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Fig .1. Zoning map of shear wave velocity at depth of 30
m from ground surface for Iran [16]
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Fig. 2. Zoning map of shear wave velocity at depth of 30
m from ground surface forTehran [16]
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Average shear wave velocities at depth of 30 m

Height from sea level

acceleration record station

718 976 Pakdasht

733 1490 Abbaspour University
696 1283 Azadi Stadium
1078 1909 Firouzkouh

821 1737 Ghazal Park

886 1265 Hashtgerd

1116 1405 Housing and building research center
586 1812 Jamshidiyeh Park
605 444 Kahrizak

789 1220 Sharif industrial Park
783 1220 Takhti Stadium
357 1117 Vahidiyeh

Table 1. Average shear wave velocities at depth of 30 m in acceleration record stations located in Tehran [15]
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Fig. 3. Corrected acceleration record component
perpendicular to the fault (Garmkhan event, Gifan station)
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Number Event Name Event Magnitude(Richter) year Station Component
1 Aghghala 5.6 2004 Gorgan Transvers & Longitudinal
2 Bam 6.5 2003 Mohamadabad Transvers & Longitudinal
3 Changoreh 6.4 2002 Razan Transvers & Longitudinal
4 Gharmkhan 6.5 1997 Gifan Transvers & Longitudinal
5 Gheshm 5.9 2005 Suza Transvers & Longitudinal
6 Karebas 6.1 1999 Khanzeynion Transvers & Longitudinal
7 Khuli-baniabad 7.1 1979 Ghaen Transvers & Longitudinal
8 Kojour 6.2 2004 dam.karaj Transvers & Longitudinal
9 Rudbar 7.3 1990 Abhar Transvers & Longitudinal
10 Silakhor 6.1 2006 Chaghalvandi Transvers & Longitudinal
11 Tabas 7.4 1978 Deyhok Transvers & Longitudinal
12 Zanjiran 5.8 1994 Firouzabad Transvers & Longitudinal
13 Zarand 6.3 2005 Dam.shirinroud  Transvers & Longitudinal
14 Zirkoh 7.2 1997 Sangan Transvers & Longitudinal

Table 2. Suggested pair acceleration records
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Event Name Station Component Hypocenteral Event (Km) Epicentral Distance (Km)
Aghghala Gorgan Transvers & Longitudinal 12 38.58
Bam Mohamadabad  Transvers & Longitudinal 15 49.07
Changoreh Razan Transvers & Longitudinal 15 31.81
Gharmkhan Gifan Transvers & Longitudinal 15 57.01
Gheshm Suza Transvers & Longitudinal 12 17.10
Karebas Khanzeynion  Transvers & Longitudinal 174 57.01
Khuli-baniabad Ghaen Transvers & Longitudinal 25 52.00
Kojour dam.karaj Transvers & Longitudinal 22 56.96
Rudbar Abhar Transvers & Longitudinal 15 100.67
Silakhor Chaghalvandi ~ Transvers & Longitudinal 17 35.88
Tabas Deyhok Transvers & Longitudinal 11 18.73
Zanjiran Firouzabad Transvers & Longitudinal 15 27.76
Zarand Dam.shirinroud ~ Transvers & Longitudinal 12 28.20
Zirkoh Sangan Transvers & Longitudinal 15 71.49

Table 3. Focal depth and distance between the station and hypocenter
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Fig. 5. Energy graph for component along with the fault
direction for Garmkhan event in Gifan station
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Fig. 7. Beachball diagram for Zanjiran event
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Fig. 8. Beachball diagram for Gharkhan event
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Fig. 6. Comparison of response spectrums
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Table. 4. Information of the Suggested pair acceleration records

s VE Ll eoskiS 8 ke 5 0 Ll S
wd Sl ol VOl e ol 5 B Kl
ol s I Gl B el YT il ey ok
JLE L s (53 oo pmn (SISO 40 same
e Sl 2 S g a1 O el e K e
on @B e s b db ol Calises aosles (gl 5

Gl ples 585 53 5 WS sl bl
ol (S 5s 5l rey b ol o3l b AS
Gt g U el e bl L
53 b amse )b sty LS O] u- B o sla s &

&l
[1] Naeim F. The seismic design handbook: Springer
Science & Business Media; 1989.
[2] Issue No 600. Loading and Seismic Analysis
Guideline of Iran Lifeline. Islamic Republic of Iran.
Vice Presidency for Strategic Planning and Supervision,
2012.”In Persian”.
[3] Sextos AG, Pitilakis KD, Kappos AJ. Inelastic
dynamic analysis of RC bridges accounting for spatial
variability of ground motion, site effects and soil-
structure interaction phenomena. Part 1. Methodology
and analytical tools. Earthquake engineering &
structural dynamics. 2003;32(4):607-27.

149

S A - &
el ol abll Jl LS s by Olg el
=S Srlyd o it 4l 5 oSl (b cnl ol
i ss 2Ok arelr oy p w0 addllas 0l 3 .ol
S Dlido S o W) pdige 5 elidios ) (Hedlin
-l calloks Zod Ve bly e 5o A atls
5o ey 35 4 Ol TV B VAVA ladle e gl
3505 35y cale calloks Ol s &S s zal )l rLo_?
calloks zo3 VSl e kg 5 5 S e
O sln Sloars,l Gdn aw ol el ol 5
e 3 by adlas Gua pl 4 o gl S sleiy
Gl S S 5 sl rames 5 38 O s ailie 2l
slaably 85 B 5o b5 as e 5 adlen Jl
Wils g Jowe b olSiml o dols (S5 Gas S5
308 5 Sl o, o laelanl alidone) andllas
S 358 0 slgin COKOLS I 4s sazms S B (g gt
S b O 3 e sl oS Kbl Ol as
St plja )b Jles 5 iladbe & S5m0
S pgd oS L dalaza 5 slasl 55 add 0 YA 51 0155 e cL

G ygd 53 (SoskiS 8,5 waS 58 ealimal (oalgiy



LK 5 aels (sigs

[17] Japan International Cooperation Agency (JICA)
Centre for Earthquake and Environmental Studies of
Tehran (CEST) Tehran Municipality. The Study on
Seismic Microzoning of the Greater Tehran Area in the
Islamic Republic of Iran, November 2000.

[18] Mohammad Ashtari Jafari. Statistical prediction of
the next great earthquake around Tehran, Iran. Journal
of Geodynamics;49 (2010) 14-18, 2010.

[19] National Science Foundation since its inception and
award EAR-0824694. March 30, 2013 (M. Nettles).
Global Centroid Moment Tensor project. Available
from, WWW.GLOBALCMT.ORG.

[20] Shome N, Cornell CA, Bazzurro P, Carballo JE.
Earthquakes, records, and nonlinear responses.
Earthquake Spectra. 1998;14(3):469-500.

[21] Venture NCJ. Selecting and scaling earthquake
ground motions for performing response-history
analyses. NIST GCR. 2011:11-917.

[22] UBC. Structural engineering design provisions.
Volume; 1997.

[23] Clough RW and Penzien J. Dynamics of Structures,
Third Edition. Computer and Structure, Inc. University
Ave. Berkeley, 1995, CA 94704 USA.

[24] Anil. K. Chopra, Dynamic of Structures Theory and
Application to Earth Value Engineering (Third Edition )
, Person Prentice Hall, 2007.

[25] Baker JW. Quantitative classification of near-fault
ground motions using wavelet analysis. Bulletin of the
Seismological Society of America. 2007;97(5):1486-
501.

[26] Page, R. A., Boor, D. M., Joyner, W. B., and
Caulter, H. W., “ Groun Motion Values for Use in the
Seismic Design of the Trans-Alaska Pipeline System,”
USGS Circular 672, 1972.

[27] Bolt, B. A., “ Duration of Strong Motion, ” Proc 4
World Conf. Earthquake Eng., 1304-1315, Santiago,
Chile, 1969.

[28] Trifunac, M. D. and Brady, A. G., “A Study of the
Duration of Strong Earthquake Ground Motion,” Bull.
Seism. Soc. Am. 65, 581-626, 1975.

[29] McCann, W. M. and Shah, H. C., “Determining
Strong-Motion Duration of Earthquake ,” Bull. Seism.
Soc. Am. 69, No. 4, 1253-1265, 1979.

150

IO W RO T éucﬁ;&gu T3 slgi

[4] lervolino |, Galasso C, Cosenza E. REXEL:
computer aided record selection for code-based seismic
structural analysis. Bulletin of Earthquake Engineering.
2010;8(2):339-62.

[5] Standard No 2800. Iranian Code of Practice for
Seismic Resistant Design of Building, second revision,
2005. “In Persian”.

[6] Standard No 2800. Iranian Code of Practice for
Seismic Resistant Design of Building, third revision,
2015. “In Persian”.

[7] ASCE- 7. Minimum Design Loads for Buildings
and Other Structures, American Society of Civil
Engineers, ASCE- 7-05, 2005.

[8] ASCE- 7. Minimum Design Loads for Buildings and
Other Structures, American Society of Civil Engineers,
ASCE- 7-10. 2010.

[9] Code P. Eurocode 8: Design of structures for
earthquake resistance-Part 1: General rules, seismic
actions and rules for buildings. 2005.

[10] Katsanos El, Sextos AG, Manolis GD. Selection of
earthquake ground motion records: A state-of-the-art
review from a structural engineering perspective. Soil
Dynamics and Earthquake Engineering. 2010;30(4):157-
69.

[11] ATC. Guidelines for cyclic seismic testing of
components of steel structures. ATC-24, Redwood City,
CA; 1992,

[12] Venture SJ. Protocol for fabrication, inspection,
testing, and documentation of beam-column connection
tests and other experimental specimens. Rep No
SAC/BD-97. 1997;2.

[13] FEMA P. 695 (2009). Quantification of building
seismic performance factors Federal Emergency
Management Agency, Washington DC.

[14] Lee LH, Lee HH, Han SW. Method of selecting
design earthquake ground motions for tall buildings. The
Structural Design of Tall Buildings. 2000;9(3):201-13.
[15] Sinaeian F, MirzaeiAlavijeH H and Farzanegan E.
Geological Study of Iran's Strong Motion Stations using
(Seismic Refraction Method), Building and Housing
Research Center, 2008. “In Persian”.

[16] The United States Geological Survey, Wednesday,
February 27, 2013, The United States Geological
Survey, Available from; WWW.USGS.GOV.


http://www.usgs.gov/
../../../PAYAN%20NAMEEH/maghale,%20mohamad%20hasani/WWW.GLOBALCMT.ORG

Modares Civil Engineering Journal (M.C.E.J) Vol.17, No.4, October 2017

Suitable Remote Range Strong Motion Accelerograms in three-
dimensional non-linear analysis for Tehran, Iran

M. Ghassemieh'*, M. Hasani sokhtesaraei®, M. Bastami®

1- Prof., School of civil engineering, University of Tehran
2- Ph.D. Candidate, School of civil engineering, University of Tehran
3- Prof., Structural Engineering Research Center, International Institute of Earthquake Engineering and Seismology

m.ghassemieh@ut.ac.ir

Abstract:

Time history analysis is the most natural analytical method compatible with the physical behaviors of
structures due to the effects of earth acceleration at the structural base. The accelerograms which are used in
analyzing the chronological history in determining the impacts of earth movement must reveal the actual
movements of earth in the construction site of the structure during earthquake. As a result, selecting
accelerogram is very important in analyzing the chronology. According to the scientific information and
documents, Iran is one of the regions with high risk of earthquake in the world and is exposed to serious
damages from earthquakes. In recent years, at least one earthquake with large physical and financial
casualties has been reported in each of the regions of the country once in every five years. Presently, Iran is
on top of the list of countries where earthquake is associated with life casualties. It is very difficult to fully
prevent damages caused by high magnitude earthquakes. This is especially important in the city of Tehran
with its large population and surrounded active faults. The main goal of this research is to prepare a suitable
list of remote range strong motion accelerograms to be used in nonlinear analysis in Tehran. The main focus
of this research is to study all parameters that are effective in selecting suitable strong motion accelerogram
in Tehran. For this purpose, 1000 strong motion accelerograms were selected from the reported earthquakes
in Iran during 1978 to 2007. Effective parameters including distance, magnitude, frequency contents,
earthquake mechanism, soil and specifications of earth strata were reviewed in selecting suitable strong
motion accelerograms for the city of Tehran. Ultimately, a suitable list of strong motion accelerograms is
presented to be used in nonlinear three-dimensional analysis. To achieve this goal, the geological and
geotechnical features of the region were studied. In addition, the mechanism of active faults in the region is
studied considering the parameters of magnitude, focal depth, and the distance of registry stations to the
earthquake place. The geology studies of the records registry stations, mechanism and the frequency contents
of a series of the accelerograms are suggested to reveal the actual movement of earth in Tehran as much as
possible. If modeling and chronological history analysis are bi-dimensional, it will be possible to use 28
categories alongside and orthogonal with the faults in the suggested list. It should be noted that to analyze
the chronology, only the accelerograms which could be scaled with the spectrum of the standard plan of the
region and are proved to be compatible with the frequency period of the structure were used. Minimum
moment magnitude in the mentioned list is equal to 5.6 and maximum moment magnitude is 7.4. The mean
magnitude in this list is 6.45. The mean maximum earth acceleration for the list was equal to 0.191g. The
dominant frequency in this collection of accelerogram includes a large frequency range; therefore, suitable
stimulation could be anticipated from this list for various structures.
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