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Investigating life cycle cost in optimized bracing frames based on performance

A. KhodaBandehLou, A. Karamat

Abstract

The purpose of this research is to evaluate the life cycle cost of performance-based optimally designed concentrically
braced frames. Today, the effect of earthquake on the design of a structure is considered with the aim of optimizing the
weight and reducing the initial construction cost of the structure. Although such a structure will have the lowest
construction cost, it is not possible to estimate the cost due to an earthquake during its operation. Life cycle cost analysis
is a suitable method to examine the cost and performance of structures that should be in service for a long time. In the
first step of this study, two three-span ten-story frames with a concentrically bracing system with the position of the
bracing in the middle span and the side spans, using the center of mass meta-heuristic algorithm in the framework of
the performance-based design method, and considering the weight of the structure as the objective function and the
external penalty function method have been optimized. In this study, OpenSees software was used to perform nonlinear
modeling and analysis, and MATLAB software was used to implement the optimization problem. In the second step, the
life cycle of the frames resulting from the optimization process has been investigated using the Wen and Kang
relationship. According to the obtained results, placing the brace in the side spans reduces the structural component
life cycle by almost 10% compared to the brace frames with the placement of the brace in the middle span.

Keywords
Life Cycle Cost, Center of Mass Algorithm, Performance-Based Optimization, Concentrically Braced Frame
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(I) None A< 0.2 A<0.18
(1) Slight 0.2<A<05 0.18 < A<0.4
(I1I) Light 05<A<0.7 04<A<05
(IV) Moderate 0.7<A<15 0.5<A<0.75
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(VI) Major 2.5<A<5.0 1.5<A<2.0
(VII) Collapsed A>5.0 A>2.0

Lol gl 2 Ao e 4 &S gl - Ao e gl g
‘JJ\J a)ul sl LBL‘-’.\ o)'L.n P d J)Ja BL Sl ugaﬁ "y 4.!]5) )l

Sl cwl o)le
CLiS = Céam + Ccian + C;.en + Ciinc + Ciinj + C}at (\A)

(Cham) ¢l s = 6l gl = usa (Cl)
3 Sl Sl L (CEG) (il 5 s Aype
b o glralr Sk beg S Glole ool
5 U Slgs Sslas Lo (CEEES) 5 el (g3l oS
Ol &uza (Che) wslrl Sl &yza (Clen) i Slis
Lopp (Clap 5 Sbdo 5 Ol > &upa (Chy) iy
ol Ol a5 S e
S A s A phs 0pln @i de Ll
A5 5l BE G G S e eddcy 5 sbeolet L
S 5 05 338 o g3lesl 355 Al Comdy 4 o s
el s D iy kb sl 1 (08) il

A3 gl &l olib ol el

N
v . .
Cls(t.s) =5 (1—e™) E cié pi ()
i=1

i.DI

33 Sl pll i S a8l ol A Ay (G

o bl ey S b i S el 2 e ls
FRNIF D) 3 e iy ai Ol e SLe 5 il
ol g DY IS sas 55 (V) wosl Aoy BT
a8 L 5 ds )30 I S s ol s (N =T)
Ol sy T3 L Gillae &S 35 B 5 535 & 5 () el 02

2gd g ojlw (llingfy g ¢ole ayplis / PP

€= jub _ a0y 9 (oo so)lad — pjlan g ¢ Juw

Cuol) pol gloriph Ll



N T P S T T S T (NN PR
ol 553 Sl el ol 0 s DL 0 S e
Sar 3 Slas bl b s o Ll s b
Hrea Jg3 LG
3 () 5 Q) G 5 ang bl ch s oo
» Sl s b mls b el Glaee e
Jeos Sl ol s ol et OLE (M) 5 (V) sla JSCs
Seslind b Sl5 5 led wls b govie 2510 5 e &5
OLES (P) Jsdm 53 Y 570 J0e A JA9/0 JA/4 bl
hslgs SB s aS (F) IS s ged g a5 L Ll sl o0l
ol s il s saSdES e s Shes (e
ab pl o s Jolakb g usles s Laa o ses

Losw s s ~b o ail o ¥ il ol gLl s
Al 0 3l HSS ablis 3l ladipsly sl 5 W oblis Sl
Sh s SWsicsn 3% b 5 e W sblis Slasiis
o e Al O3 5 AtV e 550 e 4B S
s 200 (GPa) i, (Vg clasl da gln
o SA 0 b) 500 40 5L J.:_:Uu et .L&L& 7850 (kg/m3)
» s S5L 5 e .l 1000 (kg/m) 5 2500 (kg/m)
S Sl ogd 0 B3 e O gl amio posges g
3l sles ) bl sssln sl Osl b)) (Sl o 2

AJJL;A oslaial o)'l.w

35 Golwang ijj_a oo oslaal 3540 éﬂu,d () Jsa>= 5o

el 0 QLI;J# J'.'.L""’ )l J:kf:‘f" K 6)‘9}3 6.)\4)[.@.& UB B ol 0 6al QLLJ axdlee UJ—‘
EDOTL L 6 LS (sdtu,lgs slawilas L aibs V+ 35L. 5 DFT3

J..r\aJ..,.:r 6)l.l§€l; DOT3

DVT dslee 5 052 5 55 Sl eslinal 5, 50 oblis o) —F Jyd>

Columns Beams Braces
1 W14x48 14  W14x283 1 Wi12x19 14 W21x57 1 HSS3x3x0.188 14 HSS6x6x0.500
2 W14x53 15 W14x311 2 W12x22 15 W24x55 2 HSS3x3x0.250 15 HSS6x6x0.625
3 W14x68 16 W14x342 3 W12x35 16 W21x68 3 HSS3x3x0.313 16 HSS8x8x0.500
4 W14x74 17 W14x370 4 W12x50 17 W24x62 4 HSS3x3x0.375 17 HSS7x7x0.625
5 W14x82 18 W14x398 5 W18x35 18 W24x76 5 HSS3-1/2x3-1/2x 0.313 18 HSS8x8x0.625
6 W14x132 19  W14x426 6  W16x45 19 W24x84 6 HSS3-1/2x3-1/2x 0.375 19 HSS9x9x0.625
7 W14x145 20  W14x455 7  W18x40 20 W27x94 7 HSS4x4x0.375 20  HSS10x10%0.625
8 W14x159 21  W14x500 8  W16x50 21 W27x102 8 HSS4-1/2x4-1/2x 0.375 21 HSS10x10x0.750
9 W14x176 22 W14x550 9 W18x46 22 W27x114 9 HSS4x4x0.500 22 HSS12x12x0.750
10 W14x193 23 W14x605 (l) W16x57 23 W30x108 10 HSS5x5x0.375 23 HSS14x14x0.875
11 W14x211 24 W14x665 1 W18x50 24 W30x116 11 HSS4-1/2x4-1/2x 0.500
12 W14x233 25  W14x730 ; W21x44 12 HSS6x6x0.375
13 Wi4x257 L waixso 13 HSS5x5x0.500

b /39 g ojlw iiagfy g ole aypds

o 10l - ani) 9 oo s0)laid - pjlan g (W (Jlw



splac gulwl p oxibesjwaitgd s3iy)les sloLLS )3 pac ey aidjo cuw)p

b Vv Vs sl DU b gl > -0 Jgr

Design variables DFT1 DFT2 DFT3 DOT1 DOT2 DOT3

c1 1 10 6 6 6 7
c2 1 6 6 6 6 6
3 1 5 3 3 2 1
C4 1 1 1 2 1 1
cs 1 1 1 1 1 1
cé 15 11 3 2 1 1
c7 13 7 1 2 1 1
8 6 6 1 1 1 1
C9 3 1 1 1 1 1
C10 1 1 1 1 1 1
Brl 18 15 19 19 19 19
Br2 18 14 19 19 19 19
Br3 16 14 18 18 16 19
Br4 18 14 18 18 19 18
Br5 18 14 18 19 19 19
Bré 16 14 16 18 18 16
Br7 16 12 16 18 16 16
Br8 15 12 14 14 15 14
Br9 14 12 12 14 13 12
Br10 10 7 7 8 12 12
Bm1 3 3 3 3 3 3
Weight (Kg) 27603.7 27617 28140 38717.3 38889.6 38897.3
Period (s) 112 1.08  1.07 1.02 1.01 0.98
10 4 DFT1_10S 10 DFT2 10S 10 4 DFT3_10S
9 |k 9 9
8 n 99.9% 8 8
7 |k = A= 99.5% 7 7
? 6 * o E, 6 5’6
8 5 |4k _‘_fg"f 85 g5
0
4 —— 2% 4 *
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
0 0.01 0.02 0 0.01 0.02 0 0.01 0.02
Drife(%) Drift(%) Drife(%)
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Design variables DFT1 DFT2 DFT3 DOT1 DOT2 DOT3
LCC (EXP) 85747.75 72215.14 31063.44 45990.73 30487.35 30446.52
LCC (POW) 152373.8 102760 30947.27 55630.16 30403.44 30160.13
Total Cost (EXP) 113350.75 99832.14 59203.44 84707.73 69377.35 69343.52
Total Cost (POW) 179976.8 130376.9 59087.27 94347.16 69297.44 69060.13
probability probability probability
0.2 0.2 0.z
M'99.99 99.9%
! DFT1 DFT2 DFT3
0.15 | power 0.15 power 0.15 power
| exp exp exp
| 99.5%
0.1 0.1
0.05 0.05 1\ 90%
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50%

10% 29, Max Drift(%)

Max Drift(%)
S5
—

3 4 0 1 2 3 4
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