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ABSTRACT

A computational procedure and computer program for the
inelastic dynamic response analysis of three-dimensional buildings
of ¢ssentially arbitrary configurations is described.

The building is idealized as a zeries of independent
plane substructures interconnected by horizontai rigid diaphragnms.
Each substructure can be of arbitrary geometry and include
structural elements of a& variety of types. Tt is not necessary for
all substructures to connect to all diaphragms, so that structures
witl independent diaphragms of some leve.s van be idealized (as, for
example, two towers connected only at the top floors). The analysis
makes use of substructuring techniques to improve computational
efficiency.

The major limitation is that the coupling Af the substrac-
tures though common cclumns is not fully taken into sccouat, s0
that the idealization is rot suitable for tuve~type ouildings.

The program consists of a "base" program which reads and
prints data for the structure snd its loading, allocates storage,
carries out a variety of bookkeeping operations, assembles the
substructure and building stiffnesses and lo~dings, solves the
equilibrium equations, and Jdetermines the displacement response.
This bese program iz then comoined with a library ~f elerent sub-
routines tc produce ihe jéﬁﬁlé%e progr;J. éﬁ.ﬁ‘utines for new
elements can be developel independently and added to the element
library with relative ease. Subroutines for truss, beam column,
shear panel, semi-rigid connection, and beam elements are currently

included.
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The structure idealization is explained, and tihe
computational procedure and computer progrum logic are described.
Instructions to be followed when adding new elements to the program
are presented, A computer program user's guide and an illustrative

example are included.
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1. INTRODUCTICH
1.1 OBJECTIVE

The seismic resistant design methods specified in building
codes are intended primarily to safeguard public safety. They
recognize that significant gtructural damage may be acceptable
under certain circumstances, and implicity rely cn che inelastic
deformations associated with structurul damage to dissipate seismic
energy. It is essential for safe performance, however, that the
demands placed by an earthquake on the ductility of the structure
should not exceed the available ductility, otherwise loss of
strength may be severe and collapse may result. Methodas of dynamic
response analysis based on linear elastic assumptions can be carried
out convenlently and economically, and can greatly assist in the
production of safe designs. Such methods, however, cannot provide
direct information on the inelastic behavior of the structure, or
on the ductility demands on the structural members. To obtain such
information, inelastic response analyses are necessary.

Buildings are three-dimensional, and often cannot be
represented adequately by two-dimensional idealizations. In
particular, if the center cf rigidity of the struvcture doec not
coincide with its center of gravity, torsional defurmations will
occur and it becomes importa-:t to account for three-dimensional
behavior in the analysis. A variety of computer programs have been
developed for the efficient elastic analysis of three-dimensional
buildings, most notably TABS [3]. Also, several computer programs
have been developed for inelastic seismic analyses of two-dimensional
structures, in particular DRAIN-2D [1,2). The program described in

this report combines the features of TABS and DRAIN-ZD, to produce



an efficient program for the inelastic analysis of certain types of
three-dimensional buildings.

Although tall buildings are three-dimensional structures,
they often have special features that can be used to reduce the
computational effort below that required for a full three-dimensional
analysis. One procedure is to idealize the structure as an assem~
blage of plane frames linked by rigid floor diaphragms, with no
enforcement of compatibility for verticsl and rotational displace-
ments at joints common to two or more frames. Although it is known
that this type of idealization may not be accurate when applied to
framing systems of certain types (particularly framed-tube structures),
it .s a sound idealization for many structures and is in widespread
use fcr linesr elastic analysis.

The purpose of the ?esearch described in this report has
been to develop & similer procedure for the dynamic analysis of
inelastic building structures. This report describes the theory
and computational procedure, and presents detailed instructions
for use and ex“ension of the ccmputer program developed to apply
the procedure.

1.2 REPURT LAYOUT

A review of the structural idealization is presented in
Chapter 2. The computational procedure is presented in Chapter 3
and the program concepts in Chapter 4. The prccedures to be
followed in adding new structural elements are deszribed in Chapter
S. A sample problem is presented in Chapter 6, and conclusions in
Chapter 7. Appendix A constitutes a detailed User's Gude for the

program.



2. STRUCTUFE IDEAT,IZATION

Several authors have proposed methods of analysis which take
advantage of the special features of typical building frames. Clough,
King and Wilson [4] and Wilson and Dovey [5] treated the structure
as an assemblage of plane frsues linked by rigid floor diaphragms.
This cechnique greatly reduces the computational effart, but does
not enforce compatibility of the vertical and rotstional displace-
ments at joints common to two or mora frames. Weaver snd lelson [€]
used a complete three-dimensional approach to the analysis of
buildings, assuming rigid floor diephragms and a rectangular layou'
of framing members. Wilson, Hollings and Dovey [7] and Nair (3]
a:so used a three-dimensi .nal idcalization, but improved the
computational efficiency over tha€ of a fuil three-dimensionsal
analysis by allowing -nly displacemert: in “he plane of the fram=
at joints which are not common to two or rore frames.

A basic assumption of these methods is that each floor acts
as a rigid horizontal diaphragm in its own plane, so that the
horizontal displacements cf all points in the diaphregm plane are
uniquely determined by two translations and one rotation of .each
floor. In accordance with this assumption, the beams are assumed
to bend only normal to the floor slab, and to have no sxial st rain.

The computer program TABS [3] and various programs baced cu
Reference [4] are in widespread use by the engineering profes:ion.
Although it is known that they may not be accurate when applizd to
framing systems of certain types (particula-ly framed-tube st -uctures),
the results for most tall building structures are sufficientl&v

accurate for use in design.



The idealization selected herein for the analysis of

inelastic frame buildings is essentially identicsal to the TABS

idealization.

However. each individual frame is idealizaed as in

the DRAIN-2D computer program [1], so that the resulting idealiza-

tion allows rather greater generality than TABS. In additic .,

greater freedom is allowed in the positioning of the floor diaphragms.

With reference to Fig. 2.1, the structural idealization can

be summarized as follows.

(a)

(v)

(e)

The building must be separated into & series of discrete
plane frames, connected together by rigid horizontal
disphragms, as indicated in Fig. 2.1(a). Each frame
must Le in the verticsl plane, but may otherwise be
essentially arbitrary. A typical frame is shown in

Fig. 2.1(b). The frames may be arbitrarily oriented

and located in plan.

Except for the comnon cclumn approximation noted later,
the only connection between frames is through the
diaphragms. The diaphragms are assumed to be rigid

and horizontal, but may otherwicz be located arbitrarily.
For example, there may be two or more independent
diaphragms at any level, as shown in Fig. 2.1{bv) for
diaphragms 6 and 7. Some frames may be connectad to

a given diaphragm and others not connected, us in

Fig. 2.1(b) where the frame shown is not ccnnected

to disphragm 5.

The disvlacement degrees of freedom for any frame are
organized into two groups namely, (1) internal degrees

of freedom and (2) connected (or external) degrees of



freedom. The horizontal displacements at those foints
which coinect to diaphragms are kinematically related
to the diaphragm displacements, the relationship
devending on the frame orientation and its location
relative to the diaphrarm center. These horizontal
displacements are the connected degrees of freedom of
the frame. All other displacements are internal
degrees of freedom.

Compatibility of vertical and rotational displacements
at Joints common to two frames is not enforced. For
Joint rotations, if two frames intersect at right
angles in plan view, then the rotations w#ill actually
be uncoupled provided the principal axes of the beams
and columns lie in the planes of the frases. For
other cases, however, the rotations will not be
uncoupled, and hence the structural idealization is
approximate. The assumption that common joints may
have different vertical displacements, and hence that
common columns may have different axial deformations
in each frame, introduces a more serious approximation.
To avoid the inconsistency of computing two or riore
different axial forces for a single column, an approxi=-
mate correction for common-column effects is made, as
described in “he following paragraph. However, dis-
placement compatibility is not enforced, and hence the
idealization is not suitable for structures such as
framed tubes, in which there is substantial coupling

through common columns.



(e)

(f)

It is assumed that the axial forces in columns which
are common to two different frames can be obtained by
adding ﬁogether the forces calculated for the two
frames. This addition is carried out by the computer
program and the combined force is used in assessing
P-M interaction effects for common columns. For
framing systems in which the computed behavior is
likely to be affected little by axial deformations of
the columns, this approach is believed to be a reason-
able one. Because the dynamic analysis is performed
step-by-step in a series of small load increments,
consideration has been given to a successive corrections
procedure in which vercical displacement‘compatibility
is enforced by adding corrective nodal forces at each
time step to eliminate the incompatibility while still
satisfying equilibrium. At the tire of writing,
however, this procedure has not been incorporated into
the computer progran.

For dynamic analysis the mass of the structure may be
lumped at the jJoints of the framn: for vertical inertia
effects, but should preferably be lumped entirely in
the diaphragms for horizontal inertia effects. Lumping
of the vertical inertias at the Joints permits
consideration of vertical as well as horizontal ground
motions. The reason for lumping horizontal inertias

into the diaphragm is explained subsequently.

(g) The torsional stiffnesses of all members are ignored.
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3. COMPUTATIONAL PROCEDURE

3.1 GENERAL

Structures to which the proposed technique 1s applicable
must be compcsed of structural components which are separated into
a series of vertical frames tied together by rigid diephragms. As
indicated in Chapter 2, individual {rames are ideslized as in the
DRAIN-2D corputer program, except for the specification of nodes
connected tc the diaphragms. The solution procedure is, however,
substantially more complicated than in DRAIN-2D, because of the use
of substructure techniques to cousider coupling of the frames

throug. tne diaphragms. The procedure is described in this chapter.

3.2 FRAME DEGREES OF FREEDOM

An elevation of a simple frame is shown in Fig. 3.1{(a). The
frame is idealized as a finite number of deformalle elements (members),
connecting a finite number of rodes (joints). The nodes are lccated
in an H, Z coordinate system as shown, where H lies in the global
X, Y plane and Z is verticel. Nodes may have finite dimensions, but
are commonly considered only as points. The elements may be one- or
two-dimensional. Loads may be applied to th: frame directly at the
nodes or through the elements. Element loads must be specified in
terms of elastic fixed-end forces associated with each element.
Lumped masses for consideration of vertical and rotational inertia
effects may be placed at individual nodes. However, masses for
consideration of horizontal inertia effects should preferably be
luwuped into translational and rotational inertias of the diaphragms.

For any frame, the degrees of freedom are typically the two
translational end one rotational displacement at each node. These

degrees of freedom permit extension, two modes of flexural deformation,



and three rigid body motions for each beam-type element. However,
provision is made for degrees of freedom to be deleted, combined,
or connectad to the flcor diaphragms,so that the total nunber of
unknown displacements will usually be substantially less than
three times the number of nodes.

The relationship between the potential displacerents of the
rodes (three at each node) and the actual degrees of freedom is
defined by an Identifying (ID) Array. The procedure used to
construct this array is similar to that for DRAIN-2D, but is
extended to account for the connected degrees of freedom. The form
of the ID array can be explained with reference wo Fig. 3.1.

The degrees of freedom within any frame are basicaily
numbered in the order H, Z and rotational displacement, respectively,
at euch node, starting with node 1 and continuing through the nodes
in increasing numerical order. Hovevef, the numbering of the
degrees of freedom will be affected by constraints of three types,
namely zero displacement, identical displacement and connected
displacement constraints, as follows. The constraints must be
specified by the program user, but the numbering is carried out
automatically by the computer program.

(a) Zero displacements: The ﬁumber zero is assigned to
all degrees of freedcm which are specified to have
zero magnitudes. This will typically include dis-
placements at "rigid" supports (nodes 9 through 12
in Fig. 3.1(a)).

{b) Identical displacements: If displacements are con-
strained to be identical for a group of two or more

nodes, the degree of freedom number is assigned for
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the lowest numbered node of the group, and re~used for
subsequent nodes. Horizontal displecements will
typically be icentical if extensions of a horizontal
beam are to be ignored, and vertical displacerients may
be identiecal if column extensions are to be ignored.
Rotational displac aments might be specified to be
identical in certain cases. 1In Fig. 3.1(a) the
vertical columns are assumed to be inextensible, so
that the vertical displacements at both ends of each
such column have identical degree of freedom numbers.
(c) Connected Displacements: The H displacements of sll
nodes which are connected to a given diaphragm will
be identical, and must ultimately be related to the
rigid body displacements of the diaphragm. These H
displacements are numbered last within each frame. If
there are k degrees of freedom for the frame, excluding
connected degrees of freedom, then the H displacements for
nodes connected to diaphragm n are assigned degree of
freedom number k + n.
3.3 FRAME STIFFNESS
The frame stifiness matrix is assembled exactly as in the
DRAIN-2D program, by establishing a Location Matrix, or "IM" array,
for each element, relating the degrees of freedom of the element to
those of the framé.
In expanded form, the assembled stiffness matrix for a
typical frame will have the "arrow" form shown in Fig. 3.2, with
the internal degrees of freedom corresponding to the shaft of the

arrow and the connected degrees of ‘reedom to the arrowhead. In



11
the computer program, only <he top half of the stiffness is stored,
columnwise in compacted form ignoring all terms up to the first

nonzero term in any column.

3.4 FRAME LOAD VECTOR

For loads applied directly to the nodes of a frame, the frame
load vector R, is assembled by use of the "ID" array. Loads origi-
nating within elements are assembled using the "IM" arrays. 1In either
case, if a particular nodal displacement is fixed aud has no degree
of freedom, any corresponding loads are ignored. If two or more
nodal displaéements are assigned identical degrees of freedom, any
corresponding loads are added together.

Loads may ulso be specified to act on the diaphragms,
rather than on individuel frames. The procedure for dealing with

these loads is explained subsequently.

3.5 FRAME MASS MATRIX

The masses associate? with a particular frame must be lumped
at the nodal points, so that the frame mass matrix is diagonal. At
the frame level, it is usually wise to specify only masses associated
with vertical and rotational degrees of freedom, and to lump th=
masses for ccnsideration of horizontal inertia effects into trans-
lational and rotational inertias of the diaphragnms.

The reason for this is that the vertical and rotational
displacements will always be internal degrees of freedom, whereas
horizontal displacements may be connected to the diaphragms. During
the analysis, horizontal inertia effects at connected nodes are
transformed into equivalent horizontal and rotational inertias of
the diaphgrams. However, this transformation accounts only for

inertia effects in the H direction for any frame, and not for inertia
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normal to the plane of the frame. Hence, unless these normal
inertias are accounted for as H inertias for the intersecting frames,
some inertia efrects may be lost. Hence, it isrecommended that the
program user lump all horizontal masses into translational and
rotational inertias of the diaphragms, and sperify them as
diaphragm properties.

The frame mass matrix is assembled by use of the "ID" array.
If a particular nodal displacement has no cdrresponding degree of
freedom, any corresponding mass is ignored. If two or more nodal
displarements are assigned the same degree of freedom, any corres-

ponding masses are added together.

3.6 CONDENSGATION OF FRAME STIFFNESS AND LOAD VECTOR

The equilibrium equations for & single frame can be written

=II =2IE
(3.1)

Lo
i Kr EEE} iIEi Ry

[

as: = b
Mk K ] TE \

i

[

|

in vhich ry and rp are the internal and connected degrees of freedcm
of the frame, respectively; 51 and EE are loads on the frame

corresponding to r; and Ips and E{I’ EIE' EEI and EEE are frame
stiffness submatrices. The load vector and stiffness matrices are
assembled as described in the preceding sections. Because the
connected degrees of freedom are numbered last for each frame, the
stiffness matrix storage within the computer conforms to the
partitioned form of Eq. 3.1.

For each frame, a stiffness and load vector in terms of the

connected degrees cf freedom only are obtained by condensing out
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the internal degrees of freedom, I In matrix form the condensa-
tion process is a: follows:

1 -1

Iy = K B - Ky Kyp g (3.2)
Hence
Keprp = EE (3.3)
in which
= _ -1
Ree = K - %er Kip Kpg (3.1)
and

~ -1 (
Ry = Bg-Kyp K By (3.5)

EEE and EE are the required condensed stiffness and load

vector, respectively. Eq. 3.2 allows T to be determined when Iy

is known.

In the computer program, the condensation is carried out by
eliminating only the equations corresponding to I
solving process. The remaining portions of the stiffness matrix

in tne equation

and load vector are then the required matrices K,. and R,. The
—EE £
partially triangularized matrix alsoc provides all the necessary

coefficients to allow I; to be determined when Iy is knowu.

3.7 BUILDING STIFFNESS

The condensed stiffriess matrix for each frame is tne frame
stiffness in terms of the H displacements only. These coadensed
matrices can be combined to form a stiffness matrix for the complete
building, in terms of the rigid body displaccments of the diaphragnms.
To do this the condensed frame stiffnesses must be transformed toc a

common displacement system in terms of two translations and one



rotation of each diaphragm at the center of mass of the dlaphragsm.
The centers of mass need not have the same ¥, Y ~oordina*es for all
diaphragms.

The transformation relating the connected dezrees of freedom
of a typical frame to the diaphragm displacement ~an be nbtained with
reference to Fig. 3.3. The transformation for diaphragm n and frame
mis:

r
Xxn

r = < cosa_ siny - 4d > r

“nm m i} nm ‘ yn
r .

t an !

in which - = H displacement for diaphragm n and frame m, and tk=
remaining quantities are shown in Fig. 3.3. The transformaticn for
a single fram> and all diaphiragms car hence be written as:

?xl‘
T |
: . |
= [cosa (1] sina (1] - [*d ]} |'y1 | (3.7)

r

éw

yn |
o1
renJ
or I, Th3
in which [I] is a unit matrix; [dnm] is & diagonal matrix conteining
tne normal distances dnn from the diaphragm centers to the frames;
and g is the sector of diaphragm displacements. The condensed frane
stiffness transformed to the diaphragm system is therefore

T
A K By

gxl

in which 5m is the condensed stiffness matrix of frame m, in frame

cocrdinates; and Em is the contribution of frame m to the building
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stiffness. Eg. 3.8 can alsc be written as

i 2 - 7
i cos“a K cosay sina_ K -sosa Em[ dnm]
2 N
sin® K -sina Em[ dnm]
g = (3.9)
“m SYMMETRICAL ( dm] l_(m[ dm]

The building stiffness matrix for all frames is assembled

by simple addition of the individual frame stiffnesses. That ic

K= I (3.10)

é?ﬁl

It can be observed that if all frames are parallel to the X
or Y axes, then the terms cosamsinamgm will be zero, so that it is
not necessary to form this part of the matrix. Other off-diagonal
submatrices of Eq. 3.10 may b~ zero because of symmetry in certain
cases.

The building s.iffness matrix is stored columnwise by the
program s a compacted array, in order to minimize storage require-
ments.

3.f BUILDING LOAD VECTOR

Loads may be applied to the individual frames or directly to
the diaphragms. Loads applied to the frames are condensed during
the static condensation process, as already described, and must then

be transformed to the diaphragm system. The transformation is

Qmsx_xigﬂ (3.11)

in which Qm is the contribution to the building load vector from
the loads on frame m; and Bm is the condensed load vector for frame

m in frame coordinates.
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The building load vector is form=d by adding the frame
contributions and any lceds, F, which are applied directly to the

diaphragms., That is

Q = I Q +F (3.12)

3.9 BUILDING MASS MATRIX

Horizontal inertia effects at the buildine level are obtained
from the specified translational and rotational inertias of the
diaphragms. It is required that the diaphragm inertias be
referred to the diaphragm centroids, so that the ciaphragm mass
matrix is diagonal.
3.10 SOLUTION FOR STATIC LOADS

The equilibrium equations for the buil’ing under static

loading can be written as
e=Kaqg (3.13)

Eg. 3.13 is solved directly to give & vector of diaphragm
displacenents q. For each frame the connected dezrees of freedom,
r, are computed from these diaphragm displacements, using the
transformation of Eq. 3.7. To find the irternal displacements of
each frame, EI’ Eq. 3.2 is then used. In the computer progrem
these internal displacements are computed by back substitution,
beginning from the last internal degree of freedom in the paruialiy
reduced frame stiffness. The determination of member forces is then
carried out exactly as in the DRAIN-2D program, using the state

determination procedure described in Rererence [1].
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3.11 STEP-BY=STEP DYNAMIC ANALYSIS

The step-by-step procedure for dynamic response is essentially
identical to that used in the DRAIN-2D program, except that the
equaticn solving is modified to account for substruccuring.

At the frame level, Eq. 3.1 is modified so that the stiffness
matrix and load vector include contributijons from the frame mass and
danping matrices and the initial conditions at the beginning of the
time step. The load vezior also includes terms to correct for
equilibrium unbalance at the end of the previous time step. The
stiffness matrix is the tangent stiffness &t the beginning of the
time step.

The condensation of the frame stiffness matrix and losad
vector, and the transformation and addition of the condensed mairices
to give the building stiffness and load vector, are carried out
exactly as for static analysis. The building =tiffness matrix and
load vector are then augmented by terms depending on the diaphragm
mass matrix and the diaphregm motions, and the equilié;iuﬁ‘kqastigns
for the building are solved to give increments of diaphragm displac;;”
ment. The diaphragm displacements are then transformed back tc the
individual frames, and the back substitution is completed. The

state determination phase proceeds exactly as in DRAIN-2D.

3.12 GEOMETRIC STIFFNESS

In the elements developed to date for the DRAIN-2D program.
it has been assumed that the geometric stiffness is zero for the
static analysis, and remains constant throughout the dynamic

aralysis. The simple "truss bar" geometric stiffness has been used
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for both truss elements and beam-coluw viements, using the axial
force under s.atic load., This assumption of constant gecmetric
stiffness is reasonable for a typical plane building fra-e with
vertical columns, because the total P-ici:.a effect i any story for
a single frame depends on the sum of the cclumn forces in the story,
and this sum remains constant if only horizontsl grourd motions and
inertia effects are considered. The assumrtion of co.stant geometric
stiffness is ccnvenient computationally because it ensures that
changes in element stiffness occur only when an element yields or
unloads. If the gecmetric stiffness were to be changed continuously,
then.the struc’ure stiffness would change every time step, and
executior, times wculd incresse.

In a three-dimensional building, unfortunately, the -delta
effect in any story is no longer constant. This is because there
are both translational and torsional P-délta eftects in the story,
and although the translational effects remain constant, the t.. sional
effects do nol. Nevertheless, in the current version of the
computer program, the geometric stiffnesses are asrsumed to remain
constant, as for a single plane frame. As a result, the torsional
P-delta effect in any story will not be represented exactly at any
instant of time. It is not clear at the time of writing whetner
this can introduce significant error.

It should be noted that the assumption of constant geometric
stiffness is not essential, sand that elements in which this stiffness
varies from time step to time step cculd be developed if desired.

During the condensation of the frame stiffnesses and
assembly of the brilding stiffness, the frame geometric stiffnesses

are transformed into geometric stiffnesses for the building. Within
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any frhme. however, the geometric stiffness accounts for P-delta
effects only in the H direction, and not in the direction normal
to the plane of the frame. Hence, if the P-delta effect in the
normal direction iz not accounted for by intersecting frames, the
building geometric stifri=2ss will not be correct. Further, even
with intersecting frames the geometric stiffness will be correct
only for frames intersecting at right angles. This is a similar
prcblem to ithat which arises with the transformation of horizontal
inertia effects from individual frames to the complete building.
However, whereas the problem can be overcome for inertia effects
by lumping all horizontal masses into the diaphragms, no similar
solution is available for geometric stiffnesc. Hence, the inclusion
of P-delta effscts by means of geometric stiffnesses is at best

approximate.

3.13 COMMON COLUMIS

Provision is made in the program for the axial forces in
common columns to be computed as the sum of the forces for correspond-
ing elements in the intersecting frames. The option is currently
available only for beam-column elements, but could be incorpcrated
into any new elements developed for the program if desired. The
option is also currently applied only for axial forces. However,
storage is allocated for moment information as well as axial force
information to be transferred between common columns, so that elements
incorporating yield criteria with biaxial bending could conceivably
be developed in the future.

For initial force effects and static snalyses, the axial
forces for common elements are added, and the sum is then used for

determining the geometric stiffness. Because initial and fixed end
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forces are added, it is important to specify initial and fixed end
axial forces for only one of the ccmmon elements, otherwise the
combined value may be too large. For the static analysis and each
step of the dynamic analysis, increments of axial force are
computed and added to the exisling force to give an updated value.
When the yield criterion 1s being evaluated “or a beam-column
element, the axial force which is used is the value including the
increment for that element and time step. If this is the first of
two (or more) common elements to appear in the element sequence,
ther the axial force will not include the increments from the second
{(or later) common elements, and hence will be out of date by @
portion of the step. Because the force increments within a time

step shculd be small, this is not believed to be a serious error.

3.14 SOLUTION OF MODIFIED EQUILIBRIUM EQUATIONS

The equilibrium equationes are solved using a subroutine
derived from the efficient in-core equation solver OPTSOL [G]. If
the response of any frame within a time step is such that no elements
within the frame change their yield cstatus (by yieldirg or unloadingi
then the triangularized stiffness matrix for that frame remains
unchanged. TIf, however, status changes occur in one or more elements,
a new triangularized form for the frame stiffness must be constructed.
Because the change will generally not affect the entire stiffness
matrix, computer time can be caved by carrying out triangularization
operations on only that part of the matrix which changes. If the
first degree of freedom to be affected by a change is in row j, then
triangularization operations need to be carried out only on terms in
and below row j. ‘This is done automatically, subject to the follow-

ing qualificaticr.
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Fig. 3.4 shows a frame stiffness, in which changes are to
be made below row J. In the program, the un-triangularized frame
stiffness is first modified by adding tc¢ it any changes resulting
from status changes in the element. Then, if sufficient core storage
is availsble to store the previously triangularized matrix, this
matrix is set up, and all reduced coefficients above row j are
transferred to the un~triangularized stiffness {the cross-hatched
region in Fig. 3.4{a)). The triangularization then proceeds beginn-
ing at row J. If, however, there is insufficient storage to hold a
duplicate frame stiffness, then the previously reduced coefficients
must be recalled from disc rather than transferred {rom core.

The triangularized stiffness is stored on disc columnwise as a
single record. Hence, with a single READ statement it is possible
to transfer only those reduced coefficients shcwn ty cross hatching
in FPig. 3.4(b). Thus, unless a more complicated reading procedure
is used, it becomes necessary to triangulerize all columns beyond
column j. A more complicated reading scheme is believed to be
undesirable, because the input/ocutput cost is likely to exceed the
cost of performing the extra trisngularization operations. Hence,
for tne case In which a duplicate stiffness matrix cannot be held
in core, the number of numerical operations required for
re-triangularization is increased. The storage of duplicate stiff-
nesses is controlled by a user-selected storage option, as explained

in Chapter L.
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4, PROGRAM FEATURES

4,1 PROGRAM CONCEPTS

The program described in this report consists of a number of
"base" subroutines which read and print the structure and loadin~”
data, allocate storage , carry out a variety of bookkeeping operations,
assemble the frame and huilding stiffnesses and load vectors, solve
the equilibrium equations. and determine the displacement response
of the structure. This base program is combined with element sub-
routines to produce the ccmplete prograr. Characteristics of the

program are described in the following sections.

4.2 MODULARITY

The program is modular, so that subroutiners for new elements
can be developed and added with relative ease. All data input and
output operations for the elements, and ail element stiffness and
state determination salculations, are carried out within the
2lement subroutines. The requirements for transfer of information
to and from the element subroutines, and the stiffness and state
determination calculations,have been reduced to an essentially

standard procedure which applies for elements of virtually ali tyves.

4.3 STORAGE ALLOCATION

The program ic organized to make efficient use of the
available core storage. This has been achieved by using dynamic
allocation for blank COMMON storage and by buffering data into
large blocks for transfer to scratch (disc) storage. The required
information for tne computation is grouped in data blocks as follows.

Arrays vhich may vary in size from problem to problem are stored in
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blank COMMON, with the storage allocated at execution time.

(1)

(2)

(3)

General building data. This block conteins information required

to allocate storage and control the analysis, plus information

on diaphragm motions, earthquake records and common columns.

Building stiffness matrix. is matrix is stored in compacted
form, allowing for symmetry. With certain storage options

(as descrited in the following Section) this core storage area
may be shared with other data, the stiffness matrix being
wiitten on a scratch file and recalled as necessary. A dupli-
cate stiffness matrix may also be stored, in order to reduce
the execution time for re-triangularization of the stiffnecs

as the structure yields.

Frame data. For each frame the following sub-blocks of data
are stored. Depending on the storage option selected, the
data for all frames may be held in core simultaneously, or for

only one frame at a time.

(a) General frame data. This block contains information
required to control the frame computations, plus infor-

mation on the motions of the nodes.

(b) Prame stiffness matrix. This macrix is stored in
compacted form. With ceriain storage options a dupliicate
frame stiffness matrix may also be stored, in order to

reduce execution time.



{c) Condensed frame stiffness matrix. The condensed frame
stiffness is extracted from the partially reduced frame
stiffness and copied into labelled COMMON/WORK/ to simplify
the coding. This 1limits the number of diaphragms to a
maximum of 61 for the currently arsigned length of 2000

for this common block.

(4) Element information. The element information is stored either

in core or on scrach disc, depending on the problem size, the
storage option selected by the user, and the available storape.
If the datva for all elements of all frames can be accommodated
in core, then the data remains in core and no input/cutrut
operations to scratch storage are required. If storape on

disc is necessary, the information is blocked to mininize the
number of input/output operations. The storage used is that
remaining after all other information has been storsd in blank
COMMCN. The number of elements is rot limited by the available
core storage, except that the storage must be sufficient to
hold the information for at least one of the elements requirine

the largest number of data locations.

L.4 STORAGE OPTIONS

In order to provide both efficient computation for small
problems and the capability to analyze large structures, a series of
10 different storage cptions is available to the program user.
These options vary primarily according to whether or not the data
for all frames are to be held permanently in core (so that input/

output operations to scratch storage are minimized), and whether or



rot duplicate stiffnesses are stored (so that the computational

effort required to re-triangularize any modified stiffness matrices

is minimized). Storage Option 1 requires most core but provides

for the most rapid execution, whereas Option 10 requires the least

core but may involve succstantially larger execution times.

The storage options can be explained in terms of the

following four storage codes.

(a)

{v)

Storage Code A:

(i) Code = 1 if the general frame data blocks for
all frames are to be held in core simultanecusly.

{ii) Code = 2 if the general frame data block for

only one frame at a time is to be held in core.

Storage Code B:

(i) Code = 1 if all frame stiffness matrices plus
duplicates of all these matrices are to be held
in core simultaneously.

(i1) Code = 2 if all frame stiffness ratrices are to
be held in core simultaneously, but space is to
be provided for only one duplicate matrix.

(iii) Code = 3 if only one frame stiffnesc matrix plus
one duplicate matrix areto be held in core at
any time.

(iv) Code = L if only one frame stiffness matrix is

to be held in core at any time, with no orovision

to store a duplicate matrix.
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(¢) Storage Code C:

(i) Code = 1 if the building stiffness matrix plus a
duplicate matrix are to be held permanently in
core.

(i1) Code = 2 if the building stiffness matrix is to
be held permanently in core, but no duplicate
matrix.

(iii) Code = 3 if the building =stiffness matrix is to
use tho smune storage area a3s the frame stiffness

matrices.

The values of these codes are assigned by th~ zrogram for each of the
10 different siorage options as shown in Table 4.1.

For all storage options except Option 1 the stiffness matrices
for different frames share the same storage area, and the allocated
storage must be sufficient to accommodate the largest matrix. If
the building has frames of different sizes, and if & storage option
for which storage code B = 4 is selected, then for some of the
smaller frames it ma; be possible to store both an original a§d a
duplicate stiffness matrix in the storcge allocated for the largest
matrix. If this is so, then the program will sutomatically provide
for a duplicate stiffness matrix for these smaller frames.

During data checking runs, the required data storage lengths
for all 10 storage options are printed, to guide the program user

in selecting an appropriate option.



4.5 OVERLAY STRUCTURE
The program is =ubdivided intc overlays in order to reduce
core storage requirements. The overlay rrocedure will operate on
CDC 6400/6600 computers, and will require modification for other
machines. However, because the overlay structure is simple, it is
not anticipated that conversion will be difficult.
The overlay structire is as follows.
(0,0) overlay (i.e. main link): a small number of control
subroutines.
(1,0) overlay (follows main link): subroutines for input
of structure, frame and loading data.
(2,0) overlay (replaces (1,0) overlay): subroutines fcr
execution of the step-by-step analysis.
{3,0) overlay kreplaces (2,0) overlay): subroutines for
organization of the time-history results.
Blank COMMON is allocated at the end of the program at each stage.
Because the program length varies from stage to stage, the data in
blank COMMON is sutomatically written to a scratch file at the end
of each overlay, and recalled into its new location immediately

after the next overlay is loaded.

k.6 FIELD LENGTH

The length of blank COMMOKN must be specified at execution
time, and the program automatically sets the field length to the
required length for each overlay. The sutroutine which sets the
field length on the CDC 6400 at the University of California,
Berkeley, is subroutine MEMORY, which is system dependent. For

other computers the call to MEMORY (f{rom subroutine MEMRY) must be

1
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changed to the gppropriate system subrouiine (e.g. XRFL for most
CDC 6600 installations). This involves a change in only the MEMRY
subroutine.

As previously noted, the required lrngths of blank COMMON
for all 10 storage options are printed by the program during data
checking runs, sc¢ that the selection of an appropriate length for

any execution run should not be a serious problem.

4.7 RANDOM ACCESS REQUIRFMENT

At any time step of the dynamic analysis, it can be expected
that only scme (or none) of the frame stiffness matricss will need
to be modified. Hence, for storags options in which the frame
stiffnesses are stored on disc, it is inefficient to access the
frames sequentially’, oecause this would require reading and re-
writing the stiffness matrices ior £l11 frames each time any onc
stiffness required modification. ilence, to reduce input/output
cost, the frame stiffrnesses are r--alled from dis= using a random
access; feature. This feature is sysiem dependent, so that program
changes will be needed to convert the progrem to other computer
installations.

Details of the Eerkeley random access routine (TSDISK) are
given in Tatle L.2.

For other computers it will be necassary to write four
subroutines, namely O;TDISK, CLDISK, WRDISK, RDDISK, which will
perform the same functions as described in this table. These
subroutines should be simple, requiring probably only one

executable statement.



Subroutines OPTDISK and CLDISK are called from Program
SDRAIN in Overlay (2,0). The maximum record length (LSTR) required
for the largest frame stiffness is available in SDRAIN, and can be
used to open the random fileset if required by the specific
computer. During data checking runs {which do not require random
access), the required number of random access records and the
maximum record length is printed. This information can be used
for execution runs if special control cards are required to use
random access.

Subroutines WRDISK and RDDISK are celied from Subroutine
SFRAME in Overlay (2,0). It is expected that it will be not necess-
ary to change SFRAME, tmt merely to develop two simple subroutines.
The present computer coding contains comment cards which specify
the functions of these subroutines and show from where they are

called.

L.8 REORGANIZED TIME-HISTORIES

During the step~by-step analysis, time-=histories of results
are generated for all nodes and elements at one step, followed by
all nodes and elements at the next step, etc. The printout of the
time-histories in this form is inconvenient, and hence provision is
made for them to be reorganized tc give ay: time steps for one node
or elewent followed by all time steps for the next node or element,
etc. This reorganization is coded using standard FORTRAN input/
output commands, and requires a large amount of disc record
manipulation. However, the prcgram length in the reorganization
rhase (Overlay (3,0)) is shert, so that peripheral processor costs

in this phase will be low for those billing algorithms which base
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PP cost on central memory requirements.
This phase of the program could undoubtedly be re-coded to

provide more efficient =xecution on particular computer systems.



TABLE 4.1

DATA STORAGE OPTIONS

35

OPTION 314 s ] 6 8 10
CODE A 17111} 2 2
CODE B 2l 3wy 3 4
CODE C 2]l 2|2} 3 2 3
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TABLE 4.2
CDC 6400 RANDOM ACTESS FEATURE

I9 CAL TSDISK: FEB 1972

IDENTIFICATION
Code Designation: I9 CAL TSDISK
Title: Random Access Disk  Input/Output
Subroutine
Author: Thos Sumner, Computer Center,
University of California, Berkeley
Date: Revision: February 1972
Environment: Machine: CDC €000 Series
Operating Sys“em: CALIDOSCOPE
Coding Language: COMPASS
Iinkage Convention: RUN2 Fortran
Program Name: TSDISK
Entry Points: CLDISK, LERDISK, MTDISK, OPDISK,
RDDISK, WRDISK, NMDISK
Availability: CLDR System Library (Public
Fileset SUBRLIB)
PURPOSE

To provide random access disk storage for the Fortran programmer.

USAGE

The user must provide an index array whose size is greater than the
number of distinct records to be written or the random access file-
set. The fileset RANDOM is normally used by TSDISK and should riot

be accessed by any other routine. TSDISK may only be used to read

a fileset which it has created.

To open fileset RANDOM

and provide access to the index array by T3DISK, OPDISK is normally
called exactly once before any other call is made to TSDISK in the
Job step.

CALL OPDISK (N,INDEX)

N - the dimension of the array INDEX, N > 2. At most N-1 indexed
records (identified by the integers from 1 to N-1) may be
written on RANDOM, If RANDOM was written in a previous job
or Job step, N must be at least equal to the value used wien
it was writter.

INDEX - the array declared in the user's program to hold the
random file index.
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TABLE 4.2
(CONTD)

To write on fileset RANDOM
CALL WRDISK(IW,ARRAY,IW)

IW - 4“he record identification number f>r the record to be
vritten. IW is an integer and 1 < IW < N. Tue values
allowed for IW may, but need not, te used in their natural
order (IW = j, followed by IW = j+l1).

ARRAY - the first word of the block of data to be stored on the
disk as the record identified by IW.

KW - the number of words to be writtcrn in the record identified
by IW.

If a record has already been written for the given value of IW, it
will be superseded by the new record, and the disk space used by the
cld record will be reused provided the new record is not longer than
the 0ld one. If the new record is longer, the disk space occupied
by the old record is wasted.

To read from fileset RANDOM
CALL RDDISK(IR,ARRAY,KR)

IR - the identification number of the record to be read.

ARRAY - first word of the block into which the data in the
indicated record are to be read.

KR - the number of words to be read from the indicated record.
This must be less than or equal to the number of words
written in the record.

To close the fileset RANDOM

CALL CLDISK

This call is used to close the fileset RANDCOM after it is written if
it is to be preserved for use in a subsequent job or job step.

CLDISK need nct be called if RANDOM is only being read in the current
Job step.
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5. ADDITION OF ELEMENTS TO PROGRAM

5.1 GENERAL

New elements may be aided to the program by developing five
subroutines for each element, as dascribed in this chapter.
Informaticn is transmitted tc ané from the subroutines through short
argument lists and labelled COMMON ilocks. The procedures which
must be observed are described in the following sections. These
procedures are essentially the same as those for the DRAIN-2D pro-
gram, but are extended to include changes since Reference (1] was
published.

The five subroutines required are as follows. The "X" at

the end of the subroutine name must be a number (currently from
1 to 10) to identify the element type.

(1) INELX: Input and initialization of element data.

(2) STIFX: Calculation of element tangent stiffness.
This may be termed the "linearization" phase.

(3) RESPX: Determination of increments of element
deformations (strains) and forces (stresses),
determination of yield status, and output of time
history results. This may be termed the "state
determination" phase.

(k) OUTX: Output of final envelope values for element
deformations and forces.

(5) THFRX: Output of re-ordered time histories for element

results.
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5.2 CONTROL INFORMATION

In the input data for each frsme, the elements must be
arranged in groups such that all elements witnin each group are of
the same type. The bare program ther establishes certain variables
to maintain control over the subroutine calling sequence and other
parts of the computation. The control variables are as follows.

The procedures for using them are described subsequently.

(1) KCONT: KCONT (1) contains the element type mumber for
the group of elements currently being input. KCONT
(2) contains the number of elements in this group.
KCONT (3) through KCONT (10) may contain other integer
information on the element group, as desired by the
programmer. The use of this array is explained in
Section 5.8.

(2) FCONT: This array is similar in purpose to KCONT,
but contains real information on the element group,
up to a maximum of 3 values.

(3) NN: An undimensioned vr.riable, equal to the total
number of nodes in the frame.

(4) NINFC: NINFC (N) contains the number of words of
information stored for each element in the Nth group of
elements. This number is the length of the labelled
COMMON block INFEL created for elements of this type,
as described in Section 5.3. NINFC (N) is transferred
to subroutines INELX, STIFX, RESPX and OUTX through
the argument lists, and is treated within these sub-

routines as an undimensioned variable.
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(5)

(6)

(7

(8)

(9)

NDOF: NDOF (N) contains the number of element degrees
of freedom for each element in the Nth group. NDOF (N)
is transferred to subroutines INELX, STIFX and RESPX
through the argument lists as an undimensioned variable.
MSTEP: An undimensioned variable set equal to the step
number in the step-by-step integration sequence. For
the static load case, MSTEP = O,

KPR: An undimensioned variable which indicates whether
or not time history information for the current element
is to be printed.

KST: An undimensioned variable which informs the base
program whether or n.t the tangent stiffness matrix

has changed for the current element at the current time
step. Fach time an 2iement stiffness changes, the
frame and building stiffnesses are modified as necessary.
KBAL: An undimensioned variable which informs the base
program whether or not unbalanced loads have developed
vithin the current element at the current time step.
Any unbalanced loads must be assembled into the frame
load vector for the next time step, to re-establish
equilibrium. In general, unbalanced loads will be
produced within an element at the same time that changes
occur in the element tangent stiffness. However,
separate indicators (KST and KBAIL) are used to permit
the prograrmmer to suppress either the stiffness change

or the unbalanced load correction if this is desired.
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(10) ITHP, NELTH, ISAVE, ISE, NFJ: Variables for control
of the reorganized time-history printout. Their

meanings and uses are explained in Section 5.k.

5.3 ELEMENT INFORMATION BLGCK

For each element a block of information must be created and
continually updated. All information to be retained for any eiement
must be contained within this block.

For the purposes of adding element subroutines to the
program, the element information is contained within the labelled
COMMON block INFEL. This block may be divided in any way the

programmer wishes, subject to the following restrictions.

(1) The maximum length currently permitted is 200 words.
This could easily be changed.

(2) The first varisble must be the number of the element
within the element group. This is a single integer
variable, for which the name IEL is suggested. The
value of this variable is set in the INELX subroutine,
and must not be changed subsequently.

(3) The second variable must be KST, which must be set as
explained subsequently.

(L) The third variable must be the "LM" matrix for the
element. This is an integer array with a dimensioned
length equal to the number of element degrees of
freedom. The name LM is suggested. The values in the
array must ve set in the INELX subroutine, as explained

subsequently.
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The labelled COMMON block INFEL must appear within subroutines
INELX, STIFX, RESPX and OUTX. During the execution of subroutine
INELX, the information in this block must be iﬁitialized for each
element. This initialized information is then transferred, by the
base program, to a scratch storage file. After all elements lLave
been considered, the information is brought back inté cors for all
elements and stored compactly in the available siorage. If this
storage becomes filled, the elements stored constitute an output
block. This output block is written on a scratch file, and a new
output block begun. At each cycle of the subsequent calculation,
the output blocks must be returned to core, updated and rewritten
on scratch files. The blocking and input/output operations are all
carried out by the base program. If the information for all elements
cen be held in core, then there is no input/outrut of output blocks
to scrateh storage, and input/ocutput costs arc reduced.

Within subroutines STIFX, RESPX and OUTX, the element
information is not available directly within COMMON block INFEL, but
is stored in an array COMS transferred through the argument list.
The address assigned to COMS in the base program is the address of
the first word of the data for the corresponding element in the
output block storage area. In order to transfer the data to INFEL,
statements essentially as follows should appear at the beginning of
each of the STIFX, RESPX and CUTX subroutines.

COMMON/INFEL/IEL, KST, IM(..), . . . .
DIMENSION COMS (1), coM (1)
EQUIVALENCE (IEL, COM (1))

DO 10 N = 1, NINFC

10 COM (N) = coms (N)



L3

These statements transfer the element information from the output
block storage area to COMMON block INFEL. Note that because COMS
and COM are botk real varisbles, the trsusfer of data from COMS “o
COM is made without mode change. This is, it is immaterial whether
the data being transferred is ultimately to be interpreted as real
or integer.
At the end of the subroutine KRESPX, any updated element

information must be transferred back to the output block storage

area. This may be achieved by the following statements

DO 100 N

[]

1, NINFC

100 COMS (N) = coM (W)

However, it is common for only a part of the element informution to
be changed, and hence it may be more efficient to transfer the
modified data selectively. For example, if only the 25rd through

30th items in the INFEL block have been changed, the coding could be

DO 100 N

23, 30

100 COMS (N) = COM (N)

Similarly, in transferring data from the output block storage area
to the INFEL block the programmer may wish to save computer time by
transferring only selected words. In some cases, it mey even be
desirabl~ tc use and modify the data with direct reference to
variable COMS, without transfer to the INFEL block. In generai,
however, the coding of the element subrcutines is greatly simplified
if appropriate variable names are created within the INFEL block.
The computer time required to transfer the data within core should

be a relatively small part of the total execution time. Also,
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because the arrays in INFEL are in fixed storage, whereas the
address of COMS is transferred through the argument list, the
compiled code for reference to arrays within the INFEL block is
likely to be mor= efficient than if reference were made directly to
COMS. This greater efficiency should compensate for the time
required to transfer the data.

The informatior. in the INFEL blcck may be updated only in
the RESPX subroutines. That is, subroutines STIFX may use the data
but may not change it. This restriction is also present in DRAIN-2D,
and is imposed to reduce the number of input/output operations to
seratch storage for cases in which the information for all elements

cannot be held in core.

5.% TIME HISTORY BLOCK
The labelled COMMON block THIST is used to control

re-ordering of the time history results. This block is as follows.

COMMON/THIST/ITHOUT(10), THOUT(20), ITHP, ISAVE, NELTH, NSTH, NFT, ISE

Variables ITHP and ISE are set from user-specified input data, as
follows.

(a) ITHP: An undimensioned variable which indicates whether
time history printout is required (1) orly as the
computatien progresses (i.e. not re-orderedj, (2) both
as the computation rrogresses and at the end of the
compulation (i.e. re-ordered), or (3) orly at the end
of the computation. ITHP is set to values 0, 1 and 2,

respectively, for these cases.
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ISE: Tape storage code, to indicate whether or not
the re-ordered time histories are to be saved on
storage unit TAPE7 for subsequent off-line procescing

(e.g. plotting using user-developed plot routines).

The remaining variables are set or used as follows:

(c)
(d)

(e)

(f)

(g)

NFT: Storage unit number, currently set tc T.

NELTH: This indicator counts, for each frame, the
number of elem¢nts for wnich time history results are
requested. It is initiali‘ed to zero for eact new
frame by the base program and incremented in the INELX
subroutines as explained in Section 5.8.

ITHOUT /10), THOUT(20): Areas used to transfer time-
history date from the RESPX subroutines for subsequent
re-ordering. The procedure is explained in Section 5.10.
ISAVE: This variable informs the base program whether
or not a re-ordered time history printout is required
for the current element. It is set to zero by the base
program for e2ach element before entry to RESPX, and
must be set within RESPX as explained subsequently.
NSTH: The variable counts the total number of time
steps in the time-history priantouts. It is set auto=-

matically by the base program,

The values of the variables in the THIST block must not be set in

the element subroutines except as indicated in the subroutine

descriptions.
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5.5 WORK BLOCK

Labelled COMMON block WORK provides a work area for use by
the programmer. The block currently has a maximum length of 2000
words, and may be subdivided in any way.

The WORK block should not be used to transfer data betwveen
subroutines, because it will generally be used differently for
different elements, and the data will theretors be continually
changed. Data stored in this block for one element in suoroutines
INELX and OUTX is avajilable for use by any subsequent element in the
same group for the same subroutine at the current time step, but not

in any other subroutine or at any other time step.

5.6 OTHER ARRAYS
The following arrays are generated by the base program, and

transferred to some or all of the element subroutines.

(1) %, Y: X(I), Y(I) con*ain the H, Z coordinates,
respectively, of node I.

(2) 1D: 1ID(I,1), ID(I,2) and ID(I,3) contain “‘he numbers
of the frame degrees of freedom corresponding to the
H displacement, Z displacement and rotation, r:ispectively,
at node I. For computational convenience in the base
program, a value equal to one larger than the total
nurber of structure degrees of freedom is assigned if
the corresponding displacement is constrained to be
zero. This is not important from the programmer's

point of view.
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5.7 COMMON COLUMN PROCEDURE

Storage with a length of NCOLC*NESPL#*NFORT words is reserved
at the beginning of blank COMMON, for transfer of common column
forces and related information, where:

NCOLC = Total number of common column lines in building;

NESPL = Largest number c¢f elements in any common column line,

and
NFORT = Maximum number of items (forces, moments, or dis-

placements) to be transferred between common col runs.

NCOLC and NESPL are required to be specified by the program user.
The value of NFCORT is set equal 2 by the base program for the
current version of the program, corresponding to the axial frrees
at ends 1 and J of a beam column element (these forces may be
different because of the initial and/or fixed ernc forces). The
value of NFORT could be modified if more column actions were to be
transferred. The storage area is initiaslized to zero by the base
program, corresponding to zero force values.

In addition the following labelied COMMON block is

established:

COMMON/CMCOL/NCOLC, NESPL, NFORT. NKDATA, CMCOL(6)

The variables NCOLC, NESPL and NFORT are specified as indicated
above. The variable NKDATA is a data checking variable which is
initialized to zero by the base program and should be set to 1 in
INELX if an error in the common column specification is found,

so that only a data checking run will be performed. CMCOL(6) is an

array that may be used in any way desired by the programmer.
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The base program merely reserves the storage ares,

initializes it to zero, and establishes the variables NCOLC, NESPL,

NFORT and NKDATA. All other computations are performed in the

element subroutines. The procedure for beam-column elements (Type 2)

is ag follows. Other el-ments will be similar.

(a)

(v)

(c)

(a)

For each beam=-column element which is also a common
column element, the number of the common column line
(NCOLL) and the story number within the common column
line (NSCL) nust be input (see User's Guide).

NFORT words of common column space are available for
each pa. " .alues of NCOLL and NSCL. The starting
address of this space within blank COMMON is computed
in the INEL2 subroutine sas:

ICB = (NCOLL-1)*NESPL*NFORT+(NSCL~-1)*NFORT+1

and its value is stored in COMMON/INFEL/, so that it
is available for subroutines STIFZ2, RESP2, and OUTZ.
“n subroutine INEL2, the initial fcrces and fixed

end axial forces at ends 1 and J are added to
locations ICB and ICB+l in blank COMMON.

At each step of the analysis in the RESP2 substructures
the axial force increments are added to locations

ICB and ICB+1 in blank COMMON, with appropriate signs.
These updated values of axial force uare then

used for the state determination computations and
time-history output in subroutine RESP2, and alsoc for

geometric stiffness determination in subroutine STIF2.
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5.8 SUBROUTINE INELX

The argument list for this subroutine is as follows:

KCONT, FCONT, NDOF, NINFC, ID, X, Y, NN

The following arrays must be dimensioned:

KCONT(10), FCONT(3), ID(NN,3), X(NN), Y{(NN), cOM(200)

Dummy dimensions may Le used if desired. (e.g., ID(NN,1),
Y(1))

Labelled COMMON blocks THIST and INFEL must be defined.
Labelled COMMON block CMCOL and blank COMMON must be used for common
columns. Labelled COMMON block WORK may be used if desired. The
variable COM(1) must be equivalenced to the first variable (IEL) of
the INFEL block. 1f element fixed end forces are to be specified,

& one-dimensional array DD with a dimension equal to NDOF for this

element type must be set up (typically within/WORK/). This array is
used to set up the fixeé end forces in the H, Z coordinate system,

as explained subsequently. An INFLX subroutine is called once for

each group of elements, early in the execution. 7The purpose of the
subroutine is to read the input data for the elements in the group,
and initialize a number of variables.

The varisbles ID, X, ¥ and NN are established within the base
program hefore INELX is celled, and must not be modified. Variables
NDOF and NINFC are to be set within subroutine INELX. Variables
KCONT and FCONT are established within the base program by reading
the first data cerd of each element group on a (10I5, 3E10.0)
format, one field for each term in KCONT and FCONT. This first data

card of each element group must contain the following information:
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Columns

l- 5

6 - 10:

11 - 50:

51 - 80:

A number (1 through 10) identifying
the type of element in the group.

For example, if 4 is entered, the
subroutines called for this group will
be named INELL, STIF4, RESPL, OUT:,
and THPRL.

Number of elementc in group.

Up to 8 fields, each IS5, containing
any other integer information on the
group that the programmer may wish to
store in KCONT. 1In the elements
developed to date, these fields have
been used for entry of the number c{
element stiffness types, number of
fixed end force patterns, eten.

Up to 3 fields, each E10.0, containing
any real information on the group that
the programmer may wish to store in

FCONT.

All subsequent data cards for the element group are read

within INELX, and may be of any type desired by the programmer.

The following steps must be performed within the subroutine.

(1) Set the values or NDOF and NINFC.

(2) 1If desired, establish reference tables of stiffnesses,

strengths, fixed end forces and initial forces for sub-

sequent use in specifying the individual elements. The
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storage arrays should preferably be defined within
COMMON block WORK, to avoid requesting new storage.
Specify the properties of each element in the group.
The element node numbers and appropriate stiffness,
strength and fixed end force data must be specified.
Use may be made of any reference tables established
in Step 2. Generation options may be incorporated,
provided the elements are generated in element number
sequence and information for only one element at a
time is stored in COMMON block INFET.
For each element, the following initialization
nperations must be carried out.
(a) Set up the LM array within COMMIN bleck INFEL.
This is easily done, with reference o the element
node numbers and the IT array.
(b) Initialize all element information variables
within INFEL to appropriate values correspcnding to
the initial state of the structure. Set TFL to the
element number within the group and set KST to =zero.
(¢) Call subroutine BAND with the statement

CALL BAND
to permit the base program to establish information on
the form of the frame stiffness metrix. This call may
be made at any time after LM has been defined.
(d) Set up the element fixed end forces, if any, in
array DD. These forces must be in tle H, Z coordinate
system for the frame, and must be the forces acting on

the element necessary to clamp its ends. The element
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internal forces must also be initialized to their
values in the clamped condition. Call subroutine
SFORCE with the statement

CALL SFORCE (DD)
This subroutine transfers the fixed end forces from DD
to the static load vector for the frame. This call
should be omitted if there are no fixed end forces.
(e) Establish, within COMMON block INFEL, a variety
of indicators to permit the current status and any
status changes of the element to be monitored. Also
set a variable, KGEOM, to a nonzero value if a geometric
stiffness 18 to be computed (ctherwise zerc) and a
variable KOUTDT to a nonzero value if time history
results are to be printed (othervise zero).
(f) Add one to variable NELTH whenever the value of
KOUTDT for an element is nonzero. This counts the
number of elements in the cwrrent frame for which time
histories are requested. The value of NELTH is
initialized to zero by the base program for each new
frane.
(g) Because arrays X and Y will not be available at
later times in the execution, save information on the
element size and orientation in space. 8o that subse~
quent stiffness and state determination calculations
can be carried out. A convenient meanslof storing
element orientation information is to retain a displace-

ment transformation relating nodal displacements and
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element deformations, although other procedures may
be used.
(h) Call subroutine FINISH with the statement
CALL FINISH

This call must be made after the INFEL block for the
element has been fully initialized. The subroutine
transfers the date from TNFEL to scratch storage.
Ultimately the data is brought back into core by the
base program ard comgacted into output blocks.
(i} If this is a common column element, initialize the
axial force values for common columns., First, calculate
the location, IB, of the force values in btlank COMMON
as

ICB = (NCO.L-1)*NE;PL®*NFORT+(NSCL-1)*NFORT+1
where the variebles are defined in Section 5.7.
Second, add an& initial and fixed end axial forces at
ends i and J of the element into blenk COMMON locations
ICB and ICB+l, respectively. It is also advisable to
store ICB in the INFEL block to avcid recalculating it
in the STIFX and RESPX subroutines. If an error is
drtected in the specification of the column line and

story number, print an error message and set NKDATA = 1.

5.9 SUBROUTINE STIFX
The argument list for this subroutine is as follows:
MSTEP, NDOF, NINFC, COMS, FK, DFAC
The following arrays must be dimensioned:

coms(200), FK (NDOF, NDOF), COM(200)
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Dummy dimensions may be used if desired:! Labelled COMMON block
INFEL must be defined, and block WORK may be defined if desired.
The veriable COM(1) must be equivalenced to the first variable
(IEL) of the INFEL block.

The purpose of this subroutine is to return, in array FK,
the change in element stiffness. The subroutine is called once in
each time step for each element which changes its status, except
for the cases MSTEP = 0 and MSTEP = 1, when it is callel once for
each element as explained below.

The size of the FK array is currently limited, by a
DIMENSION statement in subroutine STIFF of the base program,to a
maximum size of 10 x 10.

The following operations must be performed within the
subroutine.

Case 1: MSTEP = Q.

Form the initial elastic stiffness of the element, and
return in array FK.

Case 2: MSTEP = 1.

(a) If the geometric stiffness of the element is to e
included (KGEOM ¥ 0), form this stiffness and return in array FK.

If this iz a common column element, use the axial forces scored in
blark COMMON addresses ICB and ICB+1l.

(b) To consider Boko damping, augment the 2lement stiffness,
ko, »y the amount DFAC * 50. The value of DFAC is set in the base
program. It may be noted that it would be possible to specify, for
each element group or even for each element, a ascaling factor tc be

applied to Bo, allowing it to vary from one element to the next.
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such an option has not been included in the element subroutines
developed to date, but could easily be added if needed.
Case 3: MSTEP > 1.

Form the change in stiffness and return in array FK. The
status codes for the previous and current state of the element, as
established in subroutine RESPX, should be used to determine the
nature of the stiffness change. Set the previcus code equal to the
current code.

In each case, appropriate informaticn must be transferred
from the storage array COMS to the INFEL block. No modification

of data in the INFEL block is allowed in this subroutine.

5.10 SUBROUTINE RESPX

The argument list for this subroutine is as follows:

NDOF, NINFC, KBAL, KPR, COMS, DDISM, DD, TIME, VELM, DFAC, DELTA

The following srrays must be dimensioned:

COMS(200), DDISM(IDOF), DD(NDOF), coM(200), VELM(NDOF)

Dumry dimensions may be used if desired. Labelled COMMON blocks
THIST and INFEL must be defined. Block WORK may be defined if
desired, and block CMCOL must be used for common columns. The
variable COM(1) must be equivalenced to the first variable (IEL)
of the INFEL block.

The purpose of the subroutine is tc determine the increments
of element force and deformation, check the yield status for the
element, set the status codes as necessary, and determine any
unbalanced forces resulting from covershoot or reversal. The sub-

routine is called once for each element at each time step.
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The following steps must be carried out within the

subroutine:

(1)

(2)

(3)

(L)

Transfer the element data from the storage array COMS
to the INFEL block.

The increments of nodal displacement are transferred
from the base program in array DDISM. Using these
increments, determine the increments of eiement defor-
mation and element forces. The general procedure is
described in Chapter 3 of Reference [1]. Common
column elements must be treated as descrited in
Section 5.7T.

The value of KST is set to zero in tihe base program.
If the status of the element changes, so that its
stiffness must be modified in the next time step, set
KST = 1. The values of the status indicators o= the
current state must also be set. These ¥vill be compared,
in subroutine STIFX, with the values for the previcus
state to determine the nature of the stiffness change.
The value of KBAL .s set to zero in the base program.
If unbalanced loads are developed because of overshoot
or reversal, set KBAL = 1 and add the magnitudes of
the unbalanced loads to array DD. These unbalanced
1lnads, and any damping loads as described in the
following sections, must be the loads to be assembled
directly into the structure load vector for the next
time step, without transformation or change of sign.

The theory is explained in Reference[l]and the detai's



(5)

(6)

57

can be inferred by studying the subroutines for the
existing elements. If KBAL remains zero, no data need
be stored in array DD.
The nodal velocities are transferred from the base
program in array VELM and may be used to obtain element
deformation increments from DDISE. To consider
original stiffness proportional damping determine a
load term equal to DFACYk *r, where DFAC is set in the
basic prugram and transmited as argument; 50 is the
original element elastic stiffness matrix; and i the
deformation rate vector at the beginning of the time
step. Add this locad to the vector DD. Set KBAL = 1.
To consider "structural" damping the parumeter DELTA
is used. This parammeter is defined by the user and
read by the base program. A set of damping forces must
be computed at the end of each integration time step,
as follcws.

The damping force generated in, for example, a

truss bar is

Sd=-DELTA*|S|lY—]
v

in which Sd = damping axial force; S = current force
(vhich for an elastic element will be proportional to
the extension); and V = rate of extension. The damping
forces for other elements are determined similarly.
Transform the force to correspond to the nodal displace-

ments and add to DD. Set KRAL = 1.



(7) Retain appropriate envelope values of element forces
and deformations fcr subsequent. printing. The infor-
mation retained will depend on the type of element.

{8) The value «f KPR is set to the element group number in
the base program if time history results are to be
printed or saved for the current time step, otherwise
it is set to zero, except for the static load case
where it is set to minus the group number. If KPR < O,
ther this is the static load case and results for all
elements should be printed. If KPR >0, this is an
element. for which time history date is required. If
ITHP < 1, this is an element for which a time history
is required as computation progresses, Care musi be
taken in printing the heedings for time history data.

A heading may be printed when IEL = 1, but there wili

be no corresponding data unless a time history print

ic required for at least one element in the group.
Hence, it is recommended that a heading indicator, IHED,
be established within COMMON block WORK, and initialized
to zerc when IEL = 1, KPR # O and ITHP> 15 or to 1
when IEL = 1 and either KPR = 0 or ITHP < 1. Then,
when an element is encountered for which a time history
print is required (i.e. KOUTDT # 0), print the heading
and set THED = 1 if THED = O, otherwise do not print
the heading. The existing element subroutines use this

procedure.



59

(9) If the value of ITHP > 1 and KOUTDT #0. this i3 an
element for which a reorganized time history is to be
printed at the end of the computation. The results for
this element must therefore be saved on a scratch file,
for subsequent re-ordering by the base program and
printout in subroutine THPRX. The arrays ITHOUT(10)
and THOUT(20) in COMMON block THIST are provided for
transfer of results to the base prcgran, which then
writes the data on tie scratch iile. The following
rules must be followed in setting up these two arrays.
(a) The value of ITHOUT(2) must be the element group

number, because i will be .i1sed by the base pro-
gram for final printing in subroutine THPRX.

(b} The remainder of JTHOLUT and all of THOUT can be
used to transfer any desired information needed
for the reorganized time history printout, with
integer information in ITHOUT and real information
in THOUT.

{c) Set ISAVE = 1, to indicate to the base program
that the arrays are t> be saved. TSAVE is
initialized to zero by the base program for each
element at each time step.

(10) Transfer the updated element data from the INFEL

block back to the storage array COMS.

5.11 SUBROUTINE OUTX
The argument 1ist for this subroutine is as follows:

COMS, NINFC
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The following arrays must be dimensioned:
coMs(200), coM(200)
Dummy dimensions may be used if desired. Labelled COMMCN block INFEL
must be defined, and COMMON block WORK may be used if desired. The
variable COM(1) must be equivalenced to the first varisble (IEL) of
the INFEL block.

The purpose of the subroutine is to print final results for
each element. The subroutine is called once for each element, at
user specified time intervals. The information in the INFEL block
must not be modified in this subroutine.

The following steps must be carried out within the subroutire:

(1) Transfer the element data from the storage array CONMS

to the INFEL block.

(2) 1If IEL = 1, print appropriate output headings for the

element group.

(3) Print the results, typically envelope values of forces

and deformations, for each element.

5.12 SUBROUTINE THPRX
The argument l1ist for this subroutine is as follows:
NS, IFR
The labelled COMMON block THIST must be defined.

The purpose of the subroutine is to print reorganized time
history results for the specified elements. This subroutine is
called after all other computation is complete.

The element time history results are recalled from a scratch
file by the base progrem, and transferred through arrays ITHOUT and
THOUT, exactly as these arrays vere created in the corresponding

subroutine RESPX.
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The variable N5 is set by the base program to the output
interval number, startiag with 1 for the initiel static condition,
and may be used in the rrintout if desired. The subroutine is
called once for each outyrut interval.

The variasble IFR is the frame number to which the element
belongs and may be used in the printout if desired. Its value must
not be changed.

The following steps must be carriea out “vithin the subroutine:

(1) Print an appropriate heading if NS = 1.

(2) Print time history results using the data transferred

in arrays ITHOUT and THOUT.

(3) If ISE > 0, write the time history results (arrays

ITHOUT and THOUT, or any other desired informastion)

on file NF7. The variable NFT is set to T in the
current version of tlie program, so that this file is
TAPE7. The file is rewound by the base program before
the saving of time history results begins, but is not
rewound at the end. Any desired date may be saved (for
example, the arrays ITHOUT and THOUT), and the daia may
be formatted or unformatted. There will be cone record
for each output interval and each element. The data

is not processed further by the program, being intended

for processing by user-provided data processing programs.
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6. EXAMPLE

The hypothetical example structure shown in Figs. 6.1
through 6.4 exercises most of the options in the program. The
example illustrates data preparation procedures for the program,
and may be used to check its execution followirng implementation on
a new computer installation. Program decks received through the
National Information Service for Earthquakce Engineering will include
a data deck and computer output for this example.

The input cards for the structure are listed in Table 6.1,
including identification by the corresponding section in the User's
Guide. A user vho is unfamiliar with the program will be able to
obtain guidance in datn preparation procedures by studying this
sample data.

The example structure does not represent any real structure,
and the structural idealizetion used for the example is not
necessarily a sound one for the analysis of real structures of

similar type.
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TABLE 6.1

LISTING OF INPUT DATA FOR
EXAMPLE STRUCTURE

The numbers on the right of the input data in the following
table are the corresponding sections in the Program User's Guide,

These numbers are not to be punched in the datas cards.
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T. CONCLUSION

The computer program descrii:ed in tnis report is believed
to be a useful practical tool for analysis of the inelastic earth-
quake response of three-dimensional buildings. The major
restriction on the procedure is that frame interaction through
common columns is not taken into account, so that the program is
not applicable to tute-type buildings.

Because of the TABS type idealization and the use of sub-
structuring techniques, the analysis will be substantially more
efficient than ar analysis bhased on a full three-dimensional
idealizatior. ‘™e program is also able to consider both large
and small structures efficiently, because of the several available
data storage options. The program has some system-dependent
features, but these are minor and adaptation of the program to
other computer systems should rot be difficult.

Tverprogram represents amﬁﬁbstantial advance over the
DRAIN=-2D frogram, and bridges thre gap between two-dimensional

and full three-dimensional idealization: of buildinz structures.
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APPENDIX A

PROGRAM USER'S GUIDE

UNIVERSITY OF CALIFORNIA DIVISION OF STRUCTURAL ENGINEERING
BERKELEY AND STRUCTURAL MECHANICS

Corputer Programming Series

IDENTIFICATION

DRATYN-TABS: computer program for the inelastic dynamic
analysis of three-dimensional buildings under
earthquake excitation.

Programmed: R. Guendelman, University of California,

Berkeley, 1976.

PURPOSE

The program determines the inelastic dynamic response of three-~
dimensional buildings of essentially arbitrary configuration due to
ground motions. Two independent horizontal motions plus veriical
motion may be specified. Out-of-phase support motions canrot be
considered. Static loads may be applied to the structure prior to
the application of the dynamic loading, but tne behavior under static
load must be elastic.

The structure may be composed of elements having a variety
of behavior patterns and yielding characteristies. The program is
designed to permit new elements to be added with a relatively small

amount of coding effort.

IDFALIZATION
The building is idealized as a series of plane frames

interconnected by horizontal rigid diaphragms, with no enforcement
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of compatibility for vertical and rotational displacements at

Joints common to two or more frames. Each frame can be of arbitrary
geometry and include structural elements of a variety of types. It
is not necessary for all frames to connect tc all diaphragms, so
that structures with independent diaphragms at some levels can be
idealized.

Provision is made in the program for the axial forces in

common columns to be computed us the sum of the forces for correspond-

ing elements in intersecting frames. This option is currently
available only for beam-column eliements, but could be incorpcrated
inte new elements developed for the program if desired.

For each frame the elements must be divided into "groups.”
All elements in any group must be of the same type (e.g. truss,
beam-column, etc.) and typically all elements of a single type will
be included in a single group. However, elements of the same type
may be subdivided into separate groups if dezired. Within any
group, elements must be numbered sequentially starting with 1.

The behavior of any element is determined by the prograrmer
developing the subroutines for the element. This behavior may be
of virtually any degree of complexity, depending on the purpose for
vhich the element is intended. Characteristics of the available
element library at the time of writing are described in Appendices
B of Refrrence [2].

Displacements and ccordinates are defired with respact to a
right-handed global coordinate system (X, Y, 2) for the diaphragnms,
with Z vertically upwards and a 1oc§1 system (H,.)) for each frame,

with H positive to the right,
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CAPACITY LIMITATIONS

Some capacity limitations resulting from the use of fixed
dimensions are associated with the input of element data, as explained
in Section E. Some restrictions also result from the length of
labelled COMMON/WORK/ as explained in this section. However, most
data is stored in arrays with variasble dimensions, with the required
core storage established in blank COMMON and allocated dynamically
at execution time.

The minimum required length of blank COMMON depends on the
storage option selected, number of diaphragms, -urnber of frames,
number of nodes in each frame, the form of the building and frame
stiffness matrices, number of integration time steps, and number
of diaphragm and frame nodes for time-history printouts of dis-
placements. Because there are soeveral storage options and the
stiffnesc matrices are stored in compacted form, the storage
requirements are difficult to determine by hand. Hence, storage
computations are made by the program and printed during dats
checking runs. It is assumed that one or more data checking runs
will be required before any extensive computation is carrizd out.
If a blank COMMON length in excess of that required is specified,
the current version of the program for the CLC 6LOC will reduce it

¢ the required length.

For d4ata checking runs the storage is independent of the
storage cption, and only a small amount of information is held in
core. The storage required for data checking runs can be estimated

as follows:
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Let:

NFRAME = Number of frames,

NDIAP = Number of diaphragms.

NCOLC = Number of common column lines.

NESPL = Maximum number of stories per common column line.

NFORT = Maximum number of forces to be transmitted between
common column. For the current version of the
program this 1s set to 2.

NSTEPS

Number of integration times steps.

NDX, NDY, NOR = Rumber of disphragms for which time history
prints of X, Y and rotational displacements,
respectively, are required.

NDXR, NDYR = Number of pairs of diaphragms for which
relative time history prints of X and Y
displacements, respectively, are required.

NEARQ = Number of earthquake motion components in
X, Y, Z coordinates (1, 2 or 3).

For each frame let:

NITS = Number of Joints in the frame.

NHOUT, = Numbers of nodes for which time history prints
Nvour, of H, Z and rotational dispiascements, respectively,
NROUT are required.

NHR, NVR = Number of node pairs for which time history prints
of relative H and Z dispiacements, respectively,
are required.

NELFR = total number of elements ir the frame.

Then the required blank COMMON for a data checking run is:.

NCOLC®*NESPL¥NFORT+53#% NDIAP +NEARQ®*NSTEPS+9*NFRAME+NDX+NDY+
NDR+2*( NDXR+NDYR ) +31+Maximum for any frame of:

{18L4+20*RITS+NROUT+NVOUT+NHOUT+2* ( NHR+NVR) )

The storage requirements for each storage option will be

printed as follows:

(1) Minirmm blank COMMON length for the option, without

element data,



9

(2) Required hblank COMMON length required to hold all
element information in core. 1In additior to the
minimum storage in (1), space mus' be provided in
blank COMMON to store information oiy the elements.

The number of storage locations required for each
different type of element is noted in section E. The
element information is compacted into the available
core, and 1f sufficient blank COMMON length is provided,
the information for all elements will be retai;eﬁ
permanently in core. The input/output cost for the
computer run will then be minimized. If insufficient
length 1s provided, the element information will auto-
matically be divided into blocks, with as many elements
as possible in each block. The blocks will be saved
on scratch storage, and a considerable amount of input
output effort maey be involved.

In addition a message will be printed, indicating a needed

increase in COMMON block WORK if the length of this block, LWORK,
is less than
n, = { NDIAP #(NDIAP +1))}/2 + NDIAP + 6

The allocated storage can be modified by changing .the follow-

ing two cards:

(1) LWORK = n, in the main program.

(2) comomwonx/W(nw) in the SDRAIN program.
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INPUT DATA

The following punched cards define the problem to be solved.
Consistent units must be used throughout.

Sections A and B specify data for the complete building.
Sections C, D and E specify data for individual frames, and must be
repeated for each frame (i.e. Sections C, D, E for first frame;

Sections C, D, E for second frame, etc).
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PROBLEM INITIATION AND TITLE (A5,3X,18A4) - ONE CARD.

Cols. 1 - &
6 - B8:
9 - 80:

Punch the word START.
Blank

Problem title, to be printed with output.

STRUCTURE CONTROL INFORMATION (775,5X,1I10) - ONE CARD,

Cols. 1 - 5:

€ - 10:

15:
19 - 20:
24 - 25:
26 - 30:

Total number of frames in structure {NFRAM).
Number of floor diaphragms (NDIAF).

Code for allowable diaphragm displacement,
as follows.

{a) 1: Full 3D action (X, Y and rotational
displacements).

{b) 2: X displacement only.
(e) 2: Y displacement only.
{(d) 4: X and Y displacements but no rotation.

Data checking code. Punch 1 if only a data
checking run is required. Leave blank or
punch zero if the problem is to be executed.
Punch -1 if the problem is to be executed
provided the number of element information
blocks does not exceed one. This last option
prevents execution, with excessive input/
output cost, in cases where in-core operation
is intended but errors are made in specifying
the required storage.

Data storage option (1 through 10}. See

Table 4.1 for available options. Option 1
requires most core storage but least execution
+time; option 10 recuires least storage but
rost execution time. The required storage
lengths for all options are printed during
data checking runs.

Numter of common column lines (NCOLC). See
NOTE 9 for explanation.
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Cols.

A3. FLOOR DIAPHRAGM

31 - 35:

k1 - 50:

Maximum number of column elements in any common
column line. Leave blank if NCOLC = 0. If
zero or blank and NCOLC > O, assumed equal

to the number of diaphragms, NDIAP. See NOTE
9.

Blank COMMON length to ve assumed. If zero
or blank, the value cormpiled into the program
will be assumed. See discussion of capacity
limitations.

INFORMATION (AEX0.0) - NDIAP CARDS, ONE FOR

EACH DIAPHRAGM.

Cols.

1
11
21
31
L1
51

10:
20:
30:
Lo:
50:
60:

X coordinate of center of mass.

Y coordinate of center of mass.
Translational mass for X direction.
Translational mass for Y direction.
Rotational moment of inertia about Z axis.

Modifying factor by which masses are to be
divided. If blank or zero, the factor from
the preceding diaphragm is assumed, so that
if the same factor applies for all diaphiagnms,
it needs to be specified for the first
diaphragm only. This factor will typicailly
be equal to g, in which case the mass values
will be given as weights. If zero or blank
on the first card, assumed to be 1.0.
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Bl. LOAD CONTRCL INFORMATION (215,E10.0,I5,5X,2E10.0) - ONE CARD.

Cols. 5:
5 - 10
YI 11 - &)
g1 - 25:

X

(0]

X' 31 - LO:
4y - 50

B2. EARTHQUAKE SCALE

Static load code. Punch 1 if stratic loads
are to be applied before the dynamic loads.
Leave blank or punch zero if static loads are
not to be applied.

Number of static horizontal loads applied to
diaphragms (NLDP). See Section B2.

Earthquake angle (degrees). Angle from
global X axis to earthquake X' axis, meacsured
clecckwise from X to X' in plan (see figure).

Number of integration time steps to be
considered in the dynamic analysis.

Integration time step, At.

Abzolute value of the maximum disrlacement
permitted before the structure can be assumed
to have collapsed. The execution is
terminated if this value is exceeded at any
step. If zero or blank, assumed to be very
high.

FACTORS (6E10.0) - ONE CARD.

This card may be

Cols. 1 - 10:

L]
'

1 - %0:

21 - 30:
21 - 40:
W - so0:
51 - €0:

left blank if all scale factors are 1.0.

Magnification factor to be applied to ground
accelerations specifled for the X' direction.
See NOTE 5 for explanation.

Magnification factor to be applied to time
scale of the acceleration record specified
for the X' direction. See NOTE 5.

Magnification faector for ground accclerations
in Y' direction.

Magnification factor for time scale in Y!
direction.

Magnification factor for ground acceierations
in Z (i.e. vertical) direction.

Magnification factor for time scale in Z
direction.
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B3.

BL.

IIORTZONTAL DIAPHRAGM 10ADS (I5,5X%,4E10.0) - NLDP CARDS, ONE
FOR EACH DIAPHRAGM LOAD.

Omit if NLDP, Card Bl, is zero. More than one load may be

applied to any diaphragm if desired.

Cols. 1

[}
\9s ]

Diaphragm number. Diaphragms are numbered
in the sequence in which they were defined
in Section A3.

6 - 10: Blank
11 - 20: X force, positive in the +X direction.
21 - 30: Y force, positive in the +Y direction.

31 - 40: X coordinate of point of application.

L1 - 50: Y coordinate of point of applicatior.

TIME HISTORY OUTPUT SPECIFICATION.

Printed time histories of selected diaphragm displacements,
frame nodal displacements and element results at selected
time intervals may be obtained if desired. Envelope values
of &ll nodal displacements and element results are auto-
matically printed at the end of the computaticn =z2nd if the
specified maximum displacemert should be exceeded. Intermed-
iate results envelopes may be printed at selected time

intervals.

Time history values may be printed as the computation progresses,
at the end of the computation only, or in both of these forms.
The printouts at the end of the computation are ordered element

by element, node by node, or diaphragm by diaphragm rather



than time step by time step, and hence are both more compact

and more convenient for use in plotting time history graphs.

These re-ordered time histories may also be saved o1 tape for

subsequent machine plotting or other prccessing.

Bk.1 CONTROL INFORMATION (11I5) - ONE CARD.

Cols.

1 -

1l -

16 -

21 -

36 -

10:

15:

20:

25:

(]
AW,

ho:

Time interval for printout of diaphrasm
and node displacement time histories,
expressed as & multiple of the time step
At. Leave blank for no prirtout. The
diaphragms for which time lListories are
requirea are specified in Sections Bh.2
through B4.6. The nodes for which time
histories are required are specified in
Sections D2 through D6.

Time interval for printout of time histories
of element results, expressad as a multiple
of the time step At. Leave blank for no
printout. The elements for which time
histories are required are specified in
Section E.

Time interval for intermediate printout of
envelope values, expressed as a multiple of
the time step At. Leave biank for no inter-
mediate printout. c¢nvelopa values are
automatically printed at the end of the
resronse period.

Number of diaphragms {NDXOUT) for which ¥
displacement time histories are required.

Number of diaphragms (NDYOUT) for which Y
displacement time histories are reguired.

Number of diaphragms (NDROUT) for which
rotation time histories are required.

Number of pairs of diaphragms (NDXR) fo:
which time histories of, relative X displace-
ment are required. i

Number of pairs of diaparagms (NDY?) for
which time histories of relative Y displace-
ment are required.

85
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Cols. ks: Time history print code for diaphragm dis-
placement time histories, as followvs:

(a) 2erc or blank: time history printout
only as the computation progresses.

(b) 1: both a printout as the computation
progresses and a re-ordered printout
at the end of the computation.

{(c) 2: only a re-order2d printout at the
end of the computation.

50: Time history print. code for relative diajhragm
displacement time histnries. Zero, 1 or 2,
as for the precedin:; code.

51 - 55: Tepe storage code for saving re-ordered time
histories of disphragm displacements, as
follows:

(a) Zero or blank: the re-ordered time
histories are printed but not saved on
tape.

(b) Nonzero: the re-ordered time rnistories

ere printed and also written on output
unit TAPET. See NOTE 8 for explarnation.

Bl.2 LIST OF DIAPHRAGMS FOR X DISPLACEMENT TIME HISTORIES (10I5S).

As many cards as needed to specify NDXOUT diaphragm numbers,

punched ten to a card. Ouit if NDXOUT is zero.

Bi.3 LIST OF DIAPHRAGMS FCR Y DISPLACEMENT TIME HISTORIES (101I5).

As many cards as needed to specify NDYOUT diaphregm numbers,

punched ten to a card. Omit if NDYOUT is zero.
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Bi.L LIST OF DIAPHRAGMS FOR ROTATION TIME HISTORIES (10I5).

As many cards as needed to specify NDROUT diaphragm numbers,

punched ten to a card. Omit if NDROUT is zero.

84,5 %;ST ?F DIAPHRAGMS FCR RRALTIVE X DISPLACEMENT TIME HISTORTES
1015).

As many cards needed to specify NXDR pairs of diaphragms,
punched 5 pairs to a card. Omit if NXDR is zero. The printed
displacement is the displacement of the first diaphragm of

any pair minus the displacement of the second diaphragm.

34.6 LIST ?F DIAPHRAGMS FOR RELATIVE Y DISPLACEMENT TIME HISTORIES
ZlOIS .

As many cards as needed to specify NYDR pairs of diaphragms,

punched 5 pairs to a card. Omit if NDYR is zero.

BS5. ACCELERATIOR RECORDS - ONE CONTROL CARD, FOLLOWED BY AS MANY
CARDS AS NEEDED TO SPECIFY THE ACCELERATION TIME HiSTCRIES.

BS.1 CONTROL INFORMATION (5I5,5X,8A6) - ONE CARD.

Cols. 1 - 5: Number of .time-acceleration psirs defining
ground motion in X' direction (NPTX).
Punch zero or leave blank for no ground
motion in this direction.

6 - 10: Number of time-acceleration pairs defining
ground motion in Y' direction (NPTY). Punch
zero or ieave blank for no groun’ motion in this
direction.

11 -~ 15: Numbter of time-acceleration pairs defining
ground motion in Z {vertical) direction
{(K*12). Punch zero or leave blank for no
ground motion in this direction.
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Cols. 20: Code for printing accelerations as input.
Leave bdlank or punch zero for no printout.
Punch 1 to get listing of acceleration record.

25: Code for printing of accelerations as inter-
polated at intervals of At. Leave blank or
punch zero for no printout. Punch 1 tc get
listing of acceleration record.

31 - 78: Optional title to identify records, to be
printed with output.

B5.2 GROUND ACCELERATION TIME HISTORY IN X' DIRECTION (12F6.0).

As meny cards as needed tc specify NPTX time-acceleration pairs,
6 pairs to a card, assumed to be in acceleration units (m
mul-iples of the acceleration due to gravity). Omit if NPTX
equals zero. Note that both the acceleration and time scales
may be scaled if desired (see Section B.2). If the record

is input in terms of the acceleration due to gravity, the
acceleration magnification factor must be g toc convert to

‘acceleration units.

B5.3 GROUND ACCELERATION TIME HISTORY IN Y' DIRECTION (12F6.0).

As many cards as needed to cpecify NPTY time-acceleration

pairs. Omit if NPTY equsls zero.

BS.4 " GROUND ACCELERATION TIME HISTORY IN Z DIRECTION (12F6.0).

As many cards as needed to specify NPTZ time-acceleration

pairs. Omit if NPTZ equals zero.
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B6. DAMPING INFORMATION (4F10.0) - ONE CARD.

See NOTE 6 for explanation.

Cols. 1 - 10: Mass proportional damping factor, o

11 - 20: Stiffness proportional damping factor, 8, for
current tangent stiffness.

21 - 30: Stiffness proportional damping factor, Bo‘
for original elastic stiffness

31 - 40: "Structural" damping factor, 8. Tt is
recommended that this factor be left blank.
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Cl. FRAME LOCATION AND TITLE (4F10.0,4A8) - ONE CARD.

See NOTE 10 for

Cols.

1l -
1l -
2l -
31 -

b -

explanation of frame location and orientation.

X coordinate of point 1 on frame,
Y coordinate of point 1.
X coordinate of point 2 on frame.
Y coordinate of point 2.

Optional frame title, to be printed with
output.

C2. FRAME CONTROL INFORMATION (915) - ONE CARD.

Cols.

1 -
6 -

11 -

16 -

21 -

31 -

36 -

b -

S:
10:

15:

20:

25:

30:

Lo:

ks:

Number of nodes in frame.

Number of "control nodes"™ for which
coordinates are specified directly. See
Section C3.

Number of node coordinate generation commands.
See Section Ch. .

Number of commands specifying nodes with zero
displacements. See Section CS5.

Number of commands specifying nodes connected
to floor diaphragms. See Section C6.

Number of commands specifying nodes with
identical displacementas. See Section CT.

Number of commands specifying lumped masses
at nodes. See Section C8.

Number of commands specifying static loads
applied directly at the nodes. See Section
C9. Leave blank or punch zerc if there are
no static loads applied directly at the nodes.

Number of difZerent groups of elements in
this frame. See Section E. Maximum 10.



C3. CONTROL NODE COORDINATES (I15,2F10,0) - ONE CARD FOR EACH
CONTROL RODE. See NOTE 1 for explanation.

Cols. 1 - 5: Hode number. The nodes for each frame must
be numbered starting with 1, with no numbers
omitted. However, the controcl nodes may be
input in any convenient sequence.

6 - 15: k coordinate of node.

16 - 25: 2 coordinate of node.

Ck. COMMANDS FOR STRAIGHT LINE _GENERATION OF RODE COORDINATES
1515 F10.0) - ONE CARD FOR EACH GENERATION COMMARD.

Omit if there are no generation commands. See NOTE 1 for

explanation.

Cols. 1 - 5: Node number at beginning of generation line.
6 - 10: Node number at end of generation line.
11 - 15: HNumber of nodes to be generated along lire.

16 - 20: Node number difference (constant) between any
two successive nodes on line. If blank or
zero, assumed to be equal to 1.

21 = 30: Spacing between successive generated nodes.
If greater than or equal to 1.0, assuned to
be the actual spacing. If less than 1.0,
asgsumed to be the actual spacing divided by
the length of the generation line. If zero
or blank, the nodes are automatically spaced
uniformly along the generation line.

€5. COMMANDS FOR NODES WITH ZERO DISPLACEMENTS (6I5) - ONE CARD
FOR EACH COMMAND.

Omit if no nodes are constrained to have zero displacemenws.

See NOTE 2 for explanation.



Cols. 1l - 5: Node number, or number of first node in a
gseries of nodes covered by this command.

10: Code for H displacements. Punch 1 if con-
strained to be zero, otherwise leave tlank c¢r
punch zero.

15: Code for Z displacement.

20: Code for rotation.

21 -~ 25: Number of last node in series. Leave blank
for a single node.

26 -~ 30: Node number difference (constunt) between
successive nodes in series. If blank or zero,
assumed to be equal to 1.

COMMANDS FOR NODES CONNECTED TO FLOOR DIAPHRAGMS (1615) - ONE
CARD FOR EACH COMMAND

See Chapter 2 and 3 for explanation.

Cols. 1l - 5: Diaphragm anumber.

6 - 10: Number of nodes covered by this command
(mex. 14 - See NOTE 3 for procedure when more’
than 14 nodes are connected to one diaphragnm).

11 - 80: Up to 14 fielde, each IS. List of nodes, in
increasing numerical order.

COMMANDS FOR NODES WITH IDENTICAL DISPLACFMENTS (161%) - ONE
CARD FOR EACH COMMAND.

Omit if no nodes ere constrained to have identical displacements.

See NOTE 3 for explanation.

Cols. 5: Displacement code, as fclliows.
Punch 1 for H displacement.

Punch 2 for Z displacement.
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Cols. S5: Punch 3 for rotation.
6 - 10: Numter of nodes covered by this command
(max. 14 - See NOTZ 3 for procedure when mcre
than 14 nodes have ident:cal displacements).

11 - 80: Up to 14 fields, each I5. List of nodes, ir
increasing numerical order.

COMMANDS FOR LUMFED MASSES AT Nopre (I5,3F10,0,2I5,F10.0) - ONE

CARD FOR EACH COMMAND

See NOTE & for explanation.

Cols. 1

]
w

Node number, or number of first node in a
series of nodes covered by this command.

6 - 15: Mass associated wich H displacement. See NOTE
11. Should be nonzero Hly in sperial cases.

16 - 25: Mass associated with Z displacement. May be
zZero.

26 - 35: Rotary Inertia. May be zero.

36 - 40: Number of last node in series. Leave blank
for a single node.

b1 - 4S: Node number difference between successive
nodes in series. If blank or zero, assumed
to be equal to 1.

L6 - 55: Modifying factor by which masses are to be
dividedi. If blank or zero, the factor from
the preceding command is assumed, so that if
the same factor applies for all commands, it
needs to be specified for the first command
only. This factor will typically be equal
to g, in which cases the mass values will
be given as weights. If zero or blank for
the first command, assumed to be 1.0.
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C9. COMMANDS FOR STATIC LOADS APPLIED DIRECTLY AT NODES (I5,3F10.0,
_215) - ONE CARD FOR EACH COMMAND,

Omit if there are no static loads applied directly at nodes.

If the static load code (Card Bl) is zero or blank the loads

will be read and printed, Lu*‘, are otherwise ignored.

Cols. 1l - 5: Node numbter, or number of first node in a
series of nodes ccvered by this command.

6 - 15: Load in H direction, the same on all nodes
in the series.

16 - 25: Load in Z direction, the same on all nodes
in the series.

26 - 35: Moment load (counterclockwise positive).

36 - b): Number of last node in series. Leave blank
for a single node.

41 - 45: Node number difference (constant) between
successive nodes in series. If blank or
zero, assumed to be equal to 1.

Note: A single node may appear in two or more commands if desired.
In such a case, the total loads applied at the node will be
the sum of the loads from the separate commands.

Note that Z loads are positive upwards.



D.

D1.

FRAME TIME HISTORY OUTPUT SPECIFICATION

CONTROL INFURMATION (10I15) - ONE CARD.

Cols.

1- 5:
6 - 10:
11 - 15
16 - 20:
21 - 25:
30:
35:
ko:
41 - bs5:

Number of nodes (NHOUT) for which H displace-
ment time histories are required.

Number of nodes (NZOUT) for which Z displace~
ment iime histories are regquired.

Number of nodes (¥ROUT) for which rotation
time histories are required.

Number of pairs of nodes (NHR) for which time
histories of relative H displacement are
required.

Number of pairs of nodes {NZR) for which time
histories of relative Z displacement are
required.

Time history print code for nodal displace-
ment time histories, as follows:

{a) Zero or blank: time history printout
only as the computation progresses.

(b) 1: both a printout as the computation
progresses and a re-ordered printout
at the end of the computation.

(¢) 2: only a re-ordered printout at the end
of the conputation.

Time history pi'int code for relative nodal
displacement time historiec. Zero, 1 or 2,
as for the preceding code.

Time lListory print code for element results
time histories. Z2ero, 1 or 2, as for the
precedinsg code.

Tape storage code for saving re-ordered time
histories of nodal displacements and relative
displacements, as follows:

(a) Zero or blank: The re-orderved time
histories are printed but not saved on
tape.
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na.

D3.

Dk.

D5.

Cols. 41 - Us: (b) Nonzerc: The re-ordered time
histories are printed and also
vritten on output unit TAPET. See
NOTE 8 for further explenation.

46 - SO: Tape storage ccde for saving re-ordered time
histories of element results. Zero or
nonzero, as for preceding code. See NOTE 8
for further explanation.

LIST OF NODES FOR H DISPLACEMENT TIME HISTORTES (1015).

As many cards as needed to specify NHOUT node numbers, punched

ten to a card. Omit if NHOUT eguals zero.

LIST OF NODES FOR 2 DISPLACEMENT TIME HISTORIES (10I%).

As many cards as needed to specify NZOUT node numbers, punched

ten to a card. Omit if NZOUT equals zero.

LYST OF NODES FOk ROTATION TIME EISTORIES /1CTIS).

As many cards as needed to specify NROUT node numbers, punched

ten to a card., Omit if NROUT equals zero.

IST OF NODES FOR RELATIVE H DISPLACEM"NT TIME HISTORIES (1015).

—

As many cards as needed to specify NHR pairs of node rumbers,
5 pairs to a card. Omit if NHR equals zers. 7The printed
displacement is the displacement of the first node »f any pair

minus the displacement 6f the second node.
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D6. LIST OF NODES FOR RELATIVE Z DISPLACEMENT TIME HISTORIES (1CI5).

As many cards as needed to specify NZR pairs of node numbers,

S pairs to a card. Omit if NZR equals zero.
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E. ELEMENT SPECIFICATION

For input and output, the elements of each frame must be divided
into groups. All elemeats in any group must be of the same type,
and typically all elements of a singie type will be included
in a single group. However, elements of the same type may be

subdivided into separate groups if desired.

Element groups may be .nput in any convenient sequence. Within
any group, the elements must be numbered in sequence beginning

with J.

The number of element groups for any frame mav not exceed 10.
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El. TRUSS ELEMENTS

See Peference [2] for description of element. Number of words of

informatiun per element = 35.

El(a) CONTROL INFORMATION FOR GROUP (UI5) - ONE CARD.

Cols. 5: Punch 1 (to indicate that group consists
of truss elements).

6 - 10: Number of elements in grcup.

11 - 15: Number of different element stiffness
types (max. !2). See Section El(b).

16 = 20: Number of different fixed end touice
patterns (max. 40). See Section Fiic).

F1(b) STIFFNESS TYPuS (I5,5F10.0,T5) - ONE CARD FOR EACH STTFFNESS
TYPE.

Cols. 1~ 5: Stiffness type number, in sequence
beginning with 1.

6 - 15: Young's modulus of elasticity.

16 - 25. Strain hardening modulus, as a proportion
of Young's modulus.

26 - 35: Average (ross sectional area.
36 - 45: Yield stress in tension.

46 - 55: Yield stress or elastic buckling stress in
compression.

60: Buckling code. Punch 1 if element buckles
elastically in compressica. Funch zero or
leave blank if element yields in compression,
withcut buckling.
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EX(e) FIXED END FORCE PATTERNS (2I5,4F10.0) - ONE CARD FOR EACH
FIXED END FORCE PATTERN.

Omit if there are no fixed end forces.

Cols. l-~- 65;
10:

11 - 20

21 - 30:

31 - Lo:

41 - 50

Pattern number, in sequence beginning with
1.

Axis code, as follows.

Code = 0: Forces are in the element
coordinate system, as in
Fig. Bl.5a, Reference [2].

Code = 1: For-es are in the global
coordinate system,as in
Fig. Bl.5b, Reference [2].

Clamping fcorce Fi.

Ciamping force Vi'
Clamping force FJ.
Clamping force VJ.

E1(d) ELEMENT GENERATION COMMANDS (9IS,2F5.0,F10.0) - ONE CARD

¥OR EACH GENERATION COMMAND.

Elements must be specified in increasing numerical order.

Cards for the first and last elements must be inciuded. See

NOTE T for explanation of generation procedure.

Cols. l- 5:

6 - 10:
11 - 15:
16 - 20:

Element number, or number of first element
in a sequentiaily numbered series of
elements to be gencrated by this command.

Node number at element end i.
Node numbe~ u* element end J.
Node number increment for element

gencration. If zero or blank, assumed ito
be equal to 1.
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Cols. 21 - 25: Stiffness type number.

30: Code for inc.iading geometric stiffness.
Punch 1 {f geometric stiffness is to be
included. Leave blank or punch zero if
geometric stiffness is to be ignored. Jee
Chepter 3, Section 3.12 for warning on
geometric stiffness.

35: Time history output code. If a time
history of element results is not required
ior the elements ccvered by this command,
punch zero or leave blank. If a time
history printout, atv the intervals specified
on Card Bh.1l, is required, punch 1.

36 - L0: Fixed end force pattern number for static
dead loads “n element. Leave blank if
there are no dead loads. Cee Note below.

41 - Lks: Fixed end force pattern number for static
live loads on element. Leave blanh if
there are no live loads.

L& - 50: Scale factor to be applied to fixed end
forces due to static dead loads. Leave
blank if there are no dead loads.

51 - 55: Scale factor to be applied to fixed end
forces due to static live loads. Leave
blank if there are no live loads.

56 - 65: Initial axial force on element, tension
vositive.

Note: If the static load code, Card Bl, is zero but fixed end
forces are still specified for some elements, an inconsistency
results. In effect, any such fixed end forces will be
treated as initisl element forces.
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E2.

BEAM-COLUMN ELEMENTS

See Reference [2] for description of eleuent. Number of words of

information per element = 1Li.

E2(a) CONTROL INFORMATION FOR GROUP (TI5) -~ ONE CARD.

Cols. S:

11 - 15:

16 - 20:

Punch 2 (to indicate that group consists
of beam column elements).

Number of elements in group.

Number of different element stiffness
types (max. 40). See Section E2(Db).

Number of different end eccentricity types
{(max. 15). See Section E2(c).

Number of different yield interaction
surfaces for cross sections (max. L40). See
Section E2(d).

Number of different fixed end force patterns
(max. 35). See Section E2(e).

Number of different initial element force
patterns (max. 30). See Section E2(f).

E2(b) STIFFNESS TYPES (I5,4F10.0,3F5.6,2Fi0.”) = ONE CARD FOR EACH

STIFFNESS TYPE.

Cols. l1- 5:

6 - 15:
16 - 25:

26 - 35:
36 - L5
k6 - 50:

Stiffness type number, in sequence beginning
with 1.

Young's modulus of elasticity.

Strain hardening modulus, as a proportion
of Young's mcodulus.

Average cross sectional area.
Reference moment of inertia.

Flexural stiffness factor kii'
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Ccls. 51 - 55: Flexural stiffness factor kJJ'

56 - 60: Flexural stiffness factor kij'

61 - T0: Effeciive shear area., Leave blank or
punch zero if shear deformations are to ke
ignored, or if shear deformations have
already been taken intc account in computirs
the flexural stiffness factors.

71 - 80: Poisson': ratio (used for computing shear
modulus, and required only if shear
deformations are to be considered).

END ECCENTRICITIES (I15,4F10.0) ~ ONE CARD FOR EACH END

ECCENTRICITY TYPE.

Omit if there are no end eccentricities. See Fig. B2.6,
Reference [2] for explanation. All eccentricities are

measured from the node to the element end.

Cols. 1~ 5: Fnd eccentricity type number, in sequence
beginning with 1.

6 - 15: H; = H eccentricity at end i.

16 - 25; HJ = H eccentricity at end J.
26 - 35: Zi = 7 eccentricity at end i.
36 - u5: ZJ = Z eccentricity at end j.

CROSS SECTION YIELD INTERACTILN SURFACES (215,4F10.0,4F5.0) -
ONE CARD FOR EACH YIELD SURFACE.

See Fig. B2.3, Reference [2] for explanation.

Cols. 1l - 5: Yield surface number, in sequence beginning
with 1.

10: Yield surface shape code, as follows.
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Cols. 10: Punch 1: Beam type, without P-M interaction.
Punch 2: Steel I-beam type.
Punch 3: Reinforced concrete column type.
11 - 20: Positive (sagging) yield moment, My+.
21 - 30: Negative (hogging) yield moment, My-’

31 - 40: Compression yield force, P o+ Leave blank
if shape code = 1. ¥

L1 - 50: Tension yield force, Pyt’ Leave blank if
shape code = 1.
51 - 55: M coordinate of balance point A, as =
proportion of M .. Leave blank if shape
y+
code = 1,

56 - 60: P coordinate of balance point A, as a
proportion of P . Leave blank if shape
= ye
code = 1.

61 - 65: M coordincte of balance point B, as a
proportion of M _* lLeave blank if shape
code = 1. ¥y

66 - 70: P coordinate of balsuce point B, as a
proportion of P . Leave blank if shape
yc
ccede = 1.

E2(e) FIXED END FORCE PATTERNS (2I5,7F10.0) - ONE CARD FOR LACH
FIXED END FORCE PATTTRN.

Omit if there are no fixed end forces.
Cols. 1l - 5: Pattern number, in sequence beginning with
1.
10: Axis code, as follows.
Code = 0: Forces are in the element
coordinate system, as in
Fig. B2.5a. Reference [2].
Code = 1: Forces are in the global

coordinate system, as in
Fig. B2.5b, Rererence [2].



Cols. 11 - 20: Clamping force, Fi'

21 - 30: Clamping force, Vi.

31 - 40: Clamping moment, M

i
41 - 50: Clamping force, Fj'
51 - 60: Clamping force, VJ.

61 = 70: Clamping moment, Ml'
7L - 80: Live load reduction factor, for computation

of live load forces to he applied to nndes.

See Section B2.5, Referance [2] for explanation.

E2(f) INITIAL ELEMENT FORCE PATTERNS (15,6F10.0) - ONE CARD FOR
FACH INITIAL FORCE PATTERN

Omit {if there are no initial forces. See Fig. B2.5a, Reference [2].

Cols. 1 - 5. Pattern number, in sequence beginning with 1.

6 - 15: Initiul axial force, F,.

16 - 25: Initial shear force, Vi.

26 - 35: Initial moment, Mi'
36 - 45: Initial axial force, Fj.
46 -~ 55: Initial shear force, Vj.

56 - 65: Initial moment, MJ'

E2(g) ELEMENT GENERATION COMMANDS (815,2(13,12),215,2F5.0,15,F5.0) -
ONE CARD FOR EACH GENERATION COMMAND.

Elements must be specified in increasing numerical order.
Cards for the first and last elements must be included. See

NOTE 7 for explanation of generation procedure.
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Cols., 1 - 5: Element number, or number of lirst element
in a sequentially numbered series of
elements to be generated by this command.

6 - 10: Node number at element end 1i.
11 - 15: Node number at element end J.

16 - 20: Node number increment for eleme1t generation.
If zero or blank, assumed to be equal to 1.

21 - 25: Stiffness type number.

26 - 30: End eccentricity type number. Leave
blank or punch zero if there is no end
eccentricity.

31 - 35: Yield surface number for element end 1i.
36 - 40: Yield surface number for element end J.

42 - 43: Number of common column line for! this
elemeni. Leave blank for no common column
effect. See NOTE 9 and NOTE 7.

by - hs; Number of column in column line. Leave
blank for no common column effect.

18: Code for including geometric stiffness.
Punch 1 if geometric stiffness is to be
included. Leave blank or punch zero if
geometric stiffness is to be ignored.

50: Time history output code. If a time
history of element results is not required
for the element covered by this comreand,
punch zero or leave tlank. If a time
history printout, at the intervals
specified on card Bl.l, is required,
punch 1.

51 - 55: Fixed end force pattern number for static
dead loads on element. Leave blank or
punch zero if there are no dead loads.
See Note below.

56 - 60: Fixed end forces pattern number for static
live loads on element. Leave blank or
punch zero if there are no live loads.

61 - 65: Scale factor to be applied to fixed end
forces due to static dead loads.
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Cols. 66 - T0: Scale factor to be applied to fixed end
forces due to static live losads.

71 - 715: 1Initial force pattern number. Leave
blank or punch zero if there are no
initial forces.

76 - 80: Scale factor to be applied tc initial
element forces.

Note: If the static load code, Card Bl, i3 rero but fixed end
forces are still specified for scme elements, an inconsistency
results. In effect, any such fixel end fcrces will be
treated as initial element forces.
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E3.

INFILL PANEL ELEMENTS

See Reference [2] for descriotion of element. WNumber of words of

information per element = L2.

E3(a) CONTROL INFORMATION FOR GROUP (3I5) -~ ONE CARD.

Cols.

6 -~ 10:
11 - 15:

E3(b) STIFFNESS TYPES

TYPE.

Cols.

1l - 5:

6 - 15:

16 - 25:

26 - 35:
36 - kL5:
bé - 55:

60:

Punch 3 (to indicate that group consists
of infill panel elements).

Number cf elemerts in group.

Number of different element stiffness
types (max. 40). See Section E3(b).

(15,5F10.0,15) - ONE CARD FOR EACH STIFFNESS

Stiffness type number, in sequence
beginning with 1.

Shear modulus of elasticity.

Strain hardening shear modulus, a: a
proportion of shear modulus of elasticity.

Average thickness of panel.
Yield stress in shear.

Strain at complete failure, ss a proportion
of strain at yield. This must not be less
than 1.0.

Failure code, governing type of behavior
after failure. Punch 1 if strength and
stiffness are to be reduced to zero after
failure. Punch zero or leave blank if
strength and stiffness of elastic (strain
hardening) component is to be retained
after failure.
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E3(c) ELEMENT GENERATION COMMANDS (815,F10.0) - ONE CARD FOR EACH

GENERATION COMMAND

Elemeats must be specified in increasing numerical order.

Cards for the first and last elements must be included. See

NOTE 7 for explanation of generation procedure.

Cols. 1l -

11 -

2l -

26 -

31 -

41 -

10:

15:

25:

30:

35:
Lo:

50:

Element number, or number of first element
in a sequentially numbered series of
elements to be generated by this command.

Rcde number 1. See Note below

Nede nunber J.

Node number k.

Node number £.

Node number increment for element
generution. If zero or blank assumed to
be equal to 1.

Stiffness type number.

Time history output code. If a time history
of element results is not required for
elements covered by this cormmand, punch
zero or leav~ blank. If a time history
printout, at the intervals specified on
Card Bb.1l, is required, punch 1.

Initial shear stress in element.

Note: Node i may be any of the four nodes to which the element
connects. Nodes j, k and £ must then e counterclockwise
from i around the element.
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Eb, SEMI-RIGID CONNECTICN ELFMENTS

See Reference [2] for deseription of element. Numier of words of

iuformation per element = 25.

El{a) CONTROL INFORMATION FOR GROUP (3I5) - UNE CARD.

Cols. 5: Punch 4 {(to indicate that group coneists
of semi-rigid connection elements).

6 - 10: Number of elements in group.

11 - 15: Number of different -lement stiffness
types (max. k0). See Section Ek(b).

E4(b) STIFFNESS TYPES (I5,LF1C.0) - CXX CARD FOR EACH STIFFNESS
TYPE.

Cols. l1- 5 Stiffness type number, in sequence

beginning with 1.

6 - 15: Initial rotational stiffness (moment per
radian).

16 - 25: Strain hardening stiffness, as a pro-
portion of initial rotational stiffness.

26 - 35: Positive yield moment. See Note below.

36 - 4

wn
.

Negative yield moment.

Note: Positive rotation is rotation of node i counterclockwise
relative to node j. A positive moment in the conne-iion
tends to produce positive rotation.
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ELEMENT GENERATION COMMANDS (6I5,F10.0) - ONE CARD FOR EACH
GENERATION CTMMAND.

Elements must be specified in inc..eising numerical order.

Curds for the first and last elements must be included. See

NOTE T fcr explanation of generation procedure.

Cols. l1- 5§

11 - 15:

31 - 4o:

Element number, or number of first element
in a sequentially numbered series of
elements to be generated by this command.

Node number i.
Node number J.

Node number increment for element
generation. If zero or blank, assumed to
be equal to 1.

Stiffness type number.

Time history output code. If a time
nistory of element results is not required
for elements covered by this command,
punch zero or leave blank. If a time
history printout, at the intervals speci-
fied or. Card Bl.1l, is required, punch 1.

Initial moment in connection.
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ES.

BEAM ELEMENTS

The beam element is identical to the beam column element

except that only a beam type yield code is permitted.

The input data is identical to that for the beam column

element (Section E2), except as follows.

(1) Punch 5 in column 5 of Card F2(a), to indicate that

the groups consists of beam elements.

(2) The term "yield moment values" is substituted fer

"yield interaction surfaces".

(3) The yield surface data on Cards E2(d) is uncnanged.
However, any data in columns 5 - 10 and 31 - 80 are

ignored, and a beam type yield surface is automatically

assumed.

(4) The column line and column numbers, Card E2{g) Cols. L2-L3

and U4 - 45, are ignored.

Number of words of information per element = 97.



E6. BEAM ELEMENTS WITH DEGRADING STIFFNESS

See Reference [10] for describtion of element. Number of words of

information per element = 165.

Except for Sections E6(a) and (b) below, the input data is identical

to that for beam-column elements (Section E2). See Wote on sign

convention at end of thls section.

E6(a)

E6(b)

CONTROL INFORMATION FOR GROUP (T7IS) - ONE CARD.

Cols.

11 -

16 -

21 -

26 -

31 -

S:

10:

15:

20:

25:

30:

35:

Punch 6 (to indicate that group consists
of beam elements with degrading stifiness).

Number of elements in group.

Number of different element stiffness type:
(max. = 40}. See Section E6(b).

Yumber of different end eccentricity types
{max. = 15). See Section E2(c).

Number of Aifferent yield moment values
for crcis sectionc (max. = L0). See
Section E2(é).

Number of different fixed end force potterns
(max. = 34). See Section E2(e).

Number of Aifferent initial element fcrece
patterns (max. = 30). See Section E2(f).

STIFFNESS TYPES -~ TWO CARDS FOR EACH STIFFNESS TYPE.

CARD 1:

Cols.

BEAM PROPERTIES CARD (I5,3F10.0,3F5.0.2F10.0)

1l -

5:

Stiffness type number, in sequence
beginning with 1.
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CARD 2:

Cols.

36 - 40:

41 - 45:

61 - 10

EI, reference flexural stiffness.
FA, effective axial stiffness.

GA', effective shear stiffness. If blank
or zero, shear deformations are neglected.

Flexural stifruccs fartor kii'

Flexural stiffness factor k,,.

AR

Flexural stiffness factor ki1'

Strain hardening ratio for inelastice
flexure at node i. If a nonzero hinge
stiffness is specified for node i on

CARD 2, columns 6 - 15, then this strain
hardening ratio will apply directly to the
hinge moment-rotation relationship. Other-
vise, this ratio will apply to the overall
‘oeam end mcaent-rotation relationship or
cantilever P-§ relationship.

Strain hardening ratic for inelastic

flexure at node J. As with node i, a zero
or nonzero hinge stiffness for node J on
CARD 2, columns 16 - 25 will control whether
this ratio is directly applied to the hinge
alone or to the beam as a whole.

HINGE PRQFERTIES CARD (i5,T7F10.9)

Leave biank to obtain Takeda model.

Stiffnesz type number, in sequence
beginning with 1 and corresponding to

the stiffness type number on the preceding
BEAM PRCPERTIES CARD.

Hinge stiffness at node i. Leave tlank or
zero if hinge properties are to be
determined by the program (these properties
are marked with * in the output). If blank
or zero, the fcllowing field for node J
must also be blank or zero. If nonzero,
the following field must also be anonzero.



Cols. 16 - 25: Hinge stiffness at node .

26 - 35: a,, unloading stiffness parameter for end
iV Leave blank or zero for unlosding
according to Takeda model.

36 - khs: @y, unloading stiffness parameter for end
J. Leave blank or zero for unloading
according to Takeda model.

46 - 55: B4y, loading parameter for end i. Leave
blank or zero for reloading according
to Takeda model.

56 - 65: By, loading parameter for end J. Leave
tlank or zero for reloading accorzins to
Takeda model.

66 - 75: N, loading exponential parameter.

F6(c) through E6{g) These sections are identical to sections E2(c)
through E2(g).

NOTE ON SIGN CONVENTION

The sign convention used for positive bending moments for the
degrading stiffness beam element differs from that for the beam-

column and beam elements, as follows.

(1) Beam~column and beam elements:

(2) Degrading stiffness element:
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F. NEXT PROBLEM

The data for a new problem may follow immediately, starting

with Card A.

G. TERMINATION CARD (A4) - ONE CARD TO TERMINATE THE COMPLETEL
DATA DECK.

Cols. 1 - 4: Punch the word STOP.
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USER'S GUIDE NOTES

NOTE 1. NODE COORDINATE SPECIFICATION

The “control node" coordinates must be defined with respect
to the frame H, Z coordinate system, with H positive to the right
and Z positive upvards. The coordinates of the remairing nodes may
be generated using straight line generation commands {Section B3).
The number of nodes generated by each command may be one or any
larger number. The coordinates of the two nodes at the beginning
and end of the generation line must have been previously defined,
either by direct specification or by previous straight line
generation.

It is not necessary to provide generation commands for nodes
which are (a) sequentially numbered between the beginning and end
nodes of any straight line, and (b) equally spaced along that line.
After all generation commands have been executed, the cc¢ordinates
for each group of unspecified nodes are automatically generated
assuming sequential numbering and equal spacing along lines joining
the specified nodes inmediately preceding and following tlie group.
That is, any generation command with equal spacing and a node number

difference of one is superfluous.

NOTE 2. NODES WITH ZERO DISPLACEMENTS

Each node of the structure may have up to three degrees of
freedom, namely H displacement, Z displacement and rotation. These

are all displacements relative to the ground.
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Initially the program assumes that all three degrees of
freedom are present at all nodes (code = 0), and initializes the
data arrays accordingly. If this assumption is correct, the cards
of Section C5 should be omitted. In some cases, however, either (&)
certain nodes may be fixed relative to the ground in certain
directions or (b) it may be reasonable to assume zero displacement.
Any degree of freedom which is fixed is to be assigned a code = 1,
and cards must be included in Section CS to specify those nodes
and degrees of freedom for which the codes are equal to 1.

If there is any doubt, it should be assumed that rll nodes
can displace with all three degrees of freedom (i.e. all codes = 0).
I¢ however, certain degrees of freedom can be eliminated, the
computer time may be significantly reduced. See Chapter 3 for

further discussion.

NOTE 3. NODES WITH IDENTICAL DISPLACEMENTS

It may often be reasonable to assume that certain nodes
displace identically in certain directions. 1Identical displacements
mey be specified by the commands of Section C7. The input format
for this Section limit to 1lh the number of nodes covered by any
single command. If more than 14 nodes are to be assigned identical
displacements, two or more commands should be used, with the nodes
in increasing numerical order in each command, and with the
smallest numbered node common to all commands. The procedure if
more than 14 nodes are connected to a floor diaphragm is the same.

As with displacements which are constrained to be zero,
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greater computational efficiency may be achieved by specifying
identical displacements. However, whereas the specification of zero
displacements will always decrease the structure stiffness band
width or leave it unchanged, specification of identical displucements
may increase this band width. The effect may te to increase the
required structure stiffness storage and/or the computational effort
required to solve the equilibrium equations. Identical displacements
shouid therefore be specified with caution, and their effects on

storage requirements and execution times should be investigated.

NOTE L. _SPECIFICATION OF LUMPED MASSES

The specification commands for lumped mssses will generally
permit the 'iser to input the nodal masses with only a few cards.
Any node may, if desired, appear in more than one specification
command. In such cases the mass associated with any degree of
freedom will be the sum of the masses specified in the separate
commands. If certain nodes are constrained to have an identical
displacement, the mass associated with this displacement will be

the sum of the masses specified for the individual nodes.

NOTE 5. SCALING OF EARTHQUAKE RECORDS

The acceleration scale factors may be used to increase or
decrease the ground acceleration, or to convert from multiples of
the acceleration due to gravity to acceleration units. Modification

of the earthquake intensity by scaling the acceleration values is a



common practice in research investigations, but should be under-
taken cautiously in practical applications. When the accelerations
are scaled, the ground veloci:ies and displacements are scaled in
the same preportion.

Provizion is also made to modify the time scale. If a time
seale factor =2qual to, say, f, is specified, all input times are
rultiplied by f before obtaining the interpolated accelerations
at intervals equal to the integration time step. If the ground
accelerations remain unchanged, the effect is to increase the
ground velocities by f and the ground displacements by f2, and to
alter the 1rcauency content of the earthquake. Time scale
modifications should not te made without carefully considering

their influence on the ground motion.

NOTE 6. DAMPINC

Damping of four different types may be specified, singly or
in any combination. These are as follows:

(1) Mass-proportional damping, in which a viscous damping
matrix C = aM is assumed, where M = mass matrix. The procedure for

calculating a is reviewed in Reference 1.

(2) Stiffness proportional damping, in whiech a viscous
damping matrix C = BKT is assumed, where KT = current tangent

stiffuess matrix at any time, including any geometric stiffnesses.

(3) Stiffness proportional damping, in which a viscous
damping matrix C = BoKo is assumed, where Ko = original elastic

stiffness matrix, ignorning the geometric stiffness. See Reference



1 for further explanation.

(L) "Structural" damping, in which damping forces are
assumed such that (a) the magnitudes of the damping forces
originating within any element are a multiple, 8§, of the absolute
values of the element actions (axial forces, end moments, etc),
and (b) the direction of each damping action is such that it opposes
the rate of change of the corresponding e2lement deformation. No
viscous damping natrix is assumed. Instead, damping forces in any
time step are applied, based on the member actions and rates of
deformation existing at the end of the previous step. The merber
actions used to calculate the damping ferces are the total actionms,
including both static and dynamic effects. The damping forces are
first applied in the second time step. See Reference 1 for further
explanation.

Little use appears to have been made of the "structural"
damping concept, and hence little experience is available,
especially for inelastic structures. A possible problem is that
the damping forces may tend to accentuate small oscillations in the
numerical computationé, because the damping forces in any step are’
always based on the state at the end of the previous step. Until
experience is gained, this option should be used c:iutionsly. It is

included in the program primarily for r¢search reasons.

NOTE 7. ELEMENT DATA GENERATION

In the element generation commands, the elements must be

specified in increasing numerical order. Cards may be provided for
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sequentially numbered elements, in which case each card specifies
one element and the generation option is not used. Alternatively,
the cards for a group of elements may be omitted, in which cas= the
data for the missing group is generated as follows.

1. All elements are ussigned the same stiffnesses, strengths,
element load data, outpvt codes, etc.. as the element preceding

the missing group.

2. The numbers of the nodes for each missing element are
obtained by adding the specified node nunber increment to the node
nurters tor the preceding element. The node number increment is

that specified for the element preceding the missing group.

In the printout of the element data, generated data is
identified by an asterisk at the beginning of the printed line.

See NOTIE 9 if'or common column generation.

NOTE 8. . TAPE STORAGE JF TIYE HISTORIES
y

.

1f the tape storage code is nonzero, each printed line of
time history data in th: re-ordered time history (i.e. the print-
out excluding any headings} is written, non-formatted, on I/0 unit
TAPE7, one record per printed line. That is, the printed time
historiss are directly reproduced on the fjile TAPET.

This option should be used if routines are to be developed
for computer plctting of the time history data. In such a case,
TAPET will usually be equivalenced to a physical tape unit, so
that the results will be saved on magnetic tape for future

processing.



At the beginning of any computer run, TAPET is rewound. If
more than one problem is executed in the run, the time histories
will appear sequentially on TAPET, in the same sequence as the
printed time histories.

The program does not write any problem identification data
on TAPET, nor does it explicitly place an end-of-file mark after
the last record.

To provide a record of the library number of the physical
tape which has been used for any results set, it is suggested that
the tape storage code be set equal to the 1library number. Tre
printed value of the code will then provide a record of the tape

assigned to the subsequent time history output.

NOTE 9. COMMOK COLUMNS

Common cclumns are identified by the number of the column
line and the number of the column withir the line. Column liInes

mey be numbered arbitrarily. The columns within a column line may
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be numbered from top to bottom or bottom to top, or even arbitrarily,

depending on user preference and on whether or not beam-column
elements are generated. If elements are generatcd, the column line
number remains the same for all elements in the missing group, and
the column number within the line is increased by one for each
successive element.

Node numbers i and J for common columns must be the same for

all elements making up a cormmon column. That is, if node i is at the

top of the column for the element, it must also be at the top of the

column for the other element(s).
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NOTE 10. FRAME LOCATION

Al]l frames must be located with respect to a fixed, right-
handed, X, Y, Z coordinate system, with Z vertically upwards. Any
frame is positioned by specifying the X, Y coordinates of any two
points on the H axis of the frame. The H coordinate of Point 2

must be la.,ger than that of Point 1.

NOTE 11. H MASSES AT FRAME NODES

As noted in Chapter 3, Section 3.5, the program may not
correctly account for horizontal masses specified at the frame
level, and it is recommended that all horizontal inertia effects
be lumped in the diaphragms. A user who wishes to specify H masses
may do so, but should study Section 3.5 to ensure that the program

will model the structure in the correct way.
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Bertero, J. Hollings, O. Kustu, R. M. Stephen and
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T. Endo - 1975

"Influence of Seismic History of the Liquefaction
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