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Table 1. Assessment of correlation coefficient
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1. Correlation coefficient
2. Pearson correlation
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Fig.1. Performance point of structure in the capacity
spectrum method
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N.O Location Date Station Component  N.O Location Date Station Component
1 Loma Prieta 1989 Mission San Jose 90 26 gpﬁzlg? 1986 San Jacinto - Soboba 0
2 Northridge 1994 Baldwin Hills 9% 27 ';‘pf:ﬁ'g;‘ 1986 San Jacinto - Soboba 90
3 Imperial Vally 1979  UNAMUCSD 6622 285 28 ';‘pf:ﬁ'g;‘ 1986 Hurkey Creek Park 45
4 Imperial Valley 1979 Plaster City 135 29 l;ler:ﬁlgr? 1986 Hurkey Creek Park 135
5 Loma Prieta 1989 Hollister Diff. Array 255 30 Suparislgtion 1987 El Centro Imp. Co. Cent 90
6 San Fernando 1971 Hollywood Stor FF 180 31 Suparislgtlon 1987 Poe Road (temp) 270
7 LomaPrieta 1989 Coyote Lake Dam 285 g Superstition g0 gunerstition Mtn Camera 45

(Downst) Hills
8 Imperial Valley 1979 El Centro Array #12 140 33 Northridge 1994 Centinela St 245
9 Imperial Valley 1979 Cucapah 85 34 Whittier 1987 Tarzana - Cedar Hill 90
Narrows
10 Northridge 1994 Hollywood Stor FF 360 35 Northridge 1994 Santa Monica City Hall 90
11 Loma Prieta 1989 Colton Ave 270 36 Hector Mine 1999 Whitewater Trout Farm 65
12 Landers 1992 Coolwater LN 37 Hector Mine 1999 Whitewater Trout Farm 155
13 Landers 1993 Coolwater TR 38 ChalfantValley 1986  -2k@ Cr°""R'?s’ - Shehorn 9
14 Imperial Valley 1979 Chihuahua 12 39 ChalfantValley 1086 -2k Cr°""R'?s’ - Shehorn 99
15 Imperial Valley 1979 El Centro Array #13 140 40 Coalinga 1983 Parkfield - Fault Zone 1 0
16 Imperial Valley 1979 Westmorland Fire Sta 90 41 Coalinga 1983 Parkfield - Fault Zone 1 90
17 Northridge 1994 Saturn St LA20 42 Coalinga 1983 Parkfield - Fault Zone 15 0
18 Northridge 1994 Saturn St LA110 43 Coalinga 1983 Parkfield - Fault Zone 15 90
19 S“pl‘:riﬁ;“o“ 1987  Wildlife Liquef. Array 90 44 Coalinga 1983 Parkfield - Fault Zone 3 0
20 Northridge 1994 Univ. Hospital 5 45 Coalinga 1983 Parkfield - \ig‘eyard Cany 0
27 Northridge 1995 Univ. Hospital 95 46 Coalinga 19g3  Parkfield - \ig‘eyard Cany 90
22 Loma Prieta 1989 Intern. Airport 0 47 Hector Mine 1999 CDMG 21081 Amboy 90
23 Loma Prieta 1989 Intern. Airport 90 48 Hector Mine 1999 CDMG 21081 Amboy 360
24 Imperial Valley 1979 UNAMUCSD 6622 15 49 HectorMine 1999 B9 Beg{a't-ii';e - Fire 16
25 San Fernando 1971 Hollywood Stor FF 90 50 Hector Mine 1999 Big Bezsigalail:]e - Fire 106
Table 2. Data of examined accelerograms
et ety P 5 B o3 sl ) sla bl Y g
N.O PGA V/A Tm Tp SA SV SD N.O PGA V/A Tm Tp SA sV SD
(@ (sec) (sec) (sec) (9) (cmis) (cm) (@ (sec) (sec) (sec) (9) (cm/s) (cm)

1 016 011 093 024 018 5659 2251 26 024 004 029 016 001 11.32 1.64

2 024 006 051 0.28 0.1 44.4 12.98 27 025 0.04 0.28 02 0.01 9.59 1.55

3 015 0.07 036 0.26 0.03 9.8 3.34 28 024 003 024 022 0 7.51 0.5

4 0.06 0.1 038 0.22 0.02 8.24 2.08 29 0.19 005 0.33 01 0.01 9.9 0.94

5 028 0.13 0.8 052 0.12 4573 1547 30 026 016 091 046 027 97.37 7.98

6 0.17 009 035 0.12 0.1 3745 12.85 31 045 008 048 046 016 6935 20.35

7 0.18 013 053 018 0.11 4212 13.36 32 068 0.05 033 0.18 0.1 5232 12.32

8 014 013 0.63 0.2 0.12 4169 14.86 33 0.32 0.07 053 02 014 5769 17.92

9 031 012 056 02 012 4478 1483 34 064 004 03 032 002 2384 1.79
10 036 008 037 018 005 2771 6.06 35 088 005 04 022 029 11232 37.13
11 021 018 146 028 02 56.65 2541 36 0.05 01 043 02 0.02 6.52 2.59
12 028 009 042 026 005 2258 6.18 37 006 016 041 034 0.02 7.53 2.15
13 0.42 01 055 034 01 6307 1195 38 016 004 03 028 001 781 1.61
14 027 0.09 057 026 008 434 1049 39 009 006 037 02 001 6.06 1.66
15 012 013 058 022 009 329 1093 40 019 012 097 034 013 79.64 1591
16 007 029 126 048 0.09 2626 1086 41 011 017 095 048 0.08 2856  9.69
17 047 007 047 014 01 46 1253 42 017 013 076 044 0.09 3892 1144
18 044 0.09 046 0.18 0 75 0.38 43 012 0412 063 034 007 2579 8.8

19 018 017 091 012 024 8584 302 44 014 01 066 066 0.05 2809 6.57
20 049 0.06 037 038 002 3484 2.68 45 017 0413 081 098 011 4181 1348
21 021 005 03 022 003 16.09 3.1 46 023 012 079 042 01 4057 1223
22 024 011 053 03 006 3616 721 47 018 016 078 032 01 3266 12.9
23 033 009 055 03 007 4398 933 48 015 014 064 016 011 34.63 13.9
24 019 008 039 01 0.03 1381 4.02 49 016 009 04 036 003 1752 3.28
25 021 0.09 054 024 007 2695 9.2 50 0.17 01 043 036 0.03 1657 3.96

Table 3. Seismic parameters of frequency domain and peak ground acceleration
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A= 0.23925, 4+ 0.0248 (8)
Ay YV Ol oley wile ab oks 5 of 5«

O s 5 slos ) sl sl sl uﬁmldizwwfp 0 Jgd

RV
SV(cm/s)  SD(cm)  SA(cm/s™2)  PGA(Q)
0.8 0.7 0.A 0.¢
Tp(sec)  Tm(sec) V/A(sec)
0.2 0.1 0.¢

Table 5. Spirman correlation coefficient between seismic
parameters and target displacement
ol o Northridge 335 51 cadaly opl o3l s &l
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Fig. 4. Comparing between Spirman & Pearson
correlation coefficients

€m) baa 3l G Ol a5 £ J gk

N.O TD(cm) N.O TD(cm)

8.94 26 2.76
9.75 27 2.07
2.22 28 1.25
3.92 29 1.02
11.6 30 20.8
4.43 31 13.85
12.23 32 12.23
10.06 33 13.22
17.9 34 2.66
10 13.53 35 23.54
11 16.16 36 1.65
12 9.92 37 3.53
13 19.96 38 111
14 12.25 39 1.21
15 6.24 40 17.21
16 4.92 41 12.63
17 10.89 42 10.33

OO (N|O|O|R|W|IN|-

18 0.2 43 5.38
19 12.81 44 9.41
20 8.6 45 9.61

21 3.02 46 11.73
22 13.48 47 12.23
23 11.77 48 8.64
24 2.26 49 8.03
25 15.54 50 5.44
Table 4. Target displacements of earthquakes (cm)

0155 15 Al ot S 5 5 it e s

S O i 5 sl o) Sl el Oy (Stses oy le N g

PGA(g) V/A(sec) Tp(sec) Tm(sec)

SA(cm/s"2)  SV(cm/s)  SD(cm)

Target
Displacement(cm)

PGA(Q) 10
V/A(sec) -0.4 1.0
Tp(sec) -0.1 0.4 1.0
Tm(sec) -0.3 0.8 0.4 1.0
SA(CM/s™2) 0.3 0.4 01 0.6 10
Sv(cmis) 05 0.2 01 05 0.9 1.0
SD(cm) 0.3 0.3 0.0 05 0.9 0.8 1.0
Target 0.4 0.3 0.2 0.4 0.8 0.9 0.7 1.0

Displacement(cm)

Table 6. Pearson correlation matrix between seismic parameters and target displacement
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Abstract
Performance-based seismic design is a relatively new concept in structural engineering and earthquake
engineering and is rapidly becoming widely accepted in professional practice. The basic idea of
performance-based design is to design a structure so that it will “perform” in a specified manner when
subjected to various earthquake levels. Therefore this design method involves a set of procedures by which a
building structure is designed in a controlled manner such that its behaviour is ensured at predefined
performance levels under earthquake loading. A nonlinear analysis tool is required to evaluate earthquake
demands at the various performance levels. Pushover analysis is widely adopted as the primary tool for such
nonlinear analysis because of its simplicity compared with dynamic procedures. The essential feature of
conventional static pushover analysis is that it is a nonlinear procedure in which monotonically increasing
lateral loads along with constant gravity loads are applied to a framework until a control node (usually
referred to the building roof) sways to a predefined ‘target’ lateral displacement, or to a 'target' base shear,
which corresponds to a performance level. The target displacement is the maximum roof displacement likely
to be experienced during the design earthquake. Different performance levels have different target
displacements, which represent different seismic intensities. The accurate estimation of target displacement
associated with specific performance objective affect the accuracy of seismic demand predictions of
pushover analysis. The target displacement for a multi degree of freedom (MDOF) system is usually
estimated as the displacement demand for the corresponding equivalent single degree of freedom (SDOF)
system.
The accuracy of approximate procedures utilized to estimate target displacement depend on the ground
motion characteristics such as peak ground acceleration (PGA), peak ground velocities (PGV), acceleration
response spectra (Sa) and pseudo velocity response spectra (Sv). Observing the damages of buildings after
past earthquakes showed that the damage potential has a little dependence to maximum value of a single
parameter such as ground acceleration or the total event duration. In the conventional methods, peak ground
acceleration, as a parameter of the earthquake event, is directly/or indirectly used for force-based design and
performance-based design. Peak ground motions, duration of strong motions and frequency content are
important characteristics of earthquakes that have considerable effect on the earthquake damages. Main
objective of the present research is to study the relationship between seismic parameters in the frequency-
domain and peak ground acceleration, and the target displacement of the structure. For this purpose, the
correlation coefficient between the seismic parameters and the target displacement is calculated and then the
relationship between the target displacement and seismic parameters is evaluated based on it. The achieved
results show that peak ground acceleration has weak correlation with the target displacement in comparison
to the other parameters; whereas frequency domain parameters have better correlation with the target
displacement.

Keyword: Correlation coefficient, Pushover analysis, Seismic parameters, Target displacement.
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