HasR T ole e
e Ol es g kige
AT Jle oY o les LF,A.\LA 0y93

w0 Sl (50 yShos Tobaw 30 (o (S0 gt (IS y 3 o 90
Ly g wud 3B 4 3l S Slino 39 Thwo (o

.:E:_'M ‘;\ML:.G ‘\ 6}3“‘) ‘J.J

uw).)w C,.;;JS J&Lsls 4o)'l.~a o..«:.l.\.@,a .L.i':)\ J«:L..&)ks wjaiu,bb -

e o 5 oIS (3 daes 5 Ol jas g 0dSCNS o3l slaul Y

tasnimi@modares.ac.ir

[RENYT Ty

[48/¥/N ] el s

el Gl il 058 s 1 (ol 5 Shas s b~ b 05500 lizs 5 YARS Ikl ool b Ll s alis ol — OS>
jéjumlDARC)1)J~rJ4,>\rJ\~‘Amo & Slab sl 5 Bgie 5 JSE L wlas a1 LB OB e
3 S e b i 5L ol 0 el a0l (g5 CtOa Y Sl eslinal b ot e Salys 5 o o (Sl o
&L_Aag_)fv{‘j_ﬁow‘}wa_{\aﬁ.‘JHSJEM:MJ«&[P-GLL)‘a}m‘bwjamwb:an)b)jﬁa&c}aujugj)&a
S dlew Sl ol el )l Ol i Cand sk s Sl ol ) g LB YA ;J\l,ut,ﬁ\r)g,?”yu;ﬂ\ﬁjﬁwq&mu

s @leSon et L ol il e il b OB SIS0 (61 (Ca) 2 5 o (ol O s & st 1 sl

S as ged S YA

syl CJLG’; Dol Ol war g bculg 5 s C‘)Lo! JOR Slaie 4 5 aslis (/VR) YAS L 5kl £y

Sl Sl i 5 b o)l (VOR) il 2alS LS5 oy 5l eslinal b s 5 YA+ 55100kl ool Sl il s L e

‘dal_b;uu.ud:.als%ywo&ﬁﬁggﬂwmu:.atss@m)-\dsumiw%@u.@;J;a,\:au@ﬁgu@gﬁam

Lgsj_iLu-g_éJ_a‘a__:c)‘l_..u:_)_Qx.&c]a_wQ.l_.i‘a&_pj'.]dﬁkg_})zja)'l..«];ajt,:_.c;bfl/.bm)'bj\yl;'-‘51@);;',.:_»1_}5}@5J‘:JAKS

g o YA 5 ikl

3 Shas s mhes 5 O st O ot iS5 s et S b 4L cad 1SS OB 519

sbad 15 7585 0les 5o ol Coeal b gbadlesla (o
225 S Bis 1y o (ols e e Sl b gt 5 i
mosle 8y Glosle Ol g Coenal L gaplozs L
ey Bl 4
g5 Obey 3 ol s Coenl b gbadlasle (o
CbB gloile sdes ol Lo td sl
Sy w5 b doles b 1) 55 4y 05 (5ul0 po g

uii‘ﬂﬂ YA e skl v.a-bb oo Sepl s b O

155

oo -

e Sheln) YAve skl bl eyl G
Sl s ok sl Syt 5 klss wnS e (eoler
L aS usb ol d35 51 30 BT ol s bolasla
1] K5 Gl 5 35l g0 35500 53l O 2ol

b oals sladdils s s olastle bl bais L (L3l
5o s Aoy Blis 4 b ol Jle £V CliSTL o0
O 35l sk gt 5 i gladd s ol s Oletls

Al Caslie 4 36 Glosl sdes ol



o ol 5 g s 1)

...deﬁdzwcﬁﬂ)gwg&jxg&wjﬁ%ﬂ

Jeos 550 e ok b ([T LD 01l o iy
Al 3 oslisl b s o Sealis 5 s Sl
5 e YV Slib 5l plis [8] w5 15 IDARC
oitle Sl ol Jlastl 20 0 L ol wlas 2 Uk
e s g 51Ol YA s skl o 2l s b
Mo S e s sl s adkne g
Bl Olpe @ O 5 5 (b Sl e s s

.QM‘eMQJ)jT(Yj\)dLhJ}Je-)b@i ;.Jl.;).)

Gk § b5 5 bl Sl ()5

Beam Detailing

N?Jtr%rt))/er Section Reinforcements (%)
Dimensions Longitudinal Transvers
(mm) Top Bottom (AJs)
4 250x400 1.74 0.87 0.87
3 250x400 242 0.87 1.18
2 300x450 2.05 0.79 1
1 300x450 2.05 0.79 1

Table 1: Beam detailing, 4 story frame
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Column Detailing

Reinforcements (%)

Story  section

Number pimension  Corner Column Mid Column
s(mm) Longitud Transver Longitud Transver
inal s (Av/s) inal S (Av/s)

4 400x400  1.57 0.67 1.00 0.80

3 400x400  1.00 0.80 1.18 0.67

2 400x400  1.18 0.67 1.57 0.67

1 400x400 231 0.67 1.96 0.67

Table 2: column detailing, 4 story frame
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Fig. 1. Concrete Stress-Strain Curve [9]
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Earthquake . . Magnitude PGA

Name Recording Station (Ms) ©

Chi-Chi TCU-047 7.6 0.431

. 24538 Santa

Northridge EQ Monica Ciity 6.7 0.883

Victoria 6604 Cerro Prieto 6.1 0.621

Coyote lake 1492 SJB Overpass 5.7 0.114

Landers 12149 Desert 73 0171
Hot Springs

Whittier Narrows 900009 N 6.0 0.25
Hollywood

N.Palm Springs 212/ Cranston 60  0.169
Forest

Table (5) Characteristics of ground accelerations
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Fig. 2. Steel Bars Stress-Strain Curve [9]
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Compressive Strength fe=25 (MPa)
Modulus of elasticity Ec=25000 (MPa)
Strain Corresponding to fc £=0.002
Tensile Strength fa=3 (MPa)

Table 3: Concrete Properties

SV g lasin (£)d s

fs=300 (MPa)
fu=420 (MPa)
Es=200000 (MPa)

Yeild Strength
Ultimate Strength
Modulus of Elasticity
Modulus of Strain Hardening Esx=200000 (MPa)
Strain at Strain Hardening epsh=0.03

Table 4: Reinforcement Properties
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Number of Stories 0.2T 15T Scaling factor
4 012 0.91 0.79
5 0.14 1.07 0.84
6 016 1.23 0.93
8 0.20 1.52 1.21
10 0.24 1.45 1.45
12 0.27 1.70 1.70

Table (6) Scaling factors for ground accelerations
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Experimental Analytical  Ratio
Results

@) 0] 03
Max. Shear
V (kN) 359 359.79 1.002
Max. Moment
M (KN-m) 576 529.96 0.92
Max.Displacement 55 5552 099
Ay(mm)

Table(7):Comparisonbetweenanalytical and experimental results
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Story Section Longitudinal Reinforcements (%)
Number DIT;I’:I)OI’]S Corner Column  Mid Column
5 400x400 1.57 1.18
4 400x400 1.00 1.18
3 450x450 1.00 1.00
2 450x450 1.00 1.00
1 450x450 2.09 1.82
Table 9: 5 story frame, column detailing, considering 0.02h
drift limitation
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Abstract:
In this study, the design criteria of Iranian Seismic Standard (2800) is investigated in order to make the
design results more proportional with the performance levels. To have a better proportionality between
structure performance level and performance targets of Iranian Standard, the parameters of inelastic drift of
structure are regulated. In seismic design of structures, estimating maximum inelastic lateral displacement
occurring in the sever earthquake is of great importance. In most seismic design provisions, maximum
inelastic displacement of structure is estimated by amplifying the lateral displacement computed using an
elastic analysis with a displacement amplification factor (Cq). Reviewing several seismic design provisions
indicates that in most cases, Cq4 only depends on the seismic force resisting system. To embark on the aim of
this study, 6 RC frames with intermediate ductility and 4, 5, 6, 8, 10 and 12 stories are adopted for numerical
modeling. For determination of real drift occurring in major earthquake (inelastic drift), nonlinear time
history analysis and nonlinear static analysis (pushover analysis) utilizing IDARC computing program are
performed. For linear analysis, equivalent static procedure is employed using ETABS program. In nonlinear
time history analysis, seven earthquake ground motions -consistent with soil type-1I of Iranian Standard- are
used. These records are scaled according to the same standard requirements. In addition, four types of lateral
loading patterns are used in pushover analysis consisting of triangular distribution, generalized power
distribution, uniform distribution and modal distribution. Performance level of structure elements is obtained
based on the mentioned analysis. Bending forces of each column are calculated and compared with the
strengths calculated based on the Iranian concrete code of practice (ABA). The inelastic displacements that
are computed by nonlinear analysis are then divided by elastic displacements in order to determine the Cgq
parameter for each story of the 6 frames. The results are compared with magnification factor of 3 edition of
Iranian Standard (0.7R), resulting in a proposed improved value of 0.5R. In investigated frames, most of the
columns are in 10 performance level, while only a small percentage of them have reached the level of LS,
under the pushover and time history analysis. The results indicate that lower criteria limitations are needed to
control the drifts and their effects on the structural performance level. In this research, Cq is considered as a
function of R (structural behavior factor), like most researches and provisions.
Finally, in order to investigate the changes in 4" edition of Iranian Standard, mentioned frames are designed
based on the 4™ edition criteria and then the structural responses are evaluated. The results indicate that in
the frames design by 4™ edition of the Iranian Standard, demand capacity ratio of bending in the upper
stories of frame increases while there is no significant change in the lower stories. Furthermore, the reduction
in drift criteria limitations leads to reduction in section dimensions, damage concentration in a specified
story, total structure damage index and also more contribution of section capacity. The latter will result in
convergence of structure performance level and Iranian Standard performance target.

Keywords: Demand capacity ratio, Magnification factor of drift, RC columns, Performance levels
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