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Abstract. SUMMARY 10 

It  is substant ially significant to protect insulate historical structures, which are an important  part  of our culture, 11 

against  for natural disasters such as earthquakes and to be t ransmit ted to future generat ions. The st ructural 12 

behaviour of historical buildings must  beis difficult  to  well knowncharacterized to protect  such st ructures. In 13 

order to be able to determine how safe the historic buildings are against  the earthquake effect , it  is necessary to 14 

determine the earthquake performance of the historical buildings in order to determine how safe the historical 15 

buildings are for the earthquake effect . Nowadays, the most  commonly used method for the modelling and 16 

st ructural analysis of historical buildings systems with complex geometries is the finite element  method.   17 

In this study, Historical Konya Gazi High School was examined according to the present situat ion regarding the 18 

design and const ruct ion features with “Regulat ions on buildings to be built  in earthquake regions” and st ructural 19 

analysis was performed in ETABS program. Graphs showing displacements, moments, shear forces and axial 20 

forces are used to interpret the results of the finite element  analysis of the Historical Gazi High School. It  has 21 

been informed about  the stresses and damages that may be caused by any earthquake to this building, which has 22 

been serving the students for 97 years. It is aimed that this work will be a study to suggest  a solut ion in terms of 23 

not  losing the ourour historical values  and delivering it  to future generat ions.  24 

Keywords: Earthquake, finite element  methods, historical buildings 25 

 26 
1. INTRO DUCTIO N 27 

Earthquakes cause damages and loss of lives in urban cent res and cause significant  losses in rural areas as well. 28 

Almost  all of thewhole buildings in the countryside, and also a large part of the old buildings in the city cent re 29 

are masonry buildings. In addit ion, many of the historical buildings were built  as masonry, wood and a mixture 30 

of them.  There is no regulat ion that  can be used in analysing the st ructural systems of such buildings. Today,  31 

because of the regulat ions used in the design of masonry buildings are prepared for new st ructures, it  is 32 

substant ially difficult  to use these current  regulat ions in the study of historical st ructures .because of these 33 

regulat ions used in the design of masonry buildings are prepared for new st ructures, 34 

Analysis of masonry buildings is rather exhaust ing complicated compared to reinforced buildings. Analysis 35 

made by package Package programmes used to analyse for these kindkindss of buildings is are in adequate. In 36 

recent  years, through the use of computer technology, plast ic analysis method,  which the nonlinear material 37 

propert ies and joints are taken into consideration, has become more and more widely used from than the classical 38 

analysis methods on the analysis of for masonry structures. There are two types of approaches in the modelling 39 

of masonry st ructures; micro modelling and macro modelling.  In the micro modelling, masonry Masonry units 40 

composed of bricks and mortar are modelled by separately in the micro modelling. Therefore, in the micro 41 

modelling, the mechanical properties of the materials and binding materials of the st ructure need to be known 42 
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characterized exact ly. Micro modelling, which usually involves a large computational load, is suitable for local 43 

analysis, but  is not  preferred for large-scale analysis. (Dabanli, 2008). Applicat ions in this model are done by 44 

using finite element methods, discrete elements and limit analysis.  In the macro model used for plastic analysis, 45 

the mechanical material properties of structure are defined by assuming as if the masonry structure materials are 46 

homogeneous (Çakt ı Cakt ı et  al., 2013). The finite element  methodFEM is generally used in the st ructural 47 

analysis of masonry structures. In this analytical method, the structure is modelled and analysed by separat ing it  48 

into finite elements in an appropriate number with regard to purpose of analysis. Package programs such as 49 

ETABS and SAP2000 are widely used for the st ructural analysis done by using finite element  methods.FEM.  50 

In this study, the earthquake safety of the historical Konya Gazi High School was invest igated according to the 51 

present  situat ion. This article provides information about  the st resses and damages that  may reveal due to any  52 

earthquake in this building. which has been serving the students for 97 years . So that , tThis study will suggest  53 

about  protection of our historical values  and delivering them to future generat ions. Earthquake safety of the 54 

building was invest igated by the ETABS programme which is one of the computer programmes used for 55 

nonlinear static analysis. The ETABS program is software of the CSI Company and is especially designed for 56 

3D stat ic analysis of buildings. St ructural analysis is done by using finite element  method in the program. 57 

2. CASE STUDY: HISTO RICAL KO NYA GAZI HIGH SCHOOL 58 

2.1. Information about the buildingdentity of the Structure 59 

The architecture of Konya Gazi High School, which is the subject  of this study, is Mimar Muzaffer . The 60 

const ruct ion of the building started in 1914 and was completed in 1917. The building, which was opened in 61 

1917, was used as Military High School unt il 1923. It was used asThe name of the school was  “Dar'ül Muallim” 62 

between 1923-1934, “Konya Idadi” between 1934 and 1972 and Konya High School unt il 1972. The layout  plan 63 

of Gazi High School is given in Figure 2.1.  64 

 65 

Figure  2.1. The layout  plan of Gazi High School 66 

2.2. Architectural features 67 

The historical Gazi High School is located in Konya city centercentre, at the intersect ion of Atatürk St reet  and 68 

Amber Reis St reet .. The building is posit ioned the south of the school area. There are other schoolhouse, 69 

buildings for sports hall, laboratories and conference halls in the school garden. The observed building is 70 

posit ioned the south of the school area. The empty space in the middle of these three buildings is used as a sports 71 

and ceremonial space. Because the building is a historical building, there There is no architectural or stat ic 72 

project  of this historical e building. For this reason, the architectural project  of the building was made by taking 73 

the relievo. Konya Gazi high school has a basement  floor, ground floor and two normal floors. The height of the 74 

floors differs from floor to floor.  Basement  and ground floor heights are 5,.00 m, first  floor and second floor 75 
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heights are 4,.50 m. In general, the condit ion of the building is good although some of the bearing walls have 76 

local cracks, deteriorat ion of mortar or stone, roof elements.  77 

2.3. Structural System and Material Properties 78 

The building is not  exact ly symmetric and also is built  with masonry st ructural system. The form of the st ructural 79 

system varies with each floor. It was observed that  rubble stone was used as material in the walls. It  is thought  80 

that  the rubble stones used in this st ructure are brought  from the Sille region in Konya. When the walls of the 81 

st ructural system elements are examined, it is observed that  the basement  wall thickness is 90 cm, the ground 82 

floor wall thickness is 80 cm, the first floor wall thickness is 75 cm and the second floor wall thickness is 70 cm. 83 

It  is known that the second floor of the building was rebuilt  with renovat ionfor restorat ion, but  it  could not  be 84 

verified because there were not  enough resources. . The basement  floor, the ground floor and the second floor 85 

slabs are not  visible from the coat ings. However, it  has been observed that  horizontal beams were used in the 86 

first  story. Figure 2.2 shows the image of the first  floor slab.  87 

 88 

Figure 2.2.  Horizontal beams at  the first  1
st 

floor 89 

3.2.4. Structural ModellingANALYSIS PRO GRAMME 90 

The program used to static analysis of building is the software ETABS 2015, a specialist  program for the three 91 

dimensional analysis and design of building systems.  Finite Element Method model was formed to calculate the 92 

response of the structure with this program. The finite element  mesh shows the real mass dist ribut ion for the 93 

ideal concentrat ion of the masses at  the nodes.  94 

The ETABS program is one of the computer programs used for nonlinear static analysis. The program is 95 

software of CSI Company with ISO9001 quality cert ification and is specially designed for 3D static analysis of 96 

building type st ructures.  97 

The CSI Company was founded in 1975 and is the manufacturer of programs, which are used in more than 160 98 

countries worldwide. This program is also used in project designs of buildings such as Taipei Finance Centre in 99 

Taiwan, One World Trade Centre in New York and Beijing Nat ional Stadium. ETABS program analyses by 100 

using the finite element  method (Sırlıbaş, 2013). 101 

3.1. Modelling and analysis in ETABS 2015 program  102 

Structural Modelling 103 

In order to assessment  the earthquake performance of the building,  theDBYBHY, 2007 (The Regulat ions on 104 

Buildings to be builtdone in Earthquake Regions) (DBYBHY, 2007) was followed in order to assessment  the 105 

earthquake performance of the building. . However, FEMA 356 (Prestandard and Commentary for Seismic 106 

Rehabilitat ion of Buildings) regulat ion is used in cases where our current  earthquake regulat ions may be 107 
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insufficient . First  of all, axes were determined on the floor plans of the building while modelling was doing.  108 

Figure 2.33.1 shows the axes of the floor plan in the AutoCAD program.   109 

 110 

Figure 2.33.1. Axes in the basement  floor plan 111 

 112 

Afterwards axes were determined in the ETABS program and the elements coming from those axes were 113 

modelled.  In literature, macro and micro finite element models can be shown as advanced modelling techniques 114 

of masonry st ructures.  In the scope of this study, the st ructural analysis was carried out  with the macro model of 115 

the finite element method created by ETABS 2015 software. The front and rear front of the building is shown in 116 

Figure 2.43.2.  117 

 118 
Figure 2.43.2. Front  and rear front  of the building 119 

Stat ic and dynamic loads were taken into account for the analysis of the building. Weight  of the materials, 120 

permanent and live-loads were added for static loads part. Floors and roofs were considered as dead loads.  121 

The calculation of the Earthquake forcesLoads 122 

The parameters used in the calculat ion of earthquake forces are;  123 

 Coefficient  of Earthquake Zone (A0)= 0.1 (IV. Region) 124 

 Ground Class: Unpredicted (S(T)= 2.5 according to DBYBHY-2007) 125 

 Coefficient  of Const ruct ion Importance (I) = 1.0 126 

o The condit ions given in the seventh section of the earthquake regulat ions are considered on the 127 

determination of earthquake performance of existing or reinforced st ructures. According to the 128 

regulat ion, the coefficient of building importance is taken 1 in the new school buildings 129 

projects. 130 

 Coefficient  of St ructural System ( R )= 2 131 

 Part icipation Coefficient of Live Load (n) = 0.6 (School) 132 
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Equivalent  Seismic Load was chosen as the method of earthquake analysis. Equivalent Seismic Load is defined 133 

as the user coefficient in ETABS. The loads are defined separately using posit ive and negat ive eccentricity for 134 

both X and Y direct ions. 135 

        
 ( )

 
                Eq.(1) 136 

In the considered earthquake direction, the seismic mass (wi) to be used in calculat ing the earthquake loads of 137 

the building is given on DBYBHY 2007 as; 138 

wi=gi+nqi           Eq. (2) 139 

Here, the live load participation coefficient is given in Table 23.1. Since the building is a school building, n is 140 

taken as 0.6. Accordingly, seismic mass will affect the structure is defined as G + 0.6Q according to the 141 

regulat ion. Figure 2.53.3 shows the definition of the seismic mass defined as G + 0.6Q according to the 142 

regulat ion in program.  143 

 144 

Table 23.1. Live load participation coefficient (DBYBHY, 2007)  145 

Binanın Kul lanım Amacı Purpose of Bui lding use  n 

Depo, ant repo, vb.Warehouse, Storehouse etc. 0.,80 

School, student  dormitory, sports facility, cinema, theater, concert hall, garage,  

restaurants, shops, etc.Okul, öğrenci yurdu, spor tesisi, sinema, tiyatro, konser salonu, garaj, 

lokanta, mağaza, vb.  

0,.60 

Residential, office, hotel, hospital, etc.Konut, işyeri, otel, hastane, vb.  0,.30 

 146 

Figure 3.3 shows the definition of the seismic mass defined as G + 0.6Q according to the regulat ion in program.  147 

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş: Yazı tipi: 10 nk,

İngilizce (Birleşik Krallık)

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş ...

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş ...

Biçimlendir ilmiş T ablo

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş ...

Biçimlendir ilmiş: Yazı tipi: 10 nk

Biçimlendir ilmiş ...



 148 

Figure 2.53.3. Definit ion of seismic mass 149 

Vertical Loads  150 

The vert ical loads affect ing the building are shown in Table 23.2 as dead and live loads. Vert ical loads were 151 

defined as linear load on horizontal beams and dist ributed load on the slabs. Hereby, the unit  volume of the 152 

masonry walls in the building is taken as 1800 kg/m
3
.  For Floor, secondary wall and dead load of roof, the 153 

predicted load values were examined in place of the building were taken. Live and snow load are taken 154 

according to the values given in TS 498 (Turkish Standards).  155 

Table 23.2. Equivalent  earthquake load values 156 

Yükleme AdıLoad 

Name 
Yükleme TipiType of Load DeğerLoad 

SabitDead-KendiWeight  
Weights of St ructural ElementsYapısal 

Elemanların Kendi Ağırlıkları 
1800 kg/m

3
 

SabitDead-

KaplamaSurfacing 

Floor Covering LoadsDöşeme Üzeri 

Kaplama Yükleri 
100 kg/m

2
 

SabitDead-Tali 

DuvarSecondary wall 

Taşıyıcı Olmayan Duvar YükleriNon-

Bearing Wall Loads 
300 kg/m

2
 

Sabit -Çat ıDead-Roof Çat ı Sabit  YüküWeight  of Roof 200 kg/m
2
 

Hareket li-KullanimLive TS 498 Hareket li YükLive Load (TS498) 350 kg/m
2 

ve 500 kg/m
2
 

Hareket li-KarLive-Snow 
Snow Load for Konya Region (TS498)TS 

498 Konya Bölgesi Kar Yükü 
100 /m2
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 157 

The load combinat ions used for st ress control of the beam walls are derived in accordance with the DBYBHY 158 

and TS 500 standards. 159 

Definition of Materials and structural Structural sectionsSections 160 

The walls of the building are const ructed with shell elements that allow the formation of finite elements. Crit ical 161 

points are divided into shell elements for creating finite elements (Mesh) . Meshes for each element  in crit ical 162 

points are by the program itself. Figure 2.63.4 shows the definition of a wall of 80 cm thickness on the ground 163 

floor of the building.  164 

 165 

Figure 2.63.4. Typical definit ion of a 80 cm thickness wall on the ground floor  166 

 167 

Floor slabs are also modelled with shell elements to create a diaphragm effect. Figure 3.5 shows the names of the 168 

internal forces of the shell elements. It is also shown the st ress of the plane shell elements. In addit ion, plane 169 

shell elements show to st resses. In any element  of the model, st ress values at  any angle can be converted to 170 

principle st resses. The maximum shear st resses are calculated as shown in Figure 2.7.3.5. 171 
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172 

 173 

Figure 2.7.3.5. Principal axes and st ress direct ions of shell elements (Dabanlı , 2008) 174 

 175 

In describing the masonry wall material of the masonry, the Elasticity Module of the masonry units used in the 176 

const ruct ion of the masonrythe building according to the regulat ions is given as Ed = 200fd (DBYBHY2007), 177 

which is 200 t imes the character pressure resistance of the material. However, in the 2016 Earthquake Draft  178 

Regulat ion, the modulus of elast icity modulus of the masonry wall (if not tested) is 750 t imes the characterist ic 179 

compressive st rength. According to the literature, since the value of 200fd is seen as a small value, the elast icity 180 

module is taken as 750 t imes of the character pressure resistance.  181 

According to this; 182 

Ewall= 750fk 183 

Ewall=750×1,.2=900 MPa 184 

The wall shift  module is limited to 40% of the elast icity module. Here  under; 185 
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  (   )
 

   

  (      )
         

 186 

In this equat ion, E is the modulus of elast icity, and γ is the poisson rat io and is taken as 0.25. The values 187 

obtained in the framework of these rules are listed below.  188 

 fk = 1,.2 MPa (Characterist ic Pressure Resistance-DBYBHY 2007) 189 

 Ewall= 900 MPa (Elast icity Module) 190 

 Gwall = 360 MPa (Shear Module) 191 

In the determinat ion of material propert ies, first  the items of DBYBHY 2007 werewas followed in the 192 

determination of material properties. However, the modulus of elast icity of the in DBYBHY is very low because 193 

it  defines the modulus of elast icity as 200 * fd. In this case, it has been found that the structural system resistance 194 

falls and accordingly there is a decrease in internal forces (st resses). Figure 2.83.6 shows the menu showing 195 

material propert ies in ETABS program. 196 

 197 
Figure 2.8.3.6. Material propert ies 198 

2.5. STRUCTURAL ANALYSIS 199 

Structural analysis for Finite Element  Model of the building is done with linear analyse by using ETABS 200 

program. The seismic analysis of t he st ructure studied in this art icle, is done by using Equivalent  Earthquake 201 

Load Method as described in the Turkish Codes-2007. Mode shapes of the building have been obtained by 202 

modal analysis approach using ETABS program. Modal analysis was performed in 12 modes with Eigen Vectors 203 

to determine free vibrat ion periods and mode shapes of the building.  204 

4.3. RESULTS 205 

34.1. Modal  analysis results 206 

Modal analysis, known as eigen-value analysis, is an analysis used to determine free vibration periods and mode 207 

shapes of a st ructure. Free vibrat ion periods and modes can be determined by using the mass and st iffness 208 

matrices of the building system. Modal analysis was performed with the Etabs ETABS program of the finite 209 

element  modelFEM of the historical Konya Gazi High School. Modal analysis was performed in 12 modes with 210 

Eigen Vectors. Vibrat ion in modal form pertaining to a free vibration period implies how much of the total mass 211 
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of the st ructure influences and incorporates into the resonance mot ion by the mass part icipat ion rate.   In the 212 

earthquake regulat ion, Aa lower minimum limit  is given for the sum of modal masses in the earthquake 213 

regulat ion.  214 

According to the regulat ion, it  is stated that  the number of sufficient  vibrat ion modes in each of the x and y 215 

earthquake direct ions, will be determined according to the rule that  the sum of the act ive calculated masses for 216 

each mode is never less than 90% of the total building mass.  However, if fewer modes are used in the analysis of 217 

historical buildings, it  is very difficult  to catch this limit . As a result  of the analysis, the first  mode of the 218 

building is 0.50 second (the vibrat ion period is in the "Y" direct ion), the second mode is 0.404 second in 219 

buckling, and third mode is 0.314 second in the direct ion of "X". The modal analysis parameters are given in 220 

Figure 3.1 and result  mass dist ribut ions in the X and Y direct ions of the modal analysis in the X and Y direct ions 221 

are given in Table 34.1. Accordingly, we seeit  can be seen that the mass part icipat ion of the st ructure in the Y 222 

direct ion exceeds 70% in the first mode and there is a displacement in the Y direct ion.  Similarly, when we look 223 

at  the mass participation in the X direct ion, we can see that  there is a 70% mass part icipat ion in the third mode 224 

and a displacement  in the X direct ion is seen (Figure 34.4). Again, when we look at  thethere is no mass 225 

part icipation in the second mode , there is no mass participation in either way. As shown in Figure 34.3, there is 226 

no displacement  in the X and Y direct ions, but  buckling occurs in the st ructure.  227 

 228 

Figure  34.1. Modal Analysis Parameters 229 

 230 

Table 34.1. X-Y mass part icipation of modal analysis 231 

Mode 

Numbers 
Period (sn) 

 

Mass Participation in 

X direction 

Mass Participation in 

Y direction 

1 0.501 0.000 0.725 

2 0.404 0.001 0.000 

3 0.314 0.769 0.000 

 232 
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 233 

Figure 34.2. First  mode (Y direct ion) 234 

 235 

Figure 34.3. Second mode (Buckling) 236 

 237 
Figure 34.4. Third mode (X direct ion) 238 

34.2. Axial stress results 239 

Axial st resses are occurred the result of combination of vertical (static and movingdead and live) loads act ing on 240 

the building and tensile and compressive loads occurring during the earthquake.  As it  can be seen in Figure 4.5, 241 
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the Axial Axis (Z Direct ion) in the ETABS software is shown in green. Thus, axial stress controls were carried 242 

out  for the "S22" st resses named in the ETABS program. Figure 34.6 shows the local axes of the model.  243 

 244 

 245 

Figure 34.5. Local axles 246 

 247 
Figure 34.6. Axial st resses for 1-1 axis 248 

Compressive st resses occurring in walls need to be compared with permissible st resses according to the type of 249 

masonry wall. In this calculat ion, the loads from the walls and floors will be taken into considerat ion. These 250 

st resses cannot  be greater than the value of permissible value when ruled according to wall type (DBYBHY, 251 

2007). Permissible wall pressure st rengths are taken from the wall safety st ress table given in the regulat ions, 252 

depending on the class of mortar used in the wall and the average unconfined compressive st rength of the wall 253 

material. Stone was used as wall material in Konya Gazi High School.  The pressure resistance of the material 254 

used in the wall could not  be determined when the wall part  st rength test  was not  carried out  in the study. 255 

Therefore, the pressure safety stress (0.3 MPa) given for the stone wall material in the regulat ion is used.  The 256 

maximum pressure st ress values specified in DBYBHY-2007 are not  exceeded throughout  the system. However, 257 

as it  can be observed from the forms figurespresented above, the axial st resses in the local regions (especially 258 

around the voids) are found to be in the order of 0.6exceeding 0.6 to 0.8 to 1.0 MPa.  259 

34.3. Shear stress results  260 

The shear st resses acting on the building are caused by the horizontal loads caused by the earthquake effect . In 261 

accordance with the above figures and local axes, shearShear st resses were followed by "S11" values in 262 
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accordance with the above figures and local axes. According to DBYBHY-2007, Safe shear st ress is calculated 263 

according to t he following equat ion; 264 

          

 265 

Where; σ is the axial st ress due to the vert ical loads, and μ is the frict ion coefficient .  In our earthquake 266 

regulat ions, it is clear that the coefficient of friction can be taken as 0.5 in head 5.3.3.4  in Turkish Earthquake 267 

Regulat ions,. In the calculat ion of vert ical tension, G + 0.6Q was taken into account  in accordance with 268 

earthquake mass. 269 

Average axial st ress due to vert ical load = 0.13 MPa 270 

Found as;  271 

                           

   272 

As it  can be seen from the figures given above, it is seen that the shear st resses in the local regions (especially 273 

around the spaces) reach to 0.3 MPa. However,  it  is seen that the maximum shear stress (0.165 MPa) calculated 274 

by the formula in DBYBHY is not  exceeded throughout  the system.  275 

34.4. Relocation Displacement results 276 

Since DBYBHY 2007 did not  observe the displacement criterion for masonry structures, displacement  controls 277 

were carried out  in accordance with FEMA 356 regulat ion. In FEMA 356, performancePerformance aimtargets,  278 

performance lperformance levels and ranges of st ructural and non-structural elements, earthquake impact  levels 279 

are defined in FEMA 356. In this regulat ion, There are essential explanat ions are made about  the modelling of 280 

masonry st ructures in this regulat ion. In Turkey, FEMA 273/356 standards are used in evaluat ing exist ing 281 

st ructures in addit ion to DBYBHY 2007 in evaluat ing existing structures in our country. Figures 34.7-34.8-34.9-282 

34.10 show the maximum displacements in the X and Y direct ions of the model.  283 
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 285 
Figure 34.7. Maximum displacement  in X direct ion (mm) 286 
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 288 

Figure 34.87. Maximum displacement  in Y direct ion (mm) 289 
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 291 
Figure 34.98. Maximum displacement  in 8-8 axis (mm) 292 
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 294 

Figure 34. 109. Maximum displacement  in D-D Axis (mm) 295 

As it  can be seen from the figures shown above, the maximum displacement is 14.4385 mm in the Y direct ion. 296 

Since R = 2 is used in this analysis, the elastic displacement must  be calculated as 15 mm × 2 = 30 mm. In this 297 

case, maximum relat ive displacement  is; 298 

                              

 299 

 300 

*0.4% specified in this formula is taken from FEMA 356 regulat ion.  301 
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5.4. DISCUSSIO NCO NCLUSIO N 302 

In this study, performance  analysis and stat ic analysis of historical Konya Gazi High School, building 303 

const ructed as masonry structure,  and was invest igated by static analyse.  As a result  of the analysestudys made, 304 

it  has been determined that the most forced st ressed parts of the building in the stat ic condit ion are the edges of 305 

the window and door openings. The bearing wall lengths, floor heights, void ratios in the building do not  provide 306 

the regulat ion requirements when the present state of the structure is examined according to the requirements of 307 

today's regulat ions. Moreover, it is seen that the most difficult stressed parts of the construction are the edges of 308 

windows and door doorsedges according the results of analysis ofanalysis on ETABS. Thin and deep cracks on 309 

the edges of the doors and windows were also observed in the buildings,  it  is recommended to repair of cracks 310 

in these areas. 311 

 The detailed results of analyses carried out  in order to determine the performance of the buildi ng under the 312 

effects of earthquake loads are presented in the above sect ions. The summaries of the results obtained are 313 

indicated below. 314 

 The lateral displacement of the structural system is 30mm / 19000mm = 0.16% and provides the criteria 315 

of FEMA 356 regulat ion. 316 

 The axial pressure st resses in the st ructural system are lower than 0.3 MPa on average.   317 

 Although the axial st resses reach 1.0 MPa in local areas, they are below the characterist ic compressive 318 

st rength (1.2 MPa).  319 

 The shear st resses in the st ructural system are less than 0.15 MPa on average. Although the shear 320 

st resses reach 0.3 MPa in the local regions, they are below the shear st ress (0.7 MPa) calculated 321 

according to the characterist ic compressive st rength.  322 

 It  is thought that some of the cracks seen in the building may originate in the settlement of the building. 323 

Therefore, it is considered appropriate to take precaut ions related to the foundat ion of the building.  324 

 And also, it  will be useful for the next lifetime of the building if the cracks observed in the building are 325 

repaired according to the st rengthening methods. 326 

 Since the back wall of building is painted with complex plaster, the historic texture of the building is 327 

distortedand ruins the historical texture of building, It  is suggested that  such applicat ions should not  be 328 

repeated. 329 

It  is thought that the analyses made in the scope of the study and the results obtained are very important  for 330 

carrying out  similar studies related to such subjects in future works  related to such subjects and also for the 331 

other historical st ructures having different  carrier system characterist ics in our country. in Turkey. 332 
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