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ABSTRACT

A study of the dynamic response of continuous highway bridge
superstructures due to pulsating support settlements induced by an
earthquake is presented. A governing differential equation for the
dynamic behavior of bridge superstructures under pulsating support
settlements has been formulated and a Fourier series type éolution
method is presented. The results thus obtained have been successfully
compared to those obtained by a dynamic three moment equation. Four
separate computer programs have been developed to facilitate the
analysis and comparisons. The concept of dynamic amplification factors
as the ratios of dynamic responses to étatic responses has been
developed and subsequent charts are plotted. Unusually high dynamic
“amplifications are observed, particularly in shearing forces and the

reasons for such high values have been traced.
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I. TINTRODUCTION

A. Statement of the Problem

One of the most prevalent and destructive forms of dynamic dis-
turbances is the earthquake. Contrary to the commonly held belief that
the California Coast is the only area subject to strong seismic
disturbances, the records of the United States Coast and Geodetic Survey
show that these destructive forces have been felt all over the country
[22]*%, Moreover, these records suggest that where significant shocks
have occurred, reocccurrences are very probable, and that in regions of
little seismic activity, major shocks are not to be ruled out entirely.

Up to the end of the nineteenth century, little, if any, attention
was given to the earthquake forces in structural design. With the high
concentration of the population in the twentieth century cities on one
gide, and with the development of displacement meters and accelero-
meters capable of recording earthquake motions on the other, more
studies about the earthquake emerged in this century, The majority of
these studies, however, focus on the horizontal component of the ground
motion and on design provisions that would guard against failure due to
this motion [9,10,13]. The vertical component of these forces may have
a considerable effect on structures with larger horizontal dimensions
such as highway bridges,

A review of the literature has revealed that the American highway
and railroad bridge and design codes (AASHTO and AREA) do not specify
any provisions against the vertical effect of eqrthquakes on bridges as
opposed to the Japanese code which requires a vertical seismic coeffi-

cient of 0,1 to be considered in bridge design [1,7,19]., Recent

*Numbers in square brackets refer to Reference numbers
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research reports on highway bridge structures [5,21] from the University
of Cglifornia, Berkeley, are rigorous but do not include the effects of
pulsating support settlement on the superstructure, Dynamic differen-
tial support settléments are very likely to prevail during an earth-
quake because of the difference in vertical excitation as well as
different soil properties under each support. It is therefore the
objective of tﬂis investigation to establish appropriate mathematical
models which will yield realistic and practical seismic responses for a
reasonable range of bridge superstructures due to vertical disturbances.
Further, computer programs are written to carry out time - history
dynamic analysis as well as to determine natural frequencies of bridge

superstructures.

B. Scope of Present Investigation

The present investigation is a study of the dynamic response of
highway bridge superstructures due to pulsating support settlements
induced by earthquake excitation.

Chapter II presents the formulation of a governing differential
equation for the dynamic behavior of bridge superstructures under pulsa-
ting support settlements. A Fourier series type solution method is
discussed. A dynamic three moment equation is also discussed in
Chapter I1I., Chapter III describes the general characteristic of four
computer programs developed and the necessary input scheme and
variables. Chapter IV discusses the computer programs further by using
an actual example bridge analysis. The accuracy of the solution of the

two methods is presented, The concept of dynamic amplification factors



3
is developed an& subsequent charts are included. Chapter V presents
certain conclusions and recommendations., Finally, sample input and
output data and the listings of the computer programs are presented in

the Appendices.
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1. METHOD OF ANALYSIS

A. General Discussion

A highway bridge superstructure may be subjected to additional
stresses from the vertical excitations of an earthquake, arising from:
1) The inertial force acting omn the bridge as a result of the rigid
body translation and
2) The effect of the dynamic differential settlement of one or more
of the pilers., The stresses due to the inertial force can be
readily obtained by assuming that the bridge is subjected to an
additional static-equivalent uniformly distributed load of a
magnitude of ma, where m is mass per unit length of bridge
superstructure and a is acceleration of the rigid body transla-
tion. More rigorous analyses using the finite element method
are found in Ref. [5,21].
As discussed earlier, the additional stresses due to the dynamic
differential settlements requier further analysis. Presented in this
chapter is a mathematical formulation to determine the additional

stresses and deflections resulting from these settlements.

B. Fourier Series Formulation

A multispan highway bridge superstructure is modelled by a wide
continuous beam with both ends pinned and intermediate supports. The
beam is considered elastic and prismatic and the effects of axial and
shear deformations, rotary inertia, and damping are not included in the
formulation simply to make the model reasonably uncomplicated. It is of

interest to determine the maximum deflection, moment, shear, velocity
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and acceleration at any time for any point along the span of a con-
tinuous beam subjected to dynamic differential support settlements. The
steps taken to determine the maximum values of these functions are as
follows:

1) The intermediate supports are removed, leaving an ordinary
simple beam for which the differential equation, the vibration
frequencies and normalized shape functions are known,

2) 1In lieu of the removed intermediate supports, constraints
equivalent to the presence of these supports are imposed on the
beam, The constraints are first transformed to concentrated
loads on the simple beam, and then substituted by a generalized
Fourier series in terms of normalized shape functions of the
simple beam.

3) The deflection of the simple beam at any point along the span is
also represented as a generalized Fourier series in terms of
normalized shape functions of the beam,

4) Using the constraints at the intermediate supports as the
necessary boundary conditions, the deflection function of the
continuous beam is determined,

5) By successive differentiation of the deflection function with
respect to the longitudinal coordinate along the span or with
respect to time, moment and shear or velocity and acceleration
functions are determined for the continuous.beam.

6) Numerical values and subsequently the maximum values of these
functions are evaluated by means of a computer program

developed,
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A similar procedure was used by Rogers {17] to investigate the
dynamic behavior of a continuous beam subjected to a series of pulsating
loads. Saibel and D'Appolonia [18] studied similar problems baséd on
the energy of the éystem and Lagrangian constraints.
The differential equation governihg the vibration behavior of a

simple beam subjected to lateral forces as shown in Fig. 1 is given as

a%y a2y
El — + m — = w(x,t) (1)
3x4 at2
in which E is modulus of elasticity, I is moment of inertia of the beam

cross section, m is mass per unit length and w(x,t) is distributed

" lateral load.

Fig. | - Coordinates and Force Elements
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The natural frequencies of the simple beam are given as:

' /EI
P = 2 /- ‘ (2)

n
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in which P, is the natural circular frequency of the simple beam vibra-
ting in nth mode, and L is the span length of the simple beam. The
normalized shape functions of the simple beams are readily obtainable

and can be expressed as [4,14,17).

- / 2
X (x) = = gin 22 (3)

n ml. L

in which in is the normalized shape function when the simple beam is

vibrating in the nth mode. The deflection of the simple beam as a

function of longitudinal coordinate and time is expressed as [4,17].

) =2/ =2 sin 22 g (0 | %)
% - o t
Y ’t . s1in L qn

in which qn(t) is a function of time only.

The constraints imposed by pulsating supports due to vertical earth-
quake excitations are idealized as the harmonic motions in this
investigations.

y(xj,t) = A{ sin (wft) (5)
in which x; is the position of support i along the spar, A; the ampli-

tude of the ith support settlement, and w,. is the circular forcing fre-

£
quency (i.e. the estimated earthquake vertical circular frequency at the
bridge location). The forces which excite the motion given by Eq. (5)

coincide in phase with the motion if damping is neglected, For a damped

system, the forces are out of phase with the motion. As can be seen in
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Eq. (4), the deflection or motion of the simple beam is given by a
summation of the deflection modes from one to infinity. These modes are
not necessarily in phase with each other, and thus thg phase angle
between the forces that produces the motion and the motion itself is a
function of the mode of vibration. This can be written as

F;in = R; sin (wft - ag) (6)
in which @, is the phase angle between the force and the nth mode of
vibration, R; is the undetermined amplitude of the equivalent force for
the support i due to the dynamiec differential settlement, and Fji, is
the force at support i for the nth mode of vibration at any time t, If
damping is neglected, F;,, becomes simply:

Fin = Rj sinwct (7)

The Fourier series expression for Fj, is given as
F.. =1 A; X () (8)

in which A{, is a constant for each model of vibration of the simple
beam and is such that the series will correctly represent Fi,(t) along

the span, Assuming that the concentrated load acts over an infinitely
small distance ¢ as shown in Fig. 2, and multiplying both sides of Eg.

(8) by m Xy(x)dx and integrating over the distance range leads to:

x
+
[ e
X
+
NILO

/ m P (8) X ()ax = | n I A; X OOX, (x)dx (9)

-

N0
-

N0



Fig, 2 - Fourier Series Expression of a Concentrated Load

For a beam with no energy dissipation at its supports and with a
constant flexural rigidity along its span, the shape functions are

orthogonal functions, Eq. (9) reduces to:

C

X, + -

o2
/ m Fyo (£) X 00dx = Ag (10)

(o

X:. = =

L 2

and in the limiting case when c approaches zero, Eq. (10) is evaluated

in Stieltjes' sense as

A. = mF. (A) X (x.) (11)
in in n i .
For a beam with a multiple of intermediate supports, the equivalent
distributed load becomes
W(x,t) = 2’: E m Fin Xn(xi) Xﬂ (X) . (12)
i n

The deflection of the continuous beam can also be expressed in terms

of normalized shape functions as follows

y(,8) = & X _(x) q(t) - (13)
It
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in which q,(t) is a function of time only for the nth mode of vibration.

Eq. (12) is obtained by substitution of Eq. (3) into Eq. (4).

Substituting the expressing of w(x,t) given in Eq. (11) into Eq. (1)

yields:
2ty a2y - -
EI " tm—= DImFy K () X () (14)
ax ot rn

Substituting the partial derivative of Eq. (13) into Eq. (14) gives:

2
a It — -
E ; [ET X (x)] q (£) + I m X (x)q (t)
ax n
(15)
= E ﬁ mFin Xn(xi) iu(x>
in which
52
X, =m p,? K (x) (16)
) [T X, (O] = m p * X
Subtituting Eq. (16) into Eg. (15) leads to
- 2 _ — - . : .
q, (t) + P7 q,(t) = E R; X, (x;) sin wft (1?)
Taking a solution to Eq. (17) to be
qn(t) = Dy sin wet + Dpy cos Wt ' _ (18)
Then
qn(t) = W Dnl cos wft - W DnZ sin wft (19)
; (t) = ~w 2 D sin w.t - w 2 D, cos w,t (20)
n f nl f f n2 f
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Substituting Eqs. (18) and (20) into Eq. (17) yields

2 . 2 .
~we (Dnls in wet + D _, cos wft) + P (Pnls in wt + Dn2 cos wft)
(21)

=% R. X (x,) 8 in w,t
- i i

1

£

or

2 2 2 2 |
(Pn we ) Dnl Sin We W ) Dn C0S w_t

t + (Pn 9 £

(22)
=L R, X (x.) 8 in w,t
. L n 1

£
i

Equating the coefficients of sine and cosine functions on both sides

gives
IRy X (x) (23)
nl (Pn2 - wa)
and
DnZ =0 ) (24)
Substituting Eqs. (18), (23) and(24) into Eq. (12) gives
(x,8) = I X_(x) Pt (25)
x t) = L X _(X) ————————— gin wet '25)
4 n B P 2 _ W 2 £
n f

in which the magnitudes of the support force Rjg can be determined from

the constraints given by Eq. (5). Hence,

E - ( ) EiRan(Xi) . A .
z X, x; 3 . sin wet = Ay sin wet (26)
n ~ Vf
or
ziRiin(xi) ’
P Ry(x3) —p——g = 4, (27)
n * 1 p - 3
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Eq. (27) is essentially a system of linear equations that has as many

unknowns (Rj,) as there are interior supports and can be solved readily.

It it of interest to note that Eq. (27) may also be used to evaluate
the natural frequencies of the continuous beam. The system frequencies
can be obtained by setting the constraints such that the deflection at
each support is zero for every instant in in time., That is

y (x5,t) = 0 for all t (28)

which implies that

IiRan(Xi)

Fn Xn (x5) =0 (29)

2 2
Pl'l - Wf
Eq. (29) is another system of linear equations. For a non-trival solu-

tion for Rjg, the determinant must vanish, Using numerical methods

{combined determinant search with convergency by Newton-Raphson method),

a computer program has been developed to compute the system frequencies,

C. Dynamic Three Moment Equation

The governing differential equation for the free lateral vibration
of an elastic beam with constant cross section shown in Fig. 1 is

[4,6,12,14,15,20,23]

4, 2
3 2

Yy, 227 =0 (30)
axZ EI 3y°

The solution of Eq. (30) for normal mode of vibration is given by

'y = X - gq (31)
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in which
X = C| sin AX + C9 cos Ax + Cg sinh Ax + G4 cosh Ax (32)
g = Dy sin pt + Dg cos pt ' _ (33)
4 / ‘ .
mp2 » '
A = - (34)

EI

X, the shape function, q, the time function, p, the circular frequency,

C; to C; and Dy and Dy are the integration constants to be determined

by boundary and initial conditions, respectively.

The moment and shear in the beam are

2
a7y

M= -EI (35)
sz
83y

V = -EI (36)
ax3 ’

and in terms of shape function

aZx

M= -EI (37)
ax

~ 53x

V = _E]_ — (38)
Bx3 ‘

" Consider the case of a continuous beam with n spans, with (n-1)
intermediate supports. Fig. 3 shows a typical interior span i ~ k with
pulsating support settlements yj = A; sin pt and yj = A, sin pt. The
end condition to be satisfied may be interpreted for the shape function

to be [14].
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Fig. 3 = Boundary Conditions

x(0) = &g (39)
X(L) = Ay (40)
M.
" k
x"(0) = - — (1)
£l
M. . ,
k
KLY = - — 42)
EI

Applying these four conditioms, the four integral constants in Eq. (32)

can be readily determined. Thus,

Mk sin A(&-x) sinh (£-X)
X = . ]
251A L sin B sinh B
Mki [sin Ax sinh Ax]
Y - PO,
2 . .
2ETA sin B sinh B
(43)
B ( sia A(4-%) sinh A(z-x)]
+ — +
2 gin B sinh B
Alf(
sin Ax sinh Ax
+ - +

2 sin B sinh B
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in which 8 = AL. The slopes 0; = X'(0Q), 9y = X'(£) take the following

forms:
Mt My 52 Ay Ay
0; = Hy (B) + H, (R) - — £, (B} + ~— £, (R) C(44)
2E1 2ET 22 24
ﬁkik ﬁkiﬁ Ai Ai
2E1 wEE2 22 22
in which
1
Hy (8 ='g (coth B - cot B) (46)
1
H, (B) =-; (cosec B - cosech R) 47
f1 (BY = B (coth B + cot B) (48)
£q (B) = B (cosec B + cosech B) (49)

These quantities for various B values are given in Ref. [l4].

Consider the two neighboring spans of a continuous beam as shown in

Fig. 4.

Fig. 4 — Compatibility Conditions

r r+i
Py O Ko}
£3r
2 ‘ Ar-q ‘ Afﬂ
M-, M, My.,
L l =L o
r-i r ﬁ:il
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Rewriting Egs. (44) and (45) with appropriate notations given in Fig. 4
and making use of the condition of compatibility on the support 4, leads

to the following equation:

- Er _ gr‘ ' 2r+1 L+l
M, [;—'Hz(ﬁr)] + F_ L;— By(B) + ——] « M, [ET——~32(BI+1)]
T T r+l r+l
| (50)
= E {———— - + 4
Rr r-1 2r+1 _ Ir T £r+1 r+l

" Multiplying Eq. (50) by a constant quantity, I., and introducing reduced

I . IC

] c
lengths of the span (R = 2.~ , L., =2 ., , etc.) yields
Ir r+l

Moy [900p080] + B [21H(8L) + 0 B (B 1) + B, [9pa1Hy (BLyp)]

(51)
- {fz(ﬁr) \ i [fl(Br) . £,08 4y L. £,(8 1) o]
i ¢ zr =t zr f'1:'4-1 F £r+1 wH
in which r =1, 2, 3, . . . , n. Eq. (51) is known as dynamic three

moment equation. Tt is equivalent to the three moment equation used in

static analysis. It should be noted that when A,.j, Ay, Aryy are equal

to zero, i.e. no support settlements, eg. (51) reduces to the same one
as given in Ref. [4,17].

In a particular case when p (circular frequency) approaches -to zero
(hence B = 0), quantities shown in Egs. (46),.(47), (48), and (49) take
Hy(0) = 2/3, Hy(0) = 1/3, £,(0) = £,(0) = 2.

Subétituting these limiting values into Eq. (50) and rearranging

vields



r ( T r+l) r+l
—+ M (— + + M
r-1 T r+l
Ir Ir Ir+1 Ir+l
(52)
_ Ar—l 1 1 Ar+1
= -6E [ + (—+——)A_+ ]
2 T
r r r+l r+l

Eq. (52) is a typical static three moment equation éubjected to sﬁpport
settlements only.

The determination of the deflection, moment or shear at any point
along the beam span necessitates the solution of the system of linear
equations given in Eq. (50) or Eq. (51) as the first step. For any
support settlement combination, the deflection amplitude at any loca-
tion can then be determined by utilizing Eq. (43). Likewise, Eqs. (37)
and (38) are used to determine the moment and shear at any point along

the beam span are

ﬁik sin A(2~x) sinh A(R-x) Hk' sin Ax  sinh Ax

i
M o= + - ]+ ( + )
2 sin B sinh B 2 sin B sinh B8
A; AZgin AC2-x)  AZsinh A(2-x) A A2 gin Ax A2 ginh Ax
+ - ' JEr + — ( - : )EI
2 sin B sinh B 2 sin B sinh B
(53)
M; A cos A(&-%) A cosh A(L-%) ﬁki A cos AX A cosh AX
V= — + + { +
2 sin B sinh B 2 sin B sinh B
A, a3 A A3 A(R=X 23 ax a3 Ax
P cos A(L-x) cosh A(f-x) Ak cos Ax cosh
+ — | + ]EI + — ‘ T JEI
2 sin B sinh B 2 sin B ginh B

(54)
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The fundamental circular frequency of the system can be determined
using the dynamic three moment equation, Eq. (51) by‘equating the detet~
minant for the unknown sppporf moments to zero, For multispan con-

tinuous beams, Newton~Raphson type numerical method may be utilized.

D. Static Three Moment Equations

The homogeneous differential equation for flexure for an elastic

beam with constant cross section isg

4
3
El — = 0 (55)
ax?
The solution of Eq. (55) is given by
= 3 2 ,
Vi C]. X + CZ X + CS X + C4 : (56)

in which the integral constants C; to C, can be determined by the

boundary conditions. The boundary conditions for the beam shown in Fig.

3 are
y (0) = 4 | (57)
y (£) = Ay (58)
. M.
ik
" 0 = e ' (59)
v (0) EI
My
yn(zJ = — (60)
EI ‘

Applying these boundary conditions to Eq. (56) gives

3 2
X x xf M. —-X XL M, - x x

yO) = (o w e o) Ry (e —y KL () - A e () 8 (D)
642 2 3 El 61 6 EI £ %
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The moment and shear functions are

x x .
MO = (1 =) My + ) My (62)
Mig Mii .
V(x) = ﬂ;— +-4;— (63)

. Following a procedure similar to the one used in dynamic three moment
equation, the static three moment equation is obtained as given in Eq.

(52).

E. Limitation of Application

Recall Eqs. (29) and (50) which are used to determine the funda-
mental circular frequency of the system by setting the determinant for
the unknown reactions or moments at each support equal to zero.

However, the determinant does not have to vanish to satisfy the linear
homogeneous equations, Eq. (29) or Eq. (50) for vibration modes composed
of a series of the first vibration mode of an identical single span when
the n spans are identical. Because of the symmetry, the reactions or
moment at each interior support becomes zero and Eq. (29) and Eq. (50)
are automatically satisfied regardless of the coefficient determinant,
For these cases the frequencies are exactly equal to multiples of a
simple beam frequencies and can thus be readily determined. Another
approach to this difficulty is to use a slightly different span lengths

within the range of numerical stability to.avoid this phenomenon.



20

111, COMPUTER PROGRAMS

A. General Information

The formulations presented in Chapfer I1 were programmed for use in
a digital computer in ANSI Fortran program languages. A brief descrip-
tion of these computer programs and their input requirements is given in
the next section of this chapter. Input and output examples are shown
in Appendix I, while aprogram source listing is present in Appendix II.
Two of the programs utilize the LINV3F subprogram developed by the
International Mathematical and Statistical Library Company for the
solution of systems of linear simultanecus equations and the determi-

nant evaluation,

B, The Dynamic Fourier Series Program (DYNAMIC)

This program utilizes the Fourier series formulation presented in
Chapter II. 1t has the capability of evaluating deflection, moment and
shear induced by the pulsating.intermediate bridge supports, as well as
bridge natural frequencies, The program has three options. The first
is to calculate the deflection, moment and shear. These functions may
be evaluated for prescribed locations on the span over an input time
range, or for specific instances of time over a distance range along the
span. The second option is to determine the bridge natural frequencies
only., When both the frequencies and the internal force functions are
described, the third option must be used.

This program consists of a drive program and three subroutines in
addition to the LINV3F subprogram of the IMSL programs library. The

three subroutines are MAIN, FREQ and FX,



21
Subroutine MAIN consists of:
1) a read-write block, in which the options and parameters are read
in and echoed.
2) a block for the determinatioﬁ of the loaded equivalent to the
support settlements induced by the earthquake (see Eq. (26)).
The LINV3IF subprogram of the IMSL library is called for
inversion in this block.
3) a block in which the functions are evaluated in accordaﬁce with
Eq. {25) and its derivatives.
" 4) a block for the determination of the maximum values,
5) an output block for the functions evaluated.
When the second option is utilized, the MAIN subroutine calls FREQ
subroutine and skips over the remaining blocks.
When the third option is chosen, MAIN calls FREQ before the execu-
. tion of the remaining blocks. FREQ subroutine utilizes the Newton-—
Raphéon method of search and successive convergence for the determina-
tion of the natural frequencies. This subroutine calls the FX
subroutine to set up the matrix of coefficients, Eq. (29), for the
evaluation of their determinant. The determinant evaluation is carried
out by LINV3F subprograms.
It is very important that the input sequential order is strictly
adhered to and consistent units are used throughout a problem. The

input for this program is as follows:



CARD 1: HEAD

HEAD
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a title composed of up to 80 alpha-numeric characters .

CARD 2: NFREQ, NSPAN, NTERM, NPOINT, IOPT, IPLOT, IEQSP, TL, SM, E, XI,

DT, TINT, WF

NFREQ
NSPAN
NTERM
NPOINT

IOPT

IPLOT

1EQSP

TL

SM

XI
DT

TINT

L

it

the number of natural frequencies desired
the number of spans
the number of terms to be summed in fourier series

the number of locations to be investigated

‘1, when the calculation of deflection, moment and shear

functions only is desired

2, when the calculation of the natural cifcular frequéncieg
6n1y is desired

3, when the calculation of the deflection, moment and shear
functions as well as the natural frequencies is desired

1, if an output file of data for the plottigg is desired

0, if né such file is desired | |

1, when the bridge consists of equal spans

0, when the bridge consists of unequal spans

total length of the bridge

mass per unit length

Young's modulus

moment of inertia of the bridge cross section

duration of earthquake

time increment within DT

earthquake circular frequency
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CARD 3: DEL(I)

DEL(I) = the amplitude of settlement of the ith support

CARD 4: XL(I)

XL{I) = the distance to the ith support measured from the left

abutment

CARD 5: X(I)
X(J) = the distance coordinate of the jth‘point along the span

measured from the left abutment

CARD 6: IMAX, EPS1

IMAX

= the maximum number of iterations allowed for the determina-
tion of the natural frequencies
= acceptable tolerance in the frequency computation

EPSI .

C. The Three Moment Equation Program (MOM3)

fhis program utilizes the dynamic three moment equation presented in
the previous chapter. This program has the same three options available
in the DYNAMIC program, It consists of a drive program and three gﬁb—
routines. This program also utilizes the LINV3F subprogram of the IMSL
library. The three subroutines of this program are MOMAIN, MOFREQ and
MOFX.

1) an intialization and read-write block in which the options and

parameters are read in and echoed out,
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2) a block for the calculation of thé moments at the supports in
accordance with Eq. (50). The inversion is carried out by the
use of LINV3F subprogram,
3) a block in which the functions are evaluated using, Eqs. (43},
(53), and (54).

4) a block for the determination of the maximum values.

5) an output block for the function evaluated.

When the second optioﬁ is chosen, the MOMAIN subroutine calls MOFREQ
subroutine #nd skips over the lasg four blocks discussed aobve. When
the third option is used, MOMAIN calls MOFREQ before the execution of
the last four blocks. As in the DYNAMIC program, the MOFREQ subroutine
utilizes the Newton-Raphson method for the determination of the natural
frequencies, This Subroutihe then calls the MOFX to set up the matrix
of coefficients of the moments for the evaluation of their detepminant
in accordance with Eq. (50). The determinant evaluation is perfdrmed by
LINV3F program,

It is required that the input sequential order is strictly adhered
to and consistent units are used through a problem., The input sequence
and the meanings of the variables which are not explained previously arel

ag follows:
CARD 1: HEAD

CARD 2: TIOPT, NSPAN, IEQSP

Skip Card 3 if IOPT = 1
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CARD 3: NFEQ, IMAX, EPS]

Skip Card 4 1if TOPT = 2

CARD 4: ITYPE, NPDINT, WF, SXORT, XTINT

ITYPE = a four character alpha-numeric string that should be input
as TIME when it is desired to have the variation of the
functions with respect to time for specific locations on
the bridge, or as DIST when it is desired to have the
variation of the functions along tﬁe span at specific
instances in 'time

NPOINT = the number of points along the span if ITYPE = TIME, or
the number of points in time for which the functions are
to be evaluated for specific points along the span if
ITYPE = DIST

the duration of an earthquake if ITYPE = TIME, or

SXORT
total span length if ITYPE = DIST

XTINT = time interval for the time-history if ITYPE = TIME, or
distance interval along the span for which the functions

are to be evaluated if ITYPE = DIST

CARD 5: SL(1), YM(I), SI(I), SSAM(2)

SL(1) ith span, length

1t

YM(1) ith span, Young's modulus

S1(1) = ith span, moment of inertia

SSAM(I) ith span, mass per unit length
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Skip next two cards if IOPT = 2

CARD 6: DELMAX(J)

DELMAX(J) = the amplitude of the settlement of the jth support

CARD 7: XT(N)
XT(N) = the distance coordinate of nth point when ITYPE = TIME,
or

the time coordinate of nth point when ITYPE = DIST

D, The Static Three Moment Equation Program (MOM3ST)

This is a program to evaluate the deflection, moment, and shear
along the span of a continuoys beam sybjected to static support settle-
ments. It consists of a drive program and two subroutines. The drive
program allocates memory spaces and has a flag to abort if the problem
storage requirement exceeds the decléred maximum, TIf the storage
requirement is within allocated, the program calls STMAIN subroutine.
This subroutine first sets up the coefficients of the unknown moments at
the intermediate supporés in accordance with Eq, (52). Then STMAIN
calls SIMULE, which is an inversion subroutine, for the determination of
these unknown moments. After the inversion, the control goes back to
STMAIN, Next in STMAIN, is a loop for the determination of the
deflection, moment and shear at the specified interval along the span.
While these values are computed, a sorting is performed to determine and
store the maximum values of each of these functions and the corres-—

ponding positions along the span.
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The input sequence is as follows:
CARD !: HEAD
CARD 2: WSPAN, TL, XINT
TL: = the total length of a continuous beam
XINT = the interval along the span for which the deflection,
moment and shear are desired to be computed
For each span, a card as follows is required:
CARD 3: 8L(2), YM(I), SI(I), SSAM(I)

CARD 4: DELMAX(J)

E. Dynamic Amplification (SAMIR)

This program computes the ﬁaximum dynamic amplification factor as
the ratios of the dynamic functions (deflection, moment and shear) to
the corresponding maximum static values. The evaluation of these
dynamic functions is carried out by the Fourier series method but the
dynamic three moment equation may serve the same purpose as well, This
program consists of a drive program and two subroutihes. The primary
function of the drive program is to allocate the storage requirements.
Most of the calculations are performed in the MAIN program which célls
SIMULE subroutine for the inversion of the coefficients matrix in
accordance with Eq, (26), Maximum dynamic functions along the span for

each forcing frequency and the dynamic amplification factors for
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deflection, moment and shear are computed and these values may be
plotted.

The input sequence and variables are given [2] as follows:
CARD 1: HEAD

CARD 2: NSPAN, NTERM, NOWS, NINT, IPLOT
NOWS = the number of natural frequencies withip the range of
the forcing frequencies.
NINT = the number of the fine subdivision on both sides of each
natural frequency
IPLOT = 0, no plot is desired

= 1, output plots of the dynamic amplification is required

CARD 3: TL, SM, E, XI, XINT, WFl, WF2, WFINT, WSINT

WFl = lower range of the forcing frequency

WF2 = upper

WFINT = the magnitude of the increment of the forcing frequency -
between WF! and WF2

WSINT = the magnitude of the increment of the forcing frequency

near the natural frequncy

CARD 4: DEL{1)

CARD 5: x1(I)

Skip the following card if NOWS = 0



CARD 6: WS(J)

WS: =

CARD 7: STDEF,
STDEF -

STMOM =

STSHR =

CARD 8: TOPDEF,

TOPDEF =

~TOPMOM

TOPSHR

29

system natural frequency

STMOM, STSHR
maximum static deflection
maximum static moment

maximum static shear

TOPMOM, TOPSHR
maximum value of dynamic amplification for deflections
maximum value of dynamic amplification for moments

maximum value of dynamic amplification for shear



30

Iv. PARAMETER STUDIES

A. An Example Problem

A two span concrete bridge of total length of 60 feet and width of
32 feet is considered as an example to illustrate the use of the
computer programs. A span of this bridge has a length of 33 feet and
the other a length of 27 feet. The bridge has a haunch at the
intermediate support, This bridge is on Wisconsin State Highway I in
Richland County near Interstate Highway 80. Although the actual bridge
will behave in a three dimensional way, it seems appropriate to model as
a two dimensional structure using equivalent cross sectional properties.
Therefore, the equivalent cross sectional properties are evaluated [3]

as follows: Moment of inertia; 92,850 in*

, depth; 17 inﬂ Considering
the bridge to be of normal weight reinforced concrete, the mass per unit
length, m, is 1,467 1b-sec?/inZ, fThis bridge is analyzed under the
effects of three forcing frequencies. Although the acceleration rather
than the earthquake frequency is usually documented for earthquakes
{23], the forcing frequency in this mathematical model can be reédily
derived from the acceleration by estimating the support settlements

under the effect of the acceleration. With both the acceleration and

support settlement known, the forcing frequency can be determined by

W =r"ﬁ ' (64)
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in which wg is the forcing frequency, a is the acceleration due to the
earthquake, A;, is the expected support settlement under the effect of

the earthquake acceleration. The relationship of parameters in Eq. (64)

is tabulated in Table 1.

a a A, w

i f
Ze in/sec? in rad/sec
25 96.6 . 2415 20
33 128.8 .0B05 40

33 128.8 L0057 150

Table 1 - Forcing Frequencies used in Example Problems

The dynamic response to these three frequencies can be seen in Figs.
5 through 13. From these figures it can be observed that the deflected
shapé varies drastically with the variaéion of the forcing frequency,
and that for high frequencies the bridge superstructure exhibits more
than one bend along its span. With no such deflected shapes, the
curvature is sharper and thus the higher moments and shears.

For the case of the forcing frequéncy of 40 rad/sec, the max imum
deflection occurs at 540 inches (45 feet) from the left abutment. The
maximum moment occurs at 568.8 inches (47.4 feet) from this abutment ,
while the maximum shear occurs at 410.4 inches (34.2 feet) from it,
Incidentally the fundamental natural frequency of this bridge is

computed as 31.43 rad/sec.
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B, Fourier Series Vs. Dynamic Three Moment Equation

In general a very good correlation was observed between the results
obtained from the Fourier series method and the results obtained from
the three moment equation method. It was observed, however, that more
terms have to be summed as the number of spans in the bridge analyzed
increase, if the same accuracy is desired. For example, it was observed
that the summation of fit terms gave reasonable results for the
frequency computation as well as the deflection, moment and shear func~-
tions for two span bridges, whereas one hundred and two hundred terms
‘were needed to achieve the same accuracy for three and four span
bridges, respectively. As expected the convergence of the deflection

function is more rapid due to the n*

term in the denominator of the
deflection expression. Similarly the convergence of the moment function
is faster than that of the shear function because of n? term in the
denominator of the moment expression as compared to n in the shear
expression. To illustrate the convergence of these three functions, the
example problem was analyzed twice for a forcing frequency of 40
rad/sec., once by summing two hundred terms and once by §ummiﬁg only the
first fifty terms. The results obtained from the summation of two
hundred terms are shown in Figs. 5 through 7 whereas the functions
obtained by summing 50 terms are shown in Figs. 14 through 16. An
examinétion of these curves reveals that there is uno noticeable
difference for the deflection and moment curves. The shear curve is
smoother (indicating a better convergence) with the summation of two
hundred terms, yet the differences in shear magnitude are very small.

It should be noted that the dynamic three moment equation yields exact

solution because of the shape function used being the exact solution of

the governing differential equation.
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C. Development of Charts as Design Aids

With the computer programs developed, design aids for practical
engineers can now be made. To 1llustrate this, sample charts were
plotted for a two span bridge that has the intermediate support at a
location fifty five percent of the total length from the left agbutment.
These charts can be used for bridges that have any combination of E, I,
M, and L but that maintain a ratic of the intermediate support distance
to the total length of .55. Similar charts for two span bridges with
different intermediate support locations or for bridges with more than
two spans can be readily developed by these programs.

It can be shown that the natural frequencies of a bridge can be

expregsed as

' El
w = w —— (65)

mL4
in which W is a dimensionless constant that depends only on the number

of intermediate supports and their locations. Likewise the forcing

frequency W may be transformed into non-dimensional entity as

With this new parameter as the abscissa, the dynamic amplification
factor can now be plotted as explained in the SAMIR program. Once again
these charts can be used for bridges with any combination of E, I, M,

and L as long as they maintain the same value of the other two para-
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meters; the number of intermediates and their relative locations. TFigs.
17 through 46 are the dynamic amplification factors for deflection,
moment and shear. The maximum static deflection, moment and shear along
the bridge can he readily determined by the application of the static
three moment equation, thus MOM3ST program or by any other readily
available design tool. The information of the static response and the
dynamic amplification factors leads to the dynamic analysis of bridges
without actually conducting dynamic analysis. For example, using a
static support settlement for the example bridge discussed in section A
as .805 inches (see Table 1), the maximum static deflection is computed
as .081045 inches, the maximum moment, 524300 1lb-in (43.7 K-ft), the
maximum shear 1,618.2 1lbs (1.7182 kips). The output data from MOM3ST

are given in Appendix 1.

g for an earthquake frequency of 40 rad/sec can be

The value of w

be obtained by Eq. (66)
' 40

wE
3,000,000 x 92850

= 47.58

A
1.467 x (720)

The dynamic amplification factor for the deflection is read off in

Fig. 17 as 2.15 corresponding to We value of 47.58. Thus the maximum

dynamic deflection expected is 2.15 x .081045 = 1.742 inches. The exact
value is computed as 1.738 by using either DYNAMIC or MOM3 program.
Likewise the DAF for moment and shear are read off from the plots as 7.0
and 36.0, respectively. Thus the dynamic moment and shear are 7 x 43.7
= 305.9 k-ft and 36 x 1.16182 = 58.255 kips. The exact values of these

functions are 304.1 k~ft and 55.457 kips as computed by MOM3 program.
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Fig. 19 - DAF, Shear (Two span, L-.6L)
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Fig. 21 - DAF, Moment (Two span, L-.8182L)
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V. SUMMARY AND CONCLUDING REMARKS

The dynamics of differential suppert settlements of highway bridges
has been investigated. A governing differential equation due to pulsa-~
ting support settlements has been derived. The deflection, moment,
shear, velocity, and acceleration expressions were obtained in terms of
Fourier series. Neglecting damping, these expressions were compared to
the results obhtained by the dynamic three moment equation. An excellent
correlation was observed. The parameters in these expressions were non-—
dimensionalized as much as possible and various plots were obtained for
the dynamic amplification factors versus forcing frequencies., An
example bridge has been used to illustrate how these dynamic amplifica-
tion factors can be properly used,

Experiences of the bridge performances during the San Fernando
Farthquake [8,11,16] suggest that a majority of those bridges which
collapsed were subjected to unusually high shear. This investigation
seems to verify those observation made after the San Fernando
Earthquake. As can be seen in the charts, the dynamic amplification
factors for shear are quite high especially under higher frequencies,

Further investigations are recommended about the damping character-—
istics of bridge structures. The peaks in the dynamic amplification
factors, indicating the dynamic resonances, may or may not be feasible
since no structures are completely damping free and a considerable
dynamic oscillation (duration of vibration) is normally required to
develop a full resonance phenomenon. Another important point is the
fact that an actual earthquake motion is by no means a simple harmonic

motion. A study correlating the validity of using a simple harmonic



78
motion Lo represent a structural behavior due to an earthquake seems to
he in order,

Finally, it is strongly recommended that accurate yield data
collection regarding time dependent relative support settlements be
devised and maintained for structures with a long horizontal dimension
such as highway bridges. It is evident from this study that the dynamic
support settlements have significant effects on the behavior of bridge

superstructures.
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A. Sample input and output of the Dynamic Program

i) ilnput

TWO SPAN BRIDGE 33FT-27FT, WF=40 RAD/SEC
3,2:,200,12:,3,0,0,720.,1.46653,3000000.,928506.,.03927,.003927:40.,

. 0805,

396..
0.,72.,144.,216..,288.,360.,398.,432.,504.,576..,648..720.,
G48..,720..,

1000,.000001,

i1) output

TWO SPAN BRIDGE 33FT-27FT, WF=40 RAD/SEC
BLANK COMMON ARRAY 2265

NATURAL FREGUENCIES AND PARTICULAR GOLUTION

DETERMINANT APPROACHING INFINITY FOR FREG EQUAL TO .82974D+01
DETERMINANT APPROACHING INFINITY FOR FREG@ EQUAL TO .33180D+02
DETERMINANT APPROACHING INFINITY FOR FREQ EGQGUAL TO «74676D+02
FRER (MODE 1 ) = .3143D+0Z AFTER 138 ITRNS DET = -.3288D-08
FREQ (MODE 2 ) = ,9539D+02 AFTER 32 ITRNS DET = -.1447D-10

FRE@ (MODE 3 ) .1218D+03 AFTER 39 ITRNS DET = -.5747D-08

]

TOTAL SPAN LENGTH = ,7200D+03
MAGS DENSITY PER UNIT LENGTH = .1467D+01
YOUNG 'S MODULUS = .3000D+07
MOMENT OF INERTIA = .8285D+08
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RDUIA ) TUN UF ERARTHUUARE

TIME INCREMENT IN TIME HISTORY

EARTHRUAKE (ANGULAR) VELOCITY

NUMBER OF

NUMBER OF MODES IN FREE

SPANS

UIBRN

NUMBER OF TERMS TO BE SUMMED

NUMBER OF LLOCATIONS (T HIBTORY)

TIME HISTORY FDR THE POINT( X=

TIME
»000D+00
« 393D-02
« 783D-02
.118D-01
.137D~01
. 196D-01
. 236D-01
« 275D-01
.314D-01
.353D0-01
.383D0-01

PART-DISP
. 000D+00
. 000D+00
.H00D+00
. Q00D+00
. 000D+00
-000D+00
.000D+00
. 000D+00
« 000D+00
. 000D+00
. 000D+ 00

PART-VELD
. 000D+00
.000D+00
.000D+00
.000D+00
«Q00D+00
.000D+00
.000D+00
. 000D+00
«000D+00
«000D+00
. 000D+00

MAXIMUM ABSOLUTE VALUES

MAX ABS
CORR TIME

TIME HISTORY FOR THE POINT( X=

TIME

. 000D+00
.393p-02
.785D-02
-118D-01
.137D~-01
-1896D-01
»236D~01
« 273001
+314D~01
.353Db-01
.393D-01

.000D+00
.383D~01

PART-DIGP

.000D+00
-.578D-03
~«114D~02
-«.168D-02
~«217D-02
-« 261D-02
-.2948D-02
~.328D-02
—.352D-02
-.363D~-02
-.370D-02

.000D+00
«393D-01

PART~VELD

-.148D+00

~.146D+00
-.141D+00
~.132D+00
—« 120D+00
—«103D+00
~.868D-01
~-.B871D-01
~.457D-01
~.231D-01%

. 343D-06

MAXIMUM ABSOLUTE VALUES

MAX ABS
CORR TIME

.370D-02
.393D-01

-.148D+00
LD00D+Q0

= ,3827D-01
= ,3927D-02
= .4000D+02
= 2
= |
= 200
= 12
.000D+00 )
PART-ACCL PART-MOMT
L000D+00 . 000D+00
.000D+00 .0Q00D+G0
.000D+00 .000D+00
.000D+00 .000D+00
. 000D+00 .0O00D+00
L000D+00 .000D+00
.000D+00 .000D+00
.000D+00 .000D+00
.000D+00 .000D+00
L000D+00 .000D+00
.0000+00 .000D+00
.000D+00 .000D+00
.393D~-01 .393D-01
. 7200402 )
PART-ACCL PART-MOMT
L000D+00 .000D+00
L925D+00 ~-.34BD+03
.183D+01 -.688D+03
.268D+01 ~-.101D+08
«348D+01 —-.131D+086
.418D+01 -.157D+06
.479D+01 -.1B0D+06
.527D+01 -.1898D+086
.563D+0t -.212D+06
.584D+01 ~-.220D+08&
.582D+01 -.223D+06
.S592D+01 .223D+06
.393p~01 .393D-061

PART-SHRF
.000D+00
. 487D+03
.961D+03
.141D+04
. 183D+04
.220D+04
.252D+04
«277D+04
.298D+04
.307D+04
.311D+04

.311D+04
.393Dp-01

PART-8HRF
.000D+00
.432D+03
.854D+03
.125D+04
.182D+04
.195D+04
.224D+04
.Z46D+04
.263D+04
.273D+04
.276D0+04

.278D+04
. 393D-01



TIME HISTORY

TIME

. 000D+00
-.393D-02
.783D-02
.118D-01
«137D~-01
» 196D-01
«236D-01
.2735D-01
«314D-01
. 353D-01
«393D-01

PART-DISP

-000D+00
-.318D-03
~.103D-02
~.131D-02
-.195D-02
-.233b-02
-.268D-02
~.296D-02
-.316D-02
-.328D-02
—-.332D-02

84

FOR THE POINT( X=

- 144D+03

)

PART-VELD PART-ACCL PART-MOMT

-.133D+00
-1310+00C
- 126D+00
-118D+00
«107D+Q0
.938D-01
.780D-01
.503D--01
-410D-01
-.208D-01

- 487D-06

}

1

¥

MAXIMUM ABSOLUTE VALUES

MAX ABS
CORR TIME

TIME HISTORY FOR THE POINT( X=

TIME

.000D+00
.393D-02
.785D-02
«.118D-01
«137D-01
«196D-01
«236D-01
«275D-01
«314D-01
. 333D-01
.393D-01

MAXIMUM ABSOILUTE

MAX ARS
CORR TIME

TIME HISTORY FOR THE POINT(

TIME
- 000D+00

«332D-02
. 383D-01

« 133D+00
« 000D+00

-000D+00
.830D+Q0
.184D+01
.241D+01
-312D+01
.373D+01
«429D+01
.473D+01
.305D+01
.524D+01
»331D+01

. 331D+01
»393D0-01

216D+03

PART-VELD PART-ALCL

-000D+00

179D+00 ~-.113D+01
«172D+00 ~.224D+01
«»1681D+00 - ,328D+01
«147D+00 -.42G6D+01
.128D+00 ~.513D+01
.107D+00 -.588D+01

.848D+01

-.688D+01
-.718D+01

~.866D-08 ~.723D+01

PART-DISF
LO00D+00 . 181D+00
.7089D-03
. 140D-02
.208D-02
- 266D-02
«»320D-02
. 3670-02
-404D-02 .823D-01
.4310-02 .3680D-01
.447D-02 .283D-01
-453D~02

VALUES

.453D-02 .181D+00
.393D~01  .000GD+00

A=

.725D+01
.393D~-01

.288D+03

PART-DISP PART-VELO PART-ACCL

.000D+00

.8911D+00

. 000D+00

«Q00D+00
- B833D+05
-.125D+06
-.184D+08
- .238D+06
~.286D+06
-.327D+06
-.360D+06
-.385D+086
-.399D+06
- . 404D+06

»404D+06
«393D-01

}

PART~MOMT

.000D+00
~.B66D+05
~-.171D+408
-.251D+06
-.325D+06
-.391D+06
-.448D+08
-.483D+08
-.326D+08
~.547D+06
-.354D+06

.5354D+08
.383D-01

)

PART-MOMT
. 000D+00

PART~-SHRF
.000D+00
»324D+03
.540D+03
.941D+03
«122D+04
.147D+04
.168D+04
.185D+04
.187D+04
.205D+04
«207D+04

. 207D+04
»383D-01

PART-5HRF
.000D+00
.315D+03
.B22D+03
«914D+03
.118D+04
.142D+04
.183D+04
.179D+04
.192D+04
.1398D0+04
.201D+04

.201D+04
.393D-01

PART-SHRF
.000D+00



»wdurud S

. 785D-02
.118D-01
.137D~01
. 196D-01
.238D-01
«273D-01
.314D-01
-353D-01
.393D--01%

Qe

- wtof IS VA2

-704D-02
.103D-01
.134D-01
.161D-01
.184D~01
. 203001
-217D-01
.225D-01
.228D-01

85

P LV S N RN AVIVE o ¥ Y
«B86GD+00 —.113D+02
LB81Z2D+00 ~.165D+02
7370400 ~-.214D+02
.B44D+0C -.,258D+02
«335D+00 ~.295D+02
«414D+00 —-,325D+02
L281D0+00 -,.347D+02
.142D4+00 ~.360D+02

-,333D~-08 -,364D+02

MAXIMUM ABSOLUTE UALUES

MAX ABS
CORR TIME

TIME HISTORY

TIME

. 000D+00
.383D-02
.785D-02
.118D-01
»137D-01
-186D-01
- 236D-01
.275D-01
.314D-01
»393D~01
.383D-01

.228D-01
.393D-01

PART-DISP

-005D+00
.872D-02
.172D-01
.233D~01
- 328D-01
. 394D-01
-431D~01
.497D-01
«330D-01
.531D-01
“937D-01

FOR THE POINT( X=

.911D0+00 .364D+02
L000D4+00  .393D-01
«360D+03

PART-VELO PART-ACCL
.2230+01 .000D+00
.220D+01 —-.140D+02
.212D+01 -.2768D+02
«189D+01 -.405D+02
«1800+01 —~.524D+02
.138D+01 ~-.831D+02
21310401 —.722D402
«101D+0Q1 ~.795D+02

.688D+00 —.848D+02
.349D+00 -.881D+02

-.819D-03 -.892D+02

MAXIMUM ABSOLUTE UALUES

Reproduced from
best available copy

MAX ABS .537D-01 .223D+01 .882D+02
CORR TIME .383D-01 .000D+00 .383D-01
TIME HISTORY FOR THE PODINT( X= .398D+03
TIME PART-DISP PART-VELO PART-ACCL
.000D+00 .000D+00 ,.322D+401 .000D+400
.393D-02 .12BD-01 .318D+01 ~-.201D+02
.783D-02 .249D-01 .308D+01 -.398D+02
.118D-0¢f .365D-01 .287D+01 ~.585D+02
»157D-01 .473b-01 .261D+01 -.737D+02
«1896D-01 .369D-~-01 .228D+01 ~-.911D+02
.236D-01 .651D-01 ,1849D+01 ~.104D+03
2275D-01  .717D-01  .146D+01 —-,.115DP+03

~.1200+0b LB4ODrOS
-, 237D+06 . 125D+04
-.349D+06 .184D+04
~.432D+06 .239D+04
~.343D+06 .2B7D+04
-.B21D+06 .328D+04
-.684D+068 .362D+04
-.731D+06 .386D+04
=.759D+068 .401D+04
~.768D+06 «406D+04
.768D+0G .40B6D+04
.393Db-01 .393D-01
)
PART-MOMT PART-SHRF
.000D+00 .000D+00
-.199D+068 .136D+04
-.394D+08 .307D+04
~.378D+06 .452D+04
~.749D+06 ,585D+04
-.901D+068 .703D+04
-, 103D+07 .805D+04
~.114D+07 .B8BED+04
-.121D+07 .846D+04
-.126D+07 - .883D+04
-.127D+07 .9895D+04
.127D+07 .885D+04
.393D-01 .383D-01
)
PART-MOMT PART-SHRF
L000D4+00 .000D+00

~. 2700406 ~.316D+04
-.534D+06 -.625D+04
-, 785D+06 ~.918D+04
-.10ZD+07 -.119D+05
-.422D+07 —-.143D+05
~.140D4+07 -.1B4D+05
~.154D+0Q7 -.180D+05
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.314D-01 .788D-01 .883D+00 ~.122D+03
L353D-01 ,.795D-01  .504D+00 ~,127D+03
.393D-01  .805D-01 -.118D-04 -.129D+03

MAXIMUM ABSOLUTE VALUES

MAX ABS »805D-01 .322D+0% .129D+03
CORR TIME .383D-0C1 .Q00D+00 .393D-01
TIME HISTORY FOR THE POINT( X= .432D+03
TIME PART-DISP PART-VELO PART-ACCL
-000D+00 ,000D+00 ,.446D+01 .000D+00
.393D-02 .174D-01 .440D+01 -.279D+02
. 785D-02 .344D-01 .424D+01 —-.551D+02
.118D-01 .506D-01 .387D+01 -.810D+02
.157D-01 .635D-01 .361D+01 -.105D+03
.1896D-01 .788D-01 .315D+01 -,126D+03
.236D-01 .802D-01 .2562D+01 -.144D+03
.273D-01 .993D-01 .202D+01 -,1%89D+03
.314D-01 .108D+00 ,138D+01 -,170D+03
«353D-01 .110D+00 .B87D+00 -.176D+03
.393D-01 .111D+00 -.184D-04 -.178BD+03

MAXIMUM ABSOLUTE VALUES

MAX ABS L111D+00  ,.446D+01 ,178D+03

CORR TIME .393D-01 .000D+00 .393D-01

TIME HISTORY FOR THE POINT( X= ,.504D+03
TIME PART-DISP PART-VELO PART-ACCL
.000D+00 .000D+00 .8358D+01 .000D+00
-3893D-02 .257D-01 .649D+01 -.411D+02
.785D-02 .508D-01 .625D+C1 -,813D+02
.118D-01 .7480D-01 .586D+01 -.118D+03
-157D~-01 .966D-01 .332D+01 -.1355D+03
-196D-01 .116D+00 ,L4B65D+01 —,188D+03
-.23B8D~-01 .133D+00 .386D+01 -.213D+03
»273D0-01 .146D+00 .299D+01 -.234D+03
«314D~-01 .136D+00 .203D+01 -.250D+03
.353D0-01 .1G62D+00 .103D+01 -.280D+03
-3930-01 .1G4D+00 ~.242D-04 —-.263D+03

MAXIMUM ABSOLUTE VALUES

MAX ABS +164D+00 ,658BD0+01 .263D+03

COARR TYME LRann.nt EALALALAR S A4} . 393D-01

~.164D4+07
~-.173D+07

-173D+07
.393D0-01

)

PART-MOMT
00D+ 00
L241D+05
«476D+03
.699D+05
.908D+05
.109D+08
-125D+08
.137D+06
-147D+086
.132D+06
-134D+08

«154D+06
. 383D-01

)

PART-MOMY
.000D+00
.448D+086
.886D+06
.130D+07
.188D+07
~203D+07
L23Z2D+07
255D+ 07
273D+Q7
«283D+07
287D+07

.287D+07
.383D-01

C—-.192D4+08
-.200D+05
- 202D+05

.202D+09
.393D-01

PART-SHRF

.000D+00
~-.731D+04
~.148D+05
-.218D+05
-.282D+05
~.340D+05
-.388D+05
-.428D+05
- 437D+05
-.474D+05
-.A80D+05

«480D+03
+393D-01

PART-SHRF

. 000D+00
~-.388D+04
~«766D+04
~.112D+05
~.146D+05
~.173D+05
~.200D+05
~.221D+05
~.236D+03
-+ 245D+05
=.248D+05

-248D+035
.393D~01
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TIME HISTORY FOR THE PODINT( X= .576D+03 )

TIME PART-DISGP PART~VELO PART-ACCL PART-MOMT PART-SHRF
«0G0D+00 .000D+00 .668D+01  .000D+00 .000D+00 ,000D+00
-393D-02 .261D-01 .6B60OD+01 ~.418D+02 .SE6B8D+068 .831D+03
.788D-02 .516D-01 .6G35D+01 - .B26D+02 .112D+07 .125D+04
.118D0-01 .758D~01 .595D+01 -.1Z21iD+03 .165D+07 .18B3D+04
~137D-01 .982D-01 .540D+01 ~,157D+03 .213D+07 .237D+04
-196D~-01 .118BD+00 .472D+01 -.189D+03 .257D+07 .283D+04
.236D-01 .135D+00 ,393D+01 ~.216D+03 .294D+07 .326D+04
+»2735D-01 .149D+00 .303D+01 -.23BD+03 .324D+07 .359D+04
.314D~-01 .159D+00 .206D+01 -.254D+03 .345D+07 .384D+04
«3330~-01  .165D+00 .105D+01 -.264D+63 .359D+07 .398D+04
.393D~01 .1B7D+00 ~.Z45D-04 -,2687D+03 .363D+07 .403D+04

MAXIMUM ABSOLUTE VALUES

MAX ABS -167D+00 .668D+01  .2BE7D+03 .363D+07 .403D+04
CORR TIME .393D-01 .000D+00 .3893D-01 .393D-0t .393D-01

TIME HISTORY FOR THE POINT( X= .548D+03 )

TIME PART-DISP PART-VELO PART-ACCL PART-MOMT PART-SHRF
.000D+00 .000D+00 .421D+01 .000D+00 .000D+00 .000D+0O0
,383D0-02 .185D-01 .,415D+01 -.263D+02 .381D+06 .435D+04
.783D-02 .325D-01 .400D+01 -.320D+402 .732D+06 .BGOD+04
.118b-01 .477D-01 .373D+01 -.764D+02 .110D+07 ,126D+05
.157b-01 .618D-01 .340D+01 -.9BID+02 .143D+07 .164D+05
.188D-01 .744D-0% .287D+01 -.1189D+03 .172D+07 .187D+05
.236D-01 .851D~01 .247D+01 -.13BD+03 .187D+07 .225D+05
»273D-01  .837D~0% ,191D+01 -.150D+03 .217D+07 .248D+03
.314D-01 .100D+00 .130D+01 ~-.1B0D+03 .231D+07 .285D+03
.353D-01 .104D+00 .G38D+00 -.1B68D+03 .240D+07 .273D+03
.393D-01 .105D+00 -.135D-04 -.168BD+03 .2Z43D+07 .Z78D+03

MAXIMUM ABSOLUTE VALUES

MAX ABRS »103D+00 .421D+01 .168D+03 .243D+07 .278D+03
CORR TIME .383D-01 .000D+00 .393D-0%1 .393D-01 .383D-01
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TIME HISTORY FOR THE POINT(
TIME PART-DISP PART-VELD
.000D+00 .000D+00 .883D-14
.393Dp-02 .337D-16 .852D-14
,7850-02 .GGBD-16 .820D-14
.118D-01 .978D-16 .769D-14
.157D-01 .127D-13 .698D-14
.1896D-01 .132D~-15 .G10D-~14
.236D-01 .174D-15 .307D-14
.273D-01 .1892D-13 .392D-14
.314D-01 .205D-13 .267D-~14
.353Db-0¢ .213D-15 .135D-14
»393D-01  .216D~15 -.317D-19

MAXIMUM ABSOLUTE VALUES

.216D-13
.393D-01

-883D-~14
L000D+00

MAX ABS
CORR TIME
#STOP#

[y
W=

.720D+03

PART~-ACCL

.000D+00

~.540D-13
-.107D~12
-.137D-12

-203D-12

~.244D-12
-.279D~-12

.307D-12

-.328D-12
~-.341D-12
-4 345D~12

.345D-12
- 393D--01

)

PART~MOMT

.000D+00
-.847D-08
-1280-08
.188D0-08
.243D-08
-292D~-08
»334D-08
.368D-08
.383D-08
.408D-08
-413D-08

-413b-08
.393b-01

PART-~SHRF
.000D+00
.5800+04
. 114D+05
.168D+095
.218D+05
«2B62D+05
.300D+05
.330D+05
.352D+053
. 366D+095
.370D+03

. 370D+05
.393D-01
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#) Sample input and output of the MOM3 Program

i) input

TWO SPAN BRIDGE 33FT-27FT, WF=40 RAD/SEC

3.2,0,
5,1000,.00001,
DIST 1.40.,720..7.2,

396. 3000000, ,92850.(1.46653,
324..3000000, ,92850.,1.4686%53,

() 0805 1 4
999 s r

ii) output
THO SPAN BRIDGE 33FT-27FT,

BLANK COMMON SIZE 462

WF =40

DETERMINANT APPROACHING INFINITY

DETERMINANT APPROACHING INFINITY

DETERMINANT APPRDACHING INFINITY

DETERMINANT APPROACHING INFINITY

DETERMINANT APPROACHING INFINITY

FREQ (MODE 1 ) = .3143D+02
FRE@ (MODE 2 ) = .S5558D+02
FREG (MODE 3 ) = .1218D+03
FRE@ (MODE 4 ) = .1858D+03
FREG (MODE 5 ) = .2B87D+03

NSPAN

FORCING FREQUENCY (RAD/SEC)
TOTAL SPAN LENGTH

AFTER
AFTER
AFTER
AFTER

AFTER

RAD/

FOR
FOR
FOR
FOR
FOR
21

21

I unH

SEC

FREQ EQUAL
FREG EQUAL
FREG EGQUAL
FREG EQUAL
FREQ EQUAL
ITRNS DET
ITRNS DET
ITRNS DET
ITRNS DET
ITRNS DET
2

-4000D+02
. 7200D+03

TO

TO

T0

T0

1)

it

"

.27429D+02
.40875D+02
.10972D+03
.16380D+03
.24686D+03

. 7730D-06

.5134D-06

.4101D-05

.4475D~05

.41768D-05
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DITANCE INERUVAL ALONG THE SPAN

NO. OF POINTS IN TIME
FOR THE SPAN NO. 1

THE SPAN LENGTH IS
YOUNGS MODULUS IS
THE MOMENT OF INERTIA 1S
THE MASS PER UNIT LENGTH

FOR THE SPAN NOD. 2
THE SPAN LENGTH IS
YOUNGS MODULUS IS
THE MOMENT OF INERTIA IS
THE MASS PER UNIT LENGTH

FOR THE SUPPORT NO. 1

18

IS

THE AMPLITUDE OF SBETTLEMENT IS

aunune

Bonotou

MAXIMUM FPARTICULAR RESPONSE ALONG THE

DIST

e e -

. 000GOD+00
«72000D+01
.14400D+02
» 21600D+02
»28800D+02
. 3BOGOD+02
-43200D+02
-30400D+02
»537600D+02
.64800D+02
.72000D+02
- 79200D+02
.86400D+02
.93600D+02
. 10080D+03
. 10800D+03
.11520D+03
.12240D+03
.12960D+03
. 13680D+03
-14400D+03
»19120D+03
»15840D+03

PART DISP

+ 00000D+00
~.4398B6D-03
~.87341D-03
«13024D-02
« 17163002
.21133D-02
.24892D-02
.28395D-02
.31602D~-02
«34473D-02
-.38969D~02
. 38051D~02
«40681D-02
-41821D-02
- 42433D-02
.42488D~02
.41948D-02
-40778D-02
.38847D-02
-.36424D-02
~.33178D-02
~.29180D-02
~.24400D-02

H

!

i

I

1

|

i

!

f

. 7200D+01
1

-3960D+03
«»3000D+07
.9283D+035
. 1467D+01

«3240D+03
-3000D+07
.9285D+05
-1467D+01

L80300-~01
SPAN (T=

PART MOM

»00000D+00
~.23103D+03
- . 481530+05
-.68087D+03
-.918B2D+03
~.11448D+086
-.13678D+06
~-.13880D+06
~-.18047D+08
~.20176D+08
~.22263D+08
=+ 24303D+086
—«26288D+06
-.28244D+086
-.30138D+06
-.319681D+0G6
-.33772D+086
~.35512D+086
-.37203D+08
~.38846D+06
~.40445D+086
-.42004D+05
-.433528D+06

« 38270D-C1)

PART SHEAR

.32101D+04
.32063D+04
-31852D+04
.31768D+04
«.31313D+04
«.31189D+04
. 30800D+04
.30349D+04
.29842D+04
~.289283D+04
.286873D+04
-28037D+04
«Z27362D+04
. 26663D+04
« 238932D+04
-23234D+04
.24520D+04
. 23820D+04
.23146D+04
.223508D+04
~.21319D+04
-.21381D+04
-.20938D+04

i

}

i

¥

]

i

1

i

i

1

]
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.16360D+03 ~.18809D-02 -.45021D+06 ~.20572D+04
-17280D+03 -.123810-02 ~.46492D+06 ~.20307D+04
. 1gooon+03 ~.950880D-03 -.47948D+06 ~.20138D+04
-187200+03 . 3097G6D-03 —.489398D+06 - 20140D+04
»18440D+03 .12203D-02 ~.30852D+06 -.202G68D+04
«20150D+03 L22254D-02 =.32321D+06 ~.20558D+04
.20880D+03 . 33279D-02 -.33817D+06 ~.21025D+04
.21600D+03 .43306D-02 -.35353D+06 -.21688D+04
$ 223200403 .98363D-02 -.36843D+06 -.22562D+04
«23040D+0J . 72480D-02 -.38607D+06 -.23666D+04
L 23780D+03 . 87688002 - . B0358D+06 —.25017D+04
.24480D+03 .10402D-01 -.62218D+06 ~.26635D+04
- 23200D+03 .12151D-01 ~.54201D+06 -.28338D+04
«23920D+03 .14019D-01 ~-.86333D+06 -.30747D+04
. 26640D+03 .16011D-01 - .BBG36D+06 -.3328B2D+04
<27360D+03 .18131D-01 ~.71134D+06 ~.3681684D+04
. 2B080D+03 20383001 -« 73833D+06 ~.384168D+04
. 28800D+03 . 22773D-01 ~.76818D+06 -.43038D+04
- 29320D+03 . 29303D-01 -.80083D+06 -.471190D+04
-.30240D+03 .27987D-01 -.B36813D+08 -.51618D+04
. 309680D+03 .30824D-01 -.87307D+086 -.56584D+04
.31680D+03 .33824D-01 ~.81775D+06 -.B2042D+04
«32400D+03 .36885D0-01 -.88454D+06 -.6B022D+04
+33120D+03 .40346D~-01 -.10158D+07 -.74533D+04
.33840D+03 .43886D0-01 ~.10720D+07 ~-.8186G5D+04
- 3456G0D+03 +47623D-01 -.11336D+07 -.89393D+04
»d3280D+03 LI31376D-01 -.12008D+07 L89776ID+04
- 3B0O0GOD+03 -.93750D-01 ~.12743D+07 - 10B83D0+03
-36720D+03 .60161D-01 ~.13548D+07 .11662D+05
- 37440D+03 .64825D-01 ~.14426D+Q7 L127170+03
- .38160D+03 .69737D~-01 ~.183383D+07 . 13854D+08
. 38880D+03 .74976D-01 -.18423D+07 .15076D+05
. 39600D+03 .80500D-C1 ~.17358D+07 - 18388D+0%
«40320D+03 .868335D-01 ~.13511D+07 354570405
-41040D+03 .92422D-01 -.953722D+06 «03848D+03
.41760D+03 .98686D-01 ~.37455D+086 «32333D+03
-42480D+03 - 10506D+00 -.20388D+06 «30612D+05
-43200D+03 «11147D+400 «15401D+06 «.48783D+05
-43820D+03 .11783D+G0 .48834D+08 .46846D+05
»44640D+03 «.12414D+00 .82834D+086 -44802D+05
.45360D+03 - 13027D+00 .11432D+07 .42653D+05
.4508B0D+03 < 13620DB+00 .14323D+07 +40401D+03
-46800D+03 «14183D+00 «17248D+07 .3B052D+03
.47520D+03 »14713D+00 . 18800D+07 .35610D+03
.48:240D+03 .15215D+Q0 W22374D+07 .33081D+05
. 48960D+03 .13670D+G0 -246882D+07 L30471D+05
.49680D+03 . 18079D+00 - 26760D+07 »27788D+03
-30400D+03 . 168438D+00 -28662D+07 «23041D+05
.91120D+03 .16744D+00 .303G64D+07 L22238D+05
.31840D+03 . 18993D+00 .31863D+07 . 18387D+05
L32860D+03 .17183D+00 .33135D+07 .16499D+05



MAX VALUES
AT DIST

#STOP*

-33280D+03
«34000D+03
-54720D+03
«93440D+03
36160D+03
«36880D+03
.37600D+03
.58320D+03
-39040D+03
.59760D+03
.80480D+03
.B1200D+03
.61920D+03
.B2640D+03
-83360D+03
-.64080D+03
.G4BOOD+03
-B33520D+03
~.B6240D+03
.56860D+03
.67680D+03
.68400D+03
.69120D+03
.88840D+03
. 70360D+03
.71280D+03
« 72000D+03

92

-17311D+00
.17376D+00
. 17375D+00
. 17308D+00Q
.171740+00
«16971D+00
.18701D+00
- 168363D+00
. 15959D+00
. 15488D+00
-148354D+00
.14356D+00
. 13699D+00
-129830D+00
L12212D+00
.11389D+00
.10517D+00
.939953D~01
.86409D-01
.76448D-01
.G6156D~-01
.35876D-01
+44734D-01
.33738b-01
.22574D-01
-11312R-01
.89370D-16

.17376D+00
-54000D+03

. 34238D+07
«35111D+07
- A5772D+07
+3G222D+07
« 36482D+07
. 36483D+07
«36317D+07
. 35938D+07
.33361D+07
-34589D+07
. 33629D+07
. 32487D+07
«31171D+07
. 29688D+07
.28047D407
- 2B257D+07
«24328D+07
.22274D+07
- 20101D+07
«17824D0+07
. 13433D+07
-13002D+07
«10484D+07
» 78106D+06
.32966D+06
.28852D+08
-20881D-08

. 36483D+07
.36880D+03

i

}

I

i

i

i

-13583D+035
. 10654D+03
«77172D+04
.478B4D+04
-18727D+04
.1012GD+04
.38578D+04
.86319D+04
.93832D+04
-.12041D+0S
.14613D+03
.17090D+03
.19460D+05
.21715D+05
.23844D+03
.25838D+03
. 276889D+03
. 28389D+05
. J0831D+03
«32307D+05
+33512D+03
.34540D+03
. 35388D+03
»IBOSZD+05
.368327D+03
.36814D+05
. 36909D+05

«33457D+03
-40320D+03
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¢) Sample input and output of the MOMST Program

i) input

TWO SPAN BRIDGE 33FT-27FT

2.720.:,7.2,
396..3000000..,92850.,1.46653,
324.,3000000.,92850..1.468653,
. 0805,

11) output
TWO SPAN BRIDGE 33FT-27FT

BLANK COMMON SIZE 634

NSPAN
TOTAL SPAN LENGTH
X INTERVAL ALONG THE SPAN

H u

FOR THE SPAN NOD. 1

THE SPAN LENGTH IS

YOUNGE MODULUS I8

THE MOMENT OF INERTIA 1S
THE MASS PER UNIT LENGTH IS

¥ W hH U

FOR THE SPAN NO. 2

THE SPAN LENGTH IS

YOUNGS MODULUS IS

THE MOMENT OF INERTIA IS
THE MASS PER UNIT LENGTH IS

H i @ K

FOR THE SUPPORT NO. 1

THE SETTLEMENT IS

2
«7200D+03
- 7200D+01

.3860D+03
. 3000D+07
-.9285D+05
»1467D+01

.3240D+03
«3000D+0Q7
.9285D+05
.1487D+01

.8050D-01



DIST

.O000DE+00
«72000E+01
-14400E+02
- 216Q0E+02
L 28800E+02
. 3B000E+02
L A43200E+02
- D0400E+02
«D7G00E+02
.B4BQOE+O2
« 72000E+Q2
. 79200E+02
.8G6400E+02
-93B00CE+02
. 10080E+03
« 10BO0OE+0]
«11320E+03
. 12240E+03
- 12960E+03
-13680E+03
.14400E+03
«15120E+03
. 13B40E+03
-1B3B0E+03
- 17280E+03
« 18000E+03
18720E+03
«19440E+03
~201B60E+03
. 20880E+03
«21B00E+03
«22320E4+03
«23040E+03
L23760E+03
«24480E+03
L23200E+03
L 2BYZ20E+03
Z2BEB40E+03
27380E+03
.2B0B0E+03
.28800E+03
. 29820E+03
« JO0240E+03
. 30960E+03
-31680E+03
L.A2400E4+03
-33120E+03
. 338B40E+03
-34560E+03

94

DISP

- 00000E+CGO
W238378E-02
.47138BE-02
. 70B63E-02
«94134E-02
+11733E-01
« 14083E-01
.16405E-01
-18713E-01
.21007E-01
.23285E-01
«233435E-01
«27786E-01
.30005E~-01
«32202E-01
«34373E-01
.38518E-01
. 3BE3SE-01
<A0721E-01
- 427785E~-01
«44796E-01
s4G78B1E-01
«4B729E-01
.30638E-01
.52506E-01
«54332E-01
«56113E~01
.037848E~-01
-.393535E-01
.61173E~01
.82759E-01
.64292E-01
.B5770E-01
.B7191E-01
»BE353E-01
.69835E-01
»71093E-01
2 72272E-01
.73382E-01
. 74423E-01
. 7338901
« 786302E-01
»77133E-01
.77888BE-01
. 78368E-01
. 79169E-01
. 79891E-D1
LBO131E-01
. 80488E£-01

MOM

.00000E+00D
.93327E+04
. 190G5E+05
. 28588E+05
.38131E+05
-478B4E+05
«37196E4+03
.BB7Z29E+05
«76262E+05
. B5795E+405
L93327E+05
.104B6E+0B
. 114389E+0B
. 12383E+08
. 13346E+06
« 14299E+0QE
- 15252E+08
. 18208E+08
«17159E+06
.18112E+06
. 19065E+06
. 20019E+06
«208972E4+06
.218923E+06
-22879E+0B
« 23H32E+06
. 24783E+06
. 2373BE+0EB
.26692E+08
- 27648E+06
- 28598E+06
. 29551E+06
. 30503E+08
.31438BE+08
«32411E+08
» 333B3E+06
»34318E+06
«35271E+0B
- 36224E+086
.37178E+08
.38131E+06
« JO0B4E+CE
»40037E+08
.40991E+08
<41944E+08
.42897E+08
-43B831E+0E6
. 44B04E+06
LA5757E+06

. 13240E+04
. 13240E+04
.13240E404
. 13240E404
. 13240E+04
L13240E+04
« 13240E404
- 13240E+04
. 13240E+04
. 13240E4+04
«13240E+04
«13240E+04
« 13240E+04
.13240E+04
. 13240E+04
. 13240E+04
«13240E+04
. 13240E+04
-13240E+04
.13240E+04
. 13240E+04
. 13240E+04
«13240E+04
L13240E+04
. 13240E+04
- 13240£+04
»13240E+04
« 13240E+04
«13240E+04
.13Z40E+04
.13240E+04
«13240E+04
.13240E+04
«13240E+04
.13240E+04
«13240E404
. 13240E+04
« 132430E+04
.13240E+04
.13240E+04
.13240E+04
.13240E1+04
«13240E+04
. 13240E+04
.13240E+04
.13240E+04
. 13240E+04
- 13240E+04
.13240E+04



MAX VALUES
AT DIST

«33280E+03
« 3G000E+03
.3B720E+03
- 37440E+03
L3ABIGOE+03
.38880E+03
- 39600E+03
~40320E+03
«41040E+03
+A41760E+03
~42480E+03
«43200E+03
«439Z20E+03
~44640E+03
~45360E+03
-460BOE+03
«46BO0E+Q3
«47320E+03
.48240E+03
.489B0E+03
-49680E+03
«B3040CE+03
+O1120E+03
.31840E+03
«I325B0E+03
.33280E+03
-S54000E+03
«S34720E+03
«O5440E+03
.3B8160E+03
.56880E+03
«37600E+03
.58320E+03
+39040E+03
«S38760E+03
.8048B0E+03
.81200E+03
LB1920E+03
-.B2B40E+03
.B833G0E+03
.64080E+03
.648B00E+03
.B3320E+03
.GBZ240E+03
.BB9BOE+03
.B7G680E+03
LBB400E+0Q3
.B8120E+03
.59840E+03
. 705680E+03
. 71280E+073
« 72000E+03

95

.B80759E-01
.80844E-01
.81039E-01
.81045£-01
. 80838E-01
.BO777E-01
.80300E-01
.B80126GE~01
. 796357E-01
<79083E-01
. 78442E-01
» 77698E-01
. 76B70E-01
. 75857E~-01
. 748981E-01
. 7388B4E~01
«72730E-01
«71300E~01
.70196E-01
LBB821E-01
.B7376E-01
.B5864E-01
.64286E~01
62684701
«.80846E-01
.58187E-01
.87371E-01
L83501E-01
3357801
.S51807E-01
- 48588E-01
»47523E-01
.A45418E-01
«43265E-01
«41076E~01
.38851£-01
.3B591E~-01
. 34298BE-01
.319735E-01
~29B24E-01
L27247E-01
.248B46E-01
«22423E-01
.18981E-01
L17321E-01
. 18504BE-01
.12558E-01
«100B0E-0Q1
. 73524E-02
.50385E-02
.25203E-02
.17875E-16

81045E-01
- 37440£+03

«4B710E+06
«A476G4E+06
. 48G17E+06
-49570E+06
«B0323E+06
«31477E+0G
.32430E+06
.31265E+08B
. 50100E+06
«48B35E+086
-47770E+06
- 4GG04E+06
«435439E+06
«44274E+06
«-43109E+06
-41944E+06
.40778E+0B
« 38814E+06
-38449E+06
. 37284E+06
-38118BE+06
«34853E+06
. 337BBE+08
» 32BZ3E+06
- 3145BE+06
- 30293E+06
-29128E+08
. 2786G3E+0B
. 26798E+06
«285832E+0B
.244B7E+06
-23302E+06
.22137E+06
- 20972E4+06
. 18807E+06
.18642E+06
-17477E+06
16312E+086
.1314BE+06
-139B1E+06
.12816E+06
«11651E+06
.10486E+06
.93208E+03
.B1558E+05
.69907E+05
«»3B823BE+00
+46604E+03
.34953E+05
.23302E+05
-11651E+03
»11642E~09

«I32430E+0B
. 39600E+03

«13240E+04
» 13240E+04
-13240E+04
«.13240E+04
«13240E+04
« 13240E+04
<13240E+04

-.18182E+04
~.16182E+04
-.16182E+04
~-.18182E+04
-.16182E+04
-.16182E+04
~.1618B2E+04
~.16182E+04
-«16182E+04
-.16182E+04
-.16182E+04
~-.16182E+04
-.16182E+04
-.18182E+04
-.1618B2E+04
-.16182E+04
-+ 16182ZE+04
-.18182E+04
~-.16182E+04
-.18182E+04
-.16182E+04
-.18182E+04
~.168182E+04
~.16182E+04
-.18182E+04
~.181B2E+04
~.16182E+04
~-.16182ZE+04
-.16182E+04
-.18182E+04
-.18182E+04
-.161BZE+04
-.18182E+04
-.16182E+04
-.15182E+04
-.165182E+04
~-.18182E+04
~-.16182E+04
~-.16182E+04
-.16182E+04
-.1618ZE+04
~-.18182E+04
~.18182E+04
-.18182E+04
-.1818B2E+04

-.16182E+04

- 72000E+03
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D) Sample input and output of the SAMIR Program

i) input

THREE SFAN RBRIIGE, .8L-f (8L
3920095 %01y
2ebrlorl ol is 019G, 9902091y
st

v8l1|8?

10499 19.06923.47547.799867 37>
1,2038:,1.4304:,2,.038
159!900!6000’

ii) output

THREE SPFAN BRINGE, .8L-L.8L

BLANK COMMON ARRAY 4034

NUMRER OF SFANS = 3
TOTAL SFAN LEMGTH < 226000401
MASS DENSITY FER UNIT LENGTH = ,1000D+401
YOUNG S MODULUS = L,1000D+013
MOMENT 0OF INERTIA =« ,1000D0401
NUMBER OF TERMS TO BE SUMMED = 200
SUPPFORT DISTANCES FROM LEFT ABUTEMENT
SUFFORT NO. 1 = B00OOR+0Q0
SUFPORT NOD. 2 =, 18000401
SUFPORT SETTLEMENTS

SUFFORT NO. 1 = 10000401
SUFPORT NO, 2 = ,10000+401

MAXINUM DYNAMIC AMNFLIFIGATION FACTORS FOR DEFLECTLION FURCTION



FREGUENLY

COGOQOE4OD
JHOQ000F+H00
SIDGOGE401
15000 +GL
y SOO00ESOL
c2H0D0F HG

SE30000EFOT -

LJANOO0FE+O1
LAQO00E 40
«A5000F 401
CHGOGOE+01
CHEO0DEF01
e HO000F 0L
CEUO0HEFO]
O000F QL
EOOOEH0T
HBO000R 01
fBEO00E+ROL
JFO000E40L
fFEOQOEYOL
y1I0000E+G2
LOSGOOE+Q2
+11000FE+0Q2
CTIL00E 402
V119920 +0Y

+17000E+02

+12090E402
cA12190E102
y122908 402
d12390E+02
12500E+02
+12090E+02
128690402
VIP790E40Q2
1287205402
+L29QOE+02
+13000F+02
+13000E402
+14000F+02
c14G00E+QR
+15000E4+02
J18D00ET02
+16000E+02
+16500E+02
«17000FE+02
¢17%0Q0E102
y LEOOQOE+02
<1BHOOFE402
SABRLAOEFOR
1185508102
e 1B740E402
s 1E8H0FE 02
cIRYSOELOR
CAYQ0QE 02
VI TAQE Q2

97 .

yLADGOGE$0]
LAO0011IEYOL
L 10044401
C1O0PE O
10V 70F 401
 TUZOIEHOL
L10410E+401
JHO588E401
107N 7E403
J107H2E401
112448401
LSS 7E401
L11923E+01
V123545401
L128468E+01
,11480E+01
1472266401
L1S150E+01
L16321F+01
L178N8E+01
L19971E401
L23082E401
L28176E401
L 38224E401
L67097E+01
L68281E401
JB1585E+01
L 10566E402
L15364E+02
C2PES2E+02
V32122E403
P 2BI27EA02
L13604E+02
.872%50E+01
L42879E+401
LABPARE+01
,47100E401
\26324E401
i 21590E401
L 19481E401
+184468E401
L 180556401
L18027E401
L18303E+01
L 18839FE+01
L19444E401
L20734E+01
V221676401
L 2R3LE6EH01L
\22712E+01
e RAOT77EF01
L2BA61EHOL
s 2ZGENE+OL
y PAOBIEHOL
C247IRE40L



CEPTHOEAOT
AP IEOE $OD
L 19 350E402
CAIPHOOE O D
C1PHAOF O
LZO000E DT
LRPOGGOE 40
LT 0004 G
Y R21H00RE402
LRRO00E+07
P DH0O0EL02
LRSS THE40D
CAEOO0E 0D
CIIDTOEH02
LOZLTOF 40D
C2APTOEH0D
L23B70EH02
L RALOOEH0?D
V23H7OE+H02R
CRTETOEHOD
V237706402
LRAETOE402
L23GTOE+02
v 24000E+02
L2AG00F+02
C2H000E402
L 25H00E 40D
CHE000EH02
LRES00E 02
270008402
c 750002
LRRO00EH02
L, 28500E 402
L29000E40?
L 29R00EH02
+30000F+02
CBOS00E402
L 31000F+02
 31500E402
32000402
V32G00E+02
V330006402
L 3AB00E402
34000 +H02
L 3AB00E407
(35000E402
CEERO0E402
VELO00E 02
CEETO0E 02
LE37000E4 02
cE7E500E402
P ABOOOF 0L
CIBLOOE 0D
VEZO00F 402
L3CH00F E02
CA0000F 402
CA0L00E 40D

CABLEAERQY
CRHETITELOL
S 262435401
L264464F 401
L 26804 +01
L29693F+01
L 341096 +01
+AG402F+01
SHO0286EHGL
fH6EILTPETOL
796B0E+T01
192059E+02
«20490F+02
LZAGRTELOR
» 32180E+02
+ABBAZEHOL
CR28252E402
L A7P02EH0T
v FLL24E+02
yALIFTEFOR
+31098BE+02
+23373E+02
+18715E402
J174GRE+02
+P0819E+01
+461010E+01
+45083E401
«37329F401
+31449E+01
272246401
+24040F+01
+21853E401
+19856E+01
f1791BE+01
+16549E401
+15388E4+01
«143291E401
1 3G26E401
J12767E401
+12096E+01
+11500E401
+10965E+01
+10484E+401
+10048E4+01
+PETL7E400
+F2893E+00
JBYGEREL00
+B4508BE+00
+B3ELBOF+00
83741400
+B83B0OREH4CO
LB3862E+00
LB3IPEQF 00
+B4055E+00
+BA1ELTF 100
+BA268EH00
JHAITTELCO



LAH1000FE O
CATNO0EA02
CATQQOESOD
cALSOOEA D2
cABOQOR+0OD
AEGOL 02
yAA000E O
CASRODEL O
LAE0Q0F 402
FADNO0E$02
L AL000F 402
CALG00E40Q2
CATO00E402
CAPIOEAGD
A7IF0EH02
JA7AGOEALOD
47500E402
cATESOEL O
LATAP0E 402
JATRSOES QR
LATYO0E+02
CABO0ODE+ G
+A8090E+02
CARIQOES02
CABR290E+ 02
LABH00E+02
+A9000E+02
yAYSOOE+Q2
JS0000E+02
LH0R00E402
JH1000FE+02
915008102
YS2000E+02
JHBAH00E402
+S3000E4+02
v HAH00E+O2
LS4000E+02
LS4G00E402
E5000E4+02
JOARHO0E+02
+ 9460008402
LS56H00E4+02
Y EB7000R+02
fOB7NO0EYOR
HHEOOOE402
CEELOCEL02
JHR000E+02
CHRNO0EIOR
LAHO0Q00F 402
cEOLOGEAOR
61000402
JHIRO0ESOR
P IOO0EFOR
LAIRO0E 02
CATOO0FF02
CAAL00E4 0D
LAA000E402

99

CAANOIF400
WAL GREYGO
cHAT37E+00
»3R010F4+00
LBH1L93E4+00
BS441E400
CHELTREL00
y3SYEOF100
cB46270FE$00
fBEEIBF 00
+B86?273E400
87413400
+ 37883400
L E8164F 400
yEBRZS2EL00
LHBB3SH3EF00
+ABI7SE+OO
+88481F+00
«88500E+00
+38840E+00
«88942FE+00
B8974E+00
+B9084E400
+89208E+00
+89333E4+00
+BYSP9E+00
«20298E400
+P1083%E400
+P1708FE4+00
JP2B879E400
+» PIPOTEF00
LPE053FE+00
+26320E4+00
+P768B0E1+00
+99238E4+00
+100%0E+01
+10277E401
+104R2E+01
+107058E401
J1025BF+01
+11233E+01
v11542E 401
»11885€+01
e 12263E401
+y126%7E+01
+ 131796401
«13723E4+01
+14349E+01
+15057E4+01
1ESB7FE+0L

©+14839E+01

17960E401
«19308E+01
20PAGEA401
s 2293IE40Y
AE Y- WA RN
+28764E+01



Che OO o0
LESOOIELOR
CETODES 02
LAH000EHD2
CEETHQEL T
CEOBTOREF0R
cHEFTVOEHOR
G000 402
fB7OZ0E4G2
cH7LZ0E+02
cO7PIOELOR
LETATOFH02
LEYLOOETO2
TATET0E+02
CHTET0EFOR
LOTITORA0R
HZBZ0E402
VOBOOOF+02
fORTO0E+Q2
JHPO00E402
yEPUOOELOR
LZ0000F+02
fLOS00E+02
+71000E4+02
fZ215H00E40R
f272000FE402
JPEN00E402
cA3000K+02
LPANOOEYO2
JTA000F+02
VyZAS00E4 Q2
250008402
WZ2SS00E402
W Z26000FE4+02
s 7EG00E402
+Z27000F 402
+Z77H00E+Q2
+Z278000E+02
s 7BUOO0ESO2
+Z29000E+02
s Z79E00E+02
+BOOQOEALHD2
+B0500E+02
+B1OQ0E+OQ2
LBI500E402
«BZOOQES02
s B82500E+02
+EBI000E402
yO3IS00E4+02
yB3000E+02
L 8A500E+02
+BSO00E4+G2
JOHBGO0OF+02
CBAQOOEHOR
BESOGOF+02
CB2000E102
YB7500E402

y 33201401
F3YEISELH0L
VAT 2ESETOL
(HS6083E+01
10216E402
1 7526E402
cELR0EF402
235418402
289220 +02
JAZ082E+02
»84807E+02
«8BA53FE+H02
AZL79E+02
+A43527E4+02
J2B798BEH02
+21478E402
+17100GE+02
134956402
+73820E+01
cS0267E401
+37769E401
+30013E+01
‘24771E401
+209465E401
+18072F+01
+1718%2E+01
+156604E101
+18143E4+01
+15774E101
154838401
+15249E401
+ 15064E+01
+14%18E+01
+14807E+01
+ 147258401
+14669E+01
+14635E4+01
+14621E401
+14626E401
+1464%9E101
144876401
+14748E401
+14824E+01
149156401
+15019E+01
1S137E401
+15268E+01
»15414E101
+15574E401
157488401
V15937E4+01
+161G1E+OL
+16383E+01
+16633E401
«1LOY01E+01
s 17189E401
+17498E401



JHBOOOE LT
eBRSQ0EL02
yBEOOOE 4D
+BPGO0E+02
c9I000ETOGR

MAXIMUM DNYNAMIC AMPLIFTICATION FACTORS FOR HOMENY FURUTION

FREQUENCY

+OOOGOEH0O
VS0000E+00
+10000E+01
V15000E401
V2O000E+01
«25000E+01
« 30000E+01
L 35000F+01
L 40000E+01
c45000K+01
.50000E401
.55000E+01
 60000E401
 65000E+01
. 70000E+01
 75000E401
«BO0000E+0]
+B85000E+01
+YO0000E+01
 95000E 401
 10000E+02
¢10500F 402
+11000E+02
115006402
c11990E402
«12000F+02
+12090E+402
 12190E+02
12290E+02
 12390E402
12500E+402
V12590E+02
+12690E+02
L 12790E402
V12R90€402
129906402
L 13000E402
+ 13500FK +02
+14000E+02
+14%00KE+02
15000E+O?
+13800F+02
e LEQGOELO?
+15500E+02

VLPBRIFELQL
c1818SE+01
V1BLO7ETOL
«18287E+01
«19444E401

+10005F+01
+10103E4+01
+10411€401
+10930E+01
+116467E401
+12633E+01
+13842E+01

4 15314E4+01

170736401
+19153€+01
+21594E401
+24450E+01
W27791E401
+31709E+01
+36330E4+01
+41829E+01
+48455E401
345795401
+H6780E401
+80017E+01
s FEO07E+01
+12418E4+02
+1866T1E+0Q2
+2A4209E+02
484278402
+AF3IBFELO2
+60170E+02
+79723E402
+11842E+03
+23438E+4+03
1 26077E404
+23521E+403
+11591E403
+ 76358E402
1 S6LBIEHO2
+A4695E+02

374816402

+24695E+02
v 19774F402
+17748E402
165426402
+148B20E402
+1716GE4Q2
+17877E402

101



170006402
JLTH00EOR
VIROO0E+OR
L THE00F+02
P IRGA0E 402
L1B460F 402
CIRSEOEFO2
L18860F+02
1B A0ETOR
L 19000FE+02
V191 40CEF02
L 19740E+02
V1V 3L0EF02
P 19460E+02
V19S00E402
V19S40E402
, 20000E+02
L 20500F+02
L 21000E402
y21500E402
L 220006402
J2R500FE+02
CRRYTOEHOR
+23000E402
23070E402
s AJ170E402
V23270E402
V233705402
L 2A500E402
J23T70E4+02
P 2XET70E40D
«23770E402
J2AR7OEH02
L 23970F+02
+24000E+02
« 245006402
+2S5000E+02
. 25500E+02
1 26000E+02
1 26500E+402
+27000E402
c27500E402
«28000F+02
C28500E402
+29000E+02
L APR00E$02
+30000E+02
v 305006402
CILO00E 402
¢31500E402
+32000E402
V32G00E40R
«33000E4+02
C33G00E+02
«34000E402
CAATO0E4 02
C35000E402

102

F1893TF+02
L20342E402
2I005E+02
sR6RHFEH02
fATA9SEALO2
«28399E402
+29338E+02
303176402
v 31336E402
«31756E+02
+33511E+02
e 34672E+02
+35BEBE+02
+37163E+02
+374F0E102
+38500E+02
AS275EY02
CSE354E402
+6F448BE+02
+704627E+02
12614E403
+197B26E+03
J39B3SEL03
+A42481FE+03
S021DE4+03
+676086E403
+10274E404
«21109E1+04

+H00RSE+04

v 19724E404
+10115E4+04

+68282E+03
+S16B2E+03
+415648E+03
3FIFOELO03
»20921E403
+14479E403
+11196E403X
«F2016FE4+02
+ 78584F+402
+68898E+02
'61564E4+02
+35802E+02
+51142E402
+47285E402
+44028E+02
+41233E+02
+38801E+02
+3HO6ETETO2
+ 34746E4+02
c3I027E402
v 31446E+02
+30038F+02
+2B721FE+02
+27498E+02
P 2463THEHO2
c2O2BIEHO2



CARNOGEL 0D
CREO00F +02
V3ES00E+0Z
CATO00E0D
VISEO0EHO?
v ABOO0FE+02
« 3B8S00E+02
v39000E+02
VEFLOOEFQD
LA0000E+02
L A0H00E402
+41000E+02
vATHOVEHOR
L 420005 +02
vAZTHO0ES02
L A3000E+02
C43500E402
+A3000F+02
vA4500E402
VAS000E+02
FAGS00F+02
+46000E402
<46500F +02
+47000E+02
VA7290E+02
v47390E402
«A47490E+02
VATRO0E+02
LA7S90E+02
VA7490E402
VA7890E+02
VA7990E+02
+48000E+02
LABOYOE+02
LAB190E+02
+ABA90E+02
VABS00E+02
+49000E+02
FA9S00E+02
+50000E+02
+50500E+02
+51000E+02
+S1500E4+02
W S2000E+02
V525006402
LH53000E+02
LSAS00FE+02
+54000E+02
J5ABO0E 402
VH5000E402
CEEH00E+0R2
LHEO0DES02
VEEGO0F+02
LB 7000E402
LH7S00F 402
VHROD0E+02
L HA500F+02

‘103

+4780E4+02
C23374E402
fRA2DGIEF02
L22ITSE40D
L20230F 402
V221226402
V22052E+402
+22012E+02
L21999F+02
(22011E+02
\22048E+02
\22108E+402
L22191E402
V22309E 402
L22450E402
L22614E4+02
L22801E402
. 23010E+02
L 23243E402
V23499E4+02
C237BBE+02
.24108E+02
244556402
,24B29E402
C25059E+02
(251416402
V25224E402
V252326402
V25308E+02
V25393E402
 25568E+02
V256576402
V25666402
+2574BE+02
L 25839E+02
V259326402
J26132E402
V26633E402
V271766402
\2776BE+02
+28403F+02
\29083E+02
. 29814E+02
+30600E+02
.31444E402
V32354F+02
V3RIISEHOD
L3AR9HEH02
V3S541E402
L34B2REH02
L 3BR06F+02
39710402
+A13G7EH0OD
fAZLALETO2
CAS163E+02
VATRZSELOR
LA9BIGEHOD
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VO GE YO
cSPEO0ETOR
y EO000E 02
CAON00E+02
1 OOOE 40
A 1SH00F 02
LEDOOGE 02
ETHOOE 40D
cEHIOQ0EAGT

L6A000E+0?
L 64500F 402
L OGQO0EL 02
L 6SS00E+02
LS4 000E+02
L 66500E 402
LHERTOEH02
L6A9TOERO2
L 67000E402
L67070E402
V67170E402
L67270E402
L67470E407
L 67500E+02
VETS70E402
L&7670E+02
L 67770E402
67870402
. 6B000E+02
. 6B500E+02
. 69000E+02
c69500E+02
, 70000E402
L 70500E 402
L 71000E+02
L71500E+02
LPR000E+02
L7PS00E+02
. 7I000E402
L, 73500F+02
. 74000E+02
L 7AS00E 402
L PES000E+02
L7E500F +02
L 7E&000E +0O2
L 7ES00F 02
L7 7000E402
C77500E 402
CAROOGE4OD
C7BH00EH02
7Y O00E+02
 7P500E407
LBO000E+02
LHOS00F+07
LELOOOES0D
CALE00E 407
LB2000E+02

CHZEQLEFOR
L9%N7A1E+02

CLEBeR11E+02

 63A402E+02
LBB14E+02
73872E402
80227E+02
L88147E+02
\97BLOE+02
+11007E+03
L 12590E+03
(147226403
V17751E403
223028403
+30444E403
L 47694E+03
B2SHAEH03
L10298E+04
+11124E404
L 13490E+04
+20434E+04
+40344E+04
V42291E404
.32336E+04
\20B64E404
. 13839E+04
+1034BE+04
B2605SE+03
V65411E403
36222E403
\24941E403
.1898BE+03
+15283E403
\12758E+03
L10926E+03
VISI2IEH02
L F03BIE+02
\86975E+02
VBABSRE+O2R
+82281F+02
VBOGRTE402
\79465E+02
78547E402
L 778BHE+02
\77444E+02
771916402
' 77107E+02
' 77174E+02
L 77377E402
' 77708E+02
L IRITAE+02
. 78718E+02
79 3B7EH02
L HO160E+02
B1037F+02
+82015E+02
. 83095E+402



LEBALOOEYOR
LBI000E+02
CBANOOE4OY
+B84000F+02
SHATOO0EHO2D
BOHO00F 02
JHBEBO0E+02
«BHOOOE+H0Q2
JBETIOOE 02
+87000E4+02
<BZUOOE4D2
«A8000E+02
fBELOOEAO?
+HBZ000EHOD
JBLOOE402
«90000F+02

MAXTHMUM DYNAMIC AMPLIFICATION FACLTORS FOR SHEAR FUNCTION

FREQUENCY

+O000GOE+0Q
+HOGO0ELOO
+100G00E+01
+150G00F+01
+20000E101
»25000E401
+30000E+01
+35000F+01
+40000E+01
+45000FE+01L
+S0000E+01L
+S5000FE+01
+60000E+01
1 65000E+01
+70000E+01
+ 25000F+01
+BOOOOE+0Q1
+85000F+01
2F0000E+01
+?5000E+01
«10000E+02
+10500E+02
+11000E402
+113500E+402
+119FGE+O2
«12000F 402
+12090E402
LI2190E402
SLEDRNLA402
L 12320F 402
s 12BONEL0?
L1250 402
V1Z6Y0ETOR

105

SBALIBEALOZ
LHB5560FE+02
BEFEFELOR
+88484E+02
fFOOHTGEFQR
S1B2GREL02
LPIEPRAFH0O2
PHEPEHO2
P S7RIAF 402
+10013E+03
+10258E+03
+10521E+03%
+10BO3ESOS
+11105E+03
+11429€E403
+11778E+03

+10584F 401
«100465E+01
«102446E 401
+ 105476401
+114610E401
+18802E+01
272716401
v 374696E+01
+49984E401
+64266E401
B80711E401
c29536E401
12102402
+14553E+02
+173546E402
20577402
+24314F+0Q2
+RE705E402
+33PLFE+02
»40453E+02
+48823E+02
+40310E+02
v 77859E4+02
+11029E403
+19R70E+03
cRQA2T7E403
+ 24225E403
+ 31425403
A5712F403
+38133E+03
+FH204E+04
+B36I2E+0T
+39915E+03



s 1249 0EFHQR

V1REPOFH02
C1P9F0E+02
L 13000F 402
C1AS00E402
L1A000F+02
CLANOOE+02
CAB000F 402
VI USO0E +02
L145000F 402
CLEBOOE 0D
 17000E 402
CIPEO0E40
L18000E+02
 18500E+02
V18560F+02
VIBEGOE 0D
 18740F+02
(ABBSOEHO?
V18960E 402
V19000E+02
v 19160F 402
V197608402
v 193605402
LG A60EH02
V19500F 402
c19560E402
+20000E+02
c20500E+402
+21000E+02
L 15R00E402
L 22000E402
V22500E402
L22PTOE402
V23000E402
V23070E402
 2RI70E402
L23270E402
V2EBTOEHO?
L2BH00E402
CRATTOEHOR
V23E70E+02
L RI770EH02
V23870E402
V2AYTOEHO2
v 240008 +02
L 245%00E402
v 25000E+02
C 2SHO0EH0D
v 25000E+02
V26500E+02
L 27000E402
L 27500E+02
.28000E+02
L 285006402
L29000E+02
C29ELO0EH02

106

C20BB2E403
»18088E+03
+13734E403
133945403
+BIBTIEH02
yB1431E+02
JBIZ790E$02
LB8335E+02
24954402
«10284E+03
J11222F403
»12328E403
CA3A2TEH03
V151596403
16997403
+17243FE403
¢ 17464E403
+18103E+403
+18GA1E403
+19038BE403
+19224E+403
+20056E+403
+20600E403
+21170E403
«21747E403
s 22014E403
W 22X94F 403
+255467E403
+30277E403
«36843F+03
+4&6674E 403
+53102E+03
«963IS7E+03
+18841F+04
+ 20058E+04
+23613E+04
+316407E404
+47753E+04
97N 6E+04
«R7554E405
+20078E+04
+43924FE+04
+30R17E4+04
+23187E+04
+18583E404
«17538E+404
+F0346E+03
+A0597E403
+49355E+03
+35029E4+03
P 29L91EHOY
+2O811E+403
22967E403
s 20PB0E+03
c19379F 403
«18041E4+03
+16954FE403
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Y SO000E O
CEOLOOEHOD
Vv31000ES0D
CIINO0EF 02
Ly 220008402
CERRO0ES02
3X000E 02
c33NQ0EHOR
+34000E402
v 34500E+02
V35000E+02
CANTBOOEFO2
s 34000FE+072
s 3&5L00E+02
' 37000E 402
+37500E402
v 38000E+02
+3B8L00E+0O2
+39000F 402
+39500E402
+40000E+402
+40500E4+02
410008402
+A41500E402
+42000E4+02
425 00E402
+43000F+02
+AAGHOOE+402
+44000FE+02
+44500E402
+45000E+02
+A8500E402
+446000E+02
4AS00E402
+47000E+02
+47290E402
+A7390E 402
+A7490E402
475008402
+A7590E402
+A75690E 402
‘A7BP0E402
VA7990E 402
+ABO00ELDG2
+AB090E402
+4B190E+02
+ABAPOEH02
+48500E402
+AF000E+0O2
LA9500E402
+S50000E+02
+S0B00E402
+S1000E4+02
e S1000E4G2
S52000FE+02
fS2AN00E+02
+G3000F+02

L 16010FE+03
LAS196E403
V145376403
L13993E+403
J13513E+03
+13085E+03
L12702E+03
V1230AEH03
L 12042E+03
V11756E403
«11494E+03
v11263E+03
«11074E+03
+10900E+03
+10882E+03
,10881E+03
110896E+03
1 10926E+03
v10970F+03
V11028E 403
+11100£+03
V11185E403
v 11283£+03
v11394E403
,11518E+03
v 11655E+403
+11806£+03
v11970E+403
.12148E+03
+12341E+403
V12636E403
V134236403
+14228E+03
V1S052E403
J15897E+03
V16398E+03
V165726403
+16747E+403
v 147465E+03
v 16924E403
+17101E+03
V174596403
V176395403
V174576403
178216403
V18003E+03
,18187E+03
,18574E+403
(19524E+03
,20503E+03
V21516E+03
V22566E403
L234546E403
V24790E4+03
V25972E403
\27204E+03
V28498E+03



CANOOEFO2
CHA000R402

GO0 1 GR
L SH000E O
SUNO0EHGT

HE000E4 02
Vs D OQEOR
+E2000E402
cH2NU00E402
+98000E+02
LOBS00E+02
HP000E402
JHYBO00E402
HO000F+02
+HOH00E+T02
+61000E+02
«H1H00E+02
sSH2000E4+02
dHPL00E+02
+63000E402
+HINO0ELO2
+&53000E402
+ 64A000E+02
«SS000E+02
AHEGO0EL02
JHH000E+02
+HEB00E+02
HEBZOE402
+66970F 402
+SH7000E402
«S57070E+02
+67170E402
JA7270E402
1 67470E402
+67500E+02
+467570E402
+67670E4+02
67770402
+67870E+02
+6B000ELO2
68500F+02
+6F000E402
«S5PTO00EF02
+Z0000E402
»70G00E+02
+71000E402
+71500E+02
«72000E+02
»72500E+02
« 7XOQ0E+O2
s 23500R 402
+74000E402
.74500E+02

7RG00EA402

u400F+0”
.26000&!0?
e THH00EH02

108

 29BGAEHO3
CA1281E+03
V327B4E403
. B4A37BE+03
V36069F 103
\I7870E+03
VAST97EH03
+41854F 103
- 44099103
6522E403
.49]65F+03
VE20LBEHO3
VG527BEH03
L58857E4+03
62RRSET03
. 67465E4+03
 7273BEH03
.78894E403
,86204E+03
+95062E+03
\10606E+04
\12014E+04
V13R97E+04
. 16543E404
V2057TE+04
,27498E+04
422R5E+04
+72092E404
. B9541E+04
VF660LE+O4
L 11852E405
W 17611E405
.34612E+05
V359 42E4+05
V27441E 405
V17646E405
V11646E405
' B6646E404
+ 6880BE+04
.54112E+04
\29131F+04
L 19456E+04
. 14295E+04
.11202E+04
,91114E+03
V7SRO1E+03
 64639E+03
V611X3E+03
\58861E+03
L 57120E+03
L 57958E+03
V591REE+03
L6047 4E+03
\61B22E+03
. 63224E+03
L 6A6B1E+03
V66192E403



CFTOCOEFOD
STTEHOORE4O2
y TEOOOE D
» 73%00E402
CSYGO0E402
¢ P9S00F 02
fBOOOOEA QR
LBO500E 02
+BTOO0E+02
+B1500E+02
«B2OGOE+O2
JA2500E+02
«83000E+02
+83N00F+02
+B4000E402
+84500E+02
«BS000E+02
+B85G00E+02
«B6OOOE+O2
+386500K+02
B7000E102
«87500E+02
+88000E+02
+83500E+02
+BP2000E+02
«BYPUO0EHO2
+FO0QOE+O2

109

+HT7LRE$03
67380403
71060403
fTRATI99ELQ3
7459 PE403
c76462F+03
+78393E+03
+803923E+03

. +82447E403

+B4418BE+03
+B46851E403
+89171E4+03
+P1083FE+03
+74093E+03
P6707E403
+99433E4+03
+10228E+04
+105258404
+10834E4+04
+11163E+04
+115053E+04
+11864F4+04
v 12243E404
+12842E404
+13064E+04
13511E404
+139R8GE+04
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COMPUTER PROGRAM TO INVESTIGATE THE DYNAMIC RESPONSE
OF MULTISFAN GIRDERS SUBJECTED TO PULSATING SUPPORT

SETTLEMENTS INDUCED BY YERTICAL EARTHRUAKE MOTION
AR AL L et S 2 P T I I LS A S X TR R

PROGRAMMED BY DR. C. YDO
AUBUST 1978
ON XEROX SIGMA 3, MARGUETTE UNIVERSITY

LT L Y e T I T T T P e e e ey
INPUT VARIABLES

HEAD=HEADING (UP TO 80 ALPHANUMERIC CHARACTER)
NFRG=NUMBER OF MODES IN FREE WIBRATION CONSIDERED
ITMAXsMAXIMUM NUMBER OF ITERATIONS IN NATURAL FREQUENCY ROUTINE
EPS1=TOLERANCE IN NATURAL FREGUENCY RDUTINE
NEPANsNUMBER OF SPANS (2 OR MORE) .
NTERM=NUMBER OF TERMS TD 8E SUMMED FOR INFINITE

SERIES (¥ OR MORE) ‘
NPQINT=NUMBER OF LOCATIDNS ALONG THE BIRDER ILENGTH

FOR'WHICH THE TIME HISTORY IS SOUGHT
10PT=1. PARTICULAR SOLUTION
=2 COMPUTATION OF NATURAL CIRCULAR FREGUENCIES ONLY

IPLOT=0 IF NO PLOY DATA FILE IS DESIRED

=1 OR ANY INTEGER IF A PLOT DATA FILE 1§ DESIRED
IEQASP=0. THERE ARE NO EGUAL SPANS

a1 OR ANY INTEBER IF THERE ARE EGQUAL SPANS
TL=TOTAL SPAN LENGTH
SMsMASS DENSITY PER UNIT LENGTH OF THE GIRDER
EsYQUNG 'S MODULUS
AI=MOMENT OF INERTIA OF THE GIRDER
DT=DURATION OF EARTHGUAKE
TINT=TIME INCREMENT FOR THE TIME HISTORY
WFsANGULAR (CIRCULAR) VELOCITY OF EARTHQUAKE (RAD/SEC)
DEL(1)aMAXIMUM AMPLITUDE OF SUPPORT SETTLEMENTS RELATIVE

TO BOTH END ABUTMENTS

AL(1)=X-COORDINATE OF INTERNAL SUPPORT
X{I)=«X=-COORDINATE ON THE GIRDER FOR WHICH THE TIME

HISTORY 1S5 SOUGHT

cetssrnarasnsveassa X

. CARTESIAN COORDINATE

Y

INPUT SEQUENCE

NO CARDS VARIABLES FORMAT

1 HEAD 20A4

1 NFRQ:NSPAN:NTERM . NPOQINT. IOQPT,IPLOT, 715,7G10.0

IEGSP, TL,SM.E: XI. DT, TINT ,WF

1 DEL(I) 10G10.0

1 KL (1) 10G10.0
IF(IOPT.EQ.1) SKIP THE FOLLOWING CARD

1 X1} 10G10.0

{F(I0PT.EQ.1) SKIP THE FOLLOWING CARD
1

IMAX.,EPS1 110.G10.0

IMPLICIT DOUBLE PRECISION{(A-H.0-Z}

REAL HEAD(Z0),AA(10000)

DIMENSION A(5000),LKI(10000)

COMMON AA

EQGUIVALENCE (AA{1)AL1)) (AA(L) . LKI(1))

COMMON/SETUP/TL ,SM,E, X1, DT, TINT,.WF.EPS1,PAT,EX,CH . NSPAN, NTERM,
1 NPOINT.NS81,NT.[N,IO,I02,I0PT,IPLOT.IMAX.NFRO.NTERM1, IEASP
IN=3J

10=6

102=3

[pg=2

DYNAQOO1
DYNAQOOZ
DYNAOOOI
DYNAOOOG4
DYNAGOOS
DYNAOGOQB
DYNAGOO?
DYNAQOQOB
DYNAOOOZ
DYNAQGO10
DYNAOO11
DYNAGO12
DYNAQOD13
DYNARCOL 4
DYNAOO1S
DYNAOOLS
DYNAOOL?
DYNAOOLB
DYNAOO1S
DYNAOOZO
DYNAQOZ1
DYNAQO2Z
DYNAROOZ3
DYNAQOZ 4
DYNAGO2S5
DYNAQOZB
DYNADOZ7
DYNAQQZS
DYNAQOZ2S
DYNROOJO
DYNAQOQ31
DYNAQO32Z
DYNAQO33
DYNAOO34
DYNAOQ3S
DYNAOQO3E
DYNROQ37
DYNAOOSB
DYNADOQ39
DYNAOQSD
DYNAOO41
DYNAQO42Z
DYNADO43
DYNAOO44
DYNAQD4S
DYNAOOAB
DYNAQOA7
DYNAQO4B
DYNADOO4S
DYNADOTO
DYNAOOS1
DYNADODS2
DYNAOOS3
DYNAQOS4
DYNAOOSS
DYNAQOSE
DYNAQOS7
DYNAOOSB
DYNAOOSS
DYNAGOSO
DYNAOOG1
DYNAQOB2Z
DYNAQOGBI
DYNAQOG4
DYNADOBS
DYNAQOGE
DYNAQOB7
DYNAOGOESB
DYNAOOED
DYNAGO70
DYNAOO71
DYNACO72
DYNAOO73
DYNAOG74
DYNAOUT7S



OO0

112

988 READ(IN,300,END=989) HEAD DYNAOOT78
500 FORMAT (20A4) DYNAOOT?7
WRITE(ID.B00) HEAD DYNAQO78B

800 FORMAT{1H1,Z20A4) DYNAOO78
READ(IN.S01) NFRO,NSPAN,NTERM,NPOINT,IOPT,IPLOT,IEGSP,TL,8M.E, DYNAOOBO

1 XI.DT,TINT,WF DYNAOOS1
$01 FORMAT(71S,7G10.0) DyYNAOOBZ
NS1=NS8PAN-1 DYNAOOB3
NTERMI «NTERM+20 DYNAOOB4
DYNAOOQBS

NTeDT/TINT+1 DYNAQOBE
IF(NT.LT.2) NT=2 DYNAQO87
IF{NS1.EQ.0) G0 TO 996 DYNAOOSS
NZ2=1+NS1 DYNAQOS9
N3=NZ+NE1 DYNAROQS0
NGsNI+NPOINT DYNAQOS1
NS=aNA+NT DYNAOOSZ
NE=NS+NT DYNA0O93
N7aNG+NT DYNAONSS
NBaNT7+NT DYNAOOYS
NBaN8+NT DYNAOQSE
N1O=NI+NT DYNAOQS?7
N11=N1O+NTERM DYNAOOSB
N1ZaN11+NTERM DYNAOOSS
Ni13=N12+NS1#NTERM] DYNAOL10O
N142N13+NTERM DYNAO10O1
NiSsN14+NTERML DYNAO1O2
N18aN1S5+NFRA DYNAO103
N17=N1B+NFRO DYNAQ104
N18=N17+NS1 DYNAQ103
N1S9=sN1B8+NS1#NS1 DYNAO108B
N20= (N19+NS1#2}#1DS DYNAQ107
NSIZE=N20+NFRG DYNAG108
IF(NSIZE.GT.10000) GO TO 9897 DYNAO109
WRITE{ID.B01) NSIZE DYNAO110

801 FORMAT(//° ', 'BLANK COMMON ARRAY .17} DYNAOL 1L
CALL MAINCA(1Y . A(NZ2)  AINI),A(NE) yA(NS)  A(NB) rA(NT) ,» DYNADI112

1 AINB)I,AINS),A(NIO),AINIL},AINLZ2),A(NI3) A(NL4) A(NLIS), DYNAC113

2 AINIB) rAINI7)  A(NLB) (AINLB) LKI{N20) ,.HEAD) DYNAOL1G

GO TO 998 DY¥YNAO1L1S

997 WRITE(1D.802) NSIZE DYNRO116
802 FORMAT(//* ‘. ’YDUR BLANK COMMON ARRAY MUST BE'.I7) DYNARO117
60 TO 998 DYNAO118

998 WRITE(IO.B603) NSPAN DYNAC11S
803 FORMATC(//° ', 'THIS IS NOT A MULTISPAN GIRDER',ID) DYNAG120
G0 1O 9598 DYNRO1Z21

298 sTOP DYNAQC1I22
€ND : DYNAC123
SUBROUTINE MAIN(DEL HL X PYsPYT,PYT2,PM:PR.TT s XTC, KT, DYNAO124

1 XN,ON,P.FRQ,DET,.RP,RCOEF ,WKAREA: ITN,HEAD) DYNAO12S
IMPLICIT DOUBLE PRECISION(A-H.D-2) DYNAG126
REAL HEAD(Z20) DYNAO1Z7
DIMENSION DEL(NS1) ., XL (NS1},X(NPOINT),PY{NT),PYT(NT),PYT2(NT)}, DYNAO1Z8

I PMINT)Y.PR(NT) , TT(NT) . XTC(NTERM)  XT(NTERM)  KN(NS1 NTERML) » DYNAO128

2 DN(NTERM) ,P(NTERM1).FRG(NFRQ) DET(NFRQ) .RP(NS1),RCOEF(NS1,NS1}, DYNAO1I30

3 WKAREA(1), ITN(NFRG) DYNAQ131
COMMON/SETUP/TL,SM,E,X1,DT, TINT,WF.EPS1.,PAI,EX,CX.NSPAN,NTERM DYNAO132

1 NPDINT NS1:NT,IN,IO,I102,I10PT,IPLOT,IMAX.NFRA-NTERM], IEGSP DYNAQ133
DYNAGC134

COMMON FACTORS DYNRG13S
DYNAG136

EX=E#XI1/(SMsTL#%4)} DYNARQ137
WFZ=WF*e2 DYNAOC138
PAISDATAN(1.DO}=4, DYNAC139
CH=DSOART(Z./ (SM*TL)) DYNAO140

GO0 TO ¢(201,.202,203).10PT DYNAOL41

201 WRITE(IC.701) DYNAOL4Z
7014 FORMAT(//' /,» 'PARTICULAR SOLUTION//) DYNAO143
GO TO 205 DYNAO144
203 WRITE(IO,702) DYNAO14S
702 FORMAT(//* ', "NATURAL FREBUENCIES AND PARTICULAR SOLUTION'//) DYNRQ148
GD TO 203 : DYNADL47
202 WRITE(LIO,703) DYNAG148
703 FORMAT(/s’ ', 'COMPUTATION OF NATURAL CIRCULAR FRERUENCIES ONLY‘//)DYNAO149
205 READ(IN,500) {(DEL(I),I=1,NS1) DYNAQ130



ooy

3090

704
S0t
708

215

208
489

DODORDDUR LN~

150

100

105

44
42

113

FORMAT(10G10.0)

READ(IN,S00) (XL(I).Iai,NS1)
IF(10PT.EQ.2) GO TO 704
READ(IN,500) (X(I}sI=1.NPOINT)
IF(I0OPT.EG.1) GO TO 705
READ(IN,501) IMAX.EPS!
FORMAT(I10.:610.0)

D0 215 N=1,NTERM!

PAIN=N#PAL

PAINTL=PAIN/TL

P(N)=DSART (PAIN®#4*EX)

DO 213 I=1.NS!

XN{I N)=CX2#DSIN(PAINTL#XL(I)}
IF(IOPT.EQ.1) GO TO 208

CALL FREQ(P,XN,FRQ:DET.ITN.RCOEF . WKAREA)
IF(IOPT.EQ.2) GO TO 58

ECHO PRINTING OF PARAMETERS

WRITE(IO,G98) TL,SM,E:XI1,DT,TINT WF,NSPAN,NFRA:NTERM, NFOINT

FORMAT(//°0, 'TDOTAL SPAN LENGTH =',D10.8/
' 'y 'MASS DENSITY PER UNIT LENGTH =',D10.4/
* ' 'YOUNG’ ‘S MODULUS ) =‘vD10.4/
Y 'y 'MOMENTY OF INERTIA =‘,D10.4/
‘5 ‘DURATION OF EARTHQUAKE =,D10.4/
‘ ‘+ ‘TIME INCREMENT IN TIME HISTORY =/,010.4/
'y ‘EARTHRUAKE (ANGULAR) VELOCITY =,D10.4/
7 '+ ‘NUMBER OF SPANS =, 110/

‘ ‘' ‘NUMBER OF MODES IN FREE VIBRN =,110/
Yy 'NUMBER OF TERMS TO BE SUMMED =4, 110/
‘ ‘y ‘NUMBER OF LOCATIONS (T HISTORY) =’,I110)

DO 150 Ii=f,NS1

DO 130 IZ2=1,NSt

RCOEF(I1.,12)=0.

PO 100 N=1,NTERM

PAIN=PAI*N

PAINTL=PAIN/TL

DEN=P (N)##2-WF2

ADEN=DABS(DEN)

IF(ADEN.LT..0001) GO TO 100

DO 100 Ii=1,NS1

DO 100 [Z2=1,N81
RCOEF(I1,1I2)=RCOEF(IL1,I2)+XN{IL,N}*#XN(IZ,N)/DEN
CONTINUE

po 108 I=1,NS1

RP(I)=DEL(I)

Dis-}, ) ) -
CALL LINV3F(RCDEF.RP,2,NS1,NS1,D1,D2Z,WKAREA, JER)
DO 50 NP=1,NPOINT

DO 31 K=3,NT

PY{K)=0,

PYT(K)=0.

PYT2(K)=0,

PM{K)=0.

PG(K)=0.

Te(K~1}+#TINT

TT(K)=T

DO 45 N=1,NTERM

SWT=WF*T

SWTSIN=DSIN(SWT)

SWTCOS=DLOS(SHT)

PAINEN#PAIT

PAINTL=PAIN/TL

DEN=P{N)#»2-UWF2

ADEN=DABS (DEN)

IF (ADEN.LT,.0001) GO TO 45

DN(N)=0.

0 44 1=1,NS1

DN{N)=DN(N)+RP(I)#XN(I,N}/DEN

XTCUIN)} =CK*DCOS{PAINTL*X(NP})

KT (NI asCH#DSINI(PAINTLRX(NP))

PY{K)=PY (K)+XT{N)#DNI(N)#SWTSIN
PYT(K)aPYTLK)+XT{N)#ON(N) #WF#SWTCDS
PYTZ(KI=PYT2(K)I+XT(N) #DN(N) » (~WF#x225UTSIN)
PMIK) =PM(K)+ (PAINTL#%22XT (N)*DN (NI #SWTSIN) #EaXI

DYNAOLSI
D¥NAO152
DYNAOLS3
DYNAGL154
DYNAOLSS
DYNAO 136
DYNAOLS?
DY¥NAO 158
DYNAQLS3
DYNAO1BO
DYNAO1E1
DYNAO162
DYNACIG3
DYNAO1B4
DYNRO1BS
DYNAOLIBSE
DYNAO187
DYNAODLGE
DYNAO1GS
DYNAGL170
DYNAO171
DYNAQ172
DYNAOL173Z
DYNAQ174
DYNAOLTS
DYNAOL7E
DYNAQ177
DYNAQLT78
DYNAOL79
DYNAQL1BO
DYNAO181
DYNAOLB2
DYNACLB3
DYNAOLB4
DYNAO185
DYNAO186
DYNAO1B7?
DYNAO188
DYNAO 188
DYNAC180
DYNAO191
DYNAC192
BYNAO183
BYNAO184
DYNAQ195
DYNAO196

- DYNAOLEY

DYNAO198
DYNAO199
DYNAOZ0Q
DYNAOZ01
DYNAO202
DYNAO203
DYNAO204
DYNAQZ0S
DYNAOZ0B
DYNAOZO7
DYNAOZ0B
DYNAOZ09
DYNAOZ210
DYNADOZ211
DYNAOZ1Z
DYNAOZ13
DYNAOZ14
DYNAOZ1S
DYNAOZ1E
DYNAO217
DYNAOZ1S
DYNAOZ21T
DYNAOZ220
DYNAOZ21
DYNAOZZZ
DYNAOZZ

DYNAOZZ4
DYNAOZ2S



439
51

700
805
G086

82

83
668

B7
70

71
73
79

79

2
oS

GO7
810

G611
812
S0
59
800
801

802

803
999

53

72
73
70

114

PR(K)=2PR{K)-(PAINTL®=#3#XTCI(N) #DN(N) *SWTSIN) #E#X1
CONTINUE

CONTINUE

WRITE(ID,700)

FORMAT(/ /)

WRITE(ID,BO5) X(NP)

FORMAT (1M1, 'TIME HIBTORY FOR THE POINT( X=/,D9.3.,' )'/)
WRITE(ID,GOB)

FORMAT(' ‘+' TIME PART~DISP PART-YELDO PART-ACCL PART-MOMT~
1 ¢/ PART-SHRF')

APY=0.

APYT=0,

APYTZ=0.

APM=0.

APQ=Q,

DO 52 I=1.NT

IF(APY-DABB(PY(1))) €2.:62,B63

TPY=TT(I)

APY=DABS(PY(I))

IF(APYT-DABS(PFYT(I})) GG,B8,67

TPYT=TT(I)

APYT=DABS(PYT(I))

IF(APYT2-DABS(PYTZ(I))) 7G,70,71

TPYT2=TT(I)

APYTZ=DABB{PYT2(I))

IF(APM~-DABS(PM(I))) 74,74,73

TPM=TT (I}

APM=DABS(PM(I))

IF(APG-DABSI(PR(I1))) 78,78.72

TPA=TT(I)

APG=DARS(PR(I))

CONTINUE

WRITECID,BO7) TT(I)PY(IX,PYT(I),PYT2(1),PM(I),PGL(T)
WRITE(ID,B10)

FORMAT(BD10.3)

FORMAT(/* ., "MAXIMUM ABSOLUTE YALUES'/)
WRITE(ID,6811) APY APYT,APYTZ,APM,APQ

FORMAT(’ MAX ABS ‘,5D10.3)

WRITE(IO,E12) TPY.TPYT,»TPYTZ.TPM.TPQ

FORMAT(* CORR TIME',5D10.3)

CONT INUE

IF(IPLOT.EG.0}GD TO 9898

WRITE(IDZ,B800)HEAD

FORMAT (20A4)

WRITE(IO2,801)NFRG,NS1,NTERM

FORMAT(315)

WRITE(ID2,802)TL,E- X1, WF.CX

FORMAT(3D25.16)

WRITE(IOZ,BOZ)Y(P(N),N=1,NTERM)
WRITE(IO2,802) (DN(N) . N=1,NTERM)

DO 7 I=1,NS1

WRITE(1DZ2,B802) (XN(I,N) N=1,NTERM)

WRITE(IODZ,803) (XL(I1),I=1,NS1)

FORMAT(SE15.5?

RETURN

END

SUBROUTINE FREG(P,XN.FRA.DET,ITN,RCOEF ., WKAREA)
IMPLICIT DOUBLE PRECISION(A-H.0-Z)

DIMENSION P(1),DET(1),FRE(1),ITN(1),XN(NS1,1),RCOEF(NSB1,1),
* WKAREA(1)
COMMON/SETUR/TL, SM,E, X1, DT, TINT,WF,EPS1,PAI,EX:CXNSPAN,NTERM,
1 NPOINT,NS1,NT,IN.I0,102,I0PT, IPLOT,IMAX,NFRG,NTERML,IEGSP
FMAX=1.D+4

DO 53 I=1.NFRQ

FRQ(1)=6.0
DET(I)=0.0
ITN(I)}=0O

[F(IEQSP.ER.Q) GO TO 70

DD 72 I=1.NFRQ

JFRA=1+¢1—-1)*NSPAN

IF(JFRQ.GT.NFRQ) GD TO 73

FRO(JFRA) =(NSPAN*#PAI# [ ) %4 2%DSART (E*XI/ (SMRTL*%4))
CONTINUE

DO 74 1=1,NFRQ

IF(FRQ(I).GT.0.0) GO 1O 74

DYNADZ28
DYNAQZ27
DYNA0228
DYNA0229
DYNA0OZ30
DYNA0O231
DYNAO232
DVYNAOZ233
DYNAOZ34
DYNAOZ35
DYNAOZ3E
DYNAO237
DYNA0238
DYNA0239
DYNAO240
DYNAOZ41
DYNAOZ4Z
DYNAOGZA43
DYNAOZA4
DYNAO24S
DYNAG24E
DYNAO247
DYNAO248
DYNAOZ49
DYNADZ30
DYNAO251
DYNRO2Z52
DYNAO253
DYNAO2S4
DYNAOZSS
DYNAOZ5E
DYNAO2S7
DYNAO258
DYNA0259
DYNAO2E0
DYNAOZE1
DYNAO262
DYNAO263
DYNAOZG4
DYNAO2ES
DYNAO2ZEE
DYNAO2B7
DYNAOZES
DYNA0269
DYNAOZ70
DYNAO271
DYNAO272
DYNAD273
DYNAOZ 74
DYNAOZ27S
DYNAOZ76
DYNAOZ77
DYNAOZ78
DYNAOZ79
DYNAO2B0
DYNAO281
DYNAG282
DYNAOZ83
DYNAOZBA
DYNAO2BS
DYNAO28E
DYNAOZB7
DYNA0ZE88
DYNAOZBS
DYNAOZS0
DYNAOZB1
DYNAOZ82Z
DYNAOZS3
DYNAOZ94
DYNAQZBS
DYNAO296
DYNAOZ87
DYNAQZ9E
DYNAOZ299
DYNAOIOO
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39

600
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a4
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801

74

79
GOz
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IF(1.E@.1) GO TO 75
¥1=FRA(I-1)#1.05

Go TO 78

XK1=P 1)

DELX=X1/50.

ITR=1

CALL FX{FX1,X1,P,{N,RCOEF . WKAREA)
H2=H1+DELX

CALL FX(FXZ,%2,P, XN, RCOEF , WKAREA)
IF(FX1#FX2) 37,35,38

HD=X2

DET(I)=F}2

FRA(I)=XD

ITNCD) =ITR

GO TG 74

ITR=ITR+1

IF(ITR.GT.IMAX) GO TO 901

X12X2

FH1=FX2

GO TO 34

1F(DABS(FX2) .GT.FMAX*DABS (FX1) ! GO TO B0
IF(DABS(FX1).GT.FMAX*DABS(FX2)) GO TO GO
X3= (M1 #EXZ-MZ#FX1) 7 (FX2-FX1)

GO TO 61

KB=(X1+X2) /2.

CALL FX(FX3.X3,P, XN, RCOEF » MKAREA)
IF (DABS(FX3).GT.EPS1) GO TD 38
%D=x3

DET(I1)=F¥3

GO TD SO

IF(DABS(FX3).LT.FMAX) GO TO 40
WRITE(10,600) X3

FORMAT(/‘ ', 'DETERMINANT APPROACHING INFINITY FOR FREQG EQUAL TO

1 ,D12.5)
X12X3+DELX

ITR=0

GO TO 3z

IF(FX1%FX3) 42,46,41

XD=%3

DET(I)=F}3

GO TO 50

ITR=ITR+1

IF(ITR.GT.IMAX) GO TO 901

jt1=%3

FX1=FX3

GO TO 37

ITR=ITR+1

IFCITR.GT.IMAX) GO TO 901

HZ=X3

FXZ=FX3

Go TO 27

WRITE(ID,BO1) ITR,EPS1

FORMAT(/‘ ', ’NO CONVERGENCE INCREASE IMAX’, 18, OR .
1 ‘EPS1‘,D1Z.4)

CONTINUE

DD 78 I=1.NFRQ

WRITE(IQ.GOZ) I,FRER(I), ITNC(I},DET(I)

FORMAT (/' *, ‘FRE@ (MODE’,IZ,’' ) = ’,DS.4,’ AFTER',IS,’ ITRNS',
1 ' DET = ,D10.4)

RETURN

END

SUBROUTINE FX(DETER.WS,P,XN,RCOEF ;WKAREA)

IMPLICIT DOUBLE PRECISION(A-H,0-Z)

DIMENSION P(1),}N(NS1,1),RCOEF(NS1,1), WKAREA(1)
COMMON/SETUP/TL, SM/E, X1, D¥, TINT,WF,EPS1, PAL,EX,CX,NSPAN, NTERM,
1 NPOINT,NS1,NT, (N, ID,I02,10PT,IPLOT, IMAX,NFRA,NTERM] . IEQGP
DO 7 I1=1,NS1

PO 7 iZ=1,NS1

RCOEF (11, 12)=0,

DO 10 N=1,NTERMI

PAIN=PAI#N

PAINTL=PATN/TL

DEN=P (N)#%2-WS##Z

IF (DABS(DEN) .LT..1D-50) GO TO 10

DO 10 I1=1,NS1

’

DYNAG301
DYNAOJOZ
DYNAO303
DYNAO304
DYNAD30S
DYNAD30E
DYNAO30?
DYNAO3GE
DYNAO309
DYNAO310
DYNAQ311
DYNAQ31Z
DYNAO313

- DYNAOZ14

DYNAQ315
DYNAO31G6
DYNAO317
DYNAO318
DYNAO3LY
DYNAO3ZO0
DYNAO3Z1
DYNAQ3ZZ
DYNAQJ3Z2J
DYNAQ3Z4
DYNAO32ZS
DYNAO326
DYNAO3Z7
DYNAQIZB
DYNAG329
DYNAO330
DYNAO331
DYNAO332
DYNAG333
DYNAO33Z4
DYNAOI3S
DYNAO336
DYNAO337
DYNAO338
D¥NADI3E
DYNAO340
DYNAO341
DYNAD342Z
DYNAG343
DYNAO344
DYNAD34S
DYNAO346
DYNAQ347
DYNAQ348
DYNAGJA9
D¥YNAO350
DYNAO3S1
DYNAQISZE
DYNAOJS3
DYNADN3S4
DYNAOJ3SS
DYNAO3SE
D¥NAOIST
DYNAOSSE
DYNA0O3S9
DYNAQ3ED
DYNAD3E]
DYNAO3BZ
DYNAG3G3
DYNAO3G4
DYNAQ3GS
DYNAOIEE
DYNAOJIG7
D¥NAO3ES
DYNAO3ES

DYNAQ370

DYNAO371
DYNAG372
DYNAOJI73
DYNAQ374
DYNADO37S
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DO 10 12=1,NS1
RCOEF(I1,12)=RCOEF(I1,I2)+}NCIL,NI#XN(IZ, N)/DEN

CONTINUE
D1=0,

CALL LINU3F(RCOEF,B.4,NS1,N51,D1,DZ,WKAREA,IER)

IF(DZ2.LT.200.)G0 TO 12

WRITE(IQ,B00IHS

BOO FORMAT( ‘' DETERMINANT APPROACING INFINITY FOR FREQ@ EGUAL TO
D12.53} :

GO TO 13

DETER=D1#2##D2
IF(IER.NE.GS.!GD TO 15
WRITE(IN,S553)

FORMAT (/7
RETURNMN
END

A SINBULAR MATRIXM WAS ENCOUNTERED. '/)

DYNAO37B
DYNAO377
DYNAD37B
DYNAO379
DYNAQ380
DYNAO3E1
DYNAOIBZ
DYNAOZB3
DY¥NAO384
DYNAO38S
DY¥NAQ388
DYNAO3B?
DYNAO388
DYNAD3BY
DYNAO380
DYNAO3J91



6 HOMS

! A COMPUTER PROGRASM TO EVal.UATE THE FORCED YIBRATTON nrse- £
" LACEMENTS » MOMENT AND SHEAR FOR A CONTINUEQUS CEAMyUSING *
1] PHE YNAMTE THREE MOMENT EQUATION, LS
(W X
L3588 S KRR OHOK R HCROK O A OK 6 SRR K R K AROK R SOK 3K K S K 3K K 3K K KKK K K KKK K
[ X
{ FREDGRAMMED SRRING 1980 FOR XEROX G1GMa 9 X
{ AT MARQUETTE LNTVERSTTY *
[ ¥
23S SRORSOROKCE K O 9K R S  oKR S SRS R3O R OR KK oK o o o 0 o oK 2 ok 28 K 0K ke ORIk Ok 0k K IO HOKOHROR K
C K
% DEFINITION OF VARTARLES ¢ *
™ K
™ HEAT = TITLE COMFOSED OF UF TO 80 ALFHANUMERIC CHARAUTERS X
N NEFAN = THE N, OF SPANS *
[ W = FORCING FREQUENCY (RADVSEDR) *
(W SLLD = SFAN LENGTH OF SPAN I X
[ YMCL) = YOUNG/S MODULUS OF SPAN T *
[ QI = MOMENT OF INERTIA OF SFAN I *
[ GHAMCD = MASKS OF SFPAN T *
[ BELMAX (J) = AMPLITUDE OF VIBRATION OF SUFFORT J *
i TTYRE = ALPHANUMERIC STRING OF FOUR CHARACTERS THaAT SHOULD X%

RE INFUT AS 7 TIME ‘WHEN THE DISPLACEMENT»MOMENT s X

SHEAR AS A FUNCTION OF TIME AT SPECIFIC POINTS ALONGX
THE BEAM SFANITYDE SHOULD BRE INFUT AS © DIST ¢ WHENX
THESE FUNCTIONS ARE DESIREDR TO BE EVALUATED W.R,T

M NTSTANCE ALONG THE SPAN AT CERTAIN FOINTS IN TINE
; THE FOLLOWING DEFINITIONS HOLD WHEN [TYFE=TIME
HNEQENT = NO. OF FOINTS WHOSE TIME HISTORY ARE SOUGHT
: ATOND w THE X COORDINATE OF THE FOINT N WHERE
: THE TIME HWISTORY IS SOUGHT
BHORT = MURATION OF EARTHRUAKE
XTINT = TIME INTERVAL FOR THE TIME HISTORY

THE FOLLOWING DEFINITIONS HOLD WHEN ITYPE=NOISY

NFDINT = THE  NUMBER OF FOINTS IN TIME FOR WHICH THE
FUNGCTIONS ARE TO BE EVALUATED FOR  SFPECIFIC FOINTS
ALONG THE HEAM SIHAN.
KTLND a THE TIME COORDINATE OF FOINT N
IF XT(N) I8 INPUT A8 #99, THEN THE PROGRAM
AUTOMATICALLY CHOSES THE TIME FOR MAX FARTICULAR
RESFONSE T=FI/(2.,¥WF)

T3

HRORT = TOTAL HFAN LENGTH
# XTTNT = DISTANCE INTERVAL ALONG THE SPAN FOR WHICH
Y THE FUNCTIONS ARE TO BE EVALUATEDR ‘
HCHOROIOIOR RORSOIORAOKK 3K KKK R HOKK A KHOK R JOK KKK AR OKOK KRR ROR KK KKK KRR A K Kok ok
THPLT CARDS SEQUENCE 3
NG OF
CARDS VARIABLES FORMAT
H 1 HEAL (20a4)
. 1 I0FT»NSFAN, TEQSGH : (315)
1 MRy TMAX s EFSL £215+610.0)
1 TTYFEyNFOINT s WF o SXORT « XTINT (A4 TS5y3G10.0
NGFAM GlCTy oYM e SICI s BSAMCTY (4G10.0)
; NEFAaMN-1 NELMAX D) (10610.0)
: MFDTNT XT(N? C10G10.0)

¥**#****¥W*#******#X****#******K#****************#***#**#*#******Y***

W M IR W H YW W I K N M MW N IE MM FE KW I A I KKK M MWW KRR

IMPLICTIT DOUBLE PRECISTIONCA=Ms0-Z)

OTHENSTOM HEATI(20) ~#l{2000)

OMMON SETUR/ WE  8X0RT yXTINT EFSLyF Ly NGRANyNSUF s NFOTNT yHXORT
¥ NERRs TMAX s INs 100 I0FT, ITYPE » [EQSE

COMMON 410005
EAULVALENCE (ALY s MNCL D)
T Mty

f_ﬁ::::,c\

MOMZ000 1,
MOMI000H!
MOMI0003
MOM30004
MOMIQO0T
HOM30004
MOM30007
MOMZOOOH
HMIM30009
MOMS0010
MOMIOO11
MOMI0012
MOM30013
MOM30014
MOMI0ONLS
MOM30016
MOM30017 .
HOMA0018
MOM30019
MOMIQ020
MOM3I0021
MOM3C022
MOM300L3
MOM30024
MOM3002S
MOM3I0024
MOM30027
MOM30G28
MOMIONO29
MOM30030
MOM30031
MOM30032
MOM30033
MOM3I0034
MOMIO03Y
MOM30036
MOMIQ037
MOMI0038
MOMB003Y
MOM30040
MOM3I0041
MOM30042
MOMI0043
MOMI0044
MOM30045
MOM30046
MOM3O047
HOM30048
MOM30049
MOM3I00E0
MOM300% 1
MOMIOO%

MUM30053
MOMZ0054
MOMIOOES
MOMI00GE6
MOMI0O57
MOMIONOHH
MOM30059
MOMI0060
MOM30061
MOMINOHD
MOM3I0063
MOMIOG64
MOMIOO60
MOM30066
MOMZO06Y
MOMI004E
MOME006Y
MOMIOOTH
MOMA0071
MOMI0O72
MOM30073
MOM30074



QR
U0a

GO0

501

%503

105
G04

110

A02

P98
HO1
Yo7

4.1

601

1%
402

FEATICTNG 500 s END=PR7Y HEAD
FORMAT (Z20A4)
WEILTESCTOY 6()())HE€11]

FORMAT LMLy /77 2 5 20A4)
Irﬁﬂ(IN;:Ol)rUPTfN SR AN TEQSH
FORMAT (L%

TFCLOPT EQL 16O TO 105

READC TN SHODINFRAy IMAXEFEL
FORMAT (DTS¢ G10.0)

NXORT =0
NE'OIN

IFCIOPTEQ.260 TO 110
READCIN 504 TTYPEYNPOINT»WF oy SXORTs XTINT
FORMAT (A4 15, 3G10,0)

NXORT2SXORT/XTINT+1

NELUF=NSFAN-1

L= +NSFAN

L3=L 24+ NSFAN

La={ 3+NEFPAN
LA=L4+NSFAN
L. &=L S+NSUEF
.7
[

=L &ENSUF

Bl 7 NS
LG=1L 84NPOINT
L1O=L24+NX0RT
L13=L10+NXORT
L12=1 L 1LENSUP¥X2
L 13=L12+NFRQ
L14=L13+NFRQ
Li%=20CL1a+2%NEUF)Y +1
NGTZE=L 154NFRQ
WRTTE(IOr402) NSIZE
FORMAT (/70 2 "RLANK COMMON SIZE/»Té)
TFNSIZE.GT.2000) GO TO 998

CALL MOMATINGACL) »yAL2) y ALY v ACLA) r ALLEY v ACLLE) yALLT ) » AL 2 A (LPD »

5oAlL10) yA(LIL) yALLLIZ) JACLIZY vACLLIAY s NNCLIE))

BOOTH 999 ‘

WETTE (T, 601 NSTZE

FORMAT (/77 v  THOREASE HLANK COMMON ARRAY UP O /5 14)

QTOF

B

SUBKOUTINE MOMAINC(SL » YMy Sy SSAMyDELHAXy TMyVECTORY XTr X5 Ty
LOALEHA Y FRO DET » WKAREA, TTND

THELICTT NOUBLE FRECTSTONCA=Hy0-2)

DEMENSTON Sl (NSFAN) » YMONSFAN) s 5T (NBFAN Y  SHAN (NSFAND »
1 DELMAX (NSUF Y « TMONSLUF )Y s VECTOR CNSUF ) » XT (NPOINT) »

2 ALFHACNSUE s NBUF Y » XCNXORT ) v TONXORT) » FRO(NFRA) s DET (NFRAD »
3 WKAREA (2XNSUR) » TTNCNFRE)

BOMMON ZBETUR/ WEySXORT» XTINTyEFSL»# Ty NGPANyNSUP » NPOTINT « NXORT »
¥ NERG, THAX» TN, L0 TORFT» TTYPE Y TEQSF

INITYALIZATIONy READ WRITE BLOCK

Fr=2.kIASTNC(L . D0)
G0 I=1 9 NSFAN

READCINGYGOS SL(E) s YMCT) » ST (I » SEAMCT)

IFCIOFT.EQ, GO TO 177

DG 10 [=1,NSUF

REATICINYG03 BELMAX ()

REANN (INsSO3Y (XT(I) # I=1 o NFOINT)

FORMAT C10GLO3)

FCIOPT.EQ.LDGO TO 7

Gl MOFREQ(FRODET TTNs ALFHA» VECTOR y WKAREA » 81y Y My 8EAM S 1)
TFCIORT.EQ.D) 6O TO 17

TFOLTYPE CNELAHDISTIGE TO 15
WERITECTOry60LINSPAN WF » SXORT y XTINT » NEOINT

FORMATC, 77 NSFAN = L10e sy
* © FORCING FREQUENCY (RAD/SER) G O KoY )
* TOTAL 8PanN LENGTH #ONLQ Ay
X CRITANCE INERVAL ALONG THE SPaN = U049/
X CONOL OF POTNTS IN TIME =°F1Q)

O TH 17

WRTTECTOy SO23HBFAN WF » BXORT » ATINT o NFOINT

FORMATC/ 77 NSPad EAS N R
X COFORCING FREQUENCY (RAL/SEC) ANV NE E

* CODURATION OF EARTHOUARE ERN XN O S

MOMEOO?T
MOM3I0074
MOMI00F?
HOMI0078
MOMIN079
HOMIOOH0
MOMEC0H 1]
MON30082
MOMI008%
MOM30084
MOM3I0068E
MEOMIGORA
MOKH3I0087
MiM30088
MIM3I008%
HOM30090
HOM3I00P 1
MOM300P2
MOMIN093
MOM30094
MOM3I009S
MOM30096
MOM3I0097
MOM3I0098
MOM3IN09Y
MOM30100
MOM30101
MOM30102
MOM30103
MOM30104
MOM3010%
MOM30104
MOMIO107
MOM30108
MOMI0109
MOM3I0O1190
MOM30111
MOM30112
HOM3011.3
MOM30114
MOM30115
MOM3O116
MOM3G1L7
MOM30118
MOM30119
MOM30120
MOM30121
MOM30122
MOM30 123
MOM30124
MOMI0125
MOM30126
HOM30127
MOM30128
MOM30129
MOMIQ130
MOMA0131
MOM30132
MOM30133
MOM3I01 34
MOMIE0 LI
MOM30134
MOM30137
MOM30138
MOMI0139
MUOMZ01 40
MOMIO1 41
MOM3IOL42
MOM3I0143
MOM3I0144
HOM30145
MOMI0T44
MOM301L47
MOM3Q148
MOM3014%
HOM3IN 150



4T EN TEME HISTORY S (N NV T MOMIOLY

¥ COTIME ENCRE
: FONGQs OF PFOLNTS WHERE HISTORY SOUGHT =" T10) MO0
L7 00 N0 Ta) » NGFAN MOM30]
WO WRITECIOe 4035 TS 0T) o ¥ ML) 28T (T v BSAMCT) MOM30]
AHO% FORM&a (S FOROTHE SPAN NGO, 712/ 7y MO0

X COTHE SPAN LENGTH IS . 8 G NP TV MOM3D 156
X YOUNGE MODULUS I8 MGV LV MOMIO1SY
3 ‘ THE MOMENT OF INERTIA IS #WLO Ay /ey MOMIO LG8
* COTHE MABS PER UNLIT LENGTH IS w10 4) HOMIOLEY
FCLOPY  EQ.2060 TN 799 HOM301 80
nao2E L=l e NESUR HOM30161
25 WRITECTIO»H04) Iy DELMAX (L) MOM3IOL42
S04 FORMAT (/7 FOR THE SUFPORT NO.I2//» MOM3I0163
X COTHE AMPLITUDRE OF SETTLEMENT IS =0110.4) MOM30L64
MOM30163
CALCULATION OF THE DYNAMIC MOMENTS AT THE INTERIOR SUFPORTS MOM3G166
MOM30167
TH) 12% Tw=1»NGUF MOM30148
NG 125 J=1,NSUP MOM301469
12% ALFHA(Ty 1) =0, MOMIOLT70
0 150 TR=1»NGUP HOM3I0171
GARMMA=0 . MOMI0172
MOMAO173
MOM30174
TR R MOM3O175
TR =IR~1 . . MOM3O174
B (SEAM IR KWF KK/ CYMOTRYRST (TR ) dkx, 25KEL (IR MOM3DL77
cxCUCOSHORR) /DB TINHCER Y ~DCOS (BRD Z/DSINCEBRY ) /BR MOM30178
(RCOBHORR) /NSINHCRR) +NCOS (BR) /7NSIN(BR )Y ) XBR MOM30179
(SSAM( TRR Y KWFRR2/ (CYMCIRR) XST CIRR) ) ) %0k . 2BX8L (TRRD MOM30 180
s (NCOSHCBER L) /NS INHCER L)Y ~DHCOS (BR1Y /DS INCRRL) ) /BRL ‘ MOM301L81
g L (HENSHOAR 1) ZDSINHCRR I A NGOG (BRL) /DSINCER L) 1 XBR L MOM30182
ALFHACTR Yy TR =GL (IR XHIBR/SI (TR +SL ( IRR) XH1BR1 /8T (TRRO MOM30183
GAMMA= (F1BR/SL (IR +F1BRT /8L CIRR) D XDELMAX (IR KYMCIR) MOMEG104
TFONSBUFEQL 160 TH 140 MOM30185
HRRR= (L /JOSINCBR) ~1 . /UBINHCBR) ) /BR MOM30186
FRRR=CL, /ZDSINCBR )+, /HBINH(BR) ) XBR MOM30187
HRBRL=(L /DSIN(BRL)~1, /RSINH(BRL)) /BR1 MOMI0188
FRRAL= () o /DSINCERL )41« /DSINH(BRL) Y XERL MOMI0 189
TFCIRGEQ.IIGD TO 138 MOM30190
130 ALPHACTIRy TRLY=H2BR*SL (IR)/SICIR) MOM30121
GAMMAL w~F 2HRRTELMAX ( IRL XYM (IR) /8L (IR) MOM3I0192
TFCTRGERWNSUFY GO TO 140 MOMIOL193
13% ALFHACIRy TRR) =H2BR1K¥SL(IRR) /S (IRR) MOM30194
C GAMMAR=-F2BR1IKDELMAX CIRRYXYHCIRR) /GLCIRR ) MOMIOLPS
La0 VECTOR(IR)=GAMMAL +GAMMALGAMMAR ‘ MOMI0176
L0 CONTINUE MOM30G197
IFONSUR,GT. 1) 6O TO 179 MOM30198
THOLy=UECTORCE Y ZALPHACL » 1) MOM30 199
G TO 200 MOM3O200
175 DD 180 I=1yNSUP MOME0201
LEO THMOTy=DECTOR(TY MOMI0202
[y d MOM3OGI03
CALL LINVUIF(ALFHAY TM» 2y NSUP s NSUF» D1 D2y WKAREA TER) MOM30204
IFOTERGEQ.AH B0 TO 500 MOM3Z0205
‘ HOM30206
CALDULATION OF THE NISF,MOMrSHEAR FUNCTIONS : HOMIGE07
MOM3I0208
200 LD 400 NFw=isNFOINT MOMI0209
YMaX=0, MOMIO210
RMMAX=0 . MOMIO2L1
AMAX=0 . MOMAOR12
TECITYRE NELAHTIMEIGD TO 210 MOM3I0213
STy 205 T=leNAGRT MOM302
XL b TONF) MO 3
TOE)um (I y kX TINT MOM3021
208 CONTINUE MOM30217
WRITECIOy605)XT (NF) MOM302148
05 FORMAT (1M1 /7 TIME HISTORY FOR THE FOINT ( X="(10.3+/)") MOM30219
G0 TR 230 MOM3O2290
210 FEOXTONR) JEQ.299.)8B0 TO 220 MOM30Z21
Ny 213 T=1 e NXORT MOMBO222

KO =(I=1)RXTINT MOM30223
TCL)=XT{MP} MOM3022
2% CONTINUE _ MOMIO22S




“Q

Ay

7y

G407 FORMATCLHL/ /7 MAXINUM FARTICULAR RESFONSE ALONG THE SFaN (T=¢

23

é

0

o
ke

0

WRLTE TGy 606 ) XT ONF

FORMATLAML /7 FARTICULAR RESPONSE ALONG THE SPaN aT  T=7112,8)

GO T 230

=9 9 NXORT
e d Y RXTINT
T(I)mtl/( « AWE )
CON
WRITE(IO&&O?)T(l)

S M2y "7
WRIFECIQYy 608) TTYPE

¢

S08 FORMAT(/Z715XrA49Xy "FART DIBF »4Xe 'PART MOM  » 46Xy ’FART SHEAR'

23%
e

’H‘

o nd it

26

[

0

% LEX A (LH= Y 2O 9 RCLH-) s AXSBCLH~) 94X 1QCIH-) » /)
Y J99 I=1yNXORT
XlL.=0, ,
XR=10 o
[0 260 N=1»NSFAN
XR=XR4+SEL(N) )
IFCOXOL) WLT XL Y JORLEXCTIILGT XRYHGO TO: 23%
GPANL=8LIN)Y
SBPANX=X (1) ~XL.
I8UR=N-1
KSUF=N
NGP=N
GO TR 2GS
XL XL 5L (N
CONTINUE
XLAMIA= (SSAMCNSF ) XWFRKZ/ (CYMINSFIXST (NSFY)) KX .25
Bi=XLAaMOAK (SFANL~SFANX)
B2=XLAMDARGEFANX
BETA=XLaMIMXSPANL
Y1=0gINaL)
2ulSINCBL)
3D IN(BETA)

W

Va=RgINH (R
VIS THNH (HD)

'*YH(NWP‘* TOMGF Y kXL AMIAKKD

1=QCOSEL)

LR RCOS (RE)

C4uCOBHEL)

CH=DCOSH B

XX1=0,

KX2=0

XX3=0,

XX4=0

AM1=0,

XMa=0.

KM3=dy .

KMAa) .

Xi=0.

XQ2m=0,

XQJ=0 .

A4z,

IF(NSF.EG. L) GO TD 2860

AX1=THOLEURY (VL /7U3-VA/VE ) /V7

KX 3=NELMAX (TSP ) R (VL1/V3+V4/V6) /2,
XML=TMOISUR Y R (VL /VU3HI4/VEY /2

AMI=DELMAX (IBUP) KXLAMDAKKIKYMINSFIRST (NSFIXK(VL/VE~-VA/V4Y /2.
X 1= TH(J"UP)*( ~XLAMDAYK(CL/V340CA/ Va1 /2

KIF = THE HAX‘I%UP)*XIAMHA**B*YH(NSF)*SI(NSF)*(lI/UA A/ /2
TFeN B NSFANIGD TO 2638

XX 2=TMOGUR Y ¥ (YR/VEI-VE/VE) VT

AXA=VELMAX CRBUF ) K (VR /UBHUS/US) 72,
KM2=THORGURF ) R (VR /VB4VE/VE) /2,

AMATNELMAX CESUR) KX LAMDAKKZRYM INSF ) RST (NSP YR (VR /VE-US/U46) 72,
XQR=TMKBUF Y RXL AMDAK (CR2/VE4C3/046) /2.

XAA=DELMAX (RSUP ) AXLAMDAREIRYH (NSP Y RS T INSPIR(CR/VE-CO/NMNEY /2.
b IO SRD S SER S EN S L)

XMu XML A XM+ XM 3+ X M4

KQA=XQL+XA24XA3+XR4

WFT=WFkT (I

Ve X XADGINCWET)

M=K MKUSEN(WFT)

Q=X QRDESTNCWFT )

MOMZOR26

NUM 50Ml‘
MOM3I0230
MOMI02S1
MOM30232
MOMBO233
MOMZ0234
MOM3IN23S
MOM30234
MOM30237
MOMI0234
MOM30239
MOM30240
MOM3024 1
MOMI0242

- HOM30243

HOM30244
MOM30245
HOM30244
MOM30247
MOM30248
MOM30249
MOMI0250
MOM3I0251
MOM3OR52
MOM3 0243
MOM30254
MOMI0255

MOM30256
MOM30257
MOM3I0258
MOMIO2%GY
MOM30260
MOH30281
MOM30362
MOM30263
MOM3064
MOM30265
HOMIN246
MOM3ZO267
MoM30264
MOM30269
MOM30270
MOM30271
MOMI0222
MOM30273
MOM30274
MOMI0R75
MOMI02764
MOM30277
MOMI0278
MOM30279
MOM30280
MOM30R81
MOM30282
MOM30283
MOM30284

HUM.H)}._ 3
MOM30188
MOM3I0289
MOM30290
MOM30291
MOH30292
MOM30093
MOM30294
MOM30295
MOM3I02P6
MOMI0297
MOMI098
MOM30299
MOMZO300



270

Py P
aew £k

280

2085

300

310

314
399
400
409

4610
500

&1
poye

93

71

72
73
70

*

&

LEOITYE SME CAHITES T 160 TO 300

IF COAKS CTMAX) W BT, HAKS(Y)IGO TO 275
CHAX =Y |

XTYMa
LF ¢ DARS (RMMAX) 6T . IAKS(RM) )60 TO 280
RMMAX k4

XTHMAK=X (1)

TF CDARS COMAX) . GT . DABS () YB0 TD 285
(iHAX =0

AT AHAX=X (1)

WRITECTOr6093X (LD » ¢+ RM» @

G0 TO 399 _

IF (DAKS (YMAX) . GT . DARSCY)I B0 TO 305
YMAX =Y

XTYMAX=T(T)

IF (IABS (RMMAX) . 6T DAES(RM)YGO TO 310

X (1)

RMMAX=RM

XTHMAX=T(T)

IF(NABRS(AMAX) JGT.DABS(RIIGO TO 313
AMAX=Q

XTAMAX=T (1)
WRITEC(EO»40PITLI) » Y s RM»Q
CONTINUE

CONTINUE
FORMAT(ZX, 4015 .5

WRITE(IDs 610 YMAX y RMMAX r GMAX » ITYFE » XTYMAX y XTMHAX » XTQMAX
FORMAT (/77 MAX VALUES/10X»3D15.,5./7 AT A4y 13X»3D15.5,/7)

GO TO 999

WRITECIO« 611D

FORMAT(//7 v 7 SINGULAR MATRIX ENCOUNTERED’//)
RETHRN

END

SUBRDUTINE MOFREQ(FRQyDET» ITN,ALPHAVECTOR » WKAREA» GL» YM- 5564, 0T

THPLICIT DOUBLE PRECISION(A~Hs{-2)
NIMENSTON BETCL o FRACL) rALFHANSUR » 1)y VECTORCL) »
WRAREACLY vSLI) » YMO1) p SEAMCL) » ST (L) ITNC LY

COMMON ZSETIH/ WFy SXORTy XTINT sEFS1LaF Ty NSFAN s NSUF » REDINT « NXORT »

NFRQs IMAXy ENv I0» IOF Ty ITYFE » IEQSF
FMAX=1 .04
FNMINL D50
00 53 I=1yNFRQ
FRO(I)=0.0
DET{I =0, 0
FTNCT ) =0
IFLIEQSPL.ER, D) GO T 70
Tlaw(y, Q
B0 71 1=1yNERQ
TLaTL48L 1)
0e 72 T=1.NFRQ
JFRQE L (T3 ) kNSFAN
IF(IFRA.GT.NFRGY GO TO 73

FRECIFRQ ) = (NSFANKFLTEKT)IOk2XDSARTAYM (1 KS8T (1) / (S8ANTLIRTLRRAD D

CONTINUE

) 74 I=1sNFRQ

IF(FRACII ¢GT.0.0) GO TO 74

IFCTLER. LY 6O TD 75

KEsFRQCT- 1) %1, 05

G 1O 74

00 100 II=1yNSUF

FM=DSART (YM(T I RSICIT) /(SSAMCTT Y RGL (I T kK4 ) Y RPTX
IFCPNLGT L PNMINIGO TO 100

FPNM I N=N

CONTTNUE

£ MMEPK L

n
LTE
CALL MOFXIFRL» X1 L DHA VECTOR » WRAREA » S » YMy BEAM» 51
X2m 0L+ DEL R

L= 1 /00,
1

COALL MOFX(FX2y X2 e AL FPHar VECTOR yWKARE Ay 8L » i1 GEAM 510

38

.

plog

[FCOARS L) oL yE0 TG 3E
FRCLKFD Y ATy 35,38

%

BET L) =§
FRECT Y =x
TPNCT =T TR

MOMAOI0YL
MOM3O302
MOMB0303
HOMZOZ04
MOMBO30%
MOM30304
MOM30307
MOMZ0308
HOM O30
MOMBO310
MOM30311
MOM30G312
MOM30313
MOMZ0Z14
AOMBO3LS
MOM3I0O31LE
MOM30317
MOM30318
MOM30319
MIM30320
MOM30321
MOM30322
MOM30323
MOM30324
MOMFO32S
MOMIO326
MOMI0327
MOM30328
MOM30329
MOM3OI30
MOM30331
MOM30332
MOM3O3Z3
MOM30334
MOM30335
MOM303346
MOMIO337
HOMZO33H
MOM30339
MOMB30340
MOM30341
MOMI0342
MOMBO343
MOM30344
MOM30345
MONMIOZ46
MOM30347
MOM30348
MOM30349
MOM30I5E0
MOMIORST
MOMIOIS2
MOMBOAS3
MONZ03T4
MOMZ035S
MOM303%6
MOH30357
MOM30358
MOMBO3E9
MOMZO360
MOM30361
MOM30362
MOM30363
MOM30364
MOMIOSSE
MOMIC36E
MOM30367
MOMIOTHE
MOMB0369
MOMZOT70
MOMBOST

MHOM30372
MI430373
MOMIO37 4
MOM3O57Y



fU IU 74
; ; *

DT D4

37 IFCOARE XD LGTFMAXRKNARS (X1 GD TO 60
TFOARES LD LOGT FHAXRDARS(FYXD) Y 60 TG &0
KFe OCLRF 2 XREXL ) £ CRX2~F X))
G0 o 41

60 XF=(X1EX2) /2.

&1 CALL MOFXC(FX3y X3y ALFHAy VECTOR y WKAREAy BL» YM 5GAM 5T
TF(DARS (EXIYLGBT.ERPSLY GO TO 39
K X3
DET(I)=FX3
GO TO %0

39 IF(DARS(FX3) .LT.FMAX) GO TQ 40

WRITE(TO»600) X3
400 PURMAI(/’ Yy HETERMINANT AFFROACHING INFINLTY FOR FREQ EQUAL TO

TTR&O
GO TO 32
40 TF(EXLREXS) 42544541

44 X=X 3
DET L =FX3
GO TR BO
41 ITR=TTR+L
[F(ITH GT.IMAXY GO TO 901

RCE
42 TTR=LTR+L
IF CITRLGT.THAXY BO TO 901
X2=X3
FX2uFX3
GO TO 37
901 WRITECIOr601) ITRrEFS1
601 FORMAT(/¢ 7+ N0 CONVERGENCE TNCREASE IMAX’,Ié»° OR ‘v
L EPS17D12.4)
74 CONTINUE
00 79 T=1sNFRQ
79 WRTTE (1096020 T-FRACT) » TTNCIY »DETCI)
G032 FORMATC/ . 7y FREQR (HODE’» L2y 5 = “»09.4r° AFTER’ 1%,/ ITRNG s
LY BET m C4010,4)
RETURN
ENI
SUBROUTINE MOFX (DETERsWS» ALPHA» VECTOR, WKAREA s SL+ M5 S5AM ST
“TT DOUBLE FRECISIONCA~He0-2)
IMENSTON ALFHACNSUF s 1) s WKAREA (1) r8LC1) s YHC1) 1 ST (1) rS6AM (L)
1 VECTOR (3 )
COMMON /SETUR/ WF y SXORT» XTINT »EPS1sFLe NSFANy NSUF s NEDINT s NXURT
: NFRGy THAX e TNy 10 IOFT» ITYPE » [EQSP

i =1 s NSUP
o Jml e NGURF

cQJAM(IR)*u%#*Z/(YMtIR)*&I([R)))**.hﬁ*ﬁL(IR)

S CHGOSH (BR) ZUSTNHRR) ~DCOB (HR) /DS INC(RR)Y ) /BR

CSEAML TRRO RWSKKR2/ CYMOTRRO RS L CTRRY ) Y KX 25X 8L TRR)
AN “fDCOWHfURI)/DCINH(BRI)MHLOQ(HRi)/ﬂqlN(BRl))/HR1

ﬁiFHﬁ(Ih,lR>~GJ(IR‘*HIBR/&I(1R3+<L(IﬁR)*HlBRi/bI(TRR)

TEFONSUP L ER 160 TD 150
HRRF= (1 SOSTNCRRD =L /ISINHOER) ) /BR

Lo /DGINCBRLY -1 /USINH(BR1) ) /BR1
E!(IR.LG GG TO 138

130 alPHA (TR TRL) =H2BRR¥SLUIR) /8T (IR)
IFCERCEQLHNSUF) GO TO 1950

V3% ALFHACTRy TRR) =H2RR1 5L (IRR) /ST CIRRD

15O CONTITNUE

Cabh LINUIFALFHAs UECTOR » 4 NSLIF » WHBUF y DLy D2 WKARE Ay TER)
FFCna. LT 200060 50 12

I

MOMI0374
MOM3O377
MOM30378
MOM3OE7Y
MOMIO3BO
MOM3I0A81
MOM3I0O382
MOMIO3IBD
MOM30384
MOM30385
MOMI0Z86
MOM303837
HOM30388
MOM30389
MOM30320
MOM3I0391
MOMIO3P2
MOMI0393
MOM3I0E94
MOMI03?S
MOM3I03P6
MOMZO3P7
MOM303598
MOM3IOI9T
HOM30400
MOM30401
MOM30402
MOMI0A03
MOM3I 0404
MOM3I0405
MOM30404
MOMI0407
MOM30408
MOM30409
MOM30410
MOMZ0411
MOM30412
MOM30413
MOM30414
MHOM30413
MOM3GAlé
MOM30417
MOM30418
MOM304L?
MOMZ0420
MOM304:21
MOM30422
MOM30423
MOM3I0424
MOM3042%5
MOM30424
MOM30427
MOM30428
MOMIOG 429
MOMIOA30
MOIM30431
MOMIO432
MOM30A33
MOMI0434
MOM30430
MOM30436
MOM3I0437
MOMI0438
MOM3043Y
MOM30440
MOM3E0441
MOM30442
MOM30443
MOM3 0444
MOMI0445
MOM30446
HOM30447
MOMIO448
MOM30449
MOMINDAT0



WRITEL IOy 6001 WS MOMIGAG1

00 FORMATCDETERMEIMANT AFROACHING IMFINETY FOR FRECG EQGUAL TO < HOM30au2
1 IR MOM3EO453

GO TO 13 HOHI0454

12 e [N Fed & 3104 MOM304ES5
13 T RN T 1S MOMIN A5G4
WRITECTO &0 5 MIM30457

4070 FORMATO T o STRGULAOR MATRIX Was ENCOUNTERE MOMZ0458
1Y ETURN MOMZOAGY
AL ' MOMI0A40
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€ MOMasT
2 A COMPUTER PROGRAM TO EUVALUATE THE DISPLACEMENTS,
c MOMENTS AND SHEAR ALONG THE LENGTH OF A CONTINUDUS
c BEAM SUBJECTED TG STATIC SUPPORT SETTLEMENTS, USING
c -THE STATIC THREE MOMENT EGUATION.
c

(X8 30 96 45 3040 36 5 48 96 b 1 46 30 0b 35 40 B 36 40 b 48 40 2040 48 48 30 30 30 35 4030 45 40 S0 4 0 9 30 0 3590 3046 41 S0 00 0 300 30 3090 B 0 SE R SR R

gJOaOOononnoonoaoOoononoOooOoOnNnon o oo oaOoo

999
300

G600

501

802

PROGRAMMED SPRING 1980 FOR XEROX SIGMA 2
BY SAMIR ACRA
AT MARQUETTE UNIVERSITY

F b 3k b 3 3 3 b3k 3k 330 34 35 36 $b 3 3F 3 30 3 4 30 3 4030 5 HPHE 08 3530 6 3038 3b A 35 30 30 S0 038 3F 30 30 3 3 30 9 4F 35 3F 4F 5k 4 98 3046 3b 303 30 90 25 350
DEFINITION OF UARIABLES @
HEAD = TITLE COMPDSED OF UP TO B0 ALPHANUMERIC CHARACTERS
NSPAN = THE ND. OF SPANS
TL = TOTAL SPAN LENGTH
AINT = INTERVAL ALONG SPAN AT WHICH THE FUNCTIONS
ARE TO BE EVALUATED
8L(1) = 8PAN LENGTH OF SPAN I
YM(I) = YDUNG’S MODULUS OF SPAN I
SI(1) = MOMENT OF INERTIA OF SPAN I
SSAM(I) = MASS DF SPAN I
DELMAX(J) = AMPLITUDE OF VIBRATION OF INTERIOR SUPPORT J
THERE ARE NSPAN-1 INTERIDR SUPPORTS.
Fogh e 3 33 3B A T o 3 3 33 3 3 8 3 B3 5 2698 I 35 35 St 6 B 6 3 3 4 3 47 9 3 56 3F A 3 3 3t 3% 356 3 3

INPUT CARDS SEGUENCE :
NO. OF
CARDS UARIABLES FORMAT

: HEAD (20A4)

1 NSPAN, TL XINT (I5,2G10.0)
NSPAN SL(I),YM(I),SI(1),SSAM(I} (4610.0)
NEPAN- 1 DELMAX( J) (10610.0)

3 A A3 36 b o b S o B4 dF S 3 26 330 36 B3 30 3 3R 3 3 36 400 b b 3F 3F 3F 30 3R 3 4F 3 oF ot 3R SR SE 4 S0 AR

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
REAL AA(Z500)

DIMENSTON HEAD(ZO0! NN(Z2500)
COMMON AC1000)
EQUIVALENCE(A(L1) ,NN{1)): {A(1),AA(1))
IN=28

10=6

READ(IN,5G0,END=907) HEAD
FORMAT (20A4)

WRITE(ID,B00) HEAD
FORMAT(1HL1,//" ’,20A4)
READ(IN,S501) NSPAN,TL,XINT
FORMAT(15,2G10.0)
NSUP=NSPAN~-1

NX=TL/XINT+1

LZ=1+NSPAN

L3=LZ+NSPAN

L4=L3+NSPAN

LS=L4+NSPAN

LE=LS+NGUP

L7=L.8+NSUP

L8=t 7+NSUP

LO=L8+NX

LIo={(LO+NSUP#RZ) 12
Lilall0+NX

LiZ=Li1+NX

L13=L12+NX

L14=L13+NX

NSIZE=L14+NSUP*2
WRITE(10,B02Z) NSIZE
FORMAT(//* '+ 'BLANK COMMON SIZE‘,IG)
IF(NBIZE.GT.2300) GO TO 9898

CALL STMAINCA(L),A(L2),A(L3) ;A(LA),AILE) A(LB) fA(LT) L A(LEB) ALY,

I TL,HINT,AACL10)Y ,AACLLIL) PAACLLIZ) »AACLLIZ) ,NN(L14) » NSPAN, NSUP,

M3STC001
M35T0002
M35T0003
M3STQ004
M3STO00S
M3sTO006
M35T0007
M38T0008
M3sTC009
M3ST0010
M38T0011
M38TO012
M3ESTO013
M38T0014
M3sSTOO1S
M3STO016
M38TOO017
M38TO018
M3STO019
M3ST0020
M3ISTo021
M3STO02Z
M3STO00Z3
M38T00Z4
M3ST00Z5
M3STO0ZE
M35T0027
M38T70028
M35TO0029
M3STO030
M38TO031
M38T0032
M3570033
M3STO034
M38T0Q035
M3gTO0a8
M38T0037
M35TO038
M3sTO039
M3STO040
M35T0041
M35T0042
M35T0043
M35T0044
M38T0045
MIASTO046
M3ST0047
M35TO048
M3STO04G
M3ST0050
M38T00S1
M3sTOOS52
M3STO0S3
M3570054
M38TO05S
M38T0056
M38T0057
MastToosa
M3STQO059
M3ST0060
M3STO0E1
M3ISTO0GZ
M3STOOG3
M38TO0E4
MISTOQES
M3STO0E8B
M3ISTOQE7
M3STO0ER
M38T0089
M3ST0070
M3ST0071
M38T0072
M3BT0073
M3STO074
M3570075
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NX:IN.IO?
GO TO 3589

WRITE(ID,B01) NSIZE
FORMAT(//' *‘,’INCREASE BLANK COMMON ARRAY 4P TO ',IB)
STOP
END )
SUBROUTINE STMAIN(SL.,YM,S1,S8AM,DELMAX, TM, VECTOR . X.ALPHA,
TLXRINT, R KM UM X3 INDEX, NSPAN, NSUP  NX, IN, [0)
IMPLICIT DOUBLE PRECISION(A-H,Q-Z)
REAL RMNIONX)  HOCUNXD) » XMINX) » XBONX)
DIMENSION SL(NSPAN) , YM{NSPAN} ,SI{(NSPAN),SSAM(INSPAN) .
DELMAX {NSUP), TM{NSUP) , VECTOR(NBUF ) , X {NX) ,

ALPHA (NSUP.NSUP) , INDEX (NSUP.2)
MEING=l

RAED WRITE BLULCH

DO T I=1.NSPAN

5 READ(IN,SO3)ISL(I) YM{1),SI(1),88AM(I)

READ(IN,SO3) (DELMAX(I) . I=1,NEUP)

303 FORMAT (106G10.3)

BOE FORMAT(//‘ NEPAN

201

*
#

WRITE(IO.SOBINSPAN, TLXINT

110+ /¢
‘Di0.&,/»
‘D10.4/)

* TOTAL SPAN LENGTH

* ¥ INTERUVAL ALONG THE SPAN
00 201 I=1,NSPAN
WRITE(IO.B07Y1,8L(IY,¥YM{I).SI(I),SEAMII)

H BB

B07 FORMAT(/’ FOR THE SPAN NO.'IZ//:

202

x % W o

‘D10.4,/:
‘D10.4./,
‘Di0.4+/
‘DIC. 4

‘ THE SPAN LENGTH IS

f YOUNGS MODULUS I8

* THE MOMENT OF INERTIA I8

* THE MASS PER UNIT LENGTH IS
D0 202 I=1.NSUP
WRITE(ID,E08)I,DELMAX(I)

nonou

G08 FORMAT(/.‘ FOR THE SUPPORT NO. IZ//,

#*

1§

¢ THE SETTLEMENT IS ‘D10.4)

WRITE(ID.GO1)

B01 FORMAT(LHL, //15%, ‘DIST 11X, 'DISP 11K, "MOM’ 108, "'

a0

23

40

43

50
100

1085

106

107

G0

#

TEHEAR’ /15X, 4 01H=) 11X 4 (1H~) , 11X 3CIH-) » 11X, S{IH=) - /)

CALCULATION OF THE STATIC MDMéNTS AT THE INTERIOR SUPPORTS

D0 25 1=1,NSUP
DG 2% J=1,NSUP
ALPHA(I, ) =0,

DO 100 IR=L,NSUP
GAMMA=0.
GAMMAL=0 .
GAMMAR =0 .

IRR= TR+1

IRLS IR=1

ALPHA(IR, IR =2, # (SLIIR)/(YM(I}#SI(IR))+BL{IRR) /(YM{IRRI#SI(IRR}))

GAMMA= (5./BL{IRI+B./SL{IRR) ) #DELMAK{IR)
IF(NSUP.EQ.1)G0 7O S0

IF(IR.EQ.1}GO TQ 45

ALPHACIR IRL) =SLUIR) /{YM(IRI#BICIR))
GAMMAL =~B6, *DELMAX (IRL} /SL(IR)
IF(IR.EG.NSUP) GO TO S0 .
ALPHACIR, IRR)=SL(IRR) /{YM(IRRI#SICIRR) )
GAMMAR=—G ., *DELMAX(IRR} /8L (IRR)

VECTOR( IR) =GAMMAL +GAMMA+GAMMAR

CONT INUE

IF(NSUP.GT.1) GO TO 108

THM(1)=YECTOR(1) /ALPHA{L1,1)

GO TR 108

CALL SIMULE(NSUP,ALPHA VECTOR, INDEXsMSING)
IF(MSING.EQ.0) GO TQ 400

D0 108 1=1,NSur

TM(LY=0,

DO 107 I=1.NSUF

DD 107 J=1,NSBUP

TMOD) =TM{I)+ALPHACL , J) #QECTOR(J)

CALCULATION OF THE DISP.MOM,SHEAR FUNCTIONE ALONG THE SPANS

M35T0076
M3STO077
M3sTO078
M35T0079
M35T0080
M3570081
M3STO082
M357T0083
M3STO084
M3ST0085
M3STQ08B6
M38T0087
M35T0088
M3570088
M38T0030
M38T0091
M35T0092
M38T0093
MISTO094
M35T0093
M35T70088
M38T0087
M3570088
M35T0098
M38T0100
M3STOL101
M3gTO102
M38T70103
M35T0104
M3STC105
M38TOD106
M38T0107
M3ST0108
M3STO109
M3sTOL10
M35TO111
M35TO112
M3sTO113
M3STC114
M35TO0113
M3sTO116
M38TO0117
M3sT0118
M38T0118
MISTOLZ20
M38TO121
M3ST0122
M387T0123
M3S87T0124
M38TO123
M3STO128
M3STO1Z7
M35TO0LZB
M38T0128
M38T0130
M38TO131
M38T0132
M3gTO133
M38T0134
M38TQ133
M3sTO136
M38T0137
M38Y0138
M3570139
M3ST0140
M3STO141
M3BT0142
M3STOL143
M38T0144
M3STO0145
M3ST01486
M3ST0147
M35T0148
M3870148
M3STOL150



- 000

126

108 DU 210 f[=1.,NX

108
110
120

129

130

210
802

212

214

610
400

402
401

100
109

*

X{I)a (=1 2#XKINT

KL=0,

KR=0Q,

DO 110 N=1,NSPAN

KR=XR+SI.(N)

IFCIX4I) LT XL)LOR. (X{I).GT.XR) GO TO toB8

SPANL=SL (N)

SPANX=X (1) -XL,

ISUP=N-1

KBUP=N

NSPuN

G0 TQ 120

XL=XL+8L (N)

CONTINUE

AX1s0,

AXZ=0.

XX3=0.

X{4=0.

KMi=0.

KMZ=a0,

X@lagQ.

XAZ=0,

IF(NSP.EQ.L} GO TO 125

XK1= {SPANX#+3/ (8. #SPANL)-SPANX#%2Z2/2, +EPANX*SPANL/3. ) #
TMLISUP) /(YMINI®SI(N))

HK3= (1, ~SPANX/SPANL ) #DELMAX { ISUP)

XMi={1.-SPANX/SPANL)#*TM(ISUP)

XQi=-TM(ISUP) /SPANL

IF{NSP.ER.NSPAN)GO TO 130

XX28 (~GPANX##3/ (B .#EPANL) +SPANX#SPANL /8. ) #TM(KSUP) /{YM(NI*SI(N))

KX4= (SPANX/SPANL ) #DELMAX(KSUP)
KM2aTH(KBUP} #SPANX/SL (N)

X@AZ=TM(KSUP) /SPANL
KX{TYsXK1+HKZ+RAT+XKS

HKM{T)=)Mi+XM2

KB{1y=XR1+XE2
WRITE(IO«BOZ)X(L)  HHCI) XM(I) XQ(I)
CONTINUE

FORMAT (7% 4E153.5)

KXMAX=0.

HMMAX=0.

XGMAX=0,

PO 220 I=1,NX
IF(ABB(XX{(I)).LT.ABS(XXMAX))GO TO 212
XRMAK=XX (1)

Hi=X¥(1)
IF(ABB(XM(1)).LT.ABS(XMMAX) }GO TO 214
KMMAXaXM{T)

X2=2X(1I)
IF(ABS(XG(1)).LT.ABS(XAMAX)IGO TO 220
XAMAX=aXG( 1)

X3=X{I)

CONTINUE
WRITE(I1Q,810)HXMAX  XMMAX, XGMAX, X1, X2, X3
FORMAT(//’' MAX VALUES'10X,3E15.5,/’ AT DIST'13X,3E15.9.//)
GO 1O 401

WRITE(IO402) -

FORMAT(//’ '+ ‘SINGULAR MATRIX ENCOUNTERED'//)
RETURN

END

SUBROUTINE SIMULE(N,A,B,INDEX MSING)

THIS IS AN INVERSION AND SIMULTANEOUS ERUATION SOLVER

IMPLICIT DOUBLE PRECISION(A-H.0-Z)
DIMENSION IMNDEX(N.Z2) R(N,N}.B(1)
DO 100 I=1.N

INDEX(I,1)=0

CONTINUE

11=0

AMAX=-1

DO 110 I=L:N ‘

IF (INDEX(L,0))110,111-110Q

DO 112 J=1.N

M35TO151
M3STO1S2
M3STO1S3
M35T0154
M3STOISS
M3STO156
M3ST01S7?
M35T0158
M3STO1S9
M3STOLB0
M3STO161
M3ST0182
M38T0163
M3STO1G4
M3STO16S
M3STO166
M3STO187
M35TO168
M3STO1E9
M35TO170
M3STO171
M38TO172
M3ST0173
M3STO174
M35T0175
M35TO178
M3sTO177
M3ST0178
M3ISTO179
M3STO180
M35T0181
MasTo182
M35T0183
M3ST0184
M35T0185
M38T0188
M38TO187
M3STO188
M3STO183
M3ST0190
M3ISTO181
M35T0192
M35T0193
M35T0154
M3ST0155
M3ST0136
M3STO487
M35T0188
M38T0188
M35T0200
M38T0201
M3ST0202
M38T0203
M3ST0204
M3STOZ0S
NASTO208
M35T0Z07
M35T0208
M35T0208
M35T0210
M3STO211
M3ST0212
M38T0213
M3STOZ14
M3STO215
M3STO216
M3ETOZ17
M35T0218
M35T0218
M3ST0Z20
M387T0221
M35T0222
M3570223
M35T0224
M35T0225



113
114
112
110
118
118

i20

118

121

123

124

122

125

128

228
127
118
130

IF (INDEX{(J,1))112,113,112
TEMP=DABS(A{I,J))

IF (TEMP-aMAX) 112,112,114
IRDW=]

ICOLad

AMAX=TEMP

CONTINUE

CONTINUE
IF(AMAX}225,115.116
INDEX{ICOL,1)=IRON

IF (IROW-ICOL)119,118.118
DO 120 J=1,N
TEMP=A(IROW: J)

ACIROW., J)=A(ICOL. &}
ACICOL, J)=TEMP

II=11+1

INDEX(11.2)=[COL
PIVOT=A¢ICOL,1COL}
ACICOL.ICOL)=1.0
PIVOTaL./PIVOT

po 121 J=1i.,N

ACICOL, J)=A{ICOL,J)#PIVOT
DO 122 I=3,N

IF (I-ICOL)123,122,123
TEMP=A(L,1COL)
ACL,ICO0L)=0.0

DD 124 J=1,N

AL J)=A(],1)~ALICOL, J)#TEMP
CONTINUE

GO TO 108

ICOL=INDEX (1I1.2)

IROW= INDEX(ICOL.1)}

DG 126 I=1,N

TEMP=A(T, IROW)
AClIROW)=A(I,ICOL)
ACL,IEDL)=TEMP

{I=11-1

IF(I11825,127,128

B30 TO 130

MEING=O

RETURN

END

127

M38Y0226
M3870227
M3870228
M38T70229
M3ST0Z30
M38T0231
M35TO232
M35T0233
M3ST0234
M3ST0235
M38T0Z236
M3570237
M3sTO0238
M35T0238
M38TOZ40

. M35T0241

M38T0242
M35T0243
M35T0244
M38T0Z245
M35T0248
M35T0Z47
M3570248
M38T0248
M3570250
M35T0251
M3STO252
M3sTO253
M38T0254
M38T0235
M38T0258
M38T0257
M38T0ZR8
M3870238
M38T0280
M3STOZ281
M3570282
M38T0283
M35T0264
M38TOZ63
M35T0266

' M38T0267
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THNPUT SEQUENECE

NGO DARDS
1 HE AT

UARTARLES

128

MEFAN» HTERM« NDWS y NINT ITPLOT
TLoBMrEXTo XINT o1 s WF 2y WFINT WS INT
(MELCE) p I=1 s NEBFAN-1)

(AL CT 0 =1y NSFAN-1)

CUBCT) rT==1 y NWS)
STREF » BTHOM » BTSHR

1
1
1
1
TFONOWS , EQ. 0YERKIF THE FOLLOWING CaARD
1
A
1

TOFDEF « TOFMOMs TOFSHR

IMELICIT DOUBLE FRECTISIONCA-H,O-Z)

REAL HEAII(203»,4A(10000)

NIMENSION A(S000) v LKI{10000)

LIMSIZ=10000

© COMMON AA
EQUIVALENCE (AALLY»ACD) ) » (AACE) »LKI (1))
COMMON /SETUR/TL o SHeE s XTrEX s CXsFAT» WF 1 »WF2 s WFINT s XINT » WS INT»
1 NSFANs NTERMy NS Ly NOWF s NOWF Ty INy L0 TO2NX s TFLOT »
2 NOWS»NINT

994
500

400
GO

"o

H01

997
H02

P&
co03

PPy

T NS
I0=4
£02=3

Ing=2

READCEINY GO0 yEND=999Y HEAD

FORMAT (20/4)
WRITELTD» 4600 HEAD
FORMAT CLHL» 20A4)

FEADCINYSOLINSPANy NTERMy NOWS s NENT» ITFLOT

FORMAT(SI5)

READCINs BORYTL s SMeE v XTI s XINT 2 WF L P UF 2 WFINT S WEINT

FORMAT(PG1L0.0)

NE 1 =NSF AN

MER2aNG L1

NXu=TL/XINT 4L

NOWF @ CWF 2 ~WF L) A WFINT 41
NOWET=NOWE 4+ 2ENINTRNOWS
IF(NSLEQG.0Y GO TOD 996
NG

NE=N2ENEY

NA=NE+NX

NE=NAPNX

Mé=NDHNX

N7 = b4 MX

N@e=N7 +MTERM
MNP=NBENTERM

N1O=NP+ (NBL1ANTERM?
N1l=N1O0+NS1
Ni2=NLLHONSIRNGL)

N1 3=N12+NOWFT

N1 4=NL IHNDWFT
N1Z=NLA+NOWFT
N1&=N1THNOWEY
N1Z:=(NLOENOWS )Y XIDS
N18=N1L7+MOWFT

1BHENOWE Y

MNP 2ANEG L

L0601y NEEZE
FORMAT /S

ZELGTOLIMSEIZ) 60 10 997

Cy RLANK COMMON ARRAYI7)
Call MATNGACLY AN »AMNI) rAINAY s ACHE) s ANG) s AINT D »

FORMAT
2044
G515
3100

106100

10610.0

10610.6
3G10.0
3610.0

1 ACHE AN 2 A NEO) »ACNLLY s ACNLZ) pACHLIZ) s ACNLA Y « ACNLED »
2 AMNLIAY s AGCNTL)Y v AAINIR) v LKE(NIY))

B0 TO 29
WRITE(TD»602 NGIIE
FORMAT (S /7
GO T Y98
WRETECTO 6037 HEFAR
FORMAT(, /7
GO TO PP
ST08

El}

Sy THIS IS NOT

Cp CUDUR RLANK COMMON ARRAY MUST BE L1790

A MULTISFAN GIRDER»IS)

HAMI0001
GAMIH002
SAMIO0CO3R
GAM L0004
BAnY 0005
BAMIO004
SAMTO007
SAMITO008
SAMTIOO09
SAMIGOLO
SAMIO011
SAMICOLR
SAMIOO13
BAMIOOLS
SAMI001S
SAMIOOILS
SAMIO0L7
B8AMT0018
SAMIO01S
SaAMIO0R20
BAMI0021
SAMIOH022
SAMIO023
BSAMIO02A
SAMI002Y
SAMIOO026
SAMIONR7
3aMI0NZ9
SAMLIO0NY
BAMI00R0
5aMioo3l
SaMIQ032
BSAMIO033
SAMIO034
SAMION3S
BAMI0034
SAMTO037
SAMI 0038
SAMIO03?
HAMTO040
BAMIO0AL
SAMIO0A2
SAMION43
5AMI0044
SAMINOAS
SAMI0046
BAMIO047
SaMiooag
SAMICO4AY
BAMIO0E0
SAMTQON T
SAMTOQNR
SAMI0053
SAMIN0N4
BAMIO0SS
SAMI0QES
SAMIOON7
S3aM10058
SAMIN0SP
BAMIQ0A0
BAMIO0s61
SAMIQ06R
3aMIN0&3
BAMI0N&4S
SAMID0&S
SAMI0066
BAMIO0ET7
SAMI0048
SAMI006%
BAMIOO70
3aMI0071
BaMIQO72
SAMIOO7 3
BAMIQ0T74




500

G

iy
&9

He7

23

&0

65

70

SURROUTINE MATRNAOEL s XLy KoYy FHsFQe ONy F o XN e RF s RUDEF »

1 . WF s AFFY » DAFFM DAFFR» WSy RX s RY » THIEX)
IMELECTT DOURLE FRECISTIONCA~Hy3-2)

BEAL RXONUOWET)) s RY (NOWF T )

DIMEMETON OEL INSID) s XL ONSL) s XENX D p PYCNXD s PMONXD o FRONXD »
1TODNOMNTERMY p P ONTERM Y » XNONSL > NTERMY S RPONS1L) »
2 ROOEF (NGL »NG10 v WF CNOWFT ) » DAFPY INOWFT ) »

3 DAFFMONOUFTY yRAFFRONDWFT) y WE (NOWS ) » ENTEX CIKNS L)

COMMON ASETUP/TLy SMyEs XTI s EXs CXrPALYWF Lo WF 2o WFINT p X LNT » WG INT»

1 NSFANy NTERMy NG Ly NOWE «NOWFT » ENy EO» 02 » NX» TPLOT»
2 NOWS»NINT

REAR WRITE RLOCK

REATICING GO0 (DELCI) 2 I=1sNE1)

FORMAT(10610.00

READCINGGO0) (XL (I)»yI=1sM81)

IF(NOWS EQ. 0G0 TO %

REARCINSS00) (WSCL»L=1sNOWG)

REATCINyBOQYSTREF y BTMOM STHHR

REAICIN SO0 TOPDEF » TOFMOM» TOPSHR

WRITECIOr&99) NSFANYTLySMrEs XTI NTERM

FORMAT (/2207 "NUNBER OF SFPANS =y 10/

: S 7y ’TATAL SPAN LENGTH =110, 4/

Ty THASE BENSITY FER UNIT LENGTH 20,1104/

» CYOUNG” /5 MODULUS w104/

y CMOMENT 0OF INERTIA 2910, 4/

» "NUMBER DF TERMS T( BE SUMMED =y 110/
A7y “SURFORT DISTANCES FROM LEFT ARUTEMENT /)

DO 30 T=1sNG1

WRITE(TO»&98) T e XLCT)

FORMAT 7y " SUFFORT NDO, Y13y 7 =0110.4)

WEITE(TQ»&697)

FORMATC(/y 7 7 "SUPPORT SETTLEMENTS /)

BO 3% I=1,NSL

WRETE (L 698) T DELCT)

MG TNG= 1,

¢
A
’
I

.

T3 b

COMMON FaACTORS

X T/ COMETLRRS)
TATANCL DO k4,

Ui 215 TwleNGL
KNG R N0 DE TN CPATNTLAXL (L))

CALCULATION OF THE EXTRA FINE WF LOCATIONS NEAR THE SYSTEM

FREQUENCIES

DO G0 NWFs= 1 » NOWF

W CNWF ) FONWF - 1) kW INT
TFENOQWS EG. OG0 TO 6%

DO BT NWS=1,NOWS

00 9% I=1sNINT

INDXL =NOWF 4 (NWE~ 1 )RNINT+I

WECINDX 1) =W (NWS+DFLOAT (I KUSINT

y CONTINUE

M) 40 NWS=1 NOWS

L) &0 I=1sNINT

INDX2=NOWF HNINTANOWSE + (NWS~1 YANINTHI
WFCINEX2) =W (NWS ) ~IFLOAT (T XWSINT
CONT TNUE

REARRANGING THE WF ARRAY IN INCREASING ORIER

iny 7o 1

1y NOWF T~

uy 7o [T 41y NOWFT

TFONFOLDD) LESWF Yy GO TO 70
DIUMMY =0 ¢ T 1)

WECTT Y=gt 1y

WE L = DUMMY

CENTINUE

SGAMIDOTE
SAMIO0TH
BAML 0077
SAMIOOT7S
BAMIOOT7Y
SaML0080
SAMI008],
SAMIO0B2
SAMIOOBZ
GAMICO04
SAMIO0HS
SAMIDOBS
SaMT0087

" BAMTO0HB

SAMTO08Y
SAMI0090
SAML0091

SAMI0N092
SAMI0093
BAMI0094
SAMI009S
SAMI0096
SANE0097
54M10098
SAMI0099
SAMI0L00
5AMTO101
SAMI0102
SAML0103
BAMIOL04
SAMIN105
BAMIO106
SAMIOIO7
5aM10108
SANIO109
SAMI0L10
SAMIOLL1

SAMI0112
SANTOL13
GAMTO1L4
SAMIOLLS
BAMTO116
BAMIO117
GAMIOL18
SAMIOL19
§AMIO120
SAMTO121
SAMIOLR2
BAMI0123
SAMIO1Z4
SAMI0L2%
SAMIO126
GAMIO127
SAHI0L28
SAMIOLRP
SAMI0130
SAMIOL3Y
SAMIO132
GAMTO133
SAM10134
SAMIO13S
SAMIOTI34
SAMIO1LG7
SAMIO138
SAMIO139
SAMTO140
SAMTO141

BAMTOL47

SAMI014T

BAMIO144

BAMIO1AG
SAMIOLA4
GRMIOLA7
SAMIO 148
GaMIOL 49
HBMIOLE0



&O2
60%
410
404

506

408

430

&1¢

440

450

H12

440

a70

a1 4

480

490

vy
uan

J40

HED

YR
AHA0D

1000

1

WRITE (TO»600) ‘

FORMAT (7 14/ 720 MAXTHUM DYNAMIC DEFLECTIONG -/
WETTE CLOy 6070

FORMAT (/ +5X FREQUENCY /)

[0 410 NWF=1sNOWFT

WRITE (IO 604 YWF (NWF) » DIGFFY (NWF)

CONTINUE

FORMAT (EDLE.0)

WRITECTO»406)

FORMAT (727 2/20X  MAXIHMUM HYNAMIC MOMENT VALUES”//)
WRITECIO» 40T

00 470 NWF=L NOWFT
WRTTECTOy 404 WF (NWF ) » DAFFMINWF)

CONTINUE

WRITECTO»&608)

FORMAT (717 //20%  HAXIMIUM DYNAMIC S8HEAR VALUES//)
WRITE (E0» 605D

00 430 NWF=1»NOWFT

WRITE (IO &04XWF (NWF ) » DAFFQONWE)

CONT ENUE

WRITEC(ID» 6100

FORMAT (7 L7/ /10X MAXTHUM DYNAMIC AMPLIFICATION FACTORS FOR,

4 DEFLECTION FUNCTIONS //)

CWRTTE (10 605)

DO 440 NWF=1yNOWFT

BAFFY (NWF ) = DABS (HAFPY (NWF ) /8TIEF

BO A%0 NWF=1 e NOWFT

WRITECIOra04)WF (NWF ) s TAFPY (NWF )

CONTINUE

WRITEC(TO612)

FORMATC 17 /710X MAXIMUM DYNAMIC AMPLIFICATION FACTORS FOR’

©OMOMENT FUNCTIONG’//)

WRITE (TGra0S5)

10 460 NWF=1sNOWFT

DAFFMONWF Y =DARS (DAFPM (NWE ) /8TMDM)

10 470 NWF=1 s NOWFT

WERITE (IO GO4 I WF (NUWF D » DAFPHINWF)

CONTINUE

WRETE (IO 6180

FORMAT (717 /710X MAXIMUM DYNAMIC ANFLIFICATION FACTORS FOR’
©GHEAR FUNCTIONS /75

WELTE (LD 605

[0 480 NWF=L s NOWFT

LAFE G CNWE ) = IaBG (DAFFIONWF) /78TEHR)

U) AP0 NWFs=1» NOWFT

WRITECTOy S04 Y WE {NWF Y » TAFF QR (NWE )

CONTINUE

IFCIPLOTWNE L GD TO 1000

FLOTTING BLOCK

CALL LIMITSG(G. s 11,9500

00 520 NWF=1«NOWFT

RX(NNF)'&F(NNF)

CONTINUE

U 540 NWF=1yROWFT

IFCDARFY (NWF) L GT. TORREF Y DAFFY (NWF ) = TOPDEF
RY (NWF ) =0AFFY CNWF )

CONTINUE

CALLL EFLOT(RXyRY»NOWFT»O» 150

10 550 NWF=1,NOWFT
lF(HQPFMfNNP>ohT.FOFMOH)HAFPMwaf)~TUfMUM
RY (NWE Y= DAFFM(NWF )

CONTINUE .

Gald, EFLOTRXyRY yNOWFT» Oy 1, 5)

DO H60 NWF=L s NOWFT
TFC(DAFFRONWF )Y 8T TORSHI) DAFFQ (NWF ) = TOFSHR
BY CNWF 3 = DAF R ONWEF )

CONTINUE

CALL EPLOTCRXRY y NOWF T O 150

3TD 1000

WRETECI0+4620)

FORMAT (/" & SINGULAR MATRIX WAE ENCOUNTERED )
RETURN -
BN

JQHIOPE?
BAMTO230
SAMIN231
HaMIoz32
BAMTORIZ
GaMI0234
SAMED23G
BAMI0O234
SAMIG237
2AKLCI3Y
SAMIOR3Y
SAMIO240
BAMIO241
SAMION242
SAMIOR43
SAMTOR44
SAMIO2AE
SAMI0244
SAMIO247
SAMI0248
SaMI0249
SAMIORS50
SAMIOESl
SAMIORS
ﬁﬁMIO"“?
SAMIO2G4
SAMIO2ES
SAMLOZT4
SAMIOREY
SAMI0R2GE8
BAMIORGS
GAMIQ240
SAMIORAY
SAMI0242
BAMIORE3

SAMLO2ST
BAMTOR68
SAMIOR69
SAMIOR70
SAMTO271
SAMIOR272
SAMIN273
SAMI027 4
SAMLOR7T
SAMTIOR76
BAMIO2T77
SAMIORZ78
SAMIORT79
SAMIO2R0
HAMIC281
SaMION82
BAMI0283
SAMIOZB4
SAMIOZIAS
SAMIOIRS
SAMIOZRY
H5AMTO2E88H
HAMIOZHY?
SaAMIGEY0
GAMTO291
GAMIO292
SOMIO29S
SAMIORYA
HAHTO“V”

,ﬁMLO”90



10%

545
L850

170
17%

180
189

44

131

COLCULATION OF THE UEFLECTIONsMOMENTSHEAR ALOMNG THE SFAN

L0y 999 NWF=1 s NOWFT

W3 W CNWE ) o

FYMAX=0,

PMMAX=0,

FAMAX=0.

0O 108 Tl NS

0 105 12=1yN51

ROOEF (T1»12)=0.

DO 150 N=lsyNTERM

PAIN=FATAN

PAINTL=FAIN/TL
GEN= (N X¥2-WF2

ADNEN=TIABS (TEN)
IFCAREMN LT, . 1D-5%0) GO TO 150
DY 145 Tl=1,NG1

N0 145 I2=1,NS1

RCODEF (I1»T2Y=RCOEF(TL,I2YEXNCIL s NIRXNCE2¢ NI /DEN
CONTINUE .
CONTINUE

FFONGSL.GT, LIGO TO 170
RE(1y=UEL (1) /RCOEF (L, 1)

a0 TO 18%

GaLi, SIMULE (NS1yRCOEF »DELy INDEX» MEING)
IF(MSING.EQ. 0G0 TO 998

RO 17% Tw1yNS1

RFCT =0

DO 180 I=1.NSi

N0 L80 LJ=1sNS1

RP (D) =RP (I +RCOEF (T » JI)DEL (D)
RO 277 Kt e NX
XKy (K~L Y XXINT

PY (KY=0.

FMORK) =0,

PRIK)=0.

DO 45 N=1LyNTERM

FPATN=NXFAT

FATNTL=PATN/TL
DEN=E (N Xk 2 - WF 2

ADEN=DABS (LENY
IFCAREN.LT. . L1=50) 60 TQ 49
IMINY =0,

[0 44 T=1,N51
ENCNY=ONCNYSRE (T YRXNCT v NY/DEN

CAT=CAROIBINCFALNTLEX (K))

45

190

305
310
777

PRy

ATC=CKRBCOS(EFATNTLAX (K))

FYCR D) =P (K FXTRIN(N)

PHOR Y =FMOKY$ CPATNTLRREKRX TRON (N Y REXXT
FROD =P K+ CPATNTLREIRXTCRIN (N Y Y RERXT
CONTTNUE '

U150 T=1sW81

TFOX KD WNELXLCIDIGD TO 190

PRCKI =0,

CONTINUE

STORAGE OF HAXIMUM VALUES ALONG THE SPaN FOR EACH FORCING

FREQUEMCY

IF(DARSFY (KY 1, LE . DARS (FYMAX) XG0 TO 305
PYMAX=FY (KD
IFADARS(FMIKY Y LE.TARS(PMMAX) IGD TO 310
FMAAN=FM IR

IF(HARS (FQRK) 1 LE DABS (FAMAX) YO TO 777
FAMAX=FQ(K)

CONTTNUE

DAFFY CNWE ) =P YMAX

DAFFMONWF ) =FMMAY

UAFFRONUWE ) =R QA X

CONTINUE

OQUTFLT OF RESULTS

SAMIOLS]
sAaMIO152
SAMTIOLE3
SAMIOLE4A
SAMIO1SS
SaMIoLss
SAMIOLS?
sAMIO1SS
BAMINLGY
SAMTOLH0
HAMI01S]
SAMIOLS2
SAMI01A3
SAMI0L144
SAMTIO01465
SAMI0L66
gaMiolée?
GAMIO1468
SAMIOL169
SAMTIO0LT70
SAMTOL71
SAMI0172
SAMI0173
SAMIO174
SAMIOL7S
SAMTO174
SAMIOL77
SAMIO178
SAMI0179
SAMIO180

- GANMIOLIEL

SAMI0182
SAMI0183
SAMIO184
SAMNTI0185
SAMIO184
SAMIO187
SAMI0188
GAMIO18Y
SANE0L190
SAMIO19L
3AMI0192
GAMIOLP3
SAMIOL94
BAMIOLI9S
5AMI0L196

BAMIO0197

3AMI0198
SAMIO199
SAMIOZQ0
SAMIOZ01
SAMIN202
SAMI0203
SAMTIO204
SAMIOR0%
HANIOR0H
SANTO207
SAMIO208
HBAMIOZ0?
GAMIO210
SAMIOR211
SAMIORL2
SAMIO213
SAMI0L14
SAMIOZLS
SAMIOZ216
SAMIOZL7
SAMIO218
SAMIO21Y?
2AMTOZ220
BAMIOR221
BAMTO22C
GAMTOZ
SN 0L

r2a



100

LO9

i

133

114

12
10

119

129

114

121

183

194

SUBROUTING SIHULE (e s By TNREX s METNG)

THIS 186 AN INVERSTION ANt SIMULTANEOUS EQUATION SOLUVER

IMFLICT

00 100 I=lsN

INDEX (L y 300

CONTINUE

1 Lm0

AMA X 1,

3 110 I=1.8 -

TF (INBEX(Ls1))2102112¢110
oo 112 J=leN .
TF C(INDEXCSe13 112,113,112
TEMP=0ABS (AT 1))

TF (TEMF-AMAX)Y112y112,114
TROW=E

FOOL=

AMAX=TEMF

CONTINUE

CONTINUE
TFCAMAX)I 225, 110y 116
INBELCIOOL » 4 ) =TROW

IF (TROW=ICOL) 119y 118y117
) L20 J=i1sN
TEMP=A(IROWsJ)
ACTROW, D) =ACTCM. v 0
ACTODLy D) =TEMF

ITwil+d

ENTEXC(TT, 2)=1C0L
FIVOT=ACTICOLy LEOL)
ACTCOLy ICOL =1 .0
FIVOT=1 . /RIVOT

M) 121 Jm=ieN

ACICOLy H=ATCOLy D XFPIVOT
Do 1232 I=1sN

IF (I-100L 3332223y 123
TEMF=ACTy TCOL)
ALTYICOLY=0,0

Ho 124 J=1sN

24 ATy Jr=ACLy D) -ALTE0L Y J)XTENF
wi CONTINUE

GO TO 10Y
TOOL=INDEX (T1r2)
fROW= TNDBEX(ICOL 1)
M) 124 T=1sN

TEMFad Ly FROWY

ACT r TROW) =a (L TCOLD
AL JCOL )Y =TEMF
Ti=ll-1

IFCIINIAN» 127425

7 G0 TG 130

MEITNC=0
RETHRN
END

T DOURLE PRECISTIONCA-H (-0
GION TNDEXCN»2)Y yA(NsNI s BCL)

BAMEOZO0
SAMIOT0L
BAMEOZOD
BAMTOI0T
SAMI0304
BAMIO303
SAMIN306
SAMICI07
SAMTOIOR
SAMTO3Z09
SAMIOE10
SAMIostl
SaMIN312
SAMIO313
SAMIOELA
SGAMIO31TG
SAMIN314
SAaMI0317
SAMIN318
SAMIO31Y
BAMIOI20
SAMTO321
HAMIO322
BAMIORLZ
SAMIN324
SAMINZ2S
8AMI0326
SAMI0327
SAMTO328
SAMIO32Y
SAMIO330
SAMIO331
SAMIO332
BAMIOZ3Z
SAMI0334
SAMIOI3T
SAMIO336
GAMIO337
SAMTIO338
SAMIOBE9
SAMTO340
BAMIOZAL
SAMIN342
SAMIO343
SAMIO344
GAMTO34%
BAMINIAS
SAMIO347
84aM10348
BAMIOZ49
BAMIO3G0
BAMTORSL
HAMIN3SE
BAMION3SS
BAMIO3G4
BAMIO3GS




