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Table 1. The gravity loading details of the under-study IMRFs
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Fig. 1. The elevation view of the under-study 5, 8 and 11-story IMRFs
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Table 2. The section details of the under-study 5, 8 and 11-story IMRFs

St1 St2 St3 Std4 St5 St6 St7 St8 St9 St10 st11
Bays 1,4 7 7 8 8 9
Beam Bays2,3 38 8 8 8 9
5st Axis 1,5 4 4 4 5 5
Column Axis2,4 4 4 5 5 5
Axis 3 4 4 5 5 5
Bays 1, 4 6 6 7 7 7 8 8 9
Beam ’
Bays2,3 8 8 8 8 8 8 8 9
8st Axis 1,5 3 3 3 4 4 5 5 5
Column Axis 2’ 4 3 3 4 4 4 5 5 5
Axis 3 3 3 4 4 4 5 5 5
Bea BaysL4 6 6 6 6 6 6 8 8 8 8 10
Bays 2,3 6 6 7 7 8 8 8 8 8 8 10
11st Axis 1,5 1 1 1 3 3 3 3 4 4 4 4
Column  Axis 2,4 2 2 2 3 3 3 3 4 4 4 4
Axis 3 2 2 2 3 3 3 3 4 4 4 4
axdllan 5590 Al 1) g A B inos GLOB sl ablio wlasiv Y Jgax
Table 3. The member details of the under-study 5, 8 and 11-story IMRFs
HSS ahado U b ygoiw I alado b W i
Tag D(cm) t (cm) Tag d (cm) bt (cm) tr (cm) tw (cm)
1 32.00 2.00 6 50.00 22.00 2.00 1.10
2 30.00 2.00 7 44.00 20.00 1.50 1.00
3 25.00 2.00 8 40.00 20.00 1.50 1.00
4 22.00 2.00 9 36.00 18.00 1.20 1.00
5 20.00 2.00 10 32.00 16.00 1.20 1.00

558 (ST52) YO+ MPa s baysiw 858 5 (ST37) YYOMPa  5.b baplaisle ol J&5 B84 wilad 5 15 sslinal o0
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Table 4. Three periods and modal mass ratios of the under-study IMRF's

Mode 1
Model T1(s) Mass%
5st 1.27 85%
8st 1.85 82%
11st 2.16 80%

Mode 2 Mode 3
T2 (s) Mass% T3 (s) Mass%
0.44 12% 0.25 3%
0.66 13% 0.39 5%
0.80 14% 0.46 6%
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Open System for Earthquake Engineering Simulation
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Fig. 2. The configuration of the IMRFs including beam, column, rotational springs and panel zone
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Fig. 3. The back-bone curve parameters and the cyclic deteriorations in the modified IMK model
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Fig. 4. a) Extracting the CP level step by the proposed criterion, b) the roof drift ratio corresponding to the CP level

YAAY



YooV B YAAY dxbo NFe o Jl.u) A b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

o aten goleiioy by g pl 1 09e 6390 ysle sladelos
O ol o 098 0 (6,105 p5 (OMPA o0l gy J1oge 4ol ig
SUaw laguly oluly 5 siluane slap oSl I esliul |
abiol o aib 1) 5 A D hugte 63y S b phie ot
aiyoke slapleitle j3 wload sleriy 5 Gend B9
oile (shone slaguly 55 pow S50 3B 5l S ek bt
5 S Sl am gl [Y] 8l s e 5o (slaba>de b 56
oS 5 el rd el (wsige g 00les (Shg dnags Buod (ol Slaal
@l 28 5wl o s 4y Sl 090 a5 50 285 S5 10 L (350
il wald i ol sl )5 05 oo H1E s 950

;.\49...4(54 c\jl)‘ u.ulj..o u.)‘ C‘)"b’“‘" )Dlaa.a a oalawl Sy940

sl iy, 5l eolatul Lo goge S 5 uls C‘)"‘-“‘ -¥-)
S slwdinte
@Az b Jed JB Sl on e (8L ileange ) Saa
ol anlic jelite 4 ol dlie Glajls 5 bogssase
Ban mb b a4 b g Ol ol 5 allue SO Galise
Wl o oo ol aialy allics Conls 4 a5 358 o Gy
sl o |, LQ.»T aS Gl Jowe prie g0lass sl (g 5ledigs
el >l gl prie et (g5l 5l Bas w0 b
Sloslaiwl b jel plas 0a aiion b dieS Ban mli a5 (glaisS o
aS Conlosls las Glaass el oo plxl (6 5loaigs slapi )Nl
b il 5 S35 anne Sl plell L oS (55 sl 5
el 2Ol 95 s bS5 5 Sk Plass Jo 0 Wloas
tize sleasls o 30 ojle cwdige o by, ol 08
plosl g ilwaigy oo, o) cadlas (pl jo el 00,5 oy dxwgs
(CBO)plux! 5,55 p (g5lwaigy o6l o [YY] ( PSONIS
SR8 osliinl 990 (6990 oSl po gl jslaie 4 [VA]
adllas 0y50 gloojlu ol ol s (pl s jolaie 4 08§
Jol slasse JISHI Gllas ,b 559 L Jge sl Jabos o
Gliwl Joleo o5 5 Ll cud)ls (loiomio 5 43,5 )18 g b

2345wl s 4y Jhaghy onl )0 soleiiag Hleme b st (3398

2 Optimized Modal Pushover Analysis
3 Particle Swarm Optimization
4  Colliding Bodies Optimization
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Table 5. The modal combination coefficients resulted from the optimization process of the under-study 5, 8 and 11-story

IMRFs
3 Mode
Story Coeff 1 Coeff 2 Coeff 3 Coeff 1 Coeff 2
5 1.56 0.13 0.07 1.57 0.15
Bare 8 121 0.4 0.19 1.26 0.57
11 0.82 0.64 0.29 0.87 0.79
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Fig. 5. The IDA curves and the capacity curves resulted from the first to the third-mode modal pushover of the under-

study 5, 8 and 11-story IMRF's

aliwl maw o ol glral> » dwe slogul glsal -f
291009 ladel=s )0 (b3 59,8

4 ng\? 9 %) dJagb )'1 ool L 8990 ‘_,95)_, ‘f‘i‘fé C‘ sl 20

oS 5 alps g (V) a5l eolatul b ojle slagwly cpss -F

o;xo—‘ Cowd L KOg

Sy g b -0

e wlsl Jlae gwyp jolite 4y laml (idu nl e

k3 b 4 adls 5b 4 OMPA (oloiiny sl by sloplS

o 5 sl (slosge JICH 5k Jlsge gl sy cslo ol ol Y

o)'L»

soledinn by, abo o 59,8 ailiwl o b Jblite l8 s Y

1aa.

Y s



YooY BVAAY dsio ¥ Jlo D o)loud @F 0)93 ey el lpes swige 4 s

OMPA-3

1.8

OMPA-2

Story

Gld oloxy 4 Couwd OMPA 0993 30 Pgw G Js L5L°‘>9'° w‘,@ u‘)-‘-" (0 £ Uy
Fig. 6. The modal combination coefficients versus the story number in the proposed OMPA method
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Table 6. The values of a and b coefficients to determine the first to third modal combination coefficients in the proposed

OMPA method
OMPA-3 OMPA-2
Mode 1 Mode 2 Mode 3 Mode 1 Mode 2
a -0.123 0.085 0.037 -0.117 0.107
b 2.183 -0277 -0.110 2167 -0350
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Table 7. The comparison of the roof displacement at the CP level resulted from the proposed and the coefficient methods
d OMPA method

Proposed Coefficient
Criteria Method
5 Story 0.27m 030 m
0.44
8 Story m 0.50 m
0.62
11 Story m 0.63 m
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Fig. 7. The inter-story drift profile of the 5-story IMRF resulted from the pushover methods in comparison with the IDA
results
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Fig. 8. The inter-story drift profile of the 8-story IMRF resulted from the pushover methods in comparison with the IDA

results
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Fig. 9. The inter-story drift profile of the 11-story IMREF resulted from the pushover methods in comparison with the IDA
results
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Table 8. The error values of the pushover methods in evaluation of the inter-story drift profile at the CP level in comparison

with the IDA results
Mode 1 SRSS-2 SRSS-3 OMPA-2 OMPA-3
Sst 21.1% 31.6% 39.3% 3.9% 3.6%
8st 17.6% 9.4% 12.5% 5.3% 4.6%
11st 12.8% 4.8% 4.6% 3.4% 2.3%
Error% 17.2% 15.3% 18.8% 4.2% 3.5%
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Fig. 10. The story displacement profile of the 5-story IMRF resulted from the pushover methods in comparison with the
IDA results
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Fig. 11. The story displacement profile of the 8-story IMREF resulted from the pushover methods in comparison with the

IDA results
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Fig. 12. The story displacement profile of the 11-story IMRF resulted from the pushover methods in comparison with the
IDA results
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Table 9. The error values of the pushover methods in evaluation of the story displacement profile at the CP level in
comparison with the IDA results

Mode 1 SRSS-2 SRSS-3 OMPA-2 OMPA-3
Sst 20.8% 17.7% 17.4% 5.6% 5.8%
8st 15.8% 14.2% 13.1% 7.2% 7.9%
11st 8.8% 71% 6.3% 5.8% 6.8%
Error% 15.1% 13.0% 12.2% 6.2% 6.8%
Table 10. The section details of the under-study 12-story IMRF
St1 St2 St3 St4 St5 St6 St7 St8 St9 St10 gy gse12
Beam Bays 1, 4 6 6 6 7 7 8 8 9 9 9 10 10
Bays 2,3 6 7 7 7 8 8 8 8 9 9 10 10
12st Axis 1,5 1 1 1 1 2 2 3 3 3 3 5 5
Column  Axis 2,4 1 1 2 2 3 3 3 3 4 4 5 5
Axis 3 1 1 2 2 3 3 3 3 4 4 5 5
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Table 11. The modal combination coefficients resulted from the proposed OMPA method for the under-study 9 and
12-story IMRFs

OMPA-3 OMPA-2
Coeff 1 Coeff 2 Coeff 3 Coeff 1 Coeff 2
9 Story 1.07 0.49 022 1.12 0.61
12 Story 0.93 0.77 0.33 0.74 0.70
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Fig. 13. The inter-story drift and the story displacement profiles of the 9-story IMRF resulted from the pushover methods
in comparison with the IDA results
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Table 12. The response evaluation errors values of the pushover methods in at the CP level in comparison with the IDA
results

Mode 1 SRSS-2 SRSS-3 OMPA-2  OMPA-3

Drift 15.2% 6.5% 6.7% 4.1% 4.0%

9 Story
Displacement 8.0% 8.0% 7.6% 5.0% 5.2%
Drift 15.2% 6.5% 6.7% 4.1% 4.0%

12 Story
Displacement 8.0% 8.0% 7.6% 5.0% 5.2%
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Fig. 14. The inter-story drift and the story displacement profiles of the 12-story IMRF resulted from the pushover methods
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