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ABSTRACT

Towers and tall buildings have been considered since the beginning of human
civilization and providing the suitable stiffness and especially the lateral stiffness
is one of the basic factors in the design of these structures. In this matter
outrigger systems are very effective in reducing the response of the structure to
lateral loads. Also, the occurrence of earthquakes and its destructive effects in
recent years has increased the importance of applying the behavior and
performance criteria to control the distribution of resistance and deformation in
structural components. Therefore, it is necessary to provide an optimal design
with economic justification capability, the main purpose of which is to achieve a
reliable level of safety and performance against natural hazards. In this research,
in two structures with 24 and 36 floors, using modified dolphin echolocation
metaheuristic algorithm (MDE), the performance based design of steel structures
equipped with outrigger system while layout optimization of the brace has been
done. All performance design constraints are considered in accordance with
FEMA regulations. The results indicate the appropriate behavior of structures
with outrigger, the effect of outrigger position on its performance and the process
of achieving optimal structure. As the 36-story structure in the optimal position of
the outrigger installation, the weight of the structure has decreased by about
3.9% compared to the installation position at equal height distances. In both
structures, the criterion of story drift and axial length change of bracing members
prevails and the necessity to consider the effects of higher modes in studying the
behavior of the structure is emphasized so that by increasing the number of floors
and higher modes influence, the optimal position of outrigger is shifted to the
upper floors.
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23x12 fif3.66m)=276 fi{84.12m)
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(e 9390 6 ojlw slac! sudy 09,5 g golul Wlasin 1 B STl
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Columns Beams Braces
No. W-Section No. W-Sectionn No. W-Section No. W-Section No. Hss-Section No.  Hss-Section
1 W14x48 13 W14x257 1 W12x19 13 W21x50 1 HSS3X3X3/16 13  HSS5X5X1/2
2 W14x53 14  W14x283 2 W12x22 14 W21x57 2 HSS3X3X1/4 14  HSS6X6X1/2
3 W14x68 15 W14x311 3 W12x35 15 W24x55 3 HSS3X3X5/16 15 HSS6X6X5/8
4 W14x74 16 W14x342 4 W12x50 16 W21x68 4 HSS3X3X3/8 16 HSS8X8X1/2
5 W14x82 17  W14x370 5 W18x35 17  W24x62 5 HSS3-1/2X3-1/2X5/16 17 HSS7X7X5/8
6 WI14x132 18 W14x398 6 W16x45 18 W24x76 6 HSS3-1/2X3-1/2X3/8 18 HSS8X8X5/8
7 W14x145 19 W14x426 7 W18x40 19 W24x84 7 HSS4X4X3/8 19 HSS9X9X5/8
8 WI14x159 20 W14x455 8 W16x50 20 W27x94 8 HSS4-1/2X4-1/2X3/8 20 HSS10X10X5/8
9 WI14x176 21 W14x500 9 W18x46 21 W27x102 9 HSS4X4X1/2 21 HSS10X10X3/4
10 W14x193 22 W14x550 10 W16x57 22 W27x114 10 HSS5X5X3/8 22 HSS12X12X3/4
11 W14x211 23 WI14x605 11 W18x50 23 W30x108 11 HSS4-1/2X4-1/2X1/2 23 HSS14X14X7/8
12 W14x233 24 W14x665 12 W21x44 24 W30x116 12 HSS6X6X3/8 24 -
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Oged pime Sledgy 4 Cand o YL 8o I (Sl Ogline Slink b pied slaojle p by, onl Jee! 5l Jol> @bt 08
DFlaslce sl i 3VL slosge il a8 SBg3 Slibs o (ogasdl de (s 1 Sloj ez )l Julos @l b b3 53 MPA?

VENY Slil jo o5k sl il Bld b aid Y ol 055k Jlee b slaojlo 1o gy ool 2 ()2 polaie @

G5y b () gaz Blbe VAL ASCET-16 acl 1l Lulydo ol o 35 (il (slogys 9 1-F s 50 (g yke (S (sl abanslys

Jelo o ool 5550 slasysS, ailand 5 )18 Jas e Silinl 5 (Seelins o Judod o aslol 1o g oals >k gy 5 e

VIM Silee L VISM B #IOM s gllo o5 eog [18] FEMA-PBIS 1o & aie 130 03> 0,55, VY s 5l (cbs ot Saaliz

V) Jgdzaise

b VPO poylgdlyls g # g

Floor 24Story Floor 24Story

no frame(Kips) no frame(kips)
1 0.0841 13 9.4591
2 0.2727 14 10.940
3 0.5690 15 12.530
4 0.9731 16 14.227
5 1.4850 17 16.032
6 2.1046 18 17.945
7 2.8320 19 19.965
8 3.6671 20 22.0938
9 4.610 21 24.3297
10 5.6606 22 26.6735
11 6.8190 23 29.1250
12 8.0852 24 29.9240

Site Classes : (D)
Hazard level : 10% / 50-years
Response Modification: R=7

Deflection Amplification: cd=5.5

2 9 LS,CP 6o, Slae mhaw g0 ;o o laibin] Glis Zuly cabs a4y azgi b abogy o wlbidio cu po g oo )55, (o3l wlide oy

2 et 5ol g Julow o ooliiwl 8590 (6,105,L (slagSIl sl oo plowl o lasbiw] canls g alj); cads s S g5l ponie 4k

SIS o8 w51 (AU (oo (S yiS i (V)9(P)JSS 50 Eansl 039 NADP g, 5| ol alSgs (oS 5 slagSl 5 ol 05
Sloass sols las ambYF o5l sl 50,5es mhaw g0 0 ot e Solos Judow 1 b slapes Sle S5l g 49l sogr Judoo

Llos 51 ol bl o95b Hlee oudsl Slhannl 515 6 g bojle Sbios Cwnd (o aF Sl sggie MalS LIS @ az g5 L
By 5l cnl 5l am (Jy ol (as e (Sealins Julow mlis b (5 eSS ol g0 S5 b canliia (5,05 ,b 5501 (5151 4 55l 3y
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Error(%) = 100 x %Jzyzl(w)z )

Ai_NLTHA

6 Modal Pushover Analysis

VPY GAYY azio (1 Fee Sl (1Y 0 jlos cA 0,90 (Cliv g 0 jlu (wiigo (g 3 — (ods 49 gid \vf



Of 21 03l (quigo (ool Jbeleolo

9 0oy )510’:’5%, }-.‘.Jm 5 b e (Seelod o 51 LAG el 1515 50 (o (1 poss b Jolao Aioyprnas Dionsp alal,y ool 5o
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ojle sl ded j0 (60, Sles mhaw g0 2 Gl A 0l o azd (M) Jgux jo zyne Slawlre sl 4y by e slacl
A5 (g iy 3O NADP g 3ub Jol> slasSl ¢ SBgd ans 10 9 Jgl 090 0 Budaie (5,105 )L (5631 5l ool

DAIFEMA-PE95 bl y a3l 5 sao,gS s wlastie : ¥ Jgur

@, o) o) IR Oy E8 Es8y Jlo oKt PGAmax  PGVmax OsYloyi oo
(9) (cm/s)
1 Northridge 6.7 D 1994 Beverly Hills - Mulhol 0.52 63 0.65
2 Northridge 6.7 D 1994  Canyon Country-WLC 0.48 45 0.83
3 Duzce, Turkey 7.1 D 1999 Bolu 0.82 62 0.63
4 Hector Mine 7.1 C 1999 Hector 0.34 42 1.09
5 Imperial Valley 6.5 D 1979 Delta 0.35 33 131
6 Imperial Valley 6.5 D 1979 El Centro Array #11 0.38 42 1.01
7 Kobe, Japan 6.9 C 1995 Nishi-Akashi 0.51 37 1.03
8 Kobe, Japan 6.9 D 1995 Shin-Osaka 0.24 38 1.10
9 Kocaeli, Turkey 75 D 1999 Duzce 0.36 59 0.69
10 Kocaeli, Turkey 7.5 C 1999 Arcelik 0.22 40 1.36
11 Landers 7.3 D 1992  Yermo Fire Station 0.24 52 0.99
12 Landers 7.3 D 1992  Coolwater 0.42 42 1.15
13 Loma Prieta 6.9 D 1989  Capitola 0.53 35 1.09
14 Loma Prieta 6.9 D 1989  Gilroy Array #3 0.56 45 0.88
15 Manyjil, Iran 7.4 c 1990  Abbar 0.51 54 0.79
16 Superstition Hills 6.5 D 1987  El Centro Imp. Co. 0.36 46 0.87
17 Superstition Hills 6.5 D 1987  Poe Road (temp) 0.45 36 1.17
18 Cape Mendocino 7.0 D 1992 Rio Dell Overpass 0.55 44 0.82
19 Chi-Chi, Taiwan 7.6 D 1999  CHY101 0.44 115 0.41
20 Chi-Chi, Taiwan 7.6 C 1999  TCUO045 0.51 39 0.96
21 San Fernando 6.6 D 1971 LA - Hollywood Stor 0.21 19 2.10
22 Friuli, Italy 6.5 C 1976 Tolmezzo 0.35 31 1.44

=== Ordinary Pushover ~==@=—NADP 2 mode =t NADP 3 mode === NLTHA
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= Ordinary Pushover NADP 2 mode = === NADP 3 mode === NLTHA
24 %
22 L’%‘:
20 ﬁj\] ME
18
16
14 5%

Story No.

10 TS

4 g
5 . 4
0 — X
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
Drift

CP3yShos g 3 his pud (Kool g oS linw] Julow oo Al YF 65l i Cady 55 @l i + ¥ JSUS

LS,CP g0 ySdos zxbaw 95 ;0 NADP g sl : A Jgu>

- Error (%)
Performance gs 24Story Frame
level ag i .
Level 1:12 Level 13:24
ordinary 3.96 4.92
LS 2 mode 12.21 1.004
3 mode 11.41 3.001
ordinary 3.94 5.14
CP 2 mode 11.17 1.26
3 mode 10.41 3.08
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A 0 DLl slass g Yool SIS0 slasd cilizme SloaBiil ) (2293b e doe Sumdge et g 03l (il S

g bulyd Jleel b () Jgaz 50 gyobe diote @S 293k sles JhEwl 55 o9 pite 4 4z g3 b g oad 485 Ja5 j0 00 plp 1SS

Sg2 ok YYV/OA Jolao ainge (339 b ol Ui )] ailen b o203l90 adibs 10 (2193l )len dinge SB[l o5 0 Jol> coslits 0923
iloads dl) oals gamai b 09,5 VY o aig cll> ablie (V+) Jgoz jo.0ll oo

i YF o5lw 50 MDE (v 5951 wglisio (bl 550 ' (2995L yleeo oty CnnBgo 9 05l (3391 4 g0

Outr_|gger 10™ Floor 11 Floor 12 Floor 13" Floor 14" Floor
position
=T
Weight(Kips) ~ 259.36 258.72 54198 256.84 250.09
249.38 245.93

VPY GAYY azio (1 Fee Sl (1Y 0 jlos cA 0,90 (Cliv g 0 jlu (wiigo (g 3 — (ods 49 gid \Yy



Of 21 03l (quigo (ool Jbeleolo

bl g a8 Al ol Jgl 090 98 35 () JSD 10 o0 oo &l gy 0 0550 03l Sl 1) o )65 o] Kol Soia (A) S

el 00 ol L wloads o5 pb 513 45 asls e

g b VY ojlw ablio: )+ Jgus

Group Section Group Section Group Section Group Section
1 W14x550 9 W14x370 17 W14x233 25 W14x159
2 W14x665 10 W14x398 18 W14x342 26 W14x257
3 HSS8x8x5/8 11 HSS8x8x1/2 19 HSS6x6x3/8 27 HSS6x6x1/2
4 W18x35 12 W18x35 20 W24x55 28 W24x55
5 W14x500 13 W14x370 21 W14x233 29 W14x53
6 W14x550 14 W14x342 22 W14x342 30 W14x132
7 HSS8x8x1/2 15 HSS9x9x5/8 23 HSS6x6x3/8 31 HSS8x8x5/8
8 W18x35 16 W18x35 24 W24x55 32 W12x22
==t==mode 1, T=2.08 sec mode 2, T=0.66 sec 1000
24 1 900
22
20 800
18 <z 700
o
%2 g 600
=500
12 =
10 g 1% 275.73
8 = 300 L‘\ 235.89 1 232,58
6 200 ¥
4 100
3 0
0 100 200 300
-1 0.5 0 0.5 1 Iteration
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Load pat 1 Load pat 2
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Roof displacement(in)

A TF o3l (Bua alaii K0 yunds —asly 4 59) 591 gy yloges = VF S
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250 ol slass g FO« pl 1SS slaws ccalizes loglel 5l s 950 Hlee digy CaxBge s g 0jle (gilwdige S

g kuls Jlosl b (V) Jsaz jo zyone aie @l 295k slole JLanl 515 (og yesito a4y azrgi b ol 48,5 S 0 00l 1SS

S kS YOVVA Joboo aings 555 b potypcomst 5 w5 s 9 sl oo ity sy ik o 0 ol anlite 53

(B gbSYFOIAP) o5l las)] jo (golue Jolsd o 295k lolew il Loy bgyye (459 b e (39 ammlie b 0ll o0
ooy a3l )l oals ganaads 09,5 FA o aigy cllo ablie (VY) Jooo jo cwnl 48,5 & ja0 ao,0 VA g0 ials

Al Y8 03lw 30 MDE ot 5ol iglisie (gl )l S5 cxd' (53,93 jleeo Aty SanxBgo g 03w (3391 1V Jgur

Outrigger 12th& 21t 12th& 24t 13th& 25t 14h& 27 15t& 23t gthg 21t 15t& 25t
position Floor Floor Floor Floor Floor Floor Floor
. . 365.96 351.78 383.78 371.46
Weight(Kips) 373.01 369.72 358,27 356.84 386.24 38418

Ao aid ¥F ol ablio 1Y Jous

Group Section Group Section Group Section Group Section
1 W14x665 13 W14x500 25 W14x342 37 W14x176
2 W14x455 14 W14x311 26 W14x283 38 W14x211
3 HSS8x8x1/2 15 HSS8x8x1/2 27 HSS6x6x3/8 39 HSS6x6x5/8
4 W18x35 16 W21x44 28 W24x55 40 W24x62
5 W14x455 17 W14x370 29 W14x283 41 W14x176
6 W14x550 18 W14x283 30 W14x283 42 W14x211
7 HSS8x8x1/2 19 HSS9x9x5/8 31 HSS6x6x3/8 43 HSS6x6x3/8
8 W12x22 20 W24x76 32 W24x55 44 W24x55
9 W14x605 21 W14x370 33 W14x283 45 W14x48
10 W14x342 22 W14x283 34 W14x283 46 W14x211
11 HSS8x8x5/8 23 HSS5x5x3/8 35 HSS8x8x5/8 47 HSS8x8x5/8
12 W18x35 24 W24x76 36 W24x55 48 W18x35
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