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 Nowadays the necessity of protecting the archaeological sites and buildings which are 
considered as the cultural heritage of any country is being perceived more than before. 

One of these sites is the historical building or monument of Bogheh-e-Davazdah Emam 

in Yazd which is considered as one of the most prominent characteristics of the cultural 
background of Iran that performing the reinforcing approaches and procedures to 

prevent the destruction of these kinds of buildings seems to be necessary. In this essay 

after the case modeling of Bogheh-e-Davazdah Emam Yazd being performed by the 
Abaqus software, the chronological analysis of the above-mentioned building was being 

carried out and the weak and vulnerable and critical points of the building were being 

determined that the obtained results out of it illustrate that on the junction of the dome 
to the structure considerable amounts of strain tensions are going to appear that can lead 

to fracture and destruction of the construction of the dome and through following this 

research, to obviate and resolve the harms struck to the building, several procedures 
such as buttress, and using the center core method are being studied and their effects are 

being analyzed. Finally, it is recommended that using the center core method can 

increase the coherence of this historical building and can considerably decrease the 
strain tensions of this building. 
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INTRODUCTION 

 

According to the documented evidence and documents and also the historical texts, throughout the history 

lots of valuable and worthwhile buildings in Iran were being destroyed or being damaged a lot. The happening 

of Tabas earthquake in the year 1979 almost razed the whole city and also the latest prominent event of this kind 

was the destruction of Arg-e-bam(in Kerman), as the largest adobe-natured building in the world with more than 

2000 years ancientness in an earthquake which happened at the end of the year 2003 in Bam-Kerman. The 

estimations of the experts of the cultural heritage indicates that complete reconstruction of the ruins of Arg-e-

bam takes 12 years and costs more than 120 million dollars. Certainly, this is not the last time that things like 

this happen and destructive earthquakes like this will happen again and will threat the existence of historical 

monuments [1]. One of the worthy historical monuments of Iran is the splendid and magnificent building of 

Bogheh-e-Davazdah Emam in the province of Yazd. This building is made up of a dome and a beautiful 

quadrilateral mansion which its height from the top of the dome to the floor is 12.5 meters.  

To build this mansion adobe blocks and traditional construction materials were being used and by 

considering the occurrence of Iran on the earthquake belt and the existence of multiple faults in the region and 

the importance of this building in terms of history, culture, and tourism scrutinizing the behavior and the 

stability of this building against earthquake and finally reinforcement of this building is one of the important and 

necessary subjects [2].  

 

2-Bogheh-e-Davazdah Emam Yazd: 

If we go away from the central square of Yazd or Amir-chakhmagh square for about one kilometer toward 

north and pass through the old neighborhoods of Yazd in the same direction of Jameh Mosque of Yazd we 
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arrive in the neighborhood of Fahadan that according to the historical evidence its ancientness amounts to 1000 

years. At the very center of this neighborhood which its location equals the northern half of the city in 

Alemozaffar era, the unique and beautiful dome of Davazdah Emam is located [3]. 

These historical dome-shaped monuments in terms of shape and the style of structure have various kinds 

that for Bogheh-e-Davazdah Emam we can refer to its quadrangular shape which has a brick-made facade. The 

covering of the dome of Bogheh-e-Davazdah Emam is sharp-pointed and of course if we look from outside of 

the dome to the dome-shaped covering of it, the sharp point of the dome at the top of it is not so much visible. 

point which we should give full consideration is the thickness of the walls of the dome structure of Amir 

Esmael Samani mausoleum in Bokhara (295 Hijri) has two meters width, the thickness of the intended dome in 

Yazd is about one and a half meters. Thus, in terms of landslide the dome of the structure in Yazd has less 

resistance than Amir Esmael Samani dome that despite this structure has remained stable for one thousand 

years.[3] 

 

 
 

Picture 1: Bogheh-e-Davazdah Emam in the historical city of Yazd 

 

3. Modeling manner: 

To acquire the physical characteristics of the building materials necessary experiments were being done on 

11 samples of adobes with the dimensions 20×20×5 centimeters, besides a layer of mud mortar with the 

thickness of 20 millimeters that produces a block of adobe-natured building material and the characteristics of 

the building materials were being acquired according to Table No.1 which were being used in the hypotheses of 

Abaqus software. Also it is worth mentioning that the Poisson's ratio which is being used in this essay by means 

of the previous studies of Messrs Anibal costa & Dora silveire& Humberto Varum with the title of the effect of 

testing processes in determining the mechanical characteristics of the adobe-natured bricks.[4] 

For modeling the Bogheh-e-Davazdah Emam yazd the Abaqus software is being used. For modeling the 

structure the element of solid and for the dome the element of shell is being used. 

 

 
 

Picture 2: test samples 
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Table 1: Physical characteristics of the building materials 

E (fc) (ft) (V) (p) 

Elasticity Module Compressive Resistance Tensive Resistance 
Poisson's 
Ratio 

Density 

1925Mpa 3.5 Mpa 0.39 Mpa 0.1 
1800kg/ 

M3 

 

To make the geometrical design of the building, after sketching the first conceptions and mixing them with 

the maps which exist in the archive center of the Institute of Cultural Heritage of Yazd province, it was possible 

for the building to become prepared for modeling. The solid element is being used for modeling the 3-D 

structures and the volumes of the building materials and concrete. This element has the traits of plasticity, 

creeping, and large bows [5]. 

In the present research for modeling the structure and the walls with the dimensions of 11m*9m*1.4cm, 

dimensional elements are being used. 

The dome of the structure is being modelled by means of shell element. This element can be used for 

modeling the crusts and in fact while in one part the ratio of thickness to the length and width is little, it is being 

considered as monolithic by considering this point that in this element tension toward the thickness for modeling 

the dome of the structure is negligible.[5] 

Finally the assemblage or arrangement of these elements is being carried out and the model or mock-up of 

the building will be produced as it has come in the figure No.3 

 

 
 

Fig. 3: the schema of the model under study-Bogheh-e-Davazdah Emam] 

 

4-Modi Analysis: 

To determine the dynamic traits of the structure consisting of natural frequencies and the shapes of 

oscillation modes modal analysis is being used. Modal analysis is the prerequisite to the spectral analysis. In 

other words, the results of modal analysis are being used for the dynamic spectral analysis. 

 

4-1-Modal analysis results: 

By means of traits of the building materials and the geometry which is being defined for making the model, 

modal analysis of the structure by identifying the natural frequencies which are relevant to the vibration of the 

structure and its modal shapes are being used in table No.2. The qualities of vibration times and the natural 

frequencies of vibration modes in the structure are being mentioned. Also, throughout the text the pictures or 

diagrams which are relevant to the change of the structure shape in the vibration modes are being presented. 

 
Table 2: quantities of frequency and the alternation periods for the first ten modes of the structure. 

Mode No. Frequency (Hz) Alternation, Time(Sec) 

First 2.457 0.406 

Second 2.467 0.405 

Third 3.440 0.291 

Fourth 3.823 0.261 

Fifth 3.832 0.260 

Sixth 5.540 0.180 

Seventh 5.594 0.178 

Eighth 5.621 0.177 

Ninth 5.714 0.175 

Tenth 5.716 0.174 
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Diagram 4: transformation of the structure in the first mode 

 

 
 

Diagram. 5: transformation of the structure in the second mode 

 

 
 

Diagram. 6: transformation of the structure in the third mode 
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Diagram. 7: transformation of the structure in the fourth mode 

 

 
Diagram 8: transformation of the structure In the fifth mode 

 

 
 

Diagram 9: transformation of the structure In the sixth mode 
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Diagram 10: transformation of the Structure in the seventh mode 

 

 
 

Diagram 11: transformation of the Structure in the eighth mode 

 

 
 

Diagram 12: transformation of the Structure in the ninth mode 
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Diagram 13: transformation of the structure in the Tenth mode 

 

As it is being observed in the diagrams four to thirteen firstly the first mode influences the whole structure 

and as you see in the first mode the most amount of movement is related to the dome. Later on it is being 

influenced from the second mode on the body of the structure. Primary modes of vibration have similar 

frequencies and have a transitional transformational shape and in all the modes the changes in the dome is 

outstanding. 

 

5-Chronological analysis: 

In this method, the building under the influence of the seismic accelerogram of the seismograph which is 

being exercised in the form of a function of time on the basic scale will be analyzed and the amount of its 

reflections will be achieved. 

In order to analyze its chronological history, El centro, Tabas, and Bam seismic accelerograms are being 

used that you can observed them in diagrams No.14,15,16. 

The chosen accelerograms are being exercised simultaneously on the building in two directions and 

perpendicular to each other. Also, by attending to the consideration of the behavior of the building in a linear 

manner, the ratio of damping is calculated as %5. 

 

 
Diagram 14: El centro seismogram 

 

 
Diagram 15: Tabas seismogram 
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Diagram 16: Bam seismogram 

 

5-1.Structural analysis under El centro earthquake: 

 

 
 

Diagram 17: tension change in the structure under El Centro earthquake 

 

5-2.Structural analysis under Tabas earthquake: 

 

 
 

Diagram 18: Tension change under the structure Under Tabas earthquake 
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5-3.Structural analysis under Bam earthquake: 

 

 
 

Diagram 19: change in the tension structure under bam earthquake 

 

6-Chronological analysis Results: 

According to the chronological analysis being performed it will be determined that: 

1-The maximum amount of the Fon-mises stress is being appeared in the place of connecting the dome to 

the building which its maximum amount in the test earthquake has exceeded 0.39 Mpa. This is indicative of this 

point that the above-mentioned points can undergo a shattering. 

2-According to the vulnerability of the mentioned structure, reinforcement of the vulnerable areas is 

necessary and in the following reinforcement methods this will be elaborated on. 

 

7. Reinforcement: 

   In the discussion of reinforcement, by paying attention to the large numbers of the pages, the names of the 

reinforcement method and also the way of modeling in addition to mentioning the obtained results are just being 

mentioned. 

 

7-1. Reinforcement by means of buttress: 

In this method, some buttresses made up of the building materials of Bogheh-e-Davazdah Emam in Yazd 

by 1 meter in width are being used in Figure No.20. 

In the interaction module we got into the connection and the interaction of the building materials. In this 

part and in the section of create constraint we select the choice of tie. This connection connects the series to each 

other in a way that the relative movement between them amounts to zero by means of tie for the buttress so the 

structure between them becomes coherent. 

 

 
 

Diagram 20: model of reinforced structure With a buttressing wall 
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Diagram 21: structure before reinforcing the buttress 

 

 
Diagram 22: results of making buttress after Reinforcement 

 

The obtained results illustrate that the maximum amount of the stretching tension equals 3.3 Mpa and after 

the reinforcement it reduces to 0.8 Mpa and by considering the standard amount of stretching which is 0.39 

Mpa, this amount is more than the standard amount. So, it is not a proper method. 

 

7-2.Reinforcement by means of center-core Method: 

Center Core Method is a developed reinforcing method for the ancient buildings against the earthquake 

forces that is being performed through performing a sounding that is being done from above a wall to the 

foundation and after installing the reinforcing bars in the sounding model the foundation will be filled with 

grout.  Penetration of grout into the wall causes the creation of a monotonous and homogeneous system. 

 

7-2-1.The Details of center-core method and how to perform it: 

The first level in this method is digging diagonal sounding with a definite diameter throughout the whole 

height of walls and in definite distances which is being observed in diagram No.23. 
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Diagram 23: produced soundings in the structure to perform the center-core method. 

 

Characteristics of the building materials for the reinforcement of the building are being intended based on 

table No.3 [6]. 

 
Table 3: Characteristics of the building materials for reinforcement 

Row Building Materials Elasticity Module(kg/cm2) Poisson's Coefficients Density (kg/m3) 

1 Concrete 2.53E9 0.2 2400 

2 Bar 2.039E10 0.3 7850 

 

In the next step installing the reinforcing bars and the injection of grout into the dug sounding provides 

better vibrating performance of the wall. 

 

 
  

Diagram 24: installing reinforcing bars in the Soundings 
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Diagram 25: Injection of grout in the soundings 

 

To perform the center-core method we go for the connection and the interaction of the building materials in 

the interaction module. So, in this module for connecting the adobe and concrete the choice of tie will be used. 

This choice assumes the interaction between the adobe and the concrete in a completely clogged shape. To 

connect the rods and the concrete in the choice of create constraint the choice of embedded region is being used. 

This fastening causes the burial of the rod into the concrete. 

 

 
 

Diagram 26: The influence of center-core method on the amount of stretching tensions in the structure under 

the El Centro earthquake. 

 

Considering that the standard or permissive amount of the stretching tension is 0.39Mpa and the maximum 

amount of stretching tension is 0.38Mpa, this method meets to a large extent the coherence of the building and It 

shows that this method is better than the buttress method. 

Performing the center core method ends in the following effects: 

1-A monotonous and homogeneous system will be produced. 

2-The stretching resistance of the building will increase. 

3-Movement of the building will be controlled. 

 

Result: 

1-The results of the analysis of the chronological history of the building illustrate that: 

a-The building on the corners has undergone cracks. 

b-In the place of connecting the dome to the building, The produced von-mises stress equals 13.7 Mpa 

which is more than the standard stretching resistance of building materials which equals 0.39 Mpa. 
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2-The results of the chronological analysis indicates that the strike of the earthquake can lead to the total 

damage and extensive and irreparable damages to this historical monument. 

3-In general it can be said that according to the analyses being done for such buildings that have an entity 

which is worthy in terms of history and cultural heritage, due to the large dimensions and sizes of the burden 

supporting elements, the building has no problem in terms of stretching resistance and this stretching resistance 

is a determining factor to find the main and critical areas of the building which are vulnerable to harms [3]. 

4-Since the foundation of Bogheh-e-Davazdah Emam in Yazd is buried under the ground completely and 

has a quite considerable thickness, its foundation against the gravitational and lateral burden is not vulnerable. 

A-Using buttress to reinforce the building is a simple and at the same time a useful and necessary action 

that during its performing we can make the buttresses from the construction materials of the building and in this 

manner we can help to protect the façade and also can increase the stretching resistance of the building to an 

acceptable amount. 

Also, by considering that the maximum amount of the stretching tension before reinforcing is 3.3Mpa and is 

being reduced to 0.8 Mpa by making a buttress this method causes an increase in the stretching resistance of the 

structure to a considerable amount. 

b- Using the center core method is a very effective and workable method that is so effective in decreasing 

the stretching tensions. The maximum amount of the stretching tension in the center-core method equals 0.38 

Mpa that this amount is lesser than the standard stretching resistance of the building materials which equals 0.39 

Mpa that due to using this method the resistance of the building will reach to an optimal level. 

5-From among the above-mentioned methods for reinforcing the building, using buttress is a simple, 

economical, and useful method but the center core method is the most effective of them all. 
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