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1. Introduction

The use of precast concrete structures - due to better quality and reduced time to build- is a suitable economic
option for multi-story buildings. In many countries, prefabricated structural systems are generally very economical
structures compared with other conventional residential structures.

Prefabricated structures are classified in four categories: large panel systems, frame systems, columns - slabs
together with wall systems and complex systems. The system which will be addressed in this study is the large panel
system. This system can be applied to structures in which the precast load bearing walls are used as the main system
to withstand large loads. As the seismic behavior of these structures severely depends on vertical and horizontal
connections between panels, therefore the behavior of these connections are studied in this research. Horizontal
connections are the connections which are placed horizontally and are used to connect panels laterally. Vertical
connections connect upper parts of a panel to the lower parts.

Due to the placement of the panels together, three distinct forms of structures built with prefabricated panels are
classified as follows:

1) Transverse walls systems
2) Longitudinal walls systems
3) Double sided systems

2. Methodology
2.1. Experimental study

There are a variety of tools for vulnerability assessment methods in terms of cost and accuracy [1]. To determine
the seismic vulnerability of buildings, fragility curves are commonly used in the literature where these curves
provide damage probability as a function of ground motion characteristics and design parameters [2-4]. A random
point on the fragility curve shows that the damage under an earthquake of a given intensity will exceed a certain
damage state. It is assumed that the fragility curves can be expressed in the form of a two-parameter lognormal
distribution function. Based on the assumption, the cumulative probability of the occurrence of damage, is equal or
higher than the damage level of D, and is expressed as [5]:

P [D] = @ [(InX - A)/(] (1)

Where ¢ is the standard normal cumulative distribution function, X is the lognormal distributed ground motion, and
A, { are the median value and the standard deviation of InX.

In the current study, to develop fragility curves for precast concrete structures, four damage states, minor,
moderate, major and fracture damages in terms of average inter-story drift ratio were considered.
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2.2. FE modeling

In this study, an old building with concrete precast panels - which was located in Eastern Azarbaijan province -
was studied. SAP2000 software was used to model and analyze structures.

3. Results and discussion

The construction of fragility curves for mentioned structure was provided and studied. The performance and
impact on the shape of the curve fitting of the panels were investigated.

It was observed that when there was only vertical connection-for minor damage-the PGA amount reached to
0.03g for the drift of damage level. The PGA amount was 0.05g, 0.07g and 0.10g for moderate, major and fracture
damages, respectively. While, when there were horizontal and vertical connections simultaneously, the PGA amount
was 0.25¢, 0.46g, 0.7g and 1.1g for minor, moderate, major and fracture damages, respectively. The results indicate
that the more damage level the more difference happens for PGA in which the structure drift reaches to damage
level. Therefore, the difference gets high for PGA for a structure with and without a horizontal connection. This
matter indicates that the effect of horizontal connections is high for higher accelerations.
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Fig. 1. Fragility curves of existing building for comparison connection for (a) minor, (b) moderate, (¢) major, and (d) fracture
damage states in terms of PGA.
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There was only a vertical connection-for minor damage- that the probability of fragility reached to 100% for
PGA equal to 0.35g. The probability of fragility was 99%, 98%, 94% for moderate, major and fracture damages,
respectively. While, when there were horizontal and vertical connections simultaneously, the probability of fragility
was 93%, 77%, 61%, 44% for minor, moderate, major and fracture damages, respectively. The results indicate that
the probability of fragility for the structure with horizontal and vertical connections simultaneously is less than the
structure with the vertical connection for the determined PGA. Therefore, the difference gets high for the probability
of fragility for a structure with and without horizontal connections. This matter indicates that the effect of horizontal
connections is high for higher damage level.

4. Conclusions

The slope of the fragility curves for the structure with the horizontal and vertical connections is less than the
structure with the vertical connection at all damage states. It is indicated that the structures with the horizontal
connection act better than the structures without it.

The fragility curves obtained indicates that the difference in the numbers of the horizontal connection will not
affect the probability of structural fragility, and that the numbers of horizontal connections more than 2 will add the
structure economic burden.
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