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Fig. 1. Plan of studied structures
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Model Seismic Code Stories | Bracing ik
Name (sec)
X5-1 1" Edition 5 X | 084
(2800)
V5-1 1% Edition 5 vV | 079
(2800)
X5-2 2" Edition 5 X 0.66
(2800)
X8-2 2" Edition 8 X 1.06
(2800)
X122 2" Edition 12 X | 168
(2800)
\V/5-2 2" Edition 5 Vv 0.60
(2800)
V8-2 2" Edition 8 vV 1.01
(2800)
V122 2" Edition 12 VvV | 164
(2800)
X5-3 3" Edition 5 X | 064
(2800)
V5-3 3" Edition 5 v | 059
(2800)
X5-3A + 3" Edition 5 X 0.64
AISC
X8-3A + 39 Edition 8 X
AISC 1.01
X12-3A | +3"Edition 12 X | 160
AISC
V5-3A + 3" Edition 5 V 0.59
AISC
V8-3A + 3 Edition 8 vV 0.95
AISC
V123A | +37Edition 12 \Y; 1.48
AISC
X5-U UBC97 5 X | 062
X12-U UBC97 12 X | 155
V5-U UBC97 5 V | 055
V12-U UBC97 12 V| 147

Table 1. Description of Studied Frames
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2 Imp. Valley 187 Mellz (I:an d c 0.5 %
3 Imp. Valley 187 E{rzi?gg c 38 %
4 | imp.valiey | 17 EA'r(r;‘;”;rz c | 42 |
5 Imp. Valley 137 A?rean;r;G c 1 ?_)
6 Imp. Valley 137 A?rean;r;S c 1 ?_)
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11| PakFiled | 7° Chgl)zz:rie# c | o1 |5
12 | Northridge 129 RI:(i:gﬁI/(ijri]g o 71 3
13 Duzce, Turke | 199 Duzce c 8.2 7.

y 9 1
14 | Loma Prieta 138 CSOZ;)I?tZ) s B 51 g
15 | Coyote Lake 187 Aﬁ :2%6 B 3.1 g

Table 3: Selected Time History Records
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Model Buckling | Buckling Load

Slenderness | jad- Kglem? | (AISC)-Kglem?

40 2309 2288
80 1997 1955
120 1373 1399

Table 2: Verification of brace buckling load
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Fig. 6. IDA curve for X5-3A (S.(T1))

Sa(Thn) 5l estizal L X5-3A LB IDA e (V) S35

record 1
-=--record 2
- - record 3
- -record 4
— -record 5
— record 6
~=-racord 7

—+—racord 8
—=—record §

(5a(Tn,5%))(g)

—record 10
—=—racord 11
~=—racord 12
-# record 13
—record 14
e record 15

Maximum interstory drift ratio
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Fig. 8. IDA curve for X5-3A (S\(T1))
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Fig. 12. Median curve for V5-3A, V8-3A & V12-3A
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Fig. 13. Median curve for X5-U & X12-U
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Fig. 17. Median curve for 8 story X-braced frames designed
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Fig. 18. Median curve for 8 story V-braced frames designed
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Abstract:

In last decades, most of the famous seismic design codes, had concentrated mainly on far field earthquakes.

Generally no special requirements were introduced to minimize near fault earthquake effects. Near field
ground motions have caused several structural damages in recent decades, causing seismic codes to be
updated with related requirements. As a result, it seems necessary to evaluate domestic seismic design codes
and their requirements to see their effectiveness in designing safe structures against near fault earthquakes. In
this paper seismic behavior of concentrically braced frames (CBFs) designed based on different seismic
design codes is comparatively studied. Various Frames of different heights, (5, 8 and 12 stories), and bracing
types (X-bracing and inverted V bracing) are designed based on the Iranian seismic code (standard no.2800)
and also taking into account the near fault requirements of AISC-ASD 89 and UBC-97. These frames are
analyzed using a nonlinear time history analysis method, namely “Incremental Dynamic Analysis” (IDA)
under near field ground motions. IDA is an emerging method in analysis of structures which allows
estimating seismic capacity, limit states and demand via series of nonlinear dynamic analyses using multiple
scaled ground motion records. A total of 15 near filed time histories are selected according to special
characteristics namely: fault distance to site (less than 10 km), fault direction, earthquake moment
magnitude, time history frequency content, time history velocity content, shear wave velocity in the site soil
and near fault wave’s pulse nature.
The 15 selected earthquake time histories were scaled in several steps. To achieve a more accurate point for
yielding point of the frames, 0.1g steps were used in the initial elastic region. From the end of the initial
elastic point up to the end, 0.2g steps were used for scaling the records.
On other important step was to select proper intensity measure and damage measure. According to FEMA-
350 requirements, the maximum inter story drift was selected as damage measure. For selecting a proper
intensity measure, four intensity measures were selected and compared together, namely: first mode spectral
acceleration Sy(T,), first mode spectral velocity S,(T,), peak ground acceleration PGA and the equivalent
first n modes spectral acceleration S,(T,). Among them, first mode spectral acceleration S,(T,) showed the
least dispersion in the analysis results.
Finally, all the 20 frames designed were analyzed using the 15 time histories selected in multiple steps and
IDA curves were extracted. Using FEMA requirements the points corresponding to 2 performance levels
namely 10 and CP were defined on summarized IDA curves using which it was possible to compare the
performance of the frames.
The results of this paper imply that frames designed based on the near field seismic design criteria of UBC-
97 have better performance under near-field earthquakes comparing to others. It can be concluded that the
requirements of the Iranian seismic code (standard no.2800) should be updated according to the effects of
near fault earthquakes. Besides, frames with X-bracing system showed better performance in comparison
with chevron ones. Also the deficiencies in the seismic requirements of the domestic codes are more obvious
while designing taller frames and moving from 5 story frames to 8 and 12 story ones, their seismic
performance obviously deteriorate.

Keywords: IDA, Performance Level, Immediate Occupancy (10), Collapse Prevention (CP).
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