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ABSTRACT

The present master thesis deals with the safety assessment and the analysis of
the behavior of an existing muktorey building made of reinforced concrete with
both elatic and inelastic methods. This existing structure is adigeey 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 ofspectral static analysis and linear time history analysis. The inelastic analysis
methods applied include the nbnear static analysis (pushover) and the -tinear
dynamic analysis (time history analysis). The outcome of the assessment indicates the
st uctureds adequacy as far as various | oa
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 mesented, as well as brief introduction to the
main subject of the present thesis and of the software that had been used.

In thesecond chaptera detailed presentation of the existing structure is given
along with the process of its stimulation in gwdtware 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 chisfotey. specifically the
building has anonregular plan (with largestdimensions26.30m1 15.70n). The
vertical structural system of the building consists of columns and walile the
basement whi ch <cover s paistsurreouhded blg gerineterivald i ng 6 s
of reinforced concrete. The height of the floors is deteeaibetween 3.2 and 3.38n
while the height of the basementdathe loft is 3.22n and 2.Om respectively.

The influence of infill masonry walls ignored in carrying horizontal loads.
The simulation of the horizontal and vertical members, as well as strip foaings
made with the use of frame elements with six degrees of freedom perMoue.
specifically, the simulation of the walls is made lsng the Wide Column Analogy
method (WCA).The perimeter walls of the basemeard simulated with x braces of
high stiffness. Finally the interaction between the soil and the strusturedeled
considering appropriate springs.

The material properties Sl units, are for concretel®6/20 (f=16MPa) and
$400 (f,,=400MPg) for both longitudinal and shear steel reinforcement.
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Figurel: Structureds model in SAP2000 envi

The third chapterpresents the modal analysis of the structure and the elastic
analysis methods that weeppliedt o si mul ate the buil ding6s
their results. The first step of the analyses is the definition of the design spectrum
which was selected in aao@ance with the provisions of Eurocodé ®art 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 arg,;,=0,922%ecand ¢,,=0,80secrespectively. The third mode
shape isnainly a torsional one with a period ¢$=0,728%ec

-

L
- - |

Figure2: 1%, 2" and 3° mode shapes
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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.

Findly, the building is subjected to linear time history analysis considering
seismic excitatio recordin order to estimate the seismic behavior of the building
under realistic seismic actions and compare the results with the respective results of
spectralanalysis. The seismic event thatusedis that of Corinthin Greece(1981).

The accelerograswere downloaded from the PEER (Pacific Earthquake Engineering
Research Center) Ground Motion Database, University of Berkeley, California, after
they were scald 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 acceleratidime 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 thos@f the spectral analysigespecially in théx direction of the
seismic forceboth for the element forces and monseand the joint displacements.

The fourth chapterpresents the theory guiding modern design of structures
based on the Performance Ba&sbign.The objective of Performance Based Design
is the evaluation of the elastoplastic response of a structure subject to seismic actions.
Seismic performance is describeddpecifyingthe maximum allowable damage state
(performance level) for a spedfiseismic 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 thecstruur e s f r a me , the threa

the Dbuildingos occupants corresponding
earthquake serviceability of the building.

The fifth chapte deals with the execution of the inelastic analysis methods.
Initially, the theoretical background and the requirements for appMyiegnonlinear
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 dail.

First of all, the nonlinear material propertig® taken into consideration and
areimported in the software. The pushover analysis uses a series of successive elastic
analyses with modified stiffness, to apyirnate the forcei displacement capacity
diagram of theentirestructure, known aa pushover curve. Lateral force distribution
is applied until additional components yield. This prhge continuesuntil the
structure becomes unstable or until a predetexchiimit is reaché. Uniform and
triangular  distributions of horizontal loads were applied accordingly.

viii
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TRIANGULAR DISTRIBUTION -Y+0,3X

STEA_V(kN) [ b(m)[AtoB]BiolOlE . StoCPCPtod CtoDDto TOTAL
8 |4862,500-0,034 923| 82 | 1 o | o | o] o]o| 1006
9 |[5327,331-0,03d 900 103 | 3 o | o | o] o]o| 1006
10 [5693,917-0,043 873| 128 5 o | o | o] ool 1006
11 |6018,778-0,047 843]| 155 | 8 o | o [ o] o]of 1006

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

The analysigesultsshow that for either distribution of lateral forces in both
directions the structure reaches hfeperform
Safet¢ category, which means t hantedamageinst ruct u
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 seisits¢ eve
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 hisitysisaihe
nonlinear materigbropertiesare taken accordingly to those thetve beemefined for
the inelastic static analysis. The results concerning the adequacy of the saueture

iX



quite similar to those of the pushover analysis reggrdie perfomance
point reached. We can also say that the response of the building components seems to
be reduced comparing their response during the inelastic static analysss.is
mainly due to scaling of the initial accelerograms to meet the target desigmuspect

Joint169

Frame195

(1.779E-02,50,00)

O I
200 150 100 50 00 50 100 150 200 250 48 <

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

The sixth chapterincludes the main conclusions the present study of the
existing structure using both elastic and inelastic analySeslly, 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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