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Fig. 1. A schematic view of asymmetric one-story model
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Model Dimensions of Columns
bi=h1 bo=h> bs=h3 t
2 m m  (m  (m
0 1.5 0.3 0.3 0 0.01
0 0.75 0.3 0.3 0 0.01
0.15 15 0.3075 0.302 0.2795 0.01
0.15 0.75 0.291 0.3085 0.3 0.01
025 15 0.2976 0.3024 0.3 0.01
0.25 0.75 0.27 0.321 0.3094 0.01
Table 1. Characteristics of structural elements of the studied
models
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Fig. 2. Acceleration response spectra of the used earthquakes
in this study
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Illlg. Earr:f;gqueake Station Year Magnitude (r\rllfs) (errl:lr)J P(CS sA
1 Cape Mendocino  Centerville Beach 1992 7.01 459.04 18.31 0.477
2 Cape Mendocino Loleta Fire 1992 7.01 515.65 25.91 0.265
3 Chuetsu-oki Kashiwazaki 2007 6.80 561.59 20.03 0.727
4 Chuetsu-oki Yoshikawaku 2007 6.80 561.59 16.86 0.453
5 Hector Mine Hector 1999 7.13 726.00 11.66 0.328
6 Landers Joshua Tree 1992 7.28 379.32 11.03 0.284
7 Manjil Abbar 1990 7.37 723.95 12.55 0.514
8 New Zealand Matahina Dam 1987 6.60 551.30 16.09 0.284
9 Northridge Castaic 1994 6.69 450.28 20.72 0.568
10 Northridge LA-UCLA 1994 6.69 398.42 22.49 0.474
11 Kocaeli Arcelik 1999 7.51 523.00 13.49 0.210
12 Chi-Chi TCUO045 1999 7.62 704.64 26.00 0.506
13 Friuli Tolmezzo 1976 6.50 505.23 15.82 0.357
14 Kern county Taft 1952 7.36 385.43 38.89 0.180

Table 2. Characteristics of used earthquake records in this study

96



Y44 dLﬂ/iﬂ\)L«.ﬁr/Md\)jJ

Ol sl dileds Sl Jol i Olsie 4 (5150 55 e
ALl B s lagal n amy llse (S 6 Ol
g (0) daly Gl (NR) sas Jloy sl dm 050

&:a..«l‘ ol

_ Rx+vitom)

NR (e)

Rx+v)
Olejan S o8 o o3l Sl sl RpcavaTor) o8
S il Sl sl w Roxtv) 5 conl sy 5 JG!
5 oall S NRY 5 NR>Y sl o lal sl
S NR Latls s ioy adlss 1o bzl [ialS
508 6 edel o ke 5 dnnlons i 15 51 S a

.w\omwﬁjﬁﬁ@gﬁ&@@o\,»g

VAR b~ o8 435 0l W5ty 4l e c2lS0ks £ S
(Castaic)

0.1
0.08 -
0.06
0.04
0.02 -

Northridge (1994

-0.02
-0.04
-0.06

Acceleration (Rad/sec"2)

10 20 30

Time (sec)
Fig. 4. Torsional acceleration time history of the 1994
Northridge earthquake (Castaic)

40 50

-0

C)b)b Q‘J.:.A W jY)}N [WVE ST Vf‘)ﬁ[ié d"""‘)

U315 sty adlsn Jlesl 55 L Slantle ol 5 o s (sl ad OS85 el ki 0 K3

2 — 2 - -
ERight side Torsionally flexible building (e/r=0) mRight side Torsionally stiff building (e/r=0)
Left side Left side
15 4 15
s 14 s 1
a a
o o
z =
0.5 4 05 4
0 0 4
005 01 0.2 0.4 0.8 12 1.6 2 005 0.1 0.2 0.4 0.8 12 16 2
Period (sec) Period (sec)
2 PR - - — 2
ERig t_Sl e Torsionally flexible building (e/r=0.15) mRight side Torsionally stiff building (e/r=0.15)
Left side :
Left side
15 A 15 A
E 17 21
o 2
o Q
z g
0.5 A 05 4
0 - 0 4
005 01 0.2 0.4 0.8 1.2 16 2 005 01 0.2 0.4 0.8 12 16 2
Period (sec) Period (sec)
2 —— 2 - -
= Right side Torsionally flexible building (e/r=0.25) = Right side Torsionally stiff building (e/r=0.25)
Left side Left side
1.5 1 15 4
£ 1 S 11
a a
o o
z z
0.5 1 05
0 4 0 4
005 0.1 0.2 0.4 0.8 12 16 2 005 0.1 0.2 0.4 0.8 12 16 2

Period (sec)

Period (sec)
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Abstract:

Due to the lack of access to the data of three rotational components of earthquakes, seismic analysis of new
buildings as well as assessment of the vulnerability of existing structures are usually carried out only by
applying the translational components of earthquakes. Iranian Standard 2800 proposed an accidental
eccentricity for considering the earthquake rotational component effect in the seismic analysis of building
structures. The present investigation is focused on the effects of earthquake rotational excitation on the
seismic response of buildings having various dynamic properties which situated on a rigid foundation. In
addition, adequacy of the accidental eccentricity of 5% recommended by seismic design code for inclusion
of the earthquake rotational component impact in the non-linear time history analysis of buildings is studied,
as well. To achieve this, a large number of one-story torsionally stiff and flexible building models with a
wide range of lateral vibration periods (T=0.05 to 2sec) and three different values of inherent eccentricity of
0, 15 and 25% were modeled. These models were once excited by the translational components of ground
motions and once again by both translational and rotational components of ground motions. The building
models were re-analyzed after applying the 5% accidental eccentricity based on the procedure presented by
Standard 2800 (shifting the center of mass in the negative and positive directions by 0.05 of the plan
dimension). For conducting the non-linear time history analyses, a number of earthquakes were selected and
the rotational records for these events were generated by use of an indirect single station method based on
the seismic wave propagation in an elastic and homogeneous medium. In total, over than 2600 nonlinear
dynamic analyses have been conducted in this numerical research. In order to determine the role of
earthquake rotational excitation in the seismic behavior of buildings, the variations of displacement response
for the left and right sides of diaphragm and the torsion of diaphragm about the mass center due to the effect
of rotational component were evaluated. By comparing the results obtained in this study, it is found that the
rotational component has a substantial influence on the structural responses, which this effect is a function of
the fundamental dynamic characteristics of system such as uncoupled rotational to translational frequency
ratio, lateral vibration period and irregularity. The displacement of diaphragm can be increased up to 50%
when the rotational component of ground motion is included in the seismic load combinations. Decreasing
the frequency ratio leads to increase of the rotational component effect for the stiff buildings with short
periods, while in the other cases reduces the growth of displacement due to the rotational component.
Furthermore, results indicate that the accidental eccentricity of 5% cannot increase the seismic responses as
much as the earthquake rotational motion, and leads to unreal and underestimate results for the most of
lateral vibration periods. Thus, the current Standard 2800 approach cannot be considered as an appropriate
alternative for considering the accidental torsion induced by the rotational component of ground motion, and
it seems that this approach needs to be re-evaluated.

Keywords: Earthquake rotational excitation, Seismic analysis, Torsionally stiff building, Torsionally
flexible building, Accidental eccentricity.
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