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ABSTRACT

Earthquake as one of most dangerous disaster could cause many damage to the city.
To overcome this problem, many scientist and engineering try to development some
new technology, as the result, damper and base isolator has come out for building
construction. This project is reporting the investigation about effect of implementing
damper device in seismic response of high rise building. for this plirpose, a highrise
27 story structure is considered and three finite element models are developed
include of structure without having any damper, structure with viscous damper and
structure with base isolation. All the model will use same materials for the frame and
under the same seismic load which is El-centro earthquake load. The evaluate for
model will base on: displacement, joint reaction for force and moment, the joint
acceleration, the frame axial force, shell area for the structure and link axial force.
After the evaluation, the compression between three models will be discuss in terms
of displacement, frame axial force, and base reaction to study the advantage for
damper and base isolator. As the result, all the properties for three models has been
shown, .and according to the compression, the damper shows good ability in control
the displacement while base isolator could help to reduce the axial force for the frame
and base reaction forces and moments. Therefore, it is recommended to have

economic consider to analysis and get the suitable choice for seismic design.

ii



ACKNOWLEDGEMENTS

In completing this project, I would like to express my sincere gratitude to Dr. FARZAD

HEJAZI.

Thanks for his help, the problem during the software analysis could be easy to solve,
so that the analysis could be continues. Also, the result checking, and how to analysis
it is guide by Dr. FARZAD. It could be say that without his help, this report cannot be

finish such easily.
Also, I would like to thank for Dr. NOR AZIZI SAFIEE and Dr. NABILAH ABU

BAKAR. Thanks to their help, this report could be improving in terms of contents and

format.



Table of Contents

B0z 10 . s R R ——— ii
ACKNOWLEDGEMENTS.coxccccccusmussssessisssississnisss ssasisssissros ssusnessasssarsracssssassusspassssess iii
APPROVAL SHEET .....cutiiiieiieenreeneesnseesssnsesssssssessssssssssssssssssessssesssssssssssssssssssssssasss iv
DECLARATTION . .cccosessscasssssvssonmmsassasnnnsesvasaasnsensassntshsss s ssssssssssss sspsssssn ssssssnssssnesosesans \
LIST OF TABLIES ... comsxasmnssseiisssii s 6 i s e s s e s ecsamnsrassxmars s viii
LIST OF FIGLIBES ... ussus s sz sassussnssvsssssvusynsncrsmsnnnstvansmesans onesnsnssannssessss s sans 4 464 o fassvasns ix
CHAPTER ONE: INTRODUCTION ......cccceniruiirirsensueisnensnisnessiessnnsasensessisssssssssssesnes 1
1.1 BacKkBround .........cccocesurienisunscsiennsssncsnssscsssesasssnssanssasssnssnsansessssagisnssossshessbncsscens 1
1.2 INtTOAUCHION .....cccirreeiireeeieirreeesenneeesesensssssasaeessssseessssssenssssnssesssnssassssnsasessssasans 1
1.3 ProblennsS At IO, Suumuuiss - «sozasssssscassasssssssssssssssssntssueatfoee cooseovsesanssonssans 2
1.4 Aim and Objectives Of Study .i......ccccciiscsccniscnssnsssnssonconceRyeeeRpeseessesssssessosssess 2
1.5 Scope OIS tuty it Suttetientl... cocolic....vuisadeesssisonetMunssaatPhsscssssos sossassassnsasses 3
CHAPTER TWO: LITERATURE REVIEW........cceociiniinniinininininneennnnnninenneensnsene 4
2.1 Introduction jik. ..... ... 0. 8. Y. EE..... . ..... .0 .cc00cceneannesncenes 4
p BT IEUCET ) e, BRL R AR AR n— 4
2.1 Damage froml EarthGUAke. Sail I 0 ... lli0iet. ..o ol o cuseuesaeceracsonssasassesnossnse 5
2.3 How Earthquake Effect Building Structure...........ccceevenreniiviuinnnnnnennennnnne. 5
2.4 Earthquake Effectives Dn Buildings.............cccceccsssnenccsnisieccsecsancoessncsansanssnas 6
2.5 Top Technology Could Help for Seismic Design........c.cccceueereeeeruenrncnenrennnnne. T
2.6 High Output Fluid Viscous Dampers .........ccuvuieeneninennininiiniinneineinicnnncnseneene 7
2.7 Behavior pMRaSRJSOIAIEN StrCtUres X, B ieessseccsssssssessssssasssassssaossassnace 8
2.8 Seismic Protective System: Seismic Isolation............ccecevvuenviinnnienniineinnnnne 8
2.9 The Use of Base Isolation Systems to Achieve Complex Seismic Performance
ObJECtIRES ... ooienssinoressssesoe e B BB BB I .......oooonrennnresennaesssssasssasesasssiasssss 9
210.Seismic Isolation and Protection SYStemS......cccccicsrsessarsessssssaccsnsascsasassnsassene 9
2.11 fOr Base ISOLAtOr.........cccveerueerreieeeirieceeceecsessaesssessenssssssssessesssssssnesssnsssnsssases 10
Swi2’Lead Rubber Bearing on bridge ..........cciccciicccnecssnnsscnsscsssssnsesssnrossanasansene 10
2.13 Seismic Design of Buildings Worked Examples .........cc.ccocevvinininininennnnnns 11
2.14 Buildings: Design for Damipifg «.ccvesmussssmsssssssesesmvsmusessmas xssmn snns 11
CHAPTER THREE: METHODOLOGY .....cccceevtierurnnnecnnssseesinssinessnissessnesnsssssssessses 12
3.1 INtrOAUCHION ......ceiireeiiireeeirreeecreeeessrteecssessessaessssseesssastesssssnssssssessssasssssasassnns 12
3.2 WOtk ProCedure....couaswsssossisisssisssssaasisssassssmssmssmnssssssssvosssssvsmnvonsmoansasvuovansasos 14
3.3 Project DESCIIPLION .....ccccueeieeecreeesenecneesnesssenssesssseessessesessssssssnsssesssnssssesansses 15



3.3.1 Design Drawing of Conventional...........cceevenriennnsseninncniisisnicnens 15

3.3.2 Analysis the Problem.........cocuiiiniiniininncniiiiniiine, 18

3.3.3 Draw the Structure on the COmputer ..........coueermennnirnieririninesssenisennen 18

3.3.4 Analysis the StruCture...........ccuevieenininiinienenncssessissnenns 18

3.3.5 Conclusion and Recommendation .........ccccceeeriueeerennnieiesinenannecssinnees 19

3.4 Analysis the SIUCIUTE.........cccounriririieriiennie sttt 22
3.4.1 Design Drawing with Damper .........ccocoeveeiinniiniinniciinnen, 22

3.3.2 Design Drawing with Base Isolator on Down Side...........c.cocceuvuenee. 22

3.3.4 Design ANalysis. .....c.ccoceerieineiinnniinieneninenese it 24
CHAPTER FOUR: RESULTS AND DISCUSSION........cccocvnimimrmirnriennrnnnrennessssasaness 26
4.1 INtTOAUCHION .. .cvvreeieeeeeeesssrnnenseeceeeeeeccssssssssessassssssasessssssssssssssatiinesessesesssnessane 26

4.2 Parameters for Seismic Evaluation...........ccceccerertinineninsieccisuneniinennnneenieeecnnnnas 27
4.2.1 DisplncBmet B8, 5. ... B coisicisenisisnsnsussnanesnconss sty oeesonssssssossnss 27

4.2.2 Joint Reaction Force and Moment..........c.cccooviivvnecisiersinensnecnseccnne 27

4.2.3 TOTTTEEEICTAMOIL, . . . xaaa w5+ gl s ovovss S BRI ...ocvooevoneveroreses 27

4.2.4 Frame AXIaLFOrol ... B Bl . oot e U 20008888 oo veenensessssonses 28

4.2.5 Element Force for Area Shell...q..ccfeeeeecicsonicciacncsiecicranensoassossans 28

4.2.6 Link AX181FOTCE ..ii....o0. i BB ... 0esssssesserssssastssssosesssossosssorsssasassases 28

4.3 Performance Evaluation of Model .........ccoccoioeiiinniiiinniniiiiniieeciieecccneen, 29
4.3.1 Conventional Model AnalySISma......locccue......oibsssnissnenseccrecsnronnesanaancss 29

4.3.2 Model with Damper Analysis.........cccoccerneiisnensnnensnnnnnnecnnessiessseenenees 32

4.3.3 Base Isolator Model Analysis...........ccoceeserivucnnnninsnensnncsncsncssesesnennne 36

4.3.4 CompressiofRIRISpIacement .......ifecueceececessansaresncsscescesansacassossnsasaas 39

4.3.5 Compression of Base Reaction .........ccccveevuiniinennennneninnensecseennennn 42

4.3.6 CompigSSNITREEENE 1P ANTS BRI, deoceaceccceorosssescssansesonconsans 43
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS ........ccccvvuerinnnens 48
5.1 INtPOAUCHION ....ceeeuvreeereeienreeeetreeeecneeesireeeesseeeseorsassssssnsssessnesssssesessnsenssssnnes 48

2 GORCIUSION ......cocuveereeeresssrsenneenersessossnsenssssssssssnansasssssssasssssassssssssssssassssasssssssss 48

St R COTTITIR IO AT« ccn cve wscmussvnes saus sxs wss sovvss Tussts v e e s R MR 49
8.3, ] CONIEO] B TEITOT ... courommonarsassamesiesnsns ssinisivsicissisiis s 465 598 5353 553 558 53 BEASTeRRETE 49

5.3.2 Limit of Economic Consider...........ccccceeviveeeecrininneencccsnneenssesssecssssenes 50

5.3.3 Suggestion IN FUture STUAY ......cwesss sonssissssssssassossssssnsassasspossonyussssssarse 50
REBERIENICES . .ciicuvsisisiss aionsaans oo s s a6 6545554584445 55 S5 S5) 501610y 6051 555913 52
APPENDICES .........ototereectecrecteecreeceecteeaesssee s esaessessaesssesasesssesssassaessnasssesssssssssssanns 54

Vi



LIST OF TABLES

Table 2.1 Engineering data for base isolator LASTO@LRB
Table 3.1 Calculate sheet from Civilea.com

Table 4.1 Base reaction for the structures

viii

10
20
39



LIST OF FIGURES

Figure 2.1 Structure deflection under earthquake 6
Figure 3.1: Flow chart of work procedure of this project 13
Figure 3.2 3D view of structure by sap2000 17
Figure 3.3a 3D view AutoCAD 17
Figure 3.3b Section of side part 17
Figure 3.4 Top view 18
Figure 3.5 Side view 18
Figure 3.6 Structure with damper, shows with green link 20
Figure 3.7 Structure with base isolator on down side 22
Figure 3.8 Elcentro-Acceleration 25
Figure 4.1 Time history figure for conventional model 30
Figure 4.2 Frame axial force diagram for conventional 31
Figure 4.3 elements force-area shell for conventional model 32
Figure 4.4 Displacement time history result for damper model 33
Figure 4.5 Frame axial force diagram for damper model 34
Figure 4.6 Element force-area shell for the damper model 35
Figure 4.7 Axial force for the link damper 36
Figure 4.8 Displacement time history result for base isolator model 37
Figure 4.9 Frame axial force diagram for base isolator model 38
Figure 4.10 Element force-area shell for the damper model 39
Figure 4.11 Displacement of the top joint 40
Figure 4.12 Frame choose for analysis | 43
Figure 4.13 Force elements for the frame 254 44
Figure 4.14 Force elements for the frame 1235 45
Figure 4.15 Force elements for the frame 1225 45

Figure 4.16 Base isolator structure and fix-base structure under earthquake47

ix



CHAPTER ONE

INTRODUCTION

1.1 Background

Earthquake, as one of the most serious disaster for people, will caused many damage
to thé city such as in 1940, Imperial Valley occur a 6.9 Mw earthquake, caused 6
million USD damage and 9 people dead with 20 injured. To overcome this problem,
many scientist and engineering try to development some new technology. As the result.

viscous damper and base isolator coming out.

1.2 Introduction

Earthquake, caused by suddenly release energy in earth’s crust, create the shaking of
the surface of the Earth. Due to the shake on the ground by the seismic waves, the
building structure basic on the ground foundation will suddenly shaking, hence the

structure will be broken and lead the building breakdown.



Due to the effect of the earthquake, the seismic design of building structure become a
popular topic in order to reduce the damage of the building structure from the

earthquake and provide the safety to the resident. As the result, many new technologies

have come to the world

Therefore, viscous damper and base isolator, which is one of the new technology for

the seismic design, will be discuss in the following report.

1.3 Problem Statement

As the development of the world, many new technologies to against the earthquake
has come to our life. As the result, viscous damper and base isolator, become the top
popular technology that has been use in many countries for seismic design. Therefore,
one of the problem come out, how does such kinds of technology work, what is their
effect to the structure under the earthquake and their behavior, and what is their

advantage for the seismic design.

1.4 Aim and Objectives of Study

The aim of this project is to design a seismic against model, therefore, according to the



design model, apply with damper and base isolator, to study the effect of damper and

base isolator to the structure.

The objectives have been listed below:

1. Todesign a building structure in order to against the earthquake.

2. To implement damper and base isolator to the structure and evaluate the effect of
damper and base isolator, and their response to the structure.

3. To study the advantage of implement damper and base isolator by compare their

analysis result.

1.5 Scope of Study

The scope of this study is to develop a seismic design model, provide a study of the

effect of damper and base isolator to the structure.

The limit of the project is that the design is based on the ground which have no slope.
The damper has been choosing for this project will be viscous damper and the base

isolator will consider use rubber isolator.

The suggestion and recommendation of this report is to provide a study and analysis



of the seismic design structure and the effect of damper and base isolator to the
structure. Besides, the structure has been design might be an idea for the building

construction.



CHAPTERTWO

LITERATURE REVIEW

2.1 Introduction

In this chapter, the Journal article, report and references book that could help to
analysis for this project will be discuss and recommend below in order to make the

analysis got a good result.

2.2 Earthquake in World

According to the Statistics by USGS, each year there will be more than millions of
earthquakes happened all over the world. Most of them was lower than Mw 6.0, more
than hundreds of earthquakes will higher than Mw 6.0. and for each ten year, there will
be about 7.8 numbers of earthquake that could higher than Mw 8.0, and recently, from
2000 to 2010, there were 14 numbers of earthquake has been found to higher than Mw
8.0, which was the highest risk in 110 years. Therefore, it seemed that a good

earthquake against system of building will be very important. (Mooney and White,2010)



2.1 Damage from Earthquake

Stronger earthquake always means the loss of economic, the death and injured of the
people. The reason why earthquake could cause so much damage is mostly due to its

effect to the building.

The shake from the earthquake cause the broken of binding structure, hence the
breakdown of the building, especially for the higher building. The broken building is
the main role cause people’s death and injured. Earthquake won’t hurt people, however,
the broken-down building will cause injured to the people inside or near the building.
Therefore, a good structure that could against the earthquake will be important to

protect the people’s safety (IRIS and the University of Portland, 2010).

2.3 How Earthquake Effect Building Structure

An earthquake will hence a series of periodic displacements of the earth, for each point
of the surface in the earthquake could acquires to a new position, or return back,

therefore, it changes the ground layer of the earth.

During this process, the binding structure base on foundation could be a good

conductor to transfer the force and waves cause by the earthquake. The moment of the



structure will affect each part of the structure, the change of terision and compression
force will hence the broken of beam, therefore, due to part of the structure has been
broken, the whole structure will be effect, and the worst situation is the breakdown of

the building.

It could be seen that how to deal with the moment change caused by shake waves in

the structure is the important key to against the earthquake (Mohorovi¢i¢, 1909).

2.4 Earthquake Effectives on Buildings

For the higher building, the shake hence multiple force acting on the structure will be
a challenge part for seismic design. The figure shown below will show how earthquake
effect the structure, therefore, it will help to provide idea on how to control the

displacement for this project.

first mode or second mode third mode
natural period

Figure 2.1 Structure deflection under earthquake (Christopher Amold, 2013).
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2.5 Top Technology Could Help for Seismic Design

In order to against earthquake, many scientist and engineering trying to come out some
idea and until now, there are many new technologies that could help for seismic

design, which include: The Levitating Foundation. Shock Absorbers. Pendulum

Power.

Replaceable Fuses. Rocking Core-wall, Seismic Invisibility Cloak. Shape Memory
Alloys « Carbon-fiber Wrap . Biomaterials and Cardboard Tubes. Such kind of

technology could be a good idea and reference for the seismic design for this report

(William Harrism, 2013).

2.6 High Output Fluid Viscous Dampers

The report shows how does the damper work to against the earthquake, therefore, it

provides some engineering data for the damper produce by the Taylor Inc.

Such kind of data include:
Maximum damping force = 330,000 Ib. at 60 in/sec.
Damping function, nominal:
F = 58,400 V*

where F = Damping Force (Ibs.) and V = Damper Velocity (in/sec.)
8



Therefore, those kinds of data will be a reference to design the damper properties in

this project in order to get good result (Taylor. 1995).

2.7 Behavior of Base-Isolated Structures

The report provides the behavior of the base isolator. It shows how does the bearing
acting, how it works and its technology information. It provides series formulas for

design the base isolator, the accelerate effect to the base isolator.

Therefore, the information provide by this report will be a reference to design the base

isolator properties in order to get the reasonable analysis (Fenz and Constantinou, 2008).

2.8 Seismic Protective System: Seismic Isolation

The report come out idea about seismic isolation systems. It specially menation about
how does seismic isolation systems work, types of seismic isolation systems can be

use and its behavior and some analysis.

The formula come from this report could be useful for the project. However, the report

does not have too much analysis about the structure effect, how does the damper



response to the structure and the test result, which is just how this project trying to

come out (Symans, 2010).

2.9 The Use of Base Isolation Systems to Achieve Complex Seismic Performance
Objectives

Seismic Performance Classification (SPC), which is used to describe satisfaction of
a complex seismic performance objective, defined as aggregate damage state

limitation over multiple levels of seismic hazard.

The shake table test and it analysis from this report could be used as a reference for
the project shake table test. On the other hand, the calculation and the concept from

this report shows a good way to analysis the wood structure for the project (Morga, and

Mahin, 2008).

2.10 Seismic Isolation and Protection Systems

The Seismic Isolation Systems about Rubber isolator has been discuss in this report,
which include the technology information, test result on Lead Rubber Bearing’s

strength. The result from this report is mostly for technology test, therefore, it could

10



be as a reference for this project test on the structure analysis (Kelly, Skinner and Robinson,
2011).

2.11 Engineering Data for Base Isolator

Some engineering data for base isolator by MAGEBA company has been shown in

the table, therefore, it will provide reference for propertied design.

Table 2.1 Engineering data for base isolator LASTO@LRB

LASTO®LRB - d_, = 15.75 inches / 400 mm
K | K | % | % | & | X
4] D t t H H N N N N F F F F 12 - - 4 » 3
Y . . 0 s o - = [ L ] ) kN ki KN
gl Fuiry I PFLIRY . J RRS tv-2% - -2 I P TR TV T il ol Bl B R B
19.7 | 500 63 160 | 128 | 326 | 809 [ 3600 | 281 |1250) 71 315 170 755 | 6.28 11 |10.79| 189 |[4.648| 814 29
236 | 600 69 176 | 138 | 350 [ 13385950 | 483 | 2,150 | 94 420 223 990 | 8.28 | 145 | 1422 | 249 | 7686|1346 28
27.6 | 700 7.6 192 | 147 | 374 | 1967|8750 776 |3.450| 116 | 515 | 277 |1230{1028| 18 |1764| 309 |11,368/1991| 28
315 | 800 82 208 | 157 | 398 | 2,462 |10,950] 1,147 | 5.100 | 139 | 620 337 | 1500|1239 | 217 | 2130 | 3.73 {15,560|2.725 | 26
354 | S00 85 216 | 16.1 | 410 | 3,653 (16,250 1,517 | 6,750 | 155 | 690 393 | 1,750 | 15.13 | 265 | 2501 | 4.38 |20,887| 3,658 | 26
394 (1000| 838 224 | 166 | 422 | 4,215 |18,750| 2,271 |10,100| 171 760 | 456 | 2,030| 1804 | 316 | 28.95| 5.07 [26,797| 4,693 | 25

tmportant Note This toble is intended only as a preliminary reference for the design of the isolator. Final design ond technicol detouls will be fully defined once ol the
parameters of the project are considered in the final design.

Legend

d, Design seismic displocement F, Yield force

] Rubber block diameter 4 Mazximum horirontal force (ot ddd)

e, Totol rubber height K, Morizontol stiffness

N, Totol tsolator’s hesght K‘ Effective stiffness

N,  Moxdmum verticol servicelood K, Vertical stffness

N, Maximum verticol seismic lood £ Damping rotio
(MAGEBA Inc, 2013).

2.12 Lead Rubber Bearing on bridge

Lead Rubber Bearing could be use not only in building but also bridge. Exactly, it
could be use as long as the structure could match with it. This report provides series

test result on Lead Rubber Bearing for the bridge design. However, the report does not
11



mention about seismic design and it’s use on building, which is the proposal of this

project (Robinson and Tucker, 1981).

2.13 Seismic Design of Buildings Worked Examples

The report includes series types of work for seismic design, which include structure
design, analysis of structure, special problem to care, and the way for check out. It
could be useful for reference for structure design. But the report does not mention
about the use of damper, therefore, only design concept and calculation and analysis

will be useful for this project (Eurocode 8, 2011).

2.14 Buildings: Design for Damping

The report explains the concept about how to design damping for the structure. The
concept about how damper work, the analysis of damper response on the structure has
been discuss. But most of the report is talk about the shock absorber, therefore, for the

sliding and load bearing damper for this project could not totally refer this report (Taylor,

1999).

12



CHAPTER THREE

METHODOLOGY

3.1 Introduction

The model design will be conduct on computer by software AutoCAD 2017. Most of
the test for the structure with damper and base isolator analysis will be using computer

software (SAP2000).

The project will be conduct on the plan according to the Work procedure. The structure
properties include damper and base isolator will be describe in this chapter, therefore,
it is expected to get the correct result, and it will be displaced and discuss in

the following chapter.

13



3.2 Work Procedure

(1): Identification of the problem

statement, design the structure

(2): Draw the structure

model by computer software

(4): Analysis the result,

improve the structure, compare

(5) Get conclusion and

Figure 3.1: Flow chart of work procedure of this project

14



3.3 Project Description

3.3.1 Design Drawing of Conventional

Type: office building

Floor:27

Level High: 2m, with Ground floor high of 4m
Total height: 58m

Base area:18m*18m=324m?

Second section area: 12.7m*12.7m=161.29m?
Top section area: 9m*9m=8 1m?

Base: Fixed base

Material: all in steel, S235 (Yield strength:235N/mm?)

15



Figure 3.3a 3D view AutoCAD Figure 3.3b Section of side part

16



Figure 3.4 Top view Figure 3.5 Side view

17



3.3.2 Analysis the Problem

In this part, the problem which is what kind of structure will be used and how to apply

the damper and base isolator will be discuss.

3.3.3 Draw the Structure on the Computer

In this section, the structure model will be draw by computer software SAP2000. The
model drawing will be 3D view. The drawing shall include column, beam, and frame

part.

3.3.4 Analysis the Structure

The result test will be analysis by computer software SAP2000.

The test will include:
The seismic against ability, maximum strength can be afforded by structure
The effect of damper and base isolator to the structure

The top displacement of the structure

18



3.3.5 Conclusion and Recommendation

The result on how the damper and base isolator effect the structure will be discuss.
The difference of two link behavior will be discuss. The design structure’s

ability for seismic against and recommendation will be discussed

3.4 Analysis the Structure

3.4.1 Design Drawing with Damper

[ S R |
VA6 Q)
I I Il
W “Zand-d
o TIORNI b [

Figure 3.6 Structure with damper, shows with green link
19



The damper properties, refer by Taylor Devices Inc. is given below:
Non-linear viscous damper for seismic design,

Material: from type 17-4 PH stainless steel billet

Stiffness (unit: KN/m): 200,000

Damping coefficient (unit: KN/(m/s)): 1000

Damping exponent: 0.4

20



3.3.2 Design Drawing with Base Isolator on Down Side

Total number of base isolator: 24

Figure 3.7 Structure with base isolator on down side

21



The properties refer from a calculate sheet from civilea.com, is shown in Table 3.1:

Table 3. 1 Calculate sheet from Civilea.com

Isolator Properties
Elastoroer Properties (\Matenial) Lsolator Daneasions Design Assumption
Unity MPa Units o Unts: KN, menf

Shear Strain (') 50 50 [Plan Shape Circular_|Maxionm Appbed Dis., Do | 3518
Shear Moduhis. G 0707 |0.00071|Plan Dimension (d-B) 800 |Structwe Damping P C4) s
Ukimate Eloagation s S |Ruba Coer Th 10

Matenal Coastant. k 0.7 0.7 |No of Rubber Leyers 18

Elasse Modubss, E 263 ]0.00263 [Rubber Layer Thickmess. & 9

Buk Moduhus, E, 1500 | 1.5 [No of Md Sted PL 17

Damping 005 | 005 [Msd Steel PL Thickmess. t, 2

Lead Yield Streagth oy 8 | 0.008 |Lead Core Diameter, dy 140
|Gemiey 9810 | 9810 |Total Height 196

) T

Gross Area. A 502683

PugArea Ay 15394

Rubber Area, Ay 487261

Toal Rubber Thickness, T, 162

W Y :

Chwracrerisic Socagh Qs 12| Qu=Auron 1

Post-Yield Stiffoess. Ky 213 K, = GA/T, nl Y

Coefficent oo Ay'A, 12 . Suis

Coecficent oa K, 65 ! E‘—-

Elastc Stiffoess. Ky 19.06 K, = 25K, . 6.5K,{1+12A/A)) «

Yicld Displacement, D, 727 D, = Q(K,-Ky) -

Yield Force, Fy 1386 F,= Q*K,D,

Masiomn Force, Fg 8713 Fo=Q*K,Da

Effective Stiffoess, Koy 248 Kt =FuDa

Area Hysteresis Loop. Ay 169715 |A,=4QDa-Dy

2lent \iscous Dampmg. B 0.088 ® A22K gDy’ = AY28F, Dy

Calculate result: (all unit in Kn,mm,s)

For Ul:
Effective stiffness: 2477

Effective damping: 0

For U2 & U3:
Linear case:

Effective stiffness: 2.48

Effective damping: 0.038

22

F&-ﬂ-- AUTO




Distance from J: 7.3

Non-linear case:
Stiffness:19.06
Yield strength: 138.6

Post yield stiffness ratio: 0.11

3.3.3 Design Analysis

The analysis will be done by three models, which is the conventional, with damper and

with base isolator.

The basic step about how to do the analysis is shown below:

@ Step one: the conventional structure will be built in the SAP2000
® Step two: define the structure materials and the model load.
In this project, the structure will use steel structure, S235, as the frame.
The load for the structure assigned will take self-weight of structure, the area

load of each floor, and the wall load acting on the structure.
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The building is defined as the office building, according to <Code of Practice

for Dead and Imposed Loads 2011> the general office building the area load

QK=4.5kn/m?

The wall considers use 100 block wall, which provide the load of 10.2 Kn/m for

the first floor (4m height) and 5.1Kn/m (2m height) for the rest of floor.

® Step three: assigned with quake load.

In this project, Elcentro-Acceleration has been considered to use in order to

analysis the structure.
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Figure3.8 Elcentro-Acceleration
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® Step four: run the analysis, show the result with time and history function.

® Step five: copy the structure, apply with damper and base isolator, do the

analysis again to get the result.
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CHAPTERFOUR

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, the analysis of the software result for the conventional model, damper
model and base isolator model will be discuss in this chapter. The result will be
shown by figure or table which come from software SAP2000 or Excel data collect

from the software.
Each of the model will be evaluated in terms of displacement, joint reaction force
and moment, joint acceleration, frame axial load, element force for shell area and

link axial force (only for damper and base isolator model).

After analysis, the compression study between three models will be discuss in terms

of displacement, base reaction and frame axial force.
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4.2 Parameters for Seismic Evaluation

The evaluation for the model will be continues by following item: displacement, joint
reaction for force and moment, joint acceleration, frame axial force, element force-

shell area, and link axial force for model damper and base isolator.

The following part will describe the definitions of those parameters.

4.2.1 Displacement

The displacement is the total length between the initial and final position shortest

travelled distance.

4.2.2 Joint Reaction Force and Moment

Joint reaction force and moment is defined as the force and moment generated within

a joint in response to forces/moment acting on the joint.

4.2.3 Joint Acceleration

The joint acceleration is described the rate of change of velocity per unit of time.

Therefore, the relative acceleration is within the reference frame local to the structure
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4.2.4 Frame Axial Force

The elements force for the frame axial force is the compression or tension force of the

frame member.

4.2.5 Element Force for Area Shell

Area shell describe the area element internal the membrane direct force per length

reported in the area element local coordinate system (CSC Inc. 2017)

Therefore, it can be calculated as: Force/Length (unit kn/mm)
4.2.6 Link Axial Force

The elements force for the line axial force is the compression or tension force of the

link member. In this project, the line indicates damper or base isolator.
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4.2 Performance Evaluation of Model

After analysis all the structure, each model will be evaluated according to the

Parameter for Seismic Evaluated which has been talked above.

First, the displacement of the top joint of the model will be discuss, therefore, force
elements for the joint in terms of reaction force, reaction moment and relative
acceleration will be discussed. last part will be elements force for the frame, area shell

and link axial force (for damper model and base isolator model).

After discussing each performance for the model, the compression figure or table
between three models will be analysis. The analysis will include displacement, axial
force for frame, and base reaction. Therefore, a discussion will be made according to

those figure or table.

4.2.1 Conventional Model Analysis

The conventional model will be the first model to be analysis and discuss to provide

the benchmark for the compression.

The model is under the El-centro earthquake load. The maximum displacement for the
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top joint is 452mm at 18.6s. And the minimum displacement is -466mm at 15s. The

time history figure for displacement is shown in Figure 4.1 below.
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Figure 4.1 Time history figure for conventional model

The maximum allowable displacement is calculated as 280mm, which means the

conventional model is totally out of the range in terms of displacement.

For the joint, the minimum joint reaction force is -1560.621kn and maximum
2528.201kn. For the moment, the minimum joint reaction moment is -13256.83kn-mm
while the maximum moment is 13288.55kn-mm. As for the joint relative acceleration,

the minimum acceleration is -4636mm/s? and the maximum acceleration is 4152mm/s?.

The minimum frame axial force is -3311.344kn, and maximum frame axial force is

3318.752kn.
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Figure 4.2 Frame axial force diagram for conventional
For the area shell elements force, the minimum area shell force is -661.85051kn/mm

while maximum is 661.84654kn/mm.
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Figure 4.3 elements force-area shell for conventional model

4.2.2 Model with Damper Analysis

The second model for analysis is the model add with damper. The damper properties
are shown in methodology chapter as talked above. The earthquake load assign is same

as conventional model which is EI-centro earthquake load.

The displacement for the joint on the top part is minimum -266mm at 27s while

maximum displacement is 234mm at 29.8s.
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Figure 4.4 Displacement time history result for damper model

According to the analysis, the maximum and minimum displacement is smaller than

280mm, which is safety enough.

For the joint, the minimum joint reaction force is -1487.222kn and maximum is
2528.261kn. while for the joint reaction moment, the minimum moment is.-
24680.4kn-mm and maximum is 25161.61kn-mm. The relative joint acceleration, as

analysis, is -4591.9 mm/s? for minimum and 4056.38mm/s? for maximum.

The minimum frame axial force is -1905.807kn while the maximum force is

1901.642kn.
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Figure 4.5 Frame axial force diagram for damper model
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For the area shell, the minimum area shell is -320.19477kn/mm and maximum 1S

320.19342kn/mm.
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Figure 4.6 Element force-area shell for the damper model

For the link which is damper in this model, the minimum link axial force is

320.19342kn while the maximum is 349.815kn.
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Figure 4.7 Axial force for the link damper

4.2.3 Base Isolator Model Analysis

The last model for analysis is base isolator mode. The properties for the base isolator

is already be discuss in Methodology Chapter above.
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The displacement for this model is minimum -294mm at 15.8s and maximum

displacement is 242mm at 19.5s.
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Figure 4.8 Displacement time history result for base isolator model

The allowable displacement is 280mm, therefore, this model has minimum 294mm
displacement, which is little beyond the range, means little dangerous for the

displacement.

The minimum joint reaction force for this model is -1592.392kn and the maximum
reaction force is 1541.979kn. For the reaction moment, the result is -34644.49kn-mm
for minimum and 42267.91kn-mm for maximum. The joint acceleration for the

minimum is mm/s? while maximum is mm/s?.
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The minimum axial force for the frame is -1592.392kn and 1541.979kn for maximum.

Figure 4.9 Frame axial force diagram for base isolator model

For the shell area elements force, the minimum as analysis is -201.46427kn/mm while

maximum is 201.46417kn/mm.
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Figure 4.10 Element force-area shell for the damper model

For the link axial force, which is base isolator in this model, is -1871.96kn for

minimum and 1842.005kn for maximum.

4.2.4 Compression of Displacement

Figure 4.11 show the displacement of the top part of the structure.
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The function consists of three lines, which are normal (Conventional), damper

(structure with damper) and base isolator (structure with base isolator)
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Figure 4.11 Displacement of the top joint

The total height of building is 58m, according to the seismic design formula
allowable displacement=H/200 we get allowable displacement is:

56m/200=0.28m=280mm

According to the graph, the structure without damper and base isolator will have
about maximum -465mm displacement, which means the structure might break due

to the earthquake.

For the Damper, the displacement has success to be control to below 280mm, which
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means the damper apply on the structure has successful to reduce the displacement of

the structure under earthquake.

For the base isolator, it limits the displacement to 290mm, which is little danger but
due to steel structure could have more displacement than concrete structure,

therefore, it still could be acceptable.

Compare with those two results, both has a good ability to reduce the displacement
of the structure, while damper seemed to be work better than base isolator. This
might due to damper directly acting on the frame structure, it provides a good ability

to link the frame together, hence it shows advantage in reduce displacement case.
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4.2.5 Compression of Base Reaction

The Table 4.2 shows the base reaction for each types of structure.

Table 4.1 Base reaction for the structures

WSO YR _ o VM A i S T N _ ]
utputCas: aseType _Sgngype GIobaIFX GIobaIFY GlobaIFZ GIobaIMX GIobaIMY GlobaIMZ — !
%Text ] Text i Text KN | KN KN ' KN-m i KN-m KN-m Conventional
'quake __;NonModHist Max 16824.81| 118562 326617, 4303695 1832004 126178.2! |
'quake ;Ng_n_ModHist_ijn -14(_)512_.4]_ -126.865/ -319.352! -4740._62_’1 -177779] -150762|
| ' i | ' .'

PABLE: Base React! OnS Taie s ettt P Y Tk ; Wi L T —- ]
JutputCas:? CaseType lStepType GIobalFX GIobaIFYl GlobaIFZ GlobaIMX GlobaIMY GIobaIMZ i i
r Text | Text | Text | KN | KN [ KN KN-m 5 KN-m | KN-m Base isolator
'quake _'NonModHist Max 718113 _ 13068 225326, 2804.604! 1283509 59584.83
'quake ___NonModHist Min | -664071' -105669i -234.929; -358567! -99313.7| -646526 |

%tgutCas' CaseType _StepType, GlobalFX' GlobalFY | GlobalFZ GlobalMX GlobalMY GIobalMZ.

Text | Text | Text | KN 1 KN | KN iKNmZKNmiKNm

lg__al(e ___NonModHist Max | 1263308 ___76.986: 135911 1679.301 147212 89920.81

Damper

‘quake __NonModHist 'Min | -10146.7, -100.065| -194.734' -12895: -120565! -112712]

For the force acting on the x-direction, it’s clear that both damper and base isolator

could reduce the force pressure acting on the base. However, the displacement for

damper is reducing about 0.75 of the conventional and base isolator success to

reduce half of the conventional.

For the moment on the base, the result shows for each structure is similar as the

force. Which is both damper and base isolator could reduce the moment force acting

on the base while base isolator could reduce more.

Therefore, compare with two results, both damper and base isolator have ability to

reduce the base reaction in terms of force and moment. However, the base isolator

could reduce much more than the damper. Personally, it may cause by the damper is
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acting on the frame while base isolator is work on the base, that make the base

isolator has more advantage for base section part.

4.2.6 Compression of Frame Elements

For this part, the researcher chooses three frames for analysis the result. The chosen

section is shown in Figure 4.12:
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Figure 4.12 Frame choose for analysis
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Frame 254, frame 1235 and frame 1225, which is the base column of the structure,

therefore, it was expected to get the maximum axial force elements for the structure.

For Frame 254:
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Figure 4.13 Force elements for the frame 254

From the figure, the conventional structure has the largest axial force, damper and
base isolator structure shows a smaller value for the axial force, while base isolator is

smaller than damper.



For Frame 1335:
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Figure 4.14 Force elements for the frame 1235
The figure shows damper and base isolator success to reduce the axial force for

frame1235, while base isolator worked much more batter than the damper.
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Figure 4.15 Force elements for the frame 1225
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The analysis force elements for frame 1225 shows that base isolator has the smallest
axial force, damper is the second smaller one while conventional structure has the

largest axial force value.

The figure above shows the force elements change from minimum to maximum for

the three frames for each structure.

According to the graph shown, it can be concluded that damper and base isolator has
ability to reduce the axial force acting on the frame. Compare between damper and
base isolator, the base isolator shows much more advantage than damper in terms of

reducing axial force.

The reason for this is caused by the base isolator allowed the whole structure against
the earthquake due to it could moving follow the force. So, when earthquake come,
the whole part of structure will afford the seismic force, hence the force will spread
to each frame of structure, therefore, it will reduce the pressure for the base and

main-load frame, which is just like the picture shows below:



Base Isolation

. Isolalion
Bearings

Fixed-Base Isololed Fixed-Base Isolaled
Building Building +—— Ground Movement

Figure 4.16 Base isolator structure and fix-base structure under earthquake (Viva,

2013)

47



CHAPTERFIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

In this chapter, the summary of the analysis of the result will be discuss, then,
the recommendation of the project will be considering and explain in order to

improve the result.

5.2 Conclusion

Earthquake is one of the most dangerous disaster caused death and finance
loss especially for the city area. Therefore, to reduce the damage of the building

cause by earthquake will be very important.

The technology about viscous damper and base isolator could be a good

choice to reduce the damage of earthquake. Both of them shows good
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properties to control the displacement and help to reducing the elements force for
the frame. And each of them has their own advantage and disadvantage to the

frame.

Damper shows advantage in control the displacement. Due to it good ability to
link each frame, the seismic wave will be release a lot to the damper, hence

the whole structure will have a good ability to control the displacement.

The base isolator will be good at reducing the force elements. Whatever for
base reaction or axial force for the frame, the base isolator shows good ability to
reduce the force, even less than half of the force or moment compare with

structure without base isolator due to it behavior.

In conclusion, the project has success aim the objective. The structure with
damper or base isolator could success to against the earthquake and the
behavior study for the damper and base isolator and their effect to the structure
has been studied, analysis and discuss in the report. Therefore, it is expected this

report will be helpful for the seismic design.

5.3 Recommendation
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5.3.1 Control the Error

The analysis is process by the computer software, which means there could possibly be
some error due to the software.

Such kinds of problem may cause by:
® wrong define or set of the model

® Mistake drawing

® Wrong define of material include damper properties and etc.

Therefore, it’s suggest having a double check by other software or by hand
calculate.

§.3.2 Limit of Economic Consider

the project does not include the economic consider to the structure. Such
kinds of problem include the price of damper and base isolator, the construction

cost for apply each type of technology and it’s difficult for construction.

Those kinds of things make the result cannot compare in the same cost level,

therefore, leak of some proof of comparison.

5.3.3 Suggestion in Future Study
The suggestion to improve the study is shown below:
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® Do another analysis by software or hand calculate to check the result
® Design different model to give more proof of behavior study

® Make an economic study in order to compare in same cost level
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APPENDICES

Elcentro-Acceleration:
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Figure3.8 Elcentro-Acceleration

Elcentro-Acceleration refer to 1940 El Centro earthquake, which occur at Imperial

Valley on May 18, caused 6 million USD damage with 9 people dead.

The information of this earthquake from The Southern California Earthquake Data

Center (SCEDC) is shown below:

® TYPE OF FAULTING: right-lateral strike-slip

® TIME: May 18, 1940/ 8:37 pm, PST

® LOCATION: 32°44'N, 115° 30' W 8 km (5 miles) north of Calexico 145 km (90
miles) east of San Diego

® MAGNITUDE: MW6.9

® FAULT RUPTURED: Imperial Fault
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® RUPTURE LENGTH: at least 40 km (25 miles)
® MAXIMUM OFFSET: at least 4.5 meters (15 feet)

® Max. intensity X (Extreme)
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