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Abstract 
The interrelation between seismic intensity parameters and the postseismic damage state of structures is 
investigated, with respect to mainshock-aftershock sequence-type ground motions. Several peak, energy, and 
spectral intensity parameters are implemented to describe the seismic damage potential. Overall structural 
damage indices (OSDIs) are used to designate the postseismic damage status of buildings. The interrelation 
between the seismic intensity parameters and the OSDIs is quantified by the Pearson correlation coefficient and 
by the Spearman rank correlation coefficient. The proposed procedure has been applied to a reinforced concrete 
structure. Following the design procedure, nonlinear dynamic analyzes are conducted to deliver the seismic 
structural response. The present investigation utilizes 75 natural accelerograms, recorded worldwide in regions 
with strong seismic activity. All the records are mainshock-aftershock seismic sequences. The numerical results 
show that the examined damage indices exhibit strong interrelation and the same degree of correlation to the 
examined seismic parameters. Analytical examination shows that both, the energy and the spectral seismic 
intensity parameters have the strongest correlation with the OSDIs while the peak seismic intensity parameters 
and the strong motion duration defined by Trifunac and Brady exhibit poor correlation with the OSDIs. 

Keywords: Seismic Parameters, Damage Indices, Seismic Aftershocks, Reinforced Concrete, Correlation Study  

1. Introduction 

Earthquakes are usually part of a sequence of ground motions which can be defined as foreshocks, mainshocks, 
and aftershocks. Most aftershocks are located over the full area of fault rupture, and either occurs along the fault 
plane itself or other faults within the volume affected by the strain associated with the mainshock. Strong 
aftershocks can cause extensive structural damage due to their enormous intrinsic energy. As the magnitude of 
the mainshock increases, so does the number, magnitude and time span of the aftershocks that occur over time.  

The original investigation about the seismic sequence can be traced to the end of 19th century, which is 
conducted by Omori in 1894 [1]. In his work, Omori concluded that the rate of aftershocks decayed inversely 
with time after the mainshock. After the Omori’s work, many researchers investigated the nature of seismic 
sequence, and abundant knowledge was obtained in the field of seismology. There have been several 
investigations aimed at studying the effect of seismic sequences on the response of civil engineering structures. 
Some of them have been focused on the nonlinear response of single-degree-of-freedom (SDOF) systems while 
others in the response of multiple-degree-of-freedom (MDOF) systems. Regarding the effects of mainshock-
aftershock sequence-type ground motions on structures, Mahin showed that strong aftershocks in the Managua 
earthquake sequence may double the displacement ductility demands of many elastoplastic single-degree-of-
freedom (SDOF) systems [2, 3]. Further, Ruiz-García et al. [4] examined the response of 9 typical low-height 
reinforced concrete highway bridges under 26 as-recorded (natural ground motion recordings) mainshock–
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aftershocks sequences gathered in the subduction zone of the Mexican Pacific Coast. They found that 
aftershocks did not significantly increase drift demands due to the inherent overstrength in their case-study on 
low-height highway bridges. Using incremental dynamic analysis, they showed that the effect of aftershocks 
tends to increase both peak and residual drift demands when the bridge models behave nonlinearly during the 
mainshock. According to them, the increment in drift demands depends on the level of the ground motion’s 
intensity and the type of hysteretic behavior applied to the bridge columns. Hatzigeorgiou and Liolios [5] studied 
the response of 4 regular and 4 irregular reinforced concrete frames under 5 natural and 40 artificial seismic 
sequences. They concluded that multiple earthquakes required increased ductility and displacement demands in 
comparison with single seismic events. Furthermore, the seismic damage for multiple earthquakes is higher than 
that for single ground motions and as a result of the traditional seismic design procedures, which are essentially 
based on the isolated ‘design earthquake’, should be reconsidered since the multiple earthquakes phenomenon 
cannot be overlooked. Moreover, they highlighted the fact that sequential ground motions strongly affect the 
development and distribution of plastic hinges, which can be different from that for the case of single/isolated 
seismic events. Also, Ruiz-García and Negrete-Manriquez [6] studied the effect of aftershocks in steel framed 
buildings. For that reason, they made use of three steel moment-resisting frames and subjected them to a set of 
mainshock-aftershock seismic sequences. From the results of this investigation, unlike previous results based on 
artificial seismic sequences, it was found that the recorded aftershocks do not significantly increase peak and 
residual drift demands since the predominant period of the aftershocks is very different from the fundamental 
period of the frame models. Also, it was shown that artificial seismic sequences could significantly overestimate 
median peak and residual drift demands as well as the record-to-record variability. Their proposal was that the 
effect of aftershocks should be taken into account with the use of real mainshock–aftershock seismic sequences 
instead of artificial sequences, as well as site-specific seismic scenarios due to the particular dependency on 
ground motion features. Conclusively, we can infer that a structure already damaged from a mainshock and not 
yet repaired, may be incapable of resisting the excitation of the strong aftershocks, causing either become 
completely unusable or collapsed. This significant characteristic indicates that the influence of seismic sequences 
cannot be ignored [7].  

The results of earthquakes pose a serious scientific and social problem because strong ground motions can 
cause enormous damage to infrastructure which can lead to serious injuries and death. Usually, a large 
mainshock is followed by numerous aftershocks some of them of significant intensity and duration, deteriorating 
the structural state of already damaged buildings. As a result, the danger of collapse increases after every 
aftershock if the time span between two consequential strong ground motions is not sufficient for the necessary 
repairs to be made. The degradation of stiffness and strength of a structure through the seismic sequence can be 
evaluated with the use of specific damage indicators. The assessment of danger from the ongoing seismic 
activity requires tools capable of instantly predicting the level of seismic threat that a strong aftershock poses to 
a structure. For that reason, the evaluation of seismic threat through the use of certain seismic parameters which 
present a high correlation level with the structural condition of many buildings becomes a powerful tool for the 
authorities to assess the seismic danger. Postseismic field observations and numerical investigations have 
indicated the interdependency between the seismic parameters and the damage status of buildings after 
earthquakes [8, 9, 10, and 11]. It can be safely inferred from past studies that the higher the destructive potential 
of an earthquake, the higher the amount of energy that structures are subjected to, increasing the probability of 
occurring greater damages and more rapid degradation of its stiffness and load bearing capability. In this work, 
several seismic parameters have been chosen in search of those who present a high interdependency level with 
certain seismic indices. Regarding simulating the mainshock-aftershock sequence, two natural accelerograms 
recorded from the same station in a short period have been combined to create an artificial accelerogram that 
simulates the seismic sequence in a particular area of interest. The used seismic records are provided by the 
databases of the Greek Institute of Engineering Seismology and Earthquake Engineering (ITSAK), the European 
Strong-Motion Data (ESD), the U.S. Geological Survey (USGS), the National Research Institute for Earth 
Science and Disaster Prevention (NIED) in Japan, the GeoNet Data Center (GEONET) in New Zealand and the 
General Directorate of Disaster Affairs (GDDA) in Turkey. The new artificial accelerograms were used as input 
files to conduct nonlinear dynamic analysis with the use of IDARC 2D [12], to furnish the OSDIs. Finally, a 
correlation study shows the interrelation between the examined seismic intensity parameters and the OSDIs. 
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2. Seismic Intensity Parameters 

Seismic intensity parameters that represent the destructive potential of a seismic excitation can be identified after 
the event. Extracting ground motion parameters help track structural damage, as well as architectural condition 
and equipment integrity, thus determining the parameters of the dynamic behavior of structures of paramount 
importance. 

In this study, 39 intensity parameters are utilized. The particular set used, tends to approach the 
interrelationship with the selected overall damage indices from multiple aspects. These parameters can be 
classified into three key categories namely: peak, spectral and energy. The chosen set encompasses the 
following: peak ground acceleration (PGA); peak ground velocity (PGV); peak ground displacement (PGD); the 
ratio PGA/PGV; Arias intensity (Io); root mean square acceleration (RMSa); strong motion duration as defined 
by Trifunac/Brady (SMDT/B), by Donovan SMD (SMDDon), by Trifunac/Novikova SMD (SMDT/N) and by 
McCann SMD (SMDMcCann); 0.05g bracketed SMD (SMDB0.05), 0.10g bracketed SMD (SMDB0.10), seismic power 
based on the SMD of Trifunac/Brady (P0.90), on the 0.05g bracketed SMD (PB0.05), on the 0.10g bracketed SMD 
(PB0.10), on the Donovan SMD (PDon), on the Trifunac/Novikova SMD (PT/N) and on the McCann SMD (PMcCann); 
spectral intensities of Housner (SIH), of Kappos (SIK), of Martinez-Rueda (SIMR), of Hidalgo/Clough (SIH/C), of 
Nau/Hall (SIN/H), of Matsumura (SIM), of modified Matsumura (SIMmod); effective peak acceleration (EPA); 
maximum effective peak acceleration (EPAmax); seismic energy input (Einp); cumulative absolute velocity 
(CAV); cumulative absolute displacement (CAD); cumulative area under the absolute displacement time history 
(CAX); the seismic damage potential of Araya/Saragoni (DPA/S); central period (CP); ratio 1/CP (1/CP); spectral 
acceleration (SA); spectral velocity (SV); spectral displacement (SD); the intensity of Fajfar/Vidic/Fischinger 
(IF/V/F); and earthquake type after Meskouris (TM). Table 1 shows a synoptic list of the used parameters and the 
corresponding references, where their definitions are provided. All the above-mentioned seismic intensity 
parameters have been evaluated for all the utilized acceleration time histories (both mainshock and mainshock-
aftershock seismic sequences) by a computer-supported analysis. 

Table 1 – Seismic Parameters. 
Number Seismic parameters Reference Number Seismic parameters Reference 

1 PGA [13] 21 SMDT/B [23] 
2 PGV [13] 22 SMDB0.05 [24] 
3 PGD [13] 23 SMDB0.10 [24] 
4 PGA/PGV [13] 24 SMDDon [25] 
5 CP [14] 25 SMDT/N [26] 
6 1/CP [14] 26 SMDMcCann [27] 
7 SIH [15] 27 P0.90 [28] 
8 SIK [16] 28 PB0.05 [28] 
9 SIMR [17] 29 PB0.10 [28] 
10 SIH/C [18] 30 PDon [28] 
11 SIN/H [19] 31 PT/N [28] 
12 TM [20] 32 PMcCann [28] 
13 EPA [21] 33 IF/V/F [29] 
14 EPAmax [21] 34 Einp [30] 
15 CAV [8] 35 SIM [31] 
16 CAD [8] 36 SIMmod [31] 
17 CAX [8] 37 DPA/S [32] 
18 SD [22] 38 I0 [33] 
19 SV [22] 39 RMSa [13] 
20 SA [22]    
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3. Seismic Acceleration Time Histories 

According to the methodology, the expected damage potential of a seismic excitation on a structure is the main 
reason in selecting of the accelerograms. A set of globally occurred natural earthquakes has been utilized in this 
study. The selected seismic excitations cover all possible degrees of damage i.e. from low to severe. The present 
investigation utilized 75 worldwide acceleration records, created from two natural accelerograms of substantial 
seismic power, which were collected in the same area and a short time-gap between the two recordings. Table 2, 
indicates the data of all used seismic events. Figure 1, presents the creation of an artificial accelerogram from 
two natural recordings that represent the mainshock-aftershock sequence.  

 
 
 
 
 

 

 

 

 

 

 

 

 

Fig 1 - Creation of the mainshock-aftershock sequence  
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Table 2 - Mainshock-aftershock sequences 
No. Name Country Mainshock   Largest aftershock  Database 

   Year Mw PGA (g) Delay Mw PGA (g)  

1 Cephalonia Greece 1983 7.0 0.18 4 hours 5.2 0.17 ITSAK 

2 Alkyonides Greece 1981 6.7 0.23 6 hours 6.4 0.12 ITSAK 

3 Strofades Greece 1997 6.6 0.15 7 minutes 6.0 0.09 ITSAK 

4 Kozani Greece 1995 6.6 0.22 3 hours 4.9 0.13 ITSAK 

5 Vasiliki Greece 1994 5.4 0.06 8 months 5.3 0.09 ITSAK 

6 Vasiliki Greece 1991 5.3 0.06 6 months 5.6 0.03 ITSAK 

7 Arnaia Greece 1995 5.3 0.04 9 days 6.6 0.04 ITSAK 

8 Kalamata Greece 1986 6.0 0.22 2 days 5.3 0.33 ITSAK 

9 Athens Greece 1999 5.9 0.11 3 minutes 4.5 0.03 ITSAK 

10 Athens Greece 1999 5.9 0.11 27 days 4.0 0.02 ITSAK 

11 Volvi Greece 1978 5.8 0.04 28 days 6.5 0.15 ITSAK 

12 Ag. Paraskevi Greece 1999 5.9 0.04 3 minutes 4.3 0.01 ITSAK 

13 Athens Greece 1999 5.9 0.26 20 minutes 4.5 0.05 ITSAK 

14 Athens Greece 1999 4.7 0.01 23 minutes 4.2 0.01 ITSAK 

15 Aegion Greece 1995 6.4 0.49 15 minutes 5.6 0.05 ITSAK 

16 Friuly Italy 1976 6.5 0.35 4 months 5.9 0.26 ESD 

17 Belgrade Yugoslavia 1979 6.9 0.45 8 hours 6.2 0.18 ESD 

18 Jiashi China 1997 6.1 0.27 2 months 5.8 0.30 USGS 

19 Duzce (EW) Turkey 1999 5.7 0.62 2 months 7.2 0.52 GDDA 

20 Duzce (NS) Turkey 1999 5.7 0.35 2 months 7.2 0.42 GDDA 

21 Whittier Narrows (EW) USA 1987 5.9 0.64 3 months 5.3 0.37 USGS 

22 Whittier Narrows (NS) USA 1987 5.9 0.45 3 months 5.3 0.26 USGS 

23 Northridge (EW) USA 1994 6.7 1.58 2 months 5.3 0.65 USGS 

24 Northridge (NS) USA 1994 6.7 1.28 2 months 5.3 0.43 USGS 

25 Mammoth Lakes (EW) USA 1980 6.1 0.42 2 days 5.9 0.40 USGS 

26 Mammoth Lakes (NS) USA 1980 6.1 0.44 2 days 5.9 0.92 USGS 

27 Coalinga (EW) USA 1983 6.4 0.58 2 months 5.8 0.84 USGS 

28 Coalinga (NS) USA 1983 6.4 0.67 2 months 5.8 1.08 USGS 

29 Chi Chi (EW) Taiwan 1999 6.2 0.97 3 hours 6.3 0.95 USGS 

30 Chi Chi (NS) Taiwan 1999 6.2 0.90 3 hours 6.3 0.40 USGS 

31 Imperial Valley (EW) USA 1979 6.5 0.59 3 minutes 5.0 0.19 USGS 

32 Imperial Valley (NS) USA 1979 6.5 0.77 3 minutes 5.0 0.37 USGS 

33 Managua (EW) Nicaragua 1972 6.2 0.42 1 hour 5.2 0.27 USGS 

34 Managua (NS) Nicaragua 1972 6.2 0.34 1 hour 5.2 0.34 USGS 

35 Umbria Marche (EW) Italy 1997 6.0 0.46 1 month 5.6 0.41 ESD 

36 Umbria Marche (NS) Italy 1997 6.0 0.52 1 month 5.6 0.38 ESD 
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37 Holt (EW) Iceland 2000 6.5 0.51 4 days 6.4 0.72 ESD 

38 Holt (NS) Iceland 2000 6.5 0.63 4 days 6.4 0.42 ESD 

39 Christchurch New Zealand 2011 6.3 1.46 4 months 6.0 0.66 GEONET 

40 Ancona Italy 1972 4.5 0.53 3 hours 4.2 0.21 ESD 

41 Izmit Turkey 1999 7.6 0.36 3 months 5.8 0.80 ESD 

42 Thjorsarbru (EW) Iceland 2000 5.7 0.52 4 days 4.4 0.84 ESD 

43 Thjorsarbru (NS) Iceland 2000 5.7 0.36 4 days 4.4 0.74 ESD 

44 Chokubetsu (EW) Japan 1999 6.4 0.43 3 months 5.4 0.59 NIED 

45 Chokubetsu (NS) Japan 1999 6.4 0.40 3 months 5.4 0.28 NIED 

46 Hino (EW) Japan 2000 7.3 0.77 5 months 6.4 0.50 NIED 

47 Hino (NS) Japan 2000 7.3 0.94 5 months 6.4 0.47 NIED 

48 Niimi (EW) Japan 2000 7.3 0.84 5 months 5.9 0.83 NIED 

49 Niimi (NS) Japan 2000 7.3 0.54 5 months 5.9 0.40 NIED 

50 Miyagi oki (EW) Japan 2003 7.0 1.13 4 months 8.0 0.99 NIED 

51 Miyagi oki (NS) Japan 2003 7.0 1.12 4 months 8.0 0.82 NIED 

52 Hiroo (EW) Japan 2003 8.0 0.99 1 year 6.8 1.33 NIED 

53 Hiroo (NS) Japan 2003 8.0 0.82 1 year 6.8 1.17 NIED 

54 Tsurui Japan 2004 7.1 0.58 1 month 6.1 1.14 NIED 

55 Noto Hanto Japan 2007 6.9 0.73 1 month 5.4 0.72 NIED 

56 Ehime (EW) Japan 2007 5.3 0.51 3 months 6.8 0.52 NIED 

57 Ehime (NS) Japan 2007 5.3 0.24 3 months 6.8 0.68 NIED 

58 Ichinoseki (EW) Japan 2008 7.2 1.46 2 days 5.3 0.56 NIED 

59 Ichinoseki (NS) Japan 2008 7.2 1.16 2 days 5.3 0.70 NIED 

60 Hitachi (EW) Japan 2008 5.2 0.43 19 days 6.8 0.69 NIED 

61 Hitachi (NS) Japan 2008 5.2 0.39 19 days 6.8 1.02 NIED 

62 Takane (EW) Japan 2011 5.0 1.56 12 days 9.0 2.00 NIED 

63 Takane (NS) Japan 2011 5.0 0.39 12 days 9.0 0.77 NIED 

64 Ibaraki (EW) Japan 2011 7.7 0.94 1 day 6.7 0.72 NIED 

65 Ibaraki (NS) Japan 2011 7.7 0.57 1 day 6.7 0.54 NIED 

66 Fujinomiya (EW) Japan 2011 6.4 1.00 4 days 6.1 0.53 NIED 

67 Fujinomiya (NS) Japan 2011 6.4 0.51 4 days 6.1 1.04 NIED 

68 Oshika (EW) Japan 2011 7.1 1.35 4 days 7.0 0.63 NIED 

69 Oshika (NS) Japan 2011 7.1 1.38 4 days 7.0 0.67 NIED 

70 Kitaibaraki (EW) Japan 2011 6.4 0.51 3 months 5.5 1.08 NIED 

71 Kitaibaraki (NS) Japan 2011 6.4 0.71 3 months 5.5 0.77 NIED 

72 Tsurui (EW) Japan 2013 6.5 0.55 23 days 6.3 0.85 NIED 

73 Tsurui (NS) Japan 2013 6.5 0.71 23 days 6.3 1.25 NIED 

74 Kuriyama (EW) Japan 2013 6.3 0.85 2 months 6.0 0.58 NIED 

75 Kuriyama (NS) Japan 2013 6.3 1.25 2 months 6.0 0.30 NIED 
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4. Damage Indices 

Damage indicators are the appropriate tools to describe the structural state with a single value. In this respect, 
they are used to assess the postseismic condition of a structure. For the present analysis, three overall structural 
damage indices (OSDIs) have been chosen due to the high interdependency level to the aforementioned seismic 
parameters viz. the modified overall damage index of Park and Ang (DIG,P/A); the maximum inter-story drift ratio 
(MISDR); and the maximum softening index of DiPasquale and Çakmak (DID/Ç). 

According to Park and Ang definitions [34], the local damage index is composed of two parts, namely the 
scaled values of the ductility and the dissipated energy of the structural element during the seismic excitation. 
Likewise, the global damage index, is a weighted average of the local damage at the ends of each element, with 
the dissipated energy as the weighting function. Thus, the local damage index (DIL,P/A) is calculated using the 
following equation: 

 
DIL,P/A =

θm-θr

θu-θr
+

β

Myθu
ET 

(1)

where, θm the maximum rotation attained during the loading history, θu the ultimate rotation capacity of the 
section, θr the recoverable rotation at unloading, β a strength degrading parameter, My the yield moment of the 
section and ET the dissipated hysteretic energy. The Park and Ang damage index is a linear combination of the 
maximum ductility and the hysteretic energy dissipation demand imposed by the earthquake on the structure. In 
this study, the numerical value of parameter β in Eq. (1) is equal to 0.1. The value corresponds to nominal 
strength degradation.  

The overall (global) value for the Park and Ang index is derived from the following equation: 

 
DIG,P/A =

∑ DIL,P/A
n
i=1 Ei∑ Ei

n
i=1

 (2) 

where Ei is the energy dissipated the location i and n is the number of positions at which local damage is 
computed. Although the DIG,P/A value may exceed unity, the structural failure is assumed to occur when the 
value of DIG,P/A ranges from 0.80 to 1.00. Under elastic response the value of DIG,P/A should theoretically be zero; 
however, according to experimental data the values of DIG,P/A in the elastic range are not explicitly equal to zero 
but present a minor upward trend. 

The maximum inter-story drift ratio (MISDR) has been selected as a second OSDI [35]. It is defined as the 
maximum story drift (umax) normalized by the story height (h), as given by the relation: 

 
MISDR =

|u|max

h
100 %  (3)

The maximum softening index of DiPasquale and Çakmak (DID/Ç) is based on the dynamic characteristics 
of structures [36]. It is given by the expression: 

 
DID/Ç = 1 -

T0

Tmax
 (4)

where T0 is the fundamental period of the examined structure acquired by dynamic analysis and Tmax is the 
maximum natural period of the examined structure during the seismic excitation. For the evaluation of Tmax, the 
instantaneous natural period is required to be evaluated, which is accompanied by the actual time-dependent 
tangent stiffness matrix. The natural period computed for each time step of a nonlinear dynamic analysis shows 
high variability. Since the duration of the maxima is very short, their influence in the natural period of an 
equivalent linear system is not significant. Thus, a more meaningful indication of the change in the natural 
period can be obtained by observing a moving average of the instantaneous natural period using a sliding time 
window for the smoothness of the time versus fundamental period curve. The time-fundamental period curve can 
be evaluated by a nonlinear dynamic procedure that calculates the fundamental period of the structure by 
considering the stiffness degradation in every time step [37]. 
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5. Application 

The symmetric reinforced concrete frame structure is shown in Fig. 2, has been designed according to the 
European standards Eurocodes 2 and 8 (EC2 and EC8) [38, 39]. The structure has been classified as Structural 
Class 4 (S4), ductility class M and belongs to Seismic Zone II (PGA=0.24g). The column cross section decreases 
by 5 cm after the second, fourth and sixth story respectively as the load bearing demand lessens. The cross 
sections of the beams are considered as T-beams with 30 cm width, 20 cm slab thickness, 60 cm total beam 
height, 1.80 m effective width for the "T" type beams and 1.15 m effective width for the "L" type beams. The 
distances between each frame of the structure are equal to 6 m while the ground floor has a 4 m height and all 
subsequent floors 3 m. The subsoil was of type C (deep deposits of medium dense sand or stiff clay at least 50 m 
thick). The fundamental period of the selected frame were 1.30 s. 

In a follow-up of the design procedure, a nonlinear dynamic analysis is used to evaluate the seismic 
structural response, exploiting the set of natural mainshock and mainshock-aftershock sequences previously 
described and the aid of the computer program IDARC 2D. A three-parameter Park model specifies the 
hysteretic behavior of beams and columns at both ends of each member. This hysteretic model incorporates 
stiffness degradation, strength deterioration, slip-lock and a tri-linear monotonic envelope. Experimental results 
of cyclic force-deformation characteristics of typical components of the studied structure specify the parameter 
values of the above degrading parameters. This study uses the nominal parameter for stiffness degradation. 
While the seismic excitation time step differs for each event, the selected time step for the structural analysis is 
set at 0.01 s. Among the several response parameters, the focus is on the overall structural damage indices 
(OSDIs) described in the previous section. 

 

Fig 2 – Reinforced concrete frame structure 
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6. Statistical Analysis 

The interdependency level between the selected seismic parameters and damage indices is calculated with the 
use of correlation coefficients. A correlation coefficient is a coefficient that illustrates a quantitative measure that 
describes the statistical relationship between two observed data values. In the present work, the chosen 
correlation coefficients are the Pearson correlation and the Spearman's rank correlation coefficient [40, 41]. 

The Pearson correlation coefficient is used to measure the strength of a linear association between two 
variables, where the value r = 1 means a linear positive correlation and the value r = -1 means a linear negative 
correlation and is given by the relation: 

 rPearson =
∑ Xi-X (Yi-Y)N

i=1∑ Xi-X 2N
i=1 ∑ Yi-Y 2N

i=1

(5)

where: X and Y are the mean values of Xi and Yi data respectively and N is the number of pairs of values (Xi, Yi) 
in the data. 

The Spearman rank correlation coefficient between two variables X and Y, is given by the relation: 

 rSpearman = 1-
6∑ D2N

i=1

N(N2-1)
 (6)

where D denotes the differences between the ranks of corresponding values of Xi and Yi, moreover, N is the 
number of pairs of values (X, Y) in the data. 

Table 3 presents the correlation coefficients between the seismic parameters and the selected damage 
indices. 

Table 3 – Correlation coefficients between the seismic parameters and the OSDIs. 

Seismic Pearson correlation Spearman rank correlation 
Parameters DIG,P/A MISDR DID/Ç DIG,P/A MISDR DID/Ç

PGA 0.374 0.334 0.640 0.618 0.607 0.605 
PGV 0.437 0.424 0.314 0.601 0.609 0.615 
PGD 0.409 0.403 0.313 0.542 0.552 0.564 

PGA/PGV 0.373 0.364 0.522 0.456 0.472 0.477 
CP 0.643 0.678 0.292 0.408 0.389 0.392 

1/CP 0.424 0.400 0.353 0.408 0.389 0.392 
SIH 0.884 0.830 0.767 0.971 0.962 0.961 
SIK 0.810 0.750 0.696 0.926 0.912 0.920 

SIMR 0.383 0.344 0.640 0.625 0.614 0.611 
SIH/C 0.631 0.557 0.733 0.896 0.891 0.886 
SIN/H 0.814 0.738 0.760 0.959 0.947 0.947 
TM 0.167 0.161 0.266 0.168 0.168 0.199 

EPA 0.344 0.310 0.686 0.660 0.664 0.652 
EPAmax 0.419 0.376 0.697 0.671 0.671 0.661 
CAV 0.350 0.342 0.511 0.668 0.669 0.688 
CAD 0.410 0.403 0.315 0.584 0.590 0.610 
CAX 0.346 0.339 0.510 0.667 0.669 0.688 
SD 0.834 0.775 0.710 0.934 0.920 0.925 
SV 0.778 0.706 0.737 0.922 0.910 0.904 
SA 0.486 0.418 0.711 0.706 0.691 0.692 

SMDT/B 0.192 0.165 0.435 0.369 0.386 0.411 
SMDB0.05 0.327 0.326 0.587 0.480 0.495 0.509 
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SMDB0.10 0.318 0.302 0.620 0.516 0.532 0.547 
SMDDon 0.272 0.263 0.434 0.393 0.408 0.432 
SMDT/N 0.231 0.223 0.265 0.300 0.311 0.357 

SMDMcCann 0.263 0.211 0.326 0.346 0.337 0.385 
P0.90 0.297 0.274 0.411 0.668 0.664 0.656 
PB0.05 0.378 0.341 0.549 0.672 0.667 0.665 
PB0.10 0.340 0.310 0.503 0.581 0.573 0.567 
PDon 0.214 0.193 0.367 0.649 0.646 0.639 
PT/N 0.302 0.265 0.532 0.631 0.625 0.606 

PMcCann 0.222 0.199 0.291 0.302 0.308 0.274 
IF/V/F 0.399 0.378 0.302 0.595 0.604 0.612 
Einp 0.440 0.447 0.294 0.621 0.623 0.642 
SIM 0.379 0.340 0.640 0.620 0.609 0.607 

SIMmod 0.383 0.344 0.641 0.624 0.613 0.610 
DPA/S 0.763 0.826 0.364 0.816 0.807 0.820 

Io 0.297 0.296 0.453 0.691 0.690 0.698 
RMSa 0.432 0.385 0.682 0.662 0.658 0.661 

7. Conclusion 

In this paper, 75 artificial seismic recordings, created by the joining of two natural accelerograms that represent 
the mainshock-aftershock sequence were utilized to examine the effect of seismic sequence in the 
interrelationship between several seismic parameters and the chosen damage indices. The examined structure is a 
seven-story reinforced concrete frame structure designed under the European design standards for reinforced 
concrete and antiseismic structures (EC2, EC8). After subjecting the structure in a nonlinear dynamic analysis 
for all the seismic excitations, the damage indices values were furnished. These indices are the OSDI after Park 
and Ang, the MISDR, and the global damage index after DiPasquale and Çakmak. The next step was the 
correlation study between the seismic parameters and the damage indices. The correlation methods used are the 
Pearson correlation coefficient and the Spearman rank correlation. The correlation study between the damage 
indices and the seismic parameters has produced the following results: 

a. The results show poor Pearson and Spearman correlation between the SMDT/B, SMDB0.05, SMDB0.10, 
SMDDon, SMDT/N, SMDMcCann and the examined damage indices. 

b. The Meskouris earthquake type TM shows the lowest correlation level with the damage indices. 
c. High correlation levels are observed between SIH, SIK, SIH/C, SIN/H, SD, SV, DPA/S and the examined 

damages indices. 
d. The Spearman rank correlation produces a slightly higher interdependency level than the Pearson 

correlation between the seismic parameters and the selected damage indices. 
e. Concluding, the spectral seismic parameters are reliable descriptors of the seismic sequence damage 

potential and can be used to assess the postseismic status of a structure reliably. 
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