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LASS-II, COMPUTER PROGRAM FOR
ANALYSIS OF SEISMIC RESPONSE AND LIQUEFACTION

OF HORIZONTALLY LAYERED SATURATED SANDS

1. INTRODUCTION

The problem of liquefaction of saturated soils during earthquakes has

attracted considerable attention in recent years and extensive research has

already been performed in; understanding the phenomenon; the process of

development of liquefaction during earthquakes; and, factors affecting this

process. It is not i ntended,here to gi ve a comp1et~ 1i tera ture survey in the

area of liqu~faction. However, few references cited here (2, 8, 10, .11, 12,

14, 15) represent some of many significant developments and various approaches

to the problem. An excellent survey of the state of the art has been presented

in a recent paper by Seed (16).

Presented here is a new approach to analysis of seismic response and

evaluation of the liquefaction potential of saturated sands. A two phase fluid

solid model has been previously developed for quasi-static and dynamic analysis

of saturated soils (3,4,5,6). This work has been extended here by using a

nonlinear material model to represent the behavior of solid granular medium.

The separate phases of solid granular skeleton and the pore water are

modeled individually and the coupling between these two phases is taken into

account. The pore water is allowed to flow with respect to granular solid and

this process is assumed to be governed by Darcy flow law with the coefficient

of permeability as the material constant. Dynamic analysis of this model

allows direct determination of the time histories of pore water pressures and

effective stresses. The seismic response of the system to earthquake base

acceleration is also determined in the process of dynamic analysis.
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The material model used in this study is defined in terms of effective

stresses. Criteria for the occurrence of initial liquefaction and onset of

liquefaction is defined in terms of effective stresses and are included in.

the material model. Initial liquefaction is considered as a condition of

linear failure ll
• Two different material models are used for the behavior of

soil before and after the initial liquefaction. Cyclic effects are included

in the material model.

All the material parameters needed for the material model used in

this study can be determined from routine laboratory tests and possibly ;_,,-,,~, ... :...

triaxial test under monotonically increasing stress. Cyclic tests are not

required for this model. Another feature of the method of analysis presented

here is that the damping is not included as an independent parameter. The

model inherently includes two effective damping mechanisms; hysteretic damping

and dissipative damping. Thus the need for evaluation of damping ratio is

eliminated.
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2. METHOD OF ANALYSIS

The saturated granular soil system is treated as a two-phase

medium with consituent materials being the granular solid skeleton and pore

water. The two phases are coupled through volumetric strains. The method

is general and has been applied to two dimensional cases in previous studies

(3, 5). However, in the previous applications the linearly elastic material

properties were used for modeling the behavior of the solid skeleton. With

this type of material model the pore water pressures result only from elastic

volumetric strains which neglect the reduction in effective pressures and

increase in pore water pressure which is caused by dilatency and contractancy

of granular soils under shear deformations. An appropriate nonlinear material

property has been used in this study which is capable of adequately represent-

ing the volumetric deformation under shear strains.

The horizontally layered system of saturated soils is assumed to

consist of horizontal layers with specified thicknesses and material properties.

Each layer is subdivided into a number of 1I1 ayer elements" which consist of

the medium contained between two horizontal planes a distance h apart. The

plane separating two adjacent elements is referred to as "nodal plane". The

motion of the system is described by nodal displacement degrees of freedom.

In a general case each node has four displacement degrees of freedom; three

components of displacement of solid portion, ux' uy ' uz ' and a vertical

displacement of pore water with respect to solid, wz' A schematic representation

of a layered system and a typical layer element are shown in Figures (1) and (2).

The nodal planes remain horizontal during the motion of the systems

and they can only undergo parallel displacements. Torsional motion of the
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system is neglected. As a result of these assumptions there are only three

non-zero strain components. The strain-displacement relations are:

s = uz,zz z

Sxz = ux, z

Syz = uy,z

(1)

and the volumetric strain of pore water is given by the following relation:

(2)

For a typical layer element shown in Figure 2 the components of

displacement are assumed to vary linearly between the nodal planes i and j.

With this assumption on variation of displacements for each element the

stiffness matrix, mass matrix, and "dissipation resistance" matrix can be

computed. The matrices for the system result from direct assembly of the

element matrices.

The matrix equation of motion for the system can be written as

follows.

Ms a u a a u Kss Ksf u
00

+ + = ug
(3)

.
KT K

ff aa Mf w a H w sf

The terms of equation 3 are as follows.

u = vector of the displacements of the solid portion

w = vector of the displacements of the pore water with respect to solid

Ms = lumped mass matrix for the bulk of saturated soil

Mf = lumped mass matrix for the fluid portion

H = dissipation resistance matrix. The terms of this matrix are inversely
proportional to the coefficient of permeability
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K = stiffness matrix for the bulk of saturated soilss
Kff = stiffness matrix for the fluid portion

Ksf = stiffness matrix representing the coupling between solid
and fluid portions.

00

u = time history of base acceleration.g

Equation 3 is a nonlinear system of equations. The source of

nonlinearity is through the sub matrix Kss which contains the nonlinear

material behavior of the solid granular skeleton. This nonlinear matrix

equation can be written symbolically as follows.

Mu(t) + D u(t) + K u(t) = ML ug(t) (4)

in which L is a vector containing ones and zeros at the appropriate locations.

Since it is only possible to develope a tangent stiffness matrix, the third

term on the left hand side of Equation 4 has to be written in incremental

form as follows

K u(t) = K AU (t) + R (t - ~t)
t

in which

~u(t) = u(t) - u(t - ~t)

and the vector R (t - ~t) is the vector of internal

(5)

(6)

resisting forces which is computed from the stresses computed at the end of

the previous time step, as follows.

R(t - ~ t) = r.f BT (t- L'lt) dv (7)
v

The matrix B is the strain - displacement matrix and the inte-

gration is carried out over each element with the summation sign denoting

direct assembly process.

Substitution of 'Equation (5) into Equation (4) yield the following

incremental form of the equation of motion.

M~(t) + D u(t) + Kt ~u(t) = ML ~g(t) - R(t - ~t) (8)
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This nonlinear matrix equation of motion is directly integrated in time by

a time marching scheme, as described in reference (6).

Two types of energy absorption mechanism or equivalent damping

effects are present in the analytical model used here. A hysteretic damping

is introduced into the system by using the material model which will be

discussed in the next section. The magnitude of energy absorbed with this

damping mechanism is dependent on the history of shear strains which develop

within each element. Another energy absorption mechanism is provided through

the dissipation resistance matrix which represents dissipation of pore water

pressure and flow of pore water through granular solid. It is difficult to

evaluate these damping effects in terms of other conventional damping mechanisms

used in dynamic analysis such as proportional and modal damping. However,

the influence of the damping mechanisms used in this study can be shown

through their effects on the response of the system. By studying such responses,

as will be shown later, it appears that these two damping mechanisms adequately

represent the energy absorption in the system.
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3. MATERIAL MODEL

Two distinct material behavior models are required to cover the

whole range possible during the stress history of an element of soil from

insitu stress condition to final liquefaction. The first material model is

to represent the soil behavior from insitu stress condition up to the initial

liquefaction. After the onset of initial liquefaction the material behavior

is quite different than the pre-initial liquefaction. A second material

model is required to represent this behavior.

The initial liquefaction here is considered to be a condition of

near failure in the soil element. After the initial liquefaction the granular

structure of sand changes due to large strains developing in the near failure

condition. The material model for the post initial liquefaction range is in

effect the representation of the post failure behavior of sand in a cyclic

stress en~ironment.

The material model developed here and used in the computer program

LASS - II is based on the observations of the soil behavior and the test

results reported in literature (1,7,9,13,17).

3.1 PRE-INITIAL - LIQUEFACTION MODEL

The shear stress-strain relation under monotonic loading is repre-

sented by following equation and shown in Fig. (3a).

= y Go Smax
y Go + Smax

(9)

in which q is the shear stress, pi is the effective pressure and y is the

shear strain. This relation is assumed to applying equally to shear stress

in positive or negative direction. The unloading is assumed to take place
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linearly with the slope GO until previous maximum or minimum value of q/pl is

reached, whereupon the above stress-strain relation in Equation 9 becomes valid

again. The stress-strain relation in shear as represented by the above equation

is assumed to remain constant up to the onset of initial liquefaction. This

is a reasonable assumption as no significant changes occur in the void ratio

of saturated sands during the earthquake prior to liquefaction. In the pl_q

plane the shear yield loci (lines of equal shear strain) take the form of

straight lines radiating from the origin, Fig. (3b). Within the low effective

stress range encountered in earthquake analysis of soil deposits this appears

to be a reasonable assumption. The existence of such yield loci for shear

deformations has been experimentally verified and reported in References

(7,13). However, it has been shown that for higher values of effective pressure

the yield loci approach a state parallel to pi-axis.

Under monotonic shear stress increase with this model the failure

will occur as the stress point in pl_q plane approaches a line corresponding to

the asymptote of the shear stress-strain relation in Equation 9. This failure

line which is also referred to as II critica1 state ll line is given by the following

equation

f1 = q - pi tan ¢ = 0 (10)

Initial liquefaction occurs as the stress point approaches the failure line

but before reaching this line. Therefore, it is justified to assume that

tan ¢ takes a value slightly smaller than Smax.

The initial effective pressures at each depth prior to application

of shear stresses are denoted by plo. With the application of monotonically

increasing shear stresses in undrained conditions, the stress point in p~q

plane follows a path similar to the stress path shown in Fig. (3b) which

intersects the failure line at effective pressure Pf. This stress path has
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been approximated by a quarter of an ellipse which is given by the follow

ing equation.

f = (pi _ p,)2 + 1 q2
2 f A2

(pi _ pl)2 = 0
o f (11)

The material parameter A is the ratio of the major and minor axes of the

ellipse, as given by the following relation.

A = Pf
p~ - Pf

tan ¢
(12)

The stress path given in Equation 11 is completely defined by two material

parameters A and ¢ and the insitu effective pressure p~. Equation 11 can

be written in terms of these parameters as follows.

As can be seen from Fig. (3b) under monotonic increase in shear stress the

effective pressure pi decreases and as a result the pore water pressure

increases in undrained condition. In unloading the effective pressure is

assumed to remain constant until the stress path reaches the previous

maximum or minimum value of q/pl in pi - q plane. After the stress point

has reached the previous maximum or minimum value of q/p', it continues

along a stress path given by Equation 13 but computed with a new value of

p~ which is determined such that the stress path goes through the point

just reached by the stress path. This process in effect corresponds to

successive reduction in the value of initial effective pressure p~ as a

result of cyclic shear stress. When unloading occurs, the value of q/p'

just prior to unloading becomes the current value of the so called previous

maximum or minimum value of q/pl.
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The original concept of the "state boundary surface" has been

extended by Ishihara and his co-workers (7,17,18) by introducing the concept

of the "mu ltiplicity of state boundary surface" which helps in explaining a

number of aspects of the behavior of sands under cyclic shear stress. As

a result of this concept it is postulated that the loading stress paths

on each side of the pi-axis are independent of the other side. In a cyclic

stress situation therefore, at each instant two current values of p~ exist

associated with stress paths for positive and negative values of q.

It is important to relate the model material parameters to relative

density which is recognized to be an important factor in determining the

liquefaction potential of saturated sands.

The values of A determined from various reported experimental

results are shown in Fig. (4) versus the relative density. The data appears

to fall within a narrow band for low and medium densities. The value of A

increases with relative density and the value of A = 1 occurs at about

35% relative density. This corresponds to a circular stress path f2 = O.

Below 35% relative density the major axis of f 2 falls along pi-axis and

above this relative density the major axis of f2 i's parallel to q-axis.

From the data in Figure (4), which are for fairly uniform sands with rounded

particles, it appears that A is only dependent on relative density and the

effective pressure has little effect on the value of A. Data from tests at

various effective pressures, p~ = 1.0, 4.0 and 10.0 kg/cm2 do not differ

appreciably. As a result of this observation it can be concluded that, for fairly

uniform sands with rounded particles, the shape of the stress path f2 remains con

stant and only its size changes with pi, since A is independent of pl. However,o 0

Castro also has reported the results of experiments on two types of sands
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with angular and subangular particles. The values of A determined from

these results are shown in Figure (5) and it is evident that the effective

pressure P6 has a great deal of influence on A. Therefore, for these types

of sands the shape of the stress path f2 must also be dependent on the effec

tive pressure. However, at the present there is not sufficient data to

justify quantification of this phenomenon and it is not included in computer

program LASS-II.

3.2 POST INITIAL LIQUEFACTION BEHAVIOR

After the stress path has reached a level very close to failure

line or montonic strain has reached a certain level, it is said that the

soil element is at initial liquefaction. When using a strain criteria for

initial liquefaction it is important to distinguish between the actual strain

in cyclic environment and its monotonic strain equivalent. The later must be

used. After initial liquefaction the material behavior of the soil element

changes abruptly. Although this material behavior change is gradual in

cyclic tests, especially for dense sands, under montonic loading for low

relative densities very abrupt material behavior changes have been observed.

In any case, for the purpose of material modeling, this material behavior

change must be considered an abrupt and discrete phenomenon.

There appears to be very little experimental data to provide insight

as to the mechanism of post initial liquefaction behavior of saturated

sands. Limited experimental data does point to certain general material

behavior characteristics for this range. However, development of accurate

material postulates based on acceptable material mechanism must await further

experimental evidence. Ishihara, et al. (8) have used a specific stress

path for post initial liquefaction behavior which appears justified based
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on limited experimental data. This specified stress path is sufficient for

the type of application reported in Ref. (B). However, a general material

model needed for a systematic dynamic stress analysis requires information.

as to the deformational characteristics of sand at post initial liquefaction

range. Sufficient experimental data for development of such a material model

does not exist at the present.

All sands do not lose their strength after the initial liquefaction.

It appears that only at very loose states and low densities complete lique

faction almost instantaneously follows the initial liquefaction; the effective

stress point in pl_q plane instantaneously follows the failure line down

to origin. At higher values of relative densities, additional stress cycles

are required to further reduce the effective pressure and achieve complete

liquefaction. It appears reasonable to assume that shear loading and un

loading characteristic does not change appreciably after initial lique

faction. From cyclic tests it seems that the pore pressures and effective

pressures start oscillating after initial liquefaction, which is due to the

fact that the stress point must move up along failure line upon loading

which reduces pore pressure and upon unloading the pore pressure increases

The magnitude of pore pressure increase in each cycle of loading will

depend on relative density of sand and the highest magnitude of the shear

stress in that cycle. It seems the higher shear stresses after initial

liquefaction cause an interlocking of particles resulting in higher

effective pressure which upon unloading is transferred to pore pressures.

A possible mechanism for explaining this phenomenon is a change in com

pressibility of solid skeleton.
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4. POST EARTHQUAKE ANALYSIS

After the completion of the earthquake analysis excess pore

water pressures are computed throughout the layered system. This excess

pore water pressure dissipates with time after the termination of the

earthquake strong shaking. In the process, the excess pore pressure

distribution through the depth changes which may cause some unliquefied

portions to liquify. Some significant ground settlements may result

after the dissipation of the excess pore water pressure.

The differential equation governing the dissipation of excess pore

pressure is as follows.

(14 )

in which ~ is the excess pore pore pressure, k is the coefficient of

permeability and Cv is the coefficient of compressibility. The discrete

form of the dissipation equation for the same mesh as used during the

earthquake analysis is as follows.

o
[A] bd + [B] br} = a (15)

(16)

in which bd is the vector of excess pore pressures and the matrices [A] and

[B] are obtained from direct assembly of element matrices [Am] and [BmJ,

respectively. For the one-dimensional elements used here, it is assumed that

the excess pore pressure varies linearly between the nodal values of excess

pore pressure .. The element matrices are as follows.

f
1 -11

_ k I[Am] - L ,-I 1
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(17)

The matrix equation of dissipation, Equation 15, is integrated in time

using Crank-Nicolson (mid-differnece) scheme which reduces Equation 15

to the following form.

(18)

in which {~n} is the vector of excess pore pressures at time n~t and ~t

is the integration time step. The matrices Dand E are computed from the

matricies A and B as follows.

[0] =L [B] + 1 [A] (l9)
~t 2"

[E] 1 [B] 1 [A] (20)= ~t "2

Equation 18 is applied successively to compute the time history of the

excess pore pressures. The starting vector (initial conditions) contains

the value of excess pore pressures computed at the termination of the

earthquake analysis.

Due to the logarithmic nature of variation of excess pore pressure

with time, usually a smaller time step is used at the beginning of the

analysis and later the value of the time step is increased. The time

integration method used is unconditionally stable and therefore there is

no restriction on the size of the time step for stability considerations.
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5. EFFECTIVE DAMPING

Two types of energy absorbing mechanisms which act as effective damping

are available in the method of analysis presented in this report. These damping

mechanisms are as follows.

1. Hysteretic damping which is inherent in the material model

used in this study.

2. Dissipative damping which is the result of modeling the two

phase nature of the soil and is caused by flow of pore water with

respect to the granular solid.

The first damping mechanism is independent of the velocity whereas the

second is a velocity dependent damping mechanism.

The magnitude of the effect of these two damping mechanisms are deter

mined automatically in the process of analyses by the behavior of the system.

This eliminates the need for determining the damping ratio which is one, the

most critical, at the same time difficult, steps in a dynamic analysis. The

hysteretic damping at each point in the system is dependent on the effective

pressure and the level of cyclic shear stresses. This can be seen from shear

stress-strain diagrams shown in Fig. 11.

In order to study the influence of these damping mechanisms the

following three cases were analyzed.

Case 1. The soil is modeled as one phase solid with linearly

elastic material property. No damping is present in

this case.

Case 2. The soil is modeled as one phase solid. But in this

case nonlinear material properties are used. This case

has only the hysteretic damping.
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Case 3. The soil is modeled as two phase medium and nonlinear

material properties are used. In this case both damping

mechanisms are present.

For all the cases 100 ft layer was assumed and all the properties,

except those which were mentioned above, were the same. The £1 Centro earth

quake record was used as the base motion. The response spectra at ground

surface for these three cases are shown in Fig. 6. The effect of the two damping

mechanisms is quite clear from this figure. In Case 1, in absence of any

damping, very high peak spectral velocities are present at the natural frequencies

of the system. Hysteretic type damping has considerably reduced the surface

response spectrum of case 2. The differences between surface response spectra

of cases 2 and 3 is solely due to dissipative types damping which appears to

be considerable. Furthermore, the hysteretic damping appears to be almost

uniformly effective over the whole frequency range whereas the dissipative

damping has little effect in the low frequency range but is very effective in

the high frequency range.

The observations made in this section appear to confirm the authors

belief that close modeling of the behavior and physical make up of soil to

a great degree eliminates the need for specifying the damping as an additional

material property.
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6. CASE STUDIES

In this section the results of the application of the method of

analysis described in previous sections to two cases are presented and dis

cussed. The first case studied is a 100 ft layer of sand with water table

at 2 ft below ground surface. This layer is subjected to N-S component of

El Centro earthquake of May 1940 as horizontal base acceleration. The

material properties used in this analysis are shown in Fig. 7. It is

assumed that the initial shear modulus increases with depth. Other

parameters are constant through the depth.

Shown in Fig. 8 are the time histories of excess pore pressures and

effective stresses normalized with respect to in situ effective stresses.

It can be seen that major pore pressure increases occur within the first

2.5 seconds of the earthquake. Initial liquefaction occurs when the

excess pore pressures have reached a value of about 60 %of the in situ

effective pressure. After the initial liquefaction the material properties

change to a post failure condition causing the excess pore pressures to

oscillate according to shear stresses. The oscillations in the excess pore

pressure continue until final liquefaction has occurred, whereupon the

pore pressures remain constant with time. The first element liquefies at

2.7 seconds. The liquefaction of other elements follow and the liquefied

zone increases with time. The pattern of development of liquefaction with

time is shown in Fig. 9. It can be seen that the last element has liquefied

at 6.0 seconds. The zone of liquefaction extends from the water table

to a depth of 20 feet below ground surface and the zone of liquefaction

does not expand after 6 seconds. The variation of excess pore pressure

with depth is shown in Fig. 10 at various times. It can be seen that
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before liquefaction the excess pore pressure, as a percentage of in situ

effective pressure, has the highest value near the ground surface. The time

rate of increase of this pore pressure ratio is also much higher near the

ground surface and it rapidly decreases with depth. Below a depth of 60 feet

the excess pore pressures vary between 20 to 35 per cent of the in situ

effective pressures.

Shown in Fig. 11 are typical shear stress-strain plots at several

depths. It is evident from this figure that the increase in effective

pressure with depth has a great deal of influence on the maximum shear

stresses, equivalent shear moduli and the hysteretic damping.

The dynamic analysis due to earthquake base motion was carried out

for 30 seconds. The excess pore pressure ratios at the end of 30 seconds of

earthquake are shown in Fig. 12. Also shown in this figure are the pore

pressure ratios at different elapsed times after the earthquake. The dissi

pation of excess pore pressure after the earthquake are obtained by post

earthquake analysis.

The second case studied here is a soil profile similar to Niigata

sites where extensive liquefaction occurred during the June 16, 1964 earth

quake. No attempt is made here to directly model the Niigata site. The

properties used in this analysis, as shown in Fig. 13, are chosen to coincide

with those used by Seed and Idriss in Ref. (14). The initial shear modulus

is assumed to increase linearly with depth. The relative densities and the

corresponding values for A are also shown in Fig. 13. The depth of the layer

used in the analysis is 250 feet. Below 100 feet the rate of increase of

shear moduli with depth was gradually reduced and a constant relative

density of 0.9 was used.
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Two base motions were used in the analysis; the El Centro earthquake

record with half the amplitude; and, a sine wave with an amplitude of 0.15 g

and a period of 0.5 seconds. The pattern of the development of liquefaction

for these two cases are shown in Figures 14 and 16 and the variation of

excess pore pressures with depth are shown in Figures 15 and 17. It can be

seen that the pattern of the development of liquefaction for both the base

motions is very similar and the main differences are in the fact that for

sine wave base motion liquefaction occurs earlier and also a larger zone

liquefies. However, in both cases liquefaction starts in the second layer

which is assigned the lowest relative density of 40 percent.

The sine wave base motion is probably the most severe condition

from liquefaction point of view, since the soil is subjected to sustained

levels of cyclic shear stress, whereas, when earthquake record is used as

the base motion, only a few cycles of high shear stresses occur. It is

reasonable to conclude that the peak acceleration and earthquake duration

playa more important role in the liquefaction potential than other properties

of any earthquake.

In summary, it is observed that for base accelerations used, with peak

values typical of Niigata earthquake and regardless of earthquake type, the

method shows that liquefaction does occur in the upper 30 feet of the soil

profile used in this analysis.
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7. CONCLUDING REMARKS

Presented in this report is a general method for analysis of seismic

response and liquefaction of horizontally layered saturated soils. The

saturated soil below water table is modeled as a coupled two phase medium with

solid granular skeleton and pore water as the constituent materials. Above

the water table soil is modeled as a one phase solid. A nonlinear material

model was used in the analysis which includes yielding, failure, volume change

characteristics, cyclic effects and criteria for initial and final liquefaction.

Under cyclic shear stress the effective pressure decreases and as a

result the resistance and the shear strength of sand decreases, allowing

larger shear strains to develop. If this process continues under sustained

shear stress, the sand will approach a condition of linear failure". This

condition here is considered as initial liquefaction. Following initial

liquefaction sand is in a state of post-failure and the behavior is quite dif

ferent than the behavior of sand prior to initial liquefaction. A post-initial

liquefaction model is developed for this range up to the final liquefaction.

This method of seismic analysis is applied in some case studies.

The results appear to be reasonable and in agreement with field observations.
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APPENDIX I

INPUT DATA FOR
COMPUTER PROGRAM LASS-II

The computer program LASS-II is for hiquefaction ~nalysis of Saturated

Soil deposits. This first version is capable of dynamic analysis of hori-

zontally layered saturated cohesionless soil deposits.

I. CONTROL CARDS

Card 1 (18A4 )

Columns 1-72 Problem title (To be printed in output)

Card 2 (315, F10.0)

Col umns 1-5 Number of layers

6-10 Number of different material properties

11-15 Number of dynamic time steps

16-20 Dynamic time step (6t)

Card 3 (415)

Columns 1-5 Interval of steps for printing of response

(displa~ements, velocities, accelerations, strains

and stresses).

6-10 Interval of steps for saving of response at

selected points to be specified later for the

purpose of plotting.



Columns 11-15

16-20

1-3

Step number for starting printing of response at

intervals indicated in columns 1-5 of this card.

Interval of steps for updating of stiffness matrix.

Card 4 (315, 6F10.0)

Columns 1-5 Number of nodes for which the time histories of

acceleration, velocity and displacementa,re,.to

be plotted.

6-10 Number of elements for which the time histories of

shear stress and shear strain, and the shear stress

. vs. the shear strain are to be plotted.

11-15 Number of elements at which the time histories of

effective stress and pore water pressure are to be

plotted.

16-25 Height of the plotter paper in inches,

(Default value is 10).

26-35 Height of the stress and strain time history

diagrams in inches, (Default value is 2).

36-45 Length of the time axis in inches,

(Default value is 10).

46-55 Size (height = length) of the stress vs strain

diagrams in inches, (Default value is 8).

56-65 Height of the pore pressure and effective stress

history diagrams in inches, (Default value is 4).

66-75 Maximum time value to be plotted in seconds,

(Default value is 10).



Card 5

Columns

(415)

1-5

6-10

11-15

16-20

1-4

A non-zero value indicates a request for the

computation of response spectras (Acceleration,

velocity and displacement).

A non-zero value indicates a request for the plot

of response spectras.

Number of damping values to be used in the computa

tion of response spectra, (Default value is 3).

Maximum value that can be specified is 10.

Number of nodes for which the response spectras

to be computed. Maximum value that can be specified

is 10.

Card Group 6 (8F10.0)

This card is required if a non-zero value is speci

fied in columns 11-15 of Card 5. In the above format give the

damping values as percent of critical damping. If a zero is speci

fied in columns 11-15 of Card 5, program computes spectras for .02,

.05, .1 damping.

Card 7 (l015)

This card is required if the computation of response

spectra is requested. In the above format give the node numbers.

Card 8 (215)

Col umns 1-5 A non-zero value indicates a request for the post

earthquake analysis.



Columns 6-10

1-5

If a non-zero value is specified in the column 1-5

of this card, give the number of different time steps

which will be used in post-earthquake analysis.

Maximum value that can be specified is 10.

Card Group 9 (F10.0, 215)

One card must be provided for each time step

indicated in columns 6-10 of card 8.

Columns 1-10 Time step.

11-15 Number of times that this time step is to be

repeated.

Card 10 (2F10.0)

Co1umns 1-10

16-20

11-20

Print interval of the time step.

Depth of water table.

Gravity, g, (Default value is 386.2 in/sec2).

II. SOIL DEPOSIT DATA

Card Group 11 (F10.0, 2I5)

One card required for each layer of soil.

Columns 1-10 Depth of the base of the layer.

11-15 Number of elements the layer is to be subdivided.

16-20 Material number of layer. This number is to

identify the type of material properties in the

sequence given in the next card group to be

assigned to this layer.

This data is provided for the layers in the sequence of increasing

depth starting at the layer at the ground surface.
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Card Group 12 (8F10.O)

The following cards must be provided for each

material type as indicated in columns 6-10 of Card 2.

Card 12.1

Co1umns 1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

Card 12.2

Columns 1-10

11-20

21-30

31-40

41-50

51-60

Bulk modulus for effective stresses.

Shear modulus at the top of the layer.

Change in shear modulus per unit of depth.

Bulk modulus of fluid.

Permeability.

Mass density of solid.

Mass density of fluid.

Smax

1/1.

<P

Constant for the direction of stress vector in

pl_q stress plane for post-initial liquefaction

calculation.

Effective stress at final liquefaction.

Void ratio

III. PLOT DATA

Card Group 13 (1615)

This card group is required if a non-zero value is specified in
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columns 1-5 of Card 4. In the above format give the node .numbers

of the nodes where the motion plots are required.

Card Group 14 (1615)

This card group is required if a non-zero value is specifted in

columns 6-10 of Card 4. In the above format give the. eleTl}ent

numbers of the elements for which the time histories of shear

stresses and shear strains, and the stress-strain diagrams are

to be plotted.

Card Group 15 (1615)

This card group is required if a non-zero value is specified in

columns 11-14 of Card 4. In the above format give the element

numbers of the elements for which the time histories of effective

stresses and pore water pressures are to be plotted.

IV. EARTHQUAKE DATA

Card 16 (12A6)

Col umns 1-72 Earthquake identification title (to be printed in

output).

Card 17 (2F10.O, 215)

Columns 1-10 Time scale factor. Earthquake time points are

multiplied by this time scale factor. (If zero or

blank, a value of one is used). This is not

required if a non-zero value is specified in

columns 26-30 of this card.
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Columns 11-20 Amplitude scale factor. Earthquake amplitudes are

multiplied by this scale factor (If zero or blank,

a value of one is used).

21-25 Number of time points to define the time history

of base acceleration.

26-30 Base acceleration data type: zero or blank when

the base acceleration data are given at irregular

time intervals; any non-zero value when the base

acceleration is given at equal intervals with the

same time step as specified in columns 21-30 of

Card 2.

If the value in columns 26-30 of Card 14 is zero provide Card group

15, otherwise provide Card group 16.

Card Group 18 (8F10.0)

In the above format for each base acceleration time point give

sequentially the values of time and corresponding base acceleration.

The program interpolates to determine the value of base acceleration

at intervals of time step ~t.

Card Group 19 (8F9.0)

In the above format for each base acceleration time point give

sequentially the values of base acceleration at intervals of time

step ~t.
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.~

-....,- J~~SE:D G2AB:USSI
CIVIL E~GI~E~~ING

!', .. :; '" :-:- "',1
." _:1.\" ".1 ..~

,-

c

U~:!V~;.SlTY CF :LLltJ,,)::S L: U£(d-nhi,-':H,\;:1iAIGr~

r'iciF-';b 1':77

CO!l~l[1~~ A (40 t [i,,)
;-: ('\ ~1 n :,:;~ Ie C:-1TIl Ht'l) (1 ~» , £'4 CY'::, L, 01' , :.- ~): I :. 1:' t\ J '~ , .< :":i \j"f , LCLrr , :.~ C. , ~"; Li P J ~\ 'I , ~i P ~, ~~

* ,NSTA7,N:~CR,J~~2R~

:OMMON/~lVL/ ~TABl;,G2AV

C01"'; :'~; / PLil NG / ;.1'L 0 T I' , t PL T.5 S , ,j:) :.:: 'I -' , 11 E' A2 , FP ~. ,: "::' , r ;: :, ,=: :' , .> FI CT , - ? LO'l ,
'" ""E ~;!)

CC1 ~1 CN/ S FEC/ DV ( 1 ), 'j (' V E ( 1 ), ~ lJ Ci Ot; , :.:: i- S , n::::: i:'
CO 11 11 C ~1 / i? 'J S f: Q/ NTP 1:. ? (1 \. ) ,I S (1 ::) ,:;: LI L::' 'i' , NIS, :; P L J 2:' ( 1

:;?~.D (3,''''('0) HED
F 'fA D (S , 1;" f 1) t: LAY E5, , :; i'U.-.l , :; CyC i. , ND::., t T , :~ s':' ;" -: , ,-1: '; C :i.
VI" FIT t; (6, 2 c·! i,' ': ) 11 ED, ~1LAn? , t•.'1A 'I' , NC YCL, j;): , D']'
r.,B!\.D (5, F,~' 3) l~PFt'iT,rSAVE,~STP?T,~~UrDAT,:L\L.i
W::?II' r (6, ::. r c 1) :J PD. i: i' , N SAv:;; , N3i'P R~ , NU2 D" 'I , ~F: :: :.:: :::
.~ s~_ D (5 , 1 C. 4 ) Ii PL 0 T11, t: r L r s s, NS E'I 3, HPAt', li P I.e :::, f· P ,L) T , DP i.e::: , F;-> :.. 0 T , ~'F :-1
:F(NPL):''1.LE.'}.Al;D.NPL'L33.L:::.J.A:~L .. NSEi:S.L;:.·) G) ""0 2 (
: F (H PAP. LI. 1•• 0 F • E PLC...' • LT. 1.., o~-\. d PT.. 0 .... LT. ' •• CR. D!)~:JT. L' • 1 •• ,-:;:? :: ::':;

* .1:·.1 •• 0P."'PLJ':.Ll'.1.) W2ITE(0,:,,,;.+)
:: F (F PAP. LT. 1.) HPAP= 1 ( •
IF'(HPLCI'.LT.1.) HPLO'l=2.
:F (BPL0T.LT.1.) BPLO':'=1).
IF(DPL1T.LT.1.) DP10'I=b.
IF (:,pvn.LT.1 .. ) IPLTI=4.
IF (';'?}Il).LI.".) 'l'IJW=1(·.·
wRI T"' (6, 2: n 3) Nl?LOH1, NPl T.:iS, 'i S3 TS , d i? Al? , H2 LOT, t3 PL)::: , D2 LYT , ': OLe' I,

* TEND
200 PF'AD(S,1 C ::5) :SS,IHSP,JDV,NNODE

IF(IRS .. 'EQ.C) GO TO 215
W?ITE (n, 2't5)
IF(NDV.L;:.'i) GO 'Ie 23'"
R"!?~D{5,1,iC'6) (DV (L) ,l=1,NDV)
GO ':'0 24(

231'" NDV=3
WR~';'F(6,2Gc)6)

DV(1)=0. r 2
DV (2) =J. "5
DV(3)=~.1

24) wRITB(6,2")n7) (DV(L) ,L=1,NDV)
REA. D (5 ,11'\; 7) (NO DE (L) , L=1, NNODF)
WRITE (6, 21:hi8) n~ODt: (1) ,1=1 ,N~OD2)

215 ~EAD(S,1Gn7) IPOS2Q,Nl'S
:F(IPOSEQ. FQ.C) GO TC 213
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W'RTT~(6, 20(9)
READ (5,101'18) (TS (I) ,NTREP (I) ,NPEQPR (I) ,1=1, N:'S)
rAPTTE(6,2 l1 10) (TS(I) ,NTREP(I) ,NPEQPR(I) ,I=1,NTS)

2"'" IF' (NT)I. EQ~ q NDI:::1
NC=NDI+1
IF' OIDI. EQ. 1) NC:::NC+1
READ ('1,11"'12) WTABLE,GRAV
IF (GR~V.LE.').I'\) GRTiV=386.2
W?I'1"I (6,2nti2) ~nAI3LE,GRAV

N1-:"
N2=N1+NLAYEH
N3 =N2 + ~lLAYE: R
N4="t3+NL1\YF.P
N5=N4+'3S*NMAT
IF (NO!. EQ,,~) ND:=1
N6=Nl)+NDI*NCYCL
KK1 =N6
KK2=KK 1+ I'TPLOTM
KK3=KK 2+ NPLTSS
KK!l=KK 3HIS ET S
K1=KK4
C ~ L L R P RD (- A (N 1) , A (N 2) ,11 (N 3) , A (N 4) , A p; 5) , A ( K K 1) , A (K K2) , A (K K3) ,

>I< NUYE?,N~lAT,NOMNP,NCYCL,NDI,A (K1»
K2:: K 1+ Nfl MNP
K3 =K2+ NU tt1NP
K!,j=K3+NOMNP
CUL MESH (A (N1),1l (N2),A (N3) ,A(K1) ,A(K2) ,'\(K3) ,W':!:ABLE,NUP'!NP,

* !nAYER)
~IEO=NC*NTTM NP
MB.T\ ND=2* He
K5=K4+NEQ*MBAND
K6=KC;+N~Q*MBAND

K'7=K6+ NEQ
KA=K7+NEQ
K9=K8+NEQ
K1~=K9+NEO

K11=K1t)+N~Q

K12=K11+NEQ
K 1 '3 =K 1 2+ NF 0
K1q=K13+1'*NUMNP
K15=K1u+"*NUMNP
KK1li=K15+NBQ
KK16=KK15+2*NnMNP
K16=KK16+NNODP*NCYCL
NTLI;=K16-K4+1
NCCY=NCY~L

CALL SZ~RO (A (K4) ,IlTLL)
NTSAVR=(NCYCL+1)/NSAVE
KN1=K16
KN2=KN1+NrSAVF+2
K15=KN2+NTSAV~+2

NBLK=NTSAVE
NPTO~=3*NPLOTM+2*NPLTSS+2*NSETS+3

IF (NDI.GT.1) NPTOT=NPTOT+3*NPLOTM
IF (NPTOT. LE. i) GO TO 11)0
NLEF'1"=MTOT-K16-1
NEED=NPTOT*NTSAVE
IF (NE~D.LE. NLEFT) GO TO 100
NnM=(NEED-1)/NLEFT+'
NBLK =NL EFT/N PTOT
PBHIND LOUT
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'! ... - '".'0~;tr'T'ITJ7

)J TI 1. =H!?':' JT *~ 8L K
K" ., =K1 F- + ~rI' L L
K18=K17+~I)v*13(,'

K'P=K18+l,1DV*131'\
K?'=K19+\jDV·1~"

f{?'1=K2f'+"'!3"
K2"=K21+~mMNP*2

K7 ~ =K2 :2 +nJ M~i p* ?
K2u=K2 ~+~HJMNP*2

K?" =1(" (J+ ~ruNNP*2
K? IS = K 2 S+ )PJ MN P.
K2""=K"'iS·Pl[JMNP
f{2 Q -::: /(2"7+ '!'YMN?
K21=K?8+NUMN?
K3 " =K2 q +NU!'Il! P
'r '!''!'"' { r., 2-' "2) M""OT, K:v
11':' (K1". L"'. MTCT) :;0 ro 140
'pT'P"(t),Y1;)
STOP

C~ L L <:: Z "C' E0 P (K 1 6) , 'i '! L L )
rUL M}\SSr.!:r (~(K"(,) ,l. (K1),; (K2) ,~ (K3),A P74), NUMNt',NC)
C "-1 L S 1"L P.L D p, (K 1) ,~, (K;2) , A (K 3) , A ( N4) , A (K 1 3) , A (K 1 5) , NUNNP , ~!C')

,., L L SOL VE (A (K 1) , ,\ (K 2) , A (K 3) , A (N 4) , A (N 5) , ~ ( K4) , A (K 5) ,A (K 6) , .~. (K. 7)
• rl (K "3) ,:a (K el) , ri (K" r) , A (K 11) , !, (K 1 2) , A (K 1 3) , A (K 1 4) , 1\ (K 1 5) , A (K K1) ,
* \ (K K 2) .!-. (K K:) , !, (K" E) , A (K K 15) , ;a. (K K 1 6) , N ::< V< , :; ?;'0 T , ?{ UMIi P ,
* 'M~T,rEQ,NB~~D,NCCY)

T F { NS !\ V E. L ~. ") G :> l' (\ 1 50

'::- 1\ L J, 0 11':' P fA (K K1 ) , A (K K;:) ,~ (K K 3) ,:. (K r ") , A (K N2) , 1\ (K 1 6) , A (K K 1 5) ,
* NUM~?,LUN,N"LK,NPT0T,NTSftVE,NDI)

1 5'" ccn T ::~J rJE
~ ?' (N:ro n 1? L E• ~) G;; 1'01 6')
CALL ?ES1"l"SC(7i(KK16) ,NCYCL,A (K17) ,A(K1d) ,,~(K19) ,A(K2J) ,NDV,DT)

11)'" Il:"(;:P8S~Q.?O.t') GO TO 170
TF(IP')S~O.GF.1) CALL SOIPi::Q (A(N4),A(K1),A(K2),A(K3),A.(K13),

* A (K2 1),A (K22),A (K23),A (K24),A (K25),A (K26),!, (K27),A (K28),~, (K29),
* NUMN P)

1'7'" CON'T'!NU?
ST)P

1:)t'\"\ l:''0?M~'1'(1)~1\4)

''''11 r.'O~M~1' (4IS,FF.c,2t5)
10"2 ?OP!>!'1T (8F1C.'1)
1'i~3 l:"O~"'lA::' (1615)
1~'U ?O?~A'1'(?:5,FF1n.0}

1""'3 POBMAT (~~5)

1;');:) 1i'ORMAT(8J;11C.")
1"\17 1:'011"1\"" (1fT5)
""f'l,q "'O?1o!~.~ (!?"0.0,2IS)
2~"'" FORMAT (1H1/181\ UII/I

* ~5H NrrMBSR OF LAyERS •••••••••••• = ,:5//
* 35H ~nMBEE OF MATF~IALS ••••••••• = ,:~I/

* 3Sq NU~B~P 1F :YCL3S •••••••••••• = ,ISII
* 3SR NnMP~R OF INPU: DIRECTIONS.. = ,15//
* 35H ~TMF STEP (DT) .~ ••• , ••• _.... = ,i,'~~4

2""1 ?0?~!I (II 158 PRINT INTERVAL ••••••••••••• = ,ISII
• 3~H !NT~RVAL FO? S~VING RESPONSE = ,I511
* 3~H STEP FOR STAhTIN(; PR!N~ •••• = ,!SI/
* 3~H STIFFNFSS U?DAT CYCLE ~..... = ,:511
,., 3l:)H ')tJTPUT TAPE FLAC; ••••••••••• = ,:511)

2"~~ lO'O?.tB.T (/1



,1 GIS /1)
II

)

,15,1
,:5,1
,I5,1
, r'5. 1 ,
, F 5. 1 ,
, F 5. 1,
, P 5. 1 ,
,/,
,1"5.1,
, F 5. 1 ,

II-5
* 35H DEPTH OF WATEB TABLE •••••••• = ,F11.3//
* 3~tl GRAVITY .~.................. = ,F1~.311)

2'1i"!3 FOT'lI''!A:' (//2'5H " •••• PLOT DATA. •••• 1/
* 5~H NUMBER QF M8TION PLOTS ••••••••••••••••••••••••• =
* 55H NUMBER OF STRESS, SrR~IN,TIME PLOTS ••••••••••• =
• SSH NUMBER OF POR~ PRESS., EFr. STRRSS VS. 71ME PLars =
* S£:;H HRTGHT OF THF f?lO~r l?AP,E.R (INCHES) • It............ =
• 55H HP,I3P-I nF rHE STRESS AND STRAIN HrS~OhY PLOTS (I~) =
• 55H LFNGTH OF THE TIM~ AXIS (INCHFS) •• -••••••••••••• =
* 55H SIZ"E OF THE STRESS VS. STRAIN ptors (INCH~S) ••• =
* ~SH HEIGHT OP THE peRE PRFSSORE AND EFFECTIVE STRESS
* 55H HISTJRY PLJTS C:NCHES) ••••••••••••••••••••••••• =
• 5!)H ",ll.."(. TIME VALU?: 1'0 BE PLOTTED (SEC'ONDS) .... ••••• =
* II)

21~4 F1BMATrll,snp DEFAOLT VALUE(S) ASSUMED FOR PLO~ PARAMETER{S)
2)~S ~~lMAT(31H •••• RESPONSE SPE:TRA DATA.... I)
?~~6 PORM'T(5QH DEFAULT VALnEs WILL BE· ASSU~ED FOP DAMP:N; VALUFS
2n n 7 F01M~T (~6H DAMPING VAlUES= ,10P10.5)
2~~9 FJnMAT(45H RESPONSE S?ZCTRA WILL CALCULATRD FOP NODES
2"Q 'OPMAT (II"'H ••• DATA FOR POST RARTHQUAKE A~ALYSIS •••

'* 11n "!'I?o1E STFPS ,3'K,1CH NO. REP. ,3ii,11.H PRINT INT.
2011'''\ FORMAT (P1P.5,9Y ,15,91:,15)
2~ 1 F0~M~T(4SH P~0BLtM DEPINED IS TOJ LARGP TO BE COMPUTED
2::' '2 k'O~t-'~T (//22H STOF~J;E INFORM.!rION 1/

* ?3H CORE SPACE AV~ILABLE= ,16,
• 21U CORE SPACE RFQUESTED= ,16)

E'll)
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SUDRcaTI'E R!FD (DEPTil,NEL,MATYP,EMATL,BACC,JPLTM,JPLTSS,
• JS~TS,NLAYBq,NMAT,~UMNP,NCY:L,'DI,ACC)

D":: 11 .... NSI ("I H D1'; P.,., H na AYf.. R) , NEL nnAYE R) , 1~ A'1' Y l? r~ U YEP) , ::; M. A'lL (3 5 , N11 A"") ,
* RAce (llCVCL,NOn,ACC (2,1), TITLE (18) ,JP11'f'1(1) ,JPLTSS (1) ,JSETS (1)

CO~MON/Co::r L/ Hi~D (1 B) , DtPHll'1, Drr'
C0~Mn~/PLTrNGI NPLOTM,NPLrss,NS3TS,HPAP,HPLOT,RPL01,DPLOT~E?10T,

.. T 1?~,m

C0~M0N/wLVLI ~TABLF,G?AV

c
?~',D (S,1"I\I') (D~cP'1"H(I) ,NEL(I), 11ATYP(I) ,I=1,liLAYEF)
\P'ITB (E,2nn,")
w~rT~ (h,2"f'1) (I,DEPTH (1) ,NEL (!) ,MATVP(I) ,I=1,NLAYBF)
W?I~~ (6,2 nn2)
r,0 1"'1) t=1,1\1~nT

::'",'D (5,11"11) (~MATI.(I,L) ,:=1,3), (2!'1A'iL("i,L) ,:=12,24)
"I)" ("O~1TTNu~

W?::'1"P(6,2 r1 6)
D" 1 a1 L =1 , NMAT
;;n:"""(S,2:"'3) L, (fr:l\TL(I,L) II=' ,3), (?I'L\TL(I,L) ,1=12,16)

1'" "I CON'T'INUF
':>PUT"'" (6,2(' 17)
1)0 1!'\2 L=",NMAT
Vl?I;'V(6,2~~6) 1., (EMATL (I,L) ,1=17,22)

1t'\? CO~1TTNUE

NTJIiNP=-'l
D0 11~ I=~,NLAYER

1'~ ~UMNP=Nn~NP+NE1(:)

I" (~PL07'1,LB.''') GO ':'0 13'3
R~~D (~,1Jrs) (JPLTM(I),r=1,NPLJTct)
WR"'::t;'F' (6,2"1"8)
ylRITP (F, 2''113) (JP LT1': (I) ,1=1, NPLJTM)

13; IF' prPL'T'SS. LE.. 'J) GC TO 14 0

'R~.~n (t:,1('t'\!j) (JPLTSS (1) ,1=1 ,NPLTSS)
;';""':1'"' (1),2i~1C)

W"?ITE (6,2':113) (.JPLTSS (I) ,1=1 ,NPLTSS)
14" IF' (NSETS.LB .. ") SO ':'0 150

Rl;'~D (5,H;!"S' (JSFTS{:;:) ,I=1,NSETS)
WpTT4' (6,2011)
WPITE (f,2:"13) (JSErS(I),r=1,NS?'TS)

1 e:;'~ C'H TIN U'lO'
c
C R~AD ~ND TN~?PPOLAT~ BASE ACCEL.
,~

'..
D0 U"f'l L1.=1,NDI
~ E\ D (5, 1r!1 2) TT 'T Lr<' , 'i seA L, ASC I\L , ;; PO nT, In YP E
WRITE (6,21"04) 1'ITLE,TSC'AL,ASCAL
IF (NTYPE.NE.O) GO TO 162
WRITE ('S, 2;~ 1U)
R~'D (kj,1!!t\]) (ACT(1,1) ,AC'C(2,I) ,r=1,NPOINl')
W'9ITP (fi,2"1"!S) (ICC(1,I),ACC(2,I) ,I=1,NPOINT)
P' (':'S CA L. LB. ". (1) GO TO 17"
~~ 161 !=1,NP0INT

11)"1 r.,CS (1, I) =ACC (1, T) *TSCAL
GO ]'r'! 17"

162 F~~D (5,1')04) (ACC(?,I) ,I::1 ,'JP:JINT)
WPT';''''U>,21)'l)
W?T.T'R (6,2('05) P..Cc{2,I) ,!=1,NPOINT)

1 "7 ,,\ 11<' ( A. S CAL. L::;. (1 • i'\ ) ,; Q T I) 1 '))
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=,F1C.a II
=,F1(.Z+ II)

,

D1 '8~ I=1,NPOINT
180 ~C~(?,I)=ACC(2,I)*lS:AL

19'" ~I)NTTNUE

IF (N:' YPF~ NE. ~) GO TO 30'1
GA 1:,'\
1=1
~=ntr:'

K=')
'2(';1" n'(AC'C(1,I).GF.T) GO TO 251
22" I=I+1

IF (I. LEM NPOIN'r) GO TO 20:)
WPITE (6,2",r7)
ST'JP

211('J SLQPE=(ACC(2,I}-ACC(2,I-1»/(A:C(1,I)-llCC(1,:-1»
28'\ K=K+1

TF (~G'r45CYCL) Gn Te 4'0
B~CC (K, LL) =AC: (2, r-1) +SLOPE* ('1'-1\:C (1, :-1) )
l'=~+ DT
IF' (~CC (1 ,!). G~. T) ;0 TO 280
G0 T0 2211

3'1" GRAVTY=GRAV
DO 32'1 I =1 , NCYCL

32~ B~CC(!,LL) =1\CC(2,1)*GRAVTY
tp)!; corn'INUB
5~~ R1<'''I'IU~~T

1 ~",'" "?ORM\T (1"11' .. !"·, 2I5)
1iV~" Pf)RMAT PW10.:'1)
1~n? FORMAT (18!4/?F10.~,2I5)

1"f\3 lO'l"lRMAT (~F1i'i.~')

1"I1'!4 FORMAT (81"9. ")
1'1'\5 ;"OlHH'T' ("6:5)
?'}n" 'P')RMl'T (1H1/115H ---------- PROPSqTIES J1" LAYERS ----------- ,11

* 5 v ,5HL'YER,15X,5HDEPTH,11X,9HNUMBFR OF,12X,BHMATFR!AL lUI,
,., 6HtHJMPER, 32X,8HfLEMENTS, 14X6HNUMBERII)

20"1 FORMAT (I1I"",F2t'.3,2120) .
2'O? POSMA! (1H 1 /45R ---------- MATERIAL PPJPERflES ------------ ,II
2J n i ~0~M~T(!5,8E15.n)

20"14 FORMAT (1H11118A411
* 29n TIM~ SCALP ------------
• 29H AMPL!TUD~ SCALF -------

2(\('1) FOl1MAT (8£15.6)
21~~ lO'O~MAT(I5,6?'5.6)

?0~7 FORMhT (1111111
* 6"H ------ INPUT BASE ACCSL. IS LESS THAN RBQUESTED RESPONSE I
* 2 1 H E1ECUTION TERMINATED I)

21'8 FORMAT (/3"H MOTION PLOT REQUEST FOR NQD~S I)
2G1~ FQR~~T (/40H STRBSS-STRAIN PLOr RFQUisr FOR ELEMENTS I)
20'1 FORMAT(/,50H PORE PRESSURE AND EFFECTIVE STRESS PLOTS FOR ~LEM~NT

*' : )
2 if 1 3 F0 ~ MH' (1 () I 5 )
2S14 FORMAT(4(1 1 X,4HTIME,10X,5BACCEL)/I)
2~'S F01MAT(1SH ACCELERATION :,II~

201;::; 'F'CRM1>T(1'JH MAT. NO.
*11' It BULK MOD. 2X,
* 11rr SHEAR MOD. ,21,
*1 c:: H SH. MOD. CHGE. ,
*' 15Hi3ULKMOD.{FL.) ,
* 13R ?ERMEABILIry ,21,
* 17H "H.SS D'EN. (TOTAL)
'" 15H 1HSS DEN. (FL.)
'" '3 Ii S (MAY) )



r"l, r.'O"",1\""C1"'H l1l\'!'. no,
.. 1''' H 1./T. A MB DA
"* !~>f PHT,1 i 'l(,

* SA lL~~A ,9 Y ,
... fiq ':'Hkl,,",:\ ,91,
-.. 16H '?t:;S,EF'F'. STRS.
*' 1~H V'JID F.!.T.

R'T1')

II-8

,
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SUBROUTIN~ MESH (DEPTH,NEL,MATYP,XLE~T,MATNUM,rWTBL,iTABLE;NUM~~

'4< >fL1\Y::R)

DT'1?l,rSTON Dl:':PTH(1),NEL(1) ,MATY!? (1) ,XLFNT(1) ,MATNUM (1) ,:WTDL(1)

ZC"H}PD=t' ,J'
NTJM=t"
DO 201 I=1,NLAYER
NTL=NEL (I)
TF (T.~Q.1) YL=DEPTH(I)/NTL
IF' (1.'';1''.1) YL=(DPP"'H(I)-DEPTH(I-1»/T-;:L
no 1 S'" J=1, NTL
>fU "1-= NU 1'1+ 1

ZCQ0PD=ZCOORD+XL
XLS)1'!' (NUM) =XL
:'1.1\ ::'NUM PWiIl) =M~.TYP (I)
IF (~COORD.LF~WTABLE) IWTBL(NU~)=n

!F (ZCOOPo. GT. WrA.BLE) lWTBL (NUM) =-1
1St"' C'ONTINU?
2" '" CONTIN u_~

RETURN
FM')



11-10

SUBROUTINE SELFLD (ILENT,~ATNn!,IWTBL,ZMArl,ST~S,SL'CT,NUMNP,NC)

D~'~EN3ION :nE~IT(1) ,MATNUM (1) ,HITRL (1) ,PMATL (35,1) ,S'J;RS (11,1),
11< SLVCT(")

~O~MO~/WLVL/WTABLF,GFl'

DEPT-=f).
SYN=-1.1'
DO S~~ LL=l,NUMNP
7,I.F'~l':'=XLENT (LL)
Nfl!'1= M.A 'l'~1UM (!.L)
IW=HITBL (LL)
GMl=GP\V1l<EMATL('U,NUM)
GM\W=GRAV*~MA'l'L(15,NUM)

DFPT=DEPT+1$5*ZLENT
STRS':1'.5*SYN*GMA*ZLENT
H'{IW.EQ.G} GO TO 11"('
STRS{6,LL)=(DEPT-WTAELE)*GMAW*SYN
ST~S2=STRS2+0.~*GM;W-ZLENT

11'1" Cm!T!N U~

I'L2=LL*NC+1
TL1=TL2-N::
SLVCT{!L1+1)=SLVCT(Il1+1)+STRS2
!~ (LL.EQ.NUKN~GO TO 150
SLVC~(IL2+1)=SLVCT{!L2+1)+5rRS2

15'''' ~OWr!NU!':

nEPT=DEPT+r.5*7L?NT
5('\" r:ONTINTJ~

TIP1'URN
END
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SUBROUTINE MASSMr (EM,ILENT,MArNDft,IWfBL,EMATL,NUMNP,NC)

DI"1ENSION EM(1) ,~nBNT(') ,fiATNUM (1) ,IWTBL(1) ,r,11ATL(35,1)

NCC='lC-1
K='"
L=\TC
no 3~0 LL=1,NUMNP
NUM.=f'lA '1"t-}UM (LL)
?~0=PMATL(1U,NUM)

~ WH':::E MA Tl (15, ~np.1)

Zr..E'NT=Y,LFNT (11)
EM'S::::~.5*RH~*ZLENT

D0 1(',"1 I=1,NC
'SM (K+I) =EMAS+EM (K"'I)
r.'" (Ll. (; .... NTJ1B;P) GO 'IO 1QO
~M (1 +T) :::: F.M AS

1 "''' CONT:NUE
IF (rWTBL(LL). BO.r') GO 'IO 2r',O
EMlS=~~5*RHOF*ZLFNT

EM(K+NC)=EMAS+F~(K+NC)

IF (LL.GF. NUMNP) GO '1"0 200
BM (l.+NC) =FMAS

2"": C'ONT7:NrJE
K=L
l=L+NC

3"") CQNTTNU:?
RETf] PN
nTn
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SUBROUT!NE GSTIF (A,C,NC,NEO,LFLAG)

n:M?ltSION ~ en ,e (6,6)

NCC'=NC+NC
DO 4"1 N=1 , NC
L=N'
')'1 11""'l· K=~l, NC'
A (L) =A (L) +C (N, K)

1'~ T=L+NRQ
1:F (LFLJlG.EQ.C) GO TO UGO
no 2"0 K=1,NC
A. (1) =-C (N,K)

2"'''' L=l+NRQ
t=NC+N
no ?""?j K=N,NC
.\ (t.) ==c (U ,K)

.,~" T..=l+NEQ
lJ,,,.,,, CO¥T~~1UF.

P ....."'URN
'END
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SURP')UT:'"N": SOLVE (XLFNf,"fAT!HJ~,IWTBL ,E:1Al:L,RACC,Sr,DO,Or,VE,AC,
* ryn,E~,vLD,~BW,STRS,STRN,SLVCT,JPLTM,JPLTSS,JSETS,

PL,~L!Q,AHIST,NBLK,NPTOT,NU~NP,NMA:,NEO,HBAN),KCCY)

C0"1 "" 0 N/C ') NTLIH ? D (1 q) , il Cye; L, DT, NO I ,:l p:< NT, ~r s r, VI , LUN, NC, NUPD~, T , ~~ RI l'E
'"' ,NSTAT,NINCR,NSTPET
:O~:~'iN/1' LT I NG/ NFLOI'M, NPL 1'5S, NSET S, tIP A? , IiPLJ'T , RPLCl' , D1'LOT, EPLOr,

.. 1'''''1D
':'0':1'10N/SPEC/DV (11") ,NCDE(1f)) ,NNODF:,IRS,IFSP

~

--

*
'"'
*'
*

~

~

D!M?NST:O'l 7LE~T (1) ,'lfATNUM (1) ,IW:'RL(1) ,}~11ArL (35,1) ,BACC(NC2Y,1),
::; T pr"'0 , '!) , DD (N F 0,1) , D1 ( 1) , VF ( 1) , AC ( 1) , DU ( 1) , EM (1) , El D (') , ~r BW(1 )
<:;T?N (11,1) ,SToS (11,1) ,C(4,4), D:?PSL(6) ,SK(6,6) ,SLVC7(1),
,} P L:' Nf (,!) , J PL '7' S S (1 ) , J SET C; (1) , PL ( N13 LK, 1) , I LI Q (~UMNP , 1) ,
AHTST (NCCY, 1)

TFmA-=~ ~,('-t,

'1'A U="'. )* DT
~_" =6,') / ('!'lA U· ..... l\ Il)
~,1=6,,"./-"A_U

:'\.2= 2, "'\
A1 = .n." /'r' ?"r':\
\U=-~. ':"' I (TET ,~"'';'AU)

~ '3 =1 • I' - 3 • n/T P.:: -a.
Jl. ;; =D"" /? ;)
AWh, 1)",'" n:- IF. 'J
p'i=3~')/T~U

B"=2.~

n?=TA.U/2,"

I'I ME="'.!'\
"!!)PlS 'I''''N S1' A':'+.,
NT "R"~'!'::::NCC Y*ND T.
"lQB=NEQ*"1'9!\ ND
KPI?!'T:'='1
KS\V-""='"
KuoDAT="
NCYST=NCYC1~~STA!+1

V'r~rcP"'='~.~ :)

Cl\L1 S7,F.RO (SK(1,1)1'3h)
1\.ST=".1
NM='"
1)(1 U'" I=1,NUt1NP
J=HC* n- '') + 2
!\ S"l'=~, S T+ 31 VCT (.1)
S1VCT(J+')=SLVcT (J+1)+STRS (6,I)
SLVCT{J)=SLVCT(J) +SLVCT(J+1)
IF (T. N":"NUMNP) SLyer (J+NC+1) =-S1'1\S (6,I)
ST~S (? ,!) =AST
IF ("11\.TgTJM(I)~"'Q.NM) GO T') 2'1
NM:::: M,,1' tFP1 ( I)
n P1'='1 ....
GZ'QO=EM,~'"l"L (2,Nf'1)
DG=EMA 1'L (3, NM)

?'~ ('I')~TTN nr.
DPT=DPT+~.5*XLEMT(!)

G=G?R') +DG* DDT
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s r p s (1 ') , I) =-G /ST RS (2, t)
OPT=nI?T+"'. 5*YLENT (I)

4'" C'JYT ::1U?
DO 415 I=1,NUMNP
~LTO (:,1) =-1" ~

us TtIO(I,2)=-~.('\

D0 8r~ NCNT=1,NCYS~

LF'L~G='

KUDn'T=KUPDAr+'
:ti' (NCNT4FQ.NDYNST) KUPDAT=NUi?DAT
!ti'(KHPDA"'.EQ.NUl'O;aT) CULS~ER,) (ST(1,1),!lQ!3)
IF (NCN~.LE.NINCF) !INCRT=XINCRT+1.~

NU~YI.D='

0'; 2f:) LL=1,NHMNP
ZL t;'NT=~U ,.,NT (lL)
IL2=Lt*NC+1
111 =IL 2-NC
!F(LL.BQ.NUMNP) LFL1G=0
IF(LFLAG.E~O) GO TO 50
D,?PSL (1) :il."

DE'SL (2) = (DTT (It"''''') - Dn (1L2+ 1) ) /ZL ENT
DEnS t (3 )=0. ,"':
n~PSL(4)=(DU(Il1) -DU(IL2»/ZLENT
DEPSL(S)=(OU(IL1+2)-Dn(I12+2»/~LENT

G0 1'0 t;r
1)'1 C(I'ITIN UE

DEPS t (1) ='ft.
nEPSL(2)=DU(IL1+1)/ZLENT
DrpSL (3) ='1. ,'I

O~PSL(U) =nU(IL1)/ZL~NT

1)~"Sl(5}=DU(It1+2)/.zLENT

6~' CQ'TT TNUE
NIi=MATNUM (LL)
DO '''1} 1=1,4

,~~ STRN(T,LU=STRN(I,LL)+DEPSL(I)
S~RN(11,LL)=STnN(11,LL)+DEPS:(5)

:W=!WTRL (LL~

:!tL 1"'IATPAC (STRN (1 ,LL) ,STRS (1 ,LL) ,DEPSL,C, SK, 3MATL (1 ,NM),
>I< E~ Al' L (16 , NM) , 'I!. I 0 , TI ME, LL , ~~ C, Npo IRS T , :: w, NU!'1 NP )
IF (NCNT.LE.NDYNST) GO TO 110
IF' (IW.FQ.") GO TO 11(i
BITLKP=PM',lITL (12, NM)

5TRS (fi ,1L) :STFS (5 ,LL) +BULKF* (DEPSL (5) +DEPSL (2»
111'\ CO~!TINU~

~LD(IL1}=ELD(IL1)-STBS(4,LL)

1<:L D (TL 1 + 'I) =ELD (I L1 +1) - STRS (2, LL)
BLD(IL1+1)=ELD(IL1+ 1 )-STRS(6,LL)
~LD(~t1+2)=ELD(IL1+2)-STRS(6,LL)

!F(LFL~G.EQ.r') GO TO 120
~Ln(IL2)=ELD(tL2)+STRS(4,LL)

EL1)(!L2+1l=ELD(IL2+1)+STRS(2,LL)
ELD(:L2+ 1 )=ELD(IL2+1)+STRS(6,LL)
ELO(It2+2)=ELD(!L2+2)+STPS(6,LL)

12"'1 CON TIN UB
IF (NC'NT. ;:'Q.1) GO TO 1u5
~F(KUPDAT.NE~NUPDAT) GO TO 180

14S ('nNTTNUE
D0 15" 1=1,6
DO 1;'(' .J=1,6

1~~ SK(I,J)=SK(I,J)/ZLENT
NP1":NC* (I.L-1) +1



1.
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(';\1.L GS'T'IF (ST(NP03,1) ,SK,NC,NEQ,LFLl,G)
IF (I;V~FO.r:) ST(NP()S+2,1)=1.(~

T:r.' (Nt"'~I'1". T,"". NST\':')"iO TO Hi"
P~~M=~MATl(13,~~)

v~t"'=~LEW'1"/(~.r*PTPM)

Npn')=NP0S+NC-1
~T(NPaS,')=ST(NPJS,1)+2.0*~AC*B~

"'?(lPL1\},EQ .. C) GO TO 16;')
ST(NPOS,~C+1'=ST(N?0S,NC+')+FAC*B~

ST PiPOS+)!': ,1) =')1' (NPOS+NC, 1) +2. O*FP.c*I.I:'
C'r"i'4T"'N1H'
:'1;1 (W:'~n:'. NE~ NDYNST) GC' TO 18~

IF' (r;I1,3Q.0) G" TO lEt
1) n (L t, 1)= Dn (I, L , 1) +2 • 0 *' F AC
DD(LL,2)=FAC
nD(1!'+1,1) =7 .... *FAC
co~r!'INTJ~

C')~""!NUE

::F (NC'JT. L F. linn;ST) GO TO 2f11
T~ (N1"T?ST. EO. 0) GO '10 201
II<' (NS~Vt:',LF~."") G(~ TO 2:'1
KS"VE=KS~VE+1

"'1" (KSAV~.LT.NS\VE) G0 :0 2";'
C~LL s.v~ (JPLTM,JPLTSS,JSETS,PL,lS,VL,DI,ST?N,ST~S,

* q"~~P,~RLK,T!MF,NPTO:,1UN,BA:?LX,BACELY,~DI)

KS 'I, VP =":

(''')NTINU'l<'
T1" (KP1PJ7. NE.''') GO Tn 2r5
IF(~1FIRST. )iE,C) GO TO 2'''\2
TRITF (6,2 'i4)
WR or T 'CO (~, 2 f'J S) (I, S l' P S (2 , ::'") , S 'IF S (6 , I) , 1=" ,!W 1'1 NP)
DO 2 n 1 I=',~nMNP

Pl(T,NPTnT-1)=~TPS(5,!)

PI. (I, N PTOT) =Sl'RS (2, I)
~t') :'') ?'5

IP (NC'~JT,L"",NS1'PhT) GO TO 2('''5
W~T.TF (F,2~"r-:) 7:1'1;;;
WQITF' U':,2!"'''i) (l,STEN (2,T) .. STRN(4,!) ,STh~q11,!) ,srr-{S(2,I) ,STRS(4

*:) ,STRS (6,I) ,I=1 ,NUMNP)
1" '" :O~'"!'TNUE

N'PIRST=1
~1l)1="

IF' (NC~T,.EQ,.NCYSI') r:;c TO 8,.;.r

rF'(KU?Dl,T"NE.~FJPnAT) GO 1'0 23:)
21~ DO 22" I=1,N?O
22;1 S?(I,1)=ST(I,1)+1\C*Et'l(I)
23'" CONTnP1F

no 7C;~ I=1,NFQ
H =~ 1'" VF (I) + A2*AC (I)

'2 c; f' EL D (T)= PL D (I, + -;::~ (I) ... L\ +S1 vcr (I)
DO 2B0 I=NC,NFO,NC
1="\
H.=B'H<VF (I) +E2*AC (I)
TP(1)?~~,26t,255

2 '5 c; F1 t D (I - 'IC ) =FL D(I - ~; q +DD (L , 2) *H.
21;1 1==L+1

>:'I. ') (n =PI,D (I) +09 (L, 1) *AA
IF' (I~EQ~NFQ) (;0 'rQ 280
?lD (I+NC) =EL'J (!+1'1C) +DD (L,2) *AA
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'2 A~ C(I ~j"':N nl<"

N ~l D=f\
DO 31~ I=1,~EQ,~C

NNO=NND+1
TF' pa,TT). U:. NDL) GO TO 311':\
.1=I+P:-2
!f.' prDI.FQ.1) J=T.
T -"," -
B~CFL!=BACC(NCNT-NSTAT,')

P' pmI .. G..,. 1) BAC ELY=BACC (NCNT-N 37 A':.' ,...:)
no 30 0 N~I,J

L~L+1

2LD(N) ='ELO(N) -l:'M (N)*B~.CC(NCN1'-NSTAT,L)

31'~ co'rTIN HE
11:"· C'r"\IT:'"~HP::

S0LVF

IF (~C~"'.~Q.1) GO T') 351
Tl:' (KU?DH. NE. Nfl PDA"!.') GO 1'0 352

3r.,1 C~LL T?T~ (ST,NRW,NEQ,MBAND)
352 CON'rINUP.

C1\LL B~CKS (ST ,ELD, NEW, NEQ, MBll.ND)

DTSPI. , VF:LOCITY, ACCf;L.

DO 4"1'\ I=1,NEQ
~CCEL=A.3*EI.D(I) +A4*VF (I) +A5*AC (I)
VELOC=VF(I)+A6*(AC(I)+ACCEL)
DI5 D 1=D1 (T) +Dl'*VF (I) +A7* (2.*AC(I) +ACCEL~

~C(I)=ACCEL

VF (I) =VELOC
OU{I)=DISPL-DI(!)
D1 (Il =D1.: SPL
RL D{I) =(". "

4n" CONTINUE
IF{NNODF.LE.I"l) GO TO 4~\9

DO 41'8 I=1,NNODF
J=(N0DF'(T} -1) *NC+1
AHIST(NCNT,I)=AC(J)+BACELX

418 CONTINUE
409 C0Wl' T NUF

T:~lE=1'PH'+DT
KPIUl'r=KPPNT+1
:;;0 (Kl?RN'!'. LT. NPRNT) GO TO 42(;
KPRNT=t'\
IF (NC'lT.LT.NSTPPT) GO TO 42;)
WRITF (5,2NVi) TIM"E
J='1
DO 41') I=1,NFQ,3
J=~T+ 1
:1=I+2
WP'L'T'p (6 ,2"~1) ,1, (DI (K) ,K=I ,II) , (VE (K) ,K=!,II), (Ae (K) ,K=I, II)

~ 1"\ CON TIN UE
4 ?" r"ONT HlTJE

IF (KUPDAT.EQ.NUPDAT) KUPDAT=0
9"1" C'ONTPPJE

RPTUPN
2'"" PO~~~T(1H1/ 4~H ---------- RESPONSE AT TISE ----- = ,F10.5//

* 2Y.,1HN,3X,2HD!,11X,2HDy,11X,2HD~,11X,2HVX,11X,2HVy,11X,2HVw,11X,

* 2RAX,11X,2HAY,1'X,2HAW I)
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:21"1 1:'':'R'1A';:' (1:3,9E13.4)
'2')"'":1 'l:'')rpP'I' (!1 ,'R2"1.:,)
:;'''-·11 'li'r~M~I' (//!J~H ----- INSI":'U STRESS CCNDITION ----- I

* 1~,7H'Rl'RMEN~,5X,9Hr?FFCrIVE,6X,49POR~/3X,5HNUMBER,61,8HPRESSURE

l!r: 7 v , RHPRE SSU1 f II)
2~~S FO~~A~ (5!,I~,51,2~'5.4)

2n~~ P)~MA~ (1145H ----- STRAr~S AND SrPESSES Af TIME ----- = ,F1~.51

* 3v ,7H?tEMENT,SX,69VOLUME,9X,SHSH?AR,10X,1HFLUID VOL,El,
* ~R?FFPCT:V?,6X,5H~HEAF,10Y,41?0RE/~X,6HNUMB~R,6r,6HSTPA:~,9!,

• FHSTR~T~,QX,~HCHANGE,9x,RH~rlESSURE,7X,6HSrRESS,9X,8HPEESSnREII)

?1"'" "'-")"11'1AT (=;v,IS,SX,6'7"5~4)

B'!1)
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Srrl?0UT~NE MATP~C (5TRN,STRS,DEPSL,C,SK,EM~TLA,EMAr1B,TLIQ,TI3E,

• LL,Mr,NPIRST,Iw,Nn~NP)

DIMENSION STPN (") ,S'TES (11) ,D?!?SL (6) ,C'(4,4) ,SK(6,6) ,EMArI.A (1),
.., P!1AI"!'LB(1) ,T~TQ(NUM}lP,1)

BLKF.'='!':r1ATLA (12)
81T{='PM1\T'LA (1)
G~'W=STRS(1)])
!F' (NPTPST. NE. "\):;0 TO 100
GG=GZRO
PE=-Sl'?S (2)
1'11. U=" • '"
IS!)="
T ~UP=t; • ('
°MTPP=1,"
PMfP!J=0.;
p!,!:;p=~.f'

P"YG N=''J'O r
GSHFTP=I). if

GSHFTN=t1. ("
E'{t'=PE
BY~=PF

GO 1'1') 8"'·'1
1 '1'" CCN1'nr U"l:'

c;~P.X=E~A':rLB (1)
'FL!\ MD!!=E11ATLB (2)
PH!=EM~1'LE (3)
FA!L=BMATLB{~*TAN(PHI)

Dr;AMA=DBPSL (4)
PE=-ST~S (2)
!F (TLIO{LL,1) .GT.lj.") PE=-STTIS(1)
:SP=STRS (5)
PMTPP=STRS (7)
PMTPN::=S~PS(8)
'!'~ UP=S TPS (9)
GA.M ~ =s TRN (4)
GSH'l<'T!?=STPN (!;)
GS 9FTN =STB N (6)
PMGP=STRN (7)
PM-:iN=STRN (8)
F',\\P=ST?N (9)
EY.N=STRN (10)
T.UP=TAUP+DGAM~*GZRO

IF (IS!?) 24~,1At,22j}

180 IF (TAUP~LT.PMTPP) GO TO 200
" 9'" C'ONT!N UE

GEL=G~MA-{~A"P-PMTPP)/GZRO

GS9P~P=PMGP-GFL+GSHFTP

CALL FINDX (PR,PMTPP,ELAMDA,PHI,EXP)
GO TO 41":"

21':" IF (TA.UP.GT~PMTPN) GO TO ~()()

?1r' CONTINTJ~

G~L=GA!A-(TAUP-PMTPN)/GZRO

GSHFTN=PMGN-GEL+GSHFTN
CALL FIND! (PE,PMTPN,ELAMDA,PHI,EXN)
GO TO 5n~

2?~ IF (GAM!. GT. PMGP) GC) TO 4'i()
T~UP=PMTPP+DGAMA*GZ10



GO 'rJ 1 ·"!i""t r~l. .i-..i'

GO TO 890
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1:1'<" (1'1\ UP. tT" P1tl'I'PN) GO TO 2P
GO 70 ~r n

2 ~"i IF' (GAI1~" LT. P~1G(';) G) TO 5(\(
~~np=PMTPN+DGAMA*GZ~C

:P (""A UP. G1'. P"'Tflt:') GC TO 191
-:;0 '"1'0 y'r

':If" ~ '":'0'i'I'!HH?
ISP=I"'
GG=G7.PO
GO:' f) "7" t',

c()\rT:N]~

GA:G~M.A+GSHF:'P

"a.UP=·-;~,* GZ?O
':,~.rrp= (TA UP*SMAX) / (1'Anp+S~H X)
o"!,""np",..." UP

P~GP=GA~P,

"So=:'.
·':;G=$"'1;'\ X+GA*GZ:O,)
GG~G~Ra*sr:AY*SMA'/(GG*GG)

:x= l""P
GO 1'C E" 1'\

:) ~ "" C0 ~J r:: I N U~

~ A:;: G':1 "\ + GS HF': N
T)\ fJP=Gl\ * (1'7, Re'
;,TJrTp= (""ll.UP*S~~·f) / (SMl,:{-TAUP)
PMTPX='B UP
nMG?i=G~,MA

TSP=-2
GG=$'11\ ,{-GA*GZ~O
;G=G7.RO*SMAZ*SMAX/(GG*r,G)

6t'~. ::::cnr::I~nE

~TA=PLA~DA*1"N(PH!)

rLlAA=PLAMn~*TAnp

FLLA~=ELLAA*ELLAA

AA='L J+S!~LAA

SB=ET A*FTA
B13:::BD* 1\.1\, -7LT.A!
BP:::SOR'1' (BB)
nR=1.'~+BB

!\~::1.!'\/~_A

!t:'(IW.:::;O.") Gf) Tn 7'1f
P~=~~*1\!\*gR/(1.0+F'TA)

7 " " 7 MY = P ~ *"1" ATP
IF (ABS (1" UP), LT. FAIt) GO T;) R";)

I~(TLIQ(LL,1).~:.h.') GO TO 8(1
~t..,.O (LL,1) =TP1R

S'T.'?S(1)=-PP
~~=~;afJ/~BS (T~T1)

STRS(1)=v*FAIL*2S
<)"['~s (11) ::":'~u

8 ~'i CO 'rrr ~nJ-r;:

IF' {TlIQ (LT., 1). LE. ."\)
H' ("'1,7.Q (LL, 2). LF\ t. "I)
PFNEW= -STRS (2)
GO 1''] 97"

ggr EK-=EMltTLB(5)
Q'1"=ST? S (~)

Q~=STRS (11)
TF'(QR.L"T\'"'."') G·:) TQ 91,0
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"'l:;l("'AU.GT.QR) GO TO 9~n

PR=FK*OT*QT/(FAIL*QR)
?B'?W=TAU/FAIL+PR*(1.0-TAU/QR)
~B=TA.[J/PFNEw

",:'l;!(ARS(,~B).LE.FAIL) GO TO 95:')
BF''1'A=Q~/OR

n'l;!~A=FAIL/(1.0-EK*B~TA*RETA)

QF=vlTL*PFTA*PR/(BETA+FAIL)
OV~?W=ARS(TAU)/FAIL

Q~=-Oll'

OR=TAU
.:;0 TO 9S r

91" IF (T~U. L1'~ OR) G0 ':'0 90("
PR~-EK*QT*QT/(PATL*QP)

?F:::1""W=-'!' JlTJ/I."A.IL+PP* (1. ('-TAU/QR)
~.B=TAU/P';;NEW

T.);'(~BS{l\B).lF.F'AIL) GO TO 95:)
B~l'\=Q"'/OR

BWl'A=PAIL/(1.~_vK*RETA*B~TA)

QF=FAIL*8FTA*PR/CBETA+FAIL)
~E!EW=ABS(TAU/F1IL)

OT=Q1"
QR=TAU
;0 !') gq'l

1"'·1 C0~lTINU?

?EN?W=~BSCTAU/FAIL)

OP=TAU
95 1 CONTHIUP

CL=F~ATlB (6)
IF'(PENFW.GT.. CL} GO TO 96')
IF(OT/"'AIL).GT"CL) GO TO 96"
P'{TLIO{LL,2).GT.0.0} GO "'0 96C
TL I Q (L L, ?) =TIM F
PENBW=CL

96" C0~! '1'1 N UE
STPS (1) =QT
STRS (' 1) -=OR

97"" COl.fTINtJE
STPS(2)=-PENFW
C:T"S(1}=-PE
GO TO 110n

11('\" CONTINUE
STRS (2) =-PE

1'fJ" C'<1'l1'INUE
S'1'?S(4)=TAU
STRS (5) =!SP
S~P,S (7)="PMTPP
STRS (a) =PMTPN
STnS(9}=T~UP

STRN(5)=GSHFTP
STRN (6)=:;SHFTN
STRN(7) =PMGP
STRN (8) =I?MGN
S'i'RN (9) =r'XP
5TH N (11') =EYN

IF (IW .. WO.I) BLKF="l.O
SK {1 , 1} = GG
SK (1 ,2)-=!'}."
SK (1,3)="\. f'
SK(2,1):"'.!'l



c

sr. (2,2) =BLK+BLI<'F
SK (2,1) =B1KF
<::[({3,"'):'.('
SKO,2)=PLKF
SK('3,)=BLKP

~ ~""U?N

ENry

II-21
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SUB~Onr!NE SAVE (JP1TM,JPLTSS,JSETS,PL,AC,V~,D!,ST23,

* smRs,~nMNP,NBLK,TIMF,NPT~T,lUN,BACE1X,BACELY,NDI)

nI"1~NS TON JPLTM (1) , JPLTSS (1) , JSE'rS (1) , PL (NBLK,
* ~TPTOT) ,AC(1) ,VE(1) ,DI(1) ,S1'PN(11 ,1) ,SIRS (11,1)

~0~MCN/PlT:NG/ NPL0TM,NPLTSS,NSETS,HPAP,HP10T,BPLO:,DPLO~,TE~D

p' (I'P.LE"N8LK) GO "PC 6('"
'IF=!'"
WT'/I'l'E (LUN) PL
~ =~I!?TO T* ';13 L K
CALL SZ~RQ (PL,N)

(,"l~ C'()NTINU~

"1",.=1
I ?= I R+ 1
PL (I?, IC) =TIME
IF' ('rPLO'rM~ iE.. r) GO TO 121'
DQ 1~C N=1,NP10TM
<1L=JPLT M (N)
,11= 3*Jl- 2
:C:::1C+1
Pt(IR,rC)=AC(JL) +BACELX
TC:::I~+1

PL (It?, IC) =VE (.11)
!C=!r:'+1
1>L (!P, Te) =DI(Jl.)
"1"'" (NDT • L E. 1) GC' TO 1 f (}
IC=IC+ 1
PL(T.P,IC)=AC(J1+1)+BICBLY
Ie:::!c+1
PL(!O,rC)=V?(JL+1)
:C=TC'+1
?L(T.?,IC)=DI(JL+1)

1f\" :mlTTNUE
1 2~:'O~TTIN fJP

rl:;' (N? LTSS. LE. r) GO TO 320
00 3~O N=1,NPLTSS
,TL=JI'LTSS (N)
1C=1C+1
PI. (I 'P, Ie) = STP S (4, JL)
IC=IC+1
P1(IR,IC)=STPN(4,JL)

]!,\!"\ C01'TIN n~

32" CO'TT :NUE
IF (NSBTS.LR.1) GO ~c 420
DO 4 i"l) N=1, NSFTS
JL-=JSBTS (N)
PIO=PL(JL,NPTOT-1)
S1G=PL (111., NPTOT)
IC=IC+1 ,
PL(!R,IC)=+ST?S(2.JL)/SIG
I(:=IC+ 1
I'L(I?, Ie) =+ (STRS (6,Jl)-PIO)/SIG

4"'"; C0NTTNTP.
4 2~, CON'TINUE

PETUP1I1
"'ND
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~UBR~UT:sr PLrLAS(rL,JPLTM,JPLrSS,JSETS,X,Y,NBLK,NCYCl,LU~,NDI)

': 0'1 ~ ON /PL"!'I NG / N PLG 'I'M, NPL"" 58, NSrrs , Hl? AI', HPLO T , 8PT-OT , DPL or, EPLor,
.. '1"END '

n T "'!'::'!7SIO"T PLpiBLK,1) ,JP1'l't1'(1) ,JPLT3S(1) ,JS2?S (~)

l)P1P,~:C;ION Y (1),Y (1) ,DMAX(3),SCA (6 ,t:~)

C~LL LO~nXY(Y,Y,',r,PL,NBLK,NCICL,LUN)

no 1A~ :=1,NCYCL
IF (Y e!). GT. T'PND) GO TO 24

11"\'1 CC~lTTt1UF

GO !0 2<;
?U NCVCI=tJ
?5 CONl"TN rp::'

St:':="FNn/BPI0""
TT'1=1'
-F(N?LOT.M~ N8."!)iO TO 23
C'lL PLOT(0.:,HPAP,-3)
Gn T"'\ 2~'

23 cn~rT I1FJv
DO 1 I=",3

1 T)"gY(!)=-'?199.
tJ= 'I

DO 2 I=1,NP10TM
no ? J=1,3
N'=N+1
CALL LO~DXY(V,Y,N,~,PL,NB1K,NCICL,LnN)

'P1A '{=- 99QQ ..
X.MIN=+ 9999 ..
DO "3 K =1 , Neye L
IF' ('( (K) .• GT. Xii!:;) X~:U:=y. (K)

':j It:' (X (K) .. LT.XM!N) nlIN=X (K)
DY.=XN1\.Y
't:' (~BS ('OHN).:;T. DX) DX=ABS (XMIN)
IF(D'r.LE.DMH(.J») GO TO '2
DI1l\.Y. (.1) =DX

2 CONTDFTE
DO 4 !==1,3

U CHI, SCAI(DM!,YP:) ,rIPLOT,SeA (I,1) ,S:A(T,2))

DL1TTING OF THE MOTION DIAGRAMS

HG~P=(HP~P-HPIOT*3) /4.
CALL PLOT(~.n,PPAP,-3)

HTTT=HG1\.P/3~
N:1

DO r::: L =1 , N PLOTM,
on S' III=1,NDT
~~1L PLOT(1.n,~.~,-3)

YI=- (2./3,,) *HGAP
C'~LL SYMBOL(".",YY,HTIT,'NODE N. ',(\.11,8)
CAL L NU~ BE R ('\ • ,. , '''. fI , - fi TIT, F L::> rt r (.T PLTM(I» , t, • i) , - 1 )
TF'(ITI~EO.2) GO TO 11~

C~lL SYII!130L(".IJ,"'."',-HTIl',' X-DIR.' ,r.r,7)
GO TO "2~
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11" CALL SYMBOL (i.C,I'.i"',-HTIT,' I-D1R.',n.0,7)
12 r cn ~ITTN UF

IL1.T=IL 'H1

DO 1~ J=1,3
yy=- (HGAP+HPL'J,!,)
CALL PLOT(O.Q,YY,-3)
'T='-J+'
CALL LOADYY(I,Y,l,N,PL,NBLK,NCYCL,LUN)
X (NCYC L+ "') =i) .. ~

X ('TCYeL.?) =scc
ypCYCI..+1)=SCA (J,1)
Y ('lCYCL+2) =SCJ\ (J, 2)
CALL ~YTS(f1 .. C,0.(\,'?IME (SEC) ·,-H),B2LOT,~.C,I').C,SCC)

GO Tn (6,7,'1) ,,1
f) CALL AXIS{C .. j,'}.(,'ACC.',4,HPL:T,9J.,S'::A(J,1) ,SCA(.T,2»

GO TO 9 . . .

7 CUL JI,X::S U' ... r: ,1';. f, t VFL. ',4, HPLOT, 90. ,SeA (J, 1) , seA (J ,2»
GO TO 9

8 CH 1. ~ Y IS (C. r , ,'). n , , D! S PL.. • , 6 , HPLOT, 9C. , SeA (J , 1) , seA (J , 2) )
9 C~LL PLOT(r,r,HPLOT,3)

CALL PLOT(RPIOT,HPLOT,2)
C'LL PLOT(BPLOT,~.. f,2)
YY=H PLOT/2.
CALL PLOT(BPLOT,YY,3)
C~LL PL0T(0.r,YY,2}

1~ CALL LI~P,(X,Y,NCYCL,1,~,O)

YY=HP1\.P-HGAP
CALL PLOT (BPLOT,YY,-3)

5'" ':ONTINUF
W?IT?(6,2G3D) JPLTM(I)

I) CON'l'TNUE
201! cmlTINUE

SCliLF DBTERMIN~,rION FOR TIlE STRESS AND STRAIN DIAJRAMS

IF(NPLTSS.EQ.:~) GO TO 400
'Iil'=NPT,TSS
N=1+NPLOTM*ND!*3

13 DMAX(1)=-9999.
T)/ligX (2) =-9999.
no 12 I=1,NF
"1-=N+2
C~LL LOAnXY(X,Y,N-1,N,PL,NBLK,NCYCL,LUN)
XMAX=-9999.
YMTN=999 a •
YN ll. X=- 9999.
P'IIN=9919,.
1)('\ 11 J=1,NCYCL
IF (1 (J) .. GT. nnX) XM~X=X (J)
IF (Y (J) .. GT" YM! Xl YM AX= Y (J)
T1" (Y (J). J)!'. HUN) XMIN=X (J)

11 !.F (Y (J). LT. YMIN) YMIN=Y (J)
DY=:OLll. x
TF'(~BS rOHN).GT. DX) DX=ABS(XMIN)
!F(DY. GT. DM~X (1» DMAX (1) =DX
!)Y=YMAX
IF (ABS (YMIN). GT. Dr:) DY=ABS (YMIN)
IF (DY. GT.DMAX (2» DMAX (2) =DX

12 I""ONTINU'"
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:.~,Llj SC.~l(DM]J·~~ (1) ,HPLOT,SCA (6,1) ,SCA(6,2)
C'r,LL SC'~l(D~L~X(?) ,H?LCT,SCI'i (5,1) ,S::1.(5,2»
CALL SC'AL (DiI!AY (1) , DPIOT, SCA (~, 1) , SCA (4, 2»
r'ALL SCAL(nr1A~{(2),DPLOT,SC~(3,1),SCA(3,2»

,~

~~-~,.s~~

11.J\. V'1.' =1"

IF ('7PL'1'SS. ?'Q. ") GO TC son
1)0 16 :=1,NPLTSS

~6 TF(JnLTSS(:)~G'!'.rAYP) MAXP=JPLTSS(I)
r.::.",~ IT:! (NS~TS. 1"Q.I') ;;0 1:'1 6r'f

1)" 1"' I=1,NSEl';'
17 T"(.1S-:TS(n .. GT.~1AXS) MAYS=.lSPTS(I)

h'V" Tl:'(Mr.,~'.S.~O.".AND.:"1l\.·{p.:':Q.C) GO T''), 1r~

T=''''

1R :::=T+1
=F(r.':;'1'.r1~XS.l\.\j;).'!.:;T. MAXP) 3J TO 1\.2
r<P="
,1S"'''
P' PlSET S • FQ .. t) G(' T 0 8 r, (i

no 19 ,J=",NS?T>'=j
IF( ..l:'T:TS(.J).NP.Il GO T0 19
,TS=Jc::ETS (J)
GO TC g.''H'

10 ('O'TTINUF
:3 " /'I r To' ( NPL TSS. FQ. '~) GC TO 9n'\

D:) 21'\ K=1,NPLTSS
IP(,JPL1'SS(K).NR.I) GO TO 2"
T'\ P=.JPL TSS (K)
:;f) T0 C?("A

')f' CONTIN UP
9"-' TF(KP.'F.O.i.... AND.JS.BQ,,~) GC TO 18

":L~l=:LN+1
IF (KP .• EO. :'.~) ~;r T0 .,~; 1
C~LL PLOT(1.n,~.r,-3)

HGA?=(HPAP-RPLOr*2.)/3.
HTIT=HG~P/~.

YY=-?*HTIT
CALL SYMBOL«(.':,YY,HTIT,'EI.EI1. N. ',~.,',9)

nr=PLf)~,!, (KP)
-:': 11 LL NUtv! 13 FR (" • r , (: ...., , - HTl'r , DX, r. j) , - 1)

~=NPLOTM*Nry:*3+K*2

DO 21 L=1,2
yy=- (HGA P+HPLCT)
CALL PlnT(r.~,YY,-3)

N=N+t-1
CALL LOAD!Y(X,Y,1,N,PL,NBLK,NCYCL,LUN)
Y(~CYCL+1)=SCA(E-L+1,1)

Y('CYCL+2)=SC~(6-L+1,2)

Y prCYCL+1) =(1,. ('

V p'CYC L+ 2) =SCC'
CALL ~.~ns(:"l.n,,,:.n,ITINE (SEC) ',-1n,BPLGT.;;.'.,"' .. r!,SCC)
IPCL.EO.") CALL A:t.:;:~(:1.(,i).!),'SH. ST_~FSS' ,n,HPLOT,<h). ,seA (6,1),
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~ S(,~;(5,2»

![,,(L.EQ~ 2) CAI,I, iiXIS(0.1,().O,'SH. STRAIN' ,11,HPLOl',9'1. ,SeA (5,1),
'" SCA{5,?»

SALL P~oTIO.~,HPLQ~,3)

ClLL PL1~(BPt~T,HPLOT,2)

CALL PLa~(BPLOT,O.r,2).

YY=F:!?lQ'T' /2.
CALL PLQ~(BPLOT,YY,3)

~~Ll PL0T{r~~,YY,2)

21 cnLL L!~E{X,y,NCYCL,1,(,O)

YY=HGAP
H~AP=(HPA?-DPLO~)/2.

YY=Ht:;:\ p-yy
CALL PLOT(BPLOT+1,YY,-3)
N=~Pl0TM*NDI"'3+K*2

(,'LL LOAD~Y(Y,Y,N+1,~,PL,NBLK,NCYCL,LU~)

'! (NSYC1+ 1) =scr, (3,1)
K('iCYCL+2)=SCl\ (3,2)
I (NCYCL .... 1) =5C1\ (4,1)
I p1CYC1+"} =SCA (4,2)
CALL !\Y::S(O,,(\,c.r,'SH. STRi\!N',-1t!,D!?LOT,r,.n,SCA(3,1},SCA{3,2»
CALL A?IS(1.(,0.",'SH. STRESS',1~),DPLO'I',9'1.,SCAI4,1),scr\(4,2»

ClIt DLOT(r.~,DPLOT,3)

CALL PLCT(DPLCT,DPLOT,2)
C\LL ?LO~(DPtOT,(.. ~,2)
VI= DPt OT/2 ..
CALL PLOT(DPLOT,VY,3}
CALL PLO~(0.',YY,2)

CALL PLOTIYY.DPL0T,3)
CUL °LO'T'(YY,(".:l,2)
C\1L LINE(X,y,NCYCL,1,O,O)
YY=HPAP-!IGAP
CALL PLOT(DPLOT,YY,-3)
::F (JS. FO. I') W"'ITE (6, 3dH}) KP

101 IF'(JS.EO.t\) GO TO 18
~~LL PLnT(1.~,n.f,-~)

HG~?=(HP\?-EPL0T)/2.

IF (KP. NE. ,,) GO TO 3nr
HTIT=HGAP/3.
YY=-2.*H"'IT
':1\LL SYMBOL(O.r:,VY,HTIT,'E1EM. N. t ,,'.),9)
DX=F'LO!'T' (.15)
C\LL ~UM9FR(n.0,r.0,-HTIT,DX,O.O,-1)

14'\1 YY=- OiGA P+EPLOT)
C~LL PLOT(D.n,YV,-3)
oy= 1. IEPLOT
": ALL AYI S (I) • ('\ ,0 .. " , , TIM 7 ( SEC) " - 1 ') , BPLOT, ,). (; , 0. f' , SCC)
CAt L ~. V! S ( o. r, , (\ '" r , t 1<' F 1:' • STRES SAN D PO R i;~ PRE S S. ' , 27 , E PL0 T , :) C• ,'l. 0,

* OX}
C~LL PLOT(O.0,FPLOT,3)
CALL ~LOT(BPLOT/EPtOT,2)

CALL PLOT(BP~OT/0 .. ",2)
N=NPta~M*NDI*3+NPLTSS*2+J*2

no ?2 t=1,2
N='HL-1
CALL LOA01Y(X,Y,1,N,PL,NBLK,NCYCL,LUN)
Y pICYet+'!) =()."
Y{NCYCL+2)=DY
x (N Cye L +1) ='). {'\

Y, (~C YC: L+ 7.) = scc



1I-27

22 C~LL LINE(X,Y,NCYCL,',~,0)

YY=HPA 1'-!1G AP
C1LL PI0~(BPLO~,YY,-3)

W"'TTR(h.,3Dn") JS
(;(1 TO 18

1'y? WHI~1;'(6,vorl ILti
VY=- H?)\ P
CALL PLOr(~.",YY,-3)

R~'1'un~l

1~~' QO~MftT(I/,IS,' SFTS OF PLOTS CJMPLE:SD')
2"'-'1'1 «'O?rn.I'U,' PV''''S F0R NOD'S NO.',I",' COMPLETED')
., ...!~:~ FOPM1\.":(/,' PLOTS FOn ~.~lFM. ~O.'/T4,' COZ1l?lF/I'ED')

~~ln
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S"Bn0U~!~E OUT? (JPLTM,JPLTSS,JSETS,~,y,PL,TL!Q,NU!NP,LUN,

* ~BtK,N~TOT,~CYCL,NDI)

D! MEN S lOS' J Pl.T 1'1 ( 1) , J Pi TSS (1 ) , J SBT S (1) , X (1) , Y (1) , P L (N BLK , NP T OT) ,
• 1'LTO(NTIMNP,1)

COMMOH/PLTING/ NPLOTM,NPLTSS,NSETS,HPAP,HPLOT,BPLOT,DPLCT,EPLOT,
• 'l'E~TT)

';oj 11 I T E ( fi , 2 Ci) 2 )
1')1'1 1""1 I=1,NfJMNP
'r'!':"LTQ(!,1)
IT.' (TT. GT.C~ ,}) GO TO 4';
W~T~"(6,2'')r3) I
GO TO 1') t\

U" TIT='1"L T0 (I,2)
IF(TTT"GT.D.f} GO TO SCi
WRT.T~(6,2;118) T,TT
GO .... I) 1 ''\1')

1::" CO;'lTINUE
WRITE (6,20)4) r,TT,T'IT

1~1" cmr~ !NTH'
N'''=NBLK
N=1
NN=NPLO.... M+NPL~SS+NSETS
IF' UPT. U: .. ')} 30 TO 6~f

IF (NPLOTM"EQ.") GO 'ro ZOO
DO 150 I=1,NPLOTM
D0 14/1 T{::1,NDT
).J ::N' + 1
!P(K.~Q.2):;C TO 1ul
W?ITE(E,2"t'5} JPLTM (I)
GO TO 142

141 f1'RITE(E,,2015) JPLTl1(I)
142 WP:T7 (6,20n1) (PL (J,N) ,J=1,NT)
14: :::,'vn INUE

DO 14'7 K=1 , ND:::
N=~+1

TF(K.EQ~2) GO TO 141
WRITE (6,20"'6) J?LTM (I)
-:;0 TO 144

111"3 WRTTJ;'{lS,2n16) JPLTM (1)
1/,J4 WRP'B (6,2f'01) (PL(J,N),J=1,NT)
147 CON'T'INUF

1)'" 148 K=1,NDI
~~=N'+"
H'{K.EQ.2) GO TO 145
t..fRITE (6, '2007) JPLTM (I)
GO 'fO 146

141:) WPI'::'E(6,2017} JPLTM(I)
146 WRtTE (6,21!'i1) (PL(J,N},J=l,NT)
14q C')N'TINOE
151'1 CO~TI~U'F'

2t'11"1 CON'!'TNU~

IF (NPLTSS. EQ'I0) GO TO 400
DO 351'1 T=1,NPLTSS
N=N+1
WRITR (6,2(';10) JPLTSS{I)
W?ITF (/1,200 1 ) (PL (lJ,fj) ,"1=1 ,NT)
N=N+1



II-29

W'HT~ (f5,2009) JPLTSS(I)
W'PI":""" (F,2f!Gl) (Pl{J,N),J==1,?>.IT)

3 <:;.".. ::'0 '~". nPJ F
4"'" ~,)NT::NU11

IF n'S?TS~EQ~0) GO TO 5~'1

DO 450 T=1,~SETS

N=N+1
WP'!:T!': (6,21'1;11) JSETS (I)
W?T';'l;' (~,2'l(l1) (PI (,T,N) ,J=1 ,NT)
N=='J+1
WRITE (6,2(12) .JSETS (:L)
WRITE (fi,2""'!) (?L(J,N) ,J=1 ,NT)

41)"1 COr!c'l'IW1F'
1)'1" COWl'!NUF

CALL °t~L~S{PL,JPLTM,JPLTSS,JSETS,Y,Y,NBLK,NCY:L,LUN,NDI)

IS "" ~ ~T' Tn ~
21)"'1 l;'I""<i"LII,T (1i"'P12.4)
2~~2 F0qM~T (113~H ELh~SNT LIQUEPACTION DA~A 1/1 0 8 PL. NJ. I)
201'11 ?'J'?:1~,T (3;{,I'5,e:.X,2'";fT ;W LIQU1?FACTI!')!: )
21:u F'O?'H.T{3 V ,I5,SX,?6H INITIAL LIOnEF'. i'T TIM!': = ,F1r.4,18H LIOUEF'

• ~T !!!E = ,P1~.~)

2015 FORMAT (II aSH ----- ACCELERITION ~IME H:S~J?Y FOR NODE NO ,14,
'" "'Ut Y-DTRl"CTION I)

2'''f; FnRM~T (II usn --------- VELOCITY X1ME H:STGFY FOR NODE NO ,I4,
* 12HY-DTRECTION I)

2'''~ FCR~~T (II 45H ----- D:SPL~C~MENT Tr~E HIST0?Y FOR NODE NJ ,14,
'" 12H ":-DIPEC'''''rNr I)

2009 FO~MAT (II a5H ----- SHEAR S~R!IN TIMF HISTJRY FOR ELEM NO ,I4 I)
2~'" FOR~'T (/1 U5R ----- 5REAR STR~SS II,E HiSTOPY FOR ELFM NJ ,=u I)
211 1 FOlMAT (II 5eH ----- ZFFECTIVE STR2SS r:t1B llISTOPY FOR S1EM ~'J. ,

'" III I)
2'''12 PO?MII.T (II 4l:;H ----- PORE PRESSUR:: TI~lE lii:3T:JRY ?G~ Elf::N 110,I4 I)
2 1 '!S l;'Oq~nT (II 4t;H ----- rtCCELPRATION :rIME H::::;rORY FOR NODE NJ ,:4,

'" 12H Y-ilTR BeTTON I)
2~16 FOR~AT (II aSH --------- VELJCITY TI~E H:srORY FOR NOD3 SO ,:4,

* 1 2 H Y- DIF 'PCTIC N I)
2~17FORMAT (II USH ----- DISPIACEM1Nr ~:ME HISTORY FCR UCD~ ~O ,14,

'" 12H Y-DIRECTION I)
201q 'P(VHH.T (3Y,:::5,5 Y ,26H INITIAL trQUEF" AT 1'1'1£ = ,FF.4,

'" 18" NO FINIL lIOU~F. )
F~n
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~:;rr3PorrTTHE HESPEC (\CC,NP,R1, R2,R3,RU,NDV,DT)
c

D;:"!ENSION R1 (n~,NDV) ,R2(13C,NDV) ,?3(130,NDV) ,R4(1) ,ACC(N?,1),
... nw ('3) ,~M (5) ,SDISP(10) ,SVP(1:!1 ,SACC(1t) ,SI (1C) ,SAMAX (1('1)

c
'::'f)r.tMtJN/SP~C/DV (H) ,NODR(Fi) ,~lNODE,IRS,rRSP

CO~MO~/WLVL/ WTABLE,GRAV

DA~A DW(1)/.05/,DW(2)/.C1/,DW(3)/.05/,DW(41/.1/,DW(5)/.2/
D1\'1"\. ~P'!(1)/2/,NM(2)/8()/,NM(3)/21/,:Hl(4)/2!]I,NM(5)/51

T~!S SnBROU~!NE COMPUTES RESPONSE SPECTRA 9Y
Sr'PSON'g RULE FOR PERIODS .1 TO 5.~ SECONDS

c

S03T THE GIVEN DAMPING VALUES IN INCriEASING CRDER
,..
'...

TNDV=NDV-1
DO 11"0 IK=1, INnll
I1'=! K+ 1
DO 100 IJ=IP,NDV
,. P (DV (! K) • 1 E. 1)V (I J) GO TO 1) 0
"'DV=DV (IK)
DV fIR) =DV (JJ)
DV (I,J)=TDV

HHl CON TIN TJ?
,..

~ ~JMPUTE SPECTRAL VALUES
..-

'9~ DO 160 K=1,NNODE
N~r1D=NODE (K)

2N r.~RT'T'E(5,?nI\2) NODE(K)
WPI TF (6, 20rit1)
INT)=C
l'FR!0=tl."S
DO 1c;') L=1,5
M='H1 (L)
DJ 150 LOOP=1,M
IND=tN D+ 1
PBBIO=PERIO+DW(L)
W=~~2B}1853/PERtO

DO 1 t$n ,J=1, NDV
SVP(J) =r).'j

TI!"!"€=(L•.';
11~ AMULT=EXP(-2.~*DV(J)*W*DT)

BMULT=4.~*EXP(-DV(J)*W*DT)

r.;T=SQPT (1-DV (J) *DV (J» *w
WT=TIME* W
A11=COS(WT)*ACC(1,K)
B 11 .", S! N (WT) *Ace (" ,K)
!, A:".!}
1'313=",,"
1)0 131) N=2,NP,2
A21:::~A+A11
~31=!tMULT*A21

R21::BB+B11
R~1:::A.t1lJL1"*B21

sv= (A!*S!N (WT) -BB*cas (WT» * (DT/3. Q)
IF (A flS (SV).:;'1'. Sli P (J» SVP (J) =Ass (SV)
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l'I~E=l':Mp+-D'r
T':'=W*,.. PP'
~12=COS(WT)*~~C(N,K)

A3?:::A1~*RI>lULT

912=ST~(~T)*ACC(N,K)

R3?==B12*RMUI.T

WT=W-'<TIM"S
121' 1"=1 +-~r

A1'=COS(~T)*ACCrI,K)

B11=S!N(WT)*~CC(I,K)

H.=A31+l\32+A11
l1B=B31+-B~2"'B1"

13' CONTINU"
SACC(JI=SVP(J)*W/GR~V

SD!SP(J)=sVP(J)/W
P" (T}i D, ,1) ::: S DIS P (J)
P?, (PlD ,J) =SVP (J)
S1(INn,J)=SACC(J)
PI! (IND)=P"SBIO

14'''' ":':OnINU1<'
WP~T~(6,2~1':1) P~Fl(), (DV (J) ,SDISP(J) ,SV2{J) ,Sl,cr~(J) "J=',NDV)

., !:)t" ~"NTINnE

DO 1~5 J=',N'DV
SI (,1) =,,~ fj

D0 1r::,C; :!TT=1,1"'7
'N=TNT
S T (,J) :: (P '2 (I N, J) ... P 2 (IN+-" , ,1) } /2 * (~ il. (! N+- 1) -"7 U (I N) ) +S! (,)

., 55 ':O';lTI~PIB

7iMJlX='1.1'\
DO 1 C) 7 M=, ,li P

1£)7 -r.'(\RS (\C:("1,K»~GT.jHiS(iHP.X» Ar1AX=ACC(M,K)
W?, I 1'F' (6, 2:': ('4) 1\,M AX

DO 1 t:;;:; ~1=1, NDV
SA'1A V Cn =').')
D!"\ 1 t:; aM =1 , I ~TD

"!)n IF (Rj (M, ~!) .GT~ SA:'1A?' (n) SAt1AX (N) =U (:1,N)
WRITE (h,::'0 (5) (DV (.1) ,SAf11l.X (J) ,J=1, NDV)
wP"'TE(6,20 0 3) (DV(J),SI(J) "T=1,NDV)
rpc:.nS'?¥L1<',:~) GO TO 16'1

!.... ~,LL PLO~ES (N1JC'D,nm,F:1,p2,R3,R4,NDV)
., ,:;,,, ":O~TTNTJE

71 ~'1" rrR'r
2'"'' 4'01M~1'(?7x,1"H DAMP. RA'1'.,7X,11H SPEC. D:S.,9X,11H SPEC. VE1.,"CZ

* ~<')H SP'RC. ~CC. (/G!u,v.) )
2'}I"'1 '?ORM~T (8H PER-::OD:::,FH.5/(27X,?10.5,3X,"3(E15.6,5X)))
2~~2 ?ORM''1''(~7X,3'H ***n~SPONS3 SPE:TRA OF ~Jn~ N.,I5,UU ***/1)
2101 PO?MA:C/I,35H * RPSPONSE SPfCT~U~ I~1ENS:T!~S * ,/61,"1H DA~P. ]

*'1",,5Y,,1H SPl<;C" INT./(4X,FP.5,3~,E15.6»

2"\"4 ::'OP'1~.T(/?('l H MA;~. llCCE1ARATIJN= ,E15.6)
2j'15 1<'')R'1AT (/11H DAMP. RA7. ,5Z,25H r1AX. sn~r::. A::"'LARII.:'IO:-r /(3:(,F'Hl .. :::',
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SUBROUTINE PLORES(NNOD,IND,R1,R2,R3,R4,NnV)

DI MENS ION B1 (' 3 (' ,1) , B. 2 (1 30 , ') , R3 (1 30 ,1 ) , R4 (1)

Cl\LL SYMBOL ('."'l,8.3,p.S,'RF,SpOKSr; SPEC':'?~' ,0.0,16)
CA~Ll c;y~qOL(1.1",7,,3,r'.5,'NOn;:N.',''\.O,7)
r:~LL NUMBER(U.r::,7. 3,t. 5,FLOA'T.' (N'NOD) ,C'.n,-1)
t)1~!y=l"\~G

R? 1'171. x=;'''....
~3~AY=:. '"
DO 1~" K=1 , nm
IF(31 (K,1) .GT.R1NAX) a1MAX=R1 (K,1)
IF (R2 (K,1). GT .. R2MAX) R2MAX=R2 (K,1)
! F (R "3 ( K, 1) .. GT.. 1<3 MAZ) R311A X=R3 (K , 1 )

1fP CO\l'T'!N UE
IS1=~1 Ml\v'*1 .r::S
rS2=P2M~X+:".r:5

IS)=~'3 rf'\ ~*1. ut',
YPTe' 1 =1S 1 /4.!'\
YINC?=IS2/4."
YINC3=IS3/U. r-
1)0 3 c;!'l .1=1, ~DV
n1 (T~D+1 ,.1) ::'."
P"(I~D+?,J)=YINC1

R2 (IUD+1 , ..1) :";.:}
R?(!NO+2,J)=V!NC2
"03 (IW)+' ,.1) =f". "
PJ (Il.lD+2 ,.1) =YTNC3

351 CONTIN HE
R4 (IND +1 )=1" • I"

1)4 (pm+2) =1.
D') ur !) 100P=1,3
CALL PLOT(1. n ,2.3,-3)
CALL ~Y.:IS(r.r,I).(','PER!OD (SEC)' ,-12,5 .. C,r:.'1,n.t,1.0)
!F'CLOOP.EQ.1) CALL AXIS(I).(},C'.:J,'SPEC. DISP. ',11,4.C,9J. ,J.C,YINC

*' )
IF (LOOP.. EQ.2) CALL T\YIS«(}.O,O.O,'SPEC. VEL. ',11"#4.i'1,9(Y.O,(.1,

* YINC?)
IF(LOOP.FQ"3) CALL AXrS(O.O,<I.O,'SPEC. ACC. f,11,~.a,90.0,C.O,

'* yPtC 3)
CALL PLOT(0.v,4.0,3)
CALL PlO!(5.~,4.r,2)

CALL PLOT(5.~,~.n,2)

no 5,,·1) J=1, NDV
IF (LOOP. Eo.1) CAI,L LINE(:N,R1 (1,J) ,128,1,0,0)
IF(LOOP. "RQ.. 2) CALL L:NE(R4,R2(1,J),128,1,O,O)
IF(LOOP.~Q.3) CALL 1!NE(R4,R3(1,J),128,1,r-,i1)

5""" C!)'1'"I~U'2

C~LL PLOT(5.r,-2~3,-3)

4'"'''' C'ONTINU~

RETUPt.T
F~m
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SUBROUTINE SOLPEQ (PM\TL,XLENT,MATNU~,!WTB1,ST3S,A,B,C,D,~,PPO,
.. PI,MB,PPE,NU"1)

:0MMO~/WLVL/ WTABIE,GRAV
': 0 M '10 ~U FJS~ Q/~; T Rf: P ( 1 n) , nI' ( 1 ,') I , TV' M: 'i , NIS, 1'1 r' EQP"P ( 1,) )

l)IM~!lSION E"lA1'L (3.5,1) ,MAT!WI1 (1) ,IWTBL(11 ,XLENI'(1) ,A(NU,1,1),
'" "" PlrJ ''1 ,1) , c pm M,1) , D ( NU M, 1) , E ( 1) , P PO (1) , P: (1) ,!1 B (., ) .
:+: ,PP~(1),STB.S(11,1)

w?:1'"F (5,2(""'0)
Dr; 8';1" I=1,NU"l
pp~ (1.) =-5""P') (ry ,I)

q S":'O~7"!': U?
'T'LIMIT='i o ;'"

01') 8"'''' ;:=1,NTS
M=u",PEP (I)
D08"""'J=1,M
~LrMIT=TlI~IT+DT(I)

8~" C0~;", !NTJE'
G'1AW=PMATL(15,1) *GRAV
"'I'1 F: ::r, . ..

[;""::' H='1" :'
C:;RT"'L=·"\ 0 'J
K01iTQ:1
f{ CHPiT="
DO 5"') J:1,2
f)") C;;(\'j I=1,NU''!
1\ (I, J) -=!" ~ n
B (! , .1) -= /~ " r,

S!"l '" C'r"JN",IN Ut:
T)() l:\St" I=1,:WM
,:,(:,1)=1~:"\

r: (I , 2)=~. I~

D c:: , "I) ="1 .. f)

n (T , :2) =() • ,~

E C.,.) ::0 0 "

S sn C'')N'l'pFJ R
CHL MA'T'}\B (A,B,NDBY,NSr;L,EMATL,XLEN'I,t1A'I'NU~,IW'I'B:.,NlH:)

MD'1Y=NDRY

C~LCUlAT! HYDROST~TIC WArER 2RESSURES

T)'PPT=0.0
D0 1 ';, "\ ! =1 , ~u "1
PPO (T) =-'''. 'i
fH=MJ\TNUM (I)
D=n~~DF;p~+C.5*XL~N~(I)

P'(IW''''Bl(I).EQ.C) GO '~C 95
pOI) (T) =(DEPT-:H.~BLr) *EMAIL (1S.MI) *G,,;\ V

q~ DF?T=T)~p~+r~5*XL~NT(I)

1'~ CON1"NU"-;

CALcnLATF P~CESS ~npF PRESSURE AFT~R ~O

DO 9" T.=1,~iSPL

DI(I)=PP~CND?Y+I)-PPO(NDRY+rl

q'"' ':r)'T':r r NU'P
WF'ITF (6, 201'})
!l:'(NDny. PQ.!") GO TO 12~
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no 111\ T=1,NDJlY
WRT T:8 (6 , 2t'\ 1 1) I , P PO (I) , PP E (r)

11" "':'0NTIN HI':'
1 2 ~ I 1 ::!1D 1'? y +.,

1) (' 1 3' T -= I 1 , NnM
W'RTTF(6,2 r"12) T,PPO(I) ,PPE(I) ,PI(I-NORY)

1 r CON"'INU~

~ CALCULATE RXCESS PORE PRESSURE DISSIPAT:JN,..
,-

WF!Tr.' (6,21108) TLIMIT
DO 4"0 1=1, NTS
T'I=N':FEP (ll
D0 unn J=1,M
~JS BL=).HJM-NORY
DO '2('\":' K=1,2
DO 2'F' 1-=1, NSEl
C' (1, K) =A (L, K) 12. +B (L, K) IDT (I)
D (1" K) =p (I,K) IDT (I) -ll (L,K) /2.1)

2"" CONTINUB
.S!=NS!1-1 .
~ ("'! ) =0 (1 ,1 ) *P I (1 ) + D (1 ,2) * Pr (2)
DO 211) K=2 , N S~ .
E (K) =D (K,1) *P! (Kl +D (K,2) *PI (K+1) +0 (K-1, 2) *PI (K-1)

? 11':OWr'::!'" NUB
E (\"f SE L) =D (N S£1 , 1 ) "" p r (N SEL) ... D (NS f.?1-1 , 2) * l? I (N SEL -1 )
CALL TRIA(C,M9,NUM,2)
CALL BACKS(C,E,MB,NUM,2)
'1"!"IE=TIMP+DT (I)

CH.CULI\TE SETTL'RMENT

c
231"

DO 23'" K=1,NS~L

M1=MA~NnM(NDBY"'K)

SETTL=SF~Tl+~L~NT(NDRY+K)IEMAT1(1,M1).(PI(K)-B(K»
COWYIN UE

C CALCtJL!TE WATER, TABLE RISE

"11 =M~ r NUM (N DHY ... ., )
DWTCH=DT(I) *~M~TL (13,1'11) *F'(1) /X1ENT (NORY+1) IEMATl (22*M1)
WTCH=WTCH+DWTCH
WTABLE=WTABLE-DWTCH
DO 22" K=1,NSEL
PI(K)=Epq

22"1 CONTINUE
KOTTNT= Korr wr + '1

IF(KOUNT.IT.NPFQPR(I) GO TO 261
K(HTN '1'= 1
t~RI1'B (6,2")"1) TH1E, SETTL, WTABLE
WRIT"1:'(6,2n!'12)
IfpmRY.EQ.!) GO TO 257
,,_'" t'\
Ll - '"

1)(1 2S~ K=1,NDRY
25'"' W~ITB(6,2003) K,'Z
257 IF(NDRY.EQ.MDRV) GO TO 256

DO 255 K=NDRY,MDRY
TND-=K+1
WP.!TF (6,2("11') 3) IN D, E (I ND- NORY)

21)5 CONTINUE
21)6 K1=NDRY+1
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TDSPP= ,~. ,.,
"!'vI. ENT::::"'.'~
no 2,::1 K=K1, NU";
1)SDp:::: '! ."-E (K-'! DRY) I (PP E (K) -PPO (K) )
TDSPTI:XLRNT(K)*nSPE+TDSPR
~~lE'T=TYLENT+XLENT(K)

\oTt{IT~ (6, 2"'!f:4) K, "S (K-NDRY) ,DSPR
26:'" COW:::!!HJE

3DSOP=TDSPR/T~LENT

Ii P TT F (~ , 2 ~ :' 9) 0 DSP Ii
2 f5 1 CO t-1 T! N~J F'

"'F(~;l)RY .. EO~C) GO TO UQ!')

T1<' (K0N'I'R. tiE.1) GO T') gee
-r-p (W'1'CH, IT" XDUM) GO TO 950
N'T1r:H=~rc H-xnu ~

~L~NT(NDRY)=YDUM

KOW~B=""

CALL MAT~B(~,P,NDRY,NSEL,E~ATL,ILENT,M'TNU~,IWTBL,NUM)

(;0 TO 91::'\
90'" WTCP=WTCR/XLENT(NDRY)

IF (W'1"CR, LT.'~ .. S) 'GO TO 35:
'(DUM="'L'P'r:: (NOFf)
VL~N~(N1)~Y)=W~CH

IW1'BL ('m~Y) =1
CAL~ MA~\B(~,B,NDRY,NSBL,F'~ATL,ZL~~T,~A!JUM,:WT?L,NU~)

K0~iTR=1

W5 F=~)S E1.-1
Df") 2QS K=1,NSF
PI(K+1)=~(K)

295 CONTINUE
PI (1) =W"':H*m1l\W/2.
:;0 TO 4(' "'\

(} C:" ... F' (N DF Y. "'0."') GD 'r') 951
t1~=~1ATNTJM (NDPY)

9 5 '1 ~ , = ~ 11 T NU '1 (N D2Y +1 )
M2=M~TNpM(Nn"Y+2)

AfM ~ T= (EMU 1 (1, Mq *wrrCH +P,MA 'l'L (1, f'l1 )*Z LSN':' (N D:.'Y+ 1) ) I (w?cn+
*vLFN"'(NDP.Y+1»

A ('1 , 1) =F '1 AT L (1 , i"! 2) IX 1 E NT ( NDRY + '2) + AE !'1 it TI ( ,;; T c: n+xLIi NT Pl DF Y+1) )
B(1,1) =B (1,1) +OWTCH/EMATL (13, f1G) /3.

1+ IV' cow~ !.NIJE
P~TU~N ,

21"0 ~0?M~T{1H1,37Y,3~H *** POS7-EARTHQnAKE ANALYSIS *** II)
2 ., ~ 1 r:'" R1>1'\ '!' (II 1.1:) Ii - - - - - r T!"1 E- - - = , F 11 • 51

* 12H SRTTLEM~NT= ,F10.51
* 2"H ';iAT"R TABLE DEPTEI= ,?1".511)

2""1 POr,~gT(3v,12H Nonp ~1. ,5'(11H S:C:::SS ?? ,S:r,14H DISSIP. RAT.
2~~J ~O"M'T(5x,I5,~X,F15.6,5Y,1:H U~DEF:~fD )
21 0 4 FOP~~T(5X,I5,5v,f15.E,5~,F10.5)

2~n8 F0R~~T(5!,37H TJrAL TIME FO~ DISSIPhTION ANALYSIS= ,F1 r .S)
20 n Q FOPMAT(3~,2BH OVFF~LL O!ss=p~r:ON RA?IJ= ,F1~.5)

211 n ~0RMAT(3~X,'5H POF3 PBESSURE~ /
* 8H N0DB N. ,
* 7Y,8R IN SITTJ
* QX,1lH AFT?~ EQ. ,
* ., '!., 7 H "~y. C P, SS )

2 '; 1" PI') R~1 T\ l' (2 'r, 15 , l:? I E1 r:;. 6 , 3X, F 1S. is, 1 n 11 (' • )
2~12 FQRMA~(?v,I5,3y',F,15.6,3X,?15.6,3~,P15.6)

~~m
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~aBRJUTINE ~ATAB (AM,BM,NDRY,NSEL,EMATL,XLENT,MATNUM,IWTBL,NUM)

DI ME NSII) N AM (NUM, 1) , F 1'1 (N UM, 1) , EM ATL n5 , 1) , 1. L F'NT (1) , MAT NUM(1) ,
* IWTBL (1)

NS ~L=~

no 1n" I=1,NUM
I F (! WT 8 L ( I) • L? l) ) GOT 1) 11 f)

l-lSEL=NS3L+'
MN=MATNUM (I)
A. M (N SE L , 1 ) =EM AT L ( ", MN) IX L ENT (I )
RM(NSE1,1)=XLENT(I)/FMATL(13,MN)/3.

'1'\" CO~!1'INrrE

~~='1SBL-1

T)0 2"0 K=1,N
A.M(K,1)=AM(K,1) +AM(K+1,1)
AM(K,2)=-AM(K+1,1)
BM (K, 1) =BM (K, 1) +flM (K+1, 1)
BM(K,2)=RM(K+1,1)/2.

2!'Fi CONTIN UE
! M(N SRL , 2) =n. I')

BM (NSEL, 2) =0. C
ND?Y=NUM-NSEL
~1<'TURN

l'ND
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SUBROU".'INE SZ~RO (.~, NTtLL)

DIMENST.0N A(NTLLt)

DO 11'\0 !=1,NTttL
1~!) ~ (T)=''). t'I

RETUR~

FND
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SUBROUTINE TRIA (.T!,MB,NEQ,:'1)

T>T1>1ENSrON A(1) ,MB(1)

NE=NEQ-1
MN=M-1
?1M=MN* N"?Q
MK=NEO-MN
DO 3('') tJ=1, NE
N1'=N-MK
IP (Wr. G1'. i) MM=MM-NBQ
~P3 (N) ='"
!~~ (N). FQ.D.0) GO TO 300
L=~T

!L=N+NEQ
IH=N+MM
,1B=f'I
IB=O
DO 2n n I=IL,IH,NFQ
1.=1.+1
.J=L
I B=113+ 1
C=A (T) /A (N)
TF{C.EQ.0.() GO TO 2C0
DO 1nn K=I,IB,NEQ
~. (J) =A (.l) -C *A (K)

1 f1 .1=J+NEQ
Of!. (T) =C
JB=1B

2nn ':'ONTTNUF
MB{N)=JR

31",1'\ C()N'l'n~U~

l'1B(NEQ)=1
PETU~N

END



c

II-39

~UBP.orJT·PlE BACKS p.,n, MB,NN,!111~

D.... MFNSIOl-1 A("),E (1) ,MB(1)

2'1" f'1='I+;
':'='3 ('!)
IF (A ("i).NP.:"..") B(N)=B(N)/A(N)
"'1;' (N. 1"0. NN) 10 '1'0 ~:'1G

I1= N+'"
IR''''~+MR ("1~

~""N

l)() 2PS I=IL,tH
r'I"" 11 + NN

2AS 3(!'=B(T)-A(~)*:

;'" ""0 ?70

3''\'' IL=N
~=:1-"

1'1" (N. EQ.") ~ETURN

!H=N+M R C~)

"1=N
("'=B(n
DO I.H~'1 T=IL, IH
'1=M+NN

40 .... c=r;- ~ (1'1) *B (I)
B ('1) =C
GO T0 V'~'
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S UBPOUTTNR FINDX (PE, A, ELA MDA, PHI, EX)

ET A=ELA MD~*TA N (PHI)
E1{=El~ l1D~*A

r-X:EX*EX
EX=~T!*ETA*(1.(+EX)-EX

BY:::'!. O-SORT (BY.)
~Y=P~*?~/(1.r-ET~)

R~TU?N

F~TD
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SU3ROUTI~S SCAL(CX,nrST,S:A1,SCA2)

DY=CY*2.
~=1". ?+11
DQ ., T=1,20
A=1I./ 1 t').

B:'/11.
IF (Dv. 1't'~ A. AND. DX. GB. B) GO TO 2

"! CONT ':NHF
SC! "=- nX/2.
S':'\2=D!/DIST
~ ~7rHnr

2 TD=INT «(DX/B) +~. 99)
SC11=-(FLOAT(ID)/2.)*S
SCl2=-2.·SCA1/D:ST
R7"'U1~

~ND
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SUBROUTINE LOADXY{X,Y,IX,IY,PL,NBLK,NCYCL,LUN)

OI~ENSION X (1),1 (l),PL (NBLK,1)

NB=NCYCJ,jNBLK
TF(NB.Vl'.1) !~B=1

IP(NCYCL.LE.NBLK) GO TO 4
P~WINO LUN

4 N=-NBLK
Of) ., 1: =1 , NE
1-1=~+NflLK

IF (NCYC1.GT.NBLK) READ (LUN) PL
IF(IX.EQ.O) GO TO 3
DO 2 J=1,NBLK

2 ~(J+~)=PL(J,IY)

1 IFfIY.~Q.O) GO TO 1
DO 6 J=1, ~rBLK

6 Y(J+N) =PL (J, IY)
., CONTINrn'

IFfNCYCL.LE.NBLK) RETURN
?:RAD (LUU) PL
N=NB*NBLK
NB=NCYCL-N
N=N+1
IF (I~.EQ.I) GO TO 8
DO 7 J.: 1, HB

7 Y(N+J) =PL (J, In
R IF (IY. EQ .. (;) RETURN

OC9J=1,NB
9 Y{N+J)=PL(J,IY)

PETUP.N
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APPENDIX - III

EXAMPLE INPUT AND OUTPUT
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EXAMPLE INPUT

100 FT I..AyER,
1 1 1000

400 5 100

t:XAMPLE PROBL.EM
1 0.01
1

1 5
0.1 5 5

0.5 5 5
S.O 12 12

to.O 50 50
60.0 SO 50
60.
!200. 20 1
8000, 2000. 5.0· 10000000. 0.108 0.0001873 ,0000974 1,0
0.9 .7654 0.95 0.05 0.1 0.5
HORIZONTAL bASE ACCLLERATION, EL. CENTRO
1.0 1.0 1008 1
tEART~Q~AKE oATA COOEOBY BF9,O FORMAT. 126 CARDS>
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