UNCLASSIFIED MIIS TER

ORO-3822-9
JUNE 1971

FORMULATION
OF THE COUPLED
LATERAL-ROTATIONAL
INTERACTIONS

J.L. BAILEY
R.J. SCAvVUz2z20
D.D. RAFTOPQULOS

UNITED STATES ATOMIC ENERGY
COMMISSION CONTRACT
NO. AT-(40-1)-3822

THE UNIVERSITY OF TOLEDO
TOLEDO, OHIO

BISTRIBUTION 8F TH)3 DBCUMENT I8 uM!iMiTeD

UNCLASSIFIED



UNCLASSIFIED

ORO-3822-9

JUNE, 1971

FORMULATION OF THE COUPLED LATERAL-

i NOTICE

his report was prepared as an account of work
ponsored by the United States Government, Neither
¢ United States nor the United States Atomic Energy
ommission, nor any of their employees, nor any of
bheir contractors, subcontractors, or their employees,

kes any warranty, express or implied, or assumes any
) liability or responsibility for the accuracy, com-
leteness or usefuiness of any information, apparatus,
roduct or process disclosed, or represents that its use
would not infringe privately owned rights,

ROTATIONAL INTERACTIONS

by

J. L. BAILEY
R. J. SCAVUZZO

D. D. RAFTOPOULOS

THE UNIVERSITY OF TOLEDO
TOLEDO, OHIO

UNITED STATES ATOMIC
ENERGY COMMISSION
CONTRACT NO. AT-(40-1)-3822

UNCLASSIV¥IED

RISTRIBHTION o rype DCTMENT 1y gy



ABSTRACT

The overall objective of the work supported by this contract is
to determine the extent to which the inertia of a large reactor structure
will interact with the free-field seismic ground forces to alter the
base motion of the structure from that of the free-field and hence to
alter the structural forces caused by that base motion. In this report
an analysis is made of the combined lateral and rocking motion of the
foundation of an N-mass structure coupled to a two-dimensional elastic
half-gspace the free-field motion of whici simulates an earthquake. The
problem model and the analytical technique are similar to the authors'
earlier work in references (1) and (2) but this problem i3 considerably
more complicated. The appropriate Lamb problem is solved in terms of
integrals convergent in the Cauchy sense and three pairs of Volterra
integral equations are derived - one pair neglecting base-mass effects
and the other two pairs incluaing them. The latter two pairs are programmed
for numerical solution. Due to the fact that the Lamb solution is not
sufficiently smooth to permit the required differentiations for obtaining
those Volterra equations programmed, some integrals diverge and useful
physical information in addition to that derived from the simpler models
neglecting the rocking motion is not forthcoming. No attempt is made to
program the equations which neglect base-mass effects. The integrals

known to diverge do not appear in this formulation.
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NOMENCLATURE

Dilatation (P) wave velocity

Area of the structure base

Shear (S) wave velocity

Half the base width

Young's modulus

Lateral force at the base of a structure

Surface shear stress when |x| <c
h=E

Moment of inertia of base about an axis
through the origin and perpendicular to it

“-

Constants defined in equation (45)
Base mass

Effective mass of the jth mode
The jth structure mass
Transformed time variable

Lateral displacement in the half-space
(x~direction)

Lateral displacement of the center of the base

Free~field lateral displacement at the center
of the base '

Vertical displacement in the half-space
(y~direction)

Rayleigh wave velocity

Mode shape for the 1th mass and jth mode
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o(x,y,t)

o(t)

NOMENCLATURE (cont'd.)

Constant defined in equation (16)

Constant defined in equation (29)

Half the out-of-plane component of the curl

of the displacement vector. Measure the
counterclockwise rotation.

Counterclockwise rotation at and about the
origin

Natural circular frequency of the jth mode

Lame's constant A = VE -
(1+v) (1-2v)
E
. Shear modulus y = ~——e——
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Poisson's Ratio

Transformed x coordinate

Ground density

Tensile stress in the x--direction
Tensile stress in the y-direction
Shear stress

Dilatation scalar potential
Countexclockwise rotation at the origin

Spectrum integral (cf. equation (45))

Equivoluminal (shear) wave function

s _ 92 32
Laplace operator V -';;E' + 22
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INTRODUCTION

The purpose of this reporc is to present the work done on the solution
of the coupled rotatibnal—lateral interaction problem associated with
the motion of and forces on a structure lactcvally excited at the base by
an earthquake. The structure subjected to this lateral motion at its
base 18 modeled by considering its bLase rigidly displaced laterally and
rigidly rotated about its center point.. The structure model is lumped
so the two variaﬁles of paramount importance become the lateral displacement
of the center point of the base and the rotation at apd about the center
point. The earth is modeled by a plane elastic half-space. The models
and the method of solution are similar to those employed by the authors
to solve simpler problems of the same kind in references (1) and (2).
The lateral displacement of the base center point and the rotation at and
about it resulting from stress distributions on the plane elastic half-space
whicn are implied from the assumption that the structure base moves rigidly
laterally and rotates rigidly about the center point are determined by
solving the appropriate Lamb problem. These solutions are found in terms
integrals convergent in the Cauchy sense. The interaction equations
exhibiting the relationship between the structure and the earth are formu-
lated via normal modé theory both for the case in which the base mass is
neglected and for the case in which it is not. A pair of coupled Volterra
integral equations is developed for each of three cases. The latter two
sets contain divergent integrals as confirmed anaiycically and also by the
divergence of the corresponding digital computer programs. The three pairs

of Volterra equations are presented in the Theory section, and the related



computer programs for the latter two pairs contalning base-mass effects
are listed in the Appendix in the hope that they can jointly be modified
by physically reasonable smoothing assumptions which will permit their

solution, ...



THEORY

THE SOLUTION OF THE LAMB PROBLEM

On the houndary of a two-dimensional elastic half-space a time-
dependent shearing stress uniform over a finife portion and zero elsawhere
and a time-dependent linear skew symmetrical normal stress over the same
finite portion and zero elsewhere are applied. TFor this boundary condition
the resultant horizontal displacement of a base point symmetrically located
. on the boundary of the half-space together with the rotation at and about
this base point is determined. If cartesian coordinates x and y are
introduced so that the half-space is y > 0, the boundary-value problem
congists of the Navier equations valid for y > O together with the pre-
scribed stresses on the boundary y = O and the condition that all stresses
vanish at y = «, (cf. fig. 1)

Specifically,

- 2
pu,, (+u) ex 4+ uV4u

sy >0 (1)
PVee = (O¥n) ey + uvly
x
E‘d(t).’ 'x' < C\
o = .
y 0 N le > c
P. y=0 - ’ (2)
£(t) . |x| < e
T -
xy 0 ,IXI>C)
and axl- oy = txy.- o , Y =

where £(t) = o(t) = 0 for t < 0. (The symbols used in the equatidnsiheré:/;
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and in the sequel are defined on the nomenclature page.) The quancigieéﬁ W
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to be determined from equations (1) and (2) are u(0,0,t) and 0(0,0,t)
where 0(x,y,t) = h[uy(x,y,t) - v&(x,y,t)]. In order to uncouple
equations (1), let u = ¢x+wy, vV = ¢y-wx, and 6 = V2¢, As is shown in
references (1) and (2), substitution into equations (1), (2), and Hooke's

Law yields the following boundary-value problem in ¢(x,y,t) and ¥x,y,t).

bpe = 22729

» ¥y>0 - (3)
Vee = DV

- AV2¢ +
% ¢ 2u(¢yy xy)

» y=0 (4)

Ty u(2¢xy+wyy-¢xx)'

Equations (3) and (4) are solved for ¢ and ¢ by using the Laplace trans-
formation with respect to t and the Fourier transformation with respect
to x. Equations (5) define the notation and exhibit the invers  Fourier

trangformation.

o

‘;(x’Y’P) = L{¢(x,y,t)} = [ ¢(x,y,t) e-pt dt

¢(x,y,t) = L~! {$(x,y,p)}
(5)
¢(€.y p) = F{¢(x,y,p)} = ~[.¢(x.y.p) e1&* ax

¢(x'YlP) - Tf ¢(&,y,p) e Ex dg

Similar equations define the bar and two-bar notation relative to other
variables. At t = 0, ¢ = ¢ = V= wt = 0. As iIn references (1) and (2),
the boundary-value problem for ;(E,y,p) and ;(E,y,p) is

—(E24h2)0 =
byy (E+h)¢. 0

¥ >0 (6)
byy =(E%H32)Y = 0



231 _ - 2- - = +
Y (sin c& - c& cos cE) = A(E ¢+¢yy) + 2“(¢yy 1a$y>

2f gin c£ » ¥y =0 (D)

- _ = = o=

The solution of equation (6) which satisfies the condition at y = « has

the form

VT

E(E.y.p) = A(E,p) e
(8)

V(E,y,p) = B(E,p) e
where the square roots are the principal-valued roots. Substitution of
; and E from equations (8) with y = 0 into equations (7) yields two
equations for A(£,p) and B(&,p). With A and B and thus ; and E determined,
u can be computed from ; = -ié;+Ey and u is obtained from the Laplace and
Fourier inversion. Finally O is obtained by noting that the defining

relationships among u,v,¢,y, and @ together with the second of equations (3)

= 2-
imply © = 4V2y = E%I.wtt and 6 = 5E5 4.

Since the boundary-value problem defined by equations (6) and (7)
has already been solved in reference (1) for the case where o = 0, it is
convenient at this point to split the work into two parts (1) o = 0
f¥£0and (2) o4 0 £ = 0, to denote the corresponding solutions with
appropriate subscripts 1 or 2, and to superpose the results to determine
the solutions u(0,0,t) and 0(0,0,t). Further since the origin is the
only point of present interest it is convenient to write u(0,0,t) = u(t)

and 9(0,0,t) = o(t).
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From reference (2) (p.5 equations (12) and (14))

t t -t=-T
u, (t) = - b £(t)dr - ...‘f__ £¢€) Im g, (°D) dE dr
1 M 2mch 1*¢ ’
(o) (o] (o]

(0 s 0 <T <'l
V3 9)
L
rye 3T(1-12) fT2-1/3 , ﬁ‘ Tl
Im g,(T)=
2_ 2_ 33 _ 33
2(12-%) (12- 303) (2 L3,
| 3r2-1 (1242 + 12 12173 ([T2-1"] -

\  2(T2-%) (T2- -31,3{-3:) (T?- %ﬁ)

The integral in equation (9) 1is proper for 0 < t < %-. At T = %

Im 31(%—) has a singular point of order (1t - %) . The displacement at

t= %:, however, is finite since the indeterminant form in the integrand,

1im -c- -T c c -1 E
1€ v f(y-8)de(r- V) » is finite. For t > 7 , because of the singular

v
pointoat t = %-, to be meaningful the integral in equation (9) must be

" considered as its Cauchy principal value. In which case u,(t) is a well

defined finite value for all non negative t.

For problem (1) (o0 = 0 and £ # 0), the rotation solution evaluated

ony=0 is
2
o= i 2, P
1V52 Y T 2p2 Y1V5eUs Zsz E DCE.D)
} n (10)
DGsp) = (624 B? - g2 \fios B \/£2+ B>
2b2 a b2

Inversion of the Fourier transform using the last of equations (5) with ¢

replaced by y; and with x = 0 and sin c§ = Im eic& yields

2
o™ r2
30 ORI T
4mub2 ED(E,p) €

6, (0,0,p) dg | (11)



which simplifies by halving the interval of integration and doubling the

even integrand and by interchanging Im and the integration to

2

= p2£(p) J’ 1YY
9, (0,0 = Im e d 12
1 +P) 2mub2 A & D(&E,p) (12)

As in the u(0,0,t) computation of reference (1) changing the dummy of

integration by letting icf = -pt proves convenient.

2 - oo
" g% Etp;f 1cE b3 i -pt
f —— e dE = — g2(T) e ¥ dr _ (13)
o & D(EsP) - cp o
where
T = bt

Cc

_ 3c(T2-W) (12392 - T2 17312 V1-12)

8, (T) y 3= I
2bt (%) (12- 23 (12 33,

(14)

and the integration in the complex t-plane is down the negacive imaginary
axis. By using the fourth quadrant contour described in figure 2 and the

same technique as in the ul(0,0,t) computation,

=j oo

jsz('n P ar =L (g, D)) + B} 130+ 11 N0 ) g(DeP

o % (15)

where
- 2
Tey B@eT =L
. C
Esg‘ 82(T)e-pt = "B-I-c; ev (16)

8 = 3(X2-3) [(x2-35)2 + X2 ‘%52-1/3 Vx2-1]
4X2 (X2 -3) (X2 .3.:.5_ )

‘b
X= 3



Substitution from equations (13) through (16) into equation (12) yields

( c
©,(0,0,p) = Im \1_;.1.'{.221. [L{ 2( 5} +pS 1+ -’Lﬁﬁ i e-vp] (17)

Noting that the first factor following Im in equation (17) is real and

that Im and L can be interchanged allows equation (17) to be simplified to

5,00,0,9 = EE® 110 5,083 4 £, B.,;m (18)

The first summand on the right side of equation (18) is in the form
corresponding to a convolution in the t-space and the third summand is in
the form corresponding to a shifting of the time scale in the t-space.
This observation allows the inversion of the Laplace transformation. The

solution in the notation 0,(0,0,t) = 0,(t) is written in equation (19).

-l B cer _ S v [ gee- bt,
0, (v) o f£(t) + 2 f(t -3) + fFEE'.jo f(t-t)Im g, (3 )dt(lg)
where after simplifiﬁ?tion equation (14) yields
3T (%-T2) Vr2-1/3 V1-T2 lcr<
272 (T2-%) (T2- 1‘55) (T2- 2-1\’: 3
In g,(T) = ( (20)
0,0<T<\/'§:and'r>1

\
and B is approximately .51. (B is given precisely from equations (16)).

bt c < <
Therefore Im g,(7") 1s zero for 0 < t < o', negative for 5 < t <J§b s

positive forJgg- <tc< %-, and zero for t > %-. The integral in equation
(19) 1is a proper integral.
For problem (2) (¢ # 0 and £ = 0) equations (6) and (7) have the

solution which for y = 0 can be written



5 : 9
(524. .2...)

2b2

. F(p) (sin c& - cE& cos c&)i
¢2<€,0,P) - -

c 5211 D(E,p)

(21)
& \/Ez"' %{?(p) (sin c§& ~ c& cos c&)

c £2u D(E,p)

EZ(E.O.P) -

where D(E,p) is defined by equations (10) and where all square roots are
the principal-valued roots. Substituting ;2 and ;2 from equations (21)

into ;2 = ~{f ;2 + ;zy and simplifying yields equations (22) for \':2.

_ 2 , P° 2 2
;2<£’0’p’) } o(p)(sin cE - c& cos c&) (2 + . JE2 + 52_ £2 & Lz. )

From use of the Fourier inversion integral (the last of equations (5) with

¢ replaced by u)with x = 0 and the fact that u is an even function of £,

™ (23)
vhere
o Pz 2
gin c§ 52"’ 262 - \/52"' %2' \/ £2+ 1;7
I, = et dg
0 D(E.P)
(24)
2
® g2+ B _ [e24 B [e24 B
I, -f cos c§ 2° a? b2 . 13
o D(&,p)

By equating sin c to Im ej'cE and cos cg& to Re eicE. by noting all other

factors other than the exponential in the integrands of I; and I, are

real, and by interchanging Im and Re with the integration, I, and I, can

be rewritten.
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eicE de }

vy

2+ P2 . f24 P2 \/Ea+

I, = Im{f 2b2 EZ' PT
o cé DF.P)

(25)

2 2 2
wp2q4 P _ 2, P_ 2
7 T\ 2 \ﬁ+b2 o1cE ge

T, = Re { TG

o]

By putting ic{ = -pt in equations (25) I, and I, can be rewritten in a

convenient form.

B )
b3 bt -pT
I, = 2p? Im {j 8,0 e Pt dr}
=~joo (26)

3

I ;%; Im {\f‘rga(——)epT drt}
where

3[128 - V12-1/3 T2-1] ((12%)2 + T3/12-1/3 VT2-1 ]

Bs(M) = 2T (T2 -Y) (T2- 3-/3 ('1'2- _;_\I_'_-;)
ESES %

(27)

and the integration in the complex t-plane is down the negative imaginary
axis, By using the fourth quadrant contour described in figure 2, the
integrals down the imaginary axis can be written as a Laplace transformation

plus residue terms.

3
I, = 22;. In (L{g, 2D} + G5 RS 4 ny ReS g s &Y™

(28)

3
I, = - :1-; Im { L{t 33( £y} + n1 R 33(%-)5"“' }

T=C
v
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where
Res . (bTy ~PT _ 2(3-2V3) ¢
=0 83(c ) e 3 b

ey & o 4 g
v

(29)

Res bt _-pT 2 —op
r-%133(?=" e =Yg e
3[x2Y - \[x2-1/3 [x2-11 1 (%232 + x2 fx2-1/3 \[x3-1)
Y = -
42 (a2 (x2- 203
b
X = "';

Substitution from equations (28) and (29) into equation (23) and the

interchange of Im and L gives

u,(0,0,p) = b3 <73'(%) [L{Im g8; 25} +l'_(_3;__2_\/_5.2. £+

muc? P
(30)
c
+ﬂy%e_‘-’p] +E§L[L{Imtga(%g)}+ny€—f;e‘%p]>

pZ

LT

Application of the operational formula L{ f f c(n)dn dt} = alp) and the
o¥ o

Convolution Theorem yields the final solution, u,(0,0,t), of the original

boundary-value problem stated by equations (1) and (2) with £ = 0., This

solution in the notation u,(t) = uz(0,0,t) is written in equation (31).

2

b -
w) == (L IEB B hnye -+
) t T '
+3E ¢ -9 +%fc (t-1) Im g3(BD) av + (31)

0

t
b ’ b b
+ Py G (t=-1) T Im 33(3-1) dr }

o



- ——r——

12

’
where o , t<oO0
ffo(n)dndr. t>0
[ T 0 (32)

Im g,4(T) = 5—,},7 Im g,(T)

3' ’

Therefore Im 33(%'-:-) is zero for 0 < t < = s uegative for -:- < t < \,.2.—5--

positive for J;'b <t < %-, and zero for t > %‘. The integrals in
equation (31) are proper integrais.

For problem (2) (o # 0 and £ = 0), the rotation solution evaluated

2 p?2 5(p) fE2+ Bz
3 sy ict

’0’ = I
b2 V2 (80P = e e,y ™

ony =0 ig

gz(E,O,p) = - c£ Re e

(33)
Inversion of the Fourier tranformation using the last cf equation (5)
with ¢ replaced by ¥, with x = 0 and with Re and Im interchanged with
the integration yields

9~
65(0,0,9) = E_ESBl (Ia - Iu)

34
Zvubz (34)

where

%« 52+.£L-

2
Iaalmff___f_ ' 4}
o cE D(&,p)

2
”’k2+A2_
2

D(E,p)

(35)

ac }

o

By putting icf = -pt in equations (35), I, and I, can be rewritten in a

convenient form.

1651
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I, gu( 5 e Pt 4r)
(36)
I, T g“(%lo e Pt 4r)
where
3 1/3 -12 [(5-T2)2 - T2 \/1/3 12 112 )

2 T(T2-Y) (12~ 323 (12- _}g;a_)

and the integration in the complex t-plane is down the negative imaginary
axis. By using the fourth quadrant contour described in figure 2 and
the technique illustrated earlier, the integrals down the imaginary axis

can be written as a Laplace transformation plus residue terms.

u
e 1 {L{g.,( S+ GRS+ ‘::: ) 8,2YH 7PT )
(38)
I, =~ -~ Im {L{t gh( 25y} + nd Res T 8 ( 1) e ¥ P }
cep

V

where

Res - 4e
= G VER®

and the other two residues are imaginary and therefore do not contribute

to the value of I, and I,. Equations (38) simplify to
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y
I, =~ >— L{Ing 2H)+

¢2p3 \IE cp3
(40)
b‘o
I, = iy L{t Im g“( 2ty
c?p
and substitution into equation (34) gives
- 2 =
92(0’0’1’) = b S(p) L{Im 84( )} +
2muc? P
(41)

b a(p) , b2
+ +
V3u p

— o(p) L{t Im g,,(%":')}
Tue

t —_
Application of the operational formula L{ f o(n)dn} = _Q_‘I;P). and the

o
Convolution Theorem yields the solution, 0,(0,0,t). This zolution in

the notation 0,(t) = 0,(0,0,t) is written in equation (42)

t
b . b2 . bz
Gz(t) = 5 we G (¢) + - [ fG (t=-1) Im sk(-é-) dt + -

t
+ f o(t-1) T Im g.,( 25y d't]

o

wvhere

. t
G (t) -j o(n) dn

0

1
(0 0<T3 (43)

3yT2-1/3  (4-12)2 <T<1
Im (T) =|— ’
Su ﬁ 2T(T2-%) (T2~ 2‘_‘_’{'3_) (T2- 34'\/5) J;

312-1/3 [04-12)2 fF T2J12-1/3 VT12-1 ]
3-V3
\ 22328 (12 2 (x2- 243,

s T >1



TR

<
a a h?

<tc< % , and negative for t > % . The integrals in equation

Therefore Im 34(%3) is zero for 0 < t < < s positive for Sect<

pogitive for £

b
b
(42) are proper integrals for 0 < t < -3- . At T = ‘c;,' Im gu('al) has a singular
point of order (t - %)"1. The rotation at t = % » however, is finite since
the indeterminant forms in the integrand, :}2 G (—f—,- =t) (1~ %) =1 and
v

11‘: o(% -7) (T~ %—)'1, are finite. For t > %- » because of the singular point
>

v

at T = % , to be meaningful the integrals in equation (42) must be considered

as their Cauchy principal values. In which case 0,(t) is a well defined

finite value for all nonnegative t.
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THE INERTIAL HORIZONTAL FORCE AND MOMENT OF THE STRUCTURE

The multistoried structure 1s modeled as a lumped system with
masses my located at points distances 1; above the base point of the
structure on the surface and with a base mass m,. The horizontal

force exerted at the base point is F(t) and the moment exerted about

the base point is M(t). (cf.fig.3) From normal mode theory the

following equations have been derived. (5)

n . n o 1.
pX L, (t) = I ¢, (t) = F(t)
1 Me Tk o M %%

(44)
n 1ll n ow
pX g, (t) = T N ¢, (t) = M(t)
o Me %k o1 ke
where
- 2
(REI my xik)
Mkz ‘Z‘ 2
m, X
Ml B 1
n n
1 Gy mpord (F) w1y xgy)
= n 5 (45)
I m x
(my 171K
n 2
(I ™ L oxgy)
N =
b ;:l m x2
=1 >

th th
X5 the i~ component of k  eigenvector of (yj aij)

A= (aij) the flexibility matrix
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t

B = wkf {I('r) sin L (t-7) dt

(o]
t

¢k = wkf 5(1) sin v, (t-t) dt

(o]

(X

2 .
w, the reciprocal of the kth eigenvalue of (m:l aij)

U(t) is the displacement of the base point

P(t) 1is the rotation of the base point (& > 0 counterclockwise)

In this work F(t) is equated to the sum of the x-components of the
force due to the prescribed boundary stresses over the entire boundary
given by equations (1) and (2). Likewise M(t) is equated to the sum
of the moments about the origin due to the same boundary stresses over
the entire boundary. In computing F(t) the second set of stresses make
no contribution and in computing M(t) the first set of stresses make
no contribution. The integration from minus infinity to plus infinity

simplifies in both cases to an integration from -c to c.

F(t) = A £(¢t)

(46)
M(t) = -°—"‘5 a(t)

where A 1s the area underneath the structure.
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THE COUPLING OF THE LAMB PROBLEM WITH THE STRUCTURE

In equations (44) let

U(t) = u,(t) + u,(t) + Up(t)

¥(t) = 0,(t) + 0,(t) + ¢ (t)
v 1 2 p C47)

F(t) = A £(t)

M(t) = %“‘- o(t)

vhere u, (t) is given by equation (9); u,(t) is given by equation (31);
0;(t) 1s given by equation (19); ©,(t) 1s given by equation (42); and
U F(t:) and Qp(t) are particular solutions for the horizontal displacement

and rotation at the origin corresponding to the earthquake input into

the system.

t t t=-1
2 b
ul(t) = --E- f f(x) dt - Z?rcu ff £f(£) Im gl(-él) dg drz
o o o
2 - .
uz(t) - ;%E { - w(Z\fg_ 3 G (¢) + Ty G (t- %) +

+ XE ¢ (t- 9—) +2 ftG (t-1) Im (P-T-) dt
v v E 83 c

o
t
% f é (t=1) T Im 33(%1) dtr ) (48)
o
1 g b3 t
9,(t) = 2w £(t) + Ef(t" %) i f f£(t-1) 2 Im ga(l’c-l) dt
o

0.(t) = m2— & (t) + b2 [ t& (t-1) Im g, (%) dr +
2 V3 e 2nuc? Bulc
o]

t
+ f o(t-1) t In g, &) dr ]
o
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The sum ul(t) + uz(t) represents the horizontal displacement of the
base of a structure which exerts on the surface of the half-space the
superposed shear and normal stress distributions given by equations (2).
Up(t) represents the horizontal displacement of the base of a structure
due to the excitation of an earthquake. Analytically, Up(t) is the
evaluation at the origin of the x-component of the solution of the initial-
value boundary-value problem consisting of the Navier equations (1) valid
for y > 0, the boundary conditions implied by o, " oy = Txy = Qony=0
and by boundedness at infinity, and arbitrary initial conditions. Op(t)
is the evaluation at the origin of half the component perpendicular the
Xy plane of the curl of the vector solution of this initial-value boundary-
value problem,

After substitution of F(t) = A £(t) and M(t) = 5%-0(:) equations (44)
are solved for f(t) and o(t) and the result substituted into equations (47)
solved for ul(t) + u2(t) and 0,(t) + 0,(t) respectively. These equations
for u,(t) + u,(t) = U(t) - Up(t) and 0,(t) + Gz(t) = o(t) - ¢p(t) are

differentiated twice to give equations (49).

t
.o . 2
u(t) = - % f£(t) - -2—%317 f f(t-t) Im 31( Ddr - (—q.—) — o(t)

o

2 2 . 3
+ 2 G- + B 5(e- D 4+ ;%;;f o(e-1) Im gy(25) ar
o

wcz f o(t-'r) T Im 33(-) dt + U (t)

oo 1 . .o
o(t) = 3, £(t) + -2-% £(e- 3 + auc f £(t-1) 12 Im 33(—-) dt
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t
. 2 . bt
+J-3-buc 0’(:) + "2‘:";;? f C(t-‘t) Im su(c ) dt

o

(49)

t
b2 f a0 bt 0
+ Py o(t-1) T Im gu(c ) dt + Qp(t:)

o
where 1 t
M v t.. Mk wk - )
f(t) = ¢ Y v(t) sin wk(t:-'t) dt - ¢ ¢(1) sin wk(t-‘t) dr
o o
. wi - o
f(t) = HkA k f U(t) cos wk(t:-'c) dt - £ HkA kf o(t) cos wk(t—‘r) dt
o o
. “k wi . Hk w2 . <0
f(t) = - r U(t) sin wk(t-'t) dt + (Z x l‘) u(t)
o
w3 t w2 .
+ I MRA k f $(t) sin wk(t-‘t) dt - (£ -—K—l-‘-) o(t)
o
and o(t), o(t), & 3(:) are like £(t), f(t), & .é(t:) except with Hkreplaced by
1
N
-Lc:‘-k- and Hi' replaced by -—é& .

The b equation is obtained by substitution of £, o, & :: into the first

of equations (49)

t
U(t) = - Tn-:. L Hk w: fﬁ(r) cos wk(t-t) dt

o
~3)p2 t.
- -Q-E:-z-n-— I )i wk f U(t) sin wk(t-‘r) dt
o

t- ¢

2 1 .
+u.&An!2-z )&wkf u(x) sin w, (t-%-‘t) dt
o
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2 .o
+31A'EV ) Mk kf U(t) cos w, (t- S 1) dr

t t=1
ZnuAc IM w ff U(E) cos v (t-t-£) d§ Im 31( =5 dt

t ,t=1
3b3 1 1) b‘t
+ I M Vi U(Z) sin w, (t-71-§) d Im 83(") dr

muAc? ovo
3 1 t=T
+ _mnAcs I M wlz‘ j U(t) cos v (t-1-£) d§ 7 Im 33( LE
o%o
b1 2 [°
+ -u_A- I Hk Vi f ¢(1) cos w (t-1)dt (51)
o
(2V3 -3)b? .
+ uAc L Nk wkf ¢(t) sin 'k(t-‘t) dt
o
c
t-v
2 ']
- -:_I_:-! L “k v, f ¢(t) sin wk(t:- %- -T) d1
o
2 t- ¥
:::v L Ny wi f ;(1‘) cos wk(t- -:- -t) dt
‘[K C=T
~t- br.
+ 21“IAC wk 'I‘.(E) cos Vk(t t=£) d¢ Im sl(c ) dt

33 e £-T
AC3 T Ne.w, f f ¢(£) sin w (t-1-) d§ Im 33(—-) dv

tuAc L N, wkjfﬂi) cos wk(t-t-ﬁ) d€ T Im 33(2-‘-'-) dt

+ U’(t)

At s At et
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The ¢ equation is obtained by substitution of .f., 5, & 3 into the second

of equations (49).
[+ M W] 80 + 5 (M w) 6(e- D

ua (E My k) u(e) +3x CM "’k) u(e- $)

t
- - z "k K jU(‘l’) sin wk(t-t) dt

:éjn

t=-
8 3
-5 I M oW f U(t) sin v, (- $ -7) dr
o

t
ﬁc‘; z Hk w; f .l.l('r) cos. wk(t-‘r) dr
o
b3 2 c. 2 bt
+ -y I M oW f U(t-1)1¢ Im gy(g) 97
o
2 t
+;‘3b’u';:3'£ H‘]" w:f U(t-‘t) T Im g,.( 25y drv

(52)

o
bg 3 t t-‘t b
- _—p— I M "kfj U(E) sin wk(t-t-e) dt 12 Im 33( 2%y drt

+ Zquc3 u']‘- “Jf “(E) cos k(t-‘t-ﬁ) d§ Im .“(k!.) dt

t=1
21mAc3 L ‘i jj () sin Vk(t'f'ﬁ) da 7 Im 3“( 25y dr

. .
+ -2_3; )X u‘]" v f 0(1) sin Vk(t-'t) dt
o
t- &

v
+mzu|1‘wk f '5(1) n:l.nw(t---t) dt
o
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- -u-A—c? £ Nk wk f ;('r) cos wk(t-'t) dt

o

t
b3 1 2 2
- ——r I M v f 0(1:-1) < Im 33( 2Ty dr
o
3‘,2 2 t.o bt
" 2wue? © Ok Yk f P T IR 86 o
t=t
3
m—r t "lt "kff o(6) sin w (t-71-€) ai 12 Im 83 (b‘!') dr
o

-1
B Y bt
= JruAcd z N wkarf #(£) cos w, (t=-1-£) d¢ Im g, (T) dr

t, =T
zquc PR Nk “kjf.“) sin v (t'T-ﬁ) dé T Im g“(—) dt

+0(t)

If the heavy base is taken intc accoumt, equations (44) are wodified

to
T oM B - T Mg BCe) = PCe)
z g, (¢) - T (c) + m U(c) = P(¢
k_lnkk h-luk.k -]

(53)
t Wiz
g, () -

oy Tk G

B 40 -1, 40 = Ko

Substitution from equations (48) and manipulation similai: to that illustrated
in obtaining equations (51) and (52) yields the following pair of coupled

Volterra equations for U(t) and ;(t) in the case where base-mass effects
are included.
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. 3bvI, e 321, ¢
U(t) = - t(t -3 0(:—1') T Im 33( 21y dt

vem, Tetm, <%

3 e % \/- —J— €

Y1, . 3 (2-y3) bI v
-T2 ®(t) dt + &(t) dr
c™m c ‘
° %o ° o

t
j ¢(t) sin vk(t.-t) dt

n Mo
‘O

4+ I
k=1
o
_ % ﬂ f o0 g -
_—lc\v-o kfl L v o(1) sin w (t- 5 -7) dr
o

n 1 s.‘t
kzl Hk wkfj“ﬁ) sin vk(t-'r-;) di Im gl(-z-‘;) dr

t. T
‘,-—(-zia:)—— I N wff $(£) sin w, (v=€) d&dr

k=1 k 'k
o ©
e- &
% n
L f f‘ (D) sin v (1-6) dgar
(54)
t=
&210 g ' bt
- '°3‘o J ¢(£) d§ Im g,(TP) dt
]
*2 a t ¢C=1
R f f $(E) otn w (t-1-£) dE t In g, ) ar
[«
e O

az n - 5
- ua-o I:I N, W f J *(n) sin w ({-n) dndE Im :3( 5) dar

v L
J-'-‘-j uCr) dr - l: nt-" f U{z) sin 'k(t-t) dv
°
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t t- 3
- Zme U(t-t) Im 31( Iy dar +——-1 }: Hk kj U(t) sin wk(t-% -1) dt

VB, k=l

n t-1

b
- 2wcmo "k j f U(E) sin wk(l:-‘r-E) d Im sl(“"") dt

aieds) g L f 716(6) in w, (t-£) ded
- 2 8sin w. T= T
Sy k1 k k
[
n t- v, 1
+ -3%:'— L u; v f UCE) sin w (1-£) dgdr
o

3"2 t t-T
+ - - "k f (g sin w (t-1-€) dE 7 Im 83( 25y dt
o k-l o "o
t t=-t §

t
2 v

+ 35 "k f f j U(n) sin w (£-n) dnd Im 33(%1) dt
° k'l o o Yo

VA o
+ b.o Up(t)

. cZ jtn c2 n 2 t e
o) = -J%';:o J ®(§) d¢ + 2ﬂb1° kil LW Ve J U{t) cos vk(t-t) dt

2 LX)

c n 2 . m, c?
- ;]3.-;1: kfl )t w f (1) cos w(t-7) dt + W“ U(t)
o

40

(55)

) t-
c“8
+25 I llkw o’ u(s) coov(t-v-f) dr

l’N

£ % c?pm
j $(x) cos w_(t- % -t) dv + —=—2— ‘it~ )
- .

2/3 b1,

T,




—L __ n 2
* 2fz 71 kfl Hk ijj U(E) cos w (t-t-£) di Im 32(9—1) dt

t-T
= 2 3 I " f j 9(£) cos W (t=1-£) dE Im 32( 21y dr
o

o

My t...
+'2;7';‘I: f (t-t) Im g, ( Dy dt

1 1 f‘ .
+ Io kil }& i U(t) sin wk(t-r) dt
o
T
;T ow .[ #(1) (t-1)
-1 : v, (1) sin w, (t-1) dt
I, k=1 * K - k
t t=-1
Vib n
+ chlo k "I: f f U(E) sin vk(c-r-g) dt Im 3“(__) dt
t=T
13 b .
- chlo E Ny w k‘j( f ¢(£) sin wk(t-t-g) Jd€ Im gu(%r_) dt

¢ ue bt
- f ¢(t-t) Im g,'(‘g") dr

Eb t-‘t
b
+ el k-l )i f f U(E) cos k(t"-g) d v Im g“(-al) dt

3ip ® 2 (5[5
- kz]. Nk "kf O(E) cos v, (t-t-E) d T Im 3:;(—') dt
(s ] ]
o o

o

2 t.
”c f 5(t—t) T Im g“(—-) dt + \G_u:z j op(t) dt
o

26
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For prescribed Bp(t) and ;p(t) equations (54) and (5%) are to be solved
numerically for U(t) and ;(t). The output ﬁ(t) and S(t) could then be
compared with the input ﬁp(t) and Ep(t). Comparisons also could be made
in the output and input spectra.

Unfortunately, although the integrals in the ul(t), u,(t), Ol(t)
and Gz(t) are meaningful when singular integrals are considered in the
Cauchy sense, the differentiations necessary to obtain equations (54) and
(55) render some of the integrals therein divergent. Hence equation (54)
and (55) do not provide a meaningful set of equations for U(t) and Q(t)
Theee computer programs are included in the Appendix B. They could prove
useful in subsequent calculations if reasonable smoothing conditions could
be determined. A smoother revision of equation (55) which does not contain
any third derivatives can be obtained by integrating that equation. The
equation resulting is written following as equation (56). Equations (54)
and (56) have been programmed for numerical solution but as in the case of
equations (54) and (55), the integrals still diverge. This program is also
listed in the Appendix for possible use in jointly modifying the equations

and the program.
t

: t .1
e ZA ve cz n .-
o (t) = - He f f &(E) dedr + X \ f U(t) sin(t-t) drt
VRSTAEA 2/3 bI kel W,
2 n 1 ft..( ; ( ) m Cz ..( ;
- L v $(t) sin w, (t-1) dt -+ U(t
2,/3 b1 k-].'Mk k- k z,/'a'bxo

c?B

23 bI_ k-l

t- ...
Mk f “(‘l‘) sin w (t— - -‘l’) dt

N nmN L s

L PSS VN N R .

e Re i # rimmnn e eve vwer s
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c Bm v
wb f O('t) sin w (t: -t) dT + ———— U(t- %)

2\/_bI

n
L
2.f3 BI_ kel
t o =T
e — 2wl S
o b v U(E) sin . (t-1=£)dE Im g ( X) dt
2 f3 a1 wop ke I 2

jtft—‘l'
) -1- bt
23 n1 k-l “k v ¢(g) sin (t-1-£) d§ Im g,(=) drt

t
f U(t-t) I d
2“/_1 t) -32( %) dr

o

| PN, ¢
LT
L Hk "k ) J. U(E) sin wk(t-»e) dg dr

(56)

T
1 n ﬁf .
- = E N, w 0(€) sin w, (1=€) dE dt
Io k=1 % k o © k

t-T
n
+ 2{;‘::0 _[ f U(n) sin wk(z-n)dn d¢ Im 8,,( 3y ar

t t=T

V3 b T

-2 A N wJJ jO(n) sin w (£-n)dn df Inm 8.,( =) dv

e [ [
m ®5) &t Ia g, BH) ar

T .guk[tfm

2 cI UCE) sin w (C-f-ﬁ)de Tt Im '“(21_:_) dr



n trt=3
— 21 LV ff ®(E) sin wk(t-r-z)de T Im g“(%l) dr
o o

2n cIo k=

e

2nc

2
+ uccA

V3 b1,

f 3(1:-1') T Im 34(%1) dr
o

0p(:)

29
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CONCLUSIONS

By the same technique and a similar model as was utilized successfully
in references (1) and (2), the solution of an extended Lamb Problem
formulated in equations (1) and (2) for tﬁc horizontal displacement at
the origin due to the earthquake excitation has baen obtained. In additioc.
the rotation at and about origin for this model has been determined. These
results are summarized in equations (48) in terms of integrals convergent
in the Cauchy sense. Three sets of complicated coupled Volterra equations
(equations (51) and (52) for no-base-mass case and for the base-mass included
case equations (54) and (55) and equations (54) and (56)) are obtained.
Equations (54) and (55) and equations (54) and (56) are programmed for
numerical computations which would permit comparisous of the input and output
as well as of the input and output spectra. Each of these sets programmed,
however, contains divergent integrals and thus yield no results as written.
The divergent computer programs for solving each of these sets of Volterra
equations are listed in the Appendix B for the purpose of expediting later
solution via possible joint modification of the equations and the corresponding
prograums,

The source of the difficulty has been that the solution of this Lawb
Problem, unlike the simpler ones of references (1) and (2), 1s not sufficiently
snooth to allow the differentiations necessery to obtain the Volterra equations
in those cases programmed. (Equations (51) and (52) have not been programmed
and integrals known to diverge do not appear in them.) It could be that
some physically reasonable smoothing is possible. In which case the Volterra
equations and digital computer programs tabulated herein might be useful. Or
it could be that the model chosen is inadsgquate for this refinement of the
simpler problems for which it yielded the results of references (1) and (2).
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Figure 1. The coordinate system used in the solution of the
Lamb Problem stated in equations (1) and (2).



Branch cuts

Re(x)
>

Figure 2. The fourth quadrant contour used in evaluating the
inverse Liplace transformstions.



Figure 3, The lumped-mass structure model used in the norml
mode theory.



APPENDIX 3
PROGRAM LISTINGS

Two programs are developed in attempting to solve the coupled lateral-
rotation interaction problem. However, as pointed out in the msin body
of this report neither of these programs converged. Bach is listed in
order to shov the progress to date made in the solution of this problem.

Program 1 {s an attempt to use numerical iteration to solve the first
formulation of the coupled interaction problem with base inertis presemted
in equations (54) and (35). The second program, Program 2, is a listing
using the second formulation of the interaction problem with base inertias
(equations (54) and (56)). The msin program coutrols the input data except
;’(t) and 3’(:). the summations of terms, the iteration procadure, the
convergence criterion and the program output. Each type of integral on the
right hand side of the equations is soived in a subroutine. In the develop-
ment of these subroutinus, known functions of u(t) or ;(:) are used as input.
Thus, analytical solutions could be compared to numsrical values. 7Two
investigators verified sacn subroutine. The digitized ioput values, ;’(:)
and 0,(:). are read from cards using function subroutines.

Input quantities are defined in the comment cards listed in each program.

Because the pregrams do not converge, detailed input formats are not presented.



PROGRAM 1

//RS2 JOB NODUMPel1177 - RJS

4/ EXEC FORTRAN(BCOD)

o MAIN PROGRAM
DIMENSION Fl401000)00MM(3)eCCCL101000)05SS(102000)05S5D(203)9S8SS(2¢)
1)e

10SF(2)eSUJI2)1eSUP(200DS1(2¢3)9D052(209¢3)0USF(292)0U1221000)
2053123 )05T 128403 )0UD(292) owiB3)oWL(B)oWMII) o XL (36 XB(S303)
3WN(3)CL22)eSL(29)
COMMON F oOMMeCCC 05SS50SSD9SSeDSFeSUJeSUP eSUDeDS10D0S20USFeU o
1DS3eSTsUDeTeDTsDU2s L osAL NP eNMIND
1! 1!=0 « MODAL INPUT
CCM DIM FeCCle5SSeUsf SUB=DSOLISFTAU SUBDS2ILeCIeEl SUB=DSDILeV
SURTOLICZITA
v1a) =« STRUCTURE INPUT
18 18sLESS THAN 2ERO OR 2ERO = NO ROCKING INPUT
ARS(:8)=2 TERM OUTPUT
[9=2]1 OR 2 « ROCKING INPUT = VELOCITY UNITS
NA=ERUMBER OF MQDES
WilI1aEFFECTIVE MASS LB=SEC#SEC/FT
wLii)sMODAL EFFECTIVE FIRST MOMENT
wWNi1)=MODAL CFFECTIVE SECOND MOMENT
WID=BASE MOMENT OF INERTIA (LB®SECHSEC*FTOFT)/FY
WO =BASE MASS _B8-SEC#SCE/FT
B8s3HZAR WAVE VELOCITY FT/SEC
GsSHEAR MODULUS LB/FT/FTY
ALSBUILDING wWIDTH FT
TeDOT=SEC
AA BASE AREA FT»FT
JPIT)sLATERAL FREE FIELD ACCELERATION
URITISFREE TIELD ROTATION (VELOCITY)
INPUT
[PUs?
IR=s
IP=sg
100 READ(IR*1)I291BoNMoTMAX DT oBsCsALIAAIERR
IFINM)1016¢1009103
1 FORMAT(1IX3I397E1063)
109 READI(IR+2)WCeWIO
READIIR»2) (OMMI1)ols=]oNM)
2 FORMAT (B8E10.3) d
WRITE(IPS)
5 CORMATIIXOM 11 ID NMelOXGOMTMAX912X2MDT 013R1MHB131X1MHG
112X2HAL 912X2HAA 01 1 X3MERR )
WRITE(IPs6)I1oIBINMeTMAX oDToB oGoAL sAAIERR
6 FORMATIIX31307E24e4)
WRITZ(IP»3)IVCIWIO
3 FORMAT(13X2MMO912X2HIO/(1X2E14e2))
WRITE(IPes7) (OMMI1)ol=}) oNM)
7 FORMAT(TXSBHOMEGA(1)/(1X8F144¢3))
IF(11120020921
23 READ(IR»2) (W(I)elI=]loNM)
READIIRe2) (WLIL)elmloNM)
READ(IR02) (WN(Z)oIm)oNk)
GO TO 24
21 READ(IR92) (WM(Z)olIsloNM)

OONCNNANNANNANNNADHNNN YYD N N



READCIR92¥IXL(I) o Im]loNM)
DO 22 I=]lyNM
22 READ(IR92) (XBlJe1)eJds]leNM)
DO %1 I=1,NM
Cl=0.0
C2=2040
C3=040
DO 23 J=]l¢NM
Cl=C1l WMiJ)#*XBlJs1])
C22C2 WMIJI#XBlJel)aXBlJe])
23 C3=C3 WMlJ)eXBlJel)axL(J)
wil)=sCl#l1l/C2
wLillisCl®C3/C2
51 WN(l1)=C3#C3/C2
WRITE(IPe1l1l) (WM(I)oInloNM)
WRITELIPe12) (XLI1)9E=loNM)
WRITE(IPs13)
D0 25 I=z1leNM
25 WRITE(IPe15) (XBCJel)eJmloNM])
24 CONTINUE
WRITE(IPel4)
WRITE(IPeB) (W(I)sI=loNM)
WRITE(IP929) (WL{I)el=]loeNM)
WRITE(IPS10) (WN(.)el=)sNM)}
10 CORMAT(1IXGHN(JY)Z7(1XBF140e33)
9 FORMe FU1OXSHML(JI/(1XBF1443))
8 FORMATI11X&rM(J)/(1XBF1l4e3))
14 SO0RVMATLIX16HMODAL PROPERTIES)
11 FORMATI(1IX20HMSTRUCTURE PROPERTIES//7IXGMWII/1X8F16e3)
12 FORMAT(IX4HL (I /1X8F1l4e3)
13 FORMAT(iX6MX(Led))
15 FORMAT(1XBF14e3)
18 FORMAT(IXEHOUTPUT//7116XHT 02 0XGHUIT) 010X4HR(T) 9 IXSHUPLIT) 99XSHRP(T)
1))
17 FORMAT(15X18HTERMS OF EQUATIONS)
18 FORMAT(IXTIFl4o&)
19 FORMAT(15X6E 1465
50 FORMAT(BF1Qe5)
104 FORMAT (9 DIVERGED)
C oUTPUT
WRITE(IPe16)
IAsIABS(1B)
IF(l1A=2)65026026
26 WRITEL(IPe1T)
U62=0.0 .
ERA=ERR/100¢

ERSSERR/100000.
UG22=0.0

ONSTANTS FOR FIRST EQUATION
¢ 65 lts*kA/g/WO tRs uA

T2=1¢0/W0
PI=3¢14159
T6e=B/240/P1 /AL /WO
T6=TL#WO
Cl1=206464102



28

30
29

32
31

TT=84#C1/AL/AL /WO
T9=T7T#WI0

GA=0+211325
T10=3,0%#B#GA/AL/AL/WO
T12=aT10#WIO

VR=B#0,9194 .
T13m3,0#B8#GA/VR/WO/AL
T15aT13#WI0
T16=23,0%#B2B8/P1/AL/AL/AL/WO
T18=T16%*WIO

CONSTANTS FOR SECOND EQUATION

R3=1+73205

BET=065
ND=2AL/0e¢9194/B/DT Q65
W1sGRAL#AL#AA/RI/B/WIOQ
W2=AL®AL/2:0/R3/B/WI0
We3sW2#WO

WS sW2#BET

W7=w54#W0
W8=AL/24/R3/P1/WI10
W10=W8#WO

Wll=1,0/WIO
W13s3,0#8/2¢0/P1/R3/W10/7AL
W1l5=2W13#WIO

W1l9=w1l

MODAL CONSTANTS

T=060

NP=sTMAX/DT

NP 1sNP+1

DO 28 I=1eNM

DO 28 J=1eNP1
CCC(1leJ)aCOS{OMMITI)I®T)
SSS(TeJ)aSINIOMMITI)®T)
T=T OT

U(lel)=040

U(2¢1)20460

T=04,0

UD(2+1)=0,0
UD(2+2)=0,60

CALL FGl24
1F(18)29429430
UD(2¢2)sUR(T)
UD(102)=UPLT)

UG2D0=0,0

UG2DD=040

T=06,0 .
WRITELIP#18)TeU(1l9e3 JoUl20}
T=07

DO 41 1T=2:NP1
ITl=a]Te=]
IF(IB)31e31032
UD(251)3UD(2+2)
UD(2+2)=UR(T)
UD(191)2UDI(102)
UD(1e2isUPLT)

YoUD(102)0UDE202:



UlleITisUCloIT))
Yi201T)sU(261IT1)
CALL TPLIGIT)
CALL DS21L
CALL UFSIG
CALL SSIGL
CALL DSPIL
CALL DSDL]
DO 35 17T=1,25
CALL SIGL]
DO 33 181622
33 C(1)=0,0
Cllis=T18SUJS(1)
Cl615~TH68USF(10]1)
C(9)s=T98SUJ(2)
C C{919~-TO9#UG2
Clt9)1es+T984G2
C £(12)4712#SU0
C(1291s=T12eSUD
(159040
C1180)T188DSF(1)#8(~160}
C C(18)sT184DSF(1)
INDs L T=ND
SF(INDI5%e53052
52 C(15)1sT156U(20INDI®(=1,0)
52 Ci151sT154U(2eIND)
53 C(213=sT189USF(362)
53 Ci(211sT10¢USF(392)14(=1,0)
Ci22)eT108SUP(])
00 346 [=]eN
Ci23CE2)=88(1e1910T2au(])00MM(S)
< Ci39sCi391-58(205)8T284L(3)SOMM(])
€Ci315C139458(20598T28wt(5)80MMLT )
Cle)oClo)=TLnd(LIPOMMN(SI8D52(20308)
< CL59IsC(5)=Thoyl (515015 18082(20108)
£i538C15)7T40ulL (5 190MM(S I9DS2120101)
ClTIsCiTI=TToul 11 160853(L 0L 200MM(])

(aY g

"€ C(OInC (B =TTHUN(L16DS53(205 160MMi ]}

CifIsCiBI*TTouN(I100863(205900MM(S)
C1369=C1109¢7308ULE5960DS2620190008( Y

< Ci119sC131947330Ni30D834201)00MM(L)
Ci319C(310=T1006N(590081(205)000000(5 )
Ci139sCi1M I+ T30 L I510SSD(2 e 000MM(S)

(< €1369C(30)+-T130UNISISSSDI201990(1 1)
Cl3618C(369-T1I0uU([1088$0(25500MM( ()
Ci169sC(16)4T1600LI59085T 39305 )00M( )

[ < CisTISL1T9+T1601 2059087 i20305900MM(])
C13793C137)=T2500N(3908T 2039190041
$e3995C(399431600L (8900820303085 300M(E $

26 C6209C(2091=T16%6N(510D52620305 )80 )
€ 36 C12995C620947360WNE3 19052620905 9000M01(5 )
VC19049
00 o6 §o1e22
“% UGseyGs C£5)
00 36 553019



o e

36

55

55
Sh

54

37

48

79

76
38
75
35

&0

SL(1)=060
SL(L)seWaoU(191IT)

SL{Gim=Whey(1eiT)

SL(15)s=W184DSF(2)

SLi1)=WlaDU2#({=160)

SL(T7T)=0460

IF(INDISHs56055

SLITIs+U(leINDIBWTY

SL{T)s=Ul{le IND)SWT
SLI(10)=s+Wil08USF(2,1)
SL(10)s=Wl0O8USF(2+1)
SL(18)s=W1SaUSF(4¢2)
SL(19)=s+W194SUP(2)

SL(19)s=W19aSUP(2)

DO 37 isieNM
ELI2)aSLE2)P 20w I )0SS(1ol)oOMM(]?
SL(2)aSL(2)=W2uy(])auSStLel ) ®OMML])
SL(3)1eSLI3 ) =280l (2)88S(201)00MM(])
SLIS)sSL(S)awsaw(])eSSDIi1o])e0MML])
SLIS)sSL(S )+ WSaw(])eSSDI]e1)#0OMM(]}
SLIGIsSLIS) =Wl (I)88SD(29F)BOMM(])
SLIBIsSLIS)I=WaaW(]1)8DS2(10208 )0OMM(L)
SLIBIsSLIB) e wBaW(T)NDS2(10201)00MMIT)
SLI9)sSLIG)=WasWL(L)RDS2(2020])00MM(])
SLI11)eSLI110+W1k oW L (2)2DS3( e )0OMMI ]
SLIl11)sSLI11)~W1llaWL{2)®DS3(1e])8CMMI]
SLI2)eSLL32)=Wll0WN(T)NDS3(20])20MMI]
SLI13)aSL 13 )Wl oWl (] )aST(1e4kol)oOMM{])
SLI133aSLidr3 e WlAauwl () 0ST(1le6rl)eOMM(])
SLI164)eSLLL4)=130WN(L)nST(2¢&0)00MM(])
SLiIl16)eSLI16)=W13sWL(I)RDS2(1lebel)OOMML])
SLIL16)sSLI16)I+WIASWLIE)IODS2( kel ) oOMM(] )}
SLIL7)IsSLILT7IaWI3OWN(]IRDS2(204e])R0OMM:])
VG22=UG2

UG230,60

DO 48 Isl,19

UG2sUG2 SLI1)

UGSs (3408UG2~4+0%UG2D UG20D)/DT/240
UG3s (UG2=UG2D) /70T

IF(1TT=3)79975+79

DIFYsABS (UGL1=ti(1e1T))
DIFS=ABS(UGI=U(I291T))

Difvs ABS(UG2-UG22)
IF(DIFPV-ERS)T6e¢T76¢73

ERROR CRITERION
IF(DIFU~ERR)IZS9T5075
IFIDIFS~ERAIS0075075

Yi3eITsyUg]

U(2:5TIsLGD

CONT INUE

GO 70 1033

UG200sUG20

920=U62

CALL DSPSL

CALL DS21L



CALL TPLIGI(T)
CALL DSOL1
CALL SIGL1
CALL SSIGL
CALL UFSIG
UlleITI=UGL
U(2,17)sUG3
WRITE(IPe18)ToU(L1oIT 1oU(2e1IT J9oUD(102)9UD(292)
IF({1A=2)4)19042042
42 WRITE(IPe904) ITToUGLIUG20UG3
WRITE(IPs19) (C(1)el=le22)
WRITE(IP19) (SL(I)el=21l9e19) oSUJI2)
41 TsT4DT

904 FORMAT(20X15+¢3€E1445)
WRITE(IPUISO)(U(L1el)eI=leNP])
WRITELIPUSSOY(U(2e1)elm]leNPl)
GO TO 1920

1033 WRITE (1P9104)
WRITE(IPe904) ITTsUGLleUG2eUG3
WRITE(IPS19) {(C(1)eInl1922)
WRITELIP19) (SL(I)elI=1019) oeSUJL2)

101 CALL EXIT

END
BROUTINE D
C INTEGRATION OF UIXII*SINIW®{TAU=X])) WITH TIME DELAY
DIMENSION F(431000)s0MM(3)9CCCL101000)955SS(161000)0SSD(203)9eSS(293
1)

10SF{2)e8UJ(2)sSUP(2)9DS11203)9DS2(29493)9sUSF(4L0e2:9U(291000)0
2DS3(293)eST(20493)9UD(2¢2) oDSS(2¢3)0D33(293)
2 DUSI243)eDUSSI203)eDUCTI293)9DUCCI203)9FTAUL20141000)
COMMON FoOMMeCCC95SSeSSLCoSSrDSFeSUJISUP sSUDSDSL19DS29USFeU o
1DS3eSToUDITeDTeDU2e SeALIMPINMIND
IF(T=DT)12012911}
12 X=06C
Nl=]
00 14 IslyNM
00 14 J=ly2
FTAU(Js 9112040
DS3{(Jel)=040
DS1(Js»1)=2060
DUC(Jr11=0e0
DUS(J91)=0e0
DUSS(Jel)=Q,60
14 DUCCLlJ91)m060
19 IFtX=T)10913913
- 10 XaX+DT
NI=sNi+1
fi11sNfe=]
DO 15 J=12
DO 15 I=leNM
USS{2+1)=DUS(JIe])
1§S(Je1)sDS1(Je1)
D33(Jel1i=sDSA(Jel)
L DUCC(Jo1)=DUCt Il
1

15 Ou
300 16 J=1e2

b
b



10

b ]
-

18

20
17

12
11

13

15

21
22

20

(o} ]
gUC%SO%)163CC(JOI)+07120*IU(J9N1’OSSS(IONI)4U(JONII’*S$S(IONII|’
DUS(Jel)sDUSS(Jol ) 4DT/240#LU(JeNIIRCCCIIoNIITU(JIaNIL)INCCCITIONIL))
FTAUCJo I oN1 )1 =SSS(TIoNII®#OUS(JeI}=CCC(LoNI)®OUC(Jo])
0S3(Je1)13033(Jel)eDT/2,0#(FTAULJIITIoNII*FTAULIsIoNTLL))
IF(NI=ND)L1T7917018
DO 20 J=1y2
D0 20 I=)eNM
NsNl=ND+]

NlsNe=]

DS1(Jel)3DSS(Jel) DOT/240#{FTAU(JsIesN]) FTAU(JS9I N1} )

CONTINUE

RETURN

END

SUBROUTINE UFSIG

UFS(F(4)eUD OR US)

INTEGRATION OF U(JoT=TAU)I*F{KsT)

DIMENSION F(401C00)e0ONMM(3)+CCC(1901000)9S5S(191000)9SSD(293)95S(203
1)
10SF(2)sSUJ(2)9SUP(2)9DS1(293)eDS2( 204932 9USF(492)9U(201000)
2NS3(203)eST{20493)0UD(2+2)

COMMON FoOMMaCCC9SS5S9S5D1SSeDSFeSUJISUPsSUDIDS1eDS29USFeU

10S39SToeUDsTeDTeDUZ2e SeALINPeNMeND

[IF(T=DT)112e¢12+11
X=2C,eC
Nisl
IF(X=T)10e13913
XaX+DT
Nl1sNI+1
NIlaN]l=]

N=NI

DO 15 1Is=l,2

DO 15 Jslek

USF(Jel)=0e0

T720.0

DO 20 ITs1loNI1l

IT1=IT+]

NNsN=]

TT1=T% 0T

DO 21 J=1,2

USFlJol)sDT /72608 CULLoN)ISFIJoITIH+U(IoNNI®F(JoIT1))+USF(Je]l)

DO 22 J=3494

USF(Je2)2USF(Js2)4DT/72e0%(U(2eNI®F(J-1T)I#TT U(20NN3*F(J0!TI)'T?1'

TT=TT+DT

NaN=]

USF(F({&4)e UD OR US)

RETURN

END

SUBROUTINE FGLl24
CALCULATION OF LAMB FUNCTIONS

?IMENSIQN Fl491000)sOMM(!)oCCC(IOIOOO)oSSSilolOOD)0550(203)055‘203
1)

IDSF‘Z)OSUJ‘Z)osuPtzi0051(203)0052(20403)oUSFChoZ)OU(ZOIOOO)o
2053(203)9ST(20493)0UD(292)

COMMON FQOMMQCCCOSSSQSSDQSSODSFQSUJQSUPoSUDoDSl0052OUSFOU ’

e



1D0S30STeUDsToDTeDU2s BrALINPINMIND
YRT=1e0/SQRT(3,0)

Y=Q0.0

MNP I=sNP+]

DO 21 Is)eNPl]

Xs8#Y/AL

X2=aX#X

Xbo=)2#X2

CK1=(3,0+SORT(3,0))/2,0
CK22({3,0=SQRT(360))/7240
CK3uCK1/7240

CK4=CK2 /240

RilaX2=1,0

RTO=X2=140/340

RP52X2=0¢5

Rlu=X2=0,25

SR14P=X2=CK3

SR14Max2«CKé4

IF(X=YRT120+20s11
DOM&4=2, 0% X#R14#SR1%LPRSR1GM
IF(X=1e0)12012912

DD 22 J=le4

F(Jel)=0,e0

GO TO0 21

DOM]1sRPS#84=X4#RTD#R]
SR11sSQRT(140=X2)

SRTO=SQRT(RTD)

SQTD=SRTD

SQ14sSORT(R14)

Fllel)s X®#R1#SRTD/DOM1
Fl2sl)n=3,8RP5uX2#SRTO#SR11/700M
F(30l)a=3,0#RP5#SRTD#SR11/2,0/D0M4
Fliue]l )s=3,08SQTD*RP5%#]PS5/DOML

GO TO0 21

SR1=SQRT(X2=1,0)

SRTD=SQRT(RTD)

SQTD=sSRTD

SQ14=sSQART{(R14)
Fllel)mSR1/(X¥(RP5#RPE=X2#SRTD#SR1))
F(2¢1)2040

Ft391)2040
Fl4e])s=3,0#SRTD#(RP5#RP5+X24#SRTD#SR1)/ OOM4
YaY4+DT

RETURN

END

SUBROUTINE TPLIG (X}

TRIPLE INTEGTATION

DIMENSINN F(bolOOO)QOMM‘3’0CCC11|1000)0555(101000)0550(293);551203
1)

1IDSFI2)eSUJ(2)oSUP(2)90S1(2031eDS2( 204031 9sUSF(492)0U(2010000
2083(293)19ST(204693)9UUD(202)
AFFP(293)9ETAL29101000)oFF(233)9C(203)25(293 )sSXS(2093)eSXC(203)
COMMON FoOMMoCCC 95SS9SSD9SSeDSFeSUJSISUP sSUDeDS1eDS2¢USFeU
1083eSTeUDeTeDTsDU2s BesALINPINMoND
IF(X=DT)129120112



C

12

19

14

15

16

18

1)

DO 13 I=1eNM
D0 12 J=142

SXS(Jel)=0e0

SXClJol)m060

ETA(Jel191)=0,0

CliJel)e0e0

S(Jel)=s040

FFPlJel)=0e0

FF(Jel:2060

Y=0,e0

Ni=l

IF{Y=X)10s14s14

YeY+DT

NI=sNI+1

Nll=asNl=]

DO 19 Jml,2

DO 19 1s]leNM

SXClJel)=ClJel)

SXS(Jel)=S(Jel)

FFR(Jol)SFF(Jsl)

X1 INTEGRATION

DO 15 Jslee

D0 15 I=1e¢NM
ClJIel)mSACIIo1I4DT/2608(U(JINIIRCCCLTIONI)+UCJINILI®NCCC(TIONIL))
S(Jel)mSXS(JoI)+DT/2002 (Ul JINI)IRSSS(IoNII*U(JINILIRESS(I9NIL))
ETA INTEGRATION

DO 16 J=142

DO 16 IsleNM
FF(Jo1)=SSSUTIeNII®#C(Jo I} =CCCLIINIINS(Jr])
ETA(JIIONII=ETA(J oI oNILI+DT/2,0%#(FF(Jo 1 +FFP(Jol))
TAU INTEGRATIOM

DO 18 L=1sNM

DO 18 Jsle2

DO 18 Ks394

N=aNli

ST(JeKsL)=0,0

DO 18 I=1eN11

NlsN=])

NN1lsi+}
ST(JOKQL)-ST(JQK'L)+DT1200*(F(KONN1)*ETAIJOLGNI)+F(Koll'ETA(JO#ON)

N=N=] ‘ : f
ST(UD OR USoeF(4) s MONE) Cae
RETURN : ‘

END

SUBRTUTINE SIGL1 R
SIMPLE AND DOUBLE INTEGRATION ROUTINE S
DIMENSION FCQQIOOO)OOMMCS)QCCCCIOIOOO’QSSS(IOIOOO)OSSD(ZOS)QSS(ZUQﬁJ

1)

IDSFCZ)OSUJ(Z)OSUPCZ)ODSI(ZOB’0052(204'3)OUSF1602! 0‘201000”
2DS3(2+3)9ST(20403)0UD(242)

pYU(2) 9YP{2) .
COMMON F’OMMQCCC955505500550D‘FOSUJQSUPpSUD.DSloDSZQUSFoU 'Y

1D0S23¢STeUDITsDTeDU2s BOAL'NP’NM’ND - v

IF(T=DT112+12411 -



12

16

11
10

12

14

11
10

13.

X=060

Ni=)

DO 16 Js=l.2

SUP(J)=0.0

SUJ(J)I=0.0

SUD=0,0

SUJJI=0.0

DU2=0,0

IF(X=T)10013,13

Nl=sNI+])

NIlsNl=]

XsX4+DT

DU=DU2

SJUJJ=SuJ( 2)

SUs=sSUD

DO 17 J=1,2

YUlJ)sSUJ(J)

YP(J)=SUPLJ)

DO 14 J=142
SUJ(JIsYU(JIJHDT/20#(ULJsNTIIFTULJIINIL))
SUP(J)IaYRIJMDT/2e#(UD(Je1)4+UD(J02))
DU2sDY DT/202(SUJ(2)+SUJY )

IFINI=ND)18018919
NeNl=ND+1
NlsN=}
SUD=SUH+DT /208 (UL2sNYTULI20N1))
RETURN
END

NE 1L

DOUBLE INTEGRATION ROUTINE = MODIFIED
DIMENSION F(491000)90MM{31+CCCl102000}9S551191000)+88D1203)9SS(243

1)

10SFL2)e8UJL2)9SUP(2)eDS11203)¢0S2(20493)sUSF432)9U{2:2000)
2DS3(203)eST120403)9UD(202)

30C112019010C0)0S1(24191000)

COMMON F 9OMM 9CCC9SSS9SSD1SSsDSFeSUJsSUP sSUDIDS1eDS29USFU o

10S3sSTeUDsTsDT0UZ2y BeALINPINMIND

IF{(T=DT)12s12,11
X=0e0

DO 14 i=1eNM

DC 14 J=l 92
CliJrlel)=0e0
S1(Jel0l1)=04s0
Nl=1

IF(X=T) 100139.3
XaX+DT

NIsNI+]

NilasNlel

CO 15 L=1loNM

DO 15 J=1,e2
CI(JoLoNIISCIIJoLoNILIH L UCJINILIIRCCCILINILIIFTVUIJINII®CCCILONI) INDT

1720

15 SI(JoLoND)SSTI(JobLoNIIH( ULJINILI®SSSILeNILITU(JINTII®SSSILINIII®DT

1720

DO 21 L=1leNM



18

17

19

20

21
100

12

11
10

13

00 21 J=1l,e2
DO 21 K=l¢4
Cl=0,0
C320.0
C22000
C4Lu0e0
NsNI
XT=040
DO 20 Is=1eNIl
N1=N=]
NNlslI+1
IFIkK=3)170108018
CCoF (Kol )nCCClLol )XY
RYSF({KoI)NSESS(Lol )uXT
XT1sXT4+DT
SS1sF (KoNN1)#SSSILoNNL1)I®#XTL
CClsF{KoNN1)®CCC(LINNLI®#XT]
GO T0 19
RYSF(KeI)®SSS(Lsl)
CCufF (Kl )nCCClLeI?
CClsF (KoNN1)#CCC(LoNN1)
SS1aF (K oMN1)#SSS(LoNNL)
Cls(CCuTI(JoLoN)+CCLRCI(JoLoN1))®DT/72404CY
C22(CCHSI(JoLoNI+CCLI2SI(JoLONY))I®DT/72004C2
C3s(RYRCI(JoLoN)F+SS1#CI(JelLoN1) 1 #DT/2,0+4C)
C4o(RYRSI(JoLoNI+SS1I#STI(JeloNL) I ®DT/2.04C4
XT=XT+DT
NaNe]
CC=CCCILoNI)
RYSSSS(LoNI)
DS2(JeK ol )sRYNC1=CCHC2=CCHCI=RY*CH
DS2(UD OR USsHF &) o+MODE)
RETURN
END
SUBROUTINE OSPIL
DOUBLE INTEGRATION OF U(2sT)®#F(3 OR &4 TAU)
DIMENSION F(401000)oOMM{3)9CCC{101000)05SSS(101000)¢SSD(203)055(299
1)
1DSFL2)0SUJI2) sSUPL2)90DS11203)eDS2(20603)2USF(692)0U(201000)
2D0S3(203)98T(20403)9UD(2:2),Vv(1000) ,
COMMON FeOMMSCCC:ESSsSSDSSeDSFeSUJsSUP sSUDeDSLesDS20USFeU »
1DS3eSTeUDsTeDTeDU2s BeALIRPeNMIND
IF(T=DT)12012411
Vil)30e0
X=0e0
Nis]
IF(X=T)10s13+13
NI=Nl+]
NllsNI=]l
XsXt(:T
VINI)sVINIL)GOT/200#(U(2oNEU(2eNE2))
DSF(1)=040
DSF(2):0,40
DO 15 (=344
NsNI



15

12

1%

11
10

16
13

1?7
19

DO 15 I=1eNI}

NisN~=]

[1=]e]

KlsKk=2

DSFIK1)=DSF (K1)+DT/720608LVIN)RF (Ko IV INLI®F(Ke11))
NesN=}

DI(F(3¢T) OR Fl&4eT)) FOR U(2:T)

RETURN

END

SUBROUT!%E §§[§*
SINGLE INTEGRATION ROUTINE= MODIFIED <= TIME DELAY INCLUODED

ODIMENSION F(4%01000)OMM(3)eCCCIL01000)05SS1(2101000)9eSSDL263)05S5(2e3

1)

10SF(2)9sSUJL2)0SUP12)0DS1(203)90D52(20403)9USF(492)0U1201000)
2053 (203)9ST120403)00UD(202)

Ho DlSlZi!)ODIC(ZOS)OC(ZOS'OSCZ’S’ *CDE293)9SD(203)9DDC1203)90DDS(2

53)

COMMON F oOMMoCCC9SSSeSSDSSeDSF eSUJsSUP »SUDIDSLeDS29USFeU o
10S52eSTolUDsToDTeDU2e BoeALoNPINMIND
IF(T=DT)12912,11
DO 15 I=1leNM
CO 15 J=1e2
DIS’Jel)=0e0
DICtJel)2060
SSD(Jel)=040
DDS(Jel1)eDe0
DDC(Je1)=0e0
COlJel)=0,40
SDlJesl)=0,0
Cl(Jel)=2040
S(Js1)30,0
X=060
Nis=]
IF(X=T)10013913
XaX+0T
NIiaNl+1
NilaNl=]}
DO 16 J=le2
DO 16 I=leNM
DDC(Je1)=DDC(Je1)+CD(Je})
DDS(Jel)eDDS I Jel)+SDIJNL)
DICtJel)=DICIJol)PFClIel)
DIS(Jel)sDIS(Jol)+S(Us])
DC 17 J=1,2
DO 17 Is]leNM
ClJol)={UIJONILINCCCIIINIYIHFULJIeNEISCCCLIONLYI®WDT/2600
S{Joel)n(UCJINILINSSSIToNILI®U(JIINTIINSSS(IoNI)I®DT/240
SS(Jou)-SSS(loNI)ﬂ(C(Jol)*DlC(Joli)-CCC(!oNli.tstJoli+DISlJo!))
IFI(NI=ND)18+918+19 ,
NeNleND 1
Nl=N=]
00 20 Jsle2
DO 20 l=loNM

CDCJ.I)O(U(JONI”CCC(lONII+UCJON!QCCC(!OM’!QDTIZQO
SO{Jr1)n(U(JINLISSSSIToNLIMUIJINI®SESIIINIINDT/242



/%

20
18

10
11

L]
-

13
100

ggg&#al)'SSS(loN 1R(CO(Jol )T DDC I 1) )1 =CCC I oNIR(SOlIe1)+DDStJI01))
v

END

FUNCTION UP(X)

DIMENSICN F(491000)sOMMI3)+CCCL191000)9555(191000)95SD(293)955(2+3

1)
10SF(2)eSUJ(2)9SUP{2)eDS1(2:3)0DS2(20403)0USFL492)9U(291000)
2053(243)10eST( 29493 )9UD(292)

COMMON FoOMMoCCC 0SSS5eS5SD+SSeDSFeSUJISUP +SUD»DS19DS29USFeV

1DS29S5ToUDesTeDToDU2e BoeALINPINMIND

IF(X=0e811C010911
UPsX/B8e0%#SIN(31e41598X)9#5,0

GO TO 100

IF(X=2e)12012013
UP=2(2e0=X)/14¢08SIN(31641598X)45.0
GO TO 100

UP=Q,.60

RETURN

END

FUNCTION UR(X)

10

11
12

13
100

DIMENSICON Fl491000)+OMM{3)9CCCI101000)9555(191000)eSID(203)0SS(203

1)
10SF(2)oSUJ(2)oSUR(2)9eDS1(203)9DS2(29403)9USF(L92)9UL201000)
2D53(203)9ST(20493)0UD(292)

COMMON FsOMM»CCC9SSS9SSD9SSeDSFeSUJISUPISUDIDSL9DS2eUSFeY »

1DS53+STeUDsTsDTsDU2s BeALINPINMIND

IT(X=0e8)20010911
URaX/8e0#SIN(31,41598X)%5,0

GO TO 100 :
IF(X=2:s)12912013
URZ2(2:0=X)/1400%SIN(31e41552X)25,0
GC Y0 100

UR=Q60

RETURN

END

// EXEC LNKEDT

/%

/7 EXEC



PROGRAM 2

'//RS4TAEC JOB .NOGDUMP#1177 R SCAwW220

// EXEC FORTRAN(BCD)

C

aNnNANNNANNANNONONOANNANNNANNNDN

100

103
2
S

6

3
7
20

MAIN PROGRAM
DIMENSION F{&s 900)sOMM(3) sCCCils 900)05SSile 900)0SSD(203) eSS(29)

1)9 SC(293)oUVILICOC)IIUSILISOC: o XCD(203)eDYX(203)0
1DSF(2)eSUJL2)S5UP(2)eDS1(2¢3)eDS2(20493)0USFi4e2)sU(29 900)
2053(203) ST (20403)0UDI262) oW(A oL (3 ) oWMIB) o XL I3 o XB(393),
FWN(3)eCi22)9eSLILS)

COMMON FoOMMaCCC9SSS9S5SD9SSeDSFeSUIeSUP oSUD 9DSE1eDS29USFel! o

10S%29STsUD» TeDTeDULY P oALINPINMIND sSCrUVIUSIYFX 9 XCDeDYX

Il 1l=0 = MODAL INPUT
COM DIM FoCCCoSSSeiueF SUB=DSDLIWTAL 5SUBDS2ILeCIleS1 SUB=DSDILNYV
SUB=TPLIGHETA
Il=1 = STRUCTURE INPUT
I8 1B=sLESS THAN ZERO OR Z2ERO = NO ROZKING INPUT
ABS(18)=22 TERM OUTPUT
I8=]1 OR 2 = ROCKING INPUT = VELIOCITY UNITS
NM=NUMBER OF MODES
Wil)=EFFECTIVE MASS LB=SEC»SEC/FT
WLIZIi=MODAL EFFECTIVE FIRST MOMENT
WN(T)=MODAL EFFECTIVE SECOND MOMENT
WI1O=BASE MOMENT OF INCRTIA (LR*SECRSEC*FTRFTI/FY
WO =BASE MASS LB-~SEC»*SCE/FY
BsSHEAR WAVE VELOCITY FT/SEC
GeSHEAR MOOULUS LB/FT/FT
AL=sBUILDING WIDTH FT
TeDT=SEC .
AA BASE AREA FT#fFT
UP{T)I=_LATERAL FREE FIlELD ACCELERATION
UR(T)sFREE FIELD ROTATION (VELOCITY)
INPUT
1PU=T
IR=S
IP=é
REAL#8 UGLlsUGL129UG13eUGL16oUGLS0UG20UG220UIG230UG249UG2S
READ(IR1)IISIEINMeTMAX DT sBoGoALsAASERR
IF(NM)I101»1009103
FORMAT(1X313¢7E1Ce3)
READ{IR»2)WOeW1O0
READ(IRs2) (OMMLII)el=)oNM)
FORMAT (BE10+3)
WRITE(1IP»S)
FORMAT(1X9H I I8 NMylOXOHTMAX 012X2HDT 9 13X1MBe13X1HG

112X2MHAL 2 12X2AA 1 IXIMNERR)

WRITEC(IP&)I1o!BoNMeTMAX»DTeBeGoAL sAAERR
FORMAT(1IX3i3¢7ElbeH)
WRITE(IP#3)WOWIW]IO
FORMAT(13IX2HMO12X2HIO/ L 1X2EL14,.2))
WRITE(IPe?) (IOMM{L)si=" 3KRV)
FORMAT(TXBHNMEGALI) 7I1X8F14e3))
IF(31120020+21

READ(IR#2) tWil)slmloeNM)
READIIR:2) (WLII)plIn)shM)
READUIRs2) (WN(I!el=1loNM)

G0 T8 24



21 READ(IR92) (WM(I)el=]oeNM)
READ(IR#2) (XL{I)e1=1eRM)
|

DO 22 I=mleNM
22 READIIR#2) (XB(Je
DO 51 I=1l¢NM
Cl1=0.0
C2=0.,0
C3=0.0
DO 23 J=1losNM
ClsCleWMiJ) XS (U 1)
C2C2+WM(J) #XB(J» )% XB(Jel)
23 C3=C3ruMiJ)#XBlJel) XL L)
W(l)=C1l#Cl/C2
WL(I)=sCl#C3/C2
51 WN(I)=C38C3/C2
WRITE(IP911) (WM(I)el=]loeNM)
WRITE(1IPRe12) (XL(1)sl=nloNM}
WRITE(1IPs13)
DO 25 I=1¢NM
25 WRITE(IPe1%) (XBlLol)oJm)loeNM)
¢ CONTINUE
WRITE(IPel6)
WRiITELIPs8) (W(I)el=1loNM)
WRITE(IP#9) (WL(I)pl=)oNM)
WRITE(iPel0) (WN(1)el=s)loeNM)
10 FORMATI(11X4MNIJ)/ 1XBFlael))
9 FORMAT(IIXSHML(J) 7{1X8Flae3))
8 FORMATILIXGMMIJ)/ (1 XCF14e3))
14 FORMAT(1X16MMCDAL PROPERTIES!
11 FORMAT(1X20HSTRUCTURE PROPERTIES/Z71xarwWl1)/71X0F16e))
12 FORMATIIXGrL(1)/71X8F1lael)
13 FORMAT(1X6HX(T0J) )
15 FORMAT(1X8F1l4e3)
16 sORHAT(leHOUTPUYII(R&XIHTQIOKbHU(T)QIOKQHRCVDo9l5HUP(T)oOISHRF(?I
1))
17 FORMATI15X1aHTERMS JF EQUATIONS!
18 FORMATIIXTF1iMee!
19 FORMAT(13X6E14.5)
SO FORMAT(8F10.5)
104 FORMAT (9H DIVERGED?
C U TAUTY
WRITEL(IP916)
1A=1ABS(1D)
IFLIA=2)65¢26026
26 WRITE(IP+1?)
UG2=0.0
ERA=ERR /7100,
ERS=ERR/100000,
UG22=0.\
C CONSTANTS FOR FIRST EQUATION
85 T1eG%AA/BNMO
1221040
Pia3,14199
TonB/2:0/PL 7AL /N0
T6=TAMNI0

) oJml s NM)



28

108

30
29

Clu0e464102
T7=8#C1/AL/AL/WO

TO=TT#WIO

GA=0+21132%
T10=3,0#R#GA/AL/AL/WO
T12=T10#W10O

VR=8#0,9194
T13=3,0#B#GA/VR/WO/AL
T15=2T13#WIO
T1633.0#B8%B8/P1/AL/AL/AL/WO
T182T16#WIO

CONSTANTS FOR SECOND EQUATION
R3m1,473205

BET=065

ND=AL/0e9124/8B/DT 045
W1nGRALRAL®AA/R3/B/WI10
W2=AL®AL/240/R3/B/WI0O
Wasw2#WO

W5aW2#BEY

WT=W5%W0O
W8=AL/2e/R3/P1/WIO
W10=Wa#wO

Wil=sle0/WIO
Wil3=3,0#B/2¢0/P1/R3/WIO/AL
W1l5=W1l3#WIO

Wlo=W1l

MODAL CONSTANTS

T=Q0,e0

NP=TMAX/DT

NPlaNP+1
WRITE(IP»38)T1eT20TlsTEsTTeTOsT10sT12
WRITE(IPIBB)IT13eT15,T169T18sCleGAWVR
WRITE(IPs88IW1oW2 oWl eWSeWTeW8eW1lCeVv11
WRITE(IP»88)W13¢W1lS W19
FORMAT(1X8Elé4ek)

DO 28 I=1yNM

DO 28 Js1lyNP1
CCCLIoJ)=2COS(OMM(TI)%T)
SSSIIeJ)=SIN(OMM( T ) ®T)

T=T OT

U(ls1)=040

Ut291)=060

T=0,0

UD(2¢1)=0,0

UD(202)=2060

CALL FGl24

DO 108 Jsl NP1
WRITE(IPs1S5)(F(IsJ)slzles)
IF(IB)29¢29930
UD(292)=URI(T)
UD(1s2)=UP(T)

UVIili=0e0

US(1)=040

T=060

WRITE(IP918)ToeU(Ll0el )oU(2s1 DIouUD(102)0UD(202)



32
31

33

52
53

T=DT

UGG1=2060

UGl12=0,0

UGl2=20,60

UGl4=0,0

UGl5=20,0

UG25=060

UG24=0.0

UG23=%=0+0

UGR22=040

DO 41 1T=2:NP1

ITle[T=] '

IF(IB)31+31932

UD(2+1)aUD(242)

UD(2+2)=2URI(T)

UD(1el1l)3UDI(1y2)

UD(1e2)=UP(T)

UllelIT)=UlleIT1)

Ul2:IT)BU(291IT1)

UVIIT)=UV(IITY)

US(IT)I=US(IT1)

CALL TPLIGI{T)

CALL Ds2lL

CALL UFSIG

CALL SSIGL

CALL DSPIL

CALL DSDLI

DO 35 ITT=l+25

CALL SIGL)

DO 33 I=1,e22

Clil)=040

Cll)s=T1aSUJI(1)

Cle)==THE#USF(191)

C(9)z=TORSUI(2)

Cll2)==T12#SUD

Ct15)=0,0

Cll8)=T18%DSF(1l)in(=160)

INO=[ T=ND

IF(IND)S53953052

C(15)=sT15#U(24INDI®(=1,0)

Cl21)=T188USF(392)%(=1eC)

C(22)=T1#SUP (1)

DO 34 1=319NM

Cl2)8C(2) =SS 1ol )uT2uW (1 )eOMM(])

Cl3)2C(3)aSS(201)2T2%WL (1) #OMM(] )

ClL)sC(4)=TLHuW (I ) ROMM(1)#DS2(10101])

CLS)aC(S5)4TOWWLITI I *OMM(] ) #DS2(29101)

C T)sC(T)=TTHWL(I)INDSB3 (1o )®OMM(I])

ClB8)uC{B)F+TTH*WNI(II®DS3(2+]1)%#0OMM(])

Cl10)=sC(10)4T10®WL(I)#DS1(1s1)2a0OMM(]

Cl1l11)oC(1l1)=T1O0®WN(])#DS1(2e])#0OMM(]

Cll13)=C(13)4T13#WL(L1)#SSDl1e]l)eOMMI{]

Clle)sC(16)=T138WN(I)nSSD(2:1)#0OMMI(I

ClL16)sC(16)+TLI6WWLITIINST (10301 )R0OMM(
(

)
)
)
)
I
Cl17)1=C(1T7)=T16%#WN(])®ST(2930]1)2OMM(]



C(19)=C(19)+T16%WLII)»DS2(
346 C(20)=C(20)=T16#WNI(1)nDS2(
UGl=0,0 .
DO 44 1=21,922
L4 UGL=UGL+CLLT)
DO 36 I=1,419
36 SLII)=0.0
SLiG)=s WaxUVI(IT)
SL(15)s=W15%USF(Le2)
SLI1)=sWl#SUJ(2)#(=1,40)
SL(T7)=040
IF(IND)SLs54 %8
55 SLIT7)sW7#UVI(IND)
54 SL(10)= W10#USF(2.1)
SLI18)==W]15nYFX
SL(19)= W19#SUP(2!
DO 37 1=1eNM
SLI2)=SLI2)TW2uW (] )#SCllel)ROMM(])BOMM(])
SLI3)=SLI3)=W2uwl (1)8SC(201)00MML]1)20OMMIT)
SLIS)sSLIS)TWSHWL T )aXCD(1o])#OMMLIT ) #OMM(])
SLIS)=SLIG)=WONWL (1) eXCO(2s3 ) #0OMM( ] )nOMM(])
SL(8)=SL(B)+WBaW(I)INDS2(102s1)#OMM{1)#OMM(])
SLI9)aSLIG)=WaHWLITI)®#DS2( 29291 )#0MM(L ) 2OMM( )
SLI21)=SL{1104WllowL (1)@ SS(1e1)#0MML])
SLI12)sSL(12)=W1l#WN(T)® SS(2¢1)0CMM(])
SLI13)sSL(13 )Wl #WL (2)8DYX(1el)20MML(T)
SL(14)=SL{14)=W13#WNI{])#DYX(20])80OMML(])
SLI16)sSLILG)PWIINWLIT)#DSZ2(104e]1)80MM(])CMM(T)
37 SLIU1T7)=sSL(17)=W13RWN(T)RDS2(2+49]1)®0OMM(] ) #OMM{])
UG2=2040
DO 48 §=1,19
48 UG2sUG24SL (1)
UZ{iT"1'0/70.0/DT’C2600‘0615-27.090515‘4000.0513-1300*U612+5600§
v :
US({T’-l.O/?OoOIDTO(26oO*U525-27o0*UGZ#-6O0000623-130000322*5400*
1UG2 '
892 IF(ITT=3)75:75¢79
C ERROR CRITERION
79 DIFUsSDABSIUG1=U{l4IT))
DIFS=DABS(UG2=U(2+1T1})
76 IF(DIFU=ERR)ZB»75475
38 IF(DIFS~ERA)4Ds75e75
75 UllelT)=UG]
Ut2+IT)aUG2
35 CONTINUE
GO TO 1933
40 CALL DSPIL
CALL DS21L
CALL DSDL]
CALL SIGL1
CALL TPLIG(T)
CALL SSIGL
CALL UFSIG
203 U(le¢IT)=UGL
Ui2+IT)sUG2

10301 )840MMLI)
20391 )40MM( 1)



204
L2

41

904

1032

101

12

13

11
10

19

UGIQ'UG}‘
UG14=UGL)

UGl2=UG12
UGl2=UG1l
UG25=UG24
UG24=UG23
UG23=UG22
UG22=UG2 ' :
WRITE(IP1S8)TIULLAIT HoUl20IT 1oUDC192)9UDI292)
IF(IA=2)41042))42
WRITE(IPs904) ITTeUGLIUG2eUVIITIPUSIIT)
WRITE(IPe19) (C(L)ol=1,22)
“WRITE(IPW19) (SLLI)els=leld) oSUUS(2)
T=T+DT
FORMAT({20X15¢4EL1&Le5)
WRITE(IPUISOI(U(LeI)eIm]leNP1l)
WRITE(IPUSSO)I(ULZ2s1)oImloNPLl)
GO TO 100
WRITE (IPs104)
WRITE(IP»S0L) ITTUGLoUG2
WRITE(1IP#29) {(Cll)elm122)
WRITE(IP919) (SLII)sl=lel?P) sSUL(2)}
CALL EXIT
END
SUBROUTINE TPLIG (X)
YTRIPLE INTEGTATION ‘
DIMENSION F{4s 900)sOMM{2)9CCCl1le 900)9sSSS(1s 900)eS50(293) 9¢58(2+3
1)9 SC(293)9UVI1I000)sUSILI000)eXCD(263)eDYX(203)
1DSFL2)95UJ(2)oSUP(2)9eDS1(293) eDS2(20493) sUSF(492)9oU( 20 930)
20S3(293)9ST(20403)9UD(202) ‘
BFFP(293)9ETA(201s 9D0)sFF(202)9C(293)90S5(293 )eSXS(203)e5XC(203)
COMMON FoOMMICCC 9SSS9sSSDeSSsDSFeSUJISUP sSUDICSL1sDSZeUSFeU
10530SToUDsToDTIDU2e BeALINPIAMIND sSCIUVIUSIYFXeXCDIDYX
IF(X=DT)129¢12,11
DO 13 [=]1yNM
DO 43 Jmly2
SXS(Jel)x%0
SXClJel)=0e0
ETA(Jel91)=0,0
CtJr»l)=0e0
S5(Jel)=20e0
FFP(Jol1=2040
FF(Jel120,0
Y=0.0
NI=1
IF(Y=X)109lbol&
YuY$DT
NI=Nl41
NIlsN]el
D0 19 J=1y2
DO 19 I=1sNM
SXCtJel)mClJsl)
SXStJel)mS(Jel)
FFP(Jsl)sFF (J»l)
X1 INTEGRATION



C

C

C

14

15

16

18

12

14
11
10

15

00 15 J=1y2 »

DO 15 IslsNM g

ClJsI1mSXClUsIIEDT/260%(UIJeNII*CCCLT oNIIFUIJINILIHCCCITIONIL))
1))

S(Jel)mSXS{IvI)tDT/200%(ULJIINTIIRSSSLToNTIHUIJoNTIL1)#SSS{TeNI
ETA INTEGRATION

DO 16 J=192

DO 16 1=1sNM

FRLJsI)ImSSSIIoNIIRClU»I)=CCCLtIoNII®S{I])

ETALJo I oNI)RETALJoIoNIL)IFPCT/260%(FF(Je])TFFP(Je]I))

TAU INTEGRATION

DO 18 L=1eNM

DO 18 u=1ls2

DO 18 K=344

N=NI

ST{JeKeL)=20,40
DO 18 I=1sNI1

N1lsN=]

NNl=I+41
STIJoKoL)=ST(JoKoL)4DT/2¢0%(FIKINNLIRETA(SsLINIIFFIKsIIRETA(IsLoN)
1)

NaNe]}

STI(UD OR USeF(4)9MODE)

RETURN

END

SUBROUTINE DSDLI

INTEGRATION OF UIXII#SIN(W*{TAU=XI)) WITH TIME DELAY .
DIMENSION F(4s 9030)eOMM(3)sCCC{1ls S00)9SSS(1ls 900)95SD(293)9S55(293
119 SC(2+31sUV(1000)sUS(L1000)sXCD(23)9DYX(243)
1DSF(2) sSUJI(2) sSUP(2)9sDS1(203) 9DS2(29493) sUSFlL2),U(2s 900) s
2DS3(293)9ST(29493)9UD(292) 9DSS(293)9D033(293)
2 »DUS(293190USS(29333DUC(293)sDUCC(293)FTAUIZ291y 900)

COMMON FoOMMoCCC 9SSSeSSL eSS eDSFeSUJISUPISUCIDSLeDS29USFIV o
10S39STeUDTeDTIDU2r BIALINPINMINDoSCrUVIUSsYFXsXCDILYX
IF(T=DT)12+12411 ‘

X=0e9

Ni=1l

DO 14 1=1eNM

DO 14 J=1,2

FTAU(J»I91)m049

DS3(Jsl)=0e0

0S1(Js1)=040

DUC(Jel1)=DeD

DUS(Js1)=040

DUSS(JeI)=040

DUCCIJs1)=20,0

IF({X=T)10913,13

X=X+DT

NEiaNI+1

NllsMI=]

DO 15 J=1,2

DO 15 I=lyNM

DUSS(Jel)mDUS(Jel)

DSS(Jsl1)=DS1(Js 1)

D33(Jel)=DS3(Je])

DUCCLJe1)=DUCIJel)



10

13

16
18

20
17

12
11

DO 16 Jmls2
DO 16 I=1sNM

DUCIJ eI )2DUCCIJ eI )NDT/26 M IUIJoNTI ) RSSS{TIoNI)IvUIJINIL)I®SESS(ToNIL))
DUSIJel)=DUSS{Jo I ) +DT/26 0% (ULJINIIRCCCITIsNIIYU(JIINTIL)I®CCCLIONTIL))
FTAULJo L oNII=SSS{ToMNIIRDUS(JoI)=CCClLIINIINDUCIJI])
DS3(Jel)=D233(Jel)+DT/2¢UR(FTAU(J9IoNIIEFTAULJsIoNIL1))
IFINI=ND}1T7917918

DO 20 J=1,2

DO 20 1=1l,yNM

N=NI-=ND +1

Nl=N=]1

DS1(Jsl1)aDSS(Jel )t DT/2e60%(FTAU(JIToNITFTAU(JIIIINL1))

CONTINUE

RETURN

END

SUBROUTINE UFSIG

UFS(F(4)eUD OR US)

INTEGRATION OF UlJrsT=TAUI®F(K»T)

DIMENSION F (4o 900)oOMMI3)oCCClLls 900) 9SSS(1e 900)9SSD(293)95S5(2+3
1)9 SCU203)0UVI1000)2US{1C00) e XCD(263)eDYX(203)
10SF(2)eSUJC2)sSUP(2)9DS1(293)9DS2(20493)sUSF(4e2)eU(2s 939)
2DS3(293)98ST(204093)9UD1292)

COMMON FoOMMPCCC9SSSISSDSSIDSFSUJISUPISUDIDSLIDS29USF U
10S3eSToUDsTeDTeDUZ2s BoALINPINMINDsSCoUVIUSIYFXeXCDeDYX

IF(T=DT)12912411

X=040

Nl=]

IF{X=T)10e13413

XsXt0T

" Nl=NI+1

12

15

21

20

NllsNl=]

N=NT

DO 15 I=192

DO 15 J=le&

USF(Jel)=0e0

YEX=0 60

TT=060

DG 20 IT=leN11

ITi=ITH]l

NN=Ne]

TT1=TT+DT
USF(lol)'DT/Z.OD(U(IQN)*F(IOIT)?U(loNN)QF(lilTI))?USF(IQI’
USF(291)8DT /208 (UVINI®RF(29IT)FUVINNI#FI201IT1) )+ USF(201)
USF(302)8DT /2,08 (UI2eNI®F (39T )2TT U(ZONN)*F‘30171)*TTI)+U$Fl392)
USFiGe2)18USF{492)+DT/2e60%{U(2sNIXF{(49o]1T) + U(2sNNIRFl4HeIT1))
YFX:YFX+DT/2oO*(US(N)*F(“QIT)*TT*US(NN)*F(boITI‘*TTl)

TT=TT+OT

N=N=1

USF(F(4)s UD OR US)

RETURN

END

SUBROUTINE FGl24

CALCULATION OF LAMB FUNCTIONS ‘ :
DIMENSION Fléy 9500)oOMM(3)oCCCILLly 900)98SSS(1 900)0550(203)055‘203
1) SC(203)9UVI1I000)sUSL1000)sXCD(293)9DYX(293)



11

20
22

12

13

31
30
33
32
21

1DSFL2)sSUJ(2)oSUP(2)9DS1(293)9DS2(29493)sUSFI492) :Ul(29 900)
2DS31203)9ST (20493 )2UD1202)

COMMON FsDMMeCCC 955SeSSD9SS»DSFoSUJISUP»SUDIDSLILS29USFU 0

10539STsUDITsDTIDUZ2r RIALINPSNMINDsSCoUVIUSIYFX e XCOsDYX
YRT=140/SQRT (3240}

Y=Q,0

NP IaNPYT1

DO 21 I=1sNPI

X=sB#Y /AL

X2=X%X

XmX2#X2

CKis(3,01rSQRT(3,0))/260
CK22(3,0=S0RT(3+0)1/240

CK3=CK1/260

CKamCK2 /260

Rl1=X2=~140

RTD=X2=140/340

RP58X2=04e5

Rl1432X2=0e25

SR14P=X2=CK3

SR14MeX2=CK4

IF(X=YRT)20:20911

DOML=2 4OnX#R14%5R14P#SRL14M
IF(X=140)12912912 '
DO 22 J=1ls4 T
FlJel)=0a0

GO 70 21

DOM1=RPSHRL=X4#RTD#R]
SR11=2SQRT(1¢0=X2)

SRTD=SQRT(RTD)

SQTD=SRTD

SQle=SQRT(R14)

Fl(lel)= X#R1*#SRTD/DOM]
F(2e1)3=3,4RP5#X2#SRTD#SR11/D0OM4
F(301)2=3,0#RPS5S#SRTD#SR11/7240/00M4
F(hol)m=3,00SQTD#RPS#RPS5/DOM4

GO TO 21

SR1=SQORT{X2*160)

SRTD=SQRTI(RTD)

SQTD=SRTD

SQlaxSQRT(R16)
F(lol)=SR1/(X#(RPS#RPS5S=X2#SRTO#SR1))
F(291)=0,40

F(39]1)=0,0

Flhol )me=3,00SRTD#* (RPS5S#RPSX2#SRTO#SR1 )/ DOM4
IFI(ABS(F(1)91))=2644)309030»31

Filel )m2440#F (10l )/ABS(F(101))}
IF(ABS(F(49l))=244)32932033
Flasl)o24,0%F (0] )/ABSIF(Ls]))
CONTINUE

YaY DT

RETURN

END

SMRROUTINE SIGL]
SIMPLE AND DOUBLE INTEGRATION ROUTINE



DIMENSION Fl&ay 900)sOMMIA) 9sCCCl1le 900)9SSSI1s 9500)08SD(293) 9551293
1) SCL293oUVILI000)oUSLIL1000) s XCD(203)9DYX(203)

10SF(2) sSUJ(2)9SUP(2)9DS1(293)9DS2(20493)»USF({%92)9U(2y 900) s
2DS3(293)9ST(2+493)sUD(2+2)

3 oYU(2)eYPL(2)
COMMON FoOMMyCCCoSSSeSSD9eSSIDSFeSUJISUPeSUDIDS19DS20USFeU o
10S39STeUDIToDTHDU2r BIALINPINMINDsSCrUVIUSIYFX s XCDODYX
1IF(T=DT)12+12411
12 %=0,0
Ni=sl
DO 16 J=192
SUPLJ)=0,40
16 SUJLJ)I=0.40
SUD=040
SUJJ=0 60
DU2=0.0
11 IF{X=T)10913413
10 NI=NI+1
NIl=aN]e=l
X=X4+DT
DU=pU2
SUJJ=SUJ (1 2)
SU=SUD
DO 17 J=1e2
YUlJ)=SUJ(J)
17 YP(J)=SUP(J)
13 DO 14 J=1y2
SUJ(JIaYU(JITDT /2608 (ULJINTIIFUCJIINTILY)
146 SUP(J)sYPIJ)TDT/2#(UDIJsl ) UD(J92))
IFINI=ND)18+¢18+919
19 N=NI=ND+1
NizsNe=l
SUDESUADT/260#(UL29N)FU(29N1))
18 RETURN
END
SUBROUTINE DS2IL
DOUBRLE INTEGRATION ROUTINE = MODIFIED
DIMENSION F(4o 900) yOMM(3) oCCCL1s 900)9SSSlie 900)0SSD(243) 95S5(243
119 SC(263)sUVILINQ0)IUSIL1000)9XCD(203)eDYX(293)
1IDSF(2)sSUJ(2)gSUP(2)9DS21243) ¢DS2(294935) sUSF(44921eU( 29 900ls
20S3(293)9ST(2s493)0UD(292)
3¢CIt2919 900)9eSI(2919 900!
COMMON FoOMMOICCC9SSSsSSDISSIDSFeSUJISUP 2SUDIDS19DS29oUSFeU o
1DS3eSTolUDeTeDTsDU2s BsALINPINMINDeSCrUVIUSeYFXeXCDeDYA
IF(T=DT)12912411
12 X=060
DO 14 I=1lsNM
DO 14 J=192
Ct(Jeloell=s0,Q
14 S.(Jel91)=0,0
Nl=]
11 IF(X=T) 10913913
10 XsXe¢DT
NIsNI+]
NIlsNI=]l



13

15

18

17

19

20

32
30

31
21

DO 15 L=s1lyNM
DO 15 J=1,42

CICUoLoNIIaCI(JoLoNILIT( UIJINILIRCCCLLIONILITULJIoNT)#CCCILINT)I®DT
1/240

ST (JoLoNIIaSTI(JoLaNITII+( UCJoNTILINSSSILINILIFUIJINTI)I®RSSS(LINI) INDT
1/240

DO 21 LslyNM

DO 21 Js=le2

DO 21 K=lyek

Cl=0.0

C3=0,0

C2=0.0

C4=040

N=aN1

XT=0,0

DO 20 I=1eN11

Nl=Ne=]

NN1ls]l 1

IF{K=3)17»18,186

CCuF (Kol )nCCC (Lol )nXT
RYSF(KoI)®SSS(Lel ) aXT

XT1l=XT DT

SS1=F (K oNN1)#SSS(LONN1)®XT1
CCleF(KoNN1)#CCCILINN]1)#XT1

GO TO 19

RY=F (Kol )®SSS({Lsl)

CCesF (Kol )®NCTCILy])

CCleF(KoNN1)#CCCIL NN}
SS1=F{KsNN1)#SSS(LsNN1)

Clu({CCHuCI(Jol oNIH+CCLCI(JoLoNL)IRNDT/240+C1
Co2(CCHSI(JoLaNIFTCCLUSTI{JooNL))XDT/240+C2
Caa(RY#CI(JIosLoNIFSS1I2CI({JoLoN1L))I*DT/2e0+C3
Cha{RYMSI(JoLIN)TSS1InSI{JoLoeN1))®DT/2e0+Ch
XT=XT OT

NzNel

CC=CCC(LoNI}

RY=SSS(LeNI)

IFIK=2)30931032

IFIK=4)30931421
DS2(JoKoL ) 2RYMC1=CCuC2=CCHCA=RY*C4H

GO TO 21

DS2(JeKslL)=CCRCl4 RYRC2+RYRCA=CLRCH

CONT INVE

DO 23 L=1oNM

00 23 J=1y2

Cl=0,0

C2=0,0

C3=20,60

C4=040 ,

N=NI

XT=0,0

DO 24 I=1leNIl1

NlsNe=]

NNlsl+1

RY=F (4¢])#SSS(Lel)



24

23

100

12

11
1C

12

15

CC=F (4o )#CCC(Lo1)
CCl=F(4osNN1)#CCC(LINN1)

SS1=F {4 sNN1)%#SSS(L oNNL)
Cls(CCHCI(JoLaNITCCLInCIC(JoLoN1)INDT/240+C}
C2e(CCHET(JoL o NI FCCLHSI(JoLoN1) I%DT/2404C2
Cas(RYRCI({JroLoN)*SSI#CI(JolLoN1))I2DT/2404C3
Co=(RY®STI{JoLaN) $SSI#SI(JeLoN1))I®DT/2:0+Co
XT=xXT+DT
NaNel
CC=CCC(LoNI)
RY=SSS(LeNI)
DYX(JelL) =RY#Cl=CTu(2=CCH I=RY*C4
DS2(UD OR USsF(4) s MODE)
RETURN
END
SUBRQUTIN
DOUBLE INTEGRATION OF U(2+eTI®*F (3 QR &4 TAU)
DIMENSION F(as 900)sOMME3)9CCClLs 900)955S(1s S001e5S0(203)¢5S5( 263
1)9 SC(293)eUVI(1000)eUSI1000) e XCO(293)s0YX(203)
1DSF(2) oSUJI2)oSUP(2)9DEL(293)9D8S2(20493)sUSF(492)0U(29 900)
2053(203)9S5T(29493)9UD(202)9Vv( 900}
COMMON FoOMMsCCC9SSSeSSCeSSHDSFeSUJISUP eSUDIDSL1eDS29USF U o
1DS3sSToUDsToDTeDUZ2Y BeALINPINMINDsSCoUVIUSsYFX s XCODILYX
IF(T=DT)12s12011
V(1l)=20e0
X=0e0
Nl=1l
IF(X=T)10013912
NI=nNI+)
Nl1l=aNl=l
X=X+DT i
VINI)sVINILITOT/2e0#(U(2eNII+U(2eNI1))
DSF(1)=040
DSF{(2)=040
DO 15 K=344
N=N1
DO 15 1I=1eNI1
N1l=Ne]
11al+]
KlasK=2
DSF(K1)=DSF(K1)*DT/2s0%(VIN)RF(Ksl)+VINII®F(KoIl)}
NaN=1
DIF(3eT) OR Fl4eT)) FOR U{2eT)
RETURN
END ,
1Y) 1 o
SINGLE INTEGRATION ROUTINE= MODIFIED = TIME DELAY INCLUDED
DIMENSION Flbie 900)00OMMI3) sCCCl1la 9CA)9S8S(1s 900) 9SSD(203) 985St 20
109 SCl203)0UVI(L1000)sUS{10CO) s XCDI(2903)9DYX(203)

IDSFL2) oSUJLI2) oSUPL2)9DS1(293)9DS2(20493) sUSF{492)9eU(29 900)
20S3(203) 95T (20603)+UD(202)

4y DIS(203)9DIC(2903)9C(293)95(203) oCD(203108SD(203)9DDC(203)90DDS(20

53)
COMMON FoOMMICCCoSSSeSSDISSIDSFeSUJISUPISUDIDS19DS22USFY
1DS39sSTeUDesTeDTeDUR2e BoALINPINMINDISCoUVIUSIYFX e XCD9DYX



12

15

11
10

16
13

17
19

20
18

10

11
12

IF(T=DT)12012,1!

DO 15 I=]l¢MNM

D2 15 J=l,y2

DIStJel 12040

DIC(Jel)=060

XCO(Jsl 122,40

SSD(Jel)=060

DES(Jel)30460

DDC(Jol)=0,40

COlJel1)=0,0

SO(Js11=2060

ClJe!)=0,0

S(Je1)=060

X=0,0

Nl=}

IF(X=T)}10¢13013

Xs)X+D7T

MlsNIH

NllefN]l=]

DO 16 Jsle2

DO 16 I=1sNM

DOC(Jel)uDDC(Jol)CO(Jol )}

ODS(Jol 1=DDS(Je1)+ED(J0e])

DIC(Jol)sDIC(IN1)*C(Je])

DIS(Jol)sDIStIel)=S{Je])

DO 17 JUsle2

DO 17 Is]lsNM

ClIol ) (UIJINILIRCCCIIONILIMH-ULJINTIIRCCCIIONTI))I®DT /260
S(Jel)s(ULJoNILI®SSSIIINILIHUIJINL)I®SSS(IeNI))I®DT/260
SClJe1)=CCCUIONIIRICIIaIIADICIJoI)IPSSSITIINII®(S(Jel)+DISIV]))

SS({Jr1)mSSSUTaNII®ICIJo I N-DICLIr]1))=CCCUIINIIN(S(Je])+DIS(Jel))
IFINI=ND)18¢18519

NeN]=NDT]

NisN=]

DO 20 Jsle2

CO 20 I=loNM
COUJIol)mlU(JINLIRCCC(TIoNL)+ULJON)BCCC(IoN)INDT /7260
SO(Jo )= (U(JoNL)IRSSS(ToNLIUIJINI®SSSIION) 1 #DT /260
XCO(JIol)asCCCIIoNI®ICD(Jo I)+DDC (I ) )+ SSSIIaNI®(SDIiel)+DDStJI01))

SSD(J91)=SSS(ToN )R (CO(Jo]1)4+0DC(I91))=CCClIoNI®(SDiJoI)+0DS(JI]))

RETURN
END
FUNCTION UP(X)

DIMENSION F (49 900)+sOMMI3)oCCClLly 900)9S8S(20 900!0530(203’0 $(203
1) SC(203)9UVI(1000)sUSIICO0) o XCOL203)0DYX(203)
1DSF(2)9oSUJL2) oSUP(2)9DS1(293)9DS2(20693)sUSF(402)9U(20 900)
205312030057 (20443)eUD(292)

COMMON FsOMMsCCC9SSS9SSDeSSeDSFeSUJISUPISUDIDS19DS29USF eV

1DS29SToUDsToDTeDU2e BesALINPINMINDsSCoUVIUSoYFX o XCDoDYX

IF(X=0e8)10010011
UPEX/8e0%SIN(3141592X)85,0

50 70 10C

IF(X=26)12012013

UP= (2e0=X)/14e08SIN(31641592X)95,0
GO TO 100



UP=0s0
RETURN
END
FUNCTION UR(X)
DIMENSION Flds 900)eOMM(3) oCCClly 900)08SS(10 900)0550@203)035(203
119 SCL203)eUV(1000)sUS(1000) e XCDI203) oDYX(203)
1D0SF(2) 0SUJI2) oSUP(2)9D51(2193)0DE2(20602) sUSF(L92)2UL3s 900) s
2D0S53(203)0ST(20403)9UD(202)
COMMON FoIOMMoCCC9SSSeSSD9SSIDSFeSUJISUP'SUDIDSL19DS2USFoY o .
10S30STeUDTeDTeDUZs BoALINPINMINDsSCoUVIYSeYFX e XCDoDYX
IF{X=C:8)18010011
10 UR=X/B,0#SIN(31,41594X)85,0
GO TO 100
11 IF(Y=2e)12012013
12 UR-(ZoO-X!/IboO'SIN(3104159'X"500
GO TO 100
13 UR=0,0
100 RETURN
END

13
100

/%

// EXEC LNKEDT
/%

// EXEC



