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1. Introduction

In recent years, many research works have been accomplished to reduce the amount of losses induced by
seismic hazards. In this regard, performance-based design approaches are recognized as promising tools.
These approaches consist three steps: determination of performance objective, initial design and revising the
design until achieving the final design. Optimization algorithm is used to automate the revising procedure
(Gallagher and Zienkiowicz, 1973; Estekanchi and Basim, 2011). In linear static approaches of seismic design
loading, structures with more stiffness and lateral strength are preferred, but investigations show that some
cases exist that structures with lower stiffness show better behavior under seismic loadings. Therefore, it is
required to use more precise modeling and analysis techniques and consider performance of the structure is
multiple hazard levels in optimum design process. On the other hand, one of the most important obstacles in
optimum design procedure is accurate response estimation with an acceptable computational effort. In this
study, the Endurance Time (ET) method is used to estimate the response of the structure at various hazard
intensity levels (Estekanchi et al. 2004). Uniform deformations theory introduce by Gong et al. (2003) is used
here to acquire the optimum sections of a prototype steel frame with the least structural weight satisfying
performance objectives in multiple hazard levels. Efficiency of the method and performance of the prototype
structure before and after optimization is investigated and discussed. ASCE41-06 (2007) is used to define
performance objectives.

2. Endurance Time (ET) method

Endurance time method is a dynamic time-history based analysis technique in which an intensifying
acceleration function is used as input excitation for structures and their performance is assessed based on
structural responses through time. Because of the intensifying nature of these acceleration functions, the
performance of the structures at different hazard intensities can be evaluated by just a single dynamic response
history analysis instead of a set of progressively scaled up ground motion records in IDA. Therefore, the
required computational demand is considerably reduced while the major benefits of a complete response
history analysis such as accuracy and insensitivity to model complexity are maintained (Estekanchi and Basim,
2011). Fig. 1 shows a sample ET cancelation function.
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Fig. 1. A sample ET acceleration function

3. Earthquake records

In order to investigate the efficiency of the proposed optimum design method, two sets of earthquake
records are used as GM1 and GM2. Each set contains 7 records from records suggested by FEMA440.

3. Optimum design algorithm

One of the optimum design techniques is based on uniform deformations theory introduced by Moghaddam
and Hajirasouliha (2008). In this method, structural materials gradually are moved to weak parts to enhance
their performance and the deformations rich their maximum values in the whole structure. Their studies show
that this will result in structure with lower weight. Deformation limits are set here according to ASCE41-06
and the section properties are modified at each step using the following formula:

6. “
= . level 1
[A]ml [A]n |:maX((0a")i )Hazard :| ( )

In this equation is A the section area of the ith element, @, is the maximum plastic rotation in ith element
at each hazard level, (6,,); is the allowable plastic rotation of ith element at each hazard level, n is the

optimization step and « is the convergence exponent. Tow hazard level is considered here: BSE-1 with 474
years hazard return period and BSE-2 with 2475 years hazard return period. The frame should conform to the
LS and CP performance levels in BSE-1 and BSE-2 hazard levels, respectively.

3. Results and discussion

To investigate the method a 7 story steel frame is optimized using the proposed method. Fig. 2 shows the
initial design based on the static procedure according to Iranian National Building Code (INBC) and the
optimized design. The structural weight has been reduced by 11.2 % during the optimization process. Actually,
this is the best design conforming the LS and CP performance levels simultaneously. The error function in LS
and CP levels and the total error are compared and results show that the dispersion at each level has not
reached zero during the optimization process.
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Fig. 2. The prototype 7 story steel frame: a) initial design, b) optimized design
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Performance of the frame before and after optimization process is investigated using the ET method. In Fig.
3 the damage level is compared for both designs. It can be seen that the frame after optimization having lower
structural weight can conform to the performance objectives at both intensity levels. Also, performance of the
frame is investigated by the two sets of ground motion records. The total error function, maximum damage
induced in frame elements, the number of damaged elements and total damage index are compared for each
ground motion record before and after optimization. These damage parameters have similar trend for both
ground motion sets. In all cases, the total error function has decreased significantly after optimization and also
in most cases the maximum damage is reduced.
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Fig. 3. Comparison of damage level before and after optimization

4., Conclusions

A method to acquire the optimum frame sections is proposed. Endurance time method is used to estimate
the structural responses in multiple hazard level. The reduced computational demand in the ET method
provided the prerequisites to use uniform deformations optimization algorithm in optimum design procedure.
Results show that in all cases the structural weight has been reduced by 10 to 15 percent and also in most cases
structural material are moved to lower stories from upper stories and also to inner elements from outer ones.
Considering two hazard levels simultaneously decreases the convergence of the method but results show that
the frame optimized in only one hazard level will not have proper performance in other level necessarily and
some elements will damage in other level. It can be concluded that for the regular frames the optimized design
through the uniform deformations algorithm and endurance time method will have better performance under
the probable earthquakes.
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