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1. INTRODUCTION

Several methods for evaluating the effect of local soil conditions on
ground response during earthquakes are presently available. Most of these
methods are based on the assumption that the main fespcnses in a soil
deposit are caused by the upward propagation of shear waves from the
underlying rock formaﬁion. Analytical procedures based on this concept in-
corporating nonlinear soil behavior, have been shown to give results in
good agreement with field obéervations in 2 number of cases. Accordingly
they are finding increasing use in earthquake engineering for predicting
responses within soil deposits and the characteristics of ground surface
motions,

The analytical procedure generally involves the following steps:

1. Determine the characteristice ¢f the motions likely to develop in
the rock formation underlying the site, and select gn accelero-
gram with these characteristics for use in the amalysis.

The maximum acceleration, predominant period, and effective
duration are the most important parameterse of an earthquaks
motion. Empirical relationships between these parameters and
the distance from the causative fault to the site have been
established for different magnitude earthquakes (Gutenberg and
Richter, 1956, Seed et al. 1969, Schnabel and Seed, 1972). A
design motion with the desired characteristics can be selected
from the strong motion accelerograms that have been recorded
during previous earthquakes (Seed and Idriss, 1969) or from

artificially generated accelerograms (Housner and Jennings, 1964) .



2. Determine the dynamic properties of the soil deposit.

Average relationships between the dynamic shear moduli and
damping ratios of soils, as functions of shear strain and static
properties, have been established for various soil types (Hardin
and Drmevich, 1970, Seed and Idriss, 1970). Thus a relatively
simple testing program toc obtain the static properties for use
in thése relationships will often serve to establish the dynamic
properties with a sufficient degreg of accuracy. However more
elaborate dynamic testing procedures are required for special
problems and for cases involving soil ﬁypes for which empirical
relationzhips with static properties have not been established,

3. Compute the response of the soil deposit to the base-rock motions.

A one—dimensional method of analysis can be used if the seoil
structure is essentially horizontal, Programs developed for
performing this analysis are in general based on either the
solution to the wave equation (Kanai, 1951; Matthiesen et al.,
1964; Roesset and Whitman, 1969; Lysmer et al., 1971) or on a
1ﬁmped mass gsimulation (Idriss and Seed, 1968). More irregular
soil deposits may require a finite element analysis.

In the following sections the theory and use of a computer program
based on the one-dimensional wave propagation method are described. The
program can compute the responses for a design motion given anywhere in the
system. Thus accelerograms obtained from instruments on soil deposits can
be used to generate new rock motions which, in turn, can be used as design
motion for other soill deposits, see Fig. 1 (Schnabel et al., 1971), The
program also incorporates nonlinear soil behavior, the effect of the elas-

ticity of the base rock and systems with variable damping.



2. THEORY

The theory considers the responses associsted with vertical propagation
of shear waves through the linear viscoelastic system shown in Fig. 2. The
system conslsts of N horizontal layers which extend to infinity in the
horizontal direction and has s halfspace as the bottom layer. Each layer
is homogeneous and isotropic and is characterized by the thickness, h, maas
density, p, shear modulus, G, and damping factor, B.

2.1 Propagation of harmonic shear waves in a3 one-dimensional system.

Vertical propagation of shear waves through the system shown in Fig. 2

will cause only horizontal displacements:

g = u(x,t) (1)

which must satisfy the wave equation:

52u 324 a3
p = G +n (2)
at® x> ax%at

Harmonic displacements with frequency w can be written in the form:

u(x,t) = U(x) - ol (3)

Substituting Eq. 3 into Eq. 2 results in an ordinary differential
equation:

2
(G + 1uwn) .,_....: E = pwdU %)
X

which has the general solution

U(x) = Eeikx + Fe-ikx (5)

in which

2 2
2 . Pw” _ fuw
K = G+im " o (&)
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where k is the complex wave number and G* is the complex shear modulus,

The critical damping ratio, B, is related to the viscosity n by
wn = 2GR

Experiments on many soil materials indicate that G and B are nearly constant
over the frequency range which is of main interest in the analysis. It is
therefore convenient to express the complex shear modulus in terms of the

critical damping ratio instead of the viscosity:
G* = G+ iwn = G(1+248) (7

where G* can be assumed to be independent of frequency.
Equations 3 and 5 give the solution to the wave equation for a harmonic

motion of frequency w:

u(x,t) = Eel(KXHUL) | g =i (kx-ut) (8)

where the first term represents the incident wave travelling in the nega-
tive x-directioa (upwards) and the second term represents the reflected
wave travelling in the positive x-direction (downwards).

Equation 8 is valid for each of the layers in Fig. 2. Introducing a
local coordinate system X for each layer, the displacements at the top and

bottom cof layer m are:

iwt
um(x- o) = (Em + Fm)e (9)

~ik h
- - . Jikphp LS ) iwt
um(X hmP (Em e +-Fmg jeoe @k}

The shear stress on a horizomtal plane is:

2
t(x,t)-G-%—E—bn%;%;-G*%—% (11)



or by Eg. 8:

T(x,t) = ikG*(Eelkx - Fe“ikx)eiwt (123

and the shear stresses at the top and bottom of layer m are respectively:

iwt
- = * —
Tm(X 0} ikam (Em Fm)e (13)
ikmhm ”ikmhm iut
- = * -
T, (¥=h ) ik G (Ee F e Ye (14)

Stresses and displacements must be continuous at all interfaces. Hence, by

Eg. 9, 10, 13 and 14:

ikmhm —ikmhm
Em+l + Fm+1 = Emg + Fme {15)
ka; ikmhm -ikmhm
E -F = = (E_e -F e ) (16)
mtl m+l km+lcm+l m m

Subtraction and addition of Egs, 15 and 16 yield the following recursion
formulas for the amplitudes, Em+l and Fm+1’ of the incident and reflected
wave in layer mtl, expressed in terms of the amplitudes in layer m:

ik _h -ik h

1 mm, 1 mm
E 1 -i-Em(l-!-am) e + E-Fm( 1—0.m) e an
ik h -ik h
1 mm, 1 mm
Fm+l EEm(l_Gt?e +-§¥m(l+am)e (18)

where a is the complex impedance ratio

m o m m
R T ) 19

wr1Cmt1 PoriCml

which again is independent of frequency.



At the free surface, the shear stresses must be zero. In additionm,

Eq. 12 with Ty and Xl

nf the incident and reflected waves are always equal at a free surface.

equal to zero gives El = Fl -——i.e,, the amplitudes

Beginning with the surface layer, repeated use of the recursion formulas
Egqs.17 and 18 leads to the following relationships between the amplitudes

in layer m and those in the surface layer:
E = em(w) Ey 20

.- fm(w) El (21)

The transfer functions e and fm are simply the amplitudes for the case
E1 = Fl = 1, and can be determined by substituting this condition into
the above recursion formulas.
Other transfer functions are easily obtained from the e and fm
functions. The transfer functiom An,m between the displacements at level n

and m ig defined by

Ah’m(w) = um/un

and by substituting Eqs. 9, 20 and 21:

(22)

. o = em(uﬂ + fm(w)
n,m en(w) + fn{w)
Based on these equations the transfer function A(w) can be found between
any two layers in the system. Hence, if the motion is known in any one
layer in the system, the motion can be computed in any other layer.
The amplitudes, E and F can thus be computed for all layers in the
system, and the strains and accelerations can be derived from the displace-

ment function. Accelerations are expressed by the equation:



2 — —_—
i(x,e) = _..__.2 U g2 (get(lrtut) | poilkx-ut), (23)
t
and strains by:
y = %;_:_ _ ik(Eei(Mt) _ Fe‘i(kx—wt)) (24)

2.2 Ratio between rock outcrop motions and base rock motions.

If the amplitudes of the incident and reflected wave components, Eg
and FN’ in the elastic halfspace, Fig. 3a, are known, the motiomns in the
halfspace with the soil system removed, Fig. 3¢, are easily computed, The
shear stresses are zero at any free surface; thus FN = EN’ and the
incident wave is completely reflected with a resulting amplitude 2EN at the
free surface of the halfspace. The amplitude of the incident wave in the
halfspace is independent of the properties of the system above it since

the reflected wave is completely absorbed in the halfspace and does not

contribute to the incident wave. The incident wave component, EN’ is
therefore equal in all systems shown in Fig. 3.
The ratio between the base motion, s and the motion, uﬁ, at
the free surface may be computed from the transfer fumction:
‘ ) ue B eN(m) + fN(w)
av(w) = = = (25)
by 2@

The transfer function between the motion at the surface of the deposit, Ugs

and the motion at the free surface of the halfspace is:

1 e
AN,l(m) ey (@ (26)

If the halfspace is the rock formation underlying a scil deposit, Egq. 25
shows the ratio between the motion in the base rock and in the out-

cropping rock., The ratic between the amplitudes of the base rock motion
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and the outcropping rock motion is always less than 1, with minimum values
at the resonance frequencies of the deposit. Transfer functions for the
deposit used in the example, (Sect. 6}, are shown in Fig. 4. The amplitude
cf the base rock motion is only 65% of the amplitude of the rock outcrop
motion at the fundamental frequency of the deposit. This difference is a
function of the impedance ratio between the deposit and the rock and of the
damping in the deposit.

The differences in the computed responses resulting from the use of a rigid
base, relative to the userof an elastic base, depend zlso on which frequencies
are dominant in the rock motion. Rock motions with frequency dominance near the
resonant frequencies of the deposit will be considerably more affected than
motions with frequency'dominance between the resonance frequencies, see Fig. 4.
The effect of the elasticity of the base rock is, therefore, not only a function
of the impedance ratio between deposit and rock and of the damping in the
deposit, but also of the frequency distribution of the energy in the rock
motion relative to the resonance frequencies of the deposit.

An approximation for the free surface motion for one of the layers in
the system, Fig. 3b, may be obtained in the same way as for the halfspace,
provided the incident wave component in the outcropping layer and in the
layer within the system are equal--i.e. Em = E;. This is approximately the
case when the properties of layer m and a&ll layers below are equal in the
two systems and when the impedance, P Vm, is of the same order of magni-
tude as for the halfspace. This is the case for example, in sedimentary
reck layers overlying a crystalline rock base. For a more accuate solutionm,
the motion in outcropping layers must be computed in a separate system from

the motion in the halfspace.
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2.3 Transient motions

The expressions developed above are valid for steady state harmonic
motions. The theory can be extended to transient motions through the use
of Fourier transformation.

A digitized seismogram with n equidistant acceleration values, Gj(j-At),

3 =0,....,n-1, can be represented by & finite sum of harmonic motions:
/2 iwst —dw t
ue) = ) (a_e + b_e ) @27

s=0

where w_s s=0,....,n/2 are the equidistant frequencies:

27
Wg = ne At 8 (28)

a, and bs designates the complex Fourler coefficients:

n-1 -t n-1 iw t
a == ¥ (e °, b =1} d(e)e ° (29)
Sl 4=0

and each term in Eq. 27 is a harmonic motion oscillating with frequency
w_.
8
If the series in Eq. 27 represent the motion in a layer m, a new
geries representing the motion In any other layer n, is obtained by

applying the appropriate amplification factor from Eq. 22 to each term in

the series:

. %2 imst -iwst
un(t) = Z, Am,n(ws}' (am'se 4-bm’se ) (30}

The representation of a discrete motion with its Fourier transform
gives an exact representation of the motion at the discrete points t = j-At,

3 =~ 0,....,n=1, Cyclic repetition of the motion with the periocd T = n‘At
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is implied in the sclution. The solution applies, therefore, to an infinite
train of identical accelerograms rather than the given singlc accelerogram.
For systems with damping this is not of any significant consequence since

the individual accelerograms can be separated by a quiet zone of zeros causing
the responses from one cycle to damp out before the beginning of the next
evele.,

The Fourier Transformation can be performed in several ways. The SHAKE
program utilizes the Fast Fourler Transform algorithm developed by Cocley
and Tukey (1965), which is faster by a factor n/logn over the conventional
method. This technique computes all values in the series simultaneocusly.
The method requires that the number of terms in the series be some power of
2. A typical analysis using an acceleration record of 800 terms with time-
step At = ,02 sec. will use 1024 values in the Fast Fourler Transform, with
all values between 800 and 1024 set equal to 0. This will satisfy both the

requirements of a gquiet zone after the acceleration record and that the total

nunber of terms must be a power of two.

3. TDESCRIPTION OF PROGRAM SHAKE

Program SHAKE computes the responses in a system of homogeneous, visco-
elastic layers of infinite horizontal extent subjected to vertically
rravelling shear waves. The system is shown in Fig. 2. The program is based
on the continuous solution to the wave-equation (Kanai, 1%51) adapted for
use with transient motions through the Fast Fourler Transform algorithm
(Cooley and Tukey, 1965). The nonlinearity of the shear modulus and damping

1

i

accounted for by the use of equivalent linear soil properties (Idriss and
Sgad, 1968, Seed and Idriss, 1970) using an iterative procedure to obtain
values for modulus and damping compatible with the effective strains in each

layer.
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The following assumptions are implied in the analysis:

1.

Z.

The soil system extends infinitely in the horizontal direction.
Each layer in the system is completely defined by its value of
shear modulus, critical damping ratic, density, and thickness.
These values are independent of frequency.

The responses in the system are caused by the upward propagation
of shear waves from the underlying rock formation.

The shear waves are.given as acceleration values of equally spaced
time intervals. Cyclic repetition of the acceleration time
history is implied in the solution.

The strain dependence of modulus and damping is accounted for by
an equivalent linear procedure based on an average effective

strain level computed for each layer.

The program is able to handle systems with variation in both moduli

and damping and takes into account the effect of the elastic base. The

motion used as a basis for the analysis, the object motion, can be given in

any one layer in the system and new motions can be computed in any other

layer.

The following set of operations can be performed by the program:

1.

Read the input motion, find the maximum acceleration, scale the
values up or down, and compute the predominant period.

Read data for the soil deposit and compute the fundamental period
of the deposit.

Compute the maximum stresses and strains in the middle of each sub-
layer and obtain new values for modulus and damping compatible with

a specified percentage of the maximum strain.
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4. Compute new motions at the top of any sublayer inside the system
or ouicropping from the system.
5. Print, plot and punch the motions developed at the top of any
sublayer.
6. Plot Fourier Spectra for the motions.
7. Compute, print and plot response spectra for moti&ns.
8. Compute print and plot the amplification function between any two
sublayers.
3. Increagse or decrease the time interval without changing the pre~
dominant period or duration of the record.
10, Set a computed moﬁion as a new object motion. Change the accelera-
tion level and predomimnant period of the object motion.
11. Compute, print and plot the stress or strain time-history in the
middle of any sublayer.
These operations are performed by exercising the various available options
in the program. A list of these options is given in Section 5, Required

Input Data.

4, SYSTEM AND OPERATION DOCUMENTATION

4.1 Computer equipment

The program has been developed on a CDC 6400 computer using FORTRAN IV
langusge. The CDC 6400 has a 131 k core memory and uses a 60 bit words.
The program has been run without modifications on CDC 6600, 7600 and
UNIVAC 1108 computers, and with minor meodifications om IBM 360 and 370

computers,
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4.2 Storage requirements

The program requires approximately 50,000 octal words of storage
excluding the blank common X. The additional s*orage is a function of the
maximum number of terms used in the Fourier Transform as shown in

Table 1.

Table 1. Storage Requirements

Number of Length of Fleld length

terms array X octal

0 0 50,000

512 3220 57,000
1024 6420 65,000
2048 P 12820 102,000

4096 - 25620 134,000

8192 51220 220,000

4.3 Runtime

The runtime is a function of the number of terms, n, used in the
Fourier Transformation and of the number of sublayers in the deposit. The
time involved in the Fast Fourier Transformsation is proportiomal to
n-logn; all other operations are approximstely proportional to n. In the
computation of strain éompatible soil properties, the time will also
increase in proportion to the number of sublayers.

For the example run, Sect. 6, the approximate run times on the CDC 6400

are shown in Table 2.
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Table 2. Runtimes.

Number of Time Run time
terms interval, sec. SEC.
512 04 45
1024 .02 80
2048 .01 170

5. REGUIRED INPUT DATA

3.1 Organization of input data.

Following is a description of the operations performed by the different
options, the required format for the input data, and explanations of some
of the input parameters. The input format is also described at the
beginning of the main program, see listing sect. 8.3.

The various options can be executed and repeated in any loglcal sequence.
The operations in an optlion will be performed on the data given or computed
in the program when the option is called, and the data may be changed at any
time during the execution by repeating the option with new data.

For example, in order to compute new motions in a soil deposit, (Option 5) object
motion {Option 1}, soil profile data {(Option 2), specification of location
of object motion (Option 3), dynamic scil property-strain relation (Option 8},
and strain iterations (Option 4--if strain compatible properties are desired),
mist precede Option 5. Soil responses for a new (additional) soil deposit
may be obtained by repeating Options 2, 3, &4, and 5. The last-read soil

deposit may be subjected to a new earthquake by repeating Options 1, &, and 5.
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5.2 Initializatiom card (I5,F10.0)

5.3

Cols, 1-5 MAMAX Maximum number of terms to be used in the
Fourier Transformation in any of the problems
to be run. Must be a power of 2 such as 512,
1024, 2048, ete.

6-15 SKO Coefficient of earth pressure at rest for sand
layers. If blank the value is set equal to

0.

45. May be left blank 1f all layers are clay.

After the initislization card follows one run option card.

Run option card (I5)

Cols., 1-5 KX Run of option

0
1
2
3

9
10
11
12
13
14
15

16

After the run option

option:

-~ gtop, no more data

- read input motion, and set as object motion

- read soil profile data

- assign the object motion to a specified
sublayer

- iterate to obtain strain-—compatible soil
properties

- compute new motions at the top of specified
sublayers, print maximum accelerations and
punch acceleration time history

- print or punch acceleration time history of
object motion or any specified computed
motion

- modify object motion or set the motion in any
specified sublayer as new object motion

- read relations between dynamic soll properties
and strain

- compute response spectra for any specified
metion

- increase time interval in motioms

- decrease time interval in motions

- plot Fourier Spectrum of object motion

- compute and plet Fourier Spectrum of motion
in any specified sublayer

-~ plot acceleration time history of object
motion or any specified computed motion

~ compute and plot amplification function
between any two specified sublayers

- compute and plot stress or strain history in
the middle of any specified sublayer.

card follows the data set for the selected
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5.4 Data cards and explanatory notes for the various options

Jption 1. Read Input Motion.

(D
(2)
(3
(4)

(32

(6}

{7

Operations performed

sdcceleration values are read from cards,
The sequence of the cards is checked.

The maximum acceleration value in the record is found.

‘The acceleration values may be scaled either by a specified

factor or to a specified maximum acceleration.

Trailing zeros are added to_the record tc obtain sufficient
length on the quiet zone ‘2’ and a total number of values
which are a power of 2.

The higher frequencies in the record are remcved and the
maximum scceleration in the modified record is found--optional.

The motion is set as the new object motion.

Data Cards

1st Card (2715,F10.0,546)

Cols. 1-5 NV Number of acceleration values to be read

from cards.
6-10 MA(a) Number of wvalues to be used in Fouriler
transform- Must be a power of 2.
11-20 DT(b) Time interval between acceleration values

(sec.}

22-50 TITLE({I) Identification for earthquake.

2nd Card (3F10.0)

Cols. 1-10 XF Multiplication factor for acceleratiom

values. Used only if XMAX is 0, left
blank otherwise.

11-20 HMAX Maximum acceleration value to be used.
The acceleration values in the record will
be scaled to give maximum acceleration =
XMAX , unless XF is left blank.

21-30  Fuax’S?

Maximum frequency to be used in the
calculations. Acceleration amplitudes
at all frequencies greater than FMAX are

set equal to 0.

3rd and consecutive cards. Acceleration record. (8F9.6,17)

Cols., 1-72 X(I) 8 acceleration values. (g's)

13-79 K Card number. Warning will be given for
cards not in sequence.



(a)

(b)

(c)
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Explanatory notes for Option 1.

The acceleration values between NV and MA are set equal to 0. in the
program. Cyclic repetition of the motion is implied In the Fourier
transform and a quiet zone of 0.'s or low values are necessary to avoid
interference between the cycles., For most problems a quiet zone of 2-4
seconds is adequate with longer time required for profiles deeper than
about 250 ft and/or damping values less than about 5 percent.

The predominant period of the earthquake record can be changed by
altering the time interval At from that originally assigned to the
acceleration record. If the original record has time interval At, and
corresponding predcminant period Tl’ 2 new predominant peried T2 is

obtained by changing the time interval to

T,
Atz = _T-; Atl

Frequencies above 10-15 c¢/sec carry a relatively small amount of the
enexrgy in earthquake mctions, and the amplitudes of these frequencies
can often be set equal to O without causing any significant change in

the responses within a soil system. Table 3 shows the maximum accelera-
tions and strains in the soil system used in the example runm, sect. 6,
computed for the Pasadena motion with time interval 0.02 sec and a
maximum frequency of 25 c/sec. Results are also shown for the same
motion with all amplitudes above 5 c/sec set equal to 0. The difference
in maximuym accelerations was less than 6.5%7 and in mexioum strains less
than 0.7% in the two cases. The difference in response spectral values
was less than 1% for perlods above 0.2 sec and less than 10% for periods

from .0 to 0.2 sec.



Table 3. Effect of the Higher Frequencies on the
Maximum Accelerations and Strains.

Depth Maximum acceleration, g's Difference Maximum strain, % Difference
£ = 25 ¢fsec | 5 c/sec yA £ = 25 e¢fsec | 5 c¢/sec %
max max
0 L0971 L0962 .9
00725 00724 .1
7 .0958 0949 .3
.1292 .1283 7
20 .0600 .0599 .1
' L0391 .0390 .3
30 L0353 .0556 .6
. .0287 .0287 -
42 .0508 .0507 .2
.00982 .00989 .7
62 L0470 0469 o2
.0505 .0504 .2
80 L0319 0299 6.3
L0349 .0348 .3
100 0239 .0235 1.7
.0320 .0319 .3
120 0178 .0189 6.2

81
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In the computation of responses in deep soil systems from a motion given
neayr the surface of the deposit, errors in the higher frequencies will be
amplified and may cause erroneous results. To avoid this source of error,
the amplitudes of all frequencies above 10~20 c/sec. may be set equal to 0.,
since these frequencies generally are of little interest and do nct affect
the response. Several runs should be performed with different amounts of
the higher frequencies removed to investigate the effect on the response and
to ensure a stable solutiom.

Removal of the higher frequencies in a motion has a smoothening effect
on the acceleration time history as shown in Fig. 5 for a segment of the
Pasadena motion. In this case the maximum acceleration for the modified and
original motion were approximately equal, but the maximum accelerations may
decrease or increase with the removal of the higher frequencies depending on

the shape of the acceleration curve near the maximum value.

Option 2. Read Data for Soil Deposit.

Operations performed

(1) The properties of the soil deposit are read from cards.
{2) The sequence of the layer cards is checked.
(3) The layers are subdivided into sublayers--optiomal.

(4) Effective pressures in the middle of each sublayer are
computed,

(5) The fundamental period of the deposit is computed.

Data Cards
let Card (315,6A6)
Cols, 1-5  MSOIL Soil deposit number, Can be left blank.

6-10 ML(a) Number of layer cards to be read including card
for halfspace. There is one card for each
layer whosebgroperties are individually

specified.(



Time in seconds

Fig 5 EFFECT OF THE HIGHER FREQUENCIES ON THE ACCELERATION
TIME ~ HISTORY

L
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Cols. 11-15 MWL Number of first submerged sublayer (b).
11if no ground water table present, put
groundwater table at top of halfspace.]

17-51 IDNT(L) Identificaticn for soil prefile.

2nd and consecutive carde. One card for each layer including
halfspace. (3I5,6F10.0,F5.0)

Cols, 1-5 K - Layer number. The layer cards must be in
sequence with the surfasce layer as layer 1.
Note that the number of layers may be < the
number of sublayers(b .

10 rypgle? Soil type
1l ~ clay
2 - gand
3 - rock

11-15 NLﬁ(a'b) Bumber of sublayers in layer K. The Kth
layer will be divided into NLN sublayers of
thickness = HL/NLN.*

16-25 HL(a) Layer thickness {ft.}

26-35 GMOD(d) Initial estimate of shear modulus (kips/sqg.ft.)
Not necessary if VS is given.

36=45 B(d) Initial estimate of critical damping ratio
{decimal).

46-55 W Unit weight (kips/cu. ft.).

56~65 VS(d) Initial estimate of shear wave velocity

(ft/sec). Not necessary if GMOD is given.

66-75 FACTOR'S)

Factor for shear modulus
Clay - F_ = undrained shear strength
€ (kips/sq. ft.)

Sand ~ FS = factor modifying the average
curve read in under Option 8.
Set ¥ = 1, for no change.

Rock - Fp = Shear wave velocity for low strain
values—in thousands of ft./sec.

76-80 BFAC Factor modifying the standard damping curve read
in under Option 8. For example, a factor of 1.2
increases each and every value by 20 percent.
For the elastic half space, soil layer card number ML, it is sufficient

to give values for K, GMOD or VS and W.

*Maximum total number of sublayers facluding the base is 20.
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(a)

(c)

Explanatory notes for Option 2.

With th=~ wave propagation method the responses can be computed in a
homogeneous layer of any thickness. A soil deposit will, howewver, have
varying properties not only due to the varlstion in the socil itself but
also due to the differences in the strain-level induced during shaking.
Since the soil deposit must be represented by a set of homogeneous
layers, each with a constant value of modulus and damping, the thickness
of each layer must be limited based on the variétion in the sepil
properties. For a fairly wmiform deposit, a sublayer thickness
increasing from about 5' at the surface to 50-200' below 100' depth
should give sufficient accuracy. Accuracy may be checked by making a
trial run and comparing results with a subsequent run where more layers
and/or sublayers are used.

The division of a layer into sublayers is for convenilence to avoid
puniching of several cards with the same properties, and all sublayers
are treated as separate layers in the following computations. The
sublayers are numbered comsecutively starting at the top of the soil
deposit and the halfspace is counted as the last layer and the last sub-

layer in the deposit.

Computations of shear moduli for the different soil types are based on
the following expressions:
Clay Gc =K +F

. 1000 -+ (a2 . F
m 8

]
~

Sand G
8

Rock G

2
. . « T
R KR o {1000 ?R, /2000.



(d)

22

where
K = strain function given in Option 8.
F = factor given as input (FACTOR)

mass demsity in kips/cu. ft.

©
L}

G; = mean effective pressure (psf).

The strain function for c¢lays, Kc’ gives the average relationship

between G/Su and strain for saturated clays. While the undrained shear

strength of the clay, Su, is normally used in this modulus-strain
relation, the factor for clay, Fc, should be given a value which gives
the correct modulug-strain relation; thus Fc is not necessarily equal

to Su' If the modulus of the clay is found from seismic investigatioms,
the value of Fc should be set to Gc/Kc where Kc is the value for 107"

percent strain in the curve given in Option 8.

The modulus and damping are In general used as initial values on the
first iteration for the computation of strain-compatible properties,
but they can also be used directly to compute the responseé for the
values given, by omitting Option 4. Typical values ¢f the modulus for
strong shaking are of the order of 500 kips/sq. ft. near the surface
increasing to 3000 kips/sq. ft. at 100-200' depth for sand, 500-

2000 kips/sq.ft. for clay with values as low as 50-100 kips/sq. ft. for
soft clay. Usually 3-5 iterations are sufficient to obtein straim
compatible values within a 5-107 error limit.

The results are not highly sensitive to errors in the damping ratio
and values selected between 0,05 to 0.15 will usually give strain-

compatible values with 2 to 3 iterations.
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Option 3. Assign Object Motion to a Specified Sublayer.

Operations performed

The object motion is assigned to the top of one sublayer in the soil

deposit.

Data Cards
ist Card (215)

Cols. 1-5 IN Number of sublayer where object motiom is
assigned.

6-10 INT Type of sublayer
0 - Outcropping(a) sublayer
1 « sublayer within profile

Explanatory notes to Option 3.

(a)See Section 2.2,

Option 4. Obtain Strain Compatible Scil Properties.

Oparations performed

{1) Parameters for the iterations are read from card.

(2) Maximum strasins, stresses and times for the maxima are computed
in the middle of each sublayer.

(3} Effective strains are obtained from the maximum strains and used
to compute new soil properties.

{4} 'The operation is repeated until strain-compatible soil properties
are obtained within a given error limit or until a specified
maximum number of lterations is reached.

(5) The fundamental period of the deposit is computed after the final
lteration.

{(6) A set of soil data cards with the new strain compatible properties
is punched--optional,
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Data Cards

lst Card (215,2F10.0)

(a)

(b}

(e

Cols. 1-5 KS(

a) Set equal to 1 for punched set of soil data

cards with the soll properties after final
iteration. Leave blank if punched cards are
not wanted.
6-10 ITMAX(b) Maximum number of iterations.
11-20 ERR(b) Maximum acceptable difference between the
last~used modulus and damping values and
the strain-compatible values (percent).

(c)

21-30 PRMIL Ratio between effective strain and maximum

strain {(decimal).

Explanatory notes for Option 4,

The most time consuming part of the computations is to obtain strain
compatible soil properties. A set of soil data cards with strain-
compatible properties may save computer or punching time if
additional ;omputer rung are to be made subsequently.

The iterations stop when the apecified maximum number of iterations
(ITMAX) is reached or when the difference between the modulus and
damping used and the strain-compatible modulus and damping values

is less than the acceptable difference (ERR). Usually 3-3 itera-
tions are sufficient to obtain an error of less than 5-10Z. The
values given as 'new values'" in the final iteration are used in all
computations following Option 4, and the actual error is less than
the error wvalues given in the final iteratiom.

The effective straln is used to compute new soll properties. The
ratlo between the effective and the maximum strain has been
empirically found to be between 0.5 and 0.7. The responses, however,
are not highly sensitive to this value and an estimate between (.55
to 0.65 is usually adequate, with the higher value appropriate for

giving more uniform strain histories.



Option 5. Compute Motion in Specified Layers.

Operations performed

(1) The acceleration time history is computed at the top of specified
sublayers.

(2) The maximum acceleration and times for maxima are printed for the
computed motions.

(3) The computed acceleration time histories may be punched--optional.

(4} The acceleration time histories may also be printed or plotted
{(Option 6, 7 and 14)(8).

Data Cards

1st Card {1515)

Cols. 1-75 ©LL5(I) Array showing the numbers of the sublavers at
: the top of which the motion is to be computed.
Maximum of 15 locations.

2ad Card {(151I5)

Cols. 1-75 LT5(I1) Array specifying t¥g§s of above sublayers.
0 - outcropping sublayer
1 - sublayer within profile

3rd Card {1515)

Cols. 1-75 LPS(I}(a) Array with mode of output for the computed
motions.
0 - max. acceleration value only printed.
1 - punched cards giving acceleration time
history in addition to the printed
maximym acceleration value,

Explanatory notes for Option 5

{(a) The acceleration time histories can be printed or plotted through
the use of Option 7 where a specified motion is set as the new
object motion. Subsequent use of Options 6 and 14 give respectively
a printed and a plotted output of the acceleration time history of

the motion.

{b} See section 2.2.
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Option 6. Print or Punch Object Metion.

Operations performed

{1} Maximum acceleration and time at which maximum occurs are found.
(2) The object motion is printed--optional.

(3) The cobject metion is punched on cards--optional,

Data Cards
ist Card (I5)

Col. 5 K2 Selects mode of cutput.

K2 = 0 Max. acc. only
1 Punched output
2 Printed and punched output.

Option 7. Change Object Motion.

Operations performed

(1) A motion at the top of a specified sublayer can be set as the new
object motion and printed or punched {Option 6) or plotted
(Option or used for subsequent computations--optional,

(2) The time step in the object motion can be changed--optional.

(3) The acceleration level in the object motion can be changed--
optional.

PData Cards
Ist Card (215,2710.0)

Cols. 1-5 1LL1 RNumber of sublayer. Use { if object motion
originally assigned is to be retained!d’,

6-10 LT1 Type of above sublayer
0 - outcropping c) sublayer
1 - sublayer within profile

11-20 XF Multiplication factor for acceleration values--1,
for no change.

21-30 DTNEW Newtinﬁstep(b).

Explanatory notes for Option 7

{a) The acceleration level and timestep can be changed either on the

motion originally set as the object motion, or on the computed



motion which 1s set as the new object motion through Option 7.
(b) A change in time interval will change the predominant period of
the motion. If the time interval and predominant period of the

original motion are At. and Tl, respectively, a new predominant

1
period TZ ig obtained by changing the time interval to

T

(c) See section 2.2.

Option 8. Read the relation between the Effective Strain
and the Dynamic Properties

Overatlons performed

(1) Effective strain values with corresponding values for damping
and moduli are read from cards.

(2) Parameters are computed for interpolation of modulus and damping
values using a linear semilogarithmic relation between the given
values.

(3) The relationship between the dynamic properties and the strain is
plotted--optional,

Data Lards

lst Card (315,F10.0,1046)

Cols. 1-5 NSOILT Number of different soil or rock types to be
read. Maximum 4.(8)

10 NPL(b) Set equal to 1 for plot of curves.
11-15 NN(b) Number of strain-values in each logarithmic
unit to be plotted.
16-25 sC Maximum value of the ordinate in the plotting.
26-80 Title or identification data.

Next follows two sets of cards for each soil or rock type. The first
set gives the relationship between the shear modulus parameters (C) and
the effective strains; the second set give the relation between the
critical damping ratios and the effective strains., Typilcal data is

shown on page 40.
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First Set:

ist Card (I5,F75.0,1146)

Cols. 1~5 NV} Number of straln values to be read.
Maximum 20,

6-10 .FPL(L)(b) Multiplication factor for shear—mmd?l¥s
parameter. Used for plotting only. b

i2-76 ID(L,I) Identification for first data set. Used
for plotting only.
2nd and consecutive cards (8F10.0)

Cole. 1-80 X(L,I) Effective strain wvalues in percent
beginning with the lowest value. 8 wvalues
per card with maximum of 20 wvalues.

Consecutive cards (8FL0.Q)

Cole. 1-80 Y(L,I) Values of the shear modulus parameter (e)
corresponding to the strain values given
above., Eight wvalues per card with
maximum of 20 values.

Second Set:
The input format for the second set is identical to that for the first
set with values of critical damping ratios in percent instead of the

values for the shear modulus parameter.

Explanatory notes- for Option 8.

(a) Three different soil or rock types can be used in the program as
describted in Option 2. The relationships between effective atrains
and the dynamic properties must be read in the same sequence as the

soll type using the notation:

1 - Clay
2 - Sand
3 - Rock

(b) The values for the shear modulus parameter and the damping can be
plotted against the effective strains. If plotting is specified

(NPL = 1), values for the shear modulus parameter and damping are
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(¢)

computed for a specified number of effective strains (NN) in each
logarithmic unit. The computed values should be scaled (FPL(L)) to
obtain good representation of all curves on the same plot. The
gscaled values and the corresponding effective strains are also
printed.

The values are used to compute the shear modulus for the different
soil types. The relationship for sand and c¢lay used in the program

is based on the expressicns given by Seed and Idriss (1970):
G (v

Su

Clay KC(Y) =

G, (1)

The relationship used for rock is the scaled ratio between the shear
modulus at low effective strain (10~° percent} and the shear modulus
at a specified effective strain:

G(y) » 2000

Rock (y) =
® G{y10™*)

. Compute Response Spectra

Operations performed

The motion is computed at the top of a specified sublayer.

Tires for maxima in the acceleration, velocity and displacement
spectra are computed and printed.

Acceleration and velocity spectra may be plotted and/or punched on
carig-—-optional.

Data Cardg

lst Card (2I35)

Cols. 1-5 LL1 Sublayer number. Use 0 1f the response spectra

are to be computed for the cbiect motien.

10 LTL Type of sublayer.
0 ~ outcropping sublayer
1 - sublayer within profile,
The response spectra are computed for the motion at

the top of the sublayer. May be left blank if LL1 is G,



2nd Card (515)

Col. 5 RND
10 KP
15 KAV
20 KPL
25 KPER

3rd Card (6F10.0)

30

Total number of damping values to be used.
Maximum 6 values.

Set egual to 1 for punched output,

Select plot and punch option:
0 - plot and/or punch velocity spectrum
1 - plot and/or punch acceleration spectrum
2 -~ plot and/or punch acceleration and velocity
spectrum.

Set equal to 1 for plot of spectra according to KAV,
All spectra computed since last pleotting will be
plotted together.

Select periods to be used in the computations:

KPER = O
9 steps from 0.1 sec to 1. sec
5 steps from 1. sec to 2. sec
4 steps from 2. sec to 4. sec

KPER = 1
18 steps from 0.1 sec to 1. sec
10 steps from 1. sec to 2. sec
8 steps from 2. sec to 4. sec

KPER = 2
38 steps from 0.05 sec te 1. sec
20 steps from 1. sec to 2. sec
30 steps from 2. sec to 5. sec

KPER = 3
Logarithmic increments with 10 steps in each
log. unit from 0.1 to 5.

KPER = &4
Logarithmic increment with 25 steps in each
log. unit from 0.05 to 10.

Cols. 1-60 2LD(1) Values of critical damping ratios in decimal

to be used in the spectral analysis. ©ND
number of values must be given.

Option 10, Increase the Time Interval

Operations performed

The time interval is increased.



Data Cards

1st Card (I5)

Cols. 1-5 I1FR(®

Factor for increasing time interval. Must be a
power of 2.

Explanatory notes for Option 10

{a) The Fourier Transformation of a given acceleration time history

consists of a series of harmonic motions

n/2 fw_t ~iw t
u(t) = E: (ase + bse )
s=(}

With the harmonic motions given, acceleration values can be computed

for any value of the tine, t,rand a new acceleration time history

can be generated with a time interval different from the original.

Suppose, for example an acceleration record is given with 2048
values and a timestep At = 0.01 sec. Through Option 10 with IFR = 2
a new recerd with 1024 values and timestep 0.02 sec is generated.
The acceleration wvalues in the two records are identical at all
times n * .02 sec., n = 1,2...1024., The new record has a maximum
frequency of 25 c/sec. compared to 50 ¢/sec. in the original
records, and frequencies from 25 c/sec. to 50 c/sec. are lost in the

operation.

Increasing the time interval reduces the computer time as shown
under sect. 4.3, For computation of maximum accelerations a time
interval of 0.02 sec. will generally give adequate accuracy while
a time interval of 0.04 sec. may be aufficient for the computation

of the stresses and strains in a deposit.
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The difference in maximum accelerations and strains resulting
from the use of different time Intervals are shown in Tables 4
and 5 for the example run. The effect may be somewhat higher
for earthquakes with lower predominant periods and for stiffer

soll systems,

Option 11. Decrease the Time Interval

Operations performed

The time interval is decreased.

Data Cards
lst Card (I5)

Col. 1-5 IFR(a) Factor for décreasing the time interval; must be
a power of 2.

Explanatory notes for Option 11.

(a) See explanation to Option 10. Through Option 11 a new time history is

generated with the time interval reduced by a power of 2. Compared
with the usual linear interpolation, this method has the advantage

of not introducing additional frequencies to the motion.

Option 12. Plot Fourier Spectrum of Oblect Motion

Operations performed

(1) The Fourier Spectrum of the object motion is plotted.

(2} The spectrum may be smoothed--optional.

Pata Cards
1st Card (3I5)

Cols. 5 Kl Select for plotting:
0 - Store spectrum for later plotting. Max. of
2 spectra can be plotted together.
1 - Plot all spectra stored since last plotting.

6-10 NSW(a) Number of times the spectrum is8 to be smoothed.
11-15 RN Number of values to be plotted--maximum of 2049.
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Table 4, Effect of Time Interval on Maximum Strain.
Depth Computed Maximum Strain 2
At = .01 At = .02 At = ,04
3.5 00727 .00725 .00725
13.5 .129 .129 .127
25, .0392 0381 .0390
36 .0287 .0287 .0285
52 .00982 .00982 .00981
71 .0505 .0505 .0505
90 .0350 .0349 .0348
110 .0320 0320 .0316




Table 5. Effect of Time Interval on Maximum Acceleration.
Depth Maximum Acceleration
At = .01 At = .02 At = 04
0 0971 0571 .0967
7 L0960 .0%58 L0954
20 .0598 .0600 .05%0
30 .0554 .0553 ..0548
42 .0508 .0508 .0498
62 L0471 L0470 .0462
80 .0317 .0319 .0318
100 .0238 .023¢9 0242
120 .0181 .0178 .0178

34
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Explanatory notes to Optiom 12.

(a) The expression used to smooth the spectrum is:

.. A, Y 2A F AL

i 4

1

where Ai is the acceleration amplitude for the ith frequency.

(c)

Option 13. Plot Fourier Spectrum of Computed Motions

Operations performed

(1) The motions at the tops of the specified sublayers are computed.

(2) The Fourier Spectra for the computed motions are plotted and
printed.

(3) The spectrum may be smoothed--optional.

Data Cards
1st Card (5I5)
Colg. 1-5 LL{1) Sublayer number,
' 10 LT(1) Type of sublayer:

o~ Outcropping(b) sublayer
1 - Sublayer within profile.

15 LP(1) Select for plotting!
0 ~ Store spectrum for later plotting;
max. of 2 spectra can be plotted

together
1 - Plot all spectra stored since last
plotting.
16-20 LNSW(l)(a) Number of times the spectrum is to be
smoothed.
21-25 LLL(1) Number of values to be plotted.

Max. of 2049.
Znd Card (5153)
4s for Card 1 for a second motion. A blank card must be used if only

cne spectrum 18 to be computed.

Explanatcry notes for Option 13

{(a) See Option 12.
{b) See section 2.2.

{c)} See section 2.3.
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Option 14. Plot Time History of Object Motion'®) .

Operations performed

The time history of the object motion is plotted.

Data Cards

ist Card (215)

Cols. 1-5 NSKIP Number of values skipped in the plotting.
0 -~ every value is plotted
1 ~ every second value is plotted
etc.

6-10 NN Number of wvalues to be plotted. Max. of
2049 values.

Explanatory notes to Option 14,

(a) The time history of & computed motion can be plotted by setting

this motion as the object motion through Option 7.

Option 15, Compute Ampiification Spectrum.

Operations performed

(1) The amplification spectrum between any two sublayers in a given
solil system 18 computed.

(2} The maximum amplification and the corresponding period are printed.
(3} The amplification spectrum may be plotted and printed--opticnal.

Data Cards
ilst Card (515, F5.0,8H6)
Cols, 1-5 LIN(E) Number of first sublayer.

6 LINT Type of first sub%gye
0 - outcropping sublayer
1 - sublayer within profile
11-15  Lour(®
20 LoTP Type of second sublayer
0 - outcropping sublayer
1 - sublayer within profile.

25 kP Select for plotting:
0 -~ Store spectrum for later plouting.
Mgximum of 8 spectra can be stored.
1l ~ Plot all spectra stored singe last
plotting.

Rumber of second sublaver.



37

26-30 DFA Frequency steps. The amplification factor is
computed for the first 200 frequencies with
interval DFA c/sec. beginning at 0.

32-78 IDAMP(I) Identif’ ~'iomn.

Explanatory notes to Optiom 13.

{a) The amplification factors are computed from the first sublayer
to the second.

{h) See gection 2.2,

Option 16. Compute Stress or Strain History in the Middle of Specified
Sublayers.

Operations performed

(1) The stress and/or strain time history in the middie of any two
specified sublayers are computed.

(2) The computed time histories may be plotted or punched on cards.

Data Cards
lst Card (5I5,FL0.0,5A6)

Cols. 1-5 1LLL(3) Sublayer number. The stress or strain history
is computed on the middle of the sublayer.

10 LLGS(1) Select type of response:
0 - strain
1 ~ stress

15 LLPCH(1l) Set equal to 1 for punched output.
20 LLPL(1) Set equal to 1 for plotting.
21-25 LHV{L) Number of values to be plotted; maximum of 2049.

26-35 SK(1) Scale for plotting--i.e., maximum value of
ordinate. If blank, the largest value in the
response is set as the maximum value of the
ordinate.

37-65 1ID(1,) Identification.

2nd Card. As for Card 1 for second sublayer. Use blank card if only
one response is to be computed.
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6. EXAMPLE RUN

6.1 Selection of soil system and input motion.

An example problem is shown in Fig. 6. Maximum accelerations, stresses
and strains in the soil deposit and response spectra for the surface accelera-
tions are wanted for a magnitude 7.4 earthquake occurirg 100 miles from the
site.

Based on the relations given by Seed and Idriss (1970), the scoil system
shown on Fig. 7 was selected for analysis. The factors used for clay are
equal to the undrained shear strength in kips/sq. ft. The factors for sand
are estimated from relative densities and content of gravel.

The motion in rock for a msgnitude 7.4 earthquake 100 miles from the
causative fault is estimated to have maximum acceleration of .02g and a
predominant period of 0.65 sec (Schnabel and Seed, 1972; Seed et al., 1969).
Among the available strong motlon records, the Pasadena record from the 1952
Kern County earthquake seems to have characteristics most similar to those
desired. The magnitude of the earthquske was 7.7, the record was obtained
some 75 miles from the fault, the maximum acceleration was 0.037g and the
predominant period was (.65 sec. Modification of this record to give a maximum
acceleration 0.02g gives the desired characteristics for the motion in an

outcropping rock formation near the example site.
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Depth Soil Deposit

Sand Dr = 45 %

Clay  Su =250 psf

Clay Su = 750 psf

Clay  Su=1150pst

N\

50 = ~te.r Sond  with
some gravel

Clay  Su=1400 psf

Distance from cousative

Cloy Su = 2000 psf fauit: 100 miles

Earthquoke mognitude: 7.4

NN\

Cloy  Su=2250 psf

W.L.
T

>
N
/%
X

Rock Vs =8000 flhec

Fig. 6 EXAMPLE PROBLEM
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Depth Soil type Factor
O ——
2 0.7
| 0.25
| 0.75
| 115
50— 2 .25
— l .4
Motion in outcropping rock:
- i 2.0 Posadena record from
the 1952 Kern County
100 — earthquake scoled to
0.02g maximum gccel-
— { 2 25 ergtion.

Halfspace Vg =8000 fsec

Fig. 7 SYSTEM USED IN THE ANALYSIS OF THE EXAMPLE
PROBLEM
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6.2 Input data for the analysis.
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6.3 Computer output from the analysis.
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7. PROGRAM IDENTIFICATION AND ABSTRACT

7.1 Program Identification

1.

Program title: Vertical propagation of ghear waves through a
horizontally layered soil/rock system. '

Program name: SHAKE.

Writers: Per B. Schnabel, Research Assistant
John Lysmer, Associate Professor of Civil Engineering.

Organization: Geotechnical Engineering
Department of Civil Engineering
University of California
Berkeley, California 94720
Date: December, 1972.

Version: 2

Source language:! FORTRAN IV

7.2 Abstract

The program computes the response in a horizontally layered soil

rock system subjected to transient, vertical travelling shear waves. The

method is based on Kanal's solution to the wave equation and the Fast Fourier

Transform algorithm. The motion used as basis for the amalysis can be

applied to any layer in the system. Systems with elastic base and with

variable damping in each layer can be analyzed. BRquivalent linear soil

properties are used with an iterative procedure to obtain soll properties

compatible with the strains developed in each layer. A varied set of

operations of interest in earthquake response analysis can be performed.
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8, SOURCE LISTING FOR PROGRAM SHAKE.




AfdAAROOAMACOARIARNDANGOANAAARANARARARRIRRDARATANARRDONRADANAON

L B B I B B
L I B O BRI IO B AN 2
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'R EEE N E R A W ey

THES FRCERAR COMPUTES RESPONSE IN A RURISOMTALLY LAYERED SEMI-
IRFINITE SVSTEX SUNJECTED TO YERTICALLY TRAVELLING SHEAR WAVES

THE METHFOD IS BASED CN THE COATINCUS SOLUTICH TO THE SHEAR WAVE
EQUATICR '

PROGRARREL BY PER B SCHMABEL AESEARCH ASSTSTANY
JOMN LYSKER ASSOLTATE PROFESION

GEOTECHRTCAL ENGINEERING
UMIVERSITY OF CALIFORNTA

RERMELEY
PRCGREP VERSECN SHAKEL JAMUARY 1972
SHAXEZ AMHIL 1972
JUNE 1972

CHENGE ~ OPTION 7 COANECTED
- SBRGUTINES STEPG AND FFY
ADAPTED TG UNTVAC COMPUTERS
DECRAAER 1972 R
CHANGE -~ SUBROUTINES ORCTSH AMD STRAIN

AL AT AT ORI SO R EARRED T AR D
LA R RS RN NN I I
DEFINITICAS
INFUT WOTION = POTIEN READ IN FROW CARDS

COJECY ®OTICH

WOTICK USED AS BASES FOR COMPUTING WEW
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CLICROP = PLACE WHERC & 501U SUBLAYER OR THE @asE
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s ANORNN ﬂﬁﬂhﬂﬂﬂﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬂﬂhhﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ?‘ﬂﬂﬂﬂﬂbﬂﬂﬂ

AFTER Tr1S FIAST CARD FOLLOWS SWITCH FOR GPTION TO BE SEAFRWED. THE
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REPEATED IN ANY LLGICAL ORDEA.
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3 READ WHERE [N THE SOIL PROFILE THE OBJECT
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3 CONPUTE HEW MOTIONS PRINT O8 PUNCH RESULTS
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USE CPTiQn T BIRST FOR PLOY CF COMPUTED
MOTICN
15 COMPUTE ARPLIFICATION FACTORS
113 CONPLTE STHESS OR SYRAIN MISTORY
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2 READ CATA FOR AEw SOIL PROFILE
1 CARD (315, aAa)
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(. lé-352 0L PROFILE KDENTIFICATION
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COL. L1-15  MWUMBER OF SUNLAYERS. THE LATER WILL BE
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. PRUFILE 15 19
COie 10-29% THICKRESS OF LAYER IFT.)
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i
3
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1 CARD 121%)
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TOPF OF THE SUBLAYER
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) CARD (20%:
e -5 0« MAN, ACCELERATION ONLY b
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2 CarQ (4(%)
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10 INCHERSE TEWESTEP
1 CaRD 1192
oL, 1~ % FACTOR FOR INCAEASING TimeSTEP
MiST BE A POWER OF 2

L1t CECREASE TIMESTVEP
T Cand (I5)
CoL. 1= 5% FACTCR FOR DECREASING TIWMESTEP
mUST 4E A POWER UF 2

14 CCHPUTE STAAIN CR STRESS TIME WISTCRY
1 CARD {AI5,F1d.0,548)
oL, 1~ % NUMBER CF SUBLAYER WHERE RESPANSE 'S5 T GE
COMPUTED AY wIDOLE OF LAvVER
coL. 10 RESPCNSE TyPE
0 - STRAIN HISTORY
1 ~ STRESS HISTORY
[ o o % 15 SET EQLAL TO L TF PUNCHED Cutepyt 1S WanTED
oL, 20 SET EQUAL YO 1 FOR PLOTFING
CCL. 21-25  MURMBER CF VALUES 'O 8F PLOTTED, “AK. 2049
COL. 28-3% SCALE FCR SLOTTING ~ 1.E. MAX wal. F CRDINATY
1F O, LAGEST WALUE IS SET 4§ #ax, 020, ¥aLug
CCL. 371-¢% TOEMTIFICATION -

12 PLCT FOURTER SPECTRUM 0IF CRIECT MOTION
L CanD 13E%)
cav. L] Sul¥on FOR PLOTTING
0 - STORE SPECTAUN FOR LATER PLOTTING
MAX, 2 SPECTRA PLOTTED YOGEYHER
L~ PRLOT ALL SPECTRA STORED SINCE
LAST PMLOYTING
CGL. &-10 NUMBER OF TIwES SPECTEUM 1% YO 8E SHIOTHENED
€L, LL-I3 pIMEEn OF FRAEQUENCIES TO 8E PLOTYED MAX. 2047

3 CarD AS CARD ¢ POR MNEW RESPONSE.
13 PLOT FCURTER SPECTRA CF CCHMPUTED MOTION SLANK [F ONLY CNE RESPONSE 15 WANTED. (maX 2 RSP
P ocarp {5159

€L . 1- & SUBLAYER NUYAEA FOR FLAST CONPYTED AOTLON R E R R R E T R EEE T I I O A B R N B I

8¢
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o0 55 [ o L.MYAL HSKIP

hekel SUBROUTINE CG

TP ARSKIP.GT.LD AATLN} # AdlL, D
84 TiM) = OVOFLOAT (-1}

IF (LCSELILEC.O)  PRINT 2002

1F (LGSILI.EQ. 1) PRINT 2003

SE R PLAL)LEC.ON GO TO S

If tLPLIE2).EQ.2) GO O 59

IF §L.EC. 03 GO TQ 38

$EE BRI EED E NS R e O DS S MR QO

THE SUBROUTINE AEAJ PUINTS ON A CURVE ANG GENERATES N¥i: POUNTS
BETWELN ThE GIVEN PUINTS [n ARITHMETIC OR HALFLOGARITH - SCatE
NECESSARY SUAROUTINES CIRVEGL), PLODT(}

OC 5T 1 » LN nSY = NJHIEA OF $3ILYYPES
ST AALL, L) = AALZ, I} ABSIS = TITLE 1M DRDIMATE FOR PLOTTING
tE 30 I # 141} N = RASER OF VALUES TN EACH LD FI% SEMILIGPLET
80 ICIL,%) = 1002:0) $C = SCALE FOR PLAYTING .
58 CALL FLCYEL, AT AALABSES, IO SNEL) 20 N} .4 » MUMBER (OF CURVES
GC TC & N = RUAIER OF VALUES MMERE STRAFN/PROPERTY~AELATEM
9 CALL FLEPEZ, BoTohd ABRSTS, 10 .5RILYe2, N} LS G1vEW
S CORTINUE oL ® MULTIPLECATION FAGTOR FOR PLITTING -
HETUMA 19 o [OEWTIFICATION
000 POAMATELLAG,IHLSYER 3} X w STRALN VALUES
2001 FCAPATIGRS 4,0 TY v B PRIPEATY YALUES
2002 FCAMAT{ALHL TIME HISTORY QF STRALN IN PERCENT 9
2003 PCRMAT(4LHL  TIME HISTORY OF STRESS 1IN KIPS "y
(7] CODED BY PER B SCHNAGEL SEPT 1970

P EG AN O N RS E LS TEE YUY NV SR ED D IS BN

anmftfAafAaANAanhiaAlARaANOGOA

DISENEICN ¥I9, 200, TSTEPED) '

DIMENS ICH MT 9, AUSTSLLON, FPLL9)
CORMEN 750T1L0G/ KI9:2300 A (19,2000 B (9e23), NVIOH

COTNIN /CCE, LOLI kL PTL2001, ¥(9,200)

DAYA (ABSISHCI 0al  100/5H. START o8HNM IN P ,BHERCENT o Foqed

[ 4

READ 1000, HSOILY 4L NN, SC
ol » Fen30ILY
00 3 L = 1HC
RELE TU0Ls MVILY, FPLILD, LIOIL, T8, [=1.L})
"o ML}

.READ L3024 NELofPe 1 = LMy
BEAD 132,48 YiLeld,y | = 1.m}

R CONTIRUE
CALL CURVEGH NC, MYy 2. A, 8, 10, TSTEP, MY, ¥, ¥, A, ¥4 NSTEP}
IF INPL.ME.LT AETURN
00 2 o = L.MC -
00 2 L = L.NSTEP
ViNLE » VIKLIPFALING

Z LONTINUE -
PRIAY 1001
PRENT 3000
00 38 o 1,

} PRINY 3002, (12M0e20, © = 1,100, FPLILD
CALL PLOTINC, MNSTEP, T, vy ABSIS, 1D, SC. 9, 200}

c AETURY

1000 FORNATIILS WFLO. B

1001 FOAFPAT{/ 1% FI0. L. LUAASE

190 FURNATLEFLQ. 3

2331 FORMAT IS, FE.J00 LLAS)

2007 FoRRAT L2F10.4)

000 FORMATI®M  MOUYLJS AND DARPING VALUES ARE SCALED FOR MAITTING /71

3001 FOR®AT{%5H CJAVES FIR RELATIIN STRALIN ¥ERSJS SHEAR XL uS AND
1 W JQAUPING 277}

3332 FORMAT(LIAG, 2aH  4ULTIPLICATICN FACTON 2 FT, 2}

9/
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®'i = 3 30

425N 1T = § T D0

1 - NIAN = &

i Y ¢ DO

T43ISN P01 *XYRX CHINY SEN S4305E 'FR T INI063LS TPD

CE*A # TYel it - = (]4714

LI = 2XI7E41 A « LTeitTIa) « {10
(AL SRTESE REN LAY ¢

L2XI0LD0NY = TY AT CR3T W) 4}
CIXIGIOCY = 1Y £7 N3t ¥ 9

AT+ 113X w ZX

(1P Ny = Ix

W*i» 1t 100

1=-wey

AT X = Rppr 074X 40" NIe¥) d]

INY)X = X¥RYX LAWE 1Y AT Neexd 4l

1IIAN = &

w* =7 1 30

0 o« K¥YKX

TOLOO0DEDT & Viax
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16043151 "F6IAN S10Z6)R *LOT*6IY 4IOZ'EIA 10T RIN NDISNGMIQ

™

)

2

SOREN LRSS ATIAADEANCIBABERORSEILAR SV ERLENF AT HBOBN A ELAR PH R ESZEIRR R AR EIRDR N AS])

€461 1435 20YRHIS @ wlg A9 03002

C1907 MOVE KT LaNTvA 20 36N o N
ERLACERI LWL ) LR ERALL]
TYAYIINE HIVE NI $434% 40 waewhN - It}
TYABIING HOWA NI 3DIYA J53D¥YY = 43151
SIVARIAUNT 40 vAGWNE b WN
T = 13 335 2]13W4Tay
SANTIYA FLYNIDUD #IK - A
AIAPHINTS IHY SUINIOGE MIN JWIuM ¥SSESUY NO SInTTER - i
AAWOD ND SUINIDd NAnKY - )

8+ Ys¥ » )
SINIVA AN R LLYINIIYY ¥0d SHTLINFHYY = Hey

FTeIS FMAIEYODNAIYH L o+ W

FINRS JLieLiey 1 = I» B IRg * e
SIAUATD 3D EIPRON = ™

I JAMRD RD SIMTPA dC WIFKCE = (1IAN

I35 ITRSIHYONTIAE B0 FLL3RAINY MY
NI “d¥IIND WYENIS AR IAANT ¥ ND SANIOM M3 STGYYSKIT eveliud W

SREERIRFING ARSI SORP AL B ANR DI AU BRI AN IR GSNAE S IRAGANBARRNBFIRFL G E VRO T Ry m T

TATITNEACK AL CAM o 3ita W fO W N AN YONIOTGERD Tiopeany

Pl w U D W Gl W W W R s

L



78

an3
ES7pE = SIANTIVA 3D WIUWIW HET/9°3d v J34i53Wi4 RGN WEIZ
/ GAADHEY
R3¥ IWV LSS5/ HeYRZG3 QU HE *¥T90d  wCUE SITONDY PIvs  HOZ
Wenide
Yexsi & ¥ €0TaYFIeal")W%Y) 41
ST ZIOIOC I/ 0TGN ) = X
(V) 9214 & W4
Yo 1042441400000 ANl Y4
40r8% = T3
1 ¢ 01040 » 0304w
ANMIINES T
0w (34VIXY
21 01 0T EC TN B
1= &t 0o

0 s {1)X

MCWAW w | LY OO0

U e 01080 » N

Zriva o 94w

Ty = TN

HAL/TNN = WhiN

FEIA I ]

Was )t = 10

(a1 1vdNe & Wy

107%* = 12

LEIVT *iwd 203y 1569 ¥ ND)SNIWIC
XY *F XF1N0Y

TG PEWW WK A0S ENIFVLTLCTYRICTION /037 NOWKDD
IV TL wROFLND

LR A R DY I Y R R R N N RE IR BN RN N RN NN N

TEeT *ld3s a314100
"O4e1 30 TIREYREIS N B34 AR 030D

SHOTIOW GIANIWDD 40 Wa0ISHYHRL ¥ITWrDd o 14
HOTLON L1I3090 40 weDISHYHL ¥91en04 = i
wPOEAShYEL B3 H00F WNE OIS0 SN0 A0 ¥IFHAN w L)
"SI M) 43LS AINICEOMA e 43

*235 Nl 42USH1L = 10

"2 40 WIMLL ¥ TP ISON
d3453R1L NO ¥DLIYE NOTE¥ILVETETCN
CHOIIYE 40 HAOKIT KO BOLIVS ONIQTAID - uil

SAPTY 40 WIRWON SIIN0IW ChyY WAWILIN]T WLL §ISTIVING SNLLROY SIKG
M A R I N N N I A ey

ETH AP X BT 02003 INELNOYENS

VivnuDs 0OOT

UYL LU UUOLOUUUUU TSRO OW

. : 'y

.

[
NENLIW
¥ o oSN 217
iz 04 09
*Clav¥i = ¥}
INELNDD 12

212 02 DD ANL*LOMINIAY 5
. FIPRATCTAedT S ten*CTavi = (WD)
B LA
ML = £ 12 DO 172
L w9

(=30 L = w3 T2
NwliNgd 27
TLE D1 02 (1) *39" iwli) 41
LIFIAYC Y Ied2 1S ken0lev) = (M)}
T4+ % a0
WN*E = I & Co
¥4 = (112
[FRISFLIAFTTRS ) BN 7
1 =X
KN/*T = 1%
T« 1SN = 2% 4°] "1 41
{TLIET90 = 1SN
ruNLAY
. A = JIATN
¢118 « (1=W1) » (X)L 1)
L O A
Wi = 111 20
INYEALEL = 3AWS
(RIAYOTSFEIAYS = MDA L%} = 434S
[LIFY. I ]
NNTL = N QT DO
*0 ~ IANS
“n o= taks
1=%1
WY 4T ‘1) Gl OGP

~N

16N *16)d3LSE "ICTTIL NOISNISELOD
T E Ll N N N A A O

Di61 "L43% TICTYNHIS € Wid 0IMD
]

SAVIVA JO WIPKAN o #3158
G3LVUSKED SINTNL = 1}
4335-007% NI 3INTYA, [S¥1 =
4315~907F K1 AMIYA 15¥1d = "
434S HI¥3 NI SINTIVA 40 WITWFN =
4318 HIY3 Ki 3DRI¥A 153%uYY «
-

£F HI¥d MI SINTYA S0 dIBWAN uD S430% 200 wIeenM (1]
SINIVYA 40 JSYIWONT J1MiTwws0T ¢ =W
SINIWA S0 FSYIUINL €348 1= HILINE = b1

« INIKIWINT JINLIEVSOT B0 WYINEY MI Sedlt SAIVFINID ANINDN My

A A R N A R

PSILEN ‘L CME *TL YUN f4ELSL NN YWVINGALS INELNONENS

VULV ULDGU DU OULUBRUWLRUD GG W



[ s Y e Y ala el a s NaRaNaRaR ol o T alal ool ol

SUBROUTINE THCRETPRX AN, LLS

N L T A T

THES ROUTINE [NCATASES MJMBER OF POIKTS IN THE RECORD
BY UECREASING TIugSTEP

MULTIPLYTHG FACTOR ON LENGTH OF FRECORD

1fn -
nysT BE & POLER OF 2.
iag s TIAESTEP IN SEC.
oF =  FREJUENCY STEP IN C/SEC.
L1 o NGABER OF POINTS USED [N FOURITER TRANSFORM
L L FIURTER TRANSFORM OF O8JELT SOTIGN
AX % POJLIER TRANSFCRH OF COMPYTED MOTIONS

COUED BY PER B. SCHNABEL DEC. 19T3.
WCOEFLED CCT. 1971

P N T A R R EEEEE E R N L N ]

COMHCN FEQF MEILD AE2+ TITLELS )07, MA o MMAs DF,NX

COWPLEX A, AX
OIMENSIGN XI 68), AX{3, 043, LLLD

Fl » J5/09
FA = FLOMT{I#R)
C0F = DTJFR

Mos MFCEO- 1
MA = 4Ae[FR
wHAk = MRAFIFR
NAZ = PA - 2 .
WFOLD = Ma2/2
AFQLY = WFOLD »
DL 10 I » Ny MFILD
E{l) s Qa
DC LB L = 1,3

10 AXiL.1) = O,
£2 » L5/LT
PRINT 1000,Fl,F2.0Ts PA
Fah = FLOATIWA}
4x = {ALCGIQEFAAE/ MOGEIDI24 P =R,
IF CARLT 2o dKel )} %5 o WA

13)) FORKAT(2TH 3 FAZJJENCTES AODED FROM Fbe243H TO Fé.27

2AH NEW TIMESTES & F3,4/L9H WUMBER OF YALUES = 137/}
RETURY
Enid

SUBAQUTEINE pLoT (N MoV o Ay ABSIS, ED HSCALE NA WA}

L PRIXTER PLATTING JF UP TO % FUNCTIONS ON THE SAME GRAPH
FOLLOWED "BY TABULATION OF THE SAME FUNCTEUNS ' '

<
[
<
g CODED BY JOMN LYSMER = A4GUSY 1970
[4

ARGUKENTS
N = NUMBER OF CURYES ON THE GRAPH -~ MUST BE JLE. MA
] * NUMAER JF PCINTS PER CURVE ~ MUST BE LE, MA
visi & VECTOR CONTAINING THE ABSISSAS ~ MANIABS(VEI))I=999,
EiK MY = ROW I CINTAINGS ORGINATES OF CURYE
ABSIS{301= [QENTIFICATION FOR ABSISSA (LOAS)
EDtN10) = RO I CONTAINS IDENTISTCATION FOR CURVE [  (10A5}
__SCALE = ORDINATE CCRAESPUNDING T3 133 PER CENT ON GRAPH
SCALE IS AUTOMATLCALLY INCREASED YO THE VALUJE
MAKEADSIART001) [F SCALE IS5 SHALLER THAW TniS vaLUE
NA = DIMEAS KON OF L1ST SUBSCRIPT OF A = WUST 8E .4k, 9
MA * DIRENSLON CF ZND SUdSCRIPT OF A~ NI LLIWIT
MOTE = SKIP YO TOP IF KEd PAGE SEFIRE CALLING THIS ROUTINE
[T IETTFTY

OIHENSICN VI1) o AUNA,AAILABSTSILIN,E0L 9,119

OIHENS [CN LINE{LDL )4 NUMBER (9}

INTEGER X, BLANA.DOT :

DATA LoBLANKeDOT/LNRVIH oL1Hs/

DATA {MUMBERCEY ol=L v 90/ N1, L2 o LHI + LHE o LHE s LB 4 14T, JHE . (M7

Coetoarusne

[
L
€
2
3
4
C
c
L}
L4

SCALE = XSCALE
ANAXR»D,
ANLM=),

00 1 [»l.N

BG 1 Jel.n

AbJar{l,4)

IFLALSLGTL AMAX] AnAisALlY

EFIALILLY AMING AHIN=ALY

CONTENUE

TFISCALELA TLAMAX) SCALE =AMAK
TFESCALE,LTLABS{A-IHD ) SCALE=ABS (ARINI

PRINT I1832,SCALE
EFLAALIN) 2433
PRINT 1013

G0 19 &

PRINT 1004

PRINT 1003

DG 5 [=i.n

00 & J=l4l01

LINEL JhsBE ANk
IFE1aEUG DR LEQL i LENELY ) =20T
CONTINUE

ST LIZTEREY IY ]

LANECSLIADOF

LENE{l }eCOT

64
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1000
1002

LINELLGL)=00t

a0 13 Jal.N

Ruk(J, 1) /SCALERLOG,

TFUAMIND 11,1242

Ref{Pel00.7/2.

RuR+1,499999199

ENREN=R

TEALINECTDER ) . Edo BLAKKY GO TO 13
TF{LINECINDEXTLEZ.O0T ) GO TO 13
LINELIROEX )Y

50 10 10

LUHEL LNDEE ) =NUMBERLJ)

GCMTINUE

PRINTY 1006 o VIE D ofLINET J) o Jn2,101)
CORTINUE

PRINT 1335
PRIAT 10OT.a8S51S

DA 14 I=1,R

PRINT LOOS,T,4004 Ledlednd,]l)
CONTINUE

PRIAY 1000

PRINT 1009, COLANG  SURBERLL ) o (oL o M)

o0 A% I=i.®

PRINT LIL}VITdel A 2o I adolond
CONT it

RE TUAN

FORBAT {IWY)

FORMAT{84X o 2THLOO PEX CENT CCRRESPONGS TD +F9.4/7)
1IN FORMAT AL 2R o &M=L 3D TR JH=BD ¢ THs IH-6D, TIN5 D, TRy It 2)

2ol Oy I e IH2D IR e 2S00 K 2HE0, SK+ 2HBO AR LML 00 PER CENT)
TOON FURMATCIAN Le0 0 ANy 2HL 0 20 o TH20 BXs THIG o 00, FHAD L X, HED

)

FORWAT 100
FORMAT E1nX o FQ0 b o s LILAL)

FOREAT (AN, e /5K, J AR WRIGX ,THOR 0RO QA IHELEN ) BHERICO R

FOUNATL &M CUPVE.LI25M =  ollAG?

FORMAT (10W3  ABSISSA+ANS{AL+onCURVE AL, 2K17

FOARAY (F 042K HIFLO. %)Y
ano

BRy Z2E D e ONg ZAT Qe BN+ 2480, 02, 2H90, 8 L2HL QG PER CENT)
edlE6X,1He,5XE }

«10ASF7Y

l\f!l‘f!f!!\f\fﬁr\f\(\rlfl!!fll\f\f\f\f\f$l1f\r\t{fitﬁ

LR B B BN BE B NS N NN NN RS NI B B NECNE B N B

FUBSROUTINE AMPL AL o IMp THT o LL LY +KPL . 1DJNAL OF)

L I ]

THIS ROUTINE COMPUTES THE AMPLIFICATION SPECTRUS BETWEXN ANY Tw0

LAYERS
13 -
L] L
INT L
L L]
(%) -
18 -
13 .
A »
10 -

NUMIER OF SOTL LAYERS EXCLUDING ROCK

NUA3IER OF SUBLAYER FROM WHICH MMPLIFICATION IS COMP,

SUBLAYER TYPE
) - OUTCROPPING LAYER
L = LAYER wWITHIN PROFILE

NUMIER OF SUBLAYER TO WHICH AMPLIFICATION (5 COMP,

SUBLAYER TYPE

3 =~ QUTCROPPING LAYEA

1 = LAYGA MITHIN PROFILE
Q RO M.OTTING

1 PLOT ALL AWP, FUMCTIONS SINCE LASY PLO/TING

FREJUENCY STEPS IN ANP, FUNCTION
CURYE nUMSER [H PLITTING
TDENTIFICATION

CODED PER B SCHNABEL FEB. 19T%

2 8K S P 2H PEFTEAOEEAREN PO G TSP E NSNS DB
-

192

11

191

CONMLER Gy
CORMER Eo Fy
DIRENS ICH [0

¥y PL-JS, HINUS
EEy FFs As EX: AIN. IPE240A
(3,110

OINENSICH ARSISLLDY
CONPON Z500LM TonTiwls BLIZOYs GLI200, FRCTL20), MUZIF,RLETM)

COMMCN ZLSOILYZ Gwi20), YI20)e PLJSITOH, MINJSIZOIN

CCQANIN £CCGY

DATA (ABSLSLT), 155, 100/7¢H CYCLE: &M45/5EC.y 404

[A{9e bl beTI2000,STIF. 2000

IPIZ o CPPLNLD., Bald)

FREQ » J.
STINALLY = 1.

00 39 1 » 2,200

B« Lo
LU 1
PREQ = FREG +
& = PAEQelPL2

o*

50 191 X = 1.81
1F R hEIND G T3 132

Aln = B & FF
1P CINT.EY. 3

AV 2 2,88

IF iR 4ELY G TD 0L
F 1Y s E & FF
e (LT.RC.0) AR » 2.8

£R = CEXPUHIK
KE = Eeix
¥ = PEFEX
& = [EePLUSIK

JersWikH)

b ALALSERREF

PP ow PLUSIKI®F + 4] dUSEXKI*EE

CONTINLE

1F (INLHELHL+ID L0 T2 19)

AIW » E + FF

og
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1
i1¢

23

22

FF LEINTLEG.3Y Al = ¥

LE AN IR 8 JoNE.MLeYS GO YO 23

R w £ & FF

P ELTEG. 30 AR = 2, ef

STUNALLY o CABSLRASALNY

COMY NUE

OG 2% [ » 1,200

YUEY & DFsFLCAT{[=1)

AMAX = 0.

LG 22 1 = 14200

TF ESTINA,T) LT, AMAXKY GO TQ 22

TRAZ = Yilt

ARGR = ST{NAWID

CORTINUE

IF iNALLT. 9} MAs{A»]

PERIOD » I1./TMAX

TF (UmAx LTy 20031 PRINT 1001, ANAX, TMAX
IF ITNAX.GT. JO0XLE  PRINT 1001,AMAX, TNAX,PERIOD
IF (MPLLEded) RETUAN

FRENT 1000

N » Na~]

CALL PLETIN +200: T ST ABSIS 104042000
L LI

RETURN

1000 FORMAT (3IH]  PLUT 3F AMPLIFICATICON SPECTRA  /77)

109l

FORMAT 1250 MAR I ANPLIFICATION = F§,2/

1 2310 FCR FREQUENCY n Fha.2u T LFSEC. #

1525ﬂ PERICD = Fésl2s IH SEC. N
ND

i
410

L+
830

L]

450
650

L1
410
20

10

1000
4

50

SUSROUTINE FFT dAc s INV S IFSETIFERR)

DINENSTCR AE1D o DSVELDaSEY LaNER Do mMII 0 NPI3N o MER ) 4212010 DE2)
_EQUEVALERCE {NE i)y (M2, N0 D, INZINIDD)

IF (IABSCIFSEY =1} 813+810,:20
HT=MAXGLACL e M{2L, 143002
HTaRAXQ{2, M1}

1#F (MF=200 875,830,420
[FERP =}

G0 TO 400

YFERHRG

NYe2oenT

NTV2=NY/§

THET A=, TA5330] 434

JSTEpanY

JOTFNTV2

SLJOIFE=SINLTHETA)

O0 660 Le2 AT

THETA=YHETA/Z,

JSTERQ=STEP

JSTEP=JOLE

JOLFwISTER /2
StICTFI=SINITHEYA)
JCEaNT=JOIF

SUJCLY =CUSLTHETAS
JLASTanT=aSTEP2

1F LILAST=JUSTERP) ood.b40.640
DO 650 J=JSTEP,JLAST,.JSTER
SLanT=]

JOu J+IDIF
STJ0k=SEIISCIC ) oS SNIF IS0
CONTINLE

SET UP InviJ) TAJLE
ATLEAPoNTYZ

LMLEXPu]

LTI RE ]

00 69) Lsl.AT
INVLILLEXR o] haqTLE LR
DO 6T J=2.LNIEXP
JAn e PLEXP

TRV LS SIaTNY ) e AYLELP
MTLEXRPUMTLEXP/2
LALEXP=LP]FXPO2

IF CEFSETY 2348133,2)
ATTdA 0Nl T v (2D AiIEI-2
ROQT2=50ATE2.10

NI CLINEES FES PR X )
IFERRaL

PRIAT 1000

$toe

FUINAT(ILH == Enn IR [4 PCURIER TRANSFORYN 1}
IFERA=

qtaMild

N2=R{2}

REELIR N

Nlwdwen)

LiLr Lol r]

Yiagooyy

IF LIFSEYY 30.%0.7Y
NAsNLONEEN )

FN=NX

321
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[Ea) L83 at]
4101415V Pl B9 DO
Frell=iivil
TedlOFrary

QT 'OTECOTE LISV W J1
Lel TePMivadteZNIY
A=fTe2u Vel e LMY

[ LAF4 312004 114

M= UMDY
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[.2¥]

1114
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Ll

(43
ol

IREXS 31 L% )
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CHEERI ey DO (e
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SICEE TR In) OO U
=110z
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{01 N~ hate 2
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CLECCLEYLRE ELAWZIW) 4%
JLEd LU
LN/ISLN=EQPT
ENmiNN]N
EN/ENRENALN

TRINAEN

TG

09%¢ CiL (9

AN=ENN W

Oy
tu

o8y

oLy

o1y

(L34

(84

0LE

09¢

1%¥

AT LNALN

iriLyy

DYEPONTIORT (lmrd 41
Anfnu]ath

Lhwih=DS N

FNXIENDD

INNEINDD

C+EFY b (S

Treds0rr=rye
Jeilelu)xrninduiy

1ot TaZw e i leg )y

L e 38 SRR T

U=t XE¥mETA LY

(E¥)Ive

Lariul¥-ny

1+1Ta}wsqlav)yY
d={tevivellal¥)y

[RCRR AR LY

BVl Y

Jivivmiluyy

11Wkye)

141#vs i s 1Y}y

dervyem(TuYY

A=1ry=i 1einty

dediyelEX)Y
INSEIYRIRLRITRFSLVS RS RI 3T 2]
[ESEITRES R RLEIRAT FARS AL BN L )
[IRR T IR RS I RR N4 CERS R Y LY
P2IEPal TeTYIN[Ti el EYivmy

14 fTobe= g Lnvdy "’

J=1it¥I¥et 1429y
geiVivelvly
Y=tuiynitZoiy

THiMsd TaTYIvalii) et NIV
1ZITHR L T4V IV i T M T va
LEBN eI NeEY

FREEEA§ L]

LTAN+N«TY

THESY M Jex Qe DO
[ERF LTSS A}

IO ISYIIAfa]l DEZ DO
Frel=i5v1]

133115 ==i2)0
122201 S=n TN

ERLERC hhiY

T+ H=IIDET

TR Ly DY

MEIFS11

A SLERS 14

082 UL DO
2DE1 85w 1T EM
IIETIS~=iTIgm
JET-"g

DETAOSTI0LT (DI 4T
ANSIEFS}ILE

. ceZ o po
TI=t{ZYEn

*Ceillim

D2 21 DT

1E1)SetZigr
tIELISwitfim

DI CETDY2 (DY) 41

o
(I
01t
0t
LTS

0L

092

cs2

Owi

[ 34



84

Eadia HAANE K IR TN ol 3

SSel+Selsw]l s

15+51%

hIIND=xt T4ON)E

ERILRETCE TR )

[ InLE T4

FULdsit-lei)Y
INIZdY=1Tuc )V e anl N
(Fgid¥=ii~TeZlVisg*rIIN]
(B1Tdve L1l i) =ikl 1]

(W dVe T~ 1sVios "3yl D
Dal T¢0W e ISul ¥N)IS~wi]TuY
1$560T49F ) «0De {IMIVRINZAV
L4lnl-TL0iINCSH

. AN*TeL B OO
welf NEHy AF ¥ng ST 1D ALAdEDD

€+ 1=02

¢ p=ls

1130156328

1308 w15e8S

LA0LPVANTN 4/ 2265 00 T E= 130

1+04NeLN

2712ANSLLN

Wiidwe§ e IRIV

JnZav=(Lwiy

NIldvelie )Y

JYTavat 1V

’ RETH IRt T IN ) ob -1 20Y

TEI# IV To IOV~ Tug" vl ] La¥

5t IVelToTIVbag wndUT AV

1ETY Ive 11DV bos* =3 14V

L2717 LA

203t isf BY DO

- Triliwe-on
WICHE STUSASY N1 SLOTS N CNDIIS NI JBOLS Y CInTudlv 3AVIIVI
SL07S N LS¥1d W) FECLS OFF SAKTedlY AVIIWD

(29w lvs 200UNYY
(RATTII L3 FULT L)
(1T Vel ToOF IV
17-0F IV iDF )V
1~2e 200800l
20N le) O 0O

WCLLYHNI YD GHIudIV ONY JKFY4IY ¥D4 AWV FALD

04 a0LEd9 AV {NIY QY Ok 1008 AN NAGCO SIFIY 20 JI9H ASYT JADR,

(HPIIIPLISHT S CART VYY) Ldd YWD
LLHIALTIYEL Y
201N 1=T €2 D0

[BELZTINRLS

*7)0i8%2=) €1 OO

L0iN=NS

. LDINRZ T iDLIN
wWeaZalOiN

: [.LZTS N ]

Det 1

Wa(1)

i=13%41

(1FS *TUIANT *E€)T (1Y NOISHIREC
PREIS) TSOANT SR YY) Ldgu BNIANCHENS

Vo

oNg

Ken L3y
CluZiverilaliy
¥NE [=1 D&§ ON0
C0940DSYDUE (13S4IL 21
LOrfscrregre
QLI 2freet
iorretrrsire
geref

FANTLENDD
Lu{lefty
(Isrivs{Ielaw

0%
%51
(11

LT
054
13 1Y
045
ors



85

LR N - R N4

Niafllv=il}y O
TI0WN*I=) €T DY
T3] L3EAT S AT 1MV i 4 VIV
(Eeldymiie iy 2;
(Zei)yeiday
AU T T0n,Ne) (5 DO T2
R EUA0NIYRIZYY
1030V Y
1+101M=001N
TA7i0lhmaltih
MIZavwi T+ 1M1y Ov
Hild¥=il%)Y
ELFEITNRCS$1
FuTdvelliy
(IMIV={1+])VrRILay
T+ 1HIv+ il vaml 4y
RS RLANRLARLA RS =1 41
Liv 13}~ {11v=341d¥
Yo I=ZLOINTY
2+puti=l OV DO
Te10LN=DY
SEeS1S~25»0 3002
S5eDD¢DS 21815
15=$1%
RIIND=R Y0y
FHIND=19W}Y
WildmtlaZ}y
N FENRCIRESEY A0 L]
“DenlINDY 19
£9 oL 09
I$743¢INTeDI-{ON 1w~ T~Tu 1V )nn] IND 29
2941920418041
TEINIY= (1= 1n2 IV Yalde ({1090 V4 { T2 )Y )0 1S=) u3dIND
{146 v{ T2 tV¥ullDd
o)y + (I-IwZiV w3IN]D
Felal-T 0NN
iN'Teg £% 0O
b= 02
“gmis
11303503 *33
(130115 =858
NA /59205191 €100
T+IUNIN
T F10:N=04N
(1«82 1¥nl TegNiv OF
290}V =tENiY
J«2+ZLOANEY
THIOAN =] 9 DU
{1e1IVes® w{1411IV OL
DALY wERCw{INY
ZHTADANCLe] 0L OO
o2 I0)Na€L0LN
LiINeNd
104N+ L0AN=2 LN
[«xy3SdE
' - Wae 2w iNIAN
O={E}
€1z
ws{11
EYRSESIANTFHE IS T3y WITSNIARIO
EREIAT S TANT AV INS SN ITINOLINE

”~

%

[

73
0L

e
i¥

59

e
L4

GH3

MEfL By

TIef1¥e™Z milellty

1livetZur 0y

RPTAOINCE~L DL DO

TTegutyn ! T-nuin

teNive i)y

Preeiftin-g%

THACIH Y IY 23 GU

E0TS 3RO 40 kel D) Te2/Mef ¥0d SiF3Y 14188

LeR 1L ~ihe (e

oL

c%

¥ LE

S



86

5
£9

(34
e

[ F]
Ol3
LLLIRET]
t1lveniily BT
TUZU0INZL 01 DO



87

ACKROWLEDGEMENTS

The development of the computer program SHAKE was conducted as part
=f a study of "Soil and Foundation Response During Earthquakes' sponsored
by the Fatiosnal Science Foundatisn. The authors are most grateful for
this support and for valuable suggestions from Professor W. N. Houston

in reviewing the manuscript.



88

References

Cooley, J. W. and Tukey, J. W. (1965) "An Algorithm for the Machine Calcula-
tion of Complex Fourier Series," Mathematics of Computation, Vol. 18, No. 90,
pp. 297-301.

Gutenberg, B. and Richter, C. F. (1956) "Earthquake Magnitude, Intensity,
Energy and Acceleration (Second Paper)” Bulletin of the Seismological Socilety
of America, Vol. 46, No. 2.

Hardin, B. 0. and Drnevich, V. P. (1970) “Shear Modulus and Damping in
Soils: I. Measurements and Parameter Effects, 1I. Design Equations and
Curves," Technical Reports UKY 27-70-CE 2 and 3, College of Engineering,
University of Kentucky, Lexington, Kentucky.

Housner, G. W. and Jennings, P. C. (1964) "Generation of Artificial Earth-
quakes,"” Journal of Engineering Mechanics Division, ASCE, No. 90, February,
pp. 113-150.

Idriss, I. M. and Seed, H. B. (1968) "Seismic Respomse of Horizontal Soil
Layers," Journal of the Soil Mechanics and Foundations Division, ASCE,
Vol. 94, No. SM4, July, pp. 1003-1031.

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. B. 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, Dept. of Engineering, University of Californis,
Loa Angeles, August.

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

Schnabel, P. B. and Seed, H. B. (1972) '"Accelerations in Rock for Earthquakes
in the Western United States," Report No. EERC 72-2, University of California,
Berkeley, July.

Schnabel, P. B., Seed, H. B., Lysmer, J. (1971) "Modification of Seismograph
Records for the Effect of Local Soil Conditions," Report No. EERC 71-8,
University of California, Berkeley, December.

Seed, H. B. and Idriss, I. M. (1970) "Soil Moduli and Damping Factors for
Dynamic Respense Analysis," Report No. EERC 70-10, University of California,
Berkeley, December,

Seed, H. B., Idriss, I. M. and Kiefer, F. W. (1969) "Characteristics of Rock
Motions During Earthquakes,” Journal of the Soil Mechanics and Foundations
Division, ASCE, Vol. 95, No. SM5, September.



SUPPLEMENT TO COMPUTER PROGRAM SHAKE™
by
T. Udaka and J. Lysmer
September 1973

Suggested corrections are shown framed on the attached segments of
subroutines SHAKIT, EARTHQ, CXSOIL, MOTION, STRT, UTPR, RESP, STRAIN,
REDUCE, FFT, RFFT and RFSN of program SHAKE.

The purpose of these changes are:

1. To decrease the execution time by up to 50% depending on the

type of problem to be solved.

2. To redefine the complex modulus from c* = G{1+21iB) to

¢* = c(1-282+1 28/A-82).

{This change only influences subroutine CXSOIL.)

Input and output formats are unchanged by these corrections and
response values will differ only slightly from those in the published*

test example, see page 16.

*"SHAKE A Computer Program for Earthquake Response Analysis of Horizontally
Layered Sites,” by P. B. Schnabel, J. Lysmer, and H. B. Seed, Report No.
EERC 72-12, Earthquake Engineering Research Center, University of
California, Berkeley, December 1972.
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PROGRAM SHAXE? (INPUT,

L34

- T - T R - - B

LU
LI K S BN - TR - SR TN - B - B H S B - - B )

QUTRJTs PUNECH)

# % B 4 08 B #F B o K & S B BB B
LI T - R T B - B A - S - B B -

THIS PROGR:2M COYWPUTES RESPONMSE IN a4 HIQISONTALLY LAYERED SgEwI=-
INFINITE SYSTEM SURJECLTED T VERTIcaL=Y TIAVELLING SHEAR WaAVES
THE METHOD IS R45ED ON THE ZONTINOUS SOLUTION TD THE SHEAR WAVE

FRuUaTION

PROGRAMMED 3Y

2ER B SCHNAREL RESEAICH ASSISTANT
JUAN LYSHER ASS0CcIaTs PROFESSOR

PRODRAYM VERSION

GEOTECHNTICAL ENSINEERING
UNIVERSITY OF CALIFORNIA

RERKELEY
SHAKE JANUARY 1972
SHARE D APRIL 1972

JUNE 1972

CHANGE = OPTION 7 CORRELTED
= SURRJUTINES STEPG AND FFT
ADARTED TO UNIVAC COMPUTERS
DECEMBER 1972
CHaNGE = SUSRRJUTINES DRCTSP AND STHRAIN

SEFTEIGo 1373

CHANGE = SUSRIUTINES SHAKIT.EARTHO.
CRSOTLeMOTIONSTRTsSTRAIN
REJUCESUTPR  RESP+FFTRFFT AND
_FSNe
EASCUTION TIME REDUCED Ry UP
TO 80 PERCENT,
COMPLER SHEAR ¥MODULUS CHaANGED
FRIM G(l.+In2.8RETA)
TU G{lo=2e#RETA#RZ+I82,4QETA®

SQRT (1l .=RETA®®2))

LA SR B R S - - T T S DS - 2 I T - T TR - B - TN - BT - S - SN TR - S S JE - Y N K A -
LA - A S 2 - B BT T - B B S - BRI DY R R RN D - TN R - R R K B B -

DEFINITIUNS

InaydT 40TION
IRJECT MDTION

COARPUTED

MOTION

[}]

MOTLION HEAD LN FI04 CARDS

MUTION USED AS BASIS FOR OMPUTING NEw
MOTIONS IN & SO1lL PROFILE

MOTIIN COMPUTED ANYWHERE [N 4 GIVEN SOTL
SOT. PRUFI_E FROV a4 GIVEN OBJECT 40TIOv




SUBROUTINE SHAKTT{XsAXyalsSeINV)

L - R K- - - TR T - - T S - S B A T - TN - TR - TN - SN BN T T - IR B - B - B - S A N ]

THIS ROJTINME CALLS THE DIFFERENT SEQUINCES OF OPERATIONS1B DIFFERENT
OPERATIONS CaN 3E PERFQIMED 45 LISTED RELOw,

OO0 0n

INTEGE= TITLE,TP
COMPLEX X4 &X
COMPLEK fGe Ve PLUSe MINUS
DIMENTION A3SI3(19), ASSPR(10),4RSC(1D)
DIMENSION LU (3)e LT(3) +LNSW(3)
DIMENSION L (2)e LLGSH{P) eLLPCHR{2) sl PLI2)+SK{Z) LNV (2}
DIMENSION X (300) ¢AX (34270 2AA(2,550),5(70)INV (70}
NIMENSION Lin(15)s LTS(18) s LPS (1518 P(3)
DIMENSION IDAMP(9,11)
] TIMENS] Ot MM ([ 3)
(IR Y DN ZF a7 MFOLPIMAZ» TITLE(g)snTe Mg ¢ MMAS® DF sMX
COMMON Z30I0LA/ INNT{O6)+gL (€0 ey (20 WFAlT(20) s (20)2R{Z0) eRF 2N}
COMMO L /SDILBy, FAC{20)s WL{203s T?(20)s DEPTH(20ys WEIGHT (20;
comviON /SJILC/s MSOIL MW
COMMD Yy 70SUIL/ g0ty VIZ20)y PLUSIZUY s vINUSI(ZD)
COMMDY /TG, TD(9,113, T(2049),
COMMD U /FRCOT/ NCUT9NLERD )

[ g -~

DATA TSLaNR  /&H 4
DATA (ABSIS{I)eI=lsl0)/6m TIME +5RIN SEC +6MONDS o 7%6M /

7 DO 74 1 = 1+MFOLD
T4 X(]) = X{I)®XF
NEW = [N
73 IN = NEw
FiNT funls NEw « XFaeDT, DTNEW

TP (1N.NE. 1) 62 10 75
DO 77 II=]1+MFOLD
AX{1eIlt=X(II)

77 CONTIMUF

76 CONTTIU

OT = DTINT W
UF = Y./ (448DT)
GU TO 1n3




1g PRINT 1010.KK S-4
READ 100ne IFR
Cale JEDUDE (IR Ry aXe L)
MMM {1 y=wY
MMM {2y =0
MM L3 =0
CALL FFRT /X MMM TNV S, 0 IFFRR,
GO 0 170;

C o # # & & @ o & &
1] PRINT 11n),%K%
READ 100ps IFR
CAL INCR(IFReXea X L)
MMM (1) =My
MMM (2} =n
MMM {3y =0
CALL FFT X, MMM, INy,5,0,FERR,
GO TO 10y

C

C #» 4 & &% # # 4 ¢ »

164 PRINT 14744%XK
READ 100ns NSXIPs NNy NSw
ST L S 4

{ CALL RFSMI{X MX,INV.5,[FERSs=2) |
IF (NvelLEo() NN = MMA/NSKI?
IF (NNeGT,2349) NN = gnod
NN = HMNNgNSKIO

N o= a
N0 135 I=1s MM NSKIP
Nomood o+

TINY = FLOAT(I=1)®UT

136 CONTINJE
Moo= oD
M o= MM/P
N0 13 I o= 1M
N = N ¢
ARA (NP N)Y = REaAL(X(I))
N o= o Y
AA (NP Ny = AIMAG(x (1))

13n CONTT JUE
IF PNSKIPLEQ.YY 60 TO 135
N o= 0
DU 134 I = 14NN ZNSKIP
No= N ¢ 1
AA (NP} = BAA(NPWT}

(34 COUNTI UF

7135 Cab. RFFTIXWMXsINVsSsIFERRs2) |

DO 131 T = 1,5
i3) ILgNPL Ly = TITLE(D)
DU 132 I = 8411
ID(NPeL) = INNTH{I=3)
IF (MSN,E'JQG) I"?(Nayl} = 1AL ANK

137 CONTI UE
IF (dSW,rPel1y GO TO 111
CALL PLDT{nPy Ny Ty ads A3SISe I0e J.0 25 N}
NFE o= N
GO 1O 1y



YV DY Oy Oy

SUBRJUTINE EARTHQ Xy AX, ARy Sy INV) s- 5

#ﬁ*xﬁﬁtt$#kt#**tk******!#****##t*#t**#*$3*****$*$$**********#****‘*****

THIS 2LUTINE ©FADS THE MOTION IN THE TIME DOMATIN, ADDS TRAILING
ZERUSy SCALFES THE VALUES, FIND MAXIMUM VALUE AND VARICUS PARAMETERS
AMD TEANSFED THE MOTION INTD THE FREQUENCY DOMAIN.

INTEGFR TITLE
COMPLEX Xy AX
DIMENS ION X2(8)
DIMENSION XU300), 8X{3,270)1yAA(2,550}:S{70}), INV{T0O)
CDMMIN /EQ/ MEOLDSMAZ, TITLELS) DT, ™A , MMA, DFy MX

COMMOMN/FRCUT/ NCUT,NZERC

[

P12 = 6.28
FEAD 1001y NV, MA, DT, TITLE

30

{1} XEI ) *XF
X+8K XM XE
THax FLUOAT {r X ¥AX-L V=DT

ETINT 20144y XMy TMa Xy XF g XMA X

1 W

CPLL TFET(X X INV, S TEFRE, 1) ]

mmmnmr——-‘n

X{1) = 0.

AEMIOVE FReQUEMCTES ABDVE FMAX AND FIND MAX., ACC. Of

FEEQ = O,
SXX = 0.
SEX.=.0a

[L I}

FOHT=0 |

271 33 7 = 14MFOLD

34

TFIFEFRIF.EMAXT GU 10 34
MOUT=NCUT +1

X{I1}=2.D

COMT IMNYF

33

XKe = CAanS{X(T}}

SXX= SXX ¢ XErXA

SFX = SFX + FREQ®*XA%XA
2X{1,7) = X{1}

FREQ = FRFQ + DF

CANTINUE
SFX = SEX/SXX

MOUTSMEOLD-NCUT
MIEDS=NCUT +]

PRIMT 2005,5FX
TE (FYAXJGTL.FREQ) RE TURM

438 pFSN(XLMXJINVrsyIFFQQL—fli

12

CELL XMX{Xy Ly XMy NXCAR)
N0 72 1 = 1, ™FOLD

X{I} = AXU(l, 1}

PRINT 2001, XMy FMA X



SUBROUTINE CXSOIL(INL}

C
o R L R L e APl G A S SV P
C )
C THIS PNUTINE CALCULATES THE COMPLEX SOIL PRUPERTIES AND TRANSFER
C FUNCTIONS FOR THFE LAYFRS
C
C NT = MUMBER (CF SOTL LAYERS
C B = RATIO 0OF CRITICAL DAMPING
C GL = SHEAR MODUL US
£ R = DENSITY
C G = COMPLEX SHEAR MODULUS
C v = COMPLEX SHEAR WAVE VELCCITY
C PLUS = [NMPLEX TRANSFER FUNCTION
Cc MINUS = COMPLEX TRANSFER FUNCTION
C
C CODED 3Y PER R SCHNABEL 3CYT 1971
C
[ g ot e o ook oo oo e i ok ok ot R oK i et o et ok ool e o e e ol ook R ok X o ok kol R R Rk Rk R K
C
COMPLEX Gy Ve PLUSs MINUS, MU
COMMON JSOTLAS IDNTLA) ZBLIZ20)sGL{Z20)FACT{20),H{20}+R0{201, 38F{20)
COMMOYN FCS0OILS GL20%s VIZ20), PLUST20), MINUS(20}
c

M= NI+ 1
RC 1 1. = 1N
GIMAG=2.#BL{T)*GLITI}*SQRT{ 1. -BL{I}*BL(1})
GREAL=GL(I}=(1.-2 .*BL{I}=RL{I})
GLIV=CMPLX(GPEAL,GIMAG)
Y = LoBRTIGITI/7RTTH

1 CONTIMUE
DJ 2 I = 1,N1
d =1 +1
MU = CSARTIAL{TI/R{JIRGLII/G{JY)
FLUSITY = (1. + MU)/2.
MIMUS{TI}= (1. - MU}/2,

2 COMTINUE
PETURN
END




SUBBNUTINE MOTION(NLINSIMNT LL,LTy XpAX)

A % ok f ko k Kk & k Kk K K K X X k £ Kk k Kk & kK k K Kk k ¥ K & £ K & K % &

THIS FOUTINE CALCULATES THE MOTION IN ANY TWO SOIL LAYERS QR [IN
ROCK FROM MJITION GIVEN IN ANY LAYER OR IN ROCK

N1 = NUMBER OF SOIL LAYERS EXCLUDING ROCK
TN . = NUMBER OF LAYER WHERE OBJECT MOTION IS GIVEN
INT = MITION TYPE
IF EQ O OUTCROPPING LAYER
LLs = NUMBER OF LAYERS WHERE OUTPUT MOTIGN IS WANTED
MAX 3 LAYERS '
LT{) = MOTION TYPE
e e .. Oz QUTCROPPING LAYER — R
1 - LAYER WITIN PROFILE
X(} = OBJECT MOTION
BX( ) = JUTPUT MOTION

sBaNaleNoNelaNelalelo s iakaRe ke Rain it Rule e

C{DED BY PER

B SCHNABEL

GCY 1870

O A

B ok % R ¥ % % % & & % % ¥ % k ¥ & ¥ ¥ & % ¥ ¥ & % %k ¥ % %

INTEGER L1 {3}, LT {3)

INTEGER TITLE

COMPLEX AAL(3)

COMPLEX Xe AX e
COMPLEX Gy Vs PLUSy MINUS

CGMPLEX Ef Fv EE! FFp Ag EX, AIN! {pIZ

DI MENSION X{3001},28X{3,2701}, S{70), INVITO)

COMMON /EQ/ MFDLD MEZ2, TITLE{5},0T, MA , MMA, DF,MX
COMMON /SCILAY IDNT(6}eBLIZ20)sGLE20), FACTI20),H{20},R{20),8BF{20}

g MMON o SOT LY B(2C) »

V{20l s PLUS{20}),

COMMON/FERCUT /Y

NCUTyNZERD

IPI2 = CMPLX{Day
DO 20 L = 1,3
TF {LifL)

6.28)

2GTo O3 AX(Ls1) = X{i}

_MINUS(203

IFINCUTLEQa MFOLDY GO
DY 30 I=NIERQGy MFOLD
AX {Li I ;=CMPLX(G., 0-)
30 CONTINUE

TQ 20

20 CONTINUE

FREQ = O,
DA 19 I=2,NCUT

E o= 1.

FF = 1.

FREQ = FREQ + DF

A = FREQ#IPIZ
DI 191 K = 14NI

IF (K.NE.IN} GO TO

192



SUBROUTINE STITL 1T NI OGMAX,PRMULXsAX+AR;SF;INV)

# v ok & & & N % % % & ok & k & ¥ & % ¥ %k % %k ¥ ¥ % & x ¥ & %X &k Kk & %x %

THIS BCUTINE CALZULATES STRAIN TN THE MIODLE TF EACH LAYER AND FIND
NEW SCIL PROPERTIES COMPATIBLE WITH THE STRAINS

C
€
C
{.
C
C
c

COMMON /SOCTLDG/ S(9920)y AS{9:20)s BS{9,20}, NVI(S]

SoMMaN /CSOTL/ G(20), VI(20) s PLUS{20). MINUS{20}
| COMMON/ERCUT/ NCUTSNZFRD |
DIMENSIGN TMAX(2D), EMAX{20),5TR{20}

DIMENSIIN X{ 68)s AX{3, 64), AA(2,128)4SF(L10), IAV(1O}

c

DO 43 1T = 1¢M LD
2801 s 1) = REAL(X{I))

43 ARA{(Z41) = AIMAGIX (I}
D1 T = 1.MFOLD
AX(2+1) = 2X {1, 1}/2.

1 i‘-‘nX(3gI) = M((Z,I}

PI2=6.283
IPIZ2=CMPLX{D.PI2)
6T = 32,2
DT 2 K = 1M
FEFEQ = O,
X{1} = 0.

FF = GT/(IPT25V{K))
EE = H{K)/2.*]P12/V{K}
i PO 20 J=24 NCUT

FREQ = FREQ + DOF
CEXPL{FFEQ®EE)

EX =
X{13
EX =
£
F

W

{AX (2, Ti#*EX - AX(3,I}/EX}I*FF/FREQ

EX*EX

EX{2, 1 J*EX
AX{3,T1)/7EX

AX(2+1}= PLUSIKI®*E & MINUSIK)*F
2XA3s V)= CLUSIK)I=F + MINUS{K}*E
20 CONTIMUE

EMAX{IK]

= 0.

IFIMCUTLEQWMEOLDY GO TO 22
D 122 TT1=MZERJ,MFOLD
X{IT)=CYPL X{0uy0.)

122 COMTIMUE

e L ONTT NUE

Oy Y MY

DETYERMINE MAX, STPAIN BY INVERTING FCURIER TRANSFORM OF STRAIN
INTO THE TIME DOMAIN

L

RESN{ X, MK, "NVsSF o IFERR, =21 1
CALL XMX (XyMAy XMA Xy N XMAX]



SUBRDUTINE UTPAU{KKDPTH LSy K2eLlH o LT sXsAXgAAyS, TNV}

e 2 2k o B R ok ok e e ke ek #Jk)k#*#*#**##*********#**#**#***#*##*##****t**#**#**tt*

THIS FOUTINE TRLNSFERES THE VALUFS 1IN AX{LH, } INTC THE TIME DNMAIN
IM X4 )y PRINTS AND PUNCHES DUT THE RESULTS.

C
C
C
C
C
e
c

<
FREQ = 0.
SFX = G.
SXX = Je
C TEANSFORM VALLES IN X OR IM AX INTO THE TIMEDOMAIN

DT 24 1 = 14MEOLD
TF {LS.EQ0) G0 T 241
SAVE X{1)
X{n AX{LSs+T}
AX(LSeI} = SAVE

241 X4& = CABS{X{1}}
SXX= SXX + XAtXA
SFX = SFX + XAXFREQ*XA
FREQ = FREQ + DF

24 CONTINUF

S5FX = SFX/SXX

r CALL FFONTX MY TNV, S IFERR, =21 §

i 1

PUNCH 2009, (XR{J) sJ=1+8),1

TF (K2 JEQ. 2) PRINT 2019y {(XR{J}s J = 1483, 1
NN = & + NN

No= N+ &

o L[ ONTTME
L2652 CPLL SPPT(X, MX,TNV,S,TFERD,2) |

IF (LS.EQ.O0}  RETUPN
D2 27 1 = 1,MFOLD
SAVE = AX{LS,I}
AX (LS, 1Y = X (1)

27 X{1) = SAVE
RETURN
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SUBFOUTINE PESPILL ) LNsLSyNNoXsAXoA9SyINV}

C

C ¥ #* x &% % & %k & & & & ¥ % % K% ok ¥ ¥ ¥ ¥ k %k %k %k ¥ &k K*k & k ¥ %k * ¥ ¥
c THIS PROGRAM FEADS DATA FNR RESPONSE SPECTRUM ANALYSIS
C NECESSARY SUBRPNUTIMNES DRCTSP, CMPMAX, PLOT

C

C NN = FESPTNSE SPECTRUM NUMBER

C ND = MUMBER OF DAMPING VALUES

C KAY = SWITCH

C EQ O ACCELERATION SPECTRUM

C FQ 1 VELOCITY SPECTRUM

C £Q 2 ACC. AND VEL. SPECTRUM

C KPL = SWITCH

c FQ 1 PLOT FESPOANSE SPECTRA ALCORDING T0O KAV
c KP = SWITCH

C FQ O HNO PUNCHED nuUTRyrT

¢ ME QO PUNCHED QUTPUT ACCCRDING T2 KAV

c X = FOURIER TRANSFURM 0Of CRJECT MOTION

C AX = FRURTER TRANSFORM COF COMPUTED MOTIONS

C W = PERIND STEPS

C NM = NUMBFER OF EACH STEP :

f T = PERIODS WHERE PESPONSE [S TO BEf COMPUTED
C

101

T{1} = .001

C SAVE VALUES IM X TN A2

11
c

DO 11 1 = 14MFLD
A(1. 1} = REAL(IX{I})
(2,1} = BIMAGIX{I))
IF (LS.EQ.D0)} GO T3 11
X{1) = AX(LS, T}
CONTINUE

¢ TEANSFORM VALUES TN X 0R AX INTD THE TIME DOMAIN

i TELL PFONIX, MKy INV,Gy1FERR, -2} ]

131

132

DO 13 L = 1yND
TF (NN.GE.5) NN= O
NNO= NN+ L

07 131 1 = 1,5
IDENN,I) = TITLE(D}
ne 132 7 = 6,11
IDIMN,TIY = TONT(I-S)

TF {LS.EQ.O) IDENNSI} = IBLANK
CONT INUE
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SUBFOUTINE STRAIN( LLy LGSe LPCH, LPLJLNVYeSKeXsAXeAA,NL S, INY)

% ® o K % & & x k R ok k &k & K & ¥ &k o &k % % %k k %k % % k ¥ £ %k K ¥ * #

THIS SURROUTIME COMPUTES STRAIN AND/OR STRESS TIME-HISTORY AT THE
TOP CF ANY LAYFR FOR ACCELERATION HISTORY KNOWN IN ANY LAYER
TWC RESPONSE RISTORIES ARE COMPUTED IN ONE RUN

C
£
C
C
C
C
C

INTEGER TITLE, TP
COMPLEX Xy AX o
COMPLEX Gy Vy PLUSs MINUS
COMPLEX Ey FyEEy Ay AHaTPI2, AEgAF,EXeAT

DIMENSION ABSIS(10)

DIMENS 12N AE(2), AF{2)

DIMENSION X(1)}y AX{341)s AA(2911sS{lisINVIL}

DIMENSTON  LL{2)y LGS{2)y LPCH{Z2), LPL{2}4SK{2),LNV(2)

COMMDM /SOTL A/ IDNT(6)48L{20)9GL{20),FACT(20),H(20) yR{20),BF(20)
CTMMON /SNILB/ FAC{20),y WL{20)s TP(20), DEPTHI{20), WEIGHT{20)
COMMONM /CSOIL/ G(20),y ¥{20)s PLUS(20), MINUS(Z0)

COMMON /FQ/ MFOLD,MA2,TITLE{S5), DT, MA 4 MMA, DF,MX

COMMON /C2G/ I1D(9,11),T(2049)
L OMMON 7ERCIIT/ NCUTZNZERD i

O e

IPI2 = CAPLX{0.4+6.283)

GT = 32.2

AX{2:1) = 0.

AX{3:1}3 = O,

FREQ = O, o |

DATA (ABSIS{I)y I=1,10)/6H TIME +6HIN SEC 4 8%6H !
AT = GT/IP12

€ STARTING AT THE SURFACE THE STRAIN IS COMPUTED SUCCESSIVELY DCWNWARD
C FI-R EACH FREQUENCY
=2  NCUT {
E = AX{1,1}/2.

DN 2 1 = 1,MFOLD
2 £X{Le1) = X{I)
DN 3 L = 1,2
TFO{LLIL) . EQ.0) GO TO 3
ALl = 04 e
I D7 3] I=2,NCUT ]
L YIT L = AX{lxlali
TF(NCUT.EQ JMFTLD] G0 10 33
DT 34 I1=NZE20, MFOLD
XUIT)=CMPLX{0uy 0. )
34 CONTINUE
33 CONTINUE
CALL RESM{X,MX TNV, S, TFERR ,=2)
D71 32 1 =1sMFNLD "
BE{L,251=1) =REAL{X(I})*100.
32 AA(Ly2%I) = AIMAG(X{I}}*100. -
3 CONTINUE
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SUBROUTINE REDUCE({IFR, Xy AXeLL}

X om & X ¥ kX kK k X % ok % % & k B K kK % %k % K k %k & ¥ k ¥ & ¥ X ¥ % % %
THIS ROUTINE INCREASES TIME INTERVAL AND REDUCES NUMBER OF VALUES

TFR = DIVIDING FACTOR ON LENGTH OF FRECORD
MULTIPLICATION FACTOR ON TIMESTEP
MUST BE & POWER OF 2.

DT = TIMESTEP IN SEC.

DFE = FREQUENCY SYEP IN C/S5EC.

ML = NUUMBER OF POIMTS USED IN FOURIER TRANSFORM

X = FOURIER TRANSFORM OF (CBJECT MOTICON

A X = FOURTER TRANSFCRM OF COMPUTED MOTICHS

CCDED BY PEF B. SCHNABEL DEC. 1970.
MODIFIED SEPT. 1971

X % F ok ok & % &k X £ £ % k K &k ¥ k k % &k £ &k & &£ % % * %k & % kK & £ &k ¥

INTEGER TITLE
COMMEN FEQ/ MFOLO,MA2,TITLE(S ) DT, MA , MMA, DF, MX

—1

COMMON /FRCUT / NCUT,NZERD |

COMPLEX Xy AX
DIMENSIAON X{ 68}, AX(3,; 64), LL{3)

FL = .5/DT

FR = FLOATHIFR)
DT = DT%FR

MA = MASIFR
MMA = MMA JIFR
Maz = MA + 2

MEOLD = MA2/2

N o= MFOLD + 1

D2 12 I = MFOLO.N
X{I} = 0O,

DO 12 L = 1.3
TF (LL{L).LE.O} 50 T2 12
AX{L,1} = O,
12 CONTINUE
MEDLD = MFCLD + 1
F2 = .5/0T7
PRIMT 10004F1,F2,D0T7T, MA
FMA = FLOAT{Ma)})
MX = {ALOGIC{FMAI/ALOGIOIZ2.0) -1
TE (MA | T 2% (MX+ 13} MY = MX+}

TFINCUT.LE.MFOLDOT! GO 7O 15
NCUT=MFOLD
15 CONTINUE

FETUPN



5-13

SUBROUTINE FFT (A M INV,S,IFSET,IFERF}
DIMENSION A1) IMVIL) o SULIeN{3)oMI3) 4 NPI3) o W{2) o W2{2},W3(2)
EQUIVALENCE (NI NE1)}, €N2,N(23)s (N3,N{3}}

Mi=M{1l}
M2=M{2}
M3=m{3}
MTTaM]l-2
MY=MAX0(2: MTT}
NI=zgxxMT

15
610

620

630

IF (IARS{IFSET)-1) 6104610, 20
MT=MLXO{ME LY o M{2) 4M(3) )2
MT=2MAXD (2, MT )

IF (MT7-20)} 630,630,4620
1FEFP=1

GO TO 600

IFERR=Q

30

1000
40

IFERR =1

PRINT 1000

STOP

FORMAT{314 --- FRPOR IN FOURIER TRANSFORM )
1FEPR=0

Mlz=M{]1)
Mza=m(2}
M3=M{3]

50

&0
70

Ni=2#%+*M}

N2=2%%MD

M3=2%%M3

If {IFSET)} 50,50,70
MX=MIRN2HNT

EN=NX

DO 60 I=]1,NX
A{2%]-1)=A{2%T~1)/FN
A{2*[}=-2{2%1)/FN
NP {1)=N1%2
NP{2)=NP{1)%N2
MP{33I=NP(2)=%N3

D9 330 10=1,3
TL=KP{3}-MP(ID}
TLi=IL ¢}
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] SUBROUTINE RFFT (A,MyINV. Sy IFERR,IFSET) |
DYMERNSTORN S11vs LU3Ty INVILTy S(1}
¢ TFSET=1 |
INSSEL]
L{2)=0
L {3)=0
NTOT=28%M
NTOT2=28NT0T
EN=NTNT
NC 10 T=2,MTNT2,2
10 A{T)==A(T)
DD 20 I=1,MTOT2
20 A{IY=2L1)/FD
CALL FFT { Ayl IMVySe IFSET, TFERR)

MOVE LAST HALF DF AUJ)S DOWN ONE SLOT AKD 20D A(N} AT BCTTCM TO
GIVE ARRAY F0OR ALPRIME AND A2PRIME CALCULATION

YYD



SURFOUTING DFSN {AyMyINV,S, IFER®, TFSET) |

DIMENST AL o L3y INVITY 541}
L{l}=H
L{2}=0

Lt{3)=0
PTCOT= 2t

M

MACE) 1

NTOT2=NTOT+TDT

NEEMNTOT 2+ 7
E{NNe2) =2 (NM)
NN+ =2 (N1T-1 )}

70

60

FaEhinT
NTOT3=NTOT244

NPT 70 1=3,NTNT2,2
£{T)=0.8" A{T1}
ElT+1)= 5% {1+1}
DM BO YT=1,NTOT,2
KB=MNTNT2+2-1
E{KB}= AIKB-2)
L{KB+1I=2{KB~]1}
NTD=NTYS 2
ET=tTed
NDEL=3,14188265/FN
$S= SIN{DEL)

SC= CNSENELY
Si=0.

€0 =1.0

DC 50 I=1,NT
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COMPARISON BETWEEN ORIGINAL AND NEW RESULTS

The redefinition of the complex modulus G¥ from

¢* = a(1+21B)

where 8 is the fraction of critical damping to the improved value

¢* - G(1-28% + 2iB V1-8%)

slightly changes the response values computed by program SHAKE. The
following table shows the influence on maximum accelerations through the

profile, see page 50 of the original report®.

Depth Original Max. Acc. New Max. Acc.
0.0 0.09377 0.09878
7.0 0.09259 0.09758

20.0 0.05934 0.05942
30.0 0.05487 0.05540
42.0 0.05042 0.05037
62.0 0.04666 0.64667
80.0 _ 0.03195 0.03140
160.0 0.02423 0.02364
120.0 0.01793 0.01763

all other differences observed were of similar or smaller relative .

magnitude.





