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SEISMIC VULNERABILITY FUNCTIONAL METHOD FOR RAPID VISUAL
SCREENING OF EXISTING BUILDINGS

MOHAMMADREZA YADOLLAHI', AZLAN ADNAN?,
ROSLI MOHAMAD ZIN?3

Rapid Visual Screening (RVS) method for buildings was originally developed by the Applied
Technology Council (ATC) in the late 1980’s for potential seismic hazards. This is a simple and
almost a quick way of assessing the building seismic vulnerability score based on visual screening.
The logarithmic relationship between final score and the probability of collapse at the maximum
considered earthquake (MCE) makes results somewhat difficult to interpret, especially for less tech-
nical users. This study is developed to improve the simplicity and usefulness of RVS methodology
to determine the numeric scores for seismic vulnerability of buildings using vulnerability functional
form. The proposed approach applies the existing method in FEMA 154 (2002) for calculating the
building rank based on RVS method. In this study RVS scores are used to evaluate populations
of buildings to prioritize detailed evaluations and seismic retrofits. The alternate non-logarithmic
format of scoring scheme is much better meeting the needs of the project managers and decision
makers, as they require results that are easier to understand. It shows the linear equivalent of RVS
final scores which is consistent with the existing ranking systems used in the buildings manage-
ment program such as budget allocation decision making. The results demonstrate that the weight
determined for the factor of “Region Seismicity”, which is 0.4033, has the highest contribution to
seismic vulnerability scores of buildings. The applicability of the proposed method is demonstrated
through a hypothetical example to rank ten seismically vulnerable buildings.
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1. INTRODUCTION

Rapid Visual Screening (RVS) is a qualitative seismic vulnerability assessment method.
The RVS procedure was developed for a broad audience, including building officials,
inspectors, and public and private sector structure owners. The procedure was desi-
gned to be the preliminary screening phase of a multi-phase procedure for identifying
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potentially hazardous structures. Structures identified as potentially hazardous by the
RVS procedure should be analyzed in more detail by an experienced seismic design
professional. RVS method is developed based on a “sidewalk survey”, visual inspec-
tion of the structure from the exterior and, if possible, from the interior to identify the
primary structural lateral load resisting system(s) and structural materials. The stated
purpose of RVS is to classify buildings as either “those acceptable as to risk to life
safety or those that may be seismically hazardous” [1]. Because RVS scores show the
quantitative measures of the probability of collapse and collapse is the predominant
determinant of life safety risk, RVS final scores determine the degrees of life safety
risk posed by each building. The intended use of the RVS procedure is to screen a
population of buildings on the basis of a cut-off value for the final score, which is
used to divide screened buildings into two categories that are expected to: Have ac-
ceptable seismic performance, or May be seismically hazardous and should be studied
further [1].

This study is developed to improve the simplicity and usefulness of RVS metho-
dology to determine the numeric scores for seismic vulnerability of buildings using
linear vulnerability functional form.

A number of guidelines are available from Federal Emergency Management Agen-
cy (FEMA) in United States for seismic risk assessment and rehabilitation of buildings.
These include FEMA 178 (1992) published in 1989 and revised in 1992, FEMA 310
(1998) developed as revised version of FEMA 178, and FEMA 154 (2002) for rapid
visual screening of buildings. Based on the RVS scores, some buildings are selected
for preliminary evaluation and further for detailed evaluation. RVS enables users to
classify surveyed buildings into two categories: those acceptable as to risk to life
safety or those that may be seismically hazardous and should be evaluated in mo-
re detail by a design professional, experienced in seismic design. This method has
been widely implemented in US and other countries as a practical and simple tool
for ranking the buildings regarding seismic vulnerability considerations. For instance,
Ovrsuansky and Wu [2] evaluated buildings using ATC-21 rapid visual screening and
HAZUS99 to estimate earthquake losses for a range of possible earthquake threats in
some communities in New Madrid. Accordingly, they took advantage of investments in
user-oriented methods that provided for optimal transferability to other communities.
In like manner, WaLLACE and MILLER [3] screened 1075 buildings in western Oregon
counties in US. They applied RVS to identify potential seismic hazards for Oregon’s
public facilities, including schools, hospitals, fire stations, police stations, and emer-
gency response centers. Additionally, HoLmes [4] applied the rapid screening method
as a tool for mitigate the risk from the expected poor performance of buildings with
inadequate seismic design in US. In this regard, a comprehensive study of seismic risk
assessment of Gujarat was carried out by SRIKANTH, et al. [5]. Rapid Visual Survey
was conducted on 16000 buildings in GANDHIDHAM and ADIPUR cities in India. In order
to form a strategy of priority based interventions to buildings, KapErana and DriTsos
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[6] applied RVS to identify, inventory and rank all high-risk buildings in a specified
region in Greek.

Considering using RVS method for ranking the buildings, the method itself has
been modified by many researchers. For instance, MoseLEY et al. [7] investigated an
alternative screening procedure with significant optimization potential based on fuzzy
logic and artificial neural networks; especially when smaller percentages of the bu-
ildings with high damage scores are extracted for further investigation. Their results
demonstrated that the trained fuzzy logic based rapid visual screening procedure re-
presents a marked improvement when identifying buildings at risk. In particular, when
smaller percentages of the buildings with high damage scores are extracted for further
investigation, the proposed fuzzy screening procedure becomes more efficient and has
significant optimization potential.

WanG and GoetrtEL [8] reviewed the technical underpinnings of the RVS proce-
dure, with emphasis on the mathematical relationships between RVS scores and the
probabilities of building collapse, use of several types of seismic hazard data. The
research suggested for using RVS final scores for initial prioritization of seismic re-
trofits for a large population of public educational buildings in Oregon. The method
developed an enhanced RVS methodology called the E-RVS. This approach facilitated
the re-evaluation of score modifiers and the improvement of the mathematics for com-
bining score modifiers noted above by making it easier to evaluate the reasonableness
of final scoring results.

According to Karsasst and NoLLET [9], a new procedure was proposed based on
a set of vulnerability indices for different cities in the province of Quebec in Canada.
The structural vulnerability indices were calculated using the improved nonlinear static
analysis procedure in FEMA 440. Moreover, based on systematic studies on damage
data of the 2001 Bhuj earthquake, SupHR et al. [10] proposes a RVS method for
RC-frame buildings in India and reviewed some of the available methods for RVS of
RC-frame buildings. Sen [11] also proposed a methodology based on the fuzzy logic
model and system principles for the classification of buildings into five distinctive but
mutually inclusive classes in terms of fuzzy sets. To achieve this, a kind of RVS method
was implemented and visually assessable variables were considered as inputs with a
single output variable as earthquake hazard category.

Although RVS method was originally developed by the Applied Technology Co-
uncil [14] in the late 1980’s and published in 1988 in the FEMA 154 report, the
method has been developed in many different countries. Some of these methods in-
clude Turkish-RVS, Greece-RVS, Canada-RVS, Japan-RVS, New Zealand-RVS and
Indian-RVS. In this regard, SRIKANTH et al. [5] introduced a brief description of various
RVS methodologies.

The logarithmic relationship between final score and the probability of collapse
at the MCE in RVS methods makes results somewhat difficult to interpret, especially
for less technical users. Because of this limitation, this study presents an alternate
non-logarithmic format of scoring scheme to better meet the needs of the project
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managers and decision makers, as they required results that were easier to understand.
In this study, based on the most important factors contribute to seismic vulnerability
of buildings introduced in FEMA 154 [1], vulnerability functional form is developed
to prioritize the building rehabilitation projects. While the proposed method follows
the existing RVS scores, the results are presented in non-logarithmic format. Relative
weights of vulnerability factors are determined based on Analytical Hierarchy Process
(AHP). The scoring method is developed to be compatible with their existing ranking
system and provides linear rather than logarithmic scores. Hence, it can be implemented
even by non-engineers for data collection and score assignment, because evaluation in
the first stage does not require any analysis.

2. RVS METHOD AND MATERIALS

As described previously, RVS method is referred to as a “sidewalk survey” in which
an experienced screener visually examines a building to identify features that affect
the seismic performance of the building; these features may include building type,
seismicity, soil conditions and irregularities [1]. RVS is very quick way of assessing
the buildings’ vulnerability based on visual screening. This method is useful when the
number of buildings to be evaluated is large. The visual survey of a building can be
completed in less than 30 minutes and can be accomplished from the street without
entering into a building [1]. This survey is mainly carried out based on the checklists. A
performance score is calculated for each building based on numerical values on the RVS
form corresponding to the features of the building. This performance score depends
on soil type, building condition, architectural and earthquake resistance features. The
performance score is compared to a “cut-off” score to determine whether a building
has potential vulnerabilities that should be evaluated further by an experienced engi-
neer. Using these scores, decisions and conclusions on the adequacy of the buildings
strengths against earthquake forces likely to occur at the site can be made [5].

3. RESEARCH METHOD

Seismic vulnerability factors for any given building can be evaluated independent. It is
a rational assumption that each factor has its own functionality and therefore, building
vulnerability can be evaluated by a value function. For any given factors Fy, Fs, ..., F,,
the following value function exists if and only if the criteria are mutually preferentially

independent [15]:
-1
G.1) N = %

where G; is a single-factor value function over the factor F;. In this study, these factors
are compared as to how important they are to the decision makers, with respect to
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the goal. To achieve this, AHP provides a comprehensive and rational framework for
structuring a decision problem, for representing and quantifying its factors. AHP was
developed by Thomas L. Saaty [12] in the 1970s and has been extensively studied
and refined since then. Once the hierarchy is built, the decision makers systematically
evaluate its various elements by comparing them to one another two at a time. A
numerical weight or priority is derived for each element of the hierarchy, allowing
diverse and often incommensurable elements to be compared to one another in a
rational and consistent way. In the final step of the process, numerical priority scores
are determined for each of the decision alternatives. These numbers represent the
alternatives’ relative ability to achieve the decision goal, so they allow a straightforward
consideration of the various courses of action. Table 1 shows the fundamental relative
weights for pair-wise comparisons.

Table 1
The Fundamental Scales for Pair-Wise Comparison.
Intensity of Definition Explanation
Importance
1 Equal importance | Two elements contribute equally to the objective
3 Moderate Experience and judgment slightly favour one element over another
importance
5 Strong importance | Experience and judgment strongly favour one element over another
7 Very strong One element is favoured very strongly over another, its dominance
importance is demonstrated in practice
9 Extreme The evidence favouring one element over another is of the highest
importance possible orders of affirmation
Intensities of 2, 4, 6 and 8 can be used to express intermediate values.

To incorporate the expert judgments regarding the various factors in the hierarchy,
decision makers compare the factors in pair. FEMA 154 [1] introduces some important
factors which directly contribute to seismic vulnerability score. These factors include
region seismicity, structural building type (lateral load resisting system), vertical and
plan irregularity, height of buildings, pre-code, post benchmark, soil type and occu-
pancy load. All these factors are grouped into five categories in this study for further
hierarchy purpose. If n denoted the number of vulnerability factors, then N, the number
of pair-wise comparisons is calculated as follows:

(3.2) SVS =f (Vdee Vbt vai’ VppCa Vbso)

According to the above equation, 10 pair-wise comparisons are needed to be done by
experts to achieve the reliable results. The five abovementioned groups of factors inc-
lude seismicity, structural building type, vertical and plan irregularities, pre-code/post
benchmark and soil type. Therefore, the seismic vulnerability score (SVS) for any given
building is introduced as a function of these five factors;

(33) SVS =d; - Vhids + d; - Vbt + d3 . vai +dy - Vppc + d5 - Viso
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Where, in this equation V4, is the vulnerability due to the seismicity region of buil-
dings against earthquake in a specific location; Vy,, is the vulnerability of structural
building type; V,,; is the vulnerability due to vertical and plan irregularities; V.
is the vulnerability due to the pre-code/post-benchmark; and Vy,, is the vulnerability
of building soil type. It is assumed that all the above values are between zero and
ten. Based on vulnerability functional form, Equation 3.3 can be developed into the
following form:

(3.4 brak

Where di, dy..., ds are the weighs of vulnerability factors contribute to building
seismic vulnerability. The weights of different vulnerability factors are presented in
the following sections based on the judgment of experts and pair comparison analysis.

4. VULNERABILITY SCORE ASSIGNMENT FOR REGION SEISMICITY

The region seismicity for the screening are classified into three main categories, low,
moderate and high. The seismicity region (H, M, or L) is determined by finding the
location of the surveyed region on the seismicity map. The relative scores for seismicity
of different regions are presented in Table 2 with corresponding spectral acceleration
response [13].

Table 2
Vulnerability Score Assignment for Region Seismicity.

Moderate

greater than or
equal to 0.167 g but
less than 0.500 g (in

horizontal direction)
greater than or

Region of Seismicity Low High

Spectral Acceleration
Response, SA (short-period,
or 0.2 sec)

greater than or
equal to 0.500 g (in
horizontal direction)

less than 0.167 g (in
horizontal direction)

Spectral Acceleration greater than or

Response, SA (long-period
or 1.0 sec)

less than 0.067 g (in
horizontal direction)

equal to 0.067 g but
less than 0.200 g (in

horizontal direction)

equal to 0.200 g (in
horizontal direction)

4-7

8-10

Vhas 1-3

5. VULNERABILITY SCORE ASSIGNMENT FOR STRUCTURAL BUILDING TYPE

In the FEMA 154, 15 building types are introduced for RVS procedure with an
alpha-numeric reference codes shown in parentheses. These types of buildings are
illustrated in Table 3.

For each of these 15 types, a Basic Structural Hazard Score is determined that
reflects the estimated likelihood that building collapse will occur if the building is sub-
jected to the MCE ground motions for the region. The Basic Structural Hazard Scores
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Table 3
Building Types.
No. | Building Description Code
| Light wood-frame residential and commercial buildings smaller than or equal Wi
to 5,000 square feet
2 | Light wood-frame buildings larger than 5,000 square fee W2
3 | Steel moment-resisting frame buildings S1
4 | Braced steel frame buildings S2
5 | Light metal buildings S3
6 | Steel frame buildings with cast-in-place concrete shear walls S4
7 | Steel frame buildings with unreinforced masonry infill walls Ss
8 | Concrete moment-resisting frame buildings C1
9 | Concrete shear-wall buildings C2
10 | Concrete frame buildings with unreinforced masonry infill walls C3
11 | Tilt-up buildings PC1
12 | Precast concrete frame buildings PC2
13 | Reinforced masonry buildings with flexible floor and roof diaphragms RM1
14 | Reinforced masonry buildings with rigid floor and roof diaphragms RM2
15 | Unreinforced masonry bearing-wall buildings URM

are based on the damage and loss estimation functions provided in the FEMA-funded
HAZUS damage and loss estimation methodology [1]. In order to normalize the sco-
res from 1 to 10, the probability of collapse which presents the complete damage
state is selected to assign scores for different building types. Table 4 shows the score
assignment for Vg, in different types of buildings:

The normalized form of Vg, is determined by the following equation;

9(P-0.03)

5.1) Vo = ‘ —

where p is the probability of collapse.

6. VULNERABILITY SCORE ASSIGNMENT FOR VERTICAL AND PLAN IRREGULARITIES

This performance attribute applies to all building types. Examples of vertical irregula-
rity include buildings with setbacks, hillside buildings, and buildings with soft stories.
According to score modifiers in three different seismicity regions, score modifiers for
“vertical irregularity” range from —1.0 to —4.0, for various building types and seismici-
ty regions. These score modifiers correspond to increases in the probability of collapse
at the MCE by factors ranging from 10 to 10,000. Alternatively, score modifiers for
“plan irregularity” are —0.8 for the low seismicity region and —0.5 for the moderate
and high seismicity regions for all building types. These score modifiers correspond
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Table 4
Vulnerability Score Assignment for Building Type.
Building Probability of Collapse and Relative Seismic Vulnerability Score
Type Low-Rise Mid-Rise High-Rise
(< 3 Stories) (4 to 7 stories) (= 8 Stories)
P SVS P SVS P SVS
W1 0.03 1 NA - NA -
w2 0.03 1 NA - NA -
S1 0.08 3.8 0.05 1.5 0.03 1
S2 0.08 3.8 0.05 1.5 0.03 1
S3 0.03 1 NA - NA -
S4 0.08 3.8 0.05 1.5 0.03 1
Ss 0.08 3.8 0.05 1.5 0.03 1
C1 0.13 7.5 0.10 53 0.05 1.5
C2 0.13 7.5 0.10 53 0.05 1.5
C3 0.15 10 0.13 7.5 0.10 53
PC1 0.15 10 NA - NA -
PC2 0.15 10 0.13 7.5 0.10 53
RM1 0.13 7.5 0.10 53 NA -
RM2 0.13 7.5 0.10 53 0.05 1.5
URM 0.15 10 0.15 10 NA -
NA means not applicable for this building type.
The number of stories is a good indicator of the height of a building (approximately 9-to-10 feet per
story for residential, 12 feet per story for commercial or office.)

to increases in the probability of collapse at the MCE by factors of 6.31 and 3.16 for
the low and moderate-high seismicity regions, respectively. Table 5 shows the relative

vulnerability scores for the vertical and plan irregularities (V).

The scores in the above table is based on normalized plan and vertical irregularities
score derived from FEMA 154. The equations for this normalization are presented

below:

6.1

vai

19.65

.83 - VI
19.65

4.11 -PI

—— —3.09; PI and VI exist.

0; no irregularities exist.

—3.09; no plan irregularity exist.

—3.09; no vertical irregularity exist.
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Table 5
Vulnerability Score Assignment for Vertical and Plan Irregularities.
Building Type

W1 W2|S1|S2|S3|S4|S5|C1|C2|C3|PC1|PC2|RM1|RM2|URM
VI|4|-3|-2|-2|NA|-2|-2]|-15]-2]-2|NA|-15] -2 [-15]-15
& E PI |-0.8]-0.8]-0.8|-0.8 NA|-0.8[-0.8(-0.8(-0.8|-0.8| NA |-0.8| -0.8 | -0.8 | -0.8
) Vi| 1 [21]39|39NA[39(39|55[39|39|NA|55| 39 |55]| 55
_5 F-c; VI|35|-3|2|2|NA|-2|-2|-2]|-2]-2|NA|-15] -2 [-15]-15
2 E PI |-0.5[-0.5[-0.5]/-0.5|NA|-0.5[-0.5[-0.5(-0.5|-0.5| NA | -0.5| -0.5 | -0.5 | -0.5
'gn § Vipi| 1.8 12548 |48 |NA|48 |48 |48 48|48 | NA| 67| 48 | 6.7 | 6.7
& || VI|-25]-2]-1[-15|NA| -1 | -1 |-15] -1 NA -1 - -1
éﬁ PI |-0.5[-0.5[-0.5]-0.5|NA|-0.5]-0.5[-0.5(-0.5|-0.5| NA | -0.5| -0.5 | -0.5 | -0.5
Vypi|35(48| 10 |67 |NA| 10| 10 | 67| 10 | 10 [ NA | 10 | 10 10 10

V.I: Vertical Irregularity ; P.I: Plan Irregularity; NA: Not Applicable

7. VULNERABILITY SCORE ASSIGNMENT FOR PRE-CODE AND PoST-BENCHMARK

Pre-code and post-benchmark are two score modifiers that compare the year which
building has been built with the date of initial adoption and enforcement of seismic
codes applicable for that building type and the year in which such improvements were
adopted is termed the “benchmark™ year respectively. According to the benchmark
years in RVS procedure, the scores for V. is determined as Equation 7.1; the results

are detailed in Table 6 as well.

Table 6
Vulnerability Score Assignment for Pre-Code and Post-Benchmark.
Building Type

WI1|W2|S1|S2|S3|S4|S5|C1|C2|C3|PC1|/PC2|RM1|RM2|URM
PC INA|NA|NA|NA|NA|NA|NA|NA| NA|NA|NA|NA| NA | NA | NA
z Vppe [NA| NA | NA | NA | NA|NA|NA | NA|NA|NA|NA | NA| NA | NA | NA
~|PB| 0 [02]|04|06|NA|O6|NA|O06|04|NA|O2|NA|O02 ]| 04 | 04
2 Voppe | 7.3 16.85] 6.4 |595| NA |595| NA [595| 6.4 | NA |6.85| NA | 6.85| 6.4 | 6.85
:g &|PC| 0 ]-02/-04]-04]-04|-04[-02] -1 |-04] -1 |-02]-04]|-04]-04 | -04
4 g Vope | 73775 82 | 82 | 82 | 82 |7.75]9.55182 |95 |7.75| 82| 82 | 82 | 82
‘_’.j BPB|16] 16| 14|14 |NA|[12[NA|12]16|NA| 18 |NA| 2 1.8 | NA
'§n = Voppe | 37|37 |415]415| NA | 46 | NA | 46 |37 | NA |325 NA | 2.8 |325| NA
~ pC| 0| -1]|-1|-08(-06[-08|-02|-1.2| -1 [-02|-08|-08] -1 |-0.8] -02
= | Vppe | 7.319.55(9.55( 9.1 [8.65(9.1 [7.75] 10 [9.55[7.75] 9.1 | 9.1 | 955 | 9.1 | 7.75
'éo PB 2424|1414 |NA|16 | NA|14 |24 |NA|24|NA| 28 | 26 | NA
Vope | 1.9 1.9 [415(415| NA | 3.7 [ NA |415| 1.9 |[NA| 19 | NA | 1 145 | NA

P.C: Pre-Code Score and P.B: Post-Benchmark Score
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(7.1)

Vipe =

0; no PC and PB exist.

where P is pre-code or post-benchmark score.

8. VULNERABILITY SCORE ASSIGNMENT FOR BUILDING SoiL TyYpE

7.3 =2.25 P; otherwise

Six soil types with measurable parameters are defined in FEMA 154. The normalized
scores are presented in Table 7 and can be estimated by Eq. (8.1);

Table 7
Vulnerability Score Assignment due Building Soil Type.
Building Type

Soil Type | | W1 | W2 | S1 | S2 | S3 | S4 | S5|C1|C2| C3 |PC1 PC2 RM1|RM2|URM
C |-04|-04]-08|-04|-04]-04|-04]-06|-04|-04]-04]-02|-04|-02]| -04
C 2.64)|2.64|4.27|2.64(2.64(2.64|2.64|3.45|2.64|2.64]2.64|1.82|2.64 | 1.82 | 2.64
g D |- |-08]-14|-12| -1 |-14|-08|-14|-0.8|-08]|-0.8| -1 | -0.8 | -0.8 | -0.8
= | D [5.09]4.27(6.73|5.91(5.09|6.734.27 |6.73 |4.27|4.27|4.27|5.09 | 427 | 427 | 4.27
E |[-18]| 2| 2|2 |-2|22]-2]|-2]-2]-2/|-18|-2|-14]-16]| -14
E [836(9.18(9.18]/9.18(9.18| 10 |9.18(9.18|9.18|9.18 |8.36|9.18| 6.73 | 7.54 | 6.73
IS C |-02|-08|-0.6|-08|-0.6|-0.8|-0.8]-0.6|-0.8|-0.6]-0.6|-0.6|-0.8|-0.6| -0.4
:g ol C |1.82(4.27/3.45]4.27|3.45|4.27|4.27|3.45|4.27|3.45|3.45|3.45| 4.27 | 345 | 2.64
4 E b |-06(-12] -1 |-1.2| -1 |-1.2|-12| -1 |-12| -1 | -1 |-12|-12 | -1.2 | -0.8
2 % D |3.45(591(5.09[591|5.09|591|591|5.09(591|5.09|5.09|{591| 591 | 591 | 427
-En 2 E [-12]-18[-16|-16|-16 1.6 |-1.6|-1.6 | -1.6 | -1.6 | 1.6 | -1.6 | -1.6 | -1.6 | -1.6
& E [591(8.36|7.54|7.54|7.54|7.54|7.54|7.54|7.54|7.547.54|7.54|7.54 | 754 | 7.54
c| o0 |-04/-04|-04|-04|-04]|-04|-04|-04|-04|-04]|-04]-04|-04] -04
= C 1 [2.64(2.64[2.64]2.64)|2.64|2.64|2.64(2.64]2.64|2.64|2.64|2.64 | 2.64 | 2.64
g D| 0 (-08]-06|-06|-06|-06|-04|-0.6|-06|-04]|-0.6|-0.6|-0.6 | -0.6 | -0.6
D 1 [4.27|3.45]3.45|3.45|3.45(2.64|3.45[3.45|2.64|3.45|3.45| 345|345 | 345
E 0o -08|-12(-12} -1 |-1.2]|-08|-1.2|-0.8(-0.8|-04|-12] -04 | -0.6 | -0.8
E 1 |4.27|591|591(5.09(591(4.27|591|4.27|4.27]2.64|591| 2.64 | 3.45 | 4.27

(8.1) Viso = 1 —4.09 ST;

where ST is the score of soil type according to the above table.
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9. WEIGHT ASSIGNMENT OF SEISMIC VULNERABILITY FACTORS

As mentioned before, to assign weights of seismic vulnerability factors for buildings,
pair-comparison analysis is applied. In order to compare the factors, a team was selected
to assign weights. All of the survey participants were experienced building experts.
The AHP converts these factors evaluations to numerical values that are processed
and compared over the entire range for finding the value SVS. The numerical weights
are determined for each factor. These factors are shown in Table 8. The results of
pair-wise comparison and the responder’s numeric scores are presented and discussed
in the following section.

Table 8
Seismic Vulnerability Factors for Buildings.
Structure | Seismic Vulnerability Factors Abbreviation Number of | Number of Pair-Wise
Category (SVF) Factors Comparison
Region Seismicity Vpas
Structural Building Type Vb
Buildings | vertical and Plan Irregularities Vi 5 10
Pre-Code/Post-Benchmark Vope
Building Soil Type Viso

10. REesuLts AND Discussion
According to the aforementioned sections and after processing the results from the
questionnaires, comparison between the five groups of factors was conducted.

Table 9
Weight Assignment for SVS in Buildings.

Weights of Factors based on Pair-Wise Results
Vsbl vai Vppc Vbso vai Vppc Vbso Vppc Vbso Vbso
Mean Score 772 9/2 3 3/2 2 3/2 1 2 1/3 172

Pair-wise Comparison

To indicate the importance, factors were evaluated according to their mutual im-
portance in a pair-wise comparison as shown in Table 9. The matrix of findings for
the relative weights of pair-wise comparisons is presented below:

1 72 92 3 32]
277 1 2 32 1
(10.1) Dpuiamg =] 2/9 12 1 2 13
13 23 12 1 12
23 1 3 2 1
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Table 10
Weights of Seismic Vulnerability Factors in Buildings.
Region Structural Vertical and Pre-Code/Post- | Building
Factors Seismicit Building T Plan Bench X Soil

eismicity uilding Type | 1, ooularities enchmar] oil Type
Abbreviation Vids \» Vi Vope Viso
Factors Coefficients d; d, d; dy ds
Relative Weights 0.4033 0.1667 0.1059 0.0980 0.2261

Non-logarithmic format of scores are very helpful for better understanding the
vulnerability scores in buildings. The results show that region seismicity has the highest
importance level in buildings, while the factor related to pre-code/post benchmark has
the lowest one. This issue indicates that the location of buildings has the highest effect
on seismic vulnerability determination. The AHP method for comparison was applied
for five factors. 10 pairs of factors were compared by experts to make the AHP matrix.
Consistency Ratios (CR) for pair-wise analysis of the responders was 0.0443. This
value is less than 0.1 which indicate acceptable judgments of the responders.

11. A HypoTHETICAL EXAMPLE FOR SEISMIC VULNERABILITY SCORE ASSESSMENT

It is assumed that 10 buildings were composed with different types of structural building
as listed in Table 11. The preliminary visual inspections were completed for these
buildings and the required data was collected through the field survey.

Table 11
Record of Buildings.
Year Bench-
E(il}lil- Seismicity Strqctl}ral . Vertical Plan seismic r;’s;l( Year | Soil
ing Region Building Height Irre gu- Irre gu- | C'O'dfl when built | type
Code type larity larity | tnitially codes
adopted improved
B1 | Moderate S3 Low-Rise - - 1941 None 1983 | C
B2 | Very high S4 Mid-Rise + + 1941 1976 1986 | E
B3 |High C2 High-Rise - + 1941 1976 1972 | D
B4 | Moderate C3 Low-Rise + - 1933 None 1979 | D
B5 | Moderate S1 Mid-Rise + 1933 1994 1995 | C
B6 |Low S5 Low-Rise - + 1933 None 1990 | C
B7 | Very low Cl Mid-Rise - - 1933 1976 1985 | E
B8 |High S4 Mid-Rise - + 1941 1976 1970 | D
B9 |High S3 Low-Rise - - 1941 None 1978 | C
B10 | Moderate S3 Mid-Rise - - 1941 None 1992 | E
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Five scores which contribute in SVS estimation were calculated and results are
shown in Table 12. Because of the normalization in SVS equations, the scores are all
range from O to 10. Higher scores indicate higher seismic vulnerability in pertinent
building. Higher scores, consequently, lead to higher rank or priority in rehabilitation
or retrofit tasks. The results in Table 12 illustrate the first priority among these ten
building is building B2.

Table 12
The Results of Seismic Vulnerability Scores for Selected Buildings.
B'(":':)‘(ll':g Vi | Vao | Vi | Ve | Vew | gyg | Seismic
Weights | 04033 | 0.1667 | 0.1059 | 0.0980 | 0.2261 Priority
B1 5 1 0 0 345 | 295 9
B2 10 2 477 3.7 591 | 655 1
B3 8 2 117 0 345 | 445 4
B4 5 10 3.85 0 509 | 5.23 2
B5 6 2 385 | 415 | 345 | 434 6
B6 3 4 091 0 264 | 256 10
B7 1 6 0 595 | 9.18 | 4.06 8
BS 9 2 1.17 0 345 | 485 3
B9 9 1 0 0 264 | 438 5
B10 6 0 0 0 754 | 411 7

12. CoONCLUSION

The RVS procedure is a simple method in the preliminary screening phase for iden-
tifying potentially hazardous buildings. The primary use of RVS score is to sort a
population of buildings into those that require further engineering study and those that
probably have acceptable seismic performance. The logarithmic relationship between
seismic vulnerability scores and the probability of collapse makes RVS results some-
what difficult to interpret, especially for less technical users. Using AHP, the proposed
scoring system for seismic vulnerability assessment of existing buildings based on RVS
is made to be compatible with their existing ranking system. The proposed method
provides linear rather than logarithmic scores. All factors regarding buildings seismic
vulnerability factors are evaluated and relative scores are assigned based on expert
judgments. Nevertheless, it is important to remember that RVS is a preliminary scre-
ening tool, based on the limited information available from a sidewalk survey (or brief
interior inspection). The method was also implemented with a hypothetical example
in order to rank 10 buildings with different characteristics. The results were obtained
as numeric scores based on linear method. The results demonstrate the feasibility and
effectiveness of the proposed vulnerability functional form to prioritize the buildings.
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Furthermore, results revealed that the score determined for the factor of “Region Se-
ismicity”, has the highest contribution to seismic vulnerability scores of buildings. In
addition, about 40% of contribution in seismic vulnerability score of buildings belongs
to the location of building. The linear scoring system reflects preliminary seismic risk
and is easier to integrate into the existing needs than traditional RVS scores. It should
be reminded that the numeric weights determined through the questionnaire survey can
be scrutinized by local experts for any specific location.
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