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Abstract

This paper examines revetting materials, revetments,
embrasure shapes and construction of embrasures in
earthen parapets during the period 1820 to 1865. The
purpose is to provide background material and to
recommend a shape, revetting materials and construction
technique for embrasures in the Halifax Citadel. An
extensive bibliography on fortification technology

is included.



Introduction

A fortification, amongst other thinags, provides protection
against projectile weapons and at the same time provides a
place on which to mount and use projectile weapons to best
advantage against an attacking party. Protection from
enemy fire is obtained by constructing a screen, parapet or
breastwork which is capable of absorbing the effects of
enemy artillery. To provide the best protection the wall
should be thick and unbroken. To be able to bring artillery
to bear on the attackers, it must be mounted so that its
lateral and frontal view is unimpaired at all times. These
two objectives of protection,with offensive capabilities,
are not completely compatible. Opening up the parapet to
fire a gun through it weakens the protection. KXeeping a
strong unbroken parapet provides good protection but little
offensive firepower.

An embrasure is the compromise. It is designed in such
a way as to give a piece of ordnance maximum coverage of the
surrounding area. The parapet,not weakened significantly,
still provides protection to gunners and infantrvmen from
enemy fire. Design of the embrasure must take into account
construction material (generally earth because of its
availability and absorbing capacity), problems caused by the
smoke, fire and explosive effects of firing ordnance in close
proximity to the parapet, individual design characteristics
of different types of artillery, intended use and so on.
Each of these factors affects the construction and shape of
the embrasure.

This report will examine embrasures as an element
of fortification during the period from 1820 to 1865. The
specific areas of interest will be construction materials and

shape.



An effective embrasure in an earthen parapet uses
revetting materials to hold earth at steep slopes which
would otherwise be impossible. The first section of the
report will examine revetting materials used in both parapets
and embrasures. The construction of revetments using
different revetting materials will be studied in the following
chapter. Little attempt has been made to separate parapets
and embrasures because not only are they inseparable as
elements of fortifications but the materials and ways of
using the materials in embrasures and parapets are almost
identical.

The third section concerns itself primarily with
embrasure shape not taking into account the construction or
materials used. The fourth section takes into account various
revetting materials and method of construction specifically
for embrasures.

The objective of this study is not only to provide back-
ground information for the reconstruction of gun embrasures
but to recommend a shape, method of construction and construction
materials for embrasures in the Halifax Citadel National Historic
Park. This recommendation will be the fifth section.

Most of the information gathered for this study came from
libraries in Toronto, Ottawa and Xingston. A standard bibliography
with locations (where applicable) is included. 2Also included
is a bibliography arranged chronologically. 1In this way an
assessment can be made quickly about the material available
for a very specific time period.

Most of the information came from secondary sources although
three manuscript workbooks, compiled by Royal Military Academy
students, were used.

As assumption might initially be made that textbooks on

construction of permanent fortifications would be of use. This,



however, proved to be false and instead texts on field
fortifications or fortifications in general were of much
more value. The reason for this should be examined
briefly.

Permanent fortifications are usually large and
domineering, giving strength to the defence of important
cities, dockyards and other strategic areas. They are
arranged so as to provide cover to or even surround the key
areas. In laying out a permanent fortification considerations
such as construction of scarps, provision of flanking fire,
construction of ramparts etc. are important. Permanent
fortifications are usually constructed when the country is
not at war so there is plenty of time, labour and often
materials to build the strongest of fortifications.

Field fortifications, on the other hand, are usually
intended to be used only for short periods of time. They are
built quickly and often in the presence of the enemy. The
principal concern is with the provision of effective cover
as quickly as possible.

The books on permanent and field fortifications reflect
these differences. Texts about permanent fortifications are
concerned with command, trace, relief, methods of constructing
bastions, scarp, outworks etc. Field fortification texts
are interested in ditch and parapet construction, revetments
and embrasures, obstacles such as fraises, abattis, fougass etc.

The information for this paper, dealing with revettina
materials, revetments and embrasures, is drawn mainly from
texts about field fortifications and engineering. It is
applied, though, to a permanent fortification. This was
surely the intent of writers on the subject but only a few
state it explicitly. The rest probably take it for granted
that the reader knows that the elements of field fortification
can be applied to permanent fortification and vice versa. In
discussing such topics as extremities of traverses, interior

and exterior sloves of parapets and cheeks of embrasures,



Straith states:
It is therefore customary in permanent
works to make use of the description of
revétements common in field works, for
supporting the parts first spoken of,...
these temporary revétements are of turf,
gabions, fascines, and sand—ba_qs.l

In Elementary Principles of Fortification which examines

both permanent and field works, Hydestates2 that the interior

slopes of parapets of all works are revetted with fascines,
gabions, hurdles, sods, sandbags and timber.

Mahan states that the parts of the profile of
permanent works serve the same function as corresponding parts
in field works. The main difference between the two is the
rampart which gives the parapet in a permanent fortification
a superior position. "The dimensions of the parapet are the
same as those for the profile of field works of the strongest
class."3

The revetting materials, the necessity for revetments and
the principles on which embrasure shape is based are
fundamental to both permanent and field fortifications.
Whether by tradition or because the information is more
critical to one branch than another, texts on field works are
more illuminating. With few exceptions the information is
directly transferable. The reader will see, however, that
relating elements of field fortifications to permanent
structures is not without its problems.

A series of illustrations has been extracted from various
texts to assist in the explanation. A glossary of special
terms mentioned in the study has been included. It is unlikely

to be needed as most terms are defined within the study.



Revetting Materials

A mass of earth will normally stand without aid only when its
base is equal to the height to which it is piled. For a
parapet to be useful for protecting artillery and providing
cover for infantry fire it must be revetted. The revetting
materials which have been used are many and varied, and include
fascines, gabions, sods, sandbags, masonry, hurdles, planks
and casks. While masonry is a common revetting material in
areas upon which artillery cannot be brought to bear it is
rarely used in embrasures and parapets because of the splintering
problem. The most common revetting materials for parapets are
fascines, gabions, sods and sandbags.

Despite Sir John Jones's warning:

no general rule for the size of materials and

implements can be laid down: but in arranging

dimensions of fascines, gabions, splinter

proofs, &c., for any service, it behoves a

British officer to consider well the nature of

the trees and shrubs to be found in the

country where the army may be acting; or,

otherwise following the rules taught in books,

he will find himself occasionally in a sad

dilemma.l
It is the intent of this chapter to lay down the general
manner of constructing revetting materials, the tools and

equipment used and the men required.

Brushwood
Although brushwood in its simplest form is not a revetting

material, it is fundamental to gabions, fascines, hurdles



and pickets. For this reason it will be discussed separately
and first.

Brushwood is best cut when there are no leaves. This
saves stripping the rods before they're used in gabions and
fascines. Hardwoods are less likely to decay and hence
preferred over softwoods. They usually require from 6 to 12
years growth although willow grows much more quickly and
reaches the proper size in about half the time. Trees which
provide the best rods and pickets are willow, alder, ash,
Spanish chestnut and hazel. Willow is the most versatile and
is suitable for everything except pickets. Ash is most
suitable for that. Branches can be used in lieu of brushwood
but the work required to make them useful is tedious.

Rods should be pliable and as straight as possible, about
10 ft. to 15 ft. in length and 1.75 in. (1.5 in. to 2 in.)
in diameter.

For cutting brushwood, "no tool is so efficient as the
bill-hook..... "2 Pasley mentions the relative inefficiency of
the two-edged billhook which was used as both a hand hatchet
and billhook.

Recently [written in 1842] this complex and

less efficient instrument has been abolished,

and a bill-hook of the Kentish pattern, a

large curved knife, with the edge on the

concave side, has been adopted, in lieu of

it.3
A topping axe4 may be better for larger poles or trees. Some
way of sharpening the billhooks and axes - "a grindstone or

rubstones and ragstones, or whetstones"5 is needed. Figures 1
and 2 show the billhook and grindstones. The form of the
"topping axe" is not known.

Brushwood is usually cut with a back-handed upward motion.
This appears to be the accepted way6 but only Pasley explains

the reason.



In all cases it is desirable to give the stub

a slope, ridge, or point, to throw off rain

water; and great care should be taken not to

split it, which by causing moisture to lodge

in it, will rot it, and prevent a succession

of brushwood from growing on the same ground?
The brushwood is tied up in bundles of 20 to 40 rods, which
usually weigh about 40 pounds - no more than one man can

carry.

Fascines
Fascines are strong, close, regular, faggots,8
carefully and compactly made, generally of
green brushwood. They should be straight,
cylindrical and pliant; bound round with
good thick, unbroken gads or withes, of pliant
wood, at equal distances, the knots well tied,
and all in one line; no variation in girth
exceeding 1 inch to be allowed.9
Depending on the requirements fascines were made in various
sizes. There was less standardization before 1820, the
dimensions of a fascine varying fromas small as 6 ft. in
lengthlO to as large as 12 in. in diameter.ll By 1823 the
fascine (also called a saucisson) used for revetting
batteries appears standard at 18 ft. long and 9 in. in diameter.
It weighed about 140 pounds. If shorter lengths were required

they were cut. See Figure 3.

Tools and Equipment
Several explanations of the contruction of fascines lists the
tools and equipment required. Pasley's list12 is probably the

most complete -



5 Pairs of stakes, for trestles, or more if
the brushwood be bad.

Lashings, or withes for ditto.

Fascine choker.

Maul.

Hand-saw. ) At the rate of 1 cutting tool
Bill-hooks. ) per man.

Gabion knives.
Fid of hard wood.

Six feet rod.

H o N W H O

Gage (sic) for the bands.

For several Sqguads

1l Grindstone, or several rubstones.

Ragstones, or whetstones.

Another listl3 is almost identical but without the fid. See
Figures 1 and 2 for diagrams of the handsaw, maul, billhook
and gabion knife. The common handsaw is convenient but the
teeth are usually too coarse for sawing brushwood. The length
of the rod is not important. It is used primarily to lay out
the trestles. A rod of known length made of brushwood can be
substituted. The fid should be made of hardwood, 9 in. long,
1.0 in. diameter and pointed. The guage can be cut out of
brushwood. Its length depends on the distance between the withes
(twisted rods binding the facine).

To make an' 18 ft. fascine there are normally 5 trestles
placed approximately 4 ft. apart. More trestles are needed if
the brushwood is bad. The stakes for the trestles should be
6.5 ft. long ( not less than 6 ft.) by 4 in. if sawn timber is
available, or 2.5 in. to 3 in. if stakes are used. The stakes
are driven into the ground so that they cross (either at right
angles or with a St. Andrew's cross) 2.5 ft. above the ground
with 2 ft. of each stake projecting beyond the cross. See
Figures 4 and 5.

The stakes are secured in various ways. If scantling is
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used, a wooden pin, 1 in. diameter, driven at the centre of
the cross, 2 ft. from the top will secure the trestle. The
pin should not project more than 2 in. The trestles can
also be secured by a 6 ft. lashing using spun yarn, tarred
line or a withe if necessary. See Figure 6. Although the
wooden pin is obviously more secure and permanent, the lashing
has the advantage of filling the angle and giving the fascine
a better shape.

To make the cradle, two trestles are fixed 16 ft. apart.
The others are spaced evenly between. It is important that
they be level. This can be done by eye or by using a line
if it's available.

A fascine choker consists of 2 wooden levers either
round or oval, 1.75 in. to 2 in. in diameter, about 4 ft. long.
A chain 4 ft. long is secured 18 in. from the end of the lever
using an iron socket. Two rings or marks are placed 14.14
in. on either side of the centre of the chain. This is the

most common type of choker. See Figures 3, 5 and 7. Another

is described by Macaulay14 but it is much cruder and more
difficult to use. A substitute choker can always be made in

the field using a rope and 2 stout stakes.

Construction

In order to make a fascine it is necessary to prepare withes
or gads which are used to bind the brushwood together. Rods
used for withes should be straight, over 5 ft. long, not

less in diameter than the size of the little finger (0.375 in.)
and not greater than the thumb (0.875 in.). All small branches
are removed leaving a slight stump so that the withe will

not break at that point when it's twisted and knotted. The
thick end of the rod is held under the foot while the thin

end is twisted until all the fibres are broken. Care should
be taken so that kinks are not created. Pasley noted that

"it has been recommended to heat green withes over a fire,

before twisting them."15
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Once the rod is well twisted a loop 9 in. long is made
at the thin end using a half hitch. The loop is given a twist
to form the eye. See Figure 5. The diameter at the eye
should not be less than 0.5 in. The thick end of the rod is
pointed. The finished length should be about 4 ft. Rods
which are too dry should not be used for withes.

To make a fascine, straight branches and rods are laid
in the cradle so that the ends project about 18 in. beyond
the extreme trestles. This distance varies with each writer
as does the position of the withe from the end and the distance
between withes when binding. There seems to be no reason for
adopting one set of measurements over another. See Table 1.
The brushwood should be laid so that the butts and tips
alternate. The larger straighter rods should be placed on the
outside if possible with the smaller inferior ones in the
middle. Straight and flexible branches may be laid in along
with their stems. They should be cut half way through so
that they don't create a crook. Crooked branches should also
be cut halfway through. The diameter is checked with the
choker and material is added or removed until the required
diameter is obtained.

Two men are needed to operate the choker. The chain is
centred under the fascine with the long parts of the levers to
the outside. The levers are passed over the brushwood and
exchanged with the short ends down. Men on either side press
down on the long ends until the rings are brought together.
See Figures 3 and 8.

The first withe is applied about 6 in. beyond the extreme
trestle. Successive withes are applied regularly at intervals
of 15.5 in. to 18 in. using the guage. See Table 1. Smaller
intervals between withes may be used if the material is poor.

The method of tying the withes may be slightly confusing.
The withe is put under the fascine and the ends are brought

up, the point being passed through the eye. This butt end
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after being passed through the eye is pulled tightly and
twisted around itself. Pasley gives a detailed description
of this part of the procedure:
In binding the fascine, two men assist,
standing on opposite sides. They pass the
withe under the brushwood, then bring the
ends together above it, énd pass the big
end of the rod through the eye. One man
sets his foot upon the eye, and forces it
home, it being at this time some inches
lower than the top of the fascine. At the
same time he hauls upon the end of the
rod, turning it with his hands, until the
part within the eye is more completely
twisted, but, of course, in the same
direction of the fibres as before. He then
hands over the end of the rod thus twisted
to his comrade, who bends it back, so as to
form a new loop engaged within the former,
like two links of a chain, after which he
( the second man) passes the end of the rod
from left to right, under the standing
part on his own side, over it again, and
then under it a second time; whilst " the
first man assists with the fid, in
disengaging the standing part, which, at this
time is, of course, jammed close to the body
of the fascine. After the second turn, the
superfluous part of the rod is cut off: and
then the two ends appear exactly alike,
excepting that the thicker part has not got
a half hitch at the extremity of it, like the
other part.l6
Figure 5 shows the finished knot. The knots should all be

tied on the same side.






