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ABSTRACT

ASSESSMENT OF STRUCTURAL DAMAGE IN ADIYAMAN AND
CALIBRATION OF RAPID VISUAL SCREENING METHODS AFTER
KAHRAMANMARAS EARTHQUAKE SEQUENCE

Earthquakes are an inevitable reality for Tiirkiye due to its geographical location.
Mitigating potential loss of life and property during future earthquakes necessitates
implementing precautions and developing sustainable strategies. However, limited time
and financial resources for comprehensive evaluations have led to the emergence of rapid
seismic performance assessment methods to categorize buildings by risk and identify the
most vulnerable structures.

The buildings damaged in the Kahramanmaras earthquakes in Adiyaman were
evaluated according to the results of the damage assessment studies carried out after the
earthquake, and the causes of the damage were discussed. Damage distributions,
construction years, number of storeys and construction techniques were examined
separately for 45337 buildings in the city center and 477 buildings were examined in
detail within the scope of the thesis. This study uses various rapid assessment methods to
evaluate 477 buildings in Adiyaman. Data were collected from the Ministry of
Environment and Urbanization, field surveys, and Google Earth Street views. Buildings
were assessed using FEMA P-154 (FEMA, 2015), the Canadian Seismic Screening
Method (Rainer et al., 1992), and the Rapid Visual Screening Method (Sucuoglu et al.,
2007), considering parameters like number of storeys, structural system types,
construction year, and structural irregularities.

Comparative analysis revealed the methods’ limited accuracy in identifying
seismic performance. To improve reliability, penalty scores were calibrated using real
earthquake data, enhancing predictive accuracy. The study also highlights the critical
impact of design decisions made during planning, offering guidance to architects on

avoiding structural irregularities to improve building resilience.

Keywords: 2023 Kahramanmaras Earthquakes, Structural Damage, Structural

Irregularities, Rapid Assessment Methods, Adiyaman
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OZET

KAHRAMANMARAS DEPREMi SONRASINDA ADIYAMAN'DAKI
YAPISAL HASARIN DEGERLENDIRILMESI VE HIZLI GORSEL
TARAMA YONTEMLERININ KALIBRASYONU

Depremler, Tiirkiye'nin cografi konumu nedeniyle kaginilmaz bir gergekliktir.
Gelecekte yasanabilecek depremlerde can ve mal kaybini 6nlemek ve hasar1 en aza
indirmek i¢in gerekli onlemlerin alinmasi ve siirdiiriilebilir stratejilerin gelistirilmesi
gereklidir. Ancak, kapsamli degerlendirmeler igin yeterli zaman ve mali kaynak
olmamasi, yapilarin risk durumlarina gore siiflandirilmasini ve en riskli yapilarin tespit
edilmesini saglayan hizli deprem performanst degerlendirme yoOntemlerinin
gelistirilmesini zorunlu kilmistir.

Adiyaman'da Kahramanmaras depremlerinde hasar goren yapilar, deprem sonrasi
yapilan hasar tespit ¢alismalart sonuglarina gore degerlendirilmis ve hasar nedenleri
tartisilmistir. Kent merkezinde yer alan 45.337 yap1, hasar dagilimlari, yapim yillari, kat
sayilar1 ve yapim teknikleri acisindan incelenmis; 477 yap1 ise tez kapsaminda detayli
olarak ele alinmistir. Bu calismada Adiyaman’daki 477 yapi, cesitli hizli degerlendirme
yontemleriyle analiz edilmistir. Gerekli veriler Cevre, Sehircilik ve Iklim Degisikligi
Bakanlig1 veri tabani, saha ¢aligmalari ve Google Earth Sokak Goriintiileri araciligiyla
toplanmistir. Yapilar, FEMA P-154 (FEMA, 2015), Kanada Sismik Tarama Y ontemi
(Rainer et al., 1992) ve Tiirkiye’ye 6zgii Hizli Gorsel Tarama Yontemi (Sucuoglu et al.,
2007) kullanilarak kat sayisi, tasiyict sistem tipleri, yapim yili ve yapisal diizensizlikler
gibi parametreler agisindan degerlendirilmistir.

Karsilagtirmali analiz, bu yontemlerin sismik performans: belirlemede sinirl
dogruluga sahip oldugunu gostermistir. Glivenilirligi artirmak amaciyla, her bir yonteme
ait ceza puanlar1 gergek deprem verileri kullanilarak kalibre edilmis ve tahmin
performansi iyilestirilmistir. Calisma ayrica, tasarim asamasindaki kararlarin sonuglarini
vurgulamakta ve mimarlarin yapisal diizensizliklerden kag¢inmalari i¢in rehberlik

sunmaktadir.

Anahtar Kelimeler: 2023 Kahramanmaras Depremleri, Yapisal Hasar, Yapisal

Diizensizlikler, Hizli Degerlendirme Metotlar1, Adiyaman
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CHAPTER 1

INTRODUCTION

Tiirkiye, located in a seismically active region, owes its susceptibility to
earthquakes to its geographical positioning. The Anatolian Peninsula, positioned at the
convergence of the Eurasian, Arabian, and African tectonic plates, experiences frequent
seismic activity due to the movements of these plates. The seismic reality has become
inherent to Tiirkiye's social and economic fabric. Consequently, fostering earthquake
awareness and fortifying infrastructure against seismic hazards should rank among the
nation's foremost priorities. These imperative underscores the need for Tirkiye to
consistently undertake preparatory measures and precautions, both at the governmental

and individual levels.

1.1 Framing the Problem

An analysis of major earthquakes in Tiirkiye reveals that numerous significant
seismic events have occurred across different regions and at various times. These
earthquakes have led to considerable loss of life and extensive damage to buildings. The
following are some notable earthquakes in Tiirkiye along with their associated statistics.
The Mw=7.9 magnitude earthquake that struck Erzincan on December 27, 1939, is one
of the deadliest earthquakes in Tiirkiye's history. This catastrophic event claimed the lives
of 32,968 individuals and resulted in the destruction or damage of 116,720 buildings. On
March 28, 1970, a Mw=7.2 magnitude earthquake struck the Gediz district of Kiitahya,
resulting in the loss of 1,086 lives and causing damage to 19,291 buildings. Another
significant seismic event occurred on November 24, 1976, when a magnitude Mw=7.5
earthquake hit the Caldiran district of Van, claiming the lives of 3,840 people and
damaging 9,232 buildings. This earthquake led to the destruction of numerous villages in
the region and triggered a significant humanitarian crisis. On August 17, 1999, a Mw=7.4

magnitude earthquake struck the Golciik district of Kocaeli, shaking the Marmara Region
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and resulting in the deaths of 17,480 people. The quake also caused damage to 73,342
buildings. Just a few months later, on November 12, 1999, a magnitude Mw=7.2
earthquake struck Diizce, resulting in the loss of 894 lives. On October 23, 2011, a
Mw=7.2 magnitude earthquake struck the Tabanli district of Van, claiming the lives of
644 people and destroying 2,262 buildings . On May 19, 2011, 2 people lost their lives
and 122 people were injured as a result of an earthquake with a magnitude of Mw=5.9 in
Simav district of Kiitahya province (Kandilli Rasathanesi 2017). On October 30, 2020,
an earthquake with a magnitude of Mw=5.9, whose epicenter was the Greek island of
Samos, severely affected Izmir. A total of 119 people died and 1053 people were injured
in Tirkiye and Greece (Erener et al. 2021).

A country with a history of numerous devastating earthquakes must implement all
precautions to mitigate future risks. In Tiirkiye, two types of measures are recommended
for buildings with insufficient earthquake resistance: i) demolishing and rebuilding high-
risk structures as part of urban transformation projects, and ii) retrofitting of buildings to
meet the required conditions according to regulations. To conduct these studies
effectively, it is crucial to first identify the buildings at risk that require retrofitting or
demolition and reconstruction. According to data obtained from TUIK, there were 11.5
million buildings in Tiirkiye in 2020, reflecting the state of the building stock (TUIK
2020). Over the four-year period leading up to 2024, the number of buildings in Tiirkiye
increased. In 2023 alone, 138,270 new buildings were constructed across the country,
according to data from TUIK (TUIK 2024). Given this trend, it is estimated that the total
number of buildings in Tiirkiye will reach 14,171,703 by 2050 (TUIK 2023). The outputs
of the LESSLOSS project, funded by the European Union (EU), serve as a critical
benchmark for understanding the scale of work required to address the building stock
(Spence 2007). Based on data from the LESSLOSS study, it is infeasible, both in terms
of time and cost, to collect and analyze the data required for detailed structural
assessments. The study estimates that at least 25 billion dollars and a period of 25 years
are necessary to identify and analyze risky buildings within the Istanbul building stock
and to complete the retrofitting of those that meet the required standards (Spence 2007).
Given the extensive time periods and extremely high financial costs indicated by the study
of Istanbul's building stock, it is evident that conducting a similar study for the entire
building stock of Tiirkiye would be highly impossible.

The high costs and limited time have clearly underscored the need for methods

that can quickly and reliably identify high-risk structures. Rapid earthquake performance
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assessment methods aim to prevent potential loss of life and property by categorizing
structures based on their earthquake risk. These methods identify the buildings at the
highest risk and in need of urgent measures, ensuring that available labor and material
resources are directed toward the most vulnerable structures.

Rapid earthquake performance assessment methods provide a quick and reliable
way to evaluate the earthquake performance of structures (Ozkaynak and Ozsoy Ozbay
2018). These methods utilize structural data to predict the earthquake performance of
buildings. For instance, FEMA p-154 method (Federal Emergency Management Agency,
2015)assesses factors such as regional seismicity, soil conditions, year of construction,
applicable earthquake codes, type of structural system, structural irregularities, and the
appearance of the building. The Sucuoglu method (Sucuoglu, Yazgan, and Yakut 2007)
considers regional seismicity, structural irregularities, year of construction, and exterior
appearance. Similarly, the Canadian Seismic Method (Rainer, Allen, and Jablonski 1992)
evaluates seismicity, year of construction, intended use, structural irregularities, and the
overall appearance of the building. These three methods are discussed in detail in Chapter
4 as part of the research.

The parameters affecting the structure's seismic performance play a vital role in
earthquake performance evaluation methods to efficiently collect data about the structure
and produce highly accurate results. Considering these parameters, it is seen that
structural irregularities that have a direct effect on the earthquake performance of the
building can be prevented at the design stage. This situation reveals that although it is
under the responsibility of civil engineers and the calculations made to ensure that the
structural systems can fulfil their duties completely with sufficient strength, architects
responsibility on design of the building and the planning of the spaces should also play a
very active role in this process.

In building design, factors such as building forms that emerge according to needs
or for design reasons, wide openings created to obtain expansive spaces, showcases
designed for commercial spaces, floor height differences between neighboring floors that
arise in line with different needs, heavy overhangs made to obtain more space on the
upper floors of the building, all stem from architectural decisions made in the design
phase. With the decisions to be taken at the architectural design stage, the earthquake
performance of the buildings can be kept safely in the field, and the loss of life and

property in earthquakes in Tiirkiye can be prevented.



1.2. Research Methodology

With an aim to evaluate the capabilities of the current rapid visual screening
methods on prediction of building seismic performances prior to devastating earthquakes,
three different methodologies have been discussed within the scope of the thesis. Within
the scope of the thesis study, the correct result rates of the rapid earthquake performance
evaluation methods applied to the buildings that were severely damaged, demolished or
urgently required to be demolished due to the impact of the Kahramanmaras earthquakes
on February 6 2023 and the contribution of the penalty points applied to the results were
discussed. In addition, this thesis study has discussed which ratios the decisions taken
during the design phase affect the earthquake performance of the buildings and what
should be considered to avoid these errors by the architects responsible for building
design.

All of buildings analyzed in this thesis were selected from the central district of
Adiyaman province, one of the cities most impacted by the earthquake. This choice can
be demonstrated by the fact that the author has survived in Adiyaman during the
earthquake, has extensive knowledge about the building stock of the city since he lives in
Adiyaman, and that he has the chance to re-examine the buildings that were heavily
damaged in the earthquakes and have not yet been destroyed.

After determining Adiyaman as the study location, 477 buildings were chosen
based on detailed pre-earthquake condition data availability. These structures,
representing a subset of the 115,332 buildings affected by the earthquake (TUIK 2023),
included heavily damaged, partially demolished, or entirely collapsed cases. The
selection criteria prioritized structures for which substantial pre-earthquake data could be
gathered, complemented by observations from damage assessments and verifications via
building coordinates on Google Earth. For the 477 buildings identified, data that can
create an identity of the building, such as the number of floors, construction years,
building visuals, location data, structural system types, and structural irregularities of the
building, were collected.

For the chosen buildings, data collection commenced by applying three rapid
earthquake performance evaluation methods. The issues considered when selecting these

three rapid earthquake performance evaluation methods are as follows: The data that can



be obtained from the analyzed structures, the amount of time allocated for each structure
and finally, how compatible the methods can work with the Turkish building stock. These
parameters are vital for a reliable and efficient evaluation of structures. As part of this
study, the structures were analyzed using the three Rapid Visual Screening (RVS)
methods mentioned above. While the buildings were undergoing these inspections, the
accuracy of the data collected during the damage assessment was checked. Corrections
were made to data such as years of construction and number of storeys. While making
these checks, Google Earth Street View visuals of the buildings whose locations were
determined with the help of coordinates, photographs taken during the damage
assessment study and collected data from building visits, if not demolished, were used.

After examining the structures separately with the specified rapid earthquake
performance evaluation methods, each method's prediction about the structure's condition
was evaluated. The results of the method were compared proportionally with the damage
received by the structures during the earthquake. In order to increase the accuracy of the
predictions made, it was suggested in which direction the penalty points applied by the
methods should be updated if necessary.

On February 6, the statistics of the presence of structural irregularities in 477
buildings, which reflect the destructive effects of the Kahramanmarag earthquakes on the
structures, were obtained. Obtained data show how many irregularities may arise due to
the decisions made during the design phase of the structure, which can affect its
earthquake performance. With these statistics, the architect's roles in increasing the
building's earthquake performance and what should be avoided are discussed.

The research questions were determined by considering the earthquake risk and
the need for rapid assessment methods:

1- If the buildings that were severely damaged or collapsed in the Kahramanmaras
earthquakes were evaluated by rapid earthquake performance evaluation methods, what
kind of results would be obtained?

2- How compatible are the results obtained with real earthquake data?

3- How can methods that perform poorly with respect to real earthquake data be
calibrated and how does their performance change after calibration?

4- What are the effects of structural irregularities, which is one of the most
important parameters that RVS methods evaluate structures? What are the duties of

architects in this regard?



CHAPTER 2

LITERATURE REVIEW

Tiirkiye is an earthquake-prone country, as the devastating earthquake in
Kahramanmaras in 2023 has once again painfully demonstrated. With the effect of the
lessons learned from the earthquakes experienced, it is desired to determine the
earthquake performance of buildings both in Tiirkiye and around the world and to take
precautions according to the assessment results. Fast and cost-effective ways were sought
to determine the risk classifications of buildings. The main reason for this is the excess of
the existing building stock. Demolishing and reconstructing all the buildings deemed
risky through urban transformation works will cause an insurmountable financial burden.
Moreover, retrofitting all buildings classified as high-risk is not feasible due to limited
time and financial resources. Consequently, methods have been developed to rapidly
assess the earthquake performance of structures, enabling a swift risk classification for
analyzed buildings. These methods ensure that the riskiest structures in the building stock
are identified, and the available resources are utilized in the most accurate way. While
evaluating the earthquake performance of structures, different methods have been
developed that enable comment on the structure's condition by using various parameters
and grouping the structures according to their risk status. Within the scope of this thesis,
performance evaluation methods developed in Tiirkiye and abroad are briefly described
in this section.

Street survey is one of the leading methods of quickly determining the earthquake
risks of buildings. Developed by Sucuoglu et al. (2007), the street survey method can
evaluate buildings by examining them at the observation level. During this evaluation, a
performance score (PS), which expresses a final score, is obtained by applying the basic
score obtained with the number of storeys of the building, the PGV value of the region
where it is located and the penalty scores determined for structural irregularities. It
prioritizes building risk according to the obtained score (Sucuoglu et al. 2007). Ozkaynak
and Ozbay (2018) applied the evaluation method developed by Sucuoglu et al. (2007) to

160 buildings in the Esenler region of Istanbul and evaluated the earthquake performance



of these buildings. As a result of this study, it was found that 10% of the structures
examined were categorized as structures at the highest priority level, and the reason for
this result was mainly attributed to the poor construction details. In addition, it was
observed that 76% of the structures were subjected to the hammering effect due to their
attached construction scheme to the adjacent buildings, while 30% of the structures were
subjected to the short column effect.

In 1997, Hassan and So6zen aimed to survey the earthquake performance of
structures in large-scale building inventories with as little time and computation as
possible (Hassan and S6zen 1997). While developing this method, they calibrated it using
46 structures damaged in the 1992 Erzincan earthquake. The method obtains a building
priority index (PI) by utilizing scores based on column cross-sectional ratio (CI) and wall
cross-sectional ratio (WI). Risk ranking is obtained for the structures thanks to the PI
value obtained. In this method, a low score refers to a risky building.

Bal, Tezcan, and Giilay (2007) developed a rapid earthquake assessment method
which is known as P25 method. The P25 method is an earthquake assessment method
developed to assess the seismic vulnerability of different types of structures rapidly. The
approach categorizes structures according to factors such as structural irregularities,
construction materials and year of construction, each of which plays a critical role in
earthquake resilience. The P25 method serves the purpose of maintaining accuracy while
optimizing the speed of assessment. It is integrated into seismic risk management
programs worldwide, enabling large-scale vulnerability mapping studies in high-risk
areas. The method's simplified scoring systems and visual inspection criteria make P25
method a supportive tool for preventive safety measures and post-earthquake damage
assessments (Bal, Tezcan, and Giilay 2007). Unlike street scanning methods, the
dimensions of the structural elements are also evaluated when applying the P25 method.
In addition, it also uses parameters such as moments of inertia, structural irregularities,
number of storeys and ground conditions to assign a score to the structure. Thanks to this
P score, whether the building is high, medium or low risk is understood.

The discriminant analysis method developed by Yucemen and Askan (2002)
evaluates structures based on statistical results by evaluating the number of storeys, soft
storey irregularity, moment of inertia, the proportion of overhangs in the structure, the
density of vertical elements and the hyperstaticity of the structure (Yucemen and Askan

2002).



Based on findings from the study, the Seismic Safety Screening Method (SSSM)
(Ozdemir, Boduroglu, and Ilki 2005), modified from the Japanese Seismic Index Method
(JSIM) (Ministry of Construction of Japan 1990), proves reliable for assessing seismic
safety in mid and low-rise reinforced concrete buildings, aligning well with results
obtained from structural analysis. The seismic capacity index improves understanding of
the resilience of structures by providing a quantitative measure of their level of safety.
However, the calibrated coefficients remain provisional, and further work is required to
apply this method across a wide range of RC buildings in different seismic zones and to
validate the results through structural analysis (Ozdemir and Taskin 2006).

The PERA method (Ilki et al. 2014), which was developed in Tiirkiye and is
currently used in building analysis studies conducted by the Istanbul Metropolitan
Municipality, is one of the rapid earthquake performance evaluation methods that
emerged as a result of the cooperation of ITU, Bogazi¢i University and Van Yiiziincii Y1l
University researchers. This method, developed on the basis of the Turkish earthquake
regulations, eliminates the contradictions that may arise against the regulations. This
method evaluates the structure in many ways by performing performance-based
assessments and structural analyses under certain assumptions. During the earthquake
performance evaluation, attention is paid to the details related to the reinforcement of the
structural elements of the building, and the concrete quality, axial bending, and shear
capacities of the vertical structural elements are considered. In addition, structural
irregularities are essential evaluation parameters when applying the method. The
assessment provides a risk-based prioritization of the structures examined and ensures
that the available time and financial resources are correctly directed to high-risk structures
(Ilki et al. 2014).

The Canadian seismic screening method (Rainer, Allen, and Jablonski 1992)
analyzes structures under two separate headings: structural index and non-structural
index. By summing these values, the performance score of the structure is calculated, and
a risk priority ranking is made for the structure. When applying this method, each
parameter is represented by a letter, which identifies high-risk structures and enables
measures to be taken for these structures. The seismicity of the region, soil conditions,
structural system type, structural irregularities, structural importance coefficient, and non-
structural components are used to obtain a structural performance index (SPI). The higher
the SPI score, the higher the risk level of the structure. Isik et al. (2017) conducted a study

on the building stock of Mus province using the Canadian seismic screening method. As
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a result of the study, 48% of the analyzed buildings were classified as medium priority,
47% as high priority, and 5% as very hazardous. With the help of this method, it can be
concluded that the earthquake performance of the building stock of Mus province is
relatively low.

Demirbas et al. (2021) assessed 130 heavily damaged reinforced concrete
buildings from the 2020 Elazig earthquake using rapid earthquake performance
evaluation methods. The methods applied included the street scanning merhod developed
by Sucuoglu et al. (2007) and the Canadian Seismic Screening Method (Rainer, Allen,
and Jablonski, 1992). Their findings showed a high degree of alignment between the risk
levels identified by these methods and the actual damage classes recorded post-
earthquake, though some inconsistencies remained.

Applied Technology Council (ATC) developed the FEMA p-154 rapid visual
screening method (2002) to evaluate the earthquake performance of structures
constructed with different construction techniques by visual screening. After it was
updated in 2002, the second edition was published, followed by the third edition in 2015
(FEMA 2015). This method, which interprets the structure as safe or unsafe according to
the final score obtained after determining the basic scores for each construction technique
separately and applying penalty scores according to the condition of the structure and the
structural irregularities it contains, recommends detailed structural analysis for structures
with inadequate earthquake performance.

Tischer, Mitchell, and Mcclure (2011) used FEMA p-154 and the Canadian
seismic screening method to evaluate the earthquake performance of 100 educational
buildings on 16 campuses in Quebec and compared the results. According to FEMA p-
154, 65% of the structures needed detailed analysis, while 34% of the structures evaluated
according to the Canadian seismic screening method were classified as high priority, and
16% were potentially hazardous.

Adam et al. (2015) evaluated the earthquake performance of brick-masonry
structures built in Vienna between 1848 and 1918 using the FEMA p-154 (2002) method.
During the evaluation, researchers applied various modifications to determine the
structures' performance more precisely. After creating vulnerability classes for 375
structures, they wanted to minimize the loss of life and property in the event of a possible
disaster by sharing the data obtained with the relevant units to ensure life safety.

Kizilkaya (2018) examined an educational building consisting of three blocks

built at various times and with different construction techniques in Istanbul with the help
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of using the first stage of FEMA p-154 (FEMA 2015), the Canadian Seismic Screening
Method and the Japanese Seismic Index method. At the end of this study, the author
evaluated the pros and cons of the methods and discussed their suitability for the Turkish
building stock. As a result of the study, he concluded that the Canadian seismic screening
method can be used reliably in Tiirkiye to determine the rapid earthquake performance
and to classify buildings into risk groups.

Harirchian et al. (2020) applied FEMA p-154, Indian Method (IITK-GSDMA)
(NDMA 2013) and Sucuoglu RVS procedure to 28 reinforced concrete structures from
Bingol building stock. Within the scope of the study, the accuracy, validation, and
comparisons of these three methods were examined. According to the results, they
concluded that the FEMA p-154 RVS method exaggerates the results, while the other two
methods give more accurate results and are easier to apply.

Kassem et al. (2021) conducted a preliminary earthquake assessment of 500
structures in Northern and Eastern George Town, Malaysia, using the FEMA p-154 rapid
earthquake performance assessment method. As a result of the studies, it was revealed
that 90% of the structures should be analyzed in detail. Then, they modified the rapid
earthquake performance evaluation method, making it suitable for the Malaysian building
stock. The results obtained were processed through ArcGIS and published for future
studies.

Metin and Oztiirk (2021) conducted a study on a 2-storey building in Bursa
province using the FEMA p-154 method, Canadian Seismic Screening Method and P25
Scoring Method (Bal et al. 2007). According to this study, FEMA p-154 gave the structure
a score of 3 and considered the structure safe; the Canadian seismic screening method
found the structural performance index (SPI) to be 4.5 and considered the structure safe,
and in the P25 method, the P-score was calculated as 31.5. According to this score, the
structure was recommended to undergo a detailed structural analysis.

The Japanese Seismic Method (Ministry of Construction of Japan 1990) is a
detailed seismic pre-assessment method that evaluates at three levels. The structures that
do not get sufficient result points in the first stage go through more detailed analysis in
the second and third stages. In the Japanese Seismic Index Method, material strengths of
structural elements, section dimensions, deformation in structural elements over time
depending on the age of the building, and irregularities due to the shape of the building
are essential parameters to evaluate the structure's performance. Separate calculations are

made for each floor. In addition, in this earthquake performance method, technical
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drawings related to the building are needed since it is necessary to reach the cross-sections
of the vertical load bearing elements. Since this method uses the structural system data of
the building instead of using only visual data, it gives more accurate results than street
scanning methods. However, its application requires more time and incurs higher costs.

Maeda et al. (2012) investigated the reinforced concrete educational buildings
affected by the Tohoku earthquake in 2011 in Eastern Japan using the Japanese seismic
index method. After examining the structures, the team evaluated them in 5 different
damage groups and observed that the method outputs and the damage data of the
structures after the earthquake coincided.

Mehani et al. (2013) applied the Japanese Seismic Index Method (Ministry of
Construction of Japan 1990) to assess low- and medium-rise reinforced concrete
buildings in the region affected by the 2003 Mw=6.8 Boumerdeés earthquake in Algeria.
They categorized the structures into four evaluation classes based on regulatory and
seismic code compliance: pre-code, low seismic code, medium seismic code, and high
seismic code levels. As a result of this study, it was concluded that the most damaged
structures were the structures evaluated in the pre-code class.

The buildings affected by the Kahramanmaras earthquakes, detailed under
subheading 3.3, Building Inventory Database, were assessed using rapid earthquake
performance evaluation methods. Among the various approaches discussed above, three
methods were selected based on the quality of available data concerning the buildings.
Given that many structures were either severely damaged, collapsed or urgently needed
to be demolished to be unsafe for entry, the evaluation needed to rely on methods that
could be applied through street-level scanning. These selected methods are as follows
respectively. FEMA p-154 (FEMA, 2002), the Sucuoglu Rapid Visual Screening
Procedure (Sucuoglu et al., 2007), and the Canadian Seismic Screening Method (Rainer,
Allen, and Jablonski, 1992). A comparative analysis of earthquake-damaged buildings
was conducted by employing these methods with their unique frameworks. This analysis
highlighted critical structural deficiencies and evaluated the efficacy and weaknesses of
rapid screening tools in post-disaster contexts. Finally, examined methods were calibrated

within the scope of the thesis using real earthquake damage.
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CHAPTER 3

KAHRAMANMARAS EARTHQUAKES AND
ASSESSMENT OF STRUCTURAL DAMAGE

In this section presents a comprehensive analysis of the Kahramanmarag
earthquakes that struck on February 6, 2023, along with their extensive impact.
Furthermore, it examines the building stock of Adiyaman, one of the cities most severely
impacted by the earthquake, focusing on various parameters such as the number of

storeys, construction years, and structural system types.

3.1. Earthquake

Tiirkiye is situated along the Alpine-Himalayan seismic belt, a highly active
tectonic region, and has historically been subjected to numerous significant and
destructive earthquakes. Tiirkiye is located in the Anatolian Plate region and is
significantly influenced by tectonic interactions between the Eurasian and the Arabian
Plates (Figure 3.1). The northward movement of the Arabian Plate creates compressional
forces that lead to considerable stress accumulation along the East Anatolian Fault. This
dynamic tectonic setting has been the source of numerous devastating earthquakes

throughout history, as depicted in (Ozden, Giindogdu, and Bekler 2015).
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Figure 3.1. Simplified tectonic map of Tiirkiye (adopted from
Sengor et al. 1979; Barka 1992)

The East Anatolian Fault has been the source of numerous destructive earthquakes
throughout history. Notable events include the 29 November 1114 earthquake, estimated
to exceed Mw =7.8, the 28 March 1513 Kahramanmaras earthquake with a magnitude of
Mw=7.4, the 1822 Antakya earthquake with a magnitude of Mw=7.8, the 1971 Bingol
earthquake with a magnitude of Mw=7.2, and the 1893 Malatya earthquake with a
magnitude of Mw=7.1 (Ambraseys and Jackson 1998). The devastating earthquakes have
caused serious loss of life and property in the region.

On 6 February 2023, 2 destructive earthquakes occurred on 6 February 2023 at
04.17 (Mw=7.8) with the epicenter in Pazarcik (Kahramanmaras) and at 13.24 (Mw =7.5)
with the epicenter in Elbistan (Kahramanmaras) (AFAD 2023) (Figure 3.2). As stated in
the report prepared by AFAD (2023), these two devastating earthquakes, which occurred
9 hours apart, caused 4,323 aftershocks in the 10 days between February 6 to 16. A total
of 11 provinces in Southeastern Anatolia, Mediterranean and Eastern Anatolia regions
were affected by these earthquakes. These cities are Adana, Adiyaman, Diyarbakir,
Elaz1g, Gaziantep, Hatay, Kahramanmaras, Kilis, Malatya, Osmaniye and Sanliurfa.
Based on the 2022 Address Based Population Registration System data, a total of
14,013,196 people were affected by the earthquake in these 11 provinces (TUIK 2023).

These population values correspond to 16.4% of the total population of the country
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(85,279,553). The disaster report prepared by AFAD on June 2, 2023, stated that 50,783
people lost their lives and 115,353 people were injured (AFAD 2023). Two major
earthquakes on the Eastern Anatolian Fault line affected many structures in the area
covering 11 provinces with different damage levels.

Due to the Kahramanmaras earthquakes and aftershocks, 39,361 buildings were
partially or completely collapsed, while 202,571 buildings were severely damaged in 11
provinces in Tiirkiye (Republic of Tiirkiye Presidency of Strategy and Budget 2024).
Based on the data retrieved from the Ministry of Environment and Urbanization’s
database, the distribution graph of cities affected by the February 6 earthquakes,
categorized by damage classes, is presented in Figure 3.3. The graph clearly highlights
the provinces most severely impacted by the earthquake, as well as those where the
destruction was most pronounced. In particular, the proportion of destroyed buildings in
Adiyaman and Hatay stands out, with these provinces exhibiting the highest ratios of
demolished structures relative to their overall building stock. Adana holds the distinction
of having the highest proportion of undamaged buildings in relation to its total building
stock, with 77.28% remaining intact after the earthquake.

o . CIsLER BAGNLIG
AFAD AFET VE ACIL DURUM
YONETIMI BASKANLIG!

50

Figure 3.2. Pazarcik Mw 7.8, Elbistan Mw 7.6, Defne (Hatay) Mw 6.4 earthquakes
and aftershocks in the region. (AFAD 2023)

14



Damage Distribution

I—fata
Adiy aman
Kahramanmaras
Malatya
Ga21antep
P - Elazig
Osmaniye iee
Kilis Cities
& Sanhurfa
4\"’% & < - Diyarbakir
S &
¥ N $ T
& il & & Adana
< 3
,&\é\ \,@o Q‘b &F
i & X »
9

Damage Classes

Figure 3.3. Graphic of damage distribution percentages by province

(Ministry of Environment and Urbanization, 2023).

The buildings in Adiyaman, which were heavily damaged or collapsed during the
Kahramanmarag earthquake, were analyzed using post-earthquake images and direct
building observations conducted during visits to the earthquake zone. To obtain
information about completely collapsed buildings, location-based investigations were
conducted with Google Earth Street images.

When examining the impact of an earthquake on structures, we encounter
anomalies that can be categorized into three primary classifications. One of the first
reasons buildings fail to withstand earthquakes safely is that they were not constructed in
accordance with earthquake regulations at the time of their construction. Substandard
building practices, which do not meet even the minimum required standards, are the
leading cause of the destruction observed during earthquakes. Construction defects such
as insufficient concrete class required for the designed structure, insufficient amount of

steel reinforcement, incorrect connection of steel reinforcements have caused the
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structures to be severely damaged or collapsed in earthquakes. Until Turkish Seismic
Design Code (1998) (ABYYHY 1998) has been released, steel reinforcements used in
structural systems lacked ribs, which reduced the bond between the concrete and steel,
leading to diminished earthquake performance. Following the Turkish Seismic Design
Code (1998) (ABYYHY 1998), the use of ribbed steel reinforcement became mandatory.
Another key factor contributing to the extensive damage that buildings endure during
earthquakes is the decisions made during the design phase. Despite efforts to control
design-phase decisions through earthquake regulations, defects such as weak or soft story
irregularities, short columns, improper positioning of the center of stiffness, and the
absence of infill walls for storefronts are commonly found in buildings that suffer severe
damage or collapse during earthquakes. An analysis of the building stock in Adiyaman,
one of the cities most affected by the Kahramanmaras earthquake, revealed that structural
defects, which could have been prevented during the design stage, led to heavy or
moderate damage in many buildings. Additionally, thousands of buildings were
destroyed, resulting in significant loss of life and property. The final, yet equally
important, factor is the modifications made to buildings post-construction. Alterations
such as cutting columns and beams or removing partition walls directly compromise the
structural integrity, thereby weakening the overall strength of the building.

The Isias Hotel in Adiyaman tragically exemplifies the severe consequences of
unauthorized modifications (Figure 3.4). According to the expert report prepared on the
causes of the collapse of the Isias Hotel in the earthquake, the concrete strengths were
insufficient according to the concrete samples taken, the stirrups were missing, and 135-
degree connections were not made according to the earthquake regulations of the time it
was built. The report also found that the structure had a severe level of soft floor
irregularity in the direction of the collapse (Cyprus Union of Chambers of Turkish
Engineers and Architects (KTMMOB) Chamber of Civil Engineers (IMO) 2023).
Consequently, the hotel collapsed during the first earthquake at 4:17 AM on February 6.
Additionally, the building was created by combining two neighboring structures

originally designed as dwellings, in violation of the original building permits.
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Figure 3.4. a) Isias Hotel, Adiyaman before Earthquake. (Courtesy of Google Street

view) b) Isias Hotel, Adiyaman after Earthquake.

3.2. Building Stock of Adiyaman

Adiyaman, one of the cities most affected by the Kahramanmarag earthquake, has
a population of 604,978, according to 2023 data from TUIK (TUIK 2023). Following the
earthquakes on February 6, a total of 115,332 buildings were impacted. According to data
from the damage assessment studies conducted after the earthquake (Republic of Tiirkiye,
Presidency of Strategy and Budget 2024), Adiyaman city center and all other districts has
217,368 independent units classified as residential, 6,056 as barns, and 28,347 as
commercial buildings (Table 3.1). The damage distribution of the buildings in the city is
illustrated in Figure 3.5.

Based on the results of damage assessment studies conducted in Adiyaman, 7.27%
of residential buildings required immediate demolition or completely collapsed, 16.01%
were classified as severely damaged, 5.68% were moderately damaged, 41.38% sustained
slight damage, and 26.53% survived the earthquake without any damage. Given these
rates, 73.47% of the residential buildings were affected by the earthquake, experiencing

varying degrees of damage or complete collapse, resulting in significant loss of life and

property.
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Table 3.1. Building inventory data of Adiyaman city, including districts, grouped

according to damage classes of buildings (CSB 2023).

Adiyaman All Districts
Structure Housing Barn Commercial
Urgent Demolition- | g5, 15811 1012 2701
Collapsed
Heavy Damaged 20060 34811 1963 3284
Moderate Damaged 4588 12349 186 2382
Slight Damage 38456 89968 1340 11131
Undamaged 38370 57672 1415 8293
Total 115332 217368 6056 28347
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Figure 3.5. Graphical representation of data of Adiyaman, including districts, grouped

according to damage classes of buildings (CSB 2023).

18



An analysis of the data from damage assessment studies conducted by the Ministry
of Environment and Urbanization reveals that the earthquake impacted a total of 45,337
buildings in Adiyaman's central district. Adiyaman's building stock suffered significant
damage after the 6 February earthquake. The city had a total of 104,455 housing units,
1,564 barns, and 14,334 commercial buildings, most of which were impacted by the
earthquake to varying extents. In terms of housing, approximately 9.5% either collapsed
completely or required urgent demolition, creating an immediate shelter crisis for a large
portion of the city. Additionally, 18.52% were categorized as heavily damaged, while
7.85% sustained moderate damage, highlighting the need for extensive repair and
reconstruction. However, 48.98% of the housing units experienced only slight damage,
suggesting that some could remain usable or require minor repairs. Only 13.02% of the
structures survived the earthquake completely intact. These figures demonstrate that the
majority of Adiyaman's building stock was affected in some way, necessitating significant
reconstruction and retrofitting efforts throughout the city (Figure 3.6).

Considering the buildings affected by the Kahramanmaras earthquake, it is seen
that there are 45,337 buildings in the center of Adiyaman built at different times, with

different floor numbers and different construction techniques.

Table 3.2. Building inventory data of Adiyaman city center, grouped according to

damage classes of buildings (CSB 2023).

Adiyaman City Center
Structure Housing Barn Commercial
Sligac el Ry 9942 411 2036
Collapsed
Heavy Damaged 8131 19349 528 2068
Moderate Damaged 2397 8205 60 1699
Slight Damage 19645 51169 318 6121
Undamaged 9883 13609 230 2178
Total 45337 104455 1564 14334
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Figure 3.6 Graphical representation of data of Adiyaman city center, grouped according

to damage classes of buildings (CSB 2023).

3.2.1. Year of Construction

The results obtained from the comparisons made according to the years of
construction are shown in Figure 3.7 under 5 main year groups. It should be noted that
the construction dates in the database rely on the entries by the reconnaissance teams,
which many times based on their best prediction. Therefore, even though the author did
his best on verifying the construction dates of the examined buildings using Google Street
View, the likelihood of errors on the dates should be noted.

While deciding on these construction year groups, the dates when the earthquake
regulations were changed were taken into consideration. The 5 different construction year
groups obtained by this grouping are as follows: 1980 and before, between 1980 and
2000, between 2000 and 2008, between 2008 and 2018, and finally from 2018 and after.
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When the data is analyzed, the area where the building stock shows the highest
agglomeration with 40.38% consists of the buildings built between 1980 and 2000. It can
be assumed that 53.01% of the 45,329 buildings in question were likely constructed in
accordance with the earthquake regulations introduced after Turkish Seismic Design

Code (1998) (Figure 3.7).
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Figure 3.7 Distribution graph of the buildings Adiyaman according to
construction years (CSB 2023).

Among the buildings that were completely or partially destroyed in the
earthquake, those constructed in 2000 or earlier comprise the largest proportion, making
up 47.19% of the total. This highlights the vulnerability of older buildings, many of which
were built before the introduction of stricter seismic regulations after 1998 as mentioned

earlier (Figure 3.8).
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Figure 3.8 Collapsed buildings in the city center of Adiyaman according to construction

year groups (CSB 2023).

When analyzing the buildings identified as being at risk of collapse due to
earthquake damage and marked for urgent demolition to prevent potential loss of life and
property, it is observed that the numbers of buildings from the periods 1980-2000, 2000-
2008, and 2008-2018 are relatively similar. In contrast, the group of buildings constructed
in 1980 or earlier, which would be expected to exhibit the most significant damage,

represents the lowest percentage, at just 4% (Figure 3.9).
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Figure 3.9. Distribution of the buildings as to be demolished immediately during

damage assessment according to construction year groups (CSB 2023).

In the damage assessment studies conducted after the earthquake in Adiyaman,
3,261 buildings constructed between 1980 and 2000 were identified as heavily damaged,
representing the highest rate at 38.39%. Conversely, buildings constructed in 2018 or later
had a low rate of heavy damage, with only 463 buildings affected, accounting for 5.45%.
Contrary to expectations, buildings constructed before 1980 had the lowest rate of heavy

damage, with only 413 buildings affected (Figure 3.10).
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Figure 3.10. Distribution of heavily damaged buildings according to
construction year groups (CSB 2023).
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The distribution graph for the moderate damage category reveals a distinct pattern
compared to other damage categories. Generally, the graph exhibits a decreasing trend
from buildings constructed between 1980 and 2000 to those built in 2018 and later.
However, in the medium damage category, buildings constructed between 2000 and 2018
experienced medium damage at a rate of 15.33%, which is lower than expected. In
contrast, the highest proportion of moderate damage was observed in buildings

constructed between 1980 and 2000, accounting for 45.51% (Figure 3.11).
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Figure 3.11. Distribution of moderately damaged buildings according to

construction year groups (CSB 2023).

When analyzing the buildings that survived the February earthquakes with slight
damage, the distribution pattern closely resembles that of the heavily damaged buildings.
Notably, 6,385 buildings constructed between 1980 and 2000 make up the largest portion
of this category, representing 37.97% of the total. Buildings constructed in 1980 and
earlier had the smallest share in the low damage group, accounting for just 5.14% with

865 buildings (Figure 3.12).
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Figure 3.12. Distribution of slightly damaged buildings according to
construction year groups (CSB 2023).

According to the damage assessment studies conducted in Adiyaman city center
following the February 6 earthquakes, the graph depicting buildings that survived without
damage closely mirrors the general trend. Buildings constructed between 1980 and 2000,
totaling 4,362, represent the largest share at 44.38%. In contrast, buildings constructed in
1980 or earlier, with the fewest numbers, account for the smallest share of undamaged

buildings, at 10.36% (Figure 3.13).
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Figure 3.13. Distribution of undamaged buildings according to
construction year groups (CSB 2023).
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3.2.2. Number of Floors

The number of storeys in a building is one of the most crucial factors influencing
its earthquake performance (Sucuoglu, Yazgan, and Yakut 2007). When comparing the
performance of buildings with varying storey numbers but identical structural systems
and floor plans in a study, it was found that multi-storey buildings exhibited lower
resistance to base shear forces compared to low-rise buildings. This highlights the
heightened vulnerability of taller structures in earthquake scenarios (Ozdemir, Isik, and
Ulker 2016). On the other hand, an analysis of the damage assessment studies conducted
after the February 6 Kahramanmaras earthquakes reveals that low-rise buildings
constitute a significant proportion of the heavily damaged structures. This observation
suggests that, despite their generally higher resistance to base shear forces, certain low-
rise buildings were more vulnerable to damage due to additional contributing factors,
such as poor construction practices, design flaws, or inadequate material quality. Under
these circumstances, factors such as the earthquake regulations in force at the time of
construction, the orientation of the structural system, the placement, direction, and
quantity of shear columns (if present), ground conditions, and the building's proximity to
the earthquake's epicenter have clearly shown that the earthquake resistance of buildings
can vary significantly, even when they have the same number of storeys. These variables
underscore the complexity of determining structural resilience and highlight the need for
comprehensive assessment beyond just building height.

An analysis of the data from buildings impacted by the February 6 earthquakes in
the central district of Adiyaman reveals that among the 43,943 affected structures, 1-
storey buildings make up the largest proportion, totaling 19,635 buildings. These 1-storey
structures constitute 44.06% of the total building stock, a notably high percentage
compared to other buildings with storeys ranging from one to fifteen. This substantial
representation highlights the prevalence of low-rise buildings within the district. Based
on the data derived from the analyzed building stock, the lowest representation was found
in 13- and 15-storey buildings, with each category comprising only one structure.
Significantly, the 15-storey building suffered extensive damage and was subsequently
demolished following the earthquake, whereas the 13-storey building experienced

minimal damage and remained intact (Figure 3.14). This disparity illustrates the
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variability in earthquake resilience among high-rise structures, even within a small

sample size.
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Figure 3.14. Distribution graph of the number of floors of buildings in
Adiyaman city center (CSB 2023).

An examination of the buildings that failed to demonstrate sufficient earthquake
performance and collapsed following the devastating earthquakes reveals that single-
storey buildings accounted for the highest number of collapses, with 1,277 structures
affected. After single-storey buildings, which represent 50.99% of the demolished
structures, two-storey buildings account for 34.3% of the demolitions, with 859 buildings

affected (Figure 3.15).
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Figure 3.15. Distribution graph of the number of storeys of collapsed
buildings in Adiyaman (CSB 2023).

A total of 978 buildings falls into the category of structures that sustained
significant damage during the earthquake but did not completely collapse or are at risk of
imminent collapse, requiring urgent demolition. The highest concentration within this
damage group was observed in single-storey buildings, which make up 38.75% of the
total, accounting for 379 buildings. Single-storey buildings are followed by two-storey

buildings, which represent 22.7% of the 978 buildings, with 222 structures (Figure 3.16).
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Figure 3.16. Distribution graph of the number of storeys of the buildings to be
demolished immediately in Adiyaman city center (CSB 2023).
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In the analysis of buildings identified as heavily damaged in the damage
assessment studies following the Kahramanmaras earthquakes, single-storey buildings
accounted for the largest number, with 2,766 structures, followed closely by two-storey
buildings, with 2,564 structures. These two categories represented the highest
accumulation of heavily damaged buildings, underscoring the vulnerability of low-rise
structures in this seismic event. An analysis of the damage assessment studies indicates
that among the heavily damaged buildings, single-storey structures constitute 38.75%,
while two-storey structures account for 22.69%. Notably, buildings with six or more
storeys experienced the least damage. A significant factor contributing to this trend is the
relative age of the buildings; high-rise structures in Adiyaman city center are generally
newer than low-rise ones. Consequently, these multi-storey buildings, constructed in
accordance with more recent and stringent earthquake regulations, exhibited better

earthquake performance compared to older, low-rise buildings (Figure 3.17).
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Figure 3.17. Distribution graph of the number of storeys of the heavily damaged
buildings in Adiyaman city center (CSB 2023).

When examining the buildings that sustained moderate damage during the
earthquake, single-storey structures comprise 53.39% of this category, totaling 1,910

buildings. This notable percentage underscores the vulnerability of single-storey
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buildings, despite their relatively lower height, in terms of earthquake resilience. Single-
storey buildings are followed by two-storey and higher structures. Notably, one of the 12-
storey buildings, among the tallest in Adiyaman, survived the earthquake with only

moderate damage (Figure 3.18).
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Figure 3.18. Distribution graph of the number of storeys of the moderate damaged
buildings in Adiyaman city center (CSB 2023).

The damage assessment studies revealed that the concentration of buildings
classified as slightly damaged predominantly consisted of one-storey and two-storey
structures. Of the 17,167 buildings assessed, 37.43% were single-storey, accounting for
6,427 buildings, while 33.89% were two-storey, with 5,819 buildings. Notably, a 13-
storey building in the same damage group was observed to have sustained only minor
damage (Figure 3.19).

Of the 43,943 buildings analyzed, 10,071 survived the Kahramanmaras
earthquakes without sustaining any damage, thus preventing loss of life and property.
When examining these undamaged buildings, single-storey and two-storey structures are
particularly notable. Single-storey buildings, comprising 57.15% of this category with
5,756 structures, represent the largest concentration, as observed in other damage classes.
Two-storey buildings, with 3,314 structures follow these. Among the undamaged high-
rise buildings that emerged from the earthquake, 8-, 9-, and 10-storey buildings stand out.
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While it is generally expected that an increase in storeys would reduce a building's
earthquake performance, the survival of these taller buildings without damage suggests
that comprehensive measures were likely implemented during both the design and
construction phases and that these buildings may have been constructed in areas with

appropriate ground conditions (Figure 3.20).
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Figure 3.19. Distribution graph of the number of storeys of the Slight Damaged
buildings in Adiyaman city center (CSB 2023).
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Figure 3.20. Distribution graph of the number of storeys of the undamaged
buildings in Adiyaman city center (CSB 2023).
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3.2.3. Construction Techniques

In Adiyaman's city center, the following construction techniques were observed:
363 steel structures, 29,346 reinforced concrete structures, 12,053 various types of
masonry structures, 6,879 masonry-briquette structures, 3,032 hybrid structures, 478
prefabricated structures, 39 structures constructed using the Bagdadi technique, and
finally, 18 structures built with the Himis technique (Figure 3.19). The damage
assessment studies conducted on Adiyaman's building stock revealed that 66.78% of the
43,943 analyzed buildings were reinforced concrete structures. This construction
technique is widely used in Tiirkiye due to its relatively low cost, durability, and minimal
maintenance requirements. When designed and constructed with accurate static
calculations, reinforced concrete structures demonstrate excellent earthquake
performance and offer high resistance to fire.

An analysis of the reinforced concrete structures affected by the Kahramanmaras-
centered earthquakes reveals significant damage patterns. Of the 29,346 reinforced
concrete buildings in Adiyaman, 4.52% completely collapsed, leading to loss of life and
property. A substantial 24.76% (7,267 buildings) were classified as severely damaged,
while 3.02% (896 buildings) were marked for immediate demolition due to the high risk
they posed. Additionally, 6.16% of the buildings sustained moderate damage. However,
40.89% (12,001 buildings) experienced only minor damage, and 4,943 buildings
remained undamaged, successfully safeguarding their occupants from any loss of life or
property. Masonry-brick buildings were the second most common construction type in
Adryaman, representing 15.35% of the 43,943 structures analyzed. Of the 6,879 masonry-
brick buildings, 2,018 were impacted by the earthquakes, experiencing damage across
various categories or complete collapse. Despite this, these buildings largely fulfilled their
intended purpose, helping to prevent loss of life and property. Their performance
underscores the resilience of this traditional construction technique in certain contexts,
though the extent of damage still highlights the need for improved structural standards
(Figure 3.21).

In addition to the commonly observed buildings in Adiyaman's building stock,

traditional construction techniques like Bagdadi and Himis were also identified.
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Of the 39 buildings constructed using the Baghdadi technique, although 2 collapsed, the
remaining 37 withstood the earthquake without any loss of life. Similarly, among the 18
buildings built using the Himis construction technique, only 1 collapsed, while the other

17 survived the earthquake undamaged.
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Figure 3.21. Distribution graph of buildings in Adiyaman city center
according to construction techniques (CSB 2023).

Reinforced concrete structures represent the most affected category with 1,328
buildings, accounting for 53.03% of the total collapsed structures., followed by masonry-
briquette structures, which accounted for 458 collapsed buildings (Figure 3.22.a).
Reinforced concrete buildings in the urgent demolition category were the group with 896
units in this damage class (Figure 3.22.b). When the structures severely damaged in the
earthquake are analyzed, reinforced concrete buildings are the most affected group, with
7,267 structures constituting 81.39% of the severely damaged structures. This highlights
the significant vulnerability of this construction type, despite its widespread use and

reputation for strength, particularly when proper design and construction practices are not
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strictly followed (Figure 3.22.c). In the analysis of the moderately damaged buildings
obtained from the damage assessment studies, reinforced concrete buildings were the
most represented structures, with 1,809 units constituting 51.43% of this group (Figure
3.22.d). While some of these buildings were retrofitted, the rest were demolished after the
earthquake because they were deemed risky. Looking at the graph of undamaged
structures, 4,164 masonry buildings withstood the earthquake, following reinforced
concrete structures. In addition, 100 steel and 728 hybrid structures survived the
earthquake without damage, again demonstrating the durability of these construction

techniques against seismic events when applied correctly (3.22.1).
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Figure 3.22.a. Distribution graph of collapsed buildings in Adiyaman city center
according to construction techniques (CSB 2023).
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Immediate Demolition
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Figure 3.22.b. Distribution graph of construction techniques of the buildings to be
demolished immediately in Adiyaman city center (CSB 2023).
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Figure 3.22.c. Distribution graph of construction techniques of heavily damaged

buildings in Adiyaman city center (CSB 2023).



Moderate Damage

, 2000 1809
£ i
= 1400
@ 1200
« 1000 681
= 600
o 352
£ 400 196 179 146
AR B B R
N e D > & & &
& & FFEFY S & =
NS J > S N QY :b,QO
¢e Qd Q)&\ ‘2‘ &%0& \‘b$$ %\'@' %9 QQ"\' %
&@6 @‘b%o &\é’ < Q@ o&\d oﬁ\d Q’e”
&0 ‘bfc" ?’ ‘b'% ‘b?’ %0
B > SR UG N
o %%o*\
S

Construction Techniques

Figure 3.22.d. Distribution graph of construction techniques of moderate

damaged buildings in Adiyaman city center (CSB 2023).
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Figure 3.22.e. Distribution graph of construction techniques of Slight Damaged
buildings in Adiyaman city center (CSB 2023).
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Figure 3.22.f. Distribution graph of construction techniques of undamaged

buildings in Adiyaman city center (CSB 2023).

3.3. Building Inventory Database

The 6 February Kahramanmaras earthquakes impacted 11 provinces, with
Kahramanmaras, Adiyaman, and Hatay being the hardest hit. In response, the Ministry of
Environment and Urbanization conducted a comprehensive damage assessment study
across the affected provinces. This study gathered crucial information from the buildings
in the earthquake zone, including details on the condition of the structures, year of
construction, type of structural system, number of storeys, and building locations. Based
on the data collected, a specific building tag was created for each structure, categorizing
them according to their damage level and other key factors.

The buildings affected by the earthquakes, whose damage conditions were
determined through damage assessment studies, had their structural data collected in the
Ministry of Environment and Urbanization’s database. This data was subsequently
evaluated for comprehensive research, utilizing the database's detailed information to

analyze the earthquake's impact on these structures.
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Initial studies on the database concentrated on the building stock in the central
district of Adiyaman. This focus was chosen largely due to the researcher's familiarity
with the pre-earthquake condition of Adiyaman's building stock. As a result of this
narrowed scope, the number of buildings analyzed was reduced to 43,943. These
buildings were categorized and examined under three primary headings: year of
construction, number of storeys, and type of structural system. The detailed data are
discussed in Chapter 3.2, with accompanying explanations presented through graphs.

Following the examination of 43,943 buildings in the center of Adiyaman, 477
structures were selected from among those heavily damaged, urgently demolished, or
collapsed buildings to be examined with rapid earthquake performance evaluation
methods and to make an inference according to the pre-earthquake condition of these
structures. The most important factor considered while selecting the 477 buildings was
the availability of sufficient information about the building. The evaluation results of the
buildings for which sufficient data cannot be collected are incomplete. An analysis of the
damage conditions of the 477 buildings selected for detailed investigation reveals that 7
buildings were fully collapsed (Figure 3.23), 170 were classified as high-risk and marked
for urgent demolition (Figure 3.24), and 300 buildings exhibited heavy damage (Figure
3.25), yet remained structurally intact following the earthquake. The distribution of
damage classes of the selected structures is illustrated in Figure 3.26.

The selection process prioritized reinforced concrete structures, the dominant
construction method in Adiyaman’s building stock, as well as masonry buildings, which
are the second most prevalent. Among the selected buildings, 63 were masonry, and 414
were reinforced concrete. This selection is expected to provide valuable insights into the
performance of rapid earthquake evaluation methods across different construction

techniques.
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Figure 3.23. Collapsed building from Adiyaman city center
(Courtesy of Google Street view).

Figure 3.24. Buildings requiring immediate demolition from Adiyaman city center

(Courtesy of Google Street view).
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Figure 3.25. Heavily damaged building from Adiyaman city center
(Courtesy of Google Street view).

Collapsed; 7

To be
Urgently
Demolished;

170

Heavily
Damaged; 300

= To be Urgently Demolished m Heavily Damaged = Collapsed

Figure 3.26. Distribution of damage classes of the selected structures (CSB 2023).

The 477 buildings examined in this study were analyzed using data provided by

the Ministry of Environment and Urbanization, gathered through damage assessment
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studies (CSB 2023). This data includes photographs, address information, building
coordinates, number of storeys, year of construction, damage status, intended use,
building area, and type of structural system. Furthermore, additional detailed information
about the buildings was collected through on-site photographs and their geographical
coordinates to enhance the scope of the analysis.

When examining the construction years of the selected buildings from Adiyaman's
building stock, the release dates of Turkish earthquake regulations were considered.
Specifically, the seismic design regulations from 1975, 1998, 2007, and 2018 were used
as reference points. Of the 477 buildings, 22 were built in 1980 or earlier and were
constructed without being subject to any of these earthquake regulations. The 191
buildings constructed between 1980 and 2000 were designed according to the 1975
regulations. Additionally, 155 buildings built between 2000 and 2008 were designed
under the Turkish Seismic Design Code (1998) regulations. A total of 91 buildings were
constructed between 2008 and 2018 in accordance with the 2007 regulations, while 18
buildings constructed from 2018 onwards reflect compliance with the 2018 seismic

design regulations (Figure 3.27).
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Figure 3.27. Distribution of 477 structures by year of construction (CSB 2023).

Among the 477 buildings selected from Adiyaman's central building stock, one of

the most critical data points gathered concerns the number of storeys. A broader analysis
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of Adiyaman reveals that low-rise buildings constitute a substantial portion of the overall
building stock. Notably, single-storey buildings comprise 44.06% of the 43,943
structures, while two-storey buildings account for 33.09% of the total (Figure 3.13).

When examining the distribution of storeys among the 477 buildings selected for
this comprehensive study, single-storey buildings, makeup 14.76% of the dataset, with 70
units, two-storey buildings, representing most of detached houses in Adiyaman, account
for 16.66% of the dataset, with 79 units. In the case of three-storey buildings, 77 were
analyzed, comprising 13.24% of the sample.

Buildings with four and five storeys are primarily located in newer areas of
Adiyaman compared to neighborhoods dominated by lower-rise structures. Four-storey
buildings account for 17.93%, with 85 buildings, while five-storey buildings represent
13.24%, with 77 buildings.

Buildings with six storeys and above have been constructed more frequently in
Adiyaman in recent years due to economic growth, the rising demand for housing, and
the evolution of earthquake regulations. In this category, the data reveals 16 buildings
with six storeys, comprising 3.37% of the dataset, 17 buildings with seven storeys
(3.58%), 13 buildings with eight storeys (2.74%), 31 buildings with nine storeys (6.54%),
11 buildings with ten storeys (2.32%), and finally, five buildings with 11 storeys
accounting for 1.05% of the analyzed sample (Figure 3.28).
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Figure 3.28. Distribution of the number of storeys of the buildings in the
selected database (CSB 2023).
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One of the 11-storey complex from database, consisting of 4 blocks and
constructed in 2015 in the center of Adiyaman, sustained heavy damage during the
earthquake. For safety reasons, all four buildings were subsequently demolished
following the earthquake (Figure 3.29). These buildings had one of the most expensive

house prices at Adiyaman

b

i

Figure 3.29. 11-storey complex from database. (Courtesy of Google Street view).

The 477 buildings, intended for detailed analysis with the help of rapid earthquake
performance assessment methods, were evaluated using the coordinate data collected
during the damage assessment studies. The coordinates and images of these buildings
were verified through Google Earth Pro. Using ArcGIS software, the coordinates were
subsequently mapped onto the Adiyaman city map, providing a visual representation of
the spatial distribution of these structures, as illustrated in Figure 3.30. One of the key
advantages of having the coordinate data for the buildings is that it enables access to
images of the pre-earthquake conditions via Google Earth Street view. This not only
allows the visual verification of the building data but also facilitates a detailed evaluation
of each building through street-scanning techniques, helping to identify potential
structural irregularities. The selected buildings are primarily concentrated around Atatiirk
Boulevard in the city center. This area experienced the most significant impact from the
earthquake, with many of the buildings located along this street sustaining the highest

levels of damage.
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Figure 3.30. The coordinates of the 477 buildings analyzed in this study are plotted
on the map of Adiyaman city, providing a spatial overview of the

building distribution and their respective locations within the city's map.

The selected structures for detailed analysis with rapid earhtquake assessment
methods were examined for structural irregularities, which are thoroughly discussed in
Chapter 3.4. Each building was individually assessed for compliance with the Turkish
Earthquake Code (TBDY 2018), and the identified irregularities include the following:
Al - Torsional Irregularity, A2 - Floor Discontinuity, A3 - Projection Discontinuity in
Plan, B1 - Weak Storey, B2 - Soft Storey, B3 - Discontinuity of Vertical Members.
Additionally, other issues such as Short Columns, Hammering Effect, Heavy Overhang,
Existing Non-Parallel Axes, and Strong Beam Weak Column configurations were also
detected.

In addition to the structural irregularities mentioned above, the data collected on
477 buildings selected from the Adiyaman building stock, such as the number of storeys,
year of construction, construction techniques, and earthquake damage to the building, are
shown in detail in Appendix A. The year of construction data are expressed in two

different columns in the table. The first of these columns shows the construction years
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determined by the damage assessment officers. In contrast, the second column shows the

construction year data confirmed using Google Earth aerial photographs and coordinates.

3.4. Structural Deficiencies

Tiirkiye is located on the Alpine-Himalayan earthquake belt and has experienced
significant earthquakes throughout its history, resulting in considerable loss of life and
property. It is situated in a region where high seismic activity is frequently observed. The
earthquake reality of Tiirkiye is clearly illustrated by several significant seismic events
which are discussed in detail in Chapter 1. The major earthquakes and the loss of life and
property have been a lesson for Tiirkiye. Regulations shaped according to the lessons
learnt have aimed to take building safety one step further with each update. The 1999
Golciik and Diizce earthquakes revealed that the existing regulations and earthquake
regulations could not provide sufficient life and property safety.

According to the research conducted, it is thought that nearly 60% of the buildings
in Tirkiye's building stock were built before 2000, and the earthquake performance of
these buildings is not sufficient due to factors such as insufficient concrete and
reinforcement qualities, lack of static calculations, and lack of technical drawings (Cansiz
2022). Upon reviewing the damage assessment studies conducted in the center of
Adiyaman, it was found that 20,649 buildings, accounting for 45.55% of the 45,329
buildings evaluated, were constructed in 2000 or earlier. These findings are elaborated in
Chapter 3.2.1, Year of Construction. Figure 3.6 illustrates the distribution of 45,329
buildings in the city, categorized by construction years. The buildings built before 2000,
which had such a high distribution in the building stock, had the lowest earthquake
performance when the Kahramanmaras earthquake on 6 February was considered.

According to Borcherdt and Holzer (1996) the Mw=6.9 magnitude earthquake in
Kobe in 1995 led to the spread of the view that earthquake regulations should be improved
worldwide. Tiirkiye, an earthquake prone country, also took steps to bring about radical
changes after the Diizce and Golciik earthquakes in 1999. The year 2000 is the starting
point for the construction of more reliable structures in terms of the measures taken for

the building stock of Tiirkiye and the updated regulations. The 1998 regulation, which
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obliges the use of ready-mixed concrete and ribbed reinforcements that provide adequate
strength, and the building inspection law, which started to be implemented in pilot
provinces in 2001 and this building inspection law has become mandatory to be used all
over Tiirkiye in 2011, this situation shows that the buildings constructed after the year
2000 have evolved into buildings with high earthquake resistance and where the
importance of human life is at the forefront since they are designed under regulations
containing stricter conditions and their compliance with the regulations is controlled by
an official control mechanism. To keep the earthquake performances of the designed
structures in a safer area, to provide sufficient strength for the foreseen periods of use and
to consider the building needs for appropriate use purposes, to keep them within the legal
framework and ultimately to ensure the safety of life and property, TS500 Standard for
the design and calculation rules of reinforced concrete structures was put into force in
2000 in addition to the Turkish Earthquake Regulations (TSE 2000).

In Tiirkiye, where earthquake is an inevitable reality, buildings are tried to be
constructed safely with the help of regulations with different scopes, constraints and
characteristics. Another issue that is as important as the strengths, sections, and materials
of the structural systems of these structures is the structural irregularities that arise as a
result of the decisions made during the design phase of the building. Within the scope of
the study, the effects of structural irregularities arising as a result of the decisions made
during the design phase of the building were investigated, and both cases of buildings
with and without heavy overhangs were compared. The heavy overhangs affected the
structure's stiffness and caused soft storey irregularity, also mentioned in TBDY-2018
(Inan and Korkmaz 2012).

The first regulation to address structural irregularities was the Regulation on
Structures to be Built in Disaster Areas (ABYYHY 1998). The issues to be considered
regarding structural irregularities continued to be developed with the "Regulation on
Buildings to be Built in Earthquake Zones" (DBYBHY 2007) (Dogan et al. 2022). The
latest regulation on these structural irregularities is Turkish Building Earthquake Code
(TBDY 2018). In this earthquake regulation published in 2018, this issue is explained in
detail.

The TBDY-2018 describes structural irregularities as follows: Plan irregularities
are categorized as Al-Torsion Irregularity, A2-Floor Discontinuities, A3- Projection
Discontinuities; Vertical irregularities are categorized as B1-Weak Storey, B2-Soft Storey,

B3-Discontinuity of Vertical Elements. In addition to these irregularities mentioned in the
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earthquake code, other structural irregularities that adversely affect the earthquake
performance of the structures and were evaluated in the studies conducted on 477 selected
structures are as follows: Short Column, Hammering Effect, Heavy Over hangers, non-
parallel axes and finally Strong Beam-Weak Column.

When the construction process of a building is explained in a simple way, it
proceeds through a decision-making cycle from the beginning to the end. The decisions
taken at each step affect many issues, such as the building's design, functionality and
safety. The decisions taken at each step of a constructed building, from the idea stage to
the state where it will be ready for use and even after it is used, have a positive or negative
effect on the earthquake performance of the building. Decisions made at the architectural
design stage can easily prevent possible errors that may occur and prevent potential loss
of life and property.

Buildings with structural irregularities are defined in TBDY-2018 as “Structures
whose design and construction should be avoided due to their negative behavior against
earthquakes” (TBDY 2018). Structural irregularities, shaped according to the decisions
taken in the architectural design process, are evaluated under two main headings:
irregularities in the plan and irregularities in the elevation, as stated in Turkish Building

Earthquake Code (TBDY 2018).

3.4.1. A-Irregularities in The Plan

Irregularities in the plan appear as deficiencies or overhangs in the horizontal
components of the building. These irregularities negatively affect the stiffness of the
structure and reduce its earthquake resistance. Plan irregularities can be categorized under
3 subtitles: Al-Torsional irregularity, A2-Floor discontinuities and A3-Projection

discontinuities.
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3.4.1.1. Al-Torsional Irregularity

In TBDY-2018, torsional irregularity is categorized as type Al irregularity. This
situation occurs when the Torsional Irregularity Coefficient (nbi), which represents the
ratio of average relative displacement in one direction under two orthogonal earthquake

actions on the building, exceeds 1.2 (TBDY 2018) shown in equation 3.1 (Figure 3.31).

Torsional irregularity coefficient: npi = (Ai ®)max / (Ai ®)aye 3.1)

Torsional irregularity condition: np; > 1.2

| )
(AL Fmin ——— I (A s

Earthquake Direction
X)

Figure 3.31. Illustration of torsional irregularity.

3.4.1.2. A2-Floor Discontinuities

The floors of the building transmit vertical loads to the foundation through
columns and beams. While performing this task, the irregularities occurring in the slabs,
which are expected to be in a rigid behavior, initially disrupt the rigidity of the slab, and
this disruption adversely affects the behavior of the structure during the earthquake. Slab
discontinuity, which is one of the irregularities occurring horizontally, occurs in the

following three cases, according to the TBDY (2018) (Figure 3.32 and Figure 3.33):
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I- The sum of the space areas, including stairs and elevator spaces, is more than
1/3 of the gross floor area (Equation 3.2).

II- Local floor gaps make it challenging to transfer earthquake loads to the vertical
structural system elements safely.

III- Sudden decreases in in-plane stiffness and strength of the slab.

1 Ab 1 Abz C
Ab=Abl + Ab2

Figure 3.32. A2-Floor Discontinuity example for type I. (adopted from TBDY (2018))

Apv/A>1/3 (3.2)

Ap : Sum of empty spaces A : Total floor area

Figure 3.33. A2-Floor Discontinuity example for type II and type III. (adopted from
TBDY (2018))
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3.4.1.3. A3- Presence of Extrusions in The Plan

According to TBDY 2018, the presence of extrusions in the plan is defined as a
condition where the dimensions of the protruding parts of the floor plan in two
perpendicular directions each exceed 20% of the total plan dimensions of that floor in
those same directions. The overhangs in the floor plan negatively affect the earthquake
performance of the buildings as they disrupt the rigid diaphragm behavior of the floors

shown in figure 3.34.

it

Figure 3.34. Different plan types which may cause presence of extrusion in the
plan irregularity. These shapes stand as a) + plan type, b) L plan type,
¢) T plan type, d) U plan type.

3.4.2. B-Vertical Irregularities

The irregularities in the vertical direction are expressed as B1 weak storey due to
strength irregularity between neighboring storeys, B2 soft storey due to stiffness
irregularity between neighboring storeys, and B3 discontinuity of the vertical elements of

the structural system. These irregularities are explained in detail below.
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3.4.2.1. B1-Weak Storey

Observations indicate that ground floors tend to have fewer infill walls than upper
floors, mainly due to the demands of commercial spaces, display areas, and open layouts
typically found on the ground level. This reduction in shear area on the ground floor
compared to the upper levels contributes to weak story irregularity. As stated in the 2018
earthquake code, in reinforced concrete structures, in any of the two earthquake directions
perpendicular to each other, the ratio of the total effective shear area on any floor to the
total effective shear area on the upper floor, that is, the strength irregularity coefficient

(nci) is less than 0.80 (TBDY 2018) as shown in equation 3.3.

e = (X Ae)i/ (X Ae)i+1 < 0.80 (3.3)

3.4.2.2. B2-Soft Storey

According to Tiirkiye building code (2018) soft story irregularity, categorized as
type B2 irregularity, occurs when the Stiffness Irregularity Coefficient nki, which is the
ratio of the average relative story drift at any given story to the average relative story drift
at the story directly above or below, exceeds 2.0. This condition excludes basement floors

(TBDY 2018)(Figure 3.35).

|
|

Lk

Figure 3.35. a) Weak Storey, b) Soft Storey irregularities.
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3.4.2.3. B3-Discontinuity of Vertical Elements

When the vertical load-bearing elements, such as columns or shear walls, that are
critical for the structure’s resistance to vertical and lateral loads (e.g., earthquakes) are
altered—either by omission, removal on certain floors, or placement on the tops or ends
of beams or gusset columns—irregularities arise. Specifically, suppose the shear walls on
the upper floors are supported by columns on the lower floors. In that case, the structure
exhibits B3 irregularity, known as the discontinuity of vertical load-bearing elements in
the structural system. The regulation has taken serious warnings and measures to prevent
this irregularity. TBDY (2018) states, “Columns are never allowed to be placed on top of
cantilever beams or gussets formed on the columns below at any floor of the building.”
The regulations have issued strict warnings and implemented measures to prevent the
occurrence of such irregularities. According to TBDY (2018), columns must not be placed
on cantilever beams or gussets formed on the columns below at any building level.
Similarly, DBYBHY (2007) and TBDY (2018) explicitly prohibit placing walls on upper
floors supported by columns on lower floors. Furthermore, the regulations strictly forbid
positioning walls in the middle of openings on beams within their planes at any level of

the building (TBDY 2018; DBYBHY 2007).

3.4.3 Other Structural Irregularities

Some structural irregularities evaluated by earthquake codes are analysed under
other structural irregularities. These irregularities are short column effect, hammering
effect, heavy overhangs, non-parallel axes and strong beam-weak column irregularities.

These irregularities are analysed in detail below.
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3.4.3.1. Short Column

The short-column effect occurs when the vertical supports of the structure are
subjected to more shear forces than calculated during an earthquake. This structural
irregularity occurs when the infill walls are shorter than the column height, i.e. when there
are band windows, which we have started to see frequently in buildings with modern
architectural trend (Cagatay, Beklen, and Mosalam 2010). The short column effect caused
by the band windows may cause significant damage to the structure in the event of an
earthquake and may cause the structure to collapse. According to the study on the short
column effect related to the dimensions of the band windows, the width of the band
windows should be at most 60% of the distance between the two columns. However, the
height of the infill walls should be at least 35% of the floor height. These measures can
be used to protect the structure from short-column irregularity (Bikce 2011) (Figure 3.36).

Figure 3.36. Illustration of short column irregularity.

3.4.3.2. Hammering Effect

In case of insufficient spacing at the junction facades, neighboring structures will
hit each other due to the movements during an earthquake, causing different levels of
damage. According to the study by Kamal et al. (2018), it is impossible to accurately

evaluate the earthquake performance of structures subjected to the hammering effect. In
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order to increase the earthquake performance of the structures, it should be decided, and
measures should be taken at the design stage to create sufficient gaps between

neighboring structures.

3.4.3.3. Heavy Overhangs

One of the irregularities that adversely affect the earthquake performance of
structures is the heavy overhangs that occur after the decisions taken during the design
phase of the structure. Structures with this irregularity increase the total mass of the
structure, causing a deviation in the center of stiffness of the structure and causing the
structure to perform worse than expected during an earthquake. A building with this
irregularity in Adiyaman, which has a soft storey irregularity with heavy overhangs,
collapsed in the Kahramanmaras earthquake and caused loss of life, as shown in Figure

3.37.

Figure 3.37. Building in Adiyaman collapsed. (Adopted from Google earth)
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3.4.3.4. Non-Parallel Axes

Non-parallel axes may be due to spatial decisions made during the architectural
design phase or the shape of the land where the construction will be built. Structures with
parallel axes that are built in an orderly provide stability more efficiently. In contrast, in
other structures, if no precautions are taken or necessary arrangements are not made, the
earthquake performance of the structure is negatively affected (Ozmen and Unay 2007).
According to the Turkish Building Earthquake Code, this irregularity is described as
follows, “Conditions where the principal axes of the structural elements do not coincide

with the earthquake directions taken perpendicular to each other” (TBDY 2018.)

3.4.3.5. Strong Beam-Weak Column

While constructing earthquake-safe buildings, the structural system is also
expected to be balanced. The column and beam systems that try to sustain the structure
under earthquake loads are expected to function effectively, ensuring the structure
remains stable and preventing loss of life and property. To achieve this stability, columns
should be designed with greater strength than beams (Gokdemir and Giinaydin 2018).
Figure 3.38 shows a) a structure with strong beam-weak column irregularity and b) a

structure without this irregularity.

55



Figure 3.38. Illustration of two building a) strong beam-weak column irregularity

b) strong column-weak beam formations.
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CHAPTER 4

RAPID ASSESSMENT METHODS

Rapid earthquake performance assessment methods have been designed and
implemented to facilitate preliminary seismic evaluations of structures. These methods
address the impracticality of conducting detailed structural analyses, as specified by the
current earthquake code (TBDY 2018), due to the significant financial and time
constraints posed by the extensive existing building stock. In assessing the building stock,
three methods were selected, which are used to identify the most vulnerable structures
against earthquakes by dividing the buildings into priority groups according to their risk
status, identifying the riskiest structures and using the available material resources and
labour force. FEMA P-154 (FEMA 2002), the Sucuoglu Rapid Visual Screening
Procedure (Sucuoglu et al. 2007), and the Canadian Seismic Screening Method (Rainer,
Allen, and Jablonski, 1992) were selected among the methods that can evaluate the
buildings by street scanning due to the limited data available and the fact that it is quite
risky to enter most of the buildings. These three methods were selected due to their
widespread use as rapid seismic assessment approaches in various countries, each
characterized by distinct parameters and methodologies. FEMA P-154 is noted for its
broad applicability across different building types, the Canadian Seismic Screening
Method provides detailed scoring based on specific structural attributes, and the Sucuoglu
method is uniquely adapted to Tiirkiye's building stock characteristics. The selection
criteria prioritized compatibility with the available building data, alignment with the
characteristics of the selected building stock, and the capacity to evaluate seismic
performance through visual screening techniques. This strategic selection ensures a
comprehensive comparative analysis and enhances the findings' applicability to the study

area's building attributes.
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4.1. FEMA p-154 Rapid Visual Screening Method (FEMA 2002)

The FEMA p-154 method is one of the street survey methods used to identify
structures with high vulnerability to earthquake damage. In order to be able to assess the
vulnerability of buildings with the rapid visual scanning technique, data related to the
building are needed. For the data required to apply the method, it may be necessary to
conduct preliminary research on the structure before starting fieldwork (Kizilkaya 2018).

In the implementation of the prescribed approach, the foremost stage entails the
careful selection of a data collection form that aligns with the seismicity of region. The
evaluation forms of the FEMA p-154 method, which are separated according to different
seismic zones, are given in detail in Appendix B. The selected data collection form is
filled with data obtained from outside the building and, if possible and safe, from inside
the building. While collecting data about the building, parameters such as the building's
construction year, number of floors, load-bearing system type and structural irregularities,
which will be explained in more detail below, should be carefully evaluated FEMA
(FEMA 2002). After examining the positive and negative data, the scores obtained are
summed to obtain an S score for each building separately. If the S score obtained is below
the limit score, which may vary depending on building structure types, the building
performance is considered inadequate, and if it remains above the limit score, the building
performance is considered sufficient. Detailed structural analysis is recommended for
structures whose earthquake performance is thought to be inadequate. The flowchart of
the FEMA p-154 method is as shown in Figure 4.1.

One of the most important parts of the FEMA p-154 method is to determine the
material and structural system type of the structure correctly. The reason for this is that
each type of building has a different base score, and the scores applied to the positive and
negative situations related to the building (Kizilkaya 2018). The error made while
determining the type of structure causes the earthquake performance of the structure to
be calculated incorrectly after the evaluation. This error means that in the event of a
possible disaster, a structure whose earthquake performance is considered adequate may

cause loss of life and property.
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4.1.1. General Information About the Building

In the initial phase of data compilation for the FEMA P-154 rapid assessment
method form information about the structure is filled in (Figure 4.2). Data such as the
coordinates of the structure, address information, the name of the structure and the name
and surname of the person filling out the form are recorded at this stage. The data
collected in this phase should be confirmed during the fieldwork. The accuracy of the

drawings of the building, if any, should be checked.
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Figure 4.1. FEMA p-154 flowchart.
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Address:

Zip:

Other Identifiers:

Building Name:

Use:

Latitude: Longitude:

Ss: St

Screener(s): Date/Time:

Figure 4.2. FEMA p-154 form, general information about the building.
(Adopted from FEMA p-154 very high seismicity form)

4.1.2. Photographs and Drawings of the Building

Photographs and sketches of the building constitute essential data for its
identification. In the designated photo section of the form, it's essential to include at least
one photograph. Moreover, the section allocated for drawings should provide
comprehensive explanations of the building's identifying details (Figure 4.3). It is very
important that the data processed at this stage can clearly express the structure so that the

accuracy can be checked by the expert engineer after the scanning.

PHOTOGRAPH

SKETCH

Figure 4.3. FEMA p-154 form, photographs and sketches.(Screenshot from
FEMA p-154 very high seismicity form)
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4.1.3. Building Characteristics

In this part of the form the collected data about the characteristic features of the
structure are collected. The data to be collected for the form are as follows: number of
floors, year built and code year, total floor area and additions to the building (Figure 4.4)
The data in this section are expected to be filled in before the fieldwork. During the field
study, the accuracy of the data should be checked and missing, or incorrect parts should

be corrected.

No. Stories: Above Grade: Below Grade: Year Built: O esT

Total Floor Area (sq. ft.): Code Year:
Additions: [] None [] Yes, Year(s) Built:

Figure 4.4. FEMA p-154 form, building characteristics. (Screenshot from
FEMA p-154 very high seismicity form)

4.1.3.1. Number of Stories

The earthquake resistance of the building and the damage to be received after the
earthquake can be related to the height of the building. With the number of storeys data,
information about the building height can be obtained if the floor heights are known.
When collecting floor number data, the fagade with the most floors is taken as reference
for buildings located on sloping land. Variations in the number of stories can be indicated
effectively through the utilization of both the comment and sketches section.

If verifiable by the screener, it is important to include information on the number
of stories below grade. Gathering this data proves especially valuable in case the

community opts to delve into potential flooding concerns at a later stage.
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4.1.3.2. Year Built and Code Year

In instances where the precise construction year of the building is not definitively
known, an estimate may be made, and it is important to state on the form that the provided

information is based on estimation.

4.1.3.3. Total Floor Area

Building floor area can be obtained from architectural drawings of the building. If
it is not possible to access the drawings of the building, the building settlement area can

be calculated from the aspect measurements.

4.1.3.4. Additions

During the assessment of building stock, it is observed that some of structures
have additions. These additions may have been made at different times and for different
purposes. In the presence of additions, it is necessary to mark the "Yes" box and specify

the year in which the respective addition was constructed.

4.1.4. Building Occupancy

Occupancy classes are determined so that they can be easily recognized in a street
survey and are shown below (Figure 4.5). While these occupancy classes are determined

from the street, buildings in the United States are taken as basis.
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occupancyv; 'Assvemvblyv " Commercial Emer. Services [] Historic  [] Shelter
Industrial Office School [0 Government
Utility Warehouse Residential, # Units:

Figure 4.5. FEMA p-154 form, building occupancy types.(Screenshot from
FEMA p-154 very high seismicity form)

4.1.5. Soil Type

If the soil class of the building is obtained before the field work, the appropriate
soil class should be marked on the form (Figure 4.6). If the determination of soil type is
not included in the preliminary process, it becomes the responsibility of the screener to
identify it during the on-site visit. In cases where there is insufficient information for
classifying the soil type, the selection "DNK" should be made, and Soil Type D should

be assumed.

SoilType: [JA [OB [c [Ob [ [F DNK
Hard  Avg Dense  Stif  Soft  Poor  IfDNK, assume Type D.
Rock Rock Soil Soil Soil Soil

Figure 4.6. FEMA p-154 form, soil types. (Screenshot from
FEMA p-154 very high seismicity form)

4.1.6. Geologic Hazards

When filling out the form, if there are geological hazards such as liquefaction,
landslide, surface faulting in the region where the building is located, it should be
indicated in the form (Figure 4.7). The presence of these hazards may increase the

vulnerability of the structure and cause collapse of the structure.
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Geologic Hazards: Liquefaction: Yes/No/DNK Landslide: Yes/No/DNK Surf. Rupt.:Yes/No/DNKI

Figure 4.7. FEMA p-154 form, geological hazards. (Screenshot from
FEMA p-154 very high seismicity form)

4.1.7. Adjacency

Structures built in adjacent order may suffer various damages due to the
hammering effect they will be exposed to during an earthquake. The collision of adjacent
buildings constructed with inadequate clearance distance constitutes an anomaly
significantly influencing the seismic behavior of structures. Neglecting to account for this
irregularity in the building design phase can lead to unforeseen consequences and result
in substantial damage to the structures (Kamal et al. 2018). In the case of an inspected
building situated in a contiguous layout, it is important to indicate the status of adjacency

in the relevant section of the data form (Figure4.8).

Adjacency: [ Pounding [ Falling Hazards from Taller Adjacent Building

Figure 4.8. FEMA p-154 form, adjacency. (Screenshot from
FEMA p-154 very high seismicity form)

According to FEMA p-154 method, the distances between adjacent buildings
should be as follows, the minimum expansion joint for adjacent buildings in areas of very
high seismic activity should be 2 inches (5.08 cm) for each floor, 1.5 inches (3.81 cm) for
each floor in areas of high seismic activity, 1 inch (2.54 cm) for each floor in areas of
moderate seismic activity, 1/2 inch (1.27 cm) for each floor in areas of moderate and low
seismic activity. Adjacent buildings pose a risk due to elements such as chimneys, parapet
walls, water tanks, and slabs that may fall. It is important to note that these elements are

at risk of falling.
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4.1.8. Irregularities in FEMA p-154

During the design and construction phases of a building, various irregularities may
occur for functional, design or economic reasons. Irregularities in buildings are generally
divided into two categories: vertical irregularities and irregularities in the plan. These
irregularities in the structure are evaluated as high or average risk in the evaluation form
according to the amount of their presence in the structure. The RVS score takes
irregularities into account by including negative score modifiers, the values of which

depend on the type and severity of the building's irregularities.

4.1.8.1. Vertical Irregularities

Weak and soft stories, overhangs, setbacks, short columns, and split levels are
called vertical irregularities in buildings. They have a negative effect on the behavior of
the structural system during an earthquake. These irregularities are also described in detail

in the Earthquake Regulations for Buildings in Tiirkiye (TBDY 2018).

4.1.8.1.1. Sloping Site

The stiffness of the lower part and the upper part of the structure are different in
structures built on sloping site. If there is a difference of more than 1 storey between the
two facades of the building in the direction of the slope, it is considered as a sloping land

irregularity (Figure 4.9). This irregularity also causes the formation of short columns.
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Figure 4.9. Illustration of the structure built on sloping site.

(Black vertical lines represent short columns)

4.1.8.1.2. Weak and/or Soft Story

In cases where the infill walls on one floor of the building are less than the infill
walls on the other floors or not at all, the building suffers the greatest damage on this floor
during an earthquake (Tezcan et al. 2017). This condition is called weak story irregularity
(Figure 4.10).

In cases where the floor height of the ground floor of the building is higher than
the other floors, and the infill walls do not continue through all the floors of the building
to provide a wider purpose for the commercial spaces on the ground floor, soft floor

irregularities occur in the building (Tezcan et al. 2017) (Figure 4.11).

Figure 4.10. Illustration of weak story irregularity.
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Figure 4.11. Illustration of soft story irregularity.

4.1.8.1.3.Setback

Out-of-plane setback occurs when one storey of the building is more inside or
outside than the other storey (Figure 4.12). This irregularity can be determined from the

position of the outer walls of the building.

Figure 4.12. Illustration of setback.
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4.1.8.1.4.Short Column/Pier

The short column effect occurs in buildings mostly as a result of decisions made
during the architectural design phase. Band windows, placement of foundations at
different levels on sloping sites, basement windows and infill walls up to a certain part of
the column cause this irregularity (Figure 4.13). Short column irregularity is considered

as an important vertical irregularity.

|
- — =1

i —

-

Figure 4.13. Illustration of short column irregularities, shown in a red circle.

4.1.8.1.5. Split Level

The situation where the roof or floors are not in the same alignment in a part of
the building is called split level (Figure 4.14). In the event of an earthquake, slabs may
damage the vertical elements to which they are connected and should be considered as

moderate vertical irregularity when filling out the form.
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Parts that could be
damaged during

an earthquake.

Figure 4.14. Illustration of split level.

4.1.8.2. Plan Irregularities

Irregularities in the plan include torsional irregularities, slab discontinuities, non-

parallel structural systems, reentrant corners and diaphragm openings.

4.1.8.2.1. Torsional Irregularity

Torsional irregularity is specified as Al irregularity in the Turkish Building
Earthquake Code-2018 (TBDY 2018). This irregularity occurs as a result of the structure

being more rigid in one direction and weak in the other direction Figure (4.15).

Figure 4.15. Illustration of torsional irregularity
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4.1.8.2.2.Non-Parallel Systems

Buildings with triangular plans that emerge after decisions at the parcel
boundaries or design stage cause torsional irregularities during earthquakes. As a result,

the building may collapse (Figure 4.16).

Figure 4.16. Triangular planned building illustration.

4.1.8.2.3. Reentrant Corners

In buildings with +, L, T, E and U plan types, it is accepted that there is an
irregularity in the plan when the distances of the projections are more than 6.1m (FEMA
p-154, 2015). If seismic joints are not used in the building's projections, the building will

lose its stiffness balance and experience severe torsional forces.
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Figure 4.17. a) + plan type, b) L plan type, ¢) T plan type, d) U plan type.

Red circles represent the areas where stress accumulates.
4.1.8.2.4. Diaphragm Openings

In transferring seismic forces to the vertical load-bearing elements, the roofs and
floors of the building play an important role. Large openings in these structural elements
due to architectural design or other requirements weaken the diaphragm and make the
structure vulnerable to seismic forces (Figure 4.18). If the ratio of this opening to the

whole slab exceeds 50%, it should be marked as irregularity in the data collection form.

Figure 4.18. Illustration of diaphragm opening.

72



4.1.8.2.5. Beams Do Not Align with Columns

In cases where the widths of exterior beams and columns are different from each
other, these two structural elements cannot be fully aligned. This situation causes

irregularity (Figure 4.19).

Figure 4.19. Illustration of beam-column misalignment.

4.1.9. Exterior Falling Hazards

Even if the structural system is adequate, some buildings may pose a risk during an
earthquake due to the elements on their facades or roofs. These elements can be listed as
follows: parapets, chimneys, water tanks, curtain wall cladding and signboards. In case
of the presence of elements in danger of falling, the relevant parts of the form must be

filled in (Figure 4.20).

Exterior Falling [J Unbraced Chimneys [C] Heavy Cladding or Heavy Veneer
Hazards: [ Parapets [J Appendages
[] Other:

Figure 4.20. FEMA p-154 form, exterior falling hazards. (Screenshot from
FEMA p-154 very high seismicity form)
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4.1.10. Damage and Deterioration

During the field work, the structural system of the building should be carefully
checked for any visible damage. This damage can significantly affect the earthquake
performance of the structure. If any damage is detected in the building's structural system,
mark the 'damage/deterioration' section of the structural system in the 'other hazards'
section of the form. The earthquake performance of a building can be seriously affected
by deterioration such as 'X'-shaped damages in masonry walls and cracks in reinforced
concrete elements from previous earthquakes that have not been repaired, corrosion in

steel structural elements, deflection in the slab, and decay in the timber structural system.

4.1.11. Building Types Determined by FEMA p-154

Determining the structure type is crucial when applying the FEMA p-154 method.

The basic score needed to obtain the final score is considered as different values for each
structure type determined by FEMA. For example, while the basic score for the C2
category representing reinforced concrete buildings with shear columns is 1.2, the basic
score for the URM category representing unreinforced masonry system structures should
be 0.9.

e Wood frame structures (W1)

e  Wood frame structures (W1A)

e  Wood frame structures (W2)

e Steel moment-resisting frame buildings (S1)

e Braced steel frame buildings (S2)

e Light metal buildings (S3)

e Steel frame structures with reinforced concrete walls (S4)

e Steel frame systems with unreinforced infill walls (S5)

e Reinforced concrete frame systems (C1)

e Reinforced concrete shear wall systems (C2)

e Reinforced concrete frame system with unreinforced infill walls (C3)
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e Prefabricated panel system (PC1)

e Prefabricated reinforced concrete frame system (PC2)

e Reinforced masonry system with flexible diaphragm (RM1)
e Rigid diaphragm reinforced masonry system (RM2)

e Unreinforced masonry system (URM)

e Modular system (MH)

4.1.12. Determination of the Final Score

Penalty points are applied to the basic score when determining the final score. The
basic score is determined based on the building type, irregularities of the building, and
ground class. During the assessment, irregularities present in the plan and vertical are
marked according to their severe or moderate presence.

Another important point is pre-code and post-benchmark scores. For the building
stock within the scope of the research, the limit was taken as the year 2000.
While pre-2000 buildings are calculated as pre-code, post-2000 buildings are evaluated
as post-benchmark (Figure 4.21).

Since it was not possible to access the soil class of the building stock, the unknown
option was selected in the form and class D was accepted as stiff soil.

There is a minimum score (Smin in Fig. 4.19) assigned for each of the building classes
determined by FEMA. If the final level 1 score (S.1in Fig. 4.19) obtained as a result of
the calculations is less than Smin, the structure is considered to be unstable against

earthquake and detailed structural analysis is recommended.
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BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S;¢
FEMA BUILDING TYPE Do Not w1 W1A w2 S$1 S2 S3 S4 S§ C1 Cc2 C3 PC1 PC2 RM1 RM2 | URM MH
Know MRF) [ BR) | M) | RC | (URM | (MRF) | (SW) | WRM [ (V) D) | (D)
sw | NP INF)
Basic Score 21 19 18 15 14 16 14 12 1.0 12 0.9 1.1 10 11 11 09 11
Severe Vertical Iregularity, Vi1 -0.9 09 -09 08 0.7 08 -0.7 -0.7 0.7 -08 -06 -0.7 07 0.7 -0.7 -06 NA
Moderate Vertical Irregularity, Vis -06 05 05 -04 -04 05 -04 -03 04 -04 03 -04 04 -04 -04 03 NA
Pian Irregularity, Pes -0.7 07 -06 05 05 06 -04 -04 -04 -05 -03 -0.5 04 -04 -04 03 NA
Pre-Code 03| 03| -03|03|-02)|03)|-02)|-01]|01]|202]00]|-02]-01]|-02]|-02](00 0.0
Post-Benchmark 19 19 20 10 11 11 15 NA 14 17 NA 15 17 16 16 NA 05
Soil Type AorB 05 05 04 03 03 04 03 02 02 03 01 03 02 03 03 0.1 01
Soil Type E (1-3 stories) 00 -0.2 -04 03 -02 02 -02 -0.1 -0.1 -02 00 -02 0.1 -02 -0.2 0.0 0.1
Soil Type E (> 3 stories) -04 04 -04 03 03 NA -0.3 -0.1 -0.1 -0.3 -0.1 NA -0.1 -0.2 -0.2 0.0 NA
Minimum Score, Sun 0.7 0.7 0.7 0.5 0.5 0.5 0.5 0.5 0.3 0.3 0.3 02 02 0.3 0.3 0.2 1.0

Figure 4.21. FEMA p-154 form, basic score, modifiers, and final score.
(Screenshot from FEMA p-154 very high seismicity form)

4.2. Sucuoglu Rapid Visual Screening Procedure (Sucuoglu et al. 2007)

The street surveying method developed by Sucuoglu et al. (2007) utilizes various
parameters to estimate the earthquake performance of reinforced concrete structures.
This method provides a risk prioritization of the building stock using data that can be
obtained from a simple street observation. During the survey, data that can be easily
collected using the street scanning method is collected by people who have been trained
before the field work. The data obtained is used to calculate a risk score for the
structure. The parameters related to the structure are as follows. Number of floors, soft
storey, heavy overhangs, apparent building quality, peak ground velocity (PGV) values,
pounding effect, short column effect and topographical effect (Ozkaynak and Ozbay
2018).

When considering the number of floors, only those above ground should be
considered. Apparent quality provides an assessment of the overall appearance of the
building and allows buildings to be categorized into three levels: good, moderate, and
poor. Although the year of construction is not a parameter for this method, a link can be
established with apparent quality. The year of construction also gives an idea of the
regulation year to which the building belongs. The vulnerability parameters for the effects

considered when applying the method are as shown in Figure 4.22.
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Effects Vulnerability Score Multipliers (VSM)

Does Not Exists Exists
Soft Story Effect 0) (1)
Heavy Overhang (0) (1)
Short Column (0) (1)
Topographic Effect 0) (1)
Pounding Effect (0) (1)
Apparent Quality Good (0) Moderate (1) Poor (2)

Figure. 4.22. Vulnerability parameter values (VSM) (Sucuoglu et al., 2007)

When the structure is analyzed by this method, the calculation starts with different
basic score (BS) values according to different storey numbers and '3 different seismic
zones values separated according to PGV values'. Then, the performance score (PS) is
obtained by subtracting the score values (VS) determined for each structural defect from
this basic score (Figure 4.3).

Based on the attained performance scores (PS), structures are classified as
follows: if 0 <PS <30, they are designated as highest priority; for scores within the range
of 30 < PS <60, the classification is secondary priority; for 60 <PS < 100, structures are

categorized as moderate priority; and if PS exceeds 100, they are designated as lowest

priority.
Base Scores (BS) Vulnerability score (VS)
o 2
g g Z‘ - .::) ..?ED + E i
Zone-I Zone-I1 Zone-I11 & 55 &= 2 S 5 gu
# G0<PGV<8040<PGV<60 20<PGV<40 € && =2 2 »35 g
Stories  cm/sec cm/sec cm/sec W = =
1,2 100 130 150 0 -5 -5 0 -5 0
3 90 120 140 -15 -10 -10 -2 -5 0
4 75 100 120 -20 -10 -10 -3 -5 -2
5 65 85 100 -25 -15 -15 -3 -5 -2
6,7 60 80 90 -30 -15 -15 -3 -5 -2

Figure. 4.23. Base Scores (BS) and Vulnerability Scores (VS) (Sucuoglu et al., 2006)
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4.3. Canadian Seismic Screening Method (Rainer, Allen, and Jablonski
1992)

The Canadian seismic scanning method is a method that makes it possible to
rapidly evaluate the earthquake performance of structures. Upon implementing the
methodology on the given structure, the seismic index is computed by incorporating
various parameters. These parameters encompass the seismicity prevalent in the region
where the structure is situated, the regulatory year, the soil classification, the type of
structural system employed, the structural significance, and any irregularities existing
within the structure. In accordance with the acquired seismic index, an assessment of the
structure's risk level is conducted, guiding subsequent prioritization for in-depth analysis
(Isik et al. 2017).

When employing the methodology for buildings, it is feasible to conduct the study
in the absence of architectural or structural system projects. The external examination of
the building is undertaken by the assigned supervisor conducting the study, during which
the data collection form is completed architects, engineers and property owners can also
apply this method, provided they have sufficient knowledge. The Canadian seismic
screening method allows for rapid performance evaluation of all types of structural
systems such as FEMA p-154. The flow diagram of the method is as shown in Figure
4.24.

4.3.1 Structural System Types

The structural system types and short codes, which are one of the important
parameters of the Canadian seismic method, are as follows.
Wood -Light timber frame system (WLF)
-Timber frame systems (WPB)
Steel -Steel frame systems (SMF)
-Diagonal steel frame systems (SBF)
-Light steel systems (SLF)
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-Steel frame system with reinforced concrete walls (SCW)
-Steel frame system with infill wall (SIW)

RC -Reinforced concrete frame system (CMF)
-Reinforced concrete shear wall systems (CSW)
-Reinforced concrete frame system with infill walls (CIW)
-Prefabricated/refabricated reinforced concrete frame system (PCF)
-Pre-produced curtain system (PCW)

Masonry -Reinforced masonry system with timber board diaphragm (RML)
-Reinforced masonry system with reinforced concrete diaphragm (RMC)

-Unreinforced masonry system (URM)
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CANADIAN SEISMIC
SCREENING METHOD

—

DATA COLLECTION

BEFORE FIELD WORK I BB
—_» SEICMICITY OF REGION
BUILDING IMPORTANCE / | STRUCTURAL SYSTEM
i NUMBER OF USERS TYPE
——  GROUND CONDITIONS \ STRUCTURAL
IRREGULARITIES
YEAR BUILT
— CONDITION OF THE
AND CODE YEAR ”  §TRUCTURAL SYSTEM
“— REVIEW OF DRAWINGS OBSERVABLE NON-
STRUCTURAL HAZARDS
UTILISATION STATUS OF
STRUCTURAL INDEX (SI) ————,
DETERMINETION OF
SCANNING INDEXES
NON-STRUCTURAL INDEX
(NSI) }
STRUCTURAL
PERFORMANCE INDEX °
f DETAILED STRUCTURAL
NOT SAFE — :
COMPARISON OF SCAN oTs EVOLUTION REQUIRED
INDEXES WITH
THE LIMIT VALUE
SAFE FINISH

Figure. 4.24. Canadian seismic scanning method flowchart.
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4.3.2. Seismicity Rating of the Region (A)

The seismicity of a region plays a pivotal role in determining the seismic index.
Within the framework of the Canadian Seismic Screening Method, the seismicity of a
given region is characterized by two parameters: Z, and Z, values, which correspond to
the maximum ground acceleration and velocity, respectively. These values are linked to
the division of earthquake zones into six categories. If Zy exceeds Z,, the Zy value denotes
the earthquake zone of the region. Conversely, if Z, surpasses Zy, the value Zy+1 signifies
the earthquake zone. Higher Z, values signify zones of heightened risk, whereas lower

values indicate less hazardous zones. Shown in figure 4.25.

Effective Seismic Zone (Z,>Z,. if Z, or Z,+1) A=

Regulation )
v 2 3 <+ § 6

Year ?
. Before 1965 Y] 1.5 2.0 3.0 4.0

A Seismicity

1965-1984 1.0 1.0 1.3 1.5 2.0
After 1985 1.0 1.0 1.0 1.0 1.0

Figure. 4.25. Seismicity of the region scoring table.

4.3.3. Ground Conditions (B)

In the data collection form, ground groups are scored in 4 different categories.

The categorization of soil types is delineated as follows:

1. Rock and compacted soils: This group encompasses rock formations and
compacted soils less than 50 meters in thickness, as well as substrates consisting of gravel,
compacted clay, and stable sand soils situated over rock layers.

2. Compacted soils: Soil formations falling under this classification comprise
compacted soils exceeding 50 meters in thickness, along with substrates composed of

gravel, compacted clay, and stable sand soils overlying rock layers.
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3. Soft ground: This group encompasses soils characterized by soft or medium

dense clay and sand, or cohesionless soils with a thickness exceeding 15 meters.

4. Very soft soils with slip risk: This category comprises very soft clay and loose

sandy-clay soils that pose a risk of slippage. Figure 4.26.

Ground
Conditions

Ground Types B=
5 Rock - .
Regulation ] Compacted Soft Very weak or | Unknown
= Compacted g g e - &
Year Soil Soil>50m [ ground>15m | slippery ground| ground
Before 1965 1.0 1.3 1.5 2.0 15
After 1965 1.0 1.0 1.0 15 1:5

Figure. 4.26. Ground types of the region scoring table.

4.3.4. Structural System Type Score (C)

The correct determination of the type of structural system of the building is very

important for the accuracy of the result obtained at the end of the scan. For the accurate

determination of the structural system, a comprehensive examination of the structure is

imperative, considering all relevant aspects. In instances where coating elements are

present within the structure, their removal is necessary to facilitate a thorough assessment.

Furthermore, if the building incorporates multiple types of structural systems, the

structural system score is computed independently for each system, and the higher of the

results obtained is accepted. Load bearing system scoring according to different types is

as in figure 4.27. Structural system types represented by acronyms as shown in figure

4.28.
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Structural System Type and Symbols =

’ Reinforced L Masonry N
Regulation Wood Steel Condiets Precast Fill Masonry
i Year
Structural WLF |WPB| SLF | SMF | SBF | SCW|CMF [CSW| PCF [PCW| SIW.CIW RAIT, URM
c System Type RMC
(BM=evaluatio| Before 1970 | 12 [ 20 | 1.0 | 12 [ 1.5 ] 20| 25 (20| 25| 20 3.0 2.5 | 35
nyeid 1970BM [ 122010121515 [15|15]18]| 15| 20 15 | 35
After BM 12|28 |10 |10)|10 |10 |10 | 10|10 | 1.0 1.0 1.0

Figure. 4.27. Structural system type scoring table.

Structural System Type (circle the appropriate definition)
” WLF Light timber frame system
Wood = 5
WPB Timber frame systems
SMF Steel -Steel frame systems
SBF Diagonal steel frame systems
Steel SLF Light steel systems
‘ - Steel frame system with reinforced
SCW
concrete walls
SIW Steel frame system with infill wall
Reinforced 2 <
; CMF Reinforced concrete frame system
Concrete
CSW Reinforced concrete shear wall systems
. Reinforced concrete frame system with
CIW e .
infill walls
PCE Prefabricated/refabricated reinforced
concrete frame system
PCW Pre-produced curtain system
Reinforced masonry system with
Masonry  [RML i e . o
timber/trapezoidal board diaphragm
RMC Reinforced masonry system with
reinforced concrete diaphragm
URM Unreinforced masonry system

Figure 4.28. Structural system list.

4.3.5. Structural Irregularity Score (D)

When assessing the irregularities of a building, it is essential to identify both
vertical and horizontal irregularities. These irregularities are delineated in the appropriate

sections of the data collection form, as illustrated in Figure 4.29. Subsequently, the
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irregularity scores, which are contingent upon the regulatory years, are multiplied

together to derive the "D" score.

Structural Irregularities (circle the appropriate definition)

1. Vertical Sudden changes in the plan (e.g. retraction or building
Irregularities on sloping terrain)

2. Irregularity in |Irregular building shapes: L, V. E. T, torsional

the Plan irregularity, accumulation of shear columns in a region

3. Reinforced
Concrete-Short [Short Columns
Columns

Reduction in stiffness due to discontinuity in shear
walls, openings
5. Hammering |If the gap between buildings is less than 20 x Zv x

4. Soft Story

Effect Number of Storeys (mm)

;Mo Changes in the function and use of the building
Changes = =

7. Structural Deterioration of structural elements, weak or poured
Deformation concrete, corroded reinforcement

8. None If none of the above irregularities are present

Figure 4.29. Irregularities list.

4.3.6. Building Importance Score (E)

The usage status and user group of the building are very important in determining
the result index. Particularly, structures such as schools, post-disaster facilities, and
hospitals carry a high importance coefficient. When calculating the E value, the intended
purpose of the building and its user capacity (N) are pivotal factors. The user capacity (N)
is computed by multiplying the area of utilization, the intensity of usage, and the

percentage representation of weekly usage hours shown in figure 4.30.
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Building Regulation | Low Utilisation | Normal Utilisation Scho.o% or .more After Disaster or Too Pxi\‘atg Business
Imponan&: X:ear N<10 N=10-300 Utilisation Much Use. N>3000 Requirements E=
Before 70 0.7 1.0 1.5 2.0 3.0
After 70 0.7 1.0 12 1S 2.0
N=Area of Use x Intensity of Use x Duration Factor=.............c.c.cccco.c.. e SR X =
E Main Use Intensity ?f ETse A\elage Weeklfv The Duration Factor is calculated as the
person/m2 Utilisation Hours S Vi ot
Woeli i o average w eeI\l‘y utlxhzanon hours divided
2 : by 100, ensuring it does not exceed 1.0.
Commercial. Service 0.2 50-80
Office, Institute, Production 0.1 50 - 60
Residential 0.05 100
‘Warehouse 0.01-0.02 100

Figure 4.30. Building utilization scoring table.

4.3.7. Non-Structural Hazards (F)

Chimneys, parapets, claddings, curtain walls, facade claddings, and overhangs
constitute non-structural hazards within the building, posing risks of potential collapse.
The identification of these elements is crucial and should be indicated in the initial section
of the form (Figure 4.31). Subsequently, the corresponding scores are calculated in section

F, considering the regulatory year (Figure 4.32).

NON-STRUCTURAL HAZARDS (circle the appropriate definition)

F1 Fall Hazard

Exterior: chimneys, parapets, pre-fabricated panels, unsafe glazing, overhead covers over walkways
Interior: Heavy components: masonry partition elements, glazing at exits, collapsible shelves

F2 Hazards in Private Enterprises: Specialised equipment that private enterprises must use at all times.

The list of risky elements should be noted.

Figure 4.31. Non-structural hazards.

NON-STRUCTURAL HAZARDS |Definition Regulation Year Doesn't Exist |Yes Yes* F=maks(F1, F2)
Elements with Fall Before 1970 1.0 3.0 6.0
EE Hazard After 1970 1.0 2.0 3.0
F Danger in Private
F2 Enterprises In any year 1.0 3.0 6.0
* If one or more of the SMF, CMF, soft storey, torsional irregularities are marked on the first page, the section with * should
be marked.

Figure 4.32. Non-structural hazards scoring table.
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4.3.8. Canadian Seismic Scanning Method Scoring System

In the Canadian Seismic Screening Method, the seismic index (SPI) calculated by
equation 4.1, structural index score (SI) calculated by equation 4.2, and non-structural
index score (NSI) calculated by equation 4.3 are computed by aggregating the structural
and non-structural data of the building (Rainer, Allen, and Jablonski 1992).

SI=AxBxCxDxE 4.1)
NSI=BxExF (4.2)
SPI= SI + NSI (4.3)

A: Seismicity score of the region,
B: Ground conditions score,

C: Structural system type score,
D: Irregularity score,

E: Building importance score,

F: Max (F1, F2),

F1: Fall hazard elements score,

F2: Special operations.

4.3.9. Canada Seismic Scanning Method Determination of Limit

Score

The seismic index score (SPI) is juxtaposed against the threshold score, enabling
the identification of priority buildings warranting detailed analysis. Seismic performance

assessments of the buildings based on the threshold score are outlined as follows.
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ST or NSI 1.0~2.0  Adequate earthquake safety

SPI< 10 Low priority buildings
SPI 10~20 Medium priority buildings
SPI > 20 High priority buildings

SPI > 30 Very dangerous buildings



CHAPTER 5

RESULTS AND DISCUSSIONS

This section of the thesis discusses the results of the studies on 477 buildings,
described in detail under Chapter 3, section 3.3, Building Inventory Database. The
selected 477 buildings are analyzed with the help of FEMA p-154 (Federal Emergency
Management Agency 2015), Canadian Seismic Screening Method (Rainer, Allen, and
Jablonski 1992) and Sucuoglu RVS procedure (Sucuoglu, Yazgan, and Yakut 2007),
which are the rapid earthquake performance assessment methods explained in detail in
Chapter 4. The results obtained for each structure were evaluated according to the results
of the examinations performed using three different methods. According to the results,
the accuracy percentages of the decisions made by the analyzed methods about the
structures are discussed, the coefficient changes required for the methods to predict the
results correctly, and the issues to be considered are discussed in detail. Detailed data
tables of fast earthquake performance evaluation methods are presented in the appendices

section.

5.1. FEMA p-154 Method (FEMA, 2015)

FEMA p-154 method evaluates the seismicity of the geographical location,
construction techniques such as steel frame (S1), reinforced concrete frame (Cl1),
masonry (URM), number of storeys, the intended use of the building, year of construction
and structural irregularities in the building with the help of a form. It evaluates whether
the earthquake performance of the building is in the safe range by obtaining an S score
according to the penalty points applied (Sebnem et al. 2021).

While evaluating the structures with the help of the FEMA method, a form is
selected depending on the seismicity of the structure's location. After the form is selected,

the structures are first scanned with the level 1 evaluation form and then with the level 2
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evaluation form if the building performance is not found to be sufficient. As a result of
the score shaped according to the structure data, the earthquake performance of the
structure is considered adequate or inadequate (Dogan et al. 2021). Getting support from
an expert for structures whose earthquake performance is not considered adequate is
recommended. According to the result, the FEMA p-154 RVS method divides the
structures into two sharp classes such as black and white. As observed in the
Kahramanmaras earthquakes, not every building determined as risky by the regulations
has collapsed. Therefore, the FEMA p-154 method, which cannot perform risk
prioritizations, should be improved regarding evaluation results. A result system in which
the score value resulting from the penalty points it gives expresses certain risk groups in
specific ranges would be more reliable.

While applying the FEMA p-154 method, the very high-risk form was selected
from the forms suitable for the seismicity of the region where the building is located. This
selection is due to the Eastern Anatolian Fault Line (DAF) passing through the north of
Adiyaman. This 580 km long fault line, which starts from Bing6l-Karliova and connects
to the Dead Sea fault system in the Antakya region, plays a vital role in the region's
seismicity according to the results of the research carried out since 1969 (Herece and
Akay 1992).

At the beginning of the application of this method, the first of the evaluation scores
given to the building is the "Basic Score", which can be determined by the type of
structural system of the building. 63 of the 477 buildings are masonry structures, and 414
are reinforced concrete. For reinforced concrete structures, C1 for reinforced concrete
frame systems and C2 for reinforced concrete shear wall systems were selected, while
URM was selected for masonry structures. The basic score for C1 is 1.0, the basic score
for C2 is 1.2, and the basic score for URM is 0.9. A total of 63 buildings were evaluated
in the URM class with 0.9 points, 5 buildings in the C2 class with 1.2 points, and 409
buildings in the C1 class with 1.0 points.

After the basic score was determined, when the vertical severe irregularities found
in the buildings were examined, 303 buildings for C1 received a penalty score of -0.7, 5
buildings for C2 received a penalty score of -0.8, 2 buildings for URM received a penalty
score of -0.6. In comparison, no remarkable vertical irregularities were detected in 167
buildings. Regarding average vertical irregularity, 114 buildings for C1 received a penalty
score of -0.4 and 57 buildings for URM received a penalty score of -0.3. In case of
irregularities in the plan, a penalty points of -0.4 in 106 buildings for C1 and -0.3 in 1
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building for URM was applied. Basic scores, modifiers and final scores of each building

type are shown in detail in Figure 5.1.

BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S;4
FEMA BUILDING TYPE Do Not w1 W1A w2 s1 S2 S3 sS4 S5 c1 C2 c3 PC1 PC2 RM1 RM2 | URM MH
Know (MRF) | (BR) (™) RC | (URM | (MRF) | (SW) | (URM | (TU) (FD) (RD)
sW) INF) INF)
Basic Score 241 19 18 15 14 1.6 14 222 1.0 12 0.9 11 1.0 11 11 0.9 11
Severe Vertical Irregularity, Vi1 09 09 09 08 07 08 07 07 07 08 06 0.7 07 07 -0.7 06 NA
Moderate Vertical Iregularity, Vi1 06 | 05 | 05 | 04 | 04 | 05 | 04 | 03 | 04 | 04 | 03 | 04 | 04 | 04 | -04 | 03 NA
Plan Irregularity, Pr1 07 | 07 | 06 | 05 | 05 | 06 | 04 | 04 | 04 | 05 | 03 | 05 | 04 | 04 | -04 | 03 NA
Pre-Code 03 | 03 | 03 | 03 | 02 [ 03 | 02 | 01 01 | 02 0.0 02 | 01 02 | 02 0.0 0.0
Post-Benchmark 19 19 20 1.0 11 11 15 NA 14 17 NA 15 17 16 16 NA 05
Soil Type Aor B 05 05 04 03 03 04 03 0.2 0.2 03 0.1 03 02 03 03 0.1 0.1
Soil Type E (1-3 stories) 0.0 02 | 04 | 03 | 02 | 02 | 02 | 01 01 | 02 0.0 02 | 01 02 | 02 0.0 01
Soil Type E (> 3 stories) 04 | 04 | 04 | 03 | 03 NA 03 | 01 01 | 03 | 01 NA 041 02 | 02 0.0 NA
Minimum Score, Suw 0.7 0.7 0.7 0.5 0.5 0.5 0.5 0.5 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 1.0

Figure 5.1. FEMA p-154 form, basic score, modifiers, and final score.

(Adopted from FEMA p-154 very high seismicity form)

Pre-code and post-benchmark are another important topic to be considered when
evaluating the performance of the structures with the help of this method. This factor,
which can be called a threshold point, is accepted as the year 2000, which is also a turning
point for Tiirkiye's building stock. For the buildings built before 2000, as indicated in
Figure 5.1, a penalty score of -0.1 was applied to C1-type buildings and -0.2 to C2-type
buildings. For C1-type buildings constructed after 2000, +1.4 points and +1.7 points were
added to C2-type buildings. As a result of the building analyses, 63 URM buildings
received 0 penalty points per form, while 159 buildings received -0.1 penalty points. 250
Cl1-type buildings received +1.4 points, and four buildings received +1.7 points.

As a result of the penalty points added to the basic score, the Final Level 1 score-
Si1 score is obtained. If the SL1 score is below the Smin score, it is recommended that the
second part of the building inspection form be applied in order to understand the risk
status of the building correctly. Smin score is 0.3 for C1 and C2 type structures and 0.2 for
URM type structures. The Smin score is 0.3 for C1 and C2 type structures and 0.2 for URM
type structures. Following the 1Ist level assessments, it was found that the Sy score for
147 buildings was lower than the Smi, threshold, indicating a lack of earthquake resilience.
However, for 330 buildings, the Si;1 value was deemed adequate for earthquake safety
according to the first evaluation form of the FEMA p-154 method. However, the fact that

these buildings were subsequently classified as heavily damaged, collapsed or requiring
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urgent demolition indicates that the earthquake performance of these 330 buildings was
incorrectly assessed in the initial assessment form.

While evaluating the construction years, the accuracy of the data collected during
the damage assessment studies carried out by the Ministry of Environment and
Urbanization was verified with the help of the coordinates of the buildings and Google
Earth data. As a result of the verifications made with aerial photographs, the construction
years of 71 buildings were updated. This reveals that 14.88% of the initially collected
data on construction years was inaccurate.

When the 2™ part of the building evaluation form is passed, the Si» score is
expected to be greater than or equal to the Smin value in order for the earthquake safety of
the building to be considered adequate. Structures that cannot meet this condition are
considered inadequate and directed to detailed analysis. While calculating the Si» score,
S' score, V12 score, Pro score, and M score obtained from the first form are used. S' score

is determined by equation (5.1). Equation (5.2) is used to calculate the SL2 score.

S”=(Sr1— VL1 —Pr1) (5.1

SL2= (S’ + Vw2 + Pra + M) > Smin (5.2)

When calculating the VL2 score, the scores of the vertical irregularities are
summed. These irregularities are as follows. The sloping site, weak and/or soft storey,
setback, short column, split levels and other irregularities. For structures that are not in
W1, i.e. wood frame structure class, -0.2 penalty points are applied in case of sloping site
irregularity. All 477 buildings did not receive penalty points from this section.

The penalty score for Weak/Soft storey irregularity determined by the FEMA p-
154 form is -0.7 for non-W1 structures if the difference between storey heights is two
storeys or more and -0.4 if it is less. 307 of the 477 structures received a penalty score of
-0.4 for having weak/soft storey irregularity, as shown in Figure 3.2. While deciding on
this penalty score, the structures with differences between the storey heights and the
structures with rigidity differences between the storeys were also considered. Since the
storey height differences of the buildings were not two storeys or more, none of the

buildings received a penalty score of -0.7.

91



Weak/Soft Storey
Exist: -0,7

= Exist: -0,7

= Exist: -0,4
\v = Doesn't Exist: 0

Figure 5.2. The distribution of 477 structures in the weak/soft storey irregularity.

Since the setback irregularity was not found in the selected buildings, no building
received penalty points for this irregularity.

If short column effect irregularity is present, it causes -0.4 penalty points to be
applied to the buildings. This irregularity is present in 107 of the 477 buildings examined
within the scope of the study (Figure 5.3). It is assumed that short column effect is

observed in buildings with band windows between two columns during visual screening.

Short Cloumn

= Exist

\ ’ = Doesn't Exist

Figure 5.3. The distribution of 477 structures in the short column irregularity.

When there are inconsistent slabs in the building, split level irregularity can be
mentioned. If this irregularity is found in the buildings, -0.4 penalty points are applied.
There are no buildings with this irregularity among the 477 buildings analyzed.

Another vital part that is considered when calculating the VL2 score is other
irregularities. Heavy overhangs in the analyzed buildings were evaluated in this category.
If this irregularity is found at a severe level, a penalty score of -0.7 is applied, and if it is

found at an average level, a penalty score of -0.4 is applied. Of the 477 buildings
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examined within the scope of the study, 278 have heavy overhangs as shown in Figure
5.4. This irregularity, found in 58.28% of the analyzed buildings, is considered quite risky
since it disrupts the rigidity of the structure (Inan and Korkmaz 2012).

Heavy Overhangers

= Exist

\ ’ = Doesn't Exist

Figure 5.4. The distribution of 477 structures in the heavy over hangers irregularity.

The part where penalty points should be determined within the scope of the second
form while evaluating the structure with the method developed by FEMA is PL2,
irregularities in the plan. These irregularities evaluated in the plan plane are as follows:
torsional irregularity, non-parallel system, reentrant corner, diaphragm openings and out-
of-plane offset. A penalty of -0.5 points is applied to the structure when a torsional
irregularity is found. Since the structural system layouts were not known while collecting
the data about the buildings, it was assumed to be absent in all buildings and taken as 0.
The structures with non-parallel system irregularity are penalized with -0.2 penalty
points. When 477 structures were analyzed, it is assumed that the analyzed buildings were
built with regular axes. Regarding reentrant corners, the method applies -0.2 penalty
points to structures with this irregularity. Since the selected buildings have square or
rectangular plan forms, their reentrant corner scores are accepted as 0. Diaphragm
openings in the buildings cause the buildings to receive -0.2 penalty points. According to
Google Earth satellite data, no large diaphragm openings were found in the selected
buildings, so the penalty points were accepted as 0. Out-of-plane offset irregularity causes
-0.2 penalty points to be applied to the structures where it exists. Heavy overhang
irregularity was evaluated under the title of out-of-plane offset, and this irregularity was
found in 278 of the 477 structures examined, and -0.2 penalty points were applied (Figure
5.5).
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Figure 5.5. The distribution of structures with out-of-plane offset irregularity.

The last part of the Level 2 assessment form consists of the M score. While
calculating the M score, the structural irregularities of the building are evaluated as in the
previous stages, and these irregularities are as follows: redundancy,
pounding/hammering, joistless slab and visible reinforcement. Redundancy exists if at
least two bays of lateral elements are on each side of the building. 477 buildings received
+0.2 points since all the analyzed buildings met this criterion.

When evaluating the hammering effect, if the slabs do not coincide with each other
-0.7, if there is a difference of 2 floors or more between the building and the neighboring
building -0.7, if the building is located at the end of the block -0.4, penalty points are
applied. If a building fulfils all these conditions, a maximum of -0.9 penalty points is
applied to the building. 162 of 477 structures, 33 received a penalty score of -0.7 (Figure
5.6).

Hammering / Pounding
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Figure 5.6. The Distribution of structures with hammering effect.

94



Among the analyzed buildings, -0.3 penalty points are applied for the buildings
with no-beam slabs. This means that the floor of the building also works as a beam. It is
used frequently in Tiirkiye as hollow floor, causes low rigidity in buildings, and causes
heavy damage in earthquakes (Ince 2018). Within the scope of the study, 259 structures,
which constitute 54.29% of the 477 structures analyzed, received a penalty score of -0.3
for having a no-beam slab irregularity. This irregularity plays a vital role for buildings

regarding frequency of occurrence (Figure 5.7).

No-beam slab
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Figure 5.7. The Distribution of structures with no-beam slab

If a visible strengthening can be observed in the building, this brings +1.2 points
to the building. In buildings where this could not be measured, it was assumed that no
retrofitting was done.

Within the scope of the thesis, 477 structures were analyzed with the help of the
FEMA p-154 method and evaluated with various irregularities. As a result of this
evaluation, the Sr> final score of the structure was calculated with the help of equation
(5.2). It is compared with Smin, which is determined separately for each type of structural
system specified in Figure 5.1. In cases where the Si» score is less than Smin, a detailed
earthquake performance analysis is recommended for the structure.

The damage classes of the selected 477 buildings were divided into three
categories: severely damaged, required urgent demolition and collapsed. These buildings
did not survive the Kahramanmarag earthquakes on 6 February safely. According to the
results of the selected buildings according to the FEMA p154 evaluation form, the SL.2
score of 286 buildings was below the Smin value, indicating that the building was unsafe

and suggested detailed analysis. If such a study had been carried out before the
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earthquake, the decisions to be taken for these 286 structures could have prevented loss
of life and property. 191 structures, which constitute 40.04% of 477 structures, were safe
due to the studies carried out within the scope of the FEMA p-154 evaluation method
(Figure 5.8). However, when the actual earthquake data is considered, we see that these
structures cannot survive the earthquake safely. Here, we can conclude that the FEMA

p154 RVS method for 477 structures is not correct in 40.04% of the structures.

FEMA p-154 Results
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Figure 5.8. FEMA p-154 result distributions.

5.2. Sucuoglu RVS Procedure (Sucuoglu, Yazgan, and Yakut 2007)

This method, which is used as a street scanning method, provides information
about the earthquake performance of the structure by evaluating the irregularities visible
from the outside with specific penalty points. When the individual penalty points given
to each irregularity are calculated, the resulting PS (Performance Score) score allows
building risk prioritization (Ozkaynak and Ozsoy Ozbay 2018). Sucuoglu RVS procedure
reveals the performance score of the building by applying the penalty points arising from
structural irregularities together with the points determined according to the zone classes

and the number of storeys of the building. These zone classes are determined depending
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on the PGV values of the region where the building is located. As the PGV value
decreases, the Base Score (BS) of the building increases, while in buildings with the same
PGV value, the Base Score (BS) decreases as the number of storeys increases. When the
Vulnerability Score (VS) is subtracted from the Base Score, the Performance Score (PS)
is obtained. The Performance Score (PS) obtained after examining the structures and
applying penalty points shows which of the four priority classes the structure is suitable
for. As a result, building owners and competent authorities can plan and implement the
measures to be taken according to the risk priority of the building. After processing the
structure data, the performance score (PS) is calculated with the help of the penalty scores

obtained, as shown in equation (5.3).

PS=BS + ¥ ,VSM i+ VS; (5.3)

After making these calculations structures are classified according to their
performance scores (PS) as follows: If 0 < PS < 30, the structure is considered highly
risky and is categorized as highest priority; if the structure score is 30 < PS < 60, the
structure is categorized as second priority; for 60 < PS < 100, structures are categorized
as moderate priority; if the performance score of the structure is PS > 100, the structure
will be categorized as lowest risk as it can be considered relatively safe compared to other
situations.

The first issue to be decided about the structures to be studied while applying the
method is the zone selection depending on the peak ground velocity (PGV) value of the
structure. Seismic zone values based on the building’s location are used to determine the
Basic Score (BS) necessary for calculations. The rapid evaluation form determines the
building's zone classification based on the Peak Ground Velocity (PGV) value, which
varies with the seismic intensity of the building's location. Specifically, if 60 < PGV < 80
cm/sec, the building falls into Zone I; if 40 < PGV < 60 cm/sec, it is classified as Zone
IT; and if 20 < PGV < 40 cm/sec, it is designated as Zone III. Within the scope of the
study, all 477 buildings in Adiyaman examined by the author were accepted as Zone I due
to the high seismicity of the region. After selecting the zone, the second critical issue
affecting the Basic Score (BS) value is the number of storeys. Increasing the number of

storeys decreases the BS value and affects the building's score. Following zone selection,
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the number of storeys is the next factor impacting the BS value: an increase in storeys
reduces the BS, subsequently lowering the building’s priority classification compared to
structures with fewer storeys and higher BS values.

The Basic Score (BS) values, which vary according to the number of storeys, have
been determined for Zone I buildings among the 477 structures selected in Adiyaman city
center. For 1- and 2-storey buildings, the BS is set at 100 points, while 3-storey buildings
receive 90 points, 4-storey buildings are assigned 75 points, 5-storey buildings receive 65
points, and for 6- and 7-storey buildings, the BS is set at 60 points as shown in detail in

Figure 5.9 which taken directly from the documentation of the rapid evaluation method.

Base Scores (BS) Vulnerability score (VS)

Q
E 2z = f‘:: = e E o
Zone-1 Zone-I1 Zone-I11 ) :é.—; % = 2 S _§ C‘E“
# G60<PGV<8040<PGV<60 20<PGV<40 § =85 ==z &5 “3 g
Stories cm/sec cm/sec cm/sec v = =]
132 100 130 150 0 -5 -5 0 -5 0

3 90 120 140 -15 -10 -10 -2 -5 0

4 75 100 120 -20 -10 -10 -3 -5 -2

5 65 85 100 -25 -15 -15 -3 -5 -2
6,7 60 80 90 -30 -15 -15 -3 -5 -2

Figure 5.9. Base Scores (BS) and Vulnerability Scores (VS) (Sucuoglu et al., 2006)

Once the basic score is established for each structure under review, structural
irregularities are assessed. The specific irregularities examined for the 477 buildings
evaluated include the soft storey, apparent quality, heavy overhang, pounding, short

column, and topographic effects.
Soft-storey irregularity is present in 305 out of 477 buildings, accounting for

63.94% (Figure 5.10). Penalty points associated with this irregularity vary depending on
the building’s number of storeys. For 1 and 2-storey buildings, no penalty points are
applied, while 3-storey buildings receive a -15 penalty, 4-storey buildings receive -20, 5-

storey buildings receive -25, and 6- to 7-storey buildings are penalized with -30 points.
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Soft-Storey
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Figure 5.10. Distribution of buildings that have soft-storey irregularity.

Another issue taken into consideration by the method when assessing buildings is
the apparent quality of the building. If the quality of the building is considered to be good
when observed from the outside, no penalty points are applied to the building since the
multiplier is 0. If the building has an average exterior appearance, one and 2-storey
buildings -5, 3 and 4-storey buildings -10, 5-storey buildings -15, 6 and 7-storey buildings
-15 penalty points. If the external appearance of the building is considered to be very bad,
one and 2-storey buildings -10, 3 and 4-storey buildings -20, 5, 6 and 7-storey buildings
-30 penalty points (Table 5.1).

Table. 5.1. Vulnerability score multipliers (VSM) (Sucuoglu et al. 2007)

Effects Vulnerability Score Multipliers (VSM)

Does Not Exists Exists
Soft Story Effect (0) (D)
Heavy Overhang (0) (D)
Short Column (0) (D)
Topographic Effect (0) (D)
Pounding Effect 0) (1)
Apparent Quality Good (0) Moderate (1) Poor (2)
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The RVS method developed by Sucuoglu et al. (2007) also considers heavy
overhangs a critical irregularity. A study conducted in Hatay, one of the cities most
impacted by the Kahramanmaras earthquakes, highlighted those heavy overhangs
significantly contributed to severe structural damage (Isik, Buyuksarac, and Avcil 2023).
The penalty points for structures with heavy overhangs vary by storey count: -5 points
are applied to 1- and 2-storey buildings, -10 points to 3- and 4-storey buildings, and -15
points to 5-, 6-, and 7-storey buildings. Within the scope of the thesis, 477 buildings
belonging to Adiyaman building stock were analyzed, and it was observed that 278 of
these buildings had heavy overhangs. This number, which corresponds to 58.28% of the
analyzed buildings, shows that the structural irregularity of heavy overhangs causes heavy

damage to the buildings in Adiyaman as in Hatay (Figure 5.11).
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Figure 5.11. The distribution of structures with heavy over hangers irregularity.

The hammering effect causes the earthquake demands of the structures to change;
in addition to these effects, it was observed in the study that the storey displacement rates
can increase up to 67% (Isikhan 2019). In cases where there is not enough space between
adjacent buildings, it is assumed that there is a hammering effect between them. Among
the 477 structures analysed, 162 structures have structural irregularity of the hammering
effect. The penalty points applied by the RVS method to the buildings with this structural
irregularity are as follows: 0 for one and 2-storey buildings, -2 for 3-storey buildings, and

-3 for 4, 5, 6 and 7-storey buildings (Figure 5.12).
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Hammering Effect
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Figure 5.12. The distribution of structures with hammering effect irregularity.

The short-column effect is one of the structural irregularities considered when
analyzing structures. According to a study comparing the short column effect in two 4-
storey and 7-storey buildings built under the 2007 regulations, it was observed that the
effect of the short column on the damage condition was directly proportional to the storey
height (Meral 2019). According to the results of the study, it is expected that the penalty
points applied by the methods will increase as the storey height increases. However, when
we look at the penalty points of the Sucuoglu RVS method, it applies the same -5 penalty
points for both single-storey and 7-storey structures. The 110 structures containing the
short column effect accounted for 23.06% of the analysed structures and received a

penalty score of -5 (Figure 5.13).
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Figure 5.13. The distribution of structures with short column effect irregularity.
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The topographic effect, which applies a penalty point related to the land on which
the buildings are located, does not apply a penalty point for single-storey and 2-storey
buildings. In contrast, it applies a -2 penalty point for 4, 5, 6 and 7-storey buildings. As
none of the 477 selected buildings were situated on sloping terrain, no penalty points were
assigned under the topographic effect category.

The Performance Score (PS) is calculated by subtracting penalty scores for
relevant structural irregularities from the Basic Score (BS), which is determined
individually for each structure based on its storey count and the seismicity of its location,
following the formula outlined in equation (5.3). These PS values are then used to
prioritize the risk level of each structure. The risk prioritization of the 477 buildings,
which were meticulously examined by the author within the scope of this thesis, is
presented according to the criteria outlined in the Sucuoglu RVS Procedure, as shown
below Figure 5.14.

The first class in risk prioritization is the highest risk group, with a performance
score between 0 and 30. There are 149 buildings in this group, which are likely to have
structural problems that may require urgent intervention. Buildings in this risk group are
where time and money resources should be directed, and action should be taken as soon
as possible to prevent possible loss of life and property in the event of an earthquake. The
second class includes buildings with a performance score between 30 and 60. Buildings
belonging to this risk group are second in priority, and 125 buildings were evaluated in
this group. For buildings in the first and second priority group, retrofitting or demolition
and reconstruction options should be evaluated, and action should be taken against
earthquake risk. The third class includes 144 buildings with a performance score between
60 and 100, representing the medium risk level, and the condition of the buildings in this
risk group is relatively better than the first two groups. The last class is reserved for
buildings with a performance score above 100, but no buildings exist in this group. In
addition, 63 masonry structures could not be assessed by the Sucuoglu Rapid Visual
Scanning (RVS) Method since the method does not intentionally cover masonry
structures. Seismic risk of 149 out of 418 buildings was predicted to be of the highest
priority by the method, which corresponds to approximately %35 accomplishment

according to the post-earthquake classified real damage.
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Sucuoglu RVS Procedure results
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Figure 5.14. Sucuoglu RVS Procedure results, risk priority categories.

5.3. Canadian Seismic Screening Method (Rainer, Allen, and Jablonski
1992)

The Canadian seismic method is used to evaluate the earthquake performance of
structures in areas with high earthquake risk and to support the decisions taken within the
scope of retrofitting works. The parameters to be considered while evaluating the
buildings are as follows: seismicity of the buildings region, location of the building, the
regulations to which the building is subjected, soil classes, construction techniques,
number of storeys and structural irregularities (Saat¢ioglu, Shooshtari, and Foo 2013).

In this method, each parameter is represented by a letter. A final score is obtained
for each structure by multiplying the coefficient numbers given according to the
parameters. The method first requires calculating the structure's structural index (SI)
score. The Sl score is calculated as given in Equation 5.4. The method also assigns points
to non-structural components. Equation 5.5 is used to calculate the non-structural index
(NSI). Finally, the structural performance index (SPI) is found by summing the structural

and non-structural indices as expressed in Equation 5.6.
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SI=A*B*C*D*E

(5.4)
NSI=B*E*F (5.5)
SPI = SI + NSI (5.6)

When applying the Canadian seismic method (Rainer, Allen, and Jablonski 1992),
the region's seismicity is the first variable to be decided about the structure which is
referred to as parameter “A”. When determining the seismicity of the location of the
building, the number of storeys varies according to the categories of year of construction:
the year 2000 was considered as the milestone for the evaluation. For the 477 buildings
analyzed, the construction years classify them in two main groups: pre and post 2000.
Given the high seismic activity in the central district of Adiyaman, the 6th active
seismicity zone was used, where the “A” value is assigned as 1.0 for buildings built after
2000 and 2.0 for those built in 2000 or earlier. In this context, 266 buildings scored 1.0
and 211 buildings scored 2.0 (Figure 5.15).

Seismicity of the region

0,
56% = Before 2000, A=2.0

= After 2000, A=1.0

Figure 5.15. Seismicity of the region scoring table.

The second data to be collected when applying the method is the soil class of the
structure as a “B” score. When deciding the soil class of the building, the unknown ground

specified in Figure 4.24 should be used since the individual data of 477 buildings cannot
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be accessed. In this case, the “B” score is accepted as 1.5 for all 477 structures. When
determining the B score, rock-compacted soil, which is the safest soil type, received a
score of 1.0, while bad soil expressed as very weak/slippery ground, was calculated as
2.0 points. For this reason, an average value of 1.5 points is used for structures with
unknown soil types. The year of construction is also an important factor in soil classes,
but for unknown soil type, the building is evaluated as 1.5 points regardless of whether it

was built before or after 1985 (Table 5.2).

Table. 5.2. Ground types of the region scoring table. Screenshot

from original evaluation form.

Ground Types B=
: Rock
Regulation Compacted Soft Very weak or | Unknown
Compacted gl N .o
o Ground Year Soil Soil>50m | ground>15m | slippery ground | ground
o | e 100, 1.0 13 15 20 15
After 1965 1.0 1.0 1.0 1,5 1.5

The type of structural system constitutes the C score in this RVS method. When
calculating the C score, after determining the type of structural system, penalty points are
calculated by considering the years of construction. There are reinforced concrete (CMF,
CSW) and masonry structures (URM) in 477 buildings analysed within the scope of the
study. This method imposes a penalty of 1.5 points for reinforced concrete structures
before 2000, 1.0 points for 2000 and after, and 3.5 points for masonry structures without
any year difference (Figure 5.16).

Structural System Type Score (C)

13% = CMF, CSW Before
2000, C=1.5

= CMF, CSW After
2000, A=1.0

URM, C=3.5

Figure 5.16. The distribution of structural system types.
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Rapid earthquake performance evaluation methods rely heavily on structural
irregularities to draw conclusions about building stability. These methods often assign
varying penalty points for different types of structural irregularities. In the Canada seismic
method, the coefficients assigned to these irregularities are represented as D points, as
detailed below. Penalty points for structural irregularities may also vary depending on the
year of construction. When calculating the D score, 2000 was used as the method
threshold year. However, the D value can be maximum 4.0.

While the buildings were analysed regarding vertical irregularities, A2 - Floor
discontinuity, A3 - Projection discontinuity in plan and B1 - Weak Storey irregularities
were evaluated. If one or more of these three irregularities are found, the building is found
defective regarding vertical irregularity; the penalty applied for both before and after 1970
is 1.3 points. While evaluating the horizontal irregularities, penalty points were applied
to the structures with A1 - torsional irregularity and L, V, E and T-shaped structures. This
penalty score was applied as 1.5 for both pre-2000 and post-2000 buildings. The short
column effect is one of the critical irregularities considered in this method, resulting in a
penalty of 1.5 points, applicable to buildings constructed both before and after 2000. B2
soft-storey irregularity is found in 36% of 477 buildings. While applying this method, 2.0
penalty points are applied to the buildings built before 2000 and 1.5 penalty points are
applied to the buildings built after 2000. The pounding effect is another significant
irregularity to be considered when analysing the method. This irregularity, which can be
found at different levels in % of the analysed structures, is evaluated with 1.3 points for
all construction years within the method's scope. Significant interventions made after the
building has been constructed are also subject to a penalty point with this method. The
addition or removal of walls and extra facade cladding are considered in this context. 1.0
penalty point is applied for post-2000 and 1.3 penalty points for pre-2000. Deformations
in the structure are assessed by applying 1.3 penalty points for all construction years. If
there are no structural irregularities in the building, the” D score should be accepted as
1.0. The distribution of “D” score values calculated with the existing irregularities is as

shown in figure 5.17.
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Figure 5.17. The distribution of D parameter points.

Canada’s seismic method evaluates the earthquake performance of the building
by considering the intended use and intensity of the building. Building importance score
is considered as an “E” score. The user capacity (N) is calculated by multiplying the
utilization area, usage intensity, and the percentage of weekly usage hours. Since all of
the 477 buildings selected within the scope of the study are residential, the E value should
be taken as 1.0 for all construction years both before and after 2000. Non-structural
damage is denoted by “F”. Non-structural hazards within the building, such as chimneys,
parapets, cladding, curtain walls, facade cladding and overhangs, pose a potential collapse
risk. The F score is divided into 2. F1, when scoring components with fall hazards, applies
a penalty score of 3.0 if present and 1.0 if absent in pre-1970 buildings, 2.0 if present and
1.0 if absent in post-2000 buildings; F2, when scoring hazards in private enterprises,
applies a penalty score of 3.0 if present and 1.0 if absent, regardless of the year of
construction. If any of the following descriptors (SMF, eMF, soft story or torsion) is
marked on page 1 of the assessment form, a penalty of 3.0 points will be applied for the
F1 value for structures after 2000, 6.0 points will be applied for structures before 1970,
and a penalty of 6.0 points will be applied for the F2 value regardless of the year of

construction. The distribution of F parameter points is shown in figure 5.18.
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Figure 5.18. The distribution of F parameter points.

In the context of earthquake safety evaluation, buildings are categorized based on
their Structural Performance Index (SPI) as follows: For structures classified under the
Seismic Index (SI) or Non-Seismic Index (NSI) with an SPI ranging from 1.0 to 2.0, they
are considered to have adequate earthquake safety measures. Buildings with an SPI of
less than 10 are designated as low-priority structures. Those with an SPI between 10 and
20 are classified as medium-priority buildings. Buildings exhibiting an SPI greater than
20 are regarded as high-priority structures, while those with an SPI exceeding 30 are
identified as hazardous buildings (Table 5.3).

The results obtained by examining the 477 buildings within the scope of the thesis
according to this method are as follows and shown in Figure 5.21. A total of 40 of the
buildings have SI or NSI score values between 1.0 and 2.0, so their earthquake safety is
considered adequate. Since the SPI score of 189 buildings is less than 10, these buildings
are considered less vulnerable to earthquakes and are classified as low-priority buildings.
The SPI values of 207 structures examined were between 10 and 20 points. These
structures were evaluated in the medium priority class. 39 structures were classified as
high-priority structures since their SPI score was greater than 20 and less than 30. Finally,
two buildings were classified as hazardous as their SPI value exceeded 30 points. This
structure does not need any earthquake force to collapse, and it is in immediate danger of
collapse due to its weight and structural defects. The distribution of the buildings whose

risk priority classes were determined is given in Figure 5.19.
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Table 5.3. Number of building distribution according to SPI values.

_ o Number of
Point Ranges Priority Class o
Buildings
Slor NSI1.0~2.0 Adequate earthquake safety 40
SPI <10 Low priority buildings 189
SPI110~20 Medium priority buildings 207
SP1>20 High priority buildings 39

300

N
a1
o

200
150
100

a1
o

Number of Buildings

(@)

Canadian Seismic Screening Method Results

189 207

40 39
] ] 2

Adequate  Low priority  Medium  High priority Very
earthquake  buildings priority buildings dangerous
safety buildings buildings

Priority Classes

Figure 5.19. Canadian seismic screening method results.
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5.4. Suggestions on Revisions of Penalty Coefficients Applied in
Investigated Methods

This section discusses the coefficient calibrations and justifications for the
changes that should be applied to make the rapid earthquake performance evaluation

methods used in this study more suitable for Turkey's building stock.

5.4.1. Suggestions for FEMA p-154 (FEMA, 2015)

After 477 buildings selected from Adiyaman's building stock and severely
affected by earthquakes were analyzed by the rapid earthquake performance evaluation
methods, it was seen that each method predicted the results with different margins of
error. The main reason for the difference in the results is the different penalty coefficients
applied. The structural irregularities of the buildings have a significant impact on the
application of penalty points. The distribution of structural irregularities in the 477

structures examined is shown in (Figure 5.20).

110



Distribution of structural irregularities in structures
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Figure 5.20. Distribution of structural irregularities in structures.

Structural irregularities are one of the most essential parameters for structures
examined by rapid earthquake performance evaluation methods. In order to score these
irregularities accurately, the frequency of their presence in the 477 structures examined
within the scope of the thesis was considered. It is necessary to adjust the penalty values
proportionally to obtain an output compatible with the data on earthquake-damaged
structures. More frequent deficiencies receive a higher penalty score, while the penalty
scores for rare deficiencies should be reduced. Each irregularity's frequency is normalized
to determine its impact proportionally.

Penalties for each category were scaled according to their relative weights. For
example, weak-storey and soft-storey irregularities were the most common in 477
structures. Since these irregularities pose a significant risk to the structure, the highest
penalty points should be applied to these irregularities in the methods applied. Calibrating
the data in this way will provide more reliable results while quickly assessing the

earthquake performance of structures. Weak storey irregularity, one of the most common

111



structural irregularities in 477 structures, was detected in 306 structures. Weak and soft
storey irregularity can be evaluated together due to the qualifications of the analyzed
buildings since both irregularities are observed in 305 buildings except for one building.
The ground floors of these buildings, which have commercial spaces on the ground floors,
were built higher than the other floors, and the infill walls were removed to expand the
spaces. FEMA p-154 method recommends detailed analysis for only 93 of the 306
structures with weak story irregularity. Considering this situation, more penalty points
can be applied when applying the method.

While re-evaluating the penalty scores, the distribution of structural irregularities
in 477 buildings was considered. While calculating the Sy score, the scores for severe
vertical irregularity (VL1) were increased from -0.7 to -0.9 for C1-type buildings, from -
0.8 to -1 for C2-type buildings, and from -0.6 to -0.8 for URM-type buildings. As for
Moderate level vertical irregularity (Vii) scores, -0.6 instead of -0.4 for Cl-type
buildings, -0.6 instead of -0.4 for C2-type buildings, and -0.5 instead of -0.3 for URM-
type buildings. When calculating the PL; score, the penalty score for C1 type buildings
was increased from -0.4 to -0.6, for C2 type buildings from -0.5 to -0.7, and URM type
buildings from -0.3 to -0.5. In the scoring related to the year of construction of the
buildings, low penalty points are applied for buildings before 2000, while high positive
points are used for buildings after 2000. This situation causes the buildings constructed
after 2000 to be evaluated in a significantly safer area. The penalty score applied to C1-
type buildings built before 2000 was increased from -0.1 to -0.3, and the penalty score
applied to C2-type buildings was increased from -0.2 to -0.6. For buildings built after
2000, 1.4 points added to C1-type buildings were reduced to 1.2, and the points added to
C2-type buildings were reduced from 1.7 to 1.4. The updated data is shown in Table 5.4

in orange.
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Table 5.4. Calibrated Sy points expressed in orange color.

Original Points from Evaluatin Form Calibrated Penalty Points
Building Types C1 C2 URM C1 C2 URM
Basic Score 1 1,2 0,9 1 1,2 0,9
Severe Vertical
Irregularity VL1 07 08 -06 A = 0
Moderate Vertical
Irregularity VL1 04 0.4 03 e 08 0
Plan Irregularity PL1 -0,4 -0,5 -0,3 -0,6 -0,6 -0,5
Pre-Code=before 2000 -0,1 -0,2 0 -0,3 -0,6 0
Post-Benchmark=after
1,4 1,7 0 1,2 1,4 0
2000 ' ' ' '
Smin 0,3 0,3 0,2 0,3 0,3 0,2

In calculating the St score, adjustments were made to penalty values for various
structural irregularities. The penalty score for weak/soft storey irregularities was
increased from -0.4 to -0.8 in the VL2 score for vertical irregularities. Similarly, the short-
column effect penalty was raised from -0.4 to -0.7. Heavy overhangs, another significant
irregularity, now incur a penalty score of -0.5, up from -0.4. The updated data of vertical
irregularities is shown in Table 5.5 in orange. In calculating the Pr> score, the penalty for
out-of-plane offset irregularity was increased to -0.5. For the hammering effect,
considered under the M score, the penalty score was raised from -0.7 to -0.9. The updated
data of horizontal irregularities is shown in Table 5.6 in orange. For the hammering effect
calculated under the M score, -0.9 penalty points were applied instead of -0.7, while
structures with beamless slabs received -0.7 penalty points instead of -0.3. The updated
data is shown in Figure 5.24 in orange. The updated data of M points is shown in Table

5.7 in orange.
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Table 5.5. Calibrated V12 points expressed in orange color.

VL2 Penalty Points - Vertical Irregularities

Calibrated Penalty points

for non-W1

ing si -0,2 -0,2
Sloping site buildings 0, 0,
Weak/Soft for non-W1 If the difference between storey ifit's less -0.4 08
Storey buildings heights is 2 storeys or more -0.7 ' '
Setback -0,4 -0,4
Short
04 -0,7
Column
Split Levels | If the slabs of the structure do not match each other -0,4 -0,4
Other_ severe -0,7 moderate -0,4 -0,5
Irregularity

Table 5.6. Calibrated Pr> points expressed in orange color.

PL2 Penalty Points -

Calibrated Penalty

Horizontal Irregularities points
raglarty 05 05
Noz;lzzer;llel 0.2 0.2
Reentrant corner -0,2 -0,2
liaphragm opening -0,2 -0,2
t-of-plane offset -0,2 -0,5
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Table 5.7. Calibrated M points expressed in orange color.

. Calibrated
M Penalty Points Penalty points
S At least two bays of I_ateral elements on 0.2 0.2
each side
The floors do not align vertically within 07
Pounding and 2 feet
Hammering (max - | One building is 2 or more stories taller 09 0,9
0,9) than the other. ’
The building is at the end of the block. -0,4
Flat plate serves as the beam in the 03
NP moment frame. ’ .
HTIssiz cosemme Those unidentified by street screening 0 e
are considered 0
Retrofit Cgrpprehenswe seismic retro_flt is 412 0
visible or known from drawings.

The adjusted values according to the distribution of structural irregularities led to
significant changes in the predicted structural performance values. According to FEMA
p-154, the earthquake performance of 191 structures was deemed adequate when the
values were as in the original evaluation form. In comparison, 286 structures were
considered risky and detailed structural analysis was recommended. According to the first
case, FEMA p-154 was 60% successful in predicting the earthquake performance of the
structures (Figure 5.21). After the values were updated, the earthquake performance of
417 out of 477 structures was deemed inadequate and detailed structural analysis studies
were recommended. On the other hand, the earthquake performance of 60 structures was
deemed adequate. According to the new values, FEMA p-154 is 87.42% accurate (Figure
5.22).
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Results
o 390 286 %500 417
£ 300 £ 400
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S 150 o 200
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FEMA p-154 FEMA p-154 FEMA p-154 FEMA p-154
didn't predict  predicted didn't predict  predicted
correctly correctly correctly correctly
Results Results

Figure 5.21. FEMA p-154 Results Figure 5.22. FEMA p-154 Calibrated Results

5.4.2. Suggestions for Canadian Seismic Screening Method (Rainer et

al., 1992)

The Canadian seismic screening method (Rainer, Allen, and Jablonski 1992)
considers structural irregularities in the D parameter included in the product when
calculating the structural index. This method applies 1.3 penalty points if there is A2-floor
discontinuity, A3-projection discontinuity, pounding effect, and Bl weak floor
irregularity. Torsional irregularity, 1.5 penalty points if there is an L, V, E or T-shaped
building and a weak floor irregularity. The distribution in Figure 5.23 shows that the
penalty points should not be so equal and close to each other. In order to increase the
precision of the results obtained from the methods, it is essential to analyze the frequency
of structural irregularities and assess their impact on structural performance. According
to the results of the study conducted on earthquake-affected buildings, irregularities with
higher incidence should receive higher penalty scores. The following adjusted penalty
scores are proposed based on the observed data distributions.

Structural irregularities, which are the parameters that most affect the earthquake
performance of structures, are evaluated under the D score heading in this method.

Revisions to the scoring system were proposed based on the distribution of irregularities
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presented in Figure 5.23. For Vertical Irregularities, the original penalty of 1.3 points was
increased to 2.5 points for post-2000 structures and 3.0 points for pre-2000 structures.
Similarly, the Horizontal Irregularity score, initially 1.5 points for all buildings, was
adjusted to 2.2 points for post-2000 structures and 2.5 points for pre-2000 structures.

The penalty for the short column effect rose from 1.5 points to 2.2 points for post-2000
buildings and 2.5 points for pre-2000 buildings. The penalty for the soft storey effect was
increased from 1.5 to 2.5 points in post-2000 structures and from 2.0 to 3.0 points in pre-
2000 structures. The penalty for the hammering effect was revised from 1.3 to 2.4 points,
while the penalty for visible deformations increased from 1.3 to 1.8. The updated data of

D parameter is shown in Table 5.8 in orange.

Table 5.8. Calibrated penalty points of D parameter expressed in orange color.

D Parameter - Penalty Points
1.Vertical |2.Horizontal | 3.Short | 4-Soft 5-Poundin 6-Important 7- 8-Norne
Irregularities | Irregularities| Columns | Storey 9 changes | Deformation
2000 sonrast 2,0 1,5 1,5 2,0 1,8 1,0 1,3 1,0
2000 6ncesi 1,3 15 15 2,0 1,8 1,3 1,3 1,0
D Parameter - Calibrated Penalty Points
1.Vertical |2.Horizontal | 3.Short | 4-Soft 5-Poundin 6-Important 7- 8-None
Irregularities | Irregularities| Columns | Storey 9 changes | Deformation
2000 sonras1 2,5 2,2 2,2 2,5 2,4 1,5 1,8 1,0
2000 6ncesi 3,0 2,5 2,5 3,0 24 2,0 1,8 1,0

Proposed changes to the F score, which evaluates non-structural irregularities,
included increasing the penalty for elements posing a falling hazard (e.g., chimneys and
parapets). The moderate hazard score was increased from 2 to 4, while the severe hazard
score from 6 to 8. Additionally, the building importance coefficient (E score) for
residential buildings was revised from 1.0 to 1.2. The updated data of F parameter is

shown in Table 5.9 in orange.
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Table 5.9. Calibrated penalty points of F parameter expressed in orange color.

F Parameter

F Parameter Calibrates Penalty points

Yonelik Tehlikeler

none yes yes* none yes yes*
. o post2000 1,0 2,0 3,0 1,0 4,0 5,0
F1=diisme tehlikesi olan
elemanlar
pre2000 1,0 3,0 6,0 1,0 5,0 8,0
F2=Hayati Operasyonlara any year 10 30 6.0 10 6.0 8.0

*If one or more of the following descriptors on page 1 are circled:
SMF, eMF, soft storey, torsion

After these changes, the distribution of risk groups determined for the buildings

has changed significantly. According to the original evaluation form, the performance of

40 structures was found to be adequate; 189 structures were assessed as low priority, 207

structures as medium priority, 39 structures as high priority, and two structures were

assessed as very dangerous (Figure 5.23). When the earthquake performances of the

structures evaluated with the original evaluation form of the method were compared with

Kahramanmarag earthquake data, 41 structures with 8.59% successful predictions were

found. The results obtained after calibrating the penalty scores are as follows. The seismic

performance of 17 structures was found to be adequate. Four were assessed as low

priority, 233 as medium priority, 94 as high priority and 129 structures were determined

as very high risk. The calibrated version of the method reached a success rate of 46.75%

with 223 structures (Figure 5.24).
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Figure 5.23. Canadian seismic screening method results.
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Figure 5.24. Canadian seismic screening method results with calibrated penalty points.
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5.4.3. Suggestions for Sucuoglu RVS Procedure (Sucuoglu et al., 2007)

When the predicted earthquake performances of the structures are evaluated with
the method developed by Sucuoglu et al. (2007), the results mainly coincide with the
actual earthquake data. When a calibration of structural irregularities was attempted, it
was observed that this method evaluated only soft story irregularity, heavy overhangs,
hammering effect and short column effect under the title of irregularities. The penalty
points applied to the short column effect and hammering irregularities are low compared
to the frequency of their presence in buildings. It is proposed to increase the score for
short column effect to -10 from -5 for all buildings. In this method, the hammering effect
is initially scored as O for 1- and 2-story buildings, -2 for 3-story buildings, and -3 for
buildings with four or more stories. However, given the distribution of structural
irregularities observed in the analyzed structures, these penalty scores are deemed
insufficient. For this reason, the penalty points for one and 2-storey buildings were
increased to -3, 3-storey buildings to -8, and for buildings with 4 or more storeys to -12.
No new penalty points were proposed as it was observed that other irregularities applied
enough penalty points to the structures, and these penalty points were proportional to the
frequency of structural irregularities. These changes decreased the score of 183 structures
and moved the risk level of 33 structures to the next level. These calibrations enable the
method developed by Sucuoglu et al. (2007) to more accurately identify the condition of
477 buildings that survived the earthquake with severe damage.

According to the evaluation made with the method's penalty scores, 149 buildings
have the highest risk priority, 125 buildings have the second level risk priority, 140
buildings have the average risk priority, and no building is at the lowest risk level. When
we subtracted the masonry structures that could not be evaluated, the correct prediction
rate was 35%, with 149 structures out of 414 structures (Figure 5.25). After the change in
penalty points, 182 buildings have the highest risk priority, 97 buildings have the second
level risk priority, 135 buildings have the average risk priority, and there is no building at
the lowest risk level. When we look at the method results with the updated penalty scores,
the method made 43.9% correct predictions with 182 structures (Figure 5.26). The

updated data of vulnerability score (VS) is shown in Table 5.10 in orange.
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Table 5.10. Calibrated penalty points of vulnerability score (VS)

expressed in orange color.

Vulnerability Score (VS)

Soft Story . Heavy Overhang " Short Column | Topoghraphic
Effect Apparent Quality Effect Effect Pounding effect Effect effect
Numbgr of Doe_sn t Exists Good=|Moderate | Poor= Doe_sn t Exists Doe_sn t Exists Doe.sn t Exists Doe_sn t Exists
Stories | Exists X0 =x1 X2 Exists Exists Exists Exists
1,2 0 0 0 -5 -10 0 -5 0 0 0 -5 0 0
3 0 -15 0 -10 -20 0 -10 0 -2 0 -5 0 0
4 0 -20 0 -10 -20 0 -10 0 -3 0 -5 0 -2
5 0 -25 0 -15 -30 0 -15 0 -3 0 -5 0 -2
6,7 0 -30 0 -15 -30 0 -15 0 -3 0 -5 0 -2
Vulnerability Score (VS) Calibrated Penalty Points
Soft Story . Heavy Overhang " Short Column | Topoghraphic
Effect Apparent Quality Effect Effect Pounding effect Effect effect
Numbgr of Doe_sn t Exists Good=Moderate | Poor= Doe_sn t Exists Doe_sn t Exists Doe.sn t Exists Doe_sn t Exists
Stories | Exists X0 =x1 X2 Exists Exists Exists Exists
1,2 0 0 0 -5 -10 0 -5 0 -3 0 -10 0 0
3 0 -15 0 -10 -20 0 -10 0 8 0 -10 0 0
4 0 -20 0 -10 -20 0 -10 0 -12 0 -10 0 -2
5 0 -25 0 -15 -30 0 -15 0 -12 0 -10 0 -2
6,7 0 -30 0 -15 -30 0 -15 0 -12 0 -10 0 -2
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CHAPTER 6

CONCLUSION

Within the scope of the thesis, studies were carried out on the building stock of
Adiyaman, one of the most severely impacted cities by the February 6 Kahramanmaras
earthquakes. The thesis focused on 477 buildings selected among the earthquake-affected
buildings that survived the earthquake as heavily damaged, requiring urgent demolition
and collapsed during the earthquake.

The years of construction, number of storeys, load-bearing systems, locations,
general conditions, intended uses and structural irregularities of these buildings were
evaluated. When the structural irregularities of the buildings are considered, it is observed
that 306 of 477 buildings have weak floor/soft floor irregularities, and 278 of the buildings
have heavy overhangs. These irregularities, which impact the earthquake performance of
the buildings at supreme level, arise as a result of the decisions taken to increase the profit
margin obtained from the constructions and to create a showcase on the ground floors.
Structural irregularities, combined with the above-mentioned defects, have led to
worsening of earthquake damage to buildings. These structural irregularities and the
problems they cause arise from the decisions made during the architectural design phase.
It is concluded that architects have a crucial role in preventing the frequency of structural
irregularities, which are examined in detail within the scope of this study, as well as the
loss of life and property caused by earthquakes. With this study, it has been revealed how
effective the architects' decisions taken during the design phase, which can be easily
changed. When the causes of damage are evaluated in the light of these parameters, the
reasons for damage are as follows:

¢ insufficient concrete strength and quality,

e low quality of reinforcement type and detailing,

e lack of adequate inspections,

e lack of implementation on structural projects,

e many irregularities stemming from architectural projects which exaggerate

the extent of damage
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Moreover, in the first stage of the study, which was conducted for 477 selected
buildings, the question of how the performance of the buildings would be if rapid
earthquake performance evaluation methods evaluated these buildings was sought to be
answered. Three methods were selected at the street scanning level, which can evaluate
the structures with unique calculations according to different parameters. Among these
methods, FEMA p-154 (FEMA 2015) found 191 structures risky among 477 structures
and recommended detailed structural analysis. Sucuoglu et al. (2007) divided the
structures into risk groups and selected 149 structures in the highest-risk group. Finally,
the Canadian seismic screening method (Rainer et al., 1992) divided the structures into
priority classes and selected 2 very dangerous and 39 high-priority structures.

The rapid earthquake performance evaluation methods examined rated some
buildings severely damaged in the earthquake as a safe or low-risk priority. When the
reasons for this result are examined, it is observed that the penalty points applied for
structural irregularities are low. This situation is relatively better in the method Sucuoglu
etal. (2007) developed for the Tiirkiye building stock compared to the other two methods.
For this reason, while modifying the penalty scores, rearrangement of the short column
effect and hammering effect parameters, which had low scores, enabled the method to
perform better. One of the most important disadvantages of this method is that it cannot
evaluate masonry structures, unlike the other two methods.

Since the FEMA p-154 method (FEMA 2015) was prepared for the American
building stock, the penalty points applied are less compatible with the Tiirkiye building
stock. For this reason, the structural irregularity score, explained in detail in Chapter 5,
increased significantly, and the method's success rate increased from 40% to 87.24%.

The Canadian seismic screening method (Rainer et al., 1992) was developed for
the Canadian building stock. In the method with similar approaches to FEMA, the penalty
points applied to structural irregularities were limited, and a maximum of “-4” penalty
points could be applied for a structure. In the first proposal for the method, this limit was
removed, and the penalty points applied to structural irregularities were updated
according to their frequency of occurrence in the analyzed building stock. Thanks to these
updates, the method evaluates 94 buildings high priority and 129 buildings very
dangerous. These changes increased the success rate to %46.75. Additionally, it was
suggested to update the building importance coefficient determined for residential
buildings from 1 to 1.2. This parameter is determined according to the frequency of

people's presence, and it is seen that people are caught in the houses when the earthquake

124



occurs at night, as in the February 6 earthquakes. Therefore, it was suggested to increase

the importance coefficient.

Suggestions for future studies on the subject are as follows:

The number of analyzed buildings can be increased, enabling the
developed database to yield more precise and reliable results regarding the
prevalence of structural irregularities.

While increasing the number of buildings examined, the number of
buildings with different construction techniques such as masonry, wood,
and steel can be increased, and the performance of the methods in different
construction techniques can be evaluated.

The buildings examined in this study were exclusively selected from the
Adiyaman building stock. Expanding the scope of the study to include
buildings from various regions, soil classifications, and seismic zones
could enhance the methods' performance. Such an approach would also
enable calibration studies to yield more accurate and representative results
applicable to buildings nationwide.

The data collection, which is necessary for applying the methods, can be
made easier with the help of various software. Collecting the different
parameters needed by different methods to evaluate the structural
performance of different methods through a single software can enable the
observation of the structural performance prediction of more than one
method at the same time.

The analyzed structures can be processed into geographic information
systems (GIS) such as ArcGIS. In this way, an extensive building library
can be created for future studies, while information about the status of the

building stock can be obtained from a constantly growing database.
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APPENDIX B

FEMA p-154 DATA COLLECTION FORMS

Rapid Visual Screening of Buildings for Potential Seismic Hazards Level 1
FEMA P-154 Data Collection Form VERY HIGH Seismicity
Zip:
Other identifiers:
liding Name:
Use:
Latitude: Longitud
PHOTOGRAPH Sz S
S r(s) Date/Time:
No. Stories:  Above Grade: Below Grade: Year Built: 0 est
Total Floor Area (sq. ft.): Code Year:
Additions: [[] None [ Yes, Year(s) Buit
O A bty C Emer. Senicze [ Historic [] Shekar
Industdal  Office School [ Govemment
Utikty Warshouse Residental, # Units:
SoilType: [JA (OB (¢ (o [Je [OF DN
‘ Hard A Danse  Stff  Sok  Poor  MONK sssume TypaD.
} Rock  Rock Sol Sal Sal Soll
| Geologic Hluldl Liquefacton: VGSJNOIWK Landside: Yes/NaDNK Surl Rupt: YesNo/DNK
1 Adjacency: O3 Poundng ] Faling Hazards fom Tabler Adjacent Buking
“ 'mm-' eqularities: [u] Vuﬂcdkwefmoﬂw" ) A N
| O3 Plen (type)
[ Extorior Falling [ Unbraced Chimneys [CJ Heavy Cladding or Heavy Veneer
Hazards: O Parapets [0 Appendages
l 0 Other:
COMMENTS:
fﬁ 1 7, T L | I -
\
[
i
F
SKETCH [ Addisonal skeiches or comments on separate page
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S.4
FEMA BUILDING TYPE DoNot | W1 | WIA | W2 | &1 | S2 | 83 | 84 | 85 | C1 | C2 | C3 | PCI | PCz | RMI | RM2 | URM | MH
Know i sl R B B e Bl R o | mor
Basic Score 21 | 18 | 18 | 15 | 14 | 18 | 14 | 12 | 10 | 12 |09 | 14 | 10 | 14 | 44 | 8 | 14
Sewere Vertical Imegularity, Vis |09 | 09| 09| 08|07 |08 (07|07 |07| 08|06 07|07)|07]|-07|06| M
Modsarats Verical kreguarity, Vir 06 | 05 | 05 | 04 04 | 05 | 04 | 03 | 04 | 04 | 03 | 04 | 04 | 04 | 04 03 NA
Pfan Iregularity, P+ 07 | 07 | 06 | 05 | 05 | 06 | 04 | 04 | 04 | 05 | 03 | 05 | 04 | 04 | 04 | 03 NA
Pre-Code 03 | 03 | 03 | 03 | 02 | 03 | €2 | 01 01 0.2 00 £z | 01 02 | 02 00 00
Post-Senchmark 1919 | 20| 10 [ 19|19 15 | N[ 94 |17 | N[ 15|17 )16 16| Na] 05
Soll Type Aar B 05 |05 | 04 | 03 [ 03 | 04 [03 [ 02 | 02 (03 |01 |03 02|03 03| at | o1
Soll Typs E (1-3 storkes) 0o 02 | 04 | 03 | 02 | 02 | 02 | 01 01 0.2 00 02 | 01 02 | 02 00 01
Soil Typs E (> 3 stodes) 04 | 04 | 04 | 03 | 03 NA 03 | 01 01 03 | 01 NA 0.1 02 | 02 00 NA
Ninimum Soore, Suw 0.7 07 0.7 0.5 05 0.5 0.5 a5 0.3 0.3 03 0.2 02 a3 0.3 02 1.0
FINAL LEVEL 1 SCORE, St12 Smx
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
E!hdcr. B Partial BMWEM\&I Are There Hazards That Trigger A Detailed Structural Evaluation Required?
None Vistile Entered | Detailed Structural Evaluation? [] Yes, unknown FEMA building type or ofher bullding
M"‘“‘“‘*DV“ O Dmmmmm&w [J Yes, soore less than cut-off
Soll Type Source: cutoff, if [ Yes, other hazards presant
Geologic Hazards Source: O Falling hazmh from taller acjacent O N
Contact Person: building R
0O Geoogic hazards or Soll TypeF | Dted : $ Ehock )
LEVEL 2 SCREENING PERFORMED? O Significant damageideterioration to | [ Y¢s, nonsruchural hazards identified that shoud be evaluated
the structural system [ No, namstructural hazards exist that may require mitigation, but 2
[J Yes, Final Level 2 Scare, Sz (R detailed evaluation Is not necessary
Nonstructural hazards? [ Yes [ No [ No, no nonstructural hazards identdied ] DNK
EST=

mmm«mmmmmmm

or dm Q DN‘K-DnNo(m'

= Manvachred
LM me-u

Figure B.1 FEMA pl54 data collection form for very high seismic regions level 1

(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Bulldings for Potential Seismic Hazards
FEMA P-154 Data Collection Form

Level 2 (Optional)
VERY HIGH Seismicity

Opfianal Laval 2 data callecSion to be parformed by a cisil or structural enginearing profassional, architedd, or graduate studant with background in seismic avaluation or design of buildings.

Bldg Name: Final Level 1 Score: | 5., = {do ot canaid
Sereener: Level 1 Imegularity Modifiers: | Verfical imeguianty, Vi, = | Plan lmeguisnty, Py, =
DataTime: ADJUSTED BASELINE SCORE: | §'= (8= Vis=Fi4) =
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
Topic Statemant [If is frus, cincls the “Yas” modiffier; alhankse cross ouf the madifiar) Yeou ‘Subtotals
Vertical Sleping W1 building: Thera is at least a full story grade change from one side of tha building to the othar, .8
Imegqularity, Wiz | Siie Nor-W1 building: There is at least a full story grade change from one side of the building to the ofhar, 0.2
Weak W1 building cripple wall: An unbraced cripple wall is wisible in the crawl space. 0.5
andfor W1 house over garage: Undemeath an occupied story, there is & garage opening without a steel moment frame,
Soft Story | and there is less than & of wall an the same line (for muliple cocupied foors above, use 16" of wall minimum), 04
{chclo one | W1A building apen front: Thers are openings at the around story (such as for parking) over at lkast 50% of the
maxmum) | length of the buliding, 08
Nen-W1 bulldng: Length of lateral system at any story Is less than 50% of that al story abowve or helght of any
stary is more than 2.0 fmes the height of the story sbave. A7
Nor-W1 bullding: Length of lateral system at any sbory is between 50% and 75% of that at stary above or height
of any sfory is babween 1.3 and 2.0 times the height of the siory above. 04
Sethack Vertical elernants of the |ateral system at an uppes story are cutboard of those at the stary below causing the
dizphragm to cantbever at the offset. 0.7
Vertical elements of the |ateral system al upper storles are inboard of thoge at lower sicres., 0.4
Thate & an in-plane oiisel of the laleral elements that is graater than e kength of the alements. 0.2
Shert C1,C2,C3,PC1 PCZ,RMY RME: A least 20% of columas (or piers) along a calumn ine in the lateral system have
Column/ heightidepth ratice less then 50% of the nominal height/depth ratio &t fat level 04
Pler C1,62,C3,PC1 PCZRM1,RMZ: The column depth (or pler width) & less than one half of the depth of the spandred,
or fhere are infill walls or adiacent fioors fat shorien e column, 0.4
Spiit Level | Thers is a split level af one of fhe floor levels of at the rood, 04
Other There is another observable severe vertical imegularnity that obviously affects e building's selsmic performance. AT | V=
Iregularity | There is another observable moderate verical imegulanty thal may afect he building's selsmic performance. A4 | (Copor 0.9
Plan Torslenal ireguiarity: Lateral system does not appear relatvely well dztibuted In plan in either or bath direcsions. (Do not
Iregularity, Pz | include the WA open fronf imegularily iisfad sbove.| 05
Naon-perallel system: There are one or mere major vertical elements of the laberal system that are not orihogonsl ko each other. 0.2
Reentrant comer: Both prejections from an interler comer exceed 25% of the everall plan dimension in that dinection, 0.2
Diaphragm opening: Thene is an opening in the taphragm with a width over B0% of the total diaphragm width at that kevel. 0.2
€A, C2 building out-of-plane offset: The exierlor beams do net align with the columns in plan. 0.2 | Pus
Other irmeguiarity: Thers is ancther cbsarvabike plan imegularity that obsiously atfecls the bulding's seismic parformanca. 05 | (Copot0.7)
Redundancy The building has at leasi two bays of lateral dements on sach side of the building in sach dirscion. +0.2
Pounding Bulding is separated fram an adjacant structure The floors do not align vedicaly within 2 feet. [Cap Ital A7
by hess than 1.5% of the: height of the shorter of Cine building is 2 or more stories {eller than the oiher, . pounding 4.7
fhe building and adjacent siruciure and: The building is &t the end of the Bock. + modiffers af -0.9) | 0.4
52 Bulding 'K bracing geametry i visible. 0.7
C1 Building Flal plate serves as the beam in the moment frame. 0.3
PCARMI By | There are rool-io-wall tes (hat are visibhe of knawn rom drawings that 8o nal rely on crass-grain bending, (Do nol combirg with
posi-banchmank or refrodit modifer.} +1.2
PCARM1 Bldg | The bullding has closely s full height interior walls (rather ®an an intesior space with few walls such as in a warehouse), +0.2
URM Ganle walls are present. 0.3
MH There is 3 supplemental seismic bracing system provided betwesn the carriage and the ground. +1.5
| Retrafit Comprahansive selsmic retrof is visible or known from drawings, A2 | M=
FINAL LEVEL 2 SCORE, 513 = (S" + Via + Pia+ M) 2 Syw: [ Trawafer to Level 1 form)
There is obsenvable damage or deterioration o another cond®on that negatively affects the building's seismic perfomance:  [J¥es [ Mo
If yas, descrilie the condiion in the comment Bax below ard indicate on the Leved 1 fam fthat detailied o 15 g ils i o thie bullding's scone,
OBSERVABLE NONSTRUCTURAL HAZARDS
Location Statemant [Check “Yaes"or Mo Yes | Mo Commant
Extediar There is an unbraced unreinforced masonry paraped or unbraced unseinforced masonry chimney.
There is haavy cladding or heavy venesr,
Thers Is a heawy canopy over exit doars o pedestrian walkways that appesrs inadequatsly supporied.
There is an unremforced masenry ap ower exit doors or pedestrian walkways.
There is a sign posted on ihe bui that indicates hazardous maberials are present.
There is a taller adjacent building with an unanchored URM wall or unbraced URM parapet or chimney.
Othver obsenvied exteror nonstruchural falling hazard:
Interor There are hollow clay e or brick parions al any slair or exit coridor.
Oither abgerved intanor nonstneclnal flkng hazad.
Estimated Monstructural Selsmic Parformance {Check appropriate hox and fransfer bo Leve! 1 form conclusions)
[ Potential monstructural hazards with significant threat to occupant e safety —*Detalled Nonstructural Evaluation recommended
[0 Monstructural hazards identified with significant threat to accupant life salety —*But no Detaied Nonstructural Evaluation required
[ Low or no nonstructural hazard threat b oooupant e safaty —> Mo Detailed Nonstructural Evaluation raguired
Comments:

Figure B.2 FEMA pl54 data collection form for very high seismic regions level 2

(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Buildings for Potential Seismic Hazards Level 1

FEMA P-154 Data Collection Form HIGH Seismicity
Address:
Zip:
Other Identifiers:
Bullding Namea:
Use:
Latituda: Lengitude:
PHOTOGRAPH S &
$ r(s) DatelTime:
No. Sfories:  Above Grade: Balow Grade: Year Built: 0 ezt
Total Floor Area (sg, fL.): Code Year:
Additions: [ Mone [ Yes, Year(s) Buit
Occupancy:  Assembly  Commercial Emer. Serdeza O] Hstoie [ Sheker
Industial  Officas School ] Gowemment
Utility Warshouse Resgerdal, # Units:
SoilType: [(Ja [IB Oc Op (e [OF DMK
Hard ] Danse S Scf  Poor  ADMK sssume Type D,
_ Rock Reck  Sol  %al  Sal  Sol
[ | | Gealogic Hazards: Ligusfacion: Yes/No/DNIK Landside: Yas/No/DAI Surl. Rupt: YesNoDNK
[ [ [ Adjacency: [ Pounding [ Feling Hazards from Taller Adiacent Bulding
’ [ [ Irreguiarities: ) Vertical (type/severity)
O3 Plan [ype)
| | | Exterlar Falling [ Unbraced Chimneys O Heawy Cladding or Haavy Vanesr
| | | Hazards: [ Parapals 1 Appendages
I ] | [ Other:
COMMENTS:
L S ] i L
SKETCH ] Addisianal skedches of comments o separats page
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, Siv
FEMA BUILDING TYPE Do Mot Ll Wik Wz " 82 53 84 BS (=] [ c3 PC1 PCZ RM1 RMZ | URM MH
Hnow ME | ER) | oM | mC | wRM | MRR | BN | RRM | o | AR
s | e )
Basic Scors 3.8 a2 -] 21 20 28 20 1.7 15 20 1z 18 14 1.7 1.7 148 15
Sewmre Wertical Imagulartty, Wi 42 [ 42| 42 | 40| 0| A1 [ 40 | 08 | 09 | 0 | a7 [ a0 | 00 | 09 | 08 | a7 | ma
Wodarats Verical krsguarity, Vis o7 | 07 | 07 | 06 | 06 | 07 [ 06 | 05 | 05 | 06 | 04 | 06 | 05 | 05 [ 05 | 04 | M
Flan Iregularity, A+ A1 | 40 | 40 | 08 |07 | 09 |07 | 05 | 05 | 08 | 05 | 0r | 06 | 07 | 07 | 04 | ma
Fro-Code A1 | 40 | 08 | 06 | 06 | 08 [ 08 | 02 | 04 | D7 | 01 [ 05 | 03 | 05 [ 05 | a0 |
PrshSenchmark W[t 2z | 1 [ 14| na | e oma | 1e [ 2 | oma | ozo [ 24 | 21| 20 | ma | 12
Soil Type Aor B 04 | 3 | o5 | o4 |06 | 01 | o6 | o5 | o4 [ 05 | 03 | o6 [ 04 | 05 | 05 | 03 | 03
Soll Typa E (-3 stories) oz |02 | o1 | 02 |04 | 02 |01 ) 04 | o0 |00 |0z | 03| 01|01 01|02 04
Soil Typa E [» 3 stories] 03 | 08 | 08 | 086 | 06 | Na | 06 | 04 | 05 | 07 | 03 [ Na | 04 | 05| 08 | 02 | Ma
Winimum Seore, Suw 10 [ k9 [ o67r [ 05 [ a5 [ o6 | 65 | &5 [ 02 [ e [ 63 [ o2 [ a2 [ @3 [ o3 [ o2 [ 10
FIMAL LEVEL 1 SCORE, 5i12 Siaw
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
Esterior: [ Patial [ All Sides [ Asrial | Are There Hazards That Trigger & Detailed Structural Evaluation Required?
Interior: [0 Mone  [] viskle [ Entered | Detailed Structural Evaluation? [] Yes, unknown FEMA building type or ofher buiding
Drawings Reviewed: [] Yez [ Mo [ Pounding potenfial {unless Si > [ Yes, scara kess than cut-off
Soil Type Sours: curtaff, if knwn) [J Yes, ather hazards prasant
Geulogic Hazards Source: [ Falling hazards from taller adjacent | [J Mo
Contact Parson: fuilding Detsiled Non E: nded? (check
O ic or Sl Type F led Nenstructural "lua-ﬂm;nnmm fi 5 ong)
LEVEL 2 SCREENING PERFORMED? [ Signifant demageidetecioralion fo | [ Yo%, nenstuctural hazards identiod than should be evaluated
: fhe siructural system [ Mo, nanstructural hazards exist feat may requine mikgatien, but 3
[ *es, Final Lovel 2Soars 5 [ Na detalled evaluaiion |s not necessary
Wonstuchural hazands? [ Yes [ W [ Ko, no nonstructural hezards identiied [ DNK
Where Information cannof be verilled, screensr shal note the following: EST = Estimated or unrefable data OF  DNK = Do Not Know
i W T ; w : & B0 ToEIg

IiF = WA eni-rea i TATeE By Bl Conrel o
BR = Bracad frame SW = Shear wall TU=

Figure B.3 FEMA p154 data collection form for high seismic regions level 1 (adopted
from FEMA p-154 Handbook)
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Rapid Visual Screening of Bulldings for Potential Seismic Hazards
FEMA P-154 Data Collection Form

Level 2 (Optional)
HIGH Seismicity

Opfional Leval 2 data collecSion to be performed by a ciil or structural enginearing professional, architect, or graduate student with background in seismic evaluation or design of buildings.

Bldg Name: Final Level 1 Score: | 5,, = {do not cansid
Screencer: Level 1 Irregularity Modifiers: | Vertical fmeguianty, Vi = | Plan imeguiarty, Py, =
DatalTime: ADJUSTED BASELINE SCORE: | 5'= (Siy = Vis= P} =
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
Topic Statement (! stadement is trus, circle the “Yas" modifier; ofhenwise cross ouf the modiffer ) Yeos Subtotals
Vertical Sloping W building: Thera is at baast a full story grade change from one sida of tha building to the othar, A2
Ireguarity, Vis | Site Non-W1 building: There is at least & full story grade change from one side of the building to the ofhar, 0.3
Weak W1 building cripple wall: An unbraced cripple wall is visible in the crawl space. -0.6
andfor W1 house over garage: Undemeath an occupied stary, there is a garage opening without a steel moment frame,
Scft Story | and Where i less than 8 of wal on the same line (for mullinle eccupied Moors above, use 18 of wall minimim). -1.2
{eirtle one | WA building open frank: There are apenings al the ground story (such as far parking) over al least 50% of the
maxmum) | length of the bulding, -1.2
Nen-WH bulldng: Length of lateral system at any stary s bess than 50% of that at stery above or helght of any
stary is mone than 2.0 Smes the height of the story above. 08
Non-W1 buildng: Length of lsteral system at any story is between 50% and 75% of thet at story abowe or height
of any story is batwaen 1.3 and 2.0 times the haight of the story above. 05
Sethack WVerical elemants of tha lateral system at an upper story are outheard of thas at the story below causing the
diaphragm to canthever at the offset, =1.0
Verical elements of the latesal system at upper stories are inbeard of those al lower giores. 0.5
Thars is an in-plane ofiset of the laleral elaments that is greater than the kangth of tha elemants. 0.3
Shert C1,C2,C3PC1 PCZ,RM1 RMZ: Al least 20% of columns (or piers) along a calumn ine in the lateral system have
Columnd heightidepth ratios less than 509 of the naminal height/depth ratio st Sat level. 0.6
Pler €1,62,63 PC1PCERM1,RMY: The column dapth (or pier width) i less than one half of the depth of the spandrel,
of thers are infill walls or adjacent floors fhat shorien the column. 05
Split Level | Thers is a split lavel a1 ane of fe floor levels or at the roof, 45
Other There is anciher observable severe vertical imegularity that obwiously affects te building's selsmic performance. A0 | Ve
Imregularity | There is anciher obsarvable moderate vemical imegularity that may affect fe building's seismic pertformance. 0.5 | (Copat -1.2)
Ptan Torslonal imeguiarity: Lateral system does not appear netatively well disinbuted in plan In elthes or both direcions. (Do not
Imegularity, Pz | inciude the WiA apen franf imegularily fisfed above.] A7
Nan-paraliel system: There are one or more major vertical efements of the lateral system that ane not orthaganal to each other. 0.4
Reentrand comer. Both projections from an interior corner exceed 25% of the overall plan dimension in that drection. 0.4
Diaphragm opening: These is an cpening in the daphragm with a width over 503 of the lofal diaphragm width at that level, 0.2
€A, G2 bullding out-of-plane offsel The exteror beams do nol aban with the eolumns in plan. 04 | Pas
Other imequiarty. Thene is ancther cbsarvable plan imegulariy that abwiously aflecls the bulding's seismic patformance. 0.7 | (Copat-1.1)
Redundancy The building has at laasi two bays of lateral lements on aach side of the building in sach diraction. +0.3
Paunding Building is saparated from an adjacand stcture The fioors do not align werically within 2 faetl. (G Iotal -1.0
by bess than 1% of the helght of the shorter of the | One bding is 2 or mere stories teller than the ofner, . pounding -1.0
buiding and adjacent siruciure and; The building is &t the end of the back. - modtiersat-1.2) | 0.5
52 Bulding 'K bracing geometry i visible. -1.0
C1 Building Flat plate senves as the beam in the moment frame. 0.4
PCIRMI Blg | There are roo-io-wall es that are visible or known from drawings that do nol rely on crass-grain bending. (Do nol combing with .3
posi-benchmank o meirofif mooifer. )
PC1RM1 Bldg | The bullding has closely s full hekght interior walls {rather an an interior space with few walls such as in a warehouse), .3
URM Gable walls are present. 0.4
MH There is 2 supphemental sesmic bracng system provided between the camage and the ground. +1.2
| Retrofit Comprahensive selsmic retrof is visible or known from deawings, 14 | M=
FINAL LEVEL 2 SCORE, 5,5 =(5"+ Vis + Poa+ M) 2 Sum: [ Transfer fo Lovel 1 form}
There is obsenvable damage or deterioration or ancther condion that negativaly affects the building's seismic performance:  [JYes  [No
If yas, describe the condilion in the comment bax below and indicate on the Level 1 form that detailed evaluabion (s requined indepandant of the builliing’s scang,
OBSERVABLE NONSTRUCTURAL HAZARDS
Location Statement [Check “Yes® or “No’) Yos | Mo Commant
Exteriar There is an unbraced unreinforead masonry parapel of unbraced unreinbarced masaney chimnay.
There is haavy cladding or heavy venesr,
Thers is a heavy canopy over exif doars or pedasirian walkways that inadequately supparied.
There is an wnrenforced masenry ap ower exit doors or pedestrian walkways,
There is a sign posted on the building thet indicates hazardous materials are present,
There is a taller adjacant building with an unanchored URM wall or unbraced URM parapet or chimney.
Other observied exterior nonstructural falling hazand:
Interar There are hollow clay tile or brick pari®ions al any slair or exil corridor.
Oiher observad inbanar nonstreclural faling hazard:
Estimated Monstructural Selsmic Performance {Check appropriate box and fransfer bo Level T form canchusions)
[ Potential nonstructural hazards with signifficant theeat to occupant Ife safety —=Detalled Nonstructural Evaluation necommended
[0 Monstructural hazards identified with significant threal to occupant life safety —»But no Detailed Nonstructural Evaluation required
[ Low or no nonstructural hazard threat Io occupant e safety—>No Delailed Nonsiructural Evaluation required
Comments:

Figure B.4 FEMA p154 data collection form for high seismic regions level 2 (adopted

from FEMA p-154 Handbook)
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Rapid Visual Screening of Buildings for Potential Seismic Hazards

Level 1

FEMA P-154 Data Collection Form MODERATELY HIGH Seismicity
MAddress:
Zip:
Other ldentifiers:
Bulkding Namea:
Use:
Latitude: Lengituda:
PHOTOGRAPH s S
S ls): DiatelTime:
Mo. Stories:  Above Grade: Balow Grade: Year Built; 0 e=t
Total Floor Area (sq. f.): Code Year:
Additions: [ Nene [ Yes. Years) Buit
Occupancy:  Assembly  Commercid Emer. Serdeza [ Histode [ Sheber
Indusiial  Cifice Schecl [ Govemment
Utiliy ‘Warehouss Regoendal, # Units:
SoliType: [JA (B [(c [Opo [E [F DdK
Hard  Awg  Dense  SiF  Sc&  Foor  WOWK sssume Type D,
Rock  Rock Gl Sol S0l Gol
Geokgic Hazards: Liguetacon: YesMo/DNK Landside: YesMoDNK Surf Rupt: YesMNolONK
Adjacency: [ Pounding [ Faling Hazards from Taller Adicent Bulding
Irregularities: [ Vertical [typefseverity)
3 Plan (ype)
Exterior Falling [ Unibraced Chimneys [ Heavy Cladding or Haevy Veneer
Hazards: [ Parapats O Appendages
| [J Other
COMMENTS:
! | |
! ! !
SKETCH [ Addiianal skeiches or commenls o separate page
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, 51
FEMA BUILDING TYPE Do Not Lyl Wik W2 81 a2 ] 54 &5 [+] [+] ] PC1 PCZ RAM1 RMZ | URM MH
Hrow Mmmgi%lmnm#’gﬂm [
Basic Score 41 | a7 |32 |23 |22 | 28 | 22 | 28 | 17 | 21 | 14 | 16 | 15 | 18 | 1B | 12 | 22
Severs Vertical Imagularity, Vis A3 | 43 | 3| A1 | 0 | a2 |10 |08 | a0 | a0 | 08 10| 08 | 10| 0| 08| WA
Midarats Verical Imegularity, Vie 08 | 08 | 08 | 07 | 06| 08 | 06 | 06| 06 | 06 | 05 | 06 | 06 | 08 | 06 | 05 | MM
Flan Iragulasity, s 43 |4z |40 | 09 | 0B | 0| 08 | 07 | 07 | 09 | 06 | 0B | 07 | 07 | 07 | 05 | W
Fre-Code 08 | 05 | 08 | 05 | 05 | 07 |06 | 02 | 04 | 07 | 00 | 04 | 03 | 05 [ 05 [ 00 | 03
Pogl-Benchmark 15 18 23 14 14 10 18 A 18 21 L0 21 24 21 21 WA 12
“oll Type A ar B 03 | o6 |09 | o6 |09 | 03 | o | os | o6 | oa | o7 | o8 | a7 | os | 0B | 08 | o
%oil Typa E [1-3 storiea) oo | 04 | 03 | 04 | 05 | oo |04 | 05 | 02 | 02 | 04 | 05 | D3 | 04 [ 04 [ 03 | 05
Soil Typa E (> 3 storiss} 05 | 08 | 42 | 07 | 07 | Ha | o7 | 06 | 06 | 08 | 04 [ nA [ 05 | 08 | 07 | 03 | mA
Minimum Score, Suw 1.6 1.2 [L] 05 | 45 | 09 05 | @5 03 0 [k] 0.3 | 42 [X] 0y | a2 14
FIMAL LEVEL 1 SCORE, S11z Suw
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
Exteriar: HM& gus&mgum Ara There Hazards That Trigger A Dwtailed Structural Evaluation Required?
Inferior: Nomne Vishie Entered | Detalled Structural Evaluation? [ Yes, unknown FEMA building fype or ofher bulding
Drawings Reviewed: [J Yes [ Mo [ Pounding potenial (unlass S > [ Yes, scors lass than cut-of
Sell Type Saurce: catalf, i knawn) [ 'es, other hazards prasent
Geologic Hazards Sourcs: O Falling hazards from taller adjacent | ] Na
Contact Parsan: bullding Datailed Nonstructural Evaluation Recommendsd? (check
[ Geslogic hazards or Sl Type F w— one]
LEVEL 2 SCREENING PERFORMED? [ Significant demagaidetrioration to. | L Y3, nonswuctural hazznds idenifled thet should be eveluased
the structural = [ N, nonstructural hazards exist that may require mitigation, but &
[ *fes, Final Leval 2 Scara, Su O Mo ystem deteiled evaluafion Is not necessary
Nonstuctural hezards? [ Yes I:INu [ Ko, no nenstructural hapards identfied [T DMK

memﬂmumblmﬂm‘, m:hﬁmﬁﬂum .EST-

I'-' =1
TU=Tikup

Figure B.5 FEMA p154 data collection form for moderately high seismic regions level 1
(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Bulldings for Potential Seismic Hazards
FEMA P-154 Data Collection Form

Level 2 (Optional)
MODERATELY HIGH Seismicity

Opfional Laval 2 data callscSion to be parformad by a ol or structural enginearing profassional, architect, or graduate studant with background in seismic avaluation or design of buildings.

Bldg Name: Final Level 1 Score: | 5,, = {do not consid
Screener: Level 1 Iregularity Modifiers: | Vertical imeguianiy, Vi, = | Plan lreguianly, Py, =
DataTima: ADJUSTED BASELINE SCORE: | 5'= (Si,= Vi;=Fi4) =
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
Tapic Statement [If slatemend is frue, cincl the “Yas” modifier; albereise cross ouf the modifer) Yos Sabtotals
Vertical Sloping W1 building: Thana is at baast a full story grads change from one sida of tha building to the othar, 13
Imegutarity, Vis | Site Non-W1 building: There is at lsast & full story grade change from one side of the building to the ofher, 0,3
Waak W1 building cripple wall,_An unbraced cripple wall is visible in the crawl space. 0.6
andfor W1 house over garage: Undemeath an eccupied story, there is & garage opening without & steel moment frame,
Soft Story | and there is lees than & of wall on the same ling (for multiple cooupied loors abows, usa 18 of wall minimuwm), -1.3
(circle one [ WA building open frant: There are apenings al the ground story (such as far parking) over at least 50% of the
maximum] | lgngth of the bulding. -3
Nor=W1 bulldng: Length of lateral system at any story is bess than 50% of that al story abave ar helght of any
story is more than 2.0 Smes the height of the story sbove, -1.0
Mor-W1 building: Length of latersl system at any story s between 50% and T5% of that at story abowe or height
of any slory is batween 1.3 and 2.0 fimes the haight of the story above. 05
Sethack Verical elernants of the |ateral system at an upper story are cuthoard of thoss at the stary below causing the
diaphragm to canthever at the offset. =1.0
ertical elements of the |ateral system at upper storkes are inboard of those at lower stores, 0.5
Thare i an in-plane ofiset of the laleral elements that is greater than the kangth of the elements. 0.3
Shart C1,C2,C3,PC1 PC2RMY RMZ: Al least 20% of columns {or piers) along & column ine in the lateral sysiem have
Calumn/ helghtidepth ratics less than B0% of the nominal height/depth rafio &t at level. 0.5
Piet €1,62,63,PC1 PC2RM1RM2: The column depth (or pier width) & less than one half of the depth of the spandrel,
or there are infill walls or adiacent floors Sat shorien the column 0.5
Spit Level | There s a split level st one of fhe floor levels o at the rood, 0.5
Other There is ancther obaervable severe vertical irmegularity that owiously affects fie building's selsmic performance. 10 ) Vs
Irraqularity | There i another observable moderate verical imeqularity that may affect he building's seismic performance. 0.5 | (Copat -1.3)
Plan Torslonal imegutarity, Lateral system does not appear retaively well dstnbuted in plan in efthes or bath directions. (Do nod
Imegularity, P | include the WA open fronf imegularily fisfed abave.] .8
Nan-peraliel system: There are one or morg major vertical elsments of the latersl system thet ane nof orthogonal to sach other. 0.4
Reentrad comer: Both projections frem an interler comer exceed 25% of the overall plan dimension In that directen. -0.4
Dliaphragm opening: Thene is an opening (n the diaphragm with 3 width ower 50% of the tofal diaphragm width at that kevel. 0.3
1, €2 bulding cut-of-plane offset The exteror beams do not abgn with the columns In plan, 44 | Pus
Other irregularity: Thara is ancther observabls plan irmsqularity that obviously affects the building’s seismic parformanca. 0.8 | (Copat-1.3)
Redundancy The building has at laast bwo bays of laleral elements on sach side of the building in sach direction. +1.3
Paunding Buiding is separsted from an adjacent stucture | The floors do nat align verically within 2 foet Cap lotal -1.0
by less than 0.5% of the height of the sharler of Qe buslding is 2 or more staries eller than the othar,  © pounding -1.0
fhe building and adjacent siuciure and: The building is &t the end of the black. . modifiers af -1.3) | -0.5
52 Bulding *K" bracing geometry is visible. -1.0
C1 Building Flal plate serves as the beam in the moment frame. 0.5
PCIMMI Bdg | There are rood-lo-wall lies (hat are visible or known from drawings thatl do nol rely on cross-grain bending. (Da nol combine with +0.3
post-banchmark or retrofit modifer.)
PC1RM1 Bldg | The building has closely s full height interior walls (rather than an intenior space with few walls such as in a warehouse], +.3
LURM Gable walls are present. 0.4
MH There is a supphemental sessmic bracing system provided b the carriage and the ground. +1.2
| Retrofit Camprahansie saismic retrofl is visible or known from drawings. +H4 | M=
FINAL LEVEL 2 SCORE, Sz = (' + Viz + Pra * M) 2 Syt [ Tranafar o Leve 1 form)
There is obsarvable damage or deterioration or anather condion thet negatively affects the building's seismic performance:  [J¥es [IMo
If yas, dascribe the condilion in e comment bax below and indicate an the Leve! 1 farm that detailed evalualion is reguired (ndapendent of the bullding's scare,
OBSERVABLE NONSTRUCTURAL HAZARDS
Location Statement [Check “Yas"or Mo’ Yos | MWo Comment
Extefiar Theere I an unbraced unneinforced masanry paraped or unbraced unseinfarced masanry chimnay.
Thera is haavy cladding or heavy veneer,
There is a heavy canopy over exit doors of pedesirian walkways that inadequately supparted.
Thera is an unremfarced mascnry ap ower exit dears or pedestrian walkways,
There is a sign posted on the building that indicates hazardous materials are present,
There is 4 taller adjacent building with an unanchared LIRM wall or unbraced LIRM parapet or chimney.
Other observed exierior nonstructural falling hazard:
Inlemor Thisre are holiow clay bl or brick pariBons al any slair o exil eorridor.
Other abserved intanar nonslruclural lkng hazand:
Estimated Monstructural Selsmic Parformance (Check appropriate hox and fransfer bo Level 1 form canclusions)
[ Potential ronstructusal hazards with significant thaeat to oceupant |fe safely —*Detalled Nonstructural Evaluation recommendid
[0 Honstructural hazards identiied with significant threat to occupant life safety —But no Detalled Nonstructural Evaluation required
] Low or no nonstructural hazard threat 1o occupant e sassty —> No Detailad Nonstruchural Evaluation required
Comments:

Figure B.6 FEMA p154 data collection form for moderately high seismic regions level 2

(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Buildings for Potential Seismic Hazards

Level 1

FEMA P-154 Data Collection Form MODERATE Seismicity
Zip:
Other Identifiers:
Building Name:
Use:
Latitude: Longitude:
PHOTOGRAPH Se S
S r(s): DatelTime:
No. Stories:  Above Grade: Below Grade: Year Built: 0 st
Total Floor Area (sq. fL.): Code Year:
Additions: [] None [ Yes, Year(s) Buit
Occupancy:  Assembly  Commercidl  Emer. Sendozs [ Hstorlc [ Sheber
Indusiial  Office Scheol O Govemment
Uty Warehouse Residengal, # Units:
SoilType: [JA [IB Cc (Oop [ [F DN
Had  Awg  Danss  Sff  Sok  Poor  WONK sssume Type D,
Rock  Rock Sol  Sal  Sof  So
Geologic Hazards: Liguefacion: Yes/Na/DNK Landside: Yes/No/DNK Surl Rupt: YesNo/ONK
Adjacency: [0 Poundng [ Faling Hazards Fom Taller Adiacent Bulding
Irrogularities: [] Vertical (typefseverity)
O3 Plan type)
Exterlor Falling [ Unbraced Chimneys [ Heavy Cladding or Heavy Veneer
Hazards: [ Parapets [ Appendages
[J Other
b———————
COMMENTS:
SKETCH ] Addional sketches or comments cn e
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S;¢
FEMA BUILDING TYPE DoNot | Wi | WIA | w2 | 51 | s2 | S5 | 84 | 85 | C1 | C2 | C3 | PC1 | PCZ | RMI | RM2 | URM | MH
Know WF) | BR) (L] gcn (m R | 5w G.l;)" ] (FO | RO}
Baslc Score 51 | 45 | 38 [ 27 [ 26 | 35 [ 25 |27 | 21 [ 25 |20 [ 21 [ 18 [ 21 [ 21 [ 17 | 29
Severe Vertical Imeguiarity, Vis A4 | A4 | 4 [ A2 | A2 | A4 [ A1 [ A2 | 9| 42 0] A1 | 0] A1 ] 0] NA
Moderate Verical breguarty, Vi 09 (00 | 09 | 08 | 47 | 09 | 07 | Q7 Qr | 07 | 08 | 07 | 06 | 07 | 07 | 085 NA
Plan Iregularity, Py A4 | 43 | 42 | 10| 08 | 12 | 09 | 08 08 | 40 | 08 | 08 | 08 | 08 | -08 | 07 NA
Pra-Coda 03 | 05 | 06 | 03 | 02 | 02 | 03 | 03 | 03 | 04 | 03| 02 | 02| 02| 02| Q1 05
Post-Banchmark | 14 20 25 15 15 08 21 NA 20 23 NA 21 25 23 23 NA 12
Soil Type A or B 07 |12 | 18| 11 | 14 |08 |[ 15| 16| 11 |15 | 13| 16 | 13 | 14| 14 | 13| 18
Soil Type E (1-3 stories) A2 | 43 | 44 | 09 | 99 | 10 | 09 | 09 07 | 40 | Q7 | 08 | 07 | 08 | 0B | 06 4.9
Soll Typs E {> 3 stories) 18 | 46 | 13 | 098 | 09 NA 09 | 10 | 08 | 10 | 08 NA 07 | 47 | 08 | 48 NA
Minimum Score, Sww 1.6 1.2 0.9 0.6 06 08 0.6 a6 02 0.3 03 0.3 02 03 03 02 15
FINAL LEVEL 1 SCORE, St12 Swn
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
Exterior: BW BMWBW Are There Hazards That Trigger A Detailed Str | Evaluation Required?
w None Visbla Entered | Detailed Structural Evaluation? [ Yes, unknown FEMA bullding type o other buliding
Drawings Reviewed: [ Yes [ No [ Pounding potental (unless Sc:> [J Yes, score bess than cut-off
Soil Typs Source: cut-off, if known) [J Yes, other hazards present
Geologic Hazards Source: [ Falling hazards from taller adjacant [ ke
Contact Person: - building orSol TypeF Detailed Nonstructural Evaluation Recommended? (check ane)
.. [ Yes, nonstructural hazards identified that should be evaluated
LEVEL 2 SCREENING PERFORMED? (m] :?ifmtdtsmwmmmlo [ No, nenstrucal wiét it may iy bats
[ Yes, Final Level 2 Score, Sis O Ne Shuchral system detailed evaluaion is not necessary
Nonstructural hazards? [ Yes [ Ne [ No, no nonstructural hazards identied [ DNK

BR-Broosd bama

W= Shuor el

mmmmummmmum EST'WO!HMN‘N.M m DlM'DoNotKno.

N U
TU Tikup

Figure B.7 FEMA pl154 data collection form for moderate seismic regions level 1

(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Buildings for Potential Seismic Hazards
FEMA P-154 Data Collection Form

Level 2 (Optional)
MODERATE Seismicity

Opéional Level 2 data collecion to be performed by a ciil or structural enginearing professional, architect, or graduate student with background in seismic evaluation or design of buildings.

["Bldg Name: Final Lovel 1 Score: | S, = {do not consider S
S 3 Level 1 Imegularity Modifiers: | Vertical imegulenty, Vi, = | Plan Imeguianty, P, =
Date/Time: ADJUSTED BASELINE SCORE: | S'= (Si;— Vis—=Pry) =
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
Topic Statement {If statement is true, circls the “Yes” modifier; atherwise cross ouf the modifier.) Yes Subtotals
Vertical Sloping W1 buiding: There is at laast a full story grade change from one side of the building to the other. -14
Imegularity, Viz | Site Non-W1 building: There is at least a full story grade change from one side of the building to the other. -04
Weak W1 buiding cripple wall: An unbraced cripple wall is visible in the crawl space. 0.7
andler W1 house over garage: Undemeath an occupied story, there is & garage opening without a steel moment frame,
Soft Story | and there is less than § of wall on the same line (for multiple cccupied floors above, use 16' of wall minimum). 14
(circlo one [ W1A building open front: There are openings al the ground story {such as for parking) over at least 50% of the
maximum) | Jength of the bulding. 14
Non-W1 buildng: Length of lateral system at any story is less than 50% of that at story above or height of any
story is more than 2.0 Smes the height of the story above. -1.1
Non-W1 building: Length of lateral system at any story s between 50% and 75% of that at story above or height
of any story is balv 1.3 and 2.0 times the height of the story above. 0.6
Setback Vertical elements of the lateral system at an upper story are cutboard of those at the story below causing the
| diaphragm to cantiever at the offset. -1.
Vertical elements of the lateral system at upper storles are inboard of those at lower stories. 0.6
There is an in-plane offset of the lateral elements that is greater than the length of the elements. 0.4
Short C1,C2,C3,PC1,PC2Z,RM1,RM2: At least 20% of columns (or piers) along a calumn ine in the lateral system have
Column/ heightidepth ratios less than 50% of the nominal height/depth ratio at that level. 0.5
Pier €1,C2,C3,PC1,PC2,RM1,RMZ: The column depth (or pier width) s less than one half of the depth of the
spandrel, or there are infill walls or adjacent floors that shorten the column. 0.
Spit Level | There is a split level at one of the floor levels or at the roof, 0.
Other rhere is another observable severe vertical irregularity that obviously affects te building's seismic performance. A2 | Va=
- Irreqularity | There is another observable moderate vertical imegularity that may affect !he building’s seismic performance. 0. (Cap at -1.4)
Plan Torslonal imeguiarity: Lateral system does not appear relatively well distnbuted in pian In either or both direcsions. (Do not
Imeguilarity, Pz | include the W1A open fronf imegularity isted sbove.) -1
Non-parallel system: There ére one or more major vertical elements of the lateral system that are not orthogonal to each other. | -0.
Rnntnmeomr Both projections from an interior corner exceed 25% of the overall plan dimension In that direction. 0.
ng: There Is an opening In the ciaphragm with a width over 50% of the total diaphragm width at that level. 0.
1, CZDWMO«I-OIwmoM The exterior beams do not align with the columns In plan. 04 | Py=
Other irregularity: There is another cbservable plan irreguiarity that obviously affects the bulding’s seismic performance. -1.0 | (Copat-1.4)
Redundancy The building has at least two bays of lateral slements on each side of the buikding in each direction. +04
Pounding Building is separated from an adjacent struch, The floors do not align vedically within 2 feet, (Cap total 1.
by less than 0.25% of the height of the shorter of | One budding is 2 or more stories taller than the other. | pounding -1,
the building and adjacent structure and: The building is &t the end of the block. modifisrs af -1.4) |0,
S2 Bulding *K" bracing geometry is visible. -1.
C1 Building Flat plate serves as the beam in the moment frame. 0.5
PC1/RM1BKg | There are roof-fo-wall ties that are visible or known from dramwings that do not rely on cross-grain bending. (Do not combine with | +0.4
postmnc!mmkormoﬁmodlﬁar)
PC1/RM1 Bkdg | The building has full t intenor walls {rather than an interior with few walls such as in a warehouse). +4
URM Gwhwbmprvum. 0.5
MH There is a supplemental seismic bracing system provided between the carriage and the ground. +1.2
Refrofit Comprehens ve seismic relrofi Is visible of known from drawings. +14 | M=
FINAL LEVEL 2 SCORE, S;2=(S"+ Viz + Pia+ M) 2 Sym: (Transfer to Leve! 1 form)
There is observable damage or deterioration or anather condition that negatively affects the building's seismic performance:  [JYes [ JNo
If yes, describe the condition in the comment box below and indicate on the Leve! 1 fam that detalled evaluation is required independent of the bullding's score.
OBSERVABLE NONSTRUCTURAL HAZARDS
Location Statement (Check “Yes* or "No?) Yes | No Comment
Exteror There is an unbraced unreinforced masonry parapet or unbraced unreinforced masonry chimneay.
Thera is heavy cladding or heavy veneer.
Wmmbahaawmgywuﬁdoomupeﬁaaklmwalkvnysmm_pgsamlnadwned
There is an unreinforced masenry appendage over exit doars or pedestrian walkways.
There is a sign posted on the building that indicates hazardous materials are present,
There is a taller adjacent building with an unanchored URM wall or unbraced URM parapet or chimney.
Other observed exterior nonstructural falling hazard:
Interior There are hollow clay lile or brick parSions at any stair or exit corridor.
Olher observed interior nonstruclural faling hazard:
Estimated Nonstructural Seismic Performance {Check appropriafe box and transfer to Level T form canclusions)
[ Potential nonstructural hazards with significant threat to occupant Ife safety —>Detalled Nonstructural Evaluation recommended
[ Nonstructural hazards identified with significant threat to occupant life safety —>But no Detailed Nonstructural Evaluation required
[ Low or no nonstructural hazard threat to occupant e safsty —> No Detailed Nonstructural Evaluation required
Comments:

Figure B.8§ FEMA pl54 data collection form for moderate seismic regions level 2

(adopted from FEMA p-154 Handbook)
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Rapid Visual Screening of Buildings for Potential Seismic Hazards Level 1

FEMA P-154 Data Collection Form LOW Selsmlclty
Zip:
Other identifiers:
Building Name:
Use:
Latitude: Longitude:
Ss St
PHOTOGRAPH S r(s): DatefTime: |
No. Stories:  Above Grade: Below Grade: Year Built: 0 est
Total Floor Area (sq. fL.): Code Year:
Additions: [] None [ Yes, Yean(s) Buit
Occupancy: Assembly Commercadl  Emer.Sendozs [ Hstode [ Sheher
Indusirial Office Seheol [ Govemment
Utikty Warehouse Residential, # Units:
SoilType: [JA [B [Jc [p [JE [JF DMK
Hard A Danse  Stff  Sok  Poor  MOMK sssume Type D,
Rock Rock Sol Sol Sol Soll
Geologi Liguefacion: Yes/No/DNK Landsiida: Yes/No/DNK Suri Rupt: YesNo/DNK
Adjacency: [J Poundng [ Feling Hazards fom Teller Adiacent Buiding
Irregularities: [] Vertical {typedseverity)
‘ [ [ 1 O3 Plan (type)
1 M I PR e e Exterlor Falling [J Unbraced Chimneys [ Heavy Cladding or Heavy Veneer
| | Hazards: [ Parapets [ Appendages
[J Other:
COMMENTS:
\
1
[
SKETCH [ Addiianal skedches o nts on sep page
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S.¢
FEMA BUILDING TYPE DoNot | Wi | WIA | w2 | §1 [ 82 | 83 [ 84 | 85 | C1 | C2 | C3 | PC1 | PCZ | RM | RM2 [ URM | WMH
Know | BRI g‘-‘n ('ll’\)ﬂ WA | 5w @'J;,N m ot | RO}
Baslc Score 82 59 57 38 a9 44 41 45 33 42 a5 38 a3 7 37 32 45
Severe Vertical Imegularity, Vis A5 | A5 | 45 | A4 | A3 [ 46 | 42 | 43 | A3 [ 42 | A0 | 43 | A4 | A0 | A1 ] 42 | WA
Moderate Verical kregulanty, Vi 40 | 09 | 08 | 09 | 08 | A0 | 07 | 07 | 07 | 07 | 06 | 08B | 06 | 056 | 06 | 07 NA
Flan Iregularity, Py A6 | 14 | A3 | 12 | A | 4] 10 | 1 A0 | 40 | 09 | 42 | 08 | 08 | 08 | 10 NA
Pro-Code NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Posl-Benchmark | 22 24 25 20 16 14 21 NA 23 22 NA 19 28 23 23 NA 18
Soil Type AorB 08 1.1 13 10 12 0B 1.3 14 039 12 12 13 13 14 14 13 03
Soil Type E (1-3 stories) -12 A7 23 -1.2 14 A0 | 17 | <20 A4 20 | 18 A7 18 A7 A7 | S 21
Soll Type E (> 3 stories) A7 | 20 | 22 | A2 | -4 NA A7 | 19 | 43 | 19 | -16 NA | 16 | -16 | A7 | 14 NA
Minimum Soore, Sww 27 21 1.5 0.9 08 1.2 0.8 0.9 05 0.6 0.5 0.6 04 06 05 04 25
FINAL LEVEL 1 SCORE, St12 S
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
Exterior: [ Patid [J All Sides [J Aerial Are There Hazards That Trigger A Detailed Structural Evaluation Required?
Interior: [J None [ Visble [ Entered | Detailed Structural Evaluation? [ Yes, unknown FEMA bulkding type or other buliding
Drawings Reviewed: [ Yes [ No [ Pounding potental (unless S > [ Yes, score bess than cut-off
Soil Type Source: cutoff, if knawn) [ Yes, other hazards present
Geologic Hazards Source: [ Falling hazards from taller adjacant [ N
Contact Person; O building o S Tiwe P Detailed Nonstructural Evaluation Recommended? (check ane)
c [ Yes, nonsruchural hazards idontified that should be evaluated
LEVEL 2 SCREENING PERFORMED? O ﬁgﬂﬁmtw’lmwmmm [ No. nenstnictura wiét i aay = bt
[ Yes, Final Level 2 Score, Sis O Ne Shuchral sy detailed evaluaion is not necessary
Nonstructural hazards? [ Yes O No [J No, no nonstructural hazards identfied [ DNK
Wh Wmﬁmmhwﬁ&mmﬂmhm EST = Estimated or unrolable data OR DNK = Do Not Know
F < Moment-seis WL » Renlocad co 3 UM INF = Usresniorced MH » Manfaclured Housng = Iyaxbke dap
BR=Braced fame sler SW = Shear wal TU=Tikup LM = Light metal R=N9¢dmrl'nw

Figure B.9 FEMA p154 data collection form for low seismic regions level 1 (adopted
from FEMA p-154 Handbook)
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Rapld Visual Screening of Buildings for Potential Seismic Hazards Level 2 (Optional)

FEMA P-154 Data Collection Form LOW S&Ismiclty
Opfional Laval 2 data collacsion to be parformed by a ol or structural enginearing profassional, architect, or graduate studant with background in seismic 1 or design of T
Bldg Name: Final Level 1 Score: | S, = (do not considsr S |
Screener; Level 1 Imegularity Modifiers: | Vertical megularity, Vi, = | Plan Ireguianty, P, =
DatalTime: ADJUSTED BASELINE SCORE: | 8'= (8, = Vis=Pusd =
STRUCTURAL MODIFIERS TO ADD TO ADJUSTED BASELINE SCORE
Topic Statemant [If stslsment is frus, circis the "Yas” modifier; olhanwise cross ouf the madifier ) Yes Subindals
Vertical Sloping W1 buiding: Thea is at baast a full story grade change from one side of tha building to the other. A5
Imegutarity, Vis | Site Non-W1 building: There is at least a full story grade change from one side of the building to the ofher, 04
Waak W1 building cripple wall: An unbraced cripple wall is visible in the crawl space. 47
andlor ‘W1 house over garage: Undemeath an occupied stary, there is 8 garage cpening without 2 steel moment frame,
Soft Story | and there i less than &' of wall on the same line (for mulliple cocupied Moors abowe, use 18' of wall minimum), 1.5
{eele one [ WAA building open fronk There are openings at the ground story (such as far parking) over at least 50% of the
maximiam) | lengih of the bulding, A5
Non-W1 bullding: Length of lateral system at any story is bess than 50% of that at story abowe or helght of any
stary is mors than 2.0 Smes fhe height of the story above. .3
Nen-W1 building: Length of lsteral system at any story s between 50% and 73% of that at story above or height
of any glory i bebwaen 1.3 and 2.0 limes the haight of the slory above. L6
Setback Wartical elemants of the lateral system at an upper story are outbeard of those at the story below causing the
diaphragm 1o cantiever at the offset. =13
ertical elements of the lateral system at upper storkes are nboard of those at lower slores, 06
There i an in-plane ofisel af the lateral elements that is greater than the kngth of the alemants. 04
Shart C1,C2,C3,PC1,PCZ RMT RMZ: Al least 20% of columas (or piers) along & column ine in the lateral system have
Calumnd heightidepth ratics less than 509 of the nominal helght/depth ratio &t fhat level. 0.6
Pler C1.C2.63 PC1 PC2.RMI,RME: The column dapth {or pler width) i less than one half of the depth of the
spandrel, or there are infill walls or adjacent floors that shorten the column, 06
Spit Level | There s a split level af ane of fhe floor levels or al the rool, R
Ciher Ther s anciher observable severs vertical imsgularity that oiwiously affects e building's selsmic performance. | -1, =
Irreqularity | There is anciher observable moderale vestical imegulanty thet may affect fe building's selsmic perdormanca, ] [Cop at_-1.5)
Flan Torslenal imegutarity: Lateral system does not appear relavely well disinbuied in plan in eithes or both directions. [De not
Imegularity, Pz | inchude the W1A apen fronf imeguiarily fsfed above.| -4
Nan-peraliel system: There are one or more major vertical elements of the lateral system that ane not arthogonal to each other. 0.6
Reentrand comer: Both prejections from an interior comer exceed 25% of the overall plan dimension In that direction, 06
Diaphragm opening: These is an cpaning in the daphragm with & width ewer 50% of the total diaphragm width at that level, 04
G4, G2 bullding out-ol-plane offsel The exteror beams do not abgn with the eolumns in plan, 0.5 =
Other irregulanty: Thare is ancther chsarvable plan irmegularity that obviously affects the bulding’s seismic parormanca. 1.1 | (Cop at -1.6}
Redundancy The building has at laazi hwo bays of Izteral elaments on each side of the building in sach dirsckion. 14
Paunding Building is saparated from an adjacand stucturs The fioors do not align verticaly within 2 feel. ((Cap total 1.3
by hess than 0.1% of the height of the shorler of Cine busdding is 2 or more stories taller than the ofier, | pounding EE}
the building &nd adjacent strucfure and: The building b= &t the end of the block. modifiars af 1.5} | 0.6
52 Bulding K" bracing gecmetry s visible., A3
1 Building Flal plate serves as the beam in the moment frame. 0.6
PCIMMI By | There are rool-to-wall lies that are visible or known rom drawings that do nol rely on cross-grain bending. (Do nol combing with | +04
posi-banchmark or nafrefit modifer.}
PCARM1 Blg | The building has closedy s full height interior walls {rather ®an an interior space with few walls such as in a warshouse), 4
URM Galle walls are present. 06
MH Thiste is a supplemental seismic bracng system provided between the carriage and the ground. ]
| Retrofit | Gemprahensive seismic relfof is visible of known from drawings. +1§ | M=
FINAL LEVEL 2 SCORE, 8.5 =(8"+ Via + Pia+ M) 2 Suw: ( Transfar fo Level 1 form}
There is obsarvable damage or deterioration or anather condiian that negatively affects the building's ssismic perfomance:  [JYes  [INo
If yas, dascribe the condiion fn fhe commant bax balow and indicate an the Leval 1 form that detaiied o0 I35 e i it of this bullding’s stare.
OBSERVABLE NONSTRUCTURAL HAZARDS
Location Statement [Check “Yes™ or "No’) Yes | No Commant
Extedior There is an unbraced unrsinforced masonry paraped or unbraced unreinforced masonry chimnay.
Thara is heawy cladding or heavy venesr,
There is a heavy canoipy over exil doors or pedasirian wal that inadequatealy supporied.
Thera is an unremforced mascnry ap over exit doors or pedestrian walkways,
There s a sign posted on the bullding that indicates hazardous materials are present.
There is a taller adjacent building with an unanchored LIRM wall or unbraced URM parapet or chimney.
Other obsenied exteror nonstructural falling hazard:
Inberior Thiene are holow clay e or brick pariSons al any slair or exit cormidor.
COher absenved intarar neastreciunal falkng hazand:
Estimated Monstructural Selsmic Performance (Check approprafe box and fransler bo Leve! 1 form canclusions)
O Potential nonstructural hazards with skgnificant thoeat to occupant 1fe safety —*Detalled Nonstructural Evaluation recommended
O Honstructural hazards identiied with significant threat to occupant (ife safely —>Bul no Detailed Nonstructural Evaluation required
0 Low or no ranstructural hazard threat to oscupant lfe safaty —>ho Detailed Nonstrucheral Evaluation required
Comments

Figure B.10 FEMA p154 data collection form for low seismic regions level 2 (adopted
from FEMA p-154 Handbook)
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CANADIAN SEISMIC SCREENING METHOD DATA

APPENDIX C

COLLECTION FORMS

SEISMIC SCREENING FORM

p.1of2 i ITEM Mo.:

Address: | Postal Code: Bldg. Name:
No. of storeys: | Total Floor Area: mZ [ ear Built: Design NBC:
Primary use (see list on p. 2): | Heritage Designation:
Inspector: | Date: | Checked by:
Sketch FPhoto
TYPE OF STRUCTURE ({circle appropsiate descriptors) sec 4.2.2 |BM DUILDING IRREGULARITIES (sircie spproprists descriplors) ses 4.3.3
Wood WLF | Woad Light Frame o0 1. Martical 3 Abrspt changes in F]Ian dimansicns over haight
WPB | Wood, Post and Beam Imegularity | (e.g. setback or building an hill}
SMF | Steal M F 2, Horizontal | Iregular building shapes such as *L°, *v*, "E", "T",
Stasl S e A Eie Imegularity | eccentric stiffness in plan (e.g. shear wall on anly
SBF | Steel Braced Frame {Tors| side of bullding)
SLF | Steel Light Frame e oreony; | one na
scw Sml:m"‘“ with Concrete Shear 3, Short Short columns restrainad by partial starey height
Concrate lle (structural of infi d ired
SW | Stesl Frame with Infill Masonry Golumns p— ar MRR Of C880 dpancin
Shaar Walls
4. Scft Storey | Severe reduction of stiiness caused by
Concrete | CMF | Concrate Momant Frame discontinuous shear walls, openings, etc.
CEW | Concrete Shear Walls
CIW | Concrate Frama with Infil Masanry 5. Pounding | Separation betwesan buildings less than
Shiar Walls 85 20 Z, x no. of storeys (in mm)
PCF | Precast Concrate Frame . - i
6. Major Any change in function, use or addition which
PCW | Pracast Concrate Walls E:C:E‘ results in significant increase in loading or weight
RML | Raeinforced Mascnry Baarin@ Walls
Masonry WHW or Metal Deck Floors 7. Detarior- Structural elements are damaged, poor conditicn of
or s ation bullding is apparent (coraded relnlorcemeant or
RMC | Reinforosd Masonry Bearing Walls | 60
il CEnc it Diar;h A steal, rotted wood, poor concrete or masonry’)
URM | Unreinforcad Masonry Bearing 8. Nora None of the Imegularities listed above s prasant.
Wiall Building

NON - STRUCTURAL HAZARDS (Circle appropriale descriptors) see 4.3.4

Fy Falling Hazards ta Life:
Exterior: Masonry chimneys, parapets, venaer or stona / pracast panels, non-safety glass, or canopies ower exits and walkways
Interies: Heavy components; masanry partitions; non-satety glass in egress areas; storage shelves which may collapse anlo aneas of human cocupancy

F5 Hazards to Continucus Operation of Special Buildings: Equipment or lifelines required for continuous operation of special facillties. The owner

af autharity should provide a ligl of criticzl ilems needed far conlinuing operations,

‘rom: Manual for Screening of Existing Buildings for Seismic Investigation, IRC / NRC, Canada, Ottawa, September 1892

Figure B.11 Canadian Seismic screening form page 1 (adopted from handbook)

183



SEISMIC SCREENING FORM | p.20f2 \l ITEM No.:
SEISMIC PRIORITY INDEX: Circle appropriate value and enter each result on right side. Use asterisk (") with uncertain values
Design Effective Seismic Zone (Zy orZy + 11 Z3 > Zy)
NBC 2 3 4 5 6
[A | Seismiclty | pre-g5 1.0 15 20 3.0 4.0 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
o Soil Category
Design e .
Soil NBC Rgck or Stiff Soil Soft Soil Uve%'s:“le g;‘ : Un;:lolwn g
] Gonditions Stiff Sail >50m >18m quefial
Pre - 65 1.0 1.3 1.5 2.0 1.5
Post - 65 1.0 1.0 1.0 1.5 1.5
r Construction Type and Symbol (see p. 1)
ng‘g" Wood Steel Concrete | Precast | Masony Masonry
g| Jywoof WLF | WPB| SLF |SMF{ SBF bcw oM | csw | peF |pow | siw.ciw [RMLAMC | URM | C=
Structure
Pre-70 /1.2120]10]12115)20) 25|20 ) 2520 3.0 25 3.5
(8M = Benchmark| 70-8M |1.2/120 (1.0 [1.2/15(15| 15| 15| 1.8] 1.5 2.0 1.5 35
year.se¢p.J) | Post-BM [1.0/1.0{1.0{1.0{1.0{1.0) 1.0 [ 1.0 | 10{10] 1.0 1.0 -
- 3.Short | , « R
Design i Concrete | 4 -Soft 5 |6. Modifi- | 7. Dete- D = product
Building NBC L el 2 Mok Columns | Storey Pounding | cation | rioration St of circled
0 Irreqularities Numbars
Pre - 70 1.3 1.5 1.5 2.0 1.3 1.3 1.3 1.0 {Max 0f 4.0) =
Post- 70 13 1.5 15 1.5 13 1.0 1.3 1.0
: Normal School, or Post Disaster, or Special
: Design |Low Occupancy | - ge, High Occupancy |Very High Occup.| Operational
Building NBC N<10 6300 | Nw301-3006 | N>3000 | Reauirements
Importance Esx
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* = .. ........ K sonvausionvion R =
Primary Use: oc?:glgsm’ e ?ﬁﬁm&%‘ * Duration Factor is equal to the
Assem 1 5-50 average weekly hours of human
e e s 8 %4 S N
ices, utio anufactu . -
Residential i 0.05 100 greater than 1.0
Storape 0.01-0.02 100
S| [ STRUCTURAL INDEX = A-B.C-D-E= .._..._...__. : Sl=
] NON - STRUCTURAL HAZARDS Description (see p. 1) None Yes Yes * . i
R = max {F,, Fal
¢ | Fy | Faliing Hazards to Lite ] 1813 1 ’
F | Hazards to Vital Operations Any Year 1.0 3.0 6.0
* applies only if one or more of the following descnplors on paoe 1 are circled: SMF, CMF, saft storey, torsion
NSI|{ NON - STRUCTURALINDEX = B-E-F= ~ ~ ————= | NSI=
— e _
SPI| SEISMIC PRIORITY INDEX = SI+NSl= .=~ =™ |SPI=
Comments:

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

Figure B.12 Canadian Seismic screening form page 2 (adopted from handbook)
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SEISMIC SCREENING INVENTORY FORM Attach asterisks ("} to uncertain values

Page Mo.:
sl HNSI Spl Priority
Itam Addrass and/er Name of Building Man- Seismic far Commants
Na. 5'7”:*”“' Structural || Priofity || Evaluation
e Index Index

From; Manual for Screening of Existing Buildings for Seismic Investigation, IRC/ NRC, Canada, Ottawa, September 1892

Figure B.13 Canadian Seismic screening form page 3 (adopted from handbook)
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