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Introduction
The approach for rapid vulnerability assessment is based on visual 

inspection.1–4 In this approach, which has been extensively used in 
large scale, by visual inspection of the buildings a set of parameters 
would be investigated, from which the buildings vulnerability level 
could be evaluated. Figure 1 indicates the collected data for any 
typical building according to FEMA P-154 (FEMA, 2015). The 
collected information would be enriched by supplemental data which 
helps to have an accurate estimation of building vulnerability level. 
Next, based on the statistical analysis, the sources of the residential 
buildings vulnerability are determined. As it is represented in Figure 
1, the assigned “Basic Score” based on the type of the lateral seismic 
system is in-between 1 and 3.6. According to the characteristics of 
each building, there are either positive or negative scores added to 
this “Basic Score”, which indicates the actual vulnerability level for 
any specified structure. Subsequently, the building vulnerability score 
is compared with the upper and lower band limits to conclude if the 
building is safe, or it needs any retrofit, or it is out of the normal 
operating conditions and should be demolished. 

Based on the appendices of FEMA 154, there is a designed 
evaluation form to supplement the original vulnerability assessment 
forms of FEMA 154 which has 27 questions regarding the general 
assembly of the building. The questions on this form are divided into 
7 general categories which would be elaborated as follows:

1.	 General information of the building to distinguish any building.

2.	 Structural information such as the type of the seismic bearing 
system, whether the building has been designed based on seismic 
codes, having the same lateral seismic resisting (SR) system in 
height and plan, etc.

3.	 Questions regarding the irregularity in buildings, specifically in 

height which can significantly affect the seismic behavior of the 
building.

4.	 Consistency in transferring the lateral seismic and gravity loads 
which could affect the seismic behavior of the structures during 
the earthquakes.

5.	 Questions regarding the architectural considerations since they 
might affect the seismic behavior and structural design of the 
buildings.

6.	 The quality of the materials used in the building is one of the 
important factors contributing to the seismic response of the 
buildings; therefore, some of the questions are associated with 
the quality of building materials.

7.	 Finally, the building vulnerability level would be determined. In 
addition, any other considerations are noted in this last section 
of questions.

In this study, the mentioned vulnerability level estimation 
procedures could be utilized for any city in general. In order to better 
evaluate the seismic vulnerability of Zanjan’s buildings, some of the 
buildings throughout the city were randomly chosen. To be consistent 
through the sampling, the city of Zanjan was divided into 13 regions 
in which each region has relatively the same economic, social, and 
cultural characteristics as well as relatively the same construction 
year. Figure 2 represents the city divided into 13 regions. Table 1 
summarizes the characteristics of each region, i.e. the number of the 
chosen buildings, the general characteristic, and the general types of 
the buildings, and a rough estimate of the construction year. Randomly 
selected buildings in each region were evaluated regarding both the 
level of seismic vulnerability as well as the type of the defects. In the 
following section, an example of a safe building and an example of a 
vulnerable building are represented.
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Abstract

After introducing the code provisions for vulnerability assessment of the buildings, only 
more important structure such as state buildings and schools have been retrofitted. Since 
the most of the cultural and economic costs after any earthquake are associated with 
the residential buildings, it is important to have a rapid procedure for investigating the 
vulnerability level of the structures. There are several reasons to rationalize the lack of 
the vulnerability assessment for residential buildings such as limited financial resources 
for local governments, and the lack of a generalized mechanism. In this study, the visual 
vulnerability assessment of the residential buildings in the city of Zanjan, one the major cities 
located in Iran, has been investigated. In order to perform the rapid vulnerability assessment 
of the buildings, different approaches have been proposed. The method introduced by ATC-
21, later proposed in FEMA-154, is one of the mostly-accepted assessment methods. The 
goal of the rapid vulnerability assessment of the buildings is to evaluate the most possible 
number of the buildings over a relatively short period of time, which buildings vulnerability 
level would be estimated based upon and the general defects’ type could be determined.
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Figure 1 The data collection form used in this study (FEMA P-154). 

Figure 2 Different regions of the city of Zanjan. 
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Table 1 General characteristic of the buildings and the 13 regions	

Region Year of 
construction Typical buildings General characteristics Number of chosen 

buildings

1 2001-2016 RC/Steel frame Newly-constructed, lack of some structural 
considerations 10

2 1991-2001 Masonry High seismic vulnerability 12

3 2003-2016 RC/Steel frame Newly-constructed, expectedly the safest region 10

4 1999-2008 Masonry slightly more than RC/Steel 
frame Including separate towns 10

5 2001-2016 RC/Steel frame Relatively newly-constructed, appropriate streets 10

6 1993-1998 Masonry Some regions with Type D soil 10

7 Prior to 1993 Masonry Irregular buildings 10

8 1998-2007 RC/Steel frame slightly more than 
masonry Enhanced urban development 10

9 1999-2005 Same Masonry and RC/Steel frame
Low population density, relatively enhanced urban 
development

8

10 Prior to 1993 Same Masonry and RC/Steel frame Downtown, the most populated region 10

11 1993-1999 Masonry slightly more than RC/Steel 
frame

The old region of the city 10

12 Prior to 1993 Masonry Horrible urban development, very old and 
vulnerable buildings 10

13 1993-2001 Masonry relatively enhanced urban development, old and 
vulnerable buildings 10

Case presentation
Figure 3 indicates an example of safe building located in Region 

3 with a RC-frame. The building does not have any problem such as 
irregularity in plan or height. In addition, this building is built based 
on seismic codes and has a soil type C. The seismic vulnerability index 
for the mentioned building is 3.7 which implies the satisfactory safety 
of the building. The vulnerable buildings are located in all parts of the 
city specifically in region 12. The major issues associated with these 
buildings as indicated in Figures 4 & 5, are utilizing masonry material 
and problematic distribution of the mass leading to irregularities 
through the height of the buildings and causing premature fractures. 
The seismic reliability factor for these buildings located in region 12 
of the city is approximately 0.2 which is considered low. 

Figure 3 Safe building. 

Figure 4 Vulnerable building with irregularities through the height of the 
buildings. 

Figure 5 Issues in investigated buildings fracture poor material quality. 
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According to above-mentioned procedure, the rest of the buildings 
are investigated and associated information collected. The summary 
of the extracted data is indicated in Table 2. The average vulnerability 
factor for all the regions are indicated in the last column of Table 3. 

Accordingly, for the regions 3 and 5, the vulnerability factor is above 
the average, while for the regions 2, 7 and 12 this factor is less than 
the average values. The statistical investigation is done to investigate 
the regions with least and most building issues. 

Table 2 The collected information from the all regions

Region Investigated 
buildings

Structures 
with 
frames

Structures 
without 
frames

Designed 
based on 
2800 code

Same seismic 
resisting system 
in Plan

Same seismic 
resisting system in 
height

Irregularities 
in plan

1 10 6 4 9 2 6 4

2 12 0 12 8 0 0 2

3 10 8 2 10 6 8 0

4 10 4 6 10 3 4 3

5 10 8 2 8 3 7 2

6 10 5 5 8 2 4 2

7 10 2 8 4 2 2 1

8 10 6 4 7 1 6 1

9 8 4 4 7 3 4 3

10 10 5 5 5 4 5 2

11 10 4 6 4 3 4 0

12 10 0 10 1 0 0 2

13 10 1 9 6 2 2 1

SUM 130 53 77 87 33 52 23

Table 3 Cont’d, the collected information from the all regions

Region Investigated 
buildings

Irregularities 
in height

Consistency in 
Seismic loading path

Consistency in 
columns locations 

Opening criteria 
are met 

Buildings with 
half story 

1 10 8 6 6 1 0

2 12 8 2 2 8 0

3 10 3 8 8 7 0

4 10 6 5 4 5 0

5 10 1 9 8 4 1

6 10 3 5 4 3 0

7 10 5 2 2 6 0

8 10 7 7 6 3 1

9 8 5 7 7 4 2

10 10 0 5 5 5 0

11 10 0 5 5 5 0

12 10 3 2 1 9 0

13 10 2 3 3 9 0

SUM 130 51 66 52 71 4
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The percentage of vulnerable buildings over the total buildings 
in a specified region is represented in Figure 6. Based on the field 
observation and the gathered information from the curves the older 
regions show more vulnerability. This is due to the reason that the 
major material used for these building is masonry. The regions 2 
and 12 with 100% vulnerability are appropriate examples of regions 
with mostly masonry structure having significant vulnerability 
issues. It is noted that, in some recently-built regions such as region 
1, the frame systems are used but the structure have still noticeable 
vulnerable issues due to the irregularities in height or plan. The least 
vulnerable structures are those ones having frame systems as well as 
no irregularities in plan or height such as region 3. 

Figure 6 The percentage of vulnerable buildings over the total buildings in a 
specified region. 

Figure 7 indicates the average vulnerability factor for different 
regions. If this factor is less than number 2.0, then there would be 
no need to have detailed assessment of the structure. Having no 
irregularities in plan and height of the building and having any sorts 
of concrete or steel frame would be highly important in increasing 
the vulnerability factor. However, the irregularities in seismic 
resisting systems are not effective in assessing the vulnerability 
factor. In addition, the consistency of the load path is considered as 
an important parameter under seismic loading conditions, which is 
ignored in masonry structures to some extent. Figure 8 represents 
the statistical investigation of the buildings in Zanjan city based on 
FEMA P-154. The material deficiency and the fracture in walls would 
make insignificant effect on vulnerability ratio factor estimation, 
but obviously could lead to more deterioration of the structure. The 
opening criteria are assumed as architectural considerations which is 
extensively investigated after occurrence of the events. It is noted that 
75.4% of the total buildings in Zanjan city are considered vulnerable 
according to FEMA P-154 indicating that there is a huge need of 
retrofit and reconstruction Figure 8.

 Figure 7 The Average vulnerability values. 

Figure 8 The collected information from the all structures. 

Discussion
New procedure to evaluate the seismic reliability of the buildings 

are implemented to evaluate all the regions of the city. The procedure 
elaborated in this study could be utilized for different cities to have 
a quick but reliable assessment of how much building are seismic 
resistant. Based on the assessments of collected data, more than 80% 
of the regions and 75% of the constructed building are considered 
as vulnerable. It is worthy of notice that recently-built regions (e.g. 
region 1) are also evaluated as vulnerable indicating that the new 
methods of constructing building needs significant improvements. 
The major reason for such issues is due to sacrificing several criteria 
for having better architectural aspects; hence, the buildings are 
vulnerable under seismic conditions. It is worthy of mentioning that, 
in some newer parts of the city not only the seismic code is met but 
also the architectural aspects are considered; therefore, the structures 
are safe in overall. In general, the most significant common problem 
associated with the buildings are the irregularities in height of the 
buildings and not considering the seismic code instructions. The first 
problem is mostly observed in several buildings with concrete or steel 
frames, while the second issue is observed in masonry buildings. It is 
recommended not to sacrifice seismic codes and provisions for any 
architectural aspects, and construct the newer buildings without any 
irregularities in plan and height.
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