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Introduction 

The program described here was designed for calculating the non-

linear seismic response of a system of horizontal soil layers underlain 

by a semi-infinite elastic medium representing bedrock. Excitation is 

a vertically incident shear wave in the underlying medium. The non-

linear hysteretic behavior of the soil is represented by a model 

(Figure 1) proposed by Iwan (1967) consisting of simple linear springs 

and Coulomb friction elements arranged as shown. A boundary condition 

(Papastamatiou, written communication) is used which takes account 

of finite rigidity in the elastic substratum. The computations are 

performed by an explicit finite-difference scheme that proceeds step 

by step in space and time. A brief program description is provided 

here with instructions for preparing the input and a source listing. 

A more detailed discussion of the method is presented elsewhere 

(Joyner and Chen, 1975) as is the description of a different program 

employing implicit integration (Chen, 1975). 

Soil Layers 

The physical properties of the soil layers are specified on 

input cards. For the purposes of computation the layers are divided 

into sub1ayers such that the transit time, DTT, of a shear wave at , 

low strain across the sub1ayer is a constant. The division into 

sub layers is done automatically in such a way that a sub layer may 

span the boundary between layers. Since an integral number of sub-

layers is required, each with a fixed shear-wave transit time, the 

total thickness of the system of sub layers used in computation may 
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differ slightly from the sum of layer thicknesses specified on the 

input cards. The transit time DTT is ordinarily taken the same as 

the finite-difference time step, DELT, but the user is given the 

option of specifying a different value (which must be larger than 

DELT to prevent instability). 

In the coordinate system used the vertical dimension is taken 

as positive downward. This choice controls the sign of stress and 

strain. 

The dynamic behavior of the soil is specified in terms of the 

natural density, RHOI, the low-strain shear modulus, GMAX, and the 

dynamic shear strength, TAU. RHOI is specified on the input cards, 

and GMAX and TAU can either be specified on the input cards or 

computed by the program. In the latter case the computations are 

done assuming GMAX and TAU are functions of effective stress. For 

normally consolidated soil the assumed relationships are (see Hardin 

and Dr nevi ch , 1972) 

GMAX = Gem * PV '** O. 5 (1) 

and 

TAU = TeF * PV (2) 

where GeFN and TeF are coefficients specified on the input cards and 

PV, the vertical effective stress, is computed as a function of 

depth from data specified on the input cards. If there is a continuous 

water phase present in the soil, PV is given by 

PV = PVTL - SAT * 980 '* (Z-PHREAT) 

where PVTL is the total vertical stress, SAT is the fractional water 

saturation, and PHREAT is the depth of the water table from the ground 
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surface. This is an approximation to the relation proposed by Bishop 

and others (1961). If a continuous water phase is not present PV is 

set equal to PVTL. For over consolidated soil the relationships for 

TAU and GMAX are 

GMAX = GCFN * OCR ** XQ * PV ** 0.5 (3) 

and 

TAU = TCF * OCR ** XT * PV (4) 

where the overconsolidation ratio, 

OCR = SCV /PV. 

SCV is the preconsolidation vertical stress and is specified for a 

layer on the input card. The exponents XQ and XT are specified on 

the input card. 

If the value of TAU for a sub layer is computed by the program 

rather than being specified on the input cards, the value assigned 

to the sublayer is the value computed by equation (2) or (4) for the 

point within the sub layer that represents the midpoint in terms of 

shear wave travel time at low strain. If the value of GMAX is 

computed by the program, the value assigned is a special kind of 

average which is equal to the shear modulus of a constant-modulus 

sub layer that would have the same thickness for the given shear wave 

transit time as implied by equation (2) or (4). 

The stress-strain behavior of the soil in shear is that given 

by Iwan's (1967) model and is determined by specifying the initial 

loading curve. For convenience, stress and strain are normalized in 

the manner used by Hardin and Drnevich (1972). Stress is normalized 

by multiplying by l/TAU and strain is normalized by multiplying by 
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GMAX/TAU. The stress-strain curve normalized in this way has a 

stress limit of 1.0 for high strain and a slope at the origin of 

1.0. A hyperbolic initial loading curve (Hardin and Dm.evich, 1972) 

is used, and normalized strain, e, is espressed in terms of normalized 

stress, s, by the equation 

s 
e = 1 - s 

The initial loading surve for Iwan's model is a series of straight 

line segments. These are determined by selecting 51 normalized stress 

values, solving the preceding equation for the corresponding normalized 

strain values, and connecting the resulting stress-strain points by 

straight line segments. The 51 normalized stress values used are 

sl = 0 

s. = 
1. 

0.025 * (0.5) ** (6 - i) 2 ~ i ~ 6 

s. = 0.025 * (i - 5) 6 " i " 44 
1. 

s. = 1.0 - 0.025 * (0.5) ** (i - 44) 45 " i " 51 
1. 

The same normalized initial loading curve is used for all the soil 

sublayers. The differences in behavior from one sublayer to another 

result from differences in the values of GMAX and TAU assigned to 

the different sublayers. 

Input Motion 

The input motion is read in from punch cards and is the hori-

zontal particle acceleration in £ that would be expected at the 

bedrock interface if the soil layers were absent and the interface 

were a free surface. The acceleration values are given at a time 
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interval DELT which is the same as the time step for the finite­

difference computations. After the input acceleration values are 

read in, they are integrated to give particle velocity. which is 

used in the computations. 

Resolution. Stability and Filtering 

An important choice in setting up the input for a problem is 

the frequency resolution desired. Denote by fR the highest frequency 

for which faithful representation is desired in the output. This 

requirement implies 8 to 10 sub layers per wavelength. At low strain 

10 sublayers per wavelength means a value of DTT equal to l/(lO*fR). 

In the ordinary case the program~signs to DTT a value equal to DELT. 

and the desired resolution at low strain can be obtained by specifying 

a value of 1/(10*fR) for DELT on the input cards. At high strain 

levels the resolution will be somewhat less. 

The stability requirement for the linear elastic case (Richtmyer 

and Morton, 1967, p. 263) is that DTT must be greater than or equal 

to DELT. There is no guarantee that this will insure stability in a 

nonlinear problem, but the writer has encountered no cases of in­

stability in runs where DTT was equal to DELT. If the user should 

happen to encounter a case of instability he can probably cure it by 

specifying a larger value of DTT. Provision is made in the program 

for specifying DTT separately. 

The finite difference computations generate numerical noise at 

frequencies in the vicinity of 1/(4*DELT). This noise is generally 

not noticeable on the surface particle velocity time history and it 
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has little effect on response spectral values at lower frequencies, 

but it is conspicuous in the surf ace acceleration time history. In 

general it is desirable to filter out this noise, and the program 

provides the option of digitally filtering output time histories by 

a zero-phase-shift filter with response, R, given by 

R(f) = 

R(f) = 

R(f) = 

1 f ~ Fl 

0.5 * (1.0 + cos (~*(f - Fl) / (F2 - Fl») 

o f • F2 

Fl , f , F2 

where f is frequency and Fl and F2 are parameters specified on an 

input card. If either Fl or F2 is zero no filtering is done. It is 

recommended that Fl be assigned a value equal to the desired frequency 

resolution fR and that F2 be assigned the value 2fR• If filtering 

is done the number of points in the output time histories is reduced 

by 20. 

General Description of Output 

All output quantities are expressed in ~ units except for 

acceleration, which is given as a fraction of the acceleration of 

gravity. The printout lists the values of the input parameters. 

There is also a list of sub layers , giving sequence number and physical 

properties along with depth, effective vertical stress and total 

vertical stress evaluated at the bottom of the sub layer. The input 

parameters for the layers are inserted into the sublayer list at the 

appropriate place. Also indicated in sub layer list are those places 

where time histories will be saved as designated on the input cards. 

Up to three time histories may be saved. They may be of particle 
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velocity, stress, or strain at the option of the user and they be 

located at any depth within the section. 

The program as described here contains a dummy plot subroutine 

called SMPLT which simply lists time histories. The user may sub­

stitute a plot subroutine suitable for his installation that will 

produce graphic plots of the time histories. 

Following the sub layer list the printout gives the maximum and 

minimum values of the input acceleration along with the sequence 

numbers of the time points at which the maximum and minimum occurred. 

This is followed by a listing of the input acc1eration from the dummy 

plot routine. Next is a list of sub layers giving the maximum absolute 

value of strain in each sub1ayer. These are unfiltered values and 

therefore may disagree slightly with subsequent listings which may 

be filtered. Following that, data are given in turn for surface 

particle velocity, surface acceleration and any time histories that 

are saved. For each the maximum and minimum values are given along 

with a listing from the dummy plot subroutine. 

The output also includes a punch card deck for the surface 

acceleration. The cards have sequence numbers punched in columns 

71 - 76, and the FORMAT is (5E14.8, 16). 

For the output time histories, including both listings and 

punch card decks, the number of points, if no filtering is used, is 

NK, the same as the number of points on the input. If filtering is 

done the number of output points is (NK - 20). 
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Instructions for Preparing Input 

As with the output, all input quantities are expressed in ~ 

units except for acceleration which is given as a fraction of the 

acceleration of gravity. The input cards are listed below with' an 

explanation of the variables. 

Card No. 1 

ALPHA (J) 

Card No. 2 

NK 

DELT 

Fl, F2 

Card No. 3 

RHON 

VN 

DTT 

Card No. 4 

LIM 

FORMAT (20A4) 

Any desired alphameric identification 

FORMAT (15, F10.0, 2F5.0) 

Number of points on input time 
his tory. NK mus t not exceed 5000. 

Time intervals for input data points 
and time step for finite difference 
comput ations. 

Parameters specifying response of 
filte r . If either Fl or F2 is zero, 
no fi l tering is done. 

FORMAT (FlO.O, E10.0, FlO.O) 

Density of elastic substratum 

Shear velocity of elastic substratum 

Shear wave transit time through a 
sub layer at low strain. Ordinarily 
this should be left blank and the 
program will assign to DTT the value 
specified for DELT. 

FORMAT (11, 9X, 7(11, E9.0» 

Input variable list: LIM, 
(IOPS(L), DS(L) , L=l, LIM) 

Number of time histories to be saved. 
May be zero or any number up to 3. 
(The limitation is imposed by dimension 
statements in the main program; the 
FORMAT statement above would allow for 
more. ) 
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IOPS{L) 

DS{L) 

Card{s) No. 5 

MORE 

RHO I 

S~ 

PHREAT 

SAT 

IflH 

GCFN 

Code indicating kind of time 
history to be saved. IOPS{L) = 
1 for strain, 2 for stress and 3 
for particle velocity. 

Depth for which time history is to 
be saved. If stress or strain is 
chosen, the time history saved applies 
to the sub layer containing the speci­
fied depth. If particle velocity is 
chosen the time history saved applies 
to t he point at the top of the sub­
layer containing the specified depth. 

FORMAT (II, EB.O, F5.0, 2EB.0, F3.0, II, 
EB.0,F3.0, EB.O, F3.0, 3EB.0) 

One card for each layer in the soil 
column. The total thickness of the 
column must be restricted so that the 
number of sub layers in the .system 
does not exceed 200. 

Code indicating whether additional layer 
cards follow. MORE = 1 for all layer 
cards except the last, for which it 
may be anything other than 1. 

Thickness (in cm, remember) of the 
layer . 

Dens i ty 

Preconsolidation vertical stress. 

Depth of water table from ground 
surface. 

Degree of saturation (as a fraction 
not a percentage). 

IflH = 1 if a continuous water phase 
is present and 0 if not. (A value of 
o for IflH causes effective stress to 
be set equal to total stress). 

Parameter for computing GMAX by equations 
(1) or (3). May be left blank if GMAX 
is specified on card. 
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XQ 

TCF 

XT 

TAUC 

GMAXC 

VIC 

Parameter for computing GMAX by 
equation (3). May be left blank 
if GMAX is specified on card. 

Parameter for computing TAU by 
equations (2) or (4). May be left 
blank if TAU is specified on the card. 

Parameter for computing TAU by equation 
(4). May be left blank if TAU is 
specified on the card. 

Specified value for TAU. Must be 
blank or zero if TAU is to be 
computed by equation (2) or (4). 

Specified value for GMAX. Must be 
blank or zero if GMAX is to be 
computed by equation (1) or (3). 

Specified value for the low strain 
shear velocity of the layer. If VIC 
is not equal to zero, GMAX is set 
equal to RHOI*VIC**2 overriding any 
specification in the GMAXC field and 
any computation by equations (1) or 
(3) • 

Card(s) No. 6 FORMAT (5E14.8) 

Memory and Time Requirements 

Cards giving the values of input 
acceleration. A total of NK values 
at a time interval DELT. 

The program as written requires 64,000 words of core storage 

on an IBM 370 - 155. For large problems the time requirement on 

the same machine is approximately one millisecond per su b I aver per 

time step. Running time for large problems is essentially propor-

tional to the product of the number of elements and the number of 

time steps. 
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Variables in Printer Output not Previously Defined 

I 

VOUT 

DELZ 

ER 

Z 

PVl 

PVTL 

L 

IS(L) 

ZTOP 

ZBASE 

K 

Other Important Variables 

SIGY (J) 

CF(M, I) 

Index number for sub layer. Numbering 
is from the top down. 

Low-strain shear wave velocity for 
sublayer. 

Thickness of sublayer. 

Reference strain used in normalizing 
stress-strain curve, equals TAU/GMAX. 

Depth to base of sublayer. 

Vertical effective stress at base of 
sublayer. 

Vertical total stress at the base of 
sublayer. 

Index number for time history to be 
saved. 

Index number of sub layer for which time 
history is to be saved. 

Depth to the top of sublayer IS(L). If 
the time history to be saved is particle 
velocity, then the time history applies 
to the point at depth ZTOP. 

Depth to the base of sublayer IS(L). 

Index number for time values. 

Normalized yield stress of friction 
element J in the Iwan soil model 
(equivalent to Yi in Figure 1). 

Normalized tangent shear modulus of 
. the soil model for sublayer I where M 
is the index of the friction element 
with the largest yield stress of all 
the elements that are currently 
yielding. (As the program is now 
constituted the values of CF are the 
same for all sublayers. The I index 
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NI 

ER1 (I) 

SK(I) 

SL(I) 

TK(I) 

X(K) 

Y(K, L) 

BRI 

MAX 

SIGYP 

VOK 

was included to facilitate program 
modifications that would permit 
different sets of of CF values for 
different sublayers). 

Total number of sublayers. 

Parameter for sublayer I; equal to 
DELT / (DELZ*ER) . 

Parameter for sublayer I; equal to 
TAU. 

Parameter for sublayer I; equal to 
DELT/DELZ 

Parameter characterizing the mass lumped 
at the boundary between sub layer I and 
the sub layer above; equal to 2*DELT/ 
(UMASS + BMASS). where BMASS is equal 
to RH01 * DELZ for sub layer I and UMASS 
is the corresponding quantity for the 
sublayer above. When I = I, UMASS = 0, 
and when I = NI + 1, BMASS = O. 

An array containing, at different 
stages of program execution, the input 
acceleration time history, the surface 
particle velocity time history and the 
surface acceleration time history. 

Time history to be saved for in4ex L. 

Shear impedance of bedrock; equal to 
RHON * VN. 

Total number of series units in the Iwan 
soil model. Each unit consists of a 
linear spring and a Coulomb friction 
element in parallel. As the program is 
now constituted MAX is fixed at 50. 

Normalized stress for the point with 
the highest normalized stress of the 
set of points used in defining the 
initial loading curve for the soil 
model. 

Current value of input particle 
velocity, obtained by integrating 
the input acceleration time history. 
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V(I) 

SIG(I) 

SIGS(J, I) 

STRN(I) 

SMAX(I) 

M 

MH(I) 

L 

LH(I) 

DELE 

SIGP 

Description of Subroutines 

Current value of particle velocity 
at the top of sublayer I. 

Current value of the normalized 
stress in sub layer I. 

Current value of the normalized 
stress for spring J of the soil 
model representing sublayer I. 

Current value of strain (not 
normalized) in sub layer I. 

Maximum value of strain (not 
normalized) in sublayer I. 

Index of the friction element (in 
the Iwan soil model) with the 
largest yield stress of all the 
elements that are currently yielding. 

Value of M for sublayer I. 

(In subroutine NONLIonly). A 
logical variable with the value 
TRUE if the strain is increasing 
and FALSE if it is decreasing. 

Value of L for sublayer I. 

Increment of normalized strain. 

Trial value of normalized stress. 

The main program reads input cards numbers 1, 2, and 6 and 

controls the sequence of operations. Subroutine SECT, called by the 

main program, reads input cards numbers 3, 4, and 5 and sets up the 

system of sublayers used in the computations, assigning to the sub-

layers the parameters that define their physical properties. Sub-

routine SECT also makes the necessary provisions for saving time 

histories for output. 
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Subroutine SIGMA, called by SECT, specifies the 51 normalized 

stress values used in defining the initial loading curve for the soil 

model. Subroutine MODEL, also called by SECT, generates the array 

CF(M, I), which describes the tangent modulus of the soil model. 

Subroutine NONLI, called by the main program, performs all the 

dynamic response calculations and saves the output time histories. 

The remaining subroutines are all called by the main program and 

perform functions related to output. Subroutine FILTER does a low-

pass filter operation on the output time histories. Subroutine SMPLT 

is a dummy plot routine that simply lists the output time histories. 

The user may substitute a routine suitable for his own installation 

to give a graphic display of the output. Subroutine PUNCH generates 

a punch-card deck of the surface acceleration time history. Subroutine 

XTRM finds and prints out the maximum and minimum values of the output 

time histories along with the index of the time points at which the 

maximum and minimum occurred. 

Sample Problem 

To assist the reader in using the program a simplified sample 

problem is presented with a listing of the input deck and a copy of 

the printer output. The problem involves a soil layer 2500 cm thick 

3 with a density of 2.0 gm/cm. The water table is at the surface and 

the soil is fully saturated and normally consolidated throughout. 

(The assumption of normal consolidation all the way up to the surface 

was made for simplicity and is actually unrealistic. Some degree of 

overconsolidation near the surface would be expected for most soil 
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deposits.) GMAX and TAU are computed by the program using the following 

parameters: 

2 1/2 
GCFN = 0.9 E + 06 (dynes/em) 

TAU - 0.33 

Values are given on the input card for XQ and XT but they are not 

needed because the soil is presumed to be normally consolidated. 

The bedrock beneath the soil layer is assigned a density of 

2.6 gm/cm3 and a shear wave velocity of 2.0 x 105 cm/sec. The input 

acceleration is a positive triangular spike of amplitude 0.5g and 

duration 0.2 sec followed by a negative triangular spike of the same 

amplitude and duration (Figure 2). The input acceleration values are 

specified at intervals, DELT, of 0.01 seconds. A value of 300 was 

chosen for NK in order to allow sufficient time for the main features 

of the surface time histories to develop. The input acceleration just 

described is padded at the end with zeros to make up 300 points. 

The output is filtered with Fl - 10 Hz and F2 - 20 Hz. Time 

histories of stress, strain, and particle velocity are saved at a 

depth of about 1250 cm. 

The input acceleration for the problem is shown in Figure 2 and 

the surface particle velocity and surface acceleration are given in 

Figures 3 and 4 respectively. 
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Figure 1. - Model for nonlinear soil behavior. Model consists of 

simple elastic springs with spring constants G. and Coulomb 
1 

friction elements with yield stresses Yi • Y1 equals zero. 
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Figure 2. - Input acceleration for sample problem. 
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Figure 3. - Surface particle velocity for sample problem. 
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Figure 4. - Surface acceleration for sample problem. 
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n • 
fOR'RAN IV G LEVEL 21 MAIN nATE a 760S7 Ol/37/IoS PAGE 0001 • • 0001 ~EAL ALPHAI?OI 

0002 REAL SIGVISOI.CfI50.2001 • 0001 REAL [RI12nOI.SKC2001.SLI2001 • 0001t REAL TKI2011 
0005 REAL ~150nnl.VISOOO.11 • 0006 INTEGER ISI]I.IOPSI11 • C MAIN fOR NONLI]C - VERSION 
0007 SOl fOHMATl20AIoI • 0008 S02 fORMATI'I'.20AIt/I • 0009 50] fORHATIIS.'10.0.2f5.01 
0010 SOlo fORMATIS~"NKa'.16/SX"DELTa'.f9.S/SX.'fla'. • a f6.2/5X."2a •• f6.2/1 • 0011 507 fORHATI5Ello.81 
0012 SII fORHATIIIIX,'INPUT ACCELERATION'/I • 0011 512 fOHHATIIIIX,'SUAfACE VELOCITV"I • 0011t 51) fORHATIIIIx.'SUWfACE ACCELERATION'/I 
OOIS Silo fORHATIIIIX"OUTPUT - 1-'.IIo,]X •• tOPSa',12/1 • 0016 G-98n.0 • 0017 REAoIS,5011 IALPHACJI,Jal,ZOI 
0018 WRITEI6,SOZI CALPHACJI,J-I,ZOI • 0019 READI5,SOll HK,OELT,fl.fZ • 0020 WRITEI6.S0101 HK,DELT,'I,'Z 
0021 CALL SECTIERl.SK,SL,TK,Nt.BRl.lS,tOPS.LIM,OELT, • a SIGV.Cf.HA~1 • , 
OOll 00 ZO La l,L1M 
OOZ] 00 ZO Kal.NK • 0021t 20 VCK.L1-0.0 • N 0025 READIS,S071 ex CKI,Kal,NKI en 0026 WRITE 16,Sl11 • 0027 CALL XTRM I ~ .oNIO • 00Z8 CALL SMPLTI~.NK,OELT.ALPHAI 
0029 CALL NONLICX,V,IS.IOPS,LIM,ERI,SK.SL,TK,NI.8RI,SIGV. • • Cf.MA~.NK.DELTI • 0010 Iflfl.EQ.O.O.OR.rZ.EQ.O.OI GO TO 10 
00]1 CALL flLTERCX,rl.r2.20.0ELT,NKI • OO]Z 00 11 LaltUM • 0011 11 CALL fILTERCYC1.LI,'1.,?ZO.OELT.NKI 
00]1t NK-NK-20 • OO]S )0 WRITEI6.5IZI • 00]6 CALL XTRMIX.NKI 
00]7 CALL SHPLTIX.NK.DELT.ALPHAI • 00]8 ATlaXIIl/lOELTaGI • 00]9 00 10 KaZ.NK 
001t0 ATZaCXIKI-XCK-III/CDELTaGI • 0041 X U(· \I aU 1 • 004Z 10 ATlaAT2 
0041 XINKlaAT! • 001t4 WRITEI6,Sll1 • 00105 CALL XTRMOI,NKI 

• 001t6 
00107 

CALL PUNCHIX.NKI 
CALL SMPLTIX.NK.OELT.ALPHAI • 0048 00 100 Lal.UM 
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n • 
FORTRAN IV G LEVEL 21 NONLI DATE - 76057 031)7145 PAGE OOOl • • 0051 GO TO 12 

0052 13 SIGSII.NII_SIGP • 0053 IFCM.EO.II GO TO 19 • 0054 00 14 J-2 ... 
01155 IFCLI SIGSCJ.NII-SIGP-SIGYIJI • 0056 IFC.NOT.LI SIGSCJ,NII-SIOPtSIGYCJI • 0057 14 CONTINUE 
0058 19 SIGCNII-SIGP • 0059 II VCNI·II-CI.O-I.O/CTKINltll-ARI.l.OII- • - IVOK-CSKINII-SIOINII-YINltII/TKINltIII/BRII 
0060 00 5 JI-2.NI • 0061 I-NI-Jltl • 0062 L-LH II I 
0063 M-"HC II • 0064 OELE-IVCltll-VCIII-ERICII • 0065 IFCOELE.£Q.O.OI GO TO S 
0066 IFCIL.ANO.DELE.GT.O.OI.OR.CI.NOT.LI.AND.DELE.LT.O.OII GO TO Z • 0067 L-.NOT.L • 0068 LHIII_L 
0069 14-1 • 0070 MHIII_I • 0011 Z SIGP-SIGllltDELE-C'CN,11 
0072 IFCM.EO.HAXI GO TO 3 • oon IFIA8SCSIGP-SIGSINt l.III.LT.SIGYCHtlll GO TO J • 0074 IFISIGP.GT.SIGSCNtl.111 SIGP-SIGSCHtl,lloSIGVINtll 
0075 I'CSIOP.LT.SIGSIHtl,111 SIGP-SIGSIHtl,II-SIGVINtll .N 0076 DELE-OELE-CSIOP-SIOIIII/C'IH,II • \D 0077 SIGIII-SIOP 
0018 14-1401 • 0019 "HIII_H • 0080 GO TO 2 
0081 J SIG511,II-SI6P • 0082 IFIH.[O.II 00 TO 9 • 0083 00 4 J-Z.N 
0084 I'ILI SIGSCJ.II-SIGP-SIGYIJI • 0085 IFI.NOT.LI SIOSCJ,II-SIGPtSIOVIJI • 0086 4 CONTINUE 
00111 9 SIGClI-SIGP • 0088 5 VII'II-VCI.lltTKlltll-CSKlltll-SIGlltll-SKIII-SIGIIII • 00119 YIII.VllltTKCII-SKCII-SIGC11 
0090 IFILIM.EO.OI 00 TO 10 • 0091 00 40 LL-I,LJN • , 0092 ISL-IS ILLI 
0093 IFIIOPSILLI.EO.II YCK.LLI-STRNCISLI • 0094 I'CIOPSCLLI.EO.ll YIK,LLI-SIGCISLI-SKlrSLI • i 
0095 IFCIOPSILLI.EQ.31 YCK,LLlaVIISLI 
0096 40 CONTINUE • 0097 10 KilO-VIII • 0098 WRITE 16.5011 II.SHAXCII,I-I,NII 
0099 RETURN • 0100 END • 

• •. - ' 

• • 
W • 

"'<': ... ~ •• , . .... - ...... . -~ ...... - ........................ -------
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,OATAAN IV G LEVEL 21 SECT OATE e 16051 Ol1311"5 
0001 

C 
oooZ 
OOOl 
000" 
0005 
0006 
Oonl 
0001 
0009 

0010 
0011 
OOIZ 
001l 

001_ 
0015 

0016 

0011 
0018 
0019 
OOZO 
OOZI 
0022 
OOZ] 
002" 
OOZS 
00Z6 
0021 
OOZI 
0029 
OOlO 
OOll 
OOlZ 
OOll 
OOl" 
OOlS 
0016 
0031 
OOll 
0019 
00 .. 0 
00"1 
OO .. z 
OO .. l 

SU~ROUTINE SECT.EAI.SK.SL.TK.NI.BAI.IS.IOPS.lIM. • OELT.SIGV.Cf.MAXI 
SECTlCl 
AEAL EAI.ZOOI.SK.ZOOI.Sl.ZOOI 
AEAl TK.ZOII 
AfAlSIGV.SOI.Cf.SO.ZOOI 
AEAL 05.81 
INTEGER IS.II.IOPS.ll 

501 fORMAT.fIO.O.EIO.O,'IO.OI 
510 fORMAT.SX"OTT ••• '9.S/I 
SOZ fOAMAT"ISUBAOUTINE SECT',ISX"AHONe'.'8.ll • Sx.·YN··.EIZ."/1 
SOl fOAMAT.II.9X.1'II.E9.011 
SO .. fOAMAT.SX,'LIM.'.IZ/SX.'IOPS.LI ••• lIIZI 51 .. fOAMAT.SX"OS.LI.'.ZX.1EIZ ... 1 
50S fORMAT./IX.lX"I •• 9X"YOUT •• 9X"OElZ'.9X"GMAX •• l0X.ITAUI. • IIX,·EA·.SX.·AHOI·.1Zx,·Z·.lox,·PYII.9X"PYTL·/1 506 fORMAT.II.E8.0.fS.0.ZE8.0.'l.0.II.E8.0.'l.0.E8.0.fl.0.lE8.01 SOl fOAMAT,/IX"MOAE'.6X"THICK •• lx"AHOII.8X"SCY'.SX"PHAEAT" • lX.·SAT·.zx,·lfPH·.1X.·GCfN· ... X.·XQ·.8X"TCf l ,,,X.IXT', • lX.'TAUC·.6X.·GMAXC·.8X.·YICII 

• IX.I ... EII.J.fl.l.ZEII.l.'6.Z.16.EII.l.f6.Z.EII~l,'6.Z.lE11.3/1 508 fORMAT./IX,·l-·.IZ.lX,·IS.lle·.14.lX,·rOPS'lle·.IZ.lX. •• OS.ll ••• EIZ .... JX •• ZTOP ••• EIZ .... lX •• ZRASE ••• E1Z ... /1 509 fORMAT.IX.I ... 5EIJ .... f9 .... lEll ... 1 SZO 'OAMAT.lx,'NUMBEA 0' SU8lAYEAS ExCEEDS ZOO. JOB TEAMINATEOII CALL SIGMA,MAX.SIGV.SrOVPI 
MEAO.S.SOII AHON.VN.OTT 
WAITE.,.SnZI AHON.YN 
If.OTT.NE.O.OI WAITE.6.SI01 OTT 
Ir'OTT.EO.O.OI OTTeOElT 
BRI-RHON·YN 
AEAO'S,S031 LIM •• IOPS.LI.OSCLI.Lel.lIMI If.LIM.EO.OI OS.II.I.0£.15 
WAITE.,.SO .. I LIM.CIOPSCLI.L.l.lIMI 
WAITEC6.5141 .OS'LI.L.I.LIMI 
1-0 
ZeO.O 
PYI-O.O 
ZLASTeO.O 
TUU-O.O 
PYTLeO.O 
UMASS_O.O 
OTHeOTT/Z.O 
ISWeO 
L-I 
MOAEel 
WAITE.6.S051 

100 If,MORE.NE.II GO TO 900 
AEAO'S.S061 MORE.THICK.AHOI.SCy.PHAEAT.SAT.I'PH. • GCrN,XQ.TC,.xT.TaUC.GMAXC.VIC 
WAIT[C6.5011 MOAE.TH1CK,AHOI,SCV.PHAEAT.SAT.l'PH. 

• PAGE 0001 

• ., 
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f - ,., 
rOATAAN IV G LEVEL 21 SECT nATE - 76057 03/31145 PAGE 0002 ,.. • - GCrN,XO,TCf,XT,TAUC,GMAXC,VIC 

00"" PTCf-AHOI-980,O 

" 00"5 PCOEf_IAHOI-SATI-9AO.0 • 00"6 IfllrPH.EO.OI PCOEf-PTCr 
0047 PVI-PVTL-SAT-980.0-ll-PHAEATI ,. 
00"8 IfllfPH.EO.OI PYI-PYTL • 00,,9 GCfO-r,CfN 
0050 IfISCV.NE.OI GCrO-GcrNescv-eXQ 

t\ 0051 PNC-0.75 • 0052 POC-PNC·XQ/2.0 
0053 PCNN-SOATIr,CrN/AHOII-PCOEr-0.75 n 005" PCNO-SOATIGcrO/AHOII-PCOEr-POC • 0055 IrIIVIC.EO.O.OI.ANO.IGMAXC.NE.O.OII YIC-SQRT IGMAXC/RHOI I 
0056 SYK-PvI'THICKePCOE' 

C" 0057 SLiM-SV8 • 0058 IfISLIM.OT.SCYI SLIM-SCY 
0059 110 OThOTM-TUU 

n 0060 IfISCV.LE.PVII GO TO 120 • 0061 PV2-IPV,··POC,PCHoeOTXl ee ll.0/POCI 
0062 l'IVle.NE.O.OI PV2-PYI.PCOEre YlceOTX 

("l 0063 IfepV2.LE.SLtMI GO TO 130 • 0064 Ifevle.EO.O.OI TAOO_ISLIMeePOC-PVI.epoel/PCNO 
0065 Irevle.NE.O.OI TAOO-ISLIM-PY11/IYlcePCOErl 

n 0066 TUU-Tuu.uno • 0067 zAon-eSLIM-PV11/PCOEr 
0068 Z-loZAOO 

() 0069 PVTL-PVTL'ZAooepTC, • 0070 PV I-SLIM 

!:!o 0071 IreSLIM.EO.Syal GO TO 100 
0072 GO TO 110 • 0073 120 Pvz-epVleepNe.PCNNeOTXle-II.O/PNCI 
0074 IfevIC.NE.O.OI PV2_PVI.PCOE,eYlceOTX . .:» 0075 IfepV2.LE.Syal GO TO 1]0 • 0016 Ifevlc.EQ.O.OI TAOn_ISyaeepNC-PYleePNCI/PCNN 
0017 IfeVIC.NE.O.OI TAOO-eSya-PY11/IYICePCOErl 

'" 0078 TUU-TUU.UOO • 0079 zAoo-eSya-PY11/PCOE' 
0080 Z-lol,OO 

" 0081 PVTL-PVTL,ZAOO-PTc' • 0082 pVI-sva 
0083 GO TO 100 

'" 008" 130 OlP-IPV2-PV11/Pcorr • 0085 hZ.OZP 
0086 PVTL-PVTL·OZP·PTC' 

W 0087 PVI-PV2 • 0088 TUU-O.O 
0089 IrIISW.£Q.11 GO TO 140 ., 
0090 TAU-TCf-PV2 • 0091 IrISCV.GT.PV21 TAU-TAUe eSCV/PV21.-XT 
0092 IreTAUC.NE.OI TAU-TAUC 

til 0093 ISW-I • 0094 GO TO 110 
I 

w . - i 

• • 
V • 
" • 
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..... _¥ ... 
• ,ORTAAN IV G LEVEL 21 SECT DATE - 16051 03/31145 PAGE 0003 " 
• 

0095 litO DELl-Z-ZLAS' 0096 1-1·1 • 0091 l'II.OT.2001 GO TO 920 

• 
00911 142 l'IZ.LT.DSIlll GO TO 143 0099 ISILI-I • 0100 VAITEI6,50111 l,ISILI,IOPSILI,DSILI,ZLAST,Z 

• 
0101 L-L'I 0102 IFIL.GT.LI~I GO TO 144 • 0103 GO TO IItZ 

• 
0101t Ilt4 OSILI-I.OE.IS 0105 143 ZLAShZ • 0106 VOUhnELl/OTT 

• 
0107 BMASS_RHOI-OELZ 01011 TKIII-2.0-0ElT/IUMASS·9MASSI • 0109 SLIII-OELT/DELZ 

• 
OliO GMAX-AHOlelDElZ/DTTleez 0111 ER-UU/GMU • Olll ERIIII-OEL1/IDELzeEAI 

• 
Olll SKit I_UU • o lilt UMASS-BM&SS OilS CALL MOOELCMAX.SIOV,SIOVP,C',II 

• 
0116 VAITEI6,S091 I,VOUT,DELZ,OMAX,TAU,EA,AHOI,Z,PVI,PVTl 0117 ISV-O • 0118 GO TO 110 

• 
0119 900 IFIISV.EQ.OI GO TO 905 0120 OELhZ-ZlAST • OIZI ZADO-DELzeCDTT/ITUU.DTHI-I,OI 

• 
w 012l hZ.hoD N Olll PVTL-PVTL·z&ooepTC' • 0114 PVI-PVI·Z&ooePCOE' 

• 
0125 DELZ-DELZ'lADD 0116 1-1·1 • 0117 l'II.OT.2001 GO TO 920 

e • 
0118 942 l'IZ.LT.DSIll. GO TO 943 0129 ISILhl • 0110 VAITEC6,SOIlI l,ISCll,IOPSIll,OSlll,ZlAST,Z 

• 
Olll L-L·I • Olll IFIL.GT.lIMI GO TO 944 0113 GO TO 94l 

• 
Oilit 944 DSIll-I.OE.IS OilS 94l VOUT-DELZ/DTT • 0116 BMA'iS-RHOleOElZ 

• 
01J1 TKIII-z.oeOELT/CUMASS'BMASSI Ollll SLIII-DELT/OElZ • 0119 GMAX-AHOlelOELZ/DTTleez 

• 
0140 ER-UU/GMU o lit I EAII.,-DELT/IOELzeEAI • 011t2 SK III-UU 

• 
Olltl UMASS-RMASS 0144 CALL MOOELIMAX,SIGV,SIGVP,C',II • OIItS VRITEI6,S091 I,VOUT,OELZ,GMAX,TAU,ER,AHOI,Z,PVI,PVTL 

• 
0146 905 NI_I 
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,.. • 
'OATRAN IV G LEVEL 21 SIGMA nATE - 160S1 03/31/"'5 PAGE 0001 • • 0001 SURROUTINE SIGMAIMAX,SIGy,SIGYPI 

C SS"'-8 • OOOZ REAL SIGYCSOI • I 
0003 MAX-50 I 

000. SIGYllI-O.O ~ 
( • 0005 00 I J-Z,6 • r 

0006 SIGYCJ)-0.OZS-0.S--16-JI \ ' 
I 

0001 00 Z J-1,." ! • 0008 Z SIGYIJ)-O.OZS-'LOATIJ-'51 • 0009 00 ) J-"5,SO 

• 0010 ] 5IGYIJ)-1.0-0.OZS-0.S--CJ-.") 
0011 SIGYP_I.0-0.02S-0.S--1 • 0012 RETURN 

• OOIl END • 
• • 
• • 
• • 
• • W 
~ 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
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f"" '"' ,OATAAN IV G LEVEL 21 HODEL DATE - 76057 03/31/45 PAGE 0001 

" • 0001 SURROUTINE HODEllMAX,SIGy,SIGYP,Cf,l1 
C SSM-8 

". 0002 REal SIGY1501,C'C50,2001 • 000] MM-MAX-I 
00010 EML-O.O 

t"I 0005 00 I J-I,MM • 0006 EM-SIGYIJ·ll/ll.O-SIGYIJ·lll 
0001 CfIJ,II-ISIGYIJ.II-SIGYIJII/IEM-EMll 

f"\ 0008 EMl-EM • 0009 EM-SIGYP/ll.O-SIGYPI 
0010 CfIMAX,II-CSIGYP-SIGYIMAXII/IEH-EMLI 

f"\ 0011 RETURN • 0012 END 

f"\ • 
f"\ • 
n • 
" • 

wI') • U1 

Q • 
~ • 
!oJ • 
IoJ • 
W • 
IoJ • 
W • I 

W • 
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r .. 
'ORTRAN IV G LEVEL 21 f"lL TER nUE • 16057 03/37145 PAGE 0001 

" • ooni SUAROUTINE 'ILTERIXX.'1,'2.N.OT,.NKfl 
0002 REAL XIC 111 

-- 000] REAL YYl50001 • 0004 REAL PIlOOOI 
0005 PI·3.14159 

" 0006 PO.lft .f21-0n- • 0001 w1·2.0-PI-rl • 
00011 W2·2.0-PI-'2 

" 0009 C.OT'/12.0-PII • 0010 0.1.0/12.0-1',-'111 
0011 00 I 1.1.N .- 0012 Y.'LOAT III-OT' • 001] T ... O.T-O 
0014 AOO·PI-I'2-rll 

'" 0015 I'IT"'O.NE.OI AOO.SINIPI-T ... 0-1'2-'III/T"'0 • 0016 AOO.C-SINIIV1.V21·T/2.0l-AOO 
0017 PIII·C-ISINIV1-TI.SINCV2·TII-II.0/T-0.5/IT.QII·ADO 

" 0018 00 2 J.I.NK' • 0019 CU .... PO·UI JI 
0020 DO 3 I.I.N 

" 0021 I'III.JI.GT.NK'I GO TO 4 • 0022 cu .... CU .... PIII·.XIJ·11 
0023 3 COtolTlNUE 

" 0024 4 DO 5 l.ltN • 0025 IrICJ-II.LT.II GO TO 2 
0026 CU .... CU ... ·PIII·XXIJ-Il • • 0027 5 CONTINUE 

W 0028 Z YY CJI .CU'" 
O'l 0029 DO 6 J.1,NK' • 0030 6 XXIJI.YYCJI • 0031 RETURN 

0012 END • W 

" • 
" • 
.., • 
w • 
w • 
w • 
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10 0.24tBE 05 0.2418E OJ 0.1l!'>9E 10 0.SS72E 06 0.4766E-03 Z.OOOO 0.IB4SE 04 0.180S[ 01 0.3616E 01 • 11 0.2S00E 05 0.2S00E OJ O.USOE 10 0.6367E 06 0.S09SE-03 2.0000 0.Z09SE 04 O.ZOS3[ 01 0.4106E 01 • 1Z 0.l577E 05 O.lSl1E 03 0.132IE 10 O.UBIE 06 0.S4IlE-Ol Z.OOOO 0.l3SlE 04 0.l30SE 01 0.4611E 01 
Il 0.Z614E 05 0.l6l4E 03 O.IlBIE 10 0.1033E 06 0.5190E-03 Z.OOOO 0.2616E 04 0.l564[ 07 0.512TE OT • i, • 

• INPUT ACCELERATION • MAX. 0.5000E 00 AT K_ 11 

• MIN. -O.SOOOE 00 AT K- 11 • 
• 0.0 o.SOOr-OI O.IOOE 00 O.ISOE 00 O.lOOF: 00 O.lSOE 00 0.300E 00 O.lSOE 00 0.400E 00 O."SOE 00 

O.SOOE 00 0.4S0E 00 0.400E 00 0.3S0E 00 0.300E 00 0.2S0E 00 0.200E 00 O.ISOE 00 O.IOOE 00 O.SOOE-OI • 0.0 -O.SOOE-OI -O.IOOE 00 -O.ISOE 00 -0.200E 00 -0.2S0E 00 -0.300E 00 -O.lSOE 00 -0.400E 00 -O.ltSOE 00 

t -0.500E 00 -O."SOE 00 -O."OOE 00 -0.350E 00 -0.300E 00 -0.2S0E 00 -O.ZOOE 00 -O.ISOE 00 -0. lODE 00 -O.SOOE-OI • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

t. • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 --! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 • 0.0 0.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

~ • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 • 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ~t ., 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0,0 0.0 • ~ • 
/-'- • t • O.n " . n 11 . 0 11.0 n. n o.n n. n n ,n n. n 0.0 • if( ..... -9 ;. .. 
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MAXIMUM STRAIN PROFILE • • I 0.125£-01 
t: l 0.290£-02 • • 3 0.)211£-02 I 

4 0.)2),,-02 , 
~ 0.)J8£-02 ~. • 6 0.JIO,,-02 • , 7 0.282(-02 I • 
8 0.)05£-02 r • 9 0.)))£-02 • , 

10 0.lll,,-02 t 11 0.IoJI£-02 • Il 0.520E-02 • t 13 0.620[-02 

• • [ SUA' ACE V(LOCITY I, 
I 

• MAX- 0.370)E 02 AT K- 108 • MIN- -0.1119E 01 AT K_ 88 

• • 0.927E-Ol O.IIIoE-OI 0.115£-01 0.1I02[-Ol 0.271[-Ol 0.199[-Ol 0.124[-01 0.121£-01 0.467E-Ol 0.361(-01 
-0.4118[-02 -0.412E-OI -0.2103£ .. 01 0.1107£ 00 0.529£ 00 0.114[ 01 0.193£ 01 0.284[ 01 0.181E 01 0.4111E 01 • 0.582E 01 0.687E 01 0.795£ 01 0.907£ 01 0.102E 02 0.114E 02 0.125£ 02 O.lJ7£ 02 0.149E 02 0.161E Ol • 0.17)£ 02 0.185E 02 0.U8E 02 O.lIOE Ol 0.222£ 02 0.2)5E 02 0.241E 02 0.260E 02 O.l72E 02 0.285E Ol 

0.297E 02 0.309E 02 0.32lE 02 0.JJ6[ 02 0.)50E 02 0.36lE 02 0.)69E 02 O.llOE OZ 0.166E OZ 0.)57E 02 
~ • 0.)47£ 02 0.)J6E 02 0.)25E 02 0.115E 02 0.)04£ 02 0.29)E 02 0.28l[ 02 0.270E 02 0.258E OZ 0.247£ 02 • ........ 0.235E 02 0.22)£ 02 0.211E 02 0.199£ 02 0.187E 02 0.175E 02 0.161E 02 0.150E Ol 0.1)8E 02 0.ll6E OZ 

0.111E 02 0.101£ 02 0.881E 01 0.756E 01 0.629E 01 0.50lE 01 0.174[ 01 0.2106£ 01 0.121E 01 -0.293E-OI • -0.ll7E 01 -0.256E 01 -1I.392E 01 -O.SlOE 01 -0.655E 01 -0.75IE 01 -0.804E 01 -0.812E 01 -0.784E 01 '-0.7)9£ 01 • -0.690£ 01 -0.648£ 01 "0.612£ 01 -0.5HE 01 -0.5100E 01 -0.1098E 01 -0.1051E 01 -0.1008E 01 -0.36J£ 01 -0.119E 01 
-0.275E 01 -0.229£ 01 -0.181£ 01 -0.129[ 01 -0.7105£ 00 -0.191o[ 00 0.318[ 00 0.8ll[ 00 O.lll[ 01 0.178£ 01 • 0.228E 01 0.278£ 01 0.)?6E 01 0.)6IoE 01 0.387£ 01 0.)9IE 01 0.179£ 01 0.355[ 01 0.327[ 01 0.299[ 01 • 0.274£ 01 0.252E 01 0.229[ 01 0.20l[ 01 0.181o[ 01 0.159E 01 O.IJ)[ 01 O.IO!5[ 01 0.7100[ 00 0.)99E 00 

0.)8)£-01 -0.)28£ 00 -0.6R8£ 00 -0.101[ 01 -0.U6£ 01 -0.166[" 01 -0.19<'£ 01 -0.214[ 01 -0.23l£ 01 -0.2106E 01 • • -0.256£ 01 -0.26)£ 01 -0.265£ 01 -0.260£ 01 -0.2106E 01 -0.224!: 01 -0.196E 01 -0.165[ 01 -O.llSE 01 ·-0.107E 01. 
-0.815E 00 .. 0.582£ 00 -0.3561': 00 .. 0.129E 00 0.101E 00 0.3J9E 00 0.579E 00 0.818[ 00 0.I05E 01 0.126£ or 

0.144E 01 0.160£ 01 0.172E 01 0.181E 01 0.187E 01 0.189E 01 0.181E 01 0.182£ 01 0.175£ 01 0.16S£ 01 • O.ISJ£ 01 O.U1E 01 0.116£ 01 0.901E 00 0.62JE 00 0.)4IE 00 0.854£-01 -0.134£ 00 -0.322E 00 -0.489E 00 • -0.644£ 00 -0.193E 00 -0.9J)£ 00 -0.106[ 01 -O.IU[ 01 -0.ll8£ 01 -0.U5£ 01 -0.14IE 01 -0.143E 01 -0.142£ 01 

• -0.1)9E 01 -0.1J4E 01 -0.ll6E 01 "0.1I6E 01 -0.104£ 01 -0.907[ 00 .. 0.758E 00 -0.597E 00 -0.419[ 00 ·-0.219[ 00 • -0.IJ4£-02 0.221£ 00 0.1028£ 00 0.601[ 00 0.7])£ 00 0.8JIE 00 0.904E 00 0.96S£ 00 0.102[ 01 0.106! 01 
0.108£ 01 0.109£ 01 O.IORE 01 0.106£ 01 0.102£ 01 0.960£ 00 0.881E 00 0.78SE 00 0.6HE 00 0.558£ 00 
0.4)OE 00 0.29J[ 00 0.IS2E 00 0.875[-02 -O.IJS[ 00 -0.28IE 00 -0.431[ 00 -0.S80[ 00 -0. TIl[ 00 -0.815£ 00 ,. • -0.876E 00 -0.900£ 00 "0.898£ 00 -0.886[ 00 "0.870£ 00 -0.849E 00 .. 0.811E 00 -o.no[ 00 -O.TlO[ 00 -0.64lE 00 • Ii 

t 
-0.568E 00 .. 0.1087£ 00 -0.396E 00 -0.292[ 00 -O.UO[ 00 -0.646E-Ol 0.489[-01 0.IS8[ 00 0.260E 00 0.)59E 00 t 0.45J£ 00 0.S45E 00 0.63JE 00 O. TIlE 00 o.nOE 00 0.198E 00 0.792E 00 0.756E 00 0.702E 00 0.64)£ 00 • 0.S86E 00 0.5)1[ 00 0.472E 00 0.40JE 00 0.3l7E 00 0.2106[ 00 0.164E 00 0.1124[-01 -0.175E-Ol -0.1I89E-01 • 

r: 
.. 0.U7E 00 -0.l6)[ 00 "0.340E 00 "0.407[ 00 -0.106IoE 00 -0.511E 00 -0.S56E 00 -0.S93E 00 -0.622E 00 -0.6)9[ 00 

• I • t SURFACE ACCEL[RaTION i 

• MAX. 0.142JE 00 AT K- 410 .-/ 
MIN. -0.1401E 00 AT K- 84 

· I • 0.946E-0) 0.216E-03 0.127E-01o -0.357E-03 -0.541£-03 -0.74IE .. 04 0.106E-Ol 0.202[-Ol 0.148[-Ol -0.108[-Ol .. -0.418£-02 -0.4)2E-02 0.2)4E-02 0.175[ .. 0 I 0.190E-Ol 0.619£-01 0.809[-01 0.931[-01 0.991[-01 O.lOlE 00 .-.1 -.. 
't. ' r, ! I Po' " " n , 17'u' nn 

~ 
I' l, ' ' 11 ' t· 1' , ' " ,.~ . , " ' r ' ' ": 1 " 1, eo fI '} ' )r 1'" 



l:- I • 
I 0.10"£ 00 0.101£ 00 O.llOE 00 O.ll"E 00 0.116£ 00 0.118£ 00 0.120£ 00 0.121E 00 0.122£ 00 0.12J£ 00 

I ~ 0.123E 00 0.12"£ 00 0.125£ 00 0.125E 00 0.126E 00 0.121£ 00 0.129£ 00 0.129E 00 0.128E 00 0.125E 00 • 
0.123£ 00 0.125E 00 0.133E 00 0.1 .. 2E 00 0.1 .. 1£ 00 0.120£ 00 0.1 .. 1E·OI 0.1 .. 9E·0I ·O ..... OE·OI -0.81IoE-01 

j -0.109£ 00 -0.1l3E 00 -0.109E 00 -0.106E 00 -0.108E 00 -0.1I2E 00 -0.116£ 00 -O.IUE 00 -0.1I9E 00 -0.1I9E 00 

(') -0.120£ 00 -0.12IE 00 -0.12IE 00 -0.122E 00 -0.123E 00 -0.12"E 00 -0.125E 00 -0.126E 00 -0.126£ 00 -0.121E 00 • 
-0.121£ 00 -0.121E 00 -0.128£ 00 -0.128E 00 -0.129£ 00 -0.130£ 00 -0.131£ 00 -O.IlOE 00 -0.128E 00 -0.ll6£ 00 

-0.121£ 00 -0.13lE 00 -0.139E 00 -O.I .. OE 00 -0.ll8£ 00 -0.919E-OI -0.5102E-01 -0.199£-02 0.281£-01 0.1061£-01 

f:) 0.492£-01 0.1030£-01 0.369£-01 0.354£-01 0.38IoE-01 0."26£-01 0.1056£-01 0."6"£-01 0."58£-01 0.1050£-01 • 
0.451£-01 0.465E-Ol 0 ... 93£-01 0.528£-01 0.556E-Ol 0.562£-01 0.5"3E-Ol 0.509£-01 0.1083E-01 0.1082E-01 

0.502E-OI 0.511£-01 0 ... 88E-OI 0.391E-Ol 0.231E-Ol 0,"25£-02 -0.121£-01 -0.2"1£-01 -0.281£-01 -0.l82£-01 

0 --0.256£-01 -0.23"E-Ol -0.226£-01 -0.230E-Ol -0.l38E-01 -0.2 .. 8£-01 -0.2610£-01 -0.288£-01 -0.318£-01 -0.3108£-01 I • 
-0.368£-01 -0.31"E-01 -0.368£-01 -0.353E-01 -0.332E-01 -0.30"£-01 -0.261E .. 01 -0.22"£-01 -O.18IE-01 --0.143£-01 

-0.109£-01 -0.116£-02 -0.189E-02 0.5 .... E-02 0.1"2E-01 0.226E-01 0.l81£-01 0.31"E-OI 0.309E-0I 0.28"E-01 

0 0.251£-01 0.238£-01 0.231£-01 0.232E-Ol 0.l36£-01 O.l"I£-OI 0.l"5E-01 O.l .... £-OI 0.l3"£-01 0.215£-01 • 
0.188£-01 0.157£-01 0.ll6£-0I 0.9"2E-02 0.595£-02 0.208E-02 -0.182E-02 -0.511£-02 -0.15IoE-02 -0.960£-02 

-0.1;>3£-01 -0.163£-01 -0.21IoE-01 -0.262£-01 -0.289E-Ol -0.288£-01 -0.261E-01 -0.22"£-01 -0.191E-OI -0 • 110E-0 1 

0 --0.159£-01 -0.15IE-OI -0.1 .. 3E-01 -O.lllE-OI -0.ll8E-0I -0.101£-01 -0.790£-02 -0.516E-02 -0.211E-02 0.681E-03 • 
0.318£-02 0.51o"E-Ol 0.169£-02 O.IOOE-OI 0.122£-01 0.139£-01 0.152£-01 0.165E-01 0.182£-01 0.20"E-01 

0.2l2£-01 0.221£-01 0.211£-01 0.117£-01 0.135E-Ol 0.991£-02 0.153£-02 0.620E-02 0.52IE-02 0 ... 02£-02 

• 0.252£-02 0.896£-03 -0.611£-03 -0.227£-02 -0."09£-02 -0.613£-02 -0.811£-02 -0.911£-02 -0.110£-01 -0.12IE-0I • 
-0.131£-01 -0.139£-01 -O.I .... E-OI -0.1"6E-0I -0.1 .. 6£-01 -0.1 .. 9£-01 -0.153£-01 -0.152£-01 -0.136£-01 -0.104£-01 

-0.62"£-02 -0.237£-02 0.165£-0] 0.12 .. £-02 0.158£-02 0.214E-02 0.329E-02 0.480£-02 0.610E-02 0.693£-02 

• 0.15 .. E-02 0.828£-02 0.936£-02 0.106£-01 O.ll"E-OI 0.118£-01 0.116E-01 O.I11E-OI 0.105E-Ol 0.100E-Ol • 
0.966E-02 0.9 .. 0E-02 0.899E-02 0.198£-02 0.596E-02 0.289£-02 -0.631£-03 -0.369£-02 -0.551£-02 -0.601£-02 

-0.578£-02 -0.564£-02 -0.607E-02 -0.695£-02 -0.179E-02 -0.825£-02 -0.83 .. £-02 -0.838£-02 -0.858£-02 -0.890E-02 • 
~ • -0.902£-02 -0.810£-02 "0.190£-02 -0.685£-02 -0.583£-02 -0.500£-02 -0.435£-02 -0.315£-02 -0.296£-02 -0.173E-02 

00 

• OUTPUT - I- 8 lOPS- • 
MAX- 0.2992£"02 AT K_ 35 • • MIN- -0.1669£-02 AT K- 63 

0 0.11"£-05 0.2"9£-05 0.231E-05 0.101£-05 -0.6 .. 1£-06 -0,"61E-Ol 0.6"8E-05 0.224£-0" 0 ... 99£-0" 0.892E-0" • 
0.139E-03 0.198E-03 0.265£-03 0.339£-03 0."21E-03 0.510£-03 0.605£-03 0.108E-03 0.811£-03 0.932E-03 

0.105£-02 0.118£-02 0.131£-02 0.1"5E-02 0.159E-02 0.113£-02 0.188E-02 0.202E-02 0.211£-02 0.234£-02 

0 0.251£-02 0.269E-02 0.28IoE-02 0.295E-02 0.299E-02 0.291£-02 0.289£-02 0.216£-02 0.260£-02 0.2"2E-02 • 
0.2210£-02 0.208£-02 0.193£-02 0.119E-02 0.16"E-02 0.1 .. 7£-02 0.1Z1£-02 0.IOIoE-02 0.831E-03 0.619£-03 

0."01E-03 0.191£-03 "0. 129E-0 .. -0.225£-03 -0 ..... 1£-03 -0.66"£-03 -0.893£-03 -0.1I2E-02 ·-0.133E-02 --0.1 .. 9E-02 

0 -0.161E-02 -0.166£-02 -0.161E-02 --0.165E-02 -0.163E-02 -0.161E-02 -0.161£-02 -0.160£"02 --0.159£-02 -0.158£-02 • 
-0.156£-02 -0.15"E-02 -0.152E-02 -0.1 .. 9E-02 -0.1 .. 1E-02 -0.1 .... E-02 --0.1 .. 2E-02 -0.1 .. 0E-02 -0.138£-02 -0.135£-02 

-0.132£-02 -0.129E-02 -0.125F:-02 -0.122E-02 -0.ll9E-02 -0.ll5E-02 -0.I11E-02 -0.106E-02 -0.10IE-02 -0.963£-03 

U -0.928£-03 -0.906';:-0] -0.88tll::-03 -0.861E-03 -0.839£-03 -0.810E·03 -0.188E-03 -0.175E-03 -0.110£-03 -0.165£-03 • 
-0.154£-03 -0.7311£-03 -0.119£-03 -0.703£-03 -0.694£-03 -0.690E-03 "0.69IE-03 -0.695E-03 -0.101£-03 "0.110£-03 

-0.12IE-03 -0.735£-03 -0.150£-03 -0.1610£-03 -0.179£-03 -0.193E-03 -0.801£-03 -0.821E-03 --0.835£-03 -0.850£-03 

U -0.866£-03 -0.8811'-03 -0.896E-03 -0.90A£-03 -0.911£-03 -0.923£-03 -0.926E-03 -0.928£-03 "0.929E-03 -0.930E-03 • 
-0.930£-03 -0.929£-03 -0.921£-03 --0.925£-03 -0.922E-03 -0.911£-03 -0.909E-03 '-0.900£-03 '''0.888£-03 -0.816E-03 

-0.864£-03 -0.852£-03 -0.8 .. 1£-03 -0.831£-03 -0.821£-03 -0.812£-03 -0.803E-03 -0.796E-03 -0.189E-03 -0.183£-03 

0 .. 0.111£-03 -0.113£-03 -0.110E-03 -0.169£-03 -0.111E-03 -0.113E-03 -0.116E-03 -0.180E-03 -0.185£-03 -0.189E-03 • 
-0.19"£-03 -0.800£-03 -0.806E-03 -0.813£-03 -0.822£-03 -0.831£-03 -0.8"OE-03 -0.8 .. 9E-03 -0.858£-03 -0.865£-03 

-0.812£-03 -0.811£-03 -0.882£-03 -0.886£-03 -0.889£-03 -0.891£-03 -0.892£-03 -0.893£-03 -0.892£-03 -0.891£-03 

U -0.8118£-03 .0.884£-03 -0.880£-03 -0.814£-0'3 -0.869£-03 -0.86"£-03 -0.858f.-03 -0.853£-03 -0.8"1£-03 -0.842E-03 • 
-0.836£-03 -0.830£-03 -0.824£-03 -0.818£-03 -0.812£-03 -0.808£-03 -0.804£-03 -0.802£-03 -0.800£-03 -0.199£-03 

-0.799£-03 -0.800£-03 -0.801£-03 ·0.803E-03 -0.805£-03 -0.809£-03 -0.812£-03 -0.811£-03 -0.821£-03 -0.821£-03 
lit!-

V -0.812£-03 -0.831E-03 -0.842£-03 -0.846£-03 -0.850f.-03 -0.854£-03 -0.851£-03 -0.861£-OJ -0.864£-03 -0.861£-03 

-0.810£-03 -0.812£-03 -0.813£-03 -0.873E-03 -0.813£-OJ -0.811£-OJ -0.869£-OJ -0.861£-03 -0.(16"£-03 -0.861£-03 

-0.858£-03 -0.854E-OJ -0.1150£-03 -0.846E-03 -0.842£-03 -0.838£-OJ -0.8llE-03 -0.830£-03 -0.826£-03 -0.824£-OJ 

U -0.822E-03 -0.820£-03 -0.818£-03 -0.811E-OJ -0.816£-03 -0.815£-03 ·0.815£-OJ -0.815£-03 -0.816£-03 -0.811£-OJ 0 

-0.819E·OJ -0.822£-OJ -0.825E-0] -0.82A£-03 -0.831£-03 -0.83 .. £-03 -0.831£-03 -0.8100£-03 -0.8 .... £-03 -0.8"7£-03 

-0.850E·OJ .0.852£-03 

'-' 
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