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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
1. M Idriss! and Joseph 1. 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 II. 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 of
horizontally layered soil deposits.

The program computes the response of a 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

I Department 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:

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

e All built-in modulus reduction and damping relationships were removed. 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/Gp,ax and
A 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).

e The maximum shear velocity or the maximum modulus 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.

e Other clean-up include: 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 SHAKE91
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. Therefore, they are not repeated in this user's manual.

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
cach 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 strain-compatible properties (ie, difference less than about one percent) are
obtained in 5 to 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,
Am. total unit weight, yimy (or corresponding mass density, pr,) and thickness, hyy,;
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).

s 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); the same value of this ratio is used for all sublayers.

(vailable Opti

The options incorporated into SHAKE91 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
or to the corresponding outcrop
5 number of iterations specified
& ratio of uniform strain to
maximum 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

8 time history of object motion
response spectrum

10 amplification spectrum

11 Fourier amplitudes

Note that the original program SHAKE included 16 options and that the modified
program includes only 11; the five options eliminated pertain mostly to plotting and to
adjusting the time increment. Such operations can best be done in auxiliary programs.
INPUT DATA

The input data are provided in an input file; the name and location of this input file is
specified directly from the key board at the time of program execution. A sample input is
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: I5)

columns1-5 Option Number
The specific inputs for each option are presented below.
il 1 1) ic Soil P "
¢ first linc after option number (Format: I5)
columns 1 -5 Number of materials included (maximum is 13)
then, for each material, the following input should be supplied:

first line (Format: 15, 11A6)

columns 1 -5 number of strain values to be read (maximum is 20)



columns 6 - 71 identification for this set of modulus reduction values
second & consecutive lines (Format: 8F10.0)

columns 1 - 80 strain values, in percent, beginning with the lowest value. Eight
entries per line using 8F10.0 Format (maximum is 20)

consecutive lines (Format: 8F10.0)
columns 1 - 80 values of modulus reduction (G/Gpax) each 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:
1615):

columns1 -5 number, N, of materials to be used in this analysis
columns 6 - 10 first material number which will be used

columns 11 - 15 second material number to be used

columns 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
who 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 — Seil Profil

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

columns 1 -5 soil deposit number; may be left blank
columns 11 - 10 number of sublayers, including the half-space
columns 16 - 51 identification for soil profile

» second and subsequent lines; one line for each sublayer, including the half-space
(Format: 215, 5X, 5F10.0)



columns1-5
columns 11 - 10

columns 16 - 25
columns 26 - 35

columns 36 - 45
columns 46 - 55
columns 56 - 65

sublayer number

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
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 (lecave
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 (Obiect) Moti

« first line after option number (Format: 215, F10.3, A30, A12)

columns1-35
columns 6 - 10

columns 11 - 20
columns 21 - 50
columns 51 - 62

number, NV, of acceleration 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.

time interval between acceleration values, in seconds
name of file for input (object) motion
format for reading acceleration values

e second line after option number (Format: 3F10.0, 2I5)

columns 1-10

columns 11 - 20

columns 21 - 30

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



columns 31 - 35 number of header lines in file containing object motion
columns 36 - 40 number of acceleration values per line in file containing object
motion

Option 4 — Assignment of Object Motion to a Specific Sublayer

o first line after option number (Format: 215)

columns 1 -5 number of sublayer at the top of which the object motion is
assigned
columns 11 - 10 use 0 (zero) if the object motion is to be assigned as outcrop

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

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

columns 1 -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

columns 1 - 10 number of iterations

columns 11 - 20 ratio of equivalent uniform strain divided by maximum strain;
typically this ratio ranges from 0.4 to 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.

nthon. 6. C 4 T —— T ol Snecified Subl
(Note that a maximum of fifteen sublayers can be specified at a time; if accelerations for
more than 15 sublayers are desired, then Option 6 can be repeated as many times as
needed).

¢ first line after option number (Format: 1515)

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

« second line after option number (Format: 1515)



columns 1 - 75 array to specify type of each sublayer: 0 (zero) for outcropping
or 1 (one) for within the soil profile

« third line after option number (Format: 1515)

columns 1 - 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

(Note that a maximum of two sublayers can be specified; if stress or strain time histories
for more than two sublayers are desired, then Option 7 can be repeated as many times as
needed).

* first line after option number (Format: 515, F10.0, 5A6)

columns 1 - 5 number of sublayer

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

columns 11 - 15 set equal to one to save time history of strain or stress

columns 16 - 20 leave blank

columns 21 - 25 number of values to be saved: typically this should be equal to the

number NV (see Option 3 above)
columns 26 - 35 leave blank
columns 36 - 65 identification information

* second line after option number (Format: 515, 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 the second Output file.
This options should be specified after Option 6 as shown in Table 1 and in Table B-1.

P

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




Option 9 — Response Spectrum
o first line after option number (Format: 21I5)

columns 1 -5 sublayer number
columns 6 - 10 set equal to 0 (zero) for outcropping or equal to | (one) for within

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

columns 1 -5 number of damping ratios to be used
columns 6 - 10 set equal to 0 (zero)
columns 11 -20 acceleration of gravity

 third line after option number (Format: 6F10.0)

columns 1 - 60 array for damping ratios (in decimal)
Ontios 10 - Amelification.S

o first line after option number (Format: 415, F10.0, 8A6)

columns I -5 number of first sublayer

columns 6 - 10 set equal to 0 (zero) for outcropping or equal to 1 (one) for within

columns 11 -15 number of second sublayer

columns 16 - 20 set equal to 0 (zero) for outcropping or equal to 1 (one) for within

columns 21 - 30 frequency step (in cycles per second); the amplification spectrum
is calculated for 200 frequencies using this frequency step and
starting with 0

columns 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.

- rier

 first line after option number (Format: 5I5)

columns 1 -5 number of the sublayer

columns 6 - 10 set equal to 0 (zero) for outcropping or equal to 1 (one) for within
columns 11 -15 set equal to 2 (two) if spectrum is to be saved to file
columns 16 - 20 number of times the spectrum is to be smoothed

columns 21 - 25 number of values to be saved




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

y zAi—l+2Ai+Az‘+l
i 4

in which A; is the amplitude of the spectrum for the ith frequency.

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

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

p o

For program termination, the user should 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 I5. Execution will then
terminate.

OUTPUT

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 stresses 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 SHAKE91 is given in Appendix A.

SAMPLE PROBLEM

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

10



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.

ACKNOWLEDGMENTS

The modification of the original SHAKE program was completed as part of a research
study regarding earthquake ground motions being completed at the University of
California at Davis. The study is being supported by a research grant from the National
Institute of Standards and Technology (NIST); Dr. Felix Y. Yokel of NIST is the
Contract monitor for this study. The writers gratefully acknowledge the support of NIST
and thank Dr. Yokel for his timely input and support during this study.

Mr. Peter Dirrim, formerly with Caltrans in Sacramento, provided valuable input during
the early stages of the modifications and the writers are grateful for this assistance.

11



REFERENCES

Cooley, J. W. and Tukey, J. W. (1965) "An Algorithm for the Machine Calculations of
- Complex Fourier Series," Mathematics of Computation, Vol. 19, No. 90.

Dickenson, S. E. and Seed, R. B. (1991) "Correlations of Shear Wave Velocity and
Engineering Properties for Soft Soil Deposits in the San Francisco Bay Region", Report
No. UCB/EERC - 91, Earthquake Engineering Research Center, University of California,
Berkeley, 110p.

Dickenson, S. E., Seed, R. B., Lysmer, J and Mok, C. M. (1991) "Response of Soft Soils
during the 1989 Loma Prieta Earthquake and Implications for Seismic Design Criteria”,
Proceedings, Pacific Conference on Earthquake Engineering, Auckland, New Zealand,
November.

Hardin, B. O. and Drnevich, V. P. (1970) "Shear Modulus and Damping in Soils: I.
Measurement and Parameter Effects, I1. Design Equations and Curves," Technical
Reports UKY 27-70-CE 2 and 3, College of Engineering, University of Kentucky,
Lexington, Kentucky, July. [These reports were later published in the Journal of Soil
Mechanics and Foundation Division, ASCE, Vol. 98, No. 6, pp 603-624 and No. 7, pp
667-691, in June and July, 1972].

Idriss, 1. M. (1990) "Response of Soft Soil Sites during Earthquakes", Proceedings,
Memorial Symposium to honor Professor Harry Bolton Seed, Berkeley, California, Vol.
11, May.

Idriss, I. M. (1991) "Earthquake Ground Motions at Soft Soil Sites", proceedings, Second
International Conference on Recent Advances in Geotechnical Earthquake Engineering
and Soil Dynamics, St. Louis, Missouri, Vol. III, March.

Idriss, I. M. and Seed, H. Bolton (1968) "Seismic Response of Horizontal Soil Layers,"
Journal of the Soil Mechanics and Foundations Division, ASCE, Vol. 94, No. SM4, July.

Kanai, K. (1951) "Relation Between the Nature of Surface Layer and the Amplitude of
Earthquake Motions," Bulletin, Tokyo Earthquake Research Institute.

Lysmer, J., Seed, H. Bolton and Schnabel, P. B. (1971) "Influence of Base -Rock

Characteristics on Ground Response," Bulletin of the Seismological Society of America,
Vol. 61, No. 5, October, pp 1213-1232.

Matthiesen, R. B., Duke, C. M., Leeds, D. J. and Fraser, J. C. (1964) "Site Characteristics

of Southern California Strong-Motion Earthquake Stations, Part Two," Report No. 64-15,
Department of Engineering, University of California, Los Angeles, August.

12



Roesset, J. M. and Whitman, R. V. (1969) "Theoretical Background for Amplification
Studies,”" Research Report No. R69-15, Soils Publications No. 231, Massachusetts
Institute of Technology, Cambridge.

Rollins, K. M., Hryciw, R. D., McHood, M., Homolka, M. and Shewbridge, S. E. (1992)
"Soil Amplification at Treasure Island during the Loma Prieta Earthquake," Paper
prepared for Inclusion in the NEHRP Report to Congress on the Loma Prieta Earthquake.

Schnabel, P. B., Lysmer, J. and Seed, H. Bolton (1972) "SHAKE: A Computer Program
for Earthquake Response Analysis of Horizontally Layered Sites", Report No.
UCB/EERC-72/12, Earthquake Engineering Research Center, University of California,
Berkeley, December, 102p.

Seed, H. Bolton and Idriss, I. M. (1970) "Soil Moduli and Damping Factors for Dynamic
Response Analysis", Report No. UCB/EERC-70/10, Earthquake Engineering Research
Center, University of California, Berkeley, December, 48p.

H. Bolton Seed, Wong, R. T., Idriss, I. M. and Tokimatsu, K. (1986) "Moduli and
Damping factors for Dynamic Analyses of Cohesionless Soils," Journal of the
Geotechnical Engineering Division, ASCE, Vol. 112, No. GT11, November, pp 1016-
1032.

Sun, J. 1., Golesorkhi, R. and Seed, H. Bolton (1988) "Dynamic Moduli and Damping
Ratios for Cohesive Soils," Report No. UCB/EERC-88/15, Earthquake Engineering
Research Center, University of California, Berkeley, 42p.

Yokel, F. Y. (1992) " Effects of Subsurface Conditions on earthquake Ground Motions",
Report No. NISTIR 4769, Building and Fire Research Laboratory, National Institute of
Standards and Technology, Gaithersburg, Maryland, 85p .

Vucetic, M. and Dobry, R. (1991) "Effect of Soil Plasticity on Cyclic Response," Journal
of the Geotechnical Engineering Division, ASCE, Vol. 111, No. 1, January, pp 89-107.

13




Table 1

Sample Input
option 1 - dynamic soil properties - (max is thirteen):
i
3
13 #1 modulus reduction for clay (Sun et al, 1988) upper range
0.0001 0.0003 0.001 0.003 0.01 0.03 4 Je 0.3
1. 3. 10.
1.000 1.000 1.000 g.981 0.941 0.847 0.656 0.438
0.238 0.144 0:110
11 damping for clay (Idriss 1990) -
0.0001 0.0003 0.001 0.003 0.01 0.03 i 0.3
I = G i
0.24 0.42 0.8 1.4 2.8 5.1 9.8 G
21 2. 28.
13 #2 modulus reduction for sand (seed & idriss 1970) - upper Range
0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3
F CF 5 10.
1.000 1.000 0.990 0.960 0.850 0.640 0.370 0.180
0.080 0.050 0.03%
2ol damping for sand (Idriss 1990) - (LRng from seed & idriss) 1970)
0.0001 0.0003 0.001 0.003 0.01 0.03 D.1 0.3
s X 10,
0.24 0.42 0.8 1.4 2.8 5.1 9.8 i5.5
74 B 25 28.
8 #3 modulus for rock half space (Schnabel et al, 1972)
.0001 0.0002 0.001 0.003 0.01 0.03 0.1 L
1.000 1.000 B8:.98175 0.9525 0.900 0.810 0. 725 0.550
5 Damping in Rock (Schnabel et al, 1972)
.0001 0.001 0.0 0.1 S
0.4 0.8 L,5 3.0 4.6
P 1 3 -
option 2 -- soil profile:
=
9 EXAMPLE SITE
5 1 b ¢ e SR -5 o B 0.05 0.120
2 3 & 13.00 1000. 0.05 0.100
3 1 10.00 1800. 0.05 0.100
4 12.00 2000. 0.05 0.100
5 1 20.00 2500. 0.05 0.125
6 1 1B.00 3000. 0.05 0.125
7 i 20.00 4000. 0.05 0.125
8 | 20.00 5000. 0.05 0.125
9 v 0.01 0.150 3000.
option 3 -- input motion:
3
800 2048 .02 PAS.acc (Bf9.6)
S 25 i 8
option 4 -- sublayer where input motion is applied (within or outcropping) :
4
9 0
option 5 -- number of iterations & ratio of avg. strain to max strain:
5
1 7 0.65
option 6 -- sublayers for which accn. time histories are to computed & saved:
6
W 2 3 4 5 6 7 8 8 )
4 1 2 3 1 1 1 1 1 0
i 0 0 0 0 0 0 0 1 0



Table 1
Sample Input

option 7 -- sublayer for which shear stresses or strains are computed & saved:
i
4 1 1 809 -- stress in level 4
4 0 1 809 -- strain in level 4
option 9 -- compute & save response spectrum:
9
B 0
1 0 g81.0
0. 05
option 10 -- compute & save amplification spectrum:
10
g 0] 1 0 0.125
option 11 -- compute & save Fourier spectrum:
i 25 3
1 0 5 | 1 1000
1 0 1 3 1000

execution will stop when program encounters 0
0
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shear modulus = Gm
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Fig. 1T One-Dimensional Idealization of a Horizontally-
Layered Soil Deposit Over a Uniform Half-Space



APPENDIX A

COMPUTER LISTING

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 I. Sun

November 1992



APPENDIX A

COMPUTER LISTING

The FORTRAN listing of the program SHAKE?9I is included in this Appendix. The
program consists of the following four modules:

@ MAIN
. Al
@ Bl
. ]

Each module contains several subroutines as follows:

MODULE SUBROUTINE

MAIN EARTHQ

Al CURVEG
STEPG
RESP
DRCTSP
CMPMAX
FFT
RFFT
RFSN
XMX

B-1 AMP
UTPR
REDUCE
INCR
MOTION
CXSOIL
STRAIN

C-1 SHAKIT
STRT
SOILIN
CG

The program has been compiled in DOS using FORTRAN 5.1 and under Windows 3.1;

the latter offers the opportunity to run the program concurrently with other applications if
desired.

Listings of the above modules are included in the remaining pages of this Appendix.
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APPENDIX B

SAMPLE PROBLEM

SHAKE?1

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 1. Sun

November 1992



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 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. This motion was normalized to a peak
acceleration of 0.1g.

The soil types considered for this profile and 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 input data for this sample problem are listed in Table B-1. The time history of the
object motion, normalized to a peak acceleration of 0.1 g, and its response spectrum are
shown in Fig. B-3.

Selected results for this sample problem are presented in Table B-2 and in Figs. B-4
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.

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 ratios (for frequencies up to 25 Hz) for the motions calculated at the
ground surface divided by those at the base of the soil profile and by those at the rock
outcrop are 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 Using Diamond Heights Record as Input Motion

option 1 - dynamic soil properties - (max is thirteen):
1
3
2 Fa #1 modulus for clay (seed & sun 1989) upper range
0.0001 0.0003 0.001 0.003 0.01 0.03 2 | 0.3
1. a. 10.
1.000 1.000 1.000 0.981 0.941 0.847 0.656 0.428
0.238 0.144 0.110
n i § damping for clay (Idriss 1990) -
0.0001 0.0003 0.001 0.003 0.01 0.02 0.1 3.3
i 5 3.16 10.
0.24 0.42 0.8 1.4 2.8 5.1 9.8 15.5
21, 255 28.
Tia #2 modulus for sand (seed & idriss 1970) - upper Range
0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 Q.3
n 3. 10.
1.000 1.000 0.990 0.960 0.850 0.640 0.370 0.180
0.080 0.050 0.035
1 damping for sand (Idriss 1990) - (about LRng from SI 1970)
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 Bk 988 (2o
21, 25. 28.
8 #3 ATTENUATION OF ROCK AVERAGE
.0001 0.0003 0.001 0.003 0.01 0.03 L g 3 1.0
1.000 1.000 0.98B75 0.9525 0.900 0.810 0.725 0.550
> DAMPING IN ROCK
.0001 0.001 0.01 0.3 i
0.4 0.8 s 3.0 4.6
3 1 2 3
Option 2 -- Soil Profile
2
1 17 Example -- 150-ft layer; input:Diam @ .1g
1 2 5.00 .050 125 1000.
2 2 5.00 .050 125 900.
3 2 10.00 . 050 JA25 900.
4 2 10.00 .050 e 950,
5 1 10.00 .050 125 1000.
6 X 10.00 .050 B 1253 10600,
7 : & 10.00 .050 ~1250 1100.
8 1 10.00 .050 s by 1166,
9 2 10.00 .050 .130 1300.
10 2 10.00 .050 « 130 1300.
1k 2 10.00 .050 .130 1400.
12 2 10.00 .050 .130 1400.
13 2 10.00 .050 .130 1500.
14 2 10.00 .050 .130 1500.
15 2 10.00 .050 30 1600.
16 2 10.00 .050 330 1800.
17 3 .010 .140 4000.
Option 3 -- input motion:
3

Table B-1 -- Page 1




Table B-1
Input Data for Sample Problem Using Diamond Heights Record as Input Motion

1900 4096 .02 diam.ace (8f10.6)
.10 25 3 8
Option 4 -- sublayer for input motion {within (1) or outcropping (0):
B
17 0
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
d 2 3 4 5 6 * 8 9 10 % EF 8 12 i3 14 D
0 a) i 1 1 1 X 1 1 1 1 8 1 1 &
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Option 6 -- sublayers for which accn time histories are computed & saved:
6
16 17 I7
X 1 0
0 1 0
option 7 -- sublayer for which shear stress or strain are computed & saved:
7
4 i 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:
T
8 1 1 0 1800 -- stress in level 8
8 0 2 0 1800 -- strain in level 8
option 9 -- compute & save response spectrum:
9
1 0
4 S 0 981.0
0.05
option 10 -- compute & save amplification spectrum:
10 H
17 0 % 0 0.125 - surface/rock outcrop
execution will stop when program encounters 0
0

Table B-1 -- Page 2




| a3ed - -4 dqel

Is woxy BuyT 3noge) - (066T SSTIPI) Pues I03 Butdwep . 4
sbuey zaddn - (0L6T SSTIPT ¥ pe=s) pues I0I sninpcuw H

00°8¢
00" sC
00" T2
0S°ST
086
o 7
0g°¢
0% T

- (066T sstapl) Aeld 103 Bbutdwep iz
obuex xaddn (6B6T uns ¥ pass) Ae[o 103 sninpouw T# i

NIVHELS ONY SHILY¥EdO¥d TIOS NIFMLIE NOILVTIY dvaEy

0000°0T
ROST "
0000°T
poot”
pootT-
poco-
00TO"
0€00°
0T00"
€000°
1000~

sx¥ [ NOILdO

‘ON HA¥NOO
"ON HA¥NO

FEXRXXEXFRFXRFFXREREREF
Z "ON HdAL TYIYELYNW

FEFAFRFXRFELLLLNF XX RN LY

OLT " 0000°0T
PPT’ 0000°€
Bez® 0000°T
BED" 000E"
959" 000T"
L78" 00€0"
196" 00TO"
86" 0€E00"
000°T 0T00"
000°T £000°
000°T 1000°
xewd /o NIVILS

T "ON dHA¥0D

"ON 3AdNo
"ON dAdND

P
T "ON F4dAL "TYIYHLYKW

FAEERREFFFFRRFEFFFRFRN

¥rrxexl

uonojy nduj se syydiey puourel( 3uis() wa[qoid d[dures 10 S}NSY P3IR[F

¢4 219eL




7 3%eqd - Z-d 2198l

00" 0000 0SS° 0000°T
00 0000° STL" Q00T
00" 0000 018" 00ED"
09 % 0000°T 006" 00TO*
GO e 000T" zS6° QE0D "
0s°T 00TO" 886" QT00 "
08" 0T100" 000°T €000 "
0% - T000° 000°T T000"
ONIdWYd NIYYELS xewn /D NIYHELS
0T ON FAEND 6 "ON dA¥AD
AD0¥ NI SNIdWYA 0T "ON HAUND
FOVHHAAY M00¥ 40 NOILVNNALLY S# 6 "ON FA¥UOD
FFEXEFRRIAFFRRERIEFENERS
S "ON HAAL TYIHALYW
FEAREFFRAFFEFERLFFFHEEN
00°82 0000°0T SEO0" 0000°0T
00°SZ Q000" € 050" 0000°€
00°12Z 0000°T 080" 0000°T
0S6°ST 00DE" 0BT" 000€"
08°6 000T" OLE" 000T"
0T°S 00€0" 0%9" 00€0"
08°2 00TO0" 0S8 00TO"
(b7, g 0E00" 096" 0€00"
08" 0T00" 066" 0T00"
A €000 000" T €000
ve: T000° 000°T T000"
DNTdWYA NIV4LS Xews /o NIV4LS

A U LA

uonopy induj se syydioy puourei(q Suis() wa[qoid ddureg 10y s}Nsay p3jo3[es




¢ o3eq -- 7-4 AI9BL

"DHES £F° = aoIdEd
‘DEE8/D TET = ADNANDEEA dOd
08°ET = NOIILYDIAITAWY WAWIXYW
FANLITANY AONINOEAA
“€6ZT = ALIDOTHEA WYHHS EOVIAAY WOdd 8% = QOINEd
0°000% 0%T" 010" *59569 asvd LT
0°008T 0ET" 050" *TBOET 9L 6 00°S¥%T 00°0T z 9T
0°009T 0€ET" 050" *GEEOT 60°6 00°SET 00°0T z ST
0°00ST 0ET" 050" "¥806 I%°8 00°S2T 00°0T z ¥
0°00ST 0ET" 050" %806 $LL 00°STI 00°0T Z ET
0°00%T 0ET" 050" "ETI6L 90°L 00°S0T 00°0T z Z1
0°00%T 0€T" 050" "ET6L 8€°9 00°S6 00°0T z 1T
0°00€T pET® 050° "€289 TLs 00°58 00°0T Z 0T
0" 00€T 0ET" 050" €289 £0°S 00°SL 00°0T z 6
0°00TT SZT" 050" “LE9Y 8E° ¥ 00°59 00°0T T 8
0°00TT SZT" 0s0° TLE9T SL'E 00°SS 00°0T T L
0°000T s21° 0S0° - Z88¢ S 00°S¥ 00°0T T 9
0°000T 21" 050" " Z88¢ 05°Z 00°S€ 00°0T T g
0°056 A% 0S0° "E0SE 88°T 00°ST 00°0T z ¥
0°006 SZT"* 050" "BHIE SZ°T 00°ST 00°0T z £
0°006 SZT" 0S0° ‘BRIE 8L" 0S°L 00°S z z
0°000T SZT" 050" ‘z88¢ e 05°C 00°§ ¥ T
(sd3) (30¥) (F53) (FsH) (33) (33)
THA ¥YEHS CIM LINO ONIdWYd SOINAOW °"SSE¥d "305L HI43d  SSHNMDIHL HdAL 'ON
00°0ST AOO¥AFd OL HIA3A Lt SYHAVYT J0 ¥HAWAN
wetqg:3andutr ‘xsfel 3I-06T -- STduwexdy NOIIV¥OILILINIAI T "ON TIJ0¥d TIOS MAN

FTIA0¥d TIOS av¥dd =x»» € NOIL4O yrrxuexl

uonopy nduj se siySiay puourer(] Suis) wa[qoid d[dweg 10y s}NSIY pajo3[ag
¢-4 219eL



p 98ed -- 7-d 2[qel

'DES/D 00°SEZ

000000 °
8T6000°
8S0TQ00 " -
6S6T00°
L¥9000° -

899¢200°
STLI00"
068200 " -
ZSe000° -
¥09000° -

Wwo 910

ONIdAAO¥DLA0 LT FHLIWON ¥HAYT NI NOILOW LOHCH0
NAATD SI NOIILOW IDAL€0 JYHHM d¥dd xx+ ¥ NOILJO rrxxrxxl

SAOHY QHEAOWHY SHIDNANDEMA ¥0d L6660° = NOILVdATIDOV XYW
"DESLD TGL = ADNENOHEIA FUYNDOS NYAW
0000T" = NOILYIITIOOV WAWIXYW MEN HAID OL
988" = ¥OLOVd ¥ A€ QAITAILIAW HE TIIM SINTYA FHL
DHES T6°0T = HWIL 1LY
68ZTIT" = NOILV¥ATIDOY WAWIXYNW
000000° 000000° 000000° O0O%6000°- ZLOTOO - 0EBOOO - 6%6000° - BET
GSLTO0® EZSTO0® 90ZTI00° <ZT66000°- ZEOTOO'- LEOTO00 - TTOTO0 - LET
S08000° - TOT000 - L98000° B0LOOD® €¥LO000" TSLOD00 - 008000° 9€2
STFTIO0" £6Z000° - TBOT00 - ¥6L000 - STEOOO0" - 88S000° STS000°- SEC
9T0000° - OFE000 - 6FOT00 - S6LO00'- 9ZOTO0 - 90BOOO - SBBOOO - FET
........... dEOoHOd LON avdd¥ NOILOW LOdNI """ " "°
GS0£00° TPZEOQ" ST6Z00° LEBO00" €6FFP00° - 9EPLOO - EP6TO0 - S
GFEZOO' - LBOTO0 - OSEZO0" E€¥6E00° OQFEWPOO" €F¥TO00° 980%00° - ¥
FOTE00 - LOSZO0 - L9LO0OO® ¥¥E000° 98F000° - 6SE000°- ELOTOO - €
80FZ00° LLETO0- ¥®%9T00° €8SF00° S6¥ZO0" LELOOO® OELOOO” z
60ZT00"° - 00L000 " 8L9000 - 9SETIO0'- 980000° - B899TO0 - ¥69T00 - T
xxxxx NOILOW IOANI J0 SENIT § LSYI 3 LSUId «»«
Z6E 0T'u: (0®S) aWTIL @, °'S¥682TT" 'u= (B) UOT]IBISTID0DY He=3da
ZOo"‘u= 1d ®,°'000Z's: S3UTOd JO "ON TEIOL.
0- :dSTP. ‘uS/0 LOE" w'uiTOA "3ITUT,’,06 THa’'uS3IH PUOCWETd. ‘w3DE g BWOT.

M3 AdY T H sxxxx

(9°0T3¥B) = X¥OLSIH HEWIL J0 ¥04d IVIWIOL
00Z0° = NOILOW ILNdNI ¥0d dE1S FWIL
8 = ENIT d3d SINIOd 40 "ON
3 = SENIT DNIQYAH 40 "ON
960% = l4d NI dIsn SINIOd 40 ‘ON
006T = SINIOd "DDO¥ INANI 40 °“ON

ooe"WETP = NOILOW INANI ¥0d HWYN JTId

NOILOW ILOANI a¥E¥d «+x £ NOILAO rxxxxxl

uonoyy indu se sjySroy puourel(] Suis() wa[qoid djduwreg 10y s}y PaId[3S

Lt U LA



¢ aded -- 7-d S[qel,

£98° 0° $°Z6ZTT ¥ ZT6TTT
628" 0* 1°0LS8 Z°0LSS
£08" 0° 9'062ZL 9°062L
018" 0" 0'LSEL 0" LSEL
¥8L" 0" 9°€0Z9 9° €029
s6L" 0- ¥ 8829 £°8829
2l 0* z°992S 179926
zZ6L" 0° 8°Z0¥%S 8" Z0¥%S
€06 0" 8°6EZH B 6EZF
ST6° 0° 0°962F% 0°962%
ZT6" 0° S O0¥SE S 0%SE
€E€6° 0° L'TZ9€E L TZ9E
zs8" 0° 8°G86¢C B"S862
z68" 0° 8 €08Z B €082
096" 0° 0°0Z0€ 0°0Z0¢E
766" 0° S'TSBE S TS8E
OILYY  dOW¥H agsn MAN
09/9 <mmmm- SNINAOW ¥YHHS ---->

SHILYEJOYEd TIIOS HTHILYdWOD NIVYLS NIVLHO

weTq:ndut

0S-
8 =

0° 920" 9Z0° S9800° 0S¥t & 9T
0° 0E0” 0f0° SITTG™ B"SEE & ST
0" £E0” £EEC" ZBZTO0° DTEET 2 ¥
1 CED ZEQ° E2ZT0° 0OSIE € EX
0" St0"’ SE0° ELPTO° 0OT50T € <L
o’ ¥eo” PEO- 9E£ET0° 086 R
0- LEOQ® LED" SBOSTO0° 07§58 ¢ 0L
0- ¥EO” PEQ® B5CTOT D81 & B
0° LEO” LEQ" BESTG- 0758 T 8
0° ¥EO° EQ- C9ETO" 0SS T &
0" S£0° SEQT EDRLET 0O"SP T 9
0* 0E0” 0£0" 660T0° O0°'St T 9
0° 820" 820" 9L600° 0°SC Z ¥
o’ 2D £Z0” ¥ESQG" W©TST g &
2 5 ¥10° ¥LO- &BECOGT S°L g <
: 5 L00" £G0° LLONE° S g
[- (or-¢-EC8 aIsn MEN NIV4LS (Ld)

<---- DONIdWVYd ----> "WdJINN HLJd3d AL ON

NIVWOQ JEWIL NI SENTYA

tzafke1 33-06T -- ordwexy
DDEWeTp

8 dHEWAN NOILVYHLI

d7I40¥d TIOS
EAYNOHLIYE

NIVWOd HWIL NI NIVELS WJO4AINN d0d ¥OLOVI
SNOTILVHELI 40 dHHWNN WANIXYKH

rar

S

NOIL4O

yryyxxl

uonoj nduj se syydioy puourel(] 3uis() wajqoid sjdureg Ioj SINSIY paio[ag

CHSEL




9 aded -- 7-€ 2[qel

*DES LFC = aoIrddd
"SRR IT°E = ADNIN0IEA ¥Od
LP°0Z = NOIIVDIAITAWY WIWIXWKW
JANLITIWY ADNINDTHA
TESTT = ALIDOTHA ¥YHHS FOVHEAY WO¥dA TS™ = dOI¥Ed
$S° 1T 26 ZS6T 6ZLIO" 0°S¥%T 0°0T z 9T
ZS°TT 20 TTI6T 0€ZZO0" 0°GET 00T z ST
ZS°TIT 8G°898T £9520° 0°SZT 0°0T z T
2S°TIT ¥8°¥18T L9%20" 0°STT 0°0T z €T
0E*TE L9 ZSLT SZBZO® 0°S0T 0°0T C ZT
0E" 1T 6L 6LIT TL9ZO" 0°S6 0°0T z b
DEITY £%°G8ST TI0EO" 0°G8 0°0T z 0T
0E"TT €L POPT TILZO® 0°SL 0°0T Z 6
v e £6°LZET ZETEO" 0°S9 00T T ]
GETTT EB 69TT ETLZO" 0SS 00T % L
0E"TL 9% "€66 20820 " 0°S¥ 0°0T T 9
0E"TIT SBS6L LETZO" 0°SE 0°0T T S
DE'TIT €L 285 ZS6TO0 " 0°SZ 0°0T z ¥
(o] e o TE SSE L9210" 0°ST B0 z £
DE"TT 7 8LT T6S00° S L 0°S Z z
DE"TT €66 #STO0 " S°C 0°S z T
Jdas . dsd ILND¥d ILd Id
AWNIL SSHILS XYW NIYELS XVH H1d3ad SSHNMOIHL HdAL "HAVI

NIVWOd HEWIL NI SHEOTVA

uonopy nduj se siySioy puourel(] Suis) waqoid d[dureg 10y SINSIY Pard3[AS
cH9q9u]



L 3%ed -- Z-9 d1qe L

0 000" gs’'¢ 60T 0000T" 0°0ST *d0LNo
€18 T00° 8% ¢ 26701 LTILO" 0°0sT NIHLIM
0 T00° 8% ¢ Z6°0T 63LLOD" 0 o%l NIHLIM
ayuoddyE " ooY INOZ LEIND JES/D DEs 3] L4
aFAYS HL OILYd 00V *¥4d "0S NVIAW WIL OOV T XWKH HILd3d HJHAYT
wetq:indut f{xafeT 313-0ST -- o7dwexy - LISOJEA TI10S

ooe'werp - HEAVADHIAVE

SHEAYTIENS MEN NI NOILOW HINAWOD ++» 9 NOIL4O yrxpxal

0 100° S¥'¢ P6°0T 86T80° 0D°0ET NIHLIM
0 T00° o ¥6°0T L¥S80° D OZT NIHLIM
0 000" TE'T YE"O0T 65580° 0D°0TT NIHLIM
0 100° vZ 2 95" T1 89780 " 0°00T NIHLIM
0 100" 6T 2 95°'T1T1 66680° 0°06 NIHLIM
0 ooo-" P12 PSTTIT 0%860° 0°08 NIHLIM
0 000" Z1° 2 €S TT 0SOTT" 0" gL NIHLIM
0 poo -’ ¥L"0 8Z°1T €89Z1" 0°09 NIHLIM
0 poo- LT € 82 1T 8BZPT" 0°0s NIHLIM
0 000" &E°C 8T°TT L¥6ST" 0°'0% NIHLIM
0 ooo- [T 8Z°TIT 80ZLT" 0°QE NIHLIM
0 000" £2°2 87 TT 85Z8T" 0°02 NIHLIM
0 Qooa- SE" 2 82 11 9LEBT" a gl e NIHLIM
o] 000" 0¥ ¢ 8Z°"1IT S006T" 0°S NIHLIM
zZ1S 000" Zv T i i o LEOBT" 0 it iohAale!

fari(opice: ke o) 4 ANOZ IFIND DHES/D ods 3} Ld
aEAYS HL OIIYd “ODOW ‘¥4 '0S NYIW HWIL "DOY XYM H1Ldad MAAYT

wetq: 3ndutr !‘axsAel 33-0ST -- o7dwexdg - LISOdHEHA TIOS

ooE-wWeTp - ENVAOHLIVA

SHHAVIENS MAN NI NOILOW HLOAWOD xxx 9 NOIL4AO rrrrxxl

uonoj nduj se sjydroy puourel 3uis) wajqoid djdureg 10y s)NSY pald[3g
CHNRL



Depth Below Ground Surface - ft

Shear Wave Velocity - ft/sec

0 400 800 7200 1600 2000
0 IS a e e e T | TR R e N R R ﬁ”
] Q
7
g
L. 4 _c‘g
25 |- — ggg
j : B
A
i i)
50 |- - b
- A
b - A
K]
=0
75 —
e Q
17%2)
o
Q
b 4 =
700 - 14 o
E 4 S
Q
! h Qv
125 | —
104

Fig. B-1 Shear Wave Velocities Used for Sample Problem
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