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Fig. 1 Orhan Gazi Mosque (up),  
Göğceli Mosque (down)
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Aslı Er Akan

Structural Behaviour of 13th and 14th Century Seljuk 
Mosques and Acculturation of Construction Knowledge

Ahi Elvan Mosque, Ankara, Turkey
finite element model
Hanönü Mosque, Kastamonu, Turkey
hypostyle wooden mosques
peripheral walls

This study aims to demonstrate the acculturation of Seljuk architec-
ture and construction techniques by tracing the development of 
peripheral walls in Seljuk wooden hypostyle mosques built in 13th and 
14th centuries. To track the exchange of construction knowledge two 
Seljuk mosques (the Hanönü Mosque in Kastamonu and the Ahi Elvan 
Mosque in Ankara) are selected for comparison in this study. The 
main difference between the two mosques is their structural systems: 
one has a wooden peripheral wall and wooden skeleton system, while 
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the other has a masonry peripheral wall and wooden pillars. In this 
study, a comparison of the structural systems and performances of 
these examples of wooden mosques exhibiting different wall systems 
was made together with structural analyses under basic loads. A 
series of structural analyses provides significant data about the struc-
tural behaviour of these types of structures, indicating acculturation 
of elements from Asia and Byzantium within Seljuk architecture and 
construction techniques.
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IntroductIon:  
AcculturAtIon of constructIon 
knowlEdgE bEtwEEn AsIA  
And thE byzAntInE EmpIrE

 The first official contacts of Turks with the 
Islamic World happened in 11th century with 
Seljuks, who soon became the first Turkish 
dynasty to rule the Muslim world. In terms  
of construction culture, Turks were advanced 
in adobe and brick masonry but they also 
knew wooden construction techniques. As a 
culture with its origins in Asia, Turks intro-
duced new construction techniques and in 
return they transferred new types of build-
ings from Islam.

Meanwhile, they also encountered Byzantine 
culture at the border of Anatolia where stone 
masonry construction techniques were ad-
vanced. When Seljuks began to rule in Anato-
lia, they established a cosmopolitan mosaic 
of diverse cultures in which Romans, Greeks, 
Armenians, Turks, Persians and others could 
cooperate. Under these circumstances, archi-
tecture and construction techniques were 
cultivated rapidly. During this period, Seljuk 
architecture, which had been based on brick 
or timber, created a new fusion of stone ma-
sonry and wooden carcass by uniting the 
newly transferred knowledge of Byzantine 
techniques (Altun, 1988).

This engendered a construction vocabulary 
that was acculturated between East and 
West. Uçar and Örmecioğlu (2021: 220) state: 
“As a nation that encountered various civili-
zations, Turks learned many techniques and 
concepts from them and adopted these as 

practices, customs, and also their semantic 
network. Architecture is a part of this seman-
tic network in which the transfer of knowl-
edge and technology is embedded in building 
forms, construction techniques, and/or space 
culture.”
This acculturation of construction knowledge 
in Seljuk architecture is best observed in hy-
postyle mosques with timber pillars and ma-
sonry peripheral walls. Wooden hypostyle 
mosques generally have rectangular plans 
and the roof is supported by timber pillars, 
placed in between the naves in the main 
prayer hall (Harim). There is also padding on 
the pillars, carrying the timber girders placed 
perpendicular to the mihrab wall. The girders 
support the timber beams, placed parallel to 
the mihrab wall. Cross-bracings are placed in 
between beams for lateral stability (Ministry 
of Culture, 2005; Katipoğlu, 2013: 75; Katipo-
ğlu Özmen, 2018: 118).

Bayhan (2009: 55) says that the very first ex-
amples of timber-pillared mosques were in the 
Arabian Peninsula, Iran and Central Asia. The 
type transferred to Anatolia thanks to migrat-
ing Turkish groups in the last quarter of the 
12th century. As a matter of fact, hypostyle was 
a structural system which was used for long 
span halls in Asia and the Middle East. 

One of the very first examples of hypostyle 
halls in Iran are seen in Hasanlu IVb (1050-800 
BC; Dyson and Muscarella, 1989: 2; Musca-
rella, 1966: 121). Additionally, the  Ak-Beshim 
Buddhist temple in Kyrgyzstan is another ex-
ample based on pre-Islamic constructional tra-
ditions. Also, some halls in the Pencikent and 
Aktepe settlements, which were constructed 
in the pre-Islamic period, are instances of this 
construction technique (Er Akan et al., 2021: 2; 
Ya Staviskij, 1974; Nusov, 1971).

The aim of this study is to express the accul-
turation of Seljuk architecture and construc-
tion techniques between Asia and Byzan- 
tium by outlining the development of peri-
pheral walls in Seljuk wooden hypostyle 
mosques built in 13th and 14th centuries. With 
this aim two Seljuk mosques (Hanönü Yukarı 
Küreçayı Mosque and Ahi Elvan Mosque) 
have been selected for a comparison of their 
structural behaviour. Hanönü Yukarı Küreçayı 
Mosque has a wooden peripheral wall and 
wooden skeleton system while Ahi Elvan 
Mosque has masonry peripheral wall and 
wooden pillars.

Therefore, the paper’s scope covers the 
adoption of timber and masonry hybrid con-
struction techniques in Seljukid mosque ar-
chitecture. In other words, the paper is about 
the specific effect of the masonry peripheral 
walls on the structural behaviour of timber 
pillared mosques.
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trAnsformAtIon of pErIphErAl wAlls 
In sEljuk woodEn hypostylE mosquEs

O’Kane (1994: 122) states that “The natural 
resources available for building vary consid-
erably across the region. [In Iran] wooden con-
struction is found in limited areas, principally 
on the Caspian littoral, and in some mountain 
villages.” In Turkey too wooden construction 
is found mostly on the Black Sea littoral, an 
area surrounded by forests. Wood is a sus-
tainable material that is environmentally 
friendly and renewable, and also has good 
strength compared to its density. Moreover, it 
is compatible with other building materials 
and can be very long-lasting when used prop-
erly (Bozkurt, 2011: 115). With these features, 
it was used as a basic building material in tra-
ditional Turkish architecture. In the eastern 
Black Sea region, especially around Samsun, 
Ordu and Kastamonu, many wooden mosques 
are found (Karpuz, 1992a: 20; Karpuz, 1992b; 
Şahin, 2010: 31; Sümerkan and Okman, 1999). 
All these wooden mosques in the Black Sea 
region of Anatolia are from 12th and 13th centu-
ries (Fig. 1).

As we move from the Black Sea region to Cen-
tral Anatolia, stone begins to take place along-
side the wooden architecture. The transforma-
tion of peripheral walls in Seljuk wooden 
mosques starts as a result of the interaction 
with Byzantine architecture. The wooden skel-
eton system of Seljuk architecture combined 
with stone masonry construction system of 
Byzantine architecture in the 13th and 14th cen-
tury mosques that are called “hypostyle 
wooden mosques”. The first examples of 
these hypostyle wooden mosques with stone 
masonry peripheral walls and  timber pillars 
are from 13th century: Afyon Ulu Mosque (Bay-
han, 2009: 55), Eğridir Hızırbey Mosque, 
Candaroğlu Mahmutbey Mosque (Fig. 2), and 
Ankara Ahi Elvan Mosque (Öney, 1971).

Most of these remarkable mosques, which 
date back to 13th and 14th centuries, have sur-
vived various natural disasters such as 
floods, landslides, fires etc. without signifi-
cant damage. However, Anatolia is on one of 
the most active seismic belts on earth. 

As a result, many similar monuments have 
been destroyed due to earthquakes or result-
ing fires. Preservation and strengthening of 
such valuable historical monuments are high 
on the agenda of the architectural and engi-
neering community. In parallel with the de-
velopment of structural analysis software, it 
became possible to easily and accurately 
conduct the finite element analysis of histori-
cal monuments with very complex geome-
tries in short periods of time (Er Akan, 2004: 
60; Er Akan, 2008: 92; Er Akan, 2021: 2; Öz-
men et al., 2011: 452; Ünay and Özmen, 2006: 
255; Özmen, 2021).

Fig. 2 Mahmutbey Mosque

Fig. 3 Outer, inner views and plan of Hanönü Mosque, 
1285

https://en.wikipedia.org/wiki/Central_Anatolia_Region
https://en.wikipedia.org/wiki/Central_Anatolia_Region
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ArchItEcturAl And structurAl 
chArActErIstIcs of hAnönü mosquE 
And AhI ElvAn mosquE

The first case is Hanönü Mosque (Fig. 3) 
which is a totally wooden Seljuk mosque lo-
cated in Kastamonu, and built in 1285. The 
mosque was restored by the Regional Direc-
torate of Foundations and reopened for wor-
ship in 2012 (Tunçay, 2018). The peripheral 
walls, which form the main prayer hall of the 
building, were formed by placing wooden 
planks, 7 cm thick, on top of each other along 
the height of the main prayer hall, using the 
dovetail joint technique. The wooden planks 
are notched at the corner points of the sanc-
tuary, and they are physically interlocked 
with the wooden planks coming from the 
other direction. However, it has been ob-
served that nails and clamps are not used 
frequently enough to provide physical clamp-
ing between each plank forming the periph-
eral wall. 

The connection between the peripheral walls 
of the mosque and the ground is provided by 
the rubble stone walls. There are three wood-
en beams that carry the ceiling of the sanc-
tuary on each façade, in the corners and in 
the middle. In this way, the roof load is 
 transmitted to the wooden external walls, 
wooden beams and wooden columns and the 
rubble stones on the ground. There are four 
wooden pillars on the qibla (kıble) façade 
and wooden beams connecting them to each 
other and to the peripheral walls. The wood-
en structural system of the floor of the loge 
for women (kadınlar mahfili)1 was extended 
to the end level of the main prayer hall form-
ing the roof of the loge. The building was 
made with the wooden peripheral wall and 
wooden frame system consisting of wooden 
columns and beams on all façades (Çelik et 
al., 2021: 18).

There is a minaret on the south-west façade 
of the mosque, and a staircase providing ac-
cess to the women’s quarter on the north-
west façade. The minaret, located on the 

south-west façade of the last communion 
section, was formed by combining a circular 
wooden log with a diameter of 170 mm and 
wooden planks with a diameter of 120 cm and 
a wall 4 cm thick with 2 cm thick wooden 
steps. The structural system, which goes up 
to the balcony level by drawing a spiral 
around the main wooden column, expands in 
this section and reaches 160 cm in diameter, 
and thus rises and continues up to the lower 
level of the minaret cone.

The second case is Ahi Elvan Mosque (Fig. 4), 
which is a typical timber pillared Seljuk 
mosque located in the citadel of Ankara, and 
built by Ahi Elvan Mehmet Bey (1331-1389) in 
1382 (Öney, 1971: 23). The mosque has a hy-
postyle structural system, which consists of 
masonry external walls and timber pillars. It 
has an almost rectangular plan, covering 396 
square metres. The 1 m thick masonry walls 
are the main load-bearing element surround-
ing four sides and supported by 12 timber pil-
lars. Although the roof was first covered with 
traditional flat-roof made with mud, it was 
replaced with pitched timber roofing in later 
periods. As in many other timber mosques, it 
has a timber balcony, used by women (ka-
dınlar mahfili), and added later. The pillars 
supporting the balcony have special sections 
both on their upper and lower ends. The only 
opening in the north façade is the door of the 
women’s balcony. The supporting walls 
made up of brick and adobe have stone foun-
dations (Er Akan, 2010: 42). 

The minaret is on the northwest corner of  
the building. The twelve pillars are set in 
three rows perpendicular to the mihrab. The 
pillars sit on the base and their heads are 
connected to each other with massive wood-
en lintels (Öney, 1971: 24). The mosque has 
undergone three major restorations in 1413, 
1967 and 1985.

1 “Turkish mosques generally allocate some areas, 
termed loges (kadınlar mahfili), for women congregants; 
these spaces, however, are often appropriated on Fridays 
by the large numbers of men who attend services.” (Alya-
nak, 2019: 125).

Fig. 4 Outer, inner views and plan of Ahi Elvan 
Mosque, 1382
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structurAl bEhAvIour  
of tImbEr wAllEd And mAsonry  
stonE wAllEd mosquEs

In recent years, developments in computer 
hardware and software technologies have 
dramatically augmented the capacity, speed 
and graphical quality of structural analysis 
programs, which in turn increased the de-
mand for the structural analysis of historical 
buildings with complex geometrical forms. 
However, structural analyses conducted 
without paying attention to appropriate ana-
lytical modelling procedures may result in 
serious mistakes in the assessment of the 
actual structural conditions of these build-
ings. This is why the analytical modelling 
phase is very critical in the finite element 
analysis of historical structures.

In order to investigate the structural behavior 
of the timber walled vs. masonry stone walled 
wooden mosques, structural analyses of Ahi 
Elvan Mosque and Hanönü Mosque were 
made. However, the structural analyses car-
ried out are not detailed structural analyses 
of these mosques, but only calculations car-
ried out to raise awareness about the impor-
tance of understanding structural behavior in 
terms of architecture. For this reason, it is dif-
ferent from the detailed engineering calcula-
tions which are made to examine the current 
state, structural capacity and earthquake be-
havior of similar structures. In order to ob-
serve and understand the different structural 
behavior of mosques, the basic structural 
behaviors of the mosques were observed un-
der the applied vertical and horizontal loads. 
Since the overall geometric dimensions of 
the mosques are not the same, it is not 
 correct to make a comparison with the calcu-
lated forces, stresses and displacements. 
However, the results obtained from both 
 examples give quite comprehensive and ex-
planatory information about the structural 
behavior of each separately.
There are some examples of structural analy-
sis for stone walled timber mosques in litera-
ture. One of these examples is the finite ele-
ment analysis of Ahi Elvan Mosque, which 
belongs to the previous studies of the author 
(Er Akan, 2010). The structural behavior of 
masonry stone walled timber mosques can 
be explained by individual structural behav-
ior of the masonry stonewall and the timber 
frame inside.
As shown in Fig. 5, the finite element model 
of Ahi Elvan Mosque is assembled according 
to following conditions.

 − 1 m thick peripheral stone walls are mod-
elled with general SHELL element.

 − Timber pillars, main beams and other com-
ponent of the roof structure is modelled with 
FRAME elements.

 − The analytical model is built with 1627 
nodes, 1030 shell elements and 1091 frames 
elements.

 − Moment releases and partial fixities are 
introduced at the connections of frame ele-
ments to define the timber connection details 
of pillar capitals and beams connections.

 − The linear elastic material characteristics 
of the masonry is defined by assuming that 
stone and mortar have a homogenous mate-
rial behavior.

Another finite element model is prepared  
for Hanönü Mosque, which has a very differ-
ent characteristic in terms of its structural 
behavior.

As shown in Fig. 6, the finite element model 
has the following data.

 − The finite element model is formed by as-
sembling timber pillars, timber beams and 
the 7 cm thick wooden planks constituting 
the walls and the roof plate.

 − The walls are modelled with frame ele-
ments, based on the principle that wooden 
planks of 7 cm thickness are connected to 
each other by T/C (tension-compression) fric-
tion isolator elements.

Fig. 5 Finite element model of Ahi Elvan Mosque

Fig. 6 Finite element model of Hanönü Mosque
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 − Square-sectioned 30´30 cm timber pillars 
and rectangular sectioned 25´40 cm timber 
beams are modelled by FRAME elements.

 − Since the beams, pillars and planks are 
connected to each other with the dovetail 
joint technique, rigid connections and ele-
ment end releases are introduced at particu-
lar nodes according to their assembly details.

 − The wooden planks forming the outer 
walls of the mosque with the dovetail joint 
technique are modelled by introducing T/C 
friction isolator elements. T/C friction isola-
tor elements provide shear resistance due to 
friction at contact surface of the planks in 
case of tension and compression forces and 
stresses between them.

Planks are connected to each other at every 1 
m by T/C friction isolator elements according 
to the following principles. Link elements 

have certain stiffness in compression, while 
zero stiffness in tension. Therefore, a gap 
arises between the planks due to tensile forc-
es and full contact and stress transmission 
occurs between the planks due to compres-
sive forces. In case of horizontal loads, by 
defining friction coefficients to LINK elements 
according to tensile and compressive forces, 
a shear resistance develops between the 
planks when compressive forces are trans-
mitting through the LINK elements, while no 
shear occurs due to tensile forces. This pro-
vides the most accurate way to observe the 
transmission of forces through structural ele-
ments and presents reasonable displace-
ments under vertical and horizontal loads.
Following loads cases are applied to observe 
the structural behavior of Ahi Elvan Mosque 
and Hanönü Mosque. As vertical loads, the 
self-weight of all structural members, weight 
of the roof and other auxiliary elements are 
considered. Since the total mass of the struc-
ture is not too large, instead of the response 
spectrum analysis, horizontal gravity loads 
equal to 40% of the total weight of the struc-
ture are applied in both horizontal axes per-
pendicular to each other. Material properties 
for the finite element analysis of Hanönü 
Mosques and Ahi Elvan Mosque are summa-
rized in Table I.
A precise description of the structural behav-
ior of a building is not possible with structur-
al analysis results alone. A structural analysis 
usually depends on how joint restraints, 
member dimensions and loads are defined 
and applied. Within this definition, the struc-
tural analyses for Ahi Elvan Mosque and 
Hanönü Mosque aim to evaluate the struc-
tural behavior of inner timber frames and 
planked timber walls in particular.
In the previous publication of the authors for 
Ahi Elvan Mosque, which essentially aims to 
investigate seismic behavior of the building, 
seismic forces induced by recommended 
earthquake spectrum for that region is consid-
ered along two perpendicular horizontal axes.
In this study, the structural analysis based on 
the 40% of the total weight of the building as 
horizontal loads with the simplified analytical 
model intending to inspect the structural be-
havior of the building achieved almost identi-
cal displacements along the x-axis and y-axis.
Base reactions are calculated as 18066 kN in 
the global z-axis (vertical direction, the total 
weight of the structure) and as 6800 kN along 
the x- and y- global axes (horizontal direction 
due to 40% of the total weight applied as 
horizontal loads) in the structural analysis of 
Ahi Elvan Mosque. Whereas, base reactions 
are calculated as 186 kN in the vertical direc-
tion as the total weight of it and 93 kN along 
the x- and y-axes as the horizontal base shear 

Table I Material properties for the finite element analysis of Hanönü Mosque  
and Ahi Elvan Mosque

Mosques Structural element type Modulus of elasticity (E) kN/m2 Unit weight
kN/m3

Mass
t/m3

H
an

ön
ü 

M
os

qu
e Wooden planks 9000000

(9000 MPa) 5 0,50

Timber pillars 9000000
(9000 MPa) 5 0,50

Timber beams 9000000
(9000 MPa) 5 0,50

Ah
i E

lv
an

 M
os

qu
e Stone masonry walls

(mortar included)
450000
(450 MPa) 24 2,45

Timber pillars 9000000
(9000 MPa) 5 0,50

Timber beams 9000000
(9000 MPa) 5 0,50

Fig. 7 Deformed shape of Ahi Elvan Mosque  
for the horizontal loads
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Fig. 8 Deformed shape of Hanönü Mosque  
for the horizontal loads

in the structural analysis of Hanönü Mosque. 
The comparison of these two buildings in 
terms of forces and stress gives irrelevant 
conclusions because of unequal size, dis-
similar materials and construction systems. 
Therefore, an evaluation of calculated dis-
placements provides reliable interpretation 
about their structural behavior.

As shown in Fig. 7, at the top of the masonry 
walls, maximum displacements are deter-
mined along the x-axis and y-axis as Δx = 27 
mm and Δy = 18 mm respectively. A realistic 
explanation of structural behavior of the 
building considering these displacements 
only is not possible without the consistency 
of the applied loads, actual material proper-
ties of the masonry walls and the construc-
tion technique of the wooden frame ele-
ments. However, displacements and forces 
smaller than expected indicate that the outer 
walls provide a significant fortification to the 
inner timber frames, especially against later-
al loads.

As shown in Fig. 8, similar results were ob-
tained in the structural analysis of the 
Hanönü Mosque. At the top of the timber 
planked walls, the maximum displacements 
are determined along the x-axis and y-axis as 
Δx = 74 mm and Δy = 28 mm respectively. The 
deformed shape of the building under lateral 
loads shows that the structural behavior of 
the Hanönü Mosque, which is constructed by 
dovetail joints, demonstrates similar struc-
tural behavior of the wooden hypostyle 
mosques with peripheral masonry walls. It is 
not possible to compare these two unequal 
size buildings with the calculated displace-
ments only. The ratio of the maximum dis-
placement to the total height of the building 
indicates that the planked wooden walls pro-
vide at least as much lateral resistance as the 
peripheral masonry walls in a dovetail-joint-
ed wooden structure. This ratio is 0.0034 and 
0.0028 along the x-axis and the y-axis respec-

tively in Ahi Elvan Mosque. Whereas, it is 
0.011 and 0.004 along the x-axis and the y-
axis respectively in Hanönü Mosque. The dis-
placements determined in the structural 
analyses are summarized in Table II with re-
spect to deformed shapes of Ahi Elvan 
Mosque and Hanönü Mosque shown in Figs. 
7 and 8.
It should be kept in mind that the material 
properties used in the finite element model 
were not actual values obtained from the 
testing of the material samples from the ac-
tual structure but values taken from scientific 
literature. As a result, it is possible for certain 
partial damage to happen due to the non-
homogenous behaviour of the actual struc-
tural elements or material deterioration.
Lastly, interpretation of analysis results in 
terms of the interaction between the timber 
frame and masonry walls is important. The 
finite element model of Ahi Elvan Mosque is 
designed to realistically simulate the behav-
iour of the connection nodes in-between the 
timber frame and masonry elements with dif-
ferent levels of rigidity. The thick peripheral 
masonry walls with a high level of rigidity 
provide adequate lateral resistance for the 
slender timber frame structure. With the sup-
port of the peripheral walls, timber beams in 
both directions behave as continuous beams 
rather than single span beams. Due to this 
behaviour the timber pillars of the mosque 
are subjected to smaller bending moments.
Despite this additional support from the ma-
sonry portion of the structure, displacements 
from the vertical axis have been observed in 
the timber pillars of Ahi Elvan Mosque and 
similar timber pillared structures. The analy-
ses have demonstrated these displacements 
are not due to vertical or horizontal load ef-
fects but the result of material deteriorations 
and partial settlements in the timber pillars-
beams joints and connection details in-be-
tween timber beams and masonry walls.

Table II The displacements determined  
in structural analysis of Ahi Elvan Mosque  
and Hanönü Mosque

Ahi Elvan Mosque Hanönü Mosque

Joint 
label

Δx 
(mm)

Δy 
(mm)

Joint 
label

Δx 
(mm)

Δy 
(mm)

A 6.26 0.90 A 4.21 0

B 7.64 -0.43 B 4.56 -0.90

C 7.74 -2.39 C 4.55 0

D 27.89 0.11 D 8.15 0

E 27.79 -0.66 E 5.29 0

F 27.93 -0.65 F 5.29 0

G 28.02 -1.71 G 4.54 -0.01

H 28.11 -1.98 H 4.38 0

I 3.01 -0.52 I 4.55 0.90

J 4.28 -0.16 J 4.54 0.39

K 4.27 1.06 K 4.56 0
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