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LASS-III, COMPUT:R PROGRAM FOR

SEIS~IC RESJ>ONSE ArlO LJQUEFACTION

OF LAYERED GROUND UNDER MULTI-DIRECTIONAL SHAKING

INTRODUCTION

In analysis of s~i>~ic response an~ liq~efaction of level ground. usually

one horizontal component of earthquake acceleration history is considered

(1, 6, 10, 11). The horizontal component with the ~igh?r peak acceleration

is choser. for :he purpose of analysis. At the presetlt. to the authors I

knowledge, no method of analysis is available for computatior of seismic

response and liquefaction of level ground s!Jbjected to simultaneous action

of the three components of ~arthquake base acceleration til'1e histories.

However, it is generally recognized that the potential for liquefaction under

the simultaneous action of both horizontal components of earthquake is often

higher than the Hquefaction potential under the stronger horizonta 1 component

of earthquake base acceleratiJn. This effect has been demonstrated e~peri

mentaily. (12, 13). Th~ surface response in a horizontally layered ~round

is the result of vert.ical propagatic'O of two shear waves and one compression

wave. The coupling and the ir.teraction between the two horizontal components

of earthquake and the influence of the vertical component may significantly

influence the character of the surf~ce response.

A new method of analysis is presented here for computation of the response

ar,d the liquefaction potential of horlzontally layered ground subjected to

three cOI~ponents of earthquake base acceleration. This study and the proposed

method of analysis are the extensions of the method of analysis presented

recently in Ref. (6), wh~ch only considered the response to one horizontal

componont.
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METHOD OF ANALYSIS

Most of the theoretical background for this study can be found elsewhere

(2. 3. 5. 6). The basic approach is similar to that of Ref. (6) except that

IOOre than one direction of shakir.~j is considered. Only the main features of

the method of analyis will be d;'')cribed in this section and some more details

of the formulation can be found in the above references.

The saturat~d sand below the water tabl~ is modeled as a coupled two

phase mediuw; the two phases are the porous deformable granular solid and the

pore water. These two phases are coupled through volumetric strains. D'Arcy

flow law is assumed to govern the flow of por~ water through the porous

elastic so~id. with the material CQnst~nt for this process being the co~ffi

cient of permeability. A nonlinear material model to be described in the

next section specifies the stress-strain relationship for the qranular solid

portion.

A ~ertical column of t~e horizontally layered ground is divided into a

number of layer elements. At each nodal plane. separating two udjacent layer

elements, there are focr displacement degrees of freedom. Three co~ponents

of displacement of granular solid and the vertical displacement of pore water.

The stress state for the solid portion ~ithin each layer element consists of

two horizontal shear stresses and effective pressure. An incremental relation

ship 1; established between the increments of these stresses and the increments

of corresponding strains.
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MATERIAl HODEL FOR CVCLIC BI-AXIAL SHEAR

In t~e ho~izonta1ly layered ground the state of stress consists of two

shear stre3ses TX a~d 1y and the effective pressure 0'. The material rr~del

for these stres~ components is a specialized version of the general material

mod~l lor the c_~c1ic behavior of sano prrsented in Refs. (4.8).

In this mater~al model failure is assumed to correspond to very large

plastic shear strains. Thus a failure surface exists. which acts as an

asymptotic state for all the shear stress paths. Shear strength is assumPo

to be isotropic with respect to shear stresses. i.e. the shear strength is

independent of the direction of the resultant shear stress. Moreover. the

snear strength is assumed to va~v linearly ~ith the eff~ctive pressure. These

considerations imply that the failure surface is a circular conE in the stress

space. as shown in Fi~ la and given in the following equation.

F(o) = T
2 + T

2 - (M 0·)2 = 0x y

in which Mis the failure parameter.

(1)

The cross-section of the failure surface

on a pldne of 0' = constant is a circle \lith the radiu!> Ma'.as ShOWI: in

Fig. lb. This circular shape is the direct consequence of tne isotropy of

t~e shear strength as described earlier.

The yield su~ face is also assumed to have a conical shape but the axis

of the yield surface does not coincide with the 0' axis. Moreover, the axis

of the yield sur-face a.,d its radius change during the process of deformation

and the yield surface undergoes a combination of isotropic and ~inematfc

hardening. The cross-section of the yield surface on a plane of a' = constant
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is an ellipse. as shown in Fig. lb. The equation for the yield surface is of

the following form.

in which T
C

is the stress vector to the center of the ellipse and !> is the

half minor axis of the ellipse as shown in Fig. 2. Thp quantitie~ Ie and

b define the kinemati~ and the lsotropic hardening. respectively A stres~

vector l' can be defined as the di fference between the stress vedors 1 and

T
C

(Fig. 2).

T' • t:x J
~ y (3)

The equation for the elliptic yield surface 1s written in terms of stress

vector T I

f = l' TAT A l' - 1 = 0 (4)

in which A =:

[

-~. COSa

1 .- b Slnu

1 ..,

~ sin. jl
b COSa

and a is the angle between the axes TX and TX'. as shONn in Fig. 2.
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The plastic strain increments are related to the stt ass increments L·y

using the associated flow rule. which specifies that the vector of the in

cremental plastic shear strains is nonmal to the yield surface.

in which n is the unit outward nor.mal vector to the yield surface

n = ~l _

[(af/ClT)()2 +

(5)

(6)

It can be seen from Eq 5 th~t the function h is the ratio of dt projected along

the normal to yield surface and dyP.

T
h .. en dt)

I do"p I ( 7)

Therefore, it is appropriate that h be called the "plastic modulus".

The isotropic dnd the kinematic hardenfng of the material is given by the

following two equations

(8)
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where 9 and c are the isotropic and the kinematic hardening functions. respec-

tively. Th~ second equatior. abcve indicates that the change ~f the center of

the elliptic yield surface. dl c ' is along the normal of the yield surface. n.

The materi~l bphAv;or is defined through the three functions h. c and g.

which are related through the consistancy condition. df = O.

df = 3f d1 +
(\1

+ (af + "J f
3D ;)a

aa) dh
Th o (10)

sub~tituting the EQS 9. 10 and 5 into Eq 10. the following relation between

the three material functions can be obtained.

h - c
1
B

9 = 0 ( 11)

It is only necessary to specify two of the above three functions. The third

function will be evaluated from Eq 11.

The !)lastic modulus is determined from the uni-directional "tress-strain

relation. Here. it ;s assumed that the uni-dire:tivnal stress-strain relation-

:;lIip is given by a hyperbolic function. as shown in Fig 3.

,- !-tiel::- ----or
0' M + 11 P

0'( (12)

"in which Ho is the "1nitial plastic mcdu'U~. Such ill hyperbolic function was
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proposed by Kondner and Ze1ask (9) and has been used earlier {4}. The plastir

modulus funrtion. h. is the slope of the stress-strain equation.

h = Ho a I (1 - ~ ;I) 2
(13)

in which 1

It can be ~een that the initial value of h (for T = 0) is H
O

a' and when the

failure is reached (T = Mol) h becomes zero.

Of the remaining two functions. the kinematic hardening function c is

specified and the isotropir hardening function g is c:letennirted from Eq 11. The

equation for dl
C

can be written in following fonm by substituting Eq 5 into

Eq 9.

(14 )

It can be seen from this equation that *is the ratio the length of dT c and

projection of dT along nonma1 to yield surface. nTdT. It has been experimentally

observed (8. ,.) in uni-directional te~ts that when the yielding occurs in one

dire~t.ion. the yield stress in t'lE' oPPCtsite direction remairts unaffected. To

satisfy such a condition. as seer from Fig 4. requires t~e following relation.

(15)

(16)
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The function 9 can no~ be determined from EQ 11.

1
9 = "2 ~~

Both the hardening funcLo~are related to the plastic modulus function

which is the slope of the c;tr",ss-strain curwe. Here. a hyperbolic stress-

( 17)

strain relation has been used. However, this is not an essential part of the

proposed model and other similar stress-~train relations can also be used.

The incremental shear stress-shear strain relations can be de~ivcd by

using standard methods in plasticity (15). For the proposed model the in-

cremental relations are as follows,

hl- G2 n2
t h -n n dy, Iy G x y

-------

[dTY] -
(0 - n \ G + h

x yI -n n 0
2 + hx y x G dy J (18)

Y )

r'lIdTt .Y

in which nx and n
y

are the components of the unit outward normdl to the yield

surface. It is interest ing to note that in uni-direction (n x = 1 , ny = 0)
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the incremental str'E:$s-strain relation is as follows

[1/ (l/h + l/G)] d"x

The quantity in the square brackets is an equivalent modulus composed of an

(20 )

elastic and a plastic modulus. The equivalent modulus is a decreasing function

of the resultant shear stress. approaching zero at failure shear stress.

~ffective Stress-- The method of Letermination of effective stresses is

the sane as in Ref (6). Undrained condition is assumed at each instant when

the effective stresses are determined. However, the dissipation of pore

pre~sures do occur from one time step to the next. when the couo1ed e-1l iations

of motion are solved. The undrained effective stress path. similar to Ref (6).

is assumed to be a quarter of an ell ipse. as shown in r; ~ 5. The equat; on

for the effective stress path is as fol1~s.

2
~ • 1 +

(> )(
/ +
y

.. 2
". r A-M )

l A+M
] : 0

i~e two parameters o~ a"d, ,,:,or.1pletely define the effective :;tress path. The

effective isotropic pressure o~ defines the position of the effective stress

path. The material parameter A is the ratio of vertical to horizontal axis

of tn~ elliptic stress path. It has been shown in Ref (6) that the parameter

A can be correlated to relative density. This correlation is shown in Fig 6

for a n~mber of experiments reported in the literature. In general A in-

creases with r~lati\le density.
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The effective stress path is fo, lowed 0111,)" during the elasto-p1astic

shear stress increments when yielding takes place. When the stress increments

are purely elastic and fall within the yield surface. it is assumed trat no

cnanges in the effective stresses occur other than those caused by the dis

sipation of pore pressures.

LIQUEFACTION CRITERION

As is cOlllllOn1y used. the word 1iquefact i0.1 refer; to a stat,,: of zero or

residual effective stress in a region within the sand ~ass. Obviously. in

a liquefied regior. of sand the pore pressure is equal to 0' slightly less than

the total mean stress. The liquefied soil has very little shear resisti,nce

and capable of und~rgoing flow and large deformations.

The criterion for the onset of liquefaction can therefore be stated as

the effective stresses r~aching a specified resid~al value (ususally a small

percentage of the ini~ial effec~ive ~tress). Upon liquefaction the modulus

of sand in the liquefied region must be reduced to a fra;tion of its original

value.

Prior to liquefaction. as the pore pressure~, are increasinJ. the stress

state (shear stress and effective stress) reaches a condition of l'near

failure"; a roint very close t~ the failure lin~. Such a stt'ess state in a

monotonic drained t~st would be considered f~ilure stress. However. under

cyclic stresses complete f~i1ure has not occured but the strain amplit~~~s

start increasing. Clearly at such a state of "near failure" the effective

~tresses have not vanished and the sand canr,ot be considered as 1iquefied I:ut

uhder additional cycles of stress, the sard is well an its way towa~ds liquefac

tion. This state of linear failure" will be refered to as "initial liquefaction ll
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The response of sand to cyclic stresses after initial liquefaction is

differ~nt than that of prior to initial liquefaction. This ch~nge of material

behavior is evidenced by an increase in the strai~ amptidude and ~ change in

the effe~tive stress path in any typical constant stress amplitude test. (8).

A po~t initial liquefaction model is required to represent the behavior after

~he ocr-urance of initial liquefaction. However. the mP.chanism of the be

havior of sand after initial liquefaction is not clearly understood at the

present. Of necessity. the simple st.ress path model proposed in Ref. (6) has

been used in this study. It must also be emphasized that the post initial

liquefaction model is not considered a very important aspect of the method of

analysis. Complete liquefaction usually follows the initial liquefaction.

The few seconds difference between the occurance of initial liquefaction and

the onset of the complete liquefaction is a minor detail. However. it is

importert to recognize the existanc~ of t~e state of initial liquefaction as

a critical intermediate point In the path to complete liquefaction.

INflUENCE OF VERTICAl COMPONENT OF BASE ACCELERAiION

To stu~ the influence of the v~rtical component of base acceleration

01 the liquefaction potential. a 100 ft laye~ with the material properties

shown in Fig" 7 was subjected to the vertical component and one horizontal

(SOO£) component of the Ei Centro earthquake record of 1940. The same

system was also analyzed for one horizontal component ~lf the earthquake.

The pore pressure time histories fo~ two points st the depths of 17.5 ft

and 22.5 ft below the ground ~urface are given in Fi9. B. The horizontal
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cempanelt of the earthquake alone causes liquefaction extending to a depth

of 25 ft. However, when the vertical components is included. the liquefied

zone extends to only 20 ft. It can also be seen from Fig. 8 that at the depth

of 17.5 ft below grolmd surface for the horizontal c~lonent alone the lique

faction occurs ~t about 5 seconds but for horizontal and vertical components

the liquefaction occurj at about seven seconds. It appears that the

inclusion of the vertical c0rJ1l0nent slightly ,'educE'S both the zone and the

time of liquefaction. The major effect of the vertical component of the

base ac~elration is to cause oscillations in the pore pressure. However,

the effective stresses remain unaffected fro~ the osc:11ations in the pore

pressure.

In the analysis shown in Fig. 8 the depth of the water tabl€ was at

2 ft below the ground ~urface. The same analysis was repeated for water table

at 5 ft below the ground surface. The p~re pressure time histories for this

case are shown in Fig. 9. In this analysis no Hquefaction occurred. The

same trend as in the previous analysis can also be observed in absence of

liquefaction. It can be seen from Fig. 9 that at 10 seconds the pore pres

sures are slightly higher 'i..d" the horizontal component alone than when th~

vertical component is inclUded.

Overall. the analysis "esults present':!d in this section seem to indicate

that the influence of the vertical component of the earthquake on the pore

pressures is minor, asi~e fr.Jll causing SOmf: oscilla';iOlI in the pore pres

sures. The development of liquefaction and potent~a1 for liquefaction are

not significantly affected by the vertical componeht of the bilse acceleration.
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INTERACTION OF TWO HORIZO~nAL COMPONENTS OF BASF A':CfLERATION

in this section the result of some analyses of horizlJntally layered

ground sut.jected to both components of horizontal acceleration will be pre

sented. The material model desc.ibpd in the previous section was used in

these analyses. The main purpos~ of the analyses presented in this section

is to ::omparp the response of the hc.rizontally 1i\yered around under the

simultaneous action of the two horizontal components of base acceleration

with the response of the same system when it is subjected only to one

component of hvrizonta1 base acceleration.

The hypotheti~a1 soil profile analyzed is shown in Fiq. 7. The water

table is 5 ft below the groun~ surface. The Material properties are s~own

in Fig. 7. "fhis soi 1 profi le 'Has analyzed with the following base accelera

tions:

(a) SOOE component of El Centro earthquake reror~ of 1040 with

peak ac~eleration of 0.314 g.

(b) S90W compo~lent of the same earthquake with peJk acceleration

of 0.214 9.

(c) Both components (a) and (b) applied simu1tanp0usly in a two

directional analysis.

Some selected results of the5e analyses are ~hown in Figs. 10 through 13.

Stress-strain diagrams at two depths are shown in Figs. 10 and 11.

The extent of interaction between two horizontal components of shakinQ

evident by comparinQ the stress-strain diagrams for the cne directional

analysis of cases (a) and (b) with those of the two-directional analysis
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of case (c). The trace Of the re~ultant shear str~ss for the two

direction~l analysis of case (c) at several depths is given in Fig. 12.

It is intere5ting to ~ote that at Greater depths a reasonably w~ll defined

maln direction is ~rese~t, However, near tne ground surface no obvious

main direction for the shear stress resultant exists and the ~hear stress

components in two directions are of the same magnitude. This effect -;s the

direct result of the interaction between two directions cf shaking.

The pore pressure time histories for thE" three ar.aiyses are shown

in Fig. 13. No liquefaction occurs ir. one-directional analyses but extensive

liquefaction occurs in the two-direction~l analysis. The time history of

liquefaction is shown in Fig. 14. Also shown in thh Fig. 14 are the time

histories of liquefaction for one directional all~lyses wah saOE component

of El Centro earthquake recora but wi th the acceleration ampl i 1:'Jdes increased

by factors of 1.2 and 1.3 to peak accelerations of 1.2 x 0.314 g = 0.377 9

and 1.3 x 0.314 g = 0.40B g_ It is sometimes argued that the main effecLs

of two-directional shaking can be reproduced in a one-di~ctional analysis if

the base acceleration amplitudes are increased ~uch that the peak b?se

acceleration equals the value of the resultant of the peak acr:elerations from

two directions. In this case for the El Centr\) earthquake the resultant

peak acceleration is,

[(r.31r. g)2 + (0.214 g)2]1/2 = 0.380 g .

It can be seen from Fig. 14 that In the two-directional analysis th£ lique

fact-ion occurs much earlier and is much moi'e exte:,sive than those of the one

directional analyses with the increased peak base accelerations. This is
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an indication that so~~ important features of the interaction between the two

horizontal com;lonents of shaking. which tncrea'se t.1e liquefaction potential,

cannot be reproduced in a O'ie directional ana1ysi'i. It can easHy be con

cluded from the results presented here. that in some cases the one-directlona1

analysis. even with the increased base acceleration amplitudes as discussed

earlier. may indicate no liquefaction, whereas a two-directional analysis of

the same system may indicate occurrence of liquefaction.

Additional infonmation on the differences between the on~-directiona1

and two-directional analyses 1s evident in Figure lS which shows the distribution

of the pore pressure with depth at 4.5 seconds. prior to occurance of liquefaction

in two-directional analysis. It can be seen in Flgure 15 that the pore pressure

from water table to a depth of about 35 ft below ground surface is much higher

in two-directional analysis than in Jne-directiona1 analysis of SOOE component.

The reverse occurs from ~5 to about 55 ft below the ground surface. Below 55 ~t

from the gro~nd surface the pore pressures are almost the same for two-direction.l

and one-directional analyses. When the amplitude of the base acceleration in

one-directional SOOE component Is increased by a factor of 1.2. it can be seen

from Figure 15 that the pore pressu~s increase almost uniformly over the whole

soil profile but still the pore pressure distribution is different than that of

two-directional ~nalysis; the pore pressures are still smaller than the pore

pressures in the two-directional analysis to a depth of about 30 ft below the

ground surface. Since ~ncreasing the amplitude of the base acceleration does

not bring the pore pressure distribution any closer to that of the two-directional



17

analysis. it can be ~xpected that the liQuefaction pattern~ of one-directional

analysi~ with increased base acceleration and the two-directional analy.is will

be q~ite different.

The extent ~f the response interaction between the two compor~nts Of

the horizontal shaking can be evaluated by studying the ground surf~ce response

spettra. The ground surface response spectra were computed for the cases (a)

tltrougtt (c) described earl ier. but the peak base accelerations were reduce~

to prevent i)Ccurrence of liquefaction. The peak base accelerations used in

these analyses were 0.150 9 in SOOE direction and 0.102 9 in S90W direction.

The ground surface resJJOnse spectra computed from 'JOe-dirf'ctional analyses

along with those of the twc.,·direction~l analysis are shown in Fig. 16. The

two-directional analysis 9iv~s surface response spectra which are generally

similar to those re!>u't.ng fr1Jll one-dimensional analysis. However, some

significant differences do exi~t. The two-directional analysis yields higher

peak spectral accelerations in bot!' directions. Moreover. the position of

the peak spectral acceleration in SCOE direction has shifted to lower frequencj

in two-directional an~lysis. The spectral velocity in the high frequency

region is 10wer in SOOE dir~ction a~d highe in 59QW direction than those of

the one-directional analysis. In summary. ~he interaction between the two

components of shaking produ~es some cha~ges in the surface response spectra.

as comp3red to one-directional analyses. without drastically affecting their

overall Sll~p£.
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CONCLUDIt«i REMARKS

A method of analysis was presented for evaluat~on of seis~ic response

and liquefaction of horizontally layeN!d ground 5ubj\.!cted to multi-directional

shaking. The saturated sand below the water table was ~ode1ed as a two-phase

medi••, with the porous granular solid an~ the pore water as the constituent

materi<i1s. A new material model was ir.troduced for the behavior of ~and

under cyclic bi.axial shear stresses. A new computer pr~gram LASS-Ill was

developed and used in a few sample case studies. The results of the

analyses presented in this paper indicate the following.

(a) The vertical component of base acceleration has a very minor

influence on the development and the pattern of liquefaction.

(bl Interaction between the two horizontal components of shaking

significantly influences the development and the pattern of

liquefaction. The potential for liquefaction can increase

significantly when both the horizontal c~onents of bllt

acceleration are considered simultaneously.

(c) Increasing t;le amplitude of the base acceleration in a one

directiornl analysis, such that the peak base a:.:e1eration

equals the Yesultant of the peak base accelerations in two

directions, does not completely reproduce the major effects

present in a two-directional analysis.

(d) Interaction between the two horizontal components of shakir.g

produces surface response spectra which are somewhat different

than thor.e of one-directional analysis.
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APPENDIX A

A STUDY Of THE INFLUENCE OF SOME PARAMETERS
ON ll~EFACTION Of LEVEL GRrlH{)

INTROOUCT ION

The results of any method of analysis depend on the values of the

input parumeters. Such dependence may be linear or nonlinear. T~e degree of

sensitivity of the results varies from parame~er to parameter. ~all changes

in some parameters may cause large changes in the response of the system

whereas changes in some other parameters have little influence on the response.

On the other hand. there is always certain amount of uncertainty associated

with the actual values of the input parameters. The knowledge of the manner

in which the response of the system depends on the inpvt parameters can be an

important aid in interpreting the results of analysis. The purpose of this

appendix is to present a study of the influence on the liquefaction potential

(If three important parameters; the depth of the water table. the pore pressure

parameter \ and the coefficient of penmeability. These three parameters are

probably the most important factors in determining the potential for lique

faction in any site. The in-situ effective stress is significantly influenced

by the ~ater table. The pore pressure paramet~r. ~. is directly related

to the relative density; the smaller value of A implies looser sand. A

correlation between the value of the parameter h and the relative density is

given in Ref. (6). The coefficient of penmeability determines how rapidly

the excess pore pressures can dissipate. thus influencing the potential for

1iquefaction.
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CASES ANALYZED

A hypothetical reference site wit~ the ~rotile and the properties

shown in Fig. Al was chosen. The depth of the 13yer of sand is 100 ft and

water table is 5 ft be11W the ground surfoce. "':"hroughout tl1is study the

soor component of the II c.entro earthquake r'fcord 0f 1940 WaS used as the

base acceleration. In each analysis only one of the parameters was changed

while all the other properties ~ere kept constant with the values shown in

Fig. Al. An the cases analyze.d are tabulated in Table !~l. In cases Al

throuyh A3 only the depth of the water tablE was varierl. The variatJle in

cases Bl through B7 was the pore pressure pirameter \. In cases Cl through

C3 the value of the coefficient of permeability was varied.

liquefaction characteristic.s of all the cases st~died are summarized

in Table A2. The data given in this table are: th' t~r~e of occurrance ~nd

the depth of the f~rst liquefaction and the final zone of liquefaction.

INFLUENCE OF THE DEPTH :;:: THE JlATER TABLE

The overall effect of the variation of the depth of the 'flater table

is to vary the in-situ effective pressure. And genel'ally the higher the in

situ effective pressure is, the less susceptible is the ground to liquefaction.

This general pattern can be observej by comparing the "esults of the analy~es

of cases Al, A2 and A3, in which the depths C'f the Wi'tu table arc 2.5. 5.0

and 10.0 feet. respectively. The liquefaction time histories for these three

cases are shown in Figure A2. Shown in Figure A3 are the variation with depth

of the ratio of the excess pore water pressure and the in-situ e'ffective

presSLr'e at t = 10 seconds.
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No liquefaction has occvi'red in case A3 with the water table at

10 ft below 'he ground surface. Liquefaction does occur in both the

cases A1 and A2. However, with water table at 2.5 ft below ground surface,

the liquefaction occurs much earlier and is much more extensive thJn with

the water table at 5.0 ft below the ground surface.

As indicated by the results of the analysis of case~ Al thrOUyh A3,

generally the lowering of the water table will reduce the poten:ial for

liquefdction. But this effect is more drastic when the water tabl~ i~

originally close to the ground surface.

INFLUENCE OF THE PORE PRESSURE PARAMETER, A

In general, as the value of the pore pressure parameter A decreases

the pc~ential for porp pre5sure build up increases and as ~ntioned earlier,

this is jue to the f1rt that the parameter A is directly related to the

relative density. The parameter Awas varied in cases Bl through R7 of

Table Al.

Shown in Figure A4 are the liquefaction time histories fr: cases Bl

through 84 with the values of the parameter A at 1.0.1.5,2.0 and 2.5.

The variation of the excess pore pressures with depth, at t = 10 seconds, ~~~

shown in Figure AS. It can be seen that the lower values of A, corresponding

to lower relative densities, cause generally higher excess pore pressures.

For ), = 1.0, the first liquefaction occurs at 6.5 second~ and the final

zone of liquefaction extends from 15 to 40 ft below the ground surface. The

two analyses with A = 1.5 an1 2.0 yield very similar results~ the first

liquefactions occur within 1.5 seconds of each other, and much later than

the ~~a;e with A: 1.0. No liquefaction occurs for the case with A = 2.5.
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The depth of the water table in cases 81 through B7 wa~ at 5 ft below

the ground surface. The first two of these cases with ~ 1.0 ~nd 1.5

were repeated. with the water table lowered to 10 ft below the ground

surface (cases 85 and 96 of Table A1). The 1iquefaction of time histories

and the variation of the excess pore pressures with depth are shown in

Figures A6 and A7. It can be seen th~t 1 :quefaction only occurs for the

case 85 with A = 1.0 whilE the cas~ with) = 1.5 does not liquefy.

In all the analyses with the reference profile. A was assumed to be

constant with de~th. To study the influence of the variation of A with depth.

in one analysis (case B7) 1. was assumed to inc.-ease linearly from 1.0 at the

ground surface to 3.0 at 100 ft. Such a variation of ~ represents the

increase of relative density with depth. The tiine history of liquefaction

an~ ~he variation of the excess pore pressure with depth fo~ this vnalysis

are shown in Figures AS and A9 and compared with the results the analysis

in which A is assumed tp be constant and equal to 1.5 (Case B2). Note that

in variable ~ analysis. at 25 ft b~low the ground surface where the first

liq~efaction occurs ~ is equal to 1.5. As is expected for variable A case

the pore pressures are higher near the ground surface than the pore pressures

for the case of constant A with depth. The reverse is true below the depth of

30 ft. Generally it can be stated the variation of ~ with depth h~s increased

the liquefaction potential. in spite of the fact that at the point where the

fir~t liquefaction has occurred in both cases B2 and 87 the valup of A is the

same.
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COEFFICIENT OF PERMEABILITY

The referfnce profile was analyzed with three coefficients of per

meabl1ity; k = 0.04, 0.004 and 0.0004 inches per second (Cases Cl through C3).

The time histories cf liquefaction for these three cases ar~ ~h~wn in Figure

AlD. Shown in Figures Alla to Allc are the variations of excess pore

pressures with depth. ihe earliest liquefactiJn occ~rs for the smallest

value of the coefficient of permeability. No liquefaction occurred for the

highest coefficient permeability u~p.d, k = 0.04 inches per secu.'~. The main

reason for this trend can be explained in terms of the potential for dissipi

tion of the exces, pore pressures. For higher coefficient of permeability

as the pore ~ressu~es are generated they can dissipate into adjacent zone,

therefore reducing the likelihood of liquefact~on. Also. it can be seen

from Figure A10 that for lower coefficient of permeability. although the like

lihood of liquefaction is higher, the zone of liquefaction is less likely to

spre~d much.



TABLE A1. Cases Analyzed

Cal:>e Depth of Parameter Vari~tion of Coe'ffi c i ent of
Water Table A ~ wi th Depth Permeability

(feet) (i n./ sec)

--------~----------~

Al 2.5 1.5 constant 0.004
A2 5.0 1.5 constant 0_004
A3 10.0 1.5 constant 0.004

B1 5.0 1.0 const.int 0.004
B2 5.0 1.5 constant 0.004

(same as A2l
83 5.0 2.0 constant 0.004
84 5.0 2.5 constant 0.004
85 10.0 1.0 constant 0.004
66 10.) 1.5 constant 0.004

(same as A3)
B7 5.0 1.0 + 0.02 Z linear 0.004

C1 5.0 ~ .5 constant 0.04
C2 5.0 1.5 CDnstan t 0.004

(sallie as A2)
C3 5.0 1.5 constant 0.0004



Table A2. Liquefaction Dat~ for the Cases Studied

Case Time of Fl rst
Liqutfaction (sec)*

Depth of Fi rs t
Liquefaction (ft)**

Depth cf Fin:!l
Liquefaction (ft)

Al 6.0 10 5 C.' 30
A2 24.0 20 15 to 3C
A3 ~o Liquefaction

B1 6.5 2S 15 to 40
82 24.0 20 15 to 30
83 25.5 20 15 to 30
B4 No Liquefacticn
BF) 13.5 25 20 to 35
B6 No Liquefaction
B7 7.5 20 1Ii to 30

C1 No Liquefaction
C2 24.0 20 15 to 30
C3 14.0 25 20 to 30

* Rounded off to the nearest 0.5 second.

** Depth to the top vf the element which liquefied first (each element
;s 5 ft high).
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APPEt()IX B

INPUT DATA FOR
:OMPUTER PROGRAM LASS-III

The computer program LASS-fII is for hiquefaction ~1a1ysis of ~aturater

Soil Derosits. This version is capable of dynamic analysis of horizontally

layered saturated cohesion1ess soil deposits under multi-directional base

motion.

I. CONTROL CARDS

Card 1 (18A4)

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

Card 2 (615. F10.D)

Co1lllll1s 1-5

6-10

11-15

Number of layers

Number of different n~terial properties

Mcsximum number 0: subincrements per plastic step

(Default value is 10).

16-20 A non-zero value indicates a request f~r a

transmitting bound~ry at the base (see Card 13)

21-25 A non-zero value indicat~s a request for the usage

of mass and stiffness proportional damping

(see Card 14)

26-30 Number of dynamic time steps

31-40 Dynamic time step (6t)



~ard 3

Columns

Card 4

Columns

(315)

1-5

6-10

11-15

(415)

1-5

6-10

11-15

16-20

B-2

Existence of first horizontal component of base

motion (0 = No, 1 ; Yes)

Existence of second horizontal component of base

motion (0 = No, 1 = Yes}

Ei:isten~e of the vertical compor.ent of base motion

(0 = No, 1 = Yes)

Interval of steps for printing of response

(displacements, velocities, ~ccelerations, strains

and stresses).

Interval of steps for saving of response at

selectpd points to be specified later for the

purpose of plotting.

Step number for starting printing of response at

intervals indicated in columns 1-5 of this card.

Interv~l of steps for updating of stiffness matrix.

Card $ (315. 6flO.0)

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

acceleration, v~locity anu displacament are to

be plotted.

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

shear stress and shear strain, and the shear stress

vs. t~e shear strain are to be plotted.



Columns 11-15

16-25

26-35

36-45

46-55

56-65

66-75

C~rd 6 (415)

Column~ 1-5

6-10

11-15

Number of elements at which the time histories

of pore water rressure are to be

plotted.

Height of the plotter pdper in fnche~.

(Default value ;s 10).

Height of the stress and strain time history

diagram in inches. (Default value is 2).

Length of the time axis in inches.

(nefault value is 10).

Size (height = length) of the stress vs strain

diagrams in inches. (Oefau1t value ;s 8).

Height of the pore pressure history diagrams

in inches. (Default value is 4).

Maximum time value to be plotted in seconds.

(Default value ;s 10).

A non-zero value indicates a request for th~

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.
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Columns 16-20 Number of nodes for which the response spectras

to be computed. Maximum value that Cijn be sp~cifie~

is 10.

Card Group 7 (8flO.O)

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

fied in columns 11-15 of Card 6. In the above format give the

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

fied in columns 11-15 of Card 6. program computes spectras for .02 •

.05, .1 damping.

Card 8 (1015)

T~is card is required if the computation of response

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

Card 9 (215)

Columns 1-5

6-10

A non-zero value indicates a request .tor ~he post

~arthquake analysis.

If a non-zer0 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 10 (FlO.O, 215)

One card must be provided for each time step

indicated in columns 6-10 of card 9.
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Co1UIll1S 1-10 Time step.

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

repeated.

16-20 Print interval of the time step.

Card 11 (2F10.a)

Columns 1-10 Depth of water table.

11-20 Gravity, g, (Default value is 386.2 in/sec2).

11. SOIL (lE!~OSIT DATA

Card Group 12 (F10.O, 215)

One card required for each layer of soil.

Co1ul1l'l~ 1-10 Depth of t~e base of the layer.

11-15 Number of elements the 1ayer is to be subdi vi ded.

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

identify the type of material properties in the

seq1lence gi yen in the next :ard group to be

assigned to this layer.

This data is pro~ided for the layers in the sequence of increasing

depth startillg at the layer at the ground surface.

Card 13 (210.0)

Transmitting boundary coefficients at the base cart

be defined as follows, in horizontal directions

c2 = p Vs
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in vertita1 direction,

wh\:re C. ad C2 are dc1Shpot constants, ~) is the m.:s:. dQfls: ty of t,le

ba~e, Vs and Vp are shear wave and compres~~on wave vclc(iti~s u~

the oase respectively.

The following card ~usl be provided if 6 non-z~ro

value was speciJ!ed in columns 1£-20 of CilrQ 2.

Columns 1-10

',1-20

cz. dashpot constant in hor izunt~l dir~(t1on

C1, ddShpot cor<;tant in verticc1 <iir('~t~Gn

C3rd 14 (2f10.0)

Mass and stiffness proportional damp~ng is defined

as follows,

c '" Lt' M + e,' Ko

Th~ following card must be provided if a non-zero

value was specified in columns 21-25 of card 2.

Co'umns 1-10 a', factor for mass proportional damping

11-20 e'. factor for stHfness propurtio,1al dampi,,~

Card Group 15 (8F10.O)

The following cards must be providec for each

materi~l type as indicated in columns 6-10 of Card 2.

Card 15.1

Columns 1-10

11·20

21-30

Constrained modulus for effective stresses.

Sh"",r modulus at the top of the layer.

Change in shear modulus per unit of depth.



CollJlrns 31-40

41-50

51-60

51-70

71-80

Card "5.2

Columns 1-10

11-20

21-30

B-7

Plastic modulus at the top of the layer.

Change in plastic modulus per unit of depth.

Bulk modulus of fluid.

Penneabi 1i ty.

Mass density of solid.

Mass density of fluid.

Smax'

1/~

31-40 Tolerance for sUbincrementing at each plastic

step (Default value is .001).

41-50 Cl

51-60 Con~tant for the dir~ction of stress vector in

p'.q stress plane for post-initial liquefaction

calculation.

61-70 Effective stress at final liquefaction.

71-80 Void ratio.

III. PLOT DATA

Card Group 16 (16I5)

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

columns 1-5 of Card 5. In the above fonllat give the node numbers

of the nodes where the motion plots are required.
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C&rd Group 17 (16I5)

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

colu~s 6-10 of Card 5. In the above format give the element

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 lB (1615)

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

columns 11-14 of Card 5. In the above format give the e~ement

numbers of the elements for which the time histories of pore

water pres~vres al'e to be plotted.

IV. EARTH~A!<.E DATA

Card 19 (12M)

Columns 1-72 Earthquake identification title (to be printed

in output).

Card 20 (2F10.O, 315)

Columns 1-10 Time scale f~ctor. Earthquake time po1nts are

multiplied by this time scale factor. (If zero

or blank. a value of one is used). This is ~ct

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 tni~ scale factor (If zero or blank,

a valu~ of one is used).

21-25 NumbCl' .;f time points to define the time history

of Lase acceleration.

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

the base acceleration data are given at irregular

time interval~; any non-zero value when the base

acceleratio~ is given at equal intervals with the

same time sttp as specified in colurrm 31-40 of

Card 2.

3l~35 Anon-zero value will suppress the output of the

base acceleration time history.

If the value in columns 26-30 of Card 20 is zero provide Card group

21, otherwise provide Card group 22.

Card Group 21 (8F10.O)

In rh~ above format for each base acceleration time point give

sequentially tile values of time and corresponding base acceleration.

The program interpo13tes to determine the value of base acceleration

at intervals of time step ~t.

Card Group 22 (8FS.O)

In the above fonmat for each base acceleration time point give

sequentially the values of base acceleration at intervals of time

step tit.
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APPENDIX C

LISTI~ OF C()1PUTER

PROGRAM LASS-III
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PROGIAN LASSIII(t~POT.OUTPOT,tlPI"t1PIS.I"0T,T1PB6.00TPOT)

c
c:
C PROGIAR POI SBIS~IC IIILYSIS OF HOIIZOIT1LLY LIYP.IED
C SA!O!ATID SOILS 11TH l'lLOITIOI O~ LI0~~P1CTIOI POTS. TIlL
C
C DEY"LOPBD BT Jl"SHID GH1BOOSSI aiD r.ftIT Dllft!.
C CI'IL IIGIIIIIIIG DIP1ITft!lt
C Olt'ERSltt or ILLIIOIS at UI8111-CHlftPIIGI
c J"UA~f 1919
C
C

C

COII"OI 1 (40000'
COft"01/CO~TL/RED('8),ICTCL.DT,IOI.lbOP,IPIIT,'Sl'!'

• LOI ••C,IUPD1T.ISTPlt
CON"OI/lt.L/ ITA~L!,Gll'

CO""OI/PLTIIG/ IPLOTR,IPLTSS,ISETS,RP1P,BPLOf,BPLOT,DPLOT,BPLor,
• TEID,IPLPIT

CO"ROI/SPIC/D'(10),IODlf10),.IODB,IRS,IISP
COft,,01/POSBO/lTIIP(10),TS(101 ,T~IftIT,ITS,IPIQP.('O,

CO""01/BISD1N/IBDNP,C1,C2
co~"oIIDIRBCT/II"f,IZ

CO~"OI/Dl"P/I.D!P,lL'l,ftE!l

IIRlTB(h,20'.,
UIT!C6.201-;)
"'OT....OOOO
LUI.'
IPLOT-O
RUD (5.1000) H!O
Rl~D (5,1001'IL1T!R,W~lT,ftIIJC,lBD""r'D~p,IClCL.DT

1·("tt'C.L~.O, KIIIC-10
WRIT! (6,2000. R!D,ILaJII,lftar,RIIIC,ICYCL,DT
R!lD(5,1001) .t,I"I~

I~f.r.BQ.0.1ID.'T.IE.O) 1'-0
H' f !IX. EO. 0) 111. 1
VRU'E(6,20U, 11,lr,IZ
I!'D (5, 1001) IPllf,ISl'B,~STP.t,'UPDl~

WRIT! (6,2001) IPR.~,'S"I,'STPRT.'UPD~T
RllD(5.100', IPLOT",I'LTSS,ISETS,KPIP,RPLOT,BPLOT,DPtOT,EPLOT,TIID
IPLTOT·'P~OTR+IPLrSS.lsrTS

I.('PLTO~.LE.O) GO TO 200
1'LO'1'-1
I'(HPIP.L~.'•• O•• RPLOT.L'1'., •• OR.8PLOT.LT.' •• OI,D'LOT.LT.l •• 01.fIID

• .L'1'.1 ••0R.IPLO'l'.LT.1.) 111'1'1(6,200')
1~(RP1P.LT.1.) RP1P-10.
IP(RPLOT.LT.1.) K'LOT-2.
IP(BPLOT.LT.l.) BPLOT-10.
1'(DPL01,LT.'.) DPLOT-8.
r'(I'LOT.LT.1.) IPLOT-'.
I'(TlIO.LT.1.) '1'110-10.
1'1'1'1(6,200)) IPLOTR,IPLrSS,ISBTS,RP1',I'Ln'l',!PLO'l',DPLOT,I.LOT,

• TIID
200 11.0(5,1005' 115,tISP,ID',IIODE

IRD-1
1.(1'.11.0) IHD~2

IP(IRSP.II.O) IPLOT.1
1.(II5.BQ.O, GO TO 215
"'IT" (6,2005)
IP(ID'.LI.O) GO to 2)0
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RBD(5,1006) (DY(L),L-l,IO')
1;0 TO 2" 0

230 NO'=)
~PI"!(6, 2006)
0'(1)>-1).02
0'(2)>-0.05
0'(3)-0.1

2~n IfRIT!(6,2007) (OY(L) ,L-l,IO')
RE\0(5,1007) (lfOOE(L) ,L=l,ItIOD!)
VRrT!(6,2008) (IIODE(L) ,L-l,IIOO!)

215 R!An (5,1007) I P05!0, I'!'S
Y'(TPOSlO.EO.O) GO TO 210
WRIT!(6,2009»
R,,-.°(5, 1(08) (T5 (I) , ITI!P (I) , IPEOPI (1) , t-l , MTS)
VRIT!(6,2010) fU(I) ,,,,.RlP(I) ,IPEQPR(I) ,I-l,ITS)

210 CO"~I"UE

If01= 11+1 f+IIZ
wesNDI+ 1
P' (lWZ. EO. 0) IfC- 'IC+ 1
11 DO"'"."
Rf,'O (5,1002) WT\BLE,GRay
IP (GRAV.Ll.O.O) GIAY=186.2
WRYTE (6,2002) 'T1BL!,GR~Y

1f1:1
"2= If 1+IL AYlR
J )=" 2+ IfLAT!R
114=" hILA'!R
115-"" +)5.'''la T
I!(IDI.lO.O) IDI-l
"6=1I5+HDI·"CfCL
ItJU="6
Itlt 2-IU(1 + liPL0'" PI
KI{]-KK2+I~LTSS

I{KQ"KK)+ IISETS
K1=KK'-
C~ LL REED (1 (11) , l ("2) ,A (Il) ,A (n) ,A (15), A (KK1) , A (KK2) , A(nJ) ,

• IILAt!R,IIAT,IUSIP,l(Kl) ,ICtCL,IOI)
1t2-K 1 +IUPlIF
JO-K 2 +IIU 811 P
1t"·KJ+IUIIIP
CALL IIlSH (l (11) , A(12) ,1 (Il) ,A (Kl) , A(K2) ,1 (ltl) ,ITABL!,

• IItAtIB)
I~ ~·IIC.IOPnfP+"r.
IP(IBDftP.~u.O) IIOSIEQ-Ie
IIBAlO-2·IC
KS-KII+IIO. "BAlD
K6-KS+ 110.ftBAlO
K7-K6+110
K8-K7.110
K9-K8+110
K11)wItCJ.,ro
Kl1-ltl0.1!0
K12-1t 11+ I!O
K13-K12+IEO
11.-113+IDO'·10IIP
K1S·1111.IDOP·.UPlIP
IIt15-K15+1IIQ
KK16=KK1S+2.10..I'
KK17·KK'6+'5·IU~'P
KK1S-KK17.11Q*6
KK1'-KI18+IORI"('*(IBD+l»
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K16=K~19+WIODr.·NC'CL·'HD

NCCY~NC'CL

"TLL-O
NPLPNT=TEMD/DT
[" (IIPLTO'!'. U.O) GO TO 130
PTSt'la(IPLPIT-1.0)/IS1YB+l.0
N,!,c;A'!=RT~nE

P' ("T51.' E. GT. 8TSA U) ITS1 fE-MTSA' 1-1
KN1=1I"16
K"2-KN'.N~~"E·l

K16-n2.MTSAn.2
IIBLK-IITS AYr.
NPTOT·J·II~LOT".2·IIPLTSS.IISITS.J

I" (II'. Itl~. D) "PTOT-IIPTOT. ~••PLOT"+l*IIPL T5S
p' (,,'t. "E. I) IPTOT=lfP1'OT+)••PLot"
r, (IIPTOT.LE.O) GO TO 100
NL!!'''t' -"TOT-I{ 16-1
II~~D-.PTOT·NTSAVl

I' (N!!D.LP..IIL!~'!') GO TO 100
!ft]"· (" E!O- 1) IlL!!' T+ 1
KBL~-NLE~~/N~OT

Pf'lItMD LIJ'f
100 CO"TUUE

N'!tL=NPTO~"'M8LI{

lJ{'\ cnnlNU!
II: 17=1{ 16+ N"'LL
IV(IRS.I!.O) GO TO 13S
1C21=1(17
GO TO 137

135 :nJfTIMUE
K18=1C17+MO'·99·NHD
K19 a I{18.InY·e9*"HD
1(20=1{ 1<J+.rf.89*IHD
K21:(20+89

1]7 I" (IPOSEQ. "E.O) GO TO 138
1C)1)-K21
(;0 "'0 13e)

1]8 COtlTnUE
K22-12 "."""P.2
111;2 ]=K2 2+ NUIU'P.2
It 21f= It 2 J+ lUll. p. 2
K2S=K21U IItJ""~2

K26-K2S. 'f1~!fP
f{ 27= It 26+1"'"'' P
K28-n7.I"np
r. 29= K2 8+ MIHi" P
In ()=I{ 29. lUll' P

U~ CONTU"!
K)1= K 10+ 2. lEg
02-1{ 31+ lEO
VRIT!(6,2012) S'OT,1{32
I~(IJ2.LT."TOT) GO TO ltO
WUT!(6,201H
S"'OP

".0 cOlin "U!
RUt-Kl2-11f.,
C.tL SZ!RO (l(K,),N~LL)

IP(IPLOT.GT.O) CALL PLOTS(O.O,10.
CHL IIASS"T U(tfl0) .1(11:1) .1(K2) .1(K3) ,1(U, .IU"IP,IC)
CALL SELPLD (A (1t'),A (12) ,A (11) ,1(U).1 (111•• 1(115), IOIU'.IC)
C~LL SOLYl (1(11).A(12),A(IJ),A(Ilt),I(IS).1(K4).1(IS).1(1t6),1(i{7l,
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,15,/
.15./
,15,/
• r5.1,1
• '5.1,1
,P5.1,1
.'5.',1
, !5. 1,/
, r5. 1,

)

.10IS//)
//

)

• A(KIJ), A(n),A (1(10),A (ll1),A (KI2),A (113),A (114),1 (115).A (1K1).
• A (l{K2) ,l(!tIO. ,1(K16) ,1(KKI5),l(lllCJ) ,1(IJO),I(r.31) ,1(1117),.
• I(KI18),A(KI16),'BLI,.PTO~,'UR'P,IRAT,IBQ,RBAID,ICC',
* ,!y,.C)

CALL OOTP (A(IK1),I(112"A(KI),I(111),A(112),I(K16),I(II1S"
• lW""P, ttlW, '~LI(, IIP1'01',I1'51''';,''OI)

ISO COIITlIIlJE
I'(NIOOE.LZ.O) GO TO 160
CUL R!SP!C (A (KK 19) , IcrCL, I (117) ,I (118) .1 (I' 9) , 1(120) ,10',01' ,180)

160 i'(IPOSEO.BQ.O) GO TO 110
IW(!POSEQ.GB.l) CALL SOLPEQ (l(JfI),~(Kl),1(~2),1(I(J),I(KU),

• I (I( 21) , A (It 22) , A (It 2 1) , I (K24) .A (It 25) • A (126) , A(1(27) , I (1(28) , A(U9) ,
• 'flJ "If '1"

170 COJTIIOE
['tiPLoT.Gr.o) CALL PLCT(O,O,999.
STn~

1r.J 00 ~OR "AT ( 18 , 4.
1001 POIPU1' (615,"0.0)
1002 rOR"~T (8~10.0)

1001 ~OR~A~ (16IS'
1004 POR"~T(JrS,6Pl0.0)

'005 PORPUT (IUS)
100" POIUUT (8" O. 0)
'1)01 I'ORPIAT (16[5)
1008 POR"IT("0.~,2151

2000 'OR"AT (//11181_11/1
• 15H IOft8!1 or LAtERS •••••••••••• • .15//
• J~H NUftB"R or "ATIRI1LS ••••••••• • .15//
• ]58 NAl. 110. 0' SOBII~. Pia /
• ]SH PLASTIC STIP •••••••••••••••• • .15//
• ]SK IUftBER OP CYCLES ••• ~........ • ,15//
• )5H TIft! STEP CDT) •••••••••••••• • .110.'

2001 'ORRAT (// 15K PIIIT [ITEa'AL •••••••••••••
• ]5H IJTER'AL FOR SA'IIG HESPORSI • • 15//
• JIjH STEP "OR STlRTI!IIG PRIIT •••• • ,15//
• 158 STIFPNESS UPDA.! crCLB ••••• • .15//)

2002 !'OR"AT (1/
• 15K DEPTH 0" IAT!R TABL! •••••••• • ,'10.]//
• ]I)H GRAYITr ••••••• ••••••••••••• 1r •• ,0. J//)

lOO] ,ORRAT (1/25H ••••• PLOT DATI..... /1
• 558 10RBEI O. NOTIOI P~O~S ••••••••••••••••••••••••••
• 5S" NUftBEJ 0' STRESS, STRIII. TIRI PLOTS ••••••••••• &

• 5~H !URBER 0' POlE PIISSORI '5. 1'111 PLOTS •••••••••• •
• 5~R H!IGHT or THI PLOT PIPER (IICR!S) •••••••••••••••
• 558 HEIGR'!' or 'I'll STIISS A'D STIAII BISTOI' PLO~S (II) •
• 5~8 LI5GTH 0' TIE ~INI IllS (IICRIS) ••••••••••••••••
• 551 SIZE or TH! S7RISS 'So S1'I1II PLOTS (1ICHIS) ••• •
• 55H R~YGKT or THI pall PRISSOI! HIS!OI' PLO'S (II) •••
* 55R "II. TIll 'ALOI TO 81 PLOTTID (SICOIDS) •••••••• •
• II)

200' POIHAT(/I,50R DlraOL1' ,aLUI(S) ISSURIO POI PLOT PIlla,,!.(S)
2005 PORHlT(108 •••••"5PO.51 SPICTRA DA~A... I)
2006 !'OIIAT(S'" DIPADL! ,aLUIS IILL 81 aSSOllD '01 DIR'IIG 'ALOES
2001 PORIAT(I68 DARPIIG 'ALUI'- .10rl0.~

2008 .OW"'T('5R 115'0151 SPICTRl IILL CILCULITID PO. !ODIS
2009 'ORRATCI/'OR ••• DATI POR POST IIITBQUIII 11111S15•••

• "R TIRI STI.S .31.101 10. liP•• 31,111 PIIIT liT.
2010 'ORIAT(P10.5,9r,I~.91,15)

2011 'ORRAT('58 PIOBLIR DI'IIID IS TOO LAIGI TO 8! CORPOTID )
2012 'O'''lT(I/228 STOllGI II'01Rl1101 /1

• 218 COR! SPACI A'IILAILI- ,16,
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,15/
,1'5/,15/

)

SPaCK ItEQOISTID- .16)
lCCBL1IATIOI II I-DIRBCTIO'.

r- DI!!CTI"I.
Z-DII!CT 101.

• 2)ft CORr.
2013 'ORU'! (35H

• 35ft
* lSH
• ]5H ( Y!S-1. IOaO )

20n PORUT (1ft1/
·/351.58H··*·············~················.···········•••••••••••••
*/3Sl.58H· •
*/351.588. LL AlllA SSSSSS S~SSSS 11111 11111 11111 •
• /351.58H. LL ~A AA 55 5S I I I •
*/351.58H* LL Al Al SSSSSS SSSSSS I I I •
• /3~1.58H. LL A~AAAAI SSSSSS SSSSSS ••• I I I •
*/351.,588. LL A~ AA 55 5S I I I •
• /351,58H. LLLLLL Al AA SSSSSS SSSSS~ 11111 JIIIl lIllY •
*/15X.58H· •
*/]S~fSAH. PROGBA~ POI SEISftIC BESPOftSE liD LIQUEPACTIOI 0' •
• /J~~,58H. L~T!BP.D GROOftD UMDER NULTJ-DIRlCT!OWIL SH1KIWG •
• /15~,58H· •

• 120 15 "O~"lT (
* 15x,5AR* DEYELOPID·BT •
·/J5~,58H· •
*/351.58H. JAftSRID GRABOUSSI AID UBl~ DIK!!! •
• /3~X,588. UKIYERSITr 0' ILLINOIS AT ORB1WI-CH1~PAIGN •
*/351,58H. JANUA~T 1919 •
*/351,58H· •
·/35·.58H·································.········*··.~ .. )
un
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SHBROUTI Ie E 8 !f.D (DlPTH, MEL, IIATtP, ~ft ATt, DAce, JPLTfI, .lPLTSS,
• JC;!'Y'~, ILA 'P8. !I'UT, JOfllIP, lee, IICTet, 10It

c

c

C

Dt"~NSIOJ DEPTHCIL1'EIJ.IEL(ILlf!R) ,ftATrp('LArt.J,!~lTL(3S,IIIA~),

• ~~CC(HCYCL,MDI),lrC(2.1),TITLE(l8),JPLT"(1),JPLTSS(1),JS!TS(l)

CO~"O~/CO"TL/ HED(18),DUNft,DT
t:'o~"'''',~/PLTINGI "PLOT~, IIPLTSS, "S!TS" H~lP ,HPLot, SPLOT, DPLOT, !PLOT,

• T""O, Ii PLPMT
CO"~~~/ILVLI VTl~L!,GR1Y

COftNON/BA~DA"/IBDftP,ct.C2

CO""OM/O~NP/IYD~P,lL'A,A!Tl

cn~"'OW/nIP!CT/.I,WT,lt

PUO (5,lMO) (DEJlTH(I),NlL(I).UTYP(I).r"",tlLUEB)
WRITE (6,2000)
WU"!'l t6,2Ml) n,n1.p':'li (I) ,1I~1. (1) ,IUTYP(l) ,lal,RLUER)
IP(rBDftP.l?~ GO TO 80
R!ADfS,1006) C2,C1
WRIT l' (6,2019) C2,C1

8 0 c~".,. no!
IP(!YD"P.EQ.O) GO TO 90
RRAD (S, 1006) At I'A, BETA
WRITE(6,1:J20) ALP'A,9!TA

90 CONTIIIUE
"RI"'~ (6,2002)
DO 100 Lal,'IPUT
Rno (5,1001' (!ftATL(I,L, ,I",5),(EfllTL(I,L) ,IzU,H)

100 COlfTI If"E
DO 103 L:1,MBU
I" (r. PtA TL (18 , L) • LI. 0) !UTL ( 18 , L) z <) • 001

103 ClllltIlIOZ
WRI~!(6, 2016)
DO 101 L"', WIUT
VRIT B(6 , 200 J ) L, (! IlIATL ( I , L' , 1= 1, 5) , «!" lTt (I , L) , I'" 12 , 1..)

tOl COIfTINlJ!
WRI'l'E(6,2017)
00 102 L"',MItAT
WIHTl(6,2003) L, (!fllTL(I,L" 1-15,22)

102 CO"·III0!lin.,,, p= 0
00 "0 lal.ILlIZR

110 IIU''''P=JlU'''P+IIILU)r, (NPLOT~.L!.O' GO TO 1]0
RUD (5.'01)5) (JPL"'flU).I-',Il-LOT")
WRITE (6,2008)
UI"'! (6,2013) (~PL'!'''(1) ,I a l,'PLO'r")

1]0 IP (-PLTSS.LE.O) GO TO 1~0

RtAD (5,1005) (JPLTSSCI) ,I.::l,IPLTSS)
lUTE (6,2010)
VRtTE (6.2013' (JPLTSStI) ,t"',MPLTSS)

'10 r. (NS!TS.LE.OI ~O "'0 150
R!AO (5,1005) (JSETS(I),r-l,ISnS)
WRIT! (6.2011)
WRY,.! (6,201'3) (JSETS(Il,I-l,'SETS)

150 CONTUO!
C
C R!kD AID tJT!BPOL1T! RASE l~CIL.

C
DO II 00 LL- 1, .DI
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RZ'D (5.1002) YIYLI,ISCIL,ISCIL,I'OIIT,wrY'I.l'lwr
IRIT! (6,?00') 'ITLI,TSC1L.l~CIL

I~ (~TJ'I.W!.O) GO YO "2
IRIT~ (6. 20U)
InD (5,100J) UCC('.II,ACC(2,II,r-l,IPOII"1
1'(lPII".II.O) GO YO ISS
III·! (6,20051 (lce (1, II , ICC (2, I) ,1-', .POIIT,
Gil TQ 156

IS5 con'nol
"1"'1(6,2021)

156 ("01"1'1101
I~ (?SCIL.LE.O.O) GO 'rO 170
DO '60 I-l,IPOI'~

1601CC(I,I)-ICC(I,I)·TSCIL
GO ?O 170

162 I'ID (5,100') (lee (2,1) ,I-1,IPOUT'
IP(tPIIT.II.O) GO TO '63
IUTI (6, 2ft'S)
•• t'PP. (6 .200S) (ACe (2, I) ,1-' , nOnT)
GO ~o 16_

16) COITIIOI
III'U(6,2021)

,., CO.·1I01
no C'C'lITI "01

DO 18~ t-I,'POIIT
'80ICC(2,1)-ICC(2,I)·ISC'IL

I' (IYtPI.II.O) GO TO JOO
GA'-O
t-l
'!-M
1-0

100 I~(ICC(I,I).QI.T) GO TO 250
220 I-H 1

I~ (I.LI.I'OIIII GO TO 200
lilT! (6,2007)
~YOP

250 SLOPI-(ICC(2,1)-ICC(2,I-III/CICC(I,II-ICC(',t-,))
280 I-K+'

If (K.GY.ICYC'L' GO TO '00
11~~(K,LLI·1CC(2,1-1)+SLO'I.(T-ICC(I,I-'))
"·'!.O'!'
If' (lCC(t.I) .Ol.y) GO TO 280
GO TO 220

100 GII'TJeGln
DO 120 I-I, JeYCL

120 8IeC'CI,LL)-lCC(2,I).GII'TI
'DO COITrlUI

11'1'1••
'aDO POI"l! (PIO.O,2I5)
1001 rOINl' ("'0.0)
'~02 'OIRl' (18.'/2"0.0,315)
1003 ,a.Nn' (8"0.0)
100' 'ORNl! ("q.~

1005 'O'~I' (1615)
100' 'Ollilt C2,,0. 0)
2000 ~OR~l' (1"/'51 --------.- Plo.lftrtlS 0' LIYIIS ----------- ."

• 5r.5'Ll'II,151,5'DI'~H,111,'I'UI'!. O','21.8••1TIIIIL 1'1,
• 61'ONlr.,J21,~IILIRI.r5,1'16R'O"BI.//)

2001 'Ol~l' (Il0,r20.1,2I2ft)
2002 POII1' (111/'51 -.-------- 11'IIIlL 'lo,llrII. ------------ ", t
200) ~IR1!cr5,1'1~.')
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,I

,/1

COEr,. ----------

,

-,1'10.4 //
a, I' 10. 14 I I)

,

200_ ·08"'T {lHll/181411
• 298 TI8! SC1L! -------------
• 2qH ARPLITUDB SCALZ -_._----

2005 "OIUlf\T (8£15.6)
2007 VOR"AT (/1//111

• 6~8 ------ llPOT BAS! ACCIL. IS LESS TN.' REQUESlED RISP~IS! 1/
• 21" EIICUTIOI TlIRt.ATED /)

2008 POR~AT (/30H "~1IQM PLO~ REQUEST POB lODES /'
2010 ·OR~AT (/408 STRESS-STRAII PLOT 8EQUlST POI !L!!!ITS n
2011 POR~AT(/,19H PORl PRlSSURE PLOTS POI ELEN'ITS : »
2013 PCllHUT (lOIS'
201_ 'OR"AT(4C11I,_RTINE,10I,5HkCCILll/,
2~15 PO!".~C15H ~CCEL!RA~rOI :,1/)
2016 ·OR~lT(lOH RAT. 10. ,

* "" COIS. "00. 11,
• 118 SHEAR "00. ,21,
• '5H SHe ~OD. CRG!. ,
• 189 II. PL. SHe NOD. ,2X,
• 15ft PL. "00. CHG~. ,21,
* 15K BOLK ROD.(PL.) ,
• 13H P!I"!A8ILITt ,21.
• 17ft ''ISS DEI. (TOTAL) I

2017 WORftATClll0K liT. 10.
• ISH USS DEI. (P4..)
• AR S{RAI) ,JI,
• 10H 1./LA"801 ,41.
• 88 TUMC,6f,
• 6H ALPHA ,91,
• 68 THITA ,91,
* 16H RIS. !"r. STRS.
e 108 YOlO RAT. /)

2C19 ·O'"lT(S3H ---------. TR1MS!ITTlIG BOURDlRY
• 258 HORIZOITAL DIR!CTIOI • ,"13.4,/
• 258 'IR~ICAL DI!!CTIO' z .113._)

20·.!0 'OIlUT (//
• 53" - •••------ PBOPOR1IOIAL Dl8PIIG CO!PP. ---------
* 20P. RASS D'PI'D£'~ • .r10.4,1
• 20R STIPP. DJrPEIDIIT. ,1'10._./)

2021 'OR~AT(6~R OUTP~T 01' BAS! ROTIOI I'POT IS SUPPRESSED DUI TO US!! 8
eEorJEST )

IIfD



c

c

C-10

S0810U'II! ftlSR (D!PTH,'IL,llTYP,ILI'T,llT'O",1~T8L,WfI8LI,

• WLU!R)

DI,n~'SIO' DIPTH (1) , nL (1) , IJTfP (1) , IL.IT (1) , BlTIO! (1) ,IV'r!lL (')

~COOIDaO.O

IU,,·O
DO 200 lz','LAf!R
I'!'L-ULU)
I1' (I. EO. 1) IL"OIlP!H(I) /lfL
I! (t. GT. 1) IL" ~DIP"K (I) -l'!P'l'H (1-1) , II'L
00 150 J a 1, ITt
10". lOll. 1
ZCOOID-ZCOOID.IL
XL!'T (IUIt, -JL
,,,·.U,, (1U"):!lATr~(I)
IP (!COORO.LI.VT1BLl) I'TBL(1U~)·O

IP (ICOORO.GT • .,ABLI) IVT3L(IUI)-1
150 COtlTIWOI
200 COllTIIU1B

Rl'l'uRI
W"D



(-11

SUP.RonTI liE Sl LP'Ll> (IL ENT .. ftA TI U", rifT SL, E1'1 TL .. STRS .. SL VC T, tWIt. It, MC)
C
C SUB~OaTI"! ·0 Co"PU~! IKSITU PORCE 'EC!OH
C

DII'IENSION XLlIIT(1) ,IUTNfHI (1), 111T9t (1) ,EIIlTL(3S,l) ,STBS fij,l),
• <;L'C'!' (1)

c
COI'I"ON/VLVL/irABLE,GRAV
CO~1'I0N/8A~Dlft/IBDI'IP,cl,:2

c
D!~=O,

5'''=-1,0
DO 5'~ LL:l.IIU"~P

ZLF.Mr=ILU~ (LL)
"n"!= 'UT 11 o!I! (Lt)
IV=IIfTBL (LL)
G~~=GRA'·F"'TL(14.. KU~)
GftAIf=GRAY*EI'IATL(1S,MOft)
D!r!:DPP!+O,S·ZLEN~

STq52=O.5·5Y~·G'l·ZLE~T

!l"C?:If.EQ.O) GO '!'o tOO
5T~~cq,LL)=(DEPT-WT~BL!)·G"AII·srN

STRS2:5TB52.n.S·G"~W·ZLENT

100 I:ONTI MOE
LT=LL·IfC-l
1. ..:L ".NC
SLVC1(LT)=SLYCT(LT) +STRS2
{V(IBO"P,lQ.O,lMD.LL.GZ.IUftMP) GO TO 1S0
SL'~T(LB)=SLYCT(LB)+STPS2

150 COII'l'IlfU!
O~PT~DEPT+O,5·ZLE~T

'Son con !MU!
P!"lJRN
!"O



C-12

C
C SUBR~DT1'l ro POR" ~lSS RiTa11
C

DlfIUUiS IO I Eft« 1) , IL! 1'1'« 1) ,Itl '!'IDII (1) , I liT 81. ( 1) , lilA. '!'L (35, 1)
C

C
lfCC·"C-1
1(-0
L=!'C
DO J~O LL=1,IUft1P
'UII"'IUT.OII (LLl
RHO= BIUT L ('16, lfOIl)
~ HO.· ERA'!'L ('5, ." II)
ZLZ""zlL!N':' (LL)
!"AS·O.5·~HO·ZL!"
DO ,,,,, 1=': ,!fCC
P."(~+I)·!"~~.!ft«K.I)

t~(I8DRP."C.O.1ID.LL.G!.'UI.P)GO TO '00
I" (L+I~ -E!US

100 COWTINU!
IP «III'I'BL(Lq.IlQ.O) GO TO 200
!lIl~·O.5·RHO··ZLI"'!'

!R(K."C)=EftlS+!!(K+IC)
I'(I8DftP.!Q.O.AID.LL.GI~'O"'P)GO fO 200
Elf (L+ "C) =!IUS

200 COlrIIIU!
h:o:L

t-r.f-Ie
300 COI"'III0!

II:TO'"

'"D
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SUBPOQ!lHE GSTl~ tA,C,ICrIEQ,LPLAG)
C
C SUB?DUTIMP. TO PORK SrT"llSS RAT&tl
C

c
DO 400 M=1.1·C

t ="
00 t O'l K =N, !f C
" (L) ~ A (L) ~C ( N, ~)

100 L=L"'''EQ
tl' (LPUC. FQ. 0) GO TO 1400
DI') 200 l(=l,NC
A(t) =-C(M.K~

200 L=L+NEQ
L=!(C+'I
DO laO K:M, NC
~ (t) =C (ll ",

lOr) L-:L+NEQ
400 COll'!'IIfL!

PETIJRII
£NO



c
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saIRoafI'! SOL~. (IL.rr,"AT'UR,I'!8L,!ll~L,B1CC,ST,DD,DI.'E,AC.

• DU,E",!LU,WB.,STRS.STII.SL~CT,JPtTI,JPLTSS,JSE!S,

• PL,TLIQ,'HIS!,IDD,B~C,'I'I,IITSS,IB,•• ,'BLI,IPTOT,.gIIP,IRA?,
• '!o,181.n,.CCI,~II'C)

CO""OI/COMTL/HID(18),&CfCL,DT,IDl,IDOP,IPI.T,lsa'I,
• LUW,ler"OPDaT,IST'I,.

COftftOI/PLTT'r./ IPLOTB,'PLTSS,'SITS,BPAP,BPLOT,8PLOT,DPLOT~IPtoT,

• TUD,IPLPIfT
CON"O'/SP~C/DY(10),'OD!(10},I'OD!,J'S,I'SP

C~""O'/B'SD'"/IBOBP,C1,C2

CO~"O'/Dl~P/I'D"P,lLPA,8ITl

COIBOI/DIR!Cr/lI,.I,IZ

DINEISIOI ItI'T(') ,IUT.UIIC') ,IITIL(') ,IUTL(l5,') ,BlCCCICCT,1),
• !l!T (IIQ , " , DD CI.O, 1) ,01 ( 1) , ,,, (1' , Ae (1) r DO (') , r" (" , ItO (1' , Iltl (1, ,
• STRI(_,1},STIS("l"OEPSL('),SI(_,'J,SL'C:!'i,
• JPLT!C" ,JPLTSSC1, ,JSITS(') ,PL(ISLK,l),TLIC(IUSIP,'),
• ""lST(NCel, 1} ,"OD(ll,8YC(" ,llIYlI (15,') ,11 C') ,
• R"At('!0,111},IITSS('~"'P,.,1)

c
c
C I'TIGIATIOI COIST.IT
C

e

c
e

'I'~TAlI:l.()

'!AlJ-TZ'I'.·D'!'
~ Oaft. 0/ ('Un-'UD)
A1-6.0/'un
~2-2.0

A)-lO/TIT 1
U--6. 0-, ('I'!'I'~.1'JO)

A5-1. 0-3. O/Tna
.6-D'/2.0
A7-DT·DT/6.0
80- J. OtT AU
~1-2.0

B2·'UU/2.!)

t'(IT.EO.O) GO to 10
II (1}.J
11(2)-1
II (l)-2
Il'(')·'
Gl fO 15

10 COI'!'UOI
II (1)-2
11 (2) -1
IIU) -0
tI(II)-]

15 COITIIOI
'1'1111-0.0

10....IQ.IIBlIli
(P""t-O
ISlYl-O
KOPDl'-O
IICtSt·ICtCL+ 1
nICR'-O.O
NPIPst-O
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I·(YYD"P.NE.O) GO TO 16"t", a(). 0
B!T~~O. 0

16 COIf"'IIfOE
CALL SZlBO (SJ(1.1).16)
A5'!'=O.O

""·0
!.IO)~ I-:1.1IIHIIP
J-1·"":-l
Ac;T=ASTtSL'CT (J)
SL'C~(J+"~SL'C?(J+1)+STRS(4,I)

SL''':T(J) =SL'CT(J) +SL,eT(J+1)
I~ (I.RE."U~I~ SLVC·(J+NC+1).-S!RS(~.I)

SUS (1. 1~ =AST
30 COllTlNlJ!

DO itO I=l.tflJIUIP
I' (~AT"U"(r) .F2.1~) GO TO 20
........ ATMlJ .. (1)
DPT=O.O
~7,RO=!""TL(2.'R)

0"""'"TL (], NIl)
RO= FlUT!. (., "")
DR:E'U'!'L (1),IIPI)

20 ~OITI"D!

DPT: OPT.0.5* XL liT (I)
G=GZRO+DG·OP'"
!" fA R (1 r I) =- G/STRS (1. t)
H=HO+DH*DPT
EnAR(15.I) =-tl/STRS (l,ll
DPT=DPT+O.S·tLIIT(I)

40 ':OITI1fU!
G=G1. RO+ DG*DP"
I~(I80"P.tlE.(I) SL'C1(1r.0-1) .0.0
DO .. 5 I a l.lIlJlIlIP
TLIQ (I, 1)=-1.0

liS '!'LIQ(!,2)"-1.0
C
C "Atl DINARIC SO~crTIOI LOOP
C

DO 116 I.l.'DO~

46 1)!PSL (1) =0."
10 800 NC'~.'.JCrST

L·LAG-1
J[J~DAT·ItUPOA'!'.'

r, (ICNT.lO.l) (UPDl~llJP01T

I·(KUPP1T.IQ.IUPDAT) CALL SZ3RO (5'!.'(1,1),108)
IflJULDaO

C
C EL!"!IT LOOP
C

DO 100 LL=l.IORMP
ZLEN'!'=XLEIT (LL)
IL2a LL*'C
It 1~ I!.l-IC
IP'IRD"P.lO.O.AIfD.LL.G£.IO~MP)L~L1G.O

I~(L'L1G.'Q.O) GO ~o 50

C STRAUS
e

00 47 1"1,'
JaIl (I)
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IP(J.!O.O) GO ~O t7
0!PSL(I)-(DU(lL1+J'-DO(IL2+J»)/Ztll~

It 7 CO",!, UO I
GO Tn 60

5" COWTIIOE
DO 55 1-1,"
J-n (I)
I'(J.£O.O) GO TO 55
nIPs L (I) -DO (IL 1+J) IlLBIT

SS COITIIO!
60 COI'!IlfOl

JP.I-IUTI'U" (LL)
BU-!fllTL(1, 'fI)
11-I"·9L (LL)
O!LP"'O
IP (IW .IQ.') O!LP--DEPSL (1) *8LK
IP'(TtIQ(LL,l) .GT.O.O) DILP.O
DC '100 I a l, ..

100 STJ"(I,LL)-STRI(I,LL)+DBPSL(I)
C
~ STRESS AID flATERIAL PROP!RTIES
C

C~LL SA'!PAC (STII(1,LL),STIS(1,LL),0IPSL,SI,lftlTL(1,11',
• ZNATL(16,WR),!"'AR(1,LL),TLIQ,TIfll,DELP,Ll,IC,IPIISf,I.,IO"IP,
• nIIC)

IP' (leIT.LI.l) GO ~O 110
IP' (11.10.0) GO TO 110
BOLK!-!SlTL(12,lftl
STRS(',LL)zSTIS(',LL) +80£1P'. (0IPSL,_)+DI,5L.,)

110 COITIIU!
c
C IIT!RIlL RISISTIIG POICI 'ICTOI
C

DO 115 I a l,.
Jan (I)
11~.IQ.0) GO TO 115
BtD. It 1+J) -ILO (IL 1+J) -STaS (I, Lt)
I~'L'LAG.!O.O) GO TO ',5
ILD(IL2+J)-ll0(IL2+J)+STIS(I,LL)

115 COITIIOE
J-I1 (1)
ELD(IL1+J)-ELD(IL1+J)-STIS(t,LL)
IP'(LPLAG.EO.O) GO ~ 120
!to( U2+J) -ILDCIL2+J) +STRS (If, LL)

120 COlT IIUI
c
C SISTlfl STIPPI'SS IITIII
C

IP(lc't.IO.l) GO TO ,.5
IP(KUPD1T.IZ.IOPD1T) GO TO 180

1115 co,'nsol
DO 150 1-1,'
DO 150 .Ja1,4

150 ~~(I,J).SK(I,.J)I2L.I~

IPOS-IC.(LL-1)+1
CALL GSTIP (ST(I'OS,1),SI,IC,I!Q,LrL1C)
IF (II.IO.O) ST(IPOS+IC-1,1'-1.0

c
C DISSJ~lTIO! I.SISTlICI B1TIII
C

P!llIalftATL (1 3, Ill)
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~AC=ZLEWT/(6.0-~!R~)

"POS= IPOS.IfC-1
r~(WC'T.I!.1) GO TO 180
I' (IW.EQ.O) GO ~o 180
Y'"POS
DD (1,1) =DD C!, a +2.0-"C
I'(LPL\G.V.Q.O, ~o ~O 160
DD(I.'C+t)~DD([,~C.')+'AC

DD(I.NC,1)aOD(I~NC,l)+l,O~'AC

160 COltTI ''0 I
I'rI'D~p.P.~.O) GO TO '8~

C
C "ASS AMD STIP~lfess PRor~RTIOIAL

C DA"?IIG
C

I=r-IC
JJJ= 2
DO 172 .Js2,~,.

Jt-1
DO 17' JJ=J.JJ, IfC
DD(ItJ,JI)sDD(I+J,JI)+BET.-SK,J,JJ)
.JT=Jt+ 1

171 COli'" nUl
J.U-JJJ+ 1

112 CON'!" lNUE
DD(I ••e, 1).DD(I+IC,1).ALP~.I"CI.ICJ
I~(L'LAG.!O.OJ ~O ~o ,~o

IsT+WC
JJJ"'2
DO 114 J=2,IC
Jt=1
DO 113 JJsJJJ, Ie
DD(I+J.JI)~OD(I.J,JI'+BF.Tl-SK(J,JJ)

.Jt 2 .11.,
17] COITI lUI

JJJ-JJJ+1
174 CORTIIIUE

I -T-Me
JYs"et1
DO 1 77 .1=2, Ie
00 116 J .1 .. 2, tiC
OD(I+J,JI,=DDCI+J,JI)-BETI·SK(J,JJ)
Jt ....n.,

17f) CO"TI ltU!
JI-JI-IC

171 CO"TI''''!
IaHz·.e
OnCI,l)'DDCI,1t t_L~l.E"(I)

180 CORTU'J!
200 COlf~II fIE

~

C ABSORBIIG BOOIOARY
C

1'(IC~T.Jr..l) GO TO 208
I'CIBDNP.lQ.O) GO TO 2_0

DD (If I!:Q,1) -0.0
DO 21)1 1"2, lI4BlWD
.1-1-1

207 DD(~~O-.J,r).o.o

240 co.,. nu!
CALL PRO'TL(DD,~DD.I!Q,"BA.D)



C-18

~08 CO"TnUE
00 209 1-1,IEQ
DO 209 Jzl,~Bl'D

20Q ST(I,J)~ST(I,J)+BO.DD(I,J)

I~(I8D~~.!O.0) GO TO 206
EtD (NEo- 1) -0.0
5T('''Q-1,1)·S~(I!O-1,1).BO.C1

ST(M~Q-2,1)sST('P.O-2,1).BO·C2

r'(lf.EQ.O) GO fO 215
ST(M!O-l,1)wST(llQ-l,1)+BO·C2

215 CONTU Uf:
5T(tI!Q) =1.0
DO 2~' 1.2,"BA~D

Jz 1- 1
20- ST(NP.O-J,T)·O.O
206 CONTINU!

C
C SlYE DlTA '01 PLOTING

I'(MPTOT.LP..O) GO TO 201
I·(~I~E.GE.T!'D) GO ~o 201
IP ("C~T.U~. 1) :;0 TO 201
l' ('~IRST.IQ.OI GO TO 201
KSA'!"=ItSAY!+1
I' (KSA'P.:.LT.IS1'E) GO TO 201
CALL ~A'! (JPLTN,JPLTSS,JSZ·S,PL,lC,'E,DI,ST.',STRS,

* III1 ..NP, 'BLIC, TI ..~, I PTOT, LUI, BlCILl, BIC r.ty, BICILZ, IDI,IC)
KSUZ-O

201 CO"Tr"OI
C
C P~T"T STIESSIS
C

I' (KPRIT.Jr..O) GO ~o 205
Ir("'IRST.tlE.O) GO TO 202
IlWIT! (6,200",
18np. (6,2005' (t,5TI5(I,I) ,STIS(II,I) ,I-1,'UIII')
1'(IPTOT.Ll.O, GO TO 190
DO 2'3 r-1,NUSI'
PL(r,"~CT-"-ST.5(',[)

20) PL (I, IIPTO~I·STRS(1, I'
-90 CO"Tt"O!

GO ,.0 205
202 co.·nol

IP (ICIT.tT.ISTPHT) GO TO 205
1'("'.11.0) GO TO 2"
IRIT! (6,2006) Tt~r

"1I'f1 (6,2001) (I,S".'(1,1) ,ST.'U,I) ,STII(',I) ,ST.S(1~1) ,STI5(2,
*I) ,~T8S (",I) ,1-1,10"'"

GO TO 205
211 IRIT!(6,2009) TI"!

I RIT ~ (6, 2010) (I, (STltf (J, 1) ,01'" 1," , (ST'S (01, I' ,01-1, ') ,1-1, lUll P)
205 COliT 1101

~

C COft'UTI SAY-IRO! STI!SSIS AlP STI1IIS
C

1t-1
n0216),.2,"
tP(NJ.EQ.O.AID.l.IQ.l) ;0 TO 21.
D" 211 J~1,IORIP

IP(A8S(S!15(I,J').LT.1IS(II~SS(J,~,[-K)))GO TO 210
EITSS(0I,1,I-K'.STIS(I,J)
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"tT~S(J,2,I-~)=~IIE

210 O:ONTI IIU!
r'(I.!Q.') GO ~O 217
r"(ABS(S~RN(I,.J».L"l'.lBS(BI'l'SS(J"3,,I-It» GO TO 212
!"TSS(J, 1,I-If) =S'U!5(I,J}
EXTSS (.I" 4. I-~) aTI"!
GO TO 212

211 ~lTSS(J,,3.I-~)=ST~S(1.J)

212 COli'" nUE
213 COif"1'1 lfU!
2 1ft CO"~I1U!

I'P(HY.EQ.O.AJIJ.I.EQ.2) 1-2
216 CO"TIlfUI

",IR S~& J PI 8ST. 1
"Dt=O
I· fleIT.EQ.JCYST) GO ~ 800

T'(KOPD~T.II!.'UPDI'I') GO '1'0 210
DO 220 I a l,'EQ

220 ST (t" 1) sST U" 1) HO.EPI (I)
210 ,:OltTUU!

C
C £OOIYIL!IIT LOAD '!CTOR
C

DO 2 SO to;, 1, .. EQ
A~·A1.V!(T) +12*'C(I)

25G P.:LO crl ='-LO(1) +lll (I) .U+SL'CT Ut
DO 2!l 0 t -1 • "EO

280 BYC Ul - 91*'1' (I) • B2*IC (I)
CALL ftLTPLJ(DD,ILD"S'C,P1DD,'EOt
IP(I9D"P.EQ.O) GO TO 290
IP(Nf.!Q.~t GO TO 28S
1~·q1.'!(II!O-) +B2*'C(IIEQ-l)
ELD(NBQ-lt=ELD(IEQ-])+IA·C2

2BS COJ"'IHUE
lA-R1·'E(NEQ-2t+B2·AC(JEO-2)
ELD(II"Q-2'=ELD(IIEQ-2)+AA*C2
11·~1·VE(II!O-1).B2·1C("EO-"

ELD(NEQ-1)2!LD(IEQ-1)+AA*C1
!tD (UO) -0. t)

290 CC''fTI "UE
L20
t~("r.!Q.O) GO TO 292
L=L+1
BAC!Lr·8ACC(~IT,L)

292 1.("Y.£Q.O, GO ~O 29_
L=t.1
BACELJ-B1CC(ICIT"L)

294 I'(N~.EQ.O) GO TO 296
1.=1+ 1
B'C!LZ=Bl~C(NC.T"L)

296 COI!l~nu!

.In=o
DO 330 I-1"IIP.Q"JC
IRD-nD.'
r'(NIO.L!.IDL) GO TO lJO
t,-I-1
1P(11.IO.0) GO '1'0 100



C-20

L-t+ 1
!LO(L)·!LD(L)-I~(:'·8IC!Lr

lOO r'(W'.IQ./)) GO 10 320
L-L+ 1
P.LD(L)-!LD(L)-!N(L).SICILT

320 r~c.z.!Q.n) GO TO ))0
Let+ 1
ZLO(L)-ELDIL'-IR(L)-B1CELZ

no CONTINU!
c
c SOU!
C

r, (MeIT.IQ.I) GO TO 151
I' (KUPD1T.I!.I~PD11) no TO lS2

lS1 C1LL YRII (ST,J8V,IZQ,RBIJD)
152 CO""'UO£

CALL ~ac~IS (SY,ltD, IftI,IIQ,ftBUO)
c
C DIsPt.,Y!L~CIT"ACC!L.

C
DO 1100 1-',18Q
ACC'L~Al.'LD(l)+.'.'!(I)+15-1C(I)
V!LOC:'I(I)tA6·CAC(I,+ACCSL)
Dr~PL·Dl(r)+DT.'!(I'+~1.(2•• IC(I)+lCCIL)
lCU) -ICCP:L
'2 (I) -'!LOC
DfJ (I) .. DJ SPL-DI (I)
01(1) -DI5PL
!LD (I) -D. f)

4/)0 CO".,.IlInr
c
C SlY" DATA POR 88SP0151 SPICY.l CALC.
C

I'(••ODI.LE.O. GO TO '0'
DO ,. 1)8 1." 111001
J·(IODICI)-')·JCt,
A"tST(lIc.~,r).IC(J)+8lCILI
IfCIIT.,g.O) lHJST(ICIT,I•••ODE)-lC(Jt').81CltT

'tOR COlf'UIIDE
1t09 C01lTIlIOI

TIRI-TIIII+OT
c
C C~'P~I "'tIRU" 115POII51
C

J"O
lID!I-]
Y"(I'.II.O' IIDn-,
DO .01 I-1,IIQ,IIDII
l1-r·l.DI'.. '
"al)
JO • Oct I(.r, II
Jal{

fII.. II. 1
I"~8S(Dt(K,).LT.a8S(RNII(J,1.1") GO TO '01
RUI (J.' ,1) -Dl (If'
IUlt (J, 1.2' -'!'UI'0' COITYIOI
I~(A8S(,r(K') .Lr~~8S(.Rlt(J,2.')' GO TO '02
RlUI (.J, 2 ,1) .'1(It,
RIUY.: (J, 2. 2' .TI~!

"~2 COW·IIUI



C-21

ICIII:AC(K)
H' (PI. EQ. I) ACIl-ACIhBACEU
1~(".!O.2._RD.IND!t.P.Q.q) ACR-1Cft+91Clt,
I·r~.!2.).A.D.IIOEr.'Q.4) ACft-ACft+BACELI
Y'" (III. !Q. 2. ~ "D. I 1I0Bl. PO. J) IC"=IC'" BlCIU
r~(ABS(lCR).LT.IBS(Rftlr(J,J,1»)GO TO "0)
RfI'U (J, 3,1) :Aeft
P .. ~ Y(.J, ), 21 : t'I" E

1103 COIITUU!
11011 ':OM'" r MOE
'01 CONTI NUP.:

c
~ PPywT RESPOIIS!
c

KPR""'=Jl:PRII'T'+1
IF (~PRIT.LT.JPBITI GO TO II~O

lit PR itT" (l

r· (MCNT.LT.MSTPITI GO TO 1120
I"(Nf. FoQ.O) GO TO 405
WRI~'(6,20021 TI~E

GO TO 401.
"05 WRITr (6,2000) TIlll
1106 CON"'INUI

JeO
I1D!t~ )
Ir(NT.NE.n) 11011-11
DO "'0 r-l,NEQ,I'DEI
J=J+l
II=I+IWOU-l
I'(HY.IE.n) GO T~ 1111
WRITE (6,2001) J, (DI(K) ,lttI,II), (VI(~) ,It-I,IU, (IC(K) ,kar,n)
GO TO 1&10

1111 VRI~!(6,2008) J,(OI(Kl,I-I,II),(fE(I),I-I,II),(AC(I).lwI,II)
1110 CONTINUE
1&20 CON"'IIfUE

I" (I~PDA"'.!Q••nPDAT) Jl:OrOAT-O
800 COITIIUr.

c
C PRY"T "AI!"Uft RESPONSE
C A!D
C r~TR""E S'T'RP.SSIS IIfD ~TRAI.S

'=
I IIDIX"]
r" (In. 12 .1» 1I01X-1I
.RIT!(6,2I)'1)
1)0 <)6() 1-',11011
J=O
1'(1"orl.rO./I) QO TO 92~

GO TO (<)20,<)21,'22),1
920 ~~rT!(6.201J)

GO TO 9110
921 WRI·!(6,20'S)

G~ TO 9110
922 IRIT!(6,2016)

GO "'() 9'\)
925 Gn TO (930,931,932,91).,1
9]0 WRtT!(6,20n)

en Tn 911 0
CJ] I WRIT! (6. 20' ")

GO "'0 940
9J2 IIIITECfI,201S)
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GO TO 940
CJJ) IfRIT!(6,2016)
940 CONTIIOE

WRI'!'E(6,2017)
DO 9~O I{zI,NlO,rJDII
J"'J+ 1
IlaK
II RIT ! (6, 2016) J,!".l ,. ( II, 1 , 1) , BlUI (I I, 1,2' , RIt AI (II, 2, 1) ,

• Blur :II,2,2) ,RItAI (II, ),1) ".'UI(II,l,2)
9 ';0 CO!ITI If"!
960 COltTIN'l!:

!fBI"'! (6, 20lll,
V"!'i'~ (6,200)
IBIT! (6, 2n20)
IIRI"'''(6,2/)21) (1,(U"'SS(1,J,1),J.',4),1-1,IUIUIP)
J{z 2
t' (IIY. !O.O) GO '1'0 9'70
!(.)

""I"'E (6,20 1If)
nIT ~ (fi, 2020)
If "IT Po (6, 2021) (I, (! XTSS (I, J , 2) , .I'" 1, /I) , t .. 1, • 0"1 P)

9'70 IUTr(fi,2022)
IlRITl ('~" 2023)
IIPI"'!!l,2024) (I,(EI'!'SS(I,J,K),J.',3),I-1,IOPlIl'"
RlTIJRI

2000 'OR"'T (1H11 40R ---------- I!SPOISE 1T TI"E ----- • ,Pl0.SI/
• 2T,1HII,5,,2HD~,11t,2"DZ,1,!,2HDI,111,2eYI,111,2H'Z,11J,2HYI,l'I,
• 2HIl X, 11I , 2HAZ , 11I , 28' I /)

2001 'O!UUT (I3,Qll1.4)
2002 PO~flAT ('"'1 40K ---------- IBS'OIS! AT TIl! ----- ~ ,"0.511

• 2X,1HI,RI,2HDI,8I,2HDY,8I,2HDZ,81,2RDI,8J,2R'I,8X,2a",81,2S'I,
• 9',2H'.,8I,2Hll,8f,2B1Y,8I,2Rll,8I,2RAI I)

200. 'ORflA'!' (1140R ----- rISIT~ S~IISS COIDI'!'IOI ----- I
• )t,7H!LF."F.IIT,~X,9HI'FECtIYB,6r,.HPORE/1I,6HI"R8ER,6I,8H'.ISSU.E"
• '7t,8HPRP.S~OR!II)

2005 'O~"'T (5Y ,15,5I,2£'5••)
2006 PORfllT (/,.58 ----- STRAI'~ AID srlrSSES AT TIR! ----- .. ,"0.511

• 31,7HBLFREIT,10I,6R'OLONE,91.5HSd!lR,10X,9RPLUID 'OL,6t,
• ~"!"I~Iy!,61,5HS8!Aa,10x,_HP~.!/1I,6HIUlaBI,1'f,6.STI111,91,
• 68 STR1IN, II I, 6HCRAIG! ,91, 8HPil!SSUR I, 71, 6 aST.ES5 ,91, 811PIE55011/1)

2007 PO""Af (5T,I5,5~,6!'5.~)

2008 'OR~Af (1~,I3,)("112.2,](lPI10.2)))

2009 WOR~'T (11t4ft ----- STBlIJS .wD SfRISS!S AT Tt"Z ----- -,"0.511
• 1I,7HIL!"!IT,)I,6H'OLURZ,8I,5HSH!~J,8J,5IS"EAI,101,'8'tOlD 'OL,
• 6',9HI"ICTI'Z,61,S8SRB11,10I,5HSHZ11,81,.ftPORl/11,611URa•• ,
• 'X,6HSTR1II,8X,7HS'!'!J. 1,6I,7HSTI'. ,,8I,6HCH1.GI,,91,,8R'.E~SO'I,
• 7Y ,6HSTRISS,7t,6HSTIISS,71,,8HPIISSUIII/)

2010 'ORN1'!'(13,51,8B13.')
2011 FnIPUT(1H'I//_OH ------- P:AIIPltJR RZSPOISE ------- I)
201] FOI"A1(11258 ------ I-OIR~CTIOI ,I)
201. '0!~l~(1125H ------ I-OY.ICTIOR ---- ,I)
20'5 FORMAT(1125ft ------ Z-DIRECTIOI ---- ,/)
2016 !OR"'T(II'5H ------ IATEI fIr
2011 POP~AT(ll,2R ',2',118 ftAI. DISP.,4I,5H TIRI,'I,10H ~ll. VfL.,'I,

• 5" TIPlI,]1,10H "AI. ICC.,lX,5H TIRE/)
2018 FOR"'T(I5,l(11J.t4r10.5))
201. POR"lT(18111150H -------- &ITIIRI STJ!SSIS aiD STllIIS --------

• I)
2020 'ORNATCllll,2R ',21,128 SHz,a S,.5. ~SI,5R TIRE,51,

• 1:!H SHZAR STRIf. ,51,58 TIRI/)
2021 P~PR1T(IS,!1).~."0.~.!1]••,"0.5)
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2022 ·Oft~'T f//50H ------- Er~!CTI'E STRS. ~~D PORE PI!~S. ------
202l ·OR"~T()!,2H 1,21,12~ PORE PRrS. ,lX,5R TI"r.,4I,128 !r~. STIS.. ~

2C2~ 'OP"'T(!5,p.13.~,r10.S,rlJ.4)

FID
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S 'T9R Oil'" IN r !'!A~ r AC (~":'RN, STI S, DEl' SL, ~IC, EflA"'L A, EftA'!'LB, Ell fAR,
• TLIO,T:~f,~F.L?,LL,NC,~FIRST,IV,nU~.p,NYI.C)

(

DT "IE 'ISIO II STP.'f (ll) , STRS (II) , Sit (4,4) , !'U'I'Ll (1) , l"A'I'L8 (1) ,
• .,.rQ(~IMNP,,) ,P'~VAr(''j) ,DP.PSL(4) ,P.I(2,2),
• ~ lo~ fl ( 2 , 21 • ~ V(21

c
c
C ~~!~ ~'TtPr'L PRO~FRTT S~PRC1TI~!

C
1l'Y'=o.
PL~~n!:l .n/Il'~ATL~(21

f!'l-= "'''''A'l'L!' (')
T1LK:f;MA';U (1)
BtK?':!-;"'ATLA (12)
v~rL=E~A7Le(4'*p"
LlF=- .3TR 5 (1)
IIl'('l'LlQ(LL,1) .GT.O."\ PE=?"VAR(10)
t;r. ~ l:' 1'\ V , R ( , 1 ... 10' t:
TLRac=~MATLD(])*P~

Hfl=F.!'IIVAR n'1)
CFP( 1,1) "'GG
C1"P (7,2) =r,c
:!l[l' 1,2) =".0
C~I"(2,1)="'.()

DC~~I1U=DEPt:;L(2)
Dr;'UY=DEPSI. (3)
'l'AIIX =~';RS (;11
U'lf:STRS (])
YlPLD=E!'\VH(2)
T"W-:':'{=F!'IV'dl (l)
T AfTC Y=~ ~"tV AR ( .. )
"'p.rq J( =F~ VP. R (C;,

T A'1 A Y-= r.: l"tV AR (6;
P EO= gl'l VA R (t))
!1BU =r::~VAF (1~)

~2=:V:"VAR (14)
t"(~Il'IRST.P.Q.O) GO TO 1110
IF(TLIQ(LL,l,.GT.O.O) GO TO SO
pp: (H.OHP) /PE
T AflC'~=TA lIC":- pp
T ATIC f=" AlJCT*l?P
fA Fl\ (=TA ,p"'* pp
TAUA f.::TA nu.pp
""UX 2 "'k'IX*PP
TAfJY:1AUY"i'P
p F=P ~+ l)[ LP
TA I,!, 2Sf)RT {T~ OA ~.·U tJ~ UTA ll.U- TllJU) /PI
CALL "lNOPl) (PE, TAUP, P.:LAftIU, E!9, Pr.O)

50 CO!f'!'I~TJE

DT~'=(;G* D('.A'U l'
D~F.TsG(J .OG" 11 AT
IW(TW.Ng.~ GO to 60
TAfJl=TAtJl'+Dl'EI
TJl fJf 2U Uf. DT If
GO TO 600

60 CO".,.INUE
I".NlIRS.... G.,..,) GO TO 90
u: ~T)TE~r* ['n Y + Ofn. DTH
R~-=:S'~RT (RF:)
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l~(qp.r.T.n.l) G~ TO qO
nUA'(=l).10I')01
"'~'J~ Y=/}."
T A~'C"( , O. 0n') 'l 1
"'AoJef:!).O
'I' ,\ wr =DT E~
'I'A'JY=nTW:Y
Y!nO~-1."

TA~P=~QRT(TAUAr·TAU~l.TA01Y·TAUA'J

CALL ~INC~O(PE,!A~P,EL~~DA,E~,P£O)

CAtL PINonA (TA~A~,TA"AY,TA"C"TA~Cf,PP,B8l1,B2)

GO "'0 bOil
90 r:-na.rTHlfJp.

CALL FINDDA (TAUAl,TAnAT,TAUCI,TAUCf,P',SBAA,32,
D~E=~QRT(nTt~·DrEX+D~EY·D"'!r)

T·(YIElD.L~.O.O' GO TO 200
C
t PR~Vtnns ST~P PLaSTIC
c

CALI. ""~r..ll'P ('1'Atl-:X,T\tl-:Y,AL'A)
IN1!"'=1
caLL TRN°R~(TA"'I,~AUAY,TAU~I,TAucr,TTAl,TTA"'L~A,IND£rl

v NY =8lJ AA*T'I' A~

V 1f f= ...... " T
I~nEX=2

CALL T9N-F." (VMM(,V.Mt,O.O,O.J,'NI,"',AL'A,IIDEIJ
~'~VNNX·DTF.X.VN~Y·DTF'

r~(AA.LT.n.~~ GO TO 100
GO "'0 SOl')

100 "O'tT!'1'JE
CALL ~rHDO (TAUAt.TAUAJ,Tt,TJ,TAUCI,TAUCf,Dt't,DTFf,DTE,PE.YIELD,

• R~")

I'P'(~IELO.LT.O.l GO ~o ]00
PLP~R~a(D!F.I-TI+·AUI)/DTll

Dr.A~AX=P~~ART·DG~"AT

DGA .. AT:; t'LP~RT.DG~IU f
T_'l\1'~ ...r
TA"Ar:.;T~

GO "'0 QOI1
c
c PR~VrO"S 5T~P ELASTIC
C

200 r:'O~TnHlE

Tlf;TAll X+O'T'W:I
~Tw,!, ~rJY+ D.... n
CALL CKTLft (TY,TT,TAfICl,Tlucr,PE.l'r,BBll,B2)
I'('f.LT.O.Ol GO ~O 300
C~LL PINOD fTA"Y,TAu"Tr,Ty,TAUA~,Tl"lT,TAUCJ,TA"C"P!,aBAA,82)

TAlJl("'TAU ,,'{
~'IJY="'~I1l\Y

PLPAftT=(T~-TAQAY)/DTf.~

DGA"AX·PLPAR~·D~A~\r

DG_~AY=~LPAqT·OGA~AT

roo TO 400
c
C FLASTIC 5TF.P
C

JOO ~n"'Tt"UE

TA"I=TI
""Uf ="'Y
TI~LD:-1.0



C-26

C
C p~o~ f.Ll~~IC ·0 PLA3!lC
C

4':>0 CONTINUE
I"("'l.TQ(LL,1).G"'.O.O) GO TO 500
T,~p=3QRTrTA"AI·TA~1~+TA"lY·TAOAT"PE

CALL Il'INtllO (PF..~AUP,!LAftDA.EPI,PEO)
c
C PLA5TIC ~TP,P

C
500 ('ONT! 'Ill E

T'JP~SORT(T~nAI.TAUAJ+TAU1'*TAUAf)'Pf

lf1'=1. ')-T ~'JP/F.P1

HH=1fO" P~lIIIfHIIr HH
CUL UEC- (AV,'"'A"AI,'!lUAJ.,.AIJC1,"'AUCt,E2,88AA)
E"i (1,1) =H(2) ."V(2)
E" P. 1) ==-l'.V ('1 *,.V (2)
~'f (1 ,2) =-Ul(2,1)
ll'Mfl, 2) =AV (1).U (1)
ENC:H (1) -n (2)
fNC=-gNC·E~C·GG+HH

FN"=~C;*G;;/ENC
DTAU'=~NC*(FN(1,1)+"H/GGJ'DGAftll+!'(1,2)*DG1"A'J

0'" A'f T" E!t C:. (EM ('l, 1) • t)caPiu + ('" (2,2) • HH/G G) • DG API ~ IJ
on If: SQRT (DT AU,.- D'1' AU"l'+DT AUY.DTA Uf)
IP'{l)~AU. LF. .... LRNC) GO "!'o 520
~St~A"UTAry/TLR~C+1

r· (NS INC. GT. PItT NC) N~INC= In IIfC
DDr.~~~=Dr.~~'r/NSI"C

nDGA~f=DGAPlAY/MSINC

00 ') 1') ... '" 1 , " '''1 !l C
DUrf:{:F.NC* ( u (',1) +UH/GG) *DDGAi'lI.!' (1, 2l-DDGA"')
O"'I,JJY=t:NC· {foil (2, 1) -DDGlIU+ (n (2,2) +HR/GG) -DOGA"')
9T~PC~=O.~*(!N(2,2)·DTAUX-E~(1,2'·DrAUTt

DTAUC'=O.')·(-~N(2,1)*DTAur+EI(1,1)-rTAUt)

T,ry~X:T~".'+DT~U1

T""=TA~A'.OTAU'
rAij~X=-Aucr.D~'UCI

TAryC'=TA~C'·DTAUCY

C~LL 'INDBA(~A~AI,TAUAy,T10CI,!lOC"P!,B81A,e2)

CALL IVeCT(AV,TlnAT.,TA"Af,rlOCI,rlOCl,82,8Bllt
TAUP=~QRT(~AU11·~AU11.TAOlr-TlOA"/P!

MM:l. O-TA ~P./EP!

HHalfO·PE·HH*HH
r. (1,') =H (2) -AT (2)
11:1(2, ,)s-AY(,)-n(2)
EN (1,2) .. n !2, 1)
E"(2,2) =U(1)*U (1)
ENC=AV (1) -J..'i (2)
E~C=E"C·E"C*GG.HH

llfC"GG·GG/PNC
StO CON-1NUE

Gn '1''' 'i JO
520 TAnA JaTA UU+DTAnr

T~~~Y=·A"~Y·DTAUT

T\"C:·:=-TAIJC'h/\. 5· (EI (2,2' .DTAUI-li (1,2) -DTAUT)
n 'try aU 'lCHO. 5- (-Elf (2, 1) .DT~ ",,:+n (1,1) -DIIU I)

53" CONTINUP.
'U ryx aT I UAJ(

TA"Y:TIUA\'
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1_~P=SQRT(~~OX·!AOI+TAU!·~AUr)/P!

C~P(1,ll~rWC·(!'(1,1)+HH/GG)

ClP ( 2, 1) =EMe. EN (2, 1)
'.:'~P{ 1, 2) zClP (2,1)
C~?(2,2)=EIC·(BN(2.2)+RH/GG)

P(TII. FQ.O) GO TO 600
I~fTtIQ(LL,1).GT.O.O) GO TO 561
IVC~AUP.GE.PUL) ~llJP.""IL

ETA= E!IIEL ~"r) A
ELLl=?AUP/~LAftDl

P.LtA:aELLA' €LI A
AA'" 1 • 0 +EP._
"~=f;TA·ET.a.
BB=B B. AA-F.LL A
!nl~SQRT rBq)
8B::1,')+I,a
ll='. 'J/Al
PP=P!O·\A·B~/(1.0+ET~)

pp=oP/PE
I"CPP.G,..1.0) Pp z l.0
TAU" ,,== T~ 'JA"* PP
':'AUAf :"'AUA,.rp
TA"C":::TAOC,.·PP
TA UC Y::TA UCy. PP
TA-n.-=TAO"·PP
TA IIY-=T AU'.PP
I?F.=PP·PE

561 CONTIN'JE
CALL PINDDA (TAUAI,TAUAJ,TAUr.I,T1UCY,P£,B!ll,R2)
YIELD::1.0

600 CONTUryE
!~C·tIO(LL,1) .CT.O.O) GO TO 105
TAUP:aSQRTCTAU1I*T101X.T101Y·T10Af)/P!
IP("'l~P.L·.~AIL) GO TO 790

C
C PO~!-INITYAL LIQUEPACTIOI
~

TtIQ (LL, 1) =TISE
EltfAR (10) aPE
PII:'U RaEUAR (10)
!"'AR('1)='AIL.PE
r.~'~R(12) =w'YL*PE

105 COIITI.UP.
TAU-'!AUI
IWCTLIQ(LL,2) .LE.O.O) GO TO 110
PENEV=-STflS (1)
GO TO 160

710 FK~!!UTLe(5)

O,:,-p,., U (11)
OR=!nAR (12)
I'(Qq.L~.O.O) GO TO 120
!r(Tlu.G~.OR) GO fO 710
PR-PJ.QT·QT/(PlIL*QI)
PEMfj=T10/FAIL+PR*(1.0-flO/QR)
ARz""AtJ/P URi
IW (J. 8S (A B) • Lr. !'UL) GO TO 7 .. ()
Bf;Tl-OT/QR
S''''1 -'AI LI (1.0- !!.SI'U*BITA)
QPaP1IL*BlTA*PR/(BITl+P1IL)
P!J!WalBS(TAU)/'AIL
OT=-O"
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QR-="'~lJ

G" tt) HO
12a If("'AU.LT.QR, GO TO 1~~

PR~-!K·QT·O~/('\IL·QR)

PE1I!EW=- TIn/o AIL .PII* «1.0 -'!llJ/Qi)
AD=': A(J/PEM~ii
I" (A BS ( AB) • ~ E• FA fL) GO TO 140
BETA=-t,.:T/'iR
BETA=~Alt/(1.0-E~·B!Tl·~!Tl)

QP=F U L. JFT AU'R, CDE"A+~AIL)
PPWF.W=AB~(~~U/~'tL)

OT=O"
OR='!' AU
GO TO '740

130 CON'!'I~lJF

P"NEi=Aa~(!AlJ/PAIL)

QB=TAU
1110 CONTINUE

CL'=ll".'TLB(6)
I~(P!NfW.GT.CL) GO TO 1~0

If(fQ~/'AIL) .GT.CL) GO TO 150
H'(TLIQfLJ.,2) .Gt.O.'3) GO TO 1St)
or tIt) (lot, 2) =1'11'1E
prVF:If=CL

150 CONTlMUE
E.V~ 't (11) =QT
rUAR(12)=OR

16('1 CO,,'" IN!J E
ST~S f 1) =-PU!W
GO "'0 ~OO

790 :-ONTIlfU!
ST~S (1) =-PE

800 CO""'INUE
!"'VlR (2) :oTI fLD
e,nu (3) ="'AUCI
tIllYlIRP) =n~C',

E"VAR (5) ='!'AUU
'-YHt (61 a"'AIlAY
E"VAR (9) -PEn
E"VAR (13) aBDU
lftnR (11ft =B2
S'!'RS (2) ='rAur
STffS (J) '"'TAUT
IP' (I I. PO. 0) BLIt!w~.0
1!(M~.EQ.) GO ~o 850
SIt(l,l)=C'P(l,l)
Sit (2,2) -C1P \l (2,2)
5K(J,])aBLK.BL~'

SI( (1, 2) =cr~ ('i, 2)
51( (1,3) =(). f)

SI( ( 2, H =c~ P ( 2, 1)
SP:(2,]) =0.0
5~ fl, 1) ::0.0
Sit (J, '-) =0.1'\
SK (1 ,ct) =0.0
S1!:f2,~) =0.0
SK (II, 2) =0.0
~ll: (3 ,4) z~Lltr

SK{",J) "BU·
S~ (II ,II) =BUP
GO TO 900



Bsn CONT nUB
Sf( f1 , 0.) :: C f P ( 1 , 1)
S~ (2 ,2) ~BLJ(.BLKP
S K(l , 3) • BL f( "
SIt(1,2) =0.0
SIr{1,l).O.O
51( (2, tl ;0.0
~l( (l, 1) =1.1)
'iK(J,2) =RLICP'
SI{ ( 2 , J) :: BL J{ ..

900 (.0"'" nlJE
pET'",nl
I'M!)

C-29
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c
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CUt C1LI:'~ (TAUr.l,TAUCf,ALPl)
CC:CO~ (A L!'A)
!'is==SI ~ (AL""")
,\2~DUB8U

~~(l,l):c~.rr/A2+$5·SS/B2

"~(2,l)=CC·SS/A2-Cc·S5/a2

PI(1,2):~1'l(2,1l

A"(2,2l=S~.SS/A2+cc~ec/B2

"'AX:"'AIJA '(-"',uex
T~ Y: THlA Y- 1"1 I'C r
AV (') : (A" (1, ') • TAX +"It (2, 1) • TAt I .l. a
~, (2) == (A !"I (1 • 2) *'1''' J[ • ~ " (2,2) • n I) • ~ , ')
AJ\ :: AV ( 1) • AV( ') • n (2) • U (1)
AA=~I)R'T' (A'-,)
U (1) =AV (1) I""
AV (2) =AV (2) I""
il F, TIlIl If

END



c
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snBROUTII! CIILD (T~,T'.TCI.TCI,P!;Pt,Bell,8~

CUt CALP~ (TCI,TC'Y, UP'At
TN!)Jo;.= 1
CALL 7RN!'P!lI (TX,"'Y,TCl,TCr,"'U,"'TI,ALrA,rIOII)
AA=BBU
Ff~AA·T"'I·~~X+"Tf·~·r-~a

R'T"~ If
F.II')



c
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CALL CAL'~ (TAUCt,TA~C"UETA.

rr''>f l( ~ 1
CALL TnN~p~ (TAUlY.T101Y,TAUCl,T1UCT,T1I,TAI,8ET1.IIDEIJ
T(aIU= (" AUC I(.~ AfiCr. ·AIJCY.T1UCI.
rr.",,~:5011,. (T(i ..... " /Pl
An=Tr.l~A·(TA'.TAT.P"·P!)

~1=~'J·t'I.T.f·T.,-2.0·p~·TAr·TGa"1.P!·P!

TAL·A:SQRT(CJ·Cr.~.~·TGARA·P£.P!·ABJ-Ct

~'L~~=!1L·~/(;.O.A~1

unu:: 1. 0/ (l."+TAL" l-TGUA)
O'=BHAA·TAX·r~I.~AY·~AY

PETlffltl
"NO



c

C-33

SU8ROUTIN' PIIDB (TAI.Tl'.TBI.TB'.!CI.TCl,Dtl,Dt"OTI,PE,'II~D,

• RBU)

CALL ClL'l (Tct,~CT,lLPl)

I"D!~'" 1
CALL THNfR" (TAI,Tl'.TCI,1Cf,TTAI,'TAr,lLPA,IIDII)
CALL TRNPR~ (DTI,DTt,O.O,O.O,DDTX,DDtr,lLPA,IIDET)
CALL CALPA (DD~r,DDT,,8!TA)

':C-CO~ (e!'!'A.
55-SIll (Dl,.A)
AAaBBAl
DDTF. a l.*TT11*CC+TT1'*5S
DD?~z-(2.0·DDT!)/(lA.CC·CC+SS.S~

I~ ("'S(DDTP.) .Ll.DTE) GO TO 100
DDTP-DTE
II !LD--' .n

10C CONTIIIUI
T~81:TT'I+DD·E·CC

TTQYz'Tl'.DDTr-SS
I'DEt'"1
C~LL ~RHPRK (~~I,TB"TCI,~Cy,TT81,·T!"ALP1,IWDII)

RETORM
nD
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CALL CAL~A (TCI,TCY,ALPA)
IlfOEl[al
CAlL TR ",r'!II (TIX, TI", TC~, 'ICY, nIX ,,"n' , At '1, UDET)
CALL ~RNPP~ (TBl,~E'.TCr,TCY,TTII,TTEf,AL •• ,~.D!I)
c. t.L TR ".'11"1 (UX, 'U r, Tel. 'ICY, TTAX, TTAt ,AL'., IIiDEI)
D=TTf.I-TTTI
O=D-O
U:89U
A:AA.(T~F.·-~·I!)··2.0/D

D~(TT£Y.TTIY·TTtr.TTEY).(TTET-TTlf)/D
C=(·~~Y.~~IY-T~r'·~TE')··2.0/D-8B

C(":Sr;JRT ([1.~-Aeq
TTU= (-B.CC) /A
5:(~r_(-~·IX)/'TTEI[-TTJX)

Ir(S.GT.O.~ GO TO l~D

~"'At=- (".,..t:) /A
S=(TTAY-TTr~)/(TT!T-TTIJ)

100 COlf"'nUE
TT~"=S·(TTFY-TT!T).TTIY

IN l)": t3 2
C"'LL TRH~R" ITH,TAY.T':X,'tCY,TTU,~'T'AY.UPA,UD!I)

RF.TrrR If
UO



c
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S~~~Q"TI"l PIIDPO (PE.T10P.EL1RD1.IR.PtOt

n'a!'VEU"OA
El=TAUP/ELAROl
Elapr*n
ET·ET1·!TA·(1.0.I~t-It
J:;~·'.O-SQRT(!I)

PFO-oE·EJ/(1.0-ltat
US:TURN
UO



c
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SUBROUTIIP TIIPR~ (Af,aT,CI,CT,lll,laT,lLPA.ftl

((-:05 'AL·.~)

-; s= 5 IlC (lL l'l )
GO ~O (10Q,2~~,J

100 CO.TIIUE
AlX-CAX-CI)·CC+(AI-CT)*SS
AAt= - (AX -cor) "5S +(l r-CI) .CC
GO TO 100

200 cnllTlltnE
It=lAt·CC-~lt·~3.Ct

ll·~AX·S~4~~I·CC.CT

300 R!1'TJRN
EffD



c
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srBROOTIME CALFA (I,J,ALP.)

P1=2. O-A("I')S (0.0)
TOL-'.OE-?O
If(~~S(X).G~.~OL) GO ~o 100
ALP'A=PI/2.0
P' (T. L~. 0.0) ALP'A=Ul"A+PI
GO Tr) 400

100 I'(ABS(Y).GT.~OL) GO TO 200
AL·A "0.'
P"(~.LT.O.O) AL~A=PI

1':0 "'J 400
200 'L~~~ATl~('/~)

t1=lr-Y
P"(J(Y.LT.'J.O) GO ~O JOO
I"("-:.GT.~.O) GO TO 4t)O
AL'~=ALl'A+PI

GO TO 400
JOO AL" A= AL P' A+PI

IF rx. C; .... O. r'I) UPAzl\L ~A+PI

400 RF.'l'URN
Elft)



c

c

c
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SO~ROUT11! OUT~ (J'LT~,J'L~SS,J5ET5,I,t,PL,TLIO"UR."LO',

• ISLK, I PrO'!' , lereL , I fJ I)

Dl"!15101 JPLTR(1) ,JPLTSS(1),.1SETS(1),1(1J,f(1J,'L(18LK,I'TOTJ •
• 'l'LIQ(IUII'P.l)

COR"OI/.LfIIG/ "PLOT",'PL~SS,ISETS.HPAP,HPLOT,8'LOT.OPLOT.!PLOT.

• TBID,IPL'I"

WRI!'B (6,2002)
DO 100 I-1,.U81.
'!'Ts""LIO (1.1)
l~(TT.G~.O.O) GO TO '0
IRl'l'K(6,2001' I
GO TO 100

40 T'l"'f'2TLIQ (1.2'
I'('!'~T.GT.D.O) GO TO 50
IRIT!(6,2018) I.TT
GO ""0 100

50 CO"TtIOI
IRrTp.(6,200~) I,TT,TTT

'00 corIIIOI
It-IRLK,-,
1'-IPLOTII+IPLTSS·ISITS
IP(~I.tl.O) GO TO 600
I~ (I'LOTR.IQ.O) GO TO 200
DO 150 I-l,"PLOTR
DO 1110 1-1, IDI,-..,
I ~ (It • 10. 2' G0 'to ,.,
IHI'I'! (6,2005, .1PL'I'1 (I'
GO TO 1112

U 1 n[fl (6,20'5) .1PL't8 (I'
"2 III'!'1 (6,2(;0') ••L(J,lI),.1-1,1'I')
'"0 COITI"OI

DO ".7 1-1 t IDI
1-1+'
I' (tc .IQ. 2) GO TO UJ
IRIT! (6,2006) JPL,.!(I)
GO TO ~••'"3 IIIT!(6,20'6J .1Ptrl(T)

"II III'!'! (6,200') (PL (.1,1) ,.1-' .. IT)
'" CO''I'I''OI

DO U8 I-','Dt
1-1+1
1'(1.10.2' GO TO "5
VRITI (6,2001) .1'LTR(l)
GO TO ",

1115 VIITI(6,2011) J'LTI (I)
1II6IRI'!'! (6,200') ('L(J,I),.1-l .. ITJ
"8 COITIIIUI
150 COITIIO!
200 cannUI

I' (IPLTSS.IO.O) GO TO 1100
DO 150 I-l,IPtTSS....,
181'1'1 (6,20'0) JPLTSS(I)
18I'!" (6,2001) (pt (J,Il."-',',!,)"·11.1
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,Pl0.4,

,Pl0.4,18H LIQur,.

SHEAR STRAII TIftE HIS~OBJ FOB ELI" 10 ,I' /)
SHEAR STRESS TIRE HISTORY POI ILER 10 ,I' /)
PORE PBESSURE ·1"' HISTORY POI EL!" IO,I~ /)
ACC!L~RATIO' TI~! HISTORY POB NOD! WO .14,

!L. 10. /)11108

un! (6,20 rjc) JPLTSS(It
WRI'!'! (6,200 1} (PL (J ,I) ,.1=1, NT)

)50 CO":'t!fIJZ
400 r:01lfTIlfU!

IP (NSlTS.EQ.O) GO TO 500
DO ~50 I a 1,NSETS
1=:''''
IfRITE (6,2012) JSE'1'S(I)
VI'YT1o: (6,:'!001) (PL(J,W),J:1,WT)

1150 COIfTUI(J!
soo CO..... IIIIJE

C'tL PLTl~5(PL,JPLTft,JPLTSS,JSETS,l",W8LK,WCtCL,LU.,NDI)

600 R~TURII

2001 lI'ORIII~'" (10E12.1I)
2002 'O~"~T (1130H ELEftP.MT LIQUET1CTIOW DATA
2003 WOR~AT (11,IS,SI,20K MO L~QU!PAC1IOM )
20011 ~O~"AT()!,I5,5X,26H IIITIAL tIQUEP. AT TI"! •

• A':' "'ritE::: ,F10.4)
2005 POP"lT (II 458 ----- lCCELlPATIOI TIlt! HISTORI rOB lODE 10 ,Iq,

• ,2H I-DIREC1IOM I)
2006 pnR~~T (// 45H --------- 'ZL~CITY TlltE HISTORY FOR MOD! '0 ,Iq,

• 128 X-DIRECTION I)
2001 POR~~T (II 458 ----- CYSPL1CE"E'T !IlIIl HISTORY POR MOD! '0 ,14,

• 128 r-DtaECTIOI /)
2009 POR"AT (/1 458
2010 PORIII1T (// IISH ----
2012 ~ORltAT (/1 115H ----
2015 !ORIIIAT (/1 'SH -----

• 128 !-DIlteTIO! I)
2016 lI'OR!AT (// 1158 --------- 'ELOCI~f TIltE HISTORY POP lODE NO .111,

• 12K Y-DIRECTION I)
2011 '01"1T (/1 4SH ----- DISPLACE8!IT TIltE H[STORI POR IODt 80 ,14,

• 12R Y-DIPECTIOW I~
2018 POR~AT(1I,I5,5I,26H IWlrIAL LIQUEP. AT TIftE =

• 18" MO 'InL LIQFJ!l'. )
Eln



C

c

C

C
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SOPRODTIIF SA'I (JPLTft• .1PL~SS • .1SITS.PL.lC.'I.DI.STI'.
• STRS.IO!RP.'BLK.TIR!.'PTot,LO.,8A~ILI ••aC~Lt,BaCEL~.IDI,.e)

DIM!ISIO! .1PLT!(1) ,JPLTSS(1),JSEt$('),P1CIBLI,
• .".O~) .AC(" ,'1(1) .DI(l) ,5"'IC',1) ,9TIS(",1)

CO""OI/PLTIMG/ IPLOTft,IPLTSS,IS!TS,RPAP,HPLOt,BPLOT,D'Lor.fIID
• .IPLPIT
CO"~OI/DIR!CT/Rt,J'.'Z

DAn IR/OI

I~ (IB.L!.MBLK) GO ~O 600
IR-O
iBl'l'E (LOll) PL
lI .. tfPTOT. "~LI(
CALL SZIRO (PL,.)

600 COIf~t'(J!

IC'"
IB-IB+'
'L (I R, IC) zTI "I
IP (lIPLOTft.L!10) GO TO '20
DO 100 Na'.~PLOT"

JL-J'LTII (I)
.'t-(.1L-l) .,e.'
IC=IC.'
Pt(IR.IC)-~C(JL).11CILI

YC..t~.,
PL (I I. IC) =H (.1L)
IC-Ie.,
PL(U,IC) -DI (.1L)
1-'
IP(~f.!Q.O) GO TO sn
XC-Ie.,
PL(lJ,IC)-lC(JL+I)+BACILI
le-IC+ ,
PL(II.IC)·'!(JL+I)
IC-IC+1
'L(II.IC)=DI(JL+I)I-r·,

SO cn"TI"UI
IPCII.'Q.O) GO ~ 100
IC~IC.'

'L(II.IC)-lCCJL+I) +SICILZ
ICzIC+'
PL(IR,IC)·YI(JL+I)
IC-IC.'
PL(IR.rC)-DI(JL+tl

'00 CO!rUIOI
121') COr!'llItJl

11' (J'tT55.LI.0) GO TO 320
PO JOO I.',I'LTSS
JL=JPLTSS (I)
ICaIC+ 1
PL(II,IC)-STIS(2,JL)
IC-XC.'
PLCII,IC)=StIJC2.JL)
IPClt.IQ.O) GO ?O 300
re=rc+ ,
PL~I.,IC)·~T.S(),JLt
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IC=IC+'
PL(II,IC)ftS!RI(3,JL)

100 COITII~!

]20 CO""'IMO!
IP (MS!TS.L!.O) GO TO ~~O

DO It?" •• ', ISETS
JL-JS!'!'S (111)
PIO=~L(JL,.PTOT-"

SIG-PL (JL, IP'!'O'!)
IC-YC+'
PL(IR,IC)=(STRS(~.JL)-PIO)/SIG

.. 00 COMTI""!
"20 COWTIIU!

RZ"'URI
lifO



C

C
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SUB~OUTII~ PLTL1S(PL,JPLTI,JPLT5S,JSIfS,I,J,18LI,ICfCL.LUI,IDI,

CO"ROI/PLTIIGI IPLOTR,IPLTSS,IStTS,BP1P,H.LOt,8.LOT,DPLOT,IPLOT,
• 1'Z'D,' PLl'"
CO~"OW/DIB!Ctl JX,'T"Z

DI"l"SIO' PL C"BU. 1) , J PU'!t (1) "JPt!SS (1) ,JSnS( 1)
l>IR!!fSIOlf r(l) ,T(1) ,D!llI(3) ,SC1C6,2)

C
C SClL! DIT!~"I'lTIO' POB THB ftOTI~' OI1GI1"S
C

CALL LOlDIY(I,f,1,0,PL t J8LI,'CTCL,LOI)
DO 100 I E 1,ICICL
t1' (! (I) • GT. T!lU) GO TO 216
1 2 1

100 conIlUE
GO '!'o 2S

2. tfCYCL-1
25 COIITIIUE

SCC-TE.D/S'Lor
1LM-'}
1~('PLOT! •• r.O) GO ~o 23
CALL 'LOTCO.0,8P1P,-3)
GO '!'o 200

2) CO.TH'U!
DO 1 I-z1,3

1 DRll(I)--9999.

'-1
DO 2 I-I, I.LOTII
DO 2 J-1, J....,
CALL LOIOIT(I,r,',O,PL,IIBLI.ICTCL.LD.)
TPlAT_·9999.
IfllI··9999.
DO 1 It-" lfCfCL
I'(I(I,.GT.IR1I) 1"11-1(1)

] IP'(I(I).L'f.. IIIII) lilli-UK)
Ol-rllll
1'(189 (IRI') .GT.DI) DI-18S('ftII)
IP(Dr.LI.OII1!(J») GO TO 2
our (J) -DI

2 contlDI
DO ,. [a1,3

"cUL 5C1L(DIIlI(I),BPLO'.SC1(1.11,SC1(1.~)

c
C PLOTTI10 OP Tal ROTIOI DI1.llIS
C

8G1P-CRP1P-SPLO,.1) I'.
CALL 'LOT(0.0,8Pl',-])
HTIT-BGA P/J.

'-1
C

DO S 1-1, .PLot'!!
DO 50 III-',IDI
caLL PLOT(1.0,O.o,-)
"·-(2./1.).8G&'
CALL ~TRaol(O.D.ff,8TI!,8RIODI I. ,0.0,8)
CaLL JDI811 (0.0,0. O,-Ift'I~,rLOl!(JPLTI (I» ,0.0,-1)
IP(111.IO.2) GO !O 110
CALL Sf!BOL(0.0.0.O,-RrIT,7B I-OIl. ,0.0,1)



C-43

...0 "'0 120
110 e~Lt S'ReOL(0.~,O.0,-wrI~,1H 1-DIR. ,0.0,1)
12() COM~ 1M UP.

IL"zJL".'
c

DO 11) Ja 1, J
"y_. (HGAP.HPLO'r)
CALL P10T(O.O,YY,-3)
IIzM.'
C'LL LOADJY(r,f,l,.,PL,WeL~,"CY~L,L"~

r (!CfCL+".".O
~ ~"CfCL.2) "SCC
"(NCTCL. 1, =~CA (J, 1)
,("efCL.?') :SCJ. (J, 2,
CALL AII5(n.o,o.o,108Tlftl (5IC),-10,BPLOT,O.O,0.O,SCC)
GO '!'O f6,1 ,9) ,J

:t CALL UISfO.O,O.O,f&hlCC.,Q,HPLOT,9().,SC1(J"),SCA(J,l»)
GO "'0 ,

1 CALL A~IS(O.O,o.0,.n'!L.,4,HPLO~,90.,SCAtJ,1),SCI(J,2))
GO '1'0 I)

A CALL ~IIS(O.O,O.O,6HDtSPL.,6,HPLOT,90.,SCA(J,1"SCA(J,2»

9 CALL PLO'l'(0.0,8PL01,3)
CALL PLO!(BPLOT,HPLOT,~

C~LL PLOT(ePLOT,0.O,2)
tT-RPLOT/2.
CALL PLOT(BPLO'l',tr,J)
CALL PLOT(0.0,fl,2)

10 CALL LIIE(I,I,ICtCL,l,O,O)

T'f-RPAP-KGAP
CALL PLOT(BPLOT,rr,-J)

50 t:'C'''TltfOB
C
C PLO"'Tl.G ROTIOI IMT~RACTIO' DllaiARS
C

I~("f.!Q.O) GO TO 60
P"O~B- (HP1P-DPLOT) 12. O+DPI.OT
DO 55 II 1-1 , 1
CALL PI.OT(2.0,-PRO'Z,-])
":1'+111-3
12-'.IU-6
CALL LOADIJ(I,r,12,",PL,18LI,ICYCL,LOI)
I (Itt'YCL+" -SCA (III ,1)
SCI' (III, 2). (SCA (II 1,2) /DPLOT) -HPI.OT
1(~~YCL+2)·SCa(III,2)

r (KetCL. n -s CA (III, 1)
, ("CICL. 2) a!iCl (III, 2)
GO TO (51,5l,5J),111

51 CALL AI15(0.0,0.0,10H ACC. (I) , 10,DPI.OT,0.O,SCA (111,1',
• SC 1 (1I I , 2) ,

CALL AI15(0.0,0.0,108 ACC. (n ,-10,DPLOT,CJO.O,SCA(IlI,,),
- SC~ (III, 2)'

GO TO 54
52 CUL UISIO.O,O.O,10ft fEL. (X) ,10,DPLOT.O.O.SC1(III,1),

• SCltII1, 2))
CALL IIIS(0.0,0.O,10H fEL. (n ,-10,DPLO',90.0,SCA(lII.1),

• St:'A (III ,2))
GO TO 54

53 CALL UIS(O.O,O.O,10R DISP. (I) ,10.DPLOT,C.O,SC1(III.1',
• SCl(III,2)'

CALL AIIS (0. 0.0. 0, 10B DISP, (I) ,-10,DPI.O'. 90.0, SCA (III, 1) ,
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.5Cl(III,2»
5&1 corIlfO!

('UL PLDT(O. O,D'LOT, l)
CALL PLOT(DPLOT,DPLOT,Z)
CALL PLO!(OPLO~,O.O,2)

II-OPLO"/2.0
C~LL PLO"(OPLOT,II,])
C\LL PLO!(O.O,rt,2)
CALL PLO!(II,OPLO",J)
CALL '?LO"! (If, 0./),2)
CALL LI'I("T,ICrCL~l,o,O)

C~Lt PLO!(OPLOT,PNO'Z,-)
55 CO"!I"UI
60 COITIIU!

IRY·!(6,2000) JPL!ft(I'
5 ConlllOI

200 COI"UUI
c
r sc,t! OBTJlJRNIIATIOI POR THI STRESS AID STilI. DIIO.IRS
C

c

c

I~(~PLTSS.!Q.O) GO TO .00
IIP-'PLTSS
I~('I.GT.O) 'P-'~.2
1-'+IIPL01R-.DI-3

13 DRAY (1)--9999.
D'UI (2) --'999.
DO 12 1-1, IF
•••• 2
C~LL L01DII(I,r,I-1,',PL,IBLK,lcrCL.LUI)
Xl'U--9999.
IRn-9999.'''U-- 9999.
TRIJ-CJ999~

Dn " J-l,lCtCL
I'(I(J) .aT.lIlI) 1R11r-rCJ)
I~(Y(J).G!.TftAI) TRII-Y(J)
I~(t(J) • LT. (1111) IRII.I(J)

11 IF(T(J).L!.lftll) TRII-I(J)
D~..tlllAI
I~(A8S(rIII).GT.Dr) DI-ASS(INII)
IP(D!.GT.DR11(1» ONAI(l)-DI
Dr-fRAI
I~(.B9(rRtlt.GT.DI) DI-l89('"II)
IP(DI.GT.DN11(2» D811(2)-01

12 corrIlUI

CALL SC1L(DR11(1),HPtOT,SC1(6,1),SCIC6,Z')
CAlL SCIL (011 AI (2) , 9Ptor, SCA ~s ,1). SCI (5,2) )
CILL SCIL(DNIX(1),D'LOf,SC1",1),SCa(',2))
CALL SCAL(DR11(Z),D.tO",SCAC1,1),SC1(l,Z»)

'00 COI'nICE
c
C PLOT"IIG 0' Til srllSS liD S"RIII DlaOllRS
c

NAIS-O
01'-0
IP(IPLTSS.IQ.G) GO "0 500
DO 16 t-1,IPLTSS

16 t~fJ'L~SS(I} .Gt.lal') IlIP-JPLTSS(I)
500 I~('!ITS.WO.O, GO TO 600
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00 17 t a 1.ISlTS
1'7 1" (J S!TSCI) • G'! • ItA X5) "AlS=JS!TS (I)

600 I'(~~rS.!O.O.AWD."AXP<!O.O)GO '1'0 102
1=0

C
18 1=1+ 1

[r(I.GT.~AXS.AND.I.GT.ftAIP) GO TO 102
~'PsO

_, S;"
p' (NS !"'S. EO. 0) GO TO 800
DO 19 J"" " tlS!TS
J" (Jc;!TS (J) .I!. I) GO TO 19
JS;JS!TS(J)
GO '!'() ~DO

19 COl'TUU!
801) U'(IIPLTSS.!Q .. O) GO TO 900

DO 2n K-1,IPLTSS
Il'(JPLTSS(K) .IIE.I' GO TO 20
K~"JPL,.Se;(K)

GO TO 900
20 CO 1fT tlU!

900 1"(~P.!Q.O.A.D.JS.r.Q.O) GO TO 18
C

C

ILN: ru+ 1
II" (KP. !O. 0) GO TC' 101
CALL PtOT(1.0,O.O,-J)
HGAP~(HPIP-RPLOT·2.)/J.

HTIT-KGAP/l.
fT:- 2•• 8Tl'"
~lLL STftBOL(O.O,tY,HTlt,9N!LIR. I. ,0.0,9)
01=1'L01T (I{P)
C~tt tlUftBrR(O.O,O.O,-HTIT,DI,O.O.-l)

R=IPLOT"-tlDI·]+K·2
ltJT'"
I"CMf.n.o, Rs ft+(K-"-2
1"(1". 'E.O) 'J".JJ~+l

DO J 0 "LJ= 1, "JTPI:". (lfLJ-1)-2".....
DO 21 L.',2
CALL PLOTC1.0,0.0.-1)
HG\P"'(HPAP-HPLOT-2.)/1.
IT"- (8GAP+8PLO'I')
CALf P10T(0.0,'Y,-1)
II.. I+L- 1
CALL L01DIJ(I.t,1.N,PL,IBLK,lcrCL,LOR)
T (tIC,eL+ 1) -SCA (6-L+ 1,1)
r (IfCrCL+2) =SCA(6-L+',2'
X(lfC Ie L+ 1) :t 0 • 0
r (ICtCL. 2' RSCC
CAU 1115(0.0,0.0,1081'1111 (SIC) ,-1/),BPLOT,O.O,O.O,scC)
I1'(L.IQ.1) CALL &IIS(0.0,0.O,10858. STRISS,10,ft'LOT,90.,SC1(6.".

• SCA(6,2))
I1'(L.!O.2) CiLt &tlS(0.0,0.O,108SB. STBlII,10,HPLOT,90.,SC1(5.11.

• SC A(S, 2»
CALl PLO'l(O.O,HI.I'LOT,3'
C1LL PLOT(BPLOT,HPLOT.2)
CAtL PLO~(BPLO!.0.O,2)

"s1tPLOT/2.
CALL PLOT(BPLOT,YT,l,
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CALL PLO'(0.0,f',2'
21 CILL LIIE(W,r,ICfCL",O,O'

Tr-RGI'
RGAP-(P.PAP-OPLOT./2.
n-HG1'-"
CALL PLO~(BPLOT."ff,-3',-"
rlLL LOAOII(I,f,I.1,l r 'L,18LK,ICTCL,LOI,
1(ICfCL+1)-SCA(],1l
t (ICyt:L+ 2) -SCI (1,2)
I(ICYCL+1)-SCA (', 1)
y (IIC'CL+2l -SCA (',2'
CALL AIIS(0.O,0.O,10HSH. STIAII ,-10,DPLOT,0.,SCAll," ,SCA(l,Z))
~ALL ~1IS(O.0,0.O,10HS". STRISS,10,DPLOT,.0.,SClC',1),SCIC_.2,)
C1LL PLOT(o.n,DPLOT,J)
CALL 'LO!(DPLOT.OPLOT,~

CILL PLOT(O'LOT,0.O~2)

"-DPLO'l'/2.
C'LL PLOT(DPLOT,lr,3)
CALL PLOT(0.0.11.2)
Cl LL PLO'l' (ff , OPLO'l', 3)
CALL PLOT('f,0.0,2)
CALL LIII(I,I.ICICL,1,0,0'
ty-HPI'-KGlP
CALL PLOT(D'LOT,fl,-J)

]0 con nlll
I'(~T.IQ.O)GO TO 1S0
CUL'LOT(1.0,-r',-1)
.·"-2
CALL LOAOII (l,f,.,'.2,PL,'8LI,ICICL,LD~

1(lCfCL+1)-SCAC',')
l (IICtCL+ 2) -SCA (II, l)
'( ICICL+ 1) -SCA (It, 1)
'(1CICL+Z) -SCA C', 2)
CAU AIIS (0.1J,().0,1nSH. ST.S. 1,-l1,DI'LOT,O.,SCA(_,1),SCI(',2))
~lLt AilS (0.0,0.0,1'8'8. ST'S. I,1',D'LOT,'0.,5C1(_,1),SC&(',2))
CALL PLOT (tI.O,OPLOf,))
CALL PLOT (O'LOT,DPLOT.2)
caLL PLOT (D'LOT,O.0,2)
"-DPLOT/2.
caLL PLOT (OPLOT,II,3)
caLL PLOT (0.0,'1,2,
CALL PLOT (I',OPLO',l)
c.aLL PLOt C",0.0,2)
CALL LII. (X,',JerCL,1,0,0)
n-R'I'-HGA'
caLL PLOT (OPLOT,rl,-])

150 COlTt'OI
I'(JS.IQ.O) IIITI(f;,lOOO) IP

101 n(Js.IO.O) GO TO 18
caLL PLOT('.O,O.O,-l)
HGap-(8,ap-E'LOT) 12.
1'(1'.11.0) GO !O JOO
8TIT-RGlP/l.
Ifa- 2••1'1,.
CALL Sf IIOL (0. 0, 'r, ITIT, 'laLll. I. ,0.0,')
Ol-PLOAT (JS)
C1LL IUI8!1(0.0,O.0.-IrI!,DI,0.0,-1)

300 If-· CRG1P+BPLO'P)
CALL ~LOT(O.O,fl,-J'
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DX"'./EPLOT
CALL UIS(I). 0,0.11, 'OHTYIU (SECl ,-10.BPLOT.O.O,O.O,~=C)
CALL AKIS(O.O,O.O,12H PORI PRESS. ,12,EPL01,90.,O.O,DI)
ot!. PLOT(J.O,!P!.OT,l)
CALL PLOT(BPLOT,tPLQT,2)
CALL PLOT(BP~~~,O.O,2)

N~NPL~T"·MDr·J+'PLTSS·2+J·2

P'("',.GT.O) II.'+"PL'!'SS.2
~'tL LOAD·,(~,Y,l,",Pt,NBLK,IC'CL,Ln'J

Y (PIC TCL+" ='l. 0
yrMCYCL+21 ::01
., ("reYCL+ " .. 1).0
~ (NC YCL+2, =c:;cc
~-LL LINE(Y.Y,N~YCL",O,O)

Y'''HPAP-HGAP
C~tL PLO~(DPLO·,'T,-])

WRITl(b, lOOO) JS
GO ... 0 , fJ

'02 \lRTP(b,'OOO) ILN
Yf =- Ii P " P +I} • 2
:ALL PLO~(O.O.YY,-)l

PJo.:"'IJR'(

1001) ·OR~AT(I/.I5,25R SETS 0' PLOYS CORPL!T!D )
2000 ·OP~AT(/,20" PLOTS '01 NODI 10. ,I4,10K CO"PLETED
lOOO pnR~AT(/,7.0H PLOTS paR ELl" 10. ,14,10R COftPLETFD

P:lfn
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3ijBPOOT!NF LOADXt(I",ll,I"PL,NBLK,NCYCL,LU~

O!"IF'NSION X(l) ,Y(1) ,PL(NBLK,l)

N6=NCI'CL/NRU
·P'(If'-.LT.l) N"I=l
l~'NCYCL.LE.NBLK) GO TO 4
P!'WIIfO LUN

4 N= -If BLK
DC 1 I=l,MQ
N=N+MBLK
rJPr~CYCL.G:.NULK) PE~O(LUlf) PL
!F (B. EO. 0\ GO TO 1
DO 2.J=1,!HlLI<

;; T(J+1II)::PLr.1,IXI
1 P'(IT. EQ.O\ GO TO

DO 6 ,)=1,NBLK
( Y{.'+N):..PL(.l,IY)
1 CO!f'T"INUE

I!' (W~YCL.LF.""LK) R~T'JR'f

Rnp(LUN) PL
N=Ng*NBLK
'1D:~CYCL-ff

N= ~+ 1
p' {T X. fQ. r'l) GO TO 8
no 1 J=l,NB

--; X rN+J) :PL(J,JI)
f' 1I'(IY. [Q.O) RETURN

DO q J::l,NB
q T(N+J)=PLP,IY)

RF""JRN
!·ID
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c

c

c

DPIF-NSlOI Rl (89,IDV), 12 (89,110') ,11 (89,10') ,"(1) ,flee (1),
~ ow (10) ,Ifft(lO) ,SOISPPO) ,S'P(10) ,Slee('O) ,51(10) ,!U'UI(10)

CO'~ON/SPfC/DV(10),IODE(10),IIODI,IIS,IISP
CO~~ON/'LVLI VTABLE,GRAY

DI~~ DW(1)/.Ol/,OW(2)/.02/,OV(J)/.JQ/,OW(4)/.05/,DV(5)/.l/,
• CV(6)/.2/.DM(1)/.4/,DV(8)/.5/,DM(9)/1.0/,DI(10)/2.0/

UATA N'(lI/11/,!~(2)/l0/,'ft(3)/5/,'"(4)/8/,N"(5J/l0/,

• N~(6)/101,""(1)/S/,I"(8)/8/,NR(9)/10/,I"(10)/101
e
C THIS SUBROUTINE C~"PJT!S RISPOISB SPECTRA BY
C S[!!PSOI'S RULl POB PlRIODS ., '!'o 160.0 SECOIDS
C
C
C
C SORT THE GIYEI DA"PING VALOES IN IICRlASI1IG OBDE~

C
!F(NDY.IO.l) GO"'O 101
IlfOV;IfD'-l
no lllO Ill:=l,INOY
! PsI It+ 1
DO '(}O IJ=IP,I:>'
r'(D'fIK).LI.D'(IJ» GO TO 'DO
TD'=D' (lit)
D' (I K) =D' fIJ)
Dff'Ll) =TO'

100 COITUUI
'" eOI'!'I!lUI

C
C COftPU"'! SPEC~IAL ,aLcrlS
C

DO 16 ~ f( =" InOD!
nOD~'ODE(It)
VRITI(6,2002) 'ODE(~)

WRIT! (6, 2(01)
U'" (K-1) .IP+'

DO 159 '''', RHD
PlUO=O.OC)
I"D-O
I!(II.IQ.1) '.ITI(6,2006)
IP'(ln.EO.2) IRI'!'!(6,2M1)
I·(~M.~O.2) KK-KK+I.ODZ.IP
KL=KK+IfP-l
KP'=KK+1
no 150 L·.. 1,10,,= 11" (L)
DO 150 LOOP=1,"
IlIo-tllD+ 1
PlRIO-P!IIO+DI (Lt
.-6. 281185)/PI110
DO '160 "-l,ID'
s,p (J) ,.o.n
'!'In-o.O
!~pp:zp;rp(D'(J) -'-DT)
AflfJL T=,. 0/ (lIPP.! IPPJ
9Imt'!'~•• a/upp
W=S~.T(1-DV(J).D'(J)J.1
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If"'-'!' I " ..-I
snw~51 R(tIT)
COCiV'l' ""CO 5 (I'!')
lCCLsACC (~!l:)

~ "=COSIf'!'''ACCL
B 1hSI"''l'*ACCL
U."O. I)
!\R-f'l.O
oDT:: DT/ J • 0
!"pp=O.O
on 1]0 ~s~'.KL.2

A21=UU"
A11::UIOL""A21
621""88·811
B""I"ULT"821
SV:(lA"SIJIT-BB*COS'T)*DDT
S""~BS (S')
I" (sn .GT. S'P~) sn-p-svv
"'I"r.=TIPI!+D'!'
WT-II"TIIH
ACCl=ACC (N)
~12~COS(WT)·A~CL

A12=A12*BPlULT
~12=SIN(V'!')·ACCL

8lla B12" BPlflLT
"'Y'n:",'rIlI!+DT
lor-""TI !'I!
SIIWT-S1 J ("T)
~O~¥"'·COSeV"')
ACCL-ACC (",)
A1 '=COSIIT"ACCL
d1 "I:SINlT"ACCL
AA-A'llU32+Al1
Rfl-A 11+B ) 2 • 8 1 1

13 0 COlT nUl
SYP (J) -S'PP
SAr.r(J)-SYP(J).V/Gal'
SDl~P(JJ:S'PCJ)/Vp, (I l'D,J) -SDISP (.1)
R2 (IIO,J) =SVP (J)
R ~ (IIID,J) "SAce (.1)
R,. (1110) - P~RIO

"0 COlf"'ltfOE
~RIT!(~, 20:) 1t PIRIO. (Dt (J) , SOl SP (J) • sn (J) • S ICC (J) , Ja, , WD')

150 COITUUl
c
C CO"PDTE SP!CTIU" IIITBIS1TIIS
C

00 155 J=1,ND'
51 (.f) -0. 0
DO 155 IH"'·',~6

I 1-I"T
51 (J): (12(I1,J) +R2(U+1,J))/2"(BlICII+l) -1'(11» +51 (J)

15') COlfTllHJE
c
c
C I'YlfD I'IlI1"01llS or SP!CT~lL fiLliES
C

DO 156 1 2 1,IDY
sa""ql) =0.0
00 156 lIa l,IND



C-51

IS~ Il'(O](IlJ,lt).GT.SAflATO'») SAfU't(II)-U(ft,N)
WRITt' (6,21)05) (DY (J) , SIU t (.1) ,Jz l, lOY)
IIPY"'E(6,20t)J) (D'(J) .SIC.1) ,J-l,ID')
r"(IQSP.Ll.O) GO TO 159

c
C PLOT P!SPOIISP SPF.~TR~ I~ REQUESTED
c

CALL PLOR£S(NNJO,IND,Rl,a2,Bl,a',IDY)
159 ,:"nlqT!lfn!':
1(1) COlf'l'INU!

Rl"'ORIf
2000 fllOR'HT(27'-,lll1 D~"P. IAT.,n.l1K SPEC. DIS.,9Y,l1H :iPIC. 'EL.,10l,

• 2f)H SPlC. Ace. (/GUY.) )
2001 ·0~~ATC8H PEPIOD~,l'8.S/(271,~10.5.)r.)(!15.6,5T»)

lOOl ·OR"AT(J7t,J1H ••• MP.SPOMSP. SPECTRA or IIOD! 1I.,15,4H •••11)
200] POR"~!(II,lSH • R!SPON~R SPECTRU,. I~~EIISITlrs • ,/61,1'" D~"P. RA

*T. ,5 T , 11" SPEC. II1T./(41,"0.5,)(,[15.6)1
20)5 POlllU'!'(ll1n DUP. RAT.,51,25K lUX. SPE':. AccnUA'!'TOII /(lI,"~O.5,

• QT,!IS.f;)
2~~~ ~ORftAT(If)X,15H r-orBECTIOI II)
20~1 "OR~~T(I~~,~58 T-DIRECTrolf 1/)

P.M!')
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S~~ROUTINP PLORES(IIOD.IID.&1.R2.Rl.R4.ID',

or/!!IHOIi 81 (ell.l' ,12 (89.1'. BJ (89,1, ,RII( "

C~LL SYI!BnL(1.0,8.J,0.5,16RRESPOISE SPECTRA ,0.0.16'
C~LL SY~BOl(1.0,1.].O.5.7HIOD!1.,0.0,7)
('ALL .!lO"BER(lt.5,7.3.0.5.PLOU'(RJOD) ,0.0,-1)
R 1!UX=O. i'l
1I2P1AX-,.,'l.O
B3..1X=0.0
00 100 K=',IRD
TV(", (It,,, .GT.F1P1'X) B1I'lll-Bl (K,lt
IF(Rl(K, " .GT.P2P1AI) 1I2Ulz It2(K,1)
IV (!I J (It, 1) • GT. R1"1AI) 8)"11-83 (11:,1)

100 :l1'iTItP1E
I ~ 1=~ 1 IIU1* 1 .0 S
!S2=R21'IAX*1.05
151=R]IUt·l.,-0
VI '4C 1:1 S 1/,..1)
TIMC2=IS2l4. "
YINC'l=IS3l4.0
DO 3S0 J z l,NDV
It 1 (TNO+l.J) =0.0
P1(IlfD+2,.l)-nRCl
R2(IMD+'.J):O.O
R2(I.O+2,J)-Y1R(,2
B3(TMD+l,J)=().O
PJ(IMD+2,J)=YINC3

35(\ CONTINU!
R4 (110+')=0.0
P'-(I"D+2) =1.
DO 41)0 LOOP=1,1
C\LL PLO 'I' ( 1• 0 , 2• 3. - 3,
CALL lXIS(O.O,O.O.12HP!IIOO (Ste, ,-12,5.0,0.0,0.0,1.0)
If(LOOP.EQ.1, CALL AIIS(O.0.O.O,11HSPEC. DISP•• 1" ... 0.90•• 0.0,

• TI IfC "
IP(LOOP.EQ.2, CALL AIIS(O.O,0.O,11HSPEC. YEL. ,', .... 0.90.,0.0,

• n "C2'
l'(LOOP.lQ.], CALL AIIS(O.O,O.O.llHSPEC. ACC. ,11,".0,90.,0.0,

• YI MC3,
CALL PLOT{O.O, •• o,J'
CALL PLOT(5.0.~.O,2)

C~LL PLOT(S.O~O.O,2)

00 375 Ja,,1I0'
It' (LOOP. EQ.l) CUL LIIZ(II&,Bl (1,J) ,55,1,0,0)
t1'(LOOP.IQ.2) CALL LII!(U,R2(1,J) ,55,1,0,0'
l!(LOOP.lQ.l' CALL LIIZ(B4.13(1,J, ,55,1.0,0)

315 C'O"TINUI
CALL PLOT(5.0,-2.l,-J)

liDO COII~I1UE

UTOR"
Elfn
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SUBRonTIW! ~ATA8 (A~,Bft,IDB".S!L.!BITL,!L!'T,ftIT.OR,lVTBL,'Uft.

D1"£lIS1011 A".IO', 1) ,BRCIU",l) ,11Il'l'L (35,1' ,IL!II'1'(l' ,111'1'10"(",
• IV'l'~L(1)

IS!L=I)
Df) 1/)0 I.""t1~

IF(I.TBL(r).LE.~) GO '1'0 100
1I«:;!L·"SEL+'
fI'~"ATIIU"(t)
~"(~SrL,')·EN~TL( 1,".,/ILEIT(I)
8ft (t~S!L. 1) -rLIII'I' (I) /EII&TL (13, ftl) /1.

-:00 t:'O!l';IWlJt
., ... iII~ .!L-1
,')0 ~ 00 I{.',.
U'(I(,l)-I"(K,')+IPl(K.',')
A" (It, 2) --Aft (tc.', 1)
BlI' (It ,1) -3" (It ,1) +8" (K .',1)
BPI (I{ , 2' "" eft (I{.' , ') 12.

200 CO,,'" INIJ!
1"(NSEL, 2) '0.0
n... " S£L, 2) - 0 • 0
"DRt ·WOft-ISIL
Rl':TIJRI
END



c

C

c

C-54

~lJ9ROcrTI ME SOLPIQ UII1'!L,ILIR'l', UT' DfI, 11fT8L, STRS, 1, B, C, D, I,PPO,
• pr,~B,PP!,.U!'

CO"lIIC.:/1fLVL/ VT~8L!, GillY
CO"~OW/~OS!Q/'TREP(10),DTC10).'l'LI!I'l',.tS,'P!OPI(10)

~I~FRSIO" 1~1'l'L(3S,1) ,"ATIOII(1),IITBL(1"IL!'T(1"J(IU~,1',

• B(NUR,1) ,CCJDft,l) ,D(101I,1) ,!(1) ,PPO(l' ,PI(l) ,118(1,
• ,PPE(1),S'85(4,1)

WRITE (6. 21)00)
DO 81)0 l'&l,lCOfl
P?!(I) "-5TP5(",I,

850 COllT UfUE
1'LT"IT=O .0
110 8()J I:l,NTS
p\:"'l'!t!P(1)
DO 800 J:I, ..
~Ll"I~:TLTlII!~.D~(I'

800 CO"TI~O!

GlIIAV:!IIATL(lS,l)*GRAV
'!'Y,,!=o.o
ITCH=O.O
S ~T'1' L'" o. 0
ItOlfTR"'O
1C0UII'I'zt'l
DO 500 J:l,2
DO 500 I"'1,IUI!
A (I, J, =0.0
B (1, J, "'0.0

'i00 COJ'l'IIfUE
DO 1)50 l=l,t'O'l
C (I, 1~ ,., 1.0
C(I,2,-0.O
OU, 1, .1./)
D(I,2,=O."
! (1' :0.0

550 CO",.lIU!
CALL IIATAB (A,8,RDIT,ISEL,8f1ATL,XLIIT,f1ATIOII,IITBL,101I)
III DRY ="DR T

C
C CALCULATE HYDROSTATIC IATI8 PRESSURES
C

OlP'I''''O.O
DO 100 1:1,1011
PPOU) -0.0
flY-fll'nO" (I'
OE~=D~PT+0.5·ILEI'l'(I)

1'(II'1'8L(I•• !Q.0) GO ~ 95
PPOCI)-CDEPT-iTABLI)-IIITL(15,III) -GRAY

95 O!PT-OIP'l'+O.S.tLIIT(I)
100 COITIIO!

c
C CALCULATE EtC!SS POBI PRESSOII APTER !O
C

DO 9 0 I.', IS!L
PICI):PP!(IORr+I)-PPO(IOlf+I)

90 COI-IIUI
IRI'l'!(6,2010)
11J(IDRf.EQ.t) GO TO 120



C-55

DO 11(\ r-',"DI'
"RIT!(6,201" I,PPOU),PPJl(II

110 COlfTIIIOB
120 t '-"DRU'

DO 110 lsI', lOR
IIRTT! (6,2012) I, PPO (1), PPI (I) ,PI (I-ID.')

130 COIfTIIUl
C
C CUCULI'T! !IC!SS po,r ,.rSSUI! DISSI'ITIOI
C

"R!~!(6,2008) TLINIT
DO 1400 I-l,ltTS
,,-IfTllP (I)
DO 400 J a 1,"
IS roL z III "-liD I 'f
00 200 (-1,2
DO 200 t-l,,.SIL
c (t, K) cA (L,~) ~2••B (L,I) lOT (I)
D(L, It) ~B (L, It) /DT (I) -I Ct, It) /2.0

200 COftIIU!
1f~!·lfSEL-1

! ( 1) r D( 1, 1) • PI (') +D ( 1 ,2) • PI (2)
DO 2'0 1t-2,tlS!
! (K) =D(It , 1) • PI (I) +0 (II: , 2) • PI (It +1) • D (It-1 ,2) • 'I (1{-1)

210 COltTIIUI
! (If';SL) -0 (IfSEL, 1) .PI (ISEL) +0 (ISlt-',2) .PI (ISEL-l)
CA~L TRII(C,"B,""",2?
CALL 8AC~gCC,E,"B.'UI,~

Tn"~~-TI" 1+0'1' (I)
c
C CALCULA~! S!T~LlftB'~

C
DO 2)1) 1-1, IfSIt
"'-N AT liD" CIDltr+lC)
SETTL-SETTL+lLrlf'l'CIDRY+ltl/IRlTL(1,"')*(PI(K)-!(I»)

230 CONTIMU!
c
C CALCULA!E WAT!R TIBL! RIS!
C

"'r~IT.U"('ORY+l)

DllrcH-DTCT)*ZftlTL(lJ,lll·I('"ltB''l'CIDIY+')/lftA'l'L(22,S1)
'~CH·.TCK+D"'!'CH

W'l'A8L!-'TlBLI-DI'l'CR
DO 220 It-l,tlSEL
PI(K)e!("

220 COftIIOE
IOf"'T-KOUJT. 1
r'(KOU.T.LT••PEQP8(I)) GO ro 261
10U&,.-0
VRITE(6,2001) ~[R!.SI!TL••t18LI
VftIT! (6, 200Z)
I!(WDIT.IQ.O) GO TO 257
1=0.0
DO 250 1t-1,.DIY

250 IJTTE(6,2003' 1,1
251 I'(IDIY.EC.ID.', GO TO 256

DO 2SS I-IDlt,RDlf
I.OSh 1
'~IT!(6,2DO]) IID,I(IID-IOIT)

255 COII'1'llnJl
256 wl-IDIY.'



C-56

TDSPR-=O.O
TtL!MT=O.O
DO 260 ( ..ltl,IUft
OSPR=1.0-P.(~-ftDRT)/(PP!(K)-PP.O(K)'

rrySPR=XLBNT(K).OSPB+TDSP8
TTLl~T·TTLENT+XLE"T(~)

IIRITE(6,20()4, 11:, E(K-MDIIY, ,DSPR
260 COH·nOE

ODSPF=TDSP~/TXL!!T

VRIT~(6,2009) OOSPR
26' CO""'!MOl!

IF(N~RY.!Q.~' GO TO qOO
T"(lOIlTR."E.l) GO "0 900
!~(WTCH.LT.~DO") GO TO 9S0
I'TCP':::1ITCtl-l1)U"
IL'WT(NDRY,=rDO~

lOJl."R=O
C~LL ~'T'B(A,B.MDRf,IS!L,lN1TL,IL!NT,~lTWU",IWTBL,NOft;
GO TO qSr')

qOO V~CR=VTCH/ILE'~(ROBT'

I~(WTCR.Lt.O.~) Gv TO 9S0
'(OO,.:::ILEII'" (NDBY)
'( tnT« NI'RT) """Tell
IijTBL(NDRn-'
CALL "ATA9(~,B,HDRT,"S!L,ERATL,rLINT,"AT"O",I'~BL,NU!)

flO 1fT R= 1
ItS E= liS EL-l
!)O 29') """, NSE
Pl(lt-l)-Po(K)

295 COIf'!"UO!
PIll) ""WTCH.GftU/2.
GO 'l'() 400

950 I'(~DR,.rQ.~ GO TO 951
"O~PlAT'O" (IIDRT,

9~1 "'a~A"'NO"(ND8T+1)

"2=8ATI08(IOII+2)
AE"~T-(!"ATL(t,MO).I~H+lftlTL(l,""*ILE'T(JOR!+')'/(i!CH+

·"LBlfT (IfDRY+ 1) )

~(1,1)=!"ATL(l,"2)/rLI.T(.OB'+2)+AE"AT/(WTC"+ILI'T('DII.',)
B (',1) sB (',1) +DllorCH/!"A'rL IU, "Q) 13.

400 COlfTIIUI
RP"'URH

2000 'OR"kT('~l,J1t,}58 ••• POST-lABTHQUIKI lWltTSIS ••• II)
2001 'ORftAT(I/ 15ft -----TI"!---s ,Pl0.51

• 12K S!TTL!~!IT~ ,"0.51
• 2r,H lATER TA8~E DEPTH- ,Fl0.5/1)

2002 '0&"'T(31,128 100! I. ,5r,," !ICIS~ PP. ,51,1'8 DISSIP. RAT••
2003 -ORftlT(5X.I5,SJ,r15.6,5X,10H UIDIPI.ID »
200Q .oa~AT(51,I5,SI,E15.6,51,"0.S)

2008 'OR~AT(;X,J1H TOTAL TI"! 'OR DISSIP1TIO' lllLfSIS· "'O.S}
2009 'OR"AT()l.288 OVERALL DISSIPATIOI BATIO= ,"0.5)
2010 'OR"ATtlOr,15H POll PRESSURES /

• 8n lODE W. ,
• 71,88 IIf SITU ,
* qr,10H A'T!I IQ. ,
• n., 19 IIC!SS )

20" '0~"lT(21,I5,31,!lS.6,11,115.6,'Oft 0.0
2012 'OR"A~(2J,I5,JX,!15.6,JI,E15.6,ll,115.6)

lID
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SOBROtJ'!'I IE Tin (l. fie. 110.11)

DI'UUfSIOI A(1) .118(1)

IIP-' BIJ-l
.. " .... -1

"""'III "-NEO
"1\'~~l':Q-"1!

DO 100 H:l,N!
IT:"-'''':
Il'(NT.GT.O) ..... "ft-.EO
,,~ PI) =0
fl'(l(J).E(l./).O) GO TO 300
L=If
Il.=H+NlQ

I -':'"'' PI
Jl'l:O
IB=O
DO '00 I=IL,IH,NEQ
L2"t+ 1
.1=L
I B=I B+ ,
<':='(1)/1 (IV)
r'fc.p:Q.O.O) GO TO 200
DO 100 Kar,IH,I!O
A (.1) =1 (J) -C.l (It)

100 J"J.IfEO
k (Y) =C
J8'"IB

200 co,,'" 1I0!
1If!(")-JB

300 COIfT rNUE
1IIt1 eN P.Q) .. °
R1'TIJRIf
END
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c
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DHI~"SION .(1).8(1).118(1)

.."',,: '..,-,
N=~

270 11= ",. ,
C-=~ (1'f)
[1' U(N) .NP:.O.O) 1l(1):B(N)/A(I)
I·(~.~Q.NN' GO TO 3nO
It·~+'

IH:"+1'I1l (PI)
.. -=tt
00 28., I ::It , r H
~=,.. tU

4! ROJ B (!) = B ( I) - ... ( lit) ..C
GO 1'0 ?7 0

jon It="
N= N- ,

IF (1f.!Q • ", PETU R"
IK:N+"B(II'
II"'''
C~B (N)
DO 400 I=IL,IH
,,= If. If"

400 C~C-A(").B(I»

3 (N) -C
GO TO lOO

FoND



c

c

SOBROO~IM[ PROPIL(A.ftB"!Q,~B"D)

Dl"lM~10N A(l) .~B(l)

NN,zN!Q*" eAliD
DO ] I) 0 I:.: 1 , II!O
1'1"'0
IJ=O
L=O
rr.:"'N+NEQ
DO 100 I;rL,II,.~O

L=L+'
H (1 (It. IE. 0.0) • 1= I
IP("'·L) 100,100,80

80 P' (1 (I·L) • HE. 0.0) IJzI-L
'00 COM"'INOE

p," (Nt =NI
rm (N .. no) =NJ

300 -:o"~r 'fliP
RFTURN
END



c
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C-60

DHII-. N:; I () N A ( 1) , 13 (1) , 80 (1) , 1'I n ( ')

~~~N~)-l

DO 1"') N=1,NF.Q
~"='. !~) ·"npl)
L=N
TL~N+ .. ro
IH="lO(I'f)
P'(lH) 120,120,50

') (') on 1 'l (') t" IT" I H, ", (.I
L=L+l

100 HA=BB+A(J)"BO(L)
120 t·.,

11:' (L. ;.'0. l' ';0 TO 71)0
!L="+~"

III='Ul(N+N-J'
!"(I'l) 2"l1"l,2"iO,lS0

1<;1) no 2'), I =Ir., rH, ""
L= L-'

2aO Qn=tl'ltA(I'·Qn(1.1
2<;0 B (N) =13 (N) ~n!l

100 cnN"'IlofIJP.
RfTIlP.,
1':""1
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S08'OO~I'1 SCAL(CI,DIST,SC11,SCI2)

Dw-cr·2.
\-1Q.1+11
DO 1 1"",20
laAl10.
~-1/1().

IP(Dr.L?l.lID.DI.GI.I) GO ~ 2
, C("ltr.'tltil

SC11--DI/2.
SC~2"DI/DIST

R!Trl R1I
2 ID"'I''!' «(Dr/8) .0.99)

~C\,.- ('LOAT (1 D) /2.) .8
SCA2·-2.·SC11/DIS~

l!'!'tJlJ
!RD



c

SO~ROnTIR! SZIBO (l.ITLLL)

D1"£15101 A CITLLL)

DO 1!)~ I-i.ITLLL
100 ACI) -0.0

S'TflRlf
nn

C-62
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EXAMPLE INPUT AND OUTPUT
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EXPf1PLE INPUT

IllftPLI PROHLIS. 100 ~~. crKIPOI" LlYll
1 1 10 0 0 1000 0.005
1 1

-;00 0 SOt) 1

1
lalrBoalll (II' 19'0) Dl'fA

,
II~TIOUAII (IAf 19.0) DatA

60.0
l~OO.OO 20 1

8~OO. 3000. 1.50
.000091' 1.00 .6661

It CIITIO (I-COl') 0T-0.005
1.0 1.0 1000 1

( SO O. Call POIII'f 0' !t I: IIYIO
COOWO 8f e'9.0, 2~O CAIOS )

IL 1:••·10 (f-ee!,) aT-O.OOS
1.0 1.0 1000 1

( 5901 COIlPOIIII'!" DJ' It CIITIO
CODID Bf 8PQ, 0, 250 ClIDS J

JOOO.O
.01U

1.500 10000000.
0.95 /).10

0.0001813
O.S
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