gl = (ole Al
Oste (s (udiaee
WAV Jlo d 0 loud cuizes 093

30 o SR ol G339, S B Vit il
°3€9 «5"3’ «s‘w ""5 (O ‘5')‘6 4.93}0“; 9
*T 5 e ¢ 5y e el s

OIS S5 (b 0 dSESNS (6 5S3 (g gl

OIS oBils (b o dSiils wojl HLisls-Y
* pourzeynali@guilan.ac.ir

[AV/ YNN8 s [V /]l s & 06

o>

o5 ol Sl e Kiles ses 4l l)‘_;,aé..i.azj.x;-}cj.]a..ﬂ o Ses e glas bl el s sl g,.:..j Ol i 3 O Jshied
Eolie 5 Sas S8 oy p cizmen 5 (IM) cus (ol 5 (DM) los ) glols gl ol gavslis 31 ostizal L ool ol 2Ll
9 e "}i) dby‘}.‘?wgu‘ga f./,lal.;)}la.w U'i"’b G| UM)'L..:J.J b)b g_,.:MT gafu Sgdoee 2 YA« 3)‘.&@.)&.&&\)};&;\' V.Jbajv..i..::
2 NGA L s ot 3 me bz, 55,5 5 eslinad LIDA - o153l (Salus o el 5 OpenSees il 5 s LOT giledts 5 aib oy
Sl povn Sleslatal b e ool i V'""’JGI 5 CPJO L;;Jil_a.ocla.ﬂuﬁ Lol s b Sass gla pove ooy 5 590 sloe) s~
& 5 edaloasa Al YEVO 5 6V0 Vo 285k glae,ss L s gl ¥ 5 addlansge sla cudS s g5 b blae Jlexl olas )55
A3l 5 adlaes ;g0 GBSl 355405 Jlaxl das e OLES R b Sl oddastls OBl o)l Wféwunj@,lij)l
53l Sl el Baim oS YA webopol b Gda bl 5 ol 1) S S 5 ol s g ainty W35 05 5 Gho 4 S033) S Sl b
C}law 05 pesara il Gl ) s Slas 5 OB gLl Bl o das e OIS sy cul s o)l SSalen ol Sl olils 05,8 oS
Izt il 5 Ser) Lososs sk sl slie (28l & e 5 el LIS ,36 (GI) Seslis sl 6 (CP) a5 sk 5 Shas

,whm@wﬁgl})sé%ﬂwc@j\)%

S5 e e i o Shos e i3 et o LSl Lalt it Sas s (SOlST OB 319

Sty Jeb 5 5 s les ) Sl Ll g s dovdo -
Aol o2 el S ol s p b Bl oo el e b oVl bl s slg Gl
Sleddle Lo o e Gk s bl Ll sl o3l 53 315 G5l A S Sl baay a5 ol
23S el Sl e 5 (SenS  al gla I Sl S5l S sl K B ol s

189


mailto:pourzeynali@guilan.ac.ir

o5 A 3 o3 s de] A

e e Ol ladlale S 59 8 b b SVl oG5 )]

ok el JEs 0n 3l lacakes pe gl &S el e
Jobs ol 4 e asgamme 5 95 4 oL s S 5
oo s sloj ) Slols s cpnd 5 slos ) o
2l 2l @B e s o RS ol s
Slr 2sdie 2l p ol GVl s Slas 5 oddS 5
AL Sl S sles ) b b 5 Lol ms s Al
DAY [nil s b Solys Johos sy dais
S 51 sl glos ) Lol iy olly oS
Oldal 31 S aSbsTsl sl 1y S (olll b el
G S Sl meme So3 oS bl b))
53 el il abs 4 S s Shas gl 5o o5l
Sbedudy plad Lln & o fs Sladie syl Ll
21 esbe (2l s b sles ) SLols s 555 LS S0
s:es ol bl sl S S S
Db s Zaslie 5 e Jlgs S pladie 5 Ll Clesay
Shesle st e 5k, g5ludiae s aeS e Bl | IS
gl e 5l SGea Jls,  leslllG s el
ol & Sl [8] Ayl s Ll setsi Sl Jue dadute
S mel bV slaesls oL SO abewsa Jus
2 Sl el Lol gl bl 5 a8l sy sl
RO PRI LN Y

IM el )l sbs s sles ) slols sVl s =
Slagomin 0T 51 (S oS 358 Ol s 55 4 Ll s
03 s DI by o b LIS L (sl Jle
e Ul cdS 1 ke Jlaxst 350, 6,58
P TP IS EG  EE I CE glsl Ole Lo o8 ol s>
R orl 03 el DIy s e el Sl sl IS
b o o3l o a5 ol cpl 51 ) 50 50, &
oS miE ol sl Sl eslind LG
Lodyls i Cow aallees, e slaosle 3 Shae (CDFY)
FEMA-351 Joall, i U lae Sslise s = au

Gt il e 5 Llad S5 LUl syse [9]

6 Increamental nonlinear Dynamic Analysis (IDA)
7 Cumulative Distribution Function (CDF)

190

(M) s ol sl ame s G,k Sl el ol
5 OM") Lol Laxls (EDPY) udge sloli sl
s bess bl Y 8 OV o Spess i
35S el a5 e I Sl

S eslial b osle s Shee bl Gda (Siass ol s
s jarls gl ol gl SVl e
Slr ledn S 5 mlr Sl 51 S Olgea
Lo gbeasbopnl 3 ol o3l o3 Sas Silaal b5
s,Ikal b5 [1] ASCE 7 wale slos ) slasl Slas
sV sbholestle gl los) (b 5 [2] (YAr)
Oletlur o Ol ie Sl was o b ) [3] AISC wile
IS a1 by 53 Shes Sl Gee (4] 01y
Olaal ol [5-7] Wlods S aze Sl sl 5 (i3,
Loosbe Jsl ase o3 il b bl polie a4 (63 Sas
Slhs Ol gieas 45 Wps o s e [Sa(T1, 5%)] 70 o e
25 g0 ealitl b

S gl Cod B esghe sl Slaal Ll
A a4 o3l OF 53 oS 55l o5Lal [Sa(T1, 5%)] 5
Loglaosle gl asse DUl 5 058 0 Sun5 By
Sl ol ble e s LSy (o3, Shes Silsl
Slos ) 3 Shas b3l pligl Cob b & ol 0T ol
Zb g o3 DB 5 La Cnlas ple ﬁﬂ: Cod dda
Jle! Sa slie opl bl sla b 5 oo o3l
Ghla s sddsdly slaosle 55508 Gl b LS
pde cpl 35 B s ol s sl ealp il
5 Obl slagsss 4 am s L ol G35 058 Jde laoalss
ol Yl

M bl s los ) gl Vsl Llos 5o
N o dacalsd o dis Laypm s (Sl gl
Sl Ful 5 ey SS 0 ssmse lalald pus

2R Sslen by e e Sl s

1 Intensity Measure (IM)

2 Engineering Demand Parameter (EDP)
3 Demand Measure (DM)

4 Decision Variables (DV)

5 Collapse capacity



\Yavdla/ o e)w/ﬁWAJJJ

oot Ol jes wdige ash — ode doe

L;A‘yjé J':”“} ‘_;u_.)l_'é .~ AJJUzab)ja a)'L.,« %,..:3 ‘-D)‘-l <y JSH'M

@Wﬁ““}i)

E
(=}
e 6xdm=24m - kit
PR s e e sl E
1 1g z
& 1 e a
i1 1 B
E 2
\EI I =
I Ix,,,,,,,,,,,,,, |
e e s s H W xdm=24 md - 6x4m=24 m—

Fig. 1. (a) The typical plan of the buildings used in this
study, and (b) Elevation of ten- and twenty-story Steel
Special Moment Frames
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6 Collapse Prevention Performance Level (CP)
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10 45% 88%
10S-F CP 0.40% 2.80%
Gl 0.30% 2.70%
10 67% 99%
10S-N CP 0.60% 4.90%
Gl 0.50% 4.70%
Frame Perf. DE MCE
levels  (S,=0.37g)  (S,=0.55Q)
10 14% 65%
20S-F CP 0% 0.05%
Gl 0% 0.04%
10 38% 76%
20S-N CP 0.04% 0.58%
Gl 0.03% 0.57%

Table. 1. Probabilistic assessment of the seismic
performance of the the ten- and twenty- story SMRF
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Frames 10S-F  10S-N  20S-F  20S-N
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Table. 2. Calculation of the Safety Factor and evaluation of
the ten- and twenty-story special steel moment frames
collapse under near- and far-fault ground motions
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Abstract

In order to determine and predict the possible damage imposed on the structures, performance-based
standards have presented certain levels and limits. The current study aimed to make a probabilistic
evaluation of the special steel moment frames exceeding these levels through comparing the demand
measure (DM) and the intensity measure (IM). It further tried to examine the performance of the sixth and
tenth issues of the national regulations and Iranian 2800 standard in confining the damage imposed on this
type of structures. The results of DM probabilities analysis based on IM parameter could be expressed in two
ways: 1) the fragility curve of the probability exceeding the limit states, and 2) assessment of the probability
of the annual mean exceedance of the limit states. Among numerous types of limit states, the global collapse
of the structure is of utmost significance. The present study utilized both forms of these analyses. In the first
phase of the research, cumulative distribution function (CDF) curves were used to assess the performance of
the structures subjected to the records of various risk levels according to FEMA-350 guidelines. To this end,
a ten-story and a twenty-story special steel moment resisting frame were modeled in OpenSees software.
Then, fragility curves of the frames collapse were drawn at three performance levels of immediate
occupancy (10), collapse prevention (CP), and global instability (GI) through using the incremental dynamic
analysis (IDA) and by means of the records introduced in The Next Generation Attenuation (NGA) for near-
and far-fault records. Then, in the second phase of the study, the collapse probability of the structures under
the study was estimated for Tehran city, which is located at a high seismicity zone. It is worth noting that
these structures were designed and loaded according to the existing guidelines and were considered at the
risk level 2 (risk level 2 according to the FEMA 356 and Iranian 360 guidelines) under the influence of the
earthquake. Moreover, the median collapse capacity intensity (Sct) was calculated indicating the
acceleration at which the structural collapse probability equals to 50%. Finally, the aforementioned curves
were used and the probability exceedance of the frames under the study were obtained from three risk levels
with the return periods of 75, 475 and 2475 years and the damage imposed on the frames were assessed and
compared. The findings indicated that: 1) the special moment resisting frames influenced by the far- and
near-fault records were safe at the performance levels of 10, CP, and GI and hence, the purpose of the
seismic design and loading guidelines was fulfilled, 2) in general, the seismic response of the structures due
to near-fault ground motions is more critical compared to those of the far-fault ones, but with an increase in
the number of stories in high-rise building structures, the effect of far-fault ground motions on seismic
response of the structure increases so that no significant difference would be observed in the structural
ductility demands due to near-fault and far-fault ground motions, and 3) the highest certainty coefficient
belonged to the ten-story frame under the influence of far-fault records and the lowest certainty coefficient
belonged to the twenty-story structure under the influence of near-fault records. This clearly demonstrated
the influence of increasing the height of the structure on its collapse probability and the impact of near-fault
records.

Keywords: Intensity Measure, Demand Measure, Earthquake hazard levels, Performance levels, Median
collapse capacity intensity.
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