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ABSTRACT

In general, in the design of high-rise buildings performance-based designs and analyzes are carried out using traditional
methods. This study suggests performing new generation risk assessment analyzes for high-rise buildings including not only
structural risk but also the time and cost related loss that may occur due to non-structural elements after a potential earthquake.
The study will provide useful information on the assessment of the economic loss of high-rise buildings after a potential
earthquake. The methods and measures taken during the traditional design process, their benefits, the new solutions and
alternatives will be assessed. Until recently, the 'Performance Based Design' of structures was the first thing coming to mind
in the earthquake risk assessment. However, nowadays the questions on resilience, potential economical and time losses in
possible future earthquakes and how these possible losses can be prevented are raised.

In this study, in addition to the performance-based design analysis, FEMA P-58-1 (2012) method which is one of the seismic
evaluation methods including assessment of non-structural elements, time and financial loss analysis was used. Within the
scope of the study, the fragility curves available in FEMA P58 were used and probabilistic results were obtained about the
repair cost, repair time, injuries and insurance costs of the building.

It is believed that the results of this study will be valuable for building owners, managers, insurance companies and risk
management. The TBDY 2018 regulation allows us to predict the expected behavior of structural members during a possible
earthquake, but nowadays building managers, owners and employers demand more than that. This reveals the need of new
generation risk assessment including time and financial loss assessment.

Although the structural system has a significant impact on the seismic performance of the entire building, its cost is only 20%
of the total building cost in general. So, the seismic performance should be evaluated in a broader context by the structural
engineers not only evaluating the structural elements but also all the systems in the building. The FEMA P-58 (2012) method
evaluates the seismic performance of an entire building with a new generation risk assessment tool in terms of loss of life,
facility repair cost and repair time in a possible scenario earthquake.

The current study includes the application of new generation risk assessment tool for a 28 floors typical residential high-rise
building with the evaluation of seismic performance of non-structural elements, recovery time and related financial loss analysis
in addition to the performance based design analysis carried out according to the Turkey Building Earthquake Code (2018).

Keywords: Assessment of earthquake Performans, Nonstructural components, Structural components, Istanbul, High Rise
Building,

OZET

Bu caligma, geleneksel yontemlerle performansa dayali tasarim ve analizleri yapilan yiiksek bir binanin yeni nesil risk
degerlendirme analizleri yapilmasini kapsamaktadir. Calisma sadece yapisal riski degil ayn1 zamanda potansiyel bir deprem
sonrasi yapisal olmayan elemanlardan dolay1 olusabilecek riski, zaman ve maliyet kaybini da igerir.

Calisma bu yoni ile yiiksek katli yapilarin deprem sonrasi performanslarinin ekonomiye olan maliyetinin hesaplanmasi
konusunda oldukga faydal bilgiler saglayacaktir. Boylelikle bina tasarimi sirasinda ele alinan yontem ve 6nlemlerin ne oranda
gerekli oldugu, yarar ve fayda dengesi ile yeni ¢6ziim oOneri ve alternatiflerinin aranmasi s6z konusu olacaktir. Afet risk
yonetimi hakkinda yapilan tartigmalarda ilk akla gelen, yapilarin ‘‘Performansa Dayali Tasarimidir’’. Yapilarin gelecekteki
olas1 biiylik depremlerde dogal tehlikelere kars1 daha dayanikli olmasini nasil saglariz ve olasi kayiplari nasil dnleyebiliriz gibi
sorular artik giindeme gelmektedir.
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Bu caligmada, Performansa dayali tasarim sonrasinda yapisal olmayan elemanlar, siire ve maliyet kayip analizlerini de igine
alan sismik degerlendirme yontemlerinden biri olan FEMA P-58-1 (2012) yontemi kullanilmistir. Calisma kapsamimda FEMA
P58’de mevcut olan kirilganlik egrileri kullanilmig ve yapinin onarim maliyeti, onarim siiresi, yaralanmalar ve sigorta maliyeti
hakkinda olasiliksal sonuglar elde edilmistir. Bu ¢alismanin sonuglarinin, bina sahipleri, yoneticileri, sigorta firmalar1 ve risk
yonetimi i¢in degerli olacagina inanmaktayiz. TBDY 2018 deprem yonetmeligi olasi bir deprem sonrasinda yapisal
elemanlarda beklenen davranisi tahmin etmemizi saglamaktadir. Ancak isletmeciler, igverenler ve yap1 sahipleri artik bundan
daha fazlasmi talep etmektedir. Yeni nesil yonetmeliklerin icerigine, olast deprem sonrasinda maliyet ve siire kayiplari
analizlerinin de eklenmesi gerektigi ortaya ¢ikmaktadir.

Yapisal sistem, eklentilerde dahil olmak iizere tiim binanin sismik performansi iizerinde dnemli bir etkiye sahip olmakla
birlikte, toplam bina maliyetinin yaklagik %20'sidir. Bu nedenle, yap1 miihendisleri sismik performansi sadece yapisal 6geler
ve can giivenligini saglayacak Onlemlere degil binanin tiim sistemlerine bakarak daha genis bir baglamda gérmeli ve
degerlendirmelidir. FEMA P-58 (2012) yontemi olasi bir deprem senaryosunda can kaybi, tesis onarim maliyeti ve onarim
siiresi acisindan tiim bir binanin sismik performansini degerlendirebilmekte, yeni nesil performansa dayali sismik tasarim
yontem ve araclar ile sorgulanabilir metrik cevaplar verebilmektedir.

Bu calisma, Tiirkiye Deprem Bina Yonetmeliginde (2018) yer alan performansa dayali tasarim ilkelerine dayanarak tasarlanan
yiiksek (28) katli tipik bir konut (rezidans) binasi i¢in yapisal olmayan elemanlarin, siire ve maliyet kayiplarinin da yer aldig1
sismik degerlendirme yonteminin uygulamasini igerir.

Keywords: Performans analizi, Yapsisal elemanlar, Yapisal olmayan elemanlar, Hasar, YUksek Bina, istanbul

1. Introduction

Recently, high-rise buildings are designed and built increasingly in Turkey. However, during the design
stage of these buildings, the common question is how these buildings will continue to serve to the
residentials after a potential major earthquake. Many problems are encountered in the design process.
As the buildings height increase, the structural system must cope with the two important issues. One of
them is wind and the other is earthquake. Design engineers managed to win the struggle with these two
issues in some extent with the development of dynamic isolation technology and one by one model
building tests. However, how the buildings will continue to serve after the earthquake, how and how
these will be reflected to the investor were not much thought. In the literature, especially in the recent
years there are several studies on the post-earthquake building use performance studies. Traditionally,
the structural system of all high or not high buildings in Turkey is formed from reinforced concrete
shearwalls and frames. There is a new earthquake regulation that came into force on 1 January 2018 in
Turkey for the design of tall buildings under a possible earthquake (TBDY 2018). In addition, the
international resource “Tall Buildings Initiative” (TBI), 2010 is also used. These regulations require the
application of performance-based design principles for tall buildings and also require the structural
system to be designed by nonlinear time history analysis.

When we look at the building stock in our country and the new buildings under construction, we observe
that there is a very intense construction. Most of the buildings that comply with the regulations are
designed to provide life safety, not to prevent injuries, limit damage or ensure rapid regeneration. For
example, in the new earthquake regulation, it is required to provide “Controlled Damage” performance
level at DD-2 level, also called “design earthquake”. Controlled Damage is defined as the level of
damage that is not too heavy and mostly repairable, in order to ensure life safety in the regulation. The
main task of the design engineer is to ensure life safety in the building. However, the expectations of
people from an engineer are far above them. Terms such as durability, planning and preparation, post-
disaster use are becoming increasingly important elements for building owners. Therefore, regulations
were conducted to analyze the state of the buildings after the earthquake. One of these studies, the USRC
Rating System, calculates the building residence and removes important missing information to assist
those using the structure, planners, building owners and insurers.

In this study, it is aimed to present the structural system performance of a high-rise building, which is
described in detail in other sections, as well as the structural performance of the building after the
earthquake, and the grading of the non-structural elements and the time and cost calculations required
for the building to serve. Architectural and mechanical components can account for over 70% of
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property damage to a building. Loss expenses and down-time costs may exceed the value of the
buildings.

(a)
Picture 1. This picture is an example of business offices that have prevented the operation after the
earthquake. Pictures (a) and (b) show the Sony Kumamato sensor factory damaged in the earthquake in
Japan in April 2016.

2. Methods

Today, there are various design methods and preferences. Such as reinforced concrete buildings, tall
structures using steel system and composite (mixed) structures. The rapid construction process and
strength of steel, the economical and fire resistance of concrete, and the use of composite structures can
solve many problems at the same time, especially in high buildings, play an important role in design
preferences.

The buildings in the above mentioned systems are analyzed by advanced analysis methods and the
structural system; for example, reinforced concrete shearwalls are designed with elements with
perimeter beams and frame systems. Before creating the analysis model of the building, it is explored
in detail how to model a reinforced concrete shearwall, beams and columns on the system basis. We can
call these as traditional methods and examine them in two groups.

2.1. Design with Traditional Methods
2.1.1. Classic Structural Analysis Method

The engineer pre-calculates, dimensions, and details the structural elements to fulfill the criteria in the
regulation. Most of the criteria in the regulation have been developed to provide earthquake performance
at some level. However, the targeted performance is often not clear and understandable

2.1.2. Performance-Based Assessment and Design Method

The aim is to provide and control the requirements of the defined performance levels. Performance
depends on the amount of damage which the building will take during an earthquake. Some of the
regulations used are;

» 1997 - FEMA 273, NEHRP Guidelines for the Seismic Rehabilitation of Buildings

* 2000 - FEMA 356, prestandard and Commentary for the Seismic Rehabilitation of Buildings

» 2007 ASCE / SEI 41-06, 13-17 Seismic Rehabilitation of Existing Buildings

« 2007 Regulation on the building to be constructed in Earthquake Zone Turkey Earthquake 2018
* Building Regulations
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Performance based design and assessment of current situation examines the performance levels as
Continuous Use, Limited Damage, Controlled Damage and Collapse Prevention as shown in Figure 1
(USRC, 2016).

Life Safety Collapse
Prevention

Figure 1. Performance levels in USRC, 2016.
2.2. Analysis and Design with Next Generation Methods

In recent years, new requirements have brought new solutions in the design process; the performance of
the buildings and surroundings during and after the earthquake are taken into account by the different
calculation methods and by the grading of the results. The FEMA P58 tool intents to include the non-
structural elements in the analysis and to fully simulate a structure and process by interpreting the results
with rating programs such as USRC (U.S. Resiliency Council). The structural and non-structural
elements are represented by the fragility curves as shown in Figure 2 (FEMA P58, 2002).

Figure 2. llustration of fragility curves for the structural and non-structural elements (FEMA P58,
2002).
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Figure 3.Resiliance based analysis flowchart (Emre TOPRAK IMO Seminar 2019)

The flowchart for the resilience based analysis is given in the Figure 3. The analysis steps can be
considered as follows:

e The information library is set with the structural and non-structural (cooling towers, generators,
shelves) elements information.

e The fragility curves are extracted from FEMA-P58.

e The population density information is required for each floor and per squaremeter.

e Site specific earthquake demand is determined. Performance based structural analysis results
such as floor accelerations and drift ratios for each floor are entered as input.

e Monte-Carlo simulation is applied.

e Theresults are interpreted through the grading systems such as USRC (U.S. Resiliency Council)
and REDI (Resilience-based Earthquake Design Initiative).

The probability of repair time and repair cost for a sample building after an earthquake event is shown in
the Figure 4. The time required for re-use of the building with a probability of 50% has been calculated
as 15 days. The repair cost is calculated based on the data on the structural and non-structural elements
for each floor.
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Figure 4. The time-cost graph of a sample building (FEMA P58, 2012).
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The Figure 5 shows an example of REDI rating scheme. It is divided into 3 levels as Silver, Gold and
Platinum depending on repair time, repair cost and injuries in the analysis results.
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Figure 5. An example of the REDI rating scheme.

3. Modeling, Nonlinear Time History Analysis And Performance Results Of The Structure Used
In The Study

3.1. Determining the Properties of the Structure

In this study, a non-linear time history analysis has been carried out for a 28-storey building including
ground and roof floors above 2 basement floors. The Figure 6 shows the plan section of the model. The
height of the building from the ground is 80.85 meters. Typical floor height is 3.20m on normal floors,
4.00m on ground floor, 3.50m and 3.80m on basement floors.
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Figure 6. The cross-sectional and plan views of the 28-storey building used in the study
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The material properties of the building structure is given in Table 1 and the nonlinear behavior of concrete
material (Mander) is shown in Figure 7.

Material Properties Used in Design;

Table 1. Mechanical properties of concrete and reinforcing steel materials used in the
analysis model

Expected Resistance

characteristic fck Resistance (kN / m2) C40 52000
Modules of Elasticity Ec (Mander et al., 1988) (kN / m2) 36.056.000
Elasticity Module Ec (TS-EN 1992-1) (kN / m2) 36.076.000
Shear Modulus G (KN / m2) 15.032.000
Heavy Unit Volume. ybeto kN / m3 25
Poisson's ratio v v - 0.2
ymc - 15
Reinforcement (B420-C) (kN / m2) 504.000
Modulus of elasticity (ES) 200.000.000
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Figure 7. Coil winding concrete stress and strain relations

Effective Section Stiffness values; In the nonlinear analysis model, the effective cross-section stiffnesses
are automatically calculated from the material behavior curves in the elements included in the model
according to the spread plasticity approach. Effective section stiffnesses for columns and beams
modeled using bar elements according to the stacked plasticity approach are calculated using the
following correlation according to TBDY2018 Section 5.4.5.

L d, f
(El)e=&5 o, =h+o.0015(1+1.5£j+m
0, 3 3 L) syt

It is the yield moment calculated by considering the axial load effect at the ends of the beams and

columns M» in this relation. Plastic hinge ¢ flow rotation for sections is calculated from the relation
above.

The figure 8 (a) shows the Perform 3D model which is the nonlinear calculation tool, and (b) shows the
preliminary design model in Etabs 2017. The Figure 8 (c) shows the plan view of the model.

The results presented in this study are based on the preliminary design of the CSI ETABS analysis model
and the CSI Perform3D program for nonlinear time history analysis of the building.

18


https://tureng.com/tr/turkce-ingilizce/characteristic

Dedeoglu et. al. / Disaster Science and Engineering 6 (2)-2020

(a) (b) (©)
Figure 8. This figure is the Perform 3D analytical model (a), Etabs 2017 model (b), the plan view of
the Perform3D analysis model (c).

The figure 9 and figure 10 preliminary design parameters used in the calculations are determined by
TBDY 2018 in the following section.
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(b)
Figure 9. Building use class (a) TBDY 2018 Table 3.1 and Earthquake design class (b)
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Figure 10. Building height class (a) TBDY 2018 Table 3.1 and Live load participation coefficient 3.1

3.2. Design Earthquake Levels

The design earthquake levels have been taken from the Turkish Building Earthquake Regulation (Turkiye
Bina Deprem Yonetmeligi, TBDY 2018).
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3.2.1. Earthquake Level for DD1

This earthquake level refers to the most severe earthquake ground movements that buildings can be
exposed to. The probability of the earthquake at dd1 level to exceed 50 years is 2%, the corresponding
return period is 2475 years

3.2.2 Earthquake Level for DD2

This level of earthquake refers to sparse but severe earthquake ground movements that are not very likely
to occur during the service life of buildings. The probability of a D2 level earthquake to exceed 50 years
is 10%, the corresponding return period is 475 years.

3.2.3. Earthquake Level for DD3

This level of earthquake refers to earthquake ground movements that are likely to occur during the service
life of the buildings, relatively frequent but not very high severity. The probability of the DD3 level
earthquake to overcome in 50 years is 50%, and the corresponding return period is 72 years.

3.2.4. Earthquake Level for DD4

This level of earthquake refers to earthquake ground movements that are likely to occur during the service
life of the buildings, relatively frequent but not very high severity. The probability of the DD4 level
earthquake to overcome in 50 years is 68% and the corresponding return period is 43 years

3.3. Scaled Motion to be used in the analysis

A site-specific earthquake hazard study has been carried out to be used for nonlinear time history analysis
of the building. Scaled records for DD1 earthquake level are as follows, rsn4841 chuets-o in Japan,
rsn4843 chuets-o in Japan, rsn4872_chuets-o in Japan, rsn5478 iwat Japan, rsn5623 iwat Japan,
rsn5775_iwat Japan, rsn6891 darfield NewZealand, rsn1633_manjil Iran, rsn1787_hectorm,
rsn750_lomapriet, rsn751_lomapriet records are used. (Records were obtained from PEER website
https://ngawest2.berkeley.edu/ sites).

For the nonlinear analysis, site-specific earthquake records are scaled as shown in the figure 11.
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Figure 11. The SRSS of the records acceleration spectra scaled for DD1 earthquake level
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3.4. Nonlinear Time History Analysis Results

Floor relative displacement readings have been made from 4 different points on each floor as shown in
the Figure 12. The floor drift ratio limit has been assigned as (3%) for the DD1 earthquake level and for
the collapse prevention (GO) performance level according to the TBDY 2018 as shown in the Table 2.

HDZ i ety =
B 1l
i
\@a — )

Figure 12. This figure shows the points where the results of relative floor displacements are read.

Table 2. This table shows the limit values given for relative floor displacements in TBDY 2018.

Earthquake Level DD1
Target Performance Collapse Prevention
Drift ratio limit 3.0% (Mean)

The relative floor displacement has been checked for each point in both directions as shown in the Figure
13. The limit values in the regulation are shown with a dashed line. The lines drawn in dark color represent
the average value of the results of 11 earthquakes.

D3-X D4-Y

0.040 0,030 -0.020 0010 0.000 0.010 0020 0.030 0.040 0,040 0030 0020 -0.010 0000 0.010 D020 0.030 0.040

GORELI OTELENME ORANLAR SORELE OTELENME ORANLARI

(@) (b)
Figure 13. The relative floor displacements in the X direction (a), the relative floor displacements in the
Y direction (b).

In the deformation control for shear walls, unit deformation controls were performed for all shear walls
using the measurement elements (straingauges) as shown in the Figure 14. The readings for the shearwalls
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from the analysis results are shown in the Table 3. The strain levels for the concrete and reinforcing steel
for the Collapse Prevention and Controlled Damage performance levels according to the TBDY 2018 are
shown in the Table 4. As it has been seen that the analysis result readings are well below the upper limits

defined by the TBDY 2018.

Figure 14. The location of the strain gauges placed on the shearwall in the model

Table 3. In this table, the unit strain values read at the ends of the system walls are given

Shearwall IDs | gc (GO) Shearwall IDs | ec (GO)
P00 0.009618 P13 0.009257
P01 0.007155 P14 0.007875
P02 0.008438 P15 0.009618
P03 0.006909 P16 0.009618
P04 0.008438 P17 0.009257
P08 0.007875 P18 0.009618
P09 0.009257 P22 0.009618
P10 0.009618 P23 0.009618
P11 0.009257 P24 0.009746
P12 0.009257

Table 4. The upper strain limits according to various cross-section damage limits (TBDY, 2018)

Earthquake Level;

limit (&s)

Controlled
DD1 Target Performance Collapse Prevention Damage
Confined concrete pressure unit| | .4 4 0035 * y (ow A) <0,0180 | | 0.75 * ecgd
deformation limit (ecg)
Reinforcement unit deformation 0,032 0,024

Here; ow shows the active hoop ratio.

Shearwalls Shear Capacity Control

The control of the shear capacities for the shear walls in the building has been made for the shear forces
occurring at the DD1 earthquake level for all shear walls. According to the results as shown in the Figure
15, the shear force values on the shearwalls are below the limit value (Ve< 0.85Ach * Vfck) red dashed

line.
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P09
P11

L 8 Tt

@) (b)
Figure 15. The shear force values received by the shearwall P09 (a) and shearwall P11 (b)
Columns Plastic Rotation Control
Plastic hinge rotations at the end regions of column elements of the nonlinear model have been checked.

Column plastic rotations do not exceed the Performance Level Controlled Damage (KH) upper limits as
shown in the Figure 16.

kolon Plastik Rotasyonlar

Figure 16. Comparison of Column Rotations with Plastic Rotational Capacities

According to above results in the light of DD1 earthquake effects, the following evaluations have been
reached for the nonlinear performance analysis;

Relative floor displacements in the structure provide the Collapse Prevention level.

The strain levels occurring in the shearwalls of the building are below the allowable limit values.
The shear strength of the shearwalls in the building is sufficient

The deformation demands that occur in the columns and beams in the building are below the
limits allowed by the regulation.

e Tie beams in the structure provide the Collapse Prevention level.
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4. Performance Based Design of 28 Story Residential Building Using Time Besed Assessment
Approch of FEMA-P58 and Its Pact Tool

This chapter provides an example application of the time-based performance for 28 story RC residential
building for assessment methodology using nonlinear response history analysis in the Performance
Assessment Calculation Tool (PACT) with provided fragility and consequence function data. The work
necessary to obtain a probable maximum loss value that reflects the repair cost, expressed as percentage
of building replacement cost, having a 10% probability of exceedance over a 50-year loan period for an
office building is presented here as follows.

e Obtain site and building description,

e Select assessment type and performance measure,

e Assemble building performance model,

o Select analysis method and construct analytical building model,
o Define earthquake hazards,

e Analyse building response,

e Input response data and calculate performance

e Review results for selected performance measures,

Select assessment type and performance measure

Time-based assessment will be performed with building performance expressed in terms of average
annual repair cost in dollars. The resulting cost distribution is used to determine the loss associated with
a 10% probability of exceedance over a 50-year period of time and converted from dollars to percentage
of replacement cost.

Assemble building performance model

The building performance model has been constructed in PACT by following the sequence: providing
project information, building characteristics selecting fragility specifications and performance groups,
identifying collapse fragility and collapse modes, and providing residual drift fragility. The building
informations input are as follows (see. Figure 15 (a) and 15 (b), in which PACT input)

* Number of floors: 28

* Total building cost: $ 9,548,955 were estimated to be.

* Replacement Time: Estimated as 576 days.

« Core and Shell Replacement Cost: Estimated as $ 3,342,135.

» Maximum Workers per Square Foot: Default value of 0.001 is used.

« Total Loss Threshold (as Ratio of Total Replacement Cost): Default value of 1.0 is used.

» Floor Area: 860.95 m?

« Floor Height: 3.4m Variation in floor height is input via the Floor Number drop down selector, which
also permits input of non-typical floor areas.
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Figure 17. In this way, the PACT project in (2) and PACT building data entry screens (b)

FEMA P58 -PACT according to according to the type of structure is necessary to introduce the people
of the time-dependent density daily chart of the building. In this study, we use the figure because it is

the type of building housing figure 18 'as seen in the graph human density is high, the hours of the day
and low at night.

T PACT Building Modeter - Parados Plazs, LA § Legs, Intensity (Te-875yes) o X
Fle Edt Teok Help
Frijecl o Bukding o Fopution Comproreed Fagities  Peiomance Grouss - Uolapee Foglty  Siuchurd sy sl Residosl V1 Haaa |2 354
Typical Dccupancy Mix Popndation Wodel N Wdiord Fsidertid
- Peak rumber o oorupents per 1000+ i I Xx e qa ." >t
Oapany Frascin A A -:'?- \
b Mok Resdertid |1 \
* | Dol the Wesh Mt Grogh c 254 *
8 View Weskday (0 Wiew Weekend () Vew Yeur o i
T Y
" ; \
dapse okl = 2+ \ #
- z 4 /
15 [=] L]
g P T 154 \ $
| e 25 " J ® /
Floor-by Floor Distnbution ‘E- _1 \ ﬂ
5 : = 2z \ ! T 4
Floor ol 28 Fleorl) | b K EL . \
| g1 { | »
Oeacansy Fracten k
1 1 ]
b |Mabiarit Resdertis |1 1 o 0.5 T T T T
. \ . ke 0 G 10 15 20
] L T 1
Hour Hour
|

(@) (b)
Figure 18. Building on the identification of people have busy times and density chart

4.1. Structural Components
As structural components, columns, beams, shear wall and slabs in the building are mentioned

4.1.1. Structural Component Fragility Specifications

Structural components are input based on the basic building characteristics previously described. To
input structural fragility groups, the dropdown menu of selections in the Component Fragilities tab,
shown in Figure 19 are utilized. The following information summarizes the structural components
included in the performance assessment model.
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Figure 19. Beam-Column joints fragility curve definition

4.1.2. Structural Component Performance Groups

For each floor, the number of special moment frame beam-column joints vulnerable to story drift in
each building direction are entered for each of the pre-selected specifications. Figure 20 summarize the
defining performance groups in PACT with A, B, C, D, E-the building axes in X (2) direction and 1, 2,
3,4,5,6, 7-in Y (1) direction. Input of the post-tensioned slab/column joint information is similarly
inserted at each floor; however, these fragilities are input as non-directional. There are for example 77,

joints for floor 1.
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Figure 20. The performance group definition process is repeated for each floor and for each direction
(including non-directional) as shown in Floor 1

4.2. Non-Structural Components

The process of identifying and selecting the type and distribution of the nonstructural components can
be greatly simplified by the use of the Normative Quantity Estimation Tool, provided in Volume 3 of
PACT. This tool can be used to generate a floor-by-floor listing of nonstructural components with
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estimates of their performance group quantities with the simple input of building floor areas and
occupancies as shown in figure 19

Water Tank, Water Tank 15 M*® Module. Hsu = 1.5m. As Steel Tank + Water = 1800kg / m2
(30cm Floating Concrete Qaeda Qaeda Excluded)

Vrv Air Conditioning Outdoor Unit Cooling Devices (except for H = 30cm Steel Qaeda Qaeda)
= 350kg / m2 (excluding Qaeda)

Cooling Chiller Unit (except for 4-Qaeda Corner Wedge H = 50cm concrete Qaeda Qaeda) =
550kg / m2 (excluding Qaeda)

Ventilation Equipment Plant = 250-350 Kg / M2 (Excluding Mount)

HRV (Heat Recovery Devices Cabinet Type) De Floor Office Tower Some of the Subject is =
250 kg / m2 (excluding Qaeda)

Boiler (Floor Standing Condensing) = 200-450 Kg / M2 (Excluding Mount)

Stairs, elevator pressurization And Smoke Exhaust Fans =210kg / 0,42m2 = 500kg / m2 (Atrium
Steel Roof Fans Smoke necessarily be reported to the main Static Group)

Cell Exhaust fans (kitchen wec..vs) = 150 to 250 kg / m2

Or Norm Cooling Heating Pumps = 1.010kg / 0,98m2 = 1030kg / m2

Horizontal Equilibrium Tank (Large System in) = 500-750kg / m2 (Varies by this system size)
Expansion Tanks = 1000-2000kg / M2

Cooling Tower Equipment = 34.000kg / 35m2 = 971kg / M2
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Figure 21. In this way, PACT program introduction of non-structural elements
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4.3. Define earthquake hazards

For time-based assessments, nonlinear response history analyses are conducted for m sets of n ground
motion pairs each, scaled to appropriate intensity values using the procedures of volume 1, Chapter 4
of FEMA P58. a value of 8 is recommended for m. For very weak buildings, M can be taken smaller
than 8. For buildings with high resistance, it may be necessary to increase the number of segments or
increase the range of segments to obtain stable results.

Ground motion records for time-based assessments are generated as follows:

step 1. Determine the building’s fundamental translational periods in two orthogonal directions.
(T¥1and TY).
building period in both the vertical directions are ; T¥ = 2.94secT { = 4.06sec

T +T

step 2. Then, the average fundamental period of the building is T = Y —35sec

step 3. Obtain a seismic hazard curve for Sa( T)
Although site-specific seismic hazard analysis can be used, for this example, the Java Ground Motion

Calculator, available for download from ¢’ Tiirkiye Deprem Tehlike Haritalar1’’ Interaktif Web App. at
tdth.afad.gov.tr is used, as previously illustrated in Figure 20.

Response Spectrum- Site Class B

0.0012

0.001

0.0008

0.0006

TDBY2019
0.0004

Accelerations (cm/sec2)

0.0002

0 2 4 6 8 10

Time (sec)

Figure 22. Seismic hazard curve, Site Class ZB, level DD2

Step 4. Define STY"™(T) and S***(T) that span between building response that produces negligible
damage to response that produces significant probability of collapse. For T = 3.5sec ST“™(T)be taken
as;

. 0.05 0.05
Smin(T) = —~ =

2 2 _0.014
T ~ 35 &

Smax(T) = 2  Sa(T)

Sa( T) value is interpreted as 0.938g.

Smax(T) = 2 x 0.938 = 1.876g
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Step 5. Divide the seismic hazard curve into 8 segments that span the range of S(T) from
SMn(TY) to ST (T).

((SMN(T) to ST(T) = S(T), SPa(T) = 1.876g > S(T) = 1.56g biiyiik oldugu i¢in 1.56g alinmistir

Sismik Tehlike Egrisi
0.025
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2 002
[J]
o
c
(]
°
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o
= O
5 0.005 o
c
c
<
c
8 0
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Saat T=3.5sec, g

Figure 23. lllustrates the striping of the seismic hazard curve of Figure 5-2 producing 8 equal Sa -width
segments spanning the range of S(T) from 0.014g to 1.876g ((ST™™(T) to ST***(T) =
S(T), because to S (T) = 1.876g > S(T) = 1.56g) . Each segment has a width

Step 6. The central value of S(T) at the midpoint of each segment is determined together with its mean
annual frequency of exceedance. Table 5-3 summarizes these data.

Table 5. Intensity Segment Values

Spectral PGA = Frequency
Segments S(T) Values
1 0.11109 0.020205
2 0.30469 0015
3 0.49829 0.008335
4 0.69189 0.005835
5 0.88549 0.00453
6 1.07909 0.00403
7 1.2727 0.003665
8 1.4663 0.003095
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4.4, Select analysis method and construct analytical building model

The structure is analysed using nonlinear response history analysis. A three-dimensional analytical
model is assembled as described in Section 3.2.2 and VVolume 1, Chapter 5 of FEMAP58. We have used
ETAB2017 and PERFORMBS3D for this purpose.

Table 6. Summary of Structural Analysis Results (drift and acceleration values according to floors, It is

taken from nonlinear analysis Perform 3D.
Intensity 5 Sa(T)=0.885g Intensity 6 Sa(T)=1.079g Intensity 7 Sa(T)=1.273g Intensity 8 Sa(T)=1.4669

Demand Median Demand Median Demand Median Demand Median
KAT)] A; a; KAT)] A; a; KAT)] A; a; KAT] A; a;
13| 0.00719| 1.56555 13| 0.00446| 1.38828 13| 0.00212f 0.66847 13] 0.00361| 0.66693
22| 0.00731] 1.65939 22| 0.00453| 1.48368 22| 0.00216| 0.73422 22| 0.00367] 0.725
21| 0.00733| 1.7244 21| 0.00454| 1.5331 21| 0.00216| 0.74463 21| 0.00368| 0.74047
20] 0.00735| 1.77005 20] 0.00455| 1.57291 20] 0.00217] 0.76271 20| 0.00369| 0.75892
19] 0.00723| 1.60287 19] 0.00448| 1.43561 19| 0.00213| 0.71441 19| 0.00363| 0.70397
18| 0.00694f 1.70137 18| 0.0043| 1.51246 18| 0.00205| 0.73435 18] 0.00348| 0.73034
17| 0.0067| 1.85437 17| 0.00415| 1.64713 17| 0.00197| 0.79756 17] 0.00336| 0.79403
16| 0.00663| 1.66341 16| 0.00411f 1.48799 16| 0.00196 0.7375 16] 0.00333| 0.72781
15| 0.00644| 1.67112 15| 0.00399| 1.49248 15[ 0.0019| 0.73585 15| 0.00323| 0.72761
14| 0.00617| 1.72881 14| 0.00382| 1.54353 14| 0.00182] 0.76027 14| 0.0031] 0.75204
13| 0.0054f 1.59088 13| 0.00335| 1.42549 13| 0.00159| 0.71037 13] 0.00271| 0.69962
12| 0.00527| 1.75156 12| 0.00326| 1.57624 12| 0.00155| 0.79639 12| 0.00264] 0.78034
11| 0.00538| 1.79612 11| 0.00333| 1.61048 11{ 0.00159| 0.80431 11] 0.0027| 0.79149
10| 0.00527| 1.64913 10| 0.00327| 1.47843 10| 0.00155| 0.73796 10] 0.00264] 0.72635
9| 0.00475| 1.74398 9| 0.00294| 1.55473 9 0.0014| 0.76198 9| 0.00238| 0.75515
8| 0.00473| 1.76198 8| 0.00293| 1.57577 8| 0.00139| 0.78038 8| 0.00237| 0.77037
7] 0.00486| 1.99141 7] 0.00301] 1.77566 7] 0.00143| 0.87085 7] 0.00244] 0.86282
6] 0.00468| 1.57048 6] 0.0029| 1.40091 6| 0.00138| 0.68798 6] 0.00235| 0.68129
5| 0.00494| 1.44163 5| 0.00306| 1.28344 5| 0.00146| 0.62622 5| 0.00248| 0.62165|
4] 0.00467| 1.71101 4] 0.00289| 1.53291 4] 0.00138| 0.76354 4] 0.00234| 0.75212]
3| 0.00447| 1.35813 3| 0.00277| 1.21107 3| 0.00132| 0.59407 3| 0.00224] 0.58855
2| 0.00437| 1.78219 2| 0.00271] 1.5992 2| 0.00129| 0.80063 2| 0.00219] 0.78716
1] 0.00424] 1.70107 1] 0.00262| 1.51769 1] 0.00125| 0.74579 1] 0.00213| 0.73837
4| 0.00378| 1.29132 -4] 0.00234| 1.1397 -4] 0.00111 0.54] -4] 0.0019] 0.54209
2| 0.00351| 1.63069 -2| 0.00218| 1.44714 -2| 0.00104| 0.6986 -2| 0.00176| 0.69631
3| 0.00236] 1.89171 -3| 0.00146| 1.68264 -3| 0.0007| 0.81857 -3| 0.00118| 0.81351
1| 0.0005| 1.17383 -1] 0.00031| 1.04576 -1] 0.00015| 0.51142 -1] 0.00025| 0.50725

4.5. Input Response Data and Calculate Performance

Structural analysis results for each of the 8 intensity levels are input to PACT on the Structural Analysis
Results tab. Figure 25 illustrates the drift input values for intensity 4, direction 1. Input includes spectral
acceleration (Sa = 0.6929), dispersion (f m = 0.47) and includes input for all 7 demand vectors.

5. Evaluation

PACT displays assessment results on the Time-Based Results tab as shown in Figure 2, which shows
annual probability of exceedance for repair cost of different amounts as well as average annual loss
values. In the illustration, the average annual probability of collapse is shown in the box at the upper
left-hand corner of the figure as 0.0006475. This is equal to a mean return period for collapse of

m = 1544 years. Similarly, the box below this indicates an average annual probability of 0.012

for damage being so severe that an unsafe placard is posted on the building, equal to a mean return
period of approximately 85 years. To determine the repair cost that has a 10% probability of non-
exceedance over the 50-year loan period, it is necessary to calculate the corresponding return period for
such a loss. The mean return period, Pg, can be calculated as a function of the number of years in the
period of interest, Y, and the desired probability of exceedance, Pgy , using the formula,
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I —
R In(1—Pgy)

Y = 50 years, Pgy = 10% = 0.10. Substituting and solving
—-50

Pp=—————
R 7 In(@-0.10)

= 475 years

The -year return period for the desired loss equates to an annual frequency of exceedance of1/475
years or 0.0021 per year. For the case of Figure 2 with this annual probability of non-exceedance, the
associated repair cost is found as $8.75M. This represents 91.63% of the building’s total replacement
cost. Likewise, as shown in the Figure 2, the average annual repair cost come to $85210.2717.

Gragh Type.
1) Sncked eea

) Tetal Line.

Figure 25. Time Based Results tab showing annualized repair cost figire (a), figure (b) shows the
Scenario/Intensity Results tab showing repair cost. (50% is seen as likely repair costs of
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Figure 24. Structural Analysis Results tab with drift input for intensity 4
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USRC Rating Range for New Regulation Compliant Building

This certification method (USRC) Rating, you live in, you do the building work that defines the expected
disaster or investment performance. Building certification level of the repair cost, depending on the injury
and repair time again is shaped into groups of 5 stars as shown in figure 26.

CAENCP
&

y\

V.5
112 E

Safety ' Damage Recovery

5% Injuries and 5* Minimal damage || 5% Immediately to
blocking of exit (< 5%) days
paths unlikely o
4% Moderate 4% Within days to
Serious injuries weeks
TG Significant Within weeks to
Loss of life damage (< 20%
unlikel
2%  Loss of life
possible in

Severe damage More than one
(40%+)

NE Not Evaluated

isolated locations

1* Loss of life likely

in the building Not evaluated

Figure 26. Rating USRC-class table that we use in this study evaluated the building according to the
degree USRC 3 *.

REDI Rating Range for New Regulation Compliant Building

The figure 27 shows the RED grading of certificate which is building repair costs, repair time and injury
due to "Platinum, Gold, Silver" offers Certificate, in 3 main groups.

Platinum
Downtime:
Immediate Re-Occupancy (Green Tag expected)
and
Functional Recovery < 72 hours

Direct Financial Loss:
Secenano Expected Loss = 2.5%

Occupant Safety:
Physical injury due to failure of building compeonents unlikely

GO ].d Downtime:

Immediate Re-Occupaney (Green Tag expected)
and
Functional Recovery < 1 month'

Direct Financial Loss:
Scenario Expected Loss = 5%

Occupant Safety:
Physical injury due to failure of building components unlikely

-
Silver Downtime:
Re-Occupancy = 6 months (Yellow Tag posaible)

and
Functional Recovery = § months!

Direct Financial Loss:

Scenanio Expected Loss = 10%

Occupant Safety:
Physical mjury may occur from falling p s (but not structural collapse),

Figure 27. RED Grid Rating Class calculated in the study building is silver certified according to this
rating system.
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6. Results and Discussion

In this study, a new generation risk assessment analysis has been carried out for a highrise building
which was analyzed by traditional methods and performance calculations.

The FEMA P58 methodology which is one of the new generation risk assessment approach has been
applied. The existing structural and non-structural fragility curves have been used for a sample highrise
building and the repair cost, repair time, injuries and insurance cost of the building have been calculated
probabilistically. It is believed that the results of this study will be valuable for building owners,
managers, insurance companies, and risk management.

The analysis results obtained in the study are as follows:

e According to TBDY 2018, the target highrise building has provided the “Collapse Prevention ”
performance level under the DD1 earthquake level.

e After the performance analysis, the new generation resilience based risk assessment analyzes
have been carried out according to FEMA P58. The cost and duration losses for the structural
and non-structural members have been determined. The loss results have been graded according
to the independent rating agency USRC and REDI. 3-Stars and Silver categories have been
assigned respectively.

The study demonstrated the necessity of resilience based assessment evaluating the building with not
only structural but also non-structural elements. This approach is considered valuable in terms of
providing predictive measures with the approximate calculations such as the cost and time required to
return to normal life, beyond ensuring life safety in the building after the earthquake.

TBDY 2018 earthquake regulation allows us to predict the expected behavior of the structural member
of the buildings after the possible earthquake. However operators, employers, and builders now demand
more than that. In the content of new generation regulations, it is revealed that analysis of cost and time
losses should be considered after possible earthquake.

Based on these results, seismic risk identities of structures and regions can be created according to USRC
(US Resiliency Council and REDI (Resilience-based Earthquake Design Initiative), which are
international rating agencies
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