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ABSTRACT

A numerical method has been implemented in a computer program, EAGD-SLIDE, to
evaluate the earthquake response of concrete gravity dams, including sliding at the interface
between the base of the dam and the foundation rock surface. The analysis method uses
the hybrid frequency-time domain procedure, which accounts for the nonlinear base sliding
behavior of the dam and the frequency-dependent response of the impounded water and
the flexible foundation rock, to solve the equations of motion. The program can be used
to obtain stresses, displacements, and base sliding of gravity dams subjected to free-field

ground motion.
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Chapter 1

INTRODUCTION

A numerical procedure has been developed to evaluate the earthquake response of
concrete gravity dams including sliding at the base [Chdvez and Fenves, 1993]. The
earthquake response of the dam is influenced by the interaction between the dam and the
compressible water in the reservoir, by the interaction between the dam and foundation rock,
and by the dam-foundation rock interface properties. This report presents the computer
program, EAGD-SLIDE, that implements the numerical procedure used for the analysis of

concrete gravity dams,

The dam monolith is modeled by a finite element discretization with linear elastic,
orthotropic material behavior. The water in the reservoir is modeled as a continuum and
the hydrodynamic effects of the impounded reservoir are modeled by the two-dimensional
wave equation. The effect of reservoir bottom materials is accounted for by the wave
reflection coefficient [Fenves and Chopra, 1984]. The foundation rock is modeled as a
linear viscoelastic half-plane [Dasgupta and Chopra, 1979]. A friction model based on
the Mohr-Coulomb law is used to approximate the force-displacement relationship at the
interface. Base sliding is the only source of nonlinearity in the system. Rocking (or
rigid body tipping) of the monolith about the toe or heel by overturning moments during
an earthquake is not considered because rocking effects are small corhpared with sliding
[El-Aidi, 1988; Chopra and Zhang, 1981]. Other nonlinearities, such as concrete cracking,
opening and sliding of joints, and water cavitation are not represented in the model. The

system is subjected to horizontal and vertical components of free-field earthquake ground



motion acting at the base of the dam.

The hybrid frequency-time domain procedure [Kawamoto, 1983; Darbre and Wolf,
1988] is used to solve the nonlinear and frequency-dependent equations of motion. The
linearized equations, including the frequency-dependent terms due to dam-water interaction
and dam-foundation-rock interaction, are solved in the frequency domain, and the determi-
nation of nonlinear inertia forces due to sliding at the base is performed in the time domain.
Since the sliding forces are a function of the current state of the system, it is necessary to

iterate to obtain a solution that satisfies the specified sliding law at the base interface.

The objective of this report is to document the use of the computer program EAGD-
SLIDE for computing the nonlinear sliding response of concrete gravity dams during
earthquakes. The outline of the analysis procedure, modeling of the dam, program orga-
nization including installation parameters, and input and output are also presented. As an

example, Pine Flat dam is analyzed to demonstrate the use of the computer program.



Chapter 2

SOLUTION PROCEDURE

The idealized concrete gravity dam is a two-dimensional monolith with rigid base,
supported by flexible foundation rock, and impounding a reservoir of compressible water.
The dam is allowed to slide along the interface between the dam base and the foundation
rock surface. The base interface may be inclined. The system, shown in Figure 2.1, is
subjected to horizontal and vertical components of free-field ground motion acting at the

base of the dam,

The analytical procedure is described by Chévez and Fenves [1993]. The equations
of motion for the dam-water-foundation rock system are formulated using the substructure
concept, and they are solved using the hybrid frequency-time domain (HFTD) procedure.
Iterative calculations in the frequency domain and in the time domain are performed to

obtain the solution.

2.1 Equations of Motion for the Dam

The equations of motion for a finite element discretization of the dam with a rigid,

but sliding, interface at the base are:

MU + CU + KU + MRU; + F.4(Uss) = ~-MRU,(t) + P(¢) 2.1)

RTMU + M, U; + F((t) + Fo (Usp) = —M, U, (t) + RTP(2) (2.2)
where U is the 2.V, vector (/Vy is the number of nodal points above the base) of displacements

relative to the dam base; U,4(t) is the sliding displacement of the dam along the interface
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Figure 2.1. Dam-reservoir-foundation rock system with interface plane for base sliding.



plane relative to the foundation rock surface, defined positive for the dam sliding in the
downstream direction; Uy is the vector of rigid body displacements of the foundation rock
surface relative to the free-field ground motion; U, (t) contains the specified horizontal and
vertical components of the free-field ground acceleration at the foundation rock surface;
M, C and K are the mass, damping and stiffness matrices for the dam associated with the
nodes above the base; M, contains the total translational mass and the rotational inertia
of the dam about the center of the base; R. is the 2N;x3 influence matrix for rigid body
motion of the dam about the center of the base; P(t) is the vector of equivalent nodal forces
due to hydrodynamic pressure acting on the dam; F(t) is the vector of foundation rock

interaction forces at the base of the dam; and F,4(U,3) and F,,(U, ) are the inertia forces

for the dam due to sliding at the interface.

The response of gravity dams to earthquake ground motion is dominated by a few
modes of vibration. A Rayleigh-Ritz procedure is used to reduce the degrees-of-freedom
to a small number of generalized coordinates. Representing the displacement of the dam,
U = ¥Z, by a linear combinations of J Ritz vectors, , and generalized coordinates, Z, the

equations of motion become:
M'Z+CZ+K'Z + LU; + OTF 4 (U,5) = —-LU,(t) + €T P(t) (2.3)
L7Z + M,U; + Fy(t) + Fo(Uss) = MU, () + RTP(2) 24)

where M* = ¥TM¥, C* = $TCY, and K* = $TK V¥ are the generalized mass, damp-
ing and stiffness matrices for the dam; and the matrix L = WTMR gives the participation

of the Ritz vectors in the rigid body motion of the dam.



2.2 Hybrid Frequency-Time Domain Procedure

The hybrid frequency-time domain (HFTD) procedure [Kawamoto, 1983; Darbre
and Wolf, 1988] is used to solve the nonlinear and frequency-dependent equations of mo-
tion, governing the earthquake sliding response of the dam-water-foundation rock system.

Iteration of the solution over time is required to converge to the final solution.

2.2.1 Linearization of Equations of Motion

The sliding inertia forces, F,,; and F,, are functions of the sliding acceleration. An
estimate of these forces for iteration & + 1 is obtained from the sliding acceleration history

for iteration k, Ul% (¢):

an

FUH (Ug) = MRT 08 (1) 2.5)

2

Fi(U,) = MLT,0% 1) (2.6)

where Ty is a transformation vector for the sliding displacement. The linearized equations

of motion for iteration k -+ 1 become:

ae

M*z[k+l]+C:Z[k+1]+K)«z[k+l]+LU5{V+1](t) —

~LU,(t) — LT,U% (1) + @TPF+(y) 2.7

LTZk+1 4 Mtﬂgfﬂ] +F5f°+l](t) -

~M,U,(¢) - MyT,U8 (1) + RTPIH(7) (2.8)



Since equations 2.7 and 2.8 contain frequency-dependent terms due to the hydrody-
namic forces, P(t), and dam-foundation rock interaction forces, Ff(t), it is necessary to
transform the equations of motion to the frequency domain. The equations of motion for

the entire system in the frequency domain are:

26+ (w) NEF by AR SN
S(w { fJEfCH]((:) } =L (w)U, (w) + L¥(w)U ,(w) + L* (W)U 5(w) (2.9)

where Z*+1(.) and I—IEZC"' "(w) are the Fourier transforms of the generalized displacements
and foundation displacements, respectively; [/ p (Q), l'_/"z(w), and U [:3] (w) are the Fourier
transforms of the free-field ground acceleration components and sliding acceleration; and
the force vectors L(w), L¥(w) and L*(w) are complex-valued functions associated with

these accelerations that contain frequency-dependent terms due to hydrodynamic pressure.

The symmetric dynamic stiffness matrix, S(w), is:

—*M + (14 in)K* + "By, (w) —w?L + w*Byj(w)

S(w) =
) —w?L7 + W*Bg.(w) ~w?M; + Ky (w) + w?Bpgy(w)

The complex-functions By, (w), Byf(w), Bg;(w), and Bgs(w) represent the effect of
hydrodynamic forces due to dam-water interaction [Fenves and Chopra, 1984], and result
from the matrices ¥7P and RTP; K ;(w) is the impedance matrix for the rigid interface at

the surface of the foundation rock [Dasgupta and Chopra, 1979].

2.2.2 Solution of Equations of Motion

The solution of the equation 2.9 gives:

{ ZV+1 ()

o] } = YV (W)U, () + ¥ (W)U, (w) + ¥ ()0 5 (w) (2.10)
Uf (w)



where Y!(w), [ = z,y, s is the frequency response function for unit harmonic base accel-
eration of component /. The frequency response functions are obtained from the solution

of:
S(w) Y (w) = LY (w) (2.11)

To minimize storage, the frequency response functions, Y*(w), can be computed for
a few frequencies, and the responses for other frequencies are obtained by interpolation

[Tajirian, 1981; Fok and Chopra, 1985].

2.2.3 Forces at the Interface

The interface forces must be computed to determine the sliding state. After rearrang-
ing equation 2.8, and performing a transformation, using a matrix T, the components of the
interface force, TTF[kH] (t), in the inclined coordinate system are the shear force Vﬁ[k+1]( t),

normal force NV [kH]( t), and moment at the center of the base Mj [e+1] (t), which are defined

as:
Vi) VI (g) my
Nyt b= q N b =3 my 2 OB 2.12)
M;Ek+1] (t) Mlk+1] (t) mas

The coefficients my, my and m s are the masses associated with sliding acceleration. The
forces VI+1(¢), N+1(¢), and AzlF+1(¢) exclude sliding at the current step, and are defined
as: |
V[k+1] (t)
NBHIg) b= —TTLTZF0 () — TTMUE (1) — TTM, U, (1)
M1 (4)
+TTRT [P,(t) + TTPH(t) + TTPEM (1) ] (2.13)



Since the system has frequency-dependent characteristics, the interface forces are
evaluated first in the frequency domain and then transformed to the time domain. Substi-
tuting equation 2.10 in equation 2.13 gives the interface forces expressed in the frequency

domain:

Pl
NEH() b = Co@)Tsw) + Cy@)TUw) + Colw) T (w) (2.14)
M) |

where V+1(w), N*¥+1(w), and M*+!(w) are the Fourier transforms of the interface forces;
and C;(w), Cy(w), and C,(w) are complex-valued functions associated with the base
accelerations. Equation 2.14 is very convenient for computing the interface forces during
the iterative solution. All terms are evaluated at the beginning of the computation and
remain unchanged, except for the transform of the sliding acceleration, U [;2, which is the

only function that must be computed and updated in an iteration.

2.2.4 State Determination

Applying the Mohr-Coulomb law for iteration k + 1 gives:
V30 + Vol = e¥(2) [+ m(NFTI(E) + Np )] (2.15)

where Vj;; and Ng; are the resultant normal and shear forces due to hydrostatic, uplift
| and other static loads on the dam. The cohesion force, c, and the friction coefficient, u,
are specified properties of the sliding interface. The function el*!(t) defines the direction
of sliding. It is +1 when the dam is sliding in the downstream direction, -1 when the

dam is sliding in the upstream direction, or zero when the dam is not sliding, The sliding
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acceleration that satisfies the Mohr-Coulomb law is obtained by substituting the shear and

normal forces from equation 2.12 into equation 2.15:

TR ) = [VER(E) + Voo = €¥(t) [+ uNF+(2) + uNp ]

2.16
mg(t) 219

where mp(t) is a effective mass resisting sliding acceleration along the interface plane.

The dam slides when the total shear force at the base exceeds the resistance at the

interface:
VER () 4 Vo] > [o+ p(NEHI() + Niot)l (2.17)

and the direction of sliding is given by:

_ V[k-H] (t) + Vﬂ,st
= |V[k+1] (t) + V,B,stl

elf+1(y (2.18)
Sliding stops when the sliding velocity is zero. The sliding velocity is computed from the

integration of the sliding acceleration.

2.3 Convergence and Accuracy of Solution

The HFTD procedure involves iterative evaluation of equations 2.16 to 2.14 in the
frequency and time domains. The total duration of response is divided into segments of
time, and the solution is obtained over one segment. After convergence is achieved in
a segment, the analysis proceeds to the next segment. Numerical stability of the HFTD
procedure has been confirmed by Darbre and Wolf [1988]. Convergence for a segment

is achieved when the maximum difference between successive iterations of the response
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quantities is less than a tolerance, ¢, at every time step in the segment. Thus, iteration k& + 1
terminates when:

|AF+1(2) — AR(2))| <. (2.19)

[AA(t)] = maz AR <

where the quantity A represents the generalized displacements, the foundation displace-

ments, and the sliding acceleration.

2.4 Energy Balance Equations

A further verification of the solution accuracy is obtained by computing the energy

balance for the system [Uang and Bertero, 1988]. The energy balance is expressed as:
E,' = Es +E f + Ed

E; is the input energy due to ground motion. It represents the work done by the forces

produced by the free-field ground motion:

E = /(:{‘I'TP(UQ)}TdZ+ /ot{RTP(I'Jg)}TdUb

- [ wo,m) a2~ [ (U, 0) dv, 220

E 4 represents a number of energy terms in the dam and impounded water due to deformation
of the dam. It contains the conservative kinetic and strain energy in the dam and the work
dissipated by hysteretic damping, and the work performed by the hydrodynamic forces

acting through the dam displacements:

1 ... T t I T ¢ =T
B, = [ (M2)az+ [ (L0} az+ [ (C2) az
0

togenrg T t T/ % T
+/0 (K7} dz+/0 [~ OTP(Z, U, dZ (2.21)
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Ey is the work performed by the forces acting through the foundation rock displacement:
¢ .. t ..
E; = /0 {L7Z) du; + /0 MU, du;
t s .o t
+ [[[-RTP(E,0,)] dU; + | )Ty (2.22)
E; is the energy associated with the sliding displacement at the base of the dam:
t e paaT ¢ i T
E, = /0 (L72} U, 5 + /0 (MU} TdU, 4

t ey ey t
+ [ [FRTP(Z,0)'T a5+ /0 (Fr@))TT dU,, (2.23)

In the energy equations, U, = U + T3U, g, is the total displacement of the dam base

relative to the free-field ground motion.
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Chapter 3

MODELING PARAMETERS

This chapter describes and gives guidelines on the the parameters that are needed in
the modeling of a dam system. Selection of these parameters is important in order to assure
an accurate representation of the dam response in an earthquake. The dimensional units
are arbitrary, but they must be consistent for the analysis with the EAGD-SLIDE computer

program.

3.1 Dam Discretization

The monolith, shown in Figure 3.1(a), is modeled using planar, nine-node quadrilat-
eral finite elements allowing representation of a general cross-section geometry. The base
of the dam monolith is modeled as a straight line and it may be at an angle of inclination,
#, with the horizontal. The angle 7 is defined by the program according the coordinates of
the nodes of the base at the downstream and upstream directions. The base of the dam is
assumed rigid because the base deformation has little effect on the dam response [Fenves
and Chopra, 1984]. Partial uplifting of the base due to release of tensile stresses is not

represented with this kinematic assumption.

The nodal points in the finite element model are located with reference to a global X-Y
coordinate system, where the X-axis must be positive in the downstream direction and the
Y-axis must be positive in the upward direction, as shown in Figure 3.1(a). Node generation

(linear generation and quadrilateral generation), shown in Figure 3.2, is available in the
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program to reduce the amount of data required to describe the finite element model. Linear
generation is useful for generating equally spaced nodes along a straight line. Quadrilateral
interpolation allows a series of nodes to be generated, given the nodes at the four corners and
the node increment in each direction. Nodes generated along the sides are equally spaced
and nodes generated inside the quadrilateral are at the intersection of the lines joining nodes

in opposite directions.

The nodes defining each nine-node quadrilateral element are numbered from J1 to
J9, as shown in Figure 3.1(b). The numbering of elements is arbitrary. The numbering of
nodal points for the elements, however, determines the bandwidth of the structural stiffness
matrix, and hence affects the computational effort. Therefore, it is recommended to number
the nodal points such that the difference in the numbers for the nodal points for an element is
minimized. Element generation is available in the program. Element generation is applied
when the elements generated are formed by incrementing the node numbers of the basic

element, as shown in Figure 3.1(a).

All elements are assumed to be in state of plane stress with linear elastic, orthotropic
material properties. Orthotropic properties are defined with respect to the orthogonal
directions r and s, which are at an angle of inclination # with respect to the global X-Y
coordinate system, as shown in Figure 3.1(b). The angle 6 is positive counter-clockwise.
When isotropic materials are used, properties defined in the r and s directions are the same
and it is recommended to define the angle of inclination as zero. The elastic properties
of the materials can be defined independently for each element. In addition, elements can
have different thicknesses, with exception of elements in contact with the base which must

have the same thickness.

Energy dissipation in the dam concrete is represented by constant hysteretic damping
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Figure 3.1. Dam idealization.
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with a factor 7,. A damping factor 7, corresponds to a viscous damping ratio of 7,/2 at

resonant vibration frequencies of the dam.

Gravity loads due to the own weight of the dam, head water and tail water are
computed by the program. In addition, uplift forces and concentrated loads acting at any

location can be included in the analysis.

3.2 Water Reservoir

The water in the reservoir is idealized as a two-dimensional domain extending to
infinity in the upstream direction. The water is treated as an inviscid and compressible
fluid. The upstream face of the dam should be vertical, or near vertical, because the
hydrodynamic pressure acting on the dam is computed assuming the upstream face is
vertical. The reservoir bottom is assumed to be horizontal. This assumption is considered
to be valid when the angle of base inclination is small. Hydrodynamic and hydrostatic
forces due to the impounded water are computed by the program using the information

given for the reservoir,

The elevation of the free-surface of the impounded water and the list of elements in
contact with the reservoir at the upstream face must be specified. The interface is defined by
indicating the element side associated with the wet surface, as shown in Figure 3.3(a). The
elevation of the reservoir bottom is computed from the smallest Y-coordinate of the nodal
point for the wet element. Element side numbers 1, 2, 3, and 4 are defined by the nodes
J1-J2,J2-J3, J3-J4, and J4-J1, respectively, as shown in Figure 3.3(b). Other properties for
the impounded water, such as velocity of pressure waves, and mass density and unit weight

must be defined.
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(a) Identification of wet elements in contact with reservoir
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(b) Identification of sides of elements

Figure 3.3. Model of water impounded in reservoir.
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The effect of the reservoir bottom materials is accounted for by the wave reflection
coefficient, . A wave reflection coefficient of unity indicates that pressure waves are
reflected from the reservoir bottom without attenuation; a wave reflection coefficient of
zero indicates that vertically propagating waves are fully absorbed into the reservoir bottom

material without reflection.

Hydrostatic pressures due to the impounded water are determined by the program
using the information given for the reservoir. Other hydrostatic effects, however, due to silt
and the tail water are defined separately, as shown in Figure 3.4(a). The list of elements in

contact with these materials is used for computing the hydrostatic pressures.

Uplift pressures at the base are defined at each node at the base of the dam. These
pressures act perpendicular to the base interface. The program computes the uplift pressures
at intermediate points given the uplift pressure at two nodes. The uplift forces are computed
assumning that all the elements at the base have the same thickness. Uplift pressures are

shown in Figure 3.4(b).

3.3 Foundation Rock

The foundation rock is idealized as a homogeneous, isotropic and viscoelastic half-
plane for the purpose of computing the impedance functions that characterize the dam-
foundation rock interaction. This half-plane idealization of the foundation rock is valid for

dams with a base having a small angle of inclination.

If the effects of dam-foundation rock interaction are included, the stiffness matrix for
the foundation-rock region appears in the equation of motion of the dam. Since the dam
base is assumed rigid, the frequency-dependent impedance matrix is defined with respect

to the three rigid body displacements at the the center of the base. An impedance matrix is
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(b) Definition of uplift pressure

Figure 3.4. Hydrostatic and uplift forces.
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defined for a given damping ratio. Figure 3.5 shows the impedance matrix for a foundation
rock with 77,=0.10. A data file is supplied with EAGD-SLIDE for the impedance functions
for a Poisson’s ratio of 1/3 and the following values of hysteretic damping factor for the
foundation rock: n; = 0.01, 0.10, 0.25 and 0.50. Other impedance functions can be used,

as specified in Appendix A.

3.4 Interface

The properties of the sliding interface for the Mohr-Coulomb friction model are
defined by a constant cohesion force and a constant coefficient of friction. The friction
properties at the base interface should be determined based on site specific investigation of
the dam and foundation rock. The cohesion force can be reasonably taken to be zero, which
represents the fact that little cohesive resistance can be expected during earthquake-induced
sliding of the dam. Values of the coefficient of friction can be assumed to be relatively
high, ranging from 0.8 to 1.2, to consider the roughness of the interface surface after the

formation of cracks.
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Chapter 4

RESPONSE PARAMETERS

This chapter provides guidelines for the selection of response parameters which must

be selected carefully to obtain accurate response results.

4.1 Number of Generalized Coordinates

The number of Ritz vectors required to represent the earthquake response of gravity
dams is much less than the degrees-of-freedom in the finite element model of the dam. It is
recommended to use at least five modes to obtain accurate response, particularly for higher

excitation frequencies.

4.2 Maximum Excitation Frequency

The selection of the frequency range in the frequency domain solution, which ranges
from O to F, for which the response of the dam is computed depends on the following

criteria:

1. The maximum frequency, F, should be greater than the frequencies contained in the
free-field ground acceleration records. Frequencies up to 25 Hertz are represented in

most processed records. Therefore it is recommended that:

F>25 Hz
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2. The maximum frequency should be large enough to include the range of frequencies

over which the dam has significant dynamic response. For this purpose, it is recom-
mended that F' > F, where F} is the vibration frequency of the highest Ritz vector

included in the analysis.

4.3 Time Step

The time step, At, is an important parameter in the frequency domain solution.

- The following relation is required for the maximum excitation frequency:

1
At < —
-2

- When sliding is included in the response, the change in sliding status can be checked

only at successive time intervals, although in reality sliding may occur between two
steps. The program has an algorithm to correct this problem. To avoid propagation

of errors it is recommended to use a minimum time step for the analysis:

At <0.01

4.4 Parameter for Fourier Transforms

The following parameters are necessary for the application of the FFT in the frequency

domain solution:

1. The Fourier transforms of a response history are computed for the total duration,

which includes the duration of response, T, and the duration of the quiet zone, T,
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as shown in Figure 4.1(a):

T=T,+T,

To reduce aliasing errors, it is recommended that:

T, >

q —

1.5l
Ns fl

where 7); is is the constant hysteretic damping factor for the dam concrete, and f, is

the fundamental resonant frequency, in Hertz, of the dam system.

. The number of frequencies, N, depends on the total duration and the time interval.
T'=N=x*DT

It is recommended that N be a product of small primes, usually primes of twos,
N = 2™, However, other values of N may be used, although the computation for the

FFT will increase.

. The frequency increment, Af, and maximum frequency are computed as follows:

1
Af =7

F = NAf

. The frequency increment Af must be small enough to represent the frequency re-
sponse functions for the generalized coordinates, especially near the fundamental

resonant peak. It is recommended that:

Af £ f1/50
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4.5 Parameters for Interpolation of Frequency Response Functions

The frequencies for interpolating the frequency response function are determined as

follows [Fok and Chopra, 1985]:

b

max IAY'Z‘,i_ll
Y5

(Af); = (Af);, (4.1)

where the recommended values for b, Af,,;, and A Sfmae are:
b=0.5 Af min = 0.01 f¢ Af oo =020 ff 4.2)

and f; is computed from:

fr = min( 2. )

in which % is the fundamental frequency of the impounded water and f is the fundamental

frequency of the dam.

4.6 Parameters for the HFTD Analysis

The following parameters, shown in Figure 4.1, are necessary for the hybrid-

frequency time domain procedure using a segmentation approach:

1. Length of Segments

There are no general rules to select the length of each segment, although segments
with small number of time steps are recommended to achieve fast convergence when
large sliding is expected. From experience, segments of 20 to 50 time steps provide

a good rate of convergence for many problems.
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2. Length of Transition Zone

A transition zone must be appended at the end of the segment to avoid sudden
unloading. It is recommended to have a short length for the transition zone, not

greater than the length of the segment.

3. Tolerances

The tolerances determine when iterates have converged. Tolerances of 0.005 are

recommended.
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29

Chapter 5

INPUT DESCRIPTION

5.1 Input for EAGD-SLIDE

The input data for EAGD-SLIDE are entered in a free-field format. Each block has
a name and data defined for the block. A blank line indicates the end of the block. Blocks
may be entered in any order. Default data values [value] or previous input value [pv] are
indicated when they can be used. There are no built-in units in the program; the user is

responsible for using a consistent set of units.

TITLE

One line for title of the problem

SYSTEM

F=name N=nodes E=elements V=vectors T=tol I=iter P=post

name [EAGD] name (8 char or less) to identify output files

nodes number of nodes in the model of dam

elements number of elements in the model of dam

vectors [0] number of Ritz vectors for dynamic analysis

tol [1.e-8] orthogonality tolerance for Ritz vectors

iter [5] orthogonality iterations for Ritz vectors

post [0] =1, save data and response values in a binary file for

additional post-processing (using EAGD-POST); =0,

do not save
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NODE COORDINATES

nid X=x Y=y S=s G=gl,g2,1 Q=qgl,qg2,93,q4,in,jn

nid

X,y (pv]

S [1,pv]
Linear generation:

gl,g2

i
Quadrilateral generation:

ql,qg2,q93,q4

in

jn

Enter as many lines as necessary.

BASE

node number between 1 and nodes
global X, Y coordinates of nodes

scale factor for node coordinates

node numbers for linear generation

node number increment

node numbers for quadrilateral generation
node number increment in g1, g2 direction

node number increment in ql, g3 direction

nl,n2,in¢ U=ul,u2 T=thick

nl,n2,inc

ul [0]
u2 [0]
thick [1,pv]

Enter as many lines as necessary.

first and last node number and node increment defin-
ing base of dam

uplift pressure at node nl

uplift pressure at node n2

width for computing uplift force from pressure

NOTE: The base may be at an angle, which is reported in degrees. A warning is issued if

the base nodes are not on a straight line. Uplift pressures at base nodes are used only for

dynamic analysis when sliding is considered.
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RESTRAINTS

nl,n2,inc R=rl,r2

nl,n2, inc first and last node number, and node increment
rl [0] X-translation code
r2 [0] Y-translation code

Enter as many lines as necessary.

NOTE: Normally it is not necessary to specify restraints, other than those implied by the

BASE nodes. A code=1 means a restraint in the specified direction.

MATERIAL

N=nmat nm W=w M=m E=er,es U=ur,us G=grs T=tz A=ar,as

nmat [1] number of materials

nm material identification number, 1 to nmat

w [0] weight per unit volume

m [0] mass per unit volume

er,es modulus of elasticity in the r and s directions

ur,us Poisson’s ratio in the r and s directions

grs [ﬁi%ﬁ] shear modulus in 1,s plane

tz [0] reference temperature

ar,as [0] coefficient of thermal expansion in the r and s
directions

Enter one line for each nmat material data.
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ELEMENT
nel N=jl1,3j2,...38,j9 M=mat H=th G=gl,g2,il,i2 A=a
nel element number
j1,...39 element node numbering
mat [pv] material identification number for element
th [pv] element thickness (default is one)
gl,g2 gl = number of elements generated in the j1,j5,j2
direction; g2 = number of elements generated in the
j1,j8,j4 direction
i1,12 [1] increment for element numbering in the j1,j5,j2 and
j1,j8,j4 directions, respectively
a angle with respect to X-Y coordinate system for

which orthotropic materials are defined

Enter as many lines as necessary.

NOTE: Element generation is applied when the node node numbers of the generated ele-

ments are formed by incrementing the node numbers of the basic element.

DAMPING
H=h
h [0] hysteretic damping factor for dam
INTERFACE
U=u F=c
u [1] coefficient of friction for the base interface
c [0] cohesion force for the base interface

NOTE: If this block is not included, sliding is not allowed at the base (linear response).



RESERVOIR
V=c¢ M=m H=w,y A=a
el,e2,inc S=n

c

m
w
y
a (1]

el,e2, inc

Il

Enter as many lines as necessary.
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wave propagation velocity in water

mass density of water

unit weight of water

Y-coordinate of the free-surface of the reservoir
wave reflection coefficient for the reservoir bottom
first and last element and element increment defining
the wet surface on the upstream face

element side associated with wet surface

NOTE: The elevation of the bottom reservoir is equal to the smallest Y-coordinate of the

nodes defining the wet elements.

HYDROSTATIC PRESSURE

el,e2,inc S=n H=wl,yl T=w2,y2

el,e2,inc

n [pv]
wl

vl

w2

v2

Enter as many lines as necessary.

first and last element, and element increment
¢lement side associated with wet surface

unit weight of head water or silt at upstream face
Y-coordinate of the free surface at upstream face
unit weight of tail water or silt at the downstream face

Y-coordinate of the free surface at downstream face

NOTE: Hydrostatic pressure for reservoir should not be defined here.
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MASSES

nl,n2,inc M=ml,m2

nl,n2, inc first and last node number, and node increment
ml [0] X-translation mass
m2 [0] Y-translation mass

Enter as many lines as necessary.

STATIC LOADS

nl,n2,inc F=fx,fy

nl,n2, inc . first and last node number, and node increment
fx [0] static load in X-direction
fy [0] static load in Y-direction

Enter as many lines as necessary.

FOUNDATION

E=ze U=u M=m D=d I=filef P=prn

e modulus of elasticity for foundation rock

m mass density for foundation rock

u [0.333] Poisson’s ratio for the foundation rock

d [0.10] hysteretic damping coefficient for foundation rock

filef [IMP3.DAT] input file containing the frequency-dependent
impedance functions

prn [0] =0, no print; =1, print impedance functions

NOTE: If this block is not given, the foundation rock is assumed to be rigid. If foundation
rock is flexible, the impedance functions are read from filef, with the format shown in

Appendix A.
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D=dt N=n I=r B=b W=dmax,dmin N=maxfrg

dt

n

r [n]

b [0.5]
dmin [0.01]
dmax [0.20]
maxfrg [500]

time step

total number of points

=n, no interpolation; =y, interpolation
constant for interpolation

lower limit for interpolation

upper limit for interpolation

assumed number of frequencies

NOTE: If this separator is not given, frequency response analysis (and dynamic analysis)

is not performed.

FOUT
nl,n2,ine R=r D=4

nl,n2, inc

first and last node number and node increment for
printing frequency response function for response
quantity r

=d, for displacement; =a, for acceleration

x,y,s for frequency response function due to harmonic
horizontal acceleration, vertical acceleration, or slid-

ing acceleration
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DYNAMIC

T=time N=nstep,niter,ndie E=told, tolf, tols

time
nstep
niter
ndie
told
tolf
tols

[20]
(500]

maximum duration for response analysis
number of steps per segment

maximum number of iterations per segment
number of points for transition zone
tolerance for dam generalized displacements
tolerance for foundation displacements

tolerance for sliding acceleration

NOTE: If this separator is not given, the time history dynamic analysis is not performed.

GROUND ACCELERATION

D=d P=flag N=ng T=dtg

d

pflag
ng
dtg
scale

fileg

[0]

[1]

S=scale N=fileg

=X, horizontal ground acceleration;

=y, vertical ground acceleration

=0, do not print; =1, print ground motion
number of acceleration data points
uniform time step for acceleration data
scale factor for ground acceleration

file with ng points at dt interval



WOUT
I=1 S=scale

i [1]

scale [1]

BOUT
I=i 8S=scald, scalf

i [1]
scald, £ [1,1]

NOUT
nl,n2,inc I=i

nl,n2, inc
i [13
optst

optd

opta

S [1]

Enter as many lines as necessary.

step interval for output (time interval = i At)

scale factors for printing energy terms

step interval for output (time interval = i At)
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scale factors for printing sliding responses and base

shear forces, respectively

O=optst,optd,opta S=scale

first and last node number and node increment
step interval for output (time interval =i At )
=0, static displacements not included;
=], static displacements included
displacement is due to following effects:

=1, dam deformation;

=2, (1) and foundation displacements;

=3, (2) and sliding
acceleration is due to following effects:

=], dam acceleration;

=2, (1) and foundation acceleration;

=3, (2) and sliding acceleration;

=4, (3) and ground acceleration
scale factor for printing displacements

accelerations

and
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EOUT

nl,n2,inc I=i O=opt S=scale

nl,n2,inc first and last node number and node increment
i [1] step interval for output (time interval =i At)
opt =0, static effects not included;

=1, static and dynamic effects included

scale [1] scale factor for printing element stresses

Enter as many lines as necessary.

ENVELOPE
O=0opt S=scale

opt =0, static stresses not included;
=1, static and dynamic stresses included

scale [1] scale factor for printing stress envelopes

END

Last separator at the end of input data. One blank line is needed after this separator.

5.2 Input for EAGD-POST

The program EAGD-POST can be used for further post-processing (after finishing
the execution of EAGD-SLIDE), if the option P=post was set to unity, in the SYSTEM

separator. The input data for EAGD-POST are entered in free format too. To process
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EAGD-POST only the following separators are necessary: TITLE, SYSTEM, WOUT,
BOUT, NOUT, EOUT, and ENVELOPE.

In the SYSTEM separator only the file name defined in F=name is necessary. This
file name should be same as the one used during the execution of EAGD-SLIDE. Other
separators are defined in the previous section. Notice that the same input file used in

EAGD-SLIDE can be used for EAGD-POST.
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Chapter 6

OUTPUT DESCRIPTION

EAGD-SLIDE prints the input data and results of analysis in several files, which are

identified by name.ext, where name is the same name given in SYSTEM and ext indicates

the contents of the file.

name.out

name.sta

name.rit

name.frf

name.itr

name.nod

name.elm

Output of all input quantities, summary of major steps, vibration properties,

and maximum values of response.
The nodal displacements and element stresses due to static loads.

The vibration mode shapes (Ritz vectors). This file is generated when the

variable vectors in the separator SYSTEM is greater than zero.

The frequency response functions (real value, imaginary value and absolute
value) for accelerations or displacements for nodes selected in FOUT. The
parameter d=x.y,s in FOUT define when the frequency response functions
are due to harmonic free-field horizontal or vertical acceleration, or sliding

acceleration, respectively.

The number of iterations for convergence of each segment, as well as the

total number of iterations at the end of the computation.

The response histories of displacements and accelerations, in the horizontal

and vertical directions, for nodes selected in NOQUT.

The stress response histories at given time intervals, for elements selected



42

name.bas

name.str

name.wrk

name.res

in EOUT. For each element and time, stress components and principal

stresses at the nodes for the elements are printed.

The history of sliding displacement, sliding velocity, sliding acceleration,
base shear force, normal force and eccentricity for each time step. This

file is created by the BOUT separator.

The envelopes of principal stresses for all elements, if the ENVELOPE

separator is specified.
The history of energy balance termns, if the WOUT separator is specified.

A binary file that contains general data, frequency responses, time history
of generalized coordinates, to be used for later post-processing. This file

is generated by specifying P=1 in the SYSTEM separator.
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Chapter 7

EARTHQUAKE RESPONSE OF PINE FLAT DAM

The analysis procedure is used to compute the earthquake-induced sliding response
of Pine Flat dam. The tallest monolith of this dam, shown in Figure 7.1, has a typical cross
section for gravity dams. Pine Flat dam is a 561 m (1840 ft) long concrete gravity dam
near Fresno, California. The tallest of the thirty-séven monoliths is 122 m (400 ft) high.
A two-dimensional, plane stress finite element idealization for the monolith is shown in

Figure 7.1.

7.1 Modeling Parameters

The model consists of 36 nine-node quadrilateral elements and 171 nodes. The base
is horizontal. The dam concrete is assumed to be isotropic, homogeneous and elastic with
the following properties: modulus of elasticity = 22.4 GPa (3.25 million psi), unit weight
= 24.3 kN/m? (155 pcf), and Poisson’s ratio = 0.2. The hysteretic damping factor for the
dam is 0.10.

The impounded water has a depth of 116.2 m (381 ft) and the following properties:
unit weight = 9.8 kKN/m?® (62.4 pcf), wave velocity = 1440 m/sec (4720 ft/sec). The wave
reflection coefficient for the reservoir bottom materials is @ = 1, implying a rigid reservoir
bottom. The uplift force at the base is evaluated assuming a triangular distribution of
internal pressure from 1.14 MPa (24 ksf) at the upstream face to zero at the downstream

face. To account for drainage only 40 percent of the resultant uplift force is considered in
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Figure 7.1. Finite element idealization of tallest monolith of Pine Flat dam.
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the earthquake analysis.

The foundation rock is idealized as a homogeneous, isotropic, viscoelastic half-plane
with the following properties: Poisson’s ratio = 0.33, unit weight = 25.9 kN/m3 (165 pcf),
and hysteretic damping coefficient = 0.10. Two ratios between the modulus of elasticity
of the concrete dam, E.4, and the modulus of elasticity of the foundation rock, E Fro
Ey, /Eca = o0, 0.25, are considered to examine the the effects of the foundation rock
flexibility on the dam response. The first case corresponds to a dam with rigid foundation

rock, and the second case is a very flexible, although not untypical, foundation rock.

The cohesion force at the base interface is assumed to be zero and the coefficient of

friction is 1.0 for this example.

7.2 Earthquake Ground Motion

The dam is subjected to the S69E horizontal component of the Taft record, obtained
at the Lincoln School Tunnel in the 1952 Kern County earthquake. The ground motion
is scaled to a peak acceleration of 0.4g, which is a typical value for moderate to strong

earthquakes.

7.3 Response Parameters

The analysis is performed using a time step of 0.01 sec. This time step is adequate
for the nonlinear sliding analysis, and it is comparable to the time step used for analysis of
the linear response. The response is computed for the first 20 sec of ground motion and a
quiet zone of 20.46 sec is appended to the acceleration data for a total duration of 40.46

sec. This corresponds to 2!2 = 4096 time steps for the discrete Fourier transforms. The
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maximum frequency represented is 50 Hz, which is beyond the frequencies included in the

processed ground motion acceleration records.

The total duration of response is divided into segments of equal length. Each segment
consists of 20 time steps. The convergence of the solution is relatively fast using these
short segments. The normal force is assumed to be constant during the determination of
siding state, so the change in normal forces due to dam deformation is not considered. This

is necessary to ensure convergence of the solution for all cases.

7.4 Response Results

The crest deformation with respect to the base of the dam (not including sliding or
foundation displacements) is shown in Figure 7.2. The maximum crest deformation for a
dam on rigid foundation rock is 80 mm. Sliding initiates at 4 sec, and the maximum sliding
displacement is 124 mm. A large percentage of the input energy is dissipated through

damping of the dam, E;. The energy dissipated by sliding of the dam, E;, is much less.

For a dam on flexible foundation rock, the maximum crest displacement, shown in
Figure 7.3, is 61 mm. Sliding initiates at 4 sec, and the there is a second larger sliding at
about 7 sec, coninciding with the occurrence of maximum deformation in the dam. The
maximum sliding displacement is 38 mm (one third of the sliding of the dam on rigid
foundation rock). The plots of the energy balance show that sliding dissipates very little

energy, so for this case sliding is not an effective energy dissipation mechanism.

The envelopes of maximum principal stresses for the dam on rigid and flexible
foundation rock are shown in Figure 7.4. The indicated stresses are due to dynamic loads

only to show directly the influence of sliding on the response. The dynamic stresses are
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reduced by the very flexible foundation rock compared with the case of rigid foundation

rock.

The location of the resultant of forces on the dam at the base determines when the
dam will begin to rock (or tip) about the toe or heel. When the resultant is outside the base,
tipping can occur. The eccentricity ratio plotted in Figures 7.2 and 7.3 is defined as the
distance of the resultant base force from the center of the base divided by one-half of the
base width, When the absolute value of this ratio exceeds unity the resultant is outside of
the base, indicating that the dam will tend to rock about the toe or heel. The eccentricity
ratios are less than one for the dam on rigid and flexible foundation rocks. Thus rocking
does not appear to be important for any of the cases. However, tensile forces do develop

when the eccentricity ratio exceeds about + 0.33.

7.5 Input and Output Files for the Example

The input data and output result files are shown in Appendix B. Notice that English
units are used in the input data for the dam, but the printing of the output results is in SI

units, using the conversion scale factors.
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Figure 7.4. Envelope of maximum principal stresses (in MPa) in Pine Flat dam with rigid
and flexible foundation rock, 1 = 1, and subjected to the horizontal S69E component of
Taft ground motion, scaled to 0.40g peak ground acceleration.
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Chapter 8

PROGRAM ORGANIZATION AND INSTALLATION

8.1 Modular Organization

The computer program EAGD-SLIDE is organized in a modular form, in which each

module does a specific task. The modulus are:

¢ main: main program and definition of installation parameters.

eagdsl: perform the analysis of concrete gravity dams including sliding.

femdam: define finite element model of dam, perform static analysis and generate

Ritz vectors.

e fresp: generate frequency response functions.

dyndam: perform dynamic analysis.

¢ ppresp: post processing.

8.2 Memory Allocation

The memory requirements for EAGD-SLIDE consists of a fixed sector and a variable
sector. The fixed sector contains the executable statements and variables independent of
the problem size. The variable sector is assigned to a blank COMMON under the array
name A in the main program. Arrays dependent on problem size are stored in this blank

common.
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8.3 Installation Parameters

The user-defined parameters in the main progfam control the memory manager, input

and output, and title information.,

1. Parameters for Memory Manager

¢ The amount of blank common, mtot, determines the size of the model that can

be analyzed. The default value is:

parameter (mtot = 1000000 )

¢ The allocation of blank common depends on how the computer stores integers,
double precision, double complex, and character integers. The default instal-
lation stores an integer in one integer word (mint=1), a double precision in
two integer words ( mfloat=2), a double complex in four integer words (
mcompl=4),a char*8 intwo integer words (mchar=2 ), and all variables

must be aligned on an even number of integer words (malign=2):

parameter (mint=1, mfloat=2, mcompl=4, mchar=2, malign=2

¢ The termination of the memory manager is controlled by the variable irem.
If irem is zero all files are removed after execution.
If irep isnon-zero a summary of memory usage is printed at the end of the

output file. The default is:

parameter (irem = 1, irep = 1 )

2. Parameters for Input-Output
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¢ The unit for processing input file is defined by ninfil. If ninfil is zero,
the input must be presented in standard input for the system. If ninfil is
non-zero, the system-dependent subroutine getinp must be customized to get

the input file name. The default installation is to use the standard input:
parameter (ninfil=0, ninsc=1 )
parameter (ninpa=20 )
The parameters nifil, ninsc and ninpa should be not changed.
¢ The units for output files are:
parameter (nout=4, nSwap=9 , ndata=8 )
parameter ( nerro=nout )

The parameters should not changed.
3. Parameters for Title and Page Header

¢ The name of the organization is printed on the header for each output page. The

name of the organization can have a maximum of 60 characters. The default is:
data org/’University of California at Berkeley’/
¢ If idate is non-zero, the system-dependent subroutine datset must be
customized to return the date:

data idate/1l/
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Chapter 9

CONCLUSIONS

A rigorous and accurate numerical procedure for the earthquake analysis of concrete
dams including sliding at the base has been developed using the hybrid frequency-time
domain procedure. Each domain is modeled as a separate substructure in the formulation of
the equations of motion. The analysis accounts for the nonlinear sliding response of the dam

‘and the frequency-dependent interaction effects between the dam and water and between
the dam and foundation rock. The computer program can be used for the evaluation of the

sliding response and safety of concrete gravity dams in earthquakes.

The frictional model does not consider the nonlinear behavior of the materials at the
contact surface. The local nonlinearity due to sliding is reduced to a single relationship, the
Mohr-Coulomb law for the dam-foundation interface. Thus there is only one nonlinearity
in the multi-degree-of-freedom finite element representation of the dam system. Therefore,

the convergence of the iterative procedure is relatively fast.

The response of the Pine Flat dam indicateg that the earthquake-induced sliding of
dams occurs in the downstream direction because the resisting frictional forces against
sliding is exceeded in this direction due to the hydrostatic forces from the impounded water,
The response results indicate that rocking of the dam is less important compared with the

sliding displacement of the dam.

Realistic estimates of foundation flexibility reduces the sliding displacement com-

pared with the unrealistic assumptions of rigid foundation rock. Dramatic reduction in
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sliding is observed for taller dams. Smaller reduction in sliding is observed for shorter

dams, where the dam-foundation interaction effects are less important.

Sliding may occur during a strong earthquake ground motion, but the response
results show that the dam-system will remain stable. For the 122 m Pine Flat dam on
flexible foundation, the earthquake induced sliding displacement of less than 50 mm (sliding
displacement to dam height ratio = 0.0004) is very small, and does not indicate unstable
behavior. Well designed and constructed dams should tolerate this deformation at the

foundation interface, although there may be local damage to drains and grout curtains.
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The impedance functions are read from file filef specified in the separator FOUNDA-

TION. The following data should be included in the file:

nd nf
Ef uy

hy hy ...

.................................

hna

Aoy Aoy ... Aoy
K;; functions for h; (nf data lines)
K;; functions for h; (nf data lines)

L5 functions for h,q4 (nf data lines)

where:
nd
nf
Ef

.....

[1]

~ number of hysteretic damping coefficients

number of frequencies for impedance matrix
modulus of elasticity at which impedance functions
are calculated

Poisson ratio

hysteretic damping ratios

frequency ratios

Impedance functions for each frequency ratio.
Eight values per line in the following order:
Re(K1), Im(Ky;), Re(K2), Im(Kz), Re(Kas),
Im(X33), Re(K3), Im(K3).
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Appendix B

EXAMPLE OF INPUT AND OUTPUT

Summary of input and output files for analysis of Pine Flat dam on rigid foundation rock.



62

000T/88°'LP=8 0=0

HJO1AANEG

9L €€

000T/88°L¥Y=6 0=0 00§=1 L 4
1nog

B'POE=E ¥'T°0=0 1I=1 1T
LNON

0001/95€°I=8 TaI
LNoM

0GOT/BPY b B POE=5 TI=I
£Lood

xX=q w=y T'1°Y
incd

0°'T'D°0°T=A S00°0°S00°'0°'S00°0=3 0Z°000T’'0Z=N 0Z=31
J1WVNAGQ

9ZT 04620T/2°2E=8 0=d Z0'0=d 00ZT=N A£=q LHA- LAVL=M
P O0¢6SLI/Z°2E=S 0=d ZO°0=lL O0OZI=N X=Q 695-1AVL=M
NOILVEATAOONY GNNOUD

06=N OT1'0=0 Z°ZE/SST'0=H €£°0=Q 00089% 0" T=T>
NOILVANNOS>

960P=N  OIC'0=a
ASNOJSAY ADNANDAYA

O=d 0 1I=n
dOVAUALINIT

OT°0=H
DNIJHVYA

P=S5 Pv'EE’l
0°1=¥ TI8C°PEZI0 0=H T TE/PZY0°0=H OZLP=A
vIoAYASEY

P'T'6'v=D SHOIT'OL'Z ZT'02°1°C TS '6T=N I
ANaWans

0Z°0=N PPI+0SZE=T SST 0=M T ZE/SST'OcH 1|
=N
TINTHALVH

0°'0T=n ILI’E€9T
asva

T'6°TLT'SET €T LET=D 00°0 =A ZL PLIE=X 1Lt
00°0 =A 00°0C =X €91
T'6°SET 66 °LZT 16=D 00 0CT=A Z6°'ZTZ=X SCT
00°0CLTI=A 05°9 =X £Z1
T'6°66°18°T6 €L=D 00°0VZ=A TT ' LZI=X 66
00°0PZ=A 00°'2Z1 =X 16
1'6°18°'€9°€L SS=0 00°68Z=A 20°Z6 =X 18
00°'S8Z=A ST BT =X €L
T'6°€9'SK’S5°LE=D 00 0ZE=A 0B'OL =X €9
00 '0ZE=A 00" 9T =X SG
T'6'SE LT LE 6T=0 00°ISE=A 00°'2§ =X b1 4
00 TSE=A SL'9T =X L€
T'6°LT°6°6T'1=0 00°'9LE=A 00°'25 =X .2
00 '9LE=A GL"9T =X 61
00 00F=A 00°ZS =X 6
00°00P=A SL°9T =X T
S3doN

I=d 5=A 9¢=A 1ILI=N Toujd=g
HALSAS

"3201 UOTIRPUNO} PIBTH CWep 3wld euld
alLiL



63

0 o o001 T 65T ST 0S1 091 891 6T IST 691 497 SE
00°0C 00°% 1 £ST 95T 8%T 95T 99T L0V 6PT £91 59T [ 13
WRIIIEUMOD () :(Z/36¥G) / aduelsIp = A375123U2003 00°0 00t 1 SST  PST 991 95U P91 SR LPT S91 €91 £€
o91M-3I0[S3 (+) BUI[ [P21328a Jam aTbuy 00°0 00°F 1 EPT  ZPT PET #PL 26T  €€1 SET €ST 1ISI 43
uoyesaldwas (+) 2pni tube 000 ot 1 IPT  OFT Z€T ZPI 0ST  KET £€T IST 60Y 1t
182103 Juej[nsax o4 00°0 00°T 1 6ET  BET OCE OFT BFT 62T TET 691 LPU 13
00°0 00't 1 LET  9CY BZI BEL 9¥T LI 6ZT LBT SHI 62
o000 00°T ] SZT  PEL 9TL SZT BE1  STT LIU SET €E1 8z
Semmmmen e i it ms s e 00°0 00°t 1 €ZT  ZZT PIL PTT €1 ERT SUT €ET IET [x4
€170 TZ°LE-  €0+36TC°6-  S0+3899°L  E0+3SST B~ €0+36IS°¥ re30L 00°0 0ot T EZT 0T ZIT 2TT OLT  TET ETT RET 62T 9z
€E0- 00°0 €0+aTLS T PO+ACEZ" 8  EO+3ZLS'T  Q0+H000 0 aJ1dn 00 0 oot T 61T BT OTE 0ZT 821 60T TUL 621 L2t 11
90°0 6L°PI-  PO+3ATLO"T-  FO+3TPP 8  EO+ALTL 6- (O+26TS'P Teuxaaxg 00°0 oot T L0t 90T 86 BOL 91t L6 66 LIT St | 14
000 co°t T SO POT 96 90T ¥IT 56 L6 SIT EII [1
B - - memmes mmsees Memmm o eememms e oo 00°0 oot T €0T 20T ¥6 POL ZITL €6 S6 €TIT TIT zz
“of3jues03 elbuy apnatubey Juewoy L] x4 82104 o000 oot T 0T 00T Z6 ZOT OIT 1& €6 TIT 60T 1z
835304 Juwiineey BERq Y3 JO I3jueds ¥ swdlog 3o eddy 000 oo'1 1 68 B8 08 06 96 (114
[T M o't T L8 98 8L ®#8 96 61
==== 000 o't 1 1] ¥ 9L 99 06 (3¢
asvd iY¥ SED8W04 JILVIS 00°0 oo°t T €8 8 KL VD 26 L1
000 00°t T | 97 oL 9 L o8 91
00°0 oot T 69 89 0% 0L ®BL st
000 00"t T L9 99 8S 8% 9L [ 3
..... T S e e e e e e e 00°0 oot 4 59 ?9 95 99 WL €t
66T 9€:€0:00 PT 120 1ad TaNId :oweN [T 001 T €5 TS ¥E ¥S 29 (44
‘¥001 UOYIEPUNG PYGTH "wep 1W[4 eufd 00°0 00'1 4 s 05 2Z¥ S 09 133
SuctelaBHS IAITS-ANI 000 00°1 T (14 8F OF 05 8S ot
Aarsy1eg 3w wruI03 1D Jo A3jsa@nyun 00°0 00°1 T Ly 9 8t 8r 95 6
00°0 09°7 T <€ ¥E 9T 9C ¥ ]
00°0 00°1 T €€ zZe p2 e 2zt t
1 00°0 00°% 4 1€ 0E ZZ ZE oF 9
4 00°0 00'1 1 6T 8z 0Z ot et s
3 00°0 00t % FA 9t 8 8r 9% 13
v 00°0 00°T 1 st T 9 9T P2 €
v 00°0 00° 1 1 €1 EA S T 2 S £ z
3 00°0 00'% 1 1t 0T T zZI 0% 4
v ;e I G, —-
[ 4 H o1buy 23741 LT 6u gu LU pu gu wogs
1 1 asJue) BIpON SPIS FOpoN I80UI0D
S -- Smmemo e e e e oo ALTATLOBNROD- - - s - - oo
apTs Juswata
10093 Eﬂwhunﬂ-ﬂ IV 2JoATIGEIT Y3iym 1o93u0d uy sjusuaiga SNCIJLINIZZQ LN3IHAaAT3a
00000° 18t = ©DWJIN8 881) JO BIVUTPIOCI-X
[1E4-0 M a WBTes Jtup
00000 T = IUBYDY3FI02 UCTIDI[FBT Iael 00+9000°0 00z 0 S0+4089° ¥ €0-3avia‘y
PE100° 0 = A3ysusp ssel 0°0 00+3000° 0 00T 0 S0+3056°1 S0+300%° ¥ 10-8055°T 1
00000°0ZLY = A312079A woylebedoxd eaem 0 ool B it —————— e ————— R e et —————
duwal -2 8- sRTnpoK 8-1 s8R JTUn @WK
=== == x0)ay JuaysfIyacy o131%H awveys 4330138013 ]
(HYEHLSdO ) Hi1oAd88s53ay Tewrayy uoss|og 3O sniNpoH wbies qrun

TINId Fowey

SdIL¥3AdOHd

TYVIdIALVYH

‘Y00l uoljepunc) pIBIB “wep jelg Buld
$UOISTASHS FAITS-ANT
A319%32@ 3% PTUIOFTEED Jo L3ysreatun

T3NId owen

Y301 UGTIVPUNG) PIBTE "wep 3914 SUTA
$UCTSTAGHS FAITS-0DVE

AQTexIed v WIuIoJIIed Jo Ajysiearupn

Zb = YapIspueq-3IEn
400 30 1equmy

*gasibap 00’0

81 &Ixw-X 8yl 01 32edsex YiIm oswq eyi jo arbue aylL

1] 2 4 1 191

09T TST 29T OLT TST €51 ILT 697 9t

T ¥66T STITZITT T 320 F21 qrd



64

Y66T QE£:E0:00 PT 120 TaA TIANTA owen
“y301 uoljepunci prbtd Cwep Je(d SUId

SUOTSTABHS AAITS-AO¥d

KAa[ayasg 3o prUaojIlen jo Ajisiaatun

LBO"O = d0720v3 arTesg
DE0 0 = pIcoea uclieisi@oor Jo deis ewry
0021 = pioosa Butulzep sjutod 'BlEp IO ISQUIT
X = ueTiow Jo unTioaITg
€9S-LIV.L = ploosi I10j 2weu 214

00T = UOT3IOIIJ IO JUDTOTIISOD
00°'oc = 2IORJISJUT ase Y3} 3P 21I0F UOTSAYSD
sdujvweded Buimo| 0] dim ‘peloplisuve s1 Buipilys

HNOZ dOVWAUILNI

uotielsTsooe SUIPTITS 3O UCTiRUTWIS}Sp 2383S UL
Burpt{s 03 onp Ssew JO uoTleraRA {5)IpOD

saanssaxd otureuiporply ‘(y)spo>

Juswooe (ds (P UCLIEPUNO} *{{)BpoD

UCTIPWICISE Wep ‘(z)apod

uorjiTIimTesse puncib ' (1)spod
JO UCTINGTAIUED SPRI2UT ‘T=  ’SpNI3UT 30U ‘g=
0TODT = {{DTTS)B) SSeW pue s8DI0F W % N i0J SpPod
0500°0 = UOT1eISTSO0R BUIPTLS I SoUeISTOL
0500°0 = sjuswaoeTdsSTpP UOTITPUNC] 103 SOUBISTOL
0500°0 = sjuswooeTdsTp PozI(EIDUSH I03 20URISTOL
0z = 2UOZ UnT2TSURIY I0) sdals Jo Isqumn
000T = Juswhzs a3d SucIIeIL8IF JO AIQUINU WNWTXER
[o}4 = quaubas 1ad sde3s Jo Isquny
0096°0T = aucz J2Inb Jo awTtl
0000° 02 = uoTIE[NSIED JO SWTY WNWIXEW
coTOe"C = dajs swry,

SHIALIWYHYd
S 15 A&TY¥NY JIKWYNAQ
FPE6T 9€:-€0°00 PI 320 TI3 TENIE :aweyN

"300I UOTIPpUNcy pISTH “wep 1eTd SUTd
SUOTSTASYS HAITS-ADVd
AaTaxasg e eTUISITITRD JO KAiTsiaatun

got-Q = purdwep 0139193544 IURISUOD

SAIILHIIONd NOILYQNNOA

pssn jqou sT uorjerodisaur

9607 = squtod jo I=quau Te3ol
£65T PTIE = AousnbsIj wnuTxel
PEST O = TeAaTajur Aouenbaij
0T0 0 = de3s autl
SHILIWTHYA
dSNOdsaYd ADNINnddya
V66T SLE0I00 T 3I20 TA4 TANTd -2uen

3001 UOTIEPUNGI PTSTY "Wep 3Ie[d SUld
SUOTSTARHS AAITS-ASYE
Aoayieg Je BTUIDITTRD JO X3TSIaATUN

sepotiad UOTIRIQTA TRINJEU SY] IO
suvtjemixoadde oaw ($)I0309a 2371 T 3ISATF =4l Fo (s)porxad ayg

TTV 6L 666 £9Z° L8 18L°0 STSO' 0 SLPQ 6T S
ELET69 Q8L T 2BV ™38 0v0~Le 8L80°0 6EBE T ¥
TE9° LI TO¥ %S Z¥¥° 65 BIF"E ZSTIT'0 16898 €
162°ET X AAN S FE0° 45 196781 TEST O £TES" 9 [4
L90°T L90°T Z30°8E 290" 8¢ TZZE'0 SPOL" € T
umg X0j08q ung ao3o0ed {oes) {2H) BpPOH
uoTIoSITA [ESTIIA uot 30911 TPIUCZTIOH poTiad Kousnbazg

xxxxx S10708 UOTIedToT)IBd SSBR -----

NOILYHINID dOLOZA ZLIW 40 XAYHHOS

-pajsatbou I0jsen PeoO] 2yl 10 TenpIisal IQ-IFT (0 YITM pejeisuab siojsas g

NOILVHdHANGD 0L 2d A Z 4T H

¥661 9€7E0:00 PT 320 T1d TANId :3WRN
"y501 uoijepunol PISTY -wep Jeid Suld

$UOTSTASHE FAITS-ADYI

AoToxIog 3® BIUICITIRD JO AITSISATUn

1 P66T LZT:ZZITT P1 320 Tad a1d



65

]
@
=~

I L

05278
08Z°8
00078

€970~
YLL O~
00Z 0~

0L6" L
0F6° 4
[ee]ihae)

0ZZ° ST
0E6°5
05870
09€£°91
00L L
0Z8° LT
00070
08E"F
097" 9

[AAS-01
00" ¥
00070

0L8 &
[sh §: ¥ N
0L6"9
0L8 K
0T84
oti-8
028" L
0Ls°8
0BL L

TPT 0-  OLE'L
ZSP 0~ oLe L
LIZ°0-  OLE'L
PIT 0-  0LE'L
EST0-  OLE'L
790°1-  0LE'L
utw-15  IwWiy

€e LNIWITE Y0d SESSHULS TYdIONIYd

1000 [ EAL] z0070-  0sZ'8
1000 099°ST  E00°0-  GO0'B
000°0 0€8° 8 00070 000°8
000°0 000°0 000°0 05z 8
$00°0 01z°8 800°0-  052°8
10070 099°0 Q000 000°8
zo0"0 oPE ST  Z00°0- 0SE'8
z00°0 01z"8 €00°0-  0SZ°8
010" 0 0pT ST €T0°0-  000°B
xew-zs  owtl utu-{5  awr3

] INZWETd ¥Od SESSTULS TEAIONINA
000°0 00z ¥ 100°0- 0578
000°0 60070 00070 000°8
000°0 60070 00070 000°8
10070 0£2°ST  £00°0-  0ST'8
£00°0 00z ¥ v00°0-  05z°8
000°0 000°0 00070 000" 89
¥00°0 0zs° LI 100°0-  000°8
¥00°0 0£2°ST  L00°0-  0SZ°8
100°0 0LT"9T 00070 000°8
xew-zg  awrl utm-15  Swry

3 LNWITE HOd SHASSHULS TYdIONIN
10070 0LE'S 000°0 000°8
20070 orT’s 000°0 000°8
0000 08870 00070 000°8
50070 00Z ¥ T00°0-  0SZ'®
£00°0 ov1’s T00°0-  000°%
10070 0€6°S v00°0-  066°L
000°0 00070 000°0 0sz°9
z00°0 069 100°0-  0SZ°®
500°0 0r9°6 200°0-  000°%
Xoew gs o swTa uTw-1g

Z  INAWATHE HOd SASSHULS TYATONING
1000 09€°5 000°0 000°8
000°0 086°91  000°0 000°8
000°0 000°0 000°0 0sz°8

XBW-TS

8ZY 0
64970
vegto
€F9°0
LOL" 0
pee 0
LLT O
SET'T
00071

Xeu-1s5

98570
18670
03170

Q008 TyE "0~ QTT ST T00°0 [sh a4 000" 0 000°8 68E°0 TT
0sz 8 £€88°0- 02Z 5T S00°0 09€°S 20070~ 000°8 221°1 0z
058278 Zre o~ ogoto 000’0 000" 0 000" 0 000" 8 AT T
[s[i]ohg:} £vS 0~ el 4 00070 0LT T 000°0 0GZ°8 TZF°0 €
S5T QST 8 69570~ 0gZ ST 200°0 09€°S €000~ 0008 0EL™0 1z
Psl osg g T1€° 1~ 022°5ST €000 09€°% z00°0 0008 999°1 61
@yt —=-=- ------ —=ose S—s--— S---o Smosee mmeen Semmes i
9571 Lwyry utu-gs Elils] Aew-zs 2wty uTw- 15 swyTy Xew-1s5 spoN
25 ket b S dnhin ittt
SPT T INIWATE HOd SISSTULS TVITONIHS
LPT
QST
£%T m==s=s= ss;es-ss | —---- Sosooo- S-Ss- SmoSoso mmsoms Somoooe ===
—e 000°8 €°0%6ZT- 0TIT°%® 00 008" 4 re1 oZ- 0667 L LEZ ET
SPON [s[iloha:} P 0659F~ 0GE2°% £°09¢82 Q6L L Z8T 5L~ 0667 L 050708 T
st wtw-y awry, )Py awry utw-q awr,y Rew-q apoN
LT SNOILYYITIDOY ONY SLNAWAOYIASTA TYaON ROWLHEYH
91
g
8T =m=== mmmmssms= wesmes Sommoooe
X4 096" L 29670 08L"L 1£6°0
g T
[ awtl uTw-s08 SuTL xew-2og
L 1oTIeT AQTOTIIUSIDT
sz
BPON 0000 000°0 011’8 S0% " 9E
sty utu-ug awtr xew-ug
100107 Tewiou eseqg
st mmmmm mmmeeeee meeem oo
vl 0LL L 62L°TT- 06L°9 TZE°5E
S
91 awty uTu-Ad auTy xeuw-ad
ve 1830103 Ieays ssed
S
5
sz 060" 8 TEL VEOL- OTL"8 S¥6°LESS
% . TTT-- mmssssss mmmms mmmmeses
—— amtTy uTw-sY auwty, XBU-SY
opoN iuotjeaalsooe BUIPTIS
000" 0o 00070 066°ST 686 €ZT
€1 awWtL uTWw-sy oWt Xew-sy
(41 :quswsoefdstp BUIplis
Tdstp et
4
228 e
(44 3Svg FHL LV SASY0d ANY ISNOdSIE ONIAITS WOWINVH
£
S
et
1% 000°T { dutg / anog ) oraea Abisum
SPON OLLYY ADHIANT WOHIXVYR
11 == —===
01 IS5 NOdSFYH OIHWHYN a 4 0 AYdYHHDNS
Z
1 TE6T SS:ZZ:TT PT 300 Tid PId



66

{99°6T ) 9E6I6€ “peEn A[3ualInd SUOTIVDOT
(8G°EE ) PYIOLS "' °°'PIEN SUCTIWIO] 'XFH
000000¢ """ "pPIIRICTIV SUOTIROO]

d3nN¥sn AYOHAH NGCHHOCDOD

1ENId :8wWeN
“Ya02 uoyyvpuncy pySIM "wep W[4 Suld
SuorBineds FAITS-aOVH

. Aeyeyzeg I WUIOJTIR] jo A3JTexsatun

BT Y [, e mtceeec————— [P
066" L 90T T~ 120°0 0d5°ST L20°0- 6L L LTI L 191
086°L 68% " 2- 120°0 085°ST P20 0= 06L° L 95¢€°€E st
086" L (310 o 000°0 019°€ 10070~ 06L°L P95°C {434
066°L PS6° T~ S€0°0 0E67L 120°0- 08L L S16°¢ {44
066°L S68°1- SF0°0 085°ST 650°'0- 06L°L S5L°C oLt
086°L ¥s8°C- 0000 000°0 900°0 06L°L £PL°E ST
066°L [4: 1 A |aLg-o 0fT"¥ 500°0- 06L°L BOP € £ST
096°L €957 1~ EpO-Q 0La‘s ZE0°0- oeL L 6Lr°t 1t
086° L €0z 2- 6100 085" ST 650°0- o6L°L 6£0°C 691
Quyy uyw-zs Quiy uyu-is Swty xew-15 SpoN

k:1d LHAWATE HOd S3SEIULS INdIONINd

086°L asL - 068°5 Zeo'o 08S5°ST 1r0-0- 06L™ L ez 65T
086°L Zpe 1~ 068°5 8T10°0 a9s- P 010°0- 6L L €28°1 951
086 L 60L°T- 099°0 000°0 a900°0 00070 6L L 113 a4 0sT
086" L £6€°2- 068°S 6£0°0 08s°sT €507 0~ 06L"L SfZ ¢ 091
086°L £SL°1- Lil-) o 2 z80°0 09s°ST »60°0- 06L° L 660°2 a9t
066°L eL1*1- 0BE"PT at0‘0 00z°0 200°0~ 06L°L tZet (324
086°L 9gee- 068°S 600°0 0Ze°9 800°0- 06L°L TPL'E 1St
086°L 66€°T- (-1 0 J 6L0°0 08S°ST 560°0~ 06L"L [T 691
or6 L g 1- 091 ¥ 090°0 095'S1 ¥50°0- 06L°L 0Z8°1 L91

euyy utu-zs  ewyy xwu-zs  suy3 uju-1s  ewy3 xeu-15  opon

SE INIAHITE HO3 SASSIULS TWdIONIUd

0SL L SSTT1- 060°6 1L0°0 0658 080°0~ oor’s SE8"0 LST
oLL L ast - 0L6" L ¥0Z°0 01Z°8 TP 0~ oLsL c99°1 9s1
09t L a0y 1- 060°6 0ot-0 06s5°8 L0T°0- 00r "9 69670 art
066" L 9eT1° 1~ 068°S 8£0°0 08s°ST BP0 0~ 06L-L a6L° 1 8s1
09L°L 910° Y- 068°S 1"0°0 0Ez 8 0300~ oot 8 90L°0 991
oLLL €gz'z- oS L 98070 088 € £80°0~ oLs L €8I Ll
000°8 P0670- oge'rn s10°0 0£0°'S 900°0- oBL L oas-°t1 (124
066°L LST 1~ 09T ¥ 060°0 08S°51T 160°0- 06L°L 68671 [X:2%
oLL L 99671~ [-1X. 0 £2E°0 ore"L zeT'o- 096°L 615°1 591

auyy urw-zg  auia ARW-ZS  2wY) ujw-1s  swypa Xew-[S  @poN

re HHIRITE HOd SASSAULS TVAIONTHd

T PE6T PTIETTIT PT ID0 ¥id oFd



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



