JSEE  The June 22, 2002, Changureh (Avaj) Earthquake, Iran

2. STRONG GROUND MOTIONS
2.1INTRODUCTION

This chapter describes the results of strong motion analysis. Signal to noise ratios, corrected
accelerations, velacities and displacements of the intense ground mations recorded in this earthquake
are presented. In order to illustrate different characteristics of these records, different spectra such as
power spectral densities, response spectra and H/V spectra are also provided and a discussion on each
spectrum is presented in a nutshell.

2.2 RECORDED ACCELEROGRAMS

On 22 June 2002, at 7:28:20 loca time, a destructive earthquake struck some vast regions in
Hamadan, Qazvin and Zanjan provinces in Iran. This earthquake was also felt in Tehran, Kermanshah,
Qom, Central, Ardebil and Gilan provinces as well. The magnitude of this earthquake as announced by
the Earthquake Information Center of The US Geological Survey, was Mw=6.5 (See Chapter 1).

- B , s -
Figure 2.1. Map of accelerometer stations. Stations where the main event of the Changureh
Earthquake was recorded are marked with red (BHRC).
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According to the report of Building and Housing Research Center (BHRC), the earthquake was
recorded by more than 50 digital accelerometers. The maximum acceleration of about 0.5g was
reached at Avgj station, 26km away from the hypocenter. Table 2.1 shows the recorded PGA values,
their locations, times and azimuths. The locations of the stations are aso shown in Figure 2.1.
Accelerometers at red sguares among the other stations were all triggered by the main event, and are
found in an area of about 250 Km in radius.

Table 2.1. List of the stations that record Changureh Earthquake (BHRC).

RTATION 8 Anitida

ELF oA o s]

1 Aval "
2 BAIEN e BE EBXHE B 1S 05 Wl 5 5
3 SHIRNSO ZH B IS5 TITE 9254 12A07 WD 17D D
4 EABDDARRHANT JPLY MT) M7 S MO EET WL 1) 240
§ ABECARW T 8™ ¥MTS 1M §S029 13037 e 2
B GHOHORD 7R BN EA G OT\W O EN W R
T DARSCHIN el B0 EB03 B 423 TrE e X I;
i AF-AR T BT ORI WO OWMT LMW O EU WA @
8 EHAHAGHAN N OPE OB EM ;NI S 1m0 W =W
B BACERANDY 3 B M4 230 WE Uy TR0 19 38
11 BAHAR D M43 HEY HE W3 &8 1105 I T
12 SEEMOALEH T BF XBI BE 25 M3 e @1
13 [V AMEAT IEDd B45 B WS W W1 aD ImIxm
14 GOLTAPER T OHR WY W) MY a8 ¥ i ¥
§5 KEAYRIONDERER 7l BN B2 RS BT OIIN T D IR
i6 BOENLAHRA 70 DN ETT WX 0 NN e I3 2
17 DAMESFAHah T BT OERT OF3 WA =t WD 16 XS
B MAHNSAND T P5 EL) OES BE TFE 1m0 10
0 EHOEETRAD WEE TRl BA N O1E BN 160 WA 2
2 EHODsEAMDES 2/ ER EIZ A2 1384 1792 MO 10 WO
21 TERAKD I Sl R e Rl 1T - =0 18
27 EAHA "0 BE X1 DE B 1E53 .. Im 318
37 GARMAE IS MY WM Mol 98T X8 W0 40 30
24 HAE DA M0 M5 MM ROE TDE 13 1 145 335
25 ROSTaMASED 8 B B N 15 N0 40 12X 16
= DIEHLALAL e AETCED B ONME MES NI =TT
I7 MASCARAD XTI OSIES ¥73 0 31 XG4 THE 0O =0
H ARl TME AT WY MM AP (L83 I 1 3
28 Tal EaHan e BT M fded 12FT 1223 173 283
A EEHTEHARD ora ¥ OETY ®I BB OITEE e 3R
31 FARMAHN XX DE M BE NE EB TE & T
33 EOMLUAN H BT OMHF B BS) AW e 33 8
I SOLTANIYES ZiF  ABR WaAS T BSR4 TR 0D O
34 HalL&H I =05 M3 1T BN B 180 T sED
35 EHOAVEH B3 PR EJWIF OBIE B W OMME WM
95 TAMAE EE2 470 F|A O BE 4 BT WEE 03K
AF TEHE AR SHE Fil 119 K7 B4 BN 132D . A 10
M SEMDROLD 2TeS] B NMTE M AT T = B[]
10 WODARA NF?  dBT W12 G54 B 158 S 160 MO
4 VAaHDYEH 032 F /E MW ETE 154 & 130
&1 EEFANDAN i BT OME 127 EHSS 495 D B0 X
42 IATHABAD P BE XA WE BT NGT D 33 M
43 schaABARL TeE.) MTE WM N EM 127 1684 T4
d NFEOYE= M B EXMN ML D43 1013 ED M 358
45 TEHRAKI ME 5S4 Fi2 B 502 M2 - X0 W
& FARE E®E - - @ BS99 - S
A7 EAARIES MEE S0 WOE 51 3MW (i3 EX M
2 EALAELARTAN Al EBE EX 1TE 262 153w 1EN) MO 30
A0 AT XN W WE B0 427 1088 M 0 B
51 VAHMAZAD XS 5117 B4 TE B! 0M M B IS
51 JOFTEN EIT OB M T OTIT NS S0 B S
E3 TaEETaN 7oA dB7 WE L M NMEE D om0
Y GARKMDARER EQ B MFr F LBE DJ4E 1088 2B
Bl Qi 55 e WbE EQ 5 15 e 1% I5
ES HAME[AM-ASIACARAD 7% M5 M79 EI1E 467 M55 o Ho
55 TAMUAN 20 BaE EE ONE BIE 1012 EED 3 o1
EF HAIE THE O CEHE BmM BSOS WE o WO
58 TE-RAK) T Sl WMT2 4% 211 80 a 5 Mg




In Figure 2.2, three uncorrected components of the 4 strongest accelerograms are shown (excluding
Avg station). Featuresin common for the records are (1) spiky peaks and (2) short duration times.
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Figure 2.2 (cont). Four strongest motions recorded at Razan, Shirinso, Kabodarahang and Abegarm

At aglance over the planar locations of the stations with recorded PGA values, the bigger PGA values
are mostly found on the western side of the Avgj fault that was activated in the earthquake. This fact
may prove that there was a directivity effect.

As shown in Table 2.1, there are only two horizontal PGA values larger than 0.2g. For this reason,
discussion will be narrowed to these two components. They include Ava and Razan records with the
maximum uncorrected PGA values of 0.51g and 0.2g reached.
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An earthquake accelerogram generaly contains all accelerations from the time that the earthquake
begins until the time that the motion has returned to the level of background “noise”. For engineering
purpose, only the strong motion part must be extracted. For this, both the pre-event parts and tail parts
of the accelerograms were examined. Though there is no guarantee that the tail parts contain only pure
noises, the reference noise signal was taken from the tails because there were some forshocks effects
appearing in the pre-event parts. Figures 2.3 and 2.4 show the signal to noise (S/N) spectra of three
components of Avaj and Razan records, respectively. From these figures, the lower and higher cutoff
frequencies for a band-pass filter were set at 0.15 Hz and 25 Hz, respectively, and al records were
conditioned so that the noise amplitudes were minimized. The corrected accelerations together with
velocities and displacements at Avagj and Razan stations are shown in Figures 2.5 and 2.6,
respectively.
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Figure 2.5. Corrected acceleration, velocity and displacement at Avgj station
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2.3 PSD AND RESPONSE SPECTRA

In conventional strong motion analyses, it is common to describe frequency characteristics of a motion
in terms of Fourier Spectrum. On the other hand, power spectral density (PSD) of the motion is useful
in characterizing an earthquake as a random process.

Power spectra of Avgj and Razan records are shown in Figures 2.7 and 2.8.
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Response spectra were also calculated for these records, and plotted in a four-way logarithmic plot
(tripartite plot) in Figures 2.9 and 2.10. Asis clear from Avg] PSDs and response spectra, two distinct
dominant frequencies at about 3 Hz and 5 Hz are recognized for the longitudinal horizontal component,
one at about 4 Hz for the transverse component and one at about 5 Hz for vertical component. As for
Razan, there are two distinct peaks at around 1.2 Hz and 4 Hz for the longitudinal component and 3
Hz for both the transverse and vertical components.
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24HORIZONTAL TO VERTICAL SPECTRAL RATIOS

Local site conditions can profoundly influence all the important characteristics of strong ground
motion. If an accelerometer is installed on a rock outcrop, it can be used as a reference and the local
site effects at the other sites nearby can be recognized by comparing them with the reference record.

In the area of Changureh Earthquake, due to the lack of such a reference station, the HVSR
(Horizontal to Vertical Spectral Ratio) technique (Nakamura, 1989) was utilized. This technique has
received due attention recently because of its potential for identifying predominant periods of soft soil
deposits as well as amplification factors. The applicability of HVSR technique to obtain site effect
using both weak and strong motion records in the frequency domain was examined by Lermo and
Chavez-Garcia[4] and Zare and Bard [3].

HV SRs were caculated for both Avgl and Razan records, and are shown in Figures 11 and 12,
respectively. HVSR for Avagj record has a peak at about 2.2 Hz, while a peak at around 1.5 Hz is seen
in Razan. From this, Avg] and Razan sites are classified into Types 3 and 4, respectively (Type 1 =
rock site, Type 2 = hard soil, Type 3 = medium soil and Type 4 = soft soil, See [3]).
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Figure2.11. HVSR at Avg Figure2.12. HVSR at Razan
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25AFTERSHOCKS

Aftershocks of the Changureh earthquake were recorded at BHRC stations as well as temporary
stations set by International Institute of Earthquake Engineering and Seismology (IIEES). The list of
BHRC aftershocks is given in Table 2.2. The greatest aftershock with the peak PGA value of 0.15g
was recorded at Changureh.

Asfor IIEES aftershocks, Zare][2] reported that about 37 aftershocks in the first day were recorded in
Hesar village. Figures 2.13, 2.14, 2.15 and 2.16 show respectively the greatest aftershock among those
recorded at Hesar, its average FFTs, HVSRs and response spectra for total 37 seismometers. These
figures show that the fundamental frequency of the record was about 20 Hz indicating that the site is
stiff.

Table 2.2 Aftershocks (BHRC)

Card. Fpicantar UPGA [Cmles) Drigin Timea
Slation Record Mo M E N L L T h.m=s 0-M-Y

I CHAMGLUREH 28415 d8.96 3577 5667 80.B8 15028 13:29:50 25072002
2 CHaMNGLUREH B2 485 3577 146 308 BF.B5 20:2609 De/OF000
3 CHAMGLUREH 2BI7-5 48.95 {77 g91.12 6055 1332 225801 10VO/2002
4 AHEGARK 77431 4928 3{/TE 4891 FEL 51 5430 NS TIE? 054533 2202002
b CHaMGEUREH 2762 d8.5%6 377 Sh86 3B 2763 185000 260600
B CHaMGUREH 2816 4856 3577 489 3562 43 5254 2312  41.88 12:24:51 DI/O72002
7 oAanAl 27454 4977 F{/AEF 4891 PB4 51 W3 XA 445 054533 22062002
B CHaMGLIREH 2EIT-13 4896 3577 2545 315 381 08:13:50 22072002
8 CHAMGLUREH 2527-6 4896 3177 16.14 205 3587 02:26:63 11072002
10 ANAl 27452 4925 BE3 BB 1252 X446 03031 22062002
11 CHAMNGLIREH 2EEF12 8.9 3577 2448 MA0L 3462 0604 20 ZA00002
12 CHAMNGLIREH 2B8271 48.95 377 1862 219 3358 22:43:13 D4072002
13 CHAMGSLUREH 25412 48. 95 3517 1662 2149 3358 224302 D400 2000
14 Aad 2rE3 4972 353 4986 F549 46 3252 14 263 181846 2EROE002
18§ CHAMNGLUREH 7B 48% BT 1806 31.31 29232 05:40:3 O4OF2002
16 CHAMNGLIREH 2E41-3 48065 BT XTT 199 3023 173546 120700
17 CHANGLIREH 2861 48.98 3T 2577 1989 3073 17:35:56 12072002
18 CHAMNGUREH 2red 499 |7 2691 M48 2ET6 162027 2R062000
19 ABEGORK 27453 4928 K75 1907 & 74 2935 030047 F20E2002
20 CHAMNGUREH 282710 48.95 /77 1812 1221 2595 20:18406 20072002
2 CHAMGLREH BT 8.9 3577 4B 1681 2363 030602 11072000
22 CHAaNGUREH BT 8.9 3577 B06 1452 1849 220843 NOF00
23 CHAMNGUREH ZE2T-9 d8.56 3677 1917 138  21.94 152226 20072002
24 CHAMNGUREH 27641 4895 /7T 3T NME 19482 18451017 26062002
25 CHaMNGLIREH 2775 48598 3677 1991 1279 18.02 181958 2062002
28 AvAl 27454 497 3R A3 4453 339 41 18012 FTE 1337 04:41:48 22062000
7 CHANGLIREH B3 8.5 3BT7 1372 781 1808 M.4719 0RO720n
20 FAZAN 27Eg-2 d9.03 3.3 4901 3/S 44 1707 BOD 1767 033200 220072002
29 ABEGARM 2TE2 49,28 35,75 49595 /49 46 142 T 1608 181846 26062002
30 Hagan A 903 3B/F 4891 3Aed &1 1324 1057 1588 0204533 200000
31 CHAMNGLIREH 2641-5 48.95 3577 B79 1464 11.04 15:03:53 25072002
32 KABODAHAHARNS 2754-2 48./2 351 1001 be’f 1463 0258491 2202000
33 CHANGLUREH 2641-4 8.9 BTV 1162 B.55 1463 04:33:58 26002002
34 CHaNGLREH 2B411 d8.96 3677 874 1459 1013 18:01:20 29062002
35 IIvAABAD 27603 49.45 3593 4991 3/EL 51 1441 388 901 054533 22062002
35 CHaMNGLIREH 62T -4 4896 FETT BEF 393 13493 031942 10072002
A7 AvAd 27453 9.2 3553 4901 3551 44 137 659 1376 033200 22062000
38 DANESFAHAMN el 4933 a3 489 BEd 51 1287 5598 484 054533 2200000
39 CHAMNGLUREH 2E2F-H 8.9 F/.77 1223 53 1251 04:39:57 11072002
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Figure 2.16. Average response spectrafor 37 aftershocks recorded during June 22, 2002 at Hesar: (a) Horizontal
componets. (b) Vertical components (Zare, 2002)

(2.1-2.5/ A. A. MOINFAR, Center of Earthquake Studies of Tehran (CEST), Iran,

A. NOORZAD, Visiting Research Fellow, I1S, University of Tokyo, and
A. ANSARI, University of Tehran, Iran)
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