EFFECT OF THE NATURAL COMPONENTS OF THE
EARTHQUAKES ON THE BUILDING RESPONSES

Dr, MOHAMMAD R. B. KARIMI

SRUCTURALAND EARTHQUAKE ENGINEERING
CYPRUS INTERNATIONAL UNIVERSITY

\l‘ w l}‘}t (' /( lUli)?'\‘wI@
‘4' = ; GAU ‘Q’Mlm—d/‘j YAKIN 3000 BIRERSTES

7B KTMM.O.B_ . . 1. National Civil Engineering Symposium

INSAAT MUHENDISLERI ODASI

25-26/06/2021

CHAMBER OF CIVIL ENGINEERS 1. Ulusal insaat Miithendisligi Sempozyumu




CONTENTS

1. Seismicity Region (Cyprus)

2. Ground Motions Components
3. Selected Ground Motions

4. Modeling

5. Results and Discussion

KT.M.M.O.B ) )
INSAAT MUHENDISLERI ODASI

CHAMBER OF CIVIL ENGINEERS

1. National Civil Engineering Symposium

1. Ulusal ingaat Miithendisligi Sempozyumu

25-26/06/2021




IRIS Earthquake Browser - CYPRUS REGION

Map

- Parnlimr
f 1 | 1 b
Mour ( . Py
o VI Kepog = \ 2
|
A

e -

Options ~

Veke crarpes sr=is Angly

| Maximum eanhquakes
I v

|| Select sarthquakes by
“ |} Largest v

f Time Range

1970-01-01 3|

Ktagniuoe Range
| !

< Magnitude < |1

| De=pth Range (km) I

i Data Source

LSGS i
| Apply l
Estguae Count
38 of 38 (28 visidis)
Other Svrgs D 1y
{Show piate boundaries On v I

{Amumate the earthquakes  Nawl I

o IGotloanew | Rezion Topic v

\View sanhquakss as Table

30

|
|
|
|
|
]
|

Cursor: 35.5, 331 J -

K.T.M.M.O.B_ o
INSAAT MUHENDISLERI ODASI

IMO

CHAMBER OF CIVIL ENGINEERS

1. National Civil Engineering Symposium

1. Ulusal ingaat Miithendisligi Sempozyumu

25-26/06/2021



IEB export: 36 earthquakes as a sortable table.
from 997040104 10 2005-05-0, Wth magnttudes from 5 10 30, depths fom © to 900 kau, with priorsy for stae, lmited 1o 300, owing dats fom USTS.

CYPRUS REGION

st eefusess huadlery T3 gont by iiaduny tuve of snnst a6 Tty solystn
ba 3y ssfuement Boid oy bap wisds chelnng
b punted cgin ies othar apps ch i el Deble-clich b3 adese il

B2,

thes copy 28

£

m..-an; Excel Binarv NetCDF

¢ Day ¢ Time U1C . ¢ Lan ¢ Depth b ¢ Regian ¢ USGSID ¢ Tlimestamp .
) Wz 35 D485 33 78] 6829 | v UE of Peigamot. Oypeus 27000323 3
1244 4 ling 1065 S ere ke 1 |
19 062140 ¥ 058 Sk SE of Tekeova, Ture .20 2
4 =n 4 B 2 ] I . J .l
il 11084 5 64 M2 ‘ ! Tk
2 21 02 1310 ’ urke vl "
)5 1" 4020 4 04 {14 1 MUR tegCe rap OO0y ar
2 ( 3 7 £S5 6 " e " ‘
LU )5 J 2344 50 1 S 60 1582 G5 R tegrer 100 " 1"
15 1"naza 6 o4 1 1y 1 ‘e "W f
33 ] " 042755 479 3 3 MU reger rpd 43
29 5 1 7 a1 = " .
338 )1 1 1314 530 ) MUR teger 1pOG0s
47 L 1 4 " "
I35 ) 0f 1105 4 5 1 ) 1 1p0 W a°
294 0 A 19 4 v e "0 [
336 0 ( 011902 M5 18 ) MUR P rapd vy
3e 1 i - ad "W T
33 0 f 10010 344 ) npO0QTrdz e
2 ( 454 404 = W 74
33 0 1822 1 "4 0 WUR teger rapd St e
29 2 0403 44 I W J
33 1" ( 0023 ) 4 43 1 ) apd A
249 10 6 00 A AS = " 4
) ) 210501 35 0 4 0o WU teger rpd d
30 04 53 35 ‘ | W
33 ) ) 21400 35 04 ' 0o U e 1pd e
) 110343 4 l $ v
3 f 2155 36 1 ‘5 npQOYse2:
) LRLSY) a ‘ e 1 s
1505 M7 ‘4 ' 0002 “
TX 64 1751 et ' t 1 ¥
( 134 36 184 s ) wais Ve o 14
54 { 1 ot e P
&3 4 U reger 18 -
& o > -

K.T.M.M.O.B 1. National Civil Engineering Symposium

25-26/06/2021 [ 4]

INSAAT MUHENDISLER| ODASI . —
CHAMBER OF CIVIL ENGINEERS 1. Ulusal Insaat Miihendisligi Sempozyumu




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.
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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.

Table 1: Selected pulse-like ground motions

Tp Duratio PGA PGV PGD PGA/P  PGV/PG

# EQ Name Year Mag. (s) n (s) (cm/sn (em/s)  (cm) GV D

2) (1/s) (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 3998 42460 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 91430 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_GO03140 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
0

.. 2

MORGAN_G06090

1984

6.19

1.232

30.00

286.71

36.49

5.95

7.86

6.13
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In this study, the selected ground motions have been categorized as shown in the
following table:

Table 2: categorized group of the ground motions
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
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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.

Internal
steel
plates

+ ol
Rubber |
layers

Rubber

— Lead core

uground
(A) (B) (C)
Figure 1: a) Idealization of the LCRB system; b) Hysteretic model of the LCRB
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ANALYITICAL MODEL

Stick Model: Fixed Base Base Isolated
The modeling and time history analyses ' ° 20 Lumped Mass
of the considered buildings have been ™

. k

carried out using MATLAB considering “.g m, ]

elastic shear-beam stick model. ] . 1= £
i I / m N: Floor Number

c: Damping Coefficient

Stick Element

Ll ]

c, SN k: Stiffness
kl . my
m: Mass
ml Cb
kb=¥ Isolator
1], — —
P Vi

—W‘H'lw'hm 'M‘\ Hopide

Figure 2: Stick model of fixed and seismic isolated building
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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)

Floor Mass (ton) Stiffness proportion Stiﬁ‘negs (k) | Floor Mass Stiffness proportion Stiﬁ‘nless (k) Damping ratio
level (N/em) | level (ton) (N/cm) for steel structure (£.)
5-story 20-story

1 720 k, = 1k 1683 X 10° | 1-4 720 k, = 1k 1589 x 10°

2 720 k, = 0.8k 1346 x 10° | 5-8 720 k, = 0.8k 1271.2 x 10°

3 720 ky = 0.64k 1075 x 10°% | 9-12 720 k, = 0.64k 1016.7 x 10° > o

4 720 k, = 0.51k 860 x 10° | 13-16 720 k, = 0.51k 813.568 x 10° “ e

5 360 k: = 041k 683 x 10° 17-19 720 k: = 0.41k 650.854 x 10°

20 360 k. =041k 650.854 x 10°

Total 3240 ] Total 14040 - -

Table 4: Details of mass calculation for each story

Total floor area for a single story

3I0mx 30 m =900 m?

k . k
Story Dead load (Floor Dead load) 65[3—%,, *x900m- = ESEQGD—Q
m* story
k
Other assumed mass 531ﬂﬂ—g
story
. P kg . kg
Wy LL where LL=300—= 0.3x 300— > 900 m* =81000——
m= m* story
_ kg kg
Seismic mass (DL+W;;LL) 719100 = 720000
“ story story
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INPUT VARIABLITY OF THE ISOLATOPR
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.

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

Variable parameters mean Standard deviation DMechanical parameters Ranges
Isolator period (Tag) 4.012s 0.475 s 2s<T, <6s
Damping Ratio (Bags) 0.1 0.0118 0.05 < Bog = 0.15
Design displacement (Dg) 72.44 cm 6.544 cm 45 cm = Dg = 100 cm
Yielding displacement (u, = R Qk ) 1.5 cm 0.246 cm 0.8 cm = u, = 2.56 cm

1 5p
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RESULTS AND DISCUSSION (TOP FLOOR ACCELERATION)
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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)
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RESULTS AND DISCUSSION (TOP FLOOR DISPLACEMENT)
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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)
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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)

Probability of Failure of B. Acceleration

Tp(s)

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

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

Top Floor Acceleration Top Floor Displacement

FB building Bl building FB building Bl building
Rigid flexible Rigid flexible Rigid flexible Rigid flexible

8 1<PGV/PGD<4
§ 4<PGV/PGD<7 X X X
& 7<PGV/PGD<10

Ground Motions Components
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Probability failure of the seismic isolated buildings:

Bearing Acceleration Bearing Displacement

Low-rise building High-rise building Low-rise building High-rise building
PGV/PGD 0% 15% for higher value 25% for lower value of 25% for lower value of
of the ratio the ratio the ratio
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