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SEISMIC ADAPTATION IN THE LATIN 
CHURCHES OF CYPRUS 

Rory O’Neill 

On the island of Cyprus, the remains of more than 50 Gothic churches still stand 
or are partially standing. These churches, first built in the 13th and 14th centuries, 
represent a uniquely large corpus of medieval stone-vaulted architecture, unmatched 
by the remains of Frankish buildings elsewhere in the region, such as mainland Levant, 
Anatolia, Rhodes, Crete or the Balkan Peninsula. In this chapter, the remains of these 
Latin churches are examined through the lens of seismic hazard to assess whether or 
not changes in their architectural style might be a local adaptation of French Gothic 
style in response to successive seismic disasters. 

BACKGROUND 

When the Franks first arrived in mainland Levant, capturing the city of Jerusalem in 
1099, they almost immediately began to build what would eventually become a corpus 
of more than 400 churches (Pringle 1993). For many masons, this was presumably 
their first experience working in a seismically active geography. Perhaps unaware 
of this, the Frankish builders, seeking to build a ‘new world’, were not beholden to 
their building traditions, and with a lack of skilled European masons and perhaps an 
interest in emulating the styles of the Holy Land, they began to copy the forms they 
found locally in Byzantine and Islamic buildings. Through this ‘conformist bias’, as 
it might be termed, many of the features they inherited were anti-seismic—features 
which had evolved over centuries, such as small windows, centralized plans, low vault 
heights and pointed profiles for wall openings, supporting arches and vaulting (O’Neill 
2015, chapter 2). 

The history of Latin rule and influence on Cyprus begins after King Guy de Lusignan 
suffered a disaster at the Battle of Hattin (1187), losing most of the lands of the Latin 
Kingdom of Jerusalem to the forces of Saladin. Subsequently turned away from the 
last remaining Frankish port city of Tyre, Guy was given a chance by Richard the 
Lionheart to purchase Cyprus, an island off the coast of Syria which the Templars 
had been unable to hold following Richard’s initial conquest (Edbury 1993). Guy died 
shortly after taking possession of the island, leaving his brother Amalric to become its 
first king in 1196. As more of the Holy Land fell to invading Muslim armies, so more 
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SEISMIC ADAPTATION IN CYPRUS 

people fled to Cyprus, boosting its population and shoring up Latin rule there. With 
the threat of invasion from the mainland, the Franks in Cyprus became more interested 
in building closer ties to France than in creating a ‘new world,’ as their predecessors 
had been. Their architecture reflected this western association (Enlart 1987, 33–34): 
the early Latin churches of Cyprus faithfully copied French Gothic, (fatally) employing 
features of that style that were particularly vulnerable to seismic hazard, such as elon-
gated naves, large windows, slender towers, high vaults, flying buttresses and a general 
tendency towards lighter walls and less robust support. 

THE SURVIVAL OF CHURCHES 

With the demise of the French Lusignan dynasty, and certainly after the start of 
Ottoman rule in 1571, these 13th and 14th-century churches were re-purposed, 
destroyed, defaced or left to disintegrate. Many became storehouses or stone quarries 
with the exceptions of the grander buildings such as the cathedrals of Nicosia and 
Famagusta, which were converted into mosques—with additions beyond the original 
intentions of their patrons and builders. In Nicosia in 1567, more than 80 Greek 
and Latin churches were dismantled by the Venetians to build the city fortifications 
(Lusignan and Grivaud 1580). 

When the British assumed control over Cyprus in the late 19th century, the Latin 
churches were adopted once again and reconstructed, while Ottoman buildings were 
cleared away to allow unobstructed views of Latin monuments. Deciphering these 
reconstructions sometimes poses an additional layer of difficulty in their study, but in 
Nicosia today, 10 Gothic churches remain, with 4 of them being identifiable by name: 
the cathedral of St Sophia, Our Lady of Tyre, St Catherine and St George of the Latins. 
Even in ruins, their original designs, numerous modifications and reconstructions are 
still appreciable. In general, however, it is the Cypriot Orthodox churches which have 
fared better. Many are still in use and retained much of their medieval building fabric 
and decoration up until the 1974 Turkish invasion in the north, where several Greek 
churches and monasteries have been left to ruin or were intentionally destroyed. In 
general, these Greek churches are smaller and feature centralised designs, diminutive 
openings for windows and doors, and other anti-seismic features developed during the 
evolution of Middle Byzantine churches in Constantinople and elsewhere (Ćurčić 1999). 

SCHOLARS IN THE PAST 

The 16th-century chroniclers who describe these churches tell us little about their fate 
(Lusignan and Grivaud 1580; Mas Latrie 1891; Burston and de Mas Latrie 1886). 
An engraving by Stefano Gibellino in 1571, showing a map of Famagusta during the 
Ottoman siege, is helpful in identifying several churches in the city, but offers too 
little detail to establish the condition of the buildings at that time. Cornelius de Bruyn 
visited many of the churches in Cyprus in 1700, but they were more or less in their 
current state of ruin by that time (Enlart 1987, pl 3). Among the first modern scholars 
to study the history and archaeology of medieval Cyprus was Louis de Mas Latrie 
(1815–1897). He spent several years in Cyprus, publishing more than two dozen 
works (Burston and de Mas Latrie 1886). 
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WAITING FOR THE END OF THE WORLD? 

In addition to writing a book on Levantine Crusader architecture (Enlart 1925), 
Camille Enlart spent 1896 on Cyprus writing a comprehensive monograph about the 
island’s Latin churches (Enlart 1987). George Jeffery, while head of the Department of 
Antiquities during British administration of the island in the late 19th and early 20th 
centuries, re-purposed Enlart’s work on the monuments of Cyprus and later focused 
on the island’s Byzantine churches (Jeffery 1916; 1918). Modern scholarship is still 
dominated by Enlart’s work, including recent works by Papacostas (2006) and de 
Vaivre and Plagnieux (2006) and the contributions of Walsh (2005), Olympios (2009) 
and Andrews (2013), who focus on ideas of patronage and stylistic transmission. 

Camille Enlart proposed a sequence of Gothic architectural development on Cyprus 
in four phases. The first phase, beginning shortly after Cyprus came under Lusignan 
rule in 1192, includes the east end of the cathedral in Nicosia, begun in 1209; Kyrenia 
Castle; Bellapais Abbey Church; and the doors of SS Peter and Paul, Famagusta. Enlart 
refers to these first-period buildings as elegant, if somewhat squat (Enlart 1987, 35) 
and unconvincingly compares the small upper part of Nicosia Cathedral with Reims 
(c1212) and Bourges (c1190). The structures built during Enlart’s second phase 
include, in Nicosia, the upper nave of the cathedral, Our Lady of Tyre (c1303), the 
church of St Catherine (late 14th century) and the Yeni Camii (mid-14th century). 
At Bellapais, they consist of the abbey cloister, and in Famagusta, the cathedral of 
St Nicholas and St George of the Latins (c1300). During Enlart’s third phase, building 
programmes tend to copy from the second phase rather than looking directly to French 
models. These works include, in Famagusta, SS Peter and Paul (c1358–69), St George 
of the Greeks (c1360), St Anne (14th century) and the Nestorian church (c1360). Also 
in this phase are St Francis in Paphos, the Stazousa church in Larnaka, the Church 
of the Holy Cross in Tochni (c1340) and the church known today as the Bedestan in 
Nicosia (early 15th century). Finally, Enlart’s fourth phase is represented by St Mamas 
at Morphou (early 15th century) and St Mamas at St Sozomenos (early 15th century), 
where ‘architecture has relapsed into infancy, ornamentation is drab, the proportions 
have once more become squat but have ceased to be harmonious’ (Enlart 1987, 35). 

Enlart’s four phases begin with an anachronistically archaic Gothic style followed 
by a High Gothic style on par with contemporaneous productions in France, but even-
tually ‘degenerate’ (to use Enlart’s own term) into Romanesque forms (Enlart 1987, 
35). This ‘centre–periphery model’ conceptualizes the quality of artistic production at 
the periphery as being dependent on communication with the centre (Enlart 1987, 7). 
Initially, refugees from the mainland Levant were interested in re-establishing ties with 
France after the loss of the Holy Land, imitating a style of architecture which was 
emerging at that time in Île-de-France, Burgundy and Champagne. As communication 
declined in the later 14th century, so Enlart argued, the architecture reverted to older, 
‘inferior’ forms, though he noted that some differences in form were ‘imposed by the 
climate and the need for economy’ (Enlart 1987, 34). Among the features added by 
these later Frankish builders were semi-circular apses, heavy buttressing and small 
windows, which to Enlart’s mind marked a return to Romanesque—hence his label of 
‘degenerative’ which was applied to the apsidal chapels with quarter-domes added to 
churches such as the Bedestan (early 15th century), the cathedrals at Nicosia (c1204– 
1325) and Famagusta (c1308), the Stazousa church (late 14th century), St George of 
the Greeks (c1360), SS Peter and Paul at Famagusta (c1358–69), and the churches at 
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 SEISMIC ADAPTATION IN CYPRUS 

Kiti (late 13th century) and Tochni. Other retrogressive trends he noted were the use 
of heavier rib vaulting at the church of Akhiropiitos and the re-introduction of barrel 
and groin vaults at churches like the Church of St Anne (14th century), the Armenian 
church (c1317) and the Nestorian church in Famagusta (c1360). Our Lady of Tyre in 
Nicosia (c1303) was begun with ribbed vaults but finished with a barrel vault. Enlart 
also saw the same trend in flying buttresses, which at first are light, but then become 
heavy and unarticulated like those at the church of SS Peter and Paul in Famagusta. 

In his four-period sequence, Enlart assumed that stylistic archaism and reversion 
were the result of a loss of cultural contact with France. He does not mention earth-
quake adaptation as a possible motive for the formal choices of the builders, with the 
exception of a comment about his second-phase buildings on the use of ‘horizontal 
blocks in positions high above the ground’ to course the lower third of some vault 
arches into the wall (Enlart 1987, 36). 

THE SHAKING EARTH 

Ambrose and Vergun (1999, 3), experts on anti-seismic architecture, define earthquakes 
as ‘vibrations of the earth’s crust caused by sudden and violent subterranean 
movements’. When a fault, or fracture in the earth’s crust, slips, the movement 
generates seismic waves that propagate outwards from the fracture point. These waves 
travel at high speeds, displacing the ground in a vibratory motion. This motion is not a 
simple harmonic motion but an irregular, noisy distribution, with varying amplitudes 
generated by the ongoing rift slip and an attenuation due to natural dampening in the 
ground. The shaking ground accelerates structures in various directions at a rate relative 
to the frequency of the waves. Although earthquakes move the ground in all directions, 
the horizontal movements parallel to the ground are the most hazardous for buildings. 
In the absence of a strong seismic culture, builders are most concerned with providing 
structural support for the upper storeys of a building to resist the downward pull of 
gravity (Ambrose and Vergun 1999, 3). When a building is subjected to horizontal 
forces at the foundation level, the effect on the building is completely different from 
that of gravity or the horizontal forces of wind, which are greatest at the top of the 
structure. The horizontal loading of earthquakes can be several times greater than the 
vertical force of gravity and are usually greater than the worst wind storms a building 
will encounter (Delrue 1988). 

STRUCTURAL RESPONSES 

Exactly how a building responds to these horizontal forces depends upon its form, 
stiffness and flexibility. The more rigid a structure of moderate height is, the less likely 
it is to be damaged. Structures that are taller than they are wide benefit from additional 
flexibility. As three-dimensional matrices, buildings have different levels of stiffness 
and resonant frequencies in different directions of loading (Levy and Salvadori 1992, 
103–133). With modern engineering methodologies, such as finite and discrete ele-
ment analysis and scale models, it is possible to understand how a building responds 
to a seismic event but ‘modelling a real structure to a robust quantitative (mathemati-
cal) representation is a very difficult, complex and computationally demanding task’ 
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WAITING FOR THE END OF THE WORLD? 

(Asteris et al 2014, 118). The urgency associated with the preservation of historic 
buildings in seismically active regions has prompted high levels of government funding 
for research into the anti-seismic properties of ancient and medieval buildings. Yet, 
despite this interest and support, researchers are still unable to measure and calculate 
a building’s ability to withstand a given earthquake magnitude with a particular direc-
tion and vibration profile (Asteris et al 2014; DeJong et al 2008; Sintubin 2011, 4–10; 
Votsis et al 2012). 

More so than contemporary steel and concrete structures, medieval ashlar buildings 
present an indeterminate matrix for modern structural engineers. The consensus is that 
an understanding of their anti-seismic properties is based on continuing analysis of 
existing buildings and their responses to earthquakes. For this reason, our understanding 
will always be incomplete, and to some degree inaccurate and tentative—as it was for 
medieval builders. Since earthquakes are unpredictable contingencies of the natural 
environment, many medieval builders were unaware of the ability of their structures 
to resist these infrequent but powerful forces. Following long periods of stability, these 
forces recur only intermittently, shaking foundations in varying directions, frequencies 
and amplitudes suddenly and violently during the brief span of a seismic event. 

Medieval French masons rarely experienced seismic forces and thus were free to build 
their structures with increasing structural daring, unencumbered by seismic hazard. 
From the 13th century, the Cypriot builders, drawn by their prestige, imported these 
emerging French solutions. It quickly became apparent that the French builders had 
not considered the unique challenges imposed by a seismically active zone, however, 
and the imported designs failed, leaving the Frankish builders in Cyprus to endure 
a long process of re-adaptation to the local environment that involved a shift from 
prestige bias to conformist bias. In the absence of anti-seismic engineering practices, 
these builders had no better means of adapting to seismic conditions than to copy the 
buildings that had remained standing after a seismic event. In the case of the medieval 
churches of Cyprus, buildings are more seismically adaptive if they have: 

1. Added structural rigidity through buttressing, chapel walls or other masses 
2. Centralised plans to increase their rigidity (for Gothic architecture, this means 

shorter naves) 
3. Lower superstructures, because oscillation deformation is greater with increasing 

height 
4. Smaller wall openings for windows and doors to increase the rigidity of wall 

planes 
5. Isolation of sensitive elements, such as carved marble lintels, from building 

deformations 
6. Additional tensile members, such as wood or iron elements such as tie-rods and 

chains sometimes interconnected with wall-ties (see Forlin, Chapter 2). 

Accretion of structure 

Many Latin and Greek churches on Cyprus have undergone an accretion of structure 
over time. Most commonly, wall buttresses have been thickened, arches reinforced, 
openings filled in and piers widened. In the absence of sophisticated engineering 
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SEISMIC ADAPTATION IN CYPRUS 

analysis, as is conducted today in the interests of historic building conservation (such 
as Lourenço et al 2012; Votsis et al 2012), the volume of new structural material and 
features added by medieval builders was more of a reflection on the trauma experi-
enced during a prior seismic event, and the perceived future hazard, than it was a 
rational and economical earthquake-proofing of the building itself (Mauch and Pfizer 
2009). 

In the ruins of St George of the Greeks in Famagusta, the cylindrical nave piers that 
once supported the arcade walls expose an inner core of ashlar blocks and an outer 
sleeve of curved ashlar that appears to have been added later to increase their diameter 
from 1.6 to 2.5 m (Figure 4.1). The inner diameter matches that of the engaged 
columns at the east and west end of the nave. The base of the inner core has a carved 
moulding that was covered when the outer layer was added. When or why the piers 
were thickened is difficult to say, but it is likely that an attempt to prevent a collapse 
prompted it. Since nave piers do not bear any of the horizontal thrusts of the main 
vaults and the thickening would do little to counter the aisle vaults, it is likely that 
thicker piers in other churches performed better during earthquake-induced horizontal 
accelerations. 

In the interior of the building that Enlart identified as ‘Unidentified Church 15’ in 
Famagusta (Enlart 1987, 296), the unarticulated nave walls were fortified with the 
addition of interior buttresses. Not being very massive and only sitting against the 
surface of the wall, these elements would do little to enhance the rigidity of the nave. 
However, as discussed below, other additions to the structure indicate what was per-
haps an over-cautious set of interventions to what is otherwise a squat, thick-walled, 
single-bodied church. The tentative addition of these interior buttresses might suggest 

Figure 4.1 Nave pier base at the Cathedral of St George of the Greeks, Famagusta (Cyprus). 
Original base moulding is seen through a later layer of ashlar (© Rory O’Neill) 
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WAITING FOR THE END OF THE WORLD? 

a somewhat blind trial-and-error approach to structural modifications in the wake of 
seismic events. 

Examples of the addition of simple exterior buttressing are common but are incon-
clusive as seismic modifications, since these could be countering creep caused by the 
settling of the weight of the building’s upper portions. At Choirokoitia, a Greek church 
with Latin elements, exterior buttresses were added to help support the exterior wall 
and counter the horizontal thrusts of a small dome. The wall itself shows evidence of 
multiple rebuilding campaigns, and the dome has visible cracks on the interior. Since 
the dome is small, these cracks may well have formed during seismic events rather 
than as a result of static loading. Inside the church, where there is a two-bay nave with 
a pointed vault extending west from the dome, the arches supporting the pendentive 
have been thickened and made to have a pointed profile. Since the Orthodox church of 
Cyprus fell under the authority of the Latin church in the 13th century, it is plausible 
that the pointed profile is a stylistic modification from the semi-circular preference 
of Greek builders (Enlart 1987, 16). Given the addition of the external buttresses, 
however, it appears that there was concern about the building’s structural stability. 
Perhaps the pointed arch had survived seismic events and was associated with hazard 
mitigation. In either case, the thickening of the arches demonstrates concern for the 
stability of the original design. The same thickening of semi-circular arches with a 
pointed profile can also be found at the monastic church of Stavros Tou Missirikou in 
Nicosia. Here, the arches under the dome have two retrofits under the semi-circular 
pendentive (Figure 4.2), the second (lower) being more pointed than the first (upper). 

Although this small church shows signs of seismic damage, such as cracked walls 
and lintels, once again it is difficult to say if the retrofits of the arches supporting the 

Figure 4.2 Retrofitted arches at the Arablar Mosque (church of Stavros Tou Missirikou), 
Nicosia, Cyprus (© Rory O’Neill) 
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 SEISMIC ADAPTATION IN CYPRUS 

dome are a seismic response or reflect changing stylistic preferences. Arches in the 
doorway between the Greek church and the Latin seigneurial chapel at Kalopanagiotis 
also show a similar retrofit. 

Centralized plan: Alignment of the centres of mass and rigidity 

Modern seismic engineering confirms that one of the most significant properties that 
can help a building to resist damage or collapse in the face of a seismic event is the 
degree to which its plan is centralized (Ambrose and Vergun 1999; Lagorio 1990). 
Under horizontal loading at the foundation, a rotational force, or torsion, develops 
around a vertical axis through the centre of rigidity of a building. As with centrifugal 
force, the further from this centre of rigidity a part of the building lies, the greater 
it will feel a force that is tangential to its distance from the centre. Deflection of the 
building fabric due to this torsion is negligible at the foundation level but greatly 
amplified at the upper reaches of a building. If a building has a rigid centre, such as is 
formed by wall corners, and the building masses do not extend much past that rigid 
form, then the building will be less responsive to the horizontal ground accelerations 
of an earthquake. 

An example of a centralized plan can be found at the Armenian church in Famagusta 
(1317). This building is roughly square in plan and bilaterally symmetrical, with doors 
and upper windows on each wall, save for the semi-circular apse on the east side. In 
addition, other Latin churches and Lusignan-period Greek churches with Latin forms 
in Cyprus have only two bays in the nave separated by a single transverse arch in the 
centre, making them roughly square, even though they convey the sense of a Gothic 
nave with bays. Among these is Our Lady of Tyre in Nicosia where Enlart (1987, 37) 
dated the apse and first bay to 1303 but assumed the second bay was added when 
barrel vaulting became popular in the 1360s. If so, this barrel vault was added just 
after two mid-summer earthquakes in 1350 had devastated Paphos and its surrounds 
to the extent that ‘not a single house remained standing, nor a single church, except 
for a very few within it’ (Guidoboni and Comastri 2005, 477). Regardless of whether 
any buildings in the rest of Cyprus were damaged in the event, it seems plausible that 
with intensified seismic culture on the island, in general, builders may have returned 
to using thick barrel vaults without window openings after having observed buildings 
which had survived the earthquakes that were so close to home. 

Another example of late barrel vaulting is the church at Tochni, which technically 
has three bays, although these bays are arranged as two short, pointed barrel vaults 
either side of a square rib-vaulted central bay. Dating to the mid-14th century, this 
church may also have been under construction when the earthquake of 1350 struck, 
causing an older, more earthquake-resistant form to be adopted. In fact, only one 
church on Cyprus with two bays definitively predates the earthquake of 1350: the 
Augustinian church in Nicosia. Prior to this, all of the buildings had three or more 
bays. Perhaps due to their more centralized plans, these two-bayed churches seem to 
have fared well through later earthquakes, such as those in the late 15th and early 16th 
centuries. Meanwhile, all five churches with four or more bays have suffered collapse. 
Of the churches with five or more bays, only that at Morphou in the north-western 
part of the island seems to have been spared. 
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WAITING FOR THE END OF THE WORLD? 

Several buildings also show interesting evidence for modifications in their layouts. 
What Enlart originally identified as the Nestorian church in Famagusta (1987, 280) 
was built in 1360 as a three-bayed single-bodied nave, but was shortly thereafter 
enlarged with the addition of two side aisles, each terminated by a semi-circular apse. 
While it is likely that this addition was to accommodate a larger congregation, it also 
had the effect of creating a more centralized structure which would have been more 
seismically resistant. At a later date, in the early 15th century, the church of St Mamas 
at St Sozomenos was intended to serve the Greek rite but was never completed. The 
plan of this church, one of the last to be completed before the Ottoman conquest, is 
an interesting hybrid—giving a sense of Gothic elongation while maintaining the anti-
seismic properties of a centralised Greek form. 

Supported flanks 

Where there are two rigid masses in a building separated by a distance, as is the case 
in a Gothic church with an apsidal east end and a massive western frontispiece, the 
area in between may be subjected to beam-bending stress. Beam bending occurs when 
an oblong plan is subjected to horizontal acceleration acting perpendicularly to its 
long axis. Maximum deflection will occur in the upper reaches of the building. Thus, 
buildings with shorter naves are more seismically stable. 

Where long nave flanks of Cypriot churches (generally with four or more bays in 
the nave) have buttressing which is designed simply to counter the static thrusts of 
the vaults, collapses have occurred. One notable example is the south nave wall of 
the church of St George of the Latins in Famagusta (early 14th century). While this 
collapse has been linked to Ottoman bombardment from the harbour in 1571 (Enlart 
1987, 258), modern finite element analysis has shown the ruin to be congruent with 
failure from beam deformation between the rigid areas of the apse and the thick west 
wall (Lourenço et al 2012). The polygonal apse of the church serves as a rigid element, 
as it does in all the single-bodied churches in Cyprus. The massive western wall with 
turrets at the corners provides another rigid element. The relatively thin nave walls 
with diminutive exterior buttresses would have provided little resistance to north– 
south accelerations during an earthquake. 

In St George of the Greeks in Famagusta (1360), an Orthodox cathedral built in the 
Latin style, the collapse of the nave walls is again evident, while the tri-apsidal east end 
and the massive western wall remain intact. Cannonballs lodged in the western wall 
attest to the Ottoman bombardment of 1571, but whether this led to the collapse of the 
nave walls, or if an earthquake destroyed them, is unclear. Referring to the earthquake 
of 1491, a letter from Venice to Milan already mentions damage to the church: ‘Most of 
the castle of Famagusta, together with many houses and the Greek church of St George 
are badly damaged’ (Guidoboni and Comastri 2005, 808). Recent studies conclude that 
it also suffered during the earthquake of 1735 (de Vaivre and Plagineux 2006, 277). 

Perhaps the most dramatic case of the collapse of a nave wall can be seen at the 
cathedral of St Nicholas in Famagusta (1308), where several bays of both the north and 
south clerestory walls collapsed, though this event goes unmentioned in any chronicles. 
In Figure 4.3 the walls can be seen to have been reconstructed without decorative gables 
and with less articulated and more muscular flyers. Although chapels were added at 
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SEISMIC ADAPTATION IN CYPRUS 

Figure 4.3 Cathedral of St Nicholas (Lala Mustafa Pasha Mosque), Famagusta (Cyprus). North 
flank showing five rebuilt bays between less damaged eastern and western ends 
(© Rory O’Neill) 

the first-storey level, the clerestory walls with large windows were supported only by 
flying buttresses which, as discussed below, fail to mitigate (and may actually have 
aggravated) beam-bending deformation during north–south horizontal accelerations. 

One adaptation that allowed for somewhat elongated plans was the addition of 
massing buttresses to the nave walls midway along their length. While many such 
massings often served as chapels or side rooms, there are also solid masses of indeter-
minate function or added buttressing. Unidentified Church 15 (1360) in Famagusta 
provides an interesting example of just such a wall support for the nave. A large solid 
bulwark was added to the north wall between the west and centre bays, with a clear 
suture between it and the wall. The church was cleanly demolished to the windowsills 
of the clerestory, so it is not clear if this mass served as the base of a tower. No indica-
tion exists of a stair passage inside. On the south wall is a mass separated from the 
nave wall by a gap of one metre. Tiny arches, or mini-flyers, bridge over this gap to 
meet the wall at the spring point level of the nave. The addition of these masses would 
not just help to support the vaults under static loading but would also add rigidity at 
the mid-section of the elongated plan of the single-bodied, three-bay nave. 

Another interesting innovation in the late 14th-century church of St Catherine in 
Nicosia is the use of trapezoidal buttresses, which are unprecedented in Cyprus. These 
buttresses add a depth of 1.5 m to the 1.5 m-thick nave walls. Since the buttresses are 
at their widest at the wall surface, they also distribute the support of this added depth 
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along more of the nave wall, adding greater rigidity between the rigid east and west 
ends and helping to increase rigidity against earthquake acceleration. Enlart (1987, 
152) commented that these three-faced turrets were ‘well thought out, the long sides 
of the buttresses being perpendicular to the thrust of the ribs that they support’. He 
did not infer any anti-seismic property to them in terms of fortifying the nave from 
oscillation, even though these buttresses seem over-engineered if they were meant only 
to carry the thrusts of the vaults. 

Side chapels 

A common form of mid-nave massing is in the addition of chapels at some point later 
in the life of the church. While such side chapels were a common feature in Byzantine 
churches, they were often part of original constructions (Babić 1969; Ćurc̆ ić 1977; 
Ousterhout 1999, 15). In addition to their sheer bulk, later additions to Latin churches 
have corners that enhance rigidity. Since they were not part of the original design, they 
may represent a seismic adaptation. 

An example of such a chapel addition can be found at the Carmelite church in 
Famagusta (mid-14th century). Here, the 30 m-long, single-bodied nave is divided into 
four bays, terminated by a three-sided polygonal apse (Figure 4.4). The western wall 

Figure 4.4 View of the interior of the church of St Mary of Carmel, Famagusta, Cyprus (© Rory 
O’Neill) 
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 SEISMIC ADAPTATION IN CYPRUS 

is 2 m thick, punctuated at either corner with massive turrets. Thus, the east and west 
ends are rigid, while the length of the nave has 1.1 m-thick walls supported by 1 m-deep 
exterior buttresses. Shallow chapels or tomb niches were added to the north and south 
flanks of the nave. That these were not part of the original plan for the building can 
be determined by the sutures where the chapel walls meet the outer edges of the nave 
buttresses—and the protrusion of the chapel vault into the clerestory window. While 
not adding depth to the support system of the nave walls, these side chapels do add 
rigidity in the middle of the nave length by adding corners to the buttresses, helping to 
mitigate against beam deflection caused by horizontal ground accelerations. A similar 
pair of chapels can be found in the church of the Franciscans in Famagusta. In this 
case, the chapels are deeper, extending beyond the buttresses. The later addition of the 
chapels is evident in the suture between the chapel wall and the exterior buttresses, 
and in the cuts in the upper buttresses for the chapel oculi. In the church of the same 
Order in Paphos, the side chapels are extremely deep when compared to the width of 
the nave and aisle. These chapels are located at the easternmost two bays of the four-
bayed basilica, further west than the chapels in the Carmelite and Franciscan churches 
in Famagusta. In fact, it appears that the less massive and less well supported the 
corners of the western walls of these elongated churches are, the further west the side 
chapels are placed. Furthermore, the Carmelite and Franciscan churches in Famagusta 
are the longest single-bodied naves in Cyprus and were thus in most need of added 
mid-nave rigidity. 

While chapels were added to cathedrals and abbey churches in France, these chapels 
tended to be attached to each bay, as at Amiens cathedral from the late 13th to the 14th 
century (Murray 1995, 30). While there are no examples of pairs of chapels occurring 
mid-nave in France, in Middle Byzantine churches, pairs do appear in what Ćurc̆ ić’s 
(1977, 96) typology of parekklesia, or subsidiary chapels, would label a ‘twin satellite’ 
arrangement. Although examples of twin satellites flanking only the narthex or the 
sanctuary are still extant, Ćurc̆ ić (1977, 97) presumes that pairs flanking the naos must 
have also existed. By borrowing a local form, the Latin builders also adapted their 
elongated church forms. 

Of course, side chapels also served a function, most probably as funerary chapels 
or tombs. For example, in the pilgrimage church of St Mamas in Morphou, the tomb 
of the patron saint of Cyprus is in a wall niche open to both the interior and exterior 
of the building, allowing pilgrims to pay homage without entering the church. While 
the tomb niche at St Mamas does not qualify as an anti-seismic structural addition, the 
use of wall niches as tombs, for example at St George of the Latins and Unidentified 
Churches 13, 14 and 15 in Famagusta and St Mamas in St Sozomenos, might imply 
that larger side chapels in the nave served an additional purpose. 

Finally, the cathedral of Nicosia (1204–1325) had a rectangular chapel added in 
the late 14th or early 15th century (Enlart 1987, 128) to the south wall of the nave at 
the second bay from the west end in an arrangement that Ćurc̆ ić would call a ‘single 
satellite’—a rare arrangement in Middle Byzantine buildings (Ćurc̆ ić 1977, 97). The 
apsidal chapels at the second bay from the east in this church are described by Enlart as 
a Romanesque layout, but he considers these to be later additions, citing the fact that 
many apsidal chapels were built in Cyprus during the 14th and 15th centuries along-
side later Gothic architectural forms (Enlart 1987, 91). These apsidal chapels extend 
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the rigidity of the apse westward (reducing the elongation of the nave), and the stair 
turrets on the west corners add to that rigidity. 

While Enlart insists that these apsidal chapels are ‘degenerative’ (Enlart 1987, 92), 
comparing them to the apsidal chapels of Sens cathedral in France, they are in fact 
most likely to be forms of architecture borrowed from nearby Byzantine churches. 
These churches, among them the apse of the Stavros Tou Missirikou church, not far 
from the cathedral in Nicosia, had survived previous seismic events where other forms 
had failed, and they were presumably copied for that reason. In this case, apsidal 
chapels were also added to the nave of Famagusta cathedral. 

Flying buttresses 

Flying buttresses are an elegant solution which shift structure and mass to the exterior 
of the building, but they provide very little rigidity perpendicular to their main axis. 
In perpendicular accelerations (such as east–west movements for a nave flyer), as the 
building wall is relatively rigid in that direction, the thin plan of the flyer undergoes 
vertical torsion. Under high torsion, the flyer then collapses, reducing support for the 
vaults in the axis of the flyer and leading in turn to their collapse. This is possibly 
why the vaults of Beauvais cathedral collapsed when a wind storm rocked the flyers in 
the unsupported direction perpendicular to their axis (Murray 1997). If the primary 
accelerations are in the direction of the axis of the flyer (the north–south direction of a 
nave flyer), then compression and buckling of the arch occur as the mass of the vaults 
and the upper reaches of the flyer’s abutment piers begin to move. 

In Cyprus, there are only seven examples of Latin buildings with flyers, all of which 
were secondary additions after construction of the churches and all of which suffered 
damage. The chevet or choir of Nicosia cathedral collapsed during the earthquake of 
1491 (Enlart 1987, 87–88, 94–95, 130) and was rebuilt by the Venetians, with the 
addition of an array of massive cascading flying buttresses on the south side, a two-
storey apsidal chapel on the north side and wooden tie-rods between the choir arcade 
arches (Figure 4.5). By contrast, the chevet of the cathedral in Famagusta, which never 
had flyers, remained undamaged through the seismic event that shook its nave walls to 
the ground. The vibration of the nave flyers in a direction perpendicular to their axis 
may have aggravated the forces acting against the nave walls. 

At St George of the Greeks in Famagusta (c1360), only one flyer survives, perhaps 
because it is attached to the rigid triple apse of the east end. Enlart considered the 
lone flyer’s collapse imminent since, in his time, as today, ‘in fact the arch proper has 
already collapsed leaving only the courses of masonry and the gutter which crowned 
the extrados of the arch remaining in place, held together by the mortar’ (Enlart 1987, 
255 n 17). Both nave clerestory walls have collapsed with their flyers. 

The two tiers of un-ornamented flying buttresses at the church of SS Peter and 
Paul in Famagusta (c1358–69) are very muscular (Figure 4.6). The abutments piers 
are wider than the flyer arches they support, allowing corners for greater rigidity in 
the dimension perpendicular to their static thrust. The effect is that these flyers have 
greater resistance to free oscillation during horizontal accelerations in the east–west 
direction during an earthquake. The bottom tier of flyers supporting the aisle wall 
spring from massive plinths and are close to the ground. 
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SEISMIC ADAPTATION IN CYPRUS 

Figure 4.5 Ambulatory hemicycle with wooden tie-beams at the Cathedral of Holy Wisdom, 
Nicosia (Cyprus) (© Rory O’Neill) 

The flyers at Agios Sergios, the Avgasida Monastery, the Augustinian church in 
Nicosia and the monastery of the Holy Cross are interesting in that they spring from 
ground level. Enlart suggested that flyers are not used in buildings after the 14th century 
except as ‘an expedient to prop up buildings which had been damaged in earthquakes’ 
(Enlart 1987, 38–39). Unfamiliar with the dangerous seismic behaviour of flyers, Enlart 
was assuming that flyers offer structural benefit and that perhaps the cessation of new 
flyer construction was again a sort of ‘degeneration’ from French models. In the case of 
Agios Sergios, he suggested that the crude flyers were added after earthquakes in 1546 
and 1568 (Enlart 1987, 317). Because the flyers spring from the ground, the abutment 
piers do not bear as much horizontal loading from vaults and would not vibrate out of 
plane during an earthquake. In a sense, these flyers are more seismically adaptive than 
French flyers, and reflect the anti-seismic qualities of the 7th-century Byzantine flyers 
(Stewart 2012) at nearby Salamis, which also spring from the ground. 

Support of superstructure 

When the ground under a building accelerates, the foundations begin to move before 
the upper parts of the structure. Due to inertia, the mass of the upper parts tends to 
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Figure 4.6 SS Peter and Paul (Sinan Pasha Mosque), Famagusta (Cyprus). Exterior view, looking 
north-east (© Rory O’Neill) 

remain relatively motionless while the foundations vibrate back and forth (Lagoria 
1990, 30). Often a building under horizontal loading at the foundations is concep-
tualised as receiving a force on the upper storey in the opposite direction from the 
ground’s displacement. While taller buildings with multiple storeys may experience a 
wave effect of varying lateral displacements, shorter buildings, or buildings where the 
upper mass is supported by lower structural elements that are rigid, may experience 
a hinging effect, like a door on its side swinging back and forth (Lagorio 1990, 31). 

The general vertical massing of a building affects its seismic response. A low and 
wide building which hugs the ground has a lower period of vibration, meaning that it 
will respond quickly to ground acceleration. A taller and narrower building will have 
a top that lags considerably as the ground moves, and will thus exhibit a higher period 
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of vibration out of step with the ground (Ambrose and Vergun 1999, 138). The best 
anti-seismic adapted form will have more mass closer to the ground, with less mass 
higher up. A pyramid or ziggurat, for example, is a very stable structure in the face 
of horizontal ground movements, while top-heavy buildings are extremely unstable. 
Abrupt changes in vertical stiffness can also cause problems in, for example, trabeated 
structures, such as Graeco-Roman temples and Late Antique basilicas. 

The heavier an upper storey relative to its supporting structure and the higher the 
springers of the vaults from the ground, the more likely relative displacement between 
it and the foundation level will occur. In the case of churches, the larger the clere-
story windows are, the less massive the wall to support the greater mass of the vaults. 
Cypriot churches tend to hug the ground with low springers, and have two-storey 
elevations rather than three, decreasing the points of shearing weakness. 

Two-storey elevations 

When Enlart referred to the Latin churches in Cyprus as being ‘good but rather squat’ 
(Enlart 1987, 35), he was referring to the two-storey elevations prevalent on the island 
and the low springers of their main vaults. Regardless of their height, size or economic 
wherewithal, most churches in France and England built during the 13th century have 
a three-storey elevation. The lack of a mid-storey level, either a triforium or gallery, 
seems to classify these churches on Cyprus as simpler or less grand, yet the cathedrals 
in Nicosia with a vault height of 21.77 m and Famagusta with a height of 22.06 m 
were both coronation churches, the former for the King of Cyprus, the latter for the 
King of Jerusalem (Andrews 2013, 429–430). Certainly, they are of comparable height 
to four-storey buildings in France such as Noyon, (c1145, 22.1 m), and Laon (c1160, 
23.6 m), as well as three-storey churches such as the cathedrals in Senlis (c1151, 
22.7 m), Coutances (c1191, 22.2 m) and Bayeux (c1180, 22.81 m). One possibility 
which might explain the choice of two storeys is that greater consideration was given 
to supporting the superstructure. During horizontal ground accelerations, the mass of 
the vaults in these churches would have the inertia to remain at rest. Thus, the moment 
the ground begins to move, the vaults up above do not. The higher a given mass is 
above the ground, the greater its displacement under a given force. If we consider the 
first-storey structural walls to be relatively rigid and more massive (moving with the 
foundations without much slippage or rotation) than a triforium or clerestory, then 
with a taller first storey and a squatter upper storey, even given the same overall height, 
the building will be better able to resist seismic loading. For example, the first storey of 
the cathedral of Nicosia is half the overall height of the building while the first storey 
of Laon is less than one third the overall height. 

So, how do the Cypriot churches compare with each other? Is there any pattern in 
their elevations? With only ten three-aisled churches extant on the island, it is hard to 
call any sequence a pattern; however, there is an interesting progression. Comparing 
the wall sections of the four largest three-aisled basilicas on the island, all lie within 
the same size range. St Sophia in Nicosia was begun shortly after the 1202 earth-
quake, which caused tsunamis affecting the coastal cities rather than inflicting damage 
inland (see Gerrard, Chapter 6). A century later, after an 80-year period of seismic 
calm, the cathedral in Famagusta was founded. The vaults at Famagusta are higher 
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than at Nicosia, while the aisles at Famagusta are lower, with the first storey being 
approximately 0.48 times the overall height while the ratio at Nicosia is 0.51. As 
described above, Famagusta cathedral’s nave walls collapsed, while Nicosia’s nave was 
spared. After the 1350 earthquake in Paphos, when seismic awareness on the island 
presumably heightened, two more large three-aisled basilicas were built in Famagusta: 
St George of the Greeks and SS Peter and Paul. While the former is taller than the lat-
ter, they share a comparable distance from the shift in rigidity to the top of the vault, 
the first storey in each being about two thirds the overall height of the building. We 
therefore see an increase in the proportion of aisle height to main vault height—and 
increased anti-seismic adaptation. 

Openings for doors and windows 

The most rigid wall is a solid one. When an in-plane force is applied at the top of a wall, 
the wall resists the force because it is rigid. Torsional stress builds up in the wall, and if 
the solid mass is not strong enough, the wall will crack. Openings in the wall for doors 
or windows reduce rigidity. Torsional stresses build up around the corners of openings 
and are much greater than stresses in a solid wall—as there is less material to counter 
the force. Adding the force of gravity, any load above the opening adds stress which, 
when combined with the torsional stresses of the horizontal force, damages individual 
elements such as lintels. A wall with many openings can be conceptualised as a lattice. 
The larger the openings, the more stress builds up in the corners around these openings, 
leading to a structural failure as the corners fracture, causing the wall to shear. 

In a recent study, Mamaloukos (2012) notes that door and window openings in 
Byzantine architecture have been studied iconographically and stylistically, but not 
structurally. Despite his focus on the structural implications of opening forms and 
elements, Mamaloukos ignores seismic concerns, demonstrating the persisting gap 
between art historical and seismic studies. The same holds true for the study of 
openings in Islamic architecture (Edwards and Edwards 1999). 

Earthquake-adaptive buildings tend to have small window and door openings. 
Dramatic cracks which have propagated from wall openings during tremors and 
earthquakes can be seen, for example, in Unidentified Church 15 in Famagusta and 
in the church of St Catherine, Nicosia. Such cracking occurs because larger windows 
reduce the rigidity of the wall plane, allowing the shear stresses in the wall to deform 
it. On Cyprus, the churches tend to have narrow windows overall, particularly in 
the clerestory, where the width of the window is typically less than half the bay. The 
shallow clerestory windows of the 13th-century church at Bellapais Abbey are very 
small, making the interior dark. These windows would generate minimal stresses in the 
clerestory wall during an earthquake. Early 14th-century churches such as St George 
of the Latins and the Franciscan churches in Famagusta have windows that are less 
than half the width of the clerestory wall. 

The large clerestory windows of the cathedral in Famagusta may have exacerbated 
the collapse of the nave in the 1350 earthquake. The clerestory windows of Our Lady 
of Tyre in Nicosia were also large, almost filling the entire space of the bay. Today, 
these windows have been filled in. The result is that the wall is more anti-seismic, since 
this modification effectively reduced the size of the window opening. The windows 
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may have been filled in for many reasons: security, to moderate the bright Cypriot sun 
or to help stabilise the building. Whatever the reason, if these modifications proved 
successful against seismic hazards the practice would be emulated, even after the origi-
nal reason for filling in the windows was long forgotten. After the 1350 earthquake 
centred in Pahpos, it might be noted, no large windows were built in Cypriot churches, 
even in well financed projects such as the churches of St George of the Greeks and 
SS Peter and Paul in Famagusta. 

CONCLUSION 

We do not yet know specific dates for the seismic adaptations observable in the 
churches of Cyprus; consequently, we cannot credit individual responses to specific 
seismic events. It is clear, however, that over time, under the selective filter of 
tremors and earthquakes, modifications in the architectural fabric of these masonry 
structures amounted to an evolution of Gothic forms rather than what Camille Enlart 
conceptualised as a ‘degeneration’ of architectural forms due to a loss of cultural 
contact with France. Although this evolution may have been gradual, spanning a 
period from the 12th century to the present day, a rather sudden shift in building 
practices seems to have occurred after the mid-14th century that led to greater 
anti-seismic structural configurations. New subsequent church constructions tended 
to be more centralised, with smaller openings. While we can speculate that a stronger 
island-wide seismic culture resulted from the earthquake of 1350 in the western part 
of the island, further study is needed to better ascertain the dating of various seismic 
retrofits. Closer archaeological analysis could prove fruitful here and reveal evidence of 
seismic events that are not yet listed in historical earthquake catalogues; nevertheless, 
even in the absence of such detailed information, it is clear that the Gothic style that 
emerged in the absence of a selective filter in central France was vulnerable to the 
seismic geography of Cyprus. The Latin churches built on Cyprus adapted to medieval 
disasters, namely earthquakes, through an evolutionary process of trial and error and 
a renewed sense of ‘conformist bias’ to local Byzantine and Islamic models, which had 
evolved over centuries to mitigate seismic hazard. 
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