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1. Introduction

Residential buildings in Tabriz, which were constructed according to the requirements of old seismic codes
or considering no seismic code, should be assessed under the effect of seismic loads. To this end, the first step
is the seismic vulnerability assessment of buildings within a short time before an earthquake occurs. To achieve
reasonable results, it is necessary to study the accuracy and compatibility of existing seismic vulnerability
assessment methods according to the conditions and characteristics of buildings in the region. Therefore, it is
possible to select the most appropriate method for the rapid seismic vulnerability assessment (RSVA) by
comparing the methods. In order to increase the accuracy of the comparison, the multi-criteria decision
analysis method is used. To determine the accuracy of RSVA methods, three typical residential buildings were
evaluated using rapid and quantitative (analytical) assessment methods. The structures examined in this
investigation include two steel concentrically braced frame (CBF) buildings and one unreinforced masonry
building.

2. FE modeling and analysis

Rapid seismic vulnerability assessment (RSVA) or rapid visual screening (RVS) methods studied in this
paper include the modified ARYA method and those proposed in the guidelines FEMA 154, NRC, Code376&364.
Quantitative assessment of the buildings was carried using the non-linear static analysis (pushover analysis)
in accordance with the guideline of seismic rehabilitation of existing buildings (code 360). The analytical
hierarchy process (AHP) that is a multi-criteria decision analysis method was used for the comparison of RSVA
methods. The method provides a comprehensive and rational framework for structuring a decision problem.
Therefore, the RSVA methods were compared based on seven criteria with the aid of the AHP method.

3. Results and discussion

3.1. Determination of the accuracy of RSVA methods

In order to determine the accuracy of the RSVA methods, the results of rapid (qualitative) and analytical
(quantitative) methods were compared for the buildings examined. Also, the vulnerability levels of rapid
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assessment methods were matched with the performance levels of the buildings in Table 1. The accuracy of
rapid assessment methods is shown in Fig. 1. Values 1, 2, 3 and 4 on the vertical axis in Fig. 1. indicate the
performance levels including the immediate occupancy, life safety, collapse prevention and “does not satisfy a
performance level”, respectively.

Table 1. A comparison of vulnerability levels of rapid seismic assessment and performance levels of buildings

FEMA NRC 376 . ARYA 364 Performance level
Low priority for more
Acceptable Low (vulnerability) damage Low vulnerability Immediate Occupancy
detailed investigation
Moderate priority for more
safety Moderate (vulnerability) damage Moderate vulnerability Life Safety
detailed investigation
High priority for more
Hazardous High (vulnerability) damage High vulnerability Collapse Prevention
detailed investigation
Does not satisfy a
building Hazardous building Possibility of building collapse Very high vulnerability

performance level

performance level

—o—FEMA
——]RAN
—A—ARYA
—&—N\RC
BR1 BR2 M1
Building

Fig. 1. A comparison of accuracy of rapid seismic vulnerability assessment methods

3.2. Selection of an appropriate method for the rapid seismic evaluation of residential Buildings in

Tabriz

To select an appropriate method for the rapid seismic vulnerability assessment of residential buildings in
Tabriz, rapid seismic evaluation methods are compared by using the analytical hierarchy process (AHP)
method in which different influential criteria are incorporated. To this end, 7 criteria listed in Table 2, were
considered. The results of the comparison are shown in Fig. 2. The Figure indicates that FEMA 154 method has
gained a higher final weight and is the most appropriate method among those used.

Symbol Criterion
A Accuracy of evaluation
S Capability of evaluation of common structures in Tabriz
\ Rapidity of evaluation
L Variety of vulnerability levels
B Basic parameters
F Facility of measurement of parameters
N Number of evaluation parameters

Table 2. Influential criteria considered in the analytical hierarchy process (AHP) method
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Fig. 2. Final weights obtained for rapid seismic vulnerability assessment methods

4., Conclusions

The results obtained by the quantitative assessment methods demonstrate that these buildings do not meet
the performance level of collapse prevention. A comparison between the results obtained by rapid and
quantitative assessment methods shows that the rapid assessment in accordance with the FEMA 154 provides
acceptable accuracy in comparison with the other methods studied in this investigation. Furthermore, it is the
best method for the rapid seismic assessment of residential buildings. Since the buildings, studied in this paper,
are common ones in Tabriz, similar buildings can be characterized as dangerous ones when evaluated by FEMA
154. It is also emphasized that the results derived, can be only generalized to buildings that are similar to those
investigated in this paper.
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