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Abstract: The seismic response of existing earth dams in Iran is important after an earthquake both to
provide emergency supplies and to society as well as to ensure structural safety in engineering terms.
Better seismic capacity of earth dam results in less structural damage and reduced impacts following an
earthquake disaster. Indirect as well as direct costs following earthquakes have gained much attention
from both the engineering and socio-economic research communities in last few decades. This study is
a valuable tool used to study the response of geotechnical structures to infrequent or extreme events
such as earthquakes. The Avaj earthquake (2002, Iran) was applied to a series of model tests which was
conducted to study the response of soil profiles under seismic loading. The acceleration records at
different locations within the soil bed and at its surface along with the settlement records at the surface
were used to analyze the soil seismic response. A combination of several software packages with a
generated visual user interface computer code by authors named as “Abbas Converter” were employed
to evaluate the variation of shear modulus and damping ratio with shear strain amplitude to assess their
effects on site response. The proposed method was applied to the Korzan earth dam of Hamedan
province in Iran. Site response analysis using the measured shear wave velocity, estimated modulus
reduction and damping ratio as input parameters produced good agreement with the computed site
response in this study.
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INTRODUCTION

The 2002 Avaj earthquake (also known as the 2002 Bou'in-Zahra earthquake or the 2002 Changureh
earthquake) occurred on June 22, 2002 in a region of northwestern Iran which is crossed by several major fault
lines. The earthquake’s epicenter was near the settlement of Bou'in-Zahra in Qazvin province, an area known for
destructive earthquakes. Measuring 6.5 on the Richter scale and 6.3 on the moment magnitude scale, the
earthquake killed at least 261 people and injured 1, 500 more. Over 20 aftershocks followed the earthquake. The
focal depth of the event, according to the USGS report, was approximately 10 km. The strong ground motion
records have been obtained at 56 stations. All the instruments are of SSA-2 type with a threshold of 10 gals. The
recorded ground motions are digital and of relatively short duration. Therefore they comprise direct arrival. The
original digitized accelerograms have been processed following a standard procedure. At Avaj station, 28 km
from the epicenter, the maximum horizontal and vertical accelerations were recorded at approximately 0.5 g and
0.26 g, respectively. The epicenter coordinates of the earthquake was estimated at 48.93 longitude and 35.67
latitude. The fault plane solution (USGS, 2002) indicates that the seismic event was occurred on a reverse fault
having trend about N115°. The earthquake was felt in Tehran and 373 villages around Qazvin, Hamedan,
Zanjan, and Arak cities were affected. Figure 1 shows the recording stations, earthquake epicenter and the
studied area.

Liquefaction Phenomena:

Earthquakes can cause tremendous loss of human life and can result in severe damage to a wide variety of
civil engineering structures. Liquefaction is one of the most important phenomena triggering by an earthquake.
It can cause catastrophic failure to dams in a very short period of time, which could lead to loss of life and large
economics damages. There are several evidences of embankment dams that have failed or suffered major
displacements during earthquakes because of liquefaction. Because of the nonlinearity of soils, the behavior of
foundation systems and soil strata subjected to earthquake loading is complex. The prediction of earthquake-
induced displacements of earth dams involving soils whose properties change markedly during cyclic loading is
a difficult problem.

The study of liquefaction is a rapidly growing subject in the field of geotechnical earthquake engineering.
Analysis involves an evaluation of a site’s susceptibility to liquefaction, an understanding of the conditions for
initiation of liquefaction, and a prediction of the effects of liquefaction. Soils susceptible to liquefaction consist
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of saturated, loosely deposited, shallow, uniform sands. They can be produced naturally by processes that form
fluvial or saturated colluvial and aeolian deposits, or they can be man made, resulting from poorly compacted
fill or hydraulic fill.
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regarded to 2002
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Fig.1: Location of strong ground motion stations and epicenter of 2002 Avaj earthquake and studied area.

The procedure for assessing liquefaction potential typically uses the Cyclic Resistance Ratio (CRR) as a
measure of the liquefaction resistance of soils and the Critical Stress Ratio (CSR) as a measure of earthquake
load. For cohesionless soils, CRR has been related to normalized SPT blow count, (N), through correlations that
depend on the fines content of the soil from field performance observations from past earthquakes (Youd, et al.,
2001). The normalized SPT blow count is given by:

(N1)60=Nx(P3] x ER )

Vo

Where:
N: raw SPT blow count

P, : Atmospheric pressure (<100 Kpa)
o, : Effective vertical stress

ER: Energy Ratio

For a preliminary evaluation or small project, the mean stress could be calculated from the effective
overburden stress and coefficient of lateral pressure at rest. The effective mean stress can be calculated by the
following equation:
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Where:
o, : Effective mean stress

K, : Coefficient of lateral pressure

CSR is used to define seismic loading, in terms of the Design Peak Ground Acceleration (DPGA) and Design
Earthquake Magnitude (DEM). CSR is defined as:

CSR = 065[&j[6_VOJ(LJ (3)
g O yo sk
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Where:
g: gravitational constant

O, : Total vertical stress
I, : Stress reduction factor

sk - The magnitude scaling factor

The procedure for assessing liquefaction potential uses the CSR as the measure for earthquake load, thus:

CSR = 0.65 x Sm s Tv0 e p s K x K, x K @
g Oy

Where:

a_, : PHGA

K. K . K . ~!': Correction factors for the magnitude of earthquake, the presence of initial static shear and

depth of the layer.
The cyclic shear stress on the horizontal plane is used to calculate CSR. The relationship is as followed:

CSR = 0.65 x 7 peak , cyclic , horz (5)

o,

Liquefaction potential can be evaluated by CSR and CRR (normalized resistance stress of the soil material
is called Cyclic Resistance Ratio). This comparison can be considered in form of factor of safety against
liquefaction as follow:

rs _ CRR (6)
CSR

The liquefaction resistance of the soil (CRR) can be estimated by various laboratory and field methods. The
cyclic triaxial shear test and the cyclic simple shear test are common test used to characterize the CRR. The
SPT, CPT and shear wave velocity test are the tests that are most frequently used for determining the
liquefaction resistance (CRR) of the soil.

Liquefaction of fill in the dam may occur. Liquefaction is the large drop in stiffness and strength of soil due
to seismic movements (Byrne and SeidKarbasi, 2003). As a result, part of a dam may slump and slides off the
structure. Liquefaction is the most important cause of instability of earth embankments during earthquakes and
may cause large deformation, loss of capacities and even complete failures. Liquefaction is initiated when cyclic
ground motions causes loose soil particles to attempt to rearrange into a denser configuration. The rapid nature
of the loading of the saturated soil results in an undrained condition, and the soil particles cause an increase in
excess pore pressures as they try to densify.

Dams differ from all other major civil engineering structures in a number of important regards:

e Every dam (large or small), is quite unique.

e Dams are required to function at or close to their design loading for extended periods.

e Dams do not have a structural lifespan; they may, however, have a notional life for accounting purposes, or

a functional lifespan dictated by reservoir sedimentation.

e  The overwhelming majority of dams are of earth fill, constructed from a range of natural soils; these are the
least consistent of construction.

The variants of earthfill and rockfill embankments employed in practice are too numerous to identify all
individually. The embankment dam possesses many outstanding merits which combine to ensure its continued
dominance as a generic type. The most important can be summarized as follows:

1. The suitability of the type to sites in wide valleys and relatively steep sided gorges alike.

2. Adaptability to a broad range of foundation conditions, ranging from competent rock to soft and
compressible or relatively pervious soil formations.

3. The use of natural materials, minimizing the need to import or transport large quantities of processed
materials or cement to the site.

4. Subject to satisfying essential design criteria, the embankment design is extremely flexible in its ability to

accommodate different fill material e.g. earthfills and/or rockfills, if suitably zoned internally.

The construction process is highly mechanized and is effectively continuous.

6. The unit costs of earthfill and rockfill have risen much more slowly in real terms than those for mass
concrete.

e

2084



Aust. J. Basic & Appl. Sci., 5(11): 2082-2091, 2011

7. Properly designed, the embankment can safely accommodate an appreciable degree of settlement
deformation without risk of serious cracking and possible failure.
The relative disadvantages of the embankment dam are few. The most important include an inherently
greater susceptibility to damage or destruction by overtopping, with a consequent need to ensure adequate flood
relief and a separate spillway, and vulnerability to concealed leakage and internal erosion in dam or foundation.

Development of Interface Software “Abbas Converter 3.01”:

The interfacing software “Abbas Converter 3.01” has developed on base of the construction of geotechnical
and happened earthquake database. This code is capable of reading geotechnical data from database, performing
calculations of dynamic parameters for dynamic site response analyses, and preparing a data input file for
dynamic analysis of several software packages which used in this study. The capability of the generated code
was increased then in order to perform liquefaction analysis and calculation of post-liquefaction settlement. The
major part of the study is development of software that can perform the above mentioned tasks of a geotechnical
earthquake engineering problem since the geotechnical data can be used in dynamic site response and
liquefaction analyses following additional calculations. One of the main properties of this software is to provide
efficient communication with other software packages which is used to perform dynamic site response analyses
(Abbaszadeh shahri et al., 2009 and 2011). This code provides a graphical user interface (GUI) in order to link
the constructed databases. Besides, data manipulation options such as selection of borehole locations on digital
map are available. From this point of view “Abbas Converter 3.01” can be regarded as moderate scale seismic
geotechnical software. This code is able to perform liquefaction and post liquefaction settlement analyses and
includes subroutine forms of C#. Geotechnical data, which were collected in geotechnical properties database,
are read using this code, and calculations for dynamic parameters are performed. Data input file for site response
analysis is prepared using “Abbas Converter 3.01”. Liquefaction analysis is performed also with this produced
software, and post liquefaction settlement values are calculated. Connection between geotechnical properties
and strong ground motion databases and dynamic analysis is provided with this computer program. Figures 2
and 3 show the start screen of the code and its modular structure.

The methodology for dynamic site response analysis is based on the nonlinear standard hyperbolic model.
The parameters G, (maximum shear modulus) and & (damping ratio) are used to describe the dynamic
behavior of soils in site response analysis. Gy, and & are calculated with “Abbas Converter 3.01” utilizing
geotechnical data collected at geotechnical properties database. Gp,x can be calculated from empirical
relationships for clays (Hardin and Drnevich, 1972) and for sands (Seed and Idriss, 1970 and 1971). G.x can be
also determined from corrected SPT-N values (Ohta and Goto, 1976; Imai and Tonouchi, 1982). The variation
of the modulus ratio (G/Gn.x) and & with shear strain (y) is computed from various formulations such as
(Ishibashi and Zhang, 1993). Modulus ratio and damping ratio values for each layer of the soil profile are
calculated for shear strains varying between 0.0001 and 10 percent using the generated computer program. The
modulus reduction and damping curves can determined for each characterized material during this process.

Welcome to Abbas Converter

— g
Ab,
P

Fig. 2: Start screen of the generated computer code by authors.

[ Results of database analyses ]

[ Strong ground motion database Abbas converter 3.01 Used software
packages in
[ Geotechnical properties database GUI computer code this study
[ Liquefaction analyses ] Liquefaction induced settlements ]

Fig. 3: Modular Structure of “Abbas Converter 3.01” Processing Units.
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Target Area and Testing Program:

Most of the early constructed earth dams in Iran were built with no consideration of earthquakes and were
not designed for earthquake forces because designers did not consider earthquakes probable threats. As more
information of earthquakes was collected, the need to built dams that could withstand earthquakes was
recognized. Earth embankment dams may be damaged by earthquakes in several ways including dam
movement, liquefaction of fill in a dam, water waves caused by an earthquake over topping a dam, and direct
damage caused by a dam being located on a fault.

The project of Nemat abad dam, which was started for construction in 2008, is a homogenous earth fill dam
with a maximum height of 50 m and crest length of 633 m on Shahab River with the aim of providing the
required water for agricultural lands of Asadabad plains. This dam is situated at a distance of 45 km from west
of Hamedan city and 12 km northwest of Asadabad in 34°43'45" north latitude and 48°02'41" east longitude.
This site is in dawn stream of Nemat abad village in Darband altitudes. The coordination of the studied area for
selection of dam axis is located between 34 ‘47" to 34 °54' geographical latitude and 48" 01' to 48" 04'
geographical longitudes.

A total of 16 boreholes were drilled but the data of 10 of them were available for analysis. The authors
have done a high accuracy correlation between the drilled boreholes by taking into account of geological
conditions, laboratory testing and insitu tests to propose the idealized soil profile of the target area which is
shown in figure 4 and its characteristics is indicated in table (1). The quick view of collected data in studied area
is given in table (2). On base of field sampling from boreholes and laboratory tests, the grain size distribution of
sampled boreholes in selected area is indicated in table (3).

In view of this, no attempts were made for developing the regression correlation based on the entire dataset
and N values from locations where tests were conducted; thus for this study 40 pairs of N value and V were
applied and a formula which explained V; as a function of N value was determined for the selected area as
shown in table (4). The results of these trials were compared to existing field and laboratory relationships, and
appropriate adjustments were made to the model parameters.

The representative available boring is up to a depth of 60 m. As of this knowledge that he groundwater level
changes with the season, in this region ground water table is considered to be at a depth of -0.6 to -14.7 m.
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Fig. 4: Layer correlation of the drilled boreholes in target area for determination of the idealized soil profile.

After calibrating the input parameters, the constructed model was used together with employed software
packages to obtain the response of a layered soil profile. The main goal of this phase of the study was to
evaluate the “Abbas Converter 3.01” capabilities in response of liquefiable soils. The initial evaluation consisted
of a comparison of “Abbas Converter 3.01” results to those of existing methods and programs. As shown in
figure 5, the recorded L Component of Avaj earthquake (2002, Iran) in Asadabad station of Hamedan province
after the baseline correction by consideration of rigid and elastic bedrock was applied to the investigated site. By
referred to figure 6, which indicate the flowchart of the study, the experimental estimation of ground motion can
be carried out using earthquake data, in areas having a sufficient seismicity and an adequate coverage of
recording stations. In order to evaluate the effect of particular geological conditions on the change of the local
seismic response of ground motion, geophysical surveys were performed for the lithotypes with a significant
extent in the territory. Using the results obtained in different geophysical measurements, average shear wave
velocities of surface soils in the uppermost 30 meters of soil were determined. As mentioned above and to prove
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the validation of the proposed method, the obtained result of this study by taking into account the fine correction
factor (FC) were compared with the previous proposed procedures by (Liao and Whitman, 1986; Liao, et al.,
1988; Seed and Idriss, 1982; Golesorkhi, 1989; Blake, 1996, Strak and Olsen, 1995; Idriss, 1997). To analyze
the liquefaction potential of the region subjected to applied earthquake, a comparison between computed
motion, stress, strain and response spectra were executed and shown in figures 7 and 8. To verify the applied
method in this study, a comprehensive comparison between the liquefaction resistance factors, safety factor,
shear modulus reduction curve and damping ratio curves were performed for the idealized soil profile, and the
resulting liquefaction potential, for this area was determined and compared with known procedures as indicated
in figures 9 and 10. The computed strain and PGA for various conditions were plotted in figure 11 respectively.
At last by this method the numerical analysis of this study for main parameters which is computed by the
designed code was pointed in tables (5) and (6).
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Fig. 5: Applied input motion to selected area (2002, Avaj earthquake, L component).

Depth SPT Vs (mls) Borehole Depth  Soil parameters GWT
(m) (m) LL PI W% (m) Table (2):
0> ISR 2110 355 Bh#201 50 33 5 -~ 147 Available
Ba 22 268681 Bh#202 50 35 10 106 13.6 1 average
Table (1): E10 33 SIS Bh#203 50 30 10 106 595 obtained
characterist 10-16 25 268.951 Bh#204 60 31 10 17.6 1.2 parameters of
ics of the llpes 34 - S80I Bh#206 60 33 7 118 06 drilled
idealized = M O Bh#207 50 34 5 18 23 boreholes in
soil profile 22028 L MR Bh#211 30 29 10 183 20 site of Nemat
l TIERT I T Bh212 30 29 5 93 10 abad carth
: : Bh#214 30 31 10 2211 250
28-33 49 356.666 -
33-45 37 322.713
45-50 75 412.606
Borehole Bh#202 | Bh#203 | Bh#204 | Bh#206 | Bh#207 | Bh#212
Size
Table (3): grain size 75 100 100 100 100 100 100
distribution of available 19.05 97.8 100 94 94 94 100
picked up data from the ___ 475 95.1 88 88 86 80.5 89
boreholes - 2 89.6 80 81 80 70.5 78
e | 0.85 85 71.5 73 73 63 66
0.425 32 66 67 67 57 54
0.15 78 60 62 62 53 53
0.075 74.3 52 56 58 49 48
Model a b C R S
V=aN® 87.4926  0.3563 a, b and c: Constant parameters  0.9907  6.6301(X)
eldls e V= a+bN 201.5882  2.9549 R e e 09769  10.4586
Correlation 5 S: Standard error
B s of V.- N V=atN 2245296  1.2296 0.9669  12.4898
lFor the selected e V=atb" 201.5882  2.9549 0.9769  10.4586
region Ve=aN 516.4297  -4.8224 0.9809 9.5181
e V= ae™ 224.1843  0.0086 0.9615  13.4561
V.= a+bLnN -74.988  109.4829 09873  7.7501
V.=aN? +hN+c 0.0242  5.0461 162.4514 0.988 7.5656
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Fig. 6: Proposed flowchart of this study.
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Table 5: Numerical results of the study.
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Fig. 8: Comparison between surfaces computed strain and response spectra in rigid and elastic half space

bedrock.
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PSA(g)
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0.2 S

Parameter Condition Maximum value at... Parameter Condition Maximum value at...
Input motion Elastic 0.1231g (98.25) Computed surface Elastic 0.2127g (98.4s)
Rigid 0.1402g (98.25) motion Rigid -0.236g (94.6s)
Input response Elastic 0.590g (1.32s) Computed surface Elastic 1.054g (1.080s)
Rigid 0.631g (1.32s) response Rigid 1.288¢g (1.080s)
Input stress Elastic -0.312 (98.3s) Computed surface Elastic -0.228 (98.4s)
Rigid -0.336 (98.3s) stress Rigid -0.235 (98.4s)
Input strain Elastic -0.1349% (98.3s) Computed surface Elastic -0.01521% (98.4s)
Rigid 0.1717% (94.5s) strain Rigid 0.01728% (94.6s)
Amplification Elastic 5.40 (1.66401Hz) Spectral Elastic 1.193g (0.67s)
ratio Rigid 43.5 (1.66401Hz) acceleration Rigid 3.47g (0.61s)
Table 6: computed values by “Abbas Converter 3.01”.
Depth(m) v Oy G'v Cx T4 N,(60) Teye CSR. Teyell FSp
5 15.7 78.5 78.5 1.104 0.975 10.33 11.641 0.125 9.846 0.845
8 16 126.5 126.5 0.87 0.941 13.78 18.105 0.152 19.288 1.06
10 16.87 160.1 160.1 0.773 0.924 18.36 22.50 0.171 27.377 1.21
16 16.1 256.7 253.04 0.612 0.775 11.016 30.259 0.117 29.60 0.97
17.45 17 281.35 277.94 0.585 0.708 14.32 30.297 0.138 38.355 1.26
22 16.7 357.335 356.05 0.517 0.612 7.07 33.262 0.087 30.979 0.93
24 17.2 391.735 390.38 0.494 0.579 12.45 34.498 0.124 48.407 14
26.45 16.9 433.14 432.45 0.470 0.556 10.82 37.288 0.119 51.46 1.38
28 17.6 460.42 459.05 0.456 0.545 11.16 38.166 0.114 52.33 1.37
33 17.9 549.92 544.89 0.419 0.521 14.78 43.577 0.118 63.752 1.46
45 17.2 756.32 750.90 0.357 0.482 9.51 55.447 0.0679 51.027 0.92
50 18.1 846.82 836.74 0.339 0.441 18.30 56.801 0.0651 54.471 0.958
14 4
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Fig. 9: Computed shear stress between the known procedures and proposed in this study.
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Fig. 11: Comparison between computed PGA and strain profile in rigid and elastic half space bedrock.

Discussion and Coclusions:

In this study, a methodology and processing principles of “Abbas Converter 3.01” computer program is
introduced, and its application to the Nemat abad earth dam in Hamedan province of Iran is presented. This
computer program was developed using C# programming language in order to manipulate large amount of
geotechnical data and to prepare a data input file for performing dynamic analyses. The large amount of
geological and geotechnical data for soils of the selected area have been loaded to the constructed dynamic soil
database. Dynamic site response analyses are performed using proposed method and liquefaction analyses are
performed with “Abbas Converter 3.01” using results of dynamic analyses. The results of this study indicate that
the generated program “Abbas converter 3.01” is becoming a reliable tool for site response analysis.
Comparison of the site response analysis of a proposed profile agreed good reasonable matching by the known
applicable procedures.

e In the present paper, the dependence on local soil instability conditions related to mechanical characteristics
of surface soils, such as the slope of soils and the depth of ground water table, was taken into account.

e  Spectral analysis of the results showed that the stiffness of the soil deposits had a significant effect on the
characteristics of the input motions and the overall behavior of the structure. The peak surface acceleration
measured by the proposed method was significantly amplified, especially for low amplitude base
acceleration. The amplification of the earthquake shaking as well as the frequency of the response spectra
decreased with increasing earthquake intensity.

e  The results clearly demonstrate that the layering system has to be considered, and not just the average shear
wave velocity, when evaluating the local site effects.

e This study shows that the proposed method can be used for site response analysis as well as the other
procedures.

e Result of presented liquefaction potential in this study subjected to Avaj earthquake shows that the layers 1,
4, 6, 11 and 12 are susceptible for liquefaction behavior. This study showed that the studied area have
moderately liquefaction potential, to Avaj event.
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