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A B S T R A C T 

Minarets are structures that have an important place in Islamic architecture. Alt-

hough these structures have a long, thin and delicate appearance, they can be con-

structed in different cross-sections and heights. Due to their geometry, minarets can 

be damaged under earthquake and wind loads. In order to minimize the possibility 

of damage to these structures, they must be constructed with suitable geometry and 

materials. In this study, the effect of minaret height on dynamic characteristics (nat-

ural frequency and mode shape) was investigated numerically. For numerical appli-

cation, 19 different minarets with heights ranging from 13.5 m to 33.75 m were mod-

eled in the ANSYS finite element package program. It is assumed that the minarets 

have as masonry and the base of the minaret was fixed support to the soil. These 

minarets were evaluated in terms of natural frequency, mode shape and modal mass 

participation ratios by performing modal analyses. In addition, an equation has been 

derived that can predict the first natural frequency of the minaret depending on its 

height. 
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1. Introduction 

Minarets are tower-shaped tall structures built for the 
purpose of chanting the call to prayer and spreading the 
sound around. These structures, which are built adjacent 
to or separately from mosques, have one or more balco-
nies, and the doors of these balconies must face to the 
qibla. In minarets built adjacent to the mosque, the min-
aret entrance door usually opens into the mosque. Mina-
rets of different geometries and heights have been built 
and are still being built all over the world. The minaret 
of the II. Hasan Mosque in Morocco is the tallest minaret 
in the world (with a height of 210 m), and the minaret of 
the Sabancı Merkez Mosque in Adana is the highest min-
aret in Türkiye (with a height of 99 m) (Fig. 1). 

Minarets, which have an important place in Islamic 
architecture, carry traces of the time they were built and 
are symbolic structures that have an important place in 
the urban fabric. Minarets built in different regions re-

flect the culture of the region they were built because 
they have different identities. For example, Seljuk and 
Syrian minarets are generally short, while Ottoman min-
arets are longer. Iraqi minarets are generally cone-
shaped, while Arab minarets are rectangular. In Egyptian 
architecture, minarets are usually square at the bottom, 
octagonal in the middle and dome-shaped at the top. Mo-
roccan-style minarets are square at the base as in Egyp-
tian architecture, and as the minaret height increases, 
narrowing is seen in the section. 

Minarets are mostly built with a carcass and masonry 
load bearing system. While carcass minarets are gener-
ally made of reinforced concrete, wood and steel materi-
als, masonry minarets are generally made of stone and 
brick materials. Minarets are built using these building 
materials in a way that consists of seven different parts. 
Minaret parts are boot (pulpit), transition segment, 
body, balcony, upper part of the minaret body, spire and 
end ornament. In addition, there are stairs built with or 
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without a core inside the minarets, and these stairs gen-
erally continue up to the upper part of the minaret body. 
Explanations about the minaret parts are given below: 
• The boot (pulpit) is the bottom part of the minaret, 

adjacent to the soil/foundation. This part can usually 
be built as rectangular, cylindrical and polygonal, and 
in minarets built separately from the mosque, the 
minaret door is mostly located in this part. 

• The transition segment is the part that connects the 
boot and the body parts. This part is not encountered 
in minarets that do not differ in size and geometry be-
tween the boot and the body. 

• The body is the part between the transition segment 
and the balcony and is generally cylindrical. In order 
to provide lighting and ventilation in the minaret, 

small windows are usually opened at regular intervals 
in this part. 

• The balcony is one of the most aesthetically striking 
parts of the minarets. Almost every minaret has at 
least one balcony, and in some minarets it is possible 
to come across 3 balconies. 

• The upper part of the minaret body is the part be-
tween the balcony and the spire, and is usually built 
with the same cross-section as the body part. 

• The spire is the part that can be called the roof of the 
minarets and is generally built in the form of cones 
and domes. 

• The end ornament is the part on the top of the minaret 
that is made in various ways to add beauty to the 
shape of the spire.

     
a) II. Hasan Mosque (Morocco)                    b) Sabancı Merkez Mosque 

Fig. 1. The tallest minarets of the (a) world and (b) Türkiye.

Minarets can be damaged or collapsed under earth-
quake and wind forces due to the structural factors re-
vealed by their architectural appearance (Fig. 2). Various 
studies are carried out by researchers in order to under-

stand the reasons for these negative situations, to iden-
tify minarets that may have the potential to be dam-
aged/collapsed, and to determine what precautions can 
be taken for minarets with this potential.

 

 

Fig. 2. Some examples for minaret damages (Yetkin et al. 2021).

Köksal et al. (2016) determined the dynamic behavior 
of the masonry minaret of the Yörgüç Pasha mosque 

(Samsun) against the ground motion caused by the sur-
face blast-induced ground motion artificially generated 
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for the finite element model they created. Döven et al. 
(2018) modeled the Kütahya Yeşil Mosque minaret in 
two different ways as open and closed balconies, and 
then performed the experimental measurements of the 
minaret using operational modal analysis method using 
2 different types of accelerometers and compared the fi-
nite element model analysis results they obtained with 
the experimental results. Yetkin et al. (2018) experimen-
tally determined the dynamic characteristics of a rein-
forced concrete minaret and updated the finite element 
model in the light of these values. Adam et al. (2020) cre-
ated a finite element model of a historical masonry min-
aret and determined its structural behavior under vari-
ous loadings. Bayraktar and Hökelekli (2020) performed 
modal analyses and nonlinear seismic performance anal-
yses of different types of minaret-foundation-soil inter-
action systems for different foundation types. Bayraktar 
and Hökelekli (2021) created finite element models for 
minaret types, which they assumed to be formed with 
different materials, and performed nonlinear analyses 
by strengthening these models with various methods. At 
the end of the study, they proposed a cost-effective seis-
mic reinforcement technique with better workability 
and lower cost. Calayir et al. (2021) updated the finite 
element model of a masonry minaret by using the dy-
namic characteristics obtained from the operational 
modal analysis. Yetkin et al. (2021a) after the Mw=6.8 
earthquake that occurred in Elazığ on January 24, 2020, 
they determined the damages in the minarets in the 
province of Elazığ and evaluated the causes of these 
damages. At the end of the study, they made some rec-
ommendations for the repair and strengthening of exist-
ing damaged minarets and the construction of new min-
arets. Yetkin et al. (2021b) carried out experimental 
measurements for a reinforced concrete minaret and up-
dated the numerically constructed finite element model 
by taking into account the minaret-foundation-soil inter-
action using the shape functions/mode shapes they ob-
tained. Yetkin et al. (2021c) determined the dynamic 
characteristics of a reinforced concrete minaret based on 
environmental vibration data for different measurement 
schemes. Usta (2021) created finite element models of 
five different minarets and determined their seismic be-
havior under various earthquakes. Yurdakul et al. (2021) 
investigated the earthquake performance of a historical 
masonry minaret. As a result of finite element model 
analysis, they stated that damages may occur in some 
parts of the minaret body. 

Although there is no comprehensive standard for 
minaret design today, there is only a guide published by 
Presidency of the Republic of Türkiye Presidency of Re-
ligious Affairs (PRTPRA) in 2021, which sets some stand-
ards on minaret geometry. In this study, finite element 
models of 19 different masonry minarets with different 
heights were created, taking into account the guideline 
published by the PRTPRA. Then, modal analyses were 
performed for these models. The natural frequencies, 
mode shapes and modal mass participation ratios ob-
tained as a result of the analyses were evaluated by com-
paring them with each other. In addition, an equation has 
been derived to predict the first natural frequency of the 
minaret depending on the minaret height. 

2. Material and Method 

2.1. Mosque planning and design guide 

The Mosque Planning and Design Guide - 2021 (MPDG 
2021), which is recommended to be used in new 
mosques by the PRTPRA has been published. This guide 
has brought new recommendations for mosque con-
struction in many respects. Some of these recommenda-
tions were made for the design of minarets. These rec-
ommendations can be listed as a number of ratios in 
terms of the numbers and locations of minarets, the 
number of balconies, the dimensions of the balcony par-
apets, the width dimensions of the stairs, the positions of 
the minaret entrance doors and balconies, and the height 
between the minaret parts according to the mosque 
type. Some recommendations regarding minaret geome-
try are given in Fig. 3. 

 
Fig. 3. Some recommendations on minaret geometry 

(MPDG 2021). 

Within the scope of this study, the effect of height var-
iation on natural frequencies, mode shapes and modal 
mass participation ratios is investigated for minarets 
with different heights, considering the relationships 
given in Fig. 3. 

 

3. Numerical Application 

Within the scope of the study, finite element models 
were created by choosing minarets with different 
heights. While choosing the geometry of each parts of the 
minarets, the recommendations given in MPDG (2021) 



 Erkek et al. / Challenge Journal of Structural Mechanics 9 (1) (2023) 24–33 27 

 

were followed (Fig. 3). The minarets created consist of a 
single balcony. Door openings at the entrance and bal-

cony of the minarets were taken into account. Details of 
minaret geometries are given in Table 1.

Table 1. Details of minaret geometries. 

a* 
(m) 

Boot 
height 

(m) 

Transition 
segment 

height (m) 

Body 
(m) 

Upper part of 
the minaret 

body height (m) 

Spire 
(m) 

Wall 
 thickness 

(m) 

Boot 
cross-section 

(m2) 

Cylindrical 
outer  

diameter (m) 

Door  
openings 

(m2) 

Total 
height (m) 

6.0 2.00 2.00 4.70 2.40 2.40 

0.25 2.6×2.6 2.2 0.5×1.7 

13.500 

6.5 2.17 2.17 5.09 2.60 2.60 14.625 

7.0 2.33 2.33 5.48 2.80 2.80 15.750 

7.5 2.50 2.50 5.87 3.00 3.00 16.875 

8.0 2.67 2.67 6.27 3.20 3.20 18.000 

8.5 2.83 2.83 6.66 3.40 3.40 19.125 

9.0 3.00 3.00 7.05 3.60 3.60 20.250 

9.5 3.17 3.17 7.44 3.80 3.80 21.375 

10.0 3.33 3.33 7.83 4.00 4.00 22.500 

10.5 3.50 3.50 8.22 4.20 4.20 23.625 

11.0 3.67 3.67 8.62 4.40 4.40 24.750 

11.5 3.83 3.83 9.01 4.60 4.60 25.875 

12.0 4.00 4.00 9.40 4.80 4.80 27.000 

12.5 4.17 4.17 9.79 5.00 5.00 28.125 

13.0 4.33 4.33 10.18 5.20 5.20 29.250 

13.5 4.50 4.50 10.57 5.40 5.40 30.375 

14.0 4.67 4.67 10.97 5.60 5.60 31.500 

14.5 4.83 4.83 11.36 5.80 5.80 32.625 

15.0 5.00 5.00 11.75 6.00 6.00 33.750 

* a parameter is given in Fig. 3. 

It has been accepted that the minarets have a masonry 
load bearing system. In the finite element modelling, 
macro modelling approach was used, and the elasticity 
modulus, density and Poisson's ratio of the masonry ma-
terial were chosen as 14000 MPa, 2200 kg/m3 and 0.2, 

respectively. It has assumed that the minarets are fixed 
support at the foundation level. All modellings and anal-
yses were performed with the ANSYS package program 
(ANSYS 2009). An example of the finite element model-
ling of minarets is given in Fig. 4.

 

Fig. 4. An example of the finite element modelling of minarets.  
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4. Results and Discussion 

The modal analyses were performed for all minarets 
and the first 10 natural frequency values obtained are 
presented in Table 2. When the natural frequency values 
are examined, it is seen that the natural frequency value 
decreases as the minaret height increases (the case of 
the a parameter increasing from 6.0 to 15.0). The largest 
decrease was 82.56% for the 1st natural frequency value 
and the smallest decrease was 58.01% for the 5th natural 
frequency value (Fig. 5). 

An equation was derived that allows the first natural 
frequency values obtained from the study to be esti-
mated depending on the a parameter (Eq. (1)). For Eq. 
(1), f1 denotes the first natural frequency value (Hz) and 
a denotes the parameter related to height (m) shown in 
Fig. 3. 

𝑓1 = 4.229𝑎4 𝑥 10−5 − 2.147𝑎3 𝑥 10−3 +

          4.181𝑎2 𝑥 10−2 − 3.799𝑎 𝑥 10−1 + 1.44 (1)

Table 2. Natural frequency values for the first 10 modes of minarets (in Hz). 

Mode 

a parameter values (m) 

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 

1 0.258 0.223 0.194 0.171 0.151 0.135 0.121 0.109 0.099 0.090 0.082 0.076 0.070 0.064 0.060 0.055 0.052 0.048 0.045 

2 0.262 0.226 0.197 0.173 0.154 0.137 0.123 0.111 0.100 0.091 0.084 0.077 0.071 0.065 0.060 0.056 0.052 0.049 0.046 

3 1.092 0.968 0.862 0.771 0.693 0.625 0.566 0.515 0.471 0.432 0.397 0.366 0.339 0.315 0.293 0.273 0.255 0.239 0.224 

4 1.112 0.980 0.870 0.777 0.699 0.632 0.574 0.523 0.478 0.439 0.404 0.373 0.345 0.321 0.298 0.278 0.260 0.244 0.229 

5 1.196 1.110 1.036 0.971 0.914 0.864 0.818 0.778 0.741 0.707 0.677 0.649 0.623 0.599 0.577 0.556 0.537 0.519 0.502 

6 1.624 1.511 1.411 1.324 1.247 1.178 1.115 1.059 1.006 0.949 0.884 0.822 0.766 0.715 0.669 0.627 0.589 0.554 0.522 

7 2.225 1.990 1.790 1.618 1.470 1.340 1.227 1.128 1.042 0.974 0.912 0.848 0.789 0.737 0.689 0.645 0.606 0.570 0.537 

8 2.281 2.040 1.835 1.659 1.507 1.375 1.259 1.156 1.066 0.985 0.927 0.887 0.850 0.817 0.787 0.758 0.732 0.707 0.684 

9 3.111 2.881 2.684 2.512 2.361 2.225 2.090 1.936 1.793 1.664 1.549 1.445 1.351 1.266 1.188 1.118 1.053 0.993 0.938 

10 3.723 3.342 3.017 2.738 2.497 2.288 2.115 1.969 1.824 1.692 1.573 1.466 1.369 1.281 1.201 1.128 1.062 1.000 0.944 

82.56
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Fig. 5. The decrease amount in the natural frequency for the case where the a parameter increases from 6 to 15.

As a result of the modal analyses of the minarets, the 
mode shapes were obtained also. It has been observed 
that the mode shapes are generally similar. For this rea-
son, mode shapes for only a=6.0 m solutions are given 
for the first 10 modes (Fig. 6). Graphics of visual compar-
ison of mode shapes from different perspectives are 
shown in Figs. 7 and 8. According to Figs. 7 and 8, it is 
possible to say that the similarity of mode shapes is 

higher for the first modes, but this similarity gradually 
decreases for the later modes. 

Furthermore, modal mass participation ratios 
(MMPR) were calculated as a result of the modal analysis 
of the minarets. In order to evaluate the effect of each 
mode on this ratio in a wider perspective, the MMPR of 
the first 50 modes are calculated and given in Tables 3 
and 4. 
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Mode 1 Mode 2 Mode 3 Mode 4     Mode 5 Mode 6 Mode 7  Mode 8  Mode 9 Mode 10 

Fig. 6. First 10 mode shapes for a=6.0 m solutions. 
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 a) Mode 1 b) Mode 2 c) Mode 3                d) Mode 4 

Fig. 7. Comparisons of mode shapes 1-4.

For the MMPR values given in Tables 3 and 4, values 
between 86.701-89.970% in the x direction and 
81.996-85.225% in the y direction were obtained for 
the first 10 modes. For the first 10 modes, it was ob-
served that as the minaret height increased, the MMPR 
decreased for both directions (x-y). For the first 20 
and first 30 modes, there is no such relationship be-
tween minaret height and the MMPR. For the first 40 
modes, values in the range of 94.056-96.532% in the x 
direction and 94.016-96.344% in the y direction were 
obtained. For the first 50 modes, values in the range of 
94.859-96.827% in the x direction and 94.703-
96.750% in the y direction were obtained. For the first 
40 and 50 modes, the MMPR increased as the minaret 
height increased. 

5. Conclusions 

In this study, the effect of height on dynamic charac-
teristics was investigated for 19 different minaret ex-
amples with heights ranging from 13.5 to 33.75 m. Fi-
nite element models of these 19 different minarets 
were created for numerical application. It is assumed 
that the minarets were built as masonry and connected 
to the soil with a fixed support. In addition, it is thought 
that the minarets have only one balcony, and both the 
balcony and the minaret entrance door openings are 
taken into account. Modal analyses were carried out for 
the minarets and their evaluations were made in terms 
of natural frequencies, mode shapes and modal mass 
participation ratios. The results obtained within the 
scope of the study are listed below:  

 



30 Erkek et al. / Challenge Journal of Structural Mechanics 9 (1) (2023) 24–33  

 

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

 6

 6.5

 7

 7.5

 8

 8.5

 9

 9.5

 10

 10.5

 11

 11.5

 12

 12.5

 13

 13.5

 14

 14.5

 15

   yz

plane

 -1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   xz

plane

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   xz

plane

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   xz

plane

 

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

 6

 6.5

 7

 7.5

 8

 8.5

 9

 9.5

 10

 10.5

 11

 11.5

 12

 12.5

 13

 13.5

 14

 14.5

 15

   yz

plane

 -1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   yz

plane

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   yz

plane

-1.0 -0.5 0.0 0.5 1.0

0

5

10

15

20

25

30

35

   yz

plane

 

 a) Mode 5 b) Mode 6 c) Mode 7 
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Fig. 8. Comparisons of mode shapes 5-10.  
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Table	3.	Modal	mass	participation	ratios	(MMPR)	for	the	x	direction.	
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Table	4.	Modal	mass	participation	ratios	(MMPR)	for	the	y	direction.	
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 It has been determined that the natural frequency val-
ues decrease as the minaret height increases (in case 
of the a parameter increases from 6.0 to 15.0). How-
ever, this amount of decrease did not occur propor-
tionally between the increase in the natural frequency 
number and the increase in the height. 

 Mode shapes are generally similar in the first modes. 
However, it has been observed that this similarity 
gradually decreases for the following modes. 

 For the first 10 modes, it was determined that as the 
minaret height increased, the modal mass participa-
tion ratios in both x and y directions decreased. 

 For the first 10 modes, a modal mass participation ra-
tios of over 80% was achieved in both directions  
(x-y). These ratios were higher in the x direction and 
ranged from 86.701 to 89.970%. In the y direction, 
these ratios are in the range of 81.996-85.225%. 

 For the first 20 and 30 modes, no linear relationship 
could be obtained between the change in minaret 
height and the change in modal mass participation ra-
tios.  

 For the first 40 and 50 modes, it has been determined 
that as the minaret height increases, the modal mass 
participation ratios increase in both x and y direc-
tions. 
In the study, an equation was derived that allows the 

first natural frequency of minarets to be estimated de-
pending on the minaret height. It should be noted that 
this equation is specific to the selected minaret material 
and geometry properties. It will be useful to develop this 
equation for minarets with different material and geom-
etry properties. 
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