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Keywords Abstract
Low-cycle fatigueT, The main objective of this study is to evaluate the effect of seismic
damage index sequence on low-cycle fatigue failure in specially optimized steel

moment frame connections based on initial construction cost and life
cycle cost in the framework of the performance-based design approach.
For this purpose, after the performance-based optimal design phase
using the center of mass meta-exploration algorithm and considering
the objective functions of the initial construction cost and the life cycle
cost in the optimization process, in the final phase, low-cycle fatigue
evaluation in the joints has been done under seismic sequence. In this
research, OpenSees software was used to perform nonlinear modeling
and analysis, and Matlab software was used to optimize performance
according to FEMA350 regulations. Three steel moment frames of 3, 6,
and 12 floors are numerical examples investigated in this study, under
12 accelerograms with seismic sequence and main earthquake, using
time history analysis, the fatigue failure index in the joints of these
frames has been investigated. According to the results, the structures
optimized in the performance-based framework by considering the
objective function of the life cycle cost in the optimization process
compared to the optimal structures with the objective function of the
initial construction cost in 3, 6, and 12-story frames, respectively, lead
to a reduction of 8%. 9% and 30%, low-cycle damage index against
main earthquakes, and 10%, 13%, and 27% reduction against seismic
sequence.
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Mean fatigue curve boundar
Detail category Schematic plot Detail description y
m k R °SD m k
CJP field welded flange:
US-NI Bolted or CJP welded web: 3 6.00E-5 °NA 1.00E-5 3  5.40E-5

material, per-N holes;

US-IM

(2) US-IM : Backing bar

-
I L (1) US-NI: Backing bar left, Brittle
-

/\/ removed, tough material, modified 3 5.10E-4 0.94 6.00E-5 3 2.49E-4
holes

? R is the linear correlation coefficient b SD is short for the standard deviation
two points of test data

®NA no linear correlation is available as there are only
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No. Seismic Station Date Magnitude PGA(Q)
sequence
Mammoth 54301 25/05/80 6.06 0.321
1 Lakes | Mammoth Lake
e H.S. 25/05/80 5.69 0.39
5 Mammoth 42 Convict 31/05/80 4.8 0.196
Lakes II Lakes 11/06/80 4.85 0.191
N Rionero in 23/11/80 6.9 0.106
3 Irpinia | Vult
SlElE 23/11/80 6.2 0.099
20/09/99 7.62 0.33
- CWB 99999
4 Chi-Chi TCUOT5 20/09/99 6.2 0.26
25/09/99 5.9 0.22
24461 10/01/87 6.0 0.333
5 Whittier | Alhambra,
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6 Whittier 11 Eaton C
—Raon Lanyon - 10/04/87 5.3 0.264
e 24401 San 10/01/87 6.0 0.128
7 Wr::tltler Marino, SW
Academy 10/04/87 5:8 0.156
8 Coalinga 46T04 CHP 22/07/83 6.0 0.605
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25/05/80 6.0 0.178
Mammoth 54099 Convict
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Beam Column
W21x50 13 W12x19 1 W14x257 13 W14x48 1
W21x57 14 W12x22 2 W14x283 14 W14x53 2
W24x55 15 W12x35 3 W14x311 15 W14x68 3
W21x68 16 WI12x50 4 W14x342 16 W14x74 4
W24x62 17 W18x35 5 W14x370 17 W14x82 5
W24x76 18 W16x45 6 W14x398 18 W14x132 6
W24x84 19 WI18x40 7 W14x426 19 W14x145 7
W27x94 20 W16x50 8 W14x455 20 W14x159 8
W27x102 21 W18x46 9 W14x500 21 W14x176 9
W27x114 22 W16x57 10 W14x550 22 W14x193 10
W30x108 23 W18x50 11 W14x605 23 W14x211 11
W30x116 24 W21x44 12 W14x665 24 W14x233 12
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variables
st 3 53 Si S4 st 53 53 Si 57
C, W14x48 | W14x48 | W14x53 | W14x48 W14x48 W14x48 | W14x48 | W14x48 | W14x53 | W14x48
C, W14x48 | W14x48 | W14x48 | W14x48 W14x48 W14x48 | W14x48 | W14x48 | W14x48 | W14x48
Cs W14x74 | W14x53 | W14x68 | W14x53 W14x53 W14x68 | W14x74 | W14x74 | W14x82 | W14x68
C, W14x48 | W14x48 | W14x48 | W14x53 W14x53 W14x68 | W14x68 | W14x74 | W14x53 | W14x48
B, W12x22 | W12x35 | W12x35 | W12x35 W12x35 W18x40 | W18x40 | W18x40 | W18x35 | W18x40
B, W18x35 | W12x35 | W12x35 | W12x35 W12x35 W18x40 | W18x40 | W18x40 | W18x40 | W18x35
Bs W12x22 | W12x22 | W12x22 | W12x22 W12x22 W12x22 | W12x22 | W12x22 | W12x22 | W12x35
Co (kg) 3719/78 | 3750/98 | 3758/67 | 3775/29 3799/59 4171/53 | 4229/88 | 4259/04 | 4235/95 | 4216/91
CLo (%) 50/27 53/21 50/28 52/68 53/12 98/17 98/27 98/29 97/66 97/20
CLcp (%) 99/81 99/76 99/81 99/76 99/84 99/75 100 100 100 100
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Design Optimum performance-based solution
variables
St S St Si St ST ST ST ST ST
Ci W14x53 | W14x53 | W14x68 | W14x68 W14x74 W14x68 | W14x74 | W14x68 | W14x68 | W14x68
Ca W14x53 | WI14x53 | W14x48 | W14x48 W14x53 W14x48 | W14x48 | W14x48 | WI14x48 | W14x48
Cs W14x48 | W14x48 | W14x48 | W14x48 W14x48 W14x48 | W14x48 | W14x48 | WI14x48 | W14x48
Cy W14x74 | WI14x74 | WI14x74 | W14x74 W14x74 W14x82 | W14x74 | WI14x74 | WI14x82 | W14x82
Cs W14x74 | WI14x74 | WI14x74 | W14x74 W14x74 W14x82 | W14x74 | WI14x74 | WI14x82 | W14x82
Cs W14x74 | WI14x68 | W14x74 | W14x68 W14x68 W14x68 | W14x68 | W14x74 | WI14x48 | W14x48
B W18x35 | W18x35 | W18x35 | W18x35 W18x35 W18x35 | W18x40 | W18x40 | W18x35 | W18x40
B, W18x40 | W18x40 | W18x40 | W18x40 W18x40 W18x46 | W18x40 | W18x40 | WI18x46 | W18x46
Bs; W18x40 | W18x35 | W18x35 | W18x35 W18x35 W18x35 | W18x40 | W18x40 | W18x35 | W18x40
Bs W18x35 | W18x45 | W18x35 | W18x40 W18x40 W18x40 | W18x40 | W18x40 | W18x35 | W18x35
Bs W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x35 | W12x35
Bs W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22
Co(kg) 12386/97 | 12407/03 | 12438/23 | 12458/28 12672/21 12898/49 | 12848/45 | 12848/45 | 12727/51 | 13000/99
CLio (%) 51/47 50/62 51/52 50/17 50/52 59/20 55/17 59/15 56/08 62/25
ClLcp (%) 99/23 98/95 99/39 99/35 99/36 99/59 99/58 99/57 99/28 99/54
15 Avrage of FDI
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vaDreiS:t?lr; S Optimum performance-based solutions
st St st St N ST ST ST ST ST
Ci W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
C, W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
C; W14x68 W14x74 W14x68 W14x68 W14x68 W14x74 W14x74 W14x82 W14x74 W14x74
(o) W14x53 W14x53 W14x53 W14x53 W14x68 W14x53 W14x53 W14x53 W14x53 W14x53
Cs W14x48 W14x48 W14x48 W14x48 W14x48 W14x48 W14x53 W14x53 W14x48 W14x48
Cs W14x48 W14x48 W14x48 W14x48 W14x48 W14x48 W14x48 W14x48 W14x48 W14x48
C; W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cg W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cy W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cipo W14x82 W14x82 W14x82 W14x74 W14x82 W14x132 W14x132 W14x132 W14x132 W14x132
Cn W14x68 W14x68 W14x68 W14x68 W14x68 W14x74 W14x74 W14x74 W14x74 W14x74
Cp W14x48 W14x48 W14x53 W14x48 W14x48 W14x48 W14x53 W14x48 W14x48 W14x48
Cis W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cia W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cis W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132 W14x132
Cis W14x82 W14x82 W14x74 W14x132 W14x82 W14x132 W14x132 W14x132 W14x132 W14x132
Ci7 W14x68 W14x68 W14x74 W14x68 W14x68 W14x74 W14x74 W14x74 W14x74 W14x132
Cis W14x48 W14x48 W14x48 W14x53 W14x53 W14x48 W14x48 W14x48 W14x48 W14x53
B; W18x35 W18x35 W21x44 W18x40 W18x40 W21x44 W21x44 W21x44 W21x50 W21x44
B, W21x44 W21x44 W21x44 W21x44 W21x44 W21x50 W21x50 W21x50 W21x50 W21x50
Bs W21x44 W21x44 W21x44 W21x44 W21x44 W21x50 W21x50 W21x50 W21x50 W21x50
B, W21x44 W21x44 W21x44 W21x44 W21x44 W21x50 W21x50 W21x50 W21x50 W21x50
Bs W18x46 W18x46 W21x44 W18x46 W18x46 W21x50 W21x50 W21x50 W21x50 W21x50
Bs W18x46 W18x46 W21x44 W18x46 W18x46 W21x44 W21x44 W21x44 W21x44 W21x44
B, W18x40 W18x40 W21x40 W18x40 W18x40 W21x44 W21x44 W21x44 W21x44 W21x44
Bg W18x35 W18x40 W18x40 W18x35 W18x40 W18x40 W18x46 W18x40 W18x40 W18x40
Bg W18x35 W18x35 W18x35 W18x35 W18x35 W18x40 W18x35 W18x40 W18x50 W18x40
Bio W12x35 W12x35 W18x35 W12x35 W12x35 W18x35 W18x35 W18x35 W18x35 W18x35
B W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22
B, W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22 W12x22
Co(kg) 42173/97 42472/98 42647/20 42742/01 42872/47 45448/48 45667/26 45688/33 45715/88 45865/79
CL0(%) 50/18 50/26 52/01 50/16 50/01 71/44 71/12 70/82 71/47 71/35
CLcp(%) 97/63 96/97 97/10 97/89 97/28 98/61 98/56 98/61 98/82 98/90
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