ¥
hey rest. ~ Zine eylinders vle i U R
g o e 0 not require skidding. -
dding, and the mode ind:vh‘ h th of a dipeml on
TR ic e 4
oy Bt o dosaribo i bR Ry der dstored on it b
- 2 *

Sidding (Plute XXIL.).—Skiddi

gl ).—Skiddin

ZINE CHAMBER.

Mac
r contains the gl\npo\\'nler either in arrels,
or brass eylinders. i
in metal-lined cases itis
and light guns; 4
and serviee;

The magazine chamber
metal lined cases, zine cylinders,

Gunpowder is stored loose in harrels ;
wtridges for medium

sither loose, or made up into e

contain the cartrd for heavy guns for )
¢ used by the navy.

A barrel is 1 foot 51 inches in diamet

inches at the ends, "nd 1 foot 9 inchet
17 inches by 17 inches by 21% inches.
Suudl Arm 1mmum[wu.-—-ﬁmull arm ammunition, cont: mng_l'

own means of ition, is not to De stoved in the same chamber
Reyulations, 1881, Appendix;

zine eylinders
hrass eylinders ar

Size of Barrels and Cos
in the widest purt, 1 foot 3%
long. A metal-lined case 15

ee  Eyuipment
Department.

gunpowder.
i . ol
wmition for machine guns,

Segulations for Orduunce Store
This regulation embraces the ammv
for the (uick-firing G-pounder and 3-pounder, and any
may be adopted into the land service, if it contains its ownt ‘meant ¢
It is, however, in contemplation 0 make the caps
uns removable, 50 48 0 gey over this nlitﬁcun?‘
to be p\'u\'ided for the caps. 4 %
1s, or 1B

trels, Tt o g is specially adapted "
on: o ; ecially adapted for stori
e, 15 s g .al ts essentially of two pieces of wi toring
- These sul)[)mlll:}‘:[,‘ and usually 4 inches wide 1 “;"”l e
Barre rt the barrels conveni - by 3 inches
Is shon s conveniently - eS8
3 should he k 3 X v resting o
tical piece be kept from rolling and fr s on their ends.
Pleces, 6 inches by 4 i S 7 om touching the wal
a long one, th l: y 4 inches in section, and ifh walls
Bieces whish x;]:_x]ddms shonld be separated inu: le -
P e Eingles iy 6oy Siitkes. The by
Are sometim. ually separated by a distance of 6 i e gnd
e the ﬁirht‘ allowed to touch. ance of 6 inches, but
5 row of harrels, 7. 4
hove the lowe nrrels, i.e.

fect 5 ingl,

ignition.
veridges of QF.
storage. A place will have
Sall arm ammunition is packed in quarter Darr
arm ammunition hoxes. A quarter harrel is 116 inches d
142 inches high, weight full 83 Ibs.
small arm ammunition hox is 214 inches by 6° e
11, and weighs when full 79 s, S 0zs. There i53%

: 1 o height of 7 feet in t
t horizontal hars of wood (five rows of s
s of i
tigh), horizontal transoms, 4 inches wide by
high v

inches ov
and rope handle at each end.
No nmore quarter Darrels will be made.




6 inches deep, should be introduced, on \\-.hiu.:h hai lIs can he piled
up higher. They should not be stacked within two feet of the roof,

It should be observed that it is not considered advisable to carry
the vertical pieces into the arch over head ; they should be supported
by struts abutting against the side and end walls

The skidding should be separated from the side walls by a space 4

of ut least 6 inches. In large maguzines this should be increased to -
two feet, so that the barrels may be inspected.

These regulations, together with some others, will be found lid =

down in LG.F.’s Memorandum, No. 189, dated Ist Xovcmbexj, 1871
also in LG.F.’s Civeular, No. 203, dated 20th June, 1873, which still
holds good as far as regards the storage of 1.»ul'rels. ) g

Tt will be seen there that the only regulation concerning the .helght
to which barrels may he stored, is the one prescribing a l\on?onu]
transom above the fifth row. Barrels have been .~u;§'e|l withont
injury to a height of 11 rows. In a small mu-cfuinu it is hetter not
to introduce a horizontal transom which might cause a loss of
accommodation. e N

Lengths of Skidding—The length of the hlock§ of skidding is
regulated by the strength required by the upper hL.)nzontuI' transoms.
A length of 13 feet 3 inches to take nine barrels side by side is best.
The transoms will then bear barrels containing pehble powder, piled
four high, with a sufficient factor of safery. A length of 14 feet
8 inches to take 10 barrels should not be exn.eedetl.‘ A barrel f’f 1;
weighs 125 Ibs., in addition to 31 Ibs. the w«‘aight of LheA harr;l ;:sedu ;
In those expense cartridge stores for medium guns, in W lC{ o9
ammunition for more than one nature of gun is amred._lF will be o'al
convenient to separate the various natures of ammunition by verti

i

ions. .
Crane.—Plate XXIL.—In large
some nature is necessary to raise barrels to the upper rows.

A simple form of crane has been used with suc at Flft'!t
but has not met with approval elsewhere. It consists .nf a th e
ing in a frame which travels in grooves cut il{ two lmu.l‘l\s, u‘»]‘:dafrﬂ
the other, running the length of the magazine. _[t is m]n: 5
place to place by simply pulling at the rope by which the ba
hoisted. !

Another wmgement, which can moreover be used w
not sufficient height for the crane, consists of a small ey ;
! ed to the uprights

) diwmeter; P

¢
magazines a traveller or crane of

ning on horizontal bars of wood ot
skidding It is formed by a copper bar, 1} inch

ported on two small langed wheels at each end, 6 inches in diameter
- aud 14 inches apart from centre to centre.  On the bar runs  small
to which is suspended another pulley for the rope by which
are lifted. The pulley can travel from side to side with
suspended to it, and the whole forms, in fact, a miniature
gantry.  The copper bar may be 5 feet long. ~
Wail battens—Plate XXIL—Wall battening has to be useid in
“store magazines to prevent grit heing kocked off the walls, which it

hould cover. It may be made of light 3-inch by f-inch stuff, and
“should have an air-space behind the battens.
Floors.—The floors of all magazines should invariably be made
with concrete, the surface being either floated with pure cement, or
& asphalted.  The ordin: wooden floors carvied on joists, which
have been extensively nsed in our older wor re liable to suffer
“from dry rot, thus becoming dangerous and involvir expensi
I The advantage of having a wooden surface for moving
nmunition on is obtained by the use of batten tlooring.
Batten Flooring—The batten flooring which is used for covering
e cement or asphalte floors of magazines, has heen made of two
terns ; the lighter one having been used in cases where no very
vy weights had to be moved over it.
The stronger one is, however, more generally sevviceable. It was
de to suit the cartridge stores of heavy guns and for shell stores,
A leading idea in designing the batten flooring was, that it should
 guarded as far as possible against the effects of damp ; conse-
ently spaces are left, so that the air may have free access to the
odwork, and what is specially important, the tlooring is made in

ns of such a size that they ean e conveniently taken up and
agazine to air ; and they should be so taken out
ine is not in use.
pattern of heavy hatten flooring used in Indian works con-
imply of 21-inch boards laid side by side on the concrete Hoor,
sabpears simple and efficient.

#laie XXTI—The Jighter form of Hoorin

8 § inch thick, laid on 3-inch dis

g consists of 6-inch
s also § inch thick;

. the lower ones

HETe are two 1 1-inch I
Te are oy
menee iy g

ass screws at each crossing.

ple of hand holes in each section of flooring for
5 st i, and a viband 14 inch by 1 inch is fixed on
Side next g wall.

e XXVIL—The

stronger form of Hooring is mude of battens
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3 inches wide and 17 inch deep, with inteivals of § inch between
cach.

The ends ave screwed to pieces 4 inches by § inch, with 13inch
bra and a viband, 2 inches by 1§ inch, is fixed on the side
next the wall.

Batten flooring should be made of such a size that it may be clear
of the walls all round by about 1 inch. A
The under sides of the battens should be tarred, to preserve them
from damp.

Butten flooring is used in all powder magazines, and in any
cartridge stores which might contain powder not made up into cart-
es, including the passages up to the barriers. When used with
skidding it is placed in the passages hetween the bays. In other
it covers the whole floor. By LG.EF.’s Circular 544, 24th
January, 1888, it is not to be used in chambers and passages where
cartridges only are stored.

When asphalte floors are covered with cork composition to prevent
condensation, it will be necessary to employ batten flooring to =
protect the cork from being rubbed off. E

Magazine Chamber.—Having settled the details of the skidding
and other fittings, we may now return to the description of the

azine chamber itself.

Store Maguzine.—Pluie

Skidding of Store M

As the charges of heavy wuns will
in futare be issued made and packed in zine or brass eylinders,
some portions of store magazines should he made suitable to receive
them. This may be done by filling in between the floor skids with
batten flooring, blocked up so as to make a level surface The upper
* tiers of the skidding would still he suitable for the storage of barrels,
(See L. ’s Cireular 504, dated 11th February, 1887.)

In some few places a large case for storing prism powder may
be met with. It is 320 inches by 12 inches by 1125 inches, and
contains 200 Ibs. of powder. The traveller in the m ine con-
“taining it would probably have to he modified and strengthened.
- Some form of zantry would most likely be the hest thing to use.

Size of Store Mugazine Buildings.—As a rule, stove 1 zines shonld
. not be constructed for more than 8,000 harrels each, ic., in each
~separate building. A store magazine establishment may contain
several of these buildings.
= Pusition of Store Magazines.—Store magazines should, where pos-
ible, be constructed on sites remote from residences and populations,
and from embankments for preventing inundations, as well as from
property of value which might be injured by explosion.  The s
hould also afforl easy communication to and from it by water.
=3 Fort Mug ~~Main magazines in forts are similar in arrange-
Jment o store magazines, but are more varied in shape to suit

SCrew:

o

XIL.—The most convenient sectional

dimensions for a large store magazine will be found to he 20 feet < the exigencies of defence.
wide by 16 feet high to the crown of the arch, and 10 feet 3 inchﬂ‘ The skidding must he arranged ording to eireumstances, the
to the springing. ¥ ~(!etsig,"n having been suited to it as far as possible.

The width allows the barrels to he stored in two blocks, each ¢ Particy attention should be paid to, secmving an easy issue of

three rows wide, with access afforded to them on each side by &
1 ge + feet 3 inches wide down the centre, and others 2 fe'el :
3 inches wide down the sides, the ends of the barrels being 1 .
contact. E
The height permits nine rows to be stored, with the horizontal
transom over the fifth row, and the rise of the arch gives room f'_f
the travelling crane hefore described or for the gantry. b
The length should suiv some definite number of barrels, l’“
leaving too much play, the dimensions of the blocks of skidding
being regnlated by the considerations of strength given in a f”"’f‘.@
paragraph, B
A way must of course be left round the ends of the skidding

der from a fort magazine, in order that the expense magazines
nay be rapidly filled np from it during a sicge. N
Ahe passages should be broad, and several issue hatches or vther
“ ns‘of pas: out ammunition should be provideil.
Fitting up Fort Mugazines—While every magazine should be
ged 5o us to be eapable of ti king skidding, it is not always
ble to supyly either it or the hattens to fort m sazines. They
{hnewr be used in peace time, and if the skidding and battens be
.Cm. the wood might perish from damp, or they may never he
{ n:i&f::‘}m\wler barrels at all, in which case the woodwork is
" The hest cour
ely to be wante

to adopt is to have the woodwork shaped, if over

In have @ central passage running acrusai a o B e, and stoved in some dry place, rendy to frame
chambers, i way may be left through the skidding at the tloor [e¥€ 22 Bether.
the storage being continuous on the upper transoms. i 1e hias plenty of foor space, @ number of cases can he
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¢ positions which may seem suitable for limiting the
effects of an explosion in u lift or serving-room, and more pecially
© at the entrances to the cartridge chambers, so that there may be no
sk of their being blown np. i
The mantlet door consists of a strong framework of angle-iron,
14 inch by 1% inch by | inch, galvanized, pivoted on sockets let into
i the roof and floor, and carrying two layers of paunch matting, 6
n all, such as is used about the zuns.
The doors should be hung so that they cannot open more than
alf way, and are set on a slope, so that the action of their weicht
tends to close them. ‘
\ They should always be carefully placed to open against the
probable direction of the blast from an explosion, so that the effect
of such shall be to shut them.
- The doorways in which it is intended to hang mantlet doors,
ould, if possible, be 2 feet wide, and 6 feet 6 inches b igh, with a
eveal 3 inches wide round the sides and top. (See LG.F Circular,
97, dated 9th November, 18%6.)
demanding the framework of a mantlet door it should be
fied whether the sockets ave to be fixed in stone or in concrete,
also whether the door is to be right or left-handed. The latter
is d ined by ing oneself to he stan ling at the hinge.
if the door opens to the right it is right-handed, if to the left
left-handed. It is as well to say that this simple rule does not
ly to lock
Mantlet doors can, if wished, be arranged for fastening with a

idding av all, mevely on planks luid down o
glish works this is sutficient, the storage

stored without any
the tloor. In many
accommodation being ample.

Suadl - Cartridge  Store.—Plate XXIIL—Convenient widths for
smadl forv magazines and cartridge stores are 3 feer, 11 feet, and
13 feet : 8 feet allows of two rows of skidding, and u 3-foot 3-inch
passage ; 11 feet of three rows, and a 4-foot passage: 13 feet of four
rows, and a 3-foot 9-inch pussage; in all cases with six inches
between the ends of the barrels.

When morve rows than this are used, that is where three rows
come together, there should be a passage on both sides of the block -
of skidding. Three rows on one side of the store and two on the
other, with a 4-foot passage in the centre, and a 2-foot passage
on one side, would requive a width of 17 feet, or of 15 feet 6 inches,
parated or not, and as we

according as the ends of the barrels are s
have seen in the store magazine, three rows on hoth sides require a
width of 20 feet.

matter which arrangement is used, except the 8-foot width, which is
only suited to small expense cartridge stores.

Fittings for Magazines.—Brass ov copper fittings, serews, nails, &e,
should invariably be used in magazines where the powder is stored
in barrels, and also, ling to present regulations, in cartridge .
stores, where it is in zine eylinders, unless very speciul cases may
render the use of iron necessary. Iron should, if possible, be gal-
vanized. This does not refer to iron used in construction ‘-\8..‘“
instance, for roof girders, to which there is no objention; but iron

dring.—When the zine cylinders in which the cartridges of
¥y guns are kept, were first introdueed, it was intended that they
ald be stored on skidding, lying on their sides like barrels; hut
8 soon .fouml that the soft zine got dented when resting only on
© points of support afforded by the horizontal bhars of the
ling T.hu extraction of the cartridges was thus rendered diffi-
lng! moisture was admitted to the interior by the injury done
;t, therefore, became necessary to support the cylinders in
continuous manner. This used to be done by an arrangement,
ng, wsed instead of the skidding. ]

shelves were made of Z-inch boards, 10 inches wide and
5 feet long, spaced 2 inches apart. They were supported
pieces d-inch by 4-inch, and were made remoy-

at they might he taken out of the magazine and aired,
Lonvenicnee in getting at the eylinders stored under

colamns should be boxed in with wood.
locks suitable for magazine:
rim and mortice, 6-inch and 4-inch, with 1 2
also padlocks.  Magazine locks should invariably be made in sets,
governed by a master key for cach district, with a weneral mast e
key over the whole. Sets of locks ean be obtained ix:um Mes
Hobhs, Hart & Co., and the pattern registered, so that if new locks
be at any time wanted, they can be supplied to suit the mauster kef
of their’ ings of the various patterns will be fo
the LG.E.’s Cireular, No. 190, 16th October, 1871, This cireular
been cancelled, but the drawings of locks shown in it still hold
Mantlet - Do
that if an explosion of P* powder oceurs in a magazine

specially made, both’
1ss drop handles;

oth th,
wouoden doors will he broken, but that * mantle  for

Mautlet doors should, therefore, he hung in the ma




142

them, which rested on the Hlooring.  The shelves when in position
were prevented from shifting by small pieces of hard wood, +4 inches
by 2} inches by 1} inches, screwed on to the cross-pieces, and which
the corners of the shelves were cut to fit,

The uprights were framed at the feet into cross-pieces and long.
tudinals, 4 inches hy 2 inches, and were further seeured to the
latter by brass T pieces, 2 inches wide by j-inch thick, and about 9

inches high and wide, % Y |

The spaces hetween these cross-pieces were filled in with batten Z ; 3 55 »
flooring, which is also 2 inches thick, so that a level surface was =l |
formed on the floor. @ 2N AL -

The cartridge cylinders containing pebble powder nsed to he : gd8E5¢ = |
stored on their sides like powder barrels, as it was thought to have S = |
been determined hy experiment that if stored on their ends the car- s = = = R
tridges would set up and hecome difficult to extract, thus causing & 2 3 ot e hana g REREET |
d in loading. The difficulty, however, was eventually proved E e el e ol
to have been dueto defects in the cylinder and not in the cartridge,
and consequently the cases are now stored on end. . i S MR R = 3

Storage of Cylinders—Cartridge cylinders are to be stored on end, . =

and may be piled on one another three high. For convenience in
moving the top tier a light stool, about 6 inches high, may be pro-
vided.

Care should be taken that the cylinders do not touch the walls
during the process of stacking, T

When the cartridge store is high enough to admit of more than
three tiers, shelving may be provided to take the additional ones,
but it will probably he found that this is seldom required. - i

Coast Battery Cartridge Store.—Coast battery -cartridge stores can
be made of any dimensions convenient for construction, so longas =
they have sufficient height and floor space.

The height at the springing of the arch need not he more than
7 feet 6 inches to allow of all cylinders heing stored three high, and -
may be less for most guns if it e necessary to keep the walls low. = 8

In caleulating the floor space required for the different natures of
cartridge cylinders, each pile may be taken as standing in a square =

5

-9,

7
1475

4

2
105

G
835 |

a0
o

256

2

20f17 P| 1 full or 2

30 Po

side equal to the diameter of the cylinder. 2. A g 8 ‘
The following table shows the area of this sqquare for the va 3 =
| guns, also the height of a pile of three cylinders, and the number 2 : 2
charges contained in it. g o
2

ol 5 Zt
The amount of floor space required in a store may be obtained bY
multiplying the area of the square for the gun in question by %€
number of piles (not charges) to be accommodated,
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T4

In little expense cartridge stores in land works it is sometimes
rednced to a barrier across the entrance doorway, and a couple of
coats : hut something of the kind must

Tevsidder's Cartridge Store.—A form of cartridge store proposed
by Captain Tresidder, R.E., has been tried with suceess, and ntfo'nls
advantages which may render it desitable to employ it on low sites
or \vheré it is difficult to obtain sufficient overhead cover. As con.
strneted for a 10-inch B.L. gun, it eonsists of a tunnel 49 feet G.inche,
long, and about 4 feet 9 inches square in cross section. On rails laid
ulu;z this tunnel runs a truck 23 feet long and large enough to carry 4
5 charges for the cun, which can be worked hackward and forwanl
by means of a winch and a wire rope. Across the centre of the
t;mmﬂ, and rising 4 feet 6 inches high nhmjn its roof, is a small
hombproof, 10 feet long and 4 feet 6 inches wide. ) From this homb-
proof access can be obtained to the truck lllf[ cartridges can be taken
from it and passed out to the numbers serving the gun. .The truck
is moved on as required so as to bring fresh cartridges into a con-
venient position for taking out. The :\d\':\nt:\gel of this magazine
lies in its small height, which gives facilities for its employment in
c Allowance 4

elothes pegs for the men'’s
always be provided, and care must he taken in i
that none but the men employed in the ma
serving room if any, need pass beyond the harrier.

The magazine is eonsidered to extend up to the harrier; outside
is common ground, where hob-nailed hoots and lucifer matches are
wed.

# The barrier itself is simply a hinged bar of wood, about three
above the ground, which has to be raised to permit any one to
It may be noted that two barriers, with a space hetween
used to be provided, but that now one only is considered
afficient, as laid down in LG.F.s Circular, No. 267, 1st October,
The barrier may be 44 inches by 3 inches in section. The
it, if there be any, may he fixed by brass angle-
tes to the batten floor, if there be one, or be let into the

arrangement, so
ne chamber, and

certain cases. It is convenient for the service of the gnns

should be made for a passage way along the tunnel for inspection. ;

where gunp imes escapes from the
s, a low panelling about one foot high, over which men can
is carried right across the shifting room to prevent any loose
) s getting into the unclean portion. Part of this should be a

Shifting Lobly.—Before entering a mugnziqc m" cartridge store, fllf»4 AR e s
regular magazine men put on o special suit of clothes; other me} in. On such occasions wadmiltilts are lid down on the
working in the store change their boots fgr magazine slippers ; amL
inspecting officers put on slippers over their boots: ¥ =
The place where this is done is called the * shxft}ug lo_bby; th
term had at one time some reference to the manipulation of gn‘n-‘\_
powder, but it has now entirely lost that significution: . o
The general arrangement is in all cases the s e, n!xﬂcnng only 2
point of scale. There is a barrier, on one side of which 'nhe men put p
and on the other side of which they‘ﬂ'

2.—SHIFTING LOBBY.

has been recently decided to apply this panelling at all barriers,
@ view to prevent dirt and grit getting into the “eclean” por-
It is evident that a slipper covered with grit is nearly as
erous as a hoot.
g should be provided outside the barriers for the men's clothes,
inside the barriers for magazine clothes, in proportion to the
T of men likely to use them, and a couple of seats are con-
t. A foot grating should be provided hefore the outside seat,
pers should be fixed outside the doors. These, by-the-bye,
S 10t be of copper, as has been supposed by some.
further details, with some lithographed examples, see LG.F.’s

¢ clothes,

off their ordinary
on magazine clothing, > %

In the case of store magazines, the shifting lobby is often &
isolated building through which all mnst pass who wish to enter €
enclosure in which the magazines are situated. o

For the main magazines at forts, and the lurge_ ﬂm.mlmltlf)n § 3 367, dated 1st October, 1877,
st batteries, plenty of shifting accommodation is required, wnition [futeh.—In addition to the entrance for men it is
ally obtained by partitioning off part of a passage. b“.‘ SHMes. convenient to have a special entrance for ammunition.
amouut of accommodation to be provided llcpcmls‘nn the num! 5 Iny. be a hateli at the foor lovel large enough to admit of
men to he employed in the magazine, which again jlep!:mls: of e being rolled in, and closed in such a manner that it can only
nature of the ammunition, and the arrangements for issuing it- L v

of e
is ust
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he opened from the intevior. It is advisable not to construet 4y
ordinary doorway for this purpose. It is liable to be left open and
used by men as the entrance to the magazine, without passing
through the shifting lobby.

3.—LIGHTING.

Lighting.—Magazines used to be lighted either by daylight, or by
hand lanterns carried into the magazine chamber, and these methods
are still in use in storc magazine establishments, where artificial
light is not often wanted. &

But in the magazines and ammunition stores of forts and batteries,
which must be ready for use at all hours, and which are often
buried beyond the possible access of daylight, better means are
required, especially in coast battery ammunition stores, where heavy
weights have to be moved and winches and other gear worked.

Hence the introduction of lamp pas ate from the ammu-
nition stores, from which the lamps can be inserted into openings,
(which have vetained the name of lamp recesses) situated in con- .
venient positions for lighting the stores and passages. (Pl
XXIIL).

There are two kinds of magazine lamp, the wall lamp and the

overhead lamp. i
Jull Lumps.—The wall lamp is 167 inches high, 955 inches wide,
and 62 inches from front to back. It is made of copper, and burns
a candle which is kept in position by being forced up by a spring.
like a carviage lamp. It will burn for eight hours. Eno
chimneys are issued for use in draughty places. 2
This lamp is intended to stand in a recess or on a shelf.
A variation on this, called the Both-ways Lamp, is glazed on
sides, and is intended for lighting passages. e
Lamp Recesses.—The forms of lamp recess are many, most of them

being only rendered necess:
the lamp passages, or Dy the exigencies of alterations to old work®
The simplest form, and the only one generally necessary to usé,
a rectangular hole cut through the wall, and closed at the em{ by s
ne. ‘This frame is 1 inch wide

pane of glass set in a brass fi
vound, and } inch thick. From it projects a rib 4
inch deep. To this rib is secured a flat frame of brass,
and | inch thick, the inner superficial dimensions of these two
Deing the same, and in the space hetween them is fitted the 1 -

1 inch wié¥

-

y by want of arrangement in laying 0ut |

inch thick snd |

fram
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. pbber in which the glass is set.  The indiaruhber may he a tube,
slit down. This separation of the glass from the hrass by strips of
 jndiarubber has heen found nece to prevent it heing broken
o AT
from the coneussion of fiving. This frame should be double ; the
outer one fixed : the inner one hinged to it to open into the maga-
gine, so that the glass can he got at for cleaning. It is almost
impossible to t{lcan the glass properly at the end of a long ree
The onter frame is Z shaped, 1 inch wide and 1 inch de e
its ronnd the edge of the recess, and is attached to the wall hy lnes
d serews.  To it is hinged the inner frame. s
The frame is closed by a simple lock and “ railway door ” key.
= A stop should he inserted in the floor of the recess to pl"e\‘enc
the lamp being shoved too far forward, and a brass har fixed across
o prevent its heing tilted against the . and an escape for the
oke may he provided above,
© If the lamp recess be low down, and in such a situation that it
gh.: be struck by a man’s shoulder, or the end of 4 eartridge evlin-
gr, it should he protected externally by a grating of §inéh brass
rire
The glass, hy-the-bye, should be plain strong sheet or plate
I have been in a magazine in which bulls-eyes of consider-
e curvature were used in the lamp recesses. The result was that
was a Irnghc.spnt of light on the opposite wall, and the rest of
magazine was in darkness,
Th: s)mal!est size used for the glass frame of a lamp recess is
foot 3 i - 3 inches
. nches' h'\' 1 fo?c 3 inches; this is shorter than the lamp.
0st convenient size is made to suit a recess 1 foot 9 inches
.by 1 foot 3 inches wide. There are other sizes to he @ot,
iculars of which may be found in the W0, contracts. it
e _\i] be -lchLtssa,x:\ to put two lamps back to back to light a
1 two directions. In such a case a projecting hox can he
= .hmlp]am 3 sides of an octagon, which must be set on
& thed\::'- “.\?m]m: slu.lh‘ It requires an opening 2 feet wide to be
all hehind it. Tt is usually better to have two ordinary
8 near one another.
$Pometimes it s necessary
e it is necessary to put a lamp at the end of a long
T at it would be heyond the reach of a man’s arm. Then
Tay to carry 4 s i :
o ,mohca[rr:\ the lamp must be used, running on small zine
pushed in or pulled out by a stick with a hook at the

).

4

B 1t is inconvenient to use the

'.wtick, the tray can be hooked to
L2
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an endless chain rnning over two pulleys, one at cach end of the
tube or recess.

Occasionally a lamp has to be pa
to light a chamber on the other sid
sheet iron has to be used, down which it can be pushed on the tray
just mentioned.

If it be wished to light the passa
a convenient position for doing so, a glazed frame can he inserted in
the side, and the lamp put on a special tray which carries it sideways,

It may sometimes be necessary to lower down a lamp to its recess
from some height too great for a man to reach with his arm. In that
case it can be let down by a brau
into its place in the following manne

Tiwo pins are inserted in the sides of the hase of the lamp, and
these pins fit in grooves eut in two hoards set up, one on each side
of the shaft down which the lamp is lowered, so that the lamp is
gnided in its descent. These grooves are curved at the lower ends,
so that the lamp is moved forward close up to the glass. e

Overhead Lamp—The overhead lamp is cylindrical in form—some-
what like a railway carriage lamp, but it burns a candle like the wall
lamp. The lower part, which is of gluss, is 8 inches deep mﬂ

} inches in diameter. The upper part, of copper, is 84 inches high
and 9 inches diameter. The difference in the diameter of the two~
arts forms a shoulder on which the lamp can be supported.

The overhead lamp is always used hy being lowered

The lower end of this tube would he made of iron, & e
edge would be either turned in, or have a f angle-iron rive
on to it to form a rim on which the lamp may r The rim would
he covered with indiarubber.
not in position, there is an open communication hetween the hHP
passage and the mag which is objectionable. i

A wire guard should De fixed round this lamp in low passages.

The various methods of using magazine lamps have been Sh““g
ribed, as cases may oceur in which the simple recess cannot ®
as possible. -
which 8¢

wssed across 4 magazine passage
in that case a tube of slate or

des
used, but all other forms should be avoided as much
Lamp Lecess Doors.—When lamp recesses are in places
accessible to others hesides the lamp man, the backs must be ";
vided with iron doors } inch thick, and locked with 2 key
railway door key. This is to prevent nnaunthorised people meddd
also intended to diminish the ch

with the lamps, and iv i

aceident which might knock the lamps forward into the mag*=tag

age from this tube, which affords =

chain and pulley, and guided 2

down a tube.
nd the lower

Tt will be seen that when the lamp i€ =

ance of 387
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L Arrangements must be made. by air-bricks or other means, to admit
air to the lamps.
When the recess is made in an outside wall, of course it becom
a small window in daytime, which is useful in places such as
laboratorics where work is usually earried on during the day.
& Number and Position o Lamps.—The service l;\ix‘nps give a very
vod light, and not many are needed for a magazine. -
s Two are sufficient for an ovdinary small exlicnse store ; eight as a
ale are enough for each chamber of a large store mu":\zi;e two
the centre passage, and one for each side one, at ezlchaeml. i
Ammu[?itioll passages can be lighted from the ends if there ave
20 bends in cl?um. Shifting rooms should he provided with lights.
There should alw be a good light near the entrances and exits
the lifts, where hooks have to he adjusted and the winches worked
nd in placing the lamps care should be taken that the men do nor:
arily stand in their own light when at work.
Heigit above Floor.—A good height above the floor for a wall lamp
85 fect to the under side of the recess; in a large magazine a little
0 but not much, or there will be a dark space nnderneath,
8 Lamp Passages,—Lamp passages may be made 2 feet 6 inches wide
d run round or intersect the magazine buildings at the "aneml'
gor level, but scmetimes it is convenient to divide a ;assave
l.mxll_\' by inserting a floor of stone, conerete, or slate s]uli
bd using the upper portion as a lamp passage. This upper pam’on‘
ed not be more than 5 feet high.
is best to make the entrance to the lamp passage entirely
net from [.lm to the magazine, but it can he enterc?l if nec
ey fron} outside the barrier in the shifting room ; never from inside
barrier.
.\zmu lamps may be carried into shell stores, and the latter
bfl;cef;:c I;e‘|)‘tll|zefl as Ia{np passages if otherwise suitable. It
A embered that the shell stores themselves must be lighted
¢ way, ani a lamp passage is often a convenient way of doing
B I lamps are carried into a shell store, a passage-way has to h:
for them. il
AP Room.—If there are many
BEre they can 1o kept and v
l'ml must conts

lamps, a lamp room is required
cleaned. It must be lighted by day-
8 ain some shelves for the lamps, §
At which they can he cleaned.
is

and a bench

d If the entrance to the lamp

¥ “:1 little \vu[cm.:d, it will often do very we In other
Amps ave kept in the Artillery store.
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For regulations concerning lamps in magazines, see the Equipmeny
Regulations.

Effect of an

Juplosion on the Lamps.—An experiment made in

1880 to determine how lamps were affected by the explosion of

gunpowder in their vicinity. Tt was found that an overhead lamp Db G Scere Calibre of Gun, oo a s oiare in which

inserted into a shaft from the gun floov was in iably put out by un es. wmals of a Foot. in Inches. mals of & Foot.

explosion on that floor: thereiore no lamp recesses should be in ! ~

direct communication with the gun floor. The wall lamps below n | ey |

were unaffected by the explosions above nntil 160 Ibs. P? were fired 2 P % s

in the top of the lift, an experimental trap-door which was in the lift 160 17777 92 5590

being left open. ‘The -:xplos%on broke the gl':xss of_the recess of & 135 146240 9 | 5625

wall lamp immediately opposite the bottom of the lift, and knocked i

down the lamp without injuring it; the other lamps in the lamp 125 | 10851 B 4200

passage were quite unaffected. = 12 ‘ 10000 7 i 3402
The explosion of 80 Ihs. P2 in the magazine passage put out the | _

other wall lamps in the lamp passage without breaking the glasses 1 | o 4 | =0

separating them from the magazine chambers, and it broke the 104 i 7511 |

overhead lamp in the magazine pussage. It therefore appears |
advisable not to put a lamp recess exactly opposite the opening of a
lift, but a little to one side ; otherwise, the recesses are no source
of danger.

Shell have to be grouped in a store by calibres and by natures. It
ill not do, therefore, to make stores too exactly to the size required
0 hold the number to he accommodated, but space must he left for
nging, moving. and manipulating them.

The requirements to be met by a shell store are few in number :
they are, shelter from the rain, which might penetrate by the fuze
Hholes into the shells ; security against the plugs of the shells heing
ewed, and the powder extracted or maliciously fired ; and pro-
projectiles. it is
dent that these can be met by a light building placed behind the
part or at the end of a traverse, but it is usual to appropriate a
mate for this purpose. The hombproof cover will he useful in
: t.ime, when most of the shells will be up by the guns, and the
n ml'er can have some slight shelter improvised. It is, moreover,
edient to construct light buildings in a work: they take up
and are liable to injury from splinters. Conveniences of
cFion and storage often lead to the shell stores being com-
¢ with the cartridge stores. This used to be the universal
gement, and in works of small avea, where the ammunition
® are helow the level of the gun emplacements, it will probahly
e to he adopted.

ere s, however, a strong feeling that the proper place for all

4.—SHELL STORES.

kept filled and all filled shell should be under cover, not necessarily
bombproof. The operation of filling shell is one requiring care, skilly
and time, and is therefore hest done by wellinstructed men 3¢ &
central establishment. -

All projectiles above and including the 6-inch B.L. are stored o 3
end ; helow that size they are piled lying on their sides, ¢
6-inch may be stored on their sides if the stores are not lu
otherwise.

In caleulating the floor space required for the different natures o
heavy shells, each shell may be taken as standing in a square A
side equal to the diameter of the shell; this allows sufficient I?
for manipulation.

The following Table shows the
calibres.  The umount of floor space required for

ea of this square for the ¥
the shells in &7
i
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would thus get gritty and ditfienlt to load with. This, no doubt,
applies more particularly to R.MLL. guns, but it is possible that it may
* again be considered desirable to adopt batten fHooring wenerally in
shell stores.  In any eese it wonld not be advisable to remove hatten
flooring already laid merely for the sake of leaving the concrete
bare. R.DLL. shells, with projecting plugs for gas checks, have to be
: Kept upright by small packing pieces of wood. These are supplied

by the Artillery

projectiles in time is close to the gun, where they would b
ready for use; and if they are to be there in war time, why not in
peace 1

With Palliser and case shot there is no difficnlty. That only
arises with common and shrapnel shell which have fuze holes in
their heads. These, could, however, be secured, if placed in a row,
under a hinged bar, hollowed out at intervals in such a manner ag
to take the heads of the projectiles. This bar might be either of
the hollow of

¥
No Stifting Lobby for Shell Stores.—From this description of the

wood, or be an angle-ivon, with filling-in pieces acro:

the angle-iron at intervals; or be of metal cast to the shape. 1t anner of storing shells it will be gathered that no shifting arrange-
should be padlocked down at the end, when it would be difficult i ents are required for shell stores,

not impossible to remove the shells. For complete security theii £ An exception to this has, however, to hé made when a passage is

is the case in some
must then be

‘eommon to both a cartridge and a shell store, :
of our existing casemated works. Precautio on s
for the former. There is, howeve manifest absurdity in ad-
nitting iron projectiles into a cartridge passage provided with copper
fittings, and the arrangement should be avoided whenever possible.
en the barrier can be placed between the portion used for shell
nd for cartridges respectively.

Shell Trucks.—Heavy shell are moved about on trucks resembling
used by railway porters.

- That used in the shell stores has two wheels and two legs. The
hell is taken on to the truck in a vertical position, and moved
About in a sloping one. The truck is 4 feet 1 inch long and | foot
.14 inches wide over the wheels.

‘The truck used on the gun floor has four wheels, so as to be easily
oved over projecting racers. It is 4 feet 8 inches long, and 2 feet

over the wheels. ,

It has, in some cases, been found convenient to wmove pro-
les by means of an overhead traveller. The following

bases might he placed in sockets.
For shells with base fuzes, which will, probably, be in time intro-
duced into the service, an arrangement mizht be adopted which has
heen suceessfully used with some 11-inch Palliser projectiles at the
time when they were used as shell, and were filled with powder
through the hase. It consists of a sort of grating of light ironwork
like a ladder slipped over them, and supported on brackets let into
the wall at about two-thirds of their height. When in position it s
secured at the ends and padlocked down ; it prevents the projectile
being overturned.
These arrangements would be too costly for the smaller shells—-
6-inch and under—a supply of which might he kept near the gunin
recesses such as will be described further on.
As they oceupy but little room, they are, however, comparatively
asy to find accommodation for; and as they are light and easily
sported, there is not so much objection to keeping them in some
central store, and bringing them to the gun when it is likely that
they will be wanted. i
Fittings of w Shell Store.~No shelving, wall battens, or battes eription of a form which has been employed with sati
flooring are vequired fora shell store (see LGr.F.’s Circular, 451, date .
Ist October, 1885), except when studded projectiles are stored, whes
Datten Hooring should ho used to avoid all chance of injury to the are suspended opposite one another, so that
studs.  This includes all 64-pounder and 7-inch RALT. umm‘umlllr edges are 4.2 inches apart. Between them runs _J
It should also be used to protect asphalte floors covered with °‘i I four-wheeled truck, to which is suspended a e
composition from injury. The batten fHooring should be of the - on pulley for raising the projectiles, which can be slung in
gee. To economize head room the upper block of the Weston

e

strong pattern as described for magazines.
Tt is as well to mention that at one time it considered Y can be made in one with the traveller.
visuble to use batten flooring in all shell stores. It was tho are hung from curved iron suspenders uttached to

x
the shells would hreak up any stone or conerete surface, s built into the arch.

and d‘fy S



Wedye TWuds.—A shelf for wedge wads is useful, and shonld he
pro ded when R L. guns are mounted.

Fuze and Tube Store—1It will be found convenient in cases where
there awe a large number of guns in a battery to devote i small
chamber to the storage of tubes and fuzes.

The necessary dimensions ave:
From upper surface of lower flange of angle iron,
to clear top of truck, at least... = &bt
From upper surface of flange to floor, at least.
Distance apart of suspenders, up to
Fuze und Tube Shelf.—All shell stores und shell recesses should .
be provided with fuze and tube shelves, lettered for tubes and for
percussion and time fuzes as laid down in LG.F.’s Civeulars, No. 204 % - Hu
dated 24th June, 1873, and No, 416, dated 1st December, 1884,
These should be fixed in some convenient position near the door.
The tubes and fuzes are packed in tin cylinders. The following
table shows the number of fuzes of the kinds at present in use that_
are packed in a cylinder, together with the dimensions of the latter,
and gives the same information for the two sizes of tubes of which
the larger is used for 10-inch R.ALL. guns and upwards, and the
other for smaller natures.

inches.
feet.
6 feet.

MAGAZINE ACCESSORIES.
g described the magazines themselves, there remain to bhe
ed the lma: for hoisting ammunition, reces
nd fittings.

s, and other aceessory

5. —LIFTS.

© Lifts jor Hewy Guns—DPlates XXVI, XXVIL, XXVIIL—In

s es in which the ammunition stores of coast batterics are
a basement, arrangements have to be made for raising the car-
gesand projectiles to the gun floor; this is done hybmc:ms of

Lifts are shafts cut in the walls, piers, or arches of stores and
emates, and provided with gear or tackle for rising the
dmmunition. <

& There are two types of lift now in nse, which miy be dis-
ished as the ©circular” lift and the © tray ” Lift. The new
or “tray” lift, has been introduced to get greater security;
i alzo increased rapidity of delivery. This is necessary in .sn]l])I- 4
forall éommonhellg the large cartridges, made up in several pieces, which are used in

| Size of Box in
7 Inches.

Name of Tube or Fuze. Reniarks.

Tubes, friction, copper, long
short

Can be used
ML, and

Percussion, Dircet Action .. nd B L
Middle Percussion, Experimental 2% 41 5 Proposed for common shell o€, . : "&\B-'L. quns. By this lift cartridges and projectiles can he
e e B (el S 5 1oyt el wnan ﬁ,‘,”‘# _Yerc(. 1llk!lﬂcruntl). It should be used for all B.L. gans of

e ok b - nehes calibre and npwards, and also for 12-5-inch RALL, wuns in
e T 5 For \LL. shrapnel. E emplacements.  For the smaller heavy guns the old puucem of

which is ¢ i

hich is mud.x b. costly, can still be employed, nnless for : ny
reason rapidity is desirable. This would he the cuse if it
poss{hlc.tlmt shell and cartridges might-have to be served
g action from stores in a hasement. It would then he Detter to
0m:duew lift than two old ones.
¢ old patter ift is o B

r t;:.nte[m ;‘)f lift is cireular in plan, and usually 18 inches in
y though the lifts for the larger heavy ;

! i vy guns are best made
9_;nch s in diameter. & . i
r[,: lifts for 12:5-nch 38-ton wuns are provided with

ug the ammunition : those for lighter guns do not

The existing pattern of fuze and tube shelf consists of four pig
each about one cube foot in size, for different natures of fuzes
s nsed for placing the tubes 0

holes,
the shelf formed by their tops
This gives accommodation for fuzes for about two B.L. or three

guns. .-

N Several new patterns of fuzes are likely to be iutrl)\l\_"-‘ﬂ‘"t o
they may require some modifications in the method of storing B
The Artillery must be consulted as to their requirements 10 ﬁ‘"
spect, when the new fuzes come into nse, but the ucuommu«h":‘l : > #
quired, as shown by the table, is not likery to he materially s then,
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The circular cartridge lifts, if used for any of the new B.L. qung
larger than the 8-inch of 13 tons, will require eral
All shell lifts for heavy guns are provided with crabs.
(¢

wtridge cases are placed in a brass cage to be lifted.  Shells are
sed by means of a clip with projections that fit into the extractor
holes in the head of the shell. Extractor holes will not be formed
in the heads of B.L. shells, and eages will therefore have to be pro.
vided for them, whenever they are to be hoisted by eireular lifts.

Lifts may be made in the walls or arches of ammunition stores,
and may issue in the floors or walls of casemates, or of bombproofs,
or in the revetments of the parapets of barbette batteries.

The best place for them to open is in the walls, not in the floors.

They should be kept back at L
wall, in order to give room for a door.

In the ammunition store the opening of the lift may be of any
convenient height, say 6 feet 6 inches, and should be carried down
to the floor level.

In the battery the top of the lift must be at least 6 feet above
the floor, and may with advantage be a foot or more higher. This
height is necessary in the case of cartridge lifts, to hring the hottom
of the cage in which the cartridges are hoisted above the floor, and
in shell lifts to enable the shell to be swung out of the lift. It isnot
necessary to make the actual door of the lift so high as this, as the
cartridge cage is only 4 feet high, but it is necessary to get the
overhead block as far up as possible, as there is the hook, the
counterpoise, and the overhead block to allow for, measuring about
1 foot 9 inches in all. F

Plates XXV., XXVIL—The drawings show a shell lift for an
open battery, with various details connected with the mode of fix:
ing the crab, and the overhead block, and with the trap doof
which is provided for the shell to rest on, so that it may be more
easily got out from the lift opening. .

The differences hetween a shell and a cartridge lift in 4*
arrangement of hoisting gear, are also shown. !

The lifts for a casemate battery are exactly the same as those
a barbette battery.

If it be convenient to make it so, the exit of the lift may face
different direction from the entrance. The only point to g
nst is that the chain from the crab does not come in front of

t 6 inches from the face of the
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where the space may he too confined to work it at the lift; it mav
be lengthened out, or gearing may he used so that it may he worked
at an angle.

If it he wished, the crab may be worked at the top of the lifc
instead of the hottom, but the latter position is nusually more secure.
and keeps the gun floor more free of men.

Steel wire rope is used hoth in shell and cartridge lifts. For the

former it is 1} inches in circumference ; for the latter % inch in
& diameter, covered with line for ease in handli
Speaking tubes should be fitted to all lifts,
ottom, for communicating instructions.
The overhead block is a universal pattern to take all weights up
800 Ibs. It consists of a pulley working between two 3-inch by
3inch by -inch angle irons, which span the top of al foot 9 inch
Iift, and vest on its sides. It is thus independent of any coverine
stone.
The distance between the underside of the covering stone and the
bottom of the angle iron shonld not be less than 7 inch The
ey is 94 inches in diameter. It is shaped to take a wire rope «
bout }inch in diameter.
Widening Top of Shell Lift—In the case of lifts for very heavy
ojectiles, such as those of the 3S-ton gun, it is desirable to widen
top of the lift, so that the shell-truck may be pushed in and the
ojectile lowered upon it. A width of 2 feet 3 inches is required
210 admit the shell-trnck, and the widening should extend up to six

hes from the axis of the lift.

this widening he impracticable an issue-bar ean he used, which
been successfully applied to the shell lifts S-ton ROLL. guns.
¢ Bur.—It consists of a bar of iron, 3 inches by § inch in
on, hinged at its lower end ac a point in the back of the lif
nches above the floor level, and at the upper end formed into
of fork. It is kept upright at the back of the lift by a spring

rom the top to the

B action is as follows :—When the projectile has been raised to
op of the lift, the bar is pulled forward, and the projectile
red, till the shell clip catches on the fork at the top of the bar;
¢ shell being further lowered, the bar pivots forward and forces
ﬂ:ell out of the lift, so that it can e easily gotat. If this issue
used, the overhead block must be fixed on a swivel.

Jor Medinm Guns.—Lifts which are intended to supply
Htnition to medium guns, such as are used in land works, shoulii
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he of sufficient diameter to allow of metal-lined cases heing d
up them; the latter are 16§ inches by 16§ inches hy 203 inches,
The lift should he 2 feet 3 inches in diameter, and should be pro-
vided with a ring holt in a central position above, and an eye-holt
for a leading block helow, in any convenient position, The tackle
will be supplied by the Artillery. The same fittings ave vequired for
hoth shell and cartridge lifts.

Lift to take Burrels.—The same kind of lift, which is commonly
made square and not cirenlar, should be nsed in any ecase in which
it may be required to accommodate barrels. It is then called a
* general ” Iift.

Shell Lift for 6-inch B.L—In order to ain increased protection to
the tops of shell lifts for 6-inch B.L. guns, the projectiles may he
raised horizontally, being suspended from the tackle by means of a
selvagee. A lift for this purpose must be 2 feet 3 inches in diameter
if circular, or 3 feet by 10 inches if rectangular, and the top must
be not less than 3 feet 3 inches above the sill of the delivery open-

ing.
hung in the centre of the lift. It will he convenient to have a flap,
about 1 foot wide, at the top of the lift, to lower the shell on to.
This form of shell lift can be used for medium guns generally.
Duvit (Plate XXIX.).—It is occasionally convenient to hoist am-
munition up by the rear of the rampart.
De used, made of round iron, pivoted, and having an overhang of 3
foet, and with an eye at the end to take the hook of a block. It can

be 2 inches in diameter to lift 1} ewt, but wust be increased to 3§

inches to lift 8 ewt. The latter will lift all projectiles up to those
for the 12:5 M.L. guns. =
Tray Lift (Plate XXVIIL).—This lift, as its name implies, consists
of a series of trays, which are attached at their extremitics to endless
chains passing over pulleys, above and helow.
The trays pass up one side and down the other of a central =
tition.  Their motion is interrupted only to receive and de{l -
ammunition, and several trays can he carrying loads at the same time.
The trays are suspended in such a way as to run no Alangﬂr‘
overturning, even when passing the pulleys, whether loaded
empty.
The distances between them are so proportioned that when

is at the gun floor level ready to deliver one. The unavoid
delay is thus minimized,

The ordinary tackle will be used, set so that the shell will be >

In that case a davit can

tray is at the ammunition floor level ready to receive a load, anothef
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will accommodate either cartridges in zine eylinders, or
projectiles Iying on theiv sides. By the adoption of this position the
height of the opening of the lift on the gnn toor can he reduced to
2 feet. Tts width has to be sutficient for the largest pro-
& jectile or cylinder ; or 3 feet 4 inches for guns up to 10 inches calilre.
¢ The lift is actuated by a winch-handle and gear acting on the
ower set of pulleys.
§ The whole of the machinery is enclosed in a t-iron casing,
fwhich has to he built into the work, or at least lowered down into
place prepared for it before the upper portion of the parapet is
gompleted.
# The trays are so made as to close the space between the central
dron plate partition and the sides, as they travel up and down. This
a valuable safeguard against the aceident of an explosion
ssing down the lift.
| The gear for working the lift can he made eithor right or
handed, as may be most convenient, ¥
B A lift can be made to deliver on the same side to that which it re-
es, or the opposite. The former arrangement is preferable, and
uld be adopted whenever possible, because the trays are then
to deliver at one side only, and can carry their load in a
ewhat safer manner than when this is not the case.
The heights from floor to floor, for which these lifts
ould vary only by intervals of six inches, to suit the pattern of
chain, which has lin three inches long. Thus the heights
d})e 15 feet, 15 feet 6 inches. 16 feet, and so on. With some
i ons, the lifts which receive and deliver at opposite sides can
emade to vary by 3-inch intervals, %
AR order to fulfil the condition that a tray should be simultanconsly
gun foor and magazine floor level, certain proportions have to
ved. It results from these that the distance between the
rand lower pulleys does not vary as the distance between the

left-

are used,

® axis of the upper pulley is always kept at the same height
the gun floor, about 1 foot 4 inches, and consequently the
@ levels of the lower pulley and the Hoor vary, and a pit of

or les er depth has to he formed to allow the trays to pass at
ul pome, and to accommodate the man at the winch-handle.
& 'Plh from the floor to the bottom of the pit under the tra

363 §, 3
';7"'! = to 3 feet ; that to the floor under the winch-handle is
43 inchies less,
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The total length of the recess for the lift from the front is 2 feat
8 inches, and that for the winch men is 1 foot 2 inches deeper.
The total width of the ontside of the iron easing for the Iift is
4 feet 51 inches, exclusive of certain Hanges which project in places
for the men at the winch is 2 fees

form of shell life will also be nsed at Spithead, with an
delivery.
100-Ton trun Lifts—The ammunition for the 100-ton guns is
mised by means of an hydraulic hoist, similar to a “life"
l.
The complete charge, cartridge and projectile, is placed on a
fal truck, run on to the top of the hoist, and turned into the
direction. Tt is then raised to the muzzle of the un, and
nmed home off the truck.
e 80-ton R.MLL. guns in Dover turret have another ver special
of lift, which it wonld serve no nseful purpose to deseribe here,
Hydraulic  Li ome lifts will be introduced worked by
ulic presses and multiplying gear, in the same wa, f

in an

about 3 inches more. The r
9 inches wide, heyond the c:

The iron work for these lifts is made nnder the direction of the
Inspector of Iron Structures, and delivered ready to he bolted
together and set up complete in its place. %

The details given above are sufficient to enable the work in the
neighbourhood of one of these lifts to be arranged in a convenient,
form, but none of the masonry about it should be completed
permanently until a drawing has been received showing the exact
form of the lift as it is to he delivered. i

Demanding a Tray Lift—In demanding a tray lift it is sufficient to
specify the height from floor to floor, and whether it is to receive
and deliver on the same or opposite sides.

Lieturn: Lirts.—Every fort or battery provided with basement shell
stores should have a lift for the return of projectiles used at d
and for equipping the magazines, if no other suitable entrance exi =

The ordinary circular shell lifts are not to be used for lowering
projectiles, wherever the shell crabs have to be worked in a dark
and contined space, nor are the new tray lifts adapted for this purpose.

Thei e Sped;.‘l ﬁm"f" Jaf rturh ]iﬁf h"F b might b‘:-' ock it down, if standing 18 inches in front of the lift below.,
veniently provided with a Weston's pulley, which is very well suited of a Trapdoor.—The lify Cepl
for lowering heavy weights. This could he used for this purpose i85 in two halves, with the |;e ! S with. an. hon
an ordinary eircular lift. = ough for hoisting the cartridges, and this was fixed one

Special Forms of Lifts W the gun floor, With this l);O[CCLiUl\. 1601bs. P2 fired in
lifts in use with heavy RMLL. gun i of the lift did not explode charge in the bottom of the it
and They consist e: nall table provk peoor was alittle hent, but it might have been made « little
with trucks. which work on one or more vertic guule:bnrs. F withont any inconvenience. = SR £
table auled up and down by means of u winch working 3 eha® showed that, the provision of one trap-door in a civeular lift
or wire rope passing over a pulley. They are slow to wor Bt to prevent an explosion passing down it‘fur alth |(‘rh
their place would be efficiently taken by the *tray ” lift. door would he open when the ch:r"e is v'oi’n" u‘: ‘:Ll?t

Ladder Lifts.—Various peculiavities of construction have & £ tmo 10 charge could be in the top of the it i
the nse of a special form of cartridge lift in the Spithead fol'"' .hh'ng place nu‘c in, but only near, thf: Lift will :"‘L n
may be deseribed as an endless chain ladder, to the rungs sutlicient violence to do harm, 4 i
the cartridze cases are hung. : tence of this g periment, a
itfers from the “tray 7 lift in having an :mtomunc'd eirculuy |if;. d
s kept in motion, It is well suite€S againsy
“ tray " lift seems preferable.

s hydraulic

of Curtridye Stores.—Varions experiments were carried oug
1880, to determine what was nece

sary to he done to
lge stores of heavy guns from the effect of an
plosi ng down the lift. Some old casemates at Easthourne
baltered to resemble magazines, with lifts, lamp recesses, and
B for this purpose. The results may he summed up as follows:—
P% the charge for a 38-ton gun, hung up in the top of a
d fired would explode a cartridge in its zine cylinder standing
bottom of the lift: bue it would not explode it, only heat iz

Ty openings for the ropes

.—Tuble Lifts.—There are several “tal
ntended to raise both cartridget

jectil ntially of a

ety trap was recommended

bt has not been mueh used, The danger

U 1S remote, and might he entirely done away

arein keeping cartridges away from the upuuing‘s
M

and it can De thus alw

place, bu neral nse the
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of the lift. The fitting is expensive ; it may get out of order and
block the lift, and may delay the service. The description is, hoy.
ever, given on the chance of its proving useful in some case of 3
specially exposed ammunition service.

Sufety Trap for Cartridge dar Lifts—This is entively constructeq
of gun metal, and for an 18-inch lift consists of two metal flaps, each
4 inches long by 9% inches wide and 1 inch thick, hinged in 4
frame of L section. The inner edges of the flaps are cut away tog
depth of half-w-inch over a space of 4 inches in the centre, to give
room for the wire rope which carries the cartridge cage, and at one
side they are also cut away to let the other end of this Tope pass to
the crab.  Here two little guide pulleys are fixed under the frame.

On the other side is the gear for opening the trap. This consists
of two hars jointed to projections under the inner edges of the flaps,
and to a eross bar fixed to the head of a vertical rod. The first two
bars are 5 inches long from axis to axis of their pivots; the cros
bar is 8 inches long.  Raising the vertical rod raises the jointed
bars which push back the flaps. The vertical rod, which works in
guides, is actuated by a lever 2 feet 9 inches long, fixed on the sids
of the lift, about 5 feet 6 inches above the floor, 50 as to be easily
reached.  The weight of the flaps is partly counterpoised by a
weight on the lever, so that when open the trap will keep open, and
when closed will keep closed. The position of the lever is always
on the opposite side of the lift to the crab.

In order to accommodate the flups in their frame, a portion of the
lift for about 12 inches in depth must be made rectangular. The
sides of the rectangle are 11 inches from the axis of the lift
exeept the side where the opening gear comes, which is 12} inches
from the ax quired to take the various parts
of the opening gear, which should not encroach on the lift. -The
position of the safety trap in the lift should be so arranged thst
while there shonld be masonry enongh below it to hear it up against -
v 6 inches over the opening of the lift—yﬁ? ]
ible, be far enough helow the level of the gun floor ®
permit of the flaps being closed hefore the cartridge hegins to emerg®
from the lift, i.c., at least 4 feet down for a 10-inch R.M.L. gan =3

The frame and other portions of the trap are connected Witk
serews in such a manner that they can be put together whes
position in the lift. :

! The trap for a 2l-nch lift is similar to the above but with 8
dimensions proportionally inereased, the thickness remaining the

Drawings of these traps numbered 50,786 and 50,737, were issued
- on 12th July, 1884,

Seeurity of Tran Lifts —With these lifts the cylinders are neces-
sarily Deing put in and taken out at the bottom and top simul-
. taneously, and there may be one or more on the way up also. This
wonld constitute a serious danger, but that nhum)ts of the lift are
strongly maule, and shaped so as to fit close to the sides, which makes
them safe.

6.—RECESSES.

—Plute XXX.—Recesses are nsed for the
orage of small (uantities of ammunition close to the guns, where
there is any probability of there being delay or danger in sottine
;tirom tl{e Xpense stores when in action, either froﬁx LheirB hein;
e off, or from several guns having to he supplied from
same point.
Recesses may be made of various forms to suit the situations they
ceupy, but the dimensions given below will be found generally con-
nient. :

sses for Medinm Guns.—The recess for medium gun ammuni-
on, whether for shell or cartridges, may be made 3 feet wide, 2 feet
xm:hes deep, and 3 feet 9 inches high. "
TI, will contain twenty-three G4-pounder R.M.L. or 7-inch R.ALL,
G-inch B.L, shell, together with a fuze and tube shelf, 10 inches deep,
der tlhe top of the recess, or it, will contain four metal-lined cases
Aﬁum.ng cartridges, or twelye charges for the 6-inch B.L. eun in
eylinde P £
I made 4 o
munition,
T!le floor may be raised 6

et deep it will accommodate twice as much R.)LL.

7 ! inches above the ground to keep it dry,
: TSt in most cases he kept as low as possible for the sake of
an explosion s

should, if po:

made either of stone or concrete,

is acmally used for the reception of ammunition,

: 7 be laid down to take it, but these should not ke

RNtly Fe 5 el

The d"‘ y lh.\u they are likely to perish from damp.

oor 5 5 ; 24 i

B _m"]‘l, be nt!‘ol!;l} made of Zinch stuff, in two leaves,

o " & 4-inch by dinch frame,

B the "¢ wsially near the guns, and consequently the blast

i hus o considerable tendency to blow open the doors,
Y

M2
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. thick, and carrying 10 ¢
the toor.

The ammunition for the {7-inch (.F. gun is made up with the
shell ,~c|l:|l’:lle_ from the cartridge. The latter s enclosed in a brass
case 6 inches in exterior diameter, and about 15 inches long, hut the
= pattern is not yet definitely settled. ~ k
The shells will be treated like other projectiles of a similar weight,
e cartridges will perhaps be stored in boxes, which won!rla h«;
ced in recesses without any fittings, or will be placed on shelves,
© It may be here remarked that recesses will form very necessary
s of emplacements for (.F. guns, since they will facilitate the
npply of ammunition, a matter of pnmai-y x‘m{:urtuncc with these

pons,

- It will a.ften be found convenient to make 1 long shallow recess ag
g 'lhc foot of wall, or round the parapet of a gun emplacement, to
take a single row of projectiles, so that they may be handy |
nd at the same time not in the way. * This form of recess
merally used in modern works. The dimensions of cour.
the size of the projectiles to he accommodated. )
A_ he'lght of 3 feet 3 inches will be safficient for the 10-inch B.L,
ojectiles, 3 feet for the 9:2-inch, and 2 feet for the 6-inch B.L Th(;
pth may be equal to the diameter of the shell.

the frame will have to be held back by iron straps let into the wall,
and the hinges and fastenings must be v olid. ~ The former shoulq
be strap hinges of 2 inches by l-inch iron : the latter should consis
1t top and bottom and in the middle a swing bar of 214
hy L-inch iron, seeured by a padlock. Hooks shonld be provided to
hold the doors open in a wind.

It has been found that instead of attempting to resist the effect of
blast by wrought iron, a bar of ash can be used to keep the doors of
a recess closed during firing. The elasticity of the ash allows the
doors to yield sufficiently to preserve them from injury. This might
be provided, together with a hook on either side of the door to carry
it, in cases in which the blast is productive of any inconvenience,
The ash bar may be 3 inches by 1} inch in section. £

Leecesses for Huary Guns,—The recesses for heavy guns are similar
in general construction to those for medium guns, differing only in

ges, 60 rounds in all, including those on

size.
They may he made 3 feet 9 inches wide, 3 feet 9 inches deep, and
5 feet high. This will take thirty-two 10-inch R.M.L. cartridges,
or sixteen 10-inch shells, or nine complete charges for the 10-inch
B.L. gun. 3
The Hoors of the shell recesses must he close to the ground, say 2
inches above it, and a little moveable wooden ramp should be pro-
vided for convenicnce in getting out the projectiles. A
Recesses for Q.F. Guns.—These may he 3 feet 6 inches long, 3 feet
deep, and 2 feet 3 inches high. This will accommodate six boxes of
3-pounder ammunition containing in all 96 rounds, or eight boxes of
aining in all 88 rounds.
4 feet 3 inches hi without loss of security,
s of hoxes, and thus twice the number of

7.—SHELL AND CARTRIDGE-FILLING ROOMS.

:ul)r()‘\‘151<?|1 of S‘he]l and cartridge-filling rooms is governed hy
iso\vjng 1cgui:m?ns s—namely, that all-powder for armaments is
i S:lt.ll::zlesxtq)‘nl[t)o cartridges ; that :1ll.shu]ls are to be filled
% “ar:]i"u‘{ rore Department at the station : that filled shells
{ s L tent or on the gun floor of casemated works ;
ctiuni'ir;,?lﬁgcé should be examined and the ammunition for
dony Poses made up in a central Royal Artillery Labora-

they will hold two 1o
rounds. £
They need not be provided with doors unless it be intended @
store ammunition in them permanently. In that case they Shofﬂfl
he made 2 inches (deeper, ‘1
The ammunition for the 14-pounder Q.F. gun (not in the serviee
is made up in a similae form to that of the smaller guns.
charge is at present 4} inches in diameter over the hase fange, bub
less over the body, and 17} inches long. :
The best form of recess wonld be one with a series of shelv® =
i £ charges side by side with their bases outwards. 3 2

requi i

. mlg:lremencs f’f a fortress in these buildings are therefore

Anmc conveniently situated cartridge-filling vooms for the
Ty, and a s filling 1 f sutfici i {

Gt .A'nl 4 shell-filling room of sufficient size for the use

2 Ice Store Department.

ling  Leoom.— Plats

NXL—A cartri

car “

s . . | e illing e
such a recess were made 3 feet 9 inches long, 2 feet deep, and 3 d YUt 14 feet by 11 fees 6 inches in internal din o o
ha : : . ; = = 2 dimensions.

9 inches h, it couid be fitted with 5 shelves, cach 2 v attached to it a shiftine room, abont 10 feet | c“l“ e
o , abo cet long hy
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#& more than seven inches calibre muy have to he handled, is fixed an
. eyebolt. to take tackle for up-ending them. A small traveller
& would be preferable as it would be of assistance in moving the shell
= about the room, but it is not a necessity.
" The outer room requires no fittings except a form and some hooks
- (say 6) for brushes used in cleani: ¢ the shell.
i The work of filling shell is carried on in the following manner,
iThe shell is taken into the outer room and cleared of grit ; it is then
g passed in to the filling room throngh the recciving hatch, up-ended,
he powder weighed out and filled into it, and the plug fastened
d-tight. It then goes through the issue hatch into the outer
room again, where it is plugged and stencilled,
If it be desired to fill more than one shell at a time, additional
space must ho provided in hoth rooms, allowing 9 feet by 9 feet for
each shell.  One set of scales will do for operating shells at a
time.

Construction of Curtridyge  and Shell-filling  Rooms,—These rooms
should be constructed of corrugated iron lined with wood, so that as
le damage as possible may be done in case of an explosion,
Covering the exterior with corrugated iron is also a prevention
gainst fire.

Tackle for Up-ending Shells,—In shell-filling rooms, the overhead
ock for suspending shell must be carried on a beam 6 inches by
.mches deep, supported on two nprights of extra strength, say
inches by 4 inches, in the framing of the walls, It may be neces-
to place the bheam ew to clear the windows. [t will
pport 300 Ibs,, with a bea; g of 9 feet in the clear,

If the shell-filling room be constructed for the manipulation of
\ ral projectiles at a time, this tackle should be carried on a

Raveller, p sing over the various oak blocks in the floor. This
Y be of simple construction, supported on a series of nprights
ependent of the walls of the room, .
drawing of 4 shell-filling room accompanies LCLFs Cireular,
880, 23¢d February, 1889,

wide, and an *outer eartridge room.” which may hc‘ ahout 9 feey
The rooms should be well lighted. ’I‘heruAsnuulrl ]:e two
s for the passage of powder barrels and «::Il‘[vl'ldgc cylinders ;
one in the outer of the filling room ; E]\L: other henwlen fh,
filling and the outer rooms, forming the only direct communication
between them. .

The shifting room should have pegs for the clothes of fonf men,

The outer room requires no fittings except, perhaps, a form for
the men to sit on. ]

The filling room contains a bench along the longesAc side of the
room, another short one in any convenient p(xsitior}, a form for the
men, and hooks for gauges. The long bench is (h\'l_de(l into three
parts : the right-hand portion has a beading round it :uuul (ln\\.Ven
underneath, and is used for keeping implements and filling cartridge
bags ; the centre portion is lower than the re: 1d has a l'mwkel
above it for carrying scales for weighing powder: the lcrlt-p:md
portion is used for sewing wup cartridges. The short additional
bench is like this portion, and is used for the same purpose. =

The work of filling cartridges is cnrrie\llnur in the iollt?vnng
manner : the powder is passed in at the 1-ec§i\'1!1g hatch, and weighed
out and filled into cartridge bags at the weighing hench: tl’hesem
then sewn up at the sewing benches. an man as the welghl'ng hench
can keep three employed at sewing, heing assisted by'e;wh in turn.

When the cartridges are sewn, they are pussed into the outer
room to be placed in ‘their cylinders or cases, which are then lutened

do.‘;/::ll-/illim/ Reoom.—Plate XXXL—A shell-filling room for hnndhlfs
one shell at a time, should be about 11 feot 6 inches h‘_v .9 feet in
1d should h: attached to it a shifting room
feet, and an “outer shell room ” not less thas

internal dimensions,
about 10 feet 1
cet square, :
: le\crcl should be two hatches, “receiving” and “issuing,” fo;’t 2
passage of shell between the filling and the outer rooms, ;mddn
in an outer wall of the filling room for the admission of powder. -
The filling room contains a bench with drawers, and a WFIM
beneh with hook for scales along the end of the room, hk;lﬁn(l
right-hand and centre portions of the bench in the cartridge

8.—ADJUNCTS TO STORE MAGAZINES.
room : also a form for the men to sit on. A

In the centre of the clear floor space is a bloek of hard WOO:;".
a conical hole in it for holding, point downwards, shells that —h.;ﬂii
Over this block, when s

0 ];nmn_q Room and Covperage.—As the Ordnance Store Legulutions
The the examination of ever

B barrel containin, gunpowder
s passed into o store nugazine, it is neces

be filled throuzh a hole in the hase. ¥ to provide
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an Examining Room for each, and also a Cooperage for small Tepairg
to barrels, such as refixing hoops, and also for re-heading harrels
when it may have heen necessary to shift powder from one barre]
to another.

These rooms should he near the magazine, hut separated from jy
Dby traverses: they should be approached only through a shifting
room, and the path between them and the magazine should be

guarded. This path should be laid in wood or asphalte,
e of the rooms would depend on the storage capacity of the -
azine and on the amount of use made of it, but they might both
be 30 feet by 15 feet. 5.

The examining room should be near the entrance to the magazine
establishment, as all the harrels have to pass through it on arrival,

In the case of a waterside magazine, a small examining room
should be placed at the end of the pler at which powder is landed, erack, and it will be ditficult to get at it to mend it.
the whole of which should he under magazine conditions. i —Plate XXIT.—The walls shonld he seeured by building

Bmpty Barrel Store and Magazine Store.—In large magazine estab- fiiithem hollow, and by rendering the sxtericr of the outer wall with
lishments, in addition to the above, an empty barrel store and 8 3 ent, forming a drain at the hase, and packing loose stones
magazine store for wadmiltilts and such articles are required. t the outside, which will aid the water in escaping.
se external drains are apt to hecome clogged, and the inter
8 between the stones et filled with earth, so that it is not safe
Fust to them entirely, for which reason the double wall is de-

E
»&f‘ The first is comparatively easy to deal with, and should never
serious trouble; the second is very diffienlt to stop
nized to such an extent, that in all fort
g the powder is stored in waterproof re-
cither zine cylinders or met es, 50 us to be
independent of the state of the magazine. It is nevertheless
ecessary to do all that can he done to stop condensati
the woodwork of the magazines and of the cases perishes
In store magazines, where barrels are used, it must be

cause any
and this is v
battery magazines

equally

The s

quered entirely.
colation.—Foundations.—The percolation of water from helow
opped by a damp course of asphalte or cement rendering over
whole area of the huilding, walls and floors alike.

“The foundations must he wood, as if any settlement oce

vs, this

9.—NOMENCLATURE AND LETTERING.

Nomenclature.—The official ¢ N lature of Artillery Magazines 8 but they should he used in order to keep the damp out of
and Stores” will he found laid down in the Equipment Regulations, mass of the building as much as possible.
and in the Regulations for the 1.E. Depurtment. 8 hollow space is usually provided by carrying the lamp passage
Lettering.—The mode of * Lettering Emplacements and A 3 the exterior of the magazine chambers, which is an economical

ment, and also allows of some inspection of the wall, Ifa
A passage be provided, it is advisable to render the back of
T wall as well as the outer one, and to provide a drain at

to Works of Defence” is laid down in the Lequlations for the
Department. :
rtridge and shell stores in coast batteries for heavy guns are
lettered to show the calibre of those guns, for which the ammunitios.
is placed in them. Recesses are marked with the number ¢
natwre of the guns with which they are connected, and so alsp
ammunition lifts hoth at top and at bottom. Lamp recesses
numbered from right to left thronghont a work, hoth on the lig
side and on the lamp age side of the recess, the two nus
being in all cases identic:

very damyp sitnation it is best to have an air passage in
 £o the lamp s ge, and in addition to any hollow space
i v.llthe brick lining to the magazine.

Mg & magazine in rock which is sufficiently sound to
the arches being sprung from it, a double wall is unneces-
Pther the rock becomes the exterior wall, as there is no
!‘IB Space bevween it and the inner wall getting clogged.
Band forming .« drain are then sutficient. In this
5l}nlxlnl be introduced at the springing, and connected
Sovering of the roof to prevent water rising in the
‘- —The concrete covering the wiches should be

10.—DAMPNESS IN MAGAZINES.

e i

Two Canses of Dump.—The canses of damp in a m
percolution of moisture through the roof, walls, or

densation,
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finished at w tlat slope and asphalted, and drainage provided at the
points to which the water will be directed.

If the asphalte be not covered with earth, the drainage will be
arranged like that of an ordinary roof, care heing taken to turn the
asphalte over a coping so that the water may drip from it, and not
soak into the wall ; but as asphalte exposed to the sun and weather
does not last as well as when it is protected by a covering of earth, j
should have one whenever it is possible, and then drain pipes should
he laid along the line of flow of the water, and carried down the
walls.

It is not advisable to lay loose stones on the asphalte to form
drains, as is sometimes done, since their points and angles may pene-
trate it and cause leaks.
phalte should always e turned over at the sides and carried
a few inches down the walls, and if any ventilating shafts pas
through it, it should be turned up round their sides.

Asphalte will be damaged by oil touching it. This it might be
liable to in some situations from the drippings from gun carriages.

As with the most careful work there is a possibility of a leak
oceurring in a magazine, it should always be a point in designing it
to consider how it would be got at for repuirs ‘When a magazine is
40 feet underground, for instance, it is a serious business ~vemng -z
the asphalte to mend it.

The most convenient arrangement is to have about three feet cl
earth over the asphalte of the roof ; this is easy to remove, and is
still sutficient to preserve it from the effect of the atmosphere, and
from any casual injury. At the same time it must be admitted that
this arrangement is easier to recommend than to carry into practice
but the principle should always be kept in view.

This consideration also hars the use of asphalte between two
masses of conerete or masonry, where it is practically impossible o
it, and where, I helieve, it would he almost certain to pelﬂ‘
¢ masses of concrete are very rigid, and what with
expansion and contraction from heat, and the effects of very minut
settlements, fissures wonld be formed just as in rock, and We
take no account of the asphalte, which it would not be possible
mend.

The position of a magazine is nsually fixed by consideration
security and convenience, and is not always in the driest spob
could be found. There i
works which was placed in such a position that the beds of

5
a magazine. for instance, in one of ﬂ
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(| down towards it from the parade of the fu  so thay the
water falling on the parade ran down to the maga It was in-
uﬁicu-ml drained ag first and was very damp, but is now all v
such o case extra precautions must be taken to carry off the water.
Condensation.—Condensation is the veal enemy !h.\b has to be
alt with in trying to get dry magazines. It follows inevitably
from the nse of the great masses of earth and “onerete with which
o are compelled now-a-days to cover our magazines, that the interiors
ome like caves, which are almost always colder than the outer
; and consequently when any fresh- air is admitted from the
pterior it deposits some moisture on the walls and fittings. This
y go on accumulating till the floor is slippery, and the skidding
nd other wood work wwl\ul, s0 that in a few years it all perishes.
ies for Condensation.—Now  the mmul\ for this is hest

ound by noting what magazines are dry, and seeing what common
s them so, and on this point I
convinced from i R[l\.u[lﬂ" a number of magazines, and hearing
.many more, that the dry ones are those which are capable of

orough ventilation, and which have a non-conducting material
guch as brick for the inmer surface of their walls: and that the
mess of similar magazines is fairly proportioned to the amount
ventilation.
old type of magazine, standing up like a haystack, with big
indows in the end walls, such as the Venetians and others built
the Mediterranean, are excellent for storing powder in, and so
 the large store magazines which we build at present in situations
e they are seeure from attack, and where it is possible to adopt
r type. The worst magazines of all are big main maguzines
safe from all possible shot or shell, but ventilated solely by
dour and two or thlee 9- mch p\pcs in the roof.
’ s, and there are magazines
grees depending mainly
possess ; even a gooil
ight past the xluor \vxll make a pemepml\]e difference in the |hy
of a magazine.
ulvounn' a large amount of \ennlmon for a m.\vmune Ido

i slope

ine.

hecween Lhem 3 nl

by mnrorluun" a ]arnc \'n]uma v)f air Lulun \\1th montme if
Kept out ; it would of course lead to much condensation,
otgh the next dry day it would all disappear, and so the
ine would be, ut any rate, vecasionally dry, yet by judicious
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opening and closing of the ventilators a better result can by
arrived at.

On this point the r gulations for & magazines which prescriby
the reading of wet and dry bulb thermometers, so that there may p,
certainty that dry air is being admitted, are good cnough in l]lt;un'
but they often fail of their effect: wrtly, no doubt, hecause them}.’

not in all cases intelligently applied by the master gnnners.;md
magazine men who have to carty them out; partly because they do
not recognise the fact that when a magazine is dry it is hest to
leave it so, and not to spoil it by introducing fresh air; and in many
cases (what might well he avoided) because the ventilating arra,

ments of the magazines are so defective that hardly any ajr can
pass through them. The opening or closing of the ends of a few
O-inch pipes can produce next to no effect on the mass of aiv in 5
large magazine ; u feeble flow may result close to the Pipe, but the
amount of dry air introduced will he (uite inadequate to take up, in
any limited time, all the moisture deposited in the interior, which
remains perfectly damp, unless there is a continuance of dry
weather. b such as

It is thercfore necessary to have large ventilators which shall be “are in cous ind which are usually completely buried, the
capable of being readily opened and closed by the magazine man, ? ge on one side,
according to the weather; and the openings into the magazine For purposes of
should be so placed as to ensure a thorough current of air passing as part of the
through the magazine when they are open. separated  from

While these large ventilators should be provided, as remarked _
before it by no means follows that they should be often used
Indeed, Ibelieve that this, or some similar rule, would be the best to
make : that when a magazine is dry, the ventilators should be kept
closed ; if it becomes damp, through being opened for use, or from
any other cause, they should be lft open till it becomes dry agsin
and then closed as hefore,

Ventiluting Arrangements of Store Magazines.—The driest magazine
are those large store magazines which are independent buildings
not covered up with earth, and mainly ventilated by laxge windo¥
openings in the end walls, There should be one opening over the
door and, perhaps, one on each side of it out of reach of the gro
and these openings should be provided with close fitting shuttert
with spring latches, arranged so that they can he opened by &
from the floor. The shugters shonld be so framed and ,mnn-!l!‘:
that no shrinkage of the wood would leave any cracks through
burning particles mizht he able to pass, in the case of a fire 385

=

Formerly all doors and shutters of magazines were
covered with copper to prevent the possibility of such an ace Icm“
In ovder that the door may be left open when the magazine is
, there should be an inner open work door covered with
copper wire netting, \\‘I}ich n he shut to prevent any of the men
employed in the magazine enclosure entering itexeept on duty.
Small ventilating openings can he also made in the side walls at
e floor level ; these should be bent so as not to lead straight into
e magazine, and should be provided with shutter:
Shuiters to Pentilators.—Before going any farther it will save some
tition to say that all ventilating openings abont magazines
should be provided with close fitting shutters, made cither of wood
iron, so placed that they can be conveniently ot at to be opened
and closed according to the weather.
+ They should also be all lettered so that it may be known at once
where they come from, whether from the magazine chambers them-
gelves, from the lamp passages, or from an air passage,
¢ Ventilating Arrangements of Lurge Fort and Battery Magazi

e round the other three.
Vi fon, the entrance passage should he treated
gazine chambers, and the lamp and air pas

he point to attain is that there should be a thorough change of
air when the ventilation is in operation ; it shonld not be allowed
Stagnate at one end of a chamber. The ventilating shafts shoull
fore start from the end opposite the door.
Fentilating Shafts.—The 9-inch glazed carthenware pipes which
Often used are too small, and condense moisture on their uluzed
, which runs down into the magazine.
better form, where there is room to carry it out, is a brick
about 2 feet 6 inches square in section, carried up from the
of the arch and along in the spandril to any point where it can
iveniently turn up into the outer air. At the onter end it would
finished with louy es and shutters, or a trap<door, care being
s between the louvres equal altogether in
8 to the cross section of the shaft, so that the air may move in or
ely.

I

Y8 to have the open

shatt should not he taken divectly into the magazine, but
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The ventilation of expense ammnnition stores requires to he con-
sidered with reference to each particular case, as the stores are put
in all manner of places, not only opening on to parades or terre.
pleins of works, but also oft casemates and lleries underground
which may be always dank with moisture, It is not l]ll\u;: ool
 taking air from such a place into the stores, and vither in-lepen?lem
ventilation for them must he provided, or an :lttemp\l must he made
t to keep the galleries dry as well ; the latter course is the Dest.

¢ Water sometimes finds its way into magazines hy rain getting
into chg lifts and ventilating shats ; therefore ventilators Sh(;ll(l h;
elosed in damp or riny weather, hut as an additional precaution it
dsadvisable to provide the exits with louyres, and in lurg:a ventilating

should he hent once or twice in its conrse, and iron bars shonld be
built in across it, somewhere near the top, where they can Le 2ot gy

and painted.

A shait of this nature has heen tried on a large and damp maga.
llent results. b’
se can be ventilated in the same way, bog
and cartridge lifts

zine with e;

The entrance pass
usually will get air enongh through the door-way
the latter make capital ventilating shafts. b

Ventilating openings should he brought out into the open air at
different heights, so as to induce a current through them. It should
be remembered that as the temperature inside a magazine will
usually be lower than that outside, the flow of air will generally be

down the ventilating shafts and out at the door. Extracting eowls PS8 shaits, to have some means of escape for any water that may enter
fitted to the shafts will therefore impede rather than help the SRS them, so that it may not run down their whole length into the
ventilation. §~ & magazine. 2

& Rain water fﬂxich has fallen on an emplacement, or on the floor
ol & casemate, 1s sometimes driven across it by the wind, and so under
e bottom of the doors of the lifts down which it tuns into the

Lamp passages are ventiluted in the same way as magazines. One
shaft at the end opposite the entrance is as a rule enough, unless
there are many lamps, but there should in all cases be one shaftat
the extreme end, or that becomes a damp corner. S =i zine. A small step about one inch high at the top of the lit

If there are any ait spaces, they should be in communication stop this. A step is objectionable, but in such a case unavoid-
SiiEh b lns g ipssags or stk il outer i sliiesh) Tut nobistiiie ble. List or leather may be nailed on the hottom of the door.

. For lrcgulan’ons for Ventilation of Magazines, see Equipment
B Aa‘tmns, and also Magazine Regulations.
& Lining of IVulls—The material of which the inner surface of the
s, arches, and floor is com posed is almost equal in importance to
e ventilation,
t should he non-conducting and absorbent of moisture : brick is
ut the hest thing to use in ordinary cases. . .
Captain )l}?m'u's method might he used in alterations to old wor
¢ ° operation is as follows :—Rake out the joints of the masonry
ii“u' and r«imler b-inch thick in pure Portland cement, lea
3 ‘{,::‘.,:}F:::Tlcl& \\"ln'.[st still green, 1'e.n(ler it over again with
Ty .“x ( to 1), i u?h thick, lczn'?ng a good key so as to
© ner couting of hair mortar, which should be applied as
8 the coment will stand it,”
1€ necessity of attending to this point may be illustrated by the
example of a cartridge store: it was brick lined e;\-cep:
i k‘l:la .Lthe serving room above was carried through the
Vo h;u-.‘[ ]iu:‘t tpmrft was snrengtheucjl by thg insertion of a
Mt estone ; the store was f;urlg: \:enulatcd. and was
¥y, except where the block of limestone ocenrred ;

magazine passage or chambers.

It occasionally hecomes necessary to have recourse to artificial or
forced ventilation, instead of trusting to tlie natural movement of
the air; this is the case, for instance, at Spithank Fort, Portsmouth,
where the lamp passage is small and contains a large nunpiber of
lamps, so that it would soon become nnbearable when they are sll
fighted, if the air were not constantly changed. This is done by
using Haworth’s rotating ventilators fixed to shafts in the rook
which draw the

As this lamp pa
merely the npper part of the magazine ps 5.
a floor of slate slabs, it is not necessary to separate the ventilatios -
consequently the extracting pipes from the cartridge chambers 8%
led into the lamp pa , and thus the air from the cartridge chas
bers s extracted through the lamp passage. These ventilators &%
closed by metal doors, where they issue from the magazine

I

ve

e ones:

s for

gazines are the sume
we enongh in most cases 3

tts, as they will be lar

tilation for small m:
can be used for the shs
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v roof givder or a lamp tube, soon gets headed with moisture l(
S :;.:n. is any quantity in the air : this can be remedied hy covering it
with what is ealled cork composition, which is powdered cork dusted
e on to i coating of red lead and oil. 1 p 5
ke Corle Composition for Corering Floors of Mugazines.—* \\nh. a
yiew to diminish the condensation which takes place on the surf:
of asphulte or concrete in magazines, Anhc sutface can he cmtem‘[
ith a mixture of four parts of Venetian retl to ome part of refl
d, made thoroughly into a stiff paste with Stockholm tar. : This
aterial should be laid with a trowel to the thickness of one-eighth
an inch, and while wet should be covered with powdered cork,
ed over it to a thickness of three-eighthsiof an inch, and pressed
own with a float and roller.” The powdered cork can be obtained
~from any large covk dealer (Messrs. Jeune & Co., 4, Idol Lane,
* EC.).
cuI’t isan excellent material, and is used both hy the War Office
and the Admiralty. It is much nsed for cove ng the smooth
5 asphalte  tloors, which condenses moisture great
case it is necessary to protect it by batten flooring
Bid over it, so that it may not he rubbed off by the traffic. It
ght prove a good thing to cover all the walls and arches of a
mp magazine with cork composition as well us the Hloor, but this
not yet been tried.

this was dripping wet, and the flooring underneath w s wet with thy
water that had fallen from it, [t the inside of the store had been
built of this stone it wonld have been impossible to nse it for
ammunition,

Air Space.—An excellent non-conductor of heat is air, and an air
ce behind a brick wall assists materially in preventing its being
chilled by the masses of concrete and earth by which it is sy,
rounded. 4

An air space also forms a barrier to any leakage which may have
penetrated the outer wa 5

The good effect of an air space may be increased by admitting
warm air to it; this air will communicate some of its heat to the
walls, and will thus render the cool dry air which alone shonld be
admitted into the magazine much less likely to deposit any moisture,

In order that thi may be done it is necessary to keep the venti.
lation of the magazine and of the air space entirely separate ; they
should have separate ventilating shafts, and there should he ng
communication by air bricks in the walls or otherwise. Tt is prob-
able that only in large establishments will the proper alternate
opening of the ventilators of the ma ine and of the air passage be
carried out, but no construetive obs, wles should be put in the way
ot its being done ; even if it is not done the air space is useful,

A practical example of the henefit of the air space may be quoted:
in a row of Haxo casemates, between the guns, were o shell stors
and a cartridge store ; they were exactly similar in size, situation, ,
and construction, except that the cartridge store had a lining of “We may now sum up the points nece
brick, with an air space hehind it 4 inches wide, com:nunicating € to have a dry magazine.
with the outer air through perforated bricks, while the shell store” foundations must he perfect, so that there shall Le no settle-
had none.

The shell store was damp, the cartridee store was dry. £5

This was striking, but a careful mination of them failed to -
bring to light any other cause for the difference hesides the air space
in the cartridge store. o

As expense store: may have to he opened in all weathers fOP. "".
service of the guns, and damp aiv may thus be admitted, it is of
almost more importance with them than with store magazines 10,
have a non-condneting material for the wall 1d it is therefor® -
best always to build them with a brick lining, having an air s
behind it, communicating with the exterior through air bricks, w

SUMMARY.

- to De attended to in

o There should he a damp course over the whole area,
exterior wall should be hollow except sometimes in rock, It
rendered outside and the foot drained.

ometimes the interior wall should be rendered and drained also,

concrete over the arches should he asphalted, and drains laid

away the water coming off it.

€ arches should Lave damp course at the springing,

e interior of the magazine should be of some non-conducting

%0t material, say brick, for the walls and arches, and cork
ition for the metal work and sometimes for the floor.

need not be provided wich shutters, - "‘ very good thing to have an air space behind the brick
A Now-Conducting Coating.—Any metal work in a magazine, such ! oth in walls and arches,

X
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The ventilation shonld he
hut should be very seldom nsed.

The ventilation of the magazine chambers and of the air passage
should be entirely distinct. i

The magazine should be in such a position that it may be possille
to get at the exterior to repair it.

free as possible when it is acting
2,

11.—LIGHTNING CONDUCTORS.

All powder magazines and main cartridge stores should bhe pro-
tected by Lightning Conductors. Full instructions as to their
application were issued with Army Cirenlars dated 1st November,
1887, The following are the main provisions laid down :—

Lightning rods should be about four feet high, and spaced at in-
tervals not exceeding 30 feet, so that no point of the building to be
protected is more than 23 feet horizontally distant from a lightning
rod. They should be connected together by conductors carried over

the ridges or other salient features, and in the case of underground -
magazines these conductors should be buried in the soil over the

central line of the magazine. The conductors from the lightning
rods should be carried to the earth connections by the shortest route
outside the building, all sharp hends being avoided as far as possible.

As regards the earth connection, the essential point is to provide
the best which can be obtained in the immediate viciniy of the
magazine or building to be protected. In order to guard against
accidental defects, at least two “earths” should be provided-

«Earths 7 in fresh water, ov in permanently damp soil, should offer
al surface ; those in the sea should 3

at least 18 square feet of exter
have a surface of five square feet under water or in wet sand. Whea
the permanent water is deep, surface carths are required in addition

more conduetors may be connected to one and the same earth. -
water-mains form the best earth connection. Where these do Bot
st, a coil of the conductor itself, buried in permanently damp €
preferable to an earth plate, as it obviates the necessity for
joint underground. A layer of coke, or smith’s ashes, T
the conductors and the earth, materially assists in improving
earth connection in dvy weather, owing to its superior conduct
and its power of retaining moisture. In extremely (dry or rocky
the best plan to adopt is to bury several hundredweight of

179
* jron in 4 mass of eoke at the foot of the “carth ™ coil, and to dr
the surface water into it.

All exte n:l|l and internal masses of metal. such as sutter and
down-pipes, sheeting on doors and windows, dryine apparatus, e
|huulvll ifu connected to the system of cumiucmll:mh e
Copper tape, | inch by Linch, procurable in~lengths up to abous
0 feet, and having a conduetivity of at least 95 per cent. of that of
ure copper, is the best material for ightning conductors, hut, in
eepu:ou:nlAsiumtions, where copper would be liable to he stolen,
vanized iron wire ropes, weighing 8 Ibs. to the yard, may e nsed.
Metallic continuity must be ensured at all the connections by per-

ly fitting screwed joints or unps. Solder should never he
, except for the repaiv of old conductors, When connecting
apper conductors to iron or other metals, the greatest care must h:
ken to protect the surfaces in contact from @alvanic action, hy

ns of tarred tape or cement, ) 5
Lonductors should not he insulated from the huildines to which
i y.are attached, and provision should he made at intervals for ex-
sion u'ml contraction by means of small loops in the conductor.
Lightning conductors should be periodically inspected. In most

Wwhere care has heen taken to ensure reliable earth connections,
ful visual examination by a hani ‘

3 I is all that is
foesar, ‘In the case of old conductors, however, electrical tests of
continuity of the condnctors and of the resistance of the earths,
necessar, 'lmn when the nature of the undergronnd joints ;mxi
th l‘Omlcc!'lt)n% are not recorded, it is advisable to have the:
examined, and, if necessary, improved.
should he horne in mind that a fanlty liehtnin
.Of danger, inasmuch as it tends to invite a discharge, while
Tesistance at a defective Joint or earth may cause a port“i’on of it
i;k another path disruptively through the illli]t]in}l. A lightning
n Worse than nseless unless every condition of efficiency 1:

m dug

rod is a distinet
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nfliction of serious injuries ; while if min
fected, 2 certain amount of time only is necess:
#remove them or render them harmles:

& In places such as roadsteads or short harbours, where the attack-
jing ships could not evade the guns of the defence, mines are super-
% s they are not needed to keep the ships nnder fire.

‘In the defence of commereial harbours, which it is essential to
pep as free as possible for traffic, mines are, s a rule, objectionable,
g they tend to obstruct this freedom of ingress for merchant ships,
Locomatire torpedoes.—Of these there are two kinds, those controlled
pm the shore and those discharged from a torpedo hoat. The

id and not pro-
for the enemy to

CHAPTER IV.

7 2. (tuns.—3. Effect of Projectiles.—4. Shipsasd
t Defence Weapons.—2. (iuns.—3. Effect of " i 5
e . \:\'x\ulrc of the Attack on Coast Batteries.—6. Objects of Coast

Guns,—: : s bmer have a range limited by the necessity of steering them, and
P % ispositis Coast  Works.—8. Positions for Coas . N e v e >

Batteri - Disposition of Coa fore of seeing the torpedo as well us the ship to he attacked.

Batteri

station from which they are steered and sometimes the
hinery for driving them must he protected. This nsually in-
E es their being near a supporting hattery, but in favourable
Theve are three classes of weapons with which »"hil_’s can be fought ations they can be worked in considerable security,  As they
from the land : guns, submarine mines, and locomotive torpedoes. ered they can command a large lateral are like o gun.  They
The system of defence of a place is not, as a x'l\k?, complew_'ﬂ.b‘ Ty a large charge, and are thus cffective : ses of ship
ont the two fir although circumsumcgs sometimes fo'l'bld the they require a certain depth of water to floas in, they are incom-
use of the second, but at present our subject lies more with gune fible with submarine mines exeept ground mines fived by observa-
than with submarine mines, which ave treated of elsewhere; stll Tbe'y seem to he most suitably nsed in situations where sub-
the various qualities of both may be shortly summed up W‘h’“ ‘mines cannot Iu{ employed, where they would afford an
how they supplement one Mmbhex‘-v ) o~ -;u : native means of making an unllul.’r\";\[cl‘ :Itf.:wl\i |
Comparison of Guns and Submaiine Mines.-—The St "":3’0 i rpedoes fired from a hoat have in connection \Vth_ Ehc boat an
the spot and can be used in all wenchm.s, except in fog, W : uited range, hug owing to the certainty almost of injury to the
¢ not be laid in time, or may he ﬂﬁe\‘-@'f they cannot be used in open ight. In dim light, mist, or
 be unsuitable for them, @ ¢ however, they wonld have great opportunities. The fear of
:H - would have u great effect in preventing ships from anchoring,
doing which they can hardly hope to make good practice
their qups,

1.—COAST DEFENCE WEAPONS.

submarine mines may
storms and eurrents, or the bottom ms s
nnel too wide or too deep for their practical use. .
rea over which the gun can act is considerable, while

of the mine is small. ) iv, b i :
The projectile from the gun can be directed at tille ship, : % Gun—A weapon partaking of the characteristics hoth of
ship must come to the mine for the latter to cfwke effect. dd?ﬂ # proper and of the locomotive torpedo is the Zalinski gun,
A mine can be actually nsed only once, while the gun can throws shells carrying large charges of high explosive by
shots.  On the other hand the mine will act against any of compressed air, Its range is not great, though much
armoured or unarmoured ; its effects are very great, and & to that of the controlled torpedo, nor is its aceuracy so good
defence is comparatively cheap when the channel is not too Vf. & gum, but it has several valuable featur It has heen
Fresh mines could he laid during a siege. - at it is ¢nally dangerous whether it hits or mi because if
Neither guns nor mines by themselves can be couutctl on ISSes a4 ship hut bursts close by nnder water, it will act
a channel.  Ships may run guns, if there are no mines, by '“l’[n.‘-.lo. The weapon makes no noise or smoke, and is, there-
heing hit a sufficient number of times to he forced to stop %1 sy O voncealment, Tt is about the same size large B.L.

S emplacement would he about of the sume dimensions,

ut the
P

many
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Space would have to he provided for a magazine for the large shelly
and also for an engine and boiler-house, and for the Leservoirs ¢
compressed air.  There is probably a future before this weapon,

Coast Batteries merely Positions Jor Guns—It follows from the i,
portance of the sle that the gun has to fill that coast hatteries gy
merely positions for guns, and the details should be arranged to give
the gun the greatest possible efficiency.

It may be remarked that, of course, coast and river hatteries any
essentially the same, differing only in position, and the term coas
battery * is used as including hoth,

Before going into the details of the batteries, and the choice of
positions, it is necessary to say a few words on the nature of the gung
used, and of the ships that may have to be fought against,

Mark. | x 1.

hntah In feet)l ayqr |1 ar 1w e 150r | 10

n Wor | zor |14
" and inches |

bt total, nominal) | g, | 4 25 5 B | 12 9 7
woos .. .|

i
L | |
fght of profeetiel] aoon | 80 16 | sz | a0 | 28 | 1er | us

gy, total, at muz-1| 450, 20 T00 | 65T 5356 3,048 | 2,03 | 1043
Boe Ta fook sons. - J| 33710 [ 11,820 | 7 4T, Lo

 Velocity, muzzle, il oo 3 3 159 | 14 1561
2. Gi S, B i af 1,548 | 1442 1,258 1,814 L 40 ,56]
. | e
- e S 150 160 83 70 30 3
Tuble of Guns—The tables which follow show the cuns, both BL e | EooR | ES

and ROLL, which are at pbresent mounted in English coast Datteries, - -
with their muzzle velocities and energies, and with other informs
tion likely to be useful.

The essential difference hetween the new type guns and the ol
ones is, that the former attain a high penctration by firing compan-
tively light shot with a high velocity. This high velocity is obtained,
without overstraining the n, by using large charges of slow-bure-
ing powder in a long gun.  The length of the gun necessitates
breech-loading as a practical matter of convenience,

Table of B.L. Guns,

e of Lengths from Muzle to Contrr of Lrunnions of B.L. Guns.

Calibre in Inches. 1625 | 135 12

) Noue as yet mounted in the land
Jservic

Length. total, in feet)| L o,
and inches .. .. ;| 430

@
B
s

Only 7 in the service.
Only 4 in the land servi
other S-inch B.L. yun.

|
m e 20| 8| 15 5

) e, and no
Weight, total, nowinal |
intons . Ly

iy ot profectile Ly g | o0 11 | 00 | ss0 210 g0 |50
Energy, total, at n
e, it foot tons

35,600 18,060 15,200 11,240 7,045

I

muzzle, in)

2100 2,005 2,200

2100 2,016

Velocity
t

170
rm.

500

Maximum  ch
lbs. ..

Pm.l Al & "gest guns wre not made with teunnions.,
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Tuble of Lengths from Muzsle to Centre o Tenunions of 3L 3.—EFFECT OF PROJECTILES.

(s,
Tenathid Before describing the various forms of gan emplicements and
e . | Lensthin 7 ag 5 0 ; ST
Gun, | Mark. ’ Tuches. Rettiarks, batterics, it is necessary to give some information on the effect of

earth, and other materials,

heavy shot and shell on iron, masonry,
Son which these forms depend. This is, howeyer, by no means so
omplete as might be wished.

& Peneiration into Iron.—Penetration into iron constructions is dealt
ith by Colonel Inglis in various articles in the R.E, Lropessional
rs: more especially in that published in July, 1880, which ulso
eats of the type of long guns which were then heing introduced
to use by all nations. i

¢ The “ Notes of Lectures on Iron Fortifications,” delivered by himat
& Chatham, in Febrnary, 1875, form a summary of information up to
hat date.

5 5-ton converted ..
6S-pr.,

T-inch B.L., 82-cwt.
9-cwt., R.

v's Navy Annual contains a section by Captain Orde
Armonr and Ordnance,” which deals with armour

” wne, o1
. i N ly from the point of view of ships, and of the power of guns
G A 51 made, s thom i ; .
Fitnih: hiian b he Naval Gunnery Munual is another good work of reference on
subject.
SO T FIt is unnecessary here to zo into detail on this subject, as minute
.Hx:,-h 9_;;" v ‘ lel_lge of theeffect of projectiles on _iron struceures is not re-
2 L d in order to understand their value in action. It is, however,
" 2 o ty to know generally the power of guns, and o rule may he
U 2 nwhich is appros 1y remembered ; it is that
O-inch, 12-ton l tasingle wronght-iron unbucked plate, a shot will perforate one
" » " e in thickness for every 1,000 feet velocity. Thus a 10-inch
noy »” Mot with 1500 feet velocity will perforate a 13-inch wrought-iron
" .. " e ; with 2,000 feet velocity it will perforate a 20-inch plate, and
- < 5 ; ilarly for other ibres  Another useful rule is, that a common
10-inch, 18-ton  ,, .. .| L | 10863 U will perforate o plate half ibre thick ; thus, a 10-inch com-
& " f 1L f 10904 shell can be put through a 3-inch plate.
11-inch, i 13 11165 darive at the strength of u steel-faced plate, an addition of one
Sy 3 L | 1094 % to its thickness will give the thickness of a wrought-ron
12-inch - [ | of equal strength to resist a single blow., The compar
¥, s gl then is not quite correct. The steelfaced plate vesi
. ) | = | ®at manner to the wrought-iron one, and requires rather to he
peh, SO0-ton % oo (S | dup than to he perforated. Its resistance sometimes rises to

F double tha of o wronght-ivon plate of equal thickness, and

17-72-inch. 100-ton ,
Aliies |

alls to the same amouat.
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Displucement of Shieids.—As affecting far
however, one effect of a shield being struck by a projectile may }, similar to that shown in _[’["[" ;\x‘\HAI' : g : i
mentioned. This is that there is a tendency for it to be moved back ¥ A few of the results of the fir ing will give an "lf’“l"‘ ‘;"" ”";"":L
bodily, and this must be resisted by the disposition of the Stone. B of penetration of the shots and of the nature iwr r(l.c. other effects
work or concrete aronnd it, as the weight of the shield alone it ':@ pro\lucc.l by them, ”“t_ the ‘v‘vh"l" AEEhunt 13 '."ﬂ‘"wm]t' ot Ao 4t
insutficient. To attain this end the hase plate of the shield frame ;, Efiect of Firing wgainst Centre Pier.—A D-inch steel shot fired a
either let into a foor of granite blocks, or held down by poweriy = the centre pier ]»cucmuc._l nine inches into the
bolts 6 or 8 feet long, and the masonry on cach side and in the arch . joints, and cracked the brickwork and con}:yets. e e
if there be one, is brought close up to the frame, so as to Preven; SR Another 9-inch steel shot penetrated 18 l.m')u.n _u:nl\c u‘ .”]’“."‘ o
any angular displ or lateral See Plute XXXIT, Fthe face, and cracked two hlocks and the brickwork in th»e .\{c u;

If an iron roof be used, the girders hold the top of the shield j Aunother 9-inch cast iron shot s[r’m:li near the last, ltllllL.L(l out
place, and their rear ends are, if possible, abutted against some sofig fthe grunite to the depth of 2 fect | inch, cracked and displaced two
building, such as the end of a casemate. See Plate XXXIV. other blocks, and cracked the hrickwork a;good deal.

It is of extreme importance to prevent any movement of the © The cracks, however, were not 50 bad but that a
shield for two reasons ; one, that a very little may serionsly diminish “could be fired from off the arches without Cl:l;\l‘;,:lll:," the ¢
the lateral arc of training of the gun, and another, that any backwanj pler was finally destroyed by 22 blows, 12 of them e
movement might displace the racers, anc s preve 2 10-inch gun. y
lr;n'e:-lsli;v_; R b ; '0‘[‘.'[&'4'/2/' Fiving against olreh.—A 10~irx§~l\_c t‘iron shot, .m‘ml ag the

o ower arch ring over the 12-feet shield, injured severely fowr of the

ones and cracked and lifted others. ) i

at it can be cast in a form | £ Another 10-inch steel shot struck the springer of tl}c arch, m:
. Roughly speaking it has Jured one arch stone besides, and brought down parts of two other
tht iron armour to withstand the ocks. The work near was much eracked. Ll
me gun. It has to be shattered by the energy of the prcjectiles i The arch was completely dostroyed by 10 shots, of “V.h)m_‘.mlltr
striking it, and cannot be penetrated like a plate, and being thick re from u 10duch gun, three from a 9-inch, the remainder
will hold together even when badly eracked, A portion of a Griisen ch and S-inch,
turret,.42 inches thick, was shattered at a short range by four rounds

the masonry construction § S8 peen nsed : the one with the large shiell very extensively. It is

anite, loosened the

2tol gun
cks. The
ng from

“Griison” Castiron Armour.—Cast-ivon armowr made by Griison
is largely employed on the Continent, but has not heen used in our
service. It has the great advantage th
suited to glance off any shot striking it,
to be made twice as thick as wrot

es of the Projectiles.—The shot in these experiments were
i r i i s they wi ave at rances of from G0
from a 12-inch gun, whout equal in power to our 46.ton gun. Itis 3§ fred with velocities such as they would haveat ranges .l)z from u;Oit]n
most unlikely that four rounds would strike the same section in h000 yards. The usual veloeities of shos have since heen much i
action. :

l, 50 that guns of the same calibres as those used would now
i very much harder at these ranges, and the effects would conse-
e tl,‘" be far greater. A comparison of the energies of the pro-
tiles shows that it is probable that greater results would e
tained from the auxi iary armaments of modern ships.

hoeburyness Luperiments in 1

Penctration into Musonry : Shochuryn
several
penetr

Experiments in 1865.—For &
years the principal information that we had concerning the 3
ation of heavy projectiles into masonry was derived from the
experiments carried out in 1865 at Shoeburyness; an account @
which, by Colonel Inglis, will he found in the R.E. I’/meﬁ“
Puapers, Second Series, Vol. XVIIL,

Two casemates of brick, faced with large granite Dlocks, were
built and provided with iron shields, one sh 2 feet by §
feet, and the other 6 feet by 6 feet. = ‘

The piers were 14 feet thick, and the centre one was 15 feet widk pie

This work illustrated two forms of

77.—In 1877 the experiment was
e of firing o Palliser shell, without a bursting clmrgc,. from a
O gun against o granitefaced wall, which is described by
nel Inglis in the J0.Z, Professional Papers, Occasional Pap
es, Vol

B

all was part of the old experimental casemates, and had
already some shaken ; it was about 16 feet by 12 feet,
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The range was 70 yards, the charge of the qun
striking velocity of the projectile about 1,405 feet
s energy 10,947 foot-tons.
anite block and immediately turned to the
g eet 6 inches of granite and 3 feet 6 inches
ind Portland cement concrete, being found lying on the
floor of the casemate.

The wall was completely wrecked ; it seemed to have heen lifted
and shaken ; the stones were all out of place, and masses of the
brickwork thrown down.

Many years after the 1865 experiments, when the power of guns
had much increased, further information on this subject was sought
for.

Dungeness in 1880-1.—A 10-inch R.M.L. gun, with a charge of
951bs. P., and a 4081h. Palliser plugged shell, at a range of 143 yards,
obtained a penetration of 17 feet into & mass of cement concrete.
The concrete was composed of 6 parts beach shingle, 1 sand, 1
Portland cement.  The muzzle velocity would be 1,510 feet-seconds,
and the muzzle energy 6,364 feet-tons. k.

A G-inch 80-pounder B.L. gun of four tons, with a charge of 34lbs.
P., and striking energy of 1,989 foot-tons, at the same range,
obtained a penetration of 12 feet 6 inches into the same target.

by 16 feet high.
130lbs. P., the
per second, and
It struck fair on a

Shoelrymess in 1883.~The 80-ton R.M.L. gun was fired againgt

masonry, against masonry strengthened with armour, and against &
mass of concrete. A battering charge of 4501bs. P, was used, and &
projectile weighing 1,700Ibs. The range was 200 yards, and the
striking velocities hetween 1,568 and 1,584 feet per second. The
striking energies were abont 30,000 foot-tons.

The result against the masonry was most destructive. The wall
was faced with large granite blocks, averagin
Portions of fouwr courses of these were hurled aside, the disruptive
effect being very great. The shot penetrated 17 feet 6 inches
before it turned at right angles against an inner granite wall§
afterwards passing through 10 feet of concrete and brickwork
before finally coming to rest.

both where a 12-inch compound plate was nsed, and where
S-nch wrought iron plates were employed, but this protection ¥

very costly.

[n the Portlnd cement concrete, which was 10 feet thick, eSS

shot pene

feet 9 inches thick.

The mass of concrete

much less than in the case of the granite.
 was cracked, but none was thrown aside, though abont 70 square
* feet of the surface was flaked to a depth of two feet. The shot
struck about six feet helow the top.
Showburyness in 1884, —The 12-inch 43-ton B.L. gun was fired
| aguinst the sume structure as the SO-ton \gun, it having heen
® repaired during the interval.
- Target : a wall composed of 14 feet of granite and Portland stone,
hen two feet of Portland cement concrete, then six feet of hrick-
ork. Weight of shot, 715lbs. Striking veloeity, 1,804 feet per
econd. Striking energy, 16,000 foot-tons, Effect : the granite was
fmuch displaced and shattered ; penetration, 11 feet 4 incl two
slight cracks in brickwork.
get: a mass of Portlind cement concrete.  Shot, T15lhs,
Striking velocity, 1,524 feet per second, equal to that due to a range
Sof 2,000 yards. Striking eneray, 15,000 foot-tons. Effect: a pene-
ation of 24 feet, with star eracks round the hole, and a flake off
the front 7 feet 9 inches by 5 feet 3 inches by 2 feet deep.
The protection given by the two S-ineh W.L plates brought down
e penetration into the granite to 3 feet 10 inches, and reduced the
isplacement to a small amount.
These experiments are sufficient to show the nece: ¥, in the face
‘modern artillery, of abandoning the use of vertical masonry in
ions exposed to the fire of heavy guns,
The disruptive effect on granite is so great us to neutralize its

i g ue in giving o hard swface. It was thought that an outer skin
on would assist materially in checking iption, and this has
®en tested with the 43-ton B.L. gun. « Concrete 17 feet thick,
with three inches of ivon, was placed in front of the granite
The result was not satistactory as the concrete was disin-
grated.
esults obtained from Alezandrie.—The maximum penetration of
shell, 9nch or 10-inch, into the soft rubble escarp of Fort
was from 8 to 9 feet. A 9-inch Palliser burst with 4feet
el '-fOnA A 16-inch common shell burst with S feet 6 inches
& aton, and made a erater about 10 feet in diameter at the face
the wall, This was one of the hest results obtained. The shell
near the hase of the wall. Range about 1,500 yards.
Fort, Pharos the 10-inch shell, common and Palliser, pene-
& the S-foot, rabhle walls of the casemates and burst inside.

mula for Penetration—From the vesults of practice on various
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It must not, therefore, he assumed lI"mn heeanse A Inuihliu'{ is
* protected from a direet blow by a mass of earth, that it is thm'rlul:c.
:3"-3_ s a shot may turn towards it. ()x:l'r]lc u[hc.l' h:fn-[. this
" gendency to turn may be encouraged and utilized by forming hard
e layers of stone or conerete in a parapet in 4 manner 'n';l[l:lllnh:rl to
 deflect the cnemy’s projectiles in the direction in which they will
LS| ‘.
Ilf&::zcl:mlmx or concrete masses are finished with slopip:_; surfaces
‘mnder an earth covering, they are more likely to escape injury than
if they ended with a vertical wall, as the shot wonld probably glance
d turn upwards. ) )
“Penctration into  Earth.— Results obtained: jrv'nn AI‘Iemml:-x/z,—The
ost surprising result of all obtained from this tion, was that no
projectile penetrated more than 20 feet of sand—not even th:rr from
the 80-ton gun.  All those that struck parapets of greater thickness
weturned up and came out. In the trials of the Thunderer gun at
Woolwich, in 1880, the shot struck the butt only 6 feet helow the
per surface of the sand, and yet kept their course, or even turned
downwards. It would seem, thercfore, as if a shot behaved differ-
#ntly at a long range and at ort one. )
= The results at Alexandria showed that the protection afforded by
& snd parapet is much greater than had been previously sl}p]:osml.
o that the tendency of the shot to deflect should be :IS‘SIS[ell by
use of easy slopes in the parapets.  This has heen confirmed hy
periments with medium guns.
ome Italian experiments in 1881 with a 10-nch gun, at a range
of 1,000 metres (equal to nearly 1,100 yards) gave a penetration of
feet into carth and 20 feet into sand. This is an interesting
ewult, us it was obtained at a range which’ might he used in action,

oceasions, a formnla for penetration into concrote has heen arriveq
s

at, which v fair vesults, It is p—

where P= depth

of penetration in feet, E=ene 'gy of shot on impact in foot-tons,
and D = calibre of shot in inches, In other words, the cubie contents
of the hole formed are assumed to vary as the energy expended,

This formula snits M., guns firing heavy Projectiles with a com.
paratively low velocity, and also the 12-inch B.L.; hut when applied
to the round from the 6-inch B.L. qun quoted above, the constang
3 is too high; 2 is suitable, There have been no experiments
with the S-inch, 9 -inch, or 10-inch B.L. guns, which would enablg
one to test the value of the constang for them.

From the effect of the round from a 38-ton gun fired at Shog.
buryness in 1877, it would appear that the constant for o Sranite.
faced wall should he 15 that is to say, that the penetration js
about half that into concerete ; and from an experiment with 5
12-inch B.L. gun in 1884 that it should he -] ; but the data are not
sufficient to found a layw upon.

It is to be borne in mind that this formula only applies when
the mass fired at has a vertical or nearly vertical face, and the
energy of the projectila is wholly devoted to Penetrating it If
formed with an inclined swrface the shot will he deflected on
striking it. 2

Penetration into Ewrth.—For determining the penetration into
earth we have the following experiments .

Shoehuryness in 1865.—At Shoeburyness in 1865 some shots were
fired into a butt of stiff marsh clay.

The 13-3-inch R.)LL. gnn ¢
of 36} feet; the m;

£4ve a mean penetration for 23 shots~
mum penetration was 50 feet,

A 922nch RM.L. gun gave a mean penctration for 43 shots of B L do not know the form of the butt. .
32 feet ; the maximum penetration being 40 feet, ocer of S0-fon Gun.—Some idea of the power of modern auns

be formed when we consider that the energy of the shot from
80-ton ROLL, gun, at a range of 2,000 yards, is just about
al to that of HMLS, Lupert ramming at a speed of 10 knots an

Wonlwich in 1880.—During the trials of the Zhunderer 12-inch
RDLL. gun at Woolwich in 1880, service shot were used, and the
amount of penetration into the butt noted. The maximum was
55 feet. The material of the butt was sand. This is the best
resisting material— a5 clay is the worst—so that the two sets
experiments can hardly he compared together,

Lrratic Course of Shat—T, is to be noted that the shot “'hn_
recovered were found pointing in all directions, and they had no
taken a straight conrse, hug were deflected np, down, and sideways
apparently in a very capricions manner, s

Ject of Heavy Shell—Of the effect of heavy shell fired 'fx'm_n
Ur-piercing guns against masonry we know little, but it is
ly certain, that if the shell have time to penetrate before
ding, the effect will be much greater than with solid shot. The
elay-nction fuze, one, that is, which will not ignite the
e until a certain time has elapsed after the shell has

o
s
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s will inerease the effeet, and so also will the use of high

Experiments quoted hy Hn:uml-ul Brialmont in /’ru'/irimlu;n I 1];:/;;::
Secs confirm the Ttalian results, in so far that 1?1e:x' show l].jl.\';] :c n;
back are not dangerous from the Ell'{)JOCLIIC.\" of hc!.{ rm!wb ni
. guns were tried on that occasion so Iu_rgc s 6 mchci. m «[a i lf:.ﬂin :
1 It should be noted that these experiments were carried ous agains

31, at Dungeness, some cast-iron common shell, loaded with
201-bs. of sunpowder, were fired from a 10-inch RALL g
AGUNSE  conerete mass,  Thejp mean penetration was § feet 9 incheg,
and the effoct cnormously destructive, forming large craters from
10 feet to 14 feot in diameter, starting and shaking the Materiy]
over great distances, and throwing down the concrete in masses,
Experiments ut Dungeness have shown that the effect of Rinch
shell against concrete and brickwork is Very great even when throwy
with a low vclm-itv\x This is an effect of burst, not of penetration,
Shell against Buarth—The magnitude of the effect of a shell againgg
earth, depends entirely on whether it explodes in contact with it or
not. TIf the slopes are flat, 5o that the projectile will glance hefors
hursting, very little will 1 ilt, whether it he charged with un-
powder or with g high explosive
A 6-inch common
as much as

5 ixed with stones. ~
‘ur’[t’ll:c"::]l;:::::tgf‘b;l? ;hells would he much inurc;_mcnl by []‘x>c })r:_:sfelncc
stones in the earth, or, in the winter, h?v lhe. frozen sur mhu.c >011‘ A“.
In the Manual of Siege and Garrison Artill ery it is s nzedl t‘ :; she ;
e liable to ricochet on striking earthwork at anales und et o ~»0£ !
275. It is therefore desirable to make the slopes of parados
tter than this.

Effect of Shrapnel.

Against open hatteries ships 1:3i:4ht [)l.)ssll)l}:
: “fire shrapnel with a view to silencing the guns. Ilhc uvlrcctl _431
- hrapnel shell is very great if burst at the right point : to do this,
aceuracy of aim. with a different .~Icr:muln_ to that
and a good time fuze, and the cuudmpns are
d to satisfy on board shi ne\'erthele_ss, its e;u'chiug effect, thet
‘area covered i))' the fragments, and the size [hu? some of t!wnflm:_‘
ave, combine to render shrapnel the most dl_rhuult pf'o]_etfnfe o
nard against in barbette emplacements. ) Jm[\", ng, hO“B\f’l. 1‘»‘”}
¢ results of experiments at [nchkeith in 1884, and it f;.rt a:g
il in 1885, the difficulty of using shrapnel on Ixou.rrl slnu) is ?lu’! -
ntly great to render the danger likelly to come from it ‘er.» 1;3(12
B0e in practice. [f it he wished to estimate the sc:n’chmg_f ec : i
mapnel, it will probably be sufficiently accurate to add 3° to the
¢ of descent of the shell,
Medium Guns on Board Sihi

“however, rec |uire

ell, hursting in o clay parapet, has removed
cubic yards at once, but ordinarily it woulq only
move 5 or 6 yards, 5
In 1881, two common shell, from a 10-inel RAML. gun witha
201-Ibs. burstine charge, ent through a 30-feet Parapet built of clay;
but three similay rounds against one builg in sand only 8ot half way
through. 5

The same result was obtained in 1885 gainst a clay Parapet with
4 9'2-inch BL, gun firing common (cast-iron) shell, Against a light |
loam parapet it diq not do so well as the 10-inch R.)LL, against
sand: but there wag 4 difference in the exterior slope (15° instead
of 45°) which is sufficient to aceonnt for it,

All ships, even ironclads, carrying

: & > o P 2 . b or s r guns, 6-inch and
Shell Bursting in Purados—Some eXperiments were carried on in VY guns, are provided with a number of »mallevdall;ls i
Italy, in 1831, to determine the effect of the shells from varions fGer, for fiving at unarmoured vessels or torpedo hoa S

guns bursting in an earthen parados.

It was found that where field guns only attack, no bursts hack
from parados need he feared.

That with medinm guns and howitzers up to § inches calibre, the
Davados should he constructed 60 yards haek from the line of
defence. . That vith heavier suns thiy distance should e 90 yards
The shells from the medium and heavy euns threw up a qllﬂmi‘;‘:
carth, and sometimes splinters and hases of sheils. o

When the shells hag pereussion fuzes, 2 feat of penetration before
bursting checked splinters, but earth was thrown up by shells with
time fuzes exploding at o depth of not more than 7 feet.

d certainly be used against batteries as Iu}xg as they could lu;
ed, which might not he long, for they ;u"ve 1'u no case mounted
thick armour, Against barbette batteries 1t.uflght i‘neexll:ectved
they would he very effective from the rapidity of their hx.‘e
ed with that of the heavy guns, but those used at Alexandria
to have produced but little effect.
® Would probably fire shrapnel or common shell, anr! the
ter of the results may be arrived at by observing the perform-
of similar muns ainst land works,
such as the 47-inch. would class with these guns.
“ns.—These are numerous in pattern ; they fire un
0
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- rifle eartridge, and when correetly laid are comparable j,
the cffeet they produce to a nmumber of men f < rapidly,
appears, however, hoth from the fighting at Alexandria, and from
the experiments at Inchkeith in 1884, and at Portland Bill
1885, that it is extremely diffienlt to dircet them. In all thes,
while the bullets fired were numbered in thousands, the }jy,
were only in tens or even in units. They are not, therefore, to b,
xeept: at very short ranges.

ing Guns.—These ave represented by the Nordenfelt ang
The smallest is the l-inch hore Nordenfelt. Tt can
teel plate at 200 yards range. The smallest size
13-inch hore, and fires a shell. The force of the
great to injure the fittings of gun-carriages,
ights and elevating aves, and possibly to burr up the metal
of the slides if they were to strikeit, so interfering with the running
up of the zun.

As to rapidity, the Novdenfelt 4-harrel will give 100 aimed shot
per minute ; the Hotchkiss about 30.

As to acenracy, it is considered that experiments have shown that
the attack of torpedo boats during day time in the open sea is rendered
perfectly impossible by the use of these zuns, and no doubt the
number of hits to be obtained from them at ranges under 1,000
yards is considerable. A torpedo boat is a small thing to bit s
second one heing only three feet out of water, with 7ft. 6in
beam ; when this can be constantly struck while in motion it might
De thought that forts would get many bullets in the ports and about
the guns, but experience up to the preseut seems to show that for
chances of hitting them they rank with machine guns. -

The effect of the Hotchkiss shells against men has been shown to
e considerable in actual warfare.

The largest of the smaller class of Q.F. gun is the 6-pounder,
which is capable of penetrating inches of mild steel at
muzzle. The 3-pounder ().T. is also extensively used. They
both fire twelve rounds a minute. As to accuracy, the 6

infant

%

made very good practice at Inchkeith, where at 1,000 yards the® -

shells out of five hit a 10-inch gun which was being fired at.
showed what the weapon is capable of in skilful hands ; but there®
no reason to suppose that it would generally be more effective tha
others of its class.

[n addition to all these the crews of ships, of course, BAf:

rifles.

the
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4—SHIPS AND GUNSs.
g A list of the war ships of the world, 3
their dimensions and armament and ot her particulars, together with
drawings of many of them, is to be found in the Nuval Anuval, by
W pord Br ', & work which has redeemed the English nation from
& the reproach which formeriy rested on it that it had no list of war
hips comparable to that of the French and Austrians. The Austrian
farine Almanac and the French Carnet de UOfficier de Marine ave
onvenient little hooks and are handy, one of the few laudatory
jectives that cannov be applied to the Naval Annual,
E Classifiration of Ships of Wur.—Ships of war may be classified for
ar purposes in the following manner:—  *
3 First elass armoured ships.
Second elass armoured ships.
Protected and unarmoured shi ps.
The first class ships may be taken as those with a ma
nour of not less than eight inches ; the second class ships
b a less thickness of maximum armour ; while the protected ships
those with armoured decks only.
& In order to penetrate the armour of the first class ships at long
ges for this kind of work, namely 3,000 yards, the heavier

es of cun must he used. For the second class, the smaller
our piercing guns, such as the 6-inch B.L. and the 9-inch and
inch RM.L, are in most cases sufficient ; while the unarmonred
s can be penetrated by anything. The protected ships are
nerable above the water line, equally with the unarmoured.

armour-plating is taken into account in

uly the thickness of the
ch. cation, as most of the qualities which give a ship value
fighting at < sainst other vessels are of no assistance to her
a battery.  Speed is of no account except for running
¥ i handiness may be of some service in confined waters,
Mt will not render the task of the hattery more difficult ; steadiness
torm will be of some avail, but not much, as the fighting will
RO Miely be in sheltered waters. Gun power is a matter of jm-
2% but the power lies more in the accuracy with which the
iles are divected than merely in their size. A 6-inch shell
o ag mych harm inside a gun emplacement as a 16-inch.
ght of “water is of importance in many cases, though it will not
8 a basis for ¢y, ification.  Most armoureclads are large ves-
t could not venture into water less than five fathoms deep,
re are & number of tirres ships, such as the French Tempete

02
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class, and the Russian, Dutch and American monitors, drawing Jog
than 18 feet; there are o powerfnl turret, ships belonging 4,
Brazil which draw less than 12 feet, and the French have laid dowy
some armoured gunbonts of about the same draught.

What, however, has to he taken into careful con ideration, is the
arrangement of the armour on the ve Is, and in this the older i
differ materially from those of more recent construction.  In thy
earlier days of armoured ship building there was an attempt to pry.
tect the men and guns from heavy shells as well as to safeguard the
tlotation and machinery, Latterly, owing to the many demandy
made for efficiency in other directions, this has heen given up;
methods of mounting guns have come in which are incompatible wigh
it, and as a consequence in most modern ships the heavy guns soms.
timies, and almost always the lighter ones, can he struck by the
lightest shell.

Now, a ship whose guns have been silonced can do no harm to 3
battery, and consequently, as u rule, it is sutfieient to provide gp
armament for the latter that can deal with the artillery of any ship
that is likely to attack i, The exception would he in the defence
of a channel when a ; iip might try to run by, and it would be
necessary to injure her motive power ; but this wonld he bess done
with submarine mines or locomotive torpedoes,

Modes of Monnting Nuval Guns, A Dbrief account of the varions
ways of mounting guns on board hip will plainly be of service in
deciding on the natures of the ordnance to be nsed in the coast
battevies. In the earlier ships, guns of what would now be considersd
moderate armour-piercing power are monnted behind thin plating on
the broadside. These were succeeded by thin turrets, and these two
types have hoth been developed into similar forms with' much
heavier gnus and thicker armour, the turres ship ittaining a more
advanced stage than the broadside on account of the facilities it
offered for working very heayv artillery.  Both types are inciuded
in both classes of armonred ships, the hroadside vessels being repre:
sented by the Dévastation and her sisters in the French navy,
the turret ships Deing numerous everywhere. These earlier shipé
did not carry many light guns, £

Brccchlumling rendered possible severa] new forms, some of which
had long heen in nse in other navies than our own. They my“ 4
he ineluded nnder the torm “barbette,” hug give varying :unnun!l"
protection.  They agree, however, in the one point that the g
almost or quite exposed at the moment of firing.

Some barbettes are similar to those we are :mcust'ofned to on land,

being protected up to a certain level by a parapet of ivon, and ‘licmg.
,Pm\-n(ed with a light steel shield, or hLood, proof igainst the m‘e of
small machine guns and shrapnel bullets. Loading is sometimes
" done with the breech end of the gun |lel}rcbs?ll. ) =

In some cases the gun disappears for loading, as in the .\[ulwncﬁ
system.  The Russians have udopted this method with the 50-ton
uns of the 7'chesmé class. )
.~ In the Collingwood mounting, as it is cullcxl. in England, the
lide is pivoted horizontally on its front end, and i suppor}tcd at the
her end by a powerful hydraulic ram. By means of this r:u-fx_the
gun, together with the slide, is lowered into the loading position,
Swhich is that of the gun at extreme elevation, and in the same way
tis given the necessavy elevation for firing, '\“, thc‘ operations of
%‘hlinu are performed by hydraulics. Protection is siven by a

“Borizontal steel deck through a slot in which the gun works, revol-
2 ving within a fixed armoured wall, Security, equal to that frorp a
turret, is given by this method to the detachment, and to everything
ept the gun itself. o
‘The smaller B.L. guns are mounted either on the broadside, in
h case they fire throngh ports in thin steel plates : or on the
deck with central pivots, in which case the slide carries a light
shield for protection from frontal fire. The Q.I. guns are
ged in a similar manner.
It is to be noted that the thickest protection is in all cases
erved for the water-line, and is not given to the guns.
the first introduction of armour plating the great object in
Was to keep out the shells which had.wrought such havoc in
Turkish ships at Sinope. Apparently the fear of them gradually
ished until the use of high explosives has revived it again,
re consequently signs of an increase in the amount of thin
to be used about the guns.  This is not likely to exceed six
in thickness, on account of the weight involved, which is
utly required for so many other things ; but it i well to look
to this amount, being carried in the battle shi