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ABSTRACT

EFFECT OF GROUND MOTION SELECTION ON SEISMIC RESPONSE OF
BUILDINGS

Karakg¢t ¢k, ¥zge

M.Sc., Department of Civil Engineering
Supervisor: Prof. Dr. Ahmetakut

February2015, 157 pages

In this study, effects of ground motion selection and scaling procedjiven in
different earthquake design codeere investigatedTo observe differences between
the scaling procedures defthen variousseismic design codethese procedures are

appliedemployingtheresponsepecta defined in theespecifications.

Four reinforced concrete moment resisting frédongdingswereused in the analyses.
These buildings hav@, 4, 6 and &tories This way effects of scaling on lowise and

mid-rise buildingswvere studied

Material properties, structural member dimensions and span lengths of builenegs
selected by considering tpeoperties of theonstructed reinforced concrete buildings
in Turkey. Reinforcement of these buildingsre determinedvith respect to TS 500.
Two dimensional finite element models of these buildimgse developedand

necessary information for scaling such as fundamental peraabtained. Then,



ground motion g8 were selectedand scaled for each building and each spectrum

accordingo each proceduremployed

Scaling procedures used and compared in this study are based @Y TESCE/SEI
7-10 and Eurocod8. According to these specifications both responsetapa and
time history analyses of the structureare performed The results of these analyses
were used tevaluate the effect @fround motion scaling on seismesponsef low-

and midrise reinforced concrete moment resisting frame buildings.

Due to thecriteria onscaling of ground motion recordings in alrthquakedesign
codes used in this research, tintestory analyseyielded more conservative results
than response spectrum analyses. Scaling according tcOTE@ Eurocodd
proceduregavecloser result$o response spectrum analyssscompared tecaling

with respect to ASCE/SEI-X0. The difference between time history analyses and
response spectrum analys#isninishesas the number of story increases. In other
words, as the fundametperiod of the structure increases the results of response

spectrum and tinyaistory design procedures converge.

Keywords:RC moment resistingrame structuresground motion scalingiesponse

spectrum, codéased scalingime historyanalyses
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birli kte her prosedckigremgPrien ner banmekeei hka

ve °l -eklendirilmicktir.

TEC-07, ASCE/SElI 710 ve Eurocod® bu -al exmada kull aneéel a
Kartnamel eridir. Davr anérx tsgpre&mr almanérrdhd eyna
analizler bu standartlara g°re uygul anméxteér
ve orta katl e betonarme -er-eve sistemli bir
etkileriyle il gili bilgileri vermicktir.
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Eurocode8
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e

e
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CHAPTER 1

INTRODUCTION

1.1General

In many countries and regions of the world, earthquakes are one of the most common
naturaldisasters, whichffectboth human life angroperty To avoid negative effects

of earthquakes, structures should be designed to resist earthquakes.

There are two main types of earthquake resistance design method in most of the codes,
which are linear and nelmear procedures. Linear methods have been preferred, since
they are easy to apply to structures and alselinear methods require a signifitta

amount of acknowledgement, time and effort.

It is obvious and clear that the earthquake design of any structure satissy
requirements of the relevant earthquake codes. Whether applying linearloreaon
earthquake analysespdedefined spects, userdefined specta or ground motion
records can be used. If ground motion records are going to be preferredyehey

required to bescaled according to the earthquake codes.

Although there are different opinions about scaling procedures, it is intended in this
study to investigate code based scaling procedures and their effects on lowdand

risebuildings.



1.2 Study Cases

In this study scaling procedures in Turkish Earttadke Code 2007, Euroco@eand
ASCET10 were comparedFour different reinforced concrete buildings are used to
evaluateeffects of ground motion scaling procedures in different period ranges. The
buildings are modeled considey the common properties djuildings used for
residential occupanan Turkey.These buildings have three, four, six and eight floors
respectively. All of themwere first modeled in Probina. hvas assumed that the
buildings have rigid diaphragroors; concrete class isakenas C20 or C25and
reinforcement steel classas S420. Thereinforcement details obuildings were
desigred according to Turkish standards. The soil tyyss taken as Z3 in TEC2007,

C in EurocodeB and ASCE710.By limiting the properties of earthquake recosdsh
asmagnitude, distance and soil type, 51 ground motion recoreiegsselected as
candidate.Then according to their faulting mechanisms and their response spectra,
five ground motion setsere obtainedAmong these, the ost suitable ground motion
setwas selected andhtee subsetsvere generated for frame analysdsnear time
history analyses of the framegreconducted by utilizing these three ground motion
record sets. Response spectrum analyses of the fraemesexecuted by using
response gxtra in TEC, ASCE and EBCrespectively.

1.3Data and Software Used irthe Study

The building information da was obtained from thestudy entitted@ A’ St at i st i cal
Study on Geometrical Properties of Tur ki sh
(Azak et.al., 2014)

The ground motion recordwere selected from Pacific Earthquake Engineering

Research Center databagettp://peer.berkeley.edu/smdat/with respect tothe

earthquake characterisdicinendeduch as moment magnitude, Rjand soil

conditions.


http://peer.berkeley.edu/smcat/

The reinforcemerdetailsof buildingswere calculated according to Turkish Standards
including TS500, TS708, and TS498.

The building modelsvere prepareth Probinaand Seismostruct softwares. Piradis

a package software developed by Prota, which makes three dimensional model and
design reinforced concrete buildings with respect to Turkish Standards. Seismostruct
iIs another softwar@roduced by Seismosofin which both linear and nelmear
analyes of structuresan beconductedooth in two and thredimensions Scaling of
ground motion records @onein Seismosignal software which is also developed by

Seismosoft.

1.4 Objectives and Scope ofhe Study

The objectives of the presented study imt@stigatehe effects ogelection of ground
motions and alsaehanges in scaling procedures with respedifferent earthquake

codes orthe design of low and mid rise buildigg
The following stepsvere appiedto achieve the objective of the study:

1. Based on rmadelingand design ofour different reinforced concrete buildings

in Probina case study buildings are obtained.

2. According to the data takemoin Probina, Seismostruct framsodelswere
created.

3. To obtain period information Eigemlue analyseswere performed in
Seismostruct.

4. Ground motionrecords, whichwere used in time history analysesjere

selected according to theriteria on the magnitude, distance and solil type
properties and the restriction thie codes.

5. Five different ground motion setsere formedfrom the candidate ground
motion records.

6. The nost suitable ground motion setas selected andhtee subsetswere

formedfor scaling.



10.

11.

Two scalingmethodologies were appli¢d see the effects of different types of
scaling.

The lected ground motionwere scaled with respect to each procedure
definedin earthquake codes by using Seismosignal software for each building.
To see tb effects more clearly, each scaling proceduas applied to all
spectain the codes.

By applying scaled ground motion accelerationstite frame models in
Seismostruct, time history analyseere performed
Responsespectrumanalyses of each franveereexecutedusing TEC, ASCE
and E@ spectraseparately.

According to the results of time history analyses, the effedtsecfelection of
ground motion records and teealing procedures on earthquakeponsef

low-rise and mierise buildingsvere examired

The steps of the studyealso shown as a flowchart Figurel.1.



Model reinforced concrete Obtain candidate ground
buildings motion records

Prepare different ground

Obtain reinforcement details motion sets

Select the most proper groynd

Conduct frame models motion set

Create two subsets to obse}ve
effects of the number of
ground motion records

—+

Find fundamental periods (
the frames

Scale ground motions for each frame according to each scgling
method and each scaling procedure

Execute time history analyses and response spectrum analyjses of
the frames

Compare the analyses results

Figure 1.1. Flowchart of the Study

1.5 Organization of Thesis

This thesiss composed diive chaptersThe first chapter givea general overview of

the study

Chapter 2includes a literature survey on scaling procedureshmee different

earthquake coddsr usein design and other scalingptionsin literature.

Information abat reinforced concrete building/frammeodels andheir design and

analysis results needfor scalingaregiven in Chapter 3.



Chapter 4 presentselection andscaling of ground motion records with respect to
criteria defined inthe earthquake codegdditionally, response spectrum arithe

history analgis resultsare examined in this chapter.

Chapter 5 presents summary and conclusiegarding theeffects of scaling
procedures onespons®f low rise andnid-risereinforced concrete buildings.



CHAPTER 2

LITERATURE SURVEY AND SCALING IN CODES

2.1. Introduction

Instead of using traditional seismamalysismethods,more advancednethods like
response spectrum and time history analysis are more commonly preferred. This trend
iIs mainlydue tothe developedanalysissoftwares and high technologwyhich allow

performingcomplex calculations and iterations easily.

Haselton et. al. (2012) definesethieasons of choosingsponse history analysis

instead of other analysis types in three main tpic

1 More precise calculation methods such as finite element should be utilized to
make the analyses.
Material properties of structural elements are defined in more detail in design
Due to previous statements, this type of seismic analysis gives more realistic

and precise results.

When seismic design and analysis of a structuoemslucted codedefined specs;
user defined speetror ground motion records can be used. To be able to apply
response spectra compatilgleund motion recording on the structuremgoscaling

procedures should be followed.



Several researchers in different studies (Carballo and Cornell 2000; Silva and Lee
1987; Bolt and Gregor 1993) recommend using frequency domain methods to achieve
necessary ground motion set. On the other hande siher researchers like Naeim
(1999) proposed to utilize time domain methods and change only the amplitude of
recorded earthquake ground motions. In addition to this Baker (2007) states that it is
preferred to select ground motion recordings and sdeden tto match necessary
intensity level by multiplying their amplitude. Because of the lack of ground motion

record libraries, scaling seems to be used in common practice.

O6Donnell et. al. (2013) express that sel ect
based on rupture distance, site conditions and magnitude of the expected event, which

is used in seismic design of the structure.

In this study, three code required procedures for scaling of response spectrum
compatible ground motions were employed.heTcodes employed areurkish
Earthquake Code (20p7Eurcode 8 (1998) and ASCEID (2010.

2.2 Selection and Scaling in Turkish Earthquake Code

According to Turkish Earthquake Code 2007, three metloddeismic analysisan
be used. These methods arguivalent lateral force method, response spectrum

analysis and time history analysis.

When response spectrum anayis performed,the codedefined spectrum or user
defined spectrum can be useHor time history analysisproper earthquake
acceleratiomatathat is compatible with the spectrunust be selected and scalEBdr

the ground motion selection and scaling, the following limitations should be

considered:

1 At least threearthquakeground motios, whether real or artificial, must be
used.
1 The recrd durationof strong motionmust be five times greater than the

fundamental period of the structure and also more than 15 seconds.
8



1 Themeanof acceleration values of selected ground motfonszero period
shallbe larger than theffective ground motion acceleration coefficient times
gravity acceleration (Ag).

1 Themean spectral accelerations of selected ground motions for 5% damping
ratio must be more than 90 percent of catifined response spectrum
between 0.27Tand 2.0 whereT: is the fundamental period of the buildjng

1 If linear time history analysis is to be performed, then ground motion spectral

accelerations shall be reduced as defined in Eq 2.1.
Y Y —— Eq.2.1

Seismic analysis shall be performed in the time domain.
If three ground motions are used, the maximum of the analysis result is
considered. Whereas, if at least seven records are used, the mean of the results

should be considered for tdesign.

Figure 2.1shows ero period acceleratiof\o.g) andthe range of periodequired for
scalingaccording to TEC2007 The shaded area in the Figure 2.2 shows the range
where spectral accelerations of scaled ground motions shall be higher thaof 90%

codedefined elastic spectrum.



Acceleration (g)

A

: i [
0.2T1 T 135T1 L—"

Period (s)

Figure 2.1. Response Spectrum Properties Used in Scaling According to
TEC2007

2.3 Selection and Scaling in Eurocode 8

Similar to Turkish Earthquake Code, Eurocode 8 uses émalgsigprocedures; force
method, response spectrum anidyand time history analigs There are two types of
response spectra defined in Eurocode 8, Type 1 and Type 2 where Type 2 is
recommended to be used if the surfa@e magnitude of the earthquakes that
contribute most to the seismic hazard defined for the site is not greater than 5.5.
Because earthquakes which have magnitude greater than 5.5 are used here, Type 1

spectrum is utilized in this study.

Recommendations for time history representation of ttsense action in Eurocode 8

can be listed as follows:

10



1 At least threesimultaneouground motion records must be selected, if -user
defined response spectrum analyses or time history analyses are,desired
similar to Turkish Earthquake Cade

1 Average of zero ped acceleratiorof records must be greater thashesign
ground acceleration on type A soil times solil fa¢ggiS) defined by the code.

1 Unlike TEC2007, minimum duratioof the strong part of the accelerograms
does not depend on the fundamental periati@structure and must be equal
or greater than 10seconds.

1 No value of 5% damped mean elastic spectrunsczfled ground motion
recordmust be lower than %90 obdebased 5% dampedsponse spectrum
in the range of 0.211to 2.0T:.

1 Same as in Turkishdthquake Code, if three ground motions are used, the
most unfavorable value of the analysis result is considered. On the other hand,
if at least seven records are used, the average of the results should be used for

the design.

2.4 Selection and Scalingni ASCE 7-10

Selection and scaling procedure in ASCHEY has some similarities but also some
differences with Turkish Earthquake Code and Eurocode 8. The provisions in ASCE7
10 are as follows:

Minimum of threeappropriateearthquake ground motismust be sed.

1 If two dimensional analyses are implemented, each ground motion shall be
selected from actual recorded event and consist of a horizontal acceleration
history.

1 Unless there is not any suitable recorded ground motion available, then
appropriate simulated ground motions can be used.

1 The ground motions shall be scaled such thatitbeagevalue of 5% damped
response spectra of the seleatsrbrds should be greatban the codéased

11



response spectrum between 0.2T and 1.5T where T is the fundamental period
of the structure.

1 There is no obligation abouaicceleration of ground motion recordszato
period.

1 If there is less than seven recosgdected, maximum of &m is usedand if
at least seven records are used, the mean of the results can be considered for
the desigiike TECand EC

Scaling requirements of selected ground motewording to ASCE-10 areshown
in Figure 2.2.Spectral accelerations of scalgsbund motions shall be higher than
codedefined elastic spectrum in the given period range, which is also shown as shaded

area in Figure 2.2.

Acceleration (g)

A\

021 T 1571 L—""
) . Period (s)

Figure 2.2. Response Spectrum Properties Used in Scaling According to ASCE
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2.5 Discussion on Code Procedures

The differences irselectionand scaling procedures between these three earthquake

codes arsummarized imable 2.1.

Table 2.1. Differences in Selecting and Scaling Procedures among the Employed

Earthquake Codes

TEC EC ASCE

Minimum # of 3 3 3

Records

Type of Real or Artificial Real or Artificial Real or Artificial

Records

Zero Period | O5% damped elasti O5% damped elasti| No limitation is

Acceleration | spectrum spectrum defined

Minimum G6T: andQ15 sec Q10 sec No limitation is

Duration of defined

Stationary

Part of

Records

Scaling The mean of The mean of The mean of

Limitation response spectra | response spectra | response spectra
must be greater thary must be greater thary must be greater
90% of the code 90% of the code than the code
based response based response based response
spectrum spectrum spectrum

Scaling b/w 0.2T and 2.0T | b/w 0.2T and 2.0T b/w 0.2T and

Limitation 1.5T

Range

# of Records | <7; use the maxim{ <7; use the maxim| <7; use the
of results of results maxima of results
O7; use the mean ¢ O7; use the mean ¢ O7; use the mea
results results of results

According to Kalkan and Chopra (2012), the ASCE/SEI scaling technique is truly
insufficient especially fohigh-rise buildingscase. Te records chosen are based on
earthquake magnitudBecause in such casesgpture distance and site characteristics
are such that their scaled spectral acceleration at the fundamental period of the
structure is significantly greater than design spectrum values at these peaidds.

13



and Chopra (2009) ingégatethe modal pushovdrased scaling procedure in their
research for selecting and scaling earthquake ground motions for assessing existing

structures and design of new structures.

Reyes et. al. (2014) claims that the scaling procedure developealkankand Chopra

is better than ASCE/SE}FYO0 procedure for scaling both horizontal components of the
ground motion recordings, since this scaling procedure gives more accurate median
demand parameters with respect to target values. Moreover, Azarbalduwlzrathy

(2008) claims that using scaled ground motion records compatible to earthquake

design codes is always conservative.

As it is mentioned by Kalkan and Chopra (2010), there is not any specified scaling
factor for each record and each structure IrCEfSEI scaling method, apparently
different combinations of scaling factors are used to fit average spectrum of scaled
records to design spectrum over the determined period range. This is also valid for
TEC and EUROCODE.

14



CHAPTER 3

PROPERTIES OF BUILDING SSTUDIED

3.1. Introduction

The aim of this chapter is to give information about the buildings used in this study.

As it is mentioned before four momemsisting frame reinforced concrete buildings

were modeled with respect to structuralmier dimensions, material characteristics

and soil information obtained from the research namieddl St ati sti cal S
Geometrical Properties of Turkish Reinfol

2014)to have more realistic building models.

Thestudyby Azak et.al,2014 gives information about geometries of buildings such as

floor dimensions, column and beam sizes, minimum and maximum span lengths etc.

in Zeytinburnu, K¢-¢k-ekmece and Bakeéer ko
to the fact thathe buildings observed in the study made by Azak et.al. were
constructed before Turkish Earthquake Code 2007 took effect and also Kocaeli
(August 1999) and D¢zce (November 1999)
of structural members do not satishetrequirements in Turkish Earthquake Code

2007.

Since there is no reinforcement information reviewed at study(Azak et.al,2014),
first the buildings, which are tde analyzed, werenodeled in Probina in three

dimensions to obtain reinforcement dafden, one continuous frame from each

15



building was selected and modeled in Seismostruct software as -@imensional

frame to conduatesponse spectrum and time histanalysis

3.2. Building Models

Four momentesistingreinforced concretérame buildings which are designed by
consideringtypical Turkish residentiabuildings defined by Azak et.al (2014pare
modeled. These buildings have different stofie, 4, 6 and 8 floor§ to covera
reasonake period bandfor scaling method. It is assumed thhae buildings are
constructed in the first earthquake zone. Titeeensional models are prepared by

using Probina
The propertiesf these buildingsre presenteth Table3.1

Table 3.1. Characteristics of Buildings

3 STORY 4 STORY 6 STORY 8 STORY
First Floor
Story Height 3.00m 3.00m 3.00m 3.00m
General
Story 2.80m 2.80m 2.80m 2.80m
Heights
Pl.an . 9.75mx15.60 11.00mx15.50m 11.50mx16.00m 13.00mx18.00m
Dimensions m
ggm:ﬁougf 3 (inside) | 1 (inside) 1 (inside) 1 (inside)
F 4 (outside) 4 (outside) 4 (outside) 4 (outside)
rames
100 135
1.20 1.00 1.75 2'00
Span 3.00 1.50 2.50 2:65
Lengths(m) 3.60 3.00 2.75 3.00
4.25 3.50 3.00 4.00
5.50 4.00 3.50 '
450 4.15
4.50

16



Table 3.1.(Cont.) Characteristics of Buildings

60x25
ggiég 25x50 30x60
Size of OB A5 25x60 30x65 30x75
Columns 45530 25x45 30x70 30x60
(cm) 25x55 25x60 25x60
40x30 25%65
50x25
35x25
Slgb 14cm 14cm 14cm 14cm
Thickness
Beam 25x50 25x50 25x50 25x50
Dimensions
(cm) 25x40
25x30
Dead Load 0.45t/m2 0.45 t/m2 0.45t/m2 0.45 t/m2
on Slabs
Live Load 0.20t/m2 0.20t/m2 0.20t/m2 0.20t/m2
on Slabs
Concrete C20 C20 c25 c25
Class
Reinforcem
ent Steel S420 S420 S420 S420
Class
Soil Type Z3 Z3 Z3 Z3

Total seismicweight (calculatedasthe sum of dead weights a#@aB0live load) first
three mode pericand base she&orce obtained from Probina models are shown in
Table 3.2.
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Table 3.2.Dynamic properties of Buildings obtained from Probina Models

Total 2nd
Seismic |15*Mode |Mode 39 Mode |Base
Weight |Period |Period |Period |Shear
(t) (s) (s) (s) (t)
3-Story
Building 520.12 |0.415 0.373 0.345 65.01
4-Story
Building 787.98 |0.524 0.496 0.432 98.50
6-Story
Building 1309.21 |0.64 0.612 0.536 91.78
8-Story
Building 2217.78 0.824 0.765 0.669 131.67

One continuous frame for each building extracted and isnodeled as two
dimensional frame in Seismostruct software. Reinforcement details of columns and
beamswere obtained from thdesign carried out iRrobina. Slab weights, dead and

live loadswere applied to beams as uniformly distributed loads.
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3.2.1. 3Story Building

Following figure 31 shows floor plan antheselected framef 3-story building.

Figure 3.1 Floor Plan and Selected Frame foAnalysis of 3-Story Building
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The Frame BB wasselected for eigenvalue, statinghover, response spectrum and
time history analysi. The reinforcement information obtained from Probina model for

Frame BB is tabulated in Table 3.3. Detailed reinforcement drawinggjiaen in

Appendix A.
Table 3.3. Reinforcement Details of 3tory frame
FIRST FLOOR
Columns | Reinforcement | Beams | Reinforcement Reinforcement
(Mid Span) (Span Ends)
S13 6418 K103 2412 (top) 5¢12+2¢14 (top)
5412 (bottom) 4412(bottom)
S5 6418 K104 2412 (top) 5¢12+2 14 (top)
5412 (bottom) 4¢12(bottom)
S10 6416
SECONDFLOOR
Columns | Reinforcement | Beams | Reinforcement Reinforcement
(Mid Span) (Span Ends)
S13 6418 K203 2412 (top) 4412+2 14 (top)
4412 (bottom) 4412(bottom)
S5 6418 K204 2412 (top) 4412+2 414 (top)
4412 (bottom) 4¢12(bottom)
S10 6¢16
THIRD FLOOR
Columns | Reinforcement | Beams | Reinforcement Reinforcement
(Mid Span) (Span Ends)
S13 6416 K303 2412 (top) 4412 (top)
3«12 (bottom) 4¢12(bottom)
S5 6418 K304 2412 (top) 4412 (top)
312 (bottom) 4412(bottom)
S10 6«14

20




The Seismostruct model of tHimme can be seen in Figure 3.2

i
y

Figure 3.2 Seismostruct Frame Model of 3Story Building

After eigenvalue analysof theselected frameasperformedthefundamental period
wasfound as 0.33sec. The tos#ismicweight, first three periods and modal shapes

obtained from eigenvaluanalysis are shown in Table 3.4 and Figu& 3.

Table 34. Eigenvalue Analysis Result oB-Story Frame

Total Seismic 1st Mode | 2nd Mode | 3rd Mode
Weight(t) Period(s) Period(s) | Period(s)
3-Story Frame 45.46 0.33 0.11 0.07
Mode Shapes of $Htory
Frame
3
2
1
0
-4.00 -2.00 0.00 2.00 4.00
——Mode 1 ——Mode 2 Mode 3

Figure 3.3. Mode Shapes of &tory Frame
21
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Following figure 34 shows floor plan antheselected frame of-4tory building

3.2.2. 4Story Building

Fob T
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Figure 34. Floor Plan and Selected Frame foAnalysis of 4-Story Building



Frame DD was selected for eigenvalue, static pushpuesponse spectruand time
history analysis The reinforcement information obtained from Probina model for

Frame DD is shown in Table3.5. Detailed reinforcement drawings are given in

Appendix A.
Table 3.5. Reinforcement Details of 4tory frame
FIRST FLOOR
Columns | Reinforcement | Beams| Reinforcement (Mid Reinforcement
Span) (Span Ends)
S8 6418 K106 | 2«12 (top) 44¢12+2d14
4412 (bottom) (top)
4412(bottom)
S9 6418 K107 | 2«12 (top) 6412 (top)
4412 (bottom) 3«12(bottom)
S10 6418 K108 | 2«12 (top) 44¢12+2d14
4412 (bottom) (top)
4412(bottom)
S11 6¢18
SECOND FLOOR
Columns | Reinforcement | Beams| Reinforcement (Mid Reinforcement
Span) (SpanEnds)
S8 6418 K206 | 2«12 (top) 44¢12+2d14
4412 (bottom) (top)
4412(bottom)
S9 6418 K207 | 2«12 (top) 6412 (top)
4412 (bottom) 3«12(bottom)
S10 6¢18 K208 | 2¢12 (top) 44¢12+2d14
4412 (bottom) (top)
4«12(bottom)
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Table 3.5.(Cont.) Reinforcement Details of4-story frame

S11 6¢18
THIRD FLOOR
Columns | Reinforcement| Beams| Reinforcement | Reinforcement (Span
(Mid Span) Ends)
S8 6416 K306 | 2«12 (top) 5412 (top)
4412 (bottom) | 3«12(bottom)
S9 6416 K307 | 2412 (top) 6412 (top)
4412 (bottom) | 3«12(bottom)
S10 6416 K308 | 2«12 (top) 5412 (top)
4412 (bottom) | 3«12(bottom)
S11 6416
FOURTH FLOOR
Columns | Reinforcement| Beams| Reinforcement | Reinforcement (Span
(Mid Span) Ends)
S8 6416 K406 | 212 (top) 4412 (top)
4412 (bottom) | 3«12(bottom)
S9 6416 K407 | 2«12 (top) 6412 (top)
4412 (bottom) | 3«12(bottom)
S10 6416 K408 | 2412 (top) 4412 (top)
4412 (bottom) | 3«12(bottom)
S11 6416

The Seismostruct model of this frame can be seen in Fidbire 3.
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777

Figure 3.5 Seismostruct Frame Model of 4Story Building

After eigenvalue analysisf the selected framasperformed fundamental period is
found as 0.40sec. The totaéismicweight first three periods and modal shapes

obtained from eigenvaluanalysis are shown in Table 3.6 and Figufe 3.

Table 36. Eigenvalue Analysis Result o#4-Story Frame

Total Seismic 1st Mode| 2nd Mode 3rd Mode
Weight(t) Period(s)| Period(s) | Period(s)
4-Story Frame 67.49 0.40 0.14 0.08

Mode Shapes of-&tory Building

4

-2.00 -1.00 0.00 1.00 2.00

Mode 1 Mode 2 Mode 3

Figure 3.6. Modal Shapes of 4Story Frame
25
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Following figure 37 shows floor plan and selected frame e$téry building for

3.2.3. 6Story Building

analysis
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Figure 3.7. Floor Plan and Selected Frame foAnalysis of 6-Story Building



Frame AA wasselected for eigenvalue, static pushovesponse spectruand time
history analysis The reinforcement information obtained from Probina model for

Frame AA is tabulated in Table 3.7. Detailed reinforcement drawings are shown in

Appendix A.
Table 3.7. Reinforcement Details of &tory frame
FIRST FLOOR
Columns | Reinforcement | Beams | Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 820 K101 | 3«14 (top) 3¢14+2420 (top)
3412 (bottom) 2418+3¢12
(bottom)
S2 818 K102 | 3«14 (top) 3¢14+24¢20 (top)
3412 (bottom) 2418+3¢12
(bottom)
S3 8418 K103 | 3«14 (top) 3¢14+2420 (top)
312 (bottom) 2d14+3d12
(bottom)
A 8¢20
SECOND FLOOR
Columns | Reinforcement | Beams | Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 8418 K201 | 3«14 (top) 3¢14+2420 (top)
3412 (bottom) 2418+3¢12
(bottom)
S2 818 K202 | 3«14 (top) 3¢14+24¢20 (top)
312 (bottom) 2¢18+3¢12
(bottom)
S3 8418 K203 | 3«14 (top) 3¢14+2420 (top)
3412 (bottom) 2d14+3d12
(bottom)
A 8¢18
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Table 3.7. (Cont.)Reinforcement Details of &tory frame

THIRD FLOOR
Columns | Reinforcement | Beams| Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 8418 K301 | 3«14 (top) 3¢14+1420 (top)
3412 (bottom) 2d14+3d12
(bottom)
S2 818 K302 | 3«14 (top) 3¢14+2420 (top)
3412 (bottom) 2416+3¢12
(bottom)
S3 8418 K303 | 3«12 (top) 3¢12+2420 (top)
3412 (bottom) 2d14+3d12
(bottom)
A 8¢18
FOURTH FLOOR
Columns | Reinforcement| Beams| Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 816 K401 | 3«14 (top) 3¢14+1¢20 (top)
3412 (bottom) 2414+3d12
(bottom)
S2 8416 K402 | 3«14 (top) 3¢14+24¢20 (top)
312 (bottom) 5412 (bottom)
S3 8416 K403 | 3«12 (top) 2¢14+2420 (top)
312 (bottom) 5412 (bottom)
A 8¢16
FIFTH FLOOR
Columns | Reinforcement| Beams| Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 8416 K501 | 2«14 (top) 314 (top)
312 (bottom) 3«12(bottom)
S2 816 K502 | 2414 (top) 3¢14+1¢20 (top)
3«12 (bottom) 5¢12 (bottom)
S3 816 K503 | 2414 (top) 314 (top)
312 (bottom) 3«12(bottom)
A 816
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Table 3.7. (Cont.)Reinforcement Details of &tory frame

SIXTH FLOOR
Columns | Reinforcement | Beams| Reinforcement (Mid | Reinforcement
Span) (Span Ends)
S1 816 K601 | 2«14 (top) 2414 (top)
3412 (bottom) 3«12(bottom)
S2 8416 K602 | 2«14 (top) 314 (top)
3412 (bottom) 312 (bottom)
S3 8416 K603 | 2414 (top) 2414 (top)
312 (bottom) 3«12(bottom)
A 816

ModeledframeA-A in Sesmostrucis shown in Figure 3.8

Figure 3.8. Seismostruct Frame Model of 6Story Building
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After eigenvalue analyswas finishedfundamental period is found as 0.53sHte
total seismicweight first three periods and modal shapes obtained from eigenvalue

analysis are shown in Table 3.8 and Figuge 3.

Table 38. Eigenvalue Analysis Result o6-Story Frame

Total Seismic | 1st Mode | 2nd Mode | 3rd Mode
Weight(t) Period(s) | Period(s) | Period(s)
6-StoryFrame 148.14 0.53 0.18 0.10

Mode Shapes of-6tory
Building
6
5
3
2
1
0
-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50
Mode 1 Mode 2 Mode 3

Figure 3.9 Modal Shapes of 6Story Frame
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3.2.4. 8Story Building

Figure 310 shows floorplan and selected frame o&&ry building foranalysis.
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Figure 3.10. Floor Plan and Selected Frame foAnalysis of 8-Story Building

31



Frame FF wasselectedor eigenvalue, static pushover and time hiseorglysis The

reinforcement information obtained from Probina model for Franfe dan be seen

in Table 3.9. Detailed reinforcement drawings are given in Appendix A.

Table 3.9. Reinforcement Details of &tory frame

FIRST FLOOR

Columns

Reinforcement

Beams

Reinforcement

Reinforcement

(Mid Span) (Span Ends)

S18 10420 K115 | 3«16 (top) 3¢16+2¢20 (top)
3¢12+2¢20 2420+3¢12
(bottom) (bottom)

S19 10418 K116 | 3«14 (top) 3¢16+2¢20 (top)
3¢12+2418 2¢14+3¢12
(bottom) (bottom)

S20 10418 K117 | 314 (top) 3¢16+2¢20 (top)
3¢12+2418 2¢14+3¢12
(bottom) (bottom)

S21 10418 K118 | 3«16 (top) 3416+2¢20 (top)
3¢12+2¢20 2420+3¢12
(bottom) (bottom)

S22 10420

SECOND FLOOR

Columns | Reinforcement | Beams | Reinforcement Reinforcement
(Mid Span) (Span Ends)

S18 10418 K215 | 3416 (top) 3416+2¢20 (top)
3¢12+2¢20 2420+3¢12
(bottom) (bottom)

S19 10418 K216 | 3«14 (top) 3¢16+2¢20 (top)
3¢12+2418 24¢14+3d12
(bottom) (bottom)

S20 1018 K217 | 3«14 (top) 3¢16+24¢20 (top)
3¢12+2418 24¢14+3¢12
(bottom) (bottom)

s21 10418 K218 | 3¢16 (top) 3¢16+2¢20 (top)
3¢12+2¢20 2¢20+3¢12
(bottom) (bottom)

S22 10418
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Table 3.9.(Cont.) Reinforcement Details of 8story frame

THIRD FLOOR
Columns | Reinforcement | Beams| Reinforcement Reinforcement
(Mid Span) (Span Ends)
S18 1018 K315 | 3«16 (top) 3¢16+2420 (top)
312 (bottom) 2¢18+3¢12 (bottom)
S19 1018 K316 | 3¢16(top) 3¢16+2¢20 (top)
312 (bottom) 2¢16+3¢12 (bottom)
S20 10418 K317 | 3416 (top) 3¢16+24¢20 (top)
312 (bottom) 24¢16+3¢12 (bottom)
S21 10418 K318 | 3«16 (top) 3¢16+2¢20 (top)
3412 (bottom) 2418+3¢12 (bottom)
S22 10418
FOURTH FLOOR
Columns | Reinforcement | Beams| Reinforcement Reinforcement
(Mid Span) (Span Ends)
S18 8418 K415 | 3416 (top) 3¢16+2¢20 (top)
3412 (bottom) 2416+3¢12 (bottom)
S19 8418 K416 | 3416 (top) 3¢16+2¢20 (top)
312 (bottom) 24¢14+3¢12 (bottom)
S20 818 K417 | 3416 (top) 3¢16+24¢20 (top)
312 (bottom) 24¢14+3¢12 (bottom)
S21 8418 K418 | 3416 (top) 3¢16+2¢20 (top)
3412 (bottom) 2416+3¢12 (bottom)
S22 8d18
FIFTH FLOOR
Columns | Reinforcement | Beams| Reinforcement Reinforcement
(Mid Span) (Span Ends)
S18 818 K515 | 3416 (top) 3¢16+2¢20(top)
3412 (bottom) 5412 (bottom)
S19 8418 K516 | 3«16 (top) 3¢16+2¢20 (top)
3«12 (bottom) 5¢12 (bottom)
S20 8418 K517 | 3«16 (top) 3¢16+24¢20 (top)
3«12 (bottom) 5412 (bottom)
S21 8418 K518 | 3«16 (top) 3¢16+2¢20 (top)
3412 (bottom) 5412 (bottom)
S22 8¢18
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Table 3.9.(Cont.) Reinforcement Details of 8story frame

SIXTH FLOOR

Columns

Reinforcement

Beams

Reinforcement

Reinforcement

(Mid Span) (Span Ends)
S18 8418 K615 | 3«14 (top) 3¢14+24¢20 (top)

312 (bottom) 5412 (bottom)
S19 8418 K616 | 3¢14 (top) 3¢14+24¢20 (top)

312 (bottom) 5412 (bottom)
S20 8418 K617 | 3«14 (top) 314+24¢20 (top)

3412 (bottom) 5412 (bottom)
S21 8418 K618 | 3¢14 (top) 3¢14+24¢20 (top)

3412 (bottom) 5412 (bottom)
S22 8¢18

SEVENH FLOOR

Columns | Reinforcement | Beams| Reinforcement Reinforcement

(Mid Span) (Span Ends)
S18 8416 K715 | 3«12 (top) 3¢12+120(top)

3412 (bottom) 3412 (bottom)
S19 8416 K716 | 3«12 (top) 2¢14+1¢18+1d12

3412 (bottom) (top)

3412 (bottom)

S20 8416 K717 | 3412 (top) 2414+1¢18+1412

312 (bottom) (top)

3412 (bottom)

S21 8416 K718 | 3«12 (top) 3¢12+1¢20(top)

3412 (bottom) 3412 (bottom)
S22 816

EIGHTH FLOOR

Columns | Reinforcement | Beams| Reinforcement Reinforcement

(Mid Span) (Span Ends)
S18 8416 K815 | 2«14 (top) 314 (top)

3412 (bottom) 3«12(bottom)
S19 8416 K816 | 2«14 (top) 314 (top)

3412 (bottom) 3«12(bottom)
S20 816 K817 | 2«14 (top) 314 (top)

3412 (bottom) 3«12(bottom)
S21 816 K818 | 2«14 (top) 314 (top)

3412 (bottom) 3«12(bottom)
S22 8¢16
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The Seismostruct model ofémeF-F can be seen in Figurell.
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Figure 3.11 Seismostruct Frame Model of 8Story Building

Thefundameral periodof the frmae wa found as 0.78sethe totalseismicweight

first three periods and modal shapes obtained from eigenaaalgsis are shown in
Table 3.10 and Figure 21

Table 310. Eigenvalue Analysis Result oB-Story Frame

Total Seismic| 1st Mode| 2nd Mode 3rd Mode

Weight(t) Period(s)| Period(s) | Period(s)
8-StoryFrame 343.86 0.78 0.27 0.15

Mode Shapes of-8tory Building
8

0.50 1.00 1.50

Mode 2 Mode 3

Figure 3.12. Modal Shapes of 8Story Frame
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3.3. Pushover Analysis of Selected Frames

The pwshover analysis of thieameswereconductedo obtainthe deformation limits

of each frame.

First, force distribution factorsapplied to each floor for static pushowaralysisare
determinedusingEq3.1 defined in FEMA 356.

0 e Eq.3.1

where;

1 Cwis the vertical distribution factor
k equals to 1.0 for fundamental periods less than 0.5 seconds and interpolates
between 1.0 and 2.0 for fundamental period range between 0.5 seconds and 2.5
seconds.

T wi, wx are the partial/individual floor weight &t or X" floor.

f  hi, hx are the height ahe floor between the base afitbr x" floor.

The pushover curve &soidealized based on equal area princggecifiedoy FEMA

356. According to FEMA 356, after nonlinear relationship between base shear and
roof displacement of the frame is fouftdm pushover analysishe effective lateral
stiffness andheeffective yield strengtivere calculated to idealize the pushover curve.
The effective lateral stiffness is the secant stiffness obtained from a base shear force
equal to 60% of the effectivgield strength of the structure. Post yield slope is
determined by a line, which crosses the real pushover curve at target displacement.

Typical idealized pushover curve with respect to FEMA 356 is shown in FigiBe 3.1

36



‘ / Approximately balance

/ areas above and below
O j

Figure 3.13. Idealized PushovelCurve according to FEMA 356

After the pushover curve is idealized, by using elastic fundamental period in the
direction under consideration calculated by elastic dynamic analyjisléFtic lateral
stiffness of the building in the direction under caesation (K) and effective lateral
stiffness of the building in the direction under consideratiog), (khe effective
fundamental period in the direction Tunder consideratiomre calculted from

Equation3.2.

4 Y — Eq.3.2

According to the fundamental period obtained from eigenveahadysis load patterns

that are used in pushovanalysisare determined.

As a result of pushovemalysis pushover curve, yield force, ultimate force, spectral
displacement and pseudo spectaacelerationwere determined. Theesults of

pushover analyses for all frames are summarized in Bal?eand Figure 34.
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Table 312 PushoverAnalysis Results ofFrames

3-Story | 4-Story | 6-Story | 8-Story
Yield Displacement (m 0.053] 0.064 0.090, 0.096
Ultimate Displacement (nf 0.300 0.350f 0.485] 0.598
Yield Base Shear (kN 185.00¢ 21000 415.000 550.000
Ultimate Base Shear (k) 202.68¢ 23203¢ 423.28( 569.198
Sdied (cm)| 2.909] 3429 6.884 7.145
Sditimate(cm)| 16.511 18858 37.008 44.282
PSagicid (cm/<) | 466.912 365669 342.471 206.051
PSaiimate (cM/S) | 511.549 404039 349.304 213.243
Effective Fundamental Period | 0.50 0.61 0.79 1.12
Ki (kN/m)| 8034.89 7674.5¢10220.24 11752.3
Ke (KN/m) 3500, 3300 4600 5700
3-STORY FRAME 4-STORY FRAME
6-STORY FRAME 8-STORY FRAME
sy T -
B 150 g =0
100 = 1s0
placement m Roof Displacement (m)

Figure 3.14 Pushover Curves Of Frames
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CHAPTER 4

SCALING OF GROUND MOTIONS AND SEISMIC ANALYSES OF
BUILDINGS

4.1. Introduction

Ground motion records used in design or analysis of structures shall satisfy the
conditions defined in earthquake codes. Therefore, proper selection and scaling of
ground motions must be done to empower response history analysis as it is mentioned
in the research named®electing and Scaling Earthquake Ground Motions for
Performing Responsdistory Analysesnade by NEHRP Consultants Joint Venture
(2011).

In this chapter of the study, ground motion record sets were selected using the criteria
presented in $®ion 4.2. The selected ground motion records were then scaled to be

compatible with the employed code elastic response spectra.

As mentioned earlier three different response spectra were used. A total of fifty one
ground motion records were selecteddoaling. According to fault mechanisms, five
scaling sets were formed. Two different methods that are explained in detail in Section

4.4 were utilized for scaling of ground motions.

Linear dynamic analyses of all four frames were carried out using tleededided

response spectra as well as the scaled ground motion set that is considered to be the
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most compatible one with the code elastic response spectra. The results of these

analyses are compared in this chapter.

4.2. Code Based Response Spectra

Before the scaling was made, response spectra with respect to all three earthquake

codes were constructed by selecting the earthquake zone as one and soil type as C (Z3).

These benchmarks were selected to have scalingthiataare consisternwith the

building and frame modeling.

4.2.1. Response Spectra in TEC 2007

Design acceleration spectruiddT)) is the 5% damped elastic spectral acceleration
defined by Equation 4.1 in Turkish Earthquake Code 2007.

Y'Y 0YQ Eq.4.1

A(T), given in Eq.4.2, is the spectral acceleration coefficient used for determination of

seismic loads in analysis.
o"Y o6 oYY Eq.4.2
where:

1 Aois the effective ground acceleration coefficient and is given as 0.40 for first
seismic zone.

1 Iis the building importance factor and is specified as 1.0 for residential and
office buildings, hotels etc.

1 S(T), which is defined by Eq.4.3, is the spectrum coefficient that depends on

site conditions and the natural period of the building.
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YUY ® it
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YY

Eq.4.3
YY @ J
@ -5

1 Asthe local site class is assumed as Z3 for theysgyectrum characteristic
periods T and Tg are taken as 0.15 and 0.60 seconds, respectively.

TEC2007 codébased response spectrum based on the parameters given above is
shown in Figure 4.1.

TEC2007 Response Spectrum
1.2
1
0.8
C
s 0.6
n
0.4
0.2
0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time(s)

Figure 4.1. TEC2007 Response Spectrum
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4.2.2. Response Spectra in Eurocode 8

There are both horizontal and vertical elastic response spectra defined in Eurocode 8.

However, only horizontal elastic response specthahis definedby Eq.4.4wasused.

YOY O OYIp —O-Xd p moY Y

YUY OO YO O'Y 'Y Eg.4.4
YUY OOV — YO O'Y 'Y

YUY 0 IOYO>-® — YOY 1

where:

1 & is the design ground acceleration on type A ground and is defined as 0.4 in
Eurocode 8.

S is the soil factor and for C (Z3) type soil is equal to 1.15.
1 Ts and Tc are the lower and upper period limits of the constant spectral
acceleration branch and are taken as 0.20 and 0.60 seconds, respectively.

1 Tois the beginning period of constant displacement range and is 2.00 seconds
for C type soil condition.

T d 1 s ting eorretteomfactor equals to 1 for 5% viscous damping.

According to the statements defined in Eurocode and mentioned above, Eurocode 8

Type 1 elastic response spectrum is calculated and shown in Figure 4.2.
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EC8 Type 1 Response Spectrum
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Figure 4.2. EG8 Response Spectrum

4.2.3.Response Spectra in ASCE-10

Design spectral acceleration is constructed regarding Eq.4.5 in ASGE 7

YOy e T@— Ny
Y Y YOUY Y Eq.4.5
Y — Y 'Y Y
Y — YUY
where:

1 Sos is the design spectral response acceleration parameter at shodsperi
calculated using Eq.4.6.

Y =Y h Y OY Eq.4.6
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0 Ssis the mapped maximum considerable earthquake response acceleration
at shat periods and is equal to 1.53 for this studllis value is provida
from the uU.S. Geological Survey website

(http://geochazards.usgs.gov/designmapsjwiar the location ofK st anbul ,

Turkey.
0 Fais the shorperiod site coefficient and is equal to 1.
1 Spi is the design spectral response acceleration parametess giefiod
obtained by using Eq.4.7.
'Y =Y h Y OY Eq.4.7
0 S is the mapped maximum considerable earthquake response acceleration
at a periodof 1 second and equals to 0.72 for this stullyis value is

provided from the uU.S. Geological Survey website
(http://geochazards.usgs.gov/designmapsjwiew the location ofK st anbul |

Turkey.
o R isthe longperiod site coefficient equals to 1.30.
1 Tois equal to 20% of &/Sps and foundas0.12 seconds
1 Tsis the ratio betweenpsand $sand equalso 0.61 seconds for the study.

ASCET10 elastic response spectrum is credigdising these formulations and is

presented in Figure 4.3.
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Figure 4.3. ASCE/SEI 710 Response Spectrum

4.3. Ground Motion Records

Ground motion records were selected from PEER ground motion database according
to the criteria defined below.

1 Moment magnitude range of ground motion records was taken between 6.00
and 7.50.

1 The JoyneiBoore distance of the ground motion record was between 15 and
30km.

1 Solil type was assumed as C (Z3).

51 candidate ground motions from 15 earthquakes were obtasiagl the criteria

defined above. The properties of these ground motions are summarizatle 4.1.
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Table 4.1. Candidate Ground Motion Recordings

REC FAULT Rib Vs,30 SOIL | PGA
# EQ NAME YEAR | Mw TYPE (km) (m/sec) | TYPE (9)
28 | "Parkfield" 1966 | 6.19 SS 17.64 408.93 C 0.090
33 | "Parkfield" 1966 | 6.19 SS 15.96 527.92 C 0.456
57 | "San Fernando" 1971 | 6.61 R 19.33 450.28 C 0.430
63 | "San Fernando" 1971 | 6.61 R 25.58 634.33 C 0.135
70 | "San Fernando" 1971 | 6.61 R 22.23 425.34 C 0.190
72 | "San Fernando" 1971 | 6.61 R 19.45 600.06 C 0.254
73 | "San Fernando" 1971 | 6.61 R 17.22 670.84 C 0.226
78 | "San Fernando" 1971 | 6.61 R 24.16 452.86 C 0.191
79 | "San Fernando" 1971 | 6.61 R 25.47 415.13 C 0.149
88 | "San Fernando" 1971 | 6.61 R 24.69 389 C 0.220
164 | "Imperial Valley-06" | 1979 | 6.53 SS 15.19 471.53 C 0.232

286 | "Irpinia Italy-01" 1980 | 6.9 N 17.51 496.46 C 0.126

288 | "Irpinia Italy-01" 1980 | 6.9 N 22.54 561.04 C 0.287

290 | "Irpinia Italy-01" 1980 | 6.9 N 29.79 428.57 C 0.177

291 | "Irpinia Italy-01" 1980 | 6.9 N 27.49 574.88 C 0.139
295 | "Irpinia Italy-02" 1980 | 6.2 N 28.69 476.62 C 0.033
296 | "Irpinia Italy-02" 1980 | 6.2 N 17.79 649.67 C 0.075

302 | "Irpinia ltaly-02" 1980 | 6.2 N 22.68 574.88 C 0.139

303 | "Irpinia Italy-02" 1980 | 6.2 N 20.38 382 C 0.104

336 | "Coalinga01" 1983 | 6.36 R 27.1 541.73 C 0.118

340 | "Coalinga01" 1983 | 6.36 R 26.2 384.26 C 0.234

351 | "Coalinga01" 1983 | 6.36 R 28.72 450.61 C 0.120

359 | "Coalinga01" 1983 | 6.36 R 24.83 381.27 C 0.294

362 | "Coalinga01" 1983 | 6.36 R 29.01 438.74 C 0.120

369 | "Coalinga01" 1983 | 6.36 R 25.98 648.09 C 0.223

450 | "Morgan Hill" 1984 | 6.19 SS 23.23 462.24 C 0.137

516 | "N. Palm Springs" 1986 | 6.06 RO 27.21 425.17 C 0.227

521 | "N. Palm Springs" 1986 | 6.06 RO 29.56 407.61 C 0.297

524 | "N. Palm Springs" 1986 | 6.06 RO 23.2 379.32 C 0.084

534 | "N. Palm Springs" | 1986 | 6.06 | RO 22.96 447.22 C 0.351

537 | "N. Palm Springs" | 1986 | 6.06 | RO 16.55 659.09 C 0.187

IN
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Table 4.1. (Cont.) Candidate Ground Motion Recordings

548 | "Chalfant Valley02" | 1986 | 6.19 SS 21.55 370.94 C 0.276
551 | "Chalfant Valley02" | 1986 | 6.19 SS 29.35 382.12 C 0.094
552 | "Chalfant Valley02" | 1986 | 6.19 SS 22.08 456.83 C 0.188
553 | "Chalfant Valley02" | 1986 | 6.19 SS 18.3 537.16 C 0.111
554 | "Chalfant Valley02" | 1986 | 6.19 SS 18.3 537.16 C 0.111
587 | "New Zealane02" 1987 | 6.6 N 16.09 551.3 C 0.375
739 | "Loma Prieta" 1989 | 6.93 RO 19.9 488.77 C 0.343
740 | "Loma Prieta" 1989 | 6.93 RO 19.9 488.77 C 0.101
755 | "Loma Prieta" 1989 | 6.93 RO 19.97 561.43 C 0.509
769 | "Loma Prieta" 1989 | 6.93 RO 17.92 663.31 C 0.212
775 | "Loma Prieta" 1989 | 6.93 RO 29.54 621.2 C 0.070
815 | "Griva Greece" 1990 | 6.1 N 26.75 454.56 C 0.067
827 | "Cape Mendocino” | 1992 | 7.01 R 15.97 457.06 C 0.164
830 | "Cape Mendocino” | 1992 | 7.01 R 26.51 518.98 C 0.303
881 | "Landers" 1992 | 7.28 SS 17.36 396.41 C 0.277
954 | "Northridge 01" 1994 | 6.69 R 19.1 550.11 C 0.309
957 | "Northridge01" 1994 | 6.69 R 15.87 581.93 C 0.197
963 | "Northridge01" 1994 | 6.69 R 20.11 450.28 C 0.772
974 | "NorthridgeO1" 1994 | 6.69 R 21.64 371.07 C 0.430
991 | "Northridge01" 1994 | 6.69 R 28.98 366.71 C 0.269
Mw: Moment Magnitude Rjb: JoynefBoore Distance
Vs,30: Shear Wave Velocity PGA: Peak Ground Acceleration
SS: Strike Slip Mechanism N: Normal Mechanism
R: Reverse Mechanism RO: Reverse Oblique Mechanism

Spectral acceleration of candidate ground motions and response spectra with respect
to earthquake codes are presented in Figure 4.4.

As it can be seen in Figure 4idat most of the candidate ground motions have low
spectral accelerations and the mpaak ground acceleration of these ground motions

is approximately 0.2g.
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Figure 4.4. Spectral Acceleration of Candidate Ground Motions
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Five alternative ground motion sets were generated by using these candidate ground

motions. Four of them were formedth respect to the fault mechanism and the other

one was generated by eliminating the grouomations, whichhave too high and too

low spectral accelerations.

1 Ground Motion Set 1
This is the ground motion set which is constructed by disregarding thedyrou
motions with outlier spectral accelerations when compared to thebesdel
elastic response spectra. The properties of the ground motions and spectral
accelerations are shown in Table 4.2 and Figure 4.5.
This set consists of ten ground motion recdrds ten different earthquakes.
The peak ground motion acceleration of the set is in a range between 0.2g and
0.5¢.
Table 4.2. Ground Motion Set 1
REC FAULT Rib Vsz | SOIL | PGA
# EQ NAME YEAR | Mw TYPE | (km) | (m/sec)| TYPE | (9g)
33 | "Parkfield" 1966 | 6.19 SS 15.96| 527.92 C 0.456
57 | "San Fernando" 1971 | 6.61 R 19.33| 450.28 C 0.430
164 | "Imperial Valley-06" | 1979 | 6.53 SS 15.19| 471.53 C 0.232
288 | "Irpinia Italy-01" 1980 | 6.9 N 22.54| 561.04 C 0.287
359 | "Coalinga01" 1983 | 6.36 R 24.83| 381.27 C 0.294
548 | "Chalfant Valley02" | 1986 | 6.19 SS 21.55| 370.94 C 0.276
587 | "New ZealaneD2" 1987 | 6.6 N 16.09| 551.3 C 0.375
739 | "Loma Prieta" 1989 | 6.93 RO 19.9 | 488.77 C 0.343
881 | "Landers" 1992 | 7.28 SS 17.36| 396.41 C 0.277
991 | "NorthridgeO1" 1994 | 6.69 R 28.98| 366.71 C 0.269
Mw: Moment Magnitude Rjb: JoynesBoore Distance
Vs,30: Shear Wave Velocity PGA: Peak Ground Acceleration
SS: Strike Slip Mechanism N: Normal Mechanism
R: Reverse Mechanism RO: Reverse Oblique Mechanism
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Response Spectra
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Figure 4.5. Response Spectra @round Motion Set 1

1 Ground Motion Set 2
This ground motion set contains only ground motions with strike slip fault
mechanism. These ground motions were obtained frdiffesent earthquakes.
Peak ground accelerations are between 0.09g and 0.3g and in average equals
to 0.2g. The ground motion properties and spectral accelerations are shown in

Table 4.3 and Figure 4.6, respectively.

Table 4.3. Ground Motion Set 2

REC FAULT | Rp Vs3o | SOIL | PGA
EQ NAME YEAR | Mw

# TYPE | (km) | (m/sec)| TYPE | (Q)

28 | "Parkfield" 1966 | 6.19 SS 17.64| 408.93| C 0.090

33 | "Parkfield" 1966 | 6.19 SS 15.96| 527.92| C 0.456

164 | "Imperial Valley06" | 1979 | 6.53 SS 15.19| 471.53] C 0.232

50



Table 4.3. (Cont.)Ground Motion Set 2

450 | "Morgan Hill" 1984 | 6.19 SS 23.23| 462.24| C |0.137
548 | "Chalfant Valley02" | 1986 | 6.19 SS 21.55| 370.94| C |0.276
551 | "Chalfant Valley02" | 1986 | 6.19 SS 29.35| 382.12] C |0.094
552 | "Chalfant Valley02" | 1986 | 6.19 SS 22.08| 456.83] C |0.188
553 | "Chalfant Valley02" | 1986 | 6.19 SS 18.3 | 537.16/ C |0.111
554 | "Chalfant Valley02" | 1986 | 6.19 SS 18.3 | 537.16/ C |0.111
881 | "Landers" 1992 | 7.28 SS 17.36| 396.41| C |0.277
Mw: Moment Magnitude Rjb: JoynefrBoore Distance
Vs,30: Shear Wave Velocity PGA: PealGround Acceleration
SS: Strike Slip Mechanism N: Normal Mechanism
R: Reverse Mechanism RO: Reverse Oblique Mechanism
Repsonse Spectra
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Figure 4.6. Response Spectra of Ground Motion Set 2
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1 Ground Motion Set 3
This ground motion set contains only ground motions withmal faulting

mechanism. Ten ground motions fromurfodifferent earthquakes were
employed. Nearly all spectral acceleration data of these ground motions are

under 0.4g. The earthquake data and spectral accelerations are shown in Table

4.4 and Figure 4. tespectively.

Table 4.4. Ground Motion Set 3

REC FAULT Rib Vsz0 | SOIL | PGA
# EQ NAME VEAR | Mw TYPE | (km) | (m/sec)| TYPE (9)
286 | "Irpinia Italy-01" 1980 | 6.9 17.51| 496.46 C 0.126
288 | "Irpinia Italy-01" 1980 | 6.9 N 22.54| 561.04 C 0.287
290 | "Irpinia Italy-01" 1980 | 6.9 N 29.79| 428.57 C 0.177
291 | "Irpinia Italy-01" 1980 | 6.9 N 27.49| 574.88 C 0.139
295 | "Irpinia Italy-02" 1980 | 6.2 N 28.69| 476.62 C 0.033
296 | "Irpinia Italy-02" 1980 | 6.2 N 17.79| 649.67 C 0.075
302 | "Irpinia Italy-02" 1980 | 6.2 N 22.68| 574.88 C 0.139
303 | "Irpinia ltaly-02" 1980 | 6.2 N 20.38| 382 C 0.104
587 | "New ZealaneD2" 1987 | 6.6 N 16.09| 551.3 C 0.375
815 | "Griva Greece" 1990 | 6.1 N 26.75| 454.56 C 0.067
Mw: Moment Magnitude Rjb: JoynetBoore Distance
Vs,30: Shear Wave Velocity PGA: Peak Ground Acceleration

SS: Strike Slip Mechanism N: Normal Mechanism
R: Reverse Mechanism RO: Reverse Oblique Mechanism
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Repsonse Spectra
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Figure 4.7. Response Spectra of Ground Motion Set 3

1 Ground Motion Set 4
This set contains ground motions with reverse fault mechanism. Three
earthquakes generate these ten ground motions where the maximum peak
ground acceleration of them is 0.43g. The ground motion properties and
spectral accelerations are shown in Table AdbRigure 4.8, respectively.
Table 4.5. Ground Motion Set 4
REC FAULT Rib Vszo | SOIL | PGA
# EQ NAME YEAR | MW | “+ypE | (km) | (misec) TYPE | (q)
57 | "San Fernando" 1971 | 6.61 R 19.33| 450.28 C 0.430
63 | "San Fernando" 1971 | 6.61 R 25.58| 634.33 C 0.135
70 | "San Fernando" 1971 | 6.61 R 22.23| 425.34 C 0.190
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Table 4.5. (Cont.) Ground Motion Set 4

72 | "San Fernando" 1971 | 6.61 R 19.45| 600.06) C 0.254
73 | "San Fernando” 1971 | 6.61 R 17.22| 670.84 C 0.226
8 "San Fernando” 1971 | 6.61 R 24.16| 452.86 C 0.191
79 | "San Fernando” 1971 | 6.61 R 25.47| 41513 C 0.149
88 | "San Fernando” 1971 | 6.61 R 24.69| 389 C 0.220
336 | "Coalinga01" 1983 | 6.36 R 27.1 | 541.73] C 0.118
340 | "Coalinga01" 1983 | 6.36 R 26.2 | 384.26| C 0.234
351 | "Coalinga01" 1983 | 6.36 R 28.72| 450.61| C 0.120
359 | "Coalinga01" 1983 | 6.36 R 24.83| 381.27| C 0.294
362 | "Coalinga01" 1983 | 6.36 R 29.01| 438.74| C 0.120
369 | "Coalinga01" 1983 | 6.36 R 25.98| 648.09 C 0.223
827 | "Cape Mendocino"| 1992 | 7.01 R 15.97| 457.06 C 0.164
830 | "Cape Mendocino"| 1992 | 7.01 R 26.51| 518.98 C 0.303
Mw: Moment Magnitude Rjb: JoynefBoore Distance
Vs,30: Shear Wave Velocity PGA: Peak Ground Acceleration
SS: Strike Slip Mechanism N: Normal Mechanism
R: Reverse Mechanism RO: Reverse Oblique Mechanism
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Response Spectra
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Figure 4.8. Response Spectraf Ground Motion Set 4

1 Ground Motion Set 5
This is the ground motion set which contains only ground motions with reverse
oblique faulting mechanism. The set consists of ten ground motions from two
earthquakes. The mean peak ground acceleration is appttek.25g. The
earthquake information and spectral accelerations for the ground satien
shown in Table 4.@nd Figure 4.9, respectively.

Table 46. Ground Motion Set 5

REC FAULT | Rp Vs,30 SOIL | PGA
EQ NAME YEAR | Mw

# TYPE | (km) | (m/sec)| TYPE (9)

516 | "N. Palm Springs’| 1986 | 6.06 RO 27.21| 425.17 C 0.227
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Table 4.6 (Cont.) Ground Motion Set5

521 | "N. Palm Springs'| 1986 | 6.06 RO 29.56| 407.61 C 0.297
524 | "N. Palm Springs'| 1986 | 6.06| RO 23.2 | 379.32 C 0.084
534 | "N. Palm Springs’| 1986 | 6.06| RO | 22.96| 447.22 C 0.351
537 | "N. Palm Springs'| 1986 | 6.06| RO 16.55| 659.09 C 0.187
739 | "Loma Prieta" 1989 | 6.93| RO 19.9 | 488.77 C 0.343
740 | "Loma Prieta" 1989 | 6.93| RO 19.9 | 488.77 C 0.101
755 | "Loma Prieta" 1989 | 6.93| RO | 19.97| 561.43 C 0.509
769 | "Loma Prieta" 1989 | 6.93| RO | 17.92| 663.31 C 0.212
775 | "Loma Prieta" 1989 | 6.93| RO |29.54| 621.2 C 0.070
Mw: Moment Magnitude Rjb: JoynefBoore Distance
Vs,30: Shear Wave Velocity PGA: Peak Ground Acceleration
SS: Strike Slip Mechanism N: Normal Mechanism
R: ReverseéMechanism RO: Reverse Oblique Mechanism

Examination of the five ground motion sets reveals that mean response spectra of
ground motions is below the code response spectra. The closest mean spectra to the
code spectra results from the setl. Therefoiig,akpected that the most reasonable
scaling would be obtained for the setl and for this reason this set is used for the

analyses.
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Figure 4.9. Response Spectra of Ground Motion Set 5

4.4. Scaling

As was defined in Chapter Z;ading methods stated TTEC2007 and Eurocoeghave
almost the same context except the difference of duration of ground mdlioe.to

the reason that theelected ground motions for scaling have stationary part durations
more than 15seonly the scaling procedures identified TEC2007 and ASCE-I0

are utilized and compared in this study.

In order b capturethe differenceamong thescaling procedurdsased on thdifferent
earthquake codes, the selected earthquake ground motions were scaled according to
TEC2007 and ASCE-T0. Each scaling procedugée/enin both codes, were applied

to all three spectra for each franhe.other words, two scaling methods were applied

to four frames according to the procedures defined in TEC and ASCE using all three
response spectra defined TEC2007, EC8 and ASCEID.
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It should be highlighted thathere are no guidelines or requirements in the codes
describing how the scaling should be appliEuls, there is lack of clarification about
whether each ground motion record should be scalegphemtiently or a single scaling
factor obtained based on the mean spectrum can be applied to all ground rDotgons.

to this reasorhoth approaches we needed to beonsideredn this study.
In scaling method lhefollowing approach was usgd

1 The mean of spectral accelerations of scaled ground motions must be higher
than 90% of the target response spectrum, for the given period range.

1 To satisfy the first condition and not have divergent results with code based
response spectra, spectral aecation of each selected ground motion in the
set were limited to be higher than 75% of the target elastic response spectrum
for the given period range.

1 The mean of spectral acceleration of selected ground motions at zero period
must be larger than or egjuto the peak ground acceleration of the target

spectrum.

In this approach, separate scaling factors were obtained for each ground motion record.
In scaling method Zirstly the mean of ground motion set is obtained. Then, the
scaling factor is determéd through applying the criteria given in the codes to the
mean response spectruihus, asingle scaling factor was determined and applied to

all ground motions in the set.

In addition to the conditions given aboviee number of records usedtime hisbry
analysis is not fixed. In TEC2007, for example, at least 3 or 7 records can be used
Therefore, ireesubsets of ground motions from ground motion set 1 were defined to
studythe effect othe number of records. Table 4Table 4.8and Table 4 tabubte

thesesubsets.
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Table 4.7 Ground Motion Set 1.1

REC FAULTT | Rp Vs30 | SOIL | PGA | Dur
# EQ NAME YEAR| Mw YPE (km) | (m/s) | TYPE | (@) | (s)
33 | "Parkfield" 1966 | 6.19 SS 15.96 | 527.92| C |0.456|19.7
57 | "San Fernando" 1971 | 6.61 R 19.33 | 450.28/ C ]0.430|16.8
164 | "Imperial Valley-06" | 1979 | 6.53 SS 15.19 47153 C 0.232| 36.4
288 | "Irpinia Italy-01" 1980 6.9 N 22,54 |561.04f C 0.287| 194
359 | "Coalinga01" 1983 | 6.36 24.83 | 381.27] C 0.294| 17.5
548 | "Chalfant Valley02"| 1986 | 6.19 SS 215537094, C 0.276| 16.6
587 | "New Zealandd2" 1987 6.6 N 16.09 | 551.3 C 0.375| 15.2
739 | "Loma Prieta" 1989 | 6.93 RO 19.9 |488.77| C 0.343] 25.3
881 | "Landers" 1992 | 7.28 SS 17.36 | 396.41| C 0.277| 31.9
991 | "Northridge01" 1994 | 6.69 R 28.98 | 366.71| C 0.269| 37.9
Table 4.8 Ground Motion Set 1.2
REC FAULT Rib Vs,30 SOIL PGA | Dur
# EQ NAME VEAR | Mw TYPE | (km) (m/sec) | TYPE (9) (s)
57 | "San Fernando'| 1971 | 6.61 19.33 | 450.28 C 0.430 | 16.8
739 | "Loma Prieta" | 1989 | 6.93| RO 19.9 488.77 C 0.343| 25.3
881 | "Landers" 1992 | 7.28 SS 17.36 396.41 C 0.277 | 31.9
Table 4.9. Ground Motion Set 1.3

REC FAULTT Rib Vs30 | SOIL | PGA | Dur
# EQ NAME VEAR | Mw YPE (km) | (m/s) | TYPE | (g) | (s)
57 | "San Fernando” 1971 | 6.61 R 19.33|450.28| C 0.430| 16.8
164 | "Imperial Valley06" | 1979 | 6.53 SS 15.19 47153 C 0.232| 36.4
359 | "Coalinga01" 1983 | 6.36 24.83|381.27] C 0.294| 17.5
587 | "New ZealaneD2" 1987 6.6 N 16.09 | 551.3 C 0.375| 15.2
739 | "Loma Prieta" 1989 | 6.93 RO 19.9 |488.77| C 0.343] 25.3
881 | "Landers" 1992 | 7.28 SS 17.36 | 396.41| C 0.277| 31.9
991 | "Northridge01" 1994 | 6.69 R 28.98 | 366.71| C 0.269| 37.9
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Scaling factors determined for Ground Motion Set Giound Motion Set 1.2nd

Ground Motion Set.3 using both pproaches are shown in Tablé@.Table 4.11 and

Table 412 respectively. The notation used in the table lbalescribe as follows:

T
T

M1 denotes Scaling Method 1 and M2 indicates Scaling Method 2.

The acronym under FRAME column identifies the frames, code scaling
procedure and the target response spectrum in the codes. For example, the first
letter, given as a maber,shows the number of story of the frame. The letter
following that (T or A) denotes the scaling procedure in the code, T refers to
TEC procedure and A refers to ASCE procedure. The last letter shows the
target code spectrum, T indicates TEC, A staftsASCE and E shows

Eurocode.

Table 410. Scaling Factors According to Ground Motion Set 1.1

SCALE FACTORS

FRAME | R33| R57 | R164| R288| R359| R548| R587| R739| R881| R991| M2

ML M1 | M1 | M1 M1 | M1 |M1 | M1 | M1 | M1

3TT 14411.31|/1.60 |1.73 |2.16 {1.85 [1.24 |1.36 |1.98 |1.83 |1.64
3TA 1.45/1.33|1.62 [1.74 |2.23 |1.88 |1.25 |1.38 |2.04 [1.87 |1.67
3TE 1.63/1.50/1.81 {1.98 |2.41 |2.11 |1.41 |1.55 |2.20 [2.07 |1.85
3AT 1.27/1.31/1.64 [1.62 |2.28 |1.88 |1.23 |1.42 |2.20 |1.88 |1.60
3AA 1.37|1.41|1.77 |1.72 |2.44 |2.01 |1.34 |1.53 |2.36 |2.02 [1.77
3AE 1.39/1.4411.81 |1.80 |2.48 [2.09 [1.35 |1.55 |2.38 |2.07 |1.75
47T 1.94/1.65/1.93 [2.25 |2.46 |2.22 |1.61 |1.67 |2.24 [2.18 |2.01
4TA 1.89/1.60/1.88 [2.20 |2.44 |2.18 |1.56 [1.62 |2.22 [2.15 |1.97
4TE 2.03/1.81|2.11 |2.50 |2.68 |2.45 [1.77 |1.83 |2.43 |2.40 |2.18
4AT 1.35/1.31|1.65 |1.73 |2.28 |1.95 [1.21 |1.38 |2.12 |1.86 |1.68
4AA 1.40{1.35|1.70 |{1.78 |2.37 [2.00 |1.25 |1.43 |2.21 |1.92 |1.71
4AE 1.57(1.53|1.90 (2.02 |2.57 |2.25 |1.42 |1.60 |2.38 |2.14 |1.93
6TT 2.09/1.65(1.95 |2.55 |2.28 |12.23 |1.66 |1.71 |2.14 |2.31 |2.01
6TA 2.05/1.61(1.91 |2.50 |2.27 |2.20 |1.62 |1.67 |2.13 |2.27 |1.97
6TE 2.26|1.78|2.12 |2.75 |2.50 |2.44 |1.78 [{1.82 [2.31 [2.48 |2.18
6AT 2.18|1.84|2.16 |2.60 |2.71 |2.53 |1.77 [1.82 (2.42 [2.43 |2.23
6AA 2.13/1.78(2.12 |2.55 |2.69 (2.49 |1.72 |1.77 |2.40 |2.39 |2.19
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Table 4.10. (Cont.) Scaling Factors Accordingp Ground Motion Set 1.1

6AE 2.3411.96(2.32 |2.83 |2.91 |(2.74 |1.89 |1.94 |2.58 |2.62 |2.42
8TT 2.62/1.90(2.16 [3.19 |2.19 |2.46 [{1.84 |1.91 |2.01 |2.67 |2.28
8TA 2.24|11.69|1.95 |2.76 |2.10 |2.26 |1.64 |1.71 |1.91 [2.36 |1.97
8TE 2.51/1.91/2.20 |3.10 |2.35 |2.54 |1.86 [1.93 [2.14 |[2.66 |2.18
8AT 247|1.78|2.09 |3.17 |2.28 |2.49 |1.84 |1.90 [2.15 |2.66 |2.23
8AA 2.36/1.80(2.11 |2.99 |2.39 |2.51 |1.82 |1.89 |2.20 |2.59 |2.19
8AE 2.63/2.02(2.36 |3.34 |2.65 |2.81 [2.04 |2.11 |2.45 |2.89 |2.42

Table 411. Scaling Factors According to Ground Motion Set 1.2

SCALE FACTORS
FRAME |M1R57 | M1R739|M1R881| M2
3TT 1.31 1.36 1.98 1.49
3TA 1.49 1.54 2.20 1.66
3TE 1.36 141 2.06 1.53
3AT 1.41 1.52 2.30 1.65
3AA 1.57 1.69 2.52 1.85
3AE 1.42 1.54 2.37 1.69
47T 1.36 1.38 1.95 1.56
4TA 151 1.53 2.13 1.65
4TE 1.44 1.46 2.06 1.69
4AT 1.42 1.49 2.23 1.63
4AA 1.62 1.69 2.47 1.83
4AE 1.47 1.55 2.33 1.67
6TT 1.77 1.83 2.26 1.99
6TA 1.67 1.73 2.19 1.84
6TE 1.85 1.89 2.38 2.03
6AT 1.57 1.55 2.15 1.81
6AA 1.60 1.59 2.22 1.76
6AE 1.71 1.69 2.33 1.94
8TT 1.92 1.93 2.03 1.99
8TA 1.75 1.77 1.97 1.84
8TE 1.94 1.96 2.17 2.03
8AT 2.10 |2.22 2.47 2.22
8AA 1.87 1.96 2.27 2.04
8AE 2.12 2.21 2.55 2.26

61




Table 412. Scaling Factors According to Ground Motion Set 1.3

SCALE FACTORS
M1 M1 M1 | M1 | M1 | M1 | M1
FRAME | R57 | R164| R359|R587| R739| R881| R991| M2
3TT 1.28| 1.56| 2.13| 1.20| 1.33| 1.95| 1.80 |1.52
3TA 1441 1.73| 2.34|1.36| 1.49| 2.15| 1.98 |1.70
3TE 1.33| 1.64| 2.24|1.24| 1.38| 2.03| 1.90 | 1.56
3AT 141/ 1.74| 2.38|1.33| 1.52| 2.30| 1.98 |1.69
3AA 1.57/1.93| 2.60| 1.50| 1.69| 2.52| 2.181.89
3AE 140/ 1.77| 244|132 152|235| 2.04|1.74
47T 147|175 2.28| 1.43| 1.49| 2.06 | 2.00 |1.76
4TA 1.45|1.73| 2.29|1.41| 1.47| 2.07| 2.00 |1.73
4TE 1.59/1.89|246|155|161|221| 218|191
4AT 141/ 1.75|2.38|1.31|1.48| 2.22| 1.96 |1.68
4AA 157|192| 258|1.46| 1.64| 2.42| 2.14|1.89
4AE 142/ 1.80| 2.46|1.31| 1.50| 2.28 | 2.03 |1.72
6TT 148/ 1.78|2.11| 149|154 |197| 2.14|1.76
6TA 144/ 1.74| 2.10| 1.45| 1.50| 1.96| 2.10|1.73
6TE 160/ 1.94| 232|161|1.64| 2.13| 2.30|1.91
6AT 1.61| 1.93| 248|154 | 1.59| 2.19| 2.20 |1.96
6AA 159 1.93| 250|153 |1.58| 2.21| 2.20|1.92
6AE 1791 2.15| 2.74| 1.72| 1.77| 2.41| 2.45|2.13
8TT 182/ 2.08|2.11|1.76| 1.83| 1.93| 2.59 |1.99
8TA 154/ 1.80|195|149|156|1.76| 2.21|1.73
8TE 1.73]2.02| 2.17|1.68| 1.75| 1.96 | 2.48 |1.91
8AT 165/ 1.96| 2.15|1.71| 1.77| 2.02 | 2.53 |1.96
8AA 164/ 1.95| 2.23|1.66| 1.73| 2.04| 2.43|1.92
8AE 182 2.16| 245|184 | 191| 2.25| 2.69 |2.13

The scaling factors obtained for the ground motion ses#&tll.2and set 13 are dso

displayed in Figure 4.1@igure 4.11and Figure 4.12respectively
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Figure 4.10. Scaling~actors Applied to Ground Motion Set 1.1.
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Figure 4.11. Scaling~actors Applied to Ground Motion Set 1.2.

63



3.00
2.50
2.00

1.50
1.00
0.50

0.00

M1R57
M1R164
M1R359
M1R587
M1R739
M1R881
M1R991

M2

E3TTu3TARSTER3AT SAARIACEATTEATAmATEmAATE4AAT 4AC
6TTm6TARMGTER 6ATH 6AARGAE 8TTm 8TAm S8TEm 8ATm 8AAm BAE

Figure 4.12 ScalingFactors Applied to Ground Motion Set 1.3

Scaled spectral accelerations of selected ground moti®h.2evere calculatebased
on the proceduresusing two different scaling methodologies. These spectral
accelerations and the code based response spectrum for each fratapiceslin
Figures4.134.16

The acronym in the legends of figuretands forthe mean of scaled spectral
accelerations and the sicy method. For instance, GM1.1, GMb2GM13 denotes
the ground motion set 1.%et 1.2and set B, respectively. Theespectivenotation
(M1 or M2) indicates the scaling method. In addition to eéhdsst column of the
figures demonstrates the scaled speca@elerations according to TEC scaling
procedure, while the second column shows spectral accelerations regfaedi®&gE
scaling procedure.

Figure 4.13displays the mean of spectral accelerat of ground motion seand the

relation among code based response spectrum and the scaled accelerations for three
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story frame. Based on the results given in the figure the scaling method 2 gives slightly
higher mean spectral acceleration values thahmrgcmethod 1 for ground motion set

1.1. On the other hand, for ground motion setah@ set 1.3scaling method 1 gives

larger results than scaling method 2. Besides, when the spectral acceleration data of
ground motion setare compared, it can be rmdd that ground motion set 1.2 has
larger scaled spectral acceleration considering the TEC and ASCE response spectra.
Contrarily, scaling of both ground motion sets gives closer spectral acceleration data
when Eurocode based elastic response spectrursets feor all six cases of time
history analysis of three story frame, ground motion set 1.1 and set 1.3 have closer

spectral acceleration data.

When the mean of scaled spectral accelerations for four story frame are compared to
each other, scaling methodg®ses slightly higher results for ground motion set 1.2,
similar to three ®ry frame results. Although there is tear indication on which
ground motion set gives higher spectral accelerations for four story frame, it can be
stated thathe ground motin set 1.3 has smaller spectral acceleration data based on
the TEC scaling procedure atiet ground motion set 1.2 creates slightly higher results
based on the ASCE scaling procedure. The spectral acceleration data obtained for four

story frame are denmstated in Figure 4.14

The mean spectral accelerations of six story frame are presented in Figuriesditl

can be clearly seen in the figure, scaling method 1 and 2 create almost the same spectral
acceleration data fromil ground motion sstrespectivey. When spectral acceleration
values obtained from ground motion set 1.1 and set 1.2 are compared to each other,
the difference amonground motion set 1.1 and set {&s closer in comparison to

three and four story framddoreover, gound motion set IcBeates the lowest spectral
accelerations based on both TEC and ASCE scaling procedure.

Figure 4.5 shows the relation among the mean of scaled spectral acceleration of
ground motion sets and codefined response spectrum for eight story frame. Similar
to all other frames, scaling method 1 and 2 give nearly the same mean of scaled
response spectra foothground motion set.1 and set 1.2, whreas the ground motion

set 1.3 has the smallest spectral acceleratiorfalaggght story frame. Satisfying the
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condition at the inclined part of the cedefined response spectrum predominates the

scaling procedure.

As a result of scaling part, it can be concluded that scaling method 1 and 2 do not
generate a significant difference in mean of speetcakleration of scaled ground
motion records. Moreover, the effect of using mepialor less than 7 ground motion
records could not be seen clearly from the scaled spectral acceleration data. Therefore,
as the next step of the study, the scaled grousttbns were applied to the frames and

the analysis results were explored.
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Figure 4.13. Means of Scaled Spectral Accelerations for-8tory frame
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Figure 4.14. Means of Scaled Spectral Accelerations for-dtory frame
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Figure 4.15 Meansof Scaled Spectral Accelerations for &tory frame
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Figure 4.16. Means of Scaled Spectral Accelerations for-8tory frame
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4.4. Analyses of Buildings

After scaling of selected ground motion sets were compldieear time history
analyses of all four frames were performed. The analyses were carried out gflusing
ground motion setseparately. Only scaling method 1 was utilized to scale ground
motions due to not having a significant difference betwhemwo scaling methods.

Each scaled ground motion is applied to each frame. Because there are more than seven
ground motion records in set Jafid seven ground motion records in set th& mean

of the analyses results is considefedthese setOn the othehand, the maximum

result is taken into account when ground motion set 1.2 is used in the analyses.

The next step after linear time history analyses is to perform response spectrum
analyses of the frames for comparison purposes. All three response gpaxirm

TEC, ASCE and EC separately were used in these analyses.

The maximum roof displacements obtained from the analyses were utilized to compare
scaling procedures and to see the effects of ground motion sets on linear time history

analysis.

The maxmum roof displacements of each frame obtained from linear time history
analyses based on each ground mosietsand from response spectrianalyses are
shown in Table 4.13rhenotation under FRAME columnn Table 4.13dentifies the
frames and the targeesponse spectrum in the cod&be first letter, given as a
number, shows the number of story of the frame. The letter followingl¢hateshe

target code spectrum, T indicates TEC, A stands for ASCE and E shows Eurocode
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Table 413. Maximum Roof Displacementsof All Frames

Maximum Roof Dsplacemerg (m)

FRAME TEC Procedure ASCE Procedure CODE
GM11| GM1.2 | GM1.3| GM1.1 | GM1.2 | GM1.3
3T 0.040 | 0.052 | 0.039 | 0.040 | 0.056 | 0.044 | 0.036
3A 0.041 | 0.059 | 0.044 | 0.043 | 0.062 | 0.049 | 0.036
3E 0.046 | 0.054 | 0.041 | 0.044 | 0.057 | 0.044 | 0.041
4T 0.082 | 0.070 | 0.074 | 0.067 | 0.080 | 0.074 | 0.054
4A 0.080 | 0.077 | 0.074 | 0.070 | 0.089 | 0.081 | 0.055
4E 0.089 | 0.074 | 0.080 | 0.077 | 0.084 | 0.076 | 0.062
6T 0.116 | 0.211 | 0.118 | 0.127 | 0.201 | 0.128 | 0.093
6A 0.114 | 0.205 | 0.116 | 0.125 | 0.208 | 0.128 | 0.095
6E 0.126 | 0.223 | 0.128 | 0.136 | 0.218 | 0.142 | 0.107
8T 0.168 | 0.212 | 0.174 | 0.168 | 0.257 | 0.170 | 0.167
8A 0.152 | 0.205 | 0.152 | 0.168 | 0.237 | 0.169 | 0.164
8E 0.171 | 0.226 | 0.170 | 0.188 | 0.266 | 0.187 | 0.182

When the roof displacement ofsBory frame are examined, it is clearly seen that using
less than seven ground motion in the analyses results in the most unfavorable roof
displacements for all casédoreover, using seven or more than seven ground motion
records does not affect the analyses results significantlygtorg frameln addition,
response history analyses give smaller results than linear time history analyses. The
linear time history analyses using ground motion set 1.1 for TEC scaling precedu
give similar results for-3tory frame. On the other hand, while the results for ground
motion set 1.2 are compared with each other, minimum roof displacements occur when
TEC spectrum was used as the basis of the analyses and maximum one is observed
when ASCE response spectrum is udgelsides, ground motion set 1.3 creates smaller
roof displacements when TEC scaling procedure is ¥8een fundamental period of

the structure is around 0.3~0.35 secondsam be said that not the scaling procedure

nor the the reference response spectrum but the number of ground motion records used

in the analyses affects the results significantly.

The displacement results ofsBory frame are presented in Figure 4.17
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Figure 4.17. Maximum Roof Displacemens of 3Story Frame

Maximum roof displacements ofstory frame are shown in Figure 4.18s it is seen

from the figure, response spectrum analyses give the smallest results. It ¢&n not
claimed that the number of ground motion records in the analyses affects the results
positively or negatively. For example, ground motion set 1.1 creates higher roof
displacements utilizing ground motions scaled with respect to TEC procedure. On the
contrary, the same ground motion set causes lower roof displacements in the analyses
when ground motions are scaled according to ASCE procedure. The distribution of
maximum roof displacements obtained from response spectrum analyses shows
similarity with thesequence opectra, whiclare the basis of analyses. On the other
hand, no connection was observed between the displacement results of linear time
history and their base spectrum, festéry frame. Moreovethe difference between
results of linear timehistory analyses using all three ground motisrrelatively
smaller compared to the difference in results of other fraiestefore, it can be

claimed that the supreme factor which affects the analyses results tgoéhef
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analyses rather than the niben of ground motions, type of scaling and the reference

response spectrum for structures with fundamental period is around 0.4 seconds.
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Figure 4.18 Maximum Roof Displacementsof 4-Story Frame

There is a significant difference in analyses resultsidening the number of records

used for éstory frame. Ground motion set 1.2 creates nearly two times higher roof
displacements than ground motion setdntl set 1.3n time history analysed his

situation most probably depends on the restriction defimeddes which permits to

use the mean of results if seven or more ground motion records are used in the analyses.
The ground motion set 1.1 and set 1.3 give nearly the same resulstfoy Grame.
Moreover, the analyses based on TEC elastic resppestéism and ASCE response
spectrum nearly give the same results while the analyses based on EC spectrum create
higher results. Similar to-8tory and 4story frame displacements, response spectrum

analyses give the smallest displacements. In additiongp®EC scaling procedure
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and ASCE scaling procedure do not affect the results of linear time history analyses

considerably.

The roof displacements offiory frame are presented in Figure 4.19
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Figure 4.19. Maximum Roof Displacemens of 6Story Frame

When the maximum roof displacements e$tBry frame are reviewed, unlike the
results of other frames, it is seen that the linear time history analyses using ground
motion set 1.land set 1.3vereused and response spectrum analyses give similar
results. The analyses that use ground motion set 1.2 give the highest roof
displacements similar to the other frames. In other words, using more than seven
ground motions or less than seven ground motiogetes considerably major change

in analyses results when the fundamental period of the building is around 0.8 seconds.
Analyses based on ASCE response spectrum gives relatively smaller results than
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analyses based on TEC and EC response spBesales, lte difference in scaling

procedure does not affect the results significantly.

The roof displacement results os®ry frame are shown in Figure2.
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Figure 4.2Q Maximum Roof Displacemens of 8 Story Frame

The result of frame analyses can be sunwmedras follows:

9 It can be concluded that the TEC scaling procedure and the ASCE scaling
procedure give similar results for 3, 6 and 8 story frames, notwithstanding to
the ground motion record setedsin the analyses. For-gtory frame, the
change in scaling procedure affects the results.

1 Ground motion set 1.4nd set 1.3 givi similar results aleéd tosmallervalues

than ground motion set 1.2 for 3, 6 and 8 story frames. The opposite of this
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situaton appearsn linear time history analyses ofsfory frameusingscaling

based on ASCE proceduaadwith ground motion set 1.1.

For all frames, response spectrum analyses give the smalledisgatement
results.

The difference between time histagalyses and response spectrum analyses
become closer as the fundamental period of the building increases.

It can be concluded thélhe number ofjround motios affects the analyses
results much more than the type of the scaling procedure, the metlvadireg s

and the basspectrumused forscaling.

Using seven or more ground motion record does not affect analyses results
considerably. Therefore, it can be said that for reducing the effort and time used
in time history analyses, selecting, scaling andgiseven ground motion can

be preferred.
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CHAPTER 5

SUMMARY AND CONCLUSION S

5.1. Summary

This study has been conducted to proviueeffects of ground motion selecti@amd
scaling on time history analyses and ttéferences of scaling procedures in
earthquake codes and theffects on structual responsef low-rise and midrise

reinforced concretffame structures in Turkey.

The designof 3, 4, 6 and 8 storymoment resisting reinforced concrete framese

carried out according to the current cadBse analytical modelaere formed with
respect to the specific characteristics of construction practice and the observed seismic
performance after major earthquake Turkey. Since the main objective of this study

is to observe the effect of scaling procedures on seismic design of bgjilsimgar
material properties and loading meeapplied on the buildinggwo dimensional finite

element models of the buildingvere used in the analyses.

The ground motion recordet for scalingis taken fromPEER earthquake motion
database51 ground motion records are selected as candidajgund motion sets
are formed and the most suitable to scaling is selected. To see the diffefecediag
procedures more clearlyreesubsets are creatddst of them has ten ground motion
records secondone has three ground motion recoedsl he other one has seven
ground motion recordd.wo scaling methoslwereused for each scaling procedure to
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define whether scaling methodfect the results significantly or not. These ground

motions are scaled for each fransngeachcodescaling procedte.

Final part of the study is devoted to thme history analyses of tmeinforced concrete
frame structures considerddoreover, the code defined response spectrum analyses

were performedfor each building.

5.2. Conclusiors

Based on theesultsobtained thdollowing conclusions cabe drawn:

AThetime history analysegesultsstronglydepend on the ground motion recording
selectionand thescalingprocedureThese choices can cause significant discrepancies
in the responseof the structure The number of ground motion records can be

identified as the most criticplarameter thaffects theresults

ATo have sevewr moreground motion records in analyses giless conservative
results with respect to heng less than seven ground motion recordsalbcasesand

all frames excepthe 4storyframe

AThe TEC scaling procedure and the ASCE scaling procedure create similar results
for 3, 6 and 8 story frames, whereas the change Imggqarocedureshowsvariaion

in analyses results for 4 story frame.

Alt was seerthat usingdifferent scaling methods for applying code based scaling

procedures does not affect the scaling result significantly.

AThe scakd ground motionsesultin higherresponsespecta thanthe codedefined
response speetr Therefore, the results of seismic design by using scaled ground

motionsgive more conservative results for all fundamental periods.

A 1t i s accepted that time history analyses

spectrum analyses. On the other hand, scalingoofngk motion recordeads tanore
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conservativaesults This is due to having the mean spectrum that is larger than the

reference code spectrum.

5.3. Recommendation for Fuure Studies

Thedifferences and effects of scaling procedures with respect to different earthquake
design codes are reflected in this stutlyerefore, thescaling is applied to ground
motion data set and these data sets are used in seismic design of lowd-aise
buildings. Nevertheless, some further investigations could be conducted. Since this
study is limited to 34, 6, and8i story reinforced concretenoment resisting frame
buildings, futurescalingstudies can be conducted fugh risebuildings, shear wall
buildings,steel buildings and also masonry buildings. Infill walls can be also included
into the analytical model&esidespnly one ground motion data set is used to see the
difference between scalingroceduresin several earthquake design codes irs thi
research. More than one earthquake motion sets can be selectadrantian three
subsets are created, theealing is applied to these sets for one procedure to observe
only the ground motion selectioBomeirregularities in plan and elevation can be

considered.
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APPENDIX A

REINFORCEMENT DETAILS OF FRAMES

Explanation and details of reinforcement of columns and beams of eachdrame
given in Chapter 3. Each of the reinforcement detailsrgin Figure A.1 to Figure
A.70 are used for modeling of the fram@$e following given figures are directly

taken fromPROBINA softwareoutputpages.
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Figure A.41: Column Detailof 6-Story Frame
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