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W Section (Beams)
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APy 39 0019 0186 1.669 0.014 0092 0262
40 0058 0141 1.238 0.023 0010 0479
—_— 41 0035 0109 1.035 0.010 0045 5672
__ 42 0048  0.206 2.043 0.007 0183  0.360
Epach: O adterafions | 100 43 0012 0117 1.421 0.004 0.103 __ 3.045
Tirmne: 0:00:00 44 0017 _ 0.188 1.981 0.015 0.044 __ 0.167
Performance: 0193 2.21e-05 | 1.00e-20 45 0.033 0.232 1.118 0.008 0.096 0.296
Gradient: 0373 A E5e-07 1] 1.00e-07 46 0.031 __ 0.097 0.823 0.015 0.037 0.595
. oo [ 1006 ] 100610 47 0037 0392 0.949 0.014 0.082  0.066
o 48 0025 0.087 1.655 0.012 0294 0716
e 0 2 ) 5 49 0023 0215 0.230 0.016 0155 0.300
50 0029 0217 0.602 0.011 0039 0909
Fig. 7. NN to predict Mean Value 51 0037 0223 052 0011 0.057 0.553
52 0017 0193 1007 0.012 0.065 0.255
53 0014 0163 1717 0.004 0222 2.787
. .. 54 0038 0127 0770 0014 0.046 0.087
6)&4 g Lo S - 55 0029 0196 1377 0.025 0.022 0.192
56 0010 0134 1.073 0.006 0.035 0.943

Y) Usles o s Alie ol ys eiladig aioe 57 0051 0168 1348 0.010 0.109 0.093

™ T = Rl O3 SOt 58 0025 0268 1.356  0.008 0.148 0.382
e . . . 50 0027 0222 0498 0.046 0.263 0.824

Ol s g i s Al ap ol ol o BRI B o 60 0028 0293 0741 0.013 0.032 0.662

61 0035 0317 1128 0.008 0.123 0.124
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Abstract:
Force-based seismic design, as the conventional earthquake resistant design philosophy, is going to be
replaced with probabilistic performance-based design methodology. Through this method, induced damages
against various levels of strong ground motions, play a dominant role. Seismic-induced damages are
characterized by probabilistic damage functions, namely fragility curves. Fragility curves show the
probability of exceeding damage levels (i.e. limit states) conditioned on strong ground motion intensities (i.e.
Intensity Measures). Amongst well-known limit states (such as Immediate Occupancy, Life Safety and
Collapse Prevention) for which the structure is to be checked, sidesway collapse limit state is of the greatest
importance owing to the large amount of triggered losses during past earthquakes. Incremental Dynamic
Analysis (IDA) method is the most popular method to achieve fragility curves for variuos limit states.
Through this methodology, the structure is affected by increasing levels of ensemble of strong ground
motions. For each ground motion, the intensity which causes the instability of finite element model of the
structure presents the collapse points. Fitting log-normal probability distribution to the achieved intensities
presents collapse fragility curves. The structure is to be checked against sidesway collapse in such a way that
the probability of collapse for design-level seismic hazard is less than the pre-defined allowable probability.
Optimization of structures is aimed to present the topology, shape of structures and size of structural sections
in such that minimum target function (mostly the structural weight) is achieved, while variuos design
constraints are satisfied. Size optimization of structural members has been accomplished through previuos
researches applying gravity and equivalent lateral forces while seismic effects are taken into consideration.
Besides to achieve the optimum structures applying the physical effects of earthquakes, number of
researches applied time history analysis of structures against one earthquake record or mean of number of
earthquake records. To involve the effects of uncertainties regarding strong ground motions, probabilistic
damage margins must be included in the optimization constraints. To achieve this goal, in this paper, weight
optimization of structres considering probabilistic constraints (represented by the target collapse probability)
is investigated. To achieve an efficient algorithm, the collapse fragility curve of structure is predicted by
trained neural network. The network is trained based on incremental dynamic analysis of simulated models
of samped structures. Besides probabilistic constraint regarding collapse probability margin, maximum
normal stress and inter-story drift ratio (as the deterministic constraints) are involved. Deterministic
constraints are calculated by matrix analysis of the structure. The neural networks are trained to predict mean
and standard deviation values of collapse fragility curves assuming modeling parameters as input neurons.
Genetic algorithm is applied to solve the optimization problem for which the collapse probability for
population of structures is predicted through the trained neural network. Finally, the effects of target collapse
probability on the achieved optimum weight are examined.
Achieved results show that the probabilistic constraint governs the optimization problem if the target
probability of collapse is less than 10%. Beyond this value, deterministic constraints, which are the
maximum normal stress and interstory drift ratio governs the optimum weight of the sampled structure.

Keywords: Probabilistic performance based design, Collapse fragility curves, Size Optimization, Artificial
Neural Networks, Incremental Dynamic Analysis.

43


mailto:*e.khojastehfar@vru.ac.ir



