
FORTLET        Number 1  2011 
 

© Fortress Study Group 2011          www.fsgfort.com 
Page 1 of 8 

 

An Introduction to Artillery Fortification 
Simon Barrass 
 
In the last few decades there has been increasing acceptance that post-medieval fortifications have equal 
importance as, for example, medieval castles.  As such they should be studied and preserved where possible 
to gain a better understanding of our past.  Fortification in the age of gunpowder is the more recent chapter 
in the history of defensive structures, and naturally follows on from the Iron Age hill forts, Roman forts and 
medieval castles. The design of any fortification should always be influenced by the expected methods of 
attack while also maximising the potential of the methods available for defence.  As gunpowder artillery 
developed, the design of fortifications changed to meet the new requirements.  Along the way there have 
been periods of gradual change, but also times when the accepted way of doing things has been suddenly 
overturned.   
 

Walls and Towers 
Gunpowder began to be used as the energy source in projectile weapons in the 
early 14th century. Early cannon were cumbersome, not very powerful, and 
almost as dangerous to their users as to those on the receiving end. The first 
way in which they affected the form of fortifications was the adaptation of 
arrow loops to allow the use of hand guns. This was normally achieved by the 
addition of a circular port at the bottom of the slit. Many castles were uprated 
by the introduction of various shapes of gun loops and gun ports. However 
these were often largely designed to impress, rather than be of practical use. 
 
Early Artillery Fortification  
As cannon became more effective it was increasingly important to install them 
in castles for their defence.  However the relatively narrow towers and thin 
wall walks of medieval castles did not provide sufficient space for mounting 
them.  Masonry walls were also becoming vulnerable to the shock of impact from the heavier cannon balls.  
An early development was the construction of earth mounds outside castles, often screening the gate.  These 
provided wide platforms for the mounting of cannon and could also screen vulnerable parts of the castle.  
Sometimes called bulwarks, these were given different names in different countries and were a stage in the 
development of the later bastion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Towards the end of the 15th century massive round towers capable of mounting several stories of cannon 
were built.  In some cases these were additions to existing castles and town walls, but in others they were 
part of new fortifications.  Albrecht Durer (1471-1528) published one of the earliest printed works on 

 
Gun port at Raglan Castle, Wales  

 
Durer’s curved bastion  
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fortifications in 1527.  In it he illustrated the use of similar enormous 
round towers with large gun ports all around and embrasures on the roof.   
 
In England, Henry VIII developed this idea by merging several towers 
into a compact artillery fort.  These forts were purpose built for artillery 
but still retained some of the features of a castle.  They all differed in plan 
but generally consisted of a round central tower surrounded by 
interlocking semicircular projections at a lower level.  Guns could fire 
through embrasures on the top of the tower and surrounding projections, 
and also through wide ports lower down.  These ports had a wide external splay allowing a good field of fire 
while still protecting the gun and crew.  Thick, curved masonry surfaces were intended to deflect incoming 
shot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bastion Fortification 
A new form of fortification was developed in the first quarter of the 16th century in northern Italy which 
was destined to dominate the field for the next 300 years.  An age-old problem was how to design a fortress 
such that there was no dead ground in which an attacker could hide.  This was eventually resolved by the use 
of angle bastions. These arrow-head shaped structures projected from the curtain wall.  By positioning 
cannon on the flanks (or sides) of the new bastions it was possible to fire upon the ground in front of the 
curtain wall.  It was also possible to fire along the faces of the adjacent bastions, leaving the attackers 
exposed at all points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Walmer Castle, wide splay of gun port  

 
Plan of a two bastion front (Paul Ive 1589)  

 
Deal Castle (English Heritage) 
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To protect these new works from direct artillery fire, they were designed to present a very low a profile to 
the attacker.  Earth was used as the main construction material to absorb the impact of shot.  The bastioned 
forts were surrounded by wide ditches and extensive cleared areas (glacis) outside the ditches. This new 
style quickly became the norm across Europe such that by 1557 plans had been laid down for the 
fortification of Berwick upon Tweed on the border with Scotland along these new lines.  Although relatively 
simple at first, the bastion system of fortification became increasingly complex and developed a technical 
language of its own. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The one name most associated with the angle bastion system is Sebastien le Prestre, Seigneur de Vauban 
(1633-1707), Marshal of France and the foremost military engineer of his age. His vast experience in 
designing fortresses throughout the territories of Louis XIV was coupled with his expertise in conducting 
successful sieges. 
 
Vauban developed a methodical system of attack which sought to expend material and time rather than lives.  
He would first identify the weakest part of the fortress, at which the attack would be directed.  He would 
then dig a trench in an arc centred on this point at 600 yards from the outermost works of the fortress.  This 
was the ‘First Parallel’ along which guns and men could move out of sight and out of shot from the 
defenders.  Batteries would be positioned along the first parallel so that they could fire down the line of one 
section of fortress rampart.  The fortress would then be approached by digging trenches known as saps, in a 
series of zigzags.  They were aligned such that it was never possible for the defenders to fire along the sap.  
A second parallel with batteries would be excavated at 300 yards and then a third parallel at 75 yards from 
the edge of the ditch.  Saps would then be driven directly through the glacis to the salient points on the front 
attacked.  The siege batteries would isolate a section in the bastion face by creating a line of perforations in 
the masonry.  They would then fire with reduced charges into the centre to bring down the masonry and the 
earth behind it.  This would make a shallow slope the attacking infantry could walk up.  At this point a 

 
Rampart and ditch profile (Paul Ive 1589)  

 
Tilbury Fort (Bing Maps)  
 



FORTLET    Number 1  2011 
 

© Fortress Study Group 2011          www.fsgfort.com 
Page 4 of 8 

‘practicable breach’ had been formed the fortress governor was at liberty to surrender without shame under 
the accepted rules of war. 
 
 
 
 

Naturally Vauban and his pupils were careful to refortify the captured fortresses to improve their powers of 
resistance.  The principles of fortification used by Vauban were elaborated by his pupils and followers.  
Numerous so-called systems of bastioned fortification were published. Designs for fortresses became 
increasingly elaborate and expensive – but some were built. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Perpendicular Fortification 
The Marquis de Montalembert (1714-1800) proposed a revolutionary new system of fortification which he 
published in 1776.  This was later known as ‘Perpendicular Fortification’ and was designed to maximise the 
defending firepower.  Rather than using bastions, the outline was to consist of sections of rampart at 90 
degrees to one another (perpendicular) so making the trace self-flanking.  Although his ideas faced much 
opposition in his lifetime they were influential on designers of later fortifications, particularly the Prussian 
engineers. 
 
Montalembert’s system depended on the use of gun casemates to protect the guns and their crews.  
Casemates had long ago fallen into disfavour, although Vauban himself had re-introduced them in his latter 
fortresses.  The main problem was how to allow the smoke from firing guns to dissipate quickly.  

 
Lille Citadel 

 
A Comparison of siege-works before and after Vauban 
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Montalembert was able to demonstrate a solution using carefully placed vents.  Another new feature was the 
use of ‘casemated caponieres’ to provide defence of the ditch.  These were narrow projections from the main 
enceinte with casemates along one or both sides allowing fire along the ditch. 
 
Lazare Carnot (1753-1823), a younger contemporary of Montalembert was generally receptive to the new 
ideas.  He developed his own system based partly on Montalembert’s work and published it in 1812.  His 
main concerns were to open up the perimeter of the fort to allow more active defence in the form of small 
and frequent sorties.  This was to be combined with indirect fire from mortar casemates falling into the 
trenches of the besiegers.  Carnot was careful to distinguish between the long range armament of a fortress 
designed to merely harass the attackers, and the more effective close range armament.  The additional 
elements of his system were replacement of the counterscarp wall with a smooth incline and locating a loop 
holed detached wall in the ditch for infantry defence. 
 
Polygonal Fortification 
In the middle of the 19th century the nature of the attack changed 
dramatically with the introduction of rifled artillery.  After a number of 
unsuccessful attempts, William Armstrong (1810-1900) introduced a rifled 
breach loading field gun in 1861.  Rifling imparted a spin to the projectile 
and much greater range and accuracy could be achieved.  Existing 
fortifications around cities, ports or other defended locations became 
obsolete.  With the new guns the outer perimeter of a fortress needed to be 
much further away from the target area.  A continuous wall large enough to 
keep the attacker at bay would be prohibitively expensive. 
 
The solution adopted by Prussian engineers was to effectively detach the 
bastions and position them further out from the point to be defended as a ring of small forts, each in plan 
having a flattened arrow shape.  The curtain walls were dispensed with but in the angle bastion systems used 
at this time they had little function anyway.  The detached forts would have an angular casemated tower 
inside, were screened at the front by an earthen rampart and enclosed at the rear (gorge) by a thin masonry 
wall which could be loop holed for musketry.  If the fort were to be captured the rear wall would offer little 
resistance against the defender’s artillery stationed further back.  A ditch would surround the fort and be 
defended by either caponieres or counterscarp galleries.  Examples of this system include the fortifications 
erected around Chatham, Portsmouth, Plymouth and Milford Haven following the 1859 Royal Commission 
Report. 
 
 
 
 
 
 
 
 
 
 
 
In 1877 during the Russo-Turkish war (1877-1878) the city of Plevna in Bulgaria was tenaciously defended 
by Turkish forces.  The troops manning the supposedly inferior earthen field fortifications had the benefit of 
breach loading artillery and magazine fed rifles.  Following this event some fortification theorists such as 
George Sydenham-Clarke felt that expensive masonry fortifications were unnecessary.  When the last of the 
Chatham ring forts were built in 1886 a simpler earthen work design was used, referred to later as the 
Twydall Profile.  This was then used as the basis for a series of defensible depots around London built in 
1889-1903 known as the London Mobilisation Centres.  A defence based on concealment and mobile 
artillery was envisaged. 

 
Rifled Muzzle Loader with shell  

 
Fort Nelson, Portsmouth (Bing Maps)  
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In Europe however large scale fixed fortifications continued to be developed.  In the 1880s shells filled with 
high explosive came into use.  This was more stable than gunpowder and shells now penetrated deeper into 
structures before exploding creating much more damage.  The response adopted in mainland Europe was to 
build in concrete and protect the artillery in rotating armoured turrets.     
 
Henri Brialmont (1821-1903) was responsible for designing some of the strongest fortresses in Europe in the 
latter quarter of the 19th century.  His works culminated in the great ring fortresses of Liege and Namur in 
Belgium.  These were based on the Polygonal system with a multi level concrete keep buried underground 
from which tunnels ran out to the turret mounted guns.  In Brialmont’s later forts the escarp slope from the 
inside of the fort to the base of the ditch was very gentle allowing the turret mounted guns in the fort to fire 
down into the ditch.  An ‘unclimbable’ steel fence and other obstacles were erected in the ditch.  A 
counterscarp gallery at the salient point of the fort provided additional defence.  Unlike many other 
contemporary forts, Brialmont’s Liege forts were not supported by intermediate batteries. 
 
20th Century fortification 
In the years preceding the First World War German military 
planners considered how to overcome the strong, modern fortresses 
in surrounding countries.  In great secrecy a type of mobile 42cm 
howitzer nicknamed ‘Big Bertha’ was developed specifically for 
this purpose.  These were first used in 1914 to defeat the Brialmont 
forts around Liege.  The lack of intermediate batteries allowed the 
heavy howitzers to be easily sited in range of the forts.  The 
concrete used in the Brailmont forts was of poor quality and covered 
by only a thin layer of earth.  The forts were rapidly demolished by 
the howitzers, leading the French to conclude that it was not worth 
attempting to hold their own forts.  Consequently when the Verdun 
ring forts were attacked later in the war most were manned by a skeleton crew and much of the armament 
had been removed for other uses.  However the forts which were defended proved to be more resilient than 
expected to the effects of the 42cm howitzers.  This was due to the protective layer of sand and concrete on 
top of the main concrete roof.  Fixed fortification was not yet obsolete. 
 

Soon after 1918 France began to 
consider how to protect itself in the 
event of another war.  Drawing on the 
lessons from the previous years, an 
almost continuous line of 
fortifications was planned.   These 
would initially cover the entire 
French-German border and later be 
extended northwards and southwards.  
This massive fortification project 
became known as the Maginot Line 
after Andre Maginot the Minister for 
War, who was influential in its 

development. A Maginot ‘ouvrage’ on the surface consisted of a number of thick reinforced concrete block-
houses which were covered in earth as much as possible.  These were linked together by underground 
tunnels up to 30m below the surface through which narrow gauge railways ran in the larger ouvrages.  Some 
of the defensive artillery was mounted in retractable steel turrets which could descend into the concrete roof 
when not firing.  Entrance blocks were distant from the combat blocks and normally located on reverse 
slopes so they could not be fired upon by the enemy.  Forts had their own water and power supplies, filtered 
air supply (in the event of gas attack) and accommodation for the garrison.  The concrete roofs which might 
be exposed to enemy artillery were designed to be proof against 42cm howitzers.  The largest artillery pieces 

 
A 42cm ‘Big Bertha’  

 
Entrance Block of a Maginot Line Grand Ouvrage (Charles Blackwood)  
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mounted by the Maginot forts were 135mm mortars so neighbouring forts could safely support one another 
without risk of damage due to friendly fire. 
 

Fortifications of similar design were built by many other 
European nations during the 1930s, although not on such an 
epic scale as the Maginot Line.  One example was the West 
Wall on the western border of Germany which was the first 
to make significant use of minefields.  Also, unlike the 
Maginot line a defence in depth was achieved by using 
smaller, mutually supporting bunkers over a larger area.         
 
For political reasons the Maginot line was not built in 
strength along the border with Belgium and was 
particularly weak in the Ardennes region.  This was the 
area through which the German attack came in May 1940.  
Following the fall of France the Maginot line was seen by 
many as a white elephant.  However the ouvrages which 

were attacked by the German army proved to be difficult to overcome.  Some smaller positions on the line 
fell as a result of German 88mm guns targeting the air intakes at short range but aerial bombing was largely 
ineffective.  Ultimately the Maginot Line was never intended to be an impenetrable shield, its purpose was 
to buy time for the French army to mobilise and counter-attack. 
 
As the bomb load of aircraft increased during World War Two, large 
scale military structures which could not be hidden were protected with 
an increasing thickness of reinforced concrete.  Examples from later in 
the war include the German U Boat pens and V2 launch sites.  Despite 
roofs formed from slabs of reinforced concrete up to 4.5m thick, they 
proved vulnerable to large, high impact velocity bombs such as the 10 
tonne ‘Grand Slam’.  Air power could also used in other ways to defeat 
fortifications.  Early in the war German glider borne paratroopers landed 
directly on Fort Eben Emael and captured it.  This was at the time one of 
the largest and most modern forts in Belgium. 
 
With the development of nuclear weapons, after the Second World War 
the nature of large scale fortification changed again and went deep below 
ground. 
 
 
Glossary 
Bastion: angular projection from the line of the curtain wall consisting of two faces and two flanks. 
 
Banquette: flat raised area behind the parapet on which men may stand to fire over the parapet. 
 
Caponier: originally a covered roadway across the ditch allowing safe access to a ravelin or other outwork.  
Later a covered work projecting into the ditch allowing fire along the ditch. 
 
Casemate: masonry vaulted structure with a gun port opening on the outer face of the rampart. 
 
Counterscarp: outer wall of the ditch. 
 
Covered way: path which runs along the top of the counterscarp following the line of the ditch and is 
protected from view of the besiegers by a parapet. 
 

 
81mm Maginot mortar turret (Charles Blackwood)  

 
Valentin U-Boat pen 
(Imperial War Museum)  
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Cunette/Cuvette: small ditch in the centre of the main ditch used for drainage. 
 
Enceinte: the continuous line of inner fortification (e.g. the curtain walls and bastions) 
 
Escarp: inner wall of the ditch. 
 
Howitzer: short barrelled artillery piece designed for indirect fire. 
 
Mortar: very short barrelled artillery piece designed for relatively short range, high angle fire. 
 
Orillon: an extension of the bastion flanks which forms a retired flank.  Built to protect the flank batteries 
but later dispensed with as it limited their arc of fire. 
 
Parapet: wall on top of the rampart which protects the defenders manning the guns. 
 
Place of arms: widened area of the covered way, usually at a re-entrant angle, at which defending troops can 
gather. 
 
Ravelin: angular work consisting of two faces which is located between bastions and in front of the curtain.  
Often used to protect a gate in the curtain. 
 
Rampart: bank of earth behind the ditch, usually formed from the earth excavated from the ditch. 
 
Redan: angular projection from the curtain consisting of only two faces. 
 
Re-entrant: angle in the trace pointing towards the centre of the fortification (opposite of salient). 
 
Revetment: masonry retaining wall supporting an earthen bank. 
 
Rifling: a series of grooves machined into the barrel of a gun which impart a spin to the projectile as it 
moves down the barrel. 
 
Terreplein: flat area behind the rampart of a fort for the emplacement of artillery. 
 
Salient: angular projection in the trace pointing away from the centre of the fortification (opposite of re-
entrant). 
 
Tenaille trace: the use of alternately salient and re-entrant angles in a wall such that the wall is self flanking 
(i.e. the outer surface of the wall can be observed from other points on the wall. 
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