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ABSTRACT 

Turkey and Cyprus has a long historical record of damaging earthquakes and life losses. In 

the last years, earthquake design of reinforced concrete structures becomes an important 

phenomenon due to disastrous earthquakes. In this study, Turkish Earthquake code 2007 

(TEC-2007) and Eurocode 8 (EC8) design rules are examined and both regulations are 

compared. These two regulations are compared with each other in terms of cost according 

to results of three to seven storey reinforced concrete buildings. The reinforced concrete 

multi-storey buildings have been modeled by using STA4-CAD V12.1 package program, 

and as a result suggestions are presented. 

 

Key words: Eurocode 8, Turkish Earthquake code 2007, Reinforced Concrete Building, 

STA4-CAD V12.1. 
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ÖZET 

Türkiye ve Kıbrıs’ta, geçmişten günümüze kadar gelen, kayıda geçmiş depremler ve 

bundan kaynaklanan ciddi kayıplar olmuştur. Son yıllarda, depreme karşı dayanıklı binalar, 

afet oluşturan depremlerden dolayı önem kazanmıştır. Bu çalışmada, Türk deprem 

yönetmeliği 2007 (TDY-2007) ve Eurocode 8 (EC8) tasarım kuralları incelenmiş ve iki 

yönetmelik, kat sayısı üç’den yedi’ye kadar olan betonarme konut yapısı için, analiz 

sonuçlarına göre maliyet açısından karşılaştırılmıştır. Çok katlı betonarme binalar, STA4-

CAD V12.1 bilgisayar programı kullanılarak analizi ve tasarımı yapılmıştır. Sonuçlar 

maliyet açısından değerlendirilmiş ve öneriler sunulmuştur.      

Anahtar kelimeler: Eurocode 8, Türk deprem yönetmeliği 2007, betonarme binalar, STA4-

CAD V12.1.   
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Chapter I 

1. INTRODUCTION 

1.1. Background of the Study 

An earthquake is ground shaking caused by a sudden movement of rock on the earth’s 

crust. Such movements occur along faults, which are thin zones of crushed rock separating 

blocks of crust. When one block suddenly slips and moves relative to the other along a 

fault, the energy released creates vibration called seismic waves, which radiate up through 

the crust to the Earth’s surface, causing large horizontal and vertical ground motion. These 

ground motion translate into inertia force in structures and cause rapid shaking of the 

structures which could lead to serious damage or collapse [1, 2]. Earthquakes represent a 

major natural hazard, resulting in loss of life and economic losses due to damage to 

buildings and businesses. More than 300000 earthquakes occur on the earth every year. 

Many of these are of small intensity and do not cause any damage to the structures. 

However, earthquakes of larger intensity that hits of populated areas cause considerable 

damage structures and loss of life [3]. In general the occurrence of the earthquakes depends 

on the seismic activity of that area that is occurring on. Some places on the earth have low 

seismic activity and some places have high seismic activity due to their geological 

formation. This fact is clearly seen in the global seismic hazard map in figure 1.1. 

 

Figure 1.1 Map of Global Seismic Hazard [4]. 
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In the last years there are many disastrous earthquakes occurred which caused a big human 

tragedy all around the world. Recent significant earthquakes around the world in the last 10 

years are shown in Table 1.1. 

Table 1.1 Recent Significant Earthquakes in the Last 10 Years in the World [5]. 

Magnitude Fatalities Location Year 

6.6 31,000 Iran 2003 

9.1 227,898 Sumatra 2004 

7.6 86,000 Pakistan 2005 

6.3 5,749 Indonesia 2006 

7.9 87,587 China 2008 

7.0 222,570 Haiti 2010 

9.1 15,867 Japan 2011 

6.4 & 6.3 306 Iran 2012 

 

Turkey and Cyprus are one of the most hazard area in the world. This fact is clearly seen in 

the global seismic hazard map in figure 1.1. In this map, countries like Japan, Italy and 

west side of USA have also warm colors that shows high risks like Turkey and Cyprus. 

Turkey is in the third place in the world in terms of relative risks of earthquakes. It is 

located in the Anatolian plate between three active tectonics plates which is Eurasian plate 

from the North, Arabian plate from the Southeast and African plate from South which is 

considered as a highest active earthquakes sector in the world. Alp-Himalayan fault line is 

the reason for the many earthquakes in Turkey [6]. Turkey has three significant faults; 

North Anatolian fault, South Anatolian fault, West Anatolian fault, as shown in figure 1.2. 
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Figure 1.2 Tectonic Map of Turkey and Cyprus [6]. 

Figure 1.2 shows the tectonic map of Turkey and Cyprus and their locations form the 

tectonics plates. The red lines shows the significant faults, the black lines shows the plate 

boundaries, the blue arrows shows the direction of movements of these tectonics plates. 

The recent earthquakes resulting in loss of life due to serious damages in last 10 years in 

Turkey are shown in table 1.2. 

Table 1.2 Recent Significant Earthquakes in the Last 10 Years in Turkey [5]. 

Year Location Fatalities Magnitude 

2002 Afyon 44 6.5 

2003 Bingöl 177 6.4 

2005 Seferihisar-Izmir - 5.9 

2005 Hakkari 3 5.4 

2010 Elazığ 41 6.1 

2011 Kütahya 2 5.8 

2011 Van 604 7.2 

2012 Fethiye, Muğla - 6.0 
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An official seismic hazard zonation map for Turkey was prepared recently by the Ministry 

of Public Works and Settlement considering the latest knowledge of earthquakes which 

divides Turkey into five seismic zones according to their seismic activity, as seen in 

figure1.3, where the places with warm colors considered as high seismic activity. 

 

Figure 1.3 Seismic Hazard Zonation Map of Turkey [7]. 

Cyprus is an island which is located in the Eastern Mediterranean sea, between East 35˚ 

and East 32˚ longitudes lines, North 36˚ and North 34˚ latitudes lines. Cyprus lies within 

the second largest earthquake stricken zone of the earth, but in a relatively less active 

sector. The level of the seismic activity in the Cyprus region is significantly lower than that 

in Greece and Turkey as it is observed in figure 1.1. This zone stretches from the Atlantic 

Ocean across the Mediterranean Basin, through Greece, Turkey, Iran, and India as far as the 

Pacific Ocean. The energy released by the earthquakes in this zone represents 15% of the 

universal seismic energy [8]. It is located in active seismic zones which in Cyprian arc, 

Anatolian plate from the North, Arabian plate from East and African plate from the South 

as shown in figure 1.2 [6]. Because of that Cyprus has a rich history of earthquake events. 

Many destructive earthquakes have struck Cyprus over its long history and many of its 

towns and villages have been destroyed by strong earthquakes, as shown in figure 1.4. 
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Figure 1.4 Map of Seismicity of Cyprus from 1896 – 2010 [9]. 

The recent earthquakes in Cyprus in the last 10 years are shown in the table 1.3. 

Table 1.3 Recent Significant Earthquakes in Last 10 Years in Cyprus [10]. 

Year 
Location 

Magnitude 
Latitudes Longitudes 

2002 35.262˚ N 32.712˚ E 4.1 

2003 34.158˚ N 34.509˚ E 4.3 

2004 34.805˚ N 32.739˚ E 5.0 

2005 34.439˚ N 32.141˚ E 4.4 

2006 34.910˚ N 33.961˚ E 4.3 

2007 34.962˚ N 33.506˚ E 4.1 

2009 34.680˚ N 33.003˚ E 4.5 

2010 34.789˚ N 30.014˚ E 4.4 

2011 34.429˚ N 32.155˚ E 4.0 

2012 34.293˚ N 34.129˚ E 5.0 

 

Design building codes play a crucial role to avoid the designer of making a major mistakes 

which could led to a big human tragedy. 
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Design building codes in general are legal documents which represented the minimum 

requirements for obtaining safe structures and these codes are written by responsible people 

with wide knowledge and experience of engineering. It is not necessarily describes the best 

practice. But in general helps the structural engineers to design and establish a safe 

structure and helps to avoid making the major mistakes. In general, safety cannot be 

defined independent of economy. A structure which is safe may not necessarily be 

considered as successful engineering structure if it is not economical [11]. 

Devastating earthquakes hits all around the world and caused many deaths and injuries and 

left a lot of structures with substantial damage because of their weakness to withstand in the 

earthquake events due to poor detailing of seismic resisting building according to 

inadequate design codes. Since then many seismic codes were published in all around the 

world [11]. 

Anatolian lands have been exposed to big disasters since the beginning of written history. 

In the last years earthquake design of structures becomes an important phenomena due to 

disaster earthquakes which caused a big human tragedy. These earthquakes show that the 

buildings have low seismic performance due to the usage of low quality material, low 

quality of workmanship and inadequacy of the design codes. Since then many new codes 

detailing requirements have been introduced to ensure seismic resistance. After the 1999 

Marmara earthquake, which was the most hazardous earthquake of Turkey in the last 

century, the provisions have been added to the Turkish earthquake code. 1998 disaster 

regulation was revised in 2007 in which the new regulation was called "Specifications for 

Buildings to be Built in Earthquake Areas" and it came into effect on March 2007 [12]. 

On the other hand the development of Eurocode has started in 1975 by the European 

Committee for Standardization or Committee European de Normalization (CEN). It is a 

non-profit organization whose mission is to develop the European economy in global 

trading, the welfare of European citizens and the environment by providing an efficient 

infrastructure to interested parties for the development, maintenance and distribution of 

coherent sets of standards and specifications. European earthquake regulation is "Eurocode 

8" called "Design of Structures for Earthquake Resistance". The Eurocodes are common set 
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of building codes in Europe. At the moment, they are still in the trial phase. These codes 

are frequently used between countries which are members of European Union [13]. 

Z. Çağnan and G. B.Tanırcan published an original article regarding the probabilistic seismic 

hazard assesment of Cyprus. In this study it was stated that the uniform hazard spectra clearly 

indicate the urgent need for adoption of EC8 in the northern part of the island [14]. 

The seismic hazard map of Cyprus was originated by Ergunay and Yurdatapan in 1973, 

Computing the four zoned seismic hazard map of Cyprus. Then developed by the Repuplic 

of Cyprus, Geological and Survey department. It has been extended by both M. Erdik et al, 

and O. Can, in 1997. They present a study regarding the seismic hazard of Cyprus using 

Cornell probabilistic approach and computed peak ground acceleration (PGA) which is a 

measure of earthquake acceleration on the ground [15,16]. 

As part of the preparations for the National Annex of Cyprus to Eurocode 8 (EC8), the 

Geological Survey Department of Republic of Cyprus revised its 1992 seismic zonation 

map. In the revised map, the previous zones were completely preserved; however, 

corresponding PGA values were modified. The map shown below is the latest seismic 

zonation map prepared for Cyprus and is currently being used for seismic design in the 

southern part of the island [14]. See figure 1.5.  

 

Figure 1.5 Seismic Zonation Map of Cyprus [17].  

For the northern part of the island currently, there are no detailed and official seismic zone 

map.  
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Reinforced concrete is the most common building material in Turkey and Cyprus. In 

general for multi-storey reinforced concrete building, the rough works constructions cost, 

correspond of approximately 40% of major construction cost of reinforcement concrete 

building. Rough works construction cost analysis includes [18]: 

 Concrete materials, equipment, and labor for placing, curing, and finishing the concrete. 

 Reinforcing steel and its placement. 

 Formwork including labor, equipment, and materials. 

Typical distributions of rough work constructions cost for reinforced concrete building, in 

percentage are showing in figure 1.5. 

              

      a. Total Construction cost Distributions.              b. Rough Work Cost Distributions. 

Figure 1.6 Typical Distributions of Reinforced Concrete Building Construction Costs. 

1.2. Aim of the Study 

In the recent year been a great need for understanding of construction economics 

particularly during the design stage of projects. Economics in general is about the choice of 

the ways which limited of resource and ought to allocate between all their possible uses. 

The study of cost is about understanding and application of costs to building and other 

structures. One of its aims is to ensure that limited resources are used to best advantage. 

The aims of engineering are to design and establish a structure which minimizes the 

construction cost while meeting all the safety and quality requirements [18]. 
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In this study Eurocode 8 (EC8) [19], and Turkish Earthquake Code 2007 (TEC-2007) [20], 

will examined and compared with each other to find out the difference and the similarity 

between these two codes. 

The very first goal as engineers is to build reliable structures that do not threaten human 

life. After that, meet the expectations of the employer or the consumer functional sense, in 

terms of cost to provide optimum cost effective solutions. Building cost in construction 

industry is very important, as in all other sectors. 

 This document consists of six chapters. The purpose of the study and basic information is 

given in chapter one. In the second chapter, general principles and rules of earthquake 

resistant buildings using both EC8 and TEC-2007 are examined. In the third chapter, 

general rules for the resistance structural systems are mentioned. In the fourth chapter, 

special design rules for reinforced concrete building are examined separately for both 

regulations. In the fifth chapter, the structure of three, four, five, six and seven storey 

reinforced concrete building analysis is made by using STA4-CAD V12.1 computer 

program. In the sixth and last chapter, the cost calculated for both codes are compared and 

as a result, suggestions are presented. 

1.3. Previous Studies 

In the course of this investigation, a review of the broader literature in the area of code 

comparisons between EC8 and TEC-2007 was undertaken. Many papers were published 

since 2000, mainly journal articles and World Earthquake Engineering Conference papers 

and European Conference on Earthquake Engineering papers, were reviewed as part of this 

study. In the interest of space, only a brief summary is given below; 

 A. Dogangun  and  R. Livaoglu (2006), present “A Comparative Study of the Design 

Spectra Defined by Eurocode 8, UBC, IBC and Turkish Earthquake Code on R/C 

Sample Buildings”. In this study, the design spectra recommended by Turkish 

Earthquake Code and three other well-known codes (Uniform Building Code, Eurocode 

8, and International Building Code) are considered for comparison. The main purpose 
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of this study is to investigate the differences caused by the use of different codes in the 

dynamic analysis and seismic verification of given types of buildings located at code 

defined different sites. The differences in expressions and some important points for 

elastic and inelastic spectra defined by the codes are briefly illustrated in tables and 

figures. Periods, base shears, lateral displacements and interstory drifts for the analyzed 

buildings located at code defined ground type are comparatively presented in this study 

[21]. 

 

 A. Dogangun  and  R. Livaoglu (2006), present a study “Comparison of Seismic 

Analysis methods of Multi Storey Building”, this study is to examine the differences in 

results obtained by Equivalent Seismic Load Method, Mode-Superposition Method and 

Analysis Method in Time Domain. These three seismic analysis methods are included 

in the TEC-1997 and EC8. But, there are some differences between TEC-1997 and EC8 

requirements for these methods. The Finite Element Method is used for modeling of 

buildings. SAP2000 package program is used to analysis of selected buildings subjected 

to earthquake. The results obtained by these different methods for the buildings have 

been compared with each other’s [22]. 

 E. Toprak; F. Gülten Gülay and P. Ruge (2008), present their study which is 

“Comparative Study on Code-based Linear Evaluation of an Existing RC Building 

Damaged during 1998 Adana-Ceyhan Earthquake”, which is a comparative study is 

performed on the code-based seismic assessment of reinforced concrete buildings with 

linear static methods of analysis, selecting an existing reinforced concrete building. The 

basic principles dealing the procedure of seismic performance evaluations for existing 

reinforced concrete buildings according to Eurocode 8 and TEC-2007 was outlined and 

compared. Then the procedure is applied to a real case study building is selected which 

is exposed to 1998 Adana- Ceyhan Earthquake in Turkey, the. It was reported that the 

building had been moderately damaged during the 1998 earthquake and retrofitting 

process was suggested by the authorities with adding shear-walls to the system. The 

computations show that the performing methods of analysis with linear approaches 

using either Eurocode 8 or TEC-2007 independently produce similar performance 
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levels of collapse for the critical storey of the structure. The computed base shear value 

according to Eurocode is much higher than the requirements of the Turkish Earthquake 

Code while the selected ground conditions represent the same characteristics. The main 

reason is that the ordinate of the horizontal elastic response spectrum for Eurocode 8 is 

increased by the soil factor. In TEC-2007 force-based linear assessment, the seismic 

demands at cross-sections are to be checked with residual moment capacities; however, 

the chord rotations of primary ductile elements must be checked for Eurocode safety 

verifications. On the other hand, the demand curvatures from linear methods of analysis 

of EC8 together with TEC-2007 are almost similar [23]. 

 Z. Çağnan and G. Tanırcan present their study which is "Seismic Hazard Assessment for 

Cyprus". In this study, probabilistic seismic hazard assessment was conducted for 

Cyprus based on several new results: a new comprehensive earthquake catalog, seismic 

source models based on new research, and new attenuation relationships. Peak ground 

acceleration distributions obtained for a return period of 475 years for rock conditions 

indicate high hazard along the southern coastline of Cyprus, where the expected ground 

motion is between 0.3g and 0.4g. The rest of the island is characterized by values 

representing less severe shaking. Results of this study strongly indicate the inadequacy 

of the Turkish Earthquake Code that is being used in the northern part of the island and 

the Eurocode 8 that is in effect in the southern part of the island to approximate the 

uniform hazard spectra developed for the high hazard and moderate hazard regions of 

the island [14]. 

 B. Bayhan
 

and P. Gülkan (2000), present a study, “Is There Disarray in Descriptions of 

Performance Requirements?”,  this study aims to investigate the correctness of existing 

assessment procedures using data collected from an actual structure tested in the 

laboratory. The procedures outlined in FEMA-356, EC8 and TEC-2007 are applied to a 

full-size, three-story, non-symmetric reinforced concrete building tested at the ELSA 

laboratory at JRC/Ispra under the SPEAR project. For this purpose, a 3D analytical 

model of the building is subjected to the records used in the experimental phase and 

deformation demands are computed according to the procedures described in the 
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guidelines that are being assessed for their correctness. The performance of the 

structure is evaluated at member level and the accuracy of the considered procedures is 

rated through comparisons with measurements and observations made after the 

experiments. The study indicates that the main difference between the procedures stem 

from different performance-based limit values and the characterizing phrases that are 

used to qualify them. It appears necessary that a harmonization should be agreed upon 

before universal application of these procedures. Otherwise the conflicting acceptability 

criteria among different procedures are likely to create confusion among engineers [24]. 
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Chapter II 

2. GENERAL PRINCIPLES AND RULES OF EARTHQUAKE DESIGN 

2.1. Overview 

In chapter 2, the definition of seismic loads and analysis requirements to be applied to 

earthquake resistance structures according to EC8 and TEC-2007, are explained. 

2.1. General Rules and Principles 

2.1.1. General Rules of EC8 

Structures in seismic regions shall be designed and constructed in such a way that the 

following fundamental requirements are met: 

 No-collapse requirements: the structure shall be designed and constructed to withstand 

the seismic design action without local or global collapse, thus retaining its structural 

integrity and residual load bearing capacity after seismic events. 

 Damage limitation requirements: the structure shall be designed and constructed to 

withstand a seismic action having a larger probability of occurrence than the design 

seismic action, without the occurrence of damage. 

In order to satisfy the fundamental requirements of seismic design stated in EC8, the 

following limit states should be checked: 

 Ultimate limit states: are those associated with collapse or with other forms of structural 

failure which might endanger the safety of people. 

 Damage limitation states: are those associated with damage beyond which specified 

service requirements are no longer met. 
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2.1.2. General Rules of TEC-2007 

The general principle of earthquake resistant design to this specification, is to prevent 

structural or non-structural elements of buildings from any damage in low intensity 

earthquakes, to limit the damage in structural and non-structural elements to repairable 

levels in medium-intensity earthquakes, and to prevent the overall or partial collapse of 

buildings in high intensity earthquake in order to avoided the loss of life. 

The design earthquake considered in this specification corresponds to high intensity defined 

above.  

For buildings with building importance factor of I=1 in accordance with Table 2.1, the  

probability of exceedance of the design  earthquake within  a  period  of  50  years  is  10%. 

Table 2.1 Building Importance Factor [20]. 

Purpose of Occupancy or Type of Building 
Importance 

Factor (I) 

1. Buildings required to be utilized after the earthquake and buildings 

containing hazardous materials  

a) Buildings required to be utilized immediately after the earthquake 

(Hospitals, dispensaries, health wards, firefighting buildings and facilities, 

PTT and other telecommunication facilities, transportation stations and 

terminals, power generation and distribution facilities; governorate, county and 

municipality administration buildings, first aid and emergency planning 

stations)  

b) Buildings containing or storing toxic, explosive and flammable materials, 

etc. 

1.5 

2. Intensively and long-term occupied buildings and buildings preserving 

valuable goods 

a) Schools, other educational buildings and facilities, dormitories and hostels, 

military barracks, prisons, etc. 

b) Museums 

1.4 

3. Intensively but short-term occupied buildings  

Sport facilities, cinema, theatre and concert halls, etc. 
1.2 

4. Other buildings  

Buildings other than above defined buildings. (Residential and office 

buildings, hotels, building-like industrial structures, etc.) 

1.0 
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The building structural system resisting seismic loads as a whole as well as each structural 

element of the system shall be provided with sufficient stiffness, stability and  strength  to  

ensure an uninterrupted  and  safe  transfer of  seismic  loads down  to the foundation  soil. 

It is essential that floor systems possess sufficient stiffness and strength to ensure the safe 

transfer of lateral seismic loads between the elements of the structural system. In 

insufficient cases, appropriate transfer elements shall be arranged on floors. 

2.2. Ground Conditions 

2.2.1. Ground Conditions According to EC8 

According to EC8, there are five kinds of ground types are described by the stratigraphic 

profiles and parameter which is given in table 2.2. 

Table 2.2 Ground Types [19]. 

Ground 

type 
Description of stratigraphic profile 

Parameters 

vs,30 

(m/s) 

NSPT  

(blows/30m) 

cu 

(kPa) 

A 
Rock or other rock-like geological formation, including 

at most 5m of weaker material at the surface. 
> 800 - - 

B 

Deposits of very dense sand, gravel, or very stiff clay, at 

least several tens of meters in thickness, characterized by 

a gradual increase of mechanical properties with depth. 

360 – 

800 
> 50 > 250 

C 

Deep deposits of dense or medium dense sand gravel or 

stiff clay with thickness from several tens to many 

hundreds of meters. 

180 – 

360 
15 - 50 

70 - 

250 

D 

Deposits of loose-to-medium cohesion less soil (with or 

without some soft cohesive layers), or of predominantly 

soft-to-firm cohesive soil. 

< 180 < 15 < 70 

E 

A soil profile consisting of a surface alluvium layer with 

vs values of type C or D and thickness varying between 

about 5m and 20m, underlain by stiffer material with vs > 

800 m/s. 

- - - 

S1 

Deposits consisting, or containing a layer at least 10m 

thick,  of soft clays/silts with a high plasticity index (PI > 

40) and high water content 

< 100 

(indicat

ive) 

- 
10 - 

20 

S2 
Deposits of liquefiable soils, of sensitive clays, or any 

other soil profile not included in types A – E or S1 
- - - 
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The site should be classified according to the value of the average shear wave velocity 

(vs,30)  if this is available. Otherwise the value of standard penetration test (NSPT) should be 

used. 

 

For sites with ground conditions matching either one of the two special ground types S1 or 

S2, special studies for the definition of the seismic action are required. For these types, and 

particularly for S2, the possibility of soil failure under the seismic action shall be taken into 

account. 

2.2.2. Ground Conditions According to TEC-2007 

Soil types to be considered according to TEC-2007 to represent the most common local soil 

conditions are given in Table 2.3. The soil parameters defined in this table should be 

considered as standard values for guidance only in determining the soil type.  

Local site classes to be considered as the bases of determination of local soil conditions are 

given in Table 2.4. 

Soil investigations based on appropriate site and laboratory tests are mandatory and should 

be conducted for all buildings with a total height exceeding 60 m in the first and second 

seismic zones and for buildings with importance factor, I=1.5 and I=1.4 in all seismic 

zones. Regarding the buildings other than those defined above, in the first and second 

seismic zones, available local information or inspection results shall be included or 

published references shall be quoted in the seismic analysis reports to identify the soil 

groups and local site classes in accordance with table 2.3 and Table 2.4, in addition to  

these requirements in all seismic zones, group (D) soils according to Table 2.3 with water 

table less than 10 m from the soil surface shall be investigated and the results shall be 

documented to identify whether  liquefaction potential exists, by using appropriate 

analytical methods based on in-situ and laboratory tests. 
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Table 2.3 Soil Groups [20]. 

Soil 

Group 
Description of Soil Group 

Standard 

Penetration 

(N/30) 

Relative 

Density 

(%) 

Unconfined 

Compressive 

Strength 

(kPa) 

Drift Wave 

Velocity 

(m / s) 

(A) 

1. Massive volcanic rocks, un 

weathered sound metamorphic 

rocks, stiff cemented sedimentary 

rocks 

- - >1000 >1000 

2. Very dense sand, gravel > 50 85-100 - >700 

3. Hard clay and silty clay > 32 - > 400 > 700 

(B) 

1. Soft volcanic rocks such as tuff 

and agglomerate, weathered 

cemented sedimentary rocks with 

planes of discontinuity 

- 
- 

 
500-1000 700-1000 

2. Dense sand, gravel 30-50 65-85 - 400-700 

3. Very stiff clay, silty clay 16-32 - 200-400 300-700 

(C) 

1. Highly weathered soft 

metamorphic rocks and cemented 

sedimentary rocks with planes of 

discontinuity 

- - < 500 400-700 

2. Medium dense sand and gravel 10-30 35-65 - 200-400 

3. Stiff clay and silty clay - - 100-200 200-300 

(D) 

1. Soft, deep alluvial layers 

with high ground water level 
- - - < 300 

2. Loose sand. < 10 < 35 - < 200 

3. Soft clay and silty clay < 8 - < 100 < 200 

 

Table 2.4 Local Site Classes [20]. 

Local Site Class Soil Group according to Table 2.2 and Topmost Soil Layer Thickness (h1) 

Z1 Group (A) soils. Group (B) soils with h1  < 15m 

Z2 Group (B) soils with h1 > 15m. Group (C) soils with h1  < 15m 

Z3 Group (C) soils with 15 m < h1 < 50m. Group (D) soils with h1 < 10m 

Z4 Group (C) soils with h1  > 50 m. Group (D) soils with h1  > 10m 

Notes: In the case where the thickness of the topmost soil layer under the foundation is less 

than 3 m, the layer below may be considered as the topmost soil layer indicated in this Table. 
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2.3. Seismic Design 

2.3.1. Definition of Seismic Action According to EC8 

National territories shall be subdivided by National Authorities into seismic zones, 

depending on the local hazard. The hazard is described in terms of a single parameter, the 

value of the reference peak ground acceleration on type A ground, agR. By definition, the 

hazard within each zone is assumed to be constant. 

The reference peak ground acceleration (agR), chosen by the National Authorities for each 

seismic zone, corresponds to the reference return period TNCR of the seismic action for no-

collapse requirement (or equivalently the reference probability of exceedance in 50 years,  

PNCR) chosen by the National Authorities. An importance factor γI equal to 1.0 is assigned 

to this reference return period. For return periods other than the reference, the design 

ground acceleration on type A ground ag is equal to agR times the importance factor γI (ag = 

γ. agR).  Earthquake motion at a given point on the surface is represented by an elastic 

ground acceleration response spectrum, henceforth called an “elastic response spectrum”.  

Horizontal elastic response spectrum: As seen in figure 2.1, The elastic response spectrum 

Se(T) is defined by the following expressions, for the horizontal components of seismic 

action: 

Se(T) = ag . S . [    
 

           ]             (0 ≤ T ≤ TB)                                         (2.1) 

Se(T) = ag . S. η. 2.5                                          (TB ≤ T ≤ Tc)                                       (2.2) 

Se(T) = ag . S. η. 2.5[
 
]                                   (Tc ≤ T ≤ TD)                                         (2.3) 

Se(T) = ag . S. η. 2.5 [ ]                               (TD ≤ T ≤ 4s)                                      (2.4) 
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in which; 

Se(T)   : Elastic response spectrum. 

T         : Vibration period of a linear single-degree-of-freedom system. 

ag        : Design ground acceleration on type A ground. 

TB       : Lower limit of the period of the constant spectral acceleration branch. 

TC       : Upper limit of the period of the constant spectral acceleration branch. 

TD       : Value defining the beginning of the constant displacement response range of 

             The spectrum. 

S         : Soil factor. 

η         : Damping  correction  factor  with  a  reference  value  of  η=1 for 5%  viscous 

             damping. 

 

Figure 2.1 Elastic Response Spectrums [19]. 

The values of the periods TB, TC and TD and of the soil factor S describing the shape of the 

elastic response spectrum depend upon the ground type. The values of parameters, TB, TC, 

TD and S for each ground type and type (shape) of spectrum to be used in a country may be 

found in its National Annex. If the earthquakes that contribute most to the seismic hazard 

defined for the site for the purpose of probabilistic hazard assessment have a surface-wave 

magnitude, Ms, not greater than 5.5, it is recommended that the Type 2 spectrum is adopted. 

For the five ground types A, B, C, D and E the recommended values of the parameters S, 
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TB, TC and TD are given in table 2.5 for the type 1 spectrum and in table 2.6 for the type 2 

spectrum. Figure 2.2 and Figure 2.3 show the shapes of the recommended type 1 and type 2 

spectra, respectively, normalized by ag, for 5% damping. 

Table 2.5 Type 1 Elastic Response Spectra [19]. 

Ground type   S TB (s) TC (s) TD (s) 

A 1 0.15 0.4 2.0 

B 1.2 0.15 0.5 2.0 

C 1.15 0.20 0.6 2.0 

D 1.35 0.20 0.8 2.0 

E 1.4 0.15 0.5 2.0 

 

Table 2.6 Type 2 Elastic Response Spectra [19]. 

Ground type S TB (s) TC (s) TD (s) 

A 1 0.05 0.4 1.2 

B 1.35 0.05 0.5 1.2 

C 1.5 0.10 0.25 1.2 

D 1.8 0.10 0.30 1.2 

E 1.6 0.05 0.25 1.2 

 

 

Figure 2.2 Type 1 Elastic Response Spectra for Ground Types A to E 5% damping [19]. 
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Figure 2.3 Type 2 Elastic Response Spectra for Ground Types A to E 5% damping [19]. 

The value of the damping correction factor (η) may be determined by the following 

expression: 

                                                  η = √  
     ⁄   ≥ 0.55                                                  (2.5) 

where; 

 ξ         : Viscous damping ratio of the structure, expressed as a percentage. 

The elastic displacement response spectrum, SDe(T), shall be obtained by direct 

transformation of the elastic acceleration response spectrum Se(T), using the following 

expression: 

                                                   SDe(T) = Se (T) [ 
 

  
 ]                                              (2.6) 

Expression (2.6) should normally be applied for vibration periods not exceeding 4.0 

second. For structures with vibration periods longer than 4.0 second, a more complete 

definition of the elastic displacement spectrum is possible. 

 

2 
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Vertical elastic response spectrum: the vertical component of the seismic action shall be 

represented by elastic response spectrum, Sve, derived using expressions (2.7) to (2.10). 

 

Sve(T) = avg . [1+ 
 

 . (η. 3.0 -1)]                          (0 ≤ T ≤ TB)                                         (2.7) 

Sve(T) = avg . η. 3.0                                                 (TB ≤ T ≤ Tc)                                       (2.8) 

Sve(T) = avg . η. 3.0 [
 
]                                         (Tc ≤ T ≤ TD)                                      (2.9) 

Sve(T) = avg . η. 3.0 [
 

 
]                                   (TD ≤ T ≤ 4s)                                       (2.10) 

The values to be ascribed to TB, TC, TD and avg for each type (shape) of vertical spectrum to 

be used in a country may be found in its National Annex. The recommended choice is the 

use of two types of vertical spectra Type 1 and Type 2. As for the spectra defining the 

horizontal components of the seismic action, if the earthquakes that contribute most to the 

seismic hazard defined for the site for the purpose of probabilistic hazard assessment have a 

surface-wave magnitude, Ms, not greater than 5.5, it is recommended that the Type 2 

spectrum is adopted. For the five ground types A, B, C, D and E the recommended values 

of the parameters describing the vertical spectra are given in Table 2.8. These 

recommended values do not apply for special ground types S1 and S2. 

Table 2.7 Vertical Elastic Response Spectra [19]. 

Spectrum avg / ag TB (s) Tc (s) TD (s) 

Type A 0,90 0,05 0,15 1,0 

Type B 0,45 0,05 0,15 1,0 

 

Design spectrum this reduction is accomplished by introducing the behavior factor q. The 

behavior factor q is an approximation of the ratio of the seismic forces that the structure 

would experience if its response was completely elastic with 5% viscous damping, to the 

seismic forces that may be used in the design, with a conventional elastic analysis model, 

2 
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still ensuring a satisfactory response of the structure. The value of the behavior factor q 

may be different in different horizontal directions of the structure, although the ductility 

classification shall be the same in all directions. 

For the horizontal components of the seismic action the design spectrum, Sd(T), shall be 

defined by the following expressions: 

 

Sd(T) = ag.S.[
 

 
      (

   

 
  

 

 
)]                    (0≤ T ≤ TB)                                        (2.11) 

Sd(T) = ag .S. 
   

 
                                                     (TB ≤ T ≤ TC)                                     (2.12)                       

 

 

Sd(T)=                                                                    (TB ≤ T ≤ TC)                                         (2.13)                                                                    

 

 

 

Sd(T)=                                                                          (TD  ≤ T)                                      (2.14)                                

 

where; 

ag, S, TC and TD are as defined in the equations before. 

Sd (T)    : Design spectrum. 

q           :  Behavior factor. 

β           :  Lower bound factor for the horizontal design spectrum. 

For the vertical component of the seismic action the design spectrum is given by 

expressions (2.11) to (2.14), with the design ground acceleration in the vertical direction, 

avg replacing ag, S taken as being equal to 1.0. 

 

 ag .S. 
   

𝑞
 [ ] 

  ≥ β . ag 

 ag .S. 
   

𝑞
 [ ] 

 ≥ β . ag  
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For the vertical component of the seismic action a behavior factor q up to 1.5 should 

generally be adopted for all materials and structural systems. 

The adoption of values for q greater than 1.5 in the vertical direction should be justified 

through an appropriate analysis. 

Buildings are classified into four importance classes (γI), depending on the consequences of 

collapse for human life, on their importance for public safety and civil protection in the 

immediate post-earthquake period and on the social consequences of collapse. The 

recommended values of γI for importance classes are given in table 2.8.  

Table 2.8 Values of γI for Important Classes [19]. 

Importance 

classes 
Buildings 

The 

recommended 

value of γ 

I 
Buildings of minor importance for public safety, 

e.g. agricultural buildings, etc. 
0.8 

II 
Ordinary buildings, not belonging in the other 

categories. 
1.0 

III 

Building whose seismic resistance is importance 

in view of the consequence associated with a 

collapse, e.g. school, assembly halls, cultural 

institutions etc. 

1.2 

IV 

Building whose integrity during earthquakes is of 

vital importance for civil protection, hospitals, 

fire stations, power plants, etc. 

1.4 

 

 

2.3.1. Definition of Seismic Action According to TEC-2007: 

The  spectral acceleration coefficient A (T), which shall be considered as  the basis for the  

determination  of  seismic  loads  is  given  by  equation  (2.15). The elastic spectral 

acceleration Sae (T), which is defined as ordinate of elastic acceleration spectrum defined 

for 5% damped rate, elastic acceleration spectrum is equal to spectrum acceleration 

coefficient times the acceleration of gravity, g, as given  by  equation  (2.16). 
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                                                        A (T) = A0 I S(T)                                                       (2.15) 

                                                        Sae (T) = A (T) g                                                       (2.16) 

where: 

A0       : Effective ground acceleration coefficient. 

I          : Building importance factor. 

S(T)    : Spectrum coefficient. 

g         : Gravitational acceleration (9.81 m/s
2
). 

The effective ground acceleration coefficient (A0), appearing in Equation (2.15) is specified 

in Table 2.9. 

Table 2.9 Effective Ground Acceleration Coefficient [20]. 

Seismic Zone  A0 

1 0.4 

2 0.3 

3 0.2 

4 0.1 

 

The building importance factor, I, given in Equation (2.15) is stated in Table 2.1. 

The spectrum coefficient S(T), given  in  Equation  (2.10)  shall  be determined by  

Equation  (2.11),   depending   on    the    local    site    conditions    and    the building  

natural  period,  T. 

 

 S(T) = 1 + 1.5 
 

                                      (0 ≤ T ≤ TA)                                                   (2.17) 

S(T) = 2.5                                                 (TA ≤ T ≤ TB)                                                  (2.18) 

S(T) = 2.5 [ 
 

 ]                                           (TB<T)                                                       (2.19) 

 

0.8 
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Spectrum characteristic periods, TA and TB, are specified in Table 2.10, depending on local 

site classes defined in Table 2.5. 

Table 2.10 Spectrum characteristic Periods [20]. 

Local Site Class  TA (second) TB (second) 

Z1 0.10 0.30 

Z2 0.15 0.40 

Z3 0.15 0.60 

Z4 0.20 0.90 

 

In case where the requirements specified before are not met, spectrum characteristic periods 

defined in Table 2.10 for local site class Z4 shall be used. 

In required cases, elastic acceleration spectrum may be determined through special 

investigations by considering local seismic and site conditions. However spectral 

acceleration coefficients corresponding to so obtained acceleration spectrum ordinates shall 

in no case be less than those determined by Equation (2.10) based on relevant characteristic 

periods specified in Table 2.11. 

 

              Figure 2.4 Design Acceleration Spectrums [20]. 

 

In order to consider the specific nonlinear behavior of the structural system during 

earthquake, elastic seismic loads to be determined in terms of spectral acceleration 
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coefficient shall be divided to below defined Seismic Load Reduction Factor to account for. 

Seismic Load Reduction Factor, shall be determined by Equations (2.20) or (2.21) in terms 

of Structural System Behavior Factor, R, defined in Table 2.11 for various structural 

systems, and the natural vibration period T. 

 

Ra(T) = 1.5 + (R-1.5) 
 

                                 (0≤T≤TA)                                            (2.20) 

Ra(T) = R                                                         (TA < 
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Table 2.11 Structural Systems Behavior Factors [20]. 

BUILDING STRUCTURAL SYSTEM 

Systems 

of 

Nominal 

Ductility 

Level 

Systems 

of  

High 

Ductility 

Level 

1. CAST-IN-SITE REINFORCED CONCRETE BUILDINGS 

1.1. Buildings in which seismic loads are fully resisted by frames……… 

1.2. Buildings in which seismic loads are fully resisted by coupled 

structural walls ……………………………………………………........... 

1.3. Buildings in which seismic loads are fully resisted by solid 

structural walls ………………………………………….......................... 

1.4. Buildings in which seismic loads are jointly resisted by frames and 

solid and / or coupled structural walls …………………………………... 

       

      4  

       

      4 

       

         

      4      

         

      4 

 

      8 

       

      7 

       

 

      6 

 

      7 

2. PREFABRICATED REINFORCED CONCRETE BUILDINGS 

2.1. Buildings in which seismic loads are fully resisted by frames with 

connections capable of cyclic moment transfer………………………….. 

2.2. Single-storey buildings in which seismic loads are fully resisted by 

columns with hinged upper connections ………………………………... 

2.3. Prefabricated buildings with hinged frame connections in which 

seismic loads are fully resisted by prefabricated or cast – in – situ solid 

structural walls and / or coupled structural walls………………………... 

2.4. Buildings in which seismic loads are jointly resisted by frames with 

connections capable of cyclic moment transfer and cast-in-situ solid and 

/ or coupled structural walls …………………………………………….. 

 

 

        3 

 

        - 

 

 

        - 

 

 

        3 

 

 

      7 

 

      3 

 

 

      5 

 

 

      6 

3. STRUCTURAL STEEL BUILDINGS 

3.1. Buildings in which seismic loads are fully resisted by frames …….. 

3.2. Single – storey buildings in which seismic loads are fully resisted 

by columns with connections hinged at the top …………………………. 

3.3. Buildings in which seismic loads are fully resisted by braced frames 

or cast-in-situ reinforced concrete structural walls 

a- Centrically braced frames ……………................................................. 

b- Eccentrically braced frames ………………………………………….. 

c- Reinforced concrete structural walls...................................................... 

3.4. Buildings in which seismic loads are jointly resisted by structural 

steel braced frames or cast-in-situ reinforced concrete structural walls 

a- Centrically braced frames....................................................................... 

b- Eccentrically braced frames................................................................... 

c- Reinforced concrete structural walls...................................................... 

        

        5 

        

        - 

        

        

        4 

        - 

        4 

 

 

        5 

        - 

        4 

 

      8 

 

      4 

 

 

      5 

      7 

      6 

 

 

      6 

      8 

      7 
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2.3.3. Definition of Load Combination According to EC8 

The design value Ed of the effects of actions in the seismic design situation shall be 

determined in accordance with the following combination: 

 

                                                  Ed = ∑ Gkj + γ AEd + ∑ ψ2i Qki                                 (2.20) 

 

where; 

γI      : Importance factor as seen in table 2.6. 

Gkj    : Characteristic value of dead loads. 

AEd   : Design value of return period of specific earthquake motion;  

ψ2i     : Combination coefficient of live load. 

Qki     : Characteristic value of live load. 

The inertia effects of the design seismic action shall be evaluated by taking into account the 

presence of the masses associated with all gravity loads appearing in the following 

combination of action.  

                                            Ed = ∑ Gkj + γ AEd + ∑ ψ2i Qki                                        (2.21) 

where; 

ΨE,i     : The combination coefficient for variable action I. 

2.3.3. Definition of Load Combination According to TEC-2007 

 

The design value Ed of the effects of action in the seismic design situation shall be 

determined in accordance with the following combination: 

 

                                             Ed = G + Q ± Ex ± 0.3Ey                                                 (2.22) 

                                             Ed = G + Q ± Ey ± 0.3Ex                                                 (2.23) 
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where; 

G           : Dead load 

Q           : Live load 

Ex, Ey      : Earthquake in direction to x and y. 

Or in the case of unfavorable result, 

                                                 Ed = 0.9G + Q ± En ± 0.3Ey                                        (2.24) 

                                                 Ed = 0.9G + Q ± Ey ± 0.3En                                        (2.25) 

The seismic weight of the structure shall be determined by given equation: 

                                                  W = ∑ gi,N + ∑ n qi,N                                                (2.26) 

Where; 

gi   : Total live load at i
,
th storey of the building. 

qi   : Total dead load at i
,
th storey of the building. 

n     : Live load participation factor. 

N     : Number of stories in the structure. 

Live load participation factor (n) is given in table 2.12. In industrial buildings, n=1 shall be 

taken. In the calculation of roof weight for seismic load, 30% of snow load shall be 

considered. 

Table 2.12 Live Load Participation Factors [20]. 

Purpose of Occupancy of Building N 

Depot, warehouse, etc. 0.8 

School, dormitory, sport facility, cinema, car 

park, restaurant, shop, etc. 
0.6 

Residence, office, hotel, hospital, etc. 0.30 

 



13 

 

Chapter III 

3. GENERAL RULES OF EARTHQUAKE RESISTANT 

STRUCTURAL SYSTEM 

3.1. Overview 

This chapter covers the general rules of design criteria of the building according to EC8 and 

TEC-2007, to avoid unwanted behavior of building during the seismic events. 

3.2. Criteria for Structural Regularity According to EC8 

According to EC8, there are two types of design building criteria should be achieved as 

possible, which are for regularity in plan and in elevation. 

3.2.1. Criteria for Regularity in Plan 

According to EC8 a building to be considered as being regular in plan, it shall satisfy all the 

conditions below: 

 With respect to the lateral stiffness and mass distribution, the building structure shall be 

approximately symmetrical in plan with respect to two orthogonal axes. 

 The plan configuration shall be compact. 

 The in-plan stiffness of the floors shall be sufficiently large in comparison with the 

lateral stiffness of the vertical structural elements, so that the deformation of the floor 

shall have a small effect on the distribution of the forces among the vertical structural 

elements. 

  The slenderness λ= Lmax / Lmin of the building in plan shall be not higher than 4, where 

Lmax  and Lmin are respectively the larger and smaller in plan dimension of the building, 

measured in orthogonal directions. 
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 At each level and for each direction of analysis x and y, the structural eccentricity (eo) 

and the torsional radius r shall be in accordance with the two conditions below, which 

are expressed for the direction of analysis y: 

                                                                     eox ≤ 0.3 . rx                                                (3.3.a) 

                                                                        rx ≥ ls                                                       (3.3.b) 

where; 

eox          : Distance between the center of stiffness and the center of mass, measured along 

             the  x direction, which is normal to the direction of analysis considered. 

rx        : Square  root  of  the  ratio  of  the torsional  stiffness to the lateral stiffness in  

             the y direction (“torsional radius”). 

ls        : Radius of gyration of the floor mass in plan (square root of the ratio of (a) the  

             polar moment of inertia of the floor mass in plan with respect to the center of 

             mass of the floor to (b) the floor mass). 

3.2.2. Criteria for Regularity in Elevation 

Building to be considered as being regular in elevation, it shall satisfy all the conditions 

below: 

 All lateral load resisting systems, such as cores, structural walls, or frames, shall run 

without interruption from their foundations to the top of the building or, if setbacks at 

different heights are present, to the top of the relevant zone of the building. 

 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. 

 In framed buildings the ratio of the actual stories resistance to the resistance required by 

the analysis should not vary disproportionately between adjacent stories. 

 

 



11 

 

3.3. Criteria for Structural Regularity According to TEC-2007 

Regarding the definition of irregular buildings whose design and construction should be 

avoided because of their unfavorable seismic behavior. There are two general types of 

building irregularities, where types of irregularities in plan called "A-type irregularities" 

and in elevation called "B-types irregularities" are given in "Table 2.1" from TEC-2007, 

and  their relevant conditions as given below.  

3.3.1. Criteria for Regularity in Plan 

A1-Torsional Irregularity 

The first type of irregularity in TEC-2007 is "Torsional Irregularity". It is also called "A1-

type irregularity". Torsion in a building is caused by asymmetrical distribution of rigidity. 

The case where Torsional Irregularity Factor, bi, which is defined for any of the two 

orthogonal earthquake directions as the ratio of the maximum storey drift at any storey to 

the average storey drift at the same storey in the same direction, is greater than 1.2, as 

shown in figure 3.1. 

 

Figure 3.1 Type A1- Torsional Irregularity [20]. 

In the case where floors behave as rigid diaphragms in their own planes: 

                                                 bi = (i)max / (i)ort > 1.2                                                  (3.1) 
 

                                                 (i)ave = 1/2 [(i)max + (i)min]                                            (3.2) 
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where; 

bi            : Torsional irregularity factor defined at i
,
th storey of the building. 

(i)ave       : Average storey drift of i
,
th storey of the building. 

(i)max      : Maximum storey drift of i
,
th storey of the building. 

(i)min       : Minimum storey drift of i
,
th storey of the building. 

Storey drifts shall be calculated by considering the effects of ± %5 additional eccentrics. 

A2-Floor Discontinuities 

The second type of irregularity is "Floor Discontinuities" which is also called " A2-type 

irregularity". There are three cases where floor discontinuity irregularities occur in any 

floor as explained: 

 The case where the total area of the openings including those of stairs and elevator 

shafts exceeds 1/3 of the gross floor area, as shown in figures 3.2.a and 3.2.b.  

 

                   

       (a) Type A2-Irregularity-I                                (b) Type A2-Irregularity-I 

Figure 3.2 Type A2- Floor Discontinuity Cases I [20]. 

                                                           Ab = Ab1 + Ab2                                                         (3.2) 

                                                              Ab / A > 1/3                                                          (3.3) 

where; 

Ab     : Total area of openings 

A      : Gross floor area 
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 The cases where local floor openings make it difficult the safe transfer of seismic loads 

to vertical structural elements, as shown in figure 3.3. 

              

                                                               Section A-A 

(a) Type A2 -Irregularity-II                      (b) Type A2 -Irregularity-III 

Figure 3.3 Type A2- Floor Discontinuity Cases II [20]. 

 

 The cases of abrupt reductions in the in-plane stiffness and strength of floors. 

A3- Projections in Plan 

It is the third type of irregularity and also called "A3-type of irregularity". The cases where 

projections beyond the re-entrant corners in both of the two principal directions in plan 

exceed the total plan dimensions of the building in the respective directions by more than 

20%. There are three drawings explaining this irregularity as shown below: 

 

Figure 3.4 Type A3- Irregularity [20]. 

                                                                ax > 0.2 Lx                                                   (2.4. a) 

                                                                ay > 0.2 Ly                                                    (2.4.b) 

where; 

Lx, Ly    : Length of the building at x, y direction 

ay, ax      : Length of re-entrant corners in x, y direction 
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3.3.2. Criteria for regularity in Elevations 

B1- Interstorey Strength Irregularity (Weak Storey). 

It is also called "B1-type of irregularity" in TEC-2007. In reinforced concrete buildings, the 

case where in each of the orthogonal earthquake directions, Strength Irregularity Factor ηci, 

which is defined as the ratio of the effective shear area of any story to the effective shear 

area of the story immediately above, is less than 0.80. B1-type of irregularity commonly 

exist in the ground floors of the commercial buildings.   

                                                      [ηci = ( Ae)i / ( Ae)i+1 < 0.80]                                    (3.5) 

where; 

Ae     : Effective shear area. 

For B1-type of irregularity, there is not any drawing in the regulations. 

Definition of effective shear area in any storey: 

                                                          Ae =  Aw +  Ag + 0.15  Ak                                    (3.6)      

where; 

Aw       : Effective of web area of column cross sections.  

Ag        : Section areas of structural elements at any storey.  

Ak         : Infill wall areas.  

B2- Interstorey Stiffness Irregularity (Soft Storey) 

It is called "B2-Type of irregularity" in TEC-2007. The case where in each of the two 

orthogonal earthquake directions, stiffness irregularity factor ki , which is defined as the 

ratio of the average storey drift at any storey to the average storey drift at the storey 

immediately above or below, is greater than 2.0. as shown in the expression (2.7.a) and 

(2.7.b) : 

                                        ηki = (i/hi)ave / (ηi+1/hi+1)ave > 2.0                                         (2.7.a) 

                                        ηki = (i /hi)ave / (i -1/hi-1)ave > 2.0                                        (2.7.b) 
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where: 

ηki       : Stiffness irregularity factor defined at i'th storey of the building. 

i        : Storey drift of i'th storey of the building. 

hi         : Height of i'th storey of building [m]. 

Storey drifts shall be calculated, by considering the effects of ±%5 additional eccentricities. 

B3-Discontinuity of Vertical Structural Elements 

It is called "B3- type of irregularity" in the TEC-2007. The cases where vertical structural 

elements (columns or structural walls) are removed at some stories and supported by beams 

or gusseted columns underneath, or the structural walls of upper stories are supported by 

columns or beams underneath, as shown in figure 3.5. 

 

Figure 3.5 Type B3- Discontinuities of Vertical Structural Elements [20]. 

Article 2.3.2.4 in TEC-2007 regulations, defines these items which are shown in figure 3.5. 
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Chapter IV 

4. SPECIAL DESIGN RULES FOR REINFORCED CONCRETE 

BUILDINGS 

4.1. Overview  

In this chapter the materials conditions, geometric conditions and reinforcement conditions 

for reinforced concrete building elements according to EC8 and TEC-2007, are explained. 

In EC8, the reinforced concrete building elements are divided into three types according to 

their ductility level; low ductility (DCL), medium ductility (DCM) and high ductility level 

(DCH). For DCL building elements are not preferred to use in region with seismic risk. 

In TEC-2007, the reinforced concrete building elements are divided into two types 

according to their ductility level; high ductility building level (HDL), nominal ductility 

level (NDL). 

4.2. Material Conditions 

4.2.1. Material Conditions According to EC8 

In primary seismic elements of reinforced concrete building the following material 

conditions shall be used: 

 For DCM reinforced concrete elements, concrete class lower than C16/20 class and for 

DCH reinforced concrete elements concrete class lower than C20/25, shall be not be 

used. 

 With exception of close stirrups and cross-ties only, in critical regions deformed bars 

shall be used as reinforcing steel. 

 For DCM reinforced concrete elements, reinforcing steel of class B or C shall be used 

and for DCH reinforced concrete elements, reinforcing steel C shall be used, in critical 
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regions of primary seismic element as shown table 4.1. This shows the properties of 

reinforcing steel classes according to Eurocode 2. 

Table 4.1 Properties of Reinforcement [25]. 

Product form Bars and de-coiled rods Wire Fabrics 

Requirement 

or quintile 

value (%) 

Classes A B C D E F - 

Characteristic yield strength 

fyk or f0.2k (MPa) 
400 to 600 5.0 

Minimum value  

of k = (ft/fy)k 
≥1.05 ≥1.08 

≥1.15 

<1.35 
≥1.05 ≥1.08 

≥1.15 

<1.35 
10.0 

Characteristic strain at 

maximum force, εuk (%) 
≥2.5 ≥5.0 ≥7.5 ≥2.5 ≥5.0 ≥7.5 10.0 

Bendability Bend/Rebind test -  

Shear strength - 
0,3 A fyk  

(A is area of wire) 
Minimum 

Maximum     Nominal 

deviation       bar  

from              size (mm) 

nominal mass      ≤8 

(individual bar    >8 

or wire) (%) 

 

 

± 6.0 

± 4.5 

5.0 

Note: The values for the fatigue stress range with an upper limit of β fyk and for the Minimum relative rib  

           area for use in a Country may be found in its National Annex. 

 For DCM reinforced concrete elements, welded wire meshes may be used if meet the 

design requirements. 

4.2.2. Material Conditions According to TEC-2007 

For all reinforced concrete buildings to be built in seismic zones, the following material 

conditions shall be used: 

 Concrete with strength lower than C20 shall be not be used. It should satisfy the quality 

control requirements specified in Turkish standard (TS-500). 

 Unribbed reinforcement steel cannot be used exempt hoops and crossties with flooring 

reinforcement.  

  Reinforcing steel more than S420 shall not be used in reinforced concrete structural 

elements, with the exception of specific elements may be used in in flat slabs, in the 
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slabs of joist floors, in peripheral external walls of basements, in the webs of structural 

walls of buildings in which entire seismic loads are resisted by such walls of full 

building height satisfying both of the conditions given by equations (4.1) and (4.2) 

below: 

                                                          ∑ Ag / ∑ Ap ≥ 0.002                                                  (4.1) 

                                                           Vt / ∑ Ag ≤ 0.5 fctd                                                    (4.2) 

where: 

Ag         : Gross section area of column or wall end zone. 

Ap         : Plane area of story building. 

Vt          : Total seismic load acting on a building. 

fctd            : Design tensile strength of concrete. 

4.3. Geometric Conditions 

4.3.1. Geometric Conditions According to EC8 

1. Beam Geometric Conditions 

 For DCH reinforced concrete beam design, the width of primary seismic beams shall 

not be lower than 200 mm. And the width to height ratio of the web shall satisfy the 

expression below [21]: 

- transient situations:                 
 

                                        ( lot /b ) ≤  70 / (h/b)
1/3

      and       h/b ≤ 3.5                               (4.3)
 

 

where: 

lot         : Distance between torsional restraints. 

b          : Total depth of beam in central part of lot. 

h          : Width of compression flange. 
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 For DCM and DCH reinforced concrete beam design, the distance between the 

centroidal axes of the two members should be more than bc/4. Where bc is the largest 

cross-sectional dimension of the column normal to the longitudinal axis of the beam. 

 To take advantage of the favorable effect of column compression on the bond of 

horizontal bars passing through the joint, the width bw of a primary seismic beam shall 

satisfy the following expression: 

                                                       bw ≤ min {bc + hw ; 2bc}                                          (4.4) 

where hw is the depth of the beam and bc is cross-sectional dimension of column. 

2. Column Geometric Conditions 

 For DCH reinforced concrete column design, the cross-sectional sides of primary 

seismic columns, h, shall not be less than 250 mm. 

 For DCM and DCH reinforced concrete column design, unless θ, which is Interstorey 

drift sensitivity coefficient  ≤ 1.0, the cross-sectional dimensions of primary seismic 

columns should not be smaller than one 1/10 of the larger distance between the point of 

contra flexure and the ends of the column, for bending within a plane parallel to the 

column dimension considered. 

3. Ductile Shear-Wall Geometric Conditions 

 For DCM and DCH reinforced concrete ductile shear walls design, the thickness of the 

web, bwo, (in meters) should satisfy the following expression: 

                                                    bwo ≥ max{0.15 or hs/20}                                           (4.5) 

 

where hs is the clear storey height in meters. 

 Random openings, not regularly arranged to form coupled walls, should be avoided in 

primary seismic shear walls, unless their influence is either insignificant or accounted 

for in analysis, dimensioning and detailing. 
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4.3.2. Geometric Conditions According to TEC-2007 

1. Beam Geometric Conditions 

 The geometric requirements of cross-section of beams forming frames together with 

columns, or of beams connected to structural walls in their own planes are given below: 

a- Width of the beam web shall be at least 250 mm. Web width shall not exceed the sum 

of the beam height and the width of the supporting column in the perpendicular direction 

to the beam axis. 

b- Beam height shall not be less than 3 times the thickness of floor slab and 300 mm, 

nor shall it more than 3.5 times the beam web width. 

c- Beam height should not be more than 1/4 the clear span. 

d- Limitations specified above in relation to beam width and heights are not applicable 

to reinforced concrete or pre - stressed / prefabricated beams with hinge connections to 

columns, to coupling beams of coupled structural walls, and to the secondary beams 

which are connected to frame beams outside the beam-column joints. 

 

 It is essential that design axial force satisfies the condition  below: 

 

                                                                Nd ≤ 0.1 Ac  fck                                                    (4.6) 

Where: 

Nd          : Axial force calculated under combined effect of seismic loads and vertical 

                loads multiplied with load coefficients. 

fck          : Characteristic compressive cylinder strength of concrete. 

In order that any structural element be sized and reinforced as a beam. Otherwise such 

elements shall be sized and reinforced as a column in accordance with columns 

limitations 
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2. Column Geometric Conditions 

 Shorter dimension of columns with rectangular section shall not be less than 250 mm 

and section area shall not be less than 75000 mm
2
. Diameter of circular columns shall 

be at least 300 mm. 

 In order the gross section area of column (Ac) to be the biggest one of axial pressure 

strengths calculated under the combined effect of Ndm vertical loads and seismic loads, 

gross section area of column shall satisfy the condition below: 

Ac ≥ Ndmax / (0.50 fck) 

where: 

Ndmax            : Greater of the axial pressure forces calculated under combined effect of 

                        seismic loads and vertical loads. 

3. Ductile Shear-Wall Geometric Conditions 

 Structural walls are the vertical elements of the structural system where the ratio of 

length to thickness in plan is equal to at least seven. With the exception of the special 

cases given: 

1- In buildings where seismic loads are fully carried by structural walls along the full 

height of building, wall thickness shall not be less than 1 / 20 the highest storey height 

and 150 mm, provided that both two of the conditions given by equations (4.1) and 

(4.2), these equations shall be applied at the ground floor level in buildings with stiff 

peripheral walls in basement stories, whereas it shall be applied at foundation top level 

for other buildings. 

2- On the walls situated in lateral direction with the elements that the length is equal to 

at least to 1/5 of the storey length and have storey length bigger than 6 m, wall 

thickness in the ground may be equal to at least 1 / 20 of horizontal length between the 

points where it’s situated in lateral direction. However this thickness should not be less 

than 300 mm. 

 With exceptions of the two cases before, the wall thickness shall not be less than 1 / 20 

the storey height and 200 mm. 
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4.4. Reinforcement Conditions 

4.4.1. Reinforcement Conditions According to EC8 

1- Beam Reinforcement Conditions  

Beam reinforcement conditions according to EC8 are explained in table 4.2. 

Table 4.2 Generals Rules of EC8 Beams Reinforcement Design [26]. 

 DCH DCM 

“critical region” length 
(1)

 1.5hw hw 

- Longitudinal bars (L): 

ρmin, tension side 
(2) 0.5fctm / fyk 

ρmax, critical regions
(3) ρ' + 0018fcd / (µɷ εsy, d fyd) 

As,min, top & bottom 2Ø14 (308mm
2
) - 

As,min, critical regions  0.5As,top - 

As,min, top – spam As,top – supports / 4 

As, min, supports bottom As, bottom – span / 4 - 

dbL / hc – bar crossing interior 

joint
(4)

 
≤ 
     (      )

(       )
  ≤ 

    (      )

(      )
  

dbL / hc – bar crossing exterior 

joint
(4)

 
≤ 6.25 (1+0.8 vd )  ≤ 6.25 (1+0.8 vd )  

- Transverse bars (w): 

I- Outside critical regions
(5)

  

Spacing sw  ≤ 0.75d 

ρw 0.08√(fck (Mpa) / fyk (Mpa) ) 

II- In critical regions
(5)

  

dbw 
(6)

 ≥ 6mm 

spacing sw   
≤ min{6dbL, hw/4, 24bw, 

175mm} 

≤ min{8dbL, hw/4, 24bw, 

225mm} 

(1) For beams supporting discontinued (cut-off) vertical elements, the “critical length”     

shall be 2hw, where hw: is depth of the beam. 

(2) fctm is the main value tensile strength of concrete, and fyk is the characteristic yield 

strength. 

(3) fcd is the design value of concrete compressive strength, µɸ is the value of the curvature 

ductility factor that corresponds to the basic value, qo, of the behavior factor used in the 
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design as: μɷ=2qo-1 if T ≥ TC or μɷ=1+2(qo-1)TC/T if T<TC. εsy,d  is the design value of 

steel at yield, and fyd is the design value of yield strength of steel. 

(4)  hc is the column depth in the direction of the bar, dbL is the diameter of the longitude 

bars and vd = NEd / Acfcd is the column axial load ratio, for the algebraically minimum 

value of the axial load due to the design seismic action plus concurrent gravity 

(compression: positive).  

(5)  The first hoop shall be ≥ 50mm from the first beam end section. 

(6)  dbw is the diameter of hoops. 
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2- Column Reinforcement Conditions 

Columns reinforcement conditions according to EC8 are explained in table 4.3. 

Table 4.3 Generals Rules of EC8 for Columns Reinforcement Design [26]. 

 DCH DCM 

“Critical regions” length is 
(1)

  
max{1.5hc, 1.5bc, 

0.6m,lc/5} 
max{hc, bc, 0.45m, lc/6} 

Longitudinal bars (L): 

ρlmin 0.01 

ρlmax 0.04 

Symmetrical cross-sections  ρ=ρ' 

At the corners
(2)

 One bar along each column side 

Spacing between restrained bars ≤ 150mm ≤ 200mm 

Distance of unrestrained bar 

from nearest restrained 
≤ 150mm 

Transverse bars (w): 

Outside critical regions:  

Spacing s 
min{20dbL, hc, bc, 

400mm} 

min{12dbL, 0.6hc, 0.6bc, 

240mm} 

Within critical regions: 

dbw 
(4)

 
≥ {6mm, 0.4(fydL/fywd)

1/2 

dbL,max} 
≥ {6mm, dbLmax/4} 

Spacing s
 

min{6dbL, bo/3, 125mm} min{8dbL, bo/2, 175mm} 

ωwd,mim
(5)

 0.08 - 

αωwd
(6)

 30 µɸ vdεsy,dbc/bo– 0.035 

In critical region at column 

base: 
 

ωwd,mim
(5)

 0.12 0.08 

αωwd 30 µɸ vdεsy,dbc/bo– 0.035 - 

(1) If lc/hc <3, the entire length of the column shall be considered as a critical regions and 

shall be reinforced accordingly. Where lc is the length of the column, hc is the largest 

cross-sectional dimension of the columns (in meters), bc is the cross-sectional 

dimension of column.  

(2) At least one intermediate bar shall be provided between corner bars along each column 

side, to ensure the integrity of the beam-column joints. 

(3) dbw is the diameter of the hoops. 
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(4) ωwd the ratio of the volume of confining hoops to that of the confined core to the 

centerline of the perimeter hoop, times fyd/fcd. 

(5) α is the “confinement effectiveness” factor, computed as α= αs.αn ; where αs=(1-s/2bo) 

for hoops and αs=(1-s/2bo) for spirals : αn=1-{bo/((nh-1)ho)+ho/((nb-1)b)}/3 for 

rectangular hoops with nb legs parallel to the side of the core with length bo and nh legs 

parallel to the one with length ho. 

(6) Index c denotes the full concrete section and index o the confined core to the central of 

the perimeter hoop; bois the smaller side of this core. 
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3- Ductile Shear-Wall Reinforcement Conditions: 

Ductile shear-wall reinforcement conditions according to EC8 are explained in table 4.4. 

Table 4.4 Generals Rules of EC8 for Ductile Shear-Wall Reinforcement Design [26]. 

 DCH DCM 

“critical regions” 

length
(1)

   

≥ max (lw, Hw/6) 

≤ min (2lw, h storey) if ≤ 6 storey 

≤ min (2lw, 2h storey) if > 6 storey   

boundary elements:- 

a) In critical regions   

- length of lc from the 

edge  ≥ 
0.15lw, 1.5bw, length over which εc > 0.0035 

- thickness bw over ≥ 0.2m; hst/15 if lc ≤ max (2bw, lw/5), hst/10 if lc > max(2bw, lw/5) 

- vertical reinforcement:  

ρw,min 0.5% 

ρw,max 4% 

confining hoop (w)
(2)

:  

dbw ≥ 6mm, 0.4(fyd/fywd)
1/2 

dbL 6mm 

spacing sw ≤ 6dbL, bo/3, 125mm 8dbL, bo/2, 175mm 

ɷwd ≥ 0.12 0.8 

αɷwd ≥
(3)

 30 µφ (vd+ ωv )εsy,dbc/bo– 0.035 

b) over the rest of the 

wall height 

In parts of the section where εc > 0.2% : ρv,min= 0.5%; 

elsewhere 0.2% 

In parts of the sections where ρ > 2% :- 

- distance of unstrained bar in compression zone from nearest 

   restrained bar ≤ 150mm; 

- hoops with dbw  ≥ max (6mm, dbL/4) & spacing sw ≤ min  

  (20dbL, bwo, 400mm) beyond that distance. 

Web:-  

Vertical bars (v) : 

ρv,min  Where in the section εc > 0.2% : 0.5%; elsewhere 0.2% 

ρv,max 4% 

dbv ≥ 8mm - 

dbv ≤ bwo/8  

spacing sv min(25dbw, 250mm) min(3bwo, 400mm) 

horizontal bars (h) : 

ρh,min 0.2 % max (0.1%, 25ρv) 

dbh ≥ 8mm - 

dbh ≤ bwo/8 - 
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spacing sh ≤ min { 25dbh,250mm } 400mm 

axial load ratio vd 

NEd / Acfcd 
≤ 0.35 ≤ 0.4 

(1) lw is the long side of the rectangular wall section or rectangular part thereof; Hw is the 

total height of the wall; hstorey is the storey height. 

(2) For DCM: If, under the maximum axial force in the wall from the analysis for the 

design seismic action plus concurrent gravity the wall axial load ratio vd= NEd/Acfcd 

satisfies vd ≤ 0.15, the DCL rules may be applied for the confining reinforcement of 

boundary elements; these DCL rules apply also if this value of the wall axial load ratio 

is vd ≤ 0.2 but the value of q used in the design of the building is not greater than 85% 

of the q-value allowed when the DCM confining reinforcement is used in boundary 

elements. 

(3) μφ is the value of the curvature ductility factor that corresponds as: μφ=2qo-1 if T≥TC 

or μφ=1+2(qo-1)TC/T if T<TC, to the product of the basic value qo of the behavior 

factor times the value of the ratio MEdo / MRdo at the base of the wall εsy,d= fyd/Εs,ωvd is 

the mechanical ratio of the vertical web reinforcement. 
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4.4.2. Reinforcement Conditions According to TEC-2007 

1- Beam Reinforcement Conditions: 

Beam reinforcement conditions according to TEC-2007 are explained in table 4.5. 

Table 4.5 Generals Rules of TEC-2007 Beams Reinforcement Design. 

 HDL NDL 

Longitudinal reinforcement: 

ρmin
(1) 

≥ 0.8 fctd / fyd 

ρmax ≤ 0.02 

Dbar
(2)

 ≥ 12mm 

- For first & second seismic 

zone 
(1) 

As,bottom-support 

≥ 0.5 As,top-supports 

- For third & forth seismic 

zone 
(1) 

As,bottom-support 

≥ 0.3 As,top-supports 

sb ≤ 300mm 

As,extended 0.25 As,top-beam 

Beam-column  

As,extended   

For 90˚ reinforce bent inside of 

column 

 

- horizontal ≥ 0.41 b 

- vertical ≤ 12 Ø 

Spacing shoops ≤ 0.25 bd
(4)

 , 100mm 

Transfer reinforcements: 

Mechanical connections, 

welded lap splice  

≥ 600mm  

“Confinement zone” length 2bd 

s of first hoop from column  50mm 

shoop 0.25 bd, 8Dbar,min,150mm 

(1)   The minimum ratio of top tension reinforcements at beams support. 

(2)   Dbar is the diameter of longitudinal rebars. 
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2- Column Reinforcement Conditions: 

Column reinforcement conditions according to TEC-2007 are explained in table 4.6. 

Table 4.6 Generals Rules of TEC-2007 Columns Reinforcement Design. 

 HDL NDL 

Longitudinal  reinforcements :  

ρmin ≥ 0.01 

ρmax ≤ 0.04 

min number of rebars - Rectangular sections: 4Ø16 or 6Ø14 

- Circular sections: 6Ø14 

-lap splices sec ρmax. 0.06 

bottom end – column
(1)

 ≤ 50% 

                                       > 50% 

≥1.25 lb 

≥1.5 lb 

Transfer reinforcements : 

“confined zone” length
(2)

 ≥ min{Dmin, 1/6 hc, 500mm} 

reinforcement diameter  ≥ Ø 8 

extended 
(3)

 ≥ 2Dmin 

continued 
(4)

 ≥ {25Dmax,300} 

spacing shoop ≤ [1/3Dmin, 100mm] 

≥ 50mm 

a
(5)

 ≤ Dhoop 

pitch of spirals ≤ [ 1/5 Dcore ,80mm] 

-If  Nd > 0.2 Ac fck 
(6)

 :  

columns with hoops Ash ≥ 0.3 s bk [(Ac / Ack)-1] (fck / fywk) 

Ash ≥ 0.075 s bk (fck / fywk) 

columns with spirls ρs ≥ 0.45 [(Ac/Ack)-1] (fck / fywk) 

ρs ≥ 0.12 (fck / fywk) 

- if Nd ≤ 0.2 Ac fck  

columns with hoops Ash ≥ 2/3 0.3 s bk [(Ac / Ack)-1] (fck / fywk) 

Ash ≥ 2/3 0.075 s bk (fck / fywk) 

columns with spirals ρs ≥ 2/3 0.45 [(Ac/Ack)-1] (fck / fywk) 

ρs ≥ 2/3 0.12 (fck / fywk) 

“Central columns”
(6)

 reinforcement:  

- Transfer reinforcement  ≤ Ø8 

shoops, crossties  ≤ 1/2 Dmax 

a
(5)

 25 Dhoop 

(1) In case where lap splice of column longitudinal reinforcement are mad at the bottom 

end. 

(2) Dmin is the smallest dimension of beam cross-section, hc is clear hagith of the column. 

(3) Reinforcement shall be exceeding into foundation. 

(4) The reinforcement shall be continued the length inside the foundations. 



52 

 

(5)  a, is the lateral distance between legs of hoops and crossties. 

(6) Nd is the axial force calculated under combine effect of seismic loads and vertical loads 

multiplied with loads coefficients, Ac is the gross area of column or wall zone, fck is the    

characteristic compressive cylinder strength of concrete, Ack concrete core area within 

outer edges of confinement reinforcement, fywk is the characteristic yield strength of     

transverse reinforcement. 
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3- Ductile Shear-Wall Reinforcement Conditions 

Ductile shear wall reinforcement conditions according to TCE-2007 are explained in table 

4.7. 

Table 4.7 Generals Rules of TEC-2007 Ductile Shear-Wall Reinforcement Design. 

 HDL NDL 

“critical wall height”
(1)

 ≥ lw, ≥ Hw, ≤ 2l 

Web reinforcement: 

ρmin
(2)

 ≥ 0.0025 

spacing s ≤ 250mm 

Or :-   

ρmin
(3)

 0.0015 

spacing (s)
 (3)

 ≤ 300mm 

ρmin
(4)

 0.002 

Wall end zones reinforcement: 

ρmin 
(5)

 ≥ 0.001 

Asmin ≥ 4 Ø 14 

Transfer reinforcement:  

Dmin ≥  8mm 

a
(5)

 ≤ 25Dhoop 

spacing (s) 
(7)

 
 ≤ 0.5bweb or 100mm 

≥ 50mm 

confinement zones
(8)

  ≥ 2/3 Ash  

extended steel
(9)

 ≥ 2bweb 

(1) If Hw/lw ≤ 2.0 web section shall be considered as the full section of the wall, where Hw 

is the wall height measured from level that reduce more than 20% of the length of the 

wall in plan or from the top of the ground. 

(2) Total cross section area of each the vertical and the horizontal web reinforcement on 

both faces of structural wall. 

(3) If equations 4.1 and 4.2 are satisfied.  

(4) For critical wall height zones.  

(5) The ratio will be increase to 0.002 along the “critical wall height” an defined before. 

(6) The lateral distance between legs of hoops and cross sties. 

(7) Vertical spacing of the hoops and / or crossties. 

(8) For confinement zones of columns ≥ 2/3 Ash shall be provided along the “critical wall 

height”. 

(9) Such reinforcement shall be extended into the foundations. 
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Chapter V 

5. NUMERICAL APPLICATIONS 

5.1. Overview 

In this chapter, structures form the current architectural project, 5 different situations 

ranging from 3 to 7 storey reinforced concrete building structures were examined in the 

light of TEC-2007 and EC8 design rules by using STA4-CAD V12.1, commercial 

structural analysis and design program.   

5.2. Introduction 

In general, rough constructions work, in multi-storey reinforced concrete building are 

corresponds to the approximately 40% of the total cost of reinforced concrete building 

structure construction cost. This rough construction works consists of; reinforcement work, 

concrete work and formwork. See figure 5.1.  

 

Figure 5.1 Rough Construction of Multi-Storey Reinforced Concrete Building Structure. 

In this study, the investigated buildings are multi-storey structures. General building 

information’s of these buildings are shown in table 5.1. 
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Table 5.1 General Buildings Information 

 

 

 

 

 

 

  

 

The plan dimensions of the investigated reinforced concrete building structure's, typical at 

all floors are, 15.4m in the direction of X, and 16.8m in the direction of Y, which is 

symmetric in one direction. See figure 5.2. 

The structural systems of the investigated reinforced concrete building's structures are 

selected as structural systems consisting of structural shear-wall and moment resisting 

frames in both directions. It is assumed that the structural system of the buildings have a 

high ductility level. 

The general rules of earthquake resistant structural system mentioned in chapter 3 and 

special design rules for reinforced concrete buildings mentioned in chapter 4, according to 

EC8 and TEC-2007 are considered in the investigated reinforced concrete buildings 

structure design.  

During the analysis, foundations have been neglected. Therefore, only the superstructure 

been have analyzed. Load combinations were taken according to TEC-2007 and EC8. 

Type of structure  Reinforced concrete 

Storey height  3.06m 

Total floor area 238m
2 

Intended purpose  Residential 

Concrete class C25 

Steel class S420 
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Figure 5.2 Typical Plan of the Investigated Reinforced Concrete Building 
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The analyzing and designing of multi storey reinforced concrete buildings is made by using 

STA4-CAD V12.1 commercial computer program. STA4-CAD is an integrated package 

program of software capable of executing three dimensional analyses and creating drawing 

of multi-storey reinforced concrete building. See figure 5.3.   

 

 

 

 

 

 

 

Figure 5.3 3D View of Structure by Using STA4-CAD V12.1 

Upon the results of the analysis, quantity surveys of rough work constructions have been 

calculated with Turkish Republic of Northern Cyprus (TRNC), Planning and 

Organization’s office, 2012 unit prices, which is in Turkish-Lira (TL), as shown in Table 

5.2. The bills of quantities presented are not including taxes or transportation fees. 

Table 5.2 Rough Work Unit Price [25]. 

Description Unit Price (TL) 

Reinforcements (ton) 2260 

Concrete (m
3
) 148 

Formwork (m
2
) 20 
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It is assumed that the investigated reinforced concrete building structures are established in 

Cyprus – Nicosia, where the ground conditions and seismic zone coefficient according to 

the national annex of this area are considered in the design. 

For the investigated reinforced concrete building structures, general and specific building 

data’s are shown in 5.4. Bill of quantities and total cost for rough constructions are shown 

in 5.5. Moreover, dimensions, loading conditions and reinforcements of columns, beam, 

slabs and shear-wall are shown in appendices. 

5.3. Loading  

In this study, during the dimensioning of reinforced concrete building structures, permanent 

loads  are consists of beams, columns,… etc., moveable and lateral loads were designed 

according to their critical values.  

The program calculate the own weights of structural elements such as beams and columns 

due to their unit weights. 

Moreover weights of the walls and covering elements that depend on the choice of 

materials are included in the calculations. Live loads were taken according to TS-498.     

For both regulations, the load combinations are given in table below. 

Table 5.3 Load Combinations 

TEC-2007 EC8 

0.90 G ± 1.00 CE 

1.00 G + 1.00 Q + 1.00 Cs ± 1.00 E 

1.40 G + 1.60 Q 

1.40 G + 1.60 Q + 1.60 Cs 

1.40 G  

1.00 G + 1.00 Q ± 1.00 CE 

1.00 G + 1.30 Q ± 1.30 Cw  

1.00 G + 130 Q + 1.00 Cs ± 130 Cw 

0.90 G ± 1.30 Cw 

0.90 G + 0.90 Cs ± 1.30 Cw 

 

1.35 G + 1.35 CE 

1.00 G + 1.00 Q  + 1.00 Cs ± 1.00 CE 

1.35 G + 1.50 Q  

1.35 Q + 1.35 Cs ± 1.35 CE 

1.00 Cs ± 1.20 CE 

1.20 Cs ± 1.35 CE  

±1.00 Cw 

1.00 G + 1.00 Cs  

1.00 Q ± 1.00 Cw 

1.35 Cs ± 1.35 CE 

1.35 Q ± 1.35Cw ± 1.35 CE 

1.35 G + 1.35 CE ± 1.00 Cw 

1.00 G + 1.35 Q + 1.00 ± 1.35 Cw 
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5.4. Reinforced Concrete Buildings Data  

The reinforced concrete building data are used as a program input data to design multi-

storey reinforced buildings according to EC8 and TEC-2007 rules and limitations. In 

general there are two types of data used for the building’s design which are general 

building datas and specific building datas. 

5.4.1. General Buildings Datas 

The general building datas are common between EC8 and TEC-2007 for the investigated 

buildings, as shown in table 5.4. 

Table 5.4 General Building Data 

Horizontal force factor (R,q) 7 

Importance factor (I) 1 

Live load participation factor (n) 0.3 

Allowable bearing pressure* 20 t/m
2
 

Modulus of subgrade reaction (Ko)* 2000 t/m
3
 

Concrete density  2.5 t/m
3
 

Earthquake analysis method  Mode superpotion method 

Seismic analysis min force load ratio (β) 0.9 

Seismic loading eccentricity 0.12 

*   According to soil investigation report for Nicosia which have been done by     Geology 

and Mines department of TRNC [10]. 

5.4.2. Specific Building Data 

Two regulations been used in Cyprus, Eurocode regulation that is being used in the 

southern  part, and the Turkish regulations that is in effect in the northern part. The specific 
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building data are changing according to designing codes limitations, rules and national 

annexes of that area.  

The seismic zonation for Turkey is based on ground acceleration values with %10 

probability of exceedance in 50 years. i.e. 475 years mean return period. Five seismic zone 

(I, II, III, IV, V), are defined. 

The seismic building code of Cyprus includes seismic zonation based on ground 

acceleration values with %10 probability of exceedance in 50 years. i.e. 475 years mean 

return period. In a recent revision of the code, three seismic zones (1, 2, 3) are defined. 

5.4.2.1. Specific data for reinforced concrete building design according to EC8 

The specific data's for reinforced concrete building design according to EC8 which is used 

to design and analyses the buildings are shown in table 5.5. 

Table 5.5 Specific Building Data According to EC8 

Seismic zone coefficient (agR)
 (1)

 0.2 

Spectrum characteristic period (Tb/Tc)
 (2) 0.2/0.6 

Design method Eurocode ultimate design method 

(1)   According to EC8 national annex of Cyprus for Nicosia region [17]  

(2)   According to soil investigation report for Nicosia which have been done by        

  Geology and Mines department of TRNC [10]. 

5.4.2.2. Specific data for reinforced concrete building design according to TEC-2007 

Turkey and TRNC are using TEC-2007 recently. In this study, case I and case II are 

mentioned below; 

 Case I: data collected from the southern part of Cyprus which considered as an official 

data, as shown in table 5.6.  
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 Case II: data collected from the northern part of the island which is considered as a 

formal data used by civil engineers in TRNC, as shown in table 5.6. 

Table 5.6 Specific Building Data According to TEC-2007 

 Case I Case II 

Seismic zone coefficient (Ao) 0.2 
(1)

 0.3 
(2)

 

Spectrum characteristic period (Ta/Tb)
(3) 0.15/0.4 

Design method  TS-500 ultimate design method 

(1)  According to EC8 National Annex of Cyprus for Nicosia region [17]. 

(2)  According to TRNC [10]. 

(3)  According to soil investigation report for Nicosia which have been done by 

     Geology and Mines department of TRNC [10]. 

5.5. Results of Analysis 

After the analysis and design of multi storey reinforced concrete buildings using STA4-

CAD V12.1 computer program, according to EC8 and TEC-2007, rules and limitations, the 

total cost for superstructure's of multi-storey building have been calculated and presented in 

table 5.7, and the rough construction works that consist of concrete, formwork and 

reinforcements amount for EC8 and TEC-2007 (Case I & II) are shown in figure 5.4 – 5.7, 

and finally Rough work cost per unit floor area is given in figure 5.8   
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Figure 5.4 Concrete Amounts for Multi-Storey Buildings for EC8 and TEC-2007 (Case I & II). 

 

 

Figure 5.5 Formwork Amounts for Multi-Storey Buildings for EC8 and TEC-2007 (Case I & II). 

3 - Storey 4 - Storey 5 - Storey 6 - Storey 7 - Storey

EC8 183.5 250.4 319.6 383.5 446.7

TEC-2007 Case I 183.5 250.4 319.6 383.5 446.7

TEC-2007 Case II 183.5 250.4 319.6 383.5 446.7
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Figure 5.6 Reinforcement Amounts for Multi-Storey Buildings for EC8 and TEC2007 (Case I & II). 

 

Figure 5.7 Total Rough Work Costs for Multi-Storey Buildings for EC8 and TEC2007 (Case I & II). 

3 - Storey 4 - Storey 5 - Storey 6 - Storey 7 - Storey

EC8 18.2 25.6 32.5 39.4 46.3

TEC-2007 Case I 18 25.4 32.4 39.2 46

TEC-2007 Case II 18.1 25.7 33.6 40.8 47.9
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Figure 5.8 Reinforced Concrete Building Rough Work Cost Per Unit Floor Area for Multi Storey 

Buildings. 
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Chapter VI 

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusion 

Cyprus lies in one of the active seismic regions of the Eastern Mediterranean basin. The 

island was struck by numerous earthquakes in its history.  

Building codes are sets of regulations governing the design, constructions, alteration, 

and maintenance of structures. They specify the minimum requirements to adequately 

safeguard the health, safety, and welfare of building occupants. They are legal 

documents which represent the minimum requirements for obtaining safe structures. 

In this study EC8 and TEC-2007 seismic design codes are examined and compared with 

each other in terms of design conditions and cost. 

The following conclusion can be drawn as a result of this comparative study: 

The elastic response spectrum for acceleration, which is used for computing elastic 

earthquake force, shows diversity, from one earthquake to another and it is affected by 

local ground conditions. Theoretically, seismic ground motions are shown by elastic 

acceleration spectrum in both building codes. Spectrum characteristic periods are 

defined due to the local site classes. The irregularities of analysis were examined in both 

regulations. For method of analysis, both similar static and dynamic procedures were 

used in EC8 and TEC-2007. During comparison, it has observed that there are only 

minor difference regarding calculation steps and limitations. 

In TRNC, civil engineers in practical life are using STA4-CAD commercial package of 

software widely. The program includes some options related to several regulations such 

as TEC-2007, EC8, UBC, etc.  

According to the earthquake table given by the Chambers of Civil Engineers of TRNC 

to its members, the northern part of Nicosia is assumed to be in second earthquake 

region in which seismic zone coefficient, A0, is taken as 0.3, this condition is expressed 

as TEC-2007 (Case II) in Chapter V. 
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As a result of the comparison of EC8 and TEC-2007 (Case II) as the number of storey 

increases, the difference of rough construction cost increases at the same time. The 

logical reason is that, the TEC-2007 leads us to be more precautious with its own 

coefficient which is explained in 5.4.2.2. Because, currently, there is no detailed and 

official seismic zone map announced by the governments office. This can be helpful or 

safety, however, this results in high rough construction cost.  

According to European standards, looking from National annex of Cyprus, the seismic 

zonation map for Cyprus, Nicosia region, is assumed to be in the third earthquake 

region, in which, seismic zone coefficient, A0, is taken as 0.2. This condition is 

expressed as TEC-2007 (Case I) in Chapter V. 

From this point of view, EC8 and TEC-2007 (Case I) show parallelism in terms of 

building cost. 

The design outputs of the program shows that the cross-sections for the structural 

elements are all same. The difference can be seen in the reinforcement amount.  

6.2. Recommendation 

In the light of this study, TRNC has to specify its own official coefficients, suitable for 

its own conditions or the use of Eurocodes would be appropriate during the entry 

process of Turkey's and TRNC's to European Union. Regarding the civil engineering 

perspective, it would be efficient to follow the improvements in the world. 

6.3. Suggestion for Further Research 

Recent earthquakes have increased the number of seismic assessment projects as well. 

In this limited study, the case study building system explained in Chapter V can be 

developed by evaluating the performance of an existing structure. The existing 

reinforced concrete structural system can assessed comparatively by employing linear 

and non-linear assessment procedures according to two different seismic codes that is 

used in this study.  
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IAPPENDIX  

The percentages that can be used during the cost estimations. 
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APPENDIX  II 

Rough construction unit prices, according to Planning Office, 2012, TRNC. 
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APPENDIX III 

Typical building plan and information on structural members. 

 

 

 

Typical Building PlanFigure 1.  
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1- Columns 

 

Table A1. Layout of columns for multi-storey reinforced concrete building. 

Number of Storey at 

the Building 

Column 

Type 
bx by Shape 

3  Storey Building 

 

C1 40 25 Rectangular 

C2 25 40 Rectangular 

C3 25 125 Rectangular 

4 Storey Building 

C1 50 25 Rectangular 

C2 25 50 Rectangular 

C3 25 125 Rectangular 

5, 6 & 7 Storey Building 

C1 60 25 Rectangular 

C2 25 60 Rectangular 

C3 25 125 Rectangular 

 

 

2- Beams 

Table A2. Layout of beams for multi-storey reinforced concrete building 

Number of 

Storey at the 

building 

Beam Type Dimensions 
Type of carrying 

wall  

3, 4, 5, 6 & 7 

Storey Building 

B1 25 X 50 Internals wall 

B2 25 X 50 External wall 
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3- Slabs  

Table A3. Layout of slab for multi-storey reinforced concrete building. 

Number of Storey 

at the Building 
Slab Type Thickness Description of Slab  

3, 4, 5, 6 & 7 

Storey Building 

S1 15 
Slab carrying internal 

walls 

S2 15 
Slab without carrying 

internal walls 

S3 17 Slab for satires 

S4 15 Slab for balcony 

 

 

4- Shear-Wall  

 

storey Reinforced Concrete Building-MultiWall for -Layout of Shear .2Figure  
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APPENDIX  IV 

Ministry of  Labour and Social Security building, soil investigation report.  
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-V-APPENDIX  

mount for 3,4,5,6 and 7 Storey einforcements aConcrete, formwork and r

uildingsreinforced concrete b 

1.  According to EC8 

A1.1. Three Storey Building  
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A1.2. Four Storey Building  
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A1.3. Five Storey Building  
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A1.4. Six Storey Building  
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A1.5. Seven Storey Building  
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2. According to TEC-2007 (Case I) 

A2.1. Three Storey Building  
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A2.2. Four Storey Building  
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A2. 3. Five Storey Building  
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A2.4. Six Storey Building 
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A2.5. Seven Storey Building  
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3. According to TEC-2007 (Case II) 

A3.1. Three Storey Building  
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A3.2. Four Storey Building 
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A3.3. Five Storey Building  
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A3.4. Six Storey Building  
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A3.5. Seven Storey Building  

 

 


