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Fig. 1. The schematic of studied RC frames and backbone
curve of beam elements [16]
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M 4.73 7.8 5.91 0.6252

Single Vs (m/s) 198.8 1000 3524 127.2

Epc (Km) 1.33 81.09 20.44 16.25

T(s) 0.863 3.175 1.82 0.821

DI 0.0001 455 0.61 0.9312
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Epca/Epcm 0.32 6.545 1.248 1.0532

T(s) 0.863 3175 1.826 0.8203

DI 0.0001 8.9 1.24 1.616

Table 1. The statistical features of input parameters, selected
records based on PGA

1r2

(F s (s St T

SN

G b B eSS S e e eSS
S S ) g o SIS Al e ol sl s
hopma o a5 So sl (sl Olea b e
9 K e S bl g oeds ol g Sl
2 (i skl ta b)) Jaisype s >
3 8208 G s 3 Gl Gl aSS sl Glae
4SSl e Oljes wdige oo 3 [19] 53 8 e 5L s
oSl b s s L3 Sl e gladie 5o peae gl
ol sl o [22] sile 53 Soles s 21-20]
b oS G Ss i e eas eSS ol
el R
Cll s S 3550 3 B e i 5 Sl 4 S
2 e s G2 edamy sl bl Ol LU 6518
U ey ke @ e ol s ol obS Oley e
Sl s 5l b st Olin 03 )y s sl S5
s eSSl IS8 B gl Jse 5 ok
ol o osliad (Y JS2) U il g S0 L Vot
el 5 ot QUi o L oVt 08 S Uil ey oS

L SRS

Sob dlie s eslinad 350 laaslis 5l ol (V) IS
Hidden Layer 1

ri\e il/—i\e ij(o—i\ i
- - -2
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Table 2. The statistical features of input parameters, selected

records based on EPA

bt lae Jomas (82505 o melb (g bl lasiiie (1) J gt

PGV (glus o

Standar

Case Input Min Max Mean dev(ijatio
PGV o 0T 0T 0%

M 4370 7800 5822 0550

Single Vs 19%'80 1008'00 343;3'17 104.200
Enc 1330 81090 19.007 16,530

T 0863 3175 1844 0817

PGV%PGV 0093 5667 135  1.180

e Vs > > 372 104800
EpcalEpem 0320 8413 1365 1319

T 0863 3175 1844 0817

Table 3. The statistical features of input parameters, selected

records based on PGV
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Fig. 3. The effect of Magnitude, PGA, Vs, Epc and T on DI
(caused by selected single records based on PGA)
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PGA, EPA, PGV 0.22 0.156 0.13
M 6 5.9 5.9
Single Vs (m/s) 340 339 340
Epc (Km) 15 14.33 15
T(5) 1.7 1.37 1.9
PGAa/PGAM 0.8 0.96 1.1
Ma/Mm 0.98 0.98 0.98
Sequence Vs (m/s) 340 339 340
Epca/Epcm 1.05 1.032 1.1
T(5) 1.7 17 1.9

Table 5. Reference values of input parameters corresponding
to selected records based on PGA, EPA and PGV
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PGA
Sequence 15 15
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PGV
Sequence 10 17
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Table 4. Nummber of optimum neurons in ideal networks
corresponding to selected records based on PGA, EPA and
PGV
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Fig. 4. The effect of T, Vs and the ratio of Magnitude, PGA
and Epc on DI (caused by selected consecutive records based
on PGA)
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Abstract:

In seismic active zones, large mainshocks usually follow by numerous aftershocks. Because of the short time
intervals between consecutive shocks, additional damage is increased, due to the accumulation of inelastic
deformations from all sequences, and the structures, already damaged by the preceding shock, collapse
before any repair is possible. Moreover, despite the importance of seismic sequence phenomena in increased
damage and the evidence of structural damage caused by the recent multiple earthquakes such as those in
Nepal and Hindu-Kush (2015), most structures are designed according to the modern seismic codes which
only apply a single earthquake on the structure in the analysis and design process. In this case, the structure
may bear the damage in the event of the "Design earthquake", and this single seismic design philosophy does
not take the effect of strong successive shocks on the accumulated damage of structures into account. For
this reason, the effect of various parameters such as Peak Ground Acceleration, Magnitude, Shear Velocity
Wave, Effective Peak Acceleration, Peak Ground Velocity, Epicentral distance, time gap between first and
second earthquakes, Period of reinforced concrete frames etc., is examined on the damage of reinforced
concrete frames under single and consecutive earthquakes. First, six concrete moment resisting frames with
3, 5,7, 10, 12 and 15 stories, are designed according to the Iranian Code of Practice for Seismic Resistant
Design of Buildings (i.e. Standard No. 2800 guideline), and analyzed under three different databases
with/without seismic sequences phenomena. For each database, single and consecutive earthquakes are
selected according to Peak Ground Acceleration (PGA), Effective Peak Acceleration (EPA) and Peak
Ground Velocity (PGV) criteria from Pacific Earthquake Engineering Research (PEER) and United States
Geological Survey’s Earthquake Hazards (USGS) centers. In the next step, in order to train the multilayer
artificial neural networks with back-propagation learning algorithm, period of reinforced concrete fames (T)
and some of earthquake features including PGA, PGV, EPA, magnitude (M), shear wave velocity in the
station (Vs), epicentral distance (Epc) and time gap between consecutive earthquakes (Tg) are selected as
artificial neural network inputs. Park-Ang (1985) damage index is selected as the results of nonlinear
dynamic analysis in OpenSees software and neural network target. For each database, 400 neural networks
are designed with a different number of neurons in each hidden layer from 1 to 20 and ideal neural network
is determined with the minimum value of Mean Square Error (MSE) and maximum value of regression (R)
among all networks. Thereafter, for considering the effect of input parameters on structural damage (Park —
Ang 1985), caused by single and consecutive seismic scenario, the range and reference values for each group
of input parameters — single and consecutive cases in each database — are chosen to be close to the median
values. They are introduced to ideal neural networks, and damage indices are determined. The results show
that structural damage, caused by seismic scenarios with/without sequence, is more sensitive than other
parameters to Magnitude and Acceleration, for single earthquakes, and to the ratio of these parameters in the
second shake to the first, for consecutive shocks.

Keywords: Neural network, Damage Index, Seismic Sequence, Nonlinear Dynamic Analysis
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