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No Earthquake M | Rkm P[Cg; f‘
1 Northridge 1994 6.7 469 0.072
2 Northridge 1994 6.7 417 0.256
3 Northridge 1994 6.7 434 0.098
4 Loma Prieta 1989 69 306 0.06
5 Loma Prieta 1989 69 448 0.073
6 San Fernando 1971 6.6 235 0.157
7 Duzce, Turkey 1999 71 120 0.008
8 Duzce, Turkey 1999 71 274 0.042
9 Landers 1992 73 959 0.048
10 Landers 1992 73 964 0.043
11 San Fernando 1971 6.6 203 0.283
12 Northridge 1994 6.7 237 0.185
13 Northridge 1994 6.7 20.1 0.163
14 Northridge 1994 6.7 323 0.063
15 Northridge 1994 6.7 323 0.197
16 Northridge 1994 6.7 512 0.09

17 San Fernando 1971 6.6 242 0.268

18 N. Palm Springs 1986 6.0 711 0.044

19 N. Palm Springs 1986 6.0 349 0.247

20 Morgan Hill 1984 6.2 314 0.024

Far field earthqvakes considered in incremental dynamic
analysis(TDA)(PEERsite)
Table.1. Selcted for fild earthquakes for IDA analysis
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1 Incrimental Dynamic Analysis
2 Intensity Measure

3 Vamvatsikos & Cornell

4 Damage Measure
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Number Without Outrigger ~ With Outrigger

20 storey 1.6 1.89
25 storey 1.1 15
30 storey 0.7 1.1

Table. 2. values of Sa(Tn,2%) for CP performance level read
form medium (50%) IDA curvs
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Abstract:

Regarding the fact that Iran is potentially exposed to high risks of earthquakes, it is necessary to use
appropriate structural systems for high-rise buildings in order to decrease the damage extent. Outrigger and
Belt truss systems are from effective systems in reducing the damage of high rise buildings due to the lateral
loads. Since the outrigger system is not mentioned in Iranian design codes, there are no reference criteria for
its design. Another important point in the analysis and design of high-rise buildings is inherent damping of
such structures. Measurement of the percentage of damping in actual buildings shows that damping in high-
rise buildings is reduced as compared to short and medium height buildings. In this paper, seismic behavior
of high rise buildings with the outrigger is compared to the seismic behavior of tall buildings without the
outriggers, based on the incremental dynamic analysis. Therefore, the effects of adding the outrigger on the
seismic capacity, distribution of seismic demands in building height and fragility curves are assessed. For
this purpose, three buildings with 20, 25 and 30 stories, that their behavior can be improved by adding only
one outrigger, are designed using 3D models. The effects of outriggers are not considered in the initial
design, so the member’s resistance and relative displacements (drift) are more than code limits. Building
plans in each direction have dual systems including specific moment resisting frames and braces that resist
lateral loads and ordinary frames that resist only gravity loads. In each building, one of the middle frames is
modeled in Opensees software. 20 far-field earthquake records are used for IDA analysis. Intensity Measure
(IM) used in this study is the spectral intensity parameter (Sa (Tn,2%)) to consider N periods of structure,
and adopted Damage Measure (DM) is relative displacement (drift). The results show that; the structures
with outrigger fail in the upper level of seismic capacity. In addition, IDA middle curves show a difference
between the structures with and without outrigger in flat area at the end of thecurves. Indeed, collapse of
buildings without outrigger is accompanied with more softening in their behavior. Distribution of relative
displacement (drift) in height of structures without outrigger shows that accumulation of relative
displacement occurs in the middle of structures, while in the structures with outriggers this accumulation
occurs in the lower floors leading to soft story mechanism. So, more stiffening at a specified level causes
more dominant modes in structural behavior. Therefore, choosing a suitable limit for stiffening is very
important and recommended to select it according to 2800 code, to prevent formation of soft story
mechanism. Based on the results of fragility curves, it seems that the probability of failure is decreased in
structures with outrigger and it is due to increase in stiffness. In addition, as the Structural height increases,
probability of failure increases and it owes to the fact that the p-delta features affects the structural
deformation.

Keywords: Tall Building, Outrigger and Belt Truss, Seismic behavior, Incremental Dynamic Analysis
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