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FOREWORD

This report was prepared by UNIDEV, INC. for the

George C. Marshall Space Flight Center, National Aero

nautics and Space Administration, under Contract NAS8-21418

entitled "Wind Induced Oscillation of the Saturn V Vehicle

Caused by Realistic Ground Winds." The work was conducted

under the technical direction of the Aero-Astrodynamics

Laboratory, with Mr. G. A. Wilhold acting as technical

monitor.

The study was executed by the Solid and Fluid

Mechanics Department, directed by Dr. L. L. Fontenot.

Mr. T. Coffin served as Principal Investigator. Computer

Program development was performed by Mr. T. S. Chandler.

This document deals with the computational

aspects of the "Ground Winds" problem. Theoretical con

siderations are presented in reference /1/.
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ABSTRACT

This document describes a Digital Computer Pro

gram developed to estimate Saturn V response to pre-launch

wind conditions at Cape Kennedy. The program computes

displacement and bending moment statistics as a function

of parameters defining the atmospheric environment. A

sample problem is provided to illustrate utilization of

the program.
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INTRODUCTION

An analysis of space ~ehicle response to pre

launch winds at Cape Kennedy is presented in /1/. The

vehicle is assumed to be axisymmetric and supported

symmetrically. The equations of motion are derived

based on simple "strip theory." The aerodynamic forcing

function is assumed representative of a non-homogeneous,

stationary normal process.· Generalized harmonic analysis

is applied to obtain response statistics. Lift and drag

response are computed separately. Joint statistics are

then computed to obtain an estimate of the probability

density and cumulative distribution of resultant (i.e.,

vector sum) displacement and bending moment.

This document describes utilization of the com

puter program resulting from the analysis. A sample

problem is included to illustrate application of the

program.
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SECTION 1

SUMMARY OF SIMULATED EQUATIONS

An analysis of Saturn V response to pre-launch

wind conditions is documented in reference /1/. The

equations programmed for computer simulation are sum-

marized in this section.

1.1

x

y

g

~n

M
n

v
n

D

p

k

NOTATION

Coordinate indicating position along vehicle
length (identical with station no.).

Displacement coordinate in the drag direction
(parallel to mean wind vector). .

Displacement coordinate in the lift direction.

Displacement mode vector.

Bending moment mode vector.

Generalized mass.

Generalized structural damping ratio, assuming
viscous modal damping.

Undamped natural frequency.

Mean diameter of discretized vehicle model.

Density of atmosphere.

Drag coefficient.

Reynolds no., based on local mean wind speed and
vehicle diameter.

Mean wind speed.

Peak reference wind speed at the 18.3 meter
level from grade.

Empirical statistic defining the wind speed
profile at Cape Kennedy.
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F(r)

Frequency.

Cross spectral density of wind turbulence In
drag and lift directions,respectively.

Mean drag displacement and bending moment,
respectively.

Mean-square density spectrum of drag displace
ment and bending moment, respectively.

Variance of drag displacement and bending
moment, respectively.

Variance of lift displacement and bending
moment, respectively.

Maximum absolute displacement and bending
moment, respectively, associated with joint
occurrence of 30 response.

Absolute (resultant) displacement or bending
moment, as indicated.

Probability density of absolute displacement
or bending moment, as indicated.

Cumulative distribution of absolute displace
ment or bending moment, as indicated.

A number of the above quantities are not specified, but

implied, since highly redundant equations for displacement

and bending moment statistics are not repeated. Coding

terminology for required input is defined in the section

on computer program utilization.

1.2

IT (x)
y

DRAG RESPONSE

Mean drag displacement is computed by

2

(1)



where

vex) = 39 37A (0.02Sx + 28.96)k
• 1: 18.3 1 +

and

18.3 (0.283 - 0.43S
(0.02Sx + 28.96)

1.98 - 1.887 e- 0 . 2A*

-0.2A ... )e .. -1

(I-A)

1.0 ,R(x)<2.8 x lOS

3.1SS(S.7624-1og
10

R(x)),2.8 x 10S<R(x)<S x lOS

0.S14(loglOR(x)-S.3099),S x 10S<R(x)<3 x 10 6

0.6 ,R(x»3 x 10 6 (I-B)

Mean drag bending moment is defined by a similar expression:

(2 )

The variance of drag displacement is estimated by

ep (x;v)dv
yy ( 3 )

where

(a +
n

3



(3-A)

-1

+ rrv PM I Cd(X)D(X)V(X)IjJ~(X)dx)2 (~)2J I
n n !I., n

X II [Cd(Xl)Cd(X2)D(Xl)D(~2)V(Xl)V(X2)
L

+ (~" D(X1 )D(X2 »2]

.yy (Xl'X2;V)~n(Xl)~n(X2)dxldx21
The cross spectral density of wind turbulence is defined 1n

references /2,3/. In the notation of these references:

with

h. = 0.025x. + 28.96
1 1

Now the (real part of) cross spectral density 1S:

(3-B)

I::.f
-0.3465 ";;;;1::.';;£--

0.5
cos (2rryl::.f)

(3-C)

with

vh 2 vhl II::.f = 1-
W(h 2 ) W(h

l
)

I::.f O• 5 = 0.036
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0.7
h 1+h 2

~100, 2

y =
h +h

0.3 1 2>100, 2

and

1 +

(0 283 - 0.435 e- 0 • 2A *)
(18.3) .
h

1.98 - 1.887 e- 0 . 2A*

-1

(3-D)

The local spectral density function required is represented

by

S(h;v) (3-E)

where

f vh=
W(h)

f
h C4

= C3 (18.3)m

h C5
8* = (18.3)

u* = C6 W(18.3)

Cl = 6.198

C2 = 0.845

C3 = 0.03

C4 = 1.00

C5 = - 0.63

C6 = .0886
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The variance of drag bending moment is similarly

computed:

00

0
2 = I cj> (v)dvym ym

o

Computation of cj>ym lS identified to that for cj>y' with

~~(xi) outside the brackets in (3-A) replaced by ~~(Xi).

1.3 LIFT RESPONSE

The variance of lift displacement is calculated

In the same manner as (3) with

cj> (x. ;v)
ZZ l =L

n

2 2 {{ 2 2p ~ (x.) [4n v (M +
n l n n

+ p
4nv M

n n f
Q,

and the following constants defining the cross spectral

density of turbulence in the lift direction:

6fO. 5 = 0.045

6
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1.4
h l +h 2

~100, 2

y =
h +h

0.5 1
2

2>100,

Cl = 3.954

C2 = 0.512

C3 = 0.1

C4 = 0.58

C5 = 0.35

Cs = 0.0886

The variance of lift bending moment is computed similar to

displacement, with ~2(x.) inserted in (5) in place of
n l

2
~ (x.), outside the brackets only.

n l

1.4 RESULTANT RESPONSE

Maximum absolute displacement associated with con-

current 30 lift and drag response at a given location is

computed by

liD" =

[ n~] 1/2
°z 9 + 2 2 '

o -0z y

In 10y y
2 2

3(0 -0 )z y

<1, and 0 >0
Z Y

(In 1+30 ), otherwisey y
(6)

Maximum absolute bending moment associated with

concurrent 30 lift and drag response at a given location

is obtained by (6) with the substitution

D --M
Y Y

o __ 0

y ym

o --0z zm
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The probability density of absolute (resultant)

displacement at a given vehicle location is defined by

27T

fer) r J e-Q de r>O= 27T0 0Y z 0 (7)

= 0 r-:<O

where

Integration of (7) yields the cumulative distribution of

absolute displacement:

r

F (r) = 1f (r ' )dr' ( 8 )

o
Equations (7) and (8) are used to define the same statistics

associated with absolute bending moment with the substitution

D'--My y

o --0y ym
o __ 0

z zm
It should be noted that (7) and (8) represent conditional

density and distribution functions, respectively, based on

the assumed values taken on by meteorological constants.

In the following sections, organization and

implementation of the computer program developed to solve

the above equations are described.

8



SECTION 2

PROGRAM DESCRIPTION

Derivation of the equations "'Ieadihg to the com

puter program described herein is documented in reference

/1/. The wind turbulence experienced by the vehicle is

assumed representative of an inhomogeneous, stationary

normal process. In the computation of joint response

statistics, lift and drag components are assumed inde

pendent.

The numerical integrations are carried out by

application of Simpson's method and in some cases by the

trapezoidal rule. The program offers the user several

options. By setting a flag card, analysis of drag response,

lift response, or both, including combined response, may

be obtained. Stacking of runs is provided for, permitting

a series of analyses to be performed with variation of

any combination of input parameters.

Printout includes a definition and listing of

input terms and computed results. Results are also written

on tape and processed by the SC-4020 plotter. The program

was written and checked out on the UNIVAC 1108, Exec. 8

system.

9



SECTION 3

PROGRAM UTILIZATION

3.1 GENERAL PROGRAM ORGANIZATION

Organization of the computer program, input data

and case stacking scheme is illustrated schematically as

follows:

{ Control Cards

) Input characters to be usedl title (use columns 7-72)

{Main Program and Subroutine

CASE DATA

Second
Column

as an identifying

$NAMl
IFLAG=3
(Complete set of input data - first case)
$
$NAMl
(Load only parameters to be changed for second case)
$

.
$NAMl }IFLAG=O Stops Program
$

{control Cards

In the above iterative scheme any number of parameters may

be varied for each case. As explained in Section 3.2.1

"IFLAG=3" requests an analysis in lift and drag directions

10



and the computation of resultant (joint) response statistics.

A description of the coding format for a sample problem is

provided in Section 3.2.4.

3.2 DESCRIPTION OF INPUT

Three sets of input data are required which define

general program instructions, meteorological parameters and

structural dynamic characteristics. The program is designed

to read input in Namelist format. Therefore, the exact allo-

cation of all spaces on a coding form is not required.

Definition of constants must be separated by a comma and

the elements of arrays must be separated by commas. Data

should be entered beginning with column two of each line on

the coding form, i.e., column one must be left blank.

3.2.1 General Instructions

The instructions define general requirements of

the problem to be solved. All units are in the pound-inch-

second system.

= a Stops program after last case

IFLAG

NIPD

IPTD

= 1 Compute only drag response

= 2 Compute only lift response

= 3 Compute drag, lift and resultant response

Number of vehicle locations for which resultant
displacement statistics are to be computed (zero
unless IFLAG=3).

Station number (in hundreds) of locations at
which resultant displacement statistics are to
be computed (zero unless IFLAG=3).

11



NIPM

IPTM

SBARD

SIGDS

SBARM

SIGMS

Number of vehicle locations for which resultant
moment statistics are to be computed (zero
unless IFLAG=3).

Station number (in hundreds) of locations at
which resultant moment statistics are to be
computed (zero unless IFLAG=3).

Mean lift displacement due to vortex shedding
from scaled wind tunnel data at points IPTD
(zero unless IFLAG=3).

Standard deviation of lift displacement due to
vortex shedding from scaled wind tunnel data at
points IPTD (zero unless IFLAG=3).

Mean lift moment (lb.in.XIO- 6 ) due to vortex
shedding from scaled wind tunnel data at points
IPTM (zero unless IFLAG=3).

Standard deviation of lift bending moment
(lb.in.XIO-6) due to vortex shedding from
scaled wind tunnel data at points IPTM
(zero unless IFLAG=3).

3.2.2 Definition of Meteorological Conditions

The quasi-static and turbulent wind distribution

at Cape Kennedy is characterized by two input constants.

XLAM

XK

Peak wind speed at the 18.3 meter level
(meters/second).

A constant defining the wind speed gradient.

Values of the above statistics for varying levels

of risk and exposure time are available from the M.S.F.C.

Aerospace Environment Division. See reference /4/.

3.2.3 Structural Dynamic Characteristics

The launch vehicle to be analyzed in a given

propellant loading condition is synthesized by the fo1-

lowing parameters. All units are in the pound-inch-second

system.

12



N

D

XNUN

XMN

BETAN

PSI

XM

Number of structural-modes to be considered.

Mean diameter of discretized vehicle segments.
This array must be entered in the order of
increasing vehicle station number.

Undamped natural frequencies (Hz). These must
be entered in the order of increasing mode
number. .

Generalized masses (lb.sec. 2/in.). These must
be entered in the order of increasing mode number.

Generalized structural damping ratios. These
must be entered in the order of increasing mode
number.

Displacement mode vectors (in./in.), normalized
to tip displacement.

Bending moment mode vectors (1~.in·X10-6),
normalized to tip displacement;n.

The constants PSI and XM obviously constitute two

dimensional arrays. PSI(i,j) represents the displacement of

element i in mode j. The same convention applies to XM.

For a given mode number the modal values must be entered

in the order of increasing segment number (station number).

3.2.4 Input Format

The coding format for a sample problem is illus-

trated by the following printout. The input represents a

series of four analyses with a fixed reference wind speed

but varying wind speed gradient. Note that no information

is entered in column 1. In repition, the input data is in

Namelist format so the exact allocation of fields for the

entry of constants is not necessary. For example, consider

the fourth row of input. These four constants may be

13



entered in any order and in any column other than the first.

These same four constants may also be entered in four

separate rows (instead of one), yielding a separate data

card for each constant. The Namelist data format was

selected to provide flexibility to the program user.

14



SfdMl
IFlAG=3
N=3
IP1~=1,IPTO=42,~IP~=1,NIFC=1

X~=.278,~lA~=10.3

X~lN=J.273,O.182,1.392

X~~=78u.4,127.52,37.41

BET AN=3 *0.01
0=713.,594.,436.,13*428.,396.,8*396.,341.8,286.8,297.,297.,259.8,259.8,
259.8,247.5,211.8,182.2,154.,154.,12~.1,!.26.,S.

PSIC1,lt=0.0,0.0I,O.02,O.03,O.05,O.05,O.06,O.08,O.I,O.12,a.14,~.15,

~.17,O.2,O.21,Q.24,~.25,D.21,O.3a,O.33,O.3~,O.31,C.4~,0.42,Q.45,0.47,

0.50,0.53,0.55,0.58,0.60,0.64,0.66,0.1,0.13,0.15,
o.eo,~.84,O.86,O.90,O.95,O.99

PSI Cl ,2 ) =-O.Q 1,-1) .t)2, -0 .,03, -;(J .045, -o.OS, -0.055,-0.06,-0.01,6*-0.0e ,-(;.;j15,
-O.07,-~.065,-O.06,·O.05,-O.Q4,-O.03,-O.015,-a.ces,c.c1,0.Q25,0.05,

D.07,O.09,O.12,O.15,O.155,O.2,O.25,Q.259,0.349,C.4,C.475,0.55,0.65,
n. 148,0.85,1) .96

PSICl,3)=O.OI,O.02 ,O.D25,O.03,O.C4,O.045,3.Q.C48,C.~4,O.03,C.025,O.t2,

0.01,0.0,-0.015,-0.02,-0.03,-0.04,-0.05,-0.055,-0.06,-C.C75,-O.C9,
-0.095,5*-0.1,-0.08,-0.07,-0.05,-0.02,0.02,0.09,0.15,0.25,0.38,'.55,
') .75,0.95

X~(l,l)= -13.4,-12.5,-11.7,-11.O,-lO.1,-9.4.-e.7,-8.C,-7.2,-6.5,-5.8,-5.3,
-4.7,-4.2,-3.15,-3.4,-3.0,-2.6,-2.25,-2.05,-1.8,-1.6S.-1.45,-1.25,
-1.1D,-0.85,-0.70,-0.60,-0.50,-0.35,-0.27,-0.24,-0.2,-a.15,-t.l,
-f).07,6*O.",

X~(1,2)= 7.84,6.0,4.45,2.60,1.0,-0.05,-1.9,-3.20,-4.55,-5.1,-6.4,-7.0,
-7.5,-7.6S,-7.5,-7.35,-1.24,-1.1,-6.7S,-6.3t-5.~,-5.4,-5.0,-4.5,-4.06,

-3.7,-3.2,-2.75,-2.4,-2.0S,-1.75,-1.45,-1.18,-0.90,-0.7,-O.45,-J.23,
-O.14,-~.10,-O.U2,2.0.00

X~Cl,3)=-3.65,-2.0,-O.24,l.20,2.6=,3.80,4.59,5.40,6.20,6.42,6.20,5.11,

5.22,4.39,3.40,2.45,1.45,0.60, -.18, -0.6,-1.06,-1.40,-1. eO,-2.10,
-2.39,-2.60,-2.80,-2.95,-2.80,~~O,-2.!5,-2.ce,-1.eo,-1.45,-1.20,

-0.82,-0.50,-0.30,-0.20,-0.15,0.04,0.00
SJGMS(1)=o.o,se~R~(I)=O.~,SIGCSC1)=o.o,seARCCl)=c.e

$
$NAMI
XI<=.216
$
$N~Ml

XI(=.153
$
$~AMI

XIC=.090
$
SNAMI
IFlAG=O
$
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3 . 2 . 5 Additional Constants

A number of constants are utilized which generally

remain fixed for a parameter study concerning, say, various

wind speeds or propellant loadings. In order to minimize

required input, these constants are included in the main

program.

NODE

Xl

DX

RHO

Number of elements in discretized vehicle model.

Station number of first element from fixed end
of vehicle (in.).

Distance (fixed) between elements (in.).

Mass density of atmosphere (lb.sec. 2in.-4 ).

The presently programmed constants represent a

42 element vehicle model with elements centered at stations

100,200, ••. ,4200. This model may be altered by modifying

the above constants in the main program. Consistency with

input data and program dimensions must, of course, be

maintained.

3.2.6 Program Restrictions

The program is dimensioned for a maximum of:

4 bending modes,

42 vehicle elements,

10 vehicle stations at which resultant proba
bility density and cumulative distribution
functions are to be computed (for displace
ment and bending moment, separately).

The lift and drag spectra of turbulence are

computed based on /2,3/, with constants appropriate to

neutral wind conditions.
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3.3 DESCRIPTION OF OUTPUT

The program output consists of the following

printed information:

A. Case Information

1. Program title.

2. Definition of input terms and appropriate
units.

3. Listing of input values.

B. Results

1. Definition of output terms and units.

2. Output in drag direction:

a) Mean displacement.
b) Mean bending moment.
c) Displacement standard deviation and

variance.
d) Bending moment standard deviation

and variance.
e) Mean wind speed distribution.

3. Output in lift direction:

a) Displacement standard deviation and
variance.

b) Bending moment standard deviation
and variance.

4. Resultant response

a) Maximum absolute displacement asso
ciated with 3 sigma lift and drag
response.

b) Maximum absolute bending moment
associated with 3 sigma lift and
drag response. .

c) Probability density and cumulative
distribution of displacement at
vehicle locations specified.

d) Probability density and cumulative
distribution of absolute bending
moment at vehicle locations specified.

17



The functions (c) and (d) above will generally

be computed for differing vehicle locations. When joint

statistics are requested at a number of points, all dis

placement statistics are printed out in the order of dis

placement locations specified, followed by bending moment

statistics in the order specified.

Computed results are also written on tape and

processed by the SC-4020 plotter. The order of data

presentation is the same as described above.

18



SECTION 4

SAMPLE PROBLEM DESCRIPTION

A sample problem is presented to illustrate com-

puter program operation. Consider the format defined ln

Section 3.2.4. This format indicates:

1. Structural dynamic characteristics representing
the Saturn V (SA-503) vehicle in the fully
fueled condition, including three bending modes.

2. A reference peak wind speed of 10.3 m/sec.
(at the 18.3 m~ level), which is equivalent
to a mean wind speed of 20 knots.

3. Lift, drag and resultant response are to be
computed.

4. Resultant displacement statistics are to be
computed at station 4200.

5. Resultant bending moment statistics are to be
computed at station 100.

6. Four cases are called for, with the value of XK
being varied and all other parameters held
fixed.

As stated previously, the quantity XK is an

empirically determined statistic which defines the wind

speed profile shape at Cape Kennedy, see reference /4/.

The values selected for this example represent vehicle

response to the 30, 20, 10 and mean wind profile envelope,

respectively, for a fixed reference wind speed.

19



SECTION 5

SAMPLE INPUT

The printout of input data is entirely redundant

for all cases, with the exception of XK, which is specified

in Section 3.2.4. Therefore, only the first case is pre

sented.

20
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SECTION 7

PLOTTED RESULTS

A series of 12 response quantities are plotted

for each case, yielding 48 figures. Since results for the

four cases are printed in Section 6, only the first case

is illustrated.

46
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C SATUR~ 5 PESFeNSE T~ FRE-L~UNCH WINC LaADS
C VEHICLE SA-503
C FUllY FLElEC ce~CITle~
C
C

,36~VARI~NCE IF CR,6GDISPLACEMENT.IN.• 2 .. t ....

,42hABS2LUTE BENOING MeMENl LB. IN. X 1.0.....6 ...

t ....

. t.

,.4*6H ..

,3*6H ..

..1.
/

,3*6H .. _. . I
IN. X 10-6

DISPLACEMENT INCHES

CUMULATIVE CISTRJ8UTISN ..

,36t-'VARJANCE eF LIFT DISPLAceMENT IN~Z

,42tME~N DRAG BENCING MeMENT LB•.IN •. X 10-6

= Nu~eER £F MaDES)

,24hPR£EAeILIJY DENSIT\'.. ..3*6H
,24"VE~ICLE STATIaN - INCHES,4*6H
,30HABselUTE CISPLACEMENT INCHES

,42H,6eS2lUTE BENCING MeMENT LB.

,5itt-'V.eR LaNCE
I

,54t-V tR UNC E
1

,34 hH~SfZlUTE

- ' __ "~"~"_."_.",'_ ~ ·<_.bOO _.

= Nu~eEP 2F PltNTS AT WHICH J81NT PRI8.SllI",
(foIfMENTJ)

nl~ENSI2~ ABSC(42),~eS~(42)

DI~ENSI2~ H(42),~C42),V(42),V2C42),FMC42),BETAC~2),DC4ZJ,

SX(42),CCC42),C2C42),CeV(42),CeV2(42),XNUNC 4),X~NC 4),
SBETAN(4) ,PSIC42,4),FSI2(4,42),C0N5C4,42),C0NtC4,42),
$TA81(42) ,TAe2(42),St~l1( 4),SUfoI2C 4),caNlC 4),
SC2N3C 4),XNUCI0J),S(42),P~I(42,42),P~IYCI00),

SARPAY(42),CBC42),SIECZC42),SIGDYC42),SIGMZC42),SIGMYC 4Z),
SXNU2CIQO),SU~3ClaO,~),FFC42),[CINTC2),DINTC150)
OI"'fNSI2~ CDVS(42)t[4C42),SLfoI4CIOC,4),~le3C42)

DIfoIENSI2N C2N1(4,42),Xfo/(42,4),XMB(42),
$C0~8C4,42),PHIMCI00),X~2(4,42),SF~NS(15g),FANSCI5Cl,

$SICE9CI2),BeTTPC12,2),IFTMCI0),IPTDCIO)
OIfoIENSI2N SICEIJ(lZ)
OI~ENSI2~ ACARY(6),VARCC42),VARMC42),80TTCIZ),SIDflC12),SIDEZClZ),
$SICE3CI2),SICE4CI2),StCE5(12),SIDE6Cl~),SIDE1(12),SIDEeC1ZI

DI~ENSI£~ eeTFCIZ),E0TPFC12)
DI"'ENSI£~ SIGfoIS(42),SeAR~(42),SIGtSC4Z)JSBARCC42)

E'LIVAlENCE (e0TTFCl,2),f0TFF)
E'LIVAlENCE ce0TTFCl,1),eeTP)
DATA ACARY/36H 401Z40 fIN 223 T C~ANCLER APR 7e/
DATA SICEI/3*6H ,36~foIEAN DRAG CISPLACEMENT - INCHES.

$3 *6H I
DATA SICE212*6H

S ,3*6H 1
DATA SICE3/3*6H

$3 *6H 1
OAT,6 SICF4/3*6H

S3*6H I
DAT,6 SICE5/6H

$ 10-12 ,2*6H
DATA SICE6/6H

$ 10-12 ,2*6H
DA1,6 SIC E113 *6H

$1
DATA SICE8/3*6H

$ ,2*6H 1
DATA SICE9/4*6H

SI
DATA SICEIO/5*6~

DATA B2TT/4*61-'
DAT,6 eeTF/4*6H
DATA e2TFF/2*6H

, ,3*6H I
STA~T=I.

WRITEC6,6(51) . .
6051 F9~~ATC1~1,4X42HS~TUR~ 5 RESP2NSE Ta PRE-LAUNC~ WIND LIADS/II

WRITEC6,6061J
6061 F2P.-ATC 4XI9t-'CEFINlTUN fZF INPUT/I)

WRITEC6,6CJOl)
6001 FSPfoIAT(4)25HN

WRITEC6,6006J
6006 F9R~AT(4)53HNIP~

11 ~19HIS DESIREC
WRITEC6,6(25)

6CZ5 FeR..-AT C4~53HNIPC = NUI'feER 2F PIINTS AT.WHICH J•.INTPR.8A8lLl.IY_
l1X25HIS CESIRED CDISPLACEMENT»SO



WR ITF. (6,6(.,':8)
6~[R Fe~~AT(4)46HtFT~ = rel~TS ~T W~IC~ J~INT PR0BABILITY 15,

11 )16~CESIRE[ (~~~t~Tll

WRITE (6,6Cfl9)
6;j9 FeR~AT(4)46HIFTC = P~INTS ~T W~IC~ J0INT PR0BABILITY IS,

11 )22HCESIREC (CISFlACE~E~T))

io. RI TE (6 ,6:J Hi )
6·~1'.1 FeR~AT(4)(37H[ = I\VER~(E CI~METER laf VEt-:IClE,

11X13HSFG~E~TS--I~.)

WRITE(6,6i.J33)
6033 F~R~AT(4)41HXK = C~~ST~~T CEFINING WIND SPEED GRADIENT)

wRIT E(6 ,6Cl2; )
6C2~ FeR~AT(4X52HXLA~ = PEAK hI~C SPEED Al 18.3 METER LE~EL--M/5eC)

WRITE(6,6;J21)
6~21 FeR~AT(4)42HX~U~ = U~CAMFE( NATURAL fREQLENCIES--HZ)

WR Ill: (6 ,6':.,22)
6:22 Fe~~AT(4~43HX~N = GE~ER~LllEC MASSES--LB*SEC**2/IN.)

wRIT [ ( 6 ,6·;) 2 3 )
6e23 F~R~AT(4)(35HeET~~ = SlRUCTURAL CAMPING RATflaS)

WR ITE (6,6;:;;24)
6'24 FeR~Al(4)43HFSI = CISFLACEMENT ~0CE VECT0R--IN./IN.)

WRITE(6,6D3.i)
613C FeR~AT(4X5jHX~ = r[~CI~G M~MENl M0CE VECT0R--(LB*IN./IN.),

14H*E-6)
WRITE(6,6·ti26)

6026 F2R~AT(4X43~SIG~S ~ ST~NC~R[ CEVIATI~N 0F LIFT M~MEN1,

11X34HCUE Te veRTEX S~ECCIN(--LB*IN.*E-e)

WR ITE (6 ,c!)27)
6D21 Fep~AT(4)(49HSeA~~ = ~EtN LIFT M0MENT CUE T0 V0RTe~ SHEDDING,

11X12H--Le*I~.·e-6)

WR ITE (6 ,6i.(28)
6028 Fep~AT(4~49HSIGCS = ST~NCAPC DEVIATI0N 0f LIfT OISPLACfME"T,

11X27HDUE Te veRTex S~EC(IN(--IN.)

WR IlE (6,6029)
6029 FeR~AT(4)39HSeA~C = ~EAN LIFT DISPLACEMENT DUE 10,

11X20HvePTEX S~ECCING--L~.)

N0CE = 42
NFREC = 85
XR = 3.
NFD = Hi,J
OTHETA= .62831853E-1
RH2 = .1147000QE-6
Xl = 1;0<';.
OX = 100.
FREC1 = •I) 52
OfReQ = .011

3000 Fep~AT(1~1,17H N NIP~ NIPD/3IS,
1114X,6HIFT~ :,(8115»)

3001 FfR~AT(/8X2HX~,14X,~~XLA~/2Ele.8)

3~~2 F2P~AT(/23X,4~XNUN/5EI6.a)

3003 Fep~AT(/23X,3~X~N/5E16.e'

3004 F0P~AT(/23X,5~BET~N/5E16.B)

3005 F2R~AT(/50X,lHD/(6E16.8»)

3006 F2P~AT(/50X,3HPSI/(6EI6.e)

3007 F0P~AT(/5tiX,2HX~/(6E16.8))

31C8 Fep~AT(114X,6~IFT[ =.(8115»
30C9 Fep~AT(3~,7HSIG~S =,(8EI5.7»)
3~10 Fep~AT(3),7HSeAR~ =,(8EI5.1»)
3011 Fep~AT(3),1HSIG[S =,(8EI5.1)'
3012 Fep~AT(3X,7HSeARC =,(8EI5.1]J.

CALL IDE~T(ACARy,9) 61



NA~ELIST/~~~l/N, NIPM,NIPD, IPTM,IPTD,D,
'IFLAG,XK, ~LAM,XNLN,XMN,RE1AN,PSI,~~

$,SIG~S,SP~R~,SIGCS,Se~R[

4 REAC( 5,t-A~l)

C IFL~G=1 ~ CI~ECTI~~, IFL~G=2 l CIRECTleN, IFLAC=; BeTH OIRECTI~~S

C IFUG=':, LAST C~SE

I BeTH =
1 I F ( I BeT f- ) J ,:: ,5 i) .-

?> IF (IFLAG )813,813,2
2 C\lr-.THUE

WR I TE (6 , : '.,,) ..i) N, NIP M, NIP D,
$ (IPT~(I),I=l,~IF~)

wRIT E ( 6 , 3 I) 1,19 ) ( S I G~ S ( I ) , I =1 , r-. I PM)
WRITE(6,3'n .)(SeAR""(I),I=1,~IPM)

wRIT E (6 ,3 J"l 8) (I PTe ( I ) , I =1 , NIP C )
WRIT E (6 ,3 ,H 1 ) ( SIC CS ( I ) , 1=1, NIP [; )
wRI TE (6 , 3J 12 ) ( S t' ARC ( I ) , 1= 1 , NIP C )
wR ITE (6 ,YJ,·,1) XI<, XlAM
WRITE(6 ,3J)2) (Xf\UHIl,I=l,l\)
wR IT E ( 6 ,3D):3) ( x~ t\ ( I ) , 1= 1 , N )
WRITE(6 ,3.)')4) (EETtN(I),I=l,f\)
WRI TE C6 , 3>:~ 5 ) ( C( I ) , 1= 1 , 1\ e( E)
De 6 I=1,~

wRITEC6,3::J06) CFSICJ,I),J=1,~2CE)

6 WRITEC6,3007) CX~(J,I),J=1,f\2CE)

X2=Xl+l\eCE*CX
FREC11=FFECI-CFREC
De P~I I=l,f\F~EC:

XI:I
Xf\LCI)=FREC11+XI*CFFEC

l~ Xf\L2(I)=)~UCI)**2

N1=tdl:CE-1
0~2=OX*CX

PI=3.14159265
PI22=FI**2
Pl=4.()*FI22
P2=2. i*FI
P3 =FI /4."
P4=RH2*FI/4.,'';
NPT=CPI/CTHETA)+l.O~JJI

RHe2=RHe*RHe
P6=RHe/(B.O*FI22)
ElA",=EXF (-;).2*XLA~)

p =\; • 2 83 -'; • 43 5 • EL t ~
GJ=1.98-1.887.ElA~

Wl~3=XLA~/(1.G+l.J/GQ)

Xll=X1-C:X
025: 1 I=1,r-.eCE
xI =I
X(I)=Xll"'XI*CX
HCI)=J.~25*X(I)+28.9S6

HI 83 CI ) =I- ( I ) 118 .3
\oj CI) =XLAP.*H183 CI) *.)(KI (1.0+( 18 .~/H I) )**P/Gt)
VCI)=39.?7*~dIl

V2(I)=V(I)*V(I)
R=44.2321*V(I)*C(I)
IF(R-2.8ES) 20,20,25

2!j CO(l)=1.J
GeT e 46

25 IF(R-5.~E5) 3C,3D,3~

3C CO(I)=3.15S*C5.762~-AleGla(~» 62



= ~E~~ DRAG CISPlACEMENT--IN.)

= ~Ept-. OR~G eENCING M0MENT--lB*IN.*E-6)

= STA~(ARC DEVIATI0N 0F CISPlACE~ENT--IN.)

- WI~( SPEED--IN./SEC)
63

= ST~N(ARC DEVIATI~N 0F BENDING ~~~EN1,

(', V T (! 4 f.

~;; IF', F-';. l: b) 4",45, (. ':,
4 .. : C0 ( ! I ::., • 514« I ~ l ~ G1;;,; ( R)- 5 • 30 <; <; )

C~ Tr:; 46
4~ Cr,(I)=,'.6
46 Ce~,TIM.r:

[i2(II=C(II*CIII
f'4 (I I =C? (I 1*(2 ( I I
(C v(I I:: Cr ( I I «[ ( I) «V iI'
COv$(I)=CCV(II**2
r D~ 2 ( 1 I =C CV( I I* 'V ( I I

'5 .. C~~Tlt-.LE

o~ 1 ,I 1=1, t-.
(e~=P6/(~t-.Ut-.(II**2*X~t-.( I»
r, e 6) !< ;: 1 ,t-. eCE
PSI2(J,I<I=FSI(K,II*·2
x'" 2 (I ,I< ) =X'" (I<, I) **2
TAP1 1!<I:-.:C2(1<)*PSI2( 1,1< I
TAP.2(I<)=(CV(!<)·fS12(I,K)
Cet\ 5 ( I , l< ) =RH ~ 2. f S 12 ( I ,t< )
C ~ t\6 ( I ,I< ) =C (2 t\ * PSI (t< , 1 I
(~t\1(I ,1<1=cet-.*X~(K,1)

cet\ 8 ( r ,t< ) =Rl-' £2 *X ,.. 2 ( I , KI
6 Cet\TIf\LE

CAll I~TGRA(TAB1,t-.e[E,CX,SU"'1(I»

CAll I~TGR~(T~B2,t\e(E,CX,SU"'2(I»
7"' C et\ TI t\ LE

{) e 8 'l I =1 , t\
Cet\1(I)=(Fl*Xt-.Ut-.(I)·«2*(XMN(I)+P4*SUMl(I»)**2

e,· ce~TIt\LE

IF(IFL~G-2) 85,9),85
85 Cl=6.1g8

C2=:.R45
C3=.:.'::3
C4=1. ;
C5=- ,.6~\

C6 =:1 .:l A f1 6
DF 5 =J. 'J3 6
GA~1=·.!.7

GA,..2=,'J.J
P5=RHll/(4 • .,*H)
IF(STAt-.T-l.) 197,198,197

1~8 WRITE(6,6~52)

6:52 Fep"'AT(1~1,4X2)~CEFINITleNeF ~UTPUTII)

wRITE(6,6.:i35)
6' 35 FeFtJAT (4 )4I:'HC B~R

WRITEI6,6)36)
6~36 FeR~AT(4)49H'" 8~R

WRITEI6,6J37)
6~37 Fep"'AT(4X52rSIG,..A(CI

WI< I TE (6,6.:38)
6~38 Fep~AT(4)49rSIG"'~(~1

11X12H--LE*It-..*E-6)
\oiRITE(6,6 39)

6"39 FeF"'AT(4)45rV~RIANCE(C)=V~~IANCE 0f CISPlACEMENT--IN.**2)
WR ITE (6,6041)

6~41 Fe~~AT(4Y39HV~RIAt-.CE(~)=V~~IANCE 0F BENDING M0MENT,
llX18H--(Le*I~.)«*2·E-12)

wRITE(6,6043)
6D43 Fe~~AT(4X32H~

wR ITE (6 ,6~)49)



",eMENl ),

6049 Fe~~AT(4)50~~eS( = M~X. AeS0LUTE CISPLACEMENT ASSSCIATED,
llX40H~IT~ 3 SIG~~ LIFT A~( CP~G RESPSNSE--IN.)

WI< ITE (6,605;)
6:::50 Frzfl~AT(4X52tHeS~ = flUX. AeS0LUTE BENDING MSMENT ASSJCIATEO,

11X47HWIT~ 3 SIG~A LIFT ~~C CRAG RESPSNSE--LB.IN ••E-~)
WRITE(6,6044)

6~44 F0R~AT(4X53HCINT = AeSelUTE DISPLACEMENTC BENDING
11X17H--I~.ele*I~.-E-6»

wR ITE e6 ,6~46)

6n46 FIlR~AT(4X44~SFA~S = PRflEAelLITV CENSITV SF ABSSL~TE.

11X28HDISFLACE~ENT(8ENCI~( Me~ENT»)

WR ITE e6 ,6047)
6;47 FeR~AT(4X48~FANS = CU~ULATIVE CISTRIBUTISN SF ABSSLlTE,

llX28HCISFLACE~E~TeeENCIN( Mfl~ENT))

197 Cflt-.TI~LE

STA~T=ST~~T+l.

WRITEe6 ,2010)
2~1: F0fl~AT(1~1,25~ eUTPUT It-. CR~G CIRECTI0N)

Gil T0 95
SCi C1=3.954

C2=0.512
C3 =C.1
C4='J.58
C5=-J.35
C6='J. 'J886
DF5=1.045
GA~1=1.4

GA~2=O.5

P5=RHfl/e8.f)*PI)
WRITEe6 ,2(11)

2~11 Fefl~AT(1~1,25~ eUTPUT It-. lIFT DIRECTISN)
<;5 De <;7 I=1,t-.

CeN3eI)=(X~~el)/CX~N(I)+F4*SU~lCI»)·

$eBETAN(I)+(F5/(XNUN(I)*X~N(I»)·SUM2(1»··2

S7 Ce~TINtJE

U=(6*ld83
UZ =L*U
CZ15=1.5*C2
C253=5.0/(3.0-CZ)
UC=U2*Cl
oe <16 I=1,NeCE
F~(I)=C3*HI83(1)**C4

BETAeI)=~183(1)*·C5

FF (I) =H eI J I Ud I) .F~ eI »
96 cet-.TIMJE

De 120 J=I,~FPE'

P8=XNUeJ)*P3
P9=F8*P8
De 130 I=I,t-.eCE
FF"=XMHJ)*FF(I) _
Sel)=8ETAeI)*UC*FFM/(XNUfJ)·(1.u+C215.FFM••C2)••C253J

l,j c! C£ ~TI t\ UE------ -- -- --
De 110 Il=I,~eoE

De 110 12=ll,N0CE
of=A8seX~U(J).HeI2)/W(12)-XNU(J)·~(Jl)IW(ll))

EXF2=EXP(-O.346S*CF/OFS) . _
IFeeH(Il)+H(IZ»/2.0-100) lC2,102,103

102 GAfI=GAfil
G~ T~ 1!)4

le3 GAfoI=GA,.,2
104 PHlel1,IZ)=(S'RT(S(Il).S(J2».E~tS.



65

'CeS(P2·GA~·CF).·155:.U

l1:l cet\ TI t\ tJ E
De 120 t<=1,~

SlJ~3eJ,t<)=o.c

De 115 l=l,,,eCE
StJ~3eJ,~)=SU~3(J,~)+eCCVSel).P9.04(1».P~I~1,1).PSI2(~~I)

115 cet\TI"UE
SlJ ~4 eJ , I< )=0. J)

IF(IFlAG-2) 119,116,119
116 De 117 1=1'''1

11=1+1
De 117 l=ll,,,eOE
SU~4eJ,I<)=SU~4(J,K)+(CCVeI).C[VeLJ/4.C.P9.02(IJ.02CL)J-PHICI,LJ

S* PSI eI ,~ ) *PS t (l, I< )
117 ce"TI"LE

G2 T0 121
119 O~ 118 1=1,"1

11=1+1
De 118 L=ll,"20E
SlJ"4 eJ, I< )=su ~~ (J, K)+ (C cv ( I ) .C tV (L )+P9.•C2( I .-C2 eLI ••PHIJlt.LJ .

S*PSI (I,I<).pSIfL,K)
118 Cel\TIf\UE
121 C£"TII\lJE

$lJ~3eJ,I<)=OX2.(SU~3eJ,K)+2.0.SUM4(JtK)

120 Ce"TI"UE
De 250 L=1,t\2ce
02 2~~ J=l,"FPe,
PHHeJ)=!Q.t)
PHI'feJ)=O.o
02 140 t< =1 ,,, _...
C21\5T= (SU~3(J,KJ/(C0Nl(K).C(1.Q-C)N~(JJI

$ x1\ L1\ (1<) ) •• 2 ) ••2+Ce" 3 ( K ) • ~ • C• ( XNU( J ) I XNUN (K • ).-2) » __ _... __ .._.
PHI.,eJ)=FHI~(J)+c2"e(K,L).cef\ST

PHI~eJ)=FHIV(J)+C2N5(K,L'.C2"ST

140 C0"lII\LE
2C'1.1 Cel\TII\LE

CAll II\TG~ACFHI~,"F~E"CfRE"VARMCL')

CAll II\TG~A(F~IV,I\F~e'tCfRe',VARC(L))

25') C21\TII\lJE
IF(IFLAG-2'360,380,360

360 00 350 I=1,I\2Ce
SIGCVCI,=SCRTeVAPCe]»)
SIG~YeI)=SC~TeVAP~el»

DB(!)=C.C
X~B(J)=I).O

DIZ 350 1<=1,~

De 275 J=1,I\2CE
275 ARRAVeJ)=CCV2(J)·PSleJ,K)

CAll II\TGRAC'PRAv,N2ce,eX,XII\T)
DBeI'=OEeI)+C2N6eK,II·XII\T
X~8eI)=~~eel).ceN7el<,I)·XINT

350 Cel\TII\UE
VARCl=VAPCn)
VAR02=VAPC U)
VAPP'l=VAP~Cl)
VAPfll2=VAP~U)
081=oeU)
082=08(1)
x~el=~~eCl)
XflIe2=XflIE!el)
De 351 I=2,I\eCE



VAiH2=V~RD( I»
VAI<Cl=V~RD( I)
v~R"'2=V~RM( I)
VAI<~l=V~PM( I)

VIH([2""\!~RD( I)
VJlRCl=V~R[)( I)
V~~~2=V~RM( I)
vIlPrvl=V~RM( J)
CP2 =[E( I)
Ct'l =CE(I)
Xt'F2 =x~e( I)
lOiEl =X~ECI)

c

351

3eJ

381

382

2006
2'·:;C1
2-:00
ZOCI
2CC3
2fJC4

1113

3«;2

410

IF(v~RC(I).GT.V~RC21

IF(vARC(I).lT.V~RCl)

IF(vAR~(I).GT.Vap~21

IF(vAR~(I).lT.vaR~l\

IF (CB(I) .GT.ceZ)
IF(CB(I).LT.ceu
IF(X~e(I).GT.XMe2)

IF ()l ~e ( I ) • l T • x~e 1 )
CI2t\TI~tE

WR IT E «6 ,20 .. 1 ) ( Ce ( I I , I::; 1 , Nile f )
WRITE(6 ,2")~)4) (X~eiI),I:::l,f\eCE)

CALL 'LI~3L(-1,Xl,X~,CP19ce2,f~ •••••• ,B0TT,SIDEl,-N0DE,X,08)
CAll CUI~3lC-l,Xl,X2,X~fl,x~e~,6~•••••• ,8~TT,SICE2,-N0De,~,X~B)
CALL CLI~3L(-ltXl,X2,V~R[1,V~RD2,6H •••••• ,B01T,5IOE3,-NeDetX,~ARO)
CALL CLI~3l(-1,Xl,X2,vtR~1,V~PM2,6H •••••• ,B01T,5IOE5,-N0De,X,~AR~)
WRIT E (6 , 200u) (S I GC 'y ( :: i , 1=1 ,1\ e 0 E )
WRITE(6,20Q3) (SIGr-''y(Il,I=l,I\eOE)
G2 Te 39·,'
C~t\TI"tJE:

De 3Rl I=l,t\2I:E
SIGCl(I);Sr.RT(Vt~C(I) I

SIG~Z(I '=SCRT(V~P"'( I)}
A85C(I)=~R*SIGDV(I)

ABS~(I)=XR*SIG~Y(I)

cet\TIt\UE
VARCl=v~RC(l)

VARC2=vARCll)
VAR~l=V~R~(l)

VARr-'2=vtP~(1)

De 382 I=2,N2CE
IF(vARC(I).GT.V~RC2)

IF(vARC{I).lT.vaRCl'
IF(VAR~(I).GT.V~R"'2)

IF(vAR~(I).lT.V~P"'I)

cet\TIf\LE
WRITE (6 , 2J:}.) ) ( S IGel ( I I , I=1, f\ 2CE)
wRIT E(6 ,21,)') J ) (S I G'" Z( I , , 1= 1, f\ e [ E)
CAll CUI~3l(-1,Xl,X2,V~R[I,V~PD2,6H•••••• ,801T,5IDE4,-N00E,X,\ARO)
CAll CUI~3L(-I,Xl,X2,V~R"'1,V~RM2,6H•••••• ,B011,5IDE6,-Neoe,X,~AR~)
ce~TIt\UE

WRITE(6,2J06) (V~~[(I),l=l,NeCE)

WRIT E(6 , 2i'.:: fH ) ( V., R,., ( I ) , 1= 1, f'HH: E)
FeR~AT(50X,11~V~RI~f\CE(C)/(EE16.8»

F f R~ AT (5':' X, 11~V~ RI ~ f\ CE( ~ ) I ( l: E16.8 ) )
FeR~AT(5~X,8~SIG~~([)/(EElt.e)

F2~~AT(5(X,5~[ EaR/(6EI6.5»)
FeR"'AT(5~X,8hSIG~~l"')/(tEI6.e»

Fep"'AT(5~X,~~~ EAR/(6E16.8)}
WFlITE(6 ,1113) (V(I),I=l,NeCf)
FeR~AT(/53X,I~V/(6E16.8»

IFlIB2Th) 393,393,3S2
ce~TI"LE

De 422 I=I,"'2CE
C~~PUTE *.AeSM.*
A=)(R.SIG~Zll)

ABS)(Me=AeS(X~e(I»

IF(A.GT.~eS~CI) G2 re 41D
ABS~(I)=A8sx,.,e+AeSM(I'

Gf 12 411
AB2=AeS)(~e/(~.*2-~eSM(I'·*2)

IfCAB2*AeSMlI).lT.l.n) ~e Te 415
66



ABS~(I)=~esx~e+~eS~(II

Gil T0 417
415 ABS~(I)=~*(1.0+~ESX~t*Ae2).~C.5

67

EVALUATE F AS A FUNCTleN SF CANt M ABS0LUTE

423

6,053

ZC21
2122

3<;3

400

C
C
C

500

C
C ce~FUTE •• ~esc ••

417 A=)P*SIGCZ(I)
ABSCB=Aes (ce (I))

IF(~.GT.~eSC(I» ce Te 419
ABSC(I)=~esce+AeS((I}

Ge Te 422
419 AB2=AeSCe/(A ••2-~ES[(I)•• 2)

IF(AB2*~f.SC(I).lT.l.0) ~e Te 421
ABSC(1)=~esce+AeSC( 1)

Gil T0 422
421 ABSC(I)=~*(l.O+AeSCE*~e2).*~.5

422 C0~TIt\lE

ABSDl=~escn J
ABSC2=AESCCl )
ABS~l=AeS"'(I)

ABS"'2=AeS~(I)

De 423 I=2,t-.ecE
IF(ABSC(T).GT.AESC2) ~eSC2:tESC(I)

IF(ABSO(!).LT.AESCl) AeSC1=~ESO«I)

IF(A8S,.,(I).GT.AeS,.,2) r.PS~2=AeSM( I)
IFUBS~(I).lT.AeS"l) ,ilPSj\ll=AESM( II
ClZ~TIMJE

wRIT E (6 ,60 5 ~3 )
F0P"'AT(1~1,4XI8~PfSLlTA~T RESF0NSEII)
WRIT E ( 6 ,202 l) «A esc ( I ) , 1= 1 , Ne r: E )
WRITE(6,2D22) (AeS~(I),I=l,t-.eCe)

FlZ~~AT(5~X,4~ABSC/(~E16.S»)

F0P~AT(5ryX,4HAeS"'/(~E16.e» _.
CAll 'UI~3l(-1,Xl,X2,~eS(1,AeSC2,6H•••••• ,B0TT,5IDE1,-NeDE,X,A8S0)
CAll 'UI~3L(-I,Xl,X2,AeS"'1,'ESM2,6H•••••• ,B0TT,SIOEe,-NeDE,J,AeS~).
C2t\TIt\UE
IF(IFlAG-3)1,400,1
IF lAG=2
I B2TH=l
Ge lIZ 9G

O~ 8~O l=1,2
IF(L.EC.l) Ge Te 122
NIFF=~IFPI

G~ T~ 723
722 NIFF=~IFC

723 De 800 ~S=I,~IPF

IF(l.EC.l) Ge r2 72~

C C2~PUTE FeR (~)

NIF=IPIPl(~S)

S'(=SIG,.,\, (l'IP)
SZ=SIG~ZHdP)

SS=SIGr-S(I<S)
SB=S8~R"(I<S)

ABSC~=ABS(X~e(NtF»)

DOI~T(2)=1.o·~eS~(~IP)/NFO

G2 10 43'<j
C ce~FUTE FeR (t)

120 NIP=IPTC(~S)

S'(=SIGCYHIF)
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SZ·SIGCZ(~IF)

SS-SIGCS O(S)
Se-SBAPCCICS)
AeSC~=AeSCDe(~IF)

DDI~T(l)=l.O.'BSC(~IP)/~FC

430 Ce~TI~UE

NCT=f}
De 600 I=l,~FC

NCT=NCT"'l
SF A~ S ( I ) =( .,j
OI~l(I)=(I-l)*DCI~T(L)

SSff2=0.O
SSfw4=0.0
D2 71';)" J =1 t ~ FT
THE1A=(J-l)*CTHETA
Y=CINT(I)·C2SCT~ET')

Z-CINT(I)'SI~CT~ETA)

Q=C.5*«(Y-AeSOfwt/S~)··2.(Z-Se)*·2/eSZ*·2.SS •• 2»
XI~T-EXF(-C).CI~TCI)/(P2ISY'(SZ··2+SS··t).·~.5)

IFeJ.eC.l.2~.J.E'.NFT) G2 T2 ~8C

IFeeJ/Z)'Z.EC.J) G2 T2 460
SS"2·SS"2+)(I~T

G2 T0 700
460 SS"4=SS"4+)(I~T

G0 T0 7;,)";':
480 SFA~S(I' = )(INT+SfA~S(Il

700 C0~TI~UE

SFANSel)=eDT~ETA/3.v).eSFANSCI)+4.0.SSM4+2.Q.SS~2)

SF'~SCI)·2.0.SFANS(J)

IFCI.Ee.l) G2 T2 56Q
FA~Sel)·C.5·eSF'NS(J-l)+SFANS(I»·OCINT(l)+FANSCI-l)

Ge T0 6()Q
560 FA~Sn)=r:.o

600 C2~TI~UE

OI~Tl·CI~TCl)

DI~T2-CI~Tel)

FA~Sl=FAf\S(l)

FA~S2·F'f\S(1)

SFA~Sl=SFA~SCl)

SFA~S2·SF'~S Cl)
oe 605 I·2t~CT

IF(CI~Tl.GT.CINT(I» [I~Tl·CINTCt)

IFCCINT2.lT.CINTCI» CI~T2=CJ~TC I)
IFCFA~Sl.GT.F'NSCI» fANS1=F~~SCI)

IFeFANS2.lT.FANSCI» FA~S2=fA~SC I)
IF esFANsl.GT.SF ....SC I» SFANSl=SF,ANSC I)
IFCSfA~S2.lT.SF'~SCJ» SFA~S2=SFANSCI)

605 CfJ~TINUE

CAll 'UI~3lC-l,CINTl,CI~T2,FANSl,FANS2,t~•••••• ,8ITTPC1,l),
SSICf9,-~CT,CINTtf'NS) "

CALL CUtIC3lC-1,CINTl,CINT2,SFANSI,SFANS2,6H•••••• ,BellPC1,l),
SSlCEI0,-f\CT,CINT,SF'NS)

WIUTEC6,2005) CCINTCI), I-I,NCT)
WAITE C6,2002. CSf',..SCI),I=l,NCT)
WAITEC6,231S) CFA~SCI),I·I,~CT)

20as FI~~Atj51)(,4~CINT/(IOE13.5)

2QC2 Fe~~AT(51X,5~SF.NS/el0E13.5»

2318 FI~~ATe51x,4~fA~S/CI0E13.5))

'BClO CI"TI ~UE
GI .le 4

813 ceP\TINUE



CALL E~CJ2B

5TH
tt\C

reR,IS I~TG,I~TG

SUeR~LTI~E I~TGRA(Y,~,CX,ANSJ

DItoF.NSI~~ Y(lJ
SU~=':'\.(:

De 1) I=1,f\
1; SL"'=SL,.,·n(I)

~,I\S=D)(*SL'"

RETLR~

Ef\C
)(C1,D
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