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Table 2. Incidence rate of human injury [57] and fatality [47] to the damage states
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Table 3. Factors of calculating the secondary costs of the life cycle
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Fig.7. (a) Typical plan of sections of regular structures, (b) 3D view modeled in ETABS, and (c) 3Dview modeled
in Revit of the 10-story regular structure
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Fig.8. (a) Typical plan of sections,of irregular structures, (b) 3D view modeled in ETABS, and (c) 3D view
modeled in Revit of the 10-story setback irregular structure
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Fig.10. Spectrum accelerations of 2%, 10%, and 50% probability of exceedance over 50 yearsfor Tehran with
the soil of Type Il (Vs = 375-750 m/s)
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Fig.11. Transferring the structure model from Revit to ETABS
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Fig.12. The sections type-casting of Section C of (a) 10-story setback irregular and (b) 10-story regular structures
(The first numberisrelated to the plan, and the second to the height)
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Fig.13. Calculation of annual exceedance probability (5) for each damage state of a regular 7-story model
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Table 4. Calculation of Ck for a regular 7-story model according to Tehran’s conditions

€W gsame G o Lo 7.4 Ce C Co Cre “":f“’
. . . . . . . . \
YEYAIY YIY <10 -/f INEIIN INRIIN feN/P VoYY Y
YAYY Y/ YY/\ VA YIA Vavyo/a VaYH/A frPlY Y-YV./f Y
YYYO) YV OY/A A\l \ANATAS YY\YAIE VP20 \ARY.S1A% ¥
YYYEEVA \AARTAS OYVIY YvYo/g YAYPIY Y AYZIY YeVFrIY Ay fyy/a N
FYVEAVY \AARRS INRZAY YYOO/A OYAY'Y OYAY'Y FEYP. Y-0f-AlY i
Yo NEVANY VOFYYY. OYYFAIA O+ VYIY OYAY'Y OYAYF A-YYD Y-0f-AlY Y

o Al ¥ Joo diged G rfiiammo yu gL 32 dliro -0 Jguar
Table 5. Calculation of indirect costs for a regular 7=story model
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Fig.14. Pareto front of 10-story regular structures using NSGA-I11 algorithm
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Fig.15. Comparison of Pareto front of regular and setback irregular structures

ase lidl Ll o gmels s ls LCC b s (iolidl o5l adgl e ax 2 a5 0ai oo alax>de VO IS golae @
o3l adsl ai s ioldl 5l seS a9l da je alS 6y 40 0 )l LCC palS ) cwgums il 500 dsgdggladais 5l adsl
@ azg LI b o 2als LCC 7410 sl an s il Y7 sgum b plate dids Y+ o5l Jlogesfslyasl jo M cail o
Shs adgl 4y 5o a8 laay 55l 5l eolawl ol vales olom! SYsb Ll jo g 009 SYleis] ululy 4555l sleangmass|

Al oo stlate e s (g8l
DB o yuts D95 Pl o e BB b 4 | ol LCC a5’ sl ogpuie (ga> 4 ojlus (gloj,) [s) o alaiel SIT @
oS J> ool alS ], jee 4z > sloan 10 VP sg0x lgi oo adgl a0 VEY inl38l L plaie adbo ¥ ojle 0 aS Gemis
5 phie b Ve leztlo 3,50 0 il e 2ol LCC YV/. sga SEthAaCK plasel aisls ¥ ojles atl aiyse iol53l /38
w52 VY ial33l L 55 ik VY o5l 050 50 iy co LalS LCC YY adgl iy po YW/ 5 VY7, ial33l b s 5 4y oliial
).u 4...1: Q”‘ LY L)‘?"LS‘O \))b.c Q_v‘ ML{LA )‘ .J‘O wmlf l) w.b...al) 9 w.b.uc O)LA.A.’ LCC u.u)) 4.5 f’/ 9 fA/ \)5\.\> U‘B"LSA 4.».]5‘
sloanze 13 (55 GRlElL oS (o W) jee a2 5 adgl anje 4y i Comles A el Glaojle &S 5y (o

YA



ML oo 5wl plaiel 4 Cans adsl A e Ol bl o plaie ald Can ojle (o il g edaie Hlais )
ot s LCC 6 51 e VIO o3k adgl atssm il yplaie 4k V oloisl 5,0 Jlyei ailoo sl a5
O 58 8 yimmnghlog g ol 3l &5 Al (g yion Colus plaie ojle a5l O 5w el ol o s 0,35 o platals
phaie Blaosle [l )10 5500 Coluse B pl Lol ol dlss Josxin |y (6 yiien 4356 sloas 0 o5l asxcl )0 9 09 winles
W5l e bojle arlinus 6,58 Colus ST 0929 b platal sloojle o> g atilos 6,86 aids VY g Vo (lasl g
Olgi oo aads Volpkaials g plats ojlu 90 (slo loged ol aglie b ass oo lias adgl anyje ol o (65wl sla)lis,
okl slaoste LCC jridh catulus axgie (lg5 oo alio VY (gloojles o Lol il [0S0 aulin Lo a5 a1 L8, 0,5 Lo
aye Gl B VIVE il ad b Yo osle 95,h jloges ailee )3 Jle lore 4ol ojle adgl (59 Dl easd 4 oo ol 4
s el ol o ol e st ol adghan s ol38l VAV L edael o3l o a8 Jl> j0 wby o 2alS LCC +/57. ol adsl
Al phatel slaojle (gl (egase o5l glas,l iulidl L slog ) (g, 3l auais wilgs o

eier 55 GTLCC &5 @ 503l slojd ) By oolaiali 51 o300 fiton ol i) az o 8 9390 4 4255 b 5 lem
VW oojle 5o Lol o,las plaie ol asiCans o3l LCC, (L3, o Slass 51 olaiel il ¥V ojlu [0 a5 (gomi g oo bles
o V8 USE b oo l38l ez g (B jlade 4 \TLCC as @ g gl sladisjo o5l (59 (Sl Jlade ials b il
s & slodss 12 45T (gey tuwl ol fan (6 i @‘Pbpja.ma\amwla.mb ojlw slog ) ,L8, aS cunl uen [SLiS
blie jo 0gi o dlorins aly); 1o planel slasile yans o135 Jlisl 4 axgi b 13 aib o plate sloojles 5 yiis o]
2 e by, 5l L g e0)S DLzl aseaddy slaojladln pgate (olaiel g9l 65U 5 Sl B sese; )
38,5 oolaiwl —adgl a4 se 8,599 ais & o (6,500l 8 ,S0g, b calie slwvans ;5 iovw slp o Slee

100,000

90,000

80,000 p— PN
4
1 70.000
K s0.000
~'| 10,000 .
5 -
= 30,000 v
- ]

20.000

Y At oy s ¥ S 1- PETIRR P Y FEETIRR D
Bl aiania Bl oolioes Jania Aoz ania  Boolad e B WLk

Al gy il g plido (5loe jlwr rnilinns jud (5o 4 32 A L= 17 JSUo

Fig.16. Comparison of indirect costs of regular and setback irregular structures
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An Integrated BIM-Based Life Cycle-Oriented
Framework for Seismic Design of High-Rise Steel
Structures
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ABSTRACT
In general, the dominant strategy.in the design of structures is to reduce the initial weight of the structure. Of

course, the possible future costs,such as damages caused by earthquakes are generally ignored. Considering the
variety of urban buildings from the point of view of regularity and irregularity, it is important to examine their
life cycle cost (LCC); this issue has notyyet been fully explored in previous research. On the one hand, the lack of
utilization of building information modeling (BIM) in_previous structural design-based LCC research is evident.
This research aims to highlight the impact of irregularity on the LCC of structures by providing an integrated
framework based on the seismic design optimization of structures by using LCC and BIM capacities. For this, a
shared environment is created in MATLAB software, information is exchanged between Revit, Etabs, and Excel
software, and optimization is done using NSGA-I1 for‘establishing a trade-off between initial cost and LCC. BIM
tools can greatly reduce the limitations of LCC analysis, such, as information exchange time, and increase the
accuracy and speed of calculations. By modeling six models in two regular and irregular types, the framework of
the research and the difference in the behavior of the structures are examined. The results showed that the indirect
costs of irregular structures are more than the regular ones. In addition, the findings show that reducing the LCC
of irregular structures compared to regular ones requires a higher initial cost percentage. For example, for regular
and irregular 13-story structures, a 17% increase in the initial cost leads to a 48% and 40% reduction in their
LCC, respectively.

KEYWORDS:
Irregular structures, building information modeling, life cycle cost, performance-based design, multi-
objective optimization.
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