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ABSTRACT

This thesis examines the significance and application of visual-based rapid seismic
risk assessment methods for the swift evaluation of Turkey’s building stock. An
original Rapid Seismic Risk Assessment (RSRA) method was developed, drawing on
several established rapid screening approaches (FEMA P-154, Canadian Seismic
Screening, P-25, and PERA2019) as reference points. The RSRA method prioritizes
in-situ evaluation of material quality and incorporates engineering-based parameters —
such as concrete compressive strength, stirrup spacing, anchorage length, section
forces (M, N, V), and fundamental period — into its scoring system. In this way, the
method provides a more comprehensive framework that integrates both visual
observations and analytical data. The RSRA system was applied to 513 branch
buildings of a public bank in Turkey, and its risk predictions were validated against
detailed earthquake performance analyses. Linear performance analyses were
conducted on simplified analytical models for these buildings, and the resulting
spectral demand reduction factors were compared to the RSRA scores. Regression
analysis revealed a strong inverse relationship, with a second-degree polynomial fit
achieving approximately R? = 0.605. Furthermore, an RSRA score threshold of 500
(indicating a building may require evacuation) was statistically tested using Receiver
Operating Characteristic (ROC) analysis. The ROC evaluation yielded an Area Under
the Curve (AUC) of 0.964, with an overall accuracy of 85.7%, sensitivity of 91.7%
(correct identification of weak buildings), and specificity of 81.3% (correct
identification of safe buildings) at the proposed threshold. These results confirm that
the preliminary risk classification provided by the RSRA method is consistent with
structural performance outcomes. In conclusion, the RSRA approach is demonstrated
to be a reliable and efficient tool for large-scale seismic risk screening of existing
buildings, offering rapid identification of potentially vulnerable structures.

Keywords: Rapid Seismic Risk Assessment, Earthquake Performance Analysis,

Rapid Screening Methods, Structural Index Score, ROC Analysis

vi



OZET

Bu tezde, Tiirkiye yap1 stogunun depreme kars1 hizli degerlendirilmesi i¢in kullanilan
gorsel tabanli hizli risk degerlendirme yontemlerinin 6nemi ve uygulama alanlar
incelenmistir. Calisma kapsaminda, literatiirde yaygin olarak kullanilan FEMA P-154,
Kanadali Hizli1 Tarama, P-25 ve PERA2019 gibi yontemler referans alinarak 6zgiin bir
Hizli Risk Tespiti (HRT) yontemi gelistirilmistir. HRT yOntemi, saha gozlemlerine
dayali hizli degerlendirme parametrelerinin yani sira beton basing dayanimi, etriye
araligi, kenetlenme boyu, kesit tesirleri (M, N, V) ve dogal titresim periyodu gibi
miihendislik verilerini puanlama sistemine dahil etmektedir. Bu sayede hem gorsel
hem de analitik verileri biitiinlestiren daha kapsamli bir risk degerlendirmesi
hedeflenmistir. Gelistirilen HRT sistemi, Tiirkiye’de bir kamu bankasinin 513 sube
binasinda uygulanmis ve elde edilen sonuglar detayli deprem performans analizleri ile
dogrulanmistir. Binalarin lineer performans analizlerinden elde edilen spektral
talepleri azaltma katsayilar1 ile HRT puanlar arasindaki iliski regresyon modelleriyle
incelenmis; ikinci derece polinom model i¢in yaklasik R? = 0.605 gibi anlamli bir
korelasyon degeri elde edilmistir. Ayrica, RSRA > 500 puan esik degeri “tahliye
gerekebilir” kriteri olarak Onerilmis ve bu esik, ROC (Receiver Operating
Characteristic) analizi ile test edilmistir. Analizler, HRT puanlar1 kullanilarak zayif
binalari tespit etmede %85.7 dogruluk, %91.7 duyarlilik, %81.3 6zgiilliik saglamis ve
AUC = 0.964 degeri ile yontemin ayirt ediciliginin ¢ok yiiksek oldugunu gostermistir.
Elde edilen bulgular, HRT metodunun saha gdzlemlerine dayali 6ngoriilerinin yapisal
performans analizleriyle tutarli oldugunu ve biiyiik 6l¢ekli bina stoklarinda hizli,
giivenilir ve maliyet-etkin bir deprem riski tarama araci olarak kullanilabilecegini
ortaya koymaktadir.

Anahtar Kelimeler: Hizhi Risk Tespiti, Yap1 Performans Analizi, Hizh Tarama

Yontemleri, RSRA, ROC Analizi
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1. INTRODUCTION

1.1 Subject

Turkey is geographically situated in a region that has historically been exposed to
frequent and severe earthquakes. Major seismic events such as the Erzincan
Earthquake (1939), the Marmara Earthquake (1999), the Van Earthquake (2011), and
the Kahramanmaras Earthquake (2023) have tragically revealed the extent to which
this natural disaster poses a significant threat to the country. Each major earthquake in
the past has not only resulted in the loss of lives and extensive material damage but
has also heightened public and institutional sensitivity regarding structural safety.
Considering potential future hazards, such as the anticipated major Marmara
Earthquake, it is of vital importance to rapidly and effectively assess the safety of the
existing building stock in order to minimize the impacts of possible large-scale
earthquakes. However, the vast number of existing structures and the time-consuming
nature of conventional detailed assessment methods constitute a major obstacle to this

process.

As will be further discussed in later sections, traditional detailed assessment methods
thoroughly examine the structural characteristics of a building. These methods often
require advanced analyses, such as modeling the nonlinear behavior of the structure,
determining its plastic deformation capacities, and defining its limit performance
levels. Nevertheless, since this procedure is considerably lengthy and comprehensive,
there is an urgent need for rapid risk identification methods that enable the examination
of a large number of buildings within a limited time frame. Such methods typically
involve practical and swift evaluation processes based on visual inspection and provide

a crucial tool for large-scale screening efforts.

1.1.1 Purpose of the Thesis

Within the scope of this thesis, the significance and areas of application of visual-based
rapid seismic risk assessment methods used for the swift evaluation of Turkey’s

building stock against earthquake hazards are examined in detail. The advantages,

1



limitations, and potential for improvement of these methods are discussed,
emphasizing their contributions toward creating a more resilient built environment in

the face of possible seismic disasters.

The study focuses on an original system developed to determine the earthquake
resistance level of the existing building stock through a field-based and time-efficient
approach, namely the Rapid Seismic Risk Assessment (Hizl1 Risk Tespiti, RSRA)
method. During the development of the RSRA method, several rapid screening
methodologies available in the literature were reviewed, including FEMA P-154, the
Canadian Seismic Screening Method, the P-25 Method, and Pera2019, all of which
served as major reference points. The parameters commonly used in these methods
primarily aim to systematically identify structural irregularities based on field
observations. Considering the characteristics of Turkey’s building stock, determining
the quality of materials through field investigations is of critical importance.
Therefore, in the developed method, the assessment of material quality was prioritized.
Furthermore, in addition to the parameters employed in existing methodologies, the
RSRA method incorporates engineering-based quantities such as concrete
compressive strength, stirrup spacing, anchorage length, section effects (M, N, V), and
natural period into the scoring system, all derived from field data. In this respect, the
RSRA method provides a more comprehensive assessment framework that integrates

both visual and analytical data.

The RSRA method was designed to be applicable under real field conditions, aiming
to understand building behavior through on-site observations and experimental data.
In this method, weaknesses in the structural system are numerically evaluated under
specific parameter groups, and these numerical scores are multiplied to obtain the
Structural Index Score (SIS). The final score quantitatively defines the risk level of the

structure.

Additionally, in order to calculate certain parameters on a more scientific basis, a
simplified equivalent static model was created for each structure through an interface
software developed on the OpenSees platform. This allowed for a more realistic
determination of the fundamental dynamic properties of the structures—such as
period, mass, and stiffness—and incorporated analytical results into the overall risk

scoring process.



The RSRA method was developed by Dr. Onur Avcioglu, Abdullah Tokmak, and
Kadir Akman, and was applied to 513 branch buildings of a public bank in Turkey.
The conceptual foundation of the RSRA method, however, was established

individually within the scope of this thesis.

Although the RSRA study was conducted on a total of 513 branches, the statistical
evaluations presented in Chapter 5 were carried out on 427 branch buildings. Detailed
explanations regarding the 86 buildings excluded from the evaluation are also provided

in Chapter 5.

Before implementing the RSRA applications, buildings in the bank’s inventory that
had previously undergone performance analysis or structural strengthening were
reviewed. As a result of these preliminary investigations, it was observed that in
regions where the spectral acceleration coefficient (Sds > 0.6), most buildings
exhibited insufficient seismic performance, revealing the necessity for strengthening.
This observation constituted the primary rationale for selecting Sds = 0.6 as the critical

threshold in the RSRA studies.

Therefore, during the fieldwork, buildings located in regions with Sds > 0.6 were
designated as priority inspection areas. Additionally, buildings constructed after 2010
or previously retrofitted were excluded from the study. The year 2010 marks the
nationwide implementation of Turkey’s Building Inspection Law No. 4708, and it is
assumed that structures built after this date were more likely to have been inspected

and designed in accordance with contemporary seismic codes.

As a result, a total of 638 buildings were selected as candidates for evaluation based

on these criteria, and RSRA studies were conducted on this dataset.

To determine the soil properties of the buildings, available geotechnical survey reports
were used. In the absence of such reports, publicly available data sources such as those
provided by the United States Geological Survey (USGS) were utilized to estimate the
soil shear-wave velocity (Vszo). The spectrum generated according to the soil

conditions played a significant role in the scoring process.

Within the scope of this thesis, the design drawings of 34 buildings evaluated through
the RSRA method were obtained and examined; however, only 28 of them were
subjected to a more detailed evaluation using nonlinear performance analyses. The

exclusion of the remaining six structures was due to incomplete design documentation,



inconsistencies between field and analytical data, or the lack of sufficient information
for reliable analysis. Furthermore, it was determined that past renovations had
significantly altered the dynamic behavior of certain structures. For instance, a steel
story was later added atop a five-story building; in another, basement shear walls were
largely removed; and in yet another, the concrete exhibited highly irregular aggregate
distribution and extensive corrosion. Such conditions hindered the accurate
interpretation of analyses conducted using the RSRA method and therefore led to the

exclusion of these structures from detailed evaluation.

For each of the 28 evaluated structures, nonlinear static pushover analyses were
conducted to determine whether the buildings achieved the “controlled damage”
performance level. For those that did, the spectral acceleration coefficients (Sqs and
Sa1) were gradually increased, and pushover analyses were repeated at each increment
to identify the point at which the structure exceeded its capacity limit. This approach
revealed the capacity thresholds of the structures under increasing seismic demands.
Conversely, for buildings that did not reach the controlled damage level in the initial
analysis, the spectral demand levels were gradually decreased, and the nonlinear
performance levels were examined at each stage to determine the demand level

corresponding to controlled damage.

Through this bidirectional analytical approach, a “spectrum multiplier” corresponding
to the controlled damage performance level was obtained for each building. These
multipliers were compared with the Structural Index Scores (SIS) calculated using the
RSRA method to evaluate the method’s ability to predict the seismic performance of

structures.

Furthermore, this thesis includes a comprehensive review of similar rapid screening
methods available in the literature and studies correlating these methods with structural
performance. In the following sections, the FEMA P-154, Canadian Seismic Screening
Method, P-25, and Pera2019 methodologies are introduced sequentially, followed by
a detailed discussion of the development, implementation, and comparative framework

of the RSRA method supported by the results of the pushover analyses.



1.2 Nonlinear Behavior of Structural Systems

Structural systems generally exhibit linear behavior under service loads. However,
since their behavior under earthquake loads is considerably more complex, a more
comprehensive analysis is required. When analyzing the behavior of linear systems,
the stress—strain relationships of materials are assumed to be linearly elastic, and
displacements are considered small enough that second-order effects can be neglected.
As external loads exceed service levels and approach the ultimate strength of the
structure, stresses surpass the linear-elastic limit and displacements increase

significantly.

Although structural design codes permit analysis based on linear theory, they indirectly
incorporate the effects of nonlinear behavior into structural analysis or limit this
behavior to mitigate its impact. For instance, according to the earthquake codes
published in 1997,2007, and 2018, the seismic forces acting on a structure are obtained
using the elastic spectrum in conjunction with the structural behavior factor, denoted
as R. In this context, the nonlinear structural behavior during an earthquake is
indirectly accounted for through the use of the R factor. Similarly, the TS500 standard
proposes the moment magnification method to consider second-order effects.
Moreover, by limiting the slenderness ratio (A) to a maximum value of 100, the code
ensures that the assumptions adopted in the analysis remain valid. In the calculation of
soil stresses, large safety factors are applied, thereby assuming that the soil behaves in

a linear-elastic manner.

When analyses are performed under the assumption of linearly elastic materials, large
safety factors are employed, and numerous simplifications are made. However,
designing structural systems by considering their behavior beyond the linear-elastic
range enables more realistic and economical solutions. Accounting for nonlinear
behavior requires modeling the structural response more accurately, which often
involves complex computations. Additionally, solving nonlinear systems of equations

introduces further numerical challenges.



1.2.1 Conditions That Must Be Satisfied in Structural Analysis

A structural system must be in equilibrium under external loads and internal forces.
The analysis of structural systems must satisfy the following three fundamental

conditions:

1. Constitutive Conditions: These depend on the material properties and define
the stress—strain relationships.

2. Equilibrium Conditions: These are derived from the equilibrium equations of
the structural members and the joints connecting them.

3. Geometric Compatibility (Continuity) Conditions: These refer to the continuity
relationships between the members and joints, as well as the geometric

constraints at the supports.

1.2.2 Factors Causing Nonlinearity in Structural Systems

The main factors contributing to the nonlinear behavior of structural systems are as

follows:

1. The stress—strain relationship is nonlinear because the material does not behave
in a linear-elastic manner.

2. The equilibrium equations become nonlinear due to large displacements.

In systems where displacements are not small, the equilibrium equations are written
with respect to the deformed geometry. Similarly, when displacements are large in the
geometric compatibility conditions, the continuity equations must also be expressed

with respect to the deformed configuration (see Table 1.1)

The comparison of field data obtained through the Rapid Seismic Risk Assessment
(RSRA) method with the results of nonlinear analyses is essential for a more
comprehensive understanding of the behavior of structural systems beyond their
elastic limits. In this context, the theorctical basis of the nonlinear behavior of

structural systems is addressed in the following sections.



Table 1.1: Causes of nonlinear behavior in structural systems.

Nonlinear Systems
Conditions . In In Terms of Geometric In Terms of Both
Required for Linear Terms Changes
. Systems Second- Finite Second- Finite
Solution of . .
Material Order | Displacement | Order | Displacement
Theory Theory Theory Theory
Constlt.utlve ' Not ' Not .
Equations Linear- . Linear- . . . Not linear-
. . linear- . Linear-elastic linear- .
(Stress—Strain elastic . elastic . elastic
. . elastic elastic
Relationships)
Displacements in
Equilibrium Small Small Not Not small Not Not small
. small small
Equations
Displacements in
Geome.sn:l? Small Small Small Not small Small Small
Compatibility
Conditions

1.2.3 Nonlinear Behavior of Structural Systems under External
Loads

The load parameter—displacement (P—A) relationships of a structural system subjected

to vertical and lateral loads, obtained according to both linear and nonlinear theories,

are illustrated schematically in Figure 1.1.

For a structural system in which the material is assumed to behave in a linear-elastic
manner, its response under increasing external loads, based on the first-order theory,
is represented by the straight line (I) in the figure. In the second-order theory, where
the effects of geometric changes on the equilibrium equations—that is, the second-
order effects induced by axial forces—are taken into account, different behavioral
patterns may occur depending on whether the axial force is compressive or tensile. For
example, when the axial force is compressive, as seen in curve (II), increasing external
loads cause displacements to grow at a faster rate. When the load parameter,
representing the intensity of the external loads, reaches a value denoted as PB—known
as the linear-elastic buckling load—the displacements increase indefinitely, and the
system collapses through buckling. In certain specific cases, following buckling,
increasing displacements may correspond to decreasing load parameters. Conversely,
in systems where the axial force is tensile, such as suspension structures, the P—A
diagram exhibits a strain-hardening behavior, as illustrated by curve (Ila). In systems
not subjected to lateral loads and therefore not deformed prior to buckling, a

phenomenon known as bifurcation buckling occurs when the load parameter reaches



a critical value, Pcr. As seen in the diagram (IIb), displacements increase suddenly and
approach infinity. The load that causes bifurcation buckling is termed the critical load,
which is generally equal to or slightly greater than the buckling load. Bifurcation
buckling can also occur in systems that experience deformation prior to buckling, as

indicated by curve (II).

P (IIb) Second-order linear elastic P: tension (I1a)
bl;furkclz_itlon [/ / ¥~ First-order linear elastic (I)
P B critical load

/ / Second-order linear elastic P: compression
\ buckling load

Ps

Bifurcation buckling

first-order limit load

Py
——_ first-order elastoplastic (I11)

second-order limit load

P>

second-order elastoplastic (IV)

Figure 1.1: Load parameter—displacement relationships obtained according to various

theories.

In systems composed of nonlinear materials, internal forces increase with the applied
external loads, and the linear-elastic limit is exceeded in certain sections, resulting in
nonlinear (plastic) deformations. These nonlinear deformations may spread
continuously throughout the system. However, in structures made of ductile
materials—where the ratio of total deformation at failure to elastic deformation is
large—the nonlinear deformations are typically assumed to concentrate at specific
sections, referred to as plastic hinges (or, more generally, plastic zones), while the rest
of the system remains linearly elastic. This assumption is known as the plastic hinge

hypothesis.

For a structural system analyzed under the first-order theory based on the plastic hinge

hypothesis, as represented by curve (III), the formation of plastic hinges causes part or



all of the structure to behave as a mechanism, indicating that the load-bearing capacity

has been exhausted. The corresponding load is termed the first-order limit load.

When both sources of nonlinearity are considered together—that is, when the
structural system is analyzed according to the second-order elastoplastic theory—the
resulting P—A relationship is depicted by curve (IV) in the figure. In this diagram, the
behavior initially follows curve (II) up to the point where the first critical section
exceeds the linear-elastic limit; thereafter, due to plastic deformations, displacements
increase more rapidly. In structural systems analyzed under the plastic hinge
hypothesis, as the external loads increase and reach a limiting value PL2, the formation
of plastic hinges causes the system stiffness to decrease, and the buckling load of the
structure drops below the applied load parameter. In other words, in the P—-A diagram,
increasing displacements correspond to decreasing loads. The load parameter at which
the structure loses its load-bearing capacity due to stability deficiency is defined as the

second-order limit load.

In some cases, even before reaching the limit load, large displacements, extensive
plastic deformations, or severe cracking in reinforced concrete systems may render the

structure unserviceable or lead to collapse.

Understanding these modes of nonlinear structural behavior is particularly important
for interpreting the engineering rationale behind the scoring mechanism embedded
within the Rapid Seismic Risk Assessment (RSRA) method. This theoretical
framework provides the conceptual foundation for modeling the performance classes

of buildings evaluated using the RSRA method within the scope of this thesis.

1.3 Earthquake Risks and Study Approach

A significant portion of Turkey’s land area and population resides in regions with high
seismic hazard. When combined with the insufficient structural performance of the
existing building stock under expected seismic demands, this situation poses an
extremely high earthquake risk for the country. Numerous buildings are seismically
vulnerable due to deficiencies in load-bearing systems, inadequate concrete quality,

irregularities, and construction errors.

Conducting detailed performance analyses for every building with unknown structural

adequacy across the entire building stock is neither economically feasible nor
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operationally practical. As a solution, rapid assessment methods have been developed
to prioritize buildings according to their seismic risk levels and to support decisions

regarding evacuation or the necessity for detailed performance evaluations.

The primary objective of this thesis is to examine the prioritization capability of the
newly developed RSRA method and to enhance its efficiency through necessary
improvements. By analyzing the correlation between the RSRA scores derived from
field data and the spectrum multipliers obtained from nonlinear analyses, this study
aims to demonstrate that the RSRA method serves as a field-based yet analytically

verifiable screening tool.

1.4 Scope

In the second chapter, the rapid assessment methods forming the basis of the RSRA
study—namely FEMA P-154, the Canadian Seismic Screening Method, the P-25
Method, and Pera2019—are introduced. Their field implementation procedures and
the parameters they employ are summarized. These methods are compared with the

RSRA method to evaluate its contribution to the literature.

In the third chapter, the development, application principles, parameter structure, and
version updates of the RSRA method are detailed. Additionally, supporting documents
from a previously conducted field study and examples demonstrating how certain

parameters were calculated are presented in Appendix 1.

In the fourth chapter, the relationship between RSRA scores and nonlinear analysis
results, obtained using the ETABS software and the spectrum-based multiplier

approach, is examined, and the data produced for each building are interpreted.

In the fifth and final chapter, the overall findings of the study are discussed, along with
an evaluation of the RSRA method’s effectiveness as a seismic screening tool and its

potential areas for improvement.

1.5 Studies Comparing Rapid Screening Methods with
Performance Analyses

This section provides a summary of existing studies in the literature that compare rapid

assessment methods with the seismic performance of buildings. Following this
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overview, the four principal rapid assessment methods used in this thesis—FEMA P-
154, the Canadian Seismic Screening Method, the P-25 Method, and Pera2019—are

introduced and described in detail.

1.6 Comparative Studies in the Literature

The question of how closely the scoring or prioritization results obtained from rapid
assessment methods align with the outcomes of detailed structural performance
analyses has been the subject of numerous studies in the literature. Within the scope
of this thesis, the degree of correlation between seismic risk scores obtained using
various rapid assessment methods and the results of linear or nonlinear analyses has

been examined.

Ozmen B. H. (2005), in the thesis titled Investigation of the Effects of Parameters
Used in Rapid Assessment Methods on Structural Performance, first modeled two
reinforced concrete buildings with four and seven stories without any irregularities.
Subsequently, common irregularities such as short columns, soft stories, enclosed
cantilevers, and wide stirrup spacing were introduced, and performance analyses were
conducted for each scenario. This study demonstrated which types of irregularities
most significantly affect structural performance and to what extent rapid assessment

methods are capable of predicting such effects.

Yakut (2004), in the paper titled Preliminary Seismic Assessment Procedure,
proposed a rapid assessment model that considers parameters such as soft stories, short
columns, plan irregularities, vertical irregularities, and structural quality. Coefficients
influencing structural behavior were defined for each parameter, and a scoring

framework was developed accordingly.

Dilan K. (2019), in the thesis Comparison of Parameters Used in Rapid Screening
Methods with Structural Earthquake Performance, selected a five-story reinforced
concrete frame building as a reference structure. Each irregularity parameter (such as
insufficient stirrup spacing or vertical irregularity) was applied individually, and
variations in the obtained rapid assessment scores were analyzed to determine the

sensitivity of the scoring system to specific deficiencies.

Polat N. (2025), in the thesis Comparison of P25, Ryteie 2019, and Pera Methods with
TBEC 2018 Performance Analysis Results for an Existing Reinforced Concrete
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Building, performed a nonlinear multimodal pushover analysis in accordance with the
2018 Turkish Building Earthquake Code (TBEC 2018) to determine the performance
level of a three-story reinforced concrete building located in Serdivan, Sakarya. The
same building was analyzed using the Pera and RYTEIE 2019 rapid risk assessment
methods, and the compatibility between these methods and the code-based analysis

results was investigated.

Al-Nimry et al. (2015), in their paper Rapid Assessment for Seismic Vulnerability of
Low and Medium Rise Infilled RC Frame Buildings, presented a rapid assessment
approach for low- and mid-rise reinforced concrete buildings. The proposed method
incorporated parameters such as heavy overhangs, plan irregularities, and soft/weak
stories. The influence of these parameters on visual screening and capacity indices was

integrated into the model through performance multipliers and coefficient factors.

Vulas Y. (2014), in the thesis Performance Analysis of Existing Reinforced Concrete
Buildings Using the PERA Method, compared the Rapid Performance Evaluation
Method (PERA) with the Regulation on Structures to be Built in Seismic Zones and
the Principles for the Determination of Risky Buildings applicable in Turkey.

Ergun M. (2007), in the thesis Comparison of the Japanese Seismic Index Method
and Nonlinear Incremental Pushover Analysis Results in Determining the Seismic
Performance of Buildings, analyzed two reinforced concrete school buildings using
the Japanese Seismic Index Method and subsequently performed Incremental
Pushover Analyses on the same structures. The results obtained from both approaches

were compared to assess consistency.

Ozkul B. and Giilgeg E. (2022), in the paper Comparison of the Seismic Performance
of a Reinforced Concrete School Building Using Four Different Rapid Assessment
Methods, evaluated the earthquake performance of a previously studied reinforced
concrete frame-type school building using four different and one revised rapid
assessment methods. The results obtained from each method were compared,

identifying the relative strengths and limitations of each approach.

Finally, Cirak C. (2016), in the thesis Evaluation of Seismic Performance Determined
by Rapid Assessment and Detailed Investigation Methods in Existing Buildings,

examined the consistency between commonly used rapid assessment methods in
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Turkey and nonlinear analysis results, assessing which methods are more applicable

and reliable in practice.

The aforementioned studies collectively reveal the extent to which rapid assessment
methods correspond with actual structural behavior observed in the field. Furthermore,
they provide valuable insight into the relative significance of various parameters under
different conditions, highlighting which factors are most decisive in rapid seismic

evaluation.

1.6.1 Rapid Assessment Methods Introduced in This Thesis

In this thesis, four rapid assessment methods—FEMA P-154, the Canadian Seismic
Screening Method, P-25, and Pera2019—are comparatively analyzed. Although these
methods rely on different data sources and parameter priorities, their common

objective is to rapidly estimate the seismic risk of existing buildings.

FEMA P-154 Rapid Visual Screening Method: Developed by the Applied
Technology Council (ATC), this method aims to determine the seismic risk potential
of buildings through exterior and interior visual observations. During the assessment,
parameters such as structural type, construction year, number of stories, irregularities,
and soil conditions are recorded using standardized forms. The collected data are
processed through weighted factors to compute an “S” score, which is then used to

classify the building’s risk level.

Canadian Seismic Screening Method: Developed by the National Research Council
of Canada (NRCC), this method establishes a Seismic Performance Index (SPI) that
accounts for both structural and non-structural components. The Structural Index (SI)
is obtained by multiplying coefficients A (seismicity), B (soil conditions), C (structural
system), D (irregularities), and E (building importance). The Non-Structural Index
(NSI) is defined based on coefficients B, E, and F (non-structural hazards). The sum
of SI and NSI yields the SPI value, which is used to prioritize buildings for further

evaluation.

P-25 Method: Developed in Turkey as an improved version of previous models such
as P5 and P24, this method incorporates a broad set of parameters, including infill wall

characteristics, column and shear wall stiffness, structural irregularities, number of
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stories, soil type, and material properties. The total score, referred to as the “P” score,

is used to classify buildings into low, moderate, or high seismic risk categories.

Pera2019 Method: Initially proposed by Ilki et al. (2014) and later updated under the
name PERA2019, this method was developed for the rapid seismic performance
evaluation of reinforced concrete buildings. The approach considers, based on field
data, the shear force (V.), shear capacity (V:), moment capacity (M;), and axial loads
of columns and shear walls. The computed demand-to-capacity ratios (r, = V¢/V: and
1, = M¢/M;) and interstory drift ratios serve as the primary indicators for assessing
element damage levels. In addition, reduction coefficients are introduced to account
for structural irregularities, allowing for a more realistic risk classification. In this
framework, if any column or shear wall at the ground floor exhibits a high-risk

condition, the building is classified as “high risk.”

In this thesis, these methods are also compared with the Rapid Seismic Risk
Assessment (RSRA) approach to identify the aspects in which RSRA provides a more

detailed and distinctive evaluation framework.
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2. RAPID SEISMIC RISK  ASSESSMENT
METHODS: APPLICATIONS IN THE
LITERATURE AND A COMPARISON-BASED
APPROACH

In countries exposed to significant earthquake risk, conducting detailed engineering
analyses for every structure within the building stock is practically unrealistic due to
the sheer number of buildings. This has necessitated the development of rapid
assessment methods, which allow for the prioritization of vulnerable buildings and the
efficient allocation of resources. Rapid screening methods aim to provide an evaluation
that is based on field observations, can be completed within a short time, and can be

applied by an experienced engineer in field conditions.

In this chapter, the FEMA P-154, Canadian Seismic Screening Method, P-25, and
Pera2019 approaches—widely used in the international literature and developed for
the building typologies of different countries—are examined systematically. Each of
these methods aims to estimate the seismic risk level of buildings by taking into
account different geographical, structural, and regulatory conditions. Accordingly,

they are comparable in terms of their assessment principles and scoring frameworks.

The rapid assessment methods presented in the following subsections are analyzed
with respect to their data collection procedures, field application principles, and
computational approaches. The structure offered by these methods constituted both the
conceptual and practical foundation for the development of the RSRA method and

forms the basis of the comparative analyses discussed in later chapters.

2.1 Fema P-154 Rapid Screening Method

The FEMA P-154 Rapid Screening Method is a screening procedure that can be
considered a preliminary evaluation stage for identifying potentially hazardous
buildings using on-site observational data. The method enables an initial judgment
regarding the expected seismic performance of a structure without performing a

detailed analysis. Developed in the United States by the Applied Technology Council
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(ATC), it was last updated in 2015 and is still widely used internationally as a primary

screening tool for various building inventories.

The key advantage of the method is that it allows a building to be screened in
approximately 15-20 minutes and provides a generalized performance indicator
(score). This is particularly beneficial for prioritizing large building stocks by saving

both time and resources.
The FEMA P-154 method consists of two main stages:

e Level 1 Screening: Collection of building data through rapid on-site visual
inspection and scoring via a standardized form.

e Level 2 Screening: Collection of more detailed observational data and
refinement of the score in cases where the Level 1 score is insufficient or

uncertainty remains.

Through these two stages, an initial evaluation of whether the building is considered
seismically at risk can be made. The application principles of the FEMA P-154

method, along with details of each stage, are presented in the following sections.

2.1.1 Overview of the Screening Procedure

The FEMA P-154 rapid screening method is a field-based, quick, and low-cost
approach that facilitates the identification of potentially risky buildings within a
building stock. It is used as a pre-screening tool prior to detailed structural analysis,
ensuring that only structures with real seismic risk are subjected to more

comprehensive evaluation.

The procedure consists of two stages. The first stage involves a rapid field inspection
lasting approximately 15 minutes; the second stage consists of a more detailed field

investigation and scoring process, which can only be conducted by qualified engineers.

In the first stage, fundamental data such as the structural system type, building use,
height, and year of construction are collected. These data are entered into one of the
five different data collection forms prepared in accordance with the seismic region in
which the building is located. During the inspection, particular attention is given to
horizontal and vertical irregularities, separation distance from adjacent buildings,

safety of exterior nonstructural components, and site characteristics.
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No structural calculations are required during the screening process. Based purely on
observational data, a score called the Final Level 1 Score (SL1) is obtained. This score
is evaluated by comparing it with the threshold values recommended by FEMA. If SL1
> 2.0, the building is considered seismically acceptable; otherwise, a more detailed

investigation or a performance analysis is recommended.

The second stage is optional and applied only when additional information is required
or when a clear judgment cannot be made based on the first-stage observations. In this
stage, more comprehensive score modifiers and nonstructural hazards are evaluated.
The Level 2 form also includes additional risk factors such as short columns, soft

stories, story-level discontinuities, additions, and plan irregularities.

The data collection forms used in this process vary according to structural type and
seismic region, and each includes score modification coefficients specific to certain
building characteristics. The content of the forms and the detailed application

principles are explained in later sections.

2.1.2 Stage One: Screening Steps

The rapid visual screening process carried out within the scope of FEMA P-154 begins
with the first-stage screening conducted in the field. This stage aims to inspect the
building on site within a short period of time and to rapidly evaluate its seismic
performance based on its fundamental structural characteristics. The inspection
typically takes about 15-30 minutes per building. The evaluation is performed mainly
through observations of the exterior fagades; however, where possible, the interior of

the building is also examined.
The screening steps can be summarized as follows:

e Pre-Field Planning: Preliminary information such as the building’s location,
year of construction, and intended use is collected. The seismicity level of the
region, site class, and geological hazards are investigated. This information
ensures that the correct version of the Level 1 Data Collection Form is selected
(see Figure 2.1).

e Completion of the Data Collection Form: The sections of the standard forms

provided by FEMA P-154 are filled in sequentially. These sections include
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building identification data, number of stories, structural type, construction

material, site characteristics, structural irregularities, and observed damage.

Rapid Visual Screening of Buildings for Potential Seismic Hazards
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RW5 Level 1 Data Collection Form for High seismicity region.

1: Introduction

FEMA P-154

Figure 2.1: Level 1data form for the rapid screening method.

18




Identification of Building Type: The evaluator selects the most appropriate
type among the 17 building categories defined by FEMA for the structure being
assessed (for example, S1 — Steel Moment Frame, C1 — Concrete Moment
Frame, URM — Unreinforced Masonry, etc.). This selection is critically
important for the calculation of the basic score (see Figure 2.1).
Determination of the Basic Score: Based on the selected building type and the
seismicity of the region in which the structure is located, the Basic Score
defined in FEMA P-154 is determined. This value represents the initial risk
level of the building.

Application of Score Modifiers: The score is increased or decreased according
to various parameters such as the structural system type, year of construction,
site class, and vertical or plan irregularities. The score modifiers are determined
using the tables provided in FEMA P-154.

Calculation and Interpretation of the Final Score: The sum of the Basic Score
and the score modifiers constitutes the final Level 1 score for the building. If
this score is below the specified threshold, the structure is considered to have

high seismic risk and is referred to Level 2 evaluation.

2.1.2.1 Building Identification Information

One of the initial steps of the rapid visual screening process is to collect the basic

identification information of the building under examination. Located in the upper-

right portion of the FEMA P-154 Data Collection Form, this information contributes

both to maintaining orderly records in the field and to the subsequent reporting process

after analysis. It also facilitates the re-identification of the building in any future

detailed evaluations (Figure 2.2).

The principal information requested on the form is as follows:

Address and Building Name: The full address of the building under evaluation
and its specific name, if any, are recorded. This information is particularly
important in large-scale screening campaigns involving many buildings, as it
helps prevent confusion.

Latitude and Longitude: The geographic coordinates of the building are

determined using a GPS device or mapping services and entered on the form.
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These data allow correlation with seismic hazard maps and enable an accurate
definition of the seismic hazard level at the building site.

e Screener and Date: The name of the person conducting the assessment and the
date of the screening are recorded to ensure transparency and traceability of the

evaluation process.

Address:

Zip:

Other Identifiers:
Building Name:

Use:

Latitude: Longitude:
Ss: St
Screener(s): Date/Time:

Figure 2.2: Building identification information.

2.1.2.2 Number of Stories, Year of Construction, and Height

Building height, number of stories, and year of construction are among the
fundamental inputs in the FEMA P-154 screening form that influence the seismic
performance potential of a structure. These parameters reflect not only the geometry
of the building but also the engineering design criteria and the level of compliance

with the codes in force at the time of construction (Figure 2.3).

e Number of Stories: When determining the number of stories, the topographic
conditions of the site must be taken into account. On sloping ground, all levels
from the lowest point of the building to the highest point of the roof should be
counted. Basement levels or underground parking areas must also be included
in the assessment.

e Year of Construction: The design or construction year of the building provides
insight into the building codes that were in effect at that time. For structures
designed according to earlier codes, it is likely that earthquake-resistant design
criteria were inadequate or absent. Therefore, the year of construction is

particularly important for classification as “pre-code” or “post-code”.
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e Height: The total height of the building is another important factor affecting its
behavior during an earthquake. Taller structures generally have longer
fundamental periods, which is directly related to spectral acceleration. Building
height is evaluated together with the number of stories and design year in the

FEMA P-154 scoring system and can directly influence the risk score.

'No. Stories: Above Grade: Below Grade: Year Built: 0O
Total Floor Area (sq. ft.): Code Year:
Additions: [ None [ Yes, Year(s) Built

Figure 2.3: Building characteristics.

2.1.2.3 Photographing the Building

In the rapid screening process conducted within the framework of FEMA P-154,
photographing the building is important not only for visual record-keeping but also
from a structural evaluation standpoint. Building photographs help document potential
irregularities and damage risks while also contributing to the visual completeness of

the form (Figure 2.4).
The following criteria should be observed when taking photographs:

e Facade Photographs: At least one photograph should be taken from each side
of the building (front, rear, right, and left facades). This allows the structural
arrangement and architectural features of all facades to be analyzed.

e Adjacency Conditions: The position of the building relative to neighboring
structures (attached, detached, block-type configurations, etc.) should be
clearly shown. This information is important for assessing the risk of pounding.

e Vertical and Horizontal Discontinuities: Potential irregularities such as large
openings at the ground floor, cantilevered projections, and mezzanine levels
should be explicitly documented.

e Nonstructural Elements: The condition of nonstructural components such as
chimneys, parapet walls, exterior cladding, and external mechanical units
should be clearly recorded.

e Interior Views: Where access is possible, photographs should be taken of the
interior structural system, including the layout of columns, shear walls, and

beams. In reinforced concrete buildings, particular emphasis should be placed
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on column—beam joints, short columns, and regions where soft-story behavior
may occur.

e Sketch and Location: A sketch placed adjacent to the photograph area, showing
the building’s position and orientation within the street, increases the reliability

and clarity of the assessment.

Figure 2.4: Illustrates an example layout of suitable photographs taken for a typical
building.

2.1.2.4 Occupancy and Use Information

The FEMA P-154 rapid screening method incorporates not only structural
characteristics but also the occupancy type and occupancy level of the building into
the evaluation process. The use of a structure is directly related to the consequences of
an earthquake, and this information is especially critical for buildings that must be

prioritized in terms of life safety.

On the data collection form, the occupancy type of the building is marked using one

of the following classifications:

e Residential

e (Commercial

e Educational

e Emergency Services

e Industrial

e Office

e Assembly (such as auditoriums, cinemas, and other gathering spaces)

e Warehouse
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e Public Utility

In addition, some buildings may be classified as “Critical Facility”. This group
includes structures such as hospitals, fire stations, police stations, and disaster
coordination centers, which are required to remain operational even in the event of
damage. For such buildings, it is assumed that they must maintain functionality under

all circumstances (Figure 2.5).

The occupancy condition of the building is evaluated according to whether it is

actively inhabited or used. The following questions are particularly important:

e Is the building currently in use or abandoned?
e What is the occupancy level? (fully occupied, partially occupied, vacant)
e [s the use temporary or permanent?
e Are people present inside the building for most of the day?
Occupancy:  Assembly Commercial Emer. Services [ Historic [ Shelter

Industrial Office School O Government
Utility Warehouse Residential, # Units:

Figure 2.5: Presents in detail the occupancy and use classification employed within

the FEMA P-154 framework.

2.1.2.5 Evaluation of Site Class and Geological Hazards

In assessing the effects of earthquakes on structures, not only the characteristics of the
building itself but also the properties of the supporting soil are decisive. For this
reason, the evaluation of site class and potential geological hazards during pre-field
preparations and on-site investigations is of great importance within the FEMA P-154

method (Figure 2.6).

Selection of Site Class

In FEMA P-154, if the site class is not known, Site Class D is assumed by default.
However, this assumption may be revised based on local geotechnical investigation
reports, geological maps, and data from local authorities for the region where the
building is located. The site class is one of the score modifiers that directly affects the

performance score of the building.

The general site class categories are as follows:
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e A:Hard rock

e B:Rock

e (: Very dense soil and soft rock
e D: Stiff soil profile (soft soil)

e E: Soft soil profile (very soft soil)

e F: Special soils (e.g., liquefiable soils, peat, etc.)

Soil Type: [JA [IB [OC [b [OE L[JF DNK
Hard Avg Dense Stiff Soft  Poor  HDNK assume Type D.
Rock Rock Soil Soil Soil Soil

Figure 2.6: Typical site classes and their levels of influence.

Geological Hazards

In addition to site class, certain distinct geological risks can threaten structural safety

in some regions (Figure 2.7). FEMA P-154 considers the following hazards:

e Liquefaction Potential: If the soil is saturated and consists of loose granular
material, it may lose its bearing capacity during shaking.

e Landslide Risk: On sloping terrain, ground movement may threaten the
stability of the structure.

e Surface Fault Rupture: The case in which the building is located directly on an
active fault trace.

e Settlement / Ground Subsidence: A risk particularly associated with loose fill

or compressible soils.

The presence of these hazards, where observed in the field, should be marked under
the “Other Hazards” section of the data collection form. Identification of such hazards

may trigger a recommendation for detailed structural evaluation of the building.

Geologic Hazards: Liquefaction: Yes/No/DNK Landslide: Yes/No/DNK Surf Rupt.: Yes/No/DNK

Figure 2.7 : Geological hazards defined in FEMA and criteria for field identification.

2.1.2.6 Identification of Structural Irregularities

One of the most important parameters directly affecting the performance of buildings

under earthquake loading is the regularity and continuity of the structural system. The
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FEMA P-154 rapid screening method places substantial emphasis on the identification
of structural irregularities based on field observations. It is well known that vertical
and horizontal discontinuities may cause damage to concentrate in certain regions of a
building and, in some cases, lead to partial or total collapse. For this reason,
irregularities that can be visually identified are systematically examined in the

screening form and a score modifier is applied for each.

The principal types of structural irregularities considered in the FEMA P-154
procedure are presented below, and each is discussed in detail under its own

subheading.

Pounding

Pounding refers to damage caused by the impact of adjacent buildings during an
earthquake. When buildings with different dynamic properties oscillate out of phase
during seismic shaking, serious structural damage can occur, particularly if the
separation distance between them is insufficient. If pounding occurs at approximately
mid-height of a column, it introduces an additional risk. Such interactions may lead to
cracking, crushing, localized collapse, and even complete failure of load-bearing

elements.

Within the FEMA P-154 screening method, the relative positions, height differences,
and separation distances of neighboring buildings are visually examined. If there is
insufficient separation between two structures and one or more of the following criteria
are met, pounding risk is considered present and the relevant box on the screening form

is checked:

e Misalignment of floor levels: If the floor levels between adjacent buildings are
different and the mass distribution is not aligned (for example, one structure is
four stories and the other six stories),

e Proximity of buildings with different heights: A taller building may overturn
or impact a shorter neighboring structure,

e Location at the end of a building row: In a continuous row of attached

buildings, those located at the ends of the row are generally more vulnerable.

FEMA defines recommended minimum separation distances per story according to the

level of seismicity, as presented in Table 2.1.
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Table 2.1: Minimum separation distance by seismicity level.

Recommended Minimum Separation

Seismicity Level (inches per story)

Very High 2.0 inches
High 1.5 inches

Moderate 1.0 inch
Low 0.5 inch

For buildings where pounding risk is identified, the relevant section of the FEMA form
is marked, an explanatory note is added, and the “Detailed Structural Evaluation
Required” box is checked. Furthermore, if there are any preliminary signs of impact
damage on the facades or columns where pounding is expected, these should be noted

separately and documented with photographs.

Vertical Irregularities

Vertical irregularities arise when the mass, stiffness, or load-carrying capacity of a
building changes abruptly along its height. Under seismic loading, this leads to
disproportionately large displacements and stresses at certain stories compared to
others, thereby increasing the likelihood of severe damage or collapse at those levels

(Figure 2.8).

The FEMA P-154 screening system classifies vertical irregularities into two categories

according to severity:

e Severe Vertical Irregularities: Conditions that significantly affect structural
performance, such as ground stories with substantial stiffness reductions or
excessive story height differences.

e Moderate Vertical Irregularities: Less pronounced but still important height

differences or intermediate stiffness transitions that require attention.

Common Types of Vertical Irregularities:

¢ Ground floor left open for commercial use while upper floors are residential:
On the ground floor, the number of load-bearing elements or partition walls
may be reduced, and when combined with soft/weak-story effects, this leads to

vertical irregularity.
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e Significant differences in story height: For example, a 5 m ground story with 3
m upper stories can adversely affect vertical load transfer and the building’s
response to lateral seismic forces.

e Sudden changes in stiffness: When exterior walls are removed at the ground
floor but retained at upper levels, or when the cross-sectional dimensions of
columns and shear walls are significantly reduced at a higher story, large

stiffness variations between stories occur.

Figure 2.8: Example of vertical irregularity in a building with varying story heights.

Vertical Irregularity Check in FEMA P-154

During the screening, the following questions are assessed visually:

e Are story heights similar across all levels?
e Do vertical load-bearing elements (columns, shear walls) remain continuous
through all stories?

e Are there significant openings or stiffness reductions at the ground floor?

If these questions are answered negatively, the “Vertical Irregularities” box on the
form is checked and the severity (Severe / Moderate) is specified. Relevant

photographic documentation and observation notes are also attached to the form.

Sloped Site

Buildings located on sloping ground exhibit much more complex dynamic interaction
with the supporting soil than those on level terrain. In particular, where there are no

stiff basement walls and one side of the building is almost completely exposed,
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significant stiffness imbalances can arise in certain regions of the structure. Within

FEMA P-154, such conditions are treated as a type of vertical irregularity (Figure 2.9).

Figure 2.9: Building located on a sloped site.

Risks Associated with Sloped Sites:

e When significant elevation differences exist between story levels, stress
concentrations may occur at transitions between stiff and soft zones.

e During an earthquake, the portion of the building on the uphill side generally
behaves more stiffly, while the downhill side is relatively more flexible and
subjected to larger displacements.

e The risk of short-column behavior is elevated because some columns may

become effectively shorter and stiffer than others.

Acceptable Slope Limits According to FEMA

According to FEMA P-154:

e For W1 (light wood-frame) buildings, if the elevation difference across the
length of the building reaches one full story, the condition should be classified
as a severe vertical irregularity.

e For other structural types, if such slopes exist but stiff basement walls are

present, the condition may be classified as a moderate vertical irregularity.

Screening Form Actions:

e [f a sloped site is identified, this condition is indicated in the “Vertical

Irregularities” section by checking the appropriate box.

28



e It is also recommended to record the condition under “Other Hazards”,

accompanied by a brief note and photographs.

Weak and/or Soft Story

During earthquakes, structural damage often concentrates at stories that are weak or
flexible in terms of strength and stiffness. This situation is especially common at
ground floors and significantly increases the risk of collapse. FEMA P-154 defines

these behaviors as “weak story” and “soft story” irregularities (Figure 2.10).
Definitions:

Weak Story: A story where the load-bearing elements have lower strength compared

to those of the story above.

Soft Story: A story where the lateral stiffness of the structural system is lower than that
of the story above. This condition is common at ground floors used as commercial

spaces or open parking areas.

Figure 2.10: Example of a building with a soft-story irregularity.

Screening in FEMA P-154:

e During observation, if the ground story contains large openings, lacks load-
bearing walls, includes wide garage openings, or has extensive glass facades,
the story may be considered weak and/or soft.

e Significant differences in story height, flat-slab systems without beams, or

wide open-shopfronts at the ground floor also fall into this category.
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FEMA Evaluation:

e For light wood-frame structures (W1), this irregularity is considered
particularly hazardous.

o If the ground story serves as an occupied level and carries the full
superstructure above, the condition should be classified as a “severe vertical

irregularity”.

Screening Form Notes:

e The relevant boxes under “Vertical Irregularities” are checked.

e Observation notes and explanations are recorded in the “Comments” section.

Out-of-Plane Setback

This type of irregularity occurs when vertical load-bearing elements (columns, shear
walls, walls) in the upper stories are not aligned in the same vertical plane with those
in the story below. Architectural features such as set-back upper stories or cantilevered

floor slabs can cause this condition (Figure 2.11).

Definition and Causes:

e When continuity of vertical load-bearing elements at lower levels is not
maintained, irregularities in load transfer occur during an earthquake.

e High displacement and rotation demands can lead to the accumulation of shear
and flexural damage in certain structural components.

e If the upper floor slab projects beyond or is recessed relative to the wall or

column below, the slab may act as a cantilever.

Figure 2.11: Example of a building with an out-of-plane setback at upper stories.
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Application in FEMA P-154:

e If vertical structural elements are misaligned in elevation, this irregularity is
classified as a severe vertical irregularity.
e Such conditions are considered a significant performance deficiency in FEMA

P-154 and lead to a reduction of the score.

Observation Criteria:

e From visual inspection of the building’s fagades, it should be evaluated
whether cantilevered slabs, balconies, or projections disrupt the continuity of
the load-bearing system.

e Changes in use, particularly at commercial stories, may also introduce this

irregularity.

Screening Form Notes:

e Observations are recorded by checking the “Out-of-Plane Setback™ box under
“Vertical Irregularities”.

e Any additional details are documented in the comments section.

In-Plane Setback

In-plane setback refers to the lack of continuity of load-bearing elements in the plan,
where vertical elements in upper stories (such as shear walls or columns) are not
aligned with those in the stories below. This disrupts the continuity of the structural

system and adversely affects the uniform transfer of lateral loads (Figure 2.12).

Typical Conditions:

e Load-bearing elements in upper stories may have been removed or relocated at
the ground floor.

e Corner shear walls may exist in upper stories but be absent at the ground level.

e Such modifications, often made for architectural, commercial, or openness

requirements, can disturb diaphragm action.
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Shear walls above are
offset from shear walls at
ground story

Figure 2.12: Example of an in-plane setback.

Evaluation in FEMA P-154:

¢ In-plane setbacks are classified as moderate vertical irregularities.
e They are treated as negative score modifiers within the scoring system.

e The irregularity is particularly critical in W1, C1, and C2 type buildings.

Observation Clues:

e When examining floor plans, it should be checked whether upper-story shear
walls or columns continue down to the ground floor.
e Visible gaps or discontinuities in the structural system, especially at the front

or side fagades, may indicate this condition.

Screening Form Marking:

e The “In-Plane Setback™ option is checked on the form.

e Ifnecessary, further explanation is provided in the comments section.

Short Column Effect

The short column effect is a critical type of irregularity that occurs when the effective
height of a column is reduced by adjacent elements, causing it to behave as if it were
shorter than its actual height. During an earthquake, such columns are subjected to
higher shear forces because of their reduced height and may suffer severe damage. For
example, as illustrated in Figure 2.13, if 2 out of 8 columns on a fagade are identified
as short columns, then the short-column ratio on that facade reaches 25%. According

to FEMA P-154, if 20% or more of the vertical load-bearing elements on a given

32



facade behave as short columns, the building is considered to have a short-column
irregularity. In Level 2 evaluation, this condition is treated as a negative score modifier

and typically results in an approximate reduction of 0.7 in the score.

Formation of the Short Column Effect:

e Ifaportion of a column is partially infilled by walls, windows, or parapets, its
effective length is reduced.

e Only the exposed portion of the column is then free to deform laterally.

e Mezzanine floors, partial infill walls, or intermediate slab levels often trigger

the short column effect.

2 short piers (out of 8 total on this
line) > 20%

Figure 2.13: Examples of conditions that lead to the short column effect.

Evaluation in FEMA P-154:

e The short column effect is classified as a severe vertical irregularity.
e  When visually detected, negative score modifiers are applied.
e [tis particularly critical for reinforced concrete frame systems such as C1, C2,

PC1, and PC2.

Observation Criteria:

e Special attention should be paid to regions where column height is significantly
reduced (for example, below window openings).

e [fpart of a column is covered by a slab edge or an infill wall, the presence of
the short column effect should be assumed.

e Diagonal cracking observed in columns of earthquake-damaged buildings is a

typical sign of the short column effect.
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Screening Form Marking:

e The “Short Column Effect” box is checked on the form.
e All observed short columns are photographed and recorded in the “Comments”

section.

Split Level

A split-level condition arises when different parts of a building have floors at different
elevations. This disrupts the continuity of the floor diaphragm and can hinder the

proper transfer of seismic forces (Figure 2.14).

Definition and Importance:

e The presence of multiple floor levels at different elevations within the same
structure introduces discontinuities in lateral load paths.

o The effective transfer of lateral forces to the foundation through shear walls or
columns is impeded.

e This condition leads to additional demands on systems that rely on diaphragm
behavior and causes abrupt changes in stiffness.

e [t can also contribute to the development of short-column effects in some

structural members.

Figure 2.14: Example of a building with a split-level configuration.

Evaluation in FEMA P-154:

e Split-level configuration is treated as a vertical irregularity.
e [tis considered to have a moderately adverse influence and leads to a reduction

in the building’s score.
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e According to FEMA P-154, light wood-frame (W 1) structures are particularly

vulnerable to this irregularity.

Observation Criteria:

e Differences in floor elevation levels should be carefully checked.

e The presence of internal areas connected by short ramps or stairways indicates
an increased likelihood of split-level conditions.

e If the continuity of the diaphragm is interrupted, load transfer paths are

disturbed and the seismic performance of the structure is reduced.

Screening Form Marking:

e The “Split Level” box is checked on the screening form.

e The split-level condition is explained and documented with photographs.

Other Vertical Irregularities

Beyond the standard vertical irregularities defined in FEMA P-154, there are certain
special conditions that can adversely affect structural performance. Although such
irregularities do not occur in every building, they must be carefully evaluated when

observed.

Definition and Importance:

e Discontinuities in the vertical load-bearing system, abrupt changes in stiffness
distribution, mass irregularities, or unexpected structural details are examined
under this heading.

e These irregularities can cause seismic energy to concentrate in localized
regions, leading to local damage or even collapse.

e They are often introduced by architectural preferences or subsequent

renovations.

FEMA P-154 Approach:

e These irregularities are recorded under the heading “Other Vertical
Irregularities” on the screening form.
e The evaluating engineer notes any features that may affect performance but are

not explicitly included in the standard irregularity categories.
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e This section particularly relies on the judgment of an experienced engineer, as

FEMA does not define a fixed list for such conditions.

Example Cases:

e Overloaded individual columns,

e Asymmetric roof masses,

e Partition walls added in a manner inconsistent with the load-bearing system,

e Sudden increases in story height or large openings concentrated at a single

level.

Screening Form Marking:

e Any vertical irregularities observed in the field that are not explicitly listed in
FEMA'’s classification are documented in this section.
e They are supported with brief explanations and, where possible, photographs

or sketches.

Note: This heading provides a flexible means of incorporating experience-based
engineering judgment into the FEMA scoring system. The observed condition and its

expected impact on building performance should be clearly described.

2.1.2.7 Plan Irregularities

Plan irregularities arise when a building is not designed in a symmetric and regular
manner in the horizontal plane. Such irregularities may cause torsional response of the
structure or concentration of stresses in certain regions under lateral loading. FEMA
P-154 defines several basic criteria and visual indicators for the identification of these
irregularities. Buildings with E-, L-, T-, U-, or plus-shaped plans, excessive openings,
or non-orthogonal load-bearing systems are generally classified as having plan

irregularities.

Torsional Irregularity

Torsional irregularity occurs when load-bearing elements (such as reinforced concrete
shear walls or frames) are not symmetrically arranged with respect to the center of
mass of the building. This asymmetric configuration introduces torsional effects
during an earthquake, causing some columns and beams to experience greater demands

than expected (Figure 2.15).
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Figure 2.15: Example of torsional irregularity caused by asymmetrically placed
shear walls.

Non-Orthogonal Systems

FEMA P-154 defines systems in which load-bearing elements do not intersect at right
angles as “non-orthogonal systems”. When the connection angles between structural
elements in plan deviate from 90 degrees, uncertainties in load transfer and torsional

effects are amplified (Figure 2.16).

Figure 2.16: Example of a non-orthogonal building layout.

Non-Uniform Floor Plans / Re-entrant Corners

When a floor plan has E, L, T, U, or plus shapes and the re-entrant projections at
interior corners exceed 6 m (20 feet), stress concentrations and localized torsional
effects frequently occur. Such buildings can exhibit both plan and vertical irregularities

(Figure 2.17).
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L-Shaped T-Shaped U-Shaped

Figure 2.17: L- and T-shaped building plans with re-entrant corners.

Diaphragm Discontinuity

If there are large openings or weak connection regions within floor diaphragms, the
ability of the diaphragm to transfer lateral loads is reduced. Large atrium openings or
vertical shafts within the floor are typical causes of diaphragm discontinuity (Figure

2.18).
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Figure 2.18: Example of a building with diaphragm discontinuity.

Qut-of-Plane Offset of Columns and Beams

When beams in plan are not aligned with the axes of columns, abrupt shear forces may
develop at beam—column joints. This increases the risk of cracking or local failure in

the joint region (Figure 2.19).

Figure 2.19: Example of beam—column misalignment.
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2.1.2.8 Unusual Conditions and Hazards

Within the FEMA P-154 method, attention must be paid not only to the structural
system of buildings but also to conditions related to the building environment and its
history. Certain hazards may pose risks to life safety and necessitate detailed

evaluation, even if they do not directly affect the structural response.

The situations evaluated under this heading are generally listed near the bottom of the

Level 1 screening form and are recorded based on the observations of the evaluator.

Risk of Falling or Overturning Nonstructural Elements

Nonstructural components such as chimneys, parapet walls, exterior cladding, and
large billboards may easily overturn during an earthquake. If these elements are loose,

cracked, or inadequately anchored, they can cause serious casualties (Figure 2.20).

Figure 2.20: Solar panels with a risk of falling during an earthquake.

Damage from Previous Earthquakes

If signs of previous earthquake damage are observed—such as column cracking,
exposed reinforcement, deflection or crushing in vertical load-bearing members—the
performance of the building must be questioned and a detailed assessment should be

recommended.

Abandoned or Poorly Maintained Buildings

Buildings that have been unused for a long time or have not been adequately
maintained may exhibit deterioration such as concrete carbonation, reinforcement
corrosion, moisture damage, or loss of cross-section in reinforcement. These

conditions directly reduce the structural capacity.
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Foundation Distress and Ground Settlement

If ground settlement, separation of the foundation from the soil, or evidence of slope
instability is observed around the building, such conditions may lead to unstable

behavior under seismic loading.

Fire or Impact Damage

In buildings that have experienced fire or impact to the structural system (for example,
vehicle collision), microscopic or visible damage to the concrete and reinforcement

may exist. These defects reduce the seismic capacity of the structure.

Geological Risks

If hazards related to the site, such as landslides, liquefaction, or surface faulting, are
observed, the building is directly exposed to significant risk. In such cases, the relevant

box on the form should be checked and a detailed analysis recommended (Figure

2.21).
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Figure 2.21: Building located on a slope under landslide risk.

2.1.2.9 Identification of Structural System and Material Type

In the FEMA P-154 rapid screening method, the structural system type and the material
from which this system is constructed are among the most critical factors determining
the seismic performance of a building. At this stage of the Level 1 screening, the
evaluator is responsible for classifying the building according to both its structural

system and material type.

FEMA Building Types and Classification Criteria

In FEMA P-154, buildings are grouped into 17 main categories based on structural
system and construction material. This classification provides a general indication of
the expected performance and is used in the calculation of the Basic Score (see Table

2.2).
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Table 2.2: Classification and abbreviations of FEMA P-154 building types.

FEMA
No Description
Type Code

1 Wi Light wood-frame building (single- or multi-family, low-rise)
2 WIA Multi-story, multi-unit light wood-frame building

3 W2 Heavy wood-frame commercial/industrial structures (>5000 ft?)
4 S1 Steel moment frame

5 S2 Steel braced frame

6 S3 Light metal structure

7 S4 Steel frame with cast-in-place reinforced concrete shear walls

8 S5 Steel frame with unreinforced masonry infill walls

9 C1 Reinforced concrete moment frame

10 C2 Reinforced concrete shear wall building

Reinforced concrete frame with unreinforced masonry infill

! © walls

12 PC1 Tilt-up concrete building

13 PC2 Precast concrete frame

14 RM1 Reinforced masonry with rigid diaphragms

15 RM2 Reinforced masonry with flexible diaphragms

16 URM Unreinforced masonry bearing wall buildings

17 MH Manufactured housing

For more detailed classification, see FEMA P-154, Table 3-1.
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Identification of Structural System

Accurate identification of the structural system is very important for determining the

Basic Score. The system may be one of the following:

e Moment frame
e Shear wall system
e Steel braced frame

e Dual or mixed system

This classification is made using architectural plans, field observations, and, where

available, original design documents.

Identification of Construction Material

Material identification is based on visual observations. Reinforced concrete, steel,
timber, and masonry structures have different material strengths and characteristics,

which directly influence the risk score. The following types are the most common:

e Reinforced concrete: Columns, beams, and slabs consist of concrete with
internal reinforcement.

e Steel: The load-bearing system consists of structural steel members.

e Timber: Typically observed in low-rise residential buildings.

e Masonry: Load-bearing walls constructed of brick or stone.

Field Observation Clues

When identifying the structural system and material type, the following clues should

be considered:

e Presence or absence of column traces beneath exterior cladding,
e Beam depths and spans,
e Regularity or irregularity of the structural system,

e Thickness and bonding pattern of brick or stone walls.

2.1.2.10 Identification of Score Modifiers

In the FEMA P-154 method, the Basic Score of a building is a fixed value determined
according to its structural type and the seismicity level of the region. However, each

building may possess specific favorable or unfavorable characteristics. For this reason,
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the Basic Score must be adjusted to reflect certain building-specific features. These

features are referred to as score modifiers in the FEMA literature (see Table 2.3).

Purpose of Score Modifiers

Score modifiers reflect the presence of conditions that may positively or negatively
affect the expected seismic performance of the building. Through these modifiers, each
structure is subjected to a more refined risk evaluation that considers local site

conditions and its particular structural characteristics.

Table 2.3: FEMA score modifiers and their effects.

C Type of b
ategory escription
Effect
Vertical ‘ If the building exhibits severe or moderate vertical
. - Negative : Y 4 . :
irregularities discontinuities, a negative modifier is applied.
Plan . Torsion, L-shaped plans, etc., are penalized with
) r Negative \ )
irregularities negative modifiers.
A negative modifier is applied to buildings
Pre-code ' _
) Negative designed before the enforcement of modern
design o
seismic codes.
Post-code o A positive modifier may be assigned to buildings
) Positive )
design designed under modern codes.
Positive modifiers are applied for rock or stiff soil
Site class (A, ‘ ‘ ‘ .
B.E) + (A-B), while negative modifiers are applied for
’ soft soils (e.g., E).

Application Procedure

1. The Basic Score is determined according to the FEMA building type.

2. The evaluator records all irregularities and special conditions observed in
the field.
3. The appropriate score modifiers are selected (circled) for each observation.
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4. The sum of all score modifiers is added to or subtracted from the Basic

Score.

5. The result is the Final Level 1 Score (SL1).
Notes:

e If multiple irregularities of the same type are present, only the most
unfavorable one is considered.
e Some score modifiers may overlap; in such cases, only one is applied.

e Ifthe total score becomes negative, a minimum score (SMIN) is used.

2.1.2.11 Calculation of Final Level 1 Score (SL1)

Within FEMA P-154, the Final Level 1 Score (SL1) obtained from rapid screening of
a building is calculated by adding the Basic Score and the total of all score modifiers.

However, this calculation must follow certain rules and bounds.

Calculation of the Basic Score

The Basic Score defined by FEMA is determined based on the structural system and
material type of the building, taking into account the seismicity level of the evaluation
region. Each structural type and region is associated with a specific Basic Score. (see

Table 2.4).

Table 2.4: Basic Scores by FEMA building type.

Building Type Code Description Basic Score
Wi Light wood-frame building 3.6
WIA Multi-unit light wood-frame building 3.2
w2 Heavy wood-frame building 2.9
S1 Steel moment frame (MRF) 2.1
S2 Steel braced frame (BR) 2.0
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Table 2.4: Continued.

Building Type Basic
Description
Code Score

S3 Light metal building (LM) 2.6

" Steel frame with reinforced concrete shear walls 20
(RC SW) '

S Steel frame with unreinforced masonry infill L
(URM INF) ’

C1 Reinforced concrete moment frame (MRF) 1.5

C2 Reinforced concrete shear wall building (SW) 2.0

o3 Reinforced concrete frame with unreinforced 1
masonry infill (URM INF) ‘

PC1 Tilt-up concrete building (TU) 1.6

PC2 Precast concrete frame 1.4

RM1 Reinforced masonry with rigid diaphragms (FD) 1.7

Reinforced masonry with flexible diaphragms
RM2 1.7
(RD)
URM Unreinforced masonry building 1.0
MH Manufactured housing 1.5
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Adding Score Modifiers

Score modifiers determined from field observations are added to or subtracted from
the Basic Score. These modifiers account for vertical or plan irregularities, site class,

code level, and similar factors (Figure 2.22).

The calculation can be expressed in equation (2.1) as:

SL1 = Basic Score + X(Score Modifiers) (2.1)

BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S
FEMA BUILDING TYPE Do Hat W1 WiA w2 51 52 53 54 53 C1 c2 c3 PC1 PC2 PN RM2 | URK BH
Know AR | ER) L [RC [URRY | TURF] | S AR (T (FT [ilv]
oW INF] INFY
Basic Score 36 32 29 21 20 25 20 1.7 15 20 12 16 14 17 17 10 15
Severe Vertical [regularity, b1 -1.2 -12 12 -1.0 =10 =11 =10 08 -08 -1.0 -07 -1.0 =09 -0.9 -0.8 -07 NA
Moderate Verfical Imegulanity, Vi« =07 07 | 07 0.6 -6 -0.7 06 | <05 <05 0.6 | -04 | 06 -05 0.5 -0.5 04 NA
Plan Imegularity., £: 41| -0 | -0 | 08 | -07 | 0% | 07 | -06 | -06 | -08 | -05 | -07 |-06|-07 | -07|-04 NA
Pre-Code -11 -1.0 -09 06 =06 -08 06 0.2 -04 0.7 -01 0.5 -03 0.5 -0.5 0o =04
Post-Benchmark 1.6 19 22 1.4 14 1.1 19 NA 18 21 MR 20 24 21 21 & 12
Soll TypeAorB 0.1 03 05 0.4 L 0.1 0 05 04 0.5 03 06 04 s 0.5 03 0.3
Soil Type E (1-3 stories) 0.2 0z 01 02 <04 02 -01 -04 00 0.0 -02 | -03 <01 01 -01 -02 04
Soil Type E (> 3 storles) -0.3 06 | 08 0.6 -6 NA 06 | 04 -05 0.7 | 03 NA -04 -0.5 0.6 -02 NA
Minimum Scare, &_m 14 a9 07 0.5 05 0.8 05 05 03 0.3 03 0.2 02 0.3 0.3 02 1.0
FINAL LEVEL 1 SCORE, 5.1 2 Snt

Figure 2.22: Basic Scores and score modifiers by building type.

However, an important lower bound must be respected: the minimum score (SMIN).

Minimum Score Limit (SMIN)

Certain characteristics of a building may result in several negative modifiers and cause
the SL1 score to fall to zero or even negative values. Such an outcome would be
illogical and overly pessimistic. Therefore, FEMA defines a Minimum Score (SMIN)
for each building type (Table 2.5).
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Table 2.5: Application of minimum scores (as shown on the form).

Building Type Code | Minimum Score (SMIN)
W1 1.1
WIA 0.9
W2 0.7
S1 (MRF) 0.5
S2 (BR) 0.6
S3 (LM) 0.6
S4 (RC SW) 0.5
S5 (URM INF) 0.5
C1 (MRF) 0.5
C2 (SW) 0.3
C3 (URM INF) 03
PCI1 (TU) 0.3
PC2 0.2
RMI (FD) 0.3
RM2 (RD) 0.3
URM 0.2
MH 1.0
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Rule:
e IfSL1 < SMIN, then SL1 is set equal to SMIN.

Interpretation of SL1

The computed SL1 score is compared against the threshold score defined by FEMA,
which is 2.0.

e SLI > 2.0 — The building is considered capable of providing acceptable
seismic performance.
e SLI1 < 2.0 — The building is considered at risk and Level 2 screening or

detailed analysis is recommended.

2.1.2.12 Summary and Evaluation

The Level 1 rapid visual screening process conducted under FEMA P-154 is a low-
cost preliminary evaluation method that can be completed in a short time. Within this
method, numerous parameters such as architectural and structural characteristics, site
conditions, irregularities, and material conditions are taken into account to calculate
the Final Level 1 Score (SL1). This score provides a quick and practical indication of

the probable seismic behavior of the building.
The evaluation results can be summarized as follows:

e SLI1 > cut-off (threshold value): The building is considered relatively safe from
a seismic standpoint. Detailed analysis is not mandatory but may be carried out
if requested.

e SL1 < cut-off: The building is considered seismically vulnerable and requires

detailed structural performance assessment.

Factors that significantly influence the SL1 score (such as weak or soft stories, short-
column effects, plan irregularities, structural type, and site class) must be evaluated
with great care. Misclassification or neglect of critical conditions during the

assessment may directly compromise the reliability of the results.

The outcomes obtained at this stage are used solely for prioritization purposes. The
rapid procedure provided by FEMA P-154 serves as a filtering tool for large building
stocks containing thousands of structures and plays a crucial role in deciding which

buildings should be subjected to detailed engineering analysis.
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2.1.3 Second Stage: Level 2 Screening Method

For buildings that obtain scores close to the threshold values within the scope of Level
1, or that draw attention due to their structural irregularities, a more detailed evaluation
may be required. In such cases, the Level 2 Screening Method defined by FEMA P-
154 is employed. Level 2 should only be carried out by trained engineers who are
experienced in seismic risk assessment. This stage has been developed to collect more
in-depth information about the building and to define the risks, including nonstructural
components, in a more precise manner. Although the inspection process takes more
time, the data obtained provide a much higher level of accuracy in terms of building
safety. Within this context, a detailed analysis will be presented under the headings of
definition of the Level 2 form, computation of the adjusted baseline score, new score

modifiers, and evaluation of nonstructural hazards.

2.1.3.1 Definition of the Level 2 Form

The Level 2 evaluation form defined in FEMA P-154 is intended to enable a more
detailed investigation of buildings that, during the first-stage rapid visual screening
process, were found to have insufficient scores or to be potentially at risk. This form
may only be completed by engineers who are experts in seismic evaluation or building
design. The Level 2 form goes beyond the scoring data obtained in Level 1 and allows
for a detailed analysis of the behavior of the load-bearing system, the severity of

irregularities, possible past strengthening interventions, and nonstructural hazards.

In the upper part of the form, the building name, the Level 1 score, and any previously
applied score modifiers (such as plan or vertical irregularities) are indicated. Based on
this information, a series of observations are made about the building in Level 2, and,
where necessary, corrective score modifiers (VL2, PL2 and M) are added to deepen

the evaluation.

The Level 2 form provides a comprehensive preliminary analysis by considering not
only the vertical load-bearing system of the structures, but also their nonstructural
elements. In this way, the final decision of “Detailed Structural Evaluation Required /
Not Required” is placed on a much sounder technical basis. An example illustration of

the FEMA P-154 Level 2 evaluation form is presented below (Figure 2.23).
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Rapid Visual Screening of Buildings for Potential Seismic Hazards Level 2 (Optional)

FEMA P-154 Data Collection Form HIGH Seismicity
Optional Level 2 data collecbon Lo be perforred by a <l or structural enginesring professional srchilact, or graduste student wish background in seismic evalualion or design of buildings.
Bldg Name: | Final Level 1 Seore: | 5., = [0 04 COngider Sy
Serosner: | Loevel 1 imegularity Modifiers: | Vertical reguianty, V. = [ Flan irreguiarity, .. =
DatalTime: | ADJUSTED BASELIME SCORE: | 5= (5. — v, —F|= 1
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
| Topic [ Statement (if statemers i3 frue, orie e “Yes” modfier obenwise cross ouf the moctfer | Yo Sublotas
Wertiosl Sloping W1 buildng: Thers is atleast & il story grade changs from cne sids of the buildng fo the other -1
Irregulanty, 1: | Ske Mon-ff1 bulding Thers is ot ezt a ful story grade change fram ane side of fhe bulding to fe cher. £
Weck W1 building crpple waltAn unbaced criople vl is weile in the craw space. -0
ardlr W1 house over garage: Undemesth an occupied story, there s a garage opening wilhouta sleel mament frame,
Sof Story | and thene 5 |ess than & of wail on the same line ifor mulfighe oosupied fioors above, wse 16" of wail minimum). 12
ik Ge WA buiking opan front Thers ars opanings ot e ground stary (euch @ for perking) ouer st easl 50%of e
i) | lenglh of the bulding 12
P i1 bulding Lenglh of fateral spslem al any story 15 hess han 50°% of Bal o siary above ar heighl of any
shory |5 mere fhan 20 limee the helght of the shory sbove -0
Mo bulding Lenglh of Iatersl sysiem al any story is belween 50% and 75% o fiek # slary abave or height
af ey story is brfween |3 and 2 0 fimes the height offhe stcey above. 05
Selback | Vertcal elements afthe |skerel system et an upper siory ere outbazrd of thase al the shary bekw causing e
diaphragm to cantieyer at e offeet -1.0
Werteal elements of the ksbersl syslem ot upper stories are inboard of those at lower stories 0.5
There i6 8n in-plane offset of the ataral elemerts that ie greatar han te langih of the alemerts. 03
Shoet ©1.C2 C3PC1PCERMIRM? 8 least 208 of columna [or pinrs) along a oolumin e in the istersl system have
Coun | heightidepth ralios less than S0% of the rominal helghtidepth ratio i thel level 08
Fier €1,C2.C3.PCILPCZRMIEMZ The calumn depth (ar mer widih) is less fhan one haif of the: depth of the spandrel,
ar rere are infll walls or adfacent Acore thal shorlen the colunn -8
Spli Level | There is @ spli kevel o o of ihe foor levels o sl (he ool -08
Other These is andher absermble sev i that abwaisly affects e bulding's A0 | V=
hire There is arother abservabie mederale verical insgulaity lhal miy affec Bhe buiding's sesmis gerlrmare. 05 | icopat -1g)
Flan Tarsional megulanty: Lateral eystem does not appear relstvedy well dstnbated in pian in efher or bath drections. (Do rat
Irregularty, o | inclide e WA apen front bregulanty feled sbave | -7
Hon-parellel sysiem Thers are ane or mare majar verlical elements of e laleral sysism et are nol erihogansl to sach ather. -
Reerdrant comer. Bolh progechions from an rlence somer excesd 28 of the overal plan dimersion in tat drechon 0.4
Diaphragn g There & an apenng in e chephragm vth a widh over 50% of the lolal o wacth a that level,
C1, £2 buking oul-of plane ofizet_The extencr beams do nat abgn with the cokimns in plan - Poo=
Other megulanty: Thers is ancther cheevable flan imagularity thet otwiously affects the buildng's sesmic performance. - Cop ot -1 )
Redundanty I in each dirscion +
Founding Buikding s separséed from en adjecent struchurs | The ficors do not slgn verbcally winin 2 fees T {Cap Fodal -0 |
by less Fran 1%of the height of he shorter of Ihe | Ore bubding i 2 or mare shonies aller thanthe olher. __ pounding =
building end sdjacent structure snd | The building s o the end of the black. tmodifaz st 1.2 |08 |
52 Buikdng W braving geomelry is visible
€1 Bulding Flat plate seres as the beam in the momen! frame. f
PCRMI Bldg | Thens are roof-to-vweal ties thek are visiile or known fom drewings thef do nof rely on cross-grain bending, (De nof combine wath <03
post-henclman orisyeft moier |
BCIRM Bldg | The bulding bes closely sraced full helght inkerinr wallz {rafher than an inbenor epace wilh few walls suth s in s warehouse) 0
URM s wals #re present 0.4
H here o @ supplemental ssismic bracng age and the ground +
Rotroft jomprehanaivs orsamis retroft i visible o known from crawings. <14 | U=
FINAL LEVEL 2 SCORE. 5 iliS‘ + Va4 Pt w 2 Sﬂw.' { Tramsfer fo Level 1 formt)

Trvert 17 Ob=cevaiols GEMHE O GetGrorabon or EEnGT Cndian ek NagavEly afferts 1w DuKINgs suies potammancs. L] o L1 Ho
Xyes describe We condifion it the canirent boy beiw sod wdale on the Level Tk Whal ditaied evatmtion s required independend of e buildng s score
OBSERVABLE NONSTRUCTURAL HAZARDS

Location heok Yes or “Na'| fes Ha Comment
Exterine There & an unbeaced rreinfarced massanry paraged or inbraced unedrfarced masandy shimney

Thara i heavy claddng orhesvy vaneer
There i & heavy canopy ower exi doors or pedestrian welkways thet appears inedequetely supparfed
There i &n unfenforced mesonry appancage over ewit dodrs o pedestian welkways.
| Thers iz = sign posted on he bulding thaf indicskes heazsnious: materisle sre prassnt
vere 5  baler adacerd bulding wilh e urencharsd URM warl o urbreced URM parapel or chimnsy
Other cheeried extenor nonstchural fallyg hagard:

Intericr There are holkow clay fic or brids paritions at any staw or e comidar,
Other chserved mtencr faling hazard
Estimatad Nonstructural Ssismic Peformancs (Chack sopimpriste box and transfirto Lovel 1 fom conchrsions)
O Patersal tural hagard il threat bo i y — Detailed Evaliali
[ menstrustueal hazards clentibed wilh significant Iheeat b ocoupart lfe satsty =3 But no Detailed Nongisural Evalustion required
O Lowarra hazard reat bo ocaupart i safety—3 No Detaled Nonstructursl Evalusdion equied
Commends: |

Figure 2.23: Data form for stage 2 of the rapid screening method.

2.1.3.2 Definition of the Level 2 Form

The first step carried out within the scope of the Level 2 evaluation is to obtain the
adjusted baseline score S’ by removing certain score modifiers from the score
calculated on the Level 1 form. This is done by subtracting the sum of the vertical
irregularity score modifier (VL1) and the plan irregularity score modifier (PL1), which
were applied in Level 1, from the Level 1 final score (SL1). The new score obtained
is taken as the starting point of the more detailed Level 2 evaluation. Thus, the same
irregularities are prevented from being penalized a second time within Level 2. This

calculation is expressed by the following equation (2.2):
S"= SL1—- (VL1 + PL1) (2.2)
This adjusted baseline score S’ forms the basis for the other structural and nonstructural

score modifiers (such as VL2, PL2 and M) that will be added during the Level 2
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evaluation. In this way, the information obtained in the previous assessment process is
preserved, while the influence of the detailed analyses carried out in the second stage
can be monitored more clearly. The S’ score constitutes the starting point of the Level

2 analyses in order to obtain a more accurate and balanced evaluation of the building.

2.1.3.3 Vertical Irregularities (VL2)

In the FEMA P-154 Level 2 screening form, under the heading Vertical Irregularities
(VL2), distinct deviations in the distribution of stiffness and mass between stories of
the building are evaluated. These deviations may cause unexpected local stress
concentrations and damage accumulation in the structural response. While the
irregularities observed in the Level 1 form are transferred to Level 2, in this section
further classifications are made based on more advanced engineering observations, and

corresponding score modifiers are applied for each case (Figure 2.24).
These irregularities are generally evaluated under the following sub-headings:
1.Sloped Site

Definition: Exists when there is a difference in elevation of one story or more

between one side of the building and the other.

Evaluation: Especially for W1 type buildings, structures located on sloping ground
may exhibit short-column effects on the lower side and stiffness weakness on the

upper side.

Application: If the basement walls are not rigid, a negative score modifier is

applied.
2.Weak or Soft Story

Definition: A significant difference in stiffness between the ground story and the
upper stories, frequently observed in buildings with open commercial frontages or

parking at the ground level.

Evaluation: Inadequate lateral load-bearing elements at the lower story lead to

unbalanced displacements along the total height of the building.

Application:
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e If both weak and soft story conditions exist, the more unfavorable one is

taken as the basis.
e If only one is present, the score modifier appropriate to that condition is

selected.
3.Unbraced Cripple Walls (only for W1)

Definition: Presence of unsupported walls between the foundation and the floor at

ground level, especially in timber structures.
Evaluation: This may create a collapse risk despite the low building height.
Application: If there is no bracing, a negative score is assigned.

4.Short Column Effect

Definition: Increase in shear forces arising from window openings, parapets, or

infill walls that reduce the clear height of the column.

Evaluation: This condition may cause shear failures particularly at the lower

stories.
Application: If it is at a critical level, a penalty score is applied.
5.Split Level

Definition: Existence of level differences within the same floor plane due to floors

or ground entrances located at different elevations.
Evaluation: Adversely affects diaphragm continuity and load transfer.
Application: A moderate irregularity score is assigned.

6.0ther Vertical Irregularities

Definition: Additional deviations that do not fall under the categories above but

may affect performance.

Application: Explained in the comments box and an appropriate penalty score is

marked.
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STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE

Topic Stat (If tis true, circle the “Yes™ modifier: otherwise cross out the modifier.) Yes
Vertical Sloping W1 building: There is at least a full story grade change from one side of the building to the other. -1.2
Irregularity, V.2 | Site Non-W1 building: There is at least a full story grade change from one side of the building to the other. 0.3
Weak W1 building cripple wall. An unbraced cripple wrall is visible in the crawl space. -0.6
and/or W1 house over garage: Undemeath an occupied story, there is a garage opening without a steel moment frame,
Soft Story | and there is less than 8' of wall on the same line (for multiple occupied floors above, use 16" of wall minimum). 1.2
{circle one | W1A building open front: There are openings at the ground story (such as for parking) over at least 50% of the
maximum) | length of the building. 1.2
Non-W1 building: Length of lateral system at any story is less than 50% of thet at story above or height of any
story is more than 2.0 times the height of the story above. -0.9
Non-W1 building: Length of laterel system at any story is between 50% and 75% of that & story above or height
of any story is between 1.3 and 2.0 times the height ofthe story above. -0.5
Sethack Vertical elements of the lateral system at an upper story are outboard of those at the story below causing the
diaphragm to cantilever at the offset. -1.0
Vertical elements of the lateral system at upper stories are inboard of those at lower stories. -0.5
There is an in-plane offset of the lateral elements that is greater than the length of the elements. -0.3
Short C1,C2,C3,PC1,PC2,RM1,RM2: At least 20% of columns (or piers) along a column line in the lateral system have
Column/ height/depth ratios less than 50% of the nominal height/depth ratio at that level -0.5
Pier C1,C2,C3,PC1,PC2,RM1,RM2: The column depth (or pier width) is less than one half of the depth of the spandrel,
or there are infill walls or adjacent floors that shorten the column. 05
Split Level | Thereis a split level at one ofthe floor levels or at the roof. -0.5
Other There is another observable severe vertical irregularity that obviously affects the building's seismic performance. 1.0 | Vie=
Irregularity | There is another observable moderate vertical iregularity that may affect the building's seismic performance -05 | (Capat -1.2)

Figure 2.24: Vertical irregularities and related score modifiers.

2.1.3.4 Plan Irregularities (PL2)

In the Level 2 screening stage, the arrangement of the load-bearing system in plan and

the layout of its elements are considered as critical factors that directly affect the

behavior of the structure under lateral loads. Within the scope of FEMA P-154, when

determining plan irregularities (PL2), factors such as symmetry, stiffness distribution,

openings, and the locations of centers of mass are taken into account (Figure 2.25).

Plan irregularities are examined in detail in the Level 2 form and are classified under

the following sub-headings:

1.Torsional Irregularity

e Definition: Concentration of rigid elements (e.g., reinforced concrete shear

walls) in one direction of the building and their being located far from the

center of mass, leading to torsional response.

e Evaluation: Asymmetric load distribution during an earthquake results in

rotational effects.

e Application: A penalty score is applied for severe torsional irregularities.

Note: If there are large openings at the ground story in W1A type buildings, this

condition may receive a penalty in both vertical and plan irregularity categories.

2.Non-Orthogonal Systems

e Definition: Occurs when the axes of the load-bearing system are not

perpendicular to each other.
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e Evaluation: Transfer of lateral loads becomes complex.

e Application: A moderate penalty score is applied.

3.Re-Entrant Corners

e Definition: E, L, T, U, and + shaped plans carry risk in terms of stress
concentration.

e Evaluation: Local damage is frequently observed particularly at corner regions.

e Application: If the projection length exceeds 25% of the building dimension in

that direction, the condition is accepted as an irregularity.

4.Diaphragm Discontinuities

e Definition: Presence of openings larger than 50% of the diaphragm (floor).
e Evaluation: Transfer of lateral loads to vertical elements is weakened.

e Application: A penalty score is applied and the system is assumed to have

limited diaphragm action.
5.0ut-of-Plane Offset Between Beams and Columns

e Definition: Misalignment between the axes of columns and beams on exterior

frames.

e [Evaluation: Moment transfer and shear safety at beam-column joints are
impaired.

e Application: For this condition, frequently observed in older reinforced

concrete buildings, a penalty is applied within the scope of PL2.

6.0ther Plan Irregularities

e Definition: Asymmetry in plan or eccentric mass distributions that are
observed in the plan but do not fall under the categories above.
e Application: A detailed explanation is written in the observation and comments

section and the penalty score is applied together with this comment.

Plan Torsional irregularity: Lateral system does not appear relztively well distributed in plan in either or both directions. (Do not
Irregularity, Pz | include the W1A open front imegularty ksted above.) 0.7
Non-parallel system: There are one ar more major vertical elements of the lateral system that are not orthogonal to each other. -0.4
Reentrant comer. Both projestions from an interior comer exceed 25% of the overall plan dimension in that direction. -0.4
Diaphragm opening: There is an opening in the diaphragm with a width over 50% of the total diaphragm width at that level 0.2
C1, C2 building out-of-plane offset: The exterior beams do not align with the columns in plan. 0.4 | Po=
Other irregularity: There is another observakle plan iregularity that obviously affects the building's seismic performance. 0.7 | (Capat-1.1)

Figure 2.25: Plan irregularities and score modifiers.
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2.1.3.5 Other Score Modifiers (M)-1

During the Level 2 screening process, some buildings are subjected to additional score

modifiers due to various conditions that are not covered by vertical and plan

irregularities but may still influence seismic performance. Such situations are listed in

the “Other Structural Modifiers” section of the FEMA P-154 Level 2 Form and are

evaluated under the parameter M (Figure 2.26).

The main headings related to these score modifiers are explained below:

1.Pounding Potential

Definition: When there is insufficient separation between two buildings, a risk
of collision arises during an earthquake.

Criterion: Evaluated if SL2 is less than the pounding cut-off value.

Effect: If there is a severe pounding risk, a significant score reduction is

applied.

2.Falling Hazard from a Taller Adjacent Building

Definition: Presence of chimneys, parapets, or cladding materials on a taller
neighboring building that may fall onto the subject building.

Effect: While such falling hazards affect environmental safety rather than the
performance of the building itself, they may still result in a penalty added to
SL2.

3.Geological Hazards / Site Class F

Definition: Natural hazards such as liquefaction, landslides, and surface fault
rupture, or the presence of an F-class site.
Effect: If such conditions exist, the building’s score is reduced and a detailed

structural evaluation is recommended.

4.Significant Damage / Deterioration in the Building

Definition: Visual findings such as corrosion, spalling of concrete cover,
cracks, fire damage, or punching shear indications.
Effect: If such damage points to a systematic deterioration, the building is not

considered to be on the safe side.

5.Previous Strengthening Application
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e Definition: Visually identifiable interventions such as added shear walls, steel
bracings, or carbon fiber wrapping.
o Effect: If these interventions cover the building as a whole, they are taken as a

positive score modifier.
6.Building-Type-Specific Conditions

e Examples:
o S2 type buildings: Penalty if K-bracing is present.
o CI type buildings: Penalty due to punching shear risk if flat slab
systems are present.
o URM buildings: Score reduction if gable walls are present due to out-

of-plane overturning risk.

Redundancy The building has at least two bays of lateral elements on each side ofthe building in each direction. +.3
Pounding Building is separated from an adjacent structure The floors do not align vertically within 2 feet 1 (Cap fotal -1.0
by less than 1% of the height of the shorter ofthe | One building is 2 or more stories taller than the other.  } pounding -1.0
building and adjacent structure and The building is at the end of the block. + modifiers at-1.2) | -0.5
52 Building ‘K" bracing geometry is visible. -1.0
C1 Building Flat plate serves as the beam in the moment frame. 0.4

PC1/RM1 Bldg | There are rocf-to-wall ties that are visible or known from drawings that do not rely on cross-grain bending. (Do not combine with +0.3
post-benchmark or retrofit modifrer.)

PC1/RM1 Bldg | The building has closely spaced, full height interior walls (rather than an interior space with few walls such as in a warehouse). +0.3
URM Gable walls are present -0.4
MH There is a supplemental seismic bracing system provided between the carriage and the ground. +1.2
Retrofit Comprehensive seismic retrofit is visible or known from drawings. FE [ —

Figure 2.26: Other score modifiers (M) and their effects.

2.1.3.6 Other Score Modifiers (M)-2

Once the Level 2 screening is completed, the final score of the building is calculated
as SL2 (Score Level 2). This score is obtained using the adjusted baseline score (S')
and the sum of the three main groups of score modifiers identified within the scope of

Level 2 in equation (2.3)

SL2 =S"+VL2+PL2+ M (2.3)

Where:

e S': The adjusted baseline score obtained by subtracting VL1 and PL1 from the
Level 1 score.

e VL2: The score effect of vertical irregularities observed in Level 2.

e PL2: The score effect corresponding to plan irregularities.

e M: The total of modifiers arising from other structural and nonstructural

hazards.
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Lower and Upper Bounds:

If SL2 is less than the predefined SMIN value, then SL2 is taken as SL2 =
SMIN.
The SMIN value has been determined according to the combination of the most

unfavorable building characteristics.

Interpretation and Action Decision:

If SL2 > threshold score, the building is considered acceptable.

If SL2 < threshold score, a detailed structural analysis is recommended for the
building.

In some cases, the SL2 score may be higher than the SL1 score. This indicates
that the detailed evaluation yielded a more favorable result than the initial

impression.

2.1.3.7 Other Score Modifiers (M)-3

In the lower part of the FEMA P-154 Level 2 screening form, there is a dedicated

section for identifying nonstructural hazards. Although this section does not directly

affect the seismic performance of the building, it is of great importance in terms of life

safety. Nonstructural hazards may cause injuries, obstruct escape routes, or render the

building unusable, especially during major earthquakes (Figure 2.27).

The evaluation in this section is generally grouped under the following two main

headings:

1.Exterior Falling Hazards

Within this scope, the following elements are evaluated:

Parapet walls: Stone or reinforced concrete parapets may overturn during an
earthquake and fall onto sidewalks or roads.

Masonry chimneys: Frequently seen in masonry buildings and have a high risk
of falling.

Heavy exterior claddings or plasters: Claddings that are not adequately
anchored or that rely on aged adhesives may detach and fall under seismic

effects.
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e Facgade ornaments, railings, sunshades: These elements, generally constructed
for decorative purposes, may create hazards due to their non-rigid connections.
e Presence of hazardous materials in the building: If chemical, flammable, or

explosive materials are stored in the building, this must be indicated.

Figure 2.27: Examples of exterior nonstructural falling hazards.

2.Interior Falling Hazards

In this part, potential hazards that may directly affect the occupants inside the building

are evaluated (Figure 2.28). These include:

e Suspended ceiling systems: Ceiling panels or supporting systems with loose or
insufficient connections.

e Lighting fixtures and HVAC systems: Heavy fixtures or equipment fixed to the
ceiling that may fall.

e Heavy cabinets and shelving systems: Unanchored cabinets that may topple
during an earthquake.

e Obstacles on emergency escape routes: Items that may obstruct access to fire

stairs or exit doors.
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Figure 2.28: Examples of nonstructural hazards observed in interior spaces.

The purpose of these evaluations is to identify nonstructural components that may
constitute life-threatening hazards even in a building with high seismic performance.
FEMA P-154 emphasizes that these hazards should not be overlooked and
recommends that, where necessary, they also be reported and included in the

comprehensive evaluation.

2.1.3.8 Final Comments and Documentation

In the Level 2 screening form, there is a dedicated section where the evaluating
engineer can provide final comments regarding their observations and assessments.
This section is reserved for elaborating special conditions encountered in the field or

findings that do not fully correspond to the predefined items on the form.
In this area, it is particularly expected that the following be explained:

e Structural irregularities that have been observed but are not defined as score
modifiers,

e Suspected but unverified risks (such as possible strengthening, weak details),

e Architectural or functional characteristics of the building that may affect
seismic performance,

e Any finding that may lead to the need for a more advanced structural analysis.

The explanations made in this section not only support the general evaluation
regarding the building, but also provide justification for carrying out a detailed analysis

when necessary. In particular, cases such as the building having a unique load-bearing
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system layout, having been strengthened in the past, or containing hazardous elements

outside the load-bearing system should be described in this part.

2.2 Rapid Seismic Screening Method In Canada

The Rapid Seismic Screening Method of Canada has been developed as a flexible and
practical assessment approach that is open to regional adaptation, owing to the fact
that the country’s seismic hazard potential varies across different regions (Figure
2.29). This method aims to evaluate the seismic risk of buildings in a rapid and
systematic manner. Inspired by U.S.-based procedures such as FEMA P-154, the
system has been customized by considering building typologies, material usage,
climatic conditions, and the historical development of seismic codes specific to

Canada.

The method has been put into use to contribute to the risk analysis of building stock in
different provinces, particularly in British Columbia and Quebec. Across Canada’s
vast geography, seismic hazard constitutes a serious reality along the corridor
extending from Vancouver Island to the Ottawa Valley. Within this framework, the
screening procedure has been developed with the primary objective of assessing public

buildings, educational facilities, and critical infrastructure structures as a priority.

The Canadian Rapid Seismic Screening Method stands out as a fast and cost-effective
procedure that can also be applied by non-engineering field personnel. However, it
also incorporates a multi-level evaluation system in which detailed engineering
analyses are recommended for buildings identified as being at risk. In general terms,
the method produces a risk score by taking into account the structural system type,
irregularities, building height, construction year, and soil conditions. The score
obtained is then compared with defined threshold values to provide an initial insight

into the seismic performance of the building.

In this section, the fundamental principles, development process, form structure, and
implementation steps of the Canadian Rapid Seismic Screening Method will be
discussed in detail, and attention will also be drawn to its similarities and differences

with methods such as FEMA.
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Canad'é' Figure 1-1: Seismicity in Canada
Figure 2.29: Major seismic risk regions in Canada and risk distribution map based on

past earthquakes.

2.2.1 Development and Objectives of the Method

Rapid screening methods aimed at evaluating seismic hazard in Canada began to be
developed in the 1990s. The main objective of this process has been to ensure that the
building stock can be screened in a rapid and economical manner, in a way that can
also be implemented by non-engineering personnel, and to identify buildings that
require priority intervention. Field studies conducted in different seismic regions of
Canada and analyses of past earthquakes have made it necessary for this method to be

continuously updated and adapted to regional characteristics.

The Canadian Rapid Seismic Screening Method (Rapid Seismic Screening of
Buildings in Canada), although inspired by international procedures such as FEMA P-
154, has been structured by taking into account Canadian-specific building types,
material properties, construction eras, and the historical evolution of seismic codes. In

particular, in versions developed after 2000, the building stock designed and
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constructed in accordance with local codes has been considered, thereby improving

the accuracy of the method.

The fundamental objective of the method is to rapidly distinguish the seismically
vulnerable portion of the existing building stock and to direct these buildings to more
detailed evaluation processes. In this way, it becomes possible to use limited resources
more effectively. At the same time, the method contributes to emergency planning,
prioritization of strengthening interventions, and decision-making processes related to

the use of buildings.

2.2.2 General Structure of the Method

The Canadian Rapid Seismic Screening Method is designed to provide a systematic
and scientific approach to the seismic assessment of building stock. This method
incorporates a multi-layered evaluation model that can be implemented quickly in the
field, yet supports the decision-making process with sound engineering principles.
Thus, the goal is not only to identify high-risk buildings as a priority, but also to clearly

define strengthening and detailed evaluation priorities.

The structure of the method is divided into three main stages: pre-evaluation,
collection of field data, and operation of the final decision mechanism. Each stage is
designed such that it can be customized according to building typology, soil
conditions, level of seismicity, and characteristics of the structural system. This design
provides an algorithm that guides not only the evaluation of building performance but

also the decision-making process of the practitioner in the field.

All of these processes are represented visually in a flowchart included in the Canadian
guideline, which clearly shows that the logic of the assessment is based on sequential
steps. Each box in this diagram corresponds to specific parts of the method that will
be explained in detail in later sections. In this way, the entire process can be followed

at both conceptual and operational levels (Figure 2.30).

62



Y-

Seismicity

- START _ Building
o Importance
Year Built &
Design NBC Code
Pre-Field Data - -
Use & Heritage
Designation
_ Soil
o Conditions
o Determine Type
_{ of Structure
Field Data - = Determine Building
o Irregularities
| Check Building
o Condition
|
: . Structura Check Non-structural
Assign Screening - Hazards
Factors
Non-Structural _ | Review Pre-Field
Data
Y
Calculate Screening
Indices

Prioritize

Yes END

Figure 2.30: Schematic diagram illustrating the general operation of the Canadian

rapid seismic screening method.

To enable a systematic implementation of the screening process, a two-page data
collection form has been developed within the scope of the Canadian Rapid Seismic
Screening Method. On the first page of this form, basic descriptive information
regarding the building, the structural type, and observed structural irregularities are
recorded; the second page includes numerical assessment fields based on a scoring
system. The form is arranged so as to correspond directly to the steps indicated in the
flowchart, with the aim of standardizing the screening process and ensuring
consistency among practitioners in the field. In this respect, the form enhances the ease
of application of the method and allows field observations to be documented in a

systematic manner (Figure 2.31, Figure 2.32).
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SEISMIC SCREENING FORM

p.10f2 | ITEM No.:

Address: | Postal Code: Bldg. Name:
No. of storeys: [ Total Floor Area: m? | Year Built: Design NBC:
Primary use (see list on p. 2): ] Heritage Designation:
Inspector: | Date: [ Checked by:
Sketch Photo
TYPE OF STRUCTURE (circle appropriate descriptors) see 4.3.2 |BM BUILDING IRREGULARITIES (circle appropriate descriptors) see 4.3.3
Wood | WLF | Wood Light Frame %0 1. Vertical Abrupt changes in plan dimensions over height
WPB | Wood, Post and Beam Irregularity | (e.g. setback or building on hill)
SMF | Steel Moment Frame 2. Hmizm Insgular building shapes such as "L", "V*, "E*, "T",
Steel Irregularity | ecoentric stiffness in plan (e.g. shear wall on only
SBF | Steal Braced Frama (Torsion) | one side of building)
SLF | Steel Light Frame 9
scw S\t;::i:rame with Concrete Shear . ghon Short columns restrained by partial starey height
crete d drel
SIW | Steel Frame with Infil Masonry Goncrote walls (structural or infill) or deep spandrels
Shear Walls
4. Soft Storey | Severa reduction of stiffness caused by
Concrete | CMF | Concrete Moment Frame discontinuous shear walls, opanings, etc.
C8W | Concrete Shear Walls
CIW | Cencrete Frame with Infill Masonry 5. Pounding Separation betwesn buildings less than
Shear Walls 85 20Z, x no. of storeys (in mm)
PCF | Precast Concrete Frame .
6. Major Any changs in function, use or addition which
PCW | Precast Concrete Walls g‘ﬁ"f{s results in significant increass in loading or weight
RAML | Reinforced Masonry Bearing Walls
Masonry with Wood or Metal Deck Floors 7. Deterior- Structural elements are damaged, poor condition of
or Roofs X ation building is apparent (comoded reinforcement or
RMC | Reinforced Masonry Bearing Walls | 80 steel, rotted wood, poor concrete or masanry)
lem ct:m;’:za Diaphragms '
URM nreinfor asonry Beari
Wall Building y ng 8. None None of the imegularities listed above is prasent.

NON - STRUCTURAL HAZARDS (Circle appropriate descriptors) see 4.3.4

Fy Falling Hazards to Life:

Exterior: Masonry chimneys, parapets, veneer or stane / precast panels, non-safety glass, or canopies over exits and walkways

Interior: Heavy components; masonry partitions; non-safety glass in egress areas; storage shelves which may collapse onto areas of human occupancy
Fy Hazards to Continuous Operation of Special Buildings: Equipment or lilelines required for continuous aperation of special facilities. The owner
or authority should provide a list of critical items needed for continuing operations.

From: Manual for Screening of Existing Buildings for Seismic Investigation, IRC / NRC, Canada, Ottawa, September 1992

Figure 2.31: Data collection form (Page 1).
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SEISMIC SCREENING FORM l p.20f2 IITEM No.:
SEISMIC PRIORITY INDEX: Circle appropriate value and enter each resutt on right side. Use asterisk (*) with uncertain values
Design Etfective Seismic Zone (Zy, or Zy + 111 23 > Zy)
NBC 2 3 4 5 6
“[A | seismicity | pre-65 10 15 20 30 40 A=
65-84 1.0 1.0 1.3 1.5 2.0
Post - 85 1.0 1.0 1.0 1.0 1.0
Soil Category
Design - - -
Soil NBC Rock or Stiff Soil Soft Soil UVer); s&n gr“ Un;ng:wn B <
B Conditions Stiff Soil >50m >15m quefiable Sol 0l
Pre - 65 1.0 1.3 1.5 2.0 1.5
Post - 65 1.0 1.0 1.0 1.5 1.5
) Construction Type and Symbol {see p. 1)
D;;\[g;n Wood Steel Concrete { Precast Mal;ﬂ“” Masonry
c S?E‘S;L?:e WLF | WPB| SLF SMF| SBF [SCW| CMF | Csw | PCF | Pow | SW.cwW | AML,RMC | uAm | €=
Pre-70 |1.2/20[1.0/1.2/15]20) 25 20 | 25) 20 3.0 2.5 35
(BM = Benchmark| 70-BM |1.2]2.0 [1.0(1.2|/1.5[1.5] 1.5 1.5 | 1.8| 1.5 2.0 15 3.5
year,seep.1) | Post-BM [1.0]1.0({1.0{1.0{1.0{1.0]/ 1.0 | 1.0 | 1.0] 1.0 1.0 1.0 -
: 3. Short -
Design " . 4 Soft 5 6. Modifi- | 7. Dete- D = product
1. Vertical | 2. Horiz. | Concrete : . - ' 8. None ;
Building NBC oriiea o | G olumas Storey |Pounding | cation | rioration of circled
D Irregularities N
Pre-70 1.3 1.5 1.5 2.0 1.3 1.3 1.3 1.0 (Max o 4.0) =
Post - 70 1.3 1.5 15 1.5 1.3 1.0 1.3 1.0
i Normal School, or | Post Disaster, or Special
Building Dﬁgg" Low ;)cct:gancy Occuélancoy High Occupancy |Very High Occup.| Operational
< N=10-300 | N=301-3000 N > 3000 Requirements
Importance =
Pre-70 0.7 1.0 1.5 2.0 3.0
. Post - 70 0.7 . 1.0 1.2 1.5 2.0
N = Occupied Area x Occupancy Density x Duration Factor* = .. ........ | S | S =
Primary Use: Occupancy Density Average W E,‘;,'ﬂ{,;‘a?,‘;;‘ * Duration Factor is equal to the
Assembl 1 5-50 average weekly hours of human
ggrcanti e,ge:jsona[i s’ﬁm&'e i g$ ?g - gg occupancy divided by 100, not
ices, Institutional, Manufacturin . -
Residential 0 0.05 100 greater than 1.0
Storage 0.01-0.02
S| | STRUCTURAL INDEX = A-B.C-D.E=
NON - STRUCTURAL HAZARDS Description (see p. 1) None Yes Yes * . -
N =max (F,, Fp)
¢ |F1 | Faling Hazads o Lt Bosr-oN6C| 15 | 30 30 1
Fo | Hazards to Vital Operations Any Year 1.0 3.0 6.0
* applies only if one or more of the following descriptors on page 1 are circled: SMF, CMF, soft storey, torsion
NSI{ NON - STRUCTURAL INDEX = B-E:F= NSl =
SPI 'SEISMI_G.PRIOF!'ITY INDEX = Sl + NS_I = SPI=
Comments:

From: Manual for Screening of Existing Buildings for Seismic Investigation, IRC / NRC, Canada, Ottawa, September 1982

Figure 2.32: Data collection form (Page 2).

2.2.3 Pre-Field Data Collection

One of the first and most critical stages of the seismic screening process is the pre-
field data collection stage, which involves compiling all available information and
documents about the building at the desk. The data obtained at this stage form the basis

for subsequent steps of the screening and allow for a preliminary evaluation of the

building’s seismic risk.
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The pre-field data collection process covers parameters that directly affect structural
behavior, such as the location of the building, its importance, intended use, year of
construction, and the soil conditions at the site. The information shown in the flowchart
in Figure 2.33, which pertains to this data collection process, is typically obtained
from municipal archives, building permits, architectural or structural drawings, land
registry records, or previously prepared investigation reports. The accuracy and

currency of this information directly influence the reliability of the final assessment.

START > Seismicity
Ld Building
Importance

Pre-Field Data

|, Year Built &

Design NBC Code
|| Use & Heritage
Field Data Designation
Soil
| Conditions
Assign
Screening No
Factors

Decide
Detailed

Calculate .
Evaluation

Screening
Indices

Yes
¥

Proceed
to Detailed
Evaluation

Proceed
to Detailed
Assessment

Figure 2.33: Flowchart illustrating the information to be collected during the Pre-Field
Data stage.
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As a result of the pre-field data collection efforts, critical information is obtained
regarding the seismicity region in which the building is located, the NBC (National
Building Code of Canada) edition to which it is subjected based on its year of
construction, the importance factor, and the use & occupancy class. In addition,
whether the building has heritage status and its soil class are determined at this stage.
This information is recorded in the relevant section of the data collection form and

made ready to be evaluated together with the observations to be made in the field.

2.2.3.1 Number of Stories, Year of Construction, and Height

The seismic activity of the region in which the building is located is evaluated
according to the Effective Seismic Zone defined in the Canadian Seismic Hazard
Maps. This value is obtained by interpreting the parameters Z. (acceleration), Zy
(velocity), and Z; (duration), which are determined based on the location of the
building. Within the scope of the Canadian Rapid Seismic Screening Method, the

following rule is used when determining the regional seismic zone:

o IfZ.>Z,y, the effective seismic zone for that region is taken as Zy + 1.
o If Z, > Z,, the seismic zone of the region is determined directly according to

the value of Z.

The table in the Seismic Screening Form shown below presents the regional seismic
hazard defined according to the zone value in question, as well as a screening score
defined as a coefficient A, depending on the NBC era in which the building was
designed (Table 2.6):

Table 2.6: Screening score table for the seismicity parameter.

Desan Effective Seismic Zone (Zy, or Zy + 1 11 23 > Zy)
NBC 2 3 4 5 6
A | seismicty | pre-gs 10 15 2.0 3.0 40 A=
65 - 84 10 1.0 13 15 2.0
Post - 85 1.0 1.0 1.0 1.0 1.0

The A values in this table indicate:

e Values around 1.0: regions where seismic effects are relatively low,

e Values around 4.0: regions where seismic hazard is severe.
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In addition, the code era (NBC) under which the building was designed (for example,
Pre-1965, 1965—-1984, or Post-1985) directly influences this scoring. In this regard, the
“Seismicity” parameter is an important indicator that simultaneously evaluates both

the regional hazard level and the adequacy of the building’s seismic design.

2.2.3.2 Number of Stories, Year of Construction, and Height

In the seismic performance assessment of a building, not only its physical
characteristics but also its intended use and its importance to society must be taken
into account. In this context, the Canadian Rapid Seismic Screening Method includes
a classification system that defines the functional importance of buildings. This
classification is used to determine the coefficients that influence the evaluation scores

based on how critical the building is under risk (Table 2.7).
Buildings are generally grouped under the following four main categories:

e Category 1 — Low-Importance Buildings: Small warehouses, simple shelters,
or buildings that do not provide essential functions for society.

e Category 2 — Normal-Importance Buildings: Most residential buildings and
standard office buildings fall into this group. These are structures that meet the
basic needs of society but do not provide critical services.

e Category 3 — High-Importance Buildings: Buildings that are expected to
remain operational after an earthquake such as schools, hospitals, police
stations, and fire stations.

e (ategory 4 — Post-Disaster (Very High-Importance) Buildings: Special classes
of structures such as nuclear power plants, major infrastructure facilities, or

industrial buildings with very high risk.

Within the screening method, building importance is integrated into the numerical
scoring system that governs prioritization and strengthening decisions. Threshold
values are kept lower for buildings of critical importance; thus, potential risks can be

identified more sensitively.
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Table 2.7: Code eras by construction year and seismic design approaches.

Importance
Definition Example Buildings
Category
o S Warehouses, single-story
Buildings with limited impact on )
Low o . workshops, agricultural
the functioning of society
buildings
Buildings in general use with Residential buildings,
Normal limited life-safety risk in case of small commercial
collapse buildings, school buildings
Buildings with critical functions ‘ _
Hospitals, fire stations,
. whose collapse may cause . o
High o . . . police buildings, energy
significant loss of life or disruption
. centers
of services
Buildings that are required to Emergency response
Post-Disaster remain functional after an centers, disaster
earthquake coordination centers

2.2.3.3 Year Built & NBC

The year of construction of a building has a directly decisive effect on its seismic

performance assessment. The main reason is that the engineering code under which

the building was designed varies in line with the evolving state of knowledge and code

standards over time. In this context, the main reference document in Canada is the

National Building Code of Canada (NBCC).

The NBCC has undergone significant changes over the years with respect to seismic

design criteria. For example, buildings constructed before 1970 were designed with

seismic effects virtually ignored, whereas in the versions of the code issued after 1995,

consideration of seismic forces became mandatory. Therefore, the construction year

of a building indirectly reflects the level of engineering practice applied.
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Below is a brief summary of some critical periods and the code changes made during

these periods:

e < 1970: Seismic design was essentially neglected.

e 1970-1985: Initial seismic evaluation parameters were incorporated into the
codes, but practical implementation remained limited.

e 1985-2005: Concepts such as spectral acceleration and soil effects were
integrated into the NBCC.

e >2005: Probabilistic seismic hazard analyses and structural performance

criteria were introduced in a more detailed manner.

This classification is reflected in the scoring system that affects the evaluation
coefficient of the building on the screening form. In particular, buildings constructed
according to older codes receive higher risk scores based on the assumption that they

may exhibit lower seismic performance (Table 2.8).

Table 2.8: Code eras by construction year and seismic design approaches.

Construction Year Relevant NBCC
Seismic Design Status
Range Version

NBCC 1965 and o ) o
<1970 ] No seismic design / negligible level
earlier

Initial seismic coefficients / limited

1970-1985 NBCC 1970-1985
application

Soil class and spectral acceleration

1985-2005 NBCC 1985-2005

concepts
NBCC 2005 Advanced analysis / performance-
> 2005
2020+ based approach

2.2.3.4 Use & Heritage Designation

The intended use of buildings and any heritage designation they may have are among

the factors that directly influence the assessment of seismic risk. The function for
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which a building is used is important in terms of population density during a possible
earthquake, continuity of operation, and economic/psychological impacts. In
particular, facilities that serve as emergency infrastructure, such as hospitals, schools,
and fire stations, have a high level of importance, whereas buildings with heritage
status, such as museums, historic churches, or listed residential structures, require a

different evaluation perspective (Table 2.9).

Table 2.9: Effects of different uses and heritage status on the evaluation.

Effect on Seismic Risk
Intended Use Explanation
Assessment

Standard population density;
Residential Medium structural performance is expected to

be moderate.

Educational ok Evacuation and safety of students are
1g
Building a priority.

Continuous service is required; both

Medical _
' Very High structural and nonstructural elements
(Hospital) i
are critical.
Commercial ] ) ) ) )
o Medium—High Potential for high economic loss.
Building
Emergency _ Post-earthquake functionality is
i Very High )
Services essential.
High (in terms of Strengthening may be limited;
Heritage aesthetic and historical | conservation criteria must be carefully
losses) considered.

Points to Consider for Heritage Structures:

e Interventions may be restricted due to listing or protection status.
e The requirement to preserve original materials and details limits strengthening

options.
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e During evaluation of the structural system, any past restoration works must be

taken into account.

This heading aims to clarify the intended use of the building and, where applicable, to
anticipate the impact of special statuses (e.g., “protected structure”) on the evaluation,
within the scope of pre-field data collection. Determining which group the building
belongs to in this classification directly affects both the preparations for field

observations and the coefficients to be used in the final risk scoring.

2.2.3.5 Soil Conditions

The seismic performance of a building depends not only on the strength of its load-
bearing system, but also on the characteristics of the soil layer on which it is founded.
Within the scope of the Canadian Rapid Seismic Screening Method, soil conditions
are evaluated as a critical parameter that directly influences the expected earthquake

acceleration at the site and its amplification.

Soil classification is typically carried out based on data obtained from sources such as
local geological maps, geotechnical reports, or municipal records. This classification,
which is carried out without detailed site-specific geotechnical investigations, provides
a sufficient level of insight for a rapid screening method. The evaluation is made under
the heading “Soil Category” in Section B of the Seismic Screening Form, and the
classes defined therein (such as Rock/Stiff Soil, Soft Soil > 15 m, Very Soft or

Liquefiable Soil) represent differences in seismic soil behavior among buildings.
The following aspects are taken into consideration when evaluating soil conditions:

e Geological history (e.g., former riverbed, alluvial fill)
e Previous soil investigations in the area
e Foundation system of the building and settlement history

e Observational information about the soil of adjacent buildings

The evaluation under this heading leads to a decision on which soil class the building
belongs to and enables the determination of the soil effect coefficient (B) to be used in
the final seismic risk scoring. This coefficient varies depending on the construction

year and is tabulated as a function of soil type and the design code (Table 2.10).

72



Table 2.10: Coefficients used according to soil class and year of construction.

Desi Soil Category

esign

Soil NB?: Rock or Stiff Soil Soft Soil Very Softor Unknown

Bl oonditions stiff Soil >50m >15m Liquefiable Soi Soil B=
Pre - 65 1.0 1.3 1.5 2.0 1.5
Post - 65 1.0 1.0 1.0 1.5 1.5

2.2.4 Field Observations

This section describes the field observations and the process of collecting critical data
on the building within the scope of the Canadian Rapid Seismic Screening Method.
Observations made in the field allow the identification of various structural and
nonstructural characteristics that may directly affect the seismic performance of the
building. This information forms the fundamental input for the building’s risk

assessment.
The basic information collected during fieldwork generally includes:

e General geometric characteristics of the building (height, number of stories,
plan irregularity, etc.)

e Structural system type and condition (reinforced concrete, steel, masonry, etc.)

e Presence of structural irregularities (soft story, short columns, torsional
irregularity, etc.)

e Identification of existing structural damage or deterioration

e Intended use and occupancy level of the building

e Condition and anchorage of critical equipment or services within the building

e The surroundings of the building and its relationship with neighboring

structures

This data is entered directly into the Canadian Seismic Screening Form (Field
Screening Form), and a comprehensive profile of the building is generated. The
information collected must be recorded in a consistent and systematic manner during

field screening activities.

The field observations section of the Canadian screening form is standardized so as to
ensure consistency and comparability of observations. A detailed explanation of this

form and its use will be provided in later sections of the study.
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2.24.1 Type of Structure

Within the scope of the Canadian Rapid Seismic Screening Method, the first step in
collecting building information is to determine the type of structure. The structural
type is essential information for evaluating seismic performance. Once this
information is accurately established in the field, it serves as a reference for subsequent

steps in the screening.

In the Canadian Seismic Screening Form, the structural type is generally defined by

classifying the building into the following categories:

e Reinforced Concrete Frame Structures

e Reinforced Concrete Shear Wall Structures
e Steel Structures

e Masonry Structures

e  Wood Structures

e Mixed Structures

Structural types are expressed by different coefficients depending on the year of
construction of the building and the type of structural system used. The classification
of structural types according to the Canadian Rapid Seismic Screening Method and the

coefficients associated with each structural type are given in the Table 2.11 below.

Table 2.11: Structural types and coefficients related to structural systems (adapted

from the Canadian seismic screening form).

Construction Type and Symbol (see p. 1)

Design Masonry
NBC Wood Steel Concrete | Precast Il Masonry
Type of WLF | wPs| SLF |smF| sBF [sow| oMF | csw | PerF |Pew | siw,ciw | RML MG | Upm | C=

Cl structure

Pre-70 |1.2/201.0(1.2|15/20] 2520 25|20] 3.9 2.5 3.5
(BM = Benchmark| 70-8M |1.2)2.0 [1.0(1.2{15(15[ 15|15 | 18| 15] 20 1.5 3.5
year,seep.1) | Post-BM|1.0/1.0[1.0{1.0/1.0{1.0| 10610 [10[10] 1.0 1.0 -

This table serves as a reference for field personnel in determining the structural type

and is used to achieve a more accurate assessment of the structural condition of the

building.
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2.2.4.2 Building Irregularities

This section covers the identification of structural irregularities that may affect the
structural performance of the building within the scope of the Canadian Rapid Seismic
Screening Method. Structural irregularities significantly influence the damageability
and behavior of the building during earthquakes. Therefore, their accurate

identification during field observations is of critical importance.
Structural irregularities are generally examined under the following categories:

e Vertical Irregularities
o Soft story
o Weak story
o Vertical discontinuities
e Horizontal (Plan) Irregularities
o Torsional irregularity
o Re-entrant corners in plan
o Diaphragm discontinuities
e Specific Structural Irregularities
o Short columns
o Heavy cantilevers

o Complex structural systems

During field screening, the presence or absence of the irregularities listed above is
carefully observed and recorded on the Canadian Seismic Screening Form. Accurate
and consistent characterization of these irregularities enhances the reliability of the

assessments related to the seismic safety of the building.

2.2.4.3 Building Condition

An important step in field observations conducted within the scope of the Canadian
Rapid Seismic Screening Method is the assessment of the existing condition of the
building. The existing condition of the building encompasses damage, deterioration,
or material weaknesses that have developed over time and that may directly affect its

seismic performance.
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In evaluating the existing condition of the building, the following issues are

particularly considered in the field:

e Structural Damage: Cracks, breaks, or deformations in structural elements such
as columns, beams, slabs, and shear walls are evaluated.

e Material Deterioration: Corrosion, rusting, or spalling in reinforced concrete
members; degree of corrosion in steel elements; cracks or separations in
masonry components are observed.

e Past Damage and Repairs: Previous damage, performed repairs, or
strengthening works and their current state are examined. The quality and
effectiveness of these repairs are evaluated.

e Maintenance and Use Condition: The general maintenance condition of the
building, use-related deterioration, or modifications incompatible with the
intended use of the structure are identified.

e Environmental Effects: The exposure of the building to environmental effects
such as moisture and freeze—thaw cycles is examined.

e Foundation and Soil Problems: Observable settlement, sliding, or tilting of the

building’s foundation or soil are identified.

During fieldwork, the observations related to the existing condition of the building are
systematically recorded on the Canadian Seismic Screening Form. This information is
of critical importance for making accurate and up-to-date evaluations of the structural

performance of the building.

2.2.4.4 Non-Structural Hazards

An important aspect of building evaluation in the Canadian Rapid Seismic Screening
Method is the identification of risks arising from nonstructural elements. Nonstructural
elements comprise components outside the building’s load-bearing system and may
pose serious safety risks to occupants during an earthquake. Therefore, they must be

carefully examined during field screening.
Nonstructural hazards are generally evaluated under the following categories:

e Facgade Elements: The anchorage conditions and falling risks of glass fagades,

exterior cladding, panels, or decorative facade elements are evaluated.
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e Interior Elements: Anchorage conditions and overturning risks of suspended
ceilings, interior partitions, shelves, cabinets, and furniture are examined.

e Mechanical and Electrical Equipment: The anchorage conditions and
movement risks of critical equipment such as air conditioning units, ventilation
systems, heating systems, generators, boilers, and electrical panels are
evaluated.

e Fire Safety Components: The condition and accessibility of fire suppression
systems, fire alarms, emergency exits, and directional signage are checked.

e Hazardous Materials and Storage Areas: The safe storage conditions and risks
of overturning or spillage of chemical substances and explosive or flammable

materials are identified.

During fieldwork, observations regarding nonstructural hazards are recorded on the
Canadian Seismic Screening Form in a standardized manner, thereby providing

comprehensive and reliable information about the safety of building use.

2.2.4.5 Review of Pre-Field Data

Within the framework of the Canadian Rapid Seismic Screening Method, pre-field
data previously compiled are reviewed and verified on site in order to enhance the
quality and reliability of the data collected during fieldwork. In this way, the accuracy
and consistency of the dataset created at the preliminary evaluation stage are checked,

and more reliable results are obtained.

During the review of pre-field data in the field, the following points are particularly

taken into account:

e Seismicity and Seismic Hazard Data: The seismic hazard level and site
acceleration values determined during preliminary evaluation are compared
with field conditions and verified.

e Building Importance: The importance category assigned to the building
beforehand is compared with field observations and updated where necessary.

e Year Built and Applicable Code (Year Built & NBC): The year of construction
and the building code in force at that time are checked for consistency with the

structural characteristics observed in the field.
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e Use and Heritage Designation: Pre-field data regarding the intended use of the
building and any heritage protection status are verified through field
observations and corrected if necessary.

e Soil Conditions: The soil class and soil characteristics determined during the

pre-field stage are compared with field observations and confirmed.

This stage is of critical importance for increasing the reliability of pre-field data and
ensuring that the Canadian Seismic Screening Form is completed in a comprehensive

and accurate manner.

2.2.5 Final Evaluation

In the Canadian Rapid Seismic Screening Method, the final evaluation is carried out
by combining the pre-field data with the building characteristics collected on site and
converting them into a numerical score through certain coefficients. Although this is a
rapid screening method, it aims to express the relative seismic risk level of the building

in a systematic and comparable way.

At the end of the evaluation process, a “Final Score” is calculated for each building.
This score is a critical indicator of the relative seismic safety of the building and is

used as the basis for risk classification.

2.2.5.1 Assigning Screening Factors

The evaluation stage of the Canadian Rapid Seismic Screening Method is based on

three fundamental pillars:

1. Collection of pre-field data (Pre-Field Data)
2. Recording of observational data in the field (Field Data)
3. Conversion of the parameters obtained from these two stages into numerical

scores (Assign Screening Factors)

This third stage constitutes the component that forms the final decision mechanism of
the method. In this section, all data obtained before and during fieldwork are
systematically scored on the Canadian Seismic Screening Form. The scores are
expressed by certain coefficients, each reflecting the relative influence of a given

parameter on the seismic performance of the building.
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Structural Components

The structural scoring (Structural Index — SI), which evaluates the risks related to the

load-bearing system of the building, is performed based on five main parameters:
e A: Seismicity
e B: Soil Conditions
e (: Type of Structure
e D: Building Irregularities

e E: Building Importance

Values corresponding to these headings are selected using the relevant tables in the
screening form, and the following formula is applied for each building in equation

(2.4)

SI=AxBxC*Dx*E (2.4)

(Maximum SI value: 40)

This formula yields the structural risk index obtained by the combined evaluation of

the five fundamental factors affecting the performance of the structural system.

Non-Structural Components

Risks arising from systems that are integrated into the building but are non-load-
bearing are evaluated using the Non-Structural Index (NSI). This evaluation includes

three parameters:

e B: Soil Conditions
e E: Building Importance

e F: Non-Structural Hazards

The coefficients obtained from these three parameters are multiplied as follows to

compute the NSI value in equation (2.5).

NSI =B +ExF (2.5)

(Here F is taken as the greater of F1 and F-.)

The parameter F represents hazards related to overturning, falling, or operational
systems within the building, and the maximum of F: (falling hazards to life) and F-

(hazards to vital operations) is used.
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Summary Structure

These two axes of evaluation (structural and nonstructural) constitute the basic scoring

system of the Canadian method (Table 2.12) The following summary clarifies this

distinction:
Table 2.12: Summary table of score.
Category Parameters Description
Structural (SI) A, B, C, D, E | Load-bearing system  and  building
characteristics
Non-Structural B,E,F Soil, building use, and nonstructural element
(NSI) risk

The sum of these two components (SI and NSI) gives the overall seismic priority score
of the building. This score is used to evaluate the relative risk levels of buildings in a

comparative manner and to determine intervention priorities in equation (2.6).

SPI = SI + NSI (2.6)

Determination of the Limit Score

The seismic index score (SPI) is used to prioritize buildings according to their levels
of seismic performance. Based on this score, buildings that may require

comprehensive engineering evaluation can be identified.

The following priority classification according to SPI scores is proposed in line with

field applications in the literature and the evaluation logic of the method:
SPI< 10 : Low-priority buildings
SPI = 10-20: Medium-priority buildings
SPI>20 : High-priority buildings that may require detailed investigation
SPI>30 : Buildings that may be considered potentially hazardous

Below, Figure 2.34 and Figure 2.35 an example evaluation form filled out within the

scope of the Canadian Rapid Seismic Screening Method is presented. In this form, the
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coefficients corresponding to each parameter are marked and the final SPI score is

calculated. This form is included to illustrate the application process of the method.

NU. Ul SIUIGYD. & | 1ULgl TIUUL AIBE. dedr ¢/ 1= | TRl DUNL /5 4f | UESIYI NDu. - ——

Primary use (see list on p. 2): Bes/deerfraad (15 oartmend] Heritage Designation:  —

Inspactor;  AAT | Date: #2 -02- 05 | Checked by: 42
~ BT

EBRoapwhr AvE.

_i.
i 1
£ ‘ HU _E.E._.‘ wead
o . p s
I' oo :—ll wall
o|
=
o+ | - Ope '
¢ P rer avarzpble
/'f/ SOFT |sTOREY | flo=v
Ha vl 1
emd Siding "P'_ 1=
cougand oy = Sketch Photo

lowick  woweew
TYPE OF STRUCTURE (circle appropriate descriptors) see 4.3.2 |BM BUILDING |RREGULARITIES (circle appropriate descriptors) see 4.3.3

Wood Light Frame 1. Vertical Abrupt changes In plan dimensions over haight

Wood WPB | Wood, Post and Beam 0 Irregularity | (e.g. setback or building en hill
SMF | Stesl M t Frame 2. Horizontal | Irregular building shapes such as "L, "V, "E", "T",
Steel SBFE 'SI::I Br::: Frams Irregularity | eccentric stiffness in plan (e.g. shear wall on only
SLF Steel Light Frame a0 (Torsion) one side of building)
oW szlll:mrne wiih Goncreta Shaar 3. gt;gn Short columns restrained by partial storey height
crete i
SIW Steel Frame with Infill Masonry Cotumns walls (structural or infill) or deep spandrels

Shear Walls
4. Severe reduction of stifiness caused by

Concrete | CMF | Concrete Momant Framae discontinuous shear walls, openings, atc.
C5W | Concrete Shear Walls .
CIW | Concrete Frame witn Infil Masorry | 5 Separation batween buildings less than

Shear Walls 5 20 Z, x no. of storeys (In mm)
PCF | Precast Concrete Frame ] . . - .
6. Major Any change in function, use or addition which
PGW | Precast Concrets Walls g‘:’dﬂs results in significant increase in loading or weight
RML | Reinforced Masonry Bearing Walls
Masonry wng W?nd or Metal Deck Floors 7 Structural elements are damaged, poor condition of
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Fy Falling Hazards to Life:
Exterior: Masonry chimneys, parap rslong / precast panels, non-safety glass, or canopies over exits and walkways
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Fp Hazards to Continuous Operation of Special Buildings: Equipment or Ifelines required far continuous operation of special faciities. The owner
or authority should provide a list of cribcal items needad for conlinuing oparations. 80

From; Manual for Screening of Existing Buildings for Seismic Investigation, IRC / NRC Ottawa, September 1992

Figure 2.34: Example of score-1.
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SEISMIC SCREENING FORM [ p.20tz [ITEMNo: 4
SEISMIC PRIORITY INDEX: Circle appropriate value and enter each result on right side. Use asterisk (*) with uncertain valuss

Design Effective Seismic Zone (Zy, or 2y + 112357}
NBC 2 3 4 5 6
A seismicty | pra-g5 1.0 15 20 40 h=3.0
65-84 1.0 1.0 13 ; 20
Past - 85 1.0 1.0 1.0 1.0 1.0
. Soil Category
Design "
Sail NBC Rock or Stitf Scil Soft Soil Very Soft or Unknown
B i Stif Soil >50m >15m Liquefizble Soil sai B=2 p
Conditions 5 —
Pre - 1.0 1.3 1. Co) 1.5
F-‘u':l 5(?5 1.0 1.0 1.0 ; 15
] Gonstruction Type and Symbol {zee p. 1}
D;%n Wood I Stael Concrete | Precast ﬁ%ﬁ_"' Masonry
Type of -
¢| structure ¢ ws|sLr|swe] ser lscw] ome| csw | por [Pow | sw ow | rmeame | uam | € L2
Pra - 70 ¢ 20 [10(12/15/20] 25|20 | 25 20 3.0 25 3.5
(BM = Benchmark| 70 - BN 2010(12|15(15[ 15| 15| 18| 15] 20 15 |35
year,see .1} | Post-BM 1010 [1.0]1.0/1.011.0] 10 10 1.0 1.0 1.0 -
. 3. Short
Design Verti ir | Goncrete | 4-Soft §. |6 Modifi- | 7. Dete- N D = product
b Bullding npe |- Vereal| 2. Horiz Gurumrrs Storsy | Pounding | eation | rioration 8. None ?qum
Irregularities | pre.70 | 13 | 15 15 13 1.0 |(Mwotad)s
Post-70 | 1.3 15 1.5 1.5 13 1.0 1.3 1.0 3.7
e | [ o T TR T DA,
v I Neto | SR [T | N o0s | Requremans b
Pre-70 07 5 20 30 -0
£ Post - T0 0.7 1.0 1.2 1.5 20
N = Ocoupied Area x Occupancy Density x Duration Factor® = . J&&. x. 2085 .x. b8, .= /§
; . Occupancy De Averape Weskly H . .
Primary Use: Parsons./ &m Q(Hur[.q'| oa;upg':.";;rs * Duration Factor is equal to the
Asse 1 5-50 average weekly hours of human
Oioes st moned Mniactor e ] occupancy divide by 100, not
Resicentil g greater than 1.0
Storage 0.07- 0.02
 STRUCTURAL INDEX = A-| = |Si=24.5
NON - STRUCTURAL HAZARDS Description (see p. 1) None Yos Yes * ¢ ot
= max {F,,
|7y | Faling Hazards o Lit peolecl 10 138 9P [ €0
Fo | Hazards to Vital Operations Any Yaar 1.0 3o 60
I Nsi= /2.0
SPl= 3£.5

Figure 2.35: Example of score-2.
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2.3 P-25 Rapid Screening Method

The P-25 Rapid Screening Method is an observational preliminary assessment
approach developed to enable a fast and practical evaluation of the seismic
performance of the reinforced-concrete building stock in Tiirkiye. The method focuses
on identifying structural vulnerabilities frequently observed in buildings constructed
prior to the year 2000 and has been simplified so that it may be applied in field

conditions by a team with engineering knowledge.

The primary objective of the method is to classify buildings on a prioritization basis
with respect to seismic safety and to rapidly identify those requiring detailed
engineering analysis. This approach offers significant advantages to local authorities

and disaster management units operating under time and resource constraints.

2.3.1 Assessment Approach and Parameters Used

The P-25 Rapid Screening Method was developed to evaluate the seismic performance
of buildings rapidly and comparatively based on structural and environmental data
collected through field observations. The method focuses on seven fundamental
indicators of weakness, each affecting structural response at varying levels. These
indicators encompass different engineering parameters, ranging from the
characteristics of the load-bearing system to soil conditions. Each parameter is
assigned a specific score according to field observations, and these scores constitute

the basis for the final evaluation.
The parameters used are summarized below:

e Pl — Fundamental Structural Score: A basic performance score derived from
the type of structural system, ductility level, and the effects of structural
irregularities.

e P2 — Short Column Score: Determined according to the presence of
architectural elements such as windows, walls, or parapets that reduce column
height.

e P3 — Soft-Story Score: Evaluates vertical discontinuities arising from
insufficient stiffness on lower floors, open commercial fronts, or inadequate

infill walls.
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e P4 — Projection and Discontinuity Score: Calculated based on fagade
projections and vertical discontinuities in the load-bearing system.

e P5—Pounding Score: Assesses the risk of collision between adjacent structures
based on separation distance, floor-level compatibility, and period differences.

e P6 — Liquefaction Risk Score: Indicates the level of risk associated with the
liquefaction potential of the soil beneath the building.

e P7 — Ground Movement Score: Evaluates whether the ground on which the
building is located is susceptible to settlement, sliding, or loose-fill

deformation.

The fundamental assumption of the method is that the weighted average of the scores
obtained from these seven parameters yields a composite value that meaningfully
reflects the seismic behavior of the structure. The evaluation process is based directly
on field observations and, where available, technical documentation associated with

the building.

2.3.2 Parameter Definitions

The P-25 Rapid Screening Method provides a scoring-based preliminary assessment
framework aimed at identifying both structural and environmental weaknesses that
may affect a building’s seismic performance. The seven fundamental parameters used
in this method exhibit considerable similarity to those included in internationally
recognized procedures such as FEMA 154 and the Canadian Rapid Seismic Screening
Method. This similarity indicates that the same core risk factors are generally
considered in seismic vulnerability assessments. Nevertheless, the scoring logic,
coefficient definitions, and weighting approaches differ across methods, reflecting
distinct engineering assumptions and implementation priorities. These differences
show that such rapid screening approaches are inherently adaptable and open to further

refinement.

In the P-25 method, each parameter is assigned a score based on specific observational
criteria, and these scores are weighted using predefined coefficients to determine the
overall risk level of the structure. The seven core parameters used in the method are

presented below with their technical content.
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2.3.2.1 P1: Fundamental Structural Score

In the P-25 Method, the Fundamental Structural Score (P:) is a multi-component
indicator that takes into account the characteristics of the building’s load-bearing
system, its geometric configuration, and material performance. The value forming the
basis of this score, denoted as Po, is defined as the structural capacity determined by
the cross-sectional area and moment of inertia of the load-bearing elements on the

critical story (Table 2.13).

Po is a composite indicator obtained by comparing the effective areas and effective
moments of inertia of the columns, shear walls, and infill walls on the critical story

with the building’s footprint area.
This process is carried out through two main components:

(a) Area Index (Ca)

The total cross-sectional area of load-bearing elements on the critical story in the x-

and y-directions is normalized by the effective floor area in equation (2.7 - 2.20).

A
Cy, = 2% 105 (%) (2.7)
e
A
Ca, = 2 X 10° * (%) (2.8)

e

The terms Aerx and Aty represent the sum of cross-sectional areas of columns, shear

walls, and infill walls on the critical story:

Em
Agfx =Ac+Asx+(E—)*wa (2.9)

c
Em

Aef.y =AC+Asy+(E_>*Awy (210)
c

Here:

e A.: total cross-sectional area of columns on the critical story
e A total cross-sectional area of shear walls in the x-direction
e Ayx: total cross-sectional area of infill walls in the x-direction

e E./Ec=0.15 (ratio of infill wall to concrete modulus of elasticity)
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Cax and Cay are taken as minimum and maximum components, and the combined area

index is computed as:

Ca = sqrt (087 » Camin) + (0.50 * CA,max)z) (2.11)

(b) Moment of Inertia Index (Ci)

Using effective moments of inertia of columns, shear walls, and infill walls:

0.2

I
C, =2 x 10° * (—elf"‘) (2.12)
X
Ji 0.2
€y =2 % 10% * <—ef'y> (2.13)
Iy
Where:
Em
lepx =Icx + 15 + (E_> * Iy, x (2.14)
c
Em
Ief,y — Icy + Is,y §F (E_> * Iw,y (2 15)
c

L. x and Icy denote the total moments of inertia of the columns at the critical story with

respect to the x and y directions, respectively,

Isx and Isy denote the total moments of inertia of the shear walls at the critical story

with respect to the x and y directions, respectively,

Iwx and Iwy denote the total moments of inertia of the infill walls at the critical story

with respect to the x and y directions, respectively,

Em / Ec represents the ratio of the modulus of elasticity of the infill walls to that of the

reinforced concrete structural elements, which is approximately taken as 0.15.

The inertia moment indices Cix and Cyy calculated according to Equations (2.12) and
(2.13) are considered as the minimum and maximum components (Cimin and Crmax),
respectively, and substituted into Equation (2.16). Accordingly, the resultant inertia

moment index is obtained as follows:

C; = sqrt ((0.87  Crpmin) + (0.50 * Crmax) ) (2.16)
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(¢) Computation of Po

Po is calculated by normalizing the sum of the two indices by a height-correction factor:

Ci+C
p, =21 (2.17)
hy
hy = —0.6H? + 39.6H — 13.4 (2.18)

where H is the total building height (m).

This empirical expression provides height-based calibration enabling comparison

among buildings with varying story counts.

(d) Computation of P:

P: is obtained by multiplying Po with fourteen modifiers (fi) accounting for torsional

irregularity, story discontinuities, corrosion, soil class, foundation type, and other

factors:
Py = Py x (fy * fo * ok f14) (2.19)
or equivalently:
14
i=1

Each modifier ranges between 0.65 and 1.00; lower values indicate more structural

deficiencies, increasing Py accordingly.

Since Py incorporates the widest set of information, it generally serves as the strongest
indicator of a building’s overall structural adequacy and carries significant weight in

the final scoring.
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Table 2.13: Fundamental structural score.

Risk Sevivesi
Katsayr Tammm
Yiiksek Az Yok
] Burnlma Diizensizligi 0.90 0.95 100
3 Déiseme Stireksizligi 0.90 0.95 1.00
b $ g1
5 Diisey Dogrultuda Stireksizlik 0.65-0.75 0.90 1.00
i Kiitle Diizensizligi 0.90 0.95 100
S5 Korozyen Mevendiveri 0.90 0.95 100
e Agir Cephe Elemaniart 0.90 0.95 100
0.90 0.95
7 Asma Kat Mevendiveti 100
(y=Asma kat / Kat alani) p= 025 0=y=025 =0
Kadlarda Sevive Farki veva
s Kismi Bodrum 0.80 0.90 1.00
fo Beton Kalitesi fi=(/20)
fio Zayif Kolon-Kuvvedi Kiris @ fir & +5L) /2™ <10
T Etrive Stk fi =060=710/5"7 <10
- 0.90 0.95 1.00
Jiz Zemin Simifi (Z4 icin) {23 icin) (22 Z1 icin)
. 0.80- 090 0.95
Jis Temel Tipi (Tekil temel) i Siirekli temel) 1.00
R 0.90 0.95 1.00
Jis Temel Derinligi fIm’den az) {1 —4m arasi) {4mden fazia)

(:’ e . binanm MPa cinsinden beton kalitesidir.

@ I, I, degerleri, kritik kat kolonlanmn orfalama boyutlarmdan elde edilen temsili kolonun atalet momenti, [; degen
_ ise, yine kritik katta en ¢ok tekrar eden kirigin atalet momentidir.

2 5 em cinsinden sartlma bolgesindeki etrive araligidir.

2.3.2.2 P2: Short Column Condition

Short columns—which arise due to architectural constraints such as partial infill walls,
parapets, or mezzanine elements limiting free column height—constitute one of the
most critical irregularities under seismic action (Table 2.14). They lead to severe shear
concentrations and accelerated local damage. In the P-25 Method, the presence and

distribution of short columns determine the penalty score P-.
Two variables govern the scoring:

e The ratio of short columns to total columns (%), and

e The ratio of short-column height to story height (hy/h).
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The combination of these governs the P2 score, with higher ratios and shorter column

heights yielding more severe penalties.

Table 2.14: Short column scoring table (preserved exactly as in the original).

Percentage of Short (0.75- (0.40- (0.15- (0.00-
Columns Present 1.00)h 0.75)h 0.40)h 0.15)h
Low (less than 5%) 70 64 57 50
Moderate (5%—15%) 60 50 44 37
High (15%—30%) 50 40 30 24
Very High (greater than 30%) 40 30 20 10

2.3.2.3 P3: Soft-Story and Weak-Story Score

Soft-story behavior arises when the ground floor has significantly lower stiffness than
the upper floors due to increased height, reduced infill walls, or open commercial
fronts. Lower drift capacity makes this story a critical location during earthquakes,
often resulting in concentrated damage. The severity of this weakness is quantified by

the Ps score in equations (2.21-2.23)

0.60

3
Py =100 x [ra T, % (;l—“) l (2.21)

i
where:

e h; = height of the critical story
e hy+1; = height of the story above
e 1, =ratio of effective cross-sectional areas

e 1= ratio of effective moments of inertia
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Definitions:

A
r,o=—2% <1 (2.22)
Aef,x+1
Ief,x
n=—2 <1 (2.23)
Ief,x+1

The exponent 0.60 is an empirically calibrated fitting coefficient.

Ps ranges between 0 and 100; higher values indicate adequate stiffness and continuity.

2.3.2.4 P4: Projection and Vertical Discontinuity Score

Architectural projections and vertical discontinuities in the load-bearing system
negatively influence seismic behavior by disrupting load paths and creating localized
demand concentrations (Table 2.15). P4 is determined by evaluating projections on all

four facades together with vertical alignment irregularities of beams and columns.

Table 2.15: Projection and discontinuity scoring table.

Overhang Condition | Single Facade | Two Facades | Three—Four Facades

Frame Beam Present 90 80 70

Frame Beam Absent 70 60 50

2.3.2.5 P5: Pounding Score

Pounding between adjacent buildings during an earthquake constitutes a significant
risk factor that may lead to local collapses in the structural system, brittle failures at
beam and column ends, and even partial or total story collapses. Within the scope of
the P-25 method, the inadequacy of separation distance between neighboring
buildings, incompatibility of story levels, and differences in the dynamic
characteristics of adjacent structures are evaluated through the P-25 pounding score.

The following factors are considered in the assessment of pounding risk (Table 2.16):

e Separation distance between adjacent buildings:
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o If buildings are fully adjacent, the pounding risk is at its maximum
level.

o If the available separation gap is insufficient to accommodate lateral
displacements during an earthquake, contact between structures
becomes inevitable.

e Story level compatibility:

o If adjacent buildings have different story heights or slab elevations,
pounding becomes more destructive not only due to inertial effects but
also because of structural incompatibility.

e Differences in dynamic properties:

o Buildings with different stiffness and mass characteristics possess
different natural periods; therefore, they oscillate independently during
seismic excitation, amplifying pounding effects.

e Central and eccentric pounding:

o If the line connecting the centers of mass of two buildings passes
through the midpoint of the impact line, the interaction is defined as
central pounding.

o If this line lies outside the impact line, the interaction is classified as
eccentric pounding, which increases the likelihood of torsional effects.

¢ End buildings in an attached building row:

o In building blocks, structures located at the ends of an attached
sequence are considered more critical in terms of pounding risk, as they
do not receive lateral restraint from both sides and must directly resist

impact forces rather than dissipating them.
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Table 2.16: Overhang and discontinuity pounding factors.

Central Central Eccentric Eccentric
Pounding Pounding Pounding Pounding Pounding
Type (Same Slab (Different (Same Slab (Different
Level) Slab Levels) Level) Slab Levels)
End building
in attached 35 15 20 10
block
One building
stiffer and/or
heavier than 0 4 4 20
the other
Low-rise
building
adjacent to 50 30 30 20
high-rise
building
Buildings of
equal height 70 0 0 >0

2.3.2.6 P6: Liquefaction Risk Score

Liquefaction is the phenomenon in which saturated, loose sandy soils temporarily lose

their bearing capacity under seismic excitation. This condition may cause severe
structural problems such as ground settlement, structural tilting, or sudden collapse of

the load-bearing system. Therefore, liquefaction risk is considered a critical parameter

within the P-25 Rapid Screening Method (Table 2.17).

Liquefaction risk assessment is performed based on the geological formations of the

construction site, groundwater table depth, soil type, and historical earthquake records.

Using available geotechnical reports,
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infrastructure archives, the likelihood of liquefaction is determined and scored

according to the classification given below.

Table 2.17: Liquefaction potential scores.

Groundwater Table Depth (GWT) | Low | Moderate | High
>10m 60 45 30
20m—-10.0m 45 33 20
<2.0m 30 20 10

This scoring may be updated depending on the level of available soil information. If
detailed geotechnical investigations include liquefaction analyses, the results are
directly reflected in the scoring. In cases of insufficient data, engineering judgment,

regional observations, and general geological characteristics are considered.

2.3.2.7 P7: Ground Movement Score

Ground movements include natural phenomena such as settlement, slope failure,
landslides, and mass movements occurring at the building site. Since these movements
may cause severe damage to foundations and structural systems, they are evaluated

using the P7 — Ground Movement Score within the P-25 Rapid Screening Method.

The scoring is based on field observations, geological maps, landslide inventories, and
documented past ground movement events. Accordingly, the P- score is defined as

follows (Table 2.18):

Table 2.18: Ground movement scores.

Soil Class | GWT (m) | P7 Score
71,72 — 100
73 GWT<5.0 25
73 GWT > 5.0 35
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74 GWT <5.0 10

74 GWT>5.0 20

This approach allows evaluation of a structure’s sensitivity to potential sudden
deformations or long-term ground settlements. A lower P7 score indicates a higher

vulnerability to ground movement effects.

o. — Correction Factor

In the P-25 method, the minimum score among the different collapse-related criteria
represents the critical performance indicator of the building. However, evaluating this
minimum score alone may neglect environmental conditions such as topography and
seismicity. Therefore, the minimum score is modified by multiplying it with the a

correction factor.

The correction factor a is calculated using the site topographic slope (t), the effective
seismic acceleration coefficient (Ao), the importance factor (I), and the live load
participation factor (n), as given by equation (2.24)

. G) (14— Ag) * (T-lro.%) “t (2.24)

In this equation, the topographic slope coefficient is generally taken as t = 1. The value
of Ao can be obtained from the Turkish Seismic Hazard Map. Considering the spectral
differences between TEC-2007 and TBEC-2018, the Sps value obtained according to
TBEC-2018 may be divided by 2.5 and used in place of Ao in Equation (2.24). The
purpose of this formulation is to correctly reflect the relative risk of buildings under

different topographic conditions.

B — Correction Factor

After determining the seven building parameters (P:—P-), the parameter with the lowest
score is multiplied by the highest weighting coefficient (w = 4) given in Table 2.19.
The remaining scores are also multiplied by their corresponding weighting

coefficients. The weighted average score Pw is then calculated using Equation (2.25):
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P, = : (2.25)

Table 2.19: Weighting coefficients.

Weight | Pt | P2 | P3| P4 | Ps | P6 | P7 | Pmin

The calculated weighted average score Pw is then used to determine the 3 correction

factor using the graph provided in Figure 2.36.
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Figure 2.36: § — correction factor.

This approach allows a more favorable assessment of buildings with higher average

scores, while enforcing conservative evaluation for low-score cases.
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2.3.2.8 Calculation of the Final Score

In the P-25 method, the final performance score (P) for each building is obtained by
multiplying the previously defined a and B correction factors with the minimum

evaluation score (Pmin) in equation (2.26).

P=axf* Py (2.26)

Where:
B is the correction factor derived from the relative weighting of structural parameters,

a is the correction factor accounting for topography, seismicity, building importance,

and load participation,
Pmin 1s the minimum value among the scores Pi—P».

This formulation yields a numerical value representing the overall seismic risk level
of the building. As the value of P decreases, the building is considered more

seismically vulnerable.

The final score obtained using the P-25 method provides a relative numerical scale for
seismic performance comparison among buildings. However, the original source of
the method does not explicitly define an absolute “safe—unsafe” threshold. The P-25
method was primarily developed to identify relatively high-risk buildings within a
building stock and to support intervention prioritization. Nevertheless, comparisons
with field observations and comprehensive performance analyses (Yakut, 2004; Al-
Nimry et al., 2015) suggest that certain score ranges may be indicative of risk levels,
although these ranges vary depending on building characteristics such as height and

irregularity conditions.

24 PERA2019 Method

2.4.1 Data Collection and Preliminary Assumptions

The first stage of the calculations within the PERA method is the collection of basic

building data. During the field survey, the following parameters are determined:
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e Number of stories

e Floor plan dimensions

e Story heights

e (ross-sectional dimensions and locations of columns and shear walls at the
critical story

e Slab type and typical beam cross-sectional dimensions

e (Concrete compressive strength (determined by Schmidt hammer)

e Reinforcement type (plain/deformed), transverse reinforcement spacing, and
longitudinal reinforcement ratio

e Plan and vertical irregularities

e Reinforcement diameter losses due to corrosion

e Seismic demand determined considering soil conditions

Under these preliminary assumptions, all structural parameters required for a rapid and
reliable assessment of the building behavior are obtained. For example, for a 6-story

building, the period is approximately assumed as quation (2.27).

T = 0.2 * (Number of Stories) (2.27)

Accordingly, the period is taken as T = 1.2 s.

2.4.2 Calculation of Base Shear Force

Based on the collected data, the base shear force acting on the structure is calculated
in the second stage. In this calculation, the total mass of the building and the spectral
acceleration value are used. The structural behavior factor is taken as R = 1. The

spectral acceleration is determined using the period of the building in equation (2.28).

Viery) = 0.85%my * Sy (Tp(x) ) = 0.4 xmy x [ xSpg* g (2.28)

where

m; denotes the total mass of the building,

Sa,e(Tp(x)) is the spectral acceleration obtained from the structural period,
I is the importance factor,

Sps is the short-period design spectral acceleration coefficient, and
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g is the gravitational acceleration.

2.4.3 Distribution of Base Shear Force to Vertical Structural

Elements

Following the determination of the base shear force, the next step is to distribute this
force among the vertical load-bearing elements of the structure (columns and shear
walls). In the PERA2019 method, this distribution is performed only at the critical
story. Although the critical story is typically the ground story, an intermediate story

with irregularities such as a soft story or overhang may also be selected as the critical
story.
The total base shear force V, calculated for the critical story is distributed in proportion

to the stiffness of columns and shear walls. This distribution is performed using

Equation (2.29):

(2.29)

where

Vi is the shear force transferred to the i-th vertical element,

V. is the total base shear force at the critical story,

I 1s the moment of inertia of the column or shear wall cross section, and
L, is the net height of the column.

This approach is based on the flexural stiffness of elements (EI / L?). Elements with
higher stiffness attract a larger portion of the seismic shear force, while less stiff
elements carry a smaller portion. Thus, the total base shear force is distributed among

vertical structural elements using a realistic stiffness-based approach.
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2.4.4 Calculation of Column and Shear Wall Moments (Muto and
Smith Methods)

Based on the earthquake-induced shear forces transferred to the vertical elements at
the critical story, column and shear wall end moments are calculated using either the
Muto or Smith methods. Both approaches are fundamentally based on the following
equation (2.30):

Me=Ve;*Ly*y (2.30)

where

Ve, 1s the shear force transferred to the i-th element,

L, is the net story height at the critical story (free height of the column or wall), and
y is the moment arm coefficient.

The value of y is selected from Table 2.20 depending on the number of stories and the
relative stiffness ratio. In the calculations, typical beams are assumed to have a span

of 5 m and cross-sectional dimensions of 30 x 60 cm.

Table 2.20: y-coefficient for triangular distribution of lateral loads.

Number of
Stories 0.10 | 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 1.00 | 2.00 | 3.00 | 4.00 | 5.00
1 0.80 | 0.70 | 0.70 | 0.65 | 0.65 | 0.60 | 0.60 | 0.70 | 0.70 | 0.60 | 0.55 | 0.55 | 0.55 | 0.55
2 095 | 0.80 | 0.75 | 0.70 | 0.65 | 0.65 | 0.65 | 0.60 | 0.60 | 0.60 | 0.55 | 0.55 | 0.55 | 0.55
3 1.00 | 0.85 | 0.80 | 0.75 | 0.70 | 0.70 | 0.70 | 0.65 | 0.65 | 0.60 | 0.55 | 0.55 | 0.55 | 0.55
4 1.10 | 0.90 | 0.80 | 0.75 | 0.70 | 0.70 | 0.70 | 0.65 | 0.65 | 0.60 | 0.55 | 0.55 | 0.55 | 0.55
5 1.20 | 095 | 0.80 | 0.75 | 0.70 | 0.70 | 0.70 | 0.65 | 0.65 | 0.65 | 0.55 | 0.55 | 0.55 | 0.55
6 120 | 0.95 | 0.85 | 0.80 | 0.75 | 0.70 | 0.70 | 0.65 | 0.65 | 0.65 | 0.55 | 0.55 | 0.55 | 0.55
7 1.20 | 095 | 0.85 | 0.80 | 0.70 | 0.70 | 0.70 | 0.65 | 0.65 | 0.65 | 0.55 | 0.55 | 0.55 | 0.55
8 1.20 | 1.00 | 0.85 | 0.80 | 0.70 | 0.70 | 0.70 | 0.65 | 0.65 | 0.65 | 0.55 | 0.55 | 0.55 | 0.55
9 1.20 | 1.00 | 0.85 | 0.80 | 0.75 | 0.70 | 0.70 | 0.65 | 0.65 | 0.65 | 0.55 | 0.55 | 0.55 | 0.55
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2.44.1 Muto Method

In the Muto approach, the moment arm coefficient y is determined based on the
inverted triangular lateral load distribution along the building height, the number of
stories, and the relative stiffness of the element in plan. The relative stiffness ratio k is
defined using the stiffness of adjacent frames (ki, kz2) and the stiffness of the column

or shear wall (ke):

For an interior column in equation (2.31):

- ki+k
k= p 2 (2.31)
Cc
For an edge or corner column in equation (2.32):
— kgai
k= ad;{acent (2' 32)
Cc

Based on the selected k value and number of stories, the y coefficient is obtained and

the moments are calculated using equation (2.33)

Mg =V * Ly *y (2.33)

2.4.4.2 Smith Method

In the Smith approach, the moment arm coefficient is taken as a constant. For inverted
triangular lateral load distribution, the moment arm for columns or shear walls at the

critical story is approximately assumed as half of the story height in equation (2.34).
y = 050 » M, =V,;*L,*0.50 (2.34)
This method is faster than the Muto approach; however, it does not explicitly account

for plan stiffness distribution or variations due to the number of stories. Therefore, it

is preferred for rapid screening of large building inventories.

2.4.4.3 Application Steps (Summary)

1. The shear forces V., distributed to the elements at the critical story are
determined using Equation (2.31).
2. The net story height L, at the critical story is identified.
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3. The relative stiffness ratio k is calculated (for Muto):

a. Interior columns: (ki + k2) / k¢

b. Edge/corner columns: Kadjacent / ke

4. They value is selected according to the number of stories and k (Muto), or

y = 0.50 is used (Smith).

5. Column moments are calculated using M. = Vi - L, - y.

The calculated M. values are subsequently used in Section 2.4.4.1 for the

determination of tensile and compressive axial forces in exterior columns due to the

base overturning moment (TDM).

2.4.5 Calculation of Axial Forces Due to Vertical Loads

In the PERA method, axial forces in columns resulting from vertical loads are
distributed proportionally according to weighting coefficients based on the column’s

position in the plan, as illustrated in Figure 2.37 and Figure 2.38. The column labeling

is defined as follows:
Columns on the first/la

Columns on the first/la

st grid line in the X direction: xi, X2

st grid line in the Y direction: y1, y2

Interior (middle) columns: O

Exterior corner columns at intersections, e.g., X1y1, X2Yy1, etc.

%
C}_

Gra

Figure 2.37: Naming of columns according to their position within the building in the
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PERA method

The position-based weight (distribution) coefficients (s) are defined as follows:
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e Corner columns: s=1
e Edge columns: s =2

e Interior (middle) columns: s =4

Figure 2.38: Coding of columns according to their position within the building in the
PERA method

After obtaining the total building vertical load W (dead load + reduced live load), the
axial force N_G+Q induced by the vertical load assigned to each column is calculated
by Equation (2.35):

S

Ngsg = (g) W (2.35)

Here:

e Ng+q: axial force induced by vertical loads assigned to the relevant column

e s: distribution coefficient of the relevant column (1/2/4)

e Xs: sum of coefficients for all columns at the critical story

e W: total building vertical load (in practice, PERA assumes G + nQ = 12 kN/m?

and determines W based on the story area)

Application steps

1. Naming and classification of columns: According to Figure 2.37, the codes xi,
X2, Y1, y2, and O are assigned; according to Figure 2.38, each column is

assigned the coefficient s (1/2/4).
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2. Total vertical load W: Calculated using story areas and the assumed unit load
(in PERA field applications, the unit load is taken as 12 kN/m?).
3. Calculation of Zs: The s values of all columns at the critical story are summed.

4. Axial force per column: Ng+q is obtained using Equation (9).

This stage covers only the axial forces induced by vertical loads. In the next stage,
additional tensile/compressive axial forces that develop in exterior columns due to the
base overturning moment (TDM) caused by horizontal earthquake effects will be
calculated and considered in addition to the Ng+q values obtained here (interior

columns are outside the scope of the TDM effect calculation).

2.45.1 Effect of Base Overturning Moment on Column Axial

Forces

In addition to axial forces induced by vertical loads, horizontal forces originating from
the earthquake also lead to additional axial forces in columns. Horizontal earthquake
forces exhibit an inverted triangular distribution along the building height, as shown
in Figure 2.39, and the resultant of these forces acts approximately at the height of
(2/3 Hu). Consequently, the horizontal loads acting on the structure generate a base

overturning moment (TDM) that tends to overturn the lateral load—resisting system.

Level 4

k v Level 33

V Level 2

Level 1

Hy

NN

Figure 2.39: Distribution of TDM-induced axial forces in columns.
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As a result of this overturning effect, tensile (T) and compressive (C) forces develop
in columns located on the exterior grid lines, while the axial forces in interior columns
are neglected. These additional axial forces are added to the axial forces induced by

vertical loads calculated previously, thereby yielding the total column axial forces.

In the PERA method, the calculation of earthquake-induced axial forces in exterior

columns is performed through TDM using Equation (2.36) and Equation (2.37):

2
TDM =V, * <§ * Hn) (2.36)
_ . _TbM-xM,, (2.37)
Ltaban

Here:

e V. total base shear force at the critical story
e H,: total height of the building

e XM, sum of column/shear wall moments (see Section 2.X.4)

L taban: distance between exterior grid lines at the building base

T: tensile force developed in exterior columns

e (: compressive force developed in exterior columns

In Figure 2.39, a schematic representation of the tensile and compressive forces
generated in exterior columns by the overturning moment is provided. As can be seen
from this schematic, due to the TDM effect, columns on one side are subjected to

tension while columns on the opposite side are subjected to compression.

2.4.6 Calculation of Shear Force Capacity in Columns

In calculations related to the shear force capacity of columns, it is necessary to
compute the moment capacities (Mr; and Mr;) of the beams connected to the relevant
column. For interior columns, the column end moments are determined according to
Equation (2.38) by taking the average of the moment capacities of the beams connected

to the column in two directions (depending on the earthquake direction).

Mrj + M,
My (alt—ust) = T (2.38)
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By dividing the sum of the moments at the bottom and top ends by the net column
height, the shear force (V.) is obtained according to Equation (2.39).

_ Must + Malt

2.39
p == (2.39)

For corner columns, since the column is connected to beams only in one direction, half
of the moment capacity of the connected beam (depending on the direction of

earthquake action) is considered as the column bottom and top end moments.

M..:
My (alt—ust) = % (2. 40)

The sum of the obtained end moments is divided by the net column height according
to Equation (2.39) to compute V.. If the column is directly supported by the foundation,

the bottom-end moment is determined by calculating the column’s moment capacity.

In the PERA2019 method, the moment capacities of beams (Myi, Myj) are determined
based on cross-sectional dimensions and reinforcement class. In this context, beams
are typically assumed to have a 5 m span and cross-sectional dimensions of 300x600
mm. If the reinforcement class is S220, the positive and negative moment capacities
are taken as 120 kNm and 160 kNm, respectively; if the reinforcement class is S420,
these capacities are taken as 210 kNm and 290 kNm. Depending on whether the
earthquake acts from the left or the right, these moment capacities are considered

accordingly.

The calculated V. value is compared with V;, which is computed using the relations
defined in TS500 Section 8.1. If V. / V: > 1 (i.e., r1 > 1), the column is evaluated as
being in the collapse region. I[f Ve / V<1 (11 <1), then the damage region is determined
depending on the demand/capacity ratio and the confinement condition. According to
TS500, shear capacity of reinforced concrete elements is calculated considering both
concrete and transverse reinforcement contributions. By summing 80% of the concrete
shear capacity and the contribution of stirrups, V: (i.e., shear capacity) is obtained.

Equation (2.41-2.43)

V. =08V, +V, (2.41)

VC=O.65*fctd*bw*d*<1+y*(—d>> (2.42)
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v, = (%) ¥ Fm * d (2.43)

Here:

o fuq4 : axial tensile strength of concrete

e Dby : column width

e d: effective depth of the column

e v : coefficient (0.07 under axial compression, and -0.3 under axial tension)
e Ny : axial force (shall be taken as positive in both tension and compression)
e A, :cross-sectional area

e A, : total cross-sectional area of shear reinforcement

e s :stirrup spacing

e fywm : yield strength of transverse reinforcement

2.4.7 Calculation of Column Moment Capacity

In the PERA2019 method, the column moment capacity (Mr) is determined depending
on the assumed longitudinal reinforcement distribution in the column cross section. As
a result of investigations conducted by Ilki et al. (2014) on a total of 149 buildings and
912 column sections in Kocaeli, Van, and Istanbul, the reinforcement layout used in
column cross sections was statistically identified, and the reinforcement distribution
shown in Figure 2.40 was proposed. According to this arrangement, 40% of the
longitudinal reinforcement is placed in the bottom and top regions of the column, and

20% is placed in the middle region.

oo o0 0 | 01p

o ® 0.20p

0 00 0.40p

Figure 2.40: Longitudinal reinforcement distribution adopted in the PERA method.
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During the calculation process, the axial force value determined within the scope of
Section 2.X.5 is used to determine the following points for the column with the

relevant reinforcement arrangement:

e Pure axial load capacity — Point 1,
e Moment capacity at the balanced condition — Point 2,
e Moment capacity under pure flexural effect — Point 3,

e Axial load capacity under tensile force — Point 4.

These values are marked on the axial force-moment interaction diagram. Based on the
values calculated for the four conditions mentioned above (with intermediate values

assumed to vary linearly), a simplified axial force-moment interaction diagram as

shown in Figure 2.41 is constructed.

5000 1

30001

Axial Load (kN)

20001

Ng+q
1000+

-10007

Moment (KNm)

Figure 2.41: N-M interaction diagram.

After the axial force calculated according to Section 2.X.5 is marked on the vertical
axis of the constructed diagram, a line parallel to the horizontal axis is drawn until it
reaches the curve shown in Figure 2.41. From the intersection point obtained, a line

is dropped downward, i.e., perpendicular to the horizontal axis. Thus, the Mr value is

read on the horizontal axis.

With this method, the realistic moment capacity of the column is determined by

considering the section geometry, reinforcement ratio, and material properties. Within
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the scope of the PERA2019 method, the behavior of column and shear wall elements
under earthquake effects is evaluated in an integrated manner by considering shear
force, moment capacity, and axial loads. In this context, the base shear force is first
calculated and distributed to the vertical load-bearing elements at the critical story.
Subsequently, the moments, shear forces, and load-carrying capacities in columns and

shear walls are determined.

The shear and moment capacities of columns are evaluated based on TS500 provisions
using interaction diagrams. In addition, the limit values used in determining the
damage levels of columns are given in Table 2.21. In determining the damage levels
of columns, the demand/capacity ratios (r1 = V¢/Vr, r. = M/Mr) are used to establish
safety limits. With this approach, both shear and flexural behaviors are considered,
and a comprehensive assessment of the earthquake performance of columns is

achieved.

Table 2.21: Demand/capacity ratio limits for reinforced concrete columns.

Ni/ Actem Confined | Ve/bdfe | SH | KH | GO
<0.1 Yes <065 | 3| 6 | 8
<0.1 Yes >135 |25 5 | 6

>0.4and<0.7| Yes <065 | 2| 4 | 6
>0.4and<0.7 | Yes >135 | 152535
<0.1 No <065 | 2 35| 5
<0.1 No >135 | 152535
>0.4and <0.7 No <065 |15 2 | 3
>0.4and < 0.7 No >135 | 1 |15 2
>0.7 - - 1|1 |1
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2.4.8 Calculation of Relative Interstory Drifts

In the PERA method, the calculation of relative interstory drifts is performed in

parallel with TBEC 2018 principles. The relative interstory drift at the ground story is

calculated using Equation (2.44), and the obtained values are compared with the code-

defined limits to determine the damage states of the elements.
12

"12+E, * (2D,

5=V, (2.44)
Here, 6/L denotes the drift ratio, E_c denotes the modulus of elasticity of concrete, and
D; is calculated using Equation (2.45) and represents the stiffness-related parameter
associated with column stiffness. The stiffness parameter is defined for fixed-base

columns according to the Muto method using Equation (2.46):

D, =axk, (2.45)
0.5+k

a= = (2.46)
2+k

The modulus of elasticity of concrete is determined by the relation given in TS500:

E. = 14000 + 3250 * sqrt(f ) (2.47)
The calculated drift ratio is compared with the limit values given in Table 2.22, and
the damage state of the structure is determined depending on these values.

Table 2.22: Interstory drift limit values for reinforced concrete structures.

LD CD CP

0.01 0.03 0.04

During the evaluation of drifts, the existing irregularities in the structure are also
considered. In the PERA method, reduction coefficients are used for irregularity types
A1-A3 and B1-B3 defined in TBEC 2018 (Table 2.23). If more than one irregularity
exists in the structure, the coefficients are multiplied to obtain the total reduction

coefficient.
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For example, if a structure exhibits both B2 (Soft Story) and A3 (Plan Projections)
irregularities, the coefficients of both irregularities are multiplied to calculate the total

reduction coefficient:
0.85 x0.95=0.81

In this case, the calculated moment and shear capacities of columns are reduced by
multiplying them by the obtained coefficient of 0.81. Thus, the adverse effects of

irregularities on structural performance are taken into account.

Table 2.23: Reduction coefficients for structural irregularities.

Irregularities Reduction Coefficient
Al: Torsional Irregularity 0.85
A2: Diaphragm Discontinuity 0.95
A3: Presence of Plan Projections 0.95
B1: Weak Story 0.95
B2: Soft Story 0.85
B3: Vertical Element Discontinuity 0.95

The PERA2019 method enables a holistic consideration of shear forces, moment
capacities, axial loads, and relative interstory drifts in order to rapidly and reliably
evaluate the earthquake performance of reinforced concrete buildings. Within the
method, the base shear force is first determined and distributed to the vertical load-
bearing elements at the critical story. Then, the moments, shear forces, and axial loads
occurring in columns and shear walls are calculated and compared with the
corresponding capacity values. In this context, shear and moment capacities are
evaluated by considering TS500 provisions, and the damage levels of elements are
determined based on demand/capacity ratios (r1 = Ve/V:, r2 = Me/Mr) and relative

interstory drifts.
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As a result of these evaluations, the damage regions of elements can also be defined
through the internal force—deformation relationship. As shown in Figure 2.42,
structural elements sequentially reach the regions of Limited Damage (LD), Controlled
Damage (CD), and Pre-Collapse (CP); beyond these limits, the collapse region is
reached. This approach is consistent with the capacity-based assessment used in the
PERA2019 method and allows the performance of elements under earthquake effects

to be interpreted both visually and analytically.

Internal Force
A

CD Cp
LD " e
Limited Controlled E Pre- i
Damage Damage t Collapse ; Collapse
Region Region 1 Region ! Region
>
Deformation

Figure 2.42: Internal force—deformation curve.

Consequently, in the PERA2019 method, the performance of column and shear wall
elements is not based on a single parameter; rather, it is established through the
combined evaluation of shear, moment, and drift demands. Thus, if high risk is
observed in one or more elements at the critical story, the entire structure is classified
in the high-risk category. This approach is important particularly for the screening of
large building stocks due to its rapid applicability and its ability to produce results

grounded in engineering realism.
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3 NEWLY DEVELOPED RAPID SEISMIC RISK
ASSESSMENT METHOD

3.1 Definition of the RSRA Method

The Rapid Seismic Risk Assessment (RSRA) method has been developed to assess the
seismic safety of the existing building stock in a fast, practical, and reliable manner.
In particular, the method enables institutions with large building inventories to
prioritize buildings under time and resource constraints, and it aims to provide a
preliminary evaluation of the performance of the structural system based on field

observations and limited laboratory data.

The parameters considered within the scope of the RSRA method are similar to the
criteria used in comparable approaches reported in the literature (e.g., FEMA P-154,
the Canadian Seismic Screening method). Each parameter is evaluated within a
predefined score range according to its impact on building performance; these scores
are then combined through weighting coefficients to obtain a final risk score for the
building. Accordingly, it becomes possible to perform a relative ranking among a large

number of buildings in terms of risk level.

3.1.1. Development Process of the RSRA Method

The Rapid Seismic Risk Assessment (RSRA) method is a practical, field-data-driven
tool for risk identification and intervention prioritization, developed for circumstances
in which a large number of buildings must be evaluated with limited resources. It was
initially designed for institutional buildings with extensive inventories, such as bank
buildings, and over time it has been strengthened scientifically through field

experience and has undergone many updates.

While the method initially performed risk classification using only superficial
information such as building age and occupancy, it later evolved into a
multidimensional evaluation system extending from material properties to an
equivalent system model. Each new version was shaped by technical needs

encountered in the field, and the method has been continuously updated.
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When updating the method, new features were introduced in a manner that would not

alter the comparability criteria of the RSRA method. To this end, the score of the

category to which a new feature was added was either reduced by multiplying by a

coefficient or limited by upper bounds. For example, when the development

length/hook detail was added under the materials heading, the resulting category score

was reduced by a factor of 0.75 so that the total contribution of the materials category

would not become disproportionately high and overshadow other features.

RSRA Version (Table 3.1) Developments:

V1 (2020): Provided a basic classification based only on building age, number
of storeys, and occupancy type. It began as an office-based pre-evaluation
system that did not require any field inspection.

V2 (Late 2020): The first observation-based field forms were developed to
identify the structural system. Reinforced concrete, masonry, and mixed
systems began to be distinguished. The short-period design spectral
acceleration coefficient (SDS), depending on soil type, was also considered.
V3 (2021): The building period was computed using the empirical
relationships in Turkish Building Earthquake Code (TBEC 2018), and the
spectral acceleration value (Sae) was added to the scoring. In this way,
resonance behavior of buildings with different heights was considered. In
addition, a Seismicity-Soil Type score was defined based on the distance of the
period from the peak of the spectrum.

V4 (Mid 2021): Because carbonation risk increases in older buildings located
in hot and arid climates and the Schmidt hammer was not considered sufficient,
core samples began to be taken to determine concrete strength more reliably.
V5 (2023): Following the 6 February earthquakes, the significant effects of
vertical acceleration were clearly observed; in this context, load combinations
in column capacity calculations were revised to account for the multiplier of
vertical acceleration on dead load (details are explained in Section F).

V6 (Late 2023): Extremely large and irregular aggregates identified in the field
(6-9 cm in diameter) became a direct reason to classify the building as risky
due to bond problems. In such cases, the building was abandoned by assigning

a score of 900+ without considering any other criteria. In addition, the upper
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limit of 6 in the materials score was removed and irregularity criteria were
expanded (e.g., slabs at different elevations, excessively sloped ground).

e V7 (Early 2024): Element-based demand-to-capacity ratios obtained from
gravity-load analyses on an equivalent system model generated from field-
average data began to be compared with the damage limits in TBEC 2018.

e V8 (Late 2024 - Current): Linear performance analyses were carried out on the
equivalent system model. From these analyses, Al (torsional) and B2 (soft-
storey) irregularities were explicitly identified, shear force effects in columns
were evaluated, and the performance level of the model was classified
according to TBEC 2018. Thus, a direct relationship between the RSRA score

and equivalent structural behavior was established.

Table 3.1: Development stages of the RSRA method by versions.

Year /
Version Development Implemented / Feature Added
Period
Basic classification based only on building age, number of
Vi 2020
storeys, and occupancy type

V2 Late Structural system definition; creation of the first forms

2020 through field observation

Seismic demand score with empirical period + Sae;
V3 2021 S _ _
seismicity-soil score based on distance from spectrum peak

Mid . : o

V4 001 Addition of core sampling due to carbonation risk
Inclusion of vertical acceleration effects in load
V5 2023 o
combinations after the 6 February earthquake
. Direct classification as risky for concrete with highly
ate
Vo6 2023 irregular aggregate; removal of upper limit on materials
score; addition of new irregularity criteria
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Table 3.1 (continued): Development stages of the RSRA method by versions.

Year /
Version Development Implemented / Feature Added
Period
v Early Comparison of demand/capacity ratios in the equivalent
2024 system model with damage limits
Vg Late Linear performance analysis on the equivalent model;
2024 identification of A1-B2 irregularities and performance level

3.2 Differences ofthe RSRA Method from Existing
Methods

Compared with other rapid assessment approaches such as FEMA P-154, the Canadian

Seismic Screening method, and the P-25 method, the RSRA method provides a more

comprehensive procedure based on structural performance. While existing methods

typically operate with scoring systems based on field observations focusing on basic

parameters such as exterior appearance, occupancy, and number of storeys, the RSRA

method aims to deliver a more reliable risk evaluation based on numerical

computations by enabling an approximate structural model using data collected from

the building.

Within the scope of the RSRA method presented in this thesis, the following

procedures are carried out differently from other methods:

e Building modeling: A “simplified model” is prepared, limited by the building

footprint area and height, having an axis spacing close to the average spacing

of the building, and having member dimensions/reinforcement layouts

consistent with samples obtained from the field. The OpenSees-based

simplified model is analyzed to obtain element demand/capacity ratios and

material deformations, which are used in various evaluations.
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e Static analysis: Using the mathematical model, the modal parameters of the
structure, flexural/axial/shear capacities are computed. Demand/capacity ratios
are determined for each element from the obtained results.

e Performance analysis: A linear analysis method provided in TBEC 2018 is
used to evaluate performance.

e Structural irregularities: In addition to visually identified irregularities,
interstory drift and torsional irregularities are also checked numerically using
the simplified model.

e Material tests: Concrete strength is determined by extracting core samples;
reinforcement is investigated via X-ray scanning and cover removal tests.

e Reinforcement analysis: Stirrup diameters and spacing, development lengths,
and reinforcement ratios are checked.

e Determination of seismic demand: After analyzing the OpenSees-based
simplified model, the period of the building is computed. Spectral acceleration
coefficients corresponding to the computed period are obtained and the lateral

seismic forces/base shear acting on the building are determined.

3.3 Comparison of Rapid Assessment Methods

In the literature, various rapid screening methods have been developed to evaluate
earthquake-prone buildings in a short time. Some of these methods rely solely on
visual evaluation, whereas others include limited sampling from the building.
However, each method differs in scope, data collection procedures, and sensitivity in

risk identification.

The Rapid Seismic Risk Assessment (RSRA) method proposed in this study provides
a more comprehensive approach based on material properties and structural system
components. Because the quality of materials and workmanship varies significantly in
the building stock of Tiirkiye, the developed RSRA method examines buildings in
more detail than other methods particularly in terms of material and workmanship.
Data obtained from field tests and observations are converted into quantitative

measures and used to compute risk scores.

In the table below, the RSRA method is compared with FEMA P-154, the Canadian
Seismic Screening method, the P-25 method, and the Pera2019 method. Table 3.2
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summarizes the purpose, data sources, scope, advantages, and disadvantages of each

method and highlights the prominent aspects of RSRA.

Table 3.2: Comparative overview of RSRA, FEMA P-154, Canadian Seismic
Screening, P-25, and Pera2019

Comparis Canadian
RSRA FEMA P- P-25
on Seismic Pera2019
Method 154 Method
Criterion Screening
Risk
assessment
based on
. o Rapid risk shear,
Rapid Preliminary . : '
o _ Prioritizati | identificatio | moment,
prioritizatio | screening ) ]
- on and risk n and drift
Objective | n and field- through ' ‘ ‘
. ‘ ranking of | (especially | behavior of
based risk visual y .
. buildings for public columns
score evaluation .
buildings) and walls
under
earthquake
effects
On-site core On-site
tests, measured
Schmidt _ section
Exterior ) )
hammer, Plan dimensions,
appearance, | . . ‘
cover informatio | Observatio | reinforceme
number of o
removal n, building nal data nt
Data storeys, )
tests, age, plus some detection,
Source ' plan o _
reinforceme ' structural | engineering Schmidt
configuratio '
nt system estimates test-based
‘ n, structural
observation type concrete
. type
s, simple strength,
measureme and code-
nts based limits
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Table 3.2: Continued.

Material
Number of | Structural
data such Building
storeys, system Moment,
as concrete | geometry
. . structural type, shear, and
quality, and basic .
) type, number of drift
Scope reinforcem | structural | N -
irregulariti storeys, capacities of
ent system
es, general | presence of | column and
detailing, | observatio
) building | irregulariti | wall elements
stirrup ns
. type es
spacing
Medium -
. requires field
Medium - . .
. . Rapid - Very rapid data, but
requires | Very rapid . .
observatio - calculations
Time / field - ‘
_ _ _ n and questionna are more
Cost inspection | observatio | ) ) ]
informatio | ire or short systematic
and n only
n form field form | and faster as
sampling
no
nomograms
Detailed, determined
numerical, Simple Prioritizati | Parameter- from limit
Scoring and 'count the | on using based tables using
System weighted points' scoring scoring | demand/capac
parameter | approach tables system ity ratios and
scores drift ratio
Pre- . . . .
' . Priority Risk score Risk level
Risk Score range | screening _ ‘
level based (high, according to
Classificati | 0-900+ -> 6 | result ->
on score medium, SH, KH, GO
on risk levels | risky/safe o
o range low) limits
distinction
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Table 3.2: Continued.

Reinforceme
Basic ‘
nt detection
laboratory Observatio | Observation
Required ' . device, field
devices | Observatio n and al and
Field measurement
) (Schmidt, n only technical | engineering
Expertise , concrete
core drill, knowledge | knowledge
strength test
etc.)
(Schmidt)
More
More
realistic
‘ Extensive reliable risk
scoring . il . : : .
_ applicatio | Widely used | identification
that Very rapid . .
Advantage . . n history; practical based on
considers | and simple | .
. simplified system material and
material
form section
performan
geometry
ce
Requires
field
equipment
and
software '
Provides ) .
know-how Provides Requires
no Material
for limited field data
Disadvanta informatio | quality is
material information and
ge non not
testing and on structural | engineering
. material | considered ] )
analysis; ‘ behavior expertise
) quality
requires
practitione
r capability
to build a
model
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3.4 Implementation Steps of the RSRA Method

In this section, the field implementation of the Rapid Seismic Risk Assessment
(RSRA) method is described step by step. The method has been developed to assess
earthquake risk of buildings rapidly and reliably, and it consists of six systematically
defined main stages (A, B, C, D, E, F). These stages enable a holistic evaluation of
observational and experimental data obtained from the building. In each step,
numerical scoring is carried out based on specific parameters, allowing an objective

determination of the building’s risk condition.

Each main-stage score is obtained by summing its subcategory scores. The main-stage
scores are then multiplied with each other to obtain the RSRA score. Because high
scores in different categories increase building risk multiplicatively, category scores
are multiplied, while subcategory scores are summed within their respective

categories.

The hierarchical structure of the RSRA method is provided in Figure 3.1.

« Concrete Quality

- - « Steel Grade/Type
A-Existing Building
Material Status
= Anchorage & Hook Details

- Stirrup Spacing

- Material Type (RC/Steel/Masonry)
B-Structural System

Material & Year B
« Year & Governing Code

+ Slab Type (Conv./Ribbed/Miaffle)
C-Frame Type &
Slab System

- Shear Wall & Basement Status

; « Soil Spectral Acceleration
D-Soil & Site

/ ] Conditions
J - « Structural Resonance Risk
HRT i -
SCORE o

+ Plan & Vertical Irregularities

Irregularities « Framing System Discontinuities

h E-Structural ‘

+ Workmanship & Uncertainties

+ Corrosion, Cracks & Buckling

+ Groundwater & Soil Swelling

Assessment

\ F-Current State
« Interstory Drift Control

‘ - Simplified Static Modeling

« Column Capacity/Demand Ratio

- TBEC 2018 Linear Performance

Figure 3.1: Hierarchical structure of the RSRA method.
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In the following subsections, these six stages that constitute the application procedure
of the RSRA method are presented in detail, and the workflow, tools, and evaluations

used in each stage are supported with examples.

3.4.1 Existing Building Material Condition (Section A)

The objective of this section is to evaluate the current condition of the structural system
and the materials used in the building on site. Within this scope, the building is first
inspected with a general overview; preliminary information is collected regarding the
structural system type, number of storeys, building geometry, and potential
irregularities. These observations conducted by the responsible engineer in the field

are recorded in a standardized field inspection form (Figure 3.2).
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Figure 3.2: Field inspection form.
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During the inspection, structural elements are observed to identify common damage
traces, possible corrosion indicators, short column effects, and the formation of
weak/soft storeys. These observations are summarized in the general evaluation

section on the first page of the method (Figure 3.3).

Figure 3.3: Possible corrosion indicators and short column effects.

Another step to understand material quality and condition is to remove the concrete
cover of structural members and examine reinforcement detailing. During this process,
reinforcement diameter, spacing, stirrup arrangement, reinforcement grade
(BCI/BCIII), and corrosion condition are observed. These data provide important
indicators regarding adequacy of reinforcement layout and ductility. In some cases,
reinforcement detection devices are used to scan reinforcement configuration in

columns without cover removal and to perform verification (Figure 3.4).

Figure 3.4: Investigation of material strength parameters of the building.
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All these data are scored based on four main parameters under the main heading of

Section A:
a. Concrete Strength
b. Reinforcement Class
c. Anchorage (Development) Length

d. Stirrup Spacing

Each parameter is evaluated within a predefined score range according to
predetermined criteria. These scores are summed to calculate the Existing Building
Material Condition Score, and this total is multiplied by a coefficient of 0.75 to obtain

the final score of Section A.

As a result of this stage, the material quality and detailing of the structural system are
converted into quantitative data. This data forms the basis for the overall risk

assessment carried out in subsequent stages.

3.4.1.1 Concrete Compressive Strength

Under this subsection, the concrete compressive strength obtained from core samples
and non-destructive tests conducted using the Schmidt hammer is evaluated. Concrete
strength, which is one of the most critical data for determining the material
performance of the building, provides direct information on the load-carrying capacity
of the existing building and is also used as a fundamental parameter in computing the

risk score.

Core tests are performed preferably on samples taken from one or two columns located
at the ground floor, and the results are reported by an accredited laboratory. These
values are compared with Schmidt hammer measurements performed in the field.
Consistency between the two methods provides preliminary information on overall
concrete quality and carbonation condition. In some cases, due to owners not allowing

core extraction, only non-destructive test results are used (see Figure 3.5).
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Figure 3.5: Report of core test results.

Within RSRA, the target best concrete quality is 30 MPa. Because the method is

designed primarily to evaluate low- to mid-rise buildings, this strength level is

assigned the lowest risk score. For 30 MPa and higher concrete quality, the risk score

is taken as “1”.

A gradually increasing risk score is defined as concrete quality decreases. The formula

of this risk score is given in equation (3.1).

SCORE = 0.0042fcd? — 0.2542fcd + 4.87
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According to this scoring system, the variation of the score with concrete quality is

shown in Figure 3.6.
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Figure 3.6: Variation of damage score with concrete compressive strength.

With this scoring, the risk score increases at an accelerating rate as concrete quality
decreases. In addition, if a specific problem is observed in the concrete during field
inspections, the score of this item is increased more than that indicated by the formula

(Figure 3.7).
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Figure 3.7: Concrete samples with irregular aggregate distribution.
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3.4.1.2 Reinforcement Class

Reinforcement grade is of critical importance in terms of the ductility level and load-
carrying capacity of a structure. This parameter directly affects the structural
performance, particularly under earthquake effects, by governing key behaviors of
reinforcement such as yield strength and deformation capacity. Within the scope of the
RSRA method, the reinforcement grade is determined by identifying the diameters and
types of the reinforcement exposed by cover removal from selected columns during

field inspections.

Reinforcement grade is generally classified into two basic categories, namely S220
and S420. These classes primarily indicate the yield strength level of the
reinforcement. While S220-class bars have lower yield strength, S420-class bars
provide higher strength. In older buildings, S220-class reinforcement is encountered
more frequently, whereas S420-class reinforcement is common in newer buildings.
Determination of reinforcement grade provides critical data for evaluating the overall

strength capacity of the building’s structural system.

Reinforcement grade not only defines yield strength, but also indicates the production
method of reinforcement. Plain (non-deformed) bars may be fabricated under
workshop conditions using scrap steel; in contrast, deformed (ribbed) bars are typically

factory-produced. For this reason, the risk score associated with plain bars is higher.

Within RSRA, fixed scores are assigned according to reinforcement grade, as shown
in Table 3.3. If reinforcement in the building is of grade S220, a score of 2 is assigned,
if it is of grade S420, a score of 1 is assigned. In some reinforced concrete buildings
constructed in the 1990s, longitudinal bars are S420 while stirrups are S220. For such
cases, the score is taken as 1.5. These scores are weighted to reflect the influence of
material behavior on building safety. The resulting score is summed with the scores

from other sub-parameters and contributes to the total score of Stage 1.
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Table 3.3: Fixed scores assigned based on reinforcement grade.

Reinforcement Steel | Score

S220 2
S420 1
S220-S420 L.5

Reinforcement grade can be determined either by direct observation through cover
removal on site or, if necessary, indirectly with reinforcement detection devices. This
assessment provides an important indication regarding stiffness, ductility, and

consequently seismic performance.

3.4.1.3 Anchorage (Development) Length and Hook Angle

Adequate anchorage of reinforcement bars by embedding them into concrete over a
sufficient length at column ends is of great importance for the strength of the structural
system. This requirement is critical for effective force transfer by reinforcement and
for preventing brittle failures. Reinforcement with insufficient development length
may experience unexpected bond loss during earthquakes, leading to sudden capacity

drops.

Similarly, if stirrup and cross-tie hooks are not bent at 135°, confinement may open up
and the section may behave in a brittle manner. As a result, the section cannot dissipate

the expected energy and may be damaged under cyclic loading.

Deficiencies such as development length and hook angle, as well as similar detailing
deficiencies, are considered within a subcategory and scored between 1 and 1.5 as
shown in Table 3.4. If cover removal is carried out such that the lap
splice/development region is expected but the lap length is not observed, or if a 90°

hook is observed at the corresponding stirrup corner, the risk score is taken as 1.5.
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Table 3.4: Scores assigned according to development length and hook detailing.

Anchorage (Development) Length of Reinforcement | Score

Observed 1

Not observed 1.5

Because development length is a fundamental detailing component that ensures
integration of reinforcement with the structural system, deficiencies in this parameter
may adversely affect the overall seismic performance of the building. Therefore, its
influence on the scoring system has been determined by considering both material

safety and strength continuity.

3.4.1.4 Stirrup Spacing

For structural members to exhibit ductile behavior under earthquake effects, an
adequate stirrup arrangement is required. Sufficiently tight stirrup spacing increases
the deformation capacity of longitudinal reinforcement before buckling and enhances
the deformability of concrete, thereby directly contributing to the overall performance
of the structural system. For this reason, stirrup spacing is treated as an independent

evaluation parameter within RSRA.

During field inspections, stirrup diameter, spacing, and the presence of 135° hooks are
observed on the surfaces of stripped columns or beams. Thus, direct information is
obtained regarding detailing quality of the structural system. A stirrup spacing around
10 cm is considered ideal, whereas spacing of 20 cm and above is evaluated

unfavorably in terms of ductility.

This scoring shown in Table 3.5 represents the level of detailing of the structural
system and, consequently, the expected behavioral pattern. The evaluation of stirrup
spacing enables interpretation of the ductility capacity of the building. Moreover, the
score obtained from this parameter is directly used in determining the total score under

the heading of Existing Building Material Condition.
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Table 3.5: Scores assigned according to stirrup spacing.

Stirrup Spacing | Score

25 ¢cm and above | 2.5

20-25 cm 2
15-20 cm 1.5
10-15 cm 1

Below 10 cm 0.5

3.4.2 Evaluation Based on Construction Year and Structural

System Type (Section B)

In Section B, which constitutes the second stage of the RSRA method, the design
quality and code compliance of buildings are evaluated based on their construction
year. Because engineering knowledge, building materials, analysis methods, and legal
regulations have evolved over time, the construction year of a building is a significant
criterion. Therefore, a building constructed in 1975 and a building constructed after

2007 are generally not expected to have the same seismic resistance.

In this section, considering only the construction year, the applicable earthquake code
is identified and scoring is performed accordingly. Construction year information is
typically obtained from the institution’s real estate inventory, building personnel, or

the relevant municipality.

In addition, the structural system type (reinforced concrete, steel, timber, masonry) is
also considered to determine the final score. For reinforced concrete systems, a more
detailed and higher-risk scoring is applied, whereas steel, timber, and masonry systems

are evaluated with different coefficients Table 3.6.
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Table 3.6: Scoring based on construction year and structural system type.

Code Year | Reinforced Concrete | Steel | Timber | Masonry
Before 1975 4 1.2 1.2 3
1975-1998 3 1.2 1.2 2
1998-2007 2 1.2 1.2 1.5
2007 and later 1 1 1 1

Particularly in rural regions, it has been observed that building construction standards
are adopted with approximately a 10-year delay compared to large cities. Accordingly,
if a building does not reflect the technical characteristics of its construction year, an
older construction year may be adopted in risk scoring. For example, continued use of
cast-in-place concrete in years when ready-mixed concrete became widespread, or the
preference of BCI reinforcement in a period when BCIII reinforcement had become
standard, can be considered as such cases. These situations typically arise when
construction is carried out long after the design date or when construction remains

incomplete for a period.

This scoring represents the engineering and regulatory level of the period in which the
building was designed. The obtained score contributes directly to the RSRA structural

risk score.

3.4.3 Formation of Floor Diaphragm (Section C)

In Section C, which constitutes the third application step of the RSRA method, the
structural behavior is analyzed by jointly evaluating the floor system and the basement
layout. Within this scope, the formation of rigid diaphragm action and the ability to
effectively transfer lateral forces are considered. Since basement shear walls distribute
loads to the foundation system and provide favorable seismic behavior, the risk score

of buildings with basement shear walls is reduced by half (Figure 3.8).
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The expressions “With Basement” and “Without Basement” in Table 3.7 indicate
whether the basement storey is surrounded by rigid reinforced concrete walls on at
least three sides. If this condition is not satisfied, or if the basement exterior walls
consist of weak materials such as brick/stone, the building is evaluated as “Without

Basement.” This criterion is an important parameter affecting structural stiffness.

d

2l

Rigid Diaphragm

T

Transfer of shear wall moments by basement walls in a structure with a basement

d

g

Transfer of shear wall moments by basement walls in a structure without a basement

Rigid Diaphragm

Figure 3.8: Shear wall moments.

Another important parameter, the “Shear Wall Ratio,” indicates the extent to which
reinforced concrete shear walls are present in the structural system. Frame-only
buildings with no shear walls are accepted as “Shear Wall Ratio = 0,” whereas
buildings with shear walls only at the stair or elevator core are considered as “Shear
Wall Ratio < 1/3.” If shear walls are used widely throughout the structural system, the
ratio is evaluated as “Shear Wall Ratio > 1/3.” This interpretation is based on the field
observations of the inspecting engineer, project information, and engineering

judgment.

131



Table 3.7: Scoring based on floor system and shear wall ratio.

Beam- Flat One-Way Hollow Waffle
and-Slab Slab Block (Asmolen) (Coffered)

With Basement
Shear Wall 1 2 1.8 1
Ratio=0
Without
Basement
Shear Wall
Ratio=0
With Basement
Shear Wall 0.7 1.4 1.3 0.7
Ratio < 1/3
Without
Basement
Shear Wall
Ratio < 1/3
With Basement
Shear Wall 0.5 1 0.9 0.5
Ratio > 1/3
Without
Basement
Shear Wall
Ratio > 1/3
Tunnel Form 0.2 0.4 0.4 0.2

1.4 2.8 2.5 1.4

The floor system plays a critical role in structural behavior under earthquake effects.
Beam-and-slab floors provide a better rigid diaphragm effect than other systems and
are advantageous in lateral load distribution. In contrast, systems such as hollow block
slabs and waffle slabs may exhibit weaker diaphragm action, which may adversely
affect lateral load transfer. Flat slab systems are rated as the riskiest floor system
because punching shear problems may arise and frame deficiencies may occur due to
insufficient effective connectivity between columns; moreover, sensitivity to
workmanship errors further increases their risk. Therefore, when evaluating floor type,
engineering judgment should be applied by considering not only geometry but also

structural effects and strength.

The score obtained by jointly evaluating floor type and shear wall ratio represents an
important input for the behavior of the building under lateral loads and affects the

RSRA risk score.
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3.4.4 Seismicity and Soil Type — Scoring Based on Spectral

Acceleration (Section D)

In earlier versions of the RSRA method, the building period was approximately
computed using the empirical relationship defined in TBEC 2018 Article 4.7.3.4, and
the corresponding spectral acceleration value (Sae) was obtained from a graph.
However, the method has evolved over time, and starting with Version 5, a more
scientific and computation-based approach was adopted. Accordingly, the engineering
calculations required for Stages D, E, and F are performed using an OpenSees-based
software developed for this purpose. In this version of RSRA, the approximate periods
of buildings are obtained through an equivalent system model created in this software,
and Sae is computed more accurately. Using the same model, key parameters such as
modal mass participation ratios, natural vibration frequency, and base shear force are
also determined. The computed period is used to determine the spectral acceleration

coefficient and to calculate the corresponding risk score.

The operating principle of the software-based equivalent system model will be

presented in detail under Section 3.6.

The spectral acceleration value S.(T) is defined as a function of period within four

intervals, as given by Equations (3.2)—(3.5):

Sae(T) = (0.4 + 0.6 %) Sps (0T <T,) (3.2)
Sae(T) = Sps (Ta<T <Tp) (3.3)
Sae(T) =22 (Ty <T<T,) (3.4)

Sae(T) = 227E (T, <T) (3.5)

Determination of soil class plays a critical role in defining earthquake effects. In this
study, the soil class of some buildings was determined directly by seismic
measurements using MASW (Multichannel Analysis of Surface Waves); for some
others, USGS (United States Geological Survey) data were used, as shown in Figure

3.9.
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Figure 3.9: Soil class map obtained from USGS.

For the remaining buildings, soil class ZC was assumed based on field observations.
For each building, SDS and SD1 values were obtained from the Tiirkiye Earthquake
Hazard Map according to the determined soil class, and these parameters were used
directly in computing the elastic design spectrum S(T). After S(T) is computed, the

risk score is determined according to Equation (3.6):

S(T)<0.5 - 1
PUAN: {05<S(T)<15 - 1+4+5.0x[S(T)—-0.5] (3.6)

S(T)=1.5 - 6

Saha Bilgileri ‘ Yapi Davranisi
Zemin zC ¥ Kat Sayisi 3
Sds 0,865 Bodrum 1
Sd1 0,269 Tx 0,089
Ta 0,062 Ty 0,075
Tb 0,311 S(0,08) 0,865
Tl 6 Puan(0,865) 2,83
Tpa 0,428  |Puan(0,865) 2,83
Ct-Cerceve: 0.1 w» Puan 2,83

Figure 3.10: Spectral acceleration-based scoring formula.

In selecting the period value, the direction in which the structural behavior is more
critically demanded (shear force or displacement) was considered; in general, the
period corresponding to the more severe risk was adopted. Within RSRA, in order to
remain on the safe side, the period corresponding to the larger spectral acceleration

value was preferred (see Figure 3.10).

134



3.4.5 Structural Irregularities (Section E)

In the fifth stage of the RSRA method, the objective is to evaluate structural

irregularities in the vertical and horizontal directions. In this stage, certain structural

irregularities defined in TBEC 2018 are considered, and a presence/absence-based

scoring is performed for each irregularity type. These scores reflect potential

weaknesses in terms of stiffness, continuity, and behavioral reliability. The main

irregularities considered within RSRA, shown in Table 3.8, are grouped under two

main headings.

Table 3.8: Structural irregularities.

Diigeyde Planda
E N Nige oY oglned o8| ;515.5
E%%%Essﬁﬁdﬁaﬁ CE| 8 | SFERE
Var 2 2.5 1.2 1.3 L3 1.3 1.3 13 | 1.3 | 1.3
Yok 0.1 0.1 0,1 0,1 0.1 0.1 0.1 ] 01 0.1
NOT: “Donati pursantaj <%1" / “farkh kotta diyafram™ / *“fazla egimli arazi” / “iscilik™ / “agir
cilkkma™ /  ““tek yon tasiyicr™/ “yiiksek-dar yap1”/ “ortogomal olmayan yvapr™ / “yapryva zaman icinde
vapilan eklemeler viiziinden cahisma prensibinin belirsiz™

e Vertical Irregularities:

o

o

o

Weak storey
High weak storey (h > 5 m)
Vertical element discontinuity (B3)

e Plan Irregularities:

O

o

o

o

Torsion (A1)

Diaphragm discontinuity (A2)
Plan projections (A3)

Short column

Stub beam

Frame discontinuity

Pounding (coexistence/overlap of multiple structural system behaviors)

For each of these irregularities, a fixed score is assigned if present. These scores are

generally defined in the range of 1.2-2.5. If an irregularity is absent, 0.1 is assigned

for all subcategories; thus, the total score of this section becomes 0.9, resulting in a

reduction in the Structural Index Score.
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Identification of irregularities is based on analyses of the equivalent system model
created using the OpenSees-based software, as well as review of
architectural/structural drawings and field observations. While scoring can be
performed for all irregularities based on field observations, calculation-based
evaluation methods are also applied for certain special irregularities such as “relative

29 ¢6

interstory drift,” “soft storey,” and “torsional irregularity,” as explained in detail in

Section 3.4.6.4.

Special Cases and Notes

In addition to code-defined irregularities, certain special cases that affect structural
behavior but are not explicitly defined in the code are also evaluated under this

category. For example:

e FElements with reinforcement ratio below 1%

¢ Floor systems at different elevations

¢ Buildings founded on excessively sloped ground

e Very tall but narrow buildings

e Structures in which the load-carrying system works predominantly in one
direction

e Excessive cantilevers, workmanship errors, or unengineered interventions

made later

Such cases are included in the irregularity category, and the relevant explanations are
written into the blank columns in the form, increasing the risk score. The irregularity
scores obtained at the end of this stage directly affect the overall RSRA risk score.
Since a substantial part of these checks is performed through the software-based

equivalent system model, a holistic and consistent analysis is targeted.

3.4.6 Condition of the Building at the Time of Assessment (Section F)

In this section, both observational damage findings for the investigated building and
analytical results obtained from the equivalent system model are evaluated together.
Performance analysis is conducted based on the linear method defined in TBEC 2018

Chapter 15, and damage states of members at different storeys are reported in detail.
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The resulting numerical data provide a technical basis for the RSRA risk scoring and

enable holistic interpretation of field observations and numerical analysis findings.

In this section, first, specific scores are defined for each of the following irregularity

and damage criteria:

Corrosion condition is classified according to the following three options:

o None: 0.3

O

o

Less than 30%: 1.0
More than 30%: 1.5

Water emergence from beneath the foundation, ground heave, or liquefiable

soil type:

o No soil problem observed: 0.3

o

Problem observed: 1.5

Significant stiffness difference in the weak direction of the building:

o No:0.3

(@)

Yes: 2.0

Member capacity checks:

o

The columns that carry the largest span and have the smallest section
are identified, and the vertical compression load acting on these
columns is compared with column capacity (details in Section 3.4.6.1).
Based on determined damage ratios, the required spectrum scaling
factor for the building to achieve controlled damage is determined
(details in Section 3.4.6.2).

Demand/capacity (E/C) ratios are determined in columns using
strength-based design criteria (details in Section 3.4.6.3).

Story drift values are compared (details in Section 3.4.6.4).

Damage ratios are determined in columns and beams using

deformation-based design criteria (details in Section 3.4.6.5).

The evaluations performed under the “Member Capacity Checks” item are explained

below.
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3.4.6.1 Scoring Based on Axial Stresses (Maximum Compression

Acting on Column / Column Section Area)

In this step, the stress caused by gravity loads in columns is evaluated both
approximately using calculation sheets and separately using the equivalent system
model. Typically, at the ground storey, two columns are selected that may experience
the maximum axial load from the most unfavorable gravity load combination (1.4G +
1.6Q)—these columns are generally located near the middle of the plan and have
relatively small cross-sections. These columns are evaluated using the “tributary area
method,” in which the approximate contribution of vertical load from surrounding
floor areas is calculated. The vertical load is divided by the column cross-sectional

area to compute the average compressive stress in concrete.

This stress value is compared with 90% of the concrete compressive strength in
accordance with TS500 Article 7.4.1. For example, based on a concrete strength of

14.16 MPa obtained from core tests, the limit is determined as:
0.9 x fck=0.9 x 14.16 = 12.74 MPa

If the vertical load acting on the first column is approximately calculated as 1399.91
kN and the column cross-sectional area is 4900 cm?, the average compressive stress in

concrete is:
6 =1399.91 /4900 = 0.286 kN/cm? — 2.86 MPa

Similarly, if the vertical load for the other column is calculated as 468.27 kN and its

section area is 2100 cm?, the stress is:
6 =468.27/2100=0.223 kN/cm? — 2.23 MPa

When each stress value is divided by the limit value, the E/C ratios are obtained as
0.202 and 0.157, respectively. This value represents the first E/C ratio, i.e., the ratio of

concrete compressive stress demand to concrete compressive strength capacity.

To account for different loading cases and perform a more detailed analysis, the
simplified system model is analyzed under eight different load combinations. The most
unfavorable axial force value among these combinations is considered. In this
example, if the maximum axial force is 1333.8 kN in a different column and the

column cross-sectional area is 1500 cm?, the average compressive stress is:
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o =1333.8/1500 = 0.8892 kN/cm* — 8.892 MPa

The E/C ratio obtained from the analysis of the equivalent model is computed as 8.892

/14.16 = 0.628.

Comparing the three E/C ratios computed above, the largest value in this example is
obtained from the equivalent model. Therefore, in RSRA scoring, this higher value

(0.628), representing the most critical scenario, is adopted.

The main reasons for using both hand calculations and model-based data in this step

are as follows:

e Hand calculations provide a rapid preliminary evaluation in the field and
enable verification of the accuracy of the equivalent model.

e The equivalent system model provides more accurate results by accounting for
hyperstatic behavior and load distribution; it is more reliable than hand
calculations particularly for identifying the column where the maximum axial
force occurs.

e The equivalent model is analyzed under eight different load combinations;

thus, the most unfavorable scenario is safely identified.

This two-stage control procedure demonstrates that RSRA is an engineering-based

approach and enables more rational scoring.

3.4.6.2 Linear Performance Analysis of the Equivalent Model and
Scoring Based on Spectral Acceleration Coefficient

(Spectrum Scaling Factor for Significant Damage)

In this part, the second E/C ratio in the RSRA evaluation logic is obtained by
examining the behavior of the structure at a certain spectral acceleration level through
linear analysis on the equivalent system model. The objective is to identify the
performance level of the structure against seismic hazard and to numerically determine
at which demand level the target performance can be achieved by reducing (or, in some

cases, increasing) the spectral demand.

First, the design spectrum is constructed depending on the region, soil class, and
dominant period of the building. This spectrum is determined using the SDS and SD1
parameters through the relationships defined in TBEC 2018 Article 2.3.4.1. The
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earthquake effect corresponding to Sae(T) is applied to the equivalent system model
generated in the OpenSees-based software, and linear analysis is performed. If the
building satisfies the target performance level, i.e., Controlled Damage (KH), under
the initial analysis, no reduction is applied to the spectrum and the structure is
considered adequate; the corresponding score is recorded as “0.” However, if the
analysis result corresponds to Collapse Prevention or a lower performance level, it
indicates that the building cannot meet the demand. To identify the demand level that

can be met, the design spectrum is gradually reduced and analyses are repeated.

The information obtained through this procedure is the linear-method-based
performance per TBEC 2018 Chapter 15 without using any ductility reduction factor.
Each reduction applied until the target performance is achieved is expressed as the
“spectrum scaling factor.” The smaller this factor, the weaker the building is against
the existing demands. Taking the inverse of this factor yields a value that is directly

reflected in the RSRA scoring and is evaluated as an E/C ratio.

For example, suppose that Controlled Damage cannot be achieved under a design
spectral acceleration of 0.8g; however, when this value is multiplied by a factor of 0.2
and reduced to 0.16g (i.e., reduced by a factor of 5), the target performance is achieved.
In the RSRA evaluation table, 0.2 is recorded as the “Spectrum Scaling Factor,” and
the E/C ratio is computed as 1 /0.2 = 5. For this building the spectral acceleration had
to be reduced by a factor of 5 to reach Controlled Damage; therefore, E/C = 5 is

recorded.

With this method, RSRA becomes a hybrid approach supported not only by
visual/field-based observations, but also by engineering calculations and strength
limits of the building. Thus, RSRA can be used not only as a screening tool but also

as a prioritization and risk analysis tool supported by numerical data.

3.4.6.3 Scoring Based on Column Performances in the Equivalent
Model Using E/C Ratios (Reinforced Concrete Column E/C
Ratio)

In this stage, the behavior of column members under both flexural and shear effects is
analyzed using the equivalent system model. Internal force values (M2, M3, V2, V3)

are obtained for each column under eight different load combinations.
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For the flexural evaluation, the load combination producing the most unfavorable
moment effect is identified for each column; the M2 and M3 values from this
combination are evaluated together with the axial load (N) to generate the moment—
axial load interaction diagram. The internal force components are plotted as points on
this diagram; points outside the capacity curve indicate that flexural capacity has been
exceeded. Using these diagrams, an E/C ratio related to flexure—axial load interaction

is computed for each column.

For the shear evaluation, the V2 and V3 directions are analyzed separately; for each
direction, the most unfavorable load combination is identified. In accordance with
TS500, shear capacities (V_r) are computed using concrete strength, stirrup spacing,
and axial load information obtained from the field. The following formulas are used in

these computations:

* Diagonal cracking strength: Vk,=0.65 - fctd - b-d - (1 + (N - d)/ Ac)
* Stirrup contribution: Vs = (Asw /s) - fyd - z

* Total capacity: Vr=0.8 - (Vks + Vs)

For each column, the obtained shear demand V_e is compared with the capacity V r.
IfV_e>V r, the member is considered to have brittle damage risk, and a shear-based

E/C ratio is computed.

After flexural and shear analyses, the computed E/C ratios for each column are
compared, and the largest value is assigned to that column. Among all columns, the
maximum E/C ratio is selected and recorded in the evaluation table as one of the
candidate parameters for the Bo coefficient used in stress scoring. Within this
evaluation, the ductility level determined for the equivalent model generally leads to
selecting R and D coefficients from the “Limited Ductility” part of TBEC 2018,
because field observations indicated that ductility requirements were not satisfied in

the investigated building inventory.

As an example, Figure 3.11 shows that the axial load and biaxial moment effects for
a column obtained from the analysis fall outside the interaction diagram. Because the
internal force components exceed this limit, the demand is larger than the column
capacity. In this case, the E/C ratio is computed as 1.70 and reflected in RSRA stress

scoring.
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Figure 3.11: Interaction diagram for axial load and biaxial moment effect.

This approach enables a more comprehensive and representative evaluation of the
overall safety level of the structure by identifying the weakest behavior mode within

the structural system. This value is the third E/C ratio obtained for capacity checks.

3.4.6.4 Identification of Structural Irregularities Using the
Equivalent Model and Scoring with E/C Ratio (Irregularities
E/C Ratio)

In this stage, potential irregularities in the building are identified based on both field
observations and the equivalent system model generated using the developed software.
In particular, torsional irregularity (A1) and soft-storey irregularity (B2) related to
relative interstory drifts are evaluated numerically in accordance with relevant
provisions of TBEC 2018. For the remaining irregularities, architectural and structural

drawings as well as field observations are utilized.

For torsional behavior evaluation, lateral displacements at four different corner points
on each storey diaphragm (J:, 02, 83, 04) are determined. Using these values, the
maximum displacement (6 _max), minimum displacement (6_min), and average
displacement (8_avg) are computed. The torsional ratio defined in TBEC 2018 Article
474 (nb =06 max / & avg) is computed, and the Al torsional irregularity check is
performed for each storey. If nb > 1.2, torsional irregularity is considered present at

that storey; sample results are shown in Table 3.9 and Table 3.10.
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Table 3.9: Torsional irregularity check in X direction.

Story d1 [mm] 32 8 8a Simax Sumin davg n_bx | Al 4.7.4 Dbi % DyfGen [m]
Bas_1 0.37123 0.37123 0.37123 0.37123 0.37123 0.37123 0.37123 1 No v 1 5
Ground 39.217 39.217 39.217 39.217 39.217 39.217 39.217 1 No v 1 5
Story 1 93.126 93.126 93.126 93.126 93.126 93.126 93.126 1 No v 1 5
Story 2 142.61 142.61 142.61 142.61 142.61 142.61 142.61 1 No v 1 5
Story 3 180.34 180.34 180.34 180.34 180.34 180.34 180.34 1 No v 1 5
Story 4 204.21 204.21 204.21 204.21 204.21 204.21 204.21 1 No v 1 5

Table 3.10: Torsional irregularity check in Y direction.

Story &1 [mm] [ 33 34 Omax Sumin davg n_bx Al 4.7.4 Dbi % DyfGen [m]
Bas_1 0.3712 03712 | 037123 | 03712 | 0.3712 | 0.37123 | 0.3712 1 No v 1 5
Ground 39.217 39.217 39.217 39.217 | 39.217 39.217 39.217 1 No v 1 5
Story_1 93.126 93.126 93.126 93.126 | 93.126 93.126 93.126 1 No v 1 5
Story_2 142.61 142.61 142.61 142.61 142.61 142.61 142.61 1 No v 1 5
Story 3 180.34 180.34 180.34 180.34 | 180.34 180.34 180.34 1 No v 1 5
Story_4 204.21 204.21 204.21 204.21 204.21 204.21 204.21 1 No v 1 5

For the evaluation of relative interstory drifts, the displacement at each storey (6i) is
divided by the corresponding storey height (h;) to compute the drift ratio (6i/hi). These
values are compared with the limit value A-(6/h) defined in TBEC 2018 Article 4.9.1.
For reinforced concrete buildings with brittle and adjacent infill walls, this limit is
generally taken as 0.008. Using these ratios, an E/C ratio is obtained for each storey as

(5/h;)/0.008.
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Table 3.11: Soft-storey irregularity check in X direction.

Story DD2 Lower disp. [mm] | DD2 Upper disp. A h 8 Ad/h Limit E/C VIX
Bas 1 0 0.37123 0.37123 | 4150 | 1.4849 | 0.00012242 | 0.008 | 0.015303 v
Ground 0.37123 39.217 38.846 | 4150 | 155.38 0.01281 0.008 1.6013 XX
Story_1 39.217 93.126 53.909 | 4150 | 215.64 0.017778 0.008 2.2223 XX
Story 2 93.126 142.61 49.48 4150 | 197.92 0.016317 0.008 2.0397 XX
Story 3 142.61 180.34 37.733 | 4150 | 150.93 0.012443 0.008 1.5554 XX
Story_4 180.34 204.21 23.869 | 4150 | 95.477 | 0.0078715 | 0.008 | 0.98394 v

B2: Stiffness Irregularity Between Adjacent Stories (Soft Story): The largest
difference is between “Story 3” and “Story 4,” withn_ki =0.0124 / 0.0079 = 1.55 <
2 (1 basement storey) (no storey setback) (Table 3.11).

Table 3.12: Soft-storey irregularity check in Y direction

Story DD2 Lower disp. [mm] | DD2 Upper disp. A h 3 AS/h Limit E/C vIX
Bas_1 0 0.37123 0.37123 | 4150 | 1.4849 | 0.00012242 | 0.008 | 0.015303 v
Ground 0.37123 39.217 38.846 | 4150 | 155.38 0.01281 0.008 1.6013 XX
Story_1 39.217 93.126 53.909 | 4150 | 215.64 0.017778 0.008 2.2223 XX
Story 2 93.126 142.61 49.48 4150 | 197.92 0.016317 0.008 2.0397 XX
Story 3 142.61 180.34 37.733 4150 | 150.93 0.012443 0.008 1.5554 XX
Story_4 180.34 204.21 23.869 | 4150 | 95.477 | 0.0078715 0.008 | 0.98394 v

B2: Stiffness Irregularity Between Adjacent Stories (Soft Story): The largest
difference is between “Story 3” and “Story 4,” with nki=0.0124 /0.0079 =1.55 <2
(1 basement storey) (no storey setback) (Table 3.12).

Based on both analyses, irregularities emerging in the structural system are identified
through numerical methods. Al torsional irregularity and B2 soft-storey irregularity
are evaluated both within code limits and in terms of their impact on scoring under the

heading “Irregularities D/C Ratio.” All storey-level D/C ratios are examined, and the
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maximum ratio in the building is recorded in the evaluation table as the basis for

scoring. This value is the fourth D/C ratio.

The four D/C ratios (a, b, ¢, d) obtained by the four methods are tabulated, and a risk

score is obtained (see Table 3.13) according to the following criterion:

Table 3.13: Summary of E/C ratios and input values (example).

Item Value D/C Ratio / Notes

(Maximum compression on column / column area) 6 =8.892 MPa D/C=0.628

(Spectrum scaling factor for significant damage) Spectrum factor=0.2 | D/C=1/0.2 =5.000

(Reinforced concrete column D/C ratio) 1st D/C 1.700

(Irregularities D/C ratio) 2nd D/C 1.55

(Max D/C =5.000)

E/C Score : 21,5

Among these E/C ratios, the largest value is defined as the demand-to-capacity ratio.
Depending on whether the E/C ratio is smaller or larger than 0.8, equations are used

to compute the E/C score.

D
—<0.8
D Jc - 0
ESCORE. D
EZO.S - 054+ (B0-0.8)x%x5

The obtained E/C score is the total score of Section F. It has been observed that it may
reach very large values particularly for buildings that are weak and located in highly

seismic regions. Therefore, the Section F score is capped at a maximum of “5.”

3.4.6.5 Determination of Performance Level Based on Deformation

Limits in Columns and Beams

The equivalent system model is evaluated using the linear analysis method according
to TBEC 2018 Section 15.5. Accordingly, internal forces occurring in each structural

member under the applied earthquake loads are determined, and damage states are
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identified based on these forces. As defined in TBEC 2018 Article 15.8, members are
classified into the damage levels of Limited Damage (SH), Significant Damage (BH),
Advanced Damage (IH), and Collapse (GO).

Using the performance table generated from the analysis, the total shear forces for each
storey, the distribution of these forces among structural members, and member-level
damage states can be observed in detail. Below, an example analysis output for the +X

direction is presented in Table 3.14 and Table 3.15.

Table 3.14: Performance level result for +X direction.

Tablo: Kat 1 kat1 +X yonii icin kesme kuvveti tablosu (Toplam: 37699 kN)

Mem V] % Pert Mem Vi % Pert Mem VN % Pert
ColfStol | ga61 018 SH Coll0Sl | g1 018 SH Cold2 %ol | 70301 018 SH
Cold Stol | 6068 018 SH CollOSol | 53204 014 SH Coll1%o] | 53741 014 Go
Coll2 Stol | spa19 016 SH Coll 180l | 1434 0.16 SH Coll 0ol | 51405 014 SH
Coll28tl | 4701 013 Go Coll28ol | 340m 0.00 BH Coll3Sol | 511 014 SH
CoBOSiol | 51405 014 SH Coli1Stol | 5616 0.15 Go Coliasiol | 50936 019 SH
CoB3Stal | 49,688 013 SH CoMOStol | 53508 014 SH Colb1Sial | 55073 0.15 Go
ColilSiol | gr017 0: SH Colt3Sial | 5435 0.15 SH Colb0%tol | g0308 018 SH
Cob il | 6519 017 SH Coli2Stol | 55420 0.15 SH Coli3Stal | 30.0m 019 SH
WILLStol | o122 186 Go WISl | 35060 0.00 BH WIS Sl | 40s10 011 BH
WILESl | 20153 773 SH WIS Sl | 3652 1052 SH WILESel | s 562 SH
WILTSol | g1 6.8 SH WILE Stol 2881 7.64 SH WILO Sl | 3204 8.7 SH
WLLL0Sel | 21616 573 SH WLLLL Sl 56074 7.14 SH WLLLLStoL | 57405 7.0 SH
WL Sl | 55156 9.36 SH WL Sl 49160 0.13 SH WILLSStol | 45303 0.13 SH
WILL6Stel | 21165 006 SH WILITStoL | 15051 0.05 SH WILIE S0l | 59,504 0.11 SH
WD S0l | 37334 01 SH

Hasar tespit kati:1

Gogme bolgesinde eleman bulunmaktadsr, Sinirls Hasar X
Gogme bolgesinde kolon bulunmamalidir, Gogme Oncest X
Deprem +X yonil yap: performanst: Gogme

Table 3.15: Distribution of member damage for +X direction.

Suarly Belirgin Tieri GBgme a&U [ ToP Kat
K Kirig Kolon | Vkol[kN] | %Vkol | Kirig Kolon | Vkol[kN] [ %Vkol | Kiriy | Kolon | Vkol[kN] [ %Vkol | Kirig Kolon | Vkol[kN] [ %Vkol | %>BH | Vkol[kN] | Hasan
1 38/38 | 35443 30361 805 - 3/43 10851 03 - - 0 0 - 5/43 7228 192 0 37699 G
2 38/38 3127 1108.7 6.4 - [ 0 0 - 0 0 - 22727 16342 93.6 846 17431 G
3 38/38 3127 10976 72 - [] Q 0 - 127 147.86 1 - 2127 13916 91.8 9138 15161 G
4 38/38 3127 1066.4 93 - 3127 4503 4 - 327 477.87 42 - 16127 94041 82.6 841 11498 G
3 38/38 | 24727 59193 87 - [ 0 0 - 0 0 - 327 386.67 13 13 6806 G

Notlar:

A&U: Alt & Ust balgest
SH: Smmrh Hasar

G: Gogme

1H: Tlen Hasar

Go: Gogmenin Onlenmesi

In Table 3.14, each structural member is presented together with both the share (%)

of the storey shear it carries and its performance level. Thus, not only the count of
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members reaching a certain damage level but also their influence on global structural

response becomes apparent.

In Table 3.15, the distribution of members into damage classes is given for each
storey. For example, it is observed that on Story 1, 3 out of 43 columns are in
Significant Damage; the total lateral force of 109.91 kN carried by these three columns
corresponds to only 0.3% of the total storey shear. Thus, the evaluation is performed

by jointly considering both quantitative and performance-related measures.

Moreover, the “A&U” column enables separately tracking the damage classes at the
lower (A) and upper (U) ends of column members. This allows for a more practical
implementation of damage assessment required by TBEC 2018 Articles 15.8.4(c) and
15.8.5(b).

3.5 Results and Discussion — Applicability of the RSRA
Method and Structural Index Calculation

In this study, the Rapid Seismic Risk Assessment (RSRA) method, which integrates
field-based observations with engineering calculations and has high practical
applicability, was introduced and exemplary applications were performed on
buildings. The RSRA method consists of six categories: existing building material
condition, structural system characteristics and construction year, floor diaphragm
behavior, soil and seismic demand parameters, irregularities, and the condition of the
building at the time of assessment. Scores obtained from subheadings of each category

are integrated into a structural index using a multiplier system.

The total risk score for each building is determined with the Structural Index (SI)

formula in equation (3.7).

SI=A*BxCxDxE (3.7)
Within this formula, each multiplier is evaluated according to engineering data
obtained from the building and classified systematically (see Figure 3.12).
For example, if a building is evaluated with the following high risk scores:

A. Existing material condition = 6.120

B. Structural system type and year = 2.000
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C. Floor diaphragm formation = 0.7

D. Seismicity and soil effect = 5.690

E. Irregularities = 3.300

F. Condition of the building at the time of assessment = 5.000

then the total SI is computed as SI =804.41. The prioritization scale defined by RSRA

for this example building is interpreted as follows:

RESULT: STRUCTURAL INDEX CALCULATION

When calculating the structural index, each penalty score category is multiplied to score the structure.

SI: Structural Index

SI=AXBXCXDXEXF

e SI > 701-900 — Falls into the “Search for Alternatives” category. This
indicates that long-term use of the building is not considered safe; therefore,
replacement with a new building or planning of comprehensive intervention is

required. Such buildings should also be evaluated economically and addressed

Building Structural Index Score: 804.41
Priority Status Score Limit Sub-categories

Very low risk 0-200 Existing material condition (a) 6.120
Structural system type and year (b) 2.000

Lower priority 351-500 Floor diaphragm formation(c) 0.7
Non-urgent intervention 501-700 Seismicity and soil effect (d) 5.690
Irregularities(e) 3.300
Condition of the building at the time of assessment (f) 5.000

Figure 3.12: Structural Index Calculation

through alternative solutions.

With this evaluation model, the RSRA method provides a structural risk ranking that
is both rapid and technically grounded, offering decision-makers concrete, data-driven

guidance. Detailed explanations for the building conditions corresponding to these

score intervals are provided below in Table 3.16.
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Table 3.16: Score intervals and explanation.

SI Range

Priority Status

Explanation

SI>900

Priority

intervention

Structures in this range have very high structural risk;
serious engineering deficiencies are considered
present. Interventions such as strengthening or

decommissioning should be prioritized.

701-900

Search for

alternatives

Long-term use is not considered reliable; replacement
with a new building or comprehensive intervention
should be planned. Economic evaluation and

alternative solutions are recommended.

501-700

Non-urgent

intervention

The building has certain engineering deficiencies, but
there is no extremely severe risk for current use.
Strengthening, maintenance, or monitoring is

recommended in the medium term.

351-500

Lower priority

Buildings in this range are in a gray/intermediate zone;
they may have some weaknesses but may not show
clear inadequacy. Detailed evaluation and, if

necessary, comprehensive analyses are recommended.

201-350

Low risk

The building is generally acceptable in terms of
engineering, material, and system behavior. However,
because RSRA is a preliminary method, building-
specific conditions should be considered especially for

values near the boundaries.

0-200

Very low risk

According to current observations and calculations, no
significant engineering weakness 1is identified.
Comprehensive intervention is not required;
nevertheless, this does not imply zero risk, and basic

maintenance and monitoring are recommended.
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In general, the following actions are expected based on the scoring results:

e (0-350 points: Continued use of the building without the need for a more
detailed assessment.

e 351-700 points: If the building is intended to remain in use, more detailed data
should be collected through performance analysis.

e 701 points and above: Discontinuation of building use without requiring more
detailed assessment. If no alternative facility exists, a detailed performance

analysis should be conducted.

3.6 Equivalent System Model and Software Application

With Version 5 of the RSRA method, an equivalent system model began to be used to
place the risk scoring on a more realistic and scientifically grounded basis, and static
solutions of this system were performed using OpenSees or an internal solver.
Compared to the empirical period estimations used in earlier versions, this model
enables more accurate determination of modal characteristics based on the actual
condition of the structure. The modeling process is conducted based on average values
of axis spacing, column-beam section dimensions, and storey heights obtained from

detailed field inspections.

The prepared three-dimensional model is analyzed using OpenSees or an internal
solver to obtain dynamic characteristics. From these analyses, period values (T x,
T y), vibration modes, mass participation ratios, base shear forces, and irregularity
conditions (A1, B2, etc.) are obtained and used both as inputs to the RSRA scoring

and as indicators of the general condition of the structure.

Live loads in the model are defined in accordance with TS498, while dead loads are
identified in the field. Lateral seismic forces are distributed to storey levels in
proportion to storey masses and heights. These forces are distributed to reinforced
concrete members in proportion to their stiffness. Using internal forces obtained from
the analysis, demand/capacity ratios and damage conditions are determined for
columns and beams; these outputs also provide insight into whether the building

requires prioritized intervention.

In the modeling, stiffness multipliers are applied in accordance with TBEC 2018 Table

4.2 (“Effective Section Stiffness Multipliers for Reinforced Concrete Structural
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Members”). In addition, the building information level coefficient is taken as 0.75 or
1 depending on whether there are drawings and whether the building was constructed
under controlled conditions. Stirrup strength adjustments per TBEC 2018 Article
15.7.1.3 are applied according to stirrup hook angle. If plain reinforcement is used in
the building, seismic demand is increased in accordance with TBEC 2018 Article

15.7.1.2.

With this modeling approach, a simplified system model is obtained that is compatible
with field data and represents the general geometry. Integrated with Version 5 of the
RSRA method, this system provides technical depth to the scoring system and offers
decision-makers a more robust, engineering-based evaluation. In determining dynamic
parameters of the equivalent system model integrated with the current version of
RSRA, a linear analysis approach is preferred. However, within the analysis, the
limiting criteria for the linear analysis method defined in TBEC 2018 Article 15.5.3.1
(e.g., BYS < 5, B3 irregularity, etc.) were not separately checked for each building;
the modeling process was carried out under the same approach for all buildings. This
preference is a deliberate simplification made to preserve the comparative analysis

content of the study and to provide a technical basis for the scoring system.
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4. COMPARISON OF RSRA METHOD WITH
NONLINEAR PERFORMANCE ANALYSIS

When structural behaviour is investigated, the more a given method rests on
simplifying assumptions, the further its results may deviate from the actual behaviour.
For this reason, compared to linear elastic methods, nonlinear and deformation-based
analysis procedures have a greater potential to represent the seismic behaviour of
structures in a realistic manner. In particular, since existing buildings and poorly
designed structures are expected to exhibit nonlinear response, nonlinear analysis
methods are of critical importance for engineering practice when assessing such

buildings.

Within the scope of the Turkish Building Earthquake Code (TBEC-2018), nonlinear
performance analyses may be conducted in three different ways: single-mode
pushover analysis with invariant loading, multi-mode pushover analysis, and nonlinear
time-history analysis. Although time-history analysis allows detailed modelling of
structural response as a function of time, it requires extensive ground-motion records,
advanced modelling capability, and significant computational effort. Multi-mode
pushover analysis, on the other hand, can simultaneously account for the response of
the structure in several vibration modes, but is limited in practice by its modelling
complexity and sensitivity. These factors restrict the widespread use of both methods
in applications where a large number of buildings must be analysed in a short period

of time.

In this study, among nonlinear analysis procedures, the invariant single-mode
pushover analysis method has been adopted. This choice does not merely reflect a
boundary condition imposed by the code; it is also a deliberate methodological
decision within the framework of this study. Invariant single-mode pushover analysis
provides a suitable solution for the present work due to its ease of application, low
computational demand, applicability to a wide building stock, and its ability to
generate comparative results that can be matched with the RSRA method.
Furthermore, since this method applies lateral loads corresponding to the first mode
shape to the structure and performs the pushover in that manner, it produces response

outputs that are easier to interpret in the analysis process. This provides clarity in the
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engineering assessment of the structure and the understanding of its overall behaviour.
Accordingly, the analysis approach adopted in this thesis simultaneously considers the
nonlinear behaviour of the buildings and enables analytical comparisons with the

RSRA scoring system.

4.1 Nonlinear Performance Assessment of Existing
Buildings

In TBEC-2018, the nonlinear behaviour of existing buildings in seismic performance

evaluation is taken into account directly through structural analysis and by obtaining

the corresponding deformations from this analysis. In this context, the code defines

three main nonlinear analysis procedures for determining building performance. Each

procedure differs in its intended use, modelling requirements, and level of realism with

respect to actual behaviour. These methods are summarised below.

4.1.1 Single-Mode Pushover Analysis (Invariant Single-Mode
Pushover Method)

This method aims to represent the behaviour of a multi-degree-of-freedom system
through an equivalent single-degree-of-freedom (SDOF) system reduced to the first
vibration mode. Lateral loads applied to the structure are distributed according to the
first mode shape, and a nonlinear pushover analysis is performed in that direction. The
resulting capacity curve is then transformed into modal coordinates, compared with
the spectral demand, and the performance point is determined. Although the method
is computationally efficient and consistent with engineering intuition, TBEC-2018
Article 5.6.2.2 explicitly states that it cannot be used for all building types. Annex 5B
of TBEC-2018 provides, in detail, the transformation equations and procedures
required for the implementation of the method and for the calculation of the

performance point.

4.1.2 Multi-Mode Pushover Method

The multi-mode pushover method aims to account for the contribution of several
modes of vibration, rather than reducing the building behaviour solely to the first

mode. During the pushover analysis, the contribution of each mode is calculated
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separately, and then the responses associated with these modes are combined using an
appropriate combination rule (e.g., SRSS or CQC). The combination procedure also
includes the construction of the overall pushover curve of the structure by
superimposing the modal pushover curves. This method yields more realistic results,
especially in the assessment of irregular, tall, and torsion-sensitive buildings.
However, the computational process is more complex and requires separate modelling

and analysis for each mode.

4.1.3 Nonlinear Time-History Analysis Method

In this method, the ground motion is defined directly in the time domain and the
structural response is calculated at each time step. This approach, which is based on
solving the dynamic equilibrium equations step-by-step in time, is the most realistic
yet also the most complex method. Time-history analysis is preferred for buildings that
are required to remain operational after earthquakes, for historic structures, or for
systems with major irregularities. Moreover, when the distance between the building
and the causative fault is less than 15 km, time-history analysis is also recommended.
In this method, records of past earthquakes generated by faults with characteristics
similar to those of the target fault are used; thus, the realism of the method is quite
high. Parameters such as analysis duration and the choice of damping model are of

critical importance in this approach.

4.2 Calculation of Demand Displacement by Single-Mode
Pushover Analysis and Determination of Building
Performance

According to TBEC-2018, invariant single-mode pushover analysis cannot be applied
to every type of structure. To employ this method within the limits of the code, the
torsional irregularity index must satisfy n_bi < 1.4 and the modal mass participation
factor of the first mode must not be less than 0.70. In the present study, however,
nonlinear pushover analysis has been adopted for 28 different buildings with the
specific intention of enabling a comparative evaluation with the risk scores previously
obtained using the RSRA method. The primary objective in applying the method is to
obtain capacity curves that represent the lateral load-carrying capacity of the buildings
under seismic loading, and then to determine the performance points by comparing

these curves with the spectral demand curve. In this way, the performance levels

154



obtained for each building can be compared with the RSRA scores, and the consistency
of the method relative to pushover analysis can be evaluated. Within this framework,
regardless of the restrictive conditions prescribed in the code, nonlinear pushover
analysis has been performed for each building, and the results have been used solely

for the purpose of quantifying performance levels.

4.2.1 Implementation Steps of the Pushover Analysis Procedure

In this study, nonlinear pushover analyses were carried out in accordance with the
invariant single-mode pushover method defined in Annex 5B of TBEC-2018. The

implementation process follows the flow chart illustrated in Figure 4.1.

( Start )

Initial Lateral Load Applied to Structure

'

Load Incrementally Increased —
V-A Capacity Curve Developed

!

Coordinate Transformation to
Sd-Sa Domain

|

Elastic Tangent Intersection with
Demand Curve — Target

!

New Pushover Analysis up to
Target Displacement Carried Out

!

Plastic Hinge and Damage
Distributions Evaluated

.

Performance Level Determined
(I0/LS/CP)

!

Figure 4.1: Flowchart of the pushover analysis procedure.

According to the flowchart:

1. Construction of the Capacity Curve
a. Lateral loads distributed according to the first mode shape are applied
to the building.
b. These loads are incrementally increased until the structure reaches a

collapse mechanism.
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At each load step, the roof displacement (A) and the base shear force
(V) are calculated.
Using these values, the capacity curve of the building (V-A) is

obtained.

2. Construction of the Demand Curve

a.

The capacity curve is transformed into the spectral displacement—
spectral acceleration (S¢—Sa) space.

This transformation is carried out according to TBEC-2018 using the
properties of the structure (effective mass, natural period, etc.).

In the same space, the elastic spectrum corresponding to the seismic
hazard at the building site is plotted.

The elastic spectrum is reduced according to the damping ratio of the

system to obtain the inelastic demand curve.

3. Determination of the Demand Point

a.

A bilinear idealisation of the capacity curve is constructed by matching
the initial elastic slope.
The elastic spectral displacement is converted to inelastic spectral
displacement through the displacement modification factor Cr. If T: >
Tg, then Cr = 1. Otherwise, Cr is calculated iteratively using TBEC-
2018 Equation 5B.17b.

4. Determination of Performance Level

a.

The building is pushed again up to the target displacement, and the final
analysis is performed at this deformation level.

At this stage, the locations of plastic hinges, deformation demands, and
storey drifts are evaluated.

The damage levels of elements are compared with the performance
limits defined in TBEC-2018 (IO, LS, CP).

Based on these results, it is determined whether the structure satisfies

the target performance level.

4.2.1.1 Lateral Loading and Construction of the Capacity Curve

In the nonlinear pushover analyses conducted in this study, the lateral load pattern was

determined according to the site coordinates and soil class of each building. In
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accordance with TBEC-2018 Section 2.3, the elastic design spectrum corresponding
to the local soil class and coordinates was constructed for each structure, and the
spectral acceleration values S,. were defined. Under the calculated lateral loads,
nonlinear pushover analyses were performed, and the capacity curves shown
schematically in Figure 4.2 were obtained. These curves represent the relationship
between the base shear force and the horizontal displacement at the monitored control
node (typically the roof). The capacity curves are independent of earthquake records;
instead, they reflect the geometry of the buildings, their lateral load-carrying capacity,

ductility, material properties, and overall behavioural characteristics.

-
[
L

A
Va dn

Modal Capacity

Push Curve

Base Shear Force
Modal Acceleration

da

Unn

v

A 4

Displacement Modal Displacement

Figure 4.2: Typical capacity curve.

In this figure, V., denotes the base shear corresponding to a given analysis step, and
u,N represents the horizontal displacement at the control node for that step. Along the
curve, it is possible to track the sequence of plastic hinge formation in the members
and to assess the system behaviour. To evaluate the pushover curve together with the
demand curve, an axis transformation is applied using the relations given in Equation
(4.1) and Equation (4.2). The base shear V, is converted to modal acceleration a,, and

the roof displacement u,N is converted to modal displacement d,:

- .1
an - Mn .
Unn
d, = (4.2)
" (pnNFn

157



4.2.1.2 Earthquake Demand and Construction of the Demand Curve

Sa/(Aog) Sa/(Aog)

'y : Tl

S~

Spectral Acceleration
Spectral Acceleration

T Sa

T To Periyod Spectral Displacement

Figure 4.3: Spectral axis transformation.

The quantities related to the design earthquake are defined through spectral curves in
seismic codes. As shown in Figure 4.3, the spectrum is described in the Sa—T space.
In order to compare this spectrum with the pushover curve, it must be transformed into
the Sa—Sd space. This transformation can be performed using Equation (4.3):

S, = (%)2 S, (4.3)

4.2.1.3 Determination of Earthquake Demand Displacement

Once both curves are expressed in the same space, the displacement demand of the
system under the earthquake action can be determined. The capacity of the system has
been calculated on the basis of nonlinear behaviour. However, since the earthquake
spectrum is elastic, both curves must be expressed in a compatible manner. The ATC-
40 guideline proposes converting the elastic response of the earthquake to the
nonlinear behaviour of the system. Since this transformation depends on nonlinear

response, an iterative approach is required to locate the performance point.

In TBEC-2018 Annex 5B, by contrast, the capacity curve is converted to an equivalent
elastic representation similar to the demand curve. For this purpose, the initial tangent
of the capacity curve is intersected with the spectrum curve in the Sa—Sd plane, and
the elastic displacement of the equivalent system against the earthquake demand
(df.x ) is obtained. Subsequently, using the equal-displacement rule, the elasto-

plastic displacement of the system (dg,,,) is determined:
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ask

max(n)

== CR(n)de (4' 4)

max(n)

In this expression, n denotes the relevant vibration mode. The transformation factor

C_R® is computed as equation (4.5) and (4.6):

T, < TgCrmy = ! [1+(R —1)T—B] (4.5)
n = {BY“R(n) Ry(n) y(n) Tn
TTL > TBCR(n) - 1 (4‘. 6)

The strength reduction factor Ry™ is determined by equation (4.7).

Sae(n)
Ry(n) = a 4.7)
y(n)
Sa
A Tn> Tb 1
SEC_ | P SilC_
ay | ay L/ '
Sa ’ Sq
Fmne = AP > Fme 0P >

Figure 4.4: Determination of elasto-plastic displacement using the elastic spectrum
and capacity curve.

As illustrated in Figure 4.4, ay is obtained from a new bilinear representation of the
capacity curve having equal area with the original curve. Since the performance point
of the capacity curve is not known at the outset, this process is carried out through a
few trial steps. If the capacity curve cannot reach the performance point, it means that
the structure collapses before meeting the earthquake demand. As plastic hinges form
and the system reaches a mechanism state, the structure may fail prior to attaining the

performance point.

4.2.1.4 Determination of Structural Performance

Using the deformation values obtained from the pushover analysis up to the

performance point, member damage states and the overall performance level of the
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structure are determined in accordance with TBEC-2018 Section 15. For ductile
elements, three damage states and associated damage limits are defined at section
level: Limited Damage (SH), Controlled Damage (KH), and Near-Collapse Damage
(GO). Limited Damage corresponds to a small amount of inelastic behaviour at the
section; Controlled Damage corresponds to inelastic behaviour at which section
strength can still be safely maintained; and Near-Collapse damage corresponds to
advanced inelastic response at the section. This classification does not apply to

elements failing in a brittle manner.

The purpose of nonlinear analysis methods used for determining the seismic
performance of existing or strengthened buildings and for strengthening design is to
compute plastic deformation and plastic rotation demands associated with ductile
behaviour, as well as internal force demands associated with brittle behaviour, for a
given earthquake. These demand quantities are then compared against deformation and
internal force capacities; thus, structural performance assessment is carried out at both

section and building level.

4.3 Nonlinear Modelling Approach

In this study, the performance analysis of each investigated building was carried out
using the ETABS v21.3.0 software. In the modelling process, the original structural
drawings of each building were strictly followed; cross-section dimensions of
structural elements, span lengths, storey heights, and slab thicknesses were taken
directly from the original design drawings. Material properties of the buildings were
determined from field data. For each building, concrete strength was obtained through
core tests; bar diameters and spacing were determined through reinforcement exposure
and rebar scanning (x-ray) techniques. In this way, building-specific material
definitions were assigned in the analyses. In accordance with TBEC-2018 Article
15.2.3.1, the knowledge level factor and reinforcement reliability factor were
considered in these definitions; the measured concrete and reinforcement strengths

were reduced appropriately and reflected in the analytical model.

For beam elements, plastic hinges were defined based on moment—curvature
relationships and the rotation limits determined by TBEC-2018 Equations (5.6) and

(5.7b). For column elements, the confined concrete behaviour was modelled using the
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Mander model as illustrated in Figure 4.5, and distributed plasticity was implemented

through fibre models.

A
o

My

€cc

Figure 4.5: Example stress—strain (6—¢€) curve of the confined concrete material model

used in the analyses.

For wall elements, the MVLEM element was employed, which is capable of capturing
distributed plasticity. The Collapse Prevention and Controlled Damage limits were
determined based on the strain limits defined in TBEC-2018; the strain values
specified by Equation (5.4a) for concrete and Equation (5.7a) for steel were used as

damage control thresholds in the fibre models.

To properly capture the structural behaviour, plastic regions were defined in the load-
bearing members. Distributed plasticity was adopted for columns and lumped
plasticity for beams. All plasticity limits were defined in accordance with TBEC-2018
Articles 5.4 and 15.4.
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Figure 4.6: Definition of distributed plasticity in columns and selection of Gauss—

Lobatto integration points (ETABS interface).

Since the nonlinear modelling of beams was carried out under the plastic hinge
hypothesis, only the limited regions near beam—column joints exhibit nonlinear
behaviour, while the intermediate beam segment remains elastic (Figure 4.6). As a
consequence, the behaviour of these elastic segments near the limit of member strength
must also be represented properly. Therefore, effective section stiffnesses of beams
were calculated using TBEC-2018 Article 5.4.5.2 and Equation (5.2). In this relation,
the effective yield moment (My) and yield rotation (8y) of the plastic hinge region are
considered, and stiffnesses are determined directly from member dimensions and

reinforcement ratios on a building-specific basis.

For columns and walls, since distributed plasticity was adopted, all points along the
member are affected by increasing loads and spreading nonlinearity, and there is no
need to impose a priori assumptions about when the member reaches its strength. This
state is automatically computed in subsequent analysis steps by the nature of the
adopted method. Because assigning additional effective stiffness reduction factors
from outside would be inappropriate for column and wall elements analysed with fibre
models, no extra stiffness modification was applied, in line with the note by CSI:
“When using fiber hinges, you are already modeling the reduced stiffness due to
cracking, and should not apply further stiffness modifiers.” (CSI, Analysis Reference
Manual, Computers and Structures Inc., 2021). For slabs and basement walls, effective

section stiffness factors were taken from TBEC-2018 Table 4.2.
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In some of the analysed buildings, the slab systems were modelled with rigid
diaphragm assumptions; in others, due to slab discontinuities or waffle slabs, a “semi-

rigid” diaphragm definition was preferred (Figure 4.7).

[3 Disphragm Data *
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Figure 4.7: Example of a ‘Semi-Rigid’ diaphragm definition in buildings with slab
discontinuities (ETABS interface).

In defining seismic effects, the determination of soil class played a critical role. In
some buildings, the soil class was obtained directly through MASW (Multichannel
Analysis of Surface Waves) seismic measurements. For others, the soil class was
assessed using USGS (United States Geological Survey) data, while for the remaining
buildings, soil class ZC was adopted based on field observations. Depending on the
soil class definitions, spectral acceleration coefficients Sps and Sp; were determined,
and seismic loads were generated in accordance with TBEC-2018 Section 2.3.4.1.

Gravity loads were defined in accordance with TS 498 (Figure 4.8 and Figure 4.9).
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Figure 4.9: Distribution of distributed and lumped plastic hinges in the building.

164



4.4 Evaluation of Results Obtained with the RSRA Method

The Rapid Seismic Risk Assessment (RSRA) method is a practical approach that aims
to quickly evaluate the seismic safety of buildings using field-collected data and
engineering calculations. However, in order to assess the reliability of this method, it
must be compared with performance analysis methods that are analytically more
complex and provide higher accuracy. In this context, the results obtained with the
RSRA method have been compared with the nonlinear pushover analysis results for

the same buildings.

In this chapter, nonlinear analyses were carried out in ETABS for a total of 28
reinforced concrete buildings located in different regions of Turkey, using their
original design drawings and field data. In these analyses, each structure was modelled
in accordance with its existing static project; no template or “typical” model was used
for any of the buildings. Material properties were defined directly based on
experimental field data. Core strengths, bar diameters and layouts from rebar exposure
and x-ray scanning, stirrup spacing and reinforcement ratios were defined for each
model to reflect the in-situ conditions. In this way, an analysis environment capable of

representing the detailed performance of each structure was established.

In modelling mechanical behaviour, distributed plasticity was adopted for columns,
lumped plasticity for beams, and the MVLEM model for walls. All plasticity limits
were set in accordance with the performance limit values defined in TBEC-2018
Sections 5 and 15. As a result of the pushover analyses, the performance levels of each
building were classified under the categories Collapse, Collapse Prevention,
Controlled Damage, and Limited Damage in accordance with TBEC-2018. These data
were then compared with the previously calculated RSRA risk scores for the same
buildings, and the predictive performance of the RSRA method in the field was
examined. In addition, a numerical relationship was established between the RSRA
score of each building and the spectral acceleration factor obtained from the nonlinear
analyses; the consistency of the RSRA method was investigated on the basis of this

relationship.

Through this comparison, the building groups for which the RSRA method provides
higher accuracy, the conditions under which significant deviations occur, and the

overall level of agreement were evaluated statistically. Thus, the validity, reliability,
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and applicability of the RSRA method were tested within a scientific framework, and
its engineering performance was supported by explicit analysis outputs. The types,
geographical distribution, and basic structural characteristics of the buildings used in
this comparison are described in Section 4.6, while inconsistencies and deviations
observed in the relationship between RSRA scores and spectral factors are discussed

in detail in Section 4.7.

4.5 Determination of Strength Limits Using the Spectral
Factor

After completing the nonlinear analyses of the buildings, it was first evaluated whether
each building satisfied the “Controlled Damage” performance level. For those
buildings that did not meet the required performance at the initial analysis, the spectral
acceleration value S,. was gradually reduced, as illustrated in Figure 4.10; at each
reduction step, a new performance analysis was carried out, and the minimum spectral
demand under which the building could satisfy the Controlled Damage level was

determined.
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Figure 4.10: Stepwise reduction of spectral acceleration.

Conversely, for buildings that initially satisfied the Controlled Damage level, the Sa.
value was gradually increased (e.g., by factors of 1.2, 1.4, 1.6), as shown in Figure

4.11, and the analyses were repeated until the collapse limit was reached.

166



A 1.4 x Sae (Collapse Prevention)
Sae — 1.2 x Sae
= Demand Spectrum

»
>

T

Figure 4.11: Stepwise increase of spectral acceleration.

In this way, for each building, the maximum or minimum spectral acceleration value
that can be accepted as its performance limit was determined, and these values were
interpreted in relation to the RSRA scores. Throughout this process, the deformation-
based assessment criteria defined in TBEC-2018 were adopted, and the damage levels

of elements were determined in accordance with the definitions given in the code.

4.6 General Characteristics of the Analysed Buildings

Within the scope of this study, a total of 28 reinforced concrete buildings located in
various cities of Turkey were investigated. The buildings analysed are located in the

following cities:

e Adana

e Adiyaman
e Amasya

e Antalya

e Erzincan

e QGiresun
e Istanbul
e Mersin
e Rize

e Samsun
e Tokat

e Trabzon

e Zonguldak
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The number of storeys of the buildings ranges from a minimum of 2 to a maximum of
9, with the majority consisting of 5- or 6-storey buildings. The main target of the
RSRA method is to evaluate the seismic risk of such buildings, which constitute a large
proportion of the building stock in Turkey. The construction years of the analysed
buildings range between 1965 and 2013. This allowed the performance of both pre-
2010 and post-2010 buildings to be evaluated and compared. During field studies, the

following engineering data were obtained for each building:

e (Concrete strength measured by core tests

e Reinforcement layouts determined through bar exposure and x-ray scanning

e Stirrup spacing and diameter measurements

e Architectural and structural drawings

e Geometric data such as storey heights, span lengths, and column and beam
dimensions

e Soil class and spectral acceleration coefficients (S_DS, S D1)

4.6.1 Damage Distributions and Plastic Hinge Observations

During the pushover analyses, damage distributions and plastic hinge formations in
the buildings were examined in detail. The analysis outputs, evaluated both at member
and storey levels, provided important insights into the structural behaviour. In line with
the plasticity regions defined in the models, the behaviour of distributed and lumped
plastic hinges was assessed using the colour-coded output generated by the ETABS
software. Damage distribution and plastic hinges in beam and column elements were
expressed symbolically with the colours shown in Figure 4.12, consistent with the

limit values defined in TBEC-2018:
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Figure 4.12: Symbolic representation of damage distribution and plastic hinge
formation.

e Green: Elastic behaviour
e Yellow: Limited Damage
e Orange: Significant Damage

e Red: Collapse region

For each building, the sequence of plastic hinge formation in the X and Y directions
was examined step-by-step; the timing and spread of hinges, as well as their locations
on the members, were taken into account. Early plasticity in columns, in particular,
provided important indications regarding potential collapse mechanisms. In some
buildings, plastic hinges were concentrated mostly in beams while columns remained
within elastic limits. In contrast, in other examples, column plasticity occurred earlier
and was associated with differences in stiffness between storeys, strength

irregularities, and overall structural irregularities.

In systems composed only of moment frames, located in regions with high spectral
acceleration values, it was observed that storey drifts, especially at the ground floor,
increased significantly and that plastic hinges were predominantly concentrated in the

ground-floor columns, as shown in Figure 4.13.
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Figure 4.13: Deformation distribution in a frame-type building obtained from
pushover analysis.

The high storey drifts observed at the ground floor led to concentrated damage in this
region, as illustrated in Figure 4.14.

Figure 4.14: Concentration of plastic hinges particularly in ground-floor columns.

This is a clear indication of the weak-storey effect. Compared with these buildings,
systems with reinforced concrete walls exhibited more uniform damage distribution
and plasticity extending into upper storeys. Figure 4.15 presents the deformed shape

of a wall-frame building after analysis, where a more balanced drift distribution
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between storeys can be observed. This highlights the contribution of walls to stiffness

and lateral load-carrying capacity.

—
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Figure 4.15: Deformation pattern in a wall-frame building.

A comparison of plastic hinge distributions is shown in Figure 4.16. In the wall-frame
system, plastic hinges are mostly concentrated in beams, while columns sustain

comparatively less damage. This confirms the protective role of walls for columns.

Figure 4.16: Homogeneous plastic hinge distribution in a wall-frame building.

The interstorey drifts of the two systems are compared in Figure 4.17. The pronounced
deformation at the ground floor of the frame-only structure is identified as one of the

most significant parameters triggering the formation of a weak storey.
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Overlayed Drift Profiles (Common Scale)
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(3 Merzifon (With Shear Walls)

Second Floor |
0.0036

0.0109

First Floor |
0.0086

0.0102

Ground Floor |
0.0076

0.0010

Basement |
.0008

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
Drift Ratio

Figure 4.17: Comparison of interstorey drifts in a wall-frame and a frame-only.

To demonstrate the contribution of walls to structural behaviour more concretely, a
comparative study was carried out on two different buildings with similar number of
storeys and total mass. As presented in Table 4.1, a building located in the Merzifon
district of Amasya, with walls, solid slabs, rigid basement walls on all four sides, high
concrete strength, and S420 reinforcement, was compared with a building in the
Golova district of Sivas, which has no walls, waffle (asmolen) slabs, basement walls
on only three sides, relatively low concrete strength, and S220 reinforcement. Both

buildings have the same number of storeys (B+G+2) and similar mass.

In order to avoid the influence of different seismic hazard levels on the comparison,
the building in G6lova was analysed under the seismic hazard parameters of Merzifon.
Thus, the behaviour of the two buildings under the same seismic conditions was
investigated. According to the analysis results, the interstorey drifts in the walled
building in Merzifon remained at lower levels, whereas those in the wall-less building
in Golova increased significantly, showing a higher tendency toward weak-storey

formation.
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Table 4.1: Comparison of two buildings located in G6lova and Merzifon

Merzifon Golova
Property ) Comment
(Amasya) (Sivas)
Number of
B+G+2 B+G+2 Same
storeys
Building mass 1000 t 1250t Suitable for comparison
Waffle
Slab system Solid slab (asmolen) Solid slabs are stiffer and reduce drift
slab
Rigid on all Rigid on ) ) A
Basement walls ) ) Difference in basement rigidity is critical
four sides three sides
Shear walls Present Absent Advantageous in terms of collapse mechanism
Concrete strength High Low Advantage in material strength
Reinforcement . .
S420 S220 Advantage in material strength
grade
Drift ratio Low High Consistent with RSRA scoring
Higher storey height at ground level reduces
lateral stiffness and increases interstorey drifts;
Ground-floor ) ) ) o
) 260 cm 350 cm this effect is pronounced in the G6lova building
storey height H, o
and leads to concentrated plasticity at ground
floor.
] With increased displacement demand, drift ratios
Typical storey . ol
) 260 cm 290 cm rise in upper storeys of the Gélova building as
height H,
well.
RSRA scores consistently reflect the differences
RSRA score 88 2280 in material quality and stiffness between the two
buildings.

Within the RSRA method, parameters such as the presence of walls and the weak-

storey effect are considered among critical factors and are explicitly included in the
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scoring. In this respect, a certain consistency is observed between rapid field
assessments and detailed structural performance analyses. These findings confirm that
the weighting assigned to parameters such as presence of walls, basement rigidity, slab
type, concrete strength, and reinforcement grade in the RSRA method is appropriate.
In other words, the inclusion of these criteria in RSRA scoring is based not only on
field observations but also on nonlinear analysis results, demonstrating that the method

rests on a scientifically sound approach.

4.7 Cases Outside the Scope of the RSRA Method

The RSRA method is a screening approach that aims to identify the relative risk levels
of buildings, rather than classifying them directly as “safe” or “unsafe”. In this context,
the scores produced by the method are derived by considering the engineering quality,
material condition, construction defects, and structural system characteristics, and they
provide a means of ranking buildings according to their relative risk. However, this
relative assessment system may not always correspond one-to-one with deterministic

methods such as performance analyses.

This discrepancy becomes particularly evident in the score range of 351-500, which
can be regarded as an “outside the main scope” region of the RSRA method. In some
buildings within this interval, performance analyses indicate that the Controlled
Damage level is satisfied, while the RSRA method yields a relatively high risk score.
The main reason is that RSRA does not consider only the seismic response under
design loads; it also takes into account engineering quality, design integrity, and field
observations. As a consequence, especially in regions with low seismic demand, a
building may exhibit adequate performance under pushover analysis, whereas poor

construction quality drives the RSRA score into a higher risk category.

For example, short-column irregularities, heavy cantilevers, an abundance of stub
beams, insufficient stirrup spacing, or poor concrete quality are factors that increase
the RSRA score even if the building remains within Controlled Damage under
moderate seismic demands. Since such design deficiencies are considered to
undermine the overall engineering safety of the building, the RSRA method reflects
these buildings as relatively more risky. Therefore, a building that satisfies the

pushover performance requirements but receives a high RSRA score in the “grey zone”
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does not represent a methodological contradiction; rather, it is a consequence of the

multi-dimensional evaluation approach of RSRA.

For this reason, special care is required when assessing buildings that fall within this
outside-scope interval. The uncertainty of RSRA in this score range naturally leads to
a region where the method’s capacity to provide a definitive judgement is limited. In
this region, instead of simply stating that a building is “unsafe”, RSRA indicates that
“it may be more risky compared with other buildings”. Thus, RSRA should be
regarded not as a deterministic performance analysis method, but as a field-based,

rapid, and prioritisation-oriented filtering system.

In order to reach a sound final decision on such buildings, those within the outside-
scope interval must be evaluated together with supporting performance analyses.
Furthermore, field data—such as concrete strength, aggregate homogeneity, column
stirrup spacing, and corrosion condition—must be interpreted in conjunction with

structural behaviour and incorporated into engineering judgement.

In conclusion, the RSRA method is not merely a numerical scoring tool; it is also a
multi-dimensional evaluation mechanism that can intuitively analyse structural
behaviour, design practice, and construction quality. In this respect, it serves as a
powerful preliminary assessment tool for engineering-level screening of large building

stocks.

4.8 An Example of an Qutside-Scope Case: A Reinforced

Concrete Building in Sivas City Centre

The building located in the Kiimbet district of Sivas was evaluated with the RSRA
method and received a score of 410, placing it within the “outside-scope region”. In
the performance analysis, the building initially satisfied the Controlled Damage level;
however, when the spectral acceleration factor was gradually increased, the structure
reached the collapse state only at a factor of 2.0. Although this indicates the presence
of some reserve capacity, the discrepancy between the RSRA score and the
performance analysis result can be explained by the deficiencies in engineering and

construction quality (Figure 4.18).
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Figure 4.18: The building located in the Kiimbet district of Sivas city centre.

The concrete strength of the building is 15.67 MPa, which is below the desired
compressive strength. The reinforcement used is of grade S220 and plain (non-ribbed).
It was observed that stirrup spacing locally exceeds 20 cm and that no confinement
zones are provided. The building has no shear walls; as shown in Figure 4.19, it has
an irregular frame system with stub beams. Openings in the architectural layout lead
to short-column formation, heavy cantilevers on the facade, and asymmetrical
planning that induces torsional irregularities. There are stiffness irregularities at the
ground floor, and there is a mismatch in behaviour between the ground floor and the

upper storeys.
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Figure 4.19: An irregular frame system with stub beams.

176



In addition, according to the structural drawings obtained from the municipality, the
building was designed as B+G+7 storeys, whereas site investigations revealed that it
was actually constructed as B+G+4 storeys. This discrepancy shows that assessments
based solely on design documents may be misleading and underscores once again the
importance of field-based methods such as RSRA. Therefore, in this study, the
analytical model was revised according to the number of storeys actually constructed,
and information from the municipal project was used only selectively where

appropriate.

This example illustrates that performance analysis tests the structural behaviour under
specific loading scenarios, while the RSRA method provides a multi-dimensional
assessment based on field observations and engineering attributes. It is clear that
buildings in the outside-scope region must be examined not only in terms of analysis

results but also in terms of construction quality and design integrity.
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S. RESULTS AND DISCUSSION

In this chapter, the consistency between the developed Rapid Seismic Risk Assessment
(RSRA) method and nonlinear performance analysis results is evaluated using
statistical indicators and comparative results. Initially, sensitivity, specificity,
accuracy, and area under the curve (AUC) values are presented to quantify the
predictive performance of the RSRA scoring system. Subsequently, the numerical
relationship between RSRA scores and seismic parameters, particularly the spectral
multiplier (SPEC), is examined. Furthermore, the average seismic risk values of
buildings are analyzed based on construction year, providing insights into the temporal
evolution of seismic safety within Turkey’s existing building stock. When appropriate,

regional comparative evaluations are also incorporated.

5.1 Statistical Evaluations

The Rapid Seismic Risk Assessment (RSRA) method developed within the scope of
this thesis aims to evaluate and prioritize buildings according to seismic risk through
an engineering-based, field-observation-driven, and scoring-oriented framework.
Although conventional performance analysis approaches can reveal the seismic
behavior of buildings in considerable detail, they remain inadequate for screening large
building stocks due to the long analysis duration, the difficulty of obtaining the
required data, and the need for specialized expertise. Moreover, they often classify
buildings simply as adequate/inadequate without indicating which structures are
comparatively more critical. For these reasons, the need for a faster and more practical

approach necessitated the development of the RSRA method.

A wide range of rapid screening methods are used internationally, including FEMA
154, ATC-14, JBDPA (Japan), and the Canadian Seismic Screening Method. A
common feature of these methods is that they typically attempt to determine building
risk based on visual inspection or a limited set of simplified calculations. However,
because these systems frequently do not explicitly consider key structural
parameters—such as concrete compressive strength, reinforcement detailing, stirrup

spacing, and vertical discontinuities—they may not yield sufficiently discriminative
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results, particularly in countries with heterogeneous and complex building inventories

such as Tiirkiye.

The RSRA method developed in this thesis establishes a quantitative scoring system
that expresses earthquake risk by using parameters that can be directly identified in the
field and that provide a high level of information on the engineering quality of the
building. Accordingly, the method is structured not merely as a visual screening
approach, but as an integrated system that holistically captures engineering
vulnerabilities such as concrete strength, reinforcement layout, column stirrup spacing,

short-column irregularity, overhang/projection conditions, and soft-story behavior.

With the latest version of the method, equivalent static models were created for
selected buildings (those evaluated in the current version) using a dedicated OpenSees-
based software interface. Engineering outputs obtained from linear analyses of these
models—such as key dynamic parameters, irregularity types, and demand-to-capacity
ratios—formed the numerical basis for several parameters used in the RSRA method.
Consequently, RSRA evolved beyond a purely observation-based system and became
a hybrid framework that also incorporates numerically supported engineering

assessments.

Field photographs, three-dimensional ETABS model images, and floor plans for the
28 buildings subjected to performance analysis in this study are provided in Appendix
2. The performance levels obtained from nonlinear analyses conducted in ETABS
were evaluated by comparison with the RSRA scores of each structure. For each
building, where the controlled damage performance level could not be achieved, the
spectral acceleration (Sa.) was reduced incrementally; for buildings that satisfied the
performance requirement, the acceleration coefficient was increased stepwise and the
capacity was examined up to the collapse limit. As a result of these analyses, a strong
inverse relationship was identified between the RSRA score and the spectral
multiplier. This relationship was investigated first graphically and then through
regression analyses. Figure 5.1 presents a comparative depiction of the RSRA scores
for 28 buildings and the minimum spectral multiplier values at which these buildings
reached the controlled damage level. The graph indicates that as the RSRA score
increases, the spectral multiplier decreases; that is, buildings classified as high-risk by
the RSRA method reach the controlled damage threshold under lower seismic

demands.
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Regression analysis is one of the fundamental statistical approaches for revealing the
relationship between an independent and a dependent variable. Within this thesis, the
relationship between RSRA scores and the spectrum multipliers derived from
performance analyses was tested using both linear and polynomial regression models.
The findings indicate that the polynomial model provides a better fit than the linear
model. The obtained value of R? of approximately 0.605 points to a strong level of
association when interpreted against the thresholds suggested by Cohen (1988) and
Hair et al. (2010).
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Figure 5.1: Relationship between RSRA score and spectral multiplier (with linear

regression curve).

In the regression analysis, various model types were examined, and a second-degree
polynomial model was observed to provide the best fit to the dataset. The coefficient
of determination for this model was calculated as R* = 0.605, indicating a statistically
meaningful and strong correlation between performance analysis results and RSRA
scores. This inverse relationship between the RSRA score and the spectral multiplier
demonstrates that the preliminary risk assessment provided by RSRA is consistent

with structural performance.

In the subsequent stage, it was recommended that buildings with RSRA scores of 500
and above be evaluated under the qualification of "may require evacuation". This

threshold was statistically tested based on both engineering-based field observations
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and comprehensive performance analyses. The validity of the 500-point evacuation
threshold was assessed using Receiver Operating Characteristic (ROC) analysis. ROC
analysis is among the most widely used techniques for measuring the discriminative
capability of binary classification models by comparing sensitivity and specificity
values under different decision thresholds. The area under the ROC curve (AUC) is
the key metric summarizing overall model performance. Buildings with a spectral
multiplier below 1.0 were classified as "weak", and the discriminative capability of the
RSRA score for this classification was evaluated accordingly. Based on the ROC curve
presented in Figure 5.2, the AUC (Area Under the Curve) value was calculated as
0.964. This value indicates that RSRA scores perform with very high accuracy in
identifying weak buildings.
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Figure 5.2: ROC curve: prediction of weak buildings using RSRA score.

Within this thesis, the classification based on the RSRA > 500 decision threshold was
tested. The resulting statistics were obtained as follows: accuracy = 85.7%, sensitivity
(correct identification rate of weak buildings) = 91.7%, specificity (correct retention
rate of safe buildings) = 81.3%, and AUC = 0.964. These results correspond to the
definition of "excellent discrimination" commonly used in the literature for AUC >
0.90 (Hinkle et al., 2003; Hair et al., 2010). Therefore, it is verified that the RSRA
method is not merely an intuitive approach based on field observations but also a

statistically validated filtering tool with a high level of reliability.
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The statistical findings demonstrate that the predictive capability of the RSRA method
for earthquake risk is considerably high. Accuracy above 85%, sensitivity above 90%,
and specificity above 80% indicate that the method can successfully differentiate risky
buildings while also preventing safe buildings from being unnecessarily categorized
as risky. Considering the commonly accepted threshold values in the literature (Cohen,
1988; Hair et al., 2010), this performance level can be regarded not only as
"acceptable" but also as "high reliability". As will also be seen in Table 5.1, this
confirms that RSRA is a strong tool for rapid risk identification from both practical

and scientific perspectives.

Table 5.1: Threshold values for statistical performance levels.

Analysis Metric Source Threshold Interpretation
Values
R2>0.25:
Acceptable
R? (Coefficient of Hair et al. R2>0.50: R? = 0.60 in this study —
Determination) (2010) Good Good explanatory power
R2>0.75:
Very good
AUC > 0.90:
Hinkle ctal. | ac"" | AUC = 0.964 in this study
ROC (AUC) Value | (2003); Cohen ' Gooa ' — Excellent
(1988) 0.70-0.80- discriminative power
Acceptable
>90%: Very
e B good 91.7% in this study —
Sensitivity 70-90%: Very good
Acceptable
>70%:
o Acceptable 81.3% 1in this study —
Specificity a > 85%: Very Acceptable
good
85.7% in this study —
_ %:
Accuracy 2 80%: Good Good overall performance

Source: Prepared based on Hinkle et al. (2003), Cohen (1988), and Hair et al. (2010).

In conclusion, the RSRA method is proposed not only as a rapid approach but also as
an engineering-validated, field-applicable, and scalable screening strategy. In
earthquake-prone regions where large building inventories must be assessed quickly,
it stands out as an effective and practicable tool for municipalities, public institutions,

and disaster management authorities. The 500-point threshold proposed in this study
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was found to be statistically meaningful and supported by engineering criteria. In this
respect, RSRA can be regarded not merely as a scoring system, but as an assessment
approach that interrogates the engineering design quality of buildings in a multi-

dimensional manner.

5.2 Relationship Between Construction Year and RSRA

Score

Within the scope of this thesis, RSRA assessments were carried out for a total of 513
buildings. However, 39 of these buildings lacked definitive information on
construction year, and 47 were constructed in 2010 or later; therefore, they were not
included in the period-based analyses. Under normal conditions, post-2010 buildings
are not included in RSRA assessments because they fall under the building inspection
system. Nevertheless, following the 6 February 2023 Kahramanmarag Earthquakes,
RSRA was exceptionally applied to certain buildings located in the earthquake-
affected region that were constructed after 2010 but for which damage levels were
uncertain. In addition, RSRA was conducted for buildings planned to be leased by the
bank—particularly in small districts in Eastern and Southeastern Anatolia—where
approved municipal projects or occupancy permits were missing. Accordingly, these
86 buildings were not a deviation from the method but rather special investigations
required by field conditions. As the focus of the study is the evaluation of the pre-2010
building stock, these two groups were excluded, and 427 buildings with known
construction years were included in the evaluation. This choice both emphasizes the
structural breakpoint corresponding to the nationwide implementation of the building
inspection system as of 2010 and ensures that the analyses are carried out on a more

consistent basis.

The average RSRA scores obtained from calculations performed for 427 buildings are
presented in Figure 5.3. The analysis results make it possible to evaluate the temporal

development of seismic safety within Tiirkiye’s building stock.

The number of buildings examined in the 1970-1979 period is relatively limited (n =
53). Nevertheless, the high average RSRA scores indicate that buildings constructed
in this period are considerably risky. In the 1980—-1989 (n = 95) and 1990-1999 (n =

134) periods, as the number of evaluated buildings increased, the average scores
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remained at similarly high levels, suggesting that the expected improvement in
construction quality was not achieved. In the 2000—-2009 period, the largest number of
buildings was examined (n = 145). The relatively lower average RSRA scores in this

period indicate a partial improvement in seismic safety.

Average RSRA Score by Constructon Period
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Figure 5.3: Distribution of RSRA scores by construction period.

A similar trend was observed in the official post-earthquake damage assessments
conducted after the 6 February 2023 Kahramanmaras Earthquakes. According to the
Ministry of Environment, Urbanization and Climate Change, it was reported that 98%
of the collapsed buildings were constructed prior to 1999, and only 2% belonged to
the post-1999 period (Republic of Tiirkiye Presidency Directorate of Communications,
Bulletin dated 15—16 February 2023). In the same assessments, it was determined that
only 1.44% of new buildings subject to the post-2010 building inspection system
collapsed. This outcome demonstrates the effectiveness of both the 1999 Earthquake
Code and the post-2010 building inspection system and clearly reveals the progress
achieved in seismic safety for newer buildings. In RSRA analyses, the rationale for
excluding buildings constructed after 2010 is consistent with these findings (see Table

5.2).
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Table 5.2: Damage distribution by building age in the 6 February earthquake (Old
Buildings — Pre-1999).

As of February 14, 2023,
Collapsed Building Assessment Work

Province Name* ':::Tal:,esrezf Old Building**| New Building | Old Building | New Building
Buildings (% percent) | (% percent)

13 12 1 92,31 7,69
Adiyaman 1348 1315 33 97,55 2,45
Diyarbakir 52 52 o 100,00 0,00
Gaziantep 2648 2622 26 99,02 0,98
1821 1780 4 97,75 2,25
Malatya 124 m9 5 99,56 0,44
Kahramanmaras 1816 1790 26 98,57 1,43
Sanliurfa 30 30 o 100,00 0,00
146 146 (o} 100,00 0,00
Osmaniye 148 148 () 100,00 0,00
TOTAL 9146 9014 132 98,56 1,44

Overall, the findings indicate that no notable improvement in seismic safety occurred
in Tirkiye from the 1970s to the 2000s, and that the primary breakpoint emerged in
the post-2010 period. The strengthening of the building inspection system, the wider
availability of engineering services, and the improvement of material quality

contributed to a visible enhancement in building safety during this period.

5.3 Regional Evaluations

Within the scope of this thesis, RSRA evaluations conducted for 427 buildings
constructed prior to 2010 and with known construction years were examined on the
basis of Tiirkiye’s seven geographical regions. Region-based proportions of safe
(RSRA <500) and risky (RSRA > 500) buildings were determined, and the findings

are summarized below (Figure 5.4).

e Marmara Region (n = 194, 38.1% risky): This region has the densest
building stock in Tiirkiye. In absolute terms, the highest number of risky
buildings was identified here (74 buildings). However, because a large number
of safe buildings also exists, the proportion remained at approximately 38%.
This result reflects the heterogeneous nature of the Marmara building stock,
where older and newer buildings coexist.

e Aegean Region (n = 77, 44.2% risky): Low concrete strength, marine

exposure effects, and insufficient inspection practices contributed to the high
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proportion of risky buildings. In particular, the adverse effect of saline water
on concrete quality in coastal provinces supports this finding.

Mediterranean Region (n = 51, 45.1% risky): Rapid urbanization and
irregular construction practices—especially in coastal areas—were influential.
Additionally, field investigations after the 6 February 2023 earthquakes
identified implementation deficiencies even in relatively new buildings,
explaining the elevated risk ratio.

Central Anatolia Region (n =34, 50.0% risky): Although this high ratio may
appear surprising at first, it can be explained by the proximity of the eastern
parts of the region (e.g., Yozgat, Sivas, Corum) to the North Anatolian Fault
Zone. These provinces experience both higher seismic hazard and supervision
deficiencies. Therefore, Central Anatolia is not necessarily as low-risk as
commonly perceived.

Black Sea Region (n = 80, 36.2% risky): Because seismic hazard is relatively
lower in this region, the risky proportion is comparatively smaller.
Nevertheless, certain irregularities associated with topography and site
conditions exist in coastal cities. The relatively low proportion may also be
influenced by the generally younger building stock and sample characteristics.
Eastern Anatolia Region (n = 35, 48.6% risky): A substantial portion of the
region is located in high seismic hazard zones. Weak material quality and
limited inspection conditions were decisive in the high risky proportion.
Southeastern Anatolia Region (n = 3, 100% risky): The sample size in this
region is very small. Although all buildings were classified as risky,
generalization is not methodologically appropriate. However, the limited
available data indicate that construction quality and inspection deficiencies

may also be a serious issue in this region.
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Number of Buildings with RSRA by Region and Risk Rate (427 Records, Before 2010)

Marmara
194 RSRA + 38.1% risky

Aegean |
77 RSRA ¢ 44.2% risky |

|

Southeastern Anatolia
3 RSRA * 100.0% risky

Eastern Anatolia
35 RSRA * 48.6% risky

Mediterranean
51 RSRA « 45.1% risky

Black Sea

80 RSRA * 36.2% risky
Central Anatolia

34 RSRA * 50.0% risky

Figure 5.4: Regional distribution of risky buildings.

Figure 5.4 presents the regional distribution of RSRA evaluations for 427 buildings
constructed before 2010 across Tiirkiye’s seven geographical regions. Slice sizes
represent the total number of buildings evaluated in each region, and the percentages
shown on labels correspond to the proportion of risky buildings (RSRA > 500). The
chart indicates that the proportions of risky buildings are relatively high in Marmara,
Aegean, Mediterranean, and Eastern Anatolia; that the proportions are relatively low
in the Black Sea region; and that Central Anatolia exhibits higher-than-expected
values. The Southeastern Anatolia region cannot be generalized due to representation

by only three buildings.

Overall, the findings indicate that Tirkiye’s building stock is not homogeneous in
terms of seismic safety. While higher risky proportions were observed in Marmara,
Aegean, Mediterranean, Central Anatolia, and Eastern Anatolia, lower proportions
were identified in the Black Sea region. The fact that the results coincide with public
perception in certain aspects (e.g., Marmara and Aegean being relatively risky) and
diverge in others (e.g., the Black Sea being lower and Central Anatolia being higher)
demonstrates that the RSRA method produces objective outcomes grounded in field

data.
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5.4 Overall Evaluation and Remarks

It is evident that the RSRA method developed in this study provides a comprehensive
perspective. The findings obtained throughout the study reveal a high level of
consistency between the method and earthquake performance analyses (AUC = 0.964,
accuracy = 85.7%, sensitivity = 91.7%, specificity = 81.3%). These values demonstrate
that the RSRA method is not only a theoretical model but also a field-applicable and

reliable decision-support tool.

Comparisons by construction year indicate that, from the 1970s through the 2000s, the
expected level of improvement in seismic safety in Tiirkiye was not achieved and that,
in some periods, risk may even have deepened. In contrast, a visible improvement in
construction quality was identified beginning in the second half of the 2000s and
especially after 2010, coinciding with the introduction and strengthening of the
building inspection system. This improvement is directly associated with the
effectiveness of engineering services, advancements in material technologies, and the

mandatory nature of supervision mechanisms.

The results also indicate that regional differences in the building stock remain
pronounced. In particular, in Eastern and Southeastern Anatolia, questionable
conditions were identified in certain buildings—including some newer structures—in
terms of load-bearing system configuration, material quality, and construction
practice; therefore, detailed evaluations were performed using the RSRA method. This
finding shows that seismic safety is linked not only to legal regulations but also directly

to the engineering culture and implementation quality in practice.

In general, the RSRA method goes beyond conventional rapid screening approaches
by interrogating not only externally observable characteristics but also engineering
parameters, material performance, and design quality. Accordingly, RSRA becomes
not only a filtering tool that identifies risky buildings but also a strategic assessment

mechanism capable of prioritizing interventions from the standpoint of seismic safety.

In conclusion, the RSRA method developed within the scope of this thesis offers
important contributions toward a more systematic and reliable evaluation of Tiirkiye’s
existing building stock in terms of seismic safety. The high accuracy levels, statistical
reliability, and field applicability of the method indicate significant potential for future

academic research and public policy applications.
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APPENDICES

APPENDIX-A: SAMPLE RSRA REPORT

In this section, a sample RSRA report is examined. Explanations related to the report

are written in italic type within green-colored boxes.

Ziraat Bank Istanbul Guzelyali Branch (for lease) was visited on 18.04.2025 to collect
preliminary information on seismic risks. The bank manager stated that the building
was constructed in 2003. The building consists of Basement + Ground Floor + 1 typical

storey.

Explanation: The inspection date of the building appears in the first part of the RSRA
report. Key attributes such as the number of storeys and the construction

material/system are also stated in this section.

Figure A.1: Photo from structure

Notes: The concrete quality of the building was evaluated as 15.74 MPa based on the
rebound hammer result and 20.51 MPa based on the concrete core result, and the
assessment was conducted accordingly. As frequently observed in many applications

in the construction year (2003), reinforcement of the older designation BC-III
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(equivalent to S420 in current practice) was used and ductility requirements were not
satisfied (wide stirrup spacing, no crossties). In the available structural drawings, since
details such as crossties are not shown and the stirrup spacing is 17 cm, and because
the design year appears older to the extent it can be read, it is considered that the
project/design was prepared prior to 1998. Accordingly, the building construction year

was taken as pre-1998 for scoring purposes.

The building consists of a beam—slab floor system. The storey heights are 3.70 m, 3.70
m, and 3.00 m for typical storeys, respectively. A V-shaped shear wall exists near the
stairwell; however, since it is small relative to the overall building, the structure was
considered a frame system. Therefore, torsional irregularity scoring was not assigned

for this shear wall.

For soil class ZD, the short-period design spectral acceleration coefficient is SDS =

1.146 for the site.
Core sampling was requested; however, the owner did not grant permission.

The typical span of the frame system is approximately 6.40 m, and the frame is formed

with columns of 40x50 cm.

According to the approximate model established, the fundamental period of the
building was calculated as T1 =0.203 s. For this model, the maximum E/K ratio among
columns was determined as 0.62. In the calculations, material strengths were

multiplied by 0.8.

Severe corrosion is observed in the reinforcement, and the corresponding score was
assigned accordingly. It is recommended to clean and repair corrosion at the ground
floor. Based on observational investigations, the building’s Structural Index score was
obtained as 269 (Low risk). If the building is to be used, corrosion cleaning should be

carried out and preventive measures should be implemented.

Explanation: Observations obtained through engineering investigations of the building
are stated in this section. Information is also provided regarding concrete quality, the
reinforcement used, the structural system, seismicity, and the current condition of the

building, and an overall evaluation is made in light of these data.
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Enlem :40.8701018148845
Boytam:20.35077007!

Figure A.2: Location

To establish the representative frame, the building plan dimensions were assumed as
30.00 m x 24.00 m in accordance with the available drawings. The adopted frame was

generated based on typical beam and column dimensions.

Explanation: The selected span layout and the number of grid lines/axes used to

establish the simplified structural system are specified in this section.

2) ISTANBUL TEKNIK UNIVERSITESI — INSAAT FAKULTES]
ki YAPI MALZEMESI LABORATUVARI

34469 MASLAK / ISTANBUL TEL: (0212) 285 3757-58 FAX: (0212) 2856587

SER Mi§ BETONDAN ALINAN NUMUNENIN BASINGC MUKAVEMET (KAROT) RAPORU
uru No/ Tarihi_| 1567735/09.05.2025 Rapor No/Tarih 181/13.05.2025
Alimis Tarihi - _Bayindirhk Kayit No. .
Deney Tarihi 13.05.2025 Lab. Kod No. -
FIRMA BILGILER
Proje Ady Ziraat Bankas Subeleri
Miiteahhit Firma Milenyum Proje Damismanlik San. Ve Tic. Ltd. Sti.
antiye Adresi -
AdaNo. :- Pafta:- | Parsel:-
NUMUNE BiLGILERI
Numunenin Temsil Ettigi Kiitle - Uretici Firma
Adet, 9/ Karot | Beton Dok. Tarihi
Boyutlar (mm hJ | Hedeflenen Beton Sifi

UYGULANAN STANDARDLAR: TS 12390-3
DENEY SONUCU BULUNAN DEGERLER

Numune Numune
. Mumane Alaan - C:p((:;-n) ‘Z.';'.T(‘-“,’ xml‘-:.mvm 0;‘;_?.: 1
1 Giresun Espiye Sube SZ01 « 74 77 82,7 192
2 Giresun Espiye Lojman SZ01 ¥ 76 155,9 36,3
3 Giimiighane Kelkit $ube SB01 bl 76 107,5 250
4 Erzurum Koprikdy Sube SZ01 I 77 75,7 17,6
5 Van Edremit Sube SZ01 bt 77 94,4 220
6 Van Muradiye $ube SB01 “ 78 86,2 20,0
7 Van Muradiye Lojman SZ01 - ol 76 65,6 153
8 Van Muradiye Lojman GPZ01 - - 76 57,2 13,3
9 Istanbul Gzelyal Sube Kira SZ01 | - “ 77 91,2 212
- Numuneler yerinden bagvuru sahibi firma alinmig olup, lab kni: d:

teslim alinmugtir. Dency sonuglan digindaki bilgiler (ingaat adresi, karot numaras, numune alinan eleman vb
bilgiler) firmanin basvuru dilekgesindeki beyanma gére yazilmigtir, Numunelerin sbz konusu projeye ait
olup olmadig konusunda imza sahipleri sorumiuluk kabul etmez.

AT

Mobm USLU - —Prof. Dr. Hasan YILDIRIM
Ing. Tek. Lanruluvar lusu

'

Figure A.3: Material Test
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EXISTING BUILDING MATERIAL CONDITION (A)

Explanation: This category evaluates fundamental material and section properties—
such as concrete quality and reinforcement detailing—used in the structural members.
Critical parameters including concrete strength obtained from core sampling and/or
Schmidt rebound hammer tests, stirrup spacing and diameter, reinforcement grade
(e.g., S220/S420; in older notation BC-I/BC-III), and development/anchorage length

are compiled under this heading.

The obtained values are compared with the limits defined in TS 500 and TBEC 2018,
and scoring is performed to represent the strength level of the building. This category
enables the reflection of material-related weaknesses of the load-bearing system into

the RSRA score and contributes to a capacity-based evaluation.
a) Concrete Quality

Concrete quality was investigated using the Schmidt rebound hammer test and a

concrete core sample.

Table A.1: Schmidt Rebound Hammer Readings

Schmidt Rebound Hammer Readings

Storey Storey

Basement Basement

Rebound R | Cube 150 | Cylinder | Rebound R | Cube 150 | Cylinder
28 21,41 17,13 28 21,41 17,13
26 18,33 14,67 29 22,98 18,39
28 21,41 17,13 30 24,58 19,66
27 19,86 15,89 32 27,85 22,28
27 19,86 15,89 30 24,58 19,66
28 21,41 17,13 28 21,41 17,13
28 21,41 17,13 32 27,85 22,28
29 22,98 18,39 30 24,58 19,66
28 21,41 17,13 30 24,58 19,66
28 21,41 17,13 31 26,20 20,96
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Table A.2: Matrerial Score

Minimum 14,67 (17,13
Average Schmidt Value 16,76 119,68
Standard Deviation 1,02 1,82

Average — Standard Deviation | 15,74 | 17,86

0.85 x Average 14,24 116,73
Core (R =74 mm) 21,2
Core (R = 100 mm) 20,51

Adopted (MPa—-cylinder) 20,51

Material Score 1,42

Based on the rebound hammer test, the corrected concrete compressive strength was

obtained as 20.51 N/mm?.

Damage Score Variation

Damage Score

0,5

0 5 10 15 20 25 30 35
Concrete Strength(MPa)

Figure A.4: Damage score variation

Formulation used to compute intermediate and outer values:

SCORE = 0.0042fcd? — 0.2542fcd + 4.87
a=1.42
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b) S420 reinforcement steel was used for both longitudinal bars and stirrups.

Table A.3: Reinforcement steel score

Reinforcement Steel | Score
S220 2
S420 v
S220-S420 1.5

b=1.00 puan
c¢) Development/anchorage length

Table A.4: Development/anchorage length score

Rebar Development/Anchorage Length | Score
Observed 1
Not observed 1.5V

¢=1.50 puan

d) As a result of X-ray scanning and cover removal in the column, it was observed that
14 longitudinal bars are spaced at 11 cm and @8 stirrups are spaced at 25-27 cm;

these values were used in the calculations.

Table A.S: Stirrup spacing score

Stirrup Spacing | Score

25 and above |2,5V

20-25 2
15-20 1,5
10-15 1
below 10 0,5

d=2.50 puan
NOTE: The score obtained in this item will be multiplied by 0.75.

A (total) =4.815 points.
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RESISTING SYSTEM TYPE AND CODE/CONSTRUCTION PERIOD (B)

Explanation: This category evaluates the building by considering the type of the
lateral-load resisting system and the earthquake code that was in effect during the
construction/design period. The stiffness level of the structural system (e.g., moment-
resisting frame, shear-wall system, mixed systems) and the applicable code level in the

historical context are considered together.

Minimum performance requirements introduced by codes such as those of 1998, 2007,
or 2018 are taken as a reference for system-level reliability. Accordingly, this category
supports inference about the engineering environment in which the building was

designed and the capacity of the structural system, and the scoring is carried out on

that basis.
Table A.6: Structural system score
STRUCTURAL SYSTEM TYPE
CODE YEAR
Reinforced Concrete | Steel | Timber | Masonry
Before 1975 4 1,2 1,2 3
4 1975-1998 3V 1,2 1,2 2
1998-2007 2 1,2 1,2 1,5
2007-2018 1 1 1 1

B =3.00 points (the design may be non-ductile and may have been prepared earlier).

FLOOR DIAPHRAGM FORMATION (C)

Explanation: This category evaluates the presence and functionality of key structural
components that govern the seismic response of the building. The floor system (e.g.,
slab, ribbed slab, hollow-block slab) is considered in terms of rigid diaphragm action

enabling effective distribution of lateral loads.

In addition, the presence of stiff shear walls in basement storeys and the adequate use
of reinforced concrete shear walls in upper storeys determine the building’s resistance
against uncontrolled drifts and torsional effects during earthquakes. This category
contributes to scoring by assessing the integrity of the lateral load transfer path and

whether load distribution is balanced.
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Table A.7: Floor diaphragm socre

beam | flat one-way hollow-block waffle

—slab |slab slab slab
Shear

With basement _W?H v 2 1,8 1
ratio
Shear

Without -W?lll ) 4 3.6 )
basement ratio
Shear

With basement _W?H 0,7 1,4 1,3 0,7
ratio
C <1/3
Shear

Without —w?ll 1.4 2.8 25 14
basement ratio
<1/3
Shear

With basement | "2 (05 |1 0,9 0,5
ratio
>1/3
Shear

Without -wgll | ) 1.8 )
basement ratio
>1/3

Tunnel Form 0,2 0,4 0,4 0,2

C =1.00 points.

SEISMICITY AND SOIL CLASS (D)

Explanation: This category includes a scoring procedure based on the spectral
acceleration (Sa) value, which numerically represents the building’s dynamic response
under seismic action. The evaluation is computed as a function of the fundamental
period (T) obtained from analyses performed on an equivalent static model developed

for the building.
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The dominant period of the building (T) is obtained from analysis, and the
corresponding spectral acceleration is calculated using the design spectrum defined in

TBEC 2018. Soil class is critical for obtaining the spectrum curve:

For some buildings, the soil class is determined using the MASW method;

for some, using USGS data;

and for the remaining buildings, it is assigned based on field observations (default ZC).

Periods are computed separately for the X and Y directions, and the shorter period

(i.e., the larger Sa value) is taken as the basis for scoring.

For example:

Building periods: X direction = 0.203 s, Y direction = 0.164 s, Soil class: ZD
Spectral acceleration (Sa) value: 1.146 g = S(T), 0.5 <S(T)< .5

Since this value falls within the range 0.5 < Sa < 1.5, the score is computed as: Score

=1+5.0x(Sa—0.5)=4.23

Scoring is performed according to the following thresholds:

S(T)<05 - 1
SCORE: {0.5<S(T) <15 — 1+5.0x [S(T)—0.5]
ST =15 - 6

This approach is the only parameter that directly links the magnitude of seismic
demand with the building’s risk score, and it constitutes an important quantitative

assessment tool within the RSRA framework.

The building period is determined from the performed performance calculation or by

an empirical expression.

4.7.3.4 — Ampirik hakim dogal titresim periyodu Denk.(4.27) ile hesaplanacaktir:
T

— Ty
pa — G HY 4.27)
(a) Tasiyier sistemi sadece betonarme gergevelerden olusan binalarda C, =0.1, celik
cercevelerden veya caprazli celik cergevelerden olusan binalarda C, =0.08, diger tiim

binalarda C, =0.07 almacaktir.

Figure A.5: Empirical expression (TBEC 2018)

Using seismic measurements, the average shear-wave velocity in the upper 30 m

(VS30) is obtained.
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Using the Turkiye Earthquake Hazard Map, the spectrum is obtained based on the

seismic hazard level (DD-2 used in this study) and the soil class.

2.3.4.1 — Gozoniine alinan herhangi bir deprem yer hareketi diizeyi i¢in yaray elastik tasarim
ivme spektrumu nun ordinatlari olan yatay elastik tasarim spektral ivmeleri S, (T), dogal
titresim periyoduna bagh olarak yercekimi ivmesi [g] cinsinden Denk.(2.2)’de tanimlanmigtir

(Sekil 2.1):
S5,.(T) :[0.4+ O.6LJSDS (0<T<T,)
Ty
8, (T) = Spg (T, <T<Ty)
g (2.2)
Sac(T):% Ty =T<T)

See (1) = S?,!zrl- (TL=T)

Figure A.6: Spectral values (TBEC 2018)

The spectral acceleration corresponding to the building’s fundamental period, Sae(T1),
is obtained.

X ydni periyodu:0.203, Y yoénu periyodu:0.164, yapi kiitlesi:2864.3t

sa(g)d
1.146

1

0.8

0.6

0.4

0.2

0.16 0.2 B t(sn)

Sekil:Tasarim spektrumu ve periyotlar

Figure A.7: Spectral acceleration

Points are calculated using the spectral acceleration Sae(T1) together with the points

corresponding to the short-period design spectral acceleration coefficient SDS.
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Figure A.8: Vs30 value for Ziraat Bank Istanbul Guzelyali Branch (for lease)
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Table A.8: Spectral score

Saha Bilgileri | Yapi Davranisi

Zemin |ZD ¥ | Kat Sayisi 3

[sds 1,146 [Bodrum 1
sd1 0,599 |Tx 0,203
Ta 0,104 Ty 0,164
Th 0,522  [S(0,16) 1,146
Tl 6 Puan{1,146) 4,23
Tpa 0,449 Puan(1,146) 4,23
Ct-Cergave: 0.1 v | Puan 4,23

S(TY<05 - 1
SCORE: {0.5<S(T) <15 — 1+5.0x [S(T)—0.5]
S(MH=15 - 6

In scoring, the S(T1) score is considered such that the SDS-based score may be

reduced by up to 30%.
D =4.23 points.
Seismic information for the building:

Table A.9: Mode shapes and participation ratios

Mode shapes and participation ratios

No |® T m-UX | m-UY |m-UZ | m-RX |rm-RY | m-RZ
1 {31,002 |{0,203/0,558 {0,021 |0 0 0 0,035
2 138,26 |0,164|0 0,377 |0 0 0 0,241
3 148,986 |0,128/0,063 (0,238 |0 0 0 0,338
4 1138,853]0,045|0,135 {0,003 |0 0 0 0,003
5 1162,935(0,039|0 0,099 |0 0 0 0,035
6 [173,936|0,036/0,003 (0,038 |0 0 0 0,062
7 1277,037|0,023]0,229 |0 0 0 0 0

8 304,79 [0,021|0 0,211 |0 0 0 0

9 [421,559/0,015|0 0 0 0 0 0,285
z 0,988 0,988 |0 0 0 1
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Figure A.9: Mode shapes-1

l/m o s Ny M

-y Wl T

Figure A.10: Mode shapes-2

Figure A.11: Mode shapes-3
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Table A.10: Base shear force

Base shear force (building mass: 2864.3 t)

Dir SaR/ | mSR(Tp)[kN | 0.04mlIS | VtE(4.19)
T Sa |R |D |Tb |RaT |g ] g *
0,20 | 1,14 |5, |2, 0,52 |3,70

X |3 6 6 |5 |2 3 0,31 |8695,9 1287,9 | 8695,9
0,16 | 1,14 |5, |2, (0,52 |3,47

Y |4 6 6 |5 (2 5 0,33 ]9266,9 1287,9 19266,9

STRUCTURAL IRREGULARITIES (E)

Explanation: This category evaluates structural irregularities observed in the load-
bearing system both in plan and in elevation. The assessment is performed through

review of structural/architectural drawings as well as field observations.
In-plan irregularities include:

Torsional irregularity (A1)

Diaphragm discontinuities

Heavy overhangs

Pounding risk

Stub beams

Slabs at different elevations

Settlement on steeply sloped terrain
Workmanship defects

Among vertical irregularities:

Soft-storey effect (B2)

Vertical discontinuity of load-carrying elements
Short-column formation
Strong-beam/weak-column adverse ratio

Each irregularity type is identified based on observations.
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If present: the relevant score (typically 1.3) is reflected in the total.

If absent: it is represented within the system with 0.1 points.

If a soft storey exists and storey height > 5 m: score = 2.5 is used.

All irregularity scores are summed to obtain the total Category E score.

Subsequently, by reviewing the analysis outputs of the equivalent static model

(OpenSees):

A1l: Torsional irregularity

B2: Soft-storey check

Relative storey drift (6/h)

irregularity checks are performed (e.g., torsion Al, soft storey B2, relative drift 6/h).

If there is consistency between field observations and analysis results, the scores are

confirmed.

Because this category combines engineering observation with analysis-supported

irregularity checks, it serves as a comprehensive structural risk assessment tool in

RSRA scoring.
Table A.11: Irregularity check

In elevation Planda S Z g Z

| 2] 5 ¢

T Sa<| = B = = o0 a g | @

E| 2SR5 87g| 2 5| 8 EEG5| & & 5| ¢
g 2 o 5 ® 2 0 S B

<< £, g 2
g <

Yes |2 25 |1,2 1,3 1,3 L3 1,3 |1,3/|1,3 |13
No |0,1V 0,1V 0,1V 0,1V 0,1v10,1v|0,1 0,1V |0,1V

NOTE: Issues such as "reinforcement ratio < 1%", "diaphragm at different elevations",
"excessively sloped terrain", "workmanship defects", "heavy overhangs", and
"uncertain structural behavior due to additions over time" may also be recorded under

this category and used in place of the 'empty column' entry where applicable.
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L

w ] [
& ;x = % A ix w1 »>>> BETONARME YAPI A == 20.008K=0,008 (Gevrek ve bitisik dolgu duvar) (4.33:4.34)
Tablo: Egx kat otelemesi
Kat DDz Alt yerd.[mm] DD2 Ust yerd, A h 5 &_h Lirn E/K S X
Bod_1 0 0.23969 0.23969 3700 1.2423 0.00019656 0.008 0.024571 v
Zmn 0.23969 25238 12,2841 3700 12,791 0.0018731 0.008 0.23414 v
Kat_1 2.5238 5.1186 12,5348 3700 14,531 0.0021273 0.008 0.26593 v

B2:Komsu Katlar Arasi Rijitlik Diizensizligi (Yumusak Kat): En biyuk fark "Zmn" we "Kat_1" arasnda olupf| nki:0.0021/0.0019=114s2 (1 katl

bodrum) (Kat eksilme yok)

L

w ] [
8 ;’ = % A : 11 >>> BETONARME YAPI A =2 20.008K=0,008 [Gevrek ve bitisik dolau duvar) (4.33-4.34)
Tablo: EqY kat otelemesi
kat DDz Alt yerd.[mm] DD2 Ust yerd, A h 5 &_h Lim E/K FaFs
Bod_1 0 0.1%683 0.19683 3700 1.1023 0.00016141 0.008 0.020177 v
Zmn 0.13683 1.6305 1.4336 3700 8.3644 0.0012243 0.008 0.15311 v
Kat_1 16305 3.2932 1.6027 3700 8.9751 0.0013143 0.008 0.16423 v

—
B2:Komsu Katlar Arasi Rijitlik Diizensizlii (Yumugak Kat): En biyik fark "Zmn" ve "Kat_1" arasinda alupI rki:0.0013/0.0012=1.07s2 (1 kall

bodrum)  (Kat eksilme yok)
Tablo 3.6 — Diizensiz Binalar: Al — Burulma Diizensizligi

Tablo: EgX  burulma  duzensizligi

[at [61fmm] |62 53 54 [Gmax Emin Bort Mo A1 |6.7.4 Db |e% _ |DyfGenim] e
Bod 1 0.24805 0.24805 0.22613 0.22613 0.24805 0.22613 0.23712 1.05 Yok v 1 5

Zmn 2.8115 2.8115 2.0591 2.0591 2.8115 IZﬂSQl 12.4353 1.15 Yok v 1 5

Kat_1 5.7954 5.7954 40254 4.0254 5.7354 |40254 ]49104 118 Yok v 1 5

Tablo: EqY burulma duzensizligi

Kat 81[mm] 52 63 54 Srmax Smin Sort iy [l 14.7.4 Dhi 2% DyfGen[m] e
Bod 1 0.203 0.18758 0.18758 0.203 0.203 0.18758 0.19529 1.04 ok v 1 5

[Zmn 1.8953 1.3832 1.3832 1.8953 1.8953 1.3832 1.6393 1.16 Yok v 1 5

Kat_1 3.7637 12,5783 2.5783 3.7697 3.7637 2.5783 3.174 1.19 Yok v 1 5

Figure A.12: Irregularities check from report

Typical irregularities that may occur in branches due to mezzanine floors:

- i
A -
- Ly
I ....... . ay
Kesit A-A Las - 1 Ldx dx
A2 tiirii diizensizlik durun — I ve T C I |
Ap/ A= 1/3 Ly Ly
Av @ Bogluk alaniars toplan A3 wiiril ditzensizlik durwmn.
A : Briit kat alam ax = 0.2 Ly ve avmi zamanda ay =02 Ly

Figure A.13: Typical irregularities (TBEC 2018)

Short Column

Figure A.14: Photos from structure (irregularities)

E =2.10 points.
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BUILDING CONDITION AT THE TIME OF ASSESSMENT (F)

Explanation: Within Category F, the engineering risk level of buildings is evaluated
using both field observations and quantitative analyses performed on an equivalent
static system model. This evaluation covers multiple sub-components such as
corrosion level, groundwater conditions at foundation level, directional stiffness,
column axial stress under axial loads, the spectral multiplier determined through linear

analysis, and column E/K ratios.
1. Scoring Based on Observational Findings

First, the observed corrosion level is included in the scoring. For buildings with
widespread corrosion, a score of 1.5 is assigned; if corrosion is mild, 1.0; and if
corrosion is absent, 0.3. In addition, encountering significant groundwater at the
foundation level contributes 1.5 points in view of potential liquefaction risk, whereas

for buildings with no groundwater, this contribution is limited to 0.3 points.

Whether the structural stiffness is directional is also assessed. If reinforced concrete
shear walls or column inertias are arranged predominantly in one direction and
stiffness is provided mainly along a single axis, the building is considered
"unidirectionally stiff" and 2.0 points are assigned; otherwise, 0.3 points are assigned.
For the sample building in Appendix 1, corrosion is widespread, the foundation is dry,
and stiffness is bidirectional. Accordingly, 1.5 + 0.3 + 0.3 =2.1 points were calculated

from observational findings.

Column Compressive Stresses and Effect-to-Capacity Ratio (E/K): Under this
subheading, the value obtained from compressive tests on concrete samples is taken as
the design compressive strength in accordance with TS 500, Equation 7.7. In the
Appendix 1 example, this value is calculated as fcd =20.51 x 0.9 = 18.45 MPa. Then,
using axial loads determined by the effective tributary-area method, the compressive
stresses in two on-site columns are computed as 2.86 MPa and 2.23 MPa. In addition,
considering the maximum axial load obtained from the OpenSees-based model, the
maximum stress is computed as 11.586 MPa. By normalizing this value with fcd, E/K

=11.586/18.45=0.628 is obtained. This ratio constitutes the final score for this item.
3. Spectral Multiplier for Controlled Damage

In the linear analysis performed in accordance with TBEC 2018, Chapter 15, the

building performance under the defined spectral acceleration Sae(T) is evaluated. If
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the building directly satisfies the controlled damage performance level, spectrum
reduction is not required and the score cell is set to "0". Since the sample building in

Appendix 1 meets this target, the score assigned for this item is 0.
4. Reinforced Concrete Column E/K Ratio

Column internal forces (M2, M3, V2, V3) under eight load combinations were
computed, and the most unfavorable combinations were evaluated on the moment—
axial load interaction diagram. Based on these diagrams, the maximum flexure-

governed E/K ratio was calculated as 0.88 and was directly reflected in the scoring.
5. E/K Values Associated with Irregularities

Behavioral irregularities such as relative storey drift, torsional irregularity, and soft-
storey response were examined through the equivalent model. For the Appendix 1
case, the maximum soft-storey ratio in the X direction was found to be 1.14 and, by

normalizing with the limit value of 2, it was evaluated as E/K = 0.57.
6. Stress Score — Final Calculation

E/K values obtained under the four numerical subheadings above:
0.628 (column compressive stress)

0.00 (spectral multiplier)

0.88 (column moment/shear deficiency)

0.57 (irregularity)

0.628 (column compressive stress)

0.00 (spectral multiplier)

0.88 (column moment/shear deficiency)

0.57 (irregularity)

Among these values, the largest one (0.88) was taken as the stress coefficient Bo, and

the stress score was determined as 0.9 using the corresponding coefficient.

ratio < 0.8 - 0

STRESS SCORE: {ratio >08 - 05+ (BO—08)x5
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Finally:

Observational score: 2.1

Stress score: 0.9

Total Category F score: 2.1 + 0.9 =3.0

This evaluation exemplifies a multi-layer approach in the latest version of RSRA,

where engineering-based analysis outputs are integrated with field observations.

Each of the following items is checked and a score is assigned for the observed

damage/deficiencies in the building.

Member corrosion condition (none: 0.3; <30%: 1.0; >30%: 1.5V)

Figure A.15: Spalling and severe reinforcement corrosion

Photo: Spalling and severe reinforcement corrosion were observed in a load-bearing

member.

Groundwater emergence from beneath the foundation; liquefiable soil type? (absent:

0.3V present: 1.5)

Insufficient stiffness in the building’s weak direction (absent: 0.3V present: 2.0)

A comparison is made using the largest identifiable span and the column with the
smallest cross-sectional dimensions: the ratio of the vertical load (including vertical

earthquake effects) to the upper limit defined in TS 500, Section 7.4.1.
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If an equivalent static system solution is available for the building, additional
indicators are also considered, including the ratio of vertical load to column area and

reinforced concrete column E/K ratios.

SH ISH
BH BH
iH iH

Go o

Figure A.17: Building E/K ratios
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Max  M-2317.2kM, section  £:2000cm®, ©:11.586M/mm?
Egilme altinda en olumsuz kombinasyon LA4G+LED, [N:-2291.3kM, M2:-6.9285kM.m, M3:2,171%kN.m, E/K oran:0.B8 = v

M2 \/ M3

ngP295kN.m, M3: 2.1719kN.m

Figure A.18: E/K ratio

Sekil:Kapasite diagramlan
En olumsuz kombinasyon W2 is 1.23GHO+Ec+0.3EqY, MN:-603.98kN, V:32.567kN, E/K orani0.15 > v

Kesme kapasitesi hesabi

f 2e:1.2419N/mm? b SOcm, h: 40cm, o 37cm , Noi0 igin  Egik  Catlama Dayanimi V. :149.34kN, kesme k. limiti W gm:512.41kN
Etr cap:8, aralik:17cm, derinlik:34cm, kol:2, fyw:336N/mm?® (Etriyeler h'ye paralel sekilde hesaplandi)

N
Egik ¢atlama dayanimi V' L= 0‘65fcm bod | 1+Y Ad :204.14kN (TS500 8.1)
[ c
Etriye dayanm V= — f . d=67.426kN (T§500 8.5)
I
Depremsiz durumda toplam dayanm ¥V = 0.8V _ +V =250.74kN Vo S 022f b d=520.72EN {TS500 8.3;8.7)
i T
Tablo: Tasanim  kombinasyonu
Mame ] Q Eqpx Eq
GHI+HEL 1.23 1 3.7 1.04
GHOHED 1.23 1 2.7 -1.04
GHI+HES 1.23 1 -3.7 1.04
GHIHET 1.23 1 -3.7 -1.04
GHI+EZ 1.23 1 1.11 3,47
GHI+HE4 1.23 1 -1.11 3.47
GHI+ER 1.23 1 1.11 -3.47
GHI+ES 1.23 1 -1.11 -3.47
TBOY2018 15,511 - Binalann deprem  hessbinda ek digmerkezlik gdz dntne  alinmayacaktin,  Toplam  egdefer  deprem  yukinun  (taban

kesme kuwveti) Denk.(4.19) ve Denk.(4.6)'e gore hesabinda Ra =1 alinacaktr,

Figure A.19 Capacity check from report
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Table A.12: Performance assessment (both direction)

Deprem X
Tablo:Bod_1  kati % yond igin kesrme kuvveti tablosu(Toplam:S9177kN)
Miem MLkIM] % Ferf Ilerm L kM] % Perf e kM % Perf
Coll 0.0 Bod 1 10,255 0,02 SH Colz 0.1 Bod 1 5.4492 001 [SH Col3 0.2 Bod 1 7.5062 0.01  |SH
Cold 0.3 Bod 1 6, 7471 0.01 SH Cols_0.4 Bod 1 7,939 0.01 SH Colé 0.5 Bod_1 7.9464 0,01 SH
Col7 1.0 Bod 1 50421 0,01 SH Colg 1.1 Bod 1 5.0011 001 [sH Colg 1.2 Bod 1 4.45347 0.01  [SH
Coll0 1.3 Bod 1 5.3152 0.01 SH Col1l 1.4 Bod 1 76263 0.01 SH Coll2 1.5 Bod 1 2, 7809 0 SH
Col13_2.0_Bod_1 0124 JooL SH Col14 2.1 Bod_L 1.3551 [ SH Col15_2.2_Bod_1 3.1638 0.01  [sH
Coll6 2.3 Bod 1 4. 0686 0.01 SH Col17 2.4 Bod 1 3.2037 0.01 SH Col13 2.5 Bod 1 1.5872 0 SH
Col19_2.0_Bod_1 44373 0.01 SH Col20_3.1_Bod_L 3.4145 0,01 [sH Colzl_3.2_Bod_1 3.2482 0.01 [sH
Col22 3.3 Bod 1 3.3878 0.01 SH Col23_3.4 Bod_1 5.602 0.01 SH Colz4 3.5 Bod_1 2.0933 0 SH
Col35_4.0_Pod_1 51165 |0.01 SH ColZ6 4.1 Bod 1 30915 |0.01  [sH Col27 4.3 Bod 1 46442 |00l [sH
Col28_4.3 Bod 1 9.4107 0.01 SH Col29_4.4 Bod_1 9,9037 0.02 SH Col30_4.5_Bod_1 2,7307 0 SH
Col31 5.0 Bod 1 10.669 0,02 SH Col32 5.1 Bod 1 £.9311 001 [SH Col33 5.2 Bod 1 7.7416 0.01  |SH
Col34 9.3 Bod_1 7,347 0.01 SH Col3s_ 5.4 Bod_1 7,2034 0.01 SH Col36_5.5_Bod_1 5,4533 0,01 SH
Wil Bod 1 7564.6 12.78 SH Wwilz2 Bod 1 5430.5 9.18 BH well3 Bod 1 20.016 0.03 SH
Wll4 Bod 1 22.485 0.04 SH WIS Bod 1 4533.1 £a3 SH Wile_Bod_1 4316.8 7.29 SH
el 7_Bod_1 4859.8 8.21 SH wllg_Bod_1 4524.6 765 SH Wyll9_Bod_1 4822.4 8.15 SH
Wll10 Bod 1 4439 76 SH Wwil1l Bod 1 4815.5 5.14 SH Wll12 Bod 1 4528 T.65 SH
'yl113_Bod_1 4614,1 7.8 SH Wwll14_Bod_1 4103.6 6.93 SH w¥yll15_Bod_1 29,3595 0,05 SH
well16_Bod_1 24.885 0.04 SH w17 Bod_1 39,95 0.07 SH wylllg_Pod 1 32,465 0.05 SH
yll19_Bod_1 39,182 0.06 SH wll20_Bod_1 37.876 0.06 SH wyll21 Bod_1 33,357 0.06 SH
w122 Bod_1 30.736 0.05 SH wll23_Bod_1 24,335 0.04 SH wyll24 Bod_1 20.947 0.04 SH
Tablo: + yonu  sonuglan

Sirurli Belirgin ileri Gogme A&D[TOP Kat
K |Kiris  |Kolon [kol[kMN] [%Wwkol [Kirig [Kolon [Wkol[kMN] [%skol [Kirdg [Kolon (Wkol[kM] [SWkol |Kirig |[Kolon [shol[kMN] [%wvkol [%=BH [vkol[kN] [Has
1 |60/60 [59/80 [53747 30.8 - 1/60 5430.5 9.2 - - 1} 0 - - o 0 0 59177 KH
2 |e0/e0 [37/40 |2077.7 76 - 3/40 25247 92.4 - - 1} 0 - - o 0 0 27329 KH
3 60460 |37/40 |2486.9 14.8 - 3740 14288 85.2 - - 1} 0 - - 1) 0 0 16775 kH
Adim kesme  kuwvet; 99177kM
Hasar teshit katnl
Siirli hasar  bdlgesini gegen  kolonlar  bulunmaktadi, Simirl Hasar X
Deprem ¥ yond vap performans:  Kontrolld  Hasar

Deprem Y
Tablo:Bod_1  kati +v wydnlh igin kesme kuvveti tablosu(Toplam:49182kn)
Mem k] % Perf e R % Ferf Ilerm k] % Perf
Coll_0.0_Bod 1 515987  |0.02 SH Col2 0.1 Bod 1 15419  [0.03 SH Col3 0.2 Bod 1 53697 0.0z SH
Col4 0.3 Bod 1 8.0677 0.02 SH Col5 0.4 Bod_1 15,803 0.03 SH Colé 0.5 Bod 1 9.0428 0.02 SH
Col7_1.0_Bod_1 73587 |00z SH Colg_1.1_Bod_1 23445 |o.0s SH Cols_1.2_Bod 1 61247 0.0l SH
Collo_1.3_Pod_1 9.1347 0.02 SH Colll 1.4 Bod_1 21.197 0.04 SH Col12 1.5 _Bod_1 5.4812 0.01 SH
Col13_2.0_Bod 1 72237 o0l SH Col14 2.1 Bod_1 22869 [0.0s SH Coll5_2.2_Bod_1 72006 0.0l SH
Colle_2.3_Bod_1 6.9261 0,01 SH Coll7 3.4 Bod_1 23.136 0,05 SH Coll8 2.5 _Bod_1 74751 0.02 SH
Col19 3.0 Bod 1 7.0046  |0.01 SH Col20 3.1 Bod 1 19162  |0.04 SH Colzl 3.2 Bod 1 66145  [0.01 SH
Col22 3.3 Bod 1 4,9786 0.01 SH Col23 3.4 Bod 1 21.027 0.04 SH Col24 3.5 Bod 1 7.9438 0.02 SH
Colz5_4.0_Bod_1 75439 |00z SH Colz6_4.1_Bod_1 20,12 0.04 SH Colz7_4.2_Bod_1 28714 0.0l SH
Col2g 4.3 Pod 1 6.6963 0.01 SH Col29 4.4 Bod 1 18.14 0.04 SH Col30 4.5 Bod 1 6,024 0.01 SH
Col3l_5.0_Bod 1 58325 [0.01 SH Col3z_ 5.1 Bod_1 12601 [0.03 SH Col33_5.2_Bod_1 52037 0.0l SH
Col34 5.3 _Bod_1 35,1011 0,01 SH Col3s_5.4_Bod_1 12,908 0.03 SH Col36_5.5_Bod_1 6.6216 0.01 SH
Wil Bod_1 23.359 0.05 SH Wll2 Bod 1 23,605 0.05 SH Wil3_Bod 1 4568.8 9.29 SH
Wlld Bod_1 33675 6,85 SH WilS_Bod_1 14.8 0.04 SH Wil6_Bod_1 14,433 0.03 SH
wil7_Ppod_1 17.511 0.04 SH wllg_Bod_1 12,448 0.03 SH Wll9_Bod_1 16.616 0.03 SH
wll10 Bod 1 18.593 0.04 SH Willl Bod 1 14,712 0.03 SH Wil12 Bod 1 13.083 0.03 SH
wll13_Bod_1 16,131 0.03 SH Wwlllg Bod 1 11,488 0.02 SH Wllls Bod 1 2933.9 5.98 SH
wllle_Bod_1 2880.7 5.86 SH Wwill7 Bod_1 5003.2 10.17 SH wllle_Bod_1 4758.9 9.68 SH
Wil19_Bod_1 4964,1 10.09 SH W20 Bod_1 4729.6 9,62 SH Wil21 Bod 1 4386.7 10.14 SH
WIl22_Bod_1 47717 9.7 SH W23 _Bod_1 2977.2 6,05 SH Wil24 Bod_1 2643.7 538 SH
Tablo: +¥ ydnh sonuglan

Sirurli Belirgin Ileri Gégme A&l |TOP Kat
K |Kirig  |kolon [wkol[kM] [%vkol [Kirig [Kolon [wkol[kn] [%wvkol Kirig [Kolon [wkol[ki] [fevkol |Kirig [Kolon [wkol[kN] %vkol [%=BH [vkol[kM] [Has
1 |60/e0 |60/e0 43182 00 |- - [ [ - - [ [ - - [ [ 0 49182 5H
2 |60/60 |33/40 1633 5.8 - 7/40 26061 94.1 - - 0 0 - - 1) 0 1} 27694 kH
3 |60/60 |36/40 (20837 12.1 - 4740 15085 87.3 - - 0 0 - - 1] 0 0 17163 kH
Adim o kesme  kuwveti; 43182kN
Hasar  teshit kati2
Sinirh hasar  bdlgesini gegen  kolonlar  bulunmaktadic, Sl Hasar X

Deprem Y yénd yap

performanst

Kontrolli Hasar
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Table A.13: Maximum design actions from report

Number of Average Storey 18,4
Storeys 3 Slab (ecm) |12 Height (m) 37 Stress limit 5
Load
O(kN/m2) 3 (kN/m?) 9 G-multiplier 1,4 Q-multiplier 1,6
b& h Mesafe Stress & limit | Ora

Kolon/A (em2) | (cm) Mesafe-X | -Y Etkili A(m2) N(kN) | (MPa) n

1399, 0,15
1 70 639 363 35,13 9 2,86 5
4900 70 610 562

468,2
2 30 0 314 11,09 7 2,23 0,12
2100 70 382 448

Ek 0,62
(maximum column compression / column area) F/A4 11,586 8

Ek 0,00
(spectral multiplier for controlled damage) Fia |1 0
(reinforced concrete column E/K ratio) 1. E/K 0,88
(irregularity-related E/K ratio) 2. EK 0,57
Stress Score | 0,9 Moaks: 0,88
Maximum design actions for flexure and E/K ratios

T(kN.m

Member Comb N[IN] | V2 V3 i M2 M3 E/K
Col9 1.2 Bod - - 0,00087 - 0.88
1 1.4G+1.6Q 2317,2|10,89872 2,7696 | 9 3,3179|1,1534 | v
Col99 0.2 Zm |1.23G+Q-EqX- - - - 0.49
n 0.3EqY 671,26 |-32,782 | 2,8802| 0,23866 | 4,6 60,279 | v
Coll04 1.1 Z |1.23G+(Q-EqY- - - 0.61
mn 0.3EgX 986,25 |-6,3615 | 46,947 | 0,18033 | 80,97 | 10,831 | v
Coll32 5.5 Z |1.23G+Q+EqX- - - 0.27
mn 0.3EqY 239,26 18,561 |7,6406|0,43748 | 14,036 |-32,62 | v/
Coll04_1.1 Z |1.23G+Q-EqY- - - - 0.66
mn 0.3EqX -1009 |-6,3615| 46,947 | 018033 | 92,735| 12,707 | v/
Coll28 5.1 Z |1.23G+O+EqX+0.3E | - - - 0.52
mn qY 603,98(32,567 | 98137028119 |17,696|61,248 | v
Col9 1.2 Bod_ - - 0,00087 | - 0.88
1 1.4G+1.60 2291,3|0,89872| 2,7696 | 9 6,9295(2,1719| v

F =3.00 points.
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RESULT: STRUCTURAL INDEX CALCULATION

In the structural index calculation, the building score is obtained by multiplying each

penalty-score category.

SI: Structural Index

SI=AXBXCxDXEXF

Structural Index Score of the Building: 385
Priority status Score range Sub-categories
Very low risk 0-200 Existing building material condition (a) 4815
_ 201-350 Structural system tvpe and period (b) 3.000
Lower priority 351-500 Floor diaphragm formation (c) 1.000
Non-urgent 501-700 Seismicity and soil class (d) 4.230
701-900 Structural irregularities (e) 2.100
Building condition at the time of assessment
=900 (f 3.000
Figure A.20: Structural index score final
Genel Bilgiler Ozet
T1|T2 0.203 | ¢
Metot Yapi performar iy 281
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Figure A.21: General informations about building
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APPENDIX-B: VISUAL DOCUMENTATION OF BUILDINGS
SUBJECTED TO PERFORMANCE ANALYSIS

Visual documentation is presented for 28 buildings on which nonlinear pushover
analysis was conducted within the scope of this thesis. For each building, a field
photograph captured from the exterior fagade, a three-dimensional model view
generated in the ETABS environment, and the corresponding floor plan are provided.
These visuals collectively represent both the existing physical condition of the
buildings and the behavior of the structural system represented in the analytical
environment.Additionally, in each building title, the name of the district/neighborhood
is indicated first, followed by the corresponding province. This arrangement enables a

joint evaluation of the field photographs and the numerical model results.

Table B.1: Examples of building and RSRA score with multiplier.

NO BUILDING NAME RSRA SCORE | SPEC.MULTIPLIER
1 Carsamba — Samsun 165 1,6
2 Merter — Istanbul 1149 0,23
3 Kircami — Antalya 517 1,4
4 Mahmutbey — Istanbul 262 1,2
5 Mercan — Istanbul 1262 0,2
6 Serdivan — Sakarya 142 1,2
7 Z. Yatirmm (Levent) — Istanbul 1344 0,1
8 Merzifon — Amasya 88 1,2
9 Kumbet — Sivas 410 2
10 Kavak — Samsun 1250 0,3
11 Balmumcu — Istanbul 582.9 1,2
12 Biiyiikada — Istanbul 936 0,3
13 Manavgat — Antalya 801 0,5
14 | Merter — Istanbul (2nd Building) 381.7 0,5
15 | Merkez — Erzincan (13 Subat) 804.41 0,6
16 Hacikadi — Zonguldak 397 1,6
17 | Tiinel Sanat Galerisi — Istanbul 1289 0,6
18 Fatih Bulvar1 — Bursa 341 2,4
19 Sartyer — Istanbul 605 0,5

20 Atatiirk Bulvar1 — Adiyaman 160 1,4
21 Findikli — Rize 882 0,8
22 Serik — Antalya 235 24
23 Antalya PGM 15.12 3,2
24 Adana PGM 24.16 3

25 Tirebolu — Giresun 797 1,5
26 Tunceli Merkez 758 0,8
27 Mersin Regional Building 373 1,6
28 Giizelyali — Istanbul 269 1,2
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Figure B.1: Carsamba-Samsun photos
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Figure B.2: Merter-Istanbul photos
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Figure B.3: Kircami-Antalya photos
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Figure B.4: Mahmutbey-Istanbul photos

220



Figure B.5: Mercan-Istanbul photos
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Figure B.6: Serdivan-Sakarya photos
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Figure B.7: Z.Yatirim (Levent)-Istanbul photos
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Figure B.8: Merzifon-Amasya photos
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Figure B.9: Kumbet-Sivas photos
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-Samsun photos

Kavak

Figure B.10
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Figure B.11: Balmumcu-istanbul photos
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Figure B.12: Biiyiikada-Istanbul photos
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Figure B.13: Manavgat-Antalya photos
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Istanbul (2nd building) photos
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Figure B.14: Merter-



Figure B.15: Merkez-Erzincan (13 Subat) photos
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Figure B.16: Hacikadi-Zonguldak photos
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Figure B.17: Tiinel Sanat Galerisi-Istanbul photos
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Figure B.18: Fatih Bulvari-Bursa photos
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Figure B.19: Sariyer-Istanbul photos
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Figure B.20: Atatiirk Bulvari-Adiyaman photos
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Figure B.21: Findikli-Rize photos
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Figure B.22: Serik-Antalya photos
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Figure B.23: Antalya PGM photos
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Figure B.24: Adana PGM photos
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Figure B.25: Tirebolu-Giresun photos
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Figure B.26: Tunceli Merkez photos
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Figure B.27: Mersin regional building photos
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Figure B.28: Giizelyali-Istanbul photos
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