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I. INTROI)UCTION

A gennal analYll\:lll prOl.:cdurc has becn dc~d\llll:d IsllO cV<lluate the ..:arlh4U4"'C responSl.: of wn­

~'rcte gra~it)' dams. illduding the dlects of wm-~aler-f()undati..n rod. inh:r,tctlon and of mdtcrials.

surh as alluvium .mll sediments. <It the bollum of reservoirs This report is LOncerned with the ~'om­

puter program I ".,J)·1l4 that impll:mcnts the anal)'ti~'dl jllllCcdurc

At small ~ ,matinn 4mpilludcs J I.'Om:retc gra\ ity dam will behave as a solid cv.:n thou~h the Joints

between the monoliths ma)' slip 19). UI.w'~\Cr. during large-amplitude motion. the bcha\I·11 of a dam

JCIJCnds on thl: extent to whi\:h the inertia forces ran he transmit!~J a,'ross the joints For dams with

straight corurauion joints, either grouted or ungrouted, the inertia for~c~' that develop during brge­

amplitude moti(':l arc mu~h greater than the shear fon.:es that thc joints can transmit. Cons.:qucntly,

the joints would s l il' ;JYld the monoliths vibrate independentl)'. as evidenced by ahe spalkd ~onclete and

water ka"'age at the joints of the Koyna Dam during the Koyna earthquake of II December 1967 121.

Fo.. such dams. a two-dimensional, plane slrcss model of the individual monoliths appears to be

appropriile for predicting Ihe earthquake response, 0.1 the othcr hand. for dams with keyed l,;onl'a.:­

tion joints, it may be inapprlll'riate to al>Sllme that the monoliths "ibrate independently. A twoo

dimensional, plane strain model would be better for such dams. 1 ne analytical prcx:edurc and computer

program are restricted to systems assumed to be in generalized plane stress or plane strain. The same

assumption should be chosen for the dam and the foundatIOn rock.

Because the ~imensions and dynamic pruperties of the monoliths differ. the effcl:ls thaI a dam has

on Ihe dclormations and stresses in the foundation rock vary along the length of Ihe dam. A three­

dimensional model for the foundalion-rock region would seem ne~cssary for this reason and because

the rock is fractured and fissured, unlike a contilluum.

Th~ hydrodynamic effects of the water impounded in the reservoir arc assumed to be adequately

modelled by the two-dimensional wave equation. Water corri/lressibility is included in the analysis.

because it can silnificantly affect the earthquake response of concrete gravity wlms [) I. The system is

analyzed under th(; assumption of linear behavior for the concrete dam. impounded water and founda­

tion rock. Thus. the possibilities of concrete cracking (81 or water cavitation (11) are not considered.



This report documents the use of the computer proaram EAC.iL.-84. The development of an

appropriate idealization of the system is discussed. the required input data to the computer prosram are

described. the output is explained, and the response results from a sample analysis are presented. The

present version of lhe computer proaram incorporales major eKtensions and im.,rovements of the oriai·

nal version (3).
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2. SYSTEM AND GROUND MOTION

The system ~onsidered ~onsists of a concrete gravity dl1m supported on Ihe horizontal surface of

underlying flexible foundation rock and impounding a rescr\Olr of WJter (Figure II. The selected

monolith or dam cross-section is idealized as a two-dimensional finile clement system in ':)rder to model

arbitrary geometry and elastic material prol'erties of the dam. Hence, no.1-overflow sections. overflow

sections and apDurtenant structures can be modelled. lIowever, certain restrictions are imposed on the

geometry of the dam to permit a continuum solution for hydrodynamic pressure in the impounded

water. For the purpose of determining hydrodynamic effects. and only for this purpose, the upstream

face of the dam is assumed to be vertical. This assumption is reasonable for actual concrete gravity

dams because their upstream face is vertical or almost vertical for most of the height, lind the hydro­

dynamic pressure acting the dam face is insensitive to small departures of the faee slope from vertical,

especially if these departures are near the base of the dam. which is usually the case. The water

impounded in the reservoir is idealized as a fluid domain of constant depth and infinite length in the

upstream direction. The foundation rock underlying the dam and reservoir bottom materials is ideal­

ized as a homogeneous. isotropic, viscoelastic half-plane.

The viscoelastic half-plane idealization of the foundation-rock region is not appropriate for

representing the effects of interaction between the impounded water and the foundation rock. These

interaction effects are dominated by the overlying reservoir bottom materials that may consist of vari­

able layers of alluvium. silt and other sediments. possibly deposited to a significant depth. which are

highly saturated and have a small shear modulus. A hydrodynamic pressure wave impinging on such

materials will partially reneet back into the water and partially refract. primarily as a dilatational wave,

into the layers of reservoir bottom materiHls. Because of the ~onsiderable energy dissipation that results

from hysteretic behavior and particle turbulence in the layer of saturated materials. the refracted wave

is essentially dissipated before reaching the underlying foundation ruck. The dissipation of hydro­

dynamic pressure wnes in the reservoir bottom materials is modelled apli:oximately by a boundary

condition at the reservoir bottom that partially absorbs incident hydrodynamic pressure waves (5).

3
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Over a long time. sediments may deposit to a significanl depth at the bottom of some reservoirs.

The thickness of the sediment layer can be recognized by defining the rcscnoir bottom al the surfaL:e

of the sedine:1ts. which correspondingly reduces the depth of the l1uid domain. However, the com·

puter analysis does not consider the influence of the reservoir bouom materials on the static stresses

and vibration properties of the dam because these effects should be small. as the materials are vcry

soft. highly saturated and exert forces only on the lower part of the dam.

The earthquake excitation for the dam-water-foundation rock system is defined by the two com­

ponents of free-field ground acceleration in a cross-sectional plane of the dam: the horizontal ,om·

ponent transverse to the dam axis. and the vertical component. The free-field ground acceleration is

assumed to be identical at all points on the base of the dam.
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3. SYSTEM IDEALIZATION AND PROPERTIES

The dam monolith is idealized as an assemblage of planar, four-node .non-conforming finite ele­

ments (to). The finite element system is obtained by dividing the dam cross-section into quadnlateral

or triangular elements connected at nodal points. Elements in the shape of parallelogram' with an

aspect ratio near unity give the most accurate results. The elastic properties of the materials in the dam

can be defined independently for each finite eiement. Therefore, variations in the properties of the

dam concrete and appurtenant structures can be represented conveniently.

The nodal points in the finite element system are located with reference to an x.y-coordinate sy~­

tern. The y-axis must be vertical with the positive direction upwards; the x-axis must be horizl>ntal

with the positive direction either downstream or upstream. Each nodal point is identified by a nodal

point number and x.y-coordinates. If the effects of dam-foundation rock interaction a~e included. the

nodal points at the base of the dam must be equally spaced on a horizonlalline. Mesh generation facil­

ities are available in E~OD-84 to reduce the amount of input data required to describe the finite element

system.

Each finite element is numbered and defined by the nodal points at its vertices listed b)' number

in a counter-elockwise direction around the element. Tho::: numberilll of the elements is arbitrary

because it does not influence the computational cost. The numbering of the nodal points, however.

determines the bandwidth of the structural stiffness matriK, and hence it affects the computational cost.

The smallest bandwidth results when the maximum difference in nodal point numbers for each elemei}!

is min 'llized over all the elements. Judicious numbering of the nodal points can achieve this loal.

Numbering the nodal points in the direction of the monolith cross-section with the smallest numlrwr of

elements usually results in the m::.• IDum bandwidth.

EneflY dissipation in the dam C(Jncrete is represented by constant hysteretic damping with a

damping factor",. A viscous dampilll ratio f, the same for all the natural vibration modes of the dam

on rigid foundation rock with an empty relervoir. corresponds to a constant hysteretic dampil1l factor

or .".- 2E. Forced vibration field tests on dams indicate that the viscous damping ratio is in the ranae

or 1 to 3 percent, fairly independent of the vibration mode number [9J. A constant hysteretic damping
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faclor of ",-0.1. which corresponds to a 5 percent viscous damping rluio :n all vihralion modes of the

dam. is a reasonable value for the much lal'ler motion and higher stresses expected in a dam during

strong earthquake around motion.

The water impounded in the reservoir is idealized as a Ruid domain of constant depth and infinite

length in the upStream direction. The elevation of the free-surface is the only parameter specified for

the impounded water. The computer program uses the following properties for the impounded water:

velocity of pressure waves C-4720 fl/see, and unit weight -62.4 Ib/ft J. The reservoir bottom is

assumed to be horizontal. but it may be specified at any elevation.

The absorptiveness of the reservoir bottom materials is characterized by the wave reOection

coefficient a. which is defined as the ratio of the amplitude of the reOected hydrodynamic pressure

wave to the amplitude of a vertically propaaating pressure wave incident on the reservoir bottom. A

wave reOection coefficient of unity indicates that pressure waves are reflected from the reservoir bottom

Without attenuation; a wave reOection coefticient of zero indicates that vertically propagating pressure

waves are fully absorbed into tlK reservoir bottom materials without reRection. The materials at the

bottom of the reservoir delermine the value of the wave reOeetion coefficient II according to the follow-

ing equation (5):

1- ka---
l+k

where k-pClp,C,. Cis lhe velocit)' of pressure waves and p is the density of water. c,-..[£;Ti),.

and Er is the Youna's modulus of elasticity and p, is the density of the reservoir bottom materi.1Is.

A basis need$ 10 be devdoped for the selection of the wave reOection coeft1cient II befQre r~lCr-

voir bottom absorption effects can be reliably included in practical analyses. Because reservoir bottom

materials may consist of hiahly variable layers of exposed bedrock. alluvium. silt and other sediments.

it is difficult to estimate the value of II based on analysis alone. Field tests on existing dams and rescr·,
voin may provide useful data that could aid the selection of an appropriate wave reOection coefficient

for response analysis.
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If the effects of dam-foundation rock interaction are induded, the dynamic stiffness matrix for the

foundation-rock region appears in the equations of motion for the dam (51. This frequency-dependent

matrix is defined with respect to the degrees-of-freedom of the nodal points at the dam base. A file of

numerical data is !>upplied with EAGl>· 84 for the frequency-dependent compliance functions. determined

by the procedures described in reference 4. for a homogeneous viscoelastic half-plane with Poisson's

ratio of 1/3 and the following values of the constant hysteretic damping factor: '1,-0.01, 0.10, 0.25 or

0.50. The value of the constant hysteretic damping flctor TIl for the foundation rock should preferably

be determined from experimental tests of appropriate rock samples subject to harmonically varying

stress and strain. For such tests. 'I, can be obtained from:

1 .1 W
'1,- 217' W

where .1 W is the energy loss per cycle, given by the area of the stress-strain loop. and W is the strain

energy "tored in an dastic material under the same :mess-strain cycle as the viscoelastic material. One

of the available values of TI, mentioned above can then b2 ~hosen to approximate the experimentally

determined value. Alternatively, the compliance functions for the experimental TIl value can be com-

puted by the procedures described in reference 4.

The dam-foundation rock system may be assumed to behave in either a state of generalized plane

stress or plane strain. Although the difference between the dam responses computed under the two

assumptions is small 131. the generalized plane stn:ss assumption i~ recommended for practical analysis.

8



.c. OUTLINE OF ANALYTICAL PROCEDURE

The analytical procedure. which is described in referpnces 5 and 6. IS outlined here. The fre­

quency domain equations for the three substructures in the system, dam. impounded water and founda­

tion rock. are formulated from their respective governing equations. The frcqLien~'y domain equations

for the substructures are then combined to obtain tt!e frequency domain equations for t he complete

system. The structural displacements of the dam are expressed in terms of generalized coordinates.

which results in a large reduction in the number of degrees-of-freedom and corresponding computa­

tional elrort.

Ii the effects of dam-foundation rock interaction are included in the analysis by recognizing the

flexibility of the foundation rock. the frequency domain equations for the system contain the dynamic

stilfness matrix for the foundation-rock region (SI. Reference 4 presents a procedure for evaluating the

compliance functions at uniformly spaced nodal points on the surface of a homogeneous, isotropic,

viscoelastic half-plane. The compliance function data. which is stored on a file sUPl'lied with EAGD-84,

is assembled and inverted in the computer program to give the dynamic :;tiffness matrix for the viscoe­

lastic half-plane idealizatiO!1 of the foundation-rock region. For found<ltiop·rock regions with compli­

cated geometry or material properties. the dynamic stiffness matrix can be computed by the finite ele­

ment method and the results used as input to EAG()-84.

To evaluate the dynamic response of dams to earthquake ground ,l1otion. the complex-valued fre­

quency response functions for the generalized coordinates are first computed by solving the frequency

domain equations. Fourier synthesis techniques are then employed to compute the response history of

the generalized coordinates due to a specified earthquake ground motion. The Fast Fourier Transform

(FIT) algorithm used in El\liO-84 recognizes that ground acceleration records and response histories are

real-valued functions to reduce the computation time ad storage requirements (7). Nodal point dis­

placement histories are subsequently obtained from the generalized coordinates. and the stresses at the

centroid of each finite element are computed using the elements' stress-displacement matrix. The

structural displacements due to static forces (weight of the dam and hydrostatic pressure of the

impounded water) are computed relative to the rigid-body displacements of the dam 131.

9



5. SELECTION OF RESPONSE PARAMETERS

To ensure that the computer program gives accurate dynamic response of a dam, the parameters

that govern the response computation must be carefully selected. This section gives guidelines to aid in

the selection of the response parameters.

5.1 Maximum ExdtatloD FrequeDI:Y

Two considerations govern the selection of the excitation frequency range 0 to F for which the

response of the dam is computed:

I. The maximum excitation frequency F should be greater than the frequencies of all the

significant harmonics contained in the ftee-field ground acceleration records. Earthquake

data processed by modern techniques accurately reproduces frequencies up to <thout 25

Hertz. Thus, it is recommended that:

F ~ 25 Hz.

2. The maximum excitation frequency F should be larae enough to include tne range of fre­

quencies over which the dam has signilkant dynamic response. This criterion is met in con­

junction with the sel~tion of the number NEV of generalized coordinates included in the

analysis. as described below. It is r~ommended that F > I NEV, where I NEV ili the vibra­

tion frequency, in Hertz, of the highest vibration mode included in the analysis. EAGD-1l4

prints the vibration frequencies of the associated dam-foundation rock system to help in

satisfying this criterion.

5.2 N...1Ier of Genenll_ C........

The number NEV of generalized coordinates required to represent the earthquake response of a

u.m is mueh less than the number of degrees-of-freedom in the finite clement system. Each general­

ized coordinate corresponds to I vibration mode (Ritz vector) of an auociated dam-foundation rock

system. A aeneral rule is to include all the vibration modes thai sianilicantly contribute to the

10



earthquake response of the dam. One or two additional modes should be induded for accurate

response results 'It the high-frequency end of the frequency range. Typically, fivc gcnefi.tlizcd coordi-

nates are necessary if the foundation rock is assumed to be rigid; and ten generalized coordinates are

necessary if foundation-rock nexibility is included. A final check that enough generalized coordinates

are used, is to ascertain that the maximum stresses in the dam do not change if the numb.:r of general-

izcd coordinates is increased.

5.3 NumMr of Excitation Frequencies aad Time latena.

For a specified maximum excitation frequency F, the computation of the fr.~quenq· response

functions and earthquake response. via the FFT algorithm, depends on two parameters: NEXP, which is

related to the number of excitation frequencies and time intervals; and the time interval 01, in seconds.

These two parameters determine other response parameters as follows (see Figure 2):

Number of excitation frequencies
(and number of time intervals):

Duration of response history:

Frequency increment:

MKllimum frequency represented:

N- 2 NEXP

14/--­
2T

F-Nbof

A -quiet zone- with N points of zero acceleration is automatically appended at the end of the ground

acceleration records to reduce the aliasing error inherent in the discrete Fourier ·'r.lOsform.

II is important to choose the values of NExr hhus N) and [>1 that are appropriate for the system

and ground motion. The following considerations govern the selection of NEXP and t>1:

I. The frequency increment bof must be small enough to represent the frequency response

functions for the generalized coordinates, especially near the fundamental resonant peak. It

is recommended that:

11
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~--T----+lI4---T---+I

N INTERVALS~ Of N iNTER\lALS@Of

COMPLEX-VALUED FREQUENCY
RESPONSE FUNCTION

t4--- F ~4 F --~
N INTERVALS (.80' N INTERVALS @6'

STRUCTURAL RESPONSE

FREE VIBRATION
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FIGURE 2 Phases of dynamic: response computation and relationships between response parameters.
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where /' is the fundamental resonant frequency. in Hertz. of the associal('d dam-foundation

rock system.

2. To reduce further the aliasina error. it IS recommended that:

where 7J. is the constant hysteretic damping factor for the dam concrete.

For II given value of the maximum excitation frequency F. as determinec in Section 5.1, the

above guidelines are met if NEXP lind DT SlItisfy the following two conditions:

I
DT ~ 2F

DT • 2
NEX

I' ~ )1 max {25' ~~ I

5.4 Excitation Freq_acy Limit ., Dy....ic 811ft••• Matrix

The computer prosram includes a file of numerical data for the frequency-dependent compliance

functions for a viscoelastic half-pla:lc idealization of the foundation-rock region. From these compli·

ance functions, EAGIl·... computes the dynamic stiffness matrix S,(w) for the foundation-rock region.

The compliance function., and hence S /(-.>, are defined for a limited excitation frequency ranse. The

maximum excitalion frequency for which they are defined is w.....-(S Cr)/ b, where C,-.JG}Pr. G,

is the elastic shear modulus and P f is the density of the foundation rock, and b is the distance between

the equally spaced nodal points al the dam base. If the effects of dam-foundation rock interaction are

included. the maximum ellcita:ion frequency F must be less than (SC/)I (2.. b), or:

5 r JF" ----­
2 1f"

in addition ot the aforementioned criterid in Section S.3.

13



6. INPUT DATA DESCRIPTION

The input data for the computer program I:"GO-84 are entcred by cards divided into fields accord­

ing to the formats described in this section. Each field is idcntified by inclusive card column numbers

and one of three field-types: (I). integer; CF), floating point; or (E), exponential. An integer field (J) is

a nlimbe .. without a decimal point that is right·justified in the field. A "oating point field (F) type is a

number with a decimal point located anywhere in the field. An exponential field (E) is a numbel

located anywhere in the field with a decimal point and optional exponential specification that follows

H)RrRAN rules.

Cant Set A • Title

I . 80 Title of problem or informational message printed with results of the

analysis.

Card Set 8 - PrGlram Control Data

Specify the parameters for the finite element idealization of the dam monolith and the control of pro­

gram execution.

I-~(J)

6 - 10 m

II-15m

16·20 m

21- 25 m

NUMNP Number of nodal points in the finite element idealization.

NUMEl Number of elements in the finite element idealization.

NUMM ....T Number of different materials in the finite element idealization.

NBASE Number of nodal points at the base of the dam. in contact with the

foundation rock.

NEV Number of generalized coordinates IOcluded in the response computa­

tion. See Section S.2 for guidelines.

14



26 - 35 (F)

36 - 40 (I)

41 - 4S (I)

46 - 50 (F)

S1 - 55 (I)

S6 • 60 (J)

61 • 65 (J)

66 . 10 (l)

71 - 15 (J)

WL

NPP

IGR"V

PSP

IRES

IOPR

IOI'P

IllO

IGEN

Elevation, in feet, of the free-surface of the impounded water.

Number of nodal points at the upstream face of the d.lm affected by the:

impounded water. NPP-O indicates an empty reservoir. See Card Set

C f()r Ilefinillon of the wilter nodal points.

-0, do not perform static analysis.

-I. oerforrt static analysis due to weight of the dam and hydrostatic

pressure of the impounded water.

-0.0, dam and foundation rock are in generalized plane stress.

-1.0, dam and foundation rock are in plane strain.

-0. compute the dynamic response due to earthquake ground motion.

-I, only perform static analysis a:ld compute vibration properties.

-0, compute vibration frequencies and mode shapes.

-1, read vibration frequencies and mode shapes from cards.

-0. do not punch vibration frequencies and mode shapes.

-I. punch vibration frequencies and mode shapes un cards.

-0. foundation rock is tlexible, include dam-foundation rock interac­

tion effects.

-I. foundation rock is rigid, exclude dam-foundation rock interaction

effects.

-0, read the dynamic stiffness matrix from TAPE90.

-I, generate the dynamic stiffness matrix from the data in TAPE80.

IOEN is ignored if IRIG-1.

15



Card Set C • Foundation RKk Properties

Specify the I,roperties of the foundation rock. Include this card set if the foundation rock is nexible

((RIG -0, Card Sct Bl.

1- 10 (F)

II . 20 (F)

21 - 30 (F)

31-40(f)

Young's modulus of clastidty, in ksf, of the foundation rock.

Mass density, in k-s 21ft ., of the foundation rock.

Constanl hysterelic dal'T'pmg factor" I for the foundation rock. See NOle C.I

for possible damping coefficients.

Spacing, in feet, between Ihe nodal points at the base "f th'~ dam. The nodal

poinls at the base must be equally spaced.

If IGEN= I (Card Set B), the dynamic stilfnt"ss matrix for the foundalion-rock region is generated from

the compliance data on TAPESO and stored on TAPE90. if IGEN-O, EAG[)·114 assumes that the dynamic

stiffness matrix was generated in a previous program execution and is available on TAPE90. The

Young's modulus Clnd density ~f the foundation rock may differ from the values used in the previous

execution that generated TAPE90.

Note C. I: Possible Damping Factors

Foundation rock compliance data arc available on TAPEIlO for the following constant hysteretic damping

factors: 0.01,0.10, 0.25,0.50. Section 3 gi,·cs guidelines for selecting the dampins faclor.
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CaN Set D • Material P......les

S.,ecify material properties used in the finite element idealization of the dam monolith. One card for

each NUMMAT (Card Set B) materials.

1 - 5 m Material number (less than or equal to NUMMAT).

6 • IS (F) Young's modulus of elasticity. in ksf, of the material.

16 - 25 IF) Poisson's ratio of the material.

26 -3S (F) Mass density. in k-s 2m 4. of the material.

CaN s.t E • Noal PolDt Ceerdl••tn

Define the x.y-coordinates of the nodal points in the finite element idealization of the dam monolith.

1 - 5 (I) Nodal point number.

6 - 10 (F) Displacement bour,dary condition code. See Note E.I.

II • 20 (F) x-coordinate. in feet. of nodal point.

21 ·30 (F) y-coordinate. in fcct. of nodal point.

Leave remainder of card blank if layer generation of nodal points is not desired (See Note E.3).

31 - JS (I) "'. module for nodal point increment (areater than zero).

36 - 40 (I) NLiM. nodal point limit of layer leneration.

41 - SO (F) fit> amplification factor for x-eoordinate. If blank. assumed to be unity.

51 - 60 (F) fy. amplification factor for y-eoordinate. If blank, assumed to be unity.

Repeat cards until all NUMN' (Card Set Ii oodal points are ~ificd either explicitly or by nodal point
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generation. Nodal Iloir.ts must be listed in numerically ascending order If L'ards are omitted and

Columns 31-60 arc blank, the I:oordinates of the omitted nodal points are generated along the straight

linc connecting the defined nod.d points (see Note E.2)' If Columns 31-60 are used. as described

above. the nodal point coordinates are generated in layers hee Note E. 3).

!'fote £. J: Boundary Condition Code

The displacement boundary condition code for a nodal pc:..nt i:; spedfied in Columns 6-10 as follows:

0.0 Both x,y-direction disphlcemems unknown.

1.0 Zcro dislllacement in the x-direction.

Unknown displacement in the y-direction.

2.0 Unknown displacement in the x-direction.

Zcro displacement in the y-direction.

3.1) Zcro displacement in the x-direction.

Zcro displacement in the ,,-direction.

Typically. a 0.0 boundary condition code is used for nodal points above the dam base. If the founda­

tion rock is rigid hRtG-l. Card Set B). a boundary condition code of 3.0 is used for the nodal points

on the base. If t~ foundation rock is flexible hRKi-O. Card Set B). a boundary condition code of 0.0

is used for the nodal points on the base. HGowever. various combinations of the boundary condition

code for the nooal points can represent other displacement boundary conditions appropriate for the sys­

tem.

Note E.1: Stra;ght LiM GeMration

If the (t·J) cards for nodal points N+l. N+2•... N+L·I a-e omitted and Columns 31 - 60 of the

card for nodal point N are blank. the omitted nodal points are aeneratf'tj at equal intervals on the

straight line joining nodal points N and N+L. The boundary condition code for the generated nodal

points is set to 0.0.

Not~ E. J: Layn G~MrQ'ion

Layer generation may be used with two rows of completely defined nodal points. If the parameters in

Columns 31 - 60 are specified on the card for nodal point N, the x.y-coordinates of nodai points N+I.

N+ 2, ... NLiM are aenerated by the following rule:
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Yk - YIc-m + I. (Yk-,.-YA-2,.)

for k - N + I, '" NUM. If, NUM - Nl!MNP, no more nodal point c<lrds <lrc required If ~lIM< NUMNP,

the card for nodal point NliM +1 mUlit follow. Tne boundary condition code for gcnerated nodal points

is set to 0.0.

Card Set F - Element Deftaltloa

List the nodal points at the vertices of each element, in addition to the material number for the ele·

ment.

1· 5m

6 . 10 (J)

11·15(1)

16· 20 (J)

21 - 25 (I)

26 - .30 (I)

Element number.

N<><htl point number at element vertex I.

Nodal point number at element vertex J.

Nodal point number at element vertex K.

Nodal point number at element vertex L.

Material number for element (from Card Set D).

The nodal point numbers at the element vertices I, J, K and L must be ordered in a counter-elockwise

direction around the element (See Figure 3). Triangular elements are permitted; they are identified by

the same first and last nodal point number (j.e. I, J, K and I).

All NUMEL (Card Sel B) elements must be specified in numerically ascending order, either explicitly or

by element generation. If element cards are omitted, EAOL>·84 generates the information for the omit­

ted element numbers by incrementing by one the preceding I. J, K and l nodal point numbers. The

material number for the generated elements is set to the corresponding value on the last card. The ele­

ment card for element numbP.r NUMEL must always be supplied.

The maximum dift'erencc between nodal point numbers for each element over all the elements deter­

mines the bandwidth of the structural stiffness matrix. The bandwidth is minimized by judicious

numberina of the nodal points as described in Section 3.
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FIGURE 3 Order of nodal point numbers for finite elements.
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Can Set G - Water Nodal Points

Specify the nodal points at the upstream race or the dam affected by the waler impounded in the reser·

voir. Omit this card set ifNPP-O (Card Set B).

1·5(1)

6-10(1)

11·15())

•

•

;6 . 80 (I)

-0, the positive x-direction is downstream.

-\, the positive x-direction is upstream.

List of nodal point numbers at the upstream face of the dam that are affected

by the impounded water. The NPP (Card Set B) nodal points must be listed

from the free-surface to the reservoir bottom (See Figure 41. If the free·

surface is between two upstream nodal points, both nodal points must hP. in­

clUded.

If more than IS upstream nodal points are affected by the impounded water. repeat this card until all

the nodal points are listed. After the first card, however, the list begins in Columns 1-5.

Cud Set H - Base N...I Points

Specify the nodal points at the base of the dam in contact with the fi<. xible foundation rock. Include

this card set il'IRIG-O (Card Set B).

\-5(1)

6- 20 (I)

76 - 80 (J)

List of nodal point numbers at the base of the dam that are in contact with the

flexible foundation rock. The NHASE (Card Set B) nodal points must be listed

in order of increasing x-coordinate (See Figure 5).

If there are more than 16 base nodal points, repeat this card until all the nodal points are listed.
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FIGURE 4 Nodal points at upstream face of the dam affected by the impounded water.
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fIGUR.E 5 Nodal points at the base of the dilm in contact with flexible foundation rock.
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Car. Set 1 - Vibration Frequencies

Input the natural vibration frequencies of an associated dam-foundation rock system. Include this card

set if IOPR -1 (Card Set 8). Input one vibration frequency per card in order of increasing mode

number. Nf.V cards are required (Card Set 8).

I-12m

13 - 27 (F)

Vibration mode number.

Natural vibration frequency, in radians/sec, of the vibration mode.

Card Set J - Vibration Mode Shapes

Input the natural vibration mode shapes of the associated dam-foundation rock system. Inclurie this

card set if IOPR -1 (Card Set 81. The mode shapes must be normalized such that. rm. -I, where.

is the matrix of mode shapes. m is the mass matrix of the dam, and 1 is the identity matrix. If the data

for this card set are the punched card output from a previous EAGD·84 program execution, the mode

shapes are already normalized.

One card for each nodal point.

NUMNP (Card Set B) cards required.

i·12m

13 - 27 (E)

28·42 (E)

Nodal point number.

x-ordinate of mode shape.

y-ordinate of mode shape.

One set for each vibration mode shape.

NEV (Card Set B) sets required.
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Card Set K • Dynamle Respollse Parameters

Specify the parameters for the computation of dynamil' response.

I - 5 (J)

6· 10 (J)

11 . 20 (F)

21 • 30 (F)

31 . 40 (F)

IHV

NF.XP

OT

ALPIfA

OFAC

-0, Compute response due to the horizontal wmpon:nl. only, of the

ground motion.

-I, Compute response due to the ',ertical component, only. of the

ground motion.

-2, Compute response due to the horizontal and vertical components,

simultaneously, of the ground motion.

Compute the complex frequency response function for the generalized

coordinates at N - 2NHP harmonic excitation frequencies. The

response history of the dam is computed at N time intervals (See Sec­

tion 5.31.

Time interval. in seconds, for which response history is computed.

Also determines the maximum excitation frequency represented in the

response (See Section 5.3).

Wave renection coefficient u for the reservoir bottom materials, such as

alluvium and sediments. Section 3 gives guidelines for the selection of

cr. O~ ALPHA t;; I.

Constant hysteretic dampins factor.", for the dam concrete (See Sec­

tion ).
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Cad Set L • G..... Motion n...

Specify the horizontal and vertical components of the free-field ground acceleration at the base of the

dam.

I. Ground motion patameters

1-5m

6 • 10 m

11 • 20 (F)

NXUGH Number of ordinates in the record for the horizontal component of the

free-field ground acceleration. Set NXUGH-O ifIHV-! (Can! Set K).

NXUGV Number of ordinates in the record for the vertical component of the

free-field ground acceleration. Set NXUGV -0 if tHV -0 (Card Set K).

TD Duration of response history computation; TD E; Dr ·2 Nl:x,. where DT

and NEXP are spe<:ified in Card Set K.

2. Record for the horizontal component of free-field ground acceleration

Omit these cards if IHV - I (Card Set K).

I - S (F) Time

6 - 12 (F) Aa:clcration

13 - 18 (F) Time

19 - 24 (F) Aa:clcration

•

•

61 - 66 (F) Time

67 - 72 (F) Aa:cleration

List six lime-acceleration pairs per card in order of increasing time. Repeat cards until NXUGH pairs are

specified. The ordinates need not be specified at equal time intervals. Time is in seconus and accelera­

tion is in ,os. aa:eleration due to gravity.
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3. Record for the vertical component of free-field ground acceleration

Omit these cards ifll'V-O (Card Set K).

I - 5 (Fl

6 - 12 IF)

13 - 18 (F)

19 - 24 IF)

61 - 66 (F)

67 - 72 (Fl

Time

Acceleration

Time

Acceleration

Time

Acceleration

List six lime-acceleration pilirs per card in order of increasing time. Repeat cards until NXU(jV pairs are

specified. The ordinates need not be specified at equal time intervals. Time is in seconds and accelera­

tion is in g's. accelera,ion due 10 gravilY.

Card Set M - Output Control ?arameters

Specify parameters that control the printing of response results.

I. Parameters for printed output

1 - 5 m

6 - 10 (l)

11 - 15 (J)

NPRINT

ICOMB

ISEL

Print nodal point displacements and element stresses every NPRINT time

intervals.

-0, Compute only dynamic response.

-1, Compute dynamic response and combine with response due to the

static loads.

-0, Print displacements of each nodal point and stresses in each ele­

ment.

- I, Print displacement.: and stresses for selected nodal points and ele­

ments.
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If ISEL-O. leave the remainder of this card blank.

16 - 20 (J)

21 - 25 (I)

NNODE

"lNELM

NUr:1ber of nodal points for which displacements are printed.

Number of elements for which stresses are printed.

2. Nodal point selection

Omit these cards if tSEL - 0 or NNODE - O.

1- sm
6 - 10 (I)

Nodal point numbers. sixteen per card, for whkh displacements are printed.

Repeat cards until NNODE nodal points arc specified.

75·80 (()

3. Element selection

Omit these cards if ISEL-0 or NNELM -0.

1- S(I}

6·10(1}

Element numbers. sixteen per card. for which stresses are printed. Repeat

cards until NNELM elements are specified.

75·80 (J)
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7. DESCRIP1'ION OF OUTPUT

7.1 Prlnte4 Output

EAG()·114 prints the following information. Some output is suppressed according to the options

spet:ified in Card Set B.

I. Program control data

2. Foundation rock properties. including the computed shear wave velocity C,

3. Malerial properties, nodal point coordinates and finite element specilkations

4 Hydrostatic loads. Le. the forces on the nodal points at the upstream face of the dam due to

hydrostatic pressure of thl: impounded water. These forces ;>rovide a convenient check that

the nodal points affected by the impounded water are specified correctly in Card Set G.

5. Nodal point displacements and element stresses due to static loads (weight of the dam and

hydrostatic loads)

6. Natural vibration frequencies and mode shapes of the dam if the foundation rock is assumed

to be rigid, or of an associated dam-foundation rock system if dam·foundation rock interac­

tion effects are included. A check of the orthogonality relation en .ures that the structural

stiffness matrix. is not numerically ill-conditioned.

7. Absolute value of the complex-valued frequency response functions for acceleration of the

.eneralized coordinates at each excitation frequency

8. The free-field ground acceleration records

9. Nodal point displacements and element stresses at the specified time intervals

10. The laraest mlijor principal stress and smallest minor principal stress in each finite element

and the times at which they occur

11. A summary of common storaae available and used. and an itemization of CPU time for the

various computational phases
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7,2 De~rjplion of HPEJ Format

The tile associated with TAPE] contains the history of horizontal and vertil'<ll displacements at ~ach

nodal point and the three plan-Ir stress components at the centroid of each finite clement. This data

may be used for plotting and other post-analysis processing if the file is saved after program execution.

T ... PEJ is an unformatted FORTRAN file that contains a header rccord and two rcwrds of r.'~ponsc results

for each of ND time intervals, Dl in length, starting at time equals zero. Thc records arc as follows:

Record I

Record 2:

Record 3:

Record (2-ND):

Record (rND+ I):

NUMNP, MJMEL. NEV. NO, DT

XI2'NU\1NP)

Sl)'NUMLLl

XI2'NUMNP)

SO'NUMH)

where NlJMNP. ~UMI:L and !'IIEV are defined in Card Set 8; UT is defined in Card Set K; and NO is the

number of time intervals for which the response is computed (determined from UT and Til, Card Set

L>,

x is a one-dimensional array where X(2"1·11 and XO'1l arc the x- and y-components of displace­

ment, respectively, at nodal point I, for I - 1.2. ,." NUMNP.

s is a one-dimcnsioral array where S(JON·21. SO"N-II and SO'N) are the fT.~\, fT,:.- and fT.". com­

ponents of the stress tensor, respectively, at the centroid of clemen' N, for N - 1.2•• ,., NUMEL.
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7.3 Tape Disposition

EAUl)·84 uses files associated with the following logical units:

TAPlol· ~rat\:h tape

TAPl:2 ~ratch tape

TAPE3 - response history; the format is described in Section 7.2

TAPE5 - input data

TA1>£6· printed output

TAPESO· Compliance data supplied with EA(jU·K4 for viscoelastic half·planes. This file is read 'r

IRI(j·O and IGEN-) (Card Set B).

T"PE90· Dynamic stiffness matrix for the foundation·rock region. This file is read if IRIU =0

and IGEN=O (Card Set B). If this file is generated from the l:ompliance data (IRI(j-O

and IGEN -I, Card Set B), save it for subsequent program execution.

PUNCU· Vibration frequendes and mode shapes of the dam·foundation rock system; only pro­

duced ir loPP-1 (Card Set B).
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•• MEMORY STORAGE REQUIREMENTS

The memory 'toraae requirements for EAGO-a.. are divided into fixed and variable sectors of core.

The fixed sector consists of executable instructions, non-subscripted variables and arrays whose length

lIfC independent of Ihe problem size. The variable sector of core is assigned to blank COMMON under

the array name A in the main program. The length of the variable sector can be changed as required by

the size of the problem. This is done by changing two statements in the main program. as follows:

COMMON A(tI)

MSTOR - N

where N is the number of words available in blank common.

The number of words of blank common required for each computational phase of HGD-"

depends on input parameters thai define the size of the problem. The value of N must be greater than

the requirements for all the phases, as specified in the criteria listed below:

I. S46"NBASE + J2"NBASE'NBASE

2. No + 12'NBASE

3. No + 41"NUMEL

4. No + 6"NUMNP + NEV"NEI(

S. 4"NUMNP + 6"NBASE + '"NBASE"NBASE + NBC + NPP + 7' NEV ... 9'NEV"NEV

... 2"NEV'NUMNP + 203°NEV'NCO~- r 100Nll:...M ....."(NEV"NTfRM ... II

6. 202"NEV + ""NDATA + 2"NEVONDATA ... 2°INIlINXOOH.NXOOVI

7. S'NUMNP'" 43'NUMEL ... 2"NEV'NUMNP + 201°NEV

where

No - 2"NUNNP'(N8AND+J1 + NBC + NPP ... NEV ... 2"NBASE .. I"NBASE'NBASE
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and

MBANU The bandwidth of the structural stiffness matrix. It is eQual to:

2 -max (mb,+ 0, i-I,2,··· NVMEl,

where mb; is the difference between the largest and smallest nodal point numbers for

element i.

NB.4.SE Number of nodal points at the base of the dam (Card Set B). It is set to zero if

tRIG-I.

NBC Number of disphlcement constraints on the nodal points that arise from the boundary

condilion codes in Card Set E:.

NCOMP

NDATA

Number of ground motion components (one or two) ilKluded in the response Il\lIIlysil.

It is determined from IHV, Card Set K.

Number of excitation frequelKies and time intervals. It is equal to 2NEXP , where NEX'

is defined in Card Sel K.

NEV Number of generalized coordinates included in the analysis (Card Set B)

NrP Number of nodal points at the. upstream fac::e of the dam that are aWeeteei by the

impounded water (Card Sets B and G).

NTERM

NUMEl

Number of natural vibration modes of the impounded water ilKluded in the computa·

tion or the hydrodynamic pressure. It is equal to:

H + r

C eDT oJ

where H is the depth, in feet, of the impounded water, C-4720 ft/IA.:C, and DT is the

time interval (Card Set K).

Number of elements (Card Set B).

NUMMAT Number of dill'erent materials in the dam (Card Set B).

32



NUMNP Number of nodal points (Card Set B).

NXUGH Number of horizontallround acceleration ordinates (Card Setl).

NXUGV Number of vertical ground acceleration ordinates (Card S~t U.

If only the static response and vibration properties of the dam are computed (tRES-I, Card Set B), it

suffices to check only criteria (I) to (4) above. If the dynamic stiffness matrix is read from lAPE90

(IGEN -0, Card Set B), criterion () need not be satisfied.
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9. EXAMPLE EARTHQUAKE RESPONSE ANALYSIS OF PINF ....LAT DAM

To demonstrate the use of the computer program [AGO-84, this section presents an earthquake

response analysis of Pine Flat Dam due to the Taft ground motion. The selection of the response

parameters is described, the input data card deck is listed, and selected response results are plotted.

9,1 Pine Flat Dam and Ground Motion

Pine Flat concrete gravity dam is constructed of thirty-six monoliths and has a total crest lenath of

1840 ft (9] The tallest, non-overflow monolith is 400 ft high, and is selected for analysis. The two­

dimensional finite element idealization for thIS monolith, shown in Figure 6, consists of 136 quadrila­

teral elements with 162 nodal points. With foundation-rock flexibility considered, the finite element

idealization has 324 degrees of freedom. The mass concrete in the dam is assumed to be a homogene­

ous, isotropic, linear elastic solid with the following properties based, in part, on forced vibration tests

of the dam (9): Young's modulus of elasticity E.- 3.25 million psi, unit weight -ISS Ibln), and

Poisson's ratio -0.2. Energy dissipation in the dam is represented by a constant hysteretic dampina

factor of .",-0.10. This value corresponds to a viscous damping ratio of S'lb in all natural vibration

modes of the dam (without impounded water> on rigid foundation rock, which is higher than the 2 to

3.5% determined from forced vibration tests because of the much larger motions and stress levels

expected during strong earthquake ground shaking.

The foundation-rock region supporting the dam monolith is idealized as a homogeneous, isotro­

pic, viscoelastic half-plane. Th(~ assumed material properties of the foundation rock are: Young's

modulus of elasticity E,- 3.25 million psi, a value which may be reasonable for the fissured aranites

and basalts at the site; unit weight - 165 Ib/n), Poisson's ratio - 1/3, which gives Cf - 5852 ftl~c; and

a tConstant hysteretic damping factor of." ,- 0.10.

The water in the re~rvoir impounded by the dam is idealized by a fluid domain that extends to

inftnity in the upstream direction and ttas a constant depth of 381 ft, with the water level at El. 951

(Fiaure 6). This water level is considered a full reservoir condition. The water is assumed to be

compressible and have the following properties: velocity of pressure waves C-4720 ftlICC, and unit

34



~
FL. 970' I I· -I

EL.951' ~

EL905'

EL 570' 154...-.....&.--...._-"'-~ ....---l'--._....._.....:--~162

FIGURE 6 Finite element idealization of tallest. non-overflow monolith of Pine Rat Dam.
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weight - 62.4 Ib/n 3.

The bottom of a reservoir upstream of a dam nJlI)' consist of highly variable layers of exposed

bedrock. alluvium. silt and other sedimentary material. The value of the wave reflection coefficient a

that characterizes the resl!rvoir bollom materials should be sekded based on their actual properties. not

on properties of the foundation rock. Because there are no available datll on the properties 01 the reser­

voir bottom materials upstream of Pine Flat Dam. a wave reflection coefficient a -0.5 is arbitrarily

selected for this example .tmtlysis,

The dam and found.ltion r<x''{ arc assumed to be in II state of generJlized plane stress. T"'is

assumption. though not strictly apllropriate for the foundation rock. is diuated by the expected

behavior of the nOll-keyed joints between tlte dam monolitlts 121.

The ground motion recorded at Taft Lincoln School Tunnel during tlte Kern County, California.

earthquake of 21 July 1952 is selected as the free-field ground acceleration for analysis of Pine Flat

Dam. The ground motion acting in the horizontal direction. transverse to the axis of the dam. and in

the vertical direction is defined as the S69E and vertic",1 components of the recorded ground motion.

respectively. These two components and their muimum values of acceleration are sltown in Figure 7.

9,2 Response Parameters

The response parameters that govern the computation of the dynamic response must be selected

carefully. The dynamic response of Pine Flat Dam is computed for the excitation frequency range 0 to

25 Hertz. i.e. F- 25 Hz. which is adequate for the recorded Taft ground motion records. To represent

accurately the response of the dam in this frequency range. the first ten gen~ralized coordinlltes are

included in the analysis. i.e, NEV - 10. The vibration frequency of the tenth vibration mode of the asso­

ciated dam-foundation rock system is 110- 23.4 Hz. so the criteria stated in Sections S.I and S.2 are

SlItisfied. The fundamental vibration frequency of the associated dam-foundation rock system is

fl- 2.4 Hz. so according to the criteria in Sections 5.3 and 5.4:
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lJT ~ (2) ~25) - 0.02 sec

DT ·2NEXP '> _1_ . {25 --!l-_} _104 .
". (2.4) max '(0.10) . sec

5 5852
f ~ ] 17' 09.29)' - 118.S Hz

The selection of DT-0.02 seconds and NExP-1O (hence 111 -1024 and In ·2 NEXP-20.48 seconds),

satisfies all the aforementioned criteria for the response parameters. With these parameters the

response is computed for 20.48 seconds, which is nearly twice the required 10.4 seconds according to

the criteria above. These parameters were selected because the number of excitation frequenl'ies (and

time intervals) can not be reduced by selling NEXP to 9 without violating the second equation above;

and there is no value of setting DT less than 0.02 seconds because the Taft ground motion records are

band-limited to 2S Hz. A "Quiet zone" of 20.48 seconds is appended to the ground motion records in

the computer program to reduce further the aliasing error.

The input data card deck for this example analysis is shown in Listing I.

9.J Response Results

A complete analysis of Pine Flat Dam was performed using EAGD·84. The horizontal and vertical

displacements, relative to the free-field ground motion, at three levels on the upstream face of the dam

(nodal points I, 73 and 118) and three locations on the base (nodal points 154, ISS and 162) due to

the S69E and vertical components, simultaneously, of Taft ground motion are shown in Figure 8. It

can be seen that the horizontal and vertical motion of the dam base permilled by foundation-rock nexi-

bility may not be inconsequential compared to the motion in the upper parts of the dam although it is

much smaller. Figure 9 shows the distribution of envelope values of maximum principal stresses.

Stress results such as these, that include the stresses due to the static loads. make it possible to identify

the portions of the dam monolith that may crack during an earthquake. A more complete set of results

and their interpretation is presented in the companion report 16J.
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u.t... I: ...... Card Derk for Example Analysis

ElAMPLE llESPCNSE INltvS IS OF Pl ..e FLAT DAM DUE Ta un GROll...., NOTION
162 136 I 9 I.. Hl.i) 11 1 \oI.U 0 "1
~o.~~.o .OQ512~ ~.10 39.l~

1 "6'~I)Q. .2 .1i0.814
1 16.750 40u.O~Q

2 2Q. 15' 4'C .0"0
J 24.750 4CC.O~~

.. 28.75~ 4Q~.~~u

5 32.7:)' 4C';; .O~O
6 36.75" 4'-;.0"(1
1 +D.7SU 4C'.OOl)
• 44.75' 4C~.GvJ

9 4I.1S0 itO" .OIJO
10 16.15~ 3e3.~~o

11 20.15' !e3.0'~
12 24.J5CJ 383.0aiu
13 Z8.15' 383.000
lit 32.7S' 383.000
15 36.150 383.0\iO
16 40.7'0 3a3.~~~

17 44.15" !8!.O"0
18 48. 7SG !83.0~O

19 16.15" 3U.lh10
2" 20.750 H1.o.)O
Z1 24.1:», 361.CQO
ZZ 28.750 !tl.OCO
Z] 12.15~ !tl.Gw~

2. J'.75C 367.0-:.0
25 ~.75' !tl.OOO
26 44.750 3f7.00a
27 .... no 367.0"~

21 16.750 !!l.OwO
29 21.156 ]!1.000
30 25.~62 ]51.000
31 29.~~~ !!I.C'O
32 J4.375 !!1.000
J] 31.181 3'1.~~~

34 4l.187 !51.C~0

35 47.591t J51.GOO
36 52.QuQ !51.0~

37 .6.15G B5.Cvll
38 22.156 335.'00
39 l7.!62 !35.0~O

40 32. c;n HS .0';'0
41 J'.315 335.01)0
42 ..].711 315.J~~

d on. un !!5.0"Q
44 54.594 335.000
45 60.0~O 33S.0~~

46 15.900 311.0i)O
41 22.tb2 3111.0\)0It' 29.425 !Ie.og~
49 J6.1d7 !ll.Qvo
'0 42. Ci50 311.~"O
51 ".llc lle.Quo
52 '6.475 !18.~OO
5S 63.237 118.~O

5. 7G.C~C lle.ouo
'5 15.~; !Q~.~~o

S$ 23.165 JCu.~

'1 JI.3JC J".o~o
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!Ill 3~.4tq5 !CI:I.OllO
59 CiT.coG 3C".liulJ
~, 55.1125 lQ~.O':'O

til til. C;9C lo~.e\)O

62 7l.155 JOO.QUO
63 '1).320 l!OQ.Oc,o
Oit 14. (,IJ .. 28~.OOO
tl5 Z4.2'tCl ceo.aoo
66 3it.it'3~ ~ell.OG(;

07 -.4. 72 C. 28~.OOJ

68 ~.C;60 ~8u.OwO

09 U.iIiC a".Q~O
70 15. ""c. 28u.01l11
71 85.6tlO 28C.'"O
7Z 95.102': a~.o"o
73 U.O"~ 26~.OIlO

lit ZS.3J.~ 1CC.wC.O
H )J .t;w 26u.COO
70 49.C;1e!5 26~.O"'O
77 62. 2e~ ,l:I: .CUO
78 7it.5 '5 260.060
79 86. e.. ~ 26il."'')~

6C 'llq. 2~ 5 aC.Qi;O
81 lU.5';:' 2eu.GOO
a2 11.7;", 1B.Oul1
lU Zt. bH 135.0(.10
e.. 41. SOl Z35.0~O
85 56.4tH Z~5.ulJ~

dtl 1l.31J5 2H.OuO
a7 86.29it 235.000
39 hU.2"2 2H.Ou'"
89 116.1l! 235.Q,,0
~u Ul.C20 2)5.111i0
91 10.5,jC 2Ie.au\)
92 28.c .. 2 ~H.•Ouu
93 4S. ~':'S 21~.OYIl
94 u. C\l7 elC.OOll
95 ItO.51C. ile.oCl"
96 98.012 Z1\;. OVIl
97 115.~J.S 2IC.04li0
98 133.1.117 H.:. .0,),)
99 15(1. ~2u Zl':.OO"

l~Q C;.25&; 185.0'"
1" 1 ZC; • :!it6 11!5.c..vu
11lZ _9.4102 US.GIlO
1113 69. SlC; lC:5.~OO

1w4t 89.bH ISS.OCiO
lll5 1"9.1.H 165.00"
10)6 U9.H? Ie 5 .O~(i

1:17 llt9.li24t 185.0tiO
1118 l71l. ul\i le5.t1\lOJ
iu'l 8.c"e 1ilG.QOO
110 )(,.09';' 16<:.0,,0
111 53.H~ IH .1)"11
III 16 .~'" Ie, .Q"O
113 98.76G 16~.~0
11 .. 121.4t5\) II: ~.IJe)1l

115 '~"'.11oC. IH.OOO
U6 IM.8:''; l(:~.Q~~

117 1'9.~Z' I ec: .000
118 6.it".; 12e.Q"O
119 12 ... 1" 128.Q~J
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12', 5d. fe2(, 1ZS .G\itl
121 8-,.,.30 128.000
122 110..... 171 12e.Il"O
1 Z3 U .....5' 128.0'"0
lH It.Z ...e.G 12'.3UO
125 188."7G 128.""\1
126 214. "Ih. U ••O"O
121 4 • S"," 96.000
128 3-.. U" U.OIhI
1lq 63.4fle;, C;6.0\lQ
130 92.79G ';6.01010
III 122.120 ~t.OOG

132 151.45" Ci6.00w
!]] 180. Jee ".QuO
13" ZIO.He Cit.GOO
135 l3q .....~ C;t.~~O

Ut- .i.ZO~ t"."IJ..:i
137 35. e5\: t4.000
138 68.5.. (, e4.0JO
.3'1 10 I. 15' 64.0~\l

1... " lll.acc 64.0\10
1.. 1 16b ... )~ efe.Qvv
l't2 199.111~ 64.1J~"
lit] 231. HC H.O"IJ
1.... 264.4.)", 6".Q..~
lit5 l. hhi 32.\)~~

lit6 H.57' !2.Cllw
litl 73. site 32.1),,0
! 4/J 1\J9.51~ ]2.00~

Uli 1"5."8' 32.Il'v
iSO 181.4~Hj 32.000
lSI 217. Ie" 32.",)"
&;Z 253d"~ !i .OIJ~
IS] 28~.300 32.011\!
IS4 ~.O .), -lJ •
155 O.c 39.2Qi.. -c.
156 ~.O 79.5li .. ~.

157 Il.~ III .a7\, -41.
158 ,).0 157 "flC -~.
1 H ;j.0 19«1.4jC -0.
16~ '>.0 235. he -0.
.61 ;;.Ii 275.C3'; -c.
UZ 11.0 114. ~z~ -0.

1 1 1~ 11 2 1
9 Iw Ii 2C 11 1

17 19 28 2~ 20 1
25 211 11 38 2/i 1
H H it6 47 !I 1
41 4«» 55 5t "., 1
.. c; ,; Oft 65 !6 1
57 6 ... 73 111 t5 1
65 JJ 12 II) Jolt 1
H 12 'II n 13 1
111 91 1",(; liH U 1
U 10J Illq 110 lU 1
ql "J 118 11~ 110 I

lliS ll~ 127 128 119 1
11) 121 136 In 121 1
121 13' h5 lltt 131 1
1Z4i US 154 b5 H6 1
1)6 UZ 161 U2 1!3 1

W liJ lQ 2. J' 46 55 M 11 12 91 lOG U9 11. 127 U6
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1'05 15..
154 15; 150 157 1~8 159 100 161 162

2 I,,;, ~ .\ii2 0.50 0.10
1",2 .. 1.,2.. lS •.,C

(; . -.Ow63 .02- .1)019 • .l1t .OO~l .06 .0loll .08 .0053 .10-. Q';)~3

.IZ-.O~.] .14- .':'\;2 9 .Job .uu12 .18 .OOS't .20 .0040 • 22-. ~03 1

.24-.011l!7 • H- .1l1187 .28-. ~Ilbl .30- • .,01l8 .12-.0111J3 .34-. "',,"'Z
• 36 .0,)41 .38 • 0 III 1 .... ., .Ollb .42 .0066 .'tlt .001t5 .41:1 • CJQ2 )
.4d .0\.121 .5 C .U019 .S2-.IlU..0 .Sit-.0015 .56-.01l11 .511 .005'0.6'" .O')2~ • I) 2-. ol1tllo • (tit-. tlllS .66-.V04S .68 .0050 .713 .0IHO
.72- .".l41 • 110- .1)0 Z5 .16 .01159 .18 .oon .80-.0066 .82-.0109
.84 .0,)33 .80 .Cill Z .88 .IHOI .90-.0Qit9 .92-.0066 .~ • .l037
• Cj6 .0J.. t • .. ~-.oc)g 1.11l> .,)\)36 1.02 .0146 1.04 .0232 1.00 .0181

1.08 .0186 1 • I C. .0125 1.12-.01113 1.14-.0087 1.16-.0008 l.la-.Qait8
I.,.;, • (,0.. 1 1.22 .liOS 6 1.21t-.OOlit 1. 26-. OOU 1.28- .IJIl'" 1 1.3,)-.,),)22
1 .32- .OJ81 1.H-.IH1~ l.lb-.alB 1. n-.OI81 l.it,)-.0160 1.1t2-.JJ8J
1 .41t- .0uO 3 1.tto .OUij ~ 1.1t8 ."(4) 1.50-.00711 1.52-."181 1. 5it-. Ij 11 tI
! .56 • CuOIi 1. :> tl .0107 1.61> .1)081 1.b2 .l>cJ75 1. '4 .0.,9cJ ! • tl6 .11098
1.68 .Oult 1. h-.OO5! 1.72-.1l1.l0S 1_ 74 .0,)611 1.76 .0111 1.7d • JI99
1.80 .\) 13d 1.8 t .\l~51 1.8... Q\J32 1.116 .ou.... l.i8 .0238 1.9.:1 • 02it 1
L • C;oZ .~U6': 1. 'H-. olIJoCJ 1.96-.1l11" 1.9S-.0c)n z.1l0-.1l03~ 2.1>2 • ~J22
Z .c.. .OIJ2~ 2.~t-.CI61 2. 011-. Q26 5 2.1cJ-.O~i2 2.IZ .Cl10] 2.1,. .JZ23
2.10 .017" 2.1 a .,,21" Z.2~ .1i248 2.22 .11187 Z.2/t .004] 2.26-.0106
2.28-.1l23E 2.3,,-.u.J90 2.32 .,)1.2 2.)4 • .1309 2.36 .\l3.JC; l.3d • ,1I6J
2.100 .011 ~ 2.42 .;~7~ 2 ./tot- • "l1a~ 2.'4-.IB" 2. 48-.()l.!7 2.!iu-.')017
l.52 .':'JOe 2.5/t .C2Ze 2.56 .0229 2.58 .0199 Z.60 .ozse; 2.62 • )236
Z.6/t .0 12e 2.6t-.IJ"l(' 2.68- •.;~:n z. 7\)-.0 114 2.72-.0146 2.7"-.020"
1..70- .G20': 2. 18-.016~ 2.8~ .11185 2.82-. (J 178 2.84-.0090 2.86-. ':'015
2. l!la-. OOH, 2.90-.005! 2.92-.01J,U 2.9.-.0093 2.96-.CQ11i 2.98-.:'021
l.O", .GJ3~ 3.~2-.0IlSl 3. ~4-. ,)Z2 2 ] .116 -. oHU ]. ,)8-.0326 3.1J-.·)2105
3.12- .C:3lt 3.1 it- • iI 492 3.10- .~578 3.18-.~6Z(, 3. 2G-.07 21 3 ••22-. J66 3
'.2it-.(.,'o5 3.2t-.';il.t 3. Zi-.1l't9 7 l.30-.05:)1 3.32-.0528 3.H-.0512
3.30-.,,49, 3.;'E-.OH4 ].40-.,)2601 3.'2-.0112 3.44-.01lt8 3.106-.0261
3 .1011- • " ..0 ( 3.'h.-.045l! 3.52-. C4~Q 3. 5lt-. Q2ltJ 1.56 .COH 3.58 .::'32 7
:>."" .e5Se 3.b': .Q15 e 3.64 .1) 941 3.66 .1204 3.U .1492 3.N .1792
3.72 .103l 3.14 .ll-HI 3.16 .0694 3.U .i)U7 1.80-.0)50 ).82-.,)652
3 .8it- .Cla 2! 3 .8c- .056! 3.u-.,a6~ 1.90-.0-'77 3.92-.0563 3.<0..-.0659
j. Cjo-.C574 3. ~8-.QHl ".\JO-.:,)165 4.02 .1);)4' 4.04 .0047 It • .>&- • IlQ8 S
... (8-.G.227 It. H.- .0102 •• 12-.,).6 , 4.1 __ .021" 4.16 .OU7 It .18 .·,a~7

.. • 2\1 .'::'S5l:. 4.22 .~68' 4.24 • .1313 1t.2&-.()015 4.28-.0015 It.30 .1l306

... 32 • ~~o" It. ~4 .n6! 4.36 .ll1il6 4.38 .1>631) 4.40 .0341 4.42 • '>1l3 3

....it- .032: 4.'o0-.(;I,St 1,. Ita- • ij4"'~ 4.5(;-.01616 It.52.0357 4.5.. • '::938
.. • 5b .1I.l" ot.' l: .OcUl 1t.6 J .,J 31t 1 1t.62- .022;) 4.64-.0371 It.6(t-.051t0
... 6d-.1)501, ".7~.1137! 4.11.-.0146 4.11t .1l111 1t.76 .0348 4.78 .ij62171... s" • t69~ ... lJ2 • C.46:; 4.84 .li214 4.86 .0~G5 4.8S-.0HS It.9J-.J8o3
10 .92-. U33 4."4-.0811" It."0-. 05119 4.98-.,,098 5.Cle .0314 5. __ 2 • Ol~~
s.c.. • "181 5. \It: .0112 5.1018 .,)1151 S.Ii) .\)1>.)6 5. 12-.IUlil ; • lIt- • ~lt04
).16-.~;Zt S.11l- .Oltzt 5.20-.li190 5.22-.IlU~ 5.24-.0216 5.20-. Jltl1
j .28- .G:i 15 5.3"-."632 5.)2-.0..64 5.1"-.0153 5.36 .OICi! 5.38 .0531
5.4" • \)lt8~ 5.42 .1l"'1i 5.4':' .11" 1 5.40 .11>40 5.48 .0896 S.5lJ .Ob32
5.52 .':'217 5. r;,,- .';"85 5.56-. l)'t3'i 5.58-.05,)6 S.6C-.C419 5.602-.,)174
;.6..-.0.. 81 5 • 0 c- .1i6 2 1 S.6e1-.0) 785 5.10-.0929 5.12-.0740 5. 110-. Cl3~6
5.10 • CIJ 1 1 5.78 .(jH 1 5.8~ .Ol05 S.8Z .(1';'1" 5.84-.0152 s.at> • CoC 1 5
j .88 .Olot 5.<';0 .U131 5.92 .~9J5 5.9lt ."64~ 5.96 .029c; s. 90-.iH 19
:J • Cu- • el.l 1 6.~2 •(;"..«- 6.0.. .0)244 6.06 .IH28 b.08 .\1419 6.1~ .0368
b .12 .IlH! 6.110 .aOHO 6. 16-. OOt> 7 6.18-.{j 154 6.20-. (j 15(, 6.22 .'::009
0.24 .0293 6.2t ... 32«; 6.28 .~lb5 6.JQ-.~:Jb9 6.)2-.Cl021 0.34 .0342
0.30 • .; 161 6.le .''057 0 • ..0 .u732 6.42 .tl632 6.1t~ .01241 6.46- .1i~7C;

o • It II- .U5Z~ o.5fr.I:l4fl»tl 6.52-01395 0.5,.-.1492 !t.56-.1lt6u 6.5tt-.\lt11i
o .6\i-.1 J64 ••62-.13flt 6.6..-.131»11 6.'6-.lll1 6.U-.01l~ 0.70-.0417
o. 72-. uw5~ 6.74 .03"'3 •• 76 ."M2 6.78 .0841 6.lu .0581 6.82 .u29 ]
6.8"-.0 .. 1i! 6.86- .'2H 6.1lI-.0C88 6.'U .OUi? 6.92 .0284 6.9,. .0491
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0.4;0 .\1;61
1.'~-.i)H~

1.20.01bl
7.32-.032«:
1.~"-.038t

7 .'6 .0110;
1.68 • lOl!
1.8'- .005e
7 ."2-.~30fi

8.04 .1l22::
d.16-.~771

d. Zd-.\a .."
8. Itl) • g.... :
II .52- • G731
8.04 .063«:
Ii. 76 • ., 13li
d.88 .\.215
9.00 .029C
~.12 .\l;JC;:
9.2..- .Ol3e;
9.36 .C:7OiS
<; .itd- .0l5~
9 .tli)-. \12 If:
9.72 .CoH
9.81t-.Qlt811i
9.%- .0253
1~.v80.

10.20 .Olt2 E
1... 32-.0';'1, 6
III. H • 010~
l": .56 .G162
1.... 68 .~2b~

1-).8u • w25E
1': • '12 .4J 3lt4
11.(;4-.0036
11.16 • 0611~

11 • Zit- • Coo4
11.4' .0537
11.52-.w21:
11 .6,. .025"
U .71.-. 05Z 1
11 .88- .~u ..
12 .\11) .0268
12.12 .CHI
12.2..- .\)·U!
12.36- .0176
12. ~8 .0.21
12.61)-.01511
12.12.CiJo4
12. 81t-. ,,152
12 .lIio- .OHI
U.G8 .o..oe
U.2~ .CllE
U .32- .lJ51
i.;.~" • \l;.}
u. 50- .~150
U .08- .OJ51
13 .110 .0136
U .liZ hili
14.0 1)"03
olio .10- .lio'3
1'..2&- .oue

6.'ie .g36Ci
1.10-.03)2
1.22 .101> 5
1.3"-.0128
1.46-.0168
7.56 .,J422
7.70 .Oli8 ..
7.8.2-.e455
7.9.-.(,694
B. ue .1l67E
8.18-.G802
8.3(1-.0101
8."" .(jUt
e.5.... ~8'94
8.66 .0543
e.7e .0141
8.9(,-.Ou,.2
9.1)2 .::'635
9.11t-.u!1:
9.26-.011'7
9.38 .v51t:
9.5'-.C29C;
9.62- .",21;
9.1" .;'525
9.8f;-.~06C

9.:;8-. __ ""2
10.1u-.uUUl
1".22.'56'S
10.J4-.0 lit
11l. 4 f .1l1l1J E
Ie • 5 d • CCit t
1~.7(' .QZT"
1\1. il2 .0"'1
1'.94 .G2Gt
11 .Ci6-.QUCi
U.18 .07UCi
11.30-.':'581
11.ltZ .';59'
U.51t-.(;OCU
11.66 .04':;4
11.18-.0565
11- 9C- .\)C51
lZ.wZ .C.ZII4ii
Ll.1't .en?
12.2t:-.(,!I !
12. 3d- • .) 25 fi
12• 5~ • 1l~9 ,.
12.62- .OU !
12. 1't • ~4tS "
12. at-.I121:
12.9lt-.G1C1E
13.10 .0365
n. 22-.0~Z4
13.3..... ,lIiqte
1) ... «: .0"3 ..
13.56 .OOl!
U.lo-.G4)H
13.82 .G122
13.9..- .I1Ul
llt.oe .Q 12Ci
1•• 18-.C775
1•• 30 .~01t4

'.u~ .~1.. 1.02-.0117
1.12-.0116 1.11t .0101
7.Z4 .lU29 ~26 .~7~7

7.16 .OO~9 1.38-.UI5~

7.,.e-.0225 1. "-.03915
1.6~ .0691 1.62 .~9~9

1.12 .11133 1.14 ol~~

7.81t-."906 7.'0-.0969
1.96-.~a14 '.~8-.0lt5.

'.08 .1>114 9 1.11).1)5.0
'.2\l-.~~38 'ol2-.0074
1.32-.01"0 1.3.-.0223'.44 .O~94 ••••-.~181t
'.'.... 61.97 '.58-.0602
••6••114ZZ '.l~ .0300
'.Iv .~318 1.'2 .~550

'.92-.~2da 1.9It-.0327
9.~~ .1~oS 9.06 .11~1

9.1e-.~lL' 9.ld-.lll.
9.2a .J127 9.3' .U492
9.~ .w2S7 9."2 .0141
9.,2-.\1..55 t.~It-.0571t

9.&.-.015' 9.66 .~15~
9. 76 .-l424 9. U .1)Hi
9.ad-.~115 9.90-.0593
IG.~Y-.06QZ lQ.OZ-.~671

1~.lZ-.11]52 lQ.14-.1)511
10.l4 oOJ.' 1~.l6 .Q06S
10.j6-.~29S 10.)'-.1)229
11)."'-.W~9. 1~.50-.~0!S
10.o~ .~J52 1~.6l .~4d7

lu.12 .0313 10. , ••Ql~
1~08•• v~11 10.a6 .~24~
1~.Cl6 .~~34 14.9a-.~169

11.08-.0iZ9 11.10-.05IS
11.2~ .031t5 11.ZZ-.~03~

11.12-.0339 11.3.-.0013
11.,.••~~1 11••6 .0IZ~

II." .~~1' Il.S8-.QC~.
11.68 .0347 11.'~ .0151
11.'~-.~~5 11.ll-.~5~9

11.9Z .~ZQ5 11••~ .03Jl
12.04 .Gl~l 12." .~IJ8

U.16 .1)1l9 12.18-.\)1-'
12.2'-.0]'6 12.J~-.0226

ll.It~-.0167 12.42 .~O'9

IZ.S2-.~lOI 12.S4-.~4sa

Il.6~ .wl0. lZ.6• • GZJJ
12.76 .O~51 12." .04Z~

lZ.88-.~2o' 1Z.90-.I)2~9

lJ.~o-.~J)' 13.02 .Q128
U.12 .03,) 1 13.1" .02410
13.z... ~J71 1).Z'-.~66i

13.3,,",(1096 u.u-.QS~

11••8 .Ol85 1).50 .QOil
1]••~ .J22~ 13.62 .0262
lJ. Jl- .0.,24 U. H .,,0016
13.84 .0151 11.'6 .0120
11.9.-.Qlt5 L].9'-.Ql~1
14.,,11 .~lU lit. III .~JN

1••ZU-.0&~. 1".l2-.~'J8

14.32 .0163 14.J4 .01Ql
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7.04-.03f:7 1.".-.(,599
1.16 .0324 1.1d .J5Su
7.Z8 .035" 7.'w-. J068
1.4o-.~!95 , ••2-.~592
'.52-.038' 7.54-.CI39
7.64.1124 7.6' .1086
1.76 .0142 7.78 .0364
7.8.-.0"1} 7.9U-.:158
a.OC-.0371 8.0l-.0l06
8.1l .111~' •• 14-.J3~6'.Z.-.OOl. 1.26-.0150
'.3~-.0015 8.'•• 017]
8.48-.~J7l '.s~-.a5)"

4.'~-.Ql.7 1.62 .~JT8

d.12 .OJ~2 l.llt .;Z37
8.8' .0632 8.'6 .J4J9
8.96-.014' 8.9' .~026

9.0E .oe4li 9.10 .~5~u

9.Z0-.1~~' ~.Z2-.W65.

9.32 .~9ZJ 9.34 .lJ29
9.4" .~~51 9.4o-.J-l20
9.56-.0.83 9.58-.t325
9. U • "It tiC 9. 10 • 011 1
9.'~ .O~26 9.82-.JZqS
9.92-.0463 9.94-.~287

1~.04-.~41' 10.06-.0244
1~.16-.~270 10.11 .~~3~

1;).2'-. c;Z 11 1~ .)\i-."109
1~.~0-.0012 10.~l .~l~~

1~.5Z .~~65 10.5• • ~15~
1~.'~ .0540 1~.o6 .0~19

1~. U .00.4 U.18 • ~066
1)••••~226 1~.9~ .J)~~

1L.~~-.OJ]} 11.Q2-.Q~~Z

11.12-.0140 11.1•• ~ZI0

11.2~-.Q511 11.26-.0698
11.16 .0221 11.)8 .~433

11••1-.014) 1l.!lo-.()Z48
1L.600. 11.62 .0128
11.72-.0011 11.14-.(;30]
11 ....-.~55Z 11.86-.~~.~

11.96 .035' 11.911 .~3Z~

13.08 .Q2Jl 12.10 .0422
12,ll)-.~2a. lZ.ZZ-.~387

12.J2-.0~a! 12.3~-.alll

U.'" .0111 12.46 • OS,."
lZ.56-.~]65 12.S'-.~l~8

12.68 .0110 12.70 .OZ58
12.80 .'265 12.82 .O~7l

12.92-.0321 lZ.9.... J416
11.04 .02t1 13.~6 .~186

13.Je .0J~1 13.1' .O~83

l).l8-.08l8 13.Jo-.Q~]2

1J.4G-.GC16 13.~Z .o~..~
U. U-.OOllJ b.S4-. (,25"
lJ.6••01'1 11.06 .O~6"
1).76 .Q052 13.1_ .~J95

I~•••• Qltl4 13.9~ .~285

1~.Oo-.GQ') 1••~2-.GJ51
14.12 .GQU 14.14-. ,>2118
1•• 2.-.0414 1••2'-.~36Q
1•• 36-.GO~ 1".J'-.~~98



1... ~-.O.l31 1..... 2 .G014 14 ..... • 01)3':. 14...6-.0121 1... 4E-.01SO H. 50-.025!
.... 52-. C)J ~ 14. 'ji,-. IB~ ~ 14.50-."338 14.5d-.,)]Zl 1".I)~-.0275 14.62-."10 ..
14.64 .CJ9d 14.0~ .OHf: 1~.6d .U4H 1..,. TV •u'i j:) h.12 • 0403 14.1.. • 0)9~
1... 10 .OH.. lft.1l! .G422 h.d\) .0;... lit. 82 .0555 lit. 8" • C4 04 1".86 .1l30 1
14.8d • 0..1 3t H.Qu-.0227 h.92-. w517 U.94-.0H7 14.96-.('71G 14. 9d-. JbO b
15.00- .Q..8'i 15.0~.O321 15.~4-.iHU7 15.u6 • ;)123 15.08 .(,301 15.11J .0';81
h.12 .C,91 15.11e .0:508 15.10 .0"" 7 IS.18 .ulv" 15.20 .vl ~4 15.22 • ".)88
15.21e .ljl.l2d 15.20 .001 £ 15.l8-.00n 15.30-.Q1H 1'>.32 -.OH9 15.34-.CZ1l
15. )0- .OlO 5 15 • ]d- • 0 13 ~ 15.4\)-.J2U3 15...2-.0))0 IS. 44-. ,)5,,8 15.46-.0412
15 .4ij-. 0151e 15. 5" .(;lZCi 15.52 .~10 1S.S" .039<) 1').56 .023e 15.58 • J\t11
15 .60- .OU31 15 • b 2- • 0 12 : 15.~4- • .JZ18 15.66-.016.. 15.68 .0042 15.10 .0255
U.7Z .0...95 15.1/t .v6't 1 15.16 .0110 15.la .0111 15.80 .Olil1 1!J.82 .OSH
15.84 .0391 15. IU: ."1d~ 15. 88-.01l16 15.9\1 -.'>Zo)" 15.9Z-.\)H5 15.94-.JIlZb
1::1 • lib .0126 15.'18 .G23' le.wu .'194 16.oJ2 .w1l5 10.0" .0011 16.06 • GilO"
16. ('8-.Q 1 56 16.1~-.u';28 10.12-.0521 16.14-.062.. 10. H-.048C; 16. 1It-. OlO 1
16.2v-.01ZIo 16.22-."06<; 16.24-.JvIl6 16.l6 • Il\).:o 2 1,).28 .0.Jol 16.3\1 .0)1183
1~. 32 .:: 11/i 16.310 .~15~ 16.36 .~217 16• .38 .:125'1 10.4v .uHl 16.ttl • :J269
.Lo.41t • O.i. 9Ci ill.itt .0132 Itl.1t8 .1>0(J5 16. S'- .J013 U:.52-.COC;" 16.510-. nil 1
io.56-.Cl'H 16.58-. Ii:!.)! it.oll- .J20le 16.6Z-.\i17<; 10.b4-.1l1u7 10.66-.(;,,64
.o.to .',JZ~ 16.1': .':136 16.12 .Q213 16. 71t .(ul'T 10.1t .C,OJ2 16. 7d-. ,)1';' 7
Lo. 81i- .Ol"tC l6.8,z-.u172 It1.81t-.~2Z2 10. 86-.~31d 10.8E-.G293 16.9.)-. '1 H
10 .CiZ- ."1.l6~ 16. "4- • .Jol!e 16.'10-."'158 16.~a-."220 11.CC.-.GlOI 11.02-.~151

11 .C4-.0,JIH 11 ." t- • ,-u 2 e 11.1.18 .JJ39 11.1\1 • ;'092 17.12 .C,09t ll.lIt • ';'v71
L7.16 .'il~C Hole • iH.. 1 11.20 • w21) 1 11.22 .~ 116 i7.2It ."v68 11.26-. uIJ3 5
17 .28 .OlJlt; 17.3\i .e2l!! 11.ll • u't2 2 17.34 .10021 17.3f. .0589 17.3d • ;431
17 .IoU .0241 17.itZ .0Ost 17 ."tlt-.Il U 1 1 l. 46- • Q1c; 7 L7. It t-. Cll 77 17.5~-. C18C
11.52-.0l21 17.54-.0l30 11.56- • ...,2.)8 17.58-.1>21.12 l7.all-.025e. 11.61-.v26J
17.6lt-.Q113 Il.6f:- .1l274 11.08-• .: 31 0 17.7(;-.0172 17.72 .GeZO 17.74 • .J254
iT.76 .;39, 11.7d .0421 l'.tSO • ,j3.. a 17.82 .w190 iT.lile .~u36 11. 80-. CU) 1
11.88-.'JO'! 17.9' .Ilv" 4i 11.92-. ""4Z 1 7. 94- .IJ 12u 11.96-.l)vlCi 11.Cia • v·)11
ld .GC .01210 18." .,,124 18.1)'t .~C75 18.06 .~ll.. lti.~tl .0105 18.1,) • e21 ~
iii .12 .026e IS.14 .1132 (, 18.16 • .,) 3't.3 18.ltl .0235 1 i. 2(, .coc;c 18.22-. :'J5 7
18.210-. iH2.! 18.2t-.iHN 1 e. 2 a- • 11181 1l!.]J- ••)l,:>.. 1~. 3z-.r,13O; 18 • .3 4- ••)1 0,) 1
IlJ.3c-..lillC ;.t1. 3E-.' 15 ~ 18 ....;- .i:222 lli.42-.u2b 111.lt4-.u147 18.46-.C~6..
10. '08 .~,-,2 2 18.5u .U\)O .3 18.52-.J<j58 18.54-.0131 li.~t-.Clcn U~. 58-. (,11 ..
lli.6i) .Oull 18. 6~ .01,H IS.bit .i)1«;\6 18.66 .1l31'1 11). bC! .\)1t51 18.7-:' • '!55 2
1d.72 .(;52C 18. , • • C42/i lB.76 .0244 18.78 .Qu.. z Id.8('-.0170 18.82-.~366

18.84-.0,;,21 18.116-.0166 leI.8l1 .COll 18.9C • 0) 179 B.92 .01Z.. 18.94 .'026
10. 'ib- .111i); 18. -..B- .ill H 19.o)~-.\H99 19.u2-."Zitl U."'''-.C.H1 19.Q6-.C365
19.08-.0Z23 19.10-.\1023 19.12 .~ 18u :'9.14 .';')';5 1q. 16 .C36e 19.1 d .010Q
!9. 2u-. OUbS 1~.22- .:)22 .. lC;.llt-.~Z69 19.1b-.02 Tt- l <J. 2 t!-. u1 2" 19.31>-. ,)146
l'1.3Z .O.J";~ 19.34 .u 16 3 19• .36 .OHZ H.l8 .(;.3~d p.lte .0317 1~."l • ':25 7
1';.44 .02ZIe 19 ... t .C18 ; 19.1t8 .,,119 19. SOl .""it! 1'1. 52 .c..::. .. 1! 19.5. • :'.179
19.56 .t.. B' 19. Sd • G05 1 19.6U .0«:;l5 19.6Z-.vuv4 19.64-.vIl5" 19.66-. ,1115
B.68- .0133 19. ,,- .008.3 19.12-.1l~5\1 19.7"-.,)03.. 1 9. 16 .Gu22 19.7d .; 11 Z
19.8C .,,106 19.82 • :'~4 5 19./j1t-.~"3\) H. 86- • •j1,,9 l'i.Ij~-.O112 19.90-."142
19. ~2-. ~.)1t 19.94-.,,064 19.96-.~175 19.98-.J26" 2oJ.llv-.u325 211.1l2-. J26 2
2u.OIt-.01bl 20. Oc- • QQ• .3 20 .,,~ • ;) ~4 1 20.1(. • ;;~07 2..1.1, .""itl 2':.1 ..-.':,,18
2... 10-.,)<.1'>15 20.1l!-.Olitt 2Cl.21J- ••:016 .. 20.Zl-.Ul1!i l:J. 2it-.CO l' 2(,.26 • Cll~
2~. 28 ., 19~ 2\).3" .OlE:4 20.12 .1>119 21l. lit .1) llhl Z,).)6 .01v3 Zw.3d .u.>8u
l" • .." ."IG7 :.).42 .Cleo" 2C.H .'296 20.46 .,)250
J. .0213 .(. Z- ."1150 • .i4t .0\.14 • ~b- .,,0 17 .!)t!-.C035 .1" • '),)67

• 12 .022, • 1 it • ,)l8<; .16 .;)137 • U-.ll.)'H .Zi)-.OZlS2 .Z2-.v3]u
•z...- .';111 .ze .':00 ; .ZiS .:'l32 • )u

.,,)~~ .32 • (,l<;t .3.. .':'JC"
.Jo-.04120 .3A-.cH5.3 ."O-.O2';~ .1\2-.00;)) ..." ."152 .itb .032t
.4lj .019. .5u • ~i11 1 .52 .oJ",Lv .54 .\)1 ;0 .56 .O33l .SI\ .on 1
.6u .O..~, .02 ."H 1 .0.. .;j~lJd .66-.0217 .68-.C5t3 .1:)-. ~32 1
• 12 .wulle .74 .0..811 .10 .;]..01 • 7ti .~ 118 • Ii," .GllE .82 ."e5c.
• e_. "i 7 S • If:- .wlll1 .lSd-.Ju7" • 9" .li073 .92-.0121 .94-.J31tl
.96- .O29~ .98-.0251 1."0-.;)1(»9 1.C;2-.oJ~n 1. Qct-.G1Cll 1.1i6-. ;'16)

1.{,8- • Gbio>S 1.10-.0535 1.12-.~21Q 1.14 .,)~a6 1.16 .03~9 1.U .on8
1.2\1 .1141lC l.l2 .Q131 1.2"-.~C"8 1.26 .uOOl 1.2l! .ClSo 1.31J ."6e 1

44



1.3l .0 'I It 1 1. )4 .077 e 1.36 ."3dl 1.38-. U11Z 1.4~-.u371 1.42-.QZ5£1
1. 4..- .Il\lo~ 1... ~ .OOilE 1.ltd-. ')4J19 1.5~ .J~dl 1. 52-.111l" 1 1.5..-.GZS~
1 .5b-.~"6t 1.H-.'3Zi 1.01l-.':'''0)@ 1.62 ."1 H 1.64 .0,,45 1.6b-.':'~86
1.08-.0(191 1.70-.0C67 1.72-.,aS" 1.74-.02..5 1.le-.CJuQ 1.18-. "33~
1.8U-.~H: 1.1l2-.u~1)2 1.81t .vldB 1.86 .OI.J~' ~ • 88-. CJ 1(j6 1.90-.LJCbb
1.92 .0131 1.Q" .OU61 1.96-.(''''~d 1. id- • \) 1'tOo 2.00-.0011 Z.~2-.C.14~
2.01t-.,H';) 2.v6-.0218 2.1)8-.'059 2. U)-.lllJ21 2.12-.01 .. 1 2.14-.0186
Z.h-.Ol.e 2.11-.00741 2.20 .ul"3 2.22 .0141 2.24-.0010 2.Z6-.'01d
2.28 .OlJ67 2.30 .-:'C 1 ~ 2.32- • .1062 2.34 .OQl9 2.)6 .0105 2. )d .v033
Z.4",".0-:;93 2... 2- .023 ~ 2 ...... -.1>353 Z.4.-.02"2 2.48-.00'" 2.51l • o lit 4
2.52 • {1I.l91 2.54-.CC4'; 2.S6-.0ZU 2.5'-.03'1" 2.6el-.02/5 2.62-.0147
Z .64- .,)\oO\)4 2.66 .~ II, 2 2.68 .-J282 2.70 .Q426 2.12 .05;;;5 2.1... 0382
2.70 • C/18, 2.18-."02e 2. 8~.,H81 2.1l-.1)l}4 2.S4 .1l0~! 2.86 • "4J 3
2.88 .0..6:5 2.90 .U13t 2.'lZ-.02Q9 2.94-.017>J 2.96 .(i~90 2.98 .J3t15
3.elU .w357 3.;j 2 .~:;8' 3. ,,4-. uwo G 3.('6-.0~9.. 3.08-.02 .. 1 ).10-.~380
J.ll-.')])! 3. lit-. \) 19 ~ 3.U-.I.HH 1.18-.0116 ).20-.00~7 3.21-.,)068
~ .2..- .Cll15 3.26-.C2d~ ).28- .,.. 16 J. 30-. 0..00 3.32-.'249 3.34-. C,.>6 4
3.36 .0119 3.38 .~151 3...-;, .·)Jo2 3.'U .0015 3.44 .03itCi ).46 ...60-:;
3.48.<l374 3. 5~-.1l03~ 3.52-. J416 3.54-.J},.6 3.5(:-.0123 3.511 .li141
j.6~ .C391 3.b2 .c~Qe l.tI" .,,178 3.66 .0096 j.68 .Q2 J5 }.10 .(,357
].12 .0341 3.14 • 0316 3.7• .U28S 3.18 .Q06~ 1. ac-. 01:" 3.82-. ::'3ge
3.8':'-.1).. 94 3.8f-.C282 3. Sl:I-. JuZl 3.9\) .01111 3.92 .lllJt;] 3.9"-.,)146
3 .~t>-. ~H; 3.9e-.C.34~ it. ,,0- • 0 14 1 4.02 • 0010 It. "Ie .02(,5 4.':'6 • ')18 5
4.08 .OU' 4.H. .une ".12-.~U60 ".14-.0168 io. ltl-.O 115 4.1d • .. 151
... 2u • " .. 11 it.22 .O~64 4.24 .JuS" 4.26-.1)094 4.28 .0134 ... 3"; .(,483
".3l •Oll .. 4.3 .. .0182 •• 3. .Qu2o:, It. 38-.0251 ... 4C-.05(;3 4."2-. ,)477
~.4"-.0';2t; 4.46-."183 4.4a-.~"o2 4.50 .~201 ... 52 .0""0 1t.5" • ,)493
.... 56 .04 J(j 4.58 .'..3' 4.6l> .0lll 41.62-.0Z47 it.64-.0617 ".66-. w443
4 .Ct8-.0(.38 4.70 .'43" 4.1l .:'562 t.74 .'''.4 ... 76 .(;349 4.7~ .:'161
.. • 80 .0Joe 4.82-. C041 ".81t-.el1 7 4.a6-.u25~ ".88-.03~1t 4.i.,)-.iJ348
't .~2- .024 7 4.94-.G15Ci 4.96 .0-:42 4.98 .0296 5.GC .C506 5.02 .~311
5.O't-.OJ26 5.:'6-.';'132 s.u&-.oe6..1 s. lu-.;)1 36 5.12-.02 :Ci 5.1 ..-. \/142
;'.10 .CI5t; SolS .vltde 5.2a .\l..a4 5.Z2 .tlZ.J8 S.24 .0161 5.26 .\116.>
~ .28- .0\J21 503C- .el'} ~ 5. 32- .li5~ll 5. J4-.Q76~ 5.]6-.05.,6 5.1d-.':'Zd"
S .ft.", .,)~->6 5 ... 2 ."Ol~ 5.'t"-.~OS5 5.lt6-.0lit3 ~.4e-.01G~ 5.50-. ,jJ5 q
5.52 .0"47 5.54-. vlJll '.56-.JlS5 S.58-.t)3..<; S.bO-.~2ue 5.62 .0167
5.04 .(;;93 5.66 .t:.515 S.bS .e13" 5.7w-.u156 ).12-.03e4i 5.14-. )44:j
5.16-.G465 ,.lb-.(,398 5.80-.0,,9:) 5.IZ-.0018 5.84-. ClO 7e 5.80-. CJ93
5.U .ihJ5C s.q" .\J222 '.92 .';'361 5.94 .\J307 5.96 • i)3 \I 1 5.91:1 .\)384
o .c~ .CHIt 6.~c .CiI9C; 6.(, .. .""Z6 6.0b-.0016 6.08-.0023 6.1" .\i:Uq
~ .12 .O~5f 6.14 .'Olt 6.16-.""46 6.18-.0251 c,.2C-.OlttC 6.22-. CSite
6.2it-.O;H Ch 26-. \l~9 7 6.l8- ••HIlZ 6.31l • .)10»39 6.)2 .00.8 6.34 .OJ3'
6 .36 .~'" 14 6.3f! .~ 10 1 6.4~ .Ol." 6.42 .\i121 6.44 .l1itl7 b.46 .ClS"S
c, .'td .a~7lt 6.5e. .':'379 6.5Z .ouo ~. 54-.~1!4 6.56-.03C;1 6.5lJ-.G555
6.6~.->oB t.b2- .11595 6.64-.')443 6.66-.0Z6. 6.68-.0CCt5 6.10 • uJS d
b .12 .O\l8~ 6.74 .c. lit ~ 6.76 .3280 6.78 .0Zl1 6.1( .0031 6.82-.0164
0.elo-.0184 6. 8e-. ,,(;8 e 6.88 .';052 6.~ .0089 6.92-.0077 6.94-.1l319
b • 4i6- • -> ..1 ! 6.98- .0211 1.00 .o""e 7.01 .03oil 1.04 .013S 1.~6 .~)7Q

1 • .J8 .02 lit 7.1D-.CUE 7.12-.,)487 7.1'-.0127 1.16-.05&;5 7.18-.0182
7.10 .O~"t 1.22 .0362 1.2.. • .>6J2 7.Z6 .1)57) 7.28 .0399 7.30 .u18S
1.32 .c)"ZE 7. 3~-. ~C6 Z 1. )6-.0 Lll3 7.38-.0081 1.~C .02CG 1.~2 .\)305
7.41t .ez 1" 1.lt6 .c III 7.~8 ."20)7 7.'~ .~3S0 7.52 .0315 7.5... • 0201
1.56 ."332 7.58 .ll!! 3 ~ 1.6lJ .'>'10 7.6Z .\)38'; 7.6". .0229 7.66 .~J87
I.6d .0 .. 15 7. 1C.- • ,.: It ~ 1.12 • CO 1-\ 7. r~ .''liB 1.16 .0262 7. 7~ • C~81
1.cI':' • .).;;8<; 7.82-.,H2t 7.a,.- .OJ86 7. 16-.Q,.. 37 T.U-.OOH 1.90 • G19d
7. C;2 • 0112 ~ 7.94-.\)28t 7. 96t-. " ...6 9 7.9a-.->235 8.00 .u~8~ 8.lll .\l164
:J.G~ .OJ5' 8.Go .CUt; 1.111 .Ql'2 8.1" .(U21 IS. 12-. 0\)0 e 8.11t-.OZ81
".16-.\)58... 8.18-.c.535 '.20-.0296 •• ZZ-.l»OI9 8.Zit-.GC;~2 8.26-.0230
8.28-. ~"u 8. ){;-.u52G '.32-.1112<\ 1 '.1~-.lJ.)]5 8.36 • .JIU ••3a .ontl
It. It\, .'D05 •• 42 .1J951 ....~ .G'62 1.\0 .0411 8.~••OO5~ ••s~- .~31 C.
t3.52-.037t; 1.54-.038<\ '.56-.~399 1.51-.03,.. 8.6C-.0207 I.U-.OOSI
a••It .~12C 8.tlt .\JUt; 1.68 .~O69 I." .0032 11.12 .cal3 a•Tit .O2~1
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d. '10 .Olb; 8.'I&-."Olt(: 8.8';'-.0260 8.82-.0161 8.8" .01t'l 8. 86 • C24 C;
d .88 .00l9C 8.Qu-.1l11C '.92-.0ZclS 8.9't-.~28Z 13.96-.0295 8.9tJ-."31~
., .~&>- .0 U ~ 9.,,2 • ~Q2 ! 9. ~'t • :,Z .... 9.t)6 .0"'45 ').08 ."3~6 9.1 ... Cl'57
9.12-.';,)72 9.14-.011)'9 9.10 .11115 9.18 .00e2 9.2'-.02U 9.22-. (,55 5
9.2...-.0.. 84 9.26-.015 :! 9.211 .01,))5 9.3u-.O')6Z '1.32 .OO6~ 9.). • "H 3
9 .36 .CiS11 9.34! .\:3811 9 ••G .~l'tU 9...2 ••)157 'J."" .011t" 9.~6 • ,,;;'6 Is
~.48 .~J~5 9.5Cl-.C086 9.52-.0236 ~.54t-..HI8 i. 56-.0 3CS 9.58-. t~06
9.6.r.07"C 9.Ct2- ••n6! 9.64- ••]819 9.66-. \lSlla q.CtS-.OI") 9.70 .CZB
9.72 .Cb.H 9.74 .1016 9.76 .1648 9.71 .08U 9.8(, .06lt7 9.8l ,\'~19

'0/.'" .0183 9.86 .COO 2 9.8'-.\1 ..61 9.90-.00"'4 9.92-.CuO! 9.94 .G042
9. Ci6 .OllliE 9."8 • iHII I 10."~ .Y1l8 10.02 .OUit l\1.C4 .OOlll 10.~6-.GOa

1~ .08- .0129 1(,.10-.,,254 10.12-.0393 10.1't-.~535 1J.1t-.C659 1\).18-.067<-
1".20-.".. 53 10.22- ••nlol 10.24 .0176 10.26 .0498 1~.ze .C4«;3 1').1\01 .0259
Iii .32- .11'" 11 11l.304-.02\11: 10.Jo-.Q135 10.)8-.0226 11l.4e-.0 138 10 • .,Z .'052
1.,; .~'t .1l29~ 10. '- t .",'tlt; 10....15 .r,)40 10.50 .OZ8b 1';'.52 .(;351 10.54 .::0112
1':'.56 .Ollt! 10. H-.Cg~1 10.60-.01"1t 10.62-.,)06.. llJ. blt- .o\) 21 10.66 .,)103
1" • e:a .Gl~4 HI.7' .e1i17 10.12-. ~173 10. "'-.0356 111.16-.'575 1(.. Td-.Oc».a
1...80-.':>361: 1~.8~-.~18! IO.II"'-.,H6b 10.i6-.0257 1,).88-.03(,' 10.90-. Close;
1';' • li2 .02 .,.. 10.94 • \/62! 10.96 • .,570 10.94 .()]\l\) 11.00 .Ohl~ 11.,)2-. "Oil
11 .0..... ,noli:! 1l.Ot-.C375 11.0d-.C5h 11.10-.0J67 1l.12-.Ch3 1l.14-.<:,j68
11.16-.(,,,,.. 1 11.18 .oe6C; 11.2';' ."21t 11.22 .012" 11. Z/t ."1'-2 11.26-.0117
11.28-."355 11.30-.,1367 1l.3Z-.0325 11.]4- .,)212 1l.3~-.i)OI6 11.3<1 • v18e
11 • 'to .Q40Ci 1l.it2 .C~32 11 ...~ .0".21 11.U .,)Z81 11.48 .aoas 11 .s,;, • -:.OS 8
11 .52 • .:.",82 1l.:H-.~C.:! 11.56-.0172 11.58-.0288 11.60-.01 ;8 11. 62-. :. ilS «;
11.6.. • OIlCi e !l.ot .OI6E 11.68 .0206 II.Til .0\010«'/ H.12-.0131 u.1't-.,jns
11.16- .<;':'14 1l.1e-.C4b2 li. Itv-. ; It" 2 1l.82-.\l2lq 11.8 ,,-.uC 38 11.80 • J~97
11.88 .012:! U.9C .v215 11.9l .0Z.71 11.94 .0217 11.'it .Ollle, u. 98-. :'105
12.0.)- .\ilZE 12.uZ-.ClitC 12.~ • .,007 LZ.Oo .1)02.. 12.08-.00it5 12.10-.0115
12.12-.~IH 12.14-.'1"2 12.16-.0159 1 2. 18-. J II" 12. 2~-.Q liil 12 .22-. ~OO2
12.24 .0113 12.26 .{,170 1l.H •.,128 12.30 .~Ol5 12.32 .:i017 12 .34-. ~ult"
lZ.36-.01I1E 12.H-.C1H 12.4N- .iHi95 12. ~2-.0lCb 12.44-.QI2... 12 ....6- • ';'077
Ii .~8- .0>115 12 .50 .Otl2l1 12.52 .oe12 12.54-.0054 12.5t-.Q081i 12. 5lt-. ~~68
12.0':'-.G13'- 12.62-.0214 12.64-.0186 12.66-.0038 1l.i»8 .u~62 12.71> • "113
12.72 .(lUi: 12. 'I .. .O22~ 12.76 .0151 12.78-.0059 12.8t-. , Z46 12 .82-. C11 C
12.8.-.010;.. 12.8 t- .C~8:! 12.88-. :)025 U.9U .iHCl J.l.92 .C,212 11.. ~4t • ,,358
'2.li•• OZH 12.98 ."112 13.00 .OuSS 11.02 .".,97 n.o" .0143 13. u6 ."1~ 5
U.08 .Q1H 13.1[; ."11; 13.12 .0(,77 13. lit .01ll 13.lt .G21to 13.1d .G377
U.2G .051t~ n.22 .C40C; 13.241 .Co238 13.26- .\10 31 13. ze-. 0221 13.10-. iHoC;
U.32-.()l4E U.34- • .,211 11.)6-.,,156 l).38-.Il')!lo 13.lou .0051 13."Z .JI»Sc
13. V. ."",J~ U.ltt • ~(r 2:! 13. ted- • ~~11 u. 5~-. :;(,8b n. ;2-.~Ho U.5it-.C.lltlt
1.).56-.';20« n.S8-."276 13.6C-.020~ 13.6Z-.u03b 13.64 .0132 U.t.6 .0124
13.68 .OolIE u. 70-. ,.,91 U.7l-.02Z2 13.74-• .>221 13. H-.17I127 U.78- • .)1»14
U • lSi) ., 1~'" 13.82 .ee22 13.114 .G337 U.86 • "4'56 13. 88 .\I~4S 13 • 90 • Inc. 5
13.CiZ .':16« U.91t .0050 13.96-.0\,21 13.98- ••H39 IIt.';"-.G301 lit. 02-. J51l!
1... 04-. 1l54li 14. ~~-.u26:! 14.&)8 .O&J95 14.10 • .,179 lit. 12-.1>"'''3 14 .lte-. ::ZC 7
4... 16-.'3'" 14.18-.C3S1 14.2,j-.Cl36\1 H.22-.0281; 1't.2 ..-.C 1~1 lit .26-. ~QZ 1
lte.28 .0123 h.10 .0264 14.32 .(ltell lit.),. .~5i.17 1... 1t .(,511 \ .... 38 • ::'.. lJC;
h. 4~ .OJ6f 14."2 .0184 14....-. Oul> 1 14.46-.02,,5 14.48-.0268 14.5U-.~~6S

14 .52 .'h'l! 14.SIt .COll 14.56 .0055 1•• 51 .Oll~ llt.6u .'Il~ 1... 62 • ",;'95
14.64 .0';5@ 11t.b6 .01ll5 .4.68-• .).')7 l. 14. 7~-.\1239 14.72-.04\Jl 14. 74-. ~30b
llo.76-.uoIH 1".16 .022t lit. dO ... 5()1 14.82 .062:' 14.84 .ClS48 14.86 .C41C
lit .8a .ozse 14.~CI .0 I,) It 1It.9Z-.~"lte l't.94-.~2t:S 14.~t-.t31~ 1~.~ij·.'276
i;.O(;-.C19C; 15.;;.2- ••a.;,e 15.(,,4-.\1.)00 l~.of, • .;1 1\)0 15.~e .0218 15.1~ .~2)e

15.1l •(; 1cl' 15.1" ."He 15.16 .\I~)d 1 5. 18-. Ci::ltl lS.2C-.C~ij9 15.22-.~Ob5

B .Z..-.OJl" IS. 2t. ....i.I 2'ii 15.2d-.~~4tu 15.3,,-.OoiSI 15. 3~-.r;1)15 .5.34 • 1,);)1 0
1!).3O-.C,,,,2C 15.38-.01102 15. It \l- • .,\185 15.te2-.11 llJ.1 L~.44-.0165 15.46-.~226

U .4&- .\)'38 ~ !S.H, • C:~ 9«: 15.52 .~154 15. S... 007'1 IS.S6-.GC66 15.58-.~2C'
15.6Q-.iJZSCi 15.6c-.CZ21 15.64- ••H(,3 1 S••0-.O~59 IS.oe-.ou35 IS. 'I'> .C~9\

15.72 .0255 15.74 .w!l1 15.76 .OZ40 15.7" .0213 lS.8u .\1216 15.82 .\)31:1
1:) .a• •C27t U.8t .QCn 15.81-.0':60 IS. 9V-. 0 lU8 15. ~l-.ClO71 IS .94-. ';'Ill 7
1:) .%-.\),,8f; 15 • .,8-.'153 16.~-.IH91 16.02-.00dO 1~.O" .wQ7l 16.06 .'1",2
100 " •• " 124 16.1(; .OOL! 16.12-.i)116 10.14-.':>183 1~.lt-.')231 lb.U-.\lZH

46



10 .Zo-.Ol1~

10.32-.0"54
10.44- .009C
10.56 .0.:55
10.68-.016e
10.80- .Q..O!
16.92 .0,)19
17. G. • O"3e
17 .16- .,~O~
17 .2d-.~1l]
!7."11 .016..
11.52 .euc
17• ,,,- • 01)0 4
17.16-. c.zU
17.88- .0050
18.00 .01171
18.12 .o",!
16 • 24- .,Il11
11).36 .O~23

U .48 .025 J
18 .00- .Q Z3 1
18.72 .0225
U.84- .014E
lei .96 .0231
19.0... .)06~
19.261-.0Ild'
19.3Z-.0LJ6
19• .," .1l~07
19.56-.c."C~

l'i.68-.0005
19.8tJ • a1S~
19.92-."01)1
20.04-.0124
2u.I6-.1110li
2".28 .0104
2~.44 .0254

20 1
! 73
1 lt~

16.22 .~O.O 16.24 .~180 16.2' .O!lt7
16.14-.'~43 16.36-.~0~5 16.]8-.00c9
16.4' .0'04 16.~8D. 16.50-.0042
16.58 .0164 lo.,~ .0202 16.62 .0130
16.10-.0261 16.7l-.0J5v 16.74-.0352
16.ai-.O!3! 16.84-.G1S9 16.1' .O~Z"

16.94 .QC3! 16.96 .0003 16.98-.0108
17.0t ."18e 17.~8 .034' 11.1~ .11455
17.1&-.~08! 11.2~.JI6' 1'.2Z-.0207
17.30 .OOIt! 11.12 .1>200 17.)4 .03110
17.42 .1116C 11.44 .0220 17.4' .~26~

17.54 .c.20~ 11.S~ .uZ36 11.58 .OI~8

17.66-.0014 17..08-.0145 17.10-.021.
17.18- .. 0194 17.. 80.)-.0124 1'.82-.. 0.l&>
11.90 .0035 11.92 .0~56 11.94 .0021
18.02 .0159 18.04 .~217 18.06 .OZ"~

18.14-.00Z' Id.16- ..uu86 18.16-.0110
18.26-.0295 18.28-.0318 18.J~-.~3Z3

U.lS .CC90 111 ...0 .0121 1I.~2 .,U63
18 .. 5C .~15Q 18.52 .0023 11.54-.0109
1a.c.Z-.'17! 18.6~-.~lb8 18.66-.0154
18.74 .'217 18.76 .O~95 11.78-.11~51

18.8t-.O~2~ 18.8d .Ol~6 18.90 .0225
18.9••0281 l~.~y .~2Z8 19.02 .0133
19.1C-.0014 19.12 .~071 19.14 .012b
19.22- .ul02 19.24-.~09" 19.26-.0069
19.34-.Q1~6 19.1o-.01"~ 19.18- ..0136
19.4t .OUOl 19.48-.~~8 19.5u-.~lu5

19.58- ."94 n.oc;- .lilll 19.62-.022tJ
19.1C .O~15 19.12 .0004 19.14 .0037
19.82 .007~ 19.84-.0015 19.8~-.uu"5

19.~".OC36 19.9&-.0041 19.98-.0Q2~

20.Q6-.0180 20.0d-.0211 20.1C-.Ol~

20.!e-.~0~2 20.2~.~~18 2~.22-.0~44

20.30 .OI1~ 20.32 .0232 2~.34 .0262
2~.~2 .0270 20.4•• 0299 20.40 .02t5

1 e 1
118 154 158 162
41 56 105 129 13&

47

16. Ze .0(;49
16.4C-.0132
16.52-.C086
16.64 .0.137
16.7f:-.0336
16.88 .0(;6.
U.00-.0151
17.12 .\)]44
11.2~-.022C;

17.1f, .015~

l7.lt8 .0266
17.60 .0134
11.72-.0285
11.84-.0060
17. 9~-.00 26
18.08.fl217
18.20-.0119
18. 32-.0Z3Cil
18.41t .OZ08
B.5l:-.0Z48
U.6e-.0045
11.8u-.. Olllt
U.92 .0226
19.04 .Ot>21!
19.16 .OIl12
1).28-."084
19••G-.OO~H
19. ~Z-.\)\)86
19.64-.0181
19. 7f: • DO li4
L9.88 .u.l31
20.0"-.0023
20.12-. ell 14
Z~.2"-.0022
lJ.36.0274

u•• 10- • ';'\)4 1
16.. 42-.,,164
16.54-.C032
16.o.-.00cs
16.711-. OJ5 2
16.90 .~036

U. 02-. OOlt5
17.14 .~t511

11.26-.0208
17.38 ...Z62
11. 5~ • all 7
17.62 .0065
17.74-. Cllt6
11.86-.0072
17.9a-.eOC2
18.1U .Ola
18.2Z-.017c.
U.34-.Cll"
18.46 .1l204
18 • 58- • CJc. It
18.70 • uOS]
18.82-.0213
ld .9... ':'20 1
19.06-. C046
19.18-.0~12

19.30-. ,)1f17
19.42-. (,Q29
19.5"'-. '>1120
19.66-.0095
19.78 .0164
19.90 .C055
20.c,z-.0Q6Cjj
2\».14-.01511
20.2ft .;:'037
20.38 .,jZb1



'Z
O

N
T

A
L

1

j
N

O
D

A
L

PO
IN

T
I
~
"

O
.
&

r
-

j I
--

""
JL

n
.r

'"
"\

f
\

,
,
/
\
0

0
I\

.
A

r
f
t
~

01
~

_
~
~

v
•

-0
~1

I

0
.
5
~
~
-
~
E
R
T
I
C
A
L

..
..
.-
-.
.:
~I
\"
I\
/I
".
'V

\.
_

_
_

.
0

-
-
~

.
4

r
f

I
-0

.&
L

-
-
-
l
_
~

,
N

O
IlA

l.
P

O
IN

T
'!f

lij
I

"""
""';

:j
o
~
n
~
~
!

-
:
~

-:[
-

N
O

D
A

L
PO

IN
T

1!
l8

0.
05

~
...

-
r
-

f\
_

-_
-,

,-
.-

A
-A

-.
-,

,-A
-_

-A
•

A
~A
Z:
NT
:~

~
-
~
~
\
f
V
V
"
'
~
V

-
~9

;;
r

•
~

~ ! I

-0
.5

'
!

I
I

0:c
;

~n
n_
VE
OT
'~
~

-0,,
1

I
-
-
-
-
-
.l

..
-

J

N
O

D
A

L
P

O
IN

T
16

2

0
.5
E--

-----
.

tlO
R

IZ
O

N
TA

Lj

-0:
~
-
-
-
-
-
-
-
~

0.',
---

---
------

-...-
V

E
R

T
IC

A
L
I

-O
:[
~-
-
~
~
-
-
=
-
-

o
5

10
IS

T
IM

E
(S

E
C

O
N

D
S

)

N
O

D
A

L
P

O
IN

T
11

8

'E
"""3

_:
?
:
:
D
:
:
:
:
~
=
=

_:!
~

,..
_~
.

__,-
:

~~,
u'j

o
,

10
IS

T
IM

E
(S

E
C

O
N

D
S

)

:
2

N
O

D
A

L
PO

IN
T

7
3

H
O

R
i:J

ZO
N

TA
L

:I
:

E
II

/V
"I

A
r.

A
fW

v'
.M

N
\I

IlI
=

~
o
~
r
~
~
~
~

~
-
:

V
~

~
0

~
J
\
I
o
<
f
'
v
v
"
,
w
,

.
-

J
t.

L
~
~

L
-
~
_
~

~
C

I)
-2

D

~

F
IG

U
R

E
8

D
is

pl
ac

em
en

t
re

sp
on

!I
C

o
f

P
in

e
A

at
D

am
on

fl
ex

ib
le

fo
un

da
ti

on
ro

ck
w

ith
fu

ll
re

se
rv

oi
r

an
d

ab
so

rp
ti

ve
re

se
rv

oi
r

bo
tt

om
(w

ith
a-

O
.S

)
du

e
to

S6
9E

sn
d

v
en

ia
l

co
m

po
ne

nt
s,

si
m

ul
ta

ne
ou

sl
y,

o
f

T
af

t
ar

ou
nd

m
ot

io
n.



150
200

FIGURE 9 Envelope values of maximum principal stresses (in psi) in Pine Flat Dam on flexible foun­
dation rock with full reservoir and absorptive reservoir bottom (with a-o.S) due to S69E and vertical
components, simultaneously, of Taft around motion. Initial static stresses are included.
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The computation time required to obtain the complete history of displacements and stresses in the

dam tincluding formation of the dynamic stiffness matrix for the foundation-rock region lrom the com·

plian~'e data) is shown in Table I for Case 6. Table I also includes the computation lim~s required for

response analyses of the dam under the otner assumptions for the impounded water. the foundation

ro.:k and the reservoir bottom materials. Although each of these effects signifkantly complicate the

analysis, the additional cO."llputation time required to include them is small. In particular, thc cxtra \:Ost

of inclUding reservoir bottom absorption is modest. The eftlciency of the analytical procedure. as

demonstrated by Table I, lies in the use of the substructure method along with the transformation of

displacements to generalized coordinates.

Table I •• Computation Times for Complete Analysis

of Pine Flat Dam to S69E and Vertical Components.

Simultaneously, of Taft Ground Motion

Foundation Reservoir No. of Generalized Central Processor.
(sedCase Rock Water Bottom Coordinates Time

I rigid none - 5 9.2

2 rigid full rigid 5 10.0

3 rigid full absorptive 5 10.2

4 flexible none . 10 13.0

5 flexible full rigid 10 14.5

6 flexible full absorptive lO 14.8

• CDC 7600 Computer
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A~P~N~:X B: COMPLIANCE DATA FOR VISCOELASTIC HALF-PLANE

~ 1.0000000 .lll3J)) ~ .~ " .OI~~ .1~~~ .Z'~O .,~~o OAfA 1
.'»Z5U ,~5CO .U75C .1000 .ll50 .1500 .1750 .200e; .2250 .2S00 DATA 2
.275<1 .JOCO .325'- .35CO .31501 .4000 .itZ5\) .4500 .41150 .50(10 OUA 3
.52'0 .55C0 .5750 .'''"0 .U5" .'5~ .61W .1000 .7251> .lSO\) DAU 4
•77~O .80CO .825e .1500 • U50 .9000 .9250 .9500 .97511 1.0000 DATA 5

1.0500 1.10'0 1.1500 1.~OQO I.Z50i) 1.3000 1.3500 1.4000 1.tt500 1.5000 OAU 6
1.5500 1.6000 1.65~O l.l00~ 1.15~1> 1.'~~ 1.'5~ 1.9000 1.~5QQ 2.~000 CAra 7
2.1000 2.20CO 2.3CQO 2.40'0 2.5UOO 2.6000 2.1000 2.8000 Z.~OOO ).0000 DATA 8
).1000 3.20Q' ).)'v~ 3.4000 3.500~ 3.'000 3.10~ 3.'000 l.~OO~ 4.0400 DATA 9
4.1000 4.2001) 4.3000 4.4QOO 4.500~ 4.6000 4.70~ 4.8000 4.9~O 5.0000 CAT4 10

1.G5391693525712 -.28418141491583 1.02698894723741 -.35J422~177565006TA 11
.1)6]2122418819 -.32147564)3)698 ."774153812156 -.320280080734140ATA 12
• 739740111U8928 - .3UoeU5G3861l7 .1125H82408208 - .321171123720561'6" 1)
.6lJ48116930836 -.33&9&613322707 .6S~3QQ50T5Z0Z9 -.1~3170l511946006TA 14
• b26573Z3U8M3 -.338015"1521226 .59633025<1101932 -.3lJT35191155390ATA 15
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