USER S MANUAL
FOR

SHAKE91

A Computer Program for Conducting Equivalent Linear
Seismic Response Analyses of Horizontally Layered Soil Deposits

Program Modified based on the Original SHAKE program published in
December 1972 by Schnabel, Lysmer & Seed

Modifications by

I. M IDRISS
JOSEPH I. SUN

Sponsored by

Structures Division
Building and Fire Research Laboratory
National Institute of Standards and Technology
Gaithersburg, Maryland

Center for Geotechnical Modeling
Department of Civil & Environmental Engineering
University of California
Davis, California

August 1992



TABLE OF CONTENTS

Page Number

INTRODUCTION ..ottt sae e e 1
MODIFICATIONS IMPLEMENTED IN SHAKESI ..o 2
DESCRIPTION OF THE PROGRAM ... et 2
Available OPtiONS ......ccooiiiiiiii i 3
INPUT DATA oottt 4
Option 1 -- Dynamic Scil Properties ... 4
Option 2 -- Soil Profile ... 5
Option 3 -- Input (Object) MOtON ...ooooiiimiiiiiiins 6
Option 4 -- Assignment of Object Motion to a Specific
SUDBIAYET ..o 7
Option 5 -- Number of Iterations & Ratio of Equivalent
Uniform Strain to Maximum Strain ... 7
Option 6 -- Computation of Acceleration at Top of
Specified Sublayers ... 7
Option 7 -- Computation of Shear Stress or Strain Time
History at Top of Specified Sublayers ..o 8
Option 8 -- Save Time History of Object Motion .......... 8
Option 9 -- Response SPectrum ... 8
Option 10 -- Amplification Spectrum ..., 9
Option 11 -- Fourier SPectrum ........cocoommmmrninincnenn. 9
Program Termination ... 10
OU T PU T et e e e e 10
COMPUTER LISTING ..o 10
SAMPLE PROBLEM ......ooiiiiiiiiee i e 10
CONCLUDING REMARKS ... 10
ACKNOWLEDGMENTS e 10
REFERENCES .ottt e 11

APPENDIX A -- COMPUTER LISTING

APPENDIX B -- SAMPLE PROBLEM



LIST OF TABLES
Table 1 -- Sample Input
Table B-1 -- Input Data For Sample Problem

Table B-2 -- Results For Sample Problem

LIST OF FIGURES

Fig. 1 -- One - Dimensional Idealization of a Soil Profile
Fig. B-1 -- Shear Wave Velocities Used for Sample Problem
Fig. B-2 -- Modulus Reduction and Damping Values Used for Sample Problem

Fig. B-3 -- Acceleration Time History and Spectral Ordinates for EW Component
Recorded at Diamond Heights

Fig. B-4 - Calculated Shear Strains and Strain-Compatible Damping and Shear Wave
Velocities for Sample Problem Using Diamond Heights Record as Input
Motion

Fig. B-5 -- Calculated Shear Stresses and Accelerations for Sample Problem Using
Diamond Heights Record as Input Motion

Fig. B-6 -- Acceleration Time History and Spectral Ordinates for Computed Motion at the
Ground Surface Using Diamond Heights Record as Input Motion

Fig. B-7 -- Calculated Amplification Spectrum for Sample Problem Using Diamond
Heights Record as Input Motion

Fig. B-8 -- Time Histories of Shear Strains and Stresses Calculated at Depths of 20 and 60
ft for Sample Problem Using Diamond Heights Record as Input Motion

1



USER-S MANUAL
FOR

SHAKE91

A Computer Program for Conducting Equivalent Linear
Seismic Response Analyses of Horizontally Layered Soil Deposits

Program Modified based on the Original SHAKE program published in
December 1972 by Schnabel, Lysmer & Seed

Modifications by
I. M Idriss! and Joseph L. Sun?
INTRODUCTION

The computer program SHAKE was written in 1970-71 by Dr. Per Schnabel and
Professor John Lysmer and was published in December 1972 by Dr. Per Schnabel and
Professors John Lysmer and H. Bolton Seed in report No. UCB/EERC 72/12, issued by
the Earthquake Engineering Research Center at the University of California in Berkeley.
This has been by far the most widely used program for computing the seismic response o1
horizontally layered soil deposits.

The program computes the response of 2 semi-infinite horizontally layered soil deposit
overlying a uniform half-space subjected to vertically propagating shear waves. The
analysis is done in the frequency domain, and, therefore, for any set of properties it is a
linear analysis. An iterative procedure is used to account for the nonlinear behavior of the
soils as summarized below.

The object motion (ie, the motion that is considered to be known) can be specified at the
top of any sublayer within the soil profile or at the corresponding outcrop.

The program SHAKE was originally written for a main frame computer. It was
converted for use on a personal computer by Dr. S. S. Lai in 1985; almost everything else
remained identical to the original computer program. While there have been many
modifications and several editions of the program SHAKE have been referenced in recent
publications, the version included herein constitutes the most extensive modifications to

1Department of Civil Engineering, University of California, Davis
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the original program. The intent of the modifications was to make the program more
convenient for use with a personal computer.

MODIFICATIONS IMPLEMENTED IN SHAKE91
The main modifications incorporated in SHAKE91 include the following:

. The number of sublayers was increased from 20 to 50; this should permit a more
accurate representation of deeper and/or softer soil deposits.

« Removed all built-in modulus reduction and damping relationships. These
relationships are now specified by the user; up to 13 different relations of modulus
reduction, G/Gpax, versus shear strain and damping ratio, A, versus shear strain can
be specified as part of the input file. A number of published variations of G/Gpax and
% with shear strain are available in the literature (eg, Hardin and Drnevich, 1970; Seed
and Idriss, 1970; Seed et al, 1986; Sun et al, 1988; Vucetic and Dobry, 1991).

« The maximum shear velocity or the maximum medulus are now specified for each
sublayer; again these are part of the input and therefore the program no longer
calculates modulus values as a function of either confining pressure or shear strength.
The user specifies the maximum values, which are derived by the user.

+ Object motion is now read from a separate file; the number of header lines and format
are specified by the user.

« Other clean-up included: renumbering of options, elimination of infrequently used
options, user specified periods for calculating spectral ordinates ... etc.

DESCRIPTION OF THE PROGRAM

The soil profile is idealized as a system of homogeneous, visco-elastic sublayers of infinite
horizontal extent: the idealized soil profile is shown in Fig. 1. The response of this system
is calculated considering vertically propagating shear waves. The algorithm in the original
program SHAKE (Schnabel et al, 1972} is based on the continuous solution to the wave
equation (Kanai, 1951; Matthiesen et al, 1964; Roesset and Whitman, 1969; Lysmer et al
1971), which was adapted for transient motions using the Fast Fourier Transform
techniques of Cooley and Tukey (1965). The program SHAKE9I retains this feature of
the original program. Details pertinent to the derivation of the applicable equations of
motion and solution of these equations are summarized in the original SHAKE manual, in
the aforementioned references and in most textbooks on wave propagation.

An equivalent linear procedure (Idriss and Seed, 1968, Seed and Idriss, 1970) is used to
account for the nonlinearity of the soil using an iterative procedure to obtain values for
modulus and damping that are compatible with the equivalent uniform strain induced in
each sublayer. Thus, at the outset, a set of properties (shear modulus, damping and total



unit weight) is assigned to each sublayer of the soil deposit. The analysis is conducted
using these properties and the shear strains induced in each sublayer is calculated. The
shear modulus and the damping ratio for each sublayer are then modified based on the
applicable relationship relating these two properties to shear strain. The analysis is
repeated until strain-compatible modulus and damping values are arrived at. Starting with
the maximum shear modulus for each sublayer and a low value of damping, essentially (ie,
difference less than one percent) strain-compatible properties are obtainedin 5to 8
iterations for most soil profiles.

The following assumptions are incorporated in the analysis (Schnabel et al, 1972):

« Each sublayer, m, is completely defined by its shear modulus, Gy, damping ratio, A,
total unit weight, vy (or corresponding mass density, pr) and thickness, hpy,; these
properties are independent of frequency.

«  The responses in the soil profile are caused by the upward propagation of shear waves
from the underlying rock half-space.

o The shear waves are specified as acceleration ordinates at equally spaced time
intervals. (Cyclic repetition of the acceleration time history is implied in the solution).

« The strain dependence of the shear modulus and damping in each sublayer is
accounted for by an equivalent linear procedure based on an equivalent uniform strain
computed in that sublayer. The ratio of this equivalent uniform shear strain divided
by the calculated maximum strain is specified by the user (see Option 5 below) and is
assumed to be the same for all sublayers.

Available Options

The options incorporated into SHAKE9I are as follows:

Option Number Description

1 dynamic soil properties

2 data for soil profile

3 input (object) motion

4 assignment of object motion to
the top of a specified sublayer

5 number of iterations specified

& ratio of uniform strain to
max strain
6 sublayers at top of which peak

accelerations & time histories
are computed and saved




7 sublayer at top of which time
history of shear stress or strain
is computed and saved

g save time history of object
motion
9 compute response spectrum
10 compute amplification
spectrum
11 compute Fourier amplitudes

Note that the original program SHAKE included 16 opticns and that the modified
program includes only 11; the five options eliminated pertain mostly to plotting and to
adjusting the time increment all of which can best be done in auxiliary programs.
INPUT DATA
The input data are provided in an input file that is specified directly from the key board at
the time of program execution; a sample input 18 presented in Table 1. As can be noted in
the table, each option starts with the following two lines:
Line No. 1 (Format: A80)
columns 1 - 80 Identification information for this option (this line cannot be blank)
Line No. 2 (Format: 13)
columnl-5 Option Number

The specific inputs for each option are presented below.

Option 1 — Dvnamic Soil Properties

« first line after option number (Format: I5)
columnl-5 Number of materials included (maximum is 13}
then, for each material, the following input should be supplied:

first line (Format: I5, 11A6)

columnl-5 number of strain values to be read {maximum is 20)
column 6 - 71 identification for this set of modulus reduction values

second & consecutive lines (Format: 8F10.0)



column 1 - 80 strain values, in percent, beginning with the lowest value. Eight
entries per line (maximum is 20)

consecutive lines (Format: 8F10.0)
column 1 - 80 values of modulus reduction (G/Gmax) €ach corresponding to the
shear strain provided in the previous lines; these values should be in

decimal not in percent.

the second set for the same material will consist of identical information except that values
of damping (in percent) are provided as illustrated in Table 1.

After the last set is completed, the following information is to be provided (Format: 16I5):

columnl -5 number, N, of materials to be used in this analysis
column 6 - 10 first material number which will be used

column 11 - 15 second material number to be used

column 16 - 20 third material number to be used

etc until all N materials are identified.

Values of G/Gpax and A versus strain for these N materials will then be saved in output
file No. 1 (see section on OUTPUT below) so that only the material properties used in this
analysis are saved in this file. This feature was added for the convenience of the user whe
can include up to 13 sets of material properties in the input file but for any one analysis
uses fewer than 13. This feature also provides a check that the intended material
properties were utilized in the analysis.

Option 2 - Soil Profile

o first line after option number (Format: 215, 5X, 6A6)

columnl -3 soil deposit number; may be left blank
column 11 -10 number of sublayers, including the half-space
column 16 - 51 identification for soil profile

« second and subsequent lines; one line for each sublayer, including the half-space
(Format: 2I5, 5X, 5F10.0)

columnl -5 sublayer number
column 11 - 10 soil type (corresponding to numbers assigned to each material in
Option 1).

[Note that if this material type is given as 0 (zero) for all sublayers,
then the calculations are conducted for only one iteration using the



column 16 - 25
column 26 - 35

column 36 - 45
column 46 - 55
column 56 - 65

properties (modulus, or shear wave velocity, and damping)
specified in this input].

thickness of sublayer, in feet

maximum shear modulus for the sublayer, in ksf (leave blank if
maximum shear wave velocity for the sublayer is given)

initial estimate of damping (decimal)

total unit weight, in ksf

maximum shear wave velocity for the sublayer, in ft/sec (leave
blank if maximum shear modulus for the sublayer is given)

For the half-space, leave columns 16 to 25 blank; ie, no thickness should be specified for

the half-space.

Option 3 — Input (Object) Motion

« first line after option number (Format: 215, F10.3, A30, Al2)

columnl-35
column 6 - 10

column 11 - 20
column 21 - 50
column 51 - 62

number, NV, of acceleraticn values to be read for input motion
number, MA, of values for use in Fourier Transform; MA should be
a power of 2 (typically, this number is 1024, 2048 or 4096). Note
that MA should always be greater than NV. The following may be
used as a guide: for NV < 800, MA can be 1024, for NV < 1800,
MA can be 2048 and for NV < 3800, MA can be 4096. The
current program is limited to a maximum value of 4096 for MA.
For those rare occasions when MA = 8196 is needed, the size of the
COMMON block and the length of the variable MAMAX in the
MAIN Module (see Appendix A) should be changed to 51220 and
8196, respectively.

time interval between acceleration values, in seconds

name of file for input (object) motion

format for reading acceleration values

« second line after option number (Format: 3F10.0, 2IS)

columnl - 10

column 11 - 20

column 21 - 30

column 31 - 35
column 36 - 40

multiplication factor for adjusting acceleration values; use only if
columns 11 - 20 are left blank

maximum acceleration to be used, in g's; the acceleration values
read-in will be scaled to provide the maximum acceleration
specified in these columns; leave columns 11 - 20 blank if a
multiplication factor is specified in columns 1 - 10.

maximum frequency (ie, frequency cut-off) to be used in the
analysis

number of header lines in file containing object motion

number of acceleration values per line in file containing object
motion



Option 4 — Assianment of Object Motion to a Specific Sublayer

« first line after option number (Format: 2I5)

columnl -3 number of sublayer at the top of which the object motion is
assigned
column 11 - 10 use O (zero) if the object motion is to be assigned as outcrop

motion, otherwise
use 1 (one) if the object motion is applied within the soil profile at
the top of the assigned sublayer

Option 5 — Number of Iterations & Ratio of Equivalent Uniform Strain to Maximum
Strain

« first line after option number (Format: 215, F10.0)

columnl -5 parameter used to specify whether the strain-compatible soil
properties are saved after the final iteration; set = 1 if these
properties are to be saved; otherwise leave columns 1 - 5 blank

columnl - 10 number of iterations

column 11 - 20 ratio of equivalent uniform strain divided by maximum strain,
typically this ratio ranges from 0.4 t0 0.75 depending on the input
motion and which magnitude earthquake it is intended to represent.
The following equation may be used to estimate this ratio:

[ratio=(M-1)/10]

in which M is the magnitude of the earthquake. Thus, for M =5,
the ratio would be 0.4, for M = 7.5, the ratio would be 0.65 ... etc.

Option 6 — Computation of Acceleration at Top of Specified Sublavers

can specify a maximum of fifteen sublayers; if accelerations for more than 15 sublayers
are desired, then repeat Option 6 as many times as needed

« first line after option number (Format: 15I5)

column 1-75 array indicating the numbers of the sublayers at the top of which
the acceleration is to be calculated

+ second line after option number (Format: 15I5)

column 1 -75 array specifying types of above sublayer: 0 (zero}) for outcropping
or 1 (one) for within the soil profile

« third line after option number (Format: 1515)



column1-75 array to specify the mode of output for the computed accelerations:
0 (zero) if only maximum acceleration is desired or 1 (one) if both
the maximum acceleration and the time history of acceleration are
to be calculated and saved

Option 7 — Computation of Shear Stress or Strain Time History at Top of Specified
Sublayers

can specify a maximum of two sublayers; if stress or strain time histories for more than
two sublayers are desired, then repeat Option 7 as many times as needed

« first line after option number (Format: 5I5, F10.0, 5A6)

column ! -5 number of sublayer

column 11 - 10 set equal to 0 (zero) for strain or 1 (one) for stress

column 11 - 13 set equal to one to save time history of strain or stress

column 16 - 20 leave blank

column 21 - 23 number of values to be saved; typically this should be equal to the
number NV (see Option 3 above)

column 26 - 35 leave blank

column 36 - 65 identification information

. second line after option number (Format: 5I5, F10.0, 5A6)

same as the above line for the second sublayer
Note that the time histories of shear stresses or strains are calculated at the top of the
specified sublayer. Thus, if the time history is needed at a specific depth within the soil
profile, that depth should be made the top of a sublayer. The time history of stresses or
strains is saved in second Output file.

This options should be specified after Option 6 as shown in Table 1 and in Table B-1.

Option 8 — Save Time History of Object Motion

Although this option was retained, its purpose is most easily accomplished in Option 6.

Option 9 — Response Spectrium

« first line after option number (Format: 215)

columnl-5 sublayer number
column 6 - 10 set equal to O (zero) for outcropping or equal to 1 (one) for within



« second line after option number (Format: 215, F10.0)

columnl-35 number of damping ratios to be used
column 6 - 10 set equal to O (zero)
column 11 -20 acceleration of gravity

« third line after option number (Format: 6F10.0)
column 1 - 60 array for damping ratios (in decimal)

Option 10 —- Amplification Spectrum

« first line after option number (Format: 415, F10.0, 8A06)

columnl-5 number of first sublayer

column 6 - 10 set equal to 0 (zero) for outcropping or equal to 1 (one) for within
column 11 -15 number of second sublayer

column 16 - 20 set equal to O (zero) for outcropping or equal to 1 (one) for within
column 21 - 30 frequency step (in cycles per second); the amplification spectrum

is calculated for 200 frequencies using this frequency step and
starting with O
column 31 - 78 identification information

[The amplification spectrum is the ratio of the amplitude of motion at the top of the
second sublayer divided by that at the top of the first sublayer].

If the amplification spectrum is desired for two other sublayers, Option 10 can be
repeated as many times as needed.

Option 11 — Fourier Spectrum

« first line after option number (Format: 5I5)

columnl-5 number of the sublayer

column 6 - 10 set equal to O (zero) for outcropping or equal to 1 (one) for within
column 11 -15 set equal to 2 (two) if spectrum is to be saved to file

column 16 - 20 number of times the spectrum is to be smoothed

column 21 - 25 number of values to be saved

The following expression (Schnabel et al, 1972) is used to smooth the Fourier spectrum:

AL T4+ A,
4 4

in which Aj is the amplitude of the spectrum for the ith frequency.



A second line is always needed when using Option 11. Thus, either provide a second line
for another sublayer or repeat the information provided in the first line in a second line.

Tt may be noted that calculation of Fourier amplitudes for a specific accelerogram is best
accomplished in an auxiliary program.

Program Termination

For program termination, provide a line that contains information that execution will
terminate when the number is encountered as an option number; the line following this
information should have 0 (zero) with a format of 15. Execution will then terminate.

oOUTPUT

The output of the program is contained in two files. The first file echoes much of the input
information and contains the results of each iteration, the listing of calculated maximum
shear siresses and strains, maximum acceleration, response spectrum, Fourier spectrum
and amplification spectrum, as appropriate. The second file contains all the time histories
requested. The name of each file is specified by the user at the time of program execution
directly from the key-board.

COMPUTER LISTING

The FORTRAN listing of program SHAKE9I is given in Appendix A.
SAMPLE PROBLEM

The results for a sample problem are given in Appendix B.
CONCLUDING REMARKS

The computer program SHAKE has been widely used throughout the United States and in
many parts of the world for conducting ground response studies. Its use in recent studies
involving recordings obtained at several sites from the 1989 Loma Prieta earthquake (eg,
Idriss, 1990; Dickenson et al, 1991; Idriss, 1991, Rollins et al, 1992; Yokel, 1992) have
indicated that the calculated surface motions are in reasonably good agreement with the
recorded values when the appropriate soil properties and input rock motions are used.
Therefore, this program remains a convenient tool for conducting such analyses at many
sites and for a variety of applications.
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Table 1

Sample Input
option 1 - dynamic soil properties - (max is thirteen):
1
3

11 #1 modulus reduction for clay (Sun et al, 1988) upper range
0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3
1. 3. 10.

1.000 1.000 1.000 0.981 0.941 0.847 0.656 0.438
0.238 0.144 0.110

11 damping for clay (Idriss 199C) -

0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3
1. 3.16 10.

0.24 0.42 0.8 1.4 2.8 5.1 9.8 15.5
21. 25. 28.

11 #2 modulus reduction for sand (seed & idriss 1970) - upper Range
0.0001 0.0003 0.001 - 0.003 0.01 0.03 0.1 C.3
1. 3. 10.

1.000 1.000 0.990 0.960 0.850Q0 0.640 0.370 0.180
0.080 0.050 0.035

11 damping for sand (Idriss 1990} - (LRng from seed & idriss) 1870)
0.0001 0.0003 ¢.001 0.003 0.01 0.03 0.1 0.3
1. 3. 10.

0.24 0.42 0.8 1.4 2.8 5.1 5.8 15.5
21. 25. 28.
8 #3 modulus for rock half space (Schnabel et al, 1872)
.0001 0.0003 0.001 0.003 0.01 0.03 0.1 1.0
1.000 1.000 0.5875 0.9525 0.900 0.810 0.725 0.55¢C
5 Damping in Rock (Schnabel et al, 1972)
.0001 0.001 0.01 0.1 1.
0.4 0.8 1.5 3.0 4.6
2 1 3
option 2 -- soil profile:

CONOVHEWNHEN
R e all sl

option 3 --
3
800 2048

option 4 ~-
4
9 0
option 5 -~
5
1 7
option 6 --

(S

cption 7 --

EXAMPLE SITE

7.00 1500. 0.05 0.120
13.00 1000. 0.05 0.100
10.00 1800. 0.05 0.100
12.00 2000. 0.05 0.100
20.00 2500. 0.05 0.125
18.00 3000. 0.05 0.125
20.00 4000. 0.05 0.125
20.00 5000. 0.05 0.125
0.01 0.150 3000.
input motion:
.02 PAS.acc (8£9.6)
.1 25. 1 8

sublayer where input motion is applied (within or outcropping):

number of iterations & ratic of avg. strain to max strain:

0.65
sublayers for which accn. time histories are to computed & saved:
3 4 5 6 7 8 9 9
1 1 1 1 1 1 1 0
0 0 0 C 0 0 1 0

sublayer for which shear stresses or strains are computed & saved:

1 809 -- stress in level 4



Table 1

Sample Input
4 o 1l 809 -- gtrain in level 4
option 9 -- compute & save response spectrum:
1 0
1 0 $81.0
0.05
option 10 -- compute & save amplification spectrum:
10
9 0 1 0 0.125
option 11 -- compute & save Fourier spectrum:
11
1 0 1 1 1000

1 0 1 3 1000
execution will stop when program encounters o]
0



coordinate
system

For Each Sublayer, m:

shear modulus = Gm
damping ratio = A_
mass density = p_

. R

incident wave

m + 1 <NT >
(hi\llf ) <$T> particle motion
alf-space

Fig. 1 One-Dimensional Idealization of a Horizontally-
Layered Soil Deposit Over a Uniform Half-Space



APPENDIX B

SAMPLE PROBLEM

A 150-ft soil profile consisting of clay and sand overlying a half-space was used for this
sample problem; the input is summarized in Tabie B-1. The response was calculated using
as object (or input) motion the earthquake time history which had been recorded at
Diamond Heights (EW component) during the 1989 Loma Prieta earthquake as an
outcrop to the half-space underlying the soil profile. This motion was normalized to a
peak acceleration of 0.1g.

The maximum shear wave velocities used for this sample problem are shown in Fig. B-1.
The modulus reduction and the damping values as functions of strain are presented in Fig.
B-2. The time history of the object motion, normalized to a peak acceleration 0f 0.1 g,
and its response spectrum are shown in Fig. B-3.

The results for this sample problem are presented in Table B-2 and in Figs. B-3 through B-
8 Table B-2 includes the properties used, the strain-compatible damping and modulus
values obtained for each sublayer, the maximum strains, maximum shear stresses and
maximum accelerations calculated throughout the soil profile. Also presented in Table B-
2 are the spectral ordinates for the motions calculated at the ground surface of the soil
profile and the amplification spectrum (ground surface/rock outcrop).

The calculated maximum shear strains and the strain-compatible damping and shear wave
velocities obtained for this soil profile are shown in Fig. B-4. The calculated maximum
accelerations and the maximum shear stresses are plotted in Fig. B-5. Figure B-6 shows
the acceleration time history and spectral ordinates for the motion computed at the ground
surface. The amplification spectrum (for frequencies up to 25 Hz) is presented in Fig. B-
7 Time histories of shear strains and stresses calculated at depths of 20 and 60 ft are
presented in Fig. B-8.



Table B-1
Input Data for Sample Problem

option 1 - dynamic soil properties - (max is thirteen):
1
3
11 #1 modulus for clay (seed & sun 158%) upper range
0.0001 0.000C3 ¢0.001 0.003 0.01 0.03 0.1 0.3
L. 3. 10.
1.000 1.000 1.000 0.981 0.941 0.847 0.656 0.438
0.238 0.144 0.110
11 damping for clay (Idriss 1950) -
0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3
1. 3.16 10.
0.24 0.42 0.8 1.4 2.8 5.1 9.8 15.5
21. 25. 28.
i1 42 modulus for sand {seed & idriss 1970} - upper Range
0.0001 0.0003 ¢.001 0.003 0.01 0.03 0.1 0.3
1. 3. 10.
1.000 1.000 0.990 0.960 0.850 0.640 0.370 0.180
0.080 0.050 0.035
11 damping for sand (Idriss 19380} - (about LRng from $I 13970)
0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3
1. 3. 10.
0.24 0.42 0.8 1.4 2.8 5.1 9.8 15.5
21. 25. 28.
8 #3 ATTENUATION OF ROCK AVERAGE
.0001 0.0003 0.001 0.003 0.01 0.03 0.1 1.0
1.000 1.000 0.9875 0.98525 0.5%00 0.810 0.725 0.55¢C
5 DAMPING IN ROCK
.0001 0.001 0.01 0.1 1.
0.4 0.8 1.5 3.0 4.
3 1 2 3
Option 2 -- Soil Profile
2
1 17 Example -- 150-ft layer; input:Diam e .lg
1 2 5.00 .050 .125 1000,
2 2 5.00 .050 .125 800.
3 2 10.00 .050 .125 900.
4 2 10.00 .050 2125 850.
5 1 10.00 .050 .125 1000,
] 1 10.00 .050 .125 1000,
7 1 10.00 .050 .125 1100.
8 1 10.00 .050 .125 1100.
g 2 l10.00 .050 .130 1300.
10 2 10.00 .050 .130 1300.
11 2 10.00 .050 .130 1400.
12 2 10.00 .050 .130 1400.
13 2 10.00 .050 .130 1500.
14 2 10.00 .030 .130 1500.
15 2 10.00 .050 .130 1600.
16 2 10.C0 .050 .130 1800.
17 3 .010 .140 4000.
Opticn 3 -- input motion:
3
1900 409¢ .02 diam.acc (8£10.86)
.10 25. 3 8
Optiocn 4 -- sublayer for input moticn {within (1) or outcropping (0):
4
17 0

Table B-1 -- Page |



Table B-1
Input Data for Sample Probiem

Option 5 -- number of iterations & ratio of avg strain to max strain
5
0 8 0.50
Option 6 -- sublayers for which accn time histories are computed & saved:
6
1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 1 1 1 1 1 1 1 1 1 1 1 1 1
1 ) 0 ¢ 0 0 ¢ 0 0 0 0 0 0o 0
Option 6 -- sublayers for which accn time histories are computed & saved:
6
16 17 17
1 1 0
0 1 o
option 7 -- sublayer for which shear stress or strain are computed & saved:
7
4 1 1 0 1800 -- stress in level 4
4 0 1 0 1800 -- strain in level 4
option 7 -- sublayer for which shear stress or strain are computed & saved:
7
8 1 1 0 1800 -- stress in level 8
8 0 1 0 1800 -- strain in level 8
option & -- compute & save response spectrum:
9
1 0
1 0 981.0
0.0S
option 10 -- compute & save amplificatien spectrum:
10
17 0 1 0 0.125 - surface/rock cutcrop

execution will stop when program enccunters {

0

Table B-1 -- Page 2
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Fig. B-1 Shear Wave Velocities Used for Sample Problem
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for Sample Problem
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Fig. B-6 Acceleration Time History and Spectral Ordinates
for Computed Motion at the Ground Surface Using Diamond
Heights Record as Input Motion
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