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1. Introduction

In this research a neural network algorithm is used to process information of numerous nonlinear dynamic
analyses data so that the damage induced by an earthquake (similar to earthquakes of this study) in a structure can be
obtained in an acceptable range of accuracy by spending much less time than the computation time for actual
nonlinear analysis of the structure [1]. To this end, about 800 nonlinear dynamic analyses of steel moment frames
under Tabas, Chichi and Kobe earthquakes has been conducted spending a very long computation time. Then the
damage of structures with five different damage indices has been calculated. To design a neural network 70% of
responses were randomly chosen for training data and the remaining 30% were used for the test and verification of
the neural network software. The designed neural network is a multiple layer Perceptron network that has a hidden
layer and is trained by Error Back-Propagation algorithm. With the aid of this neural network software if a structure
(similar in characteristics to the frames of this study) is excited by an earthquake similar to the abovementioned
earthquakes, its damage indices with five definitions will be calculated in a few seconds with an acceptable
accuracy. In the paper the five damage indices including the damage index that is suggested by the authors are
briefly introduced. Finally, the accuracy of the results of neural networks software for the five different damage
indices are compared to each other.

2. Structural properties

The structures used here for calculation of damage indices are some two dimensional moment resisting (MR)
frames that their specifications including physical and geometrical properties of members and their loadings are
explained hereunder.

Structures include 36 MR frames varying from two to ten stories and two to five bays. The height of each storey
is 3 m. and each bay is 5 m. In the main paper, their detailed specifications including the gravity load intensities, the
design code and soil properties together with their natural periods that have been obtained from two different
analysis software are mentioned.

3. Damage indices

Generally, damage indices (DI) try to quantify the resistance of structures against a particular earthquake and
identify the severity of the damage induced to a structure by a pre-defined formula. Each damage index has its own
concept of damage definition and evaluation. Damage indices are usually measured between 1 and 0. [2]. Hereunder
the damage indices that have been used in this study are briefly introduced.

3.1. Ductility index

* Corresponding Author
E-mail addresses: hamid.moharrami@gmail.com, hamid@madares.ac.ir (Hamid Moharrami), hassan.madani@gmail.com
(Seyed Hassan Madani).
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This damage index is mathematically defined as follows:

if dsdy then D=0
(1)

) d-d,
if d,<d<d, then D=
d, -d,

(2)

Where D is damage index, d is damage parameter which is deformability of structure. d, and d, are the elastic
and ultimate limit of deformation of structure in a static push-over nonlinear analysis.

3.2. Hysteretic dissipating energy index

This index compares the total energy required for collapse of a structure during a monotonic static nonlinear
push-over analysis (d,, no,) With the energy that the structure absorbs during an earthquake excitation (d.). The

following formula expresses this index numerically.

d, -1

DE -
de,u,mon -1 (3)

3.3 Banon and Veneziano index

In this index that is expressed as the following formula, both ductility and energy indices are used.

Dg = /(e f +(af (4)

X
in which d, is the ductility ratio| -MaX | and d, is energy parameter _ &
xy A72)F %,

In order to make Banon and Veneziano index be between 0 and 1, we used the Normalized Banon index that is
the ratio of (Dg) in dynamic analysis to its value obtained from static nonlinear push-over analysis [3].

3.4 Park and Ang index

Park and Ang [4] used a linear combination of maximum lateral displacement and plastic dissipated energy for
calculation of damage index. Their suggested formula is as follows:

DPA — Xmax +ﬂ Eh
Xu,mon FyXu,mon (5)

3.5 Secant stiffness index

This index that has been suggested by the authors considers the stiffness deterioration due to plastic deformation
in the structure as a result of earthquake excitation. For a given structure, the stiffness at the moment of collapse is
zero, but its secant stiffness is not zero. The secant stiffness damage index is defined with the following formula.

initial final

sec sec
initial — Ku,mon (6)

K See - _ K sec
Dgy =

The figure (1) illustrates the initial, ultimate and final secant stiffness for a given structure. Final secant stiffness
is calculated based on the maximum plastic deformation of a structure after being excited by an earthquake as is
shown in Figure (2). To obtain the final secant stiffness, the maximum displacement of the reference point is put on
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the push-over curve and the secant stiffness is measured as the tangent of a line connecting the point to the center of
coordinate.
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Fig 2. Maximum displacement of a structure after encountering an earthquake

4. Conclusion

A neural network was trained for calculating five different damage indices. The convergence rates of training for
the five introduced damage indices were 0.939, 0.966, 0.984, 0.981 and 0.966 respectively. As an example, the
trained neural network was used for a seven story structure under Landers Earthquake with duration of 7.4 seconds

and 0.74g PGA. This structure was not used for training of the neural network. The table (1) compares the result of
neural network with the real ones from nonlinear analysis.

Table 1. Results of damage indices for the 7 story example

Damage index Ductility Energy Banon Park& Ang Secant
Analytical Result 3.63 9.83 355 42.77 38.76
Result of Neural Network 4.3 9.45 36.68 40.27 38.9
Error percentage 18.46 3.87 3.32 5.85 0.36

As it is clear from the above table, the suggested Secant damage index is very close to the analytical results and
better demonstrates the damage to the structure compared to other damage indices.
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