Cairo University

A DEVELOPED FEM-BEM PRACTICAL TECHNIQUE TO
CONSIDER SSI IN THE LATERAL ANALYSIS FOR
MULTISTORY BUILDINGS

By
Abdelrahman Mohamed Ibrahiem Ali Elmeliegy

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
Master of Science
In
Structural Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2017



A DEVELOPED FEM-BEM PRACTICAL TECHNIQUE TO
CONSIDER SSI IN THE LATERAL ANALYSIS FOR
MULTISTORY BUILDINGS

By

Abdelrahman Mohamed Ibrahiem Ali Elmeliegy

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
Master of Science
In
Structural Engineering

Under the Supervision of

Prof. Dr. Youssef F. Rashed

Professor of Structural Analysis and Mechanics
Structural analysis and mechanics Deptartment
Faculty of Engineering
Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2017



A DEVELOPED FEM-BEM PRACTICAL TECHNIQUE TO
CONSIDER SSI IN THE LATERAL ANALYSIS FOR
MULTISTORY BUILDINGS

By
Abdelrahman Mohamed Ibrahiem Ali EImeliegy

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
Master of Science
In
Structural Engineering

Approved by the
Examining Committee

Prof. Dr. Youssef Fawzy Rashed, Thesis Advisor
(Professor at Faculty of Engineering; CairoUniversity)

Prof. Dr. Sameh S. Fahmy Mehanny, Internal Examiner
(Professor at Faculty of Engineering; CairoUniversity)

Prof. Dr. Ibrahiem Mahfouz, External Examiner

(Professor at Faculty of Engineering; Benha University)

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2017



DEDSCHATSON

Jo whom j would never be without their juz'cfance and. support

Jo my mother, fat/fer, brother and sisters

A Ehnehiogy
Tes. 2017



ACKNOWLEDGEMENT

First of all due thanks go to God the most merciful and most graceful. Who
without his guidance and inspiration nothing could have been accomplished.

| also wish to express my deep indebtedness to Prof. Dr. Youssef Fawzy
Rashed, Professor of Structural Analysis and Mechanics, Structural Engineering
Department, Faculty of Engineering, Cairo University, for his generous guidance and
encouraging, sincere help, consistent support by all means and asking, valuable
suggestions, and precise advice through all stages of this research work, | express my true
thanks and gratitude for opening my mind to the true values of sincere and creativity. |
have learned many lessons in working under his guidance and leadership that 1 will
remember for an extremely long time.

My thanks also go to my colleagues, especially Dr.Taha Abou Elnaga, Eng.
Ahmed Fady, Eng. Anas Abu Rawash and all friends who supported me all the way to
achieve this work.

A.M.Elmeliegy....February,2017



Engineer: Abdelrahman Mohamed Ibrahiem Ali Elmeliegy
Date of Birth: 27/05/1991

Nationality: Egyptian

E-mail: aelmeliegy@gmail.com

Phone:0127 321 5801

Address: 27 Yasser Elgeheny - Omrania - Giza - Egypt
Registration Date: 1/10/2013

Awarding date: 2017

Degree: Master of Science

Department: Structural Engineering

Supervisor:
Prof. Dr. Youssef Fawzy Rashed

Examiners:

Prof. Dr. Youssef Fawzy Rashed

Prof. Dr. Sameh S. Fahmy Mehanni, (Internal Examiner)
Prof. Dr. Ibrahiem Mahfouz, (External Examiner)

Title of Thesis:

A DEVELOPED FEM-BEM PRACTICAL TECHNIQUE TO CONSIDER SSI IN
THE LATERAL ANALYSIS FOR MULTISTORY BUILDINGS

Keywords:

BEM; Soil-structure interaction; static condensation; foundation-soil flexibility; static
soil-structure interaction.

Summary:

In this thesis, a new practical technique for the analysis of buildings including soil-
structure interaction is suggested. The new analysis is based on sub-structuring approach
where the system is partitioned into two main parts which are the superstructure part and
the raft-soil part. A static condensation technique is implemented at the column-raft
interface. A developed algorithm representing the column-raft interface is implemented
to ensure compatibility and equilibrium at that interface. Current practical analysis of SSI
is implementing the static condensation at the raft-soil interface which is time consuming
and tediously job. The new analysis has shown less time and effort in the modeling and
analyses. This technique of analysis is presented here only for linear analysis. However,
this technique can be extended to include nonlinear analysis such as no tension SSI, soil
nonlinearity SSI.

Vi




Table of Contents

Table Of CONLENES... ..o e Vil
Chapter 1 Introduction and Background.............cccoeeeinniniiinicnie e, 1
L1 GBNEIAL.....iiiiieiieiee e ettt bbb nes 1
1.2 Sources of Soil Structure INtEraCtioN ............cccuoveieiiereiere s 1
1.2.1 KinematiC INTEIACTION: ....vovveiiitiiiiiiesie ettt bbbt 2
1.2.2 INertial INTEIACTION: . .ocveeiie ettt s e e e e e sbe e e seeereenaeas 2
1.3 Methods of soil structure interaction MOdeling ...........ccocveveiiiininiesie e 3
1.3.1 The direct apProach [15-16] .......ccccurerererieieieisese s 3
1.3.2 The Substructure approach [17] ...t 5
1.4 Methods of SOil repreSeNntation:..........cciveiieiiiiiese e 7
1.4.1 The WINKIEr MOEL........cvoiiiiieiiice e 7
1.4.2 The multi-Parametric model [19-20].......cccooeiiiiiiiiiii e 7
1.4.3 The elastic half Space MOEL.............ccovoiiiiiici e 8
1.5 Available SoIUtIONS IN PraCtiCe......cccecveiiiiice e 8
1.5.1 The uncoupled manually iterative Method ............cccciiieiiiieic e 9
1.5.2 The conventional method in PractiCe...........ccoovviriiiiiiiieeeses e 11
1.6 TNESIS ODJECTIVES ...t 12
1.7 TRESIS OULHINE ...ttt ettt renne s 14
1.8 CONCIUSIONS ...ttt sttt ettt ettt benreeneas 14
Chapter 2 Used Numerical Methods And Softwares...........cccooevvviiveinennen, 15
pZ20 A 15 0o [ od 1 o] ST 15
2.2 The finite element method (FEM) [31].....coovoiiiiiiiiiieeeeee e 15
2.2.1 Advantage Of the FEM: ........ocoiiiiieee s 15
2.2.2 Disadvantage 0f the FEM: ........c.coi ittt 15
2.3 The ETABS SOftWare [33] .....coveiiiiieiieie ettt 16
2.3.1 ETABS modeling and simulation capabilities............cccccvvieviiiiiiiieciesc e 16
2.3.2 ETABS analysis Capabilities ..o 16
2.3.3USEA ETABS FIlES ..ottt st 17
2.4 Used structural objects and terminology in ETABS building model ..................... 19
24,1 JOINE ODJECES: ...ttt 19
2.4.2 SUPPOIT ODJECT: ...ttt ettt sttt 19
2.4.3 LN ODJECLS: ..ottt n e 19

vii



2.4.4 Area ] Shell ODJECES: ..o e 19

2.4.5 MESNES [ QIVISIONS: ....c.iiiiieeie ettt st et saeere e tesre e e 19
2.4.6 BOAY CONSIIAINT: .......eiiiiiieeic ettt st e st e ta e esbesre e besneenee e 20
2.4.7 Diapragm CONSTIAINT: .......oviiiririiieieeieeeee et 20
2.5 The boundary element method (BEM) [36]........ccocerieiiiiriienieiie e 20
2.6 Raft terminology used in BEM/PLPAK ........ccooviiiiieie e 21
2.6.1 Raft TOUNAALION: ..o bbb 21
2.6.2 BOUNCANY BIEIMENTS: ..ot 21
2.8.3 INOUBS: ... ettt bbb bbbttt R bbb bbb et r s 21
2.6.4 EXIIEIME POINS......eiiiiiiiieiieiiies ettt 21
2.6.5 Colum 10ad MOAElING: ..cc.eoviiecicece e e 21
2.6.6 Wall 1oad modeling in PLPAK: ..o s 22
2.7 Soil terminology used in BEM/PLPAK ..o e 23
2.7.1 Subgrade reaCtion (K): ..o s 23
2.7.2 EIastic MOAUIUS (E): ..cveieeie ettt ettt st s 23
2.7.3 POISON’S TALIO (V) +.verveerrerieeneiiresieesresseenesressee st ssee s b seesre st esnesbeeseennesneenesnesnnenreeneennens 23
o | I =T SRS PRPS 23
2.7.5 SOIl CEIIS/IVISIONS: .....c.eiiieeeie ettt s sreenae e 23
2.8 The PLPAK software package [40].......ccoeeiiiriiiriieniesieee e 25
2.8.LTNE PIGEN: ...ttt ettt bbbt bt neans 27
S B o I - PR 27
2.8, 3 P L X ettt b bt h et b e b beenreennnas 27
e o I o PRSP 27
2.8.5 PLCOIBIMAN: ...ttt ettt ettt sb e bt e sae e ab e enb e e be e beesbeenenas 28
2.8.6 USBA PLPAK TIES ..ottt sttt st 28
2.9 S0il MOdeling IN PLPAK : ...t 31
2.9. 1 WINKIEI MOUEL: ..ottt ee e 31
............................................................................................................................................... 32
2.9.2 EHS MOUEIING: ..ot 33
pZL G I 00 Tod 1115 o] 1SS 34
Chapter 3 The Proposed New TeChNIQUE ........ccoveviriiiieiineeecee e 35
200 A 11 0o [ od 1 o SR 35
3.2 The developed translator............coveiieiii e 35
T R I =11 - (0 = (- ST TPRSSN 35

viii



3.3 Rotational stiffness implementation in SSIPAK/PLPAK .........cccooeviiiniiennennnn 38

3.4 HUSEIative EXAMPIE ....c.eeiiiieiiee ettt 39
1- SErUCTUAl ArAWINGS. ...eeuveieeeieiiiee et 39
2= ETABS 3D MOEI .....ociiiicece ettt 39
- DataDase file ..o e 42
3.5 Methodology and autoMatioN ...........cccveiieieiieie e 44
3.6 The graphical user interface SSIPAK ..........cooe i 48
KA o3 Tod 1115 o] 1 <SOSR 49
Chapter 4 Numerical eXamples.........ocovoviiieiiiiiniieeeeee e 50
g I 1o 0o [0 Tox 1 o o SR P SRS 50
4.2 EXAMPIE SEL L. .ottt reenreere s 50
A3 EXAMPIE SEL 2. s 71
A4 EXAMPIE SEL 3.t 92
Bare frame FESUILS: ..o ettt 93
SNEAN WAL FESUILS ...t 96
A5 EXAMPIE SEL A ... 99
Chapter 5 Summary, Conclusions and Recommendations for Future Work
..................................................................................................................... 102
ST 010 T Y ORI 102
ST 603 Tod 11151 o] 1 <SSR 102
5.3 Recommendations fOr fULUre WOIK ...........cccooeiieiieiesiese e 103
ARABIC SUMMARY ..ottt raaree e e naare e e 2



LIST OF TABLES

Table 4.1The fundamental periodic time in seconds for example 1 — with rotational

SEITTNIESS L.ttt b e bbb nne s 70
Table 4.2 The fundamental periodic time in seconds for example 1 — without rotational

SEITTNIESS .ttt bbb bbb nne s 70
Table 4.3 The fundamental periodic time in seconds for example 2 — without rotational

ST IESS. ettt bbb bbb nne s 91
Table 4.4 The fundamental periodic time in seconds for example 2 — without rotational

ST NIESS. ettt ettt bbb nne s 91
Table 4.5 Section properties for example Set 3 [8]. ...cccoovreiiiiiiiiiiieee s 92
Table 4.6 The soil properties according to work done by [8].......ccceevvevviiieviiieiieieee 92
Table 4.7 Time period for different modes of shape — 4 floors. ..., 95
Table 4.8 Time period for different modes of shape - 16 floors............cccccevviveiiiinenns 95
Table 4.9 Time period for different modes of shape - 4 floors. ..o, 98
Table 4.10 Time period for different modes of shape - 16 floors. ..........cccccvveveiieinennnne 98
Table 4.11 Section properties according to work done by [12]. ..o, 99
Table 4.12 The soil properties according to work done by [12].......ccccevviveviiiciieieenns 99
Table 4.13 The fundamental time period for 6-floors multi-story framed building. ...... 100
Table 4.14 The fundamental period for 12-floors multi-story framed building. ............ 101


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings3.docx%23_Toc466017499

LIST OF FIGURES

Figure 1.0.1(a) The effect of soil flexibility on the lateral deformation. (b) The effect of

neglecting soil flexibility.---------=-mmmmm oo 3
Figure 2.1 The structure of the ETABS .e2K file. --------=mmm oo s 17
Figure 2.2 The structure of point coordinates .txt ETABS file. 18
Figure 2.3 The structure of static load cases .txt file.---------=-=-mmmmmmm oo 18
Figure 2.4 The structure Support Restraint .txt file. ---------------m-m-mmmmm oo 18
Figure 2.5 the structure of Support Reactions.txt file.-------------mmmmmmmmmm oo 18
Figure 2.6 The structure of Point Spring Force.txt file ---------------------mmom oo 19
Figure 2.7 Soil and boundary elements discretization for a typical raft on Winkler
foundation. 22
Figure 2.8 Soil and boundary elements discretization for a typical raft on EHS. --------- 24
Figure 2.9Flow chart show the PLPAK components ------------=-=-=-==m-mmemmmmmm oo 26
Figure 2.10 The structure of the model.txt file. -------=-mmmmmmm e 28
Figure 2.11 The structure of the material .txt file. --------------mmommm s 29
Figure 2.12 The structure of the slab .txt file. ------==-=-mmm s 29
Figure 2.13 The structre of the soil support .txt file.------------=-mmrmmmmm e 29
Figure 2.14 The structure of the .aip file. 30
Figure 2.15 The structure of the .ipu file. 30
Figure 2.16 The structure of the .run file. 30
Figure 2.17 The Winkler cell discretization in the PLView. 32
Figure 2.18 Practical raft on Winkler modeled using PLGen 32
Figure 2.19EHSPAk add-on start menu 33
Figure 3.1 he structure of . c file. 36
Figure 3.2 The structure of the .k file. 36
Figure 3.3 The structure of the LC.txt file. =--=-==mmmmmm oo 36
Figure 3.4 The structure of the column load.txt file. -----------=--m-mmememmmm e 37
Figure 3.5 The structure of the $Runstiff$ file. -------=-mmmmmmmm e 37
Figure 3.6 The input and output files used by translator. ---- 38
Figure 3.7 The rotational stiffness implementation procedure. 39
Figure 3.8 The structural drawings using AUtOCAD.------=-====mmmmmmm oo 40
Figure 3.9 The ETABS 3D model. 41
Figure 3.10 a & b The steps to export the database file containing the required text files.
-------- 42
Figure 3.11 The database file containing the required text files. 43
Figure 3.12 The raft model in PLGEN. 44
Figure 3.13 The raft model in PLVIEW. 44
Figure 3.14 Flow chart shows the proposed technique. --------=-=========mmmmmm e 47
Figure 3.15 The graphical user interface (SSIPAK). -----=-mmmmmmmsm s 48
Figure 4.1. Exapmle 1 plan --------mmmmmmm s 51
Figure 4.2 ETABS 3D modeling of example 1 super structure. 52
Figure 4.3 PLPAK 2D modeling of example 1 raft foundation. 52
Figure 4.4 SAP2000 3D modeling of example 1- Direct method. 53

Xi


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728654
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728654
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728655
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728656
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728657
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728658
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728659
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728660
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728661
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728661
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728662
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728663
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728664
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728665
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728666
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728667
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728668
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728669
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728670
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728671
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728672
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728673
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728674
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728675
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728676
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728677
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728678
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728679
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728680
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728681
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728682
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728683
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728683
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728684
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728685
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728686
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728687
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728688
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728689
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728690
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728691
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728692

Figure 4.5 SAP2000 3D modeling of example 1- Direct method. 53
Figure 4.6 Lateral Deflection in X-direction for example 1- E=2000 t/m2 (with rotational

stiffness). 54
Figure 4.7 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=2000 t/m2
(with rotational stiffness). =----=-==-mmmmmm oo 54
Figure 4.9 Drift SSI/NSSI ratio in X-direction for example 1 E=2000 t/m2 (with
rotational StiffNESs). —-====mmmmm e e e 55
Figure 4.8 Inter story drift in X-direction for example 1- E=2000 t/m2 (with rotational
stiffness). 55
Figure 4.10 Lateral Deflection in X-direction for example 1 E=2000 t/m2 (without
rotational StiffNESS). —-====mmmmm e e e e 56
Figure 4.11 Lateral Deflection SSI/NSSI in X-direction for example 1 E=2000 t/m2
(without rotational StiffNess).-----=-=-==-mmm oo 56
Figure 4.12 Inter story drift in X-direction for example 1 E=2000 t/m2 (without rotational
stiffness). 57
Figure 4.13 Drift SSI/NSSI ratio in X-direction for example 1- E=2000 t/m2 (without
rotational StiffNess). -=----=mmmmm oo 57
Figure 4.15 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=5000
t/m2 (with rotational stiffness). -- 58
Figure 4.14 Lateral Deflection in X-direction for example 1- E=5000 t/m2 (with
rotational StiffNess). -=----=-mmmmm oo 58
Figure 4.16 Inter story drift in X-direction for example 1- E=5000 t/m2 (with rotational
stiffness). 59
Figure 4.17 Drift SSI/NSSI ratio in X-direction for example 1- E=5000 t/m2 (with
rotational StiffNess).-=----=mmmm e 59
Figure 4.18 Lateral Deflection in X-direction for example 1- E=5000 t/m2 (without
rotational StiffNess). —=-=--=-mmmmm oo 60
Figure 4.19 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=5000
t/m2 (without rotational stiffness). 60
Figure 4.20 Inter story drift in X-direction for example 1- E=5000 t/m2 (without
rotational Stiffness).—=-=-=mmmmmm oo 61
Figure 4.21 Drift SSI/NSSI ratio in X-direction for example 1- E=5000 t/m2 (without
rotational StiffNess).==-=--=mmmm e 61
Figure 4.22 Lateral Deflection in X-direction for example 1- E=10000 t/m2 (without
rotational StiffNess).—=-=--=-mmmmm oo 62
Figure 4.23 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=10000
t/m2 (without rotational stiffness). 62
Figure 4.25 Drift SSI/NSSI ratio in X-direction for example 1- E=10000 t/m2 (without
rotational StiffNess). —=-=-==mmmm e 63
Figure 4.24 Inter story drift in X-direction for example 1- E=10000 t/m2 (with rotational
stiffness). 63
Figure 4.26 Lateral Deflection in X-direction for example 1- E=10000 t/m2(without
rotational StiffNess).-=-=-==mmmm e oo 64

Xii


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728693
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728694
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728694
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728695
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728695
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728696
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728696
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728697
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728697
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728698
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728698
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728699
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728699
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728701
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728701
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728702
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728702
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728703
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728703
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728704
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728704
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728705
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728705
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728706
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728706
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728707
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728707
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728709
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728709
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728710
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728710
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728711
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728711
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728712
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728712
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728713
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728713
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728714
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728714

Figure 4.27 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=10000

t/m2 (without rotational stiffness). 64
Figure 4.28 Inter story drift in X-direction for example 1- E=10000 t/m2 (without
rotational StiffNess). —=-=-=mnmmmm s - 65
Figure 4.29 Drift SSI/NSSI ratio in X-direction for example 1- E=10000 t/m2 (without
rotational StiffNess). —=-=-=mnmmmm oo o 65
Figure 4.30 Lateral Deflection in X-direction for example 1- E=20000 t/m2 (with
rotational StiffNess). —=-=-=mnmmmm oo 66
Figure 4.31 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=20000
t/m2 (with rotational stiffness). -- 66
Figure 4.33 Drift SSI/NSSI ratio in X-direction for example 1- E=20000 t/m2 (with
rotational StiffNess). —=-=-=mnmmmm oo 67
Figure 4.32 Inter story drift in X-direction for example 1- E=20000 t/m2 (with rotational
stiffness). 67
Figure 4.34 Lateral Deflection in X-direction for example 1- E=20000 t/m2 (without
rotational StiffNess). —=-=-=mmmmmm e e e e 68
Figure 4.35 Lateral Deflection Ratio SSI/NSSI in X-direction for example 1- E=20000
t/m2 (without rotational stiffness). 68
Figure 4.37 Drift SSI/NSSI ratio in X-direction for example 1- E=20000 t/m2 (without
rotational StiffNess). ==-=-=mmmmmm e e e e 69
Figure 4.36 Inter story drift in X-direction for example 1- E=20000 t/m2 (without
rotational StiffNesS). —=-=-=mmmmmm e e e 69
Figure 4.38 Exapmle 2 plan. ----------—-mmmm e 72
Figure 4.39 ETABS 3D modeling of example 2 super structure. 73
Figure 4.40 PLPAK 2D modeling of example 2 raft foundation. 73
Figure 4.41 SAP2000 2D view. - 74
Figure 4.42 SAP2000 3D modeling of example 2- Direct method. 74
Figure 4.43 Lateral Deflection in X-direction for example 2- E=2000 t/m2 (with
rotational StiffNess).-=-=-==mmmm e 75
Figure 4.44 Lateral Deflection Ratio SSI/NSSI in X-direction for example 2- E=2000
t/m2 (with rotational stiffness). --75
Figure 4.45 Inter story drift in X-direction for example 2- E=2000 t/m2 (with rotational
stiffness). 76
Figure 4.46 Drift SSI/NSSI ratio in X-direction for example 2- E=2000 t/m2 (with
rotational StiffNess).—=-=--=-mmmmm oo 76
Figure 4.47 Lateral Deflection in X-direction for example 2- E=2000 t/m2 (without
rotational Stiffness).—=-=-=mmmmmm oo 77
Figure 4.48 Lateral Deflection Ratio SSI/NSSI in X-direction for example 2- E=2000
t/m2 (without rotational stiffness). 77
Figure 4.49 Inter story drift in X-direction for example 2- E=2000 t/m2 (without
rotational StiffNess). —=-=--=mmmm e oo 78
Figure 4.50 Drift SSI/NSSI ratio in X-direction for example 2- E=2000 t/m2 (without
rotational StiffNess).-=-=-==mmmm e oo 78

Xiii


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728715
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728715
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728716
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728716
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728717
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728717
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728718
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728718
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728719
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728719
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728720
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728720
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728721
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728721
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728722
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728722
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728723
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728723
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728724
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728724
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728725
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728725
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728726
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728727
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728728
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728729
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728730
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728731
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728731
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728732
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728732
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728733
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728733
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728734
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728734
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728735
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728735
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728736
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728736
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728737
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728737
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728738
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728738

Figure 4.52 Lateral Deflection Ratio SSI/NSSI in X-direction for example 2- E=5000

t/m2 (with rotational stiffness). - 79
Figure 4.51 Lateral Deflection in X-direction for example 2- E=5000 t/m2 (with
rotational StiffNess).------=-=-m-mmm oo 79
Figure 4.54 Drift SSI/NSSI ratio in X-direction for example 2- E=5000 t/m2 (with
rotational Stiffness).------=-=-m-mmm oo 80
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Figure 4.56 Lateral Deflection Ratio SSI/NSSI in X-direction for example 2- E=5000
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Figure 4.59 Lateral Deflection in X-direction for example 2- E=10000 t/m2 (with
rotational StiffNess).------=-=m-mmm oo 83
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Figure 4.69 Inter story drift in X-direction for example 2- E=20000 t/m2 (with rotational
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Xiv


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728739
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728739
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728740
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728740
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728741
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728741
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728742
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728742
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728743
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728743
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728744
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728744
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728745
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728745
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728746
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728746
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728747
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728747
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728748
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728748
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728749
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728749
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728750
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728750
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728752
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728752
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728753
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728753
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728754
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728754
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728755
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728755
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728756
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728756
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728757
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728757
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728758
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728758
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728759
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728759
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728760
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728760

Figure 4.74 Drift SSI/NSSI ratio in X-direction for example 2- E=20000 t/m2 (without

rotational StiffNess). —=-=-=mnmmmm oo 90
Figure 4.73 Inter story drift in X-direction for example 2- E=20000 t/m2 (without

rotational StiffNess). —=-=-=mnmmmm s - 90
Figure 4.75 The structural layout and dimensions [8]. ------------=-=-==-==mm-mmmmmcm oo 92
Figure 4.76 The time period for mode 1- 4 floors. --=-=--=-=====mmmm s 93
Figure 4.77 The time period for mode 3 - 4 floors. --------=--=-===m-mmm oo 93
Figure 4.78 The time period for mode 4 - 4 floors. ------=-====mmmmm s 93
Figure 4.79 The time period for mode 1- 16 floors. ------------=--=-mmemcmmmm oo 94
Figure 4.80 The time period for mode 3 - 16 floors.---------===-mmmmmmmm oo 94
Figure 4.81 The time period for mode 4 - 16 floors.------------=--=-m-mmcmmmm - 94
Figure 4.82 The time period for mode 1 - 4 floors. ------=-=-==mmmm e 96
Figure 4.83 The time period for mode 3 - 4 flo0rs. --------=-==-==mmrm s 96
Figure 4.84 The time period for mode 4 - 4 floors. ------=-====mmmmm s 96
Figure 4.85 The time period for mode 1 - 16 floors.----------=-=--=-mmmmom oo 97
Figure 4.86 The time period for mode 3 - 16 floors.---------===-mmmmmmm e 97
Figure 4.87 The time period for mode 4 - 16 floors.----------=-==-=-mmmmcmmmm - 97
Figure 4.88 The structural layout and dimensions according to work done by [12]. ----- 99
Figure 4.89 The fundamental time period for 6-floors mutli-story framed building. ---100
Figure 4.90 The fundamental period for 12-floors multi-story framed building.--------- 101

XV


file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728761
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728761
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728762
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728762
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728764
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728765
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728766
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728768
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728769
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728771
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728772
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728774
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728775
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728776
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728777
file:///D:/abdelrahman%20elmeliegy/Thesis/23-12-2015/Thesis%20Chapters/A%20Developed%20FEM-BEM%20practical%20Technique%20to%20consider%20SSI%20in%20the%20lateral%20analysis%20for%20multi%20story%20buildings5.docx%23_Toc474728778

