ABSTRACT

In this study, it was applied the American Specifications for
Structural Steel Buildings standard by taking the effect of the wind
loads on designing of steel tall building frames depending on the
location and topography of construction place. In order to study the
structural behavior of the frames, different types of tall building
forms were selected with typical plans and heights. These systems
were rigid, shear-wall and tube frames. Each selected type of tall
building frame was studied using three different types of bracing
system, as well as, unbracing frame system. The bracing types were
cross, diagonal and V-shape. The unbraced frames were assumed to
be the basic reference for comparative purposes. The frames were
defined, simulated, analyzed, and designed by analytical computer
software (ETABS 2013). The analysis results were tabulated and
presented according to maximum values of beam and column stresses
and lateral story displacements. These analysis results were compared
using graphical presentation. In order to get the frame with the
minimum weight, the self-weight of braced frames were taken as
percentage of unbraced frame weight. Then, the maximum story
displacement of unbrace frames were obtained and compared by the
same way. It was concluded that the weights of tube frame with
diagonal bracing and V-shape bracing were reduced by 12.6%
comparing with the unbraced tube frame. Also, the story
displacement of rigid frame with cross bracing was reduced by 61%

comparing with unbraced rigid frame.
|



ualdioal)

) e Al Cliial sall agle ati Lo (Gudad &5 Al all o268

Y @l Sl e 2Ll Jleal il 3al @lld g iyl paall bl
Al Al 53 JaY 5 o aall sLEY) 1S 5 A e sada g @ g o ol llall
el JSha (e ddlise g5l EBG Ll &5 ddle e JSLed SLasY)
la a3 Al JShelly ¢ g lii Y1y aba¥) (A &gl 5S8 Cuay Allall
JS 5 A 0¥ JShgll 5 ¢ adl) Jal g <L didia JSLa 1o A all m ya
Al e 2 dadail CO aladiuly Al 5o caad 3 lAll JSLgdl 15l (e g 53
V s S e apiil) aUai g i) agsill sl g ¢ adaliial) ol allas s
el Ay a5 2l ol e (g giag¥ g 53 IS (e JA) JSoa AN ol
pranal g Jalad g BlSLaa g JLAn) g gyt o8 GlD g el Hall p2a 8 4 Hlaall
ETABS cgulall & AL&) Jadad mali y aladiuly ¢l lgraan &3l
o G e JS1 alill (e A Al ULl a5 Al sas Cai 52013
g o) et JSI Auilal) Aa) W) s o3 Ll 5 3ee Y1 alu¥) (e 220
dal ey cdaily agmy JS3 3 Ll pay Lein 4)Ed) g il jal
ISl paand AN 3 sl Gl 3 15 5l 2 3laill ol e J gacaal
Jile 2l (563 lusai¥) Oliiaall s O 2 ey ¢ L A3 aall
2s¥) ialy 4 e 96V Y, T latay Gl V s IS5 e gl o
Al ) 2 %) Jlaiey Jo adaliiall apEill o) Caflall el Liagl (e yuall

e ) Cafall ially 4 Jlia Gl



DEDICATION
To the one who always supports me
(My Fathey)....
To the one who raises me since I born
(My mother)....
To the one who never stops advising me

(My Supervisor)....



ACKNOWLADGMENT

My deep thankiul and grateful to mighty god Allah to give me the patience and success to complete
this work, and inspiring me with thoughts that I would never think of it without him. I attribute
the level of my Master’s degree to his encouragement and effort and without him this thesis, too,
would not have been completed or written.

[ would like to express my deep gratitude to my master thesis advisor Dr. Abusamra Awad. One
simply could not wish for a better or friendlier supervisor. lle spent very much time instructing
me how to write a paper, how to search literature, how to collect data and how to analyze the data.
Foremost, | would like to express my sincerely thankiul to my parents for the continuous support
of my study and research, for their patience, motivation, enthusiasm, and immense knowledge.
Their guidance helped me in all the time oi research and writing oi this thesis.

[ am also grateful to the iollowing former or current staif at Sudan University of Science and
Technology, for their various forms of support during my graduate study.

Most importantly, none of this would have been possible without the love and patience of my
family. My immediate family to whom this dissertation is dedicated to, has been a constant source
of love, concern, support and strength all these years. I would like to express my heart-felt
oratitude to my family.

Special thank goes to my grandiather Eng. Qurashi Ismael to giving me the first spark of this
research, nevertheless, gave unconditional support with his precious advices.

Finally, I would like to thank all those who contributed to this work with a paper, posler or even
piece of advice or information. Thanks are also due to all my friends, without their support it

would not have been possible to complete this research.



Table of Contents

ADSITACT ... e I
T N T I
D<o [ o1 [ ] o IS SUSUSSR Il
ACKNOWIEAGEMENT.... ...t v
Table OF CONENTS ..o s \Y/
LISt OF TaDIES....coiiieieieec e VIl
LISE OF FIQUIES ...ttt IX
Chapter 1

INTRODUCTION

I {1 (0T 18 A o] o USSP 1
1.2 ODJECHIVES ..ottt ettt e e nte e ste e e e s e e 3
1.3 MEthOdOIOgY .....cveeivieiiece e 3
1.4 TheSIS OULIING ..o e e 3
Chapter 2

LITERATURE REVIEW OF STEEL TALL BUILDINGS

20 A [ g1 oo [0 Tod o] o ISR 5
2.2 Structural Forms of Tall Buildings .........ccccovviiiiiiiieieceneee e 5
2.3 BraCed FrameS........ccouiiieieiieie ettt 19
2.4 Types of Loading on Tall BUIIdINGS .........ccooiiiiiniiiiee e, 20
2.5 L0oads Combinations...........ccoouieiiie i 29
2.6 STOTEY DIl ..o 29
2.7 Structural Steel SPecifiCatioNnS .........ccccovvvviieiii e 31
2.8 The Structural Analysis Computer Software (ETABS).........ccccevvvvieinnnnn 32



Chapter 3
METHODOLOGY AND MODELLING AND ANALYSIS

3L INEOTUCTION ..t be e e 35
3.2 MOElliNG STEPS.....eeeieeitiecie et 37
3.3 Building’s Assigned Properties.........ccocviiiiiiiiiiesiiiiie it ssieessiiee s sinee s 37
3.4 Structural Analysis of Rigid Frames of Tall Building............cccccoevienn. 40
3.5 Structural Analysis of Shear-wall and Tube Frames of Tall Building ..... 61
3.6 Graphical Presentation for Analysis Results of Tall Building Frames..... 61
Chapter 4

DISCUSSION OF ANALYSIS AND DESIGN RESULTS OF TALL
BUILDINGS

g I 1 1 0 To [0 od 1 oo OSSR 72
4.2 Design Results of Steel Tall Building Models.........c.ccccovvevieiiniieeninenne. 72
4.3 Discussion of The Weight of The Tall Building Frames..........c.c.cccccve.... 89
4.4 Discussion of The Story displacement of The Tall Building Frames....... 92
Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCIUSIONS ...ttt e et e e te e e sneeanee s 95
5.2 ReCOMMENTALIONS ......eeiiiiiie et 96
REFERENCES ..ottt s 97
APPENDIX A oottt sttt nre e are s 98
APPENDIX B ..ottt ettt 123
APPENDIX C .ottt st 157

Vi



List of Tables

Table (2.1): Minimum uniformly distributed live loads L, and concentrated

o Lo SRRSO 25
Table (2.2): Live load element factor Ki|......cccooveeiiieiiiiice e, 26
Table (2.3): Steel grades according to American standards ..............ccccc.e...... 34
Table (3.1): Material ProPerties ........cccccevieeriieii e 38
Table (3.2): Load patterns used for frames of tall building analysis............... 38
Table (3.3): The distribution of axial forces and bending moments on columns
C1 and C24 for load combination 3 of unbraced rigid frame system............. 42
Table (3.4): Beams' maximum bending moments of unbraced rigid frame

)] (=11 PRSP USR 43

Table (3.5): Beams' maximum shear forces of unbraced rigid frame system 44

Table (3.6): The distribution of axial forces and bending moments on columns
C1 and C24 for load combination 3 of cross bracing rigid frame system...... 47

Table (3.7): Beams' maximum bending moments of cross bracing rigid frame
)] =11 PRSP TSR 48

Table (3.8): Beams' maximum shear forces of cross bracing rigid frame

Table (3.9): The distribution of axial forces and bending moments on columns
C1 and C24 for load combination 3 of diagonal bracing rigid frame system. 52

Table (3.10): Beams' maximum bending moments of diagonal bracing rigid
M SYSTEIM....e it 53

Table (3.11): Beams' maximum shear forces of diagonal bracing rigid frame

Table (3.12): The distribution of axial forces and bending moments on
columns C1 and C24 for load combination 3 of V-shape bracing rigid frame

Table (3.13): Beams' maximum bending moments of VV-shape bracing rigid
FraME SYSTEM... it 58

Table (3.14): Beams' maximum shear forces of V-shape bracing rigid frame



Table (4.1): Sections of B1 for rigid frames ............ccccevvviieiiievie s 73

Table (4.2): Sections of B348 for rigid frames ............cccceevveveeviecie e, 74
Table (4.3): Sections of B350 for rigid frames ............cccceevveviveviecie e 75
Table (4.4): Sections of B190 for rigid frames ...........cccccvvvveveeveecie e 76
Table (4.5): Sections of C1 for rigid frames ...........cccccevvvvieevieevie s 77
Table (4.6): Sections of C24 for rigid frames ..........ccccevveiveevieevie e 78
Table (4.7): Sections of B5 for shear-wall frames............cccccooveeiiiiiiiccinnen, 79
Table (4.8): Sections of C1 for shear-wall frames............cccccooveeviiiiiieiineenne, 80
Table (4.9): Sections of C24 for shear-wall frames............cccccceevvveiieecinnenne, 81
Table (4.10): Sections of B50 for tube frames.........ccccccveevieevieevee e, 82
Table (4.11): Sections of B53 for tube frames.........ccccoccveevieevie e, 83
Table (4.12): Sections of B206 for tube frames...........cccceveevieeiiiee e, 84
Table (4.13): Sections of C11 for tube frames.........ccccecveevie e s, 85
Table (4.14): Sections of C16 for tube frames.........ccccccvveevie v v, 86
Table (4.15): Sections of C20 for tube frames.........ccccccvveeviieevie e, 87
Table (4.16): Sections of C27 for tube frames.........ccccccvveevie e, 88
Table (4.17): The weights of all structural tall building frames ..................... 90

VI



List of Figures

Figure (2.1): Typical example of different types of bracing in braced building

........................................................................................................................... 7
Figure (2.2): Typical example of rigid frame building ...........cccccvevinininnnnen, 8
Figure (2.3): Typical example of infilled-frame structure..........ccccccevivrnnnnen. 8
Figure (2.4): Typical example of flat slab with drop panel .........c..cccccvvvnenen. 9
Figure (2.5): Typical example of shear-wall frame structure ......................... 10
Figure (2.6): Typical example of coupled shear-wall frame structure ........... 11
Figure (2.7): Typical example of wall-frame structure............ccccccvevvevnennnne. 11
Figure (2.8): Typical example of tube-frame structure............cccccovvvvervennnne 12
Figure (2.9): Typical example of tube-in-tube frame structure ..................... 14
Figure (2.10): Typical example of bundled-tube frame structure................... 14
Figure (2.11): Typical example of steel braced tube frame structure............. 15
Figure (2.12): Typical example of outrigger frame structure ..............ccoe...... 16
Figure (2.13): Typical example of core frame structure...........ccccccveevevverennne 17
Figure (2.14): Typical example of suspended frame structure .............c......... 18
Figure (2.15): Typical example of spaced frame structure..............ccccevveueene. 19
Figure (2.16): Typical examples of bracing Systems............cccoccevveeveeieennnenn, 22
Figure (3.1): The plan of tall building models............cccooveviiiiiiie e, 35
Figure (3.2): Plan of rigid frame SYStem ........ccoccvviereiiniisie e 36
Figure (3.3): Plan of shear-wall frame syStem..........cccccvviienienievienesieniene 36
Figure (3.4): Plan of tube frame SyStem.........cccccvvieviiiniinie e 36

Figure (3.5): The distribution of maximum storey displacement in x-direction
for all load combinations of unbraced rigid frame system ...........ccccceveveivennens 45

Figure (3.6): The distribution of maximum storey displacement in y-direction
for all load combinations of unbraced rigid frame system .........cccccccvveienen, 45

Figure (3.7): The distribution of maximum storey displacement in x-direction
for all load combinations of cross bracing rigid frame system...........c........... 50



Figure (3.8): The distribution of maximum storey displacement in y-direction

for all load combinations of cross bracing rigid frame system

Figure (3.9): The distribution of maximum storey displacement in x-direction

for all load combinations of diagonal bracing rigid frame system

Figure (3.10): The distribution of maximum storey displacement in y-
direction for all load combinations of diagonal bracing rigid frame system..

Figure (3.11): The distribution of maximum storey displacement in x-
direction for all load combinations of V-shape bracing rigid frame system ..

Figure (3.12): The distribution of maximum storey displacement in y-
direction for all load combinations of VV-shape bracing rigid frame system ..

Figure (3.13):
Figure (3.14):
Figure (3.15):
Figure (3.16):
Figure (3.17):
Figure (3.18):
Figure (3.19):
Figure (3.20):
Figure (3.21):
Figure (3.22):
Figure (3.23):
Figure (3.24):

Distribution of bending moments of B190 of rigid frames ....

Distribution of shear forces of B190 of rigid frames

Distribution of bending moment of B1 of rigid frames
Distribution of shear forces of B1 of rigid frames...................
Distribution of bending moment of B348 of rigid frames

Distribution of shear forces of B348 of rigid frames...............
Distribution of bending moment of B350 of rigid frames

Distribution of shear forces of B350 of rigid frames

Distribution of bending moments of C1 of rigid frames

Distribution of axial forces of C1 of rigid frames

Distribution of bending moments of C24 of rigid frames

Distribution of axial forces of column 24 of rigid frames

Figure (3.25): The distribution of maximum storey displacements in x-

direction for all rigid frames models

Figure (3.26): The distribution of maximum storey displacements in y-

direction for all rigid frames models
Figure (4.1): Percentage of rigid frames base reactions
Figure (4.2): Percentage of shear-wall frames base reactions
Figure (4.3): Percentage of tube frames base reactions

Figure (4.4): Percentage of maximum story displacement of rigid frames

about y- direction



Figure (4.5): Percentage of maximum story displacement of shear-wall frames
ADOUL Y- QITECHION ..o 93

Figure (4.6): Percentage of maximum story displacement of tube frames about
3 e (=703 (o TP RR 94

Xl



