SteEffect Classificationin East-Central of Iran

Site Effect Classificationin East-Central of | ran

A.Komak Panah?, N. Hafezi Moghaddas?, M.R. Ghayamghamian?,

M. Motosaka?, M.K. Jafari®, and A. Uromieh®

1. Assistant Professor, Dept. of Civil Engineering, Tarbiat Modares University, Tehran,

I.R. Iran

2. Ph.D. Student, Dept. of Engineering Geology, Tarbiat Modares University, Tehran,
I.R. Iran

3. Assistant Professor, Dept. of Civil and Architectural Engineering, Tohoku Univer-
sity, Japan

4. Professor, Dept. of Civil and Architectural Engineering, Tohoku University, Japan

5. Assistant Professor, International Institute of Seismology and Earthquake Engineer-
ing, Tehran, |I.R. Iran

6. Assistant Professor, Dept. of Engineering Geology, Tarbiat Modares University,
Tehran, I.R. Iran

ABSTRACT: The site effects in East of Iran have been studied using
Iranian Accelerograph Network data recorded at 50 stations. The
geological and geotechnical investigations have been conducted to
determine the characteristics of soil profilesin the 20 sites. The horizontal
to vertical ratio (HVSR) have also been employed in order to recognize
the site transfer function. The dominant frequencies of the site transfer
functions calculated based onthe 1D model were found to bein agreement
with those identified by horizontal to vertical spectral ratio. Additionally,
a good correlation has been found between the dominant frequencies
with averaged S-wave velocity over the upper 30m. Based on theidentified
dominant frequency, average of shear wave velocity in upper 30m of soil
and geological condition, a site classification is proposed for the stations
under study.
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1. Introduction

Severa techniques have been proposed for the estima-
tion of site amplification characteristics using surface
seismograms. The spectral ratio of sediment site, with
respect to a reference site is classically applied in site
effect studies. Recently, the horizontal to vertical spectral
ratio (HVSR) have been used for such purposes [15, 9,
4, 25]. However, the theoretical background of this
technique for application to earthquake records is not
fully understood. Nevertheless, the HVSR technique
provides a powerful tool for site effect estimation and
classification based on the surface accelerograms.

In this research, an effort is made to evaluate site
amplification characteristic in East of Iran based on
the surface accelerograms recorded in 50 stations. The
accelerograms records were provided by the Building
and Housing Research Center of Iran (BHRC), which is
the official body in charge of Iranian Accelerograph
Network. The soil profiles have been determined using
geophysical and geotechnical prospecting at 20 sites.

The theoretical transfer functions are identified based on
1D model at these sites. The HVSR technique have also
been employed to estimate the transfer function for al
sites.

When compared, at the most sites a good agreement
between theoretical transfer functions and identified
ones based on HVSR have been found. Therefore, the
HVSR have been used for site effect estimation at the
remaining sites where there was no geotechnical
information available. Finally, aclassification system was
proposed based on predominant frequency of HVSR,
average of seismic velocity over 30 of soils, v, and
geological condition of the sites.

2. Seismotectonic of Study Area

The study area is located in East Iran and include
Khorassan and Kerman provinces. This region, being a
part of the Alpine-Himalayan orogenic belt, hasacomplex
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tectonic history of repeated folding, magmatism and
metamorphism and is surrounded by a fault dissected
ophioalite ring [22, 17]. The area has experienced many
major earthquakesin the past decades (e.g., Tabas Earth-
quake 1978, Ms7.4; Qaen Earthquake 1979, Ms7.1; Golbaf
Earthquake 1981, Ms7.0; Qaen Earthquake 1997, Ms7.3).
Thelast important earthquake (Zirkuh-e-Qaen Earthquake)
occurred in May 1997 and as a result of which at least
1588 people died, 2600 injured and approximately 50000
people became homel ess.

The major earthquakes have usually been associated
with surface faulting. The recent earthquakes mainly
concentrated in the three following zones; 1) Systan
suture zone, 2) Sirch-Golbaf (Gowk) zone and 3) Tabas
zone (Figures (1) and (2)). The Systan suture zone is a
tectonically border that separates East-Central of Iran
from Afghan block to the east. This zone is an important
seismotectonic boundary at East of Iran. Most of
segment faults located in the north part of this zone
(e.g., Abiz fault, Dasht-e-Bayaz fault, Nauzad fault and
Ferdos fault) has been ruptured in the last century [1].
The Sirch-Golbaf or Gowk zone is another active zone
of this area where four major earthquakes with
magnitude greater than 6.5 occurred in the past two
decades. Tabas region located between Dasht-e-Bayaz
fault and Nayband fault in thewest. Thisregionisformed
of horst and graben structures that are strongly folded.
The Tabas reveres fault controlling one of the graben
structures and has been ruptured during Tabas Earthquake
in1978[19].

3. Accelerogram Data

The accelerograms recorded by Iranian Accelerograph
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Figure 1. Location of earthquakes and recording stations.

Network have been used in this study. The present
Accelerograph Network of Iran consists of 220 SMA-1
analog and more than 800 SSA-2 digital accelerographs.
Among them, only a few numbers of instruments were
installed in the rock outcrop. In this study atotal of 270
surface accelerograms (three components) recorded in
50 stations have been selected for site effect studies.
Among them, 170 accelerograms recorded by SSA-2
instruments, and the remaining by SMA-1 instruments.
The maximum peak ground acceleration (PGA) of data
was about 1000gal that recorded by Tabas station during
Tabas earthquake in 1978. Some statistics of selected
records are summarized in Table (1). The data are

W ]

’ i‘;{;\'\_f I_\_,.,--"'_h_"\

¥ K I
EH r\.-#r...r |l'l. -
iy iy e — Saiamic Faulk
K ¥ [ s ._._u-'—"}:.\\‘\ L %
E ¢ ! Q § II '\II j arcan Shas —m— Al Faulk
i ra Merman | 1I|| \ T-Lm. e == Miror Faul
e * _JI " o~ — - = Prababk Faut
- J—
T / J (o] ‘Irl‘ T H | At Rervpens Fowll
) _ Flmband Faull '4‘" —"E.|. = @ — Elgrﬂ:;;-r
f Y Nebas g{?_ul,- = _ra =—h— Up-Oown
Teahdsd H-H?"‘-u_ "“_H““H- & City, Wilage

)

1 i Faul
P Ealidabnl
_——

tjl ""h"m:f‘_/'_z;;:ﬁ-ﬂm
2. 1

O e

CEL LI

W =40
SxMad
BrM=z5

mMRE

8
Q
o

SC. 15200 000

W

¢

3] =
% T 31

Figure 2. The Seismotectonic map of the study area.
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Table 1. Statistics of earthquake data of the stations.

Magritude Number of Number of
Earthquakes Records
<40 5 5
4.0-45 18 18
45-50 73 85
5.0-55 20 23
5.5-6.0 5 15
6.0-6.5 7 5
6.5-7.0 7 30
7.0-75 4 42
------------------ 49
Total 119 270

corrected for base line drift and filtered mostly from 0.3 to
20Hzusing butterworth (FIR) filter.

4. Geological and Geotechnical Investigations

From geological point of view, the study area mainly
covered by sedimentary rocks (limestone, sandstone,
shale and marl) with limited outcrop of the igneous and
metamorphic rocks. The vast fan deposits, sand dunes,
flat desert and rugged mountains are the main morpho-
logical features in the area. The thickness of depositsis
different from afew metersin slops up to more than few
hundred metersat alluvia plains. Based on the geological
information, 20 stations have been selected for geophysi-
cal and geotechnical prospect. The seismic refraction and
geoelectrical methods were used to identify shear wave
velocity profiles at 10 sites. For the other 10 sites, the
detailed geotechnical studies including boring up to
seismic bedrock (mostly up to 30-50m), standard penetra-
tiontest (SPT), down hole shear wave velocity measuring
and laboratory testing were conducted. The laboratory
tests include, sieve and hydrometer analysis, Atterberg
limits, density, direct shear and unconfined compressional
strength, which performed for undisturbed and disturbed
samples. The Swave velocities and SPT values are
determined for 1.5m depth intervals at boreholes. The
following relations between SPT values (N =equivalent
bowls for 30cm penetration) and S-wave velocities (n/s)
for fineand course materialswerefound (Figures(3a) and

(30)).

Vs=106N%*  Fine Material (Silt and Clay)

Vs=75N0%5 CoarseMaterial (Sand and Gravel) (1)

The above relations are used to estimate the shear-
wavevelocity profile of the sitesat which the geotechnical
information were available. In Table (2) the results of
geotechnical study are summarized. From engineering
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Figure 3a. Relation between equivalent SPT value and S-wave
velocity for uncohesive material.
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Figure 3b. Relation between equivalent SPT value and S-wave
velocity for cohesive material.

geology point of view, the subsurface condition of the

studied sites can be generally classified in three groups:

A)  Coarse colluvium deposits with thickness less than
20m; somesites (Deihok, Afin, Sefidabeh, Hajiabad
and Sedeh sites) are classified in this group.
Morphologically these stations |ocated in the front
of high slopes and soil textureisusually coarse and
angular. Thefinematerial asacohesive agent caused
increase of strength.

B)  Colluviumsdepositswith thickness morethan 20m:
The thickness of deposits in the sites (Sirch,
Nehbandan, Kohbanan and Birjand sites) that
located away from slopsishigh and usually com-
posed of coarse and fine soilsinterbeded. The high
thickness of soil may be occurred when the border
of mountain and plain is faulting zone (Golbaf
site).

C©  Thick aluvium deposits: many of the sites are
classified in this group (Tabas, Qaen, Kerman,
Mashad, Gonbad sites). These sites can be divided
into two subgroups: the sites, which located on the
river deposits, C1 (Qaen and Tabas sites), and those
located on alluvia plains, C2 (Kerman and Mashad
sites). The thickness of depositsin both subgroups
isgenerally morethan 100 metersand soil textureis
interbeded of fine and coarse materials with the
higher percent of coarse material (gravel and sand)
for thefirst subgroup. The depth of water tablein all
of the sitesis more than 30m.
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Table 2. Geotechnical and Specification of the stations.

S-Wave

Dominant

Thickness of Soil . Geological Site
Sites Layer | Classification V‘(e:ffs')ty (Vn% Classfication | . "reaueney (H2 Classification
(m) HVSR SEIS
16 CL-ML 310 371 c2 1.6 2.0 11
4 ML 420
*Kerman
20 CL-ML 450
10 Soft Marl 480
5 ML 330 453 c2 27 27 B
10 SM-ML 400
oM 15 SM-ML 530
20 SM 670
10 SM 860
SM 930
75 GM-SM 250 610 C1 4.7 55 A
3 GM-GP 455
*Qaen 95 GM-GP 550
55 GM-GP 730
GP 800
10 GP 420 950 A 75 7.0
Dok 12 GP 850
el
23 GP 1400
Rock 1800
95 GM 420 760 A 8.2 8.0 I
*Hajibad 15 GP-GM 900
GP 1200
75 SP-SM 290 476 c1 48 43 1B
85 GM 375
*Tabas 4 SP 560
10 GM-GW 800
GP 560 930 A 9.8 8.5
* Joshan GP 850
Sandstone 1200
6 CL 390 520 A 6.4 6.0 A
** Afin 12 GP 650
GP 940
12 CL-ML 350 450 B 36 45 1B
8 SM-ML 480
* K ohbanan 20 G 00
GM 800
13 GP 740 1025 A 14.2 13.0
* Sefidabeh 6 GP 950
Marl 1400
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Table 2. Continued ...

2 CL-ML 430 760 B 8.2 8.0 |
6 GM-SM 650
*Sirch
12 GP 800
GP 850
4 CL-ML 380 590 B 5.9 6.0 1A
s 8 SM 495
Birjand 10 SM 600
GM-GP 780
4 SM-ML 200 597 B 21 25 |
8 GM 450
**\/andic
18 GM-GP 850
GP 1300
8 SM-CL 350 430 C1 3.7 35 11B
14 SP-GM 420
* Golbaf
11l GM 700
GPI 850
8 CL-ML 200 345 c1 3.4 35 1B
10 CL-ML 315
" Bardeskan 15 SM 470
SM 590
4 CL 115 475 B 47 4.0 1B
**Torbat 10 CL-ML 390
Heydarieh 14 GM 740
GM-GP 910
75 CL 170 400 c2 3.0 3.4 1B
12 CL 380
** Chenar
10 SM-SP 620
GM 750
5 CH-CL 190 330 c2 23 22 1
**K hei 1 CL 300
19 SM 480
SM 650
7 CL-ML 250 420 c2 34 4.0 B
15 CL-ML 420
** Gorebad 9 SM 570
SsP 750
4 CH-CL 100 330 c2 2.3 2.0 n
**K ashimar 12 CL-ML 240
10 ML-SM 450
GM 520
3 CL 170 525 c1l 3.9 35 1B
12 ML-SM 460
**Nishabour 18 SP-SM 650
GM 770

* The soil profile was determined by geotechnical and down hole studies.
** The soil profile was determined by Geophysical prospecting.
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5. Site Effect Evaluation

The site effects were studied by using 1D equivalent
linear analysis and HVSR techniques. In both methods,
the S-wave portions of the records were used. The
window length of 5, 10, and 15sec was selected for
the events with Mw < 5, 6.5 >Mw > 5.0 and Mw > 6.5,
respectively.

The 1D equivalent linear analysis at 20 sites, which
geotechnical and geophysical studies were carried out,
are computed by Proshake program [10]. The shear
modulus reduction and damping ratio curves proposed
by Seed and Idriss [20], Seed et a [21] and Idriss [10]
were used for Sand, Gravel and Rock, respectively. The
Vucetic and Dobry [26] shear modulus reduction and
damping ratio curved were used for stiff clays, whereas
for soft clays those proposed by Sun et al [23] were used.

The HVSR technique, which isin fact a combination
between seismological methods (called the receiver
function, RF, technique), used by Langston [13, 14] to
determine crustal structure and by Nakamura [18] to
analyse site effect using microtremores. It is based on the
assumption that the microtremore generates mainly by
Rayleigh wave and vertical component is not affected by
the surface layers [11]. Although the above assumption

may not bevalid for earthquake records, but many research-
ers have empirically shown that this technique gives a
reasonable estimation for the site predominant frequency
[9,4,25,12].

The HVSR technique was applied for al 50 stations.
For this purpose, the Fourier spectrums of horizontal and
vertical components are calculated. The calculated
spectral were smoothed using hanging window, then the
transfer function is estimated using resultant horizontal to
vertical spectral ratio and averaged for the events at the
sites. In Figure (4), the estimated transfer functions of some
stations are shown. The good correlation between site
geology and identified dominant frequencies of transfer
function can be seen in this figure. The Khari, Kerman
and Mashad sites, which are located on the aluvial
plains (C2), show dominant frequency at the range of
1.5, 2.5 and 2.7Hz, respectively. Accordingly, Vandic,
Hajiabad, Sefidabeh sites, which are located in the slope
of mountains (A), show dominant peaks at the frequency
greater than 7Hz. Figure (5) shows the comparison
between transfer functions calculated by using Proshake
and those estimated by HVSR technique. In addition, the
correlation between dominant frequencies obtained by
two methodsisshown in Figure (6). Figure (7) also shows
the relation between dominant frequencies of both
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Figure 4. The transfer fucntions of some sites estimated by HVSR technique.
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methodswith respect to V. Generally, afairly agreement
between the results can be seen in these figures. However,
the correlation of estimated site amplification between
HVSR and Proshake shows under estimation of site
amplification by HVSR technique. The depth of seismic
bedrock (by assuming the shear wave velocity of 750nVs
for seismic bedrock) in the studied sites are different from
9mup to 60mwith average of 33m. In Figure (8), showsthe
relation between F, _ and F_, . F_,_estimated based on
average of S-wave velocity over seismic bedrock (V?)

and depth of Seismic bedrock(F_, ) using the following
equation: are shown.

Feis V2 /4h, )

It is noted that, the correlations of results become
much better than those in Figure (6). The results aso
validate the application of HVSR for site dominant
frequency estimation in study area.

6. Site Classifications

Extensive site effect studies have been undertaken over
the past decades and many site classification systems
have been proposed. The most recent classification
system usually usesof v asakey parameter [2, 6]. The
recent works based on the results from Northridge and

2 Kerman ~
10 ' 10°F

Lomaprieta earthquakes confirmed the importance of
depth of sediment in the site classification [5, 3, 11]. The
Table (2) the characteristics of all sites including F, _,
F o V0, geotechnical condition and geological classifi-
cation are shown. Based on the information of thistable
itispossibleto classify the studied sitesinto 3 categories.
A description of proposed classification isgiven in Table
(3). Therewas no hard rock or very soft soil in sites under
study, therefore the proposed classification does not
include upper and lower limit classes. The classification
of remaining 30 sites, in which geotechnical information
were not available, is carried out based on identified
dominant frequency using HVSR and geological informa-
tion. In Figure (9) the average of transfer functions for
different classes of stations (for all 50 stations) estimated
using HVSR technique are shown. The variation of
dominant frequency between categories verify proposed
classification for study area.

7. Conclusions and Discussion

The 50 sites of Iranian Accelerograph Network located in
East Iran have been selected for site effect studies. The
geotechnical and geophysical prospecting were conducted
for 20 sites and geol ogical mapping was performed for all
sites. The site transfer functions were identified based on

Ma:l_ﬂ'.:u )

Amiplification

Frequancy (HE)

Figure 5. Comparison of transfer functions estimated by HVSR and calculated by theoretical method.
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the 1D model and horizontal to vertical spectral ratio at the
sites where geotechnical and geophysical investigations
were carried out. The good agreement between theoretical
and identified ones base on HVSR is found for the
dominant frequency at the sites. Further, it is found that,
there is a good agreement between F__ and F_. These
results validate the application of HVSR technique for
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Figure 6. Comparison of dominant frequencies obtained by
theoretical and HVSR methods.
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Figure 7. The relation between dominant frequencies estimated
by Proshake and HVSR methods with respect to VSSO.

site dominant frequency estimation and site classification.
Finally, athree-order classification system was proposed
based on F, _, V3 and geological condition.
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Table 3. The proposed site classification system for area under study.

Soil Predominant Frequency Vs ) -, .
Class No. Description (H2) (m's) Geological Condition Sites
Thick Soft clay or Kerman, K hazri,
| Soft Soil <25 <350 Silty Sandy Clay Mostly Kashmar, Bam,
Alluvial Plain Gonabad
Interbeded qf Fine ar_ld Tabas, Mashhad,
Moderately Coarse Material, Alluvium
lla : 2.5-5.0 350-550 . Qaen, Golbaf,
Soft Soil Terraces with Weak Sedeh Ferdos
Cementation '
dno Q| sagn i
Ilb Stiff Soil 5.0-7.5 550-750 I ) Afin, Taibad,
Soils with Medium to K haf. Shahdad
Good Cementation '
Hard Soil Well Cemented and Sefidabeh, Sirch,
I Wesak Rock >7.5 >750 Compacted Soil, Old Deihok, Vandic,
Quaternary Outcrop Joshan, Hajiabad
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