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ABSTRACT

A procedure of analysis is presented for determining
the dynamic instability and response of framed structures
subjected to pulsating axial loads, time-dependent lateral
forces, or foundation movements. Included in the analytical
work are the instability criterion of a structural system,
the finite element technique of structural matrix formula-
tion, and the computer solution methods.

Dynamic instability is defined by a region in
relation to transverse natural fregquency, longitudinal
forcing frequencyr.and the magnitude of axial dynamic force.
The axial_pulsating load is expressed in terms of static
buckling locad for ensuring that the applied load is not
greater than the buckling capacity of a structural system.
Conseqguently, the natural frequency and static instability
analyses are also included. For static instability analysis,
both the concentrated and uniformly distributed axial loads
have been investigated.

The displacement method has been used in this research
for structural matrix formulation for which the elementary
matrices of mass, stiffness, and stability have been
developed by using the Lagrangian equation. The system
matrices have been formulated by using the equilibrium and
compabitibility conditions of the constituent members of

a system,

Two numerical integration technigues of the fourth-order
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Runge~-XKutta method and the linear acceleration method have
been employed for the elastic and elasto-plastic responsé
of continuous beams, shear buildings, and frameworks. The
general considerations are the bending deformation, p-A4
effect, and the effect of girder shears on columns. For the
elasto~plastic analysis, the effect of axial load on plastic
moment is also included.

A number of selected examples are presented, and the
results are illustrated in a series of charts, tables, and
figures in which the significant effect of pulsating load

on the amplitude of transverse vibration can be observed.
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I. INTRODUCTION

In recent years the theory of dynamic instability has
become one of the newest branches of the structural dynamics
and mechanics of deformable solids. The problems, which
have been examined on the basis of the classical theory of
vibrations and structural dynamics, emphasize the response
history resulting from lateral, time-dependent excitations.
It is known, when a rod is subjected to the action of
longitudinal compressive force varying periodically with
time, that for a definite frequency the transverse vibra-
tions of the rod will have a rapidly increasing amplitude.
Thus, the study of the formation of this type of vibration
and the formulation of the methods for the prevention of
their occurence are necessary in the various areas of
mechanics, transportation, industrial construction, and

structures excited by earthguakes.

A. Purpose of Investigation

The purpose of this study has been to develop an ana-
iytical method for determining the behavior of dynamic in-
stability and to study the response of structural systems
subjected to longifudinal pulsating loads and lateral dyna-
mic forces or foundation movements. The mathematical formu-
lation, which is general enough for computer analysis of
large structural systems, considers geometric and material

nonlinearity.






B. Scope of Investigation

The scope of the study may bhe briefly stated as the
derivation of instability criteria and the development of
finite element formulation of structural matrices and the
numerical methods of computer sclution.

In Chapter 1I1, the basic formulation of mass matrix,
stiffness matrix, and stability matrix is presented by using
the energy concept and finite element technique. The govern-
ing differential equation is expressed in terms of system
matrix, which is formulated on structural geometric and
equilibrium conditions.

In order to evaluate the dynamic instability regions,
it is convenient to express the axial load in terms of static
buckling load and the longitudinal forcing frequency in terms
of natural frequency. Thus, in Chapter IV, the techniques
for finding natural frequencies, buckling loads, and insta-
bility regions are presented. For the buckling load case,
the uniform axial load is also investigated.

Two numerical integration techniques for dynamic re-
sponse that use the fourth-order Runge-Kutta method and the
linear acceleration method are presented in Chapter V in
which a comparison of numerical solutions shows the accuracy
of the presented methods.

Chapter VI contains examples of the dynamic response of
various types of frameworks subjected to axial pulsating loads,

lateral forces, or foundation movements.






The elasto-plastic case 1s given in Chapters VII and
VIII for the formulation of member matrices and system
matrix, plastic hinge rotations, and numerical solutions.

Two typical computer programs of elastic and elasto-
plastic analyses of general types of rigid frames are

given in the Appendix.






II. REVIEW OF LITERATURE

A. Structural Dynamics With Longitudinal Excitations

The behavior of structural systems subjected to both
lateral and longitudinal excitations is little Xnown. Most
of the research work has been concentrated on the problem
of an elastic column subjected to a periodically varying
axial load for the purpose of searching for the stability
criteria of double symmetric columns (1) as well as non-
symmetric columns (2).

Sevin E. (3), among other investigators, studied the
effect of longitudinal impact on the lateral deformation
of initially imperfect columns. Recently, Cheng and Tseng
{5) investigated the effect of static axial locad on the
Timoshenko beam-coclumn systems.

It seems that very little work has been done on either
the criteria of dynamic instability or the response behavior

of framed structures subjected to dynamic lateral and

longitudinal excitations.

B. Structural Dynamics Without Longitudinal Excitations

The conventional structural dynamics problems have been
generally solved by using three methods: lumped mass,
distributed mass, and consistent mass. Before computer facil-
ities were available, the lumped mass model with a finite

degree of freedom had been extensively studied by a number






of investigators. With the advent of computers, research
work on multistory structures was initiated by several
investigators, namely N.M., Newmark, R.W. Clough, J.A. Blume,
{6,7,9-12,17), and later by Cheng (13), E.L. Wilson, aﬁd
I.P. King, (14,15,16).

For the distributed mass system, the early research
work was limited to single members (18) or one-story frames
(19) . Later Levien and Hartz (20) used the dynamic flexibility
matrix method to solve problems of one- and two-story rigid
frames, and Cheng (4,13,29) solved free and forced vibrations
of continuous beams and rigid frames by using the displace—‘
ment method. The dispalcement and flexibility methods cited
above may be considered exact in the sense that the members
must be prismatic and that the structural joints are rigid.

In recent years, the finite element technique has been
extensively used for solving structural dynamics problems.
The method was initially proposed by Archer (21) for plane
frameworks. Cheng (22) recently extended the technique to
solve space frame problems. The model of the method is
similar to the distributed mass system. The equation of
motion, however, is expressed in an explicit form for which
the solution effort is much less than that of the distribu-~
ted mass model.

The fundamental behavior of the dynamic response of elasto-
plastic systems can be found in standard texts (23,24). The

elasto-plastic analysis method of beams and one-story frames






with distributed mass has appeared in references (25,26)
in which the method is limited to simple structures.

For large structures, typical studies can be found in
references (27,28). Berg and Dadeppo (27) investigated the
response of a multistory elasto-plastic structures subjected to
lateral dynamic forces, and Walpole and Sheperd (28) studied
the behavior of reinforced concrete frames subjected to

earthgquake movements.






III. MATRIX FORMULATION OF ELASTIC STRUCTURAL SYSTEMS

The displacement matrix method has been used in the
structural system formulation for static and dynamic
instability analysis and dynamic response. The formulation
involves deriving differential eéuations, element matrices
of stiffness, mass, stability, and the matrix of general
structural systems. The structures are plane frameworks
in which the joints are rigid and the constituent members
are prismatic. As shown in Fig. 3.1, the structure is
subjected to time-dependent axial forces, N(t), and lateral
dynamic lead, F(t), or foundation movement, G(t), and may
have a superimposed uniform mass, m, and a concentrated
mass, M, in addition to its own weight.

For the purpose of investigating large systems, the
shears transmitted from girders to columns are taken into
consideration,and the members are assumed to héve bending

deformation only.

A. Governing Differential Egquation
Consider an arbitrary member of a structural system as
shown in Fig. 3.2. The governing differential equations

for such an element can be obtained by using the Lagrangian

equation
d ,oT 9T U IV . AW
= (z=) - + - =3 =Q. (3.1)
dt 'aqg. qu qu Sqi eqy i
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in which
T = kinetic energy
U = strain energy of bending
V = potential energy done by axial force
Qi = generalized forces
q; = generalized coordinates at node 1 associated with
Qi
éi = generalized velocities
W = work done by generalized external forces.

Let ¢ (x) be the shape function and qi(t) be the time
function of the beam motion, then the displacement of the beam

can be expressed as

(t)o, (x). (3.2)

[ ]
o}

y(x,t) =

The kinetic energy for lateral displacement of the

member is

1,
T = & m{%{—i}—(-’——t-:—)*]zdx (3.3)

where m is the mass per unit length.
The strain energy for bending of the member may be

represented by

L 2

U= %/ EIIa (x't)lzdx (3.4)
%’

0
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where E, and I are Young's elastic modulus and moment of

inertia, respectively.

The potential energy for the longitudinal force is

L
Vo= & N(t){31§§45112dx

(3.5)
0
By the substitution of Eg. (3.2), one may obtain
n n dqg. dq
T=%2% % "EE'"Elf i (¥)e5 (0 ax (3.6)
i=1 j= 0
n n L dZQ)l(X) d2¢ (X)
U=%72 I q.q,JfEI 1 ax (3.7)
n d¢; (x) d¢4(x)
v o=k T ququm( ) —= J (3.8)
i=1 j=1 dx dx
0
or
nn . . - .
T 21 ;}mijqiqj s{q} [mij]{q} (3.9)
nn 7
= X = L
n n T
= 1 h = L '

where
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-~

m o= / mo; (x)¢ (x)ax (3.12)
0
L n 113

kjy = / EI¢; (x) 65 (x)dx {3.13)
0
L ' ,

' =

S{ f N(t)(i)i(x)cpj(xl)dx. (3.14)
0 ,

To include the concentrated masses in the formulation

of m,

5 let us consider masses Mk(xk) acting at the

positions Xy s k=1,2,+++,r, then Eg. (3.12) should be expressed

as

L
= f m¢i(x)¢j(x)dx +

r
5
0 k=

mij le(xk)¢i(xk)¢j(xk). (3.15)

The work done by external forces acting at the general-
ized coordinate d; is

n L

P
W= D LI R ekl 4 [ £ 0)e; (dxlg (3.26)
=t =t 0

where Fj(xj) is the concentrated forces acting at positions

¥

57 j=1121.°'rpo

Let N(t)=(u+8cos@t)NO, then Eg. (3.14) becomes

s' = (ot+Bcosbt)s, | (3.17)
i3 i3
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where

L 1 1
s = f N0¢i(X)¢j(X)dX~

0

By substituting Egs. (3.9, (3.10), (3.11), and {3.17)
into Eg. (3.1) and by performing the operation shown in
Eg. (3.1), the following governing differential equations of

motion can be obtained:
[mij]{a} + [kij]{q} - (u+80058t)[sij]{q} = {f} (3.18)

in which the matrices [m,.], [kij], and [sijl are the matripes

i1
of mass, stiffness, and szability defined in Egs. (3.12), (3.13),
and (3.17), respectively. The term {f} is the vector of equi-
valent generalized external forces. All the elements in-[mij],
[kij}, and [sij] are derived in the next section.

For a structural system, the member matrices are
assembled together by using the equilibrium and continuity
conditions at nodal points and are discussed in Section

C. Similar to Eq. (3.18), the system matrix may be written

as

M] X} + [K1{X} - (a+BcosOt)(81{x} = {F} (3.19)

in which {X} represents global coordinates; [M]}, [K], and [S]

are the matrices of total structural mass, stiffness, and
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stability, respectively, and may be formulated through

the procedure of displacement method. Eg. (3.19) is

the governing differential equation of motion to be used in
this study of the dynamic instability and dynamic

response.

B. Derivation of Members Mass, Stiffness, Stability Matrices

For the displacement method, it is generally preferable
to formulate the mass matrix, stiffness matrix, and stability
matrix of a typical member on the basis of a set of defined
local coordinates; then, the system matrices can be formulated
by transfering local coordinates to global coordinates by
using equilibrium and compatibility conditions.

Let us consider a typical bar shown in Fig. 3.3 in
which g (i=1,2,3,4) are local coordinates in the positive
direction, and Qi (i=1,2,3,4) are positive local generalized
forces corresponding to gq;- The compressive axial force ,
N(t) is considered to be positive. The displacements, 3
are due to the application of the generalized forces Qi'

The displacement y({x,t) of the beam section at point , X,
and time, t, may be written as

4

yix,t) = ¥ g (t)e (x)-. (3.20)
i=1 i i

If bending deformation is considered only, then the differ-

ential equation of beam deflecticn is ¢"" (x)=0 for which






v
P Q°
f N
a4 a,
1 22
No "“ﬁ\ t‘é“
0, C4

Fig. 3.3 Generalized Local Coordinates and
Generalized Forces for a Typical Beam

14
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the solution may be expressed in cubic polynomials

2 3

¢ (x) = a; + asX + a +oagx’.

3X
This is the shape function in Eg. (3.20). Let the coordi-

nates, dy s in Fig. 3.3 be displaced, one at each time,

for a unit displacement; then ¢ (x) becomes

o (%) = (x-2x*/L+x /L) (3.21)
¢, (x) = (x*/L%-x"/L) | (3.22)
o5(x) = (-1+3x*/L%-2x%/L°) (3.23)
b, (x) = (3x%/L2-2x°/L°). (3.24)

Substituting Egs. (3.21 to 3.24) into Egs. (3.12 to 3.14)
and performing the integration over the bar length, we can

obtain [m, . ), [k..], and [s..] as follows:

ij ij ij
[ 4mL°® -3mL°® -22mL? 13mL2 1T ..
9 420 420 420 420 93
-3mL°? 4mL°® 13mL? -22mL2 .
9 420 420 420 420 92
? = < %(3.25)
o -22mL? 13mL2 156mL ~54mL 5
3 420 420 420 420 3
0 13mL2 -22mL? -54mL 156mL .
4 420 420 420 420 9y
i jm I )
[m..] —

13






[ ] [4EI 2EL
9 L L
25T 4ET
J 9, 5 L
-6EI ~6ET
3 L? L2
-6ET -6EI
Yy FEE L?
1kt
L [kij]
P 2L -L
9y 15 30
0 -L 2L
2 30 15
e,
-1 -1
93 10 10
0 -1 et
4 10 10
L iP L
{Sij

Note that Ql, Q. and Q3, Q

2 4

shears, respectively; ql, q2

-6EI -6EI]
L2 1.2
-6EI -6EI
L? L?
12EI 12EX
L® L’
12EI 12E1
L? L?
-1 1]
10 10

i
-1 -1
10 10
6_ 6_
5L 5L
6 6
5L, 5L

and q3, q4 correspond to

q3

correspond to moments and

16

(3.26)

(3.27)
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rotations and displacements, respectively; and él’ ﬁz and §3
’

§4 are accelerations due to rotations and displacements,

respectively. For convenience, let us rewrite Egs. (3.25,

3.26, 3.27) in the following condensed forms:

) [ ‘ ( )
Q, [MMR] fmy) || G
_— S 1: _____ _ (3.28)
! ..
L Qu |, ([MVRI JMvyl )| g
roN g ( )
Q (MR} IR || qy
D S S SR G (3.29)
Qy Ik | IXVR] I[RVY] || g
J - I
[ 3 ] [ 3
Q. [sMR] j{smy] || a_
U S 1: ..... - (3.30)
i
Q, JE [SVR] HsvY] || g |

in which the subscripts m, k, and p signify that the moments

{Qm} and shears {QV} are associated with {mij
[sij], respectively. The subscripts r and s signify the joint

1, [kij], and
rotations and displacements, respectively.

C. System Matrices of Mass, Stiffness, and.Stability

The displacement method of formulating structural
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system matrix has been well documented (31,32). Following
Cheng's recent work (13), one can rewrite the relationship
between the generalized external forces, {F},and generalized

external displacement, {X},as

| (2,1 [KVR] [A]

[ [2q] [SMR] [Ag]T | [An] [SMY] (A1 T) [x,
e | {-- ‘ (3.31)
[Ay] [SVRI A1 | 1A,) [8VY] [a,17] [%g! .

Knowing {F .} and {F.}, one canfind {X,}, {Xg}, {Xz}, and
{Xs} from Eq. (3.31) by using the numerical integration
presented in Chapter V. Consequently, the member end

moments and end shears can be obtained as follows:
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[MMY] (A, T e

[MVR]{AV]T %

S—
3]

[kmMy] (A 17

[suR] [A_]" ; (smy) a1 ) { x_
—|mm—m————- ;—é —————————— ; < -= = (3.32)
[SVRI(AL]T | [SVYIA 10 | U X )
in which
[Am] = equilibrium matrix relating internal moments
to external nodal moments;
[Av] = equilibrium matrix relating internal shears
to external nodal fofces;
[Fr} = external nodal moments;
[FS] = external nodal forces;
[X,] = global rotations;
[Xg] = global displacements;
[ﬁr] = acceleration due to global rotations;
[ES] = acceleration due to global displacement;
[A,g] = diagonal matrix involves the inertial forces

due to joiﬁt displacements; and

T = transpose of matrix.
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Egs. (3.31, 3.32) have been explained in detail in

SUBROUTINE ASATA, ASATB, SATMV shown in the Appendix.

D. Shear Building Subjected to Lateral Forces

In many practical cases, the girder stiffnesses compared
with those of columns are sufficiently large. Consequently,
the structural joint rotations are very small and only
the sway displacements are significant. By neglecting the
global coordinates corresponding to the structural joint

rotations, one can rewrite Eg. (3.31) as

(MI{X .} + [K}{x_} - (s}{x } = {F_) (3.33a)
where

M1 = (A, [MVY][A,]T + [Apg)

[K] = [A,)IKVY)[A,]7T

[S] = [A,1[SVY][Ay]T .

When the axial lecad 1is N(t):(a+Bcoset)N0, then Eq. (3.33a)

becomes

M1 {X } + [K}{X )} - (a+Beoset)(S1{X } = {F_}-  (3.33b)
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IV. STATIC AND DYNAMIC STABILITY

A. Boundary of Dynamic Instability

Wwhen a structural framework is subjected to a transverse
pulsating load, the framework will generally experience
forced vibration with a certain frequency of the excitation.
The amplitude of the vibration becomes larger and larger
when the forcing frequency apprcaches the natural
frequency of the vibrating system. The behavior is called
resonance. However, when the frame is subjected to a pulsating
axial load as shown in Eg. (3.19),an entirely different type
of resonance is observed. The resonance occurs when
a certain relationship exists between the natural frequency,
the frequency of longitudinal forces and their magnitude.
This resonance 1is called parametric resonance. The behavior
of parametric resonance may be studied by using the
governing differential eguations of motion, Eg. (3.19).

Let us consider the time dependent axial forces only,

then Eq. (3.19) becomes

M]{X} + (IK] - (a+Bcosbt) [S]1]{X} = 0O (4.1)

which represents a system of second-order differential equa-

tions with the pericdic coefficient of the known Mathieu-

Hill type. It has been observed that the Mathieu-Hill equa-

tion similar to Eg. (4.1} has periodic solutions with periods
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T and 2T (T=27/0) at the boundaries of the instability region
{2). The regions of instability may be determined by finding
the periodic solutions of Eg. (4.1) in the form of a
trigonometric series. The instability regions are bounded
by two solutions with the same period. The stability regions
are bounded by two solutions with different periods. The
critical values of parameters o, 8, and & contained in
Eg. (4.1) are obtained from the condition that Eg. (4.1)
has periodic solutions. The stability or instability
solutions of Eg. (4.1) correspond to the stability or
instability of the structural system. The above-mentioned
statement can be illustrated by the following derivation.

For the solution with period 2T, let the trial solution

be in the form of a series

o0

X} = =z (Aysink2E 4 B cosklt) (4.2)

k=1,3,5,"+" 2 k 2

in which A, and Bk are vectors independent of time. By substi-
tuting Eg. (4.2) into Eq. (4.1), the following system of

matrix equations can be obtain by comparing the

coefficients of sinE%E and COSK%E :
([K] - (o-%B)[8) - %07 [M])A; - %B[S]A; = 0
_ 2n2 - -
(1K) = afs] - ¥k*8% MDA - %8IS] (A _,48, ) = 0

(k=3,5[7[.....)f
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([K] - (o+%B) [S] - %07 [M])B; - %8[S5]By = 0
({XK] - c[S] - %k*02(M]1)By - %B[S](By_,+By,,) = 0
(k = 3,5,7,--°-" ).

Solutions having the period 2T=47/6 can occur if the following

conditions are satisfied:

2
[K)—(at%)m—%-[m —581(8S) 0
~48[S] [K]—a[sx%eztm %8 (S5]

0 ~LR(S] tx1~a[51—%§e2[M1 .

LI LI I LI )

(4.3}
Similarly, for the solution with period T, let the trial

solution be represented by

X} = 48, + & (Aksin3§£+skcoskﬁﬁ). (4.4)
k=2,4,6,*"*"* 2 2

Substituting Eg. (4.4) into Egq. (4.1) yields Egs. (4.5) and
(4.6) for the solution having the period T=27/6.
For finding the regions of instability as sketched in

Fig. 4.1, one may solve Egs. (4.3), (4.5), and (4.6) for the
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critical values of the parameters (o, 8, Ny, 8). The first region
of instability (Region A) is determined from Eq. (4.3).

Similarly, the second region of instability (Region C) is
determined from Egs. (4.5) and (4.6). The stability

region (Region B) is confined by Region A and Region C.

N
Region C
/
Region B -~
8
T w
Fig. 4.1 Instability Region
[K]-a[S}-6%[M] -%B [s] 0
-%8 [s] [K]-a[S]-46% [M] -%8(s]
= 0
0 "'}EB fS] [K]—*a[S]—]682[M] Y
ceea  edeee i }

(4.5)
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[K]-afs] - Bls] 0 e

-%R 8]  [Kl-ofs]-02[M] -%8{S]
0 -%p (3] (K1-a{S]1-40°[M] ...| = 0O (4.6)
0 0 -%81S] .-

In practice, only the finite number of terms in the
determinant is used for studying the principal instability
regions. Thus when the first term of the series of Eg. (4.2)
is considered (i.e., k=1, {X}=A

sin(ft/2)+B,cos(6t/2)), one

1 1

may have

52 '
[ [K] - (atk8) [s] - Z“[M][ =0 (4.7)

which corresponds to the first matrix element along the

diagonal of Eg. (4.3). The solution of Eg. (4.7) gives the

principal regions of dynamic instability., Similarly, from

Egs. (4.5) and (4.6), we may have

[ [K] - afs] - 062[M]| =0

and
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[K]-a[s] - B[S)
~%B(S] [K]-[S]-82 [M]

which give the secondary region (Region C of Fig. 4.1) of
dynamic instability. Note that Eg. {(4.7) is an eigenvalue
equation which can be solved by the conventional method of
expanding the determinant equation, Eg. (4.7), into a
polynomial equation for the eigenvalue and its associated
eigenvector. For this research of studying large structural
systems, a different technigque of matrix iteration has been

used by utilizing computer facilities (32).

B. Static Buckling Load and Natural Freguency

It may be observed from Eg. (4.7) that an instability
region is confined by the axial load and the ratio of axial
forcing frequency to the natural frequency. In order to en-
sure that the amount of axial load to be applied is not greater
than the elastic buckling capacity of the system, it is
essential to express the applied load in terms of buckling
load No, as uNO and 8N, o and 8 are fractional numbers less
than one. 1In this seétion, the techniques of finding static
buckling load and natural frequency are discussed.

By observing Eg. (4.1), one may obtain the three groups
of eigenvalue problems classified as (a), (b), and (c¢) that

are shown below:
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(a). For static buckling case when {§}=0, BcosbBt=0, then

Eg. (4.1) becomes
([K] - afs]){X} =0 or |IR] - afS)] =0. (4.8)

(b). For free vibration of harmonic motions without external

axial loads,Eg. (4.1) may be written as

(M1 (K} + [KI{X} = 0. | (4.9)
Let {X}={Aeiwt},then Egq. (4.9) bécomes

| K] - w?[M)] = 0 (4.10)

which gives the natural frequency w.

{c}. For the influence of static axial loads on the

natural frequency,one can rewrite Eq. (4.1) as
| [K] - a[s] - w?M]| =0 ' (4 11)

from which one may observe that the compressive load will
decrease the natural frequency, and the tensile force will
increase the natural fregquency.

Let Egs. (4.7), (4.8), (4.10), and (4.11) be expressed

in a standard eigenvlaue form as
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%{x} = [DM]{X} (4.12)

where [(DM] and A in Eq. (4.7) signify either

i

(DM] = [[K] - (0+%8) (S]]  [M], and A

H]

02/4 (4.13)

or

[DM]

i

[(K] - (a-%B)(S11™'[M], and A = 62/4. (4.14)

[DM] and XA in Eq. (4.8) represent

[DM] = [K]~'[S], and A

I
i+
.

For Eq. {(4.10)

[DM] = [K]~'[S1, and A 2

l)
E

and for Eg. (4.11)

(oM] = [[XK] - «(S]17'[M], and X = w?,
The matrix iteration method developed by Cheng (30) has been
employed to obtain the eigenvalue A and its associated eigen-
vector {X}.

Example 4.1. Consider that the step beam given in Fig. 42a

is subjected to an axial force N(t)=uNO+BNOCOSSt. The cross
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section of segments AB, BC are 8.375"x3.465" and 6.925"x
3.465", respectively. Let E=30x10%psi, Yv=490 lbs/ft?,
Lap=144", Lpc-=96". Find the dynamic instability region.
Solution: Using the local coordinates:{gl and global
coordinates, {X}, shown in Fig. 4.2b and 4.2c, respectively,
one can find the equilibrium matrices [Am}, [AV] tabulated

in Fig. 4.2d and then manipulate Eq. (3.19) for

3 3 2 2
4 _ A
4my pLapt4mpeLlpe 22mp pLagt22mpalpe
420 420
[M]= (4.18)
2 2
-22mABLAB+2 2mBCLBC 156mABLAB+156m8CLBC
420 420
\ J
( 3
L * L : L2 Ll
AB BC AB BC
[K]= (4.19)
~6EI,, 6EI,, 12FT,,  12EIg.
2 + 2 3 - 3
L L L L
AB BC AB BC
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v - i
N(t) o ) 4 N(t)
Ve B C
A
{a) Given Problem
4 o v
4 \‘i v
2
(b} Global Coordinates
1 2 4
Ay l}‘ Y
ANy IR 1
(c) Local Coordinates
M
12 1 2 3 4
Am
0. 1. 1. 0
Byl 11 |2 |3 |4
A
v 0.11. F1.1 0

(d) Eguilibrium Matrices

Fig. 4.2 Example 4.1
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ZLAB . 2Lpe
15 15

(s] = (4.20)

SLAB SLBC

Thus substituting Egs. (4.19) and (4.20) into Eg. (4.8)
gives the static buckling lecad N0=2975. kips. Using Egs.
(4.10) and (4.12) yields the natural frequency w=28.95 cps.
Let o=0., 0.1, 0.2, 0.3, 0.4, 0.5, and B=0., 0.1, 0.2, 0.3,
0.4, 0.5, then one can find various values of 6 from

Egs. (4.12), (4.13), (4.14). Expressing 06 in terms of

8/w and then using parameters o and £, one can draw the

instability regions shown in Fig, 4.3.(12).

C. Static Buckling Resulting From a Combined Action of
Distributed and Concentrated Axial Forces

In the previous section, the static buckling load was
assumed to be acting at the structural joints as a
concentrated force. However, there are many cases where
the longitudinal forces are distributed along the members.
Typical examples may be the self-weight of chimneys, the
self-weight of slender tall buildings,and the weight of
walls attached to columns. The stability matrix for the

above mentioned type of structures is different from that

in Eq. (3.27).
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It is well known that if a longitudinal compressive
force is continuously distributed along a bar, the classical
mathematical formulation becomes very sophisticated, because
the differential equation of the deflection curve of the
buckled bar will no longer be an equation with constant
coefficients. Consequently, the direct integration of the
equation can only be applied to simple bars, such as cantile-
ver columns. It is the purpose of this section to present
the stability matrix due to a combined action of distributed

and concentrated axial forces.

1. Formulation of Stability Matrix

Consider the beam of Fig. 4.4a subjected to a concentrated
axial force, N, and a uniformly distributed axial load, g.
The generalized coordinates, d; and generalized forces, Qi, are
shown in Fiq. 4.4b and c, respectively. Let N, q, Qi, g4 are
positive as shown, the displacement y(x) of the peam at
point x due to q; and Qi may be expressed as

4
y(x) = L

1

1

For bending deformation only, the shape functions ¢ (x) of
Egq. (4.21) are the same as Egs. (3.21, 3.22, 3.23, 3.24)

shown below:
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cbl(X) = (x - 2x%/L + x¥/L%) .
¢2(X) = (x3/L? - x?*/L)
{(4.22)
¢>3(x) = (-1 + 3x%/L? - 2x3/L%)
¢, (x) = (3x%/L? - 2x?*/L?)

where VN i; the virtual work done by the axial force N on
displacement A, and Vq is the virtual work done by the uni-
formly distributed axial load, g, on displacement A; where A
is the displacement resulting from the displacements dy - For

an element dx shown in Fig. 4.4d one may have

da

ds - dx (4.23)

ds

dax{1 + (dy/dx)z}% (4.24)
for small deflection, Eg. (4.24) becomes
ds = dx{1 + Y(dy/dx)?} (4.25)

Substituting Eg. (4.25) into Eg. (4.23) and then integrating

over the length , one can obtain
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A = %[ {(dy/dx)*dx .
0

We can now write the work V. _ as

N
L
Vg = N = N[ (dy/dx)?dx (4.26)
0
0[‘*“'x
Y g

(a) Typical Bar

(b} Local Generalized Coordinates
3 Q
1 Q
& ok
Q4

(c) Local Generalized Forces

Q
1
ds
Nl —— ==}
!
bid |

! e y <+—— N
[ 1
E g A
— e—dx o
L Q4

(d) Force-Deformation Relationship

Fig. 4.4 Typical Bar Subjected to Concentrated Axial
Load N and Uniformly Distributed Load g
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From Fig. 4.4d, dA=ds-dx=%(dy/dx)*dx ,the work done by the

load acting on the right side of x on dA is

qu = (L-x)dA = gq(L-x){%(dy/dx)?}dx

Therefore, the total work produced by the distributed load

over the length is

L L
Vg = f dvq = %f g(L-x) (dy/dx) *dx. | (4.27)
0 0

The strain energy is

L
U =% BI{y"(x)}%dx. (4.28)
0

The virtual work done by forces Qi on g, may be written as

W= !0.9.. (4.29)
R 1
1
By Lagrange's equation,

BU/qu - BV/qu = BW/qu (4.30)

upon which the substitution of Egs. (4.26), (4.27), (4.28)},

(4.29) leads

{yu} - {wy} - Wyl = {yW). (4.31)
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From Eq. (4.21) ,

y'(x) = ?qi¢;(x) (4.32)
i

y" () = Iqét(x) ~ (4.33)
1

Thus substituting Egs (4.32), (4.33) into Egs (4.26), (4.27)

and (4.28), respectively, gives

4 s (T s . = » s
U = %i § kqulqJ %{q}I[kl]]{q} (4.34)
——1 =;§
VN = %E g sijqiqj {q} [sij]{q} (4.35)
V = %I I g..q,q. = }I ' l .
q i gqulqj 5{q [gljl{q} (4.36)
in which

L
k., = [EI¢"(x)¢" (x)dx
1] 1 J
0
L
s;5 = [ Nel)e! (xax
o * J
= Ma(-x) e (x) 6! (x)a
gij | q ¢i ¢j X)dax.

0

The substitution of Egs. (4.34), ¢4.35), and (4.36) into

Eq. (4.30) yields the results of Eg. (4.31) as
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Vol = [k 1{q}
{vvyl = [sij]{q}
(4.37)
fw_} = lg, . 1{q}
g i3
{vw} = [(Q} .
Therefore Eg. (4.31) may be rewritten as
(x, gl - s, 1{g} - [g, 6 1{q} = {Q} (4.38)
13 1] 1]

in which [kij] and [sij} are exactly the same as Egs. (3.26)
and (3.27). The term [gij] is the stability matrix due to a

uniformly distributed axial load, and can be expressed as

follows
, _
0 1 (G(ILZ -qL2 0 0 1 { q ]
1 50 60 1
0 —qL2 2qL2 -qL. ~-gL
21 160 60 10 10(| % 4.39)
0 0 -glL 3q 3q q
3 10 5 5 3
o s LR Q1S U
4 10 5 5 ] 4
. J - I | -
[gij]

Through the displacement method discussed in Section C
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of Chapter ITI, one can calculate the buckling load of a
structure subjected to a simultaneous action of concentrated
axial force N and distributed axial load,q. The following
examples are selected for the comparison of the numerical
solution obtained by the present method with

Timoshenko's rigorous mathematical approach (34).

2. Numerical Examples

Example 4.2. Consider the uniform cantilever column
shown in Fig. 4.5a with a concentrated axial force , N, ‘acting
at end, B, and a uniform load, g, acting along the axis.

Find either the critical load,_qcr, or the cr?tical load, Ncr'
Let the member length L=240 in., the uniform cross section
A=24 in%?, I=96 in!, and E=30x10° psi.

Solution: Let the column be divided into five segments
as shown in Fig. 4.5a. The global coordinates and local
coordinates are shown in Fig. 4.5b and 4.5c, respectively,
from which the equilibrium matrices {Am] and {Avl are

established as follows:

[Am] = 3(]0 6 0 0 O 1 1 O 0C0 O
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y g
’g - R — el = A—— el e e ol el o il A L N
A 48" ‘ 48" ' 48!! 48" 48" B
(a) Loading
1 2 3 4 5
4 J N Ve N /Y
i Y N N N N
6 7 8 9
10
(b) Glocbal Coordinates
1 2 3 4 5 6 7 8 9 10
AU LA N Ny AYE Yo W
EEN Ly I (A RN AV IR IO /1

{¢) Local Coordinates

Fig. 4.5 Example 4.2
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1 0 1-1 0 6 0 0 0 0 O
2 6 ¢ 0 0 1-1 0 0 0 O
[Av] = 3 o 6 0 0 6 1 -1 0 0 O

The eigenvalue equation of this problem is similar to

Eq. (4.8) with the inclusion of [gij]. Using the digital
computer program based on the matrix iteration method (32)
yvields the solutions shown in Tables I and II in which the
comparison of the present solution with Timoshenko's
solution is very satisfactory.

Example 4.3. Consider the simply supported uniform
beam shown in Fig. 4.6a with a concentrated axial force, N,
acting at both ends, A and B, and a uniform load, g, acting
along the axis. Find the critical load, dope for given N
and critical load, Ncr' for given ¢g. Let L=240 in.,
A=30.2376 in?%, I=192 in?, and E=30x10° psi.

Solution: Let the beam be divided into five segments as
shown in Fig. 4.6a. The generalized global coordinates and
generalized local coordinates are shown in Figs. 4.6b and
4.6c, respectively, from which the equilibrium matrices

[Am] and [Av] are established as follows !
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q
N
A B
48" 48" 48" 48" 48" _
(a) Loading
1 2 3 4 5 6
O JAR J Ja AR JAIY
\.‘ \‘ \‘ \( .
7 8 9 10

(b) Global Coordinates

(c) Local Coordinates

Fig. 4.6 Example 4.3
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[A,] =

" 4 0o o 0 0 0 1 1 o 0 0O
5 0O 0 0 0 0o 0 0 I 1 ¢
6 0 0 0 0 0 0 0 0 0 1

P
P 1 2 3 4 5 6 7 8 9 10

1 o 1-«1 O O O O O O O
2 6o o0 0 1-1 0o O O 0O O

(a,] =
3 6 0 o 0 0 1-1 ©C O O
4 o o 0 0 0 0 O 1 -1 o0

Similar to Example 4.2, the solutions obtained by using
the computer program are shown in Tables III and IV in which
a very good comparison between the present solution with

Timoshenko's solution is shown.
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V. NUMERICAL INTEGRATION METHODS AND THEIR
APPLICATION TO DYNAMIC RESPONSE

In the analysis of dynamic response, an exact or
rigorous mathematical approach may be possible for a very
simple structure subjected to a force expressable in a
mathematical function. For practical problems of complicated
structures and loadings, the direct mathematical integration
becomes tedious, or, perhaps impossible. Therefore, it is
often desirable and sometimes imperative to solve the
equations of motion by step-by-step numerical integration
procedures which are designed to utilize modern computa-
tional techniques.

Two well-known methods, the Runge-Kutta fourth-order method

and the linear acceleration method, have been employed in this

research for the geheral dynamic excitation of elastic as well

as inelastic structures.

A. Fourth-Order Runge-Kutta Method
Consider the following second-order simultaneous

differential equation

d?%x

{
dt?

} = F(t,x,dx/dt) (5.1)

of which the numerical integration by the fourth-order Runge-

Kutta method may be expressed as (33)
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dt

{X}i+l = {X}i - (dt){x}i+ (E—)({Kl}+{K2}+{K3}) (5.2)
- . _ * _ _l_ »
{x}i+1 = {x}i 6({Kl}+2{K2}+2{K3}+{K4}) (5.3}
where

(K} = (@O)F (ty, {X}{,1X})

Il

Ky} = (@o)F (4458, ix), +SEGRY (XD +s R )

2

{K,} = (QB)F(t, +2 AXYS + L{x}, + {Kl} (X}, ;K1)

{K,} = (dt)F(t;+dt, (X}, +dt{X} +4t {K Y, X7}, +{K 1
2

From either Eg. (3.19) or Eqg. (3.,31), one can write

the acceleration equations as

(X} = M]"P({F} - ([K] - (a+BcosoOt)[S]){X}). (5.4)

Because of the similarity between Eg. (5.1) and Eg. (5.4),
the solution of Eg. (5.4) can be obtained by applying the
fourth-order Runge-Kutta method.

The SUBROUTINE GFMKP in the appended computer programs
is based on Egs. (5.2 and 5.3) for which two examples are
selected for the comparison of the numerical solution with
the exact soclution by direct integration,

Example 5.1, Find x and y of the feollowing simultaneous

second-order differential equatiocns by using (a) direct






integration and (b) the fourth-order Runge-Kutta method.

a2 d
SX 48, p - y = sint
at? at
(5.5)
4?2 dx
——¥'+ — + x -y = 2¢?
dt dt

of which the initial conditions are:

x=2., y=-4.5, dx/dt=~1., and dy/dt=-3.5 at t=0.

Selution: (a) Using the given initial conditions one

can find the following solution to Eg. (5.5) by the direct

integration technique:

S
il

l+t~2t2+§t3—%t“+e-t—sint

y = —6—3t—4t2—%t“+et-e"t—%sint—%cost

in which x and y are function of t. Let t be varied in
an interval of 0.1 sec., then the values of x and y are
tabulated in Table V.

(b) L=t Eg. (5.5) be rewritten in the following matrix

form:
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Using the computer program GFMKP the solution of x and y
in Eq. (5.6} has been found for the interval of time
dt=0.004 sec. The result is shown in Table VI. Comparing
Table V with Table VI reveals that the difference is
negligible. x and y obtained in (a) and (b) are plotted in
Fig. 5.1.

Example 5.,2. Find x, y, 2z of the following simultaneous
second-order differential equations by using (a) the direct in-

tegration method and (b) the fourth-order Runge-~Kutta method.

d?x/dt? + d?z/dt? - x

]
o

d?y/dt? + d?z/de? - y =

1
o

(5.7)
d?x/dt? + y = 2cost

of which the initial conditions are: x=0, y=0, z=3, dx/dy=0,

dy/dt=0 and dz/dt=1.5 at t=0.

Scolution: {(a) The solutions to Eg. (5.7) are obtained

by the direct integration method as

t sint

=<
i

t sint

<
|
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z = 1.5t - 2tsint - 2{(l-cost) - 3.

The numerical values of x, y, z are tabulated in Table VIT.

(b) Let Eg. (5.7) be rewritten in matrix form as
1 0 1) z (0 o0 -1] z 0
1 1 0/ {§p+jo -1 of{yp=({ o0 (5.8)
0 0 1j { x| 0 1 o) | x | | 2cost .

The computer solution of Eq. (5.8) for dt=0.002 sec. is shown
in Table VIII. The comparison between the results obtained
by these two methods is very satisfactory. Fig. 5.2 shows

the function of x, vy, z vs time.

B, Linear Acceleration Method

The general expression of numerical integration of a

second-ordexr differential equation may be rewritten as (17)

{(x} = {x} + (X}
t

—n! v 2 vy 2
. s L @0+ (B @n? ¢ B ) @e

(5.9)

(X}

]

e T X g P EUX) G0 IXF)(Ey) {(5.10)

in which the parameter B' is chosen to.change the form
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of the variation of acceleration in the time interval dt.
When B'=1/6, the motion solution corresponds to a linear
variation of acceleration in the time interval dt, and

Egs. (5.9) and (5.10) become

- : 1.3 CRRR 2
(X} o= X} g+ @)X} 0+ 3{X}t_dt(dt) + 6{X}t(dt)
(5.11)
xp,o= X} g * @Y _ 0+ %(dt){g}t (5.12)

in which the subscripts t and t-dt denote the response at

time, t, and the previous, t~dt, respectively. . Thus the

solution method is called a linear acceleration method.
Let the governing differential equation of motion of

Eq. (3.19) be rewritten as

IM1{X} + ([X] - (a+Bcos6t)[S]){X} = {F} {5.13)

which is actually a nonlinear differential equation, because
the stability matrix (a+Bcosft} [S] is time dependent. The
motion equation may be considered to be linear during a

very short time duration, dt, for which Eg. (5.13) can be

expressed in an incremental form as

(M1{aX} + ([K] - (a+BcosOdt)[S]){AX} = {AF) (5.14)






in which
{AX}
{AX}
{AF}

From Egs.

{ax}

and

{AX }

in which

{8X}

{a}

{B}

incremental acceleration;

i

incremental displacement; and

incremental force.

{(5.11) and (5.12) we have

= {X}, - (X} _4¢ = 3/4t{8X} + {B) (5.15)
= {¥}y - {X}o_gqy = 6/at%{sx} + {A) (5.16)
= {x}t - {x}t_dt (5.17)
= —6/dt{x}t__dt - 3{x}t‘dt (5.18)
= -3{X} g, — at/2{Xb .- (5.19)

Substituting Egs. (5.15 to 5.19) into Eq. (5.14) yields the

following symbolic form:

[K']1{Ax} = {AR} (5.20)
in which

[K'] = 6/dt?[M] + [K] - [S'] (5.21)

{AR} = {AaF} - [M}{A} (5.22)

[s']

(a+RcosOt) [ST. (5.23)
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Thus Eg. (5.14) is reduced to the pseudo-static form of

Eq. (5.20) from which {AX} can be solved as
{aX} = [R']7'{AR}, (5.24)

Using the pseudo-static form to find the dynamic
response of a structure, one must repeatedly perform the

following procedures :

{a} = ~6/dt{X}t_dt—3{X}t_dt

(B} = -3{X}__4,-dt/21X} __ .

{AR} {aF} - [M]{A}

[K'] = ([K]-[S']+6/dt%[M])

{AX} = {K']7'{aR}

{X}t = {X}t_dt+{Ax}

{X}t = {x}t—dt+{AX} = {x}t_dt+3/dt{ax}+{5}

. _ . e _ e 2

{x}t —{X}t_dt+{AX} = {X}t_dt+6/dt {x}t_dt+{A}

in which [S') is different from time to time. Consequently,
the structure is assumed to behave in a linear manner during
each time increment, and the nonlinear response is obtained

as a sequence of successive increments.
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C. Modal Analysis

In analyzing the response of a structural.system
subjected to dynamic excitation, the governing differential
equations of motion are usually composed of a set of coupled
differehtial‘equations of second order. ©One of the
approaches of solving these coupled eguations is to
uncouple the equations by using a technique of linear
coordinate transformation. The linear transformation is
obtained by assuming that the response is a superposition
of the normal modes of a system multiplied by corresponding
time-dependent generalized coordinates. The solutions to
the uncoupled equations can be obtained by using Duhamel's

integral. This analysis is called modal analysis (23,24).

D. Application of Numerical Integration Methods to a
Structure Subjected to a Ground Acceleration

When a structure is excited by a ground acceleration,
the motion equations of Eg. (3.19) may be expressed in terms

of the following relative coordinates:

{Xs}relative = {XS} - {Xg}

{xr}relative = {Xr}

. . . (5.25)
{Xs}relative = {Xs} - {xg}

(X 3 = {X }

r relative r






Table V Values of x and y of Example 5.1

Time

secC.

NHHHHFPMHRPRPHMFEFRPRFAERFOOOOCOOOOOQO
CVWONOUIdWNHFOWONIOWMEWN O

by Direct Integration Method

Direct Integration Method

x {(inch)

0.2000000E 01 -

0.1885653E 01
0.1745129E 01
0.1581950E 01
0.1399307E 01
0.1200031E 01
0.9865822E 00
0.7610353E 00
0.5250612E 00
0.2799199%E 00
0.2643967E-01
-0.2349665E 00
-0.5043706E 00
-0.7822802E 00
-0.1069665E 01
-0.1367968E 01
-0.1679098E 01
-0.2005452E 01
~0.2349898E 01
-0.2715786E 01
-0.3106950E 01

y (inch)

~-0.4500000E
-0.4877422E
~0.5309491E
-0.5796082E
~0.6337336E
-0.6933632E
-0.7585610E
~0.8294145E
-0.9060350E
-0.9885552E
-0.1077128E
~0.1171918E
-0.1273120E
-0.1380931E
-0.1495567E
-0.1617241E
-0.1746175E
-0.1882587E
~0.2026689E
~0.2178680CE
-0.2338741E

01
01
01
0l
01
01
01
01
01
01
02
02
02
02
02
02
02
02
02
02
02






Table VI Values of x and y of Example 5.1
by Runge-Kutta Method

Time ~ Runge-Kutta Method
sec. x (inch) y {(inch)

0.2000000E 01 -0.4500000E
0.1885633E 01 ~0.4877402E
0.1745090E 01 -0.5309444F.
0.1581895E 01 -0.5796010E
0.1399232E 01 -0.6337241E
0.1199939E 01 -0.9933517E
0.9864780E 00 -0.7585473E

*
Yoo~k lWwWNPFPOoOVwRNOOUMTRWNFHO

* & &

0.7609386E 00 ~0.8293986E

. 0.5249753E 00 -0.9060167E
. 0.2798458EF 00 -0.9885345E
. 0.2638184pr-01 -0.1077105E
. -0.2350211E 00 -0.1171899E
. -0.5044181%8 00 -0.1273105E
-0.7823184EF 00 -0.1380923E

. -0.1069688E 01 -0,1495564 E
. -0.1367956 1 01 -0.1617238F
. -0.1679055E 01 ~0.1746130E
. -0.2005371E 01 ~-0.1882509E

-0.,2349773E 01 -0.2026601E
~0.2715609E 01 -0.2178578E
-0.310670%E 01 -0.2338623E

N b R HHROOO000000O0C
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Table VII Value of x, y, z of Example 5.2
by Direct Integration Method

Time Direct Integration Method

sec. x or y (inch) z (inch)

. . . . a ® LI

COO-TOUNBWNHOWOITOUIbWNEFO

[ [

NHRMHMMEMEPHEFFOODOO0O0OOoOOO

* L]

0.0000000E 00
0.9983279E-02
0.3973359E~-01
0.8863470E-01
0.1557643F 00
0.2397080% 00
0.33877%0E 00
0.4509431% 00
0.5738719E 00
0.7049769E 00
0.8414487E 00
0.9802999r 00
0.1118392 01
0.1252545g 01
0.1379519r 01
0.1496104E 01
0.1599156EF 01
0.1685648r 01
0.1752727E 01
0.1797756F 01
0.1818370r 01

0.3000000E
0.3140006E
0.3260354E
0.3361946E
0.3446251E
0.3515290E
0.3571613E
0.3618241E
0.3658622E
0.3696569E
0.3736200E
0.3781870E
0.3838078E
0.3909408%E
0.4000428E
0.4115623E
0.4259301E
0.4435519E
0.4647988E
0.4900013E
0.5194410E

0l
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01l
01






Table VIII Values of x, y, z of Example 5.2

Time

secC.

. e

NFHEFHEFHFARHEFRRFHFPMERRERFROOODOOOOO OO
CYWR~JO UMb WNHOWVLONOUMERWNEFO

by Runge-Kutta Method

Runge-Kutta Method

x or y f{inch)

0.0000000E

00

0.9983249%E~02

0.3973317E~-

01

0.8865428E~01

0.1557640E
0.2397076E
0.3387781E
0.4509427E
0.5738727E
0.7048797E
0.8414543E
0.9803007E
0.1118409E
0.1252581E
0.1379579E
0.1496188E
0.1599264E
0.1685781E
0.1752886E
0.1797944E
0.1818587E

00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
0l

z {inch)

0.3000000E
0.3140024F
0.3260397F
0.3362012%
0.3446340F
0.3515406F
0.3571754F
0.3618406%
0.3658814%
0.3696787F
0.3736449%
0.3782142g
0.3838374E
0.3909723%
0.4000764F
¢.4115977E
0.4259674E
0.4435905E
0.4648388E
0.4900426E
0.5194835E

01
01l
0l
01
01
01
01
0l
01
01l
01
0l
01
01
01
01
01
01
01
01
01
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in which

il

{Xg} ground displacement; and
{ig} = ground acceleration.

Upon substitution of Eg. (5.25) into Eg. (3.19), the motion

equations become

X . b
[M] { iE-} + ([K]-(a+Bcosbt) [S]) { = } = -Xg[M] {Q) .
Xs jrel. Xg rel. \l

(5.26)

If the joint rotations are neglected, then Eq. (5.13)

becomes

[M]{Xs}rel_ + [[K] - (°‘+B°°Set”5”{xs}re1. = —xg[M]{l}.

(5.27)

Example 5.3, Consider the shear building shown in
Fig. 5.3 subjected to a ground acceleration X =(-8.n2sindnt)
in./sec? The structure is assumed to be stationary at
t=0. Find the relative displacements y; and y,.

Solution: Without considering the joint rotations, the
diagrams of relative displacements and intérnal shears are

shown in Figs. 5.4a and 5.4b, respectively. The governing

differential equations of motion can be established as






M2=l77.lb—sec.2/in.

I=4000. inl
_T » L]
fa) [»
ol e =
T
= o -
< s o
o o~ o
) il
ot =
Ml=294.lb—sec.z/in.
Y
I=50006. in.
a. L
ol =
o - =
(o]
S ol -
[Te) [F9] [74]
<t < —
it i
) [}
77077 507'-0" =7
| 4
p— X —=
g g

Fig. 5.3 Example 5.3
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(a) Relative displacements

11 12
{ {

3 = 10 | =t 7
I R
Tad— I
777777 7T

(b) Internal Shears

Fig. 5.4 Diagrams for Example 5.3
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0.294 0 f §1 113.4258  -57.8703) | y;
+
0 0.177 yz 57.8703 57.8703 Yo
f~0.294
= (-8n%sindnt) {(5.28)
-0.177 |,

The solutions to Eg. (5.28) by modal matrix method are

e
i

1 (1.435726sinw t - 0.0152ZSinw2t - 1.118190sin4nt) in.
1

o]
1§

(2.0774005inm1t + 0.01747sinw2t - 1.695700sin4nt) in.

in which w;=10.0493 rad./sec. and w2=24.7338 rad./sec.

Eg. (5.28) is also solved by the Runge-Kutta method and .the
linear acceleration method. The results obtained by using
these three methods are shown in Tables 1IX, X, and XI. The
values of Yy and Yo obtained by the Runge-~Kutta method are

plotted in Fig. 5.5.






Dynamic Response of Yq and Yo of Example 5.3
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Table IX Modal Matrix Solution of Example 5.3

Time

sSecC.

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00

Modal Matrix Method

yl(inch)

0.0000000E 0O
0.8464944E 00
-0.1363268E ©1
0.1368720E 01
-0.8336927E 00
0.5519118E-03
0.8590817E 00
-0.1358700E 01
0.1373142E 01
~0.8222809E 00
=0.5587449E-02
0.8692333E 00
-0.1355897E 01
0.1374121E 01
~0.8128962E 00
-0.5842257E-02
0.8772812E 00
-0.1357949E 01
0.1373104E 01
~-0.8089312E 00
-0.1285170E-01

yz(inch)

.0000000E 00
-.1220889E 01
.1980392E 01
.1968805E 01
.1221648E 01
.1810213E-01
.1220779E 01
.1991364E 01
.1958570E 01
.1220102E 01

3398962E-01

.1222534E 01
.1998659E 01
.1950198E 01
.1215090E 01
.4788642E-01
.1229915E 01
.2004099E 01
.1948336E 01
.1207948E 01
.545286%E-01
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Table X Runge-Kutta Solution of Example 5.3

Time

secC.

Runge-Kutta Method

y {inch)
1

0.0000000E 0O
0.8465530E 00
-0.1362926E 01
0.1368614E 01
-0.8329155E 00
0.4706755E-03
- 0.8594314E 00
-0.1358029E 01
0.1372542E 01
-0.8211390E 00
-0.1396582E-02
0.8695287E 00
-0.1355843E 01
0.1372791E 01
-0.8122261E 00
-0.7707227E-02
0.8767487E 00
~0.1358685E 01
0.1370356E 01
-0.8087917E 00
-0.1628288E-01

y (inch)
2

0.0000000E 00
0.1220697E 01
-0.1980345E 01
0.1968013E 01
-0.1221237E 01
-0.1900962E-01
0.1220535E 01
-0.1991096E 01
0.1957166E 01
-0.1219411FE 01
~0.3526889E-01
0.1223184E 01
-0.1997948E 01
0.1949301E 01
-0.1212588E 01
-0.4857550E-01
0.1231712E 01
~-0.2002067E 01
0.1948045E 01
-0.1203523E 01
~0.5468697E-01
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Table XI

Time

sec,

0.00
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4.00
4.25
4.50
4.75
5.00

Linear Acceleration Solution of Example 5.3

ILinear Acceleration Method

yl(inch) yz(inch)
0.0000000E 00 0.0000000E GO
0.8443995E (0 0.1216910E 01
-0.1357155E 01 -0.1973529 01
0.1362345r 01 0.1956882F 01
-0.8228942E 00 -0.1209591EF 01
-0.6071389E-02 -0.3182024E-01
0.8656081r 00 0.1225681E 01
-0.1353907E 01 -0.1989300E 01
0.1364450F 01 0.1941218Eg 01
-0.8034375E 00 -0.1198106E 01
-0.1523147-01 -0.5947738E~01
0.8820280E 0O 0.1237475E 01
-0.1353487E 01 -0.,1997902 01
0.1362159E 01 0.15931440 01
-0.7889202E 00 -0.1180500E 01
~0.3058952E-01 -0.8214664E-01
0.8945796E 00 0.1258290E 91
-0.1360874E 01 -0.2003111E 01
0.1354414E 01 0.1928658E 01
-0.7809602E 00 -0.1157982E 01l

-0.4974973E-01 -0.9619385E~-01
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VI. DYNAMIC RESPONSE OF ELASTIC STRUCTURAL SYSTEMS

The numerical integration techniques described in the
preceding chapter will be used herein to study the instability
behavior and displacement response of a structure subjected
to time dependent axial forces as well as lateral forces
or foundation movements. A number of selected examples
given below have been studied by using digital computer
programs based on the numerical integration techniques

described irni Chapter V.

A. Numerical Examples
Example 6.1. Consider a beam column shown in Fig. 6.la

subjected to N, at both ends and periodic lateral force,F

t

at point B. The periodic force , F

£’
t_..,,is shown in Fig. 6.1b,
and the axial force is Nt=(a+Bcoset)N0. The member
properties are :

2

3 [ 2 — I3
Cross sectional area: AAB—30.24 in., ABC—24. in.
Member length : LAB=144. in., LBC=96‘ in.
. . . 4 -
Moment inertia H IAB=192. in., IBC=96. in.

The static buckling load and natural frequency are found to
be 2974.80 kips and 181.9423 rad./sec., respectively. The
principal dynamic instability region for Np=2974.80 kips,
w=181.9423 rad./sec., =0, and B=0.2 is shown in Fig. 6.2.
Two cases of dynamic response are investigated by using the

Runge-Kutta method with time interval dt=0.004 sec, As
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indicated in Fig. 6.2, case A is for §=251.7872 rad./sec.
in the stability region,and case B is for 6=364.00 rad./sec.
in the principal instability region. The lateral deflections
at point B corresponding to case A and case B are shown
in Fig. 6.3.

Example 6.2. Consider a two-story steel framework
shown in Fig. 6.4a in which the masses lumped at the floor
and the length and moment inertia of the constituent
nmembers are given. The columng of the frame are subjected
to a time dependent axial force, Nt=(u+Bcoseﬁ)N0, and the
base of the frame is excited by a ground ‘acceleration,
§g=(#8ﬂzsin4nt) in./sec% After the static buckling load,
NO’ and natural fregquency, w, of the structural system
have been found, the principal instability regions for
Np=1001.626 kips, w=10.0494 rad./sec. are investigated .
The results are shown in Fig. 6.5 for various axial.
loads corresponding to «=0., 0.2, 0.4, and f=0.1, 0.2, 0.3,
0.4, 0.5. Two cases of dynamic response sketched in Fig. 6.5
have been studied in which case A is for g=0., g=0.3, and
6=15.0 rad./sec. in the stability region , and case B is
for o=0., B=0.3, and 6=20.1 rad./sec. in the instability
region. The Runge-Kutta method with a time interval dt=0.025
sec. has been employed for studying the relative displacements
Yq and Y, The results associated with case A and case B
are shown in Figs. 6.6 and 6.7. These two cases have also been

investigated by the linear acceleration method with a time
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interval dt=0.0125 sec. The relative displacements yl

and y, are shown in Figs. 6.8 and 6.9.

B. Discussion of Results

For the cases in the instability region, the deflection
response grows exponentially with time. The deflection
response associated with the cases in the stability region,
however, is guite stable. The results obtained by the
Runge-Kutta method agree satisfactorily with those obtained

by the linear acceleration method.
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(b} Relative Displacements

Fig. 6.4 Exanmple 6.2
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VII, MATRIX FORMULATION FOR ELASTO-PLASTIC STRUCTURAL SYSTEMS

When the deflection of a structural framework becomes
sufficiently large, the internal moments of the constituent
members may exceed the elastic limit. 1In such a case, the
elastic analysis is no longer applicable, and the structure
must be analyzed to include the inelastic deformation.
Therefore, the elementary mass, stiffness, and stability
matrices of a typical member must be derived to account for

the deformation beyond the elastic limit.

A, Idealized Elasto-Plastic Moment—-Rotation Characteristics
Let us assume that the constituent members of a frame
have ideal elasto~plastic moment-rotation characteristics
as shown in Fig. 7.1. The typical moment-rotation diagrm
has a linear relationship called elastic branch which varies
from zero moment to the reduced plastic moment Mpc' The
reduced plastic moment is evaluated to account for the
effect of axial load on the plastic moment. For any
further deformation, the member will have a plastic hinge at
which the applied moment is Mpc’ When the member has
reverse deformation, the moment-rotation relationship becomes
linear and parallel to the original elastic branch. The
elastic behavior remains unchanged until the internal
moment reaches Mpc' Consequently, a plastic hinge is

assumed, and a constant moment is applied at the hinge.






The cyclic process is sketched in Fig. 7.1.

B. Reduced Plastic Moment

The influence of axial force on plastic moment is
calculated according to ASCE manuals (35) as

(a) for wide-flange sections

when 0 < P < 0.15P

Y
Mpc = Mp = FYZ (7.1)
when 0.15 < P <P
Py =" 2%y
Mpe = l.lB[l—(P/PY)]Mp (7.2)
(b) for rectangular section
- - 2
Mo, = [1 - (B/R)* 1M, (7.3)
where
Z = plastic section modulus;
Py = FyA;
Fy = yielding stress of steel;
A = ¢cross sectional area;
P = axial force;
Mp = Fyz = plastic moment; and

MpC = reduced plastic moment.






Moment]|

M pe e — - e
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Fig. 7.1 Idealized Moment-Rotation Relationships
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C. Modified Elementary Mass, Stiffness, and Stability
Matrices

An elastic analysis for dynamic response can only be
carried out to the loading stage at which none of the
internal moment reaches plastic moment. When an internal
moment reaches plastic moment, the frame is then modified
by inserting a real hinge at the location with a plastic
moment applied at the hinge. Thus the mass, stiffness , and
stability matrices of that member must be modified according
to the hinge location.

Let the typical member shown in Fig. 7.2 have a hinge

at j, then the shape functions of the member are

¢1(X) = (x3/21% - 3x?%/2L +x)
¢2(X) = 0 L
C(7.4)
4 (x) = (-x3/2L% + 3x?/2L% -1)
¢>4(x) = (3x?/2L% - x3%/2L3%), _
0‘ X
y hinge
©
i 3
N al 2
AN N o
4
Q3
d; q
G Qe
q
3 qy

Fig. 7.2 Generalized Local Coordinates and General~
jzed Forces of a Beam with 7 End Hinced
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Following the same procedure used in Chapter 1II, one can

derive the mass, stiffness,and stability matrices as

Q,

420

[ _8mL?

3EI

0 ~36mL?2 11mL? |
420 280
0. 0 0.
o 204mL -39mL
: 420 280
0 =39mI, 99m1,
) 280 420
J
(mj 5] .
3BT ~3ET )
0. e =
O' 0 0.
3ET 3EI
0. 3 3
L L
3EI 3EI
Ov 3 2
L L
(%, .] 1

&(7.5)

$(7-6)'
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1 {1, -1 -1 3\f \
Ql 5 0. 5 5 93
Q, 0. 0. 0. 0. q,
< > = Ny > (7.7
-1 6 6
Q - 0. - — q
3 5 5L 51, 3
-1 0 _6 6
Q4 5 : 5L 5L 9y
\ JP [ A ]
L"'“""""‘"—‘*—‘“[sij] .

Similarly, let the typical member shown in Fig. 7.3
have a hinge at end i, then the shape functions for the

boundary conditions of the member may be derived as

¢2(X) = (x°/2L% - x/2)
(7.8)

1l

¢3(x) (-x?/2L% + 3x/2L - 1)

il

¢, (x) (-x3/2L% + 3x/2L).
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Fig. 7.3 Generalized Local Coordinates and Generalized
Forces of a Beam with i End Hinged

Consequently, the mass, stiffness,and stability matrices

become

0. 0. 0.
8mI, ° 11mL >

0. 420 280
o 1 1m, 2 99mI.
) 280 420
-36mL° -39mL

0. 420 280

1 r .

0 q1
-36mL° .
420 95
-39mi ..
280 45
204mL s
— q
420 4

i3

>(7.9)
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( 0, ] [0 0. 0. 0. q; )
0 . 3EI -3ET -3ET
2 L L2 L2 95
{ ? = { > (7.10)
. -3ET 3ET 3ET
_Q3 . 1,2 E 1.} q3
2, . -3ET 3BT 3ET o
k L2 L3 L3 ] 4
3 I3 3
( Q, (0. 0. 0 0. ) a
L -1 -1
0 e —— ——
2, 5 5 5 9,
< =Ny { > (7.11)
o 0 -1 _6_ 6
3 5 51, 5L 95
o 0. -1 6 6 .
4 5 51, 51, 4
Jpoo l\ J
| [s;4]

If a member has both ends hinged, then the stiffness

and stability matrices become null, and the mass matrix is

N \ f 0. 0. 0 0. Y}/ d;
0, o 0. 0. 0. g,
{ = | ol L, ﬁ ) (7.12)
i -mL 2mL v
Sl 0. 0 3 3 } dy }
L i L |
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D. System Matrices of Mass, Stiffness, and Stability

Because the mass, stiffness, and stability matrices of
a member with one end or both ends hinged have been modified
to account for the boundary conditions, the formulation of
system mass, stiffness, and stability matrices can be made
by following the same procedure described in Section C of

Chapter III.
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VIII. DYNAMIC RESPONSE OF ELASTO-PLASTIC STRUCTURES

A. Transfer Matrix for Plastic Moments and Their Associated
Shears

When an internal moment at the nodal point of a member
is equal to or greater than the reduced plastic moment, then
a plastic hinge is assumed to be at the node with a constant

moment , Mpc, applied at the hinge. Thus the plastic hinge is

treated as a real hinge, and the member mass, stiffness,.
and stability matrices must be modified to satisfy the
boundary conditions. If a plastic hinge forms at end i of
member 1ij, the moment Mpc at that end must be carried over

to end j with the magnitude of Mpcfco (fcO is the carry-over

factor including the effect of axial force). Consequently,

Mpcfco is treated.as the external moment at joint j. The

shears, which result from M c and Mpcfc on the member ij,

o}
are then transfered to the structural nodes and bhecome the.

external forces.

Let {FEM}, {FEV)} represent the plastic moments Mo/

Mpcfco and the shears due to Mpc' Mpcfco' respectively;

then the transfer matrix can be expressed as

fTF [A_1{FEM}
(rpy = Ty ) (8.1)
TF [A, ] {FEV}
where {TF} = external load matrix transfered from plastic

moments {TFr} = [Am]{FEM}, and shears

{TF ) = [Ay) {FEV}.
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{TF} should be combined with the locad matrix fr in Eq.

(3.31) for dynamic response of the elasto—plasg}% case,
The internal moments and shears can be evaluated from

Eq. (3.32) and should be combined with moments {FEM! and

shears {FEV} for the final solution.

B. Calculation of Plastic Hinge Rotation

As discussed previously, when an internal nodal moment
reaches the plastic moment capacity, a real hinge is
inserted at that node with a constant moment applied at the
hinge which is allowed to rotate according to the material
behavior shown in Fig. 7.1, When the hinge rotates in the
direction of the plastic moment, the moment is assumed to be
constant, and the rotation can increase indefinitely. When
the hinge rotation is in the opposite direction of the
moment, however, the plastic moment is removed, and the
member becomes elastic. Thus the plastic hinge rotation
must be calculated at each step of the numerical integrations
and compared with the previous one, if any, in order to
check the change of the sign of rotation. For an entire
structural system, the hinge rotations may be otained as

follows:
. - T - T
(H_} = (tFs1dQ ) - (FYIA 17X D) - A 1Tix ) (8.2)

in which the first term of the right side of Eg. (8.2) is
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composed of the force-deformation relationship of the consti-
tuent members given in Egs. (3.29, 3.30), and the second term
is due to-external nodal rotations. The typical element in

the first term can be derived from Egs. (3.29) and (3.30) as
- -1 T
{qr} = [KMR+SMR] {Qm} + [KMY+SMY][AV] {xs}. (8.3)

Thus the elements in Eq. (8.2} are

;

\
{FM]l
{FM]2
[FS] = AN (8.4)
(FM] |
l\
\\
¢
(4E11 2NiLi) (2EIi N;Lj
L; 15 Ly 30
1
FM]. = (§8.5)
[ ]1 DETi
_(2EIl NiLl (4EIi ) ZNiLi)
L L 30 Ly 15

DET, = - ) ( - ) (8.6)
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[ (L1, ]
(L],
~
[FY] = S, (8.7)
(Ll
(Ll
[ -1 -1 )
Li L1
(L], = (8.8)
-1 -1
Li Li J

Note that {Q,} is the vector of internal nodal moments due
toc nodal displacements. The subscript i denotes the number
.0f members, The element 1 of the vector {Hr} has value

only if a plastic hinge exists at node i.

C. Numerical Examples

Example 8.1 Let Example 6.1 be used to investigate the
elasto-plastic dynamic response for g=0., 8=0.2 and g=364.
rad. /sec. The deflections of peoint B for elastic and
elasto-plastic cases are shown in Fig. 8.1.

Example 8.2 Example 6.2 is used to investigate the

elasto-plastic dynamic response for a=0., £8=0.3, and






96

1°'g oT7dwexyg JO asuodsasy UHEmnmo 1°8 -bta

AO mv >
Al )
\ Ar. / /V - L\ /dV / /4 .1\\ /A
47 \ \ v/ / \\ \\ / \

"0 1°0
/»
VARG AR =
\!

ase) oI3seld-o03serd

ase) OTI3seTd

T

0
9]
I

o
o
*uT) g 3Ie Jusuw®oeTdsig

B4







97

8=20.1 rad./sec. The lateral deflections of Yl and Yo
for both elastic and elasto-plastic cases are shown in

Figs. 8.2 and 8.3.

D, Discussion of Results

From these two examples, it can be observed that the
behavior of elastic case is different from that of the elasto-~
plastic case., The parametric resonance shows up clearly
for the elastic case and cannot be observed for the elasto-
plastic case. The reason is that the dynamic instability
region is based on the assumption that the structure is

elastic.






Elastic Case
Elasto-Plastic

- ———e =

L 4

6.07T
3.04

-3.0¢

(*ut) Tz JusweoeTdsI(g

Fig. 8.2 Dynamic Response of Yy of Example 8.2
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IX. SUMMARY AND CONCLUSIONS

An analytical method is presented for determining the
behavior of dynamic instability and response of frameworks
subjected to longitudinal pulsating loads qnd lateral dynamic
forces or foundation movements. Some of the features of
this work are summarized as follows: -

1. Dynamic instability criteria are discussed and
formulated in relation to the magnitude of axial force, the
longitudinal forcing frequency, and the transverse
frequency.

2. The displacement method is employed for structural
matrix formulation for which the typical member matrices
of mass, stiffness, and stability are derived.

3. Eigenvalues of free vibrations and static
instability are investigated in this work. The static
instability analysis includes both concentrated and
uniformly distributed loads.

4. The elastic and elasto-plastic frameworks are
analyzed for the response of displacements, internal moments,
and shears resulting from dynamic lateral forces or ground
accelerations, General considerations include bending
deformation, geometric nonlinearity, the effect of girder
shears on columns, and the effect of axial loads on plastic

moments.
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5. Two numerical methods, the fourth-order Runge-Kutta
method and the linear acceleration method, are used to solve
the nonlinear differential equations of motion. The solutions
obtained by these two methods compare very satisfactorily.

6., A number of selected examples are presented from
which it can be observed that the deflection response
corresponding to the instability region grows exponentially
with time.

7. The dynamic instability analysis yields the
stability and instability regions from which one may design

a structure to avoid the occurrence of parametric resonance.
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APPENDIX

Computer Programs
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LIST OF SYMBOLS USED IN COMPUTER PROGRAMS

AFV = matrix relating girder shears to columns

AFP = matrix relating vertical forces to axijal
force in columns

AF = axial force in column

AM = matrix [Am]

AV ‘ = matrix [Av]

AMS = matrix [Apg)

AREA = Ccross sectional area

A, B, C, D = constants of Kl' K2, K3, K4 for Runge-Kutta
formula

ALPHA = coefficient of axial locad

BETA = coefficient of axial locad

DT = small increment of time

FY = yielding stress Fy

PSB = static buckling load

PT = time-dependent axial force

PM = plastic moment ZFy

PY = cross sectional area times F

NM = number of members

NP = number of degrees of freedom

NPR = number of degrees of freedom in joint rota-
tion

NPS = number of degrees of freedom in side sway

NVP = number of vertical forces acting on columns

VA a value






VB
NPTS
XL
XM
XI

XE

XT

XTT
XEM
XEV
XXM
XXK

XXPp

ZP
ZETA
NPH
LPH
NRH
HR
FEM
FEV

COFR
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g value

number of time steps

member length

mass per unit length

moment of inertia of cross section
elastic Young's modulus
displacement

velocity

acceleration

internal end moments

internal end shears

system mass matrix [M]

system stiffness matrix [K]

system stability matrix [S]

time |

plastic modulus

8 value

new plastic hinge

old plastic hinge

relieved plastic hinge

plastic hinge rotation {H,}
internal moment due to plastic moment
internal shear due to plastic moment

carry-over factor fCO
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FRY1, FRY2, FRY3, FRY4 = element of matrix ([FY]
FMV1, FMV2, ¥MV3, FMV4 = element of matrix [L]
FRM1, FRMZ2, FRM3, FRM4 = element of matrix [FS]
PMR1, PMR2, PMR3, PMR4 = element of submatrix [SMR]
PMYl, PMY2, PMY3, PMY4 = element of submatrix [SMY]
PVR1, PVR2, PVR3, PVR4 = elément of submatrix ([SVR]
PVY1l, PVY2, PVY3, PVY4 = element of submatrix [SVY]
SMR1, SMR2, SMR3, SMR4 = element of submatrix [KMR]
SMYl, SMY2, SMY3, SMY4 = element of submatrix [KMY]
SVRl1, SVRZ, SVR3, SVR4 = element of submatrix [KVR]
5VYl, SVY¥2, SVY3, SVY4 = element of submatrix [KVY]
XMRl, XMR2, XMR3, XMR4 = element of submatrix [MMR]
XMY1l, XMY2, XMY3, XMY4 = element of submatrix [MMY]
XVR1l, XVR2, XVR3, XVR4 = element of submatrix {MVR]

XVYl, XVY2, XVY3, XVY4 = element of submatrix [MVY]






FLOW CHART OF ELASTIC DYNAMIC RESPONSE PROGRAM

([ READ AND WRITE INPUT ]
{

SET UP MEMBER MASS MATRIX [m -]
AND MEMBER STIFFNESS MATRIX [k

|

SET UP STRUCTURAL MASS MATRIX [M]
AND STRUCTURAL STIFFNESS MATRIX [K]

T
| INVERT MASS MATRIX [M] |

| CALCULATE SAT FOR [M] AND [K] |

[ DEFINE AND WRITE INITIAL CONDITIONS |

3
[ DO 9999 KK = 2, NPTS |
3

| FIND AXIAL FORCE IN COLUMNS |

| SET UP MEMBER STABILITY MATRIX [sj]

[SET UP STRUCTURAL STABILITY MATRIX [S] |

T

[ CALCULATE SA~ FOR [S]

| CALL SUBROUTINE GFMKP |

L

| carLcuraTe {x}, {X}, {¥} BY RUNGE-KUTTA METHOD

1
[ CALCULATE INTERNAL FORCES |

[ T=1T + DT |

[ 9999 CONTINUE |

[__STOP ]
[_END_ ]
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FLOW CHART OF ELASTO-PLASTIC DYNAMIC RESPONSE PROGRAM

| _START _

READ AND WRITE INPUT
CALCULATE REDUCED PLASTIC MOMENT

i
[ _DEFINE AND WRITE INITIAL CONDITIONS |

[ DO 9999 KK = 2, NPTS |

— {_ FIND AXIAL FORCE IN COLUMNS ]

3
[ caLcuLATE {FEM} AND {FEV} |

i
SET UP MEMBER STABILITY MATRIX [5jij]

AND STRUCTURAL STABILITY MATRIX[S]

| carcuraTe saT For [S)

t
SET MEMBER MASS MATRIX [mijl
| AND MEMBER STIFFNESS MATRIX [kij]
SET UP STRUCTURAL MASS MATRIX
AND STRUCTURAL STIFFNESS MATRIX [K]

¢
j [ INVERT MASS MATRIX [M] ]

| carcuraTe saT FOR [M] AND [K]

no

CALCULATE SECONDARY SHEAR SECDV
TRANSFER TO EXTERNAL JOINT LOAD

i
[ CALL SUBROUTINE GEXTP |
)

CALL SUBRQUTINE GFMKP
CALCULATE {X}, {X}, {X} BY RUNGE-KUTTA METHOD

[ CALCULATE INTERNAL FORCES |
1

| CALCULATE HINGE ROTATION {H,.} |

5

O

yes 1
————{ IS THERE ANY MEMBER WITH BOTH ENDS HINGED? j—e1
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®

yes

©

IS THERE ANY NEW PLASTIC HINGE FORMED? |

. ADJUST {FEM} AND {FEV} |

no

yes
—— IS THERE ANY OLD PLASTIC HINGE RELIEVED? |

=

ADJUST {FEMY AND {FEV]} |

no

[ T=T + DT |

| 9999 CONTINUE |

STOP

END
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*® FLASTIC DYMAMIC RESPONSE

NIMENSICN
DIMENSTON
DIMENSION
DIMENSION
DIMENSINON
DIMENSION
OIMENSION
DIMENSTON
NIMENSTON
NIMENSION
NIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENS ICN
DIMENSICON
DIMENSTION

IMENSION
DIMENSION
DIMENSTION
DIMENSION
DIMENSICN
DIMENSIOM
DIMENSION
DIMENSICNM
DIMENSICN
DIMENSION
READ{1,2)
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ALPHA(LIO) ,PAR{LD) ,BETALLD)},RATINILIR)
AM{L12.1R),AMS13,3),AVI12,1R)
XL{L1O0)Y ¢ XI(LO)XM(LO)

NPH({18)

ASAT{10410),IMDEX{350)

XXKU10910) pXXMIL1O410),XXP{10,10)
SMRICLO),SMRZ(10),SMYL{10),SY2{ 1D
SMR3(10) ySMR&L{10),SMY3110),5MY4(10)
XMRIL10) o XMR2{UL0) 4 XMYLLL10),'X4Y2(10)
XMRI(10D) ¢ XMRA{L1D) 4y XMYI {10}, XMY4(10)
PMRLULO) +PMR2(10),PMYL{LO0)»PMY2{10D)
PMR3I(10)4PMR4{10),yPMY3(10),PMY4(10)
SVRLIU10)ySVR2{10),SVYLL10},SvY2(10)
SVR3(10)4SVvR4(10),SYY3(10},85VY4s{10)
PVRL(10)PVRZ2(LO},PVYLI(10})4PVY2110)
PVR31{10) yPVR4&(10),PVY3{10)},PVY4 (1D}
XVRI{10)+XVR2(10) 4 XVYLLLO}yXVY2(10}
XVRI{10) 4 XVR4({L0)I,XVY3{10),XVYLl10}
XMP{L1E,10),XVP(1B,13)4,XEMIL18)
XMK{L8,10) 4 XMM(18,10),XVK(18,10)
A(10),8{103}),C(10),0(10),XMI(10,19)
RX{10),RXT{10),RXTT(1Q)

X{10) ,XTU10},XTT(10}
XA{10),XB110),XC(1I},XD{10)

XTA(LO) o XTS(L1O) s XTC(10),XTDILO)

XAC {10} . XTACH10Q)
XEV{18),XyM(18,10},XEVM{18])
XEMPK(LB) ,XEVPK{LB),XEMM(]1R)
AF(L10),AFVIL10,18),AFPL10,18),PT{1D)
AFVVLI13),AF2P(10)
FMVI{)10)oFMV2U1D) 4 SMY3ILL10) ,FMVA(1D)
AREATLG)»FY(101,PYLLI0),RDOM{ 1)
EDPM(12),PM{13),72P({10)
AXTALF({1B),PLIMITI(18),REDUC(18)

MO

TF(NO) 5245243

WRITE{3,1001)

WRITE(3,500) NO

READ(1,401) NM,NP,NPR,NPS,NVP

NE M=2%NY

READ(1,1009) (NPH{I),1=1,NEM)
READ(1,4003{XL{TI),yI=1,NM}
READ(1,400){AREALT )}, I=1,NM)
READUL44CO)MIXI{I)I=1yNM)
READ(UL,400)(XMIT)I=1,4MNM]

READ{L,4003{ZP{1),I=1,0NM)

RFADIL+400)IFYIT)sI=1,0M)
READ{1,400}{ALPHAITI),I=1,MM)
READ(1,400)} (BETA{I},I=1,M4)
READ(1,601) PS8,XE
READ{1+400) VA,V8,2ETA






52
53
54
55
5o
57
58
59
69
61
52
63
64
65
66
67
63
69

79
71
T2
73
T4
75

7
78
76
82
81
82
83
B4
85
86
87
A8
89
90
91
92
93
4
95
96
17
98
9
100
101
102

3346
402
407
414
415
406
405
404
409

403

410
413

412
411
416

417

114

_WRITE3,700)
WRITE(3,701)(XLIT),[=1,NM)

WRITE(3,702)
WRITF(3, 7010 (XTI (1) 1=1,NM)

WRITE(3,703)

WRITE{3,701) {XM{I) I=1,NM)

WRITE(3,704) |

WRITE(3,701) CALPHALT) yT1=1,NM)

WRITE(3,705)

WRITE(3,701) (BETALT},I=1,NM)

WRITE(3,706)

WRITE(3,701) PSB,XE

WRITE(3,4321) VA,V8,2ETA

WRITE(3,3348)

DO 3346 T=1,MM

PY{I)=AREA(I)*FY(])

PMIT)=ZP(1)%FY(I)

WRITE(3,3347) I1,AREALL),FY(I),PY(I),ZP(]),

EPMIT)

CONTINUE

DO 402 1=1,NPR

00 402 J=1,NEM

AM{T ,3)=0.

D0 407 I=1,NPS

DO 407 J=},MEM
AV{I.J)=0.

N0 414 I=1,MM

DO 414 J=1,NEM
AFV(T 4 J)=0.

DO 415 I=1,NM

DO 415 J=1,NVP
AFPII,J}=0.
REAR(1,403) T,J,AMIY
IFTUI) 404,404,405
AM{T,J)=AMTY

GO TO 406
READ{1,403) I,J4.,AVIJ
IF(I) 402,408,409
AVIIJ)=AVIJ

GO TO 404

DO 410 !=1,NPS

DO 410 J=1,NPS
AMS{I,J)=0,.
READ(1,403) 1,J,AMSIY
IFIT) 411,411,412
AMS(I,J)=AMST Y

GD TO 4113
READ{1,403) 1,J,AFVI]
IF(I) 41T4617,416
AFVIT ,J}=AFVI]

GO 7O 41l
READ{1+403) 1,J4,AFPIY






115

103 CIF{I) 418,419,419

104 419 AFP(I,J)=AFPIJ

105 GO TN 417

L05 418 WRITE(3,650)

107 WRITE{34603) ({AM(IsJd)sd=1,NEM),I=1yNPR)

108 WRITE(3,651)

1929 : WRITE(3+4603) ({AVIT4J)sJ=LyNEM)T=1,NPS)

110 WRITE(3,652)

111 WRITE{3,633)L (AMSLIJ)sJ=1,NPSY1=1,NPS)

112 WRITE(3,653) ‘

113 WRITE(3,6031LTAFV(T,Jd) 9d=1,NEM},I=]1,NM)

L1l4 WRITE(3,654)

115 WRITE(34603) L (AFP(I,J)sd=1yNVP)1=1,NM)
c FORMULATE MASS £ STIFF. MATRIX

116 DO 1000 I=1,MM

117 MN=]

118 CALL STIFFA{SMR]1,SMR2,S5MR3, SMR4&4,

LSMYL1,SMY2,SMY3,5MY4,SVR]1 SVR2,4SVRIHSVRA,
ESVYLeSVY2sSVY34SVYL,,XMR1,XMR2, XMR3, XMR 4,
EXMY Ly XMY2 o XMY 3 ¢ XMY4 4 XVRLe XVR2 4y XVR3I 4 XVR 4,
EXVY L1 XVYZ e XYY 3 o XVYSG o MNGXE S XTI o XL o XM)

ii9 1000 CONTINUE :
c SET UP XXMyXXK
120 CALL ASATA(NPR ,NPS,NM,AM, AV,

LSMQL, SMR2,SMR3, SMR4H,SMY1,SMY2Z, SMY3,SMY4,

ESVR1sSVRZsSVRIySVRLG,, SVY1+5VY2Z,S5VY3,8VYLXXK])
121 CALL ASATB{NPRyNPS,NM,AM, AV,

EXMRY y XMR2 s XMR 3 5 XMR4 5 XMY ] o XMY2, XMY3 , XMYS,

EXVRLIyXVR2,XVR3,XVR4 4 XVY1,XVY2, XVY3,XVY4,

AAMS ¢ XXM)

122 CALL ASATMINP s XXM, XMT)

C FORMULATE S*AT

123 CALL SATMVINPRNPSyMNM,SMRL,SMR2,5MR 3,
ESMREL , SMY ] oSMY2 . SMY 3, SMY4, AMZAY 4 XMK)

124 CALL SATMVINPR JNPS,NM,5VR1,5VR2,5VR 3,
ESVR4,SVYL sSVY2,5VY3,SVYS 4 AMAV 4 XVK])

125 CALL SATMVINPR 4NPS,NM, XMR1, XMR2,xMe 3,
EXMRG g XMY] s XMY 2 ¢ XMY 3 g XMY4 s AMLAY , X MM)

126 CALL SATMVINPR ,MPSyNM,XVR1,XVR2,XVR3,
EXVREG s XVY L XVY 24 XVY3 3 XVYL4 3 AM AV, XYM)

o DEFINE THE IMITIAL COMDITION

127 READUL1,900)UX{T},1=14NP)

128 READ{14900)(XT{I)41I=1yNP)

129 READ(1,9003IXTTLTIY 1= ,NP)

130 DO 671 I=1,NEM

131 XEV{1)=0,

132 671 CONTINUF

133 T=0.

134 NPTS5=201

135 WRITE{(3,90117

136 DO 9000 I=1,NP

137 WRITE(3,903) XUI),XT{I) . XTT(I)






133
139
149
141
142
143
144
L45
145

147
148
149
150
151
152
153
154
155
155
157
158
159
150
151
1562
153
164
155
156
167

153
159

170

171

172
173
174
175
175
177

173
179

930

666

667

668

1100

3001

116

COMTINUE

DT=0.002

DI 9999 KK=2,NPTS

DO 930 I=1,NP
RX{IN1=X(1)

RXT(I)=XT (1)
RXTT(I)=XTTLI)

COMTINUE

RT=T

FIND AXIAL FNRCE
ZT=ZETA*T

CZT=COSLZT)

DO 655 I=1,NVP
PT(I)=VA®PSB+VP*PSB¥CZT
COMNTINUE

DO 664 I=1,NM
AFWVI(1)=0.

DO 666 J=1,NEM
AFVVII)=AFVVIII+AFVIL,J) #XEV( )
CONTINUE

DO 667 I=1,NM
aFPP(1)=0.

DO &67 J=1,NVP
AFPP(I)=AFPP LI +AFP(1,J)*PT(J)
CONTINUE

NG 668 I=1,NM
AF{T)=AFVVII)+AFPP(T)

CONTINMUE

D0 1100 I=1,NM

MN=1

Catl STIFPALPMRL,PMR24PMR3,PMRG,

EPMY1,PMY2,PMY3,PMY4,PVE]1,PVR2,PVR3,PYR 4,

EMN XL AF)

CONT INUE

CALL ASATA(NPRyNPS,NMy AM, AY,
EPMRL,yPMR24PMR3 yPMR4GPMY L, PMY2, PMY3, PMYS,
EPVRLBYR2 yPVR3 4 PVRL4y PVYL,PVY2,PYY3,PVYSL,XXP)
CALCULATE S=AT FOR P

CALL SATMVINPR yNPS,NM,PMR1,PMR2, PMP3,
EPMR&,PMYL ,PMY2 ,PMY 3, PMY4L, AM,AY, XUR)
CALL SATMV{NPP ,NPS,NU,PVYR1, PVYR2,Pye],

LPVRA4LPVYL,PVYZ,PVY3, PUYL,AM, AV, XVP)
CALCULATE A+8,C,D VECTOR

0N 2001 I=1,NP

XALI)=PX(1])

XTA{I)=RXT{1)

CONTINUE

TA=RT

CALL GFMKPITA,DT NP NPRyVA,VB,ZETA,PSB, XA, XXP,
EXXKyXMILA)

quRT+DT/2.

NO 231 T=1,NP






117

130 AB(I)=RX{I)+{DT/2,)%RXT(])
131 ATRLYII=RXTLII+0.C*A(T)
132 931 CONTINUE
133 CALL GFMKP{TB DT NP INPR,VA VR, 2FTAPSB X3, XXP,
, EXXKXMI,B) )
134% TC=RT+DT/2.
135 DO 934 T=1,NP
186 XCUII=RYX(IIH(DT/2 3% (RXT{IIY+{DNT/L.)¥*{A(1))
187 XTC{I}=RXT{I)+0.5%8( 1)
138 934 CONTINUE
189 CALL GFMWKPITC DTy NP NPHIVALVB,ZETAPSBy XLy XXP,
. EXXK ¢ XMT L)
1990 TD=RT+DT
131 DO 936 1=1,NP
192 ¥DUIY=PX{I)+DTARATLIY+{DT/72.)%R(1)
193 XTD{I)=RXT{I)}+C(1)
194 936 CONTINUE
195 CALL GFMKPI{TDyDTyNPNPRyVA,VA,ZETA,PSB, XD,y XXP,
EXXK s XMI oD)
196 DO 9383 I=1,NP
197 XED)=RX (I Y4DTHERXT{I)+ (DT /6. )%t ALT)+BL{TI)+C(T))
163 XT{I)=RXTIII+{1./6.)%(A{1)42.%B{1)+2.%C(]1)+
&D(01)
193 938 CONTINUFE
200 TAC=RT+DT
201 DO 939 I=1,NP
- 202 XAC({1Y¥=X{1I)
203 XTACUI)=XT{1}
204% S39 CONTINUE
235 CALL GFMKP{TAC DT+ NP NPR,VA,VB,ZETA+PSB,XAC,
o EXXP s XXK o XMI o XTT)
206 DO 941 I=1,NP
207 XTT(IY=XTT(L}/DT
208 941 CONTINUE
209 T=RT+DT
210 WRITE(3,501)7
211 NO 9100 I=1,NP
212 WRITE(3,503) X{I)yXTUL),XTT(1)
213 2100 CONTINUE
C CALCULATE END FORCES
214 DO 890 T=1,NEM
215 XEM{1)=0.
216 XeEV{1Y=0.
217 DO 890 J=14NP
218 XEMUI)=XEM{I )+ (XMK{I4J)~XMP{I,J))%X{J)+
EXMMUT , J)*XTT(.3)
219 XEVIII=XEVILI ) #{XVK{I4J)=XVPL{1,d))2X(J)+
: EXVMLT L) %XTT( )
220 890 CONTINUE
221 WRITE{(3,891) T
222 DG 5001 I=1,NEM

223 WRITE(3,892) I,XEMII),XEV(I)






224
225
225
227
228
229
230
231
232
233
234
235
236
237
234
239
240
241
242
243
244
245
246
247

3001

aeq9
2
400
401
403
500
601
603
633
650
651
652
653
654
700
701
702
703
704
T05
706
892

891

300
03
1001
S0
1009
3347
3348

4321

52

1is.

CONTINUF

T=RT+0T

CONT INUE

FORMATI(IS)

FORMAT(4F10.4)

FORMAT(515)

FORMAT{215,F10.%)

FORMAT( /710X, "N, OF PROGRAMS =1,158)
FORMAT(2F10.2)

FNORMAT({12F10.4)

FORMAT{2F10.46)

FORMAT{//710X, AN MATRIX")
FORMAT(// 10X, YAV MATRIX")
FORMATU//10X, " AMS MATRIX?')

FORMATL{//10X, YAFY MATRIX')

FORMAT {7/ 10X, *AFP MATRIX?)

FORMAT{//10X, *MEMBER LENGTH!')
FORMAT(3E16.71)

FORMAT({//10X, YMEMBER MOMENT INERTIA')}
FORMAT(//10X, YMEMBER MASS?)
FORMAT({//10X, " ALPHA VALUE?')
FORMAT(//10X,*BETA VALUE?')
FORMAT(//10X,YLOAD P AND ELASTIC MODULUS?)
FORMAT{//2Xy'PT ¥4 1242X2ELS.T794XyEL6.T 94X, E16,.7
E1GXsElB.T14XE16.T}

FORMAT {7/ 10X, *END MOMENT,END SHEAR AT TIUE=y,
EF10.7)

FORMAT{6F 10.4)
FORMAT{//10X,E16.T+10X,F16.74y10X,E16.7)
FORMAT { 1H1Y)

FORMAT /710X "X e XT+ XTT AT TIME T=',F10.7)
FORMAT (615)

FORMAT{// 10X, I545E16.7)

FORMAT(//10X, *MEMAER MU' ,10X, *AREAY, 10X, *FY!,
E10Xe'PY?' 10XV ZIPY 410X, tPM )

FORMAT [// 10Xy WA= 4 Fl0.445Xe'VB=1,F10.4,5%,
LY'ZETA=",F10.4)

STOP

END
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119

®  FLASTOD=PLASTIC DYNAMIC RESPCMNSE

PIMEMNSTION
NDIMENSTON
NTMENS I0N
DT MENS TON
DIMFNSION
DIMENSICH
DIMENSTON
DIMENSION
DIMENSTAN
DIMENS TON
DIMEMNSION
DIMENSION
DIMEMNSION
DI MEMSTON
DIMENSION
DIMENSION
DIMENSION
DIMENS 10N
DIMENSTON
DIMENSTON
DI MENSION
DIMENSION
DIMENS 10N
DIMENSTON
DIMENSION
DIMENSTON
DIMENSIAN
DIMENSION
DIMENSION
DIMENSTION
DIMEMSION
DYMENSTON
DIMENS TGN
DIMENSTON
DIMENSICN
DIMENSICY
DIMENSION
DIMENS TON
D1 MENS 10N
DIMENSION
OIMENS ICN
DIMENSION
DIMENSION
READ(1,2)

AM{12912) s AMS{4y4)0AV(12y12)
ASATILIODZ10) 4 INDEX{S0),XL{10)XT(10)
ALPHALLO) 4 PABLIIO) 4 AFTALLD) X1 0)
XXK L1041 0) 3 XXM{10,10),XXP{10,10)
SMRLILLINY B S¥R2010)8YLI10),SMY2(10)
SMEFILLO)SMRPLELLD)1,SMYI(L0),SMY4( 1D
XM2LL10) o XMR2U1IND) +XMYLI10)  XMY2(10)
XMRI(10),XMR&[10)yXMY3(10),XMY4( 1D}
PMRI{10),PMRZ{1D),PMYL{10)},PM¥Y2{10)
PMRI(10)4PMRGI10),PMY3(10),PMY4(10)
SVR1I(10)s3VRZL10),85VYLIL10),SVY2(10)
SVRI{10) ySVRG{10)4SVY3(10)9SVYL(10)
PVRL{1D),PVRZ(LD),PVYL(10),PVY2{1D)
PYRI{10),PVR4A(10),PVY3(10),PVYYS{1]}
XVEL1C10) o XVRZ2{10) 4 XVYL{L10) 4 XVY2(10)
XVR3I{L0) s XVREG(1D),XVYI(10), XVY&(10)
XMP{LE8,10)+XVPI18,10)XEM{L18)
XMKCLIELLO) o XMM{LB,10)4XVK{18,10)
ACLOY+BEC(LQ) o C({L0)+N{ L0} XMI(L10,10)
RX{IO)RXTILQ) RXTTILO)

XTLO Yy XTOLO) o XTTL10)

XACLO)Y o XBE10) XCU1D) ., XD(1 D)

XTACLO) o XTBALO) o XTC{ LG XTO(1O)
XEVILA) 4 XVM{1E,10)4XEVM{18)
XEMPK(LB) s XEVPK( 18} 4 XEMM(18)
DRULBIDY{18):FAVTILA,LE)ENDRIL1T)
FRML{10),FRM2(10),FRVM3(10),FRM4(10)
FRYLI(10),FRYZ(10D),FRY3I{1Q),FRY4&[10D)
AF{L10),AFVILIO0,18)4AFP(L1ND,12),PTL10)
FMVLI{10),FAV2010),FHVILLI0),FMV4L{10)
FEM{12),FEV{L2},PE{1D),RSFTLLO)
AREA(LO) L,EY(L10),PY{10),R0PM(18)
NRH{LE}LPH{ LB}, PRHR{ 18] NPH{18)
LPHR(18) LPHRO(L18),ENPM{18},PM(12])
COFRULO} y]IXEVIZ20) yMNPHIZ20) y MNRH(2D)
SPVYL{LlO)sSPVY2{10),SPVY3{10Q)
SAVT(20,20) ,SECDVI20),5PYY4&(10)
DET({LOY+AFVYVILIO),AFPP(10)
PSE(10),XS5{10),2P(10)
AXTALFI1R)Y,PLIMIT(18)
REDUC{20)1,HRATIN(1R)

XAC{10),XTAC(10)

AMTX(18) 4HR{18)
NG

IFIND) 572,52,3

WRITE(3,1001)

WRITE{(3,500) MC

READ(1,401) NM,NP,NPR,NPS,NVP

NEM=2 MM

ALCWM=1.05
ALGOWP=0.30






73

81

82
33
8%
35
86
a7
B3
33
30
Il
52
93
94
95
95
37
93
99

199

191

c

3346

1007

&£02

407

120

READ(Ly400) (XL{IYyI=1,NM}
PEAD{L,L0D) (ARFA{I) ,T=1,MM)
READIL L0000 XTI sI=1,NY)

FEADTL 4400) (XMIT) 4 T=1 4NN}
READ(L,400)¢(ZP(I)sI=1,NM)

READI1 44001 (FY(I)eI=1yMM)

READ(L 4001 {ALPHA (T )Y =1 4NM)
REAN(L,400){RETA(T ),y I=1,41i%)
READ{ 14601) PS3,XE

READ(1,4C0) VA,VB,2ZETA
WRITF(3,730)
WRITE{3,701)(XL(T),I=1,MNY)
WRITE(3,702)
WRITE{3,70L1{XT(I),I=1yNM)
WRITE{3,703)

WRITE(13,703)

WRITE(3,70L)(XM{T) 4I=14NM)
WRITF{3,704)

WRITEL3,70LY (ALPHA(T),I=],NM)
WRITE(3,705)

WRITE (3,701 {BETALT),1=1,%M)
WRITE{3,706)

WRITE{3,701) PSRWXE
WRITEI(3,4321) VA,VB,2ETA
VRITE(3,3243)

NG 3346 1=1,MNM
PY(I)=pAREA(II*FY(])
PMIT)=ZPLI)*FY(1)

WRITE(393367) IT4AREALL)+FY(T1)ePYLI),2P{1),
EPM(L)

CONTINUE

CALCULATE REOQUCED PLASTIC MOMENMT
D3 1007 I=1,N™
AXTALF(I)={ALPHA(T)*xVA+RETA(T ) =VB)=xP8A
PLIMIT(Y)=0,15%PY{1)
REDUCTITI=({ALPHA{I }=VA+BETA(L)=VR) PSR /PY (1)
ROPM{I)=PM(I)%{1.~REDUCII)*REDUCI{I))
IL=2*%]~1

JR=2x*1

EDPM{IL)=ROPMIT)
EDPMLIR)I=RDPMIT)

CONTINUEL

WRITE(3,33649)

D0 3447 T=1,8M4

WRITE(3,3347) I,AXTALF(]),PLIMIT(T),R0P™(1)
CONT IMUE

DO 402 I=1,NPR

00 402 J=1,NMEM

AMIT,LJ¥=0.

0N 4Q7 I=14NPS

07 407 J=1,MEY

AVII,JY=D.






in2
103
10%
135
106
107
103
199
1190
111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
123
123
130
131
132
133
134
135
135
137
133
139
143
141
142
143
144
145
146

147
148
149
150
151
152

L1 4

415
L0

410
413

12

411

416

417

419

418

561

DO 414 T=1,MNM

DO 414 J=1,NEM

AFV(E;J):O.

DO 415 T=1,MNM

NN 418 Jd=1,.NVP

AFRP{T,01=0.

QEAND{1,403) I,d,AM1 )
AMIT S =AaMTY

GO TO 406

READ{1,403) 1,3,8VIY

IF{I) 403,408,409
AVIT»J)=AVI1J

GO TN 404

DO 41C I=1,NPS

NO 410 J=1,NPS

AMSUI,J)=0.

READ(1,403) 1,Jd,AMS81J

IF{I} 41l,411,412
AMS{T,J)=4M51)

GO TO 413

READ{1,403) I,J,AFVIJ

IFLL) 41744174416
AFY{T,,J)=AFVT I

GO TO 411

REAN(14403) T1,J,8FPTJ

IF{I) 41B,418+419
AFP{IsJI=AFRPLJ

GO TO 417

WPITEL3,6%0)

NRITE(%,&O}, t(fﬂ"‘(IyJ)1J=19NEM,1I=1,NJPQ)
WRITE(3,051)

WRITE(3,603) (LAVII, J) 9d=LyNEM) I =1,NPS)
WRITE(3,652)
WRITE(34633) 1 (AMS{T U ¢d=1,NPS)4I=1,NPS)
WRITE(3,553)
WRITE{R,603Y L {AFYVIT 4 3) pd=1,NEMY,T=1,NM)
WRITE13,4654)
WRITE(3,803)1{AFP{T ) sd=L yNYP ) el=1,4MM)
DO 561 1=1,NM
FMVI(TI=—-1./7XL{1)
Favz{l)=-1./XL{Y)
FMV3(I)==1./XLLT)
FMVL{I)==1./XL{I)

COMTIMUE

DEFIHE THE INITTIAL COMDITION
DO 567 1=1,NEM

NPH(I}=0

MNPH(T1=0

NRH{I ) =0

MNRH( 1) =0

LPH{TI)=0

121
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133
154
165
166
157
168
1569
170
171
172
173
174
175
176
177
178
179
130
181
132
133
134
185
135
187
188
139
139
191
192
133
134
195
198
197
198
139
2390
231
232
203

G4b b

6301

- 3449

560

671

3000

15699

S30

5682

1972

122

PRHR(T =0,
HRATIN{T)=0.
LPHRD (T} =0

COMT IMUF

DO 4456 1=1,MPS
RS{T1Y=0.
COMTINUE

0 5001 T=1,NEM
SECDVI(TI y=0.
CCNTINUE

DO 944G T1=]1,4NP
PSEtI)=0,
CCNTINUE

D3 560 1=],NEM

FEV(I)=0.

FEMII)Y=O,

CONTINUE
REAN(L,,G00)(X(I),I=1,NP)
READ(L1,900)(XTII)I=1,NP}
REAGIL,90Q)(XTT(L)4I=],MP)

0O 671 I=1,NEY

XEV{(1)=0,

CCNTINUE

WRITE(3,674)
WRITE(3,C00}Y(XEV{I),I=1,NFH)
T=0.

DT=0.004%

KZERQO=0

WRITE(3,501)T

DO 9000 I=1,NP

WRITE(3,903) X{I1 XTI XTT(I)
CONTINUE
WRITE(3,1920)(LPH(Y)sI=1,NEM}
MPTS=581

NO 6599 KK=2,NPTS
WRITE(3,1001) '
WRITE(341919) (LPH{[)s1=1,NEM)
N0 930 I=1,NP

RX{I)=X(1)

RXT{I)=XT(T)

RXTTIL =XTTHLI

CONTINUR

DO 5682 J=1,NEM
RAEVISY=XEVLY)

CONTIMUE

RT=T

PRT=RT

WRITE(3,901) PRT

DO 1972 1=1,NP

WRITE(3,503) PX{I})RXTII) IXTT(I)
COMTINUE

FIND AXIAL FORCE






204
205
29006
207
293
203
2190
211
212
213
214
215
215
217
218
219
2290
221

222
223

224
225
226
227
228
229
230
231
232
233
234%
235
235
237
233
233
240
241
242
243
24%

245
245
247
243
243
259
251
252

£A6

667

668

1601

2011
2013

2014

2012
2015

2016

1020

562

123.

IT=ZETA%T

CZT=COS{ZT)

00 655 1=1,NVP
PT(I)1=VA*PSB+VAXPSB=ZT
CONTINUF ,

DO 665 I=1,N4

AFVVIT)=0.

DN &65 J=1,NEY
AFVVLI)=RFVV I #ARV{L, J}=XEVLY)
CONTIMUE

DO 667 I=1,AM

AFPP(1)=0.

DO 667 J=1,NVP
AFPP{1)=AFPP{ 1) +AFP(L1,J}*PT(J)
CONTINUE

DO 668 I=1,NM
AF(T)=AFVV(I)+AFPP(I)

CONTINUE ‘

CALCULATE CARRY DVER FACTOR

DO 1601 I=1,NM |
COFRIT)={ 2. %XE*XI L 1) /XLIT)+AFLT ) #XL(1)/30,)/
E04w EXERXT I}/ XLLT)=25AF{ TVRXL(1)/15,)
CONTINUE

DO 1020 T=1,NM

IL=2%1-1

JR=2%]

MIL=LPH{TL)

MJR=LPH{JR)

IF (MIL) 2011,2011,2012

IF (MJR} 2013,2013,2014
FEM{IL)=0,

FEM(JR)=0.

GO TN 1020
FEMIIL)=FEM(JRIXCOFR(T)
FEM{JR)I=FEM(JR)

GO TO 1020

IF{MJR) 2015,2015,2016
FEM{IL)=FEM{IL)

FEM{JR) =FEM{TL)*COFR(T)

GO TO 1020 |
FEM({IL)=FEM(IL)

FEM{JR)=FEM{ JR)

CONTIMUE

FINDED END SHEAR

D0 562 K=1,NM

L=2%K~1

M= 2K
FEVIL)=FMY LK) ®FEM{L ) +FMV2{K) *FEM(M]
FEVIM)=FUYI(KYRFEM(L ) +FMY4{K) *FEM(M)
CONTINUE

DO 1000 I=1,NM

MN=T






259
251

262
263
254

255
235
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TL=2%]=1
JR=2%x]
NMIL=LPHITL)
MAR=LPH{IP)
IFINMTIL)IINIL,L1011,1002
17911 TFIMDA) 1003,1003,1Q004
LO03 CalL STIFPE(PMRL¢FMRZyPMIEY, B IRA,
EPMYL s PMY2,,PMY3 ,PMY 4 ,PYRL ,,PVYR2, PV, PVRA,
EPVYLaPVYY2,PVY33PVY4y Ny XL yAF)
G TN 1000
L2304 CALL STIFPBIDPMR] yPML2,PMRY, PMRS,
LEPMY ] ,PMY2,PMY 3, PMY 4, 0VRLPVR2,PVR3,PVR A,
EPVYLyPUYY2Z 4PVYY3 PYYL  MN G XL LAF)
GO TN 1000
1002 IF(MJUR) 1005,100%,1006
1005 CALL STIFPC(PMR1,PMRZ,PMR3, PMRSG,
EPMYL ,PMY2,PMY3,PMY4,PYRY,PVR2,PVR3,PVK S,
RPVYL,PVY2,PVY3,PVY4,MN, XL, AF)
GO TQ 1000
1006 CALL STIFPDIPMRL,PMRZ2, PMRI, PMR4&,
EPMY Ly PMY2,PMY 3, PMY4L,PYR],PVA2,PYRY,PVRY,
EPVY1sPVY24PVY34sFVY 4 e XLy AF)
1000 CONTINUE
CALL ASATAINPRyMPS,,NM,AM, AV,
EPM21,PMR2,PMR3,PMR L4, PMY],PMY2,PMY3,DMY,,
EPYRY1y PVRZ2 ) PVRI yPYRL4yPVYLyPVYZ4PVY I yPVYL L XXP)

caLt SATMV{INPR yNPS,MMPMRL,PYR2, PMP T,
EPMRL yPMY] s PMY2 , PHY 3, PMYL G AM,AY,, KPP}
CALL SATNVINPER (NPS, MM, PYR]L, PYRZ,PVI],

EPVREG ,PVYL1,PVYZ24PVY3,PVYL,,AM, AV, XVYP)
D2 8020 I=1,MNM
Mi=1T
TL=2x%1-1
JR=2%]
IF(KZERDLEQ.O) GO TO 8101
ITF{LPHEDIIL)~LPHIIL)) 8121,8102,8101
3102 IF(LPHRD(OJR)-LPH{JIR]) £101,8900,7101
3101 NIL=LPH(IL)
MIR=LPH{JR)
IFINTLIRDLL,8011,8002
3011 IF(NJR)Y 2003,8003,8004
9003 CALL STIFFA(SMRL ,,SMR2,S5MR3, 5104,
ESMYL,SMY2,5MY3,5MY4&,5VR1,5VYR2,S5VR3,S5VR4,
ESVYLySYY2,SVY3 4SVYL G XMRLyXMRZ y XMRI, XMR S,
EXIAY Ly XMYZ g XMY 3 o XYL, XVP L1, XVR2,XVii3, XVR4,
EXVYLpXVY 23 XVY 3 XVY &L MNp XE s XT e XLy XM)
GO0 70 8090
3204 CALL ~ STIFFB{SMR1,SMR2,SMR3,S"R4,
ESHMY 1 SMY2,5MY3,5MY4,5VRY,5VR2,5VRI SRS,
ESVY1,SVY2,SVY3,3VYh, X¥R1,XMP2,XMR3,X”Ry,
EXMY Ly XMY 2, XMY 3 g XMY 4, XVR1 4 XVR2,XVP 3, XYR4,
EXVY Ly XVYZ2p XVY3 o XVY L g MN G XE S XT o XL o X*)






283
2435
287

233
239

299
291
232
233
23%
235
236

297

278
239

390
301

302

303
304
305

325
307
308
309
310
311
3t2
313
34

315

G0 TN 8000

3002 IFINJR) B3005,8005,8005

300% CALL STIFFCUSMR]L ,SMR2,SND3,5MR4,
ESMY1,SMY2,5MY3,5MY4,5VR1,5VR2,5V?3,S5VR4,
ESVYL1aSVY2Z3SVY3 aSVY L3 XMRL g XMRZ,, XVP 3y XM24,
EXMY Ly XMY2 3 XMY I g XMY 4L, XVRT yXVPE2,XVR3 4 XVRS,
EXVYL e XVY2 4 XVY 3 XVYL o MN g XEZXT o XLy XM)
GO 70 EODD

3006 CALL STIFFN{SMR L 4SMR2,5MR3,SMR4,
ESMYLySMY2 sSMY345MY4,SVPL,S5VPZ,5VR3,5VR4,
ESVYLySVYZ2,SVY3,SVYL G XMR]T § XMR2, XMR3 , XYR4
EXMY L o XMY2 4 XMY 34 XMYS, XVKL g XVR2 4+ XVR 34 XVR &,
BEXVYYL e XVY2 3 XVY 33 XVYSyMN e XF 9 XTy XLy X}

8000 CONTINUE
IFIKZERC.EQ.0) GO TO 8204
DO 8201 1=1,NEM
IFILPHRDIUI)=-LPH({I))} 3204,3201,3204

8201 CONTINUE
GO TOQ 8203

3204 CALL ASATAINPRNPSNMsAM,AY,
LSMR1ySMR2,SMR3,5M04,5MY] ,SMY2,SMY3,5MY4,

ESVRL,SVR2,SVR3ySVRLsSVYLrSVY2,SVY3,45VY4,sXXK)

CALL ASATBINPR ,NPS,NM, AM, AV,
EXMR1y XMR2 4 XMR 3y XMR4y XMY 14 XMY 2y XMY 3, XMY4,
EXVR1, XVR2,XVR3 4 XVR4,XVY L , XVY2,XVY3,XVY4,

EAMSy XXM)
CatL ASATM{NP s XXMy XMI}
CALL SATMVINPR ¢4NPS4sNMySMR]L,SMR2,SMR3,

LESHMR4,SMY] ,SMY2,SMY3,SMY4, AM, AV, XMK)

CALL SATMVINPR ,NPS s NMySVRL,SVR2,SVR3,

ESVR4,SVY1,5VY2,5VY3,SVY4,AM, AV, XVK]

CALL SATMYINPR yNPSyNM,y XM2], XMR2,y XMP 3,

EXMRL g XYL XMY 2 g XMY 3, XMY4, AM, AV 4 XMM)

carLlL SATHVINPR yNPSHNM ¢ XVRL ¢y XVR2yXVR3,

EXVRG g XVYL g XVY 2 s XVY o XVYL, 4™, AV, XY M)
RECORD LPH(I)

8203 DO 1081 I=1,MFM
LPHRDII }=LPH(I)

1381 CONTINUE

125

CHECK IF THERE IS ANY MEMBER ANTH FNDS HINGED

4444 NG 5011 T=1,NM

IL=2%1~1

JR=2*]1

NMIL=LPH{IL)

NMIR={ PH{ JR)

TF{NMIL) 5011.,5011,5012
5012 IF(NMJR) S5011,5011,5013
5011 CONTINUE

GO TQ 4445

CALCULATE SECONDARY SHEAR
5013 DO 4020 I=1,NM

IL=2%1~-1
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317 JR=2%]

313 MMIL=LPHIIL)

317 MMIR=LPH{ JR).

329 IF{MMTIL) 40312,4012,4011

321 4511 TFIMMJR) 4012,4012,4013

322 G133 SPYYL (I I=AF{I ¥R (-1a/XL(T))

323 SPYY2(I)=AF{I)®{—-1/XL{I}}

324 SPYYI{ I =AF{T)*®(=-1./XL{I))

325 SPVYGUIT)=AF(I) *{=L./XL{1))

324 GO TN 4020

327 4912 SPYYL(L¥=AF(I)=*0,

323 SPVYY2(1)=AF{])%0.

329 SPVY3(I)=AF(T1)1%=0.

330 SPVY4L (1 )=AF (1} *(Q.

331 4020 CONTINUE

3132 DO 4470 J=1,NPS

333 DO 4470 K=1,N™

334 L=2%K~1

335 M=2%¥K

335 , SAVT{MeJ)=SPVYI(K)YRAV( L) +SOVYA{K ) RAV( J, M)

3137 SAVTIL yJ)=SPVYLIKYRAV{ J, LY +SOVY2(K)*AVL ), M)

331 6470 COMTINUFE

339 DO 4480 I=1,NEM

340 SECDVI{I)=0.

351 N0 4420 J=1,NPS

342 SECDVI I I=SECOVII)#SAVY (I, 3)%XS{)

3%3 4480 CONTINUE
C TRANSFER SECCNDARY SHEAR T EXTERMNAL JDINT

144 NO 45A4 I=1,NPS

345 [I=T+NPR

345 PSE(II)=0,

347 D 4854 J=14NEM

343 PSEITI)=PSE{IT)I+AV(]I,J)*CECIOV(I)

349 4564 CONTINUE

31590 WRITE(3,903)1(PSEILL},LL=1,4P)

351 4545 CALL GEXTPIAMZAV NP G NPRZMM,FEMFEV,PSE,RSFT)
C CALCULATE A,B,CyD VFCTDOR

152 DO 3001 T=1,MP

3133 XA{I)=pPX(I]}

3154 XTA{I)=RXTI(I)

355 3001 CONTIMUE

3554 TA=RT

357 CALL GFMKP(ITA,DT ¢NP NPR,VALVR,,ZFTA,P5B,XA,XXP,

EXXKsXMI4RSFTHA)

353 T8=RT+DT/2.

159 DC G331 T=1,NP

160 XRB{I)=RX{I)+(DT/2.)Y%PXTL1I]

36l XTBIII=RXT{II+0.5%A(1])

362 331 CONTINUE

3153 CALL GEMKP(TR, DT, NP yNPRy VALV, LETL,PSH, XR,XXP,

EXXK gy XHT ,REFT,,R)
354 TC=PT+NT /2,






3e5
365
3067
3513
359

370
371
372
373
314
375

75
377
373

373
330
331
332
333
384
185

336
387
323
339
339
391
332
353
394
335
395
397

333
399
400
431
402
403
404
405
406
407
493
439
410
411
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0C 934 T=],NMP
XCLI)=RX(T)+(NT72 32 (RXTII))Ie(NT/4,)%(A(T))
XTCLII=PXT(I) 0. 528(1)
Q34 CCONTINUE
CALL AFMRKPLTC oDT NP sMPReVAYVAR,7ETALPSH, XCy XXP,
EXXKgXMIZRSFT, L)
TO=RT+DT
PO G386 I=1,MP
XO(I)=RX{I)+DTHXRXT(IV+(DT/2. 3*8(1)
XTO{IV=RXT(I}+C(I)
G336 CONTIMUE
CALL GFMKPITD DT NP yNPRyVAJVB,ZETA PSRy XD XXP,
ﬁXXK,XMI.RSFT,D)
NC 938 I=1,NP
X{I)=RX{I)+DTH*RXT(II+{DT/6,)%(A{1)+B{I)+C{1})
XTUI)=RXT(I)+{Lla/6)*(A(])+2 . %B{T })+2.2C[]1)}+
ED(IY)
S$38 CONTINUE
TAC=RT+NT
DO 939 I=1,NP
XAC{I)=Xx{1)
XTACLI)=XT(1)
G939 CONTINUE
CALL GFMKP{TAC yDT 4 NPy NPR4VAZVB,2ETAJPSB,XAC,
EXXP X XKy XMI yRSFTLXTT)
DO 941 1I=1,MP
XTT(I)=XTT{IY/DT
Q41 CONTINUE
00 7446 T=1,NPS
I1=1+NPR
XS{1)1=X{1I1)

7445 COMTINUE
4448 T=RT+0T

WRITE(3,301)T
DO QL0000 I=],NP
WRITE(3,203) X{I)XT{I) W XTT(])

3100 CONTINUE

CALCULATE END FORCES
No 890 I=1,NE™
XEMPKI{T1}1=0.
XEVPX(I}=0.
XEMMLT }=0.
XEVM(I)=0.
DO 890 J=1,NP
XEMPKET I=XEMPK{TI+(XMK(I,J)=XMP{1,0))%X(J)
XEVPKIIN=XEVPK(TII+{XVKII,J)-XVP(E,d))*X{.5)
XEMM{T ) =XEMMT ) +XMM{T ) %XTT(I)
XEVM{T ) =XEVM{T ) +XVM({T, S3&XTT{J)
890 CONTIMUE
DC 1690 I=1,NEM
XEMPKLT)=XEMPKIT)+FEM(T)
XEVPK{I)I=XEVPK(I)+FEV{I1)+SFCOVI(I}






¥12

*l 3
4l4

417
138

413
%20
421
422
423
42%
25
G426
427
428
529
430
431
&332
433
434
+35
436
417
4343
439
440
+41
442
447
Ry
445
b4h
G471
443
443
450
451
%52
4573
454
435
45%
437

C

v
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S0 COMTIMUE

i

NEFORMATICN  CHFCK

DD 450 I=1,N4

DFETET )= A XFRXI DI/ XL =aAF (I XL lI}/10.) %
L2 EXEEXT LTI/ XL () =AFCTYRXL (T} /600

FRML{TI)=( (4o XERXT LT )ZXLUT )~ (2.5%4F (0 %L (1)/
E1S.)Y)Y/DET(T)

FRME{I)=( (4 X XEXXT LTI/ XLUI))={ 2, %8F(T)xX {1/
£15.))}/DETI(I)

FRM2(I) =~ { (2. #XFaXTCI) /XL LI ¢ {1 e =AFL T XL}/
R30.))Y/DETILI)

FAMB(T ) ==( (2, % XEXXT(T}/XLETII e (1 #AFLT) Xt (Y )/
E30.))/0ET(1)

FRYL(TI)==1./XLIT)

FRY2{I)==1./XL{ 1)

FRY3I(I)==1./%XL{1I)

FRY&(I)==1,/%XLLT)

450 COMTINUF

DG 460 K=14NM

t=2%K-1

M=2%K
DPILY=FRMIIK)SXEMPKIL)+FAM2{K)=XEMPK (M)
DRAM) =FRMI{KIAXFMPK{L)+FRMA (K ) *XEYPK (™)

460 CONTINUE

DO 470 J=1,NPS

D2 470 K=1,NM

L=2%K~-1

M= 23K

FAVTIL s J) =FRY LK) XAV LY +FRYZ [K}ZAV{I,M)
FAVT (M 1) =FRYIIKI XAV L) +FRY LK Y 2a{ § M)

470 CONTINUE

4

b

4

4

g~

0 480 I=1,NEM
nyY(1)=0.
PN 4P0 J=1,NPS
JJd=J+NPR
DYLIY=DY{I}+FAVTIT 4 J)*X{JJ)
20 CONTIMUE
DC 490 I=1,NEM
ENDR(TI=0R(1)}-DYLI)
83 CONTINUE
DO &91 I=1,MEM
AMTX(I)=0.
DO 499 J=1,NPR
AMTXLT)=AMTX(I)+AM(J,T1%X(.])
03 COMTIMNUE
HRAUT ) =ENDR(I)=AMTX ()
¢l CONTINUE
DO £92 TI=1,NEM
CTF{ARS(HR{ D)) LLFL.0.0000001) HR(T}=0.
CCHTIMUE
WRITE(34550)
DO 551 I=1,MEM

)
N






;‘fZS:

458 WRITEC(3,552) L HRII)JEMDR(T)»AMTX(T)PRHOLT)
433 351 CONTINUE
+5) 00 893 I=1,NE
461 XEMLI )=XEMPK({I)+XEMM{T)
462 XEVII)=XEVPK({I)#XFVM(T)
@53 863 CONTINUF
454% WRITE{3,831) T
455 DO 9001 1=1,NEM
466 WRITE(3,392) T,XEMT),XEVI)
467 3001 CONTINUE
c CHECK : IS THERE ANY NEW PLASTIC HINGE FD2RMED
458 DO 569 I=1,NEM
459 IF{MNRH(I)) 7856,7857,7€E57

470 7856 TF(ABSIXEM(IVY/EDPMIT)) JGTLALDWM) NPH(T)}=1
471 GO TQ 569

472 7857 IF(LPH(T).EQ.1) GO TN 569
*73 IF (ABSUXEMIT) /EDPMIT)).GT.1) NPH(T}=1
474 569 CONTINUE |
475 N3 560 I=1,NEM

476 TF(NPHIT),EN.0) GO TN €90

417 LPHULI=LPHLT) +MPH{T)

478 MNPH (1) =NPH(T)

479 IFIXFM(1).LT.0) GO TO 596

489 KC=1

481 GO 7O 58l

282 596 KC=-1

433 581 FEM(I)=KC*EDPM(T)

634 NOM=(1+1)/2

485 IF(I1.EQ.2*NOM) GO T 582

486 IF(LPHIT+1) JED.0) FEMII+1)=FEM(T}
487 GO TC 590

+33 582 IF{LPH{1-1).EQ.0) FEM{I-1)}=FEM(I)
489 590 CONTINUE

470 DO 599 I=1,NEM

491 TF(NPH(I).EN.0) GO TD 599

492 DO 2599 K=1,NEM

493 NPH{K) =0

434 2599 CONTINUE

495 T=RTY

496 DO 5678 J=14NP

437 X(J)=RX(J)

498 XT(J)=RXT(J)

499 XTTLJ)=RXTT(J)

500 5678 CONTINUE

501 D0 5680 J=1,NEM

502 XEVIJI=RXEV(J)

503 5680 COMTINUE

504 DO 5683 J=1,NPS

505  JJI=J+NPR

506 XS(J)=RX(JI)

507 5683 CONTIMUF

508 GO TC 1599






[0 ) IRV TN, |
WA U
o o~y O

N
i
&

2000
2001
2004

20073

2008

573

572

574
571

3599

5679

5681

SHRB4h

CONTIMUE

130!

CHECK IS THERE ANY LD PLASTIC HIMGE PELIEVED

N0 2005 T=]1,NEM
IFIMNPH{I).EN. 1) GO TO 2C0S5
IFILPHIT) JEQ.QY G TO 2005
IF{HR{(I)} 2C00,2001,2001
IF{PRHR{I)) 20C4,2003,200)
IFIPRHR(T)) 2003,2004,2004%
HRATID( T =(PRHERITY-HP{T ) /P72 (1)
JTFIHFATIOII}GTLALDWR) G T 2003
GO TN 2005

NRH(T ) ==1

MNRHIT Y =MRH(I)

CONMTINUE

NO 871 I=1,NEM

IFIMNRHII) LEQe0) GO TN 571
WRITF{3,595) T,NRH(T)
LPH{I)=LPH(I ) +NAKHLT)
NOM=(T+11/72
TF(I.ENL2%NOMY GO TN 572
IF(LPH(I+1).EQ.1) G TC 573
FEM{I+1})=0.

FEM{I)=0,

GO TO 871
FEM{T}=FEM{T+1)%COFR{NMM)
GO TC 571

FFM{I-11=0.

FEM(I)=0.

GO TO 871 :
FEM{IY=FEMLI~1)RCOFR{NCM)
CONTIMUE

NN 594 [=1,NEM
IF(MRY{T) o ERLO) GO TN £
0N 3508 U=l ,MEM

MRH{JY=D

CONTIMYE

T=RT

DO 8679 K=]1,4NP

X{K)=RX([K)}

XTIK)I=RXT{K}
ATTIK)Y=RXTT(K)

CONTIMNUE

ng 5631 J=1,NEM
XEVLJ)=rXEVL.SY

CONTINUE

N0 5584 Jd=1.,MPS

JI=J+NP2

XS{JYy=RX(JJ)

CUNTIMUE

NN 5868C | =1,MnP

PSF{L)=0.
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369 5653 CONTINUE

561 GO 70 1399

562 5234 COMTIMUE

C CHOOSE THE MAX HINGE ROTATION

5673 NO 583 I=1,HNEM )

55% . IF(LPIHITIYILEQ.O) GO T2 583

365 IF(HR(I}) 585,586,585

5355 585 TF(PRHR(1}) 5B7,588,53FR

567 586 IF{PRHR{I)) 5P8,587,587

563 587 IF(ARS(HRULI) ) .GT.ARS{PRHR{I}))} PRHR{I)=HRI{TI)

567 GO TO 583

570 528 PRHR{I)=HR(I)

5t 583 CONTINUE

572 DO 580 I=1,NEM

573 LPHRIT1)=LPHIT)

574 NPH{I)}=0

575 MNPH(TI)=0

574 NRH{T)=0

377 MNRH(I)=0

578 580 CONTIMUE

573 DO 5585 J=1,NPS

580 JJ=J+MPR

581 XStJ)1=X(JJ)

582 5695 CONTINUE

533 KZERO=KK

584 T=RT+DT

585 9359 CONTINUE

585 2 FORMAT(1%)

537 400 FORMAT({6F10.4)

588 401 FORMAT{5]5)

533 403 FORMAT(21S,F10.4)

590 500 FORMAT(//10X,*NO. OF PFOGRAMS =',]15)

591 550 FORMAT(//5X,"HINGE ROTATION®', 18X, *HR?', 18X, 'NF?
€y 10Xy "AMTX,13X,"MAX, PRHR')

592 552 FORMAT(//10X, *POINTL*,I5,%)1,10X,4F16.7)

333 595 FORMAT(//10X,y *PLASTIC HINGE RELIEVED AT POINTY,
£E1592X,15) .

594 601 FORMAT{2F10.2)

595 603 FORMAT{12F10.4}

396 633 FORMAT{2F10.4)

597 650 FORMAT(//10X,'AM MATRIX')

598 651 FORMAT(//10X,'aV MATRIX?)

599 652 FORMAT(//10X, *AMS MATRIX*)

539 653 FORMAT{//10X,'AFV MATRIX®)

501 654 FORMAT{//10X, 'AFP MATRIX®)

602 674 FORMAT{//10Xy * INITIAL XEV?)

533 700 FORMAT{//10X,*MEMBER LENGTH')

504 701 FORMATI(3E16.7)

535 702 FORMAT{//10Xy*MEMBER MOMENT INERTIAY)

605 703 FORMAT{//10X, *MEMBER MASSY)

57 704 FORMAT(//10X, YALPHA VALUEY)

5908 705 FORMAT{ /710X, *BETA VALUE!')






625
626
527
523
6293

513D
6131
632
633
534
535
335

437
6133
639
G40
541
&4%2
573
A44

545

645

132

£G2 FORMATH(//2Xy"PT s I5,FE)l6.Te4aXeEL10.744X4R16,7,
EaXeElh e To&4R ELELT)
TO6 FNRMATL /10X, "LCAD P AND ELASTIC MODULUSY)
FIY FORMATHI//ZL10OX "X e AT XTT AT TINE T=',F10.7)
Q2] FORMAT( /710X, *END MAMEMT ,END SHELD AT TIuE=,
LFL0.T)
100 FORMATLIAFIO.A)
G003 FORMAT (/710X ELA.T 310X 4ELS.T7210X,F146.7)
1301 FORMAT (LHL)
1920 FORMATI//Z10X,"PLASTIC HINGE LOCATION(INITYAL)Y
Es+615)
1219 FARMATI(//10X'PLASTIC HINGE LNDCATICNY,6I1%)
334R FOAMAT(//710Xy *MEMBER NOL Y, 10X, YARFEA! ,1NX,tFY?,
ELOXs "PY Y, 10X, Y IPY, 10X, 'PM")
4321 FORMAT{//710Xs?WASY JF10.4,5Xy'VB=Y , F1I0,445X,
EVIETA='",Fl0.4)
3347 FORMAT(//10X415,5E16.7)
3345 FORMAT(//10X, ' NOs OF MEMBER' 42X 'AXTALF'2X,
E'PLIMITH, 2X,'ROPMY)
52 ST2P
END

SUBRGUTINE ASATAINPR,NPS,NM,AM,AY,
EAMRLGAMR2 JAMR 3 JAMRL , AMY ] , AMY 2, AMY3,AMY4,
EAVRYLLAVRZ2,AVR3 ,AVRLGJAVYL JAVYZ,AVY3,AVY4,XXA)
DIMENSION AMRL(10) AMRZ2(ILD) 42MR3(10),AMPL{1D)
DIMENSION AMYTI(10),AMY2{10),AMY3{10),AMY4{10)
DIMENSION AVRIC(L10),AVRZI19}1,3VRI{1D),AVRA{10Q)
DIMENSTION AVYYL (L10)AVY2{1D),4VY3(10),2VYL{LD)
DIMENSION AMIL2,12)yAVIEZ2,12),XXA010,10)
FORMULATE FRAME STIFFMESS & STABRILITY MATRIX
DO 4«19 1=1,MPR
DO 419 J=1,NPR
XXA(1,41=0.
DO 419 K=1,MM
L=2%K~-1
M= 235K
XXALT o J)=XXA(L,0)+AM{T, L)Y = lAMRLI(K)&#AMEg, L)+
EAMRZ2{KYHAMI Iy ) )+ AM{ Ty M) = ( AMRI(K)=AM({ I, L)+
ELMR&ITK ) *AMII MY
419 CONTIMUE
: 03 A20Q0 T=1,MP§
DO 420 J=1,MPR
IT=1+NPR
XXA(11,4)=0.
DO 420 K=1,NM
L=2%K=~1
M= 2%¥
XXAIT 4 J)=XXAL I J)FAVIT,L)*{AVYRLI(K ) =AY S, )+
SAVR2{K)IH=AM{J M)V +AV( I, MY E(AVRI(K)ZAM(I,L) +
RAVRG (Ky=aM{J,v}}
420 CONTINUF
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547 DO 421 I=1,NPR

543 DD 421 J=14NPS

549 JJI=J+HPR

659 XXAlUI,J4)=0.

£51 DO 421 K=1,NM

652 L=2%K-1

651 M= 2 %K .

654 XXALT ¢y 3 =XXACT o d D) +AMIT, L)X {AMYL(KI=AV (I, )L} ¢

EAMY2(K)*AV{I M) I+ AMIT M) R (AMY3 LK) RAVIJ,L)+
LAMYSL (K) %AV, M))

655 421 CONTINUE

650 DD 422 I=14NPS

537 DO 422 J=1,NPS

653 IT=I+NPR

459 JI=J+NPR

660 XXA{I1,J4)=0.

561 D3 422 K=1,NM

452 L=2%K=1

663 M= 2%K

654 XXACIToJJ)=XXA(TIT » I #AVIT LY 2{AVYLIK)ZAV{d,L)

E+AVY2(K)*AVIJ M) ) #AVIT M) *{AVY3(K)*AV{J,L )+
EAVYSL{K)xAV(JI4M))

6565 422 CONTINUE

565 RETURN

657 END

658 SUBROUTINE ASATBUINPRyNPS,NM,AM, AV, AMR 1, AMR2,

"BAMR3ZAMRLG JAMY | ZAMY 2, AMY 3, AMY4, AVR] ,AVRZ2 ,AVRY,
GEAVRLG 4 AVYL AVY 2, AVY 3, AVY4L ,AMS ) XXA)

c FCRMULATE FRAME MASS MATRIX
569 DIMENSION AMRL(10) ,AMR2(010),AMR3I(10),AMRG(10)
579 DIMENSTION AMYL(10),AMY2{10),AMY3(10),AMY4&(10)
6T1 DIMENMSICN AVR1{10),AVR2{10),AVR3(10),AVR&(10)
672 DIMENSIGN AVYL(10),AVY2(10),AVY3(10),AVY4{10}
573 DIMENSTION AM{12,12),AvVI12,12),XXA(10,10)
674 DIMENSION AMS{444)
675 DO 419 I=1,NPR
6756 DO 419 J=1,NPR
617 XXA(1,J)=0.
573 DO 419 K=1,NM
673 L=2%K-1
580 M=2%K
6831 XXACTp JI=XXALTI v JI+AMUT oL )= (AMRI(KI*AM(J,L ) +

EAMRZ(K) *AM(J o M) ) +AMI T M) X (AMRI (K} =AM U, L)+
EAMRL (K) *AM({J,M))

632 419 CONTINUE

583 DO 420 I=14NPS
484 DO 420 J=1,NPR
583 II=1+NPR

536 XXA{I1,J)=0.
587 DO 420 K=14NM

618 L=2%K~]
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4d3 M=2%K

53) XXATIT ) =XXACTIT»d3+aVIT L) RIAVRI (K ®AM{), L)+
EAVRZ(K)=AMII o M) ) #AVIT M) R (AVRIIK)RAME Y, L) ¢
LAVR4 (K )xAM g, ™))

571 420 COMTINNE

6492 N3 421 T=1,NPR

H93 0 421 J=1,4NPS

09% JJ=JdeNPR

235 XXA(T,04)1=0.

636 DO 421 K=1,NM

&7 L=2%K~-1

6993 M= 23X

699 XXAUL 9 Jd Y =XXACTIyd I #AMIT LR {aMYLIRI®AV(J,L) ¢

AAMY2 ()Y RAV{S, MY +AM{ T, M) 5 (AMY I (K} xAVId,L) ¢
EAMYL{KY®AV(Jy™))

700 421 CUNTINUE

701 N3 422 I=1,NPS

732 DO 422 J=1,APS

703 [I=1+NPR

704 JI=J+NPR

705 XXA(II ¢dJ)=AMS(1,4)

706 DO 422 K=1,M4

707 L=2%K-1

733 M= 2 %K

703 AXACIT o J)=XXA(TT UV #AV T, L= (VY LI ) =AY (J,L)

BHAVY2 L) RAVII, M) Y +AVIT o M) = (AVYI(K)*AV(J L) +
EAVYA(K)*AV(JyM))

710 4272 CONTINUE

711 RETURN

712 END

713 SUARCUTINE ASATMINP,ASAT,,ASATI)
Tl4 NDIMENSTION ASAT(LO,10)ASATI{10G,10)INOFX(L100)
715 DO 1& T=1,MP

715 16 INDEX(I}=D

717 17 AMAX=-1.

713 DO LR I=1,NP

7173 IF (INDEX{I)) 18,199,193

729 17 TEMP=ARS{ASAT(I,I))

721 IF(TEMP-AMAX) 18,18,20

T22 20 1cce=1

723 AMAX=TEMP

124 18 COMTINUE

725 IF(AMAXY 21, 29, 22

726 22 INDEX{ICDL)=1

T27 PIVOT=ASAT(ICOL,ICNL)

723 ASAT(ICOL,ICOL)=1.0

123 PIVOT=1./PIVOT

139 NN 23 J=1,0NP

731 23 ASAT(ICCL +J)=ASATIICOL,,J)=2IVYOT
732 DY 24 I=1,NP

733 IF(I-ICOL)Y 25424425






734
735
736
737
733
733
740
741
142
743
744
745
745
147

743

143
750
751
752
753
754
755
754
157
758
759
760
751
752
753
5%
153
1866
157
768

759

770
771
712
773
174
175
1756
177

O

25
25
24
21
27
29

100
28

1500

600

TEMP=ASAT{I,ICOL)

ASATI(T,IC0L)=0.0

DC 25 J=1,NP

ASAT (T, J)=ASATIT4J)-ASAT(TICCL,,J)=TEMP
CUNTINUE

) TO 17

NN 27 I=14NP

Do 27 J=1,NP

ASATE(I,J)=ASATI(I,J)

Ga TN 28

WRITE(3,100)

FORMAT (//10X, ' SINGULAR MATRIX TCCUKS?)
RETURN

END

SUBROUTINE SATMVINPR NPS,NMyAMRL,8MR2,AMR3,

EAMRLG ) AMYL g AMY 2 JAMY 3, AMY&G 4 AM, AV, AMK)
FORMULATE S*AT '
DIMENSICN AM(12,18),AVI12,18},AMK({18,10)
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DIMENSION AMRLI(10),4MR2(10),AMR3(10)4AMR4L{10O)
DIMENSION AMYL1(10),AMY2(10),AMY3(10), AMY4{10)

DO 1500 J=1,MPR

DO 1500 K=1,MM

L=2%K=~1

M=2%K

AMK({L o J)=AMRLI(K)*AM{ Jy L) #+AMRZ(K)XAM(J, M)
AMK{My J) =AMRI(K)*AM{ S, L) +AMRG(K)*AM{ J,M)
CONTINUE

DO 600 J=1+NPS

DO 600 K=1,yNM

L=2%K~1

M=2%K

JJ=J+NPR )

AMKIL 9 JJ) =AMY T IK) XAV JpL) +AMY2 (K ) *AV(J )
AMKIM,J3) =AMYI(K)*AVIJ, L) +AMYLIK)FAVL J, M)
CONT INUE

RETURN

END

SUBRDUTIME STIFFA(SMRL,SMR2,5MR3, SMR4,
ESMY1,SMY2,SMY3,SMY4, SVKL,SVR2,5VF3,5VYR4,
ESVYLySVY2,SVY3,)SVY4L  XMR Ly XMP2,XMR3, XMB 4,
EXMY Lo XMY2 4 XMY 3y XMY4 oy XVRL ,XVR2,XVR3 ,,XVP4,
EXVY1y XVY2 ) XVY3XVY4yl4XEgXTyXLyXM)

DIMENSION XI(10)eXL{10),XM({10)

DIMENSTON SMR1(10)SMR2(10)4SMYL(10),SMY2(10)
DIMENSTION SMR3(10),SMR4(10)ySMY3(10)ySMY4(10)
DIMENSION XMR1(10) 4XMRZ2{10)XMYL(10),X4Y2(10)
DIMENSION XMRI(10),XMR4{19),XMY3{10),XMY4{10)
DIMENSTON SVRI(10)4SVRZ{10)145VYL(10),5VY2(10)
DIMENSION SVR3I(10),SVR4(103),SVY3{10),SVY4{10)
DIMENSTON XVR1(10)¢XVR2010)+XVYL{10),XVY2(10)






713
13
73)
7ol
(Jc.
743
T34
739
TS\I
737
ig3
739
739
791
732
733
194
795
795
737
773
793
890
301
302
803
30%
4495
305
37
338
3373
310
11
312

813

314
315
316
217
213
313
323
321
322
323
324%
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DIMENSTION XVRI(10) 9y XVRSE(LD),XVYIL10),XVY4(10)

SMRI{I Y= . XEXCT(T))ZXLET)
SMR2(I )= 2. XEXXT(INI/ZXLLT)
SMRAJ(T )= 2, ¥XFAXTI(I ) /XL (T
SMRA(I ) =ta o XEAXTLTY ) /ZXLLTD

SMYL{E )= (=6 % XE=XTIL) ) /(XL LTI AXL(T))
SMYZ2UI = (-6 XERXTLI) /XL LI =XL(1))
S“Y%(I)=(~6 RAEAXTCINYI/OXLOT)=XL (1))
SMYALT )= (=6 *XERXTLTY I/ IXLALT Y=L (1))
SVRI{I)=(=6 ¥XEEXT(IN)/ (XL (T} =XL{T))
SVRZ(T)=( =6, xXCeXT I /Z{XLOTIRXL(T))
SVRBLI)=(=6.xXE*XI(I) )/ (XLLTY=XLII )
SVRS (T ) ={ =6 *XE=XTII) I/ IXL{T)=XL{1))
SYYLTIT ) =112, XE=XTLU) ) ZUXLOT =Xt {I)=XL D))
SVY2( T ) =112 6XEAXTLTI)Z{XLIT) XL (T )RXL(T))
SVY3(I)=( L2 XEXXT{T) I/ IXLIT XL (T ) AXL(T))
SVY&I{TI ) =(12.%XEXXT LI /ZUXLUI)=XL(D)2XL(T))
AMRULL D) =4 *AMIT I AXLAT ) RXL(T)*XL{TI)) /420,
XMR2IT ) =1-3.xXM{I)=XL{T)*XL{T)*XL(1)) /42T,
XMRA(II= (-3 & XM{T XL I=XL(T)2XL(T)) /42D,
XMRE(T ) =( 4, #XM{TYRXLAT)*XL (1)*XL(T1))/420.
XMYL(I)={(=22. % XMUDI=XLITI*=XL{1}}/420,
XMY2{ D) =( €13 *XMITI=XL{T)>XL(I))/ 420,
XMYZLI)={+13.=XMUTI) =X (1) =XL{I))/420.
XMYLET)=( =22 XM= XL AT =XLITY) /420,
XVRLI(I)= (=22 XMLy =XL{TY&XL (1)) /420.
XVRZ{T)=(#13.=XM(T XL =X1 () ) /429,
XVRI(T3=(+13.=XMIT) XL LT RXL{1)}/4£20,
XVRG(T )= (=22 2 XMII XL (T) =X {T)1 /420,
XVYL(T)={156. %X T}=XL{T1))/420.
XVYZ{Ti={=Ba .= M(T}=XL{]}) /420,
XVY3{I)=(=54. XM I}=XLIT))/420,.
XVYL&{1)=(156 % XMLT)2XL{T)}/220,
RE TURN

END

SURROUTIME STIFFRAISMRL5M22,S5113,5M4R4,
RSMYLySMY2ySMYD,SMY4L,SVRL,SYRZ,5VRT, SV RS,
ESVYL1sSVYY2Z,SVY3,SVY4, XMRLy XMP 2y XMP Xy X2 4,
XYL XMY2 g XMY 3 s XMY4 s XVR1 o XVF 24 XVE3 4, XYR 4,
EXVY Ly XVUY2 3 XVY3 o XVYSL T, XE L XT o XLy XM}

DIMEMSICM
DIMENSIONN
DIMENSION
DIMENSICN
DIMENSION
DIMENS IO
DIMENSTON
DIMENS IGN
DIMENS TGN

SHMRL(YI=(3,

SURZ2{1)=0.

XIT10)y XLLL0YaXM(1D) :
SMRLLLQ}SSMR21LD),3MYLLIN) L, SMY2(1O)
SMR3I(10),SMR4(19),SMYI{10),SMY4{1N]}
XMRLI(OLO) o XMR2{10) 4XMYL{10),XMY2( 10}
AMAI (10 o XMR4(10) o XMY3{10), XMYL[10)
SYR1{101,SVR2{101,3VYL{1D),SVY2LLD)
SVRI{10),3VRAI1D),5VYI(1D),SVYa{10)
XV2 1010 o XVRZ2L 10 XVYL(12), XVY2(10)
XVRI(10) s XVR4A (104 KVY3(10), XVY4{ 10}
#XExXT(OI)I/7XULT)






925
326
327
3123
329
330
331
832
833
334
335
336
337
333
533
840
341
842
843
344
845
845
347
348
8§49
3590
851
852
8§53
854
355
855

8517

3513
3593
369
861
362
363
354
365
356
867
853
863
370
371

SMR3{I1=0.
S¥R4{1}=0.
SAYL{T Y= (=3 a=XL*XT{L) I/ (XL{T)=XL(I))
SHYZLT )= (=3 = XFEXTITIN I/ UXLLEY2XL1))
S“Y‘I’( 1)=0.
SVRI(T)=(=3, =XExXTCE))/{XL(TI=XL(1))
SVR2(I)=0.
SVRI{TI) =1 =3« xXExX (1)) /(XL (Y =X {T))
SVR4({1)=0.

SVYYL{T)={3.&XEXXT(III/ (XL (D) XL {T)*XL(T)
SVY2{I ) =3 *%XE*XI{I) )/ (XLUIY=XL{Y}*XL (]}
SVYI{I)={ 3. xXE*XT(I) ) /XU IAXLAT) *XL (1)
SVYSG{I)=(3.%XE=XT(I))/{XLLTI)=XL{T)I=XL ()
XMRI(I)=(B.xXMIT)=XL (I }#=XL(T)=XL{T)})/420
X"MR4(1})=0.

XMR2(1)=0.

XMR3(1)=0.

XMYL{I)={—-36. *XM(T)=XL{I)*XL(I))/420.

XMY2{ Ti=(+1L. %X XL )*XL(1)})/280.
XMY3{1)=0.

XMY&(1)=0.

XVRI(T ) ={=36.xXMITI*XL(T)%=XL(1)}/420,
XVRZ{(I)=0.
XVR3TT)={+11.xXMIT)RXL(I)=XL(T)) /280,
XVR&4(1)=0.
XVYLIT)=( #2064, %XM{T)=XL11}} /420,
XKVYZLT)=(-39.%XM(1)=XL{1}}/230.
XVY3I)=(-39.2XM{I)*XL(1})/2RO0.
XVY&L{T)=(+99.xXM(1)=XL(T))/420.
P.ETURN

END

SUBROUTINE STIFFCISMRY,SMR2,SMR3,SMR4,
ESMYL,SMY2,5MY3,5MY4,SVR]1,SVR2,SVR3,SVYR4,
ESVYLySVY2Z4SVY335VY4 s XMRLy XMR2y XMR3 y XMR 4,
EXMY Ly XMY2 y XMY 3, XMY 4, XVR 14 XVR2,XVR3, XVR4,
EXVYLaXVY2 9 XVY3 ¢ XVY&y 19 XE XTI yXLXM)

DIMENSIOM XI{13)yXL{10),XM(1D)
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DIMENSTON
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSTCNM
DIMENSTION
DIMENSTION

SMIL{10),SMR2{L0)SMYLL10),5MY2(10)
SMR3110)¢SMR4110),SMY3(1D),SMY4(10)
XMR1{10) s XMR2(10)4X"YL(10),XMY2{10)
XMR3(10) o XMR4L10) 4y XMY3(101,XMY4(1D)
SVRLI{10),SVR2{10)+sSVYLI10)4SVY2(10}
SVR3(10)+SVR&(10),5VY3{10),5VY4(10)
XVRLETI0) 4 XVRZ2{10)aXVYL{10) 4 XVY2(10)
XVRI (101 XVR4(10) 3 XVY3{10}, XVY&(10)

SMRE(I T ={3.*XE=XI{I})/XL{T)

SMR2{1}=0.
SMR3(I}=0.
SMRI(I}=0.

SMYL(T)=(=3.*XEXXT(T}I/7{XLLTI=XL(T})






RT2
A73
374
875
376
317
LA
373
333
131
332
333
514
335
886
337
388
339
120
331
392
333
194
335
335
397
393
339
309

731

302
303
20%
705
305
337
923
09
310
211
512
I3
314
215
716
317
Q13
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£SHMY L,

SvYB(I)=( =3 HXEEXTLINYZOXLIT Y XL (T ))
S%Yl(r)=0.

SVRELIT )= =3 XFRXTLLY Y ZIXL LTy =X (1))
SVYR3{1)=9. '
SYR2({1i=(~-3, *XE*XI(I))/(XL(I)*XL(I))
SVPL1(I)=0.

SVYL(T)={ 3, %XFEXILTIIZ XL LTy =X OT)AXL (1))
SVYY2UTI)={3.*%XE*XT{ )Y/ (XL (D) =XLiIY&XL({Y)Y)
SVYI(TI ) =03, %XExXT(IN Y/ OXLOT XL () RXL(T))
SVYS{TI={3.*XEXXT{I)IZ (XL XL EXL{IN
XMRAE( T Y= B8, 2XM T HXL (T ) AXL(I) XL (1Y) /420,
XMR1(1)=0.

XMR2{11}1=0.

XMR3I(1)=0.

XMYL (T )= =36, XM )xXLIT)AXL(1))/420.
XMY3{T)={+1 1. AXM{T)EXL{T)=XL{T)) /2RO,
XMY2{I)=0.
CAMYLIYT)=0. .

XVRAH[TI V= =36, % XM{T ) =XL(TY=XL(1)Y}/¢20.,
XVR3(1)=0.
XVR2{I=(+11.=XMI)XXL{I)=XL(T))/280,
XVR1(13)=0.

XVY&L({T1)=(+206.%XM(T}*XL(1))/420.
XVY2{1)1=(=-39,*XM{T}1%XL(1))/230.
XVY3{T)=(=30 aXM{T}xXL(1)})/280.

XVYL{TI)=(+99.=XM( T} =XL {I))/420.

RETURN
EMD

SUBRCUTINE STIFFD(SMRL,SMR?,5493,5M4A4,

DIMENSION XI(10)XLE10),X1(10)

SMY2,85MY3,SIY4,SVR1,5VR2,5VR3,5V4,
ESVYLaSVYZ3SVYY3sSYY SRy XMRL ,XME2, XMR 3,
EXMY Ly XMY2 3 XMY 3 g XMY 4 g XVR Ly XVR24XVR3 4 XVR4
EXVY 1 g XVY2 4 XVYY3 4 XVYS T XEyXT 0L, XM}

XHR4 ,

DIAENSION SMRYI{10),SMR2({10),5SYY1(10),52Y2(10)
DIMENSION SMRI(1ID),3MRA4{(10),S2Y3110),5MY4110)
NIMENSTOM XMRL{10) o XMR2{10) XYL (100, X1¥Y2( 1)
DIMENSION X“RI(IQ) y XURA( 10 o XMYI{1L0O), XMYSLL1D)
DIMENMSTON SVRLU10) oSVR2(17)4SVYLL10),SVY2(10)
DIMENSION SVRI(1I0Ye5VRATLD)SYYI(10),S5VYL({1D)
DIMENSION XVRI{L10) o XVRZ2I1D)4XVYLII10) . XVY2(10)
DIMENSION XVR3I{10) ¢XVR4(L1D),XVYI{10),XVY4L1DY

SMR2(T1=0.
SMR1(1})=0.
SMR3(I)=0.
€424 (1 )=0.
sMY1{1)=0.
SUY2(1)=0.
SMY3(11}=0.
SHMY&(i)=0.






919
320
921
922
923
324
325
926
927
923
929
230
931
632
333
934
935
235
937
938
339
940
241
942
943
244

946
347
343
349
250
351
952
353
354
355
956
€457
953
359
364
9561
962
363
364
965
356
57

SVRI{I}=0.
SvR2{1)=0.
SVR4{1)=0,
SVR3{11=0.
Svyitl) =0,
SVY2{1)¥=0.
SVvY3(ir=o.
SVyYa{l)=0Q.
XMR1{1)}=0.
XMR2{1)=0D.
XMR3(1}=0.
XMR4(T1)1=0.
XMY1(1)=0.
XMY2({1)=0.
XMy3{l}=0,
XMY&(11=0.
XVR1{11=0.
AVR2(1})=0.
XVR3{1}=0.
XVR4{11=0.
XVYL{I)=(2
XVY2{I)=1{-
XWYatl)={-
Xvy4{ly={2
RETURN

END

SUBROUTINE
EPMY1,PMY2,
LPVY1l,PVY2,

DIMENSION

DIMENSION

DIMEMNSION

DIMENSION

DIMEMSION

PMR2{1)=4F

PMR3(I)=AF

PMR&4 (1 )=AF

PMRL(I)=AF

PMYL(I)=AF

PMY2(1)=AF

PMY3 (1) =AF

bMY4A {1} =AF

PYR1(1)=AF

PVR2{1)}=AF

PVYR3(1}=AF

PVR&4 (1) =AF

PVYL(I)=AF

PVY2(1)=AF

PVY3(1)=AF

PVY4 (1) =AF

RETURN
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XXM{T)%XL(I))/3,
LaXM{TI*X0(I))/3,
1o XM{I)%*XLII)) /3.
SEXMET)IRXLIT )Y /3,

STIFPAIPMRL,PMR2,PMR3,PURSL,

PMY3 4PMY4,PVR],PVR2,PVR3,PVR4G,
PVY3+sPVY4, 1 4XL,AF)
XT(10¥,XL(10},AF(1D])
PMR1C10)yPMR2{10},PMYL(10},PMYZ2(10)
PMRI{10)PMRG(1D),PMYI(10),PMY4{10)
PVRL(LO)}+PVR2{10),PVYL(10),PVY2(10)
PVR3(10),PVR4{(10),PVY3{10),PVYaL(]0)
(I)x{-XLLI)/30.)

(I)*(=XL{1)/30.)

(1) (2.%XL(T)/15.)

(11 *(2.%XL(1)/15.)

(11 *(-1.710.)

(1)*(~-1./10.)

{1)y*{-1./10.1)

(IY*(~1./10.}

(I)*{~1./10.)

{(I1#{~1./10.)

(I¥*(-1./10.)

(I)*‘—lc/len’

(TY*{6./05.%%XL{1)))

(1) =6, /7(5.*XL (1} ))
(I)*x{6 /715 2XLITY)Y)
(1¥*{6/15.2%LITI )






779
171
3712
73
37
975
3746
917
Q78
979
230
331
332
3133
334
G35
3135
337
7338
333
330
1)
1932

194
255
I35
197
398
299

1739

1301

1192

1203

1104

1305

1006

1707

108

1209

1319

1911

1312

1913
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SURRNMIITLNE STIFPR{PMRL PV, UME3, pHRa,

GPMY Ly PMYZ4PMY 3 PMY S, PVL PR, IVRY, PYRY,
APVYL,PVY2,0WY 3,PVYL, T, XL o 4AF) '
DIMEMSTON XTCOLOY, XL{10i,y AFLLN)

DIMENSTION PMRLULO)yPURZ(OL)) .PMYLI1Q) ¢ PMY2 L)1)
DIMENSTION PMRILIO) ,PMRA(ILD) 4 2MY3(LT),29Y4 (1)
DIMEMSTON PVRLIIN) yPVRZI1D) PYYLIIN) 4 PYY2(10)
DIMENSITN PVRI(1Q),PVRA{L1ID) ,PVYYIC1D)},PYY&ILD)
PMRL(II=AF(T)x(LoxXL(1)/%,)

PMR2{T)=AF(1)%].

PMRI(I)=AF{]I)*0.

PMRA4(T ) =AF{TI})*Q.

PAYLITD)I=AF{T)*{~-1./5.)

PMY2 (1) =aF(I)=(-1./5.)

PMY3{T1)=AF(11*0.

PMYALT )=AF(T)}*0.

PVRI(TY=AF(I)1*(~1,/5,)

PYRZ2{TI=AF(I)*0.

PYRI{T)=AF{]1}*{(~1./5.)

PVR&{TI)=AF{1)*0.
PYYLLIT)=AF{I}*{6./{5.%XL{T1)}]})
PVY2(TI)I=LF(I)* (& /(5.¥XLIT1)))
PVY3(T)=AF(I)*(6, /(5% XLIL)})
PVYL{I)=AF (TR {6 /{5 .EXL (1))

RETURN

END

SUBROUTINE STIFPC{PMRL,PMR2,PMR3,PMRA,
EPMYL1 s PHY2yPMY3  PMYL S PVYRL JPVRZPYR3,PYRA,
EPVYYL,PVY24yPVY34PVYL, T, XL AF)

DIMEMSION XI{L19),XL{10),AF(010)

NDIMENSION PMRLICLO)»PMR2{10),PMYLI10},PMY2(10)
DIMENSINN PMRI (101 ,PMREG(LO),PMYI (L0}, PYa(10)
DIMEMSTION PVRL(IO) »PVYR2{101,°VYL(10},PVY2L1D)
DIMENSION PVR3{10),yPVP4(10),9VY3(10},PVY4&(10)
PHIL(L)=AF{1]) =3,

PMR2{Tl)=aF{1) =0,

PMR3([)=AF{1)*0,

PHRALT )=AFTT) = (1.%XL (Y )/5,)

PMYI{I)=AF{I)*0.

PMY2(1)=AF(1)*0.

PMY3(L)=AF{I1)*{-1./5.)

PMY&(T)=AF(1)%(~1./5.)

PVRI(I)=AF(I)*0,

PYR2(T)=AF(I)=*{~1./5.)

PVR3{T)=AF(Ii*0,.

PVREITI=AF{T)I*(-1./5.)
PUYLLT)=AF{L) = {&6./{S.*XLIT)}))
PYY2{I)=AFII) =[5, /(5. XLLT) ))
PUYI(T)=AF{T)*(&/(5.%XL{1)))






1714
1315
1016

1217

563

564

555

PYYLTTY=AF(IY R (67 (5.%XL (1))
RETURN
F N0

SURROUTINE STIFPOIPMRYL, PMR2,PMP 3 ,PMRY,
LMY L1, PMY2,PMY 3,FMY4, PYR]L,PVYR?,PVYR 3, DVR4,
EPVYL1,PVY2,PVY3,PVY4, 1,X1 AP}

DIMENSION XTU1CGY,XLI10)AF(L1D)

1431

OIMFNSIGM PMRI(L1O) 4PMR2(1MN),PMYLI([10),PMY2(10}
DIMENSTON PMR3I(10) ,PMRIL(L1D),PMYI(L0),PMYS&(1D)
DIMEMSICN PVRLI(10) 4PVRZ2E10),PVYLILIN),PVY2(1D)
DIMENSION PVR3{10),PVR4{10),PVY3(10),PVY&{10)

PMRLIITI=AF(T) %0,
PMR2({I1)=AF{])%0.
PMRI(IVI=AF(T)=*0.
PMR&(I)=AF{T1}*0.
PMYL(I)=AF{I}*0.
PMY2(1)=AF{T1)*0.
PMY3{IN=AF(I)*0.
PHUY&L(T)=AF{11%*0.
PVRI{INI=AF(1) %0,
PVR2{II=AF{I}*0.
PYR3I(I)=AF{1)%*0.
PVR&4[T)=AF{]I)*0,
PVYL(I)=AF(1}*0.
PVY2({1)=AF(1)*0.
PVY3(TI)=AF{1)=*0.
PVY&({T)=AF11)*>0,
RETURN

EMD

SURRGHTIME GEXTPUIAM, AV NP MNPR,NMY, FEM,FEV,PST,

LRSFT)

DIMENSION FEVILIZ2)sFEM(12).PELLID}RSFTLD)
DIMENSION AM(I12,12),AVI12:12),PSE11D))
NEM=MNM%Q

NPS=NDP-}NPR

DO 563 I=14MPR

PE(T)=0.

DO 563 J=1,NEM
PE(IN=PELTII+AM{I,J)Y*FEM(J)

CONTINUE

DO 564 1=1,NPS

II=1+NPR

PEL{IT) =0.

ND 564 J=1,MEM
PEITI)=PE(IT)Y+AV(ILJYRFEV(Y)

CONTINUE '

DO 56% I=1,NP

RSFT(I)==-PE{I)}—-PSE(T)

CONT INUFE

RETURN
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1351 EHD

1342 SUBRRAUTIME GFMKP{T 4T MNP MPF L VALY, Z2ETA,0R, X,
EXXPp XXK 4 XMTyASFT,6)

1253 DIMENSTON XPLLO1D),MFIT0) XXM2K(1),
EXMPCLO,y L0 e XXK(1D,10)

1% DIMENSTUM FTULOY s XOLO) o XXP L1 1D, XMTI10,10),
ECLLOY.06010)

1145 DIMENSTOM RSETLLIOYLSFTLO)

11565 NDS=NP-NPR

1957 TS1=0.02

1358 TS2=0,02

1059 TD1=0.04%

1370 T02=0.0R

1971 ' TD3=0D.12

1172 TR4=0,156

1273 TD5=0.20

1974 TD&=0.24

1075 FO1=100092.

1276 FN2=10000.

1277 SLAPL=FN1/TS1

1173 SLCP2=FNR2/782

1073 IFIT=TO1) ©N056,5006,9307

1333 3006 SFT{l)=FQL1-SLOPL*T

L3351 GO TO Q008

1332 3937 IF{T-TD2) 9009,5009,9010

113433 2006 SFT{L)=—-FO2+SLLP2%(T~-TD1)

1154 ch T2 eCn3

1a35 2010 IF(7T-TRN3) GN11,C011,90172

1JES 3311 SFT{l)=FOL1-SLOPLR{(T~-TD7)

La37 GO TO 90233

1334 9012 1E(T-TN4) 2013,5013%,9014

1033 QN1 SFT(L) ==FO2+50L0P2={(T=-TDH3})

1353 53 TH <0Dn

1J31 9314 IF(T-TDH) 2015,5015,°216

1332 9015 SET{L)=F0]1-SL0P1*(T-TD4)

120923 G T 9008

1)%4 016 ITFIT=-T0A) S01 74901749018

1095 OLT SFTLL)==FO2+50L0P2%{(T-TD")

1034 50 70D 6008

102237 9012 SET(1¥=D.

1238 3008 NO Q004 T=1,4MPR

12739 FTY(L)Y=0SFTLI)

1120 9004 CONTINUFE

1101 DO 9005 I=1,MP3

1102 IN=MPR+]

1103 FTUIM)=SET(I) ¢RSFT(IN)

1104 3008 CLONTINUE

1195 N3 304 I=1,rD

1125 XME{1)Y=0,

11237 XxMPL{1)=0.

1194 N0 SHT J=1,.MP






| RV
it
i1l
1112
1113
1114
P15
1115
17
1113

QN Y

QG

706
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XMpK{l,J)=0.

NG 908 K=1,ND

XMPK (T g JY=AMPRKI T, JYexXMTI{ T, KI5 (XXPIK JY~-XXK{K,yS))
XXAPK AT Y=XXMPRKT) +XMPR{T, JyxX ()
AIMELTI=UMELIY XM LT, Q) =FET ()
DGLTY=XMF{TI+XXMPK(T) '

G{I)=DGETYENT

CONTINUF

RETURN

END






