
ABSTRACT 

 

Minarets are tall and slender structures. They are vulnerable to fail or get damaged under lateral 

loads. In recent years, the number of reinforced concrete (RC) minarets in North Cyprus has 

increased significantly. Owing absence of structural code about how to design a minaret, forced 

us to revise our knowledge about these structures. Door openings, geometry changes in the 

cross-sectional size and additional mass at balconies are one of the most frequently encountered 

problems in these unique structures. The main purpose is to make a comparison and discuss the 

results of wind and seismic analysis of selected RC minarets according to ACI307-98, 

NCSC2015 and TS498, in order to clarify weaknesses and critical points. For this reason four 

RC minarets of heights 26.0 m, 33.2 m, 61.45 m and 76.2 m which exist in North Cyprus have 

been modelled by using SAP2000, v19.0 package program. Two types of analysis adopted; 

static wind analysis and dynamic earthquake response spectrum analysis. The results obtained 

from both static and dynamic loads are presented in the form of top displacements, base 

reactions and internal forces for selected RC minaret for different codes. The major findings of 

this study indicate that the dynamic elastic response spectrum analysis according to ACI307-98 

is forming the major lateral design load for the RC minarets and an additional concern should 

be given in the crucial points in order to preserve ductility of these structures. 
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ÖZET 

 

Minareler uzun ve narin yapılardır. Yanal yükler altında zarar görebilme veya hasar görmeye 

eğilimi olan yapılardır. Son yıllarda Kuzey Kıbrıs'taki betonarme minarelerin sayısı önemli 

ölçüde artmıştır. Minarelerin nasıl tasarlanacağına dair yol gösterici yapısal yönetmeliklerin 

eksikliği bizleri bu yapılar hakkındaki bilgimizi gözden geçirmemize zorlamıştır. Kapı 

boşlukları, enine kesitteki geometri değişiklikler ve balkonlardaki ek kütleler, bu eşsiz yapılarda 

en sık karşılaşılan sorunlu noktalardır. Zayıf noktaları ve kritik noktaları açıklığa kavuşturmak 

için ACI307-98, NCSC2015 ve TS498'e göre seçilen betonarme minarelerin rüzgar ve deprem 

analizinin sonuçlarını karşılaştırmalı olarak tartışmak ana hedeftir. Bu temel amaca göre, Kuzey 

Kıbrıs'ta var olan 26.0 m, 33.2 m, 61.45 m ve 76.2 m yüksekliğindeki dört adet betonarme 

minare, SAP2000, v19.0 paket programı kullanılarak modellenmiştir. İki tip analiz tatbik 

edilmiştir; Statik rüzgar analizi ve dinamik deprem spektrum analizi. Hem statik hem de 

dinamik yüklerden elde edilen sonuçlar, farklı yönetmeliklere göre seçilmiş betonarme 

minareler için, tepe deplasmanları, taban reaksiyon kuvvetleri ve iç kuvvetler şeklinde 

sunulmuştur. Bu çalışmanın başlıca bulguları, ACI307-98'e göre dinamik elastik tepki spektrum 

analizinin, betonarme minarelerinin ana yanal tasarım yükünü oluşturduğunu ve bu yapıların 

sünekliliğini korumak için kritik noktalarda ek bir hassasiyet gösterilmesi gerekliliğidir. 

 

Anahtar Kelimeler: Betonarme minareler; rüzgar yükü; deprem yükü; tepki spektum yöntemi; 

sonlu elemanlar yöntemi; SAP2000 
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ABSTRACT 

 

Minarets are tall and slender structures. They are vulnerable to fail or get damaged under 

lateral loads. In recent years, the number of reinforced concrete (RC) minarets in North 

Cyprus has increased significantly. Owing absence of structural code about how to design a 

minaret, forced us to revise our knowledge about these structures. Door openings, geometry 

changes in the cross-sectional size and additional mass at balconies are one of the most 

frequently encountered problems in these unique structures. The main purpose is to make a 

comparison and discuss the results of wind and seismic analysis of selected RC minarets 

according to ACI307-98, NCSC2015 and TS498, in order to clarify weaknesses and critical 

points. For this reason four RC minarets of heights 26.0 m, 33.2 m, 61.45 m and 76.2 m 

which exist in North Cyprus have been modelled by using SAP2000, v19.0 package 

program. Two types of analysis adopted; static wind analysis and dynamic earthquake 

response spectrum analysis. The results obtained from both static and dynamic loads are 

presented in the form of top displacements, base reactions and internal forces for selected 

RC minaret for different codes. The major findings of this study indicate that the dynamic 

elastic response spectrum analysis according to ACI307-98 is forming the major lateral 

design load for the RC minarets and an additional concern should be given in the crucial 

points in order to preserve ductility of these structures. 

 

Keywords: RC minarets; wind load; earthquake load; response spectrum method; finite 

element method; SAP2000 
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eğilimi olan yapılardır. Son yıllarda Kuzey Kıbrıs'taki betonarme minarelerin sayısı önemli 

ölçüde artmıştır. Minarelerin nasıl tasarlanacağına dair yol gösterici yapısal yönetmeliklerin 

eksikliği bizleri bu yapılar hakkındaki bilgimizi gözden geçirmemize zorlamıştır. Kapı 

boşlukları, enine kesitteki geometri değişiklikler ve balkonlardaki ek kütleler, bu eşsiz 

yapılarda en sık karşılaşılan sorunlu noktalardır. Zayıf noktaları ve kritik noktaları açıklığa 

kavuşturmak için ACI307-98, NCSC2015 ve TS498'e göre seçilen betonarme minarelerin 

rüzgar ve deprem analizinin sonuçlarını karşılaştırmalı olarak tartışmak ana hedeftir. Bu 

temel amaca göre, Kuzey Kıbrıs'ta var olan 26.0 m, 33.2 m, 61.45 m ve 76.2 m 

yüksekliğindeki dört adet betonarme minare, SAP2000, v19.0 paket programı kullanılarak 

modellenmiştir. İki tip analiz tatbik edilmiştir; Statik rüzgar analizi ve dinamik deprem 

spektrum analizi. Hem statik hem de dinamik yüklerden elde edilen sonuçlar, farklı 

yönetmeliklere göre seçilmiş betonarme minareler için, tepe deplasmanları, taban reaksiyon 

kuvvetleri ve iç kuvvetler şeklinde sunulmuştur. Bu çalışmanın başlıca bulguları, ACI307-

98'e göre dinamik elastik tepki spektrum analizinin, betonarme minarelerinin ana yanal 

tasarım yükünü oluşturduğunu ve bu yapıların sünekliliğini korumak için kritik noktalarda 

ek bir hassasiyet gösterilmesi gerekliliğidir. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background 

Among the most unique structures in the most of Islamic cities are the minarets. Minarets 

are tall and slender structural elements such as towers commonly used in mosque 

architecture. It is usually built besides to, or attached to the side wall of mosques. Historically 

minaret was used to recite Azan, where a person ascends to the balcony and calls Muslims 

to pray five times a day. Since the invention of the loudspeakers, minaret has lost its main 

function, however still continued to be constructed as a main symbolic element of mosque. 

Alshehabi, (1993) reported that the first appearance of the minarets was before more than 

1300 years in Damascus, Syria at the Umayyad Mosque, which was the largest mosque at 

that time and had relatively three short, square minarets that are still visible today. Until now 

the tallest minaret in the world is the minaret of Hassan II Mosque in Casablanca, Morocco, 

which has 210 m height (Abdullahi, 2014) , but the construction of an another tall minaret 

with 265 m is still ongoing in the Great Mosque in Algiers (Constantinescu & Köber, 2013). 

The architectural features of minarets had varied historically by countries. The first style of 

minarets was inspired by the towers of the churches as a square tower sitting at the corner of 

the mosque. During the evolution of urban style in Islamic countries, shapes and sizes of 

minarets were developed. For example, in the 9th century, Abbasids style minarets in Iraq 

were conical in shape, surrounded by a spiral staircase as shown in Figure 1.1.a. In the 12th 

century, Moroccan style minarets have been normally square with several storeys, and 

generally each mosque has a single minaret. An example of this style can be seen in Figure 

1.1.b. Egyptian minaret styles in the 15th century were like an octagonal shape with one or 

two balconies. Egyptian minaret style is shown in Figure 1.1.c. A new style of minarets 

appeared in the Ottoman period in Turkey. This style of minaret is slim and has a cylindrical 

main body shape as shown in Figure 1.1.d (Doğangün et al., 2006; Higazy, 2004). 
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The Ottoman influence in North Cyprus left a particularly rich heritage of beautiful mosques 

which were all built using brick or stone masonry. Nowadays, in Turkey, North Cyprus and 

many other countries affected by Ottoman culture, classical Ottoman minaret style is still 

built while new hybrid style is most commonly in Middle East countries. Hybrid style 

minarets can be seen in Figure 1.1.e (Alshehabi, 1993). 

   

(a) The Malwiya Minaret 

Samarra, Iraq 

(b) The Koutoubia minaret 

Marrakesh, Morocco 

(c) Al-Azhar Mosque minaret 

Cairo, Egypt 

  

(d) The Blue Mosque minarets 

Istanbul, Turkey 

(e) Al-Masjid al-Nabawi minarets 

Medina, Saudi Arabia 

Figure 1.1: Minaret styles of different countries 
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Majority of the minarets recently constructed are RC structures that enables architects and 

engineers to design high rise minarets with lower fundamental frequencies of vibration in 

comparison to masonry minarets. This study is concerned with the RC Ottoman minaret 

style, which consists of footing, boot, transition segment, main body, balconies, spire, and 

end ornament, as shown in Figure 1.2 (Ural A. & Firat F. K., 2014). 

 

Figure 1.2: Component segments of a typical Ottoman minaret 

The footing works as a foundation of the minaret. It is constructed separately or continuously 

with the mosque structure. The base or boot is the lowermost part of the minaret can be seen 

above the ground. In general, the boot has a square or polygonal shape and above it there is 

a transition segment, which connects the larger-diameter boot with a smaller-diameter main 

body uninterruptedly and smoothly. The main body, which is the main part of the minaret 
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usually cylindrical and rarely polygonal in shape. Inside the minaret, usually there is a 

cylindrical column surrounded by spiral staircase running anti-clockwise all the way round 

the shaft up to the last balcony. The balconies are cantilevers get out from the main body. 

Historically balconies were used to proclaim prayers, but now they are built for aesthetic 

appearance and architectural reasons only. It’s important to note that door openings in the 

main body are found where there are balconies. The roof of the minaret is called as the spire 

and it is usually conical in shape. Above the spire, usually there is an end ornament, which 

is made of metal and used as an indication noticeable from far to show the direction of qibla 

(Doğangün et al., 2006). 

 

1.2 Effect of Lateral Loads on Minarets 

Minarets, especially the Ottoman minaret style with their unique features such as distinctive 

shape and high level slenderness is not the same to other known structures. Many minarets 

were either damaged or collapsed under the effect of destructive earthquakes or strong wind 

storms, resulting in loss of life and properties. Some of these incidents which happened in 

the neighbouring country are summarized below: 

In 2002 the minaret of Ebubekir Sıddık Mosque in Kayaş, Ankara, Turkey, collapsed during 

a wind storm and resulted with the death of two people and five injuries. The collapsed 

minaret is shown in Figure 1.3.  

In the same year, the minarets of five mosques collapsed and the minarets of four mosques 

were damaged during a strong wind storm in Erdemli, Mersin, Turkey, as can be seen in 

Figure 1.4. The maximum recorded wind speed was 96 km/h. Also in 2003 in the same city 

a wind storm with a velocity of 100 km/h caused failing of a minaret. 

In 2005 during a wind storm with a velocity of 60 km/h in Kahramanmaraş, Turkey, the two 

minarets of Ulu Mosque, which had a height of 15 m, collapsed and caused some injures as 

shown in Figure 1.5 (Türkeli, 2014). 
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Recently, in February 2015, amateur cameras recorded collapse of Şafak Mosque minaret in 

Izmir, Turkey, during a strong wind storm with a maximum recorded wind speed of 90 km/h. 

Figure 1.6 shows the minaret during and after the collapse (CUMHURIYET, 2015). 

 

Figure 1.3: The collapsed minaret of the Ebubekir Sıddık Mosque, Kayaş, Ankara, Turkey 

(Türkeli, 2014) 

 

Figure 1.4: The collapsed minarets in Erdemli, Mersin, Turkey (Türkeli, 2014) 

 

Figure 1.5: The two collapsed minarets of Ulu Mosque, Kahramanmaraş, Turkey (Türkeli, 

2014) 
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