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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.
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Introduction

A fortification, amongst other things, 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. Keeping 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 infantrymen 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. ^he
specific areas of interest will be construction materials and
shape.
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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 background 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 Kingston. A standard bibliography
with locations (where applicable) is included. Also included
is a bibliography arranged chronologically. In 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,
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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 revetting
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 slopes of parapets and cheeks of embrasures,
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Straith states:
It is therefore customary in permanent
works to make use of the description of
revêtements common in field works, for
supporting the parts first spoken of,..,
these temporary revêtements are of turf,
gabions, fascines, and sand-bags.
In Elementary Principles of Fortification which examines
2
both permanent and field works, Hyde states 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
3
class."
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.
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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
di1emma.
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
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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
2
bill-hook
"
Pasley mentions the relative inefficiency of
the two-edged billhook which was used as both a hand hatchet
and billhook.
Recently [written in 18423 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
.,3
it.
4
A topping axe may be better for larger poles or trees. Some
way of sharpening the billhooks and axes - "a grindstone or
rubstones and ragstones, or whetstones" 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 way but only Pasley explains
the reason.
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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
7
of brushwood from growing on the same ground.
The brushwood is tied up in bundles of 20 to 40 rods, which
usually weigh about 4 0 pounds - no more than one man can
carry.

Fascines
p
Fascines are strong, close, regular, faggots,
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
q
exceeding 1 inch to be allowed.
Depending on the requirements fascines were made in various
sizes. There was less standardization before 1820, the
dimensions of a fascine varying from as small as 6 ft. in
length
to as large as 12 in. in diameter.
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 14 0 pounds. If shorter lengths were required
they were cut. See Figure 3.

Tools and Equipment
Several explanations of the contruction of fascines lists the
12
tools and equipment required. Pasley's list
is probably the
most complete -
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5 Pairs of stakes, for trestles, or more if
the brushwood be bad.
5 Lashings, or withes for ditto.
1 Fascine choker.
1 Maul.
1 Hand-saw.
) _. ..
,
,.n
...
,
At the rate of 1 cutting tool
3 Bill-hooks.
) per man.
2 Gabion knives.
1 Fid of hard wood.
1 Six feet rod.
1 Gage (sic) for the bands.
For several Squads
1 Grindstone, or several rubstones.
Ragstones, or whetstones.
Another list 13 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, 1.7 5 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
14
is described by Macaulay
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 twistina 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
trestle. Successive withes are
of 15.5 in. to 18 in. using the
intervals between withes may be

about 6
applied
guage.
used if

in. beyond the extreme
regularly at intervals
See Table 1. Smaller
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, and 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
4-

1 6

other part.
Figure 5 shows the finished knot.
tied on the same side.

The knots should all be
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The Aide-Memoire suggests that a better method is to pass
the thick end (which has been well twisted) around the eye
rather than through it and double it under as before. 17
Pasley disputes this stating that tests have shown the turn
round the eye to be the weakest part. 18
Spun yarn (possibly tarred) iron wire or hoop iron bands
can be substituted for withes. Yarn should be in lengths
of 6 ft. so that it can be passed twice around before being
19
tied in a reef knot.
If wire is used it too should be
passed twice around, the ends twisted together and pushed under
one of the fascine rods. No. 14 guage wire is best. 20
Once the binding is completed the rough ends are sawn
off. The rods should be laid so that little is required to be
cut off. Any part of the fascine which is not circular can
be beaten with a picket which will normally give it a circular
form as the rods adjust.
A working party for constructing fascines is 5 men.
One man selects and prepares the withes. Two men are needed
for choking and two for binding.

Pickets
There are two kinds of pickets - tracing and fascine. The
concern in this study is with fascine pickets which are used
to fasten the fascine into the earth as well as to other
fascines in building the revetment. They are normally 3.5 ft.
to 4 ft. long and 1.5 in. in diameter. Rods can be split if
necessary. The top or thick end is cut with a triangular
shape but an obtuse point. It is less likely than a plane
surface to split when it is being hammered. The thin end
should be sharpened with a triangular point so that it can
easily penetrate the fascine and earth. Once cut the pickets
are made up into bundles of 2 5 and tied with a couple of
withes or pieces of spun yarn. A bundle weighs about 25 pounds

14

depending on the type of wood and whether it is dry. The
only tools required for a man to prepare pickets are a
billhook and a chopping block. One man can cut a bundle in
an hour.

Brushwood Gabions
Gabions (see Figure 9) are hollow cylinders, open at the top
and bottom. They are usually made of brushwood using basketwork
techniques but occasionally they are constructed of hoop or
sheet iron or some other material. When filled with earth
they make a good revetment. Again as with fascines the size
varies. The usual dimensions are 2 ft. outside diameter, 2.7 5
ft. height in the web and 3 ft. overall. See Table 2.

Tools and Equipment
21
Pasley
seems to have the most complete list of tools for a
squad making gabions :
1 Bill hook.
2 Gabion knives.
1 Four feet Rod, or 3 sticks cut as guages,
1 for the height, and 1 for the diameter of
the proposed gabion, and 1 for the length
of the pickets.
1 Chopping block, or stake.
1 Piece of line, about three feet long.
The following tools are useful when heavy
gabions are to be made, otherwise they may
be disposed with:
1 Hand saw.*
1 Mallet.
* Even in making heavy gabions, the hand saw
may be dispensed with, if the men are expert
at the bill-hook.
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In addition some implements for sharpening the tools are
needed.
The chopping block should be secured on the site where
it's needed. The piece of line is used with some pickets to
trace the circumference of the gabion on the ground.
Alternatively, a wooden bottom can be used. The wooden bottom
consists of a circle like the head of a cask with holes cut
out around the circumference for placing the pickets. See
22
Figure 10. It supposedly saves time with inexperienced men.
Some entrenching tools will be needed in order to level the
ground and to loosen the soil for planting the pickets. See
Figures 1 and 2 for entrenching tools.

Construction
A circle is traced on the ground with a piece of string and
two short pickets. The length of the string depends upon the
desired diameter. For the sake of an example make it 10.5
in. which should result in an outside diameter of 24 in. The
circumference is divided into an equal number of parts depending
on the size of the brushwood to be used for the pickets. In
general 10 to 14 pickets, 0.5 in. to 1.0 in. in diameter are
used. See Table 2. The pickets 3.7 5 ft. in length are
driven in so that they are touching the circumference. Small
pickets cannot always be driven in so it may be necessary to
prepare holes for them or to loosen the ground and remove
stones. If several pickets are larger than the others they
should be placed equidistant around the circumference. The
pickets are placed so that the large and small ends (butts
and tips) alternate.
The size of the rods for the web will depend upon the
size of the pickets or stakes. If the pickets average about
0.7 5 in. diameter, the rods should be 0.5 in.or 0.625 in. and
never larger than the pickets. See Table 2. If the rods have
been cut some time prior to being used, they should be put in
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water to make them more flexible. If they are too large,
they may be split in two. The bark is kept to the outside
in the web.
In constructing a gabion several kinds of basketwork
could be used. The best is waling (see Figures 9, 11 and
12) in which a braid or plait is formed with more than 2 rods,
usually three. Pairing,(see Figures 11 and 12) working with
2 rods, is used in some cases. In pairing,
the two rods are separated by one picket.
That,which is to the rear, is passed
over the other rod, round one picket, and
within the next. The second row, which is
now to the rear, is passed over the first
rod, and also round one picket, and within
the next.
Thus the two rods cross each other
alternately, over and under... 23
Waling is a similar basketmaking process but more than
2 rods are used. Waling with 3 rods is most common in gabions.
In waling with three rods, they are first
placed with the butts inwards, and tips
outwards, each being separated by one
picket.... Then the first rod, which is
to the rear, is passed over the other two
rods, round two pickets and within one.
The third rod is next treated in the same
manner. Hence each rod will alternately
come to the front in its turn, and they
will always be separated from each other
by one picket ... and thus in winding
spirally round the pickets, the rods will
be braided into the form of a three
stranded rope.
When a rod comes to an end and a new one must be worked
in, the two should be laid together and worked as a single rod

17

for a short distance. Rods both start and end on the inside
of the gabion.
The best technique for strength is waling, but if the
rods are large, pairing is allowed, but only on the body.25
The top and bottom should be done with waling. It should not
be done with thin short rods because of the problem of them
falling off. While constructing the web the rods must be
forced down with the hand or foot or by using a heavy rod.
The diameter must be preserved throughout. This can be done
by cutting guages which are forced against opposite pairs of
pickets in the finished part.
2 fi
At least two writers
suggest using a directing circle
which consists of
two hoops kept apart by bits of wood, to which
both hoops are secured with pack-thread.... The
diameter of the hoops must be such as to
permit of the pickets for the gabion being
driven between the exterior of the one and
27
the interior of the other.
After the pickets are fixed, the directing circle is raised to
the middle. The web is made above the circle; the pickets
are pulled from the ground; the circle is removed and the
gabion is completed. It is assumed that with this method there
will be less flex in the pickets and hence less variability
in the circumference.
Finishing off the gabion at top and bottom is imoortant
in keeping it together. One method involves putting on two
withes at the end for additional strength. These two withes,
called pairing rods, are well twisted. They pass alternately
over and under, inside and out (as described before) until
the circle is complete. They are then secured to the web on
either side of the first picket beyond where the pairing began.
The gabion is pulled from the ground and a similar procedure
is followed on the other end. 28 Pasley sees the use of withes
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in making gabions "not absolutely necessary". 29
The normal method of finishing the gabion (with or
without the pairing rods mentioned above) is with withes which
sew down the web at each end. The withes are applied in 4
places preferably so as to secure the ends of the rods last
applied.
The Centre of the withe being laid over the top
of the web, the ends are passed through it on
contrary directions, a few inches from the top;
near to each other, but not between the same
two rods. Two men haul upon them, till they
are quite taught. They then pass them again
through the web, a few inches lower down, in
contrary directions, and haul taught a second
time; and thus they proceed by double stitches,
as they may be called, like those of Shoemakers,
until the ends of the withe arrive at the middle
of the web. The Gabion being thus secured by
four withes from the top downwards, disposed at
equal distances apart, it is pulled out of the
ground, and turned upside down; and an equal
number of withes is used, to bind the remaining
part of the web, in the same manner, so that the
two sets of withes used shall meet or cross each
other, about the center of the Gabion. The ends
must be neatly secured but in what manner is of
little consequence. The stitches should be
rather close, but not so as to embrace fewer
than two spirals, of the original waling of the
. 30
web.
Before the gabion is turned over the ends of the pickets are
cut off to about an inch in length, leaving the length of the
pickets, 3 ft. This is usually done with a handsaw but
it can be done by a skilled worker with a billhook and a
picket used as a movable chopping block.
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A working party is normally composed of 3 men. One man
prepares the pickets, rods and withes, one man holds the
pickets and the third one does the waling. The length of time
to make a gabion increases in proportion to the number of
pickets.

Other Gabions
In the 1860s (probably arising out of the Crimean War) there
appeared a number of gabions made of material other than
brushwood. In one form or another they all utilized iron.
Sergeant-Major John Jones's iron band gabion 31 (See
Figure 12) is made of 10 bands of galvanized iron, 6.5 ft.
long and 3.25 in. broad, No. 20 guage. Each band has 2
buttons at one end and 2 slots at the other. Ten or twelve
pickets, usually deal, 3 ft. by 1.5 in. by about 0.625 in.
are required. A buttoned hoop is placed on the ground. The
pickets are driven around it at equal intervals alternating
inside and out. Another hoop is placed opposite to the first
and forced down to centre. A third hoop is placed at the top,
the second is pushed down on-the first then the third on top
of the second. The balance of the hoops are added. Two men
can make a gabion in this way in 5 minutes.
Captain Tyler's sheet iron gabion is made of a single
sheet of galvanized iron, 6 feet 2 inches long (to make a
32
gabion 2 feet in diameter) and 3 feet high. It is joined by
3 pieces of wire. It can be made by 2 men in about 10
minutes.
A galvanized iron wire net has been proposed by Captain
33
P.G.L. Smith. The wire net would be 6 feet 3 inches in length
and joined at 6 places.
Hoop iron gabions were constructed at Sebastopol using
the iron bands which had been securing bales of clothing and
other supplies.
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The iron gabions cannot be used in areas which are
exposed to direct fire, such as the cheeks of embrasures,
because of the problem of splintering. They are generally
superior otherwise. They are lighter, quickly made, last
longer and can be repaired more easily, especially Jones's
gabion. Apart from the problem of splintering, the other
disadvantage is the material for the gabions must be
transported, whereas the brushwood occurs almost universally,

Sods
Sods, almost universally available, come in a variety of sizes.
See Table 3. If any one size predominates it is 12 in. by
12 in. The proportion of 2 to 1 (length to width) is also
common. Thickness varies from 2.5 in. to 10 in. but 3 in.
to 6 in. is "average." Size appears to be a relatively
unimportant consideration. Straith states that the "size of
35
the sod depends upon the nature of the soil and the grass"
and gives two sizes depending on the ground cover - meadows
or heath.
The ground from which sods are obtained should be "well
provided with grass, previously mown, and, if possible,
watered so that the earth may more firmly adhere to the roots
of the grass...."
Pasley describes the procedure for cutting the sods:
In cutting sods gardeners are generally
provided with two tools, one a very small
sharp instrument, in the shape of a semicircle or crescent, with a handle like that
of a spade, and worked by the foot, for
cutting vertical lines on the grass, about 3
inches deep to mark the length and width
of the sods; the other a sharp and rather
pointed sod spade, about 8 or 9 inches wide,
with a long handle, and a cross bar at the
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end of it, by means of which it is pushed
forward horizontally beneath the surface,
without much stooping, and cuts and turns
over the sod, in an easy and convenient
37
manner.
Recognizing that in the field, access to the special tools
for cutting sod is not likely, Pasley recommends the "common
38
spade ground sharp"
as a substitute for both. Macaulay
suggests that the tracing to mark the dimensions of the sods
might be done by "a small description of a plough drawn by
five or six men..." 39
Information about packing, transportation, life span etc
of the sods is not given.

Sandbags
Sandbags are made of coarse canvas usually tarred for field
service so they won't rot as quickly. Table 4 shows a
remarkable uniformity in dimensions. The bag could hold a
bushel (nearly a cubic foot) but in the way they are filled
normally holds little more than half a cubic foot (54 cu.ft.
per 100 bags).
Sandbags are used extensively in siege operations (both
attack and defence) and also in fieldworks. Little use of
them is made in permanent fortifications because of their
perishability.
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Revetments

The two most important places in which revetting materials
are used are the interior slope of the parapet and the cheeks
of the embrasure. Pasley states that these two places are
"the only parts of the work that absolutely require it."
Revetting the parapet makes it possible for infantrymen to
fire conveniently over it and for guns to be run easily into
the embrasures.
2
A limited argument is put forward by de Martemont and
Straith that the revetment for the interior slope should not
be formed until there is some indication that the place is
about to be attacked. In this case the parapet is then
supported by a slope running from the superior crest to the
terreplein where the slope of the banquette would normally
4
terminate. Straith advocates that the only embrasures which
need to be formed are those for the defence of ditches. Whether
this suggestion was followed and to what extent it prevailed
is unknown.

Construction
The construction techniques for each of the revetting materials
will be explained separately. The method of revetting the
embrasures is similar in many ways to revetting the other
slopes. Because of the importance of embrasure revetments
in this study, however, they will be discussed separately.
In general, the earth for the parapet is shovelled into place
as each successive course of the revetting material is
placed in position.

One of the important jobs which needs
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to be done well is the ramming of the earth nearest to the
revetment, especially for the interior slope and embrasures.
Earth should not accumulate higher than 6 in. without being
well rammed. Straith remarks on the importance of the
revetment for the interior slope. It should be "laid by
5
the non-commissioned officers or the most intelligent men."
The slope at which the parapet revetment is constructed
is important. It should not be too steep which would make it
unstable, nor should it to be too flat which would make the
parapet difficult to fire over or through. The field level,
developed at the Royal Engineer Establishment in Chatham
is an extremely useful tool for measuring slopes and laying
out right angles.
See Figure 13.
Revetments using fascines, gabions, sandbags and sods
will be examined separately. See Figure 14

Using Fascines
Because of its size the fascine requires a minimum of 4
men in addition to shovellers and rammers. Pasley advocates
selecting the most intelligent men preferably artificers
for building a fascine revetment. Each pair of builders should
be issued with a maul and a handsaw. See Figure 1. This
would be in addition to the general tools supplied for each
battery such as a 50 ft. tape, 6 ft. rod, a field level, shovels,
rammers etc.
After the ground is levelled a groove on the base-line
is formed in which the first row of fascines are placed. This
first row is buried up to half way and secured by pickets
driven vertically into the ground. See Figure 15. About
6 pickets are used with each fascine. The ones used to
secure the base may be cut shorter if the ground is hard.
7
Fascines are built up in courses laid at a slope of 4/1.
The withe knots should be placed toward the parapet so they
are buried.
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Fascines are picketed to the earth in front of them. Pickets are driven at an angle of about 4 5 degrees to the interior
slope. Occasionally a few thin pickets are driven down through
the centres of several courses of fascines in a direction
parallel to the interior slope. Pickets are also sometimes
fastened to other pickets buried in the parapet. See Figure 16.
The earth is raised to the top of one course before
another course is added. Attention should be paid to maintaining
the slope especially when the earth is being rammed behind
the fascine. The top can be finished with sandbags or sod if
less than a full fascine is needed.
Each course of fascine should "break the joint" of the
one below it. This means that the joints will not occur in
the same line in adjacent courses (the normal method of laying
a building material). See Figure 17 The joints are formed
simply by butting the fascines end to end. Occasionally it
will be necessary to cut a fascine in order to fit it or to
break joint. If possible the fascines should be laid so that
the withes are over the withes of the one below. Then if a
picket is driven down through the fascine it won't hit a
9
withe in the fascines below.
Fascines as a revetting material are particularly well
suited to stiff soils where the pickets will hold securely.
A fascine revetment will hold up poorly where the soil is
loose or where ramming has been neglected. A fascine's length
and flexibility enables it to bend well with the settlement
of the parapet or terreplein. With fewer joints than other
revetting materials the fascine revetment is relatively
stronger. The Aide-Memoire
recognizes the fascine as the
best revetting material and feels that they are unlikely
to catch fire ( a concern in embrasures) unless they are poorly
made.
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Using Gabions
The gabion is rarely used by itself as a revetting material
but usually combined with fascines to form what is considered
by some to be the "best revetment."
A revetment of
gabions and fascines can be erected relatively quickly and
easily. There is no need for employing men solely as
builders. For each tier men are taken off other-duties in. the
battery for a short time.
In constructing a gabion/fascine revetment a course of
fascines is laid in a groove along the base of the interior
slope secured by pickets in the same way as was previously
described. The first tier of gabions 12 is placed on top so
that the back is resting on the fascines while the front is
nearly on the original ground level. This gives the gabion a
slope of 4/1. The gabions are filled and rammed as well as
being backed with earth. A second course of fascines is laid
on top of the gabions and secured by pickets again. (At this
stage the embrasures, which will be discussed separately, are
marked with two fascines which are carried back as far as the
interior slope of the parapet). A second row of gabions is
placed on top of the fascines.
The gabions in normal use measure only 2.7 5 ft. high in
the web. Because of the projecting ends the gabion usually
occupies about 3 ft. when used in a revetment. Two rows of
gabions and two of fascines nearly completes a normal parapet
revetment of 7.5 ft. See Figure 18 The balance is completed
with sandbags, sods, fascines, or well-rammed earth. If more
than 7.5 ft. is needed a further course of fascines may be
laid. 13 With a banquette a row of fascines is laid, then
a row of gabions, topped by a row of fascines. There are
14
two authors
who suggest a double row of fascines (side by
side) between the gabions. This would probably help
stabilize the row of gabions on top of it. Another method
of stabilizing the revetment is with anchor fascines or logs
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which are buried in the parapet and connected to the gabions
by a rope or wire which is passed through the web or between
15
the gabions and secured to a picket.
Pasley recommends gabions as the "strongest and most
•J c.

durable revetment,for batteries."
His test for durability,
however, is not particularly lengthy - only about a year.
17
The 1871 manual
also mentions gabions and fascines as
preferred because of their durability. The gabion revetment
also has other advantages. Less brushwood is required for
a gabion than for a fascine. A gabion revets about 6 sq.
ft. and requires approximately 4 0 pounds of brushwood. By
comparison a fascine requires 140 pounds and revets only
slightly more than double a gabion - 13.5 sq. ft. Revetting
with gabions is the most labour-saving. No constant builders
are needed. They are taken from other duties as they are
required and do not have to possess special skills.
A gabion revetment has a number of joints which increases
its vulnerability. It is, of course, also perishable.
Repairs to gabion revetments can be done more easily than to
fascine revetments.

Using Sandbags
Building with sandbags requires two builders. Pasley suggests
that bricklayers, masons or men of any other trade connected
with building such as carpenters,slaters etc. should be
18
selected as builders.
Two builders are supplied by 2 to 5
other men who fill, tie and carry the sandbags.
Sandbags can be laid at the usual slope of 4/1. Bags
are laid alternately as headers and stretchers with the joints
of successive courses broken. This gives it a similar
appearance to Flemish, bond brickwork. The bags are laid at
right angles to the interior slope and not horizontally. The
neck of the bag,when laid as a header,is in toward the mass
of the parapet. When the bags are laid they should be
flattened into the proper level and slope usually with shovels

27

or spades. As with any revetment the earth should be well
rammed behind. See Figures 20 and 21
Building a sandbag revetment is labour intensive
compared with gabion and fascine revetments. Sandbags are
useful in sieges for repairing irregular breaches caused
by shells and in temporary fieldworks for parapets. They
are seldom used in new works because of their perishability
even when tarred. They might be used if it were impossible
to obtain alternative materials. Sandbags are rarely used
in the cheeks of embrasures because the bags cannot stand the
explosive forces.: In addition the bags often catch fire.

Using Sods
Sods are suggested as revetting material for finishing the
top of gabion or fascine revetments and for the ends or
interior slopes of epaulements. Yule feels that sods make
19
the "best looking, and probably the best of all revetments"
As for sandbags, sod laying requires artificers connected
with the building trades, preferably bricklayers and
masons for builders. Laying sod requires1, wooden profiles or
plumb lines as for brickwork. The sods usually need to be
trimmed,for which large knives are useful.
Sod-work is laid in the same fashion as sandbags (see
Figure 22) usually alternating stretchers and headers as in
Flemish bond, so that the joints of no two rows fall over one
another. A less common alternative is English bond where
20
alternate layers are composed of headers and stretchers only.
Sods are laid grass downwards so that levelling can be done
21
more easily by the removal or addition of a little earth.
Each layer is tapped down just as with the sandbags. The last
course is laid with the grass upwards. The layers of sod should
be laid parallel to the interior slope rather than horizontally.
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The sods are laid as the parapet is formed with the earth near
the revetment being well rammed. This gives the revetment
better strength. Added strength is obtained by building the
revetment with a broad base narrowing towards the top. 22
Each sod should have 2 or 3 pegs to secure it to the work
below. The pegs are described infrequently - "cleft fir pegs
23
about 12 inches long and 3/4 inches in diameter"
and "cedar
24
pins 8 inches long, lh x 3/4 inch."
The sods should be laid
when they are dry. If laid wet soon after they're cut, the
revetment is likely to shrink when dry. The sods can be
trimmed as they're being laid or when the revetment is complete.
Trimming the sod can be done with hedge clippers, a cutting
knife
or a sharp spade.
A sod revetment is probably the most durable of all and
27
can be made with "great perfection."
There are several
disadvantages. It should not be laid at a slope greater
than 3/1. When used as a parapet revetment it is difficult
to fire over or through because of its slope. The time and
labour expended in building a sod revetment is extensive. A
brick wall can be built in about a third of the time it takes
to build a sod revetment. Because of the time that it takes
to build a wall using sods they are unlikely to be used in
fieldworks and more likely to be found in permanent fortifications
where an investment in time and labour will pay dividends
in decreased maintenance costs.
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Embrasure Shapes

Guns in a battery may either be placed en barbette whereby
they fire over a parapet or in embrasures so that they can
fire through the parapet. Each method has advantages and
disadvantages.
Embrasures limit the lateral range and hence are
generally used where it is necessary to control only a
limited space such as an entrance, road, bridge, etc. or for
providing flanking fire in a ditch. The gunners operating
the artillery are more protected by guns firing through an
embrasure than they would be if the guns were en barbette.
Sea batteries are nearly always en barbette on traversing
platforms in order to follow the passage of an attacking
ship.
There are several parts to an embrasure. The sole is
the bottom surface of the embrasure over which the gun
is fired. The intersection of the sole with the interior
slope of the parapet is the sill. The genouillère is that
portion of the interior slope of the parapet between the sill
and the terreplein or platform. The neck is the opening in
the interior of the parapet. The mouth is the external
opening. The cheeks are the sides. The splay is the
widening of the cheeks towards the mouth. In a battery
there are two parts to the parapet - merlon, that portion
above the level of the sole between two adjacent embrasures
and the solid, that portion below the level of the sole
which is continuous. See Figure 23
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The shape of the embrasure is dependent upon the following
principles :
1. gunners are better protected if the opening is as
narrow as possible.
2. the artillery is most effective if it has a wide
range over which it can fire.
3. the gases, smoke and concussion from firing the gun,
must be able to escape.
4. the embrasure must be revetted if the cheeks and
neck are to stand at a slope greater than the natural
slope of the earth.
Applying these principles has resulted in embrasures of varying
shapes. To the uninitiated an embrasure "seems more adapted
to facilitate than to prevent the admission of cannon shot."
Assuming a 9 foot exterior opening and 18 feet between guns
(both of which are reasonable) an observer looking from the
outside would see a parapet of which only half was solid.
See Figure 24, exterior elevation.
Although it would not appear to be the best solution, the
standard funnel shaped embrasure "was not established without
2
reason, and possesses many advantages"
Depending on the line of fire of the artillery, the shape
of the embrasure will vary. When the centre line or line of
fire is perpendicular to the parapet a direct embrasure is
constructed. The splay of the cheeks varies depending on
whether the traditional rule or the Pasley rule is followed.
When the line of fire is inclined to the line of the
parapet the embrasure is oblique. The shape is basically the
same but the parapet, depending on the angle between the line
of fire and the line of the parapet, is weakened.
All embrasures should be capable of handling normal
elevations or depressions. In cases where the embrasure is
used for a howitzer or for firing ricochet shot the embrasure
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could be countersloping. In this case the sole of the embrasure
slopes in towards the piece of ordnance. Because of the length
of some pieces like howitzers and consequently the problem
of extending the muzzle into the embrasure, the cheeks must be
wider near the mouth.
All of these embrasures are of the type where the cheeks
splay out from the inside, like a cone, in a smooth slope.
There have been attempts at placing the narrow part of the
embrasure either in the middle or at the outside and at making
the cheeks en cremailliè're or parallel. These shapes have
all been suggested in an attempt to overcome the disadvantages
of the standard cone shaped embrasure.
The different embrasure shapes - traditional, Pasley,
oblique and countersloping will be examined separately.
This will be followed by a brief outline of some of the other
embrasure shapes.

Direct
The difference between a direct and an oblique embrasure is
best illustrated by Figure 24. In a direct embrasure the
angle of fire, fl is perpendicular to the superior crest or the
line of the parapet. It is possible to have a direct countersloping embrasure or a direct embrasure of other than the
standard cone shape. These, however, will be studied
separately. In this section,2 shapes will be examined embrasure shape formed by traditional rules and the embrasure
shape suggested by C. W. Pasley.

Traditional
Although the name "traditional" has not been used in
nineteenth century literature it is clear that the writers
are referring to a time-honoured system based on accumulated
experience and continuous usage. The Aide-Memoire refers to
3
the shape as having "come down to us from a remote epoch."
There do not appear to be any other origins ascribed to it.
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In the traditional embrasure the external opening
is half the thickness of the parapet. The splay of the
cheeks regardless of how it's determined is necessary in
the embrasure not only for lateral range but to prevent
the cheeks from being destroyed by the concussion. A
parapet of normal thickness, 18 feet, will have an
embrasure with an external opening of 9 feet measured on
the sole under the exterior crest. See Table 5 and Figure
24. The thickness of the parapet is normally defined as
excluding the interior and exterior slopes. In practice
it appears as if the thickness of the parapet is sometimes
taken as the distance along the sole from the sill which
4
would include the interior slope.
This might result in
a slightly wider external opening.
The width of the neck at the sill varies slightly
from 20 in. to 24 in. and in some cases may depend on the
size of the piece of artillery. As can be seen from Table
5, a width of 24 in. is most common.
The width of the neck at the superior crest depends
upon 2 factors - the slope of the cheeks at the neck (which
is partially dependent upon the revetting material ) and
the height which the cheeks extend above the sill. The
latter factor is a result of the height of the parapet and
the height of the genouillère.
Table 5 shows the slope at neck varies from vertical
to about 4/1. The closer the slope is to vertical the
greater the protection but not all materials can be built
with a steep slope.
Table 5 shows that some sources give a maximum depth
for the embrasure at the neck. This ranges between 3 ft.
and 4.5 ft. If cheeks are higher than 4.5 ft there may be
a problem with the dissipation of the concussion and the
smoke. A higher cheek is also more difficult to revet
securely. Normally a platform is built on which the gun
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carriage rests. If the sill would normally be low such as
it would be for a gun on a garrison carriage, the ground
platform is often raised up so that the cheeks will not be
higher than 4.0 ft. or 4.5 ft.
The height of the genouillère
is shown in Table 6. See also Figures 26 and 27.
The slope of the cheek revetment on the exterior
varies from 1/1 to 4/1 (45 degrees to 76 degrees). The one
c

exception is Straith who advocates a slope of 1/3 for
guns mounted in the elevated battery of a field work. The
cheeks are sometimes revetted as far as the exterior slope,
although not necessarily.
The slope of the sole depends on the objects to be
fired at. If the gun is required to fire at a depression
then the sole should be parallel to the line of greatest
depression. This slope is not necessarily the same as the
7
superior slope.
In a field fortification where the battery
is erected approximately at ground level there is no need
for a slope except for drainage. A slope of 1/24 is
sufficient for drainage.

Pasley
The rule for forming embrasures, advocated by C. W. Pasley is Under ordinary circumstances, the object line,
which is the central line, or line of fire of
each embrasure, is always perpendicular to
the parapet or face of the battery; and the
base of the embrasure is so laid out that,
its width at the neck or in rear is 2 feet,
whilst its width at the distance of 5 feet
Q

towards the front is increased to 3 feet.
See Figures 28, 29 and 30. It is not known where Pasley first
presented this rule. It is assumed that it formed part of
Rules, Chiefly Deduced from Experiments, for Conducting the
Practical Operations of a Seige, Part II which was first
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published in 1832. It is possible that Pasley included his
rule in A Course of Elementary Fortification which was
9
published as part of a Course in Military Instruction
before 1820.
In addition to his rule for the splay, Pasley also
suggests slopes for the cheeks of 8/1 at the neck,
increasing to 2/1 at 10 ft. to 12 ft. towards the front.
From that point to the mouth of the embrasure the slope
is to increase in similar proportion. Other writers quote
the Pasley rule but the concern is mainly with the splay
and not with the slope of the cheeks.
The Pasley embrasure took some time before it was
accepted into the fortification texts. Examination shows
that it appeared in Straith's text
(revised and rearranged
by Cook and Hyde) in 1858 and was repeated by Hyde
in
12
1860. Lendy
mentions it in 1862: it is put forward in the
13
War Office Manual of Field Fortification...
in 1871

n
and by Philips * in his demi-official text in 1874.
Adoption of the Pasley rule results in cheeks which
splay with a slope of 10/1 compared with the traditional
rule in which the slope varies but for a parapet 18 ft. thick
the cheeks splay with a slope of 5.43/1.
Oblique
When the line of fire is not perpendicular to the parapet
the resultant oblique embrasure weakens the parapet more
than it would if it were direct. The merlon between the
oblique embrasure and the direct embrasure next to it is
reduced and will not last as long as the others when
exposed to direct fire. Figure 24 shows the reduced merlon
between f2 and f3. An oblique embrasure also means that
the gun cannot be run up as far into the embrasure because
one wheel or side of the carriage will strike the interior
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slope before the other. Because the muzzle doesn't extend
as far into the embrasure the cheeks are more likely to be
destroyed by the concussion of continuous firing. To
remedy this problem the parapet is sometimes indented. 15
See Figure 24. Unfortunately indenting the parapet also
weakens the parapet by reducing the thickness on one side.
The oblique embrasure is constructed in basically
the same way as the direct embrasure whether using the
traditional rule
or the Pasley rule. Despite the
embrasure being oblique the cheeks must still be splayed in
the same way so as to release the smoke and energy from the
explosion.

Countersloping
When the sole of the embrasure slopes down to the front
away from the battery, whether direct or oblique, it is
called a sloping embrasure. Howitzers and guns used for
firing ricochet shot may have a sole which slopes inwards.
This type of embrasure is referred to as countersloping.
A countersloping embrasure is usually wider both at the
neck and between the cheeks. With a short piece such as a
howitzer or carronade the muzzle cannot enter the embrasure
very far, if at all. The increased width is necessary
to preserve the cheeks. See Figures 23 and 25.
Embrasures can be laid out according to Pasley1s
rule or the traditional rule but in both cases the width
of the neck is increased. See Table 7.
Howitzers and guns laid for ricochet firing have an
elevation of 6 to 10 degrees. Because of the increased
elevation the sill of the embrasure can be raised about 6
inches. The sole is contructed with a slope of about 1/10. 17
The slopes of the cheeks are the same as for a sloping
18
embrasure.
Countersloping embrasures are rarely used in
field or permanent fortifications but mainly in siege
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batteries. Using countersloping embrasures results in a
stronger parapet. To some extent the interior is more
exposed because of the wider neck but generally the interior
is less exposed. Countersloping embrasures require more
labour in construction and cannot command the ground in
front of the battery.

Others
The standard funnel shaped embrasure has the following
advantages :
1. A narrow internal opening which keeps the
men under cover as much as possible
2. A wide external opening which gives as
much lateral range as possible without
weakening the parapet too much.
3.

A shape which allows the gases, smoke and
energy from the explosion to escape
quickly.

It is not, however, without its disadvantages:
1.

The funnel shaped embrasure deflects the
enemy's shot into the embrasure and through
the parapet.

2.

The angle through which the gun can sweep
is restricted because as the angle is
increased the thickness and strength of
the merlon decreases.

3.

Keeping the cheeks and neck of the embrasure
as narrow as possible decreases the
exposure of the gunners but increases the
damage caused by the concussion.

There have been several suggestions for a better shaped
embrasure to obviate some of these disadvantages.
E. Matson, while a Major and Adjutant of the Royal
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Engineers, suggested an alternative shape for an embrasure
]9
using gabions.
Two gabions were placed at the neck, two
feet apart, in the normal way. The gabions in front of
them were placed 4 feet apart increasingly sloped towards
the front where they were partially on their sides as they
would be in a normal embrasure revetted with gabions. See
Figure 31. Although the trial was successful in reducing
the destruction of gabions, it's effectiveness otherwise
was not mentioned. It received no subsequent mention in
secondary material outside of Pasley's Rules ... for Conducting
the Practical Operations of a Siege.
Lieutenant H. N. Penrice put forward a proposal 20 for
placing the neck of the embrasure closer to the exterior of
the parapet which necessitated moving the gun into the
parapet. There were several advantages to the Penrice
proposal stated, including less ricochet through the embrasure,
wider lateral range, little retention of smoke, minimal
damage to the cheeks from the concussion of firing etc. The
21
Aide-Memoire mentions the Penrice embrasure
but doesn't
give it much chance of success in service because of the
problems resulting from cutting away the embrasure to move
the gun forward.
22
23
Both the Aide-Memoire
and an article
by Henry
Yule in the Corps Papers mention the en cremaillière
embrasure, which has cheeks of more than one plane in order
to prevent shot from ricocheting into the interior via the
embrasure. Both are in agreement about its disadvantages.
24
Lieutentant-Colonel J. E. Portlock writing
in the
Aide-Memoire suggests that the "simplest earthen embrasure"
is perhaps best but that it might be improved by strengthening
the "throat by a concrete backing extending inwards for
about 3 feet, to receive the shock of the shot after it has
ii

penetrated the earth.
There is no mention in contemporary
texts that this strengthening proposal was adopted.
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Despite the suggestions of various engineers, the
embrasures described in fortifications texts remained
unchanged throughout the 1820-1865 period. It is not known
whether this was due to the superiority of the funnel
shaped embrasure or the conservative nature of the British
army.
The best quotation which indicates the perhaps
universal acceptance of the standard embrasure is a statement
by Portlock in the Aide-Memoire:
Without therefore wishing to check improvements
in loopholes, or in embrasures, a doubt may be
fairly expressed whether the advantages expected
from the more complicated forms proposed are
really equivalent to the disadvantages which
attend them in service; and whether the
simple loophole and embrasure, properly applied
and arranged, has not yet a practical superiority
25
over those proposed to replace them.

Caveat
Despite the somewhat detailed descriptions of how an embrasure
should be constructed, several writers issue warnings like
the following:
The engineer charged with the construction of
the battery must exercise his own discretion
and judgement in tracing the embrasures of
the dimensions suited to the objects in view...
Although these rules are based upon certain
principles, yet their application is not
arbitrary, and there are exceptions which
27
should be considered in laying out the embrasure.
Like all principles and rules for building fortifications, those
for constructing embrasures are for guidance to the engineer.
The resulting embrasures depend upon the engineer in charge and
local circumstances.
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Embrasure Revetments

If embrasures are not revetted the cheeks take the form of
gentle slopes on either side of a wide opening. While this
is probably the most stable form it has the disadvantage of
exposing the gunners to enemy fire. The obvious solution
is to make the necks narrow with little or no slope. This
solution, however, requires a revetting material to form
the cheeks at the desired slopes.
Masonry would seem to be a logical choice for
revetting embrasures. It is durable, strong and versatile
but it is not without its disadvantages. Masonry is the
most expensive of all revetting materials which are used in
fortification construction.
Apart from that, when struck by
shot it forms deadly splinters. Any revetment constructed
of stone should be one which is not exposed to the fire of
artillery although in some cases a stone revetment is
unavoidable because of insufficient room. A revetment of
stone has less resiliency than one of earth and is much more
difficult to repair under siege.
Embrasures of sandbags do not last. If used they
must be rebuilt regularly. The bags burst open from the
concussion and are liable to burn from the muzzle flash.
It would be most unlikely to find them in a permanent
fortification except in an emergency under siege.
One revetting material about which little has been
2
said is planking. With the exception of Macaulay little
has been written about the use of planking in an embrasure
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revetment.

Macaulay records that plank and timber is the "best
3
revetment for the cheeks of an embrasure."
The planks should
be spiked to the front of upright timbers so as to present
a smooth embrasure cheek. The paucity of information on
planking as a revetting material may indicate that it was
used infrequently for that purpose. It may, however, be
mentioned infrequently because it would be rare to use it in
field works - the section under which reveting materials and
revetments normally fall.
The revetting materials most commonly mentioned for
use. in embrasures are fascines and gabions with fascines.
There is also some mention of sods. Oxhides and rawhides seem
to be used extensively for protection of the revetting
material - whatever's used.
with in turn.

Each of these items will be dealt

Fascine Embrasures
Fascines lining an embrasure are placed almost vertically at
the neck and then spread like a fan to form the cheeks. See
Figure 32. They must not be bonded with those which form the
revetment of the interior slope and so appear as a column of
headers when viewed from the interior. See Figure 33.
Fascines used in an embrasure are more likely to be destroyed
by enemy fire or to be shifted by the concussion of firing. If
connected with the fascines forming the interior slope any
disturbance of the embrasure would disturb the fascines at
the back of the merlon.
4
5
Hyde and Pasley both recommend using two 9 ft.
(as in Figures 32 and 34) rather than one 18 ft. fascine
for each course. The vertical joints should not be broken.
This facilitates replacement of the portion damaged by the
concussion of firing while leaving the undamaged portion in
place.
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The recommended slope of the cheeks at the mouth varies
slightly but in general it is 1/1. Pasley suggests that
"each course splay outwards... about 6 inches more than the
course below it."
Macaulay states that
under the exterior crest each fascine is made
to cover not much more than half of the one
next beneath it, ... so that the cheeks of this
part form an angle of about 54° with the horizon.
An angle of 54 degrees gives a slope of 1.4/1. The AideMemo ire states that the fascines should have a slope of
g
4/1 at the outer extremity, much steeper than that mentioned
by Pasley or Macaulay.
Lining the embrasure beyond 18 feet serves no useful
purpose. See Figures 32,34. The front part should be
formed of earth at its natural slope. When the superior
slope is not parallel to the slope of the sole more courses
of fascines will be needed in rear than in front. See
Figure 34. The irregularities can be revetted with sods or
rammed earth as required.
Fascines can be used to make a reasonably good revetment
for embrasures. They do not, however, resist as well as
gabions and are not as easily replaced.

Gabion Embrasures
The cheeks of each embrasure are marked by fascines picketed
to the parapet with the inner end flush with the interior
slope. See Figures 35 and 36. Five to seven gabions are
used in each cheek the strongest ones having been saved for
embrasures. The course of gabions is placed on top of the
fascine with varying slopes. See Figure 37. The gabions at
the neck have little or no slope. The remaining gabions are
placed at a slope which increases towards the front beyond
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which the earth slopes away at its natural slope. See
9
10
Figure 38. Hyde and Pasley
give the slope of the extreme
gabions as 3/1 and 2/1 respectively.
"Notes on Siege and Field Works"
recommends that
gabions made of hoop or sheet iron, being stronger, are well
12
suited for embrasures. The Manual of Field Fortification...
however, suggests that iron gabions should not be used in
embrasures because of the dangerous splinters made when they
are struck. The former recommendation seems to be in error.
13
14
Both Straith
and Pasley
consider gabions as better
than fascines for embrasures. A gabion revetment for
embrasures is easier to construct and requires less brushwood
than a fascine revetment. Damaged gabions can be replaced
more easily than damaged fascines.
Sod Embrasures
Sod is generally not considered to be a good revetting material
because of the time and skilled labour it takes to build
a revetment. Sods also require a slope of 3/1, a disadvantage
in revetting. Despite these problems sods as a revetting
material for embrasures in permanent fortifications should
not be dismissed. The increased time and skilled labour
needed for laying sod is of less significance in a permanent
fortification than in the field.
Sodwork does have some advantages. Repeatedly it is
15
mentioned as being neat and durable.
Several writers also
mention sods as being used in the cheeks of embrasures.
Yule describes sodwork as "probably the best of all
revetments.
The lack of information on the use of sods as a revetting
material for embrasures is perhaps again the result of
revetting being discussed in texts on field fortifications.
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In the field speed of construction and skilled labour
requirements are important with long run durability being
of minor significance.

Rawhides
Rawhides are suggested for embrasure cheeks by numerous
18
engineers
in order to reduce the chances of fire with
brushwood revetments and to help preserve the cheeks from
the effects of concussion.
Pasley, who has examined embrasure revetments in
great detail, conducted experiments 19 involving the use of
rawhides at the Royal Engineer Establishment in Chatham.
He suggested that the following procedure should be used:
The largest hides should be selected for this
purpose, and doubled longitudinally, with the
hair inwards, the head part of the hide being
to the rear, and the fold at bottom. The
upper side of the hide thus folded, must be
picketed down to the top of the merlon or
upper part of the cheek of the embrasure, which
it is to protect: whilst it must be secured
in the same manner in rear, by pickets
driven into the back of the gabion at the
neck of the embrasure. In front it must
likewise be picketed to the cheek of the
embrasure, not only above but below. In other
parts let it be loose at bottom. This is the
simplest mode of attaching hides to the cheek
of an embrasure; and requires no further
precaution to render it effectual, than to
use good pickets, judiciously driven, and to
take care not to cut the holes through the
hides, for receiving those pickets, any
20
larger, than is absolutely necessary.
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Without hides Pasley found that 10 rounds from a medium
24 pdr. made an embrasure revetted with fascines
unserviceable and severely injured one revetted with
gabions. In experimentation at Chatham in 1829 the 3 rear
gabions were covered with hides on each side. After 50 rounds
(half of them shotted) from a medium 24 pdr. the gabions
were found to be "perfect." The hides were merely blackened.
The gabions which were left uncovered were injured but not to
the point of being unserviceable.
Assuming an abundance of hides Pasley recommends 2
for each cheek. If only one is available the gabion at
the neck can be left uncovered. Because the hides are
untanned they are liable to rot unless treated with salt or
quicklime.
22
The hides can be secured in several ways.

23
Philips

even suggests wrapping the gabions before building them into
the embrasures.

45

Recommendations

One of the objectives of this study is to provide suggestions
for embrasures in the Halifax Citadel National Historic Park.
Based on the findings of the first 4 chapters an embrasure
shape and method of construction (including revetting
materials) will be recommended for the Citadel. In the
recommendations several assumptions will have to be made.
Two plans (Ref. No. HAHC 79/P6, Drawings 1 and 2) were used
for reference.

Shape
Countersloping embrasures are unlikely to be encountered in
the Citadel. They predominated in siege batteries.
Putting a countersloping embrasure in a permanent fortification
would be unlikely because of the expanse immediately
in front of the parapet close to the ditch which would be
left unprotected. A plan of a countersloping embrasure
is easy to identify. The sole terminates at or in front of
the exterior crest rather than in the exterior slope as
for a normal or sloping embrasure. See the comparison in
plan view in Figure 25.
Embrasures of a shape other than the funnel or cone
shaped type are unlikely to be found. There is little if
any mention in the texts of the "experimental" embrasures.
War Office and Woolwich manuals of the 1870s were using the
standard shape in an earthen parapet with no mention of the
others.
Having narrowed the choice down to a funnel shaped
sloping embrasure the choice is relatively simple. There
is little doubt that during the period 1820-1865, the
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predominant shape would be the traditional one. The Pasley
embrasure starts appearing in the texts late in the 1850s.
Even taking into account some lag time between when it
gained acceptance and when it reached the texts, 1850-55
would be the earliest period that it might be found in any
widespread way. If it is assumed the Pasley rule would
take some time to be accepted by senior officers in the
Corps perhaps the introduction of the Pasley embrasure would
be as late as the 1870s. There is a possibility that
officers attending the Royal Engineer Establishment receiving
training from Pasley or at least using Pasley's texts might
introduce the Pasley rule earlier. It is very difficult to
pinpoint a date by which the Pasley embrasure might have
predominated but it is felt that most embrasures would have
been built on the traditional rule.
On reasonably detailed plans Pasley embrasures can
usually be identified by the marks giving a measurement of
3 ft. at a distance of 5 ft. from the genouillère. See
Figure 23, 28, 29 and 30. The traditional embrasure, on the
other hand, shows the measurement at the mouth under the
exterior crest (see Figure 25) although not always (see
Figure 24).

Mouth
For a 15 ft. parapet (such as exists in the southwest
demi-bastion in the Citadel) using the traditional rule would
mean that the sole of the embrasure would be 7.5 feet wide
at a point under the exterior crest. See Figure 39.
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Neck
The w i d t h of the sole at the neck is likely to b e 2.0
The h e i g h t of the neck

(the h e i g h t of the cheeks a b o v e the

g e n o u i l l è r e ) w i l l be d e t e r m i n e d
7.5

ft.

by the h e i g h t of the p a r a p e t ,

ft. in the s o u t h w e s t d e m i - b a s t i o n , a n d the h e i g h t of

genouillère.

The latter w i l l b e d e t e r m i n e d by the type of

c a r r i a g e and p l a t f o r m and can p e r h a p s be v e r i f i e d
archaeology.

by

The h e i g h t of the c h e e k s at the neck

b e no m o r e than 4.5

f t . and p r o b a b l y a b o u t 4.0

b e e n a s s u m e d t h a t it is 4.33
m a k e s the g e n o u i l l è r e

S l o p e of the

3.17

should

ft.

It h a s

f t . as s h o w n in F i g u r e 3 9 .

This

ft.

Sole

The slope of the sole is d e t e r m i n e d by the area on
g l a c i s w h i c h the g u n is expected
required

the

to c o v e r .

the

If the gun is

to b e fired at a d e p r e s s i o n , as it n o r m a l l y

is in

a p e r m a n e n t f o r t i f i c a t i o n surrounded by a g l a c i s , then

the

sole should b e p a r a l l e l to the line of g r e a t e s t

depression.

The slope of the sole w i l l at least be 1/24

drainage

for

purposes.
The p a r a p e t in the s o u t h w e s t d e m i - b a s t i o n has an
2
extremely

steep superior

s l o p e , 2.6/1.

A c c o r d i n g to H y d e

" e x p e r i e n c e has fixed this slope at a d e p r e s s i o n of 1 in 6"
a slope of 1/6.

B e c a u s e of the r e l a t i v e l y

steep slope of

the p a r a p e t it is assumed t h a t the sole w i l l be
steep b u t n o t n e c e s s a r i l y

the s a m e .

equally

It is assumed t h a t

sole w i l l e x i t from the p a r a p e t m i d w a y on the e x t e r i o r
T h i s w i l l g i v e it a slope of 1/4.3

(4.4/19).

a s s u m p t i o n w a s m a d e p r i m a r l y for c o n v e n i e n c e .

the
slope.

This
The

could take any line d e p e n d i n g o n the s u r r o u n d i n g

slope

area.
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Embrasure Revetment
Not all engineers make recommendations as to what are the
best revetting materials for embrasures nor is there
consistency amongst those that do. It appears that the
majority favour the gabion/fascine revetment. The main
proponent is Pasley who states:
The experience of this establishment has proved
that the gabions, in two tiers, with a lower
and an intermediate course of fascines, form
the strongest and most durable revetment, for
batteries .... We have also found by experiment
that gabions are better than fascines, for
reveting the cheeks of embrasures, as the
latter are much sooner destroyed by the
effect of the firing of the guns
of the
3
battery, are not so easily replaced.
Papers... compiled for the use of cadets at the Royal Military
Academy, compares revetments and finds that:
revetments... formed principally of gabions...
[are], on the whole, to be preferred, as
being the most durable, requiring least labour
in construction, and less brushwood than a
fascine revetment.
A similar statement is contained in the 1871 War Office
, 5
manual.
There are several advantages to a gabion revetment over
revetments with other materials. They not only require the
least labour in construction but they do not require the high
proportion of skilled labour that sods do. Gabions require
less brushwood than fascines for an equivalent sized wall.
Two gabions with approximately 8 0 lbs. of brushwood form
about 12 square feet of revetment. One fascine takes 140 lbs.
of brushwood and revets 13.5 square feet. Securing
fascines with pickets is an important part of building a
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a fascine revetment. Gabions don't need to be secured only
filled with earth and well rammed. Repairs to gabion
revetments can be done more easily than to revetments
constructed with fascines.
The Aide-Memoire recommends using fascines to obtain
the best revetment. The reasons
given for selecting
fascines over gabions are not very good. The section on
fascines in the Aide-Memoire was written by Burgoyne
during the Peninsular War and probably represents his personal
feelings not an "official" feeling.
In the work books by Archer and Noble an embrasure
is usually revetted with gabions. See Figures 25 and 38.
For all of the above-mentioned reasons embrasures
revetted with gabions and fascines are recommended for the
Halifax Citadel.
Each embrasure will consist of 5 to 7 gabions for each
cheek with a fascine along the base of the sole. To construct
the embrasure the fascine is partially buried and picketed
in place at the sole to outline the cheeks. The fascine
starts at the interior slope. The fascine could be broken
into 9 ft. lengths although this precaution doesn't appear
to be considered necessary in a gabion embrasure. The
fascine appears to go no further in length than is necessary
to serve as a base in some cases (Figures 23,30), but in at
least one (Figure 38) the full length is used. Pasley
does not mention cutting the fascine to fit the number of
gabions used so it is assumed that the fascine would be of
ordinary length. Using the fascine
beyond the gabions
gives the cheeks a little revetting and clearly defines
the sole. It is recommended that the fascines be cut down
from their normal size of 18 ft. only if the fascine would
stick out beyond the exterior slope.
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The fascines are backed with earth before the gabions
are put in place. The gabions at the neck will form part
of the revetment of the interior slope which will be sod.
They should be placed in the same slope as the sod.
According to Pasley the first gabion at the neck should be
sloped if possible. He recognizes that this cannot always
be done and states that a vertical gabion at the neck is
suitable. Other writers show the slope at the neck varying
from vertical to 4/1. See Table 5. Because the gabion can
be placed at whatever angle is required and sods built up to
it on the interior slope, it is suggested that the neck
be sloped at 8/1 to 12/1.
The rest of the gabions, probably 6 in each cheek
would be suitable, are put in place so that the slope of
the cheeks increases further from the neck. The slope at
the last gabion should be about 2/1. The slope beyond that
depends on the slope which the earth assumes naturally.
The gabions are placed in position and filled with
earth at the same time as the earth is piled behind them.
The earth should be rammed to strengthen the revetment.

Sods - A Possibility
Using sods as a revetment for embrasures does not appear to
Q

be very common. Two of the writers
who mention sod in
embrasures are foreign although their works were translated.
9
The other, Hyde , writes in 1860. His position as Professor
of Fortification at Addiscombe gives his writing some
credibility. The disadvantages of sod are primarily of
concern in a field fortification. The key advantage of sod
is its durability - an advantage of concern primarily in
permanent works. Because of the lack of detailed information
on revetting materials and revetments in texts on permanent
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fortification, there is a possibility of sod being one of
the prime materials for permanent sites. With the sources
used to compile this study the use of sods on any widespread
scale for embrasures cannot be proven. The only illustration
of an embrasure which appears to show sods is a countersloping one drawn by Noble. See Figure 25.
The one major disadvantage of sods cannot be overlooked.
It would be difficult to build a solid sod revetment with
a slope over 3/1, with 4/1 being the maximum. The concussion
in the embrasure caused by firing would be detrimental to
the stability of the revetment if it were of sod and
done at too steep a slope.

Rawhides for Protection
The suggestion that rawhides are useful in embrasures is
widespread enough
to recommend that it be done in the
Citadel of Halifax.
The rawhides would serve to minimize
the danger of fire as well as protect the revetment from
concussion. Although the danger of fire is minimal (Pasley
doesn't even think it's a problem when using full charges )
the experiments conducted by Pasley showed the protection
from concussion was good. Pasley describes in detail how
to secure the hide with pickets.12
It is assumed that
hides would only be placed in embrasures where the artillery
is fired regularly.
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Conclusions

The results of the study are not conclusive. It is
difficult to resolve the problem of field versus permanent
works with certainty. The lack of archaeological evidence
compounds the problem. Despite this there are very good
reasons for the recommendation of a traditional embrasure
revetted with fascines and gabions. Proceeding with
embrasures built on this "best guess" would not be
unreasonable. If at a later date evidence is found which
supports another shape or revetting material, change can
be made somewhat easily. Embrasures in earthen parapets
have a short life span relative to other parts of the
fortification so that replacement will be necessary at
some point in the relatively near future whether right or
wrong.
Further research using secondary sources is unlikely
to improve the probability of the "best guess". The range
of books examined covered both the time span and the subject
in an adequate way.
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Glossary

Banquette - is the step of earth within the parapet,
sufficiently high to enable the defenders, when
standing upon it, to fire over the crest of the
parapet.
Barbette - Guns are said to be en barbette when they are
elevated, by raising the earth behind the parapet, so
that instead of firing through embrasures, they can
be fired over the crest of the parapet.
Billhook - is a large curved knife with the edge on the
concave side, used for pruning or cutting burshwood.
See Figures 1 and 2.
Breastwork - is a hastily constructed parapet, not high enough
to require a banquette, or at least generally without
one.
Brushwood - is used for making fascines, gabions and
pickets, ideally not exceeding lh to 2 inches in
diameter.
Cheeks - of an embrasure are the sides, which normally change
in slope from almost vertical at the neck to the natural
slope of the earth at the mouth. See Figure 23.
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Choker - consists of a chain attached to a couple of levers.
It is used to check the diameter of a fascine and to
hold it securely while it is bound with a withe.
See Figures 3,5,7 and 8.
Countersloping embrasure - is used when guns are required
to fire always with an elevation. The sole slopes up to
the front. See Figures 23 and 25.
Cradle - formed of several trestles usually 5, used in the
construction of fascines. See Figure 3.
Cremailliere - indented or zig-zag outline.
Direct embrasure - is one in which the centre line or line
of fire is perpendicular to the line of the parapet.
Figure 23.

See

Embrasure - opening in the parapet through which artillery
is fired.
English bond - is a method of laying bricks so that
alternate courses or layers on the face of the wall are
composed of headers or stretchers only.
Exterior crest - is the line of intersection of the superior
and exterior slopes. The thickness of the parapet is
the horizontal distance between the exterior crest and
the superior crest. See Figure 39.
Exterior slope - of a parapet is that section most exposed
to fire. It should not be steeper than what is termed
the natural slope of the earth or the slope at which the
earth used will stand without artifical support. See
Figure 39.
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Fascine - is a long, cylindrical faggot of brushwood, used
to revet the interior of batteries and embrasures, and
for many other purposes of military engineering. See
Figures 3, 14
Fid - a wooden pin used to help in tying a withe on a
fascine.
Flemish bond - is a method of laying bricks, sods and
sandbags so that alternate headers and stretchers appear
in each course on the face of the wall. See Figure 21.
Gabion - is a cylindrical wicker basket, open at both ends,
used to revet the interior slopes of batteries, the
cheeks of embrasures and also in the formation of the
parapet of trenches, in sapping. See Figures 9 and 12.
Gabion knife - is a cutting tool used in the construction
of fascines and gabions.

See Figures 1, 2.

Genouillère - is that portion of the interior slope of
the parapet between the sill and the terreplein of the
work. The height of the genouillère depends on the
type of gun carriage.
Header - a brick, sod or sandbag laid at right angle to the
face of the wall so that only its end appears (cf.
stretcher). See Figures 20-22.
Hurdles - are formed by driving pickets 6 or 9 inches apart
into the slope in the direction of the slope, and by
interweaving twigs or rods with the pickets.
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Interior slope - of the parapet supports the parapet on
the inside. It is usually revetted so that it stands
with at least a slope of 3/1. This enables infantrymen
to fire over the parapet easily, using the crest as
a rest for their rifle. See Figure 39.
Merlon - is the portion of a parapet above the level of the
sole which is between two adjacent embrasures.
Mouth - of an embrasure is the wide external opening
normally in the exterior slope of the parapet. See
Figure 23.
Neck - of an embrasure is the small inner opening in the
interior slope.

See Figure 23.

Oblique embrasure - is one in which the centre line or line
of fire is inclined to the line of the parapet. See
Figure 23.
Pairing - is a method of basketworking using two rods
either braided or plaited. See Figures 11, 12.
Parapet - is the covering shot-proof mass of earth on the
exterior side of the rampart, usually about 7% feet high,
to cover the defenders.
Pickets - are

of two types, tracing and fascine.

Tracing pickets are short, 18 inches long, about 1 inch
in diameter and are used for marking out the details of
field works. Fascine pickets are used in revetments
to secure fascines. They are about 4 feet long, \ \ to ±h
inches in diameter with a sharp triangular point.
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Rampart - is the great mass of earth thrown up from the
ditch inwards, in order to give the defenders a
commanding position for their cannon and musketry.
Revetment - is a retaining wall constructed with the object
of retaining earth at a slope steeper than it will stand
by itself. See Figure 14.
Revetting materials - are used in a retaining wall or
revetment. The most common revetting materials are
gabions, fascines, sods and sandbags. Masonry is used
as a revetting material in some parts of permanent works.
Sandbag - is made of canvas, (often tarred) filled with earth
and used for revetting the interior slopes of batteries,
repairing breaches etc. See Figures 20, 21.
Sill - of an embrasure is the line of intersection of the
sole with the interior slope of the parapet.
Slope - is a proportion of rise over run (y/x). A slope
of 1/1 produces an angle of inclination equal to 45
degrees. Slopes less than 1/1, eg. 1/4, 1/12 have angles
of inclination less than 45 degrees. Steeper slopes
of 4/1, 3/1 have angles of inclination between 4 5 and
9 0 degrees.
Sods - are cut from meadows for use as a revetting material.
They are built up like bricks. See Figure 22.
Sole - of an embrasure is the bottom surface over which the
gun fires. See Figure 23.
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Solid - is the continuous portion of the parapet unbroken
by embrasures running below the sole or sill level.
See Figure 23.
Splay - in an embrasure is the widening outwards of the
cheeks.
Stretcher - brick sod or sandbag laid with its side in

the

face of the wall (cf. header). See Figures 20-22.
Superior crest - also known as the interior crest or simply
the crest, is the line of intersection of the superior
and interior slopes. This is the principal line in the
work and the first to be laid down in a plan of a work
or paper or in tracing it on the ground. See Figure 39.
Superior slope - is the upper surface of the parapet inclined
to the front sufficiently to enable the musketry fire
directed parallel to its slope to defend the top of the
counterscarp. See Figure 39.
Terreplein - of the rampart is the area between the banquette
and the interior slope of the rampart. It is on the
terreplein that there is space for mounting artillery.
Trestle - consists of a couple of stakes about 6% feet long
driven into the ground so that they cross about 2^ feet
above the ground. Trestles are used to form a cradle
to make fascines. See Figures 4,5,8.
Waling - is a method of basketworking using more than two
rods together. See Figures 11,12.
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Web - is the woven part of the gabion usually constructed
by waling. See Figure 9.
Withes - or gads are rods specially prepared for use in
tying fascines. See Figure 5.
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Table 1

Dimensions Relating to Fascines ( in inches )

Source

Distance Fascine
Extends Beyond
Trestle

Placement of
Withe

Distance Between
withes

17-18
17-18

6 outside trestle
6 outside trestle

18
15-18
12

6 outside trestle

16
15.5
18
18
about 18
18
17

Pasley 1823
Pasley 1842
Macaulay 18 4 7
Straith 1850
Hyde 1860
Jebb 1860
Woolwich 1863 +
Great Britain 1871

+ "Notes on Siege and Field Works."

6 from end
3 outside trestle

18

00
4^.

Table 2

Information Relating to Gabions

Dimensions (in feet)
Source

Struensee 1800
Pasley 1823
Straith 1833
Pasley 1842
Macaulay 1847
Straith 1850
Straith Atlas 1852
Hyde 1860
Jebb 1860
Lendy 1362
Woolwich 1863#
Great Britain 1871
Straith Atlas 18??

Type

Diameter

Height*

Number

3.0
1.67
1.67-2.0
2.0

4.0
2.75
2.75
2.75

7,9,11

2.0
2.0
2.0
2.0
2.0
2.0
1.67

3.0
2.75
2.75-3.0
3.0
3.0
3.0
3.0
2.75
2.75
2.75

light
heavy
revetment 3.0
sap
2.0

+ assumed exterior diameter,not always stated
* assumed height of the web, not always stated
# "Notes of Siege and Field Works"

14 or more

Pickets
Length (ft.)

Diameter (in.)

4.5
3.5

0.5-0.75

3.33-3.5

0.625-0.875
0.875-1.25

7-9

Rods
Diameter (in.)

oo

0.3125-0.75
0.5 - 1.0
less than 0.5

3.5
;
10-14
7-9
10-20
10,12,14

3.5
3.75
3.5
3.5
3.5

0.5-0.75
0.625-0.875
0.625-0.75

0.375-0.75
0.75 max.

Table 3

Dimensions of Sods, (in inches)

Source

Length

Width

Thickness

Struensee 1800

12

12

Gaudi 1804
Straith 1833
Pasley 1843
Macaulay 1847

Straith 1850
Aide-Memoire 1852
Straith Atlas 1852
Whitfield 1852
Hyde 1860

12
15-18
16
12
18

12
8
12
12

5-6
4
4
3-4
2.5
4.5
4.5

12-18
24
12
18
16
18

12
12-18
12
12
8
12

4-6
9-10
4.5
4.5
2.5
3

12-18
24

12
12-18

4-6
8-10

Type of Bonding

Comments

when rammed

Flemish
headers
stretchers, or
all one size
meadows
heath
headers
stretchers
2 stretchers and 1 header
laid alternately
meadows
heath

OD

Table 3 Continued

Source

Length

Width

Thickness

Macaulay 1860

12
18

12
12

4.5
4.5

Whitfield 1860
Lendy 1862

24
lfe
12
18
16
18

12
8
12
12
8
9 or
more

Woolwich 1863+
Great Britain 1 8 7 1

+ "Notes on Siege and Field W o r k s . "

Type of Bonding

Comments

headers
s t r e t c h e r s , or
all o n e size
laid alternately

4
4
4
2.5
4.5 or
less

all one size
stretchers (sic)
CO
headers (sic) -J
old English

Table 4

Dimensions of Sandbags (in inches)

Source

Empty
Length
Width

Length

Straith 1833
Pasley 1843
Macaulay 1847
Straith 1852
Woolwich 1863*
Great Britain 1871

32
32
32
32
32
32

27
12
L + W = 30
27
9
18-20
10-11
18-20
10-11

14
16
14
15
16
16

Full
Width

Thickness

7
6
diameter
6
6
6
00
00

* "Notes on Siege and Field Works."

Table 5

Dimensions of Sloping Embrasures (in feet)

Source

Width*

Muller 1746
Smith 1779
Gaudi 1804
Muller 1811

2.5
2.0-2.5
1.5
1.0-1.17
1.5

Straith 1833
Pasley 1843
Aide-Memoire 1846
Straith 1846
Macaulay 1847

2.0

Meek
Slope

Depth

Splay
Position**

Slope

Slooe

Cheeks
Position**

8 or 9
6.0-9.0
7.0-8.0
6.0-10.0
6.0-8.0
4.67
3.0

exterior
exterior
10.0
5.0

2/l ++

10.0-12.0

9.0

18.0

4/1

exterior

4.0 max.

x

3.0 max.

xx
x
6.0
9.0
6.0
9.0
9.0
x

under ext.
crest
exterior
1/3
2/1
1/1
4/1
2/1

exterior crest
exterior crest
exterior crest

8/1

1.83
vertical
2.0
1.67 max. vertical
if possible
Woolwich 1847
2.0
Aide-Memoire 1850
2.17min. 6/1
Straith 1850*
2.0
12/1
Straith 1850**
2.0
4/1
Yule 1851
2.0
12/1
Straith Atlas 1852# 2.0
Straith Atlas 1852** 2.0
4.5/1.25
fielding 1853
1.67

Width

4.5
4.5

00

12.0
10.0
exterior
exterior

Table 5 Continued

Source

Width*

Straith 1858
Hyde 1860

2.0
2.0

Neck
Slope

Depth

Width

Macaulay 1860

2.0max.

small

4.0 max.

3.0
3.0
9.0
x

Lendy 1862

1.67

vertical

4.0 max.

x

Woolwich 1863

2.0
2.0

Woolwich 1863+
Great Britain 1871
Philips 1874

2.0
2.0
2.0

3.0
x

SplayPosition**

4.5 max.

Cheeks
Position**

U0

o
under ext.
crest
under ext.
crest
5.0
at ext.
crest
6/1-10/1

3.0
3.0

Slope

5.0
5.0

varies^
12/1

Slope

5.0
5.0

1.0 from
vertical

exterior crest

2/1

10.0

2/1-1/1

exterior crest

*
**
x
xx
#
##
+
++

at the sill
assumed to be the distance from the sill on the sole, assumed to be under the exterior crest if not given
half the thickness of the parapet
a third to half the thickness of the parapet
elevated battery
permanent works
"Noter; on Siege and Field Works."
increases in like proportion beyond 10-12 feet

@

the width at the crest is fixed at 3 ft. so with a depth of 4 ft. the slope at the neck is 8/1

Table 6

Height of Genouillère ( in feet )

Source

Height

Type of Carriage

Muller 1746
Smith 1779
Gaudi 1804

3.0
2.5
2.5

Pasley 1843
Macaulay 1847
Woolwich 1847

3.5
2.33
3.5
*

Straith 18 50
Lendy 1862
Woolwich 1863

3.0
3.5
2.25

garrison

Philips 1874

3.5
2.25
3.5

travelling
garrison
field

Comments

varies
generally
travelling
standing
field

elevated battery
elevated battery
ix>

depends on type
always
distance above terreplein
distance above terreplein

* low enough for guns on field and travelling carriages whose muzzles when horizontal
are 4 ft. from the ground.

Table 7

Dimensions of Countersloping Embrasures ( in feet )

Source

Width at Sill

Pasley 1843

2.5

Woolwich 18 63 3
Philips 1874
3

Width

4.5
4.0
+
4

Splay
" Position*

5
5
exterior crest
5

* distance from the sill on the sole
+ width is half the thickness of the parapet

Remarks

howitzer
gun
howitzers
howitzers

TO

94

1

Cutting tools used in obtaining revetting materials.
(Great Britain, War Office, Manual of Field
Fortification Military Sketching and Reconnaissance,
London: HMSO, 1871, facing p.71)

95

96

2

Tools used in constructing revetments in the field.
(G. Philips, Text Book of Field Engineering, London:
Pardon and Sons, 1901, facing p. 48)

97

98

3

Fig. 36, a fascine cradle composed of a number of
trestles. Fig. 37, a fascine choker to check the
diameter and to hold the fascine during binding.
Fig. 38, two men using the choker to compress the
fascine while the withes are bound. (Joshua Jebb,
A Practical Treatise on the Duties Required to be
Performed ... at a Siege..., London: William
Clowes and Sons, 1860, facing p.70)

99

100

4

Trestle for a fascine cradle consists of 2 stakes
6.5 ft. long driven into the ground so that they
cross 2.5 ft. above ground level, with 2 ft. of
the stake beyond the joint. (Charles W. Pasley,
Rules... for Conducting the Practical Operations
of a Siege, n.p., 1842, pt.l, p.6)

101

102

5

Fig. 6 trestle for fascine cradle. Fig. 7, fascine
choker consists of a 4 ft. chain attached to 2 - 4
ft. levers about 18 in. from the end of each. Fig. 8
preparation of the withe prior to the binding. Fig. 9
method of tying the fascine with a withe. Fig. 10,
hoop iron fascine band used in lieu of a withe.
(F.L. Archer, "Diagrams for Notes Field-Works,"
fig. 6-10)

103

104

6

Trestle for fascine cradle is secured by lashing two
stakes together, (Charles W. Pasley, Rules... for
Conducting the Practical Operations of a Siege, n.p.,
1842, pt.l, p.7)

105

106

7

Fascine choker has two small rings attached to the
chain each 14 1/7 inches from centre which corresponds
to the circumference of a 9 inch fascine. (Charles
W. Pasley, Rules... for Conducting the Practical
Operations of a Siege, n.p., 1842, pt.l, p.10)

107

108

8

Two men bear down on the levers compressing the
fascine to its proper dimensions. (John T. Hyde,
Elementary Principles of Fortification, London:
Wm. H. Allen, 1860, p.200)

109

110

9

Fig. 40, waling with three rods to build the web of
a fascine. Fig. 41, completed gabion. (Joshua Jebb,
A Practical Treatise on the Duties Required to be
Performed... at a Siege..., London: William Clowes
and Sons, 1860, facing p.70)

Ill

112

10

Board of required diameter with notches cut in its
circumference for fixing pickets to construct a
gabion. (Charles A. Struensee, The Firt Principles
of Field Fortification.... London: C. & W. Nicol,
1800, plate 4, fig.5)

113

114

11

Top, basket-making with 2 rods crossing each other
alternately over and under is called pairing. Middle,
waling with 3 rods begins with the butt of each rod
being separated by one picket. Bottom,in waling the
rods are braided similar to a 3 stranded rope.
( Charles W. Pasley, Rules... for Conducting the
Practical Operation of a Siege, n.p., 1842, pt.l,p.lO)

115

116

12

Fig. I? randing involves using one rod which is
passed alternately inside and outside an odd number
of pickets. Fig. 2, slewing is the same process
as randing but with more than one rod. Fig. 3,
pairing with two rods. Fig. 4, waling with 3 rods
so that each rod passes outside two pickets then
inside one. Fig. 5, Jones's sheet iron band gabion.
(F.L. Archer, "Diagrams for Notes Field-Works,"
fig. 1-5)

117

118

13

Field level for measuring and laying out slopes in
constructing revetments. (Charles W. Pasley,
Rules ... for Conducting the Practical Operations
of a Siege, n.p., 1843, pt.2., p.230)

119

120

14

Revetting materials and revetments. Fig. 22, fascine
9 inches in diameter. Fig. 23, plan and elevation
of a gabion. Fig. 24, sandbags measuring 2.67 ft. by
1.25 ft» by 0.5 ft. thick when filled with earth. Fig.
25, revetment of fascines picketed to the parapet.
Fig. 26, revetment of fascines and gabions. Fascine
is normally laid first with a course of gabions on
top. Fig. 27, sandbag revetment laid perpendicular to
the slope of the revetment. Fig. 28, sod revetment
composed of sods 16 in. by 8 in. by 2.5 in. thick.
(Hector Straith, Plates for Major Straith's Treatise
on Fortification and Artillery, London: William H.
Allen and Co., 1852, plate 8, fig. 22-28)

121

122

15

In revetting with fascines, pickets are driven
through the fascine into the parapet at an angle
of 4 5 degrees with the interior slope. (Charles
W. Pasley, Rules... for Conducting the Practical
Operations of a Siege, n.p., 1843, pt.2, p.25)

123

124

16

Some pickets are tied to others driven vertically
into the parapet while it is being erected. (Hector
Straith, Treatise on Fortification and Artillery,
London: Wm. H. Allen, 1858, p.53)

125

126

17

A portion of the parapet of a battery revetted with
fascines. Note that the fascines are laid so that
the vertical joints are broken. (Hector Straith,
Treatise on Fortifications and Artillery, London:
Wm. H. Allen, 1858, p.96)

127

128

18

Section of the interior slope of a parapet revetted
with fascines and gabions, the first row of fascines
partially buried and picketed to the ground.
(Charles W. Pasley, Rules... for Conducting the
Practical Operations of a Siege, n.p., 1843, pt.2,
p.22)

H

130

19

Section of the parapet showing à gabion and fascine
revetment partially built. The second row of
fascines extend from one embrasure fascine to the
other along the inside of the merlon. (Charles
W. Pasley, Rules... for Conducting the Practical
Operations of a Siege, n.p., 1843, pt.2, p.22)

131

132

20

Plan and section of a sandbag revetment built with
sandbags laid alternately as headers and stretchers
giving the appearance (not shown) of Flemish bond
brickwork.
(Charles W. Pasley, Rules... for
Conducting the Practional Operations of a Siege,
n.p., 1843, pt.2, p.28)

133

134

21

Plan, section and elevation of a sandbag revetment
which gives the appearance of Flemish bond brickwork.
(F.L. Archer, "Diagrams for Notes Field-Works," fig.54)

135

136

22

Sod revetment shown as a section of the parapet. The
sods are laid perpendicular to the interior slope,
alternately as headers and stretchers. (Hector Straith,
Treatise on Fortification and Artillery, London:
Wm. H. Allen, 1858, p.55)

137

138

23

Various kinds of embrasures and embrasure parts
are shown in fig. 210-213. Fig. 211, embrasures
1, 2 and 3 are termed direct, 4 and 5 are oblique.
No. 1, 2, 4, 5 are sloping embrasures while no. 3
is countersloping. No. 3 is also wider at the
neck for a howitzer or similar short barrelled
piece. (G. Philips, Elementary Course of Field
and Permanent Fortification ..., London: Pardon
and Son, 1874, p.75)

H

140

24

Section, plan and elevation of a battery mounted
on a rampart. fl,f2 are direct embrasures. f3 is
an oblique embrasure. Note the indented parapet
of f3. Fig.24, exterior elevation shows the large
part of the parapet which embrasure mouths take
up. (Hector Straith, Plates for Major Straith's
Treatise on Fortification and Artillery, London:
William H. Allen and Co., 1852, plate 2, fig. 22-24)

H
H

142

25

Sections and plan of an elevated gabion battery
with a direct sloping embrasure and a direct
countersloping embrasure both formed in the
traditional way with a mouth 9 ft. wide on the
sole under the superior crest. (Andrew Noble,
Manuscript notes on fortification, Woolwich,
1848, S.D. PL.l)

H

144

26

Section through the embrasure showing the parapet
solid with merlon above. The genouillère is 2.33
ft. high for a gun mounted on a garrison or standing
carriage. (Charles W. Pasley, Rules .... for
Conducting the Practical Operations of a Siege, n.p.,
1843, pt.2, p.6)

145

146

27

Section through the embrasure showing the parapet
solid with merlon above. The genouillère is 3.5
feet high for a gun mounted on a travelling or
field carriage. (Charles W. Pasley, Rules ...
for Conducting the Practical Operations of a
Siege, n.p., 1843, pt.2, p.5)

147

148

28

An embrasure base laid out according to Pasley's
rule. The width is 2 ft at the neck, increasing
to 3 ft. at a distance of 5 ft. from the neck.
(Charles W. Pasley, Rules ... for Conducting the
Practical Operations of a Siege, n.p., 1842, pt.2,
p.9)

149

150

29

Embrasure laid out according to Pasley's rule.
(Hector Straith, Plates for Major Straith's
Treatise on Fortification and Artillery, London:
William H. Allen and Co., 1852, plate 8, fig.13)

151

152

30

Plan and section of an embrasure, revetted with
fascines and gabions, laid out according to
Pasley's rule. Each cheek requires only 7 gabions
the remainder of the cheek being at such a slope
so as not to require revetting. (Great Britain,
War Office, Manual of Field Fortification Military
Sketching and Reconnaissance, London: Her
Majesty's Stationery Office, 1871, facing p.25)

153

154

31

Embrasure shape suggested by E. Matson in order to
prevent the cheek revetments from being injured
when firing with full charges from heavy guns.
(Charles W. Pasley, Rules ... for Conducting the
Practical Operations of a Siege, n.p., 1843, pt.2,
p.210)

155

156

32

Embrasure revetted with fascines which stand
vertically over each other at the neck and splay
outwards at the mouth. Fascines 9 ft. in length
are used instead of normal 18 ft. lengths. The
vertical joints are not broken, making repairs
easier. (Charles W. Pasley, Rules ... for
Conducting the Practical Operation of a Siege,
n.p., 1843, pt.2, p.26)

157

158

33

Fig. 52, plan of an embrasure showing the first
course of fascines for the cheeks. Fig. 53,
section of a fascine revetment and elevation of a
parapet with embrasure showing 2 courses of
sandbags at the superior crest. Notice the
fascines lining the embrasures appear as headers
and are not bonded into the revetment of the
interior slope. (F.L. Archer, "Diagrams for
Notes Field-Works", fig. 52,53)

159

160

34

Section of an embrasure revetted with fascines.
Vertical unbroken joints in the middle of each
cheek facilitate repairs. (Charles VI. Pasley,
Rules... for Conducting the Practical Operations
of a Siege, n.p., 1843, pt.2, p.26)

161

162

35

Plan of an embrasure showing the solid and the
embrasure cheeks marked with a couple of
fascines. See Figure 19 for a section of the
parapet at the same time during construction.
(Charles W. Pasley, Rules... for Conducting the
Practical Operations of a Siege, n.p., 1843,
pt.2, p.22)

163

164

36

Rear elevation of a parapet revetted with fascines
and gabions. Gabions at the neck are placed at an
angle if possible. Revetments should be constructed
so as to use an integral number of gabions. (Charles
W. Pasley, Rules... for Conducting the Practical
Operations of a Siege, n.p., 1843, pt.2, p.23)

165

166

37

Plan of a gabion embrasure showing the gabions at
the neck nearly vertical while those close to the
mouth are almost on their sides. (Charles W. Pasley,
Rules... for Conducting the Practical Operations of
a Siege, n.p., 1843, pt.2, p.24)

167

168

38

Gabion embrasure constructed in an elevated battery
showing the splay and slope in the cheeks to prevent
them from being destroyed by the concussion. No
gabions are required at the front of the embrasure
where the cheeks take the natural slope of earth
well packed. (F.L. Archer, "Diagrams for Notes
Field-Works," fig. 48,49)

170

39

Plan and section of gabion embrasure proposed for
Halifax Citadel National Park southwest
demibastion. (Drawing by the author.)

171

172

40

"Royal Engineers making Sgt. Major's pattern of
Gabion." These appear to be Sergeant-Major John
Jones' iron band gabions. 1857. (Institution of
Royal Engineers, R.S.M.E. Photo Album No. 2/1,
R.E. Equipment, Fieldworks).
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174

41

Royal Engineers making brushwood gabions 1860.
(Institution of Royal Engineers, R.S.M.E. Photo
Album No. 2/1, R.E. Equipment, Fieldworks).

H
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176

42

Carrying gabions and Jones' iron band gabions.
(Instruction in Military Engineering, compiled at
the School of Military Engineering, Chatham, 1870).

177

178

43

Royal Engineers making fascines 1856. (Institution
of Royal Engineers, R.S.M.E., Director of Ordnance,
Photograph Album, 1856).
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