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GROUND MOTIONS COMPONENTS

Ever since ground motions have been recorded in 1940 and it has been tried to 
develop ways which can quantify the earthquakes.

These cover characteristics such as amplitude of motion, frequency content of 
motion, duration of motion, etc
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GROUND MOTIONS COMPONENTS

Commonly used and known as design basis ground motion parameters (DBGM):

• Peak ground acceleration (PGA) value

• Response spectrum

• Acceleration time history of a site
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SELECTED GROUND MOTIONS COMPONENTS

Following parameters of the selected ground motions have been selected to study 
the effectiveness of the parameters:

• Peak ground acceleration (PGA)
• Peak ground velocity (PGV)
• Peak ground displacement (PGD)
• Pulse period (Tp)

In addition, in order to better understand the correlation between the selected 
parameters of PGA, PGV and PGD the ratio of PGA/PGV and PGV/PGD have been 
considered in this study.
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SELECTED GROUND MOTIONS

In this direction, 100 pulse-like ground motions have been selected whose pulse 
period ranges between the 0.5 and 13 sec.

# EQ Name Year Mag.
Tp
(s)

Duratio

n (s)

PGA
(cm/s^

2)

PGV
(cm/s)

PGD
(cm)

PGA/P
GV 

(1/s)

PGV/PG
D

(1/s)
1 NORTHR_PAC175 1994 6.69 0.588 19.98 407.89 44.29 5.01 9.21 8.84
2 NORTHR_PKC360 1994 6.69 0.728 39.98 424.60 51.38 7.21 8.26 7.12
3 GREECE_K-KAL-NS 1986 5.4 0.789 15.20 158.31 12.79 1.31 12.38 9.76
4 SANSALV_GIC180 1986 5.8 0.805 9.02 412.84 62.29 13.09 6.63 4.75
5 NORTHR_SPV360 1994 6.69 0.931 47.80 914.30 76.27 17.67 11.99 4.31
6 KOBE_KJM090 1995 6.9 1.092 149.98 617.69 76.11 18.31 8.12 4.15
7 SANSALV_NGI180 1986 5.8 1.127 20.27 396.29 56.38 19.64 7.03 2.87
8 COYOTELK_G03140 1979 5.74 1.155 26.85 251.50 29.58 6.34 8.50 4.66
9 COYOTELK_G06230 1979 5.74 1.232 27.10 413.77 44.35 12.44 9.33 3.56

10 MORGAN_G06090 1984 6.19 1.232 30.00 286.71 36.49 5.95 7.86 6.13
⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞

Table 1: Selected pulse-like ground motions
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In this study, the selected ground motions have been categorized as shown in the 
following table:

Ground Motions Components

PGA/PGV PGV/PGD Tp

1<PGA/PGV<5 1<PGV/PGD<4 0.5<Tp<4

5<PGA/PGV<9 4<PGV/PGD<7 4<Tp<8

9<PGA/PGV<12.4 7<PGV/PGD<10 8<Tp<13

Table 2: categorized  group of the ground motions
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STUDY MODEL

In this investigation two different type of buildings, Semi-Flexible and Flexible 
building with and without seismic isolation system have been considered.

In this direction, based on ASCE, the building whose fundamental period is less 
than 1 are in the category of Semi-Flexible building or else it is in the category of 
Flexible building 
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SEISMIC ISOLATION

Due to simplicity and with the highest efficiency compared to the other seismic 
isolation system, Lead Core Rubber (LRB) bearing have been selected as an 
isolator system to be used in the selected buildings. 

Figure 1: a) Idealization of the LCRB system; b) Hysteretic model of the LCRB

(A) (B) (C)
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ANALYITICAL MODEL

Stick Model: Fixed Base Base Isolated

Figure 2: Stick model of fixed and seismic isolated building

The modeling and time history analyses 
of the considered buildings have been 
carried out using MATLAB considering 
elastic shear-beam stick model.
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SUPPER-STRCURE PROPERTIES

5- and 20-story building with the following mass and stiffness properties have 
been investigated: 

Table 3: Stiffness proportion and mass properties of the considered buildings (Fixed Base)

Table 4: Details of mass calculation for each story
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INPUT VARIABLITY OF THE ISOLATOPR

Table 5: Input uncertain variables mean, standard deviation and ranges 

In put variability of the mechanical properties of the seismic isolation system:

From each mechanical property, 300 variables have been selected randomly and 
time history analysis has been implemented. Overall, 30000 analyses have been 
conducted for seismic isolation systems. 
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RESULTS AND DISCUSSION (TOP FLOOR ACCELERATION)

Figure 3: Effectiveness of ground motions parameters to the top floor Acceleration a) 5-story (rigid building) b) 20-story 
(flexible building) (Blue: FB, Red: BIB)

(a) (b)
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RESULTS AND DISCUSSION (TOP FLOOR DISPLACEMENT)

(b)(a)

Figure 4: Effectiveness of ground motions parameters to the top floor Displacement a) 5-story (rigid building) b) 20-story 
(flexible building) (Blue: FB, Red: BIB)
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)

In following, probability failure of bearing responses for seismic isolated building 
have been discussed.

In order to evaluate the probability failure, bearing responses limited to the peak 
ground responses: 

1) Telecommunication buildings, hospitals, and other important buildings usually 
maximum horizontal accelerations are limited to 300 cm/s^2 . 
But from contents to contents the limitation is different and depends on the 
operating system and varies between 250 cm/s^2 to 1000 cm/s^2.
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)

2) Performance limit for the peak bearing displacement
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)

Figure 5: Probability failure of Bearing Acceleration based on PGA/PGV and PGV/PGD (Blue: 5-story , Red: 20-story)
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)
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Figure 6: Probability failure of Bearing Acceleration based on Pulse-period (Blue: 5-story , Red: 20-story)
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)

Figure 7: Probability failure of Bearing Displacement based on PGA/PGV and PGV/PGD (Blue: 5-story , Red: 20-story)
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RESULTS AND DISCUSSION (PROBABLITY FAILURE)

Figure 8: Probability failure of Bearing Displacement based on Pulse-period (Blue: 5-story , Red: 20-story)
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CONCLUSION

Top Floor Acceleration Top Floor Displacement

FB building BI building FB building BI building

Rigid flexible Rigid flexible Rigid flexible Rigid flexible

G
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P
G

A
/P

G
V 1<PGA/PGV<5 X

5<PGA/PGV<9 X X X X X

9<PGA/PGV<12.4 X X

P
G

V
/P

G
D 1<PGV/PGD<4 X X

4<PGV/PGD<7 X X X X X

7<PGV/PGD<10

Tp

0.5<Tp<4 X X X X

4<Tp<8

8<Tp<13

Following table illustrates the effectiveness of the group of the ground motions to the 
top floor responses of the considered buildings:



1. Ulusal İnşaat Mühendisliği Sempozyumu

1. National Civil Engineering Symposium

25-26/06/2021 24

Bearing Acceleration Bearing Displacement

Low-rise building High-rise building Low-rise building High-rise building

PGA/PGV 20% for higher value 
of  the ratio

35% for higher value 
of  the ratio

35% for lower value of  
the ratio

40% for lower value of  
the ratio

PGV/PGD 0% 15% for higher value 
of the ratio

25% for lower value of  
the ratio

25% for lower value of  
the ratio

Tp 0% 10% for lower value 
of pulse period

20% for higher value 
of  the ratio

20% for higher value of  
the ratio

Probability failure of the seismic isolated buildings:


