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ANNOTATION AND SYMBOL

Symbol Explanation

Ay Area of a section of tensile reinforcement

Sa Spectral acceleration.

Sa Spectral displacement (Sa and the associated Sd make up

points on the capacity spectrum )
Vv Base shear
Aroof Roof displacement (V and the associated Aroof make up

points on the capacity curve)

W Building dead weight plus likely live loads.

wi/g mass assigned to level

al The modal mass coefficient for the first natural mode.

oi,1 The amplitude of mode 1 at level 1

N Level N, the level which is the uppermost in the main
portion of the structure

ec Concrete strain value

&s Steel strain value

Op Plastic curvature

Oy Ultimate curvature

owe Mechanical reinforcement ratio of effective confinement
reinforcement

LP Plastic hinge length

LS Shear span

dp Longitudinal reinforcement diameter

dpL The diameter of the tension reinforcement.

esh Steel strain at hardening point

Oy Yiled rotation

esu The confined concrete ultimate strain

Bo Hysteretic damping represented as equivalent viscous
damping.

Ep Energy dissipated by damping.

Eso Maximum strain energy

M, Yield moment
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Psx

Lp
Ly
Py

Jeo fyw

Ay

dand d’

Annotation

TSC2018

EC8
ABYYHY1998
FEMA356

ASCE 41-06

The chord rotation at yield

The yield curvature of the end section.
The depth of cross-section

The confinement effectiveness factor

The mechanical reinforcement ratio of the tension and
compression, respectively, longitudinal reinforcement.
The ratio of transverse steel parallel to the direction x of
loading.

The length of plastic hinge.
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respectively.
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Turkish Seismic Code Published In 2018

European Seismic Code

Regulation on Buildings to be Built in Disaster Areas
The American Pre-Standard And Commentary For The
Seismic Rehabilitation of Buildings.

A valuable tool for structural engineers and the public for
improving seismic performance of existing buildings.
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ABSTRACT

NONLINEAR PERFORMANCE ASSESSMENT OF RC BUILDINGS BASED
ON DISPLACEMENT DESIGN BY IMPLEMENTING TSC2018 WITH
COMPARISON TO THE EUROCODE

Arova KONAK
Master of Science in Department of Civil engineering
Supervisor: Associate Prof. Dr. Idris BEDIRHANOGU
March 2022,130 pages

Turkey is located in an active seismic zone where it has been suffered great losses in economy
and souls. As a result of site investigations that have been conducted after earthquakes, it has
been concluded that many buildings had not been designed according to codes and regulations.
It was also seen that the strength of the concrete used is very low in addition to the presence
of many defects in buildings which decreased the buildings’ resistance to earthquakes. To
avoid these risks, the issue of evaluating the performance of a building and retrofitting has
received great attention in recent years. The common methods used to evaluate the

performance of buildings are nonlinear static and dynamic methods.

In this study, the performance evaluation of buildings has been done by using nonlinear
methods. For this purpose, nonlinear analysis and pushover analysis methods were used. Both
Turkish seismic code (TSC2018) and Euro-code (ECS8) rules have been considered
comparatively for sample rc frames and a building. The sample building has a serious torsion
problem where the stiffness center does not match with the mass center. In addition to the

torsion problem, the effect of low-strength concrete on performance was also investigated.

The results have proved that implementing both codes the TSC2018 and the ECS yield similar
results. Nonetheless, the only difference between these two cases is the definition of the
effective section stiffness and the definition of the plastic hinge, however, the difference
remains at the minimum level. In addition, it has been determined that the building
performance decreases when the concrete strength decreases. Furthermore, it was found that
the decline in performance when the concrete strength decreases from C20 to C10 is much
greater than the case in which the concrete strength decreases from C40 to C20. Bearing in
mind that the frame that has been studied in this case was multi-storey. Therefore the effects
of the weaknesses in the structure on the performance may differ according to the number of
floors. Lastly, it has been aimed that the obtained results will be guides and references for the

project design engineers.
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OZET

BETONARME BINALARIN SEKILDEGiISTIRMEYE DAYALI DOGRUSAL
OLMAYAN PERFORMANS DEGERLENDIRMESINIiN TBDY2018 VE EC8
ILE KARISLASTIRMALI OLARAK GERECEKLESTIRILMESI

AROVA KONAK
Yiiksek Lisans, Insaat Miihendisligi
Danisman: Dog. Dr idris BEDIRHANOGU
Mart 2022, 130 sayfa

Tiirkiye aktif bir deprem kusaginda yer almakta olup, ekonomi ve insan hayati agisindan biiytik
kayiplara ugramistir. Depremlerden sonra yapilan saha incelemeleri sonucunda birgok yapinin
deprem kurallarina gore tasarlanmadig1 sonucuna varilmistir. Binalarda depreme karsi direnci
azaltan bir¢ok kusurun bulunmasinin yani sira kullanilan betonun mukavemetinin ¢ok diisiik
oldugu da goriilmiistir. Bu risklerden kaginmak ig¢in bir binanin performansinin
degerlendirilmesi ve giiglendirmesi konular1 son yillarda biiyiik ilgi cekmektedir. Performansi
degerlendirmek igin kullanilan yaygin yontemler dogrusal olmayan statik ve dinamik
metotlardir.

Bu ¢aligmada betonarme yapilarin performans degerlendirmesi dogrusal olmayan yontemler
kullanilarak yapilmistir. Bu amag ile zaman tanim alaninda analiz ve itme analizi yontemleri
kullanilmistir ve 6rnek bir yapi {izerinde hem TSC2018 hem ECS8 kurallar1 karsilastirmali
olarak goz Oniine alinmigtir. Yapidaki kusurlarin performansa olan etkilerini incelmek amag
ile segilen 6rnek yapinin rijitlik merkezi ile kiitle merkezi ile birbirine uzaktir ve bu sekilde
yapt 6nemli burulma etkilerine maruz kalmaktadir. Ayrica beton dayanimin diisiik olmasinin
performansa etkisi de incelenmistir.

Sonug olarak Tiirkiye deprem yonetmenligi ve Eurocode ile yapilan analizlerde birbirine yakin
sonuclar elde edilmistir. Buna karsilik TSC2018 ve EC8 kurallar1 karsilastirildiginda etkin
farkliliklarin sonuglar iizerinde az etkili oldugu goriilmiistiir. Beton dayaniminin performansa
etkisi de incelenmistir. Beton dayanim diistiiglinde bina performansinin da azaldig: tespit
edilmistir. Ayrica beton dayanimi C20 den C10 a diisiitiiglindeki performans azalmasi beton
dayaniminin C40 tan C20 ye diismesindeki performans kaybi ¢ok daha fazla olmaktadir. Bu
durum goézoniine alinan gergevenin ¢ok katli olmast ile iliskilendirilmektedir. Bu durumda kat
sayisina bagli olarak yapidaki zayifliklarin performansa etki oranlar1 farklilik
gosterebilmektedir. Elde edilen sonuglarin  yapilarin  deprem  performanslarinin
degerlendirilmesi ¢alismalarim1 yapan proje miihendislerine onemli bilgiler saglayacagi
edecegi diislinlilmektedir.

Anahtar Kelimeler: Dogrusal olmayan analizi, TSC 2018, ECS, Itme analizi,

Sekildegistirmeye gore tasarim.
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1. INTRODUCTION

It is known that Turkey is located in a higly seismic zone and most of the existing
buildings in Turkey are highly prone to earthquakes. This fact cannot be ignored in the
process of designing structures. Earthquakes are natural disasters that we cannot
eliminate, however, we can prevent buildings from collapsing or reducing the damage
caused by earthquakes by improving the resistance of buildings. The damage to
structural elements in buildings during earthquakes is most often caused by errors
related to improper soil research, the lack in the quality of the building materials, and
insufficient details in design or application (Bedirhanoglu et al. 2022). In addition,
some buildings collapse under only vertical loads mainly due to defects that occur
during the construction of the building (Bedirhanoglu 2009). Below there are some

pictures of collapsed buildings (Figure 1.1, Figure 1.2, Figure 1.3).

Figure 1.1 Damage to the column under vertical load (Taken from the archive of Assoc. Prof. Dr. Idris

Bedirhanoglu, Bedirhanoglu 2011a)



Figurel.2 The collapse of the building, which had damaged (Taken from the archive of
Assoc. Prof. Dr. Idris Bedirhanoglu, Bedirhanoglu 2011a)

Figure 1.3 Building had collapsed 2011 in the earthquake (Taken from the archive of
Assoc. Prof. Dr. Idris Bedirhanoglu, Bedirhanoglu 2011b)

It is known that the linear methods have been used in the design of new buildings.
However, the nonlinear methods should be used to produce more reasonable outcomes.
Since the nonlinear methods play a key role in the reliability of the performance
analysis of the building where a separate chapter has been devoted to the non-linear
methods in the newest version of Turkish seismic code (TSC2018).

This study presents results of performance analysis of buildings by considering rules

provided by both TSC2018 and EC8. Performance analysis was carried out on a simple
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two storey reinforced concrete frame by pushover analysis and also it was carried out
on a 14-story frame considering three different types of concrete strength, in order to
evaluate the effect of low-strength concrete on building performance. A non-linear

time history analysis was also carried out on a sample building according to TSC2018,

and ECS.



2. LITERATOR REVIEW

After publishing TSC2018 many studies appeared on evaluating existing buildings,
and on evaluating existing buildings using both the new Turkish code TSC2018 and
the old Turkish code TSC2007 and comparing the results. Yet there is very limited
research on the use of performance analysis using the Turkish and European codes and
comparing the results. Particularly those studies are summarized in the following.
Irtem and Tiirker (2004) conducted a research on performance analysis of reinforced
concrete building that has been structured in a non-linear static manner according to
ABYYHY, 1998 in two different cases. In the first case, the effect of the walls on
load-bearing was taken into consideration, while in the second case, the effect of the
walls on load-bearing was neglected. Accordingly, it was found that the first case
performed better, in other words, when the role of walls on load-bearing was taken
into account.
One of the initial works has been done by Ilki et al. (2005) to evaluate the performance
of an existing building located in Istanbul by non-linear seismic analysis through
implementing SAP2000 program. They found that the original building having many
deficiencies like low strength concrete, lack of stirrups can not reach the performance
point where the lateral displacement capacity of the building had been found to be
extremely limited. In the second analysis of the retrofitted building by jacketing all the
columns with FRP (fiber reinforced polymers) which built a more ductile moment-
curvature for the columns (Bedirhanoglu and Ilki 2004), the performance point had
been achieved.

In Esin’s study (Esin 2005) the pushover analysis is explained in detail and evaluated
for an existing building by using SAP2000 and EPARC analysis programs. Because
the building was insufficient the performance point could not be found. The building
was retrofitted by adding shear walls then the building was re-analyzed. As a result, it
was found that the building’s performance has improved and evaded the risk of
collapse.

Buzuk (2019) focused in his research on conducting performance analysis for a 24-
storey frame based on the rules of the TSC2018 and Eurocode 2004. BUZUK used a
non-linear analysis and entered 11 different seismic data after the analysis. It was
concluded that the results of an evaluation using TSC2018 and Eurocode rules were

similar.



Sahin (2019) conducted his study on evaluating an existing building according to the
TSC2018 using the non-linear time history analysis. SAHIN used the SAP2000
program for his analysis. It was found that the building did not reach the targeted
performance level. The methods for retrofitting by steel have been suggested, and their
advantages and disadvantages were also discussed.

In another study, a non-linear analysis was performed for a 4-storey workshop building
retrofitted by the addition of shear walls using the time-history method. Where 11
earthquake records were applied to the building in both directions. It has been observed
that with the addition of shear walls elements to the structure, the lateral stifness of the
building increased and the displacements remained within the allowable limits. The
column and beam elements were exposed to smaller loads and their sections were less
damaged, as most of the base shear force was covered by the shear walls. Thus, it was
observed that the performance level of the existing structure was maximized and the
damage level was minimized as a result of the addition of the shear wall. Based on
the results obtained, it was concluded that adding sufficient shear walls elements to
the structures could be a practical and effective solution technique (Zolmaz, 2019).
Many experimental works have been carried out to evaluate effects of many common
defects (Ilki et all., 2006, Bedirhanoglu et all., 2011). Ilki and others conducted an
experiment to find out the shear behavior of short columns with low-quality concrete
that does not contain enough transverse reinforcement before and after retrofitting
them with GFRP. The columns showed real improvement in terms of strength and

deformation and from brittle behavior to better.



3. PUSHOVER CONCEPT AND NONLINEAR PERFORMANCE
ASSESSMENT ACCORDING TO TSC2018 AND EC8

3.1 Pushover Concept

Pushover analysis is a nonlinear static method used to evaluate the performance of
existing structures investigating seismic design. Structure performance is evaluated
under constant vertical load with the lateral load increasing monotonically. The lateral
load is increased until the cracks appear in some places. Therefore the stiffness of the
structure declines because of these cracks. As loading continues, the fractured parts
grow until the structure reaches the required displacement or collapse. (Oguz, 2005).
Pushover analysis can be performed in two different criteria force-controlled or
displacement controlled. Displacement-controlled has been used in this study. Where
the force is unknown but the displacement value is known. The lateral force has
changed either by increasing or by decreasing until the point at the mass‘s center in
the roof reaches the specified displacement. (Ozer, 2009).

“Simplified nonlinear analysis procedures using pushover method such as the capacity
spectrum method and the displacement coefficient method require determination of
three primary elements capacity, demand (displacement) and performance.” (ATC-40,
1996).

The demand (displacement) represents the earthquake ground motion affecting the
structure, and the capacity represents the behavior of the building under the effect of
this earthquake. Performance point is the point at which the seismic capacity of the
structure equals the seismic demand imposed on the structure by the specified ground

motion (ATC-40, 1996).

3.1.1 Determine capacity

The capacity of the structure can be expressed by the pushover curve. The best way to
define this curve is by drawing a graph of the relationship between the Base Shear and
the displacement in the roof. The base shear was boosted until the roof reached the

demand displacement.
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Figure 3.1 Pushover curve (force-displacement), a) column, b) building

3.1.2 Determine demand

A displacement on the capacity curve consistent with seismic demand should be
known to determine the performance point. (Bugday, 2014). There are two methods
for this determination. The first method is (Capacity Spectrum Method, ATC-40 1996)
The second method is (Displacement Coefficient Method, FEMA356, ASCE 41-06)
in this study, we will use the first method. Those are explained in detail in the following

sections.

3.1.3 Capacity spectrum method, ATC-40(1996)

Inelastic deformations occur with increased lateral loads (earthquakes load), these
deformations enlarge the damping of the structure and lessen the earthquake demand.
In this method, the elastic spectrum is reduced depending on inelastic deformation.
The performance point is determined at the stage when capacity and demand are equal.
It has been verified that the targeted performance of the building has been achieved

(Ozer, 2009).
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Figure 3.2 Determination of the performance point by the capacity spectrum method (Ozer 2009)
3.1.4 Conversion of the capacity curve to the capacity spectrum

To compare the capacity curve with the demand spectrum, the capacity curve must be
converted to a capacity spectrum.

The curve is converted by using these equations:
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Figure 3.3 capacity curve (Ozer, 2009)
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Figure 3.4 Converting the capacity curve to the capacity spectrum (Ozer, 2009)
3.1.5 Conversion of the demand curve to the demand spectrum

General, Figure 3.5 represents the elastic spectrum of seismic, where the horizontal
axis represents the period of the structure with a single degree of freedom and the
vertical axis represents the peak of the absolute acceleration that is supposed to occur

(Ozuygiin, 2004).
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Figure 3.5 Elastic response spectrum (ATC- 40)

CA and Cv are seismic coefficients, check tables 4-7, 4-8, these tables are available in
(ATC-40, 1996). For the sake of showing the demand spectrum and the capacity
spectrum on the same axis; in the elastic demand spectrum, the acceleration spectrum

must be converted to a displacement spectrum by using this equation:

1 2
Sd = msa. T (35)
Spectral ecceleration (Sa) Spectral ecceleration(Sa)

—_ lSdl

Period, T Spectral displacement (Sd)

Figure3.6 Conversion Elastic Demand Spectrum (Ozer, 2009)
3.1.6 Reducing the demand spectrum

The elastic demand spectrum should be reduced by increasing the damping ratio, as

the damping ratio increases due to the occurrence of nonlinear deformations under the

influence of earthquakes.

‘The effective damping ratio is the ratio of the sum of hysterical and viscous damping

to the critical damping. Hysteretic damping is related to the area of hysteresis including
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the capacity spectrum and can be expressed in terms of equivalent viscous damping.’
(Ozer, 2009).

If the capacity spectrum is idealized effective damping ratio is defined as:

63,7k(aydpi—dyapi) +5
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Figure 3.7 Converting the capacity curve to the capacity spectrum (Ozer, 2009)

As shown in the Figure 3.7, the performance point must be known or guessed to
calculate the effective damping ratio.

By using these coefficients, the demand spectrum will be reduced.

3.21-0.681n(Beq)

SRy 2.12

> SR, .min =0.33 — 0.65 (3.6)

Q

SRy ~ 2227068 M(bed) 5 6p min=0.50 - 0.67 3.7)

2.12

Where the minimum permissible values are in table 8-2 in ATC40
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Figure3.8 Reduced demand spectrum (Ozer, 2009)
3.1.7 Performance point
The performance point is the point of intersection of the capacity spectrum with the
demand spectrum. To obtain a performance point, a specific sequential approach is
followed. The performance point is obtained when the assumed point, in the beginning,
is equal to or close enough to the resulting point of the calculations, then this approach

1s terminated.

““After founding the performance point, the performance target must be verified
whether it has been achieved or not. And that is by comparing the plastic deformations
and displacement that occur at the performance point with their limit values. To
achieve the expected performance level under the influence of a certain earthquake,

upper limits are given to damage levels of structural or non-structural.”” (Ozer, 2009).
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3.2 Performance Analysis According to TSC2018

3.2.1 Performance level for buildings according to TSC 2018

The following performance levels have been defined in TSC2018 code.

= Continuous Use (KK):

At this level of performance, there is no damage to the structural elements, and if the
damage occurs, this damage can be neglected.

* Limited Damage (SH):

At this level, the damage is limited to structural elements where the nonlinear behavior
is limited.

= Controlled Damage (KH):

At this level, the damage is not very large in the structural elements and can be
repaired. In other words, this level is the safety live level.

= Collapse prevention (GO):

This level corresponds to a situation before the collapse of the structure, where
significant damage occurs to the structural elements and is prevented from the

complete collapse of the structure.

3.2.2 Building performance target (TSC2018)

Performance targets in TSC2018 depending on earthquake ground motion levels and
earthquake design classes are given in Table 3.4 and Table 3.5. Further, the
performance targets can be selected at the request of the building owner. Performance
targets are prepared for existing reinforced concrete structures are given in Table 3.1.

(TSC2018).
Table 3.1 Existing concrete, Precast Concrete, and Precast steel buildings (Except high building -BYS
>2) (TSC2018)

DTS=1, 2, 3, 3a, 4, 4a DTS= 1a, 2a
Normal Advanced
S Evaluation/ Evaluation/
Performance Performance
Design Approach Design Approach

Target target
DD-3 - - SH SGDY
DD-2 KH SGDT - -
DD-1 - - KH SGDT
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3.2.3 Determination of seismic performance of the existing building

Limited damage performance level in existing buildings:

It is the performance level where the damage to the structural elements of the building
is at a minimum level and the structural elements maintain their strength. At this
performance level, at most 20% of the beams in any storey of reinforced concrete
buildings can pass into the Significant Damage Zone. But all other load-bearing
elements must be in the Limited Damage Zone. If there is a brittle damaged element
at this performance level, it must be retrofitted.

Controlled damage performance level in existing buildings:

It is the performance level in which some of the building carrier system elements are
damaged, but these elements do not completely lose their horizontal rigidity and
strength. In other words, it is the situation where there is no local and total collapse in
the building. The criteria determined for this performance level in TSC2018 are
presented below.

(a) In any storey of reinforced concrete buildings, as a result of the applied
calculation made for each earthquake direction a maximum of 35% of the beams and
vertical elements (columns, shears, and reinforced partition wall, excluding secondary
beams ) may pass into the Advanced Damage Zone as defined in paragraph (b) below.

(b) The total contribution of the vertical members in the Advanced Damage
Zone to the shear force carried by the vertical members at each floor should be less
than 20%. The ratio of the sum of the shear forces of the vertical elements in the
Advanced Damage Zone on the top floor to the sum of the shear forces of all the
vertical elements on that floor can be at most 40%.

(c) All other bearing elements are in the Limited Damage Zone, Significant
Damage Zone, or Advanced Damage Zone. However, the ratio of the shear forces
carried by the vertical elements of which the Significant Damage Limit is exceeded in
both the lower and the upper sections of any floor to the shear force carried by all the

vertical elements on that floor should not exceed 30%.
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Collapse prevention performance level in existing buildings:

It is the performance level in which a significant part of the building carrier system

elements is damaged and these elements lose their horizontal rigidity and strength

significantly. It should be considered that these elements are damaged because the
brittle at this performance level is in the Failure Zone. The criteria determined for this
performance level in TSC2018 are presented below.

a) In any floor of reinforced concrete buildings, in consequence of the applied,
calculations made for each earthquake direction, except for the secondary beams,
a maximum of 20% of the beams may pass into the Collapse Zone.

b) The other elements are all in the Limited Damage Zone, Significant Damage Zone,
or Advanced Damage Zone. However, the ratio of the shear forces carried by the
vertical elements of which the Significant Damage Limit is exceeded in both the
lower and upper sections of any floor should not exceed 30%.

c¢) The use of the building in its current state is dangerous and life-threatening.

Collapse Performance Level in Existing Buildings

It is the performance level in which the structural elements of the building reach the
collapse state under the effect of the applied earthquake. If the building cannot stay at
the collapse prevention Performance Level, it is in the State of Failure. In this case,

occupying the building is life-threatening.

3.2.4 Damage limits and damage zone in structural elements (element level)

3.2.4.1 Damage limits for sections
In TSC2018 Three damage states and damage limits were defined for ductile sections.
They are Limited Damage (SH), Controlled Damage (KH), and Collapse Prevention
Damage (GO) and their limit values [TSC2018].

1. Limited Damage (SH): It can be defined as a limited amount of inelastic behavior
in the relevant section.

2. Controlled Damage (KH): Inelastic behavior in which the section strength can be
achieved safely.

3. Collapse Prevention (GO): It can be defined as an advanced level of inelastic
behavior in the section. This classification does not apply to cross-sections of brittle

damaged elements.
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3.2.4.2 Damage zones for reinforced concrete cross-sections

Elements whose critical sections do not reach SH are located in the Limited Damage
Zone. The elements between SH and KH are in the Significant Damage Zone, and the
elements between KH and GO are in the Advanced Damage Zone. Eventually, the
elements exceeding GO are in the Failure Zone. The representation of damage zones

in TSC-2018

force
1 KH GO
SH ;
. :Advancedi
1 Significant P
vy Damage | Failure
i Damage =~ Zone L
A i i Zone
Limited | Z0n€ ' :
Damage ! ; :
strain

Figure 3.9 Damage zones for sections
3.2.5 Identification of section and element damage

The internal forces or deformations of the structural system elements are calculated
with linear or non-linear calculation methods defined by TSC2018. By all means, the
deformations are decided in which damage zone the sections are. The damage of the

element will be determined according to the most damaged section.

3.2.6 Allowed strain limits and plastic rotation for reinforced concrete building

elements

Strain and rotation limits are given in Table 3.2 and Table 3.3.

Table 3.2 Performance level for the strain of the beams, columns, and walls to TSC 2018

Section Damage Limits Concrete strain Steel strain

Limited Damage (SH) (ec)SH=0.0025 (es)SH=0.0075
Controlled Damage (KH) (e.)KH=0.75(c)GO (£)KH=0.75(s)GO
Collapse Prevention (GO) (£:)G0O=0.0035+0.04(we)"0.5<0.018 (£9)GO=0.4¢su

Table 3.3 Performance level for plastic rotation of the beams, columns, and walls to TSC 2018

Section Damage Limits Plastic rotation
Limited Damage (SH) 6,50=0
Controlled Damage (KH) 0,KM =0,75 6,
. Go) _2 _ —_o5ke
Collapse Prevention (GO) ;' )_5 [(ﬂU Qy]LP (1 0.5 Ls) +4.50y dy]
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3.2.7 Nonlinear modeling

We need a non-linear analysis to determine the realistic behavior of the building during
an earthquake. Nonlinear analysis can be done with three different methods. These
methods are respectively; They are single modal pushover analysis, multimodal
pushover analysis, and nonlinear analysis in time history.

The single modal pushover analysis can be used for building that height class BY'S >5.
According to Table 3.3 mentioned in TSC2018, multimodal pushover analysis
methods can be used for all buildings with BYS >2. Moreover, time history can be
used for all buildings in the seismic calculation, above that, this method is mandatory
for high-rise buildings (BYS=1).

3.2.8 Nonlinear material

In the evaluation according to deformations with Nonlinear Methods, the stress-strain
relations have been defined for confined and unconfined concrete in the appendix “EK

5A” in TSC2018.

frok

i Sargtl

5T N

-

Eco=0002 00035 0.005 Ecc Ecu =3

Figure 3.10 Stress-Strain relation for unconfined and confined concrete (TSC2018)

AS for reinforcement steel model, the stress-strain relations have been defined in the

appendix “EK 5A” in TSC2018 as shown in Figure 3.11.
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Figure 3.11 Stress-Strain relation for rebar reinforcement concrete (TSC2018)

Table 3.4 Information about reinforcement steel (TSC 2018)

Type fsy (MPa) Esy Esh Esu fou / fsy

S220 220 0.0011 0.011 0.12 1.20

S420 420 0.0021 0.008 0.08 1.15-1.35
B420C 420 0.0021 0.008 0.08 1.15-1.35
B500C 500 0.0025 0.008 0.08 1.15-1.35

3.2.9 Cracked elements

As mentioned in 4.5.5. in TSC2018 the effective section of the stiffness factors for in-
plane and out-of-plane behavior of linearly modeled walls and slabs will be taken from
Table 3.5. While columns, beams, tie beams, and walls modeled according to the
stacked plastic behavior will be determined according to the mentioned hereafter

Equation. However, in this study, the table values were used for all elements. The

reason will be mentioned in the next chapters (Case Study).

(EI)e =

_% L
6y =2 +0.00157 (1+157) +

My Ls
Oy 3

¢y dp fye
8y/fce
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Table 3.5 Structural elements effective stiffness coefficients (TSC2018)

Reinforced concrete

Element

Effective Section Stiffness Coefficient

Shear Wall-Slab

Axial Shear (kayma)
System (In-plane)
Shear Wall 0.5 0.5
Basement shear
0.8 0.5
Wall
Slab 0.25 0.25
Shear Wall-
Bending Shear
Slab(Out-of-plane)
Shear Wall 0.25 1.00
Basement Shear
0.50 1.00
Wall
Slab 0.25 1.00
Bar Element Bending Shear
Transverse Beam 0.15 1.00
Frame Beam 0.35 1.00
Frame Column 0.7 1.00
Shear Wall (Mid-
0.50 0.50

Peir)

3.2.10 Plastic hinge zone and length

3.2.11 Earthquake ground movement levels

19

The plastic hinges are placed in the beams and columns at the beginning and the end
of each element. But for the shear walls, they are employed at the lower end of each
floor as shown in paragraph 5.4.3.1.a of the TSC2018. The length of the plastic hinge
is equal to half of the length sections in the effective direction) as mentioned in

paragraph 5.3.1.2 in TSC2018.

In the new seismic code TSC2018, four different earthquake ground motion levels are
defined as given in the design of buildings under the influence of earthquakes:

Earthquake ground motion level-1 (DD-1): The probability of exceeding the




spectral magnitudes in 50 years is 2% and the corresponding recurrence period is
assumed to be 2475 years. Infrequent earthquake refers to ground motion. DD-1. The
largest earthquake considered is also called ground motion (TSC2018).

Earthquake ground motion level-2(DD-2): It expresses the sparse earthquake
ground motion where the probability of exceeding the spectral magnitudes in 50 years
is 10% and the corresponding recurrence period is assumed to be 475 years. DD-2 is
also called standard design earthquake ground motion. (TSC2018).

Earthquake ground motion level-3(DD-3): Expresses frequent earthquake ground
motions where the probability of exceeding the spectral magnitudes in 50 years is 50%
and the corresponding recurrence period is 72 years. (TSC2018).

Earthquake ground motion level-4(DD-4): Spectral magnitudes It refers to very
frequent earthquake ground motions, where the probability of exceedance is assumed
to be 68% in 50 years (50% of probability of exceedance in 30 years) and the
corresponding recurrence period of 43 years. DD-4 is also called service earthquake

ground motion (TSC2018).

3.2.12 Standard earthquake ground motion spectra:

Earthquake ground motion spectra are defined either in standard form for a 5%
damping ratio or by site-specific earthquake hazard analysis based on map spectral

acceleration coefficients and local ground effect coefficients.

3.2.13 Map spectral acceleration coefficients

In the regulation, they are defined as non-dimensional coefficients, and they are the
outcome of dividing the map spectral acceleration values for the 5% damping ratio by
the gravity acceleration value. Taking into account that [(V)30 =760 m/s] the reference
soil condition for a given earthquake motion level, which corresponds to the geometric
average of the earthquake, effects in two perpendicular horizontal directions:

a) Short period map spectral acceleration coefficient Ss.

b) Map spectral acceleration coefficient Si for 1 second period.

3.2.14 Local ground effect coefficients

Depending on the local soil classes as defined in Table 3.6. the local soil effect

coefficients Fs and F1 are given in Table 3.7. and Table 3.8, respectively. Linear
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interpolation can be made for the intermediate values of the map spectral acceleration

coefficients in the tables (paragraph 2.3.3.1 in TSC2018).

Table 3.6 Soil class (TSC2018)
Average at the top 30 meters

Local Soil )
Soil Type (Vs)30 (N 60)30 (Cu)30
Class
[m/s] [ darbe/30 cm] [ kPa]
ZA Soild, hard rocks >1500 _ _
Less, moderately
/B 760- 1500

strong rocks

Very hard stand,
gravel and hard clay
/C 360 — 760 >50 >250
layers, weak rocks

with many cracks

Meduim dense or
/D dense sand, gravel or 180 - 360 15-50 70 - 250

very solid clay

Loose sand, gravel, or
soft to solid clay
layers or profiles with
7E a total thickness of < 180 <15 <70
more than 3 meters of
soft clay layer (Cy,<
25 kPa) satsifying PI
> 20 and w > %40

Soils that require site-specific investigation and evaluation:

1) Soils that have the risk of collapse and potential collapse under the
influence of earthquakes (liquefiable soils, highly sensitive clays,
collapsible weak cement soils, etc.),

ZF 2) Peat and/or organic content with a total thickness of more than 3
meters high clays,

3) High plasticity (PI>50) clays with a total thickness of more than 8
meters,

4) Very thick (> 35 m) soft or medium solid clays.
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Table 3.7 Local soil effect coefficients for short period (TSC2018)

Local Local soil effect coefficients for short period Fs

Soil S<0.25 | S=0.50 | S=0.75 |S=1.00 |S=125 |S>1.50
Category

ZA 0.8 0.8 0.8 0.8 0.8 0.8

ZB 0.9 0.9 0.9 0.9 0.9 0.9

ZC 1.3 1.3 1.2 1.2 1.2 1.2

ZD 1.6 1.4 1.2 1.1 1.0 1.0

ZE 24 1.7 1.3 1.1 0.9 0.8

ZF Special soil behavior analysis will be done

Table 3.8 Local soil effect coefficients for 1. second period (TSC2018)

Local Local soil effect coefficients for 1.second period F;

Soil S<0.10 | S=0.20 | S=0.3 S=04 |[S=05 |S>06
Category

ZA 0.8 0.8 0.8 0.8 0.8 0.8

/7B 0.8 0.8 0.8 0.8 0.8 0.8

ZC 1.5 1.5 1.5 1.5 1.5 1.4

ZD 24 2.2 2.0 1.9 1.8 1.7

ZE 24 33 2.8 24 2.2 2.0

ZF Special soil behavior analysis will be done

The map spectral acceleration coefficients Ss and S, are converted to the local ground
effect coefficients Fs and F1. And the design spectral acceleration coefficients Sps and
Spi, as given in Equation 3.10. Horizontal and vertical elastic design spectra are
defined using the design spectral acceleration coefficients obtained by Equation (3.10).
Sps = SsFs (3.10)
Sp1 = SiFi (3.11)

3.2.15 Horizontal elastic design spectrum
The horizontal elastic design acceleration S¢(T) is the ordinates of the horizontal elastic
design acceleration spectrum for any earthquake ground motion level under

consideration. The horizontal elastic design acceleration is defined in Equation (3.12),

(3.13), (3,14), and (3.15) in terms of gravity acceleration [g] depending on the natural
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vibration period. Corner periods Ta and Ty are given depending on Sps and Spi. The
horizontal elastic design spectrum graph depending on the limit values (Ta, Tg, and

Tv) given in Equation 3.16 is given in Figure 3.12.

Figure 3.12 Horizontal elastic design spectrum (TSC2018)

Sue (T) = (0.4+ 0.6%)51)5 0<T<Ta (3.12)
Sue (T) = Sps TA<T<Ts (3.13)
Se (T) =22 Ts<T<TwL (3.14)
See (T) = 22271 TL<T (3.15)
T, = 0.2 iﬁ; Ty = jﬁ (3.16)

3.2.16 Vertical elastic design spectrum

The vertical elastic spectral acceleration S(T) is the ordinates of the vertical elastic
design acceleration spectrum for any earthquake ground motion level under
consideration. The vertical elastic spectral acceleration is in gravity (g] depending on
the short period design spectral acceleration coefficient defined for horizontal
earthquake ground motion and the natural vibration period. It is defined in Equation
3.4. The vertical elastic design spectrum graph depending on the limit values (T ap,

Tgp, and Trp) given in Equation 3.20 is given in Figure 3.13.
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0.85 ¢
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§ TH D ?],T)

Figure 3.13 Vertical elastic design spectrum (TSC2018)

S.o(T) = (0.32 + 0.48 %)SDS 0<T<Ta> (3.17)
Sue (T) = 0.8 Spg Tab<T<Tep  (3.18)
Se (T) =( 0.8 Sps—22 ) Tep<T<Tw  (3.19)
Tip= 23 Tp=-2 Tp=-=2 (3.20)
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3.3 Performance Analysis According to the EC8
The perfoemance analysis according to the EC8 has been explained in the following

sections.

3.3.1 Ground type

“Ground types A, B, C, D, and E described by the stratigraphic profiles and parameters
given in Table 3.9 and described hereafter, may be used to account for the influence

of local ground conditions on the seismic action” (Eurocode 8, 2004).

Table 3.9 Ground type (ECS8)

Ground | Description of stratigraphic profile Parameters
type

v (m's) | Nepr oy (kPa)
{blows 30cm)

A Rock or other rock-like geological i = 800
formation. mcluding at most 5 m of
| weaker material at the surface.

B Deposits of very dense sand, gravel, or |360-800 | 50 > 250
very stiff clay, at least several tens of
metres in thickness, characterised by a
gradual increase of mechanical
properties with depth.

C Deep deposits of dense or medium- 1B0-360 |15-50 |70-250
dense sand, gravel or stiff clay with
thickness from several tens to many
hundreds of metres.

D Deposits of loose-to-medium < 180 <13 <70
cohesionless soil (with or without some
soft cohesive layers), or of
predominantly soft-to-firm cohesive
soil.

E A soil profile consisting of a surface
alluvium layer with v, values of type C
or D and thickness varying between
about 5 m and 20 m, underlain by
stiffer material with v, = 800 m/s,

Ay Deposits consisting, or containing a < 100 10-20
layer at least 10 m thick, of soft
clays/silts with a high plasticity index
(P1 > 40) and high water content

(indicative)

S: Deposits of liquefiable soils, of
sensitive clays, or any other soil profile
not included in types A — E or 5,
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3.3.2 Elastic response spectrum:

Ty Te I'n T

Figure 3.14 Shape of the elastic response spectrum (TSC 2018)

0<T<Ts:Se (T)=ag.S.[1+% .(1.2.5 - 1)] (3.21)
Te<T<Tc:Se(T)=a,.S.7.2.5 (3.22)
Te<T<Tp:S.(T)=2,.5.7.2.5.[1] (3.23)
Tp<T<4s:S.(T)=a,.S.7.2.5[;2 (3.24)

Where Se(T): the elastic response spectrum, 7: the vibration period 75 and T¢ : the

lower, upper limit of the period. S : soil factor.

Figure 3.15 Type 1 elastic response spectra (TSC2018) Figure 3.16 Type 2 elastic response spectra
(2018)

The type of 1 elastic response spectrum if large magnitude M > 5.5Hz

26



Table 3.10 elastic response spectra (Typel, Type2) parameters
Elastic response spectra (Type 1) | Elastic response spectra (Type

2)
Ground S TB (s) | TC (s) | TD (s) S TB(s) | TC(s)| TD

type (s)
A 1.0 0.15 0.4 2.0 1.0 0.05 | 0.25 1.2
1.2 0.15 0.5 2.0 135 | 0.05 | 0.25 1.2

C 1.15 0.20 0.6 2.0 1.5 0.10 | 0.25 1.2
D 1.35 0.20 0.8 2.0 1.8 0.10 | 0.30 1.2
E 1.4 0.15 0.5 2.0 1.6 0.05 0.25 1.2

3.3.3 Nonlinear methods in Eurocode 2004

There are two methods for the nonlinear analysis according to the ECS8, pushover

analysis (static) and time-history analysis (dynamic).
3.3.4 Cracked elements

Because of the large number of elements, it is not practical to take the stiffness of each
element equal MyLv/30y at the two ends of the element in the SAP2000. The cracked
elements took one-half of the corresponding stiffness of the uncracked elements as

mentioned at EN1998-1-1, ¢1.4.3.1(7).

3.3.5 Plastic hinge zone and length

According to Eurocode 2004 Plastic hinges are usually fixed at the beginning and the
end of the columns and beams and in the critical region of the shear walls (at the base).
But in this study, plastic hinges were fixed at the base of each floor of the shear walls,
due to the height of Turkish buildings, which are higher compared to European
buildings.

There are two equations for calculating the length of the plastic hinge depending on

the method used to obtain the ultimate curvature. (EN1998-1-1,c3.A3.2.2.(7&8)).

dpL fy (MPA)

Lpi= 0.1 Lv+0.17h +0.24=20ems (3.25)
o dpr fy (MPA)
Lpi= 0.1 25+ 0.2 + 0,11 2E2mm (3.26)
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3.3.6. Performance level for building according to Eurocode2004

There are three limits state (LS) in the Eurocode, Damage Limitation (DL), Significant
Damage (SD), and Near Collapse (NC).

Damage limitation (DL)

At this level, there is light damage in the structure, and almost there is no damage to
the structural elements, therefore, the damage can be repaired in the non-structural
elements, and it is economic.

Significant damage (SD)

At this level, there is significant damage to the structure. Non-structural elements fail
to occur. Therefore, repairing the structure can be uneconomical.

Near collapse (NC)

At this level, there is heavy damage to the structural elements. Most of the non-

structural elements are collapsed. Therefore the structure cannot survive anymore.

force
L SD NC
DL :
: Significant ' Near
i i iD ! Collapse !
Limitation | amge ollapse ;

Deformation

Figure 3.17 The Performance level of Eurocode 2004(modified from ECS8)

Table 3.11 Limit state for elements to Eurocode 2004

Limit State (LS)(elastic+inelastic)

Member DL SD NC
Ductile primary Osd <
(flexural) ou <o, |S0756wm-0o) Osa < Oum-—o)
Ductile secondary M= Osa <0.75 Ou1 <0
(flexural) O um) sd =Y (um)
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Table 3.12 Performance level for plastic rotation of the elements (Eurocode 2004)

Limit State (LS) Plastic Part

Member DL SD NC
. . Osd
Ductile primary 0 <0.7567, 0ua<6l, .
Ductile secondary 0:4<0.75 6F 04<0F

For beam and column, the total chord rotation capacity (elastic plus inelastic part):

Oum= 0-016-(0.3V)[%m £l (min(9; )% 25 (o2 (1 p510000)
.................................................................................. (3.27)

Where: y,; = 1.5 for primary seismic elements and y,; = 1 for secondary seismic
elements.

For walls 6 ;)= 0.58%* 6 m)beam, column. (3.28)

For the plastic part of the chord rotation:

fyw
p _ 1 w[max(0.0L;0) 2 (min(9: 2035 (apsx =) 100p
O,m= -~ 0.0145.(0.25 )[ X001, w)]f (min(9; h)) 25 fe o (1.25+°7Pa)
.................................................................................. (3.29)
Where: y,; = 1.8 for primary seismic elements and y,; = 1 for secondary seismic
elements
For walls, szm =0.6* 6 ym)beam, column. (3.30)

The chord rotation at yielding ©y:
For beam and column:

Lv+a,,z dpL fy

&
6,= 0y——+ 0.0014(1 + 1.5 )+dyd o7, (3.31)
For walls of rectangular, T, or barbelled section:
Oy= 0,7 10,0013 + - LD (3.32)

d-d 6f;
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4. CASE STUDY

4.1 Pushover Analysis in SAP2000
This is an example frame of incremental pushover analysis to assess the performance
of an existing reinforced concrete frame by using TSC2018 and EC8 with comparing

the results. Here we aim to chek if we are doing the push-over analysis in a correct

manner.
B201 B202
P2 : .
| |
‘ - ;
§ . § § | 3.5m
U | o |
B101 ’ B102
P — —y-
| {
| 3.5m
5 S | S
O o ©
- - __.L_ 3
7m 7m
Figure 4.1 Frame Example
Table 4.1 Frame details
Concrete: C20
MATERIL
Steel: S420
Dead Load: G=20 KN
Loads
Live Load: Q=10 KN
Gravity Loads Gravity = G+0.3Q
Clear cover =20 mm
concrete cover
Cover d'=40 mm
Column Section Longitudinal = 8-022
(450%450) mm Stirrups = @8/200 mm
Beam Section 3-022 AT the top
Longitudinal =
(450%600) mm 3-0322 AT the Bottom
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Table 4.1(Continue)

Beam Section Stirrups = ¥8/150 mm

(450%600) mm
Building importance I=1
coefficient
Building Seismic zone =1
Local soil class= Z2
4.1.1 By using TSC 2018

The data obtained from the TSC2018 is mentioned in Table 4.2.

Table 4.2 The data used in the analysis and taken from TSC 2018

The soil type ZD TSC2018.Tablo 16.1
The combination factor | n=0.3 TSC2018. Table 4.3
for live load

Building Category BKS=3 TSC2018. Table 3.1
The importance factor I=1 TSC2018. Table 3.1
Seismic design class DTS=1 TSC2018. Table 3.2
Building height class BYS=8 TSC2018. Table 3.3
Behavior factor R=8 TSC2018. Table 4.1
The strength increase | D=3 TSC2018. Table 4.1
factor

The plastic hinge length | Lp=0.5H TSC2018.5.3.1.2
Cracked column 0.7*stiffness TSC2018. Table 4.1
Cracked beam 0.35* stiffness TSC2018. Table 4.1
seismic coefficients Ca=0.44 ATC-40 Table 4.7
seismic coefficients Cv=0.64 ATC-40 Table 4.8
Nonlinear material €c0=0.002, £c,=0.005 TSC.Figure 5A.1
Nonlinear material €sh =0.008, £5,=0.08 TSC.Table 5A.1
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4.1.1.1 Obtaining data from the AFAD earthquake website

Figure 4.2 presents earthquake risks of different regions in Turkey.

TURKIYE DEPREM TEHLIKE HARITASI
4

— T ::m@

Figure 4.2 Turkey earthquake hazard map (AFAD website)

By using the seismic map on AFAD Website (Tiirkiye Deprem Tehlike Haritalar1) and
depending on the latitude, longitude, seismic zone, and soil type, the horizontal and

vertical elastic spectrum was obtained.

AFAD e

Turkiye Deprem Tehlike Haritalar:
Interaktif Web Uygulamasi

Kullanici Girdileri

Rapor Baghg:: Diyarbakir

Deprem Yer Hareketi 50 yilda agilma olasiig: %2 (tekrarlanma periyodu 2475 yil) olan deprem
Dazeyi:

yer hareketi dizeyi

Yerel Zemin Sinifi Orta siki - sitki kum, gakil veya ¢ok kat: kil tabakalan
Enlem: 37.919375°
Boylam 40.220022°

Figure 4.3 Data entered in the AFAD website
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Ciktilar

Ss = 0.573 S, = 0.222 Sps = 0.769 Spy = 0.479
ey

PGA = 0.248 PGV = 17.648

Sg : Kisa periyot harita spektral ivme katsayisi [boyutsuz]

S, : 1.0 saniye periyot igin harita spektral ivme katsayisi [boyutsuz]
Sps : Kisa periyot tasanm spektral ivme katsayisi [boyutsuz]

Spy : 1.0 saniye periyot i¢in tasanm spektral ivme katsayisi [boyutsuz]
PGA : En buyuk yer ivmesi [g]

PGV : En buyik yer hizi [cm/sn]

Yatay Elastik Tasarim Spektrumu Diisey Elastik Tasarim Spektrumu

1 0.7s

S.(9)
j Siel9)

Tis) ) ! \ e
Figure 4.4 Outputs obtained from AFAD website

The values of Sps and Spi that are taken from the AFAD map, also important factors

and soil classes are entered in the SAP2000 program.

8

Load Direction and Diaphragm Eccentricty Seismic Coefficients

@ Global X Direction 0.2 Sec SpectralAccel, Ss 0,573

O Ghobal Y Direction 1 Sec Spectral Accel, S1 0,222

Ecc. Ratio (Al Diaph.) 0,05 | Long-Period Transition Period |6

Override Diaph. Eccen. Override..

Ste Class 20 v

Time Period Stte Coefficient, Fs

O Approx. Period Ste Coefficient, F1

O Program Calc

® 1= [0 ] Calculated Coefficients
User Defined ~ J

SDS= Fs*Ss 0,7687
Lateral Load Elevation Range SDS= F1*S1 04788
@® Program Calculated
(O User Specified
Factors
Response Modification, R 8, |
System Overstrength, D 3,
Cancel Occupancy importance, | 1 I

Figure 4.5 TSC-2018 seismic load pattern

4.1.1.2 Defining nonlinear material properties
C20 concrete class was used in modeling. Nonlinear material was defined in SAP2000

to be used in the plastic hinge moment calculation. After choosing the Mander model
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from “Stress Straing Curve Definition Options” The mander model data for

unconfined concrete €., =0.002 and e.u =0.005 was entered in the “Parametric Strain

Data” as shown in the Figure 4.6.

Edit
Material Hame Material Type
c20 Concrete
Hysteresis Type Drucker-Prager Parameters Units
Takeda i Friction Angle (0, | KN, m, C v
Dilatational Angle {0,

Stress-Strain Curve Definttion Options

® Parametric v Convert To User Defined

O User Defined

Parametric Strain Data

Strain At Unconfined Compressive Strength, fc |2,000E-03 J
Utimate Unconfined Strain Capacity 5,000E-03 |
Final Compression Slope (Multiplier on E) [-0.1 J

Show Stress-Strain Plot..

==

Figure 4.6 Nonlinear concrete data for TSC2018
Nonlinear material for reinforced concrete steel was defined in SAP2000 according to
TSC2018. Where “Strain at Onest of Strain Hardening” is eco =0.008 and “Ultimate
Strain Capacity” is ecu =0.08 for S420.

Edit
Material Name Material Type
5420 Rebar
Hysteresis Type Units.
Kinematic w KN, m, C v

Stress-Strain Curve Definition Options

(®) Parametric Simpie ~ Convert To User Defined
O User Defined

Parametric Strain Data

Strain At Onset of Strain Hardening 8,000E-03
Ulimate Strain Capacty 0,08 ]
Final Siope (Mutiper on E) 0.1

D Use Caltrans Defaukt Controling Strain Values (Bar Size Dependent)

Show Stress-Strain Piot...

Cancel

Figure 4.7 Nonlinear rebar data for TSC2018
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4.1.1.3 Input cracked elements in SAP2000

The Effective section stiffness factors has been entered in SAP2000 for Column = 0.7

and Beam= 0.35

Property/Stiffness Modifiers for Analysis

Cross-section (axial) Area
Shear Area in 2 direction
Shear Area in 3 drection
Torsional Constant

Woment of Inertia about 2 axis
Moment of inertia about 3 axis
Mass

Weight

Cancel

Property/Stiffness Modifiers for Analysis
Cross-section (axial) Area
Shear Area in 2 direction

Shear Area in 3 direction ¥

Torsional Constant

Moment of Inertia about 2 axis 0.7
Moment of inertia about 3 axis o7
Mass 0
Viesght 0

Cancel

Figure 4.8 Stiffness modification factors

4.1.1.4 Moment-curvature and interaction surface in SAP2000

To calculate the moment-curvature and interaction surface of the element sections, the

cross-sections for beam and column were created from the “Section Designer” menu

in SAP2000. Figure 4.9 shows the calculation of moment-curvature for beam section

(45-60) containing 3022 rebar at the bottom and 3 22 rebars at the top.

Edt  View Define  Draw  Select Display  Options  Help

¢ pepRe AN =E[ks

i
A

Ao

Eelete vttt

i
o]

)
oo e o

ool

Strain Diagram

2w E !

Sadect Type of Gragh

Specify ScalsaHeadngs.

[ Piot 23 Fiber Woded Curve

] aaized Wodel

P [Tension sve] o

Phi-yielddealzed; = 0.00577252
Crack= 0002

100 120

Catrons  ~

! el e 200 2 Cancrete Strain

Wament-Curvaturs - Steel Stran

Meutrat Sxs

Anakyss Control
£ confined Concrete Only

Mo of Points |00

angle (Deg) |0

-4,103E-03
0.1531

02508

{8 Concrete Faiure - Lowes? Ukimate Slrain

) Concrete Falure - Highest Uimate Stran

=] First RebanTandan Faiure

M-Cone = HiA

] User Defined Curvabarg

Mp = 2722085 e

Feirpan

Figure 4.9 Modeling Section Beam and calculate moment-curvature
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Figure 4.10 shows the calculation of moment-curvature for column section (450-
450) containing 8022 and axial load is P=345,5 KN. Interaction surface was also
calculated for the column from the section design menu, where after defining the
section, the interaction surface is obtained by clicking on the “Show Interaction
Surface” button. There are 24 curves of different degrees. In this example, because

the structure is a frame, one curve with angles 0 was taken for section.

Edit View Define Draw Select Display Options Help

/ pepeep LM mb[Ls

Curvatwe Strain Diagram
3007 p——
-~ %

270 7 ———Te
240 r
a0y |
1007 | =

{ e
1507 |

‘ i
1207 |
903 |
L

30

T O KL L LT LR A T KLr e LLrer et

1224 36 48 60 72 84 96 108 120x10-3 Concrete Strain -9.256€-03
Select Type of Graph Moment-Curvature v Steel Strain 0.0431
Specity Scales/Headings. Neutral Axis 0,1249
[[] Piot 33 Fider Model Curve. | |

Analysis Control

] WesizedModel  Catrans v no.offomts |50 [ Confined Concrete Only
P [Tension +ve] 3455 | Angle Deg) 0 @ Concrete Failure - Lowest Utimate Stran

O Concrete Fallure - Highest Utimate Stran
[ First RebarTendon Faikure
[] User Defined Curvature

Phi-Conc = 010161432 W-Conc = 260.729

Phi-Steel = WA M-Steel = WA

i-yield(intial) = 0.0085222
Phi-yield(\deaized) = 0.00966284

ke a0 soren

Detals. Contour.

Figure 4.10 Modeling section column and calculate moment-curvature

it View Define Draw Select Display Options Help

) pppeol w[bles

T Edit

° w2 w3 A I

1 2430 0 0 |

2 2430 0 141,8821 T

3 2430 0 2104017 | /

4 2430 0 2679213 !

s | v 3 3139971 |

8 1526 0 354 4487 /

7 111 0 3405737 T

8 | -s811513 0 307,125 |

9 | -1053857 0 247335
10 | 5521334 0 135628 | [ Design-Code Curve 30 View

0| 121m1% [) 0 [ Foer-Model Curve -~

2 315 < Pan

13 g

14 3 S Eevaton
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1 W ue | A3 A2
1 o

[ 1
A::: 0 |K|1|) IH (® Show Design-Code Resuts
O Show Fiber-Mode! Resuts.

Figure 4.11 Interaction surface curve for a section column (angle= 0)
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4.1.1.5 Calculating strain limits and plastic rotation for reinforced concrete
building elements
The limits for beam and column were calculated according to TSC2018 as mentioned

in the below tables 4.3, and 4.4.

Table 4.3 Performance level for the beam to TSC 2018

Beam
Limate State €C €s Op Op/Oy
Limited Damage (SH) 0.0025 0.0075 0 0
Controlled Damage (KH) 0.00571 0.024 0.030876 20,58376
Collapse prevention (GO). 0.00762 0.032 0.041167 27,44501

Table 4.4 Performance level for the column to TSC 2018

Colmun
Limate State ec €s Op
Limited Damage (SH) 0.0025 0.0075 0
Controlled Damage (KH) 0.00571 0.024 0.0147
Collapse prevention (GO). 0.00762 0.032 0.0196

4.1.1.6 Defined and assignments of plastic hinge for beam and column

The M3 type was used for beams hinge and P-M3 for column hinge. Determining the
properties of the plastic hinge was needed to the moment-curvature that was previously
calculated. Rotation is obtained by multiplying the curvature to the length of the plastic

hinge.

Moments and rotation are included in the (Displacement Control Parameters) as shown
in Figure 4.12 taking into account the scale factor for yield moment and yield rotation.
The hinges rotation was taken from Table 4.5. to determine the performance levels for
the beam, taking into account scale factors for yield rotation. and entered this data in

the (Acceptance Criteria) as shown in Figure 4.12.
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Edit
Displacement Control Parameters

Type
Moment/SF Rotation/SF A (® Moment - Rotation
02 | 323 7 (O Moment - Curvature
-02 TR l
| 1,19 | =13
| 1
0 | 0 o Hysteresis Type And Parameters
1, 0,
119 313 Hysteresis Type Isotropic v
T [ Symmetric
02 | N3 W No Parameters Are Required For This
02 222 Hysteresis Type

Load Carrying Capacity Beyond Point E
® Drops To Zero
O s Extrapolated

Scaling for Moment and Rotation
Positive Negative

[] use Yield Moment  MomentSF 2394
[ Use Yield Rotation ~ Rotation SF | 1,500€-03

(Steel Objects Only)

Acceptance Criteria (Plastic Rotation/SF)

Posttive Negative
Im 0 [ l
Life Safety [2088 | P
. Collapse Prevention [m

[[] Show Acceptance Criteria on Plot

Figure 4.12 Frame hinge property data for beam

For column:
The P-M3 type was chosen, and the properties of the column hinge were defined in a
similar way to beam, but by entering the axial force and considering scale factor = 1,

as well as entering interaction curve data.
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Edit

Select Curve Units

Axial Force |-3455 v Angle 90, v curve#t |4 4 b M KN, m, C v

Moment Rotation Data for Selected Curve

Point  Moment/Yield Mom R
L B c
A 0 0, —t
lasss L
1, 0,
1,085 0,021
02
0.2 0,031 £
o
Copy Curve Data
Current Curve - Curve #1 Full interaction Curve
Force #1; Angle #1 Axial Force = -3455
Acceptance Criteria (Plastic Deformation / SF) 3D View
> 1 - -
Il immediate Occupancy 0, | Plan ID | - AxialForce |-3455 -

-
Life Safety |0.0148 Elevation |0 « [ Hide Backbone Lines
B coliapse Prevention 0,0198 | Aperture |0 : L [[Esnownccoptance Crpede

[] Show Acceptance Points on Current Curve 30 RR | MR3 MRZ /] Highlight Current Curve
Moment Rotation Information Angle s Moment About
Symmetry Condition é'ymma'dﬁ: 0 degrees = About Positive M2 Axis
Number of Axial Force Values 1 90 degrees = About Positive M3 Axis
Number of Angles 1 180 degrees = About Negative M2 Axis Cancel
Total Number of Curves 1 270 degrees = About Negative M3 Axis

Figure 4.13 Moment rotation data for column

Edit
User interaction Curve Options Interaction Curve Data
£4] mnteraction Curve is Symmetric Current Curve 1 “ 4
Number of Curves Point P M3 A
Number of Points on Each Curve 1 1 =3770 0
2 -3230 101,8088 P-M3
Scale Factors (Same for All Curves) 3 -2854 158,2249
P w 4 -2410 208,1395
KN.m C v 1, 1 S -1908, 251,5376
6 -1318, 293,4599
952 7 21 342
First and Last Points (Same for All Curves) L 952,9817 2843439
8 -5$11,0022 2646681
Pont P M3 = S 255.3500 Check Full
1 -3770, -2 33,32 Gicie
= — 10 4204648 1276327
3
1110,553 1 1110 553 ) =
Interaction Curve Requirements - Weh Symmetry ool cissimincioob st
M3 P [4] Highiight Current Curve
1. Only one P-M3 curve is specified [,/V\\
2. P (lension posiive) increases monotonically A T 3
3. M3=0atthe first and last points B! 7
4. AIM3 > 0 (except at first and last points)
S. The curve must be convex (no dimpies in surface). P
M3

carce

Figure 4.14 Interaction curve definition for column

The plastic hinge was assigned at the beginning and end of each beam and column as

shown in Figure 4.15.
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(1] [ 1]

& W i & B

[ A | ( B | [ C)
9H1{BEAM} ‘9H2(BEAM}‘10H1(BEAM} ’10H2('BEAM)

2H2(column-tr) 4H2(column-tr) 6H2(column-tr)

2H1(column-tr) 4H1(column-1r) 6H1(column-tr)
&/H1(BEAM) &/H2(BEAM) 8H1(BEAM) &8H2(BEAM)

1H2(column-ir) | 3H2(column-1r) 5H2(column-tr)

[1 H1(column-r) 3H1(column-tr) S5H1(column-tr)

Figure 4.15 assignments of plastic hinge for beam and column

4.1.1.7 Modal analysis
The analysis has also been carried out for the building. Where the damage to the
structure was determined under constant vertical loads, increased horizontal

earthquake loads as shown in Figure 4.16.

Lowd Cone Nae Noer Lond Cone Typw Lood Cona Nare [ et Cone Type
PSIOVER GRAVTTY Set et hame sty ron st v Owen PUSROVER LATERAL SetDet hame UagySncw S v Deg
rew Conteny Asaysa Tyoe e (crotens Aswysa Tyoe
(®) Zers raai Conctons - Stat ¥om Unsyessed Stue O toew O Zura naw Congtons - Start vam Usstressed Stae O nesr
() Contrwe tom St ot £nd of Noninen Case o vonver ) Contrue fom S o of Nowenn Cose NIVERINATY v ® Noseaw
Vo Load Case Gecmerc Norinexty Pyametery Vol Lows Cane Geometc eyt Syaeeey
A1 Voda Loads Ascled Use Vodes ¥om Cose HOOAL ® hane A1 Modal Lowss Appled Use Hodes bom Case o, ® vore
Londs Agpled i e Plets
Loats &
1 P00t s L Daciacenaty Pleta s Lirpe Dacacenerss
Lond Type Lead Name Scwe Facier Lol Lowd Ty Lo ey Soam Facr o
LoadPuten v GRAVITY wit Vo Sowce LondPuters v LATERAL it Vana Sowrce
“__ ™ e fustronen | ast Peves
Uosty ooty
[ Doete
Other Parnneters. Omer Parametery
Load Appcaten. ol Lot NodtySrow E Lont Aptcaten Ot Carrat WodtyShaw E
Sosets Savnd Fral e Oy VagerSron Cance Resats Savee Sy Sume VodtyShow Cancer
Norwew Fwrmey Oefut voseysren Nasau Prsnsry e hon

Figire 4.16 Load case data — nonlinear static

As a result of the analysis, the pushover curve was obtained.
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B Pushaver Curve x

File
Static Nonlinear Case Plot Type Units.
PUSHOVER-LATERAL v Base Shear vs Monitored Di v| KN, m,C ~
Displacement Current Plot Parameters.
500, | vDPO1 ~
450, . — S S | Add New Parameters...
| Add Copy of Parameters ..
400,
| Modify/Show Parameters..
350,

g
peCl i cb o oo b beed b bl o
Base Reaction

200,
150,37
|
100,37
|
50, "
RN N NS R NS RN RN NS ERNEN A
26, 52, 78, 104, 130, 156, 182, 208, 260, 403
Wouse Pointer Location Horiz | Vert
| ok | Cancel |

Figire 4.17 Pushover curve for TSC2018

To obtain a performance point, the seismic coefficients Ca and Cv are taken from the

ATC-40 mentioned in the Table 4.2.

File
Static Nonlinear Case Piot Type Unts
PUSHOVER-LATERAL  + ATC-40 Capacty Spectrum ~ KN, m, C -
| I Parameters For ATC-40 Capacity Spectrur < | Current Pot Parameters
= A40PO1 -
Pushover Parameters Name
‘ — [AJOPOI ] KN mC = Add New Parameters...
{ | Add Copy of Parameters...
Piot Axes Axis Labels and Range [ Woatyrshow Parameters |
¢ @sa-sa Osa-T Osd-T Set Axis Data...

¢ Demand Spectrum Defiion Performance Polnt (V, D)
: (373201,0,033)
O Function

@ User Coetfs I ca [0.44 ] v [oss | Performance Point (Sa, Sd)
| (0623, 0028)

] Damping Parameters Defintion
Performance Point (Teff, Bom

Inherent « Addtional Damping 0,05 2 >
¢ (0,424 ,0,192)
| Structural Behavior Type
¢ Oa @8 Oc O User Wity Shaw
Rems Visie On Piot ”_3
[ Show Capacty Curve coor
E4 Show Family of Demand Spectra Color -
Damping Ratios
[0.05 | |01 | [o1s | [02 |
[ show Single Demand Spectrum (ADRS) Color
- Niarahia Namninal —

Figure 4.18 Parametres For ATC-40 Capacity Spectrum
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S |

File

Static Nonlinear Case Flot Type Units

PUSHOVER-LATERAL ATC-40 Capacity Spactrum KN, m. C

Spectral Displacement Current Piot Parameters.

123 A40PO1
1.N’._; . . T 1 v Add New Parameters...
3 Add Copy of Parameters,
0,967
3 Wodify'Show Parameters.
0,847 =
o ib—L1 - g Performance Point (V. D)
E i
0,67 g
4 -«
= - E Performance Point (Sa_5d)
0483 : (0,623, 0,028 )
0,362 = e | T °
3 e T —— Performance Point (Teff, Beff)
0247 1 t 1 i 1 T (0,424 , 0,192 )
0123 | | ! | ! | | |
T e e
25, 50 78, 100 125, 150, 175, 200, 25, 50,
Waousa Pointer Location Horiz Vert
oK Cancel

Figure 4.19 Pushover Curve and performance point of TSC2018

4.1.2 By Eurocode 2004:

The data obtained from the Eurocode 2004 has been given in the Table 4.5.

Table 4.5 The data used in the analysis and taken from Eurocode 2004

The soil type 7D EN 1998-1 :2004 Table3.1
Soil factor S=1.15 EN 1998-1 :2004 Table3.2
The combination factor for | n=0.3 Live Load | EN 1998-1 :2004. Table
live load Participation Factor Al.l

Spectrum Period

Tp=0.2 , Tc=0.6 , Tp=2

EN 1998-1 :2004. Table 4.3

The importance factor I=II, Y1=1 EN1998-1:2004.4.2.5.5(P)
Correction factor lambda 1

Lower Bound Factor B=0.2

Behavior factor g=1.5 EN1998-1:2004 C3 4.2.3(P)
Ground acceleration a,=0.4

The plastic hinge length

Le==X + 0.2h +
30

dpLfy(Mpa)

0.11
Vfe(Mpa)

EN 1998-1 :2004 C3

A3.2.1(P)8

Cracked column

0.5*stiffness

EN 1998-1 :2004.4.3.1.7(p)

Cracked beam

0.5* stiffness

EN 1998-1 :2004.4.3.1.7(p)

seismic coefficients

Ca=0.44

ATC-40 Table 4.7

seismic coefficients

Cv=0.64

ATC-40 Table 4.8
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The soil quality factors, spectrum period, and behavior factor were entered in the SAP
2000 program to define seismic load pattern.

i’ L 1

) 2004 Eurocodes Seismic Load Pattern
Load Direction and Diaphragm Eccentricity Parameters
(® Global X Direction Country CEN Default v
O Global Y Direction Ground Acceleration, ag/g
Ecc. Ratio (All Diaph.) Speck Type ! 2
1 Ground Type Cc v
{ Override Diaph. Eccen. Override... Soil Factor, S 1,15
I Spectrum Period, Tb 02
Lhioion Spectrum Period, Tc 086
CIF S Spectrum Period, Td [2
® Frogri cetc Lower Bound Factor, Beta 02

Ll Behavior Factor, q
Lateral Load Elevation Range Correction Factor, Lambda C]

(® Program Calculated
(O User Specified

1 E

Cancel

Figure 4.20 Eurocode seismic load pattern

4.1.2.1 Input cracked elements in SAP2000
The enter of effective section stiffness factors for reinforced concrete column and

beam members in SAP2000.

e SRS

Property/Stiffness Modifiers for Analysis { Property/Stiffness Modifiers for Analysis

Cross-section (axial) Area >] 1 ! Cross-section (axial) Area [1

Shear Area in 2 direction (1 | Shear Area in 2 direction 1 ‘
Shear Area in 3 drection ;‘ ] Shear Area in 3 direction 1

Torsional Constant 1 Torsional Constant ‘ 1

Moment of inertia about 2 axis °5 J Moment of inertia about 2 axis ‘,°~5

Moment of Inertia about 3 axis {05 Moment of inertia about 3 axis {05

Mass 1 | Mass 1

Weight ' 1 ; Weight L‘

i I | i R

Figure 4.21 Stiffness modification factors for Eurocode
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4.1.2.2 Performance level for building according to EC8

The limits for beam and column were calculated according to EC8 as mentioned in the

below tables 4.6, 4.7, and 4.8.

Table 4.6 Performance level for the beam to EC8

Limit State (LS) For Beam (Plastic part)

Member DL SD NC
Ductile primary 0 0.020619 0.027492
Ductile secondary 0.037114 0.049485

Table 4.7 Performance level for the beam to EC8 to yielding rotation

Limit State (LS) For Beam (Plastic part) (Op/Oy)

Member DL SD NC
Ductile primary 0 8,895064 11,86008
Ductile secondary 16,01111 21,34815

Table 4.8 Performance level for the column to EC8

Limit State (LS) for column (Plastic part)
Member DL SD NC
Ductile primary 0 0.014 0.019
Ductile secondary 0.0268 0.0358

4.1.2.3 Defined and assignments of plastic hinge for beam and column

As mentioned in 4.1.1. when the TSC2018 is used, the same steps are processed, but

by considering the ECS rules.
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B Frame Hinge Property Data for beam - Moment M3

Edit
Displacement Control Parameters
Type
Point  Moment/SF Rotation/SF A (®) Moment - Rotation
02 -452 = O Moment - Curvature
02 -352 L Hinge Length
1,187 -35.2
H 0 .1
s L L= Hysteresis Type And Parameters
1, 0, ;
1,187 2 o _ HysteresisType  isotropic v|
02 352 No Parameters Are Required For This
02 Fi] ¥ Hysteresis WPQ
Load Carrying Capacity Beyond Point £
(®) Drops To Zero
() Is Extrapolated
Scaling for Moment and Rotation
Posttive Negative
[] Use Yield Moment ~ MomentSF 238,612
[] Use Yiei Rotation ~ Rotation SF
(Steel Objects Only)
Acceptance Criteria (Plastic Rotation/SF)
Postive Negative
| [—
[ Life safety [Tox ] P
I coliapse Prevention 11,86

[T] Show Acceptance Crieria on Plot

Figure 4.22 Frame hinge property data for the beam of Eurocode 2004
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For column:

Edit

Select Curve Units

Axial Force |-346,4 ~ Angle |90, v cuvext |4 4 p M KN, m, C v

Moment Rotation Data for Selected Curve

Point Moment/Yield Mom Rotation/SF d
B
A 0, 0, ) |
1, 0,
Cc 1,107 0,0363
0.2 | 0,0363
02 ‘ 0,0463 E
A
Copy Curve Data
Current Curve - Curve #1 Full Interaction Curve
Force #1; Angle #1 Axial Force = -346 4
Acceptance Criteria (Plastic Deformation / SF) 3D View
: = _— = =
- Immediate Occupancy 0, | Plan ‘ 0 | - Axial Force |-246.4 -
a
Life Safety 0,015 | Elevation |0 |iw; [ Hide Backbone Lines
P = -
- Collapse Prevention 0,02 Aperture |0 > D Show Accepiance Crileria
[] Show Acceptance Points on Current Curve 30 RR | MR3 | MR2 Highlight Current Curve
Moment Rotation information Angle Is Moment About
Symmetry Condition Symmetric 0 degrees = About Positive M2 Axis
Number of Axial Force Values 1 90 degrees = About Positive M3 Axis
Number of Angles 1 180 degrees = About Negative M2 Axis Cancel
Total Number of Curves 1 270 degrees = About Negative M3 Axis

Figure 4.23 Frame hinge property data for column of Eurocode 2004

Edit
User Interaction Curve Options Interaction Curve Data
£ mteraction Curve is Symmetric Current Curve |1 v 4
Number of Curves ! Point P M3 d
Number of Ponts on Each Curve " ! =370 L
2 -3229 101,7973 Poua
Scale Factors (Same for All Curves) 3 -2854 1582101
P M3 4 -2410 208,195
KN,m C v 1, 1, 5 -1908, 251,5106
6 -1319, 293,4225
7 -95 S 14,3065
First and Last Points (Same for All Curves) = 3 2.9959 28 ‘GOA
-511,0664 264,6306
ot ? = 3 204,2675 2332829 Check rul
1 [amo e Sl L Curve
10 420,288 1276127
1 |110.2609 1 110 2600 0 v
Interaction Curve Requirements - With Symmetry Plot of Full interaction Curve
M3 P [ Highiight Current Curve
1. Only one P-M3 curve is specified /"\\ |
2. P (tension postive) increases monotonically. \ /M? 3
3. W3=0 atthe first and last points ==
4. AIM3> 0 (except at first and last points)
S.  The curve must be convex (no dimples in surface) P
M3

Cancel

Figure 4.24 Interaction curve definition for column of Eurocode 2004
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The plastic hinges are assigned at the beginning and the end of each beam and column

as shown in Figure 4.36.

(1) 1 1
T T
[ A | B Cc
29H1(beam) _QHZ(Dea_m} -10H1[Dgam1 -10H2[Deam)
2H2(column-eu) | 4H2(column-eu) '.5H2{column-eu)
2H1({column-eu) | 4H1(column-eu) BH1(column-eu)

o7H1(beam) o 7H2(beam) oBH1(beam) LBH2(beam

1H2(column-eu) 1 JH2(column-eu) ’5H2{column-eu)

1
L1H1 (column-eu) F 3H1(column-eu) "5H1(column—eu;

Figure 4.25 assignments of plastic hinge for beams and columns

4.1.2.4 Modal analysis

As mentioned, when the Turkish code has been implemented, the same steps were

utilized for analysis, and the pushover curve and performance point were obtained.

B:'—"":‘ er Curve X
File
Static Nonlinear Case Plot Type Units
PUSHOVER-LATERAL v Resultant Base Shear vs D ~ KN, m, C v
Displacement Current Plot Parameters

500, VDPO1 v
‘50_—: — f— Add New Parameters...

3 Add Copy of Parameters..
400,

4 Modify/Show Parameters. .
350,
300,3 g

E g

3 ]
250, €

3 3
2003 a
150,35
100, 3

50,3
= LU T R O I (U O BB ‘ L L I O R B
30, 60, 90, 120, 150, 180, 210, 240, 270, 300, .3
Mouse Pointer Location Horiz | Vert

coe

Figure 4.26 Pushover curve for Eurocode2004
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B Pushover Curve

File

Static Nonlinear Case Plot Type Units.
PUSHOVER-LATERAL v ATC-40 Capacity Spectrum v/ KN.m,C v
Spectral Displacement Current Plot Parameters

124 A40PO1 v
o | Adatew Parametes..

E Add Copy of Parameters...
0,967

3 Modify/Show Parameters...
LLE \ -y
0773 — e e i Per Point (V, D)

3 2 [(390,837 , 0,035)
0,64 .:,.

3 f/ N Performance Point (Sa, Sd)
0,484 7 3
L 0,645, 0,03

4 | ™~ > I¢ )
0,36

3 \\\\\_\ Performance Point (Teft, Beff)
247 = 0431,0,179
0,247 T € )
0,123

-1I1Fillﬁl|IIII|IIII|IIlI|IIIl|{JIL|IlII|IIII|IIII

25, 50, 75, 100, 125, 150, 175 200, 225 250, .3
Mouse Pointer Location Horiz | Vert

Base Force (KN)

-0,05

Figure 4.28 Pushover curve for C20 according to TSC2018 and Eurocode2004

Figure 4.27 Pushover Curve and performance point for Eurocode2004

Pushover Curve

500
450
400
350
300
250
200

—@—TBDY2018
150 —&— EURO CODE

100
50

0 0,05 0,1 0,15 0,2 0,25 0,3

Displacement (m)
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Performance point

1,2

|
o]

|ing —@— Capacity TBDY2018
@ O 6 K
wn Y ¢
JI .l —@— Demand TBDY2018
o N
0,4 / Capacity Eurocode
» ~ Demand Eurocode
02 |/
U Y
0
0 0,05 0,1 0,15 0,2 0,25
sd (m)

Figure 4.29 Performance point according to TSC2018 and Eurocode2004

4.1.2.5 At performance point

The plastic deformation that occurred to frame at performance point according to

TSC2018 and EC8 were showed in the below Figure 4.30.

Wl o

TSC018 ECE

Figure 4.30 Plastic deformation to the frame at performance point (TSC2018 and ECS)

4.1.2.6 At failure:

The plastic deformation that occurred to frame at failure according to TSC2018 and

EC8 were showed in the below Figure 4.31.
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TSC2018 £68

L | S (L]

Figure 4.31 Plastic deformation to the frame at failure (TSC2018 and ECS)

Table 4.9 Plastic deformation to beams and columns at performance point and failure according to

(TSC2018 and ECS)

At TSC2018 6 2 - - 8 4 - -
performan

ce point EC8 5 3 - - 8 4 - -

TSC2018 3 5 - - 3 1 1 7

At failure ECS ) ) i 4 4 5 ] 6
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4.2 The Effect of low concrete strength on performance

14-Storey Frame :

In this chapter, the effect of decreasing the quality of concrete was studied by the
pushover method according to TBDY2018 and ECS. Where a 14-storey frame was
defined and the pushover analysis was done three times for (C10, C20, C40) by

following the same steps mentioned in the last chapter, and the results were compared.

A

.....

— - 4 1 i =

Figure 4.32 view of the frame modeled in SAP2000
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Table 4.10 Frame data

Frame Information

The Number of stories 14 story
floor Hight 3m
Total Building Hight 42m
Mterial Information
Concrete Class C10-C20-C40
Concrete Elasticiy Modulus 30000 MPa
Rebar Class 5420
Steel Elasticity Modulus 200000 MPa

Other Information

Columun Section (400*400) mm

Longitudinal = 8-020
Stirrups = @10/15 mm

2-014 AT the top

Longitudinal
Beam Section (300*600) mm
4-014 AT the Bottom
Stirrups ?¥8/150 mm
Seismic Zone DD2

Spektral Ivme Katsayist

Ss=0.573, S1=0.222

2018 Turkish Code

The soil type 7D TSC2018.Tablo 16.1
The combination factor for live load n=0.3 TSC2018. Table 4.3
Building Category BKS=3 TSC2018. Table 3.1
The importance factor I=1 TSC2018. Table 3.1
Seismic design class DTS=3 TSC2018. Table 3.2
Building height class BYS=4 TSC2018. Table 3.3
Behavior factor R=6 TSC2018. Table 4.1
The strength increase factor D=2.5 TSC2018. Table 4.1
The plastic hinge length LP=0,5H TSC2018.5.3.1.2
Cracked column 0.7*stiffness TSC2018. Table 4.1
Cracked beam 0.35*stiffness TSC2018. Table 4.1
seismic coefficients Ca=0.4 ATC-40 Table 4.7
seismic coefficients Cv=0.56 ATC-40 Table 4.8
Nonlinear material €CO =0.002, | TSC.Figure 5A.1

ecu=0.05

esh =0.008, | TSC.Table 5A.1
Nonlinear material

esu=0.8
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4.2.1 Define concrete material

As also given by Bedirhanoglu (2014) the elastic modulus equation given by Turkish
Code (TS500) yields very high values then real value particularly for low strength
concrete. For this reason, other equations given by Bedirhanoglu (2014) and ACI 318
has been implemented to calculate young modulus from concrete strength. The
American Concrete Institute ACI 318 (2008) provides the following
relationship for modulus of elasticity (Bedirhanoglu 2014).
Ec=4.73,/F;
For C10 — Ec=4.7310 = 14957573 KN

C20 — Ec=4.73v/20 = 21153203 KN

C40 — Ec= 4.73+/40 = 29915146 KN

S |

General Data
Material Name and Dispiay Color c10 [
Material Type Concrete
Material Grade |
Material Notes Modify/Show Notes._.

Weight and Mass Units
Weight per Unit Volume [2s. | KN, m, C ~

Mass per Unit Wolume 2.5493

Isotropic Property Data

Modulus Of Elasticity, E |
Poisson, U [ez ]
Coefficient Of Thermal Expansion, A 9,900E-06
Shear Modulus, G 6232322,

Other Properties For Concrete Materials

Characteristic Concrete Cylinder Strength, fck 10000,

Expected Concrete Compressive Strength 10000,

[] Lightweight Concrete

[] Switch To Advanced Property Dispiay

Cancel

Figure 4.33 defined material concrete (C10) in SAP2000
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General Gata
Material Name and Dispiay Color | c20 l ]

Material Type Concrete

Material Grade [ |

Material Notes ModifyrShow Notes. ..
Weight and Mass Units
Weight per Unit WVolume 25, KM, m, T ~

Mass per Unit Volume 22,5493

Isotropic Property Data

Modulus Of Elasticity, E 21453203, ]

Poisson, U |o.= |
Ceefficient Of Thermal Expansion, A 9,900E-06 |
Shear Modulus, G 8813835,

Other Properties For Concrete Materiais
Characteristic Concrete Cylinder Strength, fck 20009,7
Expected Concrete Compressive Strength |zo0000,

[ vightwweight Concrete

[0 switch To Advanced Property Display

Cancer

Figure 4.34 defined material concrete (C20) in SAP2000

General Data
Material Name and Display Color C40 -
Material Type Concrete

Material Grade |

Material Notes Modify/Show Notes...
Weight and Mass Units.
Weight per Unit Volume KN, m C ~
Mass per Unit Volume
isotropic Property Data
Modulus Of Elasticity, E 29915146,
Poisson, U |o.z2
Coefficient Of Thermal Expansion, A [2.200E-08 |
Shear Modulus, G 124646544,

Other Properties For Concrete Materiails
Characteristic Concrete Cylinder Strength, fck | #0000,
Expected Concrete Compressive Strength 20000,

[] Lightweight Concrete

[] switch To Advanced Property Display

Cance:

Figure 4.35 defined material concrete (C40) in SAP2000

To define the properties of the hinges, the moment-curvature and plastic rotation of all
section beam and column elements were calculated for each type of concrete. The same
steps were followed in the previous example of the frame that explains the method of
pushover analysis. The pushover analysis was done according to the three types of

concrete (C10, C20, C40), according to TSC2018 and ECS, and these results were

obtained.
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4.2.2 Pushover curve

Comparative push-over curves have been presented in Fig. 4.36 and Fig. 4.37.

PushOver Curve

600

—&— EC8-C10

—— EC8-C20

—— EC8-C40
TSC2018-C10

BaseForce (kN)

—8—T5C2018-C20

—@—TSC2018-C40
0 0,2 0,4 0,6 0,8
Displacement (m)

Figure 4.36 Pushover curve for C10, C20, and C40 according to TSC2018 and ECS8

ATC40-Capacity Spectrum

0,4
—#— C10-Capacity-EC8
0,35
«=f— C10-Demand-EC8
0,3
! ~— C20-Capacity-EC8
. 0,25 ! C20-Demand-EC8
=4
=< 0,2 —— CA40-Capacity-EC8
©
"’ 0,15 —#— C40-Demand-EC8
01 —@— C10-Capacity-TSC2018
—@— C10-Demand-TSC2018
0,05
—@— C20-Capacity-TSC2018
0 —®— C20-Demand-TSC2018
0 0,2 0,4 0,6 0,8
sd (m) —@— C40-Capacity-TSC2018

Figure 4.37 Performance point for C10, C20, and C40 according to TSC2018 and ECS8
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Table 4.11. The number of hinges formed in the columns and beam according to Hinge Status
performance point (TSC2018 and ECS)

Beam-damage -TBDY2018-per Beam -damage-EC8
LS-
Steps CP
(o111 J [— S — S 1) [0 ) p— S —
C20 20 67 45 e s C20 22 68 43 1 ----
c40 | 18 |60 | 52 S — ca0| 18 |77 | 35 |
Column-TBDY?2018-per- Column -damage-EC8
Steps IéSP; Steps J I&%
(o1 1) ) [— (o1 1)) [—
C20 20 135 | --—----- 2 3 C20 22 135 | ——---—- 2 3
C40 | 18 [135| 5 | oo | e c40 | 18 |135| 5 R —
Hinge Status for Beams (At Performance Point)
80
60
40
20
0

m C10-TSC mC10-EC8

C20-TSC

C20-EC8 mC40-TSC = C40-EC8

Figure 4.38 The status of beam hinges at different performance points in case of different concrete

strengths according to TSC2018, and EC8 (B-I0; Continuous Use, I0-LS; Limited Damage, LS-CP;
Controlled Damage, CP-C; Collapse prevention)
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Hinge Status for Columns (At Performance Point)

150
100
50
0
B-10 LS T ——
LS-CP

CpP-C

W C10-TSC « C10-EC8 C20-TSC C20-EC8 mC40-TSC ™ C40-EC8

Figure 4.39 the status of formed hinges and their number to columns at performance point for (C10,

C20, C40) according to (TSC2018, ECS8)

Table 4.12 Plastic hinge that happened to the frame at failure point (TSC2018 and EC8)

At failure point

Beam-damage-TBDY2018- Beam-damage-EC8

C10 | 9 - 8 | e — |C10 | e

C20 | 37 60 35 |4 13 C20 | 47 60 |24 |4 24

C40 | 48 52 28 |8 24 C40 | 48 64 16 |7 25
Column-damage-TBDY2018 Column-damage-EC8

C10 | 9 0 1| [\ [ — N

C20 | 37 121 14 | -—--- 5 C20 | 47 122 | 13 --- 5

C40 | 48 122 |13 | - 5 C40 | 48 |V [ — 5
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Hinge Status for Beams (At failure point)

80
60
40

20

B-10 "‘m

10-LS
LS-CP

CP-C

mC10-TSC mC10-EC8 C20-TSC C20-EC8 mC40-TSC = C40-EC8

Figure 4.40 The status of formed hinges and their number to beams at failure for ( C10, C20, C40)
according to (TSC2018, ECS)

Hinge Status for Columns (At failure point)

150
100
50

0

- ... -y
—
LS-CP
CP-C

W C10-TSC « C10-EC8 C20-TSC C20-EC8 mC40-TSC ™ C40-EC8

Figure 4.41 The status of formed hinges their number to columns at failure for (C10, C20, C40)
according to (TSC2018, ECS)

4.3 Nonlinear static and dynamic analysis for 14 story building

In this chapter, performance analysis of a 14-storey building having a torsion-
dominated behavior. The pushover procedure and time-history analysis have been

applied by considering TSC2018 and ECS8. Details of the analysis have been given in

the following in different sections of this chapter.
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4.3.1 Existing building details

The building located in Diyarbakir Province, Turkey. It consists of a basement, a
ground floor, and 12 typical floors. It consists of beams, columns, shear walls, and

slabs.

Table 4.13 Existing building data

Building Information

The Number of stories Basement, Ground floor and, 12 story
Basement Hight 35m
Ground floor Hight 3m
Typical floor Hight 3m
Total Building Hight 42.5m
Mterial Information
Concrete Class C25
Concrete Elasticiy Modulus 30000 MPa
Rebar Class S420
Steel Elasticity Modulus 200000 MPa
Safety factor for concrete 1.50
Safety factor for steel 1.15
Unit waight for concrete 25 KN/m”3

Other Information

Shear Wall (Number, Section

Dimention)

24, (25x175, 25x180, 25x330, 25x335,
25x425)

Columun (Number, Section Dimention)

15, (30x70, 35x70, 70x30, 70x35, 40x80,
40x85, 35x80, 45x85)

Beam (Section Dimension) (25x50) for all beams
Seismic Zone DD2

Latitude 37,962174°
Longitude 40,184938°

The soil type ZC

The combination factor for live load n=0,3

The importance factor I=1
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Figure 4.42 Perspective view of the building
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Figure 4.43 2d plan view for the basement
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Figure 4.44 2d plane view for the ground floor
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Figure 4.45 2d plane view for the typical floor
4.3.2 Building structural modeling

The building was modeled 3D in SAP 2000. To do a non-linear analysis, the diameter
of the reinforcement and its quantity were defined for all sections, beams, columns,
and shear walls. Shear walls were modeled as mid-pier. And that is after checking the
possibility of modeling the shear walls as mid-pier according to the Turkish code “the
ratio of the longest length for the shear wall in the plan to the total shear wall height
does not exceed 1/2”” mentioned in paragraph 4.5.3.8 in TSC2018
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Figure 4.46 Mid Pier Model for Shear Wall
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Figure 4.47 3d view of the building modeled in SAP2000

4.3.3 Nonlinear modeling

We need a non-linear analysis to determine the realistic behavior of the building during
an earthquake. Nonlinear analysis can be done with three different methods. These
methods are respectively, single modal pushover analysis, multimodal pushover

analysis, and nonlinear analysis in time history.
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4.3.3.1 Choosing a calculation method for nonlinear analysis

Nonlinear analysis in the time history was selected because the building height class
is 5> BYS=4 > 2 mentioned in paragraph 5.5.2.1 in TSC2018 and it gives more real

results than other methods.

4.3.3.2 Defined nonlinear material properties

C25/30 concrete class and S420 rebar were used in modeling. Nonlinear material was
defined in SAP2000 to be used in the plastic hinge moment calculation. After choosing
the Mander model from “Stress Straing Curve Definition Options” The mander model
data for unconfined concrete €., =0.002 and gy =0.005 As mentioned in the paragraph
5A.1 of the appendix “EK 5A” in the TSC2018 was entered in the “Parametric Strain
Data” as shown in the Figure 4.48.

Edit
|
Material Name Material Type
C25/30 Concrete
|
| Hysteresis Type Drucker-Prager Parameters Units
| S
Takeda ~ Friction Angle 0, | KN, m, C ~
| Dilatational Angle F%
Stress-Strain Curve Definition Options Acceptance Criteria Strains.
@ Parametric Tension Compression
; Sonoe <
P Bo [oo 3,000E-03 |
| Convert To User Defined L= | 0.0 -B.000E-03 |
d cp [o0s -0,015 |

() User Defined
lgnore Tension Acceptance Criteria

Parametric Strain Data

Strain At Unconfined Compressive Strength, fc -_Z.QUQE—I}?: _|
Ulimate Unconfined Strain Capacity | 5,000E-03 |
Final Compression Slope (Multipiier on E) 1-0.1 |

Show Stress-Strain Piot...

Cancel

Figure 4.48 Nonlinear concrete data for TSC2018
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File
Material Name Materiai Type Symmetry Type
c25a30 Concrete Isotropic
x10 3 Strain (m/m) Plot Control Parameters
28] Background Auto v
27 Axisl Curve Color | |
E| [[] Show Shear Curve
207 [] Add Left and Right Borders
= 3 [[] 4dd Top and Bottom Borders
k| = Reverse Plot Axes Direction
123 é [] Disabie Snap
3 % Mander Concrete Model
l‘_: E Modify/Show Mander Data...
P | Type: Unconfined
07 <
4.3
243
A2 o e
24 18 og 0, 08 -5 24 32 -4 48 5gx10 3
< > Units KN, m C v
Mouse Painter Location  Strain |5, 745E-04 ‘ Siress | -4540,19

Figure 4.49 C25/30 Concrete Stress-Strain Graph

S420 rebar class was used in modeling.

Nonlinear material for reinforced concrete

steel was defined in SAP2000 according to TSC2018. Where “Strain At Onest of
Strain Hardening” is eco =0.008 and “Ultimate Strain Capacity” is ecu =0.08 for S420
As mentioned in table 5A.1 of the appendix “EK 5A” in the TSC2018.

Edit
Material Name
5420

Hysteresis Type

Kinematic

Stress-Strain Curve Definition Options
(@) Parametric
Simple

Convert To User Defined

~

O user Defined

Parametric Strain Data
Strain At Onset of Strain Hardening
Uttimate Strain Capacity
Final Slope (Muttiplier on E)

Material Type
Rebar

Acceptance Criteria Strains

Tension Compressien
| ) ‘u,m {.5 000E-03 \
s [002 | [-0,01 ]
lce [oos | [-0.02 ]
[soooe0z | ]
{n‘ua \

l-0.1

[] Use Catrans Default Controling Strain Values (Bar Size Dependent)

Show Stress-Strain Plot...

Cancel

Figure 4.50 Nonlinear rebar data for TSC2018
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Matersi Name eatensi Type Symmetry Type
| sa0 Repar unicnt
L
R Strain (mém) Plot Control Parameters
L 500 T Backproung Auto -
] | Asxig) Cu
e | S O N ’_//_7 | Curve Color m
] [] show Shear Curve
i 3007 T I I T T T B [] Ada Le#t and Right Borders
| 2005 I | ! | ) | | [ da Top and Botiom Borders
& [£] Reverse Piot Axes Direction
(el § ] Dmate sasp
. E
o
H | i
100 1 i t t
1 Y
| 200
[l 2003 1 i 1 1
<800, 4o Y T 00 ) 4  E
100, &, 80 40, 20, 0. 20, -4b, 80, 80, -100,x10 3
< > units wme -
Mouse Pointer Location  Stran 5,0836-03 Stress |-474277

Figure 4.51 S420 rebar Stress-Strain Graph
4.3.3.3 The Relationship between Stress-Strain for unconfined and confined

reinforced concrete

The Stress-Strain relationship of RC section according to Mander model were

explained in figures 4.52, and 4.53.

Column (30/70)

35000

~

<

S

~

5 —@— Confined

ﬁ —@— Unconfined
A

-0,005 0,005 0,01 0,015 0,02 0,025 0,03

Strain

Figure 4.52 Stress-Strain relationship of a RC cross sections of a column according to Mander
model
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Shear Wall (25/355)
35000
30000
25000
20000 /
15000 ]' —@— Confined
)

10000 Unconfined

Stress (KN/mA2)

5000

-0,005 0 0,005 0,01 0,015 0,02 0,025
-5000

Strain

Figure 4.53 Stress-Strain relationship of a RC cross-sections of a shear wall according to Mander
model

4.3.4 Cracked elements

For slabs and shear walls in the basement, according to TSC2018 “The effective
section stiffness coefficient for in-plane and out-of-plane behavior of linearly modeled
shear walls and slabs will be taken from Table 4.2 in 4.5.8.” as mentioned in the
5.4.5.1.in TSC2018.

For beams, columns, and shear walls with plastic hinges, the Turkish Code has been
given an equation for calculating the effective stiffness coefficient. (as mentioned in
paragraph 5.4.5.2.in (5.2), (5.3) equation in TSC2018).

But when we use this equation, we notice that it does not work well and gives very
small values, which causes the building to weaken consequently, the pushover curve
will be down. It is more logical to use this equation only in the plastic hinge zone
(nonlinear zone), that is, at the beginning and end of the element. While using the table
values for (linear zone) in the middle part of the element is not practical because we
define an element as one part and not three parts during the modeling of the building,
above that, there is a large number of elements in the building. So, in this study values
that were used as in the Table 3.5, for the effective stiffness, coefficient for column

flexure = 0.7, for beam flexure (bending)= 0.35, and shear wall (mid-peir) flexure=

0.5, and shear= 0.5.
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Table 4.14 The effective stiffness coefficient for beam by using equation nonlinear TSC2018

fce b h n fce fye E fyw dp(m)
25 0.25 0.5 1 32.5 504 31000000 420 0.014
The effective stiffness coefficient (Beam)
Ln (net | Ls (kesme
agklik) | uzumlugu Moment | Curvature Oy Eie I EI coefficient
1 2.18 1.09 91.643 6.75E-03 | 0.006029 | 5522.87 0.002604 | 80729.17 | 0.0684123
2 2.8 1.4 91.643 6.75E-03 | 0.006498 | 6581.64 0.002604 | 80729.17 | 0.0815274
3 2.8 1.4 91.2261 0.00686 0.006566 | 6483.498 | 0.002604 | 80729.17 | 0.0803117
4 3.75 1.875 91.2261 0.00686 0.007449 | 7654.397 | 0.002604 | 80729.17 | 0.0948158
5 29 1.45 119.6914 0.00712 0.006819 | 8484.081 | 0.002604 | 80729.17 | 0.1050931
6 4.35 2.175 119.6914 0.00712 0.008281 | 10479.22 | 0.002604 | 80729.17 | 0.1298071
7 4.07 2.035 120.8425 0.00703 0.005871 13962.7 0.002604 | 80729.17 | 0.1729573
8 4.08 2.04 120.8425 0.00703 0.00792 | 10376.02 | 0.002604 | 80729.17 | 0.1285287
9 4.42 221 202.0181 0.00796 0.009104 | 16345.88 | 0.002604 | 80729.17 | 0.2024781
10 443 2215 202.0181 0.00796 0.009117 | 16361.09 | 0.002604 | 80729.17 | 0.2026664

Table 4.15 The effective stiffness coefficient for the column by using equation nonlinear TSC2018

30/70 K(S1,2,3,4,12,13,14,15) TSC2018 (Nonlinear)

Fc b h dp(m) n fce fye E fy

25 0.3 0.7 0.016 1 325 504 31000000 420

The effective stiffness coefficient ( column)

KAT sy MY | LS Oy Eie I b flf?ciem
1.Story 0.00725 612.847 1.25 0.00706274 | 36154.9297 | 0.008575 265825 0.1360
2.Story 0.007128 597.95 1.25 0.00699034 | 35641.4645 | 0.008575 265825 0.1340
3.Story 0.00699 581.0285 1.25 0.00690844 | 35043.417 | 0.008575 265825 0.1318
4.Story 0.00688 562.546 1.25 0.00684315 | 34252.3631 | 0.008575 265825 0.1288
5.Story 0.00674 540.418 1.25 0.00676007 | 33309.4641 | 0.008575 265825 0.1253
6.Story 0.00664 518.8913 1.25 0.00670072 | 32265.9037 | 0.008575 265825 0.1213
7.Story 0.00655 495.1922 1.25 0.0066473 31039.663 | 0.008575 265825 0.1167
8.Story 0.00648 471.0039 1.25 0.00660576 | 29709.1643 | 0.008575 265825 0.1117
9.Story 0.00623 414.859 1.25 0.00645739 | 26769.0062 | 0.008575 265825 0.1007
10.Story 0.00644 421.4294 1.25 0.00658202 | 26678.0638 | 0.008575 265825 0.1003
11.Story 0.0063 389.7521 1.25 0.00649893 | 24988.2076 | 0.008575 265825 0.0940
12.Story 0.00635 357.9029 1.25 0.00652861 | 22841.9611 | 0.008575 265825 0.0859

4.3.5 Moment-curvature and interaction surface in SAP2000

To calculate the moment-curvature and interaction surface of the element sections all
cross-sections of the elements were created, beams, columns, and shear walls from the

“Section Designer” menu in SAP2000.
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For beams, all beams have the same cross-section dimension of (25-50). But the
quantity of its rebar is different, so sections were defined according to its rebar and
moment-curvature was calculated. The figure shows the calculation of moment-

curvature for a beam section containing 4014 rebar at the bottom and 3 @14 rebars at

the top.
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Figure 4.54 Modeling Section Beam and calculate moment-curvature

As for the shear walls and columns, the moment-curvature was calculated for all
sections for M2, M3 changing angle (0-90) as shown in the Figure 4.55 and according
to the axial load P that differs from section to section and from floor to floor.
Interaction surface was also calculated for all sections of columns and shear walls from
the section design menu, where after defining the section, the interaction surface is
obtained by clicking on the “Show Interaction Surface” button. There are 24 curves
of different degrees. In this study, three curves with angles 0, 45, 90 were taken for
each section.

The Figure 4.55 shows the calculation of moment-curvature for a column section
(30/70), 12 @16 and axial load is P=1680.47 KN.

The Figure 4.56 shows the interaction surface for the same column that sections

(30/70).
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Figure 4.55 Modeling Section Column and calculate moment-curvature
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Figure 4.57 Interaction Surface curve for a section column (angle= 45)
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Figure 4.58 Interaction Surface curve for a section column (angle= 90)

4.3.6 Define and assignment of plastic hinges to sections

It is possible to assign automatically the plastic hinges for all elements in SAP2000,
but in order to obtain more realistic solutions, plastic hinges properties are defined
manually for all sections and then assign it. The M3 type was used for the beam hinge.

The figure shows the definition of the hinge properties of a beam section. The idealized
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moment-rotation of the section beam has been entered in “Displacement Control
Parameters”. The rotation is obtained by multiplying the curvature by plastic hinge
length (6= L,*@), Lp=0.5 h (where the length of plastic hinge is equal to the half of
the section’s length in the effective direction) as mentioned in paragraph 5.3.1.2 in
TSC2018. The plastic deformation was calculated for three levels (Immediate
Occupancy, Life Safety, and Collapse Prevention according to the TSC2018 of all
beam sections. And this data has been entered into the " Acceptance Criteria (plastic
rotation/SF)" part from “Frame Hinge Property”.

E 5

Edit

Displacement Control Parameters

Type

Point Moment/SF Rotation/SF & (® Moment - Rotation

-0,2 -40,7 = (O Moment - Curvature
02 30,7 L‘

-1,1688 -30,7 I

-1 0

IS

0 o ""T Hysteresis Type And Parameters
1 0,
11698 07 Hysteresis Type Isotropic v
. [ Symmetric
| 02 30,7 n No Parameters Are Required For This
02 FrE] Hysteresis Type

Load Carrying Capacity Beyond Point E
@:‘ Drops To Zero
() Is Extrapolated

Scaling for Moment and Rotation

Postive Negative
[] use Yield Moment Moment SF 106,65
[] UseYieldRotation  Rotation SF  |1,S80E03 |
(Steel Objects Only)
Acceptance Criteria (Plastic Rotation/SF)
Posttive Negative
- Immediate Occupancy |U. ‘
Life Safety | 18,2482 1 Cancel
I Colapse Prevention |24,4842

] show Acceptance Criteria on Plot

Figure 4.59 Frame hinge property data for beam

The P-M2-M3 type was used for columns and shear walls hinge. The Figures below
show the definition of the hinge properties of a column section. Where the same
method was followed to define all hinge properties of the sections of columns and
walls. To define the 3D interaction curve for column 3 curve “Number of Curves” 3
curves were selected (P-M2, P-M3, P-M2-M3), As previously calculated in the section
design in SAP2000 for (0, 45, 90) degrees. As for “Moment Rotation Data” Windows,
it has been defined as previously mentioned for the beams, but the difference in the

columns was defined for the x, y directions by changing the angle 0 and 90.
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B Frame Hinge Property Data for CZ.51 - Interacting P-M2-M3
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Figure 4.60 Modeling Section Beam and calculate moment — curvature
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Figure 4.61 Interaction curve definition for column
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Figure 4.62 Moment rotation data for column

The plastic hinges are assigned in the beams and columns at the beginning and end of

each element, as for the shear walls, they were assigned at the lower end of each floor

in accordance with paragraph 5.4.3.1.a of the TSC2018.
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Figure 4.63 Assignments of plastic hinge for beam, column, and shear wall
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4.3.7 Identification of nonlinear loads

Nonlinear loads were defined according to pushover and time history analysis.

4.3.7.1 For pushover analysis

The response spectrum was defined according to the TSC2018, where soil type and
spectrum parameters were entered. Spectrum factors were obtained from the AFAD

site, which depends on soil type, seismic zone, latitudinal, and longitudinal.

Function Damping Ratio
Function Name
Parameters Define Function
Period Acceleration
0.2 Sec Spectral Accel, S8
1 Sec Spectral Accel, 51 0,135 0, ~ 10,1726 o
3 o 0,0938 04318
Long-Period Transition Period 0 4592 04316
0,6 0,3375
0,8 02531
Site Cla! ZC ¥ i
prees 1, 0,2025
Site Coefficient, Fs 1,3 1.2 0,1688
14 v |0,1446 v
Site Coefficient, F1
Function Graph
Design Spectrum Direction Horizontal
T T
Calculated Values for Response Spectrum Curve I 0 ; H T
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I
SM=F1*51 02025 T '
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R tH
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Figure 4.64 Response spectrum TSC-2018 function definition

The loads to be used in the vertical analysis are entered as a total load for dead load
and 0.3 of the live loads as specified in TSC- 2018. Where pushover analysis was

applied under constant vertical load and seismic load.

4.3.7.2 For time-history

The building was modeled and analyzed to be compatible with TSC-2018. During
modeling and analysis, some idealizations were made so that the analysis time would
not be prolonged. According to TSC-2018, at least 11 ground motions must be applied
to the structure. These ground movements should be rotated 90 degrees and effected

on the structure again (TSC2018). However, since this process will prolong the
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analysis time, only 3 earthquake ground motion record (Bingol, Duzce, and Erzincan)

has been applied to the building.
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Figure 4.65 Earthquake data used in the analysis

It is very important to assign the earthquake data correctly to the SAP2000 program.
The data was transmitted From ( Define— Functions —Time history menu—Choose
Function Type to Add— “from file’). Earthquake records are loaded into the SAP2000
program in two columns as time and acceleration values, and the " Time and Function
Values" option is activated from the "Values are:" menu. In the "Function File" section
the value "2" was written in the "Head Lines to Skip" part and, the value "1" was

entered in the "Number of Points Per Line" section.
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Figure 4.66 Assignment Earthquake data to SAP2000
It is necessary to define the analysis in the time history as the continuation of the
nonlinear static analysis of the vertical loads acting on the structure. After the initial
loading is defined, the “Load Case Type” as time history, and “Analysis Type” as
Nonlinear has been selected. The value of 9,81 has been entered in “Scale Factor”
because the acceleration values in the selected records are in terms of “g”, that is,

gravitational acceleration, they are multiplied by the coefficient of 9.81 m/s2.
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MNoninear Parameters User Defined Modify/Show.. Cancel

Figure 4.67 Nonlinear load-case in SAP2000
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Figure 4.68 Nonlinear load-case in SAP2000 by rotating the axes by 90°

4.3.8 Performance analysis for building according to ECS8:

The building was re-analyzed according to EC8. Where the cracked elements and
properties of hinges are defined according to ECS8. Table 4.16 shows some differences

in the calculation between TSC2018, and ECS8 codes.

Table 4.16 The differences in the calculation between TSC2018

Beam (25/50) Column (40/80) Perde (25/425)
TSC-2018 | EC8 TSC-2018 | EC8 TSC-2018 | EC8
Op (SH, DL) 0 0 0 0 0 0

Op (KH, LS) | 0.027587 | 0.015548 | 0.016485 | 0.012132 | 0.005978 | 0.004561
6p (GO, NC) | 0.036783 | 0.020731 0.02198 | 0.016176 | 0.007971 | 0.006082

Lp 0.25 0.263 0.4 0.349 2.125 1.029
Stiffness 0.35 0.5 0.7 0.5 0.5 0.5
factor

4.3.9 Analysis results

The analysis was done and the results obtained as mentioned in below.

4.3.9.1 Pushover curve

Fig 4.68 and Fig 4.69 shows pushover curve for x and y direction
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Figure 4.70 Pushover curve for y-direction
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4.3.9.2 The plastic deformation that occurred to the elements according to
pushover analysis (TSC-2018, ECS)

Table 4.17 The plastic deformation of beams according to pushover in the x-direction

Pushover-x
Beam TSC2018 Euro2004
Number of
bearn 10-LS Ls- cP >CP 10-LS Ls- P >CP

Basement 43 0 0 0 3 0 0
Ground 14 0 0 21 0 0
floor 63

1. Story 63 20 0 0 23 0 0
2. Story 63 20 0 0 24 0 0
3. Story 63 22 0 0 24 0 0
4. Story 63 20 0 0 24 0 0
5. Story 63 19 0 0 24 0 0
6. Story 63 19 0 0 22 0 0
7. Story 63 19 0 0 19 0 0
8. Story 63 16 0 0 19 0 0
9. Story 63 14 0 0 17 0 0
10. Story 63 13 0 0 15 0 0
11. Story 63 11 0 0 13 0 0
12. Story 63 6 0 0 10 0 0
Total 262 213 0 0 258 0 0

Table 4.18 The plastic deformation of shear walls according to pushover in the x-direction

Pushover-x
ShearWall TSC2018 Euro2004
fumber o 15048 | Ls-cp | >cp [I0LS | Ls-cP| >cp

Basement 24 ! 0 0 1 0 0
Ground floor 24 2 0 0 2 0 0
1. Story 24 0 0 0 0 0 0
2. Story 24 0 0 0 0 0 0
3. Story 24 0 0 0 0 0 0
4. Story 24 0 0 0 0 0 0
5. Story 24 0 0 0 0 0 0
6. Story 24 0 0 0 0 0 0
7. Story 24 0 0 0 0 0 0
8. Story 24 0 0 0 0 0 0
9. Story 24 0 0 0 0 0 0
10. Story 24 0 0 0 0 0 0
11. Story 24 0 0 0 0 0 0
12. Story 24 0 0 0 0 0 0
Total 336 3 0 0 3 0 0
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Table 4.19 The plastic deformation of beams according to pushover in the y-direction

Pushover-y
Beam TSC2018 Euro2004
Number of 10-LS LS- cP >CP 10-LS Ls- cP >CP
beams

Basement | 43 1 0 0 1 0 0
Ground 63 11 0 0 13 0 0
floor

1. Story 63 16 0 0 19 0 0
2. Story 63 19 0 0 19 0 0
3.Story | 63 20 0 0 20 0 0
4, Story 63 19 0 0 20 0 0
5. Story | 63 18 0 0 20 0 0
6. Story | 63 16 0 0 16 0 0
7.Story | 63 12 0 0 14 0 0
8. Story | 63 8 0 0 10 0 0
9.Story | 63 7 0 0 0 0
10. Story | 63 5 0 0 0 0
11. Story | 63 5 0 0 0 0
12. Story | 63 3 0 0 0 0
Total 862 160 0 0 174 0 0

Table 4.20 The plastic deformation of shear walls according to pushover in the y-direction

Pushover-y
ShearWall TSC2018 Euro2004
fumber oF - 11o4s | Ls-cp | >cP [10LS | Ls-CP | >cCP

Basement 24 ! 0 0 1 0 0
Ground 24 2 0 0 2 0 0
floor

1. Story 24 1 0 0 1 0 0
2. Story 24 0 0 0 0 0 0
3. Story 24 0 0 0 0 0 0
4. Story 24 0 0 0 0 0 0
5. Story 24 0 0 0 0 0 0
6. Story 24 0 0 0 0 0 0
7. Story 24 0 0 0 0 0 0
8. Story 24 0 0 0 0 0 0
9. Story 24 0 0 0 0 0 0
10. Story 24 0 0 0 0 0 0
11. Story 24 0 0 0 0 0 0
12. Story 24 0 0 0 0 0 0
Total 336 4 0 0 4 0 0
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4.3.9.3 The plastic deformation that occurred to the elements according to time

history analysis (TSC-2018, EC8)

Table 4.21 The plastic deformation of beams according to time history (Bingol-1)

Bingol-1
Beam TSC2018 Euro2004
Number of | jos | Ls-cp | >cp | 10LS | Ls-CP | >cP
Basement 43 1 0 0 1 0 0
fol((’)‘(‘)‘rld 63 6 0 0 13 0 0
1. Story 63 3 0 0 10 0 0
2. Story 63 4 0 0 14 0 0
3. Story 63 3 0 0 9 0 0
4. Story 63 0 0 0 5 0 0
5. Story 63 0 0 0 1 0 0
6. Story 63 0 0 0 5 0 0
7. Story 63 1 0 0 16 0 0
8. Story 63 10 0 0 22 0 0
9. Story 63 22 0 0 24 0 0
10. Story 63 24 0 0 25 0 0
11. Story 63 23 0 0 25 0 0
12. Story 63 22 0 0 23 0 0
Total 862 119 0 0 193 0 0
Table 4.22 The plastic deformation of shear walls according to time history (Bingol-1)
Bingol-1
Shear Wall TSC2018 Euro2004
Rumber of | g0 s | Ls-cp | >cp [ 1048 | Ls-cp | >cp

Basement 43 1 0 0 1 0 0
Ground floor 63 0 0 0 0 0 0
1. Story 63 0 0 0 0 0 0
2. Story 63 0 0 0 0 0 0
3. Story 63 0 0 0 0 0 0
4. Story 63 0 0 0 0 0 0
5. Story 63 0 0 0 0 0 0
6. Story 63 0 0 0 0 0 0
7. Story 63 1 0 0 1 0 0
8. Story 63 1 0 0 1 0 0
9. Story 63 0 0 0 0 0 0
10. Story 63 0 0 0 0 0 0
11. Story 63 0 0 0 0 0 0
12. Story 63 0 0 0 0 0 0
Total 862 3 0 0 3 0 0
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Table 4.23 The plastic deformation of beams according to time history (Bingol-2)

Bingol-2
Beam TSC2018 Euro2004
Number of | jos | Ls-cp | >cp | 10LS | Ls-CP | >cP
Basement 43 1 0 0 1 0 0
Ground 63 1 0 0 6 0 0
1. Story 63 4 0 0 6 0 0
2. Story 63 5 0 0 6 0 0
3. Story 63 5 0 0 6 0 0
4. Story 63 3 0 0 6 0 0
5. Story 63 0 0 0 4 0 0
6. Story 63 0 0 0 5 0 0
7. Story 63 6 0 0 8 0 0
8. Story 63 7 0 0 8 0 0
9. Story 63 7 0 0 8 0 0
10. Story 63 8 0 0 9 0 0
11. Story 63 8 0 0 10 0 0
12. Story 63 8 0 0 7 0 0
Total 862 63 0 0 90 0 0
Table 4.24 The plastic deformation of shear walls according to time history (Bingol-2)
Bingol-2
Shear Wall TSC2018 Euro2004
Rumberof | 40-Ls | Ls-CP | >cP | 10-LS | Ls-cP | >cp

Basement 43 0 0 0 0 0 0
Gfrl‘(’)‘é‘r’d 63 0 0 0 0 0 0
1. Story 63 0 0 0 0 0 0
2. Story 63 0 0 0 0 0 0
3. Story 63 0 0 0 0 0 0
4. Story 63 0 0 0 0 0 0
5. Story 63 0 0 0 0 0 0
6. Story 63 0 0 0 0 0 0
7. Story 63 1 0 0 1 0 0
8. Story 63 1 0 0 1 0 0
9. Story 63 1 0 0 1 0 0
10. Story 63 0 0 0 0 0 0
11. Story 63 0 0 0 0 0 0
12. Story 63 0 0 0 0 0 0
Total 862 3 0 0 3 0 0
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Table 4.25 The plastic deformation of beams according to time history (Duzce-1)

Duzce-1
Beam TSC2018 Euro2004
Numberof | yaye 15 cp | >cp | 10-LS | LS-CP | >cCP
beams

Basement 43 17 0 0 21 0 0
Gg(’)t‘)‘r‘d 63 37 0 0 36 1 1
1. Story 63 38 0 0 30 9 2
2. Story 63 38 1 0 29 10 2
3. Story 63 38 1 0 31 10 2
4. Story 63 37 1 0 3] 10 2
5. Story 63 38 1 0 3] 9 2
6. Story 63 39 1 0 32 9 1
7. Story 63 41 1 0 35 6 1
8. Story 63 41 0 0 35 6 1
9. Story 63 41 0 0 37 5 1
10. Story 63 41 0 0 40 0 1
11. Story 63 41 0 0 40 0 1
12. Story 63 39 0 0 39 0 1
Total 862 526 6 0 467 75 18

Table 4.26 The plastic deformation of columns according to time history (Duzce-1)

Duzce-1
Column TSC2018 Euro2004
Numberof 4o 19 | 1s-cp | >cp | 10-LS | Ls-cp | >cp
columns

Basement 15 1 0 0 0 0 0
Gfrl‘(’)‘(lfrld 15 15 0 0 15 0 0
1. Story 15 11 0 0 7 0 0
2. Story 15 1 0 0 0 0 0
3. Story 15 0 0 0 0 0 0
4. Story 15 0 0 0 0 0 0
5. Story 15 0 0 0 0 0 0
6. Story 15 0 0 0 0 0 0
7. Story 15 0 0 0 0 0 0
8. Story 15 0 0 0 0 0 0
9. Story 15 0 0 0 0 0 0
10. Story 15 0 0 0 1 0 0
11. Story 15 1 0 0 2 0 0
12. Story 15 4 0 0 5 0 0
Total 210 33 0 0 30 0 0

86




Table 4.27 The plastic deformation of shear walls according to time history (Duzce-1)

Duzce-1
ShearWall TSC2018 Euro2004
T}?e?rbfvra?f I0-LS |LS-CP| >CP | IOLS |LS-CP| >CP
Basement 24 7 0 0 6 0 0
Ground 24 19 0 0 19 0 0
1. Story 24 12 0 0 12 0 0
2. Story 24 7 0 0 6 0 0
3. Story 24 6 0 0 6 0 0
4. Story 24 6 0 0 7 0 0
5. Story 24 6 0 0 6 0 0
6. Story 24 7 0 0 6 0 0
7. Story 24 6 0 0 5 0 0
8. Story 24 6 0 0 6 0 0
9. Story 24 4 0 0 4 0 0
10. Story 24 2 0 0 3 0 0
11. Story 24 0 0 0 0 0 0
12. Story 24 0 0 0 0 0 0
Total 336 88 0 0 86 0 0
Table 4.28 The plastic deformation of beams according to time history (Duzce-2)
Duzce-2
Beam TSC2018 Euro2004
Number of 1 jos | Ls-cp | >cp [ 10LS | Ls-cp | >cp

Basement 43 17 0 0 17 0 0
Gg;‘é‘;d 63 47 0 0 39 9 0
1. Story 63 50 0 0 40 10 5
2. Story 63 51 0 0 39 10 6
3. Story 63 50 0 0 39 9 6
4. Story 63 49 0 0 40 9 4
5. Story 63 49 0 0 40 10 2
6. Story 63 51 0 0 43 9 0
7. Story 63 62 0 0 43 7 0
8. Story 63 49 0 0 45 5 0
9. Story 63 50 0 0 46 0 0
10. Story 63 46 0 0 47 0 0
11. Story 63 42 0 0 44 0 0
12. Story 63 32 0 0 34 0 0
Total 862 645 0 0 556 78 23
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Table 4.29 The plastic deformation of columns according to time history (Duzce-2)

Duzce-2
Column TSC2018 Euro2004
Numberof W gyl 1s.cp | scp | 10-LS | Ls-cp | >cp
columns

Basement 15 0 0 0 13 0 0
Gfr]‘;‘érrld 15 15 0 0 10 0 0
1. Story 15 12 0 0 1 0 0
2. Story 15 5 0 0 1 0 0
3. Story 15 1 0 0 1 0 0
4. Story 15 1 0 0 1 0 0
5. Story 15 1 0 0 1 0 0
6. Story 15 1 0 0 1 0 0
7. Story 15 1 0 0 1 0 0
8. Story 15 1 0 0 1 0 0
9. Story 15 1 0 0 1 0 0
10. Story 15 1 0 0 1 0 0
11. Story 15 1 0 0 1 0 0
12. Story 15 15 0 0 15 0 0
Total 210 56 0 0 49 0 0

Table 4.30 The plastic deformation of shear walls according to time history (Duzce-2)

Duzce-2
ShearWall TSC2018 Euro2004
Sumber of | JOLS | Ls-CP | >CP | IOLS | Ls-CP | >cCP

Basement 24 3 0 0 3 0
Ground 24 19 5 1 14 6 5
1. Story 24 15 1 1 13 0 1
2. Story 24 6 0 1 3 0 2
3. Story 24 3 0 0 1 0 2
4. Story 24 3 0 0 2 0 1
5. Story 24 3 0 0 2 1 0
6. Story 24 6 0 0 4 0 0
7. Story 24 6 0 0 4 0 0
8. Story 24 4 0 0 3 0 0
9. Story 24 2 0 0 2 0 0
10. Story 24 2 0 0 2 0 0
11. Story 24 3 0 0 2 0 0
12. Story 24 3 0 0 3 0 0
Total 336 78 6 3 58 7 11
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Table 4.31 The plastic deformation of beams according to time history (Erzincan-1)

Erzincan-1
Beam TSC2018 Euro2004
Numberof | Syg 79 | 15.cp | scp | 10LS | Ls-CP | >cCP
beams
Basement 43 17 0 0 21 0 0
Gg(’)t‘)‘r‘d 63 36 0 0 37 0 0
1. Story 63 37 0 0 38 0 0
2. Story 63 38 0 0 38 0 0
3. Story 63 37 0 0 38 0 0
4. Story 63 37 0 0 38 0 0
5. Story 63 37 0 0 38 0 0
6. Story 63 37 0 0 38 0 0
7. Story 63 36 0 0 38 0 0
8. Story 63 36 0 0 38 0 0
9. Story 63 38 0 0 38 0 0
10. Story 63 38 0 0 38 0 0
11. Story 63 38 0 0 38 0 0
12. Story 63 37 0 0 38 0 0
Total 862 499 0 0 514 0 0
Table 4.32 The plastic deformation of columns according to time history (Erzincan-1)
Erzincan-1
Column TSC2018 Euro2004
Number of | yops | Ls-cp | >cp [ 104S |Ls-cp | >cp

Basement 15 0 0 0 0 0 0
Gfrl‘(’)‘(lfrld 15 14 0 0 10 0 0
1. Story 15 1 0 0 1 0 0
2. Story 15 0 0 0 0 0 0
3. Story 15 0 0 0 0 0 0
4. Story 15 0 0 0 0 0 0
5. Story 15 0 0 0 0 0 0
6. Story 15 0 0 0 0 0 0
7. Story 15 0 0 0 0 0 0
8. Story 15 0 0 0 0 0 0
9. Story 15 0 0 0 0 0 0
10. Story 15 1 0 0 1 0 0
11. Story 15 1 0 0 1 0 0
12. Story 15 4 0 0 4 0 0
Total 210 21 0 0 17 0 0
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Table 4.33 The plastic deformation of shear walls according to time history (Erzincan-1)

Erzincan-1
ShearWall TSC2018 Euro2004
T}?e?rbfvra?f IO-LS |LS-CP| >CP | IOLS |LS-CP| >CP
Basement 24 7 0 0 7 0 0
Gé?)frld 24 12 0 0 12 1 0
1. Story 24 7 0 0 7 0 0
2. Story 24 4 0 0 4 0 0
3. Story 24 5 0 0 5 0 0
4. Story 24 6 0 0 6 0 0
5. Story 24 6 0 0 6 0 0
6. Story 24 6 0 0 6 0 0
7. Story 24 6 0 0 6 0 0
8. Story 24 5 0 0 5 0 0
9. Story 24 4 0 0 4 0 0
10. Story 24 3 0 0 3 0 0
11. Story 24 0 0 0 0 0 0
12. Story 24 0 0 0 0 0 0
Total 336 71 0 0 71 1 0
Table 4.34 The plastic deformation of beams according to time history (Erzincan-2)
Erzincan-2
Beam TSC2018 Euro2004
Number of 1 jos | Ls-cp | >cp [ 10LS | Ls-cp | >cp

Basement 43 9 0 0 11 0 0
Gg;‘é‘;d 63 30 0 0 38 0 0
1. Story 63 41 0 0 45 0 0
2. Story 63 48 0 0 48 0 0
3. Story 63 48 0 0 48 0 0
4. Story 63 49 0 0 47 1 0
5. Story 63 46 0 0 46 1 0
6. Story 63 46 0 0 44 1 0
7. Story 63 43 0 0 44 1 0
8. Story 63 44 0 0 43 1 0
9. Story 63 43 0 0 43 0 0
10. Story 63 42 0 0 41 0 0
11. Story 63 38 0 0 39 0 0
12. Story 63 28 0 0 29 0 0
Total 862 555 0 0 566 5 0
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Table 4.35 The plastic deformation of columns according to time history (Erzincan-2)

Erzincan-2
Column TSC2018 Euro2004
Numberof | g 19 | s.cp| >cp [ 10LS |1Ls-cp| >cp
columns

Basement 15 0 0 0 0 0 0
Gfr]‘;‘érrld 15 15 0 0 6 0 0
1. Story 15 3 0 0 0 0 0
2. Story 15 0 0 0 1 0 0
3. Story 15 0 0 0 1 0 0
4. Story 15 1 0 0 1 0 0
5. Story 15 1 0 0 1 0 0
6. Story 15 1 0 0 1 0 0
7. Story 15 1 0 0 1 0 0
8. Story 15 1 0 0 1 0 0
9. Story 15 1 0 0 1 0 0
10. Story 15 1 0 0 1 0 0
11. Story 15 1 0 0 1 0 0
12. Story 15 15 0 0 15 0 0
Total 210 41 0 0 31 0 0

Table 4.36 The plastic deformation of shear walls according to time history (Erzincan-2)

Erzincan-2
ShearWall TSC2018 Euro2004
Sumber of | JOLS | Ls-CP | >CP | IOLS | Ls-CP | >cCP

Basement 24 2 0 0 2 0 0
Ground 24 16 0 0 15 0 0
1. Story 24 11 0 0 11 0 0
2. Story 24 3 0 0 3 0 0
3. Story 24 3 0 0 3 0 0
4. Story 24 3 0 0 2 0 0
5. Story 24 3 0 0 2 0 0
6. Story 24 2 0 0 2 0 0
7. Story 24 2 0 0 2 0 0
8. Story 24 2 0 0 2 0 0
9. Story 24 1 0 0 1 0 0
10. Story 24 1 0 0 1 0 0
11. Story 24 1 0 0 1 0 0
12. Story 24 2 0 0 1 0 0
Total 336 52 0 0 48 0 0
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4.3.10 Investigate the structural performance according to concrete strain and

steel strain by using Erzincan earthquake record (TSC-2018)
4.3.10.1 Check to brittle behavior in columns and shear walls

An examination on the columns and shear walls was applied to find out if there is

brittleness or not, however, no brittle behavior was confirmed.

Table 4.37 Checking the brittle behavior of columns

N | O g | e | R | s | ¥ u | v ow X Y |z | m | a8 A | AD | »
x-dog y - dog
t UserProp|Vmax  |Ver Ve Vi Vr V3 Vmax  |Ver Ve Vi Vr V2
0,22*fcd |0.65.fctd [Ash/s)*f [Vr=Vc+V Vmax > 0,22*fcd (0.65.fctd (Ash/s)*f|Vr=Ve+V Vmax >
Text |*b*d  |.b.d 0,8Ver |ywd*d |w KN V3 Vrzv3 |*b*d  |bd 0,8Ver |ywd*d |w KN V2 Vr=Vv2
1|C.B.51 680,68| 136,045| 108,836 372,483| 481,313 1,63|0K 0K 740,52| 148,005| 118,404| 378,213) 496,617 105,586)0K 0K
C.B.51 680,68 136,045 108,836 372,483| 481,319 L,63|0K oK 740,52| 148,005 118,404| 378,213 456,617 109,586 0K oK
C.B.51 680,68 136,045 108,836 372,483| 481,315 1,63|0K oK 740,52| 148,005 118404| 378,213 456,617 105,5860K oK
I|C.B.51 680,68| 136,045 108,836 372,483| 481,319 4,43|0K 0K 740,52| 148,005| 118,404| 378,213) 456,617| 85,874)0K 0K
C.B.51 680,68 136,045| 108,836 372,483| 481,319 4,43|0K 0K 740,52| 148,005 118,404| 378,213 456,617 85,874|0K 0K
C.B.5S1 680,68 136,045 108,836 372,483| 481,315 4,43|0K oK 740,52| 148,005 118404| 378,213 456,617 85,874/0K oK
1|C.B.52 811,58| 162,208| 129,766| 355,251| 485,057| 12,228)0K 0K 863,94| 172,673| 138,138| 567,32) 705,458 75,197)0K 0K
C.B.52 811,58| 162,208| 129,766 355,291| 485,057 12,228/0K 0K 863,54| 172,673 138,138 567,32 705,458 79,197 0K oK
C.B.52 811,58| 162,208| 129,766 355,291| 485,057 12,228/0K oK 863,54| 172,673 138138 567,32 705,438 79,197|0K oK
||C.B.52 811,58| 162,208 129,766| 355,291| 485,057 4,45|0K 0K 863,94| 172,673| 138,138| 567,32) 705,458 58,126|0K oK
C.B.52 811,58| 162,208| 125,766| 355,291| 485,057 4,45|0K 0K 863,54| 172,673 138,138 567,32 705,458 58,126/0K 0K
C.B.52 811,58| 162,208 129,766| 355,291| 485,057 4,45/0K oK 863,54| 172,673 138,138 567,32 705,458 58,126/0K oK
I1C.B.54 680,68) 136,045| 108,836 372,483| 481,315| 0,943)0K 0K 740,52| 148,005| 118,404| 378,213) 496,617| 83,218/ 0K 0K
C.B.54 680,68 136,045| 108,836 372,483| 481,319 0,943|0K oK 740,52| 148,005 118,404| 378,213 456,617 83,218 0K oK
C.B.5S4 680,68 136,045| 108,836 372,483| 481,315 0,943|0K oK 740,52| 148,005 118404| 378,213 456,617 83,218 0K oK
I|C.B.54 680,68| 136,045| 108,836 372,483| 481,313| 6,375/0K 0K 740,52 148,005| 118,404| 378,213) 456,617 116,461 0K 0K
C.B.54 680,68 136,045| 108,836 372,483| 481,319 6,375|0K 0K 740,52| 148,005 118,404| 378,213| 456,617( 116,461 0K 0K
C.B.54 680,68 136,045 108,836 372,483| 481,315 6,375|0K oK 740,52| 148,005 118404| 378,213 456,617 116,461 0K oK
1|C.B.53 811,58| 162,208| 129,766| 355,251| 485,057| 13,845)0K 0K 863,94| 172,673| 138,138 756,426) 894,564 65,227)0K 0K
C.B.53 811,58| 162,208| 129,766 355,291| 485,057 13,845 0K 0K 863,54| 172,673 138,138| 756,426| 854,564 69,227 0K oK
C.B.S3 811,58| 162,208| 129,766 355,291| 485,057 13,845/0K oK 863,54| 172,673| 138,138| 756,426 854,564 69,227 /0K oK
1|C.B.53 811,58| 162,208 129,766| 355,291| 485,057) 3,847|0K 0K 863,94 172,673| 138,138 756,426) 894,564 82,728)0K oK
C.B.53 811,58| 162,208| 125,766| 355,291| 485,057 3,847|0K 0K 863,54| 172,673 138,138| 756,426| 854,564 82,728 0K 0K
C.B.5S3 811,58| 162,208 129,766| 355,291| 485,057 3,847|0K oK 863,54| 172,673 138,138| 756,426 854,564 82,728 0K oK
1|C.B.512 680,68) 136,045| 108,836 372,483| 481,313| 5,726/0K 0K 740,52| 148,005| 118,404| 378,213) 496,617 113,556)0K 0K
C.B.512 680,68 136,045 108,836 372,483| 481,319 5,726|0K oK 740,52| 148,005 118,404| 378,213| 456,617 113,556 0K oK
C.B.512 680,68 136,045 108,836 372,483| 481,315 5,726|0K oK 740,52| 148,005 118404| 378,213| 456,617 113,556/0K oK
1|C.B.512 680,68| 136,045| 108,836 372,483| 481,315] 3,343)0K 0K 740,52| 148,005| 118,404| 378,213) 456,617| 92,538)0K 0K
C.B.512 680,68 136,045 108,836 372,483| 481,319 3,343|0K QK 740,52| 148,005| 118,404| 378,213| 456,617 92,538|0K QK
C.B.512 680,68 136,045 108,836 372,483| 481,315 3,343|0K oK 740,52| 148,005 118404| 378,213 456,617 952,538/0K oK
1|C.B.513 811,58| 162,208| 129,766| 355,291| 485,057 3,76|0K 0K 863,94| 172,673| 138,138| 567,32) 705,458 83,134)0K 0K
C.B.513 811,58| 162,208| 129,766| 355,291| 485,057 3,76|0K 0K 863,34| 172,673| 138,138 567,32 705,458 83,194 0K 0K
C.B.513 811,58| 162,208 129,766| 355,291 485,057 3,76|0K oK 863,54| 172,673| 138138 567,32 705,458 83,1940K oK
||C.B.513 811,58| 162,208 129,766| 355,291| 485,057| 14,083|0K 0K 863,94| 172,673| 138,138| 567,32) 705,458| 63,156)0K oK
C.B.5S13 811,58| 162,208| 129,766/ 355,291| 485,057 14,083|0K 0K 863,94| 172,673| 138,138 567,32| 705,458 63,156|0K 0K
trenl o

4.3.10.2 The damage of elements base on strain

Table 4.38 shows how the damage was determined based on strain to beams, as the
damage to the columns and the shear walls was determined in the same way. The first
value in Table 4.38 was explained in detail for a section beam 250/500.

Plastic rotation ©p =0.00537 rad.

6p _ 0.00537

=——=0.02149 rad.
Lp 0.25

Yiled curvature @y= 0.00605 rad.

Plastic curvature @, =
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Total curvature @ = @y +Qp= 0.0275 rad. From the results of the moment-curvature
analysis from the section designer in SAP2000. The strain of concrete and steel was

obtained (Figure 4.70).
ec=0.00048, &= 0.011. Compare these results of strain with damage limits Table 4.38.

ec= 0.00048< &.5%= 0.0025 . (SHB)
esSM=0.0075 < &= 0.011 < gs®P= 0.024. (KHB)

Curvature Strain Diagram

jomopy

III\II\IIIIIIIIIIIIEIIII|IIlIIIIIII}IIIIIIIIiIlII
20 40 60 80 100 120 140 160 180 200x1p -3 Concrete Strain , -4,820E-04

Select Type of Graph Hpmem v Steel Strain 0,011
Specify ScalesHeadings... || 2,756E-02| 8546 ) Neutral Axie : 0,1965

Figure 4.71 The strain of concrete and steel

Table 4.38 The damage limits of strain for a section beam

sec1-3.05
£C €S
SH | 0.0025 0.0075
KH | 0.005419 0.024
GO | 0.007225 0.032
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Table 4.39 Calculation of damage zone to beams based on strain

Curvatur | curvatur |curvatur [concret- [steel- concret- |EeT steel- ES- HASAR
ssignHing( R3Plastic Oy e-yiled | e-plastic |e-total  |strain strain ssignHingystrain hasar |strain hasar [DURUM | Frame Frame
Sirl KontroliG
hasar({SH Hasar
sec1-3,05| 0,00537, 0,00151| 0,00605| 0,02149| 0,02754| -0,0005 00111 sec1-3,05 0,00048) 0,0111 (KH) Fantrolls 1
Sinirl) Sinirl) b r
sec1-3,05 0,00027| 0,00151| 0,00605| 0,00108| 0,00713| -0,0002| 0,0025(5ec1-3,05 0,00044 hasar(SH 0,0026|hasar{SH (KH) 1
Sinirli Kentrolll r
hasar{5H Hasar
secl-3,05) 0,00621( 0,00151| 0,00605| 0,02483| 0,03088) -0,0005( 0,0125|sec1-3,05 0,00049() 0,0125|(KH} 1 1
S Kontrolid
sec1-43 | 0,0057| 0,00151| 0,00605| 0,02679| 0,03284| -0,0005| 0,0133|sec1-4.3 | 0,00049|hasar(sH| 0,0133|Hasar 2
hasar(SH Hasar r
sec1-4,3 | 0,00865) 0,00151| 0,00605| 003461 0,04066| -0,0005) 0,0166|seci-43 | 0,00051)) 0,0166|(kH) Kontrollg 2
hasar{SH hasar(SH [ Hasar r
sec19-4,3| 0,00071| 0,00165| 0,00658| 0,00282| 0,0094| -0,0007( 0,00326|sec19-4,3| 0,00072() 0,00326|) (KH) 2
Sinirli Simirli r
hasar(sH hasar{sH
sec19-4,3| 0,00099| 0,00165| 0,00658| 0,00395| 0,01053| -0,0007| 0,00371|sec19-4,3| 0,00075]) 0,00371) 2 2
Sinirli Sinirh
hasar({SH hasar(sH
sec1-3,35 0,00048( 0,00151| 0,00605| 0.00192| 0,00797| -0.0004| 0,00291|sec1-3,35 0.00045() 0,00291|) 3
S Kontrolld r
hasar{sH Hasar Kontrolld
sec1-3,35| 0,00624| 0,00151| 0,00605| 0,02496| 0,03101| -0,0005| 0,0125|sec1-3,35| 0,00049]) 0,0125|{KH). Hasar 3
hasar(SH hasar(SH| (KH) r
sec1-3,35) 0,00064| 0,00151| 0,00605| 0,00254| 0,00859| -0,0005| 0,00318|sec1-3,35 0,00045(] 0,00318|) 3
Sinirli KontrollG r
hasar({SH Hasar
sec1-3,35| 0,00746| 0,00151| 0,00605| 0,02983| 0,03588| -0,0005| ©,0145|sec1-335| 0,0005() 0,0145((KH} 3 3
St Kontrolld
sec1-4,35 0,00656| 0,00151| 0,00605| 0,02625( 0,0323| -0,0005 0,013|seci-4,35| 0,00049|hasar(SH 0,015 |Hasar 4
Sinirh Kontrolld ool r
sec1-4,35| 0,00603| 0,00151| 0,00605| 0,02412| 0,03017| -0,0005| 0,0121|sec1-4,35 0,00049|hasarisH| 0,0121|Hasar e 4
Sinirli Kontroll (KH) M
sec7-4,35 0,00497( 00015 0,006| 0,01983| 0,02583| -0,0005| 0,0103|sec7-4,35| 0,00046|hasar(sH 10,0103 |Hasar 4
hasar{SH Hasar r
sec7-4,35| 0,00767| 00015 0,006| 0,03066| 0,03666) -0,0005| 0,0149|sec7-4,35| 0,00049]) | o,0149|(KH) 4 s
e =L T e e e AR e R
Table 4.40 The damage of beams base on strain according to time history (Erzincan-1)
Number %
Number
of SHB BHB ILB GB SHB BHB ILB GB
beams
Basement 43 43 0 0 0 100.00 | 0.00 0.00 0
Ground
63 36 27 0 0 57.14 | 42.86 0.00 0
floor
1. Story 63 34 29 0 0 53.97 46.03 0.00 0
2. Story 63 33 30 0 0 52.38 | 47.62 0.00 0
3. Story 63 33 30 0 0 52.38 | 47.62 0.00 0
4. Story 63 29 34 0 0 46.03 53.97 0.00 0
5. Story 63 29 33 1 0 46.03 52,38 1.59 0
6. Story 63 29 33 1 0 46.03 52.38 1.59 0
7. Story 63 30 32 1 0 47.62 | 50.79 1.59 0
8. Story 63 28 34 1 0 44.44 53.97 1.59 0
9. Story 63 27 35 1 0 42.86 | 55.56 1.59 0
10. Story 63 29 34 0 0 46.03 53.97 0.00 0
11. Story 63 30 33 0 0 47.62 | 52.38 0.00 0
12. Story 63 42 21 0 0 66.67 33.33 0.00 0
Total 862 452 405 5 0 52.44 | 46.98 0.58 0
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Table 4.41 The damage of columns base on strain according to time history (Erzincan-1)

Number )
Number ) )
of BHB | iLB | GB BHB | iLB | GB
columns
Basement | 15 15 0 0 0 ]100.00| 000 | 000 | 0
Gfrl‘(’)‘érr‘d s 3 12 0 0 | 2000 | 8000 | 000 | o
I Sory |15 14 1 0 0 | 9333 | 667 | 000 | 0
2.Swory |15 5 0 0 0 10000 000 | 000 | 0
3.Story |15 5 0 0 0 10000 000 | 000 | 0
4 Sory | 15 5 0 0 0 | 10000 0,00 | 000 | 0
5.Swory | 15 5 0 0 0 | 10000 0,00 | 000 | 0
6.Sory | 15 5 0 0 0 | 10000 0,00 | 000 | 0
7.Story | 15 5 0 0 0 | 10000 0,00 | 000 | 0
8. Story | 15 5 0 0 0 | 10000 0,00 | 000 | 0
9.Swory | 15 5 0 0 0 | 10000 0,00 | 000 | 0
10.Story | 15 5 0 0 0 | 10000 0,00 | 000 | 0
1. Sory | 15 15 0 0 0 10000 000 | 000 | 0
12.Sory |15 11 4 0 0 | 7333 | 2667 | 000 | 0
Total 200 | 193 | 17 0 0 | 9190 | 810 | 000 | 000

Table 4.42 The damage of shear walls base on strain according to time history (Erzincan-1)

Number %
BHB | iLB BHB | iLB GB

Bas‘imen 24 24 0 0 0 100.00 | 0.00 0.00 0
Gé‘;‘:r‘d 24 21 3 0 o | 8750 | 1250 | 0.00 0
1. Story 24 23 1 0 0 9583 | 4.17 | 0.00 0
2. Story 24 23 1 0 0 9583 | 4.17 | 0.00 0
3. Story 24 24 0 0 0 |[100.00| 000 | 0.00 0
4. Story 24 24 0 0 0 |100.00| 000 | 0.00 0
5. Story 24 24 0 0 0 |[10000] 000 | 000 0
6. Story 24 24 0 0 0 |[10000] 000 | 000 0
7. Story 24 24 0 0 0 |[10000] 000 | 000 0
8. Story 24 24 0 0 0 |[10000] 000 | 000 0
9. Story 24 24 0 0 0 |[10000] 000 | 000 0
10. Story | 24 24 0 0 0 |[10000] 000 | 000 0
11.Story | 24 24 0 0 0 [10000] 000 | 000 0
12.Story | 24 24 0 0 0 [100.00] 000 | 000 0

Total 336 331 5 0 0 9851 | 1.51 0 0
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Thus, the building performance by using Erzincan earthquake record has been
classified as Controlled damage. Because the percentage of the beam on the floor has
exceeded 20% in the Significant Damage Zone as shown in Table 4.39. On some
floors, it may even exceed 50%. Also, no structural elements were recorded in the
advanced damage zone as shown in Table 4.40 and Table 4.41. In addition, no brittle

elements were recorded.

4.4 The effect of soil type on performance

In this chapter, the effect of soil type was studied by using the pushover method
according to TSC2018 rules. The STA4CAD program has been implemented. The
example building is a 3-story. The pushover analysis has been carried out four times
to consider different soil conditions such as ZB, ZC, ZD, ZE. Finally, the results have

been compared.

Table 4.43 Building data

Building Information
The Number of stories 3 story
floor Hight 3m
Total Building Hight 9m
Concrete Class C20
Rebar Class S420
Column (Number, Section Dimension) 30, (25x60, 60x35)
Beam (Section Dimension) (25x60) for all beams
Seismic Zone DD2
Latitude 37.65425
Longitude 41.234
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Figure 4.73 2d view floor plan

4.4.1 Definition of soil type in the STA4CAD program

The pushover analysis has been done four times for different soil types (ZB, ZC, ZD,

ZE) as given in Figure 4.73 and the results have been given comparatively.
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Figure 4.74 Definition of soil classes (ZB, ZC, ZD, ZE) in the Stadcad program

4.4.2 Analysis results

The performance of building was known for different soil type as shown below. The

tables below show the percentage of damage caused to the beams and columns. Based

on these ratios, the performance of the building was determined.

Table 4.44 Damage that occurred to beams and columns according to ZB soil class

Beam damage percentages for ZB class

(X) Direction

(Y) Direction

SH

BH IH GB SH BH

IH GB

3 100

0 0 0 100 0

0 0

2 80.8

19.2 0 0 97.1 0

1 100

100 0

Max 100

19.2
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Table 4.44 (Continue)

Column shear force distribution for ZB class

(X) Direction (Y) Direction
SH BH IH GB SH BH IH GB
1 100 0 0 0 100 0 0 0
2 100 0 0 0 100 0 0 0
3 100 0 0 0 100 0 0 0
Max. 100

Columns Exceeding The Significant Damage Zone In The Lower And Upper Sections,

Column shear force distribution (for ZB class)

X) X) (Y) (Y)
SH+BH IH+BH SH+BH IH+BH
3 100 0 100 0
2 100 0 100 0
1 100 0 100 0
Max. 100

Building performance result for ZB soil class:

Beam significant damage rate= %19.2 <= %20— Performance building is Limited

Damage v.
For ZC soil class:

Table 4.45 Damage that occurred to beams and columns according to ZC soil class

Beam damage percentages for ZC class

(X) Direction (Y) Direction
SH BH IH GB SH BH IH GB
3 0 100 0 0 353 64.7 0 0
2 0 100 0 0 353 64.7 0 0
1 3.8 96.2 0 0 38.2 61.8 0 0
Max 100 38.2
Column shear force distribution for ZC class
(X) Direction (Y) Direction
SH BH IH GB SH BH IH GB
1 100 0 0 0 100 0 0 0
2 100 0 0 0 100 0 0 0
3 100 0 0 0 95.5 4.5 0 0
Max. 100
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Table 4.45 (Continue)

Column shear force distribution (for ZC class)

Columns Exceeding The Significant Damage Zone In The Lower And Upper Sections,

X) X) (Y) (Y)
SH+BH IH+BH SH+BH IH+BH
3 100 0 100 0
2 100 0 100 0
1 100 0 100 0
Max. 100

Building performance result for Zc soil class:

Performance building in Controlled damage level.

Controlled damage performance adequacy check:

Beam Damage rate= (IH= % 0.0 <= % 30 V), (GB= %0 ).
Column Damage rate= (IH= % 0.0 <= 9% 20 v), (GB= %0 V).
Top floor Ve rate= (IH= % 0.0 <= % 40 V), (GB= %0 V).
Plasticizing column Ve rate= (IH+ GB= % 0.0 < =% 30) V.

For ZD soil class:

Table 4.46 Damage that occurred to beams and columns according to ZD soil class

Beam damage percentages for ZD class
(X) Direction (Y) Direction
SH BH IH GB SH BH IH GB
3 0 100 0 0 353 64.7 0 0
2 0 100 0 0 353 64.7 0 0
1 0 100 0 0 353 64.7 0 0
Max 100 353
Column shear force distribution for ZD class
(X) Direction (Y) Direction
SH BH H GB SH BH IH GB
1 100 0 0 0 100 0 0 0
2 100 0 0 0 100 0 0 0
3 94.5 55 0 0 82.8 17.2 0 0
Max. 100 17.2
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Table 4.46 (Continue)

Columns Exceeding The Significant Damage Zone In The Lower And Upper Sections,
Column shear force distribution (for ZDclass)
X) X) (Y) (Y)
SH+BH IH+BH SH+BH IH+BH
3 100 0 100 0
2 100 0 100 0
1 100 0 100 0
Max. 100

Building performance result for ZD soil class:

Performance building in Controlled damage level.

Controlled damage performance adequacy check:

Beam Damage rate= (IH= % 0.0 <= % 30 V), (GB= %0 ).
Column Damage rate= (IH= % 0.0 <= 9% 20 v), (GB= %0 V).
Top floor Ve rate= (IH= % 0.0 <= % 40 V), (GB= %0 V).
Plasticizing column Ve rate= (IH+ GB= % 0.0 < =% 30) V.

For ZE soil class:

Table 4.47 Damage that occurred to beams and columns according to ZE soil class

Beam damage percentages for ZE class
(X) Direction (Y) Direction
SH BH IH GB SH BH IH GB
3 0 7.7 92.3 0 353 17.6 20.6 26.5
2 0 3.8 96.2 0 353 17.6 26.5 20.6
1 0 100 0 0 353 353 17.6 11.8
Max 100 96.2 353 26.5
Column shear force distribution for ZE class
(X) Direction (Y) Direction
SH BH H GB SH BH IH GB
1 100 0 0 0 100 0 0 0
2 100 0 0 0 100 0 0 0
3 0 100 0 0 52.9 36.4 7.9 2.8
Max. 100 7.9 2.8
Columns Exceeding The Significant Damage Zone In The Lower And Upper Sections,
Column shear force distribution (for ZE class)

101




Table 4.47 (Continue)

X) X) (Y) (Y)
SH+BH IH+BH SH+BH IH+BH
3 100 0 100 0
2 100 0 100 0
1 100 0 100 0
Max. 100

Building performance result for ZE soil class:

In Collapse zone beam damage rate= %26.5 > %20

Performance building in Collapse level, the building needed to retrofitting.

Collapse prevention performance adequacy check:

In Collapse level beam damage rate= %26.5 > %20 not ok.
Column Vc rate= % 0.0 < = % 20 ok.
Top floor Vc rate= % 0.0 < = % 40 ok.

Plasticizing column Vc rate= % 0.0 < = % 30 ok.

— Insufficient columns need to retrofitting by FRP.
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S.  RESULTS, CONCLUSIONS, AND FUTURE WORK

The purpose of this thesis is to investigate the non-linear behavior of RC high-rise
buildings by using different displacements base nonlinear static and dynamic analysis
methods considering both Turkish (TSC-2018) and Eurocode (ECS8) rules. In these
analyses, different parameters such as the effect of quality of concrete and torsion
effect have been considered. General information about the topic has been provided in
the first chapter. The second chapter included the evaluation of the related literature.
Furthermore, the concept of pushover analysis has been explained in the third chapter.
The performance analysis according to TSC-2018 and EC8 code rules was also
discussed in this chapter.

The fourth chapter is a case study, where this chapter has been divided into four parts.
The pushover analysis has been applied on a simple two-storey frame then the results
for the case considering TSC2018, and EC8 rules have been compared. It is
noteworthy to mention that it was intended that the outcome of this study is to be a
simplified and a clarified reference for engineers.

Consequently, the pushover curves of the TSC2018 and EC8 were found to be similar,
and the damage was similar at the performance point. On the other hand, it was noted
that the beam damage at around failure was more in the case of EC8 compared to the
TSC2018. Contrary to the case of beams, the damage of columns was more for
TSC2018. The reason is likely that the effective section of stiffness for beams was 0.35
for TSC2018 while it was 0.5 for EC8. Furthermore, for the columns, the coefficient
was 0.7 and 0.5 for TSC2018 and ECS, respectively. In addition, the rotation limits of
the plastic hinges are lower in EC8 compared to TSC2018. Yet, these results are not
valid for all types of concrete.

The quality of concrete on the building performance according to the TSC2018 and
ECS8 has been studied in the fourth chapter. To investigate the effect of concrete
strength, three types of concrete classes have been considered as C40, C20, and C10.
The pushover analysis method was implemented for a 14-storey frame. Consequently,
it has been figured out that the frame has been brittle in the case of the C10 concrete
class, according to both TSC2018 and ECS. It has been asserted that the performance
of the frame was improved when the quality of the concrete was improved, where the
damage of beams and columns has been noticeably reduced. Concerning the pushover

curve for C10 concrete and C40 concrete, according to both codes, the outcomes were
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identical. The only difference is the lower displacement capacity in the case of
TSC2018 for the C20 concrete class.

The third part of the fourth chapter includes the performance analysis of a 14-storey
building having a torsion-dominated behavior. The pushover procedure and time
history analysis have been applied by considering TSC2018 and EC8 rules. The plastic
deformations of RC members have been compared, further, the structural performance
was evaluated on the base of strains according to the TSC2018. In these evaluations,
Erzincan earthquake data has been used.

The results proved that the pushover curves according to TSC-2018 and EC8 were
almost identical. Correspondingly, the results obtained from the time history solutions
showed that the plastic hinge deformations for the case of the Bingol earthquake were
the best in comparison to the Erzincan and Duzce earthquakes. No plastic deformations
appeared in the columns under the Bingdl earthquake, but in the Duzce and Erzincan
earthquake, it was noticed that the number of damaged columns increased on the top
floor.

Regarding the damage of the beams and columns, as mentioned previously, the number
of damaged beams was higher according to EC8. On the other hand, the number of
damaged columns was higher according to TSC-2018. It should be noted that the
structural performance has been investigated in terms of controlled damage for the
Erzincan earthquake record.

As for the last part of this chapter, the effect of soil type on building performance
according to the TSC2018 has been studied by using the STA4CAD program. The
pushover analysis has been done for a three-storey building considering (ZB, ZC, ZD,
and ZE) soil types. As a result for the example building when the soil type is ZB limited
damage level has been achieved. For ZC and ZD controlled damage level has been
achieved. For soil type ZE the performance level is collapse level.

Finally, for future works, to know the effect of torsion clearly on the performance
according to the non-linear method, it is advisable to compare between two buildings,
one with torsion and the other without torsion, by changing the direction of the shear

wall and comparing the results.
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