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1. INTRODUCTION

Significant progress has been made over the past twoe decades in the

developrment of analvtical procedures for evaluating the response and

stability of earth dams subjected to seismic loads. Current methods of

stability analysis involve procedures such as that proposed by Seed et al.,

(1973) which congists of the following steps:

1.

Determination of the initial stresses existing throughout the
dam and the foundation before the earthquake.

Determination of the characteristics of the earthquake motions
that are likely to affect the dam.

Computaticon of the response of the embankment and foundation
to the selected earthguake wotions,

Determination in the laberatory or by means of empirical cor-
relations of the response to the induced dynamic stresses of
representative samples of the embankment and foundation
materials.

Evaluation of the overall deformations and stability of the

embankment dam.

Due to the fact that the finite element method can easily handle

geometrical irregularities, complex material behavior and arbitrary boun-

dary conditions it is perhaps the most flexible tool currently available

to perform the dynamic response analysis of an earth dam.

Limitations of computer speed and storage capacity have restricted

until recently the use of the finite element method to two-dimensional

problems.

Although many earth dams fall within this category, there are

alsc many cases in which the assumption of plane strain behavior gives






only approximate results and therefore a full three-dimensional énalysis
is warranted. Thus, the availability of a numerical procedure for the
dvnamic analysis of earth dams in thiee—dimensions seems desirable.
Two-dimensional finite element technigues which use the complex
response method and therefore permit variations in modulus and damping in
different elements of a scil structure, were developed by Lysmer et al.,
(1974,1975). These procedures were extended to three dimensions, with a
constraint on the pessible deformations of the finite element model, by
Kagawa (1977). The present version of the computer program TLUSH con-~
stitutes a further development of these procedures (Mejia, 1981) and
incorporates additional features among which are the following:
1) Complete freedom for the selection of the direction of the earthguake
motions, 2) Complete freedom in the deformational modes of the model,
3} A new interpclation scheme, 4) A nodal point and element data genera-
tion routine, 5) More efficient element stiffness generation routines and
6) A more efficient program structure that has lower memory regulrements.
The program TLUSH can take into account the strong nonlinear effects
characteristic of soil masses subjected to strong earthguake motions.
This is achieved by a couwbination of the equivalent linear method (Seed
and Idriss, 1969) and the complex response method, Typical relationships
between stiffness, damping and effective shear strains for sand and clay
are provided within the program. Special options that permit creation
of a permanent record of both input and basic information on the complete
solution, and recovery of this information for iteration and output

purposes are available within the program.






2. ANALYTICAL PROCEDURE

Within the framework of the finite element techniques employed by
the computer program TLUSH a typical earth dam will be modeled by an
assemblage of elements as shown in Fig. 1. Eight node isoparametric
brick elements with three degrees of freedom per node and linear inter-
polation on the displacement field are used in the nmodel. Nodal points
are defined only at the intersection of three of the planes defining an
element, It is assumed that the walls of the valley in which the dam is
located are rigid and therefore all points on these boundaries move in
phase and with the same displacement amplitudes. Interaction between
the dam and its abutments and between the dam and the reservoir is
neglected. Material behavior is assumed to be characterized by an eguiva-
lent linear elastic shear modulus and an eqguivalent fraction of

damping.

2.1 Eguation of Motion

Considerations of dynamic equilibrium of the model shown in Fig., 1

lead to the following eguations of motion:

M1l + K} {u} = - MI{r}¥(t) (1)

]

where: {u} = the nodal point displacements relative tec the rigid

boundary‘
{1} = the corresponding accelerations
[X] = the complex stiffness matrix
[M] = the mass matrix
v(t) = the input rigid boundary acceleration
{r} = the load vector that gives the directicn of the input

motion.












The load vector {r} is given by:

1 0 0
0 1 0
0 0 1
1 0 0
0 1 0
0 0 1
{r}=c<.g+c<.g+cT.F (2}
X v z
1 0 0
0 1 0
0 0 J {1,

where CX, Cy and Cz are scalar constants that determine the magnitude of
the components of the input motion in the x, y and z directions respsc-
tively.

The global mass and stiffness matrices are assenbled from the cor-
responding element matrices following standard finite element procedurss
and the direct stiffness method (Zienkiewicz, 1977). Viscous damping is
introduced by the use of complex shear moduli in forming the element

stiffness matrices:
G* = G(1 - 2B% + 2ipY1-B?) (3)

where: G = the element shear modulus

2 the element fraction of damping
and therefore, the stiffness matrix for the system will have complex

coefficients.

2.2 The Method of Complex Response

Use of the complex response method is made in order to solve the
equations of motion for the system (eguation (1)). In this method it is

assumed that the system is linear and that the input motion is periodic.






As a conseguence the principle of superposition is applicable and the

input accelerations can be expressed as a sum of harmconics:

N/2
y(£) = R > ¥, exp(iw t) (4)
s=0
where: N = the numbey of digitized points in the input motion.
2Ts
W = e
s  NAt {5
At = the time step of digitization
§S = the complex Fourier amplitudes which are given by:
1 =
YS =3 Z Y exp(~lekAt) for s=0, s=N/2
K=0
(6)
5 N-1
o2 . o P
YS - 1:;0 Yy exp lwsﬂAt) for 1< g<N/2

The complex Fourier amplitudes, fs, can be computed efficiently
using the Fast Fourier Transform algorithm developed by Cooley and Tukey
(1965) which requires that N be a power of 2. This requirement is
generally not a drawback since trailing zeroces usually need to be added
at the end of the earthguake excitation to provide for an adeguates guiet
zone that allows the decay of free vibrations of the model.

Substitution of egquation (4) into eguation (1) leads to:

N/2
i {u} + [Klfu} = —[M]{r}Re<Z ¢ exp (mst)> (7)
5=0

The steady~-state sclution of this equation can also be expressed as s

sum of harmonics. That is:






N/2
{u} = R g;% {US} exp(iv_t) (8)

The complex displacement amplitudes {US} can be obtained by sub-
stituting equation {8) into equation {7). Since the principle of super-
vosition is applicable this leads to the following matrix eguation for

each frequency ms:
. 2 = _ . '
(K] - w * ) {u} D {e}¥, (2)

This 1s a system of linear algebraic equations with complex coef-
ficients that can be solved by gauss elimination. Solution of equation
(9) for each frequency ms constitutes a formidable task since it is not
wmeommon for an input recoxd to have 2048 digitized points and therefore
1025 frequency points in its Fourier spectrum. In orxrder to simplify the
cemputational effort a cut-off frequency is usually selected, This
freguency is chosen at a value such that the response of the dam to
higher frequencies is small and does not need to be computed. Additional-

ly, the following eguation:

(Ix] - wSQ[M]){AS} = M} {r} (10)

is solved instead of equation (9). A limited number of frequencies is
selected for solution of equation (10) and a special interpolation tech-
nigue is used to compute intermediate values of {AS}. The complex dis-

placement amplitudes can then be obtained from the following expression:

v =1} (11)
S S S
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2.3 Interpolation in the Freguency Domain

ILinear interpolation on the inverse of the amplification functions
has been used in the past as the technigue to obtain intermediate wvalues
of {As} (Lysmer et al., 1974,1975). However, this interpolation scheme
does not perform well when there is a close spacing between natural fre-
quencies which seems to be the case of three~dimensional systems,

A sophisticated technique that makes use of the transfer function
for a two-degree~of-freedom system to interpolate between the amplifica-
tion function wvalues {As} has been developed by Tajirian (1981) and has
been incorperated to the computer program TLUSH. The transfer function
for a two-degree-of-freedom system has typically two frequency peaks and
ig given by an expression of the form:

Clw“ + C2w2 + o
A{w) = ; ) {12)
W +
+ o o

il

where: angular freguency

1t

C .
Cl’CZ’CB’C4' 5 complex constants

The values of the amplification function {AS} at five particular
frequencies spanning the range where interpolation is to be performed
are necegssary to determine the five constants that define the transfer
function (aquation 12}, which is then used to compute the intermediate
values of {AS}.

The nodal displacements {u}, which completely define the response
of the dam, can be computed from eguations {(11) and (8). Velocities,
accelerations and strains can be directly computed in the frequency
domain from the displacement amplitudes {US} and can then be transformed

into the time domain.






2.4 The Equivalent Linear Method

Due to the extensive use of superposition, the procedures previously
outlined are only applicable to linear systems. However, the response of
scils to dynamic loading is highly non-linear in nature and must be
accounted for in order to obtain meaningful results from the dynamic
analysis of soil structures,

The approximate method proposed by Seed and Idriss {(19€9) to take
into account the non-linear behavior of soils is used in TLUSH. According
fo this method the non-linear response of a soll structure can be approxi-
mated by a linear analysis for which the stiffness and damping are
compatible with the induced strains at every point of the system.

An extensive summary of data on strain compatible moduli and damp-
ing for clays and sands was presented by Seed and Idriss (1970) from
which the curves shown in Pig. 2 were developed., Starting from selected
initial moduli and damping values for each element in the model, these
curves can be used iteratively to reach compatibility between the proper-
ties used in the analysis and the computed strains.

The relationships between stiffness, damping and effective shear
strains for sands and clays proposed by Seed and Idriss (1970) have been
provided within the program but other modulus attenuation curves can
readily be read into the program. The following procedure is employed
to obtain an approximate non-linear solution:

1. Read in initial assumed values of shear medulus and damping

for all elements.

2. Solve equation (1) and use equation {11} to cobtain the complex

displacement amplitudes.

3. Compute strain amplitudes for all elements.
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4, Compute the effective shear strains for all elements.

5. Determine new strain compatible values of shear modulus and
damping by using the built in relaticnships of Fig. 2 or
others supplied externally.

6. Repeat steps 2 through 5 until compatibility between the
materlal properties used in the analysis and the computed

shear strains is reached.

2.5 Effective Shear Strain

The three-dimensicnal strain state at a point can be descriked by
a second order strain tensor with & independent terms which in a Cartesian

coordinate system can be written as:

£ £ £
b 94 Xy Xz
£ = £ £ € (13)
- yX vy va
£ £ £
ZX zy zz

During the seismic response of a dam the strain state varies with time at
each point and therefore the selection of a single value to represent both
the directional and time variaticon of strain level is difficult.

Soils are materials with a complex constitutive behavior which,
strictly speaking, depends on all terms in expression (13). However, the
state of present knowledge on constitutive laws for soils does not permit
a complete characterization of material behavior. The method proposed by
Seed and Idriss (1970) which consists ¢f using the maximum shear strain
as the parameter indicative of strain level is wused in the computer program
TLUSH. &as a cohsequence the strain level will be given by an effective

shear strain defined as:

= 0.65 - milema

{14)

Yeff x]
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Time variation in the strain level is taken into account by the factor
0.65 which is purely empirical but is assumed to be representative of

an average time value of the maximum shear strain. The wvalue of this
factor is not critical in view of the fact that the computed motions are
not very sensitive to moderate variations in the magnitude of the effec-
tive shear strain.

The peak maximum shear strain used in equation {14} can be computed
by either of two methods available as two options of the computer program
TLUSH. The first method consists of obtaining the maximum and minimum
principal stxains from a sclution to the following egquation for each

time step.

€ - £ £
X b 4% Xz
£ £ -£ £ = 0 {15)
YX Yy Yz
£ £ -
ZX LAY zZ

Once the principal gtrains have been determined at each time step the
peak maximum shear strain can easily be found. The second method makes
use of the fact that the peak maximum shear strain can be estimated from

the root-mean-square value of the maximum shear strain as follows:

mtathmax’ HE i PR (18)

whexre C is a constant approximately given by:

¢ = max|y| / RMS(Y) (17}
|71/

The root-mean-square values of y__  and vy can be conveniently evaluated by
making use of Parseval's identity which for an arbitrary function £{t) is

given by:
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RMSZ (£) =

8|

s

N/2
E lr |2 (18)
s=0

where FS, s=0,1,2, N/2 are the complex Fourier amplitudes of the function

f(t), that is

N/2

f(t) = R ;o F_ exp (iw_t) {19)

This method is substentially faster than the first one since eguation
{15) can be solved in terms of the strain amplitudes for each frequency
and all computations can be performed in the freguency domain without the

need for numerxous Fourier transforms.

3. PROGRAM DESCRIPTION

3.1 Program Structure

The computer program TLUSH is written in standard FORTRAN IV
language and the CDC 7600 wversion consists of a main program TLUSH and
42 subroutines which will be described under the next subheading. The
program is easily convertible to most modern computer systems that hawve
more than 100K words of high speed storage. It has been designed so that
it can operate in any of three modes all of which produce a listing of
the relevant input data. The type of mode to be used in a particular
run can be specified by the value of the variable NOPT on the first input
data card.
MODE1l - The Initiation Mode

MODE1l is the mode to be specified when running the program for the
first time on a particular problem. In this mede all‘input comes from

cards; the program will set up the equations of motion and solve them for
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a specified number of iterations using in each iteration after the first,
material properties compatible with the strains computed in the previous
iteration. After the last iteration any output desired will be generated.
A special option permits the creation of a permanent record on a magnetic
tape, TAPELl, of all input data and of the complete solution. This infor-
mation can subsequently be easily recovered in MODE2 or MODE3 runs. An
additicnal option permits the storage of the element mass matrices, the
normalized element stiffness matrices and the load vector on a magnetic
tape, TAPES, in this way making it possible to avold their generation in

subsequent MODElL or MODE2 runs.

MODE2 - The Iteration Mode

In order to monitor the convergence of strain compatible properties
in real size Jobs 1t is convenlent to perform the iterations on soil
properties one at a time. In this way 1t is possible to speed up the
rate of convergence of the solution and to make more efficient use of the
program. MODEZ2 provides the re-~start capability required to perform
further iterations if necessary. In this mode the contents of TAPEl are
read and copiled ontc TAPE2, the eguations of motion are set up and solved
using the improved soil properties computed in the previous iteration,
additional iterations can be performed, and any éesired ocutput can he
generated. Just as in MODEl a permanent record of the complete solution
can be stored on TAPEL for further reference. TAPE2 serves as a back-up

in case the contents of the original TAPEL need to bhe preserved.

MODE3 - The Extraction Mode
This mode is useful for the extraction of additional information on

the solution to a certain problem which has been stored on TAPEL. In this






15

mode, the program will read the TAPEl generated in previous MODEL or
MODEZ runs and produce the additional output specified, without perform—
ing any finite element computations. Hence, the contents of TAPEl are

unaltered in this mode.

Data Check Run

An additional mode is provided tc permit the revision of the input
data for MODEl. All input data is read from cards, just as in MODE],
and this information is printed out.

From the previocus discussion it follows that the main difference
between MODEl and MODEZ2 is the form in which the input data is read in.
Both modes follow approximately the same numerical procedure which can
be summarized in the following steps:

1. Read in control data and set up dynamic storage allocation.

2. Read in finite element mcdel data and generate missing infor-

mation.
a. Element data.
b. WNodal point data.

3. Read in earthguake motion, transform to freguency domain and

apply base line correction.

4. Print out all input data.

5. Form element mass matrices, normalized element stiffness

matrices and load vector.

6. Compute element stiffness matrices.

7. Set up blocks and profile for equation solutien.

8. Form total mass and stiffness matrices by blocks.

9. Solve equation of motion (Eq. 10} for selected freguencies and

store amplification functions.
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10. Compute strain amplification functions for all elements.

11. Determine effective shear strains and strain compatible soll
properties for all elements.

12.. Repeat from step 6, using the improved soil properties, for
the number of iterations specified.

13. Generate all nodal peoint and stress ocutput.

14. Stop.

The above numerical procedure is schematically illustrated in

Fig. 3 which shows a simplified flowchaxt of the program.

3.2 Description of Routines

The CDC 7600 version of TLUSH consists of a main program and 42
subroutines which carry out the numerical procedure previously described.
Additionally there are three CDC system routines, LOCF, SECOND and SETFLS,
which are called by the program subroutines, LOC, TIME and MCORE
respectively. The calling segquence for the program subroutines along
with the tapes referenced by each routine is given in Table 1. A brief

description of each routine follows:

TLUSH This is the main program. It consists mostly of comment cards
that describe the input data and it calls the initiation sub-

routine INPT,

ADJUST This subroutine applies base line correction in the frequency

domain to the input acceleration time history.

ARRNG It establishes the order in which the element mass and stiff-

ness matrices will bhe generated.
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FIG. 3~ SIMPLIFIED FLOWCHART FOR TLUSH
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Table 1. Calling Sequence for Subroutines and Tapes
Program Calls Called by RefZigzeuS:ed
TLUSH INPT , SECOND 2‘2’12 ;io;ilim
3 ADJUST VEDDA
{ ARRNG VEDDA
BLOCK RDSTF GSTIF 6,7,8
CALBN (7 RDSTF FRMSTF 5
CMPMAX DRCTSP
CNSTNTS CSOLVE INSET
r; CSOLVE CNSTNTS
CURV52 ‘ STRAIN
DRCTSP CMPMAX , PLOT MOTION
ELSTRN STRNAP
EXPND TINSET
FCONTL ? INPT
FFT RFFT, RFSN
FORM LUMP FRMSTE
FRMSTF CALBN, FORM, RDSTF SOLVEB 5,6,10
FSET MOTION
GSTIF BLOCK, TOTSTF SOLVER
INPT FCONTL, MCORE , VEDDA TLUSH 1,2
INSET CNSTNTS, EXPND INTPL
INTPL INSET MOTION, STRAIN
LOC LOCFE MCORE
LUMP VOLUME FORM







Table 1. (continued}
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Tapes
Program Calls Called b
g Y Referenced
MCORE 1.0C,SETFLS INPT, SOLVEB, VEDDA
DRCTSP, FSET, INTPL
MOTION PLOT, PROUT, RESN VEDDA 3
TIME
PLOT DRCTSP, MOTION, STRESS
PRINT VEDDA '
PROUT MOTION
RDSTE BLOCK ,CALBN, FRMSTF
TOTSTF
R
REFT FRT VEDDA
RFSN FET MOTION, STRAIN,VEDDA
ROCTME STRNAP
- SLOWR, SOLVEB, STRNAP
TOTSTF , VEDDA
SHMAX STRATN
7,9,11,13,14
SLOWR RW SOLVEB
15,19,20,21,22
FRMSTF, GSTIT, MCO
SOLVEB STE 1F, MCORE VEDDA 1,12,9
RW, SLOWR, TIME
STRATN CURV52, INTPL, RFSN VEDDA 4,17,18
SHMAX, TIME
STRESS PLOT, TIME VEDDA 17
STRNAP ELSTRN, ROOTME , RW VELDA 1,3,4,18,19
Mi
TIME SECOND MOTION,SOLVEB, STRAIN

STRESS,VEDDA







Table 1. (continued)
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Program Calls Called by ] Tapes
Referenced
TOTSTE RDSTF, RW GSTIF ©:7:8,9
10,11
ADJUST, ARRNG, MCOR®
1,2,3
MOTION, PRINT, RFFT
VEDDA RFSN, RW, SOLVEB INET 12,16
STRAIN,STRESS, STRMNAP,
TIME
VOLUME LUMP







BLOCK

CALBN

CMPMAX

CNSTNTS

CSOLVE

CURV52

DRCTSP

ELSTRN

EXPND

FCONTL

FFT

FORM

21

Sets up the equation profile and the bhlocking of the global

mass and stiffness matrices for the out-of-core solver.

Reorders the rows and columns in the element mass and stiff-

ness matrices.

Determines the maximum values in the computation of response

spectra.

Sets up the five equations necessary for the determination of

the constants in the interpolation function.

Determines the five constants in the interpolation function by

solving a system of simultaneous eguations.

Computes updated strain-compatible soil properties from material

curves.
Computes and plots acceleration and wvelocity response spectra.

Computes strain application functions at the centroid of an

element,

Determines intermediate values in the amplification functions by

intexpolation.

Determines the frequencies for which the eguations of motion

are to be solved.
This is a standard routine for complex Fast Fourier Transiorm.

Forms the mass and normalized stiffness matrices for an element.
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FRMSTTE Generates the element mass and stiffness matrices and the load
vector.
FSET Determines the frequencies at which response spectral values

are to be computed and sets the time array for plotting.

GSTIF Drives the routines that set up the equation profile, calculata
blocking information and assemble the global mass and stiff-

ness matrices.

INPT Reads control data from cards or TAPEl, writes this information
on TAPEl or TAPE2 and sets up field lengths and dynamic storage

allocation.

INSET Drives the interpclation routines which compute the interpola-

tion function and expand the amplification function.

INTPL Prepares amplification functions for interpolation and controls

interpolation procedure.

LoC Calls the system routine LoOCF to find out the address of a certain
variable.

LUMP Computes the lumped mass matyix for an element.

MCORE Calls the system routine SETFLS which sets the core memory

field length.

MOTION Controls the output at specified nodal points. Computes and
plots amplification functions, response spectra and accelerastion

time histories.






PLOT

PRINT

PROUL

RDSTF

ROOTME

RW

SHMAX

SLOWR

SOLVEB

23

Performs printer plotting of amplification functions, response

spectra,acceleration time histories and stress time histories,
Prints out all input data.
Prints out the peak accelerations at specified nodal points.

Controls reading and writing of element mass and stiffness

matrices.

This is a standard routine for Fast Fourier Transform from the

time domain into the frequency domain.

This is a standard routine for Fast Fourier Transform from the

frequency domain into the time domain.

Computes the square of the root~méan—square of the maximum

shear strain for an element in the frequency domain.

Contrxols the reading, writing, rewinding and back-spacing of

tapes.

Computes the maximum shear strain at the centrold on an element

in the time domain.

This is an cut-of-core equation solver for symmetric linear
algebraic equations in complex variables. It uses the active

column method of gaussian elimination.

Drives the routines that set up the sguations cof motion and

solve them.






STRAIN

STRESS

STRNAP

TIME

TOTSTE

VEDDA

VOLUME

24

Determines effective shear strains and updated strain-compatible
soll properties for all elements and computes stress time

histories at specified points.
Controls the output of element stress time histories.

Computes and writes strain amplification functions on tape and

gsets up amplification functions for subroutine MOTION.

Calls the system routine SECOND which gives the time since the

start of execution.
Assembles in blocks the global mass and stiffness matrices.

This is the main subroutine which controls the flow of the
program. It reads the finite element input data, reads and
modifies the control motion, generates most of TAPEl and TAPEZ,
controls the solution of the equations of motion and the itera-

tion on soil properties, and controls output from the program.

Computes the volume of a tetrahedron.

3.3 Tape Usage

The computer program TLUSH uses a total of 22 tapes of which, three

may need to be specified as physical tapes depending on the options used

in the program. TAPEl should be specified as a phvsical tape in MODEl and

MODE2Z.

TAPE]l and TAPE2 should be specified as phvsical tapes in MODE2.

TAPES needs to be specified as a physical tape if permanent storage of the

element matrices is required. 2ll other tapes are usually simulated on






magnetic discs or drums. The following is a description of the contents

of the tapes as used by the program.

TAE]L

TAPE2

TAPE3

TAPE4L

TAPES

TAPES

TAPET

TAPES

TAPE9

TAPEIO

TAPELl]

This is the principal input tape for MODE2 and MODE3. It
contains all input data, estimated and current soll properties,

and the computed amplification functions.

This is a copy of TAPEL produced in the initial stages of

MODE2.

Stores the computed amplification functions for nodal points

where output is required.

Stores the computed strain amplification functions for all

elements.

Is used to store element mass and normalized stiffness matrices

and the load wvector.

Stores element mass and stiffness matrices and boundary condi-

tions.

Is used to store information necessary for block generation.

Is used to store information on equation hlocking.

Is used to store information on eguation blocking.

Stores the load wvector.

Is used to store glcbal mass and stiffness matrices in blocks.
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TAPEL12 Is used as temporary storage of the permanent data of the blank
COMMOT .

TAPEL3 Is used as a scratch file by the out-ocf-core equation solver.

TAPE14 Is used as a scratch file by the out-of-core egquation solver.

TAPELS Is used as a scratch file by the out-of-core equation solver.

TAPELG Stores the updated material properties and the root-mean—-square

values of the maximum shear strain for all elements.

TAPE17 Is used to store element stress tiwme histories to be output.

TAPELS8 Stores strain amplification functions for elements where stress

time histories are required.

TAPE1S Is used to store the displacement amplification functions for

the freguencies used in the solution of the equations of motion.

TAPE2( Iz used as a scratch file by the out-of-core equation solver.
TAPE21 Is used as a gcratch file by the out-of-core equation solver.
TAPE22 Is used as a scratch file by the cut-of-core equation solver.

3.4 FError Messages

TLUSH has the capability of detecting some errors in the input data.
Once an error is detected the program will stop execution and issue an

error message. A description of the errors which can be detected by TLUSH

follows:






ERROR

ERROR

ERROR

ERRCR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NG.
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The number of points in the input acceleration time history,
N3, exceeds the number of points specified for the Fast

Fourier Transform, KGMAX.

The specified small core length, NSCM, ie too short for the

blank common required in the initial stages of the program,

The specified small core length, NSCM, is too short for

the blank common regquired by subroutine STRAIN.

The specified small core length, NSCM, is too short for

the buffer used in subroutine STRAIN.

The specified small core length, NSCM, is too short for

the blank common reguired by subroutine MOTION.

The specified small core length, NSCM, is too short for

the buffer used in subroutine MOTION.

The number of additional displacement boundary conditions,
NBP, does not agree with the total number of boundary

conditions specified on the nodal point cards.

The computed volume of a finite element is less than or

equal to zero.

There is an egquation number for which all the corresponding

matrix ceoefficients are zeroes.

There is an equation number for which the diagonal element

of the global stiffness matrix is zero.
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3.5 Core Memory

TLUSH requires about 110000 (octal) words of memory to load and
about 76000 (octal) words plus the length of blank common in words to
execute on a CDC 7600 computer using the FTN4 compiler, The program
uses dynamic storage allocation and therefore it automatically assigns
the required dimensicn or length for each variable used. Three lengths
of blank common which are used by the three main subroutines, VEDDA,
STRAIN and MOTION, are computed internally and printed out by the program.
The largest of these three, determines the minimum field length required
te run the program. As mentioned above, the minimum field length for
execution is obtained by adding the blank common length to the core
memory occupied by the program (76000 octal words on a CDC 7600 system).
This length should be shorter than the maximum field length available on
the system, which in the case of the BKY CDC 7600 éomputer 1s 1700600
{octal) words.

The user must specify in the first control card, the maximum length
of blank common to be used by the program, NSCM. This number should bhe
greater than the minimum blank common requirements printed at the begin-
ning of execution of the program. However, it is usually convenient to
speclify the largest blank common length compatible with the maximum field
length available on the system. In this way, the out-of-core solver has
the largest possible high-speed storage space to work with, The largest
small core length that can be specified on a CRC 7600 computer using the
FTN4 compiler, is 30500 (decimal) words. The program adjusts the field
length to fit its need at each stage of execution and therefore no idle

space is wasted.
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Problems may be encountered in satisfyving the blank common require-
ments of large jobs in medium sized computers (CDC ©400). In these cases
the following suggestions might prove helpful in reducing the core memory
requirements:

1. Select the largest mesh size compatible with accuracy regquire-

ments.

2. Xeep the maximum frequency of the analysis as low as possible.

3. Do not specify extensive output in MCODEl or MODEZ runs.

4, Use the lowest possible number of points in the Fast Fourier

Trans form.

4. COMMENTS ON INPUT

4,1 Mesh Size Requlrements

Use of the finite elément method for the dynamic response analysis
of an earth dam requires discretization of the dam by a finite element
model. The definition of the model boundaries and the selection of a
general mesh layout are the two main ingredients in the design of a model.

Difficulties are encountered in the definition of the model
boundaries and in the characterization of the earthguake motions at the
boundaries of open systems such as earth dams. The simplifying assumptions
that the boundary of the finite element model of an earth dam is rigid,
and that the earthquake excitation acts on this rigid boundary, are
implicit in the analytical approach used by TLUSH (see Fig. 1). Therefore,
it is appropriate to select the boundary for the model of a dam at the
physical boundary that best resembles this condition. In many cases this
boundary is provided by a rock interface in the wvalley where the dam is

located.
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Another aspect of importance in the design of a model foxr the
dynamic analysis of an earth dam is the selection of an adequate mesh
layout. Two criteria, which in essence are equivalent, are available to
determine an appropriate mesh layout for the dynamic analysis of earth
dams. The first critericn requires that the mesh layout be such, that a
good approximation of the predominant mode shapes of vibration of the dam
can be obtained. The second criterion requires that the element size
ghould not be larger than a certain fraction of the shortest wavelengths
te be transmitted through the finite element mesh (Iwsmer et al., 1974).

The following expression is generally accepted:

(20)

whe?e hmax is the wvertical element dimension, Vs is the shear wave
velecity in the element, and vmax is the highest frequency of the analysis,
TOTFR. Recent studies by Mejia (1981) have shown that, in general, 10 to
15 elements in the cross valley direction of a dam give a good representa-
tion, in this direction, of the predominant mode shapes of vibration of

dams in triangular canyons subjected to strong shaking.

4.2 Identification of Nodes and Elements

Once the mesh layout for the finite element model of a dam is
selected, identification of the nodal points and elements is required.
The nodal points of the model should be numbered in such a way that the
average bandwidth of the global stiffness matrix is minimized. Additionally
nocdal points on the rigid boundary have to be numbered laét (see Figs. 5

and 6). The user specifies the first nodal point on the rigid boundary,
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NB1, and all points with higher numbers are considered by the program to
be on this boundary.

The program is designed to work with eight node brick isoparametric
elements. Therefore elements may have any shape with a maximum of
8 nodal points and straight edges between these points. Elements are also
nurbered and identification of the nodal points defining an element must
follow the rules shown in Fig. 4. This figure additionally shows two
examples which illustrate element identification. The order of nodal
point numbers which define an element should be such that NP1,NP2....NP8
on an element card correspond to the numbers 1,2....8 in Filg. 4(a).

The program has the capability of generating data for nodal points
and elements not included in the input- data. Nodal point coordinates are
generated by interpclation along a straight line conrnecting the nodes on
two successive input data cards. Element data is generated by using the
same material properties and incrementing the nodes on the previocus

element card a specified number, LX.

4.3 Element Matrices

The computer program TLUSH generates the element stiffness and mass
matrices in two steps. The first step consists of computing normalized
matrices. In the second step these matrices are multiplied by the element
complex shear moduli and density in order to cobtain the element stiffness
and mass matrices respectively.

The normalized stiffness matrix for an element is computed following
standard finite element procedures and corresponds to the element stiff-
ness matrix for a shear modulus with a value of 1. It depends only on

the geometry of the element and the value of Poisson's ratio. The






32

(b) Elements in Global Coordinate System

FIG. 4 ELEMEN.T IDENTIFICATION IN TLUSH
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normalized mass matrix also depends only on the geometry of the element
since it corresponds to the element mass matrix for a density with a

value of 1. This matrix is computed as a combination of the consistent
mass matrix and the lumped mass matrices for the element, according to

the following expression:
c 1
[M] = RATIA*[M]  + {1-RATIA) [M] (21)

where the parameter RATIA may range between 0 and 1.0 and is specified
by the user. Values of RATIA between 0.5 and 0,75 optimize the ability
of the element to transmit high frequencies.

It follows that elements which have the same geometry and value of
Poisson's ratio will have identical normalized element matrices. To take
advantage of this fact, an option in TLUSH permits normalized matrices to
be duplicated for elements that have the sawme identification number,

IDEL (N), different than zero.
The normalized element matrices are multiplied by the complex shear

modulus:
G* = G(1 - 28% + 2iB V1 - B? ) (22)

and the density, p, in order to obtain the element stiffness and mass
matrices respectively. The parameter B corresponds to the element fraction
of damping.

There are options in TLUSH which permit the storage of element
mass and normalized stiffness matrices on TAPES and the recovery of these
matrices in future runs. Use of these options are likely to be helpful

in saving computer time and costs in some systems.
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4.4 Material Curves

As mentioned before TLUSH uses the equivalent linear method to
arrive at an approximate non-linear solution. In order to pexform the
successive iterations on soil properties the program uses material curves
that describe the relaticnships between normalized shear modulus and
damping, and cyclic maximum shear strain for the types of soil composing
the dam. Two options are available in the program for defining the
material property curves for a certaln problem and_any of these options
can be selected by appropriately specifying the parameter KMATYP.

One option permits the use of built-in material curves. These
curves correspond to those proposed by Seed and Idriss (1970) for clays
and sands (see Fig., 2}). In the other option any number, MATYP, of such
relationships may be read from input data cards. Each get of relation-
ships for modulus and damping must have a sequence number., This material
identification number is referenced as element data in the parameter
MIYPE (N} for those elements composed of a particular material. Strain
independent properties can be assigned to any element by specifying a

value of ¢ for MTYPE(N).

4.5 Shear Strain Computation

As mentioned before two methods are available within TLUSH for the
computation of the peak maximum sheay strain. The first method uses a
time domain approach. The time histories of the & components of strain at
the centroid of esach element are obtained from the inverse‘Fast Fourier
Transform of the Fourier amplitudes of the strain components. A cubic
equation in terms of the 6 compenents of strain at each time step is

solved for the principal strains. From these, the maximum shear
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strain is obtained for each time step and the peak value can be deter-~
mined by direct comparison. The second method uses a frequency domain
approcach. Using the Fourier complex amplitudes of the 6 strain components
at the centroid of each element, a cubic equation is set up for each
frequency in the spectrum. From these eguations the complex amplitudes

of principal strains are cbtained from which the amplitudes of the
maximum shear strain can be determined. These awmplitudes are used to
compute the root-mean square value of the maximum shear strain function
from which an approximation to the peak value of the function can be
obtained.

Although the first method vields the theoretically exact value for
the peak maximum shear strain it is much more lengthy than the second
method since it involves numerous Fast Fourier Transorms. In addition
to using a statistical procedure for determining the peak wvalue, the
second method uses a technique which assumes linearity to determine a
nonlinear parameter such as the maximum shear strain. For these reasons
the peak maximum shear strains computed by this method are different than
the exact values. However, the final differences in the strain compatible
soil properties computed by the two methods are not likely to be greater
than 20%.

By specifying the input parameter KSTRN the user can select any of
the following three options: a) No strain computation, b} Strain
computation in the time domain and, ¢} Strain computation in the
frequency domain. Additionally, the user must supply the value of the
ratio between effective shear strain and peak maximum shear strain, FCT.

It must be noted that in order to obtain output for stress time histories,

any of the two strain computaticn options must be specified.






36

4.6 Frequency Controls

The computer prcgram TLUSH has several frequency controls which
pexrmit the user to select the highest frequencies for which the equations
of motion are solved. One of these parameters is the cut-off frequency
or maximum frequency of the analysis, TOTFR. No computations are per-
formed by the program for frequencies above this wvalue. That is, the
displacement amplification functions are assigned a zero value and the
complex Fourier amplitudes of displacement, acceleration and strain are
assumed to be zZero for frequencies above the cut-off fregquency.

It follows that the maximum frequency of the analysis, TOTFR,
should be higher than the natural frequencies corresponding to the pre-
dominant modes of vibration of the structure. That is, the response of
the dam to motions at frequencies higher than the cut-off freéuency
should be negligible. An estimate of an appropriate value for the maximum
frequency to be ugsed in the dynamic analysis of an earth dam is given by
a number 4 or 5 times higher than the fundamental frequency of vibration
of the dam. Typical values for medium sized dams range between 8 and
10 Hz.

In view of the fact that a high degree of accuracy is not required
during the first iterations on material properties the use of lower cut-
off frequencies in these iterations is justified. TLUSH allows the user
to specify a cut-off frequency for each iteration, STEP(I), and this
permits the use of low cut-off freguencies in the initial stages of

the soluntion.

4.7 Interpolation

It was mentioned earlier that in order to reduce computational effort
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and cost the eguations of motion are solved only for a small nunber of
selected frequencies, and a special interpolation scheme is used by the
program to obtain intermediate values of the complex amplitudes of the
displacement and strain amplification functions. The interpolation
technigque used by TLUSH has Dbeen previously described.

The freguencies for which the equations of motion are solved must
be specified by the user. It is desirable to select the minimum number
of frequencies that will yield an adequate picture of the displacement
and strain amplification functions at all points in the dam. This number
of frequencies will depend on the shape of the amplification functions and
the distribution or spacing of the frequencies selected. A close spacing
betwen solution freguencies should be selected in the fregquency ranges
where a high degree of accuracy is reguired and where the amplification
functions have a complex shape; that is, a great number of freguency
peaks. It is useful to remember that the transfer function for a two-
degree-of-freedom system is used to interpolate on the amplification
functions and that 5 frequency points are needed to define such function.
Thus, normally 5 fregquency points are needed in the vicinity of two
single fregquency peaks to get accurate interpolation of the amplification
function values. A greater number of frequency points is needed if there
are nearby frequency peaks (Tajirian, 1981). In general, a closer spacing
between solution frequencies is needed in the vicinity of the predomi-
nant frequencies of vibration of a dam while a lower density may be used
in the high frequency range. Also, 30 to 40 points usually suffice to
adequately define the amplification functions at most points in a dam.

However, the best way to determine an appropriate distribution of solution






38

frequencies is to carry out the iterations on soil properties one at a
time and to have the amplification functions for several points printed
out after each iteration.

TLUSH allows the user to specify a maximum number of 5 interpola~
tion ranges. For each range the maximum fregquency in that range,
FPKINT(I), and the interpolation gap, KINT(I), must be specified. Typical

values for KINT(I) vary between 4 and 16.

4.8 Printer Plots

The following printer plots may be obtained from TLUSH:
1. Time histories of nodal point accelerations.
2. Acceleration and velocity response spectra for specified nodal
point acceleration time histories.
3. PFourier spectra of acceleration time histories at specified
nodal points.
4, Acceleration amplification functions for specified nodal points,
5. Time historie% of the 6 components of the stress tensor at the
centroid of specified elements.
The user may control the length and degree of refinement of these plots-
by specifving a value for the parameter NSKIP. The plotting routine will
skip the specified number of points in hetween displayed points. It is
important to mention that all accelerations output by the program are
absolute accelerations and that the program has the capability of perform-
ing baseline correction on the input motions. The effect of baseline
correction is small on the computed accelerations; however, it is ratherx
significant on the corresponding velocitiess and displacements, The use of

this option is recommended since it frees the computed motions of
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integrated errors in the input motions and does not involve costly cal-

culations.

4.9 Punched Output

The following punched output can be generated by TLUSH:
1. Element data cards with improved strain-compatible soil proper-
ties.
2. Acceleration time histories at specified nodal points.
3. Time histories of the stress components at the centroid of
specified elements.
It is useful to have the program punch element cards when it is desired
to perform a new analysis with a slightly different finite element model,
All data on the element cards is punched in the same format as that
required for input to the program. The material properties punched are
those computed in the last iteration.
Acceleration time histories are punched for the entire duration of
the analysis, and at the time interval and with the same format used for
the input motlons (8F9.6}. Stress time histories are punched in psf and

with a format (8E9.3).

4.10 Execution Time

It is difficult to estimate a priori the execution time of TLUSH for
a given job since this time is a function of many parameters including
the speed of the computer used, the available high speed storage capacity,
the geometry of the finite element mesh, and the number of output options
requested, It is convenient, therefore, to perform a trial run for one or

twe gaussian eliminations in order to estimate the execution time for a
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real size job. This c¢an easily be done since execution time for each
gauss elimination is printed out by the program and the total number of
eliminations can be estimated a pricri. In general, three fifths to
four f£ifths of the total execution time are spent in the solution of
the equations of motion,
The following suggestions will prove to be helpful in reducing the
execution time of the program:
1. Keep the maximum frequency of the analysis as low as possible.
2. Use interpolation control parameters, KINT{(I), as large as
possgible.
3. Select the largest possible mesh size compatible with accuracy
requirements.
4, Use the minimum possible number of éeints, KGMAX, for the Fast
Fourier Transform.
5. Compute maximum shear strains by the RMS procedure.
6. Use option to duplicate element matrices.
7. Compute as few response spectra as possible in MODEl or MODE2

runs.
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PROGRAM TLUSH (INPUT,CUTPUT, PUNCHyTAPEL,TAPE2,TAPE3,TAPES, TAPES, TLUS

42

1
1 . TAPEG+TAPET,TAPEB,TAPE9, TAPEIQyTAPELL ;TAPEL2 ,TAPEL3,TAPELS, TLUS 2
2 TAPE1S,TAPEL16+ TAPELT, TAPEL18, TAPE1S, TAPE20,TAPE2], TAPE22) TLUS 3
L==—== = o EE S O S -— meewe=TLUS 4
C A COMPUTER PROGRAM FGR THE COMPLE X RESPONSE ANALYSIS OF TLUS 5
{ THREE DIMENSIONAL EARTH DAMS BY THE FINITE ELEMENT METHOOD. TLUS 6
C STRAIN-COMPATIBLE SOIL PROPERTIES BY THE EQUIVALENT LINEAR METHOD.  TLUS 7
C ANY COMBINATION OF LUMPED AND CONSISTENT MASS MATRIX. TLUS 8
C INPUT ACCELERATICN AT RIGID BCUNCARY OF FINITE ELEMENT MODEL. JLus 9
T e e Tt L FLus 19
C OPERATION MDDES ~ THE PROGRAM CAN OPERATE IN THREE MODES TLUS 11
c MODELl - IN THIS MODE, ALL INPUT CATA IS FROM CARDS. THE PROGRAM TLUS 12
c WILL CCOMPUTE TYHE COMPLETE RESPONSE. IT WILL ITERATE A TLUS 13
c SPECIFIED MUMBER DF TIMES TDO UBTAIN STRAIN-COMPATIBLE TLUS 14
c__ SOIL PROPERTIES. ANY GUTPUT CAN BE SPECIFIED IN THIS TLUS 15
[ MODE. DURING EXECUTIONT ALL INPUT DATA AND THE FINAL TLUS 18
c RESPONSE IN THE FRECUENCY DCMAIN OF ALL NODAL PDINTS IS TLUS 17
c WRITTEN ON TAPE 1 WHICH {S THEREFORE A COMPLETE PERMANENT TLUS LB
C RECORD OF PROBLEM AND SOLUTION. TLUS 19
C MODE2 ~ IN THIS MODE, THE CONTENT CF TAPE 1 wILL BE COPIED ONTO TLUS 20
c TAPE 2 AND THE ADDITIONAL ITERATIONS QN SCIL PROPERTIES _ TLLS 21
o CAN BE PERFORMED. THE CCONTENT OF TAPE 1 WILL BE UPDATED TiLus 22
C FOR THE FOLLOWING [TERATICNS. TLUS 23
C MODE3 ~ IN THIS MODE THE INFORMATION ON TAPE 1 CAN BE RECOVERED TLUS 24
c TO GENERATE ADDITIGNAL CUTPUT WITHOUT REPEATING THE COSTLYTLUS 25
C FINITE ELEMENT PROCEDURE USED IN MODEl OR MODEZ. TLUS 26
C : - T T T T T T e T --TLUS 27
"L 7 INPUT DATA oo TUTToTm s mm TTTTLUS 28
c TLUS 29
L 0. DPERATION MGDE CARD (15,1100 TLUS 30
o C 1- 5 NOPT IF 0 STOP { LAST DATA CARD ) TLUS 31
¢ IF 1 MCDEL TLUs 32
c IF 2 MODE2 TS 33
o "~ IF 3 WMODE3 o T T TS 34
C _ IF 4 CATA CHECK RUN : TLUS 3%
'S 6~15 NSCH AVALLABLE SMALL CCRE LENGTH IN DECIMAL TLUS 36
e e o a1 e ot e e e e ot TLUS 37
£ INPUT DATA FDOR MODEL . TLUS 38
(e e e e e e e e e e e TLUS 39
€7 1. JOB IDENTIFICATION CARD (12As&, I8 — ~ 7~ 77777 TILUS 40
L 1~72 TITLE (12) JOB IDENTIFICATION TLUS 41
C 73-30 ITER RUN NUMBER - IDENTIFICATION ONLY TLUS 42
C ’ TLUS 43
c 2. CDONTROL CARD FOR JCB SI2E OF SYSTENM (8151 TLUS 44
o 1~ 5 NELM TOTAL NUMBER OF ELEMENTS TLUS 45
c £-10 NDPT T TOTAL NJMBER OF NODAL POINTS FLUS 6
C 11-15 Ng 1l FIRST NODAL PCINT NUMBER ON RIGID BOUNDARY TLUS 47
[ 1.E. ALL NODAL POINTS WITH HIGHER HNUMBERS ARE TLUS 48
c ASSUMED TC BE ON RISID BOUNDARY TLUS 49
d 16~20 NBP NUMBER OF ADDITICNAL DISPLACEMENT BOUNDARY TLUS 50
C CONOITIONS. TLUS 51
¢ NOTE**&EYERY "DEGREE CF FREEDOM SUPRESSED™ 1L US 527
c COUNTS ONE TLUS 53
C 21-25 NUMBER NUMBER OF ITERATIONS ON SOIL PROPERTIES TLUS 54
c { INITIAL SOLUTICN CCUNTS ONE ) TLUS 55
c 26=30 MATYP TOTAL NUMBER OF STRAIN~DEPENDENT MATERIALS TLUS 58
o 31-35 KMATYP =0 READ MATERIAL CURVES FROM CARDS TLUS 587
BN SR R =1 USE STANDARD BUILY IN MATERIAL CURVES TLUS 58
C 36=4Q NFORM & -- FORM MATRICES AND LOAD VECTOR TLUS 59
C 1 —~ FCRM MATRICES AND LOAD VECTOR TLUS &0
[ WRITE ON TAPE 5 TLUS 61
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2 == REALC HMATRICES AND LOAD VECTOR FROM TAPE S5 TLUS 62

c
C WHEN NFORM=1 OR 2, TAPES SHOULD BE A PHYSICAL TLUS 63
C TAPE ’ TLUS 64
C v B ~ TS B
C 3. CONTROL CARD FOR INPUT MOTION (215,3F10.4,15) TLUS 6%
C 1- 5 KGMAX TOTAL NJMBER OF POINYTS USED IN FAST FOURIER TLUS &7
C TRANSFORMS, MLST BE A POWER OF TwO. TLUS 68
o 6-10 N3 LAST POINT DF EARTHQUAKE RECORD USED IN ANALYSISTLUS 69
o 11-20 0T TIME STEP OF DIGITIZED EARTHQUAKE RECORD. =SEC. TLUS 70O
C 21-30 EQMUL EARTHQUAKE MULTIPLICATION FACTOR. IF RECORD IS TLUS 71 _
C ’ o CONTROLED BY (UOGMAX, LEAVE BLANK. TLUS 72
c 31-40 UGKAX HAX, INPUT ACCELERATION USED IN ANALYSIS. =G TLUS 73
o IF EQMUL IS5 NOT ZERDy LEAVE BLANK. TLUS 74
o 41 =45 KBLINE =] APPLY BASEL INE CORRECTION TO INPUT MOTION TLUS 75
t =0 DO NDOT APPLY BASELINE CORRECT ION TLUS T6
C TLUS 77
TC T4 CCATROL CARD FOR DIRECTICN OF TINPUT MDTION 13610737 TLUS 787
C THE ABLVE INPUT ACCELERATION ON THE RIGIO BASE TLUS 79
c CAN BE SPECIFIED YO ACT IN ANY DIRECTION " TLUS BD
o ACCCRDING TO THE RULE TLUS &1
C X COMPONENT = HORX = AB0YE MOTION ' TLUS 82
c Y COMPONENT = VERT % ABOVE MDTION TLUS 83
[ TTTU L CCMPONENT = HCRI ¥ ABOVE MOTION TLUS 84
C HOR X, VERT AND HORZ ARE ENTERED AS.FOLLOWS TLUS 85
c 1-10 HORX FACTOR FCR X MCTIDN : TLUS 88
c 11-20 VERT FACTOR FOR Y MCTICN . TLUS 87
c 21-30 HORZ FACTOR FDR 7 MOTION TLUS 88
I ) - TLUS 89
LT85 CONTROL CARDS FOR FREQUENCY OF ANALYSIS. TLus 30
C SA. MASTER CONTROL (F10.%, 15} TLUS 91
c 1-10 TO0TFR HIGHEST FREQUENCY TC BE CONSIDEREDR IN ANALYSIS. TLUS 92
C . -HZI { USED FOR DIMENSIDNING ONLY, THE ACTUAL TLUS 93
L FREQUENCTIES USED ARE SET BY THE YARIABLE . TLUS 94
C STEP{1}, SEE PT. S BELOW ) TLUS .95
e 11-15 KIATS 7 NUMBER DF VARIABLE INTERPOLATION RANGES(HAX*S! FLUS 86 ¢
o 58. (XINTS) CARDS (F10.4,15) ‘ TLUS 97
C 1-10 FREINTIIY MAX, FREQ, IN INT, RANGE ! : TLUS 98
c 11-15 KINT(1} INT. CCNTRCL IN INT. RANGE 1 TLUS 99
c . TLUS 100
€ 6. CONTROL CARD FOR QUTPUT (715} TLUS 101
c - - 5 KDISP TTUUIR 1, SAVE INPUT CATA AND THE COMPUTED AMPLIFIC-TLUS 102
c ATION FUNCT. ON TAPE 1. | TLUS 133
c 6-10 KSTAN =0, NO STRAIN COMPUTATION TLUS 104
c =1, CCMPUTE MAX. SHEAR STRAIN IN TIME oonaxu To TLUS 105
c ITERATE CN SUIL PROPERTIES TLUS 106
i =2y CCHPUTE MAX. SHEAR STRAIN IN FREQ. DOMAIN TOTLUS 107
e = T T T UL TERATE ONT SCIL T PROPERTIES TLUS "fos”
C 11~15 KPNCH IF 1y PUNCH ELEMENY CARDS WITH NEW SOIL PROPERT.TLUS 109
o FOR THE FCLLOWING ITERATION. ‘TLUS 110
o 16=-20 NOUT TOTAL NUMBER OF NODAL POINTS WHERE QUTPUT IS TLUS 111
s REQUIRED , TLUS 112
o 21-25 RD MUMBER OF DAMPING VALUES FOR RESPONSE SPECTRA TLUS 113
LT T26-30 NSKIP T T U EVERY NSKIP-TH PCINTY OF TIME HISTORY IS PLOTTED TLOS [14
C 31-35 NELS NO., OF ELEMENTS AT WHICH STRESS TIME HISTORIES TLUS L15
c ARE ASKED TLUS 114
C TLUS 117
o 7. CCNTROL CARD FOR MASS NMATRIX AND EFFECTIVE SHEAR STRAIN (2F10.4%7 TLUS 118
< 1-10 RATIA RATIO OF CONSISTENT MASS MATRIX TO FORM MASS TLUS 119
' T ‘ T THE MASS MATRIX USED IS CY.~-RATIAY *# LuMPED MASSTLUS 120
o MATRIX + RATLA * CONSISTENT MASS MATRIX + A TLUS 121
¢ LUMPED MASS MATRI X FORMED FROM THE CONCENTRATED TLUS 122
C MASSES SPECIFIED ON THE NODAL POINT CARDS (SEE  TLUS 123
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PT.15 BELCWI. TYPICAL VALUES ARE 0.5-0.T75 TLUS 124
11-20 FCT RATID OF EFFECTIVE SHEAR STRAIN- TD MAX, SHEAR  TLUS 125
STRAIN. (TYPICAL VALUES ARE 0.6 70 0.7} TLUS 126
USED FGR DETERMINING STRAIN COMPATIBLE SQIL _ TLUS 127
PROPERT IES, JrLus 128
TLUS 129
8. CONTROL CARD FOR DAMPING CHARACTERISTICS (F10.4) TLUS 130
1-10 SOAMP 1F UNIFORM DAMPING 15 USED IN ALL ELEMENTS, TLUS 131
PUNCH THE UNIFCRM DAMPING VALUE, OTHERWISE TLUS 132

_ LEAVE BLANK. { SIPFULATION OF MODAL ANALYSIS ) TLUS 133
” DAMP ING VALUE MULST BE PUNCHED ON ELEMENT CARDS TLUS 134
TLUS 135
9. CONTROL CARD FOR FREQUENCY OF ANALYSIS IN FAZH ITERATION{(BF1O.4) TLUS 136
1-10 STEP(L) HIGHEST FREQUENCY OF ANALYSIS OURING FIRST ~ TLUS 137
: I TERATION. —-H2 TLUS 138

» ) i} e . TLUS 139
T TSTEP{NUNBERI=HIGHEST FREQUENCY CF ANALYSIS FOR THE LAST TLUS 140
ITERATION., - HZ(SHOULD BE EQUAL TO TOTFR) TLUS 141
: TLUS 142
10. CCNTRCL CARDS FOR RESPCONSE SPECTRA, TLUS 143
NOTE=#sSKIP THESE CARDS IF ND=0 TLUS 144
12A. FREQUENCY CONTROL (2F10.4y [5) ___TLUS 145
T IF THIS CARD IS BUANK THE STANDARD YALUES  TLUS 146
FSTRT=0.4FLAST=40. +NINT=40 ARE ASSUMED TLUS 147
THIS WILL LEAG TO A PLOT WHICH FILLS ONE PAGE. TLUS 148
1-10 FSTRY FIRST FREQUENCY LSED IN RESPONSE SPECTRUM TLUS 149
ANALYS1S. =~HZ TLUS 150
11-20 FLAST LAST FREQUENCY USED IN RESPONSE SPECTRUM TLUS 151

oot TTOANALYSIS, ez 7T T T TLUS 152 7
21=-25 NINT TOTAL NUMBER OF FREQUENCY STEP FOR RESPONSE TLUS 153
SPECTRA. ‘ TLUS 154
L10B. DAMPINGS (BF10.4} TLUS 155
1-10 DAMP{1) ) . TLUS 156
* DAMPING 'RATIOS FCR RESPONSE SPECTRA . Ttus 157
CAMPINDY — ~ . 7 ’ - T TLUS 158
"TLUS 159
11. NODAL POINT QuUTPUT CONTROL CARDS (415) = NOUT CARDS TLUS 163
NDTEx**3K IP THESE CARDS IF NOUT=0. TLUS 161
1- 5 M NODAL PCINT AUMBER WHERE QUTPUTS ARE REQUIRED. TLUS 162
M MUST BE LESS THAN NBL TLUS 163

6-10 KEYSPCI3M~2) OQUTPUT CONTROL "IN X DIRECTION™ TLUS Lo4 ™
11~15 KEYSPC(3M-L1}) OUTPUT CONTRCL IN Y DIRECT ION TLUS 165
16=20 KEYSPC{ 34)  DUTPUT CONTROL IN Z DIRECTION TLUS 166
: : TLUS 167
CODES FOR XEYSFC =~ YALUES TLUS &8
D--MAXIMUM ACCELERATION ONLY TLUS 169

T T T T T T T T T S FLCT TACC, T IME HISTORY TLUS 170
10~-PLOT ACC. AND VELOCITY RESPONSE SPECTRUM TLUS 171
100—PUNCH ACC, TIME HISTORY TLUS 172
1000-~PLCT FOURIER AMP. OF ACCEL ERAT IGN TLUS 173
10000--PLOT AMPLIFICATION FUNCT. TLUS 174
TLUS 175
SUM THESE VALUES FLR SEVERALTOPTIONS ™~ —  — T{US 17s
TLUS 177
12. CUTPUT CONTROL CARDS FOR STRESSES -NEL S CARDS [215) Lus 178
i1- 5 NSTRIN) ELEMENT NUMBER AT WHICH STRESS TIME HISTORY 1S TLUS 179
ASKED ' TLUS 18D
&—10 XEYSTRIN} CUTPUT CCNTRCL GF STRESS rlne HISTORY TLUS 181
o ’ S CODES FOR KEYSTR™ ~ 7~ TTETTTTTTTUUTLYS (82
1-=PLOT TIME HISTORIES DF STRESSES TLUS 183
10--PRINT TIME HISTORIES OF STRESSES TLUS 184
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100-—-PUNCH TIME HISTORIES OF STRESSES TLUS 185
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TLUS 186
SUM THESE WVALUES FCR CCHMBINED CPTIONS TLUS 187
TLUS 188
13. ELEMENT CARDS (914,312 ,F4.3,3F10.45F4.3) B . TLUS 18%
’ 1- 4 N " T ELEMENT NUMBER T ) TLUS 190
5= 8 NPL(N) SEQUENCE NO. OF NODAL POINT 1 TLUS 191
9=12 NPZ{NI SEQUENCE NO. CF NOCAL POINT 2 TLUS 192
13-16 NP3(N) SEQUENCE NO, OF NCOAL PGINT 3 TLUS 193
17-20 NP4 {N) SEQUENCE ND. OF NODAL POINT 4 TLUS 194

21-24 NPS(N} SEQUENCE NO. CF NCDAL PCINT 5 __TLus 195
25=28 NP6INY SEQUENCE NO. CF KCDAL POINT & TLUS 196
29=32 NP7 N} SEQUENCE NO. CF NODAL POINT 7 TLUS 187
33-36 NPS{N) SEQUENCE ND. OF NCDAL PCINT 8 TLUS 198
37~33 MTYPEIN) MATERIAL TYPE NUMBER. O MEANS MATERIAL WITH TLUS 199
STRAIN~INDEPENDENT PROPERTIES. TLUuS 200

IF KMATYP=1, 1 MEANS CLAY AND 2 MNEANS S5AND.  TLUS 201
3940 LX T UGENERATION INCREMENT - TTTTTLUS 202
41=42 IDELIN IDENT IFICATICN NO. OF THE ELEMENT TLUS 203
43-48 POIN) POISSON S RATIC. HMuUST BE LESS THAN 5 TLUS 204
47~56 CENS(N) UNIT WEIGHT -PCF TLUS 205
57-66 S3UNI MAX, SHEAR MCDULUS =~KSF TLUS 206
67~76 GI{NI INITIAL ESTIMATE OF SHEAR MODULUS ~KSF TLUS 207
T71-80 XL{N} INIT{AL ESTIMATE OF FRACTION DF CRITICAL DAMPINGTLUS 208

NN N e e ta NatataTakatalniakalakakaiaiakaRataksinkakalinReRsiakatakaRakataNaNaRaNa o ala N ot oo NaRa ko N o R e R a Ko AR RS R R RRE SR IR

TLUS 209
ELEMENT CARDS MUST BE IN NUMERICAL SEQUENCE. IF TLUS 210
CARDS ARE OMITTED THE ELEMENTY DATA WILL BE TLUS 211

GENERATED XITH THE SAME MATERIAL PROPERTIES AND TLUS 212
WITH KNCDES INCREMENTED BY LX ON THE PREVIOUS TLUS 213
ELEMERNT, "LAST ELERENT CARD MUST BE PRGVIDED,  TLUS 214
ELEMENTS WETH TRE SAME 1D NO, (DIFFERENT THAN Q1 TLUS 215

SHCULD HAVE THE SAME GECMETRY. NDRMALIZED STIF. TLUS 216
AND MASS MATRICES RILL THEN BE DUPLICATED. TLUS 217
- TLUS 218
14, MATERIAL CURVES —KATYP GROUPS OF THREE CARDS : o TLUS 219
o .7 NOTEmw®aSKIP IF MATYP=D ORTKMATYP={" 7~ T TLUS 223
14A. IDENT IFICAT ION' {15, 12A6!} TLUS 221
1~ 5 N MATERIAL TYPE AUMBER TLUS 222
6=77 TTL MATERIAL IDENTIFICATION TLUS 223
148, SHEAR MODULUS REDUCT IDN FACTORS (11F5.3) TLUS 224
I- 5 REDUCTICN FACTOR AT 10%*(-4.0) PER CENT STRAIN TLUS 225
6~10 REDUCT ICN FACTOR AT 10%%{~3.5) PER CENT STRAIN TLUS 226
11-15 REDUCTICN FACTOR AT 10#%(-3,0) PER CENT STRAIN TLUS 227
1620 REDUCTICN FACTOR AT 10#*(-2.5} PER CENT STRAIN TLUS 228
21~25 REDUCTICN FACTDR AT 10%#(-2.01 PER CENT STRAIN TLUS 229
26-30 REDUCTICN FACTOR AT 10%#(-1.51 PER CENT STRAIN TLUS 230
31-35 REDUCTION FACTOR AT 10s%(-1,0) PER CENT STRAIN TLUS 231
36~40 REDUCT ION FACTOR AT 10%#{-0.5} PER CENT STRAIN ~~ 7 TLus 232
41~45 REDUCTICN FACTOR AT 10%#*(=0.0) PER CENT STRAIN TLUS 233
46-50 REDUCTION FACTOR AT 10®={ 0.5} PER CENT STRAIN TLUS 234
51~55 REDUCT ION FACTOR AT 10##{ 1.0) PER CENT STRAIN TLUS 235
14C. FRACTICNS OF CRITICAL DAMPINGS IN PER CENT (11F5.3) TLUS 236
1~ 5 DAMPING AT 10#»(-4,0} PER CENT STRAIN TLUS 237
6-10 DAMPING AT 10#%{~3,5) PER CENT STRAIN ~~ 7~~~ 777 =  TLUS 238
11~15 DAMPING AT 10%##{~3.0) PER CENT STRAIN TLUS 239
16~20 DAMPING AT 10#%3(-2.5) PER CENT STRAIN TLUS 249
21~25 DAMPING AT 10#%%{~2.0) PER CENT STRAIN TLUS 241
26~30 DAMPING AT 10f%{~1,5) PER CENT STRAIN TLUS 242
31-35 DAMPING AT 10#=(-1,0) PER CENT STRAIN TLUS 243
36-40 DAMPING AT 10%%(-0.5) PER CENT STRAIN ~ = T T OTLUS. 244
41-45 DAMPING AT 10%#%(=0.0) PER CENT STRAIN TLUS 245
46=-50 DAMPING AT 10#¥( 0.5) PER CENT STRAIN TLUS 246
51-55 [AMPING AT 10%%( 1.0} PER CENT TLUS 247

STRAIN
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3.

CONTROL CARD FCR

c TLUS
C 15. NODAL PCINT CARDS (1543F10.%4,15,F10.4,15}) TLUS
o I- $ H NODAL PCINT ANUMBER TLUS
c 6=15 XORD{M) X-COORDINATE =—F7 TS
C 16=25 YORD{M) Y~COORDINATE -FT ’ T TLLS
o 26-35 ZORD{M) I-CODRDINATE ~FT TLUS
C 36-40 KEYBC{#M) KEY FOR DISPLACEMENT BOUNDARY CONDITIONS TLUS
c RELAT IVE TO MOVING RIGID BASE TLUS
o 0 = FREE POINT AND PCINTS GN RIGID BOUNOARY TLUS
C 1 -~ CANNOT MCVE IN X=DIRECTION Tius
C 2 - CANNOT MOVE IN Y-DIRECTIDN TLUS
C 3 - CANNOT MOVE IN Z DIRECTIDN TLUS
C 4 - CANNOT MOVE IN X OR Y DIRECTION TLUS
c 5 — CANNOT MCVE IN Y OR Z DIRECTION TLUS
c 6 - CANNOT MOVE [N Z OR X DIRECTION . TLUS
C 7 - FIXED ~ ) o __TLUS
c 41-50 SMASIMY WEIGHT OF MASS ACT ING AT NODAL POINT M =X iPS TLUS
C 51-55 NG GENERATOR INCREMENT TLUS
c TLUS
o NODES NEED NCT BE IN ORDER. NODAL COORDINATES  TLUS
C CAN BE GENERATED ALGNG A STRAIGHT LINE CONNECT-TLUS
C ING THE NODES ON TWO SUCCESSIVE CARDS., NODE _ TLUS
'S NUMBERS ARE CCMFUTED AS "M¥NG, M#2NG ETC, USING™ TLUS
c " "M AND NG ON THE FIRST CARD. MASS IS INTERPOLATEDTLUS
C FRCM THE TWO EMD VALUES AND THE BOUNDARY TLUS
C CCONDITIONS ARE SET EQUAL TC THOSE ON THE FIRST TLUS
C CARD IF INPUT POSITIVE OR SET TO ZER0O DYHERMWISE.TLUS
o : TLUS
£ 16. EARTHQUAXE RECCRD CARDS I ST
C 16 A. EARTHQUAKE NAME CARD (12a6) TLUS
" 1-72 EQN(L12) IDENTIFICATION OF EART HQUAKE RECORD TLUS
€ 168. EARTHQUAKE RECORD (8F3.61 =~ {A3+71/8 CARDS ‘ TLUS
C u2GtIs INPUT ACCELETATIONS-G , TLUS
c oxcxr;zeo AT THE SPECIFIED TIME INTERVAL DT. TLUS
C;;;;--__; ________ o o e S o e . TLUS
INPUT DATA FCR MODE2 ' : _— TLUS

e T T TLUS

0. OPERATION MODE CARD {[5.,11Q) SEE PT.0 ABOVE TLUS
TLUS

1. CCNTROL DATA {10151 TLUS

T T 1="8 KDISP T 7T USEE PTY.6 ABOVE TLUS
6=10 KSTRNM SEE PT.6 ABCVE TLUS

11-15 KPNCH SEE PT.6 ABOVE TLUS

16=20 NOUT SEE PT.6 ABOVE TLUS

21-25 ND SEE PT.& ABOVE TLUS

26~=30 NSKIP SEE PT.& ABOVE o TLUS

T 31-3% NELS SEE PT.6 ABOVE T T I § K1
36-40 ANUMBER SEE PT.2 ABOVE TLUS

41-45 KBLINE SEE PT.3 ABOVE TLUS

46-50 NFCRM SEE PT.2 ABOVE TLUS

TLUS

2. FREQUENCY OF ANALYSI[S CARD TLUS
“2A. MASTER CONTROL "{F1Q.4,15) 7 = = "7 770 oowmm oo s T uS
1-10 TOTFRN NEW TCTFR, SEE PT.5A ABOVE TLUS

11-1% K INTSN NEW KINTS, SEE PT.5A ABOVE TLUS

IF BLANK, PREVIOUS INTERPOLATION RANGES WILL BE TLUS

USED. TN THIS CASE, SKIP 28. TLUS

2B. (XINTS) CARDS (F10.4y 15} TLUS

" 1-10 FRKINT{I) " SEE PT.SB ABOVE ~~ 777777 7T I TLUS
11-15 KINTF{ I} SEE PT.58 ABOVE , TLUS

TLUS

FREQUENCY OF AMALYSIS TN EACH ITERATION(8F10.4) TLUS
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248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

270

211
272
273
274
275
276
271
278
279
280
281

282

283
284
285
286
267
288

289
290
291
292
293
294
295
296
297
298
299
300
301
332

304
325
306
307
308
308
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c SEE PT.9 ABOVE TLUS 310
c TLUS 311
C 4. CONTROL CARD FOR RESPONSE SPECTRA (2F10.4+15) AND (BFLO.4) TLUS 312
C SEE PT.10A AND 108 ABODVE TLUS 313
o TLUS 31%
c 5. OUTPUT CONTROL CARDS (41531 - NOUT CARDS TLUS 315
o ’ SEE PT.l2 ABOVE - TLUS 316
c 4. DUTPUY FOR STRESSES (215} ~NELS CARDS TLUS 317
c SEE PY.L2 ABOVE - TLUS 318
C - TLUS 319
e TLUS 325
C INPUT DATA FCR MODE3 . TLUS 321
Lo ' ---=-TLUS 322
C 0. OPERATICN MODE CARD (151, SEE PT.D ABOVE B ) ~ TLUS 323
c TLUS 324
o 1. CONTROL DATA {715 TLUS 325
T 1="5 KPACH SEEPT.E ABDVE TLUS 326
c &-10 NOUT SEE PT.& ABOVE _ CTLUS 327
T 11-15 ND 7~ 7 ""SEE PT.& ABOVE T - TLUS 328
C 16=20 ASKIP SEE PT.6 ABOVE R TLUS 329
t- 21-25 HELS " SEE PT.6& ABGVE . e TLUS 330
c 26=~30 KBLINE SEE PT.3 ABDVE TLUS 331
TTTTT T A1=35 KSTRN SEE PT.E ABOVE TLUS 332
c ) , TLUS 333
T L 7 2. CONTROL CARDS FOR RESPONSE SPECTRA (2F10.9+I5) AND (BFL0.4) '~ ~ TLUS 334 77
¢ e SEE PT.104 AND 102 ABOVE FLUS 335
T T T T T o TLUS 3386
€ 3. OUTPLT CONTROL CARDS {415) - NOUT CARDS TLUS 337
C SEE BT.TI ABGVE TLUS 338
£ - o _Tius 339
C 4. CUTPUY FOR STRESSES {215} =-NELS CARDS CoTm TLUS 340 77
c SEE PT.12 ABOVE _ - L CTLUS 341
(o - ' o coorT T - TTTOTLUS 342
L -===TLUS 343
COMMON XX('17 TLUS 344
c TLUS 345
i CALL SECOCND(TINML) U TOTLUS 346
PRINT &6100,TIN} i TLUS 347
i CALL INPT ¢XX,TIM1) ‘ o B TLUS 348
) GO T0 1 : TLUS 349
T B100TFORMATTT10X; 32HTINE REQUIRED FCRTCOMATLATION ™= +FIG.3,6H SEC JILUS 350
END TLUS 351
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6. EXAMPLE PRCBLEM

6.1 Problem Degcription

A fictitious earth dam founded in a V-shaped valley will be used
as an example problem for TLUSH. The geometry of the dam along with the
finite element model used in the analysis are shown in Figs., 5, 6 and 7.
It can be seen that the dam is geometrically symmetrical with respect to
the A~A and E-E planes., Since the analysis will be performed for earth-
guake motions in the x—~direction the deformation pattern of the dam will
be symmetrical with respect to the A-A plane and anti-gymmetrical with
respect to the E-E plane. Accordingly, only one guarter of the model
needs to be considered in the analysis, and symmetry and anti-symmetry
boundary conditions have to be provided on the A-2A and E~-E planes
respectively.

The response of the dam will be evaluated for an earthquake motion
digitized in 64 points at a time interval of 0.04 seconds. A guiet zone
consisting of 64 zerces will be added at the end of the record to give a
total analysis duration of 5.12 seconds. The original motion has a peak
acceleration of 0.05g but will be scaled to a peak value of 0.10g and
will be baseline corrected. The highest freguency in the Fourier spectrum
of this motion is 12.5 Hz. However, a cut-off frequency of 10 Hz will be
used in the first two iterations and one of 12.0 Hz will be used in the
third iteration.

The shells and core of the dam are assumed to be composed of sands
and clays respectively. These materials are assumed to have strain

compatible properties defined by the relationships built in the program,
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and to have a shear modulus at low strains of 1500 ksf. Unit weights of
120 and 110 pcf have been assigned to the shell sands and the core clays
respectively.

Although convergence of the strain-compatible soil properties
might be achieved in two iterations, three iterations will be performed
to illustrate operation of the program in MODELl and MODE2. Two itera-
tions will be performed using MODEl and one iteration will be done in
MODEZ2. The acceleration amplification functions, the Pourier spectra and
the acceleration time histories for nodal points 1, 3 and 19 will be com-
puted and plotted. The RMS procedure will be used for computing maximum
shear strains in MODEl and the time domain approach will be used in MODEZ.
Additionally MODE3 will be used to generate the Fourier spectrum and the
response spectra for the acceleration time history at nodal point 1 and

the stress time histories for element number 14.

6.2 Input Data Cards

Images of the data cards required for the example run are shown in
the following pages. The data is shown exactly as 1t appears on the data
cards and should be compared with the detailled description of the data

format given in section 5.






LO0HRS4 =, (20446

~,00n4a%0 - 0107
SOQURA ]
.000281 ~.Q0004

43

L038ee =

21

i 15000
EXAMPLE PROBLEN FOR TLUSH
25 44 26 18 2 2 1
128 &4 (.04 2.0
1.¢ 0.0 0.0
10,0 4
3.0 )
6.0 3
8.0 5
10.0 8
1 2 0 3 0 2 0
0.5 0.85
10.0 10. 0
1100¢1 ¢ ] o :
T 31000% [} [
1910001 o 0
T 10 l& S 1 11 15 & 2
3 12 s 7T 2 13 41 42 4
4 13 41 42 4 43 43 44 44
5 1a 17 8 5 15 1is 9 &
& 15 18 9§ & 16 38 39 7
7 16 38 3§ T 41 41 42 42
8 1T 29 33 8 18 34 35 9
9 18 24 35 9 38 38 39 3s
10 15 19 {4 10 20 20 15 1}
12 21 21 16 12 40 40 &1 13
13 40 40 41 13 43 43 43 43
14 18 22 17 14 20 23 1is 1s
15 20 23 18 IS5 21 37 38 1la
16 21 37 38 16 40 40 41 4l
17 22 28 29 11 23 33 34 18
18 23 33 34 18 37 37 38 38 2
19 24 24 22 19 25 25 23 20
23 2% 25 23 20 36 38 3T 21
21 3% 3¢ 37 21 40 40 40 40
22 24 27 28 22 25 32 33 23
23 25 32 33 23 3 35 31 37
24 26 26 27 24 31 31 32 25
25 31 31 32 2% 36 36 38 13§
1 46,0 3840 40.0
2 46.0 30.0 30.0
4 46.0 38.0 10.0
5 4840 20.0 40,0
6 46.0 20.0 30.0 .
7 46.0 20,0 77T 2008 T
B 4640 10.0 43.0
3 4b.0 10.0 30.0
10 36.0 30,0 . 40,0
13 36.0 30.0 10. ¢
14 36.0 20.0 40 .0
16 36490 26.0 20.0
17 36.0 18.0 40,0
‘18 36.0 16.0 30.0
19 24,0 20.0 40,0
21 24.0 20.0 20.0
22 24.0 10.0 40 .0
23 24.0 18.0 30.0
24 12.0 10,0 40.0
25 12.0 10.0 30.0
26 ©0,0 00.0 40,0
29 36.0 00.0 40,0
30 46,0 00,0 40,0
31 00.0 00.0 30.0
34 36,0 G0 40 30,0
T35 46,0 0 00.0 30.0
36 12.0 10.2 20.0
318 36,0 10,9 20,0
39 46,0 1¢.0 20.0
&3 24.0 20.0 10.0
41 36.0 20.0 10.0
42 46,0 20.0 10.0
43 36.0 30.0 00.0
44 46,0 30.0 00.0
*& EXAMPLE EARTHQUAXE *# 0. 04
.320204 =.000191 .030058 .0OL4&0
+013073 L, 009455 ,000374 LO18751
2013707 ~. 625755 LCLlL10C -.025240
2050000 ,000068 ,012727 ,006808

«Cl1%687 =.00%023
L0lyal =~ 0QCNA2
03118 001176
. 000197 ~.0001L 88

[ a)

11 10.45
1 10,43
1 20,45
1 10.45
1 10.45
1 20.45
1 10.4%
1 20 445
2 1 30.3%
2 30.3%
2~ 40.35
2 50.25
2 50.35
z  &0.35
2
2
2
2
2
2
2
2
2

50.35

80,35
30, 35
30,35
60,35
50. 35
60,35
30.35
408,135

i

i
1
i
1

LI‘NU\N‘!NUINNU‘

t ] t
wWoow W

SEC b4
«004111
-.022305
.0Gl5%80
Q10066
~.017%61
« 000568
-.00372%
»0Q0LES

. INPUT DATA CARDS FOR MODEl

@ s P

110,06 1500.0 900.0
110.0 1500.0 900.0
110.0 1500.0 502.0
110.0 1500.0 900.0
116.0 1500.0 900.0
110.0 1500.0 900.2
110, 0 1500, 0 500. 0
110.0 1500.90 $00.0
120, ¢ 1500.0 903 .0
120.0 1500.0 900.0
120.0 1500 .0 900 .0
120,0 1500.0 900.0
120.0 1500.0 $00.0
120,90 1500.0 90043
120.0 1500. 0 900. 0
120,0  1500,0 __ 900,0 _
120.0 1506.0 930.3
126.0 1500, 0 %00. 0
120.0 1500.0 900.0
120.0 1500.0 900 .0
120. 9 1500.0 500. 0
120,0  1500.0  900.0 O
120.0 1500, G 96G. 0
1
1
1
POINTS
.004390 , 009534 -, 00348%
-.018976 =.011557 -.048133
=-.0134}17 .023272 ~.013397
2010332 . 006%99 ~, 0014822
20038863 -,010918 ~,008641
-, 031998 +01QBEs  .008ATS
=+ 004514 001117 ~.0Q0045Q
-.000183 .DO0IF3 -.300200

53
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INPUT DATA CARDS FOR MODE2

2 15300
1 1 0
12.0 3
S0 5
i0.0 3
12.0 5
1240

111001 0
. 311001 ¢
1911001 o

3 15¢040

i 1

0.05
1 10610 0

INPUT DATA CARDS FCR MODE3
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6.3 Computer Output

The printed output correspeonding to the example problem is shown in
the folleowing pages, exactly as produced by a CDC 7600 computer, except

for some blank space in between tableg. It is once again noted that a

g}

complete record of the input data and solution remains stored on TAPEL.
This additional output of the program ig disposed onto a magnetic tape

or disc,
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21
8902
€98
L
1299
LsLl
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6641
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VAA3IA ¥4 GIHIN03Y NUWWOID ANVIY

NIWWOD MNVTE 40 HLONS N
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ON = QISP ONIdRVO wydlI4INN
xex SOLLISINILIVEVHI ONIIWVD xk*

Qong* = SSVwW C3dhN1 40 NOFLDVYd
£908* = SSVW AMNILSISNGD 40 NOLL)Dvdd
sex XIHLIVA SSYRK #x4

Q059 = NIVALS 4V3HS *343 ¥4 H0LIvy
b4 = SNI11GTd 404 SINIOG d XS
821 = ISNOAS3M *XVW CNEd 01 Sd31S
ON = S3I1p3d0dd 1INS M3k ONIHINNG
SIA = SIT1N3dNYd TI0S MIN SNILNdWOD

L}

S3A = 3dVL KO NOTLINDS WY SHIAYS T
aax V0AANOD L0gLNY xx%

ZH 000701 = 2 NOIivdsLl 4nd gasn AJNSNDIYS |
ZH  0M0"0T =T KOTEVASLI ¥o4 ¢ISN ASUIADIYY

{6 =LININIZH €J3°CT -- O0u'8

{g =ININIIH 0C0° s -— QU0 9
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-0 -ho 60 -4Q -20 [ 20 %9 60 89 120 PER CENT

4 L + + 3 * + + + ¥ +
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EEF O PLAT JF SCLELERATIUNG [3ASE ACC. PREL . ALCa2

X=CUMP, JF WCSLEAATION AT 304 PLINT L9, 100 2ER CENT CORRESAONOS Tn sl422 G

EVERY 2 Tit POIMTS ARE PLUTTED

] PEN -60 =4 =23 Q 20 42 69 80 103 PER CENT
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<010 * + * -.93T2E~01
L1 &0 * v 1 + «1114E+00
22607 + * 1 + +2518E+00
23209 + L + + —+1487E+Q0
PELI D] - + 1 + «137SE+ 20
« 4300 + + 1 - «1183E+00
35613 + 1 * + =.4883E+00
ST + i * 3 -+3BB3E+ 00
$T202 . + 1 + «1507E+ 00
LA00n - 1 + + - 2229E%2)
“3RIN - + 1 * « 29998400
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EXAMPLE PRUBLEM FOR TLUSH RUN RJUMODER =

*32 INFUI DATA e3¢ .

TGTAL NUMBER OF ELEMENTS = 25
TOTAL NUMBER OF NODAL POINTS = 44
. 18T NOOAL PGINT unN ALGI0 Base = 26
CEGREES DF FREEDDM = 15
NUMBER OF BUCUNUARY CONDITIONS =2 18
NUMBER OF ITERAIIONS = 1
NUMBER OF MATERIAL TYPES =
#&% INPUT MOTICN sas=
TOTAL NG« DF POINTS USED IN EFT = 128 ——
LAST POINT TQ BE READ = &4
TIME STEP OF RECORD = #0490 SEC.
OURATION OF RELCORD = 24560 SEC.
© QUIET ZLNE OF RELORD = 2.560 SEL.
TOTAL DURAT IDN OF aNA&LYSIS = 50120 SEC.
S L ESa MULTIPLICATION EACTOR = _2.0600. .. . — e -
MAX. ACCEL. AFTER SCALING = 20728 (G}
MOTION IN X-DJRECTIGN = 1.000G TIMES INPJT ROTION
MOTION IN Y=-QlRECTIUN = OQ. TINES [WPUT MUTION
MOTION IN I~OIRECTICN = . TIMES INPUT NOTION

——— BASE LINE (ORRECTION #wiiL BE_APELIER

44% FREQUENLY CUNTENT OF ANALYSIS o«¥
HIGHEST FREQUENCY OF ANALYSIS = 12.060 HZ
NO. OF INTERPOLATIUN RANGES.2 3

0. - 54000 MJ{KINT= 5}
5.000 -- 10.000 HI(KINT= 3}
10,000 -- 12,000 HI{KINT= 5}
FREQUENCY USED FOR ITERATION 1 = 12,000 HZ

**5¥ QUTPUT CONTROL w*v»

SAYING AMP, FUNCI{ON ON TARE
COMPUT ING NEW 50IL PROPERTIES
__PUNCHING hEW SOIL PROPERTIES.

STEPS TO FIND MAX. RESPCNSE

SKIP PCINTS FOR PLOTYING

FACTOR FOR EFFe SHEAR STRAIN

axk MASS MATRIX «x¥
FRACTION OF CONSISTENT MASS = 250943
FRALTION 3F LUMPED MASS a + 5000

sk DAMPING CHARACTERLSTICS *ew
UNIFORM DANPING USED a NG

*2% JQUTPUT REJUEREMENTS see
CaDES FOR KEYSPL
J— CQ-=MAXIMUN ACCELERATION ONLY . . . . e
1-=pLOT ACC. TIME nISTORY
19--PLOT ACC. AND VELCCITY RESPUNSE SPECTRUM
100-~PUNCH ACCs TIME hiSTORY
100Q-=PLOT FOURIER AMP. OF ALCELEHKATION
10000-=PLOT AMPLIFICATICN FUNCTION

VALUES OF KEYSPL

—— NeBeNQa . . X=CQUTPJT . _Y-QuIPUT _ L=QUTPuUT
1 11001 a o]
3 1:001 Q a

19 1ic0l e [+]

i
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#¥¢ SHEAR MODULUS AND DANP NG CURVES FLR HATERIALS wlTrh STRAIN-OQEPEMDCNT PROPEATIES #wx

STANDARD BUNLI T IN CUSVES ARF USER. .

HAT, TYPg —— IDENTIFICATICA
1 SEEQ AND IDRISS (1}97d) == CLax [
2 SEEQ AND IGRISS {1970} -- SANY

SHEAR HMUDULUS CURYES

SHEAR STAAIN I PERCENT
YAT, e ——— B T T ST ST PP -
TYPE 10#8%i-440) 10**(-3.5) Lo**(-3.0) 1O0¥*(-2,5) 1O¥e{-2,0) 10e¥(=1a%) 10*e(~1,0) Lo*s(~0,5]) Llusal ua.0) Lu*F{ u.51 [u*ri 1.9}
1 TV10E+01  J9LEv0d 47 ) - AvEsdD 20" TToT6E=01 437E-ul LL3E-01  L40E~02
2 «10E+01 - 1BE+0Q «JIEC00 «83E+0u » BBE+0O0 12E+00 +49e-01 49801 49E=31

$4€+¢00 25E+v0

DAMPING CURVES (PERCEN])

SHEAR STRALN IN PERCENT

L0) 1deal-1.51 1ovei-1.9)
1 4256401 425E+01 L 25E+3l  J3SE*01  L48ERUl L658501  L93Eeul  JI4Es02  J208e02  J26E402 L20E+02
2 +50E4G0  .B0Ev00  LLTESQL  L32E¢0l  LSSEROl  LLOE#0Z  .lsceu2 L 20E€d2  L25Eed2  .25Bed2 L25E402

n¢8 ELEHMENT DATA =3¢

NO. NPL Np2 NP2 NP4y NP S NP Y T0.kL 4] UNL] wWTa U-MAX G-UsE UMP=YSE ¥S-USE
[PCRY LKSEY (&SF) {FRACTLUN) {FPSI
H 19 14 5 1 11 13 & 2 1 1 2452 1104000 150u.Vdu 8704 847 a4 443,156
2 11 15 . & 2 12 ia . A VA Al e450. . 11U.00Q (1500.000 Tlba109 052 457,944
3 12 16 1 2 13 41 42 & 1 1 450 113,030 15344000 0924453 w3 450,224
4 13 431 42 4 43 43 44 ady R 4 2 %30 118.20G  159v.J40 799,028 ey 433,872
5 14 17 8 5 15 19 9 El 1 i 459 119,900 150340y 3772225 +d%S 411,063
b 15 i8 9 & 1¢ 33 - 39 7 1 3 4354 110,090 150d.90u 579.318 N 408,591
7 18 38 39 7 41 41 42 42 i 2 s454d 114,300 13CJ.J00 584.324 Q4% 413,573
8 i7 29 . .30 8_...ha 3% 35 k- I W Lo a8 1300220 1303403y | Bl de2 L oeual 322,893
9 18 34 EE} 9 38 38 39 39 1 2 +R30 11u. 000  1500.000 39041178 FLEY:] 415,646
io 19 19 14 Lo 20 20 15 il 2 3 +359 123,000 15000000 11254189 PLEX] 549, 473
11 20 20 15 11 21 2l ls 12 2 3 43150 1234900 15udeduu 1055.399 oL 532,164
12 21 21 16 2 440 d 41 i3 2 3 -350 120.000 1500.93¢ 135J3.39a6 «350 530.3818
13 49 40 41 13 43 43 43 43 2 4 »350 1204000 15002000 1l6leds? 339 584240
14 .19 22 0 07 . o le 2023 M3 A5 2 5. a350. . L2W.W00.. 1500000 1J20.732 w53 5234364
- 15 20 23 18 15 2l 3? 33 i6 2 > «32d 123.9d30  15060,009 $96.117 s 325 517.922
16 21 37 8 16 40 40 a1 &) 2 ] «35Q 120,000 15u0ed0u 1J37.374 e EL 519,815
17 22 28 .29 17 23 33 34 18 2 3 2339 120,000 1500.000 1043.01¢ L0350 529.033
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wee RESPCNSE SPELTRUN »ese
NUMBER QF CAMPING VALUES
FRACTION OF CRITICAL DAMPING
FIRST FREQUERCY OF SPECTRUA
LAST FREQUEALY CF SFICTRUM
NCG. OF FREQUENCY JTERS

e*s DAMPING CHARACTERISTICS #¥»
UNLFORM DAMPING USED

*»y QUTPUT AEQUIREMENTS s=s
" 77 TUCODES FOR KEYSC
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{
+0500
24000 HL

40,0000 HZ
41

O==MAXIMUM ACCELERATION E£NLY

1-~PLOT ACC. TIME

HISTORY

10=--PLOT ACC. AND VELCCITY RESPONSE SPECTRUM

1G0=-~-PUNCH ACC,

TIME W1 STCRY

1020-~PLOT FOURIER AMP, OF ACCELERATION

100C0~~-PLGT AMPLIF ICAT {CK FUNCT ION T

VALUES JF KEYSPC
NP .NO. X=-CuTeuT
1 1610

CDUES FCR KEYSTR
1--pPLOT

ouTeuT
4

TIME HISTORIES CF STRESSES oo

-QuiPuT
[}

10-=PRINT TIME HISTORIES OF STRESSES
100--PUNCH T IME HISTORIES OF STRESSES

YALUES OF XEYSTR
EL -ND. KEYSTR

14 1

sex SHEAR MODULUS AND DAMPING CUAVES FOR MATERIALS wITH STRAIN-DEPENDENT PROPERTIES #x»

STANDARD BUILT [N CURVES ARE USED
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2 SEED AND [DRISS {1970) -= Sano
SHEAR MWCOULLS CURVES - T e - L
SHEAR STRAIN IN PERCENT
AT ) o e e e e
TYPE  10%%(=4.0F 1O¥*¥(=3.5) LO¥P(=3.08 10¥*€-2.51 50¥%(=2.00 [0%*{=1.51 10%*(~1.0) LO¥*(=0.51 L0ewl 0.0) 10%+( 0.5F 10%¢( 1.0}
i +10E+Q1 «91E+00 «THE+Q0 STEHOD T T LA0EA0T T L26E#00 T LISEF00T L TEESOLT T TLATE-OL T J13E-DL 40 E-02
2 +i0EeQl «98E* Q0 «93E+ Q0 «83E+Q0 BHEEI0 S44E*Q0 «25E+00 +L2E+Q0 «49E-Q1 «49E=-01 « 49E=01
OAMPING CURVES {PERCENTS
SHEAR STRAIN IN PERCENT
HAT . -

TYPE  LO%#(=4,01 L09*i~3.5) 10%e(~3.01 10°%(-2.5) 10w» (=2.01 10¥#(-1.57 10**{=[.,0) 10%%(=0.51 10%+( (a0l LO%%{ 0.51 10%*( 1.01
1 L258401 L25E+01 $25€401 <35E+01 +4B8E+ 0L «65E¢01 93E+OL PRUY Y. F L20E402 26 E402 L29E+02
2 < 50E» Q0 « 8CE*00 LATEOL 328401 WSHESOL Ll0Ee02 BYYETH L21Ev02 . 256402 L 258402 ©258+02







er¥ ELEMENT DATA wor

ND. NPL NP2 KPT NPe NP3 NPS NPT NPB
1 10 14 H L 11 15 6 2
2 11 15 & 2 12 1w 1 3
3 12 14 7 Z I3 41 427
& 13 41 42 - 43 43 44 L
s 14 11 [] 5 15 18 9 a
& 1% 18 g 5 16 38 a9 H
1 1e is 19 7 %1 sl 2 42
& 17 29 38 :} 18 34 35 9
] i3 34 15 3 38 38 39 7 39

12 19 19 14 1o 26 20 1S 11

11 20 20 15 31 21 21 16 12
¥ 21 21 b 12 40 40 31 13

13 %0 43 41 13 43 43 43 43

14 19 22 17 1% 20 23 18 15
15 29 23 18 18 = 207737 ET- S EE

1% 21 37 18 16 s0 %0 4k 41
17 22 28 2% 17 23 33 34 18
18 23 13 14 18 31 37 38 ig

15 24 2% 22 L9 25 24 23 20
20 25 H 23 20 EL) 36 3T ER

21 36 36 EXd 21 44 Y] 4077 &)

22 24 27 28 22 25 32 33 23

23 25 32 13 23 £ 36 37 37

24 24 26 27 24 3l 31 32 25
25 E 3t 32 25 £ 36 36 36
a6 NODAL PCINT OATA #wx

N
N. P, AGRDIFT ¢ fORDIFT Y WOROLET
1 46.000 30,000 40, 000
2 %4 .000 10,000 30,400
1 464000 30.000 20.000
4 46.000 30. Gaa 10,800

5 46.000 20.000 40,000
& 46,000 20,000 30,000
? 46,300 20.000 20.000
8 46,000 10.000 40,000
S 45,008 10. 000 30,000
12 36.000 10.000 . 0,000

R Y 36.0C0 36,000 30.000
12 36.008 30. 060 20, 800
13 36,000 30 .000 10,000
14 36. 000 26. 000 40.000
15 36.303 20. 000 16. 080
té 16.000 20,000 20,000
17 36,000 10,000 : 40,000
18 16.000 10,000 30.000
19 24,900 29.000 40,000
20 24.00C 2d.0630 30.000
21 24.000 20 .000 20,4000
22 24.000 16,000 40,000
23 24.000 10,800 30,000
24 12.330 15.008 40,000
25 . 12.000 10,000 30,000
26 9. a. 40, 000
27 12.000 o. 40.000
28 24,000 R 40,000
29 36.300 Q. T &d.00a
i¢ 56,000 Q. 40.000
3l Q. G, 30.000
32 12.009 ¢. 30.000
33 24.000 0. 30.Q00
34 36,000 LB . 30,000
EE 46.000 o, 30,000
ETY 12.000 £6.000 20,330
37 24.000 10. 000 20. 000
38 36,000 14 .000 20.000
39 46.400 19.040 20,000
40 24.000 20. 600 10, 000
41 38 .000 200000 77T T H0.606
42 56,000 204000 10,000
43 364309 30. 000 Q.

44 456,200 39.000 d.

MTYPE I0.EL

PO

«430

2550

« 450
«$50
4450
»%50
250
:450

WR5QT T

£330
+ 350
-350
+350

350

+358
L350
350
4352
L350
.150

« 350
«350
=350

1 !
[ S S
| 1
1 H
1 1
L 1
L 2
i 1.
o
? 3
3 3
2 3
2 »
2 5
H H
2 &
3 5
2 &
z 3
2 3
- )
2 5
2 8
2z 3
2 4

.350

TWSSHRTRPETTTT

2350 7

UWIT wT.
(PCFL

112.300
110,000

“"1ig.o000

110,390
110,900
110,000
119,323
110. 000
© 116,000
122,330
120,000
120,000
120,000
_120.000
120,339
120.000
120.300
120,300
120,960
120.000
{25.000
120. 000
120,000
120,200
120.000

S, L.
X~0IRECTION

FIXED
FIXEQ
FIXED
EIXED
FIXEDQ
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FIXED
FiXED

3-MAX
{K$F}

1509 .000
1503.933
15004 000
15004000
1500. 000
1500. 000
1509 .200
1500. 000

15004000

150%3.323
1500.000
1530.006
1503.33)
1550, GO0

1509.06497

1502.33)
150C. 600
1500.900
1500.C00
1500, Qo0
15890380
1500.00¢
1500.400
1332.230)
1500.000Q

G-USE
1457 )

670,847
716,409

692,458

199.829
5774215
570:.316
584.308
510,382
5894178
1125.169
1055.3%9
1050.066
1161.3562
1020.782
T458.117
1307.374
1043. 018
1008.3%3
Lo0l.e86
1000, 438
1302.3%¢
1o986.019
1062.967
1122.382
1395. 698

NBARY CD9DITIONS
Y-OIRECTEON

FIXED
FIXED
FIXED

_FIXED
FIXED

FIXED
FILED
FIXED
FIagd

FLXED
FIXED
FLXEY
FIXED
FIXED
FIXE>
FIXED
FLXED
FI%ED
FIXED
FIXED
£ IXED
FIXED
E1XED
FIXED
F{XED
F1XED
FIXED
F{XED

OMP=USE
LFRACTION)

B2
La42
043
.037
049
L0850

I=DIRELT IDN

F1XeD

FIXED

FLRED

FIxeo

FIXED

FLXED

FIXED

F1xEQ
FIXED

FIXEQ
FIXED
Fl XEQ
F1XED
FIXED
FI X£D
FIXED
FLXED
FIXED
FILED
FIXED
FIxEDR
FIXED
FIXED
FLXED
FIXEQ
E(RED
F1xED
FIKED

¥i-usSk
{FPS)

443, 154
457.9%4
50,224
483,872
411,063
408,591
413,573
422,893
AL5. 446
549,473
532.164
$30. 818
558,240
523.354
517. 0082
519.915
529.033
520. 165
5184394
518.123
$18. 619
$42.308
534, 069
548,792
542.229

g9






*¢® FARTHQUAKE RECGRD *»¥

*s EXAMPLE EARTHQUAKE we

TNPUT ACCEL.

0.04 SEC &4 POINTS

PRIQR TQ sSLALING

DIF-¥S
{PERCENT)

PN L r
.

P I

MNWR OO FoE oo

MAK. ACCe = L0500 (G) AT TEME =~ L9600 SEC.
. 200204 -.000191 .000058 ,00l460 .00ALEL .004390 039534 -,.003481 3
013073 .0C9455 .000374 +CLlB79L ~. 022305 —, 018978 —.QL1557 2
L013707 -.029759  .011100 ~,02524C  .G15560 -.013417 023272 3
. 050008 .000068 .012T727 ~.006808 " L0l0656 .21Q332 004599 4
008954 - 020449 .01%687 ~.C05003 =. QL7541 .003863 -.0139L8 5
~.003450 ~.013743 .001941 -.G00942 .000568 -,001998 .010388 6
. 009841 .003B44 ~, 005115 «(COL176 —.0D3725 -.006514% .GOLI1T -.000450 7
+320281 -.00Q0221 .O00QLST -.000188 .300185 -,000188 ,0QJ193 ~,000200 3
0. a. 0. 9. 0. 0. 0 0 9
[\ 0. 0. T el T T el T d. a. 0. 15
3. Q. 0. 9. 0. 0. C. Qn Ly
Q. 0. 0. 0. 0. d. Q. [N 12
Q. Q. 0. a. Q. 3. q. 2. 13
Q. 0. Ta 0. a. Q. On [« 1%
C. [+2Y ' 0. G 2. Q. Q. 15
3. 0. 6 T TR T Tl T T AT T 50T T T T
TIME REQUIRED FOR INPST AND INIT [ALIZATION = 088 SEC
ELK G-USED G=NEW OIF-G DAMP-USED DAMP=NEW  DEF-DAMP YS-USED  VS—NEW
{KSF1 (KSFI IPERCENT ) IFAACTIONY  {FRACTION} (RERCENT) (FPS! (FPS)
1 a1, 61t. 9.8 SO b 047 &k 843, 423,
2 Tia, 682, 5.0 . 042 2083 ~% .3 458. bals
3 592, 677 2.3 D43 044 ~1.8 650. 445
4 80Q. 763, 4.8 037 -039 ~A47 484, 473,
5 577. 546, 5.7 . 049 052 L =5. 41, 400,
& 570, 555, 2.7 050 .051 ~2.5 409. 403,
7 584, 573, 1.9 1065 4050 ~1.9 414, 410.
3 610. 598, 2.1 + 047 048 -1.5 23, 418,
9 594Q. 380. L.7 048 049 =1.7 4l2,
i0 1125, 107 5. 4.6 043 Q47 =3 .9 §37.
11 1055, 18350 . 2.5 . 644 .052 525,
12 10490, 1039. 1.1 ) 050 2081 528,
13 1161, 1129, 2.9 . 039 042 550,
14 1ozt . 998, 2.3 <053 .055 518.
L5 3986, 935. 1.1 «055 056 5l4.
14 1037. 996. 1.1 . 054 .255 $17.
17 1643, 18354 .8 .0503 051 527.
i8 L0068, 959, <9 .054 +055 5184
19 1001, 949, 3.4 «Q54 £ 058 518. 513,
20 1040, 986, 1.5 D54 058 518, 514.
21 1202. 989. 1.3 « Q54 «J55 519. 515,
22 1695, 10893, o8 L0585 046 542. 541
23 1063, 1056s .7 . s0e9 2049 534. 532.
24 1122, 1116, v6 043 . 044 549, Skl
25 10%96. 1089, o 045 Py:17 3 -l.4 542, 941,
**% MAX, SHEAR STHALN CUMPUTATION IN FREQ DCMAIN
TIME REQUIRED FOR CLMPUTING STRE SS AMD STRAIN = 452 SEC

20

MAX. 3. STRAIN
{PERCENT)

JOlasl
+ 01049
01075
.Q0721
»0207Q
01972
«TL784
Q1557
Q1715
.0101¢%
21251
.aLzoo
«00B00
D lee3
«01529
.0l458
«0l224
+ 31635
-01627
#01528
. 01501
00987
<0113
+00B4S
400958






®es  PLOT OF FOURIER AMPLITUDE CF ACCEL ERAT 1ON

X-ACC. FOURIER SPECTRUM AY ACDAL PCINT Iy ID0 PER CENT CORRESPINOS TO .0303 3

O
. 19%3
.+ 39056
«5859
. 7813
«97686
1.1719
1. 3672
1.5629
1.7578
1.953¢
2.1484
2.3438
2.5391
2.7344
2.9297
3.12%0
3.3233
3. 5156
3.7109
3.9062
4. 1016
422589

4.4922

4.6875%
4.3828
5,0781
5.2734
5.4687
5.6641
5.859%
&,3547
6. 2500
64453
bab40E
5. 8359
7.0312
7.2266
T.4219
T.6172
7.8125
8.0078
842031
8. 3984
8.5937
8.7891
8. G844
9.1797
5.3750
$,5703
9.76564
5.9609
10.1563
12435106
10. 5469
10,7422
10.937%
11.1228
11.3291
1145234

L]
2k
AL 2L
*
EEZZ R L)

] 13 20 30 40 50 60 10 83 S50 100 PER
+

. * + * + +* + + + +*

1

-

1
H
A A AR e L L e
- . . + * + * + +

1
1
+
*
+
+
+
-
*
*
*
+
+
.
+
*
+
+
.
*
.
*
+
+
.
+
+
+
+
* 1
+
+
*
*
»
+
+
+
.
+
Ld
+
+
+
-
L
+
+
+
*
+
,
+
+
-
+
-
+
+
+
-

,
T et et Pt T F T 22T Y AT T 2 R e T PP TP TPt T T T ey

FREQ. tA nI

91

CENT

J1573E-15
+3350E~02
L 2368E=01
“4BBHE~O]
«1443Er00
+2343E+ 00
+2841E400
.26 15E400
«1240E+ G0
+1014E+00
L1823E200
L1115€+08
+1260E-01
. TOTIE-OL
. T9508-C1
W3761E-01
+ 1343E-01
1095E+00
9125 E=0L
< 1006E+ QO
1557800
L1593 €400
+9924E~01
+2995€=01
«2433E-01
L5918€E-02
L8163 E-0L
<LTT3E+00
25226400
L2922E+00
. 2952+ 00
L201%E+00
+8960E-01
4 841E+00
83276400
+8972E+00
+8BZSE+CO
.BHB6E+CO
«T50LE+QQ
.5239E¢00
W2915E+00
. 1362E+00
T464E-01
W29ETECIG
+&03%€+00
«2542E¥Q0
LL220E+Q0
«<5128E+ 00
+1324E400
2 75036+ 00
< T7G0Es GO
+5932E+00
. 203498¢00
+2827E400
5954 £+00
63856400
L5488E+00
SL8TE+00
+B031E+ 00
.10G0E+C1
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"Site-Dependent Spectra for Earthquake-Resistant Design," by H.B. Seed, C. Ugas and J. Lysmer - 1974
(PB 240 953)A03

“Earthquake Simulater Study of a Reinforced Concrete Frame," by P. Hidalgo and R.W. Clough -~ 1974
(PB 241 924)A13

“Nonlinear Earthguake Response of Concrete Gravity Dams,™ by N. Pal -1974 (AD/A 006 583}A06

"Modeling and Identification in Wonlinear Structural Dynamics - L. One Degree of Freedom Models,” by

N, Distefano and A. Rath - 1974 (PB 241 548)2A06

"Determination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure, Vol.I:; Description,
Theory and Analytical Modeling of Bridge and Parameters," by F. Baron and S.-H. Pang - 1975 {PB 259 407}ALS
"petermination of Seismic Design Criteria for the Dumbarton Bridge Replacement Structure, Vol. IT: Numerical
studies and Establishment of Seismic Design Criteria,” by F. Bareon and 5.-H. Pang - 1875 (PB 259 408}all

(For set of EERC 73-1 and 75-2 (PB 259 406))

"Seismic Risk Analysis for a Site and a Metropolitan Area,” by C.S. Oliveira - 1975 (PB 248 134)R09

"Analytical Investigations of Selsmic Response of Short, Single or Multiple~Span Highway Bridges.," by

M.~C. Chen and J. Penzien -~ 1975 (PB 241 454)A09

"An Evaluation of Some Methods for Predicting Seismic Behavior of Reinforced Concrete Bulldings," by S.A.
Mahin and V.V. Bertero - 1975 (PB 246 3C6)Al6

"Earthguake Simulator Study of a Steel Frame Structure, Vol. I: Experimental Results,"” by R.W. Clough and
D.T. Tang ~ 1975 (PR 243 981)}AL3

"Dynamic Properties of San Bernardino Intake Tower," by D. Rea, C.-¥Y. Liaw and A.X. Chapra - 1975 [AD/AOCB 406)
A0S

"Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vol. L: Description,
Theory and Analytical Modeling of Bridge Components,” by F. Baron and R.E. Hamati -~ 1975 (PB 251 539)A07

“Seismic Studies of the Articulation for the Dumbarton Bridge Replacement Structure, Vol. 2: Numerical
Studies of Steel and Concrete Girder Alternates,”™ by F. Baron and R.E. Hamati - 1%75 (PB 251 540)AlQ

"Static and Dynamic Analysis of Nonlinear Staxuctures," by D.P. Mondkar and G.H. Powell - 1975 (PB 242 434)Aa08
"Hysteretic Behavior of Steel Columns,” by E.P. Popov, V.V. Bertero and S. Chandramouyli - 1975 (PB 282 3853Al11
"Earthguake Engineering Research Center Library Printed Catalog,” - 1975 {(PB 243 711)226

"Three Dimensional Analysis of Building Systems {(Extended Version).," by E.L. Wilson, J.P. Hollings and
H.H. Dovey ~ 1375 (PR 243 989)A07

"Determination of Soil Ligquefaction Characteristics by large~Scale Laboratory Tests,"” by P. De Alba,
C.K. Chan and H.B. Seed ~ 1975 (NUREG 0027)A08

"A Literature Survey - Compressive, Tensile, Bond and Shear Strsngth of Masonxy,"” by R.L. Mayes and R.W,
Clough - 1978 (PB 246 292)2a10

"Hysteretic Behavior of Ductile Moment Resisting Reinforced Conerete Frame Components,” by.V.V. Bextero and
E.P. Popov -1975 (PB 246 388)A05

"Relationships Between Maximum Acceleraticn, Maximum Velecisy, Distance from Source, Local Site Conditions
for Moderately Strong Earthquakes,” by H.B. Seed, R. Murarka, J. Lysmer and I.M. Idriss ~1975 (PB 248 172)A03

"The Effzcts of Method of Sample Preparation on the Cyclic Stress-Strain Behaviorx of Sands,” by J. Mulilis,
C.X. Chan and H.B. Seed - 1975 (Summarized in EERC 75-28)
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"The Seismic Behavior of Critical Regions of Reinforeced Concrete Components as Influenced by Moment, Shear
and Axial Force," by M.B. Atalay and J. Penzien ~ 1975 (PB 258 842)Aall

“Dynamic Properties of an Eleven Story Masonry Building,” by R.M. Stephen, J.P. Hollings, J.G. Bouwkamp and
D. Jurukovski - 1975 (PB 246 945)A04

"State-of-the-Art in Seismic Strength of Masonry - An Evaluation and Review," by R.L. Mayes and R.W. Clough
1975 (PB 249 040)AaQ7

"Praquency Dependent Stiffness Matrices for Viscoelastic Half-Plane Foundations,” by A.X. Chopra,
P. Chakrabarti and G. Dasgupta - 1975 (PB 248 121)AQ7

"Hysteretic Behaviox of Reinforced Concrate Framed Walls,” by T.Y. Wong, V.V. Bertero and E.P. Popov - 1375
"Testing Facility for Subassemblages of Frame-Wall Structural Systems,” by V.V. Berterc, E.P. Popov and
T. Endc - 1975 ?

"Influence of Seismic History on the Liguefaction Characteristics of Sands," by H.B. Beed, K. Mori and
C.¥. Chan ~ 1975 (summarized in EERC 75-28)

"The Generation and Dissipation of Pore Water Pressures during Soil Ligquefaction,” by H.B. Seed, P.P. Martin
and J. Lysmer - 1975 (PB 252 648)a03

"Identification of Research Needs for Improving Aseismic Design of Building Structures,” by V.V. Bertero
1975 (PB 248 136)A05

"bvaluation of Seil Liquefaction Potential during EBarthgquakes," by H.B. Seed, I. Arango and C.K. Chan ~-1975
(NUREG 0026)a13

"Representation of Irregular Stress Time Histories by Equivalent Uniform Stress Series in Liguefaction
Analyses,” by H.B. Seed, I.M. Idriss, F. Makdisi and N. Banerijee - 1975 (PB 252 635)A03

"FLUSE - A Computer Program for Approximate 3-D Analysis of Soil-Structure Interaction Problams,” by
J. Lysmer, T. Udaka, C.-F. Tsai and H,B. Seed - 1975 {(PB 253 332)A07

"ALUSH - A Computer Program for Seismic Response Analysis of Axisymmetric Soil=-Structure Systems,”" by
E. Berger, J. Lysmer and H.E. Seed - 1975

"TRIP and TRAVEL - Computer Programs for Soil-structure Interaction Analysis with Horizontally Travelling
Waves," by T. Udaka, J. Lvsmer and H.B. Seed - 1975

"Predicting the Performance of Structures in Regions of FKigh Seismicity,™ by J. Penzien - 1975 (PB 248 130)A03

"Efficient Finite Element Analysis of Seismic Structure -Soil - Dirvection,” by J. Lysmer, H.B. Seed, T. UdaXa,
R.N. Hwang and C.-F. Tsal - 1975 (PB 253 570)R03

"The Dynamic Behavior of a First Story Girder of a Three-Story Steel Frame Subjected te Earthquake Loading,"
by R.W. Clough and L.-¥. Li =~ 1975 (PB 248 841)A05

"Barthquake Simulator sStudy of a Steel Frame Structure, Volume II - Analytical Results,” hy D.T. Tang -~ 197%
(PB 252 926)AL0 -

"ANSR-Y General Purpose Computer Program for Analysis of Non-Linear Structural Response," by D.P. Mondkar
and G.H. Powell - 1375 (PB 282 386}A08

"Nonlinear Response Spectra for Probabilistic Seismic Design and Damage Assessment of Reinforced Concrete
Structures,” by M, Murakami and J. Penzien ~ 1975 (PB 259 530)A05

"Study of a Methed of Feasible Directions for Optimal Elastic Design of Frame Structures Subjected to Earth=-
quake Ioading,” by N.D. Walker and X.$, Pister - 1975 (PB 257 781)A06

"An Alternative Representation of the Flastic-Viscoelastie Analogy," by G. Dasgupta and J.I. Sackman - 1975
(PB 252 173)A03

"Effect of Multi-Directional Shaking on Liguefaction of Sands,” by H.B. Seed, R. Pyke and G.R. Martin - 1975
{PB 258 781)R03

"Strength and Ductility Evaluation of Existing Low~Rise Reinforced Concrete Buildings - Screening Method," by
T. Ukada and B. Bresler - 1976 (PR 257 90&)Al1

"Experimental and Analytical Studies on the Hysteretic Behavior of Reinforced Concrete Rectanguliar and
T-Beams, " by S.-~Y.M. Ma, E.P. Popov and V.V. Bertero - 1976 (PB 260 843)Al2

"Dynamic Behavior of a Multistory Triangular~Shaped Building," by J. Petrowski, R.M. Stephen, E. Gartenbaum
and J.G. Bouwkanp -197¢ (PB 273 2793A07

“Barthquake Induced Deformations ©f Earth Dams,“ by N. Serff, H.B. Seed, F.I. Makdisi & C.~¥. Chang - 1976
(PB 292 Q65)A08
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“Analysis and Design of Tube-Type Tall Building Structures,” by H. de Clercg and G.H. Powell - 1976 (PB 252 220)
Al0

"Time and Frequeacy Domain Aralysis of Three-Dimensional Ground Motions, San Fernando Barthguake,” by T. Kubo
and J. Penzien (PB 260 55&)All

"expected Performance of Uniform Building Code Design Masonry Structures." by R.L. Mayes, Y. Omote, S.W. Chen
and R.W. Clough - 1876 (PB 270 098)A0S

"Cyclic Shear Tests of Masonry Piers, Volume 1 - Test Results," by R.IL. Mayes, Y. Omote, R.W.
Clough -~ 1976 (PB 264 424)A06

" Substructure Method for Earthquake Analysis of Structure - Soil Interaction,” by J.A, Gutierrez and
A.X. Chopra - 1976 {PB 257 783}A08

"Stabilization of Potentially Ligquefiable Sand Deposits using Gravel Drain Systems,” by H.B. Seed and
J.R. Backer - 1976 (PB 238 820)A04

“Influence of Design and Analysis Assumptions on Computed Inelastic Response of Moderately Tall Frames," by
G.H, Powell and D.G. Row=1%976 (P8 271 409}a06

"Sensitivity Analysis for Hysteretic Dynamic Systems: Theory and Applications," by D. Ray, K.5. Pister and
E. Polak ~ 1976 (PB 262 859)A04

"Coupled Lateral Torsicnal Response of Buildings to Ground Shaking,” by ¢.IL. Kan and A.K. Chopra -
187¢ (PR 257 907)A09

"Seismic Analyses of the Banco de America,” by V.V. Berters, 5.A. Mahin and J.A. Hollings - 1976

“"Reinforeed Concrete Frame 2: Seismic Testing and hnalytical Correlation," by R.W. Clough and
J. Gidwanl - 1976 (PB 261 323)A08

"Cyclic thear Tests of Masonry Piers, Volume 2 - Analysis of Test Results,” by R.L. Mayes, Y. Omote
and R.W. Clough - 197¢

"Structural Steel Bracing Systems: Behavior Under Cyclic Loading," by E.P. Popeov, XK. Takanashi and
C.W. Roeder ~ 1976 (PB 260 715)a0%

"Experimental Model Studies on Seismic Response of High Curved Overcrossings,” by D, Willlams and
W.G. Godden - 1976 (PB 269 548}A08

"Effects of Non-Uniforwm Seismic Disturbances on the Dumbarton Bridge Replacement Structure,” by
F. Baron and R.E. Hamati - 1976 (PB 282 9Bl)}Al6

"Investigation of the Inelastic Characteristics of a Single Story Steel Structure Using System
Identification and Shaking Table Experiments,” by V.C. Matzen and H.D. McNiven = 1978 (PB 258 453)A07

"Capacity of Columns with Splice Imperfections,” by E.P., Popov, R.M. Stephen and R. Philbrick - 19756
(PB 260 373)A04

"Response of the Olive View Hospital Main Building during the San Fernande Earthguake," hy S. A. Mahin,
V.V. Bertero, A.XK. Chopra and R. Collins - 1976 (PB 271 423)A14

"A Study on the Major Factors Influencing the Strength of Masonry Prisms," by N.M. Mostaghel,
R.L. Mayes, R. W. Clough and 5.W. Chen - 1376 (Not published)

"GADFLEA - A Computer Program for the Analysis of Pore Pressure Generation and Dissipation during
Cyelic or Barthquake Loading,' by J.R. Booker, M.S. Rahman and H.B. Seed — 1976 (PB 263 247)R04

"Seismic Safety Evaluatlon of a R/C School Building,” by B. Bresler and J. Axley ~ 1376

"Correlative Investigations on Theoretical and Experimental pynamic Behavior of a Model Bridge
Structure,” by K. Kawashima and J. Penzien - 1976 (PR 263 388}Al1

"Earthguake Response of Coupled Shear Wall Buildings,” by T. Srichatrapimuk -~ 1976 (9B 265 157)A07
"Tensile Capacity of Partial Penetration Welds," by E.P. Popov and R.M. Stephen - 1976 (PB 262 89%99)A02

“"Analysis and Design of Numerical Integration Methods in Structural Dynamics,™ by H.M. Hilber - 1976
(P 2064 410)A06

"Contribution of a Floor System to the Dynamic Characteristics of Reinforced Concrete Buildings," by
L.Z. Malik and V.V. Berterc - 1976 (PB 272 247)al3

"The Effects of Seismic Disturbances on the Golden Gate Bridge,” by F. Baron, M. Arikan and R.5. Hamati -
1976 (PB 272 279)A09

“Infilled Frames in Earthquake Resistant Constryuction," by R.E. Klingner and V.V. Bertero - 1376
(PB 265 892)Al3






UCB/EERC~77/01
UCB/EERC-77/02
UCB/EERC-77/03

UCB/EERC-77,/04

UCB/EERC-77/05

UCB/EERC-77/06

UCB/EERC-T7/G7
UCB/EERC~77/08

UCB/EERC~77/09

UCB/EERC-T7/L0

UCB/EERC-77/11

UCB/EERC~T77/12
UCB/EERC-77/13

UCB/EERC-T77 /14

UCB/EERC=77/15

UCB/EERC-77/16
UCB/EERC-77/17
UCB/EERC-77/18
UCB/EERC-77/19
UCB/EERC-77/20
UCB/EERC-77/21
UCB/EERC-77/22
UCS /EERC=77/23
UCB/EERC-77/24
UCB/EERC-77/25
UCB/EERC-77/26
UCB/EERC~77/27
UCB/EERC~77/28
YCB/EERC-T7/29

UCB/EERC~77/30

105

"PLUSH -~ A Computer Program for Probabilistic Finite Element analysis of Saismic Secil-Structure Inter-
action,” by M.P. Romo Organista, J. Lysmer and H.B, Ssed - 1977

"Seil-Structure Interaction Effects at the Humboldt Bay Power Plant in the Ferndale Farthquake of June
7, 1975," by J.E. Valera, H.B. Seed, C.F. Tsai and J. Lysmer =- 1977 (PB 265 793)}a04

"Influence of Sample Disturbance on Sand Response Yo Cyelic Loading,” by K. Mori, H.B. Seed and C.K.
Chan - 1977 (PR 267 352}A04

"Seismological Studies of Strong Motion Records,” by J. Shoja-Taheri ~ 1977 (PB 269 655)310

"Testing racility for Coupled-sShear Walls," by L. Li-Hyung, V.V. Bertero and E.P. Popov - 1977
"Developing Methodologies for Bvaluating the Earthquake Safety of Existing Buildings,” by No. 1 -

B. Bresler; No. 2 - B. Bresler, T. Ckada and D. Zisling; No. 3 - T. Ckada and B. Bresler; No. 4 - V.V.

Bertero and B. Bresler - 1977 (PB 267 354)A0E

"A Literature Survey -~ Transverse Strength of Masonvy Walls,” by ¥. Cmote, R.L., Mayes, S.W. Chen and
R,W, Clough -~ 1977 (PB 277 933)a07

"DRAIN-TABS: A Computer Program for Inelastic Earthquake Response of Three Dimensional Buildings," by
R. Guendelman-Israel and G.H. Powell - 1977 (PB 270 693)A07

"SUBWALL: A Special Purpose Finite Element Computer Program for Practical Elastic Bnalysis and Design
of Structural Walls with Substructure Option," by D.Q. Le, H. Peterson and E.P, Popov - 1977
(pB 270 567}A0S

"Experimental Evaluation of Seismic Design Methods for Broad Cylindrical Tanks," by D.P. Clough
(PB 272 280)AL3
"parthquake Ingineering Research at Berkeley - 1976," - 1977 (BB 272 S507)AQQ

"Automated Design of Earthguake Resistant Mulvistory Steel Building Frames," by N.b, Walker, Jr. -~ 1977
(BB 276 526)A0D9

"Concrete Confined by Rectangular Heops Bubjected to Axial Loads," by J. Vallenas, V.V. Bertero and
E.P. Popov ~ 1977 (PB 275 165)a06

"Seismic Strain Induced in the Ground During Earthguakes," by ¥. Sugimura - 1977 (PB 284 201)Aa04

"Bond Deterioration under Generalized Loading," by V.V. Berterco, E.P. Popov and 3. Viwathanatepa - 1277

puctile Reinforeced Concrete Moment Resisting frames," by S.W.
(PR 280 137)AQ7

“Computer Aided Optimum Design of
Zagajeski and V.V. Bertero -~ 1977

"Earthquake sSimulation a Stepping Frame with Energy-Absorbing Devices,”™ by J.M. Kelly and

D.F. Tsztoo =~ 1977 (FB

Testing of
273 506)2a04

"Inelastic Behavior of Eccentrically Braced Steel Frames under Cyelic Loadings,” by C.W. Rosder and
E,P. Popowv - 1977 (PB 275 528)AlS

"A Simplified Procedure for Estimating Earthguake~Induced Deformations in Dams and Embankments," by F.I.

Makdisil and H.B. Ssed ~ 1977 (PB 276 B2D)A04

"The pPerformance of EBarxth Dams during Zarthquakes," by H.B. Seed, F.I. Makdisi and P. de alba - 1977
{PB 276 821}1A04

"Dynamic Plastic Analysis Using Stress Resultant Finite Element Formulation," by P, Lukkunapvasit and
J.M, Xelly - 1977 {PB 275 453)a04

"rreliminary Experimental Study of Seismic Uplift of a Steel Prame,” by R.W. Clough and A.A, Huckelbridge
1877 (PB 278 769)A08

“"Barthquake Simulator Tests of a Nine-Story Steel Frame with Columns Allowed to Uplift,™ by A.A.
Huckelbridge - 1977 (BB 277 944)a09

"Nonlinear Soil-Structure Interaction of Skew Highway Bridges," by M.~C. Chen and J. Penzien - 1977
(PB 276 1761207

"Seismic Analysis of an Offshore Structure Supported on Pile Foundations," by D.D,-N. Licu and J. Penzien
1677 (PB 283 1BO)A06

"Oynamic Stiffness Matrices for Homogeneous Viscoelastic Half-Planes,"™ by C. Dasgupta and A.X. Chopra -
1977 (PB 279 654)a06

"A Practical Soft Story Earthquake Isolation System," by J.M. Kelly, J.M. Eidinger and C.J. Derham -

1977 (PB 276 814)p07

"Seismic Safety of Existing Buildings and Incentives for Hazard Mitigaticn in San Francisco: &n

Exploratory study," by A.J. Meltsner - 1977 (PB 281 970}A05

"pynamic Analysis of Electrohvdraulic Shaking Tables," by D. Rea, 5. Abedi-Hayati and ¥. Takahashi
15377 (PB 282 569)A04

“An Approach for Tmproving Seismic - Resistant Behavior of Reinforced Concarete Intericr Joints,” by
B. Galunic, V.V. Berterc and E.PB. Popov ~ 1977 (PB 290 870)A06
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"The Development of Energy-Ahsorbing Dévices for Aseismic Base Isolation Systems,” by J.M. Kelly and
D.F. Tsztoo = 1978 (PB 284 978)A04

"Effect of Tensile Prestrain on the Cyclic Response of Structural Steel Connec¢tions, by J.G. Bouwkamp
and A. Mukhopadhyay - 1978

"Experimantal Results of an Earthquake Isclation System using Natural Rubber Bearings," by J.M.
Eidinger and J.M., Kelly - 1978 (pB 281 685)A04

"Seismic Behavior of Tall ticuid Storage Tanks,” by A, Niwa - 1978 (FB 284 017)Ald

"Hysteretic Behavior of Reinforced Concrete Columns Subjected to High Axial and Cyelic Shear Forces,"
by 8.W. Zagajeski, V.V. Bertero and J.G. Bouwkamp - 1978 (PB 283 838)Al3

"Inelastic Beam-Column Elements for the ANSR-I Program,” by A. Riahi, D.G. Fow and G.H. Powell - 1978
"Studies of Structural Response to Earthguake Ground Motion," by O.A. Lopez and A.K. Chopra - 1978
(PB 282 79G}A0S

"A Laboratory Study of the Fluid-Structure Interaction of Submerged Tanks and Caissons in Earthquakes,”
by R.C. Byrd - 1978 (PB 28B4 357)a08

"Model forxr Evaluating Damageability of Structures,” by 1. Sakamoto and B, Bresler - 1978

"Seismic Performance of Nonstructural and Secondary Structural Elements," by I. Sakamoto - 1978
"Mathematical Modelling of Hysteresis Loops for Reinforced Concrete Columng," by 3, Nakata, T. Sproul
and J. Penzien - 1978

"Damageability in Existing Buildings,” by T.*Blejwas and B. Bresler - 1878

"Dynamnic Behavior of a Pedestal Base Multistory Building," by R.M. Stephen, E.L. Wilson, I.6. Bouwkamp
and M. Button - 1978 (PB 286 ©5Q)A08

“Seismic Response of Bridges =~ Case Studies," by R.A.
{PB 286 A03)Al0

Tmbsen, V. Nutt and J. Penzien - 1978

"a substructure Technigue for Monlinear Static ard Dynamic Analysis,” by D.G. Row and G.H. Powell -
1978 (PB 288 077)Al0

"seismic Risk Studies for sSan Francisco and for the Greater San Francisco Bay Area,” by C.3. Oliveira =~
1978

"Strength of Timber Roof Connections Subjected to Cyclic Loads," by P. Gulkan, R.L. Mayes and R.W.
Clough - 1978

"Response of K-Braced Steel Frame Models to lateral Loads,” by J.6. Bouwkamp, R.M. Stephen and
E.P. Popov - 1978

"Raticnal Design Methods for Light Equipment in Structures Subjected to Ground Metion," by
J.L. Sackman and J.M, Kelly - 18978 {PB 292 357)R04

“Testing of a Wind Restraint for Aseismic Base Iscolation,"” by J.M. Kelly and D.E.
{PB 292 833)203

Chitty - 1978
"APOLLO ~ A& Computer Program for the Analysis of Pore Pressure Generation and Dissipation in Horizontal
Sand layers During Cyclic or Earthquake toading," by P.P. Martin and H.B. Seed - 197B (PR 292 B35)A04

"Optimal Design of an Barthguake Iscolation System,” by M,A. Bhatti, X.S. Pister and E. Polak - 1978
{(PB 294 735)AD6

"MASH - A Computer Program for the Non-~Linear Analysis of Vertically Propagating Shear Waves in
Horizontally Layered Deposits," by P.P. Martin and #.B. Seed - 1978 (PB 293 101)A05

"Investigation of the Elastic Characteristics of a Three Story Stesl Frame Using System Identification,”
by I. Kava and H.D. McNiven - 1973

"Investigation of the Nonlinear Characreristics ©f a Three-Story Steel Frams Using System
Identification," by I. Kaya and H.D. McNiven - 1978

“Studies of Strong Ground Motion in Taiwan," by Y.M. Hsiung, B.A. Bolt and J. Penzien - 1978
"Cyclic Loading Tests of Masonry Single Piers: Volume 1 - Height to Width Ratioc of 2," by p.A, Hidalqgo,
R.L. Mayes, H.D. McNiven and R.W. Clough - 1978

"Cyclic loading Tests of Masonry Single Piers: Volume 2 - Height to Width Ratic of 1," by 5.~W.J. Chen,
P.A. Hidalgo, R.L. Maves, R.W. Clough and E.D. McNiven ~ 1978

"Analytical Procedures in Soil Dynamies,” by J. Lysmer - 1978
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feinforced Concrese Beam~Colimn Subassemblages,” by 8, Porzani,
1979 (78 298 267) A0é

*dysteretic Behavior of Lightweight
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mCyclic Sehavier of Dense Course-Grained
N.G. Banerdes, H.8, Seed and C.K. ¢han -~

Materials in Relation ta the Selsmic Stability of Dams,™ by
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July 1979 (P8 80 113 301)acs

"soil Strueture In%eractien in Differant Seismic Envirdnments,™
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“The Design of Steel Energy-Absorbing Restraisners and their Incorporation into Nuclear Power Slants
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"Modelling of Soil-Structure Intaraction by Finitz and Infinite Elements,” by F. Medina

"Control of Seismic Response of Piping Svstems and
Other Structures by Base Isolation," edited by
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