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1. Introduction 
The construction site of this building is located in “Gjin Bue Shpata” street, Tirana. 
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The structure of “Reconstruction of 9-Year School "Emin Duraku", Tirana Municipality” is composed of two buildings. 

"Emin Duraku" school, Tirana, was damaged by the earthquake of November 26, 2019 and was declared unusable. 

The new school building is composed of two structures separated by joints expansion. 

The gym and entrance are also new structures 

The four buildings will be subject of this technical report.  

2. General Description of the Structural Calculations 

2.1. General Description of the Calculations 
The structural system applied is represented by a spatial frame which is connected constructively with cross reinforced 

concrete beams, which are the principal elements in supporting the vertical and the horizontal loads. 

The structures have been analyzed, calculated and dimensioned according to the European Norms of Design of      

reinforced concrete and steel: 

 EuroCode 0 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  7  

 

 EuroCode 1 

 EuroCode 2 

 EuroCode 7 

 EuroCode 8 

The structural analyze it is also based on: 

 Architectonical Design 

 Geological and Geotechnical Report  

 Engineering- Seismological Report 

 

The calculation of the structures is done by modeling them with Etabs and Sap2000 software. In these software’s the 

modeling is made with planes. This means that the dimensions of the elements (like beams, columns walls etc) are 

determined for each floor and level of altitude, always having a spatial view of the structures. 

The determination of loads is done as shell elements, but there are also other options like uniformly loads and 

concentrated loads. 

After deterring the geometry of the structure and of the loads (both processes are being made at the same time), we 

determine the type of analysis (static, pseudo static, dynamic, etc) also the calculating method. 

2.2. Design Working Life:  
The longevity of the building is determined by Eurocode 0 2.3 Table 2.1 and is 50 years: 
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3. Materials 

3.1. Concrete C25/30 
For the foundations it's been used concrete C 25/30. 

Self weight 

γ = 24 kN/m3        (EN1-Annex -A Tab. A.1) 

Characteristic compressive cubic strength of concrete at 28 days 

fcu = 30 MPa.       (EN2-3.1.3 Tab. 3.1)   

Characteristic compressive cylinder strength of concrete at 28 days 

fck = 25 MPa.                           (EN2-3.1.3 Tab. 3.1) 

Modulus of elasticity of concrete 

Ec=31 GPa.       (EN2-3.1.3 Tab. 3.1) 

Design value of concrete compressive strength 
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fcd = 16.67 MPa.      (EN2-3.1.6) 

ku:fcd =cc * fck / yc      (EN2-3.1.6) 

 yc = 1.5       (EN-8 -3.3.3.1 Tabela 3.1) 

 

cc=0.8-1         (EN2-3.1.6) 

fctm = 0.3  x fck ^ (2/3) =2.6 MPa.    (EN2-3.1.3 Tabela 3.1) 

(fctk 0.05=0.7 x fctm) =1.8 MPa.                   (EN2-3.1.3 Tabela 3.1) 

Poisson coefficient 

=0.2        (EN2-3.1.3(4)) 

3.2. Concrete C30/37 
C30 / 37 concrete was used for the other elements 

Self weight 

γ = 24 kN/m3        (EN1-Annex -A Tab. A.1) 

Characteristic compressive cubic strength of concrete at 28 days 

fcu = 37 MPa.       (EN2-3.1.3 Tab. 3.1)   

Characteristic compressive cylinder strength of concrete at 28 days 

fck = 30 MPa.          (EN2-3.1.3 Tab. 3.1) 
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Modulus of elasticity of concrete 

Ec=33 GPa.       (EN2-3.1.3 Tab. 3.1) 

Design value of concrete compressive strength 

fcd = 20 MPa.       (EN2-3.1.6) 

ku:fcd =cc * fck / yc      (EN2-3.1.6) 

 yc = 1.5       (EN-8 -3.3.3.1 Tabela 3.1) 

 

cc=0.8-1         (EN2-3.1.6) 

fctm =  0.3  x fck ^ (2/3) =2.9 MPa.    (EN2-3.1.3 Tabela 3.1) 

(fctk 0.05=0.7 x fctm) =2.03 MPa.                              (EN2-3.1.3 Tabela 3.1) 

Poisson coefficient 

=0.2        (EN2-3.1.3(4)) 
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3.3. Environmental Condition 
 The environmental conditions taken into consideration for the slabs are XC1 
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 The environmental conditions taken into consideration for the foundation tiles and the walls of the basement      

are XC2 

 The environmental conditions taken into consideration for beams and columns are XC3 
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According to the rate of exposition of the table above has been determined the minimal Class of the concrete for the 

structure. 

 Exposure classes EN      (EN-2-Annex -E Table E.1.N) 

 

 

For the foundations it will be used the C25/30 concrete  

For the columns, walls, beams, staircases and slabs will be used the C30/37 concrete. 

3.4. Defining the Cover of the Concrete 
It has been determined according to the Eurocode (Eurocode 2- 4.4.1.2 Table 4.3.N) the classification of the structure     

for the reduction or the increase of the class of the structure based on the level of exposure of the concrete class: 
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According to the table above, the structure is classified as S-4 structure (Eurocode 2 4.4.1.2 Table 4.4.N)   

 

Also, according to the Eurocode (Eurocode 2 4.4.1.2 formula 4.2) it has been determinate the minimum concrete cover 

value: 

 

Where cmin,b is determined according to Eurocode:  (Eurocodi 2 4.4.1.2  Tabela  4.2  ) 

 

And cmin,dur is determined according to the Eurocode (Eurocode 2 4.4.1.2  Table  4.2.N  ) 

According to all the above information we have considered for our structure the minimum concrete cover value: 

 20 mm for the slabs and staircases, 

 30mm for the beams, reinforced concrete walls and columns  

 40 mm for the foundation beams. 
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3.5. Reinforced Steel  
According to the Eurocode 2 and 8 the reinforcement will be of class C with these properties: 

 

 

The reinforcement of the structure BSt-500s type with the following properties: 

Self weight 

γ = 78.5 kN/m3      (EN-1-Annex -A Tab. A.4) 
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Characteristic yield strength of reinforcement 

fyk = 500 Mpa  

Characteristic tensile strength of reinforcement 

ftk = 600 MPa 

Modulus of elasticity of steel 

Ec =  200 GPa      (EN-2-3.2.7 (4)) 

The coefficient of relative extension > 12 % 

As>12% 

(ftk/fyk) = 1.2 

Partial factor for reinforcing steel: 

γs =  1.15      (EN-8 -3.3.3.1Tabela 3.1) 

 

Design yield strength of reinforcement 

fyd = 43.47  kN/cm2 

 fyd = fyk/γs      (EN-2-3.2.7) 

3.6. Steel Structure 
Structural steel is made of weldable carbon of type S-355 with below charachteristics: 
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Self weight 

γ = 7850 Kg/m3      (EN-1-Annex -A Tab. A.4) 

fu = 430 N/mm2 

Characteristic yield strength of reinforcement 

fy = 275 N/cm2 

Modulus of elasticity of steel 

Es =  210000 N/cm2      (EN-2-3.2.7 (4)) 

(fu/ fy) >= 1.1 

Partial factor for reinforcing steel: 

γs =  1.15      (EN-8 -3.3.3.1Tabela 3.1) 

Design yield strength of reinforcement: 

fyd = 308.7 N/cm2 

Design Strength for concrete, steel and structural steel is by reducing its charachteristic strength with partial factor: 

                                                fcd = fck / γc                                             (EC2-3.1.6) 

                                                fyd = fyk / γs                          (EC2-3.2.7) 

where; s = Partial factor for reinforcing steel = 1.15, (EN-3 2.4.2.4)  

and c = Partial factor for reinforcing steel = 1.5         (EN-2 2.4.2.4) 
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3.6.1. Dimensioning of Main Elements of Steel Structure 
 The steel structure of the Gym is made of two IPE 330 main beams joined by a tyrant 150X150x4 mm and of     

which connects t with the reinforced concrete columns. The main beams are connecting with the each other     

with secondary beams IPE 220. The gym columns are reinforced concrete. 

 The steel structure of the Entrance is composed of several elements; The main beams are created from plates   

with thicknesses of 10,12,15 and 20 mm. These beams are connected to each other with elements IPE240 and 

IPE270. The entrance columns are reinforced concrete 

Details of the steel elements of the gym and entrance are given in the detailed drawings that accompany this report. 

After calculation the below facts were controlled: 
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a. Bending 

MEd/Mc, Rd≤1                                (6.10)                                                         (EC3 6.2.5) 

Where: 

MEd - maximal moment from loads 

Mc,Rd - maximal capacity moment 

Mc,Rd = Ëpl fy/γM0                                                                                           (EC3 6.2.5) 

b. Shearing: 

VEd/Vc,Rd ≤ 1                                 (6.12)                                                         (EC3 6.2.6)  

Vc,Rd = Av (fy/√3 )/ γM0  

Av = 1.2 hë x të                                                                                               (EC3 6.2.6)  

Where:  

hë - width of flange elements 

të - thickness of flange elements 

Elements of joints connections (plate) will be made of steel with characteristic strength not lower than elements 

that it is going to connect. Bolts and other connection elements (plated) are required to be  Bolt class 10.9          

(EN-3-1-83.1.1 (tabela 3.1): 

 

 

4. Computer Calculation and Analysis 

4.1 Static and Dynamic Analysis 

4.1.1. Static Analysis 
The structural static analysis includes solving the system of the following linear equations: 
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K * u= r                                             (3.1.1) 

Where: K- is the matrix of stiffness. 

             r- is the loads vector that acts on the structure 

             u- is the displacement vector. 

For any case of loading the program automatically creates the ''r'' vector and determines the displacement vector by 

solving the system of linear equations (3.1.1).After determining the displacements of all the nodal points it is possible      

to determine all the values of the generalized internal forces (M22, M33-bending moment according to two 

directions,Q22, Q33-shear forces according to two directions ,N- axial force , T- torsional moment for each element 

“frame”, or F11, F22, F12-axial forces for each direction and the bending moments M11, M22, M12-in the    

perpendicular planes and for each planes for shell elements. Naturally the modeling of the structure and for every   

element in general, is made according to the finite elements method (FEM) which is an approximate and practical   

method used widely nowadays due to the superiority of the conditions created by the use of the software’s. 

 

3D Model of Object 1  
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3D Model of Object 2  
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3D Model of the Gym  
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3D Model of the Entrance 

4.1.2. Dynamic Analysis 
The Dynamic Analysis of the structure consists on the modal analysis with the specter of reaction method. The      

designed dynamic loads (seismic) are defined as static equivalent loads and are applied at the points of the       

concentrated masses. 

5. Designed Loads 
The following loads have been used for this structure: 

5.1. Permanent Loads 
Permanent loads in this structure: 

 Reinforced slab h=20cm: 

 Solid reinforced slab                                                                  500 daN/m² 

 Concrete layers + Tiles 10 cm                            180 daN/m² 

 Suspended ceilings + HVAC installations                                  20 daN/m² 
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Total                                          575 daN/m² 

 Reinforced slab h=15cm: 

 Solid reinforced slab                                                                   625 daN/m² 

 Concrete layers + Tiles 10 cm            180 daN/m² 

 Suspended ceilings + HVAC installations                                  20 daN/m² 

 

Total                                          825 daN/m² 

 Reinforced slab h=15cm: 

 Solid reinforced slab                                                                   375 daN/m² 

 Concrete layers + Tiles 10 cm                         180 daN/m² 

 Suspended ceilings + HVAC installations                                  20 daN/m² 

 

Total                                          575 daN/m² 

Note: The loads of the foundation slab, the columns, reinforced walls and of the beams are taken in consideration from the 

software by using real dimensions, weight and measurements, according to the information of the materials mentioned at 

paragraph 3. 

5.2. Vertical Linear Loads of the Walls and the other Elements 
In case when we have brick walls, the load will be: 

 25cm Wall (bricks with horizontal holes + plaster)        950 daN/ml 

 12cm Wall (brick with horizontal holes + plaster)        550 daN/ml 

 Gypsum walls (drywall)              50 daN/ml 

 Reinforced concrete parapet             375 daN/ml 

  Structural facade             300 daN/ml 

5.3. Imposed Loads 
According to the Eurocode 1, the imposed loads for the structure are determined as: 
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    C1       Table 6.1                  (EN1 -6.3.1.1) 

    H                    Table 6.9              (EN-1 -6.3.4.2) 
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And specifically, the imposed loads are: 

 Service facilities    3 kN /m²    Table 6.2                   (EN1 -6.3.1.2) 

 Staircas facilities                                      3 kN /m²    Table 6.2                   (EN1 -6.3.1.2) 

 Terrace cover           1 kN /m²    Table 6.9, 6.10         (EN1 -6.3.1.2) 

 Atrium cover                           0.4 kN /m²    Table 6.9, 6.10         (EN1 -6.3.1.2) 

 Entrance canopy                         0.4 kN /m²    Table 6.9, 6.10         (EN1 -6.3.1.2) 
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5.4. Horizontal Loads of the Parapet 
According to the Eurocode the horizontal loads are being determined as it follows: 

 Horizontal loads of the parapet                0.5 kN /ml    Tabela 6.12                    EC1-6.4 (Kategoria C1) 
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5.5. Seismic Loads 

5.5.1. Seismic Coefficients in the Structure 
In the modeled structure, the seismic coefficients taken in consideration are as it follows: 

According to the seismic report (Eurocode Specter I)    (EN8 -3.2.2.2) 

Ground acceleration agR=0.275 
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According to the seismic report (Eurocode -8) 

Soil category: C 

 

There are no risks of cracking of the land, instability of slopes and permanent decrease caused by liquefaction or 

compression (densification) in case of earthquake. 

The topographical amplification is not taken into consideration   (EN 1998-1, 3.2.2.1(6)) 

Importance factor: γI =1.2 Table 4.3                (EN8 -3.2.5 (Cat. III)) 

 

q0 = 3.0/au/a1 

wall-equivalent dual, or coupled wall systems: αu/α1=1,2.  (EN8 -5.2.2.2, 5,b)-) 

Our structure is considered irregular in the plan. 

For buildings which are not regular in plan (see 4.2.3.2), the approximate value of αu/α1 that may be used when 

calculations are not performed for its evaluation are equal to the average of (a) 1,0 and of (b) the value given in          

In this case: 

αu/α1=1,1 

The behavior factor of the structure by X axes                q= 3.60 

The behavior factor of the structure by Y axes                q= 3.60 

The structure is regular in height. 
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Since our design team will also be supervising the construction of the building, rigorous implementation of the criteria 

will be required. This may allow us to increase the behavior factor by 20%, which we are leaving in favor of the 

construction:  

If a special and formal Quality System Plan is applied to the design, procurement and construction in addition to 

normal quality control schemes, increased values of qo may be allowed. The increased values are not allowed to  

exceed the values given in Table 5.1 by more than 20%.                                            (EN8 -5.2.2.2, 10) 

5.5.2. Design Spectrum (calculative) of the Accelerations according to EN-8 (Design of 

Structures for earthquake Resistance) 
The design spectrum ofthe horizontal seismic accelerations for horizontal seismic action according to EN-8,is obtained 

from the expressions: 
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where: 

S-the soil factor (note the Table 3.2 and 3.3 and the inputs of the seismic-engineering study given as above) 

T-the period of the linear structural system with singledegree of freedom considered. 
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β=0.2 the lower level of the design spectrum for horizontal seismic action 

The behavior factor of the structure according to - X axes                     q=3.0 

The behavior factor of the structure according to - Y axes   q=3.0 

Refering to the recommandations of the (EC-8), the soil is classified as type C with these values of horizontal       

sprectrum parametres: 

S=1.2      TB(s) =0.15   TC(s)=0.5   TD(s)=2                Tabela3.3            (EN-8 -3.2.2.2)  

6. Fundamental Requirement 

6.1. No Collapse Requirement 
agR=0.275g is the design ground acceleration (type C of the site according to the seismic report and the Eurocode -8) 

 

This agR=0.275g given from the seismic report   represents the reference seismic action 

associated with a reference probability of exceedance, PNCR=10  

 

where TNCR=475   γ= 1.20     (EN8 - 2.2.1) 

6.2. Damage Limitation Requirement 
agR=0.1116 g is the design ground acceleration (type C of the site according to the seismic report and Eurocode -8) 

This agR is given from the seismic study for the damage limitation requirement and the probability of exeedance, 

PNCR=10  

Where PNCR=95   γ= 1.2    (EN8 - 2.2.1) 

To find the maximum possible value of the seismic reaction, it is used the superposition method according to the 

"complete quadratic combination" (CQC). This type of modal superposition gives more exact results comparing with     

the combination of the "square root of the sum of squares" (SRSS) for structures with values of consecutive periods 

(successive) close to each other. 

The combination of the directions of the seismic reaction is done basing on the square root of the sum of the squares 

(SRSS), considering their simultaneous acceptance according to three directions. 
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The numerical values taken from the seismic spectrum of the structure, are subject to the combinations given in the 

paragraph 5.1. 

7. Designing Criteria 
The structure has been calculated for the Ultimate Limit States (ULS) and for the Serviceability Limit States (SLS) 

The loads are combined as it follows, where: 

IE - is the seismic action for the allowed state under examination,  

Gt - is the characteristic value of the permanent action,  

Q1k - the characteristic value of the variable action of the situation created by the loads, 

Qik - the characteristic value of the variable i, 

γg, γp and γq- are the factors of the partial security, 

ψ0i- is a combination factor which gives 95% of the value of the variable action I, 

ψ2i- is the combination factor which gives the approximate value of the temporary action of the variable i. 

Loads Combination 

ULS  

Fundamental   γgGk + γq [Q1k + Σi(ψ0iQik)]            (EN0 -6.4.3.4   (6.10)) 

Seismic                                IE + Gk + Σi(Ψ2iQik)                          (EN0 -6.4.3.4   (6.12b)) 

SLS 

Seldom   Gk + Q1k + Σi(ψ0iQik)        (EN0 -6.5.3   (6.14b)) 

Frequent    Gk + ψ11Q1k + Σi(ψ2iQik)     (EN0 -6.5.3   (6.15b)) 

Semi permanent   Gk + Σi(ψ2iQik)     (EN0 -6.5.3   (6.16b)) 

Coefficients values of temporary loads combination are taken into consideration as it follows: 
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g= 1.35                            (Or 1 if its contribution gives more security) 

q= 1.5                              (Or 1 if its contribution gives more security) 

oi= 0.7,    Tab. A1.1     (EN0- A1 2.2 ) 

1i = 0.7,    Tab.A1.1      (EN0- A1 2.2) 

2i = 0.6,    Tab. A1.1    (EN0- A1 2.2 ) 

 

Horizontal components of the seismic actions 

The seismic action has been taken into consideration with both its orthogonal components, nominated as IEx and IEy, 

where the two respective actions of the components represent the same reaction spectrum and complete the quadratic 

combination (CQC) method which is used as combination of the two components.  



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  35  

 

The two possible combinations are as it follows: 

EEdx  "+"  0,3*EEdy      (EN8 -4.3.3.5.2   (4.18)) 

 0,3*EEdx  "+"  EEdy       (EN8 -4.3.3.5.2   (4.19)) 

Where the '+' implies “to be combined with “ 

EEdX represents the action effects due to the application of the seismic action along the choosen horizontal axis x of the 

structure. 

EEdy represents the action effects due to the application of the seismic action along the chosen horizontal axis y of the 

structure. 

(1) The internal effect of the design seismic action shall be evaluated by taking into consideration the presence of the 

masses associated with the gravity loads appearing in the following combinations of actions: 

Gk + Σi(ψEiQik)        (EN8 -3.2.4   (3.17)) 

Where the ψEis the combination coefficient for the variable action i. 

The minimum value of the coefficient combination ψEi presented to calculate the effect of the seismic action will be 

categorized according to the following expressions: 

                                 ψEi= ψ2i x Φ                        Tabela 4.2 (EN-8 -4.2.4) 

Roof:                                                                                      ψEi = ψ2i xΦ =0,6 x 1 = 0,6                   (EN-1-Cat C3)              

Independently occupied storey:                                             ψEi= ψ2i x Φ =0,6x 0,5 =0.3  (EN1-Cat C3) 

Stairs :                                                                                 ψEi= ψ2i x Φ =0,6x 0,8 = 0,48  (EN1-Cat C3) 
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7.1. Ultimate Limit State ULS 
As the design criteria of this limit state, is the supporting from the structure of a strong earthquake relatively rare,with  not 

strong structural damages as subversion,sliding or total demolition,which may be a risk for the human life.The spectral 

parameters of this earthquake "the design earthquake",correspond to a repetition period of 475 years and to a non-excess 

probability of  90% and to a  50 years period of time,given in the forth point.The structure after the earthquake preserves 

its integrity and considerable bearing capacity. 

The combination of the loads is given according to the table: 

 

For the determination of the inputs, as it is described above, the calculation of the structure is done  

7.2. Importance Classes for Buildings, Importance Factor and Behaviour Factor 
According to EN-8 the building is classified as: 
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Building whose integrity during earthquakes is of vital importance for civil protection (e.g. schools, assembly halls, 

cultural institutions etc) 

Coefficient of importance of the building:        1.2        Table 4.3       (EN8 -3.2.5 (Kat. IV)) 

 

 

7.3. Criteria for Structural Regularity 
1. Structural regularity in plan: 

The structure we are analyzing is not regular in the plan because: 

The plan configuration shall be compact, i.e., each floor shall be delimited by a polygonal convex line. If in plan            

set-backs (re-entrant corners or edge recesses) exist, regularity in plan may still be considered as being satisfied,    

provided that these set-backs do not affect the floor in-plan stiffness and that, for each set-back, the area between the 

outline of the floor and a convex polygonal line enveloping the floor does not exceed 5 % of the floor area.  

     (EN8 -4.2.3.2. (3) 

2. Criteria for regularity in elelvation  

To determine the regularity in elevation started from the following point: 
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(3) Both the lateral stiffness and the mass of the individual stories shall remain constant or reduce gradually, without 

abrupt changes, from the base to the top of a particular building.   (EN8 -4.2.3.3. (3) 

In eurocode do not suggest or recommended a quantitative critter for reducing stiffness and mass at height, we consider 

the structure to be relatively regular. 

In our judgment the structure can be considered relatively regular in height. 

To take this fact into account we have reduced the behavioral factor by 10%. 

7.4. The Behaviour Factor of the Structure 
The behavior factor in the object is calculated by the following expression: 

q=q0kw>1.5                                               (5.1)         (EN8 -5.2.2.2) 

Ku: 

q0 – according to the recommendation of the Eurocode is taken for mixed structures, for DCM (Medium Ductility) is  

equal to 3.0 αu / α1, 

kw= 1     (5.2)     (EN-8 -5.2.2.2) 

q=3.0 αu /α1         Table 5.1            (EN-8 -5.2.2.2) 

 

αu /α1 = 1.2 wall-equivalent wall system 

so, q=3.0*1.20=3.60 

The behavior Factor of the structure by X and by Y axis is  q= 3.60 
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Our structure is classified as “wall – equivalent” dual system in the direction X and Y 

7.5. Accidental Torsional Effects 
In order to account for uncertainties in the location of masses and in the spatial variation of the seismic motion, the 

calculated centre of mass at each floor i shall be considered as being displaced from its nominal location in each     

direction by an accidental eccentricity: 

 

1 0.05i ie L 
        (EN-8 -4.3.2    (4.3)) 

where: eli - is the accidental eccentricity of storey mass i from its nominal location, applied 

in the same direction at all floors 

Li - is the floor dimension perpendicular to the direction of the seismic action. 

8. The Table of the Modal Participation Factor and the Modal Shape 

8.1. The Table of the Modal Participation Factor 

 

The table of the modal participation factor Object 1 
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The table of the modal participation factor Object 2 

 

8.2. Modal Shapes 

 

First mode of shape Object 1 
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Second mode of shape Object 1 
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Third mode of shape Object 1 
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First mode of shape Object 2 
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Second mode of shape Object 2 
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Third mode of shape Object 2 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  46  

 

 
 

First mode of shape Gym 
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Second mode of shape Gym 
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Third mode of shape Gym 

9. Drifts 

9.1 The Relative Displacement of the Interfloors According to Two Directions 
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The relative displacement of the inter floors according to two directions 

The drift of the inter story above will be determinate in a table, considering the non-excessed the limit values for the 

structures with not constructive elements and non-ductile 

dr·υ≤0.005·h                                                                                       (EN8 -4.4.3.2)    (4.31) 

where: 

dr-is the design interring story drift as defined in 4.4.2.2(2); 

υ -is the reduction factor which takes into account the lower return period of the 

seismic action associated with the damage limitation requirement.   (EN8-4.4.3.2) 

h-is the storey height; 

The allowed design value of the inter story drift for the structure is dr=0.005x408/0.4=5.1 cm  

 

According to the given response spectrum from the seismic report, the drift calculation are:   

 

 

Displacement in Object 1 
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Displacement in Object 2 

According to the table, the drift values are within the design inter story drift. 

10. Description of the Component Elements of the Structure 

10.1. Foundations 
Consists of a reinforced concrete foundation slabs, reinforced concrete beams and reinforced concrete footings, 

determinates according to the geometrical shape of the structure, the geological formation where the foundation is      

going to be placed, the importance of the structure and the vertical load that will be transmitted in this foundation from  

the structure. 

The design anchorage length of the bars according to Eurocode is determinate as below 

lbd = α1 x α2 x α3 x α4 x α5 x lb,rqd ≥ lb,min                        (Eurocodi 2-8.4.1 formula 8.4) 

where from thw table below: α1=1, α2=1, α3=1, α4=0.7, α5=1 
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lb,rqd = (φ / 4) (σsd / fbd)                  (Eurocodi 2-8.4.1 formula 8.3) 

fbd = 2,25 η1 η2 fctd      (Eurocodi 2-8.4.1 formula 8.2) 

ku: η1=1, η2=1 

fctd = αcc fctk,0.05/γc      (Eurocodi 2-3.1.6 formula 3.16) 
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yc = 1.5         (EC2 -2.4.2.4 Tabela 2.1N) 

 

αcc =0.8-1           

fctm = 0.3  x fck ^ (2/3) =2.6 MPa.      (EC2-3.1.3 Tabela 3.1) 

(fctk 0.05=0.7 x fctm) =1.8 MPa.        (EC2-3.1.3 Tabela 3.1) 

fctd = 1.8/1.5=1.2 MPa. 

 

   

According to the formula above and from the table 8.2    (Eurocode 2-8.4.1 table 8.2): 

fbd= 2.25x1x1x1.2=2.7 Mpa 

lb,rqd=(20/4)x(435/2.7)=805 mm 

lbd=1x1x1x0.7x805 mm=563 mm > lb min =0.6x805=483 mm 
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for anchorages in compression: lb,min > max{0,6lb,rqd; 10φ; 100 mm}   

According to the above results and the thickness of the foundation beams satisfies all the conditions.  

According to the above results foundation beam thickness will be 200 cm and anchorages will 115cm. 

The foundation slab is designed to be placed in an elastic formation, placed in a ballast layer with 20 cm. The      

formation where the ballast layer is placed, is relatively well represented from gravels with low level of humidity and 

compressed. According to the geological report of the soil where the structure is placed, the bearing capacity of the       

soil is 1.8 kg/cm2 according to geological study. 

The design model of the foundation formation is the Winkler's model. It is taken in consideration in the calculations       

the static coefficients of the stiffness and specifically the degrees of freedom belonging to the vertical displacements     

and the rotations according to the perpendicular axis which lay on the lower level of the foundation beams as the most 

representatives (3 degrees of freedom). The other three degrees of freedom of the formation in the design model are 

accepted as blocked. 

The static coefficients are calculated considering the sliding module of the formation G(t/m2) and the dimensions of       

the foundation in plan. G is determinates from the three inputs of the seismic-engineering report, as a derivate of the 

velocity of the extension of the crossing wave in the formation and the density of the soil: 

[vs= 475(m/s), ρ=γ/g=0.21 (ts2/m4)].   

10.1.1. Reinforced Foundation Slab 
The thickness of the slab foundation is 50 cm cm. It is placed in the quote -2.00 m from quote +/-0.00. typical reinforced it 

represented above. 

The foundation slab is reinforced with double grill in both directions, placing additional reinforcement at the areas with 

highest concentration of stresses under the columns, the walls etc. The spaces among the bars for all the grills in the 

foundation slab is uniform, simplifying simultaneously its construction.  

10.1.2. Reinforced Foundation Beams 
 

The reinforcement for the foundation beams is done considering the main combination results, but it is checked for the 

seismic combination. 
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10.1.3. Reinforced Footings 
 

The reinforcement for the footings is done considering the main combination results, but it is checked for the seismic 

combination. 

The concrete class is C 25/30 and the steel is Sidenor (BSt-500S) 

The cover layer of the foundation reinforcement beams is 4 cm 

It is checked the bearing capacity and the stability of the formation to resist the loads transmitted from the structure, like 

the below formulas show: 

Ed< Rd         EC 7-2.4.7.3.1 (2.5) 

Ed=(F*γf + N)/F 

Ed=(490*2.5*9.81*1.35+0.6+33522)/490=(9733+31522)/490=41255/490=84 kPa 

γf=1.35                                EC 7-Annex-A.3.1 (1) 

Rd=Xk/ γm 

Xk – bearing capacity (σ =180 kPa) 

γm=1.2         EC 7-Annex-A.3.2 (1) 

84kPa<180/1.2=150 

10.2. Reinforced Concrete Frame 
It represents the main element of the structure. It is composed of bars or one dimensioned column elements, two 

dimensioned walls and the beams. 

The vertical and horizontal structure is dimensioned considering the conditions of EN-8 for the reinforced concrete 

elements. 

10.2.1. Reinforced Concrete Columns and Walls 
The reinforced concrete columns and walls, as main elements of the structure, are designed with different dimensions, 

considering the balance of the stiffness according to both directions in plan to considerably avoid the addition effects  

from the torsion. 
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They are the main elements of the vertical bearing capacity and the horizontal bearing capacity during the seismic 

reaction. 

In the determination of the dimensions of these elements, it is considered all the Eurocode criteria and respectively EN 

8.5.4.1.2. Their cross-sections are rectangular. The step of the columns is determinates according to the architecture         

of the structure and are 8.00 m; 8.14 m; 7.86 m; 3.40 m and  6.30 m according to the X direction and 5.45m; 3.40m;       

5.6 m according to the Y direction (Building_1); 5.6 m; and  3.40 m according to the X direction and 3.50m; 8.11 m;   

7.89 m; 7.86 m; 8.14 m; 8.00 m; 6.85m; 3.70m; 5.45m according to the Y direction (Building_2);. The class of       

concrete is C30/37 and the steel is Sidenor (BSt-500S). 

After the analyzing of the structure from the software, the verification of the columns differs from the verification of      

the beams concerning the reinforcement placement, in this case the reinforcement is realized symmetric(remind that 

before the modeling and during the modeling of the structure, the division between the beam and column elements is 

already done from the user).The placement of the walls is done mainly in the zones where the architectural design is      

not harmed, also in the other places of the structure where it is decided to have a better accordance between  the center    

of the gravity or the center of the plane figure (planes) with the center of inertia. The thickness of the vertical walls is      

35 cm. The columns are rectangular with dimension 40x70 cm and “L” with dimensions 80X40cm. The reinforcement    

of the columns and the walls is done according to the results of the most unfavorable combinations respecting the 

Eurocode's main principles. 

10.2.2. Reinforced Concrete Beams 
Consist the horizontal reinforced concrete frame, which mainly support the vertical load of the slabs above them,   

transmit the horizontal seismic load to the vertical elements and supporting a considerable part of it. The beams are 

considered deep, with the dimensions as described: 30X60 cm; 30X50 cm; 30X40 and 65X40 cm. The class of the 

concrete is C30/37 and the steel Sidenor (BSt-500 S) 

The beam reinforcement is done according to the results taken from the most unfavorable combination respecting the  

main principles of Eurocode, respecting also the limitations for the minimal and maximal reinforcement percentages, 

given in the (EN 8.5.4.3.2.1) 

10.2.3. Slabs 
The slabs of the structure, according to the Eurocodes, for the structure of this category, are monoliths. Their thickness, 

are determinates according to the axis and the loads are 25 cm and 20 cm. 

The class of the concrete is C 30/37 and the steel is Sidenor (BSt - 500S). 
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The structural plan at the quote +3.98 
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The structural plan at the quote +8.06; +12.14 
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The structural plan at the quote +16.22 

10.2.4. Reinforced Concrete Staircases 
The design of the reinforced concrete staircases is done by analogy with the slabs. They are designed to be monoliths   

with thickness according to the drawings in the project. 
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The class of concrete is C 30/37 and the steel is Sidenor (BSt-500 S) 

11. Schemes of Dimensioning of Representative Elements of the Structure 

11.1. Object 1 

 

Axis 6 

 

Axis 7 
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Axis 9 

 

Axis 10 
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Axis E 
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Axis F 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  63  

 

 

Axis H 
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Axis J 
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Axis K 
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11.2. Object 2 

 

Axis A 

 

Axis B 
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Axis C 

 

Axis D 
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Axis 0 
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Axis 1 
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Axis 2 
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Axis 3 
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Axis 10 
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11.3. Gym 

 

Axis A and G 
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Axis B 
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Axis C, D, E and F 
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12. Schemes of Moments in the Representative Elements of the Structure 

12.1. Object 1 

 

Moments in Axis 6 (DCON2) 

 

Moments in Axis 7 (DCON2) 
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Moments in Axis 9 (DCON2) 

 

Moments in Axis 10 (DCON2) 
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Moments in Axis E (DCON2) 
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Moments in Axis F (DCON2) 
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Moments in Axis H (DCON2) 
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Moments in Axis K (DCON2) 
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Moments in Axis L (DCON2) 
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12.2. Object 2 

 

Moments in Axis A (DCON2) 

 

Moments in Axis B (DCON2) 
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Moments in Axis C (DCON2) 
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Moments in Axis 1 (DCON2) 
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Moments in Axis 3 (DCON2) 
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Moments in Axis 4 (DCON2) 
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Moments in Axis 7 (DCON2) 
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Moments in Axis 8 (DCON2) 
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Moments in Axis 10 (DCON2) 
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12.3. Gym 

 

Moments in Axis A (DCON2) 

 

Moments in Axis B (DCON2) 
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13. Schemes of Axial Forces in the Representative Elements of the Structure 

13.1. Object 1 

 

Axial Force in Axis 6 (DCON2) 

 

Axial Force in Axis 7 (DCON2) 
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Axial Force in Axis 9 (DCON2) 

 

Axial Force in Axis 10 (DCON2) 
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13.2. Object 2 

 

Axial Force in Axis A (DCON2) 

 

Axial Force in Axis B (DCON2) 
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Axial Force in Axis C (DCON2) 

 

Axial Force in Axis D (dCON2) 
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13.3. Gym 

 

Axial Force in Axis A (DCON2) 

 

Axial Force in Axis B (DCON2) 
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Axial Force in Axis C (DCON2) 

14. Schemes of the Reinforcement Results from the Most Unfavorable Combination 

14.1. Object 1 
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Reinforcement in Axis 6 

 

Reinforcement in Axis 7 
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Reinforcement in Axis 9 

 

Reinforcement in Axis 10 
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Reinforcement in Axis F 
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Reinforcement in Axis G 
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Reinforcement in Axis H 
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Reinforcement in Axis L 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  104  

 

 

14.2. Object 2 

 

Reinforcement in Axis A 

 

Reinforcement in Axis B 
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Reinforcement in Axis C 

 

Reinforcement in Axis D 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  106  

 

 

Reinforcement in Axis 1 
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Reinforcement in Axis 4 
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Reinforcement in Axis 7 
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Reinforcement in Axis 9 
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14.3. Gym 

 

Reinforcement in Axis A 

 

Reinforcement in Axis B 
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Reinforcement in Axis C 

15. Percentage of Reinforcement in the R/C Walls 

15.1. Object 1 

 

Percentage of reinforcement in Axis 6 



 

 

                                       

 

 

Programme EU for Schools  

“Design of 9-Year School “Emin Duraku”,  

 Tirana Municipality 

Structural Technical Report 

 

 

 

 

  112  

 

 

Percentage of reinforcement in Axis 10 

15.2. Object 2 

 

Percentage of reinforcement in Axis A 
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Percentage of reinforcement in Axis D 
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Percentage of reinforcement in Axis 1 
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Percentage of reinforcement in Axis ash 
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Percentage of reinforcement in Axis 9 
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Percentage of reinforcement in Axis 10 

16. Conclusions 
The structure has been designed according to the Eurocode recommendations, with ETABS software, a software 

specialized for the calculation of the composed structures. The recommendation of Eurocode have been respected in the 

dimensioning and constructing of all the elements. 

Hydajet TOTA 

Legal Representative of 

 HT Construction (High Tech Construction) ltd 

Lic. N.6886/3 
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