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ABSTRACT

A computer program has been developed to perform a first order
elastic analysis of a three-dimensional structure, The structure is
assumed to be free to rotate about its longitudinal axis, and to trans-
late in its principal directions.

The structure is considered to be composed of a series of planar
bents. In each bent the frame and shear-wall elements are lumped into
an analytical model composed of a single equivalent frame and single
equivalent shear-wall. In each individual bent, frame and shear-wall
elements may be coupled or uncoupled.

The structure is analyzed under lateral Toads applied at each floor
level. A stiffness approach is used to develop the equilibrium equa-
tions. These equations are then solved by an iterative procedure, which
begins by assuming locations for the centres of rotation of the structure.
These locations are then adjusted until the structure is in equilibrium.

The validity of the method is checked against other techniques.

The effect of torsional action on the shear distribution within the struc-
ture is illustrated by a series of analyses of a ten story structure.
The results are tabulated, and discussed in detail. The limitations of

the analysis are indicated and possible extensions are discussed.
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CHAPTER I
INTRODUCTION

Due to the complexity of many multi-story structures, it has been
common practice to analyze the three-dimensional system as a series of
braced and unbraced planar bents, Within each bent members are designed
to carry the directly applied loads, with some modification for the inter-
action between adjacent bents.

The actual structure, however, deforms in a three dimensional manner
in order to develop internal forces which are in equilibrium with the
applied loads. The manner in which the structure reacts depends on the
arrangement of the various stiffening elements, their relative stiffnesses,
the interaction between adjacent elements, as well as the type and point
of application of the loading. Within the individual bents, the normal
shear-type of frame deformation is modified by, and must be compatible
with, the cantilever deformation occurring in the shear-walls.

Computer solutions have been presented for determining the shear
distribution between frame and shear-wall elements of planar bents (1, 2).
These solutions are satisfactory when the arrangement of the stiffening
elements within a structure is symmetric and the applied lateral load at
each floor level passes through the centre of resistance. Under the
above conditions the floor diaphragms do not rotate and the deflections
of the stiffening elements are equal at each floor level.

If a torque is applied about the longitudinal axis of the structure;



or if the layout of the stiffening elements is asymmetric, the structure
will rotate as well as translate (3, 4, 5). The interaction between
shear-wall and frame elements in each bent is altered considerably by
the torsional action of the structure (6). The shear distribution among
individual bents, as well as between shear-wall and frame elements in
each bent, may be quite different from that predicted when rotation of
the structure is ignored.

The three dimensional aspect of structural behavior forms the basis
of -the present investigation. A first-order elastic analysis is developed
which is used to investigate the behavior of structures free to rotate
about a longitudinal axis, as well as translate under the action of lat-
eral loads. The aha]ysis is used to examine the shear distribution in
various example structures for several arrangements of stiffening elements,
and the results are presented in a systematic manner., Comparison is made
between this and other methods of analysis. The limitations of the present
method are discussed and modifications suggested to extend the application

into the inelastic range.



CHAPTER II
PREVIOUS INVESTIGATIONS

It has been common practice to simplify the analysis of a multi-
story structure by dividing it into a series of two-dimensional plane
frames. The lateral loads were distributed to the bents in the structure
on the basis of their tributary areas. The effect of the torsional de-
formations of the structure under the action of these lateral loads was
neglected and only translational movements (in both principal directions)
were considered,

If the arrangement of bents within a structure is not symmetrical,
the above assumptions are erroneous. In this case the structure will
deform so that certain bents are subjected to larger deflections than
are others and must carry a correspondingly greater share of the lateral
load.

In the last decade high intensity earthquakes have occurred in
areas containing contemporary multi-story structures (7, 8, 9). Many
of -the structures failed in a torsional mode. The damage to these build-
ings has emphasized the necessity of considering the effect of torsion
in design.

A completely general method of analysis is not available for asym-
metric frame shear-wall structures. In Canada (10), however, torsional

effects must be considered when designing for earthquake loading. Because

of the uncertainties in the analysis, the eccentricities computed for
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asymmetric structures are increased by 50 per cent and, in fact, addi-
tional insurance factors added.

In Californian earthquake codes {(11) provision is also made for an
increase in shear due to torsion. The torque is computed as the product
of the 1a£era1 earthquake loading and the distance separating the centre
of mass and the centre of rigidity. It is recommended that negative tor-
sional shears be neglected since the earthquake motion may have any dir-
ection of propagation. It is further stipulated that if the vertical
elements depend on the diaphragm action of the floor system for shear
distribution, the minimum torsfona1rmoment shall be the product of the
story shear and an eccentricity equal to 5 per cent of the maximum build-
ing width at that level.

A design method proposed by the Portland Cement Association (12) pro-
vides for the possibility of torsional loading even when the structure
is symmetrical. In this case a minimum design torque is specified. For
asymmetric structures, the centre of rotation for each floor is assumed
to be located at the centre of rigidity. A torsional moment is applied
to the structure, which is equal to the product of the lateral load and
the distance separating the centre of mass and the centre of rigidity.

The above design codes specify the loadings to be used but do not
provide methods to determine the distribution of the resisting shears to
the bents in a structure. The conservative nature of these provisions
emphasizes the uncertainty surrounding the three-dimensional aspects of
structural behavior.

Analyses of unsymmetric single story shear wall structures have

been presented (4, 13). These methods take into consideration the shear



contribution to the overall deflection of the structure. The analyses
assume that the centre of rotation is at the centre of resistance of the
structural elements. A torsional load is applied which is equal to the
product of the Tateral load and its eccentricity. The total Toad on any
particular element is then obtained by superimposing the lateral and
torsional load contributions. This approach is satisfactory for single
story structures, where shear walls are not coupled to frames. Extension
of the method to multi-story structures would be difficult because of the
interaction of the various elements and the carry-over effects between
adjacent stories.

Wilbur (3) presented equations, for determining the shear distribu-
tion to the individual bents of a structure. These equations allow for
the torsional deformations which arise from the lack of coincidence of
the point of load application and the centre of rigidity of the bents.
The equations are based on the assumption that points of inflection occur
at the mid points of all members and that all joint rotations are equal
at a particular floor. The method is further limited to bents containing
only uncoupled frames.

Blume, Newmark and Corning (12) suggest a method which is basically
the same as that presented by Wilbur. In both cases the rotation of the
beam to column joints dre considered but no allowance is made for the
interaction between frame and shear wall elements.

Khan and Sbarounis (14) have presented an analysis of planar bents

which considers the interaction between frame and shear-wall elements.

The method Tumps the structure into an equivalent bent which is composed

of two parts: a frame element and a shear wall element. The entire



lateral Toad is applied to the wall element and its deflected position
calculated. The loads necessary to make the frame element deform to the
same position are then calculated. The load on the wall is modified until
the frame and shear wall are compatible and in equilibrium under the
applied lateral load. If the distribution of frame and shear wall elements
is not symmetrical in the structure a torsional analysis is suggested, In
this analysis the centre of rotation is to be Tocated on the basis of the
shear resisted by each element and its location in the structure, Since
the analysis considers interaction effects, the centre of rotation, computed
on this basis no longer coincides with the centre of rigidity computed
simply on the basis of -EI.
Winokur and Gluck (6) have formulated the analysis of asymmetric
structures, containing frame and shear-wall elements, in matrix form,
Three degrees of freedom are considered for each floor; translation in the
X and Y direction and rotation about the vertical axis of the structure,
8. The analysis consists of the following three steps:
1. The overal lateral stiffness matrix for the structure is first

evaluated. This is the sum of the lateral stiffness matrices

for each of the stiffening elements., The overall lateral stiff-

ness matrix for the structure, |K}, is a 3n by 3n square matrix,

where n is the number of floors in the structure,

[Kxx| [Kxy| [Kxe|

[Kl = | [Kyx| [Kyy| [Kye]
|[Kex| |Key| |Kes|



where each of the submatrices represent the stiffness of the
structure in the direction of the first subscript, due to a
displacement in the direction of the second subscript.

2. Next, the three equations of equilibrium are formulated at
each floor level. The solution of these equations involves
the inversion of a 3n by 3n matrix and determines the deforma-
tions of the structure.

3. The member forces are obtained by multiplying the Tateral
stiffness submatrices for each element by the deformations ob-

tained in step 2.

A method is not specified for calculating the stiffness matrix of
the individual elements in the first step. Reference is made to the work
of Khan and Sbarounis (14), and Clough, King and Wilson (2).

Weaver and Nelson (5) have developed an analysis which accounts
for rotation of the floors as well as translation in the principal dir-
ections of the structure. The method is limited to framed structures
and shear wall elements are not considered. The method consists of first
determining member stiffness matrices. As both axial shortening and tor-
sion are considered the member stiffness matrices consist of 6 by 6
arrays for beams and 12 by 12 arrays for columns. The geometric rela-
tions of the members within the structure are then used to transform the
member stiffness matrices to a floor stiffness matrix. The equilibrium
equations for the struéture are formulated for each pair of adjacent
floors. The equations contain joint rotations for both floors and floor
translations and rotations for all floors in the structure, as unknowns.

These unknowns are reduced by a forward elimination process starting at



the top of the structure. Joint rotations and floor displacements are
zero at the base, thus the first floor displacements are obtained by
back substitution. Member forces are determined by multiplying the joint
displacements by the member stiffness matrices.

As a summary of the above literature survey; it is apparent that,
there is no completely general method for analysing multi-story frame
shear-wall structures. Approximate design methods for framed structures
have been developed based on simplifying assumptions to reduce the number
of unknowns. These methods are approximations at best and do not make
any allowance for the interaction between individual elements.

Complex exact analyses are available for analysing framed structures
but these are not applicable to the large number of structures that in-
corporate shear walls. An analysis has been presented for considering
planar bents incorporating frame and shear-wall elements, but this is not
suitable for three dimensional structures subject to torsional Toads. Even
for symmetric structures not subjected to torsion, the techniques of tump-
ing the structure into a planar bent introduces errors of unknown magnitude.
A method is proposed for a three dimensional analysis of framed shear wall
structures but this is not applicable to the case where the frame and
shear-walls are coupled.

There is an immediate need for a method of analysis that can be
applied to structures containing coupled frame shear-wall bents as well as
uncoupled frame and shear-wall elements. This method must be applicable

to large multi-story structures of varying geometric layouts.



CHAPTER III
ANALYTICAL MODEL

In the method of analysis discussed in this and the succeeding
section, it will be assumed that the structure is composed of a linear
elastic material and that the response of each member can be predicted
by a linear analysis. The loads are lateral loads, concentrated at each
floor level, and assumed to be applied statically. In addition, the dia-
phragms at each floor level are assumed to be infinitely rigid in their
own plane,

The motion of a typical floor diaphragm is shown in FIGURE 3.1,

The lateral loads cause translation as well as a rotation of the floor
diaphragm, so that general point A moves to a new position A'. If it

is assumed that the deformations are small relative to the overall dim-
ensions of the structure, then bent kx’ which spans in the Y direction,

will undergo a transliation, Vi in the Y direction, where

vy + RX x 6 (3.1)

Yk
In Equation (3.1}, Vi is the total deflection of bent kx in the Y dir-
ection, Va is the translation of the general point A in the Y direction,
RXk is the co-ordinate of bent kx with respect to point A, measured per-
pendicular to the bent, and & is the rotation of the floor diaphragm
about the general point A. From Equation (3.1) the difference in deflec-
tion between adjacent bents is equal to the product of the angle of

rotation and the perpendicular distance between the bents. Similarly

9



10

for bent ky, which spans in the X direction, the deflection in the X

direction is given by
Uk = UA - RYk X e (362)

where u is the total deflection of bent ky in the X direction, Up is

the translation of the general point A in the X direction, RYk is the co~-
ordinate of bent kx with respect to point A, measured perpendicular to
the bent. In Equations (3.1) and (3.2), the rotation is assumed to be
positive if clockwise and the distances from the general point A to the
X and Y bents, RX and RY, are assumed to be positive as shown in FIGURE
3.1. Similar expressions may be developed for each bent, k, at each
floor level, i.

If the torsional stiffness of the beams 1inking adjacent bents is
neglected, the behavior of the structure will depend on that of the in-
dividual planar bents as shown in FIGURE 3.2, The deformation of a parti-
cular bent at each floor level differs from the deformation of adjacent
bents due to their different locations relative to the general point A.
Each bent in the system may contain frames coupled to one or more shear
walls.

To obtain the analytical model used, the individual walls and frames
must be Tumped within each bent. The lumping technique has been used
previously for the analysis of symmetrical structures consisting of shear
walls and frames (1). In each story of the Tumped model, each joint has
one rotational degree of freedom and the story has one translational de-
gree of freedom, Each degree of freedom requires one equilibrium equation

in the solution. It is assumed that within a particular bent the beam
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to column connections undergo equal joint rotations and the beam to wall
connections undergo equal joint rotations (but different from those at
the beam to column connections); at a particular floor level. This re-
duces the number of unknowns to three per story for the case of a coupled
frame shear-wall bent, and to two for an uncoupled frame bent. A typical
coupled frame shear-wall bent is shown in FIGURE 3.3A and the equivalent
model in FIGURE 3.3B , FIGURES 3.4A and 3.4B depict an uncoupled
frame bent, and the equivalent model. In the model the wall stiffness,
KW, is equal to the sum of stiffnesses of all the walls in a given story.
The column stiffness, KC, in the model, is equal to the sum of stiffnesses
of all the columns of the story. The beams are divided into two groups;
those linking the shear walls to the columns are referred to as wall beams
and those linking individual columns are referred to as frame beams. In
the analytical model, the wall beam has a stiffness equal to the sum of
the wall beam stiffnesses and the frame beam has a stiffness double that
of the sum of the frame beam stiffnesses. One end of the frame beam is
placed on a roller and the joint rotation of the roller end is considered
to be equal to that at thé column end. The distinction between wall beam
and frame beam is necessary because of the finite width of the wall. This
causes a vertical deflection of the wall beam, at the wall joint, due to
the wall rotation. This effect increases the bending moment in the wall
beam for a given wall joint rotation and is similar to an increased rota-
tional restraint on the wall at each floor level,

The final stage in developing the analytical model is to reduce the
nunber of degrees of -freedom of each floor diaphragm, from three to one.

This is achieved by assuming that each floor diaphragm rotates about a
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point in its plane as shown in FIGURE 3.5. This point, referred to as
the centre of rotation, has a unique location, relative to the assumed
general point A in FIGURE 3.1, such that the following geometric condi-

tions are satisfied,

I

Va (X, - X3) x @ (3.3)

Up (Y0 - YA) X (3.4)
where Vas Up and 6 have been previously defined, XA and YA are the co-
ordinates of point A and X0 and Y0 are the co-ordinates of the centre of
rotation.

To initiate the analysis, the position of the centre of rotation must
be assumed, relative to a reference point. The two unknowns, X0 and Yo’
are thus eliminated. This assumed location is varied until the angle of.
rotation selected results in a balance between the applied loads and the
resisting forces, in both the X and Y directions; and a torque which is
equal to zero about any point in space. This type of iterative solution
requires a relatively small amount of computer storage space and thus
more complex structures may be analyzed. The iteration process itself,
however, is a complex portion of the program and requires a significant

amount of computer calculation time.
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CHAPTER 1V
METHOD OF ANALYSIS

The present analysis is based on the simplified model described in
the previous chapter and involves two distinct steps; first a lateral
stiffness matrix is developed, in terms of the story sway deformations,
for each of the bents in the structure (in both the X and Y directions);
secondly a rotational stiffness matrix is computed for the entire struc-
ture., This is possible because the story sway vectors of each bent are
related, since the floor diaphragms are assumed to be infinitely rigid in
their own planes. The rotational stiffness matrix is then inverted and
multiplied by the applied torque to obtain the floor diaphragm rotation
vector. By back substitution the resisting floor forces are calculated
(in both the X and Y directions). If the resisting forces and applied
loads are not in balance, an iterative process is used to relocate the
assumed positions of the centres of rotation. This iterative procedure
is repeated until the resisting floor forces are in balance with the applied
loads and the moment about any point in space is equal to zero, for all
floors in the structure.

The procedure used to determine the lateral stiffness matrix for
each bent depends on whether the bent consists of a coupled frame and
shear wall or an uncoupled frame. The case of a coupled frame and shear
wall will be treated in detail and the modifications necessary for an
uncoupled frame will be outlined briefly.

Consider the single bent shown in FIGURE 4.1. As lateral Toads are

17
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applied, the bent deforms as shown in FIGURE 4.2. In each story the

sway displacements of the frame and shear wall are equal. Because of the
finite width of the shear wall, the wall beam undergoes a vertical dis-
placement at the connection to the wall. The end rotations of each frame
beam are assumed to be equal.

For each floor level there are three unknowns; A, 0. and Oy The
lateral stiffness matrix is developed by writing the equilibrium equations
in terms of the slope deflection coefficients and expressing the joint
rotations in terms of the story sway deformations. The elimination tech-
nique used to express joint rotations as story sway displacements is de-
scribed in APPENDIX A. The resulting floor force and joint rotation vec-

tors are as follows:

Vo= LK % sl (4.12)
lolf = KPS = [a], (4.1b)
lol} = 1Kl = la], (4.1¢)

where -|K|ﬁ, IKlﬁc and |K|ﬁw are square matrices which depend only on the
bent member properties and their geometry. The story sway vector, |A|k,
contains unique values for each bent, These must be determined before
the joint rotation vectors can be obtained by back substitution in
Equations (4.1b) and (4.1c).

The next step in the analysis is to determine the story sway vector
|A1k. The lateral displacement of a given floor in a particular bent is
equal to the product of the floor diaphragm rotation and the perpendicular

distance between the bent and the centre of rotation of the floor diaphragm.
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For a bent spanning in the Y direction:

(4.2a)

where Sk i is the displacement (from the undeformed position) of bent k

at floor levetl i, 9; is the rotation of floor diaphragm i about its

centre of rotation and (X - Xk 1.) is the co-ordinate distance of bent

0,1
k from the centre of rotation of the ith floor diaphragm. The sway defor-

th

mation in the i story of bent k can then be expressed as,

Beyi ™ Sk T Sk,ied (4.2b)
therefore
By = By lXg = X gd = 8y < (K gy X i) (4.2c)
th

where Ak i is the sway deformation of the i~ story of bent k. This may
]

be written in general matrix form as follows:

[af, = D[, x el (4.2d)

where |A|k is .the story sway vector for bent k, |D|k is a two-diagonal
square matrix in which each row, i, contains the perpendicular distances
()(0,1.__1 - xk,i-l)’ (xo,i - xk,i)’ between the bent and the centres of ro-
tation of two adjacent floor diaphragms, and |8| is the floor diaphragm

rotation vector. The floor force vector lVIk may now be written as,

VI, = IKI} x |e] (4.32)
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where

D A :
(Kl = Ikl > D], (4.3b)

The next step in the anajysis {s to formulate the torsional equilibrium
equation. A reference point is chosen at each floor level so that all re-
ference points lie on a common vertical axis and all of the bents lie in
the first quadrant of tHe co-ordinate system, as shown in FIGURE 4.3. The
building is oriented so that the centre of rotation lies on the positive
X side of the centre of resistance. This will result in positive rotations
of the floor diaphragms and resisting floor forces which are in opposition
to lateral loads applied in the positive X and Y directions. The resisting
torques, about the reference point, developed by the bents spanning in both
the X and Y directions are computed individually and then summated. Written

in general matrix form,

NX D

IThe = 2, UKl IX1) (4.4a)
NY D

ITly = kZ] KT < fY]) (4.4b)

where |T[, is a torsional stiffness matrix which includes all the bents

in the X direction, and |T|Y is the torsional stiffness matrix for all

the bents in the Y direction, |X|k is the vector representing the dis-
tance of bent k (in the X direction) from the reference point, Y], is

the vector representing the distance of bent k (in the Y direction) from
the reference point, NX is the number of bents spanning in the X direction

and NY represents the number of bents spanning in the Y direction. The
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individual bents. If the resisting forces in the X and Y directions are
equal to the applied loads then the initial assumed locations of the
centres of rotation are correct, If the resisting forces do not balance
the applied loads then a correction technique is applied which shifts the
centres of rotation in both the X and Y directions until the structure is
in equilibrium,

The correction is applied by first determining an influence coef-
ficient matrix for the shift of the centres of rotation in the X direction.
The Y co-ordinates of the centres of rotation are held constant. The in-
fluence coefficient matrix is obtained by increasing the distance from the
reference point to the centre of rotation for the first floor by 1 inch,
while maintaining the position of the centres of rotation for all other
floors at the initial values. With this new arrangement of the centres
of rotation, the torsional analysis described above is repeated and the
resultant floor forces are calculated. The influence coefficient for the
first floor is equal to the difference in total floor force between the
initial value and that obtained for the shifted centre of rotation. This
procedure is repeated for all floors; in each case the centres of rotation
are held at the initial values except for the floor under consideration.
The physical interpretation of the process is that if the centre of rota-
tion of a particular floor is shifted by x inches, then the resisting floor
force at any floor is changed by the product of x and the influence coef-
ficient for that floor. Consequently, if the resisting floor forces for
the initial trial differ from the applied loads it is possible to deter-
mine the corrections to the positions of the centres of rotation, in

order for the resisting floor forces to approach the applied lateral loads.
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This may be written in general matrix form as,
X = elt x (<[F]y - VIR (4.8)
X X X :

where |AX| is the vector representing the corrections to be applied to

the positions of the centres of rotation (in the X direction), [ClX is the
transpose of the influence coefficient matrix (for a shift of the centres
of rotation in the X direction), and IV|Q is the resisting floor. force
vector in the Y direction, for the initial position of the centres of
rotation. Due to the manner in which the iterative solution is formulated,
the influence coefficients are non-linear. The correction vector, |AX|, in
Equation 4.8 does not immediately lead to the correct position for the
centres of rotation and several iteration cycles may be required. After
each cycle the corrected position of the centres of rotation become the
initial values for the next cycle. When the floor forces in the Y direc-
tion balance the applied loads within a specified limit, a similar correc-
tion technique is applied to shift the centres of rotation in the Y dir-

ection. In matrix form,
' -1 A
|AY| = ICIY x ('|FIY - IVIY) {4.9)

where |AY| is the vector representing the corrections to be applied to
the position of the centres of rotation (in the Y direction), |C|Y is the
transpose of the influence coefficient matrix (for a shift of the centres
of rotation in the Y direction) and |V|¢ is the vector of the resisting

floor forces in the X direction (for the initial position of the centres
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of rotation). The number of iteration cycles required to determine the
correct position of the centres of rotation will depend on how correct
the initial choices were. If the building is symmetrical about a centroi-
dal axis and there are no applied loads in this direction then the centre
of rotation will lie on this axis. This factor facilitates the choice of
the initial position of the centres of rotation.

A computer program ﬁas written in Fortran IV language for use on an
IBM 360/67 system in order to facilitate the analysis. A print-out of
the program is included as APPENDIX C. In this particular program the
structure size was 1imited to twenty stories, with a maximum of four bents
in the X direction and three bents in the Y direction. The size of struc-
ture that may be analyzed, however, is limited only by the computer stor-
age capacity.

The computer program has three distinct divisions. COMPAK reads in
the member properties and computes the bent stiffness matrices. TORPAK
performs the torsional analysis until an equilibrium condition is reached.
CALPAK uses the story sway and joint rotation vectors calculated by
TORPAK to compute the member forces for each bent, The procedure followed
by the program is described in greater detail below.

The COMPAK stage of the program first determines whether the bent
includes a shear wall. It then reads in the member properties and bent
geometry. From these quantities the member stiffness submatrices are
computed, If the bent consists solely of a frame, four submatrices are
required but if the frame is coupled to a shear wall the number of sub-
matrices increases to nine. A subroutine then calculates the bent stiff-

ness matrix, |K|ﬁ , and matrices |K[Ec and |K|Ew in Equations (4.1b) and
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(4.1¢c).

The torsional stiffness matrix, |T|R is calculated in the TORPAK
stage. The location of bentsAwithin the structure, the magnitude of the
applied lateral loads, their points of application, the location of the
centre of resistance at each floor level, and the St. Venant torsional
stiffness for each floor level are read in and used by TORPAK. TORPAK
may next perfdrm a torsional analysis or an analysis with rotation of the
floor diaphragms suppressed,

If a torsional analysis is performed the torque about the reference
point, due to the applied loads, is calculated. If the centre of resist-
ance of -the Structure is within 5 per cent of the overall width of the
structure, from the geometfic centre, then a minimum torque is applied.
TORPAK first computes [T|qy, [T[y, and [T|y; the latter two will differ
for each change in the position of the centres of rotation. The initial

position of the centres of rotation are assumed to be at,

>
[[§

1.2 x xc’i (4.10a)

-3
n

1,2 x Yc.i (4,10b)

if there is an applied lateral load-in both the X and Y directions, If-
there is no applied load in one direction the initial positions of the
corresponding centres of rotation are modified to,

)(0‘,.i = XNX,i + 2.0 (4.10c)

Y . =X + 2.0 (4.10d)

0,1 NY,i
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In the above four equations X0 j is the distance between the reference

point and the centre of rotation (in the X direction), Y0 ; is the dis-
L]

tance between the reference point and the centre of rotation (in the Y

direction), Xc . is the distance between the reference point and the centre

i

of resistance (in the X direction), YC j is the distance between the ref-
3

erence point and the centre of resistance (in the Y direction), all taken

at the ith

floor level. The distance between the reference point and the
X bent furthest away from the reference point is denoted as XNX,T and
YNY,i is the distance between the reference point and the Y bent furthest
away from the reference point.

The floor diaphragm rotation vector [8| is calculated by inverting
the torsional stiffness matrix |T|R° The resisting floor forces in both
the X and Y directions are obtained by back substitution and summation.

A check is performed to determine whether the resisting floor forces are
within 1 per cent of the applied lateral loads. If so, TORPAK returns
control to COMPAK, after calculating the story sway and joint rotation
vectors [4],, |B|E and |e|ﬁ for each bent,

If the resisting forces are not within 1 per cent of the applied loads,
TORPAK calls up the subroutine which calculates the influence coefficients
for correcting the centres of rotation in the X direction. The correction
cycle is repéated until the resisting forces and applied loads balance
in the Y direction. Then the subroutine for correcting the position of
the centres of rotation in the Y direction takes over. After each cor-
rection cycle, if the forces and loads in the Y direction are not in bail-
ance, these are balanced first before correction in the X direction con-

tinues. The correction procedure is continued until either equilibrium



ERRATA

Mr. Barter reports the steel yield strength in terms of
mill test results and has based all his computation on the mean
yield strength from these tests. The four bars from column C2
were tested with yield strengths of 43,600, 44,500, 44,500 and
45,000 psi. Six other bars from the steel used in this test series
have also been tested with yield strengths of 44,000 to 46,000 psi,
Thus it would appear that a mean yield strength of 44,700 psi would
better represent the steel in these tests. If this lower value of
yield strength were used in computing the column strengths, the
tension branches of the interaction curves in Figures 4-6, 4-7,
4-17 and 4-18 would be shifted inwards slightly to a position
that would agree better with the test results. This also would
affect the comparisons made for test series D in Chapter 7. This
error in yield strengths should not appreciably affect the com-

putations for test series A and C,
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is reached or the number of cycles exceeds the program limit.

COMPAK then calls up CALPAK which calculates all of the member forces
for each bent. These member forces are based on the last values of ]Afk,
|9|E and [Blz calculated by TORPAK. Unless the structure is in equili-
brium, therefore, the member forces calculated by CALPAK are not neces-
sarily the correct values. If the correction procedure is terminated by
the program 1imit, the unbalance of forces and applied loads is indicated
by a print statement in the output.

CALPAK also includes the write subroutine, which prints out the
member forces, before returning to COMPAK and stopping. A flow diagram
of the program is presented in FIGURES 4.4, 4.5 and 4.6. In APPENDIX B
a list of all subroutines is presented together with an explanation of
the tasks that each subroutine performs. Also included in APPENDIX B
is a list of the input data cards and their formats.

Two additional variations are possible within the TORPAK stage of
the analysis; a minimum torque may be applied to the structure or an in
plane analysis may be performed on the structure. In the former case,
if the structure is approximately symmetrical, the rotation of the floor
diaphragms become very small and the centres of rotation are a great
distance from the reference point. The solution requires many iteration
cycles and results in floor deformations that are almost equal at all
bents. In this case, it may be required by design codes that a minimum
torque be applied to the structure. This is done automatically by TORPAK
when the centre of resistance of the structure is within 5 per cent of
the overall width of the structure from the geometric centre. TORPAK

applies a minimum torque equal to the product of the applied loads and
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an eccentricity equal to 10 per cent of the overall width of the structure.
The second variation is initiated by the input data. If requested,

TORPAK performs a symmetrical analysis on the structure, in which all

bents in any one direction translate equal amounts. This is achieved

by summing the lateral stiffness matrices of all bents in one direction.

The total lateral stiffness matrix is then inverted and multiplied by the

applied lateral loads (in that direction) to yield the story sway vectors

(which will be the same for all bents in that direction). The subroutine

that carries out the symmetrical analysis is called SYMPAK and after re-

turning control back to COMPAK all the torsional analysis subroutines are

bypassed except SWAY which calls up CALPAK as before.
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CALL READ 1 CALL READ 2

Q=N +1)
ND
AT - ot
W(N) = 0.0 ﬁ{ﬂT" =k

CALL READ 1 CALL READ 2

=N+
, NO
YROTC(N)} = k) Kmorcm = KP
KYROTW(N) = 0.0 KYROTW(N} = KS
KY(N) = K KY(N) =K

YES

FIGURE 4.4 MAIN PROGRAM
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INSYM

GALL TO RPAQ

STOP

FIGURE 4.4 MAIN PROGRAM {CONTINUED)
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TORPAK

INPUT
STATEMENTS

CALL WRITE 1

CALL SYMPAK

X0() = XX(NX)/2.0>

NO

<x0(h = 1.2 * CX(I) >—a—

Es

NO

YES

FIGURE 4,5 SUBROUTINE TORPAK
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| = |>_<vou) = YY(NY) /20>

< Y0(1) = 1.2 4CY (1) >—t—

MT(1) = (0.9* XH()* FX(1)-
0.9*YH(IPFY() )

NO

MT(1) = (XH(I)* FX(1)- >
—’Q Jn(lg*m{r(}l)) ®

1 D
NO YES b

FIGURE 4,5 SUBROUTINE TORPAK (CONTINUED)
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U ) -y
CALL bxotTTx CALL HYODY

CALL DYOTTY

CALL VYOTVY

CALL vXOTVX

TVXA () = TVX())
<tvu m = TVY(I)

FIGURE 4.5 SUBROUTINE TORPAK (CONTINUED)
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QUTPUT
TYXA
TVYA

FIGURE 4.5 SUBROUTINE TORPAK {CONTINUED)
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CALL ICX0

(CEATES

oUTPUT
:7
CALL SWAY

FIGURE 4.5 SUBROUTINE TORPAK (CONTINUED)
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CALL CALQ (L)

YES
CALL WRITE4

RETURN
—)

FIGURE 4.6 SUBROUTINE CALPAK
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CHAPTER V¥
RESULTS AND DISCUSSION

As a check on the validity of the assumptions used in the analysis,
several structures were analyzed and the results compared with those ob-
tained by other methods. Although a method does not exist for performing
a general analysis of a three dimensional frame shear-wall structure, it
was possible to check the various sections of the analysis individually.

The calculation of the stiffness matrix for an uncoupled frame was
checked by analyzing the twenty story structure shown in elevation in
FIGURE 5.7A. A structure containing this bent was used by Weaver and
Nelson (5) to illustrate the rigorous analysis of three-dimensional framed
structures. The members were of structural steel having a modulus of
elasticity of 30,000 k.s.i. and were assumed to be coated with one inch
of concrete fireproofing. The moments of inertia were computed on the
basis of the transformed section using a modular ratio of nine. The lat-
eral load on the structure consists of a wind pressure of 20 p.s.f., con-
centrated at each floor level and applied to the south face as shown on
the plan of the structure, FIGURE 5.1B,

The first stage of the comparison consisted of performing an in-
plane analysis using the present method. Then, the one-bay bent, X1,
was isolated as shown in FIGURE 5.2 and subjected to the lateral loads
resisted by the bent in the in-plane analysis of the entire structure.
This analysis was performed using STRUDL (15). The column moments, joint

rotations and floor deflections obtained by the two analyses show excellent

39
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agreement and are tabulated in TABLE 5.1. The discrepancies occur only
in the third decimal place. The bents used for the comparison were chosen
to eliminate errors due to the lumping technique employed in the analysis.

The calculation of the stiffness matrix for a coupled frame shear-
wall bent was checked by analyzing the ten-story structure shown in
FIGURE 5.3. The moment of inertia of the shear-wall was taken as 443,000
inches4 and that of the frame members was based on the CISC handbook prop-
erties for the sections used (16). The lateral load consists of a wind
pressure of 16 p.s.f. on the long side of the structure. This was applied
as an equivalent concentrated load at each floor level. The columns were
of constant cross section for the bottom five stories then changed at the
sixth story and were again constant for the top five stories. A1l column
sections in a given story are the same. The beam sections were the same
for all floors in a particular bent. The shear wall dimensions were
8'-0" x 0'-6" and its modulus of elasticity was 3,160 k.s.i. The modulus
of elasticity of the steel was taken as 29,000 k.s.i.

An in-plane analysis was performed on this structure using the pre-
sent method. Bent X1 was then isolated as shown in FIGURE 5.4 and sub-
jected to the lateral loads resisted by this bent in the in-plane analy-
sis of the entire structure. This planar bent was then analyzed using an
approximate procedure, developed by Guhamajumdar et al (1), for two-dim-
ensional frame shear-wall structures. The column shears, wall shears and
floor deflections obtained by the two methods are presented in TABLE 5.2,
The agreement was again excellent. If the bents, in the above two com-
parisons, had consisted of more than one bay, the lumping technique would

introduce errors in the stiffness matrix calculation.
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To provide a check on the torsional portion of the analysis the
example structure in FIGURE 5.1 was again used. A torsional analysis
was performed using the present method and the results were compared
with a "Space Frame" analysis performed using STRUDL. For the latter
analysis the cross-sectional areas of all members were set at an artifi-
cially large value {(99999.0 square inches) so as to suppress the effect
of axial deformations. Pin-ended diagonal members were introduced be~
tween adjacent bents, in a horizontal plane, to simulate the action of
floor diaphragms having large rigidities in their own planes. The floor
deflections of bents X1 and X4, and the floor diaphragm rotations, as
computed by the two analyses, have been presented in TABLE 5.3. The
values in all cases agree remarkably well. This structure contains sev-
eral multi-bay bents which will result in errors in the stiffness matrix
calculation, for the present analysis. The maximum discrepancy, however,
is less than 4 per cent which is acceptable for a structure of this size.
The maximum floor deflections and floor diaphragm rotations obtained
agree very well with results quoted by Weaver and Nelson (5).

Several structures have been analyzed by the present method to de-
termine the effect of varying degrees of asymmetry on the structure.

The resuits of the analysis of one such structure will be presented in
detail.

The ten story structure in FIGURE 5.3 was analyzed for four different
positions of bent X3. For simplicity, bent X3 is considered to have zero
stiffness in the X direction. The stiffnesses of bents Y1 and Y2 are
computed by ignoring the contribution of the columns of bent X3 and

thus havé the same properties for all positions of X3. The shear-wall has
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a constant section for the full height of the structure. Since the col-
umn sizes change at the sixth story, the ratio of rigidity of shear-wall
to rigidity of all the columns is 83 for the first five stories and 172
for the top five stories.

The position of bent X3 is defined by the dimension X, and analyses
were performed for values of; 0, 90, 180, 270 and 360 inches. TABLE 5.4
contains the story shears developed by the columns in bent X1 and the
shear-wall in bent X3; for the various values of X. In TABLE 5.5 the
story shears, Vx’ for X = 180 and 360 inches have been expressed as ratios
of the corresponding shears, VSYM’ obtained from the in-plane analysis
(X = 0). To show the effect of the increasing asymmetry, FIGURE 5.5 plots
the deflection at the top floor of each bent for values of X from O to
360 inches.

The change in the interaction between shear-wall and frame elements,
for increasing asymmetry of the shear-walil bent, is clearly shown 1in
TABLES 5.4 and 5.5. For a symmetric structure, the interaction between
the cantilever-type of deformation of the wall and the shear-type defor-
mation of the frame, results in the shear-wall carrying almost all of the
lateral load at the base of the structure. Due to the large deflections
of the wall in the upper stories of the structure the frame must act as
a restraining member. Consequently the frame carries a larger part of
the overall lateral load in the upper stories and, as shown in TABLE 5.4,
may actually carry more than the externally applied lateral load, due
to the negative load imposed on the frame by the wall.

In TABLE 5.4 as the value of X increases, more and more of the load

formerly carried by the wall has to be resisted by the frame of bent X1.
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As the shear ratios (Vx/VSYM) show, this change may be very large. The
change is greatest for the lower stories of the structure and decreases
towards the top. The discontinuity at the sixth floor is due to the
abrupt change in the column moment of inertia at this level. It is a
general observation that the effect of any abrupt change in member prop-
erties serves to attract load to the immediate area.

FIGURE 5.5 shows the same effect for bent X2, but on a reduced scale
of magnitude. As the eccentricity increases, the increase in deflection
at the top of bent X1 is of the order of 300 per cent while the increase
for bent X2 is less than 200 per cent. The deflection characteristic
of bent X4 is explained by the fact that the torsional behavior of a
bent is influenced by its location in relation to the centre of rotation,
as well as fts stiffness. Up to an X value of approximately 200 inches
the centre of rotation of the structure lies inside the structure, so
that as the floor diaphragms rotate the net deflection of bent X4 is re-
duced. Beyond this point the deflections tend to increase once again.

To observe the effect of a reduction in shear wall rigidity, relative
to the sum of the column rigidities, in a structure, the shear-wall mom-
ent of inertia in the structure of FIGURE 5.3 was reduced from 443,000
to 80,000 inches4ﬂ The results obtained from a series of torsional analy-
ses for various positions of the shear wall bent indicated the same trends
as those of TABLES 5.4, 5.5 and FIGURE 5.5. The only difference was in
the proportion of total lateral load carried by the shear-wall at any

one time.
These trends were confirmed by the results of a series of analyses

on a three story structure with a plan similar to that of the ten story
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structures mentioned above.

The symmetrical structure, of FIGURE 5.3, with bent X3 at X = 0
inches, was also analyzed under a torque equal to the product of the
applied lateral load and an eccentricity of 10 per cent of the overall
width of the structure. As bents X2 and X3 are at the centre of resist-
ance of the structure, the floor deflections and story shears for these
two bents are the same as those obtained from an in-plane analysis. For
this reason TABLE 5.6 contains the story shears, floor deflections and
the ratios of the story shears to the shears obtained from an in-plane
analysis; for bents X1 and X4 only.

The results in TABLE 5.6 illustrate the large change in shears that
can occur in certain bents of a symmetric structure if the structure is
subjected to a torque about its longitudinal axis. The increase in
shear in bent X1 is greatest for the bottom stories and gradually reduces
with height. Because of symmetry the decrease in shear in bent X4 is
equal to the increase %n shear in bent X1. This decrease in shear was
sufficieﬁt to cause a sign reversal for the bottom story. Because bents
X2 and X3 are located at the centre of rotation of the structure there

1s no net change in floor deflections or story shears for these bents,
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PRESENT ANALYS IS STRUDL.

c'.';rto Y1 column Moments | Joint Floor _ Column Moments Joint Floor

Floor [Botom [Top Rot:itBIon Deflection Bottom | Top Rotzitaion Deflection

No. |Kip inch]Kip Inch | X10 °Rad,|Inches Kip tnch| Kip Inch| X10 “Rad | Inches
1 4172 -62 3.4031 0.3 4172 - 62 3.4030 0,324
2 2015 992 4,2252 0,932 2015 992 4,2251 0.931
3 4% 1329 4,3167 1.605 1432 1329 4,3165 1,605
4 1147 1313 4.1691 2.269 1147 1313 4,1688 2,269
5 1078 1305 3.9448 2.910 1078 1305 3, 9444 2.910
6 957 1196 3,7096 3.512 957 1195 3.7090 3,512
7 932 1167 3.4522 4,083 932 1166 3.4513 4,082
8 813 982 3.2670 4,614 313 982 3.2660 4.613
9 [89 o1l 3.0563 5,150 891 1011 3,0551  5.149
10 | 742 910 2.759 5.638 741 910 2.7583 5,637
11 | 672 808 2.5206 6,081 672 807 2,5196 6,080
12 | 638 158 2.2633 6.497 637 757 2.2623 6.496
13 | 540 678 1.9681 6.864 540 678 1,9671 6,863
14 | 450 539 1,77193 7.185 450 538 17782 7.183
15 | 481 533 1.5548 7.531 481 533 1.5536 1.529
16 358 434 1,2262 7.815 358 434 1,2252 7.812
17 | 269 322 0.9%965 8.037 269 322 0. 9958 8.034
18 | 2% 21 0.7146 8.308 249 213 0.7140 8.306
19 136 167 0,3551 8.471 136 167 0.3548 B.469
Pal| 7 58 0.1016 8.531 37 58 0. 1015 8,528

TABLE 5.1

STIFFNESS MATRIX CHECK (UNCOUPLED BENT)



Story PRESENT ANALYSIS GUHAMAJUMDAR

or Column|Wall | Floor Column | wall  |Floor

Fioor | Shear |Shear | Deflection § Shear | Shear |Deflection

No. Kips  [Kips { Inches Kips Kips {inches
1 7.63  8.21 0.110 7.62 8522 0,10
2 13,27 59.01 0.347 13.27  59.01 0.347
3 14.60 44,33 0.626 14,60 44,32 0,626
4 13.88 35,06 0,903 13.88  35.06 0,903
5 14,11  23.49 1,160 14,11 23,49 1160
6 8,72 21.45 1,389 8,72 21,45 1.3%9
7 8.45 16.85 1.579 8.45 16,85 1.579
8 6.35 1L17 L7227 6.3 11,18 1.726
9 4,44 4.93 1.83% 4,43 4,95 1.834
10§ 425 -560 1.916 i 4,25 -5.61 1,913

TABLE 5.2 STIFFNESS

MATRIX CHECK (COUPLED BENT)
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PRESENT ANALYSIS STRUDL
Hoor Floor Deflection Edotoa:ion , Flom"nliehﬂesction ;loot(;fon 2
NuiﬁberTmJX-nlrggﬁ(f Rad, X10 °[ Bent XI [ Bent’X4] Rad. X10°
1 | o421 0252  0.020 0.42 0.25% 0,019
2 { L2 o712 0,059 1L29 0726  0.058
3 |2129 1216 0.0 2,13 1241 0,103
4 | 305 L1708 015 3.035 1746 0,149
5 | 3.891 218 0,198 3,905 2.2  0.19
6 | 4708 2625 0,241 4,725  2.689  0,2%
7 | 548 3.046 0,28 552 3123 0275
8 | 6203 34318  0.320 6,226 3.521  0.312
9 | 6925 385 0358 {693 3939 0348
10 | 7.58 4,198  0.3% .66 43107 038
11| 818 4526 042 8.217  4.65%9  0.412
12 | s.742 483 045 8.780  4.983 0,439
13 | 9.2%6 5110 0,478 9.217 5210 0.464
M | 9.671 5347  0.500 9.713 5521 0,48
15 (10,130 5611 0523 10.175 5799 0,506
16 |10.504 586 0,541 10,553 6,027  0.524
17 [10.7% 5.997  0.555 10.851 6,207  0.537
18 |11:148 6.209  0.572 1,202 6.433 0,552
19 |11.357 6338 0,581 11,44 6571 0,56
20 |1L443 63719 058  JIL518 6,618 0,567

TABLE 5.3 TORSIONAL ANALYSIS CHECK (FRAMED STRUCTURE)
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Floot EFFECT OF INCREASING ASYMMETRY
Numbetr|  Story Shear in Bent XI Kips Story Shear in Shear Wali Kips
X |o 9 180 270 360 0 9 180 270 360

1 553 16.68 27.35 35,31 40,22 | 85.21 79.88 67.01 52.94 40.94
2 8,55 16,31 24.12 30.35 34.54 | 59.001 56,09 48,74 39,98 31,93

3 9.16 15.43 21.62 26,76 30.28 § 44.33 42,40 37,29 31.08 25.17
4 |8.65 13.80 18.97 23.24 26.21 ] 35,06 33,59 29.74 24,97 20,36
5 8.59 12,30 16.05 19.35 21.84 § 23.49 22,89 20.98 18.23 15,27
6 }5.22 976 14,04 17.34 19.32 | 27.45 25.83 21,84 17.45 13,67
7 501 8,05 10,99 13.28 14,87 [ 16.85 16.02 13,92 11.42 9.13
8 3.76 5.8 7.9 9.5 10,60 | .17 10.60 9.25 7.62 6.11
9 2.63 3.78 4.8 51 6.33 4.9 476 4,21 3.55 2,91
10 231 212 192 189 197 |-5.61 -510 -3.96 -2,80 -1.94
TABLE 5.4 SHEAR TABULATION FOR BENT X1 AND SHEAR-WALL
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Floot SHEAR RATIOS VXNSYM
Number Bent X1 Shear Wall
X 180 360 180 360
1 4.9 7.28]1 0.7% 0.48
2 2.482 4.04 | 0.82 0.54
3 2,36 331 0.84 0.51
4 2.19 3.03| 0.8 0.58
5 1.87 2,551 0.89 0.65
6 2.69 3,70 | 06.80 0.50
7 2.20 2971 0.83 0.54
§ 2.11 2.82 | 0.83 0.55
9 1.3 2.41 0.85 0.59
10 0.81 0.831 0.71 0.35

TABLE 5.5 SHEAR RATIOS BENT X1 AND SHEAR-WALL
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BENY XI BENT X4
Floor Shear Deflection | Ratio | Shear Deflection | Ratio
Min, Torque of Min. Torque of

Nunber [ Kips | inches Shears | Kips Inches |Shears
1 14,38 0,241 2.60 -3.32 -0,021 -0,60
2 15,60 0.683 1.83 149 0,011 0.17
3 15,4 1.158 1,68 2.97 0.093 0.32
4 13,92 1.609 1.61 3.35 0.198 0.39
5 12.88 2,015 1.50 4,29 0,304 0,50
6 9.62 2,408 1,84 0.83 0,369 0.16
i 8.3 2.729 1.67 1.67 0.429 0,33
8 6. 14 2.970 1.63 1.3 0.483 0.36
9 4.09 3.135 1.56 1,18 0.535 0.45
10 2.83 3.239 1,19 0.592 0.81

192

TABLE 5.6 COMPARISON OF IN-PLANE AND

MINIMUM TORQUE ANALYSES
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CHAPTER VI
SUMMARY AND CONCLUSIONS

A method of analysis has been presented which determines the distri-.
bution of resisting shears among the various bents in asymmetric three-
dimensional structures. The analysis neglects second order effects and
assumes that the material is ideally elastic. The bents of the structure
may contain either coupled or independent shear-wall and frame elements.

The actual structure has been simplified to a system of two-dimen-
sional bents. A lumping technique has been used to reduce the individual
bents to single equivalent frame and shear-wall elements. Each floor
diaphragm is free to rotate about a vertical axis, and to translate in
the X and Y directions.

The computer program.developed for the analysis, performs a torsional
analysis if the structure is asymmetric but when the degree of asymmetry
1s minor a specified torque is applied to the structure, The program
also performs an in-plane analysis if required. A list of the subrou-
tines used in the computer program, and the required input data is pre-
sented in APPENDIX B. A print-out of the computer program is included
in APPENDIX C.

The various steps in the analysis were verified by performing analy-
ses on segments of the structure for which other methods were available.
The present method was then used to analyze several structures containing
coupled frame and shear-wall bents. The results of these analyses clearly

show the important effect that the rotation of the structure has on the
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shear distribution. With increasing asymmetry of the structure the in-
teraction between shear-wall and frame elements is changed dramatically,
Even for small eccentricities the increased shears imposed on certain
bents near the perfmeter of -the structure are significant and must be
considered.

For the series of ten story structures used to illustrate the ef-
fect of torsion, the number of iteration cycles required for convergence
varied between ten and twenty. The corresponding computer time amounted
to approximately 0.8 minutes. For the twenty story structure convergence
was considerably slower, This was because the structure does not have
an axis of symmetry, so that both the X and Y co-ordinates of the centre
of rotation must be determined by iteration. Each iterative cycle re-
quires the inversion of more than twenty matrices. To alleviate this
problem it is suggested that the program be modified to a more rigorous
solution, in which the three equilibrium equations, for each floor, will
be solved at the one time. This approach will lead to reduced computer
time, at the expense of increased computer storage space.

The next stage to be considered is the inelastic response of the
structure. The greatest increase in shear due to torsional action occurs
in the bents located furthest from the centre of rotation. The formation
of plastic hinges in these bents reduces the bent stiffness and would
result in a shift of the centre of resistance as the structure is loaded
into the inelastic range. In future extensions of the program the struc-
ture will be analyzed as described until a plastic hinge forms. The stiff-
ness matrix for the particular bent involved will then be modified by

the insertion of a plastic hinge in the member. The structure will be
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analyzed with the modified stiffness matrix until a second hinge forms,
The process is then repeated. At each load increment, iteration will be
used to obtain a balance between the applied loads and the resisting floor
forces using the actual stiffness matrix for each bent.

Additional effects that must be investigated are primarily due to
the axial loads; the influence of axial shortening, the P-A effect caused
by the vertical Toads and the change in carry-over and stiffness coeffi-

cients due to the presence of axial load.
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o - o

AY

EW

CI

WI
6cC

NOMENCLATURE

Displacement in the X direction.
Displacement in the Y direction.

General co-ordinates.

Co-ordinates of general point A.
Co-ordinates of the centre of rotation.
Co-ordinates of the centre of resistance.
Number of bents.

Applied Tlateral load.

Resisting floor force.

Story sway deformation.

Displacement from the undeformed position.
Floor diaphragm rotation.

Two-diagonal matrix.

Torsional stiffness matrix.

Transpose of influence coefficient matrix.
Centre of rotation correction in the X direction.
Centre of rotation correction in the Y direction.
Modulus of elasticity of frame.

Modu]us of e]astiéity of wall.

Story height.

Moment of inertia of equivalent column.
Moment of inertia of equivalent wall.

Beam to column joint rotation.
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oW
MC
MW
FBI
FBL
WBI
WBL

Beam to wall joint rotation.
Resultant moment at beam to column joint.

Resultant moment at beam to wall joint.

Moment of inertia of equivalent frame beam.

Length of equivalent frame beam.
Moment of inertia of equivalent wall beam.

Length of equivalent wall beam,
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NOMENCLATURE FOR FORTRAN IV PROGRAM

In the following nomenclature, X and Y in any of the terms refer

to the direction of the perpendicular to the plane of the bent.

KJ

KP

KS

KY
KV

NS

NX, NY
ICX
ICY

X0

YO
KXROTC
KXROTH
KYROTC
KYROTW

Matrix relating column joint rotation to the story sway for
an uncoupled frame.

Matrix relating column joint rotation to the story sway for a
coupled frame.

Matrix relating wail joint rotation to the story sway for a
coupled frame and shear-wall bent.

Bent stiffness matrix in terms of story sway.

Bent stiffness matrix in terms of story sway.

St. Venant torsional stiffness matrix.

Bent stiffness matrix term used in subroutines MACAL1 and
MACALZ.

Number of stories.

Number of bents,

Dummy term representing the number of iteration cycles.
Dummy term representing the number of iteration cycles.
Distance between reference point and centre of rotation.
Distance between'reference point and centre of rotation.
Matrix relating column joint rotation to the story sway.
Matrix relating wall joint rotation to the story sway.
Matrix relating column joint rotation to the story sway.

Matrix relating wall joint rotation to the story sway.



CI
Wl
WBL

FBL
FBI
WBI

EW
EGC
EGW
FX
FY
XX
YY
CX
Cy
RX
DX

KDX

TTX
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Story height.

Equivalent column moment of inertia.

Equivalent wall moment of inertia.

Wall beam Tength.

Wall width.

Frame beam length.

Frame beam moment of inertia.

Wall beam moment of inertia.

Modulus of elasticity of frame.

Modulus of elasticity of wall.

Rotational stiffness of foundation under column.

Rotational stiffness of foundation under wall.

Applied lateral load in the Y direction.

Applied lateral load in the X direction.

Distance between reference point and particular bent.

Distance between reference point and particular bent.

Distance between reference point and centre of resistance (EI).
Distance between reference point and centre of resistance (EI).
Distance between a particular bent and the centre of rotation,
Relative distance between top and bottom of each story and
their respective centres of rotation.

Stiffness matrix in terms of unit rotation about the centres
of rotation.

Torsional stiffness contribution, computed about the reference

point.



ROT
VX
TVX
RY
DY

KDY

TTY

VY
TvY
MT

TVXA

TVYA

XH

YH
INDICX
INDICY
HX

CIX
WIX
WBLX
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Floor diaphragm rotation vector.

Floor forces developed by a particular bent,

Sums of the floor forces,

Distance between a particular bent and the centres of rotation.
Relative distance between top and bottom of each story and their
respective centres of rotation.

Stiffness matrix in terms of unit rotation about the centres
of rotation.

Torsional stiffness contribution, computed about the reference
point.

Floor forces developed by a particular bent.

Sum of the floor forces.

Torsional moment, about the reference point, due to the
applied lateral loads.

Sum of the floor forces for the initially assumed position of
the centres of rotation.

Sum of the floor forces for the initially assumed position of
the centres of rotation.

Distance between reference point and FX.

Distance between reference point and FY.

Dummy term indicating whether frame is coupled or not.

Dummy term indicating whether frame is coupled or not.

Story height.

Equivalent column moment of inertia.

Equivalent wall moment of inertia.

Wall beam length. -



WX
FBLX
WBIX
FBIX
HY
CIY
WIY
WBLY
WY
FBLY
WBIY
FBIY

KB
KC

KE
KF
KG
KH
KI
KK

Z

KO

Wall width.

Frame beam length.

Wall beam moment of inertia.
Frame beam moment of inertia.

Story height.

Equivalent column moment of inertia.

Equivalent wall moment of inertia.

Wall beam length.

Wall

width,

Frame beam length.

Wall beam moment of inertia.

Frame beam moment of inertia.

Bent
Bent
Bent
Bent
Bent
Bent
Bent
Bent
Bent
Work
Work

stiffness
stiffness
stiffness
stiffness
stiffness
stiffness
stiffness
stiffness
stiffness
matrix.

matrix.

Work matrix.

Work
Work

matrix.

matrix.

submatrix.
submatrix.
submatrix.
submatrix.
submatrix,
submatrix.
submatrix,

submatrix.

submatrix.
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KQ
KR
KT
KW
TX

TY

RT

SX

SY
ROTXC
ROTXW
ROTYC
ROTYW
TVXC
TTVXC
TVYC
TTVYC
CMXB
CMXT
WMXB
WMXT
FBMX
WBMXC
WBMXW

Work matrix.

Work matrix.

Nork matrix.

Work matrix.
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Torsional stiffness contribution, computed about the reference

point,

Torsional stiffness contribution, computed about the reference

point.

Torsional

stiffness matrix about the reference point.

Story sway vector,

Story sway vector,

Column joint rotation vector.

Wall joint rotation vector.

Column joint rotation vector.

Wall joint rotation vector.

Influence
Trangpose
Influence
Transpose
Moment at
Moment at
Moment at
Moment at
Moment at
Moment at

Moment at

coefficient matrix,

of TVXC.

coefficient matrix,

of TVYC.

bottom of column.

top of column,

bottom of wall.

top of wall,

the ends of frame beam.
column end of wall beam.

wall end of wall beam.



CMYB
CMYT
WMYB
WMYT
FBMY
WBMYC
WBMYW
CsX
WSX
FBSX
WBSX
csY
WSY
FBSY
WBSY
CFX
WFX
FBFX
WBFX
CFY
WFY
FBFY
WBFY
DEX
DEY
INSYM

Moment at bottom of column.
Moment at top of column,

Moment at bottom of wall.
Moment at top of wall.

Moment at the end of frame beam.
Moment at column end of wall beam.
Moment at wall end of wall beam.
Column shear,

Wall shear,

Frame beam shear.

Wall beam shear.

Column shear,

Wall shear.

Frame beam shear,

Wall beam shear.

Column axial load.

Wall axial Toad.

Frame beam axial load.

Wall beam axial load.

Column axial load.

Wall axial Tload.

Frame beam axial load.

Wall beam axial load.

Floor deflection.

Floor deflection.

Dummy term indicating whether a rotational

analysis

is to
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ITERX
ITERY
IX
Iy
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be performed,

Dummy term that Timits the number of iteration cycles.
Dummy term that limits the number of iteration cycles,
Dummy term indicating the number of resets.

Dummy term indicating the number of resets,



APPENDIX A
DERIVATION OF BENT STIFFNESS MATRIX

For the section of the bent shown in FIGURE 4.1, three equilibrium

equation may be written in terms of slopes and deflections.

V('I) = A('I) x -12 x E x CI(i) _ 12 x EW x NI('” +
(h(i))3 (h(i))?
A(i#1) x 12 x E x CI(i+1) s 12 x EW x WI(i+1) | |
(h(i+1))? (h(i+1)®
oc(i-1) x | EXEXCIG) | | gersy « | BxExcr) _ 8% EX iy |
(h(1))* (h(1))* (h(i+1))% |
-6 x E x CI,. .
+ 0C(i+1) x ‘ (‘”1' foWg, oy x| QX EMxMIG) §
’ (Gen? 1 sD) (D)2
. 6 x EW x WI(i) 6 x EW x WI{i+1) | .
W P -
@ (h(1)? (h(1+1))2 !
oW(i+1) x | 2O X EW x “5(1*1) (A1)
(h(i+1))
MC() = A1) x {-6 x E x CI(i) + A(i+1) x -6 x E x CI(i+1) +
| )= et (h(1))2 1 (h(+1)2
|
6C(i-1) x 2 x E(?)Cl(i) + 6C(3) x 4 x E(?)Cl(i) +
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4 x E x CI(i+1) 12 x E x FBI(i)

+ +

h{i+l) FBL(1) WBL(1)
. 2 x E x CI(i+]
ac(in) x| 2xpr i)
) | 22 E x WBI(i) . 3 x W(i) x E x WBI(i)
MA() = () x | BB X I |y () o B B NI
(h(i)) (h(i+1))
. 3 x E x WBI(i) x W(i) 4 2% E x WBI(4)
C(i) x +
1 (WBL(1))2 WBL(1)
oM(i-1) x | Z2CEM X WI(E) |, guesy , | 4x BW x WIGi)
h{i} h(71)

4 x EM x WI{i+1) _ 6 x E x WBI(i) x W(i) , 3 x E x WBL(i) x (W(i))?

h(T+T) (WBL(1))? (WBL(i))”
4 x E x NBI(1) + OW(i+1) x 2 x EW x WI(i+1) (A.3)
—WBL(3) | h(i+1) ‘

Where V(i) is the force exerted on the bent by floor diaphragm i, MC(i)
is the resultant moment at the beam to column joint of floor level i and
MW(i) is the resultant moment at the shear wall to beam joint of floor
level i. The remaining terms are defined in the nomenclature. The

above three equations may be written for each of the n floors in the bent.
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This procedure results in 3 x n equations for 3 x n unknowns which may

be expressed in matrix form as follows.

[V |KA| |KB| |KC| [a]
M€ | = [lkp] [KE| [KF| | x ||e|C
MY [KG| |KH| [KI| Bl

(A.4)

where KA, KB, KC, KD, KE, KF, KG, KH and KI are square submatrices con-

taining n x n elements, most of which are zero terms.

the submatrices consist of the member stiffness terms expressed in

Equations (A.1) to (A.3) above. As an example the jth

KE expresses the resultant moment at the beam to column joint on the i

floor due to unit rotation of 6C(i-1), 6C(i) and oC(i+1).

of row i would contain zeros except for the following;

2 x E x CI(i)
h(1)

11

column (i-1)

4 x E x CI(i) . 4 x E x CI(i+]) .

ATl columns

12 x E x FBI(1)

column (i) R(T) RU3+T)

4 x E x WBI(i)
WBL{7)

2 x E x CI(i+1)
h(i+1)

column (i+1)

The matrix Equation (A.4) may be expanded into the following;

FBL(1)

The elements of

row of submatrix

th

+



VI = IKA[ x [a] + [KB] x [0]% + [Ke| x |o]
MIS = [kD| x |a] + [KE| x [o]S + [KF| x [0
M = Jke| x Ja] + [KH] x [0]S + [KI| x [o|

In order to satisfy equilibrium the resultant moments at the beam to
column joints and at the beam to wall joints must be equal to zero.

is therefore possible to eliminate the joint rotation vectors |6]° an
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(A.5a)

(A.5b)

(A.5¢)

It

|o|¥ from Equation (A.5a). Transposing Equations (A.5b) and (A.5c) yields,

0] = - |KE|"" x ([KD| x |a] + |KF| x [8]")

o/ = - [KI|7" x (|K&| x [a] + |KH| x |6]©)

and substituting for |6|¥ in Equation (A.6),

8] = LCIKF| x |KI|™' x [KH|) - [KE[T! x [[KD] - [KF|
< JKI|™ % |Ka|T x [a]
or o]€ = |K|%€ x |al

Substituting for [6|€ in Equation (A.7),

18] = - [KI|™' x [|K&| x [a] + [KH] x |KP| x [a]]
or o = |K|® x |4

and substituting for |6|% and |6|" in Equation (A.5a) yields,

(A.6)

(A.7)

(A.6a)

(A.6b)

(A.7a)

(A.7b)
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V| = (KA| x |a] + KB} x [K|%€ x [a] + |Ke| x |K|®¥

x || (A.5d)

or V| K2 x |l (A.5e)
where |K|A is the bent stiffness matrix in terms of the story sway defor-
mations,

When the bent is composed of an uncoupled frame all terms containing
WI(i) are eliminated in Equation (A.1); in Equation (A.2), all terms con-
taining WBI(i) are eliminated and Equation (A.3) is eliminated entirely.

Equation (A.4) is then written as,

vi | e e
M| = fiko | ke

4]
El

x

(A.8)

where the submatrices have the same significance as in Equation (A.4)
except for |KA'| and |KE'|, which have been modified as described above.
Furthermore, for an uncoupled frame Equations (A.5c), (A.7), (A.7a) and

(A.7b) are eliminated and Equation (A.5d) now reads,

Iv| = [Ka'| x |a] + [kB] x [K]%€ x |a] (A.9)

where [KA'| and |K'|ec have been modified due to the absence of the shear

wall,



APPENDIX B
SUBROUTINE LISTING AND DATA CARDS

In the following subroutines, X and Y (where they occur) denote the

directions of a line constructed perpendicular to the plane of a bent.

1. COMPAK: - Calls up subroutines to read in the member properties and
calculate the bent stiffness matrix.

2. READ1: - Reads in the member properties for an uncoupled bent.

3. READ2: - Reads in the member properties for a coupled bent.

4, MACAL1: - Calculates the bent stiffness matrix using the submatrices
calculated by READT.

5. MACAL2: - Calculates the bent stiffness matrix using the submatrices
calculated by READ2.

6. TOKYD: - Matrix inversion subroutine.

7. TORPAK: - Calls up subroutines to develop the rotational stiffness
matrix for the structure, and also tests for equilibrium of resisting
floor forces and applied loads., If there is an unbalance, subroutines
are called which carry out the correction technique.

8. SYMPAK: - When called up by TORPAK this performs an in-plane analy-
sis on the structure.

9. WRITE1l: - Prints out member properties, loads, number of stories and
bent lTocation within the structure.

10. HXODX: - Computes the two-diagonal geometric matrix, which relates
the bent location to the centres of rotation of successive floors.

11. DXOTTX: - Computes the torsional stiffness matrix contribution.
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12.

13.

14,
15.

16.

17.

18.

19.

20,

21.
22,

23.
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VXOTVX: - After the floor rotations have been calculated this sub-
routine calculates the resisting floor forces.

HYODY: - Computes the two-diagonal geometric matrix, which relates
the bent Tocation to the centres of rotation of successive floors.
DYOTTY: - Computes the torsional stiffness matrix contribution.
VYOTVY: - After the floor rotations have been calculated this sub-
routine calculates the resisting floor forces.

RTOROT: - Adds up the three contributions to the rotational stiff-
ness matrix then inverts the total and calculates the rotation vector.
SWAY: - When the story sway vectors have been calculated, this sub-
routine calculates the joint rotation vectors for all bents.

WRITE3: - Prints out the resisting floor forces, location of the
centres of rotation, rotation vector, the number of iteration cycles
in the X and Y directions, and whether there is an unbalance in the
resisting floor forces and applied loads after the last iteration
cycle.

ICX0: - This subroutine corrects the positions of the assumed centres
of rotation, in the X direction.

ICY0: - This subroutine corrects the positions of the assumed centres
of rotation, in the Y direction.

CALPAK: - Calls up subroutines to calculate the member forces.

CALCi: - Calculates the member forces and bent deformations for the
bents located in the X plane.

CALC2: - Calculates the member forces and bent deformations for the

bents located in the Y plane.
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24, WRITE4: - Prints out the member forces and bent deformations for

all the bents in the structure.

Data is transmitted to the program by means of punched cards. The
contents of each card is explained below and the order of cards must be
the same as the numeric order in which they are Tisted.

1. NS, NX, NY; Format (3I10). Where NS is the number of stories, NX
the number of bents in the X plane and NY the number of bents in
the Y plane. (A bent in the X plane has a perpendicular which is
parallel to the X axis.)

2. E, EW; Format (2F10.2). Where E is the modulus of elasticity for
the frame and EW is the modulus of elasticity for the shear wall.
The units of both constants are kips per square inch,

3. INDICX or INDICY; Format (I10). WuWhere INDIC is the indicator that
tells whether the bent consists of a coupled frame and shear wall
or an uncoupled frame. The numeral, 1, in column 10 indicates a
coupled frame shear wall bent while the numeral, 0, in column 10
indicates an uncoupled frame. This particular card must be repeated
for each bent and precedes each bent member property card group as
defined below.

4. H, CI, WI, W, WBL, FBL, WBI, FBI; Format (F8.2, 2F12.2, F8.2, 4F10.2).
Where for each story or floor level H is the story height, CI is the
lumped column moment of inertia, WI is the Jumped shear wall moment
of inertia, W is the shear wall width {(in the plane of the bent),
WBL is the wall beam length, FBL is the frame beam length, WBI is the
wall beam moment of inertia and FBI is the frame beam moment of in-

ertia. The units for all of the above are inches. For each bent



10.
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there must be firstly an INDIC card followed by a member property
card for each floor in the bent. Then an INDIC card for the next
bent and so on. For the case where the bent consists of an uncoup-
led frame; WI and WBI are left blank but W and WBL must still have
non zero values. This is necessary so that the computer will not
divide by zero which would cause a program interrupt.

INSYM; Format (I10). INSYM indicates whether a torsional analysis
is required. If the numeral, 1, is placed in column 10 then TORPAK
calls up SYMPAK and the torsional analysis is suppressed. When a
torsional analysis is required the card is left blank.

FX; Format (10F8.2). FX is the applied lateral load in the Y
direction. The loads are read in starting with the bottom story
and moving to the top. If the number of stories is greater than 10,
additional cards must be used.

FY; Format (10F8.2). FY is the applied Tateral load in the X
direction. Both FX and FY are in kips.

XH; Format (10F8.2). XH is the distance from the reference point
to load FX.

YH; Format (10F8.2). YH is the distance from the reference point
to load FY,

ITERX, ITERY; Format (2I10). ITER is the number of iteration
cycles to which the correction technique is Timited. X and Y re-
fer to the direction in which the correction technique is to be
applied. After the number of iterations in either direction has
reached the limit then TORPAK calls up CALPAK which calculates the

member forces on the basis of the last analysis.



11.

12.

13.

14,

15.
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GKT; Format (5F16.6). GKT is the sum, for each story, of the

St. Venant torsion constants. The units are kip square inches,

XX; Format (10F8.2). XX is the perpendicular distance between

each bent and the reference point. In this and the following card
names the X and Y refer to the direction in which the measurement

is taken.

YY; Format (10F8.2). YY is the perpendicular distance between each
bent and the reference point.

CX; Format (10F8.2). CX is the distance between the reference point
and the centre of resistance (EI) for each story,

CY; Format (10F8.2). CY is the distance between the reference point

and the centre of resistance (EI) for each story.
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APPENDIX C
PRINT-OUT OF FORTRAN IV PROGRAM

CiIMIAK HATN PROGRAM

COMMION KJU2Ng 20 FaKP L2320 )y K51 203200 ¢ KX (4203200 sKY(3420,20) 4KVIE2L
19200 o k{20,200 g NS X NY y TEXL JEY o XOUZ7 ) o VI 299) o KXROTWL G424 20) ohYRUT
2C13,20 20 sKYRUTWE3 927927y HEZ2D) 010200 W20 ynBLL20) ywl20) y,FBLL2
I g WBIC 2D 4 Es LW EGC oEGy FXLZ20) g FYL20) o XX L4 o ¥YYA3) 4 CXI201,CY{ 200 4KX
4143200 gDXH 420,20  JKDX 140200200y TTRL20 201 ROTLZ200,¥X{4,20), TVX (20
SYRRY (3420 oY U320, 200 pKDYU 3427420 1o TTY L2020, ¥Y 03,200, TVY 200 ,4M1T
612N o TVXALZTY qTVYALZ2T ) o XHU2C) , YHU 2%, FBI{ 27 ) o KXROTC (4,274,200 ¢ INDIC
TRE4Y o INDICYU3 ) pHX L4327 0 CIXCA9 20 awlX {427 b awBLX{ 420 e wX(442C),FB
BLXEG 20 oD IXL4420) JFBIXE4,20) o HY{3,20),CIY(3,20) oWIY(3:20) 4 0BLY(D
9920 grd¥ 13,200 FBLY {327 o WBIYL 32020 4FBIY{3,20)

COMMON KALZ23,200 yKBU20, 20 yKO(27 420 e KE(2T 520 ) o KCU 2G4 200 ,KF122,20)
LTaKGL 203 20 s KHLZ2D 20 o KI (20 320) s KKE2G4 20) o hLA2T 2200 +KM{ 294201 ¢ KNI{ 20
2320 ) oKD 20420) 4 KQGL20 4200 o KREZC 4 2C ) g KT{27 4 22 ) 4 KW {204 20 e TX{ 4,20 20)
BaTYE 027420 o RTU2D 20 o SX 14427 )9 SY 13,20 )y KOTXCL4,20) s ROTXW {4,200,
AROTYCL3,20) yROTYWI3427)  TIVKCE 2 2200 s TUXC (20,200 o TTYYCL20,20) TVYC
5{20:20) pCMXBLA222) g LMXTU 4200 yWAXB 4y 20 yWMXT{4420) oFBMX{442C) p M
OXC {4920 ) g WBMXWI4 920 4 CiA¥BL 39200 sCMYTU3,20) s WMYB {34200 ¢WMYT(3,20),F
THMY (332750 s WBHMYCU 3,2 ) o WBMYWI3420) CS5X04,20) s WSX 144201 ,FBSX{4,20)4H
BBSXl4+270 eCSYUI 420 v WSY U3 9200 yFUSYI3920 ) o WBSY (3020 4CFXT49201) s WFXL
G4 20) s FRFEX{4520) 4 nBY X14420)sCFYL{3,:200 3WFY {3,200 FBFY(3,20}

COMMON wHBEY (3,200,020 XT4,20)4DEY(3420)  INSYMy ITERXy ITERY pIXo1Y

REAL KJoKP oKS oKX 3KV KV oKy KKKUTC o KXHUTW yKYRUTC s KYRDT W KDX ¢ KDY 4 MT

REAL KA KB yKD 9 KE ¢ KC g KFyKG yKHg KT s KKy KL s KMo KNs KU s KQo KR o KT KW

THIS SCCTIUN KEADS EN THE SENT MEMBER PRUPERTIES AND THEN
CALCULATES THt BENT STIFFNESS MATRICES (IN TERMS OF STOKRY SWAY}

READES, LTINS ¢ NXyNY
FORMATIL311n)
READ(5499 ) E+EW,EGCFGw
FORMAT(2F10.2,42612.5)
DO 10L N=14hX
READIS,L17THINDICXINY
FORMATITI™
IFLINDICXINILEQLLIGU TO L16
CALL READL

PO 120 1514NS

DO 121 J=1,NS
KXROTCUNs Ly JdI=KIUT,J}
KXROTWENy T 4 4)=0.C
CONTINUE

CONTINUE

CONT INUE

1FUINDICKANY QEQLNIGU TO 103
CALL READ 2

DO 122 [=1,N$§

DU 123 J=1,NS
KXROTC{Ne I ¢ J)=KPLIJ)
KXROTWINsL s J)=KS I, 4}
CONT INUE

CONTINUE

CONT INUF
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ios
104

130
to1

118

125
124
107

119

127
126
to8

110
109

131
106

132

DO 104 [=1,NS

00 105 J=1,4NS
KXUNpLodd=Kitled)
CONT INUE

CONT INUE

DO 130 I=L4NS
HX{N: L) =H{ 1)
CIXtNeL)=C1LL1}
WIXINGTJ=WILL}
WBLX{Ny L)=wBL (1)
WX{N:t)=Wi 1)

FBLXINy I)=FBL{T)
WBLX{N, 1I=WBLLT)
FBIXINs D) =FBIL(T)
CONTINUE

CONTINUE

DD 106 N=1NY
READ(S)117) INDICY(N)
fFILNDICY{N}.EQ.,L)GO TO 119
CALL READL

DO 124 L=1¢NS

DO 125 J=1)NS
KYROTCINs Ly di=kJil,J)
KYROTHINGI 4J)=0.0
CONTINUE.

CONTINUE

CONTINUE
IFLINDICY(N) LEQ.OJGD TO 108
CALL READ 2

b0 126 1=14NS

DO 127 J=14NS _
KYROTCANy T2 J)=KPl L, d)
KYROTWENGL y JI=KS5L1,J}
CONT INUE

CONTINUF

CONTINUE

DO 109 1=1,NS

D0 110 J=1¢NS
KYiNgLedi=Kil4J)
CONT INUE

CONT INUE

DD 131 [=14NS
HY{Ny L) =HLT)
CiviN,13=CI(T)
WEY{N, D )=WIl1)
WBLY{N, [}=WBL(I)
WYINsT)=Wil)
FBLYUNyI)=FBLII)
WBIYIN,I)=Npi{1}
FBIYINs L)=FBI{T}
CONT INUE

CONTINUE

READ{S+ LFTHINSYM
CALL TORPAK
CONTENUE

STOP

END

SUBROUT INE READ]1
COMMON KJU20,20) $KP120,200,KS{20,20) yKX(4420+20014KY{3,20,201,KV(20
1920) s KE200200 ¢ NS ¢NXeNY T CXpICY 2 XO(20) oYL 20) yKXROTH (4420200 ,KYROT
2C123420,20) s KYROTW{3,20420) 4HIZD) 4 CLIZ0 oW1 1200,WBLIZ20) W20} ,FBLIZ
30) yHBI (20} EyENJEGC yEGHW FXI20) +FYL20) ¢ XX{4),¥YY(3),CX020},CY{20),.RX
414420) 4DX14,20,2004KDXT4927,20), TTX(20,20)+ROT(20),VX{4,20},TVX{20
5)+RY(3,20)40Y(3,20,20) sKDY (34204320 TTY(20,202¥Y13,20)TVY(20) 4MT
60200 o TYXAL20),TVYAL20) sXHI20) ) YH{20)} s FBI{ 20}, KXROTCI4,20,20) 4 INDIC

80



in2
1n1

194
103

TXLa)  ENDICYI3) oliX{a 020y CIXUA 20 yWiX 14020 ) s Wl K14y 20) Wi U4, 20} ,Fb
BLXU4420) o WBIXEA 200 o FBIXCA 20 HY (39200, LIYI3,7200 yWEY (3,20}, WBLY(3
De20) WY U 332005F0LY I3, 200 ) WBIY (3,200 FRLYT 3,200

COMMON KAL27 4200 4KBUZD420 )3 KD{20 0200 yKEZ0 4200 4 KC 12U, 201 KF (20, 20)
LaRGL20, 200 40 HI20 4200 4 K1T 204200 yKKE209 200 4KLLZ0 4200 oKMI20420) KN 20
29200 o KOt2042N0 40 KUL20420) 3 KRIZ2C 42004 KTH20, 200 yKWl{20,20C), TX1G,20,20)
3pTrU3,204200 s RTE2042C) pSXA4, 200 ,SYIU 39200 (KOTXCUS,20) yROTXWES 22010 4
GROTYCE3 420 yROTYWI3420)  TIVXCE 204201 4 TYXL (20,20} ¢ TTVYCL20,200,TVYC
5(20.20,'CMXH|4'2010CMle4|ZOI|HHXB|4&20).HMXTI4.201.PBHXIQ.&O),ﬁBM
GAC LA 4200 s WHMEXWI4 9200 gCMYDBE 34201 sLMYTU3,20) s WMYB (3,200 yWMYT(3,20)4F
TBMY {35200 sWBMYCL3,2C) s WaMYWI34200 J0SXU4120) yWSX (%9200 4FBSX14,20) W
BBSXE4 200 4CSYU3920) 4WSY{ 4200 o FBSYL 3,20} WBSY{3,2C) JCFX {40200 yWEXL
GG420) s FBFX{A3 200 i WBFXT4420)yCFYLE3420) yWFY{3,2C) ,FBFYL 35,20)

COMMON WHFY 13,20 )y DEX14,23) 4 DEY {34200, INSYM, ITERXy [TERY, IX, 1Y

REAL KJ4KP o KS 4KXaKY oKV K KXROTC ¢ KXROTW o KYROTC ¢ KYROT W KX 9 KDY p MT
REAL KAGKB ) KDy KE ¢KC ¢ KF KG yKH KT s KKy KL o KMy KNy KO g KQ 9 KR 3 KT o Ko

DO {71 T=14NS

READUS 102 0H0T ) CIO L) o WI AL 3 oWl B yWBLUT} o FBLAT Y yWBICL) 4FBICT}
FORMATIFB.2,2F12.24F8.2,4F10.2)

CONT fNUE

DO 103 1=1,NS

DO 104 J=1;NS

KAtl4d)=0.0

kbttidy=n.0

Kotl,Ji=0.0

KEt1yJ)=0.0

CONTINUE

CONTINUE

DO 105 [=1,NS

CKALT, B ) ==L 012, C*EXCTOEI I ZAHUL ) ®HI LI #H(T ) )

105

116

iry

tns

IFt1.EQ.NSIGO TO 105

N=T+1

KALLsMNI=( (2. 0%ERCTIN) }Z LHIN) *HINF=HIND) )

CONTINUE -

L=N5-1

DO 106 1=14L

N=1+1

KBUT oI D26  OREXL(CTCINZCHITI=HUIN N = (CIUN) ZCHINISHIND } } }
KBS gN =~ {6 OFEXCTIIN) I/ LHINI=HINI )

KBENy L b= (6 0%ESCIINY )/ UHIN)EHIN) )}

CONTINUE

KBINSyNS)={ {6 0%EXCTINS) ) ZCHINS FEHINS) })

DO 1DT 1=14NS ‘

KOEL 4 I ==t U6 O%EXCTUIN I/ {HCLI%HIL ) )}

IFtI.EQ.NS)GO TO 107

N=l141 ’

KDUTsNI=-{ o 0%EXCTINIIZCHINIEH (M) T}

-CONTINUE

L=NS-1

DO 178 I=1,L

N=1+1
KE(I:I)=E*((4.0*C](IIIH(!ll+(4.”*CI(NI/H(NI|+{12-0*FBI(ll/FBL(llll
KECLyNI={2.0%EXCIINI ) /HUIND

KEIN,1)=(2.0%EXCTIN})/HINI

CONTINUE

KEINS NS F=Ex{ 14, 0%CTINS)/HINS) I+ (L2 0%FBLINS)/FRBLINS) I}
CALL MACAL}

RETURN

END

SUBROUTINE READZ

COMMON KJ(20:201|KPI2O.2¢)pKS[ZQ.ZOl,KXG4020gZO)pKYIB.ZOvEO’vKV(ZG
l|ZOI'KI20:ZGI'NSoNX.NY'lCX;ICYyXUlZCJyYUtZOl'KXRUTN(4,20'20I'KYRUT
ZC‘3!20'20’!K¥RUTH(3920120'1H(20'|CI|Z”’|W|[20’0NBL(ZUI:N(20"FEL(Z
30)pNBI(ZOl'EoEH,EGC.EGﬁ.FXIZOIvFYIEG)'XXIQi.YYl3I-CX[20);CY(20).RX
4(4:20loDX(#-ZOrZD).KDXIQ.ZO-ZCIvTTX(ZCvZBi'RDT(203¢VX[4.20}gFVX|20
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172z

17

1n4

103

1rs

17¢

107

1rs

110

S1aRYUI (201 yUYE34204 200 RDY 320,20 0 s FIYLZ20, 20 h o VY[ 34200 4 IVYL20) M)
HGUZ0 e TVAALZ0 ) o TVYAL2C) pKHE20) o YHEZU ) 4 EDTE20) sk XKUTU 14,420,208 3 INDIC
TREAN INDTLY U3 pHALS 4200 g CIXTA 27 s WIXEA 420 ) yWHE X1 A9 2C s wx{4,20) ,FU
BLXUA 20 WBEXT G427 D aF 1AL A 200 1Y 03,20 ) 30 1Y (34320 e WIYE3,200,WBLY(3
De20) WYL 54200 b LY L3027 ) o WBIY L3220 FBLY(3,20)

COMMON KAL 2720 ) g RU{2 2y 20 ) R 27 1 20 o KE L2 3 200 3 KE (L4 c0 e RF (204291
ToRGE 20, 201 g KHUZD 201 g R 027020 g KKE2T 20 ) g KL 1250, 20) yKM U204 201 o KN{ 20
2a2C o RIDU20,2G) o RKULZ20 320 3 KRUZE ¢ 2700 kT2, 20 e KW 204200, TX 14,20, 201
3TV 2702004 RILZ22,200 4 SK{G4 200 4 SYI3 4200 4RUTXL{ 4,200 ,KOTXwl 4,200,
ARUTYCE 3,20 ) gROTY WL 3420 g TIVALL 200200 g TYRCE20, 200 o TIVYLL2CG 420 ) TVYL
SU20 420 CHMAB{H 200 pCMXT U420 ) s WAXBLIA 220 ) g WHMET L4200 s FBMXEa 200 o Wit
OXCU4 420 Ly WRMXWi4 42V ) CMYBL3 420 LMY T U39 20 o WMYR (3,204 WMYTL 3,200, ¢
TBMYU3,27 o WBHMYC{ 3,270 WBMY RT3, 20 g CSHLG 20 yWSX 14920 ) ¢ FBSX{4H 420} 4 W
BBSX (427 s LY 0342 aWSYE3,200 o FBSYL 3420 ) o wBSYI3,20)30FX14,270 ywEXd
Q4427 b BFEXL 420 g8k X427 b 4 CEY {3420 ) swFY L 3,200 FBFYL 3, 20)

COMMON WBFY 13200 00X {40220 DEY {34200 o INSYMp 1 TLRXITERY yEX4 1Y

BEAL K oXF ghS s KX g KY 3 KV Ky KXRIVTE g KARUT W KYRUTC o KYRUT Wy KDX g KOY o MT

REAL KA KU KDy KE o KE g KF g KGaKH o KT pKK g KL s KMy KN g KOy K2 g KK s KT g KW

DY 1ML 1=] 445

READTS ¢ 272 HIT)pCHU Dl CT s Wl D) g WBLET) yFOLAT) 4 WBIL1)FBILT)

FORMATIFRL242F12.24F842eaFL0 .20

CUNT [0

D LY3 1=,

DG 14 d=1,N18

CONTIHUF

CONTINUE

DU 1N5 1=14H5

KALTp Td=={{12.00 A4HU T =HO DI HO D)D) VR (E*CI 1) b+ (EW*WILID) D)
IF{1.EQ.NSIGO T} 175

N=1+1

KALTaNY =141 20/ CHINYAHINIRHINY DY CUERCTINY JH(EWXWTIND })
CONTINUE

L=NS-1

DO 170 1=1,tL

N=1+1

KBEUy IV =6 e ({CTUIN/{HODI*HTT PP =1CTON) Z{HI{N) *HIN} D))
KBEE4N) == (6T /7 EHINFXHINY DI RCERCTIND )

KBINy I }=0{6. 00/ tHUNE*HIND ) bR[E=CTINDY)

CONTINUE

KBINSaNSI={{6.0) /THINS)EHINS) ) *{EXCTINSH)

CONT INUE

L=Ns-1

00 178 I=1,L

N=1+1

KCOT o Th=6 W LWL LI/ UHE LRI ) ~ AW T INDZ CHINIRHENT ) ) )
KCLTaNY ==0 (6,007 EHINYHHIND ) ) S EWSWIING )

KCANg L) =(16.00/{HINIHHIN) ) ) * (EWW I{N) )

CONTINUE

KCINSyNSI= {60/ THINSI¥H{NS )} ) *{ EWsw I INS )

DO 110 [=1,NS

KDUTpid==1to6.0) /UHEL ) *HUT D) I RIERCE{ 1))
KG(I+I)=~(H6O%EWRAL LTI I/ AHIL PEH(I )

IFLILEQ.NS)GO TO 11N

N=1+1

KOULoNI=={{6.n)/IH{NI*¥HIN) ) YECERC I (N) )

KGUT 4N ==(6 . DXEWSWI (N) )/ (HIN}EHIN))

CONTINUE
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111

114

10

103
102
11

L=N5-1

Dol =1L

N=1+1

KEAEg D b=E5la, 0% 0CTA LI/ 0L I a0 {0 TINYAHLND ) Y4 L2 0% CEBLL L /T L
LOEIY I+ 4. CxtWBICT) /WBLALI MDD

KECTeNE=EX1(2.0%CTINY ) /HIN))

KEONYT b =Ex (2. 0%CTINE) FHIND )

CONTINUE

KEINSyNSE=E* {4 nA{CHINS F/HINS) I 40122 IFBIINSI/ZFBLAHS)I) ) +i4, 0%
TAWBTANS ) Z7uBLUINSY) YD

DN 113 I=1¢NS :
KFET o Eh=tiESWBEE L) ) ZWBLET D)% UL2.0) 443,020 (1) /WBLITY))
KHET o D) =CCE*RBIUT ) Y ZWBLLT IR 012,00 403, 0%wi 1) /wBLI1N))

CONT INUE '

L=NS-t

DO 114 I=1,L

N=T+1

KILLp D)= O LESWBICII I /AL T R % (L4, ")l 6 Sl TN /WL LD 3+ 03, 0%W 1)
W (T )/ WBLETYRWBLIT I IV D) 4 (A N2 EWsWI L) F/HI L P40 4u DXEWAWLIN) J/HE N
21

KICTanN}=EWE{ {2 0%WTIN})I/HIN )

KE{NG I =EwHh{ (2. 0% (N} I/HINY)

CONTINUE

KECNS y NS b= U LE#WBIINS FIZWBLINS ) ) #( (a0 L6 GRWINS) /WBLINS) ) #1 3, 0%
TWINS)I W (NS) ZCWBLENS PRWOL TNS I I)+ ({4 TXEWHWTINS )} ZHINS )

CALL MACAL?Z

RETURN

END

SUBROUT INE MAC ALl

COMMON KJ‘Z@pzvlIKP‘ZBQSO'vKS‘Z“)ZO'vKKi4|20,ZCIIKY‘3|ZQ|ZOI,KV(ZG
1'20)tK'20‘2@’tNScNX:NYuICX'lCYvXU(Zr]}YU(201!KXRDTH(4;20.ZOI|KYRUT
2C(3.20.20]'KYRUIH(3;20¢201,H(ZGI,Cl[Zfl'hIIZOl'NBLlZOJ.WlZQJ.FBL(Z
300 eWBI020) yEyEUPEGCyEGWe FXIZ2D) s FYU20) 3 XX &), YY T3} ,CX{200,CY(2G) 4RX
Gl4 020 2 DXLA42T 4200 s KDX A4 20,20) s FTIXA20420) 2 k0OTL20) s ¥X 144200 ,TVX{20
51'RY(3v20'IUYI3!2}0231vKUY(3'20I2C)lT?Y[ZC;ZQ’lVY(3'20]aTVYIZO}'MT
6‘20"TVX“(ZO,'TVYA‘20JIXH{ZO)|YH(20"FBIIZC'!KXRUTCt4IZJFZO"iNUIL
TXCA) o INDICY O3 oHX L4220 9 CIX04 420 ) yWIX1442C) yWEBLX(4,2C) s WX (44200 +F B
8LK(4,20|.NBIX(~.2@).FBlK(#.Zﬂl.HY(BrZ“),CIY(B'ZGl-wIYtB'ZOIowuLY[3
9;29).HYI3'201.FbLY{B.ZOl.wBlY(3.ZCl¢FBIVl3'ZQ)

COMMON Kﬁ'zﬁlzr'vK@(quZn]fKDlZG!ZC’vKE(ZG!ZO)tKC(EO!ZO"KF'ZO'ZOI
1|KG|20'Zﬂl,KHI20v29|QK1|2ﬂ7203!KK‘ZO.Z”’|KL[20|20}0KH(20'20"KN(ZO
2'20'|K0l20t20,tKU‘Z?;Z“J'KR|ZC'?rI'KTf2Q|2nilKN(ZOiEC}rTKI4'20'20'
3|TY'3|2“,2”'0RT‘2¢:?C,'SX[4'ZC'vSY(BlZQ"RUTXC{4'20,'ROTXH|4120)'
4RDTYC(B'ZGIoRDTYHIB.Z?l-TTVXC(ZF-ZOI.TVXC(ZO.ZGI.TTVVC(ZO-ZDI.TVVC
5(20,20}|CMXH|4'20'|CMXI'4|ZU'pHMXHI4|2f}vWMXT(4tZG'vFBMX|4’20)|HBM
6XC(4.20|.HHHXN(4.Z)I,CMYB(].ZGJpLMYT(3;20l'hMYB(3oZOI'HMYTlJ.ZOIuk
TBMY!StZ“J.wBMYCIB,ZTI.HBMle3pZOBvCSXI4p2().NSX{Q'ZOI'FBSXlﬁ,ZOI.H
BBSXE4 27 sUSYI 3420 s WSY U 3420 3FBSY (342N )y WBSY(3,20) yCF Xy 200, WEX(
94'201.#BFX(Q,ZD!-NBFX(&.ZO!vCFYI3.20}-NFYI3.20!.FBFY(3.20)

COMMDN HBFY(H.ZCJ.ukxl#.Zﬁl'DEY(3.23),INSYM.ITERX.ITERY.IX.[Y

REAL KJ[KP'KS|KKpKV;KV,K'KKRUIC'kaﬂrwvKYRUTC'KYRUTHOKUK|KUY|MT

REAL KAfKBQKD'KE'KCcKFuKb|KH'KIvKK|KLpKM,KN|KD,KQ|KR'KT'KH

CALL TORVUINS,KL]

CONTINUE

DC 10) I=1,N§

DO 102 J=1,:NS

KJliE,Jd)=0.0

DO 123 L=14NS

KU e d)=RKJU Lo d b ~KE{T o L)*KD{ ks J}

CUONTINUE
CONTINUE

CONT INUE

DO 104 I=14NS

D0 105 J=1,NS

KKI{I,J)=0.0
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106
108
104

108
107

100

103
102
101

106
105
104

108
107

111

DD 106 t=14NS
KKELgJI=KKLTsJV¢KBETpL)RKILL ¢4}
CONTINUE

CONTINUE

CONTINUE

00 107 1=1,NS

DD 108 J=1,NS
KITsJb=KALT ¢ Jh4KK(EyJ)
CONTINUE

CONTINUE

RETURN

END

SUBROUT INE MACAL?2

COMMON KJ(ZOOZO'0KP{20020)'KS‘20'20|'KX(“lZO'ZOicKY‘3|20|20|'KV‘20
lpZO"K(ZUgZO.'NSQprNYUICX'ICY|XU{20|rYO‘20)0KXRUTH(4;20¢ZO’|KYRUT
2Cl3l20’20’vKVRUTN‘3'ZUp203pH‘20|oC](ZO)vH['ZO',NBL'ZO)'HIZO)QFHL.2
30'r“BllZO'0EOEHOEGC|EGH:FX‘20|tFY(ZO’!XXl#'cVY(3}1CK|20|'CY|20"RX
4(4’20'10Kt4|20420]|KDX(4;ZO|20"TTK(ZOpZU,|RDT|20"VX‘4'ZO||TV3(ZU
5'.RY'3.20'pUVl3|20,2Q'tKUVI3|20|20’tTTY(ZQ’ZO’vVY‘]lZO’|TVV‘20’!HT
6‘20)|TVXA‘20',TVYA(ZU'9XH(?0)|YH|20]|FRI(20|'KKRUTC(4|20620)'lND]C
Tllﬁl.INDrCYt3i-HX(ﬁ.ZOI.CIX(ﬁ.ZO}'HIX(4.ZOI.HBLXI#;ZGI.HX(#,ZO).FB
8Lx'4.20|r“3]x'4020|'FBIX'QvZO’,HV‘3'20}0CIV(3'20'rHlY(3!20||HBLY(3
9420 s WY1 3420} s FBLYU3 4200 s WBIY (3,201 +sFBIY(3,20)

COMMON KA(zO,ZG’rKB(zqozo'1KD|20!20"KE‘20'2OItKC(ZOpZO,'KF‘20|ZD,
liKG‘znOZO,|KH(20'20"K['20'20'|KKI20020"KL(20'20,IKM‘ZO'ZO"KN(ZO
2020'|KU'29'20}'KQ(ZO'ZQ}gKR‘ZOlZO"KT(ZO'ZO’!KH{ZOU20||TK(4920,20’
3,TYI3¢20,20|.RT(20.20}'SXI4,20l,SY(3'201'RDTXCtQ.ZOl.RUTXHIQqZOlo
4RUTVC‘3020’!RDTYH‘3'20,|TTVXC'20!20'tTVKC‘ZO!ZO]cTTVYC(ZOrZO'|TVYC
5'20'20’1Cﬂx3|4'20|'CMXT(4.20'!NMXH(§'20'oNMXT|4,20'tFBHX(#lZO"HBH
6XC‘4920|0“BMK“‘4'20)lCMVB|3p20'vCMYt[3|20"NMYB(3|20'oHMYT‘3920'!F
15"V|3r20'tHBMVC|3'20'iHﬂMYH(3120’|C5x(4020’|N5X‘4120|rF35X(4|20’|“
BBSX(4|20"CSY|3|20)pUQY{3’20"FBSV(3r201'HBSY(3r20|tCFX(ﬁizo"HFX|
94.20,|FBFX(4'2°]’HBFK‘4|ZD’|CFY(3'20'QHFY{3020|1FBFY'3|20'

COMMON HBFV‘3920"DEX(4QZO|'DEY|3;20||[NSYM'{TERX.ITERVgIXrIY

REAL KJ.KP'KS'KX|KY'KV;KQKKRUTC!KXRUTHQKYRUTCQKYRBTH;KDXQKDV'MT

REAL K“'KB.KD’KEIKC'KF‘KG'KHIKI|KK'KL’KM'KN’KO'KQ'KRfKr’KH

CALL TOKYD (NS.KI1}

CONT INUE

DO 101 I=14NS

DO 102 J=1,NS

Kl Eed120.0

DO 103 L=1,NS

KdC Do JI=KIL D JI4KEL Ty LERKGIL )

CONTINUE

CONTINUE
CONT INUE

DO 104 I=1,NS

DO 105 J=1,NS§

KKil,4)=0.0

DO 106 L=14NS

KKET o dd=KK{LoJI+KF{ToLI*Kd(LyJ)

CONTINUE

CONTINUE .

CONTINUE

D0 107 T1=14NS

DO 108 J=14NS§

KLET o d)=KD(T,Jd)-KKIT4d)

CONTINUE

CONT INUE

DO 109 I=],NS

DD 110 J=1,NS

KMUE,d1=0.0

DO 1E1 L=14NS

KMET o) =KMUT gD 4KIL Ty LI*KH{LyJ}

CONTINUE
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1n
1r9

116
115

119
118
iiv

122
121
120

124
123

127
126
125

130
129
128

133
132
131

135
134

CUNT INUE
CONT INLF

DN 112 i=1,NS
0. 113 J=14Ns
KNV L4 )
# NS
(HeJI4KFIL,LIAKMIL, D1
CUNT INUE

3 CONTINUE

CONTINUE

D3 11% 1=1,NS

DU 116 J=14NS
KOUTpdd2KNEL 9 dh=KE( L4 J)
CONTINUE

CONTINUE

CALL TOKYU INS,KWD)

DO 117 1=1,4NS

DO 118 J=1,NS
KP{lyJ}=0,0

DO 119 L=14NS
KPEEiJ)=KP{Tsd)+KO(L gL I%*KLAL o}
CONT INUE

CONTINUE

CONTINUE

DO 120 t=t,NS

DU 121 J=1,NS
KQttiyd)=n,n

DO 122 L=1.NS
KQULyJ)=KQUI 4 JI+KHIL LI *KP{L+d)
CUNT { NUE

CONTINUE

CONT INUE

DD 123 T=1,NS

DO 124 J=1,.NS
KRELyJI=KGUI s JI+KGL]d)
CONT ENUE

CONTINUE

DO 125 I=14NS

DO 126 J=1,NS§
KStIsdd=n.n

DO 127 L=14NS

KSULapJE=KStT4J}={KI{T4L)*KR(LyJ))

CONTINUE

CONTINUF

CONTINUE

DD 128 I=1,NS

DD 129 J=1;NS

KT(Led)=0.0

DO 130 L=1,NS

KTAL s d)=KT (1 9y JI+KBLTyLI*KP (L)
CONTINUE

CONTINUE

CONTINUE

DO 131 I=l,NS

DO 132 J=14N5

KW(l,J)=0.,0

DO 133 L=1,NS
KW{Lod)aKWET g 14K ULy LIRKS{L U}
CONTINUE

CONTINUE

CONTINUE

DO 134 I=1,NS

DO 135 J=1,NS

KALs ) =KAC L s b #KTUT ¢ JI4KHLT 4 )
CONTINUE

CONT INUE

85



RETURN
END

SUBROUT INE TOKYES (NGyA)
DIMENSTON ACI20) yABLZ01, AL20, 20 )
NOt=NO-{

Allyih=1.0/A01,1)

bO 89 N=t, Nl

DU 50 I=1,N

ABtI)=n.0

ACt1)=n.9

DG 50 J=1l,N
ABLEY=ABUTI4AL Ty d) %Al U, N+
ACLE)=ACLI D HAIN+L  J)2A(d, 1)

50 CONTINUE

ACR=N.0
DO 60 1=14N
ACH=ACB+AC LI I*A( ] N+1)

60 CONTINUE

AUNFL N4 =1 L0/ LAINSL NS L -ACH)
DU 10 I=i.N

AUN+#L b =-AIN+L N+L)®ACITT )
ACTaN#LI=-ABLE)*AIN+L, N+ 1)

79 CONTINUE

DO 80 [=1,M
DO 8D J=1,N
ALTsJI=ATT4d)-ALEN+11*AC ()

80 CONTINUE

201
212

2n3

RETURN
END

SUBROUTINE TORPAK

COMMON KIC(20 0200 yKPI224200,KS1204200 oKX (8 42G4 201 ,KY13,20,20) ,KV(20
1!20)'K|20{201rNSvNXiNleCXnICV'KU{ZG,yYU{ZO)QKXRUTNI4¢2002O’QKVRDT
ZC(3;20'20’,KYRUTH(3,20.20J.H(ZO?:CI(ZF),HI[20)|HBL(26|.N(201|FBLI2
30’-NBI(20lonEhyEGC.EGH;FX(ZO),FY(ZO)|XX(4J|YY(3)rCXIZOI.CY(ZOJ'Rx
4!4,20).0X(4y2@.20i.KDX{Q.ZO'ZC].TTX(ZH.ZD)vRDTIZOl.VX(#;ZO)uTVX(ZO
5].RY(3'20IgDY(3,Zﬂ,20l-KDY(3|20;20|pTTY(ZO;ZG),VYlB'ZOi.TVY(ZO].MT
6(201'TVXA(263|TVYA120!oXHlZOJ;YH(?Ol|F8!(20)'KXRDTCI4120;20)rlNDIC
7X(4|'IND|CY(3)|HKl4;29l|CIX(41291'WIX[4|20I;NdLX(4p2CI,NX(4,JOI}+d
BLX(#,ZO)yNBlX(4.201.FHIK(Q:EOI|HY{3v201'ClY(3u201sNIY[3;2OJ|HBLYl3
Fe20F e WY (34208 JFBLY( 3,200 yWBIYU 34271 FBIY(3,20)

COMMON KAL20,20) 9 KBL20,2C) yKDI20 4201 4 KE(20,2C } 4 KCL{ 20,200 ,KF {20,201}
lqKG(ZOyZOIrKH(ZﬂpZOivKI(ZD:EOI;KKGZP;ZOJ-KL(ZC'ZOJ;KM(ZO-ZOI.KN(ZO
2,20]pKUiZQ;ZGI.KQ(Z”-Z?lrKR(ZO:ZQ)vKT(ZO.Zﬂl'KH(ZO'ZOJ.TX(#yZOpZOI
3;TY(3.20.201rRT{23.£0)'SXKQ-ZC).SY(3:201'RUTXC(4'20l,RUTXH(#,ZOIp
4RDTYCL3,20) yROTYWE32270) o TTVXCL 27,200 3 TVKCE2C 2203 ¢ TTVYC(20,20), TVYC
5(2".20!.CMXB(4,20!,CMXT(4;20!'WHXB(4y2ﬂl,NMXT(4.ZOP,FﬂMX(4.20!.NBM
OXC (4200 s WOMXWLG 3200 ,CMYB (3420 ) ,CMYTL3,2C) ,WMYB (3,200 ,WMYT{3,20)+F
7HMY(312“I.HBMYCI3.2(I,hdﬁYHI3oZOI;CSXI#,ZD).HSX(4.20}.FBSX{4.20';H
BRSX(G42004CSY L3420 ¢WSYU3,2G s FBSY(34320) 4 WBSY{3,20)4CFX(%920) ¢ WEXL
944200 s FBEXT4420) yWBFX{4920)3CFY 13,201 WFYU3,20) +FBFYL3,20)

COMMON WHEY (3,200 DEX (492 4 DEYI3420) s INSYMyITERK e ITERY (IX, 1Y

REAL KJeKP 2 KS g KXo KY s KV oK s KXROTC o KXRUTh  KYROTC y KYROT Wy KDX oKDY 4 MT

REAL KA KB KD s KE ¢KC o KF o KG yKHy KT yKK oKL o KMy KNo KO g KUy KRy KT o KW

DIMENSIUGN GKTI(20)

READ(S5 2201 M(FXLI),1=14NS)

REAOISy 2013 (FY{ L }yl=1,NS)

READIS 201 HIXH(I}sI=1,NS}

READIS 4201 {YHCI }4I=1+NS)

FORMAT({10FB.2)

READ{S5, 212} ITERX2ITERY

FURMAT{2I10)

READI54 203 H(GKT (T 1=1,NS)

FORMAT{S5Fl6.6)

DO 210 I=1,NS
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211
210

2n2

160
irt

223

2594

5§72
51

503

602
6C 1

6N}

6Ny

605

&n7
606
229
224
225

226

87

DO Z11 J=14N5

kel dr=0,0

CONTINUY

CONT INUF

LaNS-1

0 202 [=l,L

N=f+1

KVET s =e{4GKTCDI/HUT YD HIGKTIND ZHINY Y
KVINg IV ==GKTIME/INING

KVET oMY =-GKTIN} /HIND

CONT INUF
KVENS¢MNS) =+ IGRKTINS) ZHINS B

READUS 200 FUAXTA Y1 =1 4N%)

READIS 201 MUYYL{T ) y1=14NY]
REAG(S 200 01E Xt LI =1 N5 )
READIS 2610 LCYLT 1 [=1,NS)

CALL WRITEL
WRITELG LRI EGRTEI) 4 L=19NS)
FORMATULHL g {20, *STLVENANT CONSTANT = ', 7E13.6))
WRITE(GL,ICIILESEW)
FORMAT {1HC /.2 Xy tMODULUS UF ELASTIUITY FOR FRAME = 'ybE).2¢2Xs "MUOU
1LUS OF ELASTICITY FUR WALL = '4F17.2)
CONTINUF

TFLINSYM, EY.ObGD 1D 254

CALL SYMPAK

CONT INUE

tFOINSYMLED.LIGO T 252

1C%=9

Icy=n

[X=0

1y=n

IFIFXE11.EQ.N.IGC TO 571

B} 502 1=14NS

XO{1y=Cx{l}*1.?

CUNT INUE

Gl TO 573

DO 53 1=1,4NS

XOLi)=XXINX}/2,.

CONT INUE

TFLFYTLLEQa 24060 TH 671

D0 622 1=13NS

YOUll=Ccyi11*1.2

CONTFINUE

GO TO 603

DO 603 J=1sNS

YOOI =YY{NY)}/2,.

CONTINUE

D 604 1=1.+NS

TFICKETI I obLEL D555 XX{NX))IGU TU &N5
CONT fNUE

G0 YO 6r6

CONTINUE

DO 607 I=14NS$

MTITI=UFX T 0 88X I =(FY L) %0, 8%YH(L]))
CONT INUE

GO 10 224

CONTINUE

DO 229 1=14NS

MTEE = (EXCDIEXHT P ) - LFY LT *YHIT 1}
CONTINUE

CUNT INUE

CALL HXODX

CONT IHUE

CALL HYODY

CUONTINUE

CALL DXOTTX



O™me,

[N aNel

227
228
232
213

234

235
213
214
215

236
237
234

2410

241
239
242

231
243
304
23¢
244
305
255
256
252

253

CONT [NUE

caLt pyoTTY

CONTINUE

CALL RTORDT

CONT INUE

CALL vXOTVX

CONTINUE

CALL vyoTvy

CONTINUE

DO 235 [=14NS

TVXA(LF=TVX({I)
TYYALT)=TYYL(1}

CONT INUE

IFLICXLEQ. ITERXIGO TO 255
CONTINUE

TF{ICYLEQ.ITERYIGOD TO 255
CONTINUE
WRITE(G,215) {LTVXALTI ) 4121 4NS}
FORMATULHG 42X * TYXA=*,9E13,06)

THIS SECTION TESTS FOR EQUILIBRIUM OF LOADS ANU RESISTANCE

TF{FXI1}.EQ.D)GD TO 237

‘DO 236 I=1,NS

IFUABSOFXC]) +TVXACL) ).GTLABS{OLNLI*FX{ 141160 TQ 231
CONT [NUE

GO TO 238

DO 238 1=1,NS

TECABSITVXACI)).GT.C. 10160 TD 231

CONTINUE

IF{FY{1).EQ.0)G0 TO 239

CONTINUE

DO 241 [=1.NS
TFIABSIFYCI)4TVYACT) ) .GT L ABSI{CLOL*FY(I))IGO TO 230
CONTINUE

G0 TO 252

DO 242 1=1,NS

[F{ABSITVYALI})L6Y,0.10)1G0 TO 230

CONTINUE

GO TO 252

THE FOLLOWING SECTION CALCULATES INFLUENCE COEFFICIENTS

CALL 1CXO
1CX=1CX+1

CONTINUE

WRITE{64304) 1 XO(1),1=1,NS]

FORMAT{ IHO,2X,*X0=*,9E13,6)

GO TO 224

CALL ICYO

[CY=1CY+],

CONT I NUE

WRITE(6,305H(Y0(1),1=14NS)

FORMAT [ 1HO 42X 4V Y0=" y9E13.6)

60 TO 225

CONTINUE

WRITEC64256)

FORMAT (1H1 44X * WARNING, NO,OF ITERATION CYCLES INSUFFIC{ENT -STRUC

LTURE NOT IN EQUILIBRIUM-')

CONT INUE
CALL SWAY
CONTINUE
RETURN
END
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SUBROUT INE SYMPAK

COMMON KJ(EO:ZO'gKPlZOtZO];KS‘?OOZO’|Kx|4'20|20|IKY|3|20'20"KV{20
14200 +KE 204200 o NS s NXoNY T CXpICY 9 XOU200 4 YOL20) s KKROTWE4 420420 ) e KYROT
zctﬂcZO'ZO’QKYRUTH(SrZOtZOI|H|20’oCl[ZQluNllZO)pHBLlZO)pﬂ[ZUl'FBL‘Z
30'|H8lt20,QEQFH'EGC.EGNiFX(ZO"FszoltXK'Q]'VY(3'OCKIEUItCY(ZUI'RK
“4'20'guxl4;20020"K0x‘4i29129'iTTX‘vaZO'|RUT{2010VX{4'20IpTVK|20
5t'RY‘3|ZO)|UVf3020020|QKDV‘3’20'20]|TTY‘ZO'20||VYI3'20):TVYIZO],HT
5120"PVXA‘ZH‘UTVYA‘ZU"Xﬂlzol,VH!ZO’.FB[[ZO'IKXRUTC‘4t20|20|'INDIC
'X(4"1NDICY(3|OHX|4rZDl|CIX|4!ZD’pHiX(ﬁpZQ’|HBLK(4'20)'HX|4|ZOJ;FB
BL*(Q;ZU'lHB[X(Q.ZO)oFBlX(#tZOliHY|3020laCIY(3020’leY(3v20’oHBLY(3
9)20'!NV'3.ZO}.FBLV|3.29'|HBIV(3'20'QFB[Y(3IZO]

COMMON Kﬂ(ZOqu)|KB|20|20’.KU(29020||KE(20|ZG’.KC(ZO.ZOI.KF(ZO:ZO'
1.KG@20920)iKH‘ZOtZO';KI(ZO'ZO]iKK‘ZG.ZO'.KL‘?O:ZDI|KM(20v20|oKN{20
ZoZUiaKUCZOgZOIaKQIZP.ZDI.KRI20{ZOI'KT(ZOr20)|KH(20|ZOIofX(#nZOnZDI
3"Y‘3i20'2010RTi20’20]ySK(#fZC).SY(3|20||RUTXC(4120’|RUTXH|4|20]'

'QRUTYC{3|291.RUTVHI3'20I¢TTVXC(ZO'20].TVKC{ZO.ZOIqTTVYCIZOsZOJ'TVVC

to2
101
100

105
104
103

106

108
107

11¢
109

112

114
113

5‘201201iCMXBl4.2Gl;CMKTI&vZO).HMKB(#ﬁZOI;NMXT(@iZOIrFBMKi#vZOI.HBH
6xc(4.201.usnxu(4.zol.cnvﬁta,zol.cnvrta.zon.unvﬁt3.zci.HMYT(3.201.F
TBHV(BvZOS'NBMYC(3'20l¢HBMYN(3|20)nCSXIﬁiZOItHSXI#;ZOIrFHSK(Q,ZO).H
BBSXI4:203pCSVI3.20|.HSYI3;20’tFBSY(3.20I.wBSYIB.ZOl'CFX(4|20l.HFX(
F4e20)  FOFX( 4420 1o WBFX 14,203 3CFY (3,200 yWFY(3420) s FBEY( 3, 20}
COMMON HBFY(3'20"DEK14'20’nDEY(3g20|olNSYHp!TERX.[TERY:lX;[Y
REAL KJtKPoKSuKK'KV;KV:KrKXRUTC,KXRUTH:KVRUTC'KYROTHpKDX|KDYoHT
REAL KA|KB.KD,KE:KC,KF'KG'KH'KI'KKvKL|KMOKN|K0!KQ!KR|KT,K“

DO 100 I[=1,NS

DO 101 J=14NS

TTX(t4J}=0.0

D0 102 L=1+NX

ADD=KXtEtyi4d)-

TTX{L9Jd)=TTXL14J)+ADO

CONTINUE

CONT INUE

CONTINUE

00 103 1=2f,NS

DC 104 J=14NS

TTY(14J)=0.0

DO 105 1.=14NY

ADD=KYtLsI,J}

TIVOL o 2)=TTYL T 4 J)+ALD

CONT INUE

CONTINUE

CONTINUE

CALL TOKYOUNS,TTX)

CONTINUE

DO 107 I=1,NS

SX(1,14=0,0

DO 108 J=1,NS

PROD=TTX L ,d3%(-FX{J})

SX(1l,11=5X{1,1}+PROD

CONTINUE

CONT INUE

D0 109 1=2.NX

DD 110 J=1,NS

SXAL,d)=5X(1,J)

CONT INUE

CONT INUE

CALL TOKYQOINS,TTY)

CONTINUE

DO 113 TI=1,NS

5v{1,11=0.0

DO L14 J=1,NS

PROD=TTYI1 ,J) *t-FY(J))

SYE1eD)=5Y(1,1)4PROD

CONTINUE

CONTINUE
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DO 115 I=24NY
DO 116 J=14N5
SY(Tsdd=5Y(1,d)
116 CONTINUE
115 CONTINUE
117 CONTINUE
RETURN
END

SUBROUT INE  WRITEL

COMMON KJE20020) oKP (29,200 K51 20,201 KX U4 3204200 4KY (34204200 4kV120
14200 s K{ 20,2(”|NS.NK,NY.!CX;!CY.XH(Z(“! GSYTUZ20) o KXROTW{4429920) s KYRUT
2013420,20) fKYROTHI3420,201,HIZ01,CELZ0Y WI 201 yWBLI2CH W (200 \FBLLZ
300 oWBI 1200 EyEHyEGC EGHyFXI2C 1y FYEZ0 1 XXUA ), YY{3),CXE20),CY (20} RX
#04320) ¢ DXL4220,20) JKDX(10g 209200 TEXL20 1201 ROT{ 201 s¥XL4,20), TVX(20
51 RY (39200 sDY¥{3,20,26) 1KDY(3420,2C 1y TTY (202200 VY 34201 yTYYI20)4MT
60200 s TYXKAL20) s TYYAL200 ¢XHI2E) , YHI20) ,FBIL20) 1 KXRUTC 14,420,200 ¢y LNDIL
TX0%) v INDICYE3) gbiX 06 9200y CIX(4y20) yWEX {4y 2C) s HBLX(4220) yWX[442C) 4 FB
BLXI%.20 ) g HBIXE 49201 sFBLX{4420) (HY (35200 ,C1¥(3,20),W1Y (3,20}, WBLY(3
04200 sHY (39221 yFBLY (3,270 yWBIY(3,20) (FBIY(3,20)

COMMON KA( 205200 KB (20,201 KDI20,20) 4KE (204 2C) 4KC (204200 4KF (20,20}
LoKGI 204200 K120 7200 $K1120,20) (KK{274 201 yKLEZ0y20) yKMI20,20) 4KNL20
20201 KOL20,20) (KU(2C 5200 4 KREZD 200 KT (20520) yKW(20520) 1 TX14120420)
3,T‘“3i2ﬂp2ﬂ] ¢RTI2T,20) fSX(4,20),5Y103,20) pRDTKC(‘HZDI'RUTKH(‘O,ZU)‘
BROTYCE 35200 sROTYWE 3,200, TTVXCL20520) , TVXC{20420),TTVYC{20,201,TVYC
S(20427) s CHXBL4 920} sCMXT (4120} s WHXB (4 201 ¢ WMXT (4420) s FBHX (4201 » WBM
OXC % 1200 s HBMXN(4120) g CHYBE3)20) yCMYTI3,200WMYB (3,200 yWHYTI342004F
TBMY{ 3200 WBHYC( 3,27 ) s WAMYWE 3,200 ,CSX (4420 ) sHSX (4,200 1FBSX(4520) W
GBS X% s 201105V 1 32200 WY (3,200 FBSY{ 3,201 4WBSY{3,20) 1CFX{4+20) 4 WEXA
94420) s FBFX(4¢2C) yWBFX {44270 sCFYI3,20) sWFY (13,200 FBFY!3,20)

COMMON WBEY 131260y OEX(4,20)2DEY (3,200 s INSYMy ITERX, ITERY I Xs1Y

REAL KJaKPKS KX KY KV 'K'KXRUTC,KKRUTN'KYRUTC.KYRUth KDXy KDY o MT

REAL KAyKE KD oKE oKG s KF K G pKH oK T KKy KLy KMy KR o KO o Ko KRy KT KM

WRITEL64 101 INS (NXoNY

101 FORMAT (1ML 12X,* NUMBER OF STURTES = *91244Xs '"NUMBER OF X FRAMES = ¢
1,12+4%Xy '"NUMBER OF Y FHRAMES = *,12}

WRITE{6.116) ITERX, L TERY

116 FORMAT (IHC /742X, *NUMBER OF ITERATIONS IN X DIRECTION LIMITED TO ¢,
13,2Xs 'NUMBER OF ITERATIONS IN Y DIRECTIUN LIMITED TO *,13)

WRITE(6,102}

112 FORMATEIHD/ 7, T1G» FLOOR NUMBER® ;732 ,*APPLIED LOADIKIP)®,T61,y ' PULNT
| OF APPLICATIONCINI®»T93, *CENTROID OF STIFFNESS(INI*)

WRITEL6,103)

1r3 FORMATIT28,'X DIRECTION® yT43,'Y DIRECTION' T60,*X DIRECTION® 4 T75, ¢
1Y DIRECTION®yT92,%X DIRECTION' ,TLOT7,1Y DIRECTION'}

DO 104 1=1,N$

WRITE (651050 L EX(I)FYOThpXHULY (YHU L) EX(T) CYLI)

105 FORMATELHO pT164 12, T28oFB.2sT43,FB8.2,T601FB.24T75:F8.2,T92,F8.29
IT1C7,£8.2)

104 CONTINUE

DO 106 [=1¢NX

WRITEC641CT) ]

107 FORMAT (1H1e2Xs*FRAME X MUMBER® 3 11C,2X+TMEMBER PROPERTIES')

WRITE(6,168)

LN8 FORMATLIHC/+T8, ' STORY NUMBER?,T22¢*STURY HEIGHTY,T364 'COLUMN INERT
11A*4T52*WALL INERTIA',T65,'HALL WIDTH®,T81,*BEAM SPAN(IN}®+T102,
2VBEAM INERTIACINGI®)

WRITEL64109)

109 FORMAT (T264% CIND g TAC o 0LING}* 4 T55, 4 (ING)*,T68,* (IN) '+ T7T, ' FRAME-BE
LAMY 3 T8F *WALL -BEAM® 3 T1OO , { FRAME-BEAM? 4 T112, *WALL-BEAM*)

DO 110 J=1,NS

WRITECOpLLEJoHXUL ) CIXETsd) o NIXCE d) sWXE Lod Dy FBLXUTs S0/ WBLXLLYJ
1), FBIXL FeddoWBIX(144d)

111 FORMATILHO T14513,T22,FB.2,T34,F12.2,T50 F12.2,763¢F8.24T75+F1042s
1T85,F10.2,T98,F10.2,1173,F10.2)

110 CONtINUE

WRITE(6,112)XX(1)



1z
106

114

115

113

505
5

508

516

510
505

FORMAT [LHO /72Xy PTRAML LOCATION FROM REFLRENGCE POINT = ? 41 8,2)
CONTINUE

Do 113 I=L,NY

WhITEEH,104)01

FORMAT CIH] o 24y U KAME ¥ NUMBERY y L]17, 2K, T MEMBEN PROPERTIESY
WRITE(O 108}

WHITHLH 102}

POO11LYS Jxl NS

WRITECA LLL YA Ty dh LI il g sw) Y CE g d )y Y Lad)yFULY{ Lo d) yWBLY (1,4
1haFBIY L o dbawBlY (L)

CONT ENIE

WRITELG,1)2)YYLLY

CONTINUE

RETURN

£ND

SUBROUT INE HXODX

CUMMON KJE2Z0 4200 gKP U232 e k30200200 3 KX 144204200 gKY 13,201,200 o KVL 20
19200 o KE2D 620 ) o NS o NXgNY s TUXGTCY X201 YO 20) s KXKROTHI G 4204 20) ¢ KYRUT
ZCI3.20'20)'KYRUTh13.23.2WI'HtZWI'LllEFIuNI(ZCJ'WBLIZC}.NGZOJ.FBle
B Y WBI2C) s E s CWEGL oy EG e FX U220 ¢ FY {20} 3 XX 4d oYY U3} 4CX{20D),C¥E20) 4R A
A4 s201 4 DXL4 204200 KX Lay 20,201 s TTXU20 4200 yROTEZON y VX4, 2CG), TYX[20
S5EeRYU3420)4uY 13420020 0 gRUYI3327427 )2 TTYUZC o203 WY 3420) yTVY( 20} 4MT
UMYy TYXAL2TG) g TVYALZC N o XHI27 ), YHI20 ) FBLIZ2C )y KXROTC L4420, 20) 3 INDIC
TROAD S INDICYIA ) sHXT4 420 o LIXEA 027 ) o WEXL G220 ) owbBLXU4e 200 ,wX 14,200 ,FB
BLXUG 20 s WBIX (a2  yFBIX(ay200 g HY {3,200, CEY (3,200 3 [¥(3,20), WBlY(3
a2 gl ¥ 134200 s bHLY {34200 ywdlY (34250 ,FBIY(3,20)

COMMDN KALZ2:0 9200 g KBEZD 420 g KDL 200 20 b o KEL 200200 4KCL 27 427y KFL 20,20}
LeKGU20 4200 e KHE20, 20 ) yKI125¢20) o KK{27920 1 b KL L2020 JKMI20,231 KN 20
2920 1 KOL204 2N yKQE20 227 yKRI2C 420 ) 4 KTLZ 2220 4 RWI 20,20y TX{4420420)
FaTVE302M 200 e RT(2 Y, 205X (a0 2CH 3 SY (30200 s RUTXC T4 ¢20) ) ROTXwl 4,200,
GROTYCA 3,201 yRUTY Wi 3,200, TTVACL2D 4200 g TUXCL2002G) +TTVYC(20,203 ,TVYC
SU20,20 4 CMXBU4 420 bCMXFLA220) pWMXBL4 2] s WMXT (4,200 oFBMXT4420) , WBM
EXCLas 20 s WOMX W4 320) 4 CMYBL34200 yCMYTL3, 20 )y WMYBU3,20 o WMYT{3420)4F
THMY (3200 s WBMYC U392 by wHMYWE 3427 505X 050201 ¢WSX{4e2C) yFrishia 200y W
BBSX{4,2%) ,C8Y 03,201 WS Y43, 20 ) b FBSY (3,200 JWSY 3,200 yLFX0420 ) 2 WEXI
Ghy 20 g FBEXUG 20 4 ABF X149 200 CFY 3,200 ywFY(3,20),FBFY(3,20])

COMMON WHBFY (3,200 ¢ DEXT44 200 s DEY 0 Y 00 ( [NSYM, [TFRXG [TERY s IXglY

REAL KU KP and s KA RY r KV 3Ky KXROTC , KXROT W KYRUTEL s KYROT Wy KUK s KUY ¢ MT

REAL KA KB oKDy KE KL o KF g KG oKH ¢RI y KKy KL s KMy KN g K13 s Ky g Ko g KT y K

Dl SN4 1=]1,NX

DO 595 J=1,NS

RXETyJ)=XO4J}-XX(1)

CONT INUE

CONTINUE

DO 5n6 ]1=1,MX

DO 50T Jd=1,NS

N0 508 L=1,NS

DX{EsdeL)=N.0

CONTINUE

CONTINUE

CUNTINUE

DO 509 I=]1,NX

DO 519 J=14NS

DXLTyJedI=RXLUTsd)

TFIJ.EQ.LIGU TO 510

DXL 2y td=1) ) ==-RXU(I4 L J=1 D)

CONTINUE

CUNTINUE

RETURN

END

SUBROUT INE DXOTTX

COMMON KJI2042C) yKPTZ2D420) oKSI20420) sRX{H 20,20 ) 4KY{3,20420) yKVI2C
14200 e KU 20420 ) s NS s NXoNY o TCXoICY o XOL2C ) 4 ¥ 0L 20) yKXRUTWL4 4204200 +KYROT
20034274 2N) s KYROTWI 34224200 oHI2G) ,CIL200 W1 (20) yWBLL2C) y Wi 20) +FBLL2
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515

514
513
512

518
517
516

521
52
519

30"HB|(ZOIQE&EH.EGCQEGH-FX(ZO’vFYIZUI|XX(#|oYYlil.QK(Eﬁi.CY(ZU).RI
4‘4120)lDX(“rZPi2GIiKDX(«.ZOvZPi'TTX(EC.dﬂl.RUT(ZGJ.VK(Q,ZOI.TVK(ZG
st.kvta.zol.uv¢3.zo.201.Kuvtj.zo.zoj.TIvezn.zoJ.vvlj.zn:.rvvtzop.nl
b(Zﬂl)TVKA(ZOIofUVAIJC).xH{ZOI.YH{ZCIuFHI(ZOvixkufcta.ZG.JOIgINU[C
TKtﬂi'lNDICYlBl.HXIhoZOJ.CIK(4.20!.RIX(4,2FI'NBLxlﬂ.ZOI,Hx(4'20l.FU
stha.ZOJ.wthia.zal.ru:xl«.zo:.Hvis.zrl.c1v|3.zcl.wlvta.zoa.uBLV(a
42004 WY L3200 oFBLY 13,200 yWBIY(3,20),6B1Y(3,20)

COMMON KAGZU.B"!.KB(ZO.ZG}.KD(ZO,ZCI.KE(ZG.&OI.KC(EO.ZBI.KFIZOpZDJ
l.thzo.znl.Kntzn.zol.Krtzc.zor.Kktzn.ZCJ.kleo.ZOJ.KMtzu.eoa.Kwtzo
2.2n).KUIZﬂ.znl.KQ(ZP.zn}.quzc.zn).Krtzq.sz.Kwtzo.znl,lxte.zo,aos
3.Ivl3.20.20|.erza.zn|.sxla,zﬂn.svts.zo;,RUTXC|4.20a.Rurxw(4,201,
4Rnrvct3.201.Rnttha.zn:.Trvxc:zn.zol.vactzG.ZOJ.rrvvctzo.zo;.rvvc
50200201 )CMXBU4420) yLMATC4 4270 yWMXB L4, 2C s WMXT {4,200 yFAMX( 44200 4 WM
bXC(«.Zﬂl.uBMXNI#.Zﬂ).CMYH(B.ZFI,CMYT{3,20)gHMYB(3.2CJ-NMYT!3,ZOI,F
7qut3.20i.wBMvct3.zCl.quth3,zcl,csxta,zcl.wsx(4.2b1,rusx14.zor.w
aasx(4.zo).csv13.zoa.wSVl3.20:,FB$V|3.20;.n35vt3.201,CFxtq,znn'wat
F4e 201 g FBEXLA 20 ) o dBFX (492003 CEY (3,200 ¢WEY (3,200 yFBEYL 3, 20]

COMMUN ABFY (3,200 4 DEXE4920) yUEYT3,200 o INSYMy I TERX ) ITERY ¢ [ Xy 1Y

REAL KJ;KP,KS.KX'KY'KV¢K,KXRDTC,KXRUTH.KYRUTC.KYRUTN,KUX.KUY.MT

RE AL KA,kB.ku.xt.xc.KF.KG,hH.Ki.KK.KL,KH.&N.KU.KQ.KR.KT.Kw

DO 512 I1=14NX

DU 513 J=1,NS

DG 514 M=1,NS

SUM=0,0

DG 515 L=1NS

PROD=KXUL s JoL 1 %DXT1 4L, M)

SUM=SUM+PROU

KOXUisJsM)=SUM

CONTINUE

CONTINUE

CONTINUE

DO 516 [=14NX

DO 517- 4=1,N$§

DO 518 L=1,N5

TXCLy e b=XXt T)%KOXAL 4, L)

CONTINUE
CONTINUE
CONT INUE

DO 519 f=1;NS

DD 520 J=1,NS

TTXUL ) =0.0

DO 521 L=1,4NX

ADD=TX(Ls1 )

TIXUL 4 J)=TTX 1, )4ADD
CONTINUE
CONTINUE
CONTINUE

RETURN

END

SUBROUTINE VXOTvX

COMMDN KJ(Zcizol'KP‘ZOpZQF'KS(ZQ'ZO)'Kx{4y2C|ZC"KYl3'20'20"KV|20
1120?|K|?0920,vNS:“KvNYuICK'lCYpXU‘ZQ)|YG{2U|.KXRUTH(4'ZD'20'QKYRDT
ZCI3920:203.KVRUTH‘3020120’1H(20|rCI|20'|N[|20’0NGL|ZCIQW(20|QFBL(Z
30'QHBI(ZO)fE'EH'EGCp[GHrFX(ZO"FYIZQI'XX{4)'YV|3'0CX[20)QCY[20)IRK
4!4;26!.Dxtﬁ.zo,znl.KDK(#,ZO.ZPJ.TTx[ZG,ZGI.RUT(ZOJ.VXIéyZOB,TVXiZO
5J|RY‘3020’;UY(3'23'201|KDY(3|20,2”)|TTY‘20'291;VY(3;20’;TVY{20,'MT
6‘20';TVXA(20’9TVYA(2FI.XHI?C]!YH‘EO’.FBI'ZQJQKXRUTC(QrZGvZQ'QlNDlL
7!(4)glND[CY|3ItHX{#'ZOvalx{M!ZO'vN[X(4lZFIoHBLXlﬁtEQllNX|4v20||FB
8LXI4.20!.HBleé.ZUI.FaIx(#.ZOl,HYI3,20!.CIY(3,201.wIYlB.ZOI.NBLYI3
9,20).“7(3,2“’nFBLY[3'2‘]'NB!YJ3'2C)|FBXY(3y2G)

COMMON KA1 20,200 4KBL{20,271, KD 20!201;?“5.‘20,20'rKC‘ZOtZO]vK"(ZO.ZO]
l.KGlZOoZO).KHJZO,Zﬂ}.K1(20.201.KK(Z".ZC!.KL‘ZO.ZOJ'KMIZO.ZOJ.KNEZO
2'20'9K0f20f201|KQ|20v29|vKRlZC.an|KT‘20;20"KHIZO'ZGD'TXfQ'ZC'201
3.TV'3'20pZn’rRT(27|20'95X(4l2£l'57(3'20’|RUTXC'#020}9RUTKH(§'20)'
4ROTYC(3.20!.RUTYH!B'zﬁi.TTVXC(ZO.ECI'TVXC(20'2PI.TTVYC(ZO'ZOJ.TVYC
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524
523
522

526
525

605
674

608
607
606

5020420 4CMXDBL G200 JCMXTEG,20) JWMXBI4 200 s WMXT{4,20) ¢FBMX(4420) , WBM
EXCLA4 200 s HBMXWLA 320) 4CMYBI 3,200, CMYTL3,200 ,WMYBI3,20) 4WMYT{3,:20),F
TOMY( 3,200 4 WBMYC (34200 yWBMYWE 3,201 4CSXE4920) yWSX{4,20) JFBSX164420) W
BHSAE420030SY 135200 s WSY 134200 4FBSYI3,200 3 WRSYL3,420),CFX{4420) 4 WEX(
944208 aFBFRT4020) JWBF X420 13 CFY L3, 200 o WFY 13,200 4FBFYE3, 2090

COMMON WBFY(3,20) yDEXI4+2084DEYL3420) 3 INSYM I TERN ITERY 11X, 1Y

REAL KJyKP sKS KX KY oKV Ky KXROTC o KXROTWKYROTC yKYROT Wy KX g KDY ¢ MT
REAL KA KB ¢KD o KE 4 KC o KF ¢ KG o KH o KT o KKy KL g KMp KNy KOy KU s KR g KT oKW

B2 522 1=14NX

DO 523 J=1.4NS

VK']'J’=000

DO 524 L=14NS

PROD=KDX(1aJyL }%ROT(L )

VXA Ly J)=VXUI4 J)+PROD

CONTINUE

CONTINUE

CONT INUE

DD 525 J=LiNS

TVxt 1 =0,0

DO 526 I=1,NX

TYXtI=TYXtSI4uX (T, )

CONTINUE

CONTINUE

RETURN

END

SUBROUT INL HYUDY

COMMON . KJ{20420) 4KP (20,200 ,KS120;520) yKXT4420,20) +KY{3,20420) 4KVI20
14200 sKO204201 (NS NX Y o ICX JOY XOEZ0) oYU 20) yKXRDTW L4 204200 (KYROT
2C13,20020) 4 KYRUTWEI 420,200 3HU20) 4 CE{201oWI{20) yWBLE20) Wl 20) ,FBL(2
304 WBIU20) sEvEW L EGE jEGW,FX{20) s FY {200 4 XX(4) oYY 13} ,CXU200,CYT20),RX
4144200 sOXU4 420,200 +KDX14920420) o TTX( 20,200 yROTI2001:VX{4+20) +TVX(20
SEeRYU3,42009DY03,29,70) KDY (420,200 4 TTY{20320)4VY{3,200,TVY120),MT
68201, TYXAL20) , TVYALZC) W XHEZO) o YHIZ0) o FBI(203 KXROTC (44204200 4 INDIC
TREGN  INDICYU3 ) gHX{ 6,200y CTXL4420) pWIX{4420) 2+ WBLX 44200 o WX14y20)4+0
BLXT420) s WBIX{ 42004 FBIX(9420HY (34200 ,CTYI3,20) yWIYI3,20)WBLY(3
D200 4 WYL 3,200 4 FBLYE3,20) yWBIY(3,20)+FBIYL3,20)

COMMON KA‘ZO.ZO)'KB'2ﬂ|20’rKD‘20g29l1KE‘20'20"KCIZOvZO"KF(ZO'ZDE
1oKGE20020) 4KH(2D,20) yKI (204200 4KKLZ20,20) oKL 120,201 4KM{204200 KNL 20
2620) 0 K0U 2042001 4KQI204200 3 KRE204 201 4KTE20420) 4KW{2042C 1o TX 14420, 20)
FpTY133204200 4 RTL2D4206) 95%X044200135Y{3520)4ROTXC4420) 4ROTXW{4,20),
GROTYC(3,42C )y ROTYMWI3,20) o TTVXCI 20,20}, TVXCL20,20),TTVYC 120,20}, TVYL
5020420} yCMXBEG 201 yCMAT {4200 ¢ WMXBUG 200 s WMXT {44200 JFBMXT4420) 4 WM
EXC14920 by WBMXWL 44200 yCMYBE3,20) sCMYT (34200 yWMYB(3,20) yWMYT(3,208,F
TBMYL 34200 o WBMYC (3,200 yHBMYWII 200 3CSK{4+200 yWSX{4420) yFBSXT4420) ¢ W
BBSX{4+20)4CSYL3,20) $WSYI3,420) yFBSYL3,201 yWBSY( 3,208 4CEX14,27) 3 WEXI(
9%420) s FBFX(4920) ¢ WBFX 14,208 3CFY13,2C) yWFY (34200 ,FBFY{3,20}

COMMON WBFY13,20) 4DEX {42200 ,0EY(3,20) y INSYMyITERX, ITERY 4 IX, 1Y

REAL KJoKPyKS s KX 4KY 3KV 4Ky KXROTC s KXRUTWoKYROTL s KYROTW KD Xy KDY o MT

REAL KA KB sKD o KRE KO yKFyKG o KH KT pKK oKLy KMo KNy KOy KU o KR ¢ KT J K

b0 604 §=14NY

DO 605 J=1,4NS

RYUEJ)=YO(J)-¥YL])

CONT INUE

CONTINUE

DO 696 1=1,NY

DO 607 J=1,NS

DO 608 L=1,NS

DY{IydeL)=0.0

CUNTINUE

CONT ENUE

CONT INUE

DO 609 I=1,NY

PO 610 J=1,NS

DY{lodeJb=RY{I,J)

IF{JLEQ.LIGD TO 610
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610

DY (T datd-10b=-RYI 4 bd-2 )Y
CONTINUE

609 CONTINUE

615

Bl4
613
piz

618
al?
616

621
b2t
619

RETURN
END

SUBROUT INE DYUTTY

CUMMON KJU20927) o KP U229 200 yKSE2 0200 s KR T4 420 4 201 4 KY{ 34204 201 y KV L 2C
L20h o KEZ0 20 NS oNX oMY Oy TOY X020 3 YU 200 s KXROTW 4 4204200 pKYRUT
25(3.20.20|,kvnoTut3,21.20i;H(zol.Cllzoi.wi(2oi.wHL(2ui.w(20}.+UL(2
30) gWBIEZO) g EaFWaEGLyEGWIF X200 4 FYL2A) o XXT4) oYY (3D, CX1200,CY 120 JRX
4169290 ¢DX049274 201 4KOX 149204200 3 TTX(2C 4201 yRUTE200 3 ¥X{4 4200, TVXL20
SE4RY{3420) sDVU3427,2004K0Y 320,20}y TTYLZ0 1200 (VYL 34200 o TYY{2G) oMT
GU2D) s TVXALZO ) oy TUYAL 201 o XHE20) ¢ YHI20) ,FBLL20 ) s KXROTC14320,20) 4 INUIL
TxE4) TNDICY I3 s HX L4 420) s CIK(H,29) s WIKUA 20 b Wbl X{4 20 WX 4 426) oF b
BLXLA20h 2 WHIX(4327 ) s FBIXE4920) ¢HY{3,20)3CIY 13,200 yWIY{3,20}, WHLY (3
G20y WY L3420 4 FBLY (3,220 4 WBIY (34200 ,FBIVI3,20)

COMHON KAL27420)0 4KBI279201,KDU27 20 ) yKE(20, 20 s KO 2C 4200 4 KF(2C, 26}
1o KGU29920) s KHI20 3200 4 KT 1204200 4KKE20420) ;KL 120,200 4KM122, 200, KNL 2D
292014 KOU2732003KQUE20 4220 yKRIZ2G 4201 4KT (20420 ) 3 KW (204200, TA{4420,20)
3y TY L3422 aRTL2092C) 45X 40200 ¢SYU3, 200 yRUTXC {44201 yROTXW %200 4
GROTYCL3+20) ¢ROTYWI3,20) s TTVXCL 204200 4 TYXC (20200« TTVYC (20,200, TYYCE
58204200 s CMXBL 4201 s CMXTI4,2C) g WMKB L4425 ) s WMXT {49200 o FOMXT 4,20} o WBM
OXC L4201 WBMXWL 44208 qCMYBU3 200 sCAYT 3,20 ) s WMYB (3 ,420) yWMYT{3,2004F
TBMY{ 33201 4WBMYCL 39200 g WBMYWE3427 ) 2 CSME4 025 ) v WSX{ 4,200 4 FUSKI4+20) o
BBSXE4s20) 9CSYU3420) 4WSY{3,20) ,FRSY( 34201 ¢WHSY {3,200 sCFX1%,20) e WEX L
94920 s FOFX 4920 s wBFX (49270 3CFY(3420) s WFY {3,200 +FBEY (3, 20)

COMMON WBFY LD 4200 4DEX{4s20) ) DEY (3,200 p INSYMy ITERXK,ITERY IX, 1Y

REAL KJ4KP oKS oKX oKY 4KV oK o KXRUTC o KXRDTWsKYRUTC oK YROT W KXo KDY o MT
REAL KA KB sKDaKE ¢ KC o KF yKG oKH o KT o KKy KL o KMy KNy KU 3 1Ky KK o BT y KW

0O 612 f=14NY

DO 613 J=1,NS

DU 614 M=1,NS

SUM=0,0

DO 615 L=1,NS

PROG=KYL L4 de LI%OY(T,L4m)

SUM=SUM+PROD

KDY 1y JeMd)=5UM

CONT INUE

CONTINUE

CONTEINUE

DG 6186 [=1,NY

D0 617 J=1,NS

D1 618 L=1,NS

TY(EaJeLI=YYLI}EKDY () 4deL)

CONTINUE

CONTYINUE

CONTINUE

DO &19 I=1,NS

0O 629 J=14#NS

TtYi1,J)=0,9

DO 621 L=1,NY

ADD=TY{Ls14d)

TI¥ Ly di=TTYU [, J)+ADD

CONTINUE

CONT INUE

CONTINUE

RETURN

FND

SUBROUT INE vYOTVY

COMMON KJtzn.zni.KPlza,zol.Kstzc.qu,lea.zc.zei,hvt3.za,20|.KVizo
Lo20) o KU20027) o NSy NX o NY 3 LCX 4 ICY o XOU2ZC ), Y04 200 s KXRUTW U4 +20420) ,KYRUT
20139204200 s KYROTHIZ,20,520) 4 HIZQ)4C 1201 g W1 120) ¢ WBLI2C) sl 20} dEBLLZ
30D ¢WBIU20) yEvEWsEGCyEGH FXI20) 4 FYL20) 4 XX U4 oYY (3) 4 CXI204CY{20) )RX
GLas20) 4DXLA427,20) s kDX 14,217,260} s TTXEZ2D420 ) yROTL20) 2 VX (4420G) ,TVX(20
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5!.va3.201.uvl3.2o.zov.&uvt3;20.2nl.rlv(zo.20i.vvl3,20).rvv:20).nr
6|20101VXA(203-TVVA(ZOI;XHIZOItYHlZOI.FB[(ZO).KXRUTC(#.?O'ZOD.INDIC
7!(4).IND]CY(BI;HXI#.ZO!pCIX(#oZOl.NIX(é;ZO);HHLXIQ.EOI.Hxlﬁ.ZOl.FH
athagzol.NBIx!a.ZOI'Flela.zoloHY(3.20|.let3.201.wlvca.zol.watvt3
G200 4 MY {34200 WFBLY(34201 s wBIY{3,200 ,FRIY(3,20] .
COMMON KA(20.20)¢K8(20.20|:KD(20.20I'KE(ZC'ZOI'KEIZO,ZOI,KF{ZO.ZOi
l.Kﬁlzo.zoi,Kcho;zol.Kltzn.zol.Kktzo.EOJ,KLtzo,EOl.KM(ZO.ZOJ.Knlzo
2,20|gKU(ZOg20IpKU(2C.2ﬂl.KR{ZD,ZO!.KT(ZG;ZOluKH(ZOvZO}.lKI4.20v20)
3.Tvl3.zo.znlgnt|23.znl'Sx(q.zni,svta.zor,RoTxcla.ZGi.Rurxwt4.20).
4u0rvc13.20|.Rutvw13.201.TTvxctzn,zvl,Tvxclzc.zol.Yrvvctzo.zO),Tvvc
5120.201ocnx8tﬁ:201.CMthq.zol.Hqu(a.zeJ.quT(#.zna,FBMxtq,zo).uBM
6XC(4.20||HBMXHI4020|nCMYB(],ZOl'CMYT(ByZOlvaYH(ApZOI:NMYT(B'ZOD.F
TBHYI3|2ﬂI'HHMYC(3oZGIsHBMYNiS;ZOI;CSX!Q;ZGl.HSKIQ.ZOI.FHSK(Q.ZU).H
BBSXI4;20)'C5VI3.20].NSYIB.ZOI.FBSYIB;?OJ.HBSYIB-ZOIoCFXI#.ZOI.HFX(

-94¢20).FBFX(4'201'NBFX(4|2OI.CFY(3|ZCI'HFY(J.EO!,FHFY(3.ZOI

624
623
622

626
625

531
530

COMMON HBFYI3¢20).UEX(é.ZDD'UEYl3.20),INSYM'ITERX,ITERY.IX,IY
REAM. KJyKPyKSsKX3KY ¢ KV,K » KXROTC 'KXREITH.KYRUTCuKYRUTHuKUXvKDY.MT
REAL KﬂQKB’KDOKEvKCtKF‘KGlKHuK['KK|KL|KM,KN'KU|KQ|KR'KT|KH

DO 622 t=1,NY

DO 623 J=1,4NS

VV‘IOJ’=010

bO 624 L=1,NS

PROD=KDY (14 dy L} *RATHL)

VYL e d)=VY(T,d) -PROD

CONTEINUE

CONTINUE

CONTINUE

DO 625 J=1,NS

TvytJdl=0.0

DO 626 I=14NY

TVY{Jdi=TVvyidy+vY (], J)

CONT [NUE

CONTINUE

RETURN

END

SUBROUT INE RTQROT

_COMMON KJ(ZO;ZOIvKP(ZO.ZO]pKS(ZO,EOI'KX{Q.ZU.ZCIvKYIB.ZOyZOIoKV(ZO
lr20)§K|20.20]'NSyNXtNYilCX'ICY|XDIZPI-YUlZOl;KXRUTN!#;ZO'ZOI;KYRUT
zci3.20.20).Kvkorwt3.zn.aolthzoi.cx(zni.wI|20).wBL120|.w(201.FaL(z
30!.HB]tznitE.EN.EGC,EGw.Fx(EOlpFYIZO!.xxi#).YY!B);CX(ZOI.CY(ZOI.RX
4(4.20)¢Dx(4.20.201.KDx(4.20.201.TTX{ZO.ZO).RDT{20:.VX|4.20|.TVX(20
SlpRYIB'ZOl'UY(B,ZOpZOI{KDY(B,ZO.ZG).TTY(ZC,ZG),VY(B.ZDJ.TVY(ZO),MT
¢jzolaTVxA(20).TVVAt20).XHIZOD.Vleei,FBItzol.KXROTC(4,20.201.lNch
7X(4I.INchvt3)'Hx(4.20),Clea.znb.wa(4.zol.wuLx14.zol.ux|4,20i.Fu
sLx(4.20}.ulel4.zal'Fﬁlxl4.20|.HY(B.ZG).CIY(3.201,wlvt3,aol.wBLvia
9.20!.HYI3.20).FBLYI3.201.ualv43.2c),Fblv(3.201

COMMDN KA(zo.zcl.Katzc.zcl.Ku(Z",ZO).KE(ZC.20},KC(20.29).KF(ZO.ZOJ
1;KG(20;201,KH(20.20)pKl!ZO.ZOlrKK(ZOoZOl.KL(ZO.ZOI;KMIZO.ZOIrKNlEO
z.zoi.Kotzo.zol.Kulzc.zoi,KR|20,20).K7£20.203'lezo,ZOi.rxta,zo.zol
3;77[3.20;201.RT!20,20).SK(Q.ZO}.SY(3,201.RUTXC(#-EOI'ROTXHI4'ZOIp
4RUTVC(3.2OI.ROTVH(3.ZOIoTTVXC(Z?.EOJ,TVXCIZﬁrZO)rTTVYC(20¢20l'TVYC
SGZO,ZGIpQHXB(4'20l'CMXT14.201.NMXB(4.20!;NMXT{4y20!.FBMX(4v20!pHBM
bxcla.ZOJ.wBquia,zor.CMYB(3.20:.CMYT(3.20|.HMYal3,201.wMVTta,zol.F
7BMV¢3.2PI,NHMVC{3.20),wamths,zoi,CSX(4.20),wsxta.ZOl.stxla.zol.u
Basxtq.zn).csvta.zos.usvta,aon.Fssvl3.20).w35v43,20).chta,ZOJ,qu(
94,20).FBF1¢4.20).uBFxt4.2ﬂ).cth3.2oa,wFYIB.ZOJ,FBFvls.zos

COMMON HBFYlB.ZOlgDEX(4.ZOI;DEY(3.20|,INSYMvITERXoITERV.IK.IY

REAL KJgKP,KS.KX,KY,KV,K,KXRUTC.KXRUTH.KYRUTC,KYROTH,KDX.KDY,MT
REAL KA.KB,KD.KE.KC,KF.KG.KH.KI,KK.KL,KM.KN.KU,KQ.KR,KT.Kw

DO 530 I=1,NS

[2]4] 531 J=11N5

RYCT o) =TTXUL ) +TTY LT, 0B KV, 4)

CONTINUE

CONTINUE

CALL TOKYU (NS+RT)

95



532

234
933

1ce
1]
100

1¢5
1C4
103
114

108
107

CONTINUF

DI} %33 I=14NS
RaT{I)=".0

DIl 534 Jd=1,NS
PROD=RT{I,JI%{=-MT(J)}}
ROT{LI=ROTA{I)+PRCD
CUONTINUE

CUNTINUE

RETURN

END

SUBROUT INE SWAY

COMMON KJ{2Z2n,2C) ,KP(ZG,ZC}.KSIZ".,Z—"I.K)(UHZG.ZC'I,KY(B.Z’).ZCI s RV 21
L9203 g KU2042C ) o NS oNX aNY 3 TCX S LCY g XU (20 3 YU 2D o KXROT WG 225200 JKYRUT
2C13420420) ¢KYROTW{3,20420) yHI20} 401020 s WIE20) WBLIZO) y W(20} 45 8LIL2
3D aWOIL 200 vEvEW EGC v EGH FXE20T 4 FY (200 0 XXU4) 2 ¥YYE3) 4 CXE201,CY(20) KX
A44920) ¢ DXLA 20 320) g KDX{4 4254290 y TTXL20 200 ROTE20) 4V X 14,200, TVX(20
SPeRYI34201,0¥ 134204200 (KDYU3,20,2C) o TTY 204200 4VY(3,20) ,TVY (23] ,MT
6020 s TVXALZO) 4 TYYALZ0) pXHI2G) yYHI2C) (FBT(29) yKXROTC (49205 204 5 INDIC
TXEA) yINDICYE3) o HXU4 0200, CUXU4420) yWIX{4 20} yWBLX{442C) , WX (%5200 ,FB
BLX14¢20) s WRTX(64520) sFEBIAT4 4200 s HY (34200 +CIY{3,20) sWIYL3,200, WELYLS
G920 Y {34200 yFBLY (3,20} yWBIY{3,20),FBIY(3,20)

COMMUN KA(20,20) yKBL2C,20) ¢KDI22420) yKEQZ20 4200 4 KCL 20,200 4KF12G,201
ToKGI20,20) 4KHUZ0420) o KI(204200 yKK(20420) yKLI2C20) sKMI204+20) KNIZ0
29200 KUI20926G) ¢RQI27 320 4 KREZC 12001 4KT{29,20) o Kiv (204200, TR (4,20, 20)
39TYL34 2042004 RTU2D4201 45K (4520) 4SY{3,2C) ,ROTXC{4420) sROTXWI4¢20),
AROTYCL 34200, ROTYWI3 4270y TIVXC( 204200, TUXC U204 201, TTVYC{20520),TVYC
SE2Co 201 yCMXBIG 4200 s UMKT{4 9200 g WMXEL6¢2C) s WMXT (4 420) s FBMAL{4,20) s HEM
GXCU49 200 s WBMXW (49200 JCHYBE3,420) yCMYT (35200 yWMYB(3,2G) yWMYT( 34200 ,F
TAMYU3,20) p WOMYC 34200 yW3MYW{ 3427} CSXI4020) ¢ WSX{G4201 1 FBSXT{44200, 0
BHSXU4927) 2 CSYU3020) o WSYI3,200 o FBSYL 3,200 yWBSY(2,20) 3LFX{44+20) s WFX(
949200 s FBFX{442C o WBEX{4 42003 CFYL3,20) s HFY{3420) FHFY{3,20)

COMMON WBFY (3,201 0EX(4,20),DLY(3,20)  INSYMyITERX, [TERY IX, 1Y

REAL KJyKPyKS oKX eKY 9KV pK o KXROTC o KXROTH g KYROTC s KYRUTH KOX KDY 4 MT

REAL KA KB KO sKErKC s KF yKG oKH p K1 ¢ KK g KL g KF g KN KUy K@y KR g KT o KW

IFTINSYM.EQ.LIGO TO 114

DO 180 I=14NX

OU 101 J=1,NS

SX{leJ)=0,n

DO 102 L=1,NS

PROD=DX (T 4ds LI*ROTLL)

SK{T+d0=5X{1,d)4+PRUD

CONTINUE
CONT TRUE

CONTINUE

DO 123 1=1,NY

DO 194 J=1,NS

SYUI4d)=R,0

DO 105 L=1,4NS

PROD=0DY {1y JsLI%{-RUTIL})

SYUI4J)=5Y{1,d)+PRAD

CONTINUE

CONTINUF

CONTINUF

CONTINUE

DO 196 T=1,NX

D0 107 J=1+NS

ROTXCI1,d)=0.0

ROTXW(I ¢} =05

DO 133 L=1,NS

PRODE=KXROTCL Ly JoL)=SX{L, L)

RGTXCIT,J)=RCTXC{I+4}+PROCL

PRODZ=KXRUTWL T s SoL bESX{I,L}

ROTAWCT s JI=RCTXW{[,J)+PROD2

CONTINUE
CUNTINUE



106 CONTINUE

111
110
109
i12

113

252
261
260
253
263
262
254
255
256
257

DD 109 1=1,4NY

DO 110 J=14NS
ROTYCL1+41=0,0
ROTYW(!,d)=0C,0

DO 111 L=14NS
PRODL=KYROTCU I, el i5SY{1,L}
ROTYCTI, J)=ROTYC(L JL+PRODT
PRODZ=KYRUTW{T y Jol 1 *SY LT 4L)
ROTYW T4 J)=ROTYWI I, ) +PROD2
CONTINUE

CONTINUE

CONTINUE

TFUINSYMLEQ.LIGO TO 112
CALL WRITE3

CONTINUE

CALL CALPAK

CONTINUE

RETURN

END

SUBROQUTINE WRITE3

COMMGON KI‘ZOOZO’|KP(20!20’|KS(20;20,0KXL4|20!20|vKV|3!20r20,|KV|20
l.ZOl'KlZO.ZOJ.NS.NX;NV.[CK.]CY-XU(ZO):YD(EOD.KXRDTH(Q'ZO.ZD)'KYKDT
zcl3,20:20!.KYRDTH(3.20.20|;H(zol:CIQZOItHI{ZOi.HBLIZO).H(203:FBLI2
3OI.HBI(ZOI'E'EH.EGC.EGN.FX(ZOI.FY(ZOI.xxt4l.VYIB};CK(ZOI,CY(ZOI,RK
4‘4020'tDXl“iZOIZO'dKDxtQQZUrZO’fTTx‘20020|rRUT(ZU’.VX|4|20’9TVX¢ZO
5'.RV‘3.20'IDY(3'20320’!KDY|3|20!20)QTTY(ZODZO,|VY|3,20',TVY(ZO)¢HT
ﬂlzo’oTVKA(ZO’:TVYA(ZO'QKH(ZOInYH(20)vFB[lZU’cKKRUTC(#vZOlZOIp[NDlC
71‘4)!lNUICV(3]oHX(#!ZUliCIXlQrZU!tHIX(4|20]'HBLX(4rZOl.HX(4|20]|F3
8Lx(4120':“3[x|4920’tFBlX‘4120’|HV|3120"CIY(3|20"H[Y(3020.iHBLY‘3
9.20”HY(3§20’lFBLY|3v20)|HB[Y(3020,;FBIY(3|20’

COMMON KA‘ZOQZO)|KB(20§20’|KD(20:20]'KE‘20|20’|KC|20|20’|KF{20¢20'
I.KG(ZO.ZO].KH(ZG.ZOI.KIIZO.ZOI,KK(ZO.ZOI.KLIZOoZOl-KM(ZO'EO)'KNlZO
Z'ZOl.KD(ZC.ZOI.KQ!ZO.ZO).KRIZO,ZO)'Ktho.ZOJ.KH!ZO.ZOI.TX(#,ZO.ZO]
3’TV|3120.20)pRT(20'2U)'SX(4'ZOIpSY|3|20]1RUTKC‘4020"RDTKH(4'20’!
4RUTYC(3:20)1RDTYH‘3'20’!TTVXC‘ZO?ZO'|TVXL{20'20'oTTVYC‘ZOIZO'!TVYC
5@20920'fCHXBl#.ZO’,CMXT'QQZU'tHMXB“,ZO)QHMXTl4|ZOl'FBHX|Q|20loﬂBM
6*0(4,20'.“3"3"(4020'|CHYBI3920.|CMYT(31201'HMY313|ZOlvHHYT(3|ZO||F
TBH"3|ZO'|HB"YC|3’20’QHBHYH|3'20’,CSK'Q,Zﬂ'.HSXleZO’!FBSK‘Q!ZO'!H
BBSX'#,ZQ',CSY‘3|25’9HSY(3'20}|FBSY{3v20',HBSY(3Q20}oCFX(4v20|!HFK‘
94’20|'FBFX|49201oHﬂFK[“vZU'lCFY{3QZD'rHFY(3920)vFBFY(3|ZOI
COMMON HBFY(3,ZO},DEX‘4’ZO|QDE*{3|29|1]~SYH|]TERX1IYERV|IX'[Y
REAL KJ|KP.KS'KX,KYQKV|K'KXRUTC|KXRUTH|KVRUTC|KYRUTNQKDK|KDVvMT
REAL KA.KBfKDjKE'KCQKF|KG'KH|K|'KKgKLpKM'KN,KU'KQ'KR'KTQKH

HRITE{69252) (TVXACL)}4+1=1,NS}

FORMAT{1H]1 5 {4X, "RESULTANT SHEAR [N X~DIRECTION =*,E13.6/))

00 260 I1=1,NX
WRITELG6,261 0 LVXIT+J) s d=14NS)

FORMATU/Z1HO 44X, ' INDIVIDUAL FRAME X SHEAR =?,3E13,6/1})

CONTINUE

WRITE(62253)ETVYA(L),I=1,NS)

FORMAT (LH1, (4X, "RESULTANT SHEAR IN Y-DIRECTION =9,E13,6/)})

DO 262 [=1,NY
MRITE{64263)4VY{L,4d),J=1,NS)

FORMATL 71HO, 14X *INDI VIDUAL FRAME Y SHEAR ='.3E13.6/1))

CONT INUE
WRITE(64254) (X0 1),1=1,N5])

FORMAT{1H] +{4X,*CENTRE OF ROTATION IN X~DIRECTION =V, Fll.2/7))

HRITE(G6,25501Y0(Y141=1,NS)

FORMAY{1H1 s (4X,*CENTRE OF RUTATION [N Y-DIRECTION =4,F11.2/))

WRITE(6,256)(ROT{I}+1=1,NS)

FORMATLIH] o {4 XS ROTATION IN RADIANS =t,E13.6/1))

WRITE(G64257H1CX
FORMATU1H1 ,4X+*NUMBER OF 1TERATION CYCLES X =%,13}

WRITE{6425811CY
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258

271
2549

2ar
242

243

244

245

246
238

248
247

249

FORMATLIHC b4 X3 "NUMBLE OF I TERATTUN CYLLES Y =1,13)
WRITE(G 42703 X

FORMATUEHO )4 X o "NUMBER CF RESLT LYCLES & - 1,0 3]
WRITE{K,27101LY

FURMATEIHO s X o *NUMBER 0OF RESET CYCLES Y = *,0 4}
CONTINUE

RETURN

END

SUBPNUTINE [CXn
COMMON KJU27 200 kP U2D020 ) okSUID 320 ) o KX14 420, 20 1 KYL 3420, 200 JKVIL 20
1.2?i.Klzo.zﬁl.Ns.Nx.Nv.lcx.Icv.xU(ZOI,vutznl.mxunrw;«,zo.aoi.avuu!
2Ll3,2n.2n:.kaurul3'20,20).Ht?dl.LI{ZNJ.wllzvr.nUL{JOJ.uIZOi.FBle
ANV mBIU20) 4 EvERsEGCEGWIFXE20h o FYI20) 0 XX 4y ¥YY (3D g CX(20) 4 CY (20} 4R X
4044200 2DX0A42%, 200 yKDXLA0 200200 3 TTXI20,42C 1 4ROTE20) $VA LS 420}, TYX( 20
51:RY(3.2?I;nv(3;20o2?l'KDY(3;20,23),TTY{2(,2CJ.VY($,2”!.TVY(ZOI.HI
HE20 e TVXALZO S s TVYALZC) s XHIZ2C o YHI20 N FBI{20) KXROTC(4425,20), INDLC
ixlal.INDICY(3J'Hx(a,ZWI.crx{4,2“l.wlx14,?Pl,wHthé.zﬁJ.thé.zfl.Fu
BLXEG 20N WO IXT G200 s FolXta020) o HY (3320040 0Y 044200 W EY (3,200 s WELYL 3
Gp20) an¥ 134200 yFBLY (3,270 yWBIY 1233200 4 FLIY(3,20}

COMMON KA(Z20427 )3 KBEZ0420 ) 0kDL2C 3201 yRECZC 4201 \ KO 2L 0 20) 4KFE{ 20,20 )
l,KG(ZGpZOI.KHIZN'ZOJ,KI‘ZJ.ZOI.KK[Z”.Z’I.KL(ZQ.?OI.KM(ZC.ZOJ.KNIZG
2920 e U200 20) 4 KQU20 427 ) g KREZO 201 g KTU20 4 20 ) o kW20 3 20 3 TX (G420, 26 1
3pTYL3, 25,20 ) s RTUZD 2 01 45X 43200 4 SYU3420 o kOTXC{ 49200 pROTXW 4,20} 4

4RDTYC€3.2£).RHTYWIB,ZOi.TTVXC[Z”;ZD).TVXL{BG'ZC).TTVYC(ZC.ZO].TVYC

50270 270) y CHMABLG 27 ) g LMXTLA 4201 y WMXB IS5 271 s WMXT (44270 s FBMXT4420) y Wi M
OXCUA 9200 ¢ WBMKW (G920 4 CHY T3, 2C) 4 LMYTES,20 ) o WMYBL3,20) yWMYT(3,2C) F
TBMYU3 200 9 WBMYCU 3,27 ) puiBMYW(3 230 40K L4200 yWSX (44200 1FRSX(A220] o
BUSXL4y 20 )4 CSYUE 9200y WSY U332 o FUSYU 3,27 ¢ WBSY(3420) yCFX (4427} WFX(
Fhy 20 ) FBEXUA 20 by dBF X420 3 CFY L3 ,20) yWEY (34200 oFBFY L3420}
CUMMON wBFY (342700 ¢ Ob XLy 20 4 DEY{ 3,27 ) o INSYM  ITERX, TTERY ,1X, LY
REAL KJaKPoKS s KXy KY oKV y Ko KXROTC p KXROTW o KYROTC e KYROT Wy KDX o KDY o MT
REAL KA KE sKD dKE o0 rKF 3 KG g KHy KL g KKy KL s KMy KNy KO g Kid g KR s KT o Km

DN 238 N=1,NS

DG 239 [=1¢NX

RXET4NY=RE(] NI 41,0

OXE TN e NI=DXTTgN,N)#1. 2

IFENGEGSNSIGO TO 239

DXCLy UNEL) G NI=DXTT y (MeT Yy R0

CONTINU-

CALL uXoTTX

CONTNUF

CALL RTOROT

CONTINUE

CALL vXOTVX

CUONTINUF

DO 244 J=1,NS

TVXCIN, JI=TVX{ D)

CONTINUE

DU 245 1=1,NX

RX{Tay)=RX{E4MI=-12.0

DXCTaNeNI=DXLTIeNyNI=] .2

IFINJEWNSIGD TU 245

DXETodN#L) oN}I=DXILp{N+1) ,N}+1.0

CONTINUE

DO 246 J=1 NS

TVXCTH I =TVXCIN, JY-TYXAL D)

CONTINUE

CNNTINUE

DO 247 WN=1,NS

D 248 J=1.GS .

TTVXCUJoNI=TYXC N, J)

CONTINUE

CONTINUE

CALL TOKYU (NS,TTVXC)

CONTINUF

DN 259 1=1,4NS
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251
250

252

253

254

236
240
242

2472

244

245

246

DO 251 J=14nS
PRED=TTIVACHT s} *1i=FX{J)VI-LTVXA(D) )}
XL =X J+PROU/ 4.0

CUNT INUE

CONTINUF

DO 252 [=1,N5% .
TREXOUED.GTL20,0%XXINXIIGL 10 253
CONTINUE

GO TO 254

CONTEINUE

IX=1x+1

D0 254 1=1,NS
XOCUF=CXI)2(1.24(0.,2%[X))
CONTINUFR

RETURN

END

SUBROUTINE 1cY0
COMMON KJd(20 ¢ 201 ¢KPU2042C )1 4 KST 209200 3 RXL4 4209200 3KY 134204200 4KVI 20
Fo20) s KU29420) aNSeNXeNY y LCXW ICY o X002y YOL20 ) g KXRUTWE4 427,200 2 KYRUT
20034203208 yKYRUTW{ 3422200 sHEZ ) CTI200 W (200 4WBL(2C) g0l 200 FBLIZ
0D s WHIE2N) W E+EWN s FGCoEGH s FXIZN) s FY L2} o XALa) 3¥Y L3) yCXI200,CY 0270 KX
G4 9200y X4 2042 0) yhDRL 44203201 3 TTXI20,2G) 4 ROT(20) o VXLG 4200, TVX(20
SPeRY (3020 sV 3427 4 20y kDY U3 4 2C 420 b4 TTY (20,200 3 WYL 34200 4 TYYL2C) ¢ MT
GL20 s TUYXAL 2N ) s TWYALZD) W XHLZ2O by YIHIZ0) s FBII2D ) 4 KXROTC{44204200 ,INDLL
TXC4)  INDICYI3 ) s HRLG 420 p CIX 4200 pWEX(4 20 ) s WL XT4920) yuX 144200466
BLX(49231'NBIXI4.ZOI.FBIXI#.ZOl.HY[3.20I.C[Y(3.2€].wlY(j.Zai.HBLY(3
99200 WY1 3420) JFBLYE 3,27 ¢ WBIYL3,20) ,FBIYI3,20)

COMMON KAGZ20U420) 3 RBE2D3 20 e KDI2C o201 s KELZ20 201, KC{28 200 4KF (29, 20)
LeKGE2N 3200 s KHIZ2N 420 ) o KIU12D420) yKKUZ2D420) oKLEZ2D 4200, KMI20420) 4KNL 20
2200 KOU2C 42004 KQU27 420) pKREZC ) 2C) o KT (2G5, 2004 KW I20520) y TX14,20, 20}
3pTYL3420920 0 RTU20420 0 4SX 14 201 ySY 13420 ) yRUTXE{4, 200 ,ROTXEW{ 4,200 ¢
4RUTYC(3:26!nRuTYw(B.ZUI.TTVXClZT'?Fl.TVKL(ZD.Zf).TTVVC‘ZO.ZO].TVYC
5204200 ¢ CHXBL4 1200 2CMAT (4920 ) g WHXB {4 200 9 WMXT [ 4,20) o FBMX14420) p Wi M
6KCI4'2°Ithwa{«.ZCI.CMYBI3,2Cl'LMYTi3¢20!,hHYB(B.ZU).wHYT(3.20),F
TBMY {3927 ) g WOMYCT 3020 pWaMYWI39270) 4CSX{4920) smSX {4920} FOSK(4,20) 40
BASXL4 9201 ) CSYU3420) s WSYU 3,20 4 FUSYL 3,200 4WBSY {3,200, 0FX(4,20) sWFXI
D4 92N ) s FBFX14320) o dBFX L4422 CFY (3,20 ) s WFY{3,20) yFBEY(3,20)

COMMON WBFYU3,:20) y0FX1a43201yDEY (3927 3 INSYM,ITERXITERY y1X41Y

REAL KJoKP oKS s KX 1KY 4KV 4Ky KXROTC yKXROTH yKYROTC o KYROTH e KDX o KDY ¢ MT

REAL KA KB oKD ¢ KE ¢KC yKF pKG o KH g K] g KRy KL g KMy KNy KU g KQ g KK o KT oKW

DO 238 N=1,NS

N0 239 =]l 4NY

RYLI )=y {lsNI#1,0

DYUTsNe NI=DY{ ToN.N}+2.C

IFINLEG.NS)IGD TO 239

DYCT o EN#L o NI=DY LT o (N#L) yN)~1.0

CONT INUE

CALL DYIOTTY

CONTINUE

CALL RTOROT

CONT [ NUF

CALL VYOTVY

CAONTINUE
“D3 244 J=1.NS

TYYCINy J)=TVY (J)

CUNTINUE

DU 245 1=1,NY

RY{IsN)=RY{IyN})=1.0

OY{FoNeN)=DY{TsN,N}-1,0

IF{NJEQ.NSIGD TO 245

DYUL g (N#L) o N) =DY L L4 AIN#1) «NY+1.0

CONTINUE

DO 246 J=1,NS

TVYCIN,J)=TVYCIN, J)-TVYVALJ)

CONT INUE
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OO0

238

248
247

249

251
250

242

L53

254

inl1

1N4

CONTINUE
DO 24T N=1,4NS

DO 2aB J=1,Hs

TTIWYCLJaN) =TYYL (N, J}

CONT IHUF

CONT INUE

CALL TOKYO INS,TTVYL)
CONTINUE

bo 259 1=1,NS

DO 251 J=1,N5

PROD=TFVYCET ydd*C(-FY{HII-{TVYALII D)
YOUTh=YOUI b+ PROD/ 4. C

CONTINUE

CONT IHUE

DO 252 1=1,NS
IFIYOUT).GT .20 0%YYINY}IGOD TO 253
CONT INUE

GO TO 254

CONT INUE

TY=1Y+1

D0 254 E=1,NS
YOLT)=CY{TII®t1.2400.2%[Y))
CONTINUE '

RETURN

END

SUBROUTINE CALPAK

COMMON KJU20,2750 4KP 12742010 KS(204 200 3 KX 144202201 yKY (3420200 4KkVL 2D
1920 e Kt 209271 aNS o NX MY s ICXe LCY y XO(20) 4 YULZ0) s kXROTH(4 420,200 4 KYRQT
20034205200 yKYRUTWI3,22,20)4HIZ2D)4CLI20) W I1{20) yWBL (20 w(20) +FBLIZ
A0 ) sWBIL20) s Es EWHEGC s EUWa FXL2D) oY (20 o XX{4 oYY 13) 4 CX(201,4CYI20) 4RX
GG 200 aDXL4 420 420 ) o KDX L9 20,201 yTTXL{2042C) dRUTI20) VX4 4200, TYX{2C
SIsRYU3 20N 4 DY (35200200 ¢kDYU13,27420) s TTY(2042C) VYU 3,2C) 4 TVY{ 20} MT
6U20) g TVXALZ20 o TVYALZN) o XHIZ20) ) YHI20) o FBILZ0 ) KXROTC{4,20,204, INDIC
TXCA) R INDICYE3 Y yHXL4 320 g CLXU 42N g WIX{4320) sWBLXI442C) ywX{4420),FB
BLXCG4 22 g WBIXT 42y FOIX{A 200 yHYL{3,2C)sCIYE3420) oMWY (34200 WBLYI3
Ge20 by¥Y (3420} oFBLY{ 3427} yWBIY(3,2G)FBIY{3,20]}

COMMON KALZ20,:20 ) 4 KBEZ2D 20 4KD{ 20 920 ) yKEI20,200 yKC 120,200 4KFE{20,420)
LeKGE20 420 ok HI2C 920 ) 9 K1 2704200 yKK{20,20) yKLI20,20) 4kMI20,20) ¢KNL2C
220 o RiIM2C 420 ) ¢ KQE2T 3208 g KR{2D,20) KT U203 2003 KW12040200,TX(4,20420)
BaTY(3420 200 9KTE2D427) o 5XU4520)95Y (3,200 yRUTHC (45200 yROTXW(4 4201,
GROTYCE3 3201 4 ROTYHI3 3200y TIUXCI 2N 3200y TVXCI20,2CH o TTVYCL20420) (TVYL
S0200200 yCMXBIa 20y CMXT(4)20) ¢ WMXB{ 4420 ) s WHMXTL14420) yFBMX14:20) s WBM
EXC L4020 ) s WOMXW(4 20 ) o CMYD L3420 1, CMYT(3,2C ) s WMYBI3,2C) yWMYT(3,420),F
TEMY{ 3420 ) g wadMYCLU 34320 by WRMYW{ 34 27 4 CSXUG420) g WSX(420) o FUBSX{4920) o1
BBSX(4¢270,CSY(3¢20) sWSYI3,2C) ,FBSY(3,20) ,WB5Y(3,20)4CFX14,20),WFXI
94420 ) yEBF X149 20 ) g aBFX{4 2003 CFYI3,20) 4WFY (3,20} ,FBFYL3,20)

COMMON WBEY({3420 ) 4DEXT{4520)yDEYL3,20) s INSYMyITERX ITERY 1K1Y

REAL KJgKP 3KS 9 KX pKY s KV 3K ¢ KXROTC s KXKUTW o KYROTC s KYROT W KDX o KDY ¢ MT

REAL KA B oKD ghb g KUy KF g GoKH KT ¢ KK g KL f KMy KN oK KO KRy KT oKW

THIS SECTION KEADS IN JOINT RGTATIOMN.STORY SWAY,MEMBEK PRUOPERTIES
AND THEN UALCULATES ALL THE MEMHER FORLES

DO 121 L=1,nX
CALL CALCYL{L)
"CONTINUF

DO 104 L=1.NY
CALL CALCZ2{L)
CONTINUE

CALL WRITES
RETURN

END
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SUBROUT INF cALCILL)

COMMON KJ120,20) ¢KPL20,20),K5{2002001eKX14520452C) 9KY¥Y13,20,20) 4KNE20
Le20F o KE204320) ¢ NS eNXgNY y I CX G ECY 4 XD{201 YU 20) 4 KXRUTW(4,20,20) KYROT
20134200200 sKYROTHIZ 420,201 4HI20)1,CTE20) yWIL20) 4WBLI2C) »Wl20) (FBLI2
0D WBILZO) sE 2 EWGEGC yEGWFXI20) 3 FY 200 4 XXE4) ¥V I3),CX020) ¢CYL2004RX
406,200 4DX{4420420) 3KDX14 42045200, TTX(20,20),ROT(20),¥XL44200,TYX{20
ShaRY 13,200 ,0Y03,429:200 4KOY (3,320,200 3 TTY{20,20)4¥YL3,20) 4TVYL20) 44T
Gl200 3 TVXAIZ0N o TYYAL200 o XHI20} 4 YHE20) s FBII20) yKXRDTC{44+20420) 4INDIC
TXCa) y INDICYU3 ) gHXT4 4200 3 CIX{4420) 4 WIX{%420) yWBLE{ 4,200, WAL, 20) ,FB
BEX{a920) g WBIXL4420) 4FBIX{4420)sHY{3,201,C1Y{3,20) 4 WiY (3,20}, WBLYL3
9200 yWYI3420) 4FBLYU342004WBEVL3,20},FBIY(3,20)

COMMON KA(20420) 4KBL20,20)4KD{20920)4KE(20420014KCL20,420)4KF120,201)
1oKGE 20,200 o KHEZ0,20) 4KI1120,290) sKKI20420} 9KL (20,200 yKMI{20,20} 4KN(20
234201 KOL20,20) 3 KQU209201 ¢ KRE20320) 4KTI20+20) o KWI2D420)4TX16,20,20}
I TYE342042004RTC20920) 45X (49200 ,5Y{3,20) sROTKCI4,20} yROTXW{44207,
GROTYCL 34200 ROTYWI3,200 s TTYXC( 204201, TVXCL20420)TTVYC 120,203, VYT
50200200 yCMXB{4920) 3CMXT(4420) s WMXBL4920) yWMXT (4,20} s FBMX(%,20) sWBM
EXCU4 4200, WBHXWI4 200 sCHMYBI3,20) ,CMYTI3420) yWMYBI3,20) JWMYT{3,20),F
TBMY (34200 yWBMYC L3 ,20) yWBMYWI 3920 ) 305X {4,200 3WSX14420) ,FBSK{4,20),W
ABSX{ 42013 CSY{342TH )WSY(3,20).FBSY13,20) 4WHSY (3,200 ,CFX{4,20) 4WFXI
944320} s FBFXU4420) o WBFX L4200 yCFY (3220 s WFY (34200 oFBFY(3,20)

COMMON WBFY(3,20),DEX{4:20)4DEY(3,20), INSYMyITERX, ITERY JIX, 1Y

DIMENSTUN SWX{442010

REAL KJoKPsKS ¢KXyKY KV 4K o KXROTC o KXROTHs KYROTE f KYROTIWy KDX ¢ KDY g MT
REAL KA KB yKD yKE yKC o KF KRG o KH oKL g KKy KL s KMy KN s KU g KOs KR ¢ KT oKW
DO 106 1=1,NS

HUT)=HX{L,1}

CI{I}=CiXtL,1)

WICU)=WIXCL,1)

WBLET=WBLX{L 1}

WlTh=WXLL,1)

FRALEI)=FBLX{L,1}

WBI{I)=WBIXIL,I)

FBI{II=FBIX{L,I}

SWX{L»T=SX{L,I}

FOMXILy I}=(E*FBILTI/FBLIL)I%{6.0%ROTXCIL,1})

FOSXCL s 1)={E*FBI (I }/(FBLUTIRFBLUTI))®{12.0%ROTXCIL, 1)}

WBMXCIL» D= E*NBILI) A WBLATI) %44, 0%ROTXCIL,y [D)4+42, 0%ROTXWIL, 1) I +01
L6 /WBLE T )Rt WU ) *ROTXN{L,11/2.00)1}

WEMXWA L D)= {ESWBLOT}AWBLUT ) #{ (2. CHROTXCIL T ) )+ (4 O%ROTXWIL, L] b1 (
L6 O/WBLA TPV A OW{ I VRRGTXWIL 10 /2.00 1))

WOSXULy T)=tE®WBI LT )/ CWBLLE*WBLAT} 11516, 0%ROTXCE{L, 1))+ (6. 0%ROTXN(
IL D) 4+ 112.0/7WBLET) I LWl T I*ROTXWIL,1)1/2,C)}1

106 CONTINUE

DO 100 [=2.N5

N=1-1

CMEXBULy LI={EXCT{ II/HOT I ({4 C¥RAOTKCLL NI I #{ 2. 0%RUIXCUIL,1))-106,0%5
IWXILLIH/HETN)

CMXTAL, I)=tERCTU T /MU DV # {2 C¥ROTXCI Ly N} D # (4. C%ROTXC(L4I1))-(6,0%5
TWXIL213/HUTEY)Y

CSXTL D=0 TEXCT QT I/UHOI MUY DI R0{ 6. DROTXCAL NII#{ 6. O%RUTXC (LT )
LI-{12.0%SHAL{L,TIHILDDN)

100 CONTINUE

CMXBIL 1 1={EXCITLIZHULIIA (12, 0%ROTKCAL 1) 1-16.0%SWKIL 1 }/HL1)))
CMXTALy )= (ESCTURNZHOL DY S04, CRROTXCALy LIV~ {6 CESWRLL, LI/HILI Y -
CSXEL,I)=ttE*CICUIZEHILFBHELIY 3 ({6 0%ROTXCIL 108 -012. 3%SWXIL 1)/
THTIY )

DO 101 1=2,Ns

N=I-1

WHMXBEL, 1= (ERSHICE)/HLUT) ) %004 O%ROTKWIL N) ) +1 2. 0#RAT XKWL [} ) = {6, 0%
ISHXIL 1) /HUTD D)

WMXT UL D)= (EWRHECLNAHUT) ) #U2. 03ROTXW LN} ) ¢ (4. 0%ROTXH(L, 1} ]~ 16.G%
LSHXILT}ZHETI I

WSXAL IV =UCEWEWT A1)/ CHUT D #HEL N 1 Y4016 JDFROTXWIL 4N 1) + (6. OXROTX WALy |
D)= (L2 NESHXIL, T0/HLET) )
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101

102
103

104

res

CONT INUE

WMXBAL g I d=(Ed Wt t L) 7ML D20 E 2. O%RUTXWIL L)) =06, CXSWXEL, L) /AHELY))
WMXTEL ¢ A ) ={EWsW I TL) ZHUL D D2 Ud 4u O%ROTXWAL » J ) V- (0. OXSHXCL, L ZHLLYD)
WSXtLaL)={{EW*WI (L} ZEHALDAHOLI) D) %4 (6 O%ROTXWIL 4 L)} =4 12.0%SWN{L,1}
17HELHH)

WBFX{L ¢ NSI=WSXLL NS}

WEXEL NS =HBS XL 4NS)

M=NS§-1

Do 102 t=1,M

N=141 )

WBEXAL s Th=WSXAE+ T )-WSX Ly N}

WEXAL (NS~ TD)=WFXEL o ENS#Y~T} h+WBSXALy INS-1))

CONT INUE
" CONTINUE

FBFXALaNSI=CSXELNSHEWBFXLL ¢ NS)

CCEXLLANS I =FBSX{L oNS)-WBSX{L NS

M=NS-1

DO 104 I=t,M

N=1+1

FBFXALs 1) =tCSXC L DY-CSXEL N} I+WBFEX(L,1}

CFXAL e ONS=T) b=CFXCL s ENS+I -1} J4FBSXELyINS—1) )-WBSX(L,INS=1))
CONTINUF

DEXILyL)=SwX{LyL}

DO 105 [=2.:NS

DEXCLy L F=DEXCL LI -1) D 4SWXCLy1)

CONT.INUE

RETURN

END

SUBROUTINE CALC2(L)

COMMON KJU2P420) sKP 20,200 4KS1 2N 4200 s KX14 420,200 +KY[13,20,20) 4KV(20
1.201.K120,20i1NSng.NY'ICX.!CY.XU(ZOI.YU(ZO),KKRDTW!G.ZO.ZO!.KVRUT
ZC(3020020‘1KYRUTH'3,20|20]QH‘ZO.!CIIZQ)le(20);“3[(20';"(20'.F8L(2
30) sWBIL20) yE9EWLEGC yEGWaFXTI2C) 2 FYL20) o XX (4 ) ¥V {3)4CX{20),CY{20),RX
4‘“920'|Dxiﬁ020!20'|KDX|4920|203vTTX(20|20|nRUT(ZO}rVXI4t20|yTVK(ZU
SEeRYU3:200 4DV U13,420,20) 4KDYL3420420) 3 TTVE20420) 4 VYL 30200 2 TVYL20) o MT
HL20)  TYXAL20 01 TVYALZ0) JXHI2C) o YH{20) FBII20) 4 KXROTC (4,420,200 4 INDIC
TX(4 o INDICYL3 ) gHXE4 4200 o CIXLA20) sWIXU4420) yWBLX{4220) WX (4420),FB
BLX(&e2M) s WBIXL G 20) 4FBIX{ 4420 yHY (3,200 4CIY{3,20),W1Y{(3,20) ,WBLY(3
9220 o WY 3520} yFBLY(3420) 4 WBIYI3,2001,FBLIY{3,20)

COMMON KAL204200 oKBL{2042C KDL 20420) ¢ KEL2G420) 4KCL20,20)3KF120,20)
LoKGU20220) o KHI20 200 o KI{2042C) yKKI20420) ) KL{204201 ,KMI20,20) 4KNEZO
29200, KD120,20) 4 KGI204,20) s KRI2C 42014 KT1204201 KW (20,5200 TX(%+20,20}
34TY(342N6203oRTE2752G) 25X 14920) 4 SY{ 33 2C )y ROTXC{ 4200 ¢RUIXWI# 420,
SROTYC(3:20)yROTYW(3+200» TTVXCE20,42C) o TYXC{20,20),TTVYCI20,20),TVYL
56204200 yCMXBL 44201 UMATI4420) o WMXBL{4420) ¢ WMXT U 4,20) +FBMX{4,20) 2 WBM
EXCU4 20 ¢ WBMXW {4 420) s CMYBL3,42C ) yCMYTL{3,2G) yWMYBI(3:20) yWMYTE3 200 ,F
TBMY {34200 4+ WBMYCI3,20) v WBMYW(3 4200 4 CSXU4 020 ) ¢+WSX{ 4,200+ FBSXI14420) 4 n
BRSX{ G200 4CSYE3420)WSY {3,200 FBSY( 3,203 WBSY(3.20) CFX 14,000 4WFXI(
94,29"FBFX(4QZO|'HBFX{4g20l!CFV(3|ZG)|HFY(3|20)!FBFY(3'20,

COMMON WBFY (3,200 4DEX{442014DEY{3,420) 4 INSYM, ITERKyITERY 4INsIY

DIMENSION SWY(3,20]

REAL KJdoKP o KS o KXo KY s KV oK ) KXROTC 4 KXROTHyKYROTC s KYROT Wy KD Xy KDY 4 MT

REAL KA KBeKDyKESKCsKF KGyKH KT s KKy KL g KMe KNy KOs KQoKR s KT oKW

N0 106 L=14NS

HUL)=HY{L+ 1)

CItINI=CIYIL, I}

WIGI)=HIY(L,I}

WBLII)=WBLY(L,I)

WIIh=WYL,1)

FBLETI=FBLY(L,I)

WBI(LI=MBIY(Ls1I)

FRAIGI)I=FBIY(L.I)

SWYLL,1)=SY(L,1)

FBMYLL 1 )=(EXFBI{I}/FBLUI) %6, D%ROTYC(L,1))

FRSY(LyI)=(E*FBI D) /(FBLODI*FBLIT ) I={ 12, CxROTYCIL T}
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106 CUNY LHiF

111
110
109

112

252
261
26N
253
263
262
254
255
25¢

257

Nno 129 1=0,yNY

¥} 1170 J=1sNS
ROTYCO) ¢ J)=0,0
RUTYWOT ) =C.0

DO 111 L=14NS
PROUDL=KYROTCLEyJpL b=SYL{T4 L)
ROTYGLI,J)I=RCTYC{I,J}+PROVI]
PRODZ=KYROTW{Es JsL)%SY LI 4L
ROTYWE 1, JI=RCTYW (L, J)+PROV2
CONTINUE

CONT IHUE

CONTENUF

IFCINSYM EQLLIGO TO 112
CALL WRITE3

CONTINUE

CALL CALPAK

CONTINUE

RETURN

END

SUBKROUTINE HRITLE3
COMMON KJUL20,20) sKP L2002 0y KST22920) g KX (44204200 sKY{3420,200 4KV (20

L2000 s KU 20927 NS yNXgNY o [UX G ICY XO{2D) ,YUL 2D yKXKOTWEG 204 20) yKYRUGT .

200342042003 KYROTWE3, 27,20 ) yHI2R) yCII20 W1 L20) wBLEZC) e Wt 20}, FISL(2
B0V WBLL20) s E v EWPEGL yEG e FXL2C) o FYL20) 4 XXTa) 3 ¥Y {3} 4CXI2N),CY(20G) 4RX
4444201 3DX0 44204200 ¢ KUX (A 20420) 4 TIXE20 4201 4ROTI20) VXIG420),TYX(2C
SIaRYI 34200 40V (3420423 sKDYU 3,320,270 3 TTIY (204200 WY (3,20),TVY(20) MT
G120 ¢ TVXALZ20) 2 TVYALZO ) o XHE20) o YHE20) yFBIL 20} yKXROTC (44204200 5 INDIC
THO4Y o INDICY (3 )y RX (420 pCEX04 200 g WIX U4 42C) 2wl XU 432C) s WX {4420} 4FB
BLXLG 320 ¢ WBIX {420 ) o FBIX{ 4420 o HY {3,200 CLY(3,23) 2 WIY(342C) s WBLYL 3
920 g WY (33200 s FBLY(342M) 3aBIV{3,20),FBIY(3,20)

COMMON KAT2D,20) 4 KBI2C 2N 4KDIU2D 420 ) yKELZO,2C) 4 kCL2M,20),KFL2(,20)
L1eKGUL20e20) g KHEZT 420 s KIE2C 4 20) 3 RKI2M 320 ) oKL (204200 o KM{ 2020} 4KN(20
2920 o KOU2C 4200 yKUL2T 27 g KR(27 20D KTI2 200 4K {20,200 s TX {44 20,201

BaTYI3,20020) 4 RTL2202C ) oSX 149200 4SYU3420) sROTXC (4920} 4ROTXW {44200,

AROTYC(3,20)ROTYWI3,20) s TTYXCOZT y 200 9 TVXL (20 ,20) o TTVYCL{22,20 ), TVYC
S(20320) 2 CMXBT4 20 ) CMAXT 44200 3 WMXBLG 20 s WMXT (4220} yFBMX{4420) 4 WM
GXCLH 3201y WBMXWEG 20 ) 4CMYBU 3,200 4CMYTI3,2C) yWMYBL3420) sWMYTI3,200,F
TFEMY (34200 g WBMYC {3420 ) g WOMYWL 3420 ) gCSXL4 1200 sWSALG 2200 ¢ FBSX 420094
BBSXt4420) 3 CSYU34 2N ¢ WSYI3 420 o FBSY {3220 1o WBSY {3,200 yCFX144200) 4WFXL
9G4 20 ) g FBFX 49201 ydBF X4 ,20)yCFY{3,209) 3WFY{3,20)FBFEY(3,20)

COMMON WBFY {34200 4DEX(427) 4 DEY (3420 ) , INSYM, ITERX, ITERY I X,1Y

REAL KJoKP ¢KS s RX 4KY g RV Ky KXRUTC o KXRUTWyKYRUTC s KYROTW  KDX o KDY 4 MT
REAL KA KB KD oKE ¢KC 3 KF pKG yKHpK1 g KE g KLy KMy KNy KDy Kid o KR 3 KT o KK
WRITEL6.292 1 {TYXALL) +1=1 NS}

FORMAT L LH] o (4X, *RESULTANT SHEAR 1IN X-DIRECTION =*,EL3.671))

DD 260 I=1,NX

WRITE(6,261{VXTIyJ)ed=14NS)

FURMATU/ZLHC, (4%, *INDIVIUUAL FRAME X SHEAK =%,3E13.6/1})

CONT I HUE

WRITEL 6,253 (TVYA(L )41 =1,N5)

FURMAT (1HL, {4X, *RESULTANT SHEAR IN Y-DIRECTION =*,E13.6/1))

D0 262 1=14NY

WRITE(G6263) (VY LT yJ) +d=14NS)

FORMATEZLHD, 16X, "INULVIOUAL rRkAME ¥ SHEAR =',3F13.6/))

CONTINUFE

WRITEC(G4254) {X0(1)41=1,N5)}

FITRMAT{EHL s (14X ' CENTRE OF ROTATION IN X-DIRECTION =',Fll.2/))
WRETE(S 2550 IYUCE 12 =14NS)

FORMAT (1H1 s (%X, *CENTRE GF RUTATIOUN IN Y- DIRECTION =9,F11.2/) )
WRITE(6,256) (RGTEI) 4 1=1,N5)

FORMATUEHL 4 {4 X *RITATION IN RADIANS =',F13.6/))

WRITE(G+25THICK

FORMATEIHL o 4X 4 PNUMBER 0OF TTERAT{ON CYCLES X =',13)

WRITE(G64258)1ICY

103



BLXEA,20) s WBIXEA920) o FBIX( 49200 HYE3420)4CT¥ (3,200 yWIYE3,20) s WBLY(3
D200 snY (3,20 s FHLY(3,200 4WBIY(3,20),FBIY(3,20])
COMMUN KAL2C420) 4KBL20420),KDI2C20) 4 KEC2C,20)1KCI 20200 4KF [29,20)
LoKGUZ20D 201 s KHE20 3200 4KT120,20) 4KK{204200,KL 120,200 4KME20,20) ,kN(20
29200 KOU20 2004 KQI20 4201 ¢KRTZ2Cp 2004 KT120, 200 yKWI20,20) ,TX14,420,2G)
F3pTYU3420,200 ,RTL20420) ¢SX (44200 ,5Y(3,20)4ROTKCL4,20] 4ROTAWI4+20),
GROTYCE 34200 yROTYHI3520) TTVXCE2C,20),TVXCT20,20),TTYYCL20,20) ,TVYC
50204200 sCMXBL44200 JCMXTLS 20) yWMXBL4, 200 s WMXT (4,20} ,FRMX{4,20) s WHM
6XCI4.ZOI.HHMXHG’+.ZO}.CMYBIB;ZLl.CMYT(B.ZGl,HMYB(LZOI.HMYT{_%,ZOI,F
FBMY (34250 o WBMYCE3,20) yWBMYW( 3,200 yCSX(4 200 yWSX (45200 4FBSX(% 4200 e m
BBSX04»20) s C5Y(3,200 WSYL3,20) s FBSY (3,200, WBSY {3,200} yCFX{%e20), WFX(
41201 JFBFX {4 ¢20) yWBFX{4420),CFYU3,201,WFY(3,20),FRFY(3,20)
COMMON WBFY (3,200, 0FEX{4+20)1,DEY(3,2C), INSYM, ITERX ITERY 41Xy 1LY
REAL KJ.KP.KSrKX;KY,KV.K.KKRDTC.KXRUTH.KYROTC.KYRUTH.KUK.KUY.MT
RE AL KA.Kﬁ.KD.KE,KC.KF,KG.KH,KI,KK.KL.K‘M.KN.KU.KQ'KR.KI.KN
DO 190 [=1,NX :
WRITE(6,101}1

101 FORMAT(IHL,2X,"FRAME X NUMBER* ,T23,12)
WRITE(6,102)

IN2 FORMAT(LHO// 44X, *COLUMN DATA®)
WRITE(6,103)

103 FORMAT(LHC/sT10,*STORY NUMBER?' ,T26,%JUINT RCVATION(RAD} ' ,T49,
1'BOTTUM MOMENTIKINI® y T72, *TOP MOMENT(KINI® ,T93, *SHEAR(KIP) ', T111,
ZYAXIAL LDADIKIP) ')

DO 104 J=1,NS
WRITELG,105) (dgROTXCUT o) oGMXB (T4 b pCMXT (1, JY3CSXE Ly d b2 CEX(I9d])

105 FORMATULHC » T4, 124 T284E13.464T514E13,64T73,613.64T92,E13.6,T112,
tEL3.6)

104 CONTINUE
WrITE(B,100)

106 FORMATLIHC//44X,*WALL DATAY)

WRITEl&,163)
DO 107 J=1,KS
WRITECG6 1050 L0 ROTXWET U} o WHXB T o} dWMXT (1) o WSXET ) g WFXET s d})

107 CONTINUE
WRITE(6,108)

108 FORMATU{LHO// 4% "REAM DATA')

WRITE{6,109)

109 FORMAT(IHC/4TI04 FLUGR NUMBER?® yT26, *FRAME=BEAM y T43, WALL-BEAM MOM
LENTCKENT? 4 T79 P SHEAR(KIP} Y, TIOG6, 'AXTAL LOAGIKIP)?)

WRITE{6,110)

1in FORMAT(T264 *MOMENTUKIND® 4 T40, *COLUMN=-END® 4T55, "WALL-END* 3 T72, ' FRAM
1E-BEAM? ,TB7, "WALL-BEAM's TLOO, *FRAME-BEAM® ,T115, *WALL-BEAM'}

DO 111 J=1,NS
WRITELO411210JoFBMXCT 4 d) s WBMXC LT oJ) yWBMXWET yJ) s FBSXITsd ) yWBSX(T,d)
LyFBFX(I, ) yWBEX(1441)

112 FORMATUIHC 4 ¥14412,T24,E13,6,T384E13.64T53,E13.64T69,E13.6,T84,E13,
16y TIN0,E13.6,T115,E13.6})

111 CONTINUE
MRITE{6,1123)

113 FORMATULHC//+4X, *FLUOR NUMBERY 3 T25, 'DEFLECTIONCIN] )

DO 114 J=1,NS :
WRITELS ¢ LLSIIJ4DEXLT,J))

115 FORMAY(LHD ,T8,12,T25,£13.6)

114 CONTINUE

100 CONTINUFE
DO 116 I=1,NY
WRITE(64117)I ) .

117 FORMAT{IHL +2X,'FRAME Y NUMBER' ,T23,12

" WRITE{6,102)
WRITE(6,103)
DG 118 J=1,4NS
WRITE(G LOSIEIoROTYCU Ly d) s CMYBUT 4 J) yCMYTUL ) 9CSYULd)sCFYLTd))

118 CONTINUE
WRITEL6,106)

WRITE[6,103)

104



105

DO 119 J=1,NS
WRITE(Gy1OS)IUJsROTYWE Ly ) s WMYB I3 J ) gWMYT O, U)o WSYT g Jh oy mFYLiedd)
119 CUNTIHUE
WRITE(6+108)
WRITE{&,109)
WRITE{6,110)
DO 129 J=1,NS
WRITE(OLE2H 4y FBMY LT g U)o WBMYC LT ¢ J) oWBMYW T 40 ) o FBSY U Jt o WBSY(E,d)
Lo FBFYLT ¢ J Yy WBFY(T,4J1)
120 CONTINUT
WRITE(B4113)
DY 121 J=1.N5
WRITELG115)0JsDEY(T4J))
121 CONTINUE
116 CONTINYE
RETURN
END
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