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ȺɈɉȷɅȽɆɇȽȺɆ 

 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ȹɘŬŰɛɖɛŬŰɘəɞɨ 

ɄɟɞɔɟɎɛɛŬŰɞɠ ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, 

çȹɞɛɞůŰŬŰɘəɧɠ ɆɢŮŭɘŬůɛɧɠ əŬɘ ȷɜɎɚɡůɖ Űɤɜ ȾŬŰŬůəŮɡɩɜè. ũɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɐ 

Űɖɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ əŬɗɖɔɖŰɐ ɛɞɡ, ə. ȸ. Ⱦɞɡɛɞɨůɖ ɔɘŬ Űɘɠ 

ˊɞɚɨŰɘɛŮɠ əŬɗɞŭɖɔɐůŮɘɠ Űɞɡ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůəˊɧɜɖůɖɠ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  
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ɄȺɅȽȿȼɊȼ 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬˊɞŰɑɛɖůɖ Űɖɠ 

űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Ůɜɧɠ ɡűɘůŰɎɛŮɜɞɡ 

ˊɞɚɡɩɟɞűɞɡ əŰɖɟɑɞɡ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ, Űɧůɞ ɛŮ ŮɚŬůŰɘəɏɠ ɧůɞ əŬɘ ɛŮ 

ŬɜŮɚŬůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ȼ əŬŰŬůəŮɡɐ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ŮɑɜŬɘ ɏɜŬ ˊŮɜŰŬɩɟɞűɞ əŰɐɟɘɞ ɛŮ 

ɡˊɧɔŮɘɞ, ˊɘɚɞŰɐ əŬɘ ŭɩɛŬ ůŰɖɜ ˊɧɚɖ Űɞɡ ȸɧɚɞɡ, Űɞ ɞˊɞɑɞ ɛŮɚŮŰɐɗɖəŮ əŬɘ 

ůɢŮŭɘɎůɗɖəŮ Űɞ 1991. Ƀɘ ŮɚŬůŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɑɜŬɘ ŬɡŰɏɠ 

Űɖɠ ŭɡɜŬɛɘəɐɠ űŬůɛŬŰɘəɐɠ ŬɜɎɚɡůɖɠ əŬɘ Űɖɠ ɔɟŬɛɛɘəɐɠ ŬɜɎɚɡůɖɠ ɢɟɞɜɞɥůŰɞɟɑŬɠ. Ƀɘ 

ŬɜŮɚŬůŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ůŰŬŰɘəɐ ŬɜŮɚŬůŰɘəɐ ɛɏɗɞŭɞ 

(Pushover) əŬɘ Űɖ ŭɡɜŬɛɘəɐ ŬɜŮɚŬůŰɘəɐ ɛɏɗɞŭɞ (ŬɜɎɚɡůɖ ɢɟɞɜɞɥůŰɞɟɘɩɜ). ȼ ɏəɓŬůɖ 

Űɖɠ ŬˊɞŰɑɛɖůɖɠ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŮˊɎɟəŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ ɏɜŬɜŰɘ ŭɘŬűɧɟɤɜ 

űɞɟŰɘůŰɘəɩɜ ˊŮɟɘˊŰɩůŮɤɜ əŬɘ ŭɘŮɟŮɡɜɎŰŬɘ Ŭɜ əŬɘ əŬŰɎ ˊɧůɞ ŬɡŰɐ ɢɟŮɘɎɕŮŰŬɘ 

ŮˊɘůəŮɡɐ ɐ Ůɜɑůɢɡůɖ. ȷɜŬɚɡŰɘəɧŰŮɟŬ:  

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ, ɔɑɜŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰɖ ůˊɞɡŭŬɘɧŰɖŰŬ əŬɘ Űɖɜ 

ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ ŬˊɞŰɑɛɖůɖɠ Űɤɜ ɡűɘůŰɎɛŮɜɤɜ əŬŰŬůəŮɡɩɜ əŬɗɩɠ əŬɘ ɛɘŬ ůɨɜŰɞɛɖ 

ŮɘůŬɔɤɔɐ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ əŬɘ ŬɜŬűɞɟɎ ůŰŬ ɚɞɔɘůɛɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŮɟɎŰɤůɖ Űɖɠ ɛŮɚɏŰɖɠ. 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɡˊɧ ɛŮɚɏŰɖ əŬŰŬůəŮɡɐ əŬɘ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɐɠ Űɖɠ ůŰɞ ɚɞɔɘůɛɘəɧ SAP2000 ɔɘŬ Űɖɜ 

ˊŮɟŮŰŬɑɟɤ ŬɜɎɚɡůɐ Űɖɠ. ȾŬɗɞɟɑɕɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡɚɘəɩɜ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɤɜ ŭɘŬŰɞɛɩɜ əŬɗɩɠ əŬɘ ɞɘ ŮˊɘɓŬɚɚɧɛŮɜŮɠ űɞɟŰɑůŮɘɠ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ Űɞɡ űɞɟɏŬ əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮɚŬůŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɞ 

ˊɟɞůɞɛɞɑɤɛŬ. ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ 

ŭɡɜŬɛɘəɐɠ űŬůɛŬŰɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ɢɟɐůɖ Űɞɡ űɎůɛŬŰɞɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɢɟɞɜɞɥůŰɞɟɑŬɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ ŮˊɘŰŬɢɡɜůɘɞɔɟŬűɐɛŬŰɞɠ Űɞɡ ůŮɘůɛɞɨ Űɖɠ Ⱦɞɟɑɜɗɞɡ (1981). 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ŮɜŰŬŰɘəɎ əŬɘ ˊŬɟŬɛɞɟűɤůɘŬəɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ 

Ŭˊɧ əɎɗŮ ŬɜɎɚɡůɖ əŬɘ ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɞɡɠ. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ůɨɔɢɟɞɜɞɠ Űɟɧˊɞɠ ůɢŮŭɘŬůɛɞɨ Űɤɜ 

əŬŰŬůəŮɡɩɜ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ ɛŮ ůŰɎɗɛŮɠ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ. 

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ, ŮəŰŮɚɞɨɜŰŬɘ ɞɘ ŬɜŮɚŬůŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ. ȷɟɢɘəɎ, 

ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ əŬɘ ɞɘ ˊɟɞɦˊɞɗɏůŮɘɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ůŰŬŰɘəɐɠ 

ŬɜŮɚŬůŰɘəɐɠ ɛŮɗɧŭɞɡ (Pushover). ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ 

ůɖɛŮɑɞɡ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ŬɜɎɚɡůɖɠ ůŰɞ 

ˊɟɞůɞɛɞɑɤɛŬ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ɔɘŬ Űɘɠ ŭɨɞ 

əŬŰŬɜɞɛɏɠ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ űɧɟŰɘůɖɠ, ɞɛɞɘɧɛɞɟűɖɠ əŬɘ Űɟɘɔɤɜɘəɐɠ, ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ 

ůŰɞ űɞɟɏŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜŮɚŬůŰɘəɐ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ 

əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɖɠ ɑŭɘŬɠ ůŮɘůɛɘəɐɠ əŬŰŬɔɟŬűɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ əŬŰɎ Űɖ 

ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɢɟɞɜɞɥůŰɞɟɑŬɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ Űɖɠ.
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ɆŰɞ ɏəŰɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ŬɜŬɚɨůŮɘɠ, ŮɚŬůŰɘəɏɠ əŬɘ ŬɜŮɚŬůŰɘəɏɠ ɔɘŬ Űɖɜ ŮˊɎɟəŮɘŬ Űɖɠ 

ɡűɘůŰɎɛŮɜɖɠ əŬŰŬůəŮɡɐɠ. 
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ABSTRACT 

The present master thesis deals with the safety assessment and the analysis of 

the behavior of an existing multi-storey building made of reinforced concrete with 

both elastic and inelastic methods. This existing structure is a five-storey building 

with a basement, a ground floor and a loft and is set in the city of Volos. It was 

studied and designed in the year 1991. The elastic analysis methods that were used are 

those of spectral static analysis and linear time history analysis. The inelastic analysis 

methods applied include the non-linear static analysis (pushover) and the non-linear 

dynamic analysis (time history analysis). The outcome of the assessment indicates the 

structureôs adequacy as far as various load cases are concerned and whether the 

building is in need of any repair or retrofitting measures. 

In the first chapter, a brief reference to the importance and necessity of the 

evaluation of the existing buildings is presented, as well as brief introduction to the 

main subject of the present thesis and of the software that had been used.   

In the second chapter, a detailed presentation of the existing structure is given 

along with the process of its stimulation in the software SAP2000 for further analysis. 

The geometry, the material properties, the design of the concrete members and the 

loads that were used are also defined in the present chapter. More specifically, the 

building has a non-regular plan (with largest dimensions 26.30m Ĭ 15.70m). The 

vertical structural system of the building consists of columns and walls while the 

basement, which covers part of the buildingôs plan is surrounded by perimeter walls 

of reinforced concrete. The height of the floors is determined between 3.10 and 3.33m 

while the height of the basement and the loft is 3.22 m and 2.40m respectively. 

The influence of infill masonry walls is ignored in carrying horizontal loads. 

The simulation of the horizontal and vertical members, as well as strip footings is 

made with the use of frame elements with six degrees of freedom per node. More 

specifically, the simulation of the walls is made by using the Wide Column Analogy 

method (WCA). The perimeter walls of the basement are simulated with x - braces of 

high stiffness. Finally the interaction between the soil and the structure is modeled 

considering appropriate springs. 

The material properties, in SI units, are for concrete C16/20 (fck=16MPa) and 

S400 (fyk=400MPa) for both longitudinal and shear steel reinforcement. 
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Figure 1: Structureôs model in SAP2000 environment 

The third chapter presents the modal analysis of the structure and the elastic 

analysis methods that were applied to simulate the buildingôs response along with 

their results. The first step of the analyses is the definition of the design spectrum 

which was selected in accordance with the provisions of Eurocode 8 ï Part 3 and the 

initial parameters which were used in the initial design of the existing structure. 

According to the results of modal analysis, the eigenperiods of fundamental modes in 

X and Y directions are ɇx1=0,9225sec and ɇy2=0,80sec respectively. The third mode 

shape is mainly a torsional one with a period of ɇ3=0,7289sec. 
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Subsequently, the spectral static analysis, as well as its results, is presented. 

Modal response spectrum analysis may be applied to all types of buildings without 

restrictions. The vertical component of the seismic action is ignored in this analysis. 

Finally, the building is subjected to linear time history analysis considering a 

seismic excitation record in order to estimate the seismic behavior of the building 

under realistic seismic actions and compare the results with the respective results of 

spectral analysis. The seismic event that is used is that of Corinth in Greece (1981). 

The accelerograms were downloaded from the PEER (Pacific Earthquake Engineering 

Research Center) Ground Motion Database, University of Berkeley, California, after 

they were scaled according to the target, design spectrum. The PEER tool evaluates 

automatically the appropriate linear scale factor with which the selected 

accelerograms are multiplied. The scale factor does not alter the relative frequency 

content of the acceleration time series, and thus does not change the shape of time 

series. 

From the comparison between the spectral static analysis and the linear time 

history analysis it turned out that the results of the linear time history analysis are a 

lightly worse from those of the spectral analysis, especially in the ïx direction of the 

seismic force, both for the element forces and moments, and the joint displacements. 

The fourth chapter presents the theory guiding modern design of structures 

based on the Performance Based Design. The objective of Performance Based Design 

is the evaluation of the elastoplastic response of a structure subject to seismic actions. 

Seismic performance is described by specifying the maximum allowable damage state 

(performance level) for a specific seismic hazard (earthquake ground motion). 

Performance level describes a limiting damage condition which may be considered 

satisfactory for a given building for a given ground motion. The limiting condition is 

described by the physical damage of the structureôs frame, the threat to life safety of 

the buildingôs occupants corresponding to the sustained damage and the post- 

earthquake serviceability of the building. 

The fifth chapter deals with the execution of the inelastic analysis methods. 

Initially, the theoretical background and the requirements for applying the nonlinear 

static method (Pushover) are developed. Subsequently, the methods for the estimation 

of the performance point of the structure and the analysis results of the model are 

presented in detail. 

First of all, the nonlinear material properties are taken into consideration and 

are imported in the software. The pushover analysis uses a series of successive elastic 

analyses with modified stiffness, to approximate the force ï displacement capacity 

diagram of the entire structure, known as a pushover curve. Lateral force distribution 

is applied until additional components yield. This procedure continues until the 

structure becomes unstable or until a predetermined limit is reached. Uniform and 

triangular distributions of horizontal loads were applied accordingly.
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STEP V(kN) D(m) AtoB BtoIO IOtoLSLStoCPCPtoCCtoD DtoEҔɳTOTAL

8 4862,500-0,034 923 82 1 0 0 0 0 0 1006

9 5327,331-0,039 900 103 3 0 0 0 0 0 1006

10 5693,917-0,043 873 128 5 0 0 0 0 0 1006

11 6018,778-0,047 843 155 8 0 0 0 0 0 1006

TRIANGULAR DISTRIBUTION -Y+0,3X

 

 

Figure 3: Number and type of plastic hinges at the performance point of a triangular load 

distribution 

 

The analysis results show that for either distribution of lateral forces in both 

directions the structure reaches a performance point which is characterized as of çLife 

Safetyè category, which means that the structure is expected to suffer some damage in 

its structural members, but without collapse, as there will remain substantial lateral 

strength and stiffness reserves, and the vertical elements will be able to withstand the 

vertical loads. Thus the structure may withstand moderate and intense seismic events, 

experiencing a repairable damage and so is not in need of any reinforcement 

intervention. 

Finally, an inelastic time history analysis is performed by using the 

accelerograms that have also been used during the linear time history analysis. The 

nonlinear material properties are taken accordingly to those that have been defined for 

the inelastic static analysis. The results concerning the adequacy of the structure are



x 

 

 quite similar to those of the pushover analysis regarding the performance 

point reached. We can also say that the response of the building components seems to 

be reduced comparing their response during the inelastic static analysis. This is 

mainly due to scaling of the initial accelerograms to meet the target design spectrum.  

 

 

Figure 4: Creation of plastic hinges during the inelastic time history analysis 

 

The sixth chapter includes the main conclusions of the present study of the 

existing structure using both elastic and inelastic analyses. Finally, the building is 

presumed to have sufficient ductility and is safe and functional after a strong seismic 

event. Also, the construction is not in need of any repair or retrofitting measures for 

both flexural and shear stress.   
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ȾŮűɎɚŬɘɞ 1  ȺɘůŬɔɤɔɐ 

2 
 

1. ȺȽɆȷũɋũȼ 

 

1.1 ũŮɜɘəɎ 

ȷˊɧ ŬɟɢŬɘɞŰɎŰɤɜ ɢɟɧɜɤɜ, ɏɜŬ ɓŬůɘəɧ ůŰɞɘɢŮɑɞ ɏəűɟŬůɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ 

ˊɞɚɘŰɘůɛɞɨ ɐŰŬɜ ŰŬ ˊɎůɖɠ ɛɞɟűɐɠ ŰŮɢɜɘəɎ ŮˊɘŰŮɨɔɛŬŰŬ. ɇŬ ɏɟɔŬ ŬɡŰɎ ˊɟɏˊŮɘ ɜŬ 

ůɢŮŭɘɎɕɞɜŰŬɘ ůɤůŰɎ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŬůűŬɚɐ, ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ 

ɛŮ Űɞ ɚɘɔɧŰŮɟɞ ŭɡɜŬŰɧ əɧůŰɞɠ əŬɘ ɜŬ ŮɑɜŬɘ ŬɘůɗɖŰɘəɎ ŬˊɞŭŮəŰɎ. ȼ ŬɝɘɞˊɘůŰɑŬ ɛɘŬɠ 

əŬŰŬůəŮɡɐɠ, Ŭˊɧ Ɏˊɞɣɖɠ ŬɜŰɞɢɐɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ əŬŰɎ ˊɧůɞɜ ŬɡŰɐ ŮɑɜŬɘ ůŮ ɗɏůɖ 

ɜŬ ŬɜŰŬˊŮɝɏɚɗŮɘ, ɢɤɟɑɠ ɐ ɛŮ ŮɚŮɔɢɧɛŮɜŮɠ ɓɚɎɓŮɠ ůŮ ɛɘŬ ˊɚɖɗɩɟŬ ŮɝɤŰŮɟɘəɩɜ 

űɞɟŰɑůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ɗŬ Űɖɠ Ŭůəɖɗɞɨɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɕɤɐɠ Űɖɠ. ɀɑŬ Ŭˊɧ Űɘɠ 

əɡɟɘɧŰŮɟŮɠ űɞɟŰɑůŮɘɠ Űɤɜ əŬŰŬůəŮɡɩɜ ŮɑɜŬɘ ɞɘ ůŮɘůɛɘəɏɠ űɞɟŰɑůŮɘɠ, ɘŭɘŬɑŰŮɟŬ ůŰɖɜ 

ȺɚɚɎŭŬ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ɏɜŰɞɜŬ ůŮɘůɛɞɔŮɜɐ ˊŮɟɘɞɢɐ ˊŬɔəɞůɛɑɤɠ. ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ 

ŭŮəŬŮŰɑŮɠ ŮɘŭɘəɎ, ɖ ȺɚɚɎŭŬ ɏɢŮɘ ˊɚɖɔŮɑ Ŭˊɧ ɘůɢɡɟɞɨɠ ůŮɘůɛɞɨɠ ˊɞɡ ŮɑɢŬɜ ɤɠ ůɡɜɏˊŮɘŬ 

Űɖɜ ŬˊɩɚŮɘŬ ŮəŬŰɞɜŰɎŭɤɜ Ŭɜɗɟɩˊɘɜɤɜ ɕɤɩɜ, əŬɗɩɠ əŬɘ ɞɘəɞɜɞɛɘəɏɠ əŬɘ əɞɘɜɤɜɘəɏɠ 

ŮˊɘˊŰɩůŮɘɠ. Ƀɘ ŬɜɗɟɩˊɘɜŮɠ ŬˊɩɚŮɘŮɠ əŬɘ ɞɘ ɡɚɘəɏɠ ɕɖɛɘɏɠ ɞűŮɑɚɞɜŰŬɘ ɤɠ Ůˊɑ Űɞ 

ˊɚŮɑůŰɞɜ ůŮ ŬůŰɞɢɑŮɠ əŬɘ əŬŰŬɟɟŮɨůŮɘɠ əŰɖɟɑɤɜ ˊɞɡ ɐŰŬɜ ŬɜŮˊŬɟəɩɠ ůɢŮŭɘŬůɛɏɜŬ 

ɏɜŬɜŰɘ Űɤɜ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ.  

Ƀ ɛŮɚŮŰɖŰɐɠ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɤɠ ˊɟɞŰŮɟŬɘɧŰɖŰɎ Űɞɡ Űɖ ŭɘŬůűɎɚɘůɖ Űɤɜ 

əŬŰŬůəŮɡɩɜ ɏɜŬɜŰɘ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ. ȳɛɤɠ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ 

ŬˊɞŰŮɚŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ əŰɖɟɑɤɜ 

ɛŮɚŮŰɐɗɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ Űɞɜ ȷɜŰɘůŮɘůɛɘəɧ ȾŬɜɞɜɘůɛɧ Űɞɡ 1959, ɞ ɞˊɞɑɞɠ 

ˊŮɟɘŮɑɢŮ ɔɜɩůŮɘɠ ˊŮɟŬůɛɏɜɤɜ ŮŰɩɜ əŬɘ ůɡɛˊɚɖɟɩɗɖəŮ Űɞ 1984 ɛŮ ˊɟɧůɗŮŰŮɠ 

ŭɘŬŰɎɝŮɘɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ŬɡŰɎ ŰŬ əŰɐɟɘŬ ɡůŰŮɟɞɨɜ ůɖɛŬɜŰɘəɎ Ŭˊɧ Ɏˊɞɣɖ ůŮɘůɛɘəɐɠ 

ŮˊɎɟəŮɘŬɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ əŰɐɟɘŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŬɜ ɛŮ Űɞɡɠ ůɨɔɢɟɞɜɞɡɠ 

ɘůɢɨɞɜŰŮɠ əŬɜɞɜɘůɛɞɨɠ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ˊŬɚŬɘɩɜ əŬŰŬůəŮɡɩɜ 

ɛŮ əŬɘɜɞɨɟɘŮɠ ŮɑɜŬɘ ŬŭɨɜŬŰɖ ɚɧɔɤ ɞɘəɞɜɞɛɘəɩɜ əŬɘ əɞɘɜɤɜɘəɩɜ ŬɘŰɘɩɜ. ȰŰůɘ ɖ 

ŬɜɎɔəɖ ŮˊŮɛɓɎůŮɤɜ ůŰɘɠ ɡűɘůŰɎɛŮɜŮɠ əŬŰŬůəŮɡɏɠ ɛŮ ůŰɧɢɞ Űɖɜ Ůɜɑůɢɡůɖ ɐ Űɖɜ 

Ůˊɘŭɘɧɟɗɤůɖ ɓɚŬɓɩɜ, ɞŭɐɔɖůŮ ůŮ ɜɏɞɡɠ əŬɜɞɜɘůɛɞɨɠ ɛŮ ůŰɧɢɞ Űɖɜ ŬˊɞŰɑɛɖůɖ Űɖɠ 

űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ. 

Ƀɘ ɜɏɞɘ əŬɜɞɜɘůɛɞɑ ɏɢɞɡɜ ˊɟɞůŬɟɛɞůŰŮɑ ůŰŬ ɜɏŬ ŭŮŭɞɛɏɜŬ Űɖɠ Ůˊɞɢɐɠ əŬɗɩɠ 

əŬɘ ůŮ ˊɘɞ ŬəɟɘɓŮɑɠ ɛŮɗɧŭɞɡɠ ŬɜɎɚɡůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞɡɠ əŬɗɘůŰɎ ˊɘɞ ŬɝɘɧˊɘůŰɞɡɠ. 

ȼ əɨɟɘŬ ŭɘŬűɞɟɎ Űɤɜ ɜɏɤɜ əŬɜɞɜɘůɛɩɜ ɛŮ Űɞɡɠ ˊŬɚŬɘɧŰŮɟɞɡɠ ŮɑɜŬɘ ˊɤɠ ˊɚɏɞɜ ɏɢŮɘ 

ŮɘůŬɢɗŮɑ ɖ ɏɜɜɞɘŬ Űɖɠ ˊɚŬůŰɘɛɧŰɖŰŬɠ əŬɘ Űɖɠ ɛŮŰŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ 

ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ɛɘŬɠ əŬŰŬůəŮɡɐɠ, ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ 

Ŭˊɞɟɟɞűɐůɞɡɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ůŮɘůɛɘəɐ ŮɜɏɟɔŮɘŬ, ůŮ ůɢɏůɖ ɛŮ Űɖ ɗŮɩɟɖůɖ Űɖɠ 

ŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ əŬɜɞɜɘůɛɩɜ. 

 ɇɞ ˊŮŭɑɞ Űɖɠ ŬˊɞŰɑɛɖůɖɠ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ɡűɘůŰŬɛɏɜɤɜ əŰɖɟɑɤɜ 

əŬɚɨˊŰŮɘ ɞ ȺɡɟɤəɩŭɘəŬɠ 8 ɀɏɟɞɠ 3 əŬɘ ɞ ȾŬɜɞɜɘůɛɧɠ ȺˊŮɛɓɎůŮɤɜ (ȾȷɁ.ȺɄȺ.) 

ɧůɞɜ ŬűɞɟɎ Űɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ. ȾŬɘ ɞɘ ŭɨɞ əŬɜɞɜɘůɛɞɑ ɗŮůˊɑɕɞɡɜ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůŮɘůɛɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ ɡűɘůŰɎɛŮɜɤɜ əŰɖɟɑɤɜ, əŬɗɩɠ əŬɘ ɔɘŬ Űɞ 

ůɢŮŭɘŬůɛɧ ŮˊŮɛɓɎůŮɤɜ əɘ ŮɜɘůɢɨůŮɤɜ. ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŬˊɞŰɑɛɖůɖɠ Űɖɠ űɏɟɞɡůŬɠ 

ɘəŬɜɧŰɖŰŬɠ Űɤɜ əŰɖɟɑɤɜ əŬɚɨˊŰŮŰŬɘ əɘ Ŭˊɧ Űɞɜ ŬɛŮɟɘəɎɜɘəɞ əŬɜɞɜɘůɛɧ ATC-40 

(Seismic Evaluation and Retrofit of Concrete Buildings). 
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1.2 ȷɜŰɘəŮɑɛŮɜɞ ȺɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɏɢŮɘɠ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ 

ŬɜɎɚɡůɖ əŬɘ ŬˊɞŰɑɛɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ɡűɘůŰɎɛŮɜɖɠ əŬŰŬůəŮɡɐɠ Ŭˊɧ ɞˊɚɘůɛɏɜɞ 

ůəɡɟɧŭŮɛŬ ɛɏůɤ ŮɚŬůŰɘəɩɜ əɘ ŬɜŮɚŬůŰɘəɩɜ ɛŮɗɧŭɤɜ ŬɜɎɚɡůɖɠ, əŬɗɩɠ əŬɘ Űɖɜ 

ŮɜŭŮɢɧɛŮɜɖ ˊŮɟŮŰŬɑɟɤ Ůɜɑůɢɡůɖ ɐ ŮˊɘůəŮɡɐ Űɖɠ ɏɜŬɜŰɘ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ. 

 

 

ɆɢɐɛŬ 1.1 ɄɟɞůɞɛɞɑɤɛŬ Űɖɠ əŬŰŬůəŮɡɐɠ ůŰɞ ɚɞɔɘůɛɘəɧ SAP2000 v.14 

 ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ŬɜɎɚɡůɖ Űɖɠ ɡűɘůŰɎɛŮɜɖɠ əŬŰŬůəŮɡɐɠ ɏɔɘɜŮ ɢɟɐůɖ 

Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ SAP2000 v.14. ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ 

ŮˊɘŰŬɢɡɜůɘɞɔɟŬűɖɛɎŰɤɜ əŬɘ űŬůɛɎŰɤɜ Ŭˊɧəɟɘůɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ əŬɘɜɞɨɟɘŬ 

ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ñPEER Strong Motion Databaseò Űɞɡ ˊŬɜŮˊɘůŰɖɛɑɞɡ Űɞɡ ɀˊɏɟəɚŮɦ 

ůŰɖɜ ȾŬɚɘűɧɟɜɘŬ.                                                                                                                                                    
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2. ɄȺɅȽũɅȷūȼ ȾȷȽ ɄɅɃɆɃɀɃȽɋɆȼ ūɃɅȺȷ 

 

2.1 ɄŮɟɘɔɟŬűɐ ɈűɘůŰɎɛŮɜɖɠ ȾŬŰŬůəŮɡɐɠ 

ȼ ɡˊɧ ɛŮɚɏŰɖ ɡűɘůŰɎɛŮɜɖ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɛɑŬ ˊŮɜŰŬɩɟɞűɖ ˊɞɚɡəŬŰɞɘəɑŬ ɛŮ 

ɡˊɧɔŮɘɞ, ŭɩɛŬ əŬɘ ˊɘɚɞŰɐ, ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ůŰɖɜ ˊɧɚɖ Űɞɡ ȸɧɚɞɡ ůŰɖ ɀŬɔɜɖůɑŬ 

əŬɘ ůɢŮŭɘɎůŰɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ Űɞ ɏŰɞɠ 1991. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ˊɞɚɡəŬŰɞɘəɑŬ ɛŮ ɛɖ əŬɜɞɜɘəɧŰɖŰŬ ůŰɖɜ əɎŰɞɣɖ, ɛŮ 

ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬůŰɎůŮɘɠ 26,30 Ĭ 15,70. ɇɞ əŬŰŬəɧɟɡűɞ ůɨůŰɖɛŬ ůŰɐɟɘɝɖɠ Űɞɡ 

əŰɖɟɑɞɡ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ əɎˊɞɘŬ ŰɞɘɢɩɛŬŰŬ. ɇɞ ɡˊɧɔŮɘɞ 

əŬɚɨˊŰŮɘ ɛɏɟɞɠ Űɖɠ əɎŰɞɣɖɠ Űɖɠ ɞɘəɞŭɞɛɐɠ əŬɘ ˊŮɟɘɓɎɚɚŮŰŬɘ ˊŮɟɘɛŮŰɟɘəɎ ɛŮ 

ŰɞɘɢɩɛŬŰŬ ɞˊɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. ɇɞ ɨɣɞɠ Űɞɡ ɡˊɞɔŮɑɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 

3,22 m əŬɘ Űɞ ɨɣɞɠ Űɞɡ ŭɩɛŬŰɞɠ ůŰŬ 2,40 m. ɇɞ Űɡˊɘəɧ ɨɣɞɠ Űɤɜ ɞɟɧűɤɜ əɡɛŬɑɜŮŰŬɘ 

Ŭˊɧ 3,10 m ɏɤɠ 3,33 m ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ɨɣɞɠ Űɞɡ ɘůɞɔŮɑɞɡ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ 

əŰɖɟɑɞɡ ɏɔɘɜŮ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ ŰɧŰŮ ɘůɢɨɞɜŰɞɠ ŬɜŰɘůŮɘůɛɘəɞɨ əŬɜɞɜɘůɛɞɨ Űɞɡ 1954, 

əŬɗɩɠ əŬɘ ɛŮ Űɘɠ ˊɟɧůɗŮŰŮɠ ŭɘŬŰɎɝŮɘɠ Űɞɡ 1984. ɇŬ ůŮɘůɛɘəɎ űɞɟŰɑŬ Ůˊɑ Űɞɡ əŰɖɟɑɞɡ 

ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȸɧɚɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮ ůɡɜŰŮɚŮůŰɐ ůŮɘůɛɘəɐɠ ŮˊɘɓɎɟɡɜůɖɠ Ů = 

0,12. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɝɡɚɧŰɡˊɞɘ Űɤɜ ɞɟɧűɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ. 

 

 

ɆɢɐɛŬ 2.1: ɂɡɚɧŰɡˊɞɠ ŪŮɛŮɚɑɤůɖɠ 
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ɆɢɐɛŬ 2.2: ɂɡɚɧŰɡˊɞɠ Ƀɟɞűɐɠ ɈˊɞɔŮɑɞɡ 

 

 

ɆɢɐɛŬ2.3: ɂɡɚɧŰɡˊɞɠ Ƀɟɞűɐɠ ȽůɞɔŮɑɞɡ 
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ɆɢɐɛŬ 2.4: ɂɡɚɧŰɡˊɞɠ Ƀɟɞűɐɠ ȷô Ƀɟɧűɞɡ  

 

ɆɢɐɛŬ 2.5: ɂɡɚɧŰɡˊɞɠ Ƀɟɞűɐɠ ȸô Ƀɟɧűɞɡ 


