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1. Introduction

With respect to catastrophic effects of apossible failure of concrete dam, theircontinuous safety evaluation seems
essential. Investigation on concrete dams has increased extensively during the recent decades. However, considering
intrinsic complexity of arch dams, there are considerable ambiguities that require more attention. One of the existing
concerns is nonlinear dynamic behavior analysis of dam subject to sever loading such as earthquakes at MCL. On
the other hands type of earthquake have different effects on seismic behavior of dam. Near-filed and far-field type of
earthquake are two major classifications of earthquakes. The importance of the near-source motion characteristics
on the elastic and inelastic behavior of engineered structures has been noted by several researchers [1, 2]. Various
criteria for classification of earthquakes to near-and far-field types have also been proposed [2].

2. Methodology

In this study, at first the different criteria for classification of earthquakes to near and far field earthquakes has
been studied and based on these criteria, two near-field earthquake records and two far-field earthquake records
were selected. Also, two other far-field earthquakes were scaled to corresponding near-field earthquake based on
maximum horizontal ground acceleration and they were used in analysis. Koyna dam was considered as research
case study. Fluid-structure interaction was modeled including water compressibility and reservoir bottom
absorption. Rigid and mass less models were considered for the foundation.

Linear and nonlinear behavior of dam models subjected to horizontal and vertical components of selected and
scaled earthquake records were analyzed. The difference between crack and damage patterns in nonlinear analysis of
models subjected to selected records was investigated.

2.1. Concrete modeling

In the analysis, a three dimensional smeared crack model was used to consider nonlinear behavior of mass
concrete. This model is a Fixed Crack Model (FCM) implemented in ANSY'S commercial finite element software.

2.2. Near-field earthquake criteria

It is broadly accepted that the most severe damage from earthquake activity is localized in a region close to the
causative fault, known as the ‘‘near-field’’ region. Near-field earthquakes are different from far-field types in some
aspects such as record’s form and frequency content. Hence, they have different effects on seismic behavior of
structures. Earthquake record in near field events with respect to its distance from epicenter and orientation of faults
is different from far filed events. So distance of sites from earthquake epicenter is not a good criterion for near field
events itself and development of other criteria is a necessary research topic.

Maniatakis et al. [1] investigated the available strong motion data of earthquake events from Greece for the

period from 1975 to 1999 in order to identify near-source records. The following parameters have been selected:
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i) Peak horizontal ground acceleration (PHGA) or (PGA)
ii) Cumulative absolute velocity (CAV), defined as:

CAV = I(t)r‘ag (t)‘

(1
Where tr is total duration of record.
iii) Arias intensity, defined as:
tr
|, = — ”az (t)‘dt
A~ 2g o9 )
Where a, (t) is ground acceleration.
IV) Damage potential parameter proposed defined as:
I, = PGAL, 3)

Where tp is duration of strong ground motion.
V) The root mean square acceleration a,n, defined as:

[t e
s =t do%e @)

Table 1 presents the lower bounds for the parameters listed above that serve as criteria to identify records that
correspond to seismic intensities MMI>VIII.
The selective records investigated by criteria listed in Table 1 are presented in Table 2.

Table 1. Ground motion parameters, measured characteristics and lower-bound values
Ground Motion Characteristics

Ground Motion

Parameters Amplitude F?(?I?;I;iy Duration Energy Lower-Bound
PGA v 02(2)
cav v v 0.30 (g sec)
PGV v v 20 (cm/sec)

I v v v 0.4 (m/s)
I v v 30 (cm sec™”)
s Y i v 0.5 ms

Table 2. Investigation of selected records

Classification criteria based on table 1 Distance T
s I 1A PGV CAV PGA of e Nameof %
0.5 30 0.4 20 0.3 0.2 station record Record ~
(m/sec”2) (cm sec”0.75) (m/sec) (cm/sec) (g sec) (g) (km)
0.24 199.56 0.08 119.55 0.21 0.80 10 Near field  Bam-Bam 1
0.03 9.89 0.00 4.98 0.05 0.171 53 Far-field Bam-Abaraq 2
1.65 116.08 0.04 67.53 0.14 0.64 39 Near field Manjil-Abbar 3
0.04 36.43 0.00 24.02 0.02 0.13 88 Far-field Manjil-Zanjan 4

2.3. Analysis
The nonlinear behavior of Koyna dam was studied by the application of selected records above. The finite
element model of the dam is presented at Fig. 1.

;
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Fig. 1. Finite element model of dam body, reservoir and foundation
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The ground motion records listed in Table 2 were selected as the free-field ground acceleration. The loads
applied on the system are self weight, hydrostatic pressure and seismic load. The standard Newmark method was
used for the integration of dynamic equation in time domain. The Newmark parameters were assumed as 0.5 and
0.25 respectively. The time integration steps were 0.01.

3. Results and discussion

Two models of Koyna dam, rigid foundation and mass less foundation model were analyzed subjected to four
selective earthquakes (Table 2). Time history of crest displacement of dam subjected to Manjil far-field earthquake
is presented in Fig. 2. Also crack pattern related to this earthquake loading is presented in Fig. 3.

Displacerment (m)
2_.00E-02

1.50E-02

1.00E-02

5.00E-032

O0.00E+QOO0

-5 00E-0O32

-1.00E-02

RIGID FOUNDATION NONMNLINEAR ANALISYS WITH MAMNIIL-ZANIAN RECORD X

------- WIASSLESS FOUNDATION NONLINEAR AMNALISYS WITH MAMNJIL-ZANJAN RECORD X

Fig. 2. Time history of crest displacement subjected to Manjil far-field earthquake (rigid and mass less foundation)

T=5.865s T=6.45s T=6.49 s T=9.85s
Fig. 3. Crack growth pattern of dam subjected to Manjil far-field earthquake (rigid and mass less foundation)

4. Conclusions

In the present study, nonlinear dynamic analysis of concrete gravity dams subjected to near-and far-field
earthquakes were presented. Deduced results showed that:

Linear analysis results showed that maximum horizontal displacement of the dam crest for the massless
foundation model has been slightly more than rigid foundation model. But tensile stresses in the massless foundation
have been more than rigid foundation model.

Comparison of results of nonlinear analysis indicated that the rigid foundation model failed with smaller
maximum displacements and also in earlier time rather than massless foundation. Also in rigid foundation model
damage of elements and crack growth in upstream heel has been more than massless foundation model.

Investigation of results with the viewpoint of earthquake records effect showed that records with the same PGA
have different effects on the dam response. In addition to PGA of record, frequency contents, specific energy density
and the source of earthquake can affect the on dam response significantly.
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